Reviewer #1:
Manuscript Summary:
Kodani et al., describe how optogentics can be used as a research tool to activate discrete neuronal populations with millisecond time scale. In their paper they show the activation of GABAergic neurons in the BNST using optogenetics in GAD67-cre mice and describe that this leads to rapid transitions from NREM sleep to wakefulness, but does not induce transitions from REM sleep to wakefulness. Kodani and co-workers deliver a very detailed description of the procedures necessary for the surgical implantation of the optical fibers and EEG/EMG recording electrodes. Although others authors have described this process before (e.g. Zhang et al., 2010 PMID: 20203662), it may be very valuable to publish this article in conjunction with the video.

Major Concerns:
The text absolutely needs editing to correct spelling and grammar throughout.
Answer: We have a native English speaker to edit of the entire manuscript. 
Minor Concerns:
Please re-check part 3.4 (lines 241 and following) for clarity on how to get the latency to wake.
Answer: We modified the sentences in part 3.4 to clarify the method to get the latency time to wake as follows. “3.5. Find the exact time of stimulation in the epoch where the EEG shows NREM or REM sleep, and the epoch showing state transition following the stimulation point. Count the number of epochs between the periods just after stimulation and just before state transition. 3.6. Then multiply counted number of epochs by 4 sec (A). In the epoch of stimulation, take a screen shot and measure the width between the stimulation point and the end of the epoch. Then, divide the measured length by the entire epoch length and multiply by 4 sec (B). Similarly, calculate the duration of NREM sleep in the epoch of state change (C). 3.7. Sum A, B and C to obtain the latency from NREM sleep to wakefulness. The same procedure is used for analysis of state transition from REM sleep to wakefulness.” (p7, ll. 297-308).
line 280 should be "20 sec", not "20 min"
Answer: We corrected (p8, ll. 351).
For some materials used you add the brand (e.g. for SleepSign) - it may be valuable for the reader to know where other materials can be purchased
Answer: According to the reviewer’s suggestion, we modified the table ‘Materials’.

Reviewer #2:
Manuscript Summary:
Kodani et al., follow up on their publication from 2017 in which optogenetic excitation of GABAergic neurons of the bed nucleus of the stria terminalis (BNST) triggers a transition from non-rapid eye movement sleep to wakefulness in mice. This is an interesting methodology in that these neurons have never been stimulated this way before during specific sleep stages to produce the effect of immediate transition to wakefulness.
However, the experimental protocol is not very innovative in technical novelty in that there are at least 70 other Jove papers that deal with optogenetic activation of a specific cell type. Furthermore, there are papers such as Clegern et al., 2012, where sleep monitoring and optogenetic stimulation have already been combined. Also, the paper is lacking important background information needed to justify the technique as well as significant details in methodology and clarity about the technique are absent.

Major Concerns:
1) Despite the previous publication by the authors, it is not obvious from the introduction why stimulating the BNST would have an effect on sleep. The only justification is that "the BNST is thought to play an essential role in anxiety and fear." What does this have to do with sleep?
Answer: Considering the sleep disorder, it is necessary to understand the neural mechanism that how limbic system affects the sleep/wake regulation. Our results suggest for the first time that an activation of the BNST could partly explain the mechanism by which fear and anxiety influence sleep/wakefulness states.

2) The authors describe multiple times in the introduction the advantages of optogenetics and how these allow to control specific neuronal populations. It is unnecessary to repeat this so many times, the countless publications using this technique make this amply clear. However, it is not very useful in a methods paper to describe optogenetics in such general terms. Instead, it would be helpful to write about how the specific use of the technique is useful. Furthermore, there are many potential issues that arise with optogenetics when stimulating in vivo (see "Optogenetics the Age of Light" 2014 by Hausser).
Answer: Following another reviewer’s suggestion, we added discussion about the many potential of optogenetics in “discussion” section.

3) There is little detail about the electrodes implanted. These are described as custom made. However, often the most difficult element of these in vivo methods is to make the devices that are attached to the head. It would be great if the authors would submit images of the headstages and how they connect to the electrodes that are being implanted, see Bender 2018, JOVE.
Answer: We added images of electrode in the figure 2A. 

4) In the third paragraph of the protocol section (from line 106) there is absolutely no need to describe the cre-lox system in detail. The authors are not molecular biology specialists, cre-lox with virus has been used in thousands of publications and no new techniques are presented here in terms of expression of the virus. This is one of many examples in the manuscript that show a lack of focus and organisation in the paper.
Answer: We deleted the related sentences following your suggestion.

5) In line 127 in the protocol section it is said to "Disinfect the surgical equipment with 70% EtOH". It is definitely not correct aseptic technique to just use ethanol. This is very unlikely to kill all the microbes. Instruments must be autoclaved or a cold sterilant must be used.
Answer: We modified the sentence as follows ‘Disinfect the surgical equipment with the autoclave.’ (p3, ll. 126)

6) It is not impressive that in line 129 the actual anaesthetic is not mentioned.
Answer: We mentioned the name of anaesthetic (p3, ll. 128). 

7) The discussion is too general as it is focused on optogenetic techniques not described in the manuscript. It would be best to describe what this technique is able to do? How this technique specifically could be used in future experiments? How could stimulating BNST GABAergic neurons further be used to uncover the mechanisms of sleep? 
Answer: We already wrote the advantage of this method in the discussion section (p9, ll. 366-377).

Minor Concerns:
1) Citations are needed for the following sentences in the indicated lines:
43-44 Recent findings also suggest that disturbances in sleep…
Answer: We added reference in the sentence (p2, ll. 47).
44-46 Although the functions of sleep have been…
Answer: We added reference in the sentence (p2, ll. 49).
49-52 NREM sleep is defined by slow oscillations…
Answer: We added reference in the sentence (p2, ll. 55).
2) In line 50, "lack of consciousness". Is there really consciousness in any sleep state? Can dreams really be described as that?
Answer: Based on the previous studies and definition of sleep state, there is no consciousness in the sleep state. REM sleep is the candidate for dreams, but we don’t think it’s necessary to describe that in here.

3) The concluding paragraph of the introduction is very unclear. What are other examples of sleep-wake optogenetic stimulation? It is best again, to focus on this particular method. Simplify this last paragraph.
Answer: We modified the sentences as follows “In conclusion, it is anticipated that optogenetics will accelerate progress in unlocking the mystery of sleep regulation by the brain and the development of innovative therapies for refractory insomnia and other sleep disorders.” (p9, ll. 387-389)

4) What is the JAX reference number of the GAD67-cre line used?
Answer: ID of this line is 5051631 (MGI). However, it is not available in JAX. 

5) Line 123. What is proper protection and handling techniques for viruses of this biosafety?
Answer: We added the sentences explaining this (p3, ll. 121-124).

6) Line 183. Much greater description of the EMG technique is needed. What do electrodes look like? Images would be helpful and high detail of implantation should be required.
Answer: We added another figure to show the detail of electrodes (figure 2).

7) Line 206, what does the "zeitgeber time" mean?
Answer: Zeitgeber time is a standard of time based on the period of a zeitgeber (light which could reset the circadian rhythm of the mice. Under standard light-dark cycles, the time of lights on usually defines zeitgeber time zero (ZT 0) for diurnal organisms and the time of lights off defines zeitgeber time twelve (ZT 12) for nocturnal animals. We added the information in the manuscript as follows “ In this protocol, we assess latency to wakefulness from NREM sleep or REM sleep, so the recording time should be limited in optimized zeitgeber time (ZT0 is defined as the time when the light is on).” (p6, ll. 253-255).

8) Lines 214-215. Was the recording shut off immediately after animals woke?
Answer: It depends on the research design whether post stimulation effects are required to evaluate or not. Only the latency is required, the recording should be ceased. However, in our original article of the representative results, we compared two manners of stimulation, one and ten times of photo stimulation, to investigate whether many times of BNSTGABA neurons stimulation had an effect on the wakefulness/sleep architecture. Thus, we recorded and analyzed additional hour of EEG/EMG data. It is beyond the theme of this methodological article, so we don’t think it’s necessary to describe.

