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1st Editorial Decision July 8,

2021
July 8, 2021

Dr. Gregory L. Medlock
University of Virginia
Pediatrics
Charlottesville, Virginia

Re: mSystems00599-21 (Enhancing microbiome research through trustworthy genome-scale metabolic modeling
Dear Dr. Gregory L. Medlock:

Thank you for submitting your manuscript to mSystems. | appreciate your patience. We have completed our review and | am
pleased to inform you that, in principle, we expect to accept it for publication in mSystems. However, acceptance will not be final
until you have adequately addressed the reviewer comments. Considering the publication timeline for this special issue, we
would appreciate if you can complete the revision and submit the

"Response to Reviewers" by July 31st, 2021.

Both the reviewers and | believe this manuscript offers an interesting overview of the current state of genome-scale metabolic
model research, highlighting opportunities for using GEMs to understand the dynamics of microbiomes, as well as challenges
related to modeling quality, curation, and predictability. However, the current version of the manuscript needs some additional
work as it does not provide sufficient background and explanation of some of the proposed ideas. This is particularly important
for this issue aimed at highlighting multidisciplinary research perspectives and cross-systems topics for a diverse audience,
therefore including non-expert readers.

The reviewers have provided excellent feedback to help improve your manuscript. Please pay close attention and address their
comments. Please make sure that the correct supplementary materials and corresponding links are provided. Also, make sure
that the writing style and flow of ideas is cohesive and consistent, specially if the editing/writing is done collectively by different
co-authors.

Thank you for the privilege of reviewing your work. Below you will find instructions from the mSystems editorial office and
comments generated during the review.

Preparing Revision Guidelines

To submit your modified manuscript, log onto the eJP submission site at https://msystems.msubmit.net/cgi-bin/main.plex. Go to
Author Tasks and click the appropriate manuscript title to begin the revision process. The information that you entered when you
first submitted the paper will be displayed. Please update the information as necessary. Here are a few examples of required
updates that authors must address:

« Point-by-point responses to the issues raised by the reviewers in a file named "Response to Reviewers," NOT IN YOUR
COVER LETTER.

+» Upload a compare copy of the manuscript (without figures) as a "Marked-Up Manuscript" file.

« Each figure must be uploaded as a separate file, and any multipanel figures must be assembled into one file.

» Manuscript: A .DOC version of the revised manuscript

« Figures: Editable, high-resolution, individual figure files are required at revision, TIFF or EPS files are preferred

For complete guidelines on revision requirements for your article type, please see the journal Article Types requirement at
https://journals.asm.org/journal/mSystems/article-types. Submissions of a paper that does not conform to mSystems
guidelines will delay acceptance of your manuscript.

Corresponding authors may join or renew ASM membership to obtain discounts on publication fees. Need to upgrade your
membership level? Please contact Customer Service at Service@asmusa.org.

Thank you for submitting your paper to mSystems.

The ASM Journals program strives for constant improvement in our submission and publication process. Please tell us how we
can improve your experience by taking this quick Author Survey.

Sincerely,

Jose Pablo Dundore-Arias


https://www.asm.org/membership
https://www.surveymonkey.com/r/ASMJournalAuthors

Editor, mSystems

Journals Department

American Society for Microbiology
1752 N St., NW

Washington, DC 20036

E-mail: peerreview@asmusa.org
Phone: 1-202-942-9338

Reviewer comments:

Reviewer #1 (Comments for the Author):

Ankrah et al. provide interesting discussion on some opportunities and challenges associated with using genome-scale
metabolic models to understand the dynamics of microbiomes. The primary take home is that currently models are often
insufficiently curated, and that the uncertainty around predictions is not adequately assessed. Many interesting topics are
addressed however the manuscript currently does not provide enough explanation of ideas to be approachable for someone not
familiar with metabolic models. As is often the case with group efforts like this the flow of ideas is disconnected and inconsistent.
Additionally, the manuscript seems incomplete at this time with reference to supplementary materials and links that do not yet
exist. All that being said, the authors represent an exciting group from varying scientific backgrounds, and the idea of varying
forms of uncertainly in model predictions is important. This manuscript has potential but it has a ways to go.

Specific comments:

Line 27 - It would be useful to provide a more explicit description of what a genome-scale metabolic model is for readers
unfamiliar with them. You might also consider including a statement about what differentiates GEM from other modeling
approaches that can be used to predict dynamics in microbial systems.

Line 28 - A GEM does not typically reconstruct temperature requirements among other things which are usually included in the
fundamental niche.

Line 46 - What is meant by "outside of the context of in silico simulations"?
Figure 1 - It would be good to provide some explanation of flux balance analysis in the main text.

Line 50 - Many important challenges are identified however, many of these challenges are not explained adequately for a lay
reader. Additionally, the logical connection between different challenges is often hard to follow.

Line 52 - What is meant by scope in this context?

Line 64 - | am not sure that most experimentalist would agree that their questions should be steered to match modelling
approaches.

Line 73 - It would be useful to more explicitly state what generates uncertainty in the models. For example, you might consider
mentioning that the network may be incomplete/incorrect, the bounds on reactions may be incorrect, there may be many equally
optimal solutions, biomass composition may be incorrect or assumptions (such as optimality) may be violated. It may not be
possible to get in all of these given space constraints, but some explicit examples would be useful for readers.

Line 76 - Naming differences certainly represent a challenge, but they doesn't seem related to the uncertainty that is the focus of
this paragraph.

Line 84 - Would a GEM need to accurately predict all behavior in monoculture to accurately predict behavior in a community?

Line 87 - | was unclear on exactly what the standard was. Perhaps rephrase to something like "Testing behavior in monoculture
may not always be possible..."

Line 91 - Most readers will not know what the Thiele and Palsson protocol is.
Line 94 - Change in-between to between.
Line 96 - Don't models in monoculture usually require bounds on exchange reactions?

Line 100 - | don't think that this explanation of objective functions will be interpretable by most lay readers.



Figure 2 - The figure has potential but is incomplete.

Line 121 - | could not find any supplementary material attached.

Reviewer #2 (Comments for the Author):

Overall, the perspective is timely and well-written. It (successfully) attempts to highlight the issue of modelling quality. Though |
disagree with some of the statements and interpretations, | refrain myself from criticism on these since this is an opinion piece.
Below are some comments that | hope the authors will find useful in improving the accuracy and logic of the narrative.

1. The definition of "validation" for model is not clear. Some referencing (especially to MEMOTE) seems to imply this as a
validation step while at other places experimental validation seems expected. A clarity is warranted.

2. It reads towards the end as if the authors are advocating for experiment-based curation for single species models before
community simulations. Yet, they also (correctly) state that this is an impossible task given the complexity of communities and
diversity of microbes. Note that we are talking about trillions of species (not even thinking about strains - strong evidence exists
that metabolic properties differ across strains).

3. "Curation' in GEM field comes with the caveat of limited understanding of experimental data and microbial physiology by
many modelers. This is sadly also reflected here. The "high confidence" models with plenty of "curation" over years are based
on laboratory data under limited conditions. Gene KO studies used in curation are limited to single KO. Even the best curated
models fail dramatically to predict epistasis. And as stated above, strain differences abound. So, given this, would the authors
say that any GEM models shouldn't be used at all (I know they would not, but the message can be misleading as it is presented
now)?

4. Line 28: "GEM completely reconstructs an organism's fundamental niche"

Not true - it does so only from a, limited, nutrient requirement point of view. The concept of niche goes much beyond nutrient
requirements. GEMs do not capture many of these - inhibitory and regulatory effects, Temp / pH effects, surface attachments;
and even for metabolism - GEMs are so far no good for quantitative effects.

5. Figure 1, row 1, Assumptions: mass balance and thermodynamic constraints are not "assumptions” - they are the basis of
science!

6. Yield and rate are interchangeably used in the Figure 1 (which is rather a Table). Though in FBA context, these are often
directly linked, it is better to stay with one uniform terminology, especially for the sake of readers from outside the field.



Response to Reviewers

Review comment
Author reply

Reviewer #1

Ankrah et al. provide interesting discussion on some opportunities and challenges associated with using
genome-scale metabolic models to understand the dynamics of microbiomes. The primary take home is
that currently models are often insufficiently curated, and that the uncertainty around predictions is not
adequately assessed. Many interesting topics are addressed however the manuscript currently does not
provide enough explanation of ideas to be approachable for someone not familiar with metabolic
models. As is often the case with group efforts like this the flow of ideas is disconnected and
inconsistent. Additionally, the manuscript seems incomplete at this time with reference to
supplementary materials and links that do not yet exist. All that being said, the authors represent an
exciting group from varying scientific backgrounds, and the idea of varying forms of uncertainty in model
predictions is important. This manuscript has potential but it has a ways to go.

We appreciate the reviewers interest in the topics we have presented, and have attempted to make
complex topics more approachable while remaining as concise as possible given the space constraints
for this opinion article. We have resolved inconsistencies in semantics and word choice and
reorganized some sections to improve flow. Survey results have been completed and education
resources have been compiled.

Specific comments:

Line 27 - It would be useful to provide a more explicit description of what a genome-scale metabolic
model is for readers unfamiliar with them. You might also consider including a statement about what
differentiates GEM from other modeling approaches that can be used to predict dynamics in microbial
systems.

We have added a short statement at the beginning of the “Opportunities” section describing a GEM in
simple terms for readers unfamiliar with these models. Given space constraints, we opted not to
include comparisons to other modeling approaches because these comparisons are present in most
reviews of genome-scale metabolic modeling for microbial communities .

Line 28 - A GEM does not typically reconstruct temperature requirements among other things which are
usually included in the fundamental niche.

“fundamental niche” has been removed to avoid confusion.

Line 46 - What is meant by "outside of the context of in silico simulations"?



We have added a clarifying example expanding on Garza et al., in which GEMs are used to predict the
traits of individual organisms and these traits are used as input data in followup analyses that do not
involve GEMs. We hope that the meaning is now clearer.

Figure 1 - It would be good to provide some explanation of flux balance analysis in the main text.
We have added a brief description of FBA in the “Opportunities” section.

Line 50 - Many important challenges are identified however, many of these challenges are not explained
adequately for a lay reader. Additionally, the logical connection between different challenges is often
hard to follow.

We would like to thank the Reviewer for raising this concern, and we have now made several edits
both to clarify the challenges and make the connections between them more clear. Specifically, we
have structured it to follow figure 1 more closely by identifying key challenges that emerge in these
different simulation scopes.

Line 52 - What is meant by scope in this context?

We appreciate that the Reviewer requests this clarification, as we believe the now-edited text makes
our message clearer for the lay reader. We have changed our use of “scope” to refer to the simulation
scope mentioned in figure 1. We have changed the text pointed out by the reviewer to refer to the
appropriate “context” for GEM applications by which we mean meaningful research questions and
model applications that are not outside the fundamental limitations of GEMs and associated methods.

Line 64 - | am not sure that most experimentalist would agree that their questions should be steered to
match modelling approaches.

We agree with the reviewer that this sentence could be easily misinterpreted. We have now deleted

this section and instead include a more detailed description of what was meant in the last paragraph
of the challenges section.

Line 73 - It would be useful to more explicitly state what generates uncertainty in the models. For
example, you might consider mentioning that the network may be incomplete/incorrect, the bounds on
reactions may be incorrect, there may be many equally optimal solutions, biomass composition may be
incorrect or assumptions (such as optimality) may be violated. It may not be possible to get in all of
these given space constraints, but some explicit examples would be useful for readers.

As suggested by the Reviewer we now mention some of the most relevant sources of uncertainty.
Again, due to space constraints, we now also more explicitly point the reader to a recent review that
covers this topic in depth (Bernstein et al., 2021, Genome Biology).

Line 76 - Naming differences certainly represent a challenge, but they doesn't seem related to the
uncertainty that is the focus of this paragraph.

We have left this sentence in this paragraph as we believe it is related to the “Challenges” of applying
GEMs, but have clarified that this is not related to uncertainty, as the reviewer suggests.



Line 84 - Would a GEM need to accurately predict all behavior in monoculture to accurately predict
behavior in a community?

