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8th Apr 20211st Editorial Decision

Dear Prof. Hale,

Thank you for the submission of your research manuscript  to EMBO reports. We have now received
the reports from the three referees that were asked to evaluate your study, which can be found at
the end of this email. 

As you will see, the referees think that these findings are of interest . However, they have several
comments, concerns and suggest ions, indicat ing that a major revision of the manuscript  is
necessary to allow publicat ion of the study in EMBO reports. As the reports are below, and all their
points need to be addressed, I will not  detail them here.

Given the construct ive referee comments, we would like to invite you to revise your manuscript  with
the understanding that all referee concerns must be addressed in the revised manuscript  or in the
detailed point-by-point  response. Acceptance of your manuscript  will depend on a posit ive outcome
of a second round of review. It  is EMBO reports policy to allow a single round of revision only and
acceptance of the manuscript  will therefore depend on the completeness of your responses
included in the next, final version of the manuscript . 

Revised manuscripts should be submit ted within three months of a request for revision. We are
aware that many laboratories cannot funct ion at  full efficiency during the current COVID-19/SARS-
CoV-2 pandemic and we have therefore extended our 'scooping protect ion policy' to cover the
period required for full revision. Please contact  me to discuss the revision should you need
addit ional t ime, and also if you see a paper with related content published elsewhere.

When submit t ing your revised manuscript , please also carefully review the instruct ions that follow
below. 

PLEASE NOTE THAT upon resubmission revised manuscripts are subjected to an init ial quality
control prior to exposit ion to re-review. Upon failure in the init ial quality control, the manuscripts are
sent back to the authors, which may lead to delays. Frequent reasons for such a failure are the lack
of the data availability sect ion (please see below) and the presence of stat ist ics based on n=2 (the
authors are then asked to present scatter plots or provide more data points).

When submit t ing your revised manuscript , we will require: 

1) a .docx formatted version of the final manuscript  text  (including legends for main figures, EV
figures and tables), but  without the figures included. Please make sure that changes are highlighted
to be clearly visible. Figure legends should be compiled at  the end of the manuscript  text .

2) individual product ion quality figure files as .eps, .t if, .jpg (one file per figure), of main figures and EV
figures. Please upload these as separate, individual files upon re-submission.

The Expanded View format, which will be displayed in the main HTML of the paper in a collapsible
format, has replaced the Supplementary informat ion. You can submit  up to 5 images as Expanded
View. Please follow the nomenclature Figure EV1, Figure EV2 etc. The figure legend for these
should be included in the main manuscript  document file in a sect ion called Expanded View Figure
Legends after the main Figure Legends sect ion. Addit ional Supplementary material should be
supplied as a single pdf file labeled Appendix. The Appendix should have page numbers and needs



to include a table of content on the first  page (with page numbers) and legends for all content.
Please follow the nomenclature Appendix Figure Sx, Appendix Table Sx etc. throughout the text ,
and also label the figures and tables according to this nomenclature. 

For more details, please refer to our guide to authors: 
ht tp://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparat ion

See also our guide for figure preparat ion: 
ht tp://wol-prod-cdn.literatumonline.com/pb-assets/embo-
site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf

3) a .docx formatted let ter INCLUDING the reviewers' reports and your detailed point-by-point
responses to their comments. As part  of the EMBO Press transparent editorial process, the point-
by-point  response is part  of the Review Process File (RPF), which will be published alongside your
paper.

4) a complete author checklist , which you can download from our author guidelines
(ht tps://www.embopress.org/page/journal/14693178/authorguide). Please insert  page numbers in
the checklist  to indicate where the requested informat ion can be found in the manuscript . The
completed author checklist  will also be part  of the RPF.

Please also follow our guidelines for the use of living organisms, and the respect ive report ing
guidelines: ht tp://www.embopress.org/page/journal/14693178/authorguide#livingorganisms 

5) that  primary datasets produced in this study (e.g. RNA-seq, ChIP-seq, structural and array data)
are deposited in an appropriate public database. If no primary datasets have been deposited,
please also state this a dedicated sect ion (e.g. 'No primary datasets have been generated and
deposited'), see below.

See also: ht tp://embor.embopress.org/authorguide#datadeposit ion 

Please remember to provide a reviewer password if the datasets are not yet  public.

The accession numbers and database should be listed in a formal "Data Availability " sect ion
(placed after Materials & Methods) that follows the model below. This is now mandatory (like the
COI statement). Please note that the Data Availability Sect ion is restricted to new primary data
that are part  of this study. 

# Data availability

The datasets produced in this study are available in the following databases:

- RNA-Seq data: Gene Expression Omnibus GSE46843
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)
- [data type]: [name of the resource] [accession number/ident ifier/doi] ([URL or
ident ifiers.org/DATABASE:ACCESSION]) 

*** Note - All links should resolve to a page where the data can be accessed. ***

Moreover, I have these editorial requests:



6) We strongly encourage the publicat ion of original source data with the aim of making primary
data more accessible and transparent to the reader. The source data will be published in a
separate source data file online along with the accepted manuscript  and will be linked to the
relevant figure. If you would like to use this opportunity, please submit  the source data (for example
scans of ent ire gels or blots, data points of graphs in an excel sheet, addit ional images, etc.) of your
key experiments together with the revised manuscript . If you want to provide source data, please
include size markers for scans of ent ire gels, label the scans with figure and panel number, and send
one PDF file per figure. 

