
Reviewers' comments:  

Reviewer #1 (Remarks to the Author):  

This manuscript describes the mechanism regulating the recruitment of RAD51 at camptothecin 
(CPT)-induced one-sided DSB (osDSB), associated with the collapse of stalled replication forks, 
using super-resolution (SR) microscopy. Exploiting the multi-colour SR analyses of nascent DNA 
(active replication forks), ssDNA (resected DNA), RAD51, RAD52, BRCA2 and other DNA repair 
proteins in various genetic backgrounds, they propose a model that the initial assembly of RAD51 
is mediated by RAD52, but this role can be compensated by BRCA2. Further, they propose the new 
role of BRCA1 in later phase of HR.  

This paper is potentially interesting, but in this reviewer’s view has serious issues to support their 
conclusions and therefore premature for the publication in Nature Communication.  

The main problem with this reviewer is following. The authors propose the involvement of RAD52 
in the early recruitment of RAD51, but this model is solely based on the single result that RAD52 
arrives at naDNA a little earlier than BRCA2, albeit not strongly, as shown in Figure 2A (at 2 
hours). How confident is this earlier arrival of RAD52? Are the sensitivities of these antibodies 
equivalent? It is difficult to assess, and pictures of naDNA-RAD52-RAD51 co-localisation are not 
presented. The N values of RAD52 or BRCA2 co-localisation with naDNA at 2 hours, which are 
currently 17 (Table 1), should also be increased to 40-50, as is the case for RAD51.  

Figure 4A shows that the RAD51 recruitment in RAD52 down-regulated cells was normal, which is 
in contradiction of their model. They explain that BRCA2 plays the compensating role. This notion 
builts on their observation that, in the absence of RAD52, BRCA2 colocalises strongly with naDNA 
even at very early time point (Figure 4B). If their model is correct, they should observe the total 
impairment of RAD51 recruitment upon the down-regulation of both RAD52 and BRCA2 (similarly 
to Figure 6A, which shows the strong impairment of RAD51-naDNA colocalisation following 
RAD52/BRCA1 down-regulation). In the meantime, there are alternative explanations for the 
observed increase of BRCA2 association with naDNA. RAD52 is shown to act against the protection 
of stalled replication forks, which involves fork reversal mediated by BRCA2 and RAD51 (Mijic, 
2017). Hence, the RAD52 down-regulation may actually enhance this protective process, with 
more stable BRCA2 association with stalled replication forks. Conversely, recent evidence 
demonstrates that human RAD52 can mediate break-induced DNA replication (BIR) in RAD51 
independent manner (Bhowmick, 2016; Sotiriou SK, 2016; Min, 2017). In the light of these 
findings, one can envisage that, in RAD52 siRNA treated cells, RAD51-BRCA2 mediated HR process 
compensates the RAD52-mediated BIR.  

Figure 4A also shows that the initial RAD51 recruitment was likewise intact upon BRCA2 depletion. 
This reviewer found the efficiency of BRCA2 down-regulation quite poor (SI Figure 2a), and it is 
possible that small amount of remaining BRCA2 is enough to recruit RAD51. Nevertheless, this 
finding is not overly surprising given the previous reports showing the mechanisms that mediate 
RAD51 recruitment to stalled replication forks independently of BRCA2, such as the MMS22L-
TONSL complex and PLK1-dependent RAD51 phosphorylation (Tarsounas et al., 2003; Piwko et al., 
2016; Moudry et al., 2016). In line, the description ‘it is believed that in higher eukaryote RAD51 
mediation is undertaken exclusively by BRCA2’ is an exaggeration.  

Their observation is also in discrepancy with previous reports that BRCA2 localises at DSB at very 
early stage (Haas KT et al., NAR 2018; Zhang F et al., 2015, Cell Reports). However, this reviewer 
understands that the mechanism regulating BRCA2 recruitment to IR-induced DSB and CPT-
induced collapsed replication forks could be different. This aspect can be highlighted in the 
manuscript.  

