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Reviewer Comments from Review Commons (transferred files) 9th Nov 2023

Review #1

1. Evidence, reproducibility and clarity:

Evidence, reproducibility and clarity (Required)

The manuscript by Dremel et al reports on IFN-induced circRNAs that are produced in response
to herpesviral infections and that are resistant to virus-mediated degradation (e.g. host shut-off).
They provide a wealth of interesting data on circRNA production changes in response to
infection with alpha, beta, and gamma herpesviruses and identify a number of host circRNAs
that are commonly regulated across all subfamilies. Using circRELL1 as an example, they
demonstrate a modest impact on productive HSV-1 infections (which follows up on their
previous report of circRELL1 impacting KSHV lytic infection). They subsequently propose a
new model in which a subset of IFN-stimulated genes produce both mRNAs and circRNAs with
the potential for antiviral activity, the latter operating as a 'workaround' for avoiding virus-
mediated shutoff.

**Major Comments**

- Line 146: The authors extended their analysis to HSV-1 latently infected mouse trigeminal
ganglia but potentially missed a trick but not including an analysis of HSV-1/VZV infected
human trigeminal ganglia for which potentially compatible datasets are available (PMID:
29563516).

- Line 264: The authors note that a direct relationship in gene expression changes was observed
between some circRNAs and mRNAs and not others. However, a gene level analysis may be
problematic here as many genes encode multiple distinct transcript isoforms that are variably
regulated e.g. during infection. A transcript level analysis (e.g. using Kallisto/Salmon) might
enable the authors to specifically link circRNAs with individual mRNA isoforms which would
be valuable information in the context of interferon-driven gene expression. Alternatively, the
lack of a direct relationship in gene expression changes may also link to variability in circRNA
decay / halflives. The authors could potentially solve this using a metabolic labelling approach to
measure mMRNA and circRNA decay rates for a subset of the genes of interest.

- Line 273: The weak element in the paper relates to the role of circRELL1 in restricting HSV-1
productive infections. The effects observed are modest at best and the biological impact appears
limited. It is also entirely unclear how circRELL1 might act to restrict HSV-1. The paper would
significantly benefit from the authors extending their analysis to include 2-3 additional circRNAs
that are commonly regulated by herpesviruses to determine (i) whether similar effects are
observed and (iii) to determine whether a compound effect can be achieved by targeted silencing
of multiple IFN-responsive circRNAs at the same time.

**Minor comments**
- Line 55: To this reviewers knowledge, only eight routinely infect humans (HSV1, HSV2, VZV,

HCMV, HHV6, HHV7, EBV, and KSHV. It's possible the authors are considering HHV6A and
HHV6B as distinct but this is not really the case.



- Line 57: As written it implies that therapeutic agents capable of clearing VZV exist which is
not really the case.

- Line 132: The authors inclusion of previously published data (e.g. HCMV) along with reams of
their own makes for a compelling analysis.

- Line 582: A number of the sequencing datasets are not yet publicly available. This should be
rectified before publication.

2. Significance:

Significance (Required)

It is clear that a lot of work has gone into this manuscript and there a reams of data that will
provide a great resource for mining to the wider herpesvirus community. While this naturally
leads to a more descriptive nature, it does not undermine the value of the data. However, as
indicated below, more functional validation is required if this work is to provide a significant
step forward in our understanding of how and why IFN-induced circRNAs might be important
for combating viral infections.

3. How much time do you estimate the authors will need to
complete the suggested revisions:

Estimated time to Complete Revisions (Required)

(Decision Recommendation)

Between 1 and 3 months

4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that
the content of your review will not be visible on Web of
Science.

Web of Science Reviewer Recognition

Yes

Review #2



1. Evidence, reproducibility and clarity:

Evidence, reproducibility and clarity (Required)

**Summary:**

In this manuscript, Dremel et al explore the interplay between herpesvirus and circRNAs. This
team has been a pioneer in the field and has made important discoveries about the regulation of
circRNAs during herpesviral infection. While past work focused on the gamma-herpesviruses,
here in this study, they expand their work to alpha and beta HV as well as extending their
findings into animal models. They found consistent increase in CircRNA levels and found that
these circRNAs are mostly resistant to viral-induced RNA decay. They then uncover that these
circRNA can be induced by interferon which indicates that circRNAs could act as a first line of
anti-viral defense. Consistently, they found that circRELL1, previously identified as a circRNA
inhibiting KSHV lytic infection, can also restrict HSV-1. This seemingly conserved anti-viral
capacity could point to an evolutionarily conserved mechanism of defense against infection. This
study combines together an impressive amount of sequencing data and elegantly draws parallels
between the various HV. While this is a complex story, bringing together expression levels of
mRNA, circRNA and even diving into miRNA networks, this is extremely well written and as a
reader, you feel transported into a well-crafted journey that keeps uncovering novel and exciting
findings.

**Major comments:**

- there is a back and forth between the HVs that are included in the study: fig 1 has HSV, CMV
and KSHYV; while fig 2 is HSV, KSHV and MHV68. For clarity and consistency, the authors
should consider including all 4 representative HV in their figures.

- this might be a misunderstanding that just needs clarification: CIRCScores provide a measure
of CircRNA reads over their linear counterparts: during host shutoff, the linear counterpart
would likely decrease and therefore the CIRCscore would artificially go up. So the fact that the
CIRCscore remains constant over lytic reactivation in KSHV and MHV68, wouldn't that indicate
that instead the CircRNA level go down?

