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7th May 20181st Editorial Decision

Dear Dr. Prioleau, 

Thank you for submit t ing your manuscript for considerat ion by The EMBO Journal. It has now been 
seen by three referees whose comments are shown below. As you will see, while the referees some 
express interest in the work and topic in principle, they do not offer strong support for publicat ion in 
The EMBO Journal. 

I will not repeat their individual points of crit icism but it becomes clear that the referees raise a 
number of technical and conceptual concerns that prevent them from support ing publicat ion here. I 
realise that ref #3 is more posit ive about the overall scope of the study but referees #1 and #2 both 
find that the study does not sufficient ly extend on previous findings from your lab and others. 
Clearly, an extensive amount of further experimentat ion would be required to address the issues 
raised and to bring the study to the level of insight and significance required for publicat ion here. 
Given these consistent, crit ical comments from the referees, I am therefore afraid that we are 
unable to offer further steps towards publicat ion in The EMBO Journal. 

Thank you in any case for the opportunity to consider this manuscript . I am sorry we cannot be 
more posit ive on this occasion, but we hope nevertheless that you will find our referees' comments 
helpful. 

Yours sincerely, 

Anne Nielsen PhD 
Senior Editor 
The EMBO Journal

 

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

Referee #1: 

The regulat ion of replicat ion origins in associat ion with chromat in st ructure has been of great



interest  for the past decade. Work of David Gilbert  and peers have previously established that
mammalian genome consists of Mbp units of early and late replicat ion domains. Replicat ing regions
with similar replicat ion t iming (RT) are separated by dist inct  boundaries. To better understand the
mechanism regulat ing the RT during S phase, the authors have invest igated the format ion of early
replicat ing domains by insert ing various ectopic regulatory elements in a genomic posit ion that is
believed to be a late replicat ing region (Hassan-zade et  al., 2012). They have shown that insert ion
of a robust replicator such as ß-globin promoter flanked by HS4 insulator at  a different
chromosomal locat ion can advance the RT. Although such advancement of RT is independent of
the transcript ional status of the ectopic locus, firing t ime can be advanced if a highly expressing
gene such as the blast icidin-resistance gene (BsR) driven by act in promoter is posit ioned nearby. 

In this manuscript , Brossas et  al have advanced their previously published data by invest igat ing the
effect  of ectopic insert ion of replicator elements on chromat in structure. The authors have shown
that insert ion of ß-globin locus flanked with the HS4 binding site, FIV, is sufficient  to advance RT at
the ectopic locus. By using MNase digest ion the authors conclude that nucleosome posit ioning of
the ectopic βA-globin locus is highly similar to that of endogenous locus of chicken βA-globin.
However, the flanking 2X FIV sites showed higher suscept ibility to MNase digest, reminiscent of
open chromat in. Brossas et  al further characterize the inserted ectopic locus by chromat in immuno
precipitat ion followed by qPCR. They show that within the 2xFIV+BsR transgene, highly t ranscribing
β-act in promoter is marked with high levels of H3K27 and K9 acetylat ion and H3K4 2/3 methylat ion.
Finally they tested the synergic effect  of two early replicons on advancing the RT of nearby
sequences. 

The Prioleau Lab has previously established a methodology to determine the impact of various cis-
act ing elements that organize chromat in domain on replicat ion t iming. In this manuscript  they
further characterize the effect  of such elements on changes in RT, yet  this work presents lit t le
technical or conceptual advance from their previous work. 

major points 

Some of the results in this manuscript  appear to be inconsistent with their previous findings. In their
previous paper, the authors show that a t ransgenic line containing a blast icidin resistance gene
(bsr) under the control of the b-act in promoter does not affect  the RT significant ly (Hassan-zade et
al. Figure 4). However, in the current manuscript , they show significant changes in RT in the same
transgenic line (Figure 2A and 2B). Authors should explain why the results are inconsistent. 

The authors have previously established an equat ion to quant ify the impact of various regulatory
cis-elements on RT. However, they only take a subset of the data into account - quant itat ion using
only some fract ions seems arbit rary and is confusing. The authors should consider an alternate
metric and establish an equat ion that considers all the fract ions. In addit ion, the authors also
quant ified the shift  in RT by calculat ing the difference in slopes of regression lines; again this does
not appear to be a robust method of data quant itat ion. In sum, the authors should use one method
throughout the paper and should not use them interchangeably. 

Bothe MNase sensit ivity and ChIP signal are measured by qPCR, one drawback of the assay is that
it  very sensit ive to the choice of locat ions of PCR primers used. The authors should consider ChIP
seq or ATAC seq - which would be far more informat ive and less biased assays to use. 

The authors showed the synergic effect  of strong origin on a late replicat ing domain by flanking it
with two early replicat ion origins at  30 kb distance.. However, such a shift  in RT of the intervening



sequence is almost certainly due to passive replicat ion of the middle sequence by the two
neighboring origins. 

Using Cre/loxP recombinat ion assay, the authors invest igated the effect  of ectopic insert ion of
replicons on the format ion of chromat in loops. They claim that "The format ion of the early-
replicat ing domain is, thus, linked to a spat ial connect ion between the two advanced replicons
located 30 kb apart , with the potent ial format ion of a chromat in loop". However, this data appears
rather weak evidence and may be merely driven by accessibility of chromat in to Cre recombinat ion.
To invest igate the looping effect , they should perform chromatin conformat ion capture (3C). Finally,
if a chromat in loop is formed, the authors present no evidence that this is related to any aspect of
DNA replicat ion. 

Referee #2: 

In this art icle Brossas et  al expand upon previous work by the group (Hassan-Zadeh et  al, 2012) to
further characterise the effect  on replicat ion t iming by integrat ing constructs containing origins of
replicat ion and cis-elements at  discrete genomic locat ions. It  is the author's content ion that these
combinat ions of origins and cis-elements are capable of shift ing a mid-late replicat ing region to
earlier replicat ion. They show that their integrated constructs have histone marks reminiscent of
open chromat in. Integrat ing two such constructs 30kb apart  leads to a relat ive increase in newly
synthesised DNA compared to the presence of only one unit  and leads to potent ial spat ial
proximity. 

The authors demonstrate earlier replicat ion act ivity upon insert ion of their constructs into mid-late
and late replicat ing regions. A simple explanat ion for their results is that  they have inserted more
origins where originally there were few and so where previously the insert ion site was being
passively replicated now there is act ive replicat ion. From this, the authors extrapolate this to
suggest that  strong origins and cis-elements capable of opening the chromat in structure are the
basic units of early replicat ing domains, but instead what they show is that  late replicat ion domains
are not dominant suppressors of replicat ion origin act ivity. In light  of their previous work using these
constructs (Hassan-Zadeh et  al, 2012) and other genome-wide mapping studies we feel that  this
work provides an incremental increase in our understanding of replicat ion t iming and this work
would be better suited to a more specialised journal. 

Referee #3: 

Authors previously ident ified a cassette construct  that  can advance replicat ion t iming when
inserted into a mid-to-late replicat ing domain. In this manuscript , authors showed the combinat ion
of two modules caused synergist ic effect  on replicat ion t iming. This is most likely due to open
chromatin format ion shown by ChIP analyses of histone marks. On the basis of efficiency of Cre-
mediated recombinat ion, authors conclude that "targeted insert ions of these two modules at  two
chromosomal sites separated by 30 kb brought these two modules into close physical proximity and
induced the format ion of an early-replicat ing domain". 



The quest ions regarding replicat ion t iming regulat ion have been addressed using various species.
Open chromat in with associated "open" histone marks has been long suggested to be an
important factor that  facilitates replicat ion init iat ion. It  has not been known whether "early
replicat ing domain" can be generated by facilitat ing open chromat in structures. The current
manuscript  at tempts to address this quest ion by ut ilizing a cassette module that can promote early
firing in chicken DT40 cells. Although there is already ample evidence that localized opening of
chromat in can cause act ive init iat ion at  a defined locus in yeast and other species, it  is not known
whether it  would be possible to generate an "early replicat ing domain" of sufficient  length. The
system the authors are using is somewhat art ificial but  could shed some important insight into this
quest ion. 

