Dear Editor,

Thank you for the constructive comments. Please find our reply to each comment (colored in blue) colored in red. 

We are pleased that Reviewer 1 found our protocol “of significant value to the field” and that Reviewer 2 described it as “a broadly useful tool for the research and medical communities”.

Editorial comments:

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. Please use American English throughout.
Done. 

2. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Here, we present a protocol to …”
Done, it now has 40 words.

3. We cannot have punctuation marks in the title of the manuscript. Please reword to remove colon and aligning it with the protocol presented.
We modified the title to “Measuring microbial mutation rates with the fluctuation assay”.

4. Please ensure the Introduction contains all of the following:
a) A clear statement of the overall goal of this method
Statement is the first sentence of the second paragraph in the introduction. 

b) The rationale behind the development and/or use of this technique
The rationale behind the assay is now part of the first paragraph. We also created new Figure 1, which illustrates the fluctuation assay. When to use the assay is explained in the third paragraph (introduction). 

c) The advantages over alternative techniques with applicable references to previous studies
Advantages of the assay are listed in the paragraph two in the introduction. 

d) A description of the context of the technique in the wider body of literature
In the first paragraph (introduction) we explain the rationale of the assay. In the penultimate and last paragraph (of the introduction) the wider body of literature is then cited. 

e) Information to help readers to determine whether the method is appropriate for their application
Paragraph three in the introduction contains enough information to help the reader to decide if a fluctuation assay is the appropriate method. 

5. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points throughout.
Done.

6. 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. For example: Falcon tubes,
Done, instead of Falcon tubes we are now using “50 ml screw cap conical bottom polymer tubes” or simply 50-ml tubes.

7. 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.”
Done.

8. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion.
Done. We moved rational for the necessity of a small inoculum in the discussion (third paragraph). 

9. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please ensure that individual steps of the protocol should only contain 2-3 actions per step.
Done. 

10. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
Protocol frequently contains a basic microbiology technique and we believe (together with the Reviewer 1) that the description of how to carry out such a basic step (for instance, how to transfer a scrape of ice, Reviewer’s 1 Comment 11) will over-complicate the protocol. However, e.g. in step 2.3.4. we have added detail about stabilizing the evaporation. 

11. Lines 118-128: We cannot have paragraph of text in the protocol section. Details about antibiotic additions can be moved as note whereever applicable.
Done, useful parts of this paragraph (as noted by the reviewer’s 1 comment 10) are now in NOTEs.

12. 1.1.: What is the importance of using MG1655? Can you use any bacterial strain in this case?
We added a NOTE after step 1.1 where we explicitly state that any E. coli strain or culturable bacterial species can be used in the assay.

13. Lines 166-169, 178-181: These notes can be moved to the discussion as it is not directly related to the steps above.
We moved the part about precision (178-181) in the discussion. However, we removed the “cocultures” aspect (166-169) from the protocol, to address concerns from Reviewer 1. We discuss precision in more details in the third paragraph in the discussion. We also calculated precision of the estimate of m for our data. 

14. 2.3.1: Needs more clarity on what is being done.
Done, we rephrased the step and it is now more clear. 

15. 2.3.2: Please check the volume -1mL in 96 well plate doesn’t sounds correct.
It is a deep-well plate that has a capacity of up to 2 ml medium per well. 1 ml is thus correct. 

16. 2.4: Reasons for using TA agar? What is the use of non-selective plates in this case? 2.5 and 2.4 needs more clarity.
Done, please see the NOTE to 2.4, where we explain why TA agar is more appropriate. 

17. 3.5: Again 81 culture volumes = one well of 6 well plate? Reason for selection in this case?
We ensured that this step is now more clearly described. 

18. 234-238: What is DAMP and how it is done? Reason for introducing this here.
Thank you, we moved the NOTE explaining the necessity for the independent estimations of the number of cells in the discussion. 

19. 5.1: When at which step is the antibiotic resistance added to the bacteria?
Antibiotic resistance is a result of de novo mutation that emerges spontaneously when cellular DNA is replicated. A resistant mutant then makes a colony on the selective agar plate and these mutant colonies are counted in this step. This has now been clarified.

