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1st Editorial Decision 4th Oct 2018

Thank you for the submission of your manuscript (EMBOJ-2018-100526) to The EMBO Journal.
Thank you also for your patience with my response, which got delayed due to protracted input from
one of the referees at this busy time of the year. Your manuscript has been sent to three referees, and
we have received reports from all of them, which I enclose below.

As you will see, the referees acknowledge the potential interest and novelty of your work, although
they also express a number of major issues that will have to be addressed before they can support
publication of your manuscript in The EMBO Journal. In more detail, referee #1 states that your
claims on a developmental role of Lefl as endogenous driver of GATAG and sebaceous gland
differentiation are not sufficiently supported by the current data, which in his/her view undermines
the impact of your findings (ref#1, pt.1). In line, this referee asks you to characterize factors
restricting temporal and spatial co-occurrence of GATAG in a subset of Lefl-pos cells (ref#l1, pt.2).
Referee #2 agrees in that generality and physiological relevance of the Lefl-GATAG6 axis has to be
more rigorously proven and suggests orthogonal experimental models (ref#2, pt.1). In addition, this
reviewer asks you to better address the spatial restrictions and lineage dependencies of GATA6
within the SG (ref#2, pt.2, see also ref#3, pt.1). Finally, the referees point to issues related to
experimental design, data schematic representation, statistics, as well as additional controls required
that would need to be conclusively addressed to achieve the level of robustness needed for The
EMBO Journal.

I judge the comments of the referees to be generally reasonable and given their overall interest, we
are in principle happy to invite you to revise your manuscript experimentally to address the referees'
comments.

REFEREE REPORTS:
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Referee #1:

The manuscript by Oulés et al. addresses role of the transcription factor Lefl in sebaceous gland
(SG) development and tumorigenesis. Lefl is best known for its role as a mediator of the canonical
Wnt signaling positively regulating transcription in complex with beta-catenin. Mice expressing an
N-terminally truncated Lefl (i.e. unable to bind beta-catenin, deltaNLef1) had been shown to
convert hair follicles (HF) into epidermal cysts/ectopic sebocytes and to spontaneously develop
sebaceous adenomas and sebaceomas. Previous studies had revealed the occurrence of Lefl
mutations in SG tumors in humans but how Lefl contributes to carcinogenesis had remained
elusive. Further, the authors had recently shown that that transcription factor Gata6 plays a role in
sebaceous lineage determination (its loss leading to 50% reduction in JZ and sebaceous duct cells)
and is highly upregulated in junctional zone (the intersection between the HF, interfollicular
epidermis, and SG) in mice overexpressing deltaNLef1.

Here, the authors provide evidence linking Lefl to transcription factor Gata6 in a beta-catenin
independent manner. Lineage tracing experiments indicate that the Gata6 lineage gives rise to the
upper part of the sebaceous gland, including ducts. In utero overexpression of Gata6 was used to
show that Gata6 promotes formation of ectopic SG-like structures. Then the authors move on to
show that deletion of Gata6 increases the number of tumors in K14-deltaNLefl model while
decreasing the proportion of sebaceous tumors. The increased tumor burden was linked with the role
of Gata6 in DNA mismatch repair via MLH1 and MSH2 genes. Finally, Gata6 was shown to be
upregulated in human skin tumors where it was associated with SG-like tumors such that low levels
of Gata6 were less differentiated and more aggressive.

The identified beta-catenin independent link between Lefl and Gata6 is interesting and although the
previous study by the same group had already shown upregulation of Gata6 in the deltaNLafl
mouse model (Donati et al., 2017), no further details on the crosstalk were known. In principle, this
paper is a nice advancement in the field.

I have a few specific comments on the manuscript:

Major:

1.

It is proposed that Lefl can drive Gata6 expression in a beta-catenin independent manner. While the
independence of beta-catenin is clearer, Lefl as driver of endogenous Gata6 expression is less clear.
Data showing this is qualitative rather than quantitative. Intriguingly, during embryonic
development Lefl and Gata6 overlap only for a short developmental time-window and only in a
small subset of hair germ cells. To substantiate their conclusions, the overlap in expression should
be quantified (i.e. are % of Gata6+ being Lefl+ and vice versa). Also quantification on the spatial
expression would be informative. Are the double positive cells always localized to the "edges" of the
Lefl-positive domain? Do the authors have access to Lefl null embryos? Analysis of Gata6
expression at E15.5 would be informative.

2.

As a follow-up to previous: can the authors give any insights what restricts the expression of Gata6
into a subset of Lef1 cells (embryonically, or in K14-DeltaNLefl model)? What about Sox9? It is
mentioned that there is partial co-expression of Gata6 with Sox9 at P1, but I could not see this in
Figure S2. What about E15.5? Showing separate channels and quantifications would be helpful.

3.
It is shown that there is no co-expression of Gata6 with nuclear Tcf3/4, but these data are from P1
mice. What about at E15.5?

4.

Fig.S1 reports Affymetrix data. I could not find information on how many biological replicates were
used, nor indication whether the data have been deposited to anywhere. Further, I could not access
the other two reported GEO datasets (GSE118073 and GSE118074) for reviewing purposes.

5.
The rationale behind the WT:GFP experiment (Fig. S3A) is not clear.
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6.

Lineage tracing of E16.5 Gata6 expressing cells is reported at P13 in tail skin. Please, show also
what cells are traced, i.e. what is labeled at E18.5, 2 days after activation of CreERT2. At what
developmental stage are tail hair follicles at E16.5?

7.

