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9th Mar 20261st Editorial Decision

Prof. Karim Labib 
University of Dundee 
Division of Genome Integrity 
Faculty of Life Sciences 
Dow Street 
Dundee DD1 5EH 
United Kingdom 

9th Mar 2026 

Re: EMBOJ-2026-123821 
MCM10 and SLD-2/RECQL4 jointly activate the CMG helicase during metazoan DNA replication initiation 

Dear Karim, 

Thank you again for submitting your study on DNA replication roles for metazoan counterparts of Mcm10 and Sld2 to The EMBO
Journal. We have now received input from three expert referees, copied below for your information. Since all referees
acknowledge the interest and importance of the work as well as its overall quality, we would be happy to consider a revised
version further for EMBO Journal publication. Nevertheless, each reviewer has a few important concerns, addressing of which
should in my view significantly strengthen the insightfulness of the work and its conclusions. 

I am therefore inviting you to prepare and resubmit a new version of the manuscript, revised along the lines suggested in the
reports below. Should you want to discuss any of these points, or how to best address them, please do not hesitate to get back
to me anytime during your revision; this may be helpful in light of our single-major-revision round policy. We would also be open
to extending the revision deadline if that should be helpful. 

Detailed information on preparing, formatting and uploading a revised manuscript can be found below and in our Guide to
Authors, and adhering to them as closely as possible shall greatly facilitate editorial processing upon resubmission. Thank you
again for the opportunity to consider this work for The EMBO Journal, and I look forward to your revision in due time. 

With kind regards, 

Hartmut 

Hartmut Vodermaier, PhD 
Senior Editor, The EMBO Journal 
h.vodermaier@embojournal.org

*** PLEASE NOTE: All revised manuscript are subject to initial checks for completeness and adherence to our formatting
guidelines. Revisions may be returned to the authors and delayed in their editorial re-evaluation if they fail to comply to the
following requirements. As a first step please read our guidelines for revised submissions:
https://link.springer.com/journal/44318/submission-guidelines#cms-Revised-submissions 

1) Every manuscript requires a Data Availability section (even if only stating that no deposited datasets are included). Primary
datasets or computer code produced in the current study have to be deposited in appropriate public repositories prior to
resubmission, and reviewer access details provided in case that public access is not yet allowed.

2) Each figure legend must specify
- size of the scale bars that are mandatory for all micrograph panels
- the statistical test used to generate error bars and P-values
- the type error bars (e.g., S.E.M., S.D.)
- the number (n) and nature (biological or technical replicate) of independent experiments underlying each data point
- Figures may not include error bars for experiments with n<3; scatter plots showing individual data points should be used
instead.

3) Revised manuscript text (including main tables, and figure legends for main and EV figures) has to be submitted as editable
text file (e.g., .docx format). We encourage highlighting of changes (e.g., via text color) for the referees' reference.

4) Each main and each Expanded View (EV) figure should be uploaded as individual production-quality files (preferably in .eps,



.tif, .jpg formats). For suggestions on figure preparation/layout, please refer to our Figure Preparation Guidelines:
https://media.springernature.com/original/springer-cms/rest/v1/content/27825798/data/v1 

5) Point-by-point response letters should include the original referee comments in full together with your detailed responses to
them (and to specific editor requests if applicable), and also be uploaded as editable (e.g., .docx) text files.

6) Please complete our Author Checklist, and make sure that information entered into the checklist is also reflected in the
manuscript; the checklist will be available to readers as part of the Review Process File.

7) All authors listed as (co-)corresponding need to deposit, in their respective author profiles in our submission system, a unique
ORCiD identifier linked to their name. Please see our Guide to Authors for detailed instructions.

8) Please note that supplementary information at EMBO Press has been superseded by the 'Expanded View' for inclusion of
additional figures, tables, movies or datasets; with up to five EV Figures being typeset and directly accessible in the HTML
version of the article.

9) To facilitate reproducibilty and cross-laboratory adoption of methodologies, please structure the Materials & Methods section
as outlined in our guide to authors, including a completed Reagents and Tools Table.

10) Digital image enhancement is acceptable practice, as long as it accurately represents the original data and conforms to
community standards. If a figure has been subjected to significant electronic manipulation, this must be clearly noted in the figure
legend and/or the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and the
original images that were used to assemble the figure. Finally, we generally encourage uploading of numerical as well as gel/blot
image source data.

At EMBO Press we ask authors to provide source data for the main manuscript figures. You will receive a separate email with
instructions for providing source data with your revised manuscript, including how to upload and organize the files.  

In the interest of ensuring the conceptual advance provided by the work, we recommend submitting a revision within 3 months
(7th Jun 2026). Please discuss the revision progress ahead of this time with the editor if you require more time to complete the
revisions. Use the link below to submit your revision: 

Link Not Available 

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

Referee #1: 

How the replicative CMG helicase is assembled and activated is an enduring mystery. In yeast, the Sld2 protein is required for
CMG assembly, whereas Mcm10 acts after assembly and seems to stimulate the extrusion of one strand from the central
channel. In multicellular eukaryotes, the roles of MCM10 and the Sld2 homolog (SLD-2 in worms, RECQL4 in vertebrates) are
murky. For example, in worms and frog egg extracts, MCM10 appears dispensable for replication (and worm viability), whereas
SLD-2/RECQL4 is essential and the knockout is lethal. On the other hand, in mammals, there are conflicting reports as to the
essentiality of RECQL4, and in egg extracts, RECQL4 was reported to function post-CMG activation. Thus, the relative
importance for viability, and specific roles in replication, of MCM10 and SLD2/RECQL4 remain rather murky. 

In this paper, Labib and colleagues shed much-needed light on these important issues. They showed that although MCM-10 is
not essential in worms, its absence delays CMG activation (but not assembly) during the first embryonic cell cycle after
fertilization (based on recruitment of CMG components in microscopy but absence of chromosome decondensation or binding of
the ssDNA binding protein RPA). Similarly, the absence of SLD-2 delays CMG activation in this early cell cycle, but in the next
cell cycle, it becomes essential, explaining the lethal phenotype of the knockout. Interestingly, eliminating MCM-10 leads to
accumulation of SLD-2 on chromatin, and vice versa, demonstrating the two proteins can function independently, and consistent
with them performing similar functions (but struggling to do so when acting alone). 

To explore the roles of MCM10 and RECQL4 in mouse embryonic stem cells, the authors made small deletions at the 5'ends of
the coding sequences and showed the resulting cells were viable, even though the gene products were undetectable. However,
combining these 
hypomorphic mutations led to cell lethality. Similar results were observed with degron alleles. When they deleted the full gene,
they were able to obtain viable cells lacking MCM10 but not RECQL4. When MCM10 and RECQL4 were depleted before S
phase entry, DNA synthesis was inhibited, but CMG assembly still occurred and the abundance of CMGs on chromatin was
enhanced compared to controls. Finally, in the absence of MCM10 and RECQL4, there was no checkpoint signaling 



Overall, the data provide strong evidence that MCM10 and RECQL4 both perform overlapping functions after CMG assembly,
likely in CMG activation, with RECQL4 being the more important factor. These conclusions are of great importance for the field.
The experiments are performed to a high standard and (with one or two exceptions noted below) interpreted appropriately. 

Main points 
The case for MCM10 and RECQL4 promoting helicase activation in mammals is based on the absence of checkpoint signaling
in cells lacking these proteins. However, WT cells also lack checkpoint signaling so the absence of an effect in the mutants is
not highly informative. A better experiment is to degrade MCM10 and RECQL4 in the presence of HU, to determine whether
their absence suppresses the enhanced checkpoint activation normally observed in the presence of this drug. Also, it would be
helpful if the authors could monitor RPA association with chromosomes under these conditions. 

