
Reviewers' comments: 
 
Reviewer #1 (Remarks to the Author): 
 
In this paper, Belotserkovskaya et al. propose that the profound affects of BRCA1 loss on HR are 
mainly due to defective recruitment of the PALB2-BRCA2 RAD51 complex. According to this model, 
53BP1 occludes PALB2 recruitment to resected DNA by binding avidly to the nucleosome acidic 
patch. This prevents PALB2, via it ChAM domain, from direct association with the H2A-H2B acidic 
patch at sites of DSBs. Their finding that in BRCA1/53BP1 deficient (but not in WT cells), PALB2 
recruitment to IR induced foci becomes dependent on the ChAM domain of PALB2 is interesting. 
However, the model they propose in which the 53BP1-acid patch interaction occludes the PALB2-
ChAM is overly simplistic and does not seem consistent with previous publications. For example, 
loss of Shieldin, which acts downstream of 53BP1, also rescues HR in BRCA1 deficient cells. In 
Shieldin KO cells, 53BP1 is still avidly bound to chromatin. Why isn’t PALB2 blocked by 53BP1 in 
this case? Similarly loss of ATM dependent 53BP1 phosphorylation doesn’t alter 53BP1 binding to 
chromatin, but presumably enables the alternative mode of PALB2 recruitment. They also argue 
that similar to 53BP1 depletion, loss of RNF169 enhances PALB2 IRIF. However, loss of RNF169 
also increases 53BP1 foci, which should occlude PALB2 according to their model. Finally, RNF168 
mediated H2A15ub, which is reliant on RNF168’s interaction with the acidic patch, does not block 
but is necessary for PALB2 recruitment. In summary, there are many factors whose interaction 
with the acidic patch does not prevent, but actually promote PALB2 recruitment to DSBs in BRCA1 
deficient cells. Thus, the “occlusion model” must be significantly strengthened. 
 
Specific comments: 
 
1. The authors propose that several basic residues within the ChAM domain of PALB2 mediates 
binding to the nucleosome acidic patch. They show that mutating these residues reduced the 
pulldown of reconstituted nucleosomes. While it may be that this was due to altered electrostatic 
interactions between ChAM and the acidic patch, an alternative explanation is that mutating these 
residues changes the overall structure of PALB2, precluding binding to nucleosomes. The authors 
need to show that mutating conserved but non-charged residues within the ChAM domain do not 
affect its interaction with acidic patch before concluding that binding between ChAM and 
nucleosomes is based on electrostatic interactions. 
 
2. In response to DNA damage, H2A is ubiquitylated by RNF168 in a manner dependent on its 
interaction with the acidic patch, which subsequently promotes 53BP1 binding. While it is possible 
that an isolated ChAM domain can bind unmodified histones, it is equally possible that binding is 
influenced by histone PTMs. The authors should test whether ubiquitylation of H2A has any impact 
on the engagement between ChAM and acidic patch. 
 
3. The authors speculate that 53bP1 blocks PALB2 from binding to chromatin. However, it has 
been shown previously by others that a 53BP1 mutant lacking all N-terminal phosphorylation sites 
is functionally equivalent to 53BP1-null. This would suggest that 53BP1 itself cannot block PALB2 
binding to chromatin. 
 
4. What is the significance of R414 mutation in breast cancer patients? As the authors suggested, 
mutating the ChAM domain has no impact on PALB2 response in BRCA1-proficient cells so if the 
tumor is BRCA1 WT, then it is presumably harmless. If the tumor is BRCA1 mutant, on the other 
hand, the R414 mutation would be detrimental, so why would it be selected? 
 
5. RNF169 has been demonstrated by several groups to promote HR by virtue of its ability to 
displace 53BP1. Conversely, 53BP1 foci formation is increased by RNF169 depletion. Thus, is 
unexpected that deletion of RNF169 would increase PALB2 binding. Moreover, the authors clearly 
showed in fig.5c that in BRCA1/53BP1 cells, depleting RNF169 had no effect on PALB2 foci. If so, 
how can it be that RNF169 competes with PALB2 for chromatin binding? 



