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26th Aug 20191st Editorial Decision

Dear Dr. Santocanale, 

Thank you for the t ransfer of your manuscript  to EMBO reports. We have now received the full set
of referee reports on it . 

As you will see, the referees acknowledge that the findings are potent ially interest ing. However,
they also all point  out that  the role of CDC7 in replicat ion elongat ion must be separated from its role
in replicat ion init iat ion. Referees 1 and 2 further request that  a potent ial role for Mre11 downstream
of CDC7 needs to be strengthened. 

Given these construct ive comments, we would like to invite you to revise your manuscript  with the
understanding that the referee concerns must be fully addressed and their suggest ions taken on
board. Please address all referee concerns in a complete point-by-point  response. Acceptance of
the manuscript  will depend on a posit ive outcome of a second round of review. It  is EMBO reports
policy to allow a single round of revision only and acceptance or reject ion of the manuscript  will
therefore depend on the completeness of your responses included in the next, final version of the
manuscript .

Revised manuscripts should be submit ted within three months of a request for revision; they will
otherwise be treated as new submissions. Please contact  us if a 3-months t ime frame is not
sufficient  for the revisions so that we can discuss this further. You can either publish the study as a
short  report  or as a full art icle. For short  reports, the revised manuscript  should not exceed 29,000
characters (including spaces but excluding materials & methods and references) and 5 main plus 5
expanded view (EV) figures. The results and discussion sect ions must further be combined, which
will help to shorten the manuscript  text  by eliminat ing some redundancy that is inevitable when
discussing the same experiments twice. For a normal art icle there are no length limitat ions, but it
should have more than 5 main figures and the results and discussion sect ions must be separate. In
both cases, the ent ire materials and methods must be included in the main manuscript  file.

Regarding data quant ificat ion, please specify the number "n" for how many independent
experiments were performed, the bars and error bars (e.g. SEM, SD) and the test  used to calculate
p-values in the respect ive figure legends. This informat ion must be provided in the figure legends.
Please also include scale bars in all microscopy images.

When submit t ing your revised manuscript , please carefully review the instruct ions that follow below.
Failure to include requested items will delay the evaluat ion of your revision.

1) a .docx formatted version of the manuscript  text  (including legends for main figures, EV figures
and tables). Please make sure that the changes are highlighted to be clearly visible.

2) individual product ion quality figure files as .eps, .t if, .jpg (one file per figure).
See ht tps://wol-prod-cdn.literatumonline.com/pb-assets/embo-
site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf for more info on how to prepare
your figures.

3) We replaced Supplementary Informat ion with Expanded View (EV) Figures and Tables that are
collapsible/expandable online. A maximum of 5 EV Figures can be typeset. EV Figures should be
cited as 'Figure EV1, Figure EV2" etc... in the text  and their respect ive legends should be included in



the main text  after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be
bundled together with their legends in a single PDF file called *Appendix*, which should start  with a
short  Table of Content. Appendix figures should be referred to in the main text  as: "Appendix Figure
S1, Appendix Figure S2" etc. See detailed instruct ions regarding expanded view here:
<https://www.embopress.org/page/journal/14693178/authorguide#expandedview>

- Addit ional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc.
Legends have to be provided in a separate tab in case of .xls files. Alternat ively, the legend can be
supplied as a separate text  file (README) and zipped together with the Table/Dataset file.

4) a .docx formatted let ter INCLUDING the reviewers' reports and your detailed point-by-point
responses to their comments. As part  of the EMBO Press transparent editorial process, the point-
by-point  response is part  of the Review Process File (RPF), which will be published alongside your
paper.

5) a complete author checklist , which you can download from our author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide>. Please insert  informat ion in the
checklist  that  is also reflected in the manuscript . The completed author checklist  will also be part  of
the RPF.

6) Please note that all corresponding authors are required to supply an ORCID ID for their name
upon submission of a revised manuscript  (<https://orcid.org/>). Please find instruct ions on how to
link your ORCID ID to your account in our manuscript  t racking system in our Author guidelines 
<https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>

7) Our journal also encourages inclusion of *data citat ions in the reference list* to direct ly cite
datasets that were re-used and obtained from public databases. Data citat ions in the art icle text
are dist inct  from normal bibliographical citat ions and should direct ly link to the database records
from which the data can be accessed. In the main text , data citat ions are formatted as follows:
"Data ref: Smith et  al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the
Reference list , data citat ions must be labeled with "[DATASET]". A data reference must provide the
database name, accession number/ident ifiers and a resolvable link to the landing page from which
the data can be accessed at  the end of the reference. Further instruct ions are available at
ht tps://www.embopress.org/page/journal/14693178/authorguide#referencesformat

8) We would also encourage you to include the source data for figure panels that show essent ial
data. Numerical data should be provided as individual .xls or .csv files (including a tab describing the
data). For blots or microscopy, uncropped images should be submit ted (using a zip archive if
mult iple images need to be supplied for one panel). Addit ional informat ion on source data and
instruct ion on how to label the files are available at
<https://www.embopress.org/page/journal/14693178/authorguide#sourcedata>.

