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Title: Quantification of Orofacial Phenotypes in Xenopus
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? yes Zeiss Stemi 2000-C
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? 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 by their protocol number. Steps 3.1.3, 4.1, 5.1, 5.2, and 5.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number._Step 3.1, in which embryo heads are placed in the clay in the exact same orientation for photography, is the most challenging part of the protocol. To ensure success, we draw straight rows in the clay as guides and then make small, circular depressions within those rows. All the embryo heads are then positioned within these depressions. Prior to imaging, we check to ensure that all heads are in identical positions.
E.  Will the filming need to take place in multiple locations? no
1. Introduction (Schematic Overview and Interview)

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

The overall goal of the following procedure is to describe orofacial phenotypes of Xenopus laevis embryos in a quantitative, statistical manner. (Intro)  This is achieved by first mounting detached Xenopus embryo heads in a clay mold for photo-documentation. (P1)  Using the images, facial dimensions are measured to provide information about the size of the orofacial region. (P2)   Next, landmarks are applied via geometric morphometrics to assess the shape of the orofacial region. (P3)  The results show significant size and shape changes in the Xenopus orofacial region based on statistical analyses of facial dimensions and relative landmark position. (P4)
Video editor: there is an AI file with all the images you need, labeled P1 to P4.   I could not cut and paste it into this document however, it came out as a black box.    None of the text from these graphics is needed, except the text in the graphs.
P1 – Animate the scalpel removing the head of the larva, then animate the head going from side to fron profile (by a fade) and bring in the Petri dish.  Then shrink the head down into the dish, into one of the positions with blue dots (heads).  
P2 – Zoom into one of the blue dots and cut to the provided graphic for P2.  Just a face on screen now, the dish can be faded out.  Draw the red line over the face with a wipe on.  

P3 – Make a double of the face, have it float down from other face as the 1st face rises (top and bottom).  Now add the dots to the 2nd face.

P4 – Slide the faces left, shrink them down a little and add arrow to their right side and fade on the two graphs.  Then, zoom in and out of each graph so they can each be seen a little better.

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Allyson Kennedy: Though this method can provide insight into the Xenopus orofacial development, it can also be applied to other vertebrate morphology studies, such as comparisons of closely related species for evolutionary or ecological purposes. 
Protocol (read by voice talent at JoVE):

2. Preparing the Head Mounting Dish 
2.1. This section outlines how to make clay lined dishes to hold embryo heads for their photo documentation.
2.1.1. WID: talent unpacking a dish and preparing clay in hand
2.1.2. CU: warming up the clay by kneading it in hand
2.2. First, flatten some modeling clay into a dish - any size will do - and smooth it out to cover the entire plate.
2.2.1. MED: pressing clay into dish

2.2.2. [combined with 2.2.1] CU: smoothening clay surface
2.3. Then, lightly press a straight teasing needle into the clay at a 45 degree angle.  Hold the needle firmly and slowly move the dish to create a depressed line. 
2.3.1. CU: pressing needle into clay at 45º, show depth and angle
2.3.2. [combined with 2.3.1] MED: moving dish under needle to make line, repeated to make a second line
2.4. Next, use a glass pipette to make shallow circular depressions along each line.  In each depression, an embryo head can be placed. 
2.4.1. CU: making depressions into line with pipette

2.4.2. [combined with 2.4.1] MED: making more depressions into the second line
2.5. Before loading the heads, fill the dish with PBT.
2.5.1. MED: adding PBT to the dish, stock bottle should be clearly labeled
2.6. Details on culturing Xenopus are outlined in the text protocol, as well as details on fixing embryos.  For this protocol, fix embryos between stages 42 and 45 accordingly.
2.6.1. [2.6.1-2.6.3 combined] WID: any action involving the collection of Xenopus embryos for fixation, talent’s choice
2.6.2. MED: another action involving fixation of embryos, talent’s choice
2.6.3. CU: swirling a dish of fixed embryos
3. Photographing the Orofacial Region 
3.1. First, place the fixed embryos in a 150-millimeter Petri dish containing approximately 100 milliliters of PBT. 
3.1.1. WID: talent loading dish with PBT

3.1.2. MED: transferring embryos to dish, show if they will be manipulated under scope
3.2. Now, sever their heads. First, hold an embryo with a pair of forceps and use a scalpel to make an incision on the posterior side of the gut. Second, make an incision on the anterior side of the gut, near the heart, to completely remove the head.
3.2.1. ECU/SCOPE: under scope if better, show heads being removed, show this done at least three times
3.2.2. LAB MEDIA: Figure 3A, solid black lines
3.2.3. LAB MEDIA: Figure 3B
3.2.4. LAB MEDIA: Figure 3C
Video editor: use the Figures as a guide and/or show each in the corner of the screen as the video shows that step being performed.
3.3. Using a pipette, transfer the heads to the clay-lined dish. 
3.3.1. ECU/SCOPE: sucking up heads

