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1st Editorial Decision 15th Apr 2024

Dear Dr. Rosenbauer,

Thank you for submitting your manuscript for consideration by the EMBO Journal. We have now received comments from three
reviewers, which are included below for your information.

As can be seen from the reports, all three referees found the results of importance and interest, agreed that the experiments
were performed competently. However, there are also several major concerns which would need to be addressed before
publication at The EMBO Journal. In particular we agree with both referees #2 and referee #3 that the novel link between PU.1
and autophagy is interesting but still descriptive and would benefit from additional experimental validation. | should also add that
it is The EMBO Journal policy to allow only a single major round of revision and that it is therefore important to resolve the main
concerns at this stage.

I am happy to answer any additional questions or discuss possible revisions via e-mail or videoconferencing.

When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Review
Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process,
please visit our website: https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess

We generally allow three months as standard revision time, which can be extended to 6 months in case of major revisions, such
as the experiments required here. As a matter of policy, competing manuscripts published during this period will not negatively
impact on our assessment of the conceptual advance presented by your study. However, we request that you contact the editor
as soon as possible upon publication of any related work, to discuss how to proceed. Should you foresee a problem in meeting
the deadline, please let us know in advance and we may be able to grant an extension.

Thank you for the opportunity to consider your work for publication. | look forward to your revision.

Yours sincerely,

Cornelius Schneider

Cornelius Schneider, PhD
Editor

The EMBO Journal
c.schneider@embojournal.org

Instructions for preparing your revised manuscript:
Please make sure you upload a letter of response to the referees' comments together with the revised manuscript.
Please also check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists.

When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen:

https:/bit.ly/EMBOPressFigurePreparationGuideline

See also guidelines for figure legends: https://www.embopress.org/page/journal/14602075/authorguide#figureformat

At EMBO Press we ask authors to provide source data for the main manuscript figures. Our source data coordinator will contact
you to discuss which figure panels we would need source data for and will also provide you with helpful tips on how to upload
and organize the files.

IMPORTANT: When you send the revision we will require

- a point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file).
- a word file of the manuscript text.

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)



Please see out instructions to authors
https://www.embopress.org/page/journal/14602075/authorguide#expandedview

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure.

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide
We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 3 months (14th Jul 2024). Please discuss the revision progress ahead of this time with

the editor if you require more time to complete the revisions. Use the link below to submit your revision:

https://emboj.msubmit.net/cgi-bin/main.plex

Referee #1:

In this manuscript Bender et al., describe a novel mechanism by which mouse myeloid progenitors survive in the presence of
reduced levels of the lymphoid master regulator transcription factor PU.1 by upregulating pro-survival and autophagy related
genes. The authors use a multi-omics approach combining single cell RNA-seq and proteomics to identify, among others, an
upregulated gene signature in progenitor cells enriched for pro-survival genes conferring longevity to cells experiencing reduced
levels of PU.1. They screened for the essentiality of these genes, and the most significant one belonged to the autophagy
pathway. Knockdown caused reduced growth. The authors validated the upregulated expression of autophagy related genes in
human Acute Myeloid Leukemia samples and found that the sustained activation of the autophagy pathway which is normally
terminated in myeloid progenitors is crucial for the myeloid stem cells with low PU.1 to survive. The authors reasonably
speculate that the sustained but not excessive activation of autophagy, increases longevity and thus the possibility to
accumulate mutations, implying that autophagy could represent a novel pro-oncogenic process in non-transformed cells. ChIP-
seq experiments demonstrated that the effect of PU.1 is indirect and more specifically that its reduced levels cause a
redistribution of its partner TF RUNX1. Overall, the experiments are well thought and convincing, many of the findings are quite
novel and the paper is well-written, although the Introduction needs to be expanded a little bit to better introduce the reader into
the topic. Below are few suggestions to help the authors prepare a revised version of their manuscript.

Suggestions:

1. In figure 1B the authors should include a heatmap depicting the expression levels of marker genes in individual cells in
addition to the provided averaged heatmap, so that readers can better appreciate the expression levels and the percentage of
cells in which each marker is expressed. The same should be done for Figure 2A.

2. In Figure 1C the authors could add a dotplot depicting the expression of PU.1 in each individual cell as arranged in the UMAP,
in addition to the already provided boxplots.

3. In figure 6(E-H) the percentage of regions in which each motif is found can be added, together with the respective abundance
in background regions, so that readers can appreciate its enrichment in tested regions.

4. We believe that the available chip-seq and epigenomics data have not been analyzed and visualized in a combinatorial
fashion to reach their full potential. Through, the use of heatmaps the authors could better illustrate the redistribution of RUNX1
peaks and what epigenomic markers and other TFs from the literature are co-enriched in these differentially bound sites in order
to get a stronger sense of their regulatory potential.

5. The authors should add a detailed table containing quality metrics for ATAC-seq and ChIP-seq experiments.

Referee #2:

The major question investigated in this study is how preleukemic cells deficient in PU.1 are able to survive despite the critical



role of PU.1 in regulating HSC and lineage specific cell fate decisions. PU.1 loss was studied in the context of preleukemic
HSPCs isolated from a previously published mouse model lacking a key Spi1 cis-enhancer termed upstream regulatory element
(URE) in which the mice harbor downregulated Pu.1 expression and eventually develop AML. Overall, this is well performed
study that is clearly written and structured. The main novelty of the work comes from the comparative transcriptomic, proteomic
and epigenomic approaches to identify that PU.1-downregulated cells switch from cytokine-driven pathways to an autophagy
gene signature consistent across the preleukemic and leukemic mouse models and existing AML patient datasets. This switch is
mediated by the loss of PU.1 binding and the redistribution of the PU.1 binding partner, RUNX1. Major criticisms pertain to the
very unclear methods descriptions and explanations of the shRNA screen analysis and results, lack of robust screen validation
with individual shRNA, and overall descriptive nature of all presented "omics" data with no functional mechanistic proof.
Because of these weaknesses, it is challenging to see how the shRNA screen informs PU.1 biology and unclear whether loss of
PU.1 really creates a unique requirement for RUNX1 to induce autophagy to promote survival of URE cells. This work highlights
a novel pro-oncogenic mechanism and reveals potential biomarkers that could be used to screen preleukemic cells at risk for
leukemic transformation.

1. The conclusion from Figure 2 that "self-renewal and differentiation were interconnected" on the basis that the URE cells had
decreased stem cell and myeloid genes by scRNA-seq analyses, is not fully supported. Would, for example, rescue of stem cell
genes in the URE cells result in the upregulation of the same myeloid genes? Overexpression and/or knockdown experiments
would greater support this claim. Why is C5 included in Figure 2A? It is not discussed.

2. Is Bcl2 the only anti-apoptotic gene that was upregulated in URE compared to WT in signature 3 in Figure 2A? It is postulated
that the upregulation of Bcl2 seen in signature 3 and identified as an "essential" gene in the shRNA screen in URE cells may
help these cells avoid apoptosis that may result from excessive autophagy. It would be beneficial to test whether inhibiting Bcl2
either with genetic approaches or pharmacological inhibitors (like Venetoclax) causes a reduction in autophagy to further support
this potential role of Bcl2 balancing the "beneficial and detrimental impacts of autophagy on cell survival".

3. The shRNA screen, rationale, analysis plan, and data interpretation are incomplete or unclear. How was 10 cell divisions
determined for each cell line? Why were only 3 positive control genes selected for and what is the evidence they are essential
genes? Results text indicates shRNA pool was transfected. This is inaccurate, please revise. What was the MOl/infection
efficiency of the pooled lentiviral library in each of the cell lines and what was the library coverage in the screen for each
timepoint?

4. Results explain this screen readout as "knockdown" effect which is incorrect. Barcodes are measured and their abundance in
the population corresponds to presumed effects of the attached shRNA on the cell its in given its change in abuandance
compared to input. Revise.

5. The description of the shRNA analyses is very confusing in both the results and methods text. The phrasing "more essential”
is confusing (Fig. 3C) and how these genes are different than the essential genes in Fig. 3B that are unique to AML and URE is
not clear. In Fig. 3B, there are 28 depleted shRNA unique to AML, 18 depleted shRNA unique to URE, and 18 depleted shRNA
in common between AML and URE - and these are not overlapping with WT. Why then is the added step of differential fold
changes required? In this analysis, were there no uniquely essential genes per any of the three cell lines? It is also confusing
that "essential" is inconsistently used in quotations.

