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Authors, please check the answers to the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_ No________  (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)__Yes____ 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 steps using the step numbers listed in this document. _2.6, 2.7, 3.3, 3.6, 3.7, 4.3, 4.5, 4.7. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. 2.6 – 2.7.
E.  Will the filming need to take place in multiple locations? (Y/N) __No_____ If yes, how far apart are the locations? ___________________________________________________


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

Video editor:  52860_Schematic graphics_final.pptx

The overall goal of this procedure is to quantify fungiform papillae in a consistent manner between scorers and laboratories through the use of a dichotomous key. (Intro)

This is accomplished by first staining the subject’s tongue blue with a food dye (Video editor: move the stick with the blue oval to touch the pink tongue and then turn the tongue blue) and adhering a filter paper with a one centimeter cut-out to the tongue. (Video editor: move the circle to the blue tongue) (P1)

The second step is to capture a high-quality, close-up image of the subject’s tongue. (Video editor: show the camera and the zoom-in cartoon of the tongue) (P2)

Next, the scorer uses the dichotomous key to examine the candidate papilla’s shape, size, color, and elevation.   (Video editor: shown the big pink circle, then add the text of the 4 characteristics to the right of the pink circle but without the purple checks and blue arrows) A papilla that is not amorphous, (Video editor: add check for top N followed by blue arrow) is at least 0.5 mm, (Video editor: add check for Y for 0.5 mm or bigger followed by blue arrow) pinker than the background, (Video editor: add check for Y for pinker than background followed by blue arrow) and is not recessed (Video editor: add check for N for recessed) is scored as a fungiform papilla.  (Video editor: add blue arrow and the word ‘Fungiform Papilla’ (P3)

The final step is to confer counts between two scorers and ensure counts are within ten percent of each other. (Video editor: show P4 cartoon) (P4) 

Ultimately, the Denver Papillae Protocol is used to define and prioritize the characteristics of fungiform papillae to ensure consistent counting across scorers and laboratories. (Video editor: show P5 graph)  (P5)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Tiffany Nuessle: The main advantage of this technique over existing methods, like the Miller & Reedy Method, is that it reduces the subjectivity of scorers when quantifying fungiform papillae through clear definition of each characteristic and a dichotomous key to ensure that structures classified as fungiform papillae meet all of the criteria.   
1.2. Nicole Garneau: This method can help answer key questions in the Taste field, such as defining the role, if any, that fungiform papilla density plays in taste perception.  
1.3. Meghan Sloan: We first had the idea for this method, when we had our citizen scientists score fungiform papillae using the Miller & Reedy method, and found that counts varied wildly on the same tongue image. Talking to scorers revealed that each had prioritized the characteristics differently and varied in how they scored papillae that met some but not all of the requirements. 
1.4. Stephanie Santorico: Demonstrating the procedure will be Rudy Torres, a volunteer citizen scientist in The Genetics of Taste laboratory. 
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):

2. Image Capture

2.1. To prepare subjects for this procedure, show them a photograph of how to pose themselves [2.1.1 – WIDE] and what the captured image will look like. [2.1.2 – MED] [2.1.3 – LM] 

2.1.1. Talent showing the subject a photo of how to pose.
2.1.2. Talent showing subject photo of tongue. 
2.1.3. 52860_Nuessle_Figure 1.pdf

2.2. Direct the subject to dry her tongue with a paper hand towel [2.2.1 – MED] and leave the tongue protruding from her mouth. [2.2.2 – CU]

2.2.1. *film as written
2.2.2. A shot of tongue protruding from subject’s mouth.

2.3. Using a sterile, rayon applicator with a 1-inch tip, apply approximately 3 mL of blue food dye at a 1:36 concentration to the apex of the tongue. [2.3.1 – MED] Instruct the subject to return her tongue to her mouth and swallow to remove excess dye. [2.3.2 – MED]

2.3.1. *film as written
2.3.2. Subject retracting tongue and swallowing.

2.4. Next, instruct the subject to pose herself as shown in the photograph, with her chin on her hands and elbows propped on a table for stability. [2.4.1 – WIDE/MED] Direct the subject to extend her tongue a comfortable distance and secure it gently between her teeth. [2.4.2 – MED/CU]

2.4.1. *film as written
2.4.2. Subject extending tongue and securing it gently between her teeth.

