Submission ID #: 56162
Editor Name: Anthony Iannazzi
Videographer name: Kathy Stannard
Film Date: 6/15/2017
Link: http://www.jove.com/files_upload.php?src=17129458

Authors and Affiliations: 
Michele C. Darrow1, Imanol Luengo1,2, Mark Basham1, Matthew C. Spink1, Sally Irvine1, Andrew P. French2, Alun W. Ashton1, Elizabeth M.H. Duke1

1Diamond Light Source, Harwell Science and Innovation Campus, Chilton, Didcot, UK
2The University of Nottingham, Computer Vision Laboratory, Nottingham, UK

Title: Volume Segmentation and Analysis of Biological Materials using SuRVoS (Super-Region Volume Segmentation) Workbench 

Corresponding Author: 
Michele C. Darrow 
michele.darrow@diamond.ac.uk
Tel: +44(0)1235 567525

Co-authors:
imanol.luengo@diamond.ac.uk
mark.basham@diamond.ac.uk
matthew.spink@diamond.ac.uk
sally.irvine@diamond.ac.uk
andrew.p.french@nottingham.ac.uk
alun.ashton@diamond.ac.uk
elizabeth.duke@diamond.ac.uk

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N____  
Can you record movies/images using your own microscope camera? (Y/N)___N/A____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________N/A_______________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y___ 
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.) _Steps 2.4, 2.5, 2.6, 5.1, 5.2, and 6.4_________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
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.) __The hardest part about this protocol is assessing supervoxel parameters (Step 2.5). To do a good job with this, we assess the supervoxel parameters by viewing the supervoxels without the data overlaid. Doing this, you should still see the shapes of the data represented in the supervoxels. If this is the case, then the supervoxels represent your data well.  _________________________
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/N) __Y___ If yes, how far apart are the locations? __________ One location for the introduction and one for the software protocol, both locations are within 500m of each other. ________________

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. 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this procedure is to semi-automatically segment complicated volumetric datasets of a biological nature. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Michele Darrow: This method can help answer key questions in the field of structural biology by allowing for the qualitative and quantitative analysis of volumetric data. 
1.2. Imanol Luengo: The main advantage of this technique is that it greatly reduces the complexity, and therefore time, to segment three-dimensional data.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Mark Basham: Though this method can provide insight into biological datasets, it can also be applied to other fields, such as materials science.
1.4. Matt Spink: This software uses a different workflow as compared to other segmentation programs, which can cause initial difficulties when first using SuRVoS. Therefore, visual demonstration is critical to understand this new workflow.   

Protocol: (read by voice talent at JoVE)