7) Our journal encourages inclusion of *data citat ions in the reference list* to direct ly cite datasets
that were re-used and obtained from public databases. Data citat ions in the art icle text  are dist inct
from normal bibliographical citat ions and should direct ly link to the database records from which the
data can be accessed. In the main text , data citat ions are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list ,
data citat ions must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/ident ifiers and a resolvable link to the landing page from which the data
can be accessed at  the end of the reference. Further instruct ions are available at :
ht tp://www.embopress.org/page/journal/14693178/authorguide#referencesformat

8) Regarding data quant ificat ion and stat ist ics, can you please specify, where applicable, the
number "n" for how many independent experiments (biological replicates) were performed, the bars
and error bars (e.g. SEM, SD) and the test  used to calculate p-values in the respect ive figure
legends. Please provide stat ist ical test ing where applicable, and also add a paragraph detailing this
to the methods sect ion. See: 
ht tp://www.embopress.org/page/journal/14693178/authorguide#stat ist icalanalysis

9) Please also note our new reference format:
ht tp://www.embopress.org/page/journal/14693178/authorguide#referencesformat

10) For microscopic images, please add scale bars of similar style and thickness to all the
microscopic images, using clearly visible black or white bars (depending on the background). Please
place these in the lower right  corner of the images. Please do not write on or near the bars in the
image but define the size in the respect ive figure legend.

11) Please also add up to 5 keywords to the t it le page.

I look forward to seeing a revised version of your manuscript  when it  is ready. Please let  me know if
you have quest ions or comments regarding the revision.

Yours sincerely,

Achim Breiling
Editor
EMBO Reports

Referee #1:

In the manuscript  by Börold et  al., ent it led "Genome-Wide CRISPR Screening Ident ifies BRD9 as a



Druggable Component of Interferon-St imulated Gene Expression and Ant iviral Act ivity", authors
ident ify and characterize a previously unappreciated component of IFN-a signaling chain,
bromodomain-containing protein 9 (BRD9), which they ident ified using a genome-wide
CRISPR/Cas9 loss-of-funct ion screen. In in vit ro experiments, using a BRD9 knock-out cell line and
pharmacological inhibit ion of BRD9 authors convincingly demonstrate that this protein is involved in
transcript ional act ivat ion of a subset of ISGs (which somewhat differed among the different cell
lines tested) upon IFN-a2 st imulat ion and is crucial for maximizing the effect  of IFN-a2 against  a
range of viruses and in a variety of cell lines. Authors then go to great lengths to funct ionally
characterize BRD9 in order to get a mechanist ic insight on its funct ion. Finally, authors hypothesize
that since BRD9 can be specifically targeted by small molecules and it  only affects a subset of ISGs
it  might be considered as a potent ially safer target in t reatment of certain immunopathological
condit ions. Therefore, current study warrants further in vivo work to demonstrate the relevance of
BRD9 for IFN-a signaling in a more physiological context  (not as a part  of the revision). 

The study is of very high quality, experiments are well done and the results support  the conclusions
of the authors. The main finding is novel and provides a new angle on the regulat ion of
t ranscript ional response to type-I IFNs, and therefore would be of interest  to everybody working in
the innate immunity and cytokine signaling field. The only "weak" side is that  all the work has been
done in vit ro/cell culture and therefore the physiological relevance of the findings remains unclear at
the moment

The discussion is focused mainly on the mechanist ic aspects of BRD9 act ivity and could include
some of the more general aspects for example the relevance of such a mechanism of addit ional
t ranscript ional regulat ion in the context  of IFN (and perhaps other cytokine) signaling (most ISGs
don't  need it , and on its own BRD9 inhibit ion does not seem to have a strong effect  on the cells in
the absence of IFN-a, at  least  short-term), gene-specificity of BRD9 and why BRD9 appears to be
not important in type-III IFN signaling etc.

I only have some minor points/suggest ions:

1. Fig. 2E - the fold-change values are not informat ive here, because a) the baseline expression of
Mx1 is not known in different cell lines and b) the maximum levels of Mx1 induct ion would be more
relevant and easy to correlate with subsequent ant iviral effect , therefore actual gene expression
values should be shown instead.

2. Fig. 2G,I, Supp Fig. 2F, Fig. 3E-L, Supp Fig. 3B-D - contrary to my previous comment, here fold
change/% inhibit ion (using virus t iter/GFP intensity in untreated cells as 100%) values would be
more appropriate and easier to compare between BRD9+/- or dBRD9-A+/- condit ions

3. Fig. 2G,I (and Supp), Fig. 3E-L (and Supp) - what are the dotted lines?

4. Why did the authors choose 16h t ime point  for their IFN-a2 st imulat ion experiments? IFN act ivity
could be already waning after 16h due to early induct ion of negat ive regulators of JAK/STAT
signaling (USP18, SOCS1/3)

5. Are there any naturally occurring polymorphisms of BRD9 and if yes how do they affect  immune
response in the carriers (could be a part  of discussion)

----------------



Referee #2:

In the manuscript  ent it led "Genome-Wide CRISPR 1 Screening Ident ifies BRD9 as a Druggable
Component of Interferon-St imulated Gene Expression and Ant iviral Act ivity", Borold et  al ident ified
epigenet ic reader BRD9 as a novel regulator of the type I interferon response through a genome-
wide CRISPR screen, and the authors determine that BRD9 promotes the ant iviral state in human
cell lines of epithelial, fibroblast , and hepatocyte origin. A previous study from a separate group also
ident ified BRD9 as a posit ive regulator of the type III interferon response but did not further
characterize the role of BRD9. The present study ut ilized BRD9 knockout cell lines and
reconst itut ions to prove their hypothesis that BRD9 does not affect  the type I IFN signaling
pathway yet affects t ranscript ion of ISGs. Furthermore, they demonstrate that target ing BRD9 for
degradat ion via a small molecule recapitulate their findings that BRD9 enhances transcript ion of a
subset of interferon response genes. Previous research has shown that BRD9 associates with the
noncanonical BAF chromat in remodeling complex through a DUF3512 scaffolding domain.
Therefore, the authors ut ilize a domain-swapping technique to determine that the BRD9 DUF3512
and thus associat ion with the noncanonical BAF complex is necessary for the BRD9-mediated
funct ion in ISG transcript ion. This work expands our understanding of the role of the noncanonical
BAF complex in the interferon response. Knowledge gained form this paper sets up future work to
study the role of BRD9 inhibitors in vivo in inhibit ing the interferon response to t reat
interferonopathies. The following are specific areas for improvement prior to publicat ion:

Major Points:

1. Quant ificat ion of Figure 1B and C would help give an idea how consistent this assay is for use in
subsequent figures.

2. Is the phenotype observed in Fig 2 and 3 only present when IFN-a2 added?

3. What is determining the specificity of BRD9 to those specific ISG subsets since it  is ment ioned
there were no consensus sequences in their promoters. 

4. The authors performed RNAseq on IFN-a2 st imulated cells in the presence or absence of a BRD9
degrador to determine the extent to which BRD9 promoted ISG induct ion (Figure 4). Based on their
hypothesis that BRD9 regulates ISGs, the authors only provide an analysis of how the presence or
absence of BRD9 affects ISG transcript ion. However, the authors could analyze their complete set
of RNAseq data to determine whether there are non-ISG sets of genes that are affected by a loss
of BRD9. The result ing data could provide evidence that BRD9 primarily affects ISG transcript ion or
shed light  on other funct ions of BRD9 at baseline or after IFN-a2 st imulat ion that may have
implicat ions to the clinical relevance of target ing BRD9.

5. It  is suggested that a chromat in accessibility mechanism may be at  play since signaling changes
weren't  significant ly seen - ATAC to assess chromat in accessibility in the KOs would specifically
address this. Alternat ively, revising lines 350-356 in the Discussion to reflect  a more reserved
interpretat ion of the findings and suggest BRD9 recruitment to ISGs may affect  chromat in
accessibility or STAT2 binding or act ivity at  these sites.

6. In regard to Figure 6, the authors could further validate the BRD9 interactome via t radit ional co-
immunoprecipitat ions if ant ibodies are available. They could include the HA-BRD9 versus HA-
BRD7c mutant as well to confirm the important role of the BRD9 DUF3512 domain in mediat ing
noncanonical BAF complex interact ions that is necessary for STAT2 binding. Alternat ively, the



authors could perform IPs in the presence or absence of BRD9 degrador.

Minor Points:
(i) In all the figure labels for BRD9 KO experiments, there is ctrl#1 and KO#1 writ ten? Were mult iple
clones generated and how consistent was this phenotype in other clones?
(ii) In Fig 6F, its shown that BRD9 only binds to STAT2 with IFN-a2. Is this preceded/or concurrent
with BRD9 binding with Smarca2?
(iii) In Figure 5B, the authors should change the stat ist ical analysis to compare the mutant BRD9
constructs to the empty vector as they showed in Figure 5D, F.
(iv) How much are the binding proteins of BRD9 affect ing its funct ion? I.e. GLTSCR1/1L or
Smarca2? If you were to knockdown these genes in KOs or chemically degraded BRD9, do these
change the results in Figure 2 and 3?

----------------
Referee #3:

The manuscript  by Börold et . al. claims that BRD9, a subunit  of a chromat in remodeler complex
ncBAF is a cofactor of ISG expression and has ant iviral act ivity. The authors pulled out BRD9 from
genome-wide loss-of-funct ion crispr screening to ident ify factors important for IFN signaling.
Ut ilizing both select ive knock down and small molecule mediated degradat ion of BRD9, they confirm
the involvement of BRD9 in IFN signaling in mult iple cell-types, and ant iviral act ivit ies against  both
RNA and DNA viruses. The authors went on to imply that BRD9 acts at  the t ranscript ion of subsets
of ISGs by being recruited to the promoter by its associat ion with STAT2 and exert ing its chromat in
remodeling act ivity to mediate full act ivat ion.

The strength of the paper is that  the execut ion of the screen and hit  validat ion were thorough and
well controlled. Although the loss of funct ion effect  of BRD9 on IFN signaling and ant i-viral act ivit ies
are rather weak, rigorous test ing through mult iple cell types and mult iple viruses convinces its role.

Conceptually, however, the finding lacks a novelty and significance. The chromat in remodeling role
of BRD9 as a subunit  of SWI/SNF complex and its direct  role in regulat ing t ranscript ion is rather well
established. Thus, the loss of BRD9 limit ing ISG expression and in turn reducing ant iviral act ivity are
easily expected.

Both proteomic interactome analysis and the chimeric protein reconst itut ion experiments fell short
of providing mechanist ical explanat ion to how BRD9 enhances select ive sets of ISG transcript ion
upon IFN response.

However, if the authors can demonstrate that both the interact ion to STAT2 and acetyl-binding
bromodomain funct ion of BRD9 are responsible of ncBAF (BRD9) recruitment to the promoter of the
subsets of ISGs that are select ively effected upon the loss of BRD9, this will elevate the
significance of manuscript  great ly and would merit  further considerat ion.
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Author response letter for EMBOR-2021-52823-T 

We thank all the referees for their constructive comments and overall positive assessment of 
our manuscript. Please find below all the points raised, with our responses indicated in blue 
italics. 

