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

Your manuscript, "Defining the chromatin and transcriptional landscape of stem cell-derived islets",
has now been seen by 3 referees, who are experts in beta cell biology, stem cell-derived islets,
scRNAseq (referee 1); human pancreatic islets, chromatin, ATACseq (referee 2); and pancreatic islets,
stem cell-derived beta cells, scRNAseq (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, and requests that
are overruled as being beyond the scope of the current study. To guide the scope of the revisions, I
have listed these points below. I should stress that the referees’ concerns 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 depend on strength of these
revisions.

In particular, it would be essential to:

(A) Ensure your genome-wide data become publicly available and accessible to the referees, so that
they can properly evaluate your datasets.
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(B) Increase the amount of donors used to generate the dataset and clarify the number of replicates
for SC-islets and number of cells used for the different analyses, as indicated by referee #2:

"The approach is interesting, but the study should use human islets from a larger number of human
donors to make it a valuable resource and it is also difficult to follow the number of replicates for SC-
islets and number of cells used for different analyses throughout the manuscript”.

"...this study only includes pancreatic islets from 2 human donors, which is a major limitation since
there is variability between human donors due to age, sex, therapy etc and are these 2 donors
representative for the stem cell donors".

(C) Provide a better description of the methods used.

Referee #1 says:

"I would appreciate a more detailed description of the bioinformatics analysis of the multiome data in
the methods part as this is quite novel territory and it deserves a more detailed description. Recent
efforts (for example see here: PMID: 35761403) use deep-learning algorithms for the analysis of
multiomics datasets from different sequencing batches and it is not clear in the manuscript if
additional methods to Seurat was used especially for integration of the data and batch corrections.
Before publication the methods part of the work needs to be comprehensively described".

Referee #2 says:
"Overall, a better description of their methods and analyses should be provided. What exact input was
used for respective analysis? Currently, one needs to guess a lot".

"The authors use Monocle of data presented in sup table 5 for analysis but this is not described in the
manuscript".

"For data presented in sup table 6, how many cells were included in each SC-beta cell subpopulation.
What exact comparison was done for the data in sup table 6, 4 different subgroups seem to be
compared?"

"Human islets were provided by Prodo. In the methods on page 24, I miss important information
about number of donors, including their BMI, use of pharmacotherapy, and days in culture. I found
some information in Sup table 2.2 but this should be clearer in the paper".

"Throughout the method section, please include what cells type and species was used for each
method. For example, in the “"Multiomics sequencing analysis workflow” all of a sudden, the following
statement occurs “In addition, mouse cells were removed by removing cells showing high....” And it is
not very clear to the reader why the authors write about mice when one expects human cells, but it is
not at all mentioned in this section. It is possible to understand further down, but overall a better
method section is desirable".

"In the real-time PCR section and sup table 1.7, it is unclear which endogenous control was used?
Multiple once? Did the authors test if endogenous controls were regulated by the comparison they
studied?"
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"The mouse transplantation experiments need further/better description throughout the manuscript
(results, legends and methods), how many mice were used (3?). Sup table 2 gives some information
that suggests 3 mice, and gives a cell number after filtering, but overall, it is difficult to follow
numbers and methods".

Referee #3 says:
"It is unclear how S6 stage cells can be maintained in culture for 12 months. Whether they have been
passaged? How often was the passage? The information was not found in the text or methods".

(D) Provide a better description of the statistics and replicates used, as indicated by referee #2:

"I miss numbers and replicates throughout the result section and also in the legends (only included in
a few places). It is difficult to find numbers used for each experimental part".

"In each legend to both figures and sup tables please include what statistical method has been used
and numbers compared (it is only done in a few cases). In particular, sup table 3 needs better
explanation. How did the authors correct for multiple testing? The order of the sup tables needs to be
corrected in the text. Also clarify abbreviations in tables".

(E) Add a 4-week time point in your analyses, as indicated by referee #3:

"Figure 5, the authors compared the 6-month transplanted SC-islets to those before transplantation,
and the data suggest that transplanted SC-islets were more similar to their primary cell counterparts.
How about the comparison between 4-week transplanted SC-islets to those before transplantation? As
4-week in vitro at S6 is the prime time for SC-B cells, this may have different results. The authors
stated on p. 16 that, in SC-B cells, expression of many B-cell transcription factors and their associated
motifs were upregulated at week 4 of in vitro culture, but most of these motifs and many transcripts
decreased in the long term.

Adding a 4-week time point will also illustrate the changes in transcriptomic/chromatin accessibility
during SC-islet maturation in vivo".

(F) Enhance the impact of the dataset by highlighting functionality issues and expanding your
analyses, as indicated by referee #1:

"On that note and since the EC cell population might have some function during islet cell
differentiation, can the authors assess the functionality of this population during in vitro stem cell
differentiation? Is there an ELISA that can detect serotonin to measure serotonin production in these
preparations?"

"It seems that pancreatic progenitors are not detectable in this multiome approach even following the
2 weeks of stage 6 differentiation. Since all the resources are available could the authors assess the
multiome profile of key endocrinogenesis transcription factors at this stage, for example NEUROG3-
FEV-HNF1 etc"
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"An interesting point in chromatin accessibility and CHIP-Seq studies are the definition of the promoter
region. Promoters are always classified kind of arbitrarily and can differ between studies (as it is
impossible to verify promoters for all genes experimentally). In this manuscript why was 2kb
upstream of TSS chosen? Additionally, can the ATAC-Seq data of the present study be used for
enhancer-promoter interaction prediction or simply enhancer biology? Enhancer data could really
broaden the significance of the current resource to include more information on epigenetic regulation
of cell fates".

(G) All other referee concerns pertaining to strengthening existing data, providing controls,
methodological details, clarifications and textual changes, should also be addressed.

(H) 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:

- a Supplementary Figure including 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.

- a Supplementary Table including 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
www.nature.com/nature/authors/).

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

- provide the completed Editorial Policy Checklist (found

here https://www.nature.com/authors/policies/Policy.pdf), and Reporting Summary (found

here https://www.nature.com/authors/policies/ReportingSummary.pdf). This is essential for
reconsideration of the manuscript and these documents will be available to editors and referees in the
event of peer review. For more information

see http://www.nature.com/authors/policies/availability.html or contact me.

Nature Cell Biology is committed to improving transparency in authorship. As part of our efforts in this
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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 www.springernature.com/orcid.

Please submit the revised manuscript files and the point-by-point rebuttal to the referee comments
using this 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 would be happy to consider a
revision even after this timeframe, however if the resubmission deadline is missed and the paper is
eventually published, the submission date will be the date when the revised manuscript was received.

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

Associate Editor

Nature Cell Biology

Springer Nature

Heidelberger Platz 3, 14197 Berlin, Germany

E-mail: stylianos.lefkopoulos@springernature.com
Twitter: @s_lefkopoulos

Reviewers' Comments:

Reviewer #1:

Remarks to the Author:

Review for manuscript: “Defining the chromatin and transcriptional landscape of stem cell-derived
islets”

A: Summary of key results: The work from Augsornworawat et al uses a multiomics approach (single-
cell RNA-Seq and single-cell ATAC-Seq) to characterize the differentiation protocol of hESCs towards
beta-cells to be used for cell replacement therapy. The work uses both stem cell-derived (SC)-islets,
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human primary islets and SC-islets following transplantation and maturation in mice. The work builds
on the initial observations of the resource and goes as far as to validate certain transcription factors
on cell fate decisions in vitro including CTCF and ARID1B genetic manipulations.

B: Originality and significance: Overall, this study is an important resource for the beta-cell
differentiation field opening new avenues for exploiting the dataset for increasing beta-cell maturation
from stem-cell preparations. The multiomics characterization and the number of datasets reported are
results of a great amount of resources and work from the authors. Regarding novelty, this is one of
the first two studies employing a multiomics approach to study beta-cell differentiation from hESC, the
second being published as a preprint very recently:
https://www.biorxiv.org/content/10.1101/2022.09.25.509355v1. Both studies advance the field and
report similar findings. In fairness to the authors of the preprint article, their work captures more
differentiation stages of the hESC differentiation protocol, giving the opportunity for more in-depth
characterization of the process and integrate data from both childhood and adult human donors giving
a more comprehensive view of the human islet multiome. On the other hand, the novelty of the
current manuscript is the multiome integration of the prolonged maturation steps of the islet in vitro
and after transplantation in mice. Another important biological advancement of this manuscript
stemming from measuring transcriptome and chromatin accessibility of the same cell is the reporting
of the transcription factor multiome data between the different datasets that can lead to
advancements in the maturation of cell types in future studies.

C: Data and methodology: The authors use a standard workflow for sequencing and biocinformatics
analysis of their multiple datasets. I would appreciate a more detailed description of the bioinformatics
analysis of the multiome data in the methods part as this is quite novel territory and it deserves a
more detailed description. Recent efforts (for example see here: PMID: 35761403) use deep-learning
algorithms for the analysis of multiomics datasets from different sequencing batches and it is not clear
in the manuscript if additional methods to Seurat was used especially for integration of the data and
batch corrections. Before publication the methods part of the work needs to be comprehensively
described.

I could not access the raw data of the study (GEO databse accession) which are locked by the authors
so I cannot comment on that. The data are presented clearly in the figures and the figure legends are
informative to follow the logic of the presentation.

Some suggestions for this section:

- Typically dead cells are removed computationally based on mitochondrial content but I do not see
such filtering in the methods section. Did the authors not use such filtering and if so why?

-Trajectory analysis on Figure 2a was done using Monocle 3 but it would be worth trying different
trajectory analysis tools as they can give vastly different results.

- Human donor information: Are there any additional information regarding the donor’s clinical
characteristics that might affect the sequencing results (medication etc)? Also how were the islets
treated? Were they cultured prior to dissociation and for how long? This can be important information
as efforts are made to standardize processes benefiting human islet biology (see commentary here:
PMID: 35953581). Also the ethical approval information is not mentioned in the manuscript and it
would be important point to clarify that and if there was written consent from donors.

Appropriate use of statistics and treatment of uncertainties: Statistical tests are reported in the
manuscript as requested.

Conclusions: As a resource paper, the conclusions suggested by the authors are based on their
reported data. Suggested improvements to strengthen the conclusions are presented in the following
section.

Suggested improvements:
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Main points to improve

1. The second biorxiv manuscript with similar approach mentioned above shows that enterochromaffin
cells are actually a human embryonic islet population characterized by CDX2 transcription factor and it
is not a by-product of the differentiation protocol. This data needs to be discussed in the discussion
section of the paper to put the work of this resource in the perspective of the field and how the
multiome data can further study the function of this population during development.

2. On that note and since the EC cell population might have some function during islet cell
differentiation, can the authors assess the functionality of this population during in vitro stem cell
differentiation? Is there an ELISA that can detect serotonin to measure serotonin production in these
preparations?