 
6. The authors referred to Luijsterburg et al, stating that H2AK15Ub is not important for PALB2 to 
recognize nucleosomes. However, the authors actually showed that purified PALB2 cannot bind 
K63-linked Ub chains but binding to Ub-modified NCPs was not tested. Given that 53BP1 efficiently 
recognizes ubiquitylated histones only in the context of NCP, it is unclear at the moment whether 
PALB2 can or cannot bind nucleosomes in a ubiquitylation-dependent manner. In fact, the 
Luijsterburg et al clearly stated that “PALB2 recruitment requires H2A ubiquitylation at K13/K15”, 
although they propose a more indirect mechanism through RNF168-mediated bridging between 
PALB2 and chromatin. The authors should show convincing data supporting the notion that 
ubiquitylation is not important for PALB2 binding to chromatin. 
 
7. The authors published earlier that deletion of the 53BP1 effector complex Shieldin rescues 
BRCA1 mutant cells by de-repressing resection. If that is correct, and there is a lot of convincing 
evidence to suggest that it is so, then how can it be that BRCA1 deficient cells show no measurable 
defect in end resection? Does deletion of Shieldin components in BRCA1-deficient cells allow for 
PALB2 recruitment via its ChAM domain. If so, why is 53BP1 chromatin binding not occluding this 
recruitment. 
 
 
 
Reviewer #2 (Remarks to the Author): 
 
Loss of BRCA1 impairs HR and sensitizes cells to PARP inhibitor olaparib, a chemotherapeutic drug 
that has been approved to treat BRCA1/2-deficient ovarian, breast and other cancers. It has been 
reported that loss of 53BP1 can promote resistance of BRCA1-deficient cells to PARPi. In this 
manuscript, the authors investigated the mechanisms underlying this resistance. They reported 
that loss of 53BP1 partially rescues HR in BRCA1- but not PALB2- or BRCA2-deficient cells. They 
showed that depletion of 53BP1 rescues PALB2 focus formation in BRCA1-deficient cells and that 
this rescue is dependent upon the chromatin association motif (ChAM) of PALB2. They went on to 
further show that ChAM of PALB2 interacts with the acidic patch of H2A-H2B. They concluded that 
53BP1 and RNF169 compete with PALB2 binding to chromatin and that loss of 53BP1 or RNF169 in 
BRCA1-deficient cells allows PALB2 better access to bind the surfaces (acidic patch) on 
nucleosomes. This rescue in PALB2 binding to chromatin contributes to the resistance of BRCA1- 
and 53BP1-depleted cells to PARPi. 
 
There are a number of major issues (below) with this manuscript and as a result, it is premature 
to be considered for publication in Nature Communications. 
 
Major issues: 
 
1. The concept that ChAM of PALB2 binds nucleosomes is not new. The authors claim that ChAM of 
PALB2 binds the acidic patch of H2A-H2B, however the evidence supporting this claim is weak and 
insufficient. The authors need to show if there is a direct and physical interaction between ChAM 
and the acidic patch. The authors also need to show if such an interaction also exists with full-
length PALB2. 
 
2. The quality of the data presented in Fig. 4a is very poor. The recombinant MBP-ChAM protein 
seems to be degraded. Why is there a huge variation in the amount of H2B, H4 and ΔH4 in the 
input? The lack of ΔH4 NT in MPB-ChAM pull-down (last lane) seems to suggest that the N-
terminal tail of H4 may be engaged in binding with ChAM, which would not support their claim that 
ChAM interacts with the acidic batch of H2A-H2B. 
 
3. In Fig. 4d, the authors showed that ChAM containing a single mutation of R414A or R421A is as 
defective as ChAM-4M in binding nucleosomes. The authors suggest that ChAM binds the acidic 
patch of H2A-H2B through electrostatic interaction. If so, does a conservative substitution of 



R414K or R421K affect ChAM interaction with nucleosomes? Does a conservative substitution of 
R414K or R421K affect the ability of PALB2 to confer sensitivity to Olaparib, HR activity and RAD51 
foci, etc? 
 
4. In Fig. 3, the authors showed that PALB2ΔChAM does not confer olaparib sensitivity in the 
presence of BRCA1 but does so in the absence of BRCA1 and 53BP1. Previously it has been 
reported that PALB2ΔChAM does confer olaparib sensitvity in cells proficient for BRCA1 (Bleuyard 
et al. 2011). Although the authors made no mention of this discrepancy in the manuscript, they 
need to address it. Is their observation on PALB2ΔChAM and olaparib sensitivity unique to RPE-
p53-KO cells? In addition, what is the effect of PALB2ΔChAM on HR activity as well as BRCA2 and 
RAD51 foci in the presence or absence of BRCA1 and 53BP1? 
 
