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1st Editorial Decision 9th Sep 2024

Dear Bo,

Thank you for the transfer of your manuscript to EMBO reports. We received the full set of referee reports that is pasted below
and that | shared with you some time ago. Thank you also for sending us a proposed revision plan now.

As | indicated, your manuscript is a borderline case and all referee concerns would need to be successfully addressed in order
for us to proceed with your ms here. It seems that you can address the concerns and | would therefore like to give you the
opportunity to revise your ms along the lines suggested by the referees. Please co-submit a detailed point-by-point response to
all comments with your revised ms.

Acceptance of the manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to allow
a single round of major revision only and acceptance or rejection of the manuscript will therefore depend on the completeness of
your responses included in the next, final version of the manuscript.

We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 2 months (10th Nov 2024). Please discuss the revision progress ahead of this time with
the editor if you require more time to complete the revisions.

IMPORTANT NOTE: we perform an initial quality control of all revised manuscripts before re-review. Your manuscript will FAIL
this control and the handling will be DELAYED if the following APPLIES:

1) A data availability section providing access to data deposited in public databases is missing. If you have not deposited any
data, please add a sentence to the data availability section that explains that.

2) Your manuscript contains statistics and error bars based on n=2. Please use scatter blots in these cases. No statistics should
be calculated if n=2.

When submitting your revised manuscript, please carefully review the instructions that follow below. Failure to include requested
items will delay the evaluation of your revision.

1) a .docx formatted version of the manuscript text (including legends for main figures, EV figures and tables). Please make sure
that the changes are highlighted to be clearly visible.

2) individual production quality figure files as .eps, .if, .jpg (one file per figure). See https://wol-prod-cdn.literatumonline.com/pb-
assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf for more info on how to prepare your figures.

3) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable online.
A maximum of 5 EV Figures can be typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc... in the text and their
respective legends should be included in the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc. See detailed instructions regarding expanded view here:
<https://www.embopress.org/page/journal/14693178/authorguide#expandedview>

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xIs files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

4) a .docx formatted letter 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.

5) a complete author checklist, which you can download from our author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide>. Please insert information in the checklist that is also
reflected in the manuscript. The completed author checklist will also be part of the RPF.

6) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript (<https://orcid.org/>). Please find instructions on how to link your ORCID ID to your account in our manuscript
tracking system in our Author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>

7) Before submitting your revision, primary datasets produced in this study need to be deposited in an appropriate public
database (see https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). 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" section placed after Materials & Method (see also
https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). Please note that the Data Availability Section
is restricted to new primary data that are part of this study. * Note - All links should resolve to a page where the data can be
accessed. *

If your study has not produced novel datasets, please mention this fact in the Data Availability Section.

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

9) Our journal also encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.
Further instructions are available at https://www.embopress.org/page/journal/14693178/authorguide#referencesformat

10) Regarding data quantification (see Figure Legends:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat)

The following points must be specified in each figure legend:

- the name of the statistical test used to generate error bars and P values,

- the number (n) of independent experiments (please specify technical or biological replicates) underlying each data point,
- the nature of the bars and error bars (s.d., s.e.m.),

- If the data are obtained from n Program fragment delivered error “"Can't locate object method "less" via package "than"
(perhaps you forgot to load "than"?) at //ejpvfs23/sites23b/embor_www/letters/embor_decision_revise_and_review.txt line 56." 2,
use scatter blots showing the individual data points.

Discussion of statistical methodology can be reported in the materials and methods section, but figure legends should contain a
basic description of n, P and the test applied.

- Please also include scale bars in all microscopy images.

11) The journal requires a statement specifying whether or not authors have competing interests (defined as all potential or
actual interests that could be perceived to influence the presentation or interpretation of an article). In case of competing
interests, this must be specified in your disclosure statement. Further information: https://www.embopress.org/competing-
interests

12) All Materials and Methods need to be described in the main text using our 'Structured Methods' format, which is required for
all research articles. According to this format, the Methods section includes a separate Reagents and Tools Table (listing key
reagents, experimental models, software and relevant equipment and including their sources and relevant identifiers) and a
Methods and Protocols section describing the methods using a step-by-step protocol format. The aim is to facilitate adoption of
the methodologies across labs. More information on how to adhere to this format as well as a downloadable template (.docx) for
the Reagents and Tools Table can be found in our author guidelines:
https://www.embopress.org/page/journal/14693178/authorguide#structuredmethods.

An example of a Method paper with Structured Methods can be found here: https://www.embopress.org/doi/full/10.1038/s44320-
024-00037-6#sec-4

We would also welcome the submission of cover suggestions, or motifs to be used by our Graphics Illustrator in designing a
cover.

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a Review Process File (RPF)
to accompany accepted manuscripts. This File will be published in conjunction with your paper and will include the referee
reports, your point-by-point response and all pertinent correspondence relating to the manuscript.

You are able to opt out of this by letting the editorial office know (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 article, as the authors have



chosen not to make the review process public in this case."
I look forward to seeing a revised form of your manuscript when it is ready.

Kind regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #1:

It is becoming increasingly clear that 3D nuclear reorganization of host genomic DNA is a consequence of viral infection with
physiological consequences to disease outcomes. In this report, Wang and colleagues explore how the EBV protein EBNALP
contributes to the immortalization of Bcells following EBV infection using a host of multi-omics techniques to do so. The team
found that EBNALP interacts and colocalizes with the chromatin looping factor YY1 to potentially manipulate and reorganize
host genomes to facilitate transformation of B cells. The series of experiments performed is quite impressive and include
HiChIP, ATAQ-seq, ChlP-seq and a number of other multiomic approaches, most of which are combined with functional assays
that confirm the -omics data. The work is well done. Nonetheless, the authors hypothesize that since EBNALP and YY1 sites
overlap that EBNALP might recruit YY1 to EBNALP sites to induce changes to the 3D looping structure of the host cell DNA.
However, the YY1 knock out experiments and data presented in Figure 5 are not convincing that this is the case - and little if no
differences are observed EBNALP loops in the presence or absence of YY1 in these experiments. The authors state that this is
likely due to the inefficiency of the YY1 knock-down and do not discuss other potential explanations for these results (which at
first glance seem contradictory to the hypothesis). This is a weakness in the manuscript and warrants at a minimum further
discussion in the paper with alternative mechanisms for potential alternative mechanisms.

