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1st Editorial Decision 30th Mar 2024

Dear Dr. Saveanu,

Thank you again for submitting your manuscript to the EMBO Journal and for sharing your preliminary point-by-point reply. We
have now read your response letter and we find the additional experiments and arguments helpful and productive. We would
therefore like to invite you to submit a revised version of the manuscript, addressing the comments of all three reviewers.

| should also add that it is The EMBO Journal policy to allow only a single major round of revision and that it is therefore
important to resolve the main concerns at this stage.

When preparing your letter of response to the referees’' comments, please bear in mind that this will form part of the Review
Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process,
please visit our website: https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess

We generally allow three months as standard revision time, which can be extended to 6 months in case of major revisions, such
as the experiments required here. As a matter of policy, competing manuscripts published during this period will not negatively
impact on our assessment of the conceptual advance presented by your study. However, we request that you contact the editor
as soon as possible upon publication of any related work, to discuss how to proceed. Should you foresee a problem in meeting
the deadline, please let us know in advance and we may be able to grant an extension.

Thank you for the opportunity to consider your work for publication. | look forward to your revision.

Yours sincerely,

Cornelius Schneider

Cornelius Schneider, PhD
Editor

The EMBO Journal
c.schneider@embojournal.org

Instructions for preparing your revised manuscript:
Please make sure you upload a letter of response to the referees' comments together with the revised manuscript.
Please also check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists.

When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen:

https://bit.ly/EMBOPressFigurePreparationGuideline

See also guidelines for figure legends: https://www.embopress.org/page/journal/14602075/authorguide#figureformat

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.

IMPORTANT: When you send the revision we will require

- a point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file).
- a word file of the manuscript text.

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors

https://www.embopress.org/page/journal/14602075/authorguide#expandedview

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and



conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure.

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide
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 (28th Jun 2024). Please discuss the revision progress ahead of this time with

the editor if you require more time to complete the revisions. Use the link below to submit your revision:

https://emboj.msubmit.net/cgi-bin/main.plex

Referee #1:

In this manuscript, Audebert and colleagues set out to critically examine the long-held assumption that mMRNA deadenylation is a
general prerequisite for mRNA decapping and decay. The authors start their manuscript by providing a comprehensive
introduction describing the data supporting and opposing this assumption. Next they analyze own and published data showing
that unstable mRNAs have indeed long poly(A) tails. The authors model the classical deadenylation-dependent and a new
proposed deadenylation-independent model and show that to explain the genomic data there is need for decapping to occurs
even in mMRNAs with long poly(A) tails. To test this model experimentally, the authors use an Auxin inducible degron of the main
deadenylases followed nanopore sequencing to measure poly(A) tails and SLAM-Seq to measure mRNA stability. Finally, they
use a reporter system to show that changes in the poly(A) length of the reporter does not affect the mRNA stability of the
reporter.

Overall, | think this is a very solid manuscript with a very balanced discussion. It brings new data to discuss a classical
assumption of RNA biology that will be important for the whole community. | do not have any major concern that would prevent
its publication.

Referee #2:

The consensus model of general mMRNA turnover in eukaryotes, largely based on studies of the turnover of reporter mMRNAs
following transcription inhibition in both yeast and mammalian cells, is that mRNA turnover predominantly involves an initial slow
deadenylation phase followed by decapping and subsequent 5' degradation. The same approaches have shown that some NMD
transcripts are rapidly degraded in a largely deadenylation-independent manner. More recently, broader studies have
demonstrated a strong correlation between poly(A) tail length and mRNA instability, with transcripts of stable house keeping
genes having predominantly short poly(A) tails at steady state. In this manuscript, the authors propose that a significant fraction
of mRNA degradation occurs in yeast in a "deadenylation-independent" manner. This model contravenes the consensus
deadenylation-dependent model and so is controversial, potentially highly significant and of interest to a broad readership.

Upf1 and Pab1 were found to be co-enriched with NMD substrates that have long poly(A) tails at steady state. Consideration of
published datasets led to the conclusions that Pab1 is associated with mRNAs with longer poly(A) tails, whether they are NMD
substrates or not, that poly(A) tail length is inversely correlated with stability and that slowing deadenylation rates did not cause
changes in poly(A) tail length that are consistent with alterations in stability. The authors then modelled mRNA turnover at
different rates of deadenylation and decapping and concluded that changes in the decapping rate, rather than the rate of
deadenylation, might explain the correlation between poly(A) tail length and instability. Depletion of both deadenylases caused
an increase in poly(A) tail length while depletion of Dcp2 caused a decrease in poly(A) tail length. Notably, poly(A) tail shortening
upon Dcp2 depletion was coupled to mRNA accumulation, while this was not seen upon depletion of the deadenylases. Similar
findings were reported using transcription-repressible reporter constructs. SLAM-seq experiments in cells depleted for Dcp2 or
the Ccr4 and Pop2 deadenylases revealed distinct alterations in mRNA stabilities, with different transcripts being differentially
sensitive to perturbations in decapping or deadenylation. The authors point out that these observations are not consistent with a
linear deadenylation and decapping pathway. Analysis of reporter mMRNA poly(A) tail lengths upon depletion of either Ccr4 or
Pop2 revealed increases in the longest poly(A) tails and depletion of the short poly(A) tails. Based on these findings, the authors
propose a predominantly deadenylation-independent degradation pathway for unstable mRNAs.