Finally, this reviewer also found no strong evidence supporting the notion that BRCA1 functions in 
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the later phase of HR. It is widely described that, in addition to the role of BRCA1 in CtIP-mediated 
resection, BRCA1 also physically binds to PALB2, which in turn recruits the BRCA2-RAD51 complex 
at sites of DSB. In this way, BRCA1 promotes HR repair. This explains the impaired naDNA co-
localisation with BRCA2 and RAD51 upon BRCA1 single depletion (Figure 5E) or BRCA1/RAD52 
double depletion (Figure 6), respectively. The increased RAD51 colocalisation in BRCA1 singly 
depleted cells (Figure 5D) is puzzling, but can be explained by the increased level of DNA damage 
in the absence of the BRCA1-PALB2-BRCA2-RAD51 pathway, which is flowingly repaired by the 
RAD52-RAD51 pathway (Figure 6A), as has been proposed previously.  

Other points -  

Depictions of stalled replication fork, resection and/or the HR repair of collapsed fork (shown in 
Figs 1A, 4C, 5F and 6C) are confusing. If the broken DNA is the leading strand template, as is 
often considered to be the case, 5’-ssDNA of template strand cannot serve for RAD51-mediated 
strand invasion. Rather, the leading strand template should be resected to generate the 3’-end of 
leading naDNA strand, which can then be coated by RAD51 for HR repair. According to the method 
section, there was no difference in colocalisation between samples with different BrdU labelling 
approaches - namely, 11 hours prior to, and during CPT treatment, or during CPT treatment only. 
Hence, it is likely the BrdU-containing ssDNA is indeed naDNA (mixed with EdU). This is in line with 
the kinetics of ssDNA colocalising with nsDNA, shown in Figure 1C, which increase over recovery 
time, peaking at 4 hours.  

There are a number of typos (e.g., the name of human proteins should be all capitalised p9, p32; 
ssDA/RAD51 in p18 should be read ssDNA/RAD51) and missing information in the method section 
(e.g., the abbreviation of HRR p32; product codes and supplying companies in pages 32, 33).  

Reviewer #2 (Remarks to the Author):  

In the present study, Whelan DR et al. elegantly demonstrate the spatiotemporal dynamics of 
homologous recombination (HR) factors in response to replication stress. Because the authors’ 
team has established effective techniques for super-resolution analysis, the data presented in this 
study are convincing. To the best of our knowledge, this is the first study that demonstrates the 
spatiotemporal dynamics in HR proteins using super-resolution microscopy. Overall, the 
remarkable observations have been made, the manuscript is well written and the proposed model 
is reasonable. However, since this study’s conclusions have already been reported by studies using 
molecular biology techniques, the present study is not entirely novel. In addition, there are some 
concerns regarding the assays and reagents used, and some controls. Thus, this manuscript could 
be of interest but further work is required for proving the interpretation and providing novel 
insights for readers of top journals like Nature Communications.  

Major points  
1. A major concern in this study is the dose of CPT treatment. It has been shown that low- or 
high-dose CPT treatment generates different types of DNA damage, i.e., either seDSB or chicken-
foot structure via replication-fork reversal without forming a DSB (Arnab Ray Chaudhuri et al., 
NSMB, 2012). In the present study, 100 nM CPT was used and the authors state that the 
treatment induced single-ended DSB (seDSB). Please also note that one-sided DSB is not a 
commonly used term in the field. The authors should call it single-ended DSB (seDSB) or one-
ended DSB. The authors should also verify whether the observed DNA damage response was 
associated with the formation of seDSB. If fork reversal is caused as a response to 100 uM CPT, 
these foci may be dependent on the DSB ends of chicken-fork structures without generating an 
seDSB. Because BRCA2 also plays a role in the repair of replication collapse (Schlacher K, Cell, 
2011), the interpretations of this study may needs correction.  
In addition, for further confirmation of the findings of this study, PARP inhibitor or other reagents 



should be tested.  

2. If RPA/RAD51 foci formation is resection-dependent, these foci will be diminished by CtIP 
depletion. The authors should test this.  

3. Within Figure 1C, the authors should show raw images of each protein for each condition (both 
a cell and enlarged foci) in a supplemental figure. In general, the shape of foci changes with time. 
This should be clarified and stated, e.g., the shapes of the RAD51 foci do not look similar in Figure 
2B. Did the authors not observe clustered foci as described in a previous study (Natale et al., Nat 
Comm., 2017)?

