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A. Microscopy: Does your protocol involve video microscopy? Y, Leica M50
B. Does your protocol include 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.

C. Which steps of your protocol will viewers benefit most from having filmed? 
4.1.-4.3.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.3., 4.6.
E. Will the filming need to take place in multiple locations? Y, very close, adjacent floors or buildings
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this method is to quantitatively assess cardiac progenitor cell localization and distribution during heart organogenesis. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Evan Bardot: This method can help answer key questions in the heart development field by allowing us to observe the localization of cardiac progenitor subpopulations during normal embryonic development. 

1.2. Nikos Tzavaras: The main advantages of this technique are that the volumetric imagery can yield quantitative information about tissue-level dynamics and that the analysis pipeline can be automated for improved inter-experimental reproducibility.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Nicole Dubois: Though this method provides information about early cardiac organogenesis, it can also be applied to the general study of early embryogenesis or to the morphogenesis of other organs of interest.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the Icahn School of Medicine at Mount Sinai (ISMMS).
Protocol: (read by voice talent at JoVE)
2. Cardiac Crescent Stage Embryo Harvest and Processing

2.1. On the morning of embryonic day 8, disinfect the pregnant mouse abdomen with 70% ethanol [1-WIDE-TXT] and make an abdominal incision through both the skin and body wall [2-CU].

2.1.1. Few seconds Talent disinfecting mouse abdomen (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: According to institutional guidelines)

2.1.2. Few seconds incision being made 

2.2. Beginning above one oviduct, carefully dissect the fat along the side of the uterus down to the cervix [1-ECU].
2.2.1. Few seconds fat being dissected combined with 2.3.1 and 2.3.2
2.3. Make an incision through the cervix [1-ECU] and continue to the upper end of the other oviduct, cutting to release the entire uterus [2-CU].
2.3.1. Shot of cervix being incised in 2.2.1
2.3.2. Few seconds dissecting up to upper end of other oviduct in 2.2.1
2.4. Wash the excess blood from the uterus in a 10-cm dish containing fresh PBS [1-MED-over the shoulder] and cut the mesometrium between each deciduum [2-CU].
2.4.1. Few seconds Talent washing uterus

2.4.2. Few seconds mesometrium being cut between at least one deciduum 

2.5. Transfer the embryos to a 6-cm dish containing fresh PBS under a dissecting microscope [1-MED] and use #5 fine forceps to remove the uterine tissue from the decidual tissue [2-SCOPE].

2.5.1. Talent placing embryo into dish

2.5.2. Few seconds tissue being removed

2.6. Next, carefully slice the tip of the embryonic half of the deciduum to reveal the embryos [1-SCOPE], pinching the deciduum to carefully push and pull the first embryo out [2-SCOPE].
2.6.1. Few seconds tip being sliced/embryo being revealed

2.6.2. Few seconds deciduum being pinched/embryo being pushed and pulled out
2.7. Dissect away as much extraembryonic tissue as possible without damaging the morphology of the animal [1-SCOPE] and use a transfer pipette to place the embryo into a 1.5 mL tube containing fresh PBS on ice [2-MED-TXT].

2.7.1. Few seconds tissue being removed

2.7.2. Talent placing embryo into tube (TEXT: Repeat for each embryo)
2.8. When all of the embryos have been harvested, aspirate the PBS from each tube [1-CU] and rinse the embryos with fresh PBS [2-MED].
2.8.1. Few seconds PBS being aspirated

2.8.2. Few seconds Talent adding PBS to tube, with PBS container visible in frame
2.9. After thoroughly aspirating the PBS from each tube [1-CU], fix the embryos in 4% paraformaldehyde for one hour at room temperature [2-MED-TXT] followed by three washes with fresh PBS [3-CU].

2.9.1. Last few seconds PBS being aspirated

2.9.2. Few seconds Talent adding PFA to tube, with PFA container visible in frame

2.9.3. Few seconds PBS being added to embryo (TEXT: Alternative: Fix embryos O/N at 4 °C)

2.10. Then store the embryos at 4 °C [1-MED-TXT].

2.10.1.  Talent placing tube at 4 °C (TEXT: Store embryos ≤several weeks)
3. Immunofluorescence Staining
3.1. Begin by replacing the PBS [1-WIDE] with 1 mL of blocking buffer for a 4-hour incubation at room temperature [2-MED-TXT].
3.1.1. Few seconds Talent removing PBS 
3.1.2. Few seconds Talent adding buffer to embryo(s) (TEXT: See text for all reagent preparation details)

