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REVIEWER COMMENTS
Reviewer #1 (Remarks to the Author):

In the manuscript entitled "Dormant origin firing promotes “head-on” transcription-replication conflicts
at transcription termination sites in response to BRCA2 deficiency”, the authors describe a new
mechanism by which tumor suppressor protein BRCA2 protects fallopian tube epithelium from
transcription-driven genomic instability. Using OK-seq, the authors show that BRCA2 ensures efficient
replication fork progression thereby suppressing the activation of dormant replication origins around
transcription termination sites of genes. Using PLA and SMLM approaches, they demonstrate that
dormant origin firing in BRCA2-deficient cells leads to transcription-replication conflicts (TRCs), R-loop
formation and associated genomic instability. Interestingly, the authors find that BRCA2 beyond its
known role in fork protection can also recruit RNase H2 to resolve R-loops and prevent TRCs. Overall,
the authors present a compelling story that is novel and of interest to the community. Nevertheless,
some additional experiments will be needed to strengthen the point the authors want to make,
especially about the strong orientational claim that this is specific to HO vs CD conflicts as well as the
recruitment of RNase H2.

Major points:

1. In Figure 1B the authors aim to show that HU treated RPE1 cells show increased origin firing at TSS
of high-volume genes. This result is not visible in the figure for me. Employing statistical analysis
might be generally helpful for these approaches.

2. In Figure 1E also less negative enrichment can be seen in 3'UTR which is of course close to the TTS
region. The fold-change is similar to the one at the TTS How do the authors explain this? Are those
intragenic dormant origins not fully pushed off the gene by transcription? The authors claim that there
was no effect on intragenic origins. How does this fit?

3. For all PLA data: Statistics on PLA data should be performed on the mean foci values of the
biological replicates, not the pooled data of all biological replicates. The observed 200-300 cells are
not independent observations (since the come from only 3 slides/wells) which violates a central
assumption of the Mann Whitney test performed.

4. For PLA assays showing increased PLA foci upon BRCA2 KD - Please show S-phase specific
increases in PLA with a combined EdU-Click plus PLA staining. At least for the most relevant Ser2P-
PCNA combination.

5. The authors use Ser2P and Ser5P as an approach to distinguish between CD (Ser5P) and HO
(Ser2P) conflicts. As this represents a new approach to distinguish between the orientation of TRCs,
some further validation would be important for correct interpretation of these results. The authors
could try to repeat the PLA assays with an independent Pol II CTD modification antibody that shows a
similar enrichment at TTS as Ser2P. For example Pol II Thr4P is a mark of transcription termination
and increased PLA foci of Pol II Thr4P and PCNA would be a complementary approach and thus
strengthen the idea that more TTS-linked marks such as Ser2P and Thr4P are reliable markers of HO
conflicts.

6. Figure 2E/F: The authors use SMLM as a powerful and complementary approach to PLA. The data is
visualized as Pol II S2P close to EdU. It is unclear to me as a non-expert on SMLM what "near" is. To
how many nanometers distance does this correspond and how has this threshold for being near been
set? Can one come up with a combined proxy for sites near Pol II and EdU positive regions? It would
also be important to show more of the raw data, for example the total level of EdU incorporation,
potential differences in S-phase stages of the cells, etc as such parameters may also bias the results.
7. The authors have performed DRIP-gPCR analysis of well-characterized R-loop genes (Fig S4D).
However, only one gene is shown (ACTB). 2-3 additional examples are needed to support the idea that
BRCA2 KD increases R-loop levels at the TTS. Moreover, it remains unclear to me if ACTB is indeed one
of the genes which shows the dormant origin firing phenotype at the TTS. The authors could take
advantage of their OK-Seq dataset and confirm the phenotype on a few additional example “dormant
origin firing” genes.

8. BRCA2 KD in combination with additional RNaseH1 OE to rescue R-loop levels would be needed to
strengthen the point of BRCA2 deficiency induced R-loops at the TTS. This would also further support



the point made in the PLA in Figure 4A.

