Dear Editor and reviewers,

	Thank you so much for taking the time to review my submission; your feedback and comments were both insightful and helpful. I have addressed each comment in my revised manuscript and have noted my changes and responses below (in red font). With these changes, I’m hoping you will feel that my manuscript meets the high standards for which JoVE is known. 

I’d be happy to take additional feedback and/or questions to ensure that my manuscript is as complete, informative and useful for other researchers. 

Kind regards, 

Kanut 

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. I have addressed this issue accordingly.
2. Please cite figures in order (in the introduction, you have cited Fig 1, then Fig 2, Fig 2C, and then Fig 5A. I have addressed this issue accordingly
3. Some additional protocol details are needed:
Please specify the volumes of all solutions and medium used throughout. How much medium is prepared? I have addressed this issue throughout the manuscript accordingly.
In the note after 5.1, do you want viewers to perform all three steps (design sgRNAs using the online tool and on the exon as well as ordering chemically modified sgRNA)? I have changed this to instruct the investigator to follow the steps in the note after 5.1 to order sgRNA.
4. 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 and Reagents. I have addressed this issue accordingly.
For example: Amaxa 4D nuclefector (Lonza 4D electroporator), Lonza 4D cuvette, Mr. Frosty”, “Big Easy” Magnetic Station, and Cryostor CS10 freezing medium….
5. Please include a one line space between each protocol step and then highlight up to 3 pages of protocol text for inclusion in the protocol section of the video. Currently, there is about 3 pages of protocol text highlighted but without the one line space. I’ve addressed this issue accordingly.
6. In Representative Results, please explain why double peaks are expected in the CD19 KO B cells and not in control cells and the difference in EGFP-positivity between AAVS1+rAAV6 and control. I explained this in the result section.
7. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique

I have addressed these issues accordingly.

8. Please write journal names fully in the reference list. I have addressed this issue accordingly.
9. Please submit each figure individually as a vector image file to ensure high resolution throughout production: (.psd, ai, .eps.). Please remove the titles and Figure Legends from the uploaded figures. Please add the Figure Legends after the Representative Results as indicated in the Information for authors. I have addressed this issue accordingly.
9. Fig.1: Please add the number of independent donors. I have addressed this issue accordingly.
10. Please sort the Materials Table alphabetically by the name of the material. I have addressed this issue accordingly.

Reviewers' comments:
Reviewer #1:
Manuscript Summary:
Loaharawee et al. have provided protocols for the purification and culture of primary human B cells as well as for performing, gene knock out and targeted knock in. KO of CD19 and KI of eGFP via AAV6 into a CRISPR cut site at the AAV1 locus are the examples used. The protocols are quite straight forward and will be useful to the community of scientists entering into this field. We do have some suggestions for improving the manuscript for clarity and readability.

Major Concerns:
1. My opinion is that the introduction should be a little more pedagogical. It should more clearly describe what you will be doing in the paper. The last paragraph is good but it would be helpful to have more of a layout and rational for what is to follow rather than just launching into detailed protocols. For example: (…we first describe how to purify B cells from….. We will then describe how to knock out a gene using the example of CD19, a B cell surface receptor. We will do this by introducing a CRISPRcas9-gRNA ribonucleoprotein (RNP) complex into activated cells using electroporation. We designed several gRNAs that will guide the RNP to make dsDNA cuts with the ? exon of CD19. Cells will repair these cuts by 'non-homologous end joining' which introduces or deletes nucleotides disrupting the reading frame of this gene. We then measure loss of CD19 protein in targeted cells by FACS and analyze indels in the exon using TIDE analysis….). I have addressed this concern in the introduction section as suggested.
2. It is easier to follow protocols when they have a list of required equipment and reagents at the beginning of the section (with catalogue numbers) but just a suggestion. The required equipment and reagents are listed in the table of materials according to the journal’s instruction.
3. The discussion does not really follow the Jove format and should be re-written accordingly… I have re-written according to the JoVE format.
DISCUSSION: (3-6 paragraphs)
JoVE is a methods journal. Thus, the Discussion section of the article should be focused on the Protocol. Discuss the following with citations:
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
Importance and potential applications of the method in specific research areas

