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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)    Yes, this protocol will be shown entirely by screen capture.
C.  Location: Will the filming need to take place in multiple locations? (Y/N)  N
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?
The most difficult aspect of the procedure is the choice of optimal image selection model. The model selects the best chromosome images for estimation of radiation exposures by the software. The cytogenetic image data used with our software can vary from lab to lab. This is attributable to laboratory procedures, settings on the microscope systems used to capture images, and even intangibles, such as the humidity on the day during metaphase preparation.  We have introduced a set of image selection filters to remove undesirable images and to sort images from best to worst. There are many different combinations of filters that can be chosen by the user. We provide guidance to the user as to how to determine the preferred set of image selection filters, however the precise filters that are applied are likely to differ between laboratories.
1. Introduction  

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

The overall goal of this software-based protocol is to accurately and rapidly estimate total-body biological radiation dose from dicentric chromosomes found in sets of automatically filtered metaphase cell images using machine learning-based image processing techniques.

B. Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Rogan: This method can help answer key questions regarding response to a mass radiation exposure event - timely examination of a large number of samples to determine radiation dose is necessary.
1.2. Li: The main advantage of this software is automation for image filtering, calibration curve generation, dicentric chromosome detection, and radiation dose estimation. These are traditionally time consuming, labor-intensive tasks.
1.3. Shirley: Though this method can provide insight into radiation cytogenetic biodosimetry, it could be applied to select the best chromosomal images for diagnostic analyses of inherited and acquired genetic diseases.
1.4. Knoll: We first had the idea for this method when we began developing chromosome image analysis methods for automatically scoring fluorescence in-situ hybridization images. Colleagues indicated that the current capacity for testing multiple exposed individuals was also limited. 

