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1st Editorial Decision 06 September 2016

Thank you for submitting your manuscript for consideration by the EMBO Journal and my
apologies for the extended duration of the review time. Your study has now been seen by three
referees whose comments are shown below.

As you will see from the reports, all three referees express great interest in the findings reported in
your manuscript and highlight the importance of this data for the field. However, while ref #1 is
fully supportive of the manuscript as is (pending minor textual clarifications) refs #2 and #3 raise a
couple of concerns that will require some additional experimental work to address.

Given the referees' overall positive recommendations, I would like to invite you to submit a revised
version of the manuscript, addressing the comments of all three reviewers. I should add that it is
EMBO Journal policy to allow only a single round of revision, and acceptance of your manuscript
will therefore depend on the completeness of your responses in this revised version.

For the revised manuscript I would particularly ask you to focus your efforts on the following
points:

-> Please include the textual clarifications suggested by ref #1

-> Please also include the additional ChIP-experiments requested by ref #2 to strengthen the
conclusions in figs 3 and 5. I realize that this will involve additional work on your side but the
referee is overall supportive of your work and wants to ensure that the conclusions cannot be

questioned afterwards.

-> You will see that ref #3 would have liked to see more data on the actual mechanism by which
HOTAIR silences target genes, but I also appreciate that this would be out of the scope of the
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current study. However, I would ask you to address/clarify if DNA methylation or H3K9
methylation on the reporter would contribute to the effects seen here. In addition, I would ask you to
comment/clarify the localization of the ChIP primers and discuss the possible structural effects of
adding MS2 sites to HOTAIR.

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

REFEREE REPORTS
Referee #1:

Many IncRNAs have been claimed to interact with PRC2 leading to a proposal that IncRNAs act to
recruit PRC2 to its target sites on genomic DNA. While this model was exciting, the evidence has
been weak and many recent papers have begun to cast serious doubts on its accuracy. In one of the
most rigorous papers to date, Portosa et al. specifically dissects the HOTAIR IncRNA, one of the
very first IncRNAs claimed to guide PRC2, and demonstrates that PRC2 is dispensable for HOTAIR
function. It is difficult to overstate the importance of this paper, although it may appear to be a
negative result, the implications in the IncRNA and chromatin fields will be enormous. Overall, I
find the experiments performed to be well designed and controlled and the overall design extremely
elegant. I particularly like the development of the exogenous recruitment assay and feel this can and
should be a new standard for studying proposed IncRNA functions. Because of the important
implications of this paper, I hope that it will be published as soon as is reasonably possible.

I have several minor comments that I hope the authors can address before publication in order to
make it clearer and more accurate:

1) In the Abstract, the authors say that there is no "clear-cut evidence demonstrating this novel mode
of regulation". I think this isn't entirely accurate since Xist is a clear case where the IncRNA
modulates gene expression by recruiting chromatin proteins (just not PRC2). Perhaps it would be
more accurate to say there is no clear-cut evidence that IncRNA-mediated recruitment of PRC2
leads to gene expression changes.

2) On page 3, the authors say that "a majority of IncRNAs is reported to influence transcription in
the nucleus...". This is not accurate, the majority of IncRNAs are not functionally characterized at
all. I would restate this as "several IncRNAs are reported to influence transcription".

3) On page 3, the authors state that "the variety of IncRNAs, their relatively low levels of expression
and their tissue-specific pattern of expression all point toward potential functions in development".
This argument does not make sense to me - how does low expression point to a role in
development?

4) On page 3, the authors claim that recent studies aimed at identifying Xist interacting proteins did
not find PRC2 components, but Minajigi et al. 2015 did actually find PRC2 components. But, it is
still not clear that this is directly interacting. You should reword this.

5) In addition to the arguments for why PRC2 is likely indirectly recruited by Xist, I think it would
be worth noting that deletion of PRC2 is not required for Xist-mediated silencing. This result is most
consistent with the observations in the current paper.

