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We thank the editor and reviewers for their time and constructive comments. We have carefully revised our manuscript according to their comments, and we feel that it has been substantially improved. In brief, we have added a new figure (Figure 1) to better illustrate the preparation for surgery and some surgical steps, added several panels to previous Figures 1 and 2 (now Figures 2 and 3) to better illustrate validation procedures/analyses, applied several modifications and clarifications to the protocol, and added some important points to the discussion. The comments are repeated below followed by our detailed responses. 


Editorial comments:

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

RESPONSE: The manuscript has been carefully proofread to ensure that there are no spelling/grammar issues, and checked for the proper use of American English.

2. Please provide an email address for each author.

MODIFICATION: An email address is now provided for each author on the first page.

3. Please define all abbreviations at first use.

RESPONSE: The manuscript has been carefully checked to ensure that all abbreviations are defined at first use. 

4. 1.2.1: what does the stock AAV mix contain?

RESPONSE AND MODIFICATION: Both the test and control AAVs are in a solution of phosphate-buffered saline (PBS) containing 0.001% Pluronic F68. This information has been added to the manuscript (step 1.2.1, page 5).

5. 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 and Reagents.
For example: Hamilton syringes, Relyx dental cement (3M), Stellate Harmonie (Natus), etc.

MODIFICATIONS: All commercial language has been removed, and has been replaced by generic terms as instructed.

6. 1.2.3: What is 60 cm—the tubes, length of the tube containing water?

RESPONSE AND MODIFICATION: 60 cm is indeed the length of the tube. The text has been clarified (step 1.2.3, page 5).

7. 2.4: What do you use to cut the skin?

MODIFICATION: The text now indicates that the skin is cut with a tissue scissor, and also by holding the skin with an extra fine Graefe forceps (step 2.4, page 6).

8. 2.7: How do you identify the location of the bregma and lambda?

RESPONSE AND MODIFICATIONS: The location of the bregma is identified as the intersection between the coronal and sagittal sutures of the skull, and the lambda is identified as the intersection between the skull sagittal suture and a straight line connecting the left and right lambdoid suture. This information has been added to the text (step 2.7, page 6), and is now presented in the new Figure 1D.

9. 4.2 and 4.3: How do you record ECoG/EMG signals? Please provide details to allow replication and filming (especially as you have highlighted these steps).

MODIFICATIONS: The details about the ECoG/EMG signal recording have been added to the text of the manuscript (step 4.3, page 9), together with a reference to the used equipment presented in the list of materials.

10. Please specify the euthanasia method.

MODIFICATION: The proposed use of cervical dislocation (or of other relevant methodology) is now indicated in step 4.4 (page 9).

11. Please provide more details for immunostaining: which stains and antibodies were used, how were the tissues prepared for microscopy? If these details will not be filmed, please cite a reference.

RESPONSE AND MODIFICATIONS: The primary focus of the manuscript is the injection of AAVs in a specific cortical area combined to ECoG/EMG signal recording. Immunostaining is used as a validation method, it is not the focus of the manuscript, and will not be filmed. The general methodology used for immunostaining is described in the following papers (Havekes et al., eLife, 2016; Tudor et al., Sci Signal, 2016; Evilsizor et al., JoVE, 2015; Dufort-Gervais et al., Sci Rep, 2020), which are now cited at the beginning of the section Representative Results (page 10). The information about the stains/antibodies is provided also in the section Representative Results (page 10), as well as in the legend of Figure 2 (page 11) and the attached list of materials.    

12. Please ensure that the dimensions for the scale bars in Fig. 1 are visible.

RESPONSE: The dimensions of the scale bars of previous Figure 1 (now Figure 2) are indicated in the figure legend for all applicable panels (Figure 2 legend on page 11).

13. Please sort the Materials Table alphabetically by the name of the material.

MODIFICATION: The materials are now sorted alphabetically within the different sections of the attached Table as suggested.


Reviewer #1: 

Major Concerns:
The power spectra of vigilance states seem to be very similar in shape and very different from what I and others have reported. There does not seem to be a preponderance of delta power in NREM nor a preponderance of theta power in REM sleep. In fact, for NREM, there seems to be decreased power in the middle of the delta band. Perhaps the log scale is making it difficult to differentiate, but in the case of REM there seems to be equal power in both the delta and theta bands and this should not be the case. Do the authors have an explanation? Can the data be presented in a way that preserves the spectral distributions characteristic of each vigilance state? Also, were any filters or amplification applied to the raw signal?