- what happens to circRNAs in HCMYV infection as they do not encode an endoRNase?

- line 238: the authors should discuss why CpG and poly I:C treatment largely failed to induce
expression of CircRELL1

- line 289: if CircRELL1 is induced in response to infection, it could be interesting to induce its
expression after infection (maybe a DOX-inducible promoter on the lentivirus) instead of prior to
infection (which might hinder infection and hide more significant effects later).

- line 329: the authors mention that the mRNA targets of SOX carry a "degenerate motif": do the
circRNA downregulated during KSHV infection contain such motif?

**Minor comments:**

- figure 3B should show p-values



- figure 3B: showing expression levels of the endoRNases could provide some context for the
extent of their effect

- I would refrain from using sentences referring to phenotype "trending upward" which basically
reflects that the results are not significant in either upward or downward direction.

2. Significance:

Significance (Required)

CircRNAs are only beginning to emerge as important regulators of gene expression in cells.
Only recent developments in sequencing technology have allowed scientists to even detect the
presence of these small RNA. Their roles and mechanism of induction remain largely
uncharacterized, let alone in the context of viral infection. This team has pioneered the
exploration of CircRNA in KSHV and is now poised to extend their findings to other members
of the herpesvirus family. This study will be of interest to a broad audience, both virologist
looking to better understand the viral-host battle during infection and RNA biologists seeking to
better characterize how gene expression can be controlled with circRNA. There is also major
therapeutic potential with these types of approaches.

3. How much time do you estimate the authors will need to
complete the suggested revisions:

Estimated time to Complete Revisions (Required)

(Decision Recommendation)

Less than 1 month

4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that
the content of your review will not be visible on Web of
Science.

Web of Science Reviewer Recognition

No



Review #3

1. Evidence, reproducibility and clarity:

Evidence, reproducibility and clarity (Required)

The authors characterized circRNAs that can escape degradation in cells infected by alpha-, beta
and gamma herpesviruses both in cultured cells and in mice. During lytic infection, ten
circRNAs were modulated across the virus subfamilies, and 67 circRNAs were upregulated after
virus infection or treatment with interferon-f or interferon-y. The authors examined in detail
interferon-induced circRNA circRELL1 and noted that this circRNA suppresses lytic infection,
likely by interacting with the mTOR pathway and promoting cell proliferation. They also made
the astonishing observation that the circRNAs were more resistant to cleavage by virus-encoded
nucleases than their linear counterparts. This is a comprehensive study that reveals circRNA key
players that control lytic and latent herpesvirus infections.

**Comments:**

1. Linear mRNA abundances are decreased after infection, but linear-derived circRNA
abundances are upregulated. What determines increased circRNA abundances when their linear
counterparts become limiting? Is the rate of splicing/back-splicing altered in infected cells? Is
nuclear-cytoplasmic transport of circRNAs changed?

2. CircRELLI loss of function experiment: Does the employed siRNA affect the abundance of
linear RELL1 mRNA?

3. CircRELL1 gain of function experiment: How was this performed?

4. Why are circRNA and, especially circRELLI, resistant to degradation in interferon-treated
cells when OAS genes, and presumably RNAseL, are upregulated?

2. Significance:
Significance (Required)

This study enhances our knowledge of circRNAs in viral infections.

3. How much time do you estimate the authors will need to
complete the suggested revisions:

Estimated time to Complete Revisions (Required)

(Decision Recommendation)

Less than 1 month



4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that
the content of your review will not be visible on Web of
Science.

Web of Science Reviewer Recognition

No
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Manuscript number: RC-2023-02175
Corresponding author(s): Joseph Ziegelbauer

[Please use this template only if the submitted manuscript should be considered by the affiliate journal as a full
revision in response to the points raised by the reviewers.

If you wish to submit a preliminary revision with a revision plan, please use our "Revision Plan" template. It is
important to use the appropriate template to clearly inform the editors of your intentions.]

1. General Statements [optional]

This section is optional. Insert here any general statements you wish to make about the goal of the study or
about the reviews.

Enclosed please find the revised manuscript entitled, “Interferon-induced circular RNAs escape herpesvirus
host shutoff and suppress lytic infection,” for your consideration. We believe this study is appropriate for
publication given the conceptual advances and potential broad interest as human circular RNAs affecting
herpesvirus infections is an expanding field.

We and others have discovered various circular RNAs are made by human viruses. Here we extend this work
across the herpesvirus family, to span alpha-, beta-, and gamma-herpesviruses. Our approach identified a
cohort of host circular RNAs which respond to diverse herpesvirus infections. We included an interactive tool
with a simple interface for readers to query expression changes of their protein-coding genes and circular
RNAs of interest in various infection models. We also examined the mechanism underlying circular RNA
response to infection and found a number of circular RNA which are induced by type | and Il interferons.
During lytic herpesvirus infection, viral endonucleases degrade host RNA. Unexpectedly, we found circular
RNAs, as a population, are resistant to this phenomenon. Circular RNAs were unaffected by ectopic viral
endonuclease expression, unlike their colinear gene products. We propose a two-pronged model in which
interferon-stimulated genes may encode both mRNA and circular RNA with antiviral activity, such as in the
case of circRELL1. This finding was recently published in PNAS, where we described the mechanism of
circRELL1 restriction of gamma-herpesvirus infection—a finding now extended to HSV-1 in our new
manuscript. This is critical in cases of host shutoff, such as alpha- and gamma-herpesvirus infection, where the
MRNA transcripts are degraded, but circular RNAs escape degradation.