We would also welcome the submission of cover suggest ions, or mot ifs to be used by our Graphics
Illustrator in designing a cover.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File (RPF) to accompany accepted manuscripts. This File will be published in
conjunct ion with your paper and will include the referee reports, your point-by-point  response and



all pert inent correspondence relat ing to the manuscript . 

You are able to opt out of this by let t ing the editorial office know (emboreports@embo.org). If you
do opt out, the Review Process File link will point  to the following statement: "No Review Process
File is available with this art icle, as the authors have chosen not to make the review process public
in this case."

I look forward to seeing a revised version of your manuscript  when it  is ready. Please let  me know if
you have quest ions or comments regarding the revision. 

Kind regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO Reports

Referee #1:

In this paper the authors examine the funct ion of CDC7 in controlling replicat ion elongat ion and
stress responses. The authors observed that CDC7 inhibit ion reduced replicat ion stress signaling,
reduced nascent strand degradat ion in BRCA2-deficient  cells, and altered replicat ion fork restart .
The authors conclude that these effects are due to direct  effects of CDC7 on replicat ion elongat ion
and specifically on the funct ion of the MRE11 nuclease. While this is possible, the authors do not
rule out alternat ive explanat ions for the observat ions. In part icular, CDC7 has an essent ial funct ion
in replicat ion init iat ion. Changes in init iat ion could indirect ly cause many of the effects observed.
Thus, it  is imperat ive for the authors to clearly and convincingly separate the putat ive role of CDC7
in controlling elongat ion from its funct ion in init iat ion. In the absence of a clear separat ion of
funct ion, the data do not adequately support  the conclusions.

Specific comments:

1. Cdc7 inhibit ion will inhibit  origin firing and decrease the number of act ive replicat ion forks. Why
couldn't  the results in figure 1 be explained by a reduct ion in replicat ion init iat ion? A decrease in fork
numbers would explain the reduct ion in signaling observed in Figure 1 as well as the reduct ion in
DNA DSBs observed in Figure 1d. Thus, the conclusions that "CDC7 inhibit ion alters fork
processing..." and "CDC7 act ivity is required for the t ransit ion from a stalled to a collapsed
replicat ion fork" on the second page of the results sect ion cannot be made by the data presented
up to that point . To make such a conclusion the authors would need to separate the well-
established funct ion of CDC7 in replicat ion init iat ion from the proposed funct ions in elongat ion. This
same issue creates problems in interpret ing all of the data throughout the manuscript . The only
place I could find where the authors acknowledge this problem is on the second page of the
discussion where they state that the doses of CDC7i used in this work would have "limited effect"
on origin firing. The evidence they point  to for this statement is one of their previous publicat ions
which did not direct ly measure either the numbers of replicat ion forks or rates of init iat ion. I also
don't  know what "limited effect" means. Any reduct ion in origin firing would yield changes in the
experiments presented. 



2. The conclusion that the mechanism of CDC7 funct ion at  act ive forks may be via regulat ion of
MRE11 is based on very preliminary and limited data. While I would not expect a full descript ion of
mechanism in this paper, the data looking at  MRE11 needs to be improved. For example, the
statement that "Treatment with the CDC7 inhibitor dramat ically reduced the degree of
colocalizat ion" is not an accurate descript ion of the data presented. The amount of co-localizat ion
in the HU condit ion is less than 0.2 (Pearson's correlat ion), which is quite low already. It  then
changes to a mean of -0.1 with a very large error bar. I would not describe these as "dramat ically"
different. An accurate descript ion of this data is needed. A second measure of Mre11 localizat ion to
replicat ion forks should also be made such as measurement of co-localizat ion of Mre11 with
incorporated BrdU or with RPA. 

3. In the DNA fiber analysis in figure 3 when was XL413 removed? If it  was not removed then
perhaps the reduct ion in red+green is actually due to a reduct ion in new origin firing. Dormant
origins are known to fire during replicat ion stress. These could rescue DNA synthesis in the
absence of the XL413 treatment.

4. I am confused by the way the data in figure 3d is presented. Why show the rat io of IdU to CldU if
the conclusion is about elongat ion rates? A rat io cannot be used to make a conclusion about the
differences in speed between samples especially since the CPT treatment is shown to be in both
labeling periods. In fact , if the only effect  of CPT treatment were to increase fork reversal and slow
elongat ion, then then both the CldU and IdU lengths should be shorter in this experiment which is
not what the authors observed. 

5. Please include more informat ion in the figure legends and results sect ion about how some
experiments were performed. The methodology says that "In general, a 30 minutes pre-treatment
with kinases inhibitors was used..." Was this how figure 1 was completed? 

6. If CDC7 is act ing at  stalled replicat ion forks to control the act ion of MRE11 or other proteins, then
it  should be possible to see effects of CDC7 inhibitor addit ion after HU addit ion. No pretreatment
should be required. 

