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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____ N____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.)              Section no. 2.3; 3.2; 4.1; 4.5 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Section no. 3.1; 4.1.
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

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 procedure is to volumetrically image fluorescent protein-labeled cells deep inside intact hearts to study gene function at single cell resolution during cardiac development, and in postnatal hearts (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Wasay Mohiuddin Shaikh Qureshi: This method can help to answer key questions during cardiac development, such as study of gene function and accompanying events at single cell resolution during cardiac development and in congenital heart defects. 
1.2. Wasay Mohiuddin Shaikh Qureshi: The main advantage of this technique is that it’s relatively simple, inexpensive and provides in depth spatiotemporal analysis of gene and protein functions at single cell resolution in intact embryos or hearts.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. David Shieh: Though this method can provide insight into cardiac development_, it can also be applied to other organ systems (model organisms, studies of disease, organ systems), such as _muscles, brain, and lungs, and to other organisms as well.

1.4. David Shieh: Generally, individuals new to this method will struggle because to image the heart at single cell resolution in 3D context.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Albany Medical College and performed according to the NIH Guide for the Care and Use of Laboratory Animals.
Protocol (read by voice talent at JoVE):
2. Whole Mount Staining 
2.1. Fluorescent-protein positive embryos from Tamoxifen-treated R26CreERT2 Confetti dams are used here [1-MED-TXT]. 
2.1.1. Talent lifts the lid on a dish containing the embryos.  TEXT: Isolated embryo hearts can also be processed using this procedure. 
2.2. Begin staining by immersing each paraformaldehyde-fixed embryo in 1 milliliter of 0.1% PBST in the wells of a 48-well plate [1-MED-over the shoulder-TXT]. Incubate for 2 hours on a plate shaker at room temperature to permeabilize the tissue [2-MED/MED-over the shoulder]. 
2.2.1. Talent transfers the embryos to the wells of a 48-well plate. The wells of the plate already contain 0.1% PBST. TEXT: See written portion of the protocol for selection and fixation of embryos. 
2.2.2. Talent places the plate on the shaking platform in the lab. Multiple takes. Shot will be reused twice. 
2.3. Then replace the permeabilization solution with 1 milliliter of blocking buffer [1-MED], and incubate with shaking for 2 hours at room temperature or overnight at 4 °C [2-MED-over the shoulder].
2.3.1. Talent pipettes 1 mL of blocking buffer into a well containing an embryo but not liquid. 
2.3.2. Use 2.2.2. Talent placing the plate on shaking platform in the lab. 
2.4. Next, prepare a 1:100 dilution of the endothelial cell-specific antibody PECAM in 0.3 milliliters of blocking buffer for each well [1-MED-TXT], and add this to the wells containing the embryos [2-CU]. Incubate for 48 hours with shaking at 4 °C [3-MED].
2.4.1. Talent pipettes primary antibody into a tube containing blocking buffer. (TEXT: PECAM=CD31)
2.4.2. 0.3 mL of primary antibody solution is added to a well. 
2.4.3. Talent places the plate on a shaking platform in the cold room. Multiple takes. Shot will be reused once. 
2.5. Following the incubation, wash the embryos 5 times with PBST [1-MED-over the shoulder] for 30 minutes each time to remove excess primary antibody from the tissue [2-MED-TXT].
2.5.1. Talent (wearing something different to indicate that this is a different day) pipettes PBST into the wells containing embryos. 
2.5.2. Talent places the plate on the shaking platform and presses start on a countdown timer set to 30 minutes. TEXT: PBST 5 x 30 min
2.6. Next, immerse the embryos in Alexa Fluor 647 goat anti-rat secondary antibody solution [1-CU-TXT] and incubate with shaking for 48 hours at 4 °C while protected from light [2-MED-over the shoulder].
2.6.1. Secondary antibody solution is added to a well containing an embryo but no liquid. TEXT: Alexa Fluor 647 diluted 1:1000 in 1 mL blocking buffer. 
2.6.2. The plate is on the shaker. Talent places a lid/cover to protect from light and then turns on the shaker. 
2.7. 48 hours later, after washing as before, post-fix the embryos with 4% PFA [1-MED-TXT] for 1 hour at room temperature with shaking [2-MED-over the shoulder]. 
2.7.1. Talent (wearing something different to denote the passage of time) working in the fume hood pipettes PFA into the wells of the plate. (TEXT: Note: there are two fixation steps in this procedure).  
2.7.2. Talent places the plate (which is covered to be protected from light) on the shaker and turns it on. 
2.8. Then, after washing twice with PBS for 5 minutes each time [1-MED], incubate the embryos with DAPI nuclear stain for 10 minutes [2-CU-TXT]. 
2.8.1. Talent aspirating PBS from the wells. 
2.8.2. DAPI solution is added to a well containing an embryo. TEXT: 4′,6-diamidino-2-phenylindole diluted 0.01 mg/mL in PBST. 
2.9. Follow with two PBS washes of 5 minutes each, then proceed to tissue clearing [1-MED]. 
2.9.1. Show the plate on the shaking platform, the platform stops, then Talent’s hand reaches in and takes the plate. 
3. Scale Tissue Clearing Method
3.1. David Shieh: The tissue clearing is the most critical step in this protocol to image the heart at single cell resolution. Also, the selection of clearing method is very important to preserve the fluorescent signals in intact embryonic heart [1-INT]. 
3.1.1. Named Talent speaks the above soundbite to camera. 