We suggest that this manuscript may be of interest to alpha-, beta-, and gamma-herpes virologists and those
studying host-virus interactions. Additionally, RNA biologists studying non-coding RNAs could enjoy our
studies and the future experimental plans that they might initiate.

We thank the reviewers that have helped improve our manuscript. We also note that the reviewers were
positive and did not dispute major conclusions of this manuscript.
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2. Point-by-point description of the revisions

This section is mandatory. Please insert a point-by-point reply describing the revisions that were already
carried out and included in the transferred manuscript.

REVIEWER COMMENTS
Reviewer #1

Summary
The manuscript by Dremel et al reports on IFN-induced circRNAs that are produced in response to herpesviral
infections and that are resistant to virus-mediated degradation (e.g. host shut-off). They provide a wealth of
interesting data on circRNA production changes in response to infection with alpha, beta, and gamma
herpesviruses and identify a number of host circRNAs that are commonly regulated across all subfamilies.
Using circRELL1 as an example, they demonstrate a modest impact on productive HSV-1 infections (which
follows up on their previous report of circRELL1 impacting KSHYV lytic infection). They subsequently propose a
new model in which a subset of IFN-stimulated genes produce both mRNAs and circRNAs with the potential

for antiviral activity, the latter operating as a 'workaround' for avoiding virus-mediated shutoff.

Evidence, reproducibility and clarity
Major Comments:

Line 146: The authors extended their analysis to HSV-1 latently infected mouse trigeminal ganglia but
potentially missed a trick but not including an analysis of HSV-1/VZV infected human trigeminal ganglia for
which potentially compatible datasets are available (PMID: 29563516).

Response: All differential expression analysis in this study was performed for infected samples relative to a
paired uninfected sample. While we appreciate the suggestion, the suggested dataset lacks a paired
uninfected sample it is not compatible with our profiling method in comparing host circRNAs that change in
expression after infection.

Line 264: The authors note that a direct relationship in gene expression changes was observed between
some circRNAs and mRNAs and not others. However, a gene level analysis may be problematic here as
many genes encode multiple distinct transcript isoforms that are variably regulated e.g. during infection. A
transcript level analysis (e.g. using Kallisto/Salmon) might enable the authors to specifically link circRNAs
with individual mRNA isoforms which would be valuable information in the context of interferon-driven gene
expression. Alternatively, the lack of a direct relationship in gene expression changes may also link to
variability in circRNA decay / halflives. The authors could potentially solve this using a metabolic labelling
approach to measure mRNA and circRNA decay rates for a subset of the genes of interest.

Response: We have performed transcript level analysis using the Salmon tool for our bulk RNA-Seq data
analyzed in Fig. 4. Expression changes, including all gene reads, circRNA reads, and transcript isoform
reads are graphed in Supplementary Fig. 4-4. Our major point, namely that select circRNAs including
EPSTI1, SP100, B2M, ZCCHC2, WARS1 reside within colinear genes that are upregulated to a similar
degree after interferon stimulation (Supplementary Fig. 4-4A) was echoed by the new transcript level
analysis (Supplementary Fig. 4-4B).

Line 273: The weak element in the paper relates to the role of circRELL1 in restricting HSV-1 productive
infections. The effects observed are modest at best and the biological impact appears limited. It is also
entirely unclear how circRELL1 might act to restrict HSV-1. The paper would significantly benefit from the
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authors extending their analysis to include 2-3 additional circRNAs that are commonly regulated by
herpesviruses to determine (i) whether similar effects are observed and (iii) to determine whether a
compound effect can be achieved by targeted silencing of multiple IFN-responsive circRNAs at the same
time.

Response: In this study, we propose a model in which interferon stimulated genes may encode both mRNA
and circRNA species, of which only the circRNA escapes virus mediated RNA decay. All points of this
model were demonstrated for circRELL1, including its ability to impair Iytic replication for KSHV (Tagawa et
al. 2023 PNAS) and HSV-1 (Fig. 5). We agree with the reviewer’s comment and are very interested in
extending our analysis to additional circRNAs and potential compound effects; however we feel performing
functional studies for additional circRNA species is beyond the scope of the current study.

Minor comments:

e Line 55: To this reviewers knowledge, only eight routinely infect humans (HSV1, HSV2, VZV, HCMV,
HHV6, HHV7, EBV, and KSHV. It's possible the authors are considering HHV6A and HHV6B as distinct but
this is not really the case.

Response: ‘The Family Herpesviridae: a brief introduction’ chapter of Fields Virology 7th edition states,

“Nine herpesviruses have been identified that have humans as their primary host: herpes simplex viruses 1
and 2 (HSV-1 and HSV-2), human cytomegalovirus (HCMV), varicella-zoster virus (VZV), Epstein-Barr
virus (EBV), human herpesviruses 6A, 6B, and 7 (HHV-6A, HHV-6B, and HHV-7), and Kaposi sarcoma
herpesvirus (KSHV, also known as Kaposi’'s sarcoma-associated herpesvirus and HHV-8).” The
International Committee on Taxonomy of Viruses (https://ictv.global/taxonomy) recognized HHV-6A and
HHV-6B as distinct viruses in 2012. As summarized by Ablashi et al. Archives of Virology 2014
(24193951), this decision was based on decades of data recognizing that HHV-6A and HHV-6B are
genetically and biologically distinct species. Intravariant recombinants are not found; they are distinguished
by their epidemiology and disease associations and biological differences in protein function and tissue
tropism.

e Line 57: As written it implies that therapeutic agents capable of clearing VZV exist which is not really the
case.
Response: We have updated the text (lines 57-59) to read, “To date only varicella zoster virus has an FDA-

approved vaccine. Additionally, we lack antivirals capable of targeting the latent reservoir and there is no
therapeutic agent capable of clearing these viruses.”

e Line 132: The authors inclusion of previously published data (e.g. HCMV) along with reams of their own
makes for a compelling analysis.
Response: We're glad you appreciated the analysis.

e Line 582: A number of the sequencing datasets are not yet publicly available. This should be rectified
before publication.
Response: All datasets are currently uploaded to SRA and will be publicly released before publication.