I think that the experiments have been carefully conducted, the data presented are of high quality
and generally support ive for the conclusions, except for one important issue. 

Major comments: 

Authors ut ilize the efficiency of Cre-mediated recombinat ion as a readout for physical proximity of
the two segments. Although it  could reflect  the physical proximity, but  most influent ial factor would
be chromat in openness at  the loxP site where Cre needs to interact  with the target site. Authors
need to show that the chromat in structure at  insert ion site 1 (near the green loxP site in Figure 6A)
in "1(loxP_RE)+3" is as open as that of BsR gene (or at  locat ion close to the green loxP) in "1+2+3"
or in "1+3". If the chromat in at  the insert ion site 1 (at  the green loxP) is closed in "1(loxP_RE)+3", it
would simply mean that the Cre recombinase cannot get access to this loxP site, not that  loss of
physical proximity is responsible for the reduced recombinat ion. 
I do not believe data in Fig. 7 excludes the former possibility. 

Also authors need to conduct chromat in conformat ion capture assays to direct ly show that the
chromatin associat ion is facilitated by the presence of two early replicat ing module, if they are to
conclude that the clustering of early replicat ing origins generate "early replicat ing domain" through
increased physical proximity. 

It  would also be important to show the extent to which the early replicat ing units can exert  its
replicat ion t iming effect ; how far away from the insert ion sites is replicat ion t iming converted to
early? Why not add the genome wide replicat ion t iming profile of "1+2+3" cells to that of the wild-
type cells shown in Figure 5D, right-most graph? 

Minor comments: 

Page 12, middle 
2xFIV+BsR construct  at  site 2 (loxP_RE, Fig 6A, green triangle). 
-> 
2xFIV+BsR construct  at  site 1 (loxP_RE, Fig 6A, green triangle). 

Figure 7A 
Schematic drawing for the 1+3 construct  should also be shown here to facilitate the clarity. 

Page 3, line 1 
Reference 'Knott  et  al, 2012' should probably be Hayano et  al (2012) Genes. Dev. 

Page 17, line 7 



Su4-20h 
-> 
Suv4-20h 

Figure 3ABC and Figure 7B (Chromatin accessibility assays 
Authors may want to add some explanat ion on why different regions respond different ially to the 
increasing concentrat ion of MNase (Among the high chromat in accessibility regions, more DNA is 
released at some locat ions, whereas less DNA is released at other locat ions, with increasing 
amounts of MNase. 

Which region does "5.6 kb domain" indicate? It would be helpful if authors indicate it this in the 
figure. 

Are the scales (0.5 kb) accurate in Fig3C, 4B, 5B? 



14th Feb 2020Author's Appeal

I come back to you with a story that we submitted to EMBO journal about two years ago 
(manuscript# EMBOJ-2018-99520). The paper had been sent to referees and then rejected based 
on the fact that too many experiments had to be made to fulfill the expectations of the referees. 
Since then, we followed the advises of the referees (especially referee # 3) and made even more 
experiments to extensively revised our first version. I would like to know whether you would be 
interested in reconsidering this paper. 

Our work demonstrates for the first time that strong vertebrate origins found in constitutive promoters 
are key contributors for the establishment of early replicating domains through a mechanism of 
cooperation that is correlated with proximal proximity of these elements inside the nucleus. The data 
are compelling and although made in a vertebrate model system amenable to genetic studies (DT40 
cells) correspond to at least five years of full time work of a very talented researcher. We invested so 
much time because we believe that it is a key question not only in the DNA replication field but also 
for the large community working on nuclear organization. However, this issue has not been 
investigated so far due to the difficulty to find appropriate tools. 

After years of debate, there is now a clear consensus in the field of replication that indeed strong 
promoters are preferential sites for replication initiation. This result has been shown by many 
laboratories, including ours, with various approaches. Moreover, there is also numerous papers 
showing that there is a link between the establishment of replication timing domains and 3D nuclear 
organization. Our paper is the first to analyse through a genetic study that indeed strong origins 
found inside constitutive promoters have the capacity to communicate at large distances (in our case 
30 kb) to reinforce their impact on the temporal program of replication through cooperative 
mechanisms. Thanks to a collaboration with an expert in the field of 3D nuclear organization (Job 
Dekker) we also provide the demonstration that our targeted insertions profoundly impact on the 
nuclear organization of the modified region. 

We believe that not only our paper provides to the field of DNA replication the demonstration that 
indeed strong origins cluster together to form replication factories (a concept that has been debated 
for many years) but also to reinforce a signal of early timing of replication. Our study has also 
implications for people working on transcription since it reveals that constitutive promoters have the 
strength to perturb many processes operating on the genome within their surrounding environment. 
Our paper has also impact for the large field working on 3D organization of the nucleus as we 
provide new and important insights for understanding forces involved in the establishment of nuclear 
compartments, molecular mechanisms that remains largely unexplored so far.

Please find below the title, list of authors and abstract, attached the cover letter and finally a link to 
download  the files of the paper 



12th Mar 20201st Revision - Editorial Decision

Dr. Marie-Noëlle Prioleau 
CNRS, University Paris Diderot 
Inst itut Jacques Monod 
15 rue Helene Brion 
Paris 75013 
France 

12th Mar 2020 

Re: EMBOJ-2018-99520R-Q 
Clustering of strong replicators associated with act ive promoter are sufficient to establish an early 
replicat ing domain 

Thank you again for contact ing me with a new version of your earlier submission, and explaining the 
advances made since then. In light of all of this, we would be happy to consider it once more for 
review at our journal. 
I would propose to not t reat the paper as a completely new submission (since it is clearly an 
extension of the earlier work), but to send it back to at least the original referee 3, while at the same 
t ime trying to involve one or two fresh referees with good expert ise on the topic, and asking them 
to not only comment on the work in general, but also to arbit rate on your responses to the earlier 
comments of all original referees. 

To facilitate this, please use the link provided below to upload all latest manuscript files and a 
modified version of the point -by-point response - in essence combining the one you sent now with 
some answers that were only in the version you sent back in 2018, and pre-heading it with overview 
of main changes - so that I could use it for sending to referees. Please also make sure to enter all 
authors and their contact details in the submission form. Once this is complete, I'd start contact ing 
referees. 

With kind regards, 

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



We thank you for giving us a chance to propose a revised version. As advised, we started with a 

description of main changes found in the revised version and then we wrote a point-by-point response 

to reviewers’ comments.  

Overview of main changes 

1) The first important additional result is shown in Figure 2. We now have analyzed genome-wide
the impact of the insertion of our large construct into a mid- late replicated region on replication
timing (RT). For this we used a new cell line in which the construct is inserted on the two
homologous chromosomes. We previously only had qPCR analyses performed on
heterozygotes which allowed us to test the impact of the construct only at the site of insertion
(Figure 1). This new analysis gives key information on the impact of the construct on flanking
regions and allows us to propose two new important conclusions:

- The insertion of our 5.5 kb element (βA-globin+β-actin) perturbs the RT over a 250 kb

region (Figure 2a).
- A zoom centered on the site of insertion (Figure 2b) shows that the construct has the

capacity to advance the RT of an endogenous origin located ~30 kb upstream (IZ.1).
Moreover, RT profiles confirm the firing of origins inside our large construct.

To my knowledge this is the first example in the literature of a clear impact of one replicator on 
another one located 30 kb away.  

2) The second important addition is shown in Figure 3b. We wanted to test whether the large

change in RT of the modified chromosome (two large βA-globin+β-actin constructs separated

by 30 kb) is accompanied by a change in the way it interacts with A (open) and B (close)
compartments. To answer this question, we established a collaboration with the team of Job
Dekker. They performed Hi-C and identified compartment status genome wide. Their statistical
analysis clearly shows that the modified chromosome, which shifts to an early domain, is now
interacting more with A compartments than the unmodified chromosome. This result is in line
with our analysis showing physical contacts between the two large accessible constructs
separated by 30 kb (Figure 5).

3) One important concern of the referee #2 was the fact that the synergy observed between two
large constructs separated by 30 kb only reflected the increase by a factor of two of the
number of origins. In this new version we constructed two new series of clones containing two

short constructs inserted at two positions separated by 30 kb (Either the constitutive active β-

actin promoter/origin or the tissue specific βA-globin promoter/origin) (Figure 4). We observe

that only the construct carrying the active β-actin promoter has the capacity to synergize. This

result not only rules out referee #2’s concern but also provides the new information that active
origins associated with active promoters might have the unique capacity to synergize and thus
to consolidate early domains of replication.

4) In figure 5, we present an assay that allowed us to quantify the physical proximity of our
constructs inserted at two positions separated by 30 kb. This elegant approach has been used
successfully in yeast in several papers by the team of Nancy Kleckner. We decided to choose
this non classical assay instead of the more classical 3C approach as it allows to detect spatial
proximity in living cells without cross-linking, producing therefore less biases in the detection of
interactions. This assay is based on the capacity of two remoted Cre/LoxP sites to recombine
over long distances. For our purpose here, we compared two different cell lines, one carrying

the two large βA-globin+β-actin constructs separated by 30 kb and one carrying only one

large construct and one Cre/loxP site only at the other position. One concern of referees #1
and 3 was that this recombination assay actually tested the chromatin accessibility of the
Cre/loxP sites instead of their physical proximity, which explain therefore that we did not get
the right answer. In this new version we analyzed carefully the chromatin accessibility of the
Cre/LoxP sites involved in the recombination in both cell lines and found that they are similar
thus showing that it cannot explain the difference of recombination frequency detected
between the two cell lines (Figure 6 a and b, compared LoxP site accessibility). We do believe

18th Mar 2020Authors' Response to 1st Round of Review



that the result is clear. Moreover, we analysed in a similar way cell lines containing only two 

active β-actin promoters/origins and found a similar behavior as the one observed with the cell 

line containing the two large βA-globin+β-actin constructs, indicating that the active promoters

are probably involved in the spatial proximity (Figure 5c).  

5) Finally, we now have a map of Hi-C compartments genome wide in the Wt DT40 cell line. This
allows us to confirm the good correlation between RT profiles and A/B compartments observed
in human and mouse cells in our model system. Based on this new data set, we are now able

to describe more precisely the two late loci in which we inserted the large βA-globin+β-actin
construct to test the robustness of the signal embedded into it (Figure 7). Moreover, we
recently published a paper (Duriez et al, 2019) in which we clearly showed by cell imaging that
the late 2 region used in this study is tightly associated with the nuclear lamina.

Point-by-point response to reviewers’ comments 

Referee #1: 

The regulation of replication origins in association with chromatin structure has been of great interest for the 

past decade. Work of David Gilbert and peers have previously established that mammalian genome 

consists of Mbp units of early and late replication domains. Replicating regions with similar replication timing 

(RT) are separated by distinct boundaries. To better understand the mechanism regulating the RT during S 

phase, the authors have investigated the formation of early replicating domains by inserting various ectopic 

regulatory elements in a genomic position that is believed to be a late replicating region (Hassan-zade 

et al., 2012). 

The region is not “believed to be a late replicating region”, it is actually a mid-late replicating region as 

shown by a rigorous analysis (both qPCR analyses and genome-wide mapping of the RT) (Figure 2a and 

Supplementary Figure 2). In this new study we also inserted constructs in two late replicating regions which 

were also shown to be late (Figures 7 and 8). 

They have shown that insertion of a robust replicator such as ß-globin promoter flanked by HS4 insulator at 

a different chromosomal location can advance the RT. Although such advancement of RT is independent of 

the transcriptional status of the ectopic locus, firing time can be advanced if a highly expressing gene such 

as the blasticidin-resistance gene (BsR) driven by actin promoter is positioned nearby. 

In this manuscript, Brossas et al have advanced their previously published data by investigating the effect of 

ectopic insertion of replicator elements on chromatin structure. The authors have shown that insertion of ß-

globin locus flanked with the HS4 binding site, FIV, is sufficient to advance RT at the ectopic locus. By using 

MNase digestion the authors conclude that nucleosome positioning of the ectopic βA-globin locus is highly 

similar to that of endogenous locus of chicken βA-globin. However, the flanking 2X FIV sites showed higher 

susceptibility to MNase digest, reminiscent of open chromatin. Brossas et al further characterize the 

inserted ectopic locus by chromatin immuno precipitation followed by qPCR. They show that within the 

2xFIV+BsR transgene, highly transcribing β-actin promoter is marked with high levels of H3K27 and K9 

acetylation and H3K4 2/3 methylation. Finally they tested the synergic effect of two early replicons on 

advancing the RT of nearby sequences. 

The Prioleau Lab has previously established a methodology to determine the impact of various cis-acting 

elements that organize chromatin domain on replication timing. In this manuscript they further characterize 

the effect of such elements on changes in RT, yet this work presents little technical or conceptual advance 

from their previous work. 

This work provides for the first time evidence that elements capable of regulating replication timing can 

synergize over a long distance (30 kb) in order to form locally an early replicating domain. So far long range 

regulation has been observed only in the field of transcription and therefore the extension to the replication 

field is a major conceptual advance. In transcription long range effects are related to enhancer-promoter 

interactions whereas in this paper we propose that long range interactions occur between sites of strong 

replication initiation and might create regions that are strongly recognized by factors triggering origin firing 

(CDK and DDK). To our knowledge, this was not demonstrated in any paper (including ours) previously. 

Since we think it is a major breakthrough, we put much effort in developing a precise quantitative analysis of 

the replication timing (RT) based on statistical analyses with the aim to be as quantitative as possible. This 



implies analysis of many clones (and therefore a considerable amount of work) which again to our 

knowledge has never been published in the field of DNA replication. We put much effort in defining in 

details the chromatin organization of our constructs which also was not made in our previous paper. Finally, 

in the revised version Hi-C experiments show that our constructs profoundly impact on the nuclear 

organization of the targeted region. 

major points 

Some of the results in this manuscript appear to be inconsistent with their previous findings. In their 

previous paper, the authors show that a transgenic line containing a blasticidin resistance gene (bsr) under 

the control of the b-actin promoter does not affect the RT significantly (Hassan-zade et al. Figure 4). 

However, in the current manuscript, they show significant changes in RT in the same transgenic line (Figure 

2A and 2B). Authors should explain why the results are inconsistent. 

The referee should be more precise in order to be accurate. In our previous paper we wrote “When 
comparing the allele carrying the blasticidin resistance gene with the wild type allele, we observe a 

faint shift in replication timing (Figure 4A) (L=-10% and E=+5%). Analysis of both alleles shows an 
intermediate profile. Therefore, the introduction of an actively transcribed gene has little impact on 
replication timing at this chromosomal region.” As mentioned previously in this study we analyzed more 
clones in order to be more quantitative and also to be accurate in determining shifted or not shifted 
constructs. It appears that the global analysis of six more clones carrying the same construct finally gave a 
significant shift to earlier replication compared to our un-shifted construct. It is important to note that our 
previous result is included in this study (1+6 clones in total). We observed that this construct gives a more 

dispersed pattern of RT than the 
A
 promoter construct. One clone is poorly shifted and one is very strongly 

shifted (Figure 1). One hypothesis not mentioned in the paper is that the rate of transcription of the 
transgene which could be clonally acquired might be responsible for these variations. So in conclusion 
there is not inconsistency with our previous result which actually gives a shift in the range of our 
new clones. 

The authors have previously established an equation to quantify the impact of various regulatory cis-
elements on RT. However, they only take a subset of the data into account - quantitation using only 
some fractions seems arbitrary and is confusing. The authors should consider an alternate metric and 
establish an equation that considers all the fractions. In addition, the authors also quantified the shift in RT 
by calculating the difference in slopes of regression lines; again this does not appear to be a robust 
method of data quantitation. In sum, the authors should use one method throughout the paper and should 
not use them interchangeably. 