RESPONSE AND MODIFICATION: We politely would like to emphasize that the power spectra shown in Figure 3 are from the motor cortex (M1), which generally shows ECoG activity (or local field potential [LFP] activity) that differs considerably from the (perhaps more classical) approaches of recording above the visual cortex or of using a bipolar signal between the motor cortex and visual cortex (Funk et al., Curr Biol, 2016; Fernandez et al., Cereb Cortex, 2017). Indeed, ECoG/LFP activity in M1 is generally less different between wakefulness and slow wave sleep, and does not show a characteristic higher peak of theta activity during paradoxical sleep (Funk et al., Curr Biol, 2016; Fernandez et al., Cereb Cortex, 2017; Khlghatyan et al., EMBO J, 2020). Moreover, the presented slow wave sleep power spectra showing a lower power in mid-delta are comparable to previously published datasets (e.g., Freyburger et al., Sleep, 2016; Khlghatyan et al., EMBO J, 2020), and are in line with the bi-modal incidence of slow waves during slow wave sleep (Hubbard et al., Nat Comm, 2020). Power spectra are now newly presented in relative activity (Figure 3A), which possibly better picture differences between wakefulness and slow wave sleep in control mice, in addition to the log transformed relative activity (Figure 3B = previous Figure 2), which is more adequate to illustrate between-group differences in high frequencies. No filter was applied, and the information regarding signal amplification and sampling frequency is now provided in step 4.3 (page 9).
 
Minor Concerns:
Because the depth of screw electrodes is an important variable, it would be useful to have detailed description, including length from the screw head, of these screws; this detail would allow substitution of similar screws if so desired. 

RESPONSE AND MODIFICATIONS: We thank the reviewer for the suggestion. The dimensions of the screws have been added to the legend of new Figure 1 showing a prepared screw for surgical implantation (page 11), and to the attached list of materials.

Along with these same lines, can the authors provide an estimate of the final screw depth using the skull surface as a reference?

MODIFICATION: An estimate of the final screw depth is now provided in the revised text of the manuscript (step 3.1, page 7).

Lead-free solder is best for these applications, I suggest this term be used in place of soldering lead.

MODIFICATIONS: The term soldering lead was replaced by lead-free solder throughout the manuscript (i.e., pages 5 and 11), as well as in the attached list of materials.

The term "6-channel plastic box" is vague and I was unable to find the vendor (ENA AG) or product (BPHF2-O6S-E-3.2) with a google search. Could more detail on the vendor be provided?

RESPONSE AND MODIFICATIONS: This specific connector is unfortunately discontinued, and we thank the reviewer for his vigilance in this regards. We have added a potential replacement to the list of materials (i.e., Distrelec, article no. 300-93-672). The term ‘’6-channel plastic box’’ has been replaced by ‘’6-channel connector’’ (page 5), and a picture of the connector is newly shown in Figure 1C.

The use of a multimeter with the ability to confirm continuity should be suggested as a means to detect bad connection during the procedure.

RESPONSE: The use of a multimeter is particularly desirable to assess the integrity and suitability of recording cables and swivel connectors. With regards to the surgery, a multimeter could be used only to detect unwanted connections between electrodes, as indicated by the reviewer, by testing all combinations of electrodes (i.e., 25 combinations for 5 electrodes). We believe this addition would slow down the surgery process too much, and would not necessarily be superior to the careful visual examination of electrodes and of their solders.  


Reviewer #2:

Major Concerns:
The immunohistochemical verification of the injection site is not convincing/of sufficient quality. As one of the major parts of the suggested methodology is precise brain area and/or cell-specific AAV manipulation, I would strongly recommend the authors to describe steps on how to perform appropriate controls to confirm such specificity in their protocol, and also address it in their own representative results in figure 1.
a. It is not clear in figure 1 which area has been infected with the AAV. I would encourage the authors to provide better quality and more detailed immunohistochemical images to strengthen the validity of their method. The highest fluorescence it seems is seen in the left subcortical area and not in the motor cortex. The authors comment that it might be due to projections to distant brain areas, however it is unclear from the provided image whether the labelling on contralateral subcortical area is axonal or somatic.

[bookmark: _GoBack][image: ]RESPONSE AND MODIFICATIONS: The quality of the immunohistochemistry figure (previous Figure 1, current Figure 2) is adequate in the image format submitted (i.e., jpeg), but we agree that it is not sufficient in the merged pdf document (generated by the submission website for the review process) that combines the text with figures. We thus invite the reviewer to look at the original submitted image that should be separately accessible from the website. The panel B and the new panel D clearly show stained cell bodies in the cerebral cortex (M1 and M2), which are particularly evident in higher magnification panels C and E. The subcortical staining observed in the striatum (and particularly intense in the contralateral hemisphere) appears to localize to myelinated axon fibers (see adjacent higher magnification picture). This agrees with the known projections from the motor cortex to the caudate putamen (e.g., Guo et al., PLoS One, 2015). We prefer not to include this image given that a characterization of cortical projections to the striatum is out of the scope of the present manuscript. 

b. Moreover, immunostaining for the infected AAV should be done with co-staining of a known marker for the targeted cell type (for example NeuN for neurons) to show that the expected cells were successfully targeted. The authors mention this themselves "Co-staining with markers of excitatory neurons (e.g., vGlut1) could also be performed to validate cell type specificity" and I would strongly recommend to do so, and also add it as a step in their protocol.