5. In Fig. 2 and S2f, RPE1 Venus-PALB2 clone #1 was used in their analysis. However, Fig. S2b 
clearly showed that the clone #1 does not contain the expected 3.5-kb band that indicates Venus 
insertion. It is puzzling and concerning how the authors were able to show that this clone #1 
behaves the same as the clone #15 that does have the Venus insertion. 
 
6. The authors claim that both 53BP1 and RNF169 are able to compete with PALB2 binding to 
chromatin. It has been reported that RNF169 limits 53BP1 deposition to DSBs although it does not 
completely abrogate 53BP1 at DSBs (An et al. 2018). Therefore one might expect PALB2 focus 
count to be higher in BRCA1/53BP1-deficient cells depleted for RNF169 compared to 
BRCA1/53BP1-deficient cells expressing siControl. Instead the authors showed that depletion of 
RNF169 did not affect PALB2 focus count in BRCA1/53BP1-deficient cells (Fig. 5c), which does not 
appear to support their claim. 
 
7. Based on their finding that depletion of RNF169 leads to an increase in PALB2 focus formation in 
WT cells, the authors suggest that RNF169 and PALB2 compete for their binding to the acidic patch 
of H2A-H2B. This conclusion is poorly supported and needs to be further substantiated. For 
example, RNF169 binds to the acidic patch through its LR-motif. Do mutations in LR-motif that 
abolish RNF169 binding to the acidic patch lead to an increase in PALB2 focus formation? 
 
Other issues: 
 
1. Lack of explanation of asterisks in many figures. 
2. Figure legends need to be better described. For example, in Fig. 3c and 3e, what is the meaning 
of the number after WT, ΔChAM, ΔMRG and ΔCh/M? 
3. Which of PALB2ΔChAM, ΔChAM13 or ΔChAM13, is used in clonogenic survival assays in Fig. 3f, 
3g, 4e-4g? 
4. Fig. 5d, the status of BRCA1 is not correctly indicated. 
 
 
 
Reviewer #3 (Remarks to the Author): 
 
In this paper by Jackson and colleagues, the authors investigate the molecular mechanism behind 
the suppression of BRCA1 deficient cells hypersensitivity to Olaparib by 53BP1 inactivation. They 
reasoned that, due to the almost normal resection observed in RPE1 cells defective in BRCA1, the 
suppression may be due to later events during recombination such as Rad51 loading. Indeed, they 
can see a strong defect in HR and Rad51 loading on those cells, that is readily suppressed by 
53BP1 inactivation. Interestingly, such suppression is not observed in PALB2 or BRCA2 defective 
cells. Hence, the authors set to study if in the absence of BRCA1 PALB2 accumulation at DSBs is 
compromised and, moreover, if this is alleviated by 53BP1 depletion. Indeed, this is the case, 
prompting them to propose that in the absence of BRCA1 and 53BP1 PALB2 loading is achieved by 
alternative means. Biochemical studies support this idea, indicating that PALB2 can bind the acidic 
patch of histones. Indeed, this binding seems to be mostly dependent on PALb2 ChAM domain. 



Overall, the data are well presented, the results clear and the model integrate all the data. My 
main concern is if the data as they are can really completely exclude an effect of 53BP1 on 
alleviating the mild defect in DNA resection known to be associated with BRCA1 deficiency. Even if 
such defect is too small to be visualized by RPA foci or FACs it cannot be excluded that it can 
contribute to the Rad51/PALB2 recruitment. Alternatives ways to analyze this will be to use a 
method that quantify resection processivity or to repeat some critical experiments with KO of RIF1, 
REV7 or Shieldins. As the whole shieldin complex is required to inhibit resection, any effect on 
suppression of the BRCA1 resection defect should be equally observed in any of those KOs. 
However, on those KOs cells, 53BP1 will still be attached to chromatin, likely blocking PALB2 
binding through the ChAM domain. Thus, in this setup, a separation of function on resection/PALB2 
recruitment should be observed. 
In any case, even if 53BP1 alleviates BRCA1 sensitivity to olaparib through both resection- and 
PALB2- dependent mechanisms, this does not diminish the main message, that in the absence of 
53BP1 the ChAM domain of PALB2 can now facilitates its recruitment to DNA breaks. 
 