3. In the CTCF experiment, it is a bit unclear what the control condition refers to. Is it treated with
doxycycline or untreated? Doxycycline is shown to affect mitochondrial biology and it would be good to
include such control in non-CAS9 hESC and check at least the insulin secretion and beta vs EC
differentiation phenotypes.

4. Since the paper is a resource effort it would be nice to have an online resource that the data can be
accessed easily by the diabetes community, if possible.

5. It seems that pancreatic progenitors are not detectable in this multiome approach even following
the 2 weeks of stage 6 differentiation. Since all the resources are available could the authors assess
the multiome profile of key endocrinogenesis transcription factors at this stage, for example
NEUROG3-FEV-HNF1 etc.

6. An interesting point in chromatin accessibility and CHIP-Seq studies are the definition of the
promoter region. Promoters are always classified kind of arbitrarily and can differ between studies (as
it is impossible to verify promoters for all genes experimentally). In this manuscript why was 2kb
upstream of TSS chosen? Additionally, can the ATAC-Seq data of the present study be used for
enhancer-promoter interaction prediction or simply enhancer biology? Enhancer data could really
broaden the significance of the current resource to include more information on epigenetic regulation
of cell fates.

6. Since the end goal of this approach for diabetes therapies would be to differentiate iPSCs to beta-
cells and the authors have elegantly showed with their improved protocol and increased differentiation
efficiency of iPSC to beta-cells, would it possible to perform multiomics characterization of an iPSC-
derived sc-islets? That would greatly benefit the significance of this resource for the community, if
resources and time allow for such big experiment.

Minor points

1. Proliferating a-cell as cluster might require more stringent clustering parameters. Are there not
proliferating beta-cells or delta cells? Why is this so distinct?

2. In vivo transplantation of sc-islets improved maturation identity but not cell type composition. Why
is that? Is the multiomics characterization a more robust picture of the differentiation status compared
to traditional sc-RNA-seq and immunostaining methodologies?

3. Cluster proximity on the 2-dimensional plot does not mean lineage proximity. There is an ongoing
debate on this issue and it would be important to rephrase or justify using computational explanation
why the authors think that the 2-dimensional space reflects the closeness of the multidimensionality of
the data. Trajectory analysis is more suited to answer such questions.

References: - Format the reference list consistently as sometimes the manuscript gives the
abbreviations for the journals and some time the full names in certain cases misspelled.

- Reference 7 and 48 is the same paper. Please check the reference list for further inconsistencies.

- Reference the papers sorting for GP2+ cells at progenitor stage together with the 8-12 references for
completion in the Introduction. That is reference 53 of the current manuscript and include the Cell
Reports work form Henrik Semb’s laboratory for completion: PMID: 28380361
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- Ackermann et al paper is missing from the reference and the discussion. It should be included in the
manuscript as it was one of the first to use bulk ATAC and RNA-Seq to study human endocrine
populations PMID: 26977395

Clarity and context: The paper is clearly written and conveys the main points of the work. A minor
comment:

Page 11: Problem with sentence structure starting with Unlike SC-islets. Please re-phrase.

Reviewer #2:

Remarks to the Author:

Punn Augsornworawat et al used sc/sn-RNA seq combined with sc/sn-ATAC seq (10X) to study stem
cell-derived islets and compared these with results using the same methods for human islets from 2
donors. The approach is interesting, but the study should use human islets from a larger number of
human donors to make it a valuable resource and it is also difficult to follow the humber of replicates
for SC-islets and number of cells used for different analyses throughout the manuscript. Overall, a
better description of their methods and analyses should be provided. What exact input was used for
respective analysis? Currently, one needs to guess a lot. Specific limitations and comments are found
below.

1. I miss numbers and replicates throughout the result section and also in the legends (only included
in a few places). It is difficult to find numbers used for each experimental part.

2. Page 6, result section: “Each of the identified populations had high expression of genes traditionally
associated with their cell type (Fig. 1c¢).” This statement expects the reader to know what genes are
traditionally expressed in different cell types?

3. In each legend to both figures and sup tables please include what statistical method has been used
and numbers compared (it is only done in a few cases). In particular, sup table 3 needs better
explanation. How did the authors correct for multiple testing? The order of the sup tables needs to be
corrected in the text. Also clarify abbreviations in tables.

4. The authors use Monocle of data presented in sup table 5 for analysis but this is not described in
the manuscript.

5. For data presented in sup table 6, how many cells were included in each SC-beta cell
subpopulation. What exact comparison was done for the data in sup table 6, 4 different subgroups
seem to be compared?

6. Human islets were provided by Prodo. In the methods on page 24, I miss important information
about number of donors, including their BMI, use of pharmacotherapy, and days in culture. I found
some information in Sup table 2.2 but this should be clearer in the paper. Also, this study only
includes pancreatic islets from 2 human donors, which is a major limitation since there is variability
between human donors due to age, sex, therapy etc and are these 2 donors representative for the
stem cell donors?

7. Throughout the method section, please include what cells type and species was used for each
method. For example, in the “"Multiomics sequencing analysis workflow” all of a sudden, the following
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statement occurs “In addition, mouse cells were removed by removing cells showing high....” And it is
not very clear to the reader why the authors write about mice when one expects human cells, but it is
not at all mentioned in this section. It is possible to understand further down, but overall a better
method section is desirable.

8. In the real-time PCR section and sup table 1.7, it is unclear which endogenous control was used?
Multiple once? Did the authors test if endogenous controls were regulated by the comparison they
studied?

9. The mouse transplantation experiments need further/better description throughout the manuscript
(results, legends and methods), how many mice were used (3?). Sup table 2 gives some information
that suggests 3 mice, and gives a cell number after filtering, but overall, it is difficult to follow
numbers and methods.

Reviewer #3:

Remarks to the Author:

Augsornworawat et al. performed multiomic assessments on SC- cells using integrated sc-ATACseq
and sc-RNAseq. They compared the chromatin accessibility between SC-B and SC-EC, SC-B and
primary B, and long-term cultured cell populations and their post-transplantation counterparts. This
approach improved the resolution of single cell transcriptome and revealed new signature genes in
each population. In addition, they provided two examples, with signature genes being modulated.
Overexpression of CTCF, a signature of SC-EC, during stage 5 leads to drastic reductions in the
expression of B-cell identity genes. Knockdown of ARID1B, whose expression is lower in primary beta
and long-term culture SC- B, leads to increased SC-3 cell yields.

This is the first sc-ATACseq of SC-beta cells. My only criticism is that the conclusions reached in this
study are mostly expected. Nevertheless, I appreciate the thoroughness of the investigation. Data
revealed in this study provide a valuable resource to identify deficiencies in the chromatin and
transcriptional landscape of SC-islet cell types, which may contribute to further improving the current
ES-B differentiation protocol.

Specific

1, Figure 5, the authors compared the 6-month transplanted SC-islets to those before transplantation,
and the data suggest that transplanted SC-islets were more similar to their primary cell counterparts.
How about the comparison between 4-week transplanted SC-islets to those before transplantation? As
4-week in vitro at S6 is the prime time for SC-B cells, this may have different results. The authors
stated on p. 16 that, in SC-B cells, expression of many B-cell transcription factors and their associated
motifs were upregulated at week 4 of in vitro culture, but most of these motifs and many transcripts
decreased in the long term.

Adding a 4-week time point will also illustrate the changes in transcriptomic/chromatin accessibility
during SC-islet maturation in vivo.

2, It is unclear how S6 stage cells can be maintained in culture for 12 months. Whether they have
been passaged? How often was the passage? The information was not found in the text or methods.
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GUIDELINES FOR MANUSCRIPT SUBMISSION TO NATURE CELL BIOLOGY

READABILITY OF MANUSCRIPTS - Nature Cell Biology is read by cell biologists from diverse
backgrounds, many of whom are not native English speakers. Authors should aim to communicate
their findings clearly, explaining technical jargon 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.

MANUSCRIPT FORMAT - please follow the guidelines listed in our Guide to Authors regarding
manuscript formats at Nature Cell Biology.

TITLE - should be no more than 100 characters including spaces, without punctuation and avoiding
technical terms, abbreviations, and active verbs..

AUTHOR NAMES - should be given in full.

AUTHOR AFFILIATIONS - should be denoted with numerical superscripts (not symbols) preceding the
names. Full addresses should be included, with US states in full and providing zip/post codes. The
corresponding author is denoted by: "Correspondence should be addressed to [initials]."

ABSTRACT AND MAIN TEXT - please follow the guidelines that are specific to the format of your
manuscript, as listed in our Guide to Authors (http://www.nature.com/ncb/pdf/ncb_gta.pdf) Briefly,
Nature Cell Biology Articles, Resources and Technical Reports have 3500 words, including a 150 word
abstract, and the main text is subdivided in Introduction, Results, and Discussion sections. Nature Cell
Biology Letters have up to 2500 words, including a 180 word introductory paragraph (abstract), and
the text is not subdivided in sections.

ACKNOWLEDGEMENTS - should be kept brief. Professional titles and affiliations are unnecessary.
Grant numbers can be listed.

AUTHOR CONTRIBUTIONS - must be included after the Acknowledgements, detailing the contributions
of each author to the paper (e.g. experimental work, project planning, data analysis etc.). Each author
should be listed by his/her initials.

FINANCIAL AND NON-FINANCIAL COMPETING INTERESTS - the authors must include one of three
declarations: (1) that they have no financial and non-financial competing interests; (2) that they have
financial and non-financial competing interests; or (3) that they decline to respond, after the Author
Contributions section. This statement will be published with the article, and in cases where financial
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and non-financial competing interests are declared, these will be itemized in a web supplement to the
article. For further details please see https://www.nature.com/licenceforms/nrg/competing-
interests.pdf.

REFERENCES - are limited to a total of 70 for Articles, Resources, Technical Reports; and 40 for
Letters. This includes references in the main text and Methods combined. References must be
numbered sequentially as they appear in the main text, tables and figure legends and Methods and
must follow the precise style of Nature Cell Biology references. References only cited in the Methods
should be numbered consecutively following the last reference cited in the main text. References only
associated with Supplementary Information (e.g. in supplementary legends) do not count toward the
total reference limit and do not need to be cited in humerical continuity with references in the main
text. Only published papers can be cited, and each publication cited should be included in the
numbered reference list, which should include the manuscript titles. Footnotes are not permitted.

METHODS - Nature Cell Biology publishes methods online. The methods section should be provided as
a separate Word document, which will be copyedited and appended to the manuscript PDF, and
incorporated within the HTML format of the paper.

