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6th Feb 20241st Editorial Decision

Dear Dr. Chen, 

Thank you for the submission of your manuscript to EMBO reports. We have now received the full set of referee reports as well
as additional comments from another expert, who only had time to briefly look at your ms. 

As you will see, the referees acknowledge that your findings are potentially interesting and a good fit for our journal. However,
both referees 1 and 2 as well as the additional expert point out that the method used to detect m1A in dinoflagellates is not
sufficiently conclusive, and that orthogonal methods are required for the identification of m1A sites. I think all points raised by the
referees are reasonable and should be addressed. Please let me know in case you disagree or have any comments, and we
can discuss the exact revision requirements further, also in a video chat, if you like. 

I would thus like to invite you to revise your manuscript with the understanding that the referee concerns must be fully addressed
and their suggestions taken on board. Please address all referee concerns in a complete point-by-point response. Acceptance of
the manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to allow a single round
of major revision only and acceptance or rejection of the manuscript will therefore depend on the completeness of your
responses included in the next, final version of the manuscript. 

We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 3 months (8th May 2024). Please discuss the revision progress ahead of this time with
the editor if you require more time to complete the revisions. 

You can either publish the study as a short report or as a full article. For short reports, the revised manuscript should not exceed
27,000 characters (including spaces but excluding materials & methods and references) and 5 main plus 5 expanded view
figures. The results and discussion sections must further be combined, which will help to shorten the manuscript text by
eliminating some redundancy that is inevitable when discussing the same experiments twice. For a normal article there are no
length limitations, but it should have more than 5 main figures and the results and discussion sections must be separate. In both
cases, the entire materials and methods must be included in the main manuscript file. 

IMPORTANT NOTE: we perform an initial quality control of all revised manuscripts before re-review. Your manuscript will FAIL
this control and the handling will be DELAYED if the following APPLIES: 
1) A data availability section providing access to data deposited in public databases is missing. If you have not deposited any
data, please add a sentence to the data availability section that explains that.
2) Your manuscript contains statistics and error bars based on n=2. Please use scatter blots in these cases. No statistics should
be calculated if n=2.

When submitting your revised manuscript, please carefully review the instructions that follow below. Failure to include requested
items will delay the evaluation of your revision. 

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

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

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

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc. See detailed instructions regarding expanded view here:

- Additional 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. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

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

5) a complete author checklist, which you can download from our author guidelines . Please insert information in the checklist
that is also reflected in the manuscript. The completed author checklist will also be part of the RPF.



6) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript (). Please find instructions on how to link your ORCID ID to your account in our manuscript tracking system in our
Author guidelines

7) Before submitting your revision, primary datasets produced in this study need to be deposited in an appropriate public
database (see https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). 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" section placed after Materials & Method (see also
https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). Please note that the Data Availability Section
is restricted to new primary data that are part of this study. * Note - All links should resolve to a page where the data can be
accessed. *
If your study has not produced novel datasets, please mention this fact in the Data Availability Section.

8) At EMBO Press we ask authors to provide source data for the main manuscript figures. Our source data coordinator will
contact you to discuss which figure panels we would need source data for and will also provide you with helpful tips on how to
upload and organize the files. 

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

10) Regarding data quantification (see Figure Legends:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat)

The following points must be specified in each figure legend: 

- the name of the statistical 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,

- the nature of the bars and error bars (s.d., s.e.m.),

- If the data are obtained from n {less than or equal to} 2, use scatter blots showing the individual data points.

Discussion of statistical methodology can be reported in the materials and methods section, but figure legends should contain a 
basic description of n, P and the test applied. 

- Please also include scale bars in all microscopy images.

11) The journal requires a statement specifying whether or not authors have competing interests (defined as all potential or 
actual interests that could be perceived to influence the presentation or interpretation of an article). In case of competing 
interests, this must be specified in your disclosure statement. Further information: https://www.embopress.org/competing-
interests

We would also welcome the submission of cover suggestions, or motifs to be used by our Graphics Illustrator in designing a 
cover. 

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

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

I look forward to seeing a revised form of your manuscript when it is ready. 



Kind regards,
Esther 

Esther Schnapp, PhD 
Senior Editor 
EMBO reports 

Referee #1: 

This is an interesting manuscript that shows that m1A is prevalent in dinoflagellates mRNA. Several studies have looked at m1A
in eukaryotes, focusing on mammalian cell lines and initial studies reported high levels of m1A but subsequent work showed that
these were likely to be various types of artifacts. M1A is instead very rare in mammalian mRNA. Plus, it is surprising and
interesting that there is a eukaryote that appears to have high levels of m1A. The authors characterize the distribution of m1A
and provide reasonable data that m1A is indeed present in this organism. 

