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Thank you for submit t ing your work to Molecular Systems Biology. We have now heard back from 
the three reviewers who agreed to evaluate your manuscript . As you will see below, the reviewers 
think the study is interest ing. They raise however a series of concerns, which we would ask you to 
address in a major revision. 

I think that the reviewers' recommendat ions are rather clear and there is no need to reiterate their 
comments. In part icular, some of the analyses would need to be extended to the developmental 
genes as suggested by reviewers #1 and #2. As you may already know, our editorial policy allows in 
principle a single round of major revision, so it is essent ial to provide responses to the reviewers' 
comments that are as complete as possible. Please feel free to contact me in case you would like 
to discuss in further detail any of the issues raised by the reviewers. 

On a more editorial level, please do the following: 
- Please provide a .docx formatted version of the manuscript  text  (including legends for main
figures, EV figures and tables). Please make sure that the changes are highlighted to be clearly
visible.

- Please provide individual product ion quality figure files as .eps, .t if, .jpg (one file per figure).

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

-Please note that all corresponding authors are required to supply an ORCID ID for their name upon
submission of a revised manuscript .

-We replaced Supplementary Informat ion with Expanded View (EV) Figures and Tables that are
collapsible/expandable online (see examples in ht tp://msb.embopress.org/content/11/6/812). A
maximum of 5 EV Figures can be typeset. EV Figures should be cited as 'Figure EV1, Figure EV2"
etc... in the text  and their respect ive legends should be included in the main text  after the legends
of regular figures.

Addit ional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc.
Legends have to be provided in a separate tab in case of .xls files. Alternat ively, the legend can be



supplied as a separate text  file (README) and zipped together with the Table/Dataset file. 

For the figures and tables that you do NOT wish to display as Expanded View figures, they should
be bundled together with their legends in a single PDF file called *Appendix*, which should start
with a short  Table of Content. Each legend should be below the corresponding Figure/Table in the
Appendix. Appendix figures and tables should be referred to in the main text  as: "Appendix Figure
S1, Appendix Figure S2, Appendix Table S1" etc. See detailed instruct ions regarding expanded view
here: ht tps://www.embopress.org/page/journal/17444292/authorguide#expandedview. 

-Before submit t ing your revision, primary datasets (and computer code, where appropriate)
produced in this study need to be deposited in an appropriate public database (see
https://www.embopress.org/page/journal/17444292/authorguide#dataavailability).

Please remember to provide a reviewer password if the datasets are not yet  public. 

The accession numbers and database should be listed in a formal "Data Availability " sect ion
(placed after Materials & Method) that follows the model below (see also
https://www.embopress.org/page/journal/17444292/authorguide#dataavailability). Please note that
the Data Availability Sect ion is restricted to new primary data that are part  of this study. 

# Data availability 

The datasets (and computer code) produced in this study are available in the following databases: 

- RNA-Seq data: Gene Expression Omnibus GSE46843
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)
- [data type]: [name of the resource] [accession number/ident ifier/doi] ([URL or
ident ifiers.org/DATABASE:ACCESSION])

*** Note - All links should resolve to a page where the data can be accessed. *** 

- We would encourage you to include the source data for figure panels that show essent ial
quant itat ive informat ion. Addit ional informat ion on source data and instruct ion on how to label the
files are available at  < ht tps://www.embopress.org/page/journal/17444292/authorguide#sourcedata
>.

- All Materials and Methods need to be described in the main text . We would encourage you to use
'Structured Methods', our new Materials and Methods format. According to this format, the Material
and Methods sect ion should include a Reagents and Tools Table (list ing key reagents,
experimental models, software and relevant equipment and including their sources and relevant
ident ifiers) followed by a Methods and Protocols sect ion in which we encourage the authors to
describe their methods using a step-by-step protocol format with bullet  points, to facilitate the
adopt ion of the methodologies across labs. More informat ion on how to adhere to this format as
well as downloadable templates (.doc or .xls) for the Reagents and Tools Table can be found in our
author guidelines: <
https://www.embopress.org/page/journal/17444292/authorguide#researchart icleguide>. An
example of a Method paper with Structured Methods can be found here: .

- Regarding data quant ificat ion:
Please ensure to specify the name of the stat ist ical test  used to generate error bars and P values,



the number (n) of independent experiments (please specify technical or biological replicates) 
underlying each data point and the test used to calculate p-values in each figure legend. Discussion 
of stat ist ical methodology can be reported in the materials and methods sect ion, but figure legends 
should contain a basic descript ion of n, P and the test applied. 
Graphs must include a descript ion of the bars and the error bars (s.d., s.e.m.). 
Please also include scale bars in all microscopy images. 

- Please provide a "standfirst text" summarizing the study in one or two sentences (approximately 
250 characters, including space), three to four "bullet points" highlight ing the main findings and a
"synopsis image" (550px width and max 400px height, jpeg format) to highlight the paper on our 
homepage.
Here are a couple of examples:
ht tps://www.embopress.org/doi/10.15252/msb.20199356
https://www.embopress.org/doi/10.15252/msb.20209475
https://www.embopress.org/doi/10.15252/msb.209495

When you resubmit your manuscript , please download our CHECKLIST
(http://bit .ly/EMBOPressAuthorChecklist) and include the completed form in your submission. 
*Please note* that the Author Checklist will be published alongside the paper as part of the 
t ransparent process
(ht tps://www.embopress.org/page/journal/17444292/authorguide#transparentprocess).

If you feel you can sat isfactorily deal with these points and those listed by the referees, you may 
wish to submit a revised version of your manuscript . Please at tach a covering let ter giving details of 
the way in which you have handled each of the points raised by the referees. A revised manuscript 
will be once again subject to review and you probably understand that we can give you no 
guarantee at this stage that the eventual outcome will be favorable. 

Yours sincerely, 

Jingyi Hou 
Editor 
Molecular Systems Biology 

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

If you do choose to resubmit , please click on the link below to submit the revision online *within 90 
days*. 

Link Not Available 

IMPORTANT: When you send your revision, we will require the following items: 
1. the manuscript  text  in LaTeX, RTF or MS Word format
2. a let ter with a detailed descript ion of the changes made in response to the referees. Please
specify clearly the exact places in the text  (pages and paragraphs) where each change has been
made in response to each specific comment given
3. three to four 'bullet  points' highlight ing the main findings of your study
4. a short  'blurb' text  summarizing in two sentences the study (max. 250 characters)
5. a 'thumbnail image' (550px width and max 400px height, Illustrator, PowerPoint  or jpeg format),



which can be used as 'visual t it le' for the synopsis sect ion of your paper. 
6. Please include an author contribut ions statement after the Acknowledgements sect ion (see
https://www.embopress.org/page/journal/17444292/authorguide)
7. Please complete the CHECKLIST available at  (ht tp://bit .ly/EMBOPressAuthorChecklist).
Please note that the Author Checklist  will be published alongside the paper as part  of the
transparent process
(ht tps://www.embopress.org/page/journal/17444292/authorguide#transparentprocess).
8. Please note that corresponding authors are required to supply an ORCID ID for their name upon
submission of a revised manuscript  (EMBO Press signed a joint  statement to encourage ORCID
adopt ion). (ht tps://www.embopress.org/page/journal/17444292/authorguide#editorialprocess)

Current ly, our records indicate that there is no ORCID associated with your account.

Please click the link below to provide an ORCID:
Link Not Available 

The system will prompt you to fill in your funding and payment informat ion. This will allow Wiley to
send you a quote for the art icle processing charge (APC) in case of acceptance. This quote takes
into account any reduct ion or fee waivers that you may be eligible for. Authors do not need to pay
any fees before their manuscript  is accepted and transferred to the publisher. 

As a matter of course, please make sure that you have correct ly followed the instruct ions for
authors as given on the submission website. 

