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Dear Dr Duan, 

 
Your manuscript "Accurate transition state generation with an object-aware 
equivariant elementary reaction diffusion model" 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: 
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- Please be sure to provide additional quantitative comparisons to existing methods to 
verify the level of improvement demonstrated by your approach. 

 
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 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. 
 
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 regards, 
 
Kaitlin McCardle, PhD 
Associate Editor 
Nature Computational Science 
 
 

 
Reviewers comments: 
 
Reviewer #1 (Remarks to the Author): 
 
This manuscript presents a new TS generation model based on the diffusion 

technique and its validation. The proposed model generates TS structures with high 
speed and accuracy. This article is highly appealing to many chemists who want TS 
structures with low computational cost. Although this article includes state-of-the-art 
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ML models, this manuscript still needs improvement to present ideas clearly to 
potential readers of Nature Computational Science. 

 
 
 
(1) There are some descriptions to be corrected or augmented. 
 
- ‘reaction rate estimation‘ in the abstract should be reaction barrier because reaction 

rate prediction includes the prediction of pre-Arrhenius factor 
 
- In introduction, the authors emphasize that their model preserve all symmetry that 
TS structures have but they do not explain what they are. In my perspective, 

additional paragraph (at least couple of sentences) to explain the symmetries that TS 
structure have is required somewhere in the manuscript. 
 

- In the method section, ‘t’ and ‘s’ are used without any explanation. Of course, many 
of authors may infer that it indicates a diffusion step but for the completeness, the 
explanation should be included in the manuscript. 
 
- In ‘high quality TS structure from OA-reactDiff’ subsection, the author mentioned 
that generation of TS structure takes 6 second with a single V100 GPU. But it is 
unclear whether 128 samples are generated during 6 seconds or just a single sample 

is constructed. (as far as I understood, 128 samples are used for the validation of TS 
structures in the result section) 
 
 
 

(2) Figures are not clear enough. 

 
- For Figure 3 (particularly c and d), labels are rarely readable. Please enlarge the 
font size. 
 
- Figure 4c shows true and predicted structures. The authors select different colors 
but the structures are mostly overlapped. I recommend the authors to improve 
visibility by controlling transparency 

 
(3) Arbitrary numbers (0.2 A) in the ranking model. 
 
The authors construct a ranking model to predict whether generated structures are 
close to the TS structure in the database. If the ranking model is trained to return 1 if 
the generated structure has RMSD value smaller than 0.2 otherwise 0. However, to 
me, 0.2A is arbitrary number. I recommend further experiments using different 

numbers (e.g. 0.1, 0.15, 0.25A) or using different target. (e.g. sigmoid[1/RMSD] ) 
 
(4) Chemical meaning and potential usage of alternative structures 
 
As we all know, the TS is not unique. Therefore, the validation of generated 
structures (beta and gamma structures in Figure 3) may be chemically interesting. 

Since alpha structures are very close to the true one, they does not required quantum 
chemical validation (IRC calculation). However, beta, gamma, and delta structures 
are different structures. Potential readers may be curious whether those results are 
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just junk structures or one of TS structures. It could be chemically important if those 
beta and gamma structures are alternative TS of reactions and their energies are 

lower than that of the true structure. In this perspective, authors need to address the 
potential usage of beta, gamma, and delta structures in the manuscript.. 
 
(5) Size extensivity 
 
- This model can be applied regardless of the size of molecules. However, the 

accuracy of the model is not discussed in the manuscript. Unlike the model that 
requires atom-mapping, the diffusion model may dramatically fail in predicting TS 
structures whose size is out of training dataset. I think additional experiments to 
validate the model accuracy for the large-scale reactions may extend the applicability 

of the proposed model. If appropriate reaction database is not available, authors can 
measure the performance of the model trained with reactions having a small number 
of atoms. 

 
 
(6) Additional explanations are required to reference model. 
 
- In the comparison of accuracy with respect to other models, PSI-model is trained 
with Grambow’s set, which is different from what the author used. I know that 
transition1x is constructed based on Grambow’s set but it would impact the result. So 

I think it should be noticed somewhere in the manuscript. 
 
