August 4, 2021

Point by Point Reviewer & Editorial Rebuttal
Manuscript:  JoVE63030_R0

Thank you for the opportunity to revise our manuscript.  Please find our responses in blue text below.

Editorial comments:
Editorial Changes
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Manuscript has been checked for spelling and grammatical issues.

2. Please revise the following lines to avoid previously published work: 459-460, 502-503.
Removed paragraph with data from published work.

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

4. Please ensure that abbreviations are defined at first usage.
These were checked.

5. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.
Manuscript steps have been checked for the “how” question.

6. Please include a paragraph on the limitations of the method in the Discussion section.
A paragraph on limitation is now included in the Discussion section (second from last paragraph).

7. Please spell out the journal titles in the References.
References with journal title abbreviations have been spelled out.


Reviewer Comments and Point-by-Point Responses
(Responses in blue text, edited protocol text in black text)

Reviewer #1: 
Minor Concerns:
1) Line 84 and 85: 4 or 5 nm3 isotropic resolution: This is not correct, better would be 5 nm isotropic voxel size (=125 nm3), or 5x5x5 nm voxels. Resolution is different from voxel size.
Same issue in the legend of Figure 3: I am also not sure whether the term "scale cube=0.5 µm3 is correct for a cube with the side length of 0.5 µm.
Thank you, we understand how this notation could be confusing.  These lines now read: “4 nm isotropic voxels” and “5 nm isotropic voxels”, and Figure 3 legend now reads “Scale cubes for A3 and B3 = 0.5 µm / side”.

2) 594-599: I don't agree. Automated segmentation by deep learning algorithms is not per se limited to lower resolution image volumes. The field is very dynamic and developing fast. Independent of this, manual segmentation is still a justified and valuable tool depending on the purpose. Your example is perfect for this kind of application.
We believe this comment is directed toward the second sentence of the Discussion (appearing for us as lines 599 – 605).  We agree that the field is progressing rapidly and that in principle, it is possible to use an automated or semi-automated segmentation approach to reconstruct and analyze large volumes at high resolution (e.g. < 15 nm).  Our main point here is that the low contrast and high tortuosity of thin subcellular objects (some with Feret minimums < 15 nm) makes an automated approach (without significant human supervision/proofreading) more difficult and less feasible at scale using current algorithims.  We have edited the statement to read: “While current semi-automated techniques using deep neural network and segmentation algorithms can increase the speed and efficiency in reconstructing cellular structures with relatively high membrane contrast within large image volumes32, many subcellular structures (e.g. spinules, smooth endoplasmic reticula, endosomes) will remain difficult to reliably capture using automated methods due to their lower membrane contrast and/or tortuosity; though newer methods have begun to capture higher contrast mitochondria and rough endoplasmic reticula33,34.”  

3) Line 625: I would like to comment that sample preparation by HPF does not exclude FIB-SEM analysis and can be combined with contrast enhancement for this purpose. However, it also works without contrast enhancement, depending on the structures of interest.

Thank you for this comment.  We agree that some HPF with freeze substitution protocols allow for contrast enhancement that enable FIB-SEM analyses.  We argue that most of these protocols, while providing for a degree of higher contrast, do not recapitulate the level of contrast that fixation protocols provide and that enable relatively facile analyses of these thin structures.  We have amended this statement (lines 529 – 531) to read: “… identifying and reconstructing thin membrane-bound structures within FIBSEM images requires a protocol that delivers higher contrast than most freezing protocols afford.”  

Apart from this I would like to make the following suggestions:
Maybe it would be a useful add-on to include a more detailed alignment and cropping procedure at the beginning of the description, because this needs to be completed with every newly generated stack before starting with any analysis. However, the authors decide whether they would like to add this or not.

We appreciate this suggestion.  We have included relatively brief instructions (1.3.1 – 1.4.4) on using a Fiji Registration plugin to align image volumes using a standard (i.e., Rigid followed by Affine registration) protocol.  However, as each image volume will likely have unique registration issues to address (e.g., warping, rotation, etc), we feel that directing users to the detailed manual for this plugin (1.3.3) is an efficacious way to serve these diverse registration needs given the scope of this protocol.