Other minor weaknesses include a lack of detail regarding statistics done using the RNA-seq experiments. None of the relative
mRNA graphs have error bars but all have statistical significance indicated

The manuscript has a number of subject-verb agreement mistakes and often "cohesin" is written as "cohesion”

Referee #2:

In this manuscript entitled, "Viral oncogene manipulates YY1 to alter host 3D genome organization and promote B cell
proliferation”, Wang and colleagues have investigated the role of Epstein-Barr virus (EBV) nuclear antigen leader protein
(EBVLP) during the context of infection to better understand how this protein aids to immortalize naive B lymphocytes (NBLs).
The authors have taken a multi-omics approach to address this, and they have assessed promoter-enhancer interactions, gene
expression, and transcription factor/histone binding, comparing wild type EBV-infected cells to those in which they have knocked
out EBVLP. Overall, the multiomics approaches are sound, though presentation of data could be improved. Additionally, it would
be beneficial to confirm some of the key data in follow-up experiments. Finally, the manuscript is a bit hard to follow, and the flow
of the narrative and description of key factors could be improved. Specific comments for the authors' consideration are provided.

Major:

1. The expression data for specific genes is simply extrapolated from the larger omics studies. The same can be said for data to
support binding of certain factors at specific loci. The authors should consider confirming these results by doing follow-up
experiments (infection, RTqPCR for gene expression and ChIP-qPCR for transcription factor binding). This would not only
confirm/validate the large-scale analyses, but would also show readers the data repeats (as one would expect error and
statistics to be included from at least 3 biological replicates). This seems extremely feasible.

2. The authors state that they generated a CRISPR knockout line for DPF2. However, it is evident from their western blot data
(Fig 2E) that the gene is not knocked out. This could be due to a number of reasons, but it seems inappropriate to call these a
knockout line based on the immunoblot data. Also, are these the same cells used in Figure 47 It is a bit unclear, but one
assumes so. Finally, it is also unclear how this incomplete knockout could impact findings downstream using these cells.

3. A parallel control with the mutant virus would be a nice control to support the data that EBNALP interacts with YY1 (Fig. 4C).
4. The data showing YY1 depletion and cell viability following CRISPR knockout must be shown. This is a critical transcription
factor to cellular homeostasis, and if this protein was successfully knocked out to completion, the data supporting this and cell
health absolutely must be included. Without these data, the findings in Fig 5 are difficult to interpret. Similarly, and perhaps this
is due to data presentation, but it is unclear what the authors mean in the sentence on lines 283-284 (this should be better
articulated/clarified).



5. Figure 6C presents data only for wild-type infection. What does this look like for EBNALP knockout? This seems important for
the overall story/conclusions.
6. The overall conclusion stated on lines 335-338 of the discussion are not entirely supported by the data presented.

Minor:

1. The flow of the manuscript could be improved, especially the introduction and discussion sections (but this also applies to the
results section). The text reads very list-like, making it a bit hard to follow. Also, genes/loci/factors are often mentioned but not
described (or not described at first mention). Also, for example, sometimes factors/genes/loci are mentioned without rationale,
and it would benefit readers to understand these factors to better interpret the data. This makes it difficult for the reader to
understand the relevance to the data or the story.

2. The figures are difficult to read. The font is incredibly small in the insets, and the y-axes on many of the omics data are hard
to read, making the data difficult for a reader to interpret.

3. Replicate information for all experiments should be clearly articulated (biological and technical replicates), including for
western blots and IPs in both the main and supplemental figures.

4. Fig S4C - the data presentation is confusing, and it is unclear what a reader is to gain from this figure as presented.
Additionally, the input control needs error bars for the data to be interpretable.

5. Data described in line 225-231 - The authors cite Fig 4A, but it is unclear what a read should be looking at. Where is the TSS?
Perhaps this is due to the figures being too small, and the inset information being impossible to read due to small size.

6. It is not evident what the data in Fig 4G are meant to show. What is on the x-axis? Are these the primers? Also, the data
presented in this figure likely should be presented as a bar graph as opposed to a connected line graph (assuming the x-axis
represents the primers?).

7. Figure 4 panels seems mislabeled with regards to the text (see lines 272-273). Perhaps a panel was removed?

8. Data in Fig S5 are not referenced in the main manuscript.

9. Data in Fig S6B require densitometry. The effect the authors note is not evident.

10. CTCF looping has also been shown to be important for both HSV and HCMV infection. As this is a herpesvirus manuscript,
focusing on EBV, the references supporting these data in other herpesviruses should also be included/referenced
(introduction/discussion, where other viruses are mentioned). Similarly, YY1 is an important regulator in HCMV, which also
should be included (lines 341-343).

Referee #3:

This manuscript focuses on the mechanism of cell gene regulation by a key viral protein involved in B cell transformation by the
cancer-associated Epstein-Barr Virus, the EBV nuclear antigen EBNA-leader protein (EBNA-LP). EBNA-LP has perhaps been
the least studied of the nuclear antigens expressed by EBV in latently infected cells, which all have key transcription control
functions, as its essential role was initially unclear and it has a complex splicing pattern, with multiple repeated exons giving rise
to multiple different length protein forms that differ in their distribution and patterns of expression in both infected cells and cell
lines. A number of roles and functions in transcription, often associated with co-regulation with the main EBV transactivator,
EBNA-2 have been attributed to EBNA-LP, but some of these roles, based on transfection studies seem to be hard to marry with
observations in more physiological settings and using more sophisticated analyses with viral knock-outs and mutants and
genome-wide transcriptomics, ChlIP etc. This work examines the impact of EBNA-LP on cell gene expression and chromosome
looping interactions involving promoters and enhancers and identifies potential new cellular partners through which gene control
and chromosome interactions are regulated: the looping factor YY1 and the SWI/SNF component DPF2, although the dual
relevance and relationship between and mechanism of interconnectivity (if any) between these two associations is not explored.
They are presented quite separately. Overall, there are some interesting observations and new information of relevance to EBV
researchers, pointing to potential mechanisms, but there are areas where data could be more robust and the functional details
of a role in the mode of action for EBNA-LP for activated and repressed genes seems unclear. There is also no examination of
any role in co-regulation with EBNA 2, this is important given that EBNA-LP binding in the B cell genome overlaps with EBNA-2
extensively and there are many common regulated genes. EBNA-2 is absent from the model in Figure 7.

Major points:

1. There is no information on the EBNA-LP KO virus used. The text cites previously published knockouts/mutants but does not
state whether these or another has been provided and used in this study? How is it mutated/deleted and has it been checked
and characterised?

2. Were the B cell samples analysed for RNA-seq and Hi-ChlP from the same donor(s) and carried out in parallel? This is
important to know for comparison of data. There seems to be much more variation in the PCA for the EBNA-LP KO samples-is
there a reason for this? Are the genome browser data shown an average or a representative sample? How are the differential
genes identified- which sample is compared with which? Uninfected vs wt and LPKO separately or wt vs LPKO. It is not clear
from the text, figures or legends and impacts on interpretation.

