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Should the paper be seen by a specialist statistical reviewer?
No

Do you have any concerns about statistical analyses in this paper? If so, please specify them
explicitly in your report.
Yes

It is a condition of publication that authors make their supporting data, code and materials
available - either as supplementary material or hosted in an external repository. Please rate, if
applicable, the supporting data on the following criteria.

Is it accessible?
Yes

Is it clear?
Yes

Is it adequate?
Yes

Do you have any ethical concerns with this paper?
No

Comments to the Author

I had read this paper in preprint arxiv and in fact I like this paper. So I'm delighted to have the
chance to give a formal review on it. The somatic mutations in large long-lived trees are attracting
increasing interests from the community, and the current work by the authors could certainly
serve as an excellent paradigm to develop related methodologies. Though I would like to see a
quick publication of this work, I may still have to be rigorous to ensure this paper to be published
as qualified as it could be.

My general concern is about the many assumptions made in this paper, some of which seem to be
weak and could limit the application of the proposed method. The details are given below.

The phylogenomic approach is indeed intriguing, but related tests depend on the known physical
structure of the tree. The clear ontogeny is not always easy to obtain on many early-branching or
multi-stemmed trees. Besides, old large trees are vulnerable to environmental stresses, and old
branches could be damaged while new branches could be regenerated near wounded sites. These
factors complicate the true ontology as well as the underlying relationship to phylogeny. It's thus
not clear whether the phylogenomic approach is robust enough against all these confounding
factors.

Page 3 Line 46. Using three biological replicates could certainly reduce many non-context-
dependent errors (i.e., errors assumed to be random by position), but not always true for context-
dependent errors. Could we check how many false-positives are eliminated by checking if we
only require one or two replicates in mutation calling. In turn, is it possible that this may also lead
to false negatives as any replicate with poor coverage on certain sites could cause a rejection of
true mutations.

Page 7 Line 127. What causes this very high false negative rate here? My guess is that a high
divergence with reference genome could lead to fewer regions accessible, and removing
repetitive regions also reduce the accessible regions. How many regions are actually valid in
variant calling and how many regions are repetitive defined by RepeatMasker then? Or are there
other factors lead to this high false negative rate?

Page 7 Line 128. Using simulation to estimate the false positives is nearer to a debugging process,



which means most times if we find these false positives we could re-adjust the criteria to
eliminate them. If we could not in fact reject them, even after manual inspection, how can we be
sure that they are truly false positives? So how do the 11 false-positive mutations look like? Are
they failed any criteria or just not match well with the ontology?

Page 7 Line 136. By calculating per meter mutation rate, the implied assumption here is that
mutations fixed linearly with the branch length. I had to say that I don’t agree very well on this
assumption. There are growing bodies of evidences suggest that the branching processes (e.g.,
from SAM to axillary meristems) rather than the elongation processes generating most fixed
mutations. Considering two branch tips with same lengths to the ground but with different
branching orders, the higher-ordered branch tip could have higher per meter mutation rate as it
undergoes much more stem cell divisions.

Review form: Reviewer 2

Recommendation
Accept with minor revision (please list in comments)

Scientific importance: Is the manuscript an original and important contribution to its field?
Excellent

General interest: Is the paper of sufficient general interest?
Excellent

Quality of the paper: Is the overall quality of the paper suitable?
Excellent

Is the length of the paper justified?
Yes

Should the paper be seen by a specialist statistical reviewer?
No

Do you have any concerns about statistical analyses in this paper? If so, please specify them
explicitly in your report.
No

It is a condition of publication that authors make their supporting data, code and materials
available - either as supplementary material or hosted in an external repository. Please rate, if
applicable, the supporting data on the following criteria.

Is it accessible?
Yes

Is it clear?
Yes

Is it adequate?
Yes

Do you have any ethical concerns with this paper?
No



Comments to the Author

This is a very interesting, clear, well-written paper on a current hot topic - that of the extent of
somatic mutations in plants in general, and trees in particular. The potential contribution of
somatic mutations to genetic diversity of long-lived plants has been a topic of theoretical
discussion for decades, but only recently has sequencing technology and cost been sufficient to
address it empirically. There have been several papers on this topic in the past ~2 years - prior to
that, there were none. The authors used whole genome sequencing of branch tips of a Eucalyptus
tree previously phenotypically shown to have at least one somatic mutation affecting herbivore
resistance. The novelty of this paper is an effective phylogenetic approach to identifying somatic
mutations across a single tree, adjusting the estimated number of mutations through in silico
estimation of false positive rates (which were low) and false negative rates (which were quite
high), and putting the estimated mutation rate into context with comparisons with Arabidopsis
and other plants including trees. The phylogenetic topology based on somatic mutations largely
matched the topology of the actual tree. The authors provide further support that long-lived and
large plants seem to have apical meristems that reduce the likelihood of accumulating somatic
mutations compared to short-lived, small statured species, a hypothesis the senior author of this
paper has previously written eloquently about.

My comments are relatively minor - mainly asking for some clarifications in the event they will
add to the interpretation of the results.

1. 59-60 Branch tips were selected to maximize branch length distance between samples. This is
nicely illustrated in Figure 1. Was any consideration given to the order of the branches sampled,
i.e.,, how many new lateral meristems had been initiated along the branch path?

1. 123 - Were the 90 high-confidence somatic mutations identified all cases where a homozygous
site became a heterozygous site?

1. 127-128 - why were false negative rates so high? It seems this should be discussed. The false
negative approach is very low, and provides good evidence of the strength of the sampling
approach used (with three technical replicates per branch tip).

1. 141 - This is a wide age range estimate. What is it based on? Does this species produce annual
rings, i.e., is it possible to age the tree?

1. 161-164 - "While this per-generation rate is high, the rate per meter of growth is very low,
roughly an order of magnitude lower than our estimate for E. melliodora, at around 3.5 x 10-10
(2.7x10-8 divided by the average height of individual Sitka spruce studied of 76 m), which is
strikingly similar to the rate that we estimated here." At first read, this sentence appears to be
contradictory. I think you mean the rate per generation in Sitka spruce was similar, but the rate
per m of growth was about ten times lower?

1. 169-180 - I would have liked to see some discussion of why age vs size might matter to somatic
mutation rates?

1. 249-256 and 289-298 - Which of these filtering steps that impressively reduced the false positive
rate likely had the greatest impact on the false negative rate?

1. 340-345 - This should be in the results, not in the methods.

Review form: Reviewer 3

Recommendation
Accept with minor revision (please list in comments)



Scientific importance: Is the manuscript an original and important contribution to its field?
Good

General interest: Is the paper of sufficient general interest?
Excellent

Quality of the paper: Is the overall quality of the paper suitable?
Good

Is the length of the paper justified?
Yes

Should the paper be seen by a specialist statistical reviewer?
No

Do you have any concerns about statistical analyses in this paper? If so, please specify them
explicitly in your report.
No

It is a condition of publication that authors make their supporting data, code and materials
available - either as supplementary material or hosted in an external repository. Please rate, if
applicable, the supporting data on the following criteria.

Is it accessible?
Yes

Is it clear?
Yes

Is it adequate?
Yes

Do you have any ethical concerns with this paper?
No

Comments to the Author

In "A phylogenomic approach reveals a low somatic mutation rate in a long-lived plantThe
analysis, although interesting is relatively superficial.” Orr and Colleagues present a simple and
elegant study of the patterns of mutation across a single tree. The analysis is conducted assuming
that somatic mutations from different parts of the tree will reflect the branching patterns in the
tree itself. The analyses presented are quite simple but demonstrate that there is a relatively low
rate of somatic mutation given that the tree is large and long lived. The paper also fits into an
emerging literature exploring the long-held assumption that plants would have high mutation
rates because they don’t have an animal-like germline. Overall, I think the paper is clear and well
written. I think the data are appropriate and the paper addresses a question that should be
broadly interesting. I have a few comments that I think should be addressed before publication
that I outline below

Format: Is this short manuscript style acceptable for Proc B? The paper is so short that many
details are left to the methods or perhaps not provided at all. I think a bit more detail about how
rates are calculated would be helpful.

Mutation results from A. thaliana (doi: 10.1016/j.cub.2016.03.067) has indicated that the mutation
count is correlated not with branch length but by the number of branchings in which the
meristem is forced to divide. Is there any evidence of this finding here?



The authors make some interesting conjecture about selection on somatic mutation - Perhaps the
patterns of synonymous v non-synonymous mutation could be presented to quantify this claim.

Are mutation rates in the “phylogeny’ linear? - ie is the rate between two proximal tips
proportional to the rate between distant tips?

L54: "Third, the approach allows us to estimate the false negative and the false positive rate of our
inferences directly from the replicate samples (see below, and methods)” # 3 seems redundant
with #1 - if its not redundant it should be more clearly explained.

L97: "significant correlation between the branch lengths of the physical tree and the maximum-
parsimony tree of the same topology” I would be interested to see this plot. In other studies (oak)
I thought they found no evidence for a correlation of branch length and mutation. Perhaps this
difference could be discussed

L118: "We next developed a full maximum likelihood framework to detect somatic mutations” - 1
think it would be good to cite DeNovoGear here - the way it is written I was expecting to see a
completely novel model based method to call mutations - perhaps I have misunderstood, but the
method used is repurposing an already published ML analysis.

L124: "We estimated the false negative rate by creating 14,000 in silico somatic mutations in the
raw reads23, comprised of 1000 in silico mutations for each of the 14 branches of the physical tree,
and measuring the recovery rate of these in silico mutations using our maximum likelihood
approach. We were able to recover 4193 of the in silico mutations, suggesting that our recovery
rate is 29.95%, and thus our false negative rate is 70.05%."

* A false negative is only a problem when you include sites like it in the denominator of rate
calculations - what this means to me is that you can only view 30% of the genome- I assume that
this accounted for in rate calculations

* Was the number of missed mutations even across branches? I assume quality and coverage
vary by sample but also the quality of the genome might systematically obscure mutations across
all samples.

