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Review #1 
1. Evidence, reproducibility and clarity:

Evidence, reproducibility and clarity (Required) 

MDC1 is a key regulator of DNA damage responses (DDR) in animals. MDC1 has 
multiple protein domains, in which the BRCT domain binds γH2A.X. However, 
plants lack the homolog of MDC1. In this study, the authors found that BCP4 binds 
γH2A.X and proposed that BCP4 is a functional counterpart of MDC1, which will 
greatly enhance our understanding of plant DDR pathway. I have the following 
concerns. 

1. The relationship between BCP3 and BCP4 needs to be clarified. Line 255, the
authors mentioned that"we conclude that BCP3 and BCP4 have functional properties
as human MDC1". In the Abstract, the authors mentioned that "we identified BCP4 as
a candidate ortholog of human MDC1". I am confused about the conclusion. Both
BCP3 and BCP4 are or only BCP4 is MDC1? In addition, in BCP3 and BCP4, only
their BRCT domains share homology with MDC1. They lack other domains of
MDC1. Therefore, "ortholog" may not be an appropriate term. I think "functional
counterpart" may be a better term.
2. BCP1-4 all contains tandem BRCT domains. I am wondering whether it is possible
to figure out why only BCP3 and BCP4 bindγH2A.X through sequence analysis. Are
there any key residues essential for γH2A.X binding?
3. Line 183, "On an unrooted phylogenetic tree, these two proteins clustered with
MDC1 and PAXIP1 (Figure 1B).". In Figure 1B, MDC1 is closer to BCP3 and BCP4
than PAXIP1 and PAXIP1 is closer to BCP2 than MDC1. If the authors want to
include PAXIP1 in Figure 1C, the authors should include BCP2 as well. In the
γH2A.X binding assays, I do not understand why the authors tested BCP1 instead of
BCP2.
4. The expression level of BCP1-4 in the mutants need to be examined using qRT-
PCR. Especially, for the bcp3 mutant, which is a weak allele.
5. The authors used "bleomycin" or "zeocin" in different parts. Please be consistent.
6. In Figure 2D, why bcp2 was not included?
7. Figure 3E and 3F, please indicate the treatments of the upper and lower panels.
8. Line 338, "bcp1 mutants show reduced homologous recombination rates (Fan et al.,
2022; Vladejić et al., 2022; Yu et al., 2023)". The bcp1 mutant was not reported in
Fan et al. paper.
9. Line 40, please add a comma after "In animal". Line 331, please add a comma after
"In mammals".

Reviews from Review Commons



10. Line 123, "only BRCA1 and BARD1 were described in plant lineage". Additional
BRCT proteins were described in plants, including XIP1 (Nat. Commun. 13:7942),
BCP1/DDRM2 (New Phytol. 238:1073-1084; Front. Plant Sci. 13:1023358), and
DDRM1 (PNAS, 119: e2202970119).

2. Significance:

Significance (Required) 

This study identified BCP4 as a functional counterpart of MDC1, which filled the gap 
of plant DDR signaling. 

3. How much time do you estimate the authors will need to
complete the suggested revisions:

Estimated time to Complete Revisions (Required) 

(Decision Recommendation) 

Between 1 and 3 months 

4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that
the content of your review will not be visible on Web of
Science.

Web of Science Reviewer Recognition 

Yes 

Review #2 
1. Evidence, reproducibility and clarity:

Evidence, reproducibility and clarity (Required) 

https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/
https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/


In this study, Frédéric Berger and colleagues identified BCP4 in Arabidopsis thaliana 
as a potential plant orthologue of vertebrate MDC1. The conclusions are based on 
both in silico analysis (phylogenetic analysis) and in vitro biochemical and cell 
biological experiments. BCP4 loss causes sensitivity of DNA damage. Moreover, 
BCP4 binds to a phosphopeptide derived from the C-terminus of H2AX, via its C-
terminal BRCT domains and forms foci in cells exposed to DNA damage, which co-
localize with gammaH2AX foci. 

**Major comments:** 

The conclusions are generally supported by the data, but the evidence presented is still 
quite limited. For example, it is still possible that BCP4 recruitment to sites of DNA 
damage is mediated by another protein and not by direct interaction with 
gammaH2AX. To firmly conclude that BCP4 is an MDC1 orthologue, it is in my 
opinion essential to perform a (limited) mutagenesis analysis. The key amino acids in 
the BRCT domains that recognize gammaH2AX need to be mutated and it has to be 
shown that these mutants are defective for H2AX phosphopeptide binding and are not 
recruited to sites of DNA damage. Such residues may be tricky to identify, but one 
obvious candidate would be the Ser residue in beta1 (VLFS motif). In vertebrates, this 
is a Thr that directly interacts with the phosphate in gammaH2AX. Another possible 
critical site may be shortly before alpha2 (RTRN motif). In vertebrates, it is RTVK, 
and the K makes direct contacts with the phosphate in gammaH2AX. This function is 
perhaps carried out by an R. Structure prediction with alphafold may help to identify 
the most critical residues 

Another critical issue is the introduction of the study. This needs to be revised, 
because the literature is not correctly cited in several places. For example, the cited 
paper by Salguero et al., 2019 did not show that the PST repeats of MDC1 constitute a 
docking site of TP53BP1, but instead, that the PST repeats can bind to chromatin 
independently of gammaH2AX. 

The data are generally well presented and convincing. The only thing that needs to be 
added is a quantification of the microscopic analysis (e.g. number of foci per cell, or 
similar). 

**Optional:** it would be interesting to address the question why plants seem to have 
two MDC1 orthologues. The longer BCP4 and the shorter BCP3. What is the 
functional difference between those? Do they perhaps distribute functions that are 
combined in one protein in vertebrate MDC1 on two different proteins? 

2. Significance:



Significance (Required) 

The strength of the study is the detailed phylogenetic analysis. Also, the biochemistry 
and cell biology is well done. 

Limitations are the lack of evidence that BCP4 carries out functions in the cell 
(beyond recognising gammaH2AX) that are carried out by MDC1 in vertebrate cells 

The study is of great interest to readers working on chromatin responses to DNA 
damage in plants. 

3. How much time do you estimate the authors will need to
complete the suggested revisions:

Estimated time to Complete Revisions (Required) 

(Decision Recommendation) 

More than 6 months 

4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that
the content of your review will not be visible on Web of
Science.

Web of Science Reviewer Recognition 

No 

Review #3 
1. Evidence, reproducibility and clarity:

Evidence, reproducibility and clarity (Required) 

https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/
https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/


**Summary** 

The authors set out to find proteins containing BRCT domain to isolate the readers of 
phosphorylated H2A.X in plants. Using systematic analysis of the BRCT domain 
proteome, they discovered 21 proteins. Further analysis showed that BCP3 and BCP4 
are the ortholog of animal MDC1 and BCP1 is the animal ortholog of PAXIP1. They 
also extended their work to an evolutionary perspective, finding that BCP1 and BCP4 
in plants and PAXIP1 and MDC1 in metazoans evolved independently form a 
common ancestor. However, this manuscript raises some concerns. Checkout the 
comments and questions below. 

**Major comments:** 

1. If you think that BCP3 and BCP4 work as a mediator of DDR, can you show us that
those mutants have a defect of DDR? The authors only assessed true leaf developing.
Leaf developing is affected by not only DNA damage but also other factor. Therefore,
authors should show us additional data showing the BCP mutant lines show defective
of DNA damage response.
2. Do you have DNA damage sensitivity data for bcp3 bcp4 double mutants?
3. Some red algae have H2A.X but don't have BCP4 and BCP1 (Figure 4). In this
case, how do they read the phosphorylated H2A.X? Can you discuss the point?
4. L307-L312: I thought that the timing of the appearance of SQEF motif in H2A.X
differ from the appearance of BCP4 from Figure 4. Why do you say that the evolution
of BCP4 and H2A.X coincides?
5. Some red algae don't have BCP1, BCP4 and H2A.X. How do they transfer the
signal to downstream? Do you have any idea about this?
6. Title is not clear to understand. Please change it more suitable one.

**Minor comments:** 

7. I think you should show us a schematic representation of BAP1 and PAXIP1 to
compare both protein features.
8. L176-L178: Which data support this sentence?
9. L271-L279: There are unreadable characters at "TQx_".

2. Significance:

Significance (Required) 



*General assessment:*

This study give us an idea how organisms have evolved the upstream system of DDR. 

*Advances:*

This study extend the knowledge of DNA damage response in plants. 

*Audience:*

broad and basic research 

3. How much time do you estimate the authors will need to
complete the suggested revisions:

Estimated time to Complete Revisions (Required) 

(Decision Recommendation) 

Less than 1 month 

4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that
the content of your review will not be visible on Web of
Science.

Web of Science Reviewer Recognition 

Yes 

https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/
https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/


Full Revision

Manuscript number: RC-2023-02012 

Corresponding author(s): Frederic, Berger 

[Please use this template only if the submitted manuscript should be considered by the affiliate 

journal as a full revision in response to the points raised by the reviewers. 

If you wish to submit a preliminary revision with a revision plan, please use our "Revision Plan" 

template. It is important to use the appropriate template to clearly inform the editors of 

your intentions.] 

1. General Statements [optional]

This section is optional. Insert here any general statements you wish to make about the goal of 

the study or about the reviews. 

We thank reviewers for useful suggestions and comments on our manuscript which helped to 

improve and strengthen our conclusions.  Our point-by-point answers are below. We have 

answered most of the points raised by the reviewers and added numerous new experimental 

data including detailed structural and biochemical analyses that led to support further that BCP4 

(and not BCP3) is the plant functional counterpart of MDC1 because in response to DNA 

damage it binds phosphorylated H2A.X and recruits the MRN complex. In addition, we provide 

further support to the phylogenetic analysis and evidence for the plant counterpart of PAXIP1.  

We believe that our revised manuscript which includes a set of new experimental data strongly 

support our main conclusion that BCP4 is a functional counterpart of metazoan MDC1.  

2. Point-by-point description of the revisions

This section is mandatory. Please insert a point-by-point reply describing the revisions that were 

already carried out and included in the transferred manuscript.  

------------------------------------------------------------------------------  

Reviewer #1 (Evidence, reproducibility and clarity (Required)): 

MDC1 is a key regulator of DNA damage responses (DDR) in animals. MDC1 has multiple 

protein domains, in which the BRCT domain binds γH2A.X. However, plants lack the homolog of 

MDC1. In this study, the authors found that BCP4 binds γH2A.X and proposed that BCP4 is a 

functional counterpart of MDC1, which will greatly enhance our understanding of plant DDR 

pathway. I have the following concerns.  

1. The relationship between BCP3 and BCP4 needs to be clarified. Line 255, the authors

mentioned that"we conclude that BCP3 and BCP4 have functional properties as human MDC1".

Authors' Response to the Referees from Review Commons

https://docs.google.com/document/u/0/d/1HHp62Tfeb44nd3Gu_3ChB0b8gmMdEog7GjZcZFwHSiQ/edit
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In the Abstract, the authors mentioned that "we identified BCP4 as a candidate ortholog of 

human MDC1". I am confused about the conclusion. Both BCP3 and BCP4 are or only BCP4 is 

MDC1? In addition, in BCP3 and BCP4, only their BRCT domains share homology with MDC1. 

They lack other domains of MDC1. Therefore, "ortholog" may not be an appropriate term. I think 

"functional counterpart" may be a better term. 