The authors speculate that MCM-10, SLD-2, and DNSN-1 function by binding CMG and using their affinity for DNA to help
extract one strand from the CMG central channel. However, the CMG helicase assay they use involves forked structures where
CMG is likely threaded onto the 3' ssDNA tail, without the need for strand extrusion. These biochemical data therefore do not
provide direct support for their proposal, and instead suggest that these factors might activate CMG in additional ways beyond
promoting strand extrusion. This should be discussed. 

The IPs in Figures 2C and 2F lack controls to show that the interaction of CMG with MCM-10 and SLD-2 is not non-specific. A
deletion mutant (as for DNSN-1), or other protein that does not bind to these factors would be important. The authors should at
least acknowledge this shortcoming of the data. 

Minor Issues 
1. Figure 2A: please quantify the MCM10 signal. The effect of cdc-45 RNAi is a bit subtle.

2. Line 221: I am confused by the authors' assertion that SLD-2 does not accumulate on chromosomes in control cells when the
SLD-2-GFP signal is clearly visible. Do they mean "condensed chromosomes"?

3. Line 286: "displacement" is not the best description for a loss of affinity.

4. Please specify the nature of the MCM10 allele used (same 96% deletion of coding sequence?)

5. Please label the MW ladder in Figure 4A

Referee #2: 

- general summary and opinion about the principle significance of the study, its questions and findings

The roles of Mcm10 and Sld2 in yeast DNA replication have been comparatively well characterized: Sld2 facilitates the CMG
helicase assembly by delivering GINS and Pol epsilon to the replication origin, and Mcm10 activates the CMG helicase. By
contrast, no clear evidence has been obtained indicating similar roles for their metazoan homologs. Therefore, MCM10 and
SLD2/RECQL4 remain among the most enigmatic factors involved in the initiation of metazoan DNA replication. 

In this study, Sonneville et al. demonstrated that dual inactivation of MCM10 and SLD-2/RECQL4 causes synthetic lethality both
in C. elegans and ES cells without affecting mitotic progression and CMG assembly. They further showed that MCM-10 and
SLD-2 were able to directly activate DNA unwinding activity of CMG complex in an in vitro helicase assay. These findings
appear to be sufficiently novel for the field. Although it remains unclear how these factors jointly activate CMG helicase, this
question can be addressed in future studies. Overall, I believe this manuscript merits publication in The EMBO Journal. 

- specific major concerns essential to be addressed to support the conclusions

1. Because vertebrate RecQL4 contains both an N-terminal Sld2 homology domain and a C-terminal RecQ helicase domain, the
reduced viability of ES cells following RecQL4 inactivation might be partly due to the loss of the helicase domain. Therefore,
distinct mechanisms may underlie the inability to generate double knockout mutants in ES cells and C. elegans. It will be
important to determine whether the N-terminal SLD2 domain alone can rescue cell growth in the BT-Mcm10/dT-Recql4 ES cells
in Fig.5.

2. In Fig. 4 (and related EVs), CMG helicase activities were examined only in the presence of excess amounts of activators
(MCM-10, DNSN-1, SLD-2). What happens when the amounts of these activators are reduced and combined? It would be
informative to assess the joint effect on the CMG helicase activation. Although it is unclear whether those activators are required
transiently or constitutively, a single activator may mediate the reaction multiple times in combination with another activator.

- minor concerns that should be addressed



1. Regarding the explanation in Lines 234-236, it is uncertain whether chromosome decondensation was delayed in mcm-
10Δ+GFP RNAi (Fig. 3A) compared with GFP RNAi (Fig. 1D), because the time-course in Fig. 1D ended at 2.5'. Judging from
the mCherry-PSF-1 signal in Fig. 1E, it is likely that mCherry-H2B will also show a decondensed pattern at 3'.
2. In Fig. 3F, why are the mCherry-RPA-2 signals so strong in prophase even in the absence of rnr-1 RNAi? Are they associated
with chromatin?
3. In Line 345, "RECQL" should be corrected to "RECQL4".
4. In Fig. 8E, to test whether DNA unwinding occurs by monitoring checkpoint activation, HU should be included in the presence
of PROTACs. Without HU, the activation cannot be detected even under control conditions.

- any additional non-essential suggestions for improving the study (which will be at the author's/editor's discretion)

1. If two factors are jointly involved in the same pathway, overexpression of one may rescue the defect caused by the
inactivation of the other. Therefore, it would be informative to determine whether overexpression of MCM10 can compensate for
the loss of SLD-2 in C. elegans and the loss of RECQL4 in ES cells.

Referee #3: 

This study addresses the mechanism of CMG helicase activation in metazoa. While the budding yeast system has long served
as a paradigm for eukaryotic DNA replication, recent studies uncovered mechanistic differences between the yeast and
metazoan systems, emphasizing the necessity to investigate replication mechanisms in higher eukaryotes. Here, the authors
employ C. elegans and mouse ES cells to interrogate the roles of Sld2/RECQL4 and Mcm10 in CMG activation. They
demonstrate that the worm and mouse Sld2/RECQL4 and Mcm10 orthologs are partially redundant and jointly essential,
functioning downstream of CMG assembly in CMG activation. Since Sld2 is required for CMG assembly in budding yeast, these
observations indicate that the mechanism of CMG assembly and activation has diverged in higher eukaryotes. 

Overall, the experiments are elegant and of high quality and support the central claims. The combination of the worm and
mouse ES cell systems is a major strength of the study and lends weight to the evolutionary conservation of the observed
mechanism in higher eukaryotes. The conceptual advance is significant, highlighting differences in the DNA replication initiation
mechanisms between yeast and metazoa. 

Major limitation of this study: 

Based on in vitro helicase assays with purified proteins and oligo-based DNA substrates in Figure 4, the authors claim that C.
elegans SLD-2, DNSN-1 and MCM-10 "stimulate" the CMG helicase activity. It should be noted that the presented assays in
their current form do not distinguish between a stimulation of DNA substrate unwinding due to increased helicase loading or
helicase activity (i.e. increased rate or processivity of unwinding), each of which could explain the observed results. Given the
proposed function of SLD-2 and MCM-10 in CMG activation, although it may be technically too challenging to determine
helicase rates and processivity, it seems prudent and feasible to test these proteins' impact on CMG-DNA loading. Moreover,
the experiment lacks essential controls, such as assessment of the ATP-dependence of DNA unwinding and the impact of
individual proteins on DNA substrate unwinding in the absence of CMG. These controls are important in light of the
supplemental data indicating DNA binding activity for SLD-2, DNSN-1 and MCM-10 (Figure EV4). 

Minor limitations: 

Figures 1-3: Chromatin association of GINS/CDC45 is used as a proxy for CMG assembly. This data could be strengthened and
complemented by direct demonstration of CMG assembly (e.g. native CMG complex isolation from chromatin, as the authors
have done in previous studies). 

Figure 8: CMG helicase inactivity is inferred from absence of checkpoint signaling and DNA synthesis, but not directly
measured. Perhaps RECQL4 and MCM10 have additional roles in checkpoint signaling? For example, given the little-understood
function of the RECQL4 helicase domain, it is conceivable that mammalian orthologues of these replication factors have
acquired additional functions in this context.
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Referee 1: 1 
2 

“How the replicative CMG helicase is assembled and activated is an enduring 3 
mystery. In yeast, the Sld2 protein is required for CMG assembly, whereas 4 
Mcm10 acts after assembly and seems to stimulate the extrusion of one strand 5 
from the central channel. In multicellular eukaryotes, the roles of MCM10 and 6 
the Sld2 homolog (SLD-2 in worms, RECQL4 in vertebrates) are murky. For 7 
example, in worms and frog egg extracts, MCM10 appears dispensable for 8 
replication (and worm viability), whereas SLD-2/RECQL4 is essential and the 9 
knockout is lethal. On the other hand, in mammals, there are conflicting 10 
reports as to the essentiality of RECQL4, and in egg extracts, RECQL4 was 11 
reported to function post-CMG activation. Thus, the relative importance for 12 
viability, and specific roles in replication, of MCM10 and SLD2/RECQL4 remain 13 
rather murky. 14 

15 
In this paper, Labib and colleagues shed much-needed light on these 16 
important issues. They showed that although MCM-10 is not essential in 17 
worms, its absence delays CMG activation (but not assembly) during the first 18 
embryonic cell cycle after fertilization (based on recruitment of CMG 19 
components in microscopy but absence of chromosome decondensation or 20 
binding of the ssDNA binding protein RPA). Similarly, the absence of SLD-2 21 
delays CMG activation in this early cell cycle, but in the next cell cycle, it 22 
becomes essential, explaining the lethal phenotype of the knockout. 23 
Interestingly, eliminating MCM-10 leads to accumulation of SLD-2 on 24 
chromatin, and vice versa, demonstrating the two proteins can function 25 
independently, and consistent with them performing similar functions (but 26 
struggling to do so when acting alone). 27 

28 
To explore the roles of MCM10 and RECQL4 in mouse embryonic stem cells, 29 
the authors made small deletions at the 5'ends of the coding sequences and 30 
showed the resulting cells were viable, even though the gene products were 31 
undetectable. However, combining these 32 
hypomorphic mutations led to cell lethality. Similar results were observed with 33 
degron alleles. When they deleted the full gene, they were able to obtain viable 34 
cells lacking MCM10 but not RECQL4. When MCM10 and RECQL4 were 35 
depleted before S phase entry, DNA synthesis was inhibited, but CMG 36 
assembly still occurred and the abundance of CMGs on chromatin was 37 
enhanced compared to controls. Finally, in the absence of MCM10 and 38 
RECQL4, there was no checkpoint signaling 39 

40 
Overall, the data provide strong evidence that MCM10 and RECQL4 both 41 
perform overlapping functions after CMG assembly, likely in CMG activation, 42 
with RECQL4 being the more important factor. These conclusions are of great 43 
importance for the field. The experiments are performed to a high standard 44 
and (with one or two exceptions noted below) interpreted appropriately. 45 

46 
Main points 47 
The case for MCM10 and RECQL4 promoting helicase activation in mammals 48 
is based on the absence of checkpoint signaling in cells lacking these 49 
proteins. However, WT cells also lack checkpoint signaling so the absence of 50 
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an effect in the mutants is not highly informative. A better experiment is to 51 
degrade MCM10 and RECQL4 in the presence of HU, to determine whether 52 
their absence suppresses the enhanced checkpoint activation normally 53 
observed in the presence of this drug. Also, it would be helpful if the authors 54 
could monitor RPA association with chromosomes under these conditions.  55 
 56 
The authors speculate that MCM-10, SLD-2, and DNSN-1 function by binding 57 
CMG and using their affinity for DNA to help extract one strand from the CMG 58 
central channel. However, the CMG helicase assay they use involves forked 59 
structures where CMG is likely threaded onto the 3' ssDNA tail, without the 60 
need for strand extrusion. These biochemical data therefore do not provide 61 
direct support for their proposal, and instead suggest that these factors might 62 
activate CMG in additional ways beyond promoting strand extrusion. This 63 
should be discussed.  64 
 65 
The IPs in Figures 2C and 2F lack controls to show that the interaction of CMG 66 
with MCM-10 and SLD-2 is not non-specific. A deletion mutant (as for DNSN-1), 67 
or other protein that does not bind to these factors would be important. The 68 
authors should at least acknowledge this shortcoming of the data.  69 
 70 
Minor Issues  71 
1. Figure 2A: please quantify the MCM10 signal. The effect of cdc-45 RNAi is a 72 
bit subtle.  73 
 74 
2. Line 221: I am confused by the authors' assertion that SLD-2 does not 75 
accumulate on chromosomes in control cells when the SLD-2-GFP signal is 76 
clearly visible. Do they mean "condensed chromosomes"?  77 
 78 
3. Line 286: "displacement" is not the best description for a loss of affinity.  79 
 80 
4. Please specify the nature of the MCM10 allele used (same 96% deletion of 81 
coding sequence?)  82 
 83 
5. Please label the MW ladder in Figure 4A” 84 
 85 
 86 
We thank the reviewer for their helpful comments and were glad to see the 87 
reviewer’s conclusion that our data “shed much-needed light on these important 88 
issues” and “provide strong evidence that MCM10 and RECQL4 both perform 89 
overlapping functions. These conclusions are of great importance for the field. 90 
The experiments are performed to a high standard and (with one or two 91 
exceptions noted below) interpreted appropriately”. 92 
 93 
Major Issues: 94 
1. “The case for MCM10 and RECQL4 promoting helicase activation in 95 
mammals is based on the absence of checkpoint signaling in cells lacking 96 
these proteins. However, WT cells also lack checkpoint signaling so the 97 
absence of an effect in the mutants is not highly informative. A better 98 
experiment is to degrade MCM10 and RECQL4 in the presence of HU, to 99 
determine whether their absence suppresses the enhanced checkpoint 100 
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activation normally observed in the presence of this drug. Also, it would be 101 
helpful if the authors could monitor RPA association with chromosomes under 102 
these conditions.” 103 

We thank the reviewer for this helpful point.  In the revised manuscript, we 104 
have removed the previous checkpoint data and included data from new 105 
experiments that test the effects of degrading MCM10 and RECQL4 before addition 106 
of hydroxyurea.  In Figure 8A-E and Figure EV5A, we use two different approaches 107 
to monitor RPA association under such conditions.  We show that RPA accumulates 108 
on chromatin, as expected, in response to hydroxyurea, but this is blocked if we first 109 
degrade MCM10 and RECQL4 and then add hydroxyurea, consistent with a defect in 110 
helicase function. 111 

Moreover, we now show in Figure 8F that checkpoint activation is impaired if 112 
we first degrade MCM10 and RECQL4 and then treat cells with hydroxyurea, 113 
consistent with the data presented in the original version of the manuscript. 114 

Finally, we also take a new approach to show that the CMG complexes that 115 
are assembled in the absence of MCM10 and RECQL4 are inactive.  This approach 116 
is based on recent structural studies from the Costa and Yeeles groups (Palm et al, 117 
2026 and Taylor-Cross et al, 2026), which indicate that Mcm10 binds to a double 118 
CMG intermediate that would exclude binding of the TIMELESS-TIPIN complex (the 119 
latter binds at forks to the ‘front’ of the helicase, on an interface that is hidden within 120 
the inactive double CMG structure).  Correspondingly, an additional new manuscript 121 
on bioRxiv (Weekes et al, 2026), which we also cite in our revised manuscript, 122 
shows that yeast Tof1-Csm3 (TIMELESS-TIPIN) do not bind to chromatin when CMG 123 
activation is delayed.  Inspired by these findings, we have monitored recruitment of 124 
the TIMELESS-TIPIN to chromatin when cells enter S-phase in the absence of 125 
MCM10 and SLD-2/RECL4, in both C. elegans and mouse ES cells.  The new data 126 
are shown in Figure 3F-G (C. elegans), and Figure 8G and Figure EV5B-C (mouse 127 
ES cells), showing that recruitment of TIMELESS-TIPIN to chromatin is impaired in 128 
the absence of MCM10 and RECQL4. 129 

Collectively and together with the above-discussed new data from other 130 
groups, these findings indicate that inactive double CMG complexes are formed in 131 
the absence of MCM10 and RECQL4, supporting a role for MCM10 and RECQL4 in 132 
the helicase activation step during DNA replication initiation in animal cells. 133 

134 
2. The authors speculate that MCM-10, SLD-2, and DNSN-1 function by binding135 
CMG and using their affinity for DNA to help extract one strand from the CMG central 136 
channel. However, the CMG helicase assay they use involves forked structures 137 
where CMG is likely threaded onto the 3' ssDNA tail, without the need for strand 138 
extrusion. These biochemical data therefore do not provide direct support for their 139 
proposal, and instead suggest that these factors might activate CMG in additional 140 
ways beyond promoting strand extrusion. This should be discussed. 141 

We take the reviewer’s point and now discuss recent structural studies from 142 
the Yeeles and Costa labs (Palm et al, 2026 and Taylor-Cross et al, 2026), which 143 
indicate that Mcm10 stabilises a specific register of the CMG double hexamer that 144 
likely facilitates strand exclusion during initiation and also appears to induce 145 
allosteric changes in double CMG (lines 473-477 and 494-507). 146 

In the original version of the manuscript, we showed that CMG-binding is 147 
important for stimulation of helicase activity by DNSN-1 (data now in Figure EV3). 148 
We now include additional data showing that DNA-binding activity by DNSN-1 is also 149 
important for the stimulation of helicase activity (Figure EV4A-D).  We also show that 150 
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DNSN-1, MCM-10 and SLD-2 do not stimulate loading of CMG onto fork DNA 151 
(Figure EV4E-F), suggesting that they stimulate CMG helicase activity in some other 152 
way. 153 

To try and address the reviewer’s point more directly, we also followed an 154 
approach taken by the O’Donnell lab (Langston et al, 2023, doi: 155 
10.1073/pnas.2316466120), to study the role of yeast Mcm10 in stimulating CMG 156 
helicase activity on a dsDNA substrate.  We monitored the ability of CMG to unwind 157 
a double-stranded DNA substrate that has 3’ flaps at either or both ends to load 158 
CMG, but lacks 5’ flaps, so that the CMG helicase complexes should load via the 3’ 159 
flaps and then move onto dsDNA (Appendix Figure S4A).  In this assay, MCM-10, 160 
SLD-2 and DNSN-1 all stimulate DNA unwinding by CMG (Appendix Figure S4A-D), 161 
in contrast to other tested factors (Appendix Figure S4C).  DNA unwinding by CMG 162 
in this assay is several times more effective with a substrate that has 3’ flaps at both 163 
ends (to load two CMG helicases), compared to a dsDNA substrate with one 3’ flap 164 
(compare Appendix Figure S4B+D).  We do not want to over-interpret these data (we 165 
only discuss them very simply in the manuscript), and we recognise that more 166 
definitive conclusions about the underlying mechanism by which MCM-10 / SLD-2 / 167 
DNSN-1 stimulate CMG will require additional structural and biochemical studies, 168 
eventually including biochemical reconstitution of the initiation reaction itself. 169 
Nevertheless, these findings point to a specific role for MCM-10, SLD-2 and DNSN-1 170 
in stimulating the ability of CMG to unwind DNA, which correlates with their important 171 
roles in vivo. 172 

173 
3. The IPs in Figures 2C and 2F lack controls to show that the interaction of CMG174 
with MCM-10 and SLD-2 is not non-specific. A deletion mutant (as for DNSN-1), or 175 
other protein that does not bind to these factors would be important. The authors 176 
should at least acknowledge this shortcoming of the data. 177 

Thanks for pointing this out – we now include new experiments to compare 178 
the association of CMG or GINS with MCM-10 and SLD-2, showing that MCM-10 179 
and SLD-2 bind specifically to CMG (Figure 2C+F). 180 

181 
Minor Issues 182 
1. “Figure 2A: please quantify the MCM10 signal. The effect of cdc-45 RNAi is a183 
bit subtle.” 184 

Appendix Figure S2 presents a new experiment in which we quantified the 185 
GFP-MCM-10 signal on chromatin after sld-2 RNAi, or sld-2 + cdc-45 RNAi. 186 
Depletion of SLD-2 delays CMG activation and chromosome decondensation, and 187 
GFP-MCM-10 accumulates on chromatin during this period.  In worms treated with a 188 
combination of sld-2 + cdc-45 RNAi, GFP-MCM-10 does not accumulate on 189 
chromatin during the delay in chromosome decondensation. 190 

To quantify the data, we measured the heterogeneity [or the variability] of the 191 
GFP-MCM-10 and mCherry-H2B signals within the nucleus by calculating the 192 
coefficient of variation in each case.  When GFP-MCM-10 accumulates on 193 
chromatin, the coefficient of variation is similarly high for GFP-MCM-10 and 194 
mCherry-H2B.  When GFP-MCM-10 does not accumulate on chromatin, the 195 
coefficient of variation is lower for GFP-MCM-10 than for mCherry-H2B (Appendix 196 
Figure S2, lower panel). 197 

198 
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2. “Line 221: I am confused by the authors' assertion that SLD-2 does not 199 
accumulate on chromosomes in control cells when the SLD-2-GFP signal is 200 
clearly visible. Do they mean "condensed chromosomes"? ” 201 
Yes – in the revised manuscript we now state on lines 217-218 that “SLD-2 does not 202 
accumulate on condensed chromosomes when CMG assembly is blocked by 203 
depletion of CDC-45 (Figure 2D, cdc-45 RNAi).” 204 
 205 
3. “Line 286: "displacement" is not the best description for a loss of affinity.”  206 
Thank you – we now say on lines 293-294 that “mutation of the MCM-3-binding 207 
site led to reduced binding of DNSN-1 to CMG”. 208 
 209 
4. “Please specify the nature of the MCM10 allele used (same 96% deletion of 210 
coding sequence?)”. 211 

When we first refer to using the mcm-10∆ allele in the revised manuscript (line 212 
133), we cite Xia et al (2023) to indicate that it is indeed the same allele that we 213 
reported previously (lacking 96% of the coding sequence, as spelled out on line 110).  214 
We also cite Xia et al (2023) when describing the allele in Appendix Table S1. 215 
 216 
5. “Please label the MW ladder in Figure 4A” 217 

Thank you – we now do this. 218 
 219 
  220 
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Referee 2 221 
222 

“- general summary and opinion about the principle significance of the study, 223 
its questions and findings 224 

225 
The roles of Mcm10 and Sld2 in yeast DNA replication have been 226 
comparatively well characterized: Sld2 facilitates the CMG helicase assembly 227 
by delivering GINS and Pol epsilon to the replication origin, and Mcm10 228 
activates the CMG helicase. By contrast, no clear evidence has been obtained 229 
indicating similar roles for their metazoan homologs. Therefore, MCM10 and 230 
SLD2/RECQL4 remain among the most enigmatic factors involved in the 231 
initiation of metazoan DNA replication. 232 

233 
In this study, Sonneville et al. demonstrated that dual inactivation of MCM10 234 
and SLD-2/RECQL4 causes synthetic lethality both in C. elegans and ES cells 235 
without affecting mitotic progression and CMG assembly. They further showed 236 
that MCM-10 and SLD-2 were able to directly activate DNA unwinding activity 237 
of CMG complex in an in vitro helicase assay. These findings appear to be 238 
sufficiently novel for the field. Although it remains unclear how these factors 239 
jointly activate CMG helicase, this question can be addressed in future 240 
studies. Overall, I believe this manuscript merits publication in The EMBO 241 
Journal. 242 

243 
- specific major concerns essential to be addressed to support the244 
conclusions 245 

246 
1. Because vertebrate RecQL4 contains both an N-terminal Sld2 homology247 
domain and a C-terminal RecQ helicase domain, the reduced viability of ES 248 
cells following RecQL4 inactivation might be partly due to the loss of the 249 
helicase domain. Therefore, distinct mechanisms may underlie the inability to 250 
generate double knockout mutants in ES cells and C. elegans. It will be 251 
important to determine whether the N-terminal SLD2 domain alone can rescue 252 
cell growth in the BT-Mcm10/dT-Recql4 ES cells in Fig.5. 253 