How are replicates treated in the analysis - if you call each replicate genotype separately it may
be harder to make high quality heterozygous calls with depth ~10x/replicate. However, if the
replicates are combined the depth increases to 30X and may allow more mutations to be
identified. Which method was used?

If you found 90 mutations what are the “99” high confidence mutations used to build the tree.
Were some of these extra 9 false positives and could they be the reason that there are multiple
most parsimonious trees?

Is cell density similar across tissues? Presumably the rate should be correlated with cell number
not size. I know it’s not likely possible to analyze this explicitly but perhaps it could be discussed

149 - The number of mutations inherited by any one seed would not be the sum of the mutations
across all branches. This means that each branch more or less should have their own mutations.
The calculation of per generation mutation rate seems complex. The authors mention “with some
addition assumptions” - can they expand on these assumptions and how on this per generation
calculation is arrived at?

L162: This sentence is quite confusing and the end seems to contradict the beginning: "roughly an
order of magnitude lower than our estimate for E. melliodora, at around 3.5x10-10 (2.7x10-8
divided by the average height of individual Sitka spruce studied of 76 m) which is strikingly
similar to the rate that we estimate here



L163: How much does the height of a tree matter - isn’t it the branching lengths that matter?
L177: low rates of somatic mutation in large plants - are the rates lower than in small herbaceous
or annual plants?

Methods

L.246: "9,679,544 potential variable sites" - this is a lot given you were removing these variants
with the iterative mapping method

L251: "the depth is less than or equal to 500, since excessive depth is a signal of alignment issues”
Is this total depth? Ie 500/24 ~20x depth for a sample? Normally people use something like 2x
each sample’s mean coverage.

252 "(v) the ExcessHet annotation was less than or equal to 40, since excessive heterozygosity at a
site is a sign of genotyping errors” - This doesn’t make sense because data were from one tree
and a heterozygous site in the plant’s genome should be heterozygous throughout the tree unless
gene conversion or mutation changes it. Therefore all heterozygous sites will look to be in excess.
You should check how big of a problem this is (ie how many mutations did it exclude)

Decision letter (RSPB-2019-2364.R0)
04-Dec-2019
Dear Dr Lanfear:

Your manuscript has now been peer reviewed and the reviews have been assessed by an
Associate Editor. The reviewers” comments (not including confidential comments to the Editor)
and the comments from the Associate Editor are included at the end of this email for your
reference. As you will see, the reviewers and the Editors have raised some concerns with your
manuscript and we would like to invite you to revise your manuscript to address them.
However, the concerns are fairly modest, yet numerous.

We do not allow multiple rounds of revision so we urge you to make every effort to fully address
all of the comments at this stage. If deemed necessary by the Associate Editor, your manuscript
will be sent back to one or more of the original reviewers for assessment. If the original reviewers
are not available we may invite new reviewers. Please note that we cannot guarantee eventual
acceptance of your manuscript at this stage.

To submit your revision please log into http:/ /mc.manuscriptcentral.com/ prsb and enter your
Author Centre, where you will find your manuscript title listed under "Manuscripts with
Decisions." Under "Actions”, click on "Create a Revision”. Your manuscript number has been
appended to denote a revision.

When submitting your revision please upload a file under "Response to Referees" - in the "File
Upload" section. This should document, point by point, how you have responded to the
reviewers’ and Editors’ comments, and the adjustments you have made to the manuscript. We
require a copy of the manuscript with revisions made since the previous version marked as
“tracked changes’ to be included in the ‘response to referees” document.

Your main manuscript should be submitted as a text file (doc, txt, rtf or tex), not a PDF. Your
figures should be submitted as separate files and not included within the main manuscript file.

When revising your manuscript you should also ensure that it adheres to our editorial policies
(https:/ /royalsociety.org/journals/ ethics-policies /). You should pay particular attention to the

following;:

Research ethics:



If your study contains research on humans please ensure that you detail in the methods section
whether you obtained ethical approval from your local research ethics committee and gained
informed consent to participate from each of the participants.

Use of animals and field studies:

If your study uses animals please include details in the methods section of any approval and
licences given to carry out the study and include full details of how animal welfare standards
were ensured. Field studies should be conducted in accordance with local legislation; please
include details of the appropriate permission and licences that you obtained to carry out the field
work.

Data accessibility and data citation:

It is a condition of publication that you make available the data and research materials
supporting the results in the article. Datasets should be deposited in an appropriate publicly
available repository and details of the associated accession number, link or DOI to the datasets
must be included in the Data Accessibility section of the article

(https:/ /royalsociety.org/journals/ ethics-policies/ data-sharing-mining/). Reference(s) to
datasets should also be included in the reference list of the article with DOIs (where available).

In order to ensure effective and robust dissemination and appropriate credit to authors the
dataset(s) used should also be fully cited and listed in the references.

If you wish to submit your data to Dryad (http://datadryad.org/) and have not already done so
you can submit your data via this link

http:/ /datadryad.org/submit?journallD=RSPB&manu=(Document not available), which will
take you to your unique entry in the Dryad repository.

If you have already submitted your data to dryad you can make any necessary revisions to your
dataset by following the above link.

For more information please see our open data policy http:/ /royalsocietypublishing.org/data-
sharing.

Electronic supplementary material:

All supplementary materials accompanying an accepted article will be treated as in their final
form. They will be published alongside the paper on the journal website and posted on the online
figshare repository. Files on figshare will be made available approximately one week before the
accompanying article so that the supplementary material can be attributed a unique DOI. Please
try to submit all supplementary material as a single file.

Online supplementary material will also carry the title and description provided during
submission, so please ensure these are accurate and informative. Note that the Royal Society will
not edit or typeset supplementary material and it will be hosted as provided. Please ensure that
the supplementary material includes the paper details (authors, title, journal name, article DOI).
Your article DOI will be 10.1098 /rspb.[paper ID in form xxxx.xxxx e.g. 10.1098 /rspb.2016.0049].

Please submit a copy of your revised paper within three weeks. If we do not hear from you
within this time your manuscript will be rejected. If you are unable to meet this deadline please
let us know as soon as possible, as we may be able to grant a short extension.

Thank you for submitting your manuscript to Proceedings B; we look forward to receiving your
revision. If you have any questions at all, please do not hesitate to get in touch.

Best wishes,
Professor John Hutchinson, Editor
mailto: proceedingsb@royalsociety.org



Associate Editor

Comments to Author:

The manuscript by Orr et al. has now been seen by three external referees whose comments
appear below. I have re-read the manuscript in light of their remarks and agree that this is indeed
a clearly-written and compelling study.

On the other hand, all referees have made quite extensive suggestions for clarifications and
improvements, and some of their suggestions overlap and can thus be met with a 'pooled'
response by the authors (e.g., concerns about the reasons for the high false negative rate,
questions about the handling of data from the three replicates per branch tip, concerns about the
issue of (physical) tree branch length vs. the actual branching pattern (SAM to axillary meristems
issue), and the mutation rate comparison to published data on other plants).

The authors should take all points raised by the referees into account in revising their
manuscript. In addition, it is clear that the submitted version is not formatted in the style of Proc
B; it needs to have clearly labeled sections such as Introduction, Methods, Results, Discussion (or
Results and Discussion), and Acknowledgements. As is, I find the M&M section to be overly long
in comparison to the main text, and this can/should be modified to some extent, as e.g.
commented on by referee 3 (more details and discussion in main text).

I'look forward to see a revised version of this manuscript.

Sincerely yours,
Thomas Stadler, Ph.D.

Reviewer(s)' Comments to Author:
Referee: 1

Comments to the Author(s)

I had read this paper in preprint arxiv and in fact I like this paper. So I'm delighted to have the
chance to give a formal review on it. The somatic mutations in large long-lived trees are attracting
increasing interests from the community, and the current work by the authors could certainly
serve as an excellent paradigm to develop related methodologies. Though I would like to see a
quick publication of this work, I may still have to be rigorous to ensure this paper to be published
as qualified as it could be.

My general concern is about the many assumptions made in this paper, some of which seem to be
weak and could limit the application of the proposed method. The details are given below.

The phylogenomic approach is indeed intriguing, but related tests depend on the known physical
structure of the tree. The clear ontogeny is not always easy to obtain on many early-branching or
multi-stemmed trees. Besides, old large trees are vulnerable to environmental stresses, and old
branches could be damaged while new branches could be regenerated near wounded sites. These
factors complicate the true ontology as well as the underlying relationship to phylogeny. It's thus
not clear whether the phylogenomic approach is robust enough against all these confounding
factors.

Page 3 Line 46. Using three biological replicates could certainly reduce many non-context-
dependent errors (i.e., errors assumed to be random by position), but not always true for context-
dependent errors. Could we check how many false-positives are eliminated by checking if we
only require one or two replicates in mutation calling. In turn, is it possible that this may also lead
to false negatives as any replicate with poor coverage on certain sites could cause a rejection of
true mutations.



Page 7 Line 127. What causes this very high false negative rate here? My guess is that a high
divergence with reference genome could lead to fewer regions accessible, and removing
repetitive regions also reduce the accessible regions. How many regions are actually valid in
variant calling and how many regions are repetitive defined by RepeatMasker then? Or are there
other factors lead to this high false negative rate?

Page 7 Line 128. Using simulation to estimate the false positives is nearer to a debugging process,
which means most times if we find these false positives we could re-adjust the criteria to
eliminate them. If we could not in fact reject them, even after manual inspection, how can we be
sure that they are truly false positives? So how do the 11 false-positive mutations look like? Are
they failed any criteria or just not match well with the ontology?

Page 7 Line 136. By calculating per meter mutation rate, the implied assumption here is that
mutations fixed linearly with the branch length. I had to say that I don’t agree very well on this
assumption. There are growing bodies of evidences suggest that the branching processes (e.g.,
from SAM to axillary meristems) rather than the elongation processes generating most fixed
mutations. Considering two branch tips with same lengths to the ground but with different
branching orders, the higher-ordered branch tip could have higher per meter mutation rate as it
undergoes much more stem cell divisions.

