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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y  
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most visually important? 
2.3., 2.5., 3.4., 3.5., 3.14., 3.15.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.5. We locate the LAD by knowing the anatomical position of the heart, accessing the heart quickly (because the LAD can will only have blood flowing if the heart is accessed within the first few minutes of beginning surgery) and by suturing the LAD at the same location along the LAD (not too low towards the apex or too high towards the atria) to ensure consistent infarct size. 
3.14. The organ needs to be fully cleared to visualize rare subpopulations. Therefore, we only move forward with the protocol when no pigment is see throughout the entire heart. 
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. Ahmed Mahmoud: Endogenous heart regeneration is a dynamic process that involves multiple cell types working in concert to mount a robust regenerative response [1].

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

1.2. Ahmed Mahmoud: Peering into the regenerating tissue via the 3D imaging of cleared hearts following injury can aid in the reconstruction of the cellular dynamics that guide the cardiac regenerative response [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. Rebecca Salamon: Our protocol is specifically designed to track cells during heart development and regeneration. We foresee no limitations in broadly applying our clearing, staining, and imaging techniques to other organ types [1]. 	Comment by Bridget Colvin: Authors: Rebecca Salamon will be introduced with this statement and does not need to be introduced in a separate statement.

1.3.1. 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)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University of Wisconsin-Madison 


Section - Protocol
2. [bookmark: _Hlk23343751]Left Anterior Descending Artery (LAD) Ligation-Induced Coronary Artery Occlusion (Myocardial Infarction) 

2.1. For LAD (L-A-D)-induced coronary artery occlusion, first sterilize the surgical area of an anesthetized, 1-day-old, neonatal pup with antiseptic solution [1-TXT] and make a transverse skin incision in the chest region [2].

2.1.1. WIDE: Talent wiping pup, with microscope visible in frame Videographer: More Talent than pup in shot TEXT: Anesthesia: hypothermia
2.1.2. SCOPE: Incision being made

2.2. To separate the skin from the muscle, use a pair of dressing forceps to lift the skin carefully [1] while gently pressing the scissors against the intercostal muscles in the closed position [2].

2.2.1. SCOPE: Skin being lifted
2.2.2. SCOPE: Scissors being pressed against muscle 

2.3. Locate the fourth intercostal space [1] and use small forceps to make a small, superficial puncture, taking care to avoid the internal organs [2-TXT]. 

2.3.1. SCOPE: Shot of 4th intercostal space Videographer: Important step
Editorial Note: the first few takes did not have a good view of these muscles in relevance to the ribs. Later takes (take 3 and beyond) had this more clearly visible.
2.3.2. SCOPE: Puncture being made Videographer: Important step TEXT: Proper anatomical incision positioning essential for heart access

2.4. Using blunt dissection and the dressing forceps, widen the area between the intercostal muscles [1] just until a finger can be applied to the left side of the abdomen while holding the intercostal space open with dressing forceps to gently guide the heart out of the chest cavity [2].

2.4.1. SCOPE: Area being widened
2.4.2. SCOPE: Pressure being applied/heart being guided out of cavity 

2.5. Once the heart has been extracted, allow the heart to rest on the intercostal muscles [1] and locate the LAD as the region of the heart with less pooled blood [2-TXT].
Editorial Note: There are only two takes that had the LAD very visible, one being clip 004 around 2:30 

2.5.1. SCOPE: Pressure and forceps being removed Videographer: Important/difficult step
2.5.2. SCOPE: Shot of LAD Videographer: Important/difficult step TEXT: LAD visible only w/in first min of surgery

2.6. To induce myocardial infarction, use a 6-0 suture to tie a square knot tightly around the vessel two times without severing the artery [1-TXT]. Blanching at the apex should be observed immediately [2]. Editorial Note: the best clip to use for this is clip 004 around 2:30

2.6.1. SCOPE: Suture being tied TEXT: Apex blanching should immediately be observed. Editorial note: This may be hard to see in many shots, since the heart needs to be placed back into the chest cavity directly after ligation. If the blanching cannot be seen on any shots, it is okay to exclude this shot. 

2.7. Rebecca Salamon: It’s important to remain consistent on the suture placement along the LAD for a similar infarct size. This is best achieved by accessing the heart quickly, when the blood is still flowing through the arteries [1].

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

2.8. When the suture has been placed, allow the heart to slip back into the chest cavity [1-TXT] and suture the ribs together with one surgeon and one square knot [2], using blunt forceps to lift the upper set of ribs while passing a 6-0 suture through the upper and lower set of ribs [3]. 

2.8.1. SCOPE: Heart slipping back into cavity TEXT: Use forceps to return heart to cavity as necessary
2.8.2. SCOPE: Suture being placed
2.8.3. SCOPE: Ribs being lifted 

2.9. Apply a small volume of skin glue to the upper abdomen [1] and use fine forceps to position the skin of the lower abdomen over the exposed chest region [2].

