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*Please delete the link to your author homepage if you wish to forward this email to co-authors.
Dear Mick,

Your manuscript, "A kinetics-based model of hematopoiesis reveals extrinsic regulation of skewed lineage output from stem
cells", has now been seen by 3 referees, who are experts in HSC transplantation, hematopoiesis, scCRNA-seq (referee 1);
computational and mathematical modeling, clonal analysis (referee 2); and HSCs, transplantation (referee 3). As you will
see from their comments (attached below) they find this work of potential interest, but have raised substantial concerns,
which in our view would need to be addressed with considerable revisions before we can consider publication in Nature
Cell Biology.

Nature Cell Biology editors discuss the referee reports in detail within the editorial team, including the chief editor, to identify
key referee points that should be addressed with priority. To guide the scope of the revisions, | have listed these points
below. | should stress that the referees’ concerns (especially those by referee #1) point to a premature dataset and these
points would need to be addressed with experiments and data, and reconsideration of the study for this journal and re-
engagement of referees would largely depend on the strength of these revisions.

In particular, it would be essential to:

(A) Clarify the advance and differences the classification provided here presents over previous relevant work, as well as
provide additional data to sufficiently support such claims, as indicated by referee #1:

"Fig.1g, the heterogeneity of HSC has been demonstrated by many studies based on large number of sc-transplantation
analysis. However, the authors classified three types of clones based on the reconstitution kinetics of only 18 single cell
clones. This n number is too small to get objective classification for the HSC clones, because some clones with low
percentage would be lost due to the low number of sampling.”

"Fig. 1d, the three clusters author classified fit well to the previous established classification (alpha, beta, gamma/delta).
What are the advantages of this new classification?"

"Since slope is not very correlated with the level of final chimerism, it is not surprising and perhaps one could even say itis
trivial that the longer the HSC continues to generate outputs the higher the final chimerism. In other words, that the key
feature of Cluster 3 compared with Cluster 2 is prolonged tyMax and tGrowth is a tautological statement using math to state
the obvious, that is, more enduring clones would be more dominant eventually."

"What is truly surprising is the positive correlation between t0 and final chimerism which is the only observed correlation that
justifies the statement “competition between slow- and fast-engrafting clones” in the abstract. However, the authors did not
provide evidence that variance in t0 is the main driving force behind the observed clonal difference in reconstitution
behavior. The positive correlation between t0 and tyMax or tGrowth could be purely coincidental, and it is not a proof that t0
is the ultimate cause. To sum up, the role of t0 needs to be isolated and better studied because positive correlation between
the tyMax and tGrowth and the level of final chimerism is almost synonymical."

"Could the author summarize the advantages of the new established classification of HSC clones based on the
reconstitution kinetics rather than the arbitrary threshold and time points? What's the new implication of this new
classification could provide for the evaluation of HSC in the future?"



(B) Address concerns regarding conclusions about cell- intrinsic or extrinsic regulation, as indicated by:

Reviewer #1:

"The author drawn the main conclusion that “lineage biases actually arise from cell-extrinsic feedback regulation and clonal
competition between slow- and fast-engrafting clones to occupy the limited compartment sizes of mature lineages”. How
could the author exclude the intrinsic cellular differences among different clones?

Reviewer #3:

"A good model should be able to explain observed discrepancies.

1. How to coordinate the model of extrinsic feedback from the lineage demanding and dormant HSC model.

2. Compared to slow and fast HSC clones, which one is sensitive to chemotherapy, and which one can survive better under
stress?

3. How to explain the behavior change from fast HSC clones to slow HSC clones upon transplantation.

4. Why is myeloid bias an aged HSC feature?"

(C) Provide all details and clarifications requested by reviewer #2 in terms of the mathematical modeling processes.

(D) All other referee concerns pertaining to strengthening existing data, textual changes, and experiments to answer specific
questions and provide clarifications, should also be addressed.

(E) Finally, please pay close attention to our guidelines on statistical and methodological reporting (listed below) as failure to
do so may delay the reconsideration of the revised manuscript. In particular please provide:

- unprocessed images of all gels/blots in the form of a multi-page pdf file. Please ensure that blots/gels are labeled and the
sections presented in the figures are clearly indicated.

