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Recommendation?
Accept with minor revision (please list in comments)

Comments to the Author(s)
Please see attachment (Appendix A).

Kibble et al. have produced a manuscript entitled “ An integrative machine learning approach to
discovering multi-level molecular mechanisms of obesity using data from monozygotic twin
pairs”. The authors have utilised the power of discordant monozygotic (MZ) twins in the setting
of body weight with the availability of a multivariate dataset combining clinical, cytokine,
genomic, methylation and dietary information. The analysis includes 43 young adult MZ twin
pairs (aged 22 - 36) with 25 pairs being weight discordant due to a BMI difference of > 3kg/m?2.
Inclusion of MZ twins has clear biological benefit as this removes one of great issues of genetic
confounding that occurs in population studies. The manuscript is focused on the novel
methodology of jointly analysing these data using an integrative ML method called Group Factor
Analysis (GFA). The authors” manuscript has been transferred to Royal Society Open Science
journal which assesses papers only on the basis of their scientific soundness and novelty - not
impact - and they have provided a point-by-point response to the previous reviews. My comment
re these responses and any further points are detailed below.

Review Responses: Reviewer 1

1. Change the title

- Fair response

2. Rewrite Introduction on importance problem and how GFA fills this gap

- Completed

3. What changes the terms in the energy balance equation are not well understood

- Yes, good to state role of energy imbalance in obesity and that genetics points to central control
as fundamental in obesity susceptibility. Have expanded on this in Introduction.

4. Re-order manuscript sections

- Completed

5. More explanation of latent variable and GFA required

- Explanation expanded. Yes, the authors state that similar ML approaches have not been applied
twin studies. However, should also include reference to recent review of ML in twins across a
range of methodologies from Baird & Hysi (2019)1.

6. Issues re explanation of GFA

- Explanation fine

7. Include Data Processing Figure

- Provided

8. More clearly signpost that the analysis is performed in the differences between the MZ twins
- Yes, discordance details expanded

9. Interpretation of Heatmaps should be included

- Yes, explanation of heatmap results now included

10. Inappropriate ‘sales’ terms removed

- Yes, terms removed

11. Issues regarding self-reported Diet and physical activity data

- The authors proved a response to this issue. However, they should also include in the
manuscript the points and citations to papers they included (Pietildinen et al. 2010; Sievanen &
Kujala, 2017), regarding this in the paper itself - to show that they understand the difficulty and
potential caveats to this analysis and to convey this better for readers.

12. Clearly state new findings

- Yes, key new associations summarised

Review Responses: Reviewer 2

1. Novelty of methods and understanding of pathology needs to be better explained



- Yes, addressed by authors
2. Figures substandard - Agree the Figure presentation could be improved
- Authors state they will revise figures if manuscript accepted by journal

Additional Comments

1. Section 1.1 Twin studies - The authors should include the caveat that somatic DNA mutation
does occur with age2 and will led to minor variation even between MZ twins.

2. How did using a threshold for clinical variables of more than 50% of values missing being left
out of the matrices impact on the GFA?

3. The authors need to state more specifically that cell-type heterogeneity is a major issue in these
studies and how successfully SVA dealt with this.

4. The authors should discuss any weaknesses of using previously identified EWAS results - such
as Wahl et al. that included results from a mixture of populations. Also, could relying on
previous DNA methylation results reduce novel insights and limit application?

Minor Point

1. Pg 11 line 17 “Methylation...” - sentence is confusing

1. Baird PN & Hysi P. Twin Registries Moving Forward and Meeting the Future: A Review.
Twin research and human genetics : the official journal of the International Society for Twin
Studies 22, 201-9 (2019).

