Response to peer review comments for:
Manuscript JoVE51850R1
'Combining magnetic sorting of mother cells and fluctuation tests to analyze genome instability during mitotic cell aging in Saccharomyces cerevisiae'
Patterson, M. N. & Maxwell, P. H.
 
Dear JoVE editor,

We thank the reviewers for their comments about how to improve our manuscript. We have submitted a revised version of our manuscript in response to the peer review comments and detail below the specific changes that we have made. We have used the Track Changes feature to highlight all the changes. One new figure was added in response to a peer review comment, and all but one of the original figures was revised. These new figures have also been submitted.

Sincerely,
Patrick Maxwell

Editorial comments:

1) All of your previous revisions have been incorporated into the most recent version of the manuscript. Please download this version of the Microsoft word document from the "file inventory" to use for any subsequent changes.

Changes have been made to the version of the manuscript obtained from the JoVE file inventory.

2) The lengths of the Short and Long Abstracts are close to or at our word limits for these sections. If additional text is added, please ensure that the Short Abstract does not exceed 50 words and the Long Abstract is no more than 300 words. 

We did not exceed the length for these abstracts.

3) Please include additional details in sections 6 and 7 describing how to perform these steps. Each of the protocol must contain sufficient detail to enable the user to accurately replicate the protocol.

Specific dilutions and volumes have been added to section 6, and we reference step 2.2 for the formula to calculate mutation frequency.
The original section 7 has been deleted and those methods are mentioned in the Discussion. The new section 7 addresses a comment from reviewer 2. 

4) The highlighting contains references to steps/sections outside the highlighting, which will not be filmed unless highlighted and included within the 2.75 pages of filmable content. This includes step 3.3 which references step 2.2, and steps 3.6 and 4.9 which reference sections 5,6, and 7 (6 and 7 are not highlighted). 

Step 2.1.1 that includes the basic experimental procedure for sections 2 and 6 is now highlighted. Other parts of these sections describe steps of the method that use common procedures and calculations that people reading the protocol would be very likely to be able to perform just using the specific descriptions, without need for filming. The original section 7 has been deleted, as described for the previous comment, and replaced with a new section to address comments by reviewer 2.

Reviewers' comments:

Reviewer #1: 

Major Concerns:
1. A description of fluctuation test and canavanine resistance is missing from the Introduction section. Since this is a key assay the new method is based on, it is important to provide adequate background information for this assay.

A paragraph describing fluctuation tests and canavanine resistance has been added to the Introduction.

2. The authors did not discuss the option to test other genomic locations and the limitations for the fluctuation test, such as that only limited genomic location can be tested using this method. 

We now show data for mutation rates and frequencies of the CAN1 gene when placed at a different genomic site (in Figure 2 and 6 of the revised manuscript). Also, the second paragraph of the Discussion now begins with a few sentences explaining that the method is limited based on the requirement that a selectable phenotype results from a genetic change, but emphasizing that creative assay design can allow many types of genome instability to be examined.

3. The experimental design for figure 1 might be confusing to readers inexperienced with the assay. It is recommended that authors provide a flow diagram for the experimental design indication when and where samples were taken for analysis.

We have added a flow chart as Figure 1 showing the overall procedure and the steps at which mutation rates, frequencies, and cell age are determined.

Minor Concerns:

1. An alternative protocol for a sorting procedure without using the Miltenyi Biotec QuadroMACS separator would be very helpful since such instruments may not be accessible to some researchers.

We have added a brief discussion of example alternative sorting systems that have been used with yeast mother cells by other groups in the fifth paragraph of the Discussion.

2. It would also be helpful to discuss consideration for yeast genetic backgrounds suitable for the fluctuation test. Strain genome type used in the test.

We now reference the yeast strain background in the beginning of the Representative Results, and our addition to paragraph two of the Discussion in response to one of the above point states that any strain in which mutations can be detected through a selectable phenotype could potentially be used for fluctuation tests.

Additional Comments to Authors:
N/A


Reviewer #2: 

However, the authors should address the following concerns:

1. This paper need two additional sections. After section 7 it needs a section on how to do the calculation to determine the mutation rate during aging (i.e. normalizing the mutation frequency to the number of cell divisions, and how to calculate the number of cell divisions). It also needs a better description of what is, and how to do, the fluctuation test, including the equations. I think they also need a clearer definition of mutation rate versus mutation frequency. Referring the reader to an online calculator does not help the researcher understand the important distinction between these terms.

We replaced the original section 7 (which is now just mentioned in the Discussion) with a new section describing how to calculate a predicted mutation frequency for old cells based on the mutation rate of young cells and the rounds of cell division. We revised step 5.2.2 to more explicitly state how to calculate bud scars from WGA fluorescence, and reference this step in section 7. We have added a paragraph to the introduction that describes fluctuation tests in general and that distinguishes between mutation frequency and mutation rate. We also include specific instructions and the formula for the Lea-Coulson median estimator in Section 2. We discuss an alternative mutation rate estimator in the second paragraph of the Discussion that we felt required too much explanation to include in the protocol and that a number of researchers might not choose for performing the rate determination. We give references for an explanation of the method and for a free online calculator to perform the calculations in the Discussion.

2. In fact, this method does not show the results of the one thing that it is meant to be measuring - an age dependent increase in mutation rate. Figure 5, the only experiment performed during aging, shows mutation frequency during aging not mutation rate. It is well known that yeast accumulate mutations as they grow. They need to measure and show the mutation rate during aging, not just frequency. 

