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Message: ** Please ensure you delete the link to your author homepage in this e-mail if you 
wish to forward it to your co-authors. ** 
 
Dear Professor Yang, 

 
Your manuscript "MeDuSA: mixed model-based deconvolution of cell-state 
abundance" has now been seen by 3 referees, whose comments are appended below. 
You will see that while they find your work of interest, they have raised points that 
need to be addressed before we can make a decision on publication. 
 
The referees’ reports seem to be quite clear. Naturally, we will need you to address 

*all* of the points raised. 

While we ask you to address all of the points raised, the following points need to be 
substantially worked on: 
 
- Please improve your benchmark analysis as requested by Referee #3; real data 
samples across diverse tissue types with known cell-state abundances are needed. 

- Please revise the manuscript thoroughly to avoid overstatements. 
- Please add sufficient methodological details in the paper, as well as plots/data for 
the assessment of all of the experimental results. 
- Please strengthen the motivation for this tool, as requested by Referee #3: why is 
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this tool needed when compared to simpler gene-based approaches? Please add new 
experimental data if needed. 

- For the code, please (i) add more documentation to it; (ii) provide a more user-
friendly pipeline for running the code; (iii) add instructions on how to best preprocess 
the expression data; and (iv) provide a mechanism to easily reproduce all of the 
experiments of the paper. 
 
Please use the following link to submit your revised manuscript and a point-by-point 

response to the referees’ comments (which should be in a separate document to any 
cover letter): 
 
[REDACTED] 

 
** This url links to your confidential homepage and associated information about 
manuscripts you may have submitted or be reviewing for us. If you wish to forward 

this e-mail to co-authors, please delete this link to your homepage first. ** 
 
To aid in the review process, we would appreciate it if you could also provide a copy 
of your manuscript files that indicates your revisions by making of use of Track 
Changes or similar mark-up tools. Please also ensure that all correspondence is 
marked with your Nature Computational Science reference number in the subject line. 
 

In addition, please make sure to upload a Word Document or LaTeX version of your 
text, to assist us in the editorial stage. 
 
If you have any issues when updating your Code Ocean capsule during the revision 
process, please email the Code Ocean support team Cc'ing me. 

 

To improve transparency in authorship, we request that all authors identified as 
‘corresponding author’ on published papers create and link their Open Researcher and 
Contributor Identifier (ORCID) with their account on the Manuscript Tracking System 
(MTS), prior to acceptance. ORCID helps the scientific community achieve 
unambiguous attribution of all scholarly contributions. You can create and link your 
ORCID from the home page of the MTS by clicking on ‘Modify my Springer Nature 
account’. For more information please visit please visit <a 

href="http://www.springernature.com/orcid">www.springernature.com/orcid</a>. 
 
We hope to receive your revised paper within three weeks. If you cannot send it 
within this time, please let us know. 
 
We look forward to hearing from you soon. 
 

Best, 
Fernando (on behalf of Jie Pan) 
 
-- 
Fernando Chirigati, PhD 
Chief Editor, Nature Computational Science 

Nature Portfolio 
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Reviewers comments: 

 
Reviewer #1 (Remarks to the Author): 
 
In this manuscript, the authors have introduced MeDuSA, an algorithm that leverages 
single-cell RNA-seq data as a reference to estimate cell-state abundance in bulk RNA-
seq data. They show that MeDuSA improves the estimation accuracy over the state-

of-the-art methods by severalfold on average using simulation study. The author 
applied MeDuSA to in four case studies and demonstrate MeDuSA can give rise to 
deeper insights into disease etiology and biological mechanisms. Overall, this is a 
well-researched and well written manuscript. However, I have two minor comments: 