*** PLEASE NOTE *** As part  of the EMBO Press transparent editorial process init iat ive (see our
Editorial at  ht tp://dx.doi.org/10.1038/msb.2010.72), Molecular Systems Biology publishes online a
Review Process File with each accepted manuscripts. This file will be published in conjunct ion with
your paper and will include the anonymous referee reports, your point-by-point  response and all
pert inent correspondence relat ing to the manuscript . If you do NOT want this File to be published,
please inform the editorial office at  msb@embo.org within 14 days upon receipt  of the present
let ter. 
-------------------------------------------------------- 

Reviewer #1: 

In the manuscript  "TATA and paused promoters act ive in different iated t issues have dist inct
expression characterist ics", Ramalingam et al characterize expression propert ies of different
promoter types of effector genes in late Drosophila embryo using scRNA-seq combined with
profiling of polymerase pausing, chromat in accessibility and nucleosome occupancy. The study is
important because it  shows different modes of regulat ion of effector genes (genes responsible for
the structure and funct ion of different iated t issues), which have been previously most ly linked to
TATA-box promoters. In part icular, authors propose that "highly paused promoters are more
opt imal for achieving low expression variability when genes are act ive, while TATA promoters are
more opt imal for achieving very low background expression when the genes are inact ive". The
manuscript  is well-writ ten, and results are supported by data. Yet, in parts, it  is was not clear what
the exact analyses where that the authors performed. See specific comments below. The main
novelty of this work is the descript ion, characterizat ion and funct ion of TATA-box and PolII-pausing
promoters in t issue-specific effector genes, thus excluding developmental and house-keeping



genes. However, since much is known about the lat ter, especially in the context  of TATA and PolII,
the study would benefit  from a broader perspect ive by including these types of promoters as
separate classes in their computat ional analysis where possible, to put their findings into a broader
context . See more specific comments below: 

Major comments: 

1. One of the main conclusions of the study is that  there are two fundamentally different modes of
regulat ion within effector genes, as reflected by differences in polymerase pausing, nucleosome
occupancy and expression noise of these genes. Also, the authors propose in the Discussion that
"the two promoter types play different roles in evolut ion". Given these conclusions, the study would
benefit  from more in-depth characterizat ion of funct ional differences between these different types
of effector genes.

2. It  was not clear what set  of genes the authors actually take into account for their analyses - this
reviewer was not familiar with the term 'effector genes'. They should provide their definit ion of
"effector genes" and they should give numbers of how many genes these are the first  t ime they
talk about it  (i.e. p2).

3. More generally, the authors should consider including data for housekeeping and developmental
genes (e.g. as background or comparison to effector genes) to put their findings into a broader
context . This could make the results for effector genes stronger and also highlight  novelty of the
study. If not , at  least  it  has to be more clearly stated, that  only a subset of genes is analyzed (and
number have to be given).
Some interest ing quest ions along these lines are:
a. Strong pausing was previously linked to developmental genes, while effector genes are most ly
associated with TATA-box. Is there a difference in regulat ion / promoter architecture of highly
paused effector vs developmental genes?
b. GAF (GAGA factor) has been previously linked to PolII pausing in Drosophila (Tsai et  al 2016,
PMID: 27468311). Here, the authors found the GAGA mot if moderately enriched in all gene groups.
What was the background for this enrichment? Does this imply that effector genes don't  depend
on GAF for pausing and there is an addit ional pausing factor for effector genes? Would the same
enrichments be observed if GAF ChIP-seq was used in addit ion to GAGA-motif (since there is at
least  one other TF CLAMP known to bind GAGA-motif in promoters)? Can the authors dist inguish
"developmental pausing" from "effector pausing" by the GATA mot if? Here a comparison with
developmental genes would be helpful.
c. Li & Gilmour 2013 (PMID 23708796) propose two pausing mechanisms for M1BP-bound genes
(most ly, housekeeping genes, t ransient pausing) and GAF-bound genes (most ly, developmental
genes, strong pausing). Also, authors report  similar results regarding pausing, nucleosome
occupancy and expression variability for highly paused vs. TATA-box genes. How do gene groups
ident ified here agree with those in (Li&Gilmour 2013)? The authors should cite this paper.

4. Can the authors exclude the that the pausing group of effector genes simply arose from an
incomplete removal of developmental genes? (Sup Fig 3B shows Development as GO term in
paused genes)

5. Figure 3 presents some of the key results, and the authors should show more convincing
examples in panel D such that the genes in the two classes have a similar mean expression level
(the same way the genes were grouped by mean expression in panel A). In the current examples it



is difficult  to judge whether the background in the TATA genes is really different from the
background in the pausing genes. Maybe the authors can pick 3 genes from three bins of
expression level (low, medium high) to show this is t rue for all expression levels. 
In addit ion the authors should visualize some aggregate informat ion about background expression
levels across genes (paused vs tata-box). The percentage of cells with expression shows only
noise not really background expression levels. 

6. The methods descript ion and/or figure legends miss some details regarding the analysis, data
sources, sample sizes/significance for some group comparisons, which should be clarified in the
main text  and / or methods sect ion. In part icular:
• How are housekeeping and developmental genes defined (sources)? The statement: "By
eliminat ing developmental genes and ubiquitously-expressed housekeeping genes from all late-
expressed genes" has to be accompanied by some reference / or the actual list  of genes that were
removed.
• Which genes are used as background for GO enrichments?
• For the PolII t issue-specificity statement: "The Pol II occupancy was however not always t issue-
specific. Some genes showed high Pol II occupancy at  the promoter in many or all t issues, despite
being expressed in a very t issue-restricted fashion." How many genes are we talking about in each
class? Please cite the numbers in the text . In general, it  would be appreciated to cite more numbers
in the text .
• Fig 2c - the grouping is misleading, it  seems the promoters are grouped by #of t issues with PolII
enrichments, but the last  column indicates this exact ly corresponds to the TATA / pausing etc
classificat ion. In the text  they ment ion it  is enrichment, so they should show it  as enrichment, rather
than just  colors. Also, what exact ly is then the colors in Fig 2D/E corresponding to? - the actual
pausing/ TATA classes, or the #t issues with PolII enrichment? Is it  only one promoter group
enriched for each of the 7 classes? If not , maybe some more quant itat ive visualisat ion could be
helpful (e.g. groups in columns showing enrichment in rows - same as for promoter mot ifs).
• Fig2d - it  is not clear what expression data is shown. Please clarify in the legend.
• Fig2e - data shown on the x and y-axes seem to be redundant since it 's Pausing index on y-axis
and groups based on pausing on the x-axis. Might be more informat ive to show the 7 groups from
2c (based on the number of t issues with PolII enrichment) on the x-axis.
• What are number of genes and significance of mean difference in panel 3a?
• Gene expression noise (referring to Fig3a) - this metric is usually calculated by adjust ing
coefficient  of variat ion for expression level since there is strong negat ive relat ionship between CV
and expression level (this is seen for highly paused genes). While probably results in panel 3a won't
be affected, this adjustment would allow for more accurate comparisons of noise levels among
gene groups (e.g. for est imat ing stat ist ical significance of differences in noise between paused and
TATA genes).

Minor points: 
• Is Figure 1B really the best visualizat ion for the single cell data? It  is somewhat difficult  to spot the
data within all the lines and the schematics.
• Fig3b,c - what was the threshold on expression level to define expressing cells?
• Fig4a - are those genes expressed at  both t ime-points (2-4 and 14-17h)? Is the difference in
accessibility significant for dual TATA and paused genes? Please clarify in the text .
• p5: "We found that the TATA genes had indeed significant ly fewer annotated expression
patterns compared to..." - is the end of the sentence missing? Shall this refer to panel 3F?
• p2: header should specify that  this is effector genes



Reviewer #2: 

The manuscript  by Ramalingam et al presents evidence that TATA-dependent t issue-specific
promoters in Drosophila have dist inct  propert ies from TATA-less t issue-dependent promoters with
respect to PolII pausing, cell-to-cell variability of expression levels, and background "leaky"
expression in the cells and t issues in which the gene is (most ly) inact ive. They used single cell RNA-
seq to determine t issue specificity, variability and background levels of expression of individual
genes, and t issue-specific PolII ChIP-seq to determine PolII pausing behaviour at  each. 

This is a very nice body of work that shows exact ly what it  claims it  is showing, using elegant,
cut t ing-edge methodology, and it  should be of great interest  to others in the field. What it  would
benefit  from is better integrat ion with what is already known about the differences between TATA-
dependent and TATA-independent promoters, both in Drosophila and in other organisms: 

- The authors removed "developmental" promoters to compare TATA-dependent and TATA-
independent "late" t issue-specific promoters, and found differences. I believe that there is a flaw
here. DPE- and pause button-dependent promoters differ from TATA-dependent promoters
primarily with regard to their dependence on long-range enhancers. In that sense, the TATA-less,
DPE- or pause-button containing t issue-specific promoters will probably be a part  of the cont inuum
of developmental promoters - just  those whose associated enhancers are act ive only relat ively late
in development and different iat ion, and in a small number of t issues. Other than that, I would expect
their propert ies to be similar to, or even indist inguishable from, developmental promoters act ive
early in development or in mult iple t issues. For that reason, it  would be essent ial to extend the
analysis to the removed developmental promoters to examine this relat ionship.

- Indeed, even though the authors claim that there is no clear difference in GO terms between
TATA and highly paused genes, it  is no surprise to me at  all that  "developmental process" and "cell
communicat ion", both terms known to be associated with mult icellular processes under long-term
enhancer regulat ion, show up with the highly-paused genes. If more highly paused genes are
included, the overrepresentat ion of the two terms will only become stronger.

- The difference with respect to the dependence on long-range enhancers will have several
consequences that the author observe, and are expected: in a secondarily compacted genome
such as that of Drosophila, the genes with TATA-dependent promoters will have shorter introns,
and more likely to occur as tandem duplicates. On the other hand, DPE-dependent promoters, as
essent ially developmental promoters often controlled by mult iple enhancers, will often have longer
introns and intergenic spaces needed to accommodate those enhancers, and will be more dosage-
sensit ive, both of which would make tandem duplicat ion disrupt ive with respect to enhancer-
promoter interact ions.

- Some previous research suggests that, unlike developmental promoters, most TATA-dependent
promoters in vertebrates are actually regulated by proximal cis-regulatory modules just  upstream of
the core promoters (e.g. Roider HG et al NAR 2009 showed that the difference between TATA-
dependent and TATA-independent liver- and muscle-specific genes is that  the non-CpG, TATA-
dependent ones are the only ones that contain an enrichment of t issue-specific mot if at  the
proximal promoters; Soler E et  al Genes Dev 2010 show a rather dramat ic difference in the relat ive
posit ion of GATA1 binding between the two types of erythroid-constrained promoters in mouse).



This would suggest the difference in mechanism between TATA-dependent and developmental,
enhancer-driven promoters: the former are fully inact ive unt il a context-specific t ranscript ion factor
binds to them; the lat ter are poised to respond to enhancer act ivat ion, which may be accomplished
by start ing the transcript ion and pausing it  unt il enhancer interact ion releases the pause. 

- The chromat in accessibility of TATA promoters will be influenced by their two propert ies that are
already well known: 1) the nucleosome posit ions at  TATA promoters are not as precise as at  most
non-TATA promoters, because it  is the TATA box posit ion that directs the TSS select ion to about
30 bp downstream of it , regardless of the stable posit ion of the nucleosomes at  each part icular
promoter (see e.g. Rach E et  al PLOS Genet 2011, and a detailed analysis in Dreos R et  al PLOS
Comp Biol 2016). It  might be that the posit ions are relat ively stable at  individual promoters, but
since they are not at  a constant distance from the TSS, there is no reference they line up with in
heatmaps or metaplots. Alternat ively, since TATA-dependent promoters act  in large "bursts" with
periods of inact ivity between the bursts, the nucleosome arrangement will be a t ime average
between act ive and inact ive states.

- More generally, what is missing is the analysis of addit ional promoter features that are known to
be associated with different promoter types. It  is unclear how the authors defined transcript ion
start  sites, but defining them by high-quality CAGE data (from modENCODE or from Eileen
Furlong's lab) is more likely to reveal precise spat ial dependencies between transcript ion start  sites
and mot ifs such as TATA-box and DPE, as well as MNase signal and any nucleosome posit ioning
signals in the sequence, if present. Also, the authors do not ment ion if the analysed promoters are
predominant ly "peaked" (single TSS posit ion) or "dispersed" (mult iple TSS posit ions within the
same promoter region). TATA- and DPE-dependent promoters are generally peaked with
constrained spacing between the TSS and the mot if (e.g.  Dreos R PLOS Comp Biol 2016).

-Current ly, there is not enough evidence to support  the author's claim that accessibility does not
change between expressing and non-expressing t issues as there is no direct  comparisons but
rather very global t rends. It  would be interest ing to direct ly compare accessibility in expressing and
non-expressing t issues for the same genes, as heatmaps with genes separated into their t issue of
maximum expression.

Minor: 

- It  would be helpful if the authors could clearly define Pol II penetrance in the main text , how it  is
calculated and how it  differs from the pausing index it  is compared to.

- The mot if ident ificat ion allowing zero mismatches is quite stringent. Would the enrichments apply
if lower thresholds were applied, for example 90% match to the PWM?

- In Figure 3 it  is not immediately clear what the threshold for expression is for a cell to be classified
as expressing.

- In figure 4D it  would be better if the heatmaps were ordered by accessibility (highly accessible
regions at  the top, low accessibility regions at  the bottom). It  would be easier to assess whether
higher accessibility is a global feature of these promoters or if few regions with very high
accessibility are skewing the trend.

- In Figure S4, can the authors comment on why we do not see highly paused promoters reflected
here, with consistent Pol II occupancy in all t issues?



- In supplementary excel 3, it  is not clear what is denoted in new_start  and new_end columns.

Reviewer #3: 

This paper describes the relat ionship between promoter types and expression features in the late
Drosophila embryo. First , single cell RNA-seq (scRNA-seq; with cells derived from whole embryos)
was used to obtain gene expression data in various t issues (Fig. 1). Then, by using t issue-specific
ChIP-seq with six different t issues, the Pol II occupancy in different t issues was determined (Fig. 2).
Genes with high Pol II 'penetrance' (i.e., widespread Pol II occupancy in different t issues) were found
to be noisier when inact ive and less variable when act ive, relat ive to genes with low Pol II
penetrance (Fig. 3). Chromatin accessibility also correlates with Pol II penetrance (Fig. 4). 

This manuscript  is clearly writ ten, and the experiments were well designed. If the Major comment is
addressed appropriately, publicat ion would be recommended. 

Major comment: 

1. In Fig. 2C, the authors classify genes based on the occurrence of enriched Pol II (from the +1 TSS
to +200) in different t issues. Accordingly, genes in which Pol II is enriched in 5/6 or 6/6 t issues are
called "highly paused". In contrast , genes in which Pol II is not enriched (in 0/6 t issues) are called
"TATA". In the "TATA" genes, the TATA-box appears to be enriched by about 4 fold; however, it  is
likely that  many of the "TATA" genes lack a TATA box. Therefore, unless all of the "TATA" genes
contain a TATA box (and all of the "Highly Paused" genes lack a TATA box), the "TATA" gene
category should be re-named because the name would be inaccurate and misleading. One possible
alternate name would be "Non-paused", as used in Fig. 2B. This name would match the basis upon
which the genes were categorized. It  could be stated that the "Non-paused" genes are enriched for
TATA boxes.

Other comments: 

2. Please specify exact ly how the scRNA-seq data were linked to the t issue-specific Pol II
occupancy. It  is not obvious that there is a good match between the t issues in the two different
experiments. No correlat ion value is shown in Fig. S4, which could help establish the link. In addit ion,
the data presented in Fig. S4 are restricted to genes with Pol II occupancy in a single t issue.

3. In Fig. 3B-C, it  would be useful to show the distribut ion of normalized RNA levels in addit ion to the
percent of expressing cells. For example, a 2D plot  of Normalized RNA levels vs. % Cells with
Expression might be informat ive. "Cells with expression" should also be clearly defined [there is a
similar issue in Fig. 2 for "(non-)expressing t issues"].

4. In the legend of Fig. 2, it  is stated that the differences in paused Pol II occupancy are related to
sample preparat ion and transcript ion. Please explain.



We thank the reviewers for their insightful and constructive criticisms and suggestions, which led us to 

perform additional analyses and improve the overall clarity of the revised manuscript. First, we clarified 

and validated our method of defining TATA versus paused genes among our late-expressed effector 

genes. By using CAGE data to re-annotate the TSS of our genes, we observed striking enrichments of 

different promoter elements in our groups. We then compared our late TATA and paused genes to 

housekeeping genes and developmentally paused genes as requested. As we had assumed but not 

explicitly discussed, this showed that the promoter type of late paused genes is essentially identical to 

that of developmentally paused genes. We have now made this clear in the revised version. In addition, 

we analyzed the differences between gene groups with regard to gene length, promoter shape and 

several expression variability measurements, which confirmed our previous conclusion that the TATA 

gene group has the most expression variability. Together with the remaining improvements described in 

our point-by-point response to the reviewers’ comments, we feel that the revised manuscript is now 

strengthened in its conclusions and clarity. 

