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Dear Stein,

Your manuscript, "Enhancer grammar of liver cell types and hepatocyte zonation states", has now 
been seen by 4 referees, who are experts in liver zonation, scRNAseq-spatial transcriptomics, ATACseq 
(referee 1); enhancers-gene regulatory networks, massively parallel reporter assay, multiomics 
(referee 2); liver, computational methods (referee 3); and liver atlas (referee 4). 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 
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consider publication in Nature Cell Biology. Please note that we are willing to further consider your 
manuscript as a Resource, rather than an article.

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) Address the issues noted concerning the dietary background of mice used to generate the 
datasets, but also the claims about a link between circadian rhythm and batch effects, as indicated by:

Referee #1:

"Although the authors managed to create a convincing UMAP after removal of batch effects using 
Harmony, some conclusions are based on comparisons between cells that stem from different 
experimental conditions. For example, both Multiome samples were collected from starved mice. The 
snRNA and snATAC data are derived from mice that had continuous access to food. The authors 
noticed batch effects which they allocate to differences in circadian rhythm between these samples. 
However, it remains unclear if some of the observed differences could be rather attributed to the 
different experimental setups. The conclusion that certain GRNs depend on the animal`s physiological 
state (including circadian rhythm) is therefore based on rather superficial data. The authors may 
consider removing this small part from their manuscript (page 6, lines 171-180, page 6, line 191). If 
the authors rather prefer to strengthen this idea, they should add samples from the same 
experimental setup (eg multiome) but derived from mice with distinct feeding procedures/from 
different times of the diurnal cycle (which could easily become a separate manuscript). Related to that 
topic: Some cell types are exclusively derived from one type of dataset (eg VECs only from Multiome 
vs LSECs only from snRNA/snATAC) at least according to FigureS7. The authors should comment on 
that and highlight this in the main text. More in general, an overall discussion about the limitations of 
their tools and experimental approaches should be included".

Referee #3:

"It is not clear why the authors included the circadian rhythm signatures from Droin et al. (2021) -
this part is not well elaborated and I could not find the link to the rest of analysis, especially to 
zonation".

"The circadian data should be either better embedded in the liver zonation cell-and –space fate story 
eGRNs, or removed. I could not find how it contributed to the overall conclusions.
The authors claim that circadian rhythm was among the batch effect differences in hepatocytes based 
on physiological states of the mice and that (Topic 17 and Topic 75) from supplementary Figure S8 
represent different phases of the circadian rhythm. How can this be justified?
It is also not clear how the publicly available scRNA-seq data on the mouse liver during different 
phases of the circadian rhythm from Droin et al. 2021 contributed to better understand the enhancer 
grammar of liver cell types and hepatocyte zonation states (Figs.S9-S10).
In light of this, the summary statement needs modification “In summary, our spatial single cell 
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multiome atlas of the mouse liver reveals that both cell type identity and cell states, such as zonation 
and circadian rhythm, are congruently encoded at both the transcriptome and chromatin accessibility 
level".

(B) Address the issues noted by the referees regarding the use of HepG2 cells in the study.

Referee #1 says:

"In order to validate their findings in human, the authors perform LOF of Tbx3 in HepG2 cells using 
bulk MPRA. However, HepG2 cells cannot be used as an appropriate model for zonation in humans, 
even if they express Tbx3. Hepatocellular carcinoma, from which HepG2 cells are derived, generally 
show loss of proper liver zonation, and cells in culture in general anyway lose zonated gene 
expression. HepG2 cells should therefore not be used to study mechanisms related to liver zonation. 
These experiments and the corresponding conclusions should be completely removed from the MS 
since they might be misleading in this context. The manuscript is also very exciting without this data".

Referee #3 says:

"A bit confusing is the use of human HepG2 cells and not a mouse hepatice cell line, such as Hepa1. A 
mouse cell line would make it easier to answer some questions, also if the distal enhancer activation is 
more difficult in immortalized hepatic cell lines compared to the cells in the liver – a very important 
question to be addressed. Translation to the human remains difficult for the topic of zonation. Data 
from 2D cell cultures are useful but with limiting biological relevance that we have to acknowledge. On 
top of that is also the importance of the liver sex/ gender that was not even mentioned in the 
manuscript".

Referee #4 says:

"The authors observed an obvious disproportion of active regions in the enhancer/promoter regions 
between mouse and human hepatocytes, and further stated that ‘either that distal enhancer activation 
is more difficult to recapitulate in HepG2 cells, or that distal enhancers are less conserved than 
promoters between mouse and human’. Not enough evidence was provided to support this conclusion. 
Only 7,198 valid regions were captured in total, which represents a small portion of the actual 
regulatory regions in vivo. Thus, this conclusion is not well supported due to insufficient coverage of 
the regulatory regions".

