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1st Editorial Decision 06 September 2016 

Thank you again for submitting your manuscript on the characterization of XPF-ERCC1 separation-
of-function mutants to The EMBO Journal. I would like to apologize for the delay in its evaluation, 
which was due to limited referee availability and the need for extended review times during the 
summer vacation season. We have now received the complete set of referee reports on your study, 
which I am enclosing below for your information.  
 
As you will see, all referees acknowledge the technical quality and potential interest of the presented 
data. However, referee 2 raise some concerns regarding the overall advance conveyed by your new 
results, and referee 4 criticizes aspects of analysis and presentation in both figures and text.  
 
Faced with these mixed recommendations, I would like to give you an opportunity to address the 
referees' concerns via a revised manuscript. In this respect, I realize that novelty concerns may be in 
parts already alleviated by a crisper and more concise presentation and focus on the particularly 
novel insights and implications; however, I feel it will also be important to extend the mutant 
characterization to obtain some deeper understanding into the molecular basis of ICL/NER 
functional separation of some of the mutants, as requested by referee 2 (and to some extent also by 
the other two reviewers).  
 
Should you be able to adequately improve these two key aspects, we would be happy to consider 
this study further for publication. However, please remember that it is our policy to allow only a 
single round of major revision, making it important to carefully respond to all points raised during 
this round. As usual, any related/competing work published during the revision period will have no 
negative impact on our final assessment of your revised study. Further information regarding 
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submission of revised manuscript can be found below and in our Guide to Authors.  
 
 
------------------------------------------------  
 
REFEREE REPORTS 
 
Referee #2:  
 
Knipscheer and colleagues present an interesting study, which reports isolation of separation of 
function Xpf mutations. These mutations affect repair of ICL repair without affecting repair of UV 
damage. The mutations were chosen for analysis were from taken reports in the literature of Xpf 
mutations in different disease syndromes. Two were designed based on reports of mutations that 
disrupt interaction with Slx4. The equivalent mutations were made in Xenopus Xpf and introduced 
into Xe extracts depleted of Xpf-Ercc1-Slx4 and rescue experiments to analyse DNA repair were 
carried out. The bottom line is isolation of three mutations that are deficient in the unhooking step of 
ICL repair but which don't affect ICL repair. One of the mutations blocks XPF recruitment by 
blocking the binding of XPF to SLX4.  
 
The data in this paper are interesting and of a high technical quality. The main concern in terms of 
suitability specifically for EMBO is that the conclusions are not particularly surprising or novel. For 
example, it has already been demonstrated that the ICL repair role of Xpf can be separated 
genetically from the NER role. This isn't a novel finding. Also, cells deficient in Xpf or Slx4 show 
ICL repair defects; Xpf-deficient cells are NER-defective but Slx4-deficient cells are not. So 
mutations in Xpf that prevent binding to Slx4 would be expected to inhibit ICL repair without 
affecting NER. This is not surprising or unanticipated. Similarly, the Knipscheer lab has already 
shown the role of Xpf in ICL repair is at the unhooking stage, so it's not surprising that the ICL 
repair-deficient mutants in Xpf are deficient in unhooking. That's the step Xpf catalyzes. What 
would be novel would be some insight into why it is that the ICL repair-defective mutants do not 
affect NER. Getting some handle on the difference between Xpf in the two different contexts would 
represent an important advance. But this paper doesn't go there, and so in its current form its suitable 
for a more specialist journal (JBC?).  
 
One other point: two mutants which do not bind to Slx4 are used - G314E and deltaNGWS. The 
former is proficient for ICL repair while the latter is not. The explanation given is that G314E 
doesn't disrupt the Slx4 interaction sufficiently to inhibit ICL repair. But there's no data on the 
difference between the two mutants in terms of Slx4 binding - they may be equally defective. If so, 
it's possible that the NGWS affects an aspect of Xpf function other than Slx4 interaction which 
explains the ICL repair defect. Its true that the L219R mutation inhibits Slx4 interaction and ICL 
repair but its simply correlation. Having an Xpf mutant that doesn't interact with Slx4 and that 
doesn't affect ICL repair argues the interaction with Slx4 is not important for ICL repair and this 
would need to be addressed.  
 
 
 
Referee #3:  
 
In a previous paper in Mol Cell in 2014, the authors showed that ERCC1-XPF is responsible for the 
unhooking step in interstrand crosslink (ICL) repair and that this activity depends on an interaction 
with SLX4. In the present paper, they analyze how a number of mutant alleles of XPF, isolated from 
FA patients and in screens in drosophila affect ICL repair and nucleotide excision repair (NER - 
XPF was first described as an NER protein).  
 
The authors use their xenopus oocyte system to monitor replication-dependent ICL repair and 
expressed and purified six mutant XPF proteins. Consistent with the patient and cellular phenotypes 
of these proteins, they are proficient in NER, while displaying a defect in ICL repair. Importantly, 
the authors can pinpoint the ICL repair defect to the unhooking step, answering a long-standing 
question in the field, whether the key role of XPF in ICL repair is in the unhooking or a later step in 
recombination. Interestingly, with the exception of the L219P mutant all of the proteins are recruited 
to sites of ICL repair and interact with SLX4, showing that their defect in ICL repair results from a 
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defect in positioning at the incision site, either through a defect in the interaction with DNA around 
the nuclease active site (R670S, S767F), or a defect due positioning in the ICL repair complex likely 
by protein-protein interaction (C225R, ∆NSGW). By contrast L219P does not bind SLX4 and is not 
recruited to ICL repair sites.  
 
