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Dear Dr Fukushima, 

 

Your manuscript entitled "Detecting macroevolutionary genotype-phenotype associations using error-

corrected rates of protein convergence" has now been seen by 2 reviewers, whose comments are 

attached. The reviewers have raised a number of concerns which will need to be addressed before we 

can offer publication in Nature Ecology & Evolution. We will therefore need to see your responses to 

the criticisms raised and to some editorial concerns, along with a revised manuscript, before we can 

reach a final decision regarding publication. 

 

We therefore invite you to revise your manuscript taking into account all reviewer and editor 

comments. Please highlight all changes in the manuscript text file. 

 

We are committed to providing a fair and constructive peer-review process. Do not hesitate to contact 

us if there are specific requests from the reviewers that you believe are technically impossible or 

unlikely to yield a meaningful outcome. 

 

When revising your manuscript: 

 

* Include a “Response to reviewers” document detailing, point-by-point, how you addressed each 
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reviewer comment. If no action was taken to address a point, you must provide a compelling 

argument. This response will be sent back to the reviewers along with the revised manuscript. 

 

* If you have not done so already please begin to revise your manuscript so that it conforms to our 

Article format instructions at http://www.nature.com/natecolevol/info/final-submission. Refer also to 

any guidelines provided in this letter. 

 

* Include a revised version of any required reporting checklist. It will be available to referees (and, 

potentially, statisticians) to aid in their evaluation if the manuscript goes back for peer review. A 

revised checklist is essential for re-review of the paper. 

 

Please use the link below to submit your revised manuscript and related files: 

 

[REDACTED] 

 

<strong>Note:</strong> This URL links to your confidential home page and associated information 

about manuscripts you may have submitted, or that you are reviewing for us. If you wish to forward 

this email to co-authors, please delete the link to your homepage. 

 

We hope to receive your revised manuscript within four to eight weeks. If you cannot send it within 

this time, please let us know. We will be happy to consider your revision so long as nothing similar has 

been accepted for publication at Nature Ecology & Evolution or published elsewhere. 

 

Nature Ecology & Evolution is committed to improving transparency in authorship. As part of our 

efforts in this direction, we are now requesting that all authors identified as ‘corresponding author’ on 

published papers create and link their Open Researcher and Contributor Identifier (ORCID) with their 

account on the Manuscript Tracking System (MTS), prior to acceptance. ORCID helps the scientific 

community achieve unambiguous attribution of all scholarly contributions. You can create and link 

your ORCID from the home page of the MTS by clicking on ‘Modify my Springer Nature account’. For 

more information please visit please visit <a 

href="http://www.springernature.com/orcid">www.springernature.com/orcid</a>. 

 

Please do not hesitate to contact me if you have any questions or would like to discuss these revisions 

further. 

 

We look forward to seeing the revised manuscript and thank you for the opportunity to review your 

work. 

 

[REDACTED] 
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Reviewer #1 (Remarks to the Author): 
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This manuscript presents a new method for detecting the presence of adaptive protein convergence. 

Given the issues with many previous methods, I thought this was an ingenious solution (and a 

rigorous one). I thought the many included analyses made a convincing argument that the method 

was fairly robust to false positives, and that it avoids many of the problems faced by previous 

measures of convergence. I predict that many people will use it. 

 

That being said, I do have some comments that I hope can help to improve the manuscript. A couple 

of these are technical, but a couple are conceptual, too. I list a few more minor comments at the end. 

 

1. Statistical power. While there is a lot of focus on reducing false positives, I could find very little on 

reducing false negatives, or the statistical properties of omega_C overall. So even though the 

Discussion says that omega_C doesn’t have any reduction in power (line 489), I didn’t know what this 

was referring to. There is one small mention of “true positives” in Figure 1D (and Figure S3A), but it’s 

not clear what this shows. Even a small simulation study of the number of convergent substitutions 

necessary to detect significance would be helpful. 

 

But this just begs the question: how does a researcher know when omega_C is significant? I saw 

nothing that provided guidelines for this. In some places the authors use the top 1% of omega_C 

values to identify genes of interest, while in Figure 1D they seem to use neutral simulations to call 

“true positives”. Some clarification of the recommended usage of the statistic would be extremely 

useful. 