Significance

It is clear that a lot of work has gone into this manuscript and there a reams of data that will provide a great
resource for mining to the wider herpesvirus community. While this naturally leads to a more descriptive
nature, it does not undermine the value of the data. However, as indicated below, more functional validation is
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required if this work is to provide a significant step forward in our understanding of how and why IFN-induced
circRNAs might be important for combating viral infections.

Reviewer #2

Summary

In this manuscript, Dremel et al explore the interplay between herpesvirus and circRNAs. This team has been
a pioneer in the field and has made important discoveries about the regulation of circRNAs during herpesviral
infection. While past work focused on the gamma-herpesviruses, here in this study, they expand their work to
alpha and beta HV as well as extending their findings into animal models. They found consistent increase in
CircRNA levels and found that these circRNAs are mostly resistant to viral-induced RNA decay. They then
uncover that these circRNA can be induced by interferon which indicates that circRNAs could act as a first line
of anti-viral defense. Consistently, they found that circRELL1, previously identified as a circRNA inhibiting
KSHYV lytic infection, can also restrict HSV-1. This seemingly conserved anti-viral capacity could point to an
evolutionarily conserved mechanism of defense against infection. This study combines together an impressive
amount of sequencing data and elegantly draws parallels between the various HV. While this is a complex
story, bringing together expression levels of mMRNA, circRNA and even diving into miRNA networks, this is
extremely well written and as a reader, you feel transported into a well-crafted journey that keeps uncovering
novel and exciting findings.

Evidence, reproducibility and clarity
Major comments:

e There is a back and forth between the HVs that are included in the study: fig 1 has HSV, CMV and KSHV;
while fig 2 is HSV, KSHV and MHV68. For clarity and consistency, the authors should consider including all
4 representative HV in their figures.

Response: We recognize presenting data from multiple viruses and human and mouse models may cause
some confusion for readers. We appreciate the suggestion, but for the following reasons have chosen to
keep Figure 1 and 2 in their current state. Figure 1 and paired supplementary figures was split by species
(human, mouse) as the purpose was comparative analysis between viruses and comparisons must be
performed in their respective species. In Figure 2, as we discuss in response to Reviewer #2’s third
comment, excludes HCMV. This was due to technical issues, namely the absence of ERCC spike-in
controls. We feel that presenting the HCMV data with our other virus models in Figure 2 would be
potentially misleading to readers.

e This might be a misunderstanding that just needs clarification: CIRCScores provide a measure of CircRNA
reads over their linear counterparts: during host shutoff, the linear counterpart would likely decrease and
therefore the CIRCscore would artificially go up. So the fact that the CIRCscore remains constant over lytic
reactivation in KSHV and MHV68, wouldn't that indicate that instead the CircRNA level go down?
Response: We are not sure what data the reviewer is referring to regarding “CIRCscore remains constant
over lytic reactivation in KSHV and MHV68”. There are no plots including CIRCscore for KSHV lytic
reactivation data. The results in Figure 1C containing CIRCscore are from de novo infection of LECs with
KSHV and MHV68 analysis is not included in Figure 1. Supplementary Figure 1-2 contains CIRCscore for
MHVG68 lytic reactivation and here we observe a general increase in CIRCscore with reactivation—this
occurs in tandem with increasing circRNA levels. Additionally, we performed transcript specific analysis in
Fig. 3A for all genes which give rise to circRNAs in our models, and our findings demonstrate that circRNA
species are more resistant to virus-induced downregulation than their colinear mRNA.
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o What happens to circRNAs in HCMV infection as they do not encode an endoRNase?
Response: We performed similar analysis for HCMV infection as that included in Figure 2:

_ TPM normalized data a, Protein-coding.genes (mRNA)
Y © 3
1= S 20 +«=— Uninf., 20+ : — i
5 - 8 — 24 hpi Al
pE £ 15- T __72hpi 157 Median: 0.0
£ z —72 hpi
& 5 10+ E --24 hpi 10+ Median: -1.1
'S _ -
§ : g_ 5- L -- 72 hpi
-1 .25 T T T T ('R
A ‘] AV 0 2 4 6 -8 -4 0 4 8
?o'e‘ ?Q:\ ?c)\ A2 L N Read Log,FC (Inf./Uninf
0?. & & 0g,, Norm Reads 0g,FC (Inf./Uninf.)

