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Author Questionnaire 
1. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☒ 	Interview Statements are read by JoVE’s voiceover talent. 


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:  29

Introduction
1. Introductory Interview Statements

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. Kathryn M Brewer: Current methods of cilia analysis are labor intensive and prone to error and bias. Our approach seeks to streamline time and effort while mitigating potential error.

REQUIRED: What is the main advantage of this technique?
1.2. Ruchi Bansal: The main advantage this technique offers is increased rigor and reproducibility in regard to quantitative image analysis.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Kathryn M Brewer: As artificial intelligence approaches become more common and accessible, they will be more broadly used in the biomedical sciences for diverse applications, potentially in the study of ciliopathies.

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. Ruchi Bansal: This type of approach is not only relevant to cilia analysis but can be broadly applied to many cell biological questions including those dealing with other organelles and cytoskeletal proteins.

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?



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.

1.5. 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.  
1.5.1. INTERVIEW: Author saying the above. 
1.5.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.6. 

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. Artificial Intelligence Training to Identify the Cilia
2.1. To begin, open the training dataset, select the File from the menu, click Import/Export and select the Create ND (N-D) File from File Sequence [1]. Select the folder containing the training dataset, and the list of files will open in the center of the dialogue window [2].
2.1.1. LAB MEDIA: Video 62521_R0: 00:35 to 00:47
2.1.2. LAB MEDIA: Video 62521_R0: 00:48 to 00:56 

2.2. [bookmark: OLE_LINK1]Manually define the organization of files using at least one option in the drop-down menu. Enter the corresponding numerical values under each selected option and select None wherever options are not selected [1]. Click Convert to open the ND document [2].
2.2.1. LAB MEDIA: Video 62521_R0: 01:03 to 01:05 and 01:13 to 01:25 
2.2.2. LAB MEDIA: Video 62521_R0: 01:40 to 01:49 Video editor: Speed up the video

2.3. To calibrate the picture, right-click on the Uncalibrated option in the lower left-hand corner of the Image, click Calibrate Document, then click Pixel Size, enter the value, and click OK [1]. 
2.3.1. LAB MEDIA: Video 62521_R0: 01:57 to 02:15 Video Editor: Speed up the video.
2.4. Select View, Analysis Controls, open the Binary Toolbar, and select AutoDetect or Draw Object [1] to hand-identify the cilia by precisely tracing individual ciliary structures on all the opened frames [2]. 
2.4.1. LAB MEDIA: Video 62521_R0: 02:23 to 02:32 and 02:44 to 02:48
2.4.2. LAB MEDIA: Video 62521_R0: 03:02 to 03:11

2.5. For training the Ai (A-I), select NIS.ai (N-I-S-dot-A-I), click Train Segment.ai (Segment-dot-A-I) to open the Train Segment.ai box, and then select the source channel to be used for training [1]. Select the appropriate ground truth binaries to train the Ai [2].
2.5.1. LAB MEDIA: Video 62521_R0: 04:09 to 04:20
2.5.2. LAB MEDIA: Video 62521_R0: 04:35 to 04:39 and 04:49 to 04:52

2.6. Select the required number of iterations to train the Ai depending on the binaries' size and distribution. Then, select the destination folder to save the trained Ai file [1] and click Train to train the software. This process takes several hours [2].
2.6.1. LAB MEDIA: Video 62521_R0: 04:49 to 05:02 Video editor: Speed up the video
2.6.2. LAB MEDIA: Video 62521_R0: 05:17 to 05:21; 05:33 to 05:35 and 05:39 to 05:41

3. Identify cilia using trained Ai
3.1. Open the experimental confocal images of cilia as described before by converting the sample .tif (dot-T-I-F) files to .nd2 (dot-N-D-2) files [1].
3.1.1. LAB MEDIA: Video 62521_R0: 06:22 to 06:33
  
3.2. In the pop-up window select Multipoint from the first drop-down menu and enter a value corresponding to the total number of the images [1]. 
3.2.1. LAB MEDIA: Video 62521_R0: 06:48 to 07:03

3.3. In the second drop-down box, select Wavelength and change the value to the total number of the channels in the folder. The software will automatically unlock a Wavelength selection window located at the bottom right end of the pop-up window [1].
3.3.1. LAB MEDIA: Video 62521_R0: 07:05 to 07:13

3.4. In the Wavelength selection window, use the Color drop-down menu to select the color of each channel. Provide each channel with a different name under the Name column. Once all information is updated, click Convert [1].
3.4.1. LAB MEDIA: Video 62521_R0: 07:28 to 07:59 Video editor: Speed up the video

3.5. Calibrate the images as described before. Make sure the pixel size of the experimental dataset is consistent with that of the training dataset [1]. 
3.5.1. LAB MEDIA: Video 62521_R0: 08:15 to 08:22