(C) Address the issue noted by referee #3 regarding the use of only the male gender and either 
discuss the drawbacks or address with experiments if possible:

"A drawback is to investigate the only the male gender – HepG2 cells are of male origin (HepG2), and 
only male mice were used. The data and conclusions should thus not be generalized for both sexes. 
Liver is, after the gonads, the most sexually dimorphic organ (Lefebre P, steals B, Nature Endocrinol, 
2021, https://www.nature.com/articles/s41574-021-00538-6, Cvitanovic et al., Hepatology 2017 
https://pubmed.ncbi.nlm.nih.gov/28520105/ and other relevant references). Vandel J et al., 
Hepatology 2021 (https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/ hep.31312) recently 
described how the large-scale analysis of transcriptomic profiles from human livers emphasized the 
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sexually dimorphic nature of NASH (nonalcoholic steatohepatitis) as a liver disease state and its link 
with fibrosis. They call for the integration of sex as a major determinant of liver responses to liver 
disease progression and the responses to drugs".

(D) Further investigate and substantiate claims about the relationship and effects of Tbx3 and Tcf7l1, 
as indicated by:

Referee #1:

"Although this is a resource manuscript, in vivo validation showing that Tbx3 and Tcf7l1 act as key 
repressors controlling liver zonation should be performed. Besides validating this interesting finding, 
this would also highlight overall translational value of the resource data. The analyses performed by 
the authors are based on chromatin accessibility and expression, and although this can be a strong 
indicator, only ChIP assays allow a proper statement on target regions/binding. The authors could 
perform a Cut&Run approach (or any other similar preferred sequencing approach)".

"The authors state that Tbx3 and Tcf7l1 binding sites are located predominantly within hepatocyte 
enhancers, and in close proximity to binding sites of core transcription factors. It would be interesting 
to validate this predicted proximity between these repressors and the core factors, eg by a proximity 
ligation assay".

Referee #4:

"The authors found that Tbx3 and Tcf7l1 directly repress each other by using SCENIC+ eGRN. This is 
very interesting, but more supportive evidence is needed. For example, did the author check the 
public ChIP-seq data of TBX3 or TCF7L1 in hepatocytes. Does TBX3 directly bind to the enhancers of 
Tcf7l1, and vice versa?"

"In the discussion, the authors proposed a feedback loop between Tbx3 and Tcf7l1 in hepatocyte 
zonation. There might be several issues of this model. First, not enough evidence was provided for the 
direct binding of Tbx3 and Tcf7l1. Second, according to the illustration, Tcf7l2 also directly regulates 
Tbx3, but no data in this paper supports this conclusion. Third, according to Fig 2a, Tbx3 was highly 
expressed in pericentral hepatocytes. But the number of potential binding sites for Tbx3 is very small 
compared with that in periportal hepatocyte. More evidence is needed to support that Tbx3 directly 
binds to Tcf7l1 with such limited binding options".

(E) Please ensure that all datasets are available to the referees, so that they can properly evaluate 
them.

Referee #3 says:

"The authors promise availability to explore the resource at http:// 
scope.aertslab.org/#/Bravo_et_al_Liver, however, the datasets and their visualisation seem not to be 
yet available publically (maybe we can see them for review purposes?). At the UCSC Genome 
Browser27 (https://genome.ucsc.edu/s/ cbravo/Bravo_et_al_Liver) one can find the useful Chip-Seq 
data with transcription factor binding sites in different liver cell types, but it was not clear to me how 
this relates to zonation - some explanatory sentences are lacking for broader understanding".
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(F) Please clarify and address any issues raised regarding the sequencing approaches and processes, 
as indicated by:

Referee #3:

"The epigenome analysis on scATAC-seq samples is written in a less understandable manner. It is not 
clear in which step this data were integrated to provide finally the active regulons which should show 
also open chromatin structures?"

"Table S2. 12K MPRA metadata and measurements – there are multiple blank lines in the column AN, 
“activity expression”. What is a difference between “none” or a blank section? From 12000 reporter 
probes, how many were not found active in vivo nor in vitro in HepG2 cells? How many were “blank”?"

"Chr1: 194610309-194610809 - TF labels are missing for: The enhancer accessability only in 
hepatocytes, What malkes the enhancer periportal and What makes the enhancer to be active".

Referee #4:

"In Fig S1, the number of UMIs and genes vary significantly even within each individual cell type. Was 
normalization (e.g., sequencing depth normalization) properly performed for the data?"

(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 
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https://www.nature.com/nature/for-authors).

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

- provide the completed Reporting Summary (found here https://www.nature.com/documents/nr-
reporting-summary.pdf). This is essential for reconsideration of the manuscript will be available to 
editors and referees in the event of peer review. For more information 
see http://www.nature.com/authors/policies/availability.html or contact me. Please also make sure to 
provide an explicit statement regarding the use of Commonly Misidentified Lines in the Reporting 
Summary.

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

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

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

Nature Cell Biology is committed to improving transparency in authorship. As part of our efforts in this 
direction, we are now requesting that all authors identified as ‘corresponding author’ on published 
papers create and link their Open Researcher and Contributor Identifier (ORCID) with their account on 
the Manuscript Tracking System (MTS), prior to acceptance. ORCID helps the scientific community 
achieve unambiguous attribution of all scholarly contributions. You can create and link your ORCID 
from the home page of the MTS by clicking on ‘Modify my Springer Nature account’. For more 
information please visit please visit www.springernature.com/orcid.

