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1st Editorial Decision 18" December 2017

Thank you for submitting your manuscript to The EMBO Journal. I am sorry for the delay in getting
back to you with a decision, but I have now received the full set of referee reports.

As you can see from the comments below, the study received a mixed response. While referee #1 is
not convinced that the study adds enough new insight over recent work, referees # 2 and 3 are more
supportive. I have carefully looked at the referees' comments and the issues raised and I do find that
the study adds important insight. However, it is also clear that more experiments are needed for
consideration here. Given this, I would therefor like to invite you to submit a revised manuscript that
addresses the concerns raised by referees #2 and 3. I should add that it is EMBO Journal policy to
allow only a single major round of revision only and that it is therefore important to resolve the
raised issues at this stage.

REFEREE REPORTS.
Referee #1:

In this manuscript the authors showed that RNAseH?2 is promotes L1 retrotransposition in
transformed cell lines, using a reporter indicator cassette combined with biochemical evidence.
While interesting, the data is not surprising since previous evidence has suggested such a link
(Bartsch et al 2017). The authors' attempt to situate their findings in the context of AGS seems
overstated. There are many genes implicated in the different subtypes of AGS. The idea that there is
a unifying mechanism to explain all these subtypes is just a hypothesis (Volkman & Stetson 2014)
and was never fully systematic tested using relevant cell lines in side-to-side experiments. This is
also something the authors could have done here but didn't. As it is, this report is another evidence
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of RNAses during L1 retrotransposition.

Referee #2:

The authors nicely demonstrate that RNase H2 activity is required for efficient LINE-1
retrotransposition and propose a mechanism wherein RNase H2 degrades the RNA strand of the
RNA-DNA hybrid generated during following the reverse transcription step of the retrotransposition
pathway (TPRT). Because mutations in RNase H2 are causes of AGS, these results suggest that in
contrast to other AGS-associated proteins that act as LINE-1 repressors, RNase H2 promotes LINE-
1 transposition. The authors suggest that LINE-1 retroelement RNA-cDNA intermediates may be
drivers of AGS pathology.

The manuscript is clearly written, and the data presented is convincing. In order to make a direct
connection between the role of RNase H2 in promoting LINE-1 transposition and AGS pathology,
the authors could perform some additional experiments discussed below.

Specific comments:

Pages 10-11, discussion of Figure 5A, B:

Please comment on the fact that although the activity of the RNase H2-SoF mutant on a RNA:DNA
heteroduplex is significantly reduced in vitro, within a cell RNase H1 is also present and proficient
at cleaving this type of substrate.

Figure 5A:

The altered cleavage pattern produced by cleavage by the SoF mutant is intriguing. It would also be
interesting to test the cleavage efficiencies and patterns for one or more of the RNase H2-AGS
mutants.

Figure 5.

In order to make a direct connection to AGS, my suggestion is to perform this experiment using one
or more of the AGS mutants of RNase H2. This would more convincingly establish a connection
between reduced LINE-1 retrotransposition, RNase H2 activity and disease.

Figure 6D.
When looking at this model, the role of RNase H1 in this pathway is confusing and could be
removed from the figure and referenced in the figure legend as having a minor contribution.

Figure S8.

The authors clearly demonstrate, using this experimental approach, that loss of RNase H2 activity
does not cause a significant increase in missense mutations or 2-5 bp deletions within the NEO
cassette. [s there any possibility that larger genomic rearrangements may be occurring? It is difficult
to analyze when looking at the gel in Figure S8C, but is there a difference in the PCR product size or
amplification efficiency in the KO cell lines when compared to WT? Even if a difference is not
apparent, the authors should mention the possibility that larger forms of genome instability may be
triggered by knockdown of RNase H2 activity and/or alterations in LINE-1 retrotransposition.

Referee #3:

- general summary and opinion about the principle significance of the study, its questions and
findings

Publication of two papers describing TREX1 and RNASEH2 mutations in Aicardi-Goutieres
Syndrome patients led to a search for the relationship between patients' phenotypes and defects in
these four genes (TREX1 and the three genes encoding the heterotrimeric RNase H2 protein). The
first major paper addressed the relationship of the TREX1 function to AGS. Mice deleted for Trex1
live only a few weeks after birth with death resulting from severe inflammatory myocarditis. Trex1
is abundant in the cytoplasm. A substantial increase in abundance of ssDNAs were found in the
cytoplasm of mouse hearts of Trex1-/- mice. The increase in cytoplasmic ssDNA was derived to a
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large extent from endogenous retroviral elements. The authors posited that activation of retroviruses
provided the cytoplasmic ssDNA which in turn induced the innate immune response. A commentary
on that paper presented an elaboration of that idea to include RNase H2 in the pathway whereby
RNase H2 defects would result in incomplete removal of RNA of RNA/DNA hybrids derived from
activated retroviruses leading to cytosolic stimulation of the innate immune response. Support for
the activation of retroviruses hypothesis came when it was reported that the life of mice deleted for
Trex1 could be extended from a few weeks to more than a year by treatment with anti-retroviral
drugs.

Directly asking if loss or decrease of RNase H2 activity activates retroviruses is confounded by the
role of RNase H2 in resolving two distinct substrates: ribonucleotides incorporated in DNA during
replication and repair and RNA/DNA hybrids formed during transcription or reverse transcription.
Significant progress in understanding which of the two activities is related to a particular phenotype
has been made in Saccharomyces cerevisiae by use of a separation of function mutation in which
RNase H2 retains only the ability to resolve RNA/DNA hybrids.