9. Rescue experiments are first executed by RNAseH1 overexpression, followed by RNaseH2 depletion
experiments in another cell line (U-20S). There is no rationale provided by the authors for this rather
abrupt transition in the manuscript. Can the authors reproduce their findings in U-20S cells with
RnaseH2 in FTE cells?

10. Figure 4D - again as a non-expert in this technique: How close does RNH2 need to be to be
considered “near”? How do the results change upon changing that distance parameter?

11. The authors propose that BRCA2 and RnaseH2 functionally cooperate to mitigate HO TRCs. This is
a very interesting idea and supported by the synthetic lethality. Do both proteins actually interact?
Can this be validated by e.g Co-IP Western blot analysis? Related to this, the authors can also check
for a potential interaction of BRCA2 with RNaseH1.

12. It would be important to show that global DNA synthesis or total levels of Ser2P/Ser5P are not
affected by the used concentration of CDC7i. Moreover, I disagree with the assumption that CDC7i will
exclusively inhibit dormant origins, rather new origin firing in general. This should be revised in the
manuscript.

13. ATRI inhibition also increases the TRC PLA foci of Ser5P-PCNA (Fig S4F). It is difficult for me to
conclude from this that ATRi necessarily produces CD TRCs due to more firing at canonical origins.
ATRi-driven HO TRCs seen with Ser5P-PCNA could also stem from cryptic intragenic origins and HO
TRCs. Since it remains technically impossible to determine from what genomic location a PLA focus
originated from, I would suggest that the concept that Ser2P equals HO TRC and Ser5P equals CD
TRCs should be more carefully discussed throughout the manuscript.

14. The proximity analysis between Pol II Ser2P and various DNA damage markers with and without
CDC7i is a strong point of the story. It would be nice to validate a few of those with SMLM to ensure
the damage localizes to the TRC region directly.

Minor points:

e In the abstract the authors mention that "BRCA?2 is a tumor suppressor protein responsible for
safeguarding the cellular genome from replication stress and genotoxicity, but the mechanism(s) by
which this is achieved remains elusive.” This should be rephrased as there is a significant amount of
literature on the multiple mechanisms how BRCA2 safeguards the genome, e.g. its function to bind to
RAD51 to promote HR, as also mentioned by the authors in the limitations of the study.

e In the introduction (line 8) the authors state that endogenous sources of DNA damage drive
genomic instability and cancer progression in FTEs despite them being unclear. Is this known from
literature before this study? Please cite or rephrase.

e Figure 1A, it would help the readability of the figure to provide an X-axis labels on the TSS to TTS
relative distance plot to make it more easy to grasp what is shown here.

e Figures S1G/H would profit from figures titles marking them as high/low volume genes

e On page 7 in line 33 the authors state that Ser5P phosphorylation of the CTD occurs to promote
imitation and promoter proximal pausing a few kilobases downstream of the TSS. This statementneeds
to be revised. First, promoter proximal pausing occurs 50-70 bp downstream of the TSS not kilobases.
Moreover, the Ser5P mark is to my knowledge highly present at paused Pol II but not directly implied
in promoting pausing in comparison to elongation factors like DSIF or NELF.

e On page 8 line 2 the authors say that Ser2P Pol II accumulates downstream of gene bodies. This
should also be rephrases as Pol II Ser2P starts accumulating downstream of the pausing site
throughout the gene body with highest levels before the TTS. In my view, downstream of the gene
body would be outside of the gene already.

e The authors state “Considering intragenic origin firing is suppressed in actively transcribed genes
(Figures S2B-F), the proximity between various phospho-forms of RNAP2 and active forks arising from
intergenic origins marks distinct TSS- and TTS-oriented locations for TRC events”. This statement
should be rephrased as an hypothesis and not considered a fact since no existing literature has
convincingly proven this assumption yet.

e For the PLA experiments in Figure 3C statistics should be provided like in all other PLA experiments.
e Figure 5B and 5C - Quality of track images/contrast could be improved.

e In the discussion the authors speculate that reduced Ser5P-PCNA interaction in PLA could be



stemming from decreased canonical origin usage upon BRCA2 deficiency. With their OK-seq data set at
hand the authors are uniquely positioned to address this question. This analysis would provide crucial
insights into a shift from CD to HO conflicts at highly transcribed genes upon BRCA?2 loss.

