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Recommendation? 
Accept with minor revision (please list in comments) 
 
Comments to the Author(s) 
General comments 
 
In this manuscript the authors present the intriguing hypothesis that variance in timing of 
“adaptation” (i.e. resumption of cellular activity despite lack of DNA repair following damage) 
may be a bet-hedging strategy that leads to either adaptation or repair under conditions that are 
temporally unpredictable with respect to efficacy of DNA repair mechanisms.  The empirically-
informed model is clearly laid out, and provides not only a novel explanation for heterogeneity of 
cellular adaptation, but also contributes an example arguing for the general importance of 
considering effects of environmental fluctuations in trait evolution. The manuscript flows well, 
logic is clearly laid out, and is a pleasure to read. 
 
However, I do have some suggestions for improvement of the manuscript.   
 
1) The continuous model sets out to test the viability of a bet-hedging hypothesis; namely, that 
adaptation heterogeneity is adaptive under fluctuating conditions.  Given that the manuscript 
centres on a bet-hedging explanation, the idea of bet hedging should be defined, or at least 
introduced, early on (see Seger, J. & Brockmann, H. J. (1987) What is bet-hedging? Oxf. Surv. 
Evol. Biol. 4, 182–211).  Also, predictions for the model outcomes, based on a bet-hedging 
hypothesis should be presented.  Criteria for tests of bet hedging are specifically laid out in 
Simons, A.M. (2011) Modes of response to environmental change and the elusive empirical 
evidence for bet hedging. Proc Roy Soc (B) 278:1601-1609. 
 
This brings us to a second general point—2) that the evolution of (heterogeneity of) adaptation 
should depend on its fitness effects with respect to levels of selection; whether the cell is 
unicellular or multicellular, or whether germ line or somatic, etc.  However, the manuscript is 
agnostic in this regard, or seems to implicitly treat the cell as the individual/organism and the 
target of selection.  The assumptions being made in this regard should be explicit, especially since 
this determines what predictions are being made (what is bet hedging for single-celled organisms 
may in fact simply be optimal cell behaviour for individual multicellular organisms), and some 
discussion of this issue is merited. 
 
3) The use of the term “adaptation”, to denote resumption of cell cycle progression despite 
damage, is unfortunate.  The awkward conclusion here is that ‘adaptation’ is an adaptation to 
variable conditions.  It may be that historical precedence for this usage is so deep that this word 
cannot be replaced; otherwise, I suggest this opportunity should be taken to do so. 
 
Minor comments/edits 
 
P. 3, l. 44: “…adaptation timing is important for optimal cell survival…”  Cell survival, as a proxy 
for fitness, is not optimized; it is maximized. Unless this is meant to refer to a balance, e.g. 
between survival and apoptosis. 
 
P. 4, l. 44-49: Unless I misunderstand, this implies that the probability of repair remains constant 
regardless of whether repairs were possible in previous steps.  Realistically DNA damage proven 
to be irreparable in adapted cells remains so in future steps.  This should be clarified or justified. 
 
P. 4, l. 54-57: “If there is not enough space to double…”  To represent relative fitness and for 
consistency, why not fill the environment to capacity (proportionally) at every step?  The 
potential problem here is that steps with low total population sizes will be underrepresented in 
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calculations of long-term fitness (i.e. have low weight); as it stands, this is an arbitrary hybrid of 
absolute and relative fitness. 
 
P. 5 onward:  I think the blue/orange colour coding is effective; however, it does require 
explanation, including in figure captions (e.g. Fig. 2 mentions blue only). 
 
P. 8 (all figures) Axis labels and titles are too small. 
 
P. 14, l. 43  Error/typo in “…has no defect in homology-dependent repair”? 
 
P. 15, l. 21-24 “…rather than strongly favouring heterogeneity, an unpredictable fluctuating 
environment actually erases the previously found preference for a sharp adaptation timing.” I am 
not convinced that these are not identical statements; i.e. favouring heterogeneity is the same as 
disfavouring synchronicity.  Same comment for subheading 2.4. 
 