Currently, mutations in seven genes have been identified in AGS patients, three of which encode the
subunits of RNase H2. Three different mouse models, (i) null mutation in the gene encoding
Rnaseh2b or deletion of the Rnaseh2b or 2c gene and (ii) two hypomorphic mutations in the
Rnaseh2bA174T (equivalent to the most frequently detected RNase H2 mutation in AGS patients
RNASEHA177T), and Rnaseh2aG37S have been described. These models do not exactly
recapitulate the human disorder but have provided important information about the role of RNase
H2 in mammalian cells. Mice with null mutations result in early embryonic lethality with enormous
numbers of ribonucleotides in genomic DNA, homozygous Rnaseh2bA177T mice live normal lives,
and Rnaseh2aG37S homozygous mice are perinatal lethal. Induction of the innate immune system is
the hallmark of AGS and both hypomorphic mutations have been shown to activate the DNA-
dependent innate immune pathway. Recent evidence has shown chromosomal DNA damage in
RNase H2-defective cells leads to formation of micronuclei which could provide DNA in the
cytoplasm to activate the innate immune response. None of these mouse models of AGS are
particularly informative as to which of the two activities is responsible for the observed phenotypes.
Embryonic lethality of mice without RNase H2 has limited proper studies of the type reported in this
manuscript. However, recent reports indicate that RNase H2 is not required for growth in several
human cell lines. It is this resource that the authors of the manuscript have exploited to address the
involvement of RNase H2 in endogenous retroviral activation. One publication cited in this
manuscript (Bartsch et al) reported that Line-1 and Alu elements are not replicated in HeLa and
HEK?293 cells with RNASEH2AKO cells, indicating a role for RNase H2 in transposition of these
elements. But, rather than finding loss of RNase H2 activating these viruses, they reported that
RNase H2 is necessary for activation. In the manuscript under review here it seems that the authors
have independently uncovered the loss of retrotransposition of Line-1 in RNASEH2A KO cell line
and chose to describe in more detail the process in which RNase H2 is involved. Their data do
confirm that RNase H2 is indeed required for activation of Line-1 elements, a retroelement with an
RNase H activity.

The authors have shown that the absence of RNASEH2A leads to loss of Line-1 retrotransposition
in three different human cell lines, that a xenotropic Line-1-like retroelement from Zebra Fish
responds in HeLA cells with RNASEHAKO identically as if it were a mammalian retroelement, and
that endogenous retroelements whose reverse transcriptase includes an RNase H activity are
unaffected by the absence of RNase H2.

When knocking out genes in cell lines there is always a possibility of modifying a gene other than
that targeted creating undesirable and/or inexplicable results. The data shown in this manuscript
addressed this issue by creating multiple KO lines and even employed control cell lines which were
not defective in RNase H2 but had been generated as byproducts of the search for authentic RNase
H2A KO lines. By supplying RNASEH2-expression systems to the KO cell line (HeLa) they found
they could restore normal levels retrotranspostion to the KO cell lines. They extended their findings
to two other cell lines, indicating that loss retrotransposition and restoration of retrotransposition is
not limited to a single cell type. They also introduced a zebra fish line-2 (Line-1-like) element into
HeLa cells and found this xenotropic retroelement responded to RNase H2 presence or absence as
the human elements.

The authors asked if the human version of the separation of function mutant form of S. cerevisiae
SoF-RNase H2 could restore retrotansposition in their HeLa RNASEH2AKO cell line. This is the
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first published description human SoF-RNase H2 and these authors suggest that, in addition to loss
of incision at INMPs in DNA, there are other defects. They find an altered cleavage pattern on their
18 bp labelled substrate and lower RNase H2 hybrid activity. These two differences in enzymatic
activity are attributed by the authors for the failure to restore retrotansposition in the HeLa
RNASEH2A KO cells. The residual RNase H2 hybrid activity is <50% of WT. The authors propose
that the SoF-RNase H2 is insufficiently active to replace the WT RNase H2 activity.

However, the authors suggested the possibility that INMPs in the "blasticidin" gene might be
particularly susceptible to mutagenesis in the absence of RNase H2, in particular the RER activity.
The hypothetical inactivation would appear as if loss retrotransposition had occurred since read out
of the assay was resistance to blasticidin. The authors describe published results that reverse
transcriptase of Line-1 elements does incorporate INMPs during replication. To test this possibility,
they allowed HeLa RNASEH2A KO cells to grow for two and five days in the absence of blasticidin
during which time mutations in the blasticidin gene could accumulate. They sequenced PCR
fragments from 50 clones, only 13 of which had single point mutations and found no 2-5 bp
deletions which are found uniquely when rNMPs are present in DNA. These data are consistent with
a low frequency of loss of the balsticidin function - a level not high enough to affect their
retrotransposition assays. They examined too few clones to report as a mutation rate (as indicated in
Figure S8) and possibly find any 2-5 bp deletions. This latter type of mutation occurs primarily in
some but not all short repeats in DNA sequence. Does blasticidin have such repeats in the interval
examined? Although the mutagenic test was not performed when SoF-RNase H2 was in
RNASE2KO cells, it is possible, by inference, to conclude embedded rNMP-induced mutagenesis in
the presence of SoF-RNase H2. However, deletions and hypomorphic mutations do always generate
identical phenotypes.

- specific major concerns essential to be addressed to support the conclusions

The interpretation that the SoF-RNase H2 is defective is based on very little evidence.

The authors found that overexpressing RNase H2 increases retrotransposition above that in RNase
H2 WT cells. High level expression of RNase H1 also partially restores retrotransposition in
RNASEH2A KO cells, indicating that the amount of Hybrid activity is important. Any RNase H
activity above a threshold level may restore retrotransposition. The approach of overexpression
provides an avenue to raise the total activity of SoF-RNase H2 above the threshold level by
increasing activity from <50% to a much higher level. The possibility of partial restoration of
retrotransposition by SoF-RNase H2 needs to be tested. If the increased level of SoF-RNase H2
Hybrid activity fails to achieve an increase retrotranspostion, the absence RER activity in the SoF-
RNase H2 becomes more important.