Response: Our analysis emphasizes the fact that human MDC1 is very derived from an 

ancestral form MDC1 that did not share most domains found in MDC1 from mammals. Because 

it is still difficult to establish with certainly what the ancestral MDC1 was, we agree that 

functional counterpart is a more correct term, so we changed this accordingly throughout the 

manuscript. 

2. BCP1-4 all contains tandem BRCT domains. I am wondering whether it is possible to figure

out why only BCP3 and BCP4 bind γH2A.X through sequence analysis. Are there any key

residues essential for γH2A.X binding?

Response: We used AlphaFold models of tBRCT domain of BCP1, BCP2, BCP3, and BCP4.

While in Alphafold models the tBRCT domain of each BCP protein largely overlaps with a

structure of human MDC1 tBRCT domain, only the tBRCT domain of BCP3 and BCP4 are

predicted to make contacts with γH2A.X similar to that of human MDC1. Although residues that

are involved are not fully conserved between BCP3/4 and human MDC1 we obtain in vitro data

supporting that the interaction of BCP4 is mediated by a comparable pocket of three key

residues that contact the phosphate group of γH2A.X. See also answers to comments of

Referee #2 and new Figures 3 and 4, corresponding description on page 8-9, and Supporting

figure 3.

3. Line 183, "On an unrooted phylogenetic tree, these two proteins clustered with MDC1 and

PAXIP1 (Figure 1B).". In Figure 1B, MDC1 is closer to BCP3 and BCP4 than PAXIP1 and

PAXIP1 is closer to BCP2 than MDC1. If the authors want to include PAXIP1 in Figure 1C, the

authors should include BCP2 as well. In the γH2A.X binding assays, I do not understand why

the authors tested BCP1 instead of BCP2. In Figure 2D, why bcp2 was not included?

Response: We created a new alignment for Figure 1C including BCP2 tBRCT domain and the

tree that includes all BCP BRCT domain (Figure 1D) does support a close relation between

MDC1 and BCP3 and 4   and PAXIP1 and BCP1. As we stated on page 5-6 lines 175-178,

BCP2, also contains acetyltransferase domain, which is unique for plant BCP2 protein. Based

on its domain organization, BCP2 was not considered as a candidate for MDC1 homolog, and

we did not perform mutant complementation. This is why after our initial analysis of bcp mutants

(DNA damage sensitivity, formation of gammaH2A.X, and phylogeny), and based on similarities

with MDC1 and PAXIP1 we focused on bcp1, 3, and 4 mutants and the corresponding proteins.

The function of BCP2 remains to be investigated, but this is out of the scope of this manuscript

that is primarily dedicated to find the functional counterparts of MDC1 and PAXIP1.

4. The expression level of BCP1-4 in the mutants need to be examined using qRT-PCR.

Especially, for the bcp3 mutant, which is a weak allele.
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Response: We did not perform this experiment, because it was done in Vladejic et al., 2022 and 

expression data are available from various genomic dataset on TAIR. 

5. The authors used "bleomycin" or "zeocin" in different parts. Please be consistent.

Response: We consistently use Bleomycin for treatment of seedlings followed by western

blotting and Zeocin for true leaf assay. These two agents produce DNA double strand brakes in

similar ways, and we could show previously that levels of γH2A.X and γH2A.W.7 are similar

when using these two agents (Rosa M, Mittelsten Scheid O Bio. Protoc. 4:e1093. doi:

10.21769/BioProtoc.1093: Lorkovic et al., Curr Biol. 2017, doi: 10.1016/j.cub.2017.03.002).

Zeocin was chosen for true leaf assays because we observe lower variation between batches

and biological repeats compared with bleomycin.

7. Figure 3E and 3F, please indicate the treatments of the upper and lower panels.

Response: Thank you for pointing this out. This has been indicated in the corresponding legend

of the new Figure 3 A - C.

8. Line 338, "bcp1 mutants show reduced homologous recombination rates (Fan et al., 2022;

Vladejić et al., 2022; Yu et al., 2023)". The bcp1 mutant was not reported in Fan et al. paper.

Response: This sentence has been changed to accurately describe data in each of the

mentioned papers.

9. Line 40, please add a comma after "In ". Line 331, please add a comma after "In mammals".

animal

Response: This has been corrected.

10. Line 123, "only BRCA1 and BARD1 were described in plant lineage". Additional BRCT

proteins were described in plants, including XIP1 (Nat. Commun. 13:7942), BCP1/DDRM2 (New

Phytol. 238:1073-1084; Front. Plant Sci. 13:1023358), and DDRM1 (PNAS, 119: e2202970119).

Response: This sentence refers to known BRCT domain mediator/effector proteins. From the

published data about XIP1, BCP1/DDRM2, and DDRM1, it is not possible to assign these

functions to proteins in question. Nevertheless, we changed this sentence to avoid ambiguous

interpretation and we later in the text introduce XIP1, BCP1/DDRM2, and DDRM1 proteins as

needed.

Reviewer #1 (Significance (Required)): 

This study identified BCP4 as a functional counterpart of MDC1, which filled the gap of plant 

DDR signaling.  

Reviewer #2 (Evidence, reproducibility and clarity (Required)): 
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In this study, Frédéric Berger and colleagues identified BCP4 in Arabidopsis thaliana as a 

potential plant orthologue of vertebrate MDC1. The conclusions are based on both in silico 

analysis (phylogenetic analysis) and in vitro biochemical and cell biological experiments. BCP4 

loss causes sensitivity of DNA damage. Moreover, BCP4 binds to a phosphopeptide derived 

from the C-terminus of H2AX, via its C-terminal BRCT domains and forms foci in cells exposed 

to DNA damage, which co-localize with gammaH2AX foci.  

Major comments:  

The conclusions are generally supported by the data, but the evidence presented is still quite 

limited. For example, it is still possible that BCP4 recruitment to sites of DNA damage is 

mediated by another protein and not by direct interaction with gammaH2AX. To firmly conclude 

that BCP4 is an MDC1 orthologue, it is in my opinion essential to perform a (limited) 

mutagenesis analysis. The key amino acids in the BRCT domains that recognize gammaH2AX 

need to be mutated and it has to be shown that these mutants are defective for H2AX 

phosphopeptide binding and are not recruited to sites of DNA damage. Such residues may be 

tricky to identify, but one obvious candidate would be the Ser residue in beta1 (VLFS motif). In 

vertebrates, this is a Thr that directly interacts with the phosphate in gammaH2AX. Another 

possible critical site may be shortly before alpha2 (RTRN motif). In vertebrates, it is RTVK, and 

the K makes direct contacts with the phosphate in gammaH2AX. This function is perhaps 

carried out by an R. Structure prediction with alphafold may help to identify the most critical 

residues 

Response: We thank the reviewer for these suggestions. We used AphaFold to predict 

structures of tBRCT domains of all BCPproteins and compared them with structure of human 

MDC1 in complex with gamaH2A.X peptide. Based on these analyses we performed 

mutagenesis of critical amino acids in BCP4 based on their predicted interaction and their 

conservation. We showed that mutations of critical residues reduced or almost completely 

abolished binding of BCP4 to γH2A.X. These data are now part of the new Figure 4. See also 

corresponding description on page 8-9. 

In addition we provide genetic data that show that the foci formation of BCP4 depends on 

H2A.X (new Fig 3B and C). We did not attempt genetic complementation experiments with 

these mutants because it would take nine months to obtain stable transgenic plant lines 

expressing various mutant versions of BCP4 and the limitation of Arabidopsis transgenesis does 

not allow to control precisely the expression of transgenes, which could cause a difficult 

interpretation in this particular case. 

Another critical issue is the introduction of the study. This needs to be revised, because the 

literature is not correctly cited in several places. For example, the cited paper by Salguero et al., 

2019 did not show that the PST repeats of MDC1 constitute a docking site of TP53BP1, but 

instead, that the PST repeats can bind to chromatin independently of gammaH2AX.  

Response: We thank the reviewer for spotting this mistake. We carefully checked all references 

and corrected all wrongly associated ones or used original reports instead of reviews. 

Also, we did re-write some parts of the Introduction as referee #1 also asked for some 

clarification. 
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The data are generally well presented and convincing. The only thing that needs to be added is 

a quantification of the microscopic analysis (e.g. number of foci per cell, or similar).  

Response: We quantified the foci number in all mutants reported in Figure 2C. These data are 

now included in the new Figure 2D.  

Optional: it would be interesting to address the question why plants seem to have two MDC1 

orthologues. The longer BCP4 and the shorter BCP3. What is the functional difference between 

those? Do they perhaps distribute functions that are combined in one protein in vertebrate 

MDC1 on two different proteins?  

Response: Thank you for prompting us to address this outstanding question. We now provide 

evidence supporting that only BCP4 is a functional counterpart of MDC1. We show that a 

specific region of BCP4 but not BCP3 is able to interact with NBS1 of the MRN complex (see 

new Figure 6). Also, BCP3 is missing the N-terminal TQxϕ repeats present in BCP4. Although 

the function of these repeats is unknown at this point, these data together suggest some 

functional diversification between BCP3 and BCP4. We mention this  on page 11, lines 372-374. 

Reviewer #2 (Significance (Required)): 

The strength of the study is the detailed phylogenetic analysis. Also, the biochemistry and cell 

biology is well done.  

Limitations are the lack of evidence that BCP4 carries out functions in the cell (beyond 

recognising gammaH2AX) that are carried out by MDC1 in vertebrate cells  

Response: We thank the reviewer for pointing out this important point. To address it we 

performed pull-down assays with TQxϕ and SQ/DWD regions of BCP4 with NBS1 and found 

that Arabidopsis NBS1 interacts with the SQ/DWD region, and that this interaction is mediated 

by FHA+tBRCT of NBS1. Based on Alphafold prediction, we performed further deletion and 

point mutation analysis of the SQ/DWD region and defined that the binding of NBS1 requires an 

alpha-helix comprising sequence that is not conserved in BCP3. So, we concluded that a 

sequence specific of BCP4 (not in BCP3) is capable of recruiting the MRN subunit NBS1. 

At this point we could not demonstrate this in vivo by analyzing NBS1 foci in BCP4 mutant 

background. Unfortunately, commercial antibodies for plant NBS1 or other subunits of the MRN 

complex are not available, and to get transgenic plants expressing fluorescent protein tagged 

NBS1 would require a period much longer than the time for reasonable revisions of a 

manuscript. Nevertheless, our in vitro interaction data strongly argue for BCP4 having function 

in binding MRN complex as human MDC1, although the mode of interaction of BCP4 with NBS1 

is different from that of human MDC1 and NBS1. 

Please see the new Figure 6 and corresponding description on page 11-12. 

The study is of great interest to readers working on chromatin responses to DNA damage in 

plants.  
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Reviewer #3 (Evidence, reproducibility and clarity (Required)): 

Summary  

The authors set out to find proteins containing BRCT domain to isolate the readers of 

phosphorylated H2A.X in plants. Using systematic analysis of the BRCT domain proteome, they 

discovered 21 proteins. Further analysis showed that BCP3 and BCP4 are the ortholog of 

animal MDC1 and BCP1 is the animal ortholog of PAXIP1. They also extended their work to an 

evolutionary perspective, finding that BCP1 and BCP4 in plants and PAXIP1 and MDC1 in 

metazoans evolved independently form a common ancestor. However, this manuscript raises 

some concerns. Checkout the comments and questions below.  

Major comments: 

1) If you think that BCP3 and BCP4 work as a mediator of DDR, can you show us that those

mutants have a defect of DDR? The authors only assessed true leaf developing. Leaf

developing is affected by not only DNA damage but also other factor. Therefore, authors should

show us additional data showing the BCP mutant lines show defective of DNA damage

response.