Reviewer #2 (Remarks to the Author):

Goehring et al use OK-seq, PLA and superresolution microscopy to study the effects of BRCA2
depletion on origin firing and transcription-replication collisions(TRCs) in fallopian tube epithelium
(FTE) cells, the likely cell-of-origin for high-grade serous ovarian carcinoma (HGSOC). They propose
that forks originating from TSSs of transcriptionally high-volume genes are more inclined to slow-down
or stall in BRCA2-deficient cells, resulting in increased downstream origin firing and increased head-on
(HO) TRCs in the 3' end of these genes. They propose that BRCA2 can directly mitigate R-loops at HO-
TRCs through the recruitment of RNaseH2, and indirectly suppress HO-TRCs through the passive
inhibition of replication stress-induced dormant origin firing. They find that that endogenous sites of
HO-TRCs are enriched for gamma-H2AX, phosphorylated RPA, and R-loop accumulation, which can be
mitigated by limiting dormant origin firing with inhibitors of the origin firing kinase Cdc7. Finally, a
bioinformatic analysis suggests that the affected genes are enriched in several oncogenic pathways
including the epitelial-mesenchyma transition, suggesting possible pathways for HGSOC progression.
Overall, this is an impressive study rich in novel data. However, I found that several experiments were
insufficiently explained. Furthermore, the proposal that BRCA2-depletion results in head-on rather
than codirectional collisions is in my opinion insufficiently demonstrated.

1. The description of the " new computational methodology to analyze our previous Ok-seq dataset to
probe for replication origins from Ok-seq reads mapped to the Watson and Crick strands" is complex
and not sufficiently clear and illustrated (page 5, lines 17-21, Fig 1 A, Fig S1A). The authors compute
increments in Crick or Watson Okazaki fragment abundance between consecutive 1-kb windows,
compute the log10 of the inverse product of these two measurements, smooth the results using a
Hann function with a 60 kb window and filter out the origins whose score is less than the lower bound
of the full width at half maximum (FWHM) of the score distribution. This was tentatively illustrated in
Figure 1A and S1A but in a too simplistic manner (e.g. the Hann smoothing is not explained).

First, the authors should illustrate each of these steps for a large chromosomal segment (say, one or a
few Mb) containing large transcribed genes whose origin distribution is affected by hydroxyurea
treatment. They should plot i) the Watson and Crick Okazaki fragment abundance profiles in the
absence or presence of hydroxyurea; ii) the replication fork directionality (RFD = (C-W) / (C+ W)) as
in previous publications; iii) the unsmoothed discrete derivatives by 1 kb windows DER(Watson) and
DER(Crick); iv) the Hann-smoothed profile(s); and v) the position of origins retained after filtering.
Thus, the readers will be able to judge by themselves, on this exemplary locus, the magnitude of the
effects of hydroxyurea, from raw to processed data, and to connect the origin scores with the actual
changes in Okazaki fragment abundance and RFD profiles.

Second, I anticipate that changes in Okazaki fragment abundance in successive 1-kb windows
predominantly reflect statistical noise in read counts rather than actual changes in fork direction. The
derivative of a noisy signal being unstable and not meaningful, the Hann smoothing step is crucial be
may affect the precision of mapping origin activity changes. In short, do the observed score changes
reflect global changes over a 60 kb window or can they be confidently attributed to narrower (1-kb ?)
windows ?

2. The "relative distance calculation" procedure used to decide whether origins map at TSSs or near
TSSs or are "not oriented around TSSs" was not sufficiently explained (page 5, line 25). Why use a
relative rather than an absolute distance measurement ? Relative to what ? To gene length ? How is it
computed ? Why not simply provide the absolute distance between origins and the nearest active (or
inactive) TSS ? In Fig 1B,C,F,G, and many similar Figures throughout the paper, is it the absolute value
of the distance or the arithmetic distance that is plotted from 0 to 0.4? In other words, do these



Figures only show the distribution of origins inside the gene, or a superimposition of origins inside and
outside the gene ? In the former case why only show intragenic origins ? In the latter case it would be
preferable to separately plot extragenic and intragenic origins using positive and negative relative
distances rather than their absolute values. Please clarify.