Referee: 2

Comments to the Author(s)

This is a very interesting, clear, well-written paper on a current hot topic - that of the extent of
somatic mutations in plants in general, and trees in particular. The potential contribution of
somatic mutations to genetic diversity of long-lived plants has been a topic of theoretical
discussion for decades, but only recently has sequencing technology and cost been sufficient to
address it empirically. There have been several papers on this topic in the past ~2 years - prior to
that, there were none. The authors used whole genome sequencing of branch tips of a Eucalyptus
tree previously phenotypically shown to have at least one somatic mutation affecting herbivore
resistance. The novelty of this paper is an effective phylogenetic approach to identifying somatic
mutations across a single tree, adjusting the estimated number of mutations through in silico
estimation of false positive rates (which were low) and false negative rates (wWhich were quite
high), and putting the estimated mutation rate into context with comparisons with Arabidopsis
and other plants including trees. The phylogenetic topology based on somatic mutations largely
matched the topology of the actual tree. The authors provide further support that long-lived and
large plants seem to have apical meristems that reduce the likelihood of accumulating somatic
mutations compared to short-lived, small statured species, a hypothesis the senior author of this
paper has previously written eloquently about.

My comments are relatively minor - mainly asking for some clarifications in the event they will
add to the interpretation of the results.

1. 59-60 Branch tips were selected to maximize branch length distance between samples. This is
nicely illustrated in Figure 1. Was any consideration given to the order of the branches sampled,
i.e.,, how many new lateral meristems had been initiated along the branch path?

1. 123 - Were the 90 high-confidence somatic mutations identified all cases where a homozygous
site became a heterozygous site?

1. 127-128 - why were false negative rates so high? It seems this should be discussed. The false
negative approach is very low, and provides good evidence of the strength of the sampling
approach used (with three technical replicates per branch tip).

1. 141 - This is a wide age range estimate. What is it based on? Does this species produce annual
rings, i.e., is it possible to age the tree?



1. 161-164 - "While this per-generation rate is high, the rate per meter of growth is very low,
roughly an order of magnitude lower than our estimate for E. melliodora, at around 3.5 x 10-10
(2.7x10-8 divided by the average height of individual Sitka spruce studied of 76 m), which is
strikingly similar to the rate that we estimated here." At first read, this sentence appears to be
contradictory. I think you mean the rate per generation in Sitka spruce was similar, but the rate
per m of growth was about ten times lower?

1. 169-180 - I would have liked to see some discussion of why age vs size might matter to somatic
mutation rates?

1. 249-256 and 289-298 - Which of these filtering steps that impressively reduced the false positive
rate likely had the greatest impact on the false negative rate?

1. 340-345 - This should be in the results, not in the methods.
Referee: 3

Comments to the Author(s)

In "A phylogenomic approach reveals a low somatic mutation rate in a long-lived plantThe
analysis, although interesting is relatively superficial.” Orr and Colleagues present a simple and
elegant study of the patterns of mutation across a single tree. The analysis is conducted assuming
that somatic mutations from different parts of the tree will reflect the branching patterns in the
tree itself. The analyses presented are quite simple but demonstrate that there is a relatively low
rate of somatic mutation given that the tree is large and long lived. The paper also fits into an
emerging literature exploring the long-held assumption that plants would have high mutation
rates because they don’t have an animal-like germline. Overall, I think the paper is clear and well
written. I think the data are appropriate and the paper addresses a question that should be
broadly interesting. I have a few comments that I think should be addressed before publication
that I outline below

Format: Is this short manuscript style acceptable for Proc B? The paper is so short that many
details are left to the methods or perhaps not provided at all. I think a bit more detail about how
rates are calculated would be helpful.

Mutation results from A. thaliana (doi: 10.1016/j.cub.2016.03.067) has indicated that the mutation
count is correlated not with branch length but by the number of branchings in which the
meristem is forced to divide. Is there any evidence of this finding here?

The authors make some interesting conjecture about selection on somatic mutation - Perhaps the
patterns of synonymous v non-synonymous mutation could be presented to quantify this claim.

Are mutation rates in the ‘phylogeny’ linear? - ie is the rate between two proximal tips
proportional to the rate between distant tips?

L54: "Third, the approach allows us to estimate the false negative and the false positive rate of our
inferences directly from the replicate samples (see below, and methods)” # 3 seems redundant
with #1 - if its not redundant it should be more clearly explained.

L97: "significant correlation between the branch lengths of the physical tree and the maximum-
parsimony tree of the same topology” I would be interested to see this plot. In other studies (oak)
I thought they found no evidence for a correlation of branch length and mutation. Perhaps this
difference could be discussed

L118: "We next developed a full maximum likelihood framework to detect somatic mutations” - 1
think it would be good to cite DeNovoGear here - the way it is written I was expecting to see a



completely novel model based method to call mutations - perhaps I have misunderstood, but the
method used is repurposing an already published ML analysis.

L124: "We estimated the false negative rate by creating 14,000 in silico somatic mutations in the
raw reads23, comprised of 1000 in silico mutations for each of the 14 branches of the physical tree,
and measuring the recovery rate of these in silico mutations using our maximum likelihood
approach. We were able to recover 4193 of the in silico mutations, suggesting that our recovery
rate is 29.95%, and thus our false negative rate is 70.05%."

* A false negative is only a problem when you include sites like it in the denominator of rate
calculations - what this means to me is that you can only view 30% of the genome- I assume that
this accounted for in rate calculations

* Was the number of missed mutations even across branches? I assume quality and coverage
vary by sample but also the quality of the genome might systematically obscure mutations across
all samples.

How are replicates treated in the analysis - if you call each replicate genotype separately it may
be harder to make high quality heterozygous calls with depth ~10x/replicate. However, if the
replicates are combined the depth increases to 30X and may allow more mutations to be
identified. Which method was used?

If you found 90 mutations what are the “99” high confidence mutations used to build the tree.
Were some of these extra 9 false positives and could they be the reason that there are multiple
most parsimonious trees?

Is cell density similar across tissues? Presumably the rate should be correlated with cell number
not size. I know it’s not likely possible to analyze this explicitly but perhaps it could be discussed

149 - The number of mutations inherited by any one seed would not be the sum of the mutations
across all branches. This means that each branch more or less should have their own mutations.
The calculation of per generation mutation rate seems complex. The authors mention “with some
addition assumptions” - can they expand on these assumptions and how on this per generation
calculation is arrived at?

L162: This sentence is quite confusing and the end seems to contradict the beginning: "roughly an
order of magnitude lower than our estimate for E. melliodora, at around 3.5x10-10 (2.7x10-8
divided by the average height of individual Sitka spruce studied of 76 m) which is strikingly
similar to the rate that we estimate here

L163: How much does the height of a tree matter - isn’t it the branching lengths that matter?
L177: low rates of somatic mutation in large plants - are the rates lower than in small herbaceous
or annual plants?

Methods

L.246: "9,679,544 potential variable sites" - this is a lot given you were removing these variants
with the iterative mapping method

L251: "the depth is less than or equal to 500, since excessive depth is a signal of alignment issues”
Is this total depth? Ie 500/24 ~20x depth for a sample? Normally people use something like 2x
each sample’s mean coverage.

252 "(v) the ExcessHet annotation was less than or equal to 40, since excessive heterozygosity at a
site is a sign of genotyping errors” - This doesn’t make sense because data were from one tree
and a heterozygous site in the plant’s genome should be heterozygous throughout the tree unless
gene conversion or mutation changes it. Therefore all heterozygous sites will look to be in excess.
You should check how big of a problem this is (ie how many mutations did it exclude)



Author's Response to Decision Letter for (RSPB-2019-2364.R0)

See Appendix A.

Decision letter (RSPB-2019-2364.R1)

11-Feb-2020
Dear Dr Lanfear

I am pleased to inform you that your manuscript RSPB-2019-2364.R1 entitled "A phylogenomic
approach reveals a low somatic mutation rate in a long-lived plant" has been accepted for
publication in Proceedings B. Congratulations!!

The referee(s) have recommended publication, but also suggest some minor revisions to your
manuscript. Therefore, I invite you to respond to the referee(s)' comments and revise your
manuscript. Because the schedule for publication is very tight, it is a condition of publication that
you submit the revised version of your manuscript within 7 days. If you do not think you will be
able to meet this date please let us know.

To revise your manuscript, log into https:/ /mc.manuscriptcentral.com/prsb and enter your
Author Centre, where you will find your manuscript title listed under "Manuscripts with
Decisions." Under "Actions," click on "Create a Revision." Your manuscript number has been
appended to denote a revision. You will be unable to make your revisions on the originally
submitted version of the manuscript. Instead, revise your manuscript and upload a new version
through your Author Centre.

When submitting your revised manuscript, you will be able to respond to the comments made by
the referee(s) and upload a file "Response to Referees". You can use this to document any changes
you make to the original manuscript. We require a copy of the manuscript with revisions made
since the previous version marked as ‘tracked changes’ to be included in the ‘response to referees’
document.

Before uploading your revised files please make sure that you have:

1) A text file of the manuscript (doc, txt, rtf or tex), including the references, tables (including
captions) and figure captions. Please remove any tracked changes from the text before
submission. PDF files are not an accepted format for the "Main Document".

2) A separate electronic file of each figure (tiff, EPS or print-quality PDF preferred). The format
should be produced directly from original creation package, or original software format.
PowerPoint files are not accepted.

3) Electronic supplementary material: this should be contained in a separate file and where
possible, all ESM should be combined into a single file. All supplementary materials
accompanying an accepted article will be treated as in their final form. They will be published
alongside the paper on the journal website and posted on the online figshare repository. Files on
figshare will be made available approximately one week before the accompanying article so that
the supplementary material can be attributed a unique DOL



Online supplementary material will also carry the title and description provided during
submission, so please ensure these are accurate and informative. Note that the Royal Society will
not edit or typeset supplementary material and it will be hosted as provided. Please ensure that
the supplementary material includes the paper details (authors, title, journal name, article DOI).
Your article DOI will be 10.1098 /rspb.[paper ID in form xxxx.xxxx e.g. 10.1098 /rspb.2016.0049].