Protocol: (read by voice talent at JoVE)
2. [bookmark: _Hlk482697082]Preparing Blood Cell Image Sample Sets for Automated Analysis by Software to Automate Dicentric Chromosome Detection and Estimate Radiation Exposure
Videographer almost all of the following sections are built around media to be provided by the authors, but I have highlighted the camera shots for your convenience.
2.1. Open the software, and [1.MED] create a new sample from the menu. Then, select the folder containing the metaphase images to analyze.  [2.SCREEN-TXT]
2.1.1. Establishing shot of talent at computer, opens software
2.1.2. Screen capture of starting new sample and opening folder of images, TEXT: Samples > New Sample
2.2. At the prompt, supply a unique ID to identify the sample.  Only alphanumeric, underscores and dashes may be used.  Then, provide a description of the sample if desired. [1.SCREEN]
2.2.1. Screen capture of supplying an ID and a description of sample
2.3. Repeat this process to add additional sample image sets.  A minimum of three calibration samples sets is required for the analysis but use seven or more for good results.  They should span 0 to 5 Grays of radiation exposure. [1.SCREEN]
2.3.1. Screen capture of adding more samples, as before, and labeling at least one as a calibration sample under the description field with value between 0 - 5 Gray
2.4. Once all the samples are loaded, highlight them in the 'Samples' list and add them to the Process Queue. [1.SCREEN-TXT] Then, process all the samples to identify various properties within each image. Processing progress is displayed.  [2.SCREEN-TXT]
2.4.1. Screen capture of adding samples to queue, TEXT: Sample > Add sample to the processing queue
2.4.2. Screen capture of starting the processing and the progress bar box, TEXT: ADCI Process Queue > Process All Samples
2.5. Once the processing has finished, click the green checkmark and save the processed samples as Sample files. [1.SCREEN]
2.5.1. Screen capture showing post-processing dialogue box, checking green mark and saving the results
2.6. Before proceeding it is a good idea to view the processed images in the Metaphase Image Viewer.  Highlight samples from the list and open the viewer. [1.SCREEN-TXT] Then, navigate through the images. [2.SCREEN-TXT]
2.6.1. Screen capture of opening viewer and opening a few samples, TEXT: Sample > Metaphase Image Viewer
2.6.2. Screen capture of browsing images in viewer, TEXT: See the text protocol for details.
2.7. From within the Image Viewer filters can be applied; several image selection models are bundled with the software. Filtering will screen the properties identified during processing. [1.SCREEN] 
2.7.1. Screen capture of opening filters, browsing the options for filters
2.8. If desired, a customized model can be built from scratch and saved for repeated use. If the Curve Calibration Wizard, described in the next section, is used, the model is applied during that step.  [1.SCREEN]
2.8.1. Screen capture of building a filter from scratch, then saving
3. Analyzing the Prepared Samples
3.1. [bookmark: _Hlk482087557][bookmark: _Hlk482087569]Use the curve calibration wizard [1.MED] to analyze the processed sample files.  For a good curve fit, include at least seven calibration samples, from zero to five Gray. [2.SCREEN-TXT]
3.1.1. Establishing shot of talent at computer
3.1.2. Screen capture of opening the curve calibration wizard, TEXT: Wizards > Curve Calibration
3.2. In the first page of the wizard macro, place a checkmark beside each desired calibration sample. For each calibration sample, specify the radiation dose in the adjacent text field.  [1.SCREEN]
3.2.1. Screen capture of filling first page as described
3.3. In the next page, select a preset image selection model. [1.SCREEN]
3.3.1. Screen capture of filling in second page
3.4. In the next page, select an SVM Sigma value from the dropdown box.  A value of 1.4 or 1.5 is recommended for dose estimates greater than one Gray. Otherwise, use a value of 1.0. [1.SCREEN] [2.LM]
3.4.1. Screen capture of filling in third page
3.4.2. 56245_Rogan_Figure2.tif – use as filler if needed, be creative with transition in/out of screen captures.
3.5. On the final page review all the selected options.  If they appear correct, finish the selection process.  [1.SCREEN]
3.5.1. Screen capture of filling in fourth page of wizard
3.6. [bookmark: _Hlk482087587][bookmark: _Hlk482087601]Now, a prepopulated 'Create a curve' dialog will appear.  Specify a unique identity for the curve in the text box and then press 'Validate Data' to ensure the content of the Response-Dose list is formatted correctly. [1.SCREEN]
3.6.1. Screen capture of supplying name for curve then validating the data
3.7. Verify that all of the fields in the Response-Dose list are highlighted in green, which indicates valid data.  Then, send the data for analysis using the okay button and follow the prompts to save the results. [1.SCREEN]
3.7.1. Screen capture of looking over the green-marked parameters, indicating all is good, then okaying the data analysis and saving the results
4. [bookmark: _Hlk482087644]Dose Estimation and Reports