6) In several places in the Introduction, Results, and Discussion, the authors claim that they show
that HOTAIR can repress transcription in cis, but this not true. It seems that they are using the terms
cis and trans incorrectly. When they say cis they mean when HOTAIR is recruited to an exogenous
location, which is distinct from cis/trans. Specifically, cis refers to regulation on the same
chromosome from which it is transcribed. More accurate terminology is needed here.

7) Can the authors mention how many genes changed when HOTAIR is overexpressed? They
mention the criteria, but never the number. Also, 2-fold and p<0.05 isn't a particularly rigorous
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cutoff. I understand why they chose this, but could they add 1 sentence including the numbers with a
more reasonable FDR cutoff for the reader?

8) In Figure 2, Figure 3, , I struggled to interpret the bargraph legends (1,2,3,4) for several minutes.
Could you please write a description - or at a minimum describe them in the legend - rather than rely
on people connecting up the numbers across panels?

9) Figure 4C labels are pixelated and hard to read

Referee #2:

In this manuscript entitled "PRC2 is dispensable for HOTAIR-mediated transcriptional repression”
the authors focus on a specific IncRNA called HOTAIR and its association with the polycomb
repressive complex 2 (PRC2). HOTAIR has previously been linked with PRC2 recruitment to
chromatin and reported to be overexpressed in breast cancers and potentially capable of driving the
tumourigenisis by reprogramming PRC2 targeting in genome (Gupta et al, 2010).

Margueron and colleagues develop a novel RNA-chromatin tethering system in breast cancer cells
and report that although HOTAIR overexpression induces H3K27me3 deposition and transcriptional
repression at an exogenous transgene, this effect is intriguingly not mediated by PRC2. Although
this manuscript has begun to address a very important issue in the Polycomb field and puts forward
strong in vitro evidence, given the fact that the data refutes an already published dataset (Gupta et al
2010), the manuscript requires further strengthening and experimental evidence to further support
their claims.

Major Comments;

1. In Figure 3, given the observation that the H3K27me3 enrichments at the luciferase transgene are
quite modest compared to the endogenous MYT1 gene, the authors should perform PRC2
(Ezh2/Suz12/EED) ChlIPs in these settings. If their interesting claim that transcriptional repression
by HOTAIR is independent of PRC2 holds true, PRC2 should not be enriched at these sites.

2. Following on from this, in order to further mechanistically explain how HOTAIR induces
transcriptional repression, the authors could perform H3K27Ac and RNA Polll ChIPs at the
luciferase transgene promoter.

3. JARID?2 has previously been reported to contain an RNA binding domain and function in the
recruitment of PRC2 to chromatin (Kaneko et al, 2014 and da Rocha et al, 2014). It is unclear from
the main manuscript whether the recombinant PRC2 used in Figure 4 for the in vitro experiments
contains JARID2? They could include JARID2 ChIPs along with the PRC2 ChIPs, as requested in
Figure 3.

4. The observation in Figure 5 that repression of the luciferase transgene occurs in the absence of a
functional PRC2 complex is very interesting. However, this finding requires further experimental
evidence. For example, the authors should perform H3K27me3 and PRC2 ChIPs (EED/Suz12/Ezh2)
at the luciferase transgenes (and MYT1 as a positive control) in both the EED and SUZ12 KO cell
lines. It could be argued that there is still low levels of bulk H3K27me3 remaining in these cells
from the western blot, and so the suggested experiment would rule out whether any residual
H3K27me3 in the knockouts could be causing this repression. In any case, it's a necessary negative
control.

Minor Comments;

1. The data in Figure 1, specifically panel D is quite confusing and it was unclear what the intentions
of this panel are. Is it simply to show RNA-seq read count in cells ectopically expressing HOTAIR
is low? To address this, the authors could very simply improve the labelling on the lower panels in
Figure 1.