4) A media summary: a short non-technical summary (up to 100 words) of the key
findings/importance of your manuscript.

5) Data accessibility section and data citation
It is a condition of publication that data supporting your paper are made available either in the
electronic supplementary material or through an appropriate repository.

In order to ensure effective and robust dissemination and appropriate credit to authors the
dataset(s) used should be fully cited. To ensure archived data are available to readers, authors
should include a “data accessibility” section immediately after the acknowledgements section.
This should list the database and accession number for all data from the article that has been
made publicly available, for instance:

* DNA sequences: Genbank accessions F234391-F234402

* Phylogenetic data: TreeBASE accession number 59123

* Final DNA sequence assembly uploaded as online supplemental material

* Climate data and MaxEnt input files: Dryad doi:10.5521/dryad.12311

NB. From April 1 2013, peer reviewed articles based on research funded wholly or partly by
RCUK must include, if applicable, a statement on how the underlying research materials - such
as data, samples or models - can be accessed. This statement should be included in the data
accessibility section.

If you wish to submit your data to Dryad (http://datadryad.org/) and have not already done so
you can submit your data via this link

http:/ /datadryad.org/submit?journallD=RSPB&manu=(Document not available) which will
take you to your unique entry in the Dryad repository. If you have already submitted your data
to dryad you can make any necessary revisions to your dataset by following the above link.
Please see https:/ /royalsociety.org/journals/ethics-policies / data-sharing-mining/ for more
details.

6) For more information on our Licence to Publish, Open Access, Cover images and Media
summaries, please visit https:/ /royalsociety.org/journals/authors/author-guidelines/ .

Once again, thank you for submitting your manuscript to Proceedings B and I look forward to
receiving your revision. If you have any questions at all, please do not hesitate to get in touch.

Sincerely,

Professor John Hutchinson

Editor, Proceedings B
mailto:proceedingsb@royalsociety.org

Associate Editor:

Board Member

Comments to Author:

The manuscript by Orr et al. is a thoroughly revised version of their original submission, which
was scrutinised extensively by three referees. The authors have provided a very thorough point-
by-point list of their responses to all reviewers' remarks and the resulting changes to the MS. I am
convinced that this revised version does justice to the reviewers' concerns, and that it represents a
markedly improved account and documentation of their study.



I suggest a few minor changes to bring the MS in line with the journal's standards. As is, the
M&M section is still at the end of the main text, but it should precede "Results and Discussion".
This change will affect the order of citations: currently, citations 37-44 are first cited in the M&M
section, and 1-20 cited in "Background" (Introduction). The citation style in the text is still in
"Nature" format, as may be the list of References - in any case, they are not in Proceedings B
format.

I also suggest to substructure the long "Results and Discussion" section, as is done for the M&M
section, and to number MS sections sequentially. With ca. 120 words, the Abstract seems short;
there should be space to provide more details and/or rationale if desired.

A few apparent typos:

*line 129: should read "means" instead of "mean".

* line 193: it should read "...estimate the per-generation..." (i.e., superfluous "that").

*line 322: the citation to the Phangorn R package should be (currently) no. 41, not 36?

*line 357: "..had a log10 likelihood...".

* lines 385-386: it should read "..recorded how many of the ..", and ". false negative rate is.."?

* 4 of the listed References seem to have incomplete information: no. 7 (Klekowski & Godfrey
1989) has wrong volume number. No. 8 (Ally et al. 2010) lacks an article ID or page numbers. No.
24 (Kainer et al. 2019) should have a DOI (if not volume/page numbers). No. 33 (Scofield 2014)
lacks name of the journal.

Yours sincerely,
Thomas Stadler, Ph.D.

Decision letter (RSPB-2019-2364.R2)
18-Feb-2020

Dear Dr Lanfear

I am pleased to inform you that your manuscript entitled "A phylogenomic approach reveals a
low somatic mutation rate in a long-lived plant" has been accepted for publication in Proceedings
B.

You can expect to receive a proof of your article from our Production office in due course, please
check your spam filter if you do not receive it. PLEASE NOTE: you will be given the exact page
length of your paper which may be different from the estimation from Editorial and you may be
asked to reduce your paper if it goes over the 10 page limit.

If you are likely to be away from e-mail contact please let us know. Due to rapid publication and
an extremely tight schedule, if comments are not received, we may publish the paper as it stands.

If you have any queries regarding the production of your final article or the publication date
please contact procb_proofs@royalsociety.org

Your article has been estimated as being 9 pages long. Our Production Office will be able to
confirm the exact length at proof stage.

Open Access
You are invited to opt for Open Access, making your freely available to all as soon as it is ready
for publication under a CCBY licence. Our article processing charge for Open Access is £1700.



Corresponding authors from member institutions
(http:/ /royalsocietypublishing.org/ site/librarians/allmembers.xhtml) receive a 25% discount to
these charges. For more information please visit http:/ /royalsocietypublishing.org/open-access.

Paper charges
An e-mail request for payment of any related charges will be sent out shortly. The preferred
payment method is by credit card; however, other payment options are available.

Electronic supplementary material:

All supplementary materials accompanying an accepted article will be treated as in their final
form. They will be published alongside the paper on the journal website and posted on the online
figshare repository. Files on figshare will be made available approximately one week before the
accompanying article so that the supplementary material can be attributed a unique DOL

You are allowed to post any version of your manuscript on a personal website, repository or
preprint server. However, the work remains under media embargo and you should not discuss it
with the press until the date of publication. Please visit https:/ /royalsociety.org/journals/ethics-
policies/ media-embargo for more information.

Thank you for your fine contribution. On behalf of the Editors of the Proceedings B, we look
forward to your continued contributions to the Journal.

Sincerely,
Proceedings B
mailto: proceedingsb@royalsociety.org



Appendix A

04-Dec-2019
Dear Dr Lanfear:

Your manuscript has now been peer reviewed and the reviews have been assessed by an
Associate Editor. The reviewers’ comments (not including confidential comments to the Editor)
and the comments from the Associate Editor are included at the end of this email for your
reference. As you will see, the reviewers and the Editors have raised some concerns with your
manuscript and we would like to invite you to revise your manuscript to address them. However,
the concerns are fairly modest, yet numerous.

We do not allow multiple rounds of revision so we urge you to make every effort to fully address
all of the comments at this stage. If deemed necessary by the Associate Editor, your manuscript
will be sent back to one or more of the original reviewers for assessment. If the original
reviewers are not available we may invite new reviewers. Please note that we cannot guarantee
eventual acceptance of your manuscript at this stage.

To submit your revision please log into http://mc.manuscriptcentral.com/prsb and enter your
Author Centre, where you will find your manuscript title listed under "Manuscripts with
Decisions." Under "Actions”, click on "Create a Revision”. Your manuscript number has been
appended to denote a revision.

When submitting your revision please upload a file under "Response to Referees" - in the "File
Upload" section. This should document, point by point, how you have responded to the
reviewers’ and Editors’ comments, and the adjustments you have made to the manuscript. We
require a copy of the manuscript with revisions made since the previous version marked as
‘tracked changes’ to be included in the ‘response to referees’ document.

Your main manuscript should be submitted as a text file (doc, txt, rtf or tex), not a PDF. Your
figures should be submitted as separate files and not included within the main manuscript file.

When revising your manuscript you should also ensure that it adheres to our editorial policies
(https://royalsociety.org/journals/ethics-policies/). You should pay particular attention to the
following:

Research ethics:

If your study contains research on humans please ensure that you detail in the methods section
whether you obtained ethical approval from your local research ethics committee and gained
informed consent to participate from each of the participants.

Use of animals and field studies:

If your study uses animals please include details in the methods section of any approval and
licences given to carry out the study and include full details of how animal welfare standards
were ensured. Field studies should be conducted in accordance with local legislation; please


http://mc.manuscriptcentral.com/prsb
https://royalsociety.org/journals/ethics-policies/

include details of the appropriate permission and licences that you obtained to carry out the field
work.

Data accessibility and data citation:

It is a condition of publication that you make available the data and research materials
supporting the results in the article. Datasets should be deposited in an appropriate publicly
available repository and details of the associated accession number, link or DOI to the datasets
must be included in the Data Accessibility section of the article
(https://royalsociety.org/journals/ethics-policies/data-sharing-mining/). Reference(s) to datasets
should also be included in the reference list of the article with DOIs (where available).

In order to ensure effective and robust dissemination and appropriate credit to authors the
dataset(s) used should also be fully cited and listed in the references.

If you wish to submit your data to Dryad (http://datadryad.org/) and have not already done so
you can submit your data via this link
http://datadryad.org/submit?journallD=RSPB&manu=(Document not available), which will take
you to your unique entry in the Dryad repository.

If you have already submitted your data to dryad you can make any necessary revisions to your
dataset by following the above link.

For more information please see our open data policy http://royalsocietypublishing.org/data-
sharing.

Electronic supplementary material:

All supplementary materials accompanying an accepted article will be treated as in their final
form. They will be published alongside the paper on the journal website and posted on the
online figshare repository. Files on figshare will be made available approximately one week
before the accompanying article so that the supplementary material can be attributed a unique
DOI. Please try to submit all supplementary material as a single file.

Online supplementary material will also carry the title and description provided during
submission, so please ensure these are accurate and informative. Note that the Royal Society
will not edit or typeset supplementary material and it will be hosted as provided. Please ensure
that the supplementary material includes the paper details (authors, title, journal name, article
DOI). Your article DOI will be 10.1098/rspb.[paper ID in form xxXxx.XxXxx e.g.
10.1098/rspb.2016.0049].