Referee #1: 

In the manuscript by Börold et al., entitled "Genome-Wide CRISPR Screening Identifies 
BRD9 as a Druggable Component of Interferon-Stimulated Gene Expression and Antiviral 
Activity", authors identify and characterize a previously unappreciated component of IFN-a 
signaling chain, bromodomain-containing protein 9 (BRD9), which they identified using a 
genome-wide CRISPR/Cas9 loss-of-function screen. In in vitro experiments, using a BRD9 
knock-out cell line and pharmacological inhibition of BRD9 authors convincingly demonstrate 
that this protein is involved in transcriptional activation of a subset of ISGs (which somewhat 
differed among the different cell lines tested) upon IFN-a2 stimulation and is crucial for 
maximizing the effect of IFN-a2 against a range of viruses and in a variety of cell lines. 
Authors then go to great lengths to functionally characterize BRD9 in order to get a 
mechanistic insight on its function. Finally, authors hypothesize that since BRD9 can be 
specifically targeted by small molecules and it only affects a subset of ISGs it might be 
considered as a potentially safer target in treatment of certain immunopathological 
conditions. Therefore, current study warrants further in vivo work to demonstrate the 
relevance of BRD9 for IFN-a signaling in a more physiological context (not as a part of the 
revision).  

The study is of very high quality, experiments are well done and the results support the 
conclusions of the authors. The main finding is novel and provides a new angle on the 
regulation of transcriptional response to type-I IFNs, and therefore would be of interest to 
everybody working in the innate immunity and cytokine signaling field. The only "weak" side 
is that all the work has been done in vitro/cell culture and therefore the physiological 
relevance of the findings remains unclear at the moment 

> We thank the referee for their very positive assessment of the quality of our study and its
novelty to the innate immunity and cytokine signaling fields. We fully agree that future work,
beyond the scope of the present study, should address these findings in vivo.

The discussion is focused mainly on the mechanistic aspects of BRD9 activity and could 
include some of the more general aspects for example the relevance of such a mechanism of 
additional transcriptional regulation in the context of IFN (and perhaps other cytokine) 
signaling (most ISGs don't need it, and on its own BRD9 inhibition does not seem to have a 
strong effect on the cells in the absence of IFN-a, at least short-term), gene-specificity of 
BRD9 and why BRD9 appears to be not important in type-III IFN signaling etc. 

> We thank the referee for their suggestions to improve our Discussion, and have now
updated the relevant sections to briefly highlight some of these important questions which
should be addressed in future studies (page 18, lines 392-396). In particular, we have now
highlighted some screening results from Lumb et al, Cell Reports, 2017, which were not
followed up by these investigators, but which suggested a role for GLTSCR1 and BRD9 in
type III IFN signaling, demonstrating that the role of ncBAF probably extends to type III IFN
signaling (page 18, lines 398-400).

I only have some minor points/suggestions: 

1. Fig. 2E - the fold-change values are not informative here, because a) the baseline
expression of Mx1 is not known in different cell lines and b) the maximum levels of Mx1
induction would be more relevant and easy to correlate with subsequent antiviral effect,
therefore actual gene expression values should be shown instead.

7th Jul 20211st Authors' Response to Reviewers
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> We thank the referee for highlighting this point. We believe that we have presented the
data in the most informative way (all RT-qPCR data in this panel are made relative to the
CTRL cell-line in the absence of IFN). However, we realize that we had not labeled this
clearly on the original figure panel, which may have led the reader to assume that the data
represented fold-change in each cell-line +/- IFN (which would indeed not account for
possible baseline differences between the cell-lines as the referee correctly states). We have
now updated the y-axis label to clarify this.

2. Fig. 2G,I, Supp Fig. 2F, Fig. 3E-L, Supp Fig. 3B-D - contrary to my previous comment,
here fold change/% inhibition (using virus titer/GFP intensity in untreated cells as 100%)
values would be more appropriate and easier to compare between BRD9+/- or dBRD9-A+/-
conditions

> For complete clarity, we have now also added fold-change inhibition values to the graphs in
question so that the reader has all the relevant information. We have also done this for the
other figures in the manuscript.

3. Fig. 2G,I (and Supp), Fig. 3E-L (and Supp) - what are the dotted lines?

> These dotted lines are simply to aid the reader visually in seeing maximum and minimum
virus replication in control cells +/- IFN. We have now added a statement to this effect in the
appropriate figure legends.

4. Why did the authors choose 16h time point for their IFN-a2 stimulation experiments? IFN
activity could be already waning after 16h due to early induction of negative regulators of
JAK/STAT signaling (USP18, SOCS1/3)

> We have found that this timepoint leads to the largest effect of IFN antiviral activity (as
compared to earlier timepoints), and is therefore very good for the viral assays in this study.
For RT-qPCR (gene expression) assays we have used earlier timepoints as indicated in the
figure legends.

5. Are there any naturally occurring polymorphisms of BRD9 and if yes how do they affect
immune response in the carriers (could be a part of discussion)

> This is a very interesting point and currently something that we are addressing
experimentally with the aim of putting together a follow-up manuscript shortly. We therefore
prefer not to add this to the discussion presently.