254 
2. In Fig. 4 (and related EVs), CMG helicase activities were examined only in255 
the presence of excess amounts of activators (MCM-10, DNSN-1, SLD-2). What 256 
happens when the amounts of these activators are reduced and combined? It 257 
would be informative to assess the joint effect on the CMG helicase activation. 258 
Although it is unclear whether those activators are required transiently or 259 
constitutively, a single activator may mediate the reaction multiple times in 260 
combination with another activator. 261 

262 
- minor concerns that should be addressed263 

264 
1. Regarding the explanation in Lines 234-236, it is uncertain whether265 
chromosome decondensation was delayed in mcm-10Δ+GFP RNAi (Fig. 3A) 266 
compared with GFP RNAi (Fig. 1D), because the time-course in Fig. 1D ended 267 
at 2.5'. Judging from the mCherry-PSF-1 signal in Fig. 1E, it is likely that 268 
mCherry-H2B will also show a decondensed pattern at 3'. 269 
2. In Fig. 3F, why are the mCherry-RPA-2 signals so strong in prophase even in270 
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the absence of rnr-1 RNAi? Are they associated with chromatin? 271 
3. In Line 345, "RECQL" should be corrected to "RECQL4".272 
4. In Fig. 8E, to test whether DNA unwinding occurs by monitoring checkpoint273 
activation, HU should be included in the presence of PROTACs. Without HU, 274 
the activation cannot be detected even under control conditions. 275 

276 
- any additional non-essential suggestions for improving the study (which will277 
be at the author's/editor's discretion) 278 

279 
1. If two factors are jointly involved in the same pathway, overexpression of280 
one may rescue the defect caused by the inactivation of the other. Therefore, it 281 
would be informative to determine whether overexpression of MCM10 can 282 
compensate for the loss of SLD-2 in C. elegans and the loss of RECQL4 in ES 283 
cells.” 284 

285 
We thank the reviewer for their helpful comments and were glad to see the 286 

reviewer’s conclusion that “Overall, I believe this manuscript merits publication 287 
in The EMBO Journal.” 288 

289 
Major issues 290 
1. “Because vertebrate RecQL4 contains both an N-terminal Sld2 homology291 
domain and a C-terminal RecQ helicase domain, the reduced viability of ES 292 
cells following RecQL4 inactivation might be partly due to the loss of the 293 
helicase domain. Therefore, distinct mechanisms may underlie the inability to 294 
generate double knockout mutants in ES cells and C. elegans. It will be 295 
important to determine whether the N-terminal SLD2 domain alone can rescue 296 
cell growth in the BT-Mcm10/dT-Recql4 ES cells in Fig.5.” 297 

Figure 5C-D now include new data from two clones of cells expressing 298 
RECQL4 1-468 (SLD-2 homology without the helicase domain), showing that 299 
RECQL4 1-468 can rescue cell growth after depletion of BromoTag-MCM10 and 300 
dTAG-RECQL4. 301 

302 
2. “In Fig. 4 (and related EVs), CMG helicase activities were examined only in303 
the presence of excess amounts of activators (MCM-10, DNSN-1, SLD-2). What 304 
happens when the amounts of these activators are reduced and combined? It 305 
would be informative to assess the joint effect on the CMG helicase activation. 306 
Although it is unclear whether those activators are required transiently or 307 
constitutively, a single activator may mediate the reaction multiple times in 308 
combination with another activator.” 309 

Figure 4H now includes new data to show that stimulation of CMG by MCM-310 
10 is epistatic with DNSN-1.  In contrast, the effect of SLD-2 is additive with DNSN-1 311 
and with MCM-10 (though in the latter case the effect was not statistically significant 312 
under the experimental conditions).  To explore this issue further, we also used a 313 
new substrate that is much harder for CMG to unwind, since it comprises double 314 
strand DNA that only has 3’ flaps for loading of CMG but does not have 5’ flaps, 315 
meaning that CMG would be predicted to slide onto dsDNA.  New data in Appendix 316 
Figure S4C-D shows that CMG cannot unwind such a substrate on its own but does 317 
so in the presence of MCM-10, SLD-2 or DNSN-1 (but not other CMG partner 318 
proteins).  Appendix Figure S4E shows that the stimulation of CMG by MCM-10 is 319 
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epistatic with DNSN-1, whereas the effect of SLD-2 is additive (and statistically 320 
significant) with either DNSN-1 or MCM-10. 321 

These data also raise the possibility that MCM-10, SLD-2 and DNSN-1 can 322 
stimulate two converging CMG complexes to unwind dsDNA (more like the reaction 323 
during CMG helicase activation at origins).  However, we don’t want to over-interpret 324 
these data, as MCM-10, SLD-2 and DNSN-1 also have a limited ability to stimulate 325 
CMG to unwind a substrate with a single 3’ flap (Appendix Figure S4B), which 326 
complicates interpretation as this substrate should only load a single CMG, rather 327 
than two converging CMG complexes.  These data are discussed briefly and simply 328 
in the text, focusing on the additive or epistatic effects of MCM-10, SLD-2 and 329 
DNSN-1 (lines 304-305), which is the most relevant point in the context of our 330 
experiments. 331 

332 
Minor issues: 333 
1. “Regarding the explanation in Lines 234-236, it is uncertain whether334 
chromosome decondensation was delayed in mcm-10Δ+GFP RNAi (Fig. 3A) 335 
compared with GFP RNAi (Fig. 1D), because the time-course in Fig. 1D ended 336 
at 2.5'. Judging from the mCherry-PSF-1 signal in Fig. 1E, it is likely that 337 
mCherry-H2B will also show a decondensed pattern at 3'.” 338 

We have now revised Figure 1D-E so that they show the same timepoints (up 339 
to four minutes) as in Figure 3A.  This supports our original interpretation, namely 340 
that chromosome decondensation is delayed in mcm-10Δ +GFP RNAi (Fig. 3A) 341 
compared with GFP RNAi (Fig. 1D). 342 

To help the readers assess the imaging data that represent stills from videos 343 
of early C. elegans embryos in this study, we now also include all the corresponding 344 
videos as ‘Appendix Movies S1-S45’. 345 

346 
2. “In Fig. 3F, why are the mCherry-RPA-2 signals so strong in prophase even347 
in the absence of rnr-1 RNAi? Are they associated with chromatin?” 348 

These are foci of RPA-2 that accumulate on chromatin when DNA synthesis is 349 
blocked (they are the source of the RPA-2 that is observed on chromatin during 350 
mitosis). 351 

To demonstrate this more clearly, we now include a new experiment in 352 
Appendix Figure S3, comparing worms treated either with rnr-1 RNAi (mCherry-RPA-353 
2 foci are seen on chromatin during prophase, metaphase and anaphase) or with 354 
double rnr-1 + cdc-45 RNAi (the mCherry-RPA-2 foci are suppressed during 355 
prophase/metaphase/anaphase, indicating that the foci reflect RPA on chromatin, 356 
when CMG continues unwinding DNA after inhibition of DNA synthesis). 357 

358 
3. “In Line 345, "RECQL" should be corrected to "RECQL4”.359 

Thank you – we have now corrected this (line 362 of the revised manuscript). 360 
361 

4. “In Fig. 8E, to test whether DNA unwinding occurs by monitoring checkpoint362 
activation, HU should be included in the presence of PROTACs. Without HU, 363 
the activation cannot be detected even under control conditions.” 364 

We thank the reviewer for this helpful point, which was also raised by 365 
Reviewer 1. As noted above, we use several different approaches to address this 366 
point in the revised manuscript. 367 

In Figure 8A-E and Figure EV5A, we use two different approaches to monitor 368 
RPA association under such conditions.  We show that RPA accumulates on 369 
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chromatin, as expected, in response to hydroxyurea, but this is blocked if we first 370 
degrade MCM10 and RECQL4 and then add hydroxyurea, consistent with a defect in 371 
helicase function.   372 