There are two concerns. First the mapping doesn't appear to be done correctly: 

1. As the authors probably know, after the original reports from the He lab and the Yi lab that m1A is present in mammalian
mRNA, the Schwartz lab repeated the analysis and specifically looked for m1A -induced mutations, which is the hallmark of the
presence of m1A. These mutations were missing in the m1A-immunoprecipitated RNAs. This helped Schwartz demonstrate that
the m1A was unlikely to be true m1A sites. In the other study by the Jaffrey lab, they measured m1A induced transcription stops.
Mutations/stops are really important mutational signatures that should be used when measuring or detecting m1A sites. These
signatures provide the -exact- location of m1A. Sadly, it appears that the authors are using peaks, which are known to be
displaced downstream of m1A sites due to the ability of m1A to induce transcription termination. Unless I'm misunderstanding, it
seems like the authors of this study have not use the proper mutational signatures to definitively identify m1A in a nucleotide-
specific manner. They should be able to mine their data or repeat their analysis with a slightly different library preparation
protocol to identify the true m1A sites. It's important to identify all the m1A sites with nucleotide resolution since the methods are
well-known. This is a fixable problem, but needs to be done properly for this paper to be acceptoble. Peaks are no longer a valid
way to map modifications in 2024.

The second concern has to do with validation of the m1A sites, and the m1A motifs. 

2. The m1A sites need to be both validated and stoichiometry needs to be measured/predicted. There several ways to do this.
The m1A can induce reverse transcription stops depending on the polymerase and the buffer conditions. It will be important to
show that putative m1A sites indeed have stops, and the fraction of stopping needs to be established, using standards, such as
ribosomal RNA if they cannot obtain a synthesized standard. Mutations can be used as well.

In particular, it seems possible that the m1A sites in the coding sequence largely derived from nonspecific signals whereas m1A
in the 3' UTR is more likely to be a real signal. They may find different false positive rates depending on where they are looking.
It's not a problem if some of the sites are not real, but the author should have some sort of measurement of false positive, and
this may be related to the location within the transcript body. 

Other methods could include SCARLET/SCARPET. 

3. The analysis of motifs needs to be a little bit more clear. What percent of all the m1A sites fall within one of the three
recognized motifs? Is the rank order/prevalence of the different motifs the same for the m1A sites in the 3' UTR as in the coding
sequence? Or the 5' UTR? I suspect that the number of m1A sites that are found in the coding sequence that fall within one of
the major motifs is much lower. However will be important to measure this.

Referee #2: 

Prof. Hao Chen lab discovers abundant m1A methylations in mRNA of dinoflagellates. According to my knowledge of mRNA
modifications, m1A methylation has been proven to be at a very low abundance in mRNA isolated from mammalian cells, which
has hampered the functional investigation of its role in regulating mRNA metabolism. For nearly 7 years after the first
characterization of m1A methylomes in human/mouse mRNA, people have been searching for a biological system of abundant
mRNA m1A methylation. Here the authors have made great progress in demonstrating such a model system of dinoflagellates,
and I believe its academic impact will trigger lots of future projects in studying mRNA m1A epigenetics. Here I support the
publication of this paper in EMBO Reports, after minor revision to strengthen the bioinformatic part of this research. 

(1) In Fig.2 and Fig.3, the authors conducted m1A-MeRIP-seq with m1A-specific antibody for mapping m1A profile in
dinoflagellates mRNA. However, the analysis of RT mutation or truncation signatures is missing here, as we know that nearly all
RT enzymes can induce mutation or truncation signals at m1A-modified sites. The in-depth analysis of RT mutation/truncation



signals at potential m1A sites will strengthen the discovery of m1A methylomes in dinoflagellates mRNA.

(2) In 'Input' libraries of m1A-MeRIP-seq, the authors may see low, moderate, and high mutation/truncation signals at m1A-
modified sites. Then, in 'IP' libraries, the mutation/truncation ratios at these candidate sites should be elevated after m1A
enrichment. This elevation in mutation/truncation at m1A sites (in IP vs. Input) could be utilized for validating the newly identified
m1A methylated sites. Meanwhile, in 'Input' libraries, the mutation/truncation ratios at m1A sites could be used for the estimation
of m1A methylation fraction, serving for m1A quantification.

Referee #3: 

This manuscript describes detection and analysis of the role of an M1A modification in dinoflagellate mRNA. As such, this is
interesting, as dinoflagellates seem to favor translation over transcription as a means of controlling gene expression, and
modification of RNA may contribute to this. 

There are a few issues that I was not able to fully understand and that should be made clear before the manuscript is accepted
for publication. My biggest issue lies in measurements of translation efficiencies. I can readily believe that comparing the number
of ribosome protected fragments for the same transcript between different conditions is informative, but I am less convinced that
two different transcripts can be meaningfully compared. If this is really what is being done, it should be justified in the text. 

Figure 1 reports that about 3% of adenines are modified in mRNA from Amphidinium (line 145). This means that a 1,000 base
mRNA would have about 7 modified adenines (excluding the poly A tail). How does this correspond to a total of 123481 "peaks"
in mRNAs of 10794 (line 168)? 

Figure 2 reports a high number of genes with 1 peak. What is this "peak"? Me-RIP should identify sequences (average length
about 100 nucleotides) that are precipitated by the anti m1A antibody. Does a peak thus correspond to a single region in an RNA
molecule where the majority of the precipitated reads map to? This would correspond to panel C (a peak mostly in the 3'UTR)
but does not correspond to what is presented in panel D. What is the vertical axis in panel D? The legend should also say the
schema at the bottom of panel D is the genome sequence and the arrow is the direction of transcription. The motif GCCACGC
(line 183) is not in Figure 2E. Lastly, how many non-methylated transcripts are there? It seems 10794 transcripts are methylated
(line 168), how many transcripts were detected (i.e. what fraction of transcripts are methylated)? 

Figure 3 compares methylated and non-methylated transcripts. Panel A indicates the non-methylated transcripts are less
abundant. Is this because the probability of detecting a methylated RNA fragment is less? Panel B has gene expression as the x
axis, I think this should read RNA abundance. Most of the m1A peaks should be found in the 3'UTR, does placing them
elsewhere affect translation more? What is being measured in panel F? If this is derived from the number of ribosome protected
fragment reads, I do not see how different transcripts can be meaningfully compared. 

Up regulated genes measured by RNA-Seq include nitrate metabolism and photosynthesis. I would have expected
photosynthesis to be reduced in the absence of nitrate as it should be more difficult to store the reduced carbon. However, this
does seem to be better reflected by the ribosome protected fragment data. 

In Figure 4 A, what does it mean that m1A methylation changes after N-depletion? That the number of methylated MeRIP
fragments in a sequence decreases? Or the number of methylated sequences decreases? If the later then only a fraction of the
transcripts of a given sequence are methylated? Panel F also seems to be comparing translation efficiency between different
transcripts, which would pose a problem similar to that in figure 3F. 

Additional comments from an expert: 

The key claim in this manuscript is widespread m1A in Dinoflagellates. This would be a remarkable discovery, certainly worthy of
publication in EMBO Reports. m1A is present only at trace levels in human mRNA, and hence such widespread deposition on
mRNA would open up a plethora of questions regarding role, function, biogenesis and evolution. 

My major concern is about the methodology used for detecting m1A. The authors begin their study by pointing out the so-called
"controversiality" about m1A distribution in mammalian mRNA, a mark that was found to be widespread by initial studies but in
follow-ups found to be extremely rare and low level. The divergence in the findings between the initial studies and the later ones
is not due to differences in opinion or in implementation, but due to differences in methodology. The early studies relied on
antibody based detection, whereas the later ones relied on misincorporation-based detection of m1A. As became apparent in
the later studies, antibodies are prone to promiscuous binding, and the vast majority of sites reported in the early studies are
thought to have been false hits. I was therefore disappointed that despite these severe limitations, the authors chose to map
m1A sites using an antibody based approach. Given how central the discovery of m1A is to the message of this manuscript, in
my opinion it would be critical that the authors confirm their findings on the basis of previously developed misincorporation based



approaches, including also enzymatic (alk) or chemical (Dimroth) elimination of m1A sites as an additional control. This point is
all the more critical as the authors are unable to tie the m1A sites that they detect to a motif known to harbor m1A, or to an
enzyme that deposits it, nor do they have single nucleotide resolution allowing them to confirm the sites using orthogonal
approaches.



Point-by-point responses 

Key: Reviewer’s comments in black; Author’s response in blue; New or updated figures 

in red.  

We thank all the reviewers for their comments on the importance of our study and their 

constructive criticisms, which we have addressed in full below. 

Reviewers’ Comments: 

Referee #1: 

This is an interesting manuscript that shows that m1A is prevalent in dinoflagellates 

mRNA. Several studies have looked at m1A in eukaryotes, focusing on mammalian cell 

lines and initial studies reported high levels of m1A but subsequent work showed that 

these were likely to be various types of artifacts. M1A is instead very rare in mammalian 

mRNA. Plus, it is surprising and interesting that there is a eukaryote that appears to 

have high levels of m1A. The authors characterize the distribution of m1A and provide 

reasonable data that m1A is indeed present in this organism. 

Response: We thank this reviewer for recognizing the importance of our study and the 

constructive suggestions. Based on the reviewer’s great suggestions, we have made 

extensive efforts to strengthen our study with additional data. Our point-by-point 

responses are included below. 

There are two concerns. First the mapping doesn't appear to be done correctly: 

1. As the authors probably know, after the original reports from the He lab and the Yi

lab that m1A is present in mammalian mRNA, the Schwartz lab repeated the analysis

and specifically looked for m1A -induced mutations, which is the hallmark of the

presence of m1A. These mutations were missing in the m1A-immunoprecipitated

RNAs. This helped Schwartz demonstrate that the m1A was unlikely to be true m1A

sites. In the other study by the Jaffrey lab, they measured m1A induced transcription

stops. Mutations/stops are really important mutational signatures that should be used

when measuring or detecting m1A sites. These signatures provide the -exact- location

of m1A. Sadly, it appears that the authors are using peaks, which are known to be

displaced downstream of m1A sites due to the ability of m1A to induce transcription

termination. Unless I'm misunderstanding, it seems like the authors of this study have

not use the proper mutational signatures to definitively identify m1A in a nucleotide-

specific manner. They should be able to mine their data or repeat their analysis with a

slightly different library preparation protocol to identify the true m1A sites. It's

important to identify all the m1A sites with nucleotide resolution since the methods are

well-known. This is a fixable problem, but needs to be done properly for this paper to

be acceptoble. Peaks are no longer a valid way to map modifications in 2024.