1. The author compared the deconvolution accuracy of MeDuSA with the existing 
methods by the Pearson’s correlation (R) and the root mean square deviation (RMSD) 
between the estimated cell-state abundance and the round truth (Fig. 1-3). Whether 

these existing methods are applied on the whole cell population, or the subset of the 
cell/cell types same as MeDuSA? it might be fair to compare on same cell subsets, 
since MeDuSA pre-selected cell states along trajectory for deconvolution. 
2. Another related question. I noticed correlation (R) for MeDuSA can approach near 
1（Fig. 2b）, while the exiting methods in real data is even around 0 (Fig. 3a). While 

as the authors claimed in text “The result showed that MeDuSA outperformed CPM 

and the three cell-type deconvolution methods by severalfold”, it’s still a bit surprising 
on such big difference of performance? Is it because MeDuSA use trajectory 
information? Or any other explanations on it? 
 
 
 

Reviewer #2 (Remarks to the Author): 
 
In this study, Song et al have developed a linear mixed model able to estimate cell-
state abundance in bulk RNA-seq data using single-cell RNA-seq data as reference. 
Major strengths of this work include: (i) source data and code (R-package) are 
publicly available, facilitating reproducibility and adoption of the method; (ii) novelty: 
the method leverages other cell states for the same cell type and use them as 

random effects to capture inter-cell-type variance across states. 
 
Major comments: 
 
About method comparison: I think it would be interesting to also compare the linear 
mixed model against a deep learning approach as hidden layers are represent higher-
order latent representations that are robust to input noise and technical bias, see 

e.g., “Deep learning-based cell composition analysis from tissue expression profiles” 

by Menden et al. (Science 2020), “Deep autoencoder for interpretable tissue-adaptive 
deconvolution and cell-type-specific gene analysis” by Chen et al. (Nature 
Communications, 2022), etc. 
 
Evaluation of statistical significance (p-values) of parameters of random effects 

component, as well fixed states, in the linear mixture model and note the fraction of 
significant genes. This would also corroborate the hypothesis that random effects 
(i.e., including other cell states) are significant and the better performance do not 
only rely on increased model complexity and may give insights about which 
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expressed genes from the same cell type benefit from this approach 
 

 
 
Minor comments 
 
About Figure 2: b-c) individual scores for different cell numbers are difficult to 
distinguish using color encoding, probably use different shapes instead of colored 

points, also better for color-blind people 
 
 
Reviewer #2 (Remarks on code availability): 

 
1) The code could benefit from more documentation. 
 

2) A bash script is provided, which is good. However, something more proper would 
be to provide the pipeline as a snakemake or nextflow pipelines. 
 
 
Reviewer #3 (Remarks to the Author): 
 
In this manuscript, Song and colleagues present MeDuSA, a deconvolution method for 

inferring cell state abundance along a continuous linear trajectory from bulk 
expression data. Notably, this focus distinguishes MeDuSA from previous 
deconvolution tools that infer cell type/state abundances from bulk expression data 
without any explicit trajectory component. The authors perform several benchmarking 
analyses to evaluate their approach, mostly using simulation of pseudo-bulk samples 

from scRNA-seq data but also using real paired bulk and scRNA-seq data from 5 

healthy human esophageal biopsies. They also demonstrate the use of MeDuSA in 
four case studies. 
 
Strengths of this manuscript include a novel focus on trajectory inference from bulk 
expression data; explicit consideration of collinearity, which is a major confounding 
factor for deconvolution methods; and freely available code. 
 

Weaknesses include an unconvincing and contrived benchmarking analysis, 
overstatements and embellishments, and a lack of key methodological details 
(below). More importantly, the need for this approach over simpler techniques has 
not been established. These issues, along with other serious technical and conceptual 
shortcomings, significantly dampen enthusiasm for this work. 
 