This was performed with the intention of it serving as a “negative control” regarding what happens to host
transcripts during lytic infection and in the absence of a viral endoRNase. However, we still observed a
global decrease in host transcripts by 72 hours post infection. Additionally, classic housekeeping genes
such as GAPDH, HPRPT1, RPS13, and 7SL were downregulated. We are concerned this finding is
artifactual as the HCMV RNA-Seq was the only model we did not sequence ourselves and lacked ERCC
spike-in controls. We suspect that the total amount of RNA in HCMV infected cells increases at late times,
thus comparison of host transcripts in uninfected samples and late lytic time points results in a relative
down sampling. We are not an HCMV lab and lack the ability to confirm our theory. In the absence of
ERCC spike-in controls we cannot account for global changes in total RNA content and as such chose not
to include HCMV global profiling as it may mislead readers. This technical issue (undersampling at late
time points) would not impact our findings in Figure 1 and suggests that the number of upregulated
circRNAs is larger than we report.

e line 238: the authors should discuss why CpG and poly I:C treatment largely failed to induce expression of
CircRELL1
Response: Additional text has been added to the discussion (lines 391-403) and reads, “Of the stimuli
tested, circRELL1 expression was largely unaffected by poly I:C and CpG treatment (Sup. Fig. 4-2). Poly
I:C and CpG DNA are recognized by endosomal toll-like receptors (TLR), TLR3 and TLR9, whereas LPS is
sensed by TLR4 on the cell surface. The subcellular localization of TLRs and relative amplitude of their
downstream signaling may impact circRELL1 upregulation. Additionally, poly I:C treatment can induce
robust RNase L-dependent circRNA decay (40); a phenomenon that may disguise poly I:C dependent
circRELL1 upregulation.”

e line 289: if CircRELL1 is induced in response to infection, it could be interesting to induce its expression

after infection (maybe a DOX-inducible promoter on the lentivirus) instead of prior to infection (which might
hinder infection and hide more significant effects later).
Response: We agree that lentiviral transduction prior to infection may cause off-target effects and for this
reason all comparisons were made relative to a control which was transduced with a lentivirus expressing
circGFP. Due to the rapid pace of HSV-1 infection (DNA replication begins ~3 hpi, infectious viral progeny
detectable after ~6 hpi), lentiviral transduction after HSV-1 infection is not technically feasible.

o line 329: the authors mention that the mRNA targets of SOX carry a "degenerate motif": do the circRNA
downregulated during KSHV infection contain such motif?
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Response: We have performed motif scanning for up and downregulated circRNAs present in our KSHV
lytic reactivation model. These findings are now present as Supplementary Table 2 with text discussing
them in the results (lines 190-199) and discussion section (lines 360-363).

Results section text: “We examined if the tri-modal distribution of host circRNAs during KSHYV reactivation
may be explained by sequence differences. A degenerate motif “UGAAG” can increase substrate
recognition for the KSHV endoRNase, SOX (54). We posited that underrepresentation of this motif in
circRNAs may allow them to escape KSHV host shut off. We performed motif scanning (Sup. Table 2) for
our tri-modal circRNA populations to assess incidence of the motif. Proportions of motif-harboring circRNAs
did not correlate with up- or down-regulation upon reactivation. Overall density of degenerate motifs was,

however, highest in downregulated circRNAs and lowest in upregulated circRNAs, suggesting a potential
role of UGAAG frequency in SOX resistance.”

Discussion section text: “Motif scanning suggested high frequency of the consensus “UGAAG” may be
partially responsible for host circRNA up- or down-regulation during KSHV Iytic reactivation (Sup. Table 2).

This, however, does not rule out the possibility that SOX targeting may be ameliorated by additional
factors.”

Supplementary Table 2. Analysis of SOX substrate-targeting motif

The presence of SOX substrate-targeting motifs “UGAAG” was determined for subsets of human circRNAs
from our KSHV reactivation model (iSLK-BAC16).

Subset: Log,FC _ # cn'_cRNA # UGAAG # Motifs | # Motifs | UGAAG+ circRNA
(3dpi/Uninduced # circRNA n motifs per per 1000 # circRNA | % Total
circAtlas circRNA nt ’
Upregulated: 39 circRNA o
0.5 42 (22459 nt) 71 1.9 3.2 37 88%
Unchanged: 28 circRNA o
<05and>05 | 20 |@20975nt)| P 3.7 45 26 93%
Downregulated: 25 circRNA o
<05 30 (12,900 nt) 104 4.7 8.1 22 73%

Minor comments:

e figure 3B should show p-values
Response: We have now updated Figure 3B to include p-values.
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o figure 3B: showing expression levels of the endoRNases could provide some context for the extent of their
effect

Response: We measured A g@ 10 51"&'}’('3293 GEP
. . . - = +
transcript expression using § ® [0 HEK-293 + vhs
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¢ | would refrain from using sentences referring to phenotype "trending upward" which basically reflects that
the results are not significant in either upward or downward direction.
Response: We have removed any text referring to statistically insignificant trends in our circRELL1

functional studies (lines 304-307).

Significance

CircRNAs are only beginning to emerge as important regulators of gene expression in cells. Only recent
developments in sequencing technology have allowed scientists to even detect the presence of these small
RNA. Their roles and mechanism of induction remain largely uncharacterized, let alone in the context of viral
infection. This team has pioneered the exploration of CircRNA in KSHV and is now poised to extend their
findings to other members of the herpesvirus family. This study will be of interest to a broad audience, both
virologist looking to better understand the viral-host battle during infection and RNA biologists seeking to better
characterize how gene expression can be controlled with circRNA. There is also major therapeutic potential
with these types of approaches.