 

2. Genotype-phenotype associations. I have to admit that I could have done without claims about 

genotype-phenotype associations altogether. In some contexts, the claims are pretty empty (e.g. line 

67), but in most contexts the results do not support the conclusions at all. For instance, the 

“identification of molecular convergence associated with a particular phenotype” (between ruminants 

and rabbits) identified 352 “candidate branch pairs”. So which are the genes involved in this 

phenotype? (And which phenotype, exactly? Herbivory?) While I am convinced the method found truly 

convergent proteins, I am not convinced that they were linked to any particular phenotype, or could 

be shown to be. The brief stories about a bunch of proteins were not super-convincing. 

 

Even more worrying, the next section of the manuscript then describes how to look for convergence 

without a pre-specified phenotype, which will “provide a basis for understanding overlooked 

phenotypes”. But which ones? How would we identify these phenotypes? Especially on internal 

branches of species trees, I don’t have the foggiest idea how these signals would lead to an increased 

understanding of genotype-phenotype associations. 

 

Putting aside the question of whether the method can help to identify such associations, if the authors 

really think this is a good use of their method, I think there are two key references missing: Smith et 

al. (2020, TREE) on the “PhyloG2P” approach, and Pease et al. (2016, PLoS Biology) on the 

“phyloGWAS” approach. 

 

3. Convergence in duplicated genes. While I do see how a search for convergent evolution between 

gene duplicates would be very useful, I had a bit of trouble figuring out how this was actually done 
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(there was very little description). For instance, are paralogs only in different species compared, or all 

pairs of paralogous branches? It seems like both might be informative, but about different biological 

processes. Similarly, why require two duplication events to separate paralogs (”DD”)? It seems 

biologically more plausible that duplicates separated by only one duplication event (plus one 

speciation) would be more likely to converge, for the very same reasons that epistasis is invoked to 

explain decreasing convergence through time. 

 

Also, how do you assign convergent substitutions to gene trees with missing genes? While this 

problem must also occur for single-copy genes, I imagine it must be much more common for trees 

with duplicates in them. And for trees with losses, it is not clear to me how branches can be compared 

fairly. Clearer explanations for the use of paralogs—and the patterns found (especially a bit more on 

the patterns described on lines 277-281)—would be helpful. 

 

4. “Neutral” evolution. I admit this is a bit of a bugbear for me, but the use (and mis-use) of this term 

throughout the paper was both misleading and incorrect. Neutral evolution does not mean “no 

selection” or “no constraint”—it means the absence of positive selection (and the absence of balancing 

selection and weakly deleterious substitutions). While I know that there is a portion of the 

phylogenetic literature that says omega=1 is evidence of “neutral evolution,” this is not correct. There 

is nothing about the neutral theory or neutral evolution that rejects a role for constraint, and this mis-

use should really not be condoned. 

 

Even more importantly for the clarity of the arguments being made here: the authors only require the 

correct usage of neutral. In other words, the neutral expectation of omega_C *is* 1, because it is a 

ratio of convergent substitutions of each type. But this expectation does not require that omega=1, 

even though this is what is said (line 159). In fact, it seems that the neutral simulations were actually 

done with omega=0.5 (if I’m reading Table S2 correctly), which is perfectly sensible. (It seems like 

omega_C is mostly independent of the values of omega.) The conflation of these two uses of “neutral 

expectations” (one of which is not correct) simply made the manuscript harder to understand. 

 

Similarly, it is not clear to me what the line for “Theoretically Neutral” is pointing to in the panels of 

Figure 1D with dN_C and dS_C in them. Why should these two metrics have an expectation of 1? The 

citation to Bustamante et al. 2005 (line 780) was also confusing, as the McDonald-Kreitman test isn’t 

a test for purifying selection. The results in that paper simply say that there are segregating weakly 

deleterious polymorphisms in humans. Finally, “nearly neutral” and “essentially nonfunctional” (line 

75) are not contrasting ideas—the former is about the fitness effect of substituting one allele for 

another, and the latter describes a change in molecular function. 

 

5. Minor comments. 

 

-dN and dS are not rates, they are distances. 

 

-I am not sure what the section on “Extracting a high-confidence set of convergent lineages” (starting 

line 287) shows, exactly. That there are outliers on any pair of branches? 

 

-Could the authors comment on the relationship of the metrics they use to the one proposed in 

http://creativecommons.org/licenses/by/4.0/


 
 

 

5 
 

 

 Open Access This file is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons license, and indicate if changes were made. In the cases where the authors are anonymous, 
such as is the case for the reports of anonymous peer reviewers, author attribution should be to 'Anonymous Referee' followed by a clear 
attribution to the source work. The images or other third party material in this file are included in the article’s Creative Commons license, unless 
indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons license and your intended use is 
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.  

Burskaia et al. (2020, GBE)? 

 

-Figure S3C seems to show quite a bit of sensitivity of omega_c to misspecification of the codon 

model. Maybe this should be mentioned in the main text? 

 

- It was not clear to me that the expression changes detected are adaptive. What if there is a lot of 

overlap with testis expression because this pattern accumulates at high (neutral) rates? 

 

-Figure 3 was not very informative. Maybe some more detail on the expression method/patterns, and 

less on protein structures? 

 

-Is there a formula for number of independent branches in different sized trees? I’m just wondering 

whether there’s an easy way to get the number laid out starting on line 446, as it seems like a very 

helpful calculation. 

 

-The “branch-and-bound” algorithm described seems to be in fact be a greedy algorithm. I think the 

same approach is often taken in trying to detect pairwise epistasis in mapping studies. 

 

 

[REDACTED] 

 

 

 

 

Reviewer #2 (Remarks to the Author): 

 

In this manuscript, Fukushima and Pollock develop a new method to detect protein-coding genes with 

an excess of convergent amino acid substitutions, that corrects for the biases and false positives that 

have plagued this field for a while. Their approach, implemented in the software package CSUBST, 

appears to be robust and performs well in the tests reported in this manuscript, making it highly likely 

this will be adopted as a standard method in the community of evolutionary biologists who study 

convergent evolution. I would further note that the code associated with the manuscript is notably 

well organized, easy to install, and simple to work with, with multiple example datasets and a well 

organized wiki/help section. Nonetheless, the manuscript would be significantly improved by some 

revisions, which I outline here. Of particular importance are the technical issues in point 4 below. 

 

1. As the authors mention in their discussion (503-511), approaches such as CSUBST rely on 

identifying genes with more convergent substitutions than expected under some kind of neutral 

model; this approach can have low power when there are only one or a few convergent substitutions 

in a protein. While CSUBST is innovative in using convergent synonymous substitutions to normalize 

the excess over expectations in nonsynyomous substitutions, there is an alternate line of research, 

perhaps best exemplified by Marcovitz et al 2019 (PMC6800341), that instead considers the full 

collection of convergence substitutions and asks questions about functional enrichment of the genes 

affected. I would be very interested to see if there is a way that these ideas could be merged with the 

authors' method. For example, it seems like it could be possible to aggregate by, e.g., some kind of 

http://creativecommons.org/licenses/by/4.0/
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functional class instead of gene, to gain significantly more power to detect cases of adaptive 

convergence. This could be conceptually similar to methods like INSIGHT (Gronau et al 2013, 

https://doi.org/10.1093/molbev/mst019), which aggregate "genomically coherent elements" for tests 

of selection to increase power when the substitutions of interest are rare. I realize that while fully 

implementing this kind of extension could be beyond the scope of the current manuscript, a more 

extensive discussion of limitations and possible extensions of the CSUBST method would help 

contextualize the current work and its potential and future impact. 

 

2. Related to this point, a challenge for many studies seeking to identify convergent amino acid 

substitutions is that there is the possibility that this is simply not a particularly common phenomenon. 

While a few key examples are repeatedly discussed (PEPC in C4 photosynthesis, prestin in 

echolocating mammals, ATPalpha1 in glycoside resistant insects, etc), an exciting possibility of the 

new method the authors propose is the potential to do exploratory analysis in the absence of known 

candidates, as the authors discuss in the section starting on line 344 and again the discussion, as well 

as showing in Fig 3 and Fig 5. However, it is not particularly clear from the results the authors' 

present how well this works. While I understand the motivation for focusing on the small number of 

genes that show overlapping patterns of convergence between gene expression and amino acid 

datasets, the results of this analysis seem more relevant to questions of the role of gene duplication in 

protein evolution than the kind of genotype-phenotype link the authors emphasize in e.g. Fig 5. 

Therefore, I think that a few additional analyses in this section would be particularly valuable. 

 

i. First, the authors identify 53,805 candidate branch pairs in their exploratory analysis. This would 

average to about 100 cases of excess convergence for a pair of species, as the authors discuss on 

lines 351-356. It is notable, to me, that the number of branch pairs with excess convergence in the 

herbivore analysis is substantially higher than this average, at 352. This raises the question of what 

the distribution of these number actually are. Do species pairs with well-known convergent 

phenotypes tend to have higher-than-average numbers of genes with excess convergence? The 

general conclusion in many previous studies has been that this is not the case, but given that previous 

methods were very sensitive to false positives this could swamp real signal. 

 

ii. Second, from the analysis of PEPC in C4 photosynthesis plants, it seems like a genome-wide, 

unbiased screen for say 3- or 4-way convergence in the mammalian tree (something that has not 

really been possible before CSUBST) could be extremely informative to identify proteins that are 

highly likely to be biological relevance for interesting phenotypes. This kind of analysis would go a long 

way towards demonstrating the clear potential of CSUBST for the kinds of exploratory analyses the 

authors pitch as one of the impactful areas of study enabled by their work. 

 

3. A minor point about the CSUBST program. While the documentation for installation and basic usage 

is admirably clear, and the examples for advanced usage are nice to see, the program has a huge 

number of options that are not clear how to set or use, many of which I presume the user will rarely, 

if ever, want to modify. A short addition to the readme that describes the submodules (dataset, 

analyze, simulate, site) with a brief description of the options the user is most likely to want to 

change, would be extremely helpful. 

 

4. I also have some technical questions that should be addressed. 

http://creativecommons.org/licenses/by/4.0/
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i. The authors use a variety of omega[c] and observed[N][c] thresholds to identify genes with excess 

convergence, and these thresholds vary between the higher-order branch-and-bound search and the 

exhaustive pairwise search. However, there is little/no discussion in the paper of why these thresholds 

were chosen (unless I missed it, in which case I apologize). I think this really needs to be clearly 

explained and justified. Is there some reason to believe that an omega[c] value of 3 is a particularly 

important cutoff? Is this what seems to work in practice, or is there a statistical justification for it? Are 

the same cutoffs likely to be universally useful regardless of tree size and species included, or is this 

something the user is likely going to have to optimize? Of particular concern is the fact that several of 

the key examples presented in Fig 1 / Table S4 (e.g., prestin with O_C^N ~1.09, ATPalpha1 with 

O_C^N ~1.4) don't seem to pass these same thresholds. The simulation data shows the advantages 

of omega[c] clearly, but it is less obvious, in practice, how one translates this to real data. The 

method seems fast enough that adding some kind of simulation or permutation based P-value may be 

of significant value and may need to be explored to address some of these issues. 

 

ii. After digging into the results in Tables S5 and S6, I am a little bit confused about how large gene 

families with speciation and duplication events are being analyzed. For example, looking at 

OG0000039, there are four branch pairs with excess convergence. Both 155/202 and 155/209 are 

listed as 'SS', as in both branches are speciation events. However, it seems to me that 202 and 209 

must represent different paralogs, right? So, I think you have convergence between paralog A[rabbit] 

and paralog A[ruminant], as well as convergence between paralog A[rabbit] and paralog B[ruminant]. 

Something similar seems to happen in OG0000059. I don't really understand in this case why all of 

these are being listed as 'SS' branching types. I think a supplemental figure or diagram would be very 

helpful here to clarify what is going on. Additionally, I think it would be extremely useful to have a 

way to filter to identify convergent events only between branches where the most recent common 

ancestor of the two convergent branches is a speciation event. 

 

iii. Related to the last point, I am in general somewhat confused as to how gene duplication is treated 

in this manuscript. Looking at Figure 1C, it seems for the simplified tree ((species 1 copy 1, species 2 

copy 1),(species 1 copy 2, species 2 copy 2)) convergence between copy 1 in species 1 and copy 2 in 

species 1 would be treated as a 'SS' event, since the immediately preceding node in each case is a 

speciation event. I am not sure if this really makes sense? It would perhaps be more intuitive to 

classify branch pairs by whether their common ancestor is a speciation or a duplication event, 

especially as in the current framework it is not obvious at all what an 'SD' event means. 

 

 

 

 

********************END******************** 
 

Author Rebuttal to Initial comments   
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Decision Letter, first revision: 

 
5th August 2022 

 

Dear Dr. Fukushima, 

 

Thank you for submitting your revised manuscript "Detecting macroevolutionary genotype-phenotype 

associations using error-corrected rates of protein convergence" (NATECOLEVOL-220316177A). It has 

now been seen again by the original reviewers and their comments are below. The reviewers find that 

the paper has improved in revision, and therefore we'll be happy in principle to publish it in Nature 

Ecology & Evolution, pending minor revisions to satisfy the reviewers' final requests and to comply 

with our editorial and formatting guidelines. 

 

If the current version of your manuscript is in a PDF format, please email us a copy of the file in an 

editable format (Microsoft Word or LaTex)-- we can not proceed with PDFs at this stage. 

 

We are now performing detailed checks on your paper and will send you a checklist detailing our 

editorial and formatting requirements in about a week. Please do not upload the final materials and 

make any revisions until you receive this additional information from us. 

 

Thank you again for your interest in Nature Ecology & Evolution. Please do not hesitate to contact me 

if you have any questions. 

 

[REDACTED] 

 

 

Reviewer #1 (Remarks to the Author): 

 

Re-review of "Detecting macroevolutionary genotype-phenotype associations using error-corrected 

rates of protein convergence" 

 

 

The updated manuscript clarifies many of the issues raised in the first round of review, and I thank the 

authors for their many changes and updates. I still do not really agree with the focus on possible 

genotype-phenotype associations, but I at least agree that convergent evolution is one way to 

(indirectly) try to identify such associations. 

 

Two remaining minor points that I don't feel are adequately addressed yet: 

 

-"demonstrating that genotype-phenotype associations frequently occur on macroevolutionary scales" 

(lines 67-68). What does this mean? Are the authors trying to say something about the origins of 

traits, or our ability to detect them? What does convergent evolution have to do with the existence of 

such associations? Presumably there is an association between genotype and phenotype regardless of 

whether there is convergence. 
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-The authors have clarified that they have tested for convergence among duplicated genes within the 

same species. What phenotypes can duplicated genes from the same species be associated with? 

Related to this, the authors have also clarified that when one duplicate is lost, the remaining branch is 

"contaminated" with substitutions from the neighboring branch (because they cannot be separated). 

But what happens when a single-copy gene is lost from just one species? The previous answer implies 

there are none of these, but I can't tell whether this is the case or whether there was some confusion 

about what I meant by "lost genes". Can the authors please clarify? 

 

 

 

Reviewer #2 (Remarks to the Author): 

 

The authors have added a number of useful analyses, figures, and text that have in my opinion done 

an excellent job of addressing both reviewers comments. 

 

I only have one remaining minor comment. I think that I now understand the logic the authors use 

now, but from the text it is still not clear that, as I understand it, 'SS' and 'DD' branch pairs do not 

perfectly map to what are traditionally referred to as orthologs or paralogs. 

 

E.g., in the case where a duplication happens on an internal branch of the species tree and then the 

paralogs diversify by speciation, the paralogous copies within one species that is, copy 1 and copy 2 in 

species A) will be considered and 'SS' branch pair even though we would normally think of these as 

paralogs, since the duplication event is on a deeper internal branch with subsequent speciation events. 

