Editorial comments:
General:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
2. Please remove references from the Abstract and renumber accordingly.

Protocol:
1. 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.

Figures:
1. If applicable, please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”

References:
1. Please include at least 10 references.
2. Please do not abbreviate journal titles.

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


We thank each of the Reviewers for their positive comments and their constructive feedback. In response, we have made extensive revisions that provide additional clarity and detail and further highlighted the advantages and practicalities of this technique. We believe these revisions have significantly strengthened the manuscript and a point-by-point response to each of the Reviewers comments is outlined below.

Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The manuscript presented by Morton et al describes a customizable protocol for targeting brain structures using an angled stereotaxic approach which is suitable for either mouse or rat and can be modified for diverse experimental approaches and brain regions. In advance, the manuscript is well written and will be very useful for the readers that will need to use the optogenetics or chemogenetics approaches. I have high expectations to watch the video.

Minor Concerns:
I have just three minor suggestions.
1. To measure the "A" distance on the rodent's skull, what should the researcher do if the midline fissure is not straight line? Follow the bregma coordinate or the bone fissure? I encourage the authors to discuss this issue in session 6.

The Reviewer raises an important issue regarding the challenges associated with the identification of bregma given that markings are not always symmetrical.  If the midline fissure is not a straight line, we recommend taking a “line of best fit.”  We have incorporated this additional Note in the revised Section 5.4. 

2. According to Figure 5A, in Figure 5 legends, microinjection and fiberoptic abbreviations should be "m" and "f", respectively, instead of "MI" and "F".

We thank the Reviewer for catching this error. The Figure Legend has been revised accordingly.

3. In the "Table of Materials" session, the authors should include the specification of anchor screws and fiberoptics for mice.

These materials have been added to the Table of Materials. 

Reviewer #2:
This describes a method in neuroscience for stereotaxic injection/implantation that has been the subject of multiple methods papers. The authors report a method for making injections off the vertical axis by tilting the animal's head in a specific Kopf frame. The instructions are so specific to that frame that it is in essence a manufacturers user manual for this approach. It is unlikely that many labs have this particular frame and those that do could simply read the user manual. There is nothing about what the authors describe that is anything other than pretty standard. As such we are am not convinced this merits publication as a method (several similar methods descriptions have already been published in JOVE and in other publications - listed below). The authors also do not provide any evidence that this provides better results than simply angling the manipulator for the injection / implant.

https://www.jove.com/video/59534/
https://www.jove.com/video/53783/
https://www.jove.com/video/59465/
https://www.jove.com/video/52653/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5633075
https://www.nature.com/articles/srep38058

We concur with the reviewer that there are already several excellent neuroscience protocols for both injection and implantation. These are an excellent resource that are widely applicable but are limited with the challenges associated with targeting deep brain structures that are positioned close to the midline.  This is particularly the case for implantation of necessary hardware for fiber photometry and optogenetic studies which is constrained by limited space.

We acknowledge that the detailed protocol is highly specific to the Kopf stereotactic frame, a concern also raised by several additional Reviewers. To address this, we have revised the Discussion to include suggestions for alternate strategies accommodating different stereotactic frames, and to clarify the advantage of this particular method.

Specifically, the revised Introduction states “Although stereotaxic stereotactic procedures are common place within the modern neuroscience lab and there are several excellent protocols describing this procedure (Richevaux et al; J Vis Exp 2019, Fricano-Kugler et al; J Vis Exp 2016, McSweeney and Mao, J Vis Exp 2015) being able to consistently, reproducibly and reliably target discrete brain regions along the midline, such as the mediobasal hypothalamus, a brain area critical in the regulation of homeostatic functions (Lowell BB; NEJM 2019) represents significant additional challenges. These challenges include avoiding the superior sagittal sinus, the third ventricle and hitting adjacent hypothalamic nuclei. In addition, there are significant spatial limitations for the bilateral implantation of hardware that is required for inhibition studies. With these challenges in mind, we herein present a modifiable procedure for targeting discrete brain regions via an angled stereotactic approach.