The results broadly support the conclusion that the current consensus "deadenylation then decapping” model of bulk mRNA
turnover is overly simplistic, particularly for mRNAs with relatively short half-lives. The experimentation is technically of a high
quality and statistically robust. As commented by the authors, the data can be interpreted either in a deadenylation-dependent
manner involving a rate-limiting decapping step or by a model where the prerequisite for deadenylation to an oligoadenylate tail
before rapid degradation no longer holds. The phrase "deadenylation-independent degradation” (used in the text and implied in
the title) is used to describe scenarios where rapid degradation is triggered before the poly(A) tail is shortened to an
oligoadenylate length. | find this misleading, as much of the data supports a role for the deadenylases in shortening poly(A) tails



during mRNA degradation. | think it would be more appropriate to describe this in terms of an uncoupling of the decapping and
deadenylation events, as stated in the abstract.

Specific comments

Pab1 is shown to be enriched with NMD substrates, while mRNAs with long poly(A) tails are reported to be enriched in the
Pab1-bound fraction (EV2C). | am not convinced from the data shown that the latter is a fair conclusion, as the traces for longer
poly(A) mRNAs (in yellow) look comparable in the Rpl16a and Pab1 enriched fractions. "Other" RNAs are apparently not
enriched in the Pab1-bound fraction (1C). Does this mean that the highly expressed house-keeping genes that typically have
short poly(A) tails, such as ribosomal protein encoding transcripts, are not enriched in the Pab1-bound fraction? If this is the
case, could it be that Pab1 enrichment is dependent upon multiple copies of Pab1 bound to longer poly(A) tails? Or that
enrichment is less sensitive to highly expressed transcripts?

The authors state that the most stable and least stable mMRNAs showed opposite changes in poly(A) tail length in deadenylase
mutants (p4, Fig S1C) but, from the data, it appears that both classes of transcript show a positive (increased) change in poly(A)
tail length compared to the wild-type strain (S1C). Since changes in poly(A) tail length upon depletion of the deadenylases does
not correlate with an increase in stability, the authors question "the impact of deadenylation on RNA degradation in yeast". The
data supports the conclusion that deadenylation occurs but is not rate-limiting - there appears to be an impact when depletion of
the enzymes affects poly(A) tail length and the poly(A) tails shorten over time.

The computational modelling data lead the authors to conclude that decapping rates may underlie the observed correlation
between poly(A) tail length and mRNA instability, as a slow decapping rate is required to observe oligoadenylated mRNAs. |
assume a deadenylation rate of 0.25/min relates to conversion of PAl to PAm or PAm to PAO. Is the "high" decapping rate of 0.5
min-1 based on experimental data? This seems similar to that measured for MFA2 reporters in Roy Parker's lab but is
considerably lower than that observed in in vitro decapping assays (e.g. Wurm et al., 2017). Would modelling using higher
decapping rates have a substantial effect?

Why does the ccr4A mutant have such a poor growth phenotype on YPD medium, compared to the wild-type strain (Fig EV3)?
The slow growth of strains depleted for deadenylases in the auxin degron strains might suggest an important role for
deadenylation in cell growth. These seems to be a stronger effect than observed for upf1A mutants that block NMD.

An increase in poly(A) tail length upon depletion of the Ccr4 and Caf1 deadenylases (3B, EV5) suggests that the mRNAs are
subjected, at least to a degree, to initial deadenylation. If a deadenylation pathway is in a simple competition with a decapping-
mediated pathway, then depletion of the deadenylases would stimulate decapping and the poly(A) tail lengthening effect would
be dampened, particularly for unstable mRNAs with a high decapping rate. This data may therefore support a deadenylation-
dependent initial phase within the pathway.

The data in 3C and 3D suggests that depletion of Dcp2, but not depletion of the deadenylases, causes a block in turnover
(supported by data in Fig 5). If decapping rather than deadenylation were rate-limiting for an average mRNA, then | think this is
what you would expect even if deadenylation preceded decapping.

It would perhaps be insightful to deplete Dcp2 and the decapping enzymes together. This would address whether other
pathways are involved to a significant degree.