It is reported that more tumors form in K14-deltaNLefl upon Gata6 deletion and that there is a
decrease in tumors with SG elements. The authors interpret this to indicate that SG differentiation is
significantly reduced. However, this is only in relative terms, and in fact it looks like in absolute
numbers (which also should be shown) there is as many, or even more tumors with "SG-elements".
An alternative interpretation could be that loss of Gata6 has no impact on tumors with SG-elements
but increases the number of papilloma-like tumors. How can the authors tell apart the tumor-
suppressor role and the effect of Gata6 in the tumor type? The following statement in Discussion (p.
19) seems like a strong overstatement to me: "Our data clearly indicate that Gata6 expression is
responsible for sebaceous differentiation observed in the tumors (Fig 4C)"

8.
The discussion is lengthy. Discussion on the role of Hedgehog pathway (p. 19) seems out of context
here and cuts the flow of the text in Discussion.

9.
Some figures lack statistical analysis: 1F, qPCR data in S1. Could the authors explain what the
gPCR values are in S1? The gene expressions seem to be normalized to something, but to what?

Minor:
1.
Color labels in Fig 1C would be useful.

Referee #2:

This study by Oules, Watt et al., describes a -catenin-independent function for Lefl in activating
expression of Gata6. Using ChIP-Seq and RNA-Seq data, the authors find that a dominant negative
form of Lefl (deltaN-Lefl) induces a sebaceous gland gene expression program that includes Gata6.
This study further showed that lentiviral Gata6 overexpression was sufficient to induce ectopic
sebaceous glands, and that Gata6+ cells comprise a distinct population in the upper sebaceous
gland/sebaceous duct region. Importantly, in the absence of Gata6, deltaN-Lef1-driven tumors were
more abundant, displayed reduced sebaceous differentiation, and were genomically unstable.
Finally, the authors extend this work to a variety of human skin tumors, particularly those with
sebaceous differentiation, and report that sebaceous carcinomas with aberrant Gata6 have increased
mutation burden and lower MMR genes. Overall, this is an expansive, wide-ranging study that
builds upon and extends previous work from the same lab. Although some experiments are
redundant from the previous publication, the cancer studies, both in mouse and human, are
especially important for understanding how tumors lose differentiation features to become more
aggressive. The identification of Gata6 as a marker for tumors that differ in mutation burden/MMR
is also a critical advance that will be useful for the field.

Major Comments

1. The claim that the truncated deltaN-Lef1 allele represents a B-catenin-independent mechanism for
activating Gata6 expression may be valid, but this may also be a peculiarity specific to this allele.
Indeed, although Gata6 is a direct target of deltaN-Lefl by ChIP-Seq, only a minority of cells that
express the transgene upregulate Gata6 in vivo. The authors claim that these effects may be niche-
specific and require other factors, which could very well be the case, but it would be useful to
confirm this result using an independent approach that does not rely solely on deltaN-Lefl or
activating f-catenin (which leads to a negative, albeit supportive, in vivo result). Possible
approaches might include overexpressing full-length Lefl or a human disease-relevant mutant form
of Lefl found in sebaceous tumors (e.g. from Takeda, Watt et al. in Nat Medicine); or ablating 3-
catenin - and seeing whether this upregulates Gata6 expression. Either in vitro or in vivo data would
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be useful.

2. In their mouse development studies, the authors find that Lefl and Gata6 are co-expressed only
during hair follicle development, in a minority of cells that are just above the proximal growing end
of the hair germ (Fig. 2B). In their schematics in Fig. 2C,2F, they depict a continuous streak
(yellow/red) of differentiated cells extending upward from the hair follicle. In contrast, previous
studies by Mesler, Wong et al. in Cell Reports indicated that Gata6 is only expressed later in the
upper hair germ, does not overlay with Lefl, and that the domain of Gata6 expression does not
extend continuously down to the bottom of the growing hair bud at any time during development.

This distinction is critical, because it helps form the argument that endogenous Lefl might activate
Gata6 expression in a cell type that is relevant to the sebaceous lineage. To support their schematic
here, the authors need to show a well-sectioned follicle with Gata6 extending up as a continuous
streak of differentiating cells from the base of the hair bud, as they have diagrammed. Continuous
staining linking the 2 regions of Gata6 positivity would suggest a lineage relationship. At this point,
though, the images appear to show distinct upper Gata6+/Lef1(-) and lower Gata6+/Lefl+
populations. In the absence of such continuous staining, the authors should revise their schematic,
and explain what is the possible significance/fate of the basal layer Lefl+/Gata6+ cells, since these
cells appear to be positioned lower than the Lef1(-) /Gata6+ cells that will eventually give rise to
sebaceous glands or ducts.

Minor Comments

Although mentioned in the Discussion, the authors should point out in the Introduction that deltaN-
Lefl is thought to act as a dominant negative.

In their GSEA analysis in Fig. 1D/1E, the authors found that deltaN-Lefl bound mainly repressed
genes from the sebaceous signature. However, they also find that deltaN-Lef1 can activate SG genes
such as Gata6 in the absence of -catenin. This is somewhat confusing to the reader, and the authors
should clarify (if I'm interpreting this correctly) that deltaN-Lefl can possess both the ability to
activate genes (Gata6) as well as suppress genes (please include a few specific examples), both of
which are associated with sebaceous lineage differentiation.

In Fig. 2D, the authors state that Gata6 is expressed in developing IRS that extends out into the IFE.
In fact, Mesler et al., observed that these cells display early companion layer features, or can simply
be referred to as early differentiating cells in the developing follicle. This should be clarified, and
this study should probably be cited here.

The legend for Fig. 3B should clarify what is depicted in the multiple images. Presumably, the
yellow dotted lines indicate a cyst, and this should be defined.

