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From the nRIM Unit

Dear Editor,
We thank you, the reviewers and the vet for the generous comments and have edited the manuscript and the video to address the concerns.
In particular we have added more details to the protocol to ensure the replication of the method by both experts and researchers new to the field.
We hope that the manuscript and video are now suitable for publication in JoVE.
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Marylka Yoe Uusisaari
Assistant Professor

On behalf of all authors.


Editorial and production comments:

Changes to be made by the Author(s) in the Text:

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.
We have proofread the manuscript to correct numerous spelling and grammar mistakes.

2. JoVE cannot publish manuscripts containing commercial language. 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: nVoke 2, Inscopix, CA, USA, B.Braun Introcan Safety IV Catheter, Kimwipe, Inscopix, CA, USA, Vaseline, etc.
All commercial language has been removed from the manuscript and replaced with common terminology.

3. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.
It has been added.

4. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”
Non-imperative tense contents have been moved to “Note.”

5. Please revise the protocol text to avoid the use of any personal pronouns in the protocol (e.g., "we", "you", "our" etc.).
Personal pronouns have been removed from the protocol.

6. The Protocol should contain only action items that direct the reader to do something.
Protocol has been modified accordingly.

7. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? This can be done by including mechanical actions, button clicks in the software, command lines, (for the data analysis part), knob turns, etc.
We have added more details to many protocol steps where feasible.

8. Please include how you maintain sterility during the surgery process.
In this protocol, aseptic surgery techniques were only applied to the stereotaxic virus vector injection. This has been indicated at the beginning of the protocol. The rest procedures are non-survival surgery and aseptic surgical techniques are not necessary. Therefore, we only mention that the surgery tools should be clean at step 2.4. 

9. Please sort the materials table in alphabetical order.
We have sorted the materials table in alphabetical order.


Changes to be made by the Author(s) regarding the video:

1. Please increase the homogeneity between the video and the written manuscript. Ideally, all figures in the video would appear in the written manuscript and vice versa. The video and the written manuscript should be reflections of each other.
Manuscript has been modified upon request. Manuscript figures have been added to the video.

2. Furthermore, please revise the narration to be more homogenous with the written manuscript. Ideally, the narration is a word-for-word reading of the written protocol.
Manuscript has been modified to be more homogenous with the narration.

3. Please equalize the volume throughout.
Audio volume has been equalized.

4. Please ensure that the subheadings in the protocol section are the same in the text and in the video.
Subheadings have been corrected to be the same in the manuscript and in the video.

5. Need graphics for the speakers with their names and institution. Unfortunately, we cannot do this in a video produced by authors.
We have added speakers’ name with the institution logo.

6. Please spell Denionise as Deionized in the results section. Please use American English throughout.
We think what was referred to was “Denoised”. What we want to express is that representative result video is noise-removed.

7. Please include the title card at the end of the video as well.
It has been added.


Reviewers' comments:

Reviewer #1:

Manuscript Summary:
The authors describe a novel ventral surgical approach that allows use of a GRIN lens to monitor neuronal activity in the Inferior Olive (IO) of the adult mouse in vivo. The extreme ventral location of the IO complicates a more traditional dorsal approach. The procedure is explained in detail and representative data are included from an IO recording. The manuscript is clearly written and I found it easy to follow the steps. All material, equipment is detailed in a list.
We thank the reviewer for the kind comments.

Major Concerns:
The manuscript does a nice job of explaining a technically challenging procedure. My main concern is that Figure 3, which is the photographic depiction of the steps in the procedure, may be too small to be clear. Perhaps this Figure could be split into 2 figures and each panel size increased?
We have split the Figure 3 into two figures (Figure 3 and 5) and increased the size of panels.

Minor Concerns:
1. Throughout the text there is a dearth of articles (e.g., "the") and prepositions (e.g., "a", "an", "in") and this makes it read a bit rough. This did not detract form the message getting through, however.
We have thoroughly proofread the text, hopefully it is acceptable now.

2. Spo2 sensor is undefined.
We have added the explanation for SpO2: peripheral oxygen saturation. 



Reviewer #2:

Manuscript Summary:
New advances have been made in photonics, where calcium indicators and gradient-refractive index (GRIN) lenses, allow neuronal imaging deep within the brain. However, brain regions with a deeper anatomical arrangement are difficult to access, meaning that their functions remain unstudied. Guo and colleague's aim to develop a novel protocol for in vivo calcium imaging of the inferior olive (IO) of the medulla in mice brains. To test this aim, they developed a non-recovery surgery protocol, involving a tracheotomy to access the brainstem, before mounting a GRIN lens and miniature microscope above the IO for imaging of GCaMP6s-expressing neurons. This allowed investigation of neuronal activity by identifying GCaMP6s-expressing neurons and monitoring calcium transients of IO neurons. Authors claim that this procedure provides a new method for in vivo calcium imaging of regions of the deep ventral brainstem. After reading this paper, I believe it is innovative by tackling the restrictive access to the ventral medulla by opting to approach it from a different angle. The paper is understandable, aided by a very informative video that takes you step-by-step through the procedure and coincides well with the written information. While a broader image of what this protocol may allow in the future is missing, along with some important aspects of the protocol (discussed below), it provides a well-established in vivo calcium imaging protocol for the ventral regions of the brain. Thus, I believe it will provide a novel approach that many labs may use in their experimental design for a more established recording of IO activity. On this note, I believe that the paper is acceptable for publication after subsequent corrections are completed.

