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Editorial comments:
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
The manuscript has been proofread for spelling and grammar mistakes.

2. Please define all abbreviations before use. E.g. Lines 36,48: fMRI, Line 135: AD system etc.
All abbreviations have been defined throughout the manuscript.

3. Abbreviate all SI units as: L, mL, µL, cm, kg, h, min, s, etc., and include a space between all numbers and the corresponding unit: 50 mg, 100 mL, 37 °C, 60 s, etc.
Done

4. Consider re-numbering the protocol in the following manner to increase the clarity and follow the JoVE style.
a) Remove the “1” for the “Animals” step, as this is a description of the ethics statement and animals, rather than the actual protocol.
b) Designate the “Anesthesia and…imaging” as step 1, and the included sub-steps as 1.1, 1.2 etc.
c) Line 97: Instead of providing alternate protocols with their (separate) monitoring procedures, specifically present only the anesthesia (and subsequent monitoring) protocol which was used. 
d) Line 147. The details outlined in this step (1.2) reflect more of the preparation for imaging rather than the actual imaging itself. Consider rephrasing the title of this step
e) Also add a single line space between successive steps of the protocol. 
The manuscript has been modified accordingly. The second anesthesia protocol (isoflurane/medetomidine) has been removed from the manuscript.
5. Line 104: Which syringe, needle is used? (also in line 155)
Precisions have been added to the manuscript (“ using a 26 gauge needle and 1 mL disposable syringe”). References have been added to the material list.
6. Line 120-121: “..(0.13 mg/kg/hr) through an automated..” instead of “..(0.13 mg/kg/hr) an automated..” .
This line has been deleted from the protocol following comment 4.c)
7. Line 137: Which ointment? Contents? Dosage?
This information has been added to the manuscript 
8. Line 140: How are these inserted? Positions?
Positions have been specified
9. Line 141: Centrifuged at what speed?
Added: 1500 rpm, 5 min
10. Line 160: Concentration of iodine solution?
Added: 1%
11. Line 170: To avoid mention of commercial names, use generic terms . e.g. “surgical glue” instead of “Vetbond”.
Done.

12. Line 176: Details about the 3D printed cap? Material etc.?
Added: Polyactic acid material with magnet inserts.

13. Line 180: Please specify what “Day1” indicates to avoid misinterpretation. E.g. “Day 1 post-recovery..”
Done. 
14. Line 199: Please provide details about the probe and its installation.
Done.
15. Line 275: How was the whisker-stimulation performed? Please provide more details.
More details have been added to the protocol: “The cotton swab is positioned such as to allow deflection of most of the whiskers in the dorsal/ventral direction.
NOTE 2: Alternatively, the stimulation can also be delivered manually by deflecting the whiskers at the defined times during the acquisition.”
16. Please add appropriate scale bars to Figures 4B, 5B.
The figures have been modified accordingly.
17. Please sort the Materials Table alphabetically by the name of the material.
Done.
____________________________________
Reviewers' comments:

Reviewer #1:
Manuscript Summary:
This paper describes protocols for whole-brain functional ultrasound imaging in anesthetized and awake mice using the Iconeus fUS system. The methods described could certainly be of interest to the scientific community, given the growing interest around functional ultrasound imaging of brain activity. However, I have some major concerns on the manuscript in its current state as discussed below.
The manuscript is essentially showcasing a commercial product (for which the authors correctly disclose their conflicts of interest), and it reads more like a user manual than a scientific methods journal. The paper would have certainly been interesting, were the same imaging protocols described using off-the-shelf components and a general-purpose scanner (such as Verasonics or similar). Indeed, such components/systems are more widely available to the scientific community and would allow broader reproducibility of equivalent results.
For the same reasons, it is impossible to review all the details of the imaging protocol starting from Sec. 2, given that these details are currently known only to the few labs having access to an Iconeus system.
We thank the reviewer for his fruitful comments and review of the manuscript. We made our best efforts to improve the quality of the manuscript following his/her advice.
Nevertheless, regarding the general comment about the use of a commercial product for the fUS imaging protocol, we respectfully disagree with the reviewer for several reasons:
First of all, the protocol presented here is not dependent on the ultrasound imaging system used. The aim of this article is to propose a detailed and stand-alone protocol for fUS imaging to the wide community of neuroscientists who do not have a strong expertise in ultrasound. The detailed description is focused on the animal preparation, handling, anesthesia, positioning, acquisition and treatment of data. The goal of this manuscript is not to explain how to develop a scanner for fUS imaging.   
Secondly, the only commercial neuroimaging scanner available today is precisely the one used in the current protocol. This system, officially introduced to the neuroscience community at the SfN Meeting in Chicago in 2019, is now widely available with dozens of user labs worldwide and this users community is fast growing. In the neuroscientific community, the Iconeus scanner is today more widely available than do-it-yourself solutions and it is the first off-the-shell ultrasound neuroimaging system available for everyone.
Thirdly, the general-purpose scanners mentioned by the reviewer (Verasonics or similar) have been designed for the community of ultrasound researchers and not for the neuroscientific community. The potential use of such a general-purpose scanner combined with off-the-shelf components is not relevant here as it requires skills in ultrasound imaging and ultrasound programming, which is definitely not the expertise of the neuroscience community. The Iconeus system used for the manuscript has been designed by physicists, with decades of expertise in ultrasound imaging technologies, in close collaboration with neuroscientists, as shown by co-signed patents and dozens of collaborative articles in top-tier journals, in order to provide the best possible and reproducible data and make it available for the neuroscience community. The use of research platforms such as the Verasonics research platform based on open programming and DIY components is even a counter-argument when it comes to the reproducibility of results from different groups. It is not possible to ensure such reproducibility when the low level programming of ultrasonic sequences, raw data signal processing, transmit signals, hardware components can be used or modified completely differently from one group to another.  
Nevertheless, in order to satisfy readers who would be willing to have more in-depth information on the technology, we have provided more information on the ultrasonic acquisition sequences used and the signal processing pipeline in the revised manuscript.    
Please find below some specific comments:

Minor Concerns:

1. Sec. 1.1.3: "They can be maintained in the desired range by subtle changes in the rate of anesthesia perfusion". This paragraph should discuss how to intervene on the anesthesia perfusion to maintain the prescribed temperature, heart rate and respiratory rate.
This section has been removed from the protocol to improve clarity following the editor's recommendation.
2. Sec. 1.2.1: The surgical protocol should also be included in the video as it is critical to reproduce the experiment correctly.
The surgical protocol has been included in the video script. 

3. The organization of Sec. 1.1 is somewhat confusing. Two anesthesia regimes are first introduced (which are only used for the imaging session), and then a third one is described for the surgery. This can be confusing to the reader. I recommend reorganizing the section, perhaps using two different subsections: one including the preparatory surgery and one for all the imaging protocols.
The protocol has been modified accordingly. The isoflurane/medetomidine protocol has been removed from the manuscript to ensure clarity. The title of the sections have also been refined to avoid confusion.
4. P1-L67-68: "fUS bench fully compatible…" Please rephrase this sentence as it is not clear.
The sentence has been rephrased as following: “Furthermore, it is fully compatible with conscious and behaving animals”
5. P2-L97: adapted to fUS imaging
We thank the reviewer for pointing out this typo. The manuscript has been corrected.

Reviewer #2:
Manuscript Summary:
The paper presents a simple and robust protocol for studying task-based brain activation and functional connectivity using fUS imaging in mice, both in anesthetized and awake animals. This paper will be very useful for specific users of the commercial fUS system presented here, but also more generally provides a complete method from animal preparation to data analysis that can be used by the community in order to improve reproducibility across fUS studies. I have a few major or minor comments to improve the quality of the article.