We have attempted to clarify our stance on the curation/validation of individual GEMs for community
modeling in the last paragraph of the challenges section. Here we emphasize the importance of
establishing an appropriate simulation scope that captures the scientific questions of interest but is
robust to uncertainty. The necessary level of accuracy of individual GEMs is thus dependent on the
scientific question being addressed. We have also added a minimal example that introduces this logic
within the challenges section via a co-culture of two bacterial strains.

Line 87 - | was unclear on exactly what the standard was. Perhaps rephrase to something like "Testing
behavior in monoculture may not always be possible..."
We have rephrased this sentence as suggested by the Reviewer.

Line 91 - Most readers will not know what the Thiele and Palsson protocol is.
We would like to thank the Reviewer for pointing this out, and we have now removed this section.

Line 94 - Change in-between to between.
This section has been removed.

Line 96 - Don't models in monoculture usually require bounds on exchange reactions?

As the Reviewer correctly points out, bounds on exchange reactions are needed to simulate growth
using GEMs both in monoculture and in cultures with multiple species. However, uptake rates can be
estimated from cultivation data for monocultures, while this becomes increasingly difficult with
increasing numbers of different species where metabolic by-products also increase medium
complexity. We have rewritten this sentence to make the message more clear.

Line 100 - | don't think that this explanation of objective functions will be interpretable by most lay
readers.

We agree with the Reviewer that the explanation of objective functions was incomplete, and we have
now expanded this sentence to make the text more accessible to readers outside the COBRA
community.

Figure 2 - The figure has potential but is incomplete.
We have completed the figure and welcome any additional resource recommendations from the
reviewer.

Line 121 - | could not find any supplementary material attached.
The supplementary material has been updated with accession info for educational resources, survey

data, and survey visualization.



Reviewer #2

Overall, the perspective is timely and well-written. It (successfully) attempts to highlight the issue of
modelling quality. Though | disagree with some of the statements and interpretations, | refrain myself
from criticism on these since this is an opinion piece. Below are some comments that | hope the authors
will find useful in improving the accuracy and logic of the narrative.

1. The definition of "validation" for model is not clear. Some referencing (especially to MEMOTE) seems
to imply this as a validation step while at other places experimental validation seems expected. A clarity
is warranted.

We appreciate the reviewer pointing out this potentially confusing lack of clarity. We have now made
the challenges section more concise, removing most references to model validation. We have briefly
addressed this topic in the last paragraph of the challenges section where we hope that the
terminology is more clear and consistent.

2. It reads towards the end as if the authors are advocating for experiment-based curation for single
species models before community simulations. Yet, they also (correctly) state that this is an impossible
task given the complexity of communities and diversity of microbes. Note that we are talking about
trillions of species (not even thinking about strains - strong evidence exists that metabolic properties
differ across strains).

We appreciate the point that the reviewer raises here, which points towards one of the major
challenges of applying GEM analysis to microbial communities. We have attempted to clarify our
stance in the last paragraph of the challenges section. Here we state that we believe the appropriate
path forward lies in selecting a level of detail that captures important processes while remaining
robust to uncertainty. We hope that our perspective will provide some additional tools for researchers
to approach this difficult question.

3. "Curation' in GEM field comes with the caveat of limited understanding of experimental data and
microbial physiology by many modelers. This is sadly also reflected here. The "high confidence" models
with plenty of "curation" over years are based on laboratory data under limited conditions. Gene KO
studies used in curation are limited to single KO. Even the best curated models fail dramatically to predict
epistasis. And as stated above, strain differences abound. So, given this, would the authors say that any
GEM models shouldn't be used at all (I know they would not, but the message can be misleading as it is
presented now)?

We agree with the reviewers sentiment that there are major limitations to the utility of existing GEMs
(even highly curated ones). The lack of communication of these limitations in the published literature
is one of the primary points of concern that we raise, and our surveyed researchers raised.

As stated in response to comment #2, the clarification of the challenges section should guide readers
away from thinking we are overly cynical about the applicability of GEMs.



4. Line 28: "GEM completely reconstructs an organism's fundamental niche"

Not true - it does so only from a, limited, nutrient requirement point of view. The concept of niche goes
much beyond nutrient requirements. GEMs do not capture many of these - inhibitory and regulatory
effects, Temp / pH effects, surface attachments; and even for metabolism - GEMs are so far no good for
guantitative effects.