20. 286: is the software commercial? Also the link seem to be broken. If commercial please move the link to the table of materials and use generic terms here referring to the table.
Software is non-commercial and open source and we have made sure that the link is now working. The author of the shinyflan tool is now a co-author on the paper and shinyflan is long-term hosted by the University of Manchester. 

21. Please introduce the terminologies used in the protocol section, e.g. parallel culture, inoculated environments, GLCs, etc somewhere in the introduction in a paragraph style (maybe briefly describe the experiment and discuss what each one represents and its importance in the experiment described) to have an idea as to what each term represent. 
Done, we introduced the terminology in the first paragraph and explain terms in more details in the legend of the new Figure 1. 

Also please provide a schematic illustration of what is being done in the protocol starting from the beginning to the end.
Thank you, we created a new figure 1 that is a schematic illustration of what is being done in the protocol. Also Figure 1 tries to explain the rationale behind the assay, as wanted by the reviewer 1. For instance, six lineages on the middle-right of a figure showing the importance of the mutation timing during a culture cycle. 

22. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. 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. 
Done. 

What does the inoculum environment represent with respect to the steps mentioned previously?
We changed inoculated environments into inoculated media, we hope it is now more clear. 

23. Please describe the result with respect to your experiment, you performed an experiment, how did it help you to conclude what you wanted to and how is it in line with the title.
Done. 

24. Please discuss all figures in the Representative Results. However, for figures showing the experimental set-up, please reference them in the Protocol.
Done. 

25. 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].”
Mutation rates to rifampicin and nalidixic acid resistance shown in the Figure 2 were published in our PLOS Biology paper (reference 10 in the JoVE manuscript). PLOS Biology paper was published under a CC BY license that allows free and unrestricted use. On the other hand, mutation rate to D-cycloserine is previously unpublished and thus an original data. For more about the license, please find the PLOS policy on this link https://journals.plos.org/plosbiology/s/licenses-and-copyright

26. Please include all the Figure Legends together at the end of the Representative Results in the manuscript text. Please include the legends for tables as well. 
Done. 

Please separate the recipe table from the table of materials and number it as table 1.
Done, recipe table is now a Supplementary table S1 in the file Supplementary Tables. 

27. Figure1: Please reformat the unit to mg/L instead of mgL-1. Please use this style throughout the manuscript.
Done.

28. Figure 3: This is not relevant, and the figure can be removed.
Done.

29. 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
In the first three paragraphs we describe steps that are critical for the assay. 

b) Any modifications and troubleshooting of the technique
We discuss designing of a fluctuation assay in details in the first three (Discussion) paragraphs, where we follow and support Figure 3 (that is created to troubleshoot the assay). 

c) Any limitations of the technique
We discuss limitations of the fluctuation assay in the paragraph four of the discussion. The paragraph starts by “The fluctuation assay has inherent constraints.”

d) The significance with respect to existing methods
We discuss the significance in the last paragraph. For instance, “fluctuation assay is a great tool that can be used to test many hypotheses, because results are obtained rapidly and assays are cheap relative to other methods.”

e) Any future applications of the technique
We discuss the potential future applications in the last paragraph. For instance, to study environmental dependencies of mutation rate in bacterial communities and microbiomes. 

30. Our UK ALA has changed, please sign the attached ALA and upload to the editorial manager account.
Done. 

Reviewer #1:

[Although outside the scope of this review, an online web-based tool for calculating mutation rates using raw data from fluctuation assays would be extremely valuable. If this is something JoVE could accomplish and put on their website, then maybe that is a win-win and achieves the goals of JoVE and the authors. Despite its clear advantages, sadly, not every lab has someone that knows how to use an R-package.]
Nice idea, thank you. Adrien Mazoyer, the author of the FLAN R package, also created a web-app version called Shinyflan that does not require any user expertise in R. While JoVE declined to host Shinyflan app on its website, we are happy to say that the University of Manchester decided to long-term host a Shinyflan (http://shinyflan.its.manchester.ac.uk/). Adrien Mazoyer is now listed as a co-author of this manuscript. 

-There is not an adequate description of the fundamental principle behind the assay. Please see comment #5 below. This deserves a dedicated figure and an entire paragraph explaining how and why the fluctuation assay can ultimately estimate a mutation rate.
Thank you, we re-wrote the first paragraph in the introduction and introduce a new Figure 1. Please read also our reply to the reviewer’s 1 comment 5.

