Response to Reviewers

Manuscript JoVE62532: "Imaging and quantification of intact neuronal dendrites via clarity tissue clearing"

Corresponding Author: Benjamin R. Arenkiel

We thank the reviewers for their helpful comments and suggestions to improve our manuscript entitled: Imaging and quantification of intact neuronal dendrites via clarity tissue clearing. In this manuscript we describe a rapid and high-throughput protocol for processing, visualizing, and analyzing thick slices of labeled neural tissue at high-resolution using tissue clearing, confocal microscopy, and image analysis. 

We have read the editor’s and reviewers’ comments, and provide a response below outlining the changes that have been made in a revised version of our manuscript. These changes and our response to the reviewers are itemized there, and described in further detail in a point-by-point response below.

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

We have thoroughly proofread the manuscript and have fixed all spelling and grammar issues that we found.

2. Please provide an institutional email address for each author.
	
We have added the institutional email addresses for each author.

3. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
	
We have revised the text and removed all uses of personal pronouns.

4. 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.
For example: Logos X-Clarity, etc.
	
We have revised the text and removed all commercial language. We have included this information in the Table of Materials.

5. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.
	We have added the following ethics statement “The following protocol follows all animal care guidelines for Baylor College of Medicine” in line 110 of the manuscript.

6. Line 85: Please add more details to your protocol steps. How is the anesthesia induced? What concentration/ percentage of anesthesia is used? Is the anesthetic used for euthanizing the animal?
	
We have included additional details to our protocol to better describe how the anesthesia was used to euthanize the mouse. The following text was added in line 115 of the manuscript: “Euthanize the mouse with an overdose of isoflurane by placing the mouse in a closed container with a towel soaked in isoflurane (or by other IUCAC approved means).”

7. For time units, please use abbreviated forms for durations of less than one day when the unit is preceded by a numeral throughout the protocol. Do not abbreviate day, week, month, and year. Examples: 5 h, 10 min, 100 s, 8 days, 10 weeks
	
We have revised the manuscript to abbreviate all forms of time less than 1 day.

8. 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.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.
	
We have revised the manuscript and ensured that the protocol is written only in the imperative tense. We have removed all text that included “could,” “should,” or “would.”

9. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per step and a maximum of 4 sentences per step. Please move the discussion about the protocol to the Discussion. (Lines 99-102, 112-114, 122-130, 133-169, etc.)
	
We have simplified the protocol to include only 2-3 actions per step with a maximum of 4 sentences per step. All additional text has either been removed or moved to the Discussion.

10. Please include a one-line space between each protocol step and 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.
	
We have added the requested one-line space between each protocol step. Additionally, we have highlighted in yellow the essential steps of the protocol for the video. 

11. Figure 5: Please define the scalebar and the magnification used in the Figure legends.
	
We have added and defined the scale bars and magnification settings used in Figure 5.

12. Please sort the Table of Materials in alphabetical order.

We have alphabetized the Table of Materials.

Reviewer #1:
Manuscript Summary:
Pekarek and colleagues have provided an rapid protocol of visualizing neural dendrites utilizing CLARITY tissue clearing pipeline, where clear description of tissue preparation, tissue clearing, tissue mounting, image acquiring and processing steps are provided in detail. Tissue clearing techniques have facilitated histological studies of neural morphology in an effort-saving, high-throughput manner and have the potential to produce profound insights into the biology of the brain. The notes and problems addressed in prepping and mounting the cleared tissue are useful experience dealing with different situations. The extensive elaboration of three-dimensional visualization and quantification of neurons after imaging acquiring will be of rewarding guidance for beginners processing the data.
However, there are several concerns which should be addressed before publishing.

Major Concerns:
1. While the technical protocol of tissue clearing followed by imaging acquiring and processing has been provided herein, the introduction of fluorescent labeling has been skipped, although its importance is mentioned in the relevant chapters. Unless fluorescent reporter mice are used, the labeling of non-fluorescent mice will be an imperative and troublesome part of the whole technical route.

We thank you very much for taking the time to review our manuscript. We greatly appreciate your feedback on our work. We have added the following text to the Introduction of our manuscript: “CLARITY works well with multiple forms of protein-based fluorescence. This protocol utilizes a lentiviral-based approach to sparsely label cells with EGFP and tdTomato, however we routinely use transgenic reporter alleles expressing tdTomato or EGFP to label cells for reconstruction. It is important to choose a fluorophore which is both photo-stable and bright (ex. EGFP or tdTomato). Additionally, using a strong promoter to express the fluorophore yields superior contrast and image quality.” This is intended clarify how the neurons were labeled prior to tissue clearing. We have intentionally left the section broad to accommodate the use of diverse fluorophores as well as the different methods of introducing these fluorophores to neurons. 

Minor Concerns:
1. The authors have mounted tissues in specially-made chambers with sealed glass coverslip/ super glue and then imaged under ortho confocal microscope. However, this seems cumbersome and may result in one-time consumption of the samples. And immersing the objective lens directly into the medium may limit the options of lens (such as oil lens) and higher magnification. Did the authors consider the alteration of using inverted confocal microscopes and confocal dishes?