2. Jaiswal S & Ebert BL. Clonal hematopoiesis in human aging and disease. Science
366(2019).

Review form: Reviewer 2

Is the manuscript scientifically sound in its present form?
Yes

Are the interpretations and conclusions justified by the results?
No

Is the language acceptable?
Yes

Do you have any ethical concerns with this paper?
No

Have you any concerns about statistical analyses in this paper?
Yes

Recommendation?
Major revision is needed (please make suggestions in comments)

Comments to the Author(s)

Reading the answers to the referee's reports I appreciate the improvement to the paper, however I
am not convinced about the results. It would be great to have a kind of validation. The paper
looks to me more a methodological procedure than a scientific paper with robust results. For
example, it would be great to compare and use the method for another biological questions
showing that this strategy is powerful to catch important biological features.



Decision letter (RSOS-200872.R0)

We hope you are keeping well at this difficult and unusual time. We continue to value your
support of the journal in these challenging circumstances. If Royal Society Open Science can assist
you at all, please don't hesitate to let us know at the email address below.

Dear Dr Kibble,

On behalf of the Editors, we are pleased to inform you that your Manuscript RSOS-200872 "An
integrative machine learning approach to discovering multi-level molecular mechanisms of
obesity using data from monozygotic twin pairs" has been accepted for publication in Royal
Society Open Science subject to minor revision in accordance with the referees' reports. Please
find the referees' comments along with any feedback from the Editors below my signature.

Both referees have raised a number of points, and please see the comments of the Associate
Editor who would like you to focus on dealing with the minor comments of Reviewer 1 but asks
if you could also address some of the points raised by Reviewer 2, although further validation or
application of GFA to additional data is not necessary. We invite you to respond to the comments
and revise your manuscript. Below the referees’” and Editors’ comments (where applicable) we
provide additional requirements. Final acceptance of your manuscript is dependent on these
requirements being met. We provide guidance below to help you prepare your revision.

Please submit your revised manuscript and required files (see below) no later than 7 days from
today's (ie 07-Sep-2020) date. Note: the ScholarOne system will “lock” if submission of the revision
is attempted 7 or more days after the deadline. If you do not think you will be able to meet this
deadline please contact the editorial office immediately.

Please note article processing charges apply to papers accepted for publication in Royal Society
Open Science (https:/ /royalsocietypublishing.org/rsos/ charges). Charges will also apply to
papers transferred to the journal from other Royal Society Publishing journals, as well as papers
submitted as part of our collaboration with the Royal Society of Chemistry

(https:/ /royalsocietypublishing.org/rsos/chemistry). Fee waivers are available but must be
requested when you submit your revision (https:/ /royalsocietypublishing.org/rsos/waivers).

Thank you for submitting your manuscript to Royal Society Open Science and we look forward
to receiving your revision. If you have any questions at all, please do not hesitate to get in touch.

Best regards,

Lianne Parkhouse

Editorial Coordinator

Royal Society Open Science
openscience@royalsociety.org

on behalf of Professor Andrew Teschendorff (Associate Editor) and Steve Brown (Subject Editor)
openscience@royalsociety.org

Associate Editor Comments to Author (Professor Andrew Teschendorff):

Please revise addressing the remaining points of Reviewer-1. It would be good if the authors

could also address some of the points raised by Reviewer-2, although further validation or
application of GFA to additional data is not necessary.



Reviewer comments to Author:

Reviewer: 1
Comments to the Author(s)

Please see attachment

Kibble et al. have produced a manuscript entitled “ An integrative machine learning approach to
discovering multi-level molecular mechanisms of obesity using data from monozygotic twin
pairs”. The authors have utilised the power of discordant monozygotic (MZ) twins in the setting
of body weight with the availability of a multivariate dataset combining clinical, cytokine,
genomic, methylation and dietary information. The analysis includes 43 young adult MZ twin
pairs (aged 22 - 36) with 25 pairs being weight discordant due to a BMI difference of > 3kg/m?2.
Inclusion of MZ twins has clear biological benefit as this removes one of great issues of genetic
confounding that occurs in population studies. The manuscript is focused on the novel
methodology of jointly analysing these data using an integrative ML method called Group Factor
Analysis (GFA). The authors” manuscript has been transferred to Royal Society Open Science
journal which assesses papers only on the basis of their scientific soundness and novelty - not
impact - and they have provided a point-by-point response to the previous reviews. My comment
re these responses and any further points are detailed below.

