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March 9, 2021

Dear Editors,

Please find our revised manuscript and materials by Bansal et al titled “Artificial Intelligence Approaches to Assessing Primary Cilia” attached.  We thank the editors for their assistance and the reviewers for their insightful comments and suggestions. We believe that our responses to their comments with both edits as well as new data and demonstrations have improved the manuscript. These additions have diversified the potential applications of our approach to the field of cilia biology as well as others looking to employ artificial intelligence approaches to cell biology imaging data.

Thank you for considering this revised work and we look forward to your response.

Sincerely, 





Nicolas Berbari, Ph.D.
Associate Professor
Department of Biology
School of Science
Indiana University – Purdue University Indianapolis
(317) 274-2896
nberbari@iupui.edu






















We thank the editors and reviewers for the insightful comments and suggestions. Below we provide our responses, along with requested changes and improvements to the manuscript and figures. 

Editorial comments:
Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

We have carefully read and edited the manuscript in order to minimize these issues.

Please provide an email address for each author.

The email addresses for all authors have been added.

Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets or dashes.

This has been completed as directed.

Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

We have removed personal pronouns from the protocol changing to imperative tense.

Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”

We have made the directed changes.
 
JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials. Also please ensure that the manuscript focus is the science and not biased towards a particular product featured in the video. E.g. Nikon NIS Elements, GraphPad, Excel (Figure 1).

We have removed commercial language, except when we initially identify the software, as it is important for this protocol. We have also changed Figure 1 by removing the Graphpad and Excel icons to now show generic analysis icons. In addition, we now have sentences in the discussion expounding upon the expanding prevalence and utilization of Ai technology and approaches in analysis of biological imaging data sets.


Please highlight up to 3 pages of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.

These pages are now highlighted.

Move the figure and table legends to a separate section after the representative results.

We have moved the legends, which are now between the results and discussion sections.

Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 6 authors, list only the first author then et al. Do not abbreviate journal names. Do not use “&/and” in the author list for the references. Please include volume and issue numbers for all references.

We have used the citation style suggested by JoVE. 

Please revise the table of the essential supplies, reagents, and equipment. The table should include the name, company, and catalog number of all relevant materials in separate columns in an xls/xlsx file. Please sort the Materials Table alphabetically by the name of the material.

We offer a revised table.

Please time stamp the video footage (step number of the protocol text and video timings) if this needs to be used in the JoVE produced video. Please upload this as a separate .doc file.

The time stamp of the video footage is provided in a separate .doc file as requested.

Reviewers' comments:
Reviewer #1:
The authors write in the discussion "However, imaging with Nikon is not required for use of this this method". It is unclear to this reviewer how "easy or expensive" it would be to get a license for NIS elements for non-Nikon users. Describing how non-Nikon users can also benefit from this great Ai program, especially in the beginning (i.e. 2.1), would greatly enhance the appeal.

We now provide an updated initial step to address this comment. It now more clearly describes how imaging data from any microscope can utilize the Nikon Ai software application.

It may be worth using the program on a non-neuronal cell population (i.e. 3T3s, RPEs, etc.) just to show that it will work for most (all?) ciliated cell types. Again, it would enhance the appeal and widen the audience.

We thank the reviewer for this insightful comment and agree that providing some cell line data will broaden the appeal of this approach. In response, we updated figure 2 with new data. It now includes our use of this approach to assess cilia on an IMCD-3 ciliated cell line commonly used to study primary cilia.

Reviewer #2:
Personally, I would be very interested in testing this protocol in other cell types and cilia types and to challenge it against other sample preps, I personally think this is a very useful tool and I am looking forward to see how it is accepted by the cilia research community.

We thank the reviewer for their enthusiasm and in response have also provided additional data on cilia in other cell types by using the approach on ciliated IMCD-3 cells (revised Figure 2A).
 
Regarding the introduction, it seems enlightening enough to me, I also think the protocol is very concise and straightforward, of course a better way to assess it, it would be to go through the program interface itself, but I believe that will be available in a suitable demo format.

We thank the reviewer for their kind words, and agree that the completed product with the instructional video will provide clarity to the approach.

I didn't detect any faults in the manuscript other then in line 195 when ai should be replaced by Ai

Thank you for catching our error, we have corrected it.


Reviewer #3:
Manuscript Summary:

Cilia are cell surface organelles that are critical for cell signaling pathways and the subject of much biological interest in recent years. Mutations in proteins that are associated with cilia are the cause of many diseases including polycystic kidney disease, congenital heart disease and a spectrum of multi organ genetic diseases termed "ciliopathies". The ability to detect and analyze proteins that localize to cilia is essential for the field and the authors present a method of using artificial intelligence approaches to analyze primary cilia. Cilia are small structures and very challenging to image. The author's approach would be quite welcome and useful for the field as current methods are time-consuming and arduous. The Ai module for image analysis of cilia is able to analyze a large number of cilia quickly, both deriving from cell culture and in tissues. The strengths of the method are that it is unbiased, reproducible, and minimizes user bias while being able to process a large amount of data with minimal user involvement. Critical measurements that are part of standard analysis of cilia include length, marker intensity and colocalization all could be facilitated by this method. The text is well written and accessible.

We thank the reviewer and appreciate support for this type of approach.

Major Concerns:
none

Minor Concerns:
Not a concern but a question/comment that would add interest to readers (viewers) that study cilia mutations: Can the Ai cilia analysis be combined with a basal body marker such as gamma tubulin or pericentrin? This will give the added information of cilia polarity (where is the tip vs base) as well as help in identifying very small cilia which may be present in the context of genetic mutations that affect cilia formation in a variable way. A very small cilium could then be identified from an artifactual staining by the association of an adjacent basal body. This could potentially add even more utility to the method.

This is a very insightful comment and we agree with the reviewer. The utility of this approach in more complex studies assessing ciliary sub-compartments and polarity will broaden the types of questions it can address. In fact, we had already been exploring this potential and in the revised manuscript, we have added a new figure (Figure 6) which addresses it directly. Using the Arl13b-mcherry and Centrin-GFP mouse transgenic alleles, which mark the cilia membrane and basal bodies respectively, we were able to establish an Ai approach to finding the cilia base and orienting the cilia in regards to it. Then the Ai was able to establish a line scan down the center of the cilia mask. In our provided example, we were able to assess the intensity of the Arl13B-mcherry fluorescence from the ciliary base to the tip. We provide plots and graph data for both an individual cilium as well as several cilia within mouse brain section data. The Ai approach allowed us to do this within a day for many cilia from multiple animals.
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