 

A little bit of text and maybe a supplemental diagram to clarify what may otherwise end up a common 

misunderstanding would be a valuable minor addition prior to publication. It may also be useful to 

emphasize a little bit more in the text that (at least as I know understand it) this analysis focuses on 

"convergent gene duplication", that is AA changes that occur repeatedly after duplication events, not 

"convergence between gene duplicates" which implies (to me anyway) looking at convergence 

between paralogous copies within the same gene family. 
 

 

 

 

 

 

 

 
Our ref: NATECOLEVOL-220316177A 

 

 

1st September 2022 
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Dear Dr. Fukushima, 

 

Thank you for your patience as we’ve prepared the guidelines for final submission of your Nature 

Ecology & Evolution manuscript, "Detecting macroevolutionary genotype-phenotype associations using 

error-corrected rates of protein convergence" (NATECOLEVOL-220316177A). Please carefully follow 

the step-by-step instructions provided in the attached file, and add a response in each row of the table 

to indicate the changes that you have made. Please also check and comment on any additional 

marked-up edits we have proposed within the text. Ensuring that each point is addressed will help to 

ensure that your revised manuscript can be swiftly handed over to our production team. 

 

**We would like to start working on your revised paper, with all of the requested files and forms, as 

soon as possible (preferably within two weeks). Please get in contact with us immediately if you 

anticipate it taking more than two weeks to submit these revised files.** 

 

When you upload your final materials, please include a point-by-point response to any remaining 

reviewer comments. 

 

If you have not done so already, please alert us to any related manuscripts from your group that are 

under consideration or in press at other journals, or are being written up for submission to other 

journals (see: https://www.nature.com/nature-research/editorial-policies/plagiarism#policy-on-

duplicate-publication for details). 

 

In recognition of the time and expertise our reviewers provide to Nature Ecology & Evolution’s editorial 

process, we would like to formally acknowledge their contribution to the external peer review of your 

manuscript entitled "Detecting macroevolutionary genotype-phenotype associations using error-

corrected rates of protein convergence". For those reviewers who give their assent, we will be 

publishing their names alongside the published article. 

 

Nature Ecology & Evolution offers a Transparent Peer Review option for new original research 

manuscripts submitted after December 1st, 2019. As part of this initiative, we encourage our authors 

to support increased transparency into the peer review process by agreeing to have the reviewer 

comments, author rebuttal letters, and editorial decision letters published as a Supplementary item. 

When you submit your final files please clearly state in your cover letter whether or not you would like 

to participate in this initiative. Please note that failure to state your preference will result in delays in 

accepting your manuscript for publication. 

 

Cover suggestions 

 

As you prepare your final files we encourage you to consider whether you have any images or 

illustrations that may be appropriate for use on the cover of Nature Ecology & Evolution. 

 

Covers should be both aesthetically appealing and scientifically relevant, and should be supplied at the 

best quality available. Due to the prominence of these images, we do not generally select images 
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featuring faces, children, text, graphs, schematic drawings, or collages on our covers. 

 

We accept TIFF, JPEG, PNG or PSD file formats (a layered PSD file would be ideal), and the image 

should be at least 300ppi resolution (preferably 600-1200 ppi), in CMYK colour mode. 

 

If your image is selected, we may also use it on the journal website as a banner image, and may need 

to make artistic alterations to fit our journal style. 

 

Please submit your suggestions, clearly labeled, along with your final files. We’ll be in touch if more 

information is needed. 

 

 

Nature Ecology & Evolution has now transitioned to a unified Rights Collection system which will allow 

our Author Services team to quickly and easily collect the rights and permissions required to publish 

your work. Approximately 10 days after your paper is formally accepted, you will receive an email in 

providing you with a link to complete the grant of rights. If your paper is eligible for Open Access, our 

Author Services team will also be in touch regarding any additional information that may be required 

to arrange payment for your article. 