Reviewer #3
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Summary

The authors characterized circRNAs that can escape degradation in cells infected by alpha-, beta and gamma
herpesviruses both in cultured cells and in mice. During lytic infection, ten circRNAs were modulated across
the virus subfamilies, and 67 circRNAs were upregulated after virus infection or treatment with interferon-b or
interferon-g. The authors examined in detail interferon-induced circRNA circRELL1 and noted that this circRNA
suppresses lytic infection, likely by interacting with the mTOR pathway and promoting cell proliferation. They
also made the astonishing observation that the circRNAs were more resistant to cleavage by virus-encoded
nucleases than their linear counterparts. This is a comprehensive study that reveals circRNA key players that
control lytic and latent herpesvirus infections.

Evidence, reproducibility and clarity

e Linear mRNA abundances are decreased after infection, but linear-derived circRNA abundances are
upregulated. What determines increased circRNA abundances when their linear counterparts become
limiting? Is the rate of splicing/back-splicing altered in infected cells? Is nuclear-cytoplasmic transport of
circRNAs changed?

Response: Our analysis of transcriptional activity for a subset of host circRNAs upregulated during HSV-1

infection found a decrease in Pol Il occupancy on gene promoters and decrease in nascent (4sU-labeled)
RNA-Seq reads (Supplementary Fig. 3-1). This data suggests circRNA expression changes for this subset
are related to co-transcriptional processes such as increased rates of back-splicing, see lines 202-216. We
have previously performed a similar analysis using 4sU-Seq in a KSHV lytic reactivation model (Tagawa et
al. 2023 PNAS). The analysis also supported co-transcriptional circRNA upregulation, e.g. increased back-
splicing rates.

e CircRELL1 loss of function experiment: Does the employed siRNA affect the abundance of linear RELL1
mRNA?

Respgnse: By 12 hours post HSV-1 circRELLA RELL1 mRNA
infection, RELL7T mRNA is undetectable

ey

by gqPCR—likely due to host shut off. To S 1.5 2.5- 0=
ensure our siRNAs were specifically z 0.014 2.0-
targeting circRELL1 we collected RNA at S 1.0 p-e 1.5- siRNA:
48 hours post siRNA treatment, in the g ' [CINTC
absence of infection, and measured ® 0.5- 1.0 pe " [ circRELLA
transcript levels. We observed significant E‘ 0.5
depletion of circRELL1 while the colinear 3 0.0 i 0.0

. . o V. T . T
MRNA was unaffected, this data is now o Uninf. Uninf.

present as Supplementary Figure 5-1 and
shown here.

e CircRELL1 gain of function experiment: How was this performed?
Response: Thank you for catching this, we apologize for omitting details regarding how circRELL1 gain and
loss of function experiments were performed. Text describing our approach is now contained in the
methods section (lines 576-597).
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e Why are circRNA and, especially circRELL1, resistant to degradation in interferon-treated cells when OAS
genes, and presumably RNAseL, are upregulated?
Response: RNase L is activated during an innate immune response by the interferon stimulated genes, 2'-

5'-oligoadenylate synthetases (OASs). OASs must bind dsRNA to synthesize 2-5-oligoadenylate, which
then activates RNase L. RNase L is an endoribonuclease which when activated targets cytoplasmic RNA
for decay. Prior work from Chu-Xiao Liu et al. (2019 Cell), analyzed RNase L-dependent circRNA depletion
following immune stimulation. Their study found that immune stimulation via IFN-beta or IFN-gamma
treatment did not result in widespread circRNA depletion. Uniquely, poly I:C treatment resulted in RNase L-
dependent circRNA decay. Our findings corroborate this study, namely IFN treatment does not result in
widespread circRNA depletion. Why RNase L is not activated despite gene expression of the OAS genes
may be potentially explained by the absence of dsRNA species and subsequent lack of 2-5-oligoadenylate
synthesis.

Significance
This study enhances our knowledge of circRNAs in viral infections.



1st Editorial Decision 21st Nov 2023

Dear Dr. Ziegelbauer,

Thank you for the transfer of your revised manuscript from Review Commons to our editorial offices. | 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 fully
support publication of your study in EMBO reports.

Before | can proceed with formal acceptance, the manuscript now needs formatting according to our journal style. Please
carefully review the instructions that follow below.

PLEASE NOTE THAT upon resubmission revised manuscripts are subjected to an initial quality control prior to exposition to re-
review. Upon failure in the initial 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 section (please see below) and the presence of statistics
based on n=2 (the authors are then asked to present scatter plots or provide more data points).

When submitting your final 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. Figure legends should be compiled at the end of the manuscript text.

2) individual production quality figure files as .eps, .tif, .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 information. 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 section called
Expanded View Figure Legends after the main Figure Legends section. Additional 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. In this case, | think it will be
possible to combine some of the Supplementary Figures to have in the end 5 EV figures. It is not necessary to have one EV
figure related to one main figure. Just make sure that the panels are called out correctly.

For more details, please refer to our guide to authors:
http://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparation

Please consult our guide for figure preparation:
http://wol-prod-cdn.literatumonline.com/pb-assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf

See also the guidelines for figure legend preparation:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat

3) a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14693178/authorguide). Please insert page numbers in the checklist to indicate where
the requested information 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 respective reporting guidelines:
http://www.embopress.org/page/journal/14693178/authorguide#livingorganisms

4) 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 in a dedicated section (e.g. 'No
primary datasets have been generated and deposited'), see below.