P. 15, l.45-48: “Despite a slight…” requires re-wording because the possible contribution of 
additional factors cannot be said to exist “despite” an original known advantage.  Perhaps what 
is meant is that heterogeneity in adaptation provides only a slight survival advantage, and there 
may be other selective advantages to heterogeneity. 
 
P. 16, l.10-12, Authors’ contributions: The conflicting statements about which author drafted the 
manuscript should be resolved. 
 
 
 

Decision letter (RSOS-210460.R0) 
 
We hope you are keeping well at this difficult and unusual time. We continue to value your 
support of the journal in these challenging circumstances. If Royal Society Open Science can assist 
you at all, please don't hesitate to let us know at the email address below. 
  
Dear Dr Xu 
  
On behalf of the Editors, we are pleased to inform you that your Manuscript RSOS-210460 
"Adaptation to DNA damage as a bet-hedging mechanism in a fluctuating environment" has been 
accepted for publication in Royal Society Open Science subject to minor revision in accordance 
with the referees' reports. Please find the referees' comments along with any feedback from the 
Editors below my signature. 
  
We invite you to respond to the comments and revise your manuscript. Below the referees’ and 
Editors’ comments (where applicable) we provide additional requirements. Final acceptance of 
your manuscript is dependent on these requirements being met. We provide guidance below to 
help you prepare your revision. 
  
Please submit your revised manuscript and required files (see below) no later than 7 days from 
today's (ie 23-Jul-2021) date. Note: the ScholarOne system will ‘lock’ if submission of the revision 
is attempted 7 or more days after the deadline. If you do not think you will be able to meet this 
deadline please contact the editorial office immediately. 
  
Please note article processing charges apply to papers accepted for publication in Royal Society 
Open Science (https://royalsocietypublishing.org/rsos/charges). Charges will also apply to 
papers transferred to the journal from other Royal Society Publishing journals, as well as papers 
submitted as part of our collaboration with the Royal Society of Chemistry 
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(https://royalsocietypublishing.org/rsos/chemistry). Fee waivers are available but must be 
requested when you submit your revision (https://royalsocietypublishing.org/rsos/waivers). 
  
Thank you for submitting your manuscript to Royal Society Open Science and we look forward 
to receiving your revision. If you have any questions at all, please do not hesitate to get in touch. 
  
Kind regards, 
Royal Society Open Science Editorial Office 
Royal Society Open Science 
openscience@royalsociety.org 
  
on behalf of Dr Feng Fu (Associate Editor) and Mark Chaplain (Subject Editor) 
openscience@royalsociety.org 
  
Reviewer comments to Author: 
Reviewer: 1 
Comments to the Author(s) 
General comments 
 
In this manuscript the authors present the intriguing hypothesis that variance in timing of 
“adaptation” (i.e. resumption of cellular activity despite lack of DNA repair following damage) 
may be a bet-hedging strategy that leads to either adaptation or repair under conditions that are 
temporally unpredictable with respect to efficacy of DNA repair mechanisms.  The empirically-
informed model is clearly laid out, and provides not only a novel explanation for heterogeneity of 
cellular adaptation, but also contributes an example arguing for the general importance of 
considering effects of environmental fluctuations in trait evolution. The manuscript flows well, 
logic is clearly laid out, and is a pleasure to read. 
 
However, I do have some suggestions for improvement of the manuscript.   
 
1) The continuous model sets out to test the viability of a bet-hedging hypothesis; namely, that 
adaptation heterogeneity is adaptive under fluctuating conditions.  Given that the manuscript 
centres on a bet-hedging explanation, the idea of bet hedging should be defined, or at least 
introduced, early on (see Seger, J. & Brockmann, H. J. (1987) What is bet-hedging? Oxf. Surv. 
Evol. Biol. 4, 182–211).  Also, predictions for the model outcomes, based on a bet-hedging 
hypothesis should be presented.  Criteria for tests of bet hedging are specifically laid out in 
Simons, A.M. (2011) Modes of response to environmental change and the elusive empirical 
evidence for bet hedging. Proc Roy Soc (B) 278:1601-1609. 
 