Methods should be written concisely, but should contain all elements necessary to allow interpretation
and replication of the results. As a guideline, Methods sections typically do not exceed 3,000 words.
The Methods should be divided into subsections listing reagents and techniques. When citing previous
methods, accurate references should be provided and any alterations should be noted. Information
must be provided about: antibody dilutions, company names, catalogue numbers and clone numbers
for monoclonal antibodies; sequences of RNAi and cDNA probes/primers or company names and
catalogue numbers if reagents are commercial; cell line names, sources and information on cell line
identity and authentication. Animal studies and experiments involving human subjects must be
reported in detail, identifying the committees approving the protocols. For studies involving human
subjects/samples, a statement must be included confirming that informed consent was obtained.
Statistical analyses and information on the reproducibility of experimental results should be provided
in a section titled “Statistics and Reproducibility”.

All Nature Cell Biology manuscripts submitted on or after March 21 2016 must include a Data
availability statement at the end of the Methods section. For Springer Nature policies on data
availability see http://www.nature.com/authors/policies/availability.html; for more information on this
particular policy see http://www.nature.com/authors/policies/data/data-availability-statements-data-
citations.pdf. The Data availability statement should include:

o Accession codes for primary datasets (generated during the study under consideration and
designated as "primary accessions") and secondary datasets (published datasets reanalysed during
the study under consideration, designated as "referenced accessions"). For primary accessions data
should be made public to coincide with publication of the manuscript. A list of data types for which
submission to community-endorsed public repositories is mandated (including sequence, structure,
microarray, deep sequencing data) can be found here
http://www.nature.com/authors/policies/availability.html#data.

e Unique identifiers (accession codes, DOIs or other unique persistent identifier) and hyperlinks for
datasets deposited in an approved repository, but for which data deposition is not mandated (see here
for details http://www.nature.com/sdata/data-policies/repositories).
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¢ At a minimum, please include a statement confirming that all relevant data are available from the
authors, and/or are included with the manuscript (e.g. as source data or supplementary information),
listing which data are included (e.g. by figure panels and data types) and mentioning any restrictions
on availability.

¢ If a dataset has a Digital Object Identifier (DOI) as its unique identifier, we strongly encourage
including this in the Reference list and citing the dataset in the Methods.

We recommend that you upload the step-by-step protocols used in this manuscript to the Protocol
Exchange. More details can found at www.nature.com/protocolexchange/about.

DISPLAY ITEMS - main display items are limited to 6-8 main figures and/or main tables for Articles,
Resources, Technical Reports; and 5 main figures and/or main tables for Letters. For Supplementary
Information see below.

FIGURES - Colour figure publication costs $600 for the first, and $300 for each subsequent colour
figure. All panels of a multi-panel figure must be logically connected and arranged as they would
appear in the final version. Unnecessary figures and figure panels should be avoided (e.g. data
presented in small tables could be stated briefly in the text instead).

All imaging data should be accompanied by scale bars, which should be defined in the legend.
Cropped images of gels/blots are acceptable, but need to be accompanied by size markers, and to
retain visible background signal within the linear range (i.e. should not be saturated). The boundaries
of panels with low background have to be demarked with black lines. Splicing of panels should only be
considered if unavoidable, and must be clearly marked on the figure, and noted in the legend with a
statement on whether the samples were obtained and processed simultaneously. Quantitative
comparisons between samples on different gels/blots are discouraged; if this is unavoidable, it should
only be performed for samples derived from the same experiment with gels/blots were processed in
parallel, which needs to be stated in the legend.

Figures should be provided at approximately the size that they are to be printed at (single column is
86 mm, double column is 170 mm) and should not exceed an A4 page (8.5 x 11"). Reduction to the
scale that will be used on the page is not necessary, but multi-panel figures should be sized so that
the whole figure can be reduced by the same amount at the smallest size at which essential details in
each panel are visible. In the interest of our colour-blind readers we ask that you avoid using red and
green for contrast in figures. Replacing red with magenta and green with turquoise are two possible
colour-safe alternatives. Lines with widths of less than 1 point should be avoided. Sans serif typefaces,
such as Helvetica (preferred) or Arial should be used. All text that forms part of a figure should be
rewritable and removable.

We accept files from the following graphics packages in either PC or Macintosh format:

- For line art, graphs, charts and schematics we prefer Adobe Illustrator (.AI), Encapsulated PostScript
(.EPS) or Portable Document Format (.PDF). Files should be saved or exported as such directly from
the application in which they were made, to allow us to restyle them according to our journal house
style.
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- We accept PowerPoint (.PPT) files if they are fully editable. However, please refrain from adding
PowerPoint graphical effects to objects, as this results in them outputting poor quality raster art. Text
used for PowerPoint figures should be Helvetica (preferred) or Arial.

- We do not recommend using Adobe Photoshop for designing figures, but we can accept Photoshop
generated (.PSD or .TIFF) files only if each element included in the figure (text, labels, pictures,
graphs, arrows and scale bars) are on separate layers. All text should be editable in ‘type layers’ and
line-art such as graphs and other simple schematics should be preserved and embedded within 'vector
smart objects’ - not flattened raster/bitmap graphics.

- Some programs can generate Postscript by 'printing to file' (found in the Print dialogue). If using an
application not listed above, save the file in PostScript format or email our Art Editor, Allen Beattie for
advice (a.beattie@nature.com).

Regardless of format, all figures must be vector graphic compatible files, not supplied in a flattened
raster/bitmap graphics format, but should be fully editable, allowing us to highlight/copy/paste all text
and move individual parts of the figures (i.e. arrows, lines, x and y axes, graphs, tick marks, scale
bars etc.). The only parts of the figure that should be in pixel raster/bitmap format are photographic
images or 3D rendered graphics/complex technical illustrations.

All placed images (i.e. a photo incorporated into a figure) should be on a separate layer and
independent from any superimposed scale bars or text. Individual photographic images must be a
minimum of 300+ DPI (at actual size) or kept constant from the original picture acquisition and not
decreased in resolution post image acquisition. All colour artwork should be RGB format.

FIGURE LEGENDS - must not exceed 350 words for each figure to allow fit on a single printed NCB
page together with the figure. They must include a brief title for the whole figure, and short
descriptions of each panel with definitions of the symbols used, but without detailing methodology.

TABLES - main tables should be provided as individual Word files, together with a brief title and
legend. For supplementary tables see below.

SUPPLEMENTARY INFORMATION - Supplementary information is material directly relevant to the
conclusion of a paper, but which cannot be included in the printed version in order to keep the
manuscript concise and accessible to the general reader. Supplementary information is an integral
part of a Nature Cell Biology publication and should be prepared and presented with as much care as
the main display item, but it must not include non-essential data or text, which may be removed at
the editor's discretion. All supplementary material is fully peer-reviewed and published online as part
of the HTML version of the manuscript. Supplementary Figures and Supplementary Notes are
appended at the end of the main PDF of the published manuscript.

Supplementary items should relate to a main text figure, wherever possible, and should be mentioned
sequentially in the main manuscript, designated as Supplementary Figure, Table, Video, or Note, and

numbered continuously (e.g. Supplementary Figure 1, Supplementary Figure 2, Supplementary Table
1, Supplementary Table 2 etc.).
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Unprocessed scans of all key data generated through electrophoretic separation techniques need to be
presented in a supplementary figure that should be labelled and numbered as the final supplementary
figure, and should be mentioned in every relevant figure legend. This figure does not count towards
the total number of figures and is the only figure that can be displayed over multiple pages, but
should be provided as a single file, in PDF or TIFF format. Data in this figure can be displayed in a
relatively informal style, but size markers and the figures panels corresponding to the presented data
must be indicated.

The total number of Supplementary Figures (not including the “unprocessed scans” Supplementary
Figure) should not exceed the number of main display items (figures and/or tables (see our Guide to
Authors and March 2012 editorial http://www.nature.com/ncb/authors/submit/index.html#suppinfo;
http://www.nature.com/ncb/journal/v14/n3/index.html#ed). No restrictions apply to Supplementary
Tables or Videos, but we advise authors to be selective in including supplemental data.

Each Supplementary Figure should be provided as a single page and as an individual file in one of our
accepted figure formats and should be presented according to our figure guidelines (see above).
Supplementary Tables should be provided as individual Excel files. Supplementary Videos should be
provided as .avi or .mov files up to 50 MB in size. Supplementary Figures, Tables and Videos much be
accompanied by a separate Word document including titles and legends.

GUIDELINES FOR EXPERIMENTAL AND STATISTICAL REPORTING

REPORTING REQUIREMENTS - To improve the quality of methods and statistics reporting in our
papers we have recently revised the reporting checklist we introduced in 2013. We are now asking all
life sciences authors to complete two items: an Editorial Policy Checklist (found

here https://www.nature.com/authors/policies/Policy.pdf) that verifies compliance with all required
editorial policies and a reporting summary (found

here https://www.nature.com/authors/policies/ReportingSummary.pdf) that collects information on
experimental design and reagents. These documents are available to referees to aid the evaluation of
the manuscript. Please note that these forms are dynamic ‘smart pdfs’ and must therefore be
downloaded and completed in Adobe Reader. We will then flatten them for ease of use by the
reviewers. If you would like to reference the guidance text as you complete the template, please
access these flattened versions at http://www.nature.com/authors/policies/availability.html.

STATISTICS - Wherever statistics have been derived the legend needs to provide the n number (i.e.
the sample size used to derive statistics) as a precise value (not a range), and define what this value
represents. Error bars need to be defined in the legends (e.g. SD, SEM) together with a measure of
centre (e.g. mean, median). Box plots need to be defined in terms of minima, maxima, centre, and
percentiles. Ranges are more appropriate than standard errors for small data sets. Wherever
statistical significance has been derived, precise p values need to be provided and the statistical test
used needs to be stated in the legend. Statistics such as error bars must not be derived from n<3. For
sample sizes of n<5 please plot the individual data points rather than providing bar graphs. Deriving
statistics from technical replicate samples, rather than biological replicates is strongly discouraged.
Wherever statistical significance has been derived, precise p values need to be provided and the
statistical test stated in the legend.
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Information on how many times each experiment was repeated independently with similar results
needs to be provided in the legends and/or Methods for all experiments, and in particular wherever
representative experiments are shown.

We strongly recommend the presentation of source data for graphical and statistical analyses as a
separate Supplementary Table, and request that source data for all independent repeats are provided
when representative experiments of multiple independent repeats, or averages of two independent
experiments are presented. This supplementary table should be in Excel format, with data for different
figures provided as different sheets within a single Excel file. It should be labelled and numbered as
one of the supplementary tables, titled “Statistics Source Data”, and mentioned in all relevant figure
legends.

_________ Please don't hesitate to contact NCB@nature.com should you have queries about any of the
above requirements ---------

‘ Author Rebuttal to Initial comments

Reviewer #1:

[Reviewers comments in black]
[Author comments in dark blue]

We thank the reviewer for the feedback.
[Reviewer]

Remarks to the Author:

Review for manuscript: “Defining the chromatin and transcriptional landscape of stem cell-
derived islets”

A: Summary of key results: The work from Augsornworawat et al uses a multiomics approach
(single-cell RNA-Seq and single-cell ATAC-Seq) to characterize the differentiation protocol of
hESCs towards beta-cells to be used for cell replacement therapy. The work uses both stem
cell-derived (SC)-islets, human primary islets and SC-islets following transplantation and
maturation in mice. The work builds on the initial observations of the resource and goes as far
as to validate certain transcription factors on cell fate decisions in vitro including CTCF and
ARID1B genetic manipulations.

B: Originality and significance: Overall, this study is an important resource for the beta-cell
differentiation field opening new avenues for exploiting the dataset for increasing beta-cell
maturation from stem-cell preparations. The multiomics characterization and the number of
datasets reported are results of a great amount of resources and work from the authors.
Regarding novelty, this is one of the first two studies employing a multiomics approach to study
beta-cell differentiation from hESC, the second being published as a preprint very

recently: https://www.biorxiv.org/content/10.1101/2022.09.25.509355v1. Both studies advance
the field and report similar findings. In fairness to the authors of the preprint article, their work
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captures more differentiation stages of the hESC differentiation protocol, giving the opportunity
for more in-depth characterization of the process and integrate data from both childhood and
adult human donors giving a more comprehensive view of the

human islet multiome. On the other hand, the novelty of the current manuscript is the multiome
integration of the prolonged maturation steps of the islet in vitro and after transplantation in
mice. Another important biological advancement of this manuscript stemming from measuring
transcriptome and chromatin accessibility of the same cell is the reporting of the transcription
factor multiome data between the different datasets that can lead to advancements in the
maturation of cell types in future studies.

[Authors]
We now include this citation and say:

“We expect that future comparisons of the data presented here and other multiomic
approaches® will produce novel insights into the nature of SC-islet identity and biology.”

Also, we now state in the discussion:

" Interestingly, another group ®° in a recent pre-print using a different single-cell
multiomic approach suggested that SC-EC cells resemble a pre-g cell population in the
pancreas rather than the enterochromaffin cells found in the intestine. While we have
observed reduced SC-EC and other endocrine cell type numbers after long term (>6
months) in vitro culture, our transplanted SC-islets retain a high percentage of the SC-EC
cell population after 6 months in vivo. Furthermore, we did not detect strong traces of 8
cell features in this transplanted SC-EC population, suggesting that the SC-EC and SC-8
cell populations become more distinct over time as they mature in vivo. As SC-EC cells
may be detrimental to SC-B cell function °, or at the least are unlikely to be providing a
benefit for SC-islets in a diabetes cell replacement therapy, understanding how to reduce
or eliminate this off-target cell population is most likely desired."

We acknowledge that there are likely important comparisons to make in our study with
that recent preprint. This current manuscript also has its own pre-print that precedes the
noted preprint. As many important details, such as scientific conclusions, often change
between prepublication and peer-reviewed publication, we believe that a more detailed
comparison should occur once both have passed peer review and been formally
published.

[Reviewer]

C: Data and methodology: The authors use a standard workflow for sequencing and
bioinformatics analysis of their multiple datasets. | would appreciate a more detailed description
of the bioinformatics analysis of the multiome data in the methods part as this is quite novel
territory and it deserves a more detailed description. Recent efforts (for example see here:
PMID: 35761403) use deep-learning algorithms for the analysis of multiomics datasets from
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different sequencing batches and it is not clear in the manuscript if additional methods to Seurat
was used especially for integration of the data and batch corrections. Before publication the
methods part of the work needs to be comprehensively described.

[Authors]

We have added an a more detailed description of the bioinformatics analysis in the
Methods section: Processing and filtering of multiomics sequencing data; Dataset
normalization, integration, and assay build; Analysis of multiomics datasets; Trajectory
analysis sections. These sections now describe all relevant information, including used
packages, functions, methods, databases, and parameters. Additionally, supplemental
table 2 now includes parameters used for filtering cells.

[Reviewer]

| could not access the raw data of the study (GEO databse accession) which are locked by the
authors so | cannot comment on that. The data are presented clearly in the figures and the
figure legends are informative to follow the logic of the presentation.

[Authors]

We have arranged for access of the raw data for the reviewer for the purposes of
performing this review. Our datasets are available at
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi under GSE199636. Reviewer access can
be gained by using the following token: apwxsksghjknhcv. We will of course open this
database to the public as soon as this study is published.

[Reviewer]

Some suggestions for this section:
- Typically dead cells are removed computationally based on mitochondrial content but | do not
see such filtering in the methods section. Did the authors not use such filtering and if so why?

[Authors]

We have clarified this in the “Single-nuclei sample preparation and sequencing” section
of the methods, saying:

“Cells collected were processed and delivered to the McDonnell Genome Institute at
Washington University for library preparation and sequencing. Samples were processed
by dispersing cells into a single-cell suspension using TrypLE for 10 min at 37./C and
quantified for viability using the Vi-Cell XR (Beckman Coulter). Prior to proceeding, all
samples were ensured to have >90% viability to minimize dead cell carry over in
sequencing. ”
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Additionally, we have also clarified our cell filtering strategy in the “Processing and
filtering of multiomic sequencing data” section of the methods, now saying:

“We attempted to remove dead cells from the dataset by excluding cells with very low
RNA yields because the multiomics platform relies on single-nuclei, which does not
contain valid cytoplasmatic mitochondrial content. Low quality cells including doublets,
dead cells, and poor sequencing depth cells were filtered by removing cells with low
RNA counts (nCount_RNA < 1000) and low ATAC counts (nCount_ATAC < 1000); high
RNA counts (ranging > 40000 — 50000) and high ATAC counts (ranging > 40000 — 50000);
nucleosome signal > 1.25, and TSS enrichment < 2.”

We also now also include parameters used for filtering all datasets in Supplementary
Table S2.3.

These are standard approaches for handling dead cells for single-nuclei sequencing.
[Reviewer]

-Trajectory analysis on Figure 2a was done using Monocle 3 but it would be worth trying
different trajectory analysis tools as they can give vastly different results.

[Authors]

We added new trajectory analyses to Extended Data Fig. 2g using another trajectory
analysis tool. This data is consistent with our findings using Monocle3. We now state in
the results:

“Additionally, we performed trajectory analysis using another tool** to validate our
observations and found that the dynamic expression of key SC-EC and SC-B cell genes
were consistent with our previous analysis (Extended Data Fig. 2g).”

Our use of the monocle package highlights a valuable example on the application of
cellular trajectory to assess and delineate non-exclusive populations that allow us to
identify fate driving regulators, such as CTCF. As many common packages utilize mRNA
alone, development and utilization of other packages that allows for evaluation of
trajectories using both chromatin and mRNA information can greatly enhance findings
and novel insights in other contexts.

[Reviewer]

- Human donor information: Are there any additional information regarding the donor’s clinical
characteristics that might affect the sequencing results (medication etc)? Also how were the
islets treated? Were they cultured prior to dissociation and for how long? This can be important
information as efforts are made to standardize processes benefiting human islet biology (see
commentary here: PMID: 35953581). Also the ethical approval information is not mentioned in
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the manuscript and it would be important point to clarify that and if there was written consent
from donors.

[Authors]

We now provide details on human islets donors in Supplemental Table 2 and added text
to the methods to better reference the table. We have also expanded our methods in the
“SC-islet and primary islet cell culture” section showing details for our human islet
culture methods, now stating:

“Donor details, including BMI, health status, age, sex, and race can be found in
Supplemental Table 2.2. Our study consists of 4 total donors. Upon arrival, islets were
transferred into wells of a 6-well plate on an orbital shaker at 100 RPM and maintained
with 4mL per well of CMRL 1066 Supplemented media (Corning; 99-603-CV) with 10%
heat inactivated FBS (Gibco; 26140-079). Primary human islets were submitted for
sequencing within 2 days after arrival.”

We also provide details on the human islet supplier including the ethical approval
information, now stating:

“Primary human islets were acquired as clusters and shipped from Prodo Laboratories.
These islets have been refused for human islet transplants and meet specific criteria for
research use. Consent information can be found on their website
(https://prodolabs.com/human-islets-for-research).”

[Reviewer]

Appropriate use of statistics and treatment of uncertainties: Statistical tests are reported in the
manuscript as requested.

Conclusions: As a resource paper, the conclusions suggested by the authors are based on their
reported data. Suggested improvements to strengthen the conclusions are presented in the
following section.

Suggested improvements:

Main points to improve

1. The second biorxiv manuscript with similar approach mentioned above shows that
enterochromaffin cells are actually a human embryonic islet population characterized by CDX2
transcription factor and it is not a by-product of the differentiation protocol. This data needs to be
discussed in the discussion section of the paper to put the work of this resource in the
perspective of the field and how the multiome data can further study the function of this
population during development.

[Authors]

We now discuss this citation, saying:
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“A prior study discovered that enterochromaffin cells are generated during SC-islet
differentiations in vitro and suggested that SC-EC and SC-B cells are distinct populations
that arise from the same pancreatic progenitor population °. Our use of Monocle3
analysis allowed us to obtain greater resolution of these cell identities by simultaneously
analyzing both the transcriptional and chromatin state of each cell rather than mRNA
alone. Other trajectory analysis tools that take account of both chromatin and mRNA%,
can facilitate, and lead new insights on cell fate decisions within SC-islet cell types and
cellular maturation states using our datasets. Our data suggests that the SC-EC and SC-
B cells generated from these directed differentiation protocols are not completely
exclusive cell populations by the end of the in vitro differentiation protocol. Instead, they
comprise a continuum of endocrine cell types that contain varying degrees of both
enterochromaffin and 3-cell features, suggesting that the current directed differentiation
methodology is insufficient for fully specifying each endocrine cell type. Interestingly,
increased DNA binding motif accessibility for the chromatin regulator CTCF was highly
correlative with increased SC-EC cell features. CTCF-overexpression blocked
differentiation to pancreatic endocrine and further redirected cell fate selection toward
the enteroendocrine lineage, supporting the notion that chromatin accessibility is a
major regulator of the fate decision between SC-EC and SC-B cells along this gradient.
Interestingly, another group ®° in a recent pre-print using a different single-cell multiomic
approach suggested that SC-EC cells resemble a pre-f cell population in the pancreas
rather than the enterochromaffin cells found in the intestine. While we have observed
reduced SC-EC and other endocrine cell type numbers after long term (>6 months) in
vitro culture, our transplanted SC-islets retain a high percentage of the SC-EC cell
population after 6 months in vivo. Furthermore, we did not detect strong traces of 3 cell
features in this transplanted SC-EC population, suggesting that the SC-EC and SC-8 cell
populations become more distinct over time as they mature in vivo. As SC-EC cells may
be detrimental to SC-B cell function °, or at the least are unlikely to be providing a benefit
for SC-islets in a diabetes cell replacement therapy, understanding how to reduce or
eliminate this off-target cell population is most likely desired.”

We are wary of conducting a more in-depth comparison to this preprint before it has
gone through peer-review and without us having access to their sequencing data. The
value of our and the other group’s datasets will be best realized in the field after they
have both fully refereed through peer-review and public accessibility of the relevant
datasets. A big difference that we noticed between their and our approaches was that
they separately performed single-cell RNA and single-cell ATAC sequencing and then
integrating the results with certain assumptions. In contrast, our approach is to perform
both single-cell RNA+ATAC sequencing in the same cell. We can’t be clear about how
these different approaches affect the data at this time.

[Reviewer]
2. On that note and since the EC cell population might have some function during islet cell

differentiation, can the authors assess the functionality of this population during in vitro stem cell
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differentiation? Is there an ELISA that can detect serotonin to measure serotonin production in
these preparations?

[Authors]

We have added ELISA quantification of serotonin in Extended Data Figure 2A. In the text,
we now say:

“The serotonin-producing SC-EC cells comprise an off-target cell population that arises
during in vitro SC-islet differentiation protocols but that does not positively contribute to
tissue function ® 442 (Fig. 1b). Detection of significant amounts of serotonin occurred
only at the end of the differentiation protocol (Extended Data Fig. 2a). While it is not
known how serotonin affects in vitro differentiation to SC-8 cells, a study has reported its
involvement in regulating B cell mass during pregnancy *.”

[Reviewer]

3. In the CTCF experiment, it is a bit unclear what the control condition refers to. Is it treated
with doxycycline or untreated? Doxycycline is shown to affect mitochondrial biology and it would
be good to include such control in non-CAS9 hESC and check at least the insulin secretion and
beta vs EC differentiation phenotypes.

[Authors]

We have clarified the control in the text, saying: “Control represents cells without
doxycycline treatment.” We now also state this in the figure captions.

We have added data investigating the effect of doxycycline on the cells in Extended Data
Fig. 2g and h. In the text, we now say:

“By treating the differentiating CRISPRa cells with doxycycline in the absence of a guide
RNA (gRNA), we observed no significant changes in identity nor function when
compared to untreated control, ascertaining that doxycycline has no negative impact on
differentiation nor function of SC-islets (Extended Data Fig. 2h and i).”

[Reviewer]

4. Since the paper is a resource effort it would be nice to have an online resource that the data
can be accessed easily by the diabetes community, if possible.

[Authors]

The dataset will become publicly available after publication. We have also provided a
template code for investigators to analyze these datasets. In the Data availability and
code availability section of the text, we now state:
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“Single-nuclei multiomic sequencing analysis and source data can be found in the
supplementary tables. Fluorescent images for quantification can be found in
Supplementary Figure 2. Individual flow cytometry data can be found in Supplementary
4. All sequencing datasets have been deposited in the Gene Expression Omnibus (GEO)
— NCBI under accession number GSE199636.”

And

“Codes used for analyzing single-nuclei multiomic sequencing are available on
https://github.com/punnaug.”

[Reviewer]

5. It seems that pancreatic progenitors are not detectable in this multiome approach even
following the 2 weeks of stage 6 differentiation. Since all the resources are available could the
authors assess the multiome profile of key endocrinogenesis transcription factors at this stage,
for example NEUROG3-FEV-HNF1 etc.

[Authors]
We now have this analysis in Extended Data figure 1. In the text, we now say:

“In addition to exploring transcription factors associated with different endocrine cell
identities, we also investigated transcription factors specifically implicated during
endocrine cell development by RNA expression and motif accessibility (Extended Data
Fig. 1h). Of note, we observed FEV being upregulated in the SC-EC population, HNF1A in
all endocrine populations, and PDX1 expressed predominantly in SC-EC and SC-B cells
by both RNA and chromatin motif accessibility. We also observed a mismatch of
NEUROG3 in the final SC-B cell population, where there was no detectable RNA but
enriched motif accessibility .”

This differentiation protocol does not have progenitor cells during stage 6 of the
protocol. Stage 5 of the protocol is designed to differentiate pancreatic progenitors to
endocrine cells.

[Reviewer]

6. An interesting point in chromatin accessibility and CHIP-Seq studies are the definition of the
promoter region. Promoters are always classified kind of arbitrarily and can differ between
studies (as it is impossible to verify promoters for all genes experimentally). In this manuscript
why was 2kb upstream of TSS chosen? Additionally, can the ATAC-Seq data of the present
study be used for enhancer-promoter interaction prediction or simply enhancer biology?
Enhancer data could really broaden the significance of the current resource to include more
information on epigenetic regulation of cell fates.
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[Authors]
We have clarified why 2kb was chosen in the text, now saying:

“Promoter accessibilities were determined from ATAC information using "GeneActivity"
by taking account of 2000 base pairs upstream of the transcription start site, as this is
the default recommended parameter and commonly used in other single-nuclei ATAC
studies 9927

In other words, we chose 2kb because that is the convention in the field and it appears to
sufficiently cover the promoter regions of most genes (Stuart et al., Nature Methods
2021; Ma et al., Cell 183 4, 2020).

We expanded our promoter region analysis in Supplemental Table 4 by covering lists of
differential promoter accessibilities in key cell types, which we hope to be a valuable
resource.

We performed additional analyses looking at cis-regulatory elements that could
potentially define epigenetic regulation of cell fates. We focused the analyses by
assessing ATAC peak patterns in SC-beta and SC EC comparisons in Extended Data
figure 2d. In the text, we now say:

“ATAC peaks around SC-B cell and SC-EC cell marker genes also highlight differences in
chromatin accessibility patterns, some of which were predicted to be cis-regulatory
elements (Extended Data Fig. 2d).”

We also assessed potential cis-regulatory elements relating to B cell identity, showing
cis-regulatory elements in genes associated with maturation (MAFA, UCN3) in figure 4f.
In the text, we now state:

“Further analysis of the chromatin accessibility of MAFA and UCNS3 (Fig. 4f), which are
known to be transcriptionally upregulated in B-cells ° 1%5-°2 demonstrated that predicted
cis-regulatory elements present around the MAFA and UCN3 gene regions differed
considerably between SC-B and primary B-cells.”

[Reviewer]

6. Since the end goal of this approach for diabetes therapies would be to differentiate iPSCs to
beta-cells and the authors have elegantly showed with their improved protocol and increased
differentiation efficiency of iPSC to beta-cells, would it possible to perform multiomics
characterization of an iPSC-derived sc-islets? That would greatly benefit the significance of this
resource for the community, if resources and time allow for such big experiment.

[Authors]
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We now discuss this, saying:

" Finally, SC-islets have been generated from patients with diabetes via induced
pluripotent stem cells (iPSCs) for the study of diabetes pathology and consideration as
an autologous cell source for B-cell replacement therapy 848 In all of these examples,
a multiomic approach, including using the datasets presented here, could help determine
how these modulations affect cell identity within SC-islets with greater resolution,
facilitating finer control of differentiation parameters. Furthermore, additional multiomic
sequencing of iPSC-derived SC-islets could elucidate crucial information on the
importance of iPSC derivation methods and starting somatic cell types for SC-islet
differentiation strategies."

We chose to focus on human embryonic stem (ES) cells because the trials by ViaCyte
and Vertex are using this type of stem cell. Given that the current differentiation protocol
produces SC-islets that are remarkably similar between ES and iPS cells, we felt that
investigation of iPS cells would be better handled by a separate dedicated study to more
rigorously investigate key relevant parameters, such as donor characteristics (e.g.
healthy vs diabetic), derivation method (e.g. viral vs mRNA vs chemical), and starting
somatic cell type (e.g. fibroblast vs PBMCs vs kidney epithelial).

[Reviewer]

Minor points

1. Proliferating a-cell as cluster might require more stringent clustering parameters. Are there
not proliferating beta-cells or delta cells? Why is this so distinct?

[Authors]

In the text, we now state:

“Consistent with previous studies 1% 3 we also identified proliferating SC-a cells
containing high transcript counts and promoter accessibilities for proliferating genes,
including MKI67, PCNA, and MCM2, in addition to a-cells markers (Fig. 2c and Extended
Data Fig. 1¢).”

We and others have observed this population in prior single-cell RNA sequencing
studies, and they are indeed quite distinct across parameters. We and others have not
seen similar distinct proliferating beta or delta-cell populations. We do not know why the
alpha cells are ‘special’ in this regard.

[Reviewer]
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2. In vivo transplantation of sc-islets improved maturation identity but not cell type composition.
Why is that? Is the multiomics characterization a more robust picture of the differentiation status
compared to traditional sc-RNA-seq and immunostaining methodologies?

[Authors]

We added an additional analysis to compare cell compaosition in vitro vs after
transplantation (Extended Data Fig. 8a). In the text, we now say:

"Comparison of these 6-month transplanted SC-islets to those before transplantation
revealed that transplanted SC-islets acquired gene expression and chromatin
accessibility signatures that were more similar to their primary cell counterparts,
including increased INS, MAFA, and IAPP expression in SC-B cells (Extended Data Fig.
8a, b and c, Supplementary Table 11). These improvements in cell identity were also
reflected in the chromatin accessibility around the INS gene, which exhibited diminished
peak signals in non-B cell populations (Fig. 5f). There were, however, no major shifts in
composition, suggesting this was set by the end of the in vitro differentiation process
and that trans-differentiation was likely not occurring (Extended Data Fig. 8a)."

By the end of the in vitro differentiation protocol, the composition has been locked since
we have pushed them into terminal cell fates. Rather, it seems that the in vivo
environment provides signals that reinforces the identities specified during in vitro
differentiation, although it is currently unknown what those specific signals are. Our
multiomics analysis, which includes chromatin information, highlights motif markers for
each cell type and does provide more complete information about the state of the cells
after transplantation. Specifically, key identity motif markers are retained in transplanted
islets, while off-target motifs close overtime in vivo. The chromatin information provides
us with new aspects for characterizing these cell identities.

[Reviewer]

3. Cluster proximity on the 2-dimensional plot does not mean lineage proximity. There is an
ongoing debate on this issue and it would be important to rephrase or justify using
computational explanation why the authors think that the 2-dimensional space reflects the
closeness of the multidimensionality of the data. Trajectory analysis is more suited to answer
such questions.

[Authors]

We agree that distances of clusters do not infer lineage proximity and removed the
inaccurate language. We now use trajectory analysis to study this in Figure 2 and
associated text.

[Reviewer]
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References: - Format the reference list consistently as sometimes the manuscript gives the
abbreviations for the journals and some time the full names in certain cases misspelled.

- Reference 7 and 48 is the same paper. Please check the reference list for further
inconsistencies.

[Authors]

We have corrected this error.

[Reviewer]

- Reference the papers sorting for GP2+ cells at progenitor stage together with the 8-12
references for completion in the Introduction. That is reference 53 of the current manuscript and
include the Cell Reports work form Henrik Semb’s laboratory for completion: PMID: 28380361
[Authors]

We have corrected this error.

