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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
3. Which steps from the protocol section below are the most visually important? 
3.1., 4.1.-4.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.1.-4.3. 
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. AnnJosette Ramirez: This method allows each pharyngeal arch to be compartmentalized. Endothelial cell numbers can then be quantified in each arch as a means to study pharyngeal arch artery development [1].

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

1.2. Sophie Astrof: The main advantages of this approach are the ability to visualize the relationship among different vascular structures and the ability to quantitatively determine how these structures are affected in mutants [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. Sophie Astrof: Aortic arch artery precursor vessels are often misformed in congenital heart disease. Our method allows the study of how mutations alter the physiological process of vessel formation and remodeling [1].

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

1.4. AnnJosette Ramirez: Although we use this method to gain insights into the mechanisms of congential heart disease, it can be applied to other systems, particularly with the advent of light sheet microscopy [1].

1.4.1. 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)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Rutgers Biomedical and Health Sciences.
Section - Protocol
2. Embryo Staining and Embedding
2.1. Begin by using a glass pipet to transfer each mouse embryonic day 9.5 or 10.5 embryo into individual 2-milliliter tubes containing 1 milliliter of PBS [1-TXT].
2.1.1. WIDE: Talent adding embryo to tube, with PBS container visible in frame TEXT: See text for embryo harvest details (Editor: The Videographer noted that the embryos were added to a plate, not a tube. However, the authors didn’t note this change or change the VO, so I’ve left it for now)
2.2. After fixation, use fine forceps to carefully pinch the embryo just above the hind limb [1-TXT] and make a transverse cut to remove the posterior half of the embryo [2].
2.2.1. Embryo being pinched TEXT: Optimate fixative for experimental Abs
2.2.2. Cut being made
2.3. To permeabilize the embryos, replace the PBS with PBST (P-B-S-T) [1-TXT] and place the embryos at 4 degrees Celsius with gentle agitation overnight [2].
2.3.1. PBST being added to tube, with PBST container visible in frame TEXT: PBST: PBS + 0.1% Triton X-100
2.3.2. Talent placing tube(s) at 4 °C on shaker
2.4. The next day, replace the PBST with 600 microliters of blocking buffer without touching the embryos for a 16-18-hour incubation at 4 degrees Celsius with gentle agitation [1-TXT]. 
2.4.1. Blocking buffer being added to tube(s), with blocking buffer container visible in frame TEXT: See text for all solution preparation details
2.5. The next morning, replace the blocking buffer with 600 microliters of the primary antibody of interest per tube for a 4-5-day incubation at 4 degrees Celsius with gentle agitation [1-TXT].
2.5.1. Antibody being added to tube(s), with antibody container visible in frame TEXT: See text for Ab suggestion and dilution details
2.6. At the end of the incubation, wash the embryos in 1 milliliter of PBST for 4-5 hours with gentle agitation at room temperature, changing the PBS every hour [1], followed by an overnight incubation in fresh PBST at 4 degrees Celsius and 4-5 additional 1-hour washes the next day [2].
2.6.1. Talent adding PBST to tube(s), with PBST container visible in frame
2.6.2. Tubes being agitated, with PBST container visible in frame as possible
2.7. After the last wash, replace the PBST in each tube with 600 microliters of the appropriate secondary antibody solution for a 4-5-day incubation at 4 degrees Celsius [1].
2.7.1. Antibody being added to tube(s), with antibody container visible in frame
2.8. At the end of the incubation, wash the embryos in 1 milliliter of fresh PBST per wash as just demonstrated [1] and use a glass pipet to gently transfer each embryo into individual plastic, paraffin molds [2].
2.8.1. Tubes being agitated, with PBST container visible in frame as possible
2.8.2. Embryo being added to mold
2.9. Carefully remove any PBST from around each embryo [1] and orient each embryo in a sagittal position [2].
2.9.1. PBST being aspirated from around one embryo (Editor: The videographer notes weren’t clear, but it looks like 2.9.1 – 2.10.1 were combined)
2.9.2. Embryo position being adjusted
2.10. Then quickly add about 500 microliters of hot agarose to each mold until each embryo is just covered [1-TXT] and place the molds on ice covered with aluminum foil until the agarose has solidified [2]. 
2.10.1. Agarose being added to mold
2.10.2. Mold being placed onto ice