3.2. At the end of incubation, replace the blocking buffer with the appropriate primary antibody mixture in diluted blocking buffer for an overnight incubation at 4 °C [1-CU-TXT].
3.2.1. Few seconds antibody being added to at least one embryo, with antibody container label visible in frame (TEXT: e.g. anti-Nkx2-5)
3.3. The next morning, aspirate the excess antibody [1-MED-over the shoulder] and wash the embryos three times for 1 hour per wash in 0.1% Triton in PBS [2/3-CU].
3.3.1. Few seconds Talent aspirating antibody
3.3.2. Few seconds Triton + PBS being added to at least one embryo, with container label visible in frame
3.3.3. ADDED: Agitation of samples
3.4. After the third wash, add the appropriate secondary antibody mixture to the embryos for a 3-hour incubation at room temperature [1-MED] followed by three washes as just demonstrated [2-CU].
3.4.1. Few seconds Talent adding antibody to at least one embryo, with antibody container visible in frame
3.4.2. Few seconds Triton+PBS being added to embryo(s), with Triton+PBS container label visible in frame
3.5. Next, counterstain the embryos with DAPI in PBS for 10 minutes [1-CU-TXT] followed by two 5 minute washes [2-MED].
3.5.1. Few seconds DAPI being added to embryo(s) (TEXT: Alternative: DAPI counterstain during 2° Ab incubation) 
3.5.2. Embryo being dropped into mounting medium
3.6. Then slowly suspend the embryos in anti-fade mounting medium, allowing the embryos to equilibrate for at least one hour with periodic gentle flicking to help the specimens drop into the solution [1-CU-TXT][2-ECU-TXT].
3.6.1. Few seconds Talent adding antifade mounting medium container visible in frame (TEXT: Optional: Store embryos several days in anti-fade solution)
3.6.2. Few seconds one embryo being flicked (TEXT: Optional: Store embryos several days in anti-fade solution)
4. Embryo Mounting and Confocal Imaging 
4.1. Before mounting the embryos, make two parallel stacks of 5-6 layers of double-stick tape 15-20 mm apart on one microscope slide per embryo [1/1B-WIDE] and place a 15 microliter drop of anti-fade medium onto each slide between the tape stacks [2-CU].
4.1.1. Few seconds Talent making tape stack
4.1.1B Added (split shot of 4.1.1)
4.1.2. Few seconds drop being placed onto one slide
4.2. Carefully transfer one embryo into each drop [1-ECU] and use a dissection microscope and fine forceps [2-MED] to position the embryos with their anterior sides facing away from the slide and with their body axes in line with the long axes of the slides [3-SCOPE].
4.2.1. Few seconds embryo being placed into drop
4.2.2. Shot of Talent at microscope, positioning embryo

4.2.3. Few seconds embryo being positioned

4.3. To place the coverslips, first rest one side of the glass on one stack of double-stick tape [1-CU] and use forceps to gently lower the coverslip until it contacts the other tape stack [2-CU-TXT].

4.3.1. Coverslip being placed onto one stack

4.3.2. Few seconds coverslip being lowered into place (Videographer: Combine 3.3.1. and 3.3.2. as appropriate) (TEXT: 2-step coverslip lowering reduces embryo rolling/disorientation)
4.4. “It’s particularly important to position and mount the embryos carefully. Embryos that are not correctly positioned will be much more difficult to image and may require additional processing to obtain high-quality data.” [1-MED-interview style]
4.4.1. Evan Bardot, speaking the above interview style (looking just off-camera)

4.5. Use a pipette to add additional anti-fade medium between the slide and the coverslip to keep the sample from drying out during the imaging [1-ECU] and select the highest magnification objective available that allows the whole cardiac crescent region to be captured in one field of view [2-MED].
4.5.1. Few seconds anti-fade being added between slide/coverslip

4.5.2. Few seconds Talent selecting objective 
4.6. Then set up the imaging parameters using standard best-imaging practices [1-MED-over the shoulder-TXT] and use Nyquist sampling rates to determine the x-y-z voxel dimensions of each embryo [2-SCREEN].
4.6.1. Talent at microscope, imaging embryo, with monitor visible in frame (TEXT: See text for imaging parameter setup suggestion details)

4.6.2. *To be provided by Authors: Few seconds x-y-z voxel dimensions being determined for one embryo 
5. Image Analysis and Quantitative 3D Modeling
5.1. To analyze the embryo images, load the raw image data sets into the appropriate image analysis software [1-WIDE-TXT] and open the first file in the Surpass view. The data will load in a 3D view in the Maximum Intensity Projection mode [2-SCREEN].
5.1.1. Talent at computer, opening data (TEXT: e.g. Imaris)
5.1.2. *To be provided by Authors: Few seconds file being opened in MIP mode/data loading in MIP mode
5.2. Open the Display Adjustment window and select the reference channel only [1-SCREEN].
5.2.1. *To be provided by Authors: Display Adjustment window being opened, reference channel only being selected 
5.3. Adjust the threshold of the image as necessary. If the signal-to-noise ratio is too low for segmentation, adjust the gamma [1-SCREEN].
5.3.1. *To be provided by Authors: Few seconds threshold being adjusted, then few seconds gamma being adjusted

5.4. “Following best-practices during image acquisition is critical for obtaining suitable data and will depend on the specific microscopy setup used. If adjustments to the gamma are needed, these images should not be used for comparing fluorescence intensities.” [1-MED-interview style]
5.4.1. Nikos Tzavaras, speaking the above interview style (looking just off-camera)
5.5. Use the Surface algorithm dialogue to create a new surface for the reference channel and check the “Segment Only a Region of Interest” box [1-SCREEN].
5.5.1. *To be provided by Authors: Few seconds new surface being created, then segment only ROI box being checked 
5.6. Adjust the bounding box region so that it contains the region of interest as delineated by the reference stain and select the reference channel from the Source Channel dropdown menu [1-SCREEN].
5.6.1. *To be provided by Authors: Few seconds bounding box region being adjusted, then reference channel being selected from source channel dropdown menu 
5.7. Set the smoothing to half of the z voxel size and use the threshold sliders to adjust the lower limit to its absolute intensity to ensure that the surface does not extend beyond the channel signal [1-SCREEN].
5.7.1. *To be provided by Authors: Few seconds smoothing half being set to half of z voxel size, then lower limit being adjusted
5.8. Filter the objects by voxel number or volume, rejecting any background objects that the algorithm might have generated, and finish the algorithm [1-SCREEN].
5.8.1. *To be provided by Authors: Few seconds objects being filtered/background objects being ignored, and algorithm being finished
5.9. Next, select the newly created surface and choose the “Mask Set …” function from the Edit window [1-SCREEN].
5.9.1. *To be provided by Authors: Surface being selected, then Mast Set being chosen 
5.10. Select the experimental channel of interest, taking care that the “Duplicate Channel Before Applying Mask” checkbox is selected, and select the “Masked Channel” only in the Display Adjustment window [1-SCREEN].
5.10.1.  *To be provided by Authors: Experimental channel of interest being selected, Duplicate channel before applying mask being selected, and select “Masked Channel” being selected
5.11. Then create a new surface as just demonstrated [1-SCREEN].

5.11.1.  Few seconds new surface being created

5.12. To obtain the volumetric data, with each surface selected, open the “Detailed” sub-tab in the “Statistics” tab and select “Average Values” from the drop-down menu [1-SCREEN].
5.12.1. *To be provided by Authors: Both surface being selected, then “Detailed” sub tab being opened and “Average Values” being selected 
5.13. The total volume of the surface will be found in the “Sum” column of the generated table [1-SCREEN].
5.13.1.  *To be provided by Authors: Shot of “Sum” column (Video Editor: Please indicate total volume of surface as necessary/appropriate when mentioned)
6. Results: Representative Confocal Image Processing
6.1. Here an embryonic day 8.25 mouse embryo with GFP+ ventricular cardiovascular progenitor cells [1-LM] labeled with an anti-cardiac crescent antibody as just demonstrated is shown [2-LM].
6.1.1. 2A.ai: please indicate green staining
6.1.2. 2A.ai: please indicate red staining
6.2. After selecting the reference channel for the stained tissue [1-LM], the intensity and gamma are adjusted before beginning the Create Surfaces algorithm [2-LM]. 
6.2.1. 2B.ai: please outline/indicate red staining
6.2.2. 2C.ai: no animation OR outline/indicate red staining
6.3. The region of interest is selected [1-LM] and the level of surface detail is chosen [2-LM].
6.3.1. 2D.ai: no animation OR outline/indicate yellow selection box
6.3.2. 2E.ai: no animation
6.4. The initial surface is thresholded [1-LM] to include all true signal in the surface [2-LM].

6.4.1. 2F.ai: no animation OR indicate white colored tissue
6.4.2. 2G.ai: no animation
6.5. Filtering is then performed to remove small background fragments [1-LM] to yield a final reference surface [2-LM].
6.5.1. 2H.ai: no animation
6.5.2. 2I.ai: no animation
6.6. By selecting the reference surface [1-LM], the comparison channel can be duplicated and masked [2-LM].

6.6.1. 2J.ai: no animation
6.6.2. 2K.ai: no animation
6.7. The intensity and gamma for this channel are adjusted [1-LM] before generating a second surface [2-LM] through the same sequence of steps [3-LM].
6.7.1. 2L.ai: no animation
6.7.2. 2M.ai: no animation
6.7.3. 2N.ai: no animation
6.8. The total volume for each surface is then calculated automatically [1-LM] and can be compared both quantitatively and visually [2-LM-TXT].
6.8.1. 2O.ai: please general indicate each area (green vs red) with arrows or other OR no animation

6.8.2. 2O.ai: TEXT: Surface colors do not merge when overlapped
7. Conclusion (said by authors on camera):
7.1. Evan Bardot: While attempting this procedure, it’s important to remember that the quality of the dissected embryos, the antibody efficiency, the mounting orientation, and the imaging setup all affect the quality of the final data.

7.2. Nikos Tzavaras: In addition to this quantitative analysis pipeline, other methods, such as deconvolution, can be performed to yield additional qualitative data.
7.3. Nicole Dubois: After its development, this technique paved the way for researchers in the field of heart development to explore the dynamics of novel cardiac progenitor populations during mouse embryogenesis.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

0123_ Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

0123_ 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.  

2A.ai
2B.ai
2C.ai
2D.ai
2E.ai
2F.ai
2G.ai
2H.ai
2I.ai
2J.ai
2K.ai
2L.ai
2M.ai
2N.ai
2O.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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