3. The authors state that there is "a striking increase in origins oriented at TTSs of high-volume genes
compared to untreated conditions (Figure 1C)." However, looking at the graduations of the y-axis, this
increase is only from 2.2% to 3.2% of origins mapping at the TTS. While this seems significant, it is
only a weak effect, somewhat visually amplified because the y-axis does not start at 0. In Figure 1G
the increase in origins at TTSs following BRCA2 depletion seems even smaller (from 2.0% to 2.3%).
Please replace "striking" by an objective quantitative measurement.

4. 1 could not find the Extended Supplement Data with exact distances between TTSs and new origins
in BRCA2-KD that is said to support the identification of candidate genes with new origins near TTSs
(page 6, line 27).

5. Figure 11, right panel, shows the appearance of new intragenic origins following BRCA2-KD, in
apparent contrast with the statement that "BRCA2-KD did not impact levels of intragenic origin usage
(Figure 1E)" (page 7, lines 32-34). Please explain.

6. Page 8, line 11, reads "Interestingly, pSer5-RNAP2 proximity to PCNA decreased in BRCA2-KD
(Figure 2C), consistent with a previous study that found BRCA2-deficient cells have decreased pSer5-
RNAP2 signal at promoters of transcriptionally-active genes (ref 23)". However, Reference 23 shows
that BRCA?2 inactivation by depletion or cancer-causing mutations triggers RNAPII accumulation at
promoter-proximal pausing (PPP) sites in actively transcribed genes (Fig 3A in Ref 23). It is not clear if
this accumulated RNAPII is phosphorylated on Ser 5, Ser 2, or both, and the small decrease in the
Ser5 form seen on their Figure 3B at PPP does not appear statistically significant, in contrast to total
RNAPII accumulation. Please clarify, or remove the part of the sentence "consistent with a previous
study..."

7. Figure 2E,F, please clarify whether what is shown is a nuclear slice (in this case, which thickness ?)
or the projection of the total nuclear signal on a plane. This is important to evaluate the significance of
overlapping signals. Please also clarify what is the unit on the y-axis. I wondered whether the total
RNAP2 signal associated with EdU tracks would increase, decrease or remain constant following
depletion of BRCA2. Can the authors perform their assay with their pan-RNAP2 antibody ? Finally, the
length of DNA labelled during a 10 min EdU pulse should be about 10-20 kb, but shorter if replication
was stalled for a few minutes. I would expect RNAP2 to be localized at the border of (on average,
shorter) EdU tracks in the case of stalling collision, but anywhere along (full-length) EdU tracks in the
case of a moving RNAP2 transcribing a newly replicated DNA stretch without stalling. Does the
resolution of the technique allow the authors to discriminate these two scenarios? In other words, do
coincident EAU and RNAP2 signals overlap differently for pSer5 and pSer2 forms of RNAP2, and are
EdU signals that overlap with RNAP2 less intense than EdU signals that do not overlap with RNAP2?

8. Page 9, lines 1-4. The interpretation that forks generated from TTS origins converge with elongating
RNAP2 to increase HO-TRCs is likely but not proven. PLA and SMLM experiments suggest that BRCA2
depletion increases colocalisation of RNAP2 with PCNA and with newly synthesized DNA, but do not
discriminate between head-on and co-directional collisions. One could for example argue that a
significant fraction, or even a majority, of these colocalisation events correspond to co-directional
collision of forks emitted from the TSS, and that a consequent fork slowing would give more time for
origins at and downstream of the TTS to fire and rescue the stalled co-directional forks. Can the
authors formally exclude this (or other alternative hypotheses) and give more convincing evidence for
head-on collisions ? Same criticism for the interpretation of the effect of hydroxyurea, Fig S4A, page
9, lines 10-12.