4. Within Figure 1C, why does the number of RPA foci go up again at 8 h? This raises a critical 
concern regarding the interpretation of RPA foci, because the authors may detect RPA at D-loop 
structures as well as RPA at resected-DSB. RPA may bind to ssDNA at D-loops and form foci, even 
though such RPA is unlikely to be identified using conventional microscopy. However, the single 
molecule analysis may pick up small numbers of RPA at D-loops. If so, the interpretation of Figure 
2B may need to be amended. Even though the authors state that RPA and RAD51 share binding 
onto resected-ssDNA, this may not be the case. The authors should clarify this point, or the 
possibility should at least be discussed so that definitive statements are avoided in the 
manuscript.  

5. The rationale that RAD52 is required for early RAD51 recruitment is unclear. For consolidating 
this idea, the authors should show no RDA51 recruitment in RAD52/BRCA2 double-knockdown 
cells. Because double-knockdown is lethal, the experiment may be infeasible. However, since 
RAD52/BRCA1 double-knockdown was examined, it is worthwhile to test RAD52/BRCA2 
knockdown as well. In the manuscript, the authors state that ‘Combined RAD52/BRCA1 
deficiencies have been shown to lead to synthetic lethality similar to that seen in combined 
RAD52/BRCA2 deficient cells’. Thus, testing RAD52/BRCA2 knockdown at earlier time points may 
be feasible. If the experiment is infeasible, the authors should explicitly state why the results 
support the conclusion that RAD52 is required for RAD51 recruitment at an early phase, and is not 
sustained at ssDNA in the absence of BRCA2.  

6. The role of BRCA1 for RAD51 filament formation by the recruitment of BRCA2 via PALB2 has 
been demonstrated in several studies (Buisson et al., 2017; Orthwein et al., 2015; Zhang et al., 
2009). Therefore, a major finding in Figures 5 and 6 is that RAD52 promotes BRCA2 in the 
absence of BRCA1. In Figure 5E, the authors demonstrate a reduction in BRCA2 recruitment in 
BRCA1-depleted cells, but importantly, BRCA2 recruitment is not completely abolished. In contrast 
to results for BRCA1 knockdown alone, the authors show no BRCA2 recruitment in RAD52/BRCA1 
double-knockdown cells. Even though this is an important finding, the authors unfortunately used 
different time points. The authors should test BRCA2 recruitment in control, BRCA1, RAD52 and 
RAD52/BRCA1 double-knockdown cells at the same time point. If RAD52 has a role in promoting 
BRCA2, an arrow from RAD52 to BRCA2 should be shown in Figure 6C (ii) for WT. This will provide 
novel insights into the mechanism of RAD51 loading via BRCA1/2 in response to replication stress.  

Minor points  
7. In multi-colour staining, each colour may show a one- or half-pixel shift. The authors should 
provide information regarding pixel shift for each colour. Pixel shift should be examined using 
multi-colour TetraSpeck™ beads.  

8. In Figure 3A, the purpose of the small panels is unclear, although the authors state that they 
are representative images. For example, in the middle panel of Figure 3A, MRE11 foci do not 
overlap with naDNA. The authors should clarify the intended meaning of this point.  



Reviewer #3 (Remarks to the Author):  

Rothenberg and coworkers use Super-resolution fluorescence imaging to observe the temporal 
dynamics of 4 proteins associated with DNA repair through homologous recombination. They use 
colocalization of different protein clusters/ puncta on the damage site to establish the order of 
arrival, cross talk and epistasis between the proteins BRCA1 and 2 and RAD51 and 52. While this 
study is very informative for the field of DNA damage and repair, this reviewer does not see any 
novelty in the approach. Further, the study relies on STORM imaging, yet there is no information 
on critical SR imaging aspects such as localization precision, and most importantly channel 
dependent and field dependent registration error have been completely ignored. There is no 
information on background fluorescence, # of localizations per cluster etc. It is clear that any 
claims based on co-localization of fluorescence spots in multiple channels must be backed by 
rigorous controls, both biological and through optics/ simulations.  
This reviewer finds the manuscript lacking these crucial pieces of information. Based on these 
observations, this reviewer does not recommend the publication of this manuscript in Nat. Comm. 
in its current form and further recommends that the authors target their manuscript to a more 
specialized journal. 
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REVIEWERS' COMMENTS:

Reviewer #1 (Remarks to the Author):  

The authours satisfactorily addressed my points.  