Major Comments: 

1. One of the most important problems with this work is the concept itself. There are 
many gene signatures that can easily capture the trajectory of one cell state to 
another – even individual marker genes can do this well, as the authors show in 
Figure 4c. Thus, it would be very straightforward to define scRNA-seq-based gene 
signatures of a developmental process that cover all distributions in Figure 2a, then 
apply those signatures to bulk data in order to study developmental processes using 

standard enrichment tools (e.g., single-sample GSEA). 
Unfortunately, no analyses in this work establish the benefit of MeDuSA over gene-
based approaches. 
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2. The title and abstract of this paper are borderline-misleading. For example, the 
former states that MeDuSA is a method for “mixed model-based deconvolution of cell-

state abundance,” making it appear that this approach extends beyond linear 
trajectories (it doesn’t). A much more informative title would be, “Medusa: mixed 
model-based deconvolution of cell-state abundance along a linear continuous 
trajectory”. Moreover, the abstract criticizes “established cell-state deconvolution 
methods” as being limited, misrepresenting the fact that most of these methods were 
developed for an entirely different goal – i.e., to infer discrete cell type/state 

abundances from bulk data *independent* of a trajectory. Indeed, one can easily 
argue that MeDuSA is also quite limited – i.e., limited in scope to a single linear 
trajectory, making it a complement rather than an alternative to existing tools. 
To remedy this, the authors need to carefully revise their manuscript to make it 

abundantly clear what MeDuSA does and does not do. All mentions of cell state 
deconvolution with MeDuSA need to be qualified to “cell state deconvolution along a 
single linear trajectory,” or similar. Overstatements such as “We show by extensive 

benchmark analyses that MeDuSA improves the estimation accuracy over the state-
of-the-art methods by severalfold on average” and “Our study provides a high-
accuracy and fine-resolution cell-state deconvolution method” are far too generous in 
scope and should be restricted to “single linear trajectories” in all instances. 
3. Line 84: To compare against previous deconvolution methods, the authors 
repurposed them for cell state deconvolution by “dividing the cell-state trajectory into 
several bins.” While this might be justifiable, no further methodological details are 

provided by the authors, whether in the main text or methods. Details explaining how 
the bins where selected, how performance varied as a function of the number of bins, 
and how each of the deconvolution methods were parameterized and applied are 
entirely missing. 
4. Performance metrics: It is unclear how the authors compared the output of 

MeDuSA to ground truth in their Pearson and RMSE assessments. No plots showing 

the actual output of MeDuSA on individual samples (ideally real bulk samples) are 
provided. Scatter plots showing the output for all deconvolved cell states along the 
linear trajectory vs. their ground truth expectations are needed to properly assess 
performance. 
5. The benchmarking analysis of only 5 real tissue samples is wholly inadequate in 
both breadth and depth. Many additional real data samples across diverse tissue 
types with known cell-state abundances are needed to properly determine 

performance. 
6. It appears that MeDuSA includes cell types as covariates in the model if they are 
not part of the trajectory – however it doesn’t actually output any estimates of 
abundance for them. Is this correct? Furthermore, does adjusting for these cell types 
even improve performance? What if they are ignored? 
7. How should cell-state abundance inferred by MeDuSA be interpreted? Is it 
fractional abundance (i.e., ranging from 0 to 1 [this doesn’t seem to be the case from 

running the code]), relative abundance (e.g., unitless coefficients in a linear 
regression), or something else? Can the abundance of one cell state be directly 
compared with another as if they are true abundance measures? 
8. Supplementary Fig. 10: It is already well known that pseudo-bulk scRNA-seq has a 
moderately strong correlation with bulk RNA-seq. A cross-correlation matrix 
comparing bulk RNA-seq on one axis with pseudo-bulk scRNA-seq on the other is 

needed to establish whether paired samples are the most highly correlated with each 
other. 
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Minor Comments: 
1. Line 26: CTCs are a very common abbreviation for circulating tumor cells. For 

clarity, we suggest that the authors adjust or remove this abbreviation. 
2. Line 35: Not “cell lines”, cell subsets 
3. Line 38: Not necessarily a “time-dependent manner”; “context-dependent” would 
be more accurate. 
4. Line 48: No aspect of CPM is explicitly based on cell-state trajectories. 
5. Line 66: “We show by extensive benchmark analyses based on real data” -> This is 

dishonest – simulations based on real data are not real anymore. 
6. CIBERSORT is not the most recent version of this method – why did the authors 
ignore CIBERSORTx (Nat Biotechnol 2019), which is explicitly tailored to scRNA-seq-
based deconvolution and performs batch correction? The method is publicly available. 

