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1st Editorial Decision 22nd Feb 2017

Thank you for the submission of your manuscript (EMBOJ-2016-95476) to The EMBO Journal. My
apologies for the extended duration of the review process of the manuscript at this time of the year.
As outlined earlier, two referees have originally been assigned to your manuscript, however one of
them did not come back to us even after repeated messages, so we had to request input from a third
referee, which delayed the review, but was needed to comprehensively assess your work. We have
now received reports from two referees, which I copy below.

As you will see, both reviewers highlight the potential interest and novelty of your work, although
they also express a number of major concerns that will have to be addressed before they can support
publication of your manuscript in The EMBO Journal. In particular, referee #1 points out that some
conclusions are not sufficiently well supported by the current data (ref #1, pts. 5,6), in particular
referring to the hierarchy between Nanog and Esrrb, which in his/her view needs to be investigated
in greater depth (ref#1, pts 8, 13). This referee also states the need for you to provide further proof
of the physiological relevance of your findings for the in vivo development (ref#1, first paragraph).
Further, referee #2 agrees in that some conclusions are not convincing at this point and
consolidating work is needed including on the mutual causality between Esrrb and Nanog (ref#2, pt.
1,2). In addition, the referees list a number of technical issues and controls that would need to be
conclusively addressed to achieve the level of robustness needed for The EMBO Journal.

From my side, I judge the referee comments to be generally reasonable, thus we are in principle
happy to invite you to submit a revised manuscript addressing the referees' comments.

Please note that while the point on the in vivo relevance of your in vitro findings is in principle well
taken, I also realise that the mentioned debate is a broader theme, whose clarification might be well
beyond the scope of the current study. Nevertheless I would appreciate your feedback on this
particular point.
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REFEREE COMMENTS:
Referee #1:

In this manuscript, the authors report the characterization of the subpopulations of mouse embryonic
stem cells (mESCs) identified by the expressions of Nanog and Esrrb. They found that the
fluorescent reporters monitoring Nanog and Esrrb allowed separation of Nanog+/Esrrb+, Nnaog-
/Estrb+ and Nanog-/Esrrb- subpopulations. Among them, Nanog-/Esrrb- showed minimal capacity
for self-renewal, suggesting their character prone to extinction from pluripotent state. Analyses of
Esrrb-high, -medium and -low fractions for gene expression, DNA methylation of particular
regulatory elements and TF binding to the genome demonstrated that Esrrb-low cells turned off the
naive-specific genes with partial acquisition of DNA methylation signatures. Two classes of Oct4
binding sites were revealed that showed differential character in Esrrb-high and -low
subpopulations, in which the Class I elements lost the binding in the Esrrb-low cells whereas the
class II elements keep the occupation. The comparison to the previous data set suggested that the
character of the Esrrb-low cells is close to that of the primed state of pluripotent stem cells,
indicating that it could be regarded as the transition state from naive to primed pluripotency.

The reversible transition between the different states in mESCs has been reported in several
markers. This is an interesting phenomenon in vitro and possibly correlates to the in vivo
development at peri-implantation period. However, direct evidence for a link between the mESC
culture system and the in vivo developmental process is still missing. This study provides several
interesting findings but still lacks the confirmation of the connection to the in vivo status. Even in
vitro, it is still controversial how to mimic the transition from naive to primed state. EpiSCs and
EpiLCs were reported as the primed state model but it is impossible to make direct conversion from
naive to primed state in culture. I hope the publication of this report after revision will provide an
important piece of the knowledge to understand the molecular mechanism that manages the
transition and will contribute to the establishing the ideal transition system in future for further
analysis.

1. Is the pattern of the merges between Nanog and Esrrb reporters consistent to immuno-staining
data?

2. Page 3; 'Naive pluripotency is a characteristic of pre-implantation epiblast cells and their in vitro
derivatives, embryonic stem cells (ESCs).'---This is true for mouse but not for human.

3. Page 3; Heterogeneous expression of Tbx3 was first reported in Niwa et al, 2009.

4. Page 3; The authors stated that EpiSCs are apparently equivalent of the post-implantation
epiblast, but it was reported that the character of mouse EpiSCs is most similar to the anterior
primitive streak that is more specified than neutral epiblast state (Kojima et al, Cell Stem Cell,
2014).

5. In the comparison between the naive and primed state of pluripotency, how do the authors explain
about the fact of the Nanog expression in both states? Is it reactivated in the primed state?

6. Page 6; The authors proposed that Nanog positions at upstream of Esrrb based on the over-
expression data. How about their link in knockout ES cells? How could this idea be consistent with
the presence of Nanog-negative; Esrrb-positive cells?

7. Page 8; The authors stated that they analyzed the SSEA-1+ cells. Did SSEA-1+ selection cover all
Nanog-positive or Esrrb-positive subpopulations? Is any bias ruled out here?

8. Page 9; The authors proposed that Nanog acts upstream of Esrrb and Kl1f4 since the selection for
Nanog expression resulted in their homogeneous expression. However, this could also be explained
by parallel position or Nanog positioning downstream of Essrb and KIf4.

9. Page 11; The authors emphasized the close relation between Esrrb-negative cells and EpiSCs. Is it

possible to make EpiSC-like cells from Esrrb-negative cells easier than the unselected ES cells in
vitro?
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10. Page 12; 'upregulated during the Esrrb-GFP negative to EpiSC transition'---this is confusing
statement due to the lack of evidence for direct transition.

11. In relation to Figure 5, how about the binding of Oct4 and Nanog in EpiSCs in their
relationships to the patterns observed in Esrrb-high and low cells?