The model presented in Figure 6D appears to me to indicate that RNA is removed prior to the
second strand break to allow the completion of the insertion of the Line-1 element. There is
increasing evidence that DNA break repair can be mediated by RNA (see
https://www.nature.com/articles/nature 13682
http://www.sciencedirect.com/science/article/pii/S0092867416313824
https://www.nature.com/articles/ncb3643).

Were the RNA/DNA hybrid to remain present after the second strand break, the RNA of the hybrid
would provide a target for RNase H2 to bind and attract the DNA repair machinery via its PCNA
binding peptide for replacing the RNA with DNA. RER activity could be useful in this process.

I strongly request that reference of the two activities as Typel and Type2 be changed to the more
transparent and descriptive terms - Hybrid and RER.

- minor concerns that should be addressed

I found it difficult to easily distinguish when the antibodies to RNase H2 and RNase H2A were
being used. I am not sure how to make this better.

Figures in text are frequently not in numerical order in the text.

Target PRIMERD typo on Results third page after heading

Is the statement on the third page of Results "To our knowledge..." correct considering the Bartsch
paper?

The figure legends often have no description of symbols or notations such as * nucleic acids filled or
open circles
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1st Revision - authors' response 20" April 2018

RESPONSE TO REFEREES’ COMMENTS ON “RNase H2, mutated in
Aicardi-Goutiéres syndrome, promotes LINE-1 retrotransposition”,
EMBOJ-2017-98506.

We would like to take this opportunity to thank the reviewers for their
interest in our work and their detailed and insightful comments. These have
been invaluable to us in further strengthening our conclusion that the
activity of RNase H2 on RNA:DNA substrate is important for efficient LINE-1
retrotransposition, and also in enhancing the relevance of our findings to
AGS.

In particular, in the modified manuscript,

- We provide a more in-depth analysis of the RNase H2 Separation of
Function mutant, showing that it has substantially reduced substrate
affinity. In spite of this, and consistent with the role of RNase H2
activity in the LINE-1 RNA:cDNA heteroduplex, its overexpression
supports increased LINE-1 retrotransposition.

- We have analysed RNASEH2A-KO cells genetically complemented
with RNASEHZ2A carrying AGS missense mutations, and show that
these have significantly reduced LINE-1 retrotransposition. This
strongly suggests that AGS patients with RNase H2 mutations are
likely to have reduced levels of LINE-1 retrotransposition.

Below, we provide a detailed point-by-point response to all specific
questions raised by the reviewers. Reviewers’ comments are italicized
(grey); bullet points precede our responses. To assist the reviewers, new
text in the revised manuscript is marked in blue.

Point-by-point response
Referee #2:

The authors nicely demonstrate that RNase HZ2 activity is required for
efficient LINE-1 retrotransposition and propose a mechanism wherein
RNase H2 degrades the RNA strand of the RNA-DNA hybrid generated
during following the reverse transcription step of the retrotransposition
pathway (TPRT). Because mutations in RNase H2 are causes of AGS,
these results suggest that in contrast to other AGS-associated proteins that
act as LINE-1 repressors, RNase H2 promotes LINE-1 transposition. The
authors suggest that LINE-1 retroelement RNA-cDNA intermediates may be
drivers of AGS pathology.

The manuscript is clearly written, and the data presented is convincing. In
order to make a direct connection between the role of RNase H2 in
promoting LINE-1 transposition and AGS pathology, the authors could
perform some additional experiments discussed below.

* We thank the Referee for his/her supportive comments and for
encouraging us to perform additional experiments to strengthen the
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link between the role for RNase H2 in LINE-1 retrotransposition and
AGS pathology.

Specific comments:

Pages 10-11, discussion of Figure 5A, B:

Please comment on the fact that although the activity of the RNase H2-SoF
mutant on a RNA:DNA heteroduplex is significantly reduced in vitro, within a
cell RNase H1 is also present and proficient at cleaving this type of
Substrate.

* We agree that it is important to state this clearly, and we now include
the following sentence in the revised manuscript, when discussing
complementation of the RNASEH2A-KO with SoF-RNASEH2A.

‘RNase H1 is expressed in all of these cells, explaining the residual
activity against RNA:DNA substrate in RNASEH2A-KO cells
complemented with empty vector or RNASEH2A-CD.”

* In addition, in the figure legend of Fig EV4 we state:

“‘Because RNase H1 is expressed in all of these cells, activity
measured against RNA:DNA heteroduplex substrate in RNASEH2A-
KO cell lysates is not completely absent. In addition, it is likely that
other nucleases present in the cell lysate act (non-specifically) on the
substrate, causing further background activity on both substrates.”

* Finally, in the original manuscript, we already noted the contribution
of RNase H1 to cellular nuclease activity against RNA:DNA
heteroduplexes. We have made edits to this section that, we hope,
will highlight this more clearly.

“We assume RNase H1 to be expressed at normal levels in
RNASEHZ2A-KO cells, and because of the marked reduction in LINE-
1 retrotransposition in such null cells, it is unlikely that RNase H1
plays a major role in L1 retrotransposition. However, its activity
against RNA:DNA hybrids may still contribute and could explain the
variable level of remaining retrotransposition observed in our
different RNase H2 null cells; retrotransposition was reduced
between 4- and 15-fold compared to parental cells, depending on the
cell line used. We therefore tested the effect of complementing HelLa
RNASEHZ2A-KO cells with RNase H1.”
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Figure 5A:

The altered cleavage pattern produced by cleavage by the SoF mutant is
intriguing. It would also be interesting to test the cleavage efficiencies and
patterns for one or more of the RNase H2-AGS mutants.