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

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

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

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

Best wishes,

Stelios

Stylianos Lefkopoulos, PhD
He/him/his
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:
In their manuscript entitled “Enhancer grammar of liver cell types and hepatocyte zonation states” 
Bravo González-Blas et al. uncover enhancer-driven gene regulatory networks (eGRN) that are 
involved in liver zonation by combining single cell multiomics, spatial omics, GRN inference, and deep 
learning. Specifically, the authors performed combined single cell RNA- and ATAC-seq, as well as 
spatial transcriptomics on the mouse liver and found that cell type identity and cell states (e.g. 
zonation) are encoded by the transcriptome and chromatin accessibility. Applying a tool called 
SCENIC+, Bravo González-Blas and colleagues identify several core general hepatocyte transcription 
factors, including Hnf4a, Hnf1a, Cebpa, Onecut1, Foxa1 and Nfib, and importantly, highlight Tbx3 and 
Tcf7l1 as key repressors of periportal and pericentral gene expression, respectively. The authors then 
performed a Massively Parallel Reporter Assay (MPRA) to determine enhancer sequence activity and 
found that around 40% of the accessible regions in hepatocytes are active. By training a hierarchical 
Deep Learning model, called DeepLiver, the authors provide a tool to decode and predict hepatocyte 
enhancer accessibility, activity, and zonation. Finally, the authors performed computational validation 
of the zonated transcription factors by simulated KD and OE, but also experimental validation by MPRA 
assays, thus, highlighting the importance of Tbx3 and Tcf7l1/2 binding sites within hepatocyte 
enhancers to drive zonation, while Hnf1a and Hnf4a binding was crucial for enhancer activity.
I really enjoyed reading this exciting manuscript that is of high importance, well written, has beautiful 
and informative illustrations and Figures, elegant bioinformatics tools, and uncovers interesting and 
novel aspects of mouse liver zonation regulation by eGRNs. However, some aspects of this work 
should be clarified/improved, as detailed below.

Major comments:
1. Although the authors managed to create a convincing UMAP after removal of batch effects using 
Harmony, some conclusions are based on comparisons between cells that stem from different 
experimental conditions. For example, both Multiome samples were collected from starved mice. The 
snRNA and snATAC data are derived from mice that had continuous access to food. The authors 
noticed batch effects which they allocate to differences in circadian rhythm between these samples. 
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However, it remains unclear if some of the observed differences could be rather attributed to the 
different experimental setups. The conclusion that certain GRNs depend on the animal`s physiological 
state (including circadian rhythm) is therefore based on rather superficial data. The authors may 
consider removing this small part from their manuscript (page 6, lines 171-180, page 6, line 191). If 
the authors rather prefer to strengthen this idea, they should add samples from the same 
experimental setup (eg multiome) but derived from mice with distinct feeding procedures/from 
different times of the diurnal cycle (which could easily become a separate manuscript). Related to that 
topic: Some cell types are exclusively derived from one type of dataset (eg VECs only from Multiome 
vs LSECs only from snRNA/snATAC) at least according to FigureS7. The authors should comment on 
that and highlight this in the main text. More in general, an overall discussion about the limitations of 
their tools and experimental approaches should be included.

2. Although this is a resource manuscript, in vivo validation showing that Tbx3 and Tcf7l1 act as key 
repressors controlling liver zonation should be performed. Besides validating this interesting finding, 
this would also highlight overall translational value of the resource data. The analyses performed by 
the authors are based on chromatin accessibility and expression, and although this can be a strong 
indicator, only ChIP assays allow a proper statement on target regions/binding. The authors could 
perform a Cut&Run approach (or any other similar preferred sequencing approach).

3. In order to validate their findings in human, the authors perform LOF of Tbx3 in HepG2 cells using 
bulk MPRA. However, HepG2 cells cannot be used as an appropriate model for zonation in humans, 
even if they express Tbx3. Hepatocellular carcinoma, from which HepG2 cells are derived, generally 
show loss of proper liver zonation, and cells in culture in general anyway lose zonated gene 
expression. HepG2 cells should therefore not be used to study mechanisms related to liver zonation. 
These experiments and the corresponding conclusions should be completely removed from the MS 
since they might be misleading in this context. The manuscript is also very exciting without this data.

4. The authors state that Tbx3 and Tcf7l1 binding sites are located predominantly within hepatocyte 
enhancers, and in close proximity to binding sites of core transcription factors. It would be interesting 
to validate this predicted proximity between these repressors and the core factors, eg by a proximity 
ligation assay.

5. Last year it was published (PMID: 34129813) that hepatocytes have an open chromatin 
configuration for both periportal and pericentral genes, regardless in which zone they reside. The work 
by Bravo González-Blas et al. provides important insights into how these genes may be repressed to 
confer zonation but does not mention how their findings relate to such previous work. In addition, the 
authors did not cite any of the seminal papers by the Zaret lab, dissecting the epigenome/GRNs 
defining hepatic cell identify. While the authors are certainly experts in GRNs/multi-omics and cool 
bioinformatics, and adequately cite such work, they should be more inclusive in discussing existing 
liver literature.