MODIFICATIONS AND RESPONSE: Co-staining of cofilinS3D-HA and CaMKII (of which the promotor was used to drive the expression of cofilinS3D-HA) has now been included in the Representative Results (pages 10 and 11), and is featured in the new panels F and G of Figure 2. This co-staining indeed helps to validate the targeting of excitatory neurons with the AAV. However, as indicated above in the response to the editorial comment #11, immunostaining is used as a validation method and is not the primary focus of the manuscript, and we thus prefer not to include it in the description of the main protocol. We have now cited a paper published in JoVE that specifically focuses on the procedures for proper immunohistochemistry (Evilsizor et al., JoVE, 2015).

c. Also, as the method strongly depends on the specificity of the AAV infecting the expected cells, the authors could also encourage future protocol users to evaluate viral transfection specificity (how many non-targeted cells were infected? E.g. if excitatory neurons were targeted, do you see inhibitory neuron/microglial/astrocyte labelling?) and efficacy (how many of the targeted cell type were infected with the construct in question - for example how many of the vGlut1stained excitatory neurons were also positive for the cofilinS3D-HA?).

MODIFICATION AND RESPONSE: The discussion (page 14) now directly encourages future protocol users to assess the efficacy of viral infection by calculating, on co-staining higher magnification images, the percent target cells successfully infected by the AAV (e.g., number of cells showing double-labeling out of the total number of cells showing single labeling of the target, here CaMKII expressing neurons). We would like to point out that the use of cell type-specific promoters is common practice for the generation of cell type-specific transgenic mice and to guide the expression of transgenes using viral approaches. In case of AAVs, using a CamKII promoter fragment, we have previously shown that expression is restricted to excitatory neurons with no expression in, for example, interneurons or astrocytes (e.g., Havekes et al., eLife, 2016; Tudor et al., Sci Signal, 2016).  

d. Moreover, authors might consider adding to their protocol the evaluation of reactive gliosis and microglia activation in the injection site as this might also alter neuronal network properties and hence ECoG readout.

RESPONSE AND MODIFICATION: We feel that it is important to underline that our AAV-ECoG protocol highlights the importance of conducting experiments in control groups simultaneously to test groups (pages 5, 13, and 14). Accordingly, reactive gliosis and microglia activation that could take place as a function of the surgery are expected to be similar in the two groups, and thus to be controlled for in their potential effect on the neuronal network and ECoG activity. We have added a note in this regards in the paragraph describing limitations in the discussion (page 14).

Minor Concerns:
ECoG and EMG electrode preparation and implantation requires a more detailed description:
a. For example, even though I assume that the ECoG golden wire should be soldered onto the very top of the screw cap to later be soldered to the connector, I think that should be clearly mentioned in the protocol, because some ECoG electrodes are made so that the wire actually goes into the brain and I am afraid might create confusion. 

MODIFICATIONS: This clarification has been added to the text (step 1.1.1, page 5), and is also featured in the new Figure 1A.

I would recommend to use photographs/illustrations of how the prepared electrodes should look like and several images or at least a final image on how the implanted electrodes should look like (before soldering the connector on).

MODIFICATIONS: We thank the reviewer for this suggestion and a new figure (Figure 1) now illustrates these components, with, in particular, panel A showing an ECoG electrode before implantation, panel B showing EMG electrodes before implantation, and panel D showing the implanted ECoG electrodes and anchor screws.

b. What are maintenance screws (mentioned in 2.8)? Reference electrodes?

RESPONSE AND MODIFICATION: Maintenance screws are regular screws (not covered with gold) that are screwed on the skull (of the left hemisphere), and that are required to ensure a robust montage. The adherence of cement to these (additional) screws acts as a solid anchor on the skull. They are not soldered to the connector. A precision has been added to this text now presented at step 3.2 (page 8).

c. How exactly do the authors insert the EMG electrodes into the muscle? Wouldn't the 0.2 mm wire would bend when bluntly forced into the muscle?

RESPONSE AND MODIFICATIONS: EMG electrodes are inserted in the muscle by gently pushing the extremity of the gold wire in the muscle with Dumont #5 forceps. During this process, the skin is lifted with extra fine Graefe forceps, and very little resistance occurs. The small diameter of the wire likely facilitates the insertion in the muscle. Clarifications have been added to step 3.6 (page 8).

d. The authors do not comment whether the wire used for both ECoG and EMG electrodes is insulated or not. I would assume that soldering process would remove the insulation, but do the authors treat the end of the EMG electrode that is inserted into the muscle?