Response: We thank the reviewer for this great suggestion. Per the reviewer’s advice,

we used misincorporation as the signature of m1A sites and conducted m1A-seq-TGIRT,

following the procedure outlined in Schwartz lab's study (Safra et al, 2017), as detailed

28th Jun 20241st Authors' Response to Reviewers



in material and method section of our revised manuscript. Our new results indicated 

that the IP group has a higher global misincorporation ratio at A sites in mRNA 

compared to the input samples (new Fig. EV1B), suggesting that our newly identified 

m1A sites are reliable. Based on single-base resolution of all identified m1A sites, our 

new results still demonstrated that the majority of the m1A sites are localized in 3'UTR 

of the dinoflagellate mRNA. Using this new strategy, we identified 6,549 high-

confidence m1A sites in the mRNAs of 3,196 genes (new Fig. 2A). Consistently, our 

new analysis still revealed that the presence of m1A sites appears to negatively affect 

the translation efficiency of the m1A-modified genes. The details of our results can be 

seen in the updated Fig. 2, Fig. 3 and Fig. EV3 of the revised manuscript. 

The second concern has to do with validation of the m1A sites, and the m1A motifs. 

2. The m1A sites need to be both validated and stoichiometry needs to be

measured/predicted. There several ways to do this. The m1A can induce reverse

transcription stops depending on the polymerase and the buffer conditions. It will be

important to show that putative m1A sites indeed have stops, and the fraction of

stopping needs to be established, using standards, such as ribosomal RNA if they cannot

obtain a synthesized standard. Mutations can be used as well.

In particular, it seems possible that the m1A sites in the coding sequence largely derived

from nonspecific signals whereas m1A in the 3' UTR is more likely to be a real signal.

They may find different false positive rates depending on where they are looking. It's

not a problem if some of the sites are not real, but the author should have some sort of

measurement of false positive, and this may be related to the location within the

transcript body.

Other methods could include SCARLET/SCARPET.

Response: We appreciate the reviewer's comment. As mentioned in response to point

#1, we used the m1A-mediated mutation/misincorporation signature via the m1A-seq-

TGIRT approach to identify m1A sites at base resolution. This method significantly

reduced the false-positive m1A-enriched peaks previously obtained through the m1A-

MeRIP method (Fig. EV1D).

Moreover, our sequencing results revealed some reads mapped to the large ribosomal 

subunit 28S rRNA. Analysis of conserved m1A sites in the 28S rRNA of Amphidinium 

carterae revealed that the m1A site in the sequence context 

(GAAACACGGACCAAGGAG, with the m1A site highlighted in red), present in both 

mammalian and yeast cells (Sharma et al, 2018), exhibited apparent misincorporation 

in both IP and input samples using m1A-seq-TGIRT approach (Fig. EV1C), further 

confirming the reliability of our newly identified m1A sites. Our new results indicated 

that most of the m1A sites are located in the 3'UTR of the encoded transcripts, while 

only 14.2% are in the CDS and 4.4% in the 5'UTR (new Fig. 2B). 

3. The analysis of motifs needs to be a little bit more clear. What percent of all the m1A

sites fall within one of the three recognized motifs? Is the rank order/prevalence of the

different motifs the same for the m1A sites in the 3' UTR as in the coding sequence? Or



the 5' UTR? I suspect that the number of m1A sites that are found in the coding sequence 

that fall within one of the major motifs is much lower. However will be important to 

measure this. 

Response: We are grateful for this comment. We have updated the motif analysis of 

m1A sites based on single-base resolution mapping, as shown in the new Fig. 2E, using 

combined upstream 3-mer distribution frequency analysis and sequence logo plotting. 

The results showed that m1A is enriched in the NNCA sequence context of 

dinoflagellate mRNA (new Fig. 2E). Moreover, sequence logo plots of m1A sites in 

different regions showed that the NNCA signature motif is also present in m1A sites 

within the 5'UTR (46.21% with NNCA), CDS (44.27% with NNCA), and 3'UTR (49.16% 

with NNCA) (Figure for Review Only). 

Figure for Review Only. The sequence logo frequency of m1A sites identified by m1A-

seq-TGIRT occurring in different mRNA segments, including the 5'UTR (A), CDS (B), 

and 3'UTR (C).  

Referee #2: 

Prof. Hao Chen lab discovers abundant m1A methylations in mRNA of dinoflagellates. 

According to my knowledge of mRNA modifications, m1A methylation has been 

proven to be at a very low abundance in mRNA isolated from mammalian cells, which 

has hampered the functional investigation of its role in regulating mRNA metabolism. 

For nearly 7 years after the first characterization of m1A methylomes in human/mouse 

mRNA, people have been searching for a biological system of abundant mRNA m1A 

methylation. Here the authors have made great progress in demonstrating such a model 

system of dinoflagellates, and I believe its academic impact will trigger lots of future 

projects in studying mRNA m1A epigenetics. Here I support the publication of this 

paper in EMBO Reports, after minor revision to strengthen the bioinformatic part of 

this research. 

Response: We thank this reviewer for recognizing the importance of our study and the 

constructive suggestions. 