As suggested, we have now performed this assay with purified
recombinant RNase H2 complexes containing AGS mutations:
RNASEH2A-G37S and E225G, as well as RNASEH2B-A177T and
RNASEH2C-R69W (Fig EV5). As we have previously shown (Reijns
et al, 2011), the A177T mutation had limited impact on enzyme
activity. On the other hand, the G37S, E225G and R69W mutations
all caused a substantial reduction in RNase H2 activity. This is
consistent with impaired RNase H2 function in AGS patient cells with
mutations in any of the three RNase H2 subunits. However, none of
the AGS mutant enzymes displayed the change in cleavage pattern
observed for the SoF mutant. We speculate that the changed
cleavage pattern for the latter may be due to its reduced substrate
affinity (see our response to Referee 3), an effect that may be more
pronounced closer to the substrate 3’ end.

We describe these results in a new section of the revised
manuscript, “Reduced LINE-1 retrotransposition due to RNase H2
disease mutations” (see below).

Figure 5.

In order to make a direct connection to AGS, my suggestion is to perform
this experiment using one or more of the AGS mutants of RNase H2. This
would more convincingly establish a connection between reduced LINE-1
retrotransposition, RNase H2 activity and disease.

We thank the Referee for suggesting this important experiment. We
complemented RNASEH2A-KO cells with AGS mutant RNASEH2A.
For this, we chose G37S and E225G, the only two missense
mutations that have been found as causative homozygous changes
in the RNASEH2A subunit in AGS patients (Rice et al, 2013). Thus,
the RNase H2 status of these complemented cells most closely
resembles that of AGS patient cells.

We show that these cells express mutant RNASEH2A (Fig 7A),
leading to a small increase in cellular RNase H2 activity (Fig 7B). We
next analysed LINE-1 retrotransposition (Fig 7C-D) and found a
partial rescue of retrotransposition rates in the complemented cells.
In the revised manuscript, we describe these results as follows:
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“Reduced LINE-1 retrotransposition due to RNase H2 disease
mutations

Overall, our data suggest that LINE-1 retrotransposition is likely to be
reduced in cells from AGS patients with RNase H2 mutations, as
most of these are known to cause reduced cellular enzyme activity.
We confirmed the impact of disease mutations in any of the three
subunits using recombinant RNase H2, but did not find the same
change in cleavage pattern observed for the separation of function
mutant (Fig EV5A, B). We speculate that the altered cleavage
pattern for the latter may be due to its reduced substrate affinity, an
effect that may be more pronounced closer to the substrate 3’ end.
To determine the cellular effect of RNase HZ2 disease mutations, we
complemented RNASEHZ2A-KO cells with RNASEHZ2A-G37S and
RNASEHZ2A-E225G, the only two missense mutations that have
been found so far as causative homozygous changes in the catalytic
subunit in AGS patients (Rice et al, 2013). Western-blot analyses
revealed that these cells express mutant RNASEHZ2A (Fig 7A),
leading to a small, but significant increase in cellular RNase H2
activity (Fig 7B). Notably, we observed partial rescue of LINE-1
retrotransposition in cells complemented with RNASEH2A-G37S and
RNASEHZ2A-E225G (Fig 7C, D). Importantly, both AGS mutants
displayed significantly reduced retrotransposition compared to
RNASEHZ2A-WT complemented cells (n = 3, P = 0.003 for G37S, and
P =0.018 for E225G). Therefore, based on our data, we would
expect AGS patients with RNase H2 mutations to have reduced
levels of productive LINE-1 retrotransposition.”

Figure 6D.
When looking at this model, the role of RNase H1 in this pathway is
confusing and could be removed from the figure and referenced in the
figure legend as having a minor contribution.

* We agree, and have removed RNase H1 from the revised model

cartoon, referring to it only in the figure legend.

Figure S8.

The authors clearly demonstrate, using this experimental approach, that
loss of RNase HZ2 activity does not cause a significant increase in missense
mutations or 2-5 bp deletions within the NEO cassette. Is there any
possibility that larger genomic rearrangements may be occurring? It is
difficult to analyze when looking at the gel in Figure S8C, but is there a
difference in the PCR product size or amplification efficiency in the KO cell

© European Molecular Biology Organization



The EMBO Journal - Peer Review Process File

lines when compared to WT? Even if a difference is not apparent, the
authors should mention the possibility that larger forms of genome instability
may be triggered by knockdown of RNase H2 activity and/or alterations in
LINE-1 retrotransposition.

* We agree with the Referee that it is formally possible that such
genome instability impacts on LINE-1 retrotransposition in
RNASEH2A-KO cells. However, the intron-based PCR assay is not
designed to detect larger rearrangements, and we found no evidence
for differently sized PCR products or differential PCR amplification
efficiency. In addition, it seems unlikely to us that genome
rearrangements play a major part in the reduced LINE-1
retrotransposition in RNase H2 null cells, as it is difficult to envisage
how this would explain the increase in retrotransposition observed
upon RNase H2 overexpression.

* To acknowledge the possible interplay between genomic
rearrangements and LINE-1 retrotransposition, we now include the
following in the Discussion of the revised manuscript:

“Furthermore, RNase HZ2 deficiency can also cause larger genomic
rearrangements (Reijns et al, 2012) which might impact on LINE-1
retrotransposition. Although we cannot rule out that this type of
genome instability interferes with retrotransposition, or even that non-
productive retrotransposition contributes to increased genomic
rearrangements in RNase HZ2 null cells, it seems unlikely that this is
the reason for the reduced LINE-1 retrotransposition we observe,
particularly as RNase H2 overexpression leads to increased rates of
retrotransposition.”

Referee #3:

- general summary and opinion about the principle significance of the study,
its questions and findings

Publication of two papers describing TREX1 and RNASEHZ2 mutations in
Aicardi-Goutieres Syndrome patients led to a search for the relationship
between patients' phenotypes and defects in these four genes (TREX1 and
the three genes encoding the heterotrimeric RNase H2 protein). The first
major paper addressed the relationship of the TREX1 function to AGS. Mice
deleted for Trex1 live only a few weeks after birth with death resulting from
severe inflammatory myocarditis. Trex1 is abundant in the cytoplasm. A
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substantial increase in abundance of sSDNAs were found in the cytoplasm
of mouse hearts of Trex1-/- mice. The increase in cytoplasmic SSDNA was
derived to a large extent from endogenous retroviral elements. The authors
posited that activation of retroviruses provided the cytoplasmic ssSDNA
which in turn induced the innate immune response. A commentary on that
paper presented an elaboration of that idea to include RNase H2 in the
pathway whereby RNase H2 defects would result in incomplete removal of
RNA of RNA/DNA hybrids derived from activated retroviruses leading to
cytosolic stimulation of the innate immune response. Support for the
activation of retroviruses hypothesis came when it was reported that the life
of mice deleted for Trex1 could be extended from a few weeks to more than
a year by treatment with anti-retroviral drugs.