3. There is novelty in the interacting proteins identified, but further information on interactions and controls are needed. DPF2 (a
SWI/SNF component) came from an EBNA-LP pull down and mass spec analysis, but data aren't shown. Why was this protein
chosen for follow up? What other factors were pulled down- any other SWI/SNF components? Data or a reference should be
provided. Do other SWI/SNF components co-IP in follow up experiments (Fig 2D)? The IgG control here is quite smeary and



unconvincing. The IP controls should include other nuclear proteins as negative controls to prove specificity- also applies to the
YY1 co-IP in Figure 4A. Does the reverse IP for DPF2 pull down EBNA-LP? How does this interaction fit with the known
association of EBNA-2 with SWI/SNF factor BRG1. Is EBNA 2 or BRG1 part of the complex and is YY1 in the DPF2 complex
and is DPF2 in the YY1 complex?

4. IF images are as expected, simply showing nuclear colocalization of transcription regulators (DPF2, YY1, EBNA-LP). They do
not add evidence of co-association.

5. YY1 knockdown is quoted as 50% but data are not shown. There are minimal effects on reduction of looping from knockdown
(13%) which is suggested to be because of poor knock-down. Better knock-down needs to be achieved, whilst taking care to
avoid toxicity.

6. Different examples of genes are used throughout which is quite confusing. Is there a reason for this. Can there be consistent
analysis of a set of representative genes for all datasets? Similarly, different cell lines are used for follow-up experiments
(e.g.1B4, GM12878). Why are different cell lines used and how do they differ- do they all express the same EBNA-LP forms and
are all the relevant candidate genes expressed/repressed.

7. The conclusion on line 228-233 on impact of EBNA-LP on YY1 binding is not clear from the figure- a zoom in and some
quantitation of reads is needed.

8. How are 'unique’ sites identified in each sample? Line 237-241. The conclusion here on the number of HiChlIP links in Wt and
EBNA-LP at YY1 'unique' sites seems expected from their uniqueness in each sample. What do the authors think can be
implied/concluded from these observations?

9. Line 256- 'DPF2 tether EBNALP to chromatin'. | am not convinced this can be concluded. DPF2 may be present and
associated with EBNA-LP but this may not be a tethering function.

10. Involvement of HDAC4 is speculative and should form part of the discussion, not results, unless followed up.

Minor points:

1. The authors state that they used ChatGPT for proofreading. There remain some issues with English throughout (word endings
including plurals, meaning of some sentences and typographical errors), so further proofreading is required. There is use of non-
scientific terms like 'greatly’ or 'massively' to describe magnitudes of changes/effects which should be replaced with numerical
values or better descriptors. In places, the introduction reads as a list of facts with no connecting links.

2. The abstract mentions DPF2 but with no information on what this factor is.



1st Authors' Response to Reviewers 10th Sep 2024

We thank the reviewers for their time and efforts to make our manuscript better suited for
publication.

Referee 1:

It is becoming increasingly clear that 3D nuclear reorganization of host genomic DNA is a
consequence of viral infection with physiological consequences to disease outcomes. In this
report, Wang and colleagues explore how the EBV protein EBNALP contributes to the
immortalization of Bcells following EBV infection using a host of multi-omics techniques to do
so. The team found that EBNALP interacts and colocalizes with the chromatin looping factor
YY1 to potentially manipulate and reorganize host genomes to facilitate transformation of B
cells. The series of experiments performed is quite impressive and include HiChIP, ATAQ-seq,
ChlIP-seq and a number of other multiomic approaches, most of which are combined with
functional assays that confirm the -omics data. The work is well done. Nonetheless, the authors
hypothesize that since EBNALP and YY1 sites overlap that EBNALP might recruit YY1 to
EBNALP sites to induce changes to the 3D looping structure of the host cell DNA. However, the
YY1 knock out experiments and data presented in Figure 5 are not convincing that this is the
case - and little if no differences are observed EBNALP loops in the presence or absence of
YY1 in these experiments. The authors state that this is likely due to the inefficiency of the YY1
knock-down and do not discuss other potential explanations for these results (which at first
glance seem contradictory to the hypothesis). This is a weakness in the manuscript and
warrants at a minimum further discussion in the paper with alternative mechanisms for potential
alternative mechanisms.

We apologize for not making Figure 5 description clearer in the text. The bottom part for each
panel represents Hi-ChIP links between enhancer-enhancer and enhancer promoters. Each arc
represents a valid genomic interaction. The total number of arcs in each panel represents
enhancer-enhancer and enhancer-promoter interaction frequency. The numbers of arcs in
EBNALP knock out virus infected cells and YY1 knock out cells were lower than wt EBV
infected cells and YY1 knock out cells in the 4 indicated loci, supporting the notion that EBNALP
recruited YY1 facilitates genomic interactions. We also noted that EBNALP knockout and YY1
knockout did not completely eliminate loopings at theses loci, probably due to the presence of
other looping factors such as CTCF. We have added more discussion on alternatives.

Other minor weaknesses include a lack of detail regarding statistics done using the RNA-seq
experiments. None of the relative mRNA graphs have error bars but all have statistical
significance indicated

The differentially expressed genes from RNA-seq data were identified using DeSeg2. Only
significantly altered genes are shown in the figure. The output file from DeSeq doesn’t contain
error bars.

The manuscript has a number of subject-verb agreement mistakes and often "cohesin" is written
as "cohesion"

Thank you for pointing this out. We have corrected these in the manuscript.



Referee 2:

In this manuscript entitled, "Viral oncogene manipulates YY1 to alter host 3D genome
organization and promote B cell proliferation”, Wang and colleagues have investigated the role
of Epstein-Barr virus (EBV) nuclear antigen leader protein (EBVLP) during the context of
infection to better understand how this protein aids to immortalize naive B lymphocytes (NBLS).
The authors have taken a multi-omics approach to address this, and they have assessed
promoter-enhancer interactions, gene expression, and transcription factor/histone binding,
comparing wild type EBV-infected cells to those in which they have knocked out EBVLP.
Overall, the multiomics approaches are sound, though presentation of data could be improved.
Additionally, it would be beneficial to confirm some of the key data in follow-up experiments.
Finally, the manuscript is a bit hard to follow, and the flow of the narrative and description of key
factors could be improved. Specific comments for the authors' consideration are provided.

Major:

1. The expression data for specific genes is simply extrapolated from the larger omics studies.
The same can be said for data to support binding of certain factors at specific loci. The authors
should consider confirming these results by doing follow-up experiments (infection, RTqPCR for
gene expression and ChIP-gPCR for transcription factor binding). This would not only
confirm/validate the large-scale analyses, but would also show readers the data repeats (as one
would expect error and statistics to be included from at least 3 biological replicates). This seems
extremely feasible.