Major Concerns:
1. Although the use of a motorized system enables to perform 3D fUS imaging, it is unclear to me if the entire brain of the mice can be imaged without compromising too much the temporal resolution. Therefore the title stating that it is a "whole-brain" study may be misleading. In this regard, important precisions are lacking in the manuscript: for the figures 4 to 6, the authors should state the total size of the volume that was scanned, with the dead time between each slice and temporal resolution. It would also help future readers and users to address this important question of volume size versus temporal resolution in the discussion: from the authors' experience, what should be the minimal sampling rate for task-based CBV changes, and why ? (a value of 2.5s is given for functional connectivity, please explain why). Finally, it would also be useful to state the minimal dead time between slices depending on the speed of the motors and the distance between slices of interest.
We thank the reviewer for this insightful and very important comment. Indeed, there is a trade-off between the extent of the area scanned and the temporal resolution. However, we do not believe that “whole-brain” is an overstatement. As stated in the introduction, whole-brain fUS imaging has already been described in [Gesnik et al., 2017] and [Macé et al., 2018] with acquisition times in the range of 3-6 h per animal. Here, we propose a refined methodology using a fast linear motor to step the ultrasound transducer during the acquisition, reducing the acquisition time to a few tens of minutes. In the case of task-based CBV changes, as long as the task can be repeated multiple times, the sampling rate can be lowered down depending on the duration of the stimulation and the number of repetitions. For instance, a 60 sec whisker stimulation can be sampled 5-6 times with a sampling rate of 10 sec/volume which is enough to cover the whole mouse brain. Alternatively, the whole brain can be scanned progressively by acquiring successive portions of a few millimeters.   However, Functional connectivity is characterized by very slow CBV oscillations (typically around 0.1 Hz). To sample these oscillations properly, we recommend a volume rate superior to 0.4 Hz. According to the MRI litterature (N.Huotari et al; doi: 10.3389/fnins.2019.00279),  we could even lower the volume rate until 0.33 Hz without compromising functional connectivity maps. 
The following details have been added to the figure legends: 
The deadtime between two planes due to the motor movement is of 150 milliseconds for figure 4 and 5 and 200 milliseconds for figure 5. As the time of acquisition for one image is of 400 milliseconds, the temporal resolution per slice is 600 milliseconds. The step between two slices is set to the slice thickness which is equal to 400 microns (corresponding to the size of the pressure field in the elevation direction). 
In figure 4: “Each sampled volume was scanned over 2.8 mm in the elevation direction (corresponding to 7 slices) in 3.85 s. For this experiment, the stimulation duration was set to 80s, allowing to record 20 volumic samples during each functional response.”
In figure 5:“Each sampled volume was scanned over 1.2 mm in the elevation direction (corresponding to 3 slices) in 1.8 s. Here, the stimulation duration was reduced to 30 s, providing 17 volumic samples each functional response. “
For the figure 6: “Each sampled volume was scanned over 1.6 mm in the elevation direction (corresponding to 4 slices) in 2.2 s”. 
As illustrated in figure 2.c. all these volumes could also be scanned with the sparse approach.

2. The power and sensitivity of the technique can be clearly appreciated in the figures that show results from single experiments. However, it is not possible to evaluate the variability of the measurements. The authors should add another figure to display results from a group of different animals (ideally both task-based stimulation and functional connectivity). Additionally, showing results of several experiments from the same animal would also be informative to evaluate the test-retest reliability.
We thank the reviewer for this comment. Variability is an important issue in neuroimaging, but we believe that this issue is outside of the scope of this protocol. In this work we aim to share an imaging protocol that has been developed for several years, and that already led to several publications reporting statistically solid functional connectivity measurements performed on mice cohorts: Ferrier et al; Rabut et al. Here, we wanted to give a precise and exhaustive description of each step of our protocols, and we also wanted to present the type of measurements that could be performed with a functional Ultrasound scanner such as Iconeus One system. We believe that such protocol standardization across labs will undoubtedly lead to a better reliability and reduced group variability. 