As the Reviewer correctly points out there are many aspects of an organism's fundamental niche that
are not covered by GEMs in their current realization. We have rewritten this paragraph and removed
this sentence.

5. Figure 1, row 1, Assumptions: mass balance and thermodynamic constraints are not "assumptions" -
they are the basis of science!

We disagree with the reviewer but also feel that the disagreement is mostly semantic--any
phenomenon included in a model constitutes an assumption, because all models represent a limited
band of mechanistic resolution. For example, mass balance is not universal--it is an assumption of the
modeling framework. We can illustrate this with photosynthesis: photon mass is converted to bond
energy as described by mass-energy equivalence. If the entire modeling framework accounts for
mass-energy equivalence, this phenomenon can be represented exactly, but this is not the convention,
and representation of photosynthesis in GEMs is widely considered non-standard. Thus mass balance
is an assumption of the modeling framework, and we feel it is important to communicate because the
stoichiometric foundation of GEMs is key to understanding them. With regard to “thermodynamics”,
we have made our intent more explicit by changing it to “Fixed reaction reversibility” to indicate that
reversibility of each reaction is explicit and it does not change in the standard FBA modeling context.

6. Yield and rate are interchangeably used in the Figure 1 (which is rather a Table). Though in FBA
context, these are often directly linked, it is better to stay with one uniform terminology, especially for
the sake of readers from outside the field.

While we appreciate the reviewer's careful eye, yield and rate are used very precisely within the
figure. The examples for the FBA scope are intended to communicate this: if uptake rates are known
(example 2 & 3), FBA can be used to predict growth rates. Otherwise, if uptake rates are not known
(example 1), FBA predictions are only interpreted as maximum theoretical yields (i.e., the simulated
growth rate scales with unbounded uptake rates, thus the rate is arbitrary but the yield has meaning).
Uses of “growth yield” and “growth rate” are similarly specific for the examples in the other modeling
scopes. To help readers understand that these terms are not being used synonymously, we have made
the following changes:

1. For FBA examples 2 & 3, changed “growth rate” to “growth rate or growth yield”; simulation of
growth rates and yields are both possible with uptake rate data, whereas only the maximum
theoretical growth yield can be calculated without uptake rate data.

2. We have added a note to the figure caption explaining the difference between growth rate,
growth yield, and maximum theoretical growth yield; we have also noted in the caption that
the terms are not used interchangeably in the figure.



1st Revision - Editorial Decision October 12,
2021

October 11, 2021

Dr. Gregory L. Medlock
Vedanta Biosciences
Cambridge, Massachusetts

Re: mSystems00599-21R1 (Enhancing microbiome research through trustworthy genome-scale metabolic modeling
Dear Dr. Gregory L. Medlock:

Thank you for submitting your manuscript to mSystems. We appreciate your patience and hard work on this perspective, and are
quite excited to have this piece in our collection. Upon review of the revised version, we have further comments to be addressed
before final acceptance of this perspective for publication in mSystems. However, acceptance will not be final until you have
adequately addressed the recommended changes. We would greatly appreciate if you can complete these final revisions and
submit the "Response to Reviewers" by October 31st, 2021.

Overall, as noted, both the reviewers and | believe this will be a great addition to our collection. This piece occupies a unique
position in the special edition, being the only one to touch on the current state of genome-scale metabolic model research, and
to highlight opportunities, challenges, and future directions for using GEMs to understand and model microbiome dynamics.
However, the revised version is nearly twice as long as the previous submission, and well over the requested word limit (1500-
1700 words), with 3102 words in the body of the manuscript alone. While | recognize that the first round of reviews suggested
additional background and explanation to help the reader, we ask that you and your co-authors make one more hard edit to cut
the body of the manuscript to 2200 words maximum to fit within the overall collection (most of which are within the 1500-word
limit). We recognize the complexity and importance of this topic, and want to do what we can to support this piece. As previously
noted, the goal of this special issue is to highlight multidisciplinary research perspectives and cross-systems topics for a diverse
audience, with a special focus on early-career scientists. Thus, in editing your piece, we ask that you work to avoid overly
technical terms and jargon, and work to provide an introduction to the topic that motivates novice readers to think more broadly
about potential applications of GEMS to their own field. Practically, the reviewers also recommend reducing the length of some
extremely-long sentences and paragraphs (e.g. paragraphs 96-111, 174-220, 225-208, 226-243), as well as non-essential
sentences (lines 68-70)

Further specific comments from the reviewers are summarized below:
Title: Please eliminate the word "trustworthy"

Opportunities: Sentences within lines 28-32 are overly complex and not well explained, and should be eliminated. Sentence 56-
59, mention briefly what type of statistical analysis are being referred.