7. In several cases it  was unclear to me if the authors are equat ing "replisome stability" with
"replicat ion fork stability". The first  refers to the protein machinery and the second refers to the
DNA structure. They are not equivalent. 

Referee #2:

In their manuscript  t it led "CDC7 kinase directs MRE11 processing at  replicat ion forks thereby
modulat ing fork speed and chromosomal breakage upon genotoxic stress" Rainey et  al report  a
series of interest ing, novel and potent ially important observat ions suggest ing that Cdc7 kinase, in
addit ion to its role in controlling DNA replicat ion init iat ion, regulates a mult itude of events at  stalled
replicat ion forks in human cells. 
They showed that Cdc7 chemical or genet ic inhibit ion suppresses DSB format ion and
phosphorylat ion of DNA-damage response markers in response to HU. Chemical inhibit ion of Cdc7
impedes restart  of replicat ion forks previously stalled in HU and also the act ive slowdown of
replicat ion rate seen in low doses of CPT. Furthermore, they clearly showed that Cdc7 chemical
inhibit ion has no effect  on fork reversal, but  it  inhibits the excessive degradat ion of unprotected
reversed forks in cells deficient  for BRCA2. They suggest that  this new emerging role of Cdc7 in



stalled replicat ion is mediated by Cdc7-induced MRE11 re-localizat ion to stalled replicat ion
factories. 
Overall, this paper makes an important contribut ion towards the field and raises new hypotheses of
Cdc7 funct ion in DNA replicat ion in human cells. 

However, there are some concerns. 

Major comments

a) MRE11 involvement. The manuscript  strongly states that MRE11 mediates Cdc7 role at  the
stalled replicat ion fork. Based on the literature, MRE11 may seem like the obvious candidate.
However, the evidence presented here regarding MRE11 as the targeted nuclease controlled by
Cdc7 was not convincing and needs strengthening by more direct  experiments. Moreover, the
specific involvement of MRE11 in each of the Cdc7-regulated processes put forward by this
manuscript  (fork restart  in HU and slowdown replicat ion rate in CPT mainly) was not clearly shown. 

b) Cdc7 funct ion in DNA replicat ion init iat ion. The well-established role of Cdc7 in origin firing
regulat ion could serve as an alternat ive explanat ion for some of the results presented here. The
authors could address through other origin firing inhibitors (like CDK inhibitors). I realise that to fully
address this concern would involve new experiments. However, I think that it  is an important issue
that the authors must minimally address somehow and acknowledge throughout the manuscript .

c) Lack of connect ion between the described Cdc7 regulated processes. Although the findings in
this manuscript  are novel and interest ing for the field, the way the manuscript  is presented seems
more like a collect ion of phenotypes of Cdc7 inhibit ion than a cohesive story about Cdc7
involvement in stressed forks. The manuscript  would great ly benefit  from a more substant ial
discussion of the possible links between the different processes and a more holist ic view of Cdc7
role in stalled forks. 

Minor comments
Specific comments of MRE11 experiments in this manuscript :
In Figure 2
Panel B) MRE11 and EXO1 chromatin levels shown here seems to be constant regardless long HU
treatments and ATM inhibit ion.

Panel C) The MRE11 foci depicted here, are S phase dependent? Are HU dependent? Are there
some difference in the amount of foci in those condit ions?

Such data would great ly strengthen this paper and the make the findings and conclusions involving
MRE11 more than speculat ive. 

Referee #3:

This paper addresses the role of the CDC7 kinase in stabilising and restart ing stalled replicat ion
forks. There has been discussion of a possible role for CDC7 in fork stability for many years, but firm
evidence and clear mechanisms have been lacking. Of part icular interest  is the observat ion in this



paper that CDC7 acts epistat ically with MRE11, both being involved in mechanisms that degrade
nascent DNA at stalled or reversed forks. This role in processing of nascent DNA could part ially
explain CDC7's role in fork stabilisat ion. I think the work provides some important new evidence
about the role of CDC7 which mighty also be of relevance for understanding how CDC7 inhibit ion
might be used therapeut ically. However, I have a major concern about the interpretat ion of the data
in Figures 1 and 5 which would need to be addressed before publicat ion. 

One difficulty in studying a role for CDC7 in fork stability is the need to clearly dist inguish this from
CDC7's well-studied role in replicat ion fork init iat ion. Because CDC7 is required for replicat ion
init iat ion, it  is unsurprising that markers of DNA damage or replicat ion stress are reduced when
CDC7 is inhibited, because there are fewer forks to generat ing these marks. Although the authors
are aware of this problem, I think Figures 1 and 5 are not adequately controlled to dist inguish
effects on fork number from fork stability.