It's not obvious why data is shown for the OPT-HIS3 and non-OPT-HIS3 reporters when the analysis of an unstable mRNA with
a long poly(A) tail and a stable, house keeping transcript would have been more in keeping with other experiments shown.

it would be useful to show the wild-type poly(A) profiles for comparison in Fig EVC,D and stack the panels, as in Fig. 5G.

| find the data in Fig EV5 quite informative as this data allows a direct comparison of poly(A) tail lengths during mRNA turnover. |
would propose to include this in Fig 5 (Fig 5 panels A, B and F could be put in the EV figure).

Referee #3:

This manuscript explores the role of deadenylation in stimulating decapping. Based on decades of studies, one of the paradigms
in the mRNA decay field has been that deadenylation precedes (and is required for) decapping. Here, the authors put forward a
different model, where decapping can occur independently of deadenylation. This model is based on analysis of mRNA half-
lives, poly(A)-tail lengths, and changes in both upon depletion of components of the deadenylase or decapping machineries.
Recent studies have demonstrated that there is substantially more subtlety in these relationships than the field would have
initially been predicted in the 1990s, but the conclusions of this manuscript are still surprising - where decapping occurs
independently of deadenylation and is the major determinant of mRNA stability. Clearly, the role of deadenylation and decapping
are still hotly debated - and from this perspective, this paper will be of interest - however, as it stands, the authors make many
unstated assumptions that may (likely) be the reason their conclusions differ so much from the established framework of mMRNA
decay. Thus, without substantially more experimentation and analysis, the interpretations of results and the conclusions are



over-stated without proper discussion of the published literature, and | cannot recommend publication in its current form.
Major comments:

1. To conclude that "Pab1 preferentially binds long poly(A)-tail RNAs" needs more evidence. For instance, the authors need to
show that RNAs bound by Pab1 have longer poly(A) tails than those originating from the same gene and not bound by Pab1.
Given that this analysis and other hand-picked examples of gene classes are the bulwark of their conclusion that "the
association of an mRNA with Pab1 can be considered a marker of their instability,” substantially more experiments need to be
performed to exclude other alternative explanations.

2. The authors mention Eisen, et al 2020, but do not discuss the fundamental differences in their models from the published one:
here, the authors assume that decapping rate is constant with different poly(A)-tail lengths (for transcripts from the same gene),
which is opposite to the conclusions of Eisen et al. (which found that the two rates, in mammalian cells, are often strongly
correlated and decapping rates are not constant). This assumption appears to be the basis of the difference in conclusions
between the two papers. Indeed, the previously published paper explained the lack of correlation between tail lengths and
stability to be partly due to this fundamental link between deadenylation and decapping rates. How do the authors' models and
conclusions change if they do not assume the same decapping rates for different tail lengths? How can the authors exclude this
alternative model?

3. The authors deplete various deadenylase components that could also impact the deadenylation-decapping coupling implied
by Eisen et al, papers from the Izaurralde group, etc. What happens when catalytic mutants are added back? Can the authors
distinguish between the catalytic aspect of deadenylation vs a structural requirement for the deadenylase complexes?



1st Authors' Response to Reviewers 19th Jul 2024

Audebert et al., answers and comments to the major points
raised by reviewers

We thank reviewer 1 for the words of appreciation about the results presented in the manuscript.

Answers to questions from reviewer 2

Question 1: The results broadly support the conclusion that the current consensus "deadenylation then
decapping" model of bulk mRNA turnover is overly simplistic, particularly for mRNAs with relatively short
half-lives. The experimentation is technically of a high quality and statistically robust. As commented by
the authors, the data can be interpreted either in a deadenylation-dependent manner involving a rate-
limiting decapping step or by a model where the prerequisite for deadenylation to an oligoadenylate tail
before rapid degradation no longer holds. The phrase "deadenylation-independent degradation" (used in
the text and implied in the title) is used to describe scenarios where rapid degradation is triggered before
the poly(A) tail is shortened to an oligoadenylate length. I find this misleading, as much of the data
supports a role for the deadenylases in shortening poly(A) tails during mRNA degradation. I think it
would be more appropriate to describe this in terms of an uncoupling of the decapping and deadenylation
events, as stated in the abstract.