We thank the reviewer for highlighting the relevance for ventral-region imaging studies, and indeed hope that it will be used for other regions that the IO as well.

Major Concerns:
Introduction/Abstract
* Line 35: In the abstract you mention that you combine calcium imaging with optogenetic stimulation. However, this is not described throughout the protocol or results. It would be best to remove this statement.
The mention of the optogenetic stimulation has been deleted from the abstract.

* Within the abstract, there is no mention of the results or conclusions of the paper. It may be worthwhile adding a couple of sentences describing that neurons were imaged, and calcium traces were identified to illustrate that this procedure has been tested and shown to be successful.
We have added a sentence in the abstract to indicate that calcium imaging was used to show the usefulness of the method. 


Methods
* More information regarding the animals used in your protocol is required - breed, number used, sex, age - and any ethical comments should be provided in the text. 
We have added information on mouse breed and sex in the note for 1.3. The ethic statement has been added at the beginning of protocol. 
We have used a considerable number of animals while developing this protocol in the past years so that the reader does not have to. For the present manuscript we filmed the procedure on one animal. 
*Also, information regarding how the animals were housed and animal care following viral injection surgery would be helpful.
We added a comment highlighting that sterile surgery techniques were only applied to the virus injection procedure and not the non-survival ventral surgery that is the focus of this protocol. 
We follow our institutional guidelines for post-operative care and have now written in the manuscript that the reader should follow the guidelines of their institution. 

* More information regarding the viral transfection is required. While information on the procedure is provided in another paper, it would be beneficial to have the procedure used in writing on this paper. For example, information regarding the anaesthetic used, how to attach the mice in the stereotaxic frame, how to identify the injection site and how to inject the virus. Additionally, information on the virus that is used in this experiment (virus used, promoters used, injection rate etc.) will be required for replication.
We have considered this request in depth. However, we respectfully would disagree. Viral injection procedures are on one hand standard laboratory methodology (search for “mouse brain viral injection” returns 197 articles in JoVE alone) and on the other hand, must be executed according to institutional safety regulations. Therefore, we do not believe it being useful for us to present it here. What we have provided are the specific details that distinguish IO-targeting injections from those to more easily-reachable targets, which accord with the JoVE guideline - “Well-established methods used within the protocol should be cited as necessary and any modification of the aforementioned procedures should be described”. 
Most importantly, this manuscript focuses on the surgery approach of IO from the ventral side which is a novel method that does not necessarily require viral injections (in case transgenic animals with IO-targeted GCamP6 are available, for example). 

Thus, we would prefer not to include the description of the entire viral transfection part, as we believe it is not relevant for the main topic (ventral surgery). Also, we have no means of producing the additional video material on our own without JoVE video-editorial help within the requested time frame.

* In the step 2.4, clarify what "prepare isoflurane flow" means.
We have change it to switch on the isoflurane vaporizer.

* The timing of the injectable anaesthetic is unclear e.g., when to inject and at what stage of the surgery. It would be ideal if there was a diagram or flow-chart of this procedure to aid understanding of the correct methodology.
We have added a separated step, 4.2.3, for the second dose of ketamine to make the timing of injections more understandable. 

* There is no information provided regarding the GRIN lens and the microscope in the main text, but only in the table, which does not seem to be referred. For replication, information on how this imaging system is set up and used is essential.
JoVE does not allow any commercial language in the manuscript, but only in the materials table. Thus, we cannot describe our nVoke system in any further detail. The specifics of how to set up a miniature endoscope system vary greatly, so we have added a recommendation for the user to set up the system according to the product user manual. 

* Greater explanation on how to identify the IO for recording would be useful.
We have added a comment on average soma diameter of IO neurons vs. adjacent medullary reticular formation neurons, with references, in the “Note” of 6.4. 

Results
* Some readers may require further explanation of what 20% dF/F is and how it was calculated.
We have changed the dF/F to deltaF/F and added “the mean-normalized fluorescence intensity” in the sentence to explain it.