12. Page 17; The authors described that the motif analysis with RSAT resulted in over-
representation of ESRRB, KLF4 and KLF5 binding sites at Class I peaks and Oct4 binding site at
Class II peaks. I am not familiar with RSAT analysis, and I wonder how these results can be
interpreted. Do they the only represent sequences over-represented to oct4 binding sites of each
class? Why not Oct-Sox motifs? Are there any motifs over-represented nearby (~100 bp) the Class
II peaks?

13. For the regulation of Nanog and Esrrb by extrinsic signals, it was reported that Nanog
expression is sensitive to the MAPK signal whereas Esrrb is preferentially activated by Gsk3
inhibition, suggesting their differential regulation. Although the authors argued about the hierarchy
between them, it will be possible that they are just in parallel or non-hierarchical relation.

Referee #2:

Festuccia et al report on the differences in Esrrb expression states in mouse ES cells, and their
relationship with loss of naive pluripotency. The authors document that Esrrb defines three different
populations within ESC cultures under serum/LIF conditions, based on the expression levels of
Esrrb. The negative Estrb population is proposed as the population which first exits naive
pluripotency. This conclusion is supported by a number of experiments based on reporter, and
endogenous expression of Nanog and Esrrb, as well as by colony formation and AP analysis. In
addition, the authors show that the enhancers of Esrrb and Nanog show indeed gradual changes in
the Esrrb-high, low, and negative, suggesting that the Esrrb-low are indeed of intermediate nature
upon pluripotency exit.

The data presented is carefully controlled and the manuscript for the most part well written
according to the data presented. The manuscript is novel, and presents new insights in the
understanding of transitional states upon exit from pluripotency. It identifies Esrrb expression as a
marker of the earliest step upon exit and therefore as the 'first gatekeeper' of naive pluripotency.
These are all new data that will have a big impact on the stem cell community. I am therefore fully
supportive for publication in EMBO J, provided the authors address my following points.

1. On page 7, related to Figure 2. Because Nanog-low and Esrrb-low cells are within the same
population, it is impossible to disentangle who is doing what (e.g. which population 'precedes’ which
population). Towards this end, can the authors perform the same analysis as in Figure 2A (dayly
analysis of fluorescence) of Nanog expression in Esrrb-/- cells and viceversa (probably an inducible
shRNA or siRNA approach may be needed)? The data presented in the supplementary Figure S4
provides a partial answer to this issue, but based on this data, I disagree with the authors in their
conclusions that 'loss of Estrb expression was uncoupled from down regulation of the activity of the
Nanog locus' (Page9).

2. Related to Figure 5, on page 16: the authors conclude that "Nanog displayed a marked reduction
in binding to its targets globally in Esrrb-neg cells". This is unsurprising, considering that NANOG
protein is practically gone in these cells (as shown in the WB on Figure 4C). It is also unsurprising
that ChIP for Nanog and Esrrb shows a reduction in their binding in the ChIP presented in Figure
4D in the Esrrb-negative cells, so the extent of the relevance of a reduction in binding here is
questionable, since it is basically the expression that goes down, not the binding (e.g. the binding is
not regulated, their expression is). In contrast, the analysis of H3K27ac is much stronger and rather
interesting. Can the authors complement this ChIP with additional enhancer and promoter marks
(e.g. H3K4mel, H3K122ac and/or H3K4me3)?

3. Same applies for the genes that loose Nanog binding in Figure 5D and G. How many peaks
'gained' Nanog binding in Figure 5D, are these numbers really relevant?

© European Molecular Biology Organization



The EMBO Journal - Peer Review Process File

Minor comments.

1. Some sentences are a little overstated, so please rephrase (example, page 4, '...enabled
transcriptional and epigenetic changes accompanying extinction of the naive pluripotency network
to be identified"): the authors only looked at changes in DNA methylation by restriction
enzyme/PCR, and H3K27ac was only looked at on the Nanog and Esrrb genes), no global
'epigenetic' analysis is performed thoroughly. Another example is on page 9, first two lines of the
third paragraph).

2. The nomenclature of H3K27Ac and H3K27(me)3 is incorrect (it should be H3K27ac and
H3K27me3).

3. Throughout the figures. It would be beneficial to add small 'diagrams' of the reporters used in the
panels, as well as the genotype of the cell lines in the figures (e.g. Nanog +/-, Estrb - wt, etc..): the
nomenclature EF4, E14Tg2a, TNG ...etc is well known by only few people. Considering the broad
readership of EMBO J., the authors could make an effort to make the data more accesible to a wider
community.

4. Figure S3 is not numbered in order in the manuscript.

5. The identification of the DNA binding motifs in Figure 6C is not meaningful unless p-values are
presented.

6. Data presented in Figure S4 is quite important, it would be best to include it in the main
manuscript.

1st Revision - authors' response 26th Jun 2018

Thanks you for your patience with this revision. We have addressed the vast majority of the points
raised by the reviewers. In particular we have: quantified immunofluorescence staining and added
data from new reporter cell lines (including cells with overexpression of either NANOG or ESRRB);
compared the kinetics of acquisition of peri-implantation epiblast transcripts in ESRRB"**"™ and
ESRRB"®" cells; extended our analysis of histone modifications. Thanks to implementation of our
reviewers’ suggestions we think the manuscript is much improved and I hope you may now consider
it suitable for publication.