-It is overly complex and too detailed in some parts. The 'co-culture' aspect should be removed entirely. The part about linear mixed effects modeling can also be removed. This will help streamline the protocol for the reader. You can supply references for these aspects instead.
Thank you, we removed both the ‘co-culture’ aspect and modelling from the protocol, and we listed appropriate references. 

-The writing and organization throughout the manuscript needs to be improved. I have offered some suggestions in the comments, but this is a global issue throughout the manuscript.
Editorial comments and both reviews were very constructive and their suggestions have improved the paper quality. 

-The Abstract should be shortened by taking out extraneous details and focusing on the bigger picture (see comment #8).
Agreed, we rephrased the Abstract and finish it with the statement of what we see as the future of the assay (mutation rate in communities) and what is the wider applicability of learning about mutations with fluctuation assays (antimicrobial resistance, carcinogenesis, ageing and evolution). 

The list of necessary reagents and equipment is so comprehensive that it is completely unusable. This must be reduced to the list of items that is specific to the protocol and not an entire laboratory.
Done, documents Materials now contains 23 items, where the original one contained 59. 

No quantitative comparison of this 'high-throughput' method is made to a more traditional 'low-throughput' method. 
The 'high-throughput’ sentiment is not explicit anymore, however, in the discussion we state that high-throughput is necessary for studying, using fluctuation assays, environmental dependence of mutation rates. Please also read our reasoning (response to the next comment 1 about the title) why we consider our protocol as a high-throughput. We also discuss the balance between throughput and precision in the third paragraph in the discussion. 

1. Title. Fluctuation assays are commonly performed in 96-deep-well plate format. Although this assay is more space-saving (i.e. compact) than using culture tubes, using the term "high-throughput" gives the title a hint of novelty and speed that is not warranted. The major rate-limiting step of these assays is plating and counting. I think a title that avoids use of the term "high-throughput" would be more appropriate.
We consider our method as a “high-throughput” because doing 110 fluctuation assays (the maximum number that we have done in a week so far) is 23% of all the assays that we found to be published from 1943 to 2017 (Figure 1 in our PLOS Biology paper, reference 10 in this manuscript). Also, Reviewer 2 pointed out that “Many people still use much larger volumes in single tubes for fluctuation assays which creates major limitations for throughput.” And Reviewer 2 puts it: “This throughput argument for using 96-well plates is important and should be raised in the introduction”. 
It was not our intention to highlight our protocol as a novelty but simply to point out that it is actually possible to do a lot of (for many still extremely tedious) fluctuation assays in a short period of time. However, we agree that “high-throughput” might be misleading. So we changed the title to “Measuring microbial mutation rates with the fluctuation assay” and we expect that readers will realize that by following our protocol they can carry out many fluctuation assays in a relatively short period of time. 

2. Recommended media. The protocol recommends specific media (i.e. LB, TA, DM), however, this aspect of the assay is quite flexible. Given this, it is specifically not clear to me why tetrazolium agar (TA) plates are recommended in this protocol since the strains used for the protocol are not Ara+/Ara- and do not require this differential indicator media. Presumably, this is for the mentioned 'co-culture' version of the assay, but this is never expounded upon and so I think this will be very confusing for most readers. I would favor just keeping it simple with LB and removing all discussion of 'co-culture' experiments.
Thank you, we now state that other media (not just LB or DM) can be used (see please NOTEs 1.1. and 1.2.). We also removed the co-cultures from the protocol. Nonetheless, we have retained the TA agar plates – E. coli colonies on TA agar are easier to spot and counting is thus quicker and more accurate, we therefore use it as a standard part of our fluctuation assays regardless of Ara markers. The rational for TA agar plates is now in NOTE 2.4. 

3. Line 58: "evolves among organisms" is a bit vague. Perhaps try, "is a trait that is itself subject to evolution."
Done.

