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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? No  
If Yes, can you record movies/images using your own microscope camera?
N/A
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  19
Number of Shots:  34 (Of which 33 are SCREEN shots) 

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. M. Rodrigues: Performing the micronucleus assay using imaging flow cytometry overcomes many limitations of traditional methods, including low throughput, scorer variability and lack of visual confirmation of events

REQUIRED: What is the main advantage of this technique?
1.2. M. Rodrigues: The main advantage of this technique is that all key events can be acquired using imaging flow cytometry and analyzed using artificial intelligence.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. M. Rodrigues: This method has the potential to be used in large scale screening of chemicals and other compounds to test for toxicity at higher throughput than is currently available

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. M. Rodrigues: When building a new AI model, the main challenge is obtaining sufficient images of cells with micronuclei, so it is important to use the image tagging algorithms. 


Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.7. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Creating an Experiment in the Artificial Intelligence (AI) Software
2.1. To begin, launch artificial intelligence or AI (A-I) software [1]. Under Experiment Type, click the radio button beside Train to start a training experiment for building the convolutional neural network or CNN (C-N-N) model and click on Next [2].
2.1.1. WIDE: Talent at the computer, opening the AI software.
2.1.2. SCREEN: Under Experiment Type, the radio button being clicked, and then Next being clicked.
Authors: Please create screen capture videos for the shots labeled as SCREEN and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=19687493

2.2. [bookmark: _Ref104904447]Under Class Names, click on Add. In the pop-up window, type Mononucleated and click on OK. This adds the mononucleated class to the list of class names [1]. 
2.2.1. SCREEN: Under Class Names, Add being clicked, in the pop-up window Mononucleated being typed, and OK being clicked.

2.3. Repeat this process to add the other class names such as Mononucleated with MN (M-N), Binucleated, Binucleated with MN, Polynucleated, and Irregular morphology [1].
2.3.1. SCREEN: Added class names being indicated with the mouse cursor.

2.4. Under Select Files, click on Add Files and browse for the desired files to be added to the AI software to build the ground truth data [1].
2.4.1. SCREEN: Under Select Files, Add Files being clicked, browse and add the desired files.

2.5. Next, on the Select Base Populations screen, locate the Non-Apoptotic population from the population hierarchy [1]. Right-click on the Non-Apoptotic population, choose Select All Matching Populations, and then click Next [2].
2.5.1. SCREEN: On the Select Base Populations screen, locating the Non-Apoptotic population from the population hierarchy. 
2.5.2. SCREEN: Right-clicking on the Non-Apoptotic population and choosing Select All Matching Populations and then clicking on Next.

2.6. To assign a tagged truth population of mononucleated cells with micronucleus, click on the Mononucleated with MN class under Model Classes on the left [1]. Then click on the appropriate tagged truth population on the right that contains these events [2]. Once all appropriate truth populations are assigned, click on Next [3].
2.6.1. SCREEN: Clicking on the Mononucleated with MN class under Model Classes on the left. 
2.6.2. SCREEN: Clicking on the appropriate tagged truth population on the right that contains these events.
2.6.3. SCREEN: After assigning all truth populations, click on Next. 

2.7. [bookmark: _Ref106004404]On the Select Channels screen, choose the appropriate channels for the experiment. Here, set brightfield or BF (B-F) to channel 1 and Hoechst to channel 7 [1]. Right-click on a channel, select Apply to All and click Next [2]. Finally, on the Confirmation screen, click on Create Experiment [3].
2.7.1. SCREEN: On the Select Channels screen, verify that choosing BF (B-F) is set to channel 1 and Hoechst is set to channel 7. Click Next.
2.7.2. SCREEN: Right-clicking on a channel, selecting Apply to All, and then clicking on Next.
2.7.3. SCREEN: On the Confirmation screen, clicking on Create Experiment.



3. [bookmark: _Ref105920879]Populating the Ground Truth Data Using AI-Assisted Tagging Tools and Training the Model
3.1. Click on Tagging to launch the tagging tool interface [1]. Then click on the zoom tools to crop the images for easier viewing and click on the slider bar to adjust the image size and decide the number of images to be shown in the gallery [2]. 
3.1.1. SCREEN: Clicking on Tagging, launches the tagging tool interface.
3.1.2. SCREEN: Clicking on the zoom tools to crop the images and clicking on the slider bar and adjusting the image size.