 
Reviewer #3 (Remarks on code availability): 
 

I ran the code via Code Ocean -- it installed and ran to completion on the provided 
example data without error. I did not assess whether the results of the paper are 
reproducible, as to my knowledge, there is no mechanism provided by the authors to 
do so. The documentation and examples are mostly clear, though I think instructions 
on how to best preprocess the expression data, including the trajectory, along with 
explicit examples of how to generate trajectory data, are needed. 

 

 

Author Rebuttal to Initial comments   
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Decision Letter, first revision: 

 

  

Date: 15th May 23 23:56:13 

Last Sent: 15th May 23 23:56:13 

Triggered By: Jie Pan  

From: jie.pan@us.nature.com 

To: jian.yang@westlake.edu.cn 

CC: computationalscience@nature.com 

BCC: jie.pan@us.nature.com 

Subject: AIP Decision on Manuscript NATCOMPUTSCI-22-1257A 

Message: Our ref: NATCOMPUTSCI-22-1257A 
 

15th May 2023 
 
Dear Dr. Yang, 
 
Thank you for submitting your revised manuscript "MeDuSA: mixed model-based 
deconvolution of cell-state abundances along a one-dimensional trajectory" 
(NATCOMPUTSCI-22-1257A). It has now been seen by the original referees and their 

comments are below (sorry for the delay - since one of the original referees dropped 
out in this round). The reviewers find that the paper has improved in revision, and 

therefore we'll be happy in principle to publish it in Nature Computational Science, 
pending minor revisions to satisfy the referees' final requests and to comply with our 
editorial and formatting guidelines. 
 

We are now performing detailed checks on your paper and will send you a checklist 
detailing our editorial and formatting requirements in about a week. Please do not 
upload the final materials and make any revisions until you receive this additional 
information from us. 
 
TRANSPARENT PEER REVIEW 
Nature Computational Science offers a transparent peer review option for original 

research manuscripts. We encourage increased transparency in peer review by 
publishing the reviewer comments, author rebuttal letters and editorial decision 
letters if the authors agree. Such peer review material is made available as a 
supplementary peer review file. Please remember to choose, using the 

manuscript system, whether or not you want to participate in transparent 
peer review. 
Please note: we allow redactions to authors’ rebuttal and reviewer comments in the 

interest of confidentiality. If you are concerned about the release of confidential data, 
please let us know specifically what information you would like to have removed. 
Please note that we cannot incorporate redactions for any other reasons. Reviewer 
names will be published in the peer review files if the reviewer signed the comments 
to authors, or if reviewers explicitly agree to release their name. For more 
information, please refer to our <a href="https://www.nature.com/documents/nr-
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transparent-peer-review.pdf" target="new">FAQ page</a>. 
 

Thank you again for your interest in Nature Computational Science. Please do not 
hesitate to contact me if you have any questions. 
 
Sincerely, 
 
Jie Pan, Ph.D. 

Senior Editor 
Nature Computational Science 
 
ORCID 

IMPORTANT: Non-corresponding authors do not have to link their ORCIDs but are 
encouraged to do so. Please note that it will not be possible to add/modify ORCIDs at 
proof. Thus, please let your co-authors know that if they wish to have their ORCID 

added to the paper they must follow the procedure described in the following link 
prior to acceptance: https://www.springernature.com/gp/researchers/orcid/orcid-for-
nature-research 
 
Reviewer #1 (Remarks to the Author): 
 
The points I raised in the previous round of review have been satisfactorily 

addressed.I believe the paper is now acceptable for publication. 
 