(1) In Fig.2 and Fig.3, the authors conducted m1A-MeRIP-seq with m1A-specific

antibody for mapping m1A profile in dinoflagellates mRNA. However, the analysis of

RT mutation or truncation signatures is missing here, as we know that nearly all RT

enzymes can induce mutation or truncation signals at m1A-modified sites. The in-depth

analysis of RT mutation/truncation signals at potential m1A sites will strengthen the

discovery of m1A methylomes in dinoflagellates mRNA.



Response: We appreciate the reviewer for this comment. As mentioned in response to 

points #1 and # 2 of the Reviewer #1, we identified m1A sites by using misincorporation 

as the signature of m1A sites in our revised manuscript through performing m1A 

TGIRT-seq. We could detect m1A-mediated misincorporation in both input and IP 

samples using TGIRT enzyme (revised Fig. 2D and Fig. EV1B). With this new 

approach, we uncovered 6,549 m1A sites distributed among the mRNAs of 3,196 genes 

(new Fig. 2A and 2B). As shown in new Fig. 2 and Fig. 3, we also re-analyzed the m1A-

modified genes identified by single-base resolution sequencing.  

(2) In 'Input' libraries of m1A-MeRIP-seq, the authors may see low, moderate, and high

mutation/truncation signals at m1A-modified sites. Then, in 'IP' libraries, the

mutation/truncation ratios at these candidate sites should be elevated after m1A

enrichment. This elevation in mutation/truncation at m1A sites (in IP vs. Input) could

be utilized for validating the newly identified m1A methylated sites. Meanwhile, in

'Input' libraries, the mutation/truncation ratios at m1A sites could be used for the

estimation of m1A methylation fraction, serving for m1A quantification.

Response: We thank the reviewer for this great advice. As mentioned in responses to

points #1 and # 2 of the Reviewer #1, through the m1A-seq-TGIRT strategy, we could

detect various levels of mutation ratios at putative m1A-modified sites in the input

samples (Fig. EV1B). Consistently, we indeed observed a significantly increase of

mutation ratio in the IP group than the inputs (Fig. EV1B).

Referee #3: 

This manuscript describes detection and analysis of the role of an M1A modification in 

dinoflagellate mRNA. As such, this is interesting, as dinoflagellates seem to favor 

translation over transcription as a means of controlling gene expression, and 

modification of RNA may contribute to this. 

Response: We thank this reviewer for recognizing the importance of our study and the 

constructive suggestions. 

There are a few issues that I was not able to fully understand and that should be made 

clear before the manuscript is accepted for publication. My biggest issue lies in 

measurements of translation efficiencies. I can readily believe that comparing the 

number of ribosome protected fragments for the same transcript between different 

conditions is informative, but I am less convinced that two different transcripts can be 

meaningfully compared. If this is really what is being done, it should be justified in the 

text. 

Response: We appreciate the reviewer's concern. We agree with the reviewer that 

comparing the translation efficiencies of different transcripts cannot simply rely on 

counting the ribosome protected fragments (RPF), the level of which is also 

significantly affected by the abundance of mRNA/transcripts. In our analysis, we used 

TE (Translation Efficiency) as a parameter to compare the translation of different 

mRNA/transcripts. The TE was calculated through dividing the normalized RPF counts 

by mRNA abundance (TE = normalized RPF counts/mRNA abundance). 



Similar comparison of TE for different transcripts have been widely utilized to 

investigate the regulation of mRNA translation by RNA modifications, including m6A 

(Mao et al, 2019) and ac4C (Arango et al, 2018). More recently, the TE of different 

transcripts was also utilized as a signature to identify the 5'UTR candidates with optimal 

mRNA translation (Cao et al, 2021). Therefore, we believe that our comparison of 

different transcripts’ translation via measuring TE is a reliable way to investigate the 

roles of m1A in controlling mRNA translation. Per the reviewer’s advice, we included 

more detailed information about TE calculation in the “Bioinformatics analyses of 

RNA-seq, Ribo-seq, MeRIP-seq and m1A-seq-TGIRT data” subsection of the Methods 

section in the revised manuscript to avoid the potential misunderstanding for readers. 

Figure 1 reports that about 3% of adenines are modified in mRNA from Amphidinium 

(line 145). This means that a 1,000 base mRNA would have about 7 modified adenines 

(excluding the poly A tail). How does this correspond to a total of 123481 "peaks" in 

mRNAs of 10794 (line 168)? 

Response: We thank the reviewer for raising this issue. Basically, these are two 

completely different experiments and the numbers from them cannot be directly 

compared. The m1A modification ratio (~3% of the total adenines) is determined using 

LC-MS/MS, which requires enzyme digestion into mono-nucleosides and thus cannot 

provide sequence information regarding the methylated fragments of the transcripts. 

However, the number of peaks is detected through high-throughput sequencing of m1A-

modified mRNA fragments using an anti-m1A antibody. Each "peak" identified in the 

MeRIP-seq analysis represents a region within the mRNA that is enriched for m1A 

modifications. Given that a single transcript can have multiple m1A modification sites, 

multiple peaks can be identified within a single mRNA molecule.  