2. Preparing the Workspace, Data Representation, and Generating Appropriate Super-Regions
2.1. Segmentation of large, well defined regions using model training is demonstrated on a phase contrast X-ray tomography dataset [1-MED/WIDE]. To begin this procedure, launch the SuRVoS (pronounced serve-ose) workbench [2-MED-over the shoulder-TXT]. Click the “open dataset” button, and select the data file to be segmented in the resulting popup [3-SCREEN].
2.1.1. Talent approaches the workstation computer, and turns it on. Talent can be holding a piece of media (a disc, or USB drive) containing the mentioned data if it will be visible.
2.1.2. Talent, at the workstation computer, launches the SuRVoS workbench software, TEXT: SuRVoS: Super-Region Volume Segmentation
2.1.3. *To be submitted by Author.
2.2. Choose an appropriate orientation for the data set. Next, choose a folder in which to store the workspace and the associated files. Click the “load” button [1-SCREEN]. 
2.2.1. *To be submitted by Author.
2.3. In the “Select ROI” (pronounced R-O-I) tab, input the x, y and z start- and end-coordinates for a region of interest, and click “add”. Once a section is added, make sure it is selected by checking the box to the right [1-SCREEN].
2.3.1. *To be submitted by Author.
2.4. After this, in the “Features Channels” tab, use the drop-down menu to choose a feature, and add it to the queue [1-SCREEN-TXT]. 
2.4.1. *To be submitted by Author, TEXT: For details on feature channels, see text protocol.
2.5. Modify any options specific to the feature, and choose the input dataset on which to run the feature. Click the checkbox to the right of the feature name to compute. Multiple features can be run on the same dataset and computed features can be used as input datasets for further processing [1-SCREEN].
2.5.1. *To be submitted by Author: In the last action in the step, show an additional feature being added to the dataset.
2.6. Then, choose the “Super Regions” tab. In the “Supervoxels” section, use the drop-down to select the filtered dataset from which the supervoxels will be created. Specify the shape, spacing, and compactness. Click the apply button to generate the supervoxels [1-SCREEN-TXT].
2.6.1. *To be submitted by Author. Text only needs to be shown duringh the second action in the step, TEXT: For details on supervoxel specifications, see text protocol.
2.7. To assess the quality of the supervoxels, display them alone, without the data overlaid. If the features of interest from the data are still visible in the supervoxels alone, they represent the data well [1-SCREEN]. 
2.7.1. *To be submitted by Author: Show the supervoxels, displayed alone with out the data overlay. Show a dataset where the features of interest from the data are still visible in the supervoxels alone, and hold on that image during the second action in the step.
3. Introduction to Annotation 
3.1. In the “Annotation” tab, click the “Add Level” button to add an annotation level. Click the “Add Label” button in the newly created level to add a label for the annotation [1-SCREEN-TXT].
3.1.1. *To be submitted by Author., text overlay only needs to be shown during the last action in the step. TEXT: Label name and color can be changed.
3.2. Next, in the tool shortcut section, select the pen icon. A set of options will appear at the top of the “Visualization” pane. Select the supervoxels option and a middle-width pen to begin creating training data for the model training.
3.2.1. *To be submitted by Author.: A circle/highlight should be shown to emphasiae the option set that appears during the second action in the step.
3.3. Click the box to the far right of the label information to select the label to be annotated. Then, click-and-drag in the “Visualization” pane to annotate multiple supervoxels [1-SCREEN].
3.3.1. *To be submitted by Author.
4. Segmentation Using Model Training
4.1. In the “Model Training” tab, set the predict level to the level that contains the manual training annotations. Then, in the descriptor section, set the region to “Supervoxels”. Click on the “Select Sources” drop-down, and check the boxes for the features or filters of choice to select the descriptors that will be used to differentiate regions of data. Click on the “Predict” button. [1-SCREEN-TXT]. 
4.1.1. *To be submitted by Author. text overlay only needs to be shown for the last action in the step. TEXT: For details on features and filters, see text protocol.
4.2. When the computation is complete, the “Visualization” pane will update with predictions of which annotation label each non-labeled voxel belongs to [1-SCREEN].
4.2.1. *To be submitted by Author.
4.3. After assessing the effect of the training methodologies and choosing one, click the “Refine” drop-down in the “Refinement” section to apply additional refinement [1-SCREEN-TXT].
4.3.1. *To be submitted by Author., text only needs to be shown during the last action in the step. TEXT: For details on training methodologies, see text protocol.
4.4. At the bottom of the “Model Training” tab – in the “Update Annotations” section – ensure that the visualization drop-down menu is set to “Predictions” [1-SCREEN]. 
4.4.1. *To be submitted by Author.: Use a highlight/circle around the dropdown area to stress its presence.
4.5. Next, use the confidence slider to assign more or less of the un-annotated supervoxels to the selected annotations labels. After an appropriate level of confidence has been selected, click the “Save” buttons – next to the labels at the bottom of the “Confidence” tool – to save the predictions into specific labels. The “Visualization” pane will update to reflect the changes made [1-SCREEN].
4.5.1. *To be submitted by Author.: In order to assess the level for the confidence slider (in the first action of the step), a few different slices are checked, which may take time time. I suggest capturing the checking of ONE slice to show an example.
4.6. If necessary, repeat the model training – with additional refinement and high-confidence predictions – until there are few or no unlabeled supervoxels [2-SCREEN-TXT].
4.6.1. *To be submitted by Author.: for the first action – repeating the model traning, capture only the beginning (selecting a pen tool and beginning the model training) since this is a repetition of an action. Text only needs to be shown during the last action in the step [1-SCREEN-TXT]. 
4.6.2. *To be submitted by Author. Text only needs to be shown during the last action in the step, TEXT: For details on addressing minor mislabeling, see text protocol.
5. Segmentations Using Super-Regions
5.1. Segmentation of smaller, more complex regions using super-regions is demonstrated on a cryo-electron tomography dataset [1-MED-over the shoulder]. After adding appropriate levels and labels in the annotation tab, select a label. Using a middle-width pen, begin annotating with supervoxels selected [2-SCREEN-TXT].
5.1.1. Talent, at the workstation computer, opens the mentioned dataset and selects it from the resulting popup – recreating the asctions in 2.1 and 2.2.
5.1.2. *To be submitted by Author. Text only needs to be shown during the second action of the step, TEXT: Choose different labels for objects in close proximity
5.2. (A). One strategy for super-region segmentation is to quickly segment on one slice, move a few slices above or below and fill in the gaps on the new slice. In this way, the intermediate slices will be annotated as well, with less effort by the user [5.2.1.A-SCREEN].
5.2.1. [bookmark: _GoBack] Authors provide a screen shot (5.2A was added, and the original 5.2 is now listed as 5.2B)
5.2        (B) Next, to clean up the annotations further, select the segmentation label and one of the morphological refinement methods. Enter a radius value, and choose how to apply the refinement method. Then, click “Refine” [1-SCREEN-TXT].
5.2.1 B *To be submitted by Author., text only needs to be shown during the last action in the step. TEXT: For details on addressing minor mislabeling, see text protocol.
6. Classification and Analysis of Data Objects Based on Inherent Characteristics
6.1. Classification and analysis of data objects is demonstrated on a cryo-soft X-ray tomography dataset [1-MED-over the shoulder]. After fully segmenting the data, click on the second tab in the “Visualization” pane – called “Label Splitter”. A new area, the “Rule Creation” pane will be added to the right-hand side of the window [2-SCREEN].
6.1.1. Talent, at the workstation computer, opens the mentioned dataset and selects it from the resulting popup – recreating the asctions in 2.1 and 2.2
6.1.2. *To be submitted by Author.
6.2. At the top of the “Rule Creation” pane, select a level and labels for label splitting. Next, select the dataset to query, and click “Label”. Each object in the selected labels will now be outlined in blue – as separate objects – in the “Visualization” pane [1-SCREEN].
6.2.1. *To be submitted by Author.
6.3. The “Rule Creation” pane will now contain a plot showing the average intensity of the objects. Click on the drop-down box in upper right-hand side to change the measure being shown [1-SCREEN].
6.3.1. *To be submitted by Author.
6.4. Next, click “Add New Label” at the bottom of the “Rule Creation” pane to begin splitting the objects into relevant classes. Click “Add New Rule”, and use the drop-down and freeform entry boxes to define the rule to be applied. Click “Apply” to see the effects of the new rule in the “Visualization” pane and on the plot in the “Rule Creation” pane [1-SCREEN-TXT].
6.4.1. *To be submitted by Author., text only needs to be shown during the first action in the step. TEXT: Label name and color can be changed.
6.5. After all objects of interest are classified, go to the “Annotations” tab. Create a new, empty level. Then, choose this new level in the “Rule Creation” tab, and click “Save Labels”.
6.5.1. *To be submitted by Author.
6.6. Click on the “Label Statistics” tab, on the edge of the “Visualization” pane to open a new “Visualization” pane that can be used to understand the relationships between object classes. At the top, select an appropriate level and labels, and the dataset to query [1-SCREEN].
6.6.1. *To be submitted by Author.
6.7. Then, select a few measures of interest by checking the boxes next to them. Click “Label” to produce pairwise comparison plots for each of the selected measures. If a measure needs to be added or removed, click the appropriate check box and then click “Update Plot” [1-SCREEN].
6.7.1. *To be submitted by Author. 