6. What is the scientific justification for terming a gene "more essential" in AML or URE cells versus WT? What is the functional
and/or biological proof that a gene is more essential to one cell type versus another? How is this cut-off determined and
measured for biological significance?

7. FbxI8, Vmp1, and Acss2 were identified in the focused shRNA screen to be more essential for both URE and URE-AML cells
compared to WT. In Figure 4D, of the 3 genes, Vmp1, is the only gene that visually appears to have an effect on survival similar
to the killing control. Additionally, the percent survival graph of Acss2 doesn't appear very different compared to NTC. Was there
any statistical testing performed in Figure 3D? If so, it would be valuable to include this to demonstrate a significant decrease in
cell survival with each shRNA.

8. One of the major claims from the study suggests that autophagy is a pro-oncogenic process in non-transformed cells. Would
inhibiting or impairing any of the autophagy factors identified in this work, such as Vmp1, prevent leukemic transformation in the
Pu.1 URE mouse model? Does inhibiting Vmp1 alter autophagy in URE-specific cell lines? At present the relationship between
PU.1 and autophagy descriptive.

9. The sentence "FBXL8, VMP1 and ACSS2, which were identified as "essential" in both Hox-URE and URE-AML but not Hox-
WT cells in our shRNA screen" contradicts the finding from Figure 3 that claims that these three genes were considered "more
essential for both Hox-URE and URE-AML than Hox-WT", implying that these genes are still essential in the Hox-WT cells.
What was the need for calculating differential fold changes between AML and URE-Hox vs WT?

10. A more robust validation of more essential genes in AML and URE-Hox would be to use independent shRNA in all 3 cell
lines, validate shRNA target repression in all 3 cell lines, and demonstrate that WT-Hox have unaffected growth by knockdown of
FBXL8, VMP1, and ACSS2 as compared to URE-Hox and AML which are expected to have growth retardation.

11. The claim that human AML "preferentially overexpress PU.1-repressed genes that were required for both preleukemic and
leukemic phases in the UREA model" is not convincing for all of the genes shown in Figure 4A. For example, for FBXL8, 10/13
AML subtypes have a DEG of 0.

12. ltis unclear in Figure 4C what the gene expression changes are relative to in all of the gene expression plots, except for
PU.1. The claim that PU.1 knockdown lead to reduced expression in the genes (pg.10-11) listed in Figure 4C is also not
supported because the expression of ACSS2, C150rf39, FBXL8, PLEKHA5, RAB37, and VMP1 are all higher in the PU.1 KD
compared to NTC.

13. The western blot in Figure 5C does not have the lanes labeled. It also unclear which bands were used for the normalized



intensity since there are two LC3B bands. Is VCP used as a loading control?

14. FIt3 was re-expressed in Hox-URE cells followed by stimulation with FIt3 ligand to impair autophagy. Is this a novel finding or
are there any published studies that demonstrate FIt3 signaling having a role in relating autophagy? Suggesting a link between
cytokine signaling and autophagy based on these data in Fig. 5E is premature.

15. Figure 6A-D should have the comparisons labeled on each plot as well as LSK and GMP. Are there overlap in ATAC peaks
between LSK and GMP URE and WT cells? Figure 6E-H should also have the signature number added to the motif analysis.
16. In the RUNX1 ChIP-seq traces in Figure 7D, is RUNX1 not normally bound to these genes? Is this an example of
inappropriate RUNX1 binding? Additionally, does PU.1 also bind these sites in AML or are these RUNX1-only bound regions
since RUNX1 is a known binding partner of PU.17?

17. Based on data presented in Figs. 6-7, does knockdown of RUNX1 result in collapse of signature 3? Do URE cells have a
unique dependence on RUNX1 for their survival as compared to WT cells?

18. Overall, the figure titles are vague and should provide more insight than just the experimental approached.

19. S2C photomicrographs are poor quality, cell and nuclear morphologies are not clear.

Referee #3:

Mice in which a major PU.1 (Spi1) enhancer (URE) is deleted have already been extremely illuminating for the field. This paper
takes the phenotype of the PU.1 deltaURE mouse to a depth of investigation that provides repeated surprises and insights,
extending beyond the initial model system, and making nearly all points with strong support. It is exciting and filled with novel
insights, not only about the role of PU.1 in hematopoietic progenitors but also about the control of a specific set of autophagy
regulators that appear to support the preleukemic state. The authors identify a novel set of PU.1-inhibited target genes that they
show to be implicated functionally in preleukemic and leukemic cell survival as well as in autophagy, arguing that their
upregulation in the URE-deleted, PU.1-deficient mice enables preleukemic cells to gain an advantage. They find evidence that a
substantial panel of human AML samples likewise overexpress these genes. The authors finally show that these autophagy
regulators are among a set of genes that are stimulated primarily by Runx factors that are released from interaction with PU.1
when PU.1 levels are reduced. These results thus provide strong support for the idea that Runx1 has different functions when
binding with PU.1 than when it is in excess over PU.1.

The biology revealed thus prompts the reader to look at non-oncogenic fate decisions as well as preleukemia in a new and
different way. Still, a few points in the manuscript could be clarified further for the readers.

1. The authors show a UMAP plot of the integrated data from wildtype and URE-deleted single-cell transcriptomes from Lin- Kit+
hematopoietic precursors. An important part of their focus is on cluster 1, the most stem/progenitor-like. However, it would be
very useful to show separately the cells from wildtype and URE-deleted mice in a split plot, so that any shifts in distribution could
be seen. Fig. 1E shows that in fact the genes expressed by the two genotypes are not the same even within the same cluster. It
would be good to see directly how much the overall pattern is changed.

2. In Fig. 6, the authors provide a good argument based on normal PU.1 binding patterns that signatures 1 & 2 genes are directly
positively regulated by PU.1, while signatures 3 & 4 genes are indirectly repressed by PU.1, probably through effects on Runx.
But the genes in Signature 3 would offer a long-term selective advantage for cells in the mutant, and their increased expression
in murine Lin- Kit+ cells and long-term cell lines might partly reflect a slow population selection phenomenon. Is there a model
system in which the authors could delete the URE experimentally in a normal hematopoietic population at a particular time, then
show how quickly and how uniformly the changes in the expression of these different gene sets occur? This might not be
feasible, but it would add strongly to the evidence that PU.1 was the primary repressor keeping the signature 3 and 4 genes
downregulated.

3. The discovery that PU.1 represses key autophagy regulators seems new and intriguing. However, several points are not
clear. Does this fit with the phenotype that Staber et al. 2013 described previously, with PU.1 actively inhibiting proliferation in
the stem cell compartment? Was a difference seen, especially in cluster 1, between the cell cycle gene expression of the WT
and URE-deleted populations? Also, while the single-cell UMAP plot in Fig. 1 apparently came from an analysis that had cell
cycle-related genes removed, it seems that the relationship between these two possible effects of PU.1 would be easier to see if
some of the data could be presented with the cell cycle genes included in the analysis, to show whether the Signature 3 gene-
increased cells were the same as the ones showing increased proliferation or not.

4. Minor comments:

a. The supplementary tables do not have their names associated with the individual files. It is not clear which one is which
except by opening each file.

b. On p. 4 of the supplementary data, referring to the "lessAbs" test in DESeq2, the text says that non-differentially accessible
regions would be selected with an "FDR < 0.05". It seems this should be FDR > 0.05.

¢. A number of the figures would be clearer with more labeling. In Figs. 2C, D and 6A-D, directions of comparisons are labeled
"up" and "down" but do not indicate whether "up” is up in URE-deleted or up in wildtype. Supplementary Fig. 1B-E do not



indicate which plots are from before and which are from after applying filters. In Supplementary Fig. 2, panel A does not label
VCP or PU.1, and panel D shows a ranking but does not indicate which genotype is in the lower numbers and which in the
higher ones ("vs" does not necessarily mean "left to right"). The same issue in Supplementary Figure 3B, where it is not clear
which genotype values are being divided by which in the fold change. This information could be in the legends but it should be
somewhere associated with the figures.

d. In Fig. 7C, the signature 4 color is so light that it becomes invisible.

5. Nonessential but of interest: The transcription factor motifs shown in Fig. 6G are reminiscent of motifs seen in lymphocytes. Is
there any evidence that the progenitors in the URE-deleted mice are poised in a lymphoid-biased state?