Reviewer #1: 

In the manuscript "TATA and paused promoters active in differentiated tissues have distinct expression 

characteristics", Ramalingam et al characterize expression properties of different promoter types of 

effector genes in late Drosophila embryo using scRNA-seq combined with profiling of polymerase 

pausing, chromatin accessibility and nucleosome occupancy. The study is important because it shows 

different modes of regulation of effector genes (genes responsible for the structure and function of 

differentiated tissues), which have been previously mostly linked to TATA-box promoters. In particular, 

authors propose that "highly paused promoters are more optimal for achieving low expression variability 

when genes are active, while TATA promoters are more optimal for achieving very low background 

expression when the genes are inactive". The manuscript is well-written, and results are supported by 

data. Yet, in parts, it is was not clear what the exact analyses where that the authors performed. See 

specific comments below. The main novelty of this work is the description, characterization and function 

of TATA-box and PolII-pausing promoters in tissue-specific effector genes, thus excluding developmental 

and house-keeping genes. However, since much is known about the latter, especially in the context of 

TATA and PolII, the study would benefit from a broader perspective by including these types of promoters 

as separate classes in their computational analysis where possible, to put their findings into a broader 

context. See more specific comments below:  

Thanks for appreciating our study and for the suggestions. 

Major comments: 

1. One of the main conclusions of the study is that there are two fundamentally different modes of

regulation within effector genes, as reflected by differences in polymerase pausing, nucleosome

occupancy and expression noise of these genes. Also, the authors propose in the Discussion that "the

two promoter types play different roles in evolution". Given these conclusions, the study would benefit

from more in-depth characterization of functional differences between these different types of effector

genes.

We agree that we had kept our definition and analysis of effector genes relatively short and have now 

expanded on this. We now better describe our analysis, added developmental paused genes, and 
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housekeeping genes as control groups and performed additional ones, e.g. the expression variability 

across Drosophila population isolates (based on Sigalova et al., 2020, MSB), as well as promoter shape 

(Fig EV1,2,3), all of which are consistent with our conclusions and those of other studies. One of the main 

takeaways that we had not emphasized before is that paused effector genes have essentially the same 

promoter type as paused developmental genes. 

2. It was not clear what set of genes the authors actually take into account for their analyses - this 

reviewer was not familiar with the term 'effector genes'. They should provide their definition of "effector 

genes" and they should give numbers of how many genes these are the first time they talk about it (i.e. 

p2).  

 

We define effector genes in the introduction as “genes responsible for the structure and function of 

differentiated tissues”. In results, we then define them as genes that are specifically induced late in 

embryogenesis (to distinguish them from housekeeping and developmental genes, which are expressed 

earlier) and show that the functional GO categories of these 1,527 genes are consistent with their 

definition. We also include the number of genes analyzed in each promoter group in the main text and 

provide detailed Supplementary spreadsheets where interested readers can obtain more details on the 

exact nature of these genes (Dataset EV2, EV6). 

 

3. More generally, the authors should consider including data for housekeeping and developmental genes 

(e.g. as background or comparison to effector genes) to put their findings into a broader context. This 

could make the results for effector genes stronger and also highlight novelty of the study. If not, at least it 

has to be more clearly stated, that only a subset of genes is analyzed (and number have to be given).  

 

We are grateful for this suggestion and have now compared the late-induced TATA and paused genes to 

developmental paused genes and housekeeping genes in our analysis by various metrics (Fig EV1,2,3).  

This showed that highly paused effector genes and developmental genes have essentially the same 

promoter type. We therefore conclude that effector genes, as defined by their tissue-specific function, are 

not restricted to TATA genes, but also use the paused promoter, which is already used during the 

patterning stages of development. 

 

Some interesting questions along these lines are:  

a. Strong pausing was previously linked to developmental genes, while effector genes are mostly 

associated with TATA-box. Is there a difference in regulation / promoter architecture of highly paused 

effector vs developmental genes?  

 

With the help of CAGE data, we have now analyzed the promoter type of paused effector genes and 

paused developmental genes in more detail. This showed that they are indistinguishable with regard to 

core promoter motifs, pausing index, gene length, and promoter shape (EV1). The functions of paused 

effector genes are however consistent with them being effector genes, which means that effector genes 

use both TATA promoters and highly paused promoters.  

 

b. GAF (GAGA factor) has been previously linked to PolII pausing in Drosophila (Tsai et al 2016, PMID: 

27468311). Here, the authors found the GAGA motif moderately enriched in all gene groups. What was 

the background for this enrichment? Does this imply that effector genes don't depend on GAF for pausing 

and there is an additional pausing factor for effector genes? Would the same enrichments be observed if 

GAF ChIP-seq was used in addition to GAGA-motif (since there is at least one other TF CLAMP known to 

bind GAGA-motif in promoters)? Can the authors distinguish "developmental pausing" from "effector 

pausing" by the GATA motif? Here a comparison with developmental genes would be helpful.  



 

Thank you for pointing this out. The GAGA motif that we had used earlier in our enrichment analysis was 

too degenerate (literally GAGA). Using the stricter GAGAG motif, as we have done before in previous 

papers, now revealed that only the paused promoters were enriched for this motif (Fig 2C).  

 

c. Li & Gilmour 2013 (PMID 23708796) propose two pausing mechanisms for M1BP-bound genes 

(mostly, housekeeping genes, transient pausing) and GAF-bound genes (mostly, developmental genes, 

strong pausing). Also, authors report similar results regarding pausing, nucleosome occupancy and 

expression variability for highly paused vs. TATA-box genes. How do gene groups identified here agree 

with those in (Li&Gilmour 2013)? The authors should cite this paper.  

 

Our results agree with those of Li & Gilmour since the developmental genes and effector genes are not 

enriched for the Ohler1 motif, to which M1BP binds. As expected, our newly added housekeeping gene 

group is however enriched for Ohler1 motifs. We also now cite this paper for supporting the variability of 

TATA genes.  

 

4. Can the authors exclude the that the pausing group of effector genes simply arose from an incomplete 

removal of developmental genes? (Sup Fig 3B shows Development as GO term in paused genes)  

 

As we now discuss and better describe in the revised manuscript, paused effector genes and paused 

developmental genes share the same promoter type. However, a good fraction of paused effector genes 

clearly have functions that are very similar to the TATA effector genes. Thus, while some paused effector 

genes could be classified as developmental genes by different methods, there is strong evidence that 

effector genes, defined by their function in differentiated tissues, also use paused promoters. This means 

that paused promoters are used throughout embryogenesis, including in differentiated tissues.  

 

5. Figure 3 presents some of the key results, and the authors should show more convincing examples in 

panel D such that the genes in the two classes have a similar mean expression level (the same way the 

genes were grouped by mean expression in panel A). In the current examples it is difficult to judge 

whether the background in the TATA genes is really different from the background in the pausing genes. 

Maybe the authors can pick 3 genes from three bins of expression level (low, medium high) to show this 

is true for all expression levels.  

 

We have now included additional examples in the supplemental figures (Fig EV2F). 

 

In addition the authors should visualize some aggregate information about background expression levels 

across genes (paused vs tata-box). The percentage of cells with expression shows only noise not really 

background expression levels.  

 

We have now also quantified the background expression as mean transcript levels, which confirms our 

conclusions (Fig EV2E). 

 

6. The methods description and/or figure legends miss some details regarding the analysis, data sources, 

sample sizes/significance for some group comparisons, which should be clarified in the main text and / or 

methods section. In particular:  

• How are housekeeping and developmental genes defined (sources)? The statement: "By eliminating 

developmental genes and ubiquitously-expressed housekeeping genes from all late-expressed genes" 

has to be accompanied by some reference / or the actual list of genes that were removed.  

 



We completely agree and have now rewritten the entire section to better define effector genes, how they 

were identified, and why we think they represent effector genes. We have also added control groups for 

housekeeping genes, and developmental genes. It now says in the results “To distinguish effector genes 

from housekeeping genes and developmental genes, we defined effector genes by their late upregulation 

during embryogenesis (> 5x, p < 0.05 from 2-4 h to 14-17 h), which yielded 1,527 genes (Dataset EV1, 

EV2, Methods). As control groups, we also defined ubiquitously-expressed housekeeping genes (647 

genes), as well as developmental genes that are highly paused throughout embryogenesis (772 

genes)(Dataset EV1) as defined previously (Gaertner et al. 2012).” 

 

• Which genes are used as background for GO enrichments?  

 

All annotated promoters in the genome were used as background. 

 

• For the PolII tissue-specificity statement: "The Pol II occupancy was however not always tissue-specific. 