Challenges: Many of the challenges discussed in this section are captured in Fig 1. Please edit to avoid overlap and duplication
of information by providing concise points and referring to Fig1 for more detail. Sentences 63-74 need to be shortened by
merging redundant sentences and creating new ones that provide a clear and simple explanation of the contrasting points
presented. Sentences 75-95 and 126-135 highlight current technological challenges, which are likely to be overcome in the
future. These sentences need to be shortened, highlighting the main points more broadly, distinguishing existing and
foreseeable limitations. Bullet points may be useful for conveying key information points while cutting length. Sentences 126-150
need to be simplified as they provide overly detailed, and redundant information. Rather than referring to the co-culture scenario
multiple times, this example should be used to clearly illustrate (simultaneously) the main challenges in data curation and
simulation.

Moving forward: Sentences 153-161 raise concerns about broader challenges that fall outside the scope of this perspective, and
therefore, should only be introduced briefly and avoid redundancy with the description of the survey results. Sentences 162-200,
rather than providing detailed explanation of participant answers, highlight the take home messages of the survey results, what
came across as the main community priorities, gaps and needs, and how they influence the advancement of microbiome
research. The conclusion paragraphs (sentences 208-243) need to be shortened. While we recognize the need to advocate for
more funding, this should be done more concisely avoiding specific examples and how lack of funding prevents us from moving
forward. Instead, this would a good opportunity to provide a more optimistic perspective, highlighting how new/additional funding
can help us address remaining gaps and needs in technical capacities, as well training of the next generation of microbiome
scientists, as these areas represent equally challenges and opportunities and have significant potential to stimulate discussion
and motivate change within the microbiome research community.

Thank you again for your continuing efforts on this piece. We are hopeful that these edits won't be overly complicated for your
team, and | am happy to communicate further as needed. Our goal is to get the final pieces of the collection over the finish line
this month, with vigorous publicity for the special edition in November. Please don't hesitate to contact me if you have any



questions on the recommended edits.
Below you will find instructions from the mSystems editorial office and comments generated during the review.

Preparing Revision Guidelines

To submit your modified manuscript, log onto the eJP submission site at https://msystems.msubmit.net/cgi-bin/main.plex. Go to
Author Tasks and click the appropriate manuscript title to begin the revision process. The information that you entered when you
first submitted the paper will be displayed. Please update the information as necessary. Here are a few examples of required
updates that authors must address:

« Point-by-point responses to the issues raised by the reviewers in a file named "Response to Reviewers," NOT IN YOUR
COVER LETTER.

+» Upload a compare copy of the manuscript (without figures) as a "Marked-Up Manuscript" file.

« Each figure must be uploaded as a separate file, and any multipanel figures must be assembled into one file.

» Manuscript: A .DOC version of the revised manuscript

« Figures: Editable, high-resolution, individual figure files are required at revision, TIFF or EPS files are preferred

For complete guidelines on revision requirements, please see the journal Submission and Review Process requirements at
https://journals.asm.org/journal/mSystems/submission-review-process. Submission of a paper that does not conform to
mSystems guidelines will delay acceptance of your manuscript.

Corresponding authors may join or renew ASM membership to obtain discounts on publication fees. Need to upgrade your
membership level? Please contact Customer Service at Service@asmusa.org.

Thank you for submitting your paper to mSystems.

The ASM Journals program strives for constant improvement in our submission and publication process. Please tell us how we
can improve your experience by taking this quick Author Survey.

