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February 7, 20211st Editorial Decision

February 7, 2021 

Re: Life Science Alliance manuscript  #LSA-2020-00996-T 

Asifa Akhtar 
Max Planck Inst itute of Immunobiology and Epigenet ics 

Dear Dr. Akhtar, 

Thank you for submit t ing your manuscript  ent it led "Dist inct  mechanisms mediate X chromosome
dosage compensat ion in Anopheles and Drosophila" to Life Science Alliance. The manuscript  was
assessed by expert  reviewers, whose comments are appended to this let ter. 

As you will note from the reviewers comments below, both reviewers are overall posit ive about the
manuscript , but  have raised some interest ing and important points that need to be responded to
prior to further considerat ion of the manuscript . We thus encourage you to submit  a revised
manuscript  to us that addresses all of the reviewers' points, along with a point-by-point  rebuttal to
the reviewers' comments. 

To upload the revised version of your manuscript , please log in to your account:
ht tps://lsa.msubmit .net/cgi-bin/main.plex 
You will be guided to complete the submission of your revised manuscript  and to fill in all necessary
informat ion. Please get in touch in case you do not know or remember your login name. 

We would be happy to discuss the individual revision points further with you should this be helpful. 

While you are revising your manuscript , please also at tend to the below editorial points to help
expedite the publicat ion of your manuscript . Please direct  any editorial quest ions to the journal
office. 

The typical t imeframe for revisions is three months. Please note that papers are generally
considered through only one revision cycle, so strong support  from the referees on the revised
version is needed for acceptance. 

We hope that the comments below will prove construct ive as your work progresses. 

Thank you for this interest ing contribut ion to Life Science Alliance. We are looking forward to
receiving your revised manuscript . 

Sincerely, 

Shachi Bhatt , Ph.D. 
Execut ive Editor 
Life Science Alliance 
ht tps://www.lsajournal.org/ 
Tweet @SciBhatt  @LSAjournal 
Interested in an editorial career? EMBO Solut ions is hiring a Scient ific Editor to join the internat ional



Life Science Alliance team. Find out more here -
ht tps://www.embo.org/documents/jobs/Vacancy_Not ice_Scient ific_editor_LSA.pdf 

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

A. THESE ITEMS ARE REQUIRED FOR REVISIONS

-- A let ter addressing the reviewers' comments point  by point . 

-- An editable version of the final text  (.DOC or .DOCX) is needed for copyedit ing (no PDFs). 

-- High-resolut ion figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your product ion-ready images, ht tps://www.life-science-
alliance.org/authors 

-- Summary blurb (enter in submission system): A short  text  summarizing in a single sentence the
study (max. 200 characters including spaces). This text  is used in conjunct ion with the t it les of
papers, hence should be informat ive and complementary to the t it le and running t it le. It  should
describe the context  and significance of the findings for a general readership; it  should be writ ten in
the present tense and refer to the work in the third person. Author names should not be ment ioned.

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instruct ions for Authors page, ht tps://www.life-science-
alliance.org/authors 

We encourage our authors to provide original source data, part icularly uncropped/-processed
electrophoret ic blots and spreadsheets for the main figures of the manuscript . If you would like to
add source data, we would welcome one PDF/Excel-file per figure for this informat ion. These files
will be linked online as supplementary "Source Data" files. 

***IMPORTANT: It  is Life Science Alliance policy that if requested, original data images must be
made available. Failure to provide original images upon request will result  in unavoidable delays in
publicat ion. Please ensure that you have access to all original microscopy and blot  data images
before submit t ing your revision.*** 

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

Reviewer #1 (Comments to the Authors (Required)): 

This study examines the possibility that  the dosage compensat ion of the X chromosome in male
mosquitoes is similar or dissimilar to that which occurs in Drosophila. A knockout of the msl-2 gene
in mosquito led to lethality in both sexes as opposed to only males in Drosophila. Transciptomic
analysis in knockout embryos showed no evidence of skewed expression expected with an upset in
gene expression different ially on different chromosomes. The data do support  the content ion that
Drosophila and mosquito are different. 

Nevertheless, I do not subscribe to the interpretat ion afforded the data for Drosophila. I have
previously communicated with this laboratory that it  is unlikely that destruct ion of the MSL complex
leads to an overall reduct ion of the X expression but does lead to an overall upregulat ion of the



