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Questionnarie:

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  N  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? No 

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.) 2.5.1, 2.6.1, 2.9.1, 2.12.2, 3.4.1 
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.) 2.12.2 and 3.4.1 are the most difficult; the best way to ensure success is to move deliberatively and slowly, not rushing Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? Y_______ If yes, how far apart are the locations? Filming will occur at Duquesne University in Pittsburgh and Duke University in Durham
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. 
[Filmed at Duquesne University]
[Filmed at Duke University]

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Anne Burrows:  This method can help answer key questions in the evolutionary biology field, such as social communication. 
1.2. Kailey Omstead:  The main advantage of this technique is that it provides direct evidence for form and presence of mimetic musculature, eliminates guesswork in the dissection process, and preserves layers of musculature.  Combined with DiceCT, reverse dissection creates a new gold standard of mimetic muscle investigation.   
Protocol: (read by voice talent at JoVE) 
2. Reverse Dissection - [Filmed at Duquesne University]
2.1. To begin, follow to the accompanying text protocol for specimen fixation and preparation. [1-MED] Then, transfer the specimen to the fume hood. [2-CU]
2.1.1. Talent opens container with specimen that has been fixed and removed from the body. 
2.1.2. Talent transfers the specimen to the fume hood.
2.2. With the brain and overlying calvaria removed, make one incision near the glabellar region of the skull and another along the caudal aspect of the skull where the cranial bone is intact. [1-ECU] Then, rinse the specimen for several hours in running water. [2-CU]
2.2.1. *Film as written
2.2.2. Talent places the specimen in a container with running water   
2.3. Once the specimen has been rinsed, pat it dry with paper towels and transfer it to a work station. [1-MED] Palpate for the external occipital protuberance at the caudal edge of the skull. This marks the area where the skull meets the spinal column. [2-CU]
2.3.1. *Film as written

2.3.2. Talent uses fingers to find the external occipital protuberance

2.4. Then, use a scalpel and make a mid-line incision beginning at the external occipital protuberance.  Cut the specimen rostrally over the parietal and frontal region of the skull.  [1-ECU]
2.4.1. Talent makes cut as described, stopping before the cut passes over the orbital region
2.5. Continue and pass over the orbital region and between the eyes, down the nasal region, all the way through the external nasal area between the nares. [1-ECU]
2.5.1. Talent repositions the skull and performs the cut as described
2.6. Next, make a cut on the mandible between the lower, central incisors and move the scalpel caudally toward the clavicle. [1-ECU] At this point, choose one side of the face mask and release it from the skull, leaving the other side in place.  [2-CU]
2.6.1. Talent makes cut as described

2.6.2. *Film as written

2.7. Starting in the occipital region, use the scalpel to cut the facial mask, including mimetic musculature, away from the occipital bone of the skull, pulling the mask rostrally and laterally. [1-ECU]
2.7.1. Talent cuts facial mask from the occipital bone as described

2.8. Cut the occipitalis muscle away from the skull, leaving a small amount of the muscle behind on the skull so that its attachment can still be visualized once the facial mask has been removed. [1-ECU]
2.8.1. Talent cuts the occipitalis muscle, separates the mask from the skull a little bit and points out the muscle still attached to the skull

2.9. Anne Burrows: “By leaving some portion of the muscle behind on the bony/cartilaginous skull, the attachments can be preserved and recorded at a later time.”[1-INT] 
2.9.1. Author says the above statement interview style
2.10. Once the external ear is hit, locate the auricular muscles. [1-ECU] Cut through these muscles so that a small portion of each muscle remains with the skull… [2-CU]
2.10.1. Talent points out the described muscles
2.10.2. Talent cuts through these muscles as described
2.11. Then, cut through the elastic cartilage attaching the external ear to the skull. [1-ECU] Continue to pull the mask rostrally and release each mimetic muscle from the skull, leaving a small portion of each muscle behind on the skull. [2-ECU]
2.11.1. *Film as written

2.11.2. Talent pulls and cuts the muscles as described

3. Contrast Enhanced Removal of Connective Tissue - [Filmed at Duquesne University]
3.1. Once there is an intact facial mask from one side of the skull, allow it to sit out with the musculature exposed to the air, for a 1-3 hours depending on the size of specimen. [1-CU]
3.1.1. Talent positions the specimen properly for drying

3.2. This will desiccate the connective tissue on the face mask and increase the color contrast between muscle and connective tissue. [1-CU][2-CU]
3.2.1. Specimen just set out to dry

3.2.2. Specimen after proper drying (Videographer: Try to take 3.2.1 and 3.2.2 using similar shaped specimens with the only difference being the drying time.) (Video Editor: Place 3.2.1 on the left and label it “Dry Time: 0 hr” and 3.2.2 on the right and label it “Dry Time: 3 hrs”
3.3. With the contrast between muscle and connective tissue now enhanced, use a #3 scalpel, forceps, and micro-scissors to remove sufficient connective tissue in order to visualize the musculature.[1-CU]
3.3.1. Talent uses the described tools to locate a region where connective tissue needs to be removed
3.4. To access the superficial layer of mimetic musculature in this “reverse dissection”, gently lift and separate the deep layer of musculature from the superficial layer and remove the connective tissue surrounding the superficial musculature. [1-ECU]
3.4.1. Talent removes connective tissue as described

3.5. When finished, return the resulting face mask back into formalin.  The procedure may be paused here before moving on to further dissection or before continuing on to staining. [1-MED]
3.5.1. Talent places the specimen into a container with formalin