Some genes showed high Pol II occupancy at the promoter in many or all tissues, despite being 

expressed in a very tissue-restricted fashion." How many genes are we talking about in each class? 

Please cite the numbers in the text. In general, it would be appreciated to cite more numbers in the text.  

 

We now mention the number of genes in the different groups both in the figure and in the main text. 

 

• Fig 2c - the grouping is misleading, it seems the promoters are grouped by #of tissues with PolII 

enrichments, but the last column indicates this exactly corresponds to the TATA / pausing etc 

classification. In the text they mention it is enrichment, so they should show it as enrichment, rather than 

just colors. Also, what exactly is then the colors in Fig 2D/E corresponding to? - the actual pausing/ TATA 

classes, or the #tissues with PolII enrichment? Is it only one promoter group enriched for each of the 7 

classes? If not, maybe some more quantitative visualisation could be helpful (e.g. groups in columns 

showing enrichment in rows - same as for promoter motifs).  

 

We classified the promoter types based on the Pol II penetrance and then named these classes based on 

the enriched promoter motifs (without changing their contents). We have now added sequence maps with 

consensus motifs to show that this promoter classification is indeed convincing and not merely just a 

statistical enrichment (Fig 2D). We have also rewritten this section to improve clarity. 

 

• Fig2d - it is not clear what expression data is shown. Please clarify in the legend.  

 

This analysis is based on RNA-seq data from whole embryos aged 14-17 h. We have now clarified this in 

the figure legend (now found as a panel of EV1E to make space for the promoter sequence analysis). 

 

• Fig2e - data shown on the x and y-axes seem to be redundant since it's Pausing index on y-axis and 

groups based on pausing on the x-axis. Might be more informative to show the 7 groups from 2c (based 

on the number of tissues with Pol II enrichment) on the x-axis.  

 

As explained above, these are the groups defined by Pol II penetrance (x-axis is Pol II penetrance, y is 

pausing index) and we have clarified this in the figure legend (now part of EV1D). 

 

• What are number of genes and significance of mean difference in panel 3a? 

 

 As mentioned below, we corrected the CV and it shows significantly higher variation for the TATA genes 

compared to the paused genes (Fig EV2A,B). We have also added p values (Fig EV2B). 



 

• Gene expression noise (referring to Fig3a) - this metric is usually calculated by adjusting coefficient of 

variation for expression level since there is strong negative relationship between CV and expression level 

(this is seen for highly paused genes). While probably results in panel 3a won't be affected, this 

adjustment would allow for more accurate comparisons of noise levels among gene groups (e.g. for 

estimating statistical significance of differences in noise between paused and TATA genes).  

 

We have now corrected the coefficient of variation using loess regression. Corrected CV also shows 

significantly higher variation for the TATA genes compared to the paused genes (Fig EV2A,B). 

 

Minor points:  

• Is Figure 1B really the best visualization for the single cell data? It is somewhat difficult to spot the data 

within all the lines and the schematics.  

 

That is true, but the alternative is to give each cluster a number and then place these numbers on the 

Drosophila tissues. This makes it even harder to find the tissues. We had visually played with the figure 

for a while and found this to be the best solution. 

 

• Fig3b,c - what was the threshold on expression level to define expressing cells?  

 

Cells with detectable transcripts (>1 read) are considered as cells with expression, which is now 

mentioned in the main text and described in the methods. We have chosen this threshold after analyzing 

the effect with different thresholds. In the expressing tissue, using higher cutoffs gives similar results. In 

the non-expressing tissues, using higher cutoffs leads to noisier results, since the background expression 

is generally low, which is why we chose the low cutoff of 1 read. 

 

• Fig4a - are those genes expressed at both time-points (2-4 and 14-17h)? Is the difference in 

accessibility significant for dual TATA and paused genes? Please clarify in the text.  

 

All effector genes were selected for being expressed in late embryos but not early embryos, which we 

now mention when we introduce the identification of effector genes. The difference in accessibility 

between dual TATA and paused genes is significant, which is not shown. Generally, we only calculated 

the significance between the highly paused and TATA gene groups. 

 

• p5: "We found that the TATA genes had indeed significantly fewer annotated expression patterns 

compared to..." - is the end of the sentence missing? Shall this refer to panel 3F?  

 

Thank you for pointing out this formatting issue, which we have now fixed. It now says “We found that the 

TATA genes had significantly fewer annotated expression patterns compared to highly paused genes”. 

 

• p2: header should specify that this is effector genes  

 

Thank you. The header now says “Effector genes have different Pol II occupancy patterns across 

tissues”. 

 

Reviewer #2:  

 

The manuscript by Ramalingam et al presents evidence that TATA-dependent tissue-specific promoters 

in Drosophila have distinct properties from TATA-less tissue-dependent promoters with respect to PolII 



pausing, cell-to-cell variability of expression levels, and background "leaky" expression in the cells and 

tissues in which the gene is (mostly) inactive. They used single cell RNA-seq to determine tissue 

specificity, variability and background levels of expression of individual genes, and tissue-specific PolII 

ChIP-seq to determine PolII pausing behaviour at each.  

 

This is a very nice body of work that shows exactly what it claims it is showing, using elegant, cutting-

edge methodology, and it should be of great interest to others in the field. What it would benefit from is 

better integration with what is already known about the differences between TATA-dependent and TATA-

independent promoters, both in Drosophila and in other organisms:  

Thank you for appreciating the novelty of our study and for the constructive suggestions. 

- The authors removed "developmental" promoters to compare TATA-dependent and TATA-independent 

"late" tissue-specific promoters, and found differences. I believe that there is a flaw here. DPE- and pause 

button-dependent promoters differ from TATA-dependent promoters primarily with regard to their 

dependence on long-range enhancers. In that sense, the TATA-less, DPE- or pause-button containing 

tissue-specific promoters will probably be a part of the continuum of developmental promoters - just those 

whose associated enhancers are active only relatively late in development and differentiation, and in a 

small number of tissues. Other than that, I would expect their properties to be similar to, or even 

indistinguishable from, developmental promoters active early in development or in multiple tissues. For 

that reason, it would be essential to extend the analysis to the removed developmental promoters to 

examine this relationship.  

 

Yes, exactly and thanks for pointing this out. We had assumed and now show, that the promoters of 

developmental genes are essentially the same as those of highly paused effector genes. This shows that 

classifying genes by developmental stage or function is insufficient to separate promoter types and that 

promoters with paused Pol II continue to be used beyond the developmental stages. We now compare 

the effector genes to a group of developmental genes (as defined by continuous Pol II pausing throughout 

development by Gaertner et al., 2013) and explicitly say that their promoters are indistinguishable by 

several criteria. We also mention in the discussion the presumed difference between TATA and paused 

genes with regard to long-range enhancers. 

 

- Indeed, even though the authors claim that there is no clear difference in GO terms between TATA and 

highly paused genes, it is no surprise to me at all that "developmental process" and "cell communication", 

both terms known to be associated with multicellular processes under long-term enhancer regulation, 

show up with the highly-paused genes. If more highly paused genes are included, the overrepresentation 

of the two terms will only become stronger. 

 

We agree and now discuss our GO analysis in more detail. The GO analysis does not preclude the 

possibility that paused effector genes have functions similar to traditional developmental genes. It does 

however suggest that a good fraction of paused effector genes have tissue-specific functions consistent 

with them being effector genes. This led us to reject the hypothesis that only TATA genes are effector 

genes. 

 

- The difference with respect to the dependence on long-range enhancers will have several 

consequences that the author observe, and are expected: in a secondarily compacted genome such as 

that of Drosophila, the genes with TATA-dependent promoters will have shorter introns, and more likely to 

occur as tandem duplicates. On the other hand, DPE-dependent promoters, as essentially developmental 

promoters often controlled by multiple enhancers, will often have longer introns and intergenic spaces 



needed to accommodate those enhancers, and will be more dosage-sensitive, both of which would make 

tandem duplication disruptive with respect to enhancer-promoter interactions. 

We completely agree and have incorporated some of these ideas in our discussion. It now says “The 

large number of enhancers makes it more likely that gene duplications disrupt enhancer-promoter 

interactions and that promoter mutations have detrimental pleiotropic effects..” 