autosomes (with except ions of course). I reviewed the Conrad et  al paper from this group that was
published in Science when it  was originally submit ted to Nature. Two of the three reviewers noted
that the data were consistent with an overall increased PolII occupancy on the autosomes with
lit t le reduct ion on the male X. My review of the revised version of that  paper for Nature was sent to
the editor for reference. Note that I recommended acceptance if the proper interpretat ion was
presented but the editor chose to do otherwise. In the current submission, the data in Figure 3B are
consistent with this view. The program used for DE detect ion automat ically normalizes to
transcriptome size and it  is not possible to detect  such a change, which might be the case if the
autosomes were globally upregulated about two fold (See Hou et  al 2018 PNAS 115: 113321-
11330 for why this is the case). Figure 2B shows a skewing of normalized counts downward for X
linked genes but there is also a skewing upward for autosomal genes. As far as can be determined
from the manuscript , the analysis would basically normalize to the autosomes and so the skewing
for them is less obvious but would be stronger for the X. There was no apparent at tempt to control
for global effects as a whole such as using a spike-in to total RNA before preparat ion for RNAseq,
which could potent ially dist inguish these alternat ives (if total rRNA changes also, then it  cannot).
The two fold increase of the autosomes would occur due to an inverse effect  on expression of the
X to A stoichiometry. Metafemales have 3X:2A and have X dosage compensat ion in the absence of
MSL2 and down regulat ion of the autosomes (Sun et  al 2013 PNAS 110: 7383-7388 and references
within). When the flipside of removing the MSL complex is done in males, the X is dosage
compensated and the autosomes would be increased. This group has ignored the empirical
observat ion of the inverse effect  over the years but a dosage series of the sex chromosomes in
human has recent ly revealed a similar effect  (Raznahan et  al 2018 PNAS 115: 7398-7403 and
Zhang et  al 2020 PNAS 117: 4864-4873)probably due to a dosage series of the small
pseudoautosomal region. In addit ion, several studies have failed to find an increase in expression
when the MSL complex is targeted to the X chromosome in females or to autosomal t ransgenes in
males (Sun et  al 2013 PNAS 110: 808-817 and references within) providing no evidence that it
causes upregulat ion but rather a constraining act ivity on H4Lys16. This reviewer recent ly saw a
preprint  verifying these results using proper normalizat ion protocols and validat ing the results with
in situ FISH. 

In a more general sense, it  is now clear that  most t ranscript ion factors exhibit  a dosage effect  on
their target genes. Indeed, the whole basis of co-expression networks relies on this principle. If there
were indeed a down regulat ion of the X chromosome in msl minus males, it  is inconceivable that
there would not be global modulat ions of target genes across the genome. 

Given the history of this group, I am sanguine about the possibility that  they would open their minds
to other possibilit ies than their own Baconian Idols of the Cave, yet  one can only hope. Given that
this report  comes from a Max Planck Inst itute, one might reflect  on a quote from Max Planck: "A
new scient ific t ruth does not t riumph by convincing its opponents and making them see the light ,
but rather because its opponents eventually die." I find this sent iment rather dark and wish no one
any ill will. Indeed, I would welcome a dialogue based on empirical data. 

James A. Birchler 

Reviewer #2 (Comments to the Authors (Required)): 

The manuscript  by Valsecchi et  al., ent it led "Dist inct  mechanisms mediate X chromosome dosage



compensat ion in Anpheles and Drosophila" studied X chromosome dosage compensat ion
regulat ion in Anopheles gambiae mosquitos. They found that Agam has a dist inct  dosage
compensat ion mechanism, which does not depend on H4K16ac target male X and msl2 does not
play a sex-specific role as in Drosophila DC. Overall, these results are of interest  in dosage
compensat ion mechanism across species. However, there are several issues that need to be
addressed before strong conclusions can be drawn. 

Main points 

Quality of RNA-seq data produced in early Agam embryos in wt and germline msl-2 KO phenotypes.
1). Authors only used 1 or 2 replicates in their t ime points. It  is not robust enough in the RNA-seq for
DEG callings and downstream msl2 funct ional analysis (in Fig.6) as well as some strong conclusions
being made in the manuscript . 2). The authors did not report  details in their material and method of
how many million reads they sequenced per sample, the mapping rates, and the Pearson correlat ion
coefficient  value among replicates for data quality/reproducibility assessment. 

It  is unclear when does dosage compensat ion occur in Agam embryos. In msl-2 KO embryos, it  is
difficult  to tell when do they arrest  in the development stages. Do male/female embryos have
different development rate, and do they all passed ZGA and whether X dosage compensat ion is
init iated? Have you done any co-IP to see if MSL complex has formed yet? Maybe some
immunostainings of msl proteins in early embryos? 

The observat ion of H4K16ac distributed equally across chromosomes reminds me of another
dipteran Sciara Oclellaris and its MSL complex equally distributed on X chromosome and
autosomes (Ruiz et  al 2000). This could be a conserved mechanism within Dipteran Nematocera
suborder species? The author should consider discussing this in their discussions. 

Specific comments: 

Fig. 1B. Do these synteny blocks pairs generated over genomic sequences or just  for ortholog
genes? 

Fig 1E and Fig. S1 B, C, D. The qPCR and mRNA-seq data presented in these 4 plots did not
provide any stat ist ical test  to support  their claim on sex-biased different ial expression. For example,
the authors state "we found a modest ly biased expression of msl2, msl3, mod and mle in males",
and "In RNA-seq dataset, Agam msls we all classified as not sex-biased." To just  visually access
(without any p-value from test), these msl genes show higher expression in males in qPCR data but
a higher expression in females in mRNA-seq data. Have you done any stat ist ical test  to support
your statement of biased/not biased expression? What is the normalizat ion used in RNA-seq
expression value, are they normalized by read length and library depth? I also will not  use the word
"validated", first  these data are generated from different t issues, and the results are not consistent.
Moreover, there is no qPCR data on these msl genes in Dmel as a comparison, does it  also show
such male-biased in these msl genes? 

Fig. 1F and Fig S1E, are these sexed embryos? If they are pooled sex-mixed embryos, the
observat ion of msl genes mRNA drop along development does not mean much regarding to male X
dosage compensat ions. 

Does Agam have orthologous to roX RNAs? 



Fig 2B and Fig S2A. When do they stop development in msl2-KO embryos? Do they pass Zygot ic
genome act ivat ion? The embryos seem dead at  30h, do you know if they st ill viable in 40h and
46h? Is there any way to assess this? 

Fig. 2E. What stage are these msl2-KO embryos? Do you have some immunostainings data of msl
proteins in early embryos? 

Fig. 2F. Here is only for females, any data/image on F1 male test is atrophy? 

Fig. 3 and Fig 3s. What stage are these Drosophila MSL2-knockdown embryos? Are they
comparable to 6-7hr Agam embryos regarding the developmental stage? One of the reasons you
don't  have as many DEGs in Agam dataset could be that you have fewer replicates (1 or 2) and
from mixed t ime points compared to in Drosophila you have four replicates. What is the Pearson
correlat ion value among Agam embryos? 

Fig 3D, with only 2 replicates in 15hr Agam embryos compare to 4 replicates in drosophila, I won't  be
too surprised that you get a smaller number of DEGs. I also don't  understand this sentence "the
majority of downregulated targets (523 of 566) were affected by at  least  75% or more". Where is
this 523 from? And what is 75% relat ive to? 

Fig. 4 and Fig S4. How do you localize the histone marks to the X chromosome in these 2 figures?
Have you done X chromosome DNA-FISH to see if you can have X chromosome territory overlap
with these histone marks? 

Fig. 4C-D, Do these 2 t issue comparable since the salivary glands have polytene chromosomes?
Can you show H4K16ac in Drosophila Malpighian as a better comparison? Or staining H4K16ac in
Agam - do they have polytene chromosomes? It  seems conserved. 

Fig. 5. Why compare ChIP-seq generated from Agam midgut to Dmel L3 Larvae? Shouldn't  Larvae in
both groups be a better comparison? 

Fig. S6. Is Student 's t -test  the right  one? A non-parametric test  might be better here for
distribut ion. 

Fig. 6A, Did this stat ist ical test  between DE genes and expected as 2 groups, or it  can be done pair-
wisely in each exon numbers. If so you can put an asterisk on top of exon number 4 to 9. 

Fig. 6G. Need to label the sample group on the left  of the genomic t rack. 



1st Authors' Response to Reviewers                                                                           June 3, 2021

Life Science Alliance manuscript #LSA-2020-00996-T 

We thank both reviewers for their constructive criticism, which have helped to improve our 
manuscript. In addition to the point-by-point response (below), we provide a brief overview 
of the new experiments and analyses added upon revision:  

Fig. 1 and Fig S1 Statistical analyses added. 

Fig. S1D qPCR showing RNA levels of msl-genes in male and female Drosophila. 

Fig. 2C and Fig. 
S2B 

TUNEL staining describing the onset of embryo death in msl-2 KO 
embryos.  

Fig. 3 Immunofluorescence of D. melanogaster added to complete panels. 
Color changed for consistency.  

Fig. S2D Picture of msl-2 KO F1 testis. 

Fig. S3A Euclidian distances for D. melanogaster RNA-seq. 

Fig. S4C Genome-browser snapshot of different D. melanogaster H4K16ac ChIP-
seq datasets (Micrococcal nuclease and sonication fragmentation).  

Table S1 Added: RNA-seq mapping statistics, statistical analyses for qPCR and 
RNA-seq 

In addition, we have clarified and expanded the methods, where necessary and amended 
our text.  



Reviewer #1 

This study examines the possibility that the dosage compensation of the X chromosome in 
male mosquitoes is similar or dissimilar to that which occurs in Drosophila. A knockout of the 
msl-2 gene in mosquito led to lethality in both sexes as opposed to only males in Drosophila. 
Transciptomic analysis in knockout embryos showed no evidence of skewed expression 
expected with an upset in gene expression differentially on different chromosomes. The data 
do support the contention that Drosophila and mosquito are different. 
Nevertheless, I do not subscribe to the interpretation afforded the data for Drosophila. I have 
previously communicated with this laboratory that it is unlikely that destruction of the MSL 
complex leads to an overall reduction of the X expression but does lead to an overall 
upregulation of the autosomes (with exceptions of course).  

We thank the reviewer for his thorough summary and analysis of our data. We also appreciate 
that the reviewer thinks that our “data support the contention that Drosophila and mosquito 
are different”. The point of data interpretation (X downregulation vs. autosome upregulation) 
in Drosophila certainly deserves attention and we discuss this issue now in further detail 
below as well as in the manuscript.  

I reviewed the Conrad et al paper from this group that was published in Science when it was 
originally submitted to Nature. Two of the three reviewers noted that the data were 
consistent with an overall increased PolII occupancy on the autosomes with little reduction 
on the male X. My review of the revised version of that paper for Nature was sent to the editor 
for reference. Note that I recommended acceptance if the proper interpretation was 
presented but the editor chose to do otherwise.  

We acknowledge the comment regarding the 2012 Science study, but would like to emphasize 
that this is not the point of this current 2021 manuscript focused on Anopheles. Even if 
interpretations diverge with regards to the Drosophila data (see below), this does not change 
the major take home message of our manuscript: Mosquitos have another mechanism and 
do not show a difference between X and autosomal gene expression in msl-2 knock-outs.  

In the current submission, the data in Figure 3B are consistent with this view. The program 
used for DE detection automatically normalizes to transcriptome size and it is not possible to 
detect such a change, which might be the case if the autosomes were globally upregulated 
about two fold (See Hou et al 2018 PNAS 115: 113321-11330 for why this is the case). Figure 
2B shows a skewing of normalized counts downward for X linked genes but there is also a 
skewing upward for autosomal genes. As far as can be determined from the manuscript, the 
analysis would basically normalize to the autosomes and so the skewing for them is less 
obvious but would be stronger for the X. There was no apparent attempt to control for global 



effects as a whole such as using a spike-in to total RNA before preparation for RNAseq, which 
could potentially distinguish these alternatives (if total rRNA changes also, then it cannot).  