1st Authors' Response to Reviewers 29th Aug 2024

Bender et al.

Title: Redistribution of PU.1 partner transcription factor binding secures cell survival in
leukemogenesis

EMBO0J-2024-116753
Detailed response to reviewers' criticisms to the authors:
Reviewer #1:

General reviewer comment: Overall, the experiments are well thought and convincing, many
of the findings are quite novel and the paper is well-written, although the Introduction needs to
be expanded a little bit to better introduce the reader into the topic. Below are few suggestions
to help the authors prepare a revised version of their manuscript.

Response: We thank the reviewer for the positive evaluation of our manuscript. According to
the reviewer’s suggestion, we have expanded the introduction on pages 2-4.

Point 1: In figure 1B the authors should include a heatmap depicting the expression levels of
marker genes in individual cells in addition to the provided averaged heatmap, so that
readers can better appreciate the expression levels and the percentage of cells in which
each marker is expressed. The same should be done for Figure 2A.

Response to point 1. We agree that the per-cluster expression levels in the scRNA-seq
datasets should be displayed more transparently. We have slightly deviated from the
reviewer’'s suggestion of a heatmap, as heatmaps in our experience tend to be difficult to
examine on a per-gene basis when displaying hundreds of genes for thousands of single cells.
Instead, we added Figure S1F, which contains boxplots showing the percentage of expression
per cluster toward the per-cluster marker genes. The minimum percentage here is 25%, which
is in line with our statement in the methods section that only genes with >25% cluster
expression were eligible for marker detection. This cutoff was partly based on work from
Soneson et al. (https://www.nature.com/articles/nmeth.4612) highlighting the importance of
such prefiltering to avoid excessive false positives. Furthermore, we added Figure S1G, which
shows a dot plot highlighting relative expression and percentage of expression for canonical
marker genes per cluster, matching the highlighted genes from Figure 1B (those displayed
left/right of the heatmap). We also added to the legend of Figure S1 a sentence referring the
reader to Supplemental Table S1, which contains the percentage of expression per cluster for
all marker genes.

We also added Figure 2B, containing boxplots that indicate the percentage of expression for
the signatures from Figure 2A.

Point 2: In Figure 1C the authors could add a dot plot depicting the expression of PU.1 in each
individual cell as arranged in the UMAP, in addition to the already provided boxplots.

Response to point 2: According to the reviewer’s suggestion, we added Figure S1I showing
a UMAP split by genotype and colored by PU.1 expression levels to better visualize the
differential expression pattern for this gene and its general downregulation in URE cells.

Point 3: In figure 6(E-H) the percentage of regions in which each motif is found can be added,
together with the respective abundance in background regions, so that readers can appreciate
its enrichment in tested regions.


https://www.nature.com/articles/nmeth.4612

Bender et al.

Response to point 3: We added to this figure the requested percentages of motifs found in
the testing (foreground) and background sets to more transparently visualize their enrichment.

Point 4: We believe that the available chip-seq and epigenomics data have not been analyzed
and visualized in a combinatorial fashion to reach their full potential. Through, the use of
heatmaps the authors could better illustrate the redistribution of RUNX1 peaks and what
epigenomic markers and other TFs from the literature are co-enriched in these differentially
bound sites in order to get a stronger sense of their regulatory potential.

Response to point 4: We addressed this point by integrating our RUNX1 ChlP-seq data from
THP-1 cells (with either PU.1 knockdown or non-targeting controls) with several published
epigenomics datasets, complemented by a motif enrichment analysis. In the new Figure 7C,
we performed motif enrichment analysis contrasting the two sets of genomic loci to suggest
context-specific RUNX1 binding partners. In Figure 7D we now show heatmaps highlighting
the abundances of published PU.1 ChlIP-seq with our own RUNX1 ChlIP-seq, published
H3K27ac and published ATAC-seq data (published data sources are provided in the “Data
usage and availability” section at the end of the manuscript). For this figure, we separated
genomic loci from our ChIP-seq dataset into those showing increased or decreased RUNX1
binding in THP-1 upon PU.1 knockdown. As outlined in the revised results section, we highlight
that regions that gain RUNX1 binding upon PU.1 knockdown generally have lower chromatin
accessibility and activating histone marks, suggesting that these regions harbor the potential
to be more activated upon a stimulus, which in our model system is triggered by the
downregulation of PU.1.

Point 5: The authors should add a detailed table containing quality metrics for ATAC-seq
and ChlP-seq experiments.

Response to point 5: We have added detailed QC metrics for our ATAC-seq and ChIP-seq
data in Supplemental Table S7.

Reviewer #2:

General comment: Major criticisms pertain to the very unclear methods descriptions.

Response: We have revised the results and methods sections to be clearer and more
transparent regarding how experiments were performed and how data were analyzed. This will
be addressed in more detail in the points below.

Point 1: The conclusion from Figure 2 that "self-renewal and differentiation were
interconnected” on the basis that the URE cells had decreased stem cell and myeloid genes
by scRNA-seq analyses, is not fully supported. Would, for example, rescue of stem cell genes
in the URE cells result in the upregulation of the same myeloid genes? Overexpression and/or
knockdown experiments would greater support this claim. Why is C5 included in Figure 2A? It
is not discussed.

Response to point 1: We apologize that there was obviously a misunderstanding on our
conclusion regarding the link between the deregulated self-renewal and differentiation
programs in URE? cells. It was not our intention to claim that these two programs were
functionally interconnected. Instead, we meant to conclude that there was a regulatory
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interconnection based on their simultaneous transcriptional control by PU.1 in the same single
cells. We have now made this point clear on page 7.

Nevertheless, we are intrigued by the reviewer’'s thought that there may be a functional
connection between the PU.1-controlled differentiation and stem cell programs. We thank the
reviewer for the excellent suggestion of testing such a functional connection, which we did by
assessing the effect of re-expression of stem cell genes toward rescuing the myeloid
phenotype of URE? cells. Because URE®” cells express greatly decreased levels of the stem
and early progenitor cell gene FIt3, we transduced Hox-URE cells with a pMIG-FIt3
overexpression construct (or empty vector as control) and then cultured cells in the presence
of an Flt3 ligand followed by RNA-seq. Indeed, we found that a great number of key genes
related to the monomyeloid fate and innate immunity were overexpressed in the Flt3-
transduced cells compared to controls. Below we show an MA plot contrasting FIt3 with empty
vector-transduced cells, with examples of significant genes related to monomyeloid fate/innate
immunity highlighted by name. However, these results are still too preliminary to include into
our manuscript, as they require much more robust evaluation and rigorous functional testing.
Therefore, we decided to show the results as a reviewer-only figure, but we will follow up this
interesting path in the future.

log2FoldChange

baseMean

® Up301 e Down 109 NonSig 11877

Reviewer-only figure: MA plot (average expression across samples on the x-axis, log2 fold change on
the y-axis) from differential expression analysis. Hox-URE cells were retrovirally transduced with either
pMIG-FIt3 or a pMIG empty vector overexpression construct, and then cultured in the presence of an
FIt3 ligand. RNA-seq was performed to assay the expression status of genes related to myeloid fate and
innate immunity. Analysis was conducted with DESeq2. As cutoffs, we used an FDR < 0.05 and absolute
fold change beyond 1.5. Genes in red indicate overexpression in pMIG-FIt3, while genes in blue indicate
overexpression in the empty vector control. Grey genes are not significant. Those genes highlighted by
name are significant under these cutoffs and are related to myeloid fate or innate immunity based on
manual curation.

Our addition of C5 in Figure 2A was indeed not explained transparently. We now mention in
the results section (paragraph starting with “Hierarchical clustering of these genes in cluster
C1...” on page 5) that C5 was included to capture monocyte differentiation genes already
primed in early HSPCs.

Point 2: Is Bcl2 the only anti-apoptotic gene that was upregulated in URE compared to WT in
signature 3 in Figure 2A? It is postulated that the upregulation of Bcl2 seen in signature 3 and
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identified as an "essential" gene in the shRNA screen in URE cells may help these cells avoid
apoptosis that may result from excessive autophagy. It would be beneficial to test whether
inhibiting Bcl2 either with genetic approaches or pharmacological inhibitors (like Venetoclax)
causes a reduction in autophagy to further support this potential role of Bcl2 balancing the
"beneficial and detrimental impacts of autophagy on cell survival".

Response to point 2: We thank the reviewer for encouraging a more detailed assessment of
the role of Bcl2 in our model system. In total there were eight genes present in signature 3
linked to “negative regulation of apoptotic signaling pathway” (GO term 2001234), namely Ar,
Bcl2, Cttn, Eya2, Ppif, Rrm2b, Sh3glb1 and Tgfbrl. The total GO term harbored 232 genes.
Due to the low coverage of this GO term, and since it did not reach statistical significance in
the conducted functional enrichment analysis, we did not report this overlap in the results but
concentrated on Bcl2. As suggested by the reviewer, we have now performed an additional
experiment by treating both Hox-WT and Hox-URE cells with Venetoclax at two different
concentrations to assess survival. We assessed survival rather than autophagy because the
ability of Bcl2 to inhibit autophagy is already well established (for example, reviewed in
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3304572/). By focusing on survival as readout,
we aimed to investigate whether Hox-URE cells were dependent on Bcl2 to block autophagy-
associated cell death. As now shown in the new Figure 5F, URE®” cells indeed are dependent
on Bcl2 to ensure their survival, whereas Bcl2 inhibition in WT cells had only minor effects.
This result provided clear evidence for a particular role of Bcl2 in URE” cells. Moreover, this
result also provided general validation of our sShRNA library screen, as it confirms a differential
signature 3 gene requirement for URE? versus WT cells. In the results section, we now
describe this experiment on page 14 in the paragraph starting “PU.1-downregulated cells
depend on Bcl2 upregulation”.

Point 3: The shRNA screen, rationale, analysis plan, and data interpretation are incomplete
or unclear. How was 10 cell divisions determined for each cell line? Why were only 3 positive
control genes selected for and what is the evidence they are essential genes? Results text
indicates shRNA pool was transfected. This is inaccurate, please revise. What was the
MOl/infection efficiency of the pooled lentiviral library in each of the cell lines and what was the
library coverage in the screen for each timepoint?

Response to point 3: We agree that in our paper’s original version, the methods were not
described in sufficient depth. Hence, we have revised in particular the supplemental methods
(as well as the main text, please see points discussed below) to provide a better description of
the experimental aims, procedures and analysis. We now present all experimental details on
the shRNA screen, including information on determination of cell divisions, choice of positive
controls, target MOI and library coverage in the supplemental methods on pages 5-7 of the
supplement, in the section “shRNA screen.”

Point 4: Results explain this screen readout as "knockdown" effect which is incorrect.
Barcodes are measured and their abundance in the population corresponds to presumed
effects of the attached shRNA on the cell its in given its change in abuandance compared to
input. Revise.

Response to point 4: We have revised the manuscript text according to the reviewer's
suggestion on page 8.
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Point 5: The description of the shRNA analyses is very confusing in both the results and
methods text. The phrasing "more essential" is confusing (Fig. 3C) and how these genes are
different than the essential genes in Fig. 3B that are unique to AML and URE is not clear. In
Fig. 3B, there are 28 depleted shRNA unique to AML, 18 depleted shRNA unique to URE, and
18 depleted shRNA in common between AML and URE - and these are not overlapping with
WT. Why then is the added step of differential fold changes required? In this analysis, were
there no uniquely essential genes per any of the three cell lines? It is also confusing that
"essential" is inconsistently used in quotations.

Response to point 5: We apologize for causing confusion by our suboptimal choice of words
“‘more essential” and for not clearly describing the analysis rationale. We have revised the
results section and methods accordingly, now avoiding the term “more essential.”

In detail: The analysis from Figure 3B aimed to identify essential genes per cell line by using a
fixed statistical cutoff (FDR < 0.05) based on a permutation test and a minimum number of
shRNAs (3 out of 5) to support the classification, as described in the methods. However, in
such a cutoff analysis, a gene could be slightly below cutoff in one cell line but slightly above
cutoff in another cell line. Therefore, strict overlaps are not sufficient to identify genes with a
preference for one over another condition in terms of growth inhibition preferences, which is
why we do not use Figure 3B beyond reporting and summarizing the per-cell line results. To
overcome this, and to identify those genes that inhibit growth more in URE” compared to WT
cells (while still showing significant growth inhibition in both), we used the differential fold
change strategy, inspired by a published workflow for high-throughput CRISPR-Cas9 screens
(an almost identical analysis to that of shRNA screens) by the authors of the statistical
framework (MAGeCK) that we wused for the initial definition of essential genes
(https://lwww.nature.com/articles/s41596-018-0113-7). This directly compared the normalized
fold changes from the individual shRNAs and aimed to quantitatively (rather than by a
gualitative overlap) identify genes that upon knockdown cause preferential growth inhibition
(we now use this term throughout the text instead of “more essential”) in URE” versus WT. We
hope that now the rationale and analysis is clearer, and we thank the reviewer for bringing this
important point to our attention.

Point 6: What is the scientific justification for terming a gene "more essential" in AML or URE
cells versus WT? What is the functional and/or biological proof that a gene is more essential
to one cell type versus another? How is this cut-off determined and measured for biological
significance?

Response to point 6: We hope that our response to point 5 and the associated changes in
the text have resolved this issue.

Point 7: FbxI8, Vmpl, and Acss2 were identified in the focused shRNA screen to be more
essential for both URE and URE-AML cells compared to WT. In Figure 4D, of the 3 genes,
Vmpl, is the only gene that visually appears to have an effect on survival similar to the killing
control. Additionally, the percent survival graph of Acss2 doesn't appear very different
compared to NTC. Was there any statistical testing performed in Figure 3D? If so, it would be
valuable to include this to demonstrate a significant decrease in cell survival with each shRNA.

Response to point 7: Following the reviewer’s suggestions, we have extended our validations
of the shRNA results. In particular, we added appropriate statistics (2-way ANOVA to test
whether survival decay over time is stronger in target genes compared to NTC) to the validation
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experiment in URE-AML cells (now Figure S3F). This shows that impaired cell survival by
shRNA-mediated knockdown was statistically significant for each of the three validated genes
(FbxI8, Vmp1l and Acss2). However, while the validation for FbxI8 and Vmpl showed strongly
reduced survival effects (matching those of the NTC), that of Acss2 had much milder effects
(although being statistically significantly different from the NTC), confirming the reviewer’s
assumption. Therefore, we decided to remove this gene from further discussion and instead
focused more on validating FbxI8 and Vmp1. Accordingly, as suggested by the reviewer, we
added new experiments validating the preferential growth inhibition of Vmp1 and FbxI8 in URE2
versus WT cells, which will be discussed in detail in our response to point 10.

Point 8: One of the major claims from the study suggests that autophagy is a pro-oncogenic
process in non-transformed cells. Would inhibiting or impairing any of the autophagy factors
identified in this work, such as Vmp1, prevent leukemic transformation in the Pu.1 URE mouse
model? Does inhibiting Vmp1l alter autophagy in URE-specific cell lines? At present the
relationship between PU.1 and autophagy descriptive.

Response to point 8: We thank the reviewer for raising this issue. We have experimentally
addressed this point with two independent strategies. First, presented in Figure 5E, we
transduced both Hox-WT and Hox-URE cells with an anti-Vmpl shRNA and then measured
autophagic flux by CytolD. This indeed confirmed the notable dependency of URE cells on
Vmpl, while effects in WT cells were modest. Next, presented in Figure 5H, we re-expressed
PU.1 in Hox-URE cells using an estrogen-inducible retroviral overexpression construct, and
assessed autophagy by Cyto-ID which was significantly reduced upon re-expression. We
describe this in the last paragraph on page 14.

Point 9: The sentence "FBXLS8, VMP1 and ACSS2, which were identified as "essential" in both
Hox-URE and URE-AML but not Hox-WT cells in our shRNA screen" contradicts the finding
from Figure 3 that claims that these three genes were considered "more essential for both Hox-
URE and URE-AML than Hox-WT", implying that these genes are still essential in the Hox-WT
cells. What was the need for calculating differential fold changes between AML and URE-Hox
vs WT?

Response to point 9: As eluded in response to point 5, we agree that our initial description of
the shRNA effects in which we used the terms essential and more essential was confusing.
We hope that our changes in the text (please see points 5 and 6) have now resolved this, as
we now emphasize that we calculated the differential fold changes for genes essential to either
Hox-URE or URE-AML and that the intended readout and narrative is to enrich for genes that
show a preferential (quantitative rather than by a qualitative overlap analysis) growth inhibition
compared to WT.