Our first method was designed intuitively and by contrast to what is mentioned by the referee this 

method takes into account all the fractions for the quantification. Indeed, the four fractions are linked 

since F1+F2+F3+F4=100% of the nascent strands quantified. Therefore, taking into account F3+F4 and 

then F1 is sufficient to include F2 and it was important not to take twice into account the same fractions. We 

understand that this method could be confusing for a fraction of the readers so we decided to develop a 

new method based on a more rigorous mathematical approach. We asked to a professor and researcher 

in statistic what could be the best method for comparing two histograms containing four points and 

it came out that the “ slope” method was the most adapted. We were delighted to see that the 

correlation between the two methods is extremely high thus reinforcing our first analysis (Supplementary 

Figure 1d). For all these reasons, we do not understand the commentary of the referee. What is the 

scientific basis of the referee comment “this does not appear to be a robust method of data 

quantitation”? 

In the revised version, we only put our first calculation method in the main text. The correlation between the 

two methods is only presented in supplementary figure 1d so that readers can appreciate the robustness of 

our quantitative approach. 

Bothe MNase sensitivity and ChIP signal are measured by qPCR, one drawback of the assay is that it very 

sensitive to the choice of locations of PCR primers used. The authors should consider ChIP seq or ATAC 

seq - which would be far more informative and less biased assays to use. 



The author proposes genome-wide approaches to study the chromatin structure of elements spanning 

several kb along the genome. He (she) proposes the ATAC-seq method as a mean to address the extent of 

the chromatin accessibility. We have used the ATAC-seq method to analyze genome-wide chromatin 

organization around origins in DT40 cells (unpublished data) and we observed, as published, that this 

method is extremely powerful in defining the organization of open regions. This method gives both 

information on nucleosome free regions and nucleosome positioning. However, regions of closed chromatin 

are not visible since the transposase does not “ATAC” these regions. This approach therefore does not 

provide any information on closed chromatin. The ATAC-seq method cannot be used to quantitatively 

compare chromatin accessibility of two regions, one open and one close which is actually our case. 

So we used the most powerful and the less unbiased method which consists in using different 

concentrations of MNase and to compare the amount of released material. This method has been validated 

by several serious laboratories working on chromatin organization. Regarding the biased due to the choice 

of primer pairs used for the qPCR analysis, we used several amplicons (5 along the 
A
-globin construct and 

3 along the -actin promoter construct) along our constructs and several controls. They all lead to the same 

conclusion when digestion with low concentration is performed. This shows that our approach is well 

designed and unbiased. Finally, we could see large differences in chromatin accessibility by using the same 

primer pairs along the module containing the 
A
-globin promoter depending on its environement.We found 

that when located nearby the active -actin module the 
A
-globin promoter became open whereas it is in a 

closed configuration when inserted alone. For all these reasons we think that the comments of the referee 

are not justified and that the proposal of using the ATAC-seq method is not appropriate. Regarding the 

histone marks, we normalized our data with respect to the input material to avoid any biased observation. 

The authors showed the synergic effect of strong origin on a late replicating domain by flanking it with two 

early replication origins at 30 kb distance. However, such a shift in RT of the intervening sequence is almost 

certainly due to passive replication of the middle sequence by the two neighboring origins. 

We indeed think that there is passive replication in the middle region but our point is that origins that fire in 

the constructs are activated much earlier in S-phase when two constructs are present. New data presented 

in Figures 2, 3 and 4 should help the referee to understand our point. 

Using Cre/loxP recombination assay, the authors investigated the effect of ectopic insertion of replicons on 

the formation of chromatin loops. They claim that "The formation of the early-replicating domain is, thus, 

linked to a spatial connection between the two advanced replicons located 30 kb apart, with the potential 

formation of a chromatin loop". However, this data appears rather weak evidence and may be merely driven 

by accessibility of chromatin to Cre recombination. To investigate the looping effect, they should perform 

chromatin conformation capture (3C). Finally, if a chromatin loop is formed, the authors present no evidence 

that this is related to any aspect of DNA replication. 

We answer to this point in the revised version by showing that the chromatin accessibility of LoxP sites 

involved in recombination in our assay is similar in the two cell lines compared (Figure 6) although the rate 

of recombination is extremely different (see additional point 4). As mentioned by the referee and as we 

mentioned in the discussion there is no way however to prove that this close proximity is necessary for the 

synergic effect although so far this is the only rational explanation we could find. Moreover, in the revised 

version we also show that the modified chromosome is now interacting more with A compartments than the 

unmodified chromosome (Figure 3b). This new result is in line with the idea that our construct has the 

capacity to establish new contacts with open regions. Finally, RT profiles shown in Figure 2b show that only 

one large construct can also synergize with an endogenous origin located 30 kb upstream.  

Referee #2: 

In this article Brossas et al expand upon previous work by the group (Hassan-Zadeh et al, 2012) to further 

characterise the effect on replication timing by integrating constructs containing origins of replication and 

cis-elements at discrete genomic locations. It is the author's contention that these combinations of 

origins and cis-elements are capable of shifting a mid-late replicating region to earlier replication. 

They show that their integrated constructs have histone marks reminiscent of open chromatin. Integrating 



two such constructs 30kb apart leads to a relative increase in newly synthesised DNA compared to the 

presence of only one unit and leads to potential spatial proximity. 

Again we put a large effort in quantifying the RT and we analyzed many clones to confirm our results. To 

our knowledge this is the only RT study that takes so much care in quantification. What does the referee 

mean when he (she) says “It is the author's contention that these combinations of origins and cis-elements 

are capable of shifting a mid-late replicating region to earlier replication”. It is actually a fact that we clearly 

demonstrate thanks to a careful quantitative analysis. Moreover, the referee mentions a “relative increase in 

newly synthesized DNA…”.The quantification shows precisely that the difference between one and two 

insertions of our large construct corresponds to one quarter of S-phase (1.5h) so this is a very impressive 

advance in RT and we would be happy if the referee could appreciate it as it is a fact and not an 

extrapolation of the data (Figure 3a and Supplementary Figure 5). 

The authors demonstrate earlier replication activity upon insertion of their constructs into mid-late and late 

replicating regions. A simple explanation for their results is that they have inserted more origins where 

originally there were few and so where previously the insertion site was being passively replicated now 

there is active replication. 

It is exactly what we think. Moreover, this new origin activity has a RT more advanced than the region of 

insertion and based on our population based assay, origin activation has to occur in most of the cells of the 

population to observe the advance in RT. Our aim is to understand molecular mechanisms responsible for 

this observation so that we gain insight into forces involved in the establishment of early replicating 

domains. We think that our paper provides many new information regarding this regulation. 

From this, the authors extrapolate this to suggest that strong origins and cis-elements capable of opening 

the chromatin structure are the basic units of early replicating domains, but instead what they show is that 

late replication domains are not dominant suppressors of replication origin activity. 

The title of one paragraph of the manuscript is “Two late-replicating environments embedded into a B 
compartment are permissive to a shift towards earlier replication after the site-specific insertion of a large 
autonomous replicon” and therefore we agree with the comment of the referee. Another point raised by the 
paper is whether it is possible or not to build an early domain from a late region and we show in this paper 
that it is actually possible. To do so we use promoter elements including one constitutive promoter which 
are cis-elements mostly if not exclusively found naturally in early replicating domains. Our statement is 
therefore based on two observations: one genome-wide and one based on our genetic approach.  

In light of their previous work using these constructs (Hassan-Zadeh et al, 2012) and other genome-wide 

mapping studies we feel that this work provides an incremental increase in our understanding of replication 

timing and this work would be better suited to a more specialised journal. 

This is the first time that an early domain (RT switch of more than half the S-phase) is achieved by inserting 

only two small constructs of 5.5kb. Moreover, we provide much information on molecular mechanisms 

involved in this process. This paper is the first demonstration that two remote replicators separated by 30 kb 

can synergize. 

Referee #3: 

Authors previously identified a cassette construct that can advance replication timing when inserted into a 

mid-to-late replicating domain. In this manuscript, authors showed the combination of two modules caused 

synergistic effect on replication timing. This is most likely due to open chromatin formation shown by ChIP 

analyses of histone marks. On the basis of efficiency of Cre-mediated recombination, authors conclude that 

"targeted insertions of these two modules at two chromosomal sites separated by 30 kb brought these two 

modules into close physical proximity and induced the formation of an early-replicating domain". 

The questions regarding replication timing regulation have been addressed using various species. Open 

chromatin with associated "open" histone marks has been long suggested to be an important factor that 

facilitates replication initiation. It has not been known whether "early replicating domain" can be 

generated by facilitating open chromatin structures. The current manuscript attempts to address this 



question by utilizing a cassette module that can promote early firing in chicken DT40 cells. Although there is 

already ample evidence that localized opening of chromatin can cause active initiation at a defined locus in 

yeast and other species, it is not known whether it would be possible to generate an "early replicating 

domain" of sufficient length. The system the authors are using is somewhat artificial but could shed some 

important insight into this question. 

I think that the experiments have been carefully conducted, the data presented are of high quality and 

generally supportive for the conclusions, except for one important issue. 

Major comments: 

Authors utilize the efficiency of Cre-mediated recombination as a readout for physical proximity of the two 

segments. Although it could reflect the physical proximity, but most influential factor would be chromatin 

openness at the loxP site where Cre needs to interact with the target site. Authors need to show that the 

chromatin structure at insertion site 1 (near the green loxP site in Figure 6A) in "1(loxP_RE)+3" is as open 

as that of BsR gene (or at location close to the green loxP) in "1+2+3" or in "1+3". If the chromatin at the 

insertion site 1 (at the green loxP) is closed in "1(loxP_RE)+3", it would simply mean that the Cre 

recombinase cannot get access to this loxP site, not that loss of physical proximity is responsible for the 

reduced recombination. 

I do not believe data in Fig. 7 excludes the former possibility. 

We agree with the comment of the referee and we now have answered to this question. We show in Figure 

6 that LoxP sites have the same chromatin accessibility in both cell lines (see additional point 4). 

Also authors need to conduct chromatin conformation capture assays to directly show that the chromatin 

association is facilitated by the presence of two early replicating module, if they are to conclude that the 

clustering of early replicating origins generate "early replicating domain" through increased physical 

proximity. 

We now have Hi-C experiments performed in the laboratory of Job Dekker showing that indeed the modified 

chromosome with two large constructs is interacting more with A compartments than the unmodified 

chromosome. This result is in line with the observation that these elements cluster with regions found in 

open domains. Moreover, our data presented in Figure 2b demonstrates that our large construct has the 

capacity to influence an endogenous origin located 30 kb upstream reinforcing our hypothesis. 

It would also be important to show the extent to which the early replicating units can exert its replication 

timing effect; how far away from the insertion sites is replication timing converted to early? Why not add the 

genome wide replication timing profile of "1+2+3" cells to that of the wild-type cells shown in Figure 5D, 

right-most graph? 

This experiment is complicated to make since only insertions made on the two homologous chromosomes 

can be analyzed genome wide. So far we only have heterozygotes. The genome wide RT analysis on 

heterozygotes will give an average of the timing profiles of the modified and unmodified chromosome and 

therefore will be difficult to analyze. However, in this new version we have constructed the homozygote 

containing one copy of the large construct on the two chromosomes. As presented in Figure 2a, genome 

wide analysis shows that one large construct is sufficient to impact the region over 250 kb. This new 

analysis is important for reasons already described in additional point 1.  

Minor comments: 

Page 12, middle 

2xFIV+BsR construct at site 2 (loxP_RE, Fig 6A, green triangle). 

-> 

2xFIV+BsR construct at site 1 (loxP_RE, Fig 6A, green triangle). 

This modification has been made. 



Figure 7A 

Schematic drawing for the 1+3 construct should also be shown here to facilitate the clarity. 

The drawing for the 1+3 construct has been added. 

Page 3, line 1 

Reference 'Knott et al, 2012' should probably be Hayano et al (2012) Genes. Dev. 

The reference has been changed. 

Page 17, line 7 

Su4-20h 

-> 

Suv4-20h 

This modification has been made. 

Figure 3ABC and Figure 7B (Chromatin accessibility assays) 

Authors may want to add some explanation on why different regions respond differentially to the increasing 

concentration of MNase (Among the high chromatin accessibility regions, more DNA is released at some 

locations, whereas less DNA is released at other locations, with increasing amounts of MNase.) 

The referee refers to data obtained with amplicon 2 found at the beginning of the IL2R reporter gene 

downstream of the 
A
 promoter. We have data not presented in this paper showing that the 

A
 promoter 

imposes a strong nucleosome positioning. This is part of a new study aimed at defining the minimal 

sequence found inside the 
A
 promoter necessary and sufficient to make a functional origin. We do think 

that it is out of the scope of this study and prefer not to emphasize this result. 

This figure describes qPCR analysis of chromatin digested by MNase and leading to mostly mono-

nucleosomes (conditions corresponding to 160U in the paper). This result shows that the 
A
 -globin 



promoter imposes a specific nucleosome positioning around the origin. The fuzzy nucleosome found at 

position named +2 is the one detected with amplicon 2. 

Which region does "5.6 kb domain" indicate? It would be helpful if authors indicate it this in the figure. 

This term has been removed. 

Are the scales (0.5 kb) accurate in Fig3C, 4B, 5B? 

Scales were changed when necessary. 



29th Apr 2020Editorial Decision on Resubmission

Dr. Marie-Noëlle Prioleau 
Université de Paris, CNRS 
Inst itut Jacques Monod 
15 rue Helene Brion 
Paris 75013 
France 

29th Apr 2020 

Re: EMBOJ-2018-99520R1 
Clustering of strong replicators associated with act ive promoter are sufficient to establish an early 
replicat ing domain 

Thank you again for submit t ing a new version of your manuscript on strong replicator clustering 
effects for our editorial considerat ion. Given the substant ial extensions and modificat ions since the 
last submission, I sent it back to one of the original referees as well as to two fresh reviewers, who I 
asked both for an overall assessment as well as arbit rat ing input on your responses to the previous 
reports. I have now received their comments, which are generally support ive but -as you will see 
below- st ill maintain several concerns that would need to be clarified prior to publicat ion. Following 
further discussions of these concerns, and possibilit ies for addressing them, with all three present 
referees, we decided to consider the manuscript further for The EMBO Journal, following adequate 
improvement and responses (as commented below direct ly in the reports) during a final revision 
round. Please also consider some reorganizat ion/refocussing of the manuscript and presentat ion 
along the lines recommended by referee 5, who feels that some novel aspects of the work could 
benefit from stronger emphasis compared to other more confirmatory aspects. 

In addit ion to addressing these key points, please carefully answer also the various other
minor/specific points, and make sure to adhere as closely as possible to our Author Guidelines (see 
inst ruct ions and links below) for format t ing/preparing/st ructuring revised manuscript s (e.g. 
regarding supplementary materials, reference format t ing, file requirement s), in order to facilitate 
the final editorial stages. We will also require a completed author checklist (download link below), 
data deposit ion in public repositories where applicable, and draft bullet points and a simplified 
schemat ic image (550x400 pixels, landscape format ) for the online synopsis. 

Please do not hesitate to contact me should you have any further quest ions regarding the referee 
reports or this final revision. I look forward to receiving your revised manuscript . 

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

Referee #3: 

Comment on the revised manuscript 

The authors made extensive revisions on their previously submit ted manuscript by present ing 
addit ional data. The original conclusion that "the combinat ion of two modules caused synergist ic



effect  on replicat ion t iming. Targeted insert ions of these two modules at  two chromosomal sites
separated by 30 kb brought these two modules into close physical proximity and induced the
format ion of an early-replicat ing domain" st ill holds t rue and the authors have presented more
persuading evidence that support  this conclusion. 

Major comments: 

In my last  comments for the original manuscript , I raised my concern on the interpretat ion of the
results of Cre/loxP-mediated recombinat ion assays for determinat ion of physical proximity of the
two segments. I asked if chromat in openness (accessibility) at  the recombinat ion sites is affected
by the insert ions of the modules. I also suggested that authors conduct chromat in conformat ion
capture assays to direct ly show that the chromat in associat ion is affected by the presence of two
replicat ion origin modules. 

Now authors have conducted more detailed analyses on the chromat in interact ion assays with the
Cre/loxP-mediated recombinat ion assays, and analyzed the chromat in accessibility by measuring
micrococcal nuclease-mediated DNA release from chromatin. They also conducted Hi-C assays to
examine the genome-wide compartment as well as more local chromat in interact ions centered on
the insert ion site. 