- On the 10th page, the authors used “(PSI-model) requires the prior knowledge of 
atom mapping and careful alignment between reactant and product.” It is true that 
PSI-model requires atomic mapping but as far as I understood, the alignment 

between reactant and product is not required because test time augmentation is used 

in prediction, which means the model runs two times and the final structures are 
derived from both inference results. 
 
 
 
 
Reviewer #2 (Remarks to the Author): 

 
The paper deals with an important point in computational chemistry. In particular, the 
findings herein reported are important and may have a relevant impact on the study 
of reaction mechanisms. The paper is well-written and presented. There are, 
however, some important points to be taken into consideration and addressed in 
more detail: 
1/Several times in the paper, the authors refer to DFT calculations. Most of the time, 

they also report quantitative comparisons and errors with respect to them. I found 
this aspect very elusive since without the specification of the functional and the 
computational set-up, it is impossible to assess/evaluate the numbers they reported. 
2/The same considerations apply to the training set they have used: Was a specific 
choice made (e.g., functional)? If yes/no, why? any foreseen impact? 
3/It is known that the geometry of the TS is "less" affected by the chemical accuracy 

in terms of geometry (see e.g., W. G. Liu and W. A. Goddard, J. Am. Chem. Soc., 
2012, 134, 12970 —12978). How did the authors deal with geometry and energy in 
the selection of the training set? 
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4/ Would it be possible to exploit specific physical insights in the algorithm? E.g., 
nature of the TS (late, early, ...). 

 
 
Reviewer #3 (Remarks to the Author): 
 
The authors have developed a state-of-the-art method which can predict transition 
state (TS) of molecular reaction using diffusion model which exhibits outstanding 

performance in terms of RMSD of TS structure with respect to reference TS. At the 
same time, computational cost involved in TS optimization has been significantly 
reduced without potential convergence issue. What makes this model even more 
remarkable is SE(3)-equivariance which makes it free from a priori dependence 

toward atom-mapping between reactant and products and initial 3D arrangement of 
reactant molecules which are often non-trivial. I believe this manuscript has its 
sufficient novelty to be published in this journal nevertheless I’d like to suggest a few 

points for authors to consider prior to the publication. 
 
1. In page 2, “There, an SE(3)-equivariant GNN is used as the scoring function to 
preserve the required permutation, transition, and rotation symmetry for a 3D object 
(e.g., molecule or protein) in the Euclidean space, which works ideally for systems 
that contain only one single object.”, I think authors meant translation but transition 
could be misleading to readers. Also, in the same page, please provide unabbreviated 

form for MAE as you did for RMSD for consistency. 
 
2. In page 4, “In TS search, specifically, it combines distributions from the diffused 
reactant an product (i.e., known parts) and denoised TS structure (i.e, unknown 
parts) at each step before proceeding to the following denoising step”, there are typo 

in this sentence. 

 
3. I think it’s very impressive that this model doesn’t require atom-mapping and 
careful alignment of reactant molecules. However, the way author tested the novelty 
of the model does not sufficiently demostrate this feature because it was tested 
within Transition 1x dataset which already has atom-mapping and aligned reactant 
molecules. I think author can generate several reactions which are not included in 
Transition 1x dataset. For these reactions, there are no atom-mapping and one has 

no prior knowledge how multiple reactants should be initially aligned in order reaction 
to be proceeded and the result of model prediction can be compared with DFT 
optimized TS structure. The value of this model would be better highlighted by its 
performance toward unknown reactions we encounter during reaction network 
exploration where we have to generate our own dataset of TS structures. 
 
4. Along with previous point, it would be very helpful to see the trend of error decline 

with the size of the training set. (Like a learning curve) At least for Transition 1x 
dataset, one can estimate how much error one could expect when there are different 
sizes of training set. I hope this could be used in the reaction network exploration in a 
similar fashion to active learning of machine-learning interatomic potential which 
starts from small dataset. 
 