6. Spatial positioning of cells from sc/sn profiling studies is a central tool for studying zonated effects 
in the liver. It would be important that the authors discuss how their approach differs from what the 
Itzkovitz lab has developed.

Minor comments:
1. In general, all figures are too small. Especially, the font size makes many figures hard to read.

2. Fig 1e: It is not clear to which lines exactly the highlighted genes are assigned to. Can the authors 
clarify this in the figure?

3. Fig 2b-e: figure legends missing



9

4. In Figure S7b it looks like mouse 1 was the CD-1 strain, however, in the methods section the 
authors state that this is mouse 3.

5. In FigS9/S10 all legends/scales are missing for color coding. Also, for Figures S16a.

6. Typo line 236: “assess” to “assessed”

7. Typo line 476: “FAC” to “FACS”

8. Typo line 587: “,” to “.”

9. Figure S19 is blurry.

10. Can the authors state how they defined the terms “promotors” and “enhancers”? Regulatory 
elements may have both enhancer and promoter functions and distinct factors may determine these 
activities (see https://doi.org/10.1038/ s41576-019-0173-8). In this regard, the authors should 
discuss the limitations that comes with their chosen MPRA assay.

11. Page 6, line 182: the Halpern et al paper is not a correct reference here. This is “just” a scRNAseq 
resource paper without functional validation. The mechanistic role of these pathways in zonation have 
been published earlier elsewhere. Better use a recent review article about liver zonation that covers 
the original papers or cite them directly.

Reviewer #2:
Remarks to the Author:
In the manuscript entitled “Enhancer grammar of liver cell types and hepatocyte zonation states”, 
Bravo and colleagues generated single-cell multiomics (scRNA-seq and scATAC-seq) and spatial omics 
data (single molecule FISH) to reveal gene regulatory network across mouse liver cell types. They 
found that zonation states of the liver are regulated by transcription factors (Hnf4a, Cebpa, Hnf1a, 
Onecut1 and Foxa1) and repressors (Tcf7l1 and Tbx3). Furthermore, they performed in vivo massively 
parallel reporter assays (MPRAs) to examine >10,000 candidate regulatory elements for their 
enhancer activity in mouse liver and HepG2, and identified 2,913 active enhancers. They developed a 
deep learning model (DeepLiver) to dissect the function of these TF binding motifs and predict their 
regulatory grammar. Their omics approach associating gene regulation and spacial information, as 
well as machine learning approach based on in vivo MPRA that allows to reveal regulatory code at 
base pair resolution, are impactful broadly in the gene regulatory genomics field. Their datasets, 
computational tools, and browsers (Scope and UCSC genome browser) are robust and useful as 
resources in the research community.

Minor comments:

1. They termed a TF with its set of predicted target enhancers and regions “eRegulon” (lines 238-239) 
but used “regulons” instead in the following sentences (e.g., line 240, “This analysis revealed 180 
regulons”). Please check if these should be “eRegulons” or not.

2. MPRA reproducibility (Figure S14a, b) was not clear to me. Why 3’ mouse plasmids were not 
reproducible between replicates, while 5’ mouse plasmids reproducible? Please add some explanation 
about how the MPRA data are reproducible in the text.
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3. I am curious whether DeepLiver is useful for de novo functional motif discovery. For example, in 
figure 4c, around the 310bp region in the Cdh1 enhancer seems to associate negatively with the 
accessibility but not highlighted here. Does this sequence overlap with any known TF motifs? Any 
other regions that are potentially interesting as functional motifs found in this analysis?

Reviewer #3:
Remarks to the Author:
A. Summary of the key results
The manuscript of C.B. Gonzalez-Blas represents a complex systems biology paper representing the 
spatial multiomics atlas of the mouse liver sinusoid, with characteristic zonation from periportal to 
pericentral regions, at the single cell level. The major added value is the prediction and validation of 
cell-type specific gene regulatory networks (eGRNs) through analysis of active enhancers, and also the 
cell state specific eGRNs that depend also on the cell location. The massive parallel reporter assay 
(MPRA) in vitro and in vivo aided in defining active regulons that are characteristic for each cell type 
or for groups of cells. A DeepLiver deep learning model was applied to validate experimental data, 
especially to predict enhancer accessibility and activity, as well as zonation state of a cell. An 
interesting observation is that in the mouse more distal enhancers are active compared to promoters, 
while in HepG2 immortal cells situation was the opposite. The authors propose that either distal 
enhancer activation is more difficult in HepG2 cells, or that distal enhancers are less conserved than 
promoters between mouse and human.
While it is not completely novel that the cell state changes in transcription and chromatin accessibility 
in hepatocytes, liver sinusoidal endothelial cells and hepatic stellate cells depend on zonation, the 
novelty lies in determining transcription repressors (by eGRN mapping) that define the periportal 
zonation (Tbx3), and pericentral zonation (Tcf7l1). Tbx3 is a transcriptional repressor essential during 
early embryonic development, in the formation other organ systems, and in tumorigenesis while 
Tcf7l1 predominantly acts as a repressor of Wnt target gene expression, (while together with Lef1 can 
act as transcriptional activator). The five transcription factors that were determined to control the core 
hepatocyte gene regulatory networks (Hnf4a, Cebpa, Hnf1a, Onecut1 and Foxa1) were confirmed also 
in validation experiments where data from MPRRA were applied to train the DeepLiver model. The 
above transcription factors were identified as drivers of enhancer specificity. It is interesting that Tbx3 
and Tcf7l1 expression profiles are anti-correlated with the accessibility of their potential target 
regions, i. e.Tbx3 is expressed only in pericentral hepatocytes, while its candidate target regions are 
only accessible periportally. Novel is also the finding that Tbx3 and Tcf7l1 repress each other and in 
this manner control the zonation of downstream gene expression.