 
Reviewer #3 (Remarks to the Author): 
 

The revised manuscript by Song and colleagues is much improved and my comments 

have been adequately addressed. My only remaining concern is the use of Lin’s CCC 
for evaluating the output of ssGSEA, as the latter does not produce fractional 
abundances, but rather enrichment scores. Since CCC is intended to compare 
measurements of the same variable, it is unreasonable to apply CCC to compare 
ssGSEA results against ground truth fractions. 
 
Another minor concern is related to comment #1 from the “Remarks on code 

availability” from R2, in which additional documentation was requested. I would like 
the authors to do a better job emphasizing that MeDuSA is restricted to inferring one-
dimensional trajectories from bulk data in their descriptions of MeDuSA available 
online (https://leonsong1995.github.io/MeDuSA/ 
andhttps://github.com/LeonSong1995/MeDuSA/). Currently, they emphasize “cell-
state abundance” estimation, which is too generous. 
 

 
Reviewer #3 (Remarks on code availability): 
 
The authors have added appropriate documentation and examples in response to my 
comment. 
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Author Rebuttal, first revision: 
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Final Decision Letter: 

 

Date: 13th June 23 13:12:08 

Last 
Sent: 

13th June 23 13:12:08 

Trigger

ed By: 
Jie Pan  

From: jie.pan@us.nature.com 

To: jian.yang@westlake.edu.cn 

BCC: 
fernando.chirigati@us.nature.com,rjsart@springernature.com,rjsproduction@springernature
.com,jie.pan@us.nature.com,computationalscience@nature.com 

Subject
: 

Decision on Nature Computational Science manuscript NATCOMPUTSCI-22-1257B 

Messag
e: 

Dear Professor Yang, 
 
We are pleased to inform you that your Article "Mixed model-based deconvolution of cell-
state abundances (MeDuSA) along a one-dimensional trajectory" has now been accepted for 
publication in Nature Computational Science. 
 
Once your manuscript is typeset, you will receive an email with a link to choose the 

appropriate publishing options for your paper and our Author Services team will be in touch 
regarding any additional information that may be required. 
 
Please note that <i>Nature Computational Science</i> is a Transformative Journal (TJ). 
Authors may publish their research with us through the traditional subscription access route 
or make their paper immediately open access through payment of an article-processing 
charge (APC). Authors will not be required to make a final decision about access to their 

article until it has been accepted. <a href="https://www.springernature.com/gp/open-
research/transformative-journals"> Find out more about Transformative Journals</a> 
 
Authors may need to take specific actions to achieve <a 
href="https://www.springernature.com/gp/open-research/funding/policy-
compliance-faqs"> compliance</a> with funder and institutional open access 
mandates. If your research is supported by a funder that requires immediate open access 

(e.g. according to <a href="https://www.springernature.com/gp/open-research/plan-s-

compliance">Plan S principles</a>) then you should select the gold OA route, and we will 
direct you to the compliant route where possible. For authors selecting the subscription 
publication route, the journal’s standard licensing terms will need to be accepted, including 
<a href="https://www.springernature.com/gp/open-research/policies/journal-
policies">self-archiving policies</a>. Those licensing terms will supersede any other terms 

that the author or any third party may assert apply to any version of the manuscript. 
 
You will not receive your proofs until the publishing agreement has been received through 
our system. 
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If you have any questions about our publishing options, costs, Open Access requirements, 

or our legal forms, please contact ASJournals@springernature.com 
 
Acceptance of your manuscript is conditional on all authors' agreement with our publication 
policies (see https://www.nature.com/natcomputsci/for-authors). In particular your 
manuscript must not be published elsewhere and there must be no announcement of the 
work to any media outlet until the publication date (the day on which it is uploaded onto 

our web site). 
 