Fig. 5A should say "indirect" instead of "undirect."

The microsatellite analysis in Fig. 5C was confusing, and it's not clear from the figure what is
changed.

For Fig. 6B and several other figures showing tumor tissue arrays, the staining for Gata6 is difficult
to see. I would prefer to see fewer, but larger, examples, showing clear representative positive or
negative staining, with the rest of the panel moved to supplemental data.

For Fig. 6B, can the authors define in the text what % of cells in the tumor need to be positive for
Gatab6, in order for the entire tumor to be designated as Gata6+? What is the threshold?

In the Discussion, the authors state that "a reduction in Gata6 expression is associated with less

differentiated and more aggressive UV-related SebC, independent of GATA6 mutational status (Fig.
7 C)." It's not clear to me if data showing Gata6 mutation status vs. expression were depicted here.
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Referee #3:
EMBOJ-2018-100526-T, corr. author Prof Watt
"A Lefl-Gata6 axis governs sebaceous gland development and cancer"

General summary and opinion about the principle significance of the study, its questions and
findings

In this manuscript, the authors identify by chIP-seq direct target genes of the N-terminally-truncated
form of Lefl (ANLef1) in a mouse model of sebaceous skin tumors. Using two different in vivo
mouse models, they show that Gata-6 is a direct transcriptional target of ANLef1 that is induced by
Lefl independently of B-catenin. They further showed that Gata-6 promotes sebaceous gland
identity in a cell compartment-dependent manner using overexpression of Gata-6 in mouse and
lineage tracing experiments. Finally, this study identifies Gata-6 as a tumor-suppressor gene in
mouse and human and defines the mechanism by which loss of Gata-6 affect tumorigenesis. Overall,
this is a well-controlled and complete study with impressive amount of in vivo data that addresses
important questions about what control sebaceous differentiation in development and cancer.

Specific major concerns essential to be addressed to support the conclusions

1. Figure 3: do the ectopic sebaceous glands formed in the G6OE are only composed of upper
sebaceous gland and sebaceous ducts? If no, then these data do not support the conclusion that Gata
6 lineage is responsible for generating only the upper part of the sebaceous glands, including the
sebaceous ducts.

Minor concerns that should be addressed

1. In figure 2G: it is unclear what are the placode cells as the figure is showing a PEG stage. Please
clarify

2. The Figure 21 is not convincing as only epidermis is shown compared to the WT control. Please
provide the same size image of the WT and K14Cre/bcat Flox(ex3)/+ mice.

3. Figure S3: the use of the WT: GFP chimeric mice should be removed from this study as the
conclusions can only be speculative and cannot prove that sebaceous glands progenitors exclusively
populate the upper sebaceous gland and the ducts.

4. A Summary model for the role of GATAG6 as a tumor suppressor gene should be included

5. The schematic representation of GATA6+ cells in human sebaceous gland in Figure 6 is
confusing and is not helpful to clarify the message.

6. For non-skin experts please label sweat glands into the figure as 'top right panel' mentioned in the
legends is not enough to find the structures.

1st Revision - authors' response 14th Jan 2019

Referee #1:

The manuscript by Oulés et al. addresses role of the transcription factor Lefl in sebaceous gland
(SG) development and tumorigenesis. Lefl is best known for its role as a mediator of the canonical
Wnt signaling positively regulating transcription in complex with beta-catenin. Mice expressing an
N-terminally truncated Lefl (i.e. unable to bind beta-catenin, deltaNLef1) had been shown to
convert hair follicles (HF) into epidermal cysts/ectopic sebocytes and to spontaneously develop
sebaceous adenomas and sebaceomas. Previous studies had revealed the occurrence of Lefl
mutations in SG tumors in humans but how Lefl contributes to carcinogenesis had remained
elusive. Further, the authors had recently shown that that transcription factor Gata6 plays a role in
sebaceous lineage determination (its loss leading to 50% reduction in JZ and sebaceous duct cells)
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and is highly upregulated in junctional zone (the intersection between the HF, interfollicular
epidermis, and SG) in mice overexpressing deltaNLef1.

Here, the authors provide evidence linking Lefl to transcription factor Gata6 in a beta-catenin
independent manner. Lineage tracing experiments indicate that the Gata6 lineage gives rise to the
upper part of the sebaceous gland, including ducts. In utero overexpression of Gata6 was used to
show that Gata6 promotes formation of ectopic SG-like structures. Then the authors move on to
show that deletion of Gata6 increases the number of tumors in K14-deltaNLefl model while
decreasing the proportion of sebaceous tumors. The increased tumor burden was linked with the role
of Gata6 in DNA mismatch repair via MLH1 and MSH2 genes. Finally, Gata6 was shown to be
upregulated in human skin tumors where it was associated with SG-like tumors such that low levels
of Gata6 were less differentiated and more aggressive.

The identified beta-catenin independent link between Lefl and Gata6 is interesting and although the
previous study by the same group had already shown upregulation of Gata6 in the deltaNLafl
mouse model (Donati et al., 2017), no further details on the crosstalk were known. In principle, this
paper is a nice advancement in the field.

I have a few specific comments on the manuscript:
Major:

1. It is proposed that Lefl can drive Gata6 expression in a beta-catenin independent manner. While
the independence of beta-catenin is clearer, Lefl as driver of endogenous Gata6 expression is less
clear. Data showing this is qualitative rather than quantitative. Intriguingly, during embryonic
development Lefl and Gata6 overlap only for a short developmental time-window and only in a
small subset of hair germ cells. To substantiate their conclusions, the overlap in expression should
be quantified (i.e. are % of Gata6+ being Lefl+ and vice versa). Also quantification on the spatial
expression would be informative. Are the double positive cells always localized to the "edges" of the
Lefl-positive domain? Do the authors have access to Lefl null embryos? Analysis of Gata6
expression at E15.5 would be informative.