This work is carried out to a high technical standard and the great care that was taken to ensure that 
none of the defects observed was due to protein aggregation, a common problem with XPF mutant 
proteins, is particularly impressive. The work significantly adds to our understanding of the 
mechanisms by which XPF contributes to ICL repair.  
 
A few minor concerns should be addressed prior to publication:  
 
1) p3. line 16: It would be worth mentioning that all XP patients with residual NER activity have a 
relatively mild phenotype, due to residual levels of XPF protein. This low levels of XPF proteins are 
believed to sufficient to support ICL repair as the patients do not suffer from FA (Ahmad et al, PLoS 
Genet, 2010, 6, e1000871)  
 
2) p4. bottom. The ability of ERCC1-XPF to incise both sides of an ICL was first shown by Wood 
and coworkers (Kuraoka et al, JBC, 2000, 275, 26632). This reference should be cited here.  
 
3) p6. line 5: Ahmad et al, PLoS Genet, 2010, 6, e1000871 should be cited as the reference 
characterizing the cellular status of XPF in XP-F patients.  
 
4) P12. bottom: Bergstralh and Sekelsky, Trends Genet 2008, 24, 70 would be good to cite for a 
discussion of how XPF might function downstream of incision in ICL repair.  
 
5) P14. line 10 - An alternative explanation for why XPF-∆NSGW is defective in ICL repair is that 
it may well have an interaction defect with SLX4, but that this defect does not affect recruitment to 
sites of ICLs, but rather the position of the two proteins at the sites of ICL incision site. It is entirely 
possible that there are multiple sites of interaction between SLX4 and XPF. This point should be 
considered here, on p.15 (line 10) and in the discussion on p.16/17.  
 
 
 
 
Referee #4:  
 
In this paper Knipscheer explores the role of the excision nuclease Xpf-Ercc1 in replication coupled 
DNA crosslink repair. Building on her own pioneering work with J Walter where together they 
established how a DNA crosslink is repaired during DNA replication using a Xenopus egg extract 
cell free system. In later follow up work Knipscheer established how the key excision or unhooking 
step occurs through the interplay between the FA pathway and Slx4 with Xpf-Ercc1 (Molecular Cell 
2014). Now in this paper they carry out a more detailed analysis of the nuclease complex with Slx4, 
more specifically they exploit single mutations in the Xpf/Ercc1 complex that co-segregate with a 
human syndrome with overlap with FA and Cockaynes syndrome. These mutations cause DNA 
crosslinker sensitivity but appear not to impact on the role of this complex in nucleotide excision 
repair.  
 
The main conclusions of this current study is that mutants of Xpf-Ercc1 complex can de divided into 
two groups - those that impact both NER and CX repair (nuclease active site mutants), those that 
work in NER but do not unhook DNA crosslinks. This latter group falls into two further groups - 
those that bind Slx4 and are then not recruited to the crosslink, and those that bind Slx4 are recruited 
to the Cx but fail to unhook it. They correctly conclude from this work that Slx4/ Xpf-Ercc1 
complex not only works to recruit the nuclease to the damage site but also must somehow position 
the nuclease once it is there so that it cuts this substrate.  
 
These are novel and important insights into DNA CX repair and therefore merits very strong 
consideration for publication in EMBO. However despite my obvious enthusiasm for the work I 
would like the authors to address my following concerns.  
 



The EMBO Journal   Peer Review Process File - EMBO-2016-95223 
 

 
© European Molecular Biology Organization 4 

1. Generally the manuscript is written rather poorly, the introduction is way too long and utterly 
boring to read. After several expresso cups I did manage to wade through this tome akin to reading 
War and Peace in one setting for a romantically disinclined individual. It should be 1/3 the size and 
can be much more succinct.  
2. Generally the figures are just appallingly laid out. I use the test that one should be able to "read" 
the figures without having to look at the text. I found this impossible in this case. The figures in her 
and Walters papers are really excellent - she should consider emulating these or at the very least 
matching their quality and clarity.  
3. The last figure should have a model that sums up what they are saying in the paper. Without such 
a visual encapsulation of the message its impact will be lost to many.  
4. Fig 1 is excellent then all this goes rather downhill. Fig 2 WB should have a loading control. 
Perhaps space should be devoted to the Walter Knipsheer model and how this is assayed in their 
graphs.  
5. Figure 3 : Awful ! Have they shown that depleting other components of NER abrogates UDS in 
this assay ? 2B why is the UDS analysis only provided for one of the mutants and not all of them 
shown in the panel below. 2C there is no stats here and I am concerned about the range of intact 
excision repair, for instance some the mutants are even better than the wild type ( the last one for 
instance). I would also like to see this data corroborated by showing by slot blot that CPD dimers are 
removed ( there are good antibodies against these lesions that track their removal. Getting this figure 
right matters since the rest of the paper builds on the mutants that work in NER but not in CX repair.  
6. Figure 4 again difficult to follow- work in improving clarity here . Excessively cropped WB are 
not really acceptable these days, also again no loading control.  
7. Figure 6 no loading control. 
 
 
1st Revision - authors' response 27 December 2016 

We thank the reviewers for their feedback on our work. Our response to their comments is shown in 
blue italics. 
 
 
Referee #2: 
 
Knipscheer and colleagues present an interesting study, which reports isolation of separation of 
function Xpf mutations. These mutations affect repair of ICL repair without affecting repair of UV 
damage. The mutations were chosen for analysis were from taken reports in the literature of Xpf 
mutations in different disease syndromes. Two were designed based on reports of mutations that 
disrupt interaction with Slx4. The equivalent mutations were made in Xenopus Xpf and introduced 
into Xe extracts depleted of Xpf-Ercc1-Slx4 and rescue experiments to analyse DNA repair were 
carried out. The bottom line is isolation of three mutations that are deficient in the unhooking step of 
ICL repair but which don't affect ICL repair. One of the mutations blocks XPF recruitment by 
blocking the binding of XPF to SLX4. 
 