2.5. Adhere a 2.5-cm piece of filter paper with a 10-mm diameter circular cutout punched in it to the tip of the anterior of the left side of the tongue next to the midline. [2.5.1 – CU]

2.5.1. *film as written

2.6. [bookmark: _GoBack]Attach a high-quality digital point and shoot camera to a tripod for stability.  [2.6.1 – WIDE] Using the macro setting, take at least three close-up images of the tongue, capturing the entire 10-mm circular cutout to ensure visualization of all fungiform papillae, or FP, within that area. [2.6.2 – MED-multiple takes] Zoom in to the extent that the entire cutout is photographed while still within the camera’s recommended zoom range. [2.6.3 – LM] 

2.6.1. *film as written
2.6.2. Multiple takes from different angles of talent taking photos of subject’s tongue.
2.6.3. 52860_Nuessle_Figure 1.pdf; 52860_Nuessle_Figure 2.pdf; 52860_Nuessle_Figure 3.pdf.  Show all 3 photos together.

2.7. Ensure that the plane of the camera lens is parallel to the plane of the tongue [2.7.1 – reuse shot] and that the cutout appears circular in the photo [2.7.2 – LM] instead of oblong. [2.7.3 – LM] Review photos to ensure they are of high quality and useful for counting. [2.7.4 – MED] 

2.7.1. Use shot from 2.6.2.
2.7.2. 52860_Nuessle_Figure 3.pdf.  
2.7.3. 52860_Nuessle_Figure 4.pdf.  
2.7.4. Talent reviewing photos in camera.

3. Image Selection and Preparation

3.1. Begin this procedure by uploading the photos to the computer. [3.1.1 – MED]

3.1.1. Talent transferring photos from camera to computer.

3.2. Of the images taken of the same subject’s tongue, select only one for further analysis based on a clear definition between structures on the tongue at the highest zoom and the least distorted angle so the tongue is broad and flat toward the camera. [3.2.1 – MED]

3.2.1. Over the shoulder shot – talent selecting an appropriate image.

3.3. Open the selected raw image in the open source software, ImageJ. [3.3.1 – MED-TXT] Click on “Plugins” and in the dropdown menu scroll to “Analyze” and click “Cell Counter.” [3.3.2 – SCREEN] When the cell counter opens, click “Initialize” to link the image to the cell counter. [3.3.3 – SCREEN]

3.3.1. Over the shoulder shot – talent opening the image in Image J. TEXT: ImageJ 1.45s; 32-bit Java 1.6.0_10 version
3.3.2. ‘3.3.2 – 3.3.3.mp4’  (0:00 – 0:20)
3.3.3. ‘3.3.2 – 3.3.3.mp4’  (0:20 – 0:25)

3.4. Use a standard magnification of 50% for consistency between scorers and for use in subsequent steps to score FP. [3.4.1 – SCREEN] Move this image to the left side of the screen next to the cell counter. This image will be referred to as Copy A [3.4.2 – SCREEN] 

3.4.1. ‘3.4.1-3.5.2.mp4’ (0:00-0:01)
3.4.2. ‘3.4.1-3.5.2.mp4’ (0:02-0:12)

3.5. Open a second copy of the raw image for measuring the diameters of the papillae being quantified. Move this copy to the right side of the screen so the two copies are not accidentally confused. This second image will be referred to as Copy B. [3.5.1 – SCREEN] Zoom in and out as needed to the preference of the individual scorer throughout the scoring process. [3.5.2 – SCREEN]

3.5.1. ‘3.4.1-3.5.2.mp4’ (0:13-0:25) 
3.5.2. ‘3.4.1-3.5.2.mp4’ (0:26-0:30)

3.6. Click on the line tool. Using copy B, zoom in as much as necessary to accurately draw a diameter across the 10-mm inner circle of the filter paper at any angle and click “Analyze” and “Set Scale.” Fill in the “Known Distance” as “10.” [3.6.1. – SCREEN]

3.6.1. ‘3.6.1-3.7.1.mp4’ (0:00-0:15) 

3.7. Verify the scale is correct by measuring an alternate angle and ensure the diameter range is between 9.8-10.2 mm. [3.7.1 – SCREEN]

3.7.1. ‘3.6.1-3.7.1.mp4’ (0:17-0:29)

4. Scoring FP using the Denver Papillae Protocol Dichotomous Key

4.1. The Denver Papillae Protocol, or DPP, considers the shape, color, size and recession of each candidate papilla in determining if it is an FP. The procedure for training scorers to use the Dichotomous Key will not be shown in this video but is available in the accompanying protocol text. [4.1.1 – LM-TXT] 

4.1.1. Figure 3.pdf.  Uploaded 1/5/15 (NOT the Figure 3 uploaded on 1/24/15) TEXT: Refer to protocol text for training scorers.