As regards the in vivo situation with Esrrb and Nanog expression, we know that expression of both
Nanog and Esrrb are lost at the peri-implantation period (there is extensive published data on this
point for NANOG and we know that ESRRB mRNA is not present in the peri-implantation embryo).
In addition, enforced expression of either prevents effective differentiation. During post-
implantation development, Nanog but not Esrrb is re-expressed. To provide additional in vivo
context for our work we compared the expression profiles of ESRRB"¢“"™ and ESRRB"®" cells to the
profiles of embryo populations post-implantation. These observations suggest that the down-
regulation of NANOG and ESRRB that we are studying is of physiological importance.

Referee #1:

In this manuscript, the authors report the characterization of the subpopulations of mouse embryonic
stem cells (mESCs) identified by the expressions of Nanog and Esrrb. They found that the
fluorescent reporters monitoring Nanog and Esrrb allowed separation of Nanog+/Esrrb+, Nnaog-
/Estrb+ and Nanog-/Esrrb- subpopulations. Among them, Nanog-/Esrrb- showed minimal capacity
for self-renewal, suggesting their character prone to extinction from pluripotent state. Analyses of
Esrrb-high, -medium and -low fractions for gene expression, DNA methylation of particular
regulatory elements and TF binding to the genome demonstrated that Esrrb-low cells turned off the
naive-specific genes with partial acquisition of DNA methylation signatures. Two classes of Oct4
binding sites were revealed that showed differential character in Esrrb-high and -low
subpopulations, in which the Class I elements lost the binding in the Esrrb-low cells whereas the
class II elements keep the occupation. The comparison to the previous data set suggested that the
character of the Esrrb-low cells is close to that of the primed state of pluripotent stem cells,
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indicating that it could be regarded as the transition state from naive to primed pluripotency.

The reversible transition between the different states in mESCs has been reported in several
markers. This is an interesting phenomenon in vitro and possibly correlates to the in vivo
development at peri-implantation period. However, direct evidence for a link between the mESC
culture system and the in vivo developmental process is still missing. This study provides several
interesting findings but still lacks the confirmation of the connection to the in vivo status. Even in
vitro, it is still controversial how to mimic the transition from naive to primed state. EpiSCs and
EpiLCs were reported as the primed state model but it is impossible to make direct conversion from
naive to primed state in culture. I hope the publication of this report after revision will provide an
important piece of the knowledge to understand the molecular mechanism that manages the
transition and will contribute to the establishing the ideal transition system in future for further
analysis.

We are pleased that this reviewer supports publication of our manuscript and recognises that our
work can provide knowledge to understand the transition out of naive pluripotency.

1. Is the pattern of the merges between Nanog and Esrrb reporters consistent to immuno-staining
data?

A comparison of Esrrb-TdTomato with ESRRB immunofluorescence is presented in Fig S3C. We
have previously presented a dual NANOG immunofluorescence of TNG cells (Chambers et al.
2007). To further investigate whether Esrrb is really downregulated after Nanog, we have
quantitatively assessed immunofluorescence for ESRRB and NANOG (Fig 1B). This provides further
evidence for the existence of ESRRB-high, NANOG-low cells but not ESRRB-low, NANOG-high
cells.

We have also made a new reporter line based on Nanog-mCherry and Esrrb-gfp fusion proteins
(NER cells). The new data (Fig. 1F, G and Fig. S3E, F) show that there are cells in the population
that have reduced Nanog more strongly than Esrrb but the new data also suggests that Nanog-

low; Esrrb-high cells are less prominent than previous data suggested. Therefore, although these
new data do not alter the main point of our study, we have tempered our claims throughout the
manuscript.

Importantly, the new data support the absence of a significant population of Esrrb-low; Nanog-high
cells.

2. Page 3; 'Naive pluripotency is a characteristic of pre-implantation epiblast cells and their in vitro
derivatives, embryonic stem cells (ESCs).'---This is true for mouse but not for human.

We have changed the text on page 3 to read 'Naive pluripotency is a characteristic of pre-
implantation mouse epiblast cells and their in vitro derivatives, embryonic stem cells (ESCs).’

3. Page 3; Heterogeneous expression of Tbx3 was first reported in Niwa et al, 2009.

We thank the reviewer for pointing out this error. Although we had cited the Niwa et al paper
earlier in the sentence we have now amended the text to properly and more explicitly credit Niwa et
al with the original Tbx3 discovery.

4. Page 3; The authors stated that EpiSCs are apparently equivalent of the post-implantation
epiblast, but it was reported that the character of mouse EpiSCs is most similar to the anterior
primitive streak that is more specified than neutral epiblast state (Kojima et al, Cell Stem Cell,
2014).

We now include a comparison between our transcriptional profiling and the data from Kojima et al.
In the last paragraph beginning on page 12, we discuss how fractionated ESRRB-expressing
populations compare to EpiSCs, EpiLCs and epiblast cells form post-implantation embryos at
distinct developmental stages.

5. In the comparison between the naive and primed state of pluripotency, how do the authors explain
about the fact of the Nanog expression in both states? Is it reactivated in the primed state?

Yes, Nanog is reactivated in the primed state. RNA in situ expression in the embryo (Chambers et
al., 2003) and unpublished data from our lab examining Nanog protein expression shows that
Nanog expression is extinguished in the late blastocyst. Expression analyses of RNA (Chambers et
al., 2003, Hart et al., 2004), expression of a GFP reporter placed at the Nanog locus (Osorno et al.,
2012) and whole mount immunofluorescence (Chambers lab, unpublished; Hoffman et al. 2013)
shows that Nanog is re-expressed in the post-implantation epiblast . It is known that Esrrb is not
expressed in the post-implantation epiblast (Adachi Mol. Cell 2013).