Directly asking if loss or decrease of RNase H2 activity activates
retroviruses is confounded by the role of RNase H2 in resolving two distinct
substrates: ribonucleotides incorporated in DNA during replication and
repair and RNA/DNA hybrids formed during transcription or reverse
transcription. Significant progress in understanding which of the two
activities is related to a particular phenotype has been made in
Saccharomyces cerevisiae by use of a separation of function mutation in
which RNase H?2 retains only the ability to resolve RNA/DNA hybrids.

Currently, mutations in seven genes have been identified in AGS patients,
three of which encode the subunits of RNase H2. Three different mouse
models, (i) null mutation in the gene encoding Rnaseh2b or deletion of the
Rnaseh2b or 2c gene and (ii) two hypomorphic mutations in the
Rnaseh2bA174T (equivalent to the most frequently detected RNase H2
mutation in AGS patients RNASEHA177T), and Rnaseh2aG37S have been
described. These models do not exactly recapitulate the human disorder but
have provided important information about the role of RNase H2 in
mammalian cells. Mice with null mutations result in early embryonic lethality
with enormous numbers of ribonucleotides in genomic DNA, homozygous
Rnaseh2bA177T mice live normal lives, and Rnaseh2aG37S homozygous
mice are perinatal lethal. Induction of the innate immune system is the
hallmark of AGS and both hypomorphic mutations have been shown to
activate the DNA-dependent innate immune pathway. Recent evidence has
shown chromosomal DNA damage in RNase H2-defective cells leads to
formation of micronuclei which could provide DNA in the cytoplasm to
activate the innate immune response. None of these mouse models of AGS
are particularly informative as to which of the two activities is responsible for
the observed phenotypes.

Embryonic lethality of mice without RNase H2 has limited proper studies of
the type reported in this manuscript. However, recent reports indicate that
RNase HZ2 is not required for growth in several human cell lines. It is this
resource that the authors of the manuscript have exploited to address the
involvement of RNase H2 in endogenous retroviral activation. One
publication cited in this manuscript (Bartsch et al) reported that Line-1 and
Alu elements are not replicated in HeLa and HEK293 cells with
RNASEHZ2AKO cells, indicating a role for RNase H2 in transposition of
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these elements. But, rather than finding loss of RNase H2 activating these
viruses, they reported that RNase HZ2 is necessary for activation. In the
manuscript under review here it seems that the authors have independently
uncovered the loss of retrotransposition of Line-1 in RNASEHZ2A KO cell
line and chose to describe in more detail the process in which RNase H2 is
involved. Their data do confirm that RNase HZ2 is indeed required for
activation of Line-1 elements, a retroelement with an RNase H activity.

The authors have shown that the absence of RNASEHZ2A leads to loss of
Line-1 retrotransposition in three different human cell lines, that a
xenotropic Line-1-like retroelement from Zebra Fish responds in HeLA cells
with RNASEHAKO identically as if it were a mammalian retroelement, and
that endogenous retroelements whose reverse transcriptase includes an
RNase H activity are unaffected by the absence of RNase H2.

When knocking out genes in cell lines there is always a possibility of
modifying a gene other than that targeted creating undesirable and/or
inexplicable results. The data shown in this manuscript addressed this issue
by creating multiple KO lines and even employed control cell lines which
were not defective in RNase H2 but had been generated as byproducts of
the search for authentic RNase H2A KO lines. By supplying RNASEH2-
expression systems to the KO cell line (HeLa) they found they could restore
normal levels retrotranspostion to the KO cell lines. They extended their
findings to two other cell lines, indicating that loss retrotransposition and
restoration of retrotransposition is not limited to a single cell type. They also
introduced a zebra fish line-2 (Line-1-like) element into HelLa cells and
found this xenotropic retroelement responded to RNase H2 presence or
absence as the human elements.

The authors asked if the human version of the separation of function mutant
form of S. cerevisiae SoF-RNase HZ2 could restore retrotansposition in their
HelLa RNASEHZ2AKO cell line. This is the first published description human
SoF-RNase H2 and these authors suggest that, in addition to loss of
incision at rINMPs in DNA, there are other defects. They find an altered
cleavage pattern on their 18 bp labelled substrate and lower RNase H2
hybrid activity. These two differences in enzymatic activity are attributed by
the authors for the failure to restore retrotansposition in the HelLa
RNASEHZ2A KO cells. The residual RNase H2 hybrid activity is <60% of
WT. The authors propose that the SoF-RNase HZ2 is insufficiently active to
replace the WT RNase H2 activity.

* We thank the Referee for his/her detailed analysis and supportive
comments.