9) Paragraph in line 241. Why does one multiply by 4 sect? To take a screenshot of data seems rather imprecise? Would it not be better to get access to the data with analysis software and get the precise time?
Answer: We could not integrate the laser system and recording software because the software is commercial one. We modified the related sentences as follows “3.5. Find the exact time of stimulation in the epoch where the EEG shows NREM or REM sleep, and the epoch showing state transition following the stimulation point. Count the number of epochs between the periods just after stimulation and just before state transition. 3.6. Then multiply counted number of epochs by 4 sec (A). In the epoch of stimulation, take a screen shot and measure the width between the stimulation point and the end of the epoch. Then, divide the measured length by the entire epoch length and multiply by 4 sec (B). Similarly, calculate the duration of NREM sleep in the epoch of state change (C). 3.7. Sum A, B and C to obtain the latency from NREM sleep to wakefulness. The same procedure is used for analysis of state transition from REM sleep to wakefulness.” (p7-8, ll. 297-308). 

10) Paragraph in line 252. It would be useful to have the methodology for the in situ hybridization to confirm co-expression.
Answer: We don’t think it is useful to describe that in this manuscript, which is focusing on the method for optogenetic manipulation during monitoring sleep states. Methods to identify the AAV-infected cells depend on the experiments (cell markers, type of virus). 

Reviewer #3:
Manuscript Summary:
The title of the paper is very misleading. As indicated at the end of the introduction (line 94), the authors "describe here methods for analyzing the consequence of optogenetic manipulation on sleep/wakefulness". The important text there is 'methods for analyzing the consequence'. The only portion of the paper that is of any value at all is where the authors are describing analytical tools that will assess the effect of any manipulation that is hypothesized to disrupt sleep. They are not describing methods for optogenetic manipulation of the brain at any meaningful level.

Major Concerns:
Due to the lack of detail, readers will not be able to implement most of the techniques discussed here without performing a significant amount of research on their own. The table of materials is incomplete. It does not contain catalog or item numbers for the instrumentation listed. This and the fact that other essential materials, including the are not included in the table make the table all but useless. Other items that should be listed in the table (including their sources and catalog numbers) are: Cre-driver mice; Cre-inducible AAV-constructs; metal pins, screws and other parts of the mouse/machine interface; class 3B laser equipment; LED devices; electrode for EEG/EMG; optical fibers; anesthetic vaporizer; stereotactic apparatus; Serafin clamps; microinjection pump; dental drill and bit; optic fiber ferrule; anchor screw; photocurable dental cement; intensity checker (I assume they mean a LASER power meter when they use this atypical term); fiber optic bifurcator.
Other experimental procedures/techniques that are absent: stereotaxic coordinates for EEG, EMG, type of anesthesia used;
Answer: We modified and edit the text and table to include details of the experiments. 

Minor Concerns:
Line 35: abbreviations EEG, EMG are not identified
Answer: We added the abbreviations (p1, ll. 38).
Line 37: 'osteogenic' should be 'optogenetic'
Answer: We corrected the typo (p1, ll. 40).
Line 54: The lengthy discussion of the two process model of sleep is unwarranted, since the methods presented in this article are not targeting either of the two processes underlying sleep, but rather one wake-promoting nucleus that impinges on the nuclei that regulate the two processes underlying sleep homeostasis.
Answer: We think it’s necessary to include introduction about how sleep/wakefulness states are thought to be regulated.

Line 69: "virus vectors for neuronal tracings," are in fact vectors for targeting; whether or not the application is tracing of pathways depends on the proteins engineered into the viral construct.
Answer: We deleted the related sentences to avoid the duplication of information. 