We would like to point out to the reviewer that this is a mixed-sex experiment, where a 50:50 
population of male and female Drosophila embryos is analyzed (reason: to be equivalent to 
the Anopheles experiment, where sexes cannot be distinguished). Since MSL2 is not 
expressed in Drosophila females (Kelley et al. 1995), its deletion is not expected to cause any 
effects in females. Half of our RNA-seq reads (the ones coming from the females) in each 
sample (control, msl-2 KO), are therefore unaffected / not skewed and are helpful for proper 
normalization of the data (they could be regarded as a “spike”). The analyses provided upon 
revision do indeed suggest that even the conventional normalization does not skew our data 
(see below).  

Too address the reviewers comment, we have now applied an alternative way of 
normalization to address the concern of skewing by global autosome misregulation. For this, 
we have used transcripts that are not produced by RNA Polymerase 2 for normalization, as 
they are unaffected by changes in the MSL/DC pathway (rRNA, snoRNA, snRNA). rRNA has 
been previously used as a loading control for Northern blots in (Sun and Birchler 2009; Sun et 
al. 2013)) and are contained in our data, since the poly(A) enrichment during library 
preparation is never 100% complete leaving some reads against those RNA species for 
normalization. 

The results and comparison of both normalizations are presented in the following Figure for 
the reviewer. As in the manuscript Fig. 3C/F, the plots show the density of the log2FC of all 
genes, irrespective of whether they are scored as differentially expressed (DE) or not. 

We find that: 

1. No matter the normalization (Standard DESeq2 or rRNA), the Drosophila X
chromosome is significantly downregulated in msl-2 KO. The X is the most highly
affected chromosome, both by p-value as well as by fold-change.

2. No matter the normalization, the Drosophila autosomes are moderately upregulated
in msl-2 KO. Fold change and significance are lower compared to the changes affecting
the X.

3. The log2FC distributions of autosomes compared to the X chromosome are
significantly different (black lollipop line on the right for each pairwise comparison).

4. In Anopheles, both X and autosomal densities are not globally changed (they center
at 0), indicating that some genes are up-, others are downregulated but there are no
global, chromosome-wide effects.



5. In Anopheles, the log2FC distributions on autosomes and on the X chromosome do
not differ from each other (black lollipop line on the right of the tables for each
comparison).

We have added these statistical analyses in Table S1 and also expanded the discussion on 
autosome upregulation. We hope that this answers the concern of the reviewer. 

Reviewer Figure: (Top and middle) RNA-seq experiments were conducted on D. melanogaster F1 embryos obtained from 
crosses of msl-2Δ/CyO-GFP fathers with msl-2Δ/CyO-GFP mothers. Non-fluorescent msl-2Δ/msl-2Δ null mutant embryos 
(abbreviated as msl-2) were compared with fluorescent msl-2Δ/CyO-GFP controls. Density plots of the log2[fold change] 
obtained with DESeq2 for genes on each of the indicated chromosomal arms. All genes were taken into account for the 
analyses, irrespective of whether they are scored as DE or not. The tables on the right report the results of a one-sided 
Wilcoxon signed rank test with continuity correction, where the column “test” indicates whether the p-value was obtained 
for the alternative hypothesis greater (>0) or less (<0). The lollipops report the p-values from a two-sided Wilcoxon rank sum 
test with continuity correction obtained by comparisons between X and autosomal distributions. (Top) Default normalization 
according to DESeq2. (Middle) Normalization of the same data only using reads mapping to rRNA, snRNA, snoRNA. (bottom) 
Analysis and statistical tests obtained for the Anopheles RNA-seq dataset (Embryos 15h after egg laying, control versus msl-
2 KO).   



The two fold increase of the autosomes would occur due to an inverse effect on expression 
of the X to A stoichiometry. Metafemales have 3X:2A and have X dosage compensation in the 
absence of MSL2 and down regulation of the autosomes (Sun et al 2013 PNAS 110: 7383-7388 
and references within). When the flipside of removing the MSL complex is done in males, the 
X is dosage compensated and the autosomes would be increased. This group has ignored the 
empirical observation of the inverse effect over the years but a dosage series of the sex 
chromosomes in human has recently revealed a similar effect (Raznahan et al 2018 PNAS 115: 
7398-7403 and Zhang et al 2020 PNAS 117: 4864-4873) probably due to a dosage series of the 
small pseudoautosomal region.  

Our experiments are not designed to unambiguously answer this question, since this is not 
the point of our paper. Future studies that may contain e.g. the spiked-in normalization or 
UMI-based quantifications with appropriate controls and analyze wild-type as well as other 
genetic scenarios will need to be performed to ultimately address this issue. Such studies 
should also address the interesting effects seen in metafemales. 

In addition, several studies have failed to find an increase in expression when the MSL 
complex is targeted to the X chromosome in females or to autosomal transgenes in males 
(Sun et al 2013 PNAS 110: 808-817 and references within) providing no evidence that it causes 
upregulation but rather a constraining activity on H4Lys16.  

We would like to point out that we and others have seen upregulation of autosomal 
transgenes in males (e.g. (Alekseyenko et al. 2008; Ramírez et al. 2015; Park et al. 2002)) as 
well as X-linked genes upon ectopic expression of MSL2 in females (e.g. (Valsecchi et al. 2018), 
Figs. 4g, 1b/c, S1d) via deposition of H4K16ac. These are independent findings from different, 
well established labs in the field that cannot be ignored. 

This reviewer recently saw a preprint verifying these results using proper normalization 
protocols and validating the results with in situ FISH. 

Without a reference / DOI, we can unfortunately not relate to which preprint the reviewer is 
referring to.  

In a more general sense, it is now clear that most transcription factors exhibit a dosage effect 
on their target genes. Indeed, the whole basis of co-expression networks relies on this 
principle. If there were indeed a down regulation of the X chromosome in msl minus males, it 
is inconceivable that there would not be global modulations of target genes across the 
genome. 

We have never claimed that there are no modulations of other genes across the genome in 
msl-2 KO males. There are 797 DE genes on X but also 465 (chr2L), 568 (chr2R), 362 (chr3L) 



and 543 (chr3R), respectively, DE genes on autosomes. This had already been reported in Fig 
3B (and also in (Valsecchi et al. 2021)) and is obvious by looking at the graph/plots.   

Given the history of this group, I am sanguine about the possibility that they would open their 
minds to other possibilities than their own Baconian Idols of the Cave, yet one can only hope. 
Given that this report comes from a Max Planck Institute, one might reflect on a quote from 
Max Planck: "A new scientific truth does not triumph by convincing its opponents and making 
them see the light, but rather because its opponents eventually die." I find this sentiment 
rather dark and wish no one any ill will. Indeed, I would welcome a dialogue based on 
empirical data. 

James A. Birchler 

We thank the reviewer, Prof. James Birchler, for his stimulating and thoughtful comments and 
would like to indicate that we are open to a critical dialogue on the way dosage compensation 
in Drosophila is achieved. However, we are not convinced that the current manuscript 
centered on Anopheles is the right format for such a critical dialogue but would rather favor 
a different approach (that potentially could involve others in the field too).  

We have now amended the discussion paragraph with regards to the autosome upregulation 
and also provided the statistics/validation of the RNA-seq analysis (see above) in Table S1. We 
hope that this answers the concerns of the reviewer and that our paper is now ready for 
publication.  



Reviewer #2 

The manuscript by Valsecchi et al., entitled "Distinct mechanisms mediate X chromosome 
dosage compensation in Anpheles and Drosophila" studied X chromosome dosage 
compensation regulation in Anopheles gambiae mosquitos. They found that Agam has a 
distinct dosage compensation mechanism, which does not depend on H4K16ac target male X 
and msl2 does not play a sex-specific role as in Drosophila DC. Overall, these results are of 
interest in dosage compensation mechanism across species.  

We thank the reviewer for their positive and supportive evaluation and summary of our 
manuscript. 

However, there are several issues that need to be addressed before strong conclusions can 
be drawn. 

Main points 

Quality of RNA-seq data produced in early Agam embryos in wt and germline msl-2 KO 
phenotypes. 1). Authors only used 1 or 2 replicates in their time points.  

We apologize, if we have been unclear in our description: We have 3 replicates for the 6-7h 
timepoints and 2 replicates for the 15h timepoint. It is true that we have only produced a 
single replicate for the 24h timepoint, but we have not performed any DEG analysis on this 
time point but only provided the Euclidian distance compared to the other samples (Supp. 
Fig. S3A). We have now added more details in Table S1 and methods to clarify this issue, which 
also includes the quality metrics requested below. 

It is not robust enough in the RNA-seq for DEG callings and downstream msl2 functional 
analysis (in Fig.6) as well as some strong conclusions being made in the manuscript.  

We have used DESeq2 (Love et al. 2014) for DEG calling, which is compatible with the analysis 
of duplicates (n=2), see also (Schurch et al. 2016). We however agree that the statistical power 
in this case is indeed comparably low and we have therefore ensured that our conclusions in 
the text are appropriately toned. 

2). The authors did not report details in their material and method of how many million reads 
they sequenced per sample, the mapping rates, and the Pearson correlation coefficient value 
among replicates for data quality/reproducibility assessment. 

As requested, we now added the million reads and mapping rates in Table S1. Please note 
that we had already provided the Euclidean distance obtained in DESeq2 in Supp. Fig. S3A 



(now Fig. S3C, Anopheles RNA-seq), which showed the similarity and clustering of our 
replicates for quality / reproducibility. We have now additionally added the Euclidian 
distances for the Drosophila dataset in Fig. S3. For the reviewer, we also generated a heatmap 
of the pearson correlation coefficients, which confirm the result of Euclidian distance and 
excellent quality of our datasets. These plots can be also added to the manuscript, if required 
by the reviewer, although they are to some degree redundant with the Euclidian distances. 

Reviewer Figure: Pearson correlation coefficient for RNA-seq performed on msl-2 null mutant Drosophila (left) and 
Anopheles embryos (right). Correlation values and heatmaps were obtained with deepTools multiBigWigSummary and 
plotCorrelation functions. Null mutant and control Drosophila embryos cluster together and show high correlation values. 
For Anopheles, major clustering is obtained for the different developmental time-points indicative of the entirely different 
transcriptional programmes along embryogenesis / development. The early time-point datasets (6h-7h) cluster according to 
replicates corroborating that there are only minor differences between control (WT) and gMSL2 condition. At the 15h time-
point clustering of control versus gMSL2 is obtained.  