Response: The “true leaf assay” is a classical assay for testing plant mutants for DNA damage

sensitivity (Rosa M, Mittelsten Scheid O  Bio. Protoc. 4:e1093. doi: 10.21769/BioProtoc.1093). If

DNA damage occurs and is not efficiently repaired, meristematic cells in shoot meristem are

arrested and do not divide, hence plants do not produce the first pair of “true” leaves after

cotyledons expand. In this assay cotyledons open and grow normally as they are already fully

determined and do not undergo any cell division after seed germination.

In this assay the treated WT seedlings also show a reduction of the number of plants with true

leaves as compared with untreated WT (100%).  Furthermore, WT and mutant seedlings

develop normally and comparably without Zeocin induced DNA damage.

2) Do you have DNA damage sensitivity data for bcp3 bcp4 double mutants?

Response: We obtained bcp3bcp4 double mutant and tested it for DNA damage sensitivity. The

double mutant is slightly more sensitive than bcp4 single mutant, but not as sensitive as H2A.X

mutant. The reason for this is presumably the nature of the bcp3 mutant allele available, with a

T-DNA insertion located in the 5’-UTR with some residual expression of BCP3 protein as

reported by Vladejic et al., 2022. We did not feel that this would improve the manuscript, so we

did not include this data. To obtain a new mutant allele would take time and work beyond the

reasonable time required for revision. In addition, since we show that the functional counterpart

of MDC1 is BCP4, we did not think that it is relevant to pursue further the characterization of the

function of BCP3 in the context of this manuscript.

3) Some red algae have H2A.X but don't have BCP4 and BCP1 (Figure 4). In this case, how do

they read the phosphorylated H2A.X? Can you discuss the point?
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Response: Actually, most red algae do not even have H2A.X. At this point we do not have data 

that could answer this question and it is difficult to make any prediction about this. Analysis of 

DDR system in red algae is totally beyond the scope of the current manuscript. See also answer 

to comment #5. 

4) L307-L312: I thought that the timing of the appearance of SQEF motif in H2A.X differ from the

appearance of BCP4 from Figure 4. Why do you say that the evolution of BCP4 and H2A.X

coincides?

Response: we thank the Reviewer for pointing out the need for clarification.

Histone H2A with a C-terminal SQEF/Y motif is categorized as H2A.X that distinguishes this

variant from H2A.Z (not discussed here) and H2A itself. In Archaeplastida many algal species

possess either H2A or H2A.X. Only in streptophytes the ancestral gene duplicated leading to

neofunctionalization of both H2A and H2A.X and in this case H2A.X form a monophyletic

clade. The evolution of BPC1 and 4 are slightly posterior or coincident with this

neofunctionalized H2A.X variant, suggesting co-evolution in streptophytes.

5) Some red algae don't have BCP1, BCP4 and H2A.X. How do they transfer the signal to

downstream? Do you have any idea about this?

Response: To address this interesting question we re-analyzed BRCT domain proteome of the

red algae and again could not find any protein containing features of BCP4 present in green

algae and land plants or in Opistokont MDC1.

We did find that red algae without MDC1 do encode MRE11, RAD50 but not NBS1. Also,

components of non-homologous end joining DNA repair pathway, Ku70 and Ku80 are

conserved in these organisms. So, how some red algae cope with DNA damage remains

enigmatic. Similarly unicellular red algae do not have the classical autophagy pathway. This is

the result of the very strong genome reduction (< 20Mb). Red algae likely involve alternative

pathways, yet to be identified, in recruiting DNA repair machinery. As answering this question

was out of the scope of this work, we did not include any further comments on this issue.

6) Title is not clear to understand. Please change it more suitable one.

Response: Thanks for this comment. We did change title of the manuscript to avoid ambiguity.

Minor comments: 

6) I think you should show us a schematic representation of BAP1 and PAXIP1 to compare both

protein features.

Response: We added schematic presentation of PAXIP1 to Supporting Figure 2B.

7) L176-L178: Which data support this sentence?

Response: The sentence in question: “BCP1 has two tBRCT domains positioned at the N- and

C-terminus and a so far unrecognized C-terminal PHD finger which is present in all plant

lineages except Brassicaceae (Supporting Figure S1A and S2A).”

Response: Our data presented on Supporting Figure S1A (schematic presentation of BCP1

protein with indicated PHD finger consensus sequence) and S2A and Source data (alignment of



Full Revision

PHD fingers in BCP1 in flowering plants, non-flowering land plants and multicellular green 

algae) clearly demonstrate the presence of a C-terminal PHD finger in BCP1 except in 

Brassicaceae. These can also be seen in the full complement of BCP1 sequences that are 

available in Source data. 

8) L271-L279: There are unreadable characters at "TQx_".

Response: This very likely appeared during conversion into PDF file. We fixed this now. 

Reviewer #3 (Significance (Required)): 

Significance:  

General assessment:  

This study give us an idea how organisms have evolved the upstream system of DDR. 

Advances:  

This study extend the knowledge of DNA damage response in plants. 

Audience:  

broad and basic research 



5th Feb 20241st Editorial Decision

Dear Dr. Berger, 

Thank you for the submission of your revised manuscript. We have now received the enclosed reports from the referees.
Referee 3 still has a few more suggestions that I would like you to address and incorporate before we can proceed with the
official acceptance of your manuscript. 

A few editorial requests will also need to be addressed: 

- Please reduce the number of keywords to 5.

- Please remove the author credits from the ms file. All credits need to be entered online during ms submission.

- Please correct the reference format to the EMBO reports style - DOIs should only be used for preprints and datasets that have
not been published yet; and please double-check whether "et al" is used after 10 author names. The EMBO reports reference
style is also in EndNote.

- Please co-submit a completed author checklist, which you can download from our author guidelines . The completed author
checklist will also be part of the transparent peer-review process file.