Please submit a copy of your revised paper within three weeks. If we do not hear from you
within this time your manuscript will be rejected. If you are unable to meet this deadline please
let us know as soon as possible, as we may be able to grant a short extension.


https://royalsociety.org/journals/ethics-policies/data-sharing-mining/
http://datadryad.org/
http://datadryad.org/submit?journalID=RSPB&manu=(Document
http://royalsocietypublishing.org/data-sharing
http://royalsocietypublishing.org/data-sharing

Thank you for submitting your manuscript to Proceedings B; we look forward to receiving your
revision. If you have any questions at all, please do not hesitate to get in touch.

Best wishes,

Professor John Hutchinson, Editor
mailto: proceedingsb@royalsociety.org

Associate Editor

Comments to Author:

The manuscript by Orr et al. has now been seen by three external referees whose comments
appear below. | have re-read the manuscript in light of their remarks and agree that this is
indeed a clearly-written and compelling study.

On the other hand, all referees have made quite extensive suggestions for clarifications and
improvements, and some of their suggestions overlap and can thus be met with a 'pooled’
response by the authors (e.g., concerns about the reasons for the high false negative rate,
questions about the handling of data from the three replicates per branch tip, concerns about
the issue of (physical) tree branch length vs. the actual branching pattern (SAM to axillary
meristems issue), and the mutation rate comparison to published data on other plants).

The authors should take all points raised by the referees into account in revising their
manuscript. In addition, it is clear that the submitted version is not formatted in the style of Proc
B; it needs to have clearly labeled sections such as Introduction, Methods, Results, Discussion
(or Results and Discussion), and Acknowledgements. As is, | find the M&M section to be overly
long in comparison to the main text, and this can/should be modified to some extent, as e.g.
commented on by referee 3 (more details and discussion in main text).

Response: we have responded to all of the points raised by the reviewers below, but wanted to
add here one thing which is not mentioned explicitly below: the relative lengths of the M&M
versus the main text. In the original submission the M&M was ~51% of the paper (excluding
abstract and references). In the revised document the M&M is ~38% of the paper. We have
reduced the M&M as much as possible, while retaining sufficient detail on the approach that
others could repeat it along with our open-source code and open-access data.

| look forward to see a revised version of this manuscript.
Sincerely yours,

Thomas Stadler, Ph.D.



Reviewer(s)' Comments to Author:
Referee: 1

Comments to the Author(s)

| had read this paper in preprint arxiv and in fact | like this paper. So I’'m delighted to have the
chance to give a formal review on it. The somatic mutations in large long-lived trees are
attracting increasing interests from the community, and the current work by the authors could
certainly serve as an excellent paradigm to develop related methodologies. Though | would like
to see a quick publication of this work, | may still have to be rigorous to ensure this paper to be
published as qualified as it could be.

My general concern is about the many assumptions made in this paper, some of which seem to
be weak and could limit the application of the proposed method. The details are given below.

The phylogenomic approach is indeed intriguing, but related tests depend on the known
physical structure of the tree. The clear ontogeny is not always easy to obtain on many early-
branching or multi-stemmed trees. Besides, old large trees are vulnerable to environmental
stresses, and old branches could be damaged while new branches could be regenerated near
wounded sites. These factors complicate the true ontology as well as the underlying relationship
to phylogeny. It’s thus not clear whether the phylogenomic approach is robust enough against
all these confounding factors.

Response: we agree that the method has limitations, and have edited the manuscript in two
places to more clearly represent them. Specifically, beginning on line 75 we now state:

“This approach relies on being able to infer the ontogeny of the tree with sufficient accuracy that
a valid comparison can be made between the ontogeny of the tree and a phylogeny generated
from that tree’s somatic variants. Documenting a plant’s ontogeny with sufficient accuracy may
not be possible for all plant species or individuals. Nevertheless, the physical structure of the
tree we studied was clear (Figure 1), and although Eucalyptus trees are known to frequently
lose branches, branch loss and regrowth should not affect the correlation between ontogeny
and phylogeny provided that sufficient mutations accumulate during cell replication.”

and we have added at the end of the same paragraph the observation that difficulty in inferring
ontogeny could produce false negatives for the positive control, but is unlikely to produce false
positives (starting on line 106):

“Notably, while various factors such as the difficulty of correctly inferring plant ontogeny may
limit the utility of a phylogenetic positive control such as we present here (i.e. may produce false
negative results in which the structure of the tree appears, erroneously, to differ from the
phylogeny of the sequenced genomes), it is unlikely that these factors would erroneously cause
a close match between the physical structure of the tree and a phylogeny generated from the



genomes of 8 branches of that tree (i.e. a false positive). We therefore conclude that these
analyses demonstrate that the phylogeny recovered from the genomic data matches the
physical structure of the tree, and confirm that there is strong biological signal in our data.”

Page 3 Line 46. Using three biological replicates could certainly reduce many non-context-
dependent errors (i.e., errors assumed to be random by position), but not always true for
context-dependent errors. Could we check how many false-positives are eliminated by checking
if we only require one or two replicates in mutation calling. In turn, is it possible that this may
also lead to false negatives as any replicate with poor coverage on certain sites could cause a
rejection of true mutations.

Response: we have now repeated the entire analysis pipeline from the positive control analysis
when requiring just one or two replicates in mutation calling. Full details of this are provided in
section 1 of the supplementary material. To summarise those results - the outcome is as
expected by the reviewer and ourselves: the false negative is highest when we require all three
genotypes to agree (simply because we filter out the most sites in that analysis compared to the
other two), and the number of false positive mutations increases dramatically when one reduces
the stringency of the replicate filter. For example, simply shifting from a 3-replicates-must-agree
filter to a 2-replicates-must-agree filter, we infer 99 mutations, with a false negative rate of 77%
and a false discovery rate of 56% in the first case, and 335K mutations a false negative rate of
68% and a false discovery rate of 97.5% in the second case.

So, while it is certainly true that our filter leads to more false negatives, it is also true (and
important to our analyses) that it leads to vastly fewer false positives. We describe this in the
last paragraph of section 1 of the supplementary information as follows:

“For the positive control analyses in which we used the replicate filter, the numbers in table 1.1
show the importance of using three replicate filters. For example, our phylogenetic positive
control would be extremely unlikely to be informative if we used an alignment of 335,867
mutations (as recovered when we require only two genotypes to agree) of which 327,351 are
likely to be false positives, simply because the phylogenetic signal from the 2.5% of the data
which are true mutations is likely to be swamped by the 97.5% of the data which are false
positives. On the other hand, a dataset of 99 variable sites of which roughly 56 are false
positives (and thus roughly 43 are likely to be true positives) has a much better chance of
recovering the expected phylogenetic tree.”

We hope this provides some clarity on the effects of the replicate filter on the false negative rate
and the false discovery rate.

We have also modified the main text to point out that these analyses were carried out.
Specifically, we reference the supplementary information in the Results and Discussion when
we describe the filters used in the positive control pipeline (starting on line 84): “We then called
variants using GATK22 in all three replicates of all eight branch tips, and used a set of strict



filters (see methods and supplementary information) designed to avoid false positive mutations
in order to arrive at an alignment of 99 high-confidence somatic variants.”

We also refer to the supplementary information in the methods when we describe the replicate
filtering (starting on line 304): “(i) genotype calls were identical within all three replicates of each
branch tip (see also supplementary information section 1);”

Page 7 Line 127. What causes this very high false negative rate here? My guess is that a high
divergence with reference genome could lead to fewer regions accessible, and removing
repetitive regions also reduce the accessible regions. How many regions are actually valid in
variant calling and how many regions are repetitive defined by RepeatMasker then? Or are
there other factors lead to this high false negative rate?

Response: We have clarified these points in the main manuscript in two places (details below).
We provide a longer response here.

The high false negative rate is caused primarily by our very stringent filters of sites. This is
expected simply because the harder we work to avoid false positives (which is our primary
concern), the more collateral we are likely to have with false negatives.

The divergence from the reference genome may contribute to the false negative rate, but this
should be ameliorated to some extent by the creation of a pseudo-reference genome, and the
fact that most Eucalyptus genome are structurally very similar to one another.

In the DeNovoGear analysis for which we analyse the false negative rate in the main text, we do
not exclude any of the genome for the analysis because our model should be able to infer
mutations in some repeat regions (e.g. those that are small, appear on large haplotype blocks,
and have no alignment issues flagged by our filters), and will filter out unreliable (i.e. false-
positive) putative mutations in other repeat regions due to our filters on mutation proximity and
the required minimum length of haplotype blocks. Long repeats will tend to have short haplotype
blocks and potentially a number of putative mutations - in both cases this will lead us to exclude
unreliable mutations from repeat regions, while keeping reliable mutations such as those
inferred in short repeats. In other words, we think our mutation proximity filter and our haplotype
block length filter provide a better approach to dealing with repeats than simply removing all
repeat regions from our analysis.

To answer the specific question the reviewer asked: RepeatMasker estimates that 39.8% of the
genome consists of repeats (this is roughly as expected given the more rigorous analysis in the
Eucalyptus grandis genome paper: https://www.nature.com/articles/nature13308). In our
simulated mutations, 5182 of the 14,000 simulated mutations (37%) fell in repeat regions. Our
DeNovoGear analysis was able to correctly detect 13% of the mutations that were simulated in
repeat regions, and 40% of the mutations that occurred outside repeat regions. This confirms
that detecting mutations in repeat regions is indeed more difficult than detecting mutations
outside repeat regions. It also quantifies the contribution of this difficulty to our false negative



https://www.nature.com/articles/nature13308

rate: our false negative rate is ~87% in the ~40% of the genome that consists of repeats, and
~60% in the ~60% of the non-repeat genome.

We have updated the main manuscript to summarise these details. Beginning at line 153 the
manuscript now reads:

“Our ability to recover mutations differs substantially between repeat regions and non-repeat
regions: we recover 40% of the simulated mutations in non-repeat regions, but just 13% of the
simulated mutations in repeat regions (which make up roughly 40% of the genome). This
difference is explained primarily by the stringent filters we use, that lead us to screen out many
putative somatic mutations in repeat regions.”