2.9.1. SCOPE: Glue being applied
2.9.2. SCOPE: Skin being repositioned

2.10. Then place the pup on a heating pad [1] and perform the ligation on the next animal [2].

2.10.1. Talent placing pup onto heating pad Videographer: More Talent than pup in shot
2.10.2. Talent placing pup under microscope Videographer: More Talent than pup in shot 

2.11. When all of the surgeries have been performed, return the warm and mobile pups to the mother’s home cage [1-TXT].

2.11.1. Talent placing pup(s) into cage Videographer: More Talent than pup in shot TEXT: See text for full post-operative monitoring and care details

3. Passive Clear Lipid-Exchanged Acrylamide-Hybridized Rigid Imaging Compatible Tissue Hydrogel (CLARITY)

3.1. For passive CLARITY (clarity) of the harvested heart tissue, 21 days post-surgery, after confirming a lack of response to toe pinch [1-TXT], place the mouse onto a clean, surgical area in the supine position [2] and secure the limbs with tape [3].
3.1.1. WIDE: Talent pinching toe Videographer: More Talent than mouse in shot TEXT: Anesthesia: 99.9% isoflurane
3.1.2. Talent placing mouse into surgical area Videographer: More Talent than mouse in shot
3.1.3. Limb being taped

3.2. Using tissue forceps, grasp the fur just below the xiphoid process [1] and make an incision spanning the width of the ribcage [2].

3.2.1. Skin being grasped
3.2.2. Incision being made

3.3. Cut alongside the distal portions of the rib cage [1] and use the forceps to lift the xiphoid process to expose the diaphragm [2].

3.3.1. Tissue being cut along rib cage
3.3.2. Xiphoid process being lifted/diaphragm being exposed

3.4. Detach the diaphragm with curved forceps [1] and pull the tissue cranially until the beating heart is accessible [2].

3.4.1. Diaphragm being detached Videographer: Important step
3.4.2. Tissue being pulled/heart being exposed Videographer: Important step

3.5. Use the curved forceps to grasp the heart at the base [1] and use iridectomy scissors to cut the aorta and superior vena cava [2].

3.5.1. Heart base being grasped Videographer: Important step
3.5.2. Vessels being severed Videographer: Important step

3.6. Place the beating heart into a Petri dish of PBS so that the heart pumps out any retained blood [1]. The myocardial infarction can be confirmed by a correct anatomical placement of the LAD ligation [2].

3.6.1. Heart being placed into dish/shot of beating heart in dish
3.6.2. ECU: Shot of myocardial infarction 

3.7. When the heart stops beating, gently squeeze the organ with forceps to expel the residual blood [1] and transfer the specimen into a disposable, 2.5-milliliter glass shell vial containing 2 milliliters of PBS [2].

3.7.1. Heart being squeezed
3.7.2. Heart being placed into vial, with PBS container visible in frame

3.8. Place the vial onto a shaker for at least 30 minutes at room temperature [1], changing the PBS solution every 10 minutes until the solution remains clear of blood [2].

3.8.1. Shot of vial on shaker
3.8.2. Talent adding PBS to vial, with PBS container visible in frame

3.9. When the PBS is clear, replace the PBS with 2 milliliters of cold 4% paraformaldehyde for a 4-hour incubation at room temperature [1] followed by three, 10-minute washes on the shaker with 2 milliliters of fresh PBS per wash [2].

3.9.1. PFA being added to vial, with PFA container visible in frame
3.9.2. Talent placing vial onto shaker, with PBS container visible in frame

3.10. After the last wash, fill the vial with 2 milliliters of 4% acrylamide supplemented with 0.5% VA-044 solution for an overnight incubation at 4 degrees Celsius [1-TXT].

3.10.1. Talent adding solution to vial, with acrylamide and VA-044 containers visible in frame TEXT: VA-044: 2,2'-azobis[2-(2-imidazolin-2-yl)propane]dihydrochloride 

3.11. The next day, place the vial in a 37-degree Celsius for heat block for three hours [1].

3.11.1. Talent placing vial in heat block

3.12. At the end of the polymerization, transfer the heart into a new glass shell vial [1] and wash the heart tissue in 2 milliliters of fresh PBS 10-minutes at a time [2], refreshing the PBS at the end of every incubation [3]. 

3.12.1. Heart being place into vial
3.12.2. Vial on shaker
3.12.3. Talent adding PBS to vial, with PBS container visible in frame

3.13. When the PBS is clear, replace the wash buffer with 2 milliliters of clearing solution [1-TXT] and incubate the specimen at 37 degrees Celsius for several weeks until the heart is clear [2], refreshing the clearing solution every 2-3 days [3].

3.13.1. Talent adding clearing solution to vial, with solution container visible in frame TEXT: See text for all solution preparation details
3.13.2. Talent placing vial at 37 °C
3.13.3. Solution being added to vial, with solution container visible in frame

3.14. When the organ is clear [1], wash the specimen with PBS on the shaker as demonstrated [2] before refilling the vial with fresh PBS for a 24-hour incubation at 37 degrees Celsius [3].