- all numerical source data in Excel format, with data for different figures provided as different sheets within a single Excel
file. The file should include source data giving rise to graphical representations and statistical descriptions in the paper and
for all instances where the figures present representative experiments of multiple independent repeats, the source data of all
repeats should be provided.

We would be happy to consider a revised manuscript that would satisfactorily address these points, unless a similar paper is
published elsewhere, or is accepted for publication in Nature Cell Biology in the meantime.

When revising the manuscript please:

- ensure that it conforms to our format instructions and publication policies (see below and https:/www.nature.com/nature/for-
authors).

- provide a point-by-point rebuttal to the full referee reports verbatim, as provided at the end of this letter.

- for any revision that includes light microscopy data, we ask our authors to please include a completed light microscopy
reporting table https:/www.nature.com/documents/Light_microscopy_reporting_table.xlsx to ensure the methods are
described thoroughly. The table will be available to reviewers and ultimately published should the manuscript be accepted
at the journal.

- provide the completed Reporting Summary (found here <a href="https:/www.nature.com/documents/nr-reporting-
summary.pdf'>https://www.nature.com/documents/nr-reporting-summary.pdf</a>). This is essential for reconsideration of the
manuscript will be available to editors and referees in the event of peer review. For more information see <a
href="http:/www.nature.com/authors/policies/availability.html">http://www.nature.com/authors/policies/availability.html</a>
or contact me.

When submitting the revised version of your manuscript, please pay close attention to our
href="https:/www.nature.com/nature-portfolio/editorial-policies/image-integrity">Digital Image Integrity Guidelines.</a> and
to the following points below:

-- that unprocessed scans are clearly labelled and match the gels and western blots presented in figures.



-- that control panels for gels and western blots are appropriately described as loading on sample processing controls
-- all images in the paper are checked for duplication of panels and for splicing of gel lanes.

Finally, please ensure that you retain unprocessed data and metadata files after publication, ideally archiving data in
perpetuity, as these may be requested during the peer review and production process or after publication if any issues arise.

Nature Cell Biology is committed to improving transparency in authorship. As part of our efforts in this direction, we are now
requesting 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>.

This journal strongly supports public availability of data. Please place the data used in your paper into a public data
repository, or alternatively, present the data as Supplementary Information. If data can only be shared on request, please
explain why in your Data Availability Statement, and also in the correspondence with your editor. Please note that for some
data types, deposition in a public repository is mandatory - more information on our data deposition policies and available
repositories appears below.

Please submit the revised manuscript files and the point-by-point rebuttal to the referee comments using this link:
Link Redacted

*This url links to your confidential home page and associated information about manuscripts you may have submitted or be
reviewing for us. If you wish to forward this email to co-authors, please delete the link to your homepage.

We would like to receive a revised submission within six months.

We hope that you will find our referees' comments, and editorial guidance helpful. Please do not hesitate to contact me if
there is anything you would like to discuss.

Best wishes,
Stelios

Stylianos Lefkopoulos, PhD

He/him/his

Senior Editor, Nature Cell Biology

Springer Nature

Heidelberger Platz 3, 14197 Berlin, Germany

E-mail: stylianos.lefkopoulos@springernature.com
Bluesky: @slefkopoulos.bsky.social
LinkedIn: www.linkedin.com/in/stylianos-lefkopoulos-81b007a0

Reviewers' Comments:
Reviewer #1 (Remarks to the Author):

The manuscript by Rodriguez-Correa et al. demonstrated that the reconstitution kinetics served as an overall unifying metric
of HSC functional potency, with the most potent HSCs displaying the greatest delay in hematopoietic reconstitution. Based
on serial single cell transplantation, they revealed a unidirectional acceleration in reconstitution kinetics accompanied by a
gradual decline in functional potency of daughter HSCs. Furthermore, they combined mathematically model and
experimental results and draw the conclusion that lineage biases actually arise from cell-extrinsic feedback regulation and
clonal competition between slow- and fast-engrafting clones to occupy the limited compartment sizes of mature lineages.
Although with large amount of work, this manuscript is difficult to understand due to some unclear labeling and
unreasonable rationales to explain the data. Several important concerns must be addressed before publication.

Major
1. -The first section (Figure 1) seems somewhat disconnected from the rest of the content. There is nothing lose without the
Figure 1. What is the role of Figure 1 in the total story?