The authors conclude from the data in Fig 1 that because CDC7 inhibit ion suppresses RPA2 and
H2AX phosphorylat ion in response to HU, CDC7 alters processing of stalled forks. However, it  is
more likely that  this effect  is mediated by there being fewer forks to respond to HU when CDC7 is
inhibited. This experiment needs to show that the effect  of CDC7 inhibit ion on fork stability is
separable from its effect  on fork stabilisat ion, as for example has been done in Xenopus (Alver et
al). It  is surprising that this paper is not cited, part icularly because the authors go on to say 'While
there is current ly no evidence of CDC7 affect ing replisome stability...', which is one of the main
conclusions of the Alver et  al paper ('Reversal of DDK-Mediated MCM Phosphorylat ion by Rif1-PP1
Regulates Replicat ion Init iat ion and Replisome Stability Independent ly of ATR/Chk1').

I have similar problems for Fig 5: cells were treated with HU plus or minus CDC7 inhibit ion for 5 hr,
and then were released into mitosis and the number of chromosome breaks was measured. CDC7
inhibit ion reduced the number of HU-induced breaks, but this is most likely explained by the effect
of CDC7 on inhibit ing init iat ion so there are fewer forks act ive in the period when cells are exposed
to HU. Note that the data in Figs 3 - 4 about the role of CDC7 in the processing of stalled forks do
not suffer this object ion as they are fibre assays invest igat ing individual replicat ing strands. These
experiments though are somewhat similar to the results recent ly reported by Sasi et  al, though
some of the details are different (for example the effect  of HU on degradat ion).

Minor Point
Fig 2a: the EXO1 blot  shows 2 bands: which is EXO1, and what is the evidence for the specificity of
the ant ibody?



Referee #1: 

In this paper the authors examine the function of CDC7 in controlling replication elongation 
and stress responses. The authors observed that CDC7 inhibition reduced replication stress 
signaling, reduced nascent strand degradation in BRCA2-deficient cells, and altered 
replication fork restart. The authors conclude that these effects are due to direct effects of 
CDC7 on replication elongation and specifically on the function of the MRE11 nuclease. 
While this is possible, the authors do not rule out alternative explanations for the 
observations. In particular, CDC7 has an essential function in replication initiation. Changes 
in initiation could indirectly cause many of the effects observed. Thus, it is imperative for 
the authors to clearly and convincingly separate the putative role of CDC7 in controlling 
elongation from its function in initiation. In the absence of a clear separation of function, 
the data do not adequately support the conclusions. 

Specific comments: 

1. Cdc7 inhibition will inhibit origin firing and decrease the number of active replication
forks. Why couldn't the results in figure 1 be explained by a reduction in replication
initiation? A decrease in fork numbers would explain the reduction in signaling observed in
Figure 1 as well as the reduction in DNA DSBs observed in Figure 1d. Thus, the conclusions
that "CDC7 inhibition alters fork processing..." and "CDC7 activity is required for the
transition from a stalled to a collapsed replication fork" on the second page of the results
section cannot be made by the data presented up to that point. To make such a conclusion
the authors would need to separate the well-established function of CDC7 in replication
initiation from the proposed functions in elongation. This same issue creates problems in
interpreting all of the data throughout the manuscript. The only place I could find where the
authors acknowledge this problem is on the second page of the discussion where they state
that the doses of CDC7i used in this work would have "limited effect" on origin firing. The
evidence they point to for this statement is one of their previous publications which did not
directly measure either the numbers of replication forks or rates of initiation. I also don't
know what "limited effect" means. Any reduction in origin firing would yield changes in the
experiments presented.

We have thoroughly revised the manuscript acknowledging the possibility that the 
reduction in origin firing could, at least partially, account for the reduction of DSB and RPA 
phosphorylation observed in figure 1. However, we have also directly tackled this issue, 
including a substantial set of new experiments which strongly indicate that CDC7 function at 
forks can be separated from origin firing. These can be recapitulated as follows: 
a) Using cells that have been arrested in HU in the presence of CDC7i, we show that upon
removal of CDC7i H2AX phosphorylation is induced in absence of further origin firing, which
was monitored by both CDC45 loading to chromatin and EdU incorporation. We further
demonstrated that the H2AX phosphorylation observed upon removal of the CDC7i is
mostly dependent on MRE11 activity (new Fig 2).
b) DNA damage in HU can be efficiently suppressed by low doses of CDC7 inhibitor, which
have barely detectable effects on DNA synthesis (new Fig EV2) without HU , indicating a

10th Feb 20201st Authors' Response to Reviewers



different level of requirement for CDC7 activity in promoting efficient DNA synthesis and in 
driving HU dependent H2AX phosphorylation. 

Besides uncoupling effects at origins and forks, these data suggest that key targets of CDC7 
activity in initiation and elongation may be differently regulated.  

Finally, as pointed out by Rev#3, all experiments  in Figs 4-5 monitor the fate of previously 
established forks,  and should thus not be affected by CDC7 role in initiation. 

2. The conclusion that the mechanism of CDC7 function at active forks may be via regulation
of MRE11 is based on very preliminary and limited data. While I would not expect a full
description of mechanism in this paper, the data looking at MRE11 needs to be improved.
For example, the statement that "Treatment with the CDC7 inhibitor dramatically reduced
the degree of colocalization" is not an accurate description of the data presented. The
amount of co-localization in the HU condition is less than 0.2 (Pearson's correlation), which
is quite low already. It then changes to a mean of -0.1 with a very large error bar. I would
not describe these as "dramatically" different. An accurate description of this data is
needed. A second measure of Mre11 localization to replication forks should also be made
such as measurement of co-localization of Mre11 with incorporated BrdU or with RPA.