See also: http://embor.embopress.org/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 & Methods)
that follows the model below. This is now mandatory (like the COI statement). Please note that the Data Availability Section is
restricted to new primary data that are part of this study. This section is mandatory. As indicated above, if no primary datasets

have been deposited, please state this in this section

# Data availability



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

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

*** Note - All links should resolve to a page where the data can be accessed. ***
Moreover, | have these editorial requests:

5) We now request the publication of original source data with the aim of making primary data more accessible and transparent
to the reader. 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.

6) Our journal 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 PRIJNA342805, 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: http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

7) Regarding data quantification and statistics, 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 respective figure legends (also for potential EV and Appendix figures). Please also check
that all the p-values are explained in the legend, and that these fit to those shown in the figure. Please provide statistical testing
where applicable. Please avoid the phrase 'independent experiment', but clearly state if these were biological or technical
replicates. Please also indicate (e.g. with n.s.) if testing was performed, but the differences are not significant. In case n=2,
please show the data as separate datapoints without error bars and statistics. See also:
http://www.embopress.org/page/journal/14693178/authorguide#statisticalanalysis

If n<5, please show single datapoints for diagrams.

8) Please also note our reference format:
http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

9) We updated our journal's competing interests policy in January 2022 and request authors to consider both actual and
perceived competing interests. Please review the policy https://www.embopress.org/competing-interests and update your
competing interests if necessary. Please name this section 'Disclosure and Competing Interests Statement' and put it after the
Acknowledgements section.

10) We now use CRediT to specify the contributions of each author in the journal submission system. CRediT replaces the
author contribution section. Please use the free text box to provide more detailed descriptions and do NOT add an author
contributions section to the manuscript text file. See also guide to authors:
https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines

11) Please add up to 5 keywords to the manuscript and order the manuscript sections like this, using these names:

Title page - Abstract - Keywords - Introduction - Results - Discussion - Materials and Methods - Data availability section -
Acknowledgements - Disclosure and Competing Interests Statement - References - Figure legends - Expanded View Figure
legends - Tables

12) It seems Table S1 is a dataset, too. Please upload all 7 datasets as original excel files with a legend and a title on the first
TAB. Please name these files Dataset EV1 - 7 and change the callouts accordingly using these names.

13) Please enter all the funding information also into our submission system during resubmission and make sure this is complete
and similar to the one mentioned in the acknowledgements section of the manuscript text file.

14) Please provide a final abstract with not more than 175 words.

In addition, | would need from you:

- a short, two-sentence summary of the manuscript (not more than 35 words).

- three to four short (!) one sentence bullet points highlighting the key findings of your study.

- a schematic summary figure (synopsis image) in jpeg or tiff 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 a revised version of your manuscript when it is ready. Please let me know if you have questions or
comments regarding the revision.

Best,

Achim Breiling
Senior Editor
EMBO Reports

Referee #1:

I would like to thank the authors for addressing all of my point of concerns - they have significantly improved their manuscript
and thoroughly and carefully addressed the reviewers comments.

Referee #2:

The authors have performed admirably in addressing my previous critiques in an appropriate manner and | think the work as
presented is excellent.

Referee #3:

The authors have adequately addressed my raised concerns.

Kk

Rev_Com_number: RC-2023-02175

New_manu_number: EMBOR-2023-58459V1

Corr_author: Ziegelbauer

Title: Interferon induced circRNAs escape herpesvirus host shutoff and suppress lytic infection



1st Authors' Response to Reviewers 13th Dec 2023

The authors addressed the minor editorial issues.



1st Revision - Editorial Decision 14th Dec 2023

Dear Dr. Ziegelbauer

Thank you for the submission of your revised manuscript to our editorial offices. We are nearly doen. Before we can proceed
with formal acceptance, | have these editorial requests | ask you to address in a final revised manuscript:

- Please provide the abstract written in present tense throughout.

- It seems Figs. 5 and 6 have landscape format. Please change this and format the figures as described in our guide for figure
preparation:
http://wol-prod-cdn.literatumonline.com/pb-assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf

- 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 respective
figure legends (main, EV and Appendix figures). Please also check that all the p-values are explained in the legend, and that
these fit to those shown in the figure. Please provide statistical testing where applicable. Please avoid the phrase 'independent
experiment', but clearly state if these were biological or technical replicates. Please also indicate (e.g. with n.s.) if testing was
performed, but the differences are not significant. In case n=2, please show the data as separate datapoints without error bars
and statistics. See also:

http://www.embopress.org/page/journal/14693178/authorguidefstatisticalanalysis

If n<5, please show single datapoints for diagrams. Presently, some diagrams don't have statistics or only partial statistics, or
miss the n.s. (e.g. panels in Figs. 2, 5 and EV4 and panels 3B, S4A and S6). Moreover:

- Please provide individual figure legends for panels EV 3a-b
- Please indicate the statistical test used for data analysis in the legends of figures 1b; 4a-d; EV 1b; EV 2b.
- Please note that information related to n is missing in the legends of figures 5c, f, h.

- Please format the figure legends for main, EV and Appendix figures) according to our journal style. See the respective section
in our guide to authors (please find the link below). Please separate each panel description by a line brake and make sure that
the panels are listed in alphabetic order. Moreover, please add to each legend a 'Data Information' section explaining the
statistics used or providing information regarding replicates and scales.

https://www.embopress.org/page/journal/14693178/authorguide#figureformat

- Please make sure that all figure panels and Tables are called out separately and sequentially (main, EV and Appendix items).
Presently, it seems a callout for panel 5H is missing. Please check.