To answer this point, we performed new immunostaining for Gata6 and Lefl in back skin from
wild-type embryos ranging from E15.5 to E18.5 and used the hair follicle (HF) atlas published in
Paus et al JID 1999 to identify the different HF stages (new Fig 2A). We were unable to detect
reproducible expression of Gata6 before HF stage 4. At this stage, Gata6 was expressed in cells in
the upper part of the HF where the sebaceous glands (SG) will form at stage 5. We were unable to
identify cells co-expressing Lefl and Gata6 in embryonic or adult skin. There was no difference in
Gata6 expression in developing guard (starting around E14), auchene (starting at E16-E17) or zig-
zag (starting at E18) hairs. We also examined the skin of E18.5 Lefl null embryos and saw no
abnormal Gata6 expression (new Fig 2B).

We think that the discrepancy between our new results and our previous findings comes from
differences in sample processing. The previous staining was performed on paraffin-embedded
sections and we believe that autofluorescence and fixation artefacts led to misinterpretation of the
images. We are deeply grateful to our reviewers for questioning the staining and thereby saving us
from considerable embarrassment. We have corrected the text and added representative images of
Gata6 and Lefl expression at different HF stages in new Fig 2A. We have also added new data
showing that Gata6 expression during physiological HF morphogenesis is similar in human and
mouse skin (Fig EV2C).

2. As a follow-up to previous: can the authors give any insights what restricts the expression of
Gatab6 into a subset of Lef1 cells (embryonically, or in K14-DeltaNLefl model)? What about Sox9?
It is mentioned that there is partial co-expression of Gata6 with Sox9 at P1, but I could not see this
in Figure S2. What about E15.5? Showing separate channels and quantifications would be helpful.

We now provide additional co-staining of Gata6 and Sox9 in back skin from wild-type embryos
(new Fig. 2A). As previously described, a subset of Sox9+ keratinocytes will give rise to sebocytes
(Nowak JA et al Cell Stem Cell 2008, Frances D & Niemann C Dev Biol 2012). During HF
morphogenesis, we now show that Gata6 is expressed in some Sox9+ cells and marks a population
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of early progenitors of the sebaceous glands. As HF develop further, the proportion of double
positive Sox9/Gata6 cells becomes negligible, coinciding with the restriction of Sox9 expression to
bulge cells (Nowak JA et al Cell Stem Cell 2008). It is noteworthy that Sox9 expression and Wnt/b-
catenin signalling are mutually exclusive in developing HF (Xu Z et al eLife 2015). Therefore, we
speculate that during HF morphogenesis Gata6 is expressed through Sox9 induction, independent of
Wnt/b-catenin signalling.

3. It is shown that there is no co-expression of Gata6 with nuclear Tcf3/4, but these data are from P1
mice. What about at E15.5?

We have not included the data because the relevance is now in doubt, given the lack of co-
expression of Gata6 and Lef1.

4. Fig.S1 reports Affymetrix data. I could not find information on how many biological replicates
were used, nor indication whether the data have been deposited to anywhere. Further, I could not
access the other two reported GEO datasets (GSE118073 and GSE118074) for reviewing purposes.

For Fig. S1 Affymetrix data (new FigEV1), 3 biological replicates were analysed. These data are
deposited in GSE118073, while the GSE118074 dataset corresponds to the genome-wide maps of
ANLef1 in primary mouse keratinocytes. We apologize for failing to provide the tokens to access
our GEO datasets. The tokens are wvizouearjolfqd for GSE118073 and qvczkwesrbihvix for
GSE118074.

5. The rationale behind the WT:GFP experiment (Fig. S3A) is not clear.

We now explain more clearly that the chimera experiment provides evidence for an upper SG
progenitor. We then go on to identify it as being the Gata6+ lineage.

6. Lineage tracing of E16.5 Gata6 expressing cells is reported at P13 in tail skin. Please, show also
what cells are traced, i.e. what is labeled at E18.5, 2 days after activation of CreERT2. At what
developmental stage are tail hair follicles at E16.5?

As mentioned above, for clarity we now present our data as HF stages rather than embryonic ages.
We have repeated the lineage tracing experiment inducing recombination in pregnant females at
E16.5 and E18.5. In line with our new Gata6 embryonic expression analysis (new Fig 2A) the first
cells to be labelled are located in the upper part of stage 4 HF. The Gata6Cre cell labelling is strictly
HF stage-dependent and thus HF labelling efficiency correlates with the abundance of stage 4 HF at
the different recombination time points. We have now included this information in the text and show
representative pictures of labelled HF at stage 4 and 5, two days after recombination (new Fig
EV3B).

