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1st Editorial Decision 04 July 2016

Thank you for submitting your manuscript on potential 5' patch formation during base excision
repair. I am sorry for the delay in getting back to you with a decision, but after receiving comments
from three expert referees, we considered it important to enter additional consultations between the
referees and editors in order to determine whether the study would be a compelling candidate for an
EMBO Journal article. The main issue, as you will see from the three reports copied below, is
whether the repair processes observed and characterized in the present manuscript really constitutes
a bona fide form of BER, or even an essential step in canonical LP-BER. These concerns are most
explicitly voiced in the report of referee 1, who further expanded on his/her doubts in the following
cross-consultations, but are to some extent also shared by referees 2 and 3. The latter two reviewers
additionally raise various technical issues, but also list a number of queries regarding the
functional/physiological importance of the new PARP/RECQ1-involving mechanisms.

Given the potential importance of a previously overlooked new (sub-)pathway such as the one
described here, we would be willing to give you an opportunity to address the referees' concerns in a
revised version of the manuscript. It is clear that this will require a substantial amount of additional
time and experimental effort, and given the currently unclear outcome of the required revision work
I am in the present case also not able to make strong predictions on the eventual outcome of re-
evaluation by the referees; however, in light of the possibly broad significance of your conclusions I
feel it will be crucial to corroborate them with strong and decisive further evidence. In any case,
should you be able to strengthen the support for the functional importance of 5' patch formation in
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base excision repair and to offer decisive insights into its relative contribution as compared to other
cellular mechanisms (by following the constructive suggestions of especially reviewers 2 and 3), we
should be happy to consider this work further for publication in The EMBO Journal.

REFEREE REPORTS
Referee #1:

The authors of the manuscript use a method that they have developed for studying in-cell base
excision repair (BER) and aim to investigate the long-patch base excision repair pathway. In brief,
the method involves several major steps:

1. Construction of single-lesion M13mp18 phagemid DNA

2. Transfection of this DNA into mismatch repair-deficient mammalian cells for DNA repair

3. Recovery of repaired DNA followed by restriction and transfection into bacterial cells.

4. Counting transformants to estimate repair efficiency.

By introducing mismatches into the constructs at different distances from the target lesion, the
authors monitor repair. My major concern is that the method itself is provoking formation of an
artificial substrate which is not repaired by BER, but is instead repaired by other means.
Introduction of one mismatched base pair will melt several base pairs on each side of the mismatch
at 370C (Yan Zeng and Giovanni Zocchi. Mismatches and Bubbles in DNA Biophys J. 2006, 90:
4522-4529). Consequently, as long as the DNA single strand break is formed during base excision
repair of the target lesion in mammalian cells, DNA will melt and form a "BER unrepairable"
structure. This may be repaired as is suggested by the authors, however, it is not really long-patch
BER.

[additional comments during cross-consultation:]

As I mentioned in my review, the major problem is not repair of mismatches, but formation of an
artificial substrate after the incision is made by BER enzymes. Mismatches only contribute to the
melting of the substrate, generating a new structure which is then repaired differently. This is,
therefore, not BER as is claimed by the authors. In-cell experiments that the authors use as evidence
to claim that this is a new BER pathway that operates in living cells, have also been carried out
using the mismatch-containing substrate (Figure 1). In vitro reconstitution by itself does not prove
the existence of the new pathway (Figure 2). The rest of the experiments are based on the original
finding presented in Figure 1, thus the interpretation of these data may be questioned as well.

Referee #2:

In this study, the authors provide evidence for a novel reaction in the repair of base adducts by BER.
Specifically they show that under certain circumstances, a 8 mer oligonucleotide is removed after
base removal and strand incision by the combined actions of PARP1, RECQI1, RPA and
ERCCI1/XPF incision 5' to the lesion. This is an interesting and novel reaction but the manuscript
title "S' patch formation in base excision repair" is not very informative and should be changed to
provide more insight into the findings in the paper. There are also other areas were the study should
be strengthened;