4.2. To begin the scoring, determine if the candidate papilla is amorphous or shapeless. At 50% zoom, see if there is a commonly-recognized geometric shape, such as oval, cuboidal, or round. [4.2.1 – MED]

4.2.1. General shot of candidate looking at a photo on the computer.

4.3. If there is no geometric shape [4.3.1 – LM], go to the cell counter window and click “Type 1.” [4.3.2 – SCREEN] On copy A, click the candidate papilla to mark it as amorphous and not an FP. Clicking on types 1-4 in this and subsequent steps allows scorers to know they have addressed all candidate papillae and categorizes which rule was violated when rejecting a structure. [4.3.3 – SCREEN]

4.3.1. Panel ‘b’ only of Figure 3.pdf.  Uploaded 1/5/15
4.3.2. ‘4.3.2-4.3.3.mp4’ (0:00-0:11)
4.3.3. ‘4.3.2-4.3.3.mp4’ (0:12-0:16) 

4.4. If the candidate papilla has a geometric shape [4.4.1 – LM], proceed to the next step for examining its color. Refer to copy A and determine if there is any color differentiation over the surface of the tongue. [4.4.2 – MED]

4.4.1. Panel ‘a’ only of Figure 3.pdf.  Uploaded 1/5/15
4.4.2. Talent examining copy A of an image.

4.5. If there is color differentiation, but the candidate papilla is blue and the surrounding papillae are lighter [4.5.1 – LM], go to the cell counter window and click “Type 2” on the cell counter. [4.5.2 – SCREEN] On copy A, click the candidate to mark as too blue and not an FP. [4.5.3 – SCREEN]

4.5.1. Panel ‘d’ only of Figure 3.pdf.  Uploaded 1/5/15
4.5.2. ‘4.5.2-4.5.3.mp4’ (0:00-0:08)
4.5.3. ‘4.5.2-4.5.3.mp4’ (0:09-0:15) 

4.6. If there is no color differentiation [4.6.1 – LM] or if any part of the candidate papilla has remained pink or stained lighter, proceed to the next step for size determination. [4.6.2 – LM]

4.6.1. 52860_Nuessle_Figure 5.pdf
4.6.2. Panel ‘a’ only of Figure 3.pdf.  Uploaded 1/5/15

4.7. Using copy B, zoom in to the distance where one can comfortably see the outline of the candidate papilla. [4.7.1 – SCREEN] Click on the line tool and measure across the longest dimension of the candidate papilla. Click “Analyze” and then “measure.” [4.7.2 – SCREEN]

4.7.1. ‘4.7.1 to 4.8.4.mp4’ (0:00-0:01)
4.7.2. ‘4.7.1 to 4.8.4.mp4’ (0:02-0:18)

4.8. If the measured length is 0.499 mm or less, measure once more to ensure accuracy. [4.8.1 – SCREEN] If it is still 0.499 mm or less, click “Type 3” on the cell counter window [4.8.2 – SCREEN] and on copy A, click the candidate papilla to mark it as too small and not an FP. [4.8.3 – SCREEN]

4.8.1. ‘4.7.1 to 4.8.4.mp4’ (0:19-0:28)
4.8.2. ‘4.7.1 to 4.8.4.mp4’ (0:28-0:32)
4.8.3. ‘4.7.1 to 4.8.4.mp4’ (0:32-0:36) 

4.9. If the measured length is 0.5 mm or greater, proceed to examine its recession. Using copy A, assess if the candidate papilla is either of uniform height with the rest of the tongue or elevated. If the papilla is in a crevice, determine its height compared to the other structures in the crevice, not the surface of the tongue. [4.9.1 – MED]

4.9.1. Talent at computer examining copy A of the image.

4.10. If the papilla is lower than the papillae surrounding it [4.10.1 – LM], click “Type 4” on the cell counter window [4.10.2 – SCREEN] and on copy A, click the candidate papilla to mark it as recessed and not an FP. [4.10.3 – SCREEN]

4.10.1. Panel ‘e’ only of Figure 3.pdf.  Uploaded 1/5/15
4.10.2. ‘4.10.2-4.10.3.mp4’ (0:00-0:09)
4.10.3. ‘4.10.2-4.10.3.mp4’ (0:10-0:14)

4.11. If the candidate papilla is either of uniform height with the rest of the tongue or elevated [4.11.1 – LM], click “Type 5” [4.11.2 – SCREEN] and mark that this is an FP. [4.11.3 – SCREEN] This “type 5” total is the raw FP score. Write down the raw FP score in a notebook. [4.11.4 – MED]

4.11.1. Panel ‘a’ only of Figure 3.pdf.  Uploaded 1/5/15
4.11.2. ‘4.11.2-4.11.3.mp4’ (0:00-0:10)
4.11.3. ‘4.11.2-4.11.3.mp4’ (0:11-0:16)
4.11.4. Talent writing down raw FP score in a notebook.