4. Introduction: Would suggest providing a sentence (maybe even opening up the paragraph, line 47) that describes the importance of mutational phenomena. e.g.: Mutations are the source of heritable variation for evolution.
Done, in the second sentence of the first introduction paragraph we included the sentence “…mutations were already perceived as one of the driving forces of evolution…”

5. Line 67: "In practice, ….". Instead of leading off with a practical description, I think it would be much better to first describe the fundamental principle of the fluctuation assay. In fact, I think this is so important that you should devote a figure to help the reader get the concept. The figure schematic would show a growing 'tree' with a single cell dividing into two, then four, then eight, and so on… You would use this figure to show how a random mutation at one part of the tree results in a different number of cells containing that mutation compared to a different random mutation in a different part of the tree. This is the basis of the observed fluctuation and the math behind the mutation rate calculator programs you reference. Luria and Delbruck's 'ingenious' assay method must be described well in this methods piece. If this publication is successful, you will be initiating a new group of scientists into this method, so they need to be educated on the fundamentals. In terms of the economy of this pieces word count (and considering that it would be published in JoVE), I think a fundamental description of the assay is much more important than describing the 'co-culture' method with multiple strains.
Thank you, we prepared a new Figure 1, which not only explain the protocol but also explains the fundamental principle of the fluctuation assay. We also re-wrote the introduction and cite four panels of Figure 1 in the text. 

6. Line 95: "However, we believe that this protocol is extensible to most culturable microbes…mutation." Would change this sentence. For example:
"This protocol should be viewed as a basic template that can be utilized to study a wide variety of microbes by simply modifying the culture conditions and phenotypic markers of mutation.
Done.

7. Line 111: Remove the words 'than previously believed' and just the end the sentence directly after '…mutation rate.'
Done.

8. Lines 107-114. This should be re-written to be more succinct. Also, if the "main goal of this protocol is to enable people to routinely assay environmental dependencies of mutation rates in the diversity of microbial strains and environments", then this sentiment should be highlighted in the 'Abstract' and also be present in the 'Introduction'.
We slightly re-wrote the Abstract and make it more clear that testing environmental dependencies is important. The Abstract ends by “…, it can be used to study how an organism's environmental context affects spontaneous mutation rate”. We also re-wrote the Introduction and now in the second paragraph we are trying to catch the right “environmental dependency” sentiment. 

9. Line 118-119: "Before starting…order the list of materials…make sure you have all the equipment..." This is a given and does not need to be explicitly stated. Remove this sentence.
Done. 

10. Lines 118-128. I'm not sure this paragraph is necessary at all. Would delete it in its entirety. It is largely redundant or contains seemingly unnecessary information like "always label on the lid and side of the plate." The only useful part is lines 123-125: "This protocol is written for…environments." I would keep that sentence, but nothing else in the paragraph.
Done, “useful parts” of this paragraph are now in protocol’s NOTEs.

11. Line 132-133. You do not need to describe basics, such as how one should scrape a glycerol stock. If the researcher's using this protocol do not understand sterile procedure and how to work with their own organism, then, well, good luck performing a fluctuation assay. Cut out these extraneous details. Brevity is your friend.
Done. 

12. Line 136: Delete the words within the parentheses, as they are redundant.
Done. 

13. Line 152-155. I agree this is an important and most critical point. Given that your "main goal" is to make this assay more generalizable, I would expand upon this by more specifically defining what a "low number of cells" is in terms of actual numbers. This way, the reader will get the concept and be able to apply this concept to their own situation. Just use E. coli as an example: Rifampicin mutation frequencies in most non-mutator E. coli cultures is on the order of ~10^-6. Thus, to avoid inoculating the culture with a pre-existing resistant mutant, one must inoculate with much less than 10^6 cells (e.g. 10^3-10^4 cells) to avoid the problem you mention. You give approximate numbers later in the protocol, but an explanation of how and way one arrives at those numbers would be very useful.
Thank you, excellent point. We explain the criticality of a small inoculum at the end of the third paragraph in the discussion. 