© European Molecular Biology Organization



The EMBO Journal - Peer Review Process File

Differences in the nuclear and/or signalling environment of primed and naive pluripotent cells are
likely to be responsible for re-expression of Nanog but not Esrrb. We have added text dealing with
these points on pages 22-23. These will be interesting and important avenues for future studies.

6. Page 6; The authors proposed that Nanog positions at upstream of Esrrb based on the over-
expression data. How about their link in knockout ES cells? How could this idea be consistent with
the presence of Nanog-negative; Esrrb-positive cells?

The proposition that Nanog acts upstream of Esrrb is not solely dependent upon these
overexpression analyses but builds upon our previous work (Festuccia et al., 2012). In brief, we
showed by relocalising a Nanog-ERT?2 fusion protein to the nucleus of Nanog-null ES cells using
tamoxifen, that Esrrb is the most prominently upregulated gene that responds to Nanog. By
quantitative RT-PCR of intronic (therefore, pre-mRNA) we could detect an increase in Nanog
transcription within minutes of Tamoxifen application. These prior studies unequivocally establish
that the Nanog protein acts upstream of Esrrb gene. In a separate study (van den Berg, Mol Cell
Biol, 2008), we provided evidence that DNA sequences within the proximal Nanog promoter that co-
incided with the position of an Esrrb-binding site (measured by EMSA) had a positive effect on the
activity of a luciferase reporter in ES cells. The experiments in Figure 1 were therefore performed to
assess more fully the ability of each of these proteins to alter the expression of the other in ES cells.
We realise now that we have not clearly recapitulated these previous findings on the potential
regulation of the Esrrb gene by NANOG and of the Nanog gene by ESRRB. Therefore, we have re-
written the first paragraph of the section entitled ‘The epistatic...’ to make previous knowledge
clearer and to therefore put in context the fact that what we were testing was not so much whether
Nanog acts upstream of Esrrb, which has been conclusively demonstrated (Festuccia et al. 2012)
but the extent to which previous luciferase based assays implicating Esrrb binding to the Nanog
promoter actually meant that Esrrb had a demonstrable effect on Nanog expression at the
endogenous loci. By Esrrb overexpression we show that Esrrb does not drive Nanog expression.
Therefore the simple relationship between these 2 genes can be clearly stated as Nanog = Esrrb
but not the opposite. Importantly, we recognise that this does not exclude additional inputs into the
regulation of the 2 genes. Indeed, we never claim that Nanog is the sole activator of Esrrb
expression in ESCs; the context appears to be important too. This most likely explains why in the
post-implantation epiblast (and in EpiSCs), Nanog is re-expressed but Esrrb is not.

Data from Nanog knockout ES cell lines also support our conclusions. As shown in Fig S4B, in
Nanog KO ES cells, Esrrb levels are generally attenuated compared to WT lines which show an
identical reporter configuration. Most importantly, the proportion of Esrrb negative cells is greatly
increased. Reciprocal data from Esrrb KO ES cells would be unfortunately difficult to interpret in
this respect. Esrrb KO ES cells kept in FCS/LIF show extensive spontaneous differentiation. In this
context any fine effect of Esrrb on Nanog expression would be masked by loss of Nanog expression
in differentiated cells.

As for the presence of an Esrrb-positive fraction in Nanog-negative ES cells, we propose there is a
temporal delay between Nanog downregulation and Esrrb downregulation. Loss of Nanog does not
appear to cause an immediate loss of Esrrb expression. Rather, ES cells remain in a transient state
in which the complete silencing of Esrrb expression is more likely to occur (compare left and right
bottom panels in Fig 2B: an Esrrb negative population appears only at day 3, in cells that have
reduced Nanog expression). Potentially, in the absence of Nanog other positive inputs onto Esrrb
are able to temporarily maintain Esrrb expression, but these are ultimately destined to fail when not
re-inforced by Nanog.

7. Page 8; The authors stated that they analyzed the SSEA-1+ cells. Did SSEA-1+ selection cover all
Nanog-positive or Esrrb-positive subpopulations? Is any bias ruled out here?
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We have compared the double reporter profiles after selecting the highest and lowest 30% of the
SSEA I-stained population. As can be seen in the panel below there is no obvious bias introduced by
selecting SSEA positive cells for our analyses. In particular, analysis of SSEA-low cells provides
no evidence of a previously overlooked Nanog+, Esrrb- population in SSEAI low cells.
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8. Page 9; The authors proposed that Nanog acts upstream of Esrrb and Kl1f4 since the selection for
Nanog expression resulted in their homogeneous expression. However, this could also be explained
by parallel position or Nanog positioning downstream of Essrb and KIf4.

We have shown previously (Festuccia et al., 2012) that Klf4 responds quickly to induction of Nanog.
Given this and the previously discussed findings that Esrrb is a direct target of Nanog, we consider
that our interpretation of the effects of selecting for Nanog expression is valid. In the submitted
version of the manuscript there was a typographical error which removed “Klif4 is also a primary
direct target of..” from the start of the paragraph. We apologise for this error, which has been
rectified. Importantly, the reviewer points out that additional inputs onto Nanog target genes exist.
We acknowledge this and have amended the text of the paragraph to:

“Our previous study has shown that KIf4 is also a direct primary target of NANOG (Festuccia, et al.
2012). Analysis of KLF4 expression by intracellular cytometry in TNG E-tdT cells suggests that
ESCs downregulate KLF4 at a similar rate to Esrrb (Fig. S54). Selection for Nanog expression
using puromycin abolished heterogeneous expression of both Esrrb-tdTomato and KLF4 (Fig. S5B).
While this result is compatible with placement of Nanog upstream of Klf4 as well as Esrrb, we note
that additional positive inputs into Kif4 exist (Niwa et al. 2009).”