2. Given the fact that HOTAIR RNA in an endogenous setting is an antisense transcript, the
labelling of transgenic cell lines in Figure 2 panel A was confusing at first glance. To make this
more accessible to the reader, the authors could modify their labelling of cell lines #3 and #4; e.g.
"Gal4-MS2BP MS2-loops-HOTAIR +ve/-ve" or "Gal4-MS2BP MS2-loops-HOTAIR control /
knockdown".
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3. The authors should also include cell line #4 in Figure 2E as an extra negative control.
4. The error bars in Figure 3 are technically not the best and require strengthening to increase the
robustness of the result.

References:

1. Gupta RA., Shah N., Wang KC., et al (2010) Long no-coding RNA HOTAIR reprograms RNA
state to promote cancer metastasis. Nature 464:1071-6

2. Kaneko S., Bonasio R., Saldana-Meyer R., et al (2014) Interactions between JARID2 and non-
coding RNAs regulate PRC2 recruitment to chromatin. Mol Cell 53: 290-300

3. Da Rocha ST., Boeva V., Escamilla-Del-Arenal M., et al (2014) JARID2 in implicated in the
initial Xist-induced targeting of PRC2 to the inactive X chromosome. Mol Cell 53:301-316.

Referee #3:

In this manuscript, Portoso and colleagues address the question of how a long non-coding RNA -
HOTAIR - mediates changes in gene expression. The functions of IncRNAs is a very important and
topical area and, despite a lot of studies on the popular HOTAIR IncRNA - many using crude over-
expression or knockdown approaches, its biological function and mechanism of action remains
unclear and disputed.

Here the authors, use an elegant combination of approaches to investigate the ability of HOTAIR to
repress genes in trans and to determine any dependence on PRC2 (which published studies have
implicated in HOTAIR mediated effects). They first show that HOTAIR overexpression in a breast
cancer cell line has only very modest affects of gene expression and that this is independent of
PRC2 (using matched PRC2 knockout cells). They then set up an MS2-based RNA tethering system
to specifically recruit HOTAIR to a reporter transgene (tk-luciferase) with UAS/Gal4 binding sites
and show a strong silencing effect on the transgene that is independent of PRC2 activity. This is
conclusive as far as it goes, but it is disappointing that the study does not go on to identify the
repression mechanism that is responsible for the strong reporter gene silencing induced by HOTAIR
tethering.

Major points related to the findings and conclusions of this paper are:

1. How relevant are these data obtained at an artificial reporter transgene to the mechanism of action
of HOTAIR at endogenous loci? One issue is that this transgene - as is often the case for transgenes
in mammalian cells - may be particularly prone to gene silencing pathways that are dependent on
DNA methylation and H3K9 methylation. This would preclude a major influence of polycomb. The
authors should assay the reporter before and after HOTAIR tethering for DNA methylation status
and for H3K9me2/3. There should be some discussion about the pros and cons of assaying IncRNA
mechanisms using artificial reporter genes.

2. It appears that the primers used for ChIP are all located within the luciferase gene body, and so
the authors are not assaying the chromatin state at the gene promoter - probably the most important
site to look at. ChIP should be performed for the tk promoter.

3. HOTAIR has a highly folded secondary structure (Somarowthu et al., 2015, Molecular Cell). It is
possible that the addition of MS2 sites to HOTAIR, and in addition the binding of MS2BP to those
MS?2 sites, alters the secondary structure of HOTAIR and hence its function and protein interactions.
Therefore, correctly the authors examine the structure of their HOTAIR molecules by SHAPE
analysis. However, the data presented in Fig. 4C appear to only show the first 530bp of the molecule
i.e not the region where the MS2 sites are located. Where is the data to show that the structure of the
rest of the RNA molecule is not perturbed? The authors need to discuss the possibility that MS2BP
binding may perturb HOTAIR structure.

1st Revision - authors' response 18 December 2016
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Manuscript: EMBOJ-2016-95335
By Portoso et al.

First of all, we would like to thank the reviewers for their time and constructive comments
on our manuscript. We tried to address most of the reviewer comments. We hope that it
improves the manuscript and that it is now suitable for publication in EMBO.

