Editorial comments:
General:

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

The manuscript has been proofread. 

2. Please include all authors’ emails in the manuscript itself.

This comment has been addressed. 

3. Please reduce the length of the Summary to 10-50 words.

This comment has been addressed. 

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: Parafilm, Eppendorf, Kimwipe. 

This comment has been addressed. 

Protocol:

1. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of the Protocol (including headers 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.

The relevant text has been highlighted in yellow. 

2. For each protocol step/substep, 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. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.

This comment has been addressed. 

Figures:

1. Please provide scale bars for all images taken with a microscope.

Scale bars have been added. 

References:

1. Please do not abbreviate journal titles.

This comment has been addressed. 


Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.

This comment has been addressed 
 

Reviewers' comments:

Reviewer #1:

Manuscript Summary:
The manuscript describes a protocol for the dissection immunohystochemistry and mounting of larval and adult Drosophila brains. Special emphasis is given to the orientation while mounting the brains for subsequent imaging of optic lobe neuropiles. The protocol is described in sufficient detail for the reader to replicate the procedures. The illustrations and images are of good quality.

Minor Concerns:
1. The authors should clarify that the description of the brain orientation refers to the body axis of the larvae or adult fly and does not refer to the neuraxis. To illustrate the orientations more clearly the authors could add an illustration like in Contreras et al., 2019. Figure 1A, or 1B.

The descriptions of the brain orientations used here are consistent with those used in other optic lobe papers. Therefore, we feel that an attempt to clarify which axis the orientations are relative to may be confusing for the reader.

2. Could the authors explain in more detail what they mean by flusher mount (line 430)

This comment has been addressed. 

3. The authors could mention previous immunohystochemistry protocols for Drosophila brains with focus on the optic lobe: Weng, Komori and Lee., 2012, Perruchoud and Egger., 2014, Powell and Salecker., 2019

This comment has been addressed. 

Reviewer #2:

Manuscript Summary:
The authors of this study describe techniques for dissection of Drosophila larval and adult brains, immunofluorescent staining of these tissues, and subsequent mounting of the stained tissue on slides. The authors focus on imaging of the optic lobe in particular since it has been used in multiple studies to better understand the processes of neurogenesis and neuronal circuit formation (neurite outgrowth, pathfinding, synaptogenesis, etc.). The methods described in this manuscript complement previously published articles in JoVE and other journals by describing in more detail the ways in which the brains can be placed onto slides for optimal confocal microscopy imaging. The authors provide some background data on the overall organization of the fly optic lobe, highlighting several specific regions as well as antibodies that can be used to highlight cells within these regions. Expected results are included with the manuscript. Although the content of this article overlaps with previously published technique-focused manuscripts about Drosophila brain dissections and immunofluorescent microscopy, the addition of a section focused on the orientation of the brain when placed onto slides is (as far as I'm aware) a new addition. Some suggestions for changes/alterations to the manuscript are given below.

Major Concerns:

1. One of the main concerns that seems worth raising is the argument the authors make about the importance of positioning the brain correctly on the slide for confocal microscopy imaging. Since the fly brain is relatively transparent and ~150-200µm thick, it is fairly straight forward to image through the entire brain in either of the described "anterior" or "posterior" mounted positions. This is especially true when the brain has been incubated in anti-fade mounting medium. The authors suggest in the text (lines 349-351) that "cells located at the bottom of an anteriorly-mounted brain correspond to those that would appear on the surface of a posteriorly-mounted brain." If both sides of the brain can be observed in both mounting orientations, is there a reason why one would be preferred? Perhaps a more thorough discussion of the benefits of one mounting orientation over the other would help to clarify this point. I also realize that the "representative data" is just representative, but if the authors are focusing on a particular brain region, such as the "tips of OPC or ventral-IPC" (line 352) that require a posterior mounting strategy, could data be provided from both the posterior and anterior mounts to show the benefit of one vs. the other?

This is an excellent point. Towards the end of the second paragraph in the Representative Results section we have added a few sentences that explain why we think orientation matters, even if the entire brain can be imaged in one orientation. Our justification is that the confocal signal gets significantly weaker as one images deeper into the brain. 