3.14.1. Shot of cleared tissue Videographer: Important/difficult step
3.14.2. Talent placing tissue onto shaker Videographer: Important/difficult step
3.14.3. Talent placing vial at 37 °C Videographer: Important/difficult step

3.15. The next day, replace the PBS with RIMS (rims) for a 24-hour incubation at 37 degrees Celsius [1-TXT]. At the end of the incubation, the tissue may appear white and opaque in the center  is fully cleared [2]. Editorial Note: The differences between the uncleared heart, the opaque heart (after clearing solution, before RIMS) and the fully cleared heart (after RIMS) is shown very nicely in the shot where the three vials are lined up next to each other on a black background. This can either be used instead of or in addition to lab media (Fig 2C and 2D below) 

3.15.1. Talent adding RIMS to vial, with RIMS container visible in frame Videographer: Important step TEXT: RIMS: refractive index matching solution
3.15.2. Shot of tissue that is white and opaque in center OR LAB MEDIA: Figure 2C

3.16. Then store the specimen in fresh RIMS at room temperature [1]. The tissue should become transparent after several weeks [2].

3.16.1. RIMS being added to vial, with RIMS container visible in frame This was already done earlier in step 3.15.1
3.16.2. Shot of totally clear tissue OR LAB MEDIA: Figure 2D

4. Single-Photon Confocal Microscopy Cleared Mouse Heart Imaging 

4.1. For imaging of the cleared postnatal mouse heart after myocardial infarction induction, fill half of a chamber of a custom-made depression slide with PBS [1-TXT] and use curved forceps to carefully transfer the cleared heart into the chamber [2].

4.1.1. WIDE: Talent adding PBS to chamber TEXT: See text for depression slide details
4.1.2. Heart being placed into chamber

4.2. Fill the remaining volume of the chamber with PBS [1] and lightly squeeze and rotate the heart inside the chamber to ensure that no bubbles are left in the organ [2].

4.2.1. Chamber being filled
4.2.2. Heart being squeezed This step will be removed from the protocol, since we no longer see a need to do this step.

4.3. Then fill the chamber with PBS until the surface of the liquid forms a dome above the top of the chamber [1] and mount the cover slide [2] before imaging the tissue by confocal microscopy according to standard imaging protocols [3].

4.3.1. Chamber being filled/dome being formed
4.3.2. Cover slide being placed
4.3.3. LAB MEDIA: Figure 3A OR Talent at microscope, imaging tissue


Section – Results
5. Results: Representative Neonatal Mouse Visualization

5.1. If the puncture and blunt dissection are too close in proximity to the sternum, the heart may not be able to exit the chest cavity [1].

5.1.1. LAB MEDIA: Figure 1A Video Editor: please emphasize star 

5.2. If the heart does not easily exit the cavity, apply pressure to the left abdomen to facilitate the process [1].

5.2.1. LAB MEDIA: Figure 1B Video Editor: please emphasize blue gloved finger on left of image

5.3. Complications may occur from resting the heart on the intercostal muscles [1], therefore it is important to keep the blunt dissection to a minimal size in a horizontal orientation to allow for a clear visualization and accessibility of the LAD [2].

5.3.1. LAB MEDIA: Figure 1C 
5.3.2. LAB MEDIA: Figure 1C Video Editor: please emphasize two stars

5.4. Note that a superficial ligation will have less room for adjustment in the final suture placement [1] and that the suture tying around the LAD should be performed with controlled, steady movements [2].

5.4.1. LAB MEDIA: Figure 1D Video Editor: please emphasize needle
5.4.2. LAB MEDIA: Figure 1E Video Editor: please emphasize suture

5.5. By the end of the clearing step, the entire heart should be consistently opaque, with no discoloration in the center [1].

5.5.1. LAB MEDIA: Figures 2A-2C Video Editor: please sequentially add/emphasize Figures 2A, 2B, and 2C

5.6. After a few days in RIMS solution at room temperature, the heart should be completely cleared and some tissue expansion may be observed [1]. 

5.6.1. [bookmark: _GoBack]LAB MEDIA: Figures 2D 2A-2C Video Editor: please add Figure 2D

5.7. As observed by tdTomato (T-D-tomato) reporter protein expression, the cardiac nerves are mainly superficial [1], with some populations residing in the epicardial layer [2].

5.7.1. LAB MEDIA: Figure 3A
5.7.2. LAB MEDIA: Figure 3A Video Editor: please emphasize red nerves

5.8. Importantly, reporter protein expression conformation is preserved after undergoing the CLARITY protocol as demonstrated [1].

5.8.1. LAB MEDIA: Figures 3B and 3C Video Editor: please emphasize green nerves in Figure 3C



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Rebecca Salamon: Clearing and imaging the 3D heart provides prospective into the cardiac cell location and morphology of cardiac cell populations. This allows us to identify new aspects of cell patterning and cell-cell interactions is useful for cells for which the morphology cannot accurately be captured via 2D imaging [1]. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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