Minor Concerns:
3. The adviced dose of ketamine/xylazine seems quite high (see for instance this review: 10.1186/2191-219X-2-44), please justify.
Ketamine/Xylazine is considered a reliable combination for mouse anesthesia with a wide safety margin. The recommended dose varies: 100-200 mg/kg for Ketamine and 5-16 mg/kg for Xylazine. The most widely used dose of Ketamine/Xylazine for mouse surgery is 100 mg/kg and 10 mg/kg body weight, respectively (Flecknell 1993), for a duration of around 30-40min. Duration of the effect may be extended by increasing the proportion of Xylazine or by an additional dose. In our protocol, we chose to increase the initial dose of Xylazine to increase stability over time and total duration of the sedation (up to 1h30 without redosing) without compromising the safety of the protocol. 

4. conversely, 2% isoflurane for induction seems low compared to the usual 3-4%, please justify/modify.
Thank you for noticing. The percentage of isoflurane may have to be closer to 4% depending on the vaporizer used. Following reviewer 1 comments, the isoflurane/medetomidine anesthesia protocol has been removed from the manuscript for further clarity.

5. line 177: what is the total weight of the headplate + the cap, and consequently what should be the minimum age/weight of the animals for awake fUS experiments?
The total weight of the headplate + the cap is approximately 2.8 g. This information has been added to the protocol. 
As detailed in the manuscript, this protocol was developed on 2-3 months old mice (young adults). The weight of the setup might be an issue at younger ages.  
6.  line 292: please justify why the total acquisition time should be >10 min for functional connectivity. What should be the minimal time window for reliable measurements?
Unpublished data from our group suggest that a reliable measurement of functional connectivity can be obtained with 3 min of acquisition at a sampling rate of 1Hz. When using this protocol, since the sampling rate is decreased to acquire multiple slices, we recommend to extend the measurement time to at least 10 min to have (at least) the same amount of samples/slice.
The protocol for Functional Connectivity now includes: “NOTE: for 3D functional connectivity, we recommend acquisition time between each volume < 2.5 s (sampling frequency of at least 0.4 Hz) and a total acquisition time of at least 10 min (number of time points > 180).”
 
7. line 299: what kind of filters are implemented in this software for the functional connectivity analysis? and what should be the optimal cut-off values?
Functional connectivity analysis includes signal detrending and low-pass filter. Optimal cut-off values for the low-pass filter is hard to estimate, as a wide-range can be found in the literature (from 0.08 to 0.25 Hz). In our analysis, we chose a cut-off value of 0.1 Hz as it led to a better regional specificity of the obtained correlation. We added this information to the Figure 6 legend.  

8. figures 4 and 5: please explain how was the GLM analysis performed; is this the activation map analysis from line 284?
Activation Maps were generated by the embedded software using the Generalized Linear Model approach, widely used in fMRI studies.
Briefly, a design matrix X was created with a constant baseline and the stimulus signal convolved by a default Hemodynamic Response function (found by fitting several activation datasets on mice and defined by a mix of two gamma functions). No Nuisance signals were used for these experiments. A contrast of +1 was set for the stimulus signal and a pseudo inverse was computed for each pixel to compute the weighting matrix Beta and residual error E so that Y=Beta X + E. The z-score, p-value and rCBV maps were then estimated from the weighting matrix and residual error.
A Bonferroni correction, where the number of tests corresponds to the number of voxels in the brain area, was then used to correct the p-value threshold for significance in the context of multiple comparison tests.
The section now includes : “NOTE : Activation can be visualized by computing the Pearson correlation between the stimulation pattern and the hemodynamic signal from each voxel. Alternatively, a default mouse Hemodynamic Response Function (HRF, obtained from several previous activation datasets) can be used using a Generalized Linear Model (GLM) approach.” 

9. same figures: for further clarity, maybe the authors should change the color of the ROI in the 3D rendering because readers could misinterprete the blue spots for a CBV decrease (as stated by the color scale).
The colorbar range has been modified to avoid any misinterpretation. 
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