[Reviewer]

- Ackermann et al paper is missing from the reference and the discussion. It should be included
in the manuscript as it was one of the first to use bulk ATAC and RNA-Seq to study human
endocrine populations PMID: 26977395

[Authors]

We have corrected this oversight and added the reference.

[Reviewer]

Clarity and context: The paper is clearly written and conveys the main points of the work. A
minor comment:

Page 11: Problem with sentence structure starting with Unlike SC-islets. Please re-phrase.

[Authors]

We have corrected this sentence.
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Reviewer #2:

[Reviewers comments in black]
[Author comments in dark blue]

We thank the reviewer for the feedback.
[Reviewer]

Remarks to the Author:

Punn Augsornworawat et al used sc/sn-RNA seg combined with sc/sn-ATAC seq (10X) to study
stem cell-derived islets and compared these with results using the same methods for human
islets from 2 donors. The approach is interesting, but the study should use human islets from a
larger number of human donors to make it a valuable resource and it is also difficult to follow the
number of replicates for SC-islets and number of cells used for different analyses throughout the
manuscript. Overall, a better description of their methods and analyses should be provided.
What exact input was used for respective analysis? Currently, one needs to guess a lot. Specific
limitations and comments are found below.

[Authors]

We have added an a more detailed description of the bioinformatics analysis in the
Methods section: Processing and filtering of multiomics sequencing data; Dataset
normalization, integration, and assay build; Analysis of multiomics datasets; Trajectory
analysis sections. These sections now describe all relevant information, including used
packages, functions, methods, databases, and parameters. Additionally, supplemental
table 2 now includes parameters used for filtering cells.

The comments on human islet donors and replicate and cell numbers are addressed in
detail later in this document in our response to reviewer 2.

[Reviewer]

1. I miss numbers and replicates throughout the result section and also in the legends (only
included in a few places). It is difficult to find numbers used for each experimental part.

[Authors]

We now provide this information throughout the main text and figure legends, including
cell number and replicates. Additionally, supplement table 2 now provides details on
which datasets were used in each single-cell figure. We also now provide this in the
"Statistics and reproducibility” section, saying :

“This study contains multiomic sequencing datasets of SC-islets from 3 independent
differentiation batches (3 datasets), human islets from 4 donors (4 datasets), SC-islets
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after 3 weeks, 4 weeks, 6 months, and 12 months into stage 6 with one 1 replicate each (5
datasets), CTCF CRISPRa differentiations of 1 replicate from each condition (Control and
Dox-induced CTCF overexpression; 2 datasets), and ARID1BsShRNA SC-islets of 1
replicate from each condition (Control and shARID1B knockdown; 2 datasets).
Information on datasets used and sample details can be found in Supplemental Table 2.”

[Reviewer]

2. Page 6, result section: “Each of the identified populations had high expression of genes
traditionally associated with their cell type (Fig. 1c).” This statement expects the reader to know
what genes are traditionally expressed in different cell types?

[Authors]
We have clarified this in the text, now saying:

“Each of the identified populations had high expression of genes traditionally associated
with their cell type (SC-B: INS, ERO1B, DLK1; SC-a: GCG, LOXL4, IRX2; SC-6: SST,
HHEX, LEPR; SC-EC: TPH1, DDC, SLC18A1; Fig. 1c). ”

[Reviewer]

3. In each legend to both figures and sup tables please include what statistical method has been
used and numbers compared (it is only done in a few cases). In particular, sup table 3 needs
better explanation. How did the authors correct for multiple testing? The order of the sup tables
needs to be corrected in the text. Also clarify abbreviations in tables.

[Authors]

We now include statistical methods in every figure legend. We also provide details in the
"Statistics and reproducibility" section, including statistic tests and correcting for
multiple testing, saying:

“Statistical significance from the multiomic analyses was calculated using the Wilcoxon
rank sum test for RNA expression, logistic regression for motif chromatin accessibility,
and Bonferroni correction to account for multiple testing. For in vitro experiments, we
performed unpaired or paired parametric t-tests (two-sided) and one-way ANOVA with
Tukey’s multiple comparison testing to determine significance. All in vitro experiment
data points presented are biological replicates and can be found in Supplementary Table
14. Significant values are marked based on p-values using ns > 0.05, * < 0.05, ** < 0.01, ***
<0.001, and **** < 0.0001.”

In the table legend to supplementary table 3, we now say:
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“This set of tables show gene expression upregulated in each cluster for cell type
identification. These include datasets for: (3.1) SC-islets, (3.2) Primary human islets, (3.3)
Transplanted SC-islets, and (3.4) CTCF CRISPRa SC-islets. Statistical significance was
assessed by the Wilcoxon rank sum test.”

The order of the tables has been corrected, and the abbreviations have been clarified in
the tables.

[Reviewer]
4. The authors use Monocle of data presented in sup table 5 for analysis but this is not
described in the manuscript.

[Authors]

We added the “Trajectory analysis” section under Methods describing our use of
Monocle, which now states:

“Trajectory analysis was conducted using SeuratWrappers and the Monocle3 package®.
We isolated specific populations (Enterochromaffin cells and B-cell) from the integrated
multiomic dataset using "subset". A monocle compatible cds object file format was then
generated using "as.cell_data_set" containing expression assays, including gene
expression, promoter accessibility, and motif enrichment, and condition labels such as
identified cell types. Pseudotime within the isolated dataset was computed and
determined using the "cluster_cells" and "learn_graph" functions. Trajectories were
reestablished by selecting the initial node pseudo-timepoint using "order_cells".
Dynamic analysis of gene expression and motif enrichment were obtained by conducting
differential expression feature analyses along the pseudotime trajectory. We used
"graph_test" with parameter "neighbor_graph" set to "principal_graph". Subsequently,
genes or motifs of high differential expression along the pseudotime were filtered by
excluding features with low Moran’s | scores (morans_I > 0.05). Expression values were
Z-scored and plotted using "Heatmap" with K means parameter (km = 2). Pseudotime
information from this analysis was incorporated into the original Seurat object file,
transferring pseudotime labels on cells using "AddMetaData" for further trajectory
related analyses.”

[Reviewer]
5. For data presented in sup table 6, how many cells were included in each SC-beta cell
subpopulation. What exact comparison was done for the data in sup table 6, 4 different

subgroups seem to be compared?

[Authors]
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We added cell number information for the subpopulation/subgroup analysis in
supplemental table 7 (previously called supplemental table 6). We clarified the exact
comparisons performed in the table legend, which now says:

“This set of tables show differential gene expression and motifs accessibility analysis of
a selected subpopulation compared to the rest of the other subpopulations in SC-8 cells,
SC-EC cells, and primary B cells. (7.1) SC-$ subpopulation 1 (7.2) SC-8 subpopulation 2
(7.3) SC-B subpopulation 3 (7.4) SC-B subpopulation 4 (7.5) SC-EC subpopulation 1 (7.6)
SC-EC subpopulation 2 (7.7) SC-EC subpopulation 3 (7.8) SC-EC subpopulation 4 (7.9)
Primary B subpopulation 1 (7.10) Primary 8 subpopulation 2 (7.11) Primary 3
subpopulation 3. (7.12) Composition information showing the number of cells in each
subpopulation for SC-islets and primary islets. Statistical significance was assessed by
the Wilcoxon rank sum test for RNA expression and logistic regression for motif
chromatin accessibility. Avg, average; SC, stem cell derived; EC, enterochromaffin; HlI,
human islets.”

[Reviewer]

6. Human islets were provided by Prodo. In the methods on page 24, | miss important
information about number of donors, including their BMI, use of pharmacotherapy, and days in
culture. | found some information in Sup table 2.2 but this should be clearer in the paper.

[Authors]

We have clarified this in the "SC-islet and primary islet cell culture" section in the
Methods, now saying:

“Donor details, including BMI, health status, age, sex, and race can be found in
Supplemental Table 2.2. Our study consists of 4 total donors. Upon arrival, islets were
transferred into wells of a 6-well plate on an orbital shaker at 100 RPM and maintained
with 4mL per well of CMRL 1066 Supplemented media (Corning; 99-603-CV) with 10%
heat inactivated FBS (Gibco; 26140-079). Primary human islets were submitted for
sequencing within 2 days after arrival.”

We now provide details on human islet donors in Supplemental table 2.

[Reviewer]

Also, this study only includes pancreatic islets from 2 human donors, which is a major limitation
since there is variability between human donors due to age, sex, therapy etc and are these 2

donors representative for the stem cell donors?

[Authors]

30



natureresearch

We have added two additional human islet donors, making up a total of 40,892 cells from
four human islet donors. We have incorporated this into the primary islet datasets and
redid the analysis in figure 3 and extended data figure 4. We now also include the
number of cells and number of samples in every figure legend that involves single-cell
analyses. These numbers are also in the main text.

Additionally, supplement table 2 provides details on which datasets were used in each
single-cell figure. For clarity, we now mention this in the statistics and reproducibility
section where we now state:

“Information on datasets used and sample details can be found in Supplemental Table
2. 7

Despite variability in donor characteristics, our comparative analysis with SC-islets
shows that the results are consistent across donors (Extended data fig. 5¢c-g). However,
these donors were not intended to represent population variation nor potential stem cell
donors. We address this limitation in the text, now saying:

"While the four islet donors analyzed here may not encompass all possible variability
found across the general population, these data nevertheless provide a valuable
resource to identify particular deficiencies in the chromatin and transcriptional
landscape of SC-islet cell types."

[Reviewer]

7. Throughout the method section, please include what cells type and species was used for
each method. For example, in the “Multiomics sequencing analysis workflow” all of a sudden,
the following statement occurs “In addition, mouse cells were removed by removing cells
showing high....” And it is not very clear to the reader why the authors write about mice when
one expects human cells, but it is not at all mentioned in this section. It is possible to understand
further down, but overall a better method section is desirable.

[Authors]

We edited the methods section to clarify these several points. We moved the “Mouse
transplantations and SC-islet cell retrieval” section up in appropriate order. We added
the "Processing and filtering of multiomics sequencing data" section to expand on this.

We clarified the section referencing mouse cells, now saying:

“For transplanted SC-islets, excess non-desirable mice cells from host mice were further
removed by detecting and filtering out cells expressing kidney marker TTC3616, which is
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a gene shared across both mouse and human genome. Cells carrying high expression of
TTC36 (> 0.0005 normalized counts) were excluded from the datasets. Additional details
including exact inputs for filtering cells and final cell counts from each dataset can be
found in Supplementary Table 2 and Supplementary Figure 1.”

[Reviewer]

8. In the real-time PCR section and sup table 1.7, it is unclear which endogenous control was
used? Multiple once? Did the authors test if endogenous controls were regulated by the
comparison they studied?

