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March 1, 2018
Vineeta Bajaj, Ph.D.

Review Editor

JoVE
617.674.1888

RE: manuscript, JoVE57819
Dear Dr. Bajaj, Ph.D.

I would like to thank you for the opportunity to submit a revised version of our manuscript entitled: “The Replica Set method: a high-throughput approach to quantitatively measure Caenorhabditis elegans lifespan” for your consideration for publication in JoVE. I also sincerely thank the reviewers and editors for their insightful comments and guidance, which has allowed us to improve and focus our revised manuscript. 

In the revised manuscript we have addressed all of the major and minor concerns of both the editors and reviewers. As I mention in the detailed comments to the critique, some statements in the original manuscript were based on unpublished data that directly compares the accuracy, precision, and resiliency between the two methods, the findings of which are currently under revision at another journal (and beyond the scope of a methods paper). In hindsight, we recognize how some statements in our original submission didn’t have adequate context, as they were based on these unpublished findings and thus would lead a reviewer to see them as over exaggerations or false equivalencies. In the revised manuscript we have either completely removed or significantly toned down these areas of previous concern. Additionally, we have added several tables to address separate concerns of the reviewer and editor. Lastly, we have expanded our discussion to more accurately compare and contrast the strengths and limitations of both methods. Overall, we have focused the revised manuscript on the actual methodology.
Thank you again for your time and consideration of our manuscript. We look forward to hearing from you.
Sincerely,
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Andrew V. Samuelson
Detailed comments to the critique.

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.

We have proofed the manuscript for spelling and grammar issues.


2. Please rephrase the Title to not be a sentence.

We have changed the title to better match the style of other JoVE article titles.


3. Please ensure that there are no crashed units in the manuscript: 17 g of agar instead of 17g agar, etc.

We have corrected these instances.


4. 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.

We have revised the protocol text.


5. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion.

We have revised the protocol text. A few instances of non-directive statements remain for section headings (e.g. a brief description of the purpose of a protocol section) and for describing the expected outcome of a step.


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

Mentions of centrifuge speed have been converted.


7. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

Corrected.


8. Lines 226-251 should be revised heavily.

We have revised this section of the text and moved some portions to discussion.


9. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per step and a maximum of 4 sentences per step.

We have revised the protocol text.


10. 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. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.

In the revised manuscript we have limited highlighting to 2.75 pages, which identifies the essential steps in the protocol. 


11. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. 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.

Corrected.


12. Please consider highlighting only the concrete experimental actions instead of the data analysis.

We have done as requested and only highlight experimental actions in the revised manuscript.


13. Please consider providing reaction set-ups and solution compositions as Tables in separate .xls or .xlsx files uploaded to your Editorial Manager account. These tables can then be referenced in the protocol text.

We have done as the editor suggested and moved these sections to Table S2 in the revised manuscript.


14. Please do not abbreviate journal titles.

Corrected.


Reviewers' comments:


Reviewer #1:


Manuscript Summary:


The replica set method is a valid and appropriate tool to define lifespan information. The wormlife software appears to be useful for interpreting this type of data, although this is not easily testable in the review. That said, the manuscript as written is misleading and makes highly over exaggerated claims that are not supported by previously published works and methodologies. The authors should rewrite the manuscript without any hype or misleading claims.

We thank the reviewer for agreeing that the replica set method is an appropriate tool for measuring changes in C. elegans lifespan. We apologize for any claims that appear misleading or exaggerated. Some of the claims we made in the first submission were based on our unpublished data that is in revision for publication at another journal. In hindsight, we see how this could have caused confusion, but we were trying to strike a balance between presenting the methodology and comparing and contrasting the differences between the two methods without going into excessive detail. The reviewer is correct in pointing out areas where we overstepped and we sincerely thank them for their efforts to improve our manuscript. In the revised manuscript we have removed claims that are based on our own unpublished observations and results. 


Major Concerns:


There are several false equivalencies presented in this manuscript that inappropriately compare the replica set method to other lifespan studies. I do not understand why "traditional" is in quotations when referring to longitudinal assays. 

We have removed the quotations around traditional. 

The definition of a longitudinal lifespan experiment is an assessment of a population over the life course. The replica method described is NOT a longitudinal assay as animals are not followed over their entire lives. 

We agree completely. We did not mean to imply that the replica set method was a longitudinal assay.