We have now addressed the role of CDC7 in the recruitment and maintenance of MRE11 at 
forks and replication factories. We have performed several Dm-ChP (iPond) experiments 
which show that both proteins are at forks and retained in HU. While this was known for 
MRE11 this is the first time that it is directly shown for CDC7 (new Fig 3A-C).  
Importantly we find that both MRE11 and CDC7 retention/accumulation at forks is partially 
impaired in the presence of CDC7i, which correlates with a differential phosphorylation 
dependent mobility shift of the MRE11 protein (new Fig 3D). 

These new biochemical data are consistent with our IF data on co-localization between 
MRE11 and with PCNA, which we have further expanded with a new set of experiments and 
increasing sample size, thereby reducing error bars. 

We have performed colocalization of MRE11 with RPA2 (new Fig  EV3). This is also reduced 
by CDC7 inhibition in HU albeit to a lesser extent that MRE11/PCNA colocalization. 

New functional experiments, now shown in Fig 2 (discussed above) and in Fig 4B and D, 
further strengthen the idea that CDC7 effects of forks are mediated by MRE11. 

3. In the DNA fiber analysis in figure 3 when was XL413 removed? If it was not removed then
perhaps the reduction in red+green is actually due to a reduction in new origin firing.
Dormant origins are known to fire during replication stress. These could rescue DNA
synthesis in the absence of the XL413 treatment.

In the fork restart experiments (previously in figure 3 and now in Fig 4A-B), XL413 was 
present throughout. When the medium containing HU and XL413 was removed, it was 
replaced with fresh medium which contained XL413 and CldU.  



4. I am confused by the way the data in figure 3d is presented. Why show the ratio of IdU to
CldU if the conclusion is about elongation rates? A ratio cannot be used to make a
conclusion about the differences in speed between samples especially since the CPT
treatment is shown to be in both labeling periods. In fact, if the only effect of CPT treatment
were to increase fork reversal and slow elongation, then then both the CldU and IdU lengths
should be shorter in this experiment which is not what the authors observed.

Please note that in these experiments CPT was added during the second labelling (with IdU) 
thus only IdU labelled tracks are expected to be shorter, while CldU track length is 
unaffected by drug treatment and acts as internal control. In that respect, ratios of IdU/CldU 
track lengths is thus a simple, well-established readout to assess active fork slowing by mild 
genotoxic treatments. We have rephased the text and figure legend for clarity. 

5. Please include more information in the figure legends and results section about how
some experiments were performed. The methodology says that "In general, a 30 minutes
pre-treatment with kinases inhibitors was used..." Was this how figure 1 was completed?

We have revised figure legends and M&M section to provide clear information on the 
methodology.  

6. If CDC7 is acting at stalled replication forks to control the action of MRE11 or other
proteins, then it should be possible to see effects of CDC7 inhibitor addition after HU
addition. No pretreatment should be required.

This is has proven an interesting and important point for the manuscript and its 
interpretation. 
We have included an ad-hoc experiment in new Fig 1D which shows that the pre-treatment 
is important to prevent  DNA damage in HU. While this could simply do to pharmacological 
reasons in the kinetics of compound uptake by the cells, more likely it points out to the fact 
that the CDC7 dependent phosphorylation has firstly to be removed by a phosphatase, in 
order to reduce fork processing and its destabilization. 
These data are now reinforced in the experiments  where we show that reactivation of 
CDC7 in HU treated cells can cause DNA damage that is mostly dependent on MRE11 (Fig 2) 

7. In several cases it was unclear to me if the authors are equating "replisome stability" with
"replication fork stability". The first refers to the protein machinery and the second refers to
the DNA structure. They are not equivalent.

We have revised the manuscript accordingly. 



Referee #2: 

In their manuscript titled "CDC7 kinase directs MRE11 processing at replication forks 
thereby modulating fork speed and chromosomal breakage upon genotoxic stress" Rainey 
et al report a series of interesting, novel and potentially important observations suggesting 
that Cdc7 kinase, in addition to its role in controlling DNA replication initiation, regulates a 
multitude of events at stalled replication forks in human cells.  
They showed that Cdc7 chemical or genetic inhibition suppresses DSB formation and 
phosphorylation of DNA-damage response markers in response to HU. Chemical inhibition 
of Cdc7 impedes restart of replication forks previously stalled in HU and also the active 
slowdown of replication rate seen in low doses of CPT. Furthermore, they clearly showed 
that Cdc7 chemical inhibition has no effect on fork reversal, but it inhibits the excessive 
degradation of unprotected reversed forks in cells deficient for BRCA2. They suggest that 
this new emerging role of Cdc7 in stalled replication is mediated by Cdc7-induced MRE11 re-
localization to stalled replication factories.  
Overall, this paper makes an important contribution towards the field and raises new 
hypotheses of Cdc7 function in DNA replication in human cells.  