The data in this paper are interesting and of a high technical quality. The main concern in terms of 
suitability specifically for EMBO is that the conclusions are not particularly surprising or novel. For 
example, it has already been demonstrated that the ICL repair role of Xpf can be separated 
genetically from the NER role. This isn't a novel finding. 
 
We agree with the referee that there are strong indications that the role of XPF in ICL repair can be 
separated from its role in NER, because several mutations have been identified that cause ICL 
sensitivity, but not UV sensitivity. We also say this clearly in the introduction of the manuscript. 
However, we think our work extends this finding in two major areas. First of all, we show 
biochemically that the mutations that cause ICL sensitivity are directly defective in ICL repair, but 
not in NER. Although this may be perceived as confirmatory, we strongly believe this is an 
important step in understanding the biochemical mechanism underlying this separation of function. 
In the second part of the manuscript we address this mechanistic question of why these mutants are 
selectively defective in ICL repair. This is important to understand the mechanism of ICL repair and 
the versatile nature of the endonuclease. 
 
 Also, cells deficient in Xpf or Slx4 show ICL repair defects; Xpf-deficient cells are NER-defective 
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but Slx4-deficient cells are not. So mutations in Xpf that prevent binding to Slx4 would be expected 
to inhibit ICL repair without affecting NER. This is not surprising or unanticipated.  
 
It is true that SLX4 deficient cells are sensitive to ICLs, but not UV, indicating this could be an ICL 
repair specific factor. However, very little is known about the interaction of XPF and SLX4, only 
one XPF mutant has been reported to disrupt this interaction. We now show that this mutant 
(xlXPFG314E) does not disrupt the interaction with full length SLX4 and is not defective in ICL 
repair. We also show that making a more drastic mutation (xlXPFΔNSGW) in the same area of XPF 
does inhibit repair, but still does not affect SLX4 interaction. Moreover, we now identified another 
XPF mutation (xlXPFL219R) that does prevent this interaction. Our data supports a model in which 
there are two interaction sites between XPF and SLX4, a stable one required for ICL recruitment, 
and a transient one important for nuclease activation. This is a major advancement in our 
understanding of the how SLX4 regulates XPF-ERCC1 during ICL repair. We have made this more 
clear in the revised manuscript. 
 
Similarly, the Knipscheer lab has already shown the role of Xpf in ICL repair is at the unhooking 
stage, so it's not surprising that the ICL repair-deficient mutants in Xpf are deficient in unhooking. 
That's the step Xpf catalyzes.  
 
Yes, we have shown previously that absence of XPF-ERCC1 prevents ICL unhooking during repair. 
However, XPF-ERCC1 could have additional roles downstream in the HR step of ICL repair. 
Therefore, it is possible that certain mutations allow unhooking, but prevent these downstream 
functions. Here, we show definitively that all mutants we tested have a defect in unhooking incisions. 
 
What would be novel would be some insight into why it is that the ICL repair-defective mutants do 
not affect NER.  
 
In this study we have chosen to study why these mutants affect ICL repair, not why they do not affect 
NER. We felt this was the more interesting question to answer. 
 
Getting some handle on the difference between Xpf in the two different contexts would represent an 
important advance. But this paper doesn't go there, and so in its current form its suitable for a more 
specialist journal (JBC?). 
 
One other point: two mutants which do not bind to Slx4 are used - G314E and deltaNGWS. The 
former is proficient for ICL repair while the latter is not. The explanation given is that G314E 
doesn't disrupt the Slx4 interaction sufficiently to inhibit ICL repair. But there's no data on the 
difference between the two mutants in terms of Slx4 binding - they may be equally defective.  
 
Using a pull down experiment after overexpression of SLX4 with XPF mutants in Sf9 insect cells we 
show that the XPFΔNSGW mutant still interacts normally with SLX4. We have now added data to 
figure 6B showing that this is also the case for the XPFG314E mutant. However, based on previous 
reports (Andersen et al. Mol Cell 2009, Guervilly et al. Mol Cell 2015) and our finding that the 
XPFΔNSGW mutant is defective in ICL unhooking and repair, there is likely an important interaction 
between this region of XPF and SLX4. Mutating this interaction site does not prevent XPF – SLX4 
interaction because we show there is a second, high affinity, interaction site involving the known 
SLX4 MLR domain and the leucine 219 of XPF. 
 
If so, it's possible that the NGWS affects an aspect of Xpf function other than Slx4 interaction which 
explains the ICL repair defect. 
 
This is a possibility we can not completely discard. However, since the XPFΔNSGW mutant complex 
has a mutation in the same residue that was previously shown to be required for the interaction with 
the BTB domain of SLX4 this is the most likely explanation. We have now addressed the possibility 
that it could also affect another aspect of XPF function in the discussion on page 16. 
 
Its true that the L219R mutation inhibits Slx4 interaction and ICL repair but its simply correlation. 
Having an Xpf mutant that doesn't interact with Slx4 and that doesn't affect ICL repair argues the 
interaction with Slx4 is not important for ICL repair and this would need to be addressed. 
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We do not describe a mutant that does not interact with SLX4 and does not affect ICL repair. The 
only mutant that shows reduced SLX4 interaction is the L219R mutant and that mutant is defective 
in ICL repair. SLX4 is absolutely required for the recruitment of XPF to the ICL, this is shown in 
figure 6A. Therefore, it is highly unlikely that a mutant exists that does not interact with SLX4, but is 
competent in ICL repair. 
 