Before your manuscript is typeset, we will edit the text to ensure it is intelligible to our wide 
readership and conforms to house style. We look particularly carefully at the titles of all 

papers to ensure that they are relatively brief and understandable. 
 
Once your manuscript is typeset and you have completed the appropriate grant of rights, 

you will receive a link to your electronic proof via email with a request to make any 
corrections within 48 hours. If, when you receive your proof, you cannot meet this deadline, 
please inform us at rjsproduction@springernature.com immediately. 
 
If you have queries at any point during the production process then please contact the 
production team at rjsproduction@springernature.com. Once your paper has been 
scheduled for online publication, the Nature press office will be in touch to confirm the 

details. 
 
Content is published online weekly on Mondays and Thursdays, and the embargo is set at 
16:00 London time (GMT)/11:00 am US Eastern time (EST) on the day of publication. If 
you need to know the exact publication date or when the news embargo will be lifted, 

please contact our press office after you have submitted your proof corrections. Now is the 

time to inform your Public Relations or Press Office about your paper, as they might be 
interested in promoting its publication. This will allow them time to prepare an accurate and 
satisfactory press release. Include your manuscript tracking number NATCOMPUTSCI-22-
1257B and the name of the journal, which they will need when they contact our office. 
 
About one week before your paper is published online, we shall be distributing a press 
release to news organizations worldwide, which may include details of your work. We are 

happy for your institution or funding agency to prepare its own press release, but it must 
mention the embargo date and Nature Computational Science. Our Press Office will contact 
you closer to the time of publication, but if you or your Press Office have any inquiries in 
the meantime, please contact press@nature.com. 
 
An online order form for reprints of your paper is available at <a 
href="https://www.nature.com/reprints/author-

reprints.html">https://www.nature.com/reprints/author-reprints.html</a>. All co-authors, 
authors' institutions and authors' funding agencies can order reprints using the form 
appropriate to their geographical region. 
 
We welcome the submission of potential cover material (including a short caption of around 
40 words) related to your manuscript; suggestions should be sent to Nature Computational 

Science as electronic files (the image should be 300 dpi at 210 x 297 mm in either TIFF or 
JPEG format). We also welcome suggestions for the Hero Image, which appears at the top 
of our <a href="http://www.nature.com/natcomputsci">home page</a>; these should be 
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72 dpi at 1400 x 400 pixels in JPEG format. Please note that such pictures should be 
selected more for their aesthetic appeal than for their scientific content, and that colour 

images work better than black and white or grayscale images. Please do not try to design a 
cover with the Nature Computational Science logo etc., and please do not submit 
composites of images related to your work. I am sure you will understand that we cannot 
make any promise as to whether any of your suggestions might be selected for the cover of 
the journal. 
 

You can now use a single sign-on for all your accounts, view the status of all your 
manuscript submissions and reviews, access usage statistics for your published articles and 
download a record of your refereeing activity for the Nature journals. 
 

To assist our authors in disseminating their research to the broader community, our 
SharedIt initiative provides you with a unique shareable link that will allow anyone (with or 
without a subscription) to read the published article. Recipients of the link with a 

subscription will also be able to download and print the PDF. 
 
As soon as your article is published, you will receive an automated email with your 
shareable link. 
 
We look forward to publishing your paper. 
 

Best regards, 
 
Jie Pan, Ph.D. 
Senior Editor 
Nature Computational Science 

 

 
P.S. Click on the following link if you would like to recommend Nature Computational 
Science to your librarian: <a 
href="https://www.springernature.com/gp/librarians/recommend-to-your-
library">https://www.springernature.com/gp/librarians/recommend-to-your-library</a> 
 
** Visit the Springer Nature Editorial and Publishing website at <a href="http://editorial-

jobs.springernature.com">www.springernature.com/editorial-and-publishing-jobs</a> for 
more information about our career opportunities. If you have any questions please click <a 
href="mailto:editorial.publishing.jobs@springernature.com">here</a>.** 

 


