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 JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version. 

Response: We have carefully proofread and edited the manuscript.

2. Keywords: Please provide at least 6 keywords or phrases. 

Response: We have provided a 6th keyword to the revised manuscript.

3. 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. You may use the generic term followed by “(Table of Materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: The Jackson Laboratory, StemSpan™, Lenti-X™, Kim wipes, Miltenyi Biotec, TOPO™ TA Cloning™, as well as brand and company names in lines 125-142, lines 177-195, lines 254-259, and lines 275-290, etc. 

Response: We deleted all commercial language in the revised manuscript.


4. Protocol: Please revise it to be a numbered list following the JoVE Instructions for Authors; step 1 followed by 1.1, followed by 1.1.1, etc. Please refrain from using bullets, dashes, or indentations. 

Response: This numbering format has been followed in the revised manuscript.


5. Everything in the protocol (except for the introductory ethics statement) should be in a numbered step (in the imperative tense and with no more than 4 sentences), numbered header, or a “NOTE”. Please move the introductory paragraphs of the protocol to the Introduction, Results, or Discussion (as appropriate). 

Response: This format has been followed in the revised manuscript.


6. Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per minute (rpm). 

Response: We have now converted all centrifuge speeds from revolutions per minute to centrifugal force.


7. Line 199: Please specify the age, gender and strain of mice. 

Response: We have now provided the age, gender and strain of mice used in this study.

8. Please specify all surgical tools used throughout the protocol. 

Response: This has been specified in the revised manuscript.

9. Methods of Part 3 and Part 4: Please write the text in the imperative tense. Any text that cannot be written in the imperative tense may be added as a “NOTE”. 

Response: We have now written all sentences in the imperative tense or added NOTEs where appropriate.

10. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions and maximum of 4 sentences per step. 

Response: We have edited the Protocol as requested by the editor.

11. Please apply single line spacing throughout the manuscript, and include single-line spaces between all paragraphs, headings, steps, etc. 

Response: This format has been adhered to in the revised manuscript.


12. After you have made all the recommended changes to your protocol (listed above), please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. 

Response: We highlighted essential steps in the revised manuscript. 


13. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense. Notes cannot usually be filmed and should be excluded from the highlighting. Please do not highlight any steps describing anesthetization and euthanasia. 

Response: We highlighted essential steps in the revised manuscript. 


[bookmark: _GoBack]14. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.

Response: We highlighted essential steps in the revised manuscript.


15. Representative Results: Please reference all figures in this section. However, for figures showing the experimental set-up, please reference them in the Protocol. 

Response: All figures have been referenced in the revised manuscript.


16. Figure 4: Please combine all panels of one figure into a single image file or split it into two figures. 

Response: We have now split the original Figure 4 into two separate figures (new Figures 4 and 5).


17. Table of Materials: Please remove trademark (™) and registered (®) symbols. Please sort the items in alphabetical order according to the name of material/equipment. 

Response: This has been corrected in the revised manuscript.


18. A minimum of 10 references should be cited in the manuscript. For instance, please include applicable references to previous studies when describing advantages over alternative techniques. 

Response: We have now provided additional references in the revised manuscript.


19. References: Please do not abbreviate journal titles. 

Response: The full journal titles of all references have now been provided.


Reviewers' comments:

Reviewer #1:
Manuscript Summary:
This manuscript describes a protocol to rapidly introduce gene edited hematopoietic stem cells into mice. The manuscript is generally well written and addresses key technical details. In my opinion this protocol is valuable to the field and has the potential to significantly improve laboratory efficiency across multiple specialties

Response: We thank the reviewer for these encouraging comments.


Major Concerns:
I have no major concerns.

Minor Concerns:
I have the following suggestions to improve this excellent manuscript:

1. The authors mention the limitation of potential off target effects. It may be reasonable to expand this discussion to offer suggestions to reduce this confounding issue. 