- Some previous research suggests that, unlike developmental promoters, most TATA-dependent

promoters in vertebrates are actually regulated by proximal cis-regulatory modules just upstream of the

core promoters (e.g. Roider HG et al NAR 2009 showed that the difference between TATA-dependent

and TATA-independent liver- and muscle-specific genes is that the non-CpG, TATA-dependent ones are

the only ones that contain an enrichment of tissue-specific motif at the proximal promoters; Soler E et al

Genes Dev 2010 show a rather dramatic difference in the relative position of GATA1 binding between the

two types of erythroid-constrained promoters in mouse). This would suggest the difference in mechanism

between TATA-dependent and developmental, enhancer-driven promoters: the former are fully inactive

until a context-specific transcription factor binds to them; the latter are poised to respond to enhancer

activation, which may be accomplished by starting the transcription and pausing it until enhancer

interaction releases the pause.

We completely agree. We have now extended the discussion and cited these papers. It now says “These 

genes may correspond to the simple “gene batteries” described by Eric Davidson and may be regulated 

predominantly by promoter-proximal regulatory elements (Erwin and Davidson 2009; Roider et al. 2009; 

Soler et al. 2010). In contrast, promoters with paused Pol II tend to be found in relatively long genes with 

extensive cis-regulatory regions.” 

- The chromatin accessibility of TATA promoters will be influenced by their two properties that are already

well known: 1) the nucleosome positions at TATA promoters are not as precise as at most non-TATA

promoters, because it is the TATA box position that directs the TSS selection to about 30 bp downstream

of it, regardless of the stable position of the nucleosomes at each particular promoter (see e.g. Rach E et

al PLOS Genet 2011, and a detailed analysis in Dreos R et al PLOS Comp Biol 2016). It might be that the

positions are relatively stable at individual promoters, but since they are not at a constant distance from

the TSS, there is no reference they line up with in heatmaps or metaplots. Alternatively, since TATA-

dependent promoters act in large "bursts" with periods of inactivity between the bursts, the nucleosome

arrangement will be a time average between active and inactive states.

These are again very thoughtful comments. We now mention the presence of fuzzy nucleosomes and 

longer transcriptional bursts at TATA promoters. It now says, “TATA promoters have fuzzy promoter 

nucleosomes (Tirosh and Barkai 2008; Gaertner et al. 2012)” and “Transcription of many genes is a 

discontinuous process, resulting in bursts of transcripts (Coulon et al. 2013; Raj et al. 2006). These bursts 

of transcription are larger at TATA promoters (Larsson et al. 2019; Hornung et al. 2012; Tantale et al. 

2016).” We agree however with the reviewer that the exact nature of the fuzzy nucleosomes at TATA 

promoters is not clear: it could be due to heterogeneity of nucleosome positioning between different TATA 

promoters or due to heterogeneity between promoters in the active and inactive state. The first should 

result in averaging out of the nucleosome signal, while the second should result in lower nucleosome 

occupancy. We therefore favor the first explanation, but both likely occur, and we did not want to 

unnecessarily speculate in the manuscript. 

- More generally, what is missing is the analysis of additional promoter features that are known to be

associated with different promoter types. It is unclear how the authors defined transcription start sites, but

http://sciwheel.com/work/citation?ids=402973,1006343,999046&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0
http://sciwheel.com/work/citation?ids=402973,1006343,999046&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0
http://sciwheel.com/work/citation?ids=1029409,240075&pre=&pre=&suf=&suf=&sa=0,0
http://sciwheel.com/work/citation?ids=1029409,240075&pre=&pre=&suf=&suf=&sa=0,0
http://sciwheel.com/work/citation?ids=17079,129586&pre=&pre=&suf=&suf=&sa=0,0
http://sciwheel.com/work/citation?ids=6221740,1029149,1809594&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0
http://sciwheel.com/work/citation?ids=6221740,1029149,1809594&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0


defining them by high-quality CAGE data (from modENCODE or from Eileen Furlong's lab) is more likely 

to reveal precise spatial dependencies between transcription start sites and motifs such as TATA-box and 

DPE, as well as MNase signal and any nucleosome positioning signals in the sequence, if present. Also, 

the authors do not mention if the analysed promoters are predominantly "peaked" (single TSS position) or 

"dispersed" (multiple TSS positions within the same promoter region). TATA- and DPE-dependent 

promoters are generally peaked with constrained spacing between the TSS and the motif (e.g.  Dreos R 

PLOS Comp Biol 2016).  

 

This was an excellent suggestion. We have now used CAGE data to better define the TSS and this has 

allowed us to better define the consensus motifs present in our promoters (see Fig 2 and EV1). We have 

also classified the promoters as broad versus narrow and show that effector genes are predominantly 

narrow as expected. 

 

-Currently, there is not enough evidence to support the author's claim that accessibility does not change 

between expressing and non-expressing tissues as there is no direct comparisons but rather very global 

trends. It would be interesting to directly compare accessibility in expressing and non-expressing tissues 

for the same genes, as heatmaps with genes separated into their tissue of maximum expression.  

 

We performed additional analysis as suggested and observed a trend between tissue-specific expression 

and tissue-specific accessibility. However, we felt that the correlation was not strong enough to make 

strong claims and thus have not added these results to the paper. 

 

Minor:  

 

- It would be helpful if the authors could clearly define Pol II penetrance in the main text, how it is 

calculated and how it differs from the pausing index it is compared to.  

 

We have defined Pol II penetrance as the number of tissues (from 0 to 6 tissues) in which Pol II is 

detected around the transcription start site (200bp downstream of the TSS to the TSS) to be above 

background (>2 fold signal over input). This resulted in four groups: TATA-enriched (527 genes in 0 

tissues), dual TATA (415 genes in 1-2 tissues), paused (222 genes in 3-4 tissues) and highly paused 

(362 genes in 5-6 tissues). There is good correspondence between our Pol II penetrance groups and 

pausing index (EV1D). The pausing index by itself is however a noisy measurement (since quotient is a 

very small number), which is why we did not use it as a primary means of classifying promoters. 

 

- The motif identification allowing zero mismatches is quite stringent. Would the enrichments apply if lower 

thresholds were applied, for example 90% match to the PWM?  

 

This is indeed a stringent threshold. It underestimates the number of promoter elements present, but 

accurately captures enrichments, which is the purpose of the plot. To better capture the promoter 

elements from all genes in the group, we now show their raw sequence as a heat map and derive 

consensus motifs for all groups de novo (thanks to the better TSSs defined by CAGE). This shows very 

clearly the high fraction of promoters with TATA-like elements or pausing elements, respectively. 

 

- In Figure 3 it is not immediately clear what the threshold for expression is for a cell to be classified as 

expressing.  

 

Cells with detectable transcripts (at least one read) are considered as cells with expression. This 

information is now found both in the methods and the figure legend. We have also analyzed the effect of 



different thresholds on our frequency of expressing cells measurements. In the expressing tissue, using 

higher cutoffs gives similar results. In the non-expressing tissues, using higher cutoffs leads to noisier 

results, since the background expression is generally low. 

 

- In figure 4D it would be better if the heatmaps were ordered by accessibility (highly accessible regions at 

the top, low accessibility regions at the bottom). It would be easier to assess whether higher accessibility 

is a global feature of these promoters or if few regions with very high accessibility are skewing the trend.  

 

We have now changed the figure to the sorted version. We have also calculated the statistical 

significance of the average signal across tissues between groups (Wilcoxon two-sided test). 

 

- In Figure S4, can the authors comment on why we do not see highly paused promoters reflected here, 

with consistent Pol II occupancy in all tissues?  

 

This comparison between Pol II occupancy and RNA expression was done to examine the tissue-specific 

purity of the Pol II sample. Therefore, we only included genes where Pol II occupancy was found in a 

single tissue. Paused promoters with Pol II in many tissues are not expected to have a high correlation 

with expression and thus confound the analysis. Nevertheless, even if we use all effector genes, the 

tissue with the highest Pol II occupancy is in most cases the tissue with the highest RNA levels. 

 

- In supplementary excel 3, it is not clear what is denoted in new_start and new_end columns.  

 

Thank you for catching this. We have now added legends and removed unnecessary columns (now 

Appendix Table 2). 

 

Reviewer #3:  

 

This paper describes the relationship between promoter types and expression features in the late 

Drosophila embryo. First, single cell RNA-seq (scRNA-seq; with cells derived from whole embryos) was 

used to obtain gene expression data in various tissues (Fig. 1). Then, by using tissue-specific ChIP-seq 

with six different tissues, the Pol II occupancy in different tissues was determined (Fig. 2). Genes with 

high Pol II 'penetrance' (i.e., widespread Pol II occupancy in different tissues) were found to be noisier 

when inactive and less variable when active, relative to genes with low Pol II penetrance (Fig. 3). 