Moreover, we now show in Figure 8F that checkpoint activation is impaired if 373 
we first degrade MCM10 and RECQL4 and then treat cells with hydroxyurea, 374 
consistent with the data presented in the original version of the manuscript. 375 

Finally, we also take a new approach to show that the CMG complexes that 376 
are assembled in the absence of MCM10 and RECQL4 are inactive.  This approach 377 
is based ons recent structural studies from the Costa and Yeeles groups (Palm et al, 378 
2026 and Taylor-Cross et al, 2026), which indicate that Mcm10 binds to a double 379 
CMG intermediate that would exclude binding of the TIMELESS-TIPIN complex (the 380 
latter binds at forks to the ‘front’ of the helicase, on an interface that is hidden within 381 
the inactive double CMG structure).  Correspondingly, an additional new manuscript 382 
on bioRxiv (Weekes et al, 2026) that we cite in our revised manuscript shows that 383 
yeast Tof1-Csm3 (TIMELESS-TIPIN) do not bind to chromatin when CMG activation 384 
is delayed.  Inspired by these findings, we have monitored recruitment of the 385 
TIMELESS-TIPIN to chromatin when cells enter S-phase in the absence of MCM10 386 
and SLD-2/RECL4, in both C. elegans and mouse ES cells.  The new data are 387 
shown in Figure 3F-G (C. elegans), and Figure 8G and Figure EV5B-C (mouse ES 388 
cells), showing that recruitment of TIMELESS-TIPIN to chromatin is impaired in the 389 
absence of MCM10 and RECQL4.   390 

Collectively and together with the above-discussed new data from other 391 
groups, these findings indicate that inactive double CMG complexes are formed in 392 
the absence of MCM10 and RECQL4, supporting a role for MCM10 and RECQL4 in 393 
the helicase activation step during DNA replication initiation in animal cells. 394 
 395 
Additional non-essential suggestion for improving the study (which will be at 396 
the author's/editor's discretion)  397 
1. “If two factors are jointly involved in the same pathway, overexpression of 398 
one may rescue the defect caused by the inactivation of the other. Therefore, it 399 
would be informative to determine whether overexpression of MCM10 can 400 
compensate for the loss of SLD-2 in C. elegans and the loss of RECQL4 in ES 401 
cells”. 402 
 Unfortunately, we do not have the expression systems to test this idea in C. 403 
elegans and we did not have the time to attempt this in mouse ES cells. 404 
 405 
  406 
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Referee 3 407 
408 

“This study addresses the mechanism of CMG helicase activation in metazoa. 409 
While the budding yeast system has long served as a paradigm for eukaryotic 410 
DNA replication, recent studies uncovered mechanistic differences between 411 
the yeast and metazoan systems, emphasizing the necessity to investigate 412 
replication mechanisms in higher eukaryotes. Here, the authors employ C. 413 
elegans and mouse ES cells to interrogate the roles of Sld2/RECQL4 and 414 
Mcm10 in CMG activation. They demonstrate that the worm and mouse 415 
Sld2/RECQL4 and Mcm10 orthologs are partially redundant and jointly 416 
essential, functioning downstream of CMG assembly in CMG activation. Since 417 
Sld2 is required for CMG assembly in budding yeast, these observations 418 
indicate that the mechanism of CMG assembly and activation has diverged in 419 
higher eukaryotes. 420 

421 
Overall, the experiments are elegant and of high quality and support the 422 
central claims. The combination of the worm and mouse ES cell systems is a 423 
major strength of the study and lends weight to the evolutionary conservation 424 
of the observed mechanism in higher eukaryotes. The conceptual advance is 425 
significant, highlighting differences in the DNA replication initiation 426 
mechanisms between yeast and metazoa. 427 

428 
Major limitation of this study: 429 

430 
Based on in vitro helicase assays with purified proteins and oligo-based DNA 431 
substrates in Figure 4, the authors claim that C. elegans SLD-2, DNSN-1 and 432 
MCM-10 "stimulate" the CMG helicase activity. It should be noted that the433 
presented assays in their current form do not distinguish between a 434 
stimulation of DNA substrate unwinding due to increased helicase loading or 435 
helicase activity (i.e. increased rate or processivity of unwinding), each of 436 
which could explain the observed results. Given the proposed function of SLD-437 
2 and MCM-10 in CMG activation, although it may be technically too 438 
challenging to determine helicase rates and processivity, it seems prudent and 439 
feasible to test these proteins' impact on CMG-DNA loading. Moreover, the 440 
experiment lacks essential controls, such as assessment of the ATP-441 
dependence of DNA unwinding and the impact of individual proteins on DNA 442 
substrate unwinding in the absence of CMG. These controls are important in 443 
light of the supplemental data indicating DNA binding activity for SLD-2, 444 
DNSN-1 and MCM-10 (Figure EV4). 445 

446 
447 

Minor limitations: 448 
449 

Figures 1-3: Chromatin association of GINS/CDC45 is used as a proxy for CMG 450 
assembly. This data could be strengthened and complemented by direct 451 
demonstration of CMG assembly (e.g. native CMG complex isolation from 452 
chromatin, as the authors have done in previous studies). 453 

454 
Figure 8: CMG helicase inactivity is inferred from absence of checkpoint 455 
signaling and DNA synthesis, but not directly measured. Perhaps RECQL4 and 456 
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MCM10 have additional roles in checkpoint signaling? For example, given the 457 
little-understood function of the RECQL4 helicase domain, it is conceivable 458 
that mammalian orthologues of these replication factors have acquired 459 
additional functions in this context.” 460 
 461 

We thank the reviewer for their helpful comments and were glad to see the 462 
reviewer’s summary that “Overall, the experiments are elegant and of high 463 
quality and support the central claims. The combination of the worm and 464 
mouse ES cell systems is a major strength of the study and lends weight to 465 
the evolutionary conservation of the observed mechanism in higher 466 
eukaryotes. The conceptual advance is significant, highlighting differences in 467 
the DNA replication initiation mechanisms between yeast and metazoa.” 468 
 469 
Major issue 470 
“Based on in vitro helicase assays with purified proteins and oligo-based DNA 471 
substrates in Figure 4, the authors claim that C. elegans SLD-2, DNSN-1 and 472 
MCM-10 "stimulate" the CMG helicase activity. It should be noted that the 473 
presented assays in their current form do not distinguish between a 474 
stimulation of DNA substrate unwinding due to increased helicase loading or 475 
helicase activity (i.e. increased rate or processivity of unwinding), each of 476 
which could explain the observed results. Given the proposed function of SLD-477 
2 and MCM-10 in CMG activation, although it may be technically too 478 
challenging to determine helicase rates and processivity, it seems prudent and 479 
feasible to test these proteins' impact on CMG-DNA loading. Moreover, the 480 
experiment lacks essential controls, such as assessment of the ATP-481 
dependence of DNA unwinding and the impact of individual proteins on DNA 482 
substrate unwinding in the absence of CMG. These controls are important in 483 
light of the supplemental data indicating DNA binding activity for SLD-2, 484 
DNSN-1 and MCM-10 (Figure EV4).” 485 

Figure EV4E-F present new data to show that SLD-2, DNSN-1 and MCM-10 486 
do not detectably increase CMG loading onto fork DNA.  Nevertheless, new data in 487 
Figure EV4A-D show that DNA binding by DNSN-1 is important for the observed 488 
stimulation of CMG in vitro.  We note that recent studies indicate that DNA binding by 489 
Mcm10 is not essential for its role during initiation in yeast, but it remains possible 490 
that DNA binding by Mcm10 is redundant with DNA binding by Sld2 (or by SLD-2 or 491 
DNSN-1 in metazoa).  These data are discussed in the revised text on lines 482-486. 492 