3. Methanol Dehydration and Tissue Clearing
3.1. For dehydration of the embryonic samples, use a clean scalpel to cut a block of agarose around each embryo [1] and use forceps to grasp the agarose [2] for transfer into a labeled 2-milliliter tube containing 1 milliliter of 25% methanol [3].
3.1.1. WIDE: Talent cutting agarose Videographer: Important step
3.1.2. [bookmark: _GoBack]Agarose being grasped Videographer: Important step [Shots 3.1.2 and 3.1.3 combined]
3.1.3. Embryo being placed into tube, with 25% methanol container visible in frame
3.2. After a 1-hour incubation with gentle agitation in the dark, replace the 25% methanol with 1 milliliter of 50% methanol per tube [1] for an additional 1-hour incubation in the dark [2-TXT].
3.2.1. Methanol being added to tube, with 50% methanol container visible in frame
3.2.2. Shot of tube(s) shaking in dark TEXT: Repeat w/ 75% and 100% MeOH
3.3. After the end of the dehydration, replace the 100% methanol with 1 milliliter of 50% BABB (B-A-B-B) [1-TXT] for a 1-hour incubation with gentle agitation in the dark [2].
3.3.1. BABB being added to tube, with 50% BABB container visible in frame TEXT: BABB: benzyl alcohol/benzyl benzoate
3.3.2. Tube(s) being agitated
3.4. At the end of the incubation, replace the 50% BABB with 1 milliliter of 100% BABB per tube for a 1-hour incubation with gentle agitation in the dark [1] followed by a second incubation with 100% BABB as just demonstrated [2].
3.4.1. BABB being added to tube, with 100% BABB container visible in frame
3.4.2. Tube(s) being agitated
4. Embryo Mounting 
4.1. To mount the embryos for imaging, remove the adhesive from a Fast Well bumper [1] and place the bumper onto a 24- x 6-milliliter number 1.5 glass cover slip [2].
4.1.1. WIDE: Talent removing adhesive Videographer: Important/difficult step
4.1.2. Bumper being placed Videographer: Important/difficult step
4.2. Apply gentle pressure to the adhesive to remove any air bubbles between the coverslip and the bumper [1] and carefully discard the 100% BABB from each tube [2].
4.2.1. Pressure being applied Videographer: Important/difficult step
4.2.2. Solution being removed Videographer: Important/difficult step
4.3. Then use fine forceps to carefully transfer the embryo into the Fast Well without touching the embryo [1] and place a second coverslip onto the bumper [2-TXT].
4.3.1. Embryo being placed onto coverslip Videographer: Important/difficult step
4.3.2. Coverslip being placed onto bumper Videographer: Important/difficult step TEXT: See text for embryo imaging details
5. Third Pharyngeal Arch (PA) Surfacing
5.1. To surface the endothelium in the entire third pharyngeal arch, open the image of interest in the Imaris software [1] and click Add New Surface [2].
5.1.1. WIDE: Talent opening image, with monitor visible in frame
5.1.2. SCREEN: ScreenShot_1: 00:03-00:04
5.2. Double click Surface 1 and rename the new surface to “Third Pharyngeal Arch” [1].
5.2.1. SCREEN: ScreenShot_1: 00:05-00:11
5.3. Select Skip automatic creation, edit manually and set the surface orientation to the YZ Plane [1].
5.3.1. SCREEN: ScreenShot_1: 00:12-00:16
5.4. Use the Slice Position to place the third pharyngeal arch surface plane to where the third PAA (P-A-A) and dorsal aorta connect [1]. 
5.4.1. SCREEN: ScreenShot_1: 00:17-00:22 TEXT: PAA: pharyngeal arch artery
5.5. Rotate the image so that the third pharyngeal arch surface plane is in view and turn off Ortho Slicer 1 [1].
5.5.1. SCREEN: ScreenShot_1: 00:24-00:41 Video Editor: please speed up
5.6. Under Draw, Contour, Mode, select the Distance Drawing Mode function and adjust the parameter settings as necessary [1-TXT].
5.6.1. SCREEN: ScreenShot_1: 00:42-00:59 Video Editor: can speed up TEXT: Maintain consistent surfacing parameters between samples
5.7. When all of the parameters have been set, press the Escape key [1] and click Draw to trace the perimeter of the third pharyngeal arch with the mouse cursor [2].
5.7.1. Talent pressing escape key, with monitor visible in frame
5.7.2. SCREEN: ScreenShot_1: 01:00-01:15
5.8. Then use the Slice Position to move 10-25 slices and trace the perimeter of the pharyngeal arch [1].
5.8.1. SCREEN: ScreenShot_1: 01:16-01:36 Video Editor: can speed up
5.9. When the entire arch has been traced [1], click Create Surface to generate the surface of the traced region [2].
5.9.1. SCREEN: ScreenShot_1: 01:37-03:28 Video Editor: please speed up OR skip shot
5.9.2. SCREEN: ScreenShot_1: 03:29-03:44 Video Editor: can speed up
6. Surfaced Structure Masking
6.1. For masking of the surfaced structures, in the Edit menu [1], select Mask Selection for the third PAA and DAPI (DAP-ee) and click OK [2].
6.1.1. WIDE: Talent at computer, opening Edit menu, with monitor visible in frame
6.1.2. SCREEN: ScreenShot_2 00:00-00:10 
6.2. Uncheck Select voxels outside surface to, check Select voxels inside surface to, and set Select voxels inside surface to zero. Click OK [1].
6.2.1. SCREEN: ScreenShot_2: 01:08-01:20 
6.3. Then select Mask Selection for the third PAA surface, select the Non-PAA DAPI channel, and Click OK [1-TXT].
6.3.1. SCREEN: Screenshot_2: 02:18-02:35 Video Editor: can speed up TEXT: Repeat each step for additional channels
7. Endothelial Cell Quantification 
7.1. To quantify the individual endothelial cells within each structure of interest, in the Display Adjustments panel, turn off all of the channels except the PAA ERG (E-R-G) channel [1-TXT].
7.1.1. WIDE: Talent pressing control + D, with monitor visible in frame TEXT: ERG: erythroblast transformation-specific-related gene
7.2. Under the Properties menu, click Add New Spots and click to rename Spots 1 “PAA Total Number of endothelial cells” [2]. 
7.2.1. SCREEN: ScreenShot_3: 00:00-00:16
7.3. Click the blue arrow and select the PAA ERG channel for the Source Channel [1].
7.3.1. SCREEN: ScreenShot_3: 00:17-00:25
7.4. Adjust the Estimated XY Diameter to 4 micrometers and click the blue arrow to proceed to the next panel [1].
7.4.1. SCREEN: ScreenShot_3: 00:26-00:37
7.5. Use the sliding scale to adjust the number of spots to ensure that each ERG-positive endothelial cell nucleus is represented by one spot [1].
7.5.1. SCREEN: ScreenShot_3: 00:46-00:52
7.6. Next, click the green double arrow and turn off the PAA ERG channel in the Display Adjustment panel [1]. 
7.6.1. SCREEN: ScreenShot_3: 00:53-01:00
7.7. Turn on the PAA VEGFR2 (vedge-F-R-two) channel to visualize the PAA endothelium [1-TXT] and click Edit and Add-Delete to select Surface of Object [2].
7.7.1. SCREEN: ScreenShot_3: 01:00-01:02 TEXT: VEGFR2: vascular endothelial growth factor receptor 2
7.7.2. SCREEN: ScreenShot_3: 01:07-01:12
7.8. Then press Escape and hold down shift to delete any spots that are not VEGFR2-positive [1] and click the Statistics tab to determine the total number of endothelial cells [2].
7.8.1. SCREEN: ScreenShot_3: 01:30-01:45 Video Editor: can speed up
7.8.2. SCREEN: ScreenShot_3: 01:56-02:05