Point 10: A more robust validation of more essential genes in AML and URE-Hox would be to
use independent shRNA in all 3 cell lines, validate sShRNA target repression in all 3 cell lines,
and demonstrate that WT-Hox have unaffected growth by knockdown of FBXL8, VMP1, and
ACSS2 as compared to URE-Hox and AML which are expected to have growth retardation.

Response to point 10: We have performed an additional validation of the shRNA screen
addressing preferential growth inhibition of certain genes in Hox-URE compared to Hox-WT
cells (see our response to point 7). For this, as now shown in revised Figure 3D, we transduced
Hox cell lines with two independent shRNAs against Vmpl or FbxI8 and measured survival
after four days. Hox-URE cells show a statistically significant (one-way ANOVA) greater
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reduction of growth compared to WT cells for both tested shRNAs, highlighting the preferential
growth inhibition of these genes in URE" cells. Moreover, as described in our response to point
2, Bcl2 inhibition by venetoclax has also confirmed a much greater growth retardation effect
on URE” than WT cells, providing validation via a different method (chemical inhibition as
opposed to shRNA knockdown).

Point 11: The claim that human AML "preferentially overexpress PU.1l-repressed genes that
were required for both preleukemic and leukemic phases in the UREA model" is not convincing
for all of the genes shown in Figure 4A. For example, for FBXLS8, 10/13 AML subtypes have a
DEG of 0.

Response to point 11: We apologize for the misunderstanding, as we meant that human AML
“preferentially” expresses those genes within the signature 3 gene cohort that were required
for both preleukemic and leukemic UREA cells rather than other signature 3 genes. We did not
intend to suggest that all AMLs overexpress these genes. We have modified the text on page
11 to be more accurate here.

Point 12: It is unclear in Figure 4C what the gene expression changes are relative to in all of
the gene expression plots, except for PU.1. The claim that PU.1 knockdown lead to reduced
expression in the genes (pg.10-11) listed in Figure 4C is also not supported because the
expression of ACSS2, C150rf39, FBXL8, PLEKHAS5, RAB37, and VMP1 are all higher in the
PU.1 KD compared to NTC.

Response to point 12: We thank the reviewer for pointing out that we mixed up the terms
reduced and enhanced here. The correct claim is that PU.1 knockdown leads to enhanced
expression in the genes. We have changed the text on page 11 accordingly. We have also
added a sentence to the legend of Figure 4C explaining that a relative expression of 1
represents the sample with highest expression, upon which all other values were scaled
proportionally.

Point 13: The western blot in Figure 5C does not have the lanes labeled. It also unclear which
bands were used for the normalized intensity since there are two LC3B bands. Is VCP used
as a loading control?

Response to point 13: We apologize for the missing information. We have added boxes to
Figure 5C to highlight which bands were used for quantification. The legend was revised
accordingly to indicate what these boxes represent and that VCP was indeed the internal
control.

Point 14: FIt3 was re-expressed in Hox-URE cells followed by stimulation with Flt3 ligand to
impair autophagy. Is this a novel finding or are there any published studies that demonstrate
FIt3 signaling having a role in relating autophagy? Suggesting a link between cytokine signaling
and autophagy based on these data in Fig. 5E is premature.

Response to point 14: To the best of our knowledge, a direct link has not yet been made
between Flt3 in non-transformed cells and autophagy (though many reports show Flt3-ITD is
connected to autophagy in leukemic cells), at least according to the existing literature available
through PubMed and Google Scholar. Moreover, according to the reviewer’'s suggestion, we
have now indicated on page 14 that this “potential” link between cytokine signaling and
autophagy needs further rigorous mechanistic investigation.
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Point 15: Figure 6A-D should have the comparisons labeled on each plot as well as LSK and
GMP. Are there overlap in ATAC peaks between LSK and GMP URE and WT cells? Figure
6E-H should also have the signature number added to the motif analysis.

Response to point 15: We made the requested changes to Figure 6E-H, adding the
comparisons and cell type labels.

Point 16: In the RUNX1 ChIP-seq traces in Figure 7D, is RUNX1 not normally bound to these
genes? Is this an example of inappropriate RUNX1 binding? Additionally, does PU.1 also bind
these sites in AML or are these RUNX1-only bound regions since RUNX1 is a known binding
partner of PU.17?

Response to point 16: Unfortunately, there is (to the best of our knowledge after checking
the GEO databases) no public dataset available that contains ChiP-seq data toward RUNX1
in both primary human AML cells and matched normal controls, such as CD34+ cells that had
been produced in the same experimental batch using identical antibodies and treatment
protocols. Hence, we unfortunately cannot make a statement on whether these sites are
normally bound by RUNX1. We strongly recommend against making statements by comparing
independent ChIP-seq datasets, as this assay harbors considerable noise and is prone to
extensive batch effects (which is why our own ChIP-seq data are produced in balanced
batches and with proper experimental replication). We hope that the reviewer agrees that this
guestion currently cannot be answered given the absence of appropriate datasets.

In order to address whether these loci bind PU.1, we made use of PU.1 ChIP-seq data from
THP-1 (which we used already in this study in Figure 7); none of the loci shown in Figure 7F
indicated any evidence for PU.1 binding. We show below a reviewer-only figure to illustrate
this. In the text, we mention on page 19 that no evidence for PU.1 binding could be found for
these loci. With Figure 7F, we highlight that RUNX1 binding at these loci indeed exists also in
primary human AML.
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Reviewer-only figure: Lociinthe human genome (as in Figure 7F) with ChlP-seq tracks toward RUNX1
(GSE60130) in human AML blasts and PU.1 (GSE128834) in parental THP-1 cells. Tracks were
normalized to reads per million and normalized per locus to the panel with the highest signal. The CSF1R
locus was included to demonstrate that the absence of a PU.1 signal in other tracks was not due to
general PU.1 depletion or poor immunoprecipitation quality in this experiment.

Point 17: Based on data presented in Figs. 6-7, does knockdown of RUNX1 result in collapse
of signature 3? Do URE cells have a unique dependence on RUNXL1 for their survival as
compared to WT cells?

Response to point 17: Thank you for raising this important question. We have experimentally
addressed this point by transducing Hox-WT and Hox-URE cells with a dominant negative
Runx (dnRunx) construct. As now shown in the new Figure 7H, Hox-URE cells show a greater
growth reduction than Hox-WT across the two time points measured, and this difference is
statistically significant (one-way ANOVA). However, as expected from the current literature,
WT cells also show a response, which is most likely caused by the fact that dnRunx knocks
down the function of all Runx factors. Nevertheless, we chose to use dnRunx rather than
knocking down Runxl specifically, as Runx factors can act redundantly, compensating for
each other when knocked down individually by shRNAs (as previously shown, for example, in
T cell development: https://www.pnas.org/doi/full/10.1073/pnas.2019655118).

Point 18: Overall, the figure titles are vague and should provide more insight than just the
experimental approached.

Response to point 18: We have now modified all figure titles according to the reviewer’'s
suggestion.


https://www.pnas.org/doi/full/10.1073/pnas.2019655118
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Point 19: S2C photomicrographs are poor quality, cell and nuclear morphologies are not clear.

Response to point 19: We have replaced the photomicrographs with better images and added
scalebars (Figure S2C).

Reviewer #3:

General reviewer comment: These results thus provide strong support for the idea that
Runx1 has different functions when binding with PU.1 than when it is in excess over PU.1. The
biology revealed thus prompts the reader to look at non-oncogenic fate decisions as well as
preleukemia in a new and different way. Still, a few points in the manuscript could be clarified
further for the readers.

Response: We appreciate the positive evaluation of our manuscript and are grateful for the
constructive suggestions.

Point 1: The authors show a UMAP plot of the integrated data from wildtype and URE-deleted
single-cell transcriptomes from Lin- Kit+ hematopoietic precursors. An important part of their
focus is on cluster 1, the most stem/progenitor-like. However, it would be very useful to show
separately the cells from wildtype and URE-deleted mice in a split plot, so that any shifts in
distribution could be seen. Fig. 1E shows that in fact the genes expressed by the two
genotypes are not the same even within the same cluster. It would be good to see directly how
much the overall pattern is changed.

Response to point 1: We agree with the reviewer that a more transparent visualization of the
cellular proportions will help readers appreciate the redistribution caused by the genotype. For
this, we have added Figure S1J, a UMAP colored by cluster membership and overlaid with
contour lines that indicate the cellular densities, such that readers can appreciate the depletion
of URE cells in the monocyte progenitor compartment and the increased number of neutrophil
progenitors.