[Authors]

We now state the endogenous control in the Real-Time PCR section under Methods,
saying:

“The housekeeping genes TBP and GUSB were both used for normalization.”

We selected these genes because they are commonly used in islet and diabetes
publications. We used both genes together to prevent or account for potential changes.
Here, we show the expression of our genes comparing the use of both or individual
housekeeping genes and do not see meaningful expression changes from different
controls.

Housekeeping ARID1B Experiment (Normalized to Control)
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[Reviewer]

9. The mouse transplantation experiments need further/better description throughout the
manuscript (results, legends and methods), how many mice were used (3?). Sup table 2 gives
some information that suggests 3 mice, and gives a cell number after filtering, but overall, it is
difficult to follow numbers and methods.

[Authors]

We have expanded our “Mouse transplantations and SC-islet cell retrieval” section under
the Methods to provide greater detail. In it, we now say:
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“A total of 9 mice were used to produce 3 samples. Each sample consisted of pooling 3
transplanted kidneys (1 kidney from each mouse) to achieve sufficient cell numbers

required for sequencing.”

We now provide the number of cells used in every figure legend with single-cell analysis,
including those from transplanted experiments. These numbers are also in the main text

of the results section and in supplement table 2.
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Reviewer #3:

[Reviewers comments in black]
[Author comments in dark blue]

We thank the reviewer for the feedback.
[Reviewer]

Remarks to the Author:

Augsornworawat et al. performed multiomic assessments on SC-f cells using integrated sc-
ATACseq and sc-RNAseq. They compared the chromatin accessibility between SC- and SC-
EC, SC-B and primary 3, and long-term cultured cell populations and their post-transplantation
counterparts. This approach improved the resolution of single cell transcriptome and revealed
new signature genes in each population. In addition, they provided two examples, with signature
genes being modulated. Overexpression of CTCF, a sighature of SC-EC, during stage 5 leads
to drastic reductions in the expression of B-cell identity genes. Knockdown of ARID1B, whose
expression is lower in primary beta and long-term culture SC- B, leads to increased SC-f3 cell
yields.

This is the first sc-ATACseq of SC-beta cells. My only criticism is that the conclusions reached
in this study are mostly expected. Nevertheless, | appreciate the thoroughness of the
investigation. Data revealed in this study provide a valuable resource to identify deficiencies in
the chromatin and transcriptional landscape of SC-islet cell types, which may contribute to
further improving the current ES- differentiation protocol.

Specific

1, Figure 5, the authors compared the 6-month transplanted SC-islets to those before
transplantation, and the data suggest that transplanted SC-islets were more similar to their
primary cell counterparts. How about the comparison between 4-week transplanted SC-islets to
those before transplantation? As 4-week in vitro at S6 is the prime time for SC-B cells, this may
have different results. The authors stated on p. 16 that, in SC-B cells, expression of many 3-cell
transcription factors and their associated motifs were upregulated at week 4 of in vitro culture,
but most of these motifs and many transcripts decreased in the long term.

Adding a 4-week time point will also illustrate the changes in transcriptomic/chromatin
accessibility during SC-islet maturation in vivo.

[Authors]

To address this comment from the reviewer, we transplanted nine mice and attempted to
generate in vivo data at the desired early time point. However, we unfortunately
experienced technical challenges, described below.

The approach we developed for getting good quality human cells from the mice after
several months did not appear to work well at this early time point each of the nine times
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that we attempted this. In particular, dispersion of the graft from the mouse kidney was
more challenging than we experienced at the later timepoints. Nevertheless, we
proceeded with attempting to process and sequence the grafts from these nine mice.
Unfortunately, the analysis pipeline of sequencing and alignment by the 10X Cell Ranger
software failed for samples representing 6 out of the 9 mice. We worked directly with the
manufacturer, 10X Genomics, on this issue but they were unable to resolve it. 10x
Genomics attributed this to the poor quality of the cells. Proceeding with data from the
three remaining mice, there ended up being only 59 SC-beta cells total. Below represents
our analysis with these cells.

We compared SC-beta cells from week 4 in vivo with week 4 vitro and pre-transplanted in
vitro cells. Our heatmap analysis (B) shows that the week 4 in vivo beta cells have
decreased transcript for multiple beta cell genes, such as INS, and ISL1. IAPP is
decreased when compared to week 4 in vivo, but upregulated when compared to pre-
transplantation. We have also performed differential analyses comparing the different
conditions and highlighted, in volcano plots (C and D), genes and chromatin motif
accessibilities upregulated in each comparison and conditions. In summary, there
appears to be differences in how SC-beta cells respond to in vitro and in vivo
environment in the short term, however the exact nature of this is unclear based on this
current dataset.

We have decided not to include this analysis in the manuscript. We believe that the
technical difficulties experienced has greatly impacted the robustness of this analysis
such that it is unsuitable for inclusion in the manuscript. We suspect that part of the
difficulty is that additional time is necessary for the transplanted cells to properly engraft
and overcome the acute stresses of transplantation.
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Reviewer Figure 1. Multiomics sequencing comparisons of SC-islets from 2 week in vitro,
4 week in vitro and 4 week in vivo. A) Image of isolated kidney with transplanted SC-
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islets. B) Heatmap comparing gene expression, promoter accessibility, or motif
chromatin accessibility in B-cells. C-D) Differential gene expression analysis (top) and
motif chromatin accessibility analysis (bottom) of SC- cells comparing C) 4 week in vivo
vs. 4 week in vitro and D) 4 week in vivo vs. 2 week in vitro.

[Reviewer]

2, It is unclear how S6 stage cells can be maintained in culture for 12 months. Whether they
have been passaged? How often was the passage? The information was not found in the text or
methods.

[Authors]

We have expanded our methods and now include details on long term culture where we
now state:

“These clusters were maintained by aspirating and replacing 3 mL of ESFM every 2 - 3
days. SC-islets in long-term culture were similarly maintained with ESFM for up to 1 year
without passaging. ”

The cells do not meaningfully proliferate and did not require passaging.

Decision Letter, first revision:

Our ref: NCB-RS49518A
6th March 2023
Dear Jeff,

Thank you for submitting your revised manuscript "Defining the chromatin and transcriptional
landscape of stem cell-derived islets" (NCB-RS49518A) and for your additional responses to the last
referee comments. As you know, your manuscript 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 Cell Biology, pending minor revisions to satisfy the
referees' final requests and to comply with our editorial and formatting guidelines.

If the current version of your manuscript is in a PDF format, please email us a copy of the file in an
editable format (Microsoft Word or LaTex)-- we can not proceed with PDFs at this stage.

We are now performing detailed checks on your paper and will send you a checklist detailing our
editorial and formatting requirements in about one to two weeks. Please do not upload the final
materials and make any revisions until you receive this additional information from us. Please note
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that, after you receive the checklist and perform the revision per our requests, we expect you to also
revise your manuscript per the last referee comments like you have suggested to do in your latest
response to referee comments. We also expect you to upload a point-by-point response to the
remaining referee comments (the one you provided to me via e-mail will do).

Thank you again for your interest in Nature Cell Biology. Please do not hesitate to contact me if you
have any questions.

Best wishes,
Stelios

Stylianos Lefkopoulos, PhD

He/him/his

Associate Editor

Nature Cell Biology

Springer Nature

Heidelberger Platz 3, 14197 Berlin, Germany

E-mail: stylianos.lefkopoulos@springernature.com
Twitter: @s_lefkopoulos

Reviewer #1 (Remarks to the Author):

The authors have sufficiently addressed my questions regarding their work and I think the updated
manuscript will be an important resource for the islet biology community.

I have a couple minor remaining comments:

- for completion add this reference (PMID: 31806625) when discussing about serotonin signaling and
beta-cells

- perhaps I missed this during the first revision round but in Figure 3b it seems there is an acinar cell
population budding out of the a-cell population. Is this accurate and if so do they have distinct
signature to the main acinar cluster? No need to expand on that on the manuscript just need to make
sure this is not an accidental wrong graph inserted in the panel

Reviewer #2 (Remarks to the Author):

Overall, the authors have responded to most of my comments and particularly they have added
human islet data from 2 more donors. Nevertheless, a few comments/questions remain.

1. I cannot find any reference to Supplementary Table 4 in the main text of the ms and after
searching not in the supplementary either?

2. Regarding Supplementary Table 2, please include cell count before filtering in S2.4 and a better

explanation to the cell filtering parameters in S2.3 (both in the legend to the table and a better
explanation in the table).
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3. TBP does not seem to be a very good housekeeping gene for islets/beta-cells (DOI:
10.1074/jbc.274.30.21095).

4. As a recourse paper and for QC, I also wonder if the Tape station figures for all sn-ATAC

experiments/libraries, showing the nucleosome pattern/sizes for the different experiments, can be
added into the supplementary?

Reviewer #3 (Remarks to the Author):

The authors had managed to address the concern raised. I support its publication as a resource.

Decision Letter, final checks:

Our ref: NCB-RS49518A
24th March 2023
Dear Dr. Millman,

Thank you for your patience as we've prepared the guidelines for final submission of your Nature Cell
Biology manuscript, "Defining the chromatin and transcriptional landscape of stem cell-derived islets"
(NCB-RS49518A). Please carefully follow the step-by-step instructions provided in the attached file,
and add a response in each row of the table to indicate the changes that you have made. Please also
check and comment on any additional marked-up edits we have proposed within the text. Ensuring
that each point is addressed will help to ensure that your revised manuscript can be swiftly handed
over to our production team.

We would like to start working on your revised paper, with all of the requested files and forms, as
soon as possible (preferably within two weeks). Please get in contact with us if you anticipate delays.

When you upload your final materials, please include a point-by-point response to any remaining
reviewer comments.

If you have not done so already, please alert us to any related manuscripts from your group that are
under consideration or in press at other journals, or are being written up for submission to other
journals (see: https://www.nature.com/nature-research/editorial-policies/plagiarism#policy-on-
duplicate-publication for details).

In recognition of the time and expertise our reviewers provide to Nature Cell Biology’s editorial
process, we would like to formally acknowledge their contribution to the external peer review of your
manuscript entitled "Defining the chromatin and transcriptional landscape of stem cell-derived islets".
For those reviewers who give their assent, we will be publishing their names alongside the published
article.
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Nature Cell Biology offers a Transparent Peer Review option for new original research manuscripts
submitted after December 1st, 2019. As part of this initiative, we encourage our authors to support
increased transparency into the peer review process by agreeing to have the reviewer comments,
author rebuttal letters, and editorial decision letters published as a Supplementary item. When you
submit your final files please clearly state in your cover letter whether or not you would like to
participate in this initiative. Please note that failure to state your preference will result in delays in
accepting your manuscript for publication.

Cover suggestions

As you prepare your final files we encourage you to consider whether you have any images or
illustrations that may be appropriate for use on the cover of Nature Cell Biology.