7. Results: Model Training, Super-Region Segmentation, and Label Splitting Using the SuRVoS Workbench
7.1. In this study, two segmentation strategies and one classification tool in the SuRVoS Workbench are demonstrated [1-LM]. For model training, a relatively high-contrast dataset with region defining boundaries is loaded [2-LM-TXT]. The data is filtered and clamped to make the background, foreground, and inner structures more distinguishable [3-LM].
7.1.1. 56162_Darrow_Screenshot_Tool_w_Data.tiff
7.1.2. 56162_Darrow_SuRVoS_JoVE_Figure3.tif: Show only Figure 3A – remove the subfigure label text “A”. TEXT: For details on the dataset, see text protocol.
7.1.3. 56162_Darrow_SuRVoS_JoVE_Figure3.tif: Show only Figure 3B – remove the subfigure label text “B”.
7.2. Supervoxels are then built on top of the filtered dataset [1-LM]. After the quality of the supervoxels is assessed, manual annotations are made to train the classifier to predict the areas corresponding to the background, the fruit bristle, the seed material, and the surrounding flesh [2-LM].
7.2.1. 56162_Darrow_SuRVoS_JoVE_Figure3.tif: Show only Figure 3D – remove the subfigure label text “D”.
7.2.2. 56162_Darrow_Screenshot_Fig3E_wo_anno.tif: Pulse/highlight/pop each area as it is mentioned in the voiceover (the background is black, the fruit bristle is the red/pink bristly lines on the outside of the grey circle, the seed material is the purple sections in the middle of the fruit, and the surrounding flesh is the grey area in the center of the fruit).
7.3. Morphological refinements are used to clean up the segmentation by filling holes [1-LM].
7.3.1. 56162_Darrow_SuRVoS_JoVE_Figure3.tif: Show only the right-most image in Figure 3F.
7.4. For super-region segmentation, a noisy and complex dataset is loaded [1-LM-TXT]. Next, an appropriate filter set is applied to the selected region of interest [2-LM].
7.4.1. 56162_Darrow_SuRVoS_JoVE_Figure4.tif: Show only Figure 4A – remove the subfigure label text “A”. TEXT: For details on the dataset, see text protocol.
7.4.2. 56162_Darrow_SuRVoS_JoVE_Figure4.tif: Show only Figure 4B – remove the subfigure label text “B”.
7.5. After model training and segmentation, quick manual annotations are used every 5 to 10 slices to select the supervoxels that describe the feature of interest [1-LM].
7.5.1. 56162_Darrow_SuRVoS_JoVE_Figure4.tif: Show only Figure 4E – remove the subfigure label text “E”.
7.6. Label splitting is then demonstrated using a dataset with many varied organelles [1-LM-TXT]. First, an appropriate total variation filter is used to enhance the organelle boundaries [2-LM]. Organelles are semi-manually segmented using megavoxels and supervoxels, and refining is used to fill holes and smooth edges [3-LM].
7.6.1. 56162_Darrow_SuRVoS_JoVE_Figure5.tif: Show only Figure 4A – remove the subfigure label text “A”. TEXT: For details on the dataset, see text protocol.
7.6.2. 56162_Darrow_SuRVoS_JoVE_Figure5.tif: Show only Figure 4B – remove the subfigure label text “B”.
7.6.3. 56162_Darrow_SuRVoS_JoVE_Figure5.tif: Show only Figure 4C – remove the subfigure label text “C”.
7.7. The label splitter is used to visualize each organelle as an object in the dataset [1-LM], and then to visualize various characteristics about each object in the data plot [2-LM].
7.7.1. 56162_Darrow_SuRVoS_JoVE_Figure5.tif: Show only Figure 4D – remove the subfigure label text “D”.
7.7.2. 56162_Darrow_SuRVoS_JoVE_Figure5.tif: Show only Figure 4E – remove the subfigure label text “E”.

8. Conclusion (said by authors on camera)
8.1. Mark Basham: After watching this video, you should have a good understanding of how to use SuRVoS Workbench for semi-automatic segmentation.
8.2. Michele Darrow: Using this procedure, comparisons of multiple biological states can be made in order to answer questions, for example, about wildtype, disease and then treated conditions.
8.3. Imanol Luengo: Once mastered, this technique can speed the segmentation process by approximately 5x, if it is performed properly.
8.4. Matt Spink: Following this procedure, visualization programs can be used to render the results for publication and movie making.


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.  

Screenshot_Fig3E_wo_anno.tff
Screenshot_Tool_w_Data.tiff

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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