2. One point that the authors could discuss more thoroughly is the removal of imaginal eye/antennal discs from the larval brains. On line 93, the authors briefly describe removing "accessory tissues" such as imaginal discs. However, given the focus of this article on imaging the optic lobes of the brain and the fact that the imaginal discs are attached to the optic lobes, a more complete/thorough description of how the imaginal discs are removed without damaging brain tissue would be helpful to novice researchers who are just learning this technique. Including the distinction between brains containing eye discs and those without could potentially broaden the readership of the article since the authors could then include a brief discussion of experiments that could be performed if eye discs were left attached, such as investigation of connection patterns between retinal neurons and the optic lobe using anti-chaoptin antibodies (available from the DSHB as 24B10).

We have added a note to this part of the dissection protocol that addresses these points. 

3. On line 233, the authors discuss removing the retina from the adult fly brain. Previously published JoVE protocols have been written to address this particular part of the procedure so it might help to reference these other protocols or describe this step in more detail. Since the main focus of the current paper under review here is on correctly imaging the optic lobes, more detail should be given in the methodology for removing optic lobes in a way that does not significantly damage the optic lobes. Given that the retina is so closely associated with the lamina of the optic lobe, retina removal could potentially be problematic for researchers first learning this protocol. Although this topic is partially addressed starting on line 311, this portion of the protocol could be placed earlier (near line 233) to help clarify how the retina can be removed.
 
We have added two JoVE references for retinal dissection protocols to this section. 

Minor Concerns:
 
1. On line 78 of the protocol, the authors describe making the fix solution. While 4% paraformaldehyde is a very typical fixative, it is not the only fixative that is typically used. The authors should discuss alternative fixing strategies that are also occasionally used for imaging specific epitopes. Two examples are:
a. PLP is 2% paraformaldehyde, 0.01 M NaIO4 , 0.075 M lysine, 0.037 M NaPO4, pH7.2.
See: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4542997/

b. PEM is 0.1 M PIPES pH7.0, 2 mM MgSO4 , 1 mM EGTA (final conc) and is conveniently made up as a 2X stock to be diluted with 8% formaldehyde (ie final 4% para).
See the above citation and https://www.ncbi.nlm.nih.gov/pubmed/9012533

Thank-you for this information. These fix alternatives and the references you provided have been added to the protocol. 

2. Doing all washes and fixing steps in 0.3% PBT may be slightly too much detergent for some antibodies. This could be a discussion point or a point that might require optimization. In addition, fixing the tissue in PBS containing 0.1% or even 0.05% Triton-X (instead of 1x PBS) might help prevent the tissue from adhering to the sides of the dish or to help the tissue stay submerged in the fixative solution.

Thank you for your comment. In order to maximize the integrity of the tissue, we refrain from adding detergent to our fixative. 

3. On line 127, the authors discuss creating the primary antibody solution in general terms but should provide more specifics. For example, is a blocking reagent used (normal goat serum, BSA, etc. and if so how much?)? The addition of a table for some of the suggested antibodies might be useful. The table might include suggested starting dilutions and references (if available) from which those dilutions were obtained.

This is a great suggestion. We have added a note on blocking alternatives in the immunohistochemistry section and have added the suggested antibody information to the Table of Materials.  

4. On line 132, the authors refer to stirring the brains gently with forceps after the primary antibody solution has been added. More detail could be given here. Are the brains stirred 5 times or 10 times? Or are they gently stirred for 15 seconds? More detail would be useful here.

This comment has been addressed. 

5. For the NOTE on line 135, more detail seems to be necessary. For example, how are the brains transferred to an Eppendorf tube? What size Eppendorf is used? How much volume is used? Is the tissue incubated on a rocker or stationary?

This comment has been addressed. 

6. On line 140, is there an estimate of how many times a primary antibody solution can be reused? At least in the authors' experience, how many times do they typically reuse primary antibody solutions?

This comment has been addressed. 

7. One line 143, the authors suggest using a shaker. Could more detail be provided here? For example is this a "nutator" type shaker, a rocker, or an orbital shaking platform? If possible, could the speed of shaking be given (assuming this can be changed)? This would also apply to line 153.

We have added more detail when describing the shaker. 

8. On line 148, for the secondary antibody dilutions - the same comments apply as those for the primary. Are blocking solutions/reagents used? What are the suggested dilutions of the secondary antibodies being used?

This information has been added in the Table of Materials. 