We have added gRT-PCR to confirm RNA-seq results (Figure EV1l). They were all done in at
least biological triplicates. However, it is a technical challenge to perform ChIP-gPCR, as we do
not have access to a sonicator that can handle small numbers of cells (our sonicator can only
handle large amount of cells). It is difficult to purify enough naive B cells and generate enough
EBYV to infect a large amount of cells.

2. The authors state that they generated a CRISPR knockout line for DPF2. However, it is
evident from their western blot data (Fig 2E) that the gene is not knocked out. This could be due
to a number of reasons, but it seems inappropriate to call these a knockout line based on the
immunoblot data. Also, are these the same cells used in Figure 4? It is a bit unclear, but one
assumes so. Finally, it is also unclear how this incomplete knockout could impact findings
downstream using these cells.

We changed knockout to depletion, as most people use knock down for siRNA or CRISPRI.
Yes, we used the same cell line (IB4 LCLSs) for both Figure 4 and Figure 2E. However, as we
performed these experiments at different times, we did not use the same batch of DPF2
knockdown cells for experiments. Although DPF2 was not completely depleted, ~70%
(according to western blots) depletion of DPF2 was already sufficient to significantly reduce
EBNALP and YY1 DNA binding.



3. A parallel control with the mutant virus would be a nice control to support the data that
EBNALP interacts with YY1 (Fig. 4C).

Thank you for pointing this out. We agree that using the mutant virus to infect naive B cells
followed by YY1 and EBNALP precipitation would serve as a good negative control. However,
the amount of naive B cells extracted from blood is too few for immunoprecipitation. In our
immunoprecipitation experiments, 1gG control did not pull down YY1 or EBNALP, which also
serves as a good negative control to support the EBNALP and YY1 interaction.

4. The data showing YY1 depletion and cell viability following CRISPR knockout must be
shown. This is a critical transcription factor to cellular homeostasis, and if this protein was
successfully knocked out to completion, the data supporting this and cell health absolutely must
be included. Without these data, the findings in Fig 5 are difficult to interpret. Similarly, and
perhaps this is due to data presentation, but it is unclear what the authors mean in the sentence
on lines 283-284 (this should be better articulated/clarified).

Thank you for the suggestion. YY1 is essential for LCL cell survival, knock out of YY1 leads to
gradually LCL cell death. We have included this data in the figure EV4D and EV4E. We have
modified the text on line 283-284 to clarify.

5. Figure 6C presents data only for wild-type infection. What does this look like for EBNALP
knockout? This seems important for the overall story/conclusions.

Actually comparing LP repressed sites with the rest of the genome from the same LCL cells are
a better comparison than comparing with LP knock out, as these cells have the same growing

property.

6. The overall conclusion stated on lines 335-338 of the discussion are not entirely supported by
the data presented.

We have modified the text to clarify.

Minor:

1. The flow of the manuscript could be improved, especially the introduction and discussion
sections (but this also applies to the results section). The text reads very list-like, making it a bit
hard to follow. Also, genes/loci/factors are often mentioned but not described (or not described
at first mention). Also, for example, sometimes factors/genes/loci are mentioned without
rationale, and it would benefit readers to understand these factors to better interpret the data.
This makes it difficult for the reader to understand the relevance to the data or the story.

Thank you for pointing this out. We have made changes in the text.

2. The figures are difficult to read. The font is incredibly small in the insets, and the y-axes on
many of the omics data are hard to read, making the data difficult for a reader to interpret.

We have changed the font size and we believe now it is easy to follow.



3. Replicate information for all experiments should be clearly articulated (biological and
technical replicates), including for western blots and IPs in both the main and supplemental
figures.

We have made clarifications.

4. Fig S4C - the data presentation is confusing, and it is unclear what a reader is to gain from
this figure as presented. Additionally, the input control needs error bars for the data to be
interpretable.

The data is from a previously published genome-wide CRISPR screen that identified genes
essential for the survival of LCL and P3HR1 cells. We selectively extracted the CCND2 sgRNA
abundance from this screen data. The sgRNA level corresponds to the extent to which the
SgRNA target gene affects cell survival. The low level of CCND2 sgRNA from GM12878 cells
suggests that CCND2 is essential for LCL cell survival but not for P3HRL1 cells. As there were
no replicates from the input, no error bars are shown.

5. Data described in line 225-231 - The authors cite Fig 4A, but it is unclear what a read should
be looking at. Where is the TSS? Perhaps this is due to the figures being too small, and the
inset information being impossible to read due to small size.

Thank you for pointing this. We labeled CCND2 and CD58 gene body with yellow color. The
TSS is located upstream of CCND2 gene body. To make it easy to follow we have added this
description in the text.

6. It is not evident what the data in Fig 4G are meant to show. What is on the x-axis? Are these
the primers? Also, the data presented in this figure likely should be presented as a bar graph as
opposed to a connected line graph (assuming the x-axis represents the primers?).

The x-axis denotes the enhancer region (according to H3K27ac peaks) tested for H3K27ac
ChIP-gPCR. Sorry for the confusion, we have changed the P to E (E representing enhancer) for
easy understanding.

7. Figure 4 panels seems mislabeled with regards to the text (see lines 272-273). Perhaps a
panel was removed?

Thank you for pointing this. We have corrected this.

8. Data in Fig S5 are not referenced in the main manuscript.

Added.

9. Data in Fig S6B require densitometry. The effect the authors note is not evident.
Added.

10. CTCF looping has also been shown to be important for both HSV and HCMYV infection. As
this is a herpesvirus manuscript, focusing on EBV, the references supporting these data in other
herpesviruses should also be included/referenced (introduction/discussion, where other viruses
are mentioned). Similarly, YY1 is an important regulator in HCMV, which also should be
included (lines 341-343).

Included.



Referee 3:

This manuscript focuses on the mechanism of cell gene regulation by a key viral protein
involved in B cell transformation by the cancer-associated Epstein-Barr Virus, the EBV nuclear
antigen EBNA-leader protein (EBNA-LP). EBNA-LP has perhaps been the least studied of the
nuclear antigens expressed by EBV in latently infected cells, which all have key transcription
control functions, as its essential role was initially unclear and it has a complex splicing pattern,
with multiple repeated exons giving rise to multiple different length protein forms that differ in
their distribution and patterns of expression in both infected cells and cell lines. A number of
roles and functions in transcription, often associated with co-regulation with the main EBV
transactivator, EBNA-2 have been attributed to EBNA-LP, but some of these roles, based on
transfection studies seem to be hard to marry with observations in more physiological settings
and using more sophisticated analyses with viral knock-outs and mutants and genome-wide
transcriptomics, ChlIP etc. This work examines the impact of EBNA-LP on cell gene expression
and chromosome looping interactions involving promoters and enhancers and identifies
potential new cellular partners through which gene control and chromosome interactions are
regulated: the looping factor YY1 and the SWI/SNF component DPF2, although the dual
relevance and relationship between and mechanism of interconnectivity (if any) between these
two associations is not explored. They are presented quite separately. Overall, there are some
interesting observations and new information of relevance to EBV researchers, pointing to
potential mechanisms, but there are areas where data could be more robust and the functional
details of a role in the mode of action for EBNA-LP for activated and repressed genes seems
unclear. There is also no examination of any role in co-regulation with EBNA 2, this is important
given that EBNA-LP binding in the B cell genome overlaps with EBNA-2 extensively and there
are many common regulated genes. EBNA-2 is absent from the model in Figure 7.