Review Responses: Reviewer 1

1. Change the title

- Fair response

2. Rewrite Introduction on importance problem and how GFA fills this gap

- Completed

3. What changes the terms in the energy balance equation are not well understood

- Yes, good to state role of energy imbalance in obesity and that genetics points to central control
as fundamental in obesity susceptibility. Have expanded on this in Introduction.

4. Re-order manuscript sections

- Completed

5. More explanation of latent variable and GFA required

- Explanation expanded. Yes, the authors state that similar ML approaches have not been applied
twin studies. However, should also include reference to recent review of ML in twins across a
range of methodologies from Baird & Hysi (2019)1.

6. Issues re explanation of GFA

- Explanation fine

7. Include Data Processing Figure

- Provided

8. More clearly signpost that the analysis is performed in the differences between the MZ twins
- Yes, discordance details expanded

9. Interpretation of Heatmaps should be included

- Yes, explanation of heatmap results now included

10. Inappropriate ‘sales’ terms removed

- Yes, terms removed

11. Issues regarding self-reported Diet and physical activity data

- The authors proved a response to this issue. However, they should also include in the
manuscript the points and citations to papers they included (Pietildinen et al. 2010; Sievédnen &
Kujala, 2017), regarding this in the paper itself - to show that they understand the difficulty and
potential caveats to this analysis and to convey this better for readers.

12. Clearly state new findings

- Yes, key new associations summarised



Review Responses: Reviewer 2

1. Novelty of methods and understanding of pathology needs to be better explained
- Yes, addressed by authors

2. Figures substandard - Agree the Figure presentation could be improved

- Authors state they will revise figures if manuscript accepted by journal

Additional Comments

1. Section 1.1 Twin studies - The authors should include the caveat that somatic DNA mutation
does occur with age2 and will led to minor variation even between MZ twins.

2. How did using a threshold for clinical variables of more than 50% of values missing being left
out of the matrices impact on the GFA?

3. The authors need to state more specifically that cell-type heterogeneity is a major issue in these
studies and how successfully SVA dealt with this.

4. The authors should discuss any weaknesses of using previously identified EWAS results - such
as Wahl et al. that included results from a mixture of populations. Also, could relying on
previous DNA methylation results reduce novel insights and limit application?

Minor Point
1. Pg 11 line 17 “Methylation...” - sentence is confusing

1. Baird PN & Hysi P. Twin Registries Moving Forward and Meeting the Future: A Review. Twin
research and human genetics : the official journal of the International Society for Twin Studies 22,
201-9 (2019).

2. Jaiswal S & Ebert BL. Clonal hematopoiesis in human aging and disease. Science 366(2019).

Reviewer: 2
Comments to the Author(s)

Reading the answers to the referee's reports I appreciate the improvement to the paper, however I
am not convinced about the results. It would be great to have a kind of validation. The paper
looks to me more a methodological procedure than a scientific paper with robust results. For
example, it would be great to compare and use the method for another biological questions
showing that this strategy is powerful to catch important biological features.

===PREPARING YOUR MANUSCRIPT===

Your revised paper should include the changes requested by the referees and Editors of your
manuscript. You should provide two versions of this manuscript and both versions must be
provided in an editable format:<ul><li>one version identifying all the changes that have been
made (for instance, in coloured highlight, in bold text, or tracked changes);</li><li>a 'clean'
version of the new manuscript that incorporates the changes made, but does not highlight them.
This version will be used for typesetting.</li></ul>

Please ensure that any equations included in the paper are editable text and not embedded
images.

Please ensure that you include an acknowledgements' section before your reference
list/bibliography. This should acknowledge anyone who assisted with your work, but does not
qualify as an author per the guidelines at https:/ /royalsociety.org/journals/ethics-
policies/openness/ .

While not essential, it will speed up the preparation of your manuscript proof if you format your
references/bibliography in Vancouver style (please see



https:/ /royalsociety.org/journals/authors/author-guidelines/ #formatting). You should include
DOIs for as many of the references as possible.