Covers should be both aesthetically appealing and scientifically relevant, and should be supplied at the
best quality available. Due to the prominence of these images, we do not generally select images
featuring faces, children, text, graphs, schematic drawings, or collages on our covers.

We accept TIFF, JPEG, PNG or PSD file formats (a layered PSD file would be ideal), and the image
should be at least 300ppi resolution (preferably 600-1200 ppi), in CMYK colour mode.

If your image is selected, we may also use it on the journal website as a banner image, and may need
to make artistic alterations to fit our journal style.

Please submit your suggestions, clearly labeled, along with your final files. We’ll be in touch if more
information is needed.

Nature Cell Biology has now transitioned to a unified Rights Collection system which will allow our
Author Services team to quickly and easily collect the rights and permissions required to publish your
work. Approximately 10 days after your paper is formally accepted, you will receive an email in
providing you with a link to complete the grant of rights. If your paper is eligible for Open Access, our
Author Services team will also be in touch regarding any additional information that may be required
to arrange payment for your article.

Please note that Nature Cell Biology 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. Find out more about
Transformative Journals

Authors may need to take specific actions to achieve compliance with funder and
institutional open access mandates. If your research is supported by a funder that requires
immediate open access (e.g. according to Plan S principles) 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 self-
archiving policies. Those licensing terms will supersede any other terms that the author or any third
party may assert apply to any version of the manuscript.
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Please note that you will not receive your proofs until the publishing agreement has been received
through our system.

For information regarding our different publishing models please see our Transformative
Journals page. If you have any questions about costs, Open Access requirements, or our legal forms,
please contact ASJournals@springernature.com.

Please use the following link for uploading these materials:
[Redacted]

If you have any further questions, please feel free to contact me.
Best regards,

Jonathon Comfort
Staff
Nature Cell Biology

On behalf of

Stylianos Lefkopoulos, PhD

He/him/his

Associate Editor

Nature Cell Biology

Springer Nature

Heidelberger Platz 3, 14197 Berlin, Germany

E-mail: stylianos.lefkopoulos@springernature.com
Twitter: @s_lefkopoulos

Reviewer #1:

Remarks to the Author:

The authors have sufficiently addressed my questions regarding their work and I think the updated
manuscript will be an important resource for the islet biology community.

I have a couple minor remaining comments:

- for completion add this reference (PMID: 31806625) when discussing about serotonin signaling and
beta-cells

- perhaps I missed this during the first revision round but in Figure 3b it seems there is an acinar cell
population budding out of the a-cell population. Is this accurate and if so do they have distinct
signature to the main acinar cluster? No need to expand on that on the manuscript just need to make
sure this is not an accidental wrong graph inserted in the panel
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Reviewer #2:

Remarks to the Author:

Overall, the authors have responded to most of my comments and particularly they have added
human islet data from 2 more donors. Nevertheless, a few comments/questions remain.

1. I cannot find any reference to Supplementary Table 4 in the main text of the ms and after
searching not in the supplementary either?

2. Regarding Supplementary Table 2, please include cell count before filtering in S2.4 and a better
explanation to the cell filtering parameters in S2.3 (both in the legend to the table and a better
explanation in the table).

3. TBP does not seem to be a very good housekeeping gene for islets/beta-cells (DOI:
10.1074/jbc.274.30.21095).

4. As a recourse paper and for QC, I also wonder if the Tape station figures for all sn-ATAC
experiments/libraries, showing the nucleosome pattern/sizes for the different experiments, can be
added into the supplementary?

Reviewer #3:
Remarks to the Author:
The authors had managed to address the concern raised. I support its publication as a resource.

‘ Author Rebuttal, first revision:

[Reviewer comments in black]

[Authors comments in dark blue]

We thank the authors for the continued feedback.

Reviewer #1

The authors have sufficiently addressed my questions regarding their work and I think the
updated manuscript will be an important resource for the islet biology community.

| have a couple minor remaining comments:
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[Authors] Thank you

- for completion add this reference (PMID: 31806625) when discussing about serotonin
signaling and beta-cells

[Authors] We have added this reference (#43 in our revised text).

- perhaps | missed this during the first revision round but in Figure 3b it seems there is an acinar
cell population budding out of the a-cell population. Is this accurate and if so do they have
distinct signature to the main acinar cluster? No need to expand on that on the manuscript just
need to make sure this is not an accidental wrong graph inserted in the panel

[Authors] These cells are indeed part of the same acinar population. Populations can be
split when visualized using UMAPs due to the multi-dimensional reduction of data onto
two-dimensional figures. To avoid confusion for the reader, we adjusted the clustering
parameters to avoid splitting the acinar population on the UMAP. Below is how Fig. 3a-b
looks:

a h' a-cell
RH. il Combined
ﬂr i oy ombin
-cell
b ‘, Stellate .
- ! I %
Isoiation ang " L- L
dlssocistion ' End ﬁ“ il
ndothelia
peon () Nz a &-cell
aos AlAGonly| ‘? PPcell
a-call @ e . ] cinar 3
EET / A
-csll . ' ’ Immune
i
pocan I 5, % Dumalﬂ
= ¥ ) Mesenchyme
Singie-ceX mutiomic . TVOFT @ Fooall & ool ® B-cell ® Ducial @ Acinar
SequEncing PPR-call @ Swellate @ Endothelial Immune @ Masenchyme

42



natureresearch

43



natureresearch

Reviewer #2

Overall, the authors have responded to most of my comments and particularly they have added
human islet data from 2 more donors. Nevertheless, a few comments/questions remain.

[Authors] Thank you

1. | cannot find any reference to Supplementary Table 4 in the main text of the ms and after
searching not in the supplementary either?

[Authors] Supplementary Table 4 is referenced in the Results section, “Multiomic SC-
islet analysis improves cell identity resolution” subsection, in the sentence that now
says: “Analysis of gene expression and chromatin accessibility both individually and in
combination enabled us to identify specific islet cell types, including SC-B cells (Fig. 1b
and c, Extended Data Fig. 1¢c and d, Supplementary Table 3 and 4; 29526 cells from 3
independent differentiations).” This was in the main text on page 5 line 111 and page 12
line 271 of the previous submission.

2. Regarding Supplementary Table 2, please include cell count before filtering in S2.4 and a
better explanation to the cell filtering parameters in S2.3 (both in the legend to the table and a
better explanation in the table).

[Authors] We updated the supplementary table to include cell counts before filtering and
additionally provide clarification in the legends.

In the supplemental table legend, we now state:

“(2.3) Cell filtering paraments used to exclude low quality cells and mouse cells from
each data set. Cells with exceedingly low and high RNA and ATAC fragment counts, and
high nucleosome signal were excluded to minimize potential doublets and dead cells.
For transplanted samples, we have excluded host cells by filtering out cells with high
expression of kidney marker TTC36.”
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3. TBP does not seem to be a very good housekeeping gene for islets/beta-cells (DOI:
10.1074/jbc.274.30.21095).

[Authors] Our gene expression data is not meaningfully changed using or not using TBP
as a housekeeping gene. Below we show real-time PCR data using TBP alone, GUSB
alone, or both together showing not meaningful difference:

Housekeeping ARID1B Experiment (Normalized to Control)
12+
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Our reported real-time PCR experiments use two housekeeping genes, TBP and GUSB,
to normalize data. The use of two minimizes the likelihood that variation in the
housekeeping gene meaningfully changes the results. TBP is a well-accepted
housekeeping gene in the field commonly used by many expert groups
(D’Amour/ViaCyte, Huising, Millman, Bonner-Weir, Egli). See PMIDs 17053790, 23251699,
32094658, 26207953, 24227685. It is unclear how the article cited by the reviewer
supports their assertion that TBP is not a good housekeeping gene, as the data appears
unrelated.

4. As a recourse paper and for QC, | also wonder if the Tape station figures for all sn-ATAC
experiments/libraries, showing the nucleosome pattern/sizes for the different experiments, can
be added into the supplementary?

[Authors] We have added the requested information into Supplementary Figure 1.
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Reviewer #3

The authors had managed to address the concern raised. | support its publication as a
resource.

[Authors] Thank you

‘ Final Decision Letter:

Dear Jeff,

I am pleased to inform you that your manuscript, "Single nuclei multiomics of human stem cell-
derived islets identifies deficiencies in lineage specification", has now been accepted for publication in
Nature Cell Biology. Congratulations to you and the whole team!

Thank you for sending us the final manuscript files to be processed for print and online production,
and for returning the manuscript checklists and other forms. Your manuscript will now be passed to
our production team who will be in contact with you if there are any questions with the production
quality of supplied figures and text.

Over the next few weeks, your paper will be copyedited to ensure that it conforms to Nature Cell
Biology style. Once your paper 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.

After the grant of rights is completed, 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.

You will not receive your proofs until the publishing agreement has been received through our system.

Due to the importance of these deadlines, we ask that you please let us know now whether you will be
difficult to contact over the next month. If this is the case, we ask you provide us with the contact
information (email, phone and fax) of someone who will be able to check the proofs on your behalf,
and who will be available to address any last-minute problems.

If you have any questions about our publishing options, costs, Open Access requirements, or our legal
forms, please contact ASJournals@springernature.com

Once your paper has been scheduled for online publication, the Nature press office will be in touch to
confirm the details. An online order form for reprints of your paper is available
at https://www.nature.com/reprints/author-reprints.html. All co-authors, authors' institutions and
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authors' funding agencies can order reprints using the form appropriate to their geographical region.

Publication is conditional on the manuscript not being published elsewhere and on there being no
announcement of this work to any media outlet until the online publication date in Nature Cell Biology.

Please note that Nature Cell Biology 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. Find out more about
Transformative Journals

Authors may need to take specific actions to achieve compliance with funder and
institutional open access mandates. If your research is supported by a funder that requires
immediate open access (e.g. according to Plan S principles) 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 self-
archiving policies. Those licensing terms will supersede any other terms that the author or any third
party may assert apply to any version of the manuscript.

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.

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 the Protocol Exchange (www.nature.com/protocolexchange), an open online
resource established by Nature Protocols that allows researchers to share their detailed experimental
know-how. All uploaded protocols are made freely available, assigned DOIs for ease of citation and are
fully searchable through nature.com. 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 papers. 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 to Protocol Exchange, 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 page to collect your lab Protocols. Further information can be found at
www.nature.com/protocolexchange/about

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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Please feel free to contact us if you have any questions.

With kind regards,
Stelios

Stylianos Lefkopoulos, PhD

He/him/his

Associate Editor

Nature Cell Biology

Springer Nature

Heidelberger Platz 3, 14197 Berlin, Germany

E-mail: stylianos.lefkopoulos@springernature.com
Twitter: @s_lefkopoulos

Click here if you would like to recommend Nature Cell Biology to your librarian
http://www.nature.com/subscriptions/recommend.html#forms
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