Figure 2 reports a high number of genes with 1 peak. What is this "peak"? Me-RIP 

should identify sequences (average length about 100 nucleotides) that are precipitated 

by the anti m1A antibody. Does a peak thus correspond to a single region in an RNA 

molecule where the majority of the precipitated reads map to? This would correspond 

to panel C (a peak mostly in the 3'UTR) but does not correspond to what is presented 

in panel D. What is the vertical axis in panel D? The legend should also say the schema 

at the bottom of panel D is the genome sequence and the arrow is the direction of 

transcription. The motif GCCACGC (line 183) is not in Figure 2E. Lastly, how many 

non-methylated transcripts are there? It seems 10794 transcripts are methylated (line 

168), how many transcripts were detected (i.e. what fraction of transcripts are 

methylated)? 

Response: We thank the reviewer for this comment. Because of the non-specific binding 

of the immunoprecipitation, we need to subtract the background signal using a control 

sample (input) to identify the potential m1A-enriched peaks. These peaks indicate 

regions where the anti-m1A antibody has successfully precipitated RNA fragments, 

showing significant enrichment of m1A modifications. Panel C in the previous Fig. 2 

presents a metagene distribution analysis of all identified peaks, highlighting their 



locations along different transcript regions. 

Panel D in the previous Fig. 2 showed examples of two m1A peaks (highlighted by the 

pale-yellow color and the arrow) in separate transcripts. The vertical axis in Panel D 

represents the normalized sequencing read coverage, with higher values indicating 

greater read coverage. 

Since we can detect m1A sites at single-base resolution now, the distribution pattern and 

motifs of m1A sites are more accurate. Fig. 2 was also updated in the revised manuscript 

accordingly. As shown in the updated Fig. 2E in the revised manuscript, the combined 

upstream 3-mer distribution frequency analysis and sequence logo plot suggest that 

m1A in dinoflagellate mRNA is enriched in the NNCA sequence context. Additionally, 

we apologize for the typographical error of the motif "GCCACGC" (line 183) in the 

previous version of the manuscript, which had been corrected in the revised manuscript. 

To the last question, the number of transcripts is largely based on the cutoff of TPM 

(transcripts per million) for transcripts that can be considered as “expressed”. In current 

study, we used a threshold of TPM > 5 and identified a total of 34574 transcripts, among 

which 10794 transcripts (~ 31.2% of total) were detected to be m1A-modified through 

m1A-RIP-seq. To avoid the false-positive sites caused by the anti-m1A antibody, we 

conducted m1A-seq-TGIRT for single-base resolution analysis of m1A sites in the A. 

carterae transcriptome in the revised manuscript. This new method detected 6549 m1A 

sites in the mRNAs of 3196 genes (~ 9.2% of total) under normal growth condition. 

Figure 3 compares methylated and non-methylated transcripts. Panel A indicates the 

non-methylated transcripts are less abundant. Is this because the probability of detecting 

a methylated RNA fragment is less? Panel B has gene expression as the x axis, I think 

this should read RNA abundance. Most of the m1A peaks should be found in the 3'UTR, 

does placing them elsewhere affect translation more? What is being measured in panel 

F? If this is derived from the number of ribosome protected fragment reads, I do not see 

how different transcripts can be meaningfully compared. 

Response: We thank the reviewer for these great comments. The response to every 

specific question had been listed as below. (Note: all the results in the Fig. 3 had also 

been updated with the m1A-modified genes identified through single-base resolution 

analysis.) 

Panel A: We thank the reviewer for this comment. We guess that this probability would 

be very low due to these following reasons: 1) When we searched for the m1A peaks, 

we used the value of m1A-erichment fold (IP/Input: m1A IP counts normalized by RNA 

abundance from Input) of every individual region. This would effectively minimize the 

influences related with RNA abundance; 2) To ensure the similar detectability of all 

compared transcripts, we only included the transcripts of considerable abundance 

(TPM > 5) for the comparison in our analysis. 



Panel B: We thank the reviewer for pointing this out. We have corrected the label of x 

axis into mRNA abundance. We agree with reviewer’s conclusion on the effects of m1A 

in different regions. As shown in our new Fig. 3H, m1A sites in CDS regions appear to 

have a greater impact on translation efficiency than those in the 3'UTR, implying a 

regional effect of m1A modification.  

Panel F: Panel F demonstrated that the translation efficiency of genes between two 

categories (m1A vs non-m1A) was compared. As the previous responses to the general 

comments, we used TE (Translation Efficiency) as a parameter to compare the 

translation of different mRNA/transcripts, following the standard protocol widely used 

to investigate the regulation of mRNA translation by RNA modifications. More details 

can be found in the reply to the general comments. 

Up regulated genes measured by RNA-Seq include nitrate metabolism and 

photosynthesis. I would have expected photosynthesis to be reduced in the absence of 

nitrate as it should be more difficult to store the reduced carbon. However, this does 

seem to be better reflected by the ribosome protected fragment data. 

Response: We agree with the reviewer on this point. Dinoflagellate gene expression is 

believed to mainly dependent on pos-transcriptional regulation (Roy and Morse, 2013; 

Zaheri and Morse, 2022). Indeed, it seems that translation control also plays more 

important roles compared with transcription regulation in dinoflagellate A. carterae. 

We have included this piece of information into a sentence of the revised manuscript 

“With an increase in photosynthesis at the transcriptional level but a decrease at the 

translational level, and a much more significant change in translation efficiency 

compared to mRNA levels, our data demonstrate that the dinoflagellate A. carterae 

adapts to N-depletion conditions primarily by regulating mRNA translation rates.” 

In Figure 4 A, what does it mean that m1A methylation changes after N-depletion? That 

the number of methylated MeRIP fragments in a sequence decreases? Or the number of 

methylated sequences decreases? If the later then only a fraction of the transcripts of a 

given sequence are methylated? Panel F also seems to be comparing translation 

efficiency between different transcripts, which would pose a problem similar to that in 

figure 3F. 

Response: We appreciate the reviewer's comments. Based on the question, we guess the 

reviewer was mentioning Fig. 4C rather than Fig. 4A. Initially, we measured the change 

in global m1A methylation level in mRNA using LC/MS-MS techniques between A. 

carterae cells grown under normal and nitrogen-depletion (N-depletion) conditions. We 

found an approximately 30% reduction in the m1A level under N-depletion growth 

conditions (Fig. 4C), indicating a decrease in the overall level of m1A methylation. This 

result only reflected the global changes of m1A modification. It’s difficult to postulate 

that the decrease is caused by reduction in number or methylation level of methylated 

sequences. To answer this question, we had to resort to next-generation sequencing. 

Subsequently, we used MeRIP-seq to identify the differentially methylated regions of 

transcripts under N-depletion conditions. The results demonstrated that at least the 



number of methylated sequences decreased (Fig. 4D). 

Fig. 4F: As mentioned above (responses concerning Fig 3), this comparison is valid 

and widely used in translation studies. In Figure 4F, we compared the translation 

efficiency of different transcripts categorized by their methylation status. By comparing 

the overall translation efficiency between methylated and non-methylated genes, we 

could infer the impact of m1A methylation on translation efficiency.  

Note: Fig. 4D-4F had been updated with the newly identified m1A sites, while the 

conclusion that m1A plays an important role in regulating translation efficiency under 

N-depletion remains unchanged.

Additional comments from an expert: 

The key claim in this manuscript is widespread m1A in Dinoflagellates. This would be 

a remarkable discovery, certainly worthy of publication in EMBO Reports. m1A is 

present only at trace levels in human mRNA, and hence such widespread deposition on 

mRNA would open up a plethora of questions regarding role, function, biogenesis and 

evolution. 

My major concern is about the methodology used for detecting m1A. The authors begin 

their study by pointing out the so-called "controversiality" about m1A distribution in 

mammalian mRNA, a mark that was found to be widespread by initial studies but in 

follow-ups found to be extremely rare and low level. The divergence in the findings 

between the initial studies and the later ones is not due to differences in opinion or in 

implementation, but due to differences in methodology. The early studies relied on 

antibody based detection, whereas the later ones relied on misincorporation-based 

detection of m1A. As became apparent in the later studies, antibodies are prone to 

promiscuous binding, and the vast majority of sites reported in the early studies are 

thought to have been false hits. I was therefore disappointed that despite these severe 

limitations, the authors chose to map m1A sites using an antibody based approach. 

Given how central the discovery of m1A is to the message of this manuscript, in my 

opinion it would be critical that the authors confirm their findings on the basis of 

previously developed misincorporation based approaches, including also enzymatic 

(alk) or chemical (Dimroth) elimination of m1A sites as an additional control. This 

point is all the more critical as the authors are unable to tie the m1A sites that they detect 

to a motif known to harbor m1A, or to an enzyme that deposits it, nor do they have 

single nucleotide resolution allowing them to confirm the sites using orthogonal 

approaches. 

Response: We thank this expert for recognizing the importance of our study and the 

constructive suggestions. We carried out extensive revision to our previous manuscript 

following this comment. The details can be found in the responses to reviewer #1 & #2. 
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26th Jul 20241st Revision - Editorial Decision

Dear Dr. Chen, 

Thank you for the submission of your revised manuscript. We have now received the enclosed reports from the referees that
were asked to assess it, and I am happy to say that all support its publication now. 

Only a few editorial requests will need to be addressed before we can proceed with the official acceptance of your manuscript:

- Please correct the conflict of interest subheading to "Disclosure and Competing Interests Statement"

- We need an institutional email address for the co-corresponding author Jiawei Xu.

- Please remove the author credits from the ms file. All author contributions need to be entered in our online ms submission
system.

- Please delete the statement "data not shown" from page 15 as per journal policy.

- The following info also needs to be entered in our online ms submission system as separate Funders: National Natural Science
Foundation of China (Grant Nos. 32170819 and 32170604), Pearl River Recruitment Program of Talents (2021QN02Y122),
Department of Health of Guangdong Province (B2021032), Shenzhen Key Laboratory of Gene Regulation and Systems Biology
(Grant No. ZDSYS20200811144002008) from Shenzhen Innovation Committee of Science and Technology and Funding for
Scientific Research, the Scientific and Technological Innovation Team Project of Universities (Grant No. 24IRTSTHN037) and
the Joint Fund for the Cultivation of Superior Disciplines of Henan Province (Grant No. 222301420013), the Medical Appropriate
Technology Promotion project, the Young and Middle-aged Academic Leaders and the Leading Talents of Henan Health
Commission, and Funding for Scientific Research and Innovation Team of The First Affiliated Hospital of Zhengzhou University
(ZYCXTD2023004).