Minor comments: 
 
On Page 5, the laser line experiment is mentioned a couple of times as S3b, and it should be 
referred as S3c 
Page 5, end of second paragraph, a period is missing between “(Fig. 2c; supplementary movies)” 
and “Together” 
 
 
 
Reviewer #4 (Remarks to the Author): 
 
This is an original and provocative study that gives more insight in the regulation of DNA DSB 
repair in 53BP1;BRCA1 double deficient cells. Similar to the recently published work by Zong et al. 
(reference 37), the authors investigated how loss of 53BP1 can restore RAD51 loading in BRCA1 
deficient cells. They show that PALB2 recruitment to RPA-IRIF positive cells is increased in 
53BP1;BRCA1 double deficient cells. In contrast to Zong et al, they claim that restoration of DNA 
end-resection does not play a major role in this process. This is a bold claim that requires more 
experimental evidence. The authors do not convincingly prove that the restoration of PALB2 
recruitment is independent on end-resection. In addition, is not clear how 53BP1-loss-mediated 
increased PALB2 binding to the H2A-H2B acidic patch can lead to increased focal accumulation of 
PALB2 at sites of DNA damage. Nevertheless, the data in this study do suggests that 53BP1-loss-
mediated restoration of HR in BRCA1 deficient cells goes beyond increased end-resection. This 
adds to our insight in the regulation of DNA double strand break repair, a process that is important 
for tumor suppression and treatment response. 
 
Specific comments 
 
1. Based on the data presented I am not convinced that BRCA1 ‘has a much weaker impact on 
resection than on RAD51 filament formation ..’. Data from several groups have confirmed the end-
resection defects in BRCA1 deficient cells shown in reference 10 (Bunting 2010), including Drost et 
al. (2011 PMID: 22172724, 2016 PMID: 27454287) and He et al. (2018, PMID: 30464262). 
Discrepancies with the data in this manuscript and other findings may stem from the use of 
different experimental settings or techniques. E.g. measuring nuclear RPA intensity (Fig S1F) may 
not be a very sensitive approach. There should be stronger evidence that increased PALB2 
recruitment to damaged DNA is not due to increased end-resection and by itself sufficient to 
restore HR (e.g. with the help of something like the PALB2-RNF8FHA fusion protein from reference 
37). If the authors cannot provide more convincing experimental evidence, their conclusions 
should be adjusted. Independent of possible additional data, they should discuss their findings in 
relation to previous observations that do suggest a role for restoration of end-resection. 
2. It is not clear to me how increased binding of PALB2 to the H2A-H2B acid patch can increase 



focal accumulation at sites of DNA damage. The authors speculate that may be mediated by 
RNF168. PALB2 interacts with RNF168 via its WD40 domain, not via the Cham domain 
(Luijsterburg et al., PMID: 28240985). Does PALB2 Cham domain mutation then indirectly 
decrease the interaction with RNF168? Or does 53BP1 loss (also?) directly affect RNF168? The 
authors should at least discuss their findings in relation to the results from Luijsterburg et al. 
 
Minor comments 
1. In figure 1 the authors show that 53BP1 depletion does not rescue the HR defect of PALB2 or 
BRCA2 depleted cells. The latter is in line with the fact that loss of 53BP1 does not rescue 
proliferation of Brca2 deficient MEFs (reference 11, PMID: 20453858), which should be 
acknowledged. 
2. It is not clear to me why it is emphasized on page 4 that 53BP1 inactivation rescues RAD51 IRIF 
formation in BRCA1 deficient RPE1 cells. This is a well know feature of 53BP1;BRCA1 double 
deficient cells (described in many papers, including the references 10 and 11) and also known for 
RPE1 (Durocher lab). If this is merely to validate their experimental system, this should 
acknowledged. 
3. For clarity it would be good to indicate in figures 3 and 4 (and not only in the legends) which 
graphs belong to 53BP1;BRCA1 proficient and deficient cells. 
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Reviewers' comments: 
 
Reviewer #1 (Remarks to the Author): 
 