9. Page 11; The authors emphasized the close relation between Esrrb-negative cells and EpiSCs. Is it
possible to make EpiSC-like cells from Esrrb-negative cells easier than the unselected ES cells in
vitro?

To further investigate the relationship between these cells, we have compared mRNA expression in
sorted sub-populations of Esrrb:dGFP]I cells (Fig.3G). This show that Esrrb"*“"™ cells are
transcriptionally more similar to EpiLCs than to ESCs or EpiSCs. To address the reviewer’s point
we tested fractionated cells for gene expression after replating in EpiSC differentiation media (Fig.
S5B). This shows that Esrrb"*™ cells progress in early differentiation stages faster than Esrrb"®"
cells.
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10. Page 12; 'upregulated during the Esrrb-GFP negative to EpiSC transition'---this is confusing
statement due to the lack of evidence for direct transition.
We have corrected the wording to state ‘upregulated in EpiSCs compared to Esrrb-negative cells’.

11. In relation to Figure 5, how about the binding of Oct4 and Nanog in EpiSCs in their
relationships to the patterns observed in Esrrb-high and low cells?

We discuss how our results relate to published reports describing the binding of Oct4 in primed
cells in Fig 6B; in these cells Nanog binding could not be assessed since Nanog is not expressed in
EpiLCs. The reviewer asks where Nanog might bind when it is re-expressed in EpiSCs. This is an
interesting point that is being addressed in other projects in the lab. However, these studies are
ongoing and do not directly impinge upon this study which is focussed on the transition out of naive
pluripotency. We hope the reviewer will agree that a proper consideration of the binding of these
TFs in EpiSCs is beyond the scope of the current study.

12. Page 17; The authors described that the motif analysis with RSAT resulted in over-
representation of ESRRB, KLF4 and KLF5 binding sites at Class I peaks and Oct4 binding site at
Class II peaks. I am not familiar with RSAT analysis, and I wonder how these results can be
interpreted. Do they the only represent sequences over-represented to oct4 binding sites of each
class? Why not Oct-Sox motifs? Are there any motifs over-represented nearby (~100 bp) the Class
II peaks?

The RSAT software is a tool for de-novo motif discovery similar to the popular MEME suite, but
more appropriate for larger datasets such as peak lists from ChIP-seq experiments. In brief, RSAT
looks for short recurrent patterns (“motifs”) in a set of DNA sequences that might represent the
potential binding sites of transcription factors in given regions. RSAT compares any discovered
motifs to databases of binding motifs that have been linked to specific binding proteins by other
experiments reported in the literature, so that one can easily make sense of the discovered patterns.
Here we provided RSAT with the DNA sequences underlying class I and class Il peaks. We then ran
the motif discovery in differential mode, i.e., we asked for DNA motifs that occurred preferentially in
one class but not the other. Matching the discovered motifs to the JASPAR database, showed
enrichment for Esrrb and Klf4 in class I peaks and Oct4 in class Il peaks. The presence of these
motifs in the peak groups provides further supporting evidence for the potential regulatory role of
these TF's at the given enhancers.

The Oct-Sox motif (JASPAR database MA0142.1: http://jaspar2014.genereg.net/cgi-
bin/jaspar_db.pl?ID=MA0142.1&rm=present&collection=CORE) occurs with similar frequency in
both peak groups and was therefore not reported by the discriminatory analysis (we now mention
this in the text on page 17). This was established using the matrix-scan tool of the RSAT software
(http://rsat01.biologie.ens.fr/rsa-tools/matrix-scan-quick_form.cgi) to scan the peak sequences of
both groups specifically for the Oct-Sox motif. Indeed, we observed only a small difference in hit
frequency (sites matching motif at p<=1Ile-4: class I = 1,097 (54%), n(class II) = 1,133 (72%)),
indicating that Sox2 colocalization with Oct4 does not distinguish between the enhancer classes.
The reviewer raises an interesting point about sequences represented in the proximity of class II
peaks. We understand the reviewer is asking whether their might be any other factors bound in the
close proximity of these peaks that could be critical to the observed behaviour. To answer this
question more thoroughly, we repeated the motif analysis looking at a broader window around the
peak centre (+/-400bp instead of +/-200bp used previously) that therefore includes neighbouring
DNA fragments. Since the web server version of the RSAT software had been updated since we last
used it, we first repeated the original analyses (+/-200bp) at this point in order to keep all results
consistent. Reassuringly, all our previously obtained results still held up as reported. No new motifs
were discovered when we performed the same analysis (with +/-400bp window) on class I vs. class
11 peaks. In this case, the motifs discovered previously (Esrrb-like and Klif-like) were again the top
hits and the only ones that were significant.

We have now edited the text to make it more explicit that we report the results of a differential motif
analysis (page 17) and we also report significance metrics (Fig 6C). However, as neither the repeat
analysis with the updated software version nor the analysis with the extended window size revealed
any new insights, we have not altered the results presented in the initial submission.

13. For the regulation of Nanog and Esrrb by extrinsic signals, it was reported that Nanog
expression is sensitive to the MAPK signal whereas Esrrb is preferentially activated by Gsk3
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inhibition, suggesting their differential regulation. Although the authors argued about the hierarchy
between them, it will be possible that they are just in parallel or non-hierarchical relation.