Concerning the decision tree, the criterion of 'orderly' microtubules seems a pretty weak one to discriminate between dendrites and axons. Even in Figure 2 the microtubules are readily visible in the axon examples (as the authors correctly mentioned). Maybe 'orderly' microtubules with large spacing might be a better criterion for dendrites. The size criterion might also apply since axons usually have smaller diameters than dendrites. By following the structures within the image stack axons are anyway identified by several criteria.
We thank the reviewer for this thoughtful suggestion.  We have edited this “Decision Tree” figure to now state, “Widely Spaced & Orderly Microtubules”, and edited the Figure 1 legend (lines 541-547) to state: “…under most FIBSEM staining protocols only dendrites will have a prominent, widely spaced (~55 – 70 nm spacing)31, and orderly arrangement of microtubules.  In contrast, axons and boutons display neurotransmitter-containing vesicles, with boutons exhibiting a dense pool of these synaptic vesicles at their active zone(s) opposite the postsynaptic density (PSD), while axons contain dense (~13 – 30 nm spaced)31 microtubules and lower contrast neurofilaments.”


Reviewer #2: 
Manuscript Summary:
This is a well written protocol that will aid the growing FIBSEM user base in their volumetric image analysis. This work is described at a level and in sufficient detail to be accessible to the subset of FIBSEM users that are not versed in image technologies, image analysis techniques, and the software available to aid these efforts. This work will be a valuable contribution, especially to those novice image segmenters.

Major Concerns:
Line 97. Is it possible to add as a reference a link to where this would be downloaded, in addition to the reference shown?
Thank you, this link has now been added.

Line 104. There is no section 1.3.2. Is this missing or an error?
1.3.3 has been corrected to read 1.3.2.

Section 4.4. A figure demonstrating these steps would aid novices to image segmentation.
We agree, however due to the number of steps and program windows involved in this process within the Reconstruct program, we have decided to include this section in the recorded video that will serve as a narrated, more complete, and (hopefully) more straightforward visual guide for first-time users in image segmentation.  Toward this end, we have now added additional steps in the protocol (4.5.5 – 4.5.8) that will be included in the video to more clearly demonstrate how to trace and segment subcellular structures.

Section 5.6. Please explain to the novice audience why transparency is advantageous to add.
Thank you, we have added the following text immediately after step 5.6, “NOTE: Making objects transparent is important when it is desirable to show the 3D relationship of one object (e.g. spinules, presynaptic vesicles, mitochondria, endosomes) that resides within another object (e.g. a presynaptic bouton).”

Line 660. Perhaps this should read "Jessica" ?
Thank you for catching this spelling error – now reads “Jessica”.

Minor Concerns:
none


Reviewer #3: 
Manuscript Summary:
The manuscript is concise and describes a workflow for the reconstruction and manual segmentation of fine neuronal structures in FIB-SEM datasets. As stated by the authors, a number of automatic segmentation algorithms are currently available but manual proofreading of small structures is still necessary for images obtained from most models. In this regard, this manuscript comes at a good time and establishes a pipeline for the in silico reconstruction, segmentation and analysis of neuronal sub-cellular structures.

Major Concerns:
No major concerns

Minor Concerns:
Throughout the manuscript: Most authors describe Focused Ion Beam-Scanning electron microscopy as FIB-SEM. Please, consider revision.
Thank you for this suggestion.  We’ve seen a number of abbreviations for Focused Ion Beam-Scanning Electron Microscopy in the literature over the past few years (e.g., FIB-SEM, FIB/SEM, and FIBSEM), and serial block face scanning electron microscopy (e.g. SBFSEM, SSEM, SBEM, SBF-SEM).  However, we are ambivalent toward either the FIB-SEM or FIBSEM abbreviation and we are fine promoting/using this abbreviation here.  Accordingly, these abbreviations now read “FIB-SEM” throughout the manuscript.

Line 620: Paraformaldehyde is the powder used to make freshly-prepared formaldehyde. Cells and tissues are always fixed in formaldehyde, not in paraformaldehyde. Please, modify.
This line appears as 670 for us and it now reads “formaldehyde”.
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