March 20, 2019


Dear Vineeta, 

Thank you for your review of this protocol. We have revised the manuscript as recommended by the editorial and reviewers’ comments. Please find below answers and comments to the reviews in blue font. 

Sincerely, 
[bookmark: _GoBack]Jason Moffat


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.
2. Unfortunately, there are a few sections of the manuscript that show overlap with previously published work. Though there may be a limited number of ways to describe a technique, please use original language throughout the manuscript. Please see lines: 36-38, much of the protocol, and 580-584. Much of the protocol text has been previously published and we require novel text throughout for publication.
3. Please sort the Materials Table alphabetically by the name of the material.
4. Please remove the embedded Table from the manuscript. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file. Each table must be accompanied by a title and a description after the Representative Results of the manuscript text.
5. 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.
6. 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.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.
7. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion.
8. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action.
9. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
10. Please do not abbreviate journal titles.

We have addressed the main issues in the editorial comments as follows:
· The protocol has been revised to use as much original language as possible to ensure that it is written in imperative tense. More detail is included throughout on the “how” question as well. The edits are tracked for the editor to review the changes. 
· Discussions in the protocol are required pre-amble to help the user with the steps in the protocol and address the “how” and the “why”. We feel this is important for the protocol user to understand the steps. Safety procedures and use of hoods have been updated throughout each step. 
· All other editing details have been corrected as directed: 1) Materials table sorted alphabetically, 2) removal of TM symbols, 3) All figures will be provided as .ai

Reviewers' comments:

Reviewer #1:

Manuscript Summary:
The manuscript "Pooled Genome Scale CRISPR-Cas9 Screens in Mammalian Cells" by Jason Moffat and colleagues describes a detailed protocol on how to do pooled CRISPR screens, from amplification of the library all the way through to sequencing and identification of hits. The protocol is very well written, very detailed and comprehensive and easy to follow. In my view, this would be the best guide to this technique that is currently out there, especially when combined with the video.

Major Concerns:
None

Minor Concerns:

I have some minor points, mostly for clarification:

Step 1.6: is this really at 30 and not 37C?
· Low growth temp (30C) is required to reduce recombination of lentivirus LTRs, this note has been added to the step 1.6. 
Step 1.7c: what if the colony number is lower? Repeat?
· Instructions have been added (step 1.7d). In the event colony number is low, electroporations should be increased to produce sufficient coverage of the library. 
Step 1.8c: might help to know what size bottle is required at this step
· Details regarding bottle size has been added to step 1.8c. We recommend using a sterile 1L Erlenmeyer flask or bottle.
Step 2.2 and throughout: instead of 8E6 use 8x106 ?
· We have revised the protocol to have numbers in this format, e.g. 8x106
Step 2.2d: incubate for 30 min - RT, what temp?
· Incubation temperature has been added to this step. Transfection mix should be incubated at room temp (2.2f)
Step 5.1.3: should this be 15E6 here and not 5E6? Otherwise, I am not sure how this is calculated. Also, later it says 15E6.
· This is 50x106, indicating that approximately 3.33x more cells are required for infection in order to have 15x106 cells representing the library coverage at 200-fold after infection efficiency at MOI of 0.3. Extra details are included in this step to clarify. 
Step 5.4: it might be helpful to explain what i5 and i7 are, what their purpose is.
· A description has been added about the purpose of the Illumina TruSeq adaptor primers. Briefly, these primers are unique sequences used to tag sequencing libraries. This allows large numbers of samples to be pooled and sequenced simultaneously for multiplexed NGS run.  
Line 479: explain what BF and FDR are and how they are calculated.
· A brief explanation for calculation of Bayes factor (BF) and False Discovery Rate (FDR) is now included in step 7.5, as well as in the figure representation. A reference to this algorithm is also included for more detail in Hart and Moffat BMC bioinformatics 2016. 
Figure 4B is probably not necessary, in my view. It is more distracting than helpful.
· We have removed this figure as recommend.
Figure 5 and its description for a positive selection screen are very short. Might be easier to understand if expanded a bit.
· Figure 5 legend is now more descriptive as suggested. We’ve included a description on how the values are determined and the sequence depth for positive selections. 
Line 583: "representation should be maintained throughout the screen" - how? Referring to the steps in the protocol might be helpful or some comment here.
· We have revised this line to include more details, as well as referencing steps in the protocol as suggested.  See starting at line 717.

Reviewer #2:

The manuscript describes the application of pooled CRISPR-Cas9 screening approaches to research in functional genomics. These technologies have been nothing short of transformative for biology over the last several years, and as such, whilst the field is crowded, it is important that descriptive and instructional texts are available for scientists in a variety of formats.

