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Reviewers’ comments point by point:

We are grateful for your valuable comments and suggestions regarding our revised submission. In response to these comments, we have made considerable modifications to our MS. Below we detailed these specific modifications with the specific comments from the reviewer, point by point, in blue. We hope the reviewers will find the MS improved following these changes and more suitable for publication in JoVE.


Reviewers' comments:
Reviewer #4: 
The revisions made to the manuscript are sufficient for publication.

The authors thank the reviewer for accepting the revised manuscript submitted to JoVE. 

Reviewer #5:
Manuscript Summary:
The authors describe in detail how to generate HNC cell lines with specific genomic alterations and they explain their suitability to be studied for predicting tumor progression in syngeneic mice Cre-inducible Cas9. The paper is in general well written and quite relevant in the context of HNC research.

Major Concerns:
Nothing to report

Minor Concerns:
To maximize the reliability of the results is necessary to use at least two gRNA for each gene examined.

The authors thank the reviewer for the valuable suggestions, however as the vector we used in this study was already validated see Reference no. 14, this request is beyond the scope of this methodology paper. To ensure the on-target effect of the vector in our model, for the revised (1st round) we already performed genomic sequencing and western blotting analysis.  Moreover, as we use one-in-all vector that contains three guides and homology-directed repair gene, generating a new vector and validating it in cell will take six to eight months, which is beyond the timeline of the revision.  

Reviewer #6:
Manuscript Summary:
This manuscript describes a protocol using AAV/gRNA vectors to introduce selected mutations in Cas9-expressing mouse fibroblasts and tongue epithelial cells as a means of transformation, which may help to study factors and pathways involved in tumorigenesis.

Major Concerns:
I have initially struggled to understand the concept underlying this work, since no details are explained at the beginning. It would help to show Fig. 2B much earlier, so that readers immediately understand what exactly is expressed from the AAV vector and how it interacts with the stable mouse cells.

We appreciate the reviewer's comment. However, this manuscipt had six other reviewers, and adjustment have been done already in the 1st revision, hence at this point this major comment can not been addressed.   

The authors produce and use AAV9 vectors but purify them using heparin columns? To my knowledge, AAV9 does not bind heparin, in contrast to e.g. AAV2 or AAV3. How can this be reconciled?


We thank reviewer for the raising this question, but we think the reviewer did not pay attention that we have used a hybrid plasmid AAV2/9n (was a gift from James M. Wilson (Addgene plasmid # 112865 ; http://n2t.net/addgene:112865 ; RRID:Addgene_112865) which have rep gene of AAV2 and cap gene of AAV9. Recent studies have shown that cross packaging of AAV2 vectors on to different serotypes have enhanced efficiency of transduction (Chao H, Liu Y, Rabinowitz J, Li C, Samulski RJ, et al. Several log increase in therapeutic transgene delivery by distinct adeno-associated viral serotype vectors. Mol Ther. 2000;2:619–623.). Cross-packaged AAV2 genomes in AAV1, AAV3, and AAV4 capsids showed 900, 30 and 3-fold enhanced gene expression, respectively, in skeletal muscle compared to AAV2. AAV9 exhibits a similar profile with widely disseminated transduction as AAV2, albeit with much higher efficiency than AAV2. It is also proved the use of an AAV2 vector with AAV9 capsid causes stable transduction in cells (J Surg Res. 2012 Jun 1; 175(1): 169–175.). Heparin columns have been widely used for the purification of AAV2 related viral purification, hence we used heparin-agarose column for virus purification in this study.

Why do the authors use AAV9 to begin with? Have they tested multiple capsid variants and was this the best? Considering that AAV9 typically transduces cultured cells very poorly, I am surprised by the choice of capsid.

The reviewer raised a major question, that worth an investigation in a separate work, which is beyond the scope of this work. 
In our laboratory and in our collaborating labs we have been working with AAV2/9 hybrid plasmid and standardized protocols with the same. The current protocol outlined in the JoVE manuscript works well for us and has been using in the establishment of various other murine models both in vitro and in vivo. We have not tested any other capsid variants and we will be doing other variants in future studies in the process of identifying better purification processes with high viral titer.

To my understanding, the authors are trying to make the point that their protocol is versatile and can also be used to knock out and study other genes. If so, it would be good to spend more time on explaining how the gRNA vectors can be customized for other targets, rather than describing a generic AAV production and purification protocol.

We appreciate the reviewer’s suggestion but the major theme of this manuscript is to establish a murine cell line that harbors specific mutations that are found in human cancers. Moreover,  similar studies has been already published in various journals that address the reviewer's suggestion (Cell. 2014 Oct 9;159(2):440-55., Science. 2012 Nov 23;338(6110):1080-4., Mol Ther. 2018 Jul 5;26(7):1818-1827.).   We would like to highlight that the scope of the current work is to provide the reader's protocol and methodology with the potentiality of the AAV-Cas9 system in making murine head and neck cancer lines with specific human gene mutations which are currently lacking in HNC studies. 

There is no description of a protocol for AAV vector titration (following their purification). Without this, readers will not be able to quantify their vectors and adjust the MOIs.

[bookmark: _GoBack]The protocol for AAV vector titration has been incorporated in the form of reference 18-20 in the revised manuscript. Since we do not want to repeat the previously published protocol, in consultation with the JoVE editor we have provided the citation for the same. 