This brings us to a second general point—2) that the evolution of (heterogeneity of) adaptation 
should depend on its fitness effects with respect to levels of selection; whether the cell is 
unicellular or multicellular, or whether germ line or somatic, etc.  However, the manuscript is 
agnostic in this regard, or seems to implicitly treat the cell as the individual/organism and the 
target of selection.  The assumptions being made in this regard should be explicit, especially since 
this determines what predictions are being made (what is bet hedging for single-celled organisms 
may in fact simply be optimal cell behaviour for individual multicellular organisms), and some 
discussion of this issue is merited. 
 
3) The use of the term “adaptation”, to denote resumption of cell cycle progression despite 
damage, is unfortunate.  The awkward conclusion here is that ‘adaptation’ is an adaptation to 
variable conditions.  It may be that historical precedence for this usage is so deep that this word 
cannot be replaced; otherwise, I suggest this opportunity should be taken to do so. 
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Minor comments/edits 
 
P. 3, l. 44: “…adaptation timing is important for optimal cell survival…”  Cell survival, as a proxy 
for fitness, is not optimized; it is maximized. Unless this is meant to refer to a balance, e.g. 
between survival and apoptosis. 
 
P. 4, l. 44-49: Unless I misunderstand, this implies that the probability of repair remains constant 
regardless of whether repairs were possible in previous steps.  Realistically DNA damage proven 
to be irreparable in adapted cells remains so in future steps.  This should be clarified or justified. 
 
P. 4, l. 54-57: “If there is not enough space to double…”  To represent relative fitness and for 
consistency, why not fill the environment to capacity (proportionally) at every step?  The 
potential problem here is that steps with low total population sizes will be underrepresented in 
calculations of long-term fitness (i.e. have low weight); as it stands, this is an arbitrary hybrid of 
absolute and relative fitness. 
 
P. 5 onward:  I think the blue/orange colour coding is effective; however, it does require 
explanation, including in figure captions (e.g. Fig. 2 mentions blue only). 
 
P. 8 (all figures) Axis labels and titles are too small. 
 
P. 14, l. 43  Error/typo in “…has no defect in homology-dependent repair”? 
 
P. 15, l. 21-24 “…rather than strongly favouring heterogeneity, an unpredictable fluctuating 
environment actually erases the previously found preference for a sharp adaptation timing.” I am 
not convinced that these are not identical statements; i.e. favouring heterogeneity is the same as 
disfavouring synchronicity.  Same comment for subheading 2.4. 
 
P. 15, l.45-48: “Despite a slight…” requires re-wording because the possible contribution of 
additional factors cannot be said to exist “despite” an original known advantage.  Perhaps what 
is meant is that heterogeneity in adaptation provides only a slight survival advantage, and there 
may be other selective advantages to heterogeneity. 
 
P. 16, l.10-12, Authors’ contributions: The conflicting statements about which author drafted the 
manuscript should be resolved. 
  
===PREPARING YOUR MANUSCRIPT=== 
  
Your revised paper should include the changes requested by the referees and Editors of your 
manuscript. You should provide two versions of this manuscript and both versions must be 
provided in an editable format: 
one version identifying all the changes that have been made (for instance, in coloured highlight, 
in bold text, or tracked changes); 
a 'clean' version of the new manuscript that incorporates the changes made, but does not 
highlight them. This version will be used for typesetting. 
 
Please ensure that any equations included in the paper are editable text and not embedded 
images. 
  
Please ensure that you include an acknowledgements' section before your reference 
list/bibliography. This should acknowledge anyone who assisted with your work, but does not 
qualify as an author per the guidelines at https://royalsociety.org/journals/ethics-
policies/openness/. 
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While not essential, it will speed up the preparation of your manuscript proof if you format your 
references/bibliography in Vancouver style (please see 
https://royalsociety.org/journals/authors/author-guidelines/#formatting). You should include 
DOIs for as many of the references as possible. 
  