7. It is reported that more tumors form in K14-deltaNLefl upon Gata6 deletion and that there is a
decrease in tumors with SG elements. The authors interpret this to indicate that SG differentiation is
significantly reduced. However, this is only in relative terms, and in fact it looks like in absolute
numbers (which also should be shown) there is as many, or even more tumors with "SG-elements".
An alternative interpretation could be that loss of Gata6 has no impact on tumors with SG-elements
but increases the number of papilloma-like tumors. How can the authors tell apart the tumor-
suppressor role and the effect of Gata6 in the tumor type? The following statement in Discussion (p.
19) seems like a strong overstatement to me: "Our data clearly indicate that Gata6 expression is
responsible for sebaceous differentiation observed in the tumors (Fig 4C)"

As described in Fig 4C legend, a total of 268 tumours were analysed. From these 268 tumours, 143
were found in 7 K14ANLef1 mice (total of 103 sebaceous tumours and 40 papillomas), while 125
were found in 5 K14ANLef1:cKO mice (total of 55 sebaceous tumours and 70 papillomas). We now
present the average number of each tumour type per mouse in Fig 4C. This shows that not only does
Gatab deletion increase the tumour burden in K14ANLefl mice, it also reduces the number of
tumours with sebaceous differentiation. We changed the sentence in the Discussion to avoid
overstatement.
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8. The discussion is lengthy. Discussion on the role of Hedgehog pathway (p. 19) seems out of
context here and cuts the flow of the text in Discussion.

We have removed this section from the Discussion.

9. Some figures lack statistical analysis: 1F, qPCR data in S1. Could the authors explain what the
gPCR values are in S1? The gene expressions seem to be normalized to something, but to what?

We have added statistical analysis to Fig 1F and Fig. S1 (now new Fig EVIB). In Fig EV1B, the
qPCR data were generated from sorted cells as in Fig EV1A and all mouse qPCR values were
normalised to b-actin as a housekeeping gene.

Minor:
1. Color labels in Fig 1C would be useful.

We have added colour labels to Fig 1C.

Referee #2:

This study by Oules, Watt et al., describes a B-catenin-independent function for Lefl in activating
expression of Gata6. Using ChIP-Seq and RNA-Seq data, the authors find that a dominant negative
form of Lefl (deltaN-Lefl) induces a sebaceous gland gene expression program that includes Gata6.
This study further showed that lentiviral Gata6 overexpression was sufficient to induce ectopic
sebaceous glands, and that Gata6+ cells comprise a distinct population in the upper sebaceous
gland/sebaceous duct region. Importantly, in the absence of Gata6, deltaN-Lef1-driven tumors were
more abundant, displayed reduced sebaceous differentiation, and were genomically unstable.
Finally, the authors extend this work to a variety of human skin tumors, particularly those with
sebaceous differentiation, and report that sebaceous carcinomas with aberrant Gata6 have increased
mutation burden and lower MMR genes. Overall, this is an expansive, wide-ranging study that
builds upon and extends previous work from the same lab. Although some experiments are
redundant from the previous publication, the cancer studies, both in mouse and human, are
especially important for understanding how tumors lose differentiation features to become more
aggressive. The identification of Gata6 as a marker for tumors that differ in mutation burden/MMR
is also a critical advance that will be useful for the field.

Major Comments

1. The claim that the truncated deltaN-Lef1 allele represents a B-catenin-independent mechanism for
activating Gata6 expression may be valid, but this may also be a peculiarity specific to this allele.
Indeed, although Gata6 is a direct target of deltaN-Lefl by ChIP-Seq, only a minority of cells that
express the transgene upregulate Gata6 in vivo. The authors claim that these effects may be niche-
specific and require other factors, which could very well be the case, but it would be useful to
confirm this result using an independent approach that does not rely solely on deltaN-Lefl or
activating f-catenin (which leads to a negative, albeit supportive, in vivo result). Possible
approaches might include overexpressing full-length Lefl or a human disease-relevant mutant form
of Lefl found in sebaceous tumors (e.g. from Takeda, Watt et al. in Nat Medicine); or ablating 3-
catenin - and seeing whether this upregulates Gata6 expression. Either in vitro or in vivo data would
be useful.

To answer this point, we overexpressed human full-length Lefl or AN34Lef1 in the SebE67 human
sebocyte cell line (new Fig 1G) as performed in Takeda H et al Nat Med 2006. AN34Lefl
expression led to a significant induction of Gata6. Full-length Lefl expression also led to an
induction of Gata6, although the effect was not statistically significant.

2. In their mouse development studies, the authors find that Lefl and Gata6 are co-expressed only
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during hair follicle development, in a minority of cells that are just above the proximal growing end
of the hair germ (Fig. 2B). In their schematics in Fig. 2C,2F, they depict a continuous streak
(yellow/red) of differentiated cells extending upward from the hair follicle. In contrast, previous
studies by Mesler, Wong et al. in Cell Reports indicated that Gata6 is only expressed later in the
upper hair germ, does not overlay with Lefl, and that the domain of Gata6 expression does not
extend continuously down to the bottom of the growing hair bud at any time during development.

This distinction is critical, because it helps form the argument that endogenous Lefl might activate
Gata6 expression in a cell type that is relevant to the sebaceous lineage. To support their schematic
here, the authors need to show a well-sectioned follicle with Gata6 extending up as a continuous
streak of differentiating cells from the base of the hair bud, as they have diagrammed. Continuous
staining linking the 2 regions of Gata6 positivity would suggest a lineage relationship. At this point,
though, the images appear to show distinct upper Gata6+/Lef1(-) and lower Gata6+/Lefl+
populations. In the absence of such continuous staining, the authors should revise their schematic,
and explain what is the possible significance/fate of the basal layer Lefl+/Gata6+ cells, since these
cells appear to be positioned lower than the Lef1(-) /Gata6+ cells that will eventually give rise to
sebaceous glands or ducts.

As discussed in response to Referee 1, we no longer observe coexpression of Lefl and Gata6 during
HF morphogenesis. We have therefore removed the schematic. Our new data fully agree with
Mesler AL et al Cell Reports 2017.

Minor Comments

Although mentioned in the Discussion, the authors should point out in the Introduction that deltaN-
Lef1 is thought to act as a dominant negative.