Reviewer #2 (Remarks to the Author):  

The authors have adequately addressed my concerns. Although I feel the relationship 
between BRCA1/2, RAD52 and RAD51 in this pathway should be consolidated by other 
molecular techniques in future, this study has clearly proven that super-resolution 
microscopy is a powerful tool and provides us many information in the context of protein 
recruitment at DNA damage site. Thus, in my opinion, this interesting work is suitable 
for publication.  

Reviewer #3 (Remarks to the Author):  

This reviewer thanks the authors for their time and effort in addressing the comments 
raised. As the authors, who have developed their SR imaging and analyses pipeline may 
already know, interpretation of SR results is highly sensitive to three things: labeling 
methodology, optics and analyses of the data. While the focus of the current study is the 
biological finding, it should not be devoid of necessary details that will help in 
establishing the accuracy of the interpretations as well as reproducibility by others. This 
reviewer thanks the authors for including the details in the manuscript now. It will 
definitely help with reproducibility of the experiments thus enabling their reach to a 
wider audience.

This reviewer has two main reservations with the manuscript and still questions the 
novelty and the accuracy of the biological findings:  

1. In the light of the claims made by the authors about the importance of their findings, 
this reviewer believes that new findings in biology must be backed by at least a couple 
of different assays. In this case, while the SR imaging and analyses pipeline are pretty 
robust (as ascertained from the new details on SR imaging), this reviewer is aware of 
artefacts due to antibody labeling and thus takes these results with a grain of salt. The 
reviewer encourages the authors to test the sequence of arrival of at least a few 
proteins (or at the least a couple of cases) using alternative tagging methods, where 
possible. Additionally, (or alternatively), biochemical analyses of protein levels (using 
western blot/ pull down) that support some of the findings (such as the finding that 
early BRCA2 activity is not detected due to transient interactions) are a must.  

2. Since the studies relies so heavily on antibody labeling, one concern that must be 
addressed is the relative sensitivities of these antibodies. It seems that this point has 
been raised by another reviewer as well, however, the authors have chosen to ignore 
addressing this point.  

In the light of these reservations, this reviewer does not recommend publication of the 
manuscript in Nature communications. 
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Point-by-point response to the reviewers’ comments for manuscript No. 
NCOMMS-18-01634-A

Spatiotemporal Dynamics of Homologous Recombination Repair at Single 

Collapsed Replication Forks  
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Hernandez, Sarah Keegan, David Fenyo & Eli Rothenberg. 

Black text denotes reviewer comments. Blue text denotes point-by-point 
responses. Red denotes changes to the manuscript and SI. 

REVIEWERS' COMMENTS: 

Reviewer #1 (Remarks to the Author): 

The authours satisfactorily addressed my points. 

We thank this reviewer for his/her support of our manuscript.

Reviewer #2 (Remarks to the Author): 

The authors have adequately addressed my concerns. Although I feel the 

relationship between BRCA1/2, RAD52 and RAD51 in this pathway should be 

consolidated by other molecular techniques in future, this study has clearly proven 

that super-resolution microscopy is a powerful tool and provides us many information 

in the context of protein recruitment at DNA damage site. Thus, in my opinion, this 

interesting work is suitable for publication. 

We appreciate this reviewer’s enthusiasm from our study and support for our 

manuscript. To address the remark regarding the use of other techniques to further 

study this pathway the following was added to our discussion section: 
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These findings will form the basis for future work incorporating other molecular 

techniques to further reveal the in vivo nature of BRCA1, BRCA2, RAD51, and 

RAD52 and their crosstalk. 

Reviewer #3 (Remarks to the Author): 

This reviewer thanks the authors for their time and effort in addressing the comments 

raised. As the authors, who have developed their SR imaging and analyses pipeline 

may already know, interpretation of SR results is highly sensitive to three things: 

labeling methodology, optics and analyses of the data. While the focus of the current 

study is the biological finding, it should not be devoid of necessary details that will 

help in establishing the accuracy of the interpretations as well as reproducibility by 

others. This reviewer thanks the authors for including the details in the manuscript 

now. It will definitely help with reproducibility of the experiments thus enabling their 

reach to a wider audience.  