It is unclear when does dosage compensation occur in Agam embryos. In msl-2 KO embryos, 
it is difficult to tell when do they arrest in the development stages. Do male/female embryos 
have different development rate, and do they all passed ZGA and whether X dosage 
compensation is initiated? Have you done any co-IP to see if MSL complex has formed yet? 
Maybe some immunostainings of msl proteins in early embryos? 

Anopheles ZGA occurs approximately after 3h of development (Goltsev et al. 2007, 2004). 
Since we do not detect any major changes in msl-2 KO embryos at 6-7h of development (RNA-
seq) we conclude that ZGA and early developmental transcriptomes are unaffected. Dosage 
compensation is in place at the larval and complete at later stages, e.g. pupae and adults 
(Rose et al. 2016; Papa et al. 2017). We have attempted to detect MSL proteins by Western 
blot, which would be a requirement to perform co-IPs. Unfortunately, our Drosophila 
antibodies are not compatible with mosquito (this is why we had performed the polysome 
profiling experiment in Fig. 1I) and this also makes immunofluorescence not possible. 



Generating Anopheles-specific antibodies was not feasible in the timeframe of this revision. 
However, we have now performed other analyses of msl-2 KO embryos to further pinpoint 
the developmental arrest (see below). We have also amended our text to clarify these helpful 
comments raised by the reviewer.  

The observation of H4K16ac distributed equally across chromosomes reminds me of another 
dipteran Sciara Oclellaris and its MSL complex equally distributed on X chromosome and 
autosomes (Ruiz et al 2000). This could be a conserved mechanism within Dipteran 
Nematocera suborder species? The author should consider discussing this in their discussions. 

This is a great point, which we have now added to the discussion. It is interesting that Sciaria 
has a really peculiar sex chromosome system and undergoes X chromosome elimination, so 
probably is not directly comparable to Anopheles and Drosophila. Future studies will be 
required to resolve this really exciting question from a mechanistic point-of-view.  

Specific comments: 

Fig. 1B. Do these synteny blocks pairs generated over genomic sequences or just for ortholog 
genes? 

Synteny blocks in Fig. 1B are generated over genomic regions of at least 100 Kb (individual 1:1 
orthologue genes are shown in Fig. 1C). The Figure legend has been clarified.  

Fig 1E and Fig. S1 B, C, D. The qPCR and mRNA-seq data presented in these 4 plots did not 
provide any statistical test to support their claim on sex-biased differential expression. For 
example, the authors state "we found a modestly biased expression of msl2, msl3, mod and 
mle in males", and "In RNA-seq dataset, Agam msls we all classified as not sex-biased." To just 
visually access (without any p-value from test), these msl genes show higher expression in 
males in qPCR data but a higher expression in females in mRNA-seq data. Have you done any 
statistical test to support your statement of biased/not biased expression?  

We thank the reviewer for the suggestion. We have added the statistical tests for our 
experimental qPCR data (Fig. 1E, Fig. S1B and Table S1 for details). For the Fig S1C, we have 
added the p.adj and classification provided by the authors of this published RNA-seq dataset 
(from Supplemental_Table_S1 in (Papa et al. 2017)). The values in Fig. S1D are obtained from 
flybase and unfortunately do not contain replicates, hence we could not perform the 
statistical testing.  

What is the normalization used in RNA-seq expression value, are they normalized by read 
length and library depth?  



Our data was normalized with DESeq2, which uses an unnormalized featureCounts file as 
input (Love et al. 2014, 2021). DESeq2 then normalizes the counts with a linear model, which 
is described in detail in the aforementioned references (section “The DESeq2 model”). In 
brief, DESeq2 uses a generalized linear model, where counts Kij for gene i, sample j are 
modeled using a negative binomial distribution with fitted mean, μij and a gene-specific 
dispersion parameter αi. The fitted mean is composed of a sample-specific size factor sj and 
a parameter qij proportional to the expected true concentration of fragments for sample j. 
The coefficients βi give the log2 fold changes for gene i for each column of the model matrix 
X. We have now expanded the respective methods section for clarification.

I also will not use the word "validated", first these data are generated from different tissues, 
and the results are not consistent.  

We have changed this wording to “also analyzed”. 

Moreover, there is no qPCR data on these msl genes in Dmel as a comparison, does it also 
show such male-biased in these msl genes? 

We have now added the qPCR validation for Drosophila melanogaster (New Fig. S1E). As 
expected, we only detect a strong male bias for roX2 and a mild bias for mle. Since msl-2 
regulation occurs by translational regulation, its RNA levels, as expected and broadly 
documented in the literature, are equal between males and females (Beckmann et al. 2005; 
Gebauer et al. 1999).  

Fig. 1F and Fig S1E, are these sexed embryos? If they are pooled sex-mixed embryos, the 
observation of msl genes mRNA drop along development does not mean much regarding to 
male X dosage compensations. 

These are mixed-sex data, that are publicly available. Our point was to look at the expression 
of msls along developmental progression, rather than to comment on the sex differences 
and/or dosage compensation. We have now rephrased this section to make our intention 
more clear.  

Does Agam have orthologous to roX RNAs? 