---------------- 
Referee #2: 

In the manuscript entitled "Genome-Wide CRISPR 1 Screening Identifies BRD9 as a 
Druggable Component of Interferon-Stimulated Gene Expression and Antiviral Activity", 
Borold et al identified epigenetic reader BRD9 as a novel regulator of the type I interferon 
response through a genome-wide CRISPR screen, and the authors determine that BRD9 
promotes the antiviral state in human cell lines of epithelial, fibroblast, and hepatocyte origin. 
A previous study from a separate group also identified BRD9 as a positive regulator of the 
type III interferon response but did not further characterize the role of BRD9. The present 
study utilized BRD9 knockout cell lines and reconstitutions to prove their hypothesis that 
BRD9 does not affect the type I IFN signaling pathway yet affects transcription of ISGs. 
Furthermore, they demonstrate that targeting BRD9 for degradation via a small molecule 
recapitulate their findings that BRD9 enhances transcription of a subset of interferon 
response genes. Previous research has shown that BRD9 associates with the noncanonical 
BAF chromatin remodeling complex through a DUF3512 scaffolding domain. Therefore, the 
authors utilize a domain-swapping technique to determine that the BRD9 DUF3512 and thus 
association with the noncanonical BAF complex is necessary for the BRD9-mediated 
function in ISG transcription. This work expands our understanding of the role of the 



3 

noncanonical BAF complex in the interferon response. Knowledge gained form this paper 
sets up future work to study the role of BRD9 inhibitors in vivo in inhibiting the interferon 
response to treat interferonopathies. 

> We thank the referee for their very positive assessment of our study, its novelty for the
innate immunity field, and its implications for current knowledge and future work.

The following are specific areas for improvement prior to publication: 

Major Points: 

1. Quantification of Figure 1B and C would help give an idea how consistent this assay is for
use in subsequent figures.

> In these figure panels, essentially the same result was obtained in two independent
replicates which we have now tried to make clear in the figure legend. In addition, the data
presented in Fig EV1A summarize the MFI values (means, standard deviations and
individual datapoints) for 3 independent replicates of practically the same control
experiments (parental, sgSTAT1, sgIFNLR1) which we believe can give the reader an
appreciation of the consistency of the assay set-up.

2. Is the phenotype observed in Fig 2 and 3 only present when IFN-a2 added?

> This is an important question raised by the reviewer, and the answer is essentially, yes. In
almost all of our assays we have assessed the antiviral activity of IFN by monitoring the
single-cycle replication of a particular virus, and under these conditions we only ever noted
an effect of BRD9 in the presence of IFN. However, as shown in Figs 2G/I, loss of BRD9 did
slightly increase IAV replication in the absence of IFN pre-treatment. For these experiments
we used fully replication-competent IAV, and assessed viral titres at much later timepoints
following multi-cycle replication. We therefore attribute the impact of BRD9 under these
conditions to the production and action of endogenously-produced IFN during the infection.
To help the reader, we have now added a sentence relating to dBRD9-A treatment having no
effect on virus replication in the absence of IFN (Fig 3) to page 10, lines 213-214.

3. What is determining the specificity of BRD9 to those specific ISG subsets since it is
mentioned there were no consensus sequences in their promoters.

> This will be a very important thing to address in future studies, but is currently beyond the
scope of the present work. As we mention in the manuscript (page 12, 247-253 when
discussing Fig 4 and EV4), there is also a degree of cell-type specificity to the ISGs
regulated by BRD9. This suggests that it is unlikely to be promoter sequences per se, but
rather an epigenetic state of the particular cell involved which determines specificity. These
mechanisms and their functional necessities/consequences require further dissection.

4. The authors performed RNAseq on IFN-a2 stimulated cells in the presence or absence of
a BRD9 degrador to determine the extent to which BRD9 promoted ISG induction (Figure 4).
Based on their hypothesis that BRD9 regulates ISGs, the authors only provide an analysis of
how the presence or absence of BRD9 affects ISG transcription. However, the authors could
analyze their complete set of RNAseq data to determine whether there are non-ISG sets of
genes that are affected by a loss of BRD9. The resulting data could provide evidence that
BRD9 primarily affects ISG transcription or shed light on other functions of BRD9 at baseline
or after IFN-a2 stimulation that may have implications to the clinical relevance of targeting
BRD9.

> In our study we did identify genes that are affected by dBRD9-A treatment in the absence
of IFN. Using our cut-off criteria, only 11 non-ISG genes were downregulated by dBRD9-A
treatment, and none were upregulated (in Dataset EV2). We have now tried to make this
finding clearer in the main manuscript text, and commented that none of the genes affected
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are known to be implicated in the IFN signaling pathway. We have now also listed the top 
five altered genes to make it easier for the reader to see these without referring to the 
supplementary dataset. In addition, from our own preliminary analysis which we now 
comment on, 3 of these 11 dBRD9-A regulated genes have been reported to be putative 
mammalian ISGs, which could support the idea that they are regulated by a basal STAT 
transcription factor complex together with BRD9 (page 11, lines 231-237). We could not 
assign a clear pattern to the other dBRD9-A regulated genes. 

5. It is suggested that a chromatin accessibility mechanism may be at play since signaling
changes weren't significantly seen - ATAC to assess chromatin accessibility in the KOs
would specifically address this. Alternatively, revising lines 350-356 in the Discussion to
reflect a more reserved interpretation of the findings and suggest BRD9 recruitment to ISGs
may affect chromatin accessibility or STAT2 binding or activity at these sites.

> We thank the reviewer for this suggestion and have revised the discussion on page 19,
lines 416-419 to reflect a more reserved interpretation.

6. In regard to Figure 6, the authors could further validate the BRD9 interactome via
traditional co-immunoprecipitations if antibodies are available. They could include the HA-
BRD9 versus HA-BRD7c mutant as well to confirm the important role of the BRD9 DUF3512
domain in mediating noncanonical BAF complex interactions that is necessary for STAT2
binding. Alternatively, the authors could perform IPs in the presence or absence of BRD9
degrador.