2. Fig. 1a, itis interesting to detect the chimerism in other organs (liver, lung, and colon, et al) apart from hematopoietic
tissues (BM, SP and PB) after single cell transplantation. What are the differences of the chimerism in these organs
compared with the classical hematopoietic tissues? What is the additional information provided from these detections?

3. -Fig.1g, the heterogeneity of HSC has been demonstrated by many studies based on large number of sc-transplantation
analysis. However, the authors classified three types of clones based on the reconstitution kinetics of only 18 single cell
clones. This n number is too small to get objective classification for the HSC clones, because some clones with low
percentage would be lost due to the low number of sampling.

4. -Fig. 1d, the three clusters author classified fit well to the previous established classification (alpha, beta, gamma/delta).
What are the advantages of this new classification?

5. -Fig. 2: Please clearly label the unit for each horizontal axis. Presumably ‘days’ for t0 and ‘weeks’ for other parameters
such as tyMax?

6. -Fig. 2: Since slope is not very correlated with the level of final chimerism, it is not surprising and perhaps one could even
say itis trivial that the longer the HSC continues to generate outputs the higher the final chimerism. In other words, that the
key feature of Cluster 3 compared with Cluster 2 is prolonged tyMax and tGrowth is a tautological statement using math to
state the obvious, that is, more enduring clones would be more dominant eventually.

What is truly surprising is the positive correlation between 10 and final chimerism which is the only observed correlation that
justifies the statement “competition between slow- and fast-engrafting clones” in the abstract. However, the authors did not
provide evidence that variance in t0 is the main driving force behind the observed clonal difference in reconstitution
behavior. The positive correlation between t0 and tyMax or tGrowth could be purely coincidental, and it is not a proof that t0
is the ultimate cause. To sum up, the role of t0 needs to be isolated and better studied because positive correlation between
the tyMax and tGrowth and the level of final chimerism is almost synonymical.

7.-Fig. 2a-b, the authors showed the parameters related to reconstitution kinetics of single clones after transplantation. Do
the clones from distinct clusters (cluster 1/2/3) have the similar reconstitution kinetics? or have different parameters?
Furthermore, what about the correlation analysis?

8. -Fig. 2d, what was the outcome of co-transplanting GFP+ and KuOrange+ paired cells? Did they exhibit similar
reconstitution patterns over time? Given that these cells shared the same initial niche, is there any observed correlation in
their clonal behavior?

9. -Fig. 3a, what is the exact standard to classify clones into five different subtypes (clone I-V)? Please clarify the standard to
define these five clonal systems. More importantly, what is the relationship of these clone |-V and the cluster 1-3 in Fig.1?
10. -Fig. 3, what are the distinct features of clones |-V or slow-fast clones based on the sequencing data? Are they regulated
by specific genes, pathways?

11. What are the mature blood cell levels for the Rag2 knockout (Rag2-/-) recipients and the different fast or slow recipients?
(Can they keep a low Coefficient of variation at 24 weeks?)

12. What is fast and slow composition in the B6 or Rag2-/- systems? Based on Figure 5e, most clones are fast and were not
affected by the competition.

13. What about reconstitution levels in these different clones (including: I-V and fast or slow)?

14. Could the author summarize the advantages of the new established classification of HSC clones based on the
reconstitution kinetics rather than the arbitrary threshold and time points? What's the new implication of this new
classification could provide for the evaluation of HSC in the future?

15. The author drawn the main conclusion that “lineage biases actually arise from cell-extrinsic feedback regulation and
clonal competition between slow- and fast-engrafting clones to occupy the limited compartment sizes of mature lineages”.
How could the author exclude the intrinsic cellular differences among different clones?

Minor:

1. In Figure 1, the author mentioned 2nd BMT, but the corresponding reconstitution data are not shown. What happened to
the 3 clusters after the 2nd BMT?

2. ltis unclear whether Figure 1 presents data from 22 clones (comprising 18 single-clone and 4 polyclonal controls), or from
22 mice with sustained donor chimerism (>0.1%). Please clarify the total number of animals analyzed and how these
numbers relate to the clone definitions.

3. The authors mention the mean chimerism across 55 cell types. What is the biological relevance of this mean value?

4. Please explain what Dim 4 and Dim 5 represent in the analysis.

5. Supplementary Figure 2b and 2e: Please consider showing the overall chimerism for each clone in these supplementary
figures.