9. On line 153, the authors suggest that the minimum time for incubation with the secondary antibody is ~2 hours. Is there a maximum time suggested by the authors? A more complete range of times could be added here

This comment has been addressed. 

10. On line 170, when the authors discuss picking up the brain, could they describe the area of the brain they grasp with the forceps in order to transfer the brains to slides?

This comment has been addressed. 

11. On line 260, is the space under the cover slip "bridge" empty or filled with mounting media? Leaving the area open to air could cause issues/artifacts when imaging on the confocal microscope. If the drop of mounting media is large enough when the brains are oriented in it then that might suffice.

Thank you for your comment. Usually, we ensure that the drop of mounting media is large enough for all of the tissue to be fully submerged under the bridge. Thus, open air between the central coverslip and flanking coverslips does not cause any issues, especially if the bridge is sealed with nail polish.  

12. When mounting the dissected and stained brains (both larval and adult) onto the slides, the authors should describe in more detail how they perform this task. Do they use forceps to move the brains into a specific orientation or some other tool? In particular different lighting conditions can help immensely when using dissecting stereomicroscopes. If gooseneck LED light sources are available, moving these goosenecks so they are parallel with the benchtop provide extra contrast for the brains and help to visualize them in the field of view.

Thank you for this comment. It is very helpful and a paragraph has been added to the larval mounting section that addresses these points. 

13. While the benefits of the anterior vs. posterior mount orientations could use some clarification and/or additional data (see the point above at the beginning of this review), the horizontally-mounted brains demonstrate a clearly different brain orientation that can be used to image different sets of neurons. However, between the larval and adult brain descriptions this mounting orientation is described differently ("lateral" for the larval brains and "horizontal" for the adult brains). Was this intentional? Perhaps the authors should keep these labels the same for consistency or more clearly define the differences between "lateral" and "horizontal."

Thank you for your comment. Both “lateral” and “horizontal” mounts enable a cross-sectional view of the tissue, but we have found that, in the literature, lateral is used in the larva and horizontal in the adult. Moreover, in the larval lateral orientation, the brain is mounted on the mediolateral axis, enabling researchers to visualize the dorsoventral axis within one plane. In the adult horizontal orientation, the brain is mounted on the dorsoventral axis, such that the mediolateral axis is visible within the same plane. 

14. For the text associated with Figure 1, the "top," "middle," and "bottom" labels should be referenced more clearly. There is a reference to the "middle point in the Z-stack" on line 344, but I do not see a clear reference to the top and bottom of the Z-stack as referenced in Figure 1.

This comment has been addressed. 

15. In Figure 2, it would be useful to have the Dorsal/Ventra surfaces labeled as in Figure 1. This would be especially helpful for the diagram in G. Labeling the antennal lobe is useful but having Anterior/Posterior sides of the brain labeled would also be useful.
 
 This comment has been addressed. 


Reviewer #3:
 
Manuscript Summary:
In this manuscript, Arain et al. aim to develop a protocol for visualization of the optic lobe structure in larval and adult Drosophila brains. Drosophila is an important model organism and has been widely applied to study brain development and neurodegeneration. The anatomy of the Drosophila optic lobe has been well characterized (Fischbach, K-F., and A. P. M. Dittrich. "The optic lobe of Drosophila melanogaster. I. A Golgi analysis of wild-type structure." Cell and tissue research 258.3 (1989): 441-475.). This timely protocol will help researchers choose the optimal mounting orientation for optic lobe structure visualization. The protocol is well-written with all procedures easy to follow. I have the following suggestions

 
Major Concerns:
 
1. In the introduction section, I would suggest the authors cite Fischbach's paper so that the readers can refer to this paper and have a comprehensive review of the anatomy of the Drosophila optic lobe.

This is an excellent suggestion and the citation has been added. 

2. I would suggest the authors provide the concentrations of primary and secondary antibody solutions applied in the illustrations.

The concentrations have been added in the Table of Materials. 

3. In the Table of Materials, the primary antibody information for Bsh, Svp, Eya, Vsx1, and DE-Cad need to be provided.

 This comment has been addressed.

4. Line 135-136, does the primary antibody incubation need gentle shaking at 4 degree?

It can be beneficial, but is not necessary, to have the brains shaking. This has been clarified in the protocol. 
 