3.3.2. MED: ejecting heads into clay-lined dish
3.4. Allyson: It is critical that embryo heads are placed in the clay in the exact same orientation for photography. To ensure success, use the rows drawn in the clay as guides. It is also beneficial if the same person captures all of the images in the same day.
3.4.1. MED/WID: interview with Allyson at bench
3.5. For frontal view photographs, position the heads posterior side down in the depressions.  Use forceps to manipulate the heads and the surrounding clay so that the heads are fixed facing the camera and are not tilted.
3.5.1. MED: establishing shot of manipulating the heads, for frontal photos
3.5.2. ECU/SCOPE: use scope if it shows this better, manipulating heads into depressions
3.5.3. LAB MEDIA: Figure 3D – use as a guide
3.6. For lateral view photographs, position the heads so their sides are all facing the same direction.  Manipulate the heads and the surrounding clay so cement glands are all pointing down at the same angle.  
3.6.1. ECU/SCOPE: orienting the heads for side photos
3.6.2. LAB MEDIA: Figure 3E – use as a guide
3.7. Now, using any dissection microscope with image capture capabilities, collect images of the tadpole heads.  Use several lights to prevent excessive shadowing and use the highest possible magnification.  Photograph each head the same way.  
3.7.1. MED: talent working with imaging scope, taking shots using the camera/computer
3.7.2. CU: setting up the lights to best illuminate the embryos
3.7.3. SCOPE: show the lights being adjusted to the ideal illumination of a head to be photographed 
3.8. Then, save the images uncompressed and at the highest possible resolution.
3.8.1. WID: like 3.7.1, collecting and saving images [with 3.7.1] 
4. Analyzing the Facial Dimensions 
4.1. From the images, measure the orofacial dimensions.  First determine the face width.  Identify the points at which the ventral part of each eye meets the peripheries of the face …
4.1.1. WID: talent at the computer, opens an image to analyze

4.1.2. SCREEN CAPTURE: identifying points on ventral parts of face and drawing line
4.1.3. LAB MEDIA: Fig 4A, arrows – finish on this
4.2. ... and measure the distance between these points.

4.2.1. LAB MEDIA: Fig 4A, red line – animate into this
4.2.2. SCREEN CAPTURE: continuation of 4.1.2

Video editor: there are lot of provided stills in this section, but where I ask for screen captures, they may be better in every circumstance.  So, I’ve listed them and you can use the better of the two option, perhaps both, in each case.
4.3. Details on measuring the face height and orofacial area can be found in the text protocol.
4.3.1. SCREEN CAPTURE: measuring face height and area [This is divided into two separate screen captures. One is labeled “4.3.1 face height” and the other “4.3.1 area”]
4.3.2. LAB MEDIA: Fig 4B

4.3.3. LAB MEDIA: Fig 4C

4.4. Pay particular attention to determining the snout length.  On lateral images, make a vertical line that marks the anterior of the eye.  Then, measure the horizontal distance from the anterior-most point where the face meets the dorsal edge of the cement gland to the vertical line marking the anterior of the eye.
4.4.1. SCREEN CAPTURE: measuring snout, follow the step order of the narrative instruction
4.4.2. LAB MEDIA: Fig 4D

4.5. Other dimensions, like mouth width and roundness, are explained in the text protocol. 
4.5.1. SCREEN CAPTURE: measuring mouth and roundness [This is divided into two separate screen captures. One is labeled “4.5.1 mouth width” and the other “4.5.1 roundness”]
4.5.2. LAB MEDIA: Fig 4E

4.5.3. LAB MEDIA: Fig 4F

5. Quantitative Analysis and Morphometrics
5.1. For this analysis, facial landmark coordinates should be standardized and saved to a file.  The landmarks should capture the shape of the image and be usable in all images.  So, do not use structures that may not exist in all samples.
5.1.1. WID: establish talent at computer, again, now in the thick of working on image geometry
5.1.2. [combined with 5.1.1] MED: talent marking coordinates on face, this is another establishing shot to work over the discussion-like narrative
5.1.3. LAB MEDIA: Fig 5A
Video editor: again, there are several lab media options, but the screen captures should be superior.
5.2. Now, open the first image file to assess.  Select the Plugins tab on the main toolbar and choose Pointpicker from the dropdown menu.  Select the Add Points tab and position the landmark points on the image - they appear as multi-colored crosses.
5.2.1. SCREEN CAPTURE: opening file and adding points with Pointpicker
5.3. Switch between landmark points using the Move crosses tool.
5.3.1. SCREEN CAPTURE: using cross tool to move between landmarks
5.4. Once all are placed, select the Display Results tab on the main toolbar and choose the Show option.  This displays the landmark coordinates.  
5.4.1. SCREEN CAPTURE: displaying landmark coordinates
5.5. Next, copy the coordinates into a spreadsheet program.  In an empty row above the pasted data, type LM equals, followed by the number of landmarks in the sample.
5.5.1. SCREEN CAPTURE: executing command in narrative.
5.6. In the row below the pasted data, type ID equals followed by the name identifying the sample.  Each sample must have a unique identifier. 
5.6.1. SCREEN CAPTURE: executing command in narrative.