In addition, new data in Figure 4C show ATP-dependence of the observed 493 
DNA unwinding in our assay conditions. 494 

We already included data in the original version of the manuscript to show the 495 
impact of MCM-10, SLD-2 or DNSN-1 in the absence of CMG (this was in Figure 496 
EV3) – for clarity, we have now moved these data to Figure 4E-G. 497 
 498 
Minor issues 499 
1. “Figures 1-3: Chromatin association of GINS/CDC45 is used as a proxy for 500 
CMG assembly. This data could be strengthened and complemented by direct 501 
demonstration of CMG assembly (e.g. native CMG complex isolation from 502 
chromatin, as the authors have done in previous studies).”  503 

We take the reviewer’s point, but sadly this is not possible for technical 504 
reasons.  When we monitored CMG by IP in our previous work, this was under 505 
conditions where CMG assembly and activation proceed as normal, but CMG 506 
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disassembly is blocked.  This means that we could harvest embryos from cultures of 507 
worms, which would contain many thousands of cells that contained large numbers 508 
of CMG complexes for us to analyse.  In contrast, if we block CMG activation by 509 
depletion of MCM-10 and SLD-2, then embryos die in the first couple of cell cycles.  510 
This means that we would end up with much less material, prohibiting us from 511 
carrying out IP analysis (the control would have lots of CMG, but the mutant would 512 
have much less.   513 
 514 
2. “Figure 8: CMG helicase inactivity is inferred from absence of checkpoint 515 
signaling and DNA synthesis, but not directly measured. Perhaps RECQL4 and 516 
MCM10 have additional roles in checkpoint signaling? For example, given the 517 
little-understood function of the RECQL4 helicase domain, it is conceivable 518 
that mammalian orthologues of these replication factors have acquired 519 
additional functions in this context.” 520 

We thank the reviewer for this helpful point, which relates to points raised by 521 
Reviewers 1 and 2.  We have used several different approaches to address this point 522 
further in the revised manuscript. 523 

In Figure 8A-E and Figure EV5A, we use two different approaches to monitor 524 
RPA association under such conditions.  We show that RPA accumulates on 525 
chromatin, as expected, in response to hydroxyurea, but this is blocked if we first 526 
degrade MCM10 and RECQL4 and then add hydroxyurea, consistent with a defect in 527 
helicase function.   528 

In addition, we also take a new approach to show that the CMG complexes 529 
that are assembled in the absence of MCM10 and RECQL4 are inactive.  This 530 
approach was inspired by recent structural studies from the Costa and Yeeles groups 531 
(Palm et al, 2026 and Taylor-Cross et al, 2026), which indicate that Mcm10 binds 532 
during initiation to a double CMG intermediate that would exclude binding of the 533 
TIMELESS-TIPIN complex (the latter binds at forks to the ‘front’ of the helicase, on 534 
an interface that is hidden within the inactive double CMG structure).  535 
Correspondingly, an additional new manuscript on bioRxiv (Weekes et al, 2026) that 536 
we cite in our revised manuscript shows that yeast Tof1-Csm3 (TIMELESS-TIPIN) do 537 
not bind to chromatin when CMG activation is delayed.  Inspired by these findings, 538 
we monitored recruitment of the TIMELESS-TIPIN to chromatin when cells enter S-539 
phase in the absence of MCM10 and SLD-2/RECL4, in both C. elegans and mouse 540 
ES cells.  The new data are shown in Figure 3F-G (C. elegans), and Figure 8G and 541 
Figure EV5B-C (mouse ES cells), showing that recruitment of TIMELESS-TIPIN to 542 
chromatin is impaired in the absence of MCM10 and RECQL4. 543 

Collectively and together with the above-discussed new data from other 544 
groups, these findings indicate that inactive double CMG complexes are formed in 545 
the absence of MCM10 and RECQL4, supporting a role for MCM10 and RECQL4 in 546 
the helicase activation step during DNA replication initiation in animal cells. 547 
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Prof. Karim Labib 
University of Dundee 
Division of Genome Integrity 
Faculty of Life Sciences 
Dow Street 
Dundee DD1 5EH 
United Kingdom 

25th Aug 2026 

Re: EMBOJ-2026-123821R 
MCM10 and SLD-2/RECQL4 jointly activate the CMG helicase during metazoan DNA replication initiation 

Dear Karim, 

Thank you for submitting your revised manuscript on replicative helicase activation to The EMBO Journal. Two of the original
referees have now reviewed it once more, and overall found the study significantly strengthened and most major concerns
adequately addressed. Referee 1 retains a few presentational reservations, which I would ask you to incorporate in a final round
of minor revision. In addition, there are still a few editorial modifications to be made at this stage: 

- Importantly, our routine pre-acceptance image checks indicated a potentially inadvertent image duplication within Figure 5C,
and a re-display of a FACS control image between Figure 7 and Appendix Figure S10, which is however not explicitly mentioned
and rationalized in the respective figure legends - please carefully double-check and clarify! Also, please make sure to upload
the Expanded View figures at higher resolution/in production quality, as especially blots appeared too pixelated during our image
analyes.

- Please carefully go through the reference list and make sure that all references have their complete citation information -
including year, journal name & volume, and page/elocator numbers - some of this information is currently missing for several of
them.

- For preprint citations: Please change in-text reference format according to "preprint: XXX et al, 2025"; and in the reference list,
name of the platform plus DOI + preprint label - e.g. "bioRxiv doi: 1234/002.dfj123 [PREPRINT]". For preprints that have in the
meantime been accepted, please try to already include final citation information where possible, or update the preprint citation
during proof stage.

- Please double-check all in-text figure references, making sure that all Appendix figures and tables are always called out as
such (e.g. 'Appendix Figure S9E', 'Appendix Table S1', etc.).

- The Data Availability section should only refer to any newly generated datasets deposited in public repositories; should there
be none, all it should state is "This study includes no data deposited in external repositories."

- Please amend the ToC on the title page of the Appendix with page numbers, and remove the information re. 'Appendix
Movies'. Instead, all video files should be renamed into Expanded View Movies (within their legends, file names, and in-text
references: 'Movie EV1/2/3...'). Apart from this, they are correctly uploaded in ZIP format.

- Please move the Reagents and Tools table from the Appendix file, and upload it as a separate text file. Also, please make sure
to adhere to the template table downloadable from our author guidelines:
https://www.embopress.org/page/journal/14693178/authorguide#structuredmethods

- Please provide suggestions for a short 'blurb' text prefacing and summing up the conceptual aspect of the study in two
sentences (max. 250 characters), followed by 3-5 one-sentence 'bullet points' with brief factual statements of key results of the
paper; they will form the basis of an editor-written 'Synopsis' accompanying the online version of the article. Please also upload
a synopsis image, which can be used as a "visual title" for the synopsis section of your paper. The image should be in JPG
format and exactly 550 pixels wide and 300 pixels high, and please make sure that it remains clear enough even in these
modest dimensions.

- Finally, during routine pre-acceptance checks, our data editors have raised the following queries regarding figures, data, and
legends; I would appreciate if you briefly answered to them in the cover letter of your final submission, and made the requested
text modifications with changes/additions highlighted via the "Track changes" option, to facilitate our final checking.
1. Please provide the exact p values in the legend of figure 1C
2. Please proved information related to n in the legends of figures 4F, G



3. Please define the error bars in the legends of figures 1C, 4F, G

I am returning the manuscript to you for minor revision, hoping you will be able to return the final modified files within one week.
Once we will have received them, we should hopefully be able to swiftly proceed with formal acceptance and production of the
manuscript. 