In the revised Discussion, we state “We note that the protocol described is highly specific to the Kopf Model 1900 stereotax and its accompanying accessories. While this system enables precise, reproducible implantation and/or microinjection to discrete brain regions, the strategy and approach can be adapted to suit other stereotaxic frames. Specifically, instead of rotating the head to perform angled microinjections and implantations, an alternative approach is to utilize the same principles and rotate the dorsal-ventral manipulator instead.”

Reviewer #3:
Manuscript Summary:
The manuscript by Morton and colleagues describes a method for angled stereotaxic implantation of optical fibers into the rodent brain. This is a valuable technique that addresses the limitations of standard stereotaxic delivery approaches and could be widely useful to the neuroscience community. Overall, their procedures are well described and provide a good description of this methodology. I offer the following suggestions to improve the accessibility of the manuscript.

1) Calculated angled coordinates: The authors describe the trigonometry used to calculate side A of the triangle, but do not describe how they calculated the DV coordinate (a shorter version of side C). Although most readers will be adept at math and can figure this out, it would be useful for them to describe this.

Additional steps have been added to Section 1 to clarify calculation of the DV coordinate.

2) It would be helpful to have a description of the function for the knobs on the stereotaxic system in Figure 2, as it is challenging to decipher what is happening in the step 2 section. Perhaps this could be in the protocol or in the figure legend.

We elected not to include a detailed description of the function for the knobs on the stereotaxic system in Figure 2 given that this information is readily available in the Kopf User Manual to which we direct readers attention (see Section 2.1). However, in the accompanying video, we intend to give an overview of the stereotaxic setup and describe each of the individual components.

3) The authors could comment on why they use the standard angle for viral delivery and angled targeting only for implantation. Why not do both with angled targeting?

The angled targeting approach can be successfully utilized for both viral delivery and for implantation. 
However, the decision to use a standard or an angled approach depends on the brain region to be targeted. In the current example, the standard approach was an acceptable method to target the brain region of interest and was selected given it is reliable, consistent and easier. In contrast however, there are generally more limitations for implants, particularly when targeting brain regions along the midline given their size and shape.  Thus, in order to target the implant to the hypothalamic ventromedial nucleus, an angled approach was required. We have added additional language in the revised text (see Representative Results) to describe this decision-making process and stated that either strategy is suitable and acceptable.

4) The methodology described is highly specific to the Kopf 1900 stereotaxic system. However, it seems plausible that the approach could be adapted to other stereotaxic systems, by rotation of the dorsal-ventral manipulator rather than the rotation of the mouse head. It would be nice to add some discussion for how the technique might be adopted to other setups.

This is an important point that was raised by several Reviewers. To expand the versatility of this protocol, it can be adapted by rotation of the dorsal-ventral manipulator rather than the rotation of the mouse head.  We have highlighted and emphasized this important point throughout the revised manuscript and described it as an alternative in the Revised Summary and Discussion sections. 

Reviewer #4:
Manuscript Summary:
The authors present an adaptable protocol for targeting discrete brain structures using an angled stereotaxic approach. This protocol would be of substantial interest to the neuroscience community as a solution for manipulating structures that are positioned near the sagittal midline and circumnavigating brain regions immediately dorsal to targeted structures. Although angled stereotaxic approaches are already implemented by members of the neuroscience community, this protocol addresses the lack of uniform, reproducible practice across groups and offers a systematic and flexible methodology for the calculation of precise coordinates for a wide range of subcortical structures.

Major Concerns:
Generally, the protocol is thoroughly and clearly written, and I think that the steps listed would achieve the desirable outcome. One general concern is that the protocol can be a little confusing without a clear visual guide when there are many references to specific components (eg. part 2, part 5), but this could be improved with the provision of additional figures and will likely be further clarified with the video.

We found it difficult to include all the relevant details and specific components of the scope and stereotaxic apparatus in a single, or series of Figures. However, given the importance with being familiar with both the orientation and the components of the set-up, additional attention will be proceeded with the accompanying vides which should provide further clarity. Please also refer to our response to Reviewer #3, Comment 2.

Minor Concerns:
I have enclosed some specific comments with the hopes of improving the manuscript:

Lines 112-115: The authors touch on the issue of reproducibility in lines 108-10, but I recommend stating this explicitly in this closing statements as a key strength of their protocol.