Chromatin accessibility also correlates with Pol II penetrance (Fig. 4).  

 

This manuscript is clearly written, and the experiments were well designed. If the Major comment is 

addressed appropriately, publication would be recommended.  

Thank you for appreciating our study and for the constructive suggestions. 

 

Major comment:  

 

1. In Fig. 2C, the authors classify genes based on the occurrence of enriched Pol II (from the +1 TSS to 

+200) in different tissues. Accordingly, genes in which Pol II is enriched in 5/6 or 6/6 tissues are called 

"highly paused". In contrast, genes in which Pol II is not enriched (in 0/6 tissues) are called "TATA". In the 

"TATA" genes, the TATA-box appears to be enriched by about 4 fold; however, it is likely that many of the 

"TATA" genes lack a TATA box. Therefore, unless all of the "TATA" genes contain a TATA box (and all of 

the "Highly Paused" genes lack a TATA box), the "TATA" gene category should be re-named because the 



name would be inaccurate and misleading. One possible alternate name would be "Non-paused", as used 

in Fig. 2B. This name would match the basis upon which the genes were categorized. It could be stated 

that the "Non-paused" genes are enriched for TATA boxes. 

This is a good point. As we show in the revised manuscript as sequence color maps and consensus 

motifs, the majority of genes in the TATA group indeed have a TATA-like element, while the majority in 

the highly paused group show a downstream promoter element. We therefore feel that our grouping by 

“Pol II penetrance” is a very good way of identifying promoter groups, while using the presence of motif 

consensus binding motifs is less reliable. However, we agree that calling the group “TATA-enriched” may 

be less confusing and have now renamed this group. 

Other comments: 

2. Please specify exactly how the scRNA-seq data were linked to the tissue-specific Pol II occupancy. It is

not obvious that there is a good match between the tissues in the two different experiments. No

correlation value is shown in Fig. S4, which could help establish the link. In addition, the data presented in

Fig. S4 are restricted to genes with Pol II occupancy in a single tissue.

The comparison was indeed done with genes that have Pol II occupancy in a single tissue since paused 

promoters are not expected to have a high correlation with their expression. But with or without this 

restriction, the correlation coefficient is only medium and thus not very informative, presumably because 

the low values are noisy. For this reason, we now include the percentage of genes for which the tissue 

with the highest Pol II matches the tissue with the highest expression (~77% of genes with Pol II 

occupancy in a single tissue). 

3. In Fig. 3B-C, it would be useful to show the distribution of normalized RNA levels in addition to the

percent of expressing cells. For example, a 2D plot of Normalized RNA levels vs. % Cells with Expression

might be informative. "Cells with expression" should also be clearly defined [there is a similar issue in Fig.

2 for "(non-)expressing tissues"].

We have plotted (RNA levels vs. % Cells with expression) in Fig EV2. Cells with detectable transcripts (>1 

read) are considered as cells with expression, which we have now clarified in the legends and the 

methods. We have however also analyzed the effect of different thresholds on our frequency of 

expressing cells. In the expressing tissue, using higher cutoffs gives similar results. In the non-expressing 

tissues, using higher cutoffs leads to noisier results, since the background expression is generally low. 

4. In the legend of Fig. 2, it is stated that the differences in paused Pol II occupancy are related to sample

preparation and transcription. Please explain.

Thank you for asking this question. While the highly paused genes have paused Pol II in all tissues, the 

levels vary. A clear trend is that paused Pol II is highest in the tissue with the highest expression (in ~55% 

of highly paused genes). But we also found that there are systematic differences between samples, thus 

some tissues have generally higher enrichments than others. We speculate that this is because tissues 

that are outside (e.g. epidermis) are easier to crosslink. We have now extended our explanation in the 

legend: “Paused Pol II is generally highest in the tissue with the highest expression. We also found 

systematic differences between samples, thus some tissues have generally higher enrichments than 

others, presumably because they are easier to crosslink.” 
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Manuscript Number: MSB-20-9866R 
Tit le: TATA and paused promoters act ive in different iated t issues have dist inct expression 
characterist ics 
Author: Vivekanandan Ramalingam 
Malini Natarajan 
Jeff Johnston 
Julia Zeit linger 

Thank you for sending us your revised manuscript . We have now heard back from two of the three 
reviewers who were asked to evaluate your study. Unfortunately, after a series of reminders we did 
not manage to obtain a report from Reviewer #2. In the interest of t ime, and since the other two 
reviewers' recommendat ions are quite similar, I prefer to make a decision now rather than further 
delaying the process. As you will see the reviewers are sat isfied with the modificat ions made and 
think that the study is now suitable for publicat ion. 

Before we can formally accept your manuscript , we would ask you to address a few remaining 
editorial issues listed below: 

1. Please provide up to 5 keywords and incorporate them in the main text .

2. A Conflict  of Interest  statement should be provided in the main text .

3. Appendix Table 1 & 2: Please add an 'S' to Appendix Table (Appendix Table S1).

4. Reference format: list  all 10 co-authors of a paper before to add et  al. in the reference list . More
informat ion can be found here (ht tps://www.embopress.org/page/journal/17444292/authorguide).

5. Appendix: add a Table of Content on the 1st  page. Please note that this file will not  be typeset
nor proofread.

6. Funding: Funding informat ion was entered in the online submission system, but absent from the
manuscript . Please add it  to the manuscript .

7. EV datasets : please uploaded them individually with each individual legend inserted into each file
in a separate sheet.

8. Our data editor has made some comments to your manuscript  (please see at tached). Please
address these issues and keep the track mode on.

9. Synopsis image: the text  becomes somewhat blurry when the image is adjusted to the required
size (550 px width). Please provide a new image (JPEG format, 550 px width and ~400 px high) with
higher resolut ion text .



10. I have made some modificat ions to the synopsis text . Please let  me know if it  is fine like this or if
you would like to introduce further modificat ions.

This study characterizes expression propert ies of different promoter types of effector genes in
late-stage Drosophila embryos, using scRNA-seq combined with profiles of Pol II occupancy,
chromat in accessibility and nucleosome occupancy. 

- Paused promoters show high levels of Pol II pausing throughout the embryo and have low
expression variability but high background expression.
-TATA promoters show t issue-specific Pol II recruitment and low chromat in accessibility, and have
low background expression but high expression variability.
-Precise gene expression requires both low background expression and low expression variability.

When you resubmit your manuscript , please download our CHECKLIST
(https://bit .ly/EMBOPressAuthorChecklist) and include the completed form in your submission.
*Please note* that the Author Checklist will be published alongside the paper as part of the
transparent process
(ht tps://www.embopress.org/page/journal/17444292/authorguide#transparentprocess)

Click on the link below to submit your revised paper. 

ht tps://msb.msubmit .net/cgi-bin/main.plex 

As a matter of course, please make sure that you have correct ly followed the instruct ions for 
authors as given on the submission website. 

Thank you for submit t ing this paper to Molecular Systems Biology. 

Sincerely, 
Jingyi 

Jingyi Hou 
Editor 
Molecular Systems Biology 

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

If you do choose to resubmit , please click on the link below to submit the revision online before 13th 
Jan 2021. 

Link Not Available 

IMPORTANT: When you send your revision, we will require the following items: 
1. the manuscript  text  in LaTeX, RTF or MS Word format
2. a let ter with a detailed descript ion of the changes made in response to the referees. Please
specify clearly the exact places in the text  (pages and paragraphs) where each change has been
made in response to each specific comment given
3. three to four 'bullet  points' highlight ing the main findings of your study



4. a short  'blurb' text  summarizing in two sentences the study (max. 250 characters)
5. a 'thumbnail image' (550px width and max 400px height, Illustrator, PowerPoint  or jpeg format),
which can be used as 'visual t it le' for the synopsis sect ion of your paper.
6. Please include an author contribut ions statement after the Acknowledgements sect ion (see
https://www.embopress.org/page/journal/17444292/authorguide#manuscriptpreparat ion)
7. Please complete the CHECKLIST available at  (ht tps://bit .ly/EMBOPressAuthorChecklist).
Please note that the Author Checklist  will be published alongside the paper as part  of the
transparent process
(ht tps://www.embopress.org/page/journal/17444292/authorguide#transparentprocess).
8. Please note that corresponding authors are required to supply an ORCID ID for their name upon
submission of a revised manuscript  (EMBO Press signed a joint  statement to encourage ORCID
adopt ion) (ht tps://www.embopress.org/page/journal/17444292/authorguide#editorialprocess).