Sincerely,

Jose Pablo Dundore-Arias

Editor, mSystems

Journals Department

American Society for Microbiology
1752 N St., NW

Washington, DC 20036

E-mail: peerreview@asmusa.org
Phone: 1-202-942-9338

Reviewer comments:


https://www.asm.org/membership
https://www.surveymonkey.com/r/ASMJournalAuthors

Response to reviews
(Responses in bold)

Overall, as noted, both the reviewers and | believe this will be a great addition to our collection. This piece
occupies a unigue position in the special edition, being the only one to touch on the current state of
genome-scale metabolic model research, and to highlight opportunities, challenges, and future directions
for using GEMs to understand and model microbiome dynamics. However, the revised version is nearly
twice as long as the previous submission, and well over the requested word limit (1500-1700 words), with
3102 words in the body of the manuscript alone. While | recognize that the first round of reviews
suggested additional background and explanation to help the reader, we ask that you and your co-
authors make one more hard edit to cut the body of the manuscript to 2200 words maximum to fit within
the overall collection (most of which are within the 1500-word limit). We recognize the complexity and
importance of this topic, and want to do what we can to support this piece. As previously noted, the goal
of this special issue is to highlight multidisciplinary research perspectives and cross-systems topics for a
diverse audience, with a special focus on early-career scientists. Thus, in editing your piece, we ask that
you work to avoid overly technical terms and jargon, and work to provide an introduction to the topic that
motivates novice readers to think more broadly about potential applications of GEMS to their own field.
Practically, the reviewers also recommend reducing the length of some extremely-long sentences and
paragraphs (e.g. paragraphs 96-111, 174-220, 225-208, 226-243), as well as non-essential sentences
(lines 68-70)

We have made major cuts to the manuscript and improved conciseness and are now at
approximately 2,000 words in the main text.

Further specific comments from the reviewers are summarized below:
Title: Please eliminate the word "trustworthy"

Done.

Opportunities: Sentences within lines 28-32 are overly complex and not well explained, and should be
eliminated. Sentence 56-59, mention briefly what type of statistical analysis are being referred.

Done.

Challenges: Many of the challenges discussed in this section are captured in Fig 1. Please edit to avoid
overlap and duplication of information by providing concise points and referring to Figl for more detail.
Sentences 63-74 need to be shortened by merging redundant sentences and creating new ones that
provide a clear and simple explanation of the contrasting points presented. Sentences 75-95 and 126-135
highlight current technological challenges, which are likely to be overcome in the future. These sentences
need to be shortened, highlighting the main points more broadly, distinguishing existing and foreseeable
limitations. Bullet points may be useful for conveying key information points while cutting length.
Sentences 126-150 need to be simplified as they provide overly detailed, and redundant information.
Rather than referring to the co-culture scenario multiple times, this example should be used to clearly
illustrate (simultaneously) the main challenges in data curation and simulation.

We have added additional references in the text to Figure 1 and cut adjacent text. The entire
section has been shortened substantially, including the specific sentences requested.

Moving forward: Sentences 153-161 raise concerns about broader challenges that fall outside the scope
of this perspective, and therefore, should only be introduced briefly and avoid redundancy with the
description of the survey results. Sentences 162-200, rather than providing detailed explanation of
participant answers, highlight the take home messages of the survey results, what came across as the
main community priorities, gaps and needs, and how they influence the advancement of microbiome
research. The conclusion paragraphs (sentences 208-243) need to be shortened. While we recognize the
need to advocate for more funding, this should be done more concisely avoiding specific examples and



how lack of funding prevents us from moving forward. Instead, this would a good opportunity to provide a
more optimistic perspective, highlighting how new/additional funding can help us address remaining gaps
and needs in technical capacities, as well training of the next generation of microbiome scientists, as
these areas represent equally challenges and opportunities and have significant potential to stimulate
discussion and motivate change within the microbiome research community.

We have removed redundancies and greatly simplified this section.



2nd Revision - Editorial Decision November 19,
2021

November 19, 2021

Dr. Gregory L. Medlock
Vedanta Biosciences
Cambridge, Massachusetts

Re: mSystems00599-21R2 (Enhancing microbiome research through genome-scale metabolic modeling)
Dear Dr. Gregory L. Medlock:

Your manuscript has been accepted, and | am forwarding it to the ASM Journals Department for publication. For your reference,
ASM Journals' address is given below. Before it can be scheduled for publication, your manuscript will be checked by the
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