1) As noted by the authors, short and long patch pathways of BER have been defined, mainly in cell
extract and reconstitution assays. One of the discrepancies between this study and published work in
the size of the repair patch. Previous work suggested the long patch involved patches ranging from
2-12 nucleotides. The data shown in Fig. 1B are consistent with the removal of the 8 mer 5'
oligonucleotide but it is not clear what the length of the repair synthesis is 3' to the lesion. From Fig.
1B it appears to be at least 11 nucleotides. The extent of repair synthesis 3' to the lesion should be
determined as this will determine the total size of the repair patch.
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2) All siRNA experiemnts are only done with one siRNA and there are no experiments showing
complementation of knockdown effects by expression of an siRNA-resistant cDNA. In addition,
studies with knockout cell lines do not include controls in which the KO cell is complemented by
expression of the appropriate cDNA

3) Fig. 2B. The predicted 2.2 kb band is not visible. The studies with the 3' probe need to be
explained in the Table shown in Fig. 2A.

4) As noted above, there appear to be some discrepancies regarding the size of the repair synthesis
patch generated during long patch. The authors provides compelling data in Fig. 3B regarding the
activity of RECQ1, PARP1 and ERCC1-XPF. The analysis of repair patches generated as a result of
the inclusion of Pol delta, RFC and PCNA in similar reaction in the presence or absence of RECQI,
PARP1 and ERCCI1-XPF would provide insights into this issue and provide support for the authors'
speculation.

5) The authors present intriguing data that RECQI1 inhibits PARP1 activation. This effect is seen at
low but not high NAD concentrations. There is no discussion of how this effect relates to
physiological levels of NAD.

6) The results of the pull down assays shown in Fig. 3E are not convincing and lack controls ie no
DNA and non-biotinylated DNA. An EMSA may be more informative in terms of identifying DNA-
protein complexes.

7) The authors provide evidence that RECQ1-dependent long patch BER is the major activity in
cells. This consistent with other cell-based studies showing that long patch BER predominates over
short patch BER. There is evidence for replication-associated BER that is assumed to occur via long
patch. Is the RECQ1-dependent long patch BER pathway operational in non-diving or G1 cells?

Referee #3:

The experiments here explored the repair of an etheno-A adduct placed within a defined DNA
substrate that, in some instances, harbored a site-specifically introduced mismatch. The authors'
investigations uncovered a novel mechanism of repair, which engages proteins of BER (namely
MPG and APE1), NER and SSBR. Interestingly, the new repair process was found to involve
RECQ1, a 3" to 5' helicase described to mediate the formation of a 5' 9 nt gap in cooperation with
PARPI1, RPA and XPF/ERCC1 (but not POLB or XPA) during the repair response; replicative
polymerase(s) and FEN1 function to complete the process. The selection of this particular repair
event is shown to be directed by RECQ1's regulation of PARP1 ADP-ribosylation activity.
Additional experiments indicate that such repair may also be carried out on common oxidative DNA
lesions, namely 8-0x0oG and 5-OHU. While it seems shocking that this pathway was missed
previously, the studies, which involve both cell-based and biochemical approaches, are
comprehensively executed, and the conclusions largely justified. My recommendations for
improvement include the following:

Major issues

1. Despite the arguments presented, I'm still uncomfortable with referring loosely to this newly
described process as BER (or LP-BER). Yes, it involves a DNA glycosylase and APE1, but
otherwise deviates from what has been traditionally thought of as BER, both SP/SN-BER and LP-
BER. As the authors point out, prior studies have reported a patch size of 6-7 nts for LP-BER (see
Discussion), which is incompatible with their model. Thus, to distinguish the new process from the
previously described BER sub-pathways, the authors are encouraged to consider an alternative
nomenclature, such as perhaps "5' gap LP-BER".

2. It's hard (for me) to gauge how much of the total repair involves the new mechanism of 5' gap LP-
BER versus the more traditional pathways. For example, can the authors estimate the percentage of
etheno-A lesions that are processed via the new repair response (relative to classic BER
mechanisms), and how is this percentage derived? Indeed, it's not totally clear what "percent repair”
means, and as such, the authors are encouraged to spend a bit more time describing the details of the
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assay.

3. I think it would be worthwhile for the authors to point out that, in addition to the location of the
damage and relative position of the mismatch varying, the substrates in many instances possess a
different sequence context as well, potentially influencing the outcome. There may also be sequence
effects on pathway selection, possibly explaining the differences with prior studies. Perhaps some
comment on this thought can be included.