B. Originality and significance
Previous published single-cell and spatial transcriptomics studies have shown that not only hepatocyte 
function, but also the transcriptome, varies along the periportal-pericentral liver lobule axis, described 
also as zonation. The novelty of this paper is to elucidate how zonation interacts with the gene 
regulatory networks (GRNs) of hepatic cells and to apply single cell data to predict whether a 
regulatory region is active. This is a significant work and might represent a good data resource for the 
liver scientists interested in zonation of the liver metabolism, where not only the cell type but also 
location of the cells defines its metabolic state, described herein by multiomics single cell data. The 
challenge of how to infer GRNs from single cell data to predict whether a regulatory region is active 
was also solved in this work by combination of experimental and deep learning modelling, that allowed 
also mutagenesis in silico.

A drawback is to investigate the only the male gender – HepG2 cells are of male origin (HepG2), and 
only male mice were used. The data and conclusions should thus not be generalized for both sexes. 
Liver is, after the gonads, the most sexually dimorphic organ (Lefebre P, steals B, Nature Endocrinol, 
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2021, https://www.nature.com/articles/s41574-021-00538-6, Cvitanovic et al., Hepatology 2017 
https://pubmed.ncbi.nlm.nih.gov/28520105/ and other relevant references). Vandel J et al., 
Hepatology 2021 (https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/ hep.31312) recently 
described how the large-scale analysis of transcriptomic profiles from human livers emphasized the 
sexually dimorphic nature of NASH (nonalcoholic steatohepatitis) as a liver disease state and its link 
with fibrosis. They call for the integration of sex as a major determinant of liver responses to liver 
disease progression and the responses to drugs.

C. Data & methodology: validity of approach, quality of data, quality of presentation
The paper is relatively easy to read despite comprehensive methodology. Experimental and 
computational approaches are appropriate for such complex questions. The methodology is up-to 
date. The number of replicates is stated. I focuson main experimental approaches and their 
presentation. In brief:
• From snRNAseq (10x) and multi-ome gene expression 14 hepatic cell types were identified.
• The epigenome analysis on scATAC-seq samples was performed.
• E-regulons represent a crucial part of the manuscript. Gene-based and region-based regulons were 
scored based on other datasets that led to 180 high quality regulons.
• smFISH image analysis resulted in identification of 19 clusterrs with 11 cell types that were 
annotated based on marker gene expression with a panel of 100 selected genes across cell types and 
cell states in the liver that represents a crucial reagent.
• Hi-C and Chip-Seq publically available data were used to validate the regulons.
• MPRA was applied to measure the regulatory function of DNA sequences.
• Downstream analyses included the pseudotime order which represents the distance along the portal-
central axis and identifies numbers of genes and regions in hepatic stellate cells (HSC) Liver sinusoidal 
endothelial cells (LSEC) and in hepatocytes ( that hold about 10 times more genes and 20 – 40 times 
more regions compared to the other two cell types). Regulons are then stratified by zonation and the 
sample by PCA.

It is not clear why the authors included the circadian rhythm signatures from Droin et al. (2021) - this 
part is not well elaborated and I could not find the link to the rest of analysis, especially to zonation.

D. Appropriate use of statistics and treatment of uncertainties
I am not a computation specialist. From the approaches described, the computation is comprehensive, 
multi-level and statistically sound (adjusted p values) and up to date data integration techniques have 
been applied.

E. Conclusions: robustness, validity, reliability
Conclusions based on experimental data and computational predictions are largely concordant. Data 
were proven from different angles. DeepLiver proved to be a good prediction tool.

A bit confusing is the use of human HepG2 cells and not a mouse hepatice cell line, such as Hepa1. A 
mouse cell line would make it easier to answer some questions, also if the distal enhancer activation is 
more difficult in immortalized hepatic cell lines compared to the cells in the liver – a very important 
question to be addressed. Translation to the human remains difficult for the topic of zonation. Data 
from 2D cell cultures are useful but with limiting biological relevance that we have to acknowledge. On 
top of that is also the importance of the liver sex/ gender that was not even mentioned in the 
manuscript.

F. Suggested improvements: experiments, data for possible revision
The authors promise availability to explore the resource at http:// 
scope.aertslab.org/#/Bravo_et_al_Liver, however, the datasets and their visualisation seem not to be 
yet available publically (maybe we can see them for review purposes?). At the UCSC Genome 
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Browser27 (https://genome.ucsc.edu/s/ cbravo/Bravo_et_al_Liver) one can find the useful Chip-Seq 
data with transcription factor binding sites in different liver cell types, but it was not clear to me how 
this relates to zonation - some explanatory sentences are lacking for broader understanding.