However, there are some concerns. 

Major comments 

a) MRE11 involvement. The manuscript strongly states that MRE11 mediates Cdc7 role at
the stalled replication fork. Based on the literature, MRE11 may seem like the obvious
candidate. However, the evidence presented here regarding MRE11 as the targeted
nuclease controlled by Cdc7 was not convincing and needs strengthening by more direct
experiments. Moreover, the specific involvement of MRE11 in each of the Cdc7-regulated
processes put forward by this manuscript (fork restart in HU and slowdown replication rate
in CPT mainly) was not clearly shown.

We have reinforced the connection between CDC7 and the MRE11 dependent processes at 
forks  in multiple  sections and figures in the manuscript. 
Specifically: 

1) in Fig 2 we show that the DNA damage (H2AX) at established forks in HU , which is
prevented by CDC7i, is also mostly prevented by MRE11 inhibition by Mirin.

2) We have strengthened the finding that fork slowdown in CPT is MRE11-dependent
by adding a new set of experiments in which MRE11 is downregulated by siRNA,
which further confirm the previous findings obtained with Mirin. In this assay CDC7
inhibition phenocopies MRE11 inhibition and depletion (new Fig 4C-D).

3) MRE11 involvement in fork restart was also previously shown in (Bryant et al. 2009-
EMBO J. 28: 2601–15). We now confirm this data showing that fork restart from HU
is defective if MRE11 is inhibited by Mirin and in a different cell line (U2OS) (Fig 4B).

b) Cdc7 function in DNA replication initiation. The well-established role of Cdc7 in origin
firing regulation could serve as an alternative explanation for some of the results presented
here. The authors could address through other origin firing inhibitors (like CDK inhibitors). I



realise that to fully address this concern would involve new experiments. However, I think 
that it is an important issue that the authors must minimally address somehow and 
acknowledge throughout the manuscript. 

We have thoroughly addressed this point with the experiments now reported in Fig 2, Fig 
EV2 and text. We kindly refer this reviewer to our response to Rev #1, who had a similar 
comment (point 1). 

c) Lack of connection between the described Cdc7 regulated processes. Although the
findings in this manuscript are novel and interesting for the field, the way the manuscript is
presented seems more like a collection of phenotypes of Cdc7 inhibition than a cohesive
story about Cdc7 involvement in stressed forks. The manuscript would greatly benefit from
a more substantial discussion of the possible links between the different processes and a
more holistic view of Cdc7 role in stalled forks.

We have revised the discussion in its last section taking in consideration this reviewer 
comment, and thus linking the phenotypes observed and suggesting a possible mechanisms 
by which these could be regulated by CDC7. 

Minor comments 
Specific comments of MRE11 experiments in this manuscript: 
In Figure 2 
Panel B) MRE11 and EXO1 chromatin levels shown here seems to be constant regardless 
long HU treatments and ATM inhibition. 

This experiment has been removed, as more compelling experiments (Dm-ChP/iPond) which 
specifically assess protein occupancy at forks have now been included (Fig 3A-C) 

Panel C) The MRE11 foci depicted here, are S phase dependent? Are HU dependent? Are 
there some difference in the amount of foci in those conditions? 

MRE11 can be detected in nuclear foci in HU and throughout the cell cycle with a different 

pattern. This has been studied in detail in  (Mirzoeva & Petrini Mol Cell Biol. 2001 

Jan;21(1):281-8). We have not further extended these studies. 

Such data would greatly strengthen this paper and the make the findings and conclusions 
involving MRE11 more than speculative.  

We have further strengthened MRE11 involvement with the additional data in Fig 2 A-E, Fig 
3A-D, Fig 4B and 4D. 

https://www.ncbi.nlm.nih.gov/pubmed/11113202


Referee #3: 

This paper addresses the role of the CDC7 kinase in stabilising and restarting stalled 
replication forks. There has been discussion of a possible role for CDC7 in fork stability for 
many years, but firm evidence and clear mechanisms have been lacking. Of particular 
interest is the observation in this paper that CDC7 acts epistatically with MRE11, both being 
involved in mechanisms that degrade nascent DNA at stalled or reversed forks. This role in 
processing of nascent DNA could partially explain CDC7's role in fork stabilisation. I think the 
work provides some important new evidence about the role of CDC7 which mighty also be 
of relevance for understanding how CDC7 inhibition might be used therapeutically. 
However, I have a major concern about the interpretation of the data in Figures 1 and 5 
which would need to be addressed before publication.  

One difficulty in studying a role for CDC7 in fork stability is the need to clearly distinguish 
this from CDC7's well-studied role in replication fork initiation. Because CDC7 is required for 
replication initiation, it is unsurprising that markers of DNA damage or replication stress are 
reduced when CDC7 is inhibited, because there are fewer forks to generating these marks. 
Although the authors are aware of this problem, I think Figures 1 and 5 are not adequately 
controlled to distinguish effects on fork number from fork stability. 