The new data contain appropriate control cell lines, and convincingly showed that the close spat ial
proximity of the two advanced replicons is not caused by the increased chromat in accessibility at
the recombinat ion target sites but probably more direct  interact ions. HiC assays also show that the
two modules form a chromat in domain that is more reminiscent to "Compartment A". 

I have one quest ions to the authors 

The authors have inserted the two replicators modules at  three chromosomal loci (one replicated in
mid-late S-phase and two in late S-phase) and showed that they can advance replicat ion t iming in
all the cases, albeit  to varied extents. The authors state that the results demonstrate robustness
of the signal embedded in this specific construct  for conversion from late replicat ion to early
replicat ion. As stated in introduct ion, Rif1 is a major factor that  represses early replicat ion and
generates mid-to-late replicat ion domains. Rif1 affects replicat ion t iming on large segments of
genome, but regulates replicat ion t iming in chromosome segment-dependent manner. Rif1
generally does not affect  very late replicat ion at  the heterochromatin regions. 
I would like to know if the replicat ion t iming of the three segments targeted in this study is affected
by Rif1 deplet ion. Is any of them associated with the heterochromatin segments that are regulated
by HP1? 
I would like to know whether there is any correlat ion between the ability of early-replicat ion cis-
element modules to cause late to early shift  of RT and the chromat in status of the target late
replicat ing sites (whether they are regulated by Rif1 or they are in HP1-regulated heterochromatin
segment). 

[EDITOR COMMENT: We would not expect addit ional experiments on replicat ion t iming in rif1
mutants/knockdown condit ions, but more detailed and comprehensive discussion of these issues,
possibly based on any relevant data that may already be in the literature. Here, referee 5
recommends to better clarify/discuss your thoughts on const itut ive late, facultat ive late,
const itut ive early and facultat ive early domain behaviours; a dist inct ion that "is part icularly
important for the very late replicat ing regions they have picked. The authors say these regions are
lamin B posit ive, which would classify them, probably, as const itut ive late. But there are no data



shown."] 

Minor comments: 
In the introduct ion, authors state "two minimal cis-element modules containing a strong replicat ion
origin and chromat in modifier binding sites". There is no explanat ion on chromat in modifier binding
sites present on the replicator/ promoter modules that can shift  the RT. I hope authors can give
some more explanat ion on the sequence elements of the two modules used in this study, and
maybe give some models as to how these two module sequences can be brought together into
close spat ial proximity. 

Figure 3b 
"20kb upstream of the insert ion site" is unclear. Could the authors specify this site more clearly on
the map above? 

MNAse, FIV: these need to be spelled out. 

Referee #4: 

Here the Prioleau laboratory cont inues their work to ident ify modular cis-act ing elements that direct
the replicat ion t iming program in higher eukaryotes. While the work is an extension of their prior
work (including many of the same clones) -- funct ionally test ing cis-act ing elements in chicken
DT40 cells -- it  does represent a comprehensive and laborious effort  to tackle a challenging and
important quest ion. The authors find that even small ~5kb modules separated by 30 kb can
synergize to promote an advancement in replicat ion t iming. While these results weren't  ent irely
unexpected as it  is has been known that increased chromat in accessibility correlates with earlier
origin act ivat ion, the work does provide a nice funct ional demonstrat ion with the insert ion of these
modular replicator elements. Major addit ions this round of revision include the addit ion of genome
wide replicat ion t iming data and HiC data from the Dekker laboratory. The new genomic data
strengthens the manuscript  and should address some of the reviewers' earlier concerns. However, I
had some concerns with the interpretat ion and significance of the new data. The invest igators
claim that the modular replicator separated by 30 kb is 'significant ly' more likely to interact  with the
A compartment in the HiC data. However, the interact ion of allele 1 with the A compartment within
a 20Mb region did not reach significance (p=0.06) and for the broader chromosome it  was perhaps
just  barely significant at  p=0.05, but the authors defined significance at  p<0.05. If the findings do
not reach significance then the text  needs to be modified to reflect  the actual findings (also exact
p-values should be reported). The author should also perform a similar analysis with the
advancement of replicat ion t iming in the genome wide experiments (Figure 2). While the differences
in qPCR for the different constructs/alleles are clear, the genome wide approach provides an
opportunity to gauge the specificity of the increase in replicat ion t iming due to insert ion of the
modular cis-act ing elements and possibly ident ify off target effects or define a false posit ive rate for
detect ing changes in replicat ion t iming. For each 50kb replicat ion t iming bin along the chromosome
what is the difference in t iming between the WT and the inserted 2x(βA-globin +β-act in)
chromosome? From this distribut ion a p-value for the effect  of inserted construct  and a false
discovery rate can be calculated.

[EDITOR COMMENT: No new experiments, but addit ional stat ist ics and analysis/re-analyses would
be required here, as well as more caut ious interpretat ion with decreased emphasis on the art ificial



"p=0.05" threshold. Following addit ional comments from referee 5 that the requested reanalysis
could reveal wider effect  of the insert ions on RT profiles, please also extend this to scanning of the
HiC data to "ident ify the original chromat in contacts of the insert ion site, examine if some of the
contacts have been maintained after the insert ion and look at  the RT. Do they see a switch of their
RT? This would reveal a t rans-domain dominant effect  that  would be really interest ing."] 

Referee #5: 

The authors employ a system previously developed in the lab to further their earlier results. The
system is based on two modules that, when inserted in the genome of DT40 cells, can advance the
replicat ion t iming of the targeted region. The modules comprise both a strong origin, insulator region
and a promoter, either const itut ively act ive or cell-type specific (inact ive in DT40). By extending
their previous studies to more clones, the authors strengthen their conclusions regarding the effect
of these modules. Moreover, they show that the system can also advance the replicat ion t iming of
late regions, albeit  less efficient ly than for mid-late ones. 
The more novel aspect of the work presented is the extension of the invest igat ion to the
relat ionship between the changes of replicat ion t iming and the changes of chromat in contacts and
nuclear organisat ion. The authors show that 1. the replicat ion-t iming switches correlate with a shift
of the replicons from B to A compartment, confirming the known strong correlat ion between
early/late and A/B compartments; 2. The two modules can synergise in advancing RT, even when
inserted in tandem, but 30kb apart . The authors demonstrate that their cooperat ion requires
chromatin looping, by using a loxP-Cre based system. This leads them to the conclusion that a
spat ial concentrat ion-effect  of the replicat ion machinery, created by the looping, is at  the origin of
the more-than -addit ive effect  on RT advancement. 

A lot  of work is presented and it  is of high standard, providing interest ing results. A good part  of the
data is confirmat ive of previous work, or provides incremental knowledge. The most novel aspect is
in the connect ion between changes of RT and the reorganisat ion of chromat in contacts. I think this
is interest ing, but lost  in the large amount of the rest  of confirmatory data and the vast amount of
space dedicated to them. I would suggest to give more space to the most novel aspect of this work
by changing the way the data presented. As well as re-organising the text , the major weakness
resides in the fact  that  the most interest ing results relies on the Cre-lox experiment. The conclusion
that looping between the origins is at  the base of their more-than-addit ive efficiency expands to
metazoan a concept that  was proposed in yeast, but  the Cre-lox experiment is non-convent ional.
Since it  is crucial, should be supported by a parallel, different approach. I think that the referee
suggest ion of performing 3C is appropriate, even more so in the light  of the collaborat ion with the
Dekker lab, that  should expedite this type of experiment. It  would expand and strengthen the key
part  of the paper, making it  more appealing for a broader readership. 
I also think that the discussions about the determinants of RT and the compet it ion between the
early/late signals should be refined. There are data suggest ing that the requirements for the
definit ion of early and late replicat ion in const itut ive early, facultat ive early, const itut ive late and
facultat ive late domains could be different or be governed by different hierarchical relat ionships.
This should be highlighted and the data presented in this work should be clearly put in this context . 

In summary, I think that the response to the comments of the reviewer's from the last  round is
sat isfactory, but that  the focus on the novel aspects of the work should be emphasised and one
relat ively easy way to do it  would be to add the 3C experiment. 