We have added a sentence about this to the Introduction.

In their GSEA analysis in Fig. 1D/1E, the authors found that deltaN-Lefl bound mainly repressed
genes from the sebaceous signature. However, they also find that deltaN-Lef1 can activate SG genes
such as Gata6 in the absence of -catenin. This is somewhat confusing to the reader, and the authors
should clarify (if I'm interpreting this correctly) that deltaN-Lefl can possess both the ability to
activate genes (Gata6) as well as suppress genes (please include a few specific examples), both of
which are associated with sebaceous lineage differentiation.

We have clarified in the text that ANLefl can indeed activate or repress genes associated with
sebaceous differentiation. To support this, we performed a new analysis by intersecting ANLef1
direct targets genes with DEG in SG vs IFE and HF, and with K14ANLefl vs WT epidermis
expression profile (Fig. EVID). In addition to Gata6 (Fig 1C), we show that ANLefl directly
upregulates Pparg and Edar, two receptors that are well characterised as SG positive regulators
(Niemann C and Horsley V Semin Cell Dev Biol 2012, Chang SH Plos One 2009) and together with
Aadac and Igfbp2 expressed in SG (http://linnarssonlab.org/epidermis/ and Joost S et al Cell
Systems 2016). In parallel, ANLef1 directly down-regulates genes such as KIf5, important for IFE
identity (Ge Y Cell 2017), Igfbp3 that is expressed in SG (Dahlhoff M Exp Dermatol 2016), and
Slco2al. Loss of function mutations in Slco2al are associated with multi-organ disease including
sebaceous hyperplasia (Guo T Mol Med Rep 2017).

In Fig. 2D, the authors state that Gata6 is expressed in developing IRS that extends out into the IFE.
In fact, Mesler et al., observed that these cells display early companion layer features, or can simply
be referred to as early differentiating cells in the developing follicle. This should be clarified, and
this study should probably be cited here.

We have clarified this point and cited Mesler AL et al Cell Reports 2017.

The legend for Fig. 3B should clarify what is depicted in the multiple images. Presumably, the
yellow dotted lines indicate a cyst, and this should be defined.

We apologise for not indicating this in the legend. The yellow dotted lines indeed show a cyst. We
have modified the legend accordingly.
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Fig. 5A should say "indirect" instead of "undirect."
We have corrected this spelling mistake.

The microsatellite analysis in Fig. SC was confusing, and it's not clear from the figure what is
changed.

We have modified the old Fig 5C to better visualise the graphs. Traces from K14ANLefl and
K14ANLef1:cKO tumours are now superimposed so that it is easier to appreciate the allele shift in
some of these microsatellites. It is acknowledged in the literature (Woerner SM et al Mol
Carcinogenesis 2015) that microsatellite instability (MSI) analysis in mice usually shows only subtle
changes in microsatellite length, in contrast to MSI analysis in humans.

For Fig. 6B and several other figures showing tumor tissue arrays, the staining for Gata6 is difficult
to see. I would prefer to see fewer, but larger, examples, showing clear representative positive or
negative staining, with the rest of the panel moved to supplemental data.

We have modified the figures containing tumour tissue arrays accordingly.

For Fig. 6B, can the authors define in the text what % of cells in the tumor need to be positive for
Gata6, in order for the entire tumor to be designated as Gata6+? What is the threshold?

We now provide the percentage of Gata6-positive cells in each tumour analysed (except for those
tumour types in which none of the samples were Gata6-positive) in Fig 6B. We did not use any
threshold percentage. Therefore, a tumour was called Gata6-positive if there were any positive cells.
The least positive sample contained approximately 3% Gata6-positive cells.

In the Discussion, the authors state that "a reduction in Gata6 expression is associated with less
differentiated and more aggressive UV-related SebC, independent of GATA6 mutational status (Fig.
7 C)." It's not clear to me if data showing Gata6 mutation status vs. expression were depicted here.

Fig 7C represents Gata6 expression levels in the 3 different subtypes of sebaceous carcinomas
described in North JP et al Nat Comm 2018. It is not a graph showing Gata6 expression vs mutation
status. We have now clarified this in the text.

Referee #3:

EMBOJ-2018-100526-T, corr. author Prof Watt "A Lefl-Gata6 axis governs sebaceous gland
development and cancer"

General summary and opinion about the principle significance of the study, its questions and
findings

In this manuscript, the authors identify by chIP-seq direct target genes of the N-terminally-truncated
form of Lefl (ANLef1) in a mouse model of sebaceous skin tumors. Using two different in vivo
mouse models, they show that Gata-6 is a direct transcriptional target of ANLef1 that is induced by
Lefl independently of B-catenin. They further showed that Gata-6 promotes sebaceous gland
identity in a cell compartment-dependent manner using overexpression of Gata-6 in mouse and
lineage tracing experiments. Finally, this study identifies Gata-6 as a tumor-suppressor gene in
mouse and human and defines the mechanism by which loss of Gata-6 affect tumorigenesis. Overall,
this is a well-controlled and complete study with impressive amount of in vivo data that addresses
important questions about what control sebaceous differentiation in development and cancer.

Specific major concerns essential to be addressed to support the conclusions

1. Figure 3: do the ectopic sebaceous glands formed in the G60OE are only composed of upper
sebaceous gland and sebaceous ducts? If no, then these data do not support the conclusion that Gata
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6 lineage is responsible for generating only the upper part of the sebaceous glands, including the
sebaceous ducts.