No. We had already commented on roX RNAs on p. 4 of our text: 
“note that the high evolutionary turnover of non-coding RNAs hinders the computational 
identification of putative orthologues of Dmel roX1 and roX2 (Quinn et al. 2016)” 



Fig 2B and Fig S2A. When do they stop development in msl2-KO embryos? Do they pass 
Zygotic genome activation? The embryos seem dead at 30h, do you know if they still viable in 
40h and 46h? Is there any way to assess this? 

The embryos certainly pass ZGA (around 3h after egg laying) and progress normally to at least 
6h-7h of development. For example, in our 6-7h RNA-seq dataset we hardly score any gene 
expression changes, although msl-2 is clearly knock-out, indicating that up to this stage, 
development progresses normally as in the wild-type. At the 15h time-point, we then score 
many differentially expressed genes.  
To complement this data, we have now performed a TUNEL staining in wild-type and knock-
out embryos across several time-points (6-7h, 15h, 24h) to detect dead cells in the embryo. 
This new data (Fig 2C and Fig. S2) supports the RNA-seq and shows that dying cells in the 
embryos can be detected from the 15h time-point onwards, but not in the early time point 
(6h-7h). The amount of TUNEL positive nuclei becomes then more severe after 24 hours of 
development.  

Fig. 2E. What stage are these msl2-KO embryos? Do you have some immunostainings data of 
msl proteins in early embryos? 

As already mentioned above, we have tried immunostainings, but our Drosophila antibodies 
are unfortunately not compatible/specific in Anopheles. We have now performed a TUNEL 
staining instead (see previous point) to further characterize the KO embryos. 

Fig. 2F. Here is only for females, any data/image on F1 male testis atrophy? 

Upon revision, we have analyzed the male testis in the F1 progeny and now provide some 
Brightfield pictures in Fig. S2. In msl-2 mutants, the testis was present and appeared 
structurally normal. Unfortunately, these tissues were very fragile, hence we were unable to 
further characterize the tissue and germline. 

Fig. 3 and Fig 3s. What stage are these Drosophila MSL2-knockdown embryos? Are they 
comparable to 6-7hr Agam embryos regarding the developmental stage? One of the reasons 
you don't have as many DEGs in Agam dataset could be that you have fewer replicates (1 or 
2) and from mixed time points compared to in Drosophila you have four replicates. What is
the Pearson correlation value among Agam embryos? Fig 3D, with only 2 replicates in 15hr
Agam embryos compare to 4 replicates in drosophila, I won't be too surprised that you get a
smaller number of DEGs.

We thank the reviewer for raising this point. The Drosophila embryos represent an overnight 
collection of heterozygous versus homozygous msl-2∆ null alleles. They are therefore rather 
comparable to the 15h and 24h time-points in Anopheles (note that Anopheles 



embryogenesis takes about double the time of Drosophila). The reviewer is right - the 
Drosophila dataset with n=4 replicates has more statistical power compared to the Anopheles 
dataset (n=3 for 6-7h and n=2 for 15h) with regards to the absolute number of called DEGs.  
Nevertheless, even by adding one more replicate the 6-7h time-point dataset in Anopheles 
(only 10 DEG) would not reach the order of magnitude of the Drosophila one (more than 1000 
DEG). The reason is delineated in (Schurch et al. 2016): To double the amount of scored DEGs, 
it would be necessary to sequence 10 replicates instead of 3 (i.e. 10 replicates to be able to 
score 20 DEGs in 6-7h Anopheles msl-2 KO embryos).  
For the 15h time-point, while adding more replicates would definitively reveal more DEGs, 
this would also not change the major take home-message - X is not different from autosome. 
Furthermore, in Fig. 3C/3F, we analyze all genes, irrespective of whether they are scored as 
DE or not.  
Regarding the Pearson correlation, see above.  
We have now again ensured our text does not make any strong statements about the absolute 
number of DEG between Drosophila and Anopheles.  

I also don't understand this sentence "the majority of downregulated targets (523 of 566) 
were affected by at least 75% or more". Where is this 523 from? And what is 75% relative to? 

We apologize, if this was not clear. This statement concerns the fold-change observed for the 
affected downregulated MSL2 targets. For a dosage compensation-like effect, one would 
expect a fold change of 2, i.e. the targets are downregulated to 50% of the reference level. 
What we find in Anopheles is the following: From the 566 DE down genes, 523 genes are at 
25% of the control or lower (e.g. control level is 100%, in the KO the gene drops to 25% or 
lower). Hence, they are affected by 75% or more. This indicates that msl-2 KO in Anopheles is 
not associated with a DC-like, 50%-signature that we clearly find in Drosophila. We hope this 
clarifies our calculations. 

Fig. 4 and Fig S4. How do you localize the histone marks to the X chromosome in these 2 
figures? Have you done X chromosome DNA-FISH to see if you can have X chromosome 
territory overlap with these histone marks? 

We have not done any DNA-FISH, because the localization of the X chromosome territory in 
Drosophila has been widely observed and validated over decades by many labs in the field. 
The staining looks indeed very typical and as expected.  
See for example the following panel taken from our previously published study ((Valsecchi et 
al. 2018) that shows the territory in males, but not females, WOR refers to the wild-type white 
Oregon R).  



For Anopheles, we did not attempt the co-FISH, since we have a ChIP-seq experiment in Fig. 
5, that provides much higher resolution and quantitative information compared to 
immunofluorescence.  