Point 2: In Fig. 6, the authors provide a good argument based on normal PU.1 binding patterns
that signatures 1 & 2 genes are directly positively regulated by PU.1, while signatures 3 & 4
genes are indirectly repressed by PU.1, probably through effects on Runx. But the genes in
Signature 3 would offer a long-term selective advantage for cells in the mutant, and their
increased expression in murine Lin- Kit+ cells and long-term cell lines might partly reflect a
slow population selection phenomenon. Is there a model system in which the authors could
delete the URE experimentally in a normal hematopoietic population at a particular time, then
show how quickly and how uniformly the changes in the expression of these different gene
sets occur? This might not be feasible, but it would add strongly to the evidence that PU.1 was
the primary repressor keeping the signature 3 and 4 genes downregulated.

Response to point 2: We thank the reviewer for this suggestion. Unfortunately, as the
reviewer correctly assumes, there is no model system in which we could conditionally delete
the URE at a particular time. However, we have experimentally addressed this interesting point
by a different yet similarly appropriate scenario: We retrovirally transduced Hox-URE cells with
an estrogen-inducible PU.1-encoding construct to restore PU.1 expression, then we measured
autophagy after addition of estrogen to the medium. Parental Hox-URE cells have enhanced
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autophagy compared to Hox-WT cells, which, as we can now show, was greatly reduced upon
re-expression of PU.1. This rapid PU.1 rescue effect on autophagy (which, as we show in our
manuscript, is driven by signature 3 genes) argues against the possibility of a slow population
selection effect. We hope that this result (which we present as Figure 5H, and describe on
page 14 of the manuscript) sufficiently addresses this reviewer’s question.

Point 3: The discovery that PU.1 represses key autophagy regulators seems new and
intriguing. However, several points are not clear. Does this fit with the phenotype that Staber
et al. 2013 described previously, with PU.1 actively inhibiting proliferation in the stem cell
compartment? Was a difference seen, especially in cluster 1, between the cell cycle gene
expression of the WT and URE-deleted populations? Also, while the single-cell UMAP plot in
Fig. 1 apparently came from an analysis that had cell cycle-related genes removed, it seems
that the relationship between these two possible effects of PU.1 would be easier to see if some
of the data could be presented with the cell cycle genes included in the analysis, to show
whether the Signature 3 gene-increased cells were the same as the ones showing increased
proliferation or not.

Response to point 3: We thank the reviewer for raising this important question about
comparing our results to those published by Staber et al., which we have addressed by an
additional analysis. Staber et al. made the point that in their model of PU.1 hypomorphic mice
(which was achieved by ablation of PU.1 auto-regulation through removal of the three PU.1
binding sites with the PU.1 URE), the HSC compartment overexpressed several cell cycle
activators, leading to increased proliferation and thereby HSC exhaustion. However, in our
model (in which PU.1 downregulation by full deletion of the URE was greater than in the Staber
model), the progenitor compartment shows a general hypoproliferation (Rosenbauer et al.
2004 Nat Genet). For example, in preparation for our shRNA screen, we extensively assayed
Hox-WT and Hox-URE cell lines for the rate of cell division, which was almost double in a given
time frame for WT compared to URE cells (data not shown). Staber et al. explained their
phenotype as arising from the differential expression of key cycle regulators that are either up-
or downregulated (see, for example, Figure 3E in Staber et al.). We evaluated the expression
patterns of these genes in our cluster C1, contrasting URE and WT cells, and we also
subjected C1 cells to cell cycle phase classification. As shown in a reviewer-only figure below,
only one of these genes (Ccndl) reached statistical significance using higher expression in
WT cells, while all others did not show significant differences. Also, in the same figure we
estimated cell cycle phases of WT and URE cells using the automated "cyclone" classifier
(https://pubmed.ncbi.nim.nih.gov/26142758/), indicating that URE® mice have a reduced
fraction of G2M cells, suggesting hypoproliferation.
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Reviewer-only figure: (Left) Single-cell RNA-seq differential expression analysis contrasting C1 cells
of URE with WT cells, focused on a set of cell cycle- and proliferation-related genes as described in
Staber et al. (2013) Figure 3E. Positive fold changes indicate higher expression in URE cells. FDRs
were calculated with DESeq?2 using standard settings. (Right) Automated cell cycle classification of C1
WT and URE cells using the cyclone classifier from the R/Bioconductor scran.

Furthermore, in response to this reviewer’'s point, we would like to highlight that the absence
of cell cycle genes as described in the methods only refers to the choice of genes used for
clustering, not for the general analysis of differentially expressed genes. This means that no
relevant cell cycle effects are lost. For example, signature 1 (genes generally downregulated
in early URE® progenitors) contain the key proliferation regulators Ccnd1/2 and Ki67 (Mki67),
despite that these genes were removed for the clustering step. We apologize for the confusion
and have now made it clear in the supplemental methods section that the removed cell cycle
genes were eligible for all analyses downstream of the clustering step.

Point 4a: The supplementary tables do not have their names associated with the individual
files. It is not clear which one is which except by opening each file.

Response to point 4a: We thank the reviewer for bringing this to our attention. We will make
sure that upon resubmission, the file names will be correctly associated with the files.

Point 4b: On p. 4 of the supplementary data, referring to the "lessAbs" test in DESeq2, the
text says that non-differentially accessible regions would be selected with an "FDR < 0.05". It
seems this should be FDR > 0.05.

Response to point 4b: We apologize for this confusion and have clarified this section. In fact,
FDR < 0.05 is correct, as this test is specifically testing against differential accessibility. Hence,
low FDRs indicate strong evidence that a region is not differential or is “the same.”

Point 4c: A number of the figures would be clearer with more labeling. In Figs. 2C, D and 6A-
D, directions of comparisons are labeled "up" and "down" but do not indicate whether "up" is
up in URE-deleted or up in wildtype. Supplementary Fig. 1B-E do not indicate which plots are
from before and which are from after applying filters. In Supplementary Fig. 2, panel A does
not label VCP or PU.1, and panel D shows a ranking but does not indicate which genotype is
in the lower numbers and which in the higher ones ("vs" does not necessarily mean "left to
right"). The same issue in Supplementary Figure 3B, where it is not clear which genotype
values are being divided by which in the fold change. This information could be in the legends
but it should be somewhere associated with the figures.
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Response to point 4c: We have made changes to the figures so that readers can clearly
appreciate which comparisons were made and whether positive and negative fold changes
mean over- or underexpression in WT or URE cells.

Point 4d: In Fig. 7C, the signature 4 color is so light that it becomes invisible.

Response to point 4d: We changed the color in this figure (former Figure 7C, now Figure 7E)
to provide better visibility.

Point 5: Nonessential but of interest: The transcription factor motifs shown in Fig. 6G are
reminiscent of motifs seen in lymphocytes. Is there any evidence that the progenitors in the
URE-deleted mice are poised in a lymphoid-biased state?

Response to point 5: This is indeed a very interesting point. To address it, we have used the
scRNA-seq data for C1 (early progenitor) cells and scored these cells with two lymphoid
genesets, namely (GO: 0030183) B cell differentiation and (GO: 0030217) T cell differentiation.
Below we added a reviewer-only figure showing boxplots for these genesets colored by
genotype; yet, this analysis failed to identify a conclusive lymphoid bias by genotype.
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Reviewer-only figures: Cells of cluster C1 were scored with the R/Bioconductor UCell
towards two lymphoid genesets obtained from Gene Ontology (GO: 0030217 — T Cell
Differentiation, GO: 0030183 — B Cell Differentiation). Boxplots indicate per-cell geneset
scores.
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1st Revision - Editorial Decision 16th Oct 2024

Dear Dr Rosenbauer,

Thank you for submitting a revised version of your manuscript. Your study has now been seen by all original referees, who find
that their previous concerns have been addressed and now recommend publication of the manuscript. There remain only a few
mainly editorial points that have to be addressed before | can extend formal acceptance of the manuscript:

- Please double-check to make sure to all relevant funding information in the manuscript is also entered into our submission
system. (Missing in the system currently: the Interdisciplinary Center of Clinical Research (IZKF grant Ros4-003-23))

- Please rename the "Data usage and availability" section to "Data Availability"

- Please rename the Conflict of Interest section into "Disclosure and Competing Interests Statement”, in accordance with our
updated Guide to Authors (https://www.embopress.org/competing-interests)

- CRediT has replaced the traditional author contributions section because it offers a systematic machine readable author
contributions format that allows for more effective research assessment. Please remove the Author Contributions section from
the manuscript and use the free text boxes beneath each contributing author's name in our online systems to add specific details
on the author's contribution. More information is available in our guide to authors.