This comment relates to a previous point (#6) raised by the reviewer. As we have discussed above,
the notion that Esrrb is a downstream target of Nanog is supported by a combination of published
data and evidence we present in this manuscript, including overexpression in WT cells (Fig 1) and
gain of Nanog function in KO reporter lines (Fig S4). As also noted above, we do not suggest that
Nanog is the sole activator of Esrrb. The reports mentioned by the reviewer are therefore not in
conflict with our discussion of the results. It is possible that GSK3 inhibition acts in parallel to
Nanog to promote Esrrb expression. Unpublished data generated in the lab shows that Esrrb
expression becomes homogeneous in FCS/LIF cultures treated with MEK inhibitors, raising the
possibility that MAPK signalling also control Esrrb expression, possibly through Nanog. Although
important, we feel that these observations are not directly pertinent to the focus of the present
manuscript.

Referee #2:

Festuccia et al report on the differences in Esrrb expression states in mouse ES cells, and their
relationship with loss of naive pluripotency. The authors document that Esrrb defines three different
populations within ESC cultures under serum/LIF conditions, based on the expression levels of
Esrrb. The negative Esrrb population is proposed as the population which first exits naive
pluripotency. This conclusion is supported by a number of experiments based on reporter, and
endogenous expression of Nanog and Esrrb, as well as by colony formation and AP analysis. In
addition, the authors show that the enhancers of Esrrb and Nanog show indeed gradual changes in
the Esrrb-high, low, and negative, suggesting that the Esrrb-low are indeed of intermediate nature
upon pluripotency exit.

The data presented is carefully controlled and the manuscript for the most part well written
according to the data presented. The manuscript is novel, and presents new insights in the
understanding of transitional states upon exit from pluripotency. It identifies Esrrb expression as a
marker of the earliest step upon exit and therefore as the 'first gatekeeper' of naive pluripotency.
These are all new data that will have a big impact on the stem cell community. I am therefore fully
supportive for publication in EMBO J, provided the authors address my following points.

We thank this reviewer for their enthusiastic support of our work.

1. On page 7, related to Figure 2. Because Nanog-low and Esrrb-low cells are within the same
population, it is impossible to disentangle who is doing what (e.g. which population 'precedes’ which
population). Towards this end, can the authors perform the same analysis as in Figure 2A (dayly
analysis of fluorescence) of Nanog expression in Esrrb-/- cells and viceversa (probably an inducible
shRNA or siRNA approach may be needed)? The data presented in the supplementary Figure S4
provides a partial answer to this issue, but based on this data, I disagree with the authors in their
conclusions that 'loss of Estrb expression was uncoupled from down regulation of the activity of the
Nanog locus' (Page9).

We agree with the reviewer that the analysis performed on Nanog null double reporter lines
provides useful insights into the order in which Nanog and Esrrb are downregulated. The previous
Fig§4 (now Fig 1H) shows the Nanog and Esrrb expression in Nanog: GFP/Esrrb:TdTomato ES
cells, and compares the profiles detected in lines expressing (TNG) or devoid (ESDN) of Nanog. In
these experiments cells cultured at high density are plated for three days at relatively low density in
FCS/LIF. These conditions are the same as those used in Figl and Fig2 (Day 3 data specifically).
After release for 3 days from conditions in which heterogeneity in Esrrb and Nanog expression is
minimal, cells lacking a functional Nanog allele (ESDN), downregulate Esrrb to a greater extent
and in a higher fraction of the population compared to cells with an intact Nanog allele (Esrrb-
low/negative cells are 62.5% of the total population in ESDN cells versus 35.1% in TNG cells). This
suggests that absence of NANOG favours loss of Esrrb. Coupled to the notion that NANOG-high
cells cannot downregulate Esrrb, this strongly favours the view that in WT cells Nanog
downregulation must precede the appearance of an Esrrb negative population. Conversely, in
Nanog null double reporter lines it is possible to detect Esrrb downregulation in cells showing high
transcriptional activity from the Nanog:GFP allele - which in these cells cannot result in
accumulation of any NANOG protein.

Incidentally, the latter is the idea that the sentence “loss of Esrrb expression was uncoupled from
down regulation of the activity of the Nanog locus” was intended to convey. Nonetheless, we agree
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with the reviewer that a mild inverse correlation between Nanog: GFP expression levels and Esrrb
downregulation persists in Nanog null reporter lines. To amend this imprecision we have now
changed the statement criticised by the reviewer to: “loss of Esrrb expression was not necessarily
coupled to downregulation of the activity of the Nanog locus”.

We also agree with the reviewer that performing reciprocal experiments in Esrrb-null reporter lines
would be instructive. After considering this option, we concluded that unfortunately such
experiments are unlikely to provide interpretable results due to the extremely unstable self-renewal
of Esrrb-null ESCs. Any fine effect of Esrrb on the kinetics of Nanog downregulation would be
masked by a preponderant fraction of differentiating or differentiated cells in the cultures, making it
impossible to distinguish direct from indirect effects.