Fig. 4C-D, Do these 2 tissue comparable since the salivary glands have polytene 
chromosomes? Can you show H4K16ac in Drosophila Malpighian as a better comparison? Or 
staining H4K16ac in Agam - do they have polytene chromosomes? It seems conserved. 

Please note that H4K16ac enrichment on the X in Drosophila occurs independently of ploidy 
and tissue. To clarify this point, we have now performed further immunostainings and 
amended the figure panels (see Fig. 4) so that the tissues are now comparable:  
Malpighian tubules (polyploid, see e.g. https://elifesciences.org/articles/54096) and salivary 
glands (polyploid),and gut cells (diploid). For color consistency, we have now also amended 
the channels. 

Fig. 5. Why compare ChIP-seq generated from Agam midgut to Dmel L3 Larvae? Shouldn't 
Larvae in both groups be a better comparison? 

We have performed the experiment from Anopheles adults, because at this stage, the sex (i.e. 
males vs. females) can be visually distinguished. Since we had prepared the Anopheles 
chromatin by digestion with Micrococcal nuclease (MNase), which is different from 
sonication-based methods, our intention was to report a fair comparison between Anopheles 
and Drosophila ChIP-seq. We have therefore used a Drosophila H4K16ac profile, where 
MNase was used: Our earlier published profiles from L3 larvae (Valsecchi et al. 2018; note 
that besides the usage of MNase, the experiments were performed with essentially identical 
conditions, the very same antibody, library preparation, sequencing pipeline, etc.  
Nevertheless, we have now added a screenshot that compares Drosophila H4K16ac data from 
different stages/cells (embryo, S2 cells, adults, larvae) revealing that H4K16ac shows a similar 
profile among all conditions (supplementary Fig. S5C). Indeed, dosage compensation - once 



set up - is broadly associated with H4K16ac in various different tissues and cells types. Hence, 
we think that the comparison shown in the main figure is valid.  

Fig. S6. Is Student's t-test the right one? A non-parametric test might be better here for 
distribution. 

The density plots including statistics and p-values are directly obtained from the ShinyGO 
website http://bioinformatics.sdstate.edu/go/ (Ge et al. 2020). There is no option for another 
statistical method on the website and unfortunately, the raw density distribution cannot be 
downloaded. Hence, we can only report the t-test result obtained from the website.   

Fig. 6A, Did this statistical test between DE genes and expected as 2 groups, or it can be done 
pair-wisely in each exon numbers. If so you can put an asterisk on top of exon number 4 to 9. 

The p-value was also obtained from ShinyGO, where it is calculated with the chisq.test 
function in R. Pearson's chi-squared test is performed of the null hypothesis that the joint 
distribution of the cell counts in a 2-dimensional contingency table is the product of the row 
and column marginals. It is comparing 2 groups and reports a single p-value.  

Fig. 6G. Need to label the sample group on the left of the genomic track. 

This has been fixed. 
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I appreciate the fact  that  the authors made an effort  to address the normalizat ion issue. I am not
sure that the failed deplet ion of rRNA is the best normalizat ion. One might wonder if there is any
evidence that the failed deplet ion is consistent across samples. What would be the very best
normalizat ion is to perform a transcriptome size measurement, which RNA-seq alone cannot do.
Loven et  al (Loven, J., Orlando, D.A., Sigova, A.A., Lin, C.Y., Rahl, P.B., Burge, C.B., Levens, D.L., Lee, T.I.
and Young, R.A. (2012). Revisit ing global gene expression analysis. Cell 151: 476-482.) pointed out
that the whole t ranscriptome size can increase and what appears to be a down regulat ion is just
not upregulated as much. What the authors report  with a slight  autosomal increase and a
presumed down regulat ion of the X is exact ly the type of result  that  Loven et  al would predict  from
a transcriptome size increase. Indeed, if one looks at  the data in Belote and Lucchesi (Belote, J.M.,
and Lucchesi, J.C. (1980). Control of X chromosome transcript ion by the maleless gene in
Drosophila. Nature 285: 573-575.) and normalizes the nascent RNA grains to the DNA grains, one
will find that the X is not reduced and the autosomes are increased. Now, it  is the case that
monosomy can have posit ive effects across the genome but that  does not seem to be the case
and it  is not supported by the Belote and Lucchesi data (nor does it  fit  the claims of the authors). I
am not sure that polymerase III t ranscribed genes is a good idea for normalizat ion either since
tRNAs are dosage compensated (Birchler et  al., 1982, Genet ics 102:525-537). 

The inverse effect  is not iceable in the following Drosophila publicat ions, so it  probably should not be
discounted in considering how dosage compensat ion operates. 
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expression of the white, brown and scarlet  loci in Drosophila. Genet ics 129: 463-480 (1991). 
Rawls JM, Lucchesi JC: Regulat ion of enzyme act ivit ies in Drosophila. I. The detect ion of regulatory
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Our lab has beat to death target ing. When we target MOF, there is an increase in expression of the
target but in all circumstances in which the whole MSL complex is present or is targeted itself
(individual genes or whole chromosomes), there is no discernible effects including phenotypically,
which does not suffer from any normalizat ion discussions. If there were an effect , so be it , but  we
just  can't  find that. 

Having stated all of the above, the authors are correct  that  what is occurring in mosquito and fly is
different. They are also correct  that  this manuscript  is not the place to t ry to resolve all of this. 

Reviewer #2 (Comments to the Authors (Required)): 

The manuscript  has been great ly improved after revision. All my concerns have been addressed
and I have no other comments to make. 
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