- The labels in the legends (in all the excel files) for the 7 datasets need to be corrected: e.qg. it should be "Dataset EV1" instead
of "EV Dataset 1" (please follow the nomenclature Dataset EVx). Please also check that their callouts are correct.

- Please remove the title page from the Appendix file. It is sufficient to state there 'Appendix for ..., followed by the table of
contents.

- Please name the Appendix figures Appendix Figure Sx (the S is missing) and make sure this nomenclature is also used for
their callouts.

- Please move all the methods information and related references to the main manuscript text file. Please do not provide
methods information in the Appendix.

- Please upload 2 separate excel files with the source data - one file per figure.
- Please place Table 1 and 2 after the main and before the EV figure legends.

- Please add a paragraph titled 'Biosafety' to the methods section gathering all information on where and how biosafety-relevant
experiments with viruses were performed and that these were approved, and by whom (institution, government).

- Please remove the reagents and tools table from the main manuscript text file. | have attached templates for that in word or
excel format. Please upload the filled in table to the manuscript tracking system as 'Reagent Table' file. Please also adjust any
callouts to this table. The example linked below shows how the table will display in the published article and includes examples
of the type of information that should be provided for the different categories of reagents and tools. Please list your
reagents/tools using the categories provided in the template and do not add additional subheadings to the table. Reagents/tools
that do not fit in any of the specific categories can be listed under "Other":



https://www.embopress.org/pb%2Dassets/embo-site/msb_177951_sample_FINAL.pdf

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

Best,
Achim Breiling

Senior Editor
EMBO Reports



2nd Authors' Response to Reviewers 20th Dec 2023

The authors addressed the remaining editorial issues.



2nd Revision - Editorial Decision 21st Dec 2023

Joseph Ziegelbauer

National Cancer Institute

HIV and AIDS Malignancy Branch
10 Center Dr.

Bethesda 20892

United States

Dear Dr. Ziegelbauer,

| 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,
Achim Breiling

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
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Reporting Checklist for Life Sci Articles (updated Janua

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: 10.31222/0sf.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:
— 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.
ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.
plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical
if n<5, the individual data points from each experiment should be plotted. Any statistical test employed should be justified.
Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data
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2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
— a specification of the experimental system investigated (eg cell line, species name).
— the assay(s) and method(s) used to carry out the reported observations and measurements.
an explicit mention of the biological and chemical entity(ies) that are being measured.
an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
the exact sample size (n) for each experimental group/condition, given as a number, not a range;
a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including
how many animals, litters, cultures, etc.).
a statement of how many times the experiment shown was independently replicated in the laboratory.
— definitions of statistical methods and measures:
- common tests, such as t-test (please specify whether paired vs. unpaired), simple X2 tests, Wilcoxon and Mann-Whitney tests, can be
unambiguously identified by name only, but more complex techniques should be described in the methods section;
- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?
- exact statistical test results, e.g., P values = x but not P values < x;
- definition of ‘center values’ as median or average;
- definition of error bars as s.d. or s.e.m.
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Materials
i Information included in In which section is the information available?
Newly Created Materials the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
New materials and reagents need to be available; do any restrictions apply?
Antibodies Information included in In which section is the information available?
the manuscript? (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 S Reagents and Tools Table
number and or/clone number
- Non-commercial: RRID or citation
Information included in In which section is the information available?
DNA and RNA sequences the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
Short novel DNA or RNA including primers, probes: provide the Yes Reagents and Tools Table
sequences.
@I Information included in In which section is the information available?
the manuscript? (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 Yes Reagents and Tools Table, Methods and Protocols
RRID.
Primary cultures: Provide species, strain, sex of origin, genetic
modification status.
Report if the cell lines were recently authenticated (e.g., by STR profiling) Yes Methods and Protocols
and tested for mycoplasma contamination.
o q Information included in In which section is the information available?
Experimental animals the manuscript? (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 Yes Reagents and Tools Table, Methods and Protocols
OR supplier name, catalog number, clone number, OR RRID.

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

Please detail housing and husbandry con Yes Methods and Protocols
. Information included in In which section is the information available?
Plants and microbes the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Avalability Section)
Plants: provide species and strain, ecotype and cultivar where relevant,
unigue accession number if available, and source (including location for
collected wild specimens).
Microbes: provide species and strain, unique accession number if
available, and source.
- Information included in In which section is the information available?
Human research participants the manuscript? (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.
Core facilities Information included in In which section is the information available?
the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
If r work benefited from core facilities, was their service mentioned in .
your work benefited from core facilities, was their service mentioned Yes Acknowledgements section

the acknowledgments section?
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Study 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)

If study protocol has been pre-registered, provide DOI in the
manuscript. For clinical trials, provide the trial registration number OR cite
DOI.

Report the clinical trial registration number (at ClinicalTrials.gov or
equivalent), where applicable.

Laboratory protocol

Information included in
the manuscript?

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.

Experimental study design and statistics

Information included in
the manuscript?

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

Materials and methods

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?

Materials and methods

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

Materials and methods

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.

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?

Materials and methods

Sample definition and i y

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 laboratorv.

Yes

Materials and methods, Figures

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

Yes

Materials and methods, Figures
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ethics approval (IRB or equivalent committee(s), provide reference
number for approval.

Studies involving human partici : Include a firming that
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the Department of Health and Human Services Belmont Report.
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Materials and methods

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

Dual Use Research of Concern (DURC)
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(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://w list.htm

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

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 i

Reporting
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and endorsed through community initiatives. Journals have their own policy about requiring

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,
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Data availability

Information included in
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