The rationale for publishing this method was that no one has ever done a mutational analysis during replicative aging in yeast. I found this amusing, because my lab has done this exact CAN1 mutation rate analysis during yeast replicative aging, and we didn't publish it, because we found no significant change in mutation rate with age. However, what we did, which was not done by these authors, is we normalized the change in mutation frequency during aging to the change in mutation frequency that occurs just due to logarithmic growth alone, given that it is known that growth alone of haploid yeast leads to an accumulation of mutations with each cell division. The authors should think deeply about whether their results are really showing an increase in mutations that is due to aging, not just growth. Notwithstanding, the video and protocol described in this paper may have the potential to be further applied to study the effects of different genetic and environmental factors on genome instability during aging.

We agree that the data in the original Figure 5 did not show an age-dependent increase in mutation rate. Since the observed frequencies were below/similar to the predicted frequencies based on mutation rates in young cells, the increase in mutation frequency was approximately what would be expected just for additional rounds of cell division. We would only conclude that mutation rate increased with age if the observed frequency was significantly higher than the predicted frequency. In the revised manuscript we include a section for calculating the predicted frequency due just to additional growth and more explicitly discuss the representative data for this point (now Figure 6, last paragraph of Results) to emphasize that the predicted frequency is being used to determine if the observed frequency could reflect an age-dependent increase in mutation rate. While the observed value is a frequency, not a rate, a large deviation from the frequency predicted by growth would support an age-dependent change in rate. We also include an additional data set using a strain with CAN1 in a different genomic location that does show evidence of an age-dependent effect (Figure 6).

3. I am really surprised by the level of contamination of cells with 0 bud scars. We do not see this in our hands. Maybe they need to optimize their biotin purification.

We had used an earlier data set for Figure 3 with some young cell contamination to show correspondence between the manual bud scar counts and flow cytometry signal (the contamination could be seen in each method). Since those results are not representative of our current results with the method, we have replaced them with a more representative data set that does not have substantial young cell contamination.

4. Figure 1 & 5 are missing error bars, so it is impossible to determine whether there are changes between their conditions or not.

We have added additional data sets to the graphs in these figures (which are now Figures 2 and 6) so that error bars are now present for all values.

The following two comments are from people in my lab that routinely use these methods, that may account for the problem that I mention in point #3. 

5. Under Bead labeling and Magnetic sorting stage (4.1.2), too little bead volume has been used in comparison to the manufacturer's recommended protocol. Maybe this is reducing the yield, and increasing the contamination.

We are using a low volume of beads for this step (which is now 4.3), but we do not see substantial young cell contamination in most of our experiments, as discussed in response to point #3. This low volume is similar to another protocol that we consulted when optimizing our procedure that we reference in this step and actually helped reduce contamination (since there are not many extra beads for unlabeled cells to bind).

6. We are concerned about the use of vortexing at 4.1.4 stage under Bead labeling and magnetic sorting section, as gentle treatments are expected at this stage and it has not been mentioned in the manufacturer's protocol if it is acceptable to use vortexing for these specific beads. 

The vortexing at this step (now 4.5) is very brief, just enough to resuspend the cells. We have rephrased this step to emphasize that harsh vortexing should not be used.

Reviewer #3: 

Major Concerns: 
1. This is basically a protocol paper that incorporates some mutation analysis. However, the mutation analysis is thin and the results are mostly uninteresting. I am not familiar with temperature effects on mutation frequency. There may be a literature on this, but I am unaware of it. The authors should discuss this phenomenon and search for potential sources of artifact. There does not appear to be the predicted increase in mutation frequency in old cells. Is this reasonable given what is known on parameters such as loss of heterozygosity in older cell populations? Perhaps mutations in CAN1 is not the best measure in this context. The authors could screen for other types of nuclear and mitochondrial (petite) genetic damage. Addition of a chemical mutagen, or a strain defective in DNA damage repair, rather than hydrogen peroxide might provide better control and a nicer demonstration of the methods' potential. In short, the mutation analysis raises more questions than it answers. 

This paper is intended to be primarily a methods paper, so the mutation analysis is primarily meant to show how the method works. We have added additional data to what is now Figure 2 to show that the temperature effect is not specific just to mutations in the CAN1 gene. Previous work on loss of heterozygosity in older cells did not calculate whether the increase in this form of genome instability could have been due just to additional rounds of cells growth rather than an age-specific influence. We agree that it would be good to use the method to measure other types of genetic damage and to perform experiments using mutant strains or DNA-damaging agents. We discuss these variations on the basic protocol in the Discussion. Since this is intended to be a methods paper, we did not attempt to investigate all these additional topics. We hope that future use of the method will address these questions. 

2. A lot more characterization of different cell populations could have been performed and would add to the analysis. For example, what are the growth rates of young, middle aged, and old cells on different media? The cells could be stained with mitotracker and ROS reporters to gain insight into these parameters. Vacuole morphology has been reported to change as cells get old, so staining with FM4-64 would be useful. 

We also agree that these are good additional analyses to combine with the method. We specifically added statements to the last paragraph of the Discussion about examining these types of physiological changes in conjunction with the method. Since this manuscript is intended to convey a method with just representative data showing its use, we did not perform these additional analyses.

3. Even with the authors explanation it is hard to understand why the number of cells recovered after sequential sorts (Fig. 2) does not drop dramatically. Are cells allowed to regrow after each sort? 

Yes, cells are allowed to regrow after each sort. We have added a flow diagram to Figure 1 to show the overall steps of the method, and this figure indicates that sorting is followed by regrowth until the desired age is reached. 

Minor Concerns:
The manuscript is written in what might be described as a rambling and somewhat vague fashion, which makes the argument difficult to follow. 

[bookmark: _GoBack]When making changes in responses to other comments, we have tried to review the manuscript for clarity and improve transitions between topics.
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