Given these limitations, and since the point raised by the reviewer is of importance, we decided to
address the problem more directly and performed experiments to further characterise the sequence
of events leading to the appearance of Esrrb-negative/Nanog-negative cells. We have added to Fig2
the results of an immunofluorescence timecourse analysis of the downregulation of Nanog and
Esrrb upon exit from 2i culture. After an initial drop in expression of both Nanog and Esrrb (day 1),
due to the removal of inhibitors, cells reduce Nanog expression further, with a substantial fraction
of the population close to/ or below the negative expression threshold. Esrrb levels tend to follow
the changes in Nanog expression closely, but the levels of Esrrb remain clearly above the negative
threshold (set on RA differentiated cells) at day 2. At day 3, Esrrb expression levels drop under the
negative threshold in a fraction of the Nanog low population. From these dynamics, and from the
observation that it is possible to detect cells with low Nanog expression and relatively high Esrrb
but not vice-versa (see shape of the trendline in FiglB), we conclude that Nanog downregulation
precedes Esrrb downregulation. We propose that downregulation of Nanog below a certain
threshold places ES cells in a transient state in which the complete silencing of Esrrb expression has
a higher probability to occur. However, since the Esrrb-high/Nanog-low sub-population is less
prominent after staining WT cells, we conclude that less emphasis should be placed in claiming the
existence of a STABLE subpopulation of cells that have completely downregulated Nanog and still
shows elevated Esrrb expression. We have therefore re-written sections of the paper accordingly
and have reduced our interpretation of the experiments previously reported in Fig. 2. We hope the
reviewer considers that our revised manuscript satisfactorily addresses the concern that he/she has
raised.

2. Related to Figure 5, on page 16: the authors conclude that "Nanog displayed a marked reduction
in binding to its targets globally in Esrrb-neg cells". This is unsurprising, considering that NANOG
protein is practically gone in these cells (as shown in the WB on Figure 4C). It is also unsurprising
that ChIP for Nanog and Esrrb shows a reduction in their binding in the ChIP presented in Figure
4D in the Esrrb-negative cells, so the extent of the relevance of a reduction in binding here is
questionable, since it is basically the expression that goes down, not the binding (e.g. the binding is
not regulated, their expression is).

We agree with the reviewer that, given the reduced Nanog protein levels in Esrrb-negative cells, the
loss of Nanog and Esrrb binding is unsurprising. However, the more interesting point is the
differential binding of Oct4 at class I and class II elements. We have therefore reduced the text on
the relevant section (page 15) to help the reader focus on this more interesting aspect.

In contrast, the analysis of H3K27ac is much stronger and rather interesting. Can the authors
complement this ChIP with additional enhancer and promoter marks (e.g. H3K4mel, H3K122ac
and/or H3K4me3)?

As suggested, we have performed additional histone modification analyses (Fig. 4 and S7). These
show that in Esrrb-negative cells H3K4mel and H3K4me3 are lost from the Esrrb enhancer (Class [
example) but remain detectable at the Nanog enhancer (Class Il example). In light of the recent
debate on the mechanistic function that these marks might or might not play in controlling distal
regulatory elements, we believe that these additional data constitute a valuable example in which
chromatin modification changes relate to variations in enhancer function. We briefly comment on
these new findings and put them in the context of the recent literature in the discussion section at
page 25. Unfortunately, we were unable to get any meaningful data on H3K122ac, despite 2
attempts using commercial antibodies.

3. Same applies for the genes that loose Nanog binding in Figure 5D and G. How many peaks
'gained' Nanog binding in Figure 5D, are these numbers really relevant?

The number of peaks gained is indicated in Fig. 5C as 49. We agree that this low number probably
reflects low biological significance. The plots shown in Fig. 5D indicate that all these sites already
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had a low (but sub-threshold) level of binding in Esrrb(high) and Esrrb(medium) cells, with <2-fold
change between Esrrb-medium and Esrrb-negative. The phenomenon of “gained Nanog peaks” is
therefore likely to be a consequence of the chosen analysis thresholds. Therefore, we have
minimised discussion of Nanog ‘gained’ peaks in the text. Nevertheless, in the interests of
transparency, we have left Figure 5 unchanged. Overall, this has no impact on the conclusions
presented in this manuscript but helps to frame the effects detected on the 9,188 sites that lose
Nanog binding (and that we believe are biologically relevant). These sites in fact display a much
stronger change of signal intensity compared to gained peaks (see centre panel in Fig. 5D).

Minor comments.

1. Some sentences are a little overstated, so please rephrase (example, page 4, '...enabled
transcriptional and epigenetic changes accompanying extinction of the naive pluripotency network
to be identified"): the authors only looked at changes in DNA methylation by restriction
enzyme/PCR, and H3K27ac was only looked at on the Nanog and Esrrb genes), no global
'epigenetic' analysis is performed thoroughly. Another example on page 9, first two lines of the third
paragraph).

We have modified the wording as the reviewer suggests to make less overblown claims on our data.
We have checked the rest of the text to reduce additional such examples.

2. The nomenclature of H3K27Ac and H3K27(me)3 is incorrect (it should be H3K27ac and
H3K27me3).
These changes have been made as suggested.

3. Throughout the figures. It would be beneficial to add small 'diagrammes' of the reporters used in
the panels, as well as the genotype of the cell lines in the figures (e.g. Nanog +/-, Esrrb - wt, etc..):
the nomenclature EF4, E14Tg2a, TNG ...etc is well known by only few people. Considering the
broad readership of EMBO J., the authors could make an effort to make the data more accesible to a
wider community.

We draw the reviewer’s attention to Figure S1 which has diagrams of all the cell lines we use in the
study. In each of the figures / legends we have added a note pointing to the relevant panel of Figure
S1. We respectfully consider that this is sufficient and that additional diagrams in each figure would
be unnecessarily obtrusive. In addition, we have replaced instances of arcane nomenclature as the
reviewer has suggested.

4. Figure S3 is not numbered in order in the manuscript.
We have re-checked the numbering of all figures in the manuscript. Notably, we found that Figure
S7 B and C were called before Figure S7A. This has been corrected in the current version.