> We have now used cells expressing the wt BRD9 and BRD9/BRD7DUF constructs to
assay the co-precipitation of GLTSCR1 or ARID2, respectively, and thereby validate that the
domain-swaps we made faithfully re-capitulate published data, and also validate at least
some of the BRD9 interactome in the absence of IFN treatment. These data are presented in
new Fig 5H (and page 14, lines 293-296), and strengthen our hypothesis that BRD9, and its
specific co-ordination of ncBAF, is important for effective ISG induction. Our attempts to
stably co-precipitate STAT2 with BRD9 have not been successful, and that is why we have
tried to be clear throughout the manuscript that the TurboID methodology employed here
picks up proximal or transient interactors. Thus, it is likely that BRD9 and STAT2 come close
to one another, rather than physically and stably interact, probably at ISG promoters.

Minor Points: 

(i) In all the figure labels for BRD9 KO experiments, there is ctrl#1 and KO#1 written? Were
multiple clones generated and how consistent was this phenotype in other clones?

> We did indeed generate multiple BRD9 KO clones (and additional wild-type control clones)
in order to ensure that the phenotypes were consistent. We additionally reconstituted each
KO clone with BRD9 to ensure that the phenotypes we observed could be reverted. The data
from ctrl#2 and KO#2 are presented in EV2, and are wholly consistent with the data in Fig 2
with KO#1. We have added a line in the results section to highlight for the reader that we
made multiple KO clones (page 8, lines 175-176). In addition, we generated a 3rd KO (KO#3)
for use in Figure 5 (now detailed more in the text, pages 12/13, lines 266-273, new Fig EV5)
and could also show that the phenotype of this clone is consistent with the phenotypes of
KO#1/2, and can be reversed by BRD9 expression.

(ii) In Fig 6F, its shown that BRD9 only binds to STAT2 with IFN-a2. Is this preceded/or
concurrent with BRD9 binding with Smarca2?

> Our TurboID analyses identified that SMARCA2 interacts with BRD9 even in unstimulated
cells (Dataset EV3 and Fig 6C), while STAT2 is not associated with BRD9 without
stimulation, therefore it is likely that the BRD9-SMARCA2 interaction precedes the increased
proximity of ncBAF with STAT2. We have now added a statement to page 16, lines 345-346
try and highlight this.
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(iii) In Figure 5B, the authors should change the statistical analysis to compare the mutant
BRD9 constructs to the empty vector as they showed in Figure 5D, F.

> We have now changed this as suggested.

(iv) How much are the binding proteins of BRD9 affecting its function? I.e. GLTSCR1/1L or
Smarca2? If you were to knockdown these genes in KOs or chemically degraded BRD9, do
these change the results in Figure 2 and 3?

> We thank the reviewer for this suggestion as we had not considered looking directly into
the contribution of other ncBAF complex components, such as SMARCA2 or GLTSCR1/1L,
to ISG transcription. In this direction, we have now performed new experiments, presented in
Fig EV1C, where we used siRNAs to deplete specific components of the ncBAF complex
(BRD9 or GLTSCR1) or the distinct PBAF complex (BRD7 or ARID2) before studying the
antiviral effect of IFN. Our results show that only depletion of the ncBAF complex members,
BRD9 or GLTSCR1, impact the antiviral effect of IFN, and not depletion of PBAF complex
members, BRD7 or ARID2. These new data support the notion that it is the ncBAF complex
mediating this effect and not the PBAF complex, which we think is a nice demonstration of
specificity in the transcription-regulatory machinery, and provides additional novelty to the
paper. These new data also support the BRD9/BRD7 domain swapping experiments
presented in Fig 5 that show that BRD9 functions with GLTSCR1/1L. We have discussed
these new observations on page 8, lines 164-173.

---------------- 
Referee #3: 

The manuscript by Börold et. al. claims that BRD9, a subunit of a chromatin remodeler 
complex ncBAF is a cofactor of ISG expression and has antiviral activity. The authors pulled 
out BRD9 from genome-wide loss-of-function crispr screening to identify factors important for 
IFN signaling. Utilizing both selective knock down and small molecule mediated degradation 
of BRD9, they confirm the involvement of BRD9 in IFN signaling in multiple cell-types, and 
antiviral activities against both RNA and DNA viruses. The authors went on to imply that 
BRD9 acts at the transcription of subsets of ISGs by being recruited to the promoter by its 
association with STAT2 and exerting its chromatin remodeling activity to mediate full 
activation. 

The strength of the paper is that the execution of the screen and hit validation were thorough 
and well controlled. Although the loss of function effect of BRD9 on IFN signaling and anti-
viral activities are rather weak, rigorous testing through multiple cell types and multiple 
viruses convinces its role. 

> We thank the referee for this very positive assessment of the strengths of our study and the
rigorousness of our experimentation.

Conceptually, however, the finding lacks a novelty and significance. The chromatin 
remodeling role of BRD9 as a subunit of SWI/SNF complex and its direct role in regulating 
transcription is rather well established. Thus, the loss of BRD9 limiting ISG expression and in 
turn reducing antiviral activity are easily expected. 