The epigenome analysis on scATAC-seq samples is written in a less understandable manner. It is not 
clear in which step this data were integrated to provide finally the active regulons which should show 
also open chromatin structures?

Table S2. 12K MPRA metadata and measurements – there are multiple blank lines in the column AN, 
“activity expression”. What is a difference between “none” or a blank section? From 12000 reporter 
probes, how many were not found active in vivo nor in vitro in HepG2 cells? How many were “blank”?

Supplementary notes,
Chr1: 194610309-194610809 - TF labels are missing for: The enhancer accessability only in 
hepatocytes, What malkes the enhancer periportal and What makes the enhancer to be active.

The circadian data should be either better embedded in the liver zonation cell-and –space fate story 
eGRNs, or removed. I could not find how it contributed to the overall conclusions.
The authors claim that circadian rhythm was among the batch effect differences in hepatocytes based 
on physiological states of the mice and that (Topic 17 and Topic 75) from supplementary Figure S8 
represent different phases of the circadian rhythm. How can this be justified?
It is also not clear how the publicly available scRNA-seq data on the mouse liver during different 
phases of the circadian rhythm from Droin et al. 2021 contributed to better understand the enhancer 
grammar of liver cell types and hepatocyte zonation states (Figs.S9-S10).
In light of this, the summary statement needs modification “In summary, our spatial single cell 
multiome atlas of the mouse liver reveals that both cell type identity and cell states, such as zonation 
and circadian rhythm, are congruently encoded at both the transcriptome and chromatin accessibility 
level.

The title, abstract and conclusions should not be generalized to both sexes if only male cells and male 
mice have been used in experiments. The aspect of gender-sex should be at least mentioned and if 
possible, elaborated.

G. References: appropriate credit to previous work?
Most referring is appropriate.

I suggest the authors to discuss the zonation and specific cell markers in light of the paper by Inverso 
D. et al., Developmental Cell 2021, https://doi.org/10.1016/j.devcel.2021.05.001, where they 
combined spatial single cell sorting with transcriptomics and quantitative proteomics/ 
phosphoproteomics, to established the spatially resolved proteome landscape of the liver endothelium, 
enriching the mechanistic insight into zonated vascular signaling mechanisms. It would be interesting 
to learn to which extent are the zonation gene markers of C.B. Gonzalez-Blas related to gene markers 
of Inverso D et al. (Inveso et al., Results section: Spatial multiomics of the liver endothelium; 
Transcriptome zonation defines distinct L-EC signatures).

H. Clarity and context: lucidity of abstract/summary, appropriateness of abstract, introduction and 
conclusions
The writing and the content of the chapters are appropriate. Specific remarks were listed above.

Prof. dr. Damjana Rozman
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Reviewer #4:
Remarks to the Author:
In the study, González-Blas et al performed transcriptome and genomic accessibility profiling of mouse 
liver tissues at single-cell level. They found zonation patterns along the portal-central axis in 
hepatocytes, hepatic stellate cells, and liver sinusoidal endothelial cells in terms of gene expression, 
region accessibility and signaling pathways. They further utilized smFISH to validate the spatial 
variations detected from the single-cell analysis. The authors identified two repressors, i.e., Tcf7l1 and 
Tbx3, as important regulators of the zonation states in hepatocytes using GRN inference and 
DeepLiver methods.

The zonation of liver has been well known. The authors applied new technologies to provide an insight 
into the TF regulatory network of the zonation in hepatocytes. Overall, 1) large datasets of single-cell 
multiome (snATAC+snRNA), snATAC, and snRNA of mouse liver tissue were provided in the paper. The 
datasets would be useful to the field. However, since those were derived from mice, the impact of the 
data would be limited compared with human data; 2) the two repressors of Tcf7l1 and Tbx3 identified 
in the manuscript have been reported in literature (Ben-Moshe et al Nature Metabolism, 2019; Brosch 
et al Nature Communications, 2018); 3) some of the conclusions in this paper were overstated and 
more evidence will be needed to support the statements.

Major:
1. In Fig S1, the number of UMIs and genes vary significantly even within each individual cell type. 
Was normalization (e.g., sequencing depth normalization) properly performed for the data?
2. The authors observed an obvious disproportion of active regions in the enhancer/promoter regions 
between mouse and human hepatocytes, and further stated that ‘either that distal enhancer activation 
is more difficult to recapitulate in HepG2 cells, or that distal enhancers are less conserved than 
promoters between mouse and human’. Not enough evidence was provided to support this conclusion. 
Only 7,198 valid regions were captured in total, which represents a small portion of the actual 
regulatory regions in vivo. Thus, this conclusion is not well supported due to insufficient coverage of 
the regulatory regions.
3. Similar issues for the conclusion stated in lines 324-326. In addition, only one human cell line was 
applied. There’s a possibility that the observation may be derived from unknown bias. More evidence 
is needed to support the conclusion in this section.
4. The authors found that Tbx3 and Tcf7l1 directly repress each other by using SCENIC+ eGRN. This is 
very interesting, but more supportive evidence is needed. For example, did the author check the 
public ChIP-seq data of TBX3 or TCF7L1 in hepatocytes. Does TBX3 directly bind to the enhancers of 
Tcf7l1, and vice versa?
5. In the discussion, the authors proposed a feedback loop between Tbx3 and Tcf7l1 in hepatocyte 
zonation. There might be several issues of this model. First, not enough evidence was provided for the 
direct binding of Tbx3 and Tcf7l1. Second, according to the illustration, Tcf7l2 also directly regulates 
Tbx3, but no data in this paper supports this conclusion. Third, according to Fig 2a, Tbx3 was highly 
expressed in pericentral hepatocytes. But the number of potential binding sites for Tbx3 is very small 
compared with that in periportal hepatocyte. More evidence is needed to support that Tbx3 directly 
binds to Tcf7l1 with such limited binding options.