- The funding info in the ms does not match what is entered during ms submission online, please correct. All funding info must
be listed also during online ms submission.

- Please upload all main and EV (expanded view) figures as one individual file per figure. The EV figure legends need to be listed
after the main figure legends in the main ms file. You can find more information about our figure types in our guide to authors
online.

- Please move Table 1 to the methods section.

- You uploaded 3 pdf files with source data as Suppl. Material. Please upload source data as source data files. Hannah will also
contact you with more information regarding the source data.

- Please address the following comments by our data editors:
1. Please note that a separate 'Data Information' section is required in the legends of figures 2a, d; 3a-f; 5a-c.
2. Please note that the box plot needs to be defined in terms of minima, maxima, centre, bounds of box and whiskers, and
percentile in the legend of figure 2d.
3. Please note that information related to n is missing in the legends of figures 2a-e.

I would like to suggest a few minor changes to the title and abstract. Please let me know whether you agree with the following: 

Identification of plants' functional counterpart of the metazoan Mediator of DNA Damage Checkpoint 1 

Induction of DNA damage triggers rapid phosphorylation of histone H2A.X (γH2A.X). In animals, mediator of DNA damage
checkpoint 1 (MDC1) binds γH2A.X through a tandem BRCA1 carboxyl-terminal (tBRCT) domain and mediates recruitment of
downstream effectors of the DNA damage response (DDR). However, readers of this modification in plants have remained
elusive. We show that from the Arabidopsis BRCT domain proteome, BCP1-4 proteins with tBRCT domains are involved in
DDR. Through its tBRCT domain BCP4 binds γH2A.X in vitro and localizes to DNA damage-induced foci in an H2A.X-dependent
manner. BCP4 also contains a domain that interacts directly with NBS1 and thus acts as a functional counterpart of MDC1. We
also show that BCP1, that contains two tBRCT domains, co-localizes with γH2A.X but it does not bind γH2A.X, suggesting
functional similarity with human PAXIP1. A phylogenetic analysis supports that PAXIP1 and MDC1 in metazoa and their plant
counterparts evolved independently from common ancestors with tBRCT domains. Collectively, our study reveals missing
components and provides mechanistic and evolutionary insights into plant DDR. 

EMBO press papers are accompanied online by A) a short (1-2 sentences) summary of the findings and their significance, B) 2-
3 bullet points highlighting key results and C) a synopsis image that is exactly 550 pixels wide and 200-600 pixels high (the
height is variable). You can either show a model or key data in the synopsis image. Please note that text needs to be readable
at the final size. Please send us this information along with the final manuscript. 

Best regards, 
Esther 



Esther Schnapp, PhD 
Senior Editor 
EMBO reports 

Referee #1: 

The authors have performed addition experiments to support the conclusion. I have no other concerns. 

Referee #3: 

This review addresses the revised version of the manuscript submitted to Review commons by the same authors last year. 
My previous concerns have been mostly addressed. Specifically, much more evidence has been collected to support the 
conclusion that BCP4 is a plant MDC1 orthologue. I particularly liked the AlphaFold2 guided site directed mutagenesis approach. 
The manuscript would have benefitted from additional quantitative assessment of the interaction between BCP4 tBRCT domains 
and yH2AX phosphopeptides, e.g. by fluorescence polarisation. However, this is not essential in my opinion. 

Figure 6 is totally new and identifies a putative NBS1 interaction site in BCP4. This part of the story is still underdeveloped. While 
AF2-guided structural modelling and biochemical interaction studies suggest that plants have evolved a different MDC1 
interaction mechanism with NBS1, I found it a bit peculiar that the plant NBS1 N-terminal regions still contained the FHA/BRCT 
domains present in vertebrate NBS1, but would only use BRCT2 to interact with MDC1(BCP4). This is quite unlikely given that 
vertebrate MDC1 interacts with both FHA domain and tBRCT domains. It is therefore likely that there are other regions in BCP4 
that interact with NBS1. 
It is also a pity that the authors did not include any cell biology data in this part of the story. For example, it would have been nice 
to see if BCP4 and NBS1 co-localize in foci and if deletion of BCP4 leads to a defect in MRN foci as does loss of MDC1 in 
vertebrate cells. 

As a minimal revision necessary for acceptance, I would suggest to include quality criteria for the AF2 multimer models. 
Currently, two parameters are mostly used in the field: pdockq and average interface pae (see e.g. predictomes.org). 

__________________ 
Referee #1: 

The authors have performed addition experiments to support the conclusion. I have no other concerns. 

Referee #3: 

This review addresses the revised version of the manuscript submitted to Review commons by the same authors last year. 
My previous concerns have been mostly addressed. Specifically, much more evidence has been collected to support the 
conclusion that BCP4 is a plant MDC1 orthologue. I particularly liked the AlphaFold2 guided site directed mutagenesis approach. 
The manuscript would have benefitted from additional quantitative assessment of the interaction between BCP4 tBRCT domains 
and yH2AX phosphopeptides, e.g. by fluorescence polarisation. However, this is not essential in my opinion. 

Figure 6 is totally new and identifies a putative NBS1 interaction site in BCP4. This part of the story is still underdeveloped. While 
AF2-guided structural modelling and biochemical interaction studies suggest that plants have evolved a different MDC1 
interaction mechanism with NBS1, I found it a bit peculiar that the plant NBS1 N-terminal regions still contained the FHA/BRCT 
domains present in vertebrate NBS1, but would only use BRCT2 to interact with MDC1(BCP4). This is quite unlikely given that 
vertebrate MDC1 interacts with both FHA domain and tBRCT domains. It is therefore likely that there are other regions in BCP4 
that interact with NBS1. 
It is also a pity that the authors did not include any cell biology data in this part of the story. For example, it would have been nice 
to see if BCP4 and NBS1 co-localize in foci and if deletion of BCP4 leads to a defect in MRN foci as does loss of MDC1 in 
vertebrate cells. 