[EDITOR COMMENT: All referees agreed that a targeted 3C experiment would provide nice



confirmat ion of a major conclusions by an independent strategy, but we also realize that it  may be
difficult  to obtain such data in a t imely manner in the present situat ion. In any case, some
discussion of this approach and why it  was not preferred init ially should be included]



Referee #3:  

Comment on the revised manuscript 

The authors made extensive revisions on their previously submitted manuscript by 

presenting additional data. The original conclusion that "the combination of two 

modules caused synergistic effect on replication timing. Targeted insertions of 

these two modules at two chromosomal sites separated by 30 kb brought these two 

modules into close physical proximity and induced the formation of an early-

replicating domain" still holds true and the authors have presented more 

persuading evidence that support this conclusion.  

Major comments: 

In my last comments for the original manuscript, I raised my concern on the 

interpretation of the results of Cre/loxP-mediated recombination assays for 

determination of physical proximity of the two segments. I asked if chromatin 

openness (accessibility) at the recombination sites is affected by the insertions of 

the modules. I also suggested that authors conduct chromatin conformation capture 

assays to directly show that the chromatin association is affected by the presence 

of two replication origin modules.  

Now authors have conducted more detailed analyses on the chromatin interaction 

assays with the Cre/loxP-mediated recombination assays, and analyzed the 

chromatin accessibility by measuring micrococcal nuclease-mediated DNA release 

from chromatin. They also conducted Hi-C assays to examine the genome-wide 

compartment as well as more local chromatin interactions centered on the insertion 

site.  

The new data contain appropriate control cell lines, and convincingly showed that 

the close spatial proximity of the two advanced replicons is not caused by the 

increased chromatin accessibility at the recombination target sites but probably 

more direct interactions. HiC assays also show that the two modules form a 

chromatin domain that is more reminiscent to "Compartment A".  

I have one questions to the authors 

The authors have inserted the two replicators modules at three chromosomal loci 

(one replicated in mid-late S-phase and two in late S-phase) and showed that they 

can advance replication timing in all the cases, albeit to varied extents. The authors 

state that the results demonstrate robustness of the signal embedded in this specific 

construct for conversion from late replication to early replication. As stated in 

introduction, Rif1 is a major factor that represses early replication and generates 

mid-to-late replication domains. Rif1 affects replication timing on large segments 

of genome, but regulates replication timing in chromosome segment-dependent 

manner. Rif1 generally does not affect very late replication at the heterochromatin 

regions.  

I would like to know if the replication timing of the three segments targeted in this 

study is affected by Rif1 depletion. Is any of them associated with the 
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heterochromatin segments that are regulated by HP1?  

I would like to know whether there is any correlation between the ability of early-

replication cis-element modules to cause late to early shift of RT and the 

chromatin status of the target late replicating sites (whether they are regulated by 

Rif1 or they are in HP1-regulated heterochromatin segment).  

[EDITOR COMMENT: We would not expect additional experiments on 

replication timing in rif1 mutants/knockdown conditions, but more detailed and 

comprehensive discussion of these issues, possibly based on any relevant data that 

may already be in the literature. Here, referee 5 recommends to better 

clarify/discuss your thoughts on constitutive late, facultative late, constitutive early 

and facultative early domain behaviours; a distinction that "is particularly 

important for the very late replicating regions they have picked. The authors say 

these regions are lamin B positive, which would classify them, probably, as 

constitutive late. But there are no data shown."]  

We thank referees 3 and 5 for this comment since we think that our modification 

adds an important information for the reader.  

We indeed mentioned that the late 2 targeted locus is “tightly associated with 

nuclear lamina” and referred to a figure previously published by our laboratory 

(Figure 6, Duriez et al, 2019) shown below. 

In this figure late 1 and late 2 regions are the same as the one used in the present 

paper. We therefore have already the demonstration that the late 2 region is 

strongly associated with nuclear lamina. Another information published in the 

previous study is that the timing of replication of the two chromosomes is tightly 

regulated at the late 2 locus since in a single cell their replication occurs in a small 

timing window in contrast to the late1 locus. We demonstrated that a control on 

late firing is correlated with the association with the nuclear lamina.  We have 

added information obtained on genes prediction, mRNA and EST identified inside 

the late 1 & 2 loci in Figure 7. The late 2 region is depleted of genes over a 500 

kb region but not the late 1. Altogether, these results strongly suggest that the late 

2 locus is a constitutive late domain whereas the late 1 might be a facultative one.  

This clarification has been made in the manuscript, page 11 in the middle of the 

paragraph.  

Minor comments:  

In the introduction, authors state "two minimal cis-element modules containing a 

strong replication origin and chromatin modifier binding sites". There is no 

explanation on chromatin modifier binding sites present on the replicator/ 



promoter modules that can shift the RT. I hope authors can give some more 

explanation on the sequence elements of the two modules used in this study, and 

maybe give some models as to how these two module sequences can be brought 

together into close spatial proximity. 

We have contradictory comments from this referee and referee 5 who has the 

feeling that we spend too much time on describing previous data and the 

description of sequence elements is among them. As mentioned below, we have 

added a description of FIV. Regarding the model, we have now included a 

schematic image that recapitulates our observations. Several laboratories have 

published the fact that active promoters tend to cluster together. However, to my 

knowledge there is still no obvious explanation on molecular mechanisms driving 

this behavior, one could be that some transcription factors that have the capacity to 

form dimers might contribute to this clustering. It is the case for the yeast Fkh1/2 

transcription factors also involved in RT control. This peculiar case is mentioned 

in the discussion (page 16, first paragraph). We also propose that replication 

factors containing intrinsically disordered regions (IDRs) might contribute to the 

clustering of sites of replication initiation (page 16).   

Figure 3b  

"20kb upstream of the insertion site" is unclear. Could the authors specify this site 

more clearly on the map above?  

This part has been extensively modified since new data were added. 

MNAse, FIV: these need to be spelled out. 

We have added explanations on FIV (page 3, second paragraph) and spelled out 

MNase (page 6, second paragraph) when firstly mentioned.  

Referee #4: 

Here the Prioleau laboratory continues their work to identify modular cis-acting 

elements that direct the replication timing program in higher eukaryotes. While the 

work is an extension of their prior work (including many of the same clones) -- 

functionally testing cis-acting elements in chicken DT40 cells -- it does represent a 

comprehensive and laborious effort to tackle a challenging and important question. 

The authors find that even small ~5kb modules separated by 30 kb can synergize 

to promote an advancement in replication timing. While these results weren't 

entirely unexpected as it is has been known that increased chromatin accessibility 

correlates with earlier origin activation, the work does provide a nice functional 

demonstration with the insertion of these modular replicator elements. Major 

additions this round of revision include the addition of genome wide replication 

timing data and HiC data from the Dekker laboratory. The new genomic data 

strengthens the manuscript and should address some of the reviewers' earlier 

concerns. However, I had some concerns with the interpretation and significance 

of the new data. The investigators claim that the modular replicator separated by 

30 kb is 'significantly' more likely to interact with the A compartment in the HiC 



data. However, the interaction of allele 1 with the A compartment within a 20Mb 

region did not reach significance (p=0.06) and for the broader chromosome it was 

perhaps just barely significant at p=0.05, but the authors defined significance at 

p<0.05. If the findings do not reach significance then the text needs to be modified 

to reflect the actual findings (also exact p-values should be reported). The author 

should also perform a similar analysis with the advancement of replication timing 

in the genome wide experiments (Figure 2). While the differences in qPCR for the 

different constructs/alleles are clear, the genome wide approach provides an 

opportunity to gauge the specificity of the increase in replication timing due to 

insertion of the modular cis-acting elements and possibly identify off target effects 

or define a false positive rate for detecting changes in replication timing. For each 

50kb replication timing bin along the chromosome what is the difference in timing 

between the WT and the inserted 2x(βA-globin +β-actin) chromosome? From this 

distribution a p-value for the effect of inserted construct and a false discovery rate 

can be calculated.  

[EDITOR COMMENT: No new experiments, but additional statistics and 

analysis/re-analyses would be required here, as well as more cautious 

interpretation with decreased emphasis on the artificial "p=0.05" threshold. 