This reviewer has two main reservations with the manuscript and still questions the 

novelty and the accuracy of the biological findings: 

1. In the light of the claims made by the authors about the importance of their 

findings, this reviewer believes that new findings in biology must be backed by at 

least a couple of different assays. In this case, while the SR imaging and analyses 

pipeline are pretty robust (as ascertained from the new details on SR imaging), this 

reviewer is aware of artefacts due to antibody labeling and thus takes these results 

with a grain of salt. The reviewer encourages the authors to test the sequence of 

arrival of at least a few proteins (or at the least a couple of cases) using alternative 

tagging methods, where possible. Additionally, (or alternatively), biochemical 

analyses of protein levels (using western blot/ pull down) that support some of the 

findings (such as the finding that early BRCA2 activity is not detected due to 

transient interactions) are a must.  

We disagree with this comment. The molecular biology methods proposed by this 

reviewer, such as Western-Blot, rely on the use of antibodies and will be subjected to 
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similar limitations as immuno-fluorescence. Moreover, WB and similar biochemical 

assays cannot offer detection comparable to the sensitivity provided by single-

molecule imaging, nor are these methods useful for detecting singular events and 

sub-populations within individual cells as detailed in our analysis pipeline that was 

uniquely developed for our present studies. Protein tagging methods are also subject 

to limitations and artifacts, which can strongly affect the recruitment kinetics and 

outcome of such studies (see for instance Kochan et al, NAR 2017). While we 

appreciate the inherent fallibility of all science and are acutely aware of the 

limitations of our studies we do believe we have made important and, as you say, 

robust deductions regarding an exceptionally important biological pathway which 

should be published in Nature Communications. We anticipate, and welcome, future 

studies testing and building on our work presented here. 

2. Since the studies relies so heavily on antibody labeling, one concern that must be 

addressed is the relative sensitivities of these antibodies. It seems that this point has 

been raised by another reviewer as well, however, the authors have chosen to 

ignore addressing this point.  

We note that many biochemistry studies rely on antibody labelling and that, although 

an imperfect approach, it remains a cornerstone technique because of its 

exceptional usefulness. Moreover, the limitations of antibody labelling and 

interpretation of immunofluorescence data are well documented within the field and 

were extensively considered during the planning of our experiments and analyses. 

To address the reviewer’s comment and demonstrate the minimal impact even large 

antibody sensitivity differences could have on our findings, we have included a new 

paragraph in our detailed supplementary discussion of our study’s limitations: 

A further potential concern we considered was differences in antibody sensitivity 

causing a bias in images towards detection of the more sensitively detected proteins. 

For this reason, our analyses focused primarily on assays that would not be affected 

by sensitivity differences; both the quantification of protein overlap with naDNA foci 

and the protein-protein association distribution avoid this problem. In the former 

case, the level of overlap of a particular protein is normalized to control levels of 

overlap and to random simulations, both of which carry the same inherent antibody 
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sensitivity and therefore, with normalization, remove this potential confounding error. 

In the case of the spatial analysis both target proteins must be labelled in order for 

the analysis to be carried out so there is no potential bias here to a more or less 

sensitive antibody. An error would only arise in this analysis if an entirely insensitive 

(absent or non-specific) antibody was used, something we avoided by using 

antibodies that had already been validated prior to use. The intrafoci analysis 

(Figures 2D, 3A, 3C, 3D) is susceptible to bias from differences in antibody 

sensitivity and for this reason we limited ourselves to qualitative conclusions drawn 

from these analyses that could be strengthened by other observations. With more 

specific approaches to labeling, we envision an increase in sensitivity allowing for 

smaller scale changes in the accumulation of proteins such as RAD51 and RPA to 

be monitored, as well as quantitative intrafoci analysis. Furthermore, stoichiometric 

labeling will allow quantification of HR proteins at these single DSBs20,21. 

In the light of these reservations, this reviewer does not recommend publication of 

the manuscript in Nature communications. 