However, the authors suggested the possibility that rNMPs in the
"blasticidin" gene might be particularly susceptible to mutagenesis in the
absence of RNase H2, in particular the RER activity. The hypothetical
inactivation would appear as if loss retrotransposition had occurred since
read out of the assay was resistance to blasticidin. The authors describe
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published results that reverse transcriptase of Line-1 elements does
incorporate rNMPs during replication. To test this possibility, they allowed
HelLa RNASEHZ2A KO cells to grow for two and five days in the absence of
blasticidin during which time mutations in the blasticidin gene could
accumulate. They sequenced PCR fragments from 50 clones, only 13 of
which had single point mutations and found no 2-5 bp deletions which are
found uniquely when rNMPs are present in DNA. These data are consistent
with a low frequency of loss of the balsticidin function - a level not high
enough to affect their retrotransposition assays. They examined too few
clones to report as a mutation rate (as indicated in Figure S8) and possibly
find any 2-5 bp deletions. This latter type of mutation occurs primarily in
some but not all short repeats in DNA sequence. Does blasticidin have such
repeats in the interval examined? Although the mutagenic test was not
performed when SoF-RNase H2 was in RNASEZ2KO cells, it is possible, by
inference, to conclude embedded rNMP-induced mutagenesis in the
presence of SoF-RNase H2. However, deletions and hypomorphic
mutations do always generate identical phenotypes.

* The Referee is correct and the purpose of these experiments, in
which we sequenced part of the spliced neomycin resistance gene,
was to rule out increased mutagenesis in RNase H2 null cells as the
cause of the observed reduction in neomycin resistant colonies after
LINE-1 retrotransposition. We are pleased that the Referee agrees
with our conclusion that differential rates of mutagenesis do not
underlie the lower number of colonies for RNASEH2A-KO cells. To
increase the strength of these observations, we expanded the
analysis by sequencing additional clones (total, n=136). Consistent
with our previous findings, we observed a similar percentage of
mutated sequences in RNase H2 proficient and deficient cells
(Appendix Figure S3E). In addition, we analysed the mutation
frequency in RNASEH2A-KO cells complemented with SoF
RNASEHZ2A (33 mutated out of 52 sequenced, 63%) and found that
it was similar to cells complemented with EV (17/35, 49%) or WT
RNASEH2A (23/49, 47%).

* The Referee makes an important point about the occurrence of 2-5
bp deletions: in RNase H2 null S. cerevisiae they were shown to
occur in short tandem repeats in particular sequence contexts. It is
unknown whether this mutational signature is similarly associated
with RER deficiency in mammalian cells or whether it could occur
during LINE-1 retrotransposition. Nonetheless, to give a better idea
of the likelihood of finding similar deletions, we compared the
occurrence of such repeats in our reporter constructs (neomycin and
blasticidin) to those described in the yeast literature.
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We analysed the nucleotide context of short deletions found in
RNase H2 null yeast strains reported for three different reporter
genes: URAS (Clark et al, 2011), CAN1(Kim et al, 2011; Potenski et
al, 2014) and LYS2 (Kim et al, 2013). Out of the 299 2-5 bp deletions
documented by these studies, 247 (83%) occurred in perfect tandem
repeats, and 236 were 2 bp long (79%). Of these 2 bp deletions, the
majority (83%) occurred at CA:TG and GA:TC repeats. To put this in
context of the frequency at which tandem repeats occur in the
reporters, 21% of the URA3 coding sequence is composed of
tandem repeats, and 58% of these are CA: TG or GA:TC dinucleotide
repeats. The section of CAN1 used in these studies is composed of
21.5% dinucleotide repeats, with 46% of these CA:TG or GA:TC
dinucleotide repeats.

In the retrotransposition indicator cassettes used in this study,
tandem dinucleotide repeats are present in the PCR amplicon of the
spliced Neomycin resistance gene (15% of this sequence is
composed of tandem repeats, with 56% of these at CA:TG or GA:TC
repeats), as well as the Blasticidin resistance gene (19.4% of this
sequence is composed of tandem repeats, with 49% of these at
CA:TG or GA:TC repeats). Thus, the frequencies of tandem
dinucleotide repeats in our reporters are only slightly below those
found in the yeast reporters. To highlight the presence and position
of tandem dinucleotide repeats, we updated the scheme of the
neomycin indicator cassette (Appendix Figure S3D). In addition
we'’ve added the following to the Results section:

“These mutations are most likely to occur at tandem dinucleotide
repeats, particularly CA:TG and GA:TC (Clark et al, 2011; Kim et al,
2013; Kim et al, 2011; Potenski et al, 2014). These repeats occur in
our retrotransposition reporters at rates similar to the yeast reporters”

Altogether, this additional work helped to strengthen our previous
conclusion: the LINE-1 reporters in RER deficient cells do not
accumulate more mutations than in RER proficient cells.

- specific major concerns essential to be addressed to support the
conclusions

The interpretation that the SoF-RNase HZ2 is defective is based on very little

evidence.
The authors found that overexpressing RNase HZ2 increases
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retrotransposition above that in RNase H2 WT cells. High level expression
of RNase H1 also partially restores retrotransposition in RNASEH2A KO
cells, indicating that the amount of Hybrid activity is important. Any RNase
H activity above a threshold level may restore retrotransposition. The
approach of overexpression provides an avenue to raise the total activity of
SoF-RNase HZ2 above the threshold level by increasing activity from <60%
to a much higher level. The possibility of partial restoration of
retrotransposition by SoF-RNase H2 needs to be tested. If the increased
level of SoF-RNase H2 Hybrid activity fails to achieve an increase
retrotranspostion, the absence RER activity in the SoF-RNase H2 becomes
more important.

* We thank the Referee for proposing this experiment. As suggested,
we determined the effect of overexpressing SoF-RNase H2, and find
that it indeed leads to increased LINE-1 retrotransposition (Fig 6A).
This is in agreement with a role for cellular RNase H activity acting
on RNA:DNA heteroduplexes during retrotransposition.

* In addition, we measured enzyme kinetics for the SoF mutant
enzyme and find that it has much reduced substrate affinity (Fig
EV4I). As the previous enzyme activity assays were performed at a
substrate concentration of 2 yM, a high concentration (at which the
activity for SoF-RNase H2 is ~50% of wildtype), but well below the
Kn>°F of 3.8 uM, we speculate that the effective enzyme activity will
be more strongly affected at lower, more physiologically relevant
substrate concentrations. The reduced substrate affinity of SoF
RNase H2 therefore provides a likely explanation for this mutant
failing to rescue retrotransposition in complemented RNASEH2A-KO
cells.