We acknowledge the concerns expressed here by the reviewers, however, the tissue can be reclaimed after imaging by removing the coverslip and accessing the tissue sample from the imaging chamber. If the tissue is glued to the chamber, the surface on which it was glued must be sacrificed. However, other areas of the tissue sample, including the area that you wish to image can be retained intact and undamaged. We have added the following sentence to clarify this point: “Make sure to adhere the tissue by gluing it on a region that will not be imaged. This will allow reclamation of the tissue from the dish without damaging regions of interest.”

Immersion of the objective in refractive-index mounting media is imperative for matching the refractive indices of the lens, mounting solution, and tissue sample. Using an oil immersion lens will introduce a refractive index mismatch with the tissue sample, scattering light and ultimately compromising tissue clarity and imaging depth. 

2. The accumulation of temperature-sensitive precipitates will affect the imaging quality and limit imaging duration, considering that it usually takes longer to collect images from cleared tissues. The recipe of refractive index matching solution may need further exploration and improvement. One suggestion for reference is to use a thermostatic microscope stage, however this may be limited by the microscope setup.

We thank you very much for offering these suggestions. We will consider using thermostatic microscope stages in our future work.

3. The time for tissues to achieve the endpoint of complete transparency is different. We suggest that this protocol lists the best time for tissues of different sizes to be completely transparent.

We have added the following text to our protocol: “A good starting point for clearing is 1-2h per mm of brain tissue. A whole mouse brain requires 8-10 hrs for sufficient clearing.” This discussion of the time required for clearing brain tissue of different thicknesses will assist readers in deciding the best time length to use in clearing their own tissue samples.

4. The authors may miss the latest published papers related to the topic of tissue clearing in Neuroscience, e.g. ACS Chemical Neuroscience 2021 12 (1), 5-29.

We thank the reviewer for bringing this manuscript to our attention. We are familiar with this study and will incorporate it into our own future work.


Reviewer #2:
The manuscript JoVE62532, "imaging and quantification of intact neuronal dendrites via clarity tissue clearing," provides a step by step protocol for detecting fluorescent signal in thick brain slices. The CLARITY technique has transitioned from difficult to routine of the years yet can still be finicky as it is cleared largely by "eye." Overall, the authors have produced well written paper that provides a straightforward protocol.

However, minor concerns are listed below:
Introduction. Line 69: "analyzing this large amount of data can be…" should also state a numerical value of storage based on tissue thickness for confocal stacks acquired. The latter is the rate limiting step in processing large volumes.

We thank you very much for taking the time to review our manuscript. We greatly appreciate your feedback on our work. We recognize that handling large sets of data can be a rate-limiting step. Our largest data set was imaged at 1024 x 1024 resolution, with a 600 m z-stack at 0.9 m z-steps and 16-bit color depth in the Leica imaging acquisition software. This process yielded a data set that is 2.8 GB in size. However, the size of data sets that result from thick tissue imaging varies widely based on the resolution, bit-depth, z-stack and z-step size, number of channels acquired, etc. chosen by the researcher. Thus, due to this large amount of variance, we have decided not to include a value for data set size based on tissue thickness. 

Protocol. Line 108: the use of the Logos X-CLARITY clearing apparatus may, arguably, be the highlight of this paper as it hasn't been used often in literature. The authors suggest checking the sample periodically, but don't say how often. 

We have added text clarifying the time needed for clearing based on tissue thickness: “A good starting point for clearing is 1-2 hrs per mm of brain tissue. A whole mouse brain requires 8-10 hrs for sufficient clearing.” This text will be useful in helping readers decide how often to check their samples during the clearing process.

This should be explained. Line 122: the authors describe incubating in the required refracting matching solution, but do not state what it is. I do no find the "(see recipes/alternatives below)" and it isn't listed in the Materials/Equipment section, along with the other CLARITY components. Line 125: It is unlikely that the refractive index matching solution precipitates, if they are made correctly- it's likely that the SDS still hasn't been washed out (I've never seen a CLARITY paper that needed to rinse with water?

We have added the recipes for making homemade RIMS (refractive index matching solution) and homemade hydrogel in the newly added Table 1. The precipitates we are referring to are from SDS. We have altered the text to clarify further. Rinsing with deionized water is done to remove any additional dissolved solids, including SDS, PBS, etc.

General Methodology. The authors do not mention the brain thickness of the slice imaged. What was the z-depth related to the shown dendrite figures? Considering the whole point of CLARITY is to image within large samples, this is important. As is, the shown images could be done in normal sections. The authors should, at least provide a z-stack (at higher magnification) demonstrating depth. Proving the images were taken well into the tissue would be more convincing.

[bookmark: _GoBack]The image used for analysis is a 70 m z-stack taken from an original image that is 400 m deep. To demonstrate imaging depth, we have added an additional z-stack view of another large stack (~600 m) to Figure 5. We have added the following callouts to these new images in the protocol section: “Figure 5A demonstrates the possible extreme imaging depth accessible through 2-photon microscopy paired with CLARITY tissue clearing. Figure 5B shows distinct dendrite processes as well as clearly visible spine morphologies from the z-stack presented in Figure 5A.”
 