We have also clarified this in the description of the filters beginning on line 354: “(1) were on a
haplotype block with a size less than 500 nucleotides (among other things, this filter will remove
many putative variants that fall in long repeat regions); (2) were within 1000 nucleotides of
another de novo variant (indicative of alignment issues such as might occur in repeats and other
regions)”

Page 7 Line 128. Using simulation to estimate the false positives is nearer to a debugging
process, which means most times if we find these false positives we could re-adjust the criteria
to eliminate them. If we could not in fact reject them, even after manual inspection, how can we
be sure that they are truly false positives? So how do the 11 false-positive mutations look like?
Are they failed any criteria or just not match well with the ontology?

Response: the potential similarity of using simulations to estimate false positives and a
debugging process is a misunderstanding which we have now clarified in the manuscript on line
401 as follows: “We calculated the false discovery rate only once, after the details of the pipeline
were finalised, to avoid overfitting our pipeline to artefactually reduce the false discovery rate.”

During the development of the pipeline, we did (of course!) examine samples of mutation calls
by eye and refine the pipeline in an attempt to avoid false positives. However, we only
calculated the number of false positives (and the false discovery rate) using the simulation
process we describe in the “Estimation of the false discovery rate” once the other analyses were
complete and the pipeline finalised. The reason we did not iterate is because this would likely be
overfitting our analysis decisions to our data to optimise the false positive rate. It would also
invalidate our estimate of the false discovery rate.

The 11 false positive mutations are almost all cases in which the randomized tree strongly
implies that a mutation occurred at a site where there is somewhat weak evidence for a
particular genotype in all replicates. |.e. a site where there is little evidence for a mutation on the
physical tree topology, but in which the randomisation of the topology induces a false positive
mutation that happens to pass all of our filters. Given the stringent filtering, such cases are rare.
(Though section 1 of the supplementary information highlights that much higher false positive
rates are common with less sophisticated ways of using the replicate information, e.qg. if rather



Page 7 Line 136. By calculating per meter mutation rate, the implied assumption here is that
mutations fixed linearly with the branch length. | had to say that | don’t agree very well on this
assumption. There are growing bodies of evidences suggest that the branching processes (e.g.,
from SAM to axillary meristems) rather than the elongation processes generating most fixed
mutations. Considering two branch tips with same lengths to the ground but with different
branching orders, the higher-ordered branch tip could have higher per meter mutation rate as it
undergoes much more stem cell divisions.

Response: thanks for pointing this out. We agree that evidence is mounting that mutations occur
primarily at branching events rather than during elongation, and have now sought to both make
this clear in the manuscript. Specifically, starting on line 177 (at the end of the paragraph in
which we calculate the per-metre mutation rate) the manuscript now reads:

“It is important to note that it remains unclear whether mutations in growing plants accumulate
linearly with the amount of physical growth. Indeed, evidence is accumulating that in at least
some (and perhaps most) species, mutations may accumulate primarily at branching events
rather than during elongation of individual branches26,27. If this is the case, then the correlation
we observe between the physical branch length and the number of inferred somatic mutations
(see above, and supplementary information section 4) may be due to a correlation between the
physical length of a branch and the number of branching events that occurred along that branch
during the plant’s development. It is not possible to directly estimate the number of branching
events along each branch in the individual tree we used in this study, because we expect that
the tree will have regularly lost branches throughout its life, leaving no accurate record of the
number of branching events.”

Referee: 2

Comments to the Author(s)

This is a very interesting, clear, well-written paper on a current hot topic - that of the extent of
somatic mutations in plants in general, and trees in particular. The potential contribution of
somatic mutations to genetic diversity of long-lived plants has been a topic of theoretical
discussion for decades, but only recently has sequencing technology and cost been sufficient to
address it empirically. There have been several papers on this topic in the past ~2 years - prior
to that, there were none. The authors used whole genome sequencing of branch tips of a
Eucalyptus tree previously phenotypically shown to have at least one somatic mutation affecting
herbivore resistance. The novelty of this paper is an effective phylogenetic approach to
identifying somatic mutations across a single tree, adjusting the estimated number of mutations
through in silico estimation of false positive rates (which were low) and false negative rates
(which were quite high), and putting the estimated mutation rate into context with comparisons
with Arabidopsis and other plants including trees. The phylogenetic topology based on somatic
mutations largely matched the topology of the actual tree. The authors provide further support



that long-lived and large plants seem to have apical meristems that reduce the likelihood of
accumulating somatic mutations compared to short-lived, small statured species, a hypothesis
the senior author of this paper has previously written eloquently about.

My comments are relatively minor - mainly asking for some clarifications in the event they will
add to the interpretation of the results.

I. 59-60 Branch tips were selected to maximize branch length distance between samples. This is
nicely illustrated in Figure 1. Was any consideration given to the order of the branches sampled,
i.e., how many new lateral meristems had been initiated along the branch path?

Response: unfortunately we did not take account of the branching order when we took the
samples, as we took the samples years before the research suggesting branching order might
be important was published. Nevertheless, we did revisit a set of detailed photographs of the
fieldwork, and this led us to realise two things. First, that the photographs are not of sufficient
detail to estimate the branching order. Second, that even if they were, branching order
estimates from a relatively old tree that has likely lost a lot of branches may not be very
accurate. Regardless, we appreciate that consideration of branching order now seems to be
important, and we have edited the manuscript to reflect this. Specifically, starting on line 177 (at
the end of the paragraph in which we calculate the per-metre mutation rate) the manuscript now
reads:

“It is important to note that it remains unclear whether mutations in growing plants accumulate
linearly with the amount of physical growth. Indeed, evidence is accumulating that in at least
some (and perhaps most) species, mutations may accumulate primarily at branching events
rather than during elongation of individual branches26,27. If this is the case, then the correlation
we observe between the physical branch length and the number of inferred somatic mutations
(see above, and supplementary information section 4) may be due to a correlation between the
physical length of a branch and the number of branching events that occurred along that branch
during the plant’s development. It is not possible to directly estimate the number of branching
events along each branch in the individual tree we used in this study, because we expect that
the tree will have regularly lost branches throughout its life, leaving no accurate record of the
number of branching events.”

. 123 - Were the 90 high-confidence somatic mutations identified all cases where a
homozygous site became a heterozygous site?

Response: No. 69 calls were homozygous to heterozygous, and 21 calls were heterozygous to
homozygous.



I. 127-128 - why were false negative rates so high? It seems this should be discussed. The false
negative approach is very low, and provides good evidence of the strength of the sampling
approach used (with three technical replicates per branch tip).

Response: the short answer to this is that the false negative rates were high because we used a
very strict set of filters. We have now discussed this more in a number of places throughout the
manuscript. The main manuscript starting on line 118 now reads:

“This method improves on the approach we used in our positive control, above, because it
increases our power to detect true somatic mutations and avoid false positives by assuming that
the phylogenetic structure of the samples follows the physical structure of the tree, an
assumption that is validated by the analyses above. It also makes better use of the replicate
sampling design than the method we use for our positive control, above, by directly modelling
the expected variation in sequencing data across our three biological replicates under the
expectation that all three replicates were sequenced from a single underlying genotype (see
methods and supplementary information).”

And starting on line 153 we now also discuss in more detail the false negative rate in repeat
regions versus non-repeat regions:

“Our ability to recover mutations differs substantially between repeat regions and non-repeat
regions: we recover 40% of the simulated mutations in hon-repeat regions, but just 13% of the
simulated mutations in repeat regions (which make up roughly 40% of the genome). This
difference is explained primarily by the stringent filters we use, that lead us to screen out many
putative somatic mutations in repeat regions.”

The supplementary information also contains a suite of re-analyses that provide more detail on
the false negative and false positive mutations generated by our analyses. These include: the
positive control analyses for which we discuss in detail the effect of the replicate filters on the
false negative and false discovery rate (supp. Info section 1); an analysis of the false negative
rate among different branches of the tree (supp. Info section 2); the effects of the ExcessHet
filter on false negative and false discovery rates (supp. Info section 3); the effects of different
filtering steps on the false negative rate and the number of false positive mtuations (supp. Info
section 5).

We hope that these additions provide a lot more insight into how we were able to reduce the
false discovery rate, why we did so, and why this also led to the false negative rate being high.

I. 141 - This is a wide age range estimate. What is it based on? Does this species produce
annual rings, i.e., is it possible to age the tree?

Response: unfortunately it is not possible to age the tree accurately. The tree grows in a
temperate climate, and does not have growth rings (the only eucalypts with growth rings are the
snowgums, which grow at high enough altitude that there is sufficient annual variation in their



growth rates to form rings). One can try to estimate its age from its diameter at breast height,
but the formulas for doing so were developed for trees in different climates and we considered
that using such an approach would most likely give an unwarranted sense of precision. We
therefore chose instead to simply specify a wide range of ages that almost certainly contains the
true age. The minimum bound of 50 years is reasonable as we have pictures of the tree from
the 1980s where it looks very similar to today. It thus seems unlikely that the tree could be
younger than 50 years. The upper bound of 200 years reflects the fact that most eucalypts are
relatively short lived (<<200 years) and this tree is certainly not of a size that would suggest it is
very old. We have now clarified this in the manuscript such that the relevant sentence now
reads (starting on line 172):

“Although the exact age of this individual is unknown and difficult to estimate — it lives in a
temperate climate and does not produce growth rings — its age is nevertheless almost certainly
between 50 and 200 years old.”

[. 161-164 - "While this per-generation rate is high, the rate per meter of growth is very low,
roughly an order of magnitude lower than our estimate for E. melliodora, at around 3.5 x 10-10
(2.7x10-8 divided by the average height of individual Sitka spruce studied of 76 m), which is
strikingly similar to the rate that we estimated here." At first read, this sentence appears to be
contradictory. | think you mean the rate per generation in Sitka spruce was similar, but the rate
per m of growth was about ten times lower?