5. The identification of the DNA binding motifs in Figure 6C is not meaningful unless p-values are
presented.

We thank the reviewer for pointing out this lack of detail. We now report the significance metrics
output by RSAT (see Fig. 6C and our response to question #12 of reviewer 1).

For each motif, RSAT reports the enrichment of the most significant intermediate motif that was
assembled into the final consensus motif. For the three motifs shown in Figure 6C these values are:
Class I:

Esrrb: p = 8.6e-28

Kif1/4/5: p = 3.4e-14

Class 1I:

Oct4: p = 8.6e-20

The three reported motifs were the only ones considered significant at a threshold of >=9 on the
significance score (e-value <= le-9).

6. Data presented in Figure S4 is quite important, it would be best to include it in the main
manuscript.

We agree with the reviewer that the data presented in Figure S4 is important. For this reason we
moved it to Fig 1H. We also devote a full paragraph to discuss the relevance of these findings on
page 8, minimising the possibility that these results are overlooked by the reader.
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2nd Editorial Decision 13th Jul 2018

Thank you for submitting your revised manuscript for consideration by The EMBO Journal. Your
revised study was sent back to referees #1 and #3 for re-evaluation, and we have received comments
from both of them, which I enclose 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
publication in The EMBO Journal, pending some minor issues regarding material and methods, data
representation and formatting as outlined below, which need to be adjusted at re-submission.

REFEREE COMMENTS:
Referee #1:

In this revised manuscript, the authors addressed the points raised by the reviewers and gave clear
answers. Now this reviewer is satisfied and agrees with the publication of the present version of the
manuscript.

Referee #3:

The authors have made a significant effort to address the points that I raised during my original
review. While some points were not technically feasible, the manuscript is improved and in my
view, suitable for publication as is, considering that the overall message of the paper is novel and
will bring important new insights to our understanding of gene regulatory networks in stem cells.

I have only a very minor 'picky’ item, which is not intended to delay acceptance, but which the
authors may want to revise in their final edited manuscript: wouldn't it be most appropriate to show
a non-cropped WB in Figure S3A?
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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 n< 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 the following infor: 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 techniques 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.

L X X

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
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http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-repo

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

http://ClinicalTrials.gov
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http://www.consort-statement.org/checklists/view/32-consort/66-title
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http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tun
http://datadryad.org

http://figshare.com

http://www.ncbi.nlm.nih.gov/gap
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‘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?

The number of biological replicates analysed for producing the histograms presented in the paper
is equal to or higher than 3, as specified case-by-case in each figure legend. This number is limited
by practical constraints deriving from the nature of the experimental work. Dot plots depicting
changes in transcription factor expression, either derived by immunostaining or by FACS analysis,
are best presented as the results of single experiments, and are representative of independent
biological replicates. Each of the ChIP-seq datasets presented was generated using pooled
chromatin preparations from cells isolated in three independent sorting experiments.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used. NA
2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre- NA
established?

3. Were any steps taken to minimize the effects of bias when [ ples to treatment (e.g. NA
randomization procedure)? If yes, please describe.

For animal studies, include a about r evenifnor ion was used. NA

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.

The investigators were not blinded while assessing the results as blind analysis of results would not|
be appropriate for the present study.

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

NA

5. For every figure, are statistical tests justified as appropriate?

Statistical tests were used for (A) the identification of differentially expressed genes in the
microarray data, for (B) the identification of binding peaks from ChIP-seq data, and for (C) the de-
novo DNA motif analysis based on ChIP-seq peaks. A) Differential gene expression analysis of
microarray data was performed using limma (Ritchie et al. 2015 NAR). All possible pair-wise group
combinations were performed. B) ChIP-seq peak calling was performed with SISSRs (Jothi et al.
2018 NAR, doi: 10.1093/nar/gkn488). SISSRs uses various filtering criteria and Poisson probabilities’
to discriminate putative binding peaks from background based on read density. For details, please
refer to the cited publication. C) DNA motif analysis was performed with RSAT using the official
web server (September 2014 version) and the "oligos_6-8nt" algorithm. The analysis was
performed twice, once with class | peaks as foreground and class Il peaks as background, and once
vice versa. RSAT calculates significance using bionomial tests and merges multiple related motifs to]
calculate a final significance score (which also accounts for multiple testing). Please refer to the
RSAT publications for details (van Helden et al. 1998 J Mob Biol; Thomas-Chollier et al. 2011 NAR;
Thomas-Chollier et al. 2012 Nat Protoc).




Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

No explicit testing of distributions was performed. limma has been specifically designed to work
Wwith microarray data.

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

Between and within group variance are modelled by limma.

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

Between and within group variance are modelled by limma.

C- Reagents

D- Animal

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).

Catalog numbers or appropriate bibliographic references are provided for all antibodies used in
the study.

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

All cell lines used in the study were routinely checked for mycoplasma contamination.

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

E- Human Subjects

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

| Models

8. Report species, strain, gender, age of animals and genetic status where Please detail housing  [NA
and husbandry conditions and the source of animals.

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

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure [NA
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.

11. Identify the committee(s) approving the study protocol. NA
12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human

Services Belmont Report.

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

F- Data Accessibility

G- Dual u:

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

[An appropriate section is included in the materials and methods. High-throughput data have been
submitted to GEO under accession number GSE118907

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
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).

See above.

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while
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
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
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.

Dual use restrictions are not envisaged for the research presented in this study.None of the
biological material used in the study is included in the CDC list of selcted agents or toxins.
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