If you have been asked to revise the written English in your submission as a condition of 
publication, you must do so, and you are expected to provide evidence that you have received 
language editing support. The journal would prefer that you use a professional language editing 
service and provide a certificate of editing, but a signed letter from a colleague who is a native 
speaker of English is acceptable. Note the journal has arranged a number of discounts for authors 
using professional language editing services 
(https://royalsociety.org/journals/authors/benefits/language-editing/). 
  
===PREPARING YOUR REVISION IN SCHOLARONE=== 
  
To revise your manuscript, log into https://mc.manuscriptcentral.com/rsos and enter your 
Author Centre - this may be accessed by clicking on "Author" in the dark toolbar at the top of the 
page (just below the journal name). You will find your manuscript listed under "Manuscripts 
with Decisions". Under "Actions", click on "Create a Revision". 
  
Attach your point-by-point response to referees and Editors at Step 1 'View and respond to 
decision letter'. This document should be uploaded in an editable file type (.doc or .docx are 
preferred). This is essential. 
  
Please ensure that you include a summary of your paper at Step 2 'Type, Title, & Abstract'. This 
should be no more than 100 words to explain to a non-scientific audience the key findings of your 
research. This will be included in a weekly highlights email circulated by the Royal Society press 
office to national UK, international, and scientific news outlets to promote your work.  
  
At Step 3 'File upload' you should include the following files: 
-- Your revised manuscript in editable file format (.doc, .docx, or .tex preferred). You should 
upload two versions: 
1) One version identifying all the changes that have been made (for instance, in coloured 
highlight, in bold text, or tracked changes); 
2) A 'clean' version of the new manuscript that incorporates the changes made, but does not 
highlight them. 
-- An individual file of each figure (EPS or print-quality PDF preferred [either format should be 
produced directly from original creation package], or original software format). 
-- An editable file of each table  (.doc, .docx, .xls, .xlsx, or .csv). 
-- An editable file of all figure and table captions. 
Note: you may upload the figure, table, and caption files in a single Zip folder. 
-- Any electronic supplementary material (ESM). 
-- If you are requesting a discretionary waiver for the article processing charge, the waiver form 
must be included at this step. 
-- If you are providing image files for potential cover images, please upload these at this step, and 
inform the editorial office you have done so. You must hold the copyright to any image provided. 
-- A copy of your point-by-point response to referees and Editors. This will expedite the 
preparation of your proof. 
  
At Step 6 'Details & comments', you should review and respond to the queries on the electronic 
submission form. In particular, we would ask that you do the following: 
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-- Ensure that your data access statement meets the requirements at 
https://royalsociety.org/journals/authors/author-guidelines/#data. You should ensure that 
you cite the dataset in your reference list. If you have deposited data etc in the Dryad repository, 
please only include the 'For publication' link at this stage. You should remove the 'For review' 
link.  
-- If you are requesting an article processing charge waiver, you must select the relevant waiver 
option (if requesting a discretionary waiver, the form should have been uploaded at Step 3 'File 
upload' above). 
-- If you have uploaded ESM files, please ensure you follow the guidance at 
https://royalsociety.org/journals/authors/author-guidelines/#supplementary-material to 
include a suitable title and informative caption. An example of appropriate titling and captioning 
may be found at https://figshare.com/articles/Table_S2_from_Is_there_a_trade-
off_between_peak_performance_and_performance_breadth_across_temperatures_for_aerobic_sc
ope_in_teleost_fishes_/3843624. 
  
At Step 7 'Review & submit', you must view the PDF proof of the manuscript before you will be 
able to submit the revision. Note: if any parts of the electronic submission form have not been 
completed, these will be noted by red message boxes. 
 
 
 

Author's Response to Decision Letter for (RSOS-210460.R0) 

 
See Appendix A. 
 