9. Page 9, lines 20-22, " the PLA signal between BRCA2 and PCNA were increased upon HU treatment,
revealing the elevated recruitment of BRCA2 to active forks" : did they mean stalled forks ?

10. DNA fiber analyses in Fig 5. It has been shown that measurements of IODs and fork speeds can be
strongly biased by the length of DNA fibers analyzed (Técher et al PMID: 23557832). Iit is therefore
important to show that fiber size distribution is similar in different samples to allow meaningful
comparisons. This important control was apparently not performed.

Reviewer #3 (Remarks to the Author):

In this manuscript, the authors interrogate whether and how replication stress promote genome
instability and cancer progression. They do so in the context of BRCA2 deficiency, in a relevant model
of high-grade serous ovarian carcinoma (HGSOC), of which a good fraction is homologous
recombination deficient (HRD).

Given the role of BRCA2 in preventing or suppressing R-loops previously established, and in particular
the role of BRCA2 in recruiting RNAseH2 to DNA-RNA hybrids at sites of DSBs, and previous report on
the regulation of transcription by BRCA2, they investigate whether BRCA2 deficiency affects replication
fork dynamics and in particular, transcription-replication conflicts that could explain the genome
instability that fuels tumorigenesis in this setting.

They found that BRCA2 KD leads to firing of dormant origins specifically at TTS of highly expressed
long genes, "high-volume genes”. Then they tested whether the increased of origin firing lead to the
presence of HO-TRCs using the proximity of initiation or elongating RNA pol IT and PCNA as a proxy
which can they show can be alleviated by PARPi or CDC?7i. Finally, they show that the recruitment of
RNAseH2 to HO-TRCs to resolve R-loops at HO-TRCs is dependent on BRCA2 implicating the latter in
this function.

Overall this an interesting manuscript showing that dormant origin firing induce replication stress in
BRCA?2 deficient cells ultimately resulting in HO-TRCs at long highly transcribed genes although the
relation to RNAseH?2 is unclear. The authors further suggest this is particularly relevant in HGSOC
oncogenesis for which they provide certain evidence based on patient data.

I think this manuscript has potential but would require major revision for publication, see specific
comments below:

Major:

1. The fact that elongating RNApol II colocalize with EdU or PCNA is indicative of head-on replication-
transcription collisions seems far-fetched. A minimum control in these assays (Fig. 2) would be to test
whether RNAseH treatment reduces this colocalization in PLA and SMLM experiments the way they did
then in Fig. 4A. Moreover, if the idea is that RNAseH2 deals with these conflicts, RNAseH2
overexpression should be employed to control for this and confirm this is the case.

2. Although both PLA and SMLM seem to go in the same direction, they are based on the same
principle. An orthogonal method such as the use of DRIP (DNA-RNA hybrid immunoprecipitation) using
primers at TSS vs TTS would be more convincing also to show that these transcription conflicts occur
close to TTS and at loci where the authors have mapped the new active origins (Fig. 1I). This
experiment has been performed and is somewhat hidden in Fig. S4D however only with a single locus,
minimally this should be done in 2-3 to show that is truly general for the genes affected and it does
not happen at “low volume genes”. Importantly, is the RNAseH1 treatment I Fig. S4D done in the 3d
sample or in the 0d sample? It is not clear from the legend nor the figure and it is critical as they need
to show that the one occurring at 3d (BRCA2 depletion) is sensitive to RH1 treatment.

Also, validating the proxy with the Serp5 and Serp2 using the proximity between Serp2 and Serp5
with DNA-RNA hybrids would be more convincing.

These experiments are important because all the rest of the manuscript is based on the assumption



that what they observe by PLA are HO-TRC.

3. For all PLA experiments, the signal images and quantification of the antibody alone controls should
be shown in the same graph, this is important to discard the signal of the the probes for the two
antibodies together is not the sum of the background signal coming from both single antibody
controls.

4. The paragraph explaining Fig. 3C. does not match the results shown in the image and in the graph.
First in lane 21, authors state PLA signal for BRCA2-PCNA is increased upon HU (fork stalling) which it
has indeed been reported before. However, in lane 25, they state the opposite: "fork-stalling alone is
insufficient to promote BRCA2 recruitment at the forks". All of this for a graph where there is no
statistical analysis.

In addition to showing the statistics this part needs clarification.

5. Fig. 4B, here the authors state: “depletion of RNaseH2A alone, was comparable to the co-depletion
of RNaseH2A with BRCA2, suggesting that RNaseH2A and BRCA2 likely work in the same pathway to
suppress HO-TRCs at TTS”.

Here the authors do not show the relevant statistic comparison, i.e., between siBRCA2 vs siRNH2A
alone or siRNH2A vs siRNH2A+siBRCA2 so this is a far reached conclusion. In addition, we do not
know that these are HO-TRCs and where they take place (see comment 2).

6. In Fig. 4D and 4E, the authors show that RanseH2A colocalizes less with elongating pol II in BRCA2
depleted cells and its localization is increased after HU treatment. The authors conclude that both
BRCA2 and RNAseH2A cooperate to mitigate toxic HO-TRC. Again, a far-fetched conclusion since they
do not show any evidence that BRCA2 and RNAseH2A are in proximity in any conditions. In Fig. 5 they
show ATRi exacerbates HO-TRC independent of BRCA2 status so it would be a good condition to test
PLA probing RNAseH2A and BRCA2.

Moreover, describing these figures authors state that "both BRCA2 and RNAseH2A in FTE cells were
more cytotoxic compared to FTEs treated with either siControl, siBRCA2, or siRNAseH2A alone”. So, in
Fig. 4B depleting RNAH2A leads to the same outcome as siBRCA2+ siRNAH2A leading the authors to
state they likely function in the same pathway, and now in Fig. 4F, they show the opposite, namely,
synthetic lethality, i.e., different pathways, as previously reported; which one is the right one? How do
authors explain these discrepancies?

7. Interestingly, the authors show that CDC7i, which inhibits dormant origin firing, reduce the
proximity of elongating Pol II and PCNA only in BRCA2 depleted cells (Fig. 5D). This is an important
experiment to relate dormant origin firing observed in BRCA2 deficiency and the possible link with HO
transcription-replication conflicts. Again, it should be performed in RNAseH1 (or RH2) treatment
conditions to confirm the presence of RNA-DNA hybrids.

8. The authors state: "CDC7i treatment decreased origin density in both control and BRCA2-deficient
FTEs: We showed that decreased origin density caused by CDC7i in BRCA2-deficient cells can occur
without compensatory increase in fork speed (Figures 5B and 5C). This suggests that a major role for
BRCA2 in protecting stalled forks is independent of changes to dormant origin firing".

This interpretation seems too simplistic or wrong. Given the different functions of BRCA2, and the
replication stress induced by BRCA2 KD already, I do not see how the authors can infer any function of
BRCA2 based on these results.

Nevertheless, the result with CDC7i is important so they should confirm that there is no impact of
CDC?7i on origin firing at TSS in BRCA2 deficient cells as shown in fig. 1B for HU. This is to discard the
possibility that there is a global effect of the inhibitor.

9. The conclusion that R-loops persist at HO-TRCs due to the inability of BRCA2 to recruit RNaseH2 to
these sites is also far-fetched (lane 4 before Discussion), see point 6.



Minor:

-The error bars in the BRCA2 KD cells in Fig. 2E are quite large so the results here are not convincing.
Doing the same experiment with PCNA instead of EdU as in the PLA setting might be a way to reduce
the variability.

- It is not clear to me why they choose to compare BRCA2-mutated to p53-mutated HGSOC cases
from TCGA.