- Please upload all main and all EV figures as individual, high quality figure files.

- Please add a callout for Fig. 2A to the ms text.

- The Appendix file needs page numbers in the table of content on the title page; and each figure legend needs to be provided
directly after its figure

- The Reagent and tools table is missing in the methods section. Effective 1 July 2024, all research articles submitted as revised
versions must include a structured methods section that includes a Reagents and Tools Table followed by a Methods and
Protocols section. You can find more information about this in our guide to authors online:
https://www.embopress.org/page/journal/14693178/authorguide#structuredmethods

- The SOURCE DATA needs to be provided with a completed checklist that you should have received from Hannah Sonntag,
and it needs to be uploaded as one (zipped) folder per figure.

- The manuscript sections should be in the following order: Title page - Abstract & Keywords - Introduction - Results &
Discussion - Methods - Data Availability - Acknowledgments - Disclosure Statement & Competing Interests - References -
Figure Legends - (Main Tables with legends) - Expanded View Figure Legends.

- Please add the specific URL for the GSE246953 dataset to the data availability section.

- Please note that the exact p values are not provided in the legends of figures 3a, c-f; 4c, f; EV 3a, d.

- Please indicate the statistical test used for data analysis in the legends of figures EV 1e-f; EV 3a; EV 4a-f; EV 5c-d.

- Please note that information related to n is missing in the legends of figures 3a, c-f; 4a; EV 3b.

- Although 'n' is provided, please describe the nature of entity for 'n' in the legend of figure 4c.

- Please note that the error bars are not defined in the legend of figure 4a.

I would like to suggest a few changes to the title and abstract that needs to be written in present tense. Please let me know
whether you agree with the following: 

Abundant mRNA m1A modification in dinoflagellates: a new layer of gene regulation 



Dinoflagellates, a class of unicellular eukaryotic phytoplankton, exhibit minimal transcriptional regulation, representing a unique 
model for exploring gene expression. The biosynthesis, distribution, regulation, and function of mRNA N1-methyladenosine
(m1A) remain controversial due to its limited presence in typical eukaryotic mRNA. This study provides a comprehensive map of 
m1A in dinoflagellate mRNA and shows that m1A, rather than N6-methyladenosine (m6A), is the most prevalent internal mRNA 
modification in various dinoflagellate species, with an asymmetric distribution along mature transcripts. In Amphidinium carterae, 
we identify 6549 m1A sites characterized by a non-tRNA T-loop-like sequence motif within the transcripts of 3196 genes, many 
of which are involved in regulating carbon and nitrogen metabolism. Enriched within 3'UTRs, dinoflagellate mRNA m1A levels 
negatively correlate with translation efficiency. Nitrogen depletion further decreases mRNA m1A levels. Our data suggest that 
distinctive patterns of m1A modification influence the expression of metabolism-related genes through translational control. 

EMBO press papers are accompanied online by A) a short (1-2 sentences) summary of the findings and their significance, B) 2-
3 bullet points highlighting key results and C) a synopsis image that is exactly 550 pixels wide and 200-600 pixels high (the 
height is variable). The synopsis image should provide a sketch of the major findings, like a graphical abstract. Please note that 
text needs to be readable at the final size. Please send us this information along with the final manuscript. 

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

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #1:

Overall this is a well executed study that makes the surprising finding that m1A (a modified nucleotide) is widely abundant in 
mRNA from dinoflagellates. m1A was claimed to be high in mammalian mRNA but two studies (Grozhik et al and Schwartz et 
al.) showed the maps were artifacts of a bad antibody. This study uses the method developed by Schwartz (m1A-TIGRT-seq) 
and definitively shows m1A in dinoflagellates mRNA, which is very surprising and unusual. They test a candidate writer, and 
show it is not mediating m1A, so the enzyme writer is currently unknown. They provide evidence of a consensus site and a 
plausible function (mRNA translation inhibition likely due to stalling at m1A). Overall well done - I have no concerns.

Referee #2:

The revised version has addressed all my questions. I support the publication of this manuscript in EMBO reports.

Referee #3:

The authors have adequately addressed all my previous concerns.



1st Aug 20242nd Authors' Response to Reviewers

All editorial and formatting issues were resolved by the authors.



22nd Aug 20242nd Revision - Editorial Decision

Dr. Hao Chen
SUSTech
1088 Xueyuan Avenue
Shenzhen, Guangdong 518055
China

Dear Dr. Chen,

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

Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment
information. 

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https://www.embopress.org/page/journal/14693178/authorguide#chargesguide

Should you be planning a Press Release on your article, please get in contact with embo_production@springernature.com as
early as possible in order to coordinate publication and release dates. 

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to EMBO
Reports. 

Best regards,
Esther 

Esther Schnapp, PhD
Senior Editor
EMBO reports

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

>>> Please note that it is EMBO Reports policy for the transcript of the editorial process (containing referee reports and your
response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to inform the
Editorial Office via email immediately. More information is available here: https://www.embopress.org/transparent-
process#Review_Process
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the manuscript?
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