Referee #1:

Many IncRNAs have been claimed to interact with PRC2 leading to a proposal that
IncRNAs act to recruit PRC2 to its target sites on genomic DNA. While this model
was exciting, the evidence has been weak and many recent papers have begun to
cast serious doubts on its accuracy. In one of the most rigorous papers to date,
Portosa et al. specifically dissects the HOTAIR IncRNA, one of the very first IncRNAs
claimed to guide PRC2, and demonstrates that PRC2 is dispensable for HOTAIR
function. It is difficult to overstate the importance of this paper, although it may
appear to be a negative result, the implications in the IncRNA and chromatin fields
will be enormous. Overall, | find the experiments performed to be well designed
and controlled and the overall design extremely elegant. | particularly like the
development of the exogenous recruitment assay and feel this can and should be
a new standard for studying proposed IncRNA functions. Because of the important
implications of this paper, | hope that it will be published as soon as is reasonably
possible.

| have several minor comments that | hope the authors can address before
publication in order to make it clearer and more accurate:

1) In the Abstract, the authors say that there is no "clear-cut evidence
demonstrating this novel mode of regulation". | think this isn't entirely accurate
since Xist is a clear case where the IncRNA modulates gene expression by
recruiting chromatin proteins (just not PRC2). Perhaps it would be more accurate
to say there is no clear-cut evidence that IncRNA-mediated recruitment of PRC2
leads to gene expression changes.

We agree with the reviewer and, indeed, we were implicitly referring to PRC2. We modified
the text to be more accurate.



2) On page 3, the authors say that "a majority of IncRNAs is reported to influence
transcription in the nucleus...". This is not accurate, the majority of IncRNAs are
not functionally characterized at all. | would restate this as "several IncRNAs are
reported to influence transcription".

The reviewer is right; we have corrected the text accordingly.

3) On page 3, the authors state that "the variety of IncRNAs, their relatively low
levels of expression and their tissue-specific pattern of expression all point toward
potential functions in development". This argument does not make sense to me -
how does low expression point to a role in development?

The hypothesis was based on the similarity with developmental genes, which tend
to have lower expression levels than constitutive genes and the assumption that
high level of expression could indicate a more structural function. Yet, we agree
that this argument is debatable and we removed it.

4) On page 3, the authors claim that recent studies aimed at identifying Xist
interacting proteins did not find PRC2 components, but Minajigi et al. 2015 did
actually find PRC2 components. But, it is still not clear that this is directly
interacting. You should reword this.

Actually, we wrote “Xist interactome did not retrieve any specific PRC2
components”. We meant to indicate that, components that are an exclusive
signature of PRC2 (EED, SUZ12, EZH1/2) were not recovered. Only components
(RBBP5 and 7) that are present in several complexes and do not allow concluding
on the presence of PRC2 were found.

We have reformulated the sentence to avoid ambiguity.

5) In addition to the arguments for why PRC2 is likely indirectly recruited by Xist, |
think it would be worth noting that deletion of PRC2 is not required for Xist-
mediated silencing. This result is most consistent with the observations in the
current paper.

We have added one sentence to refer to this notion.

6) In several places in the Introduction, Results, and Discussion, the authors claim



that they show that HOTAIR can repress transcription in cis, but this not true. It
seems that they are using the terms cis and trans incorrectly. When they say cis
they mean when HOTAIR is recruited to an exogenous location, which is distinct
from cis/trans. Specifically, cis refers to regulation on the same chromosome from
which it is transcribed. More accurate terminology is needed here.

We agree that our terminology was a bit of a leap. We have modified the text
accordingly.

7) Can the authors mention how many genes changed when HOTAIR is
overexpressed? They mention the criteria, but never the number. Also, 2-fold and
p<0.05 isn't a particularly rigorous cutoff. | understand why they chose this, but
could they add 1 sentence including the numbers with a more reasonable FDR
cutoff for the reader?

We added a table (Figure EV1C) showing the number of differentially expressed
genes at different cutoff (p<0;05 and p<0,01, logFC>1 and logFC>2).

8) In Figure 2, Figure 3, | struggled to interpret the bargraph legends (1,2,3,4) for
several minutes. Could you please write a description - or at a minimum describe
them in the legend - rather than rely on people connecting up the numbers across
panels?

We have modified the scheme to make it easier to understand on figure 2. We
also added the correspondence between number and cell line to all figures.

9) Figure 4C labels are pixelated and hard to read

We are sorry for this issue with figure resolution, it probably appeared when we
reduced the size of the figure for submission.



Referee #2:

In this manuscript entitled "PRC2 is dispensable for HOTAIR-mediated
transcriptional repression"” the authors focus on a specific IncRNA called HOTAIR
and its association with the polycomb repressive complex 2 (PRC2). HOTAIR has
previously been linked with PRC2 recruitment to chromatin and reported to be
overexpressed in breast cancers and potentially capable of driving the
tumourigenisis by reprogramming PRC2 targeting in genome (Gupta et al, 2010).

Margueron and colleagues develop a novel RNA-chromatin tethering system in
breast cancer cells and report that although HOTAIR overexpression induces
H3K27me3 deposition and transcriptional repression at an exogenous transgene,
this effect is intriguingly not mediated by PRC2. Although this manuscript has
begun to address a very important issue in the Polycomb field and puts forward
strong in vitro evidence, given the fact that the data refutes an already published
dataset (Gupta et al 2010), the manuscript requires further strengthening and
experimental evidence to further support their claims.

Major Comments;

1. In Figure 3, given the observation that the H3K27me3 enrichments at the
luciferase transgene are quite modest compared to the endogenous MYT1 gene,
the authors should perform PRC2 (Ezh2/Suz12/EED) ChlPs in these settings. If their
interesting claim that transcriptional repression by HOTAIR is independent of PRC2
holds true, PRC2 should not be enriched at these sites.

We have done the requested experiment (see below) and indeed we cannot see
EZH2 recruitment above the background. However, EZH2 ChIP is far less sensitive
than H3K27me3, therefore we cannot conclude whether it is absent or below the
detection limit.
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Consequently, we prefer to not make any statement in the manuscript regarding
this point.

2. Following on from this, in order to further mechanistically explain how HOTAIR
induces transcriptional repression, the authors could perform H3K27Ac and RNA
Polll ChiIPs at the luciferase transgene promoter.

We have done the requested experiments, the ChlIPs are now part of figure EV3b.

3. JARID2 has previously been reported to contain an RNA binding domain and
function in the recruitment of PRC2 to chromatin (Kaneko et al, 2014 and da
Rocha et al, 2014). It is unclear from the main manuscript whether the
recombinant PRC2 used in Figure 4 for the in vitro experiments contains JARID2?

As indicated by the Coomassie gel staining of figure EV4, we used a 4 polypeptides
PRC2 (EZH2, SUZ12, EED and RBBP4) to be consistent with previous reports.

They could include JARID2 ChIPs along with the PRC2 ChlIPs, as requested in Figure
3.

Since we could not detect PRC2 at the reporter transgene, we assume that this
request was not relevant anymore.

4. The observation in Figure 5 that repression of the luciferase transgene occurs in
the absence of a functional PRC2 complex is very interesting. However, this finding
requires further experimental evidence. For example, the authors should perform
H3K27me3 and PRC2 ChIPs (EED/Suz12/Ezh2) at the luciferase transgenes (and
MYT1 as a positive control) in both the EED and SUZ12 KO cell lines. It could be
argued that there is still low levels of bulk H3K27me3 remaining in these cells from
the western blot, and so the suggested experiment would rule out whether any
residual H3K27me3 in the knockouts could be causing this repression. In any case,
it's a necessary negative control.

We have done the requested control which is now included in figure 5.