4. In some of the experiments, it's unclear what plasmid was used, making it difficult to interpret the
results. See for example Figure 1E-H. While some assumptions can be made, the precise substrate
should be stated explicitly in the legend on each occurrence.

5. It would be interesting to directly examine the participation of other 3' to 5' helicases, to
determine the specificity of RECQI1 for the observed 5' gap-BER event. For example, have the other
human RECQ paralogs (WRN, BLM) been evaluated using a knockdown approach?

6. Similarly, it would be better to more directly assess the involvement of MUSS81 by using a
knockdown strategy. Alternatively, the discussion of the MUSS81 expression should be treated more
cautiously, as the results are by no means definitive regarding its participation as an alternative
enzyme in the process.

7. The images of Figure 3E are not clear in several instances. The results would be strengthened by
better images or by quantitation of the blots.

8. Given the degree of the effect of RECQ1 knockdown on 80x0G repair and SSB accumulation
(Fig 5), it seems surprising that knockdown has such a mild effect on cell survival. The authors
should consider comparing the DNA damage levels and/or survival of OGG1-knockdown, RECQ1-
knockdown and double-knockdown cells to get a better sense of the relationship between these two
components.

9. What is known about the sensitivity of XPF or ERCC1-deficient cells to classic BER DNA-
damaging agents, such as MMS or hydrogen peroxide? One would expect increased sensitivity as a
function of its role in 5' gap LP-BER, and some discussion along these lines might be useful

10. The statement in the Discussion "which we have identified as RECQ1-dependent LP-BER" is
inaccurate, as the authors (as far as I can tell) have not conducted studies using a uracil-containing
substrate (OHU is not the same). Either the experiments need to be performed, or the sentence
should be modified accordingly.

Minor issues

When printed, the text in many of the figures is very difficult to see, even with my 1.5X reading
glasses.

Figure 1A. NA and ND need to be defined in the legend.

1st Revision - authors' response 01 December 2016

Responses to reviewers:

Reviewer #1:

We appreciate the reviewer’s concern that the introduction of mismatches could lead to the
formation of an artificial substrate that is not repaired by BER. However, we believe that we can
mitigate his/her concern with two pieces of data from the original submission.

1. In Figure EV1, we exhaustively probe for the roles of various bona fide members of the BER
pathway, including MPG (Zharkov & Grollman, 2005), APE1 (Wilson & Barsky, 2001), POLJ
(Matsumoto & Kim, 1995), POL&/e (Klungland & Lindahl, 1997; Pascucci et al, 1999), and FEN1
(Klungland & Lindahl, 1997), in repair of €A on a plasmid containing a 5* mismatch. It is clear
from the results of these experiments that MPG, APE1, POL&/g, and FEN1 are required for
resolution of not only the lesion but also the neighboring mismatch. Since BER enzymes both
before AP-site incision (MPG, APE1) and after AP-site incision (POLJ, POLd/e, FEN1) were
required for resolution of €A and the neighboring mismatch, we conclude, therefore, that BER is the
pathway responsible for the repair we are detecting in cells and that the original substrate (lesion +
neighboring mismatch) and any intermediate substrate (single strand break + neighboring mismatch)
are both BER repairable substrates.

2. In Appendix Figure S5A, we present the results of the plasmid-based assay for repair of €A
without the neighboring mismatch. Of course, using our strategy, without the mismatch we cannot
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then probe for patch formation on the 5’ or 3’ sides, but importantly, knockdown of RECQ1 in the
experiment abrogated repair to the same extent as experiments performed with the mismatch (15-
20% total repair in absence of RECQI1 in 24 h; see Figure 1E). Therefore, RECQI is required for
repair of €A whether or not a neighboring mismatch is present and should be considered then to be
operating as part of the BER pathway.

Reviewer #2:
* Reviewer #2 suggested a title change along with the comments below to strengthen the study.“5’
gap long patch base excision repair”

1. “As noted by the authors, short and long patch pathways of BER have been defined, mainly in
cell extract and reconstitution assays. One of the discrepancies between this study and published
work in the size of the repair patch. Previous work suggested the long patch involved patches
ranging from 2-12 nucleotides. The data shown in Fig. 1B are consistent with the removal of the 8
mer 5' oligonucleotide but it is not clear what the length of the repair synthesis is 3' to the lesion.
From Fig. 1B it appears to be at least 11 nucleotides. The extent of repair synthesis 3' to the lesion
should be determined as this will determine the total size of the repair patch.”

4. “As noted above, there appear to be some discrepancies regarding the size of the repair synthesis
patch generated during long patch. The authors provides compelling data in Fig. 3B regarding the
activity of RECQ1, PARP1 and ERCC1-XPF. The analysis of repair patches generated as a result of
the inclusion of Pol delta, RFC and PCNA in similar reaction in the presence or absence of RECQI,
PARP1 and ERCC1-XPF would provide insights into this issue and provide support for the authors'
speculation.

Response to comments 1 and 4: We thank the reviewer for these suggestions to strengthen the
study. To provide more information regarding the total size of the repair synthesis patch, we have
added the full analysis of the 3’ repair patch in the revised manuscript by finely mapping the 3’
patch at positions +12 and +13 (Figure 1B) using our in-cell repair assay. Interestingly, we found
patch formation up to 12 nts on the 3’ side, which is consistent with other LP-BER studies (Sattler et
al, 2003). This new data has led us to conclude that the total patch size in 5’ gap-mediated LP-BER
is 21 nts (9 nts on the 5’ side (Figure 3B) and 12 nts on the 3’ side (Figure 1B)).

We believe that our fine mapping of the repair patch by the in-cell repair assay addresses the
concern noted in comment #4 related to discrepancies in repair patch size. Regarding the reviewer’s
question about the roles of individual gap formation proteins in repair patch synthesis/size, we have
shown in Figures 1E and EV2A that knockdown of RECQ]1, a major player in 5° gap-mediated LP-
BER, abolished 5’ patch formation as well as 3’ patch formation, confirming that RECQ1 is
required for total repair patch synthesis in the cells. We would like to note that the scope of our
study was to elucidate the 5° gap formation step of this new LP-BER sub-pathway, so we did not
investigate the activities of the repair synthesis machinery. A full investigation into the relationship
between gap formation enzymes and the gap synthesis enzymes presents new and interesting
challenges because of the novelty of the 5’ gap formation step, and we believe such an investigation
deserves of its own detailed study in the future, which we will be enthusiastically pursuing.

2. “All siRNA experiments are only done with one siRNA and there are no experiments showing
complementation of knockdown effects by expression of an siRNA-resistant cDNA. In addition,
studies with knockout cell lines do not include controls in which the KO cell is complemented by
expression of the appropriate cDNA”

Response: We thank the reviewer for noting these missing controls which will strengthen
our findings. We have revised the study by including at least 3 independent tests of the involvement
of the new LP-BER proteins, RECQ1, ERCC1-XPF, and RPA, using the strategies suggested by the
reviewer. The revised manuscript demonstrates the necessity of RECQ1 for BER with siRNA
against RECQI (Figure 1E, Figure EV2A), with RECQ1 KO MEFs (Figure EV2E), and with stable
cell lines expressing RECQ1 shRNA (Figure EV2F). Additionally, the stable RECQ1 KD cells
were complemented with shRNA-resistant RECQ1, which restored repair and 5” patch formation,
further confirming that RECQ1 is specifically required for 5’ patch-mediated LP-BER (Figure
EV2F).
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To definitively show the critical involvement of ERCC1-XPF in LP-BER, repair assays
were performed in wild-type and XPF mutant human fibroblasts (Figure 1H), which showed
abrogation of repair and 5’ patch formation in the XPF mutant HFs. Additionally, we present repair
experiments performed in the XPF mutant HFs lentivirally transduced with wild type XPF
(Staresincic et al, 2009) in which repair and 5’ patch formation are restored (Figure EV3C).
Additionally, we show that HCT116 cells with XPF KD by siRNA (Figure EV3D) lose repair
capacity. The results of these experiments demonstrate that XPF is required for 5’ patch-mediated
LP-BER.