The abstract states "in the same amount of time without loss of data quality". I think the authors mean "over" the same amount of time for the experiment as this method takes significantly longer to set up. 

We have made the correction in the revised manuscript.

Samples will naturally degrade (animals will die) at the same rate over the lifespan thus the data quality issue is not alleviated. If anything, using fewer animals (at later time points) makes statistical power measures more difficult.


In the revised manuscript we have removed discussion about data quality and now focus solely on the appropriate statistical analysis for evaluating data generated using the replica set method. 


There are several instances where the authors simply present inaccurate information:


1. Lifespan is NOT a convenient surrogate measure of aging. If anything, it is the most difficult.
We have removed “and convenient”.


2. The authors state, "Older animals become largely paralyzed and mired in E. coli, while E. coli become an opportunistic pathogen (colonizing the lumen and packing the pharynx). Very old living animals can only be identified by subtle head movements. Thus, it is easy to classify a decrepit live animal as dead. In conjunction, a small population size makes a demographic analysis difficult to meaningless". However, these issues are actually exacerbated by this method. Again, I think this method is perfectly fine and having a methods paper on it is appropriate. But the comparison made is inaccurate.

We respectfully disagree with the reviewer about ease of scoring. Having literally observed over one million animals by eye using the replica set method and tens of thousands of observations by the traditional approach, we can confidently say that it is easier to assess whether an animal is alive or dead via the replica set method.

We do apologize for the confusion about demographic analysis. Based on the reviewer’s comment about focusing on the methodology, we believe that discussing the differences between the two methods in terms of demography is a distraction and therefore have removed all mention of demographic analysis in the revised manuscript.   


3. "Scoring at each time point is independent from the others. Thus, incorrectly scoring the viability of an animal at one-time point does not impact how populations will be scored at other time points". But this negates the utility of analysis of that inaccurate time point over the entire lifespan - how do you end up censoring a whole time point if it were deemed flawed?

We apologize for the confusion, we realize in hindsight that we didn’t provide adequate information to put that statement into the proper context. In short, in the revised manuscript we have removed mention of error/censoring. 

However, to answer the reviewers concern: we have completed an in silico analysis that demonstrates how introducing error (e.g. incorrectly scoring viability or accidentally killing an animal) alters the perceived mean lifespan when using either method (in preparation for resubmission elsewhere). In the traditional approach, if there is an error in scoring (or accidental killing of an animal) it will significantly alter the perceived mean lifespan away from the true mean. In contrast, if one incorrectly scores viability for an animal when using the replica set method, it has almost no impact on mean lifespan (rather variance increases). We believe reporting all of this is beyond the scope of the current manuscript and have revised the manuscript accordingly. 


4. "Finally, approximately the same numbers of animals are scored at each point throughout the experiment, which solves a common demographic issue; specifically, at advanced time points with the traditional longitudinal method, only a few surviving animals are left to follow". This is absolutely incorrect and "solves" nothing with regard to power concerns for analysis. Animals in each replicate will age at the same rate, thus at the end of the lifespan the same issues of loss of statistical power persist. By only making use of 50 animals at the start of the experiment makes maximal lifespan (10% survival) analysis relying on 5 animals - regardless if you set up 10-time points (500 animals) there are only 50 animals being set up for the final time point.

We thank the reviewer and have removed this from the revised manuscript, as implications for demographic analysis is not pertinent to describing the methodology.


5. The MAJOR drawback of this method is the necessity to impair progeny production. Although this is discussed in the manuscript it is not accurately compared to other methods. It has been reported by several labs that the use of FUdR significantly alters lifespan. Similarly, the use of sterile strains can have genetic pleiotropies. If readers are to choose moving animals during reproduction, the replica plate method becomes a herculean task having to move adults across each of the time points.

We agree with the reviewer that progeny production must be prevented. We mention this limitation within the discussion of the revised manuscript.


Minor Concerns:


1. Figure 1 is not informative and should be removed. There is not any useful information in the figure as presented except that daf-16 has been reported a lot, and there would appear to be other genes reported less, but there is not any specifics presented.

In the revised manuscript we have provided new supplemental tables (Table S1a, b). In this table we provide specifics for each study that was conducted and the number of gerogenes that were discovered (Table S1a), and a second (Table S1b) that lists each gerogene, the current number of studies associated with each (based on wormbase ws262), and whether it has been ascribed as a longevity gene, progeric, both, or neither (see point response to minor point 2 immediately below).  