 

Please note that <i>Nature Ecology & Evolution</i> is a Transformative Journal (TJ). Authors may 

publish their research with us through the traditional subscription access route or make their paper 

immediately open access through payment of an article-processing charge (APC). Authors will not be 

required to make a final decision about access to their article until it has been accepted. <a 

href="https://www.springernature.com/gp/open-research/transformative-journals"> Find out more 

about Transformative Journals</a> 

 

Authors may need to take specific actions to achieve <a 

href="https://www.springernature.com/gp/open-research/funding/policy-compliance-

faqs"> compliance</a> with funder and institutional open access mandates. If your research 

is supported by a funder that requires immediate open access (e.g. according to <a 

href="https://www.springernature.com/gp/open-research/plan-s-compliance">Plan S principles</a>) 

then you should select the gold OA route, and we will direct you to the compliant route where 

possible. For authors selecting the subscription publication route, the journal’s standard licensing 

terms will need to be accepted, including <a href="https://www.nature.com/nature-portfolio/editorial-

policies/self-archiving-and-license-to-publish. Those licensing terms will supersede any other terms 

that the author or any third party may assert apply to any version of the manuscript. 

 

Please note that you will not receive your proofs until the publishing agreement has been received 

through our system. 

 

For information regarding our different publishing models please see our <a 

href="https://www.springernature.com/gp/open-research/transformative-journals"> Transformative 
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Please use the following link for uploading these materials: 

[REDACTED] 

 

If you have any further questions, please feel free to contact me. 

 

 

[REDACTED] 

 

 

Reviewer #1: 

Remarks to the Author: 

Re-review of "Detecting macroevolutionary genotype-phenotype associations using error-corrected 

rates of protein convergence" 

 

 

The updated manuscript clarifies many of the issues raised in the first round of review, and I thank the 

authors for their many changes and updates. I still do not really agree with the focus on possible 

genotype-phenotype associations, but I at least agree that convergent evolution is one way to 

(indirectly) try to identify such associations. 

 

Two remaining minor points that I don't feel are adequately addressed yet: 

 

-"demonstrating that genotype-phenotype associations frequently occur on macroevolutionary scales" 

(lines 67-68). What does this mean? Are the authors trying to say something about the origins of 

traits, or our ability to detect them? What does convergent evolution have to do with the existence of 

such associations? Presumably there is an association between genotype and phenotype regardless of 

whether there is convergence. 

 

-The authors have clarified that they have tested for convergence among duplicated genes within the 

same species. What phenotypes can duplicated genes from the same species be associated with? 

Related to this, the authors have also clarified that when one duplicate is lost, the remaining branch is 

"contaminated" with substitutions from the neighboring branch (because they cannot be separated). 

But what happens when a single-copy gene is lost from just one species? The previous answer implies 

there are none of these, but I can't tell whether this is the case or whether there was some confusion 

about what I meant by "lost genes". Can the authors please clarify? 

 

 

 

Reviewer #2: 

Remarks to the Author: 

The authors have added a number of useful analyses, figures, and text that have in my opinion done 

an excellent job of addressing both reviewers comments. 
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I only have one remaining minor comment. I think that I now understand the logic the authors use 

now, but from the text it is still not clear that, as I understand it, 'SS' and 'DD' branch pairs do not 

perfectly map to what are traditionally referred to as orthologs or paralogs. 

 

E.g., in the case where a duplication happens on an internal branch of the species tree and then the 

paralogs diversify by speciation, the paralogous copies within one species that is, copy 1 and copy 2 in 

species A) will be considered and 'SS' branch pair even though we would normally think of these as 

paralogs, since the duplication event is on a deeper internal branch with subsequent speciation events. 

 

A little bit of text and maybe a supplemental diagram to clarify what may otherwise end up a common 

misunderstanding would be a valuable minor addition prior to publication. It may also be useful to 

emphasize a little bit more in the text that (at least as I know understand it) this analysis focuses on 

"convergent gene duplication", that is AA changes that occur repeatedly after duplication events, not 

"convergence between gene duplicates" which implies (to me anyway) looking at convergence 

between paralogous copies within the same gene family. 

 

Author Rebuttal, first revision: 
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Final Decision Letter: 

 
12th October 2022 

 

Dear Dr Fukushima, 

 

We are pleased to inform you that your Article entitled "Detecting macroevolutionary genotype-

phenotype associations using error-corrected rates of protein convergence", has now been accepted 

for publication in Nature Ecology & Evolution. 