We previously used the same lentiviruses (as those in Figs 3B and C) to test the effect of Gata6
overexpression in primary murine keratinocytes. We demonstrated that Gata6 induces a sebaceous
duct/gland (SD/SG) transcriptional program upon differentiation in vitro. In addition to SD genes,
Gata6 triggered the expression of sebocyte differentiation genes such as Pparg or Fasn while it
downregulated genes associated with the androgen receptor gene signature that is a distinctive
feature of the lower SG (Donati G et al Nat Cell Biol 2017).

The aim of the experiment presented in Fig 3B was to address the effect of Gata6 in utero
overexpression on the upper SG compartment. /n utero overexpression of Gata6 led to an
upregulation of the sebocyte marker Fasn in the absence of lipid production (Figs 3B and C). This is
consistent with the absence of Gata6 staining in differentiated LipidTOX-positive sebocytes in
mouse skin (Donati et al Nat Cell Biol 2017).

Minor concerns that should be addressed

1. In figure 2G: it is unclear what are the placode cells as the figure is showing a PEG stage. Please
clarify

We apologise for the unclear labelling in old Fig. 2G. We now provide representative images of
each stage of early HF morphogenesis in new Fig 2A.

2. The Figure 21 is not convincing as only epidermis is shown compared to the WT control. Please
provide the same size image of the WT and K14Cre/bcat Flox(ex3)/+ mice.

We now provide the same size images showing epidermis and dermis in the new Fig 2D.

3. Figure S3: the use of the WT: GFP chimeric mice should be removed from this study as the
conclusions can only be speculative and cannot prove that sebaceous glands progenitors exclusively
populate the upper sebaceous gland and the ducts.

We have retained the data and provide a better justification for inclusion.

4. A Summary model for the role of GATAG6 as a tumor suppressor gene should be included

We have made a schematic to summarise our work, including the tumour suppressor role of Gata6
(synopsis).

5. The schematic representation of GATA6+ cells in human sebaceous gland in Figure 6 is
confusing and is not helpful to clarify the message.

We have removed this schematic.

6. For non-skin experts please label sweat glands into the figure as 'top right panel' mentioned in the
legends is not enough to find the structures.

We have modified the new Fig 6A and its legend accordingly.

2nd Editorial Decision 8th Feb 2019

Thank you for submitting the revised version of your manuscript. Your revised study has now been
re-evaluated by the three original referees, please find their comments enclosed below. As you will
see the referees find that their concerns have been sufficiently addressed and they are now broadly
favour of publication.

Thus, we are pleased to inform you that your manuscript has been accepted in principle for

© European Molecular Biology Organization

11



The EMBO Journal - Peer Review Process File

publication in The EMBO Journal, pending some minor issues regarding discussion, formatting and
data representation, as outlined below, which need to be adjusted at re-submission.

REFEREE REPORTS :
Referee #1:

I am satisfied with the revisions the authors have made.

Referee #2:

The authors have addressed my concerns in their revised manuscript. This study uses a variety of
techniques to explore the connection (or lack thereof) between Lefl, mutant deltaN-Lefl and Gata6
in development and cancer. Pending a few minor edits to the text, I feel this manuscript is suitable
for publication in EMBOJ.

Minor edits:

- Fig. 1G. The authors overexpressed WT Lefl or deltaN-Lef1 in sebocytes, and observed increased
Gatab6. Please clarify whether the deltaN-Lef1 allele used here (referred to as deltaN34 in the
Methods) is the same allele as the one used for overexpression in mice, or other experiments.

- Fig. EV3A. Only 5 labeling categories are illustrated, but many more staining examples are shown.
Please simplify, either by showing only the best example to represent each category; or labeling the
various images to show how they were classified.

- Fig. EV3C. The dotted line is off in the upper left image.

- Discussion: The authors attribute Gata6's tumor suppressive ability mainly to its effects on MMR
gene expression, but their data also suggest that loss of Gata6 reduces differentiation in the tumor
(less SG ductal differentiation in Fig. 4D). Therefore, loss of Gata6 might conceivably reduce
differentiation and increase proliferation in the tumor, indirectly leading to increased microsatellite

instability. It would therefore be useful if the authors also mentioned this possibility.

- References are out of order for Lo Celso et al., and Van Genderen et al.

Referee #3:

The authors have now answered all the comments I initially raised and they improved the
manuscript. I therefore consider that this article should be published in EMBO journal

2nd Revision - authors' response 17th Feb 2019

All requested editorial changes have been made.

Referee #2:

The authors have addressed my concerns in their revised manuscript. This study uses a variety of
techniques to explore the connection (or lack thereof) between Lefl, mutant deltaN-Lefl and Gata6
in development and cancer. Pending a few minor edits to the text, I feel this manuscript is suitable

for publication in EMBOJ.

Minor edits:
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- Fig. 1G. The authors overexpressed WT Lefl or deltaN-Lefl in sebocytes, and observed increased
Gata6. Please clarify whether the deltaN-Lef1 allele used here (referred to as deltaN34 in the
Methods) is the same allele as the one used for overexpression in mice, or other experiments.

In Fig 1G we transfected a DN34Lefl allele into human sebocytes. This is the human ortholog of
murine DN32Lefl, which is expressed in K14DNLefl transgenic mice. We clarified this in the
legend of Fig 1G.

- Fig. EV3A. Only 5 labeling categories are illustrated, but many more staining examples are shown.
Please simplify, either by showing only the best example to represent each category; or labeling the
various images to show how they were classified.

We have now labelled all the different images in Figure EV3A.

- Fig. EV3C. The dotted line is off in the upper left image.

We have now correctly positioned the dotted line.