As a minimal revision necessary for acceptance, I would suggest to include quality criteria for the AF2 multimer models. 
Currently, two parameters are mostly used in the field: pdockq and average interface pae (see e.g. predictomes.org). 

*** 
Rev_Com_number: RC-2023-02012 
New_manu_number: EMBOR-2024-58742V1 
Corr_author: Berger 
Title: Identification of plants functional counterparts of the metazoan Mediator of DNA Damage Checkpoint 1



Rev_Com_number: RC-2023-02012  

New_manu_number: EMBOR-2024-58742V1 

Dear Esther,  

Thank you for your feedback on our revised manuscript and supportive comments. 

We are now addressing a final revised version addressing the following editorial requests 

- We reduced the number of keywords to 5.

- We removed the author credits from the ms file and placed them online.

- The reference format was adjusted to the EMBO reports style

- We are co-submitting a completed author checklist.

- The funding listed in the manuscript now match the online data.

- Please upload all main and EV (expanded view) figures as one individual file per figure.

The EV figure legends need to be listed after the main figure legends in the main ms file. You

can find more information about our figure types in our guide to authors online.

- Table 1 was moved to the methods section.

- Source data was correctly placed to source data files.

- A separate 'Data Information' section is placed in the legends of figures 2a, d; 3a-f; 5a-c.

- The box plot is now defined in the legend of figure 2d.

- n was defined in the legends of figures 2a-e.

- We thank you for the suggested changes to the title and abstract and agree

- We included A)a short (1-2 sentences) summary of the findings and their significance, B) 2-

3 bullet points highlighting key results and C) a synopsis image that is exactly 550 pixels

wide and 200-600 pixels high (the height is variable). You can either show a model or key

data in the synopsis image.

- You will find specific replies to reviewers comments below.

Best regards, 

Fred 

Referee #3: 

This review addresses the revised version of the manuscript submitted to Review commons 

by the same authors last year.  

My previous concerns have been mostly addressed. Specifically, much more evidence has 

13th Feb 20241st Authors' Response to Reviewers



been collected to support the conclusion that BCP4 is a plant MDC1 orthologue. I particularly 

liked the AlphaFold2 guided site directed mutagenesis approach. The manuscript would 

have benefitted from additional quantitative assessment of the interaction between BCP4 

tBRCT domains and yH2AX phosphopeptides, e.g. by fluorescence polarisation. However, 

this is not essential in my opinion.  

Figure 6 is totally new and identifies a putative NBS1 interaction site in BCP4. This part of 

the story is still underdeveloped. While AF2-guided structural modelling and biochemical 

interaction studies suggest that plants have evolved a different MDC1 interaction mechanism 

with NBS1, I found it a bit peculiar that the plant NBS1 N-terminal regions still contained the 

FHA/BRCT domains present in vertebrate NBS1, but would only use BRCT2 to interact with 

MDC1(BCP4). This is quite unlikely given that vertebrate MDC1 interacts with both FHA 

domain and tBRCT domains. It is therefore likely that there are other regions in BCP4 that 

interact with NBS1. 

At this point our data show that interaction of NBS1 and BCP4 is mediated by the second 

BRCT domain. We agree that this is somehow unexpected considering conservation of the 

FHA-tBRCT module between plants and animals. However, plant MDC1 (BCP4) does not 

contain SDTD motifs that are recognized by human NBS1.  So, the existence of different 

modes of interactions may not be surprising. 

Nevertheless, we included following statement on page 13, lanes 412-417: Although our 

data strongly support interaction of NBS1 and BCP4, we cannot exclude the possibilities (i) 

that the SQ dipeptides upstream of the NBS1 binding site are phosphorylated upon induction 

of the DNA damage and thereby modulate NBS1 binding as well as (ii) the existence of other 

interaction sites which would involve FHA domain of BCP4 as described for human NBS1 

(Lloyd et al, 2009; Williams et al, 2009; Hari et al, 2010). 

It is also a pity that the authors did not include any cell biology data in this part of the story. 

For example, it would have been nice to see if BCP4 and NBS1 co-localize in foci and if 

deletion of BCP4 leads to a defect in MRN foci as does loss of MDC1 in vertebrate cells.  

At this point we could not demonstrate this in vivo by analyzing NBS1 foci in BCP4 mutant 

background. Unfortunately, commercial antibodies for plant NBS1 or other subunits of the 

MRN complex are not available, and to get transgenic plants expressing fluorescent protein 

tagged NBS1 would require a period much longer than the time for reasonable revisions of a 

manuscript. Nevertheless, our in vitro interaction data strongly argue for BCP4 having 

function in binding MRN complex as human MDC1, although the mode of interaction of 

BCP4 with NBS1 seems to be different from that of human MDC1 and NBS1. 

Also, we address this at the end of Discussion section with following sentence page 13, 

lanes 437-438: It will also be important to monitor dynamics of BCP4, BCP1, NBS1 (MRN) 

foci formation in genetic backgrounds depleted of components of plant DDR. 

As a minimal revision necessary for acceptance, I would suggest to include quality criteria 

for the AF2 multimer models. Currently, two parameters are mostly used in the field: pdockq 

and average interface pae (see e.g. predictomes.org).  

We included PAE plots and corresponding iPTM values into Figure EV5A. 



19th Feb 20241st Revision - Editorial Decision

Dr. Frédéric Berger
Gregor Mendel Institute (GMI)
Austrian Academy of Sciences, Vienna Biocenter
Dr. Bohr Gasse 3, 1030
Vienna 1030
Austria

Dear Dr. Berger,

I am very pleased to accept your manuscript for publication in the next available issue of EMBO reports. Thank you for your
contribution to our journal.

Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment
information. 

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https://www.embopress.org/page/journal/14693178/authorguide#chargesguide

Should you be planning a Press Release on your article, please get in contact with embo_production@springernature.com as
early as possible in order to coordinate publication and release dates. 