 
 
Referee #3: 
 
In a previous paper in Mol Cell in 2014, the authors showed that ERCC1-XPF is responsible for the 
unhooking step in interstrand crosslink (ICL) repair and that this activity depends on an interaction 
with SLX4. In the present paper, they analyze how a number of mutant alleles of XPF, isolated from 
FA patients and in screens in drosophila affect ICL repair and nucleotide excision repair (NER - 
XPF was first described as an NER protein). 
 
The authors use their xenopus oocyte system to monitor replication-dependent ICL repair and 
expressed and purified six mutant XPF proteins. Consistent with the patient and cellular phenotypes 
of these proteins, they are proficient in NER, while displaying a defect in ICL repair. Importantly, 
the authors can pinpoint the ICL repair defect to the unhooking step, answering a long-standing 
question in the field, whether the key role of XPF in ICL repair is in the unhooking or a later step in 
recombination. Interestingly, with the exception of the L219P mutant all of the proteins are recruited 
to sites of ICL repair and interact with SLX4, showing that their defect in ICL repair results from a 
defect in positioning at the incision site, either through a defect in the interaction with DNA around 
the nuclease active site (R670S, S767F), or a defect due positioning in the ICL repair complex likely 
by protein-protein interaction (C225R, ∆NSGW). By contrast L219P does not bind SLX4 and is not 
recruited to ICL repair sites. 
 
This work is carried out to a high technical standard and the great care that was taken to ensure that 
none of the defects observed was due to protein aggregation, a common problem with XPF mutant 
proteins, is particularly impressive. The work significantly adds to our understanding of the 
mechanisms by which XPF contributes to ICL repair. 
 
A few minor concerns should be addressed prior to publication: 
 
1) p3. line 16: It would be worth mentioning that all XP patients with residual NER activity have a 
relatively mild phenotype, due to residual levels of XPF protein. This low levels of XPF proteins are 
believed to sufficient to support ICL repair as the patients do not suffer from FA (Ahmad et al, PLoS 
Genet, 2010, 6, e1000871) 
 
This is a valid point and we have added it more clearly to the introduction on page 4. 
 
2) p4. bottom. The ability of ERCC1-XPF to incise both sides of an ICL was first shown by Wood 
and coworkers (Kuraoka et al, JBC, 2000, 275, 26632). This reference should be cited here. 
 
The reviewer is absolutely right and we should have included it in the initial manuscript. However, 
due to drastic shortening of the introduction as requested by reviewer #4 this part is no longer in the 
revised manuscript. 
 
3) p6. line 5: Ahmad et al, PLoS Genet, 2010, 6, e1000871 should be cited as the reference 
characterizing the cellular status of XPF in XP-F patients. 
 
We have added this reference to page 4. 
 
4) P12. bottom: Bergstralh and Sekelsky, Trends Genet 2008, 24, 70 would be good to cite for a 
discussion of how XPF might function downstream of incision in ICL repair. 
 
We thank the referee for the suggestion and have added the reference to page 11. 
 
5) P14. line 10 - An alternative explanation for why XPF-∆NSGW is defective in ICL repair is that 
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it may well have an interaction defect with SLX4, but that this defect does not affect recruitment to 
sites of ICLs, but rather the position of the two proteins at the sites of ICL incision site. It is entirely 
possible that there are multiple sites of interaction between SLX4 and XPF. This point should be 
considered here, on p.15 (line 10) and in the discussion on p.16/17. 
 
This is exactly the mechanism we tried to put forward in the discussion. We have now added 
additional data that corroborates with this model and have moved the explanation to the result 
section. In addition, we have added a model to Fig 7. We show that an SLX4 mutant that lacks the 
MLR domain does no longer interact with XPF, which is consistent with experiments in human cells. 
This indicates that a high affinity binding site between the MLR domain of SLX4 and leucine 219 of 
XPF is required for recruitment of XPF to the lesion. Furthermore, we purified the isolated BTB 
domain of SLX4 and showed that this does not interact with high affinity with XPF. However, based 
on previous reports (Andersen et al. Mol Cell 2009, Guervilly et al. Mol Cell 2015) and our finding 
that the XPFΔNSGW mutant is defective in ICL unhooking and repair, there is likely an important, but 
transient interaction between this region of XPF and SLX4 required for nuclease activation possibly 
by proper positioning. 
 
 
Referee #4: 
 
In this paper Knipscheer explores the role of the excision nuclease Xpf-Ercc1 in replication coupled 
DNA crosslink repair. Building on her own pioneering work with J Walter where together they 
established how a DNA crosslink is repaired during DNA replication using a Xenopus egg extract 
cell free system. In later follow up work Knipscheer established how the key excision or unhooking 
step occurs through the interplay between the FA pathway and Slx4 with Xpf-Ercc1 (Molecular Cell 
2014). Now in this paper they carry out a more detailed analysis of the nuclease complex with Slx4, 
more specifically they exploit single mutations in the Xpf/Ercc1 complex that co-segregate with a 
human syndrome with overlap with FA and Cockaynes syndrome. These mutations cause DNA 
crosslinker sensitivity but appear not to impact on the role of this complex in nucleotide excision 
repair.  
 
The main conclusions of this current study is that mutants of Xpf-Ercc1 complex can de divided into 
two groups - those that impact both NER and CX repair (nuclease active site mutants), those that 
work in NER but do not unhook DNA crosslinks. This latter group falls into two further groups - 
those that bind Slx4 and are then not recruited to the crosslink, and those that bind Slx4 are recruited 
to the Cx but fail to unhook it. They correctly conclude from this work that Slx4/ Xpf-Ercc1 
complex not only works to recruit the nuclease to the damage site but also must somehow position 
the nuclease once it is there so that it cuts this substrate.  
 