Line 75: somniphobia is misspelled.
Answer: We corrected (p2, ll. 80).
Line 323: "Merck & Sharp Corp" is a misnomer for Merck & Co.
Answer: We corrected the misspelling (p10, ll. 397).
Line 153: What is the exact genetic background of mice used? The stereotaxic coordinates for the BNST are likely strain dependent and. The authors need to acknowledge this explicitly.
Answer: We added the information (p3, ll. 115).
Line 154: The drill bit should not crack the skull but rather penetrate it.
Answer: We modified the sentence in line (p4, ll. 162-163).
Line 162: Are the EEG electrodes simply wires with no screw/pin on the end?
Answer: We didn’t use any screw/pin on the end.
Line 164: What gauge wire?
Answer: We added the information (0.0130 inch diameter) in ‘Materials’ file.
Line 172: What are the specifications for the anchor screw (dimensions, material)?
Answer: We added the information (φ1.0 x 2.0) in ‘Materials’ file. 
Line 173: How can one not break the dura when inserting an optic probe at a depth of 4.2 mm relative to bregma?
Answer: It might be misunderstanding that we have to break the dura for optic probe insertion, but we have to be careful not to break the dura when we fix the screw on the skull (p4, ll. 162-163).
Line 179: What size drill bit is used?
Answer: We added the information in ‘Materials’ file. 
Line 186: Prophylactic antibiotic use is not recommended (at least in the U.S.). Antibiotics should only be used in the case of post-surgical infection.
Answer: We deleted the sentences of antibiotics and added the sentences as follows. “An antibiotic is not required for sterile surgery.” (p6, ll. 235-236).
Line 237: It is unclear whether states are categorized in 16-second or 4-second epochs due to poor use of language.
Answer: We explained how to define these states as follows “A state that does not consecutively continue for 16 sec (i.e. 4 epochs) is not defined as a state change because it is not a stable state.” (p6, ll. 228-229).

Reviewer #4:
Manuscript Summary:
This protocol is interesting and should be of wide interest to researchers who study sleep, physiology, and neural circuits. In this protocol, the authors describe how to optogenetically target neural circuits underlying sleep/wake regulation. As an example, the authors optogenetically target GABAergic neurons of the BNST via viral-mediated transfer of ChR2-YFP to this neuronal population.

Major Concerns:
This protocol requires major revisions and needs to be more clearly written and described for the readership who wants to learn how to perform this technique. More diagrams and figures would aid in visualizing various steps of the protocol. First, a detailed list of equipment and catalog numbers is required. The authors have only listed two pieces of equipment. Second, this protocol needs to be written from more of a beginner's frame of mind. The viewers may have not performed rodent brain surgery before. For example, define bregma and lamda and what they are in the context of this surgery. Third, control experiments need to be discussed. In addition to ChR-YFP (experimental), YFP virus (control) should also be done in parallel. cfos/YFP FISH/IHC should be performed after optogenetic activation of a neuronal population to confirm neuronal activation...especially for novice experimenters. Fourth, this manuscript requires extensive copy-editing. There are many typos. For example, the word "osteogenic" was incorrectly used in line 37, when the authors should have stated "optogenetic". These major concerns addressed, this protocol would useful to the sleep research community in describing functional interrogation of neuronal populations.
Answer: Thank you for valuable suggestions. Firstly, we added detailed material information in table ’Material’. Secondly, we made schemes more detailed in order to make it understandable for broad range of researchers. Thirdly, we added the sentence describing the use of EYFP as a control (p3, ll.115-116). Fourthly, we corrected typos and grammatical errors.

Minor Concerns:
-It is important to discuss either in the protocol introduction or in one of the steps for AAV control of non-ChR2 viral vector, such as YFP/GFP alone. Need to describe how you confirm GABAergic neurons of BNST are optogenetically activated (e.g. Fos/YFP immunostaining).
Answer: We mentioned the use of EYFP as a control (p3, ll.115-116). We used the fos expression to check the activation of GABAergic neurons of BNST. We don’t think it’s necessary to discuss about this in here. 