Minor Comments;



1. The data in Figure 1, specifically panel D is quite confusing and it was unclear
what the intentions of this panel are. Is it simply to show RNA-seq read count in
cells ectopically expressing HOTAIR is low? To address this, the authors could very
simply improve the labelling on the lower panels in Figure 1.

We modified the figure to better convey the message that genes, differentially
expressed upon HOTAIR overexpression in MDA-MB-231, are characterized by
very low read count.

2. Given the fact that HOTAIR RNA in an endogenous setting is an antisense
transcript, the labelling of transgenic cell lines in Figure 2 panel A was confusing at
first glance. To make this more accessible to the reader, the authors could modify
their labelling of cell lines #3 and #4; e.g. "Gal4-MS2BP MS2-loops-HOTAIR +ve/-
ve" or "Gal4-MS2BP MS2-loops-HOTAIR control / knockdown".

We changed the labeling of the transgenic cell lines to take this comment into
consideration.

3. The authors should also include cell line #4 in Figure 2E as an extra negative
control.

Due to time constraint, we could not address this question. However, we believe
that we already showed the specificity of the shGAL4-mediated release of
transcriptional repression with the two already included negative controls.

4. The error bars in Figure 3 are technically not the best and require strengthening
to increase the robustness of the result.

We agree that the error bars are not very small but it reflects true biological
replicates and the relatively low enrichment of H3K27me3 upon artificial tethering
of MS2 HOTAIR RNA. In addition, due to an antibody whose commercialization
was temporary interrupted, figure 3 and figure EV3 were performed with distinct
antibodies and are therefore completely independent. Consequently, the ChlIP for
H3K27me3 was done more than 5 times. Therefore, we believe that this result is
already really robust.

References:
1. Gupta RA., Shah N., Wang KC., et al (2010) Long no-coding RNA HOTAIR



reprograms RNA state to promote cancer metastasis. Nature 464:1071-6

2. Kaneko S., Bonasio R., Saldana-Meyer R., et al (2014) Interactions between
JARID2 and non-coding RNAs regulate PRC2 recruitment to chromatin. Mol Cell
53:290-300

3. Da Rocha ST., Boeva V., Escamilla-Del-Arenal M., et al (2014) JARID2 in
implicated in the initial Xist-induced targeting of PRC2 to the inactive X
chromosome. Mol Cell 53:301-316.



Referee #3:

In this manuscript, Portoso and colleagues address the question of how a long
non-coding RNA - HOTAIR - mediates changes in gene expression. The functions of
IncRNAs is a very important and topical area and, despite a lot of studies on the
popular HOTAIR IncRNA - many using crude over-expression or knockdown
approaches, its biological function and mechanism of action remains unclear and
disputed.

Here the authors, use an elegant combination of approaches to investigate the
ability of HOTAIR to repress genes in trans and to determine any dependence on
PRC2 (which published studies have implicated in HOTAIR mediated effects). They
first show that HOTAIR overexpression in a breast cancer cell line has only very
modest affects of gene expression and that this is independent of PRC2 (using
matched PRC2 knockout cells). They then set up an MS2-based RNA tethering
system to specifically recruit HOTAIR to a reporter transgene (tk-luciferase) with
UAS/Gal4 binding sites and show a strong silencing effect on the transgene that is
independent of PRC2 activity. This is conclusive as far as it goes, but it is
disappointing that the study does not go on to identify the repression mechanism
that is responsible for the strong reporter gene silencing induced by HOTAIR
tethering.

Major points related to the findings and conclusions of this paper are:

1. How relevant are these data obtained at an artificial reporter transgene to the
mechanism of action of HOTAIR at endogenous loci? One issue is that this
transgene - as is often the case for transgenes in mammalian cells - may be
particularly prone to gene silencing pathways that are dependent on DNA
methylation and H3K9 methylation. This would preclude a major influence of
Polycomb. The authors should assay the reporter before and after HOTAIR
tethering for DNA methylation status and for H3K9me2/3. There should be some
discussion about the pros and cons of assaying IncRNA mechanisms using artificial
reporter genes.