 
 

Decision letter (RSOS-210460.R1) 
 
We hope you are keeping well at this difficult and unusual time. We continue to value your 
support of the journal in these challenging circumstances. If Royal Society Open Science can assist 
you at all, please don't hesitate to let us know at the email address below. 
 
Dear Dr Xu, 
 
I am pleased to inform you that your manuscript entitled "Adaptation to DNA damage as a bet-
hedging mechanism in a fluctuating environment" is now accepted for publication in Royal 
Society Open Science. 
 
Please ensure that you send to the editorial office an editable version of your accepted 
manuscript, and individual files for each figure and table included in your manuscript. You can 
send these in a zip folder if more convenient. Failure to provide these files may delay the 
processing of your proof. You may disregard this request if you have already provided these files 
to the editorial office. 
 
If you have not already done so, please remember to make any data sets or code libraries 'live' 
prior to publication, and update any links as needed when you receive a proof to check - for 
instance, from a private 'for review' URL to a publicly accessible 'for publication' URL. It is good 
practice to also add data sets, code and other digital materials to your reference list.  
 
You can expect to receive a proof of your article in the near future. Please contact the editorial 
office (openscience@royalsociety.org) and the production office 
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(openscience_proofs@royalsociety.org) to let us know if you are likely to be away from e-mail 
contact -- if you are going to be away, please nominate a co-author (if available) to manage the 
proofing process, and ensure they are copied into your email to the journal. Due to rapid 
publication and an extremely tight schedule, if comments are not received, your paper may 
experience a delay in publication. 
 
Please see the Royal Society Publishing guidance on how you may share your accepted author 
manuscript at https://royalsociety.org/journals/ethics-policies/media-embargo/. After 
publication, some additional ways to effectively promote your article can also be found here 
https://royalsociety.org/blog/2020/07/promoting-your-latest-paper-and-tracking-your-
results/. 
 
On behalf of the Editors of Royal Society Open Science, thank you for your support of the journal 
and we look forward to your continued contributions to Royal Society Open Science. 
 
Kind regards, 
Royal Society Open Science Editorial Office 
Royal Society Open Science 
openscience@royalsociety.org 
 
on behalf of Dr Feng Fu (Associate Editor) and Mark Chaplain (Subject Editor) 
openscience@royalsociety.org 
 
Follow Royal Society Publishing on Twitter: @RSocPublishing 
Follow Royal Society Publishing on Facebook: 
https://www.facebook.com/RoyalSocietyPublishing.FanPage/ 
Read Royal Society Publishing's blog: 
https://royalsociety.org/blog/blogsearchpage/?category=Publishing 
 
 
 



Dear Editor, 

We thank you for handling our manuscript and for your decision. Please find below a point-
by-point response (black) to the reviewer’s comments (blue). 

Sincerely, 
Zhou Xu 

----- 
Reviewer: 1 
Comments to the Author(s) 

General comments 

In this manuscript the authors present the intriguing hypothesis that variance in timing of 
“adaptation” (i.e. resumption of cellular activity despite lack of DNA repair following 
damage) may be a bet-hedging strategy that leads to either adaptation or repair under 
conditions that are temporally unpredictable with respect to efficacy of DNA repair 
mechanisms.  The empirically-informed model is clearly laid out, and provides not only a 
novel explanation for heterogeneity of cellular adaptation, but also contributes an example 
arguing for the general importance of considering effects of environmental fluctuations in 
trait evolution. The manuscript flows well, logic is clearly laid out, and is a pleasure to read. 

We thank the reviewer for his/her work and the constructive comments. 

However, I do have some suggestions for improvement of the manuscript. 