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to EMBO
Reports. 

Yours sincerely, 

Esther Schnapp, PhD
Senior Editor
EMBO reports

------------------------------------------------ 

>>> Please note that it is EMBO Reports policy for the transcript of the editorial process (containing referee reports and your
response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to inform the
Editorial Office via email immediately. More information is available here: https://www.embopress.org/transparent-
process#Review_Process

***
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New_manu_number: EMBOR-2024-58742V2
Corr_author: Berger 
Title: Identification of plants' functional counterpart of the metazoan Mediator of DNA Damage Checkpoint 1
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The EMBO Journal - Author Guidelines

EMBO Reports - Author Guidelines
Molecular Systems Biology - Author Guidelines
EMBO Molecular Medicine - Author Guidelines

Please note that a copy of this checklist will be published alongside your article.

Abridged guidelines for figures
1. Data
The data shown in figures should satisfy the following conditions:

➡

➡
➡
➡
➡

2. Captions

➡
➡
➡
➡
➡
➡

➡
➡ definitions of statistical methods and measures:

- 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. 

Materials

Newly Created Materials Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

New materials and reagents need to be available; do any restrictions 
apply? Not Applicable

Antibodies Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

For antibodies provide the following information:
- Commercial antibodies: RRID (if possible) or supplier name, catalogue 
number and or/clone number
- Non-commercial: RRID or citation

Yes Methods

DNA and RNA sequences Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the 
sequences. Not Applicable

Cell materials Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Cell lines: Provide species information, strain. Provide accession number 
in repository OR supplier name, catalog number, clone number, and/OR 
RRID.

Not Applicable

Primary cultures: Provide species, strain, sex of origin, genetic 
modification status. Not Applicable

Report if the cell lines were recently authenticated (e.g., by STR profiling) 
and tested for mycoplasma contamination. Not Applicable

Experimental animals Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex, 
age, genetic modification status. Provide accession number in repository 
OR supplier name, catalog number, clone number, OR RRID.

Not Applicable

Animal observed in or captured from the field: Provide species, sex, 
and age where possible. Not Applicable

Please detail housing and husbandry conditions. Not Applicable

Plants and microbes Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant, 
unique accession number if available, and source (including location for 
collected wild specimens).

Yes Methods

Microbes: provide species and strain, unique accession number if 
available, and source. Yes Methods

Human research participants Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex 
and gender or ethnicity for all study participants. Not Applicable

Core facilities Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in 
the acknowledgments section? Yes Acknowledgments

Design

- 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;
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Select "Not Applicable" only when the requested information is not relevant for your study.

if n<5, the individual data points from each experiment should be plotted.  Any statistical test employed should be justified.
Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data 

Each figure caption should contain the following information, for each panel where they are relevant:
a specification of the experimental system investigated (eg cell line, species name).
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.

ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.
plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical 

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.).
a statement of how many times the experiment shown was independently replicated in the laboratory.
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Study protocol Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If study protocol has been pre-registered, provide DOI in the 
manuscript. For clinical trials, provide the trial registration number OR cite 
DOI.

Not Applicable

Report the clinical trial registration number (at ClinicalTrials.gov or 
equivalent), where applicable. Not Applicable

Laboratory protocol Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step 
protocols are available. Not Applicable

Experimental study design and statistics Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Include a statement about sample size estimate even if no statistical 
methods were used. Not Applicable

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

Not Applicable

Include a statement about blinding even if no blinding was done. Not Applicable

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

If sample or data points were omitted from analysis, report if this was due 
to attrition or intentional exclusion and provide justification.

Not Applicable

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?

Yes

Sample definition and in-laboratory replication Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

In the figure legends: state number of times the experiment was replicated 
in laboratory. Yes Figure legends

In the figure legends: define whether data describe technical or biological 
replicates. Yes Figure legend 2B

Ethics
Ethics Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
Studies involving human participants: State details of authority granting 
ethics approval (IRB or equivalent committee(s), provide reference 
number for approval.

Not Applicable

Studies involving human participants: 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.

Not Applicable

Studies involving human participants: For publication of patient photos, 
include a statement confirming that consent to publish was obtained. Not Applicable

Studies involving experimental animals: State details of authority 
granting ethics approval (IRB or equivalent committee(s), provide 
reference number for approval. Include a statement of compliance with 
ethical regulations.

Not Applicable

Studies involving specimen and field samples: State if relevant permits 
obtained, provide details of authority approving study; if none were 
required, explain why.

Not Applicable

Dual Use Research of Concern (DURC) Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Could your study fall under dual use research restrictions? Please check 
biosecurity documents and list of select agents and toxins (CDC): 
https://www.selectagents.gov/sat/list.htm 

Not Applicable

If you used a select agent, is the security level of the lab appropriate and 
reported in the manuscript? Not Applicable

If a study is subject to dual use research of concern regulations, is the 
name of the authority granting approval and reference number for the 
regulatory approval provided in the manuscript?

Not Applicable

Reporting

Adherence to community standards Information included in 
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

State if relevant guidelines or checklists (e.g., ICMJE, MIBBI, ARRIVE, 
PRISMA) have been followed or provided.

Not Applicable

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.

Not Applicable

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.

Not Applicable

Data Availability
Data availability Information included in 

the manuscript?
In which section is the information available?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Have primary datasets been deposited according to the journal's 
guidelines (see 'Data Deposition' section) and the respective accession 
numbers provided in the Data Availability Section?

Not Applicable

Were human clinical and genomic datasets deposited in a public access-
controlled repository in accordance to ethical obligations to the patients and 
to the applicable consent agreement?

Not Applicable

Are computational models that are central and integral to a study 
available without restrictions in a machine-readable form? Were the 
relevant accession numbers or links  provided?

Not Applicable

If publicly available data were reused, provide the respective data citations 
in the reference list. Not Applicable
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