Response: We agree with the reviewer and we mention several potential limitations in the revised manuscript. Off-target indel mutations are discussed since application of CRISPR/Cas9 in genome editing is widely recognized. It has been shown that CRISPR/Cas9 can create off-target mutations in vivo (Akcakaya et al., 2018) and can also produce large deletions and complex DNA rearrangements (Kosicki et al. 2018). To minimize off-target mutations, one should avoid gRNAs which are closely matched to other genomic sites, and gRNAs should contain 4 or more mismatched sequences with potential alternative sites. Such gRNAs can be designed with existing in silico tools (Bae et al. 2014). Other computational tools to predict gRNA with minimized off-target effects are available. Furthermore, animal models can be evaluated with two or more different gRNAs to confirm phenotype and thereby minimize the possibility that the observed phenotype is mediated by off-target actions of the specific gRNA used. 
Genetic compensation is another potential limitation. It was recently reported that mutant RNA with premature termination codon (PTC) can lead to the upregulation of related genes through a genetic compensation response (El-Brolosy et al., 2019, Ma et al., 2019), because CRISPR/Cas9-mediated genome editing relies on the stochastic introduction of frame-shift mutations that lead to the generation of PTC, a genetic compensation response could ensue and modify the phenotype. To avoid this issue, it might be possible to target gene regulatory sequences such as promoters, or to apply CRISPRi (which is addressed below). 


2. Do the authors recommend testing gRNAs in vitro to assess editing efficiency prior to conducting experiments? 

Response:  Yes. We test the efficiency of gRNAs using a cell-free in vitro transcription and screening system. The transcribed gRNA is validated by measuring the efficiency to cleave the template DNA in the presence of recombinant Cas9 protein. This can be accomplished with a kit from Clontech (Guide-it™ Compete sgRNA Screening Systems: Cat# 632636).


3. Can this system be used to activate or repress gene expression using enzymatically inactive CAS9/CRISPR constructs? 

Response:  We think it is possible. Researchers have taken advantage of catalytically inactive or “dead” Cas9 (dCas9) proteins as a “RNA-guided DNA recognition platform”, and have used dCas9 fusion proteins to localize effector domains to specific DNA sequences to either inhibit (CRISPRi) or activate (CRISPRa) the transcription of target genes (Qi et al., 2013: Gilbert et al., 2013). While we are using catalytically active Cas9 transgenic mice to induce dsDNA cleavage in genomic DNA, it should also be possible to introduce epigenetic modifications to repress or activate specific genes using transgenic mice which express dCas9 fused with chromatin modifier domains (such as dCas9-KRAB or dCas9-VP64). Recently, Zhou et al. established dCas9-SunTag-p65-HSF1 (SPH) transgenic mice which expresses a modified version of epigenetic activator fused with dCas9, and showed that that CRISPRa system is functional. This topic is discussed in the revised manuscript.

4. The abstract mentions injecting cells into lethally irradiated B6 mice that express CAS9. This is somewhat confusing as the hematopoietic stem cells need to express CAS9 not the recipient mouse. 

Response:  We thank the reviewer for pointing this out. To avoid confusion, we edited the sentence as follows: “We use lentivirus to transduce Cas9-expressing, lineage-negative bone marrow cells with a guide RNA (gRNA) targeting specific genes and a red fluorescence reporter gene (RFP), and transplanted these cells into lethally-irradiated C57BL/6 mice.”

5. Several typos are present throughout the manuscript. 

Response:  Thank you for carefully reading our manuscript. We have corrected typos.

Reviewer #2:

Manuscript Summary:
CRISPR/Cas9 technology has led to the development of new tools for rapid and efficient RNA-based, sequence-specific genome editing. The manuscript described a rapid and efficient method that combined application of CRISPR-Cas9 genome editing technology and lentivirus mediated transduction and transplantation to establish hematopoietic specific KO mice. the method can be applied for rapid screening of hematopoietic TFs and epigenetic regulators during mouse hematopoietic development. the method has some advantage comparing to conventional gene KO strategy. the method should interest the hematology community.