1) The continuous model sets out to test the viability of a bet-hedging hypothesis; namely,
that adaptation heterogeneity is adaptive under fluctuating conditions.  Given that the 
manuscript centres on a bet-hedging explanation, the idea of bet hedging should be defined, 
or at least introduced, early on (see Seger, J. & Brockmann, H. J. (1987) What is bet-hedging? 
Oxf. Surv. Evol. Biol. 4, 182–211).  Also, predictions for the model outcomes, based on a bet-
hedging hypothesis should be presented.  Criteria for tests of bet hedging are specifically laid 
out in Simons, A.M. (2011) Modes of response to environmental change and the elusive 
empirical evidence for bet hedging. Proc Roy Soc (B) 278:1601-1609. 

We have now added a definition of bet-hedging in the introduction. In the discussion, we 
already provide arguments rejecting adaptation as a sense-and-response strategy (or 
adaptative tracking). We now recapitulate how adaptation to DNA damage fits some criteria 
for bet-hedging as defined in the references the reviewer cites and suggest an experimental 
test of the bet-hedging hypothesis, which would provide a higher level of evidence strength. 
Incidentally, we have actually found mutations that alter the slope of adaptation probability 
(manuscript in preparation) and the prediction can thus really be tested experimentally in 
the future. 

This brings us to a second general point—2) that the evolution of (heterogeneity of) 
adaptation should depend on its fitness effects with respect to levels of selection; whether 

Appendix A



the cell is unicellular or multicellular, or whether germ line or somatic, etc.  However, the 
manuscript is agnostic in this regard, or seems to implicitly treat the cell as the 
individual/organism and the target of selection.  The assumptions being made in this regard 
should be explicit, especially since this determines what predictions are being made (what is 
bet hedging for single-celled organisms may in fact simply be optimal cell behaviour for 
individual multicellular organisms), and some discussion of this issue is merited. 
 
We agree with the reviewer that depending on the considered organism subject to selection, 
the evolution perspective on adaptation to DNA damage is different and might not be 
applicable. Because adaptation to DNA damage is only relevant at the cellular level, we now 
explicitly refer to isogenic population of yeast in the introduction. In the discussion, we 
propose that the conclusions can be extended to other eukaryotic micro-organisms in which 
adaptation to DNA damage is conserved.  
 
3) The use of the term “adaptation”, to denote resumption of cell cycle progression despite 
damage, is unfortunate.  The awkward conclusion here is that ‘adaptation’ is an adaptation 
to variable conditions.  It may be that historical precedence for this usage is so deep that this 
word cannot be replaced; otherwise, I suggest this opportunity should be taken to do so. 
 
The term “adaptation” in “adaptation to DNA damage” is indeed unfortunate in the context 
of this work, which attempts to provide an evolutionary perspective on the matter. 
However, since it was coined in 1997 by Toczyski et al., it has been widely used by the 
scientific community working on this topic and has been extended to refer to the override of 
other types of cellular checkpoints as well (e.g. “adaptation to the spindle assembly 
checkpoint”). Thus, we cannot replace it with another term. We actually took care not to use 
“adaptation” in the broad sense of the term, to avoid confusion. 
 
Minor comments/edits 
 
P. 3, l. 44: “…adaptation timing is important for optimal cell survival…”  Cell survival, as a 
proxy for fitness, is not optimized; it is maximized. Unless this is meant to refer to a balance, 
e.g. between survival and apoptosis. 
 
We have now replaced “optimal” by “maximal”. 
 
P. 4, l. 44-49: Unless I misunderstand, this implies that the probability of repair remains 
constant regardless of whether repairs were possible in previous steps.  Realistically DNA 
damage proven to be irreparable in adapted cells remains so in future steps.  This should be 
clarified or justified. 
 
Cells that did not repair a damage at a given cell cycle can actually repair it at a later stage. 
Indeed, it is speculated that alternative repair pathways might be active at other phases of 
the cell cycle, such as non-homologous end-joining or microhomology-mediated end-joining. 
Adaptation would give the cell an opportunity to attempt these repairs, despite the fact that 
homologous recombination in G2 (the most common repair mechanism at this stage) failed. 
This notion was briefly mentioned in the introduction. But we have now added a sentence in 
the paragraph describing the stochastic model: “The fact that adapted cells can repair a 



damage that was not repaired in the previous cell cycle reflects the idea that alternative 
repair pathways might be activated at other phases of the cell cycle”. 
 