Minor:
1. In lines 131-134, the authors described smFISH experiment in the liver but referred to Fig 1f. 
Similar mistake for Fig 1g in lines 140-145.
2. In lines 253-265, the authors classified hepatocyte regulons based on their zonation state and 
mouse status using PCA. More methodology details would be helpful for the readers to understand this 
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part.
3. In lines 382-384, the authors stated that ‘DeepLiver predictions of the effect of enhancer mutations 
correlate with experimental results (R=0.36-0.75, Fig S17)’. But the Fig S17 showed different 
correlation results. Same issue in lines 385-387, there are no negative correlation values in Fig S17.
4. In lines 495-501, the authors tested selected enhancers and their Tbx3 LOF variants in HepG2 cells. 
It’s worth to include Tcf7l1 enhancers to test the direct repression as described in lines 460-461.
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Decision Letter, first revision:

10th August 2023

Dear Stein,

Thank you for submitting your revised manuscript "Enhancer grammar of liver cell types and 
hepatocyte zonation states" (NCB-A50026A). It has now been seen by the original referees and their 
comments are below. The reviewers find that the paper has improved in revision, and therefore we'll 
be happy in principle to publish it in Nature Cell Biology, pending minor revisions 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 cannot 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 a week. Please do not upload the final materials and 
make any revisions until you receive this additional information from us.

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

Best 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

Reviewer #1 (Remarks to the Author):

The authors addressed all my concerns and should be congratulated to their elegant work!

Reviewer #2 (Remarks to the Author):

The authors fully addressed my comments. I would recommend this manuscript be published in 
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Nature Cell Biology.

Reviewer #3 (Remarks to the Author):

The authors have significantly improved the manuscript and included a wealth of novel data. They 
have addressed my major criticisms and now discussed the sex (gender) aspect of their liver study. 
They have analyzed the publically available snRNAseq data form female mouse livers. After data 
analysis they reported that neither the expression of the core hepatocyte TFs important for the MS, 
nor their targets are affected by gender and included novel panel in Figure and in Suppelmenraty 
data. For the time being I think this is OK. However, experiments done in parallel, with same methods 
on both sexes, would be most relevant. The authors acknowledge that additional single-cell multi-
omics data in female livers and/or disease models may be needed in the future to study sex-biased 
gene regulation in wild-type mice and upon disease at the enhancer-GRNs resolution. I certainly agree 
with this statement.

I also agree with deleting the circadian part of the study. The data are in the database (and in 
Supplementary info) and researchers interested in the clock part can find interesting genes. However, 
with only one time point we can monitor only changing of the amplitude that is affected by several 
factors and is usually not used as a measure of the circadian disruption. For the future, a circadian 
experiment would certainly be very important.

Concerning the criticism that only HepG2 cell line was used as a model to study enhancer 
functionality, the authors provided data about testing other cell models, also from the mouse, and 
concluded that HepG2 showed more accessibility in hepatocyte specific regions compared to the other 
cell lines, for the TFs of interest. This part is now well elaborated and documented and also included in 
the Supplementary data.

Authors, upon request, also compared their data with a similar recent study, which increased the 
impact and also underlines the novelty.

Reviewer #4 (Remarks to the Author):

Most of the concerns have been addressed. I don't have any further comments.

Decision Letter, final checks: 

Our ref: NCB-A50026A

1st September 2023

Dear Dr. Aerts,

Thank you for your patience as we’ve prepared the guidelines for final submission of your Nature Cell 
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Biology manuscript, "Enhancer grammar of liver cell types and hepatocyte zonation states" (NCB-
A50026A). 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 "Enhancer grammar of liver cell types and hepatocyte zonation states". For those 
reviewers who give their assent, we will be publishing their names alongside the published article.

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

COVER ARTWORK: We welcome submissions of artwork for consideration for our cover. For more 
information, please see our guide for cover artwork.

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 
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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.

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,

Kendra Donahue
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 addressed all my concerns and should be congratulated to their elegant work!
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Reviewer #2:
Remarks to the Author:
The authors fully addressed my comments. I would recommend this manuscript be published in 
Nature Cell Biology.