* |n the revised manuscript, we describe these results as follows:

SoF RNase H2 overexpression supports increased LINE-1
retrotransposition, despite reduced substrate affinity

We reasoned that overexpression of the RNase H2 SoF mutant may
compensate for its reduced activity against RNA:DNA hybrids, and
tested the effect of simultaneous overexpression of RNASEHZ2A-
P40D/Y210A, RNASEH2B and RNASEH2C on LINE-1
retrotransposition. We found that overexpression of SoF RNase H2
indeed leads to increased LINE-1 retrotransposition compared to the
B-arrestin control (Fig 6A). To further investigate why the separation
of function mutant failed to rescue retrotransposition in the
complemented RNASEH2A-KO cells, whereas its overexpression did
support a higher rate of retrotransposition, we compared enzyme
kinetics for SoF and wildtype RNase H2 on RNA:DNA (Fig EV4I).

© European Molecular Biology Organization

14



The EMBO Journal - Peer Review Process File

We established that the SoF mutant has much reduced substrate
affinity (Km>°" ~ 16x Kn"'"), whereas its maximum substrate
conversion rate is similar to that of WT RNase H2 (keat*" ~ 0.83x
keat”'"). The reduced substrate affinity of SoF RNase H2 therefore
provides a likely explanation for our observations. These findings are
in keeping with a role for the activity of RNase H2 against RNA:DNA
hybrids to support LINE-1 retrotransposition.

The model presented in Figure 6D appears to me to indicate that RNA is
removed prior to the second strand break to allow the completion of the
insertion of the Line-1 element. There is increasing evidence that DNA
break repair can be mediated by RNA (see
https://www.nature.com/articles/nature 13682
http.://www.sciencedirect.com/science/article/pii/S0092867416313824
https://www.nature.com/articles/ncb3643).

Were the RNA/DNA hybrid to remain present after the second strand break,
the RNA of the hybrid would provide a target for RNase H2 to bind and
attract the DNA repair machinery via its PCNA binding peptide for replacing
the RNA with DNA. RER activity could be useful in this process.

* The precise molecular events underlying LINE-1 retrotransposition
are not fully understood. However, the most widely accepted model
in the LINE-1 field indeed suggests that second-strand DNA
cleavage occurs after completion of reverse transcription, preventing
the generation of inverted-deleted LINE-1s by a mechanism known
as twin priming (Ostertag & Kazazian, 2001). As the Referee
suggests, a more direct role for RNA:DNA hybrids in the LINE-1
retrotransposition process, akin to the role RNA is now thought to
play in DSB repair, is therefore an intriguing possibility.

* To acknowledge the possibility that RNase H2 may promote LINE-1
retrotransposition in ways other than the model we propose, we now
include the following text in the discussion of our revised manuscript:

“Our work shows that RNase H activity directed against RNA:DNA
hybrids, mainly provided by cellular RNase H2, is important for
efficient and productive LINE-1 retrotransposition. We interpret this to
mean that it is involved in degrading LINE-1 RNA in the RNA:cDNA
hybrid, allowing second strand synthesis and ultimately insertion into
the genome. Alternative explanations are of course possible. As
there is increasing evidence that DNA double strand break repair can
be mediated by RNA (Keskin et al, 2014, Michelini et al, 2017; Ohle
et al, 2016), one intriguing possibility is that RNA:DNA hybrids play a
more active role in the LINE-1 retrotransposition process, for
example by recruiting RNase H2 and DNA repair machinery.”
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| strongly request that reference of the two activities as Type1 and TypeZ2 be
changed to the more transparent and descriptive terms - Hybrid and RER.

* As suggested, and to be more descriptive for those less familiar with
RNase H enzymes, we have changed the use of Type 1 activity to
“activity against RNA:DNA heteroduplexes” and Type 2 activity to
“activity against single embedded ribonucleotides”.

- minor concerns that should be addressed

I found it difficult to easily distinguish when the antibodies to RNase H2 and
RNase H2A were being used. | am not sure how to make this better.
* We initially used an antibody from Origene (TA306706) to

successfully detect RNASEH2A. However, a later lot of this antibody
(lot 8291-1404) performed poorly (with strong, non-specific bands
close to the RNASEH2A band). Also, we found this anti-peptide
antibody to detect RNASEH2A-P40D/Y210A less well than wildtype
or D34A/D169A RNase H2, suggesting that the Tyr210 residue may
be an important part of the epitope. For these reasons, we originally
presented some of our blots with RNASEH2A detected using the
anti-RNase H2 antibody.

* During revision we tested other anti-RNASEHZ2A antibodies and
found a good alternative (Santa Cruz, sc-515475). We re-probed
some of our blots with this new antibody, so that all RNASEH2A
immunoblots in the revised manuscript now use antibodies that
specifically detect this subunit. The anti-RNase H2 antibody was
used throughout to detect the RNASEH2B and C subunits.

Figures in text are frequently not in numerical order in the text.
* In the revised manuscript, we did our utmost to ensure we refer to
figures throughout the main text in the correct numerical order.

Target PRIMERD typo on Results third page after heading

* We have corrected this typo.

Is the statement on the third page of Results "To our knowledge..." correct
considering the Bartsch paper?
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* We thank the Referee for pointing this out. We have now changed
this to:

“This would make RNase H2 an integral part of the LINE
retrotransposition machinery.”

* Similarly, we have changed part of the final paragraph to:

“In summary, our work contributes to the mechanistic understanding
of LINE-1 retrotransposition, as we demonstrate that cellular RNase
H2 plays an integral part in LINE retrotransposition, explaining how
LINE elements lacking an RNase H domain can retrotranspose.”