-Protocol intro: A diagram of the genetic loxP and loxP2722 cassettes described in the introduction of the protocol would be helpful for the general readership.
Answer: Following another reviewer’s suggestion, we deleted the sentences to describe the details about Cre-loxP system. Because its already well known and we concluded that we should delete this in the manuscript. 

-1.4 Define bregma and lamda for someone who is not use to rodent brain surgery.
Answer: Thank you for pointing out improving suggestion. We made new figure and legend (Fig 2, p8, ll. 341-347) for the description of the custom electrode and the location of implantation. Also, we added the following sentences to describe the definition of the bregma and the lambda. “After confirming the head is held stably, make a midsagittal incision in the scalp to ensure the positions of the bregma and lambda are located at the same level on a horizontal line. 1.4. To avoid a positioning gap, appropriately adjust the levels of the nose pinch and ear bars up and down. The bregma and lambda refer to the intersection between the sutura saggitalis and sutura coronalis or sutura lambdoidal, respectively (Fig 2).” (p.4, ll. 135-141).   

-1.5 Injection of how much AAV vector? Provide recommended range of volume and concentration. Provide recommendations on serotype.
Answer: It is important to determine the volume of virus. There is no formula for calculation to decide the volume because the titers of virus varies. However, pilot experiments are recommended to estimate the relationship between injected volume and infection area. So, we added the following sentence. “NOTE: The injection volume of the virus solution is determined in pilot experiments using the same mouse strain and same virus product. The relation between the volume of virus solution and extent of the infection area should be estimated in advance.” (p4, ll. 154-157).

-1.5 What does flashing the inside of 10mL Hamilton syringe exactly mean?
Answer: We modified the sentence as follows “As preparation of the injection of AAV vectors, we wash inside of 10ml syringe (see Table ‘Materials’) sequentially with 70 % EtOH, 100 % EtOH and sterilized water 5 times for each.” (p4, ll. 147-148).

-1.6 From the perspective of someone who has never performed this surgery, what does it look like when you have done it correctly versus incorrectly? (one sentence is fine). You describe removing blood around the drill hole with the cotton swab, but how much is to be expected if you have done it correctly at the described drill site.
Answer: A little amount of bleeding, i.e. about 1 - 2 droplets of blood is usually observed due to disruption of fine capillaries. On the other hand, relatively large amount of bleeding is occurred near the suture of skull because of the existence of the sinus venosus. Considering these, we added sentence as follows, “Be careful not to damage the dura or brain tissue.” (p4, ll. 163)

-1.6 How is the Hamilton syringe injected to achieve 0.07ul/min? Physically by hand or with a nano-pipetter?
Answer: In this protocol, mechanical micro injector was used for accurate velocity and amount of virus injection. We modified the sentence as follows. “Slowly inject the designated amount of virus solution (0.07 µl/min) with a mechanical microinjector.” (p4, ll. 166-167).

-1.7 step is hard to follow by text.
Answer: We created another figure (figure 2) to explain this. This figure legend was previously mentioned in the answer to your concern 1.4. In addition, we also modified the figure 1 for readers to understand easily about the surgical steps to implant the device. 
		
-1.7 Are there any special consideration that need to be described when doing bilateral stimulation instead of unilateral stimulation? (e.g. tangling of wires/fibers). How are optical fibers secured? Dental cement? How long does it take for the dental cement to dry.
Answer: We added the information of glue we used for fixing fiber in ‘Materials’ file and modified the sentences as follows “The reaction time to solidify the glue should be followed by manufacturer’s manual (Our material needs exposure to light for at least 10 sec with specific wave length photo-generator. It is unnecessary to dry the glue after this).” (p5, ll. 196-198)