Reviewer #3:
Remarks to the Author:
The authors have significantly improved the manuscript and included a wealth of novel data. They 
have addressed my major criticisms and now discussed the sex (gender) aspect of their liver study. 
They have analyzed the publically available snRNAseq data form female mouse livers. After data 
analysis they reported that neither the expression of the core hepatocyte TFs important for the MS, 
nor their targets are affected by gender and included novel panel in Figure and in Suppelmenraty 
data. For the time being I think this is OK. However, experiments done in parallel, with same methods 
on both sexes, would be most relevant. The authors acknowledge that additional single-cell multi-
omics data in female livers and/or disease models may be needed in the future to study sex-biased 
gene regulation in wild-type mice and upon disease at the enhancer-GRNs resolution. I certainly agree 
with this statement.

I also agree with deleting the circadian part of the study. The data are in the database (and in 
Supplementary info) and researchers interested in the clock part can find interesting genes. However, 
with only one time point we can monitor only changing of the amplitude that is affected by several 
factors and is usually not used as a measure of the circadian disruption. For the future, a circadian 
experiment would certainly be very important.

Concerning the criticism that only HepG2 cell line was used as a model to study enhancer 
functionality, the authors provided data about testing other cell models, also from the mouse, and 
concluded that HepG2 showed more accessibility in hepatocyte specific regions compared to the other 
cell lines, for the TFs of interest. This part is now well elaborated and documented and also included in 
the Supplementary data.

Authors, upon request, also compared their data with a similar recent study, which increased the 
impact and also underlines the novelty.

Reviewer #4:
Remarks to the Author:
Most of the concerns have been addressed. I don't have any further comments.

Author Rebuttal, first revision:



Reviewer #1: 

Remarks to the Author: 

The authors addressed all my concerns and should be congratulated to their elegant work! 

We thank the reviewer for the positive assessment of our manuscript. 

 

Reviewer #2: 

Remarks to the Author: 

The authors fully addressed my comments. I would recommend this manuscript be published 

in Nature Cell Biology. 

We thank the reviewer for the positive assessment of our manuscript. 

 

Reviewer #3: 

Remarks to the Author: 

The authors have significantly improved the manuscript and included a wealth of novel data. 

They have addressed my major criticisms and now discussed the sex (gender) aspect of their 

liver study. They have analyzed the publically available snRNAseq data form female mouse 

livers. After data analysis they reported that neither the expression of the core hepatocyte TFs 

important for the MS, nor their targets are affected by gender and included novel panel in 

Figure and in Supplementary data. For the time being I think this is OK. However, 

experiments done in parallel, with same methods on both sexes, would be most relevant. The 

authors acknowledge that additional single-cell multi-omics data in female livers and/or 

disease models may be needed in the future to study sex-biased gene regulation in wild-type 

mice and upon disease at the enhancer-GRNs resolution. I certainly agree with this statement. 

Our analysis of publicly available snRNA-seq, projecting the inferred eGRNs in both male 

and female liver data, showed no differences for the core hepatocyte eGRNs. While we agree 

that performing additional experiments and analyses single-cell data on female and/or 

diseased livers could be relevant in the future, we believe that is out of the scope of this 

study, and we have addressed these limitations in the discussion. We are happy that the 

reviewer agrees with these changes. 

I also agree with deleting the circadian part of the study. The data are in the database (and in 

Supplementary info) and researchers interested in the clock part can find interesting genes. 

However, with only one time point we can monitor only changing of the amplitude that is 



affected by several factors and is usually not used as a measure of the circadian disruption. 

For the future, a circadian experiment would certainly be very important. 

We agree with the reviewer that additional experiments and analyses on the circadian rhythm 

could be relevant in the future. Nevertheless, we believe the starvation data is relevant to 

assess batch effects , and could be expanded further 

in new studies.  As the reviewer points out, we agree to keep this data in Supplementary 

Information for the interested audience. 

Concerning the criticism that only HepG2 cell line was used as a model to study enhancer 

functionality, the authors provided data about testing other cell models, also from the mouse, 

and concluded that HepG2 showed more accessibility in hepatocyte specific regions 

compared to the other cell lines, for the TFs of interest. This part is now well elaborated and 

documented and also included in the Supplementary data. 

We are happy that the reviewer is satisfied with the analysis and the detailed Supplementary 

Note.  

Authors, upon request, also compared their data with a similar recent study, which increased 

the impact and also underlines the novelty. 

We thank the reviewer for the assessment of our manuscript. 

 

Reviewer #4: 

Remarks to the Author: 

Most of the concerns have been addressed. I don't have any further comments. 

We thank the reviewer for the assessment of our manuscript. 
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Final Decision Letter:

Dear Stein,

I am pleased to inform you that your manuscript, "Single-cell spatial multi-omics and deep learning 
dissect enhancer-driven gene regulatory networks in liver zonation", 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 
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
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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.

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

With kind regards,
Stelios

Stylianos Lefkopoulos, PhD
He/him/his
Senior Editor, Nature Cell Biology
Springer Nature
Heidelberger Platz 3, 14197 Berlin, Germany
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E-mail: stylianos.lefkopoulos@springernature.com
Twitter: @s_lefkopoulos
LinkedIn: linkedin.com/in/stylianos-lefkopoulos-81b007a0

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