Conclusions
* As there is no conclusive statement, there is no validation that the aim of this study has been accomplished. The concluding remarks don't go into enough detail to justify why the protocol has been successful and what it will allow for future research. For example, you have not justified what this will now allow in terms of investigating the IO and inputs to the cerebellum. By doing so, this will add a final understanding to the paper and clarify its importance to the field.
We have added a paragraph at the end of the discussion to indicate the potential of this method.

* The majority of the discussion states the limitations of the protocol with no discussion of the protocol's success. This ends the paper with a lack of excitement of what you have been able to achieve. I suggest that while mentioning these limitations, you could provide a potential improvement for the future and to finish by mentioning the current success of the protocol.
We have added comments on possible future applications using various stimulations such as sensory and optogenetics, to help to investigate how the IO integrates information prior to transmitting it to the cerebellar cortex.


Minor Concerns:
Introduction/Abstract
* There is no emphasis on what functions this brain region may be involved in and why it is 'necessary' to undertake this surgical procedure for brain research. By explaining to the reader, the potential role of the IO, it will clarify the importance of this research.
We have added a sentence in the abstract to state that IO is a critical component of cerebellar functions related to both motor and cognitive behavior.

* The structure of the introduction does not flow from paragraph to paragraph. For example, there is an explanation of how GRIN lenses have difficulty reaching deep layers of the brain, with the next sentence then describing how you are going to use GRIN lenses to image deep areas of the brain. Introducing more of a flow and justifying how the GRIN lens will be able to image deep areas in the brain will make it more understandable.
The first sentence of the second paragraph of introduction has been modified to “… we describe how to overcome this difficulty by taking advantage of the relatively easy accessibility of medulla through the ventral aspect of the brain” to have a better flow.

* The grammar in the abstract/summary needs some corrections. Line 22: "a protocol to expose brainstem of adult mouse from ventral side. By using gradient-refractive index lens" should be "a protocol to expose the brainstem of adult mice from the ventral side. By using a gradient-refractive index lens"
We have carefully checked our manuscript and hopefully corrected all grammar problems.

* Line 38: GCaMP6S should be GCaMP6s.
It is GCaMP6s now.

Methods
* It may be worthwhile to include some troubleshooting so common and fixable surgical errors can be corrected.
We have added more information to the protocol for the replication of the presented method. According to the JoVE guideline, we placed the troubleshooting in the discussion section.

* Figure legends in the paper could be made clearer e.g., start each legend with a title of what each panel shows and ensure that everything in the figure is described in the legend. Also, some of the figures have a lot of acronyms and while they can be seen throughout the legend, it would be more understandable if they were also listed at the end of each figure legend.
Legends have been modified to be clearer about the figure contents. 
Missing abbreviations in each figure have been explained in the related figures. Please understand that we cannot add an additional list of abbreviations at the end of each figure legend. That would be too repetitive.

* In Figure 3, from D-F, it may be worthwhile including the tie to the chest at this point as seen in the video.
We have changed the “secure the trachea to the chest skin” to “secure the trachea to the chest skin with the suture thread” for easier understanding. 

* The structure of protocol section 2 could be improved as it is slightly back and forth. For example, it starts describing how to prepare the injectable drugs in section 2.3 but stops and re-starts in section 2.6. Therefore, I suggest having three different sub-sections within section 2: preparation of experimental tools, preparation of injectable anaesthetic, preparation of isoflurane anaesthetic.
We have moved the 2.6 to 3.1 and rename the 3 as “administration of anesthesia and preparation of the mouse for the surgery”. The protocol is chronological, and the volume of diluted ketamine can only be calculated with the weight of the animal, therefore the step 3.1 must be separated from 2.3.

* Line 185: "the needle to lead thread go around" should be "the needle to lead thread around".
It has been changed accordingly.

Results
* There is a mention of differences in transfection efficacy, with stronger transfection having lower signal-to-noise ratio. However, a neuron that appears to have strong transfection efficacy has not been processed to illustrate its calcium trace. It could be worthwhile showing the results of this cell, to illustrate the strong calcium transients that can be recorded with your protocol.
The pointed-out neuron with strong fluorescence signal did not show any calcium transients. This most likely due to the over-expression of GCaMP6s. For this reason, a proper transfection time (3-4 weeks mentioned in the step 1.4) for virus is required to express adequate GCaMP6s in a good number of neurons. However, neurons with inadequate and/or overexpressed GCaMP6s are inevitable.
While a standard method of current neuroscientific laboratory, proper use of calcium imaging methodology demands that the researchers are deeply familiar with the genetic, molecular, metabolic, neurophysiological, optical and image processing aspects of the methodology. Discussion along these themes is beyond the scope of the present surgical method paper. 