-1.8 What type of glue? Describe manufacturer and catalog number in materials list
Answer: We added glue information at the table of materials list and revised the text. We also describe precaution to apply fixing glue as follows “Hold the implant and apply cyanoacrylate adhesive to the space between the skull and the electrodes. Insert again with attention not to interfere with any materials. 1.19. Cover the circumference of the electrodes and optic fibers with cyanoacrylate adhesive followed by application of cyanoacrylate accelerant on the adhesive. This step avoids causing any interruption at the ferrule-to-optic cable and electrode-to-lead wire connecting zone (Fig 1C). 1.20. NOTE: Cyanoacrylate adhesive and its accelerant are harmful to the mouse eye. Pay attention not to cause spillage of these chemical substances. Also, be careful not to strongly touch the electrodes and the fibers in order to avoid unexpected deviation immediately after adhesive solidification.” (p5, ll. 205-217)

-1.9. How deep do you insert the wires? When do you know you've gone too far?
Answer: We modified the sentences as follows. “Adjust the length of EMG electrode so that it locates just under the nuchal muscles. Light connection between tip of electrode and muscle fascia is enough to catch the EMG signal.” (p6, ll. 220-221)

-1.10. What is the temperature range of the heatpad? Can you list some heatpad recommendations?
Answer: We listed the heatpad in table “materials” and modified the sentences as follows, “Heat pad temperature should be adjusted to animal resting body temperature (36.0 ℃ in ZT 0-12 in case of C57BL6 mice and not to exceed 38.0 ℃).” (p6, ll. 225-226)

-1.10 What antibiotics should be applied? Locally? In food? How often and how much? What manufacturer and catalog number?
Answer: We deleted the sentence and added the sentence to suggest that antibiotics is not required in this surgery. “An antibiotic is not required for sterile surgery.” (p6, ll. 228)

-2.1 How do you know when you have used too much intensity? How was 20Hz determined for BNST stimulation? Is that the inherent firing rate of GABAergic neurons in BNST? Describe to audience how they should determine stimulation frequency. Should it grossly parallel the firing rate of the neuronal population being targeted.
Answer: We used 20Hz based on the previous observation (Kim et al., 2013). They used multi-unit recording method to show that baseline firing of dorsal BNST neurons is around 15 Hz. Ideally, it’s better to use electrophysiology to see the inherent firing rates and transfer this information to optical stimulation protocol. It is sometimes challenging to determine proper stimulation protocol. Preliminary examination with several different stimulation frequencies to see the consequences would be help. 

-2.3. 40 seconds for NREM and 20 seconds for REM - Why not both for 40 seconds, or both for 20 seconds? Discuss rationale.
Answer: It is well known that REM sleep period is much shorter than NREM sleep. We previously published the mean duration of NREM and REM in WT suggesting that NREM duration bout is more than 200 sec, however REM duration is less than 100 sec in light period (Hondo et al., 2011, plos one). With consideration of these results, we used different definition to apply laser during NREM and REM sleeps. 


-2.3. I'm not sure what this means in line 215-216: "Experiment with light pulses should be limited one time for each day because photostimulation could affect sleep/wakefulness architecture." Explain this more clearly.
Answer: We modified the sentences as follows. “If two or more experimental trials are needed, optogenetic manipulation should be limited to once a day because photostimulation is an artificial intervention which might affect sleep/wakefulness architecture.” (p7, ll. 267-270). 

-2.4. This is not a complete sentence in line 219-220: "Analysis of the latency time from NREM sleep to wakefulness."
Answer: We deleted a duplicated sentence (p7, ll. 274).

-3.2 In line 231 it state that an epoch is 16 second, but in line 230 you state an epoch is 4 second. Please clarify.
Answer: We explained how to define these states as follows “A state that does not consecutively continue for 16 sec (i.e. 4 epochs) is not defined as a state change because it is not a stable state.” (p7, ll. 288-290).

-Figure 1. It is not quite clear to me what all the items in C are? Please label.
[bookmark: _GoBack]Answer: We modified the figure 1 and added label to the objects. Also, we revised the sentences in figure 1 legend as follows. “(D) At the end of the operation, the entire surgical area should be covered with cyanoacrylate adhesive and strongly fixed with accelerant. Make sure not to apply any agent to the region connecting the electrode and ferrules. (p8, ll. 336-339)