Overall, it is concise and precise and provides a very nice work flow that would be both easy to follow for beginners and provides some tips and tricks that seasoned screening professionals can appreciate. Some particular elements I was impressed to see in the manuscript is the notes on scalability (or lack thereof) for infection vessels and description of several NGS strategies to overcome in-variance in the screening amplicon cassette. Some minor comments and suggestions are highlighted below, but I endorse and recommend publication if these are satisfied.

Minor Concerns:

I realise copy-editing will be done, but don't forget to weed out the occasional "CRIPSR", a classic typo.
The TKOv3 plasmid is referenced wrongly - should be #90294
· The above items have been corrected

Although it is intimated and touched on more in the discussion, it would be worth spelling out at the beginning that all of the protocol assumes that the Cas9-sgRNA all-in-one is used here
Throughout, the protocol is designed for the TKOv3 library and in some places this is not cited. For example, in the transformation (1.1) and the cell expansion (5.1.1), this should explicitly state that scale here is contingent on library complexity and guide number. Although it is covered well in the cell biology section.
Representation (line 114) should be defined early on
· The protocol now includes more detail on the library being used. In general, the protocol can be used directly for either TKOv3 cas9 or non-cas9 libraries. It can also be adapted to other ready-made libraries available. 
Lenti protocol (2.1) is for a 3rd gen lenti - would it not be more appropriate for this to be fourth gen for safety?
· Currently, our experience and expertise is with using 3rd generation lenti. However, any generation is applicable following the protocol for that system. 
Comments on virus concentration would be welcome (line 189) - particularly given the all-in-one focus
· Expected range of virus concentration is provided based on functional MOI determinations, step 2.1n.
Is there a citation to defend the coverage recommendation (200-fold)
· All our TKOv3 published screens are performed at 200-fold [Hart et al, G3 and cell]. We use 200-fold representation as it provides an optimal balance between the logistics of screening large number of cells and maintaining sufficient dynamic range to detect true biological sgRNA drop-outs with limited noise from random depletions. This note is now included in the discussion section, line 726.
Discussion on the use of multi-layer flasks would be welcome for large scale screens
· In our experience multi-layer flasks are difficult to work with. We had many issues of contamination and skewed representation due to difficulty trypsinizing cells out of these flasks. However, any kind of vessel can be used as long as cells grow efficiently and users are confident their cell samples and cell counts are accurately represented.  
Very little discussion is made on protocol deviation for drug-gene interaction analysis, and since the protocol describes a very basic screen (most of which will soon be completed by the DepMap programme and others) this aspect would hold much more value for readers that that one described in detail.
· More detail is now included for drug screens throughout the protocol.
Puromycin response time will vary per cell line (5.1.9) - this should be stated
· We have updated the protocol to include situations where puromycin response times vary. However, it is ideal to do selections within <3 doublings to reduce losing cells due to drop out of essential genes in the T0 sample. At T0, it is ideal to have a starting point for library representation before essential genes drop out due to editing and doubling of cells. 
Why do the authors recommend purification of gDNA followed by precipitation? Surely this is superfluous.
· A note is now added that this step is optional. However, we recommend ethanol precipitation of DNA sample if issues occur in PCR amplification steps due to presence of impurities. From our experience, precipitation removes some impurities in the DNA sample and increases efficiency of downstream PCR. 
The cycle number on the PCR is quite high - it is generally considered advisable to limit this to under 30 cycles in total across the two runs
· In a pooled CRISPR screen with majority of the infected cells with one integrant, and library representation of 200-fold, the total available number of templates for amplification is ~1.5 x 107 molecules.  We optimized the PCR conditions to ensure efficient and robust amplification of sgRNAs from genomic DNA preparations across different cell types and conditions.  The number of cycles we use is not significantly different than the Zhang lab: PCR1 – 18 cycles; PCR2 – 24 cycles (Shalem et al, Science, 343, 84 (2014).

If the libraries are quantified by both nanodrop and quibit (5.4.12), which to trust (they will surely vary)
· The Qubit provides the most accurate quantification as the assay is based on fluorescent dye that binds specifically to double-stranded DNA. The Nanodrop is a spectrophotometer and the absorbance measurement of a DNA sample includes both DNA and RNA. The Qubit is recommended for accurate quantification of sequencing libraries and Nanodrop for indication of contaminants.
Treated sample in Fig 5 shows a poor read coverage - maybe there is a better screen example you could use?
· Since this was a positive selection screen, read depth was reduced because only a small population of perturbations are expected to survive the selection. A more detailed description is included in the figure legend (Figure 5) and in the representative results section (line 633-644).