RESPONSE AND MODIFICATIONS: The gold wire used for ECoG and EMG electrodes is non-insulated. The cement acts as the insulator when the montage is completed. This information that the gold wire is non-insulated has been added to the manuscript (step 1.1.1, page 5; legend of Figure 1) and the attached list of materials.

e. Do the authors always recommend to use same burr holes for AAV injection and ECoG electrode implantation? How should one adjust the position of the other 2 ECoG electrodes depending where the AAV injection will take place? Is it possible with this methodology to inject AAV using a burr hole that afterwards is not used for ECoG implantation? If yes - how should one close up the burr hole? I would like to see some more specific comment on this topic.

MODIFICATION: The suggestion of performing AAV injection in a site different from the ECoG recording sites has been included in the discussion, together with a strategy to cover the burr hole not used for ECoG recording (top of page 14).

f. I would suggest to add the comment "(i.e., seeing two screw crests and roots)" not to the discussion as is now, but to the protocol itself (step 3.1)

MODIFICATION: Step 3.1 has been modified with the more quantitative measure of screw length out of the skull (page 7).

More minor points
1. A comment on the depth of injections: "Align the cannula with the anterior hole on the skull in order for the vertical position of the cannula to reach the upper edge of the skull (i.e., skull surface)." As the thickness of the skull of mice may vary according to gender and age, measuring form the cortical surface could be regarded as more accurate.

RESPONSE AND MODIFICATION: We agree that measuring the depth of injection from the cortical surface could be more accurate. However, in practice, the small size of the burr hole makes it impossible to clearly visually identify the cortical surface. In addition, the stereotaxic coordinates used in the present protocol (steps 2.8 and 2.13) are based on the book The mouse brain in stereotaxic coordinates (Franklin and Paxinos; see new reference #40 in the manuscript), which uses the skull surface as a reference. The information that skull thickness varies with age and sex (the notion of gender does not apply in mice) and that the position of the cannula should be verified with post-protocol histology/immunohistochemistry have been added to the first paragraph of the discussion (page 13).

2. Why are animals housed in individual cages? If possible avoiding single housing would be better, even though this typically prevent usage of certain materials.

RESPONSE AND MODIFICATION: Animals are housed individually to avoid damage to the head montage, and to prevent damage/entanglement of the recording cables, as group housed mice tend to damage the cables and head montage while grooming one another. This information has been added to the text of the manuscript (step 4.1, page 9).

3. To be on the safe side, ophthalmic ointment should probably be applied immediately after the anesthesia sets in.

RESPONSE: The application of ointment is preferred after mouse shaving in order not to interfere with the hair trimmer function, and to avoid hair sticking on the ointment. This step is relatively quick and is not contributing to eye dryness in our hands.

4. In 2.6. might be better to scrape the periosteum with a scalpel rather than scissors. Also - edging vertical and horizontal lines with a scalpel blade and making a checker board pattern helps to hold the implant in place even more.

RESPONSE AND MODIFICATION: The scissor tip works very well in our hands as will be demonstrated in the video. Step 2.6 has been modified to emphasize the need to create streaks in different directions (page 6).

5. Is 10% betadine solution suitable for internal use (mentioned in 2.9)? And would it not be a risk for fluid entering the burr holes?

RESPONSE: The amount of 10% betadine solution (changed for providone-iodine to avoid commercial names) used to disinfect the skull after piercing is minimal because impregnated in the cotton tip, and it is thus not significantly entering in the burr holes. In any case, this antiseptic solution should not do any harm to mice as any excess will be absorbed by the small rolled pieces of delicate task wipers used in step 3.3.

6. After inserting the cannula into desired depth I would recommend to wait quite some time (20 min?) for the insertion tract to close and avoid backflow.

RESPONSE: Given that the surgery should be conducted as quickly as possible to ensure stable anesthesia throughout the procedure, we do not recommend waiting before injection after the insertion of the cannula. In addition, backflow is importantly minimized by the long injection time (i.e., 40 min) and the 5 min waiting time after the end of the injection. 

7. Could authors expand on what they mean by "if required" mentioned in 3.16 as to whether administer painkiller 12 h after the surgery.

MODIFICATION: The information of providing additional painkiller if the animal is showing signs of pain 12 h after the surgery has been added to this step (now 3.17, page 9).

8. Do authors recommend or have any comments whether there could be recordings performed in several consecutive days? How long does the implant and the recordings remain good quality?

MODIFICATION: The information that the recording can be performed for several consecutive days has been added to the second paragraph of the discussion (page 13).

 

Text edits
1. Homogenize the use of either "EEG" or "ECoG"
2. Correct spelling of Hamilton syringe in the material table

MODIFICATIONS: These changes have been applied.
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