3.2. Click on the Display Setting option, and choose Min-Max, which provides the best contrast image for identifying all key events [1]. Next, click on Setup Gallery Display to change the color of the DNA image to yellow or white, which will improve the visualization of small objects [2].
3.2.1. SCREEN: Clicking on the Display Setting option, and choosing Min-Max.
3.2.2. SCREEN: Clicking on Setup Gallery Display to change the color of the DNA image to yellow or white.

3.3. Click on Cluster [1] to run the algorithm to group images with similar morphology together. Once clustering is complete, click on the individual clusters and begin assigning images to appropriate model classes [2]the Next Segment button to create a segment of 1,500 randomly selected objects to make the cluster algorithm available, and then click on Cluster [1].
3.3.1. SCREEN: Clicking the Next Segment button to create a segment of 1,500 randomly selected objects and then clicking on Cluster to begin running the clustering algorithm.
3.3.2. SCREEN: Clicking on a Cluster of images and assigning some images to the appropriate model class.

3.4. After a minimum of 25 objects are assigned to each model class, the Predict algorithm becomes available. Click on Predict [1]. Once the predict algorithm has completed running, add objects from the predicted classes to the appropriate model classes [2]. Once a minimum of 100 objects are assigned to each model class, click on the Training tab at the top of the screen and then click on the Train button [2]. Once model training is complete, click on View Results to assess model accuracy [3].
3.4.1. SCREEN: After the Predict algorithm becomes available, clicking on Predict.
3.4.2. SCREEN: Assigning images to model classes once Predict has finished running
3.4.3. SCREEN: Click on the Training tab at the top of the screen and then on the Train button.
3.4.4. SCREEN: Click on View Results to view the results of model training and assess accuracy metrics [3].

4. Classifying Data Using the Model and Generating Report
4.1. Once the model training is complete, click the menu button to define a new experimentView Results [1]. Under Experiment Type, click the radio button beside Classify to start a classification experiment and click Next [21].
4.1.1. SCREEN: Clicking on View Results.
4.1.2. SCREEN: Clicking menu button then, Uunder Experiment Type, clicking the radio button beside Classify and then clicking on Next.

4.2. Click on the model to be used for classification, then click on Next [1]. On the Select Files screen, click on Add Files, browse for the files to be classified by the CNN model and then click on Next [2].
4.2.1. SCREEN: Clicking on the model to be used for classification, then clicking on Next.
4.2.2. SCREEN: On the Select Files screen, clicking on Add Files and browsing for the files to be classified by the CNN model. Click on Next.

4.3. Next, on the Select Base Populations screen, click on the checkbox next to the Non-Apoptotic population in one of the loaded files [1]. Right-click on the Non-Apoptotic population, click on Select All Matching Populations to select this population from all loaded files, and then click Next [2].  
4.3.1. SCREEN: On the Select Base Populations screen, clicking on the checkbox next to the Non-Apoptotic population in one of the loaded files.
4.3.2. SCREEN: Right-clicking on the Non-Apoptotic population, clicking on Select All Matching Populations to select this population from all loaded files, and then clicking on Next.

4.4. On the Select Channels screen, choose verify Channel 1 is selected for the brightfield and Channel 7 is selected for the DNA stain and click Next [1]. Right-click on a channel, click Apply to All and then click Next [2].
4.4.1. SCREEN: On the Select Channels screen, choosing verifying Channel 1 for the brightfield and Channel 7 for the DNA stain and clicking Next.
4.4.2. SCREEN: Right-clicking on a channel, clicking on Apply to All, and then clicking on Next.  

4.5. Finally, on the Confirmation screen, click on Create Experiment. The AI software loads the selected model and all images from the chosen data files [1]. After loading, click on Finish [2].
4.5.1. SCREEN: On the Confirmation screen, clicking on Create Experiment.
4.5.2. SCREEN: After loading, click on Finish.  