We agree that the tethering system we set up has limitations and we carefully
referred to it as “artificial tethering” and “model cell lines” yet we believe that we
have provided a variety of controls to insure that it is relevant. Also, it is one
among several approaches (e.g. in vitro and HOTAIR overexpression) which all



point toward the same conclusion. Regarding DNA methylation, we have
performed the requested experiments (Figure EV3c) and we could not detect any
sign of DNA methylation at the transgene.

2. It appears that the primers used for ChIP are all located within the luciferase
gene body, and so the authors are not assaying the chromatin state at the gene
promoter - probably the most important site to look at. ChIP should be performed
for the tk promoter.

We used different set of primers depending on what we aim to detect. The set of
luciferase primers labeled “LUC A” is indeed located on the luciferase gene body
but very close to the 5XUAS/tk promoter (less than 20nt away downstream of the
tk promoter). Therefore, it reflects what happen at the promoter as illustrated by
the fact that only this set of primers detects the GAL4-MS2BP (Figure 2b). In
contrast, the enrichment for H3K27me3 upon tethering of HOTAIR with this set of
primers is low (Figure 3a). A significant enrichment for H3K27me3 is only observed
further downstream (set of primers LUC D and LUC E).

3. HOTAIR has a highly folded secondary structure (Somarowthu et al.,, 2015,
Molecular Cell). It is possible that the addition of MS2 sites to HOTAIR, and in
addition the binding of MS2BP to those MS2 sites, alters the secondary structure
of HOTAIR and hence its function and protein interactions. Therefore, correctly
the authors examine the structure of their HOTAIR molecules by SHAPE analysis.
However, the data presented in Fig. 4c appear to only show the first 530bp of the
molecule i.e not the region where the MS2 sites are located.

The SHAPE analysis was done to check that HOTAIR was correctly folded for the in
vitro experiments; therefore the experiment was done with in vitro transcribed
HOTAIR without any tag. Previous studies have reported that PRC2 binding to
HOTAIR occur through its 5’ region, we therefore focused on this region checking
the independent structural module D1. Nonetheless, the full SHAPE reactivities
are provided as sourced data for Figure 4c.

Where is the data to show that the structure of the rest of the RNA molecule is
not perturbed?

We understand the referree’s concern although the MS2 sites sequences fold into
stable hairpin loops that should fold independently and are unlikely to interefere



with Hotair structure. However, to answer the referee’s question, the HOTAIR
sequence tagged with MS2 binding sites was submitted to the SHAPE-Map
protocol using 1M7, and the reactivity map obtained was compared to the
HOTAIR reactivity map previously obtained. The two reactivity maps are not
identical but very similar, this was established in two different ways. First HOTAIR-
MS2 reactivity map was used as constraint to model the structure of the 430 first
nucleotides of HOTAIR that constitute the first structural domain that was
supposed to bind PCBP. The most stable models obtained were mostly identical to
those obtained using HOTAIR reactivity map, for which one example is shown in
sup. Figure EV5. Second to assess the compatibility of HOTAIR-MS2 structure with
the model established by Somarowthu et al., as we previously did for HOTAIR, we
draw the reactivity on the Somarowthu’s secondary structure model. This shows
that reactivities of both HOTAIR and HOTAIR-MS2 are essentially compatible with
each other and with Somarowthu’s model. This strongly suggests that HOTAIR and
HOTAIR MS2 domain | folds in the same way and that the MS2 repeats to do not
alter HOTAIR its folding.
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As exemplified in Somarowthu et al. modeling such a long RNA is a study in
itself, which is way beyond the scope of this manuscript. Here we only use
the SHAPE technology to show that HOTAIR domain one is correctly folded,
and we did not model the rest of HOTAIR RNA. However, a quick comparison



of the reactivity map in between nucleotide 430 and 1580 suggests that
HOTAIR and HOTAIR-MS2 fold in a similar way.

The authors need to discuss the possibility that MS2BP binding may perturb
HOTAIR structure.

We added a sentence to clarify this point.
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