Response: we thank the reviewer for highlighting this remarkably unclear sentence. We have
now edited it to correct this, and also to clarify why we calculated the per m mutation rate for
Sitka spruce as we did (starting line 209):

“While this per-generation rate is very similar to the one we estimate here, the rate of somatic
mutation per meter of growth is around an order of magnitude lower in the Sitka spruce than our
estimate for E. melliodora (2.75x10-9 somatic mutations per base pair per meter of growth for E.
melliodora estimated here, versus 3.5x10-10 somatic mutations per base pair per meter of
growth for Sitka spruce, estimated by dividing the per-generation mutation rate of 2.7x10-8
mutations per base by the average height of studied individuals of 76 m15, an appropriate
calculation because the somatic mutation rate was estimated from paired samples taken from
the base and the top of a collection of individual trees).”

I. 169-180 - | would have liked to see some discussion of why age vs size might matter to
somatic mutation rates?

Response: thanks for the suggestion. We have now included a discussion of this point in the
final paragraph of the discussion, which reads (starting line 231):

“Longevity and size are two aspects of plant life history likely to be of central importance to the
evolution of somatic mutation rates. Larger plants may suffer from a higher accumulation of
somatic mutations because of the necessity for additional cell divisions. Plants that live longer



may suffer from a higher accumulation of somatic mutations because of the accumulation of
DNA damage over time, and/or increased cell turnover in long-lived tissues. The relative
importance of these two factors may differ among clades, species, and individual tissues, and is
likely to also depend on the balance between DNA damage and repair between cell divisions36,
the accuracy of DNA replication, cell size, and the rate of cell division.”

I. 249-256 and 289-298 - Which of these filtering steps that impressively reduced the false
positive rate likely had the greatest impact on the false negative rate?

Response: we have now added a section to the supplementary information that describes for
the positive control analysis exactly how many mutations were inferred at each step, and thus
how many mutations were removed by each filter, as well as the false negative rate of the
pipeline after the application of each filter, and the number of false positive mutations inferred.
Examination of this table suggests that the three most important filters were likely the filtering
out all variants near indels, the removal of variants inside repeat regions, and the requirement
that all three replicate genotypes agree. This is perhaps not surprising, since the first two steps
remove sizeable fractions of the genome from consideration (e.g. ~40% of the genome is
removed when we filter out repeat regions), and the third step we now know (see
supplementary information section 1) had a very large effect on reducing the FDR and
concomitantly increasing the false negative rate.

. 340-345 - This should be in the results, not in the methods.
Response: We have moved this section to the Results and Discussion section.
Referee: 3

Comments to the Author(s)

In "A phylogenomic approach reveals a low somatic mutation rate in a long-lived plantThe
analysis, although interesting is relatively superficial.” Orr and Colleagues present a simple and
elegant study of the patterns of mutation across a single tree. The analysis is conducted
assuming that somatic mutations from different parts of the tree will reflect the branching
patterns in the tree itself. The analyses presented are quite simple but demonstrate that there is
a relatively low rate of somatic mutation given that the tree is large and long lived. The paper
also fits into an emerging literature exploring the long-held assumption that plants would have
high mutation rates because they don’t have an animal-like germline. Overall, | think the paper
is clear and well written. | think the data are appropriate and the paper addresses a question
that should be broadly interesting. | have a few comments that | think should be addressed
before publication that | outline below

Format: Is this short manuscript style acceptable for Proc B? The paper is so short that many
details are left to the methods or perhaps not provided at all. | think a bit more detail about how
rates are calculated would be helpful.



Response: we have added more detail throughout the paper, and rewritten the paper into
sections that match the usual formatting for Proceedings B. For example, the length of the main
text (excluding methods, but including the background, results, and discussion, and figure
legends) has gone from 2074 words in the original submission to 3272 in the revised
submission (~50% longer). The vast majority of the additional material is devoted to giving
increased detail on the methods and analyses.

We have provided all details for all of the analyses and interpretations that we include in the
paper. The methods provide verbal descriptions of all of our analyses, and we have kept these
as concise as possible while providing sufficient detail to explain what we did. In addition to the
text of the main paper, we now include a further 2000 word supplementary information which
describes a suite of additional analyses. All of the data and code necessary to replicate all
analyses in the paper are also publicly available, with extensive documentation to ensure that
others can repeat our analyses. We have tried to ensure that our analyses are genuinely
reproducible by asking an independent party to reproduce the analyses using the public data
and public code repositories that accompany the paper. They were able to successfully replicate
our analyses.

Mutation results from A. thaliana (doi: 10.1016/j.cub.2016.03.067) has indicated that the
mutation count is correlated not with branch length but by the number of branchings in which the
meristem is forced to divide. Is there any evidence of this finding here?

Response: thanks for the suggestion. Referee two had a very similar suggestion, and we
wholeheartedly agree that this is an important point. For simplicity, we simply copy our response
to referee 2 here (the response is the first one to referee 2).

Unfortunately we did not take account of the branching order when we took the samples, as we
took the samples years before the research suggesting branching order might be important was
published. Nevertheless, we did revisit a set of detailed photographs of the fieldwork, and this
led us to realise two things. First, that the photographs are not of sufficient detail to estimate the
branching order. Second, that even if they were, branching order estimates from a relatively old
tree that has likely lost a lot of branches may not be very accurate. Regardless, we appreciate
that consideration of branching order now seems to be important, and we have edited the
manuscript to reflect this. Specifically, starting on line 177 (at the end of the paragraph in which
we calculate the per-metre mutation rate) the manuscript now reads:

“It is important to note that it remains unclear whether mutations in growing plants accumulate
linearly with the amount of physical growth. Indeed, evidence is accumulating that in at least
some (and perhaps most) species, mutations may accumulate primarily at branching events
rather than during elongation of individual branches26,27. If this is the case, then the correlation
we observe between the physical branch length and the number of inferred somatic mutations
(see above, and supplementary information section 4) may be due to a correlation between the
physical length of a branch and the number of branching events that occurred along that branch
during the plant’s development. It is not possible to directly estimate the number of branching



events along each branch in the individual tree we used in this study, because we expect that
the tree will have regularly lost branches throughout its life, leaving no accurate record of the
number of branching events.”

The authors make some interesting conjecture about selection on somatic mutation - Perhaps
the patterns of synonymous v non-synonymous mutation could be presented to quantify this
claim.

Response: We observed 5 non-synonymous mutations and one synonymous mutation. We
have now edited the paper to include these numbers in the main text, and acknowledge that the
dn/ds ratio would be interesting but that we can’t reliably calculate it. Beginning on line 127 the
paper now reads:

“Of the 90 high-confidence variants we identified, 20 were in genes. Of these, six were in coding
regions, with five non-synonymous mutations and one synonymous mutation. The small sample
size of synonymous and non-synonymous mutations mean that we cannot provide a meaningful
estimate of the ratio of non-synonymous to synonymous somatic mutations, although such an
estimate would help to understand the extent to which somatic mutations may be under
selection.”

Are mutation rates in the ‘phylogeny’ linear? - ie is the rate between two proximal tips
proportional to the rate between distant tips?

Response: to a certain extent, yes. More specifically, we reported in the original submission that
a linear correlation between physical branch length and the number of somatic mutations on
each branch was significant. We now provide more information on this correlation in section 4 of
the supplementary material, including the relevant plots. To cut a long story short, the strength
of the is significant in statistical terms, but there is a lot of unexplained variation (the R? value is
~80% if the plot is forced through the origin, and ~40% if it isn’t).

L54: "Third, the approach allows us to estimate the false negative and the false positive rate of
our inferences directly from the replicate samples (see below, and methods)” # 3 seems
redundant with #1 - if its not redundant it should be more clearly explained.

Response: We may have misunderstood what the reviewer is asking here, and if so we
apologise. Our interpretation is that the reviewer is asking whether calculating the number of
false positives is redundant if one knows the false negative rate.

| think in part this was due to our incorrect terminology. Throughout the original submission we
used “false positive rate” where we should have used “false discovery rate”. This has now been
fixed throughout.



To answer the question that we think the reviewer was asking - it is not redundant to estimate
the number of false positive mutations in a sample given that one knows the number of false
negatives. For example, we identify 90 high-confidence mutations. The false negative rate tells
us what proportion of mutations we are likely to have missed given how strictly we filter the data.
But it does not tell us how many of these 90 mutations are likely to be false positive inferences.

To clarify this in the manuscript, we have now considerably edited the paragraph of the results
and discussion where this is presented (the paragraph starts on line 143). Of particular note we
now include the following beginning on line 168:

“It is necessary to estimate both the number of false negative mutations and the number of false
positive mutations in order to estimate a somatic mutation rate. The former allows one to correct
for the number of somatic mutations which a pipeline has failed to detect, while the latter allows
one to correct for the number of somatic mutations which a pipeline has erroneously inferred.”

L97: "significant correlation between the branch lengths of the physical tree and the maximum-
parsimony tree of the same topology” | would be interested to see this plot. In other studies
(oak) I thought they found no evidence for a correlation of branch length and mutation. Perhaps
this difference could be discussed

Response: we now show this plot in section 4 of the supplementary information, as well as the
details (and plots) of the regression line when the regression is forced through the origin (which
is the correct approach since a non-existent branch cannot have somatic mutations) versus
when it is not forced through the origin (necessary to test if the confidence intervals of the
intercet include the origin, which they do). The regression is significant in both cases.

We do not discuss this further in the manuscript for the simple reason that this relationship was
determined as part of our positive control. We expect that our inferred mutations in our positive
control approach will be much less accurate than the set of 90 high-confidence variants inferred
our maximum likelihood model in DeNovoGear. We cannot repeat the analysis with the
mutations inferred with DeNovoGear because the structure of the tree is assumed as part of
that analysis. Thus, we do not want to make too much of this result except to present it as a
small part of the positive control.