3.2. Transfer the washed, stained embryos into a scintillation vial wrapped in aluminum foil that contains 1 milliliter of Scale-A2 (pronounced as the word “scale”) solution [1-MED]. Incubate at 4 oC, with occasional gentle shaking by hand, for 48 hours [2-MED/MED-over the shoulder]. 
3.2.1. *film as written. 
3.2.2. Talent in the cold room/at the refrigerator with a few vials. Talent shakes a vial and places it on the surface/shelf. Multiple takes without signifying details as the repeated shots are separated by 48 h each time. Shot will be used 3 times. 
3.3. After the Scale-A2 incubation [1-MED-over the shoulder], replace the solution in the vial with 1 milliliter of Scale-B4 solution [2-MED] and incubate at 4 oC with occasional gentle shaking for another 48 hours [3-MED]. 
3.3.1. Talent (wearing something different to signify the passage of time) aspirating the solution from the vial. 
3.3.2. *film as written. 
3.3.3. Use 3.2.2. Vial in the cold room/fridge.  
3.4. Lastly, incubate the embryos for another 48 hours with 1 milliliter of Scale-70 [1-MED] at 4 oC with occasional gentle shaking as before [2-MED-over the shoulder]. 
3.4.1. Talent pipettes from a tube labeled ‘Scale-70’ and dispenses it into the vial containing the embryo. 
3.4.2. Talent shakes the vial in the cold room. 
3.5. Lastly, immerse the Scale cleared sample in 1 milliliter of 90% glycerol [1-CU] and store at 4 oC until imaging [2-MED-over the shoulder].
3.5.1. *film as written. 
3.5.2. Talent places the vials containing embryos in the fridge. 
3.6. To image, transfer the sample to a glass bottom petri dish with a minimal amount of 90% glycerol [1-CU], and image with a confocal microscope equipped with two photon capabilities [2-MED]. 
3.6.1. *film as written. 
3.6.2. Talent working at confocal microscope. 
4. CUBIC Tissue Clearing Method
(Erin Note to VO Talent: No pronunciation given for CUBIC. I suggest reading this as “cubic.”)
4.1. For CUBIC clearing, immerse each embryo in 1 milliliter of CUBIC-1 with occasional gentle shaking for 48 hours at 37 °C [1-MED/MED-over the shoulder]. 
4.1.1. Talent at water bath/incubator. The vials containing embryos in CUBIC-1 are in the water bath/incubator. Talent lifts a vial and shakes it. Multiple takes with as few signifiers as possible. Shot will be reused once. 
4.2. After 48 hours, replace the solution with the same volume of fresh CUBIC reagent 1 [1-MED-TXT], and incubate the sample for an additional 48 hours as before [2-MED-over the shoulder].  
4.2.1. Talent (wearing something different to signify the passage of time) pipetting from a bottle/tube labeled ‘CUBIC-1’ and dispensing the volume into a vial. TEXT: See the written portion of the protocol for reagent composition
4.2.2. Talent returning the vials to the water bath/incubator. 
4.3. Following the incubation, wash the CUBIC-1 treated embryos with PBS several times with gentle shaking by hand to remove the excess CUBIC-1 solution [1-MED]. 
4.3.1. Talent (wearing something different to signify the passage of time) pipettes PBS into a vial containing an embryo, caps the vial and then shakes it. 
4.4. Then immerse the embryos in CUBIC-2 solution for 48 hours at 37 °C with occasional gentle shaking by hand [1-MED-over the shoulder].
4.4.1. Use 4.1.1. Vials in incubator/water bath. Talent picks one up and shakes it. 
4.5. If there will be a delay before imaging, sequentially incubate the samples with 1 milliliter of 30%, 50%, and 70% glycerol in PBS for 30 minutes each [1-MED]. 