- There is a reference to "data not shown" on page 19. According to our policy, which does not permit references to "data not
shown", please include this information in the Appendix. Please see also
https://www.embopress.org/page/journal/14602075/authorguide#unpublisheddata.

- Please provide either a "Yes" or a "Not Applicable" answer to each one of the questions in your Author Checklist
(https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.embopress.org/pb-assets/embo-
site/EMBO%2520Press%2520Author%2520Checklist-

1642513524327 .xIsx&ved=2ahUKEwiltpPLrJOJAXWQ_rsIHae2JWQQFnoECBUQAQ&usg=A0OvVaw1sqlXyQPtP8HrZzFpAYtut
) as you have not answered any of them yet. In the last column of this checklist, only the sections of the manuscript where the
relevant information can be found should be listed (the information per se should be included in the main manuscript file).

- Please upload figures ded as individual high-resolution figure files; figure legends should be included in ms file

- Please rename and upload Supplemental Tables 1, 3, 4, 6, 7, 8 and 9 as Datasets: Dataset EV1-EV7 with the legends
uploaded as a separate tab in each Excel file and corresponding callouts; Supplemental Tables 2 and 5 should be renamed and
uploaded as EV tables: Table EV1-EV2 with the corresponding callouts

- Please convert the Appendix file in PDF format. The nomenclature should be Appendix Figure Sx with the appropriate callouts;
Please also add page numbers in ToC

- Please provide a resource and tools table (https://www.embopress.org/pb%2Dassets/embo-
site/Reagents_Tools_Table_ TEMPLATE.docx)

- Please save the Source data files in a scheme one figure/folder and then uploaded as .zip files. E.g. all the Source data files for
figure 1 need to be saved in a single folder and this needs to be zipped and then uploaded as "SD figure 1.zip" file. For EV
and/or appendix figures, ZIP together all source data.

- Please provide suggestions for a short 'blurb' text prefacing and summing up the conceptual aspect of the study in two
sentences (max. 250 characters), followed by 3-5 one-sentence 'bullet points' with brief factual statements of key results of the
paper; they will form the basis of an editor-written 'Synopsis' accompanying the online version of the article. Please also provide
an altered synopsis image, making sure that the aspect ratio conforms to our website's format - it should be exactly 550 pixels
wide and between 300-600 pixels high.

- Please provide the specific URL for GSE251674 dataset in the data availability statement.

- Please define the box plots in terms of minima, maxima, centre, bounds of box and whiskers, and percentile in the legends of
figures 1c; 2b; 4b-c; 5e, g.

- Please provide the information related to n in the legends of figures 1c; 2b, d; 4b; 7a.

- Although 'n' is provided, please describe the nature of entity for 'n' in the legends of figures 4c; 5c-f.



- Please define the error bars in the legends of figures 5f; 7a.
- Please modify the session order which should be: title page with complete author information, abstract, keywords, introduction,

results, discussion, methods, data availability section, acknowledgements, disclosure and competing interests statement,
references, main figure legends, tables, expanded figure legends.

Please let me know if you have any questions regarding any of these points. You can use the link below to upload the revised
files.

Thank you again for giving us the chance to consider your manuscript for The EMBO Journal. | look forward to receiving the final
version.

With best regards,

Cornelius Schneider

Cornelius Schneider, PhD
Editor | The EMBO Journal
c.schneider@embojournal.org

Referee #2:

In this revised manuscript the authors adequately addressed all of the concerns raised in the prior review. The text is written
more clearly and the manuscript overall is significantly improved.

Referee #3:

This is an exciting paper with far-reaching implications. The authors have done a great job of responding to the reviews. The

added detail not only clarifies the experiments but adds more richness to the implications of the data. | have no further issues,
and | thank the authors for their thoughtful responses.



2nd Authors' Response to Reviewers 21st Oct 2024
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Title: Redistribution of PU.1 partner transcription factor binding secures cell
survival in leukemogenesis

EMBOJ-2024-116753R
Point-by-point response to remaining issues:

Point 1: Please double-check to make sure to all relevant funding information in the
manuscript is also entered into our submission system. (Missing in the system currently: the
Interdisciplinary Center of Clinical Research (IZKF grant Ros4-003-23))

Response to point 1: All relevant funding information is now entered into the submission

system.

Point 2: Please rename the "Data usage and availability" section to "Data Availability"
Response to point 2: We renamed as requested.

Point 3: Please rename the Conflict of Interest section into "Disclosure and Competing
Interests Statement", in accordance with our updated Guide to Authors
(https:/lwww.embopress.org/competing-interests)

Response to point 3: We renamed as requested.

Point 4: CRediT has replaced the traditional author contributions section because it offers a
systematic machine readable author contributions format that allows for more effective
research assessment. Please remove the Author Contributions section from the manuscript
and use the free text boxes beneath each contributing author's name in our online systems to
add specific details on the author's contribution. More information is available in our guide to
authors.

Response to point 4: We removed the section as requested and used the online system

instead.

Point 5: There is a reference to "data not shown" on page 19. According to our policy, which
does not permit references to "data not shown", please include this information in the
Appendix. Please see

also https://www.embopress.org/page/journal/14602075/authorguide#unpublisheddata.
Response to point 5: We added as Appendix Fig. 5C a genomic browser track that highlight
the statement that PU.1 does not bind to the genomic loci of discussed genes. In fact, it is
the same panel we included as "reviewer-only" in response to reviewer 2 - point 16. Hence,

the reviewer has seen and approved it.

Point 6: Please provide either a "Yes" or a "Not Applicable" answer to each one of the
guestions in your Author Checklist

(https://www.google.com/url?sa=t&source=webé&rct=j&opi=89978449&url=https://www.embo
1
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press.org/pb-assets/embo-site/EMBO%2520Press%2520Author%2520Checklist-
1642513524327 .xIsx&ved=2ahUKEwiltpPLrJOJAXWQ_rsIHae2IWQQFnoECBUQAQ&usg=
AOwWawlsqlXyQPtP8HrZzFpAYtut ) as you have not answered any of them yet. In the last
column of this checklist, only the sections of the manuscript where the relevant information
can be found should be listed (the information per se should be included in the main
manuscript file).

Response to point 6: We have filled out the checklist as requested.

Point 7: Please upload figures ded as individual high-resolution figure files; figure legends
should be included in ms file
Response to point 7: We have uploaded the main figures as high-resolution TIF files and

provide the legends as a separate ms document.

Point 8: Please rename and upload Supplemental Tables 1, 3, 4, 6, 7, 8 and 9 as Datasets:
Dataset EV1-EV7 with the legends uploaded as a separate tab in each Excel file and
corresponding callouts; Supplemental Tables 2 and 5 should be renamed and uploaded as
EV tables: Table EV1-EV2 with the corresponding callouts

Response to point 8: We have renamed these files as requested and made the

corresponding changes in both the main text and appendix.

Point 9: Please convert the Appendix file in PDF format. The nomenclature should be
Appendix Figure Sx with the appropriate callouts; Please also add page numbers in ToC

Response to point 9: We provide the Appendix as PDF and made the requested changes.

Point 10: Please provide a resource and tools table
(https:/lwww.embopress.org/pb%2Dassets/embo-
site/Reagents_Tools_Table TEMPLATE.docx)

Response to point 10: We filled out the template sheet with the relevant information.

Point 11: Please save the Source data files in a scheme one figure/folder and then uploaded
as .zip files. E.g. all the Source data files for figure 1 need to be saved in a single folder and
this needs to be zipped and then uploaded as "SD figure 1.zip" file. For EV and/or appendix
figures, ZIP together all source data.

Response to point 11: We have adopted this folder scheme for all source data.

Point 12: Please provide suggestions for a short 'blurb’ text prefacing and summing up the
conceptual aspect of the study in two sentences (max. 250 characters), followed by 3-5 one-
sentence 'bullet points' with brief factual statements of key results of the paper; they will form

the basis of an editor-written 'Synopsis' accompanying the online version of the article.
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Please also provide an altered synopsis image, making sure that the aspect ratio conforms to

our website's format - it should be exactly 550 pixels wide and between 300-600 pixels high.