Response:  We thank the reviewer for these encouraging comments.


Minor Concerns:
The results and discussion sections should be extended. The future studies and application of this method should be discussed with more details. In part 2, the method to calculated MOI and why MOI 100 was chosen should be detailed described. The authors should check carefully for spelling. Page 5, line 120, 'FOOD" should be "HOOD".

Response:  MOI 100 was chosen based on several pilot in vitro and in vivo experiments. In these experiments, we transduced lineage-negative cells with lentivirus at MOI 0, 50, 100, 200, 400, 800 in vitro, and found that MOI 100 was optimal in terms of transduction efficiency and cell viability (data not shown). We have proofread the manuscript for typos.


Reviewer #3:

The methods manuscript by Sano et al proposes the use of lentiviral vectors to deliver CRISPR-Cas9 gRNAs into Cas9 transgenic mice, followed by bone marrow transplantation thus resulting in chimeric animals enabling the interrogation of gene functions in the hematopoietic system.
The protocol has little to do with genome editing but rather represents a standard protocol for BM isolation, lentiviral production and transduction, followed by transplantation and analysis of chimerism by flow cytometry. These protocols work efficiently and the authors provide another example. There is an overall low focus on genome editing.

Comments:
-Original source and protocol of the lentiviral vectors and establishment of chimeric hematopoiesis with the CRISPR-Cas9 System should be stated

Response:  In the revised manuscript, we cite a paper in which CRISPR-mediated genome editing of HSC with lentivirus was performed (Heckl et al., 2014).


-The use of collagen coating has not resulted in any enhancement of virus production but increases workload significantly.

Response:  We have not compared the difference of virus titer between HEK293T cells cultured with or without collagen coating of the dish. However, we use collagen-coated dishes because they accelerate the attachment of HEK293T cells and allows us to more rapidly perform the transfection procedure (rather than waiting overnight). We have confirmed that this method leads to a high transduction efficiency (figure attached).


-Transfection of 293T cells usually works less efficient with freshly seeded cells. Did the authors consider overnight incubation?

Response:  As noted above, we evaluated high transduction efficiency with the current method. However, depending on one’s experimental schedule, overnight incubation could also be considered.


-VSV-G produces cellular toxicity. The amount used here is very high compared to other protocols. Is this on purpose?

Response:  In our pilot experiments, we found that MOI 100 is optimal in terms of transduction efficiency and cell viability. We have found that this high titer of lentivirus vector is needed for the efficient transduction of hematopoietic stem cells (Cante-Barrett et al., 2016).


-For the purpose of upscaling, the authors should provide plasmid amounts as ratios and PEI-to-DNA-ratios, too.
Response:  According to reviewer’s advice, we generated a new table to show the amounts of plasmids with the amount of PEI used. 


-Centrifugation for concentration of the virus should be provided as g-force
Response:  We agree with the reviewer. We provide centrifugation as g-force in the revised manuscript.


-The authors should provide approximate numbers for BM harvest from mice
Response:  We obtain approximately 0.8-1.0 x 10^8 bone marrow cells per mouse. The number of lineage-negative cells is around 3 x 10^6 cells per mouse. Usually, our yield of bone marrow lineage-negative cells is 4-5% of that of total bone marrow nuclear cells.


-The use of PCR amplification of the targeted locus, followed by cloning of the PCR product and Sanger sequencing is slightly outdated. Alternatives like the use of NGS or TIDE (Brinkman NAR 2014) should be provided

Response:  We thank the reviewer for pointing this out. In the revised manuscript, we mention that it is possible to characterize indels at the target locus using NGS or TIDE methods (Brinkman et al., 2014; Sentmanat et al., 2018). 


-Figure 5 is labeled as Figure 4

Response:  We thank the reviewer for pointing out this mistake. This has been corrected in revised manuscript.