If you have been asked to revise the written English in your submission as a condition of
publication, you must do so, and you are expected to provide evidence that you have received
language editing support. The journal would prefer that you use a professional language editing
service and provide a certificate of editing, but a signed letter from a colleague who is a native
speaker of English is acceptable. Note the journal has arranged a number of discounts for authors
using professional language editing services

(https:/ /royalsociety.org/journals/authors/benefits /language-editing /).

===PREPARING YOUR REVISION IN SCHOLARONE===

To revise your manuscript, log into https:/ /mc.manuscriptcentral.com/rsos and enter your
Author Centre - this may be accessed by clicking on "Author" in the dark toolbar at the top of the
page (just below the journal name). You will find your manuscript listed under "Manuscripts
with Decisions". Under "Actions", click on "Create a Revision".

Attach your point-by-point response to referees and Editors at Step 1 'View and respond to
decision letter'. This document should be uploaded in an editable file type (.doc or .docx are
preferred). This is essential.

Please ensure that you include a summary of your paper at Step 2 'Type, Title, & Abstract'. This
should be no more than 100 words to explain to a non-scientific audience the key findings of your
research. This will be included in a weekly highlights email circulated by the Royal Society press
office to national UK, international, and scientific news outlets to promote your work.

At Step 3 'File upload' you should include the following files:

-- Your revised manuscript in editable file format (.doc, .docx, or .tex preferred). You should
upload two versions:

1) One version identifying all the changes that have been made (for instance, in coloured
highlight, in bold text, or tracked changes);

2) A 'clean' version of the new manuscript that incorporates the changes made, but does not
highlight them.

-- An individual file of each figure (EPS or print-quality PDF preferred [either format should be
produced directly from original creation package], or original software format).

-- An editable file of each table (.doc, .docx, .xls, .xIsx, or .csv).

-- An editable file of all figure and table captions.

Note: you may upload the figure, table, and caption files in a single Zip folder.

-- Any electronic supplementary material (ESM).

-- If you are requesting a discretionary waiver for the article processing charge, the waiver form
must be included at this step.

-- If you are providing image files for potential cover images, please upload these at this step, and
inform the editorial office you have done so. You must hold the copyright to any image provided.
-- A copy of your point-by-point response to referees and Editors. This will expedite the
preparation of your proof.

At Step 6 Details & comments', you should review and respond to the queries on the electronic
submission form. In particular, we would ask that you do the following;:

-- Ensure that your data access statement meets the requirements at

https:/ /royalsociety.org/journals/authors/author-guidelines/ #data. You should ensure that
you cite the dataset in your reference list. If you have deposited data etc in the Dryad repository,
please only include the 'For publication' link at this stage. You should remove the 'For review'
link.



-- If you are requesting an article processing charge waiver, you must select the relevant waiver
option (if requesting a discretionary waiver, the form should have been uploaded at Step 3 'File
upload' above).

-- If you have uploaded ESM files, please ensure you follow the guidance at

https:/ /royalsociety.org/journals/authors/author-guidelines / #supplementary-material to
include a suitable title and informative caption. An example of appropriate titling and captioning
may be found at https:/ /figshare.com/articles/Table_S2_from_Is_there_a_trade-
off_between_peak_performance_and_performance_breadth_across_temperatures_for_aerobic_sc
ope_in_teleost_fishes_/3843624.

At Step 7 'Review & submit', you must view the PDF proof of the manuscript before you will be
able to submit the revision. Note: if any parts of the electronic submission form have not been
completed, these will be noted by red message boxes.

Author's Response to Decision Letter for (RSOS-200872.R0)

See Appendix B.

Decision letter (RS0OS-200872.R1)

We hope you are keeping well at this difficult and unusual time. We continue to value your
support of the journal in these challenging circumstances. If Royal Society Open Science can assist
you at all, please don't hesitate to let us know at the email address below.

Dear Dr Kibble,

It is a pleasure to accept your manuscript entitled "An integrative machine learning approach to
discovering multi-level molecular mechanisms of obesity using data from monozygotic twin
pairs" in its current form for publication in Royal Society Open Science.

Please ensure that you send to the editorial office the updated emails of both of the following co-
authors, as their email addresses are currently marked as invalid by our system:

1. suleiman.khan@helsinki.fi
2. muhammad.ammad-ud-din@helsinki.fi

You can expect to receive a proof of your article in the near future. Please contact the editorial
office (openscience_proofs@royalsociety.org) and the production office
(openscience@royalsociety.org) to let us know if you are likely to be away from e-mail contact -- if
you are going to be away, please nominate a co-author (if available) to manage the proofing
process, and ensure they are copied into your email to the journal.

Due to rapid publication and an extremely tight schedule, if comments are not received, your
paper may experience a delay in publication.

Please see the Royal Society Publishing guidance on how you may share your accepted author
manuscript at https:/ /royalsociety.org/journals/ethics-policies / media-embargo/ .



Thank you for your fine contribution. On behalf of the Editors of Royal Society Open Science, we
look forward to your continued contributions to the Journal.

Best regards,

Lianne Parkhouse

Editorial Coordinator

Royal Society Open Science
openscience@royalsociety.org

on behalf of Professor Andrew Teschendorff (Associate Editor) and Steve Brown (Subject Editor)
openscience@royalsociety.org

Follow Royal Society Publishing on Twitter: @RSocPublishing

Follow Royal Society Publishing on Facebook:

https:/ /www.facebook.com/RoyalSocietyPublishing. FanPage/

Read Royal Society Publishing's blog: https:/ /blogs.royalsociety.org/publishing/



Appendix A

Kibble et al. have produced a manuscript entitled “An integrative machine learning approach to
discovering multi-level molecular mechanisms of obesity using data from monozygotic twin pairs”.
The authors have utilised the power of discordant monozygotic (MZ) twins in the setting of body
weight with the availability of a multivariate dataset combining clinical, cytokine, genomic,
methylation and dietary information. The analysis includes 43 young adult MZ twin pairs (aged 22 —
36) with 25 pairs being weight discordant due to a BMI difference of > 3kg/m?. Inclusion of MZ twins
has clear biological benefit as this removes one of great issues of genetic confounding that occurs in
population studies. The manuscript is focused on the novel methodology of jointly analysing these
data using an integrative ML method called Group Factor Analysis (GFA). The authors’ manuscript has
been transferred to Royal Society Open Science journal which assesses papers only on the basis of
their scientific soundness and novelty - not impact - and they have provided a point-by-point response
to the previous reviews. My comment re these responses and any further points are detailed below.

Review Responses: Reviewer 1

1. Change the title

- Fair response

2. Rewrite Introduction on importance problem and how GFA fills this gap

- Completed

3. What changes the terms in the energy balance equation are not well understood

- Yes, good to state role of energy imbalance in obesity and that genetics points to central control as
fundamental in obesity susceptibility. Have expanded on this in Introduction.

4. Re-order manuscript sections

- Completed

5. More explanation of latent variable and GFA required

- Explanation expanded. Yes, the authors state that similar ML approaches have not been applied twin
studies. However, should also include reference to recent review of ML in twins across a range of
methodologies from Baird & Hysi (2019)%.

6. Issues re explanation of GFA

- Explanation fine

7. Include Data Processing Figure

- Provided

8. More clearly signpost that the analysis is performed in the differences between the MZ twins

- Yes, discordance details expanded

9. Interpretation of Heatmaps should be included

- Yes, explanation of heatmap results now included

10. Inappropriate ‘sales’ terms removed

- Yes, terms removed

11. Issues regarding self-reported Diet and physical activity data

— The authors proved a response to this issue. However, they should also include in the manuscript
the points and citations to papers they included (Pietildinen et al. 2010; Sievanen & Kujala, 2017),
regarding this in the paper itself - to show that they understand the difficulty and potential caveats to
this analysis and to convey this better for readers.