5. In Figure 1 and Figure 2, scale bars of the images need to be provided.

Scale bars have been added. 

6. The authors may provide representative images of the posterior mount in Figure 1 and Figure 2, and compare the visualization of structures to the anterior and horizontal/lateral mount.
 
Thank you for this comment. The optic lobe structures shown in the deepest parts of an anterior mount (Figure 1F and Figure 2F) would be first visible across a posterior mount. Due to this reason, we have included just one mounting orientation. We have referenced this in the text (line 482-496). 


Minor Concerns:
 
1. it is better to indicate the time required to wash the brains with PBT every time after fixation and antibody incubation.

Thank you for your comment. We wash the brains sequentially five times, with no duration between washes. Only the final washes prior to a subsequent step (i.e. fixation to primary, primary to secondary) are conducted over a duration of time, which is stated in the protocol.  

2. The blocking step before antibody incubation was not indicated.

This comment has been addressed in Step1 of the larval immunohistochemistry section. 

3. It would be constructive to include the tip of pre-wet the pipette tip with PBT when transfer brains from PBS solution to avoid the adherence of dissected brains to the inner wall of the tip.

Thank you for this comment. We have added this advice to Step 4 of the adult mounting section. 

 




Reviewer #4:
 
Manuscript Summary:
This is a useful protocol that describes with clarity and in detail the main steps needed to image Drosophila optic lobes at the larval and at the adult stages. In contrast to previous publications that focused on the dissection and immunostaining of the Drosophila optic lobe, this paper highlights and discusses different mounting strategies, which will help those researchers who are interested in imaging different regions/neurons during larval development and in adult flies.
 
Major Concerns:
I have no major concerns.


Minor Concerns:
 
1. Lines 32 and 68: The mounting strategies that the authors describe here are also critical for imaging under optimal conditions distinct regions of the optic lobe and the neurons/subcellular compartments they contain, i.e. in order to minimize light scattering and thus not only to provide an ideal imaging angle. For instance, with both posterior and anterior mountings of the adult optic lobe, one could manage to image with a very similar angle the dendrite of a particular neuron in medulla layer 3. However, with the anterior mounting, this dendrite will be closer to the objective and will be imaged under better conditions with less light scattering compared to posterior mounting. This is critical when the researcher aims to image dendrites/axons to analyze in detail their arbors/shapes. I strongly recommend that the authors emphasize this point when mentioning the advantages of the different mounting strategies along the manuscript (lines: 352, ...), similarly to what they do in lines 454-457.
 
This is an excellent point. Towards the end of the second paragraph in the Representative Results section we have added a few sentences addressing this issue.

2. Introduction: The authors describe developmental processes that take place during larval and pupal stages, and in the last paragraph of the introduction, the authors describe their methodology to image larval and adult brains. The authors might want to highlight why it is important to image the adult brain in the context they presented. In addition, it would be very useful, and it would also make the manuscript very complete, to include protocols for different mounting strategies of optic lobes during pupal development. Many interesting steps of circuit formation occur during pupal development, as the authors state in lines 57-59.

We have added a paragraph at the end of the Discussion on applying our protocol to the pupal optic lobe.
  
3. Line 43: Reference 8 is not related to what the sentence states. The authors should cite other studies, for instance: "Wu et al., 2016 Elife", "Fischbach and Dittrich, 1989 Cell Tissue Res", etc.

 This comment has been addressed. 

4. Lines 43-45: The authors could describe the organization of the optic lobe in more detail, i.e. highlighting the columnar structure of all neuropils and the layered structure of all neuropils except the lamina. They could further link this to the functional aspects that they already mentioned: retinotopy and processing of different types of stimuli.

This comment has been addressed. 

5. Lines 51-53: From a recent review (Contreras et al., 2019), I understood that the OPC generates neurons of the outer medulla and the lamina, while the IPC generates neurons of the inner medulla and the lobula complex. Could the authors clarify this discrepancy with what they wrote, please?

This comment has been addressed. 
 
6. Line 53: The authors should cite "Apitz and Salecker, 2015 Nat Neurosc" when they mention that the IPC generates neurons of the lobula plate.

This comment has been addressed. 
 