Lock, M. et al. Characterization of a Recombinant Adeno-Associated Virus Type 2 Reference Standard Material. Human Gene Therapy. 21 (10), 1273, doi: 10.1089/HUM.2009.223 (2010).
Challis, R.C. et al. Systemic AAV vectors for widespread and targeted gene delivery in rodents. Nature Protocols. 14 (2), 379–414, doi: 10.1038/s41596-018-0097-3 (2019).
Rabinowitz, J.E. et al. Cross-packaging of a single adeno-associated virus (AAV) type 2 vector genome into multiple AAV serotypes enables transduction with broad specificity. Journal of virology. 76 (2), 791–801, doi: 10.1128/jvi.76.2.791-801.2002 (2002).

Why are chapters 5.2 to 5.4 formatted differently (not in protocol style)?

As per the suggestion of the reviewer, chapters 5.2 and 5.4 has been formatted in the form of step by step protocol for better understanding for the JoVE readers. 

As it is, chapter 5.3 is not helpful since it is very superficial, to an extent that no-one will be able to reproduce this workflow.

As per the reviewer's suggestion chapter 5.3 has been removed from the protocol as the specific workflow of the MSK-IMPACT platform is under the regulation of Memorial Sloan Kettering Cancer Center Genomics and computational Core facility and it works just like any other next-generation sequencing. 

Similarly, chapter 5.4 is is not a protocol but rather reads like a specific methods section from a regular paper; thus, I am not sure this is useful for JoVE readers?

Chapter 5.4 has been modified in the revised manuscript for better clarity to the readers. 

How would the challenge of having to use high viral titers be solved "by using a better purification process", as stated in lines 480-1? Likewise, how would "using the latest generations of capsid and helper plasmids" help? This sounds very generic; what are these latest generations?

We are thankful for the concerned raised by the reviewer but recent study from Challis et al., 2019 has shown more efficient purification methods using various capsid and helper plasmids, which support our claim. 
Challis, R.C. et al. Systemic AAV vectors for widespread and targeted gene delivery in rodents. Nature Protocols. 14 (2), 379–414, doi: 10.1038/s41596-018-0097-3 (2019).

Please use correct terminology throughout:
1) In the context of viral vectors, the correct term is "transduction", not "infection" (the latter is only used for wild-type viruses)
2) "vectors" is not the same as "plasmids"; thus, one uses e.g. "packaging plasmids" for AAV production, but not "vectors"
3) "cfu/ml" is used extremely rarely for AAV vectors, since they do not form colonies. The correct measure is MOI, i.e., multiplicity of infection (which is unfortunately misleading, since infection is the wrong term, as noted above), which is (physical) particle number per cell.

We apologize for the error in terminology and the authors are very thankful to the reviewer for pointing this mistake. The authors have taken extra care in re-editing the manuscript with the correct terminology.

Minor Concerns:

On page 2, the authors mention that a "new generation of helper plasmid -pAdDeltaF6 is available", but there is no reference and it remains unclear what the difference to F5 is or why it would be preferred.

Reference for pAd Delta F6 helper plasmid has been incorporated. The difference between pAd Delta 5 and pAd Delta 6 is in their sequence. Deletions of a 2.3 kb NruI fragment and, subsequently, a 0.5 kb RsrII/NruI fragment from pAd Delta F1 helper generated helper plasmids pAd.DELTA.F5 and pAd.DELTA.F6, respectively. The helper plasmid, termed p.DELTA.F6, provides the essential helper functions of E2a and E4 ORF6 not provided by the E1-expressing helper cell, but is deleted of adenoviral capsid proteins and functional E1 regions.

Line 156: "steel needle" is not helpful; which size was used?

The sentence has been modified as  “Collect the supernatant in a syringe using a 18 gauge steel needle and push the solution through a 0.45 µm filter into a 15 mL tube”

Line 159: Where should the particles stored for longer periods? -20 or -80°C?

From our experience the storage of crude lysate for longer periods in -20 or -80°֯C has been shown to reduce the viral titre and transduction efficiency of the virus. 

Line 205: Why are different volumes stored at 4 or -80°C?

In order to reduce repeated freeze-thawing and to increase the transduction efficiency,  we used to store less volume for longer storage at -80°C.

Line 213: What is a "scalpel method"?

Scalpel method is the mechanical dissection of tissue using the scalpel blade and the sentence in the revised manuscript has been modified as “Use manual dissociation of tissue by mincing the tongue tissue into very small fragments using the scalpel”.

Line 250-1: As noted, cfu/mL should not be used. The commentary in brackets is very confusing. MOI refers to the number of AAV particles, not the cells. And MOI is typically expressed as e.g. 1e5 (particles per cell), but not in cfu/mL.

The sentence has been modified as “transduce the cells with 1012 viral genome/mL (1010 transducing units/mL) and incubate the cells in viral particle-containing media for 48 h at 37 ˚C.“


Reviewer #7:

The authors established a new method to generate murine head and neck cancer (HNC cell lines with specific genetic mutations by infecting normal cells with the AAV-Cas9 system. They have provided detailed protocol for conducting their methods. This protocol will open a new era in research into understanding the molecular mechanisms of head and neck cancers as currently there are very few mouse models for this disease. This protocol will be useful for studying how certain genes regulate the tumourigenesis and development of HNC. The revised version addressed all comments that was was raised by the initial reviewers and now is suitable for publication in JoVe.
The authors thank the reviewer for accepting the revised manuscript submitted to JoVE. 
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