12. Clearly state new findings

- Yes, key new associations summarised



Review Responses: Reviewer 2

1. Novelty of methods and understanding of pathology needs to be better explained
- Yes, addressed by authors

2. Figures substandard — Agree the Figure presentation could be improved

- Authors state they will revise figures if manuscript accepted by journal

Additional Comments

1. Section 1.1 Twin studies — The authors should include the caveat that somatic DNA mutation does
occur with age? and will led to minor variation even between MZ twins.

2. How did using a threshold for clinical variables of more than 50% of values missing being left out of
the matrices impact on the GFA?

3. The authors need to state more specifically that cell-type heterogeneity is a major issue in these
studies and how successfully SVA dealt with this.

4. The authors should discuss any weaknesses of using previously identified EWAS results — such as
Wahl et al. that included results from a mixture of populations. Also, could relying on previous DNA
methylation results reduce novel insights and limit application?

Minor Point

1. Pg 11 line 17 “Methylation...” — sentence is confusing

1. Baird PN & Hysi P. Twin Registries Moving Forward and Meeting the Future: A Review. Twin
research and human genetics : the official journal of the International Society for Twin
Studies 22, 201-9 (2019).

2. Jaiswal S & Ebert BL. Clonal hematopoiesis in human aging and disease. Science 366(2019).



Appendix B UNIVERSITY OF

CAMBRIDGE

Department of Applied Mathematics
and Theoretical Physics

17t September 2020

Professor Andrew Teschendorff (Associate Editor) and
Professor Steve Brown (Subject Editor)
Journal of the Royal Society Open Science

Re: An integrative machine learning approach to discovering multi-level molecular mechanisms
of obesity using data from monozygotic twin pairs

Dear Professor Teschendorff and Professor Steve Brown,

Thank you for your reply regarding the submission of our manuscript entitled “An integrative machine
learning approach to discovering multi-level molecular mechanisms of obesity using data from
monozygotic twin pairs”, and for the reviewer comments. We are delighted to hear that our manuscript
has been accepted for publication in Royal Society Open Science subject to minor revisions. Please
find copied below our response, including an explanation of the changes that we have made to the
manuscript.

Sincerely yours,

Dr Milla Kibble

Department of Applied Mathematics & Theoretical Physics
University of Cambridge

Wilberforce Road

Cambridge CB3 OWA, UK

mmk60@cam.ac.uk

+44 (0)1223 764076



mailto:mmk60@cam.ac.uk

We would like to thank the reviewers for their time in reviewing our manuscript, “An integrative
machine learning approach to discovering multi-level molecular mechanisms of obesity using data
from monozygotic twin pairs”, and for their thoughtful and very useful comments. We now comment
on each individual point.

Response to reviewer 1:

5. More explanation of latent variable and GFA required

- Explanation expanded. Yes, the authors state that similar ML approaches have not been
applied twin studies. However, should also include reference to recent review of ML in twins
across a range of methodologies from Baird & Hysi (2019)1.

Response:
Thank you for drawing our attention to this review. We have added the reference in section 1.1.

7. Include Data Processing Figure
- Provided

Response:
We have added this as Figure 2.

11. Issues regarding self-reported Diet and physical activity data

— The authors proved a response to this issue. However, they should also include in the
manuscript the points and citations to papers they included (Pietildainen et al. 2010; Sievanen &
Kujala, 2017), regarding this in the paper itself - to show that they understand the difficulty and
potential caveats to this analysis and to convey this better for readers.

Response:

Thank you. We have now incorporated the text from the response to reviewers into the manuscript
itself (section 4 paragraph 6).

Review Responses: Reviewer 2

2. Figures substandard — Agree the Figure presentation could be improved

- Authors state they will revise figures if manuscript accepted by journal

Response:

Thank you. We have revised all of the diagrams, with the aim of improving the clarity and quality of
presentation.

Additional Comments
1. Section 1.1 Twin studies — The authors should include the caveat that somatic DNA mutation
does occur with age2 and will led to minor variation even between MZ twins.