The revised paper shows convincingly that 53BP1 not only blocks resection in BRCA1 deficient cell 
as previous demonstrated, but also inhibits subsequent PALB2 chromatin binding via interaction 
with the H2A-H2B acidic patch. These results are entirely consistent with a recent manuscript 
(PMID: 31653568). Importantly, the latter did not address the role of the acidic patch which is the 
major focus of the current manuscript. Overall, the manuscript has improved considerably. 
Nevertheless, there are a few key issues that need to be resolved before publication: 
 
#1. The authors argue that because overexpression of RNF169 stimulates SSA in HR-deficient cells 
and that HR normally suppresses SSA, it supports their finding that RNF169 competes with PALB2. 
This reasoning avoids the fundamental question of whether the authors detect more 53BP1 foci in 
RNF169-deficient cells, as reported by others. If the answer is yes, then why is 53BP1 not blocking 
PALB2 in this context? If the answer is no, what could be causing the discrepancy with multiple 
published studies? Notably, RPA32 staining appears to be weaker in siRNF169 cells that are 
wildtype for BRCA1, which would be consistent with increased 53BP1. It is therefore puzzling that 
PALB2 foci would also increase, as the central claim of this paper is that 53BP1 blocks PALB2. On 
the other hand, in BRCA1/53BP1 cells, it is more plausible that loss of RNF169 could increase 
PALB2, as there is no longer 53BP1 present. Altogether, the conclusion that RNF169 competes with 
PALB2 is not convincing. 
 
The authors did show that overexpression of RNF169 reduced PALB2 foci. The effect is mild in 
BRCA1 proficient cells but strong in BRCA1/53BP1 cells. RNF169 overexpression has been reported 
to stimulate SSA. An alternative explanation could be that overexpression of RNF169 leads to 
over-resection and subsequent recruitment of RAD52, which in turn prevents PALB2 loading. 
Because this was not looked at, the current data cannot decisively prove that RNF169 itself 
competes with PALB2. 
 
#2. The authors co-depleted BRCA1 and 53BP1/RIF1/REV7/Shieldin and observed that loss of 
53BP1 imparts a strong rescue of PALB2, while RIF1 depletion has a minor effect and 
REV7/Shieldin depletion had no effect. However, this is not consistent with the authors’ proposal 
that Shieldin can interfere with loading of RAD51 onto resected DNA. If this is true then depletion 
of Shieldin should have a major impact on PALB2 foci, which they do not observe. If REV7/Shieldin 
depletion has no impact on PALB2, how is RAD51 loaded and HR rescued in BRCA1/REV7 or 
BRCA1/Shieldin deficient cells? It seems likely that Shieldin also blocks PALB2/RAD51 loading in 
BRCA1 deficient cells via its ssDNA binding affinity, as recently published (PMID: 31653568). This 
could help their argument. 
 
 
 
Reviewer #2 (Remarks to the Author): 
 
Belotserkovskaya et al. have made efforts to improve the manuscript, but a few major issues from 
the previous round remain outstanding and should be addressed. 
 
1) The authors did not address if a conservative substitution of R414K or R421K affect the ability 
of PALB2 to confer sensitivity to olaparib, HR activity and RAD51 foci (major issue #3 from the 
previous round). The authors showed that R414 is structurally crucial whereas R421 is likely 
contributing to NCP binding by stabilizing electrostatic interactions. Both R414 and R421 were 
mutated in the ChAM-4M mutant. Conceivably the olaparib sensitivity conferred by the ChAM-4M 
mutant in Fig. 4e might be caused by disruption in the ChAM structure rather than a defect in the 
ChAM-nucleosome interaction. The authors need to investigate if a single substitution of R414K 
alone confers olaparib sensitivity in RPE1 BRCA1/53BP1 KO cells. In addition, the authors need to 



investigate if R421K is able to rescue olaparib sensitivity compared to R421A in RPE1 
BRCA1/53BP1 KO cells. 
 
2) The authors did not address if their observation on PALB2ΔChAM and olaparib sensitivity is 
unique to RPE-p53-KO cells (major issue #4). There is a discrepancy regarding the impact of 
overexpression of PALB2ΔChAM on olaparib sensitivity between their work and previously 
published work by Bleuyard et al. In addition, it is of importance to know if their observation on 
PALB2ΔChAM and olaparib sensitivity can be extended to other cell types, e.g. cancer cells. The 
authors should at least repeat their experiments described in Fig. 3f and 3g in a few other cell 
types to see if their observation is cell type specific. 
 