14. Line 157: OD measurements. OD600 measurements should be obtained in the linear range of the instrument (typically OD values of ~0.1-1.0), especially if you are using the values to perform calculations. Typically, this requires diluting overnight cultures by a factor of ~10 prior to measurement. The protocol does not state to do this. That being said, I think this level of detail is probably not warranted anyway. I'd favor removing this entire discussion from the protocol and just telling the reader to estimate their inoculum sizes using OD600 (i.e. you can remove the equation from Line 160).
Done, step 2.2. with 2.2.1 and 2.2.2 are all re-written and the equation is removed 

15. Line 166-169: Would remove co-culture discussion from the manuscript.
Done. 

16. Lines 173-176: R program for random plate layout. Not every lab has someone that knows how to use R. Furthermore, it's not clear to me that plate well randomization is even, in principle, the correct method here. If you feel that the distribution of specific well conditions across the plate must be equal across sample-types to minimize 'edge-effects', then I would create a non-random plate layout that reflects that concept, as random plate layouts may randomly put one sample type disproportionately near the edges of the plate. Alternatively, a rational plate layout that is specifically designed to give approximately equal proportions of edge-wells across sample types may actually be a better method to address the underlying issue of 'edge-effects'. So, this may not only be easier and accessible to more labs, but also better even in principle. One could also just not use the edge wells on the plate.
It is an important point, but we find that plate spatial effects are not consistent enough and are too changeable across the incubator to be well accounted for by a rational layout. For us it makes more sense to use random layout with multiple replicate environments on multiple plates over multiple fluctuation tests and then account for the plate effects statistically. For instance, linear mixed-effects models, used in our three main publications (PLOS Biology, Nature Communications and ISME Journal), have a random factor of plates nested within an experimental block. The text has been modified to make it clear that the R script is just an optional facilitator for obtaining a random layout.

17. Lines 178-181. I assume the point of this is to determine the number of parallel cultures necessary to obtain the desired precision. Please state this explicitly. I would also include estimates of precision from your lab, so that others know roughly what to expect. 
We discuss precision in details in the third paragraph in the discussion, where we state precision of 20% to be acceptable. We also calculated precision levels of the estimate of m in our data and report this in the part where we describe our results. We now have precision as “precison_m” in the Supplementary Data file, which will give a clear indication of the precision that can be expected from our protocol. In the penultimate paragraph of the discussion we also point out that controlling for the population density will greatly decrease the variance (>90%) and thereby increase precision. 

Figure 1 should have the confidence intervals plotted.
Done. 

18. Line 186: Plate weight. It would be good to clue the reader in at this time that media evaporation is a major issue during shaking incubation and one needs to address it. These assays are also sensitive to the amount of aeration in the culture, so clueing the reader in as to why you recommend, "Do not fix the lid tightly!", would be more useful than simply demanding they do so with the exclamation mark. I would not use the exclamation mark.
Very sensible, thank you. We made two separate steps in the protocol, 2.3.3 and 2.3.4, where we explain the need for a proper aeration and for the monitoring of evaporation, respectively. We also removed this and other exclamation marks. 

19. Lines 190 and 193: What is the point of using TA agar here? Why not just use LB? As far as I can tell, this protocol only has one type of bacterial strain and so does not require a differential indicator agar.
We added a NOTE to 2.4 where we explain the advantage of using TA agar plates.

20. Lines 219-221: Overnight storage is not advisable. It might work for you, but I wouldn't encourage others to do this, as their microbes and conditions may be different. Please remove this 'NOTE'.
Done. However, we did not remove NOTE to 3.1 and we added NOTE to 5.1, where we state that non-selective and selective plates can be stored in the fridge so that colonies can be counted later. 

21. Line 223: Again, TA agar not necessary as far as I can tell.
See the rationale behind the usage of TA agar plates in the NOTE 2.4. 

22. Line 245-247. Finally, we see the purpose of the TA agar in a 'NOTE'. I think for simplicity sake, I would remove all discussion of co-culture and remove TA agar from the protocol altogether.
We removed the cocultures but, as already stated, we would like to keep the TA agar plates. We also mention cocultures in the discussion, because we believe estimating mutation rates in co-cultures and communities could be a future use of this protocol. 

23. Line 255: Please refrain from using exclamation points. Instead, you could recommend a value for the relative humidity level you think is required during the incubation to prevent the plates from drying out. Or, recommend a method to keep the humidity high enough in an incubator that does not have humidity control.
Exclamation point is removed and in 2.3.4 we explain how we stabilize the evaporation among experimental sets. 

24. Lines 268-269: Recommend removing all discussion of 'co-culture' from the protocol to keep it simple (and shorter).
Done. However, we discuss the cocultures in the discussion, because we believe mutation rates in cocultures is an important research question and fluctuation assays are still the most suitable tool for getting an answer. 