4.5.1. Talent at the bench with tubes in a rack. Tubes are clearly labeled ‘30% glycerol’, ‘50% glycerol’, ‘70% glycerol’ and ‘90% glycerol’. Talent pipettes from the first tube and dispenses the volume into a vial containing an embryo. 
4.6. After moving through the series, transfer to 90% glycerol solution for storage at 4 (C [1-MED]. 
4.6.1. Same set up as prior shot. Talent pipettes from tube labeled ‘90% glycerol’ and dispenses the volume into the vial. 
4.7. When ready, image in a glass bottom petri dish with 90% glycerol as before [1-MED-TXT]. 
4.7.1.  The sample in the glass bottom petri dish is placed on the stage of the confocal microscope. TEXT: See written protocol for microscopy parameters. 
5. Results: Imaging the Cleared Embryonic Heart
5.1. This movie shows optical sections of a Scale treated E8.75 heart, from heart surface to lumen. Yellow marks the PECAM expression and all the cardiomyocytes appear green. The depth is 110.4 microns and there are 93 slices in total [1-LM]. 
5.1.1. LAB MEDIA: 54303_WU_Suppl Movie1. Play movie. The movie is a good length to cover the soundbite. TEXT: cTnT-Cre;mTmG.
5.2. This is the 3D surface picture of the reconstructed heart just shown. Again, yellow marks PECAM expression, and green labels all the cardiomyocytes [1-LM].
5.2.1. LAB MEDIA: 54303_WU_Suppl Movie 2. Play movie. May need to be edited for length. 
5.3. This movie shows sections of a single progenitor clone from a Sca/e treated E9.5 heart in the out flow tract region. Yellow marks the PECAM expression and the clone appears green. The depth is 36 microns and there are 10 slices in total [1-LM]. 
5.3.1.  LAB MEDIA: 54303_WU_Suppl Movie 3. Movie will need to be looped to cover the narration. TEXT: ROSA26-CreERT2; ROSA26-Confetti. 
5.4. This movie shows sections of a CUBIC treated P2 heart from surface to lumen. The depth is 130 microns with 3 microns per section [1-LM]. 
5.4.1. LAB MEDIA: 54303_WU_Suppl Movie 4. Play movie. TEXT: αMHC-Cre;mTmG. 
5.5. This movie shows sections of a CUBIC treated E17.5 heart from surface to lumen. The depth is 630 microns with 6 microns per section [1-LM-TXT]. 
5.5.1. LAB MEDIA: 54303_WU_Suppl Movie 6. Play movie. TEXT: Nfatc1-Cre;ROSA26-Confetti.  
5.6. This is a 3D surface picture of the heart just shown, reconstructed via the 3D reconstruction software [1-LM]. 
5.6.1. LAB MEDIA: 54303_WU_Suppl Movie 7. Play movie. Will need to be looped to cover the narration. 
6. Conclusion (said by authors on camera)
6.1. Wasay Mohiuddin Shaikh Qureshi: While attempting this procedure, it’s important to remember that the embryo is fragile and heart morphology can be disturbed easily.

6.2. Wasay Mohiuddin Shaikh Qureshi: Following this procedure, other proteins can be visualized using whole mount staining to explore gene effects at the post translational level.    
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:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_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.  

1. Insert your media filenames here. All the movies will be included in the results section in the order mentioned below:
i. LAB MEDIA: 54303_WU_Suppl Movie 1 

ii. LAB MEDIA: 54303_WU_Suppl Movie 2. 

iii. LAB MEDIA: 54303_WU_Suppl Movie 3.
iv. LAB MEDIA: 54303_WU_Suppl Movie 4

v. LAB MEDIA: 54303_WU_Suppl Movie 6 

vi. LAB MEDIA: 54303_WU_Suppl Movie 7

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 are included in the email accompanying the finalized script.
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