Response:
We have added this comment and reference in section 2.4.

2. How did using a threshold for clinical variables of more than 50% of values missing being left
out of the matrices impact on the GFA?

Response:

This meant that certain clinical variables were not included in the analysis at all. Therefore, had there
been a relationship with one of these variables, we could not pick it up. However, the clinical variables
matrix was still sufficiently large and comprehensive, even after the columns with a large number of
missing variables were removed.



3. The authors need to state more specifically that cell-type heterogeneity is a major issue in these
studies and how successfully SVA dealt with this.

Response:

We thank the reviewer for this comment. As pointed out by the reviewer we haven't specifically
adjusted for cell-type composition and this might have impacted the methylation values in our data. We
did not adjust for cell type composition specifically because we wanted to contain all clinical variation
that associate with the obesity phenotype, including very low grade inflammation, which may result in
differences in the cell type compositions within the BMI discordant twin pairs. However, to account for
technical effects during the experiment, we have used the ComBat function from the SVA package.
ComBat removes batch effects across samples and other unwanted variation through parametric
empirical Bayesian adjustments. We have added a sentence in Section 2.5 to clarify the above.

4. The authors should discuss any weaknesses of using previously identified EWAS results — such
as Wabhl et al. that included results from a mixture of populations. Also, could relying on previous
DNA methylation results reduce novel insights and limit application?

Response:

It is true that it would be better to be able to include all CpGs in the analysis to pick up more novel
insights. However, this would have resulted in high dimensional matrices and introduced a large
number of noisy sites in the modelling process. Therefore, to focus the analysis on the most significant
findings, we feel that the best option was to pick CpG sites that have been shown to associate with
BMI. The Wahl et al study was performed on a bigger dataset of 5,387 individuals and including a
mixture of populations would have led to the identification of robust CpGs associated with BMI, which
are common across all populations.

Also, as we commented in section 2.4, “it is difficult to draw meaningful or actionable hypotheses from
genes for which nothing is known”, and the same is true of CpGs. Therefore, in the study we chose to
focus on sites where there is already an association with obesity or obesity related phenotypes, to see if
we could discover novel molecular mechanisms involving these.

We have added two sentences to section 2.5 to better explain the above.

Minor Point

1. Pg 11 line 17 “Methylation...” — sentence is confusing

Response:

Thank you for pointing this out. The sentence has now been changed to “DNA methylation has been
shown to be both stable and dynamic. Across the human postnatal lifetime, stability in methylation is
primarily due to genetic contributions, while environmental exposures contribute to methylation
dynamics (Reynolds et al 2020).”

Response to reviewer 2:

Reading the answers to the referee’s reports | appreciate the improvement to the paper, however |
am not convinced about the results. It would be great to have a kind of validation. The paper looks to
me more a methodological procedure than a scientific paper with robust results. For example, it
would be great to compare and use the method for another biological questions showing that this
strategy is powerful to catch important biological features.

Response:



The associate editor has asked “It would be good if the authors could also address some of the points
raised by Reviewer-2, although further validation or application of GFA to additional data is not
necessary.”

The GFA method has been used successfully in the area of drug discovery and in particular discovery
of compound modes of action, as discussed at the beginning of section 2.7: “GFA has been successfully
used for identifying structural properties predictive of drug responses (24), cross-organism
toxicogenomics (56) as well as highly accurate drug response predictions (28).” However, we are
applying the method here to a very different and quite rare set of biological data. It would indeed be
interesting to see if the findings can be replicated in another set of trait discordant twin pairs with
comparable large multivariate dataset available. Further, while we do not go as far as to experimentally
validate molecular mechanisms, we hope that the associations found here may be explored more in
further studies.

Additional changes to the manuscript:

We have updated the reference numbering and changed the style to Vancouver, as requested.

All table and figure captions have been moved from the main body of the text to a separate document.
Please note that the more comprehensive data accessibility statement has been saved on the journal
portal form (the shorter version is still in the manuscript).