Finally, the revised manuscript demonstrates the necessity of RPA for BER with siRNA
against RPA (siRPA32 #1) along with complementation with siRNA-resistant RPA (Figure 1G,
Figure EV3A), in which repair and 5” patch formation were restored by complementation with
siRNA-resistant RPA in RPA KD background. Additionally, in repair assays in HCT116 cells with
a second, independent siRNA against RPA (siRPA32 #2), repair and 5’ patch formation were
abolished (Figure EV3B), confirming that RPA is critical for 5’ patch-mediated LP-BER.

3. “Fig. 2B. The predicted 2.2 kb band is not visible. The studies with the 3' probe need to be
explained in the Table shown in Fig. 2A.”

Response: We thank the reviewer for noticing these issues with Figure 2. Regarding Figure 2B,
there was a problem with the brightness of the image, especially once converted to PDF. In the
revised manuscript we have replaced the panel (Figure 2B) with a gel image where the 2.2kb band is
more readily visible. Additionally, we have added the 3’ probe studies as a second table in Figure
2A.

5. “The authors present intriguing data that RECQ1 inhibits PARP1 activation. This effect is seen at
low but not high NAD concentrations. There is no discussion of how this effect relates to
physiological levels of NAD.”

Response: We thank the reviewer for noting the missing critical information regarding
physiological levels of NAD', and we have added the information in the revised manuscript (Please
see page 12) as “gap formation did occur in the presence of physiologically relevant concentrations
of NAD", which is found at a concentration of approximately 100 uM in the nucleus and cytoplasm
(Figure 3C) (Koch-Nolte et al, 2011)_ENREF_53”.

6. “The results of the pull down assays shown in Fig. 3E are not convincing and lack controls ie no
DNA and non-biotinylated DNA. An EMSA may be more informative in terms of identifying DNA-
protein complexes. “

Response: We thank the reviewer for his/her constructive critique of Figure 3E. In the revised
manuscript we have replaced poor panels with better images from a repeat of the experiment (Figure
3E). Additionally, we have included controls (non-biotinylated nicked DNA and beads alone) to
strengthen the results of the recruitment experiment.

7. “The authors provide evidence that RECQ1-dependent long patch BER is the major activity in
cells. This consistent with other cell-based studies showing that long patch BER predominates over
short patch BER. There is evidence for replication-associated BER that is assumed to occur via long
patch. Is the RECQI1-dependent long patch BER pathway operational in non-diving or G1 cells?”

Response: We thank the reviewer for posing this relevant question regarding the role of 5° gap LP-
BER in Gl-arrested cells. We performed an experiment investigating BER in G1-arrested cells and
have included this new data in the revised manuscript (Appendix Figure S3). We found that
RECQ1-dependent LP-BER occurs in both proliferating and non-dividing or G1-arrested cells.

Reviewer #3:

1. “Despite the arguments presented, I'm still uncomfortable with referring loosely to this newly
described process as BER (or LP-BER). Yes, it involves a DNA glycosylase and APE1, but
otherwise deviates from what has been traditionally thought of as BER, both SP/SN-BER and LP-
BER. As the authors point out, prior studies have reported a patch size of 6-7 nts for LP-BER (see
Discussion), which is incompatible with their model. Thus, to distinguish the new process from the
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previously described BER sub-pathways, the authors are encouraged to consider an alternative
nomenclature, such as perhaps "5' gap LP-BER".”

Response: We thank the reviewer for his/her constructive critique of how we defined the newly
discovered pathway. We agree with the argument that, at this point, distinguishing the new
mechanism from the previously described BER sub-pathways is justified, and have referred to the
mechanism as 5’ gap LP-BER in the revised manuscript.

2. “It's hard (for me) to gauge how much of the total repair involves the new mechanism of 5' gap
LP-BER versus the more traditional pathways. For example, can the authors estimate the percentage
of etheno-A lesions that are processed via the new repair response (relative to classic BER
mechanisms), and how is this percentage derived? Indeed, it's not totally clear what "percent repair”
means, and as such, the authors are encouraged to spend a bit more time describing the details of the
assay.”