25. Lines 288-307. Why are these all separate steps with separate headings? Can this be collapsed into a single section?
We think it is more clear as it is. Having more text and more tasks in this section might be more confusing for the reader. 

26. Line 312: Replace "total number of base pairs of the genotype (4,639,675)" with 'size of the chromosome (E. coli K-12 MG1655 = 4,639,675 bp)'.
Done. 

27. Lines 339-360. Linear mixed effect model discussion. I would recommend removing this, as it is beyond the scope of this protocol and may not be appropriate for most users. This will save space and keep the protocol simple.
Agreed, we removed the paragraph about modelling and we are citing our PLOS Biology paper, where reader can learn about the statistical analysis.

28. Figure 1. Where are the confidence intervals? These should be plotted.
Done. 

29. Lines 371-389. Discussion. The Discussion needs more focus. Perhaps you could explicitly center the discussion on how to use Figure 2? (see next comment).
Agreed, first two paragraphs in the discussion are now centered around Figure 3 (previously Figure 2). 

30. Figure 2. Figure 2 is barely mentioned in the body of the text and is essentially unusable based on the minimal description in the Figure 2 legend.
Done, first two paragraphs are now centered around Figure 3 (previously Figure 2). 

31. Figure 3. This figure doesn't add much to the protocol. It seems out of place. Would remove.
Done. 

32. Table of materials. This is way too comprehensive to the point that it is completely unusable. Would reduce the size of this list substantially.
Document Materials now contains 23 items, previously it had 59. 

Reviewer #2: 

1. [L46] The way that the introduction is currently laid out makes it difficult to place the fluctuation test in the context of other approaches that are available. Some reorganization is needed so that the approach is placed in an appropriate context and the niche for this type of experiment is clearly defined. I would recommend introducing all approaches for mutation rate estimation much earlier, then clearly defining their limitations relative to the fluctuation test before focussing in on this approach.
Thank you, we reorganized the introduction, introduce all approaches in the second paragraph and after that we focus on the assay. 

2. [L116] My biggest concern with the approach, as it is presented in this protocol, is that the use of five treatments on one plate, two of which are in duplicate, makes the whole approach considerably more difficult to follow and potentially less easily extendible to other experimental designs. I would like to see the method presented as one fluctuation assay on a 96-well plate, with a later discussion or notes sections devoted to running multiple treatments on one plate (similar to what is done for the co-culture extension). 
We have to disagree here. While we could in principle describe a single fluctuation test on one plate, that would remove much of the point in obtaining a reasonable throughput. Our protocol is well balanced between a throughput and precision. Please read the third paragraph in the discussion where we discuss precision and show that doing 5 assays per plate will achieve the precision that will be below 20%, which is acceptable for the estimate of m (as stated in the reference 26 of this manuscript). 

Beyond that, having several treatments together on one plate makes the approach more easily extendible to multiple plates because the assay, as described, can simply be repeated without further modification. This automatically confounds variation among replicates with variation among plates, significantly increasing the power of any statistical analysis. 

It is not clear anywhere in the manuscript why performing five fluctuation assays using three environments is the most reasonable in a 96-well plate.

3. Related to the comment above, a discussion and some data about the effects of changing the number of wells per treatment is necessary. How did you come to determine that 19 or 20 wells per treatment was sufficient to obtain an accurate estimate of the mutation rate? What happens if you use fewer or more wells? Where would you recommend starting from if you are assaying a new strain? In the discussion the possibility of using 11 deep-well plates for 55 fluctuation assays and a total of 110 assays per week is raised. Could this be increased even further by using fewer wells or do those estimates just become too inaccurate?
Agreed, this is an important point that we now discuss in detail in the paragraph three in the discussion. The precision of the estimate of m depends on m and C, which is the number of parallel cultures (reference 26 in this manuscript). Precision is the coefficient of variation of m, calculated as ((σm / m) × 100%), where σm is a standard deviation of m calculated with Equation 1 from Stewart (1994); this is now the reference 41 in the manuscript. We explain this in the description of representative results. 