3) Major issue #5, the authors should acknowledge in the text of the manuscript that they failed to 
amply the 3.5 kb band for RPE1 Venus-PALB2 clone #1. They should also include their GFP coIP 
figure in the manuscript to support their claim for clone #1. 
 
Minor comment: 
 
Several figure panels are incorrectly quoted in their response to this reviewer, e.g. fig. 4h (does 
not exist in the manuscript), new fig. S1A and new fig. S2C. 
 
 
 
Reviewer #3 (Remarks to the Author): 
 
The authors have taken on board all my comments and suggestion and analyze the role of the rest 
of the Shieldin complex in PALB2 occlusion. Interestingly, they have seen a dilution of the effect, 
reinforcing the idea that 53BP1 has a effect that is mainly independent on the rest of the Shieldin 
complex. 
Overall, I appreciate the effort the authors have made and gladly support the publication of the 
paper in Natc. Communication. 
 
 
Reviewer #4 (Remarks to the Author): 
 
The authors have improved the discussion of their data in relation to previously published work 
and also added further experimental evidence to support their claims. However, it remains unclear 
to me if HR restoration in 53BP1;BRCA1 deficient cells may at least partially be explained by 
effects on DNA end-resection. I agree that BRCA1 is not essential for this process, but end-
resection defects are consistently observed in BRCA1 deficient cells. In my opinion, the additional 
data presented in figure S8 (in response to reviewer 3, who had the same concern) do not answer 
the question. Knockdown of RIF1, REV7 or SHLD2 indeed does not seem to have significant effects 
on PALB2 IRIF (although it seems that they are only compared with si53BP1, not with siCtrl) but 
also has minimal effects on RAD51 IRIF (in this experimental setting). Given the importance and 
the quality of this work I recommend publication, but there are a few points in the text that need 
to be adjusted: 
 
1) Introduction page 3: “As loss of 53BP1 or its downstream effectors partially rescues the HR 
defect of cells lacking functional BRCA1, and important unresolved question is how this is 
achieved: does it act by rebalancing DNA end-resection, by restoring proficient RAD51 loading, or 
both?” 
The discussion suggests a bit of both (with indirect effects on end-resection via RIF1, REV7 and 
SHLD1/2/3), but starts with emphasizing the importance of RAD51 loading via PALB2 without 
addressing if restored end-resection might increase PALB2 recruitment. The clear question in the 
introduction asks for an equally clear conclusion in the discussion. 
 



2) Results page 5: “Collectively, our results are coherent with a recent report showing that 53BP1 
loss can restore efficient RAD51 loading and HR in cells expressing hypomorphic BRCA1 derivatives 
that retain an ability to interact with PALB2 ..”. 
Although I understand that this “highlights the importance of recruiting PALB2 to DSBs in order to 
conduct HR”, the results in this manuscript suggest that hypomorphic BRCA1 derivatives are not 
essential for increased HR in the absence of 53BP1, which is in contrast to what Nacson et al. (ref 
13) suggest. This apparent discrepancy may be explained by different experimental settings, and – 
as discussed on page 11 - Zong et al. (ref 43) also show that there is BRCA1-independent PALB2 
recruitment (via RNF168). As this manuscript does not analyze PALB2 recruitment in the context of 
hypomorphic BRCA1, confusion may be avoided by some rephrasing . Alternatively, a brief 
discussion of the apparent discrepancy is required. 
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REVIEWERS' COMMENTS: 
 
Reviewer #1 (Remarks to the Author): 
 
The major result of this paper is that 53BP1 competes with PALB2 chromatin binding, thereby 
inhibiting HR in BRCA1 deficient cells. The argue that RNF169 also competes with PALB2. Although 
perhaps it CAN compete, the physiological relevance is unclear since loss of RNF169 does not have 
a role in rescuing HR in BRCA1 deficient cells. Moreover, 53BP1 foci increase in RNF169 deficient 
cells (albeit less dramatically in S/G2), making it unclear what impact RN169 has. Thus, I feel it 
would be confusing to include data on RNF169, which will distract from and dilute the main 
conclusions. 
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