These are novel and important insights into DNA CX repair and therefore merits very strong 
consideration for publication in EMBO. However despite my obvious enthusiasm for the work I 
would like the authors to address my following concerns. 
 
1. Generally the manuscript is written rather poorly, the introduction is way too long and utterly 
boring to read. After several expresso cups I did manage to wade through this tome akin to reading 
War and Peace in one setting for a romantically disinclined individual. It should be 1/3 the size and 
can be much more succinct.  
 
We regret to hear the referee required a high dose of caffeine to get through our introduction. We 
have now drastically shortened it and hope he/she can now get through on a cup of tea. 
 
2. Generally the figures are just appallingly laid out. I use the test that one should be able to "read" 
the figures without having to look at the text. I found this impossible in this case. The figures in her 
and Walters papers are really excellent - she should consider emulating these or at the very least 
matching their quality and clarity.  
 
We have made many changes to improve the layout of the figures and added better cartoons for 
clarification. 
 
3. The last figure should have a model that sums up what they are saying in the paper. Without such 
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a visual encapsulation of the message its impact will be lost to many. 
 
This is an excellent suggestion and we have now added a model to Fig 7. 
 
4. Fig 1 is excellent then all this goes rather downhill. Fig 2 WB should have a loading control. 
Perhaps space should be devoted to the Walter Knipsheer model and how this is assayed in their 
graphs. 
 
All western blots on figure 2 contain samples taken straight from extract without any manipulations. 
We have never added loading controls to these blots in all previous papers (including the ones from 
Johannes Walter’s lab). In these particular cases a loading control would not give extra information 
because we are merely showing the depletion (that we also confirm functionally) and the level of 
protein we add back. 
 
The Walter/Knipscheer ICL repair model is now added to Figure EV1 and can be easily pulled up 
for clarity. In addition, we have clarified the cartoons explaining the assays in the main figures. 
 
5. Figure 3 : Awful ! Have they shown that depleting other components of NER abrogates UDS in 
this assay ? 
 
We thank the reviewer for this good suggestion. We have now depleted PCNA and XPA and show 
that this inhibits UDS in this assay. This data is added to Fig EV4. 
 
 2B why is the UDS analysis only provided for one of the mutants and not all of them shown in the 
panel below.  
 
We have now added the data for all mutants to Fig 3. 
 
2C there is no stats here and I am concerned about the range of intact excision repair, for instance 
some the mutants are even better than the wild type ( the last one for instance). 
 
We have statistically analyzed our data and show that the mutants are not statistically different from 
the wild type protein, except for the catalytically inactive XED668A mutant. This has been added to the 
manuscript. 
 
 I would also like to see this data corroborated by showing by slot blot that CPD dimers are removed 
( there are good antibodies against these lesions that track their removal. Getting this figure right 
matters since the rest of the paper builds on the mutants that work in NER but not in CX repair.  
 
We have analyzed our plasmid with the antibody against CPD’s. We did not use slot blots because 
they suffered from high nonspecific background signal but we used the same antibody in an ELISA 
assay (Cell Biolabs, USA). With a low UV dose we could clearly see that the CPD damage is 
repaired in Xenopus egg extract (Fig EV4C). For our UDS assay a higher UV dose was required to 
obtain enough signal to measure UDS unambiguously. At this high dose of UV we could not observe 
the decrease in CPDs, most likely because only a minor fraction is repaired. This data is added to 
Fig EV4C. 
 
6. Figure 4 again difficult to follow- work in improving clarity here . Excessively cropped WB are 
not really acceptable these days, also again no loading control. 
 
We have made changes to this figure to improve clarity and have reduced cropping of the blots. 
 
7. Figure 6 no loading control.  
 
See above 
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2nd Editorial Decision 23 January 2017 

Thank you for submitting your revised manuscript on ICL repair-specific functions XPF-ERCC1 for 
our editorial consideration. Two of the original referees have now once more assessed the study, and 
I am pleased to inform you that they both consider the manuscript significantly improved and the 
key concerns satisfactorily addressed. We shall therefore be happy to accept the manuscript for 
publication in The EMBO Journal, pending correction of a few minor points noted by referee 3.  
 
 
------------------------------------------------  
 
REFEREE REPORTS 
 
Referee #3:  
 
The authors have satisfactorily addressed all the issues raised by the reviewers. I think even 
reviewer 4 will be able to relax now.  
 
After addressing the minor concerns below the manuscript is now suitable for publication in EMBO 
J.  
 
1) p3. Call XPF structure specific instead of flap endonuclease?  
 
2) p4. XPF is suddenly referred to XPF (FANCQ) without stating that mutation in XPF cause FA. 
This is confusing and it would be better to state earlier in the paragraph something like: "consistent 
with a defect caused by XPF deficiency in ICL repair, mutations in XPF are also associated with 
FA" or then not refer to it as XPF (FANCQ) in this part of the text.  
 
3) p8. 3rd paragraph: ...we used xenopus egg extracts (plural)  
 
4) p12. Last paragraph: XPF leucine 219 is part of .... (not lysine!)  
 