6. In Figure 3e, the log2 fold change (log2FC) in MkP cell abundance appears too small to be biologically meaningful. Could
the authors comment on this observation or provide statistical support?

7. Please consider labeling fast and slow clones directly in Figure 5d to facilitate interpretation and comparison.

8. Please clarify how fast and slow clones were defined (by t0 < 6? The author only checked the blood at weeks 4, 8,12, 16,
20,and 24.)

Reviewer #2 (Remarks to the Author):

Rodriguez-Correa, Griinschléager, Nizharadze et al., present a well-crafted manuscript describing their work in characterizing
hematopoietic stem cell behavior following transplantation by tracking the reconstitution dynamics of single HSC
transplants. The authors present a very interesting and conceptually novel view of “lineage bias”, showing that that the
composition of descendant lineages of individual clones varies over time and that it may be inaccurate or even misleading to
diagnose lineage bias based on a single time point. They also find that reconstitution kinetics correlate with overall potency,
with the most potent clones displaying the most delayed reconstitution. | really enjoyed this paper and felt that the authors’
rigorous quantitative approach, along with extensive experimentation, was very satisfying. | strongly support publication with
some minor revisions. My main comments pertain to the mathematical model as editorially requested, but | also offer some



additional questions and suggestions.

In Figure 4 and the corresponding text sections, the authors introduce a mathematical model intended to describe HSC
contribution to blood formation over time, incorporating functional heterogeneity, lineage bias, and self-renewal potential
within the HSC compartment. However, the current schematic in Figure 4 and the accompanying ODEs (line 1024 onward)
do not provide sufficient detail for the reader to interpret the model’s variables or assess the biological relevance of its
assumptions. Assuming that HSCU represents the most primitive, slow-engrafting, and self-renewing HSC state; HSCM an
intermediate, transitioning state; and HSCD a more active, rapidly engrafting, and differentiation-prone state, the authors
should clarify several key points. Specifically:

a. Explain the logic for assuming that HSCU frequency remains constant over time.

b. How sensitive is the model’s downstream behavior to the fixed value of HSCU’s frequency?

c. Explain what do the n = 10 downstream populations represent, how was this number chosen and discuss how sensitive
are the model’s results to this assumption.

d. Finally, how are “fast” and “slow” clones defined for the comparison in Figure 4b—via model classification or based on
empirical to (time to first detection)?

Providing answers to these questions and more explicit variable definitions would improve accessibility and allow readers to
more critically evaluate the model.

The mathematical model in figure 5 is almost not required as it makes a commonsense point, but it’s still nice to have a
formal treatment of the argument. | feel that it would be interesting to see the actual underlying data (as opposed to “merely”
the coefficient of variation), as | don’t have a very good intuitive sense of where the variation in the HSC compartment size
really comes from, perhaps the authors could explain that a bit more as well. Is it just a sampling issue, i.e. there are so few
HSCs in 150,000 supporting bone marrow cells that the final engraftment varies substantially by chance? Can the authors
comment on this and explain how many HSCs they think there are in the support cells? | think that understanding this better
would help the reader evaluate this section.

The authors make a compelling (and very intuitive) point, namely that a clone’s lineage bias is not just hard-wired but
responsive to peripheral demand. | think it would be helpful if the authors could provide a more transparent discussion of
which clone properties they think are more intrinsically determined vs. extrinsically influenced, and to what degree. | gather
from the text that they consider the reconstitution kinetics more hard-wired and the lineage output more malleable and
responsive to outside demand, but since this is a central theme of the manuscript, | would appreciate a more direct
discussion. Ideally, figure 5 would feature some sort of schematic/cartoon to help the reader synthesize the various strands
of evidence from the paper.

Minor Comments

Line 104: There are prior mechanistic insights into the origin of lineage biases that may be worth citing.

Line 340: It would be beneficial for the reader if the discussion of the scRNAseq data covers in more detail what the authors’
interpretation of these clones’ behavior is, in connection to the transcriptomic signatures. Particularly, the pseudotime
analysis is not discussed in the main text. More broadly, it would be helpful if the authors could explain what part of the
scRNAseq data suggests that the distinct HSC clonal behaviors in the five assayed systems are due to plastic HSC output,
shaped by reconstitution kinetics and not exhibited pre-existing HSC clonal heterogeneity.