The figure legends often have no description of symbols or notations such
as * nucleic acids filled or open circles
* We thank the Referee for this suggestion. However, we simply

followed the EMBO Press Figure Guidelines, which state: “Try to
avoid verbal explanations (for example, ‘broken line’ or filled black
triangles’) in the written figure legend / caption itself. Place visual
cues — a figure key listing the icons and their meaning — in the figure
itself.” Ultimately, if the manuscript is accepted for publication, we will
take advice from the EMBO Journal copy editors to ensure figures
and legends are clear to the reader.
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2nd Editorial Decision 9" May 2018

Thanks for submitting your revised manuscript to The EMBO Journal. Your study has now been re-
reviewed by referees #2 and 3 and their comments are provided below. As you can see both referees
appreciate the introduced changes. I am therefore very pleased to accept the manuscript for
publication here.

There are just a few minor things to resolve before I can send you the formal accept letter.

- Please respond to the remaining comment raised by referee #3.

REFEREE REPORTS.

Referee #2:

Having carefully read the authors' responses, and the resulting revisions to the manuscript, it is my
opinion that this manuscript is acceptable for publication.

Referee #3:

The authors have responded to all of my concerns. The only one which has not been addressed is the
"new" definition of RNase H1 and RNase H2. This is a semantic issue for which the authors add a

definition that could and should be avoided.

This issue will be resolved as others provide new data.

2nd Revision - authors' response 23" May 2018

Please see below for our response to the few minor remaining issues. Your
comments are italicized (grey) and our comments are highlighted using blue
text:

-1) Please respond to the remaining comment raised by referee #3.

[Reviewer 3 stated: “ The authors have responded to all of my concerns. The
only one which has not been addressed is the "new" definition of RNase H1
and RNase H2. This is a semantic issue for which the authors add a definition
that could and should be avoided. This issue will be resolved as others
provide new data.”’]

We believe the referee refers to the use of Type 1 and Type 2 RNase H
activities, as in its original review this referee suggested the use of “Hybrid
and RER” rather than Type 1 and Type 2 activities.

In response to the reviewers’ original comment we changed Type 1 and Type
2 RNase H activity to “activity against RNA:DNA heteroduplexes” and
“activity against single embedded ribonucleotides”, respectively.

In our previous cover letter, we stated the reasons why we did not use the
terms “hybrid and RER”, suggested by the reviewer: we believe that using the
suggested terms could be more rather than less confusing, and we indicated
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this in our previous cover letter. This is because the term “Hybrid” is
ambiguous, as it can be used to refer to RNA:DNA heteroduplexes but also to
DNA containing embedded ribonucleotides. The term “RER” is not
ambiguous; however, the term RER refers to the full pathway of
ribonucleotide excision repair, in which cleavage by RNase H2 is just one of
the steps in this pathway. In an updated version of our manuscript (uploaded
as EMBOJ-2017-98506R1_Main-paper) we have ensured that the terms Type
1 and Type 2 RNase H activity are not used anywhere. In summary, we
strongly feel that the way we now describe the two different types of RNase
H activity is correct, non-ambiguous and should be easy to follow for non-
specialists.

We hope this information is sufficient, but we would be happy to be guided
by you if you feel more information is necessary.
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This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:
> the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
> figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful way.
<> graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
=> if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
> Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

2. Captions
Each figure caption should 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.

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.

>
>
>
> the exact sample size (n) for each experimental group/condition, given as a number, not a range;
>
>
>

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a spe
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c subsection in the methods section for statistics, reagents, animal models and human

B- Statistics and general methods
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these boxe: (Do not worry if you cannot see all your text

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

Described on page 25 of the submitted manuscript. LINE-1 retrotransposition assays were
conducted in RNASEH2A-KO (HeLa, n=6; HCT116p53-/-, n=2; U20S, n=2 ) and control clones (Hela,
n=7, including parental; HCT116p53-/-, n=4; U20S, n=2, including parental), and at least 3
independent experiments were conducted per assay.

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

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. NA
randomization procedure)? If yes, please describe.

For animal studies, include a statement about randomization even if no randomization was used. NA

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

Yes. Described on page 25. As stated, the intial LINE-1 retrotransposition assays in RNASEH2A-KO
and control clones carried out in Hela (n = 12) and HCT116 p53-/- (n = 6) cells were done blindly.

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

NA

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

Yes. Described on page 27 of the submitted manuscript.

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

Yes.See page 27 of the submitted manuscript.

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

See page 27 of the submitted manuscript.




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

See page 27 of the submitted manuscript.

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

Indicated in page 23 of the manuscript. Antibodies used for immunoblotting (at indicated
dilutions): sheep anti-RNase H2 (raised against human recombinant RNase H2 (Reijns et al, 2012),
1:1,000); rabbit anti-RNASEH2A (Origene TA306706, 1:1,000) or mouse anti-RNASEH2A (Santa Cruz
sc-515475, 1:1,000); mouse anti-a-tubulin B512 (Sigma T6074, 1:5,000); mouse anti-vinculin
(Sigma V9264, 1:1,000); rabbit anti-L1Hs-ORF1p (provided by Dr Oliver Weichenrieder, Max-
Planck, Germany, (Macia et al, 2017) 1:5,000); mouse anti-B-actin (1:20,000; Sigma); mouse anti-
V5 (clone V5-10, Sigma V8012, 1:10,000). In quantitative westerns, goat anti-rabbit and anti-
mouse fluorescent secondary antibodies were used at a 1:20,000 dilution.

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

Indicated on page 19 of the submitted manuscript. Cell lines were authenticated using STR
profiling at least once a year. Cell lines were tested for mycoplasma contamination once a month.

D- Animal

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

| Models

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

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

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), 1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

E- Human Subjects

11. Identify the committee(s) approving the study protocol.

NA

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

NA

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

NA

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

NA

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

NA

16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right)
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.

NA

17. 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.

F- Data Accessibility

G- Dual u:

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

NA

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in
unstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-|
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be
deposited in a public repository or included in supplementary information.

se research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.