We thank the reviewer for this suggestion, and we have revised the Discussion accordingly.

Line 150-152: To clarify how the lengths/coordinates presented in Section 1.2.1 are derived, state explicitly here that the length of B & C are calculated based on gridlines.

As indicated in the original manuscript, the length of B is calculated on gridlines, however, due to a similar comment by Reviewer #3, we have clarified the calculation of side C the DV coordinate (see revised Section 1).

Line 173: It would be useful to expand Fig 2 to illustrate the components of the frame that are manipulated in 2.2-2.4.

The components adjusted in steps 2.2-2.4 are illustrated in Figure 3 of the original manuscript.

Line 192: Consistency check for component names - line 173 refers to 'Center Height Gauge'.

We thank the reviewer for pointing out this inconsistency. The text has been revised accordingly.

Line 198: One reference to Figure 3B is sufficient.

The text has been revised accordingly.

Line 251: Label panels in Fig 4 as A, B, C for clearer reference.

The Figure and Figure Legend have been revised accordingly.

Line 266-267: 'Make sure to note…' should be included as a separate step or moved to 5.8.

We disagree that this line of the text should be moved, as changes may continue to be made to the coronal tilt after reassigning bregma. Therefore, the position of the dial should be noted last, after all adjustments have been made.

Line 374: Sealing with bone wax is included twice in the protocol (see line 355).

We thank the reviewer for catching this redundant comment, which has been removed.

Line 437-447: The authors reference the published work that used this technique, but the reader would appreciate a sentence or two in this section which summarises their findings alongside their description of the methodology to provide richer functional context.

We thank the Reviewer for this suggestion. In response, we have added additional statements that summarize the findings of the referenced study. 

Line 504-505: Include an example(s) of what would constitute an appropriate control within the present experimental design.

Inclusion of the appropriate controls is critically important in the analysis and interpretation of data. This includes use of Cre-negative littermate controls, viral reporter controls (i.e. AAV-GFP), verification of light-dependent neuronal firing using electrophysiology and, upon study completion validation of viral targeting and fiberoptic placement in the region of interest.  For more detailed information on appropriate controls in the field, we direct readers to previous publications.

Reviewer #5:
Manuscript Summary:
In this paper, Faber et al. describe a surgical strategy for targeting specific brain structures with an angled stereotaxic approach. The strategy allows microinjections of reagents and implantation of devices into specific brain regions. Compared to the standard stereotaxic technique, the angled stereotaxic approach may permit targeting deep brain nuclei without damage to the overlying superior sagittal sinus or overlying brain structures.

In General, the protocol is well described. However, some issues need to be addressed.

Major concerns:
(1) The stereotaxic apparatus used by the author needs to adjust several parameters, but the traditional stereotaxic apparatus only needs to adjust the angle of the lateral holder arm for microinjection and implantation. What are the advantages of the stereotaxic apparatus used by the author over the traditional stereotaxic apparatus?

This is an important point raised by additional Reviewers.  We have endeavored to highlight and feature the advantages of this approach relative to use of the traditional stereotaxic apparatus.  Please see our Response to Reviewer #2 for a detailed description. In response, we have made several revisions and additions throughout the manuscript.

(2) Line 447: The authors claimed that "As expected, viral expression was restricted to the VMN and not detected in other brain areas." However, the data seem not to support the target specificity. In Figure 6B, in addition to the targeted VMN, the GFP signals also appear in the left ARC region, despite that Nos1-Cre driver and Cre-dependent AAV virus were used.

We agree that there is some leakage of virus outside the VMN, however, restriction is largely limited to the VMN. A key limitation to VMN-specific targeting is the expression of the Nos1-cre driver in regions outside the target region, including ARC, DMH, and LHA. Therefore, specificity of SwiChR-YFP expression is constrained by viral spread, and not by the cre-line. 

Minor concerns:
(1) Line 165: D/V: -5.7 and line 166 D/V: -5.4. How to get D/V: -5.4 at 15。 from D/V: -5.7 at 0。?

This point was raised by Reviewer #3, as well. We therefore have added clarifying information to section 1 (see above).

(2) Line 177: Please provide a photo containing the scope and stereotaxic apparatus to demonstrate the spatial arrangement of the scope and stereotaxic apparatus.