3.6. Identify the cilia on the first channel by using the trained Ai from the previous step. Open NIS.ai from the menu, select Segment.ai, then select ACIII (A-C-three) in the Source channels [1]. Then identify the cilia on the second channel by selecting MCHR1 (M-C-H-R-one) in the Source channels. The software will draw binaries on the labeled cilia [2].
3.6.1. LAB MEDIA: Video 62521_R0: 08:30 to 08:42 and 08:52 to 09:03 Video editor: Speed up the video
3.6.2. LAB MEDIA: Video 62521_R0: 09:10 to 09:25 Video editor: Speed up the video

3.7. Next, check the images for any misidentified binaries. Select Delete Object in the Binary Toolbar to manually delete the misidentified binaries [1].
3.7.1. LAB MEDIA: Video 62521_R0: 09:36 to 09:44

4. Cilia Length and Intensity Measurement
4.1. Once the cilia have been identified and segmented, analyze different cilia parameters such as lengths and intensities using the general analysis-3 tool. Select Image from the menu, click New GA3 (G-A-3) Recipe, and the new window with a blank space in the center will be opened [1]. 
4.1.1. LAB MEDIA: Video 62521_R0: 10:17 to 10:24

4.2. [bookmark: _Hlk70026715]The GA3 will automatically detect the binaries appropriately labeled according to the Ai and include the corresponding node [1]. . Select Binaries, then select Auto Detect_AI or Binaries Draw and Object_AI [1]. GA3 will also automatically detect the channels in the images and display their tabs under Channels [2]. Authors: Please provide the screen capture for this step as the footage provided does not show any of these actions being performed. 
4.2.1. SCREEN: Binaries, auto detect_ai, or binaries draw and object_ai being selected.
Authors: Please create screen capture videos or images of the shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19068953 
4.2.2. SCREEN: Channels and tab under channels being indicated by the cursor.

4.3. The Ai will segment all the cilia-like objects in the frame and detect the incomplete cilia along the edges of the frame. These objects can be removed automatically in GA3. To remove them manually, select Binary processing, Remove objects and then click drag the Touching Borders node and drag it into the blank space [1]. Connect the node to the appropriate binaries.
4.3.1. LAB MEDIA: Video 62521_R0: 11:23 to 11:3651

4.4. To measure the cilia length, select Measurement, Object Size, and then Length. Drag and drop the parameters to the center and connect to the appropriate binary node [1]. To measure the cilia intensities, select Sum Obj Intensity (sum object intensity). Drag and drop the parameters to the center and connect to the appropriate binary node and the channel of interest [2].
4.4.1. LAB MEDIA: Video 62521_R0: 12:09 to 12:24 Video editor: Speed up the video.
4.4.2. LAB MEDIA: Video 62521_R0: 12:33 to 12:44
5. Colocalization Studies
5.1. Open the experimental dataset, convert the sample .tif (dot-T-I-F) files to .nd2 (dot-N-D-2) files to open the experimental confocal images of cilia in the software [1].
5.1.1. LAB MEDIA: Video 62521_R0: 06:22 to 06:33
  
5.2. In the pop-up window, select the 16-bit depth monochrome files from all the channels of interest. Select Multipoint from the first drop-down menu and enter a value corresponding to the total number of the images [1]. Authors: Please provide the screen capture for Z-series selection and value being entered.
5.2.1. LAB MEDIA: Video 62521_R0: 06:48 to 07:02

5.3. In the second drop-down box, select Wavelength and change the value to the total number of the channels in the folder. The software will automatically unlock a Wavelength selection window located at the bottom right end of the pop-up window [1].
5.3.1. LAB MEDIA: Video 62521_R0: 07:06 to 07:12

5.4. Use the Color drop-down menu to select the color of each channel. Provide each channel with a different name under the Name column. Once all information is updated, click Convert [1].
5.4.1. LAB MEDIA: Video 62521_R0: 07:31 to 07:55 Video editor: Speed up the video

5.5. To calibrate the picture, right-click on Uncalibrated in the lower left-hand corner of the Image, click Calibrate Document, then click Pixel Size, enter the value, and click OK [1]. 
5.5.1. LAB MEDIA: Video 62521_R0: 08:15 to 08:22

5.6. Identify the cilia on the first channel by selecting NIS.ai from the menu, select Segment.ai, then select ACIII (A-C-three) in the Source channels [1]. Then identify the cilia on the second channel by selecting MCHR1 (M-C-H-R-one) in the Source channels. The software will draw binaries on the labeled cilia [2].
5.6.1. LAB MEDIA: Video 62521_R0: 08:30 to 08:42 and 08:52 to 09:03 Video editor: Speed up the video
5.6.2. LAB MEDIA: Video 62521_R0: 09:11 to 09:25 Video editor: Speed up the video

5.7. Next, check the images for any misidentified binaries. Select Delete Object in the Binary Toolbar to manually delete the misidentified binaries [1].
5.7.1. LAB MEDIA: Video 62521_R0: 09:36 to 09:44

5.8. In the Measurement menu, go to the Object Ratiometry and select Manders Coefficient to set up the colocalization pathway in GA3 by measuring the overlap of two channels within the cilia. Drag and drop the Manders Coefficient node in the blank space and connect it to the appropriate binary and channels [1].
5.8.1. LAB MEDIA: Video 62521_R0: 12:50 to 13:20 Video editor: Speed up the video