 
 
Referee #4:  
 
The authors have greatly improved the text and addressed the majority and indeed my most 
prescient concerns. This paper deserves to be published in EMBOJ 
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� common	
  tests,	
  such	
  as	
  t-­‐test	
  (please	
  specify	
  whether	
  paired	
  vs.	
  unpaired),	
  simple	
  χ2	
  tests,	
  Wilcoxon	
  and	
  Mann-­‐Whitney	
  
tests,	
  can	
  be	
  unambiguously	
  identified	
  by	
  name	
  only,	
  but	
  more	
  complex	
  techniques	
  should	
  be	
  described	
  in	
  the	
  methods	
  
section;

� are	
  tests	
  one-­‐sided	
  or	
  two-­‐sided?
� are	
  there	
  adjustments	
  for	
  multiple	
  comparisons?
� exact	
  statistical	
  test	
  results,	
  e.g.,	
  P	
  values	
  =	
  x	
  but	
  not	
  P	
  values	
  <	
  x;
� definition	
  of	
  ‘center	
  values’	
  as	
  median	
  or	
  average;
� definition	
  of	
  error	
  bars	
  as	
  s.d.	
  or	
  s.e.m.	
  

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

1.b.	
  For	
  animal	
  studies,	
  include	
  a	
  statement	
  about	
  sample	
  size	
  estimate	
  even	
  if	
  no	
  statistical	
  methods	
  were	
  used.

2.	
  Describe	
  inclusion/exclusion	
  criteria	
  if	
  samples	
  or	
  animals	
  were	
  excluded	
  from	
  the	
  analysis.	
  Were	
  the	
  criteria	
  pre-­‐
established?

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

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

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

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

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

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

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

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

Not	
  applicable
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  applicable

Not	
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Not	
  applicable

YOU	
  MUST	
  COMPLETE	
  ALL	
  CELLS	
  WITH	
  A	
  PINK	
  BACKGROUND	
  ê

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

definitions	
  of	
  statistical	
  methods	
  and	
  measures:

1.	
  Data

the	
  data	
  were	
  obtained	
  and	
  processed	
  according	
  to	
  the	
  field’s	
  best	
  practice	
  and	
  are	
  presented	
  to	
  reflect	
  the	
  results	
  of	
  the	
  
experiments	
  in	
  an	
  accurate	
  and	
  unbiased	
  manner.
figure	
  panels	
  include	
  only	
  data	
  points,	
  measurements	
  or	
  observations	
  that	
  can	
  be	
  compared	
  to	
  each	
  other	
  in	
  a	
  scientifically	
  
meaningful	
  way.
graphs	
  include	
  clearly	
  labeled	
  error	
  bars	
  for	
  independent	
  experiments	
  and	
  sample	
  sizes.	
  Unless	
  justified,	
  error	
  bars	
  should	
  
not	
  be	
  shown	
  for	
  technical	
  replicates.
if	
  n<	
  5,	
  the	
  individual	
  data	
  points	
  from	
  each	
  experiment	
  should	
  be	
  plotted	
  and	
  any	
  statistical	
  test	
  employed	
  should	
  be	
  
justified

Please	
  fill	
  out	
  these	
  boxes	
  ê	
  (Do	
  not	
  worry	
  if	
  you	
  cannot	
  see	
  all	
  your	
  text	
  once	
  you	
  press	
  return)

a	
  specification	
  of	
  the	
  experimental	
  system	
  investigated	
  (eg	
  cell	
  line,	
  species	
  name).

C-­‐	
  Reagents

B-­‐	
  Statistics	
  and	
  general	
  methods

the	
  assay(s)	
  and	
  method(s)	
  used	
  to	
  carry	
  out	
  the	
  reported	
  observations	
  and	
  measurements	
  
an	
  explicit	
  mention	
  of	
  the	
  biological	
  and	
  chemical	
  entity(ies)	
  that	
  are	
  being	
  measured.
an	
  explicit	
  mention	
  of	
  the	
  biological	
  and	
  chemical	
  entity(ies)	
  that	
  are	
  altered/varied/perturbed	
  in	
  a	
  controlled	
  manner.

the	
  exact	
  sample	
  size	
  (n)	
  for	
  each	
  experimental	
  group/condition,	
  given	
  as	
  a	
  number,	
  not	
  a	
  range;
a	
  description	
  of	
  the	
  sample	
  collection	
  allowing	
  the	
  reader	
  to	
  understand	
  whether	
  the	
  samples	
  represent	
  technical	
  or	
  
biological	
  replicates	
  (including	
  how	
  many	
  animals,	
  litters,	
  cultures,	
  etc.).

Each	
  figure	
  caption	
  should	
  contain	
  the	
  following	
  information,	
  for	
  each	
  panel	
  where	
  they	
  are	
  relevant:

2.	
  Captions

The	
  data	
  shown	
  in	
  figures	
  should	
  satisfy	
  the	
  following	
  conditions:

Source	
  Data	
  should	
  be	
  included	
  to	
  report	
  the	
  data	
  underlying	
  graphs.	
  Please	
  follow	
  the	
  guidelines	
  set	
  out	
  in	
  the	
  author	
  ship	
  
guidelines	
  on	
  Data	
  Presentation.

a	
  statement	
  of	
  how	
  many	
  times	
  the	
  experiment	
  shown	
  was	
  independently	
  replicated	
  in	
  the	
  laboratory.

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

Please	
  ensure	
  that	
  the	
  answers	
  to	
  the	
  following	
  questions	
  are	
  reported	
  in	
  the	
  manuscript	
  itself.	
  We	
  encourage	
  you	
  to	
  include	
  a	
  
specific	
  subsection	
  in	
  the	
  methods	
  section	
  for	
  statistics,	
  reagents,	
  animal	
  models	
  and	
  human	
  subjects.	
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  the	
  pink	
  boxes	
  below,	
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  page	
  number(s)	
  of	
  the	
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  draft	
  or	
  figure	
  legend(s)	
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  the	
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  can	
  be	
  located.	
  Every	
  question	
  should	
  be	
  answered.	
  If	
  the	
  question	
  is	
  not	
  relevant	
  to	
  your	
  research,	
  
please	
  write	
  NA	
  (non	
  applicable).
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6.	
  To	
  show	
  that	
  antibodies	
  were	
  profiled	
  for	
  use	
  in	
  the	
  system	
  under	
  study	
  (assay	
  and	
  species),	
  provide	
  a	
  citation,	
  catalog	
  
number	
  and/or	
  clone	
  number,	
  supplementary	
  information	
  or	
  reference	
  to	
  an	
  antibody	
  validation	
  profile.	
  e.g.,	
  
Antibodypedia	
  (see	
  link	
  list	
  at	
  top	
  right),	
  1DegreeBio	
  (see	
  link	
  list	
  at	
  top	
  right).