Both proteomic interactome analysis and the chimeric protein reconstitution experiments fell 
short of providing mechanistical explanation to how BRD9 enhances selective sets of ISG 
transcription upon IFN response. However, if the authors can demonstrate that both the 
interaction to STAT2 and acetyl-binding bromodomain function of BRD9 are responsible of 
ncBAF (BRD9) recruitment to the promoter of the subsets of ISGs that are selectively 
effected upon the loss of BRD9, this will elevate the significance of manuscript greatly and 
would merit further consideration. 
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> We are disappointed that the 3rd referee did not appreciate the novelty or significance of
our study to the innate immunity and cytokine signaling fields. While the reviewer is correct
that BRD9 is already known to play a role in transcription, we believe that several aspects of
our original submission, as well as new experiments performed for this revision (outlined
below), do indeed provide novel and valuable information for both the virology and innate
immunity communities. The reviewer is also correct that it would be of great interest in the
future to determine the recruitment mechanism of BRD9/ncBAF and STAT2/ISGF3 to
specific ISG promoters, and determine if an interaction between the two (perhaps acetyl-
binding dependent) is required for promoter co-recruitment, or whether they are recruited
independently. However, we believe that such detailed additional mechanistic studies are
beyond the scope of the current manuscript (which already makes several robustly-
supported new findings) and should be addressed separately in subsequent studies.

To summarise what we deem to be the main novel findings and significance of our study: 

(i) the contribution of BRD9/ncBAF to IFN-stimulated gene expression and antiviral activity is
a new finding that we thoroughly validate with multiple independent assays, several cell
models, and different viral infection systems.

(ii) we provide evidence that BRD9 exhibits specificity with respect to the genes it impacts
(e.g. only some ISGs, see Fig 4, and not TNF-α-induced genes, see new Fig EV2G and page
9, lines 184-186). Indeed, in our RNA-Seq data we noted very few gene expression changes
upon loss of BRD9 (and loss of BRD9 does not impact general virus replication, which is
heavily reliant on cellular genes) indicating that BRD9 is not a general regulator of all cellular
transcription.

(iii) we show in new experiments using siRNAs to target ncBAF complex members (BRD9
and GLTSCR1) and PBAF complex members (BRD7 and ARID2) that the antiviral function of
IFN is only impaired upon loss of ncBAF complex members, indicating that not all BAF
complexes that mediate transcription play a role in innate immunity (new Fig EV1C). These
data complement our existing data in Fig 5 using functional BRD7/9 domain swaps that we
have now solidified with additional co-immunoprecipitation experiments (new Fig 5H). We
believe that this concept of BAF complex specificity in innate immunity is novel.

(iv) we provide evidence for a new druggable component in the IFN pathway (BRD9), which
expands the classes of target that could be inhibited in the future to treat some forms of
autoinflammatory diseases. Current options are limited to targeting the JAK-family tyrosine
kinases, therefore research to identify novel options is of great interest and significance to
this field.



20th Jul 20211st Revision - Editorial Decision

Dear Prof. Hale,

Thank you for the submission of your revised manuscript  to our editorial offices. I have now received
the reports from the three referees that were asked to re-evaluate your study, you will find below.
As you will see, the referees now support  the publicat ion of your study. However, all referees #2 and
#3 have remaining points and suggest ions to improve the manuscript  I ask you to address in a final
revised version of the manuscript . Please also provide a point-by-point-response addressing the
remaining concerns of the referees.

Moreover, I have these editorial requests:

- Please make sure that the number "n" for how many independent experiments were performed,
their nature (biological versus technical replicates), the bars and error bars (e.g. SEM, SD) and the
test  used to calculate p-values is indicated in the respect ive figure legends (also of the EV figures),
and that stat ist ical test ing has been done where applicable. Please avoid the phrase 'independent
experiment ', but  clearly state if these were biological or technical replicates. If stat ist ical test ing was
done but there is no significant difference, please also mark this in the diagrams (n.s.).

- As the Western blots shown are significant ly cropped, could you provide the source data for all the
blots (main, EV figures). The source data will be published in a separate source data file online along
with the accepted manuscript  and will be linked to the relevant figure. Please submit  the source
data (scans of ent ire blots) together with the revised manuscript . Please include size markers for
scans of ent ire blots, label the scans with figure and panel number and send one PDF file per figure.

- Please call out  the single panels of Figs. EV4 and EV5 separately. Please check that all figure
panels are called out separately and sequent ially.

- Please remove the legends for the EV table and the datasets from the main manuscript  file. For
both file types, please put the legend on the first  TAB of the respect ive excel files before uploading
the final version.

- Finally, please find at tached a word file of the manuscript  text  (provided by our publisher) with a
few changes and queries we ask you to include in your final manuscript  text . Please provide your
final manuscript  file with t rack changes, in order that we can see any modificat ions done.

In addit ion, I would need from you: 
- a short , two-sentence summary of the manuscript  (not more than 35 words).
- two to four bullet  points highlight ing the key findings of your study.
- a schematic summary figure (in jpeg or t iff format with the exact width of 550 pixels and a height
of not more than 400 pixels) that  can be used as a visual synopsis on our website.

I look forward to seeing the final revised version of your manuscript  when it  is ready. Please let  me
know if you have quest ions regarding the revision. 

Kind regards,

Achim Breiling
Editor



EMBO Reports

---------------
Referee #1:

The authors have sufficient ly addressed all my points. I have no further comments.

---------------
Referee #2:

I'm sat isfied that the authors addressed most concerns and that the mechanism of BRD9
regulat ion of ISGs, although st ill not  ent irely clear, is further advanced with the addit ional
experiments. A bromodomain mutant of BRD9 would really be beneficial to our mechanist ic
understanding so if the data could be readily provided, I would suggest including it  in this
manuscript . Otherwise, collect ively it  is an interest ing body of work worthy of publicat ion in EMBO
reports.