- Discussion: The authors attribute Gata6's tumor suppressive ability mainly to its effects on MMR
gene expression, but their data also suggest that loss of Gata6 reduces differentiation in the tumor
(less SG ductal differentiation in Fig. 4D). Therefore, loss of Gata6 might conceivably reduce
differentiation and increase proliferation in the tumor, indirectly leading to increased microsatellite

instability. It would therefore be useful if the authors also mentioned this possibility.

We thank the reviewer for pointing this out. We also think this may contribute to the tumor
suppressor role of Gata6 and have now referred to it in the Discussion.

- References are out of order for Lo Celso et al, and Van Genderen et al.

We have now corrected this.
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- 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.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful way.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if <5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
>
>

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 2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

L7 2 R

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.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com
http://1degreebio.org
http://ww)

quator-network.org/reporting. improving-bioscience-research-repo

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresear (

http://ClinicalTrials.gov
http://www.consort-statement.org
'view/32-consort/66-title

http://www.consort- org;

http://www.equator-network.org/reporting: reporting-recommendations-for-tun

http://datadryad.org
http://figshare.com
http://www.ncbi.nIm.nih.gov/gap
http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
http://www.selectagents.gov,

Please fill out these boxes W (Do not worry if you cannot see all your text once you press return

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

No specific method was used.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

No statistical method was used to estimate sample size.

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

No samples were excluded from the analysis.

3. Were any steps taken to minimize the effects of bias when [ ples to treatment (e.g. No
randomization procedure)? If yes, please describe.
For animal studies, include a about r evenifnor ion was used. No specific randomization method was used. If not specified otherwise, male and females were

used.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done

No specific blinding method was applied.

5. 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.

If a statistical test was applied, the distribution was tested.

Is there an estimate of variation within each group of data?

Is the variance similar between the groups that are being statistically compared?

C- Reagents



6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

Primary antibodies were used at the indicated dilutions: Fabp5 (1:100, R&D Systems AF1476);
Krt15 (1:1,000, LHK-15 clone, Abcam ab80522); Lef1 (1:100-500, C12A5 clone, Cell Signalling 2230
and 8490); Gata6 (1:100-1000, D61E4 clone, Cell Signalling 5851 and 26452); Krt14 (1:1,000, LLO02
clone, Abcam ab7800 and 1:1,000, Covance SIG-3476); Sox9 (1:100, R&D Systems AF3075 and
1:400, D8G8H clone, Cell Signalling 71273); Ki67 (1:50, Tec3 clone, Dako); Lrigl (1:200, R&D
Systems AF3688); Cd34 (1:100, RAM34 clone, BD Biosciences 553731); Tcf3/4 (1:100, Abcam
ab12065); pan-keratin (1:1000, clone LP34, LSBio LS-C95318); Fasn (1:100, G-11, Santa Cruz sc-
48357); Gfp (1:200, Abcam 6673 and 1:800, ThermoFisher Scientific A-11122); Plet-1 (1:200, LSBio
LS-C149191); Atp6vic2 (1:200, Sigma HPA034735); Mih1 (1:100, Abcam ab92312); Msh2 (1:100,
Clone D24BS5, Cell Signalling 2017).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

The SebE6E7 sebocyte cell line was obtained and cultured as described previously (Lo Celso et al,
2008). Cells were not STR profilled. Al cell stocks were routinely tested for mycoplasma
contamination and were negative.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

status where

3. Report species, strain, gender, age of animals and genetic
and husbandry conditions and the source of animals.

Please detail housing

Animals were housed in IVC cages under standard condition and diet at the Biological Service Unit
(BSU), King's College London. K14ANLef1 (Niemann et al, 2002), Lef1-/- (Van Genderen et al, 1994),
K14ANB-cateninER (D2 and D4 lines) (Lo Celso et al, 2004), K14Cre/BCat Flox(ex3)/+ (Zhang et al,
2008a), epidermal Gata6 conditional knockout (cKO) (Donati et al, 2017), Gata6EGFPCreERT2
(Donati et al, 2017), Lgr6EGFPCreERT2 (Snippert et al, 2010) and Rosa26-fl/STOP/fl-tdTomato
(Madisen et al, 2010) were used. Age information is provided either in the figure and figure legend
or in the Result and Method section.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the
committee(s) approving the experiments.

Allanimal procedures were subjected to local ethical approval and performed under a UK
Government Home Office license (PPL 70/8474).

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), 1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
[compliance.

(Our study complies with the ARRIVE guidelines.

E- Human Subjects

F- Data A

G- Dual u:

11. Identify the committee(s) approving the study protocol.

All human tissue samples were collected, diagnosed, and processed for research in accordance
with the recommendations of the relevant local ethics committees in compliance with the UK
human tissue act and approved by the National Research Ethics Service (08/H0306/30), German
Medical Council, and/or the Japanese Ministry of Health, Labor, and Welfare. Human embryonic
and foetal tissues were obtained with appropriate ethical approval from the UK Human
Developmental Biology Resource (www.hdbr.org). Informed consent was obtained from all
subjects. the experiments conformed to the principles set out in the WMA Declaration of Helsinki
and the Department of Health and Human Services Belmont Report.

12. 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.

Is included and see answer above.

top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA
16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) ~ |NA
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.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at |[NA

ccessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

Microarray and ChiP-Seq data that support the findings of this study have been deposited in the
Gene Expression Omnibus (GEO) under accession codes GSE62608, GSE118073 and GSE118074.

right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the ~ [NA
ljournal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of

datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in

unstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while NA
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible

with the individual consent agreement used in the study, such data should be deposited in one of the major public access-|
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a |NA
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized

format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list

at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be
deposited in a public repository or included in supplementary information.

se research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top  |NA