P. 4, l. 54-57: “If there is not enough space to double…”  To represent relative fitness and for 
consistency, why not fill the environment to capacity (proportionally) at every step?  The 
potential problem here is that steps with low total population sizes will be underrepresented 
in calculations of long-term fitness (i.e. have low weight); as it stands, this is an arbitrary 
hybrid of absolute and relative fitness. 
 
We agree with the reviewer and filling the environment proportionally is already what we 
do. We realize that the misunderstanding comes from the following sentence: “depending 
on the number n of steps since the damage, damaged cells adapt with a probability β(n) and 
repair their DNA with a probability min(α(n), 1 − γ1 − β(n)) – the minimum used here 
arbitrarily favors adaptation when the sum of β(n), α(n) and γ1 exceeds 1;” 
This rule was used initially when we tested probabilities of repair and adaptation that went 
above 0.5, the sum of which potentially exceeding 1. However, this was no longer the case in 
the submitted version but we forgot to change the sentence. We apologize for this oversight 
and the sentence is now corrected, that is, repair probability is directly defined by α(n) and 
not by min(α(n), 1 − γ1 − β(n)). 
The code in the github link was already correct. 
 
P. 5 onward:  I think the blue/orange colour coding is effective; however, it does require 
explanation, including in figure captions (e.g. Fig. 2 mentions blue only). 
 
We have now added a sentence in the description of the model explaining the colour code 
and modified the figure legends where relevant. 
 
P. 8 (all figures) Axis labels and titles are too small. 
 
We have now increased the size of all axis labels and titles. 
 
P. 14, l. 43  Error/typo in “…has no defect in homology-dependent repair”? 
 
Unless we missed something, we do not think there is an error or typo in this sentence. 
Here, “homology-dependent repair” globally refers to repair mechanisms relying of 
sequence homology, including homologous recombination, break-induced replication or 
single-strand annealing. We took the opportunity of this revision to include here another 
relevant work that we did cite in the first version of the manuscript. 
 
P. 15, l. 21-24 “…rather than strongly favouring heterogeneity, an unpredictable fluctuating 
environment actually erases the previously found preference for a sharp adaptation timing.” 
I am not convinced that these are not identical statements; i.e. favouring heterogeneity is 
the same as disfavouring synchronicity.  Same comment for subheading 2.4. 
 
We agree that “favouring heterogeneity is the same as disfavouring synchronicity”. 
However, here we are already reasoning at the level of heterogeneity, represented by the 
slope p of the adaptation probability, not at the level of the timing itself. We are saying that 



an unpredictable environment no longer leads to an optimal p > 7 (sharp adaptation timing), 
but it does not strongly select for a small value of p either (Fig. 5A, where Ts does not vary a 
lot numerically). Quantitatively, it seems that cells would fare approximately as well with p = 
1 as with p > 4 (rather sharp adaptation timing). Therefore, we think that an unpredictable 
environment only slightly favours heterogeneity, but certainly does not select for a sharp 
adaptation timing (p > 7). 
 
P. 15, l.45-48: “Despite a slight…” requires re-wording because the possible contribution of 
additional factors cannot be said to exist “despite” an original known advantage.  Perhaps 
what is meant is that heterogeneity in adaptation provides only a slight survival advantage, 
and there may be other selective advantages to heterogeneity. 
 
We agree that the existence of others factors contributing to the selection of heterogeneity 
is not at odds with the slight survival advantage and we have now replaced “Despite” by “In 
addition to”. 
 
P. 16, l.10-12, Authors’ contributions: The conflicting statements about which author drafted 
the manuscript should be resolved. 
 
Pierre Roux and Zhou Xu wrote the first draft of the manuscript together. The statements 
are now rephrased to reflect this in a single sentence. 