---------------
Referee #3:

It  was nice to see that the revised manuscript  has clarified the specificity of the finding and
significance of the study better. The manuscript  has enhance the impact of the study great ly by
focusing at  the specificity of BRD9/ncBAF over PBAF. It  was also nice to see the thorough
discussion of the limits/caveats of the findings which in fact  further clarified the novelty of the
findings.

I agree that two new experiments provided in this revision, siRNA target ing for ncBAF vs PBAF (Fig
EV1C) and the funct ional validat ion of the domain swapping mutants (fig 5H) help in solidifying the
novelty and specificity of the study. Although the low impact of siRNA target ing on eliminat ing of
ant i-viral effect  is bit  concerning. Perhaps, including the siRNA effect  on some of BRD9 target
genes expression might complement this data.

I agree with the authors that the proposed ChIP-sequencing experiment might be beyond scope of
the current study and the authors have demonstrated sufficient  novelty and significance to be
accepted for publicat ion in EMBO reports.
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Author response letter for EMBOR-2021-52823V2 

We thank the referees for their constructive comments on our revised manuscript and for 
their positive assessment of its suitability for publication. Please find their comments below, 
with our responses indicated in blue italics. 

Referee #1: 

The authors have sufficiently addressed all my points. I have no further comments. 

> We thank the referee for taking the time to reassess our manuscript.

--------------- 
Referee #2: 

I'm satisfied that the authors addressed most concerns and that the mechanism of BRD9 
regulation of ISGs, although still not entirely clear, is further advanced with the additional 
experiments. A bromodomain mutant of BRD9 would really be beneficial to our mechanistic 
understanding so if the data could be readily provided, I would suggest including it in this 
manuscript. Otherwise, collectively it is an interesting body of work worthy of publication in 
EMBO reports. 

> We thank the referee for their positive assessment of our manuscript. Indeed, while we
show in this manuscript that a bromodomain mutant of BRD9 that lacks the ability to bind
acetyl-lysine residues (N216A) is inefficient at fully permitting IFN-stimulated antiviral activity
(Figs. 5A & B), we do not yet know the identity of the acetylated target bound by BRD9.
Identifying such a target will be an important aim of future studies.

--------------- 
Referee #3: 

It was nice to see that the revised manuscript has clarified the specificity of the finding and 
significance of the study better. The manuscript has enhance the impact of the study greatly 
by focusing at the specificity of BRD9/ncBAF over PBAF. It was also nice to see the thorough 
discussion of the limits/caveats of the findings which in fact further clarified the novelty of the 
findings. 

I agree that two new experiments provided in this revision, siRNA targeting for ncBAF vs 
PBAF (Fig EV1C) and the functional validation of the domain swapping mutants (fig 5H) help 
in solidifying the novelty and specificity of the study. Although the low impact of siRNA 
targeting on eliminating of anti-viral effect is bit concerning. Perhaps, including the siRNA 
effect on some of BRD9 target genes expression might complement this data. 

I agree with the authors that the proposed ChIP-sequencing experiment might be beyond 
scope of the current study and the authors have demonstrated sufficient novelty and 
significance to be accepted for publication in EMBO reports. 

> We thank the referee for their positive comments about our revised manuscript and its
novelty and significance. It is possible that the low (though consistent) impact of the ncBAF-
targeting siRNAs on reducing IFN-mediated antiviral activity is due to factors such as
inefficient mRNA depletion or low turnover of the respective proteins leading to residual
function. Such caveats of this experimental methodology are obviously overcome with our
subsequent use/validation of the CRISPR/Cas9 knock-out system for BRD9 (3 independent
clones) and the BRD9 degrader molecule, dBRD9-A. However, we fully acknowledge this
caveat with our small siRNA screening experiment in Fig. EV1C, and have now added new
text on page 8, lines 171-174 to highlight this limitation to the reader.

23rd Jul 20212nd Authors' Response to Reviewers



27th Jul 20212nd Revision - Editorial Decision

Prof. Benjamin Hale
University of Zurich
Inst itute of Medical Virology
Winterthurerstrasse 190
Zurich, Zurich 8057
Switzerland

Dear Prof. Hale,

I am very pleased to accept your manuscript  for publicat ion in the next available issue of EMBO
reports. Thank you for your contribut ion to our journal.

At  the end of this email I include important informat ion about how to proceed. Please ensure that
you take the t ime to read the informat ion and complete and return the necessary forms to allow us
to publish your manuscript  as quickly as possible.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunct ion with your paper and will include the referee reports, your point-by-point
response and all pert inent correspondence relat ing to the manuscript .

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default  [contact :
emboreports@embo.org]. If you do opt out, the Review Process File link will point  to the following
statement: "No Review Process File is available with this art icle, as the authors have chosen not to
make the review process public in this case."

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates.

Thank you again for your contribut ion to EMBO reports and congratulat ions on a successful
publicat ion. Please consider us again in the future for your most excit ing work.

Yours sincerely,

Achim Breiling
Editor
EMBO Reports

********************************************************************************

THINGS TO DO NOW: 

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to



our Product ion Office; you should return your correct ions within 2 days of receiving the proofs. 

Please inform us if there is likely to be any difficulty in reaching you at  the above address at  that
t ime. Failure to meet our deadlines may result  in a delay of publicat ion, or publicat ion without your
correct ions. 

All further communicat ions concerning your paper should quote reference number EMBOR-2021-
52823V3 and be addressed to emboreports@wiley.com. 

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates. 
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