Response: We thank the reviewer for noting that the explanation of our assay was insufficient to
explain what “percent repair” means in the figures. In fact, the reviewer is correct in surmising that
a more clear explanation of the details of the assay execution and data interpretation will answer
his/her first concern about “how much of the total repair involves the new mechanism of 5' gap LP-
BER versus the more traditional pathways.” We have included more details about the assay in the
revised manuscript (Please see pages 4-5). Briefly, using the plasmid-based in-cell repair assay
developed by our laboratory (Choudhury et al, 2008) and BER substrate DNA adducts (A, 80xoG,
5-OHU), we are able to quantify the percentage of repair events that occur via both 5’ and 3’ patch
formation. Resolution of the parent lesion is denoted “Total repair” while resolution of a
neighboring mismatch is used to detect patch formation and is denoted “patch formation.”
Mismatch resolution only occurs during patch formation in BER (instigated by the parent lesion)
and not via the mismatch repair pathway (Appendix Figure S1D). Therefore, if mismatch resolution
on the 5’ side of the parent damage occurs in approximately 85-90% of repair events (as it does in
our case), we can conclude that the 5’ gap LP-BER constitutes 85-90% of total repair. Other
possibly traditional pathways are then responsible of the remaining 10-15% of total repair.

3.” I think it would be worthwhile for the authors to point out that, in addition to the location of the
damage and relative position of the mismatch varying, the substrates in many instances possess a
different sequence context as well, potentially influencing the outcome. There may also be sequence
effects on pathway selection, possibly explaining the differences with prior studies. Perhaps some
comment on this thought can be included.”

Response: We thank the reviewer for raising this valid point about sequence context effects on
repair, and we have included a comment on this issue in the Discussion section of the revised
manuscript (Please see page 21).

4. “In some of the experiments, it's unclear what plasmid was used, making it difficult to interpret
the results. See for example Figure 1E-H. While some assumptions can be made, the precise
substrate should be stated explicitly in the legend on each occurrence.”

Response: We thank the reviewer for this constructive criticism of the data presentation. We have
identified the plasmid used for each experiment in the legend in the revised manuscript.

5. “It would be interesting to directly examine the participation of other 3' to 5' helicases, to
determine the specificity of RECQI1 for the observed 5' gap-BER event. For example, have the other
human RECQ paralogs (WRN, BLM) been evaluated using a knockdown approach?”’

Response: We thank the reviewer for this suggestion, which will strengthen the conclusions of our
study. We now have included repair data from knockdown of the other RecQ family members in
the revised manuscript (Appendix Figure S6). Interestingly, we found that the involvement of other
RecQ family helicases in BER supported our conclusions about the importance of PARP1 for 5’
patch formation. It is true that none of the RecQ family helicases have been shown to play a role in
BER specifically as helicases although they have been shown to play some indirect or non-helicase
roles in BER by stimulating other proteins or affecting protein expression (Croteau et al, 2014). In
fact, only RECQS has been shown to modulate expression of PARP1, as one study reported that KD
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of RECQS5 resulted in a significant decrease in PARP1 expression (Tadokoro et al, 2012). Indeed,
we found that while repair of €A was independent of BLM, WRN, and RECQ4, it was somewhat
dependent on RECQS5 (Appendix Figure S6). Moreover, 5 patch formation was completely
abrogated by RECQS5 KD (Appendix Figure S6), supporting our finding that PARP1 is required for
5’ patch formation. In the future it will certainly be interesting to investigate the apparently complex
relationships among RECQS5, RECQ1, and PARP1 in LP-BER.

6. “Similarly, it would be better to more directly assess the involvement of MUS81 by using a
knockdown strategy. Alternatively, the discussion of the MUSS81 expression should be treated more
cautiously, as the results are by no means definitive regarding its participation as an alternative
enzyme in the process.”

Response: We thank the reviewer for their valuable criticism regarding our interpretation of the
Mus81 expression results as they relate to BER. We have provided a more cautious interpretation of
the data in the revised manuscript (Please see page 10).

7. “The images of Figure 3E are not clear in several instances. The results would be strengthened by
better images or by quantitation of the blots.”