4.1. To perform the dose estimate analysis, [1.MED] start the wizard macro found under the dose estimation menu. First, select a previously created calibration curve from the dropdown box – its properties will appear below. [2.SCREEN]
4.1.1. Establishing shot of talent at computer
4.1.2. Screen capture of opening the dose estimation wizard and selecting calibration curve
4.2. On the next page, toggle the test samples of unknown exposure to include them in the dose estimation.  [1.SCREEN]
4.2.1. Screen capture of filling page one of wizard
4.3. [bookmark: _Hlk482087655]On the next page, review the description and properties of the image selection model applied during the calibration curve generation. Every sample should be analyzed using the same model. [1.SCREEN]
4.3.1. Screen capture of page two actions
4.4. Rogan: When estimating the dose of a sample exposed to an unknown amount of radiation, we strongly recommend that the same image selection model be applied to this data that corresponds to the model used in generating the dose calibration curve. [1.MED/WID]
4.4.1. Interview at computer
4.5. On the next page, make certain that the same SVM Sigma value used during calibration curve generation populates the fields.  Make corrections if needed. [1.SCREEN]
4.5.1. Screen capture of page three actions
4.6. [bookmark: _Hlk482087670]On the final page review all the selected options.  If they appear correct, finish the selection process and press OK in the pre-populated 'Dose Calculator' dialogue to perform dose estimation.  [1.SCREEN]
4.6.1. Screen capture of final page and okaying dose estimation
4.7. [bookmark: _Hlk482087704]The dose estimation results are displayed in the console in tabular format for each test sample in Grays.  Accompanying the tabular data will be plots of the data, shown in the plot area. [1.SCREEN]
4.7.1. [bookmark: _GoBack]Screen capture of results, show tabular data and plot
4.8. Rogan: After either entering a sample, preparing a calibration curve or estimating a dose, it is advisable to generate a sample, curve, or dose report to create a complete record of your analysis. [1.MED/WID]
4.8.1. Interview at computer
4.9. Now, generate a dose estimation report. When prompted, provide a name for the report or use the 'Browse' option to modify an existing report folder.   Audit capabilities, log file integrity issues and statistical options are reviewed in the text protocol. [1.SCREEN-TXT]
4.9.1. Screen capture of opening report options, naming report, reviewing options, and starting report creation, TEXT: Report > Dose Estimation Report > Generate dose estimation report
5. Results: Testing the Software 
5.1. The software was tested using cytogenetic image samples exposed to ionizing radiation that were obtained from the biodosimetry laboratories at Health Canada and at Canadian Nuclear Laboratories.  These samples were generated and analyzed manually by experts at both labs.
5.1.1. Table 1 - 56245_Rogan_Table1.xlsx
5.2. The software used automated image selection filters on the samples to eliminate a wide variety of unusable images.  [1.LM-TXT] In the current example, the best 250 images were automatically selected for each sample. [2.LM-TXT]
5.2.1. 56245_Rogan_Figure3ab.tif, TEXT: Selected images
5.2.2. 56245_Rogan_Figure3cd.tif , TEXT: Filtered out images
5.3. Without filtering the metaphase image data, the software would have incorrectly flagged some objects as dicentric chromosomes, like object 2. False positive filters exclude these objects from calculations of dicentric frequency. 
5.3.1. 56245_Rogan_Figure5a.tif – slowly zoom in from full image to about half the size centered around “2 ->” in image.
5.4. After filtering, the occurrences of Dicentric chromosomes in a population of cells from an irradiated sample follow a Poisson distribution, [1.LM-TXT] as compared to the unfiltered data set. Chi-square goodness-of-fit statistics showed the results [2.LM] from filtered data are much more reliable. [1.LM-TXT]
5.4.1. 56245_Rogan_Figure4b_enlargedFont.tif - filtered set of DCs, increase font sizes and remove “B” , TEXT: Filtered
5.4.2. 56245_Rogan_Figure4a_enlargedFont.tif – unfiltered set DCs increase font sizes and remove “A” , TEXT: Un-Filtered
5.5. Ultimately, the automated measurements were within 0.3 Gray of the manually scored doses with a few exceptions. One sample that had a poor goodness-of-fit to the Poisson distribution [1.LM-TXT] was not accurate, but the problem turned out to be in the sample itself. Overall, the expert scoring was more accurate, but the results of the automated analysis still fell within the IAEA-specified triage limits. [2.LM-TXT]
5.5.1. 56245_Rogan_Figure6_withTitle.tif, increase the visibility of the black diamonds by making them larger and add the text as a plot title, TEXT: Radiation Dose Estimations of Samples from Inter-comparison Exercise Based on Health Canada Lab Data
5.5.2.  56245_Rogan_Figure7_withTitle.tif, increase the visibility of the black diamonds by making them larger and add the text as a plot title, TEXT: Radiation Dose Estimations of Samples from Inter-comparison Exercise Based on Canada Nuclear Lab Data