Current ly, our records indicate that the ORCID for your account is 0000-0002-5172-3335.

Please click the link below to modify this ORCID:
Link Not Available 

The system will prompt you to fill in your funding and payment informat ion. This will allow Wiley to
send you a quote for the art icle processing charge (APC) in case of acceptance. This quote takes
into account any reduct ion or fee waivers that you may be eligible for. Authors do not need to pay
any fees before their manuscript  is accepted and transferred to the publisher. 

As a matter of course, please make sure that you have correct ly followed the instruct ions for
authors as given on the submission website. 

*** PLEASE NOTE *** As part  of the EMBO Press transparent editorial process init iat ive (see our
Editorial at  ht tps://dx.doi.org/10.1038/msb.2010.72 , Molecular Systems Biology will publish online a
Review Process File to accompany accepted manuscripts. When preparing your let ter of response,
please be aware that in the event of acceptance, your cover let ter/point-by-point  document will be
included as part  of this File, which will be available to the scient ific community. More informat ion
about this init iat ive is available in our Instruct ions to Authors. If you have any quest ions about this
init iat ive, please contact  the editorial office (msb@embo.org). 
---------------------------------------------------------------------------- 

Reviewer #1: 

The authors have addressed all our comments. Congratulat ions on this very-well presented and
st imulat ing study! 

Reviewer #3: 

The authors have addressed all of my concerns. Publicat ion in MSB is recommended.



22nd Dec 20202nd Authors' Response to Reviewers

The authors performed the requested changes.



7th Jan 20212nd Revision - Editorial Decision

7th Jan 2021 
Manuscript number: MSB-20-9866RR 
Tit le: TATA and paused promoters act ive in different iated t issues have dist inct expression 
characterist ics 

Thank you again for sending us your revised manuscript . We are now sat isfied with the 
modificat ions made and I am pleased to inform you that your paper has been accepted for 
publicat ion. 

*** PLEASE NOTE *** As part of the EMBO Publicat ions transparent editorial process init iat ive (see 
our Editorial at ht tps://dx.doi.org/10.1038/msb.2010.72), Molecular Systems Biology publishes online 
a Review Process File with each accepted manuscripts. This file will be published in conjunct ion with 
your paper and will include the anonymous referee reports, your point- by-point response and all 
pert inent correspondence relat ing to the manuscript . If you do NOT want this File to be published, 
please inform the editorial office at msb@embo.org within 14 days upon receipt of the present 
let ter. 

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

LICENSE AND PAYMENT: 
All art icles published in Molecular Systems Biology are fully open access: immediately and freely 
available to read, download and share. 

Molecular Systems Biology charges an art icle processing charge (APC) to cover the publicat ion 
costs. You, as the corresponding author for this manuscript , should have already received a quote 
with the art icle processing fee separately. 
Please let us know in case this quote has not been received. 

Once your art icle is at Wiley for editorial product ion you will receive an email from Wiley's Author 
Services system, which will ask you to log in and will present you with the publicat ion license form 
for complet ion. Within the same system the publicat ion fee can be paid by credit card, an invoice or 
pro forma can be requested. 

Payment of the publicat ion charge and the signed Open Access Agreement form must be received 
before the art icle can be published online. 

Molecular Systems Biology art icles are published under the Creat ive Commons licence CC BY, 
which facilitates the sharing of scient ific informat ion by reducing legal barriers, while mandat ing 
attribut ion of the source in accordance to standard scholarly pract ice. 

Proofs will be forwarded to you within the next 2-3 weeks. 

Thank you very much for submit t ing your work to Molecular Systems Biology. 



Sincerely, 

Jingyi Hou 
Editor 
Molecular Systems Biology 

------- 
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� common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 tests, Wilcoxon and Mann-Whitney tests, can be
� are tests one-sided or two-sided?
� are there adjustments for multiple comparisons?
� exact statistical test results, e.g., P values = x but not P values < x;
� definition of ‘center values’ as median or average;
� definition of error bars as s.d. or s.e.m. 

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

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

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

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

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

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

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

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

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

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

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

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog number and/or clone 
number, supplementary information or reference to an antibody validation profile. e.g., Antibodypedia (see link list at top right), 1DegreeBio 
(see link list at top right).

EMBO PRESS 

YOU MUST COMPLETE ALL CELLS WITH A PINK BACKGROUND ê
PLEASE NOTE THAT THIS CHECKLIST WILL BE PUBLISHED ALONGSIDE YOUR PAPER

Corresponding Author Name: Julia Zeitlinger
Journal Submitted to: Molecular Systems Biology

Manuscript Number: MSB-20-9866

Reporting Checklist For Life Sciences Articles (Rev. June 2017)
This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are consistent with the 
Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s authorship guidelines in preparing your 
manuscript.  

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an 
accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically meaningful way.

graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for 
technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be justified

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

2. Captions

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

a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements 
an explicit mention of the biological and chemical entity(ies) that are being measured.
an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;
a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates 
(including how many animals, litters, cultures, etc.).
a statement of how many times the experiment shown was independently replicated in the laboratory.
definitions of statistical methods and measures:

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

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself. Every question should 
be answered. If the question is not relevant to your research, please write NA (non applicable).  
We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human subjects.  

B- Statistics and general methods Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return)

Experiments were performed in multiple biological replicates to ensure reproducibility. Genome-wide analyses 
were performed on large gene groups and were adjusted for multiple testing.

NA

NA

NA

C- Reagents

Examining expression variance was one purpose of the study and was found to differ between gene groups.  For 
other metrics, variance is comparable across groups as shown in boxplots and the statistical test does not require 
similarity in variance.

NA

NA

NA

NA

yes

We did not make assumptions of normal distribution. Main results were statiscally tested using Wilcoxon rank test, 
Spearman correlation coefficient, Fisher's exact test and hypergeometric test.

One main goal of the study was to explain variance in expression within gene groups, so we estimated variance for 
each group. In general, variance is shown using box plots.



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

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

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

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

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure that other relevant 

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

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

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

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

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

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

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

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data generated in this study and 
deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, Proteomics data: PRIDE PXD000208 etc.) Please refer 
to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for: 
a. Protein, DNA and RNA sequences 
b. Macromolecular structures 
19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the journal’s data policy. If 
no structured public repository exists for a given data type, we encourage the provision of datasets in the manuscript as a Supplementary 
Document (see author guidelines under ‘Expanded View’ or in unstructured repositories such as Dryad (see link list at top right) or Figshare 
(see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting ethical obligations 
to the patients and relevant medical and legal issues. If practically possible and compatible with the individual consent agreement used in the 
study, such data should be deposited in one of the major public access-controlled repositories such as dbGAP (see link list at top right) or EGA 
(see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a machine-readable 
form.  The relevant accession numbers or links should be provided. When possible, standardized format (SBML, CellML) should be used instead 
of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM guidelines (see link list at top right) and deposit their model in 
a public database such as Biomodels (see link list at top right) or JWS Online (see link list at top right). If computer source code is provided with 
the paper, it should be deposited in a public repository or included in supplementary information.

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

D- Animal Models

Please see methods for details.

NA

NA

E- Human Subjects

NA

NA

Raw and processed data associated with this manuscript have been deposited in GEO 
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE120157). All data analysis performed in this paper, 
including raw data, processed data, software tools, and analysis scripts are available through a publicly accessible 
Amazon machine image (ami-id: ami-0054641ba9378d685). Processed data is also provided as supplementary 
datasets.

NA

Analysis is done using freely available R and Linux packages. In addition the analysis code is available through 
Github at https://github.com/zeitlingerlab/Ramalingam_promoter_types_2020. All data analysis performed in this 
paper, including raw data, processed data, software tools, and analysis scripts are available through a publicly 
accessible Amazon machine image (ami-id: ami-0054641ba9378d685).

G- Dual use research of concern

NA

NA

NA

NA

NA

NA

F- Data Accessibility

Raw and processed data associated with this manuscript have been deposited in GEO 
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE120157). All data analysis performed in this paper, 
including raw data, processed data, software tools, and analysis scripts are available through a publicly accessible 
Amazon machine image (ami-id: ami-0054641ba9378d685). The analysis code is also available on GitHub at 
https://github.com/zeitlingerlab/Ramalingam_promoter_types_2020.

NA
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