Following additional comments from referee 5 that the requested reanalysis could 

reveal wider effect of the insertions on RT profiles, please also extend this to 

scanning of the HiC data to "identify the original chromatin contacts of the 

insertion site, examine if some of the contacts have been maintained after the 

insertion and look at the RT. Do they see a switch of their RT? This would reveal a 

trans-domain dominant effect that would be really interesting."]  

We would like to thank the reviewer for the constructive comments. Upon 

additional inspection of the data we realized that it was too sparse for the analysis 

that we did. Thus, for this revision we sequenced two independent clones with the 

inserts at a much greater depth. The number of interactions involving allele 1+3 

has risen to ~2400 for each of the clones (relative to ~300), and for the allele 2 the 

number of interactions went up to ~1300 for each of the clones (relative to ~150). 

We also realized that some imperfections of the galGal5 reference assembly were 

affecting the results of our quantification: translocation at the beginning of the p-

arm of chr1 was assigned strong A compartment status and thus was artificially 

enhancing preference of both allele 1+3 and allele 2 toward A compartment. Thus 

we masked 4 interfering regions (described in methods) for all our subsequent 

analyses. Combined together, deeper sequencing and more rigorous filtering of the 

input data, allowed us to confirm previous findings: allele 1+3 has a significant 

preference for interacting with A compartment throughout the chr1 (p-value=0 

exactly according to our compartment shuffling test), while allele 2 shows no 

preference for interactions with either of the compartments in the p-arm of chr1, 

yet appears “A-like” in the q-arm of chr1. 

We remain cautious in our interpretation of the data and the results of the 

statistical procedure - e.g. more localized nature of the allele1’s preference for A 

compartment cannot be ruled out by our data. Allele 2 and allele 1+3 do not 

demonstrate an obvious “flip” from B to A compartment, which can be in part 

explained by WT compartment status of the insert-site, instead the distinction 

between allele 1+3 and allele 2 is subtler and is potentially “driven” by several 

strongly interacting loci (highlighted with arrows on Fig. 3C). Further 



investigations, including even deeper sequencing, are needed to clarify the 

mechanistic nature of the effect. 

We also now provide the statistical comparison of replication timing between the 

WT and a clone containing 2x(βA-globin +β-actin). Replication timing were 

smoothed using 500 kb windows, then centered and normalized. For each bin, a t-

test was performed to compare the two timings. Then the spatial dependency of the 

p-values along the genome was modelled using the PLIS R-package (Wei et al.) to

smooth the p-values.  Finally, a Benjamini-Hochberg correction was performed to

ensure the control of the FDR. The results presented in Appendix Figure S3 show

that the region of insertion has a significant advance RT along the profile of the

modified clone when compared to the WT profile. We also observe a significant

advance in a region located about 500 kb downstream (centered on 73 Mb). This

could result from a trans-dominant effect as the one mentioned by the editor.

However, this region is too close to identify a specific interaction induced by the

insertion with our Hi-C analysis. Moreover, we have the feeling that although it

could be interesting to explore further long-range effects, the paper has already

shown many new results (short range and mid-range cooperation between cis-

elements on RT plus the establishment of new contacts genome-wide) and that this

preliminary result not only strengthens our results but also opens new doors that

would require more investigations.

Wei Z, Sun W, Wang K and Hakonarson H, Multiple Testing in Genome-Wide 

Association Studies via Hidden Markov Models, Bioinformatics, 2009  

Referee #5: 

The authors employ a system previously developed in the lab to further their 

earlier results. The system is based on two modules that, when inserted in the 

genome of DT40 cells, can advance the replication timing of the targeted region. 

The modules comprise both a strong origin, insulator region and a promoter, either 

constitutively active or cell-type specific (inactive in DT40). By extending their 

previous studies to more clones, the authors strengthen their conclusions regarding 

the effect of these modules. Moreover, they show that the system can also advance 

the replication timing of late regions, albeit less efficiently than for mid-late ones.  

The more novel aspect of the work presented is the extension of the investigation 

to the relationship between the changes of replication timing and the changes of 

chromatin contacts and nuclear organisation. The authors show that 1. the 

replication-timing switches correlate with a shift of the replicons from B to A 

compartment, confirming the known strong correlation between early/late and A/B 

compartments; 2. The two modules can synergise in advancing RT, even when 

inserted in tandem, but 30kb apart. The authors demonstrate that their cooperation 

requires chromatin looping, by using a loxP-Cre based system. This leads them to 

the conclusion that a spatial concentration-effect of the replication machinery, 

created by the looping, is at the origin of the more-than -additive effect on RT 

advancement.  

A lot of work is presented and it is of high standard, providing interesting results. 

A good part of the data is confirmative of previous work, or provides incremental 

knowledge. The most novel aspect is in the connection between changes of RT and 

the reorganisation of chromatin contacts. I think this is interesting, but lost in the 

large amount of the rest of confirmatory data and the vast amount of space 



dedicated to them. I would suggest to give more space to the most novel aspect of 

this work by changing the way the data presented. As well as re-organising the 

text, the major weakness resides in the fact that the most interesting results relies 

on the Cre-lox experiment. The conclusion that looping between the origins is at 

the base of their more-than-additive efficiency expands to metazoan a concept that 

was proposed in yeast, but the Cre-lox experiment is non-conventional. Since it is 

crucial, should be supported by a parallel, different approach. I think that the 

referee suggestion of performing 3C is appropriate, even more so in the light of the 

collaboration with the Dekker lab, that should expedite this type of experiment. It 

would expand and strengthen the key part of the paper, making it more appealing 

for a broader readership.  

I also think that the discussions about the determinants of RT and the competition 

between the early/late signals should be refined. There are data suggesting that the 

requirements for the definition of early and late replication in constitutive early, 

facultative early, constitutive late and facultative late domains could be different or 

be governed by different hierarchical relationships. This should be highlighted and 

the data presented in this work should be clearly put in this context.  

In summary, I think that the response to the comments of the reviewer's from the 

last round is satisfactory, but that the focus on the novel aspects of the work should 

be emphasised and one relatively easy way to do it would be to add the 3C 

experiment.  

[EDITOR COMMENT: All referees agreed that a targeted 3C experiment would 

provide nice confirmation of a major conclusions by an independent strategy, but 

we also realize that it may be difficult to obtain such data in a timely manner in the 

present situation. In any case, some discussion of this approach and why it was not 

preferred initially should be included]  

We have added a comment on why a 3C approach would have been difficult to 

establish with our model system (page 8, second paragraph). However, it was a 

very good model system to make highly controlled Hi-C and Cre/loxP analyses. 

These two complementary approaches reveal that our inserted constructs establish 

new contacts at two genomic-scales suggesting a strong impact of these elements 

on nuclear organization. Further and complex studies should be made in the future 

to demonstrate a causal link between this reorganization and RT control.  
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The DT40 (Cre1) cell line used was kindly provided by Dr Hiroshi Arakawa. This cell line and 
plasmids used for homologous recombination are described in Arakawa
H., Lodygin D., Buerstedde J.M.. Mutant loxP vectors for selectable marker recycle and conditional 
knock-outs. BMC Biotechnol.2001; 1:7; Cultured cells are regularly tested for mycoplasma 
contamination with the mycoplasma detection kit from Biotools (B39032). All our cell lines are 
mycoplasma free. 

In qPCRs analyses we used the standard deviation to estimate variation between our mesures.  For 
quantitative analysis of RT, the variation within each group is shown by boxplots.  We combined 
two independent datasets for Hi-C analysis, but we also provide the results for individual clones as 
a supplement.

For quantitative analysis of RT, the groups do not have the same variance but the wilcoxon test 
used is adapted to all types of sample and does not make any assumptions about the original 
distribution and it can test for all types of differences between two samples

anti-BrdU, clone B44 (BD biosciences 347580) used for studies of cells pulsed-labeled with BrdU; 
anti-H3K9K27ac (Millipore 06-599); anti-H3K4me3 (AbCam ab85880); anti-H3K4 me2 (Millipore 07-
030), validated for ChIP applications, broad species cross-reactivity is expected for antibodies 
raised against histones modifications.
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E- Human Subjects
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