Yours sincerely, 

Hartmut 

Hartmut Vodermaier, PhD 
Senior Editor, The EMBO Journal 
h.vodermaier@embojournal.org

*** PLEASE NOTE: All revised manuscript are subject to initial checks for completeness and adherence to our formatting
guidelines. Revisions may be returned to the authors and delayed in their editorial re-evaluation if they fail to comply to the
following requirements. As a first step please read our guidelines for revised submissions:
https://link.springer.com/journal/44318/submission-guidelines#cms-Revised-submissions 

1) Every manuscript requires a Data Availability section (even if only stating that no deposited datasets are included). Primary
datasets or computer code produced in the current study have to be deposited in appropriate public repositories prior to
resubmission, and reviewer access details provided in case that public access is not yet allowed.

2) Each figure legend must specify
- size of the scale bars that are mandatory for all micrograph panels
- the statistical test used to generate error bars and P-values
- the type error bars (e.g., S.E.M., S.D.)
- the number (n) and nature (biological or technical replicate) of independent experiments underlying each data point
- Figures may not include error bars for experiments with n<3; scatter plots showing individual data points should be used
instead.

3) Revised manuscript text (including main tables, and figure legends for main and EV figures) has to be submitted as editable
text file (e.g., .docx format). We encourage highlighting of changes (e.g., via text color) for the referees' reference.

4) Each main and each Expanded View (EV) figure should be uploaded as individual production-quality files (preferably in .eps,
.tif, .jpg formats). For suggestions on figure preparation/layout, please refer to our Figure Preparation Guidelines:
https://media.springernature.com/original/springer-cms/rest/v1/content/27825798/data/v1

5) Point-by-point response letters should include the original referee comments in full together with your detailed responses to
them (and to specific editor requests if applicable), and also be uploaded as editable (e.g., .docx) text files.

6) Please complete our Author Checklist, and make sure that information entered into the checklist is also reflected in the
manuscript; the checklist will be available to readers as part of the Review Process File.

7) All authors listed as (co-)corresponding need to deposit, in their respective author profiles in our submission system, a unique
ORCiD identifier linked to their name. Please see our Guide to Authors for detailed instructions.

8) Please note that supplementary information at EMBO Press has been superseded by the 'Expanded View' for inclusion of
additional figures, tables, movies or datasets; with up to five EV Figures being typeset and directly accessible in the HTML
version of the article.

9) To facilitate reproducibilty and cross-laboratory adoption of methodologies, please structure the Materials & Methods section
as outlined in our guide to authors, including a completed Reagents and Tools Table.

10) Digital image enhancement is acceptable practice, as long as it accurately represents the original data and conforms to
community standards. If a figure has been subjected to significant electronic manipulation, this must be clearly noted in the figure
legend and/or the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and the
original images that were used to assemble the figure. Finally, we generally encourage uploading of numerical as well as gel/blot
image source data.

At EMBO Press we ask authors to provide source data for the main manuscript figures. You will receive a separate email with



instructions for providing source data with your revised manuscript, including how to upload and organize the files.

In the interest of ensuring the conceptual advance provided by the work, we recommend submitting a revision within 3 months
(23rd Nov 2026). Please discuss the revision progress ahead of this time with the editor if you require more time to complete the
revisions. Use the link below to submit your revision: 

Link Not Available 

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

Referee #1: 

The authors have done a very good job of responding to my criticisms. For further clarity, the authors should consider
addressing the following points. 

1. Throughout the manuscript, the authors state that MCM-10 and SLD-2 are "jointly required" for CMG activation. This language
is ambiguous and would seem to imply that both factors are essential, which is not what the authors intend, which is that they
are partially (if not completely) redundant, as stated on Lines 537. Please use "partially redundant" or something equivalent
throughout.

2. In Figure 3H, the strong RPA signal seen in the absence of RNR is clearly CMG-dependent, but no evidence is presented that
the uniform RPA signal seen in the presence of RNR (RNR+) reflects CMG-dependent unwinding. Therefore, it's not clear what
is the purpose of showing the RPA staining in the different genotypes in the RNR+ setting, especially since there is no
comparison with WT. This data should be re-interpreted or removed. The finding that mutations in MCM-10 and SLD-2 enhance
CMG retention while inhibiting DNA synthesis and chromosome decondensation would be adequate to make the point that these
factors promote CMG activation.

3. Lines 295-299 make reference to DNSN-1 charge reversal mutations' effect on CMG helicase loading in Figure EV4E-F, but
that data is not shown in this figure.

4. Lines 301-305: "epistatic" is not generally used to describe biochemical data, and it's not clear what the authors mean by it
here, especially since they do not point to specific lanes to accompany their statements. Furthermore, the "additive" effect of
SLD-2 with the other factors was not visible in the primary figure, which caused confusion for this reviewer. It would be better if
Figure S4, which documents this point and is a more physiological mimic of the dsDNA CMG binding mode upon which these
factors act, were more prominently displayed, or at least discussed separately as the evidence for the claim of additivity. The fact
that the unwinding assays in Figure 4 do not involve activation of CMG on dsDNA, as is the case during replication initiation,
should be stated more clearly.

5. Line 474: use "head-to-head" since "converging" invokes termination.

6. The discussion took a long time to address the main points of the paper. A traditional summary paragraph at the start would
be helpful.

Referee #2: 

The authors addressed all the issues I previously raised in this revised version, and I have no further concerns.



Referee 1: 
“The authors have done a very good job of responding to my criticisms. For 
further clarity, the authors should consider addressing the following points.” 

“1. Throughout the manuscript, the authors state that MCM-10 and SLD-2 are 
"jointly required" for CMG activation. This language is ambiguous and would 
seem to imply that both factors are essential, which is not what the authors 
intend, which is that they are partially (if not completely) redundant, as stated 
on Lines 537. Please use "partially redundant" or something equivalent 
throughout.” 
Done – changes shown in red. 

“2. In Figure 3H, the strong RPA signal seen in the absence of RNR is clearly 
CMG-dependent, but no evidence is presented that the uniform RPA signal 
seen in the presence of RNR (RNR+) reflects CMG-dependent unwinding. 
Therefore, it's not clear what is the purpose of showing the RPA staining in the 
different genotypes in the RNR+ setting, especially since there is no 
comparison with WT. This data should be re-interpreted or removed. The 
finding that mutations in MCM-10 and SLD-2 enhance CMG retention while 
inhibiting DNA synthesis and chromosome decondensation would be 
adequate to make the point that these factors promote CMG activation.” 
The ‘uniform RPA signal’ is simply the nuclear localisation of this protein.  The 
corresponding section has been re-worded to make this clear (lines 251-255). 

“3. Lines 295-299 make reference to DNSN-1 charge reversal mutations' effect 
on CMG helicase loading in Figure EV4E-F, but that data is not shown in this 
figure.” 
Thanks for pointing this out – this sentence needed to refer to wild type DNSN-1 and 
we have adjusted the text accordingly on lines 300-302. 

“4. Lines 301-305: "epistatic" is not generally used to describe biochemical 
data, and it's not clear what the authors mean by it here, especially since they 
do not point to specific lanes to accompany their statements. Furthermore, the 
"additive" effect of SLD-2 with the other factors was not visible in the primary 
figure, which caused confusion for this reviewer. It would be better if Figure 
S4, which documents this point and is a more physiological mimic of the 
dsDNA CMG binding mode upon which these factors act, were more 
prominently displayed, or at least discussed separately as the evidence for the 
claim of additivity. The fact that the unwinding assays in Figure 4 do not 
involve activation of CMG on dsDNA, as is the case during replication 
initiation, should be stated more clearly.” 
We have rewritten this section (lines 305-317) and now discuss Appendix Figure S4 
more prominently. 

“5. Line 474: use "head-to-head" since "converging" invokes termination.” 
We now do so – changes shown in red. 

“6. The discussion took a long time to address the main points of the paper. A 
traditional summary paragraph at the start would be helpful.” 
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We have added a new paragraph at the start of the discussion. 

Referee 2 
“The authors addressed all the issues I previously raised in this revised 
version, and I have no further concerns.” 
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