6. Conclusion (said by authors on camera)
6.1. Rogan: After watching this video, you should have a good understanding of how to use the software to automatically select optimal images using image selection models, create calibration curves, perform automated dicentric chromosome detection and radiation dose estimation, and create reports.
6.2. Li: Once mastered, this technique can estimate dose of a sample containing 500 metaphase images in 10 to 20 minutes from an existing set of metaphase cell images.
6.3. Shirley: It's important to remember to make use of automated functionality the software provides. Manual selection of images is possible, however doing so reduces efficiency and may not be as reproducible as the automated procedures.
6.4. Knoll: This technique will enable researchers in the field of biodosimetry to explore new questions in radiation research involving population studies that could not practically be carried out in the past. 
To actually make this work well, we need everybody to speak parts of the conclusion.  If only Rogan will be speaking, then the single statement currently attributed to Rogan will suffice for the conclusion section.

Provided Media

[Note to editors: Steps 2.1.2 to 2.8.1 were originally captured at a higher resolution which caused the mouse pointer to be offset and other issues with the screen captures. These steps were recaptured at a lower resolution and we appended an ‘a’ after the step number to indicate the recaptured steps. All other steps were captured at this lower resolution.] 

2.1.2 - 56245_Rogan_2.1.2a_Take1.avi (2.1.2_Take1 and 2.1.2_Take2 also available)
2.2.1 - 56245_Rogan_2.2.1a_Take1.avi (2.2.1_Take1 and 2.2.1_Take2 also available)
2.3.1 - 56245_Rogan_2.3.1a_Take1.avi (2.3.1_Take1 also available)
2.4.1 - 56245_Rogan_2.4.1a_Take1.avi (2.4.1_Takes 1, 2, and 3 also available)
2.4.2 - 56245_Rogan_2.4.2a_Take1.avi (2.4.2_Take1 also available)
2.5.1 - 56245_Rogan_2.5.1_Take1.avi
2.6.1 - 56245_Rogan_2.6.1a_Take1 (2.6.1_Take1 also available)
2.6.2 - 56245_Rogan_2.6.2a_Take1.avi (2.6.2_Take1 and 2.6.2_Take2 also available)
2.7.1 - 56245_Rogan_2.7.1a_Take1.avi (2.7.1_Take1 and 2.7.1_Take2 also available)
2.8.1 - 56245_Rogan_2.8.1a_Take1.avi (2.8.1_Take1 also available)
3.1.2 - 56245_Rogan_3.1.2_Take2.avi (3.1.2_Take1 also available)
3.2.1 - 56245_Rogan_3.2.1_Take1.avi
3.3.1 - 56245_Rogan_3.3.1_Take3.avi (3.3.1_Take1 also available)
3.4.1 - 56245_Rogan_3.4.1_Take1.avi
3.4.2 - 56245_Rogan_Figure2.tif
3.5.1 - 56245_Rogan_3.5.1_Take1.avi
3.6.1 - 56245_Rogan_3.6.1_Take1.avi
3.7.1 - 56245_Rogan_3.7.1_Take1.avi
4.1.2 - 56245_Rogan_4.1.2_Take1.avi
4.2.1 - 56245_Rogan_4.2.1_Take1.avi
4.3.1 - 56245_Rogan_4.3.1_Take1.avi
4.5.1 - 56245_Rogan_4.5.1_Take2.avi (4.5.1_Take1 also available)
4.6.1 - 56245_Rogan_4.6.1_Take1.avi
4.7.1 - 56245_Rogan_4.7.1_Take1.avi
4.9.1 - 56245_Rogan_4.9.1_Take1.avi
5.1 – 56245_Rogan_Table1.xlsx
5.2 - 56245_Rogan_Figure3ab.tif – selected images
5.2 - 56245_Rogan_Figure3cd.tif - filtered out images
5.3 - 56245_Rogan_Figure5a.tif - object 2 was originally a false positive
5.4 - 56245_Rogan_Figure4b_enlargedFont.tif - filtered set Dicentric Chromosomess
5.4 - 56245_Rogan_Figure4a_enlargedFont.tif - unfiltered set Dicentric Chromosomes
5.5 - 56245_Rogan_Figure6_withTitle.tif – Health Canada data
5.5 - 56245_Rogan_Figure7_withTitle.tif – Canadian Nuclear Laboratories

Please upload Table 1 in excel format, and list it here.  Also, although it may be tedious, please list the screen capture files here.  You’ll be able to do this on the filming day.

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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