Response: We thank the reviewer for his/her constructive critique of Figure 3E. In the revised
manuscript we have replaced poor panels with better images from a repeat of the experiment (Figure
3E). We have also provided quantitation of the blots (Figure 3G). Additionally, per a similar critique
from reviewer #2, we have included controls (non-biotinylated nicked DNA and beads alone) to
strengthen the results of the recruitment experiment.

8. “Given the degree of the effect of RECQ1 knockdown on 80x0G repair and SSB accumulation
(Fig 5), it seems surprising that knockdown has such a mild effect on cell survival. The authors
should consider comparing the DNA damage levels and/or survival of OGG1-knockdown, RECQ1-
knockdown and double-knockdown cells to get a better sense of the relationship between these two
components.”

Response: We thank the reviewer for his/her valuable suggestion. The revised manuscript provides
better insight into the role of RECQI in repair of 80x0G lesions in genomic DNA. After knocking
down both OGG1 and RECQ1, SSB accumulation is significantly diminished, which is consistent
with our hypothesis that the effect of RECQ1 KD alone on SSB accumulation is predominantly due
to unresolved OGG1-generated BER intermediates (Figure SH).

9. “What is known about the sensitivity of XPF or ERCC1-deficient cells to classic BER DNA-
damaging agents, such as MMS or hydrogen peroxide? One would expect increased sensitivity as a
function of its role in 5' gap LP-BER, and some discussion along these lines might be useful.”

Response: We thank the reviewer for mentioning this valid point, which strengthens the
conclusions of our study. We have included a discussion of evidence of the role of XPF in BER
from the literature in the revised manuscript (Please see page 9). Briefly, XPF has been implicated
in the repair of oxidative damage, in particular when 3' blocked ends are involved (Fisher et al,
2011). The aforementioned study found that both XPF-deficient Chinese hamster ovary (CHO)
cells and ERCC1-deficient CHO cells are more sensitive to H,O, than wild type CHO cells, which is
consistent with our findings that ERCC1-XPF is playing a significant role in the resolution of
oxidative DNA damage.

10. “The statement in the Discussion "which we have identified as RECQ1-dependent LP-BER" is
inaccurate, as the authors (as far as I can tell) have not conducted studies using a uracil-containing
substrate (OHU is not the same). Either the experiments need to be performed, or the sentence
should be modified accordingly.”

Response: We thank the reviewer for correcting the language used to compare the results of our
study with the results of other studies. We have revised that section of the discussion to accurately
reflect to what extent our study is consistent with comparable BER studies of other researchers
(Please see page 22).
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Minor issues
1. “When printed, the text in many of the figures is very difficult to see, even with my 1.5X reading
glasses.”

Response: We apologize to the reviewer for the small text and have enlarged the font in the figures
in the revised manuscript.

2. “Figure 1A. NA and ND need to be defined in the legend.”

Response: We thank the reviewer for noting the missing information in the legend for Figure 1 and
have provided definitions for NA and ND in the legend for Figure 1 in the revised manuscript.
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2nd Editorial Decision 02 January 2017

Thank you for submitting your revised manuscript on 5' gap formation in long-patch BER for our
editorial consideration. Two of the original referees have now once more assessed the study in
depth, and I am pleased to inform you that they both consider the key concerns raised during the
first round of review satisfactorily addressed. Consequently, they now find the work suitable for
publication in The EMBO Journal pending modification of some minor points, as detailed below,
and I am therefore returning the study to you for a final round of revision in order to allow you to
incorporate these last changes.

When resubmitting a re-revised manuscript, please also carefully address the following important
editorial points:

- Please provide higher-resolution files for all main and EV figures, since both text and data in the
currently provided PDFs appear (possibly due to compression) too pixelated.

- The close cropping, low resolution and contrast/brightness over-adjustments in many of the protein
blot/gel data panels makes it difficult to properly assess the primary data behind them. Therefore,
please include figure source data for all protein gels, blots and autoradiographs. We would ask for a
single PDF/JPG/GIF file per figure comprising the original, uncropped and unprocessed scans of all
such panels displayed in the respective figures. These should be labelled with the appropriate
figure/panel number, and should have molecular weight markers; further annotation would clearly
be useful but is not essential. These files can be uploaded upon resubmission selecting "Figure
Source Data" as object type, and they would be linked as such to the respective figures in the online
publication of your article.