We have thoroughly address this point with the experiments now reported in Fig 2 and fig 
EV2 and text. We kindly refer this reviewer to our response to Rev #1, who had a similar 
comment (point 1). 

The authors conclude from the data in Fig 1 that because CDC7 inhibition suppresses RPA2 
and H2AX phosphorylation in response to HU, CDC7 alters processing of stalled forks. 
However, it is more likely that this effect is mediated by there being fewer forks to respond 
to HU when CDC7 is inhibited. This experiment needs to show that the effect of CDC7 
inhibition on fork stability is separable from its effect on fork stabilisation, as for example 
has been done in Xenopus (Alver et al). It is surprising that this paper is not cited, 
particularly because the authors go on to say 'While there is currently no evidence of CDC7 
affecting replisome stability...', which is one of the main conclusions of the Alver et al paper 
('Reversal of DDK-Mediated MCM Phosphorylation by Rif1-PP1 Regulates Replication 
Initiation and Replisome Stability Independently of ATR/Chk1'). 

We apologise for missing to report the findings of this paper in our first submission, which 
indeed are closely related to our work. This has been now properly cited in the introduction 
and further discussed in the discussion section. 

I have similar problems for Fig 5: cells were treated with HU plus or minus CDC7 inhibition 
for 5 hr, and then were released into mitosis and the number of chromosome breaks was 
measured. CDC7 inhibition reduced the number of HU-induced breaks, but this is most likely 
explained by the effect of CDC7 on inhibiting initiation so there are fewer forks active in the 
period when cells are exposed to HU. Note that the data in Figs 3 - 4 about the role of CDC7 
in the processing of stalled forks do not suffer this objection as they are fibre assays 
investigating individual replicating strands. These experiments though are somewhat similar 



to the results recently reported by Sasi et al, though some of the details are different (for 
example the effect of HU on degradation). 

We agree with this reviewer that the number of HU-induced chromosomal breaks can be 
affected by the number of fork present during the 5 h incubation with the drug. Importantly 
the number of chromosomal breaks occurring in BRCA2 depleted cells within a full round of 
replication without HU is also reduced by CDC7i (Fig 6D-E). As these breaks occur by 
defective processing of unprotected forks their number should be proportional to the 
number of events of fork stalling/processing and  amount of DNA synthetized  more than 
the number of forks generated. Compared to the first submission we have reinforced this 
data by showing the same phenotype in an additional cell line (Fig 6D) .  

Minor Point 
Fig 2a: the EXO1 blot shows 2 bands: which is EXO1, and what is the evidence for the 
specificity of the antibody? 

Both bands disappear upon EXO1 depletion by siRNA although with a distinct kinetics (data 
included in Appendix Fig 2B). At this stage we can reasonably suggest that the two bands 
may represents two alternative EXO1 isoforms derived from alternative splicing (Uniport 
Q9UQ84 and Q9UQ84-4). 



23rd Apr 20201st Revision - Editorial Decision

Dear Corrado, 

Thank you for your pat ience while your revised manuscript  was peer-reviewed. I asked referee 3 to
please assess how well all referee concerns were addressed, and I am happy to say that s/he
supports the publicat ion of your study now. Only a few more minor changes will be required before
we can proceed with the official acceptance of your study: 

Please address referee 3's last  concern. 

Our in-house figure check concluded that all blots are overcontrasted, please send better pictures
with your final manuscript . 

Please also send us the original pictures (source data) of the gel bands shown in Fig 5B. 

The EMBO reports reference style will change on the 1st  of May. If you can send us the final
manuscript  before the 30th of April, it  can keep the numbered reference style. If the manuscript  will
be submit ted later, please change the reference style to the new one (there are links to both styles
in our guide to authors online). 

The APPENDIX table of content is missing page numbers, please add. The nomenclature needs
correct ing to 'Appendix Figure S#' and 'Appendix Table S#'. Please also correct  the Appendix
callouts in the manuscript  text . 
Appendix Fig S3 needs a scale bar. 

I at tach to this email a related manuscript  file with comments by our data editors. Please address all
comments in the final manuscript  file. 

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 highlight ing key results and C) a synopsis image that is
550x200-400 pixels large (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
informat ion along with the revised manuscript . 

I look forward to seeing a final version of your manuscript  as soon as possible. 

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #3:

The authors have added important new informat ion to the paper that provides good evidence that
the effect  of CDC7 inhibit ion on DNA damage markers is independent of the role of CDC7 in
promot ing the init iat ion of replicat ion. Figure EV2 shws that at  a low dose of XL413 the reduct ion of



gamma-H2AX is much greater than the reduct ion of EdU incorporat ion; if the two were co-
dependent, the two responses would be expected to be proport ional. In Fig2, cells are t reated with
HU and XL413 to stabilise fork number, and then if the XL413 is removed, and an increase in
gamma-H2AX is seen. Both of these experiments suggest that  the decrease in gamma-H2AX
caused by CDC7 inhibit ion is not mediated by a decrease in fork number mediated by CDC7's
known role in replicat ion init iat ion. 