4.6. [bookmark: _GoBack]Next, click on Classify to launch the classification screen and click on the Classify button. This begins the process of using the CNN model to classify additional data and identify all objects that belong in the specified model classes [1]. Once the classification is complete, click on View Results [2].
4.6.1. SCREEN: Clicking on Classify to launch the classification screen and click on the Classify button.
4.6.2. SCREEN: After classification completes, clicking on View Results.

4.7. Click the Update DAFs (D-A-Fs) button to bring up the Update DAFs with Classification Results window, and then click on OK to update the .daf (dot-D-A-F) files.
4.7.1. SCREEN: Clicking the Update DAFs button to bring up the Update DAFs with Classification Results window and then clicking OK [1].

4.8. To generate the report, on the Results screen, click on Generate Report. Select the checkbox beside Create Report for Each Input DAF if an individual report for each input daf is required, and then click on OK [1].
4.8.1. SCREEN: On the Results screen, click on Generate Report. Select the checkbox beside Create Report for Each Input DAF [1].


Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

2.2, 2.6, 3.3, 3.4, 4.1, 4.6

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text2]N/A     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 227. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

5. Results: Validation of the AI-Assisted Cluster and Predict Algorithms
5.1. The AI-assisted cluster algorithm groups similar objects within a segment together according to the morphology of both unclassified objects and the objects that have been assigned to the ground truth model classes [1].
5.1.1. LAB MEDIA: Figure 2.

5.2. Clusters containing mononucleated cells fall on one side of the object map [1], while the multinucleated cells are on the opposite side [2]. Binucleated cell clusters fall between mono- and multinucleated cell clusters [3]. Finally, clusters with irregular morphology fall in different areas of the object map [4].
5.2.1. LAB MEDIA: Figure 2. Video editor: Please emphasize the ‘Mononucleated’ image panel
5.2.2. LAB MEDIA: Figure 2. Video editor: Please emphasize the ‘Multinucleated’ image panel
5.2.3. LAB MEDIA: Figure 2. Video editor: Please emphasize the ‘Binucleated’ image panel
5.2.4. LAB MEDIA: Figure 2. Video editor: Please emphasize the ‘Irregular morphology’ image panel

5.3. The predict algorithm is more robust than the cluster algorithm in identifying subtle morphologies in images, for example, mononucleated cells with MN [1] versus mononucleated cells without MN [2].
5.3.1. LAB MEDIA: Figure 3. Video editor: Please emphasize the yellow-framed image panel
5.3.2. LAB MEDIA: Figure 3. Video editor: Please emphasize the red-framed image panel
5.4. The performance of the model can be assessed using tools including class distribution histograms, accuracy statistics, and an interactive confusion matrix [1]. 
5.4.1. LAB MEDIA: Figure 4. 

5.5. In class distribution histograms, the closer the percentage values between the truth and predicted populations, the more accurate the model [1].
5.5.1. LAB MEDIA: Figure 4 A.

5.6. In the accuracy statistics, the closer these metrics are to 100%, the more accurate the model is at identifying events in the model classes [1].
5.6.1. LAB MEDIA: Figure 4 B.

5.7. Finally, the interactive confusion matrix indicates where the model misclassifies events [1]. 
5.7.1. LAB MEDIA: Figure 4 C.

5.8. Genotoxicity was measured by the percentage of micronucleius by microscopy indicated by clear bars and AI indicated by dotted bars following a 3-hour exposure and 24 hours recovery for mannitol, etoposide, and mitomycin C using both the Cyt-B [1] and non-Cyt-B methods [2]. Authors: How would you like to pronounce Cyt-B by our voice-over talent? (CYTO-KAL-AY-SEN-B)
5.8.1. LAB MEDIA: Figure 5 A B C. 
5.8.2. LAB MEDIA: Figure 5 D E F.




Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
6.1. M. Rodrigues: (2.4, 3.3, 3.4) When creating a training experiment, ensure loaded data contains imagery from positive and negative control samples. MN are rare and sufficient imagery is required to build an accurate AI model
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. M. Rodrigues: This procedure permits creation of AI models to analyze imaging flow micronucleus data in any field of study, such as radiation biodosimetry
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. M. Rodrigues: A rapid and robust AI-based method to identify MN may extend to other applications such as quantifying MN that may be predictive for the risk of cancer development.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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