5.7. Repeat this process until all the sample images have been mapped and entered into the spreadsheet.

5.7.1. SCREEN CAPTURE: show the example needed being mapped and entered into spreadsheet  

Video editor: make a very abridged version of the 5.7.1 shot, showing small sections that highlight the footage from 5.2 – 5.6.
5.8. Next, copy the columns the sample identification and coordinates of each landmark and save it into a text document.

5.8.1. SCREEN CAPTURE: executing the command in narrative.
5.9. Then, open the morphometric software program.

5.9.1. SCREEN CAPTURE: executing command in narrative.
5.10. In this software, select Create New Data Set from the main menu.  Name the file and data set in the pop-up screen and import the file as a TPS.  
5.10.1. SCREEN CAPTURE: executing command in narrative.
5.11. Now, select the text file of coordinates to create the data set.
5.11.1. SCREEN CAPTURE: executing command in narrative.
5.12. Next, perform a Procrustes (pronounce "Pro-Crust-eeze") fit and alignment. First, highlight the data set in the Project Tree tab, then choose Preliminaries on the main toolbar and New Procrustes Fit from the dropdown menu. 
5.12.1. SCREEN CAPTURE: executing command in narrative.
5.13. From the selections available, choose Align by Principal Axis.  Then select the option to Perform Procrustes Fit.

5.13.1. SCREEN CAPTURE: executing command in narrative.
5.14. Back in the Preliminaries drop down menu, select Generate Covariance Matrix and select Execute.
5.14.1. SCREEN CAPTURE: executing command in narrative.
5.15. Now, from the results tab, view the correlations of the covariance matrix.

5.15.1. SCREEN CAPTURE: executing command in narrative.
5.16. To distinguish experimental and control group samples, create a “classifier file” by assigning each sample in the data set to the appropriate classifier variable.
Step 5.16 goes with step 5.17 to describe Screen Capture 5.17.1.
5.16.1. SCREEN CAPTURE: executing command in narrative.

5.17. In a spreadsheet, create a column labeled ID and create a column labeled TREATMENT.  Then list each sample in the ID column and assign it to a group under the TREATMENT column.

5.17.1. SCREEN CAPTURE: executing command in narrative.
5.18. Save this as a  text file, and in the morphometric software program, import it through the Choose Match by Identifier option. 

5.18.1. SCREEN CAPTURE: executing command in narrative.
5.19. Now, under the Comparison tab, create a discriminant function analysis transformation.  In the pop-up menu under this function, ensure that the appropriate dataset is selected and the type of data is the Procrustes-fit coordinates. 
5.19.1. SCREEN CAPTURE: executing command in narrative.
5.20. Highlight the pairs of groups to be compared, and then run a one thousand permutation test.

5.20.1. SCREEN CAPTURE: executing command in narrative.
5.21. To view the vector map of the coordinates, go to the Graphics menu and select the Shape Difference tab.

5.21.1. SCREEN CAPTURE: executing command in narrative.
5.22. If the image is inverted, bring up the pop-up menu in the plot space to flip the diagram to the correct orientation.

5.22.1. SCREEN CAPTURE: executing command in narrative.
5.23. Also in the pop-up menu, change the graph to a transformation grid to superimpose the vectors onto a grid.
5.23.1. SCREEN CAPTURE: executing command in narrative.
5.24. Details on creating a principal component analysis scatter plot, principal component analysis transformation grids, CVA scatter plot, and CVA transformation grids are all provided in the text protocol.
5.24.1. [5.24.1-5.24.3 combined – Take 2] MED: talent working on computer assembling CVA scatter plot

5.24.2. CU: a scatter plot, on screen

5.24.3. WID: talent gets up from computer and leaves scene
6. Orofacial Morphology after Retenoic Acid Receptor Inhibitor Treatment
6.1. Embryos were treated with one micromolar retinoic acid receptor, or RAR (spell out letters), inhibitor from developmental stage 24 to stage 30 and then fixed at stage 42 and photographed.  Control embryos, treated with DMSO, developed normally.
6.1.1. LAB MEDIA: Fig 7A i
6.1.2. LAB MEDIA: Fig 7A ii

6.2. The RAR inhibitor treatment resulted in a narrowing of the face, eye abnormalities and a malformed, triangular-shaped mouth.
6.2.1. LAB MEDIA: Fig 7A iii

6.2.2. LAB MEDIA: Fig 7A iv

6.3. After performing a geometric morphometric analysis, variance was assessed via principal component analysis.  Treated embryos were clearly distinguished from controls along the PC1 axis.   The arrows identify statistical outliers from within a group.

6.3.1. LAB MEDIA: Figure 7C 
6.4. Morphological differences were next assessed by a discriminant function analysis. Dramatic shifts in the position of lateral landmarks indicate a narrowing of the face shape.  A slight outward shift in nostril position is noted by the arrows.   There is also notable warping in the midface region.
6.4.1. LAB MEDIA: Figure 7D
7. Conclusion (said by authors on camera)

7.1. Allyson Kennedy: After watching this video, you should have a good understanding of how to use a combination of traditional size measurements and geometric morphometrics to assess size and shape of the embryonic Xenopus face.
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, as well as an introduction to your videographer, closer to your filming date.
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