L118: "We next developed a full maximum likelihood framework to detect somatic mutations” - |
think it would be good to cite DeNovoGear here - the way it is written | was expecting to see a
completely novel model based method to call mutations - perhaps | have misunderstood, but the
method used is repurposing an already published ML analysis.

Response: we have edited the section as suggested, to read (starting on line 115): “We next
developed a full maximum likelihood framework that extends the existing models in
DeNovoGear (Ramu et al 2013) to detect somatic mutations in a phylogenetic context...”



L124: "We estimated the false negative rate by creating 14,000 in silico somatic mutations in the
raw reads23, comprised of 1000 in silico mutations for each of the 14 branches of the physical
tree, and measuring the recovery rate of these in silico mutations using our maximum likelihood
approach. We were able to recover 4193 of the in silico mutations, suggesting that our recovery
rate is 29.95%, and thus our false negative rate is 70.05%."

* A false negative is only a problem when you include sites like it in the denominator of rate
calculations - what this means to me is that you can only view 30% of the genome- | assume
that this accounted for in rate calculations

Response: yes, it is accounted for in the rate calculations.

* Was the number of missed mutations even across branches? | assume quality and coverage
vary by sample but also the quality of the genome might systematically obscure mutations
across all samples.

Response: we have added a section (section 2) to the supplementary material to address this
comment. In brief, the number of mutations was relatively constant across branches. The false
negative rates range from 65.0% to 76.6%, and just one value (the highest) is more than two
standard deviations away from the mean of 70.05%.The variation among branches (at least,
those that lead directly to tips) seems to be almost entirely explained by variations in coverage
among samples. Supplementary table 2.1 provides the full list of values, and section 2 of the
supplementary information provides all the details of the coverage and correlation as well.

How are replicates treated in the analysis - if you call each replicate genotype separately it may
be harder to make high quality heterozygous calls with depth ~10x/replicate. However, if the
replicates are combined the depth increases to 30X and may allow more mutations to be
identified. Which method was used?

Response: we use both methods, and have clarified the manuscript to make this clear. We use
the first method in the positive control analysis (simply requiring that all three genotypes agree
for a site to be included in downstream analyses). We use the second method (i.e. a full
maximum likelihood approach that properly accounts for the likelihood of observing the three
replicate read sets under the assumption that they were generated from a single underlying
genotype). We have edited the manuscript throughout to try to make it clear that we have used
both methods, and why. For example, the first introduction of the DeNovoGear method now
reads (starting on line 118):

“This method improves on the approach we used in our positive control, above, because it
increases our power to detect true somatic mutations and avoid false positives by assuming that
the phylogenetic structure of the samples follows the physical structure of the tree, an
assumption that is validated by the analyses above. It also makes better use of the replicate
sampling design than the method we use for our positive control, above, by directly modelling
the expected variation in sequencing data across our three biological replicates under the



expectation that all three replicates were sequenced from a single underlying genotype (see
methods and supplementary information).”

We have also included an in-depth analysis of the replicate filtering, to answer a question raised
by another reviewer. This analysis looks at the effects of requiring all three replicates to agree,
or having just two, or a single replicate, on the number of mutations inferred, the false negative
rate, and the false discovery rate. It is presented in section 1 of the supplementary information.

If you found 90 mutations what are the “99” high confidence mutations used to build the tree.
Were some of these extra 9 false positives and could they be the reason that there are multiple
most parsimonious trees?

Response: hopefully this point is now clarified in the manuscript by our attempts to describe the
two different analyses that we did (see previous response). To answer the question: the 99
mutations come from the first analysis where we use a crude replicate filter in order to do a
positive control and check the structure of the phylogeny matches that of the tree. The 90
mutations come from the full ML model in DeNovoGear, where we leverage some extra power
by assuming that the samples follow the structure of the tree.

The first section of the supplementary information now confirms that roughly half of the 99
mutations in the first set are likely to be false positives. It may well be that this is the reason
there are multiple most parsimonious trees, though that could also be the result of simply having
a rather small dataset.

Is cell density similar across tissues? Presumably the rate should be correlated with cell number
not size. | know it’s not likely possible to analyze this explicitly but perhaps it could be discussed

Response: thanks for the suggestion. We agree that this is an interesting question. We were (as
expected, perhaps) unable to find any useful information on cell density within the tree. Given
that this would mean any discussion would be very speculative (and that we don’t anticipate a
lot of cell density measures being made soon), and that the paper is already rather long, we
decided not to discuss this in the manuscript. Nevertheless, we do now include a related
discussion towards the end of the paper, which discusses cell replication more directly (starting
on line 231):

“Longevity and size are two aspects of plant life history likely to be of central importance to the
evolution of somatic mutation rates. Larger plants may suffer from a higher accumulation of
somatic mutations because of the necessity for additional cell divisions. Plants that live longer
may suffer from a higher accumulation of somatic mutations because of the accumulation of
DNA damage over time, and/or increased cell turnover in long-lived tissues. The relative
importance of these two factors may differ among clades, species, and individual tissues, and is
likely to also depend on the balance between DNA damage and repair between cell divisions36,
the accuracy of DNA replication, cell size, and the rate of cell division.”



149 - The number of mutations inherited by any one seed would not be the sum of the
mutations across all branches. This means that each branch more or less should have their
own mutations. The calculation of per generation mutation rate seems complex. The authors
mention “with some addition assumptions” - can they expand on these assumptions and how on
this per generation calculation is arrived at?

Response: We appreciate the suggestion to clarify our calculations, which we have now spelled
out in more detail. The first half of the paragraph (starting line 189) now reads:

“With some additional assumptions it is also possible to estimate the mutation rate per
generation, and to compare this to estimates from other plants. The average height of an adult
E. melliodora individual is between 15 m and 30 m28, so if we assume that all somatic
mutations are potentially heritable (about which there is limited evidencel and ongoing
discussion29) we can estimate that the per-generation mutation rate. To do this, we assume
that a typical seed will be produced from a branch that has experienced 15-30 m of linear
growth from the seed28, and that mutations will have accumulated along that branch at
2.75x10-9 somatic mutations per base per meter of physical branch length, estimated above.
We therefore estimate that the heritable somatic mutation rate per generation is between
4.13x10-8 and 8.25x10-8 mutations per base.”

L162: This sentence is quite confusing and the end seems to contradict the beginning: "roughly
an order of magnitude lower than our estimate for E. melliodora, at around 3.5x10-10 (2.7x10-8
divided by the average height of individual Sitka spruce studied of 76 m) which is strikingly
similar to the rate that we estimate here

Response: thanks for pointing out the lack of clarity here. We have rewritten that sentence to
read (starting on line 209):

“While this per-generation rate is very similar to the one we estimate here, the rate of somatic
mutation per meter of growth is around an order of magnitude lower in the Sitka spruce than our
estimate for E. melliodora”

L163: How much does the height of a tree matter - isn’t it the branching lengths that matter?

Response: We have clarified this section in the manuscript to read (starting on line 212):
“...versus 3.5x10-10 somatic mutations per base pair per meter of growth for Sitka spruce,
estimated by dividing the per-generation mutation rate of 2.7x10-8 mutations per base by the
average height of studied individuals of 76 m15, an appropriate calculation because the somatic
mutation rate was estimated from paired samples taken from the base and the top of a
collection of individual trees”.



To expand on that slightly - the Sitka spruce study took samples from the base and the top of
each tree (see figure pasted below). The height is thus the correct divisor to calculate the per m
mutation rate, but as the reviewer points out, this was not clear from what we had written.
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Figure 1A from Hanlon et al 2019.

L177: low rates of somatic mutation in large plants - are the rates lower than in small
herbaceous or annual plants?

Response: yes, although the data on this for small plants remains practically limited to
Arabidopsis. This is discussed on lines 198-205.

Methods
L246: "9,679,544 potential variable sites" - this is a lot given you were removing these variants
with the iterative mapping method



Response: we failed to mention that this number includes all of the heterozygous genotypes
called across the genome (even those with no mutation), i.e. it is simply the output of the initial
VCF from GATK. The vast majority of these are then removed when we filter to only consider
sites where at least one branch has a genotype that differs from those on other branches. We
have now clarified this in the manuscript to read (line 300): “This resulted in a full genome
alignment of all 24 samples (three replicates of eight branches), and produced an initial set of
9,679,544 potential variable sites, a number which includes all heterozygous sites in the
genome.”

L251: "the depth is less than or equal to 500, since excessive depth is a signal of alignment
issues” Is this total depth? le 500/24 ~20x depth for a sample? Normally people use something
like 2x each sample’s mean coverage.

Response: yes, it is the total depth. We have clarified this in the manuscript to read (line 307):
“(iv) the total depth across all samples is less than or equal to 500 (i.e. roughly twice the
expected depth of 240x)...”

252 "(v) the ExcessHet annotation was less than or equal to 40, since excessive heterozygosity
at a site is a sign of genotyping errors” - This doesn’'t make sense because data were from
one tree and a heterozygous site in the plant’'s genome should be heterozygous throughout the
tree unless gene conversion or mutation changes it. Therefore all heterozygous sites will look to
be in excess. You should check how big of a problem this is (ie how many mutations did it
exclude)

Response: The original motivation for this (which we explained poorly in the manuscript and
have now clarified on line 308) was precisely to exclude certain heterozygous sites. Manual
observation of the data suggested that we frequently saw false-positive mutation calls at sites
which were actually uniformly heterozygous through the tree, but at which genotyping errors had
caused a mutation to be called. Using the ExcessHet filter is a convenient way to filter out such
sites.

To investigate the effect of removing this filter, as suggested by the reviewer, we repeated our
analysis without this filter. This re-analysis is described in section 3 of the supplementary
information. As expected, removing the filter increases the number of mutations detected to
520, suggesting that applying this filter excluded 430 putative mutations, of which ~55% are
false positives. Given that excluding the filter increases the false positive rate from 0.12% to
55.2%, and that this would make many downstream analyses difficult because one could not be
sure if a given mutation was of biological or technical origin, we kept the filter in the main
analysis. We explain this in section 3 of the supplementary information.
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