5. In Fig 3b, I wonder how authors have classified the clusters. Especially in the third 
right-most column, cluster alpha and gamma are neighboring and their distinction 
might need some clarification. There should be some consistent way that works for all 
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the reactions included in the work. Also author may want to elaborate what is the 
difference between “confidence rank” and “RMSD rank” which corresponds to the 

color and the size of the points. I understood that confidence rank is related to the 
predicted accuracy of TS structure generated by the model but the meaning of RMSD 
rank a bit unclear. 
 
6. I think how TS energy has been trained in this work is not sufficiently explained in 
the manuscript. If I understood correctly, the diffusion based model is solely 

predicting the TS structure, not the energy. The details on how energy is trained and 
predicted should be elaborated. 
 
7. In page 10, authors compare their model performance with density functional tight 

binding (DFTB) but cited paper is general review on DFTB. There could be various 
flavors of DFTB which have different parameterization. Therefore, it would be better 
and fair if authors can specify which particular DFTB model has been used for their 

comparison. 
 
8. In Table 1, the Pearson’s r value of the developed model is less than the other 
models used for comparison. Authors may want to discuss further how this can be 
interpreted. 
 
9. Which value of alpha t or sigma t is used for noising in this study? Is it adaptive? I 

think its value has not been mentioned in the manuscript. 

 

 

Author Rebuttal to Initial comments   
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Decision Letter, first revision: 

 

  

Date: 17th October 23 16:56:48 

Last Sent: 17th October 23 16:56:48 

Triggered By: Kaitlin McCardle  

From: kaitlin.mccardle@us.nature.com 

To: crduan@mit.edu 

CC: computationalscience@nature.com 

BCC: kaitlin.mccardle@us.nature.com 

Subject: AIP Decision on Manuscript NATCOMPUTSCI-23-0853A 

Message: Our ref: NATCOMPUTSCI-23-0853A 
 

17th October 2023 
 
Dear Dr. Duan, 
 
Thank you for submitting your revised manuscript "Accurate transition state 
generation with an object-aware equivariant elementary reaction diffusion model" 
(NATCOMPUTSCI-23-0853A). It has now been seen by the original referees and their 

comments are below. The reviewers find that the paper has improved in revision, and 
therefore we'll be happy in principle to publish it in Nature Computational Science, 

pending minor revisions 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-
transparent-peer-review.pdf" target="new">FAQ page</a>. 
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Thank you again for your interest in Nature Computational Science. Please do not 
hesitate to contact me if you have any questions. 

 
Sincerely, 
 
Kaitlin McCardle, PhD 
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 authors completely resolved my comments. I do not have any additional 
comments. 
 

 
Reviewer #2 (Remarks to the Author): 
 
On the basis of the rebuttal and of the revised manuscript, the clarity of the paper 
has improved. The points that I have raised in the assessment are now well 

addressed in the paper. This makes it possible to follow in detail the discussion and 

understand the potential impact. 
 
 
Reviewer #3 (Remarks to the Author): 
 
The authors have presented all the points raised by the reviewer. I suggest publishing 
this manuscript as modified by the authors. 

 

  

 

Final Decision Letter: 

 

Date: 3rd November 23 15:12:07 

Last 

Sent: 
3rd November 23 15:12:07 

Trigger
ed By: 

Kaitlin McCardle  

From: kaitlin.mccardle@us.nature.com 

To: crduan@mit.edu 
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BCC: 
fernando.chirigati@us.nature.com,kaitlin.mccardle@us.nature.com,rjsart@springernature.co
m,computationalscience@nature.com,rjsproduction@springernature.com 

Subject
: 

Decision on Nature Computational Science manuscript NATCOMPUTSCI-23-0853B 

Messag
e: 

Dear Dr Duan, 
 
We are pleased to inform you that your Article "Accurate transition state generation with an 
object-aware equivariant elementary reaction diffusion model" 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. 
 
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, 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. 
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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-23-0853B 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. 
 
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, 
 

Kaitlin McCardle, PhD 
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> 
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** 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>.** 

 