In figure 1, it would have been helpful for me to have a little panel summarizing the properties of the clusters. | kept referring
back to the text to try and remember what the characteristics of cluster were in order not to get lost and it was pretty
laborious. | found the ternary plot of little help in that regard...

Signed, Kamila Naxerova

Reviewer #3 (Remarks to the Author):

Hematopoietic stem cells (HSCs) are defined by self-renewal ability and multi-lineage potential. However, accumulated
observations from single-cell transplantation and scRNA-sequencing have revealed significant heterogeneity among HSCs,
even sorted with all known possible HSC markers. To address the discrepancy between the traditional view of HSCs and
this observed heterogeneity, this study conducted large-scale single-cell transplantation combined with clonal progeny
analysis, thus developing a new model to explain HSC behavior in terms of their lineage output. The kinetic-based lineage
reconstruction identified slow and fast lineage-generating HSC clones. Fast clones rapidly expand to meet the demand for
certain lineage compartments, thus declining in functionality. In contrast, slow clones (similar to so-called dormant HSCs)
are based on feedback to fill the reduced lineage compartment, experience less expansion, and thus preserve better
functionality. Lineage bias is not previously thought an intrinsic feature but rather a response to external feedback from
certain lineage compartments. This is a novel view for HSCs and is supported by strong data. There are some issues
regarding this concept.

Issues

A good model should be able to explain observed discrepancies.

1. How to coordinate the model of extrinsic feedback from the lineage demanding and dormant HSC model.

2. Compared to slow and fast HSC clones, which one is sensitive to chemotherapy, and which one can survive better under
stress?

3. How to explain the behavior change from fast HSC clones to slow HSC clones upon transplantation.

4. Why is myeloid bias an aged HSC feature?
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that might be unfamiliar to non-specialists, and avoiding non-standard abbreviations. Titles and abstracts should concisely
communicate the main findings of the study, and the background, rationale, results and conclusions should be clearly
explained in the manuscript in a manner accessible to a broad cell biology audience. Nature Cell Biology uses British
spelling.
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The last suggestion is please organize the story to make it clearer and easy-understood for the hematologists.
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Reviewer #3 (Remarks to the Author):



The authors have adequately addressed my comments. Given that most of the observations were derived from
injury/emergency conditions, the authors should clarify that the proposed model may not reflect HSC homeostatic kinetics.
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mandates. If your research is supported by a funder that requires immediate open access (e.g. according to <a
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under our subscription licensing terms that they haven’t committed to licensing any version of their article under a licence
inconsistent with the terms of our agreement — including the applicable embargo period — publication under the subscription
model isn’t suitable for authors whose funders require no embargo.

To assist our authors in disseminating their research to the broader community, our Sharedlt initiative provides you with a



unigue 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.

If your paper includes color figures, please be aware that in order to help cover some of the additional cost of four-color
reproduction, Nature Portfolio charges our authors a fee for the printing of their color figures. Please contact our offices for
exact pricing and details.

As soon as your article is published, you will receive an automated email with your shareable link.

If you have not already done so, we strongly recommend that you upload the step-by-step protocols used in this manuscript
to protocols.io (https:/protocols.io), an open online resource that allows researchers to share their detailed experimental
know-how. All uploaded protocols are made freely available and are assigned DOls for ease of citation. Protocols and
Nature Portfolio journal papers in which they are used can be linked to one another, and this link is clearly and prominently
visible in the online versions of both. Authors who performed the specific experiments can act as primary authors for the
Protocol as they will be best placed to share the methodology details, but the Corresponding Author of the present research
paper should be included as one of the authors. By uploading your Protocols onto protocols.io, you are enabling researchers
to more readily reproduce or adapt the methodology you use, as well as increasing the visibility of your protocols and
papers. You can also establish a dedicated workspace to collect your lab Protocols. Further information can be found at
https://www .protocols.io/help/publish-articles.

You can 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 Portfolio.
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consider communicating these findings using Biofactoid (https://biofactoid.org/). This tool helps users share a searchable
representation of interactions (e.g. binding, gene expression, post-translational modification) between genes, gene products,
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