Conclusions
* The structure of the discussion section can be improved. It may be better to start by introducing the results of the paper and what was achieved, followed by a short discussion of the issues that may have occurred, finishing with a conclusive statement as to what this has achieved and what this means for the future.
According to the guideline of JoVE, this section should discuss:
· Critical steps in the protocol
· Modifications and troubleshooting of the method
· Limitations of the method
· The significance of the method with respect to existing/alternative methods
· Future applications or directions of the method

We are grateful that the reviewer believes in our method and suggests a less humble ending to the discussion. We hope our added sentences are acceptable. 

Reviewer #3:

Manuscript Summary:
The manuscript of Guo et al. provides a detailed and well followable demonstration of a novel protocol for recording in vivo neuronal activity from the ventral brainstem. I believe the manuscript and the video are suitable for publication in the present form. Although, in some points I would suggest minor changes.

Major Concerns:
there are no major concerns

Minor Concerns:
I have a few suggestions for consideration.

51. From which company the GRIN lenses were purchased? Similarly, it is worth mentioning the source for stereotaxic frame, animal temperature controller and SpO2 sensor.
JoVE editors tell us they cannot publish manuscript with commercial language. Therefore, please find the details of materials in the separated table file.

70. What are the parameters of the virus carrying GCaMP6s gene? (which virus, serotype, plasmid, purchaser or any other source)
It is a AAV9 virus with CAG promoter. I have added the full name of this virus in section 1. Please find the catalog number in the materials table.

73. The Authors use quartz glass pipettes for injection. What are the advantages of pipettes compared to Hamilton syringes?
The quartz glass pipette functions as the “needle” to obtain extremely precise targeting. We used computer-controlled nanoliter injector to deliver precise volume of virus. We have clarified this in the “Note” of this sub section. We believe Hamilton syringe cold be used instead of the injector with this glass pipette by using an adaptor.

146. I would mention that Veet cream is a hair removal gel.
Agreed. We’ve changed Veet to hair removal cream.

In summary, the manuscript is acceptable in the present form but the Authors could consider my suggestions for a few minor changes.



Reviewer #4:

Manuscript Summary:
Authors Guo, Ozer, and Uusissaari have provided a very thorough and meticulous protocol for in vivo calcium imaging in the mouse inferior olive using a GRIN lens and miniature microscope. The paper is extremely well-written and would enable a reader to implement this technique for their own use. The authors do an excellent job outlining the myriad technical considerations relevant to the protocol. I especially appreciate the "notes" throughout the paper where important technical considerations are explained in more detail. This greatly adds to how helpful this protocol would be to others.

We are grateful to the reviewer’s kind assessment of our work and detail, as we hope the method will be helpful for many researchers.

Major Concerns:
- None

Minor Concerns:
- In step 8.3, what is the justification for applying a bandpass filter set to 1Hz? Is this the typical frequency threshold used for lowpass filtering in calcium imaging data? If so, has this been used with data collected from brainstem neurons?
Lowpass filter with 1Hz as passband was used to smooth data for peak detection of noisy data. However, this kind of analysis is not the focus of this manuscript. We have deleted step 8.3 from the manuscript and only show the non-filtered, raw data traces in figure 5 to avoid confusion.











Vet's comments:
	# 
	Time in the video
	comment
	Change in video required
Yes/No
	Change in text is sufficient
Yes/No
	Suggested Changes

	1: Section 2.1, and section 4.2.6
	1:03
	(Improvements or clarification required) Text describes cutting a slit in the intubation tube so that the animal can breathe out. Can a reference to the source of this information be provided, as it’s not a method I’m familiar with.  If the flow rate is appropriate on the anesthesia machine, breathing should not be impaired with an intact tube.  Leaving an opening allows for leakage of isoflurane, decreasing efficacy and potentially exposing personnel to waste gas.
	Possibly, depending on response
	Yes
	If there is a specific reasoning for this technique, either based on past scientific data or a particular reference, this should be explained in the text, since this is most users are trained to use an unaltered catheter for intubation.

	2: Section 2.3.1
	
	
(Improvements needed) Ketamine dilution is described as a percentage.  Please provide the mg/ml of the dilution for clarity, since ketamine concentrations could potentially differ.
	No
	Yes
	

	3: Section 4.2.1
	
	(Improvements needed) Ketamine doses are listed as ml/kg.  Please list as mg/kg to ensure clarity for users who may dilute their ketamine differently.
	No
	Yes
	

	
	
	
	
	
	




1. Isoflurane was administered directly to the animal trachea with a vaporizer dedicated to small animals, which has a constant airflow, in this protocol. Mouse is not able to breath out with the constant air pressure if the tube is intact. However, if a ventilator is used in addition to the vaporizer, the tube can be left intact. We have added this information to the note of 2.1.
2.  The concentration of ketamine as mg/ml has been provided.
3. We have added the amount of ketamine as mg/kg in case reader want to dilute it differently.
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