3.6. Kailey Omstead: “At each intervening step in further dissection, allow the facial mask to dry enough so that connective tissue can be easily discerned from muscle tissue.” [1-INT]
3.6.1. Author says the above statement interview style
4. DiceCT Scanning - [Filmed at Duke University]
4.1. In order for the mimetic musculature to be visualized using CT scanning, stain the masks using an iodine solution by placing the mask into Lugol’s staining solution as described in the accompanying text protocol. [1-MED Over the Shoulder] 
4.1.1. *Film as written (TEXT: See accompanying text protocol for details on Lugol’s stain)
4.2. Ashley Deutsch Adam Hartstone-Rose: “The staining process generally takes about two weeks in 1.75% Lugol’s solution; however, this timing varies depending on several factors. Intermittent scanning with accompanied staining adjustment is recommended.” [1-INT]
4.2.1. Author says the above statement interview style
4.3. For CT scanning, first, prepare face mask by using wooden toothpicks to mount the face mask onto a low-density material, such as floral foam.  This will to eliminate any wrinkles in the mask and limit its movement as it dries out slightly during the scan.[1-CU]
4.3.1. Talent secures the mask to the floral foam (Author Comment: We showed my student (Antonio Meza) molding the floral foam a bit prior to mounting the specimen.  Feel free to add that, or cut it.) (Editor: The authors did not mention if this was part of 4.3.1 or an added shot. If the shoot looks good, it can be used when the VO mentions preparing the mask)
4.4. Next, place the specimen in a low density container and secure it into place. [1-CU] Once secure, place the specimen into the scanner, close the door, and turn on the x-rays. [2-MED] 
4.4.1. *Film as written (Author Comment: specimen was placed into container in one shot at the fume hood (where mounted) and then we moved it to the scanner room for the next shot.  Not sure if this detail is important in the script or editing.) (Editor: I imagine this is informational and shouldn’t affect editing)
4.4.2. Talent places specimen into scanner, closes the door and turns on the x-rays
4.5. Then, set up the CT scan parameters for a High-Resolution X-ray Computed Tomography scan. [1-MED Over the Shoulder] Use an inter-slice spacing and inter pixel distance of around 0.05 mm for these scans, as the small fascicles will be obscured at lower resolution.   [2-MED Over the Shoulder]
4.5.1. Talent at computer entering parameters (Editor: Authors might have VO changes here, but currently haven’t made any. I suggest editing it as currently written)
4.5.2. Talent steers the stage into position.
4.6. If fascicles are unable to be fully visualized, due to over-staining, place face mask into a de-stain solution such as 10% formalin or 5% sodium thiosulfate to remove some of the stain. [1-MED-TXT]
4.6.1. Talent places specimen in formalin and closes lid. TEXT: See text for details on de-staining/restaining
4.7. [1-MED-TXT]
4.7.1. Talent places sample in stain (TEXT: See accompanying text protocol for details on Lugol’s stain)  (Editor: Authors wanted to add the VO from this removed shot to the end of 4.6. I’ve added a text overlay instead because the VO for 4.6 is already fairly lengthy, and I doubt the shot could handle the additional VO)
4.8. After adjusting the staining, scan the face mask again and continue to make the necessary adjustments until all fascicles are able to be fully visualized. [1-CU]
4.8.1. Talent places specimen into scanner (Author Comment: We did not really get separate shots of putting the specimen back into the scanner, but I'm sure you can figure out how to use footage from the initial shots.)
5. Results: Reverse Dissection and DiceCT Imaging Helps to Fully Visualize and Assess Mimetic Muscles  
5.1. By using “reverse dissection” to create a facial mask, a fuller representation of mimetic muscle can sometimes be seen than in traditional dissection methodology. This method works on a range of body sizes from the tiny, small-bodied marmoset…[1-LM]to large-bodied primates such as the chimpanzee. [2-LM]
5.1.1. Figure 4 (Video Editor: Label image “Marmoset”)
5.1.2. Figure 5 (Video Editor: Label image “Chimpanzee”)
5.2. In small-bodied primates that have gracile facial muscles, some of the facial musculature may be indistinguishable from the surrounding connective tissue and may be lost during dissection. [1-LM]
5.2.1. 5_2_1_Burrows_58394
5.3. An iodine stain such as “Lugol’s” may improve the contrast and help to resolve both individual mimetic muscles as well as individual muscle fascicles and, for the first time, obtain whole muscle volumes of these gracile muscles. [1-LM]
5.3.1. Figure 7   
5.4. As shown here, some of the very small muscles associated with the external ear are clearly visible in the DiceCT scans. It is not uncommon for these muscles to be missed in some reverse dissection procedures, perhaps due to their small size. [1-LM]
5.4.1. Figure 7  
5.5. This 3-dimensional volume rendering allows for basic volume thresholding and color mapping to visualize the musculature more easily than with gross examination alone.  Here you can see that the individual muscle fascicles are clearly visible in cross-section, making digital dissection feasible. [1-LM]
5.5.1. Figure 8 (Video Editor: With the last sentence, highlight the left half of the image where the slices are located.)
6. Conclusion (said by authors on camera) 
Authors at Duke: Please add 1 statement per person
[Filmed at Duquesne University]
[Filmed at Duke University]
6.1. Anne Burrows: While attempting this procedure, it’s important to remember to move slowly, cautiously, and with deliberation as the method is destructive in nature.

6.2. Kailey Omstead: Following this procedure, other methods like histological processing can be performed in order to answer additional questions like fiber diameter and myosin fiber-typing.
6.3. Anne Burrows: After its development, this technique paved the way for researchers in the field of evolutionary biology to explore the evolution of facial expression and visual communication in non-human mammals and humans.

6.4. Kailey Omstead: Don't forget that working with formalin and loaded scalpels can be extremely hazardous and precautions such as rinsing the specimen and knowing where your scalpel is at all times should always be taken while performing this procedure.    
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.  

Insert your media filenames here.

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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