1. Inputting images into the tps software

1.1. Open tpsUtil software. Next, pull down Operation and select the Build tps file from the images tab.

1.2. From this tab, click input and open the file containing the images. Click the first image in the file and select Open.

1.3. Select the output tab, followed by the tps notepad file, and save. When prompted to replace the file, select yes.

1.4. Next, click the set up tab and create. Go to the file to see if the images have been added.

2. Adding landmarks to images

2.1. Open tpsDigs2 and open the following tabs in order: Input source, file, then the saved tps Notepad file.

2.2. Next, click options to visualize the Image tools option. Here, make sure to set the reference length to 100 µm. Press set scale. 

NOTE: Do not scale relative to the scale on the image. 

2.3. When setting the scale, press ok to set parameters, then exit image tools.

2.4. At this point, add landmarks to each image to be analyzed for proper morphology analysis by clicking the aim symbol. 

2.5. Ensure landmarks are placed in the same order for each image. Landmarks were placed on the following joints between the cartilage elements (See Figure 1E,E’):

2.5.1. Midline joint between the Meckel’s cartilages (Landmark #1, Figure 1E,E’).
 
2.5.2. The bilateral joints between Meckel’s and the palatoquadrate cartilages (Landmarks #2, Figure 1E,E’).
 
2.5.3. Midline joint between the ceratohyal cartilages (Landmark #3, Figure 1E,E’).
 
2.5.4. The bilateral joints between the palatoquadrate and ceratohyal cartilages (Landmarks #4, Figure 1E,E’).
 
2.5.5. The distal end of the hyomandibular cartilages (Landmarks #5, Figure 1E,E’) . 

2.6. After placing landmarks on an image, click files for the dropdown menu. Follow this pathway to save data and then overwrite. 

2.7. Exit tpsDigs2.

3. Using MorphoJ to analyze shape by Procrustes ANOVA

3.1. Open the MorphoJ software.

3.2. Under preliminaries, create and name the dataset. Select create new dataset and name the dataset. Then, click tps and select the notepad with the new data points added from step 8.4. Create the dataset.

3.3. The images are ready to be statistically viewed using Procrustes fit. Select the tab reading project tree and click on the dataset. Select the following buttons in this pathway: preliminaries, new Procrustes fit, Align by principal axes, and Perform Procrustes fit. 

3.4. Select generate covariance matrix under preliminaries; the software will say Procrustes coordinates. Execute the function when prompted. 

3.5. Select create or edit wireframe under preliminaries and link the points on the images. Then select link points and accept or create the image. Edit classifiers.

3.6. Open a spreadsheet while keeping MorphoJ open. Add all necessary information, for example: Genotype, Treatment, Genotype and Treatment, Experiment, etc. Save the spreadsheet as a CSV file. 

3.7. In MorphoJ, click file and import classifier variables to select the CSV file. After opening the file, go back to the project tree and click the dataset.

3.8. Once the dataset is opened, click preliminaries and edit classifiers. This will ensure all images are added.

3.9. Next, click project tree, Covmatrix, then Variation at the top. 

3.10. Select Principal Component Analysis to see PC scores. Click PC scores to see the generated graph. 

3.11. To add colors to the graph, right-click and press confidence ellipsis to add the desired classifier. Press color data points to add the colors, and ok to accept these changes.

NOTE: Once the PC score tab is closed and reopened following the instructions in step 9.10, the colors should be updated. 

3.12. To change the wireframe colors, go to Preliminaries. Click set options for the shape graph, located at the bottom of the screen. Select wireframe graphs to change the colors of the target shape, starting shape, and numbers. 

3.13. Select Variation, then Procrustes ANOVA.

3.14. Export the Procrustes ANOVA results to the spreadsheet file from step 9.7.

4. Canonical variate analysis of the dataset

4.1. In MorphoJ, select the original dataset or project. To begin Canonical Variate Analysis (CVA), select Comparison followed by Canonical Variate Analysis. Select the classifier variable(s) – select Genotype & Treatment and execute the function.

4.2. To export CVA, click the results tab and right-click on the now-open results page. Select Export to File and save the information.

4.3. Click Project Tree and select CVA, then Scores. At the top left of the page, select File. Once the File tab has opened, choose Export Dataset and select the data type and Genotype & Treatment. Save CVA scores as a .txt file.

4.4. To prepare the file for PAST software, open the saved CVA scores in Notepad or an equivalent software. Change ID in the top left corner to Label so as not to confuse PAST software. Save the edited CVA Scores or equivalent.

5. MANOVA in PAST software

5.1. To import the CVA scores in PAST, select File, then Open to access the saved CVA scores from Notepad or equivalent. When the Import text file window opens, select Names, Data for row and column, and tab for a separator. Select Import.

5.2. Under the Show tab, select Column Attributes. Next to the Type button, open the dropdown menu and select Group for the first column that should have the classifier variable(s).

5.3. Highlight the PC data or CV data. Select Multivariate, Tests, and Multivariate Normality to run the normality test. Run this test on PC and CV separately.

5.4. Click the gray empty cell in the top left corner, above type, to select the entire dataset. Select Multivariate, Tests, and MANOVA to process the MANOVA. Export the MANOVA results to the spread sheet file from step 9.7. 