Major points:

1. There is no information on the EBNA-LP KO virus used. The text cites previously published
knockouts/mutants but does not state whether these or another has been provided and used in
this study? How is it mutated/deleted and has it been checked and characterised?

Thank you for pointing that out. The EBNA-LP KO virus was generously provided by Dr.
Wolfgang Hammerschmidt from the German Research Center for Environmental Health and the
German Center for Infection Research (DZIF), Munich, Germany. The EBNALP mutant virus
was created by introducing in-frame translational stop codons in each W2 exon of EBNA-LP
(see reference DOI: https://doi.org/10.1128/mbio.01723-19). The EBNALP mutant bacmids
were meticulously scrutinized for any sequence alterations using multiple restriction enzymes
and extensive DNA sequencing, confirming the genetic compositions of the pair of maxi-EBV
plasmids



2. Were the B cell samples analysed for RNA-seq and Hi-ChIP from the same donor(s) and
carried out in parallel? This is important to know for comparison of data. There seems to be
much more variation in the PCA for the EBNA-LP KO samples-is there a reason for this? Are
the genome browser data shown an average or a representative sample? How are the
differential genes identified- which sample is compared with which? Uninfected vs wt and LPKO
separately or wt vs LPKO. It is not clear from the text, figures or legends and impacts on
interpretation.

RNA-seq and Hi-ChlP data were obtained from the same donors. The variation observed in the
EBNALP-KO samples is indeed greater than that in the wild-type samples. We are uncertain
about the cause of this increased variation; it may be due to sample handling or increased
cellular heterogeneity after LPKO virus infection of naive B cells compared to the wild-type. The
genome browser data shown is from a representative sample. Differential genes were identified
by comparing wild-type with LPKO samples. We have added this information to the text.

3. There is novelty in the interacting proteins identified, but further information on interactions
and controls are needed. DPF2 (a SWI/SNF component) came from an EBNA-LP pull down and
mass spec analysis, but data aren't shown. Why was this protein chosen for follow up? What
other factors were pulled down- any other SWI/SNF components? Data or a reference should
be provided. Do other SWI/SNF components co-IP in follow up experiments (Fig 2D)? The IgG
control here is quite smeary and unconvincing. The IP controls should include other nuclear
proteins as negative controls to prove specificity- also applies to the YY1 co-IP in Figure 4A.
Does the reverse IP for DPF2 pull down EBNA-LP? How does this interaction fit with the known
association of EBNA-2 with SWI/SNF factor BRG1. Is EBNA 2 or BRG1 part of the complex and
iS YY1 in the DPF2 complex and is DPF2 in the YY1 complex?

EBNALP, like other EBNAs, does not have a DNA binding domain and is tethered to DNA
through interactions with DNA binding proteins. When we first generated the LP ChlIP-seq
profile, we were impressed by the shape of LP peaks. They are very different from other EBNAs
that all have very distinct and sharp peaks while LP peaks were lower and much wider. The
sequence specific DNA binding proteins such as RBPJ that tethers EBNAZ2 to DNA all had very
similar narrow sharp peaks. After we got the LP massspec data, we compared the LP peaks
with other TF peaks. DFP2 immediately caught our attention. The shapes of DPF2 peaks are
almost identical to LP peaks. More than 82% of LP peaks overlap with DPF2 peaks and their
peak patterns are strikingly similar (Fig. 2E). We also found other SWI/SNF complex
components, such as SMARCA2 and ARID1A, co-precipitating with EBNALP. We performed
immunoprecipitation for EBNALP and DPF2, SMARCAZ2, and ARID1A simultaneously. Only
DPF2 was successfully pulled down. Anti DPF2 antibody did not efficiently immune precipitate
DPF2. In our EBNALP mass spec data, we also found BRG2; however, we did not have the
opportunity to validate whether EBNALP directly interacts with BRG2. YY1 and EBNALP
association is reported recently by Dr. Luftig’s group. EBNA2 and LP ChiIP-seq peaks are very
different in genomic position (LP 33% vs EBNA2 16% at promoters) and shape. We only
focused on sites unique for LP and did not study other sites. We have not tested if YY1 and
DPF2 interact directly but probably in the same complex.



4. IF images are as expected, simply showing nuclear colocalization of transcription regulators
(DPF2, YY1, EBNA-LP). They do not add evidence of co-association.

IF images are an additional line of evidence supporting the association.

5. YY1 knockdown is quoted as 50% but data are not shown. There are minimal effects on
reduction of looping from knockdown (13%) which is suggested to be because of poor knock-
down. Better knock-down needs to be achieved, whilst taking care to avoid toxicity.

We have now included the Western blot and cell growth for YY1 depletion (figure EV2E and
EV2F). It is very difficult to balance cell viability and depletion efficiency. But at least the trends
are consistent with our hypothesis.

6. Different examples of genes are used throughout which is quite confusing. Is there a reason
for this. Can there be consistent analysis of a set of representative genes for all datasets?
Similarly, different cell lines are used for follow-up experiments (e.g.IB4, GM12878). Why are
different cell lines used and how do they differ- do they all express the same EBNA-LP forms
and are all the relevant candidate genes expressed/repressed.

The examples were used mostly by their differential expression in the RNA-seq experiments.
We also intersected the data with the genome wide CRISPR screen that identified genes
essential for LCL growth and survival. We only used LCL lines that have been in culture for long
term where LP levels are stable and comparable. Some lines are easier to be transduced by
lentiviruses, so we used different lines for this reason.

7. The conclusion on line 228-233 on impact of EBNA-LP on YY1 binding is not clear from the
figure- a zoom in and some quantitation of reads is needed.

We have provided zoom in image in Figure EV2D.

8. How are 'unique' sites identified in each sample? Line 237-241. The conclusion here on the
number of HiIChIP links in Wt and EBNA-LP at YY1 'unique’ sites seems expected from their
uniqueness in each sample. What do the authors think can be implied/concluded from these
observations?

The ‘unique’ sites refer to YY1 Cut&Run peaks that are significantly higher in either the WT or
EBNALP KO group. More HiIChIP reads detected at these ‘unique’ YY1 sites from each group
suggest that YY1 is involved in these DNA-DNA interactions. The absence of YY1 reduces
these DNA-DNA interactions.

9. Line 256- 'DPF2 tether EBNALP to chromatin'. | am not convinced this can be concluded.
DPF2 may be present and associated with EBNA-LP but this may not be a tethering function.

The striking similarity of DPF2 and LP ChlP-seq peak pattern and overwhelming overlapping
between LP peaks with DPF2, DPF2 CRISPR depletion significantly reduces LP DNA binding at
all sites evaluated, all strongly support the notion that DPF2 tethers LP to DNA. In our LP
masspec, we did not find other DNA binding proteins except the chromatin modifiers that we
could not validate the association and DPF2 is known to bind to H3K14ac and H4K16ac.

10. Involvement of HDAC4 is speculative and should form part of the discussion, not results,
unless followed up.



HDAC4 part was moved to discussion.

Minor points:

1.The authors state that they used ChatGPT for proofreading. There remain some issues with
English throughout (word endings including plurals, meaning of some sentences and
typographical errors), so further proofreading is required. There is use of non-scientific terms
like 'greatly’ or 'massively’ to describe magnitudes of changes/effects which should be replaced
with numerical values or better descriptors. In places, the introduction reads as a list of facts
with no connecting links.

Thanks for the suggestions. We have modified the text and replaced “greatly” and “massively”.
2. The abstract mentions DPF2 but with no information on what this factor is.

Thanks for the suggestions. We have added the information of DPF2 in the abstract.



1st Revision - Editorial Decision 5th Nov 2024

Dear Dr. Zhao,
We have now received the comments from referees 2 and 3 on your revised ms, | paste both reports below.

As you will see, neither of the referees strongly supports the publication of your revised study, and referee 2 even indicates in
the ms summary table that the ms should not be published after revision. It appears that the revised ms was not thoroughly
revised and prepared.

However, given the related published paper (doi: 10.1371/journal.ppat.1011950) | assume it is likely that your data are valid. |
would therefore like to give you the exceptional opportunity to carefully address the current referee comments and to carefully
revise your ms a second time. It would be good to also provide the ChIPqPCR data referee 2 is asking for. Please also discuss
the published paper in relation to your data. You do not need to worry about novelty, as your ms was submitted before the other
paper was published in a journal. However, it would be good if you could resubmit your ms at the end of November, so that it
can still be published online this year, if possible, and if the referees will support its publication.

Please also include a separate Research and Tools table file and a completed author checklist with your next submission. This
information was already present in my last decision letter. Please also co-submit a detailed point-by-point response to the
referee comments with your next ms version.

Please also address the comments on your figure legends as follows:

- Please note that the figure panels 1c, f is not labelled in the figure. This needs to be rectified.

- Please note that the figure 1d-f is mislabeled as figure 1c-d in the manuscript. This needs to be rectified.

- Please define the annotated p values *** as well as provide the exact p-values for the same in the legend of figure 4a; EV 1e, i;
EV 2f; as appropriate.

- Please note that the exact p values are not provided in the legends of figures 1e-f; 2b, e; 3b; 5e, g-h; EV 4a.

- Please indicate the statistical test used for data analysis in the legends of figures 1a, e-f; 3b; 4a; EV4a, d.

- Please note that in figures 5g-h; there is a mismatch between the annotated p values in the figure legend and the annotated p
values in the figure file that should be corrected.

- Please note that for the figure EV 4d, p-values and statistical tests are indicated in the legend. However, comparison for the
same, ""***"" has not been represented in the figure. Please rectify this in the figure or legend as applicable.

- Please note that information related to n is missing in the legends of figures 1e-f; 2b; 3c; 4b; EV 2c; EV 4a.

- Please note that the error bars are not defined in the legends of figures 1e-f; EV 4a.

Please let me know immediately if you have any questions or comments.
I look forward to seeing a newly revised form of your manuscript as soon as possible.

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #2:

The authors have revised their manuscript, yet many of the same initial concerns remain. The prior critiques were largely not
addressed, as indicated by the very minimal changes to the text. Some data were added, but the authors resoundingly did not
address many points, thus concerns remain. What is also concerning is that the authors indicate they have made the suggested
changes, yet more often than not, this is just not the case.

The prior critiques suggested the inclusion of ChIP-PCR data, and it is hard to believe the authors cannot find a sonicator at their
institution to perform the experiment. Similarly, ChIPqPCR does not require mass quantities of starting material; this experiment
is more than feasible. This response collectively falls short, as ChIP-gPCR data are included in this manuscript elsewhere (see
Fig 4).

Data also remain analyzed in singlet (see Fig 1/Fig 3B/Fig EV4A, where no error bars exist, yet statistical significance is shown);
this is impossible to interpret.



Other points were also not adequately addressed. For example, the manuscript, especially the introduction/discussion are very
choppy. The text reads very "list-like" and it is difficult to read/follow.

Similarly, the authors failed to include HSV and HCMV in their discussion on CTCF, which is indicated as addressed in their
responses.

Conclusions from original lines 335-338 were not addressed by the authors.

As indicated in prior critiques, IF does not add evidence of co-association. The authors are also incorrect is stating such images
provide additional lines of evidence for association. One can conclude proteins co-localize, but not that they associate.

Referee #3:

The authors have addressed my queries to some extent but the responses in the rebuttal do not all indicate that the manuscript
text has been amended accordingly as | would have expected. It is very likely that readers will have similar queries. Addressing
queries only via a rebuttal will not improve the manuscript. | see that the authors note that a publication from another group since
submission (J. M. Cable, N. M. Reinoso-Vizcaino, R. E. White, M. A. Luftig, Epstein-Barr virus protein EBNA-LP engages YY1
through leucine-rich motifs to promote naive B cell transformation. PLoS Pathog 20, 934 e1011950 (2024)) has described an
interaction between LP and YY1. This work is cited in the revised manuscript, but how does this affect the novelty of the findings
described here?

Major points:
Original query 1: There is no information on the EBNA-LP KO virus used.

Thank you for providing the information. This information needs to be included in the methods or elsewhere. | cannot see that it
has been added?

Original query 3: There is novelty in the interacting proteins identified, but further information on interactions and controls are
needed.

The response here is helpful and acceptable, but it is not clear that the additional information provided has been incorporated
into the manuscript as this is not stated. Please can this be confirmed or added. It is important to address my points including on
EBNA2.

Original query 4: IF images are as expected, simply showing nuclear colocalization of transcription regulators (DPF2, YY1,
EBNA-LP). They do not add evidence of co-association.

The response here is not satisfactory. Please amend the manuscript to indicate that IF provides evidence of similar nuclear
localisation patterns, not evidence of an interaction.

Original query 6: Different examples of genes are used throughout which is quite confusing. Is there a reason for this. Can there
be consistent analysis of a set of representative genes for all datasets? Similarly, different cell lines are used for follow-up
experiments (e.g.1B4, GM12878).

The explanation for the different genes is fine, but please add information to the text as described in the rebuttal as to why
different B cell lines were used (transduction efficiency). This will help the reader.

Original query 9: Line 256- 'DPF2 tether EBNALP to chromatin'. | am not convinced this can be concluded. DPF2 may be
present and associated with EBNA-LP but this may not be a tethering function.

| do not agree with the response here and the line remains in the manuscript, although in other places it states 'may tether'. |
maintain that this line should be modified to be less strong when first stated at least, along the lines of what is described in the
rebuttal e.g. 'evidence supports the hypothesis that DPF2 tethers LP to DNA or stabilises its binding'. The absence of finding any
other DNA binding proteins, does not add to the strength of argument in my opinion.



2nd Authors' Response to Reviewers 22nd Nov 2024

We thank the reviewers for their time and efforts to make our manuscript better suited for
publication.

Referee #2:

The authors have revised their manuscript, yet many of the same initial concerns remain. The
prior critiques were largely not addressed, as indicated by the very minimal changes to the text.
Some data were added, but the authors resoundingly did not address many points, thus
concerns remain. What is also concerning is that the authors indicate they have made the
suggested changes, yet more often than not, this is just not the case.

The prior critiques suggested the inclusion of ChIP-PCR data, and it is hard to believe the
authors cannot find a sonicator at their institution to perform the experiment. Similarly,
ChIPgPCR does not require mass quantities of starting material; this experiment is more than
feasible. This response collectively falls short, as ChIP-qPCR data are included in this
manuscript elsewhere (see Fig 4).

We are restricted by the number of naive B cells we can get from each donor. The number of
cells we get is too low to generate reliable ChIP-PCR data. The ChIP-PCR data in the
manuscript were generated from cell lines.

Data also remain analyzed in singlet (see Fig 1/Fig 3B/Fig EV4A, where no error bars exist, yet
statistical significance is shown); this is impossible to interpret.

The data came from RNA-seq, which was done in triplicates. All the examples are statistically
significant. The error bars are now included.

Other points were also not adequately addressed. For example, the manuscript, especially the
introduction/discussion are very choppy. The text reads very "list-like" and it is difficult to
read/follow.

We have now used Grammarly to correct the writing throughout the whole manuscript, and
highlighted the part that needs to be modified with red.

Similarly, the authors failed to include HSV and HCMYV in their discussion on CTCF, which is
indicated as addressed in their responses.

HSV and CMV are now included.
Conclusions from original lines 335-338 were not addressed by the authors.

CCND?2 is essential for cell cycle progression, and BCL2L11, CASP1/5 are genes crucial for cell
apoptosis and cell death. Using wt and Ipko EBV virus to infect naive B cells, we demonstrated
that EBNALP altered these gene transcription (from RNA-seq), their enhancer-promoter
interactions (from HiChIP), and YY1 binding to these gene loci (from YY1 CUT&RUN). In
addition, using CRISPRI to perturb the CCND2 enhancers bound with YY1 and where its
interaction with CCND2 promoter were affected by EBNALP showed that silencing CCND2
enhancer downregulates CCND2 gene expression. Based on these evidence, we believe our
conclusion is reasonable. However, to make it clearer we have changed the text to “alter the
expression of genes essential for cell cycle progression and cell death.

”



As indicated in prior critiques, IF does not add evidence of co-association. The authors are also
incorrect is stating such images provide additional lines of evidence for association. One can
conclude proteins co-localize, but not that they associate.

We changed to colocalization in the description now. The association came from immune
precipitation.

Referee #3:

The authors have addressed my queries to some extent but the responses in the rebuttal do not
all indicate that the manuscript text has been amended accordingly as | would have expected. It
is very likely that readers will have similar queries. Addressing queries only via a rebuttal will not
improve the manuscript. | see that the authors note that a publication from another group since
submission (J. M. Cable, N. M. Reinoso-Vizcaino, R. E. White, M. A. Luftig, Epstein-Barr virus
protein EBNA-LP engages YY1 through leucine-rich motifs to promote naive B cell
transformation. PLoS Pathog 20, 934 €1011950 (2024)) has described an interaction between
LP and YY1. This work is cited in the revised manuscript, but how does this affect the novelty of
the findings described here?

Our manuscript is the first one to describe novel mechanisms through which EBNALP regulates
gene expression by altering host 3D genome organization and manipulating YY1 DNA binding.

Major points:

Original query 1: There is no information on the EBNA-LP KO virus used.

Thank you for providing the information. This information needs to be included in the methods or
elsewhere. | cannot see that it has been added?

It is now included.

Original query 3: There is novelty in the interacting proteins identified, but further information on
interactions and controls are needed.

The response here is helpful and acceptable, but it is not clear that the additional information
provided has been incorporated into the manuscript as this is not stated. Please can this be
confirmed or added. It is important to address my points including on EBNA2.

Additional info added. EBNA2 was not identified in the experiments.

Original query 4: IF images are as expected, simply showing nuclear colocalization of
transcription regulators (DPF2, YY1, EBNA-LP). They do not add evidence of co-association.

The response here is not satisfactory. Please amend the manuscript to indicate that IF provides
evidence of similar nuclear localisation patterns, not evidence of an interaction.

Corrected as suggested.



Original query 6: Different examples of genes are used throughout which is quite confusing. Is
there a reason for this. Can there be consistent analysis of a set of representative genes for all
datasets? Similarly, different cell lines are used for follow-up experiments (e.g.IB4, GM12878).

The explanation for the different genes is fine, but please add information to the text as
described in the rebuttal as to why different B cell lines were used (transduction efficiency). This
will help the reader.

IB4 cells were established many years ago. The EBNALP expression is very stable in size and
EBNALP ChIP-seq was done in that line. GM12878 LCLs are newer LCLs where EBNALP size
still varies (due to different numbers of W repeats) and as ENCODE tier 1 cell line, there are a
lot of sequencing based data available. We have a lot of experience doing CRISPR with
GM12878. They have different efficiencies in terms of transduction or transfection. We have
added these description to the text.

Original query 9: Line 256- 'DPF2 tether EBNALP to chromatin'. | am not convinced this can be
concluded. DPF2 may be present and associated with EBNA-LP but this may not be a tethering
function.

| do not agree with the response here and the line remains in the manuscript, although in other
places it states 'may tether'. | maintain that this line should be modified to be less strong when
first stated at least, along the lines of what is described in the rebuttal e.g. 'evidence supports
the hypothesis that DPF2 tethers LP to DNA or stabilises its binding'. The absence of finding
any other DNA binding proteins, does not add to the strength of argument in my opinion.

“May tether” is a substantial tone down version from the original version.