REFEREE REPORTS
Referee #2:

In this study, the authors describe a novel subpathway of base excision repair in which a second
incision occurs 5' to the incised damaged base generating a 5' gap. The authors have addressed all
the issues raised in the previous critique. A particular strength of this study is how it integrates
previous, sometimes contradictory published observations on base excision repair subpathways. For,
example, the negative regulation of PARP1 by RECQ1 is an interesting and novel finding that
explains some contradictory observations regarding the role of PARP1 in base excision repair and
also provides mechanistic insight into the role of member of a RECQ DNA helicase family in
excision repair. Overall this study constitutes a significant advance in our understanding of a key
DNA repair pathway and insights into the function of a family of DNA helicases linked with human
disease.

Minor comment
Fig. 3E; symbols indicating reaction components need to be aligned
pg 21 Second sentence, "It should...." needs to be split into two sentences.

Referee #3:

The manuscript here presents evidence for a novel mechanism of BER, termed 5' gap-mediated
long-patch BER, which engages the 3'-5' RECQ1 helicase, the single-stranded DNA binding protein
RPA and the ERCC1/XPF nuclease complex. Selection of this process appears to be dictated by
PARP1 activity at the nick intermediate, which is specifically regulated via its interaction with
RECQ1. The authors have adequately responded to my prior concerns, and I only have a few
remaining minor issues that should be addressed.
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Minor

p. 6. APE should be APE1. Similarly, POLbeta (Greek letter), not POLB.

p. 12. Figure 3B, lane 9 should be Figure 3D. Once corrected, 3D now appears before 3C.

Figure 3B, lane 8. The text on p. 13 suggests that the reaction includes a catalytically inactive
RECQI1 protein. However, the figure image suggests no RECQ1. "-" is different from a mutant
protein. Please clarify.

p. 13. The following statement is inaccurate: "RECQ1 was only significantly recruited

to the substrate in the presence of PARP1 or RPA." Certainly there is RECQ1 bound to the DNA in
the absence of PARP1 or RPA (see Figure 3). Please correct sentence.

2nd Revision - authors' response 07 March 2017

Responses to the editor and reviewers:

Editor

- Higher resolution files for all main and EV figures.

- Source files for all images

Response: We have addressed the points (suggested by the editor) per requirement for the
manuscript revision.

Reviewer 2

Minor comments
1. Figure 3E: Align symbols indicating reaction components
2. Page 21 Second sentence, "It should...." needs to be split into two sentences.

Response: We thank the reviewer for noting these 2 issues to improve our manuscript. We have
incorporated the suggested changes accordingly in the re-revised manuscript.

Reviewer 3

Minor comments
1. p. 6. APE should be APE1. Similarly, POLbeta (Greek letter), not POLB.

4. p. 13. The following statement is inaccurate: "RECQ1 was only significantly recruited to the
substrate in the presence of PARP1 or RPA." Certainly there is RECQ1 bound to the DNA in the
absence of PARP1 or RPA (see Figure 3). Please correct sentence.

Response: We thank the reviewer for noting these 2 issues to improve our manuscript. We have
incorporated the suggested changes accordingly in the re-revised manuscript.

2. p. 12. Figure 3B, lane 9 should be Figure 3D. Once corrected, 3D now appears before 3C.

Response: We apologize for the confusing statement in the manuscript. We have now corrected the
text to reflect the actual experimental condition used in Figure 3B, lane 9 that we added PARPI,
which was, in fact, previously PARylated before its addition in the gap formation reaction. In Figure
3D, PARylated PARP is shown as a reaction product.

3. Figure 3B, lane 8. The text on p. 13 suggests that the reaction includes a catalytically inactive
RECQI protein. However, the figure image suggests no RECQ1. "-" is different from a mutant

protein. Please clarify.

Response: We apologize for the confusion. In the current re-revised version, the addition of
catalytically inactive RECQ1 for lane 8 of Figure 3B is clearly denoted as “helicase dead RECQ1”.
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3rd Editorial Decision 09 March 2017

Thank you for submitting your final revised manuscript for our consideration. I am pleased to
inform you that we have now accepted it for publication in The EMBO Journal.
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