 

Over the next few weeks, your paper will be copyedited to ensure that it conforms to Nature Ecology 

and Evolution style. Once your paper is typeset, you will receive an email with a link to choose the 

appropriate publishing options for your paper and our Author Services team will be in touch regarding 

any additional information that may be required 

 

After the grant of rights is completed, you will receive a link to your electronic proof via email with a 

request to make any corrections within 48 hours. If, when you receive your proof, you cannot meet 

this deadline, please inform us at rjsproduction@springernature.com immediately. 

 

You will not receive your proofs until the publishing agreement has been received through our system 

 

Due to the importance of these deadlines, we ask you please us know now whether you will be difficult 

to contact over the next month. If this is the case, we ask you provide us with the contact information 

(email, phone and fax) of someone who will be able to check the proofs on your behalf, and who will 

be available to address any last-minute problems . Once your paper has been scheduled for online 

publication, the Nature press office will be in touch to confirm the details. 

 

Acceptance of your manuscript is conditional on all authors' agreement with our publication policies 

(see www.nature.com/authors/policies/index.html). In particular your manuscript must not be 

published elsewhere and there must be no announcement of the work to any media outlet until the 

publication date (the day on which it is uploaded onto our web site). 

 

Please note that <i>Nature Ecology & Evolution</i> is a Transformative Journal (TJ). Authors may 

publish their research with us through the traditional subscription access route or make their paper 

immediately open access through payment of an article-processing charge (APC). Authors will not be 

required to make a final decision about access to their article until it has been accepted. <a 

href="https://www.springernature.com/gp/open-research/transformative-journals"> Find out more 

about Transformative Journals</a> 

 

Authors may need to take specific actions to achieve <a 

href="https://www.springernature.com/gp/open-research/funding/policy-compliance-

faqs"> compliance</a> with funder and institutional open access mandates. If your research 

is supported by a funder that requires immediate open access (e.g. according to <a 
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href="https://www.springernature.com/gp/open-research/plan-s-compliance">Plan S principles</a>) 

then you should select the gold OA route, and we will direct you to the compliant route where 

possible. For authors selecting the subscription publication route, the journal’s standard licensing 

terms will need to be accepted, including <a href="https://www.nature.com/nature-portfolio/editorial-

policies/self-archiving-and-license-to-publish. Those licensing terms will supersede any other terms 

that the author or any third party may assert apply to any version of the manuscript. 

 

In approximately 10 business days you will receive an email with a link to choose the appropriate 

publishing options for your paper and our Author Services team will be in touch regarding any 

additional information that may be required. 

 

You will not receive your proofs until the publishing agreement has been received through our system. 

 

If you have any questions about our publishing options, costs, Open Access requirements, or our legal 

forms, please contact ASJournals@springernature.com 

 

An online order form for reprints of your paper is available at <a 

href="https://www.nature.com/reprints/author-

reprints.html">https://www.nature.com/reprints/author-reprints.html</a>. All co-authors, authors' 

institutions and authors' funding agencies can order reprints using the form appropriate to their 

geographical region. 

 

We welcome the submission of potential cover material (including a short caption of around 40 words) 

related to your manuscript; suggestions should be sent to Nature Ecology & Evolution as electronic 

files (the image should be 300 dpi at 210 x 297 mm in either TIFF or JPEG format). Please note that 

such pictures should be selected more for their aesthetic appeal than for their scientific content, and 

that colour images work better than black and white or grayscale images. Please do not try to design a 

cover with the Nature Ecology & Evolution logo etc., and please do not submit composites of images 

related to your work. I am sure you will understand that we cannot make any promise as to whether 

any of your suggestions might be selected for the cover of the journal. 

 

You can now use a single sign-on for all your accounts, view the status of all your manuscript 

submissions and reviews, access usage statistics for your published articles and download a record of 

your refereeing activity for the Nature journals. 

 

To assist our authors in disseminating their research to the broader community, our SharedIt initiative 

provides you with a unique shareable link that will allow anyone (with or without a subscription) to 

read the published article. Recipients of the link with a subscription will also be able to download and 

print the PDF. 

 

You can generate the link yourself when you receive your article DOI by entering it here: <a 

href="http://authors.springernature.com/share">http://authors.springernature.com/share<a>. 
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