2nd Revision - Editorial Decision 2nd Dec 2024

Dear Dr. Zhao,

Thank you for the submission of your newly revised manuscript. We can in principle accept it now, however, a few editorial
requests still need to be addressed:

- Please provide up to 5 Keywords with your ms file.

- The GSE210454 dataset is no longer mentioned in the ms, but instead GSE277748 is. Can you please explain why? We need
a direct URL for the GSE277748 dataset in the Data Availability section.

- "Declaration of Interests" needs to be renamed to "Disclosure Statement and Competing Interests”
- All Author Contributions need to be removed from the ms. All contributions need to be entered during online ms submission.

- The Reference format needs to be alphabetical, not numerical; et al needs to be used after 10 author names. The EMBO
reports reference style can be found in EndNote.

- The Al declaration is provided after the DAS; however, it should be part of the Methods section
- The Figure legends should be placed after the References, at the very end of the ms file.

- We still need a completed author checklist from you. It can be downloaded from our author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide>. The completed author checklist will also be part of the
transparent peer-review file.

- All Funding info and all NIH grant numbers listed in the ms must also be entered during online ms submission.

- All Source data (SD) are missing. Hannah contacted you on the 11th of September asking for source data. Please submit all
SD as one SD file per main figure and one SD file for all EV figures with your final ms.

I would like to suggest some changes to the title and abstract that needs to be written in present tense. Please let me know
whether you agree with the following:

Viral oncogene EBNALP regulates YY1 DNA binding and alters host 3D genome organization

The Epstein-Barr virus (EBV) nuclear antigen leader protein (EBNALP) is essential for the immortalization of naive B
lymphocytes (NBLs). However, the mechanisms remain elusive. To understand EBNALP's role in B cell transformation, we
compare NBLs infected with wild-type EBV and an EBNALP-null mutant EBV using multi-omics techniques. EBNALP inactivation
alters enhancer-promoter interactions, resulting in decreased CCND2 and increased CASP1 and BCL2L11 expression.
Mechanistically, EBNALP interacts with and colocalizes with the looping factor YY1. Depletion of EBNALP reduces YY1 DNA
binding and enhancer-promoter interactions, similar to effects observed with YY1 depletion. Furthermore, EBNALP colocalizes
with DPF2, a protein that binds to H3K14ac and H4K16ac. CRISPR depletion of DPF2 reduces both EBNALP and YY1 DNA
binding, suggesting that the DPF2/EBNALP complex may tether YY1 to DNA to increase enhancer-promoter interactions.
EBNALP inactivation also increases enhancer-promoter interactions at the CASP1 and BCL2L11 loci, along with elevated DPF2
and YY1 binding and DNA accessibility. Our data suggest that EBNALP regulates YY1 to rewire the host genome, which might
facilitate naive B cell transformation.

EMBO press papers are accompanied online by A) a short (1-2 sentences) summary of the findings and their significance, B) 2-
3 bullet points highlighting key results and C) a synopsis image that is exactly 550 pixels wide and 200-600 pixels high (the
height is variable). The synopsis image should provide a sketch of the major findings, like a graphical abstract. Please note that
text needs to be readable at the final size. Please send us this information along with the final manuscript.

I look forward to seeing a final version of your manuscript as soon as possible.

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor

EMBO reports



3rd Authors' Response 4th Dec 2024

The authors have addressed all minor editorial requests.



3rd Revision - Editorial Decision 13th Dec 2024

Bo Zhao
Harvard Medical School
United States

Dear Dr. Zhao,

| am very pleased to accept your manuscript for publication in the next available issue of EMBO reports. Thank you for your
contribution to our journal.

Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment
information.

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https://www.embopress.org/page/journal/14693178/authorguide#chargesguide

Should you be planning a Press Release on your article, please get in contact with embo_production@springernature.com as
early as possible in order to coordinate publication and release dates.

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to EMBO
Reports.

Yours sincerely,
Esther Schnapp, PhD

Senior Editor
EMBO reports

>>> Please note that it is EMBO Reports policy for the transcript of the editorial process (containing referee reports and your
response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to inform the
Editorial Office via email immediately. More information is available here: https://www.embopress.org/transparent-
process#Review_Process



EMBO Press Author Checklist

Corresponding Author Name: Bo Zhao, Chong Wang, Mingxiang Liu

Journal

Submitted to: EMBO Reports

Manuscript Number: EMBOR-2024-59778V4

Reporting Checklist for Life Science Articles (updated January
This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in

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

Abridged guidelines for figures

1. Data

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

accurate and unbiased manner.

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

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

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

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

Y an explicit mention of the biological and chemical entity(ies) that are being measured.
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Y the exact sample size (n) for each experimental group/condition, given as a number, not a range;
Y 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.).

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

Y

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
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- 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.
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Select "Not Applicable™ only when the requested information is not relevant for your study.
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Information included in
the manuscript?

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

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

Information included in
the manuscript?

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

For antibodies provide the following information:

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

- Non-commercial: RRID or citation

Yes
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DNA and RNA sequences

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

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

Yes

Method section

Cell materials

Information included in
the manuscript?

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

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

Yes

Method section

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

N/A

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

No

Experimental animals

Information included in
the manuscript?

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

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

age, genetic modification status. Provide accession number in repository N/A
OR supplier name, catalog number, clone number, OR RRID.

Animal observed in or captured from the field: Provide species, sex, N/A
and age where possible.

Please detail housing and husbandry conditions. N/A

Plants and microbes

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

Plants: provide species and strain, ecotype and cultivar where relevant,

unique accession number if available, and source (including location for N/A
collected wild specimens).
Microbes: provide species and strain, unique accession number if N/A

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

If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.
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Information included in
the manuscript?
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(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in
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Information included in
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If study protocol has been pre-registered, provide DOI in the

manuscript. For clinical trials, provide the trial registration number OR cite N/A
DOl.
Report the clinical trial registration number (at ClinicalTrials.gov or N/A

equivalent), where applicable.

Laboratory protocol

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

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

Methods section

Experimental study design and statistics

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

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

Yes

Material and methods and Figure legends

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

N/A

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

N/A

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

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

N/A

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

Yes

Figure legends

Sample definition and in-laboratory replication

Information included in
the manuscript?

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

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

Yes

Yes

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

Yes

Yes

Ethics

Information included in
the manuscript?

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

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

N/A

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

the Department of Health and Human Services Belmont Report.

N/A

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

N/A

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

N/A

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

N/A

Dual Use Research of Concern (DURC)

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

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

N/A

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

N/A

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

N/A

Reporting

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

requiring specific guidelines and recommendations to complement MDAR.

Adherence to community standards

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

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

N/A

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

N/A

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

N/A

Data Availability

Data availability

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

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

Yes

Yes

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

N/A

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

N/A

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