Response to point 12: We have uploaded suggestions for a 'blurb’ text and a graphical
abstract.

Point 13: Please provide the specific URL for GSE251674 dataset in the data availability
statement.

Response to point 13: We have added a URL as requested.

Point 14: Please define the box plots in terms of minima, maxima, centre, bounds of box and
whiskers, and percentile in the legends of figures 1c; 2b; 4b-c; 5e, g.

Response to point 14: We added the definitions to the respective legends.

Point 15: Please provide the information related to n in the legends of figures 1c; 2b, d; 4b;
7a.
Response to point 15: We have added the requested information into the respective figure

legends.

Point 16: Although 'n' is provided, please describe the nature of entity for 'n' in the legends of
figures 4c; 5c¢-f.
Response to point 16: We have added the requested information into the respective figure

legends.

Point 17: Please define the error bars in the legends of figures 5f; 7a.
Response to point 17: We have defined the error bars in figure 5f and the horizontal line in

figure 7a.

Point 18: Please modify the session order which should be: title page with complete author
information, abstract, keywords, introduction, results, discussion, methods, data availability
section, acknowledgements, disclosure and competing interests statement, references, main
figure legends, tables, expanded figure legends.

Response to point 18: We reorder the session as requested.
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Reporting Checklist for Life Science Articles (updated January
This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in

transparent reporting in the life sciences (see Statement of Task: 10.31222/osf.io/9sm4x). Please follow the journal's guidelines in preparing your
Please note that a copy of this checklist will be published alongside your article.

Abridged guidelines for figures

1. Data

The data shown in figures should satisfy the following conditions:
— the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an

accurate and unbiased manner.

USEFUL LINKS FOR COMPLETING THIS FORM
The EMBO Journal - Author Guidelines
EMBO Reports - Author Guidelines
Molecular Systems Biology - Author Guidelines
EMBO Molecular Medicine - Author Guidelines

— ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.
— plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical
— if n<5, the individual data points from each experiment should be plotted. Any statistical test employed should be justified.

— Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
— a specification of the experimental system investigated (eg cell line, species name).
— the assay(s) and method(s) used to carry out the reported observations and measurements.

— an explicit mention of the biological and chemical entity(ies) that are being measured.

— an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
— the exact sample size (n) for each experimental group/condition, given as a number, not a range,;
— a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including

how many animals, litters, cultures, etc.).

— a statement of how many times the experiment shown was independently replicated in the laboratory.

—

definitions of statistical methods and measures:

- common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney tests, can be
unambiguously identified by name only, but more complex technigues should be described in the methods section;

- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?

- exact statistical test results, e.g., P values = x but not P values < x;

- definition of ‘center values’ as median or average;
- definition of error bars as s.d. or s.e.m.

Please complete ALL of the questions below.
Select "Not Applicable” only when the requested information is not relevant for your study.

Materials

Newly Created Materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

New materials and reagents need to be available; do any restrictions
apply?

Antibodies

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

For antibodies provide the following information:

- Commercial antibodies: RRID (if possible) or supplier name, catalogue
number and or/clone number

- Non-commercial: RRID or citation

Yes

Material and Methods

DNA and RNA sequences

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the
sequences.

Yes

Supplemental Table S4 for shRNA screening oligos and S8 for gPCR

Cell materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Cell lines: Provide species information, strain. Provide accession number
in repository OR supplier name, catalog number, clone number, and/OR
RRID.

Primary cultures: Provide species, strain, sex of origin, genetic
modification status.

Report if the cell lines were recently authenticated (e.g., by STR profiling)
and tested for mycoplasma contamination.

Experimental animals

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex,

age, genetic modification status. Provide accession number in repository Yes Material and Methods

OR supplier name, catalog number, clone number, OR RRID.

Animal observed in or captured from the field: Provide species, sex,

and age where possible.

Please detail housing and husbandry conditions. Yes Husbandry conditions described in Material & Methods

Plants and microbes

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant,
unique accession number if available, and source (including location for
collected wild specimens).

Microbes: provide species and strain, unique accession number if
available, and source.

Human research participants

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.

Core facilities

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in
the acknowledgments section?

Yes
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Ethics

Study protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If study protocol has been pre-registered, provide DOI in the
manuscript. For clinical trials, provide the trial registration number OR cite
DOl.

Report the clinical trial registration number (at ClinicalTrials.gov or
equivalent), where applicable.

Laboratory protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step
protocols are available.

Experimental study design and statistics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Include a statement about sample size estimate even if no statistical
methods were used.

Yes

Material and Methods

Were any steps taken to minimize the effects of subjective bias when
allocating animals/samples to treatment (e.g. randomization procedure)?
If yes, have they been described?

Material and Methods

Include a statement about blinding even if no blinding was done.

Yes

Material and Methods

Describe inclusion/exclusion criteria if samples or animals were
excluded from the analysis. Were the criteria pre-established?

If sample or data points were omitted from analysis, report if this was due
to attrition or intentional exclusion and provide justification.

For every figure, are statistical tests justified as appropriate? Do the data
meet the assumptions of the tests (e.g., normal distribution)? Describe any
methods used to assess it. Is there an estimate of variation within each
group of data? Is the variance similar between the groups that are being
statistically compared?

Yes

Material and Methods as well as Figure Legends and Supplement describe
the choice of statistical tests or frameworks (the latter for high-throughput
OMICS experiments) and the multiple testing correction method.

Sample definition and in-laboratory replication

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

In the figure legends: state number of times the experiment was replicated
in laboratory.

Yes

Figure legends mention the n towards donor mice or cell line replicates.

In the figure legends: define whether data describe technical or biological
replicates.

Ethics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Studies involving human participants: State details of authority granting
ethics approval (IRB or equivalent committee(s), provide reference
number for approval.

Studies involving human participants: Include a statement confirming that
informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and

the Department of Health and Human Services Belmont Report.

Studies involving human participants: For publication of patient photos,
include a statement confirming that consent to publish was obtained.

Studies involving experimental animals: State details of authority
granting ethics approval (IRB or equivalent committee(s), provide
reference number for approval. Include a statement of compliance with
ethical regulations.

Yes

Material and Methods

Studies involving specimen and field samples: State if relevant permits
obtained, provide details of authority approving study; if none were
required, explain why.

Dual Use Research of Concern (DURC)

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Could your study fall under dual use research restrictions? Please check
biosecurity documents and list of select agents and toxins (CDC):
https://www.selectagents.gov/sat/list.htm

If you used a select agent, is the security level of the lab appropriate and
reported in the manuscript?

If a study is subject to dual use research of concern regulations, is the
name of the authority granting approval and reference number for the
regulatory approval provided in the manuscript?

Reporting
The MDAR framework recommends adoption of discipline-specific guidelines, established and endorsed through community initiatives. Journals have their own policy about

requiring specific guidelines and recommendations to complement MDAR.

Adherence to community standards

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

State if relevant guidelines or checklists (e.g., ICMJE, MIBBI, ARRIVE,
PRISMA) have been followed or provided.

For tumor marker prognostic studies, we recommend that you follow the
REMARK reporting guidelines (see link list at top right). See author
guidelines, under ‘Reporting Guidelines’. Please confirm you have followed
these guidelines.

For phase Il and Ill randomized controlled trials, please refer to the
CONSORT flow diagram (see link list at top right) and submit the
CONSORT checklist (see link list at top right) with your submission. See
author guidelines, under ‘Reporting Guidelines’. Please confirm you have
submitted this list.

Data Availability

Data availability

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Have primary datasets been deposited according to the journal's
guidelines (see 'Data Deposition' section) and the respective accession
numbers provided in the Data Availability Section?

Yes

NGS raw data (fastq files) were deposited at NCBI Gene Experssion
Omnibus, see "Data Availability". Processed proteome data as input for
this study is available as a Supplemental Table.

Were human clinical and genomic datasets deposited in a public access-
controlled repository in accordance to ethical obligations to the patients and
to the applicable consent agreement?

Are computational models that are central and integral to a study
available without restrictions in a machine-readable form? Were the
relevant accession numbers or links provided?

If publicly available data were reused, provide the respective data citations
in the reference list.

Yes

The accession codes are detailed in "Data Availability".
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