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

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

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

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

10.	
  We	
  recommend	
  consulting	
  the	
  ARRIVE	
  guidelines	
  (see	
  link	
  list	
  at	
  top	
  right)	
  (PLoS	
  Biol.	
  8(6),	
  e1000412,	
  2010)	
  to	
  ensure	
  
that	
  other	
  relevant	
  aspects	
  of	
  animal	
  studies	
  are	
  adequately	
  reported.	
  See	
  author	
  guidelines,	
  under	
  ‘Reporting	
  
Guidelines’.	
  See	
  also:	
  NIH	
  (see	
  link	
  list	
  at	
  top	
  right)	
  and	
  MRC	
  (see	
  link	
  list	
  at	
  top	
  right)	
  recommendations.	
  	
  Please	
  confirm	
  
compliance.

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

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

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

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

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

16.	
  For	
  phase	
  II	
  and	
  III	
  randomized	
  controlled	
  trials,	
  please	
  refer	
  to	
  the	
  CONSORT	
  flow	
  diagram	
  (see	
  link	
  list	
  at	
  top	
  right)	
  
and	
  submit	
  the	
  CONSORT	
  checklist	
  (see	
  link	
  list	
  at	
  top	
  right)	
  with	
  your	
  submission.	
  See	
  author	
  guidelines,	
  under	
  
‘Reporting	
  Guidelines’.	
  Please	
  confirm	
  you	
  have	
  submitted	
  this	
  list.

17.	
  For	
  tumor	
  marker	
  prognostic	
  studies,	
  we	
  recommend	
  that	
  you	
  follow	
  the	
  REMARK	
  reporting	
  guidelines	
  (see	
  link	
  list	
  at	
  
top	
  right).	
  See	
  author	
  guidelines,	
  under	
  ‘Reporting	
  Guidelines’.	
  Please	
  confirm	
  you	
  have	
  followed	
  these	
  guidelines.

18.	
  Provide	
  accession	
  codes	
  for	
  deposited	
  data.	
  See	
  author	
  guidelines,	
  under	
  ‘Data	
  Deposition’.

Data	
  deposition	
  in	
  a	
  public	
  repository	
  is	
  mandatory	
  for:
a.	
  Protein,	
  DNA	
  and	
  RNA	
  sequences
b.	
  Macromolecular	
  structures
c.	
  Crystallographic	
  data	
  for	
  small	
  molecules
d.	
  Functional	
  genomics	
  data	
  
e.	
  Proteomics	
  and	
  molecular	
  interactions
19.	
  Deposition	
  is	
  strongly	
  recommended	
  for	
  any	
  datasets	
  that	
  are	
  central	
  and	
  integral	
  to	
  the	
  study;	
  please	
  consider	
  the	
  
journal’s	
  data	
  policy.	
  If	
  no	
  structured	
  public	
  repository	
  exists	
  for	
  a	
  given	
  data	
  type,	
  we	
  encourage	
  the	
  provision	
  of	
  
datasets	
  in	
  the	
  manuscript	
  as	
  a	
  Supplementary	
  Document	
  (see	
  author	
  guidelines	
  under	
  ‘Expanded	
  View’	
  or	
  in	
  
unstructured	
  repositories	
  such	
  as	
  Dryad	
  (see	
  link	
  list	
  at	
  top	
  right)	
  or	
  Figshare	
  (see	
  link	
  list	
  at	
  top	
  right).
20.	
  Access	
  to	
  human	
  clinical	
  and	
  genomic	
  datasets	
  should	
  be	
  provided	
  with	
  as	
  few	
  restrictions	
  as	
  possible	
  while	
  
respecting	
  ethical	
  obligations	
  to	
  the	
  patients	
  and	
  relevant	
  medical	
  and	
  legal	
  issues.	
  If	
  practically	
  possible	
  and	
  compatible	
  
with	
  the	
  individual	
  consent	
  agreement	
  used	
  in	
  the	
  study,	
  such	
  data	
  should	
  be	
  deposited	
  in	
  one	
  of	
  the	
  major	
  public	
  access-­‐
controlled	
  repositories	
  such	
  as	
  dbGAP	
  (see	
  link	
  list	
  at	
  top	
  right)	
  or	
  EGA	
  (see	
  link	
  list	
  at	
  top	
  right).
21.	
  As	
  far	
  as	
  possible,	
  primary	
  and	
  referenced	
  data	
  should	
  be	
  formally	
  cited	
  in	
  a	
  Data	
  Availability	
  section.	
  Please	
  state	
  
whether	
  you	
  have	
  included	
  this	
  section.