- Only a single BRCA2 patient (out of 2) shows EMT pathway enriched

- Pages do not have numbers



Re: Nature Communications manuscript NCOMMS-23-38682

Here is our point-by-point response to the Reviewers’ Comments (Author’s comments/rebuttal in blue):

Reviewer #1 (Remarks to the Author):

In the manuscript entitled “Dormant origin firing promotes “head-on” transcription-replication conflicts at transcription
termination sites in response to BRCA2 deficiency”, the authors describe a new mechanism by which tumor suppressor
protein BRCA2 protects fallopian tube epithelium from transcription-driven genomic instability. Using OK-seq, the
authors show that BRCA2 ensures efficient replication fork progression thereby suppressing the activation of dormant
replication origins around transcription termination sites of genes. Using PLA and SMLM approaches, they demonstrate
that dormant origin firing in BRCA2-deficient cells leads to transcription-replication conflicts (TRCs), R-loop formation
and associated genomic instability. Interestingly, the authors find that BRCA2 beyond its known role in fork protection
can also recruit RNase H2 to resolve R-loops and prevent TRCs. Overall, the authors present a compelling story that is
novel and of interest to the community. Nevertheless, some additional experiments will be needed to strengthen the
point the authors want to make, especially about the strong orientational claim that this is specific to HO vs CD conflicts
as well as the recruitment of RNase H2.

We appreciate the Reviewer’s enthusiasm for our work.

Major points:

1. In Figure 1B the authors aim to show that HU treated RPE1 cells show increased origin firing at TSS of high-volume
genes. This result is not visible in the figure for me. Employing statistical analysis might be generally helpful for these
approaches.

Shown below is blown up graph of relative distance calculation of origin calls immediately at/near the TSS of Fig 1b.
Although this data is not significant by statistical analysis, the trend is consistent with previously published Ok-seq
analysis from our group (Chen et al, NSMB 2019). The statistical analysis for the relative distance calculation of origin
orientation around genomic annotations is included in each relative distance calculation figure (Fig. 1b-c, Fig.1f-g, new
Supplementary Fig. 2, and new Supplementary Fig. 3b-c), and the explanation and scripts used to perform statistical
analysis related to these figures has been expanded in the methods (Ok-seq origin analysis) as well as uploaded to the
Github repository (https://github.com/Fenyolab/okazaki origins).
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Rebuttal Figure 1 (Corresponding to Fig. 1b) Relative distance origin analysis of previously published untreated and HU-treated RPE-1 cells (Chen et
al., 2019)?7 relative to TSSs of transcriptionally high-volume genes (FPKM x length > median). N = # of origins per condition. Percent of origins at
each relative distance were fit to a nonlinear regression curve (solid line) with 90% confidence interval (shaded). For all relative distance
calculations, p values are calculated using paired t-test between conditions for the first three relative distance bins (0, 0.01, 0.02) (see Methods of
text).

2. In Figure 1E also less negative enrichment can be seen in 3'UTR which is of course close to the TTS region. The fold-
change is similar to the one at the TTS How do the authors explain this? Are those intragenic dormant origins not fully
pushed off the gene by transcription? The authors claim that there was no effect on intragenic origins. How does this fit?
The Reviewer is correct in assessing that there is less negative 3’UTR origins with BRCA2-KD. This could be due to the
fact that we define an origin as 20kb, and the average 3'UTR size is anywhere between 0.5-3kb (PMID: 26597575). This
result could be due to poor resolution in the HOMER software distinguishing between 3’UTR and TTSs (which is defined



as a more discrete location and not a range). Also, while intragenic origin firing in transcriptionally active genes is very,
very low, it’s not non-existent (new Supplementary Fig. 3d), so a portion of intragenic origins at transcriptionally active
genes could explain the less negative increase at 3’UTRs. Due to the statistically significant impact at TTSs (Fig. 1g), we
chose to focus our attention here.

3. For all PLA data: Statistics on PLA data should be performed on the mean foci values of the biological replicates, not
the pooled data of all biological replicates. The observed 200-300 cells are not independent observations (since the
come from only 3 slides/wells) which violates a central assumption of the Mann Whitney test performed.

Thank you for this important comment. We have updated our statistical analysis of all of our PLA experiments, and have
now included the appropriate statistical analyses of th