The experiments shown in Figure 6 st ill do not separate the potent ial funct ions of CDC7 in init iat ion
and in fork stability, but  given the addit ional data in Figures and EV2, I think the likelihood of this
reflect ing a fork stability funct ion is much higher. However, I st ill think the authors should show some
caut ion in the interpretat ion of this experiment: for example, the very last  sentence of the Results
could be amended to say: "Although it  is possible that the effect  of CDC7 inhibit ion on decreasing
chromosome breaks might be in part  mediated by a reduct ion in the number of act ive forks, these
results are also consistent with the idea that, in absence of fork protect ion, CDC7 kinase promotes
MRE11 nuclease at tack of reversed forks leading to chromosomal instability."

With that single change, I think the paper is now suitable for publicat ion.



Dear Esther, 

I have resubmitted the manuscript that has been revised taking in account Reviewer 
3 comment as well as your and data editor indications. All changes are tracked in the 
main text file. 

As I mentioned in my previous email the blots performed in Galway are digital 
reproductions generated by the scanning and quantification of membranes using an 
Odyssey imaging and Image studio software. Compared to classical 
chemoluminescence detection on films, bands tend to be sharper.  We have 
adjusted the levels with some improvements in some of these images- As an 
example I have uploaded several TIFF files related to the blots in Fig 1C which were 
directly exported from the Image studio software and representing different levels.  

Fig 5B is the exception and that experiment was performed in Zurich with 
chemiluminescence and Fusion Solo imaging system. We have uploaded several Tiff 
files of the original images representing different exposures. 

I hope that everything is fine and the manuscript is now acceptable for publication. 

Best wishes, 
Corrado 

29th Apr 20202nd Authors' Response to Reviewers



11th May 20202nd Revision - Editorial Decision

Dear Corrado, 

As discussed, please modify the stat ist ical analyses of the figures 1B, 4C, 4D, 5C, 5F and EV1C, and
please explain in the figure legends what the stat ist ics are based on. 

I am making another "revise only" decision, so that you can upload the new figures. 

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports



12/05/2020 

Dear Esther, 

I have just uploaded the new file and resubmitted the manuscript. We have made the 
changes we previously discussed and uploaded the source data for every figure as separate 
PDF files. All changes are summarised below and tracked in the text.   

Figure 1: Statistics removed from graph in Figure 1B 

Figure 2: No change 

Figure 3: panel 3D – bottom (lambda phosphatase experiment)- was updated, a lane 
removed from original figure. This is due to a miscommunication on how the experiment 
was originally preformed.  There is no change in the significance of the experiment. Text and 
figure legend updated accordingly. 

Figure 4:  we clarified in figure legend that the statistics is related to the experiment shown 
and that similar results were obtained in a second independent experiment. 

Figure 5:  We removed the statistics from panel 5C and included a new graph (5D) with the 
stats of three different experiments.  
We removed stats from Fig 5G (former 5F).  

Figure 6: No change 

Figure EV1: Statistics removed from graph in Figure EV1C 

Figure EV2: No change 

Figure EV3: No change 

Figure Appendix S1: No change 

Figure Appendix S2: No change 

Figure Appendix S3: No change 

Appendix Table S1: No change 

I hope that this work is now suitable for publication on EMBO reports and I would like to 
thank you again for handling the manuscript. 

Looking forward to hearing from you. 

Corrado Santocanale  

12th May 20203rd Authors' Response to Reviewers



13th May 20203rd Revision - Editorial Decision

Prof. Corrado Santocanale
Nat ional University of Ireland Galway
Centre for Chromosome Biology
NUIG
University Road
Galway, Galway 000
Ireland

Dear Prof. Santocanale,

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

At  the end of this email I include important informat ion about how to proceed. Please ensure that
you take the t ime to read the informat ion and complete and return the necessary forms to allow us
to publish your manuscript  as quickly as possible.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunct ion with your paper and will include the referee reports, your point-by-point
response and all pert inent correspondence relat ing to the manuscript .

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default  [contact :
emboreports@embo.org]. If you do opt out, the Review Process File link will point  to the following
statement: "No Review Process File is available with this art icle, as the authors have chosen not to
make the review process public in this case."

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates.

Thank you again for your contribut ion to EMBO reports and congratulat ions on a successful
publicat ion. Please consider us again in the future for your most excit ing work.

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports 

********************************************************************************

THINGS TO DO NOW: 



You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to
our Product ion Office; you should return your correct ions within 2 days of receiving the proofs. 

Please inform us if there is likely to be any difficulty in reaching you at  the above address at  that
t ime. Failure to meet our deadlines may result  in a delay of publicat ion, or publicat ion without your
correct ions. 

All further communicat ions concerning your paper should quote reference number EMBOR-2019-
48920V4 and be addressed to emboreports@wiley.com. 

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates. 
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