5.9. Append the measurements in a single table by opening the Data Management menu. In the Basic menucategory, select Append Column [1] and then click Run Now to measure the cilia. All the measurements will appear in a single output table [2].
5.9.1. LAB MEDIA: Video 62521_R0: 13:35 to 13:4155
5.9.2. LAB MEDIA: Video 62521_R0: 14:02 to 14:09
 


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: 230. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 
6. Results: Cilia Measurement Using Ai 
6.1. The representative images show [1] that the trained Ai properly identified cilia in-vitro in the images of the IMCD cells, primary hypothalamic cultures, and hippocampal cultures [2] but no other non-ciliary, acetylated tubulin positive structures such as cytokinetic bridges [3]. 
6.1.1. LAB MEDIA: Figure 2 
6.1.2. LAB MEDIA: Figure 2 Video editor: Please emphasize purple cilia in binary mask images and corresponding green cilia in Ac. Tub. And ACIII images on the left.
6.1.3. LAB MEDIA: Figure 2A Video editor: Please emphasize the asterisk labeled green structure in Ac. Tub. Image.

6.2. The length of the cilia ranged from 0.5 to 4.5 micrometers in IMCD cells [1], and 2 to 12 micrometers in the hypothalamic and hippocampal culture [2]. 
6.2.1. LAB MEDIA: Figure 2A Video editor: Please emphasize the graph.
6.2.2. LAB MEDIA: Figure 2B and C Video editor: Please emphasize the graph.

6.3. The Ai measured the length of AC-3 labeled cilia length in-vivo [1] of AC-3 labeled in the images of arcuate nucleus, paraventricular nucleus, and cornu ammonis-1 regions images [2].
6.3.1. LAB MEDIA: Figure 3
6.3.2. LAB MEDIA: Figure 3A and B Video editor: Please emphasize the green-colored cilia in the ACIII image row and purple cilia in the Binary mask image raw.

6.4. According to the analysis, The cilia length was higher in-vivo are longer than those in-vitro. The hypothalamic cilia in-vivo ranged from 1 to 15 micrometers [1], while the cilia in the cornu ammonis region ranged from 1 to 10 micrometers [2].
6.4.1. LAB MEDIA: Figure 3C Video editor: Please emphasize black and brown bars.
6.4.2. LAB MEDIA: Figure 3C Video editor: Please emphasize gray bars.

6.5. Interestingly, Tthe intensity of the ciliary MCHR1 [1] was stronger in the paraventricular nucleus [2].
6.5.1. LAB MEDIA: Figure 4
6.5.2. LAB MEDIA: Figure 4A and B Video editor: Please emphasize the PVN-Binary mask image in Figure 4A and gray dots of the PVN bar in Figure 4B.

6.6. The intensities of the MCHR1 against AC-3 were plotted to measure their overlap as a cilia marker [1]. The majority of the cilia were positive for both markers [2], while some cilia were positive for either AC-3 or MCHR1 [3].
6.6.1. LAB MEDIA: Figure 5 
6.6.2. LAB MEDIA: Figure 5A, B, and D Video editor: Please emphasize the merge images in Figure 5A and Figure 5B. 
6.6.3. LAB MEDIA: Figure 5A, B, and D Video editor: Please, emphasize the scattered gray and black dots in the graph of Figure 5D.

6.7. For quantification of the overlapTo quantify colocalization of Mchr1 within ACIII, Mander’s overlap coefficient was measured [1], and there was a significant increase was observed in the paraventricular nucleus than in the arcuate nucleus [2].
6.7.1. LAB MEDIA: Figure 5C 
6.7.2. LAB MEDIA: Figure 5C Video editor: Please emphasize PVN bar.

6.8. To measure intensity along the length of the cilia, The cilia polarity was defined identified by labelling with using Centrin-2-GFP as the basal body marker [1]. This allowed to distinguish Tthe base of cilia was distinguished from the tips of ARL13B-mCherry (A-R-L-13-B-m-chreeycherry) positive cilia [2]. 
6.8.1. LAB MEDIA: Figure 6
6.8.2. LAB MEDIA: Figure 6A

6.9. The cChanges in ARL13B intensity along the length of cilia were observed [1], and the where ARL13B was present intensity was higher closer to at the base than at the tip of the cilium [2].
6.9.1. LAB MEDIA: Figure 6B 
6.9.2. LAB MEDIA: Figure 6C Video editor: Please emphasize the proximal and distal bars in both graphs.
Conclusion
7. [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.
7.1. Ruchi Bansal: (Step 3.1.1) When analyzing data with this approach, it is important to make sure the quality and resolution of the experimental dataset is consistent with that used to train Ai. 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Kathryn M Brewer: The main utility of this approach is after detecting cilia by Ai, the user can be creative about which properties are analyzed by customizing the analysis workflow integrated within the software.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?


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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