Having 19 or 20 parallel cultures is experimentally determined number that is a good balance between throughput and precision. For instance, for the data published in PLOS Biology, the median precision (with interquartile range) is 16.4% (5.7%-38.9%, N=580) and the median number of parallel cultures (with interquartile range) is 16 (16-16). This is similar to values for the representative data in this manuscript (Figure 2), where precision is 17.5%(1.00%-28.9%, N=20) and the number of parallel cultures is 16 (15-16). We also added a column in the Supplementary data file named “precision_m”.

4. Throughout the protocol, it would be helpful to distinguish in some way between the components of the assay itself and the preparatory steps. I would recommend placing all aspects of the preparation like filling 6-well plates with TA agar in a separate section at the beginning of the protocol, labelled "Preparation of Materials" or something along those lines. If these have to be done at a specific time, like one day before they are used, this can just be noted at the end of the step. This will go a long way to increase the simplicity of the protocol.
Agreed, all the preparatory steps are now in NOTEs at the appropriate places in the protocol (1.1., 1.2., 2.4. and 2.5.).

5. Some approaches for analyzing the output of the results of a fluctuation assay are mentioned in the "Representative Results", but none of them are actually applied to the data. I would like to see some statistical analysis of the results to serve as a guideline for someone who uses this approach. 
To increase the simplicity of the protocol we followed the reviewer’s 1 comment 27 and thus excluded the statistical analysis from the protocol. Instead we cite our PLOS Biology paper, where guidelines for the analysis are explained in much more details as would be possible in this manuscript. Also, the amount of representative data in this manuscript is not enough to carry out a proper analysis. 

Furthermore, there should be more discussion of the different approaches for determining mutation rates from a fluctuation assay and some of the software that is available online for doing so.
We believe this could over-complicate the manuscript. Just to say that we are citing all the seminal papers that has been crucial for the development of the fluctuation assay (these are references 5, 17-21, 23, 26, 29, 32, 34 and 36). We also mention an alternative R package rSalvador, but we are not citing FALCOR tool, because it seems to be not available anymore. 

Minor Concerns:
1. [L51] Use expected number of mutations per cell division rather than referring to the lifetime of a cell.
Done. 

2. [L54] Be more specific in this sentence about the fact that fluctuation tests are the go-to method for obtaining rapid and cheap estimates of mutation rates, given that other methods have become available that provide considerably more accurate estimates.
Done. 

3. [L112] Some emphasis in this sentence should be placed on the fact that this protocol will enable fluctuation tests to be performed in a more high-throughput manner.
[bookmark: _GoBack]Reviewer 1 in his comment 1 argues that “high-throughput” might be misleading. Even if we do not completely agree with reviewer’s view (please read our response), we decided to accept it. We thus changed the title of the paper, but we mention throughput in the discussion, where we discuss the balance between throughput and precision (paragraph three) and where we state our personal record of the number of assays conducted per week (penultimate paragraph in the discussion). We believe the reader will notice the high-throughput potential of our protocol.

4. [L130] It would be helpful to have more specific titles for the different parts of the fluctuation assay, like "DAY 1: Inoculation and Acclimation of Cultures".
Wonderful idea, thank you, done.

5. [L132] Please provide storage conditions of the glycerol stock (ie. 15% glycerol, -80C).
Done. 

6. [L134] It is worth noting that all incubation times may be subject to variation by species, strain, or condition.
Done. 

7. [L179] It's not clear to me where the number 93 is coming from.
We rephrased the 2.3.1. NOTE and make it more clear. 

8. [L227] Add a sentence to provide an estimate of how long drying can take - this is in the discussion but would be helpful to also have within the protocol.
Done. 

9. [L240] Why not perform this dilution series in 96-well plates with a multi-channel pipette? It would increase the throughput of this step dramatically.
Done, we added the NOTE to 3.6.1. 

10. [L418] This throughput argument for using 96-well plates is important and should be raised in the introduction. Many people still use much larger volumes in single tubes for fluctuation assays which creates major limitations for throughput.
We decided to remove “high-throughput” from the title, because for the Reviewer’s 1 view that this is not the feature of here presented protocol. However, we discuss throughput and precision in the third discussion paragraph. You can also read about our reasons why we still believe that our protocol allows a high-throughput in our response to the reviewer’s 1 comment 1. 

11. [Figure 1] Please clarify in the legend where multiple circles of the same color come from.
Done. 