It is difficult to obtain a photo that contains the full spatial arrangement of the scope and stereotaxic apparatus without sufficient detail in a single, or series of Figures. However, we believe this is still an important point and will give additional attention to this detail which should be further clarified in the accompanying video.  Please also refer to our response to Reviewer #3, Comment 2.

(3) Line 173 and 188: The Centering Height Gauge should be indicated in Figure 2.

Per the reviewer’s suggestion, the center height gauge has been labeled in revised Figure 2.

(4) Line 214: Keeping the animal on the warm pad during the entire surgical procedure.
[bookmark: _GoBack]
Depending on the length of the surgery, thermal support may be recommended (see step 4.6).

(5) Line 250: What is the difference between the Centering Scope and the Stereotaxic Scope?

We apologize for the inconsistent terminology. The text has been revised accordingly

(6) Step 8.4 (line 374): The procedure to apply bone wax to the holes drilled for microinjection only is already done in Step 7.14 (line 355).

We thank the Reviewer for catching this redundant comment, which has been removed.

(7) Step 8.6 (line 378): Please describe the details of how to rotate the animal head and how to center the burr hole.

We have not described these details in the text but will ensure that we explain this procedure in detail in the accompanying video.

(8) Figure 3B: Mark the angled degree in each photo. This set of images does not show how to turn 0。to 15。 and adjust to the center.

We thank the Reviewer for this suggestion to improve clarity. The figure has been revised accordingly.

(9) Figure 4: The 0。level photo (middle) and 15。level photo (right) are the same. What is the difference between these two photos?

The middle and right panels are not the same; the angled position of the head is indicated in the top left of each panel. 

(10) Figure 5E: The photo is out of focus.

We thank the Reviewer for noting this. We subsequently determined that Figure 5E does not add further additional information relative to Figure 5D and has been removed.



Reviewer #6:
Manuscript Summary:
The current submission describes a protocol for angled placement of fiber optics to target deep mid-line structures in the rodent brain. The authors give clear rationale for the importance and most steps are clear and easy to follow.

Major Concerns:
The steps for calculating coordinates are not entirely clear and would benefit from additional breaking down of the steps (especially for readers who have not had trigonometry for quite some time). The sagittal aspect of the coordinate triangle is clear but what is the axis of rotation and why is it arbitrary? If arbitrary, how does an experimenter chose? 

As is written in step 1.1 and the accompanying note, the arbitrary point of rotation should be chosen “such that the hypotenuse of the triangle passes through the target region.” This ultimately is how this procedure can be altered for targeting diverse brain regions. 

Furthermore, we hope the inclusion of the exact formulas used to calculate the angles should be sufficient to those who have not had recent trigonometry.

How are the degrees of the angle determined? 

This is at the discretion of the investigator, however, we note in the original text that “it is recommended not to exceed a coronal rotation angle of 15° due to physical constraints of the rotation apparatus.”

How is the hypotenuse calculated given only the sagittal length when the hypotenuse is necessary to determine the distance from midline "A"? How is the dorsal-ventral coordinate calculated from the hypotenuse?

Based on similar feedback from other reviewers, additional steps have been added to revised section 1 to clarify calculation of side C (hypotenuse), and suggestions for optimizing the DV coordinate.

The protocol requires rotation of the head. For many stereotaxic apparati, this is not be possible, especially given gas anesthesia. However, most apparati have the ability to rotate the needle/cannula holder relative to a fixed head. Could this be described as an alternative?

This concern has been raised by several other Reviewers.  We have described this alternative in the revised Discussion and throughout the text (see above).

Minor Concerns:
The use of "sophisticated" in the title is a bit subjective, perhaps a different adjective?

The title has been altered to be less subjective, as suggested.

For 5.6 what is "reasonable"? For instance, +/- 0.02 mm?

We thank the Reviewer for pointing out this area of confusion. The text has been revised to include specific range of suitable values. 

Lines 438-439, the sentence doesn't have a subject.
Line 496, hyperglycemic to hyperglycemia
Fig 5 legend, MI from the figure legend is represented as M in the fig.

The text has been corrected, accordingly.