Examples:
Primary	
  Data
Wetmore	
  KM,	
  Deutschbauer	
  AM,	
  Price	
  MN,	
  Arkin	
  AP	
  (2012).	
  Comparison	
  of	
  gene	
  expression	
  and	
  mutant	
  fitness	
  in	
  
Shewanella	
  oneidensis	
  MR-­‐1.	
  Gene	
  Expression	
  Omnibus	
  GSE39462
Referenced	
  Data
Huang	
  J,	
  Brown	
  AF,	
  Lei	
  M	
  (2012).	
  Crystal	
  structure	
  of	
  the	
  TRBD	
  domain	
  of	
  TERT	
  and	
  the	
  CR4/5	
  of	
  TR.	
  Protein	
  Data	
  Bank	
  
4O26
AP-­‐MS	
  analysis	
  of	
  human	
  histone	
  deacetylase	
  interactions	
  in	
  CEM-­‐T	
  cells	
  (2013).	
  PRIDE	
  PXD000208
22.	
  Computational	
  models	
  that	
  are	
  central	
  and	
  integral	
  to	
  a	
  study	
  should	
  be	
  shared	
  without	
  restrictions	
  and	
  provided	
  in	
  a	
  
machine-­‐readable	
  form.	
  	
  The	
  relevant	
  accession	
  numbers	
  or	
  links	
  should	
  be	
  provided.	
  When	
  possible,	
  standardized	
  
format	
  (SBML,	
  CellML)	
  should	
  be	
  used	
  instead	
  of	
  scripts	
  (e.g.	
  MATLAB).	
  Authors	
  are	
  strongly	
  encouraged	
  to	
  follow	
  the	
  
MIRIAM	
  guidelines	
  (see	
  link	
  list	
  at	
  top	
  right)	
  and	
  deposit	
  their	
  model	
  in	
  a	
  public	
  database	
  such	
  as	
  Biomodels	
  (see	
  link	
  list	
  
at	
  top	
  right)	
  or	
  JWS	
  Online	
  (see	
  link	
  list	
  at	
  top	
  right).	
  If	
  computer	
  source	
  code	
  is	
  provided	
  with	
  the	
  paper,	
  it	
  should	
  be	
  
deposited	
  in	
  a	
  public	
  repository	
  or	
  included	
  in	
  supplementary	
  information.

23.	
  Could	
  your	
  study	
  fall	
  under	
  dual	
  use	
  research	
  restrictions?	
  Please	
  check	
  biosecurity	
  documents	
  (see	
  link	
  list	
  at	
  top	
  
right)	
  and	
  list	
  of	
  select	
  agents	
  and	
  toxins	
  (APHIS/CDC)	
  (see	
  link	
  list	
  at	
  top	
  right).	
  According	
  to	
  our	
  biosecurity	
  guidelines,	
  
provide	
  a	
  statement	
  only	
  if	
  it	
  could.

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

Not	
  applicable

All	
  custom-­‐made	
  Xenopus	
  laevis	
  antibodies	
  were	
  extensively	
  tested.	
  αxlXPF(Klein	
  Douwel	
  et	
  al.	
  
Mol	
  Cell,	
  2014),	
  αxlERCC1(Klein	
  Douwel	
  et	
  al.,	
  Mol	
  Cell	
  2014),	
  αxlSLX4	
  (Klein	
  Douwel	
  et	
  al.,	
  Mol	
  
Cell	
  2014),	
  αxlXPA	
  (Bomgarden	
  et	
  al.,	
  EMBO	
  J	
  2006),	
  and	
  αxlPCNA	
  (Kochaniak	
  et	
  al.,	
  JBC	
  2009).	
  
Commercial	
  antibodies:	
  Cyclobutane	
  Pyrimidine	
  Dimers	
  (CPD)	
  antibody	
  (Bioconnect,	
  Catalog	
  
number:	
  STA-­‐326-­‐5),	
  6xHis	
  Monoclonal	
  Antibody	
  (Albumin-­‐free)	
  	
  (Westburg,	
  Catalog	
  Number:	
  CL	
  
631212),	
  Monoclonal	
  ANTI-­‐FLAG®	
  M2	
  antibody	
  (Sigma,	
  Catalog	
  number:	
  F1804)

SF9	
  cells	
  were	
  purchased	
  from	
  Fischer	
  Scientific	
  and	
  regularly	
  tested	
  for	
  mycoplasm.

For	
  the	
  production	
  of	
  Xenopus	
  egg	
  extract	
  female	
  Xenopus	
  laevis	
  frogs	
  were	
  used.	
  Age	
  of	
  the	
  
animals	
  was	
  between	
  2	
  and	
  5	
  years.	
  All	
  wild	
  type	
  animals	
  purchased	
  at	
  Nasco	
  Biology	
  (Fort	
  
Atkinson,	
  WI,	
  USA).	
  Housing	
  of	
  the	
  animals	
  was	
  according	
  to	
  EU	
  regulations.	
  All	
  investigators	
  that	
  
worked	
  with	
  the	
  animalshad	
  the	
  appropriate	
  certification	
  according	
  to	
  Dutch	
  law.

Experiments	
  comply	
  with	
  the	
  Dutch	
  law	
  on	
  the	
  experimental	
  use	
  of	
  animals:	
  ‘Wet	
  op	
  de	
  	
  
dierproeven”	
  as	
  published	
  in	
  the	
  ‘Staatscourant’	
  (1977))	
  and	
  subsequent	
  adaptations.
All	
  animal	
  procedures	
  have	
  been	
  approved	
  by	
  the	
  Committee	
  for	
  Animal	
  Experimentation	
  (DEC)
of	
  the	
  Royal	
  Netherlands	
  Academy	
  of	
  Science	
  (KNAW)	
  and	
  meet	
  the	
  guidelines	
  of	
  the	
  EU	
  for	
  care	
  
andmanagement	
  of	
  experimental	
  animals.

Not	
  applicable

G-­‐	
  Dual	
  use	
  research	
  of	
  concern

F-­‐	
  Data	
  Accessibility

D-­‐	
  Animal	
  Models

E-­‐	
  Human	
  Subjects