7. Lines 56-57: The authors could also cite other studies showing that temporally-restricted TFs generate neuronal diversity in the Drosophila optic lobe, for instance: "Apitz and Salecker, 2015 Nat Neurosc" and "Suzuki et al., 2013 Dev Bio".
 
This comment has been addressed. 

8. Line 83: Please, specify the kind of forceps used for each step (#5 or #55 type?)

 This comment has been addressed. 

9. Line 94: Alternatively, the authors could keep the dissected brains in a well plate on ice to preserve them better.

 This comment has been addressed. 

10. Line 120: Other immunohistochemistry protocols recommend using blocking buffer for a blocking step before adding the 1ary antibodies solution, as well as to have 5% normal goat serum in the antibody solution. Please, clarify this difference with previous studies. Also, the authors could specify somewhere (may be last table) the dilution factor for antibodies used in this protocol.

This comment has been addressed. 

11. Line 153: It could be mentioned that, as an alternative, brains with 2ary antibodies solution can be incubated overnight at 4º C (covered with aluminum foil).

This comment has been addressed.

12. Lines 170 and 279: In order to avoid damage, brains could be transferred by using a P200 pipette.

This suggestion has been added.
 
13. Line 176: "Lobula plug" was not introduced earlier in the manuscript. I would recommend that the term is briefly explained, or to use another term more in accordance to the most recent papers in this field.
 
We agree with this point and have revised the sentence to define the plug as mentioned. 

14. Line 183: The authors might consider using a nomenclature for the different IPC regions that corresponds to the one used in the most recent papers in this field ("Filipe-Pinto et al., 2018", "Apitz and Salecker, 2015", "Schilling et al., 2019").

We agree with this point and have labelled the correct IPC structures in Figure 1, with reference in the text. 
 
15. Lines 202 and 291: Please, specify the thickness of the coverslips used for making the bridge and to cover the brains. This is important to achieve good imaging conditions, as well as to avoid too much pressure on the brains (if the bridge is too low), which might affect their integrity and alter the structures to image. The authors might consider highlighting this.

This comment has been addressed.
 
16. Line 289: Please, specify the minimum thickness of clay used for making the bridge. This is important to achieve good imaging conditions, as well as to avoid too much pressure on the brains (if the bridge is too low), which might affect their integrity and alter the structures to image. The authors might consider highlighting this.

This comment has been addressed.
 
17. Line 307: This could be done with forceps that are not so sharp in order to avoid damage of the brains.
 
This comment has been addressed.

18. Line 346: The term "lobula IPC" is a bit confusing, and the "lobula plug" needs to be defined somewhere.

 This comment has been addressed.

19. Lines 380-383: The authors could also mention that the horizontal mounting is especially suited for the examination of the layered structure of the neuropils, as well as to analyse which layers are innervated by different neuronal types. This mounting is also very good for the examination of retinotopic projection patterns. I think this change would make reader more aware of the advantages of the different mounting strategies.

This comment has been addressed.
 
20. Line 392: I would write something like "in this orientation,… neurons of the lamina are closer to the surface or to the miscrope's objective".

 This comment has been addressed. 
 
21. Line 393: I would write something like "This orientation permits optimal imaging conditions for…"

This comment has been addressed.

22. Line 518: There is a duplication with this reference (line 510).
 
23. Figure 1 D-F: I think that for non-experts, it might be difficult to match some of the labels with the corresponding regions/structures. This could be improved by using arrows.

Arrows have been added.

24. Figure 1: Please, define somewhere in the text the meaning of cortex and neuropil. This might be helpful for non-expert readers.
 
This comment has been addressed. 
 
25. Figure 2H: I strongly recommend that the authors replace this by a panel in which a specific neuronal type is also labeled (with enhancer-Gal4, UAS-memGFP for instance) to show that the horizontal mounting is especially good to examine the neuropils innervated by this neuronal type, as well as its retinotopic projection patterns and the different neuropil layers it innervates. Different layers in the neuropils could be also labelled by using published antibodies (like anti-Connectin). I think this would substantially improve the Figure and and make the reader more aware of the advantages of this mounting strategy.

[bookmark: _GoBack]Thank you for this excellent comment. We have added an additional panel (Figure 2I) labelling a medulla neuron (Dm4) with GFP and co-stained with Brp. Dm4 dendritic arborizations in medulla layers M3 and M5 are nicely shown in this orientation.