4.12. To save Copy A, click “Export Image” on the cell counter window and save with the desired naming system of the laboratory. This will allow the opening of copy A in the future to retain the colored marks from types 1-5. It will not save the raw FP score. [4.12.1 – MED]

4.12.1. Talent saving copy A.

4.13. For quality control, each photo must be scored by two individual scorers and the scores compared. If the higher FP raw score is within 10% of the lower FP raw score, average the two scores together for a consensus FP score. [4.13.1 – MED]

4.13.1. General shot of another scorer (different individual from before) at the computer scoring a photo.

4.14. If the two FP raw scores differ by more than 10%, pull both scored photos onto the screen. [4.14.1 – MED] Use counter types 1-4 to aid in discussion of discrepancies and confer on a final consensus score. [4.14.2 – MED]

4.14.1. 2nd scorer pulling both scored photos onto the screen.
4.14.2. 1st scorer and 2nd scorer at the computer discussing the scores.

4.15. If a consensus cannot be reached, pull in a third scorer to score the image [4.15.1 – MED] and then dialogue with the other two scorers. [4.15.2 – MED]

4.15.1. A 3rd scorer at the computer scoring a photo.
4.15.2. The 3 scorers at the computer discussing the scores.


5. Results: DPP is an accurate and objective method for scoring FP 

5.1. A representative photograph was first scored by two individual scorers using the commonly-used Miller & Reedy methodology for FP identification. [5.1.1 – LM] The same photograph was then scored by two scorers using the DPP. [5.1.2 – LM]

5.1.1. Figure 4.pdf (uploaded 1/5/15).  Show left panel only.
5.1.2. Figure 4.pdf (uploaded 1/5/15).  Add right panel.

5.2. Red is scorer 1, Yellow is scorer 2, and Green is scorers 1 and 2. The counts shown are representative of the high variance observed using the original method compared to the lower variance using the DPP. [5.2.1 – LM]

5.2.1. Figure 4.pdf (uploaded 1/5/15).  Both panels.

5.3. A comparison of scorer variance for 11 individual scorers pre DPP training, shown in gray, and post DPP training, shown in black, revealed a significant decrease in scorer variance post DPP training.  [5.4.1 – LM]

5.3.1. Figure 6.pdf (uploaded 1/5/15)


6. Conclusion (said by authors on camera)
6.1. Tiffany Nuessle: Once mastered, this technique can often be done in less than five minutes per image if it is performed properly.
6.2. Meghan Sloan: While attempting this procedure, it’s important to remember to take breaks frequently to ensure fresh eyes on each photo and that each candidate papilla is seen.  
6.3. Nicole Garneau: After watching this video, you should have a good understanding of how to quantify fungiform papillae in a consistent manner between scorers and labs through the use of a dichotomous key.

       

Provided Media
1A. 52860_Schematic graphics_final.pptx
2.1. 52860_Nuessle_Figure 1.pdf
2.6. 52860_Nuessle_Figure 1.pdf; 52860_Nuessle_Figure 2.pdf; 52860_Nuessle_Figure 3.pdf.  
2.7. 52860_Nuessle_Figure 3.pdf; 52860_Nuessle_Figure 4.pdf.  
3.3. 3.3.2 – 3.3.3.mp4
3.4 and 3.5. 3.4.1-3.5.2.mp4
3.6 and 3.7. 3.6.1-3.7.1.mp4
4.1. Figure 3.pdf.  Uploaded 1/5/15
4.3. Panel ‘b’ only of Figure 3.pdf.  Uploaded 1/5/15
4.3. 4.3.2-4.3.3.mp4
4.4. Panel ‘a’ only of Figure 3.pdf.  Uploaded 1/5/15
4.5. Panel ‘d’ only of Figure 3.pdf.  Uploaded 1/5/15
4.5. 4.5.2-4.5.3.mp4
4.6. 52860_Nuessle_Figure 5.pdf
4.6. Panel ‘a’ only of Figure 3.pdf.  Uploaded 1/5/15
4.7 and 4.8. 4.7.1 to 4.8.4.mp4
4.10. Panel ‘e’ only of Figure 3.pdf.  Uploaded 1/5/15
4.10. 4.10.2-4.10.3.mp4
4.11. Panel ‘a’ only of Figure 3.pdf.  Uploaded 1/5/15
4.11. 4.11.2-4.11.3.mp4
5.1. and 5.2. Figure 4.pdf (uploaded 1/5/15).  
5.3. Figure 6.pdf (uploaded 1/5/15)

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, as well as an introduction to your videographer, closer to your filming date.
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