Section – Results
8. Results: Representative PA and PAA Surfacing and EC Quantification

8.1. Whole-mount immunofluorescence produces clear and clean results [1], allowing the 3D reconstruction of the pharyngeal arch endothelium [2].

8.1.1. LAB MEDIA: Figure 1A
8.1.2. LAB MEDIA: Figure 1A Video Editor: please emphasize white staining

8.2. In this image, the presence of the large, bright dots is the result of particulate in either the antibody or blocking buffer solutions [1].

8.2.1. LAB MEDIA: Figure 1B Video Editor: please add/emphasize arrows

8.3. After pharyngeal arch and PAA surface staining [1], use of the mask function allows the surfaced regions to be visually separated and independently analyzed [2].

8.3.1. LAB MEDIA: Figure 2 Video Editor: please emphasize left image
8.3.2. LAB MEDIA: Figure 2 Video Editor: please sequentially emphasize left, middle, and right image columns

8.4. Masking also allows the individual analysis and quantification of endothelial cell numbers within each structure [1].

8.4.1. LAB MEDIA: Figure 3

8.5. For example, here the Spot feature was used to quantify the total number of endothelial cells in both the PAA [1] and the plexus by assigning a single spot for each nucleus expressing ERG [2].

8.5.1. LAB MEDIA: Figure 3 Video Editor: please emphasize PAA image column
8.5.2. LAB MEDIA: Figure 3 Video Editor: please emphasize Plexus image column

8.6. In this image, an ERG-positive VEGFR2-negative spot that has been generated by the Spot function can be observed [1]. Therefore, it is essential to verify that each dot recognized by the software actually represents a single endothelial cell [2].

8.6.1. LAB MEDIA: Figure 3D Video Editor: please add/emphasize white arrow or spot indicated by white arrow
8.6.2. LAB MEDIA: Figure 3D


Section - Conclusion
9. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
9.1. AnnJosette Ramirez: To obtain clean and clear images, remember to spin down all of the solutions and to properly and thoroughly wash each embryo after the blocking buffer antibody incubations [1]. 
9.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
9.2. AnnJosette Ramirez: It is important to remember that BABB is corrosive and toxic. Handle and discard the solvent properly and be sure to seal the mounted embryos completely to prevent BABB leakage [1]. 
9.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


 2018, Journal of Visualized Experiments	Page 9 of 9
image1.png