Minor Concerns:
1. In the abstract… 'can be utilized to express very large amounts of recombinant protein in the form of recombinant antibody or enzyme' is awkward sounding…maybe say 'therapeutic protein in the form of recombinant antibody…' etc. I have re-written this part accordingly.
2. Check for grammar: ..In the introduction, third paragraph 'allows researchers to precisely editing' should be 'to precisely edit'…Summary, should say 'and to develop B cell therapeutics' or something like this. etc. Thanks for your advice; I have addressed this issue accordingly.
3. Should make a note about how purification from B cells might be different compared with a leukophoresis, expected yield ranges would be nice. I added the expected yield of the isolated B cells at the end of the B-cell purification process. 


Reviewer #2:
Manuscript Summary:
In this manuscript, the Authors described a method to perform site specific gene editing of human B cells. The protocol is based on the use of Amaxa 4D nucleofector and rAAV6 vector for the delivery of CRISPR/Cas9 RNAs and donor DNA template, respectively, and allows efficient site-specific gene disruption or in situ targeted gene addition on in vitro stimulated B cells.
The described method harnesses the momentum seen in the past couple of years exploiting the straightforward genetic manipulation of B cells for therapeutic potential and thus it is expected that it will be well received by the experts in the field. The protocol is well presented and sufficiently detailed to be repeated by personnel with basic expertise on laboratory techniques.

Major Concerns:
Since the presented protocol is an optimization of a previously published method, it would be better to have more details in the representative results in order to better appreciate the expected differences respect to the reference paper. In particular:
- it would be better to add Fig.1B the growth curve of the cells treated for editing (CRISPR/Cas9 only and plus rAAV6) to have an indication of the overall cell yield after editing. I have added Figure 5C to show a representative growth curve of control, vector-only, and KI samples over a period of 3 days after engineering.

- Please add some comment on why in Fig.5A two populations of GFP cells, with high or intermediate GFP expression, are present. Is this due to biallelic integration or is the intermediate GFP expression derived from unintegrated rAAV6? Yes, we speculated that this is due to biallelic integrations; further investigation using spanning PCR can be done in the intermediate- and high EGFP-expressing cells to address this issue. Is the overall percentage of GFP+ cell stable also in long term culture? We only expanded them to 12 days post engineering; we are in the process of engrafting the engineered B cells in NSG mice to investigate the long-term survival of the engineered cells in vivo.

Minor Concerns:
- Point 5.3: in the note, please specify that 5 ug of Cas9 is mRNA and not recombinant protein. I’m sorry for the confusion; my note suggests that if the investigator preferred to use Cas9 protein, the amount needs to be 5 ug in order to have optimal results.
- Point 5.16: check the number of cells and concentration after electroporation. The transfer of 10*6 cells in 1ml of pre-warmed medium will lead to a concentration of 10*6/ml, not 5x10*5/ml. I fixed the number accordingly.
- Point 5.17: please specify if the rAAV is added just upon electroporation or after the cells are plated in the well (45 minutes after editing?) I specified in the protocol accordingly.
- Representative results: "Representative flow plots of the CD19 KO sample and control showed 95% and 11% CD19 negative cells, respectively (Figure2A)". The mentioned results are reported in Figure 2B not Figure 2A. Please correct. I corrected it accordingly.
- Figure 1B: please add the number of replicates since the graph reports SD. I added the numbers of replicates accordingly.
- Figure 2A: In the Figure1 authors show that cells continue to growth from day 2 (day of editing) up to day 7. Assuming that cells reported in Figure 1B are untreated cells (please specify), why control cells reported in Figure 2A decrease as compared to the input 24 hours after editing procedure? If the "control cells" undergo some treatment that explain their reduction in number (i.e. electroporation only without Cas9 or gRNA) please specify. I have now addressed this question in the results section. The electroporation protocol seems to cause some cell death within 24 hours; however, they quickly rebounded (data not shown) – as also observed in Figure 5C.
- Increase the font size in the figures. I have addressed this issue accordingly.