2. Has gerogenes been approved by the CGC and wormbase?

To the best of our knowledge, there is no standardized nomenclature for the classification of genes whose function alters how an organism ages. Currently the nomenclature that is typically used is actually rather confusing to a non-aficionado. As the reviewer is probably aware, genes that increase lifespan when inactivated/mutated are commonly referred to as “longevity genes” -yet the normal functions of these genes limit longevity. Conversely, genes that shorten lifespan and demonstrate other signs of premature aging when lost have been referred to as “progeric”. Classifying a gene based on mutant phenotypes is confusing, but at this point has become entrenched within the field. Wormbase handles the issue by using rather vague terms like “lifespan variant”, which we believe is rather imprecise- any gene that results in the premature death of an animal could be considered a lifespan variant. We wanted to have a more precise term to encompass both longevity and progeric genes. “Aging genes” seems a poor choice as it either: 1) implies functional directionality opposite of longevity genes or 2) is itself imprecise as genes themselves do not actually age. “Gerogene” is a new term that Dr. Andrew Dillin and I coined, which more precisely classifies genes whose function alters how an organism ages (either positively or negatively). We believe this is a better classification than what is currently used within the field and intend to advocate for its usage. In the revised text we clarify that this is a new term.


3. The authors should reference all 10 RNAi screens that have uncovered genes involved in lifespan. Although by my count there are at least 12 large scale screens that have been performed by the C. elegans research community.


We thank the reviewer and in our revised manuscript we have included Table S1a, which lists all screens for genes involved in lifespan that are listed in Wormbase WS263. Note, studies that did not use the lifespan phenotype in the primary screen are not listed (e.g. changes in proteostasis). We hope that we have provided the proper credit for all previous large-scale lifespan studies and encourage the reviewer to check Table S1a to ensure we have not inadvertently missed a study.  

Reviewer #2:

Manuscript Summary:


The authors provide a detailed protocol for the Replica Set life span method to measure population survival of C. elegans in a high-throughput manner, as well as a web-based analysis interface to plot and analyze data resulting from this method and from "traditional" life span assays.



Major Concerns:


None

Minor Concerns:


- In the introduction, the authors should cite a recent analysis by Petraschek and Miller which described that most life span studies in C. elegans are likely underpowered considering the magnitude of change, which further support the use of methods such as the one presented herein, which allow convenient use of larger samples.

We thank the reviewer for their insight and have made the suggested addition in the revised manuscript.


- Point 1.1.1.3 When the agar has cooled enough but is still fluid- under 55(C but higher than 40(C- add 250 (L nystatin (40mg/mL) and 8mL streptomycin (25mg/mL). After allowing a few minutes for mixing, follow standard lab protocol for pouring plates. 1L is enough for approximately 80 6cm plates (12mL per plate), or 25 10cm plates (36mL per plate)." The authors should clarify that the use of both nystatin and streptomycin is NOT part of making standard NGM, but rather an optional choice used by some labs doing life span assays to prevent contamination in this long-term assay.

We have made the suggested change in the revised manuscript.


- Line 137, syntax "E. coli does is"

Fixed.


- Point 2.1.1, some last allow hatching to occur on unseeded NGM plates

We have made the suggested addition to the revised manuscript.


- Line 219, the citation for the OASIS method I missing and must be added

Fixed.


- Line 504, unformat bold

Fixed.


- Line 617: revise syntax "The net result is throughput: the Replica Set method is at least an order of magnitude greater than the traditional approach"

Fixed.


- Line 635/36, remove bold format "most gerogenes remain poorly studied"

We have corrected the revised manuscript to indicate that this is a heading for panel B of Figure 1.


- Line 647: Either remove "age-synchronized isogenic" or add it in on line 642 - it is not different between the two methods and emphasis here suggest it is

We have clarified the text in the revised manuscript. 


- Line 721 and below, another advantage of the traditional method that is not mentioned is that sterile strains or FUdR don't have to be used; while for the replica set assay this is indispensable. Given that FUdR can affect life span and life span related parameters (stress responses, proteostasis) and working in mutant backgrounds is never ideal, this substantive advantage of the traditional method should be clearly stated. Cite PMIDs 26854551, 21893079, 24465816

We thank the reviewer for their insight and have made the suggested change in the revised discussion. 
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