Answer 1: We agree that the "deadenylation-independent degradation” terminology is not fully
consistent with the fact that deadenylation is part of the RNA degradation process and it is indeed the
lack of coupling and the possibility of both deadenylation and decapping occuring in parallell that is
what we investigated. We thus removed from the text any mention of "deadenylation-independent
degradation”. For example, the original phrasing:

"Slowing down deadenylation is expected to lead first to the accumulation of unstable RNAs in the
classical model and to have no impact in deadenylation-independent RNA degradation..."

now reads:

"Slowing down deadenylation is expected to lead first to the accumulation of unstable RNAs in the
classical model and to have no impact if initiation of RNA degradation is not dependent on prior
deadenylation..."

and

"Thus, perturbation of deadenylation or decapping led to results that are compatible with a
deadenylation-independent degradation of unstable RNAs in yeast."

now reads:

"Thus, perturbation of deadenylation or decapping led to results that are compatible with an uncoupling
between these processes during the degradation of unstable RNAs in yeast."

We agree that a different terminology could be used for the two models for the kinetics of RNA
degradation, one in which initial deadenylation is a requirement for decapping, and one in which it is
not. For example, naming them"serial" (deadenylation, then decapping) and "parallel” (deadenylation
and decapping occuring uncoupled) could have helped, but would make the link to the known
pathways and previous publications ("deadenylation-dependent” and "deadenylation-independent”)
less obvious. We reformatted the text in the revised version to try to keep the terminology consistent.
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Question 2: Pab1 is shown to be enriched with NMD substrates, while mRNAs with long poly(A) tails are
reported to be enriched in the Pab1-bound fraction (EV2C). I am not convinced from the data shown that
the latter is a fair conclusion, as the traces for longer poly(A) mRNAs (in yellow) look comparable in the
Rpll6a and Pab1 enriched fractions. "Other"” RNAs are apparently not enriched in the Pab1-bound
fraction (1C). Does this mean that the highly expressed house-keeping genes that typically have short
poly(A) tails, such as ribosomal protein encoding transcripts, are not enriched in the Pab1-bound
fraction? If this is the case, could it be that Pab1 enrichment is dependent upon multiple copies of Pab1
bound to longer poly(A) tails? Or that enrichment is less sensitive to highly expressed transcripts?

Answer 2: To answer the question of whether Pab1 specifically binds to long poly(A) tail transcripts
and if these are truly enriched in the purified fraction together with Pab1 we performed a control
experiment, now shown in Fig. EV2C, D and additional statistical tests, mentioned in the legend to Fig.
EV2E (former EV2C mentioned by the reviewer). We used a non-parametric test to estimate to what
extent there was a difference between the distribution of relative enrichment values for the two
categories of transcripts (short and long average poly(A) tail. The Wilcoxon rank sum test using the
null hypothesis that the two distributions have the same location led to a p-value of 6.5*107 for the
Rpl16a situation and values lower than 2*10°'® for the Upf1 and Pab1 conditions. We thus used the
Wilcoxon test with a different and more stringent null hypothesis, that the shift in the location of the
two distributions is larger than 25%. The new legend to Fig. EV2E, including the obtained results
reads:

"(E) The distribution of the enrichment values for two extreme categories of mRNA, with long (orange) or
short average poly(A) tails (black) was depicted for the purified samples in association with Rpl16a-TAP,
Upf1-TAP and Pab1-TAP. A Wilcoxon ranks sum test with continuity correction comparing the distribution
of relative enrichment values for long poly(A) tails mRNA versus short poly(A) tails, led to the following p
values (for a minimum 25% increase): 0.9997 for Rpl16a, less than 2*10™* for Upf1 and 1.9*10° for Pab1."

In addition to these additional statistical considerations, we wanted to show, by an independent
method, that specific transcripts enriched with Pab1 had longer poly(A) tails. Consistent with the
reviewer suggestion, we would expect that the presence of several Pab1 molecules on a longer poly(A)
tail would strengthen the interaction and thus the ability of these transcripts to be purified with Pab1.
We used ePAT, a method that allows an estimation of poly(A) tail length, to show, first, that an NMD
substrate has relatively long poly(A) tails both in a total extract and in association with Pab1 (new
panels EV2C and D). Next, we looked at the abundant transcript for the histone Hht2 which has, on
average, short poly(A) tails. The fraction of this transcript associated with Pab1 showed an extended
poly(A) tail, not visible in the total RNA extract. Thus, the purification of RNAs associated with Pab1 is
particularly good at enriching long poly(A) tail transcripts and allows the detection of populations of
RNA that are not visible in a total extract. For convenience, panel D and the corresponding legend are
included here (Fig. Reviewer 2 /Answer 2).

Question 3: The authors state that the most stable and least stable mRNAs showed **opposite** changes
in poly(A) tail length in deadenylase mutants (p4, Fig S1C) but, from the data, it appears that both classes
of transcript show a positive (increased) change in poly(A) tail length compared to the wild-type strain
(51C). Since changes in poly(A) tail length upon depletion of the deadenylases does not correlate with an
increase in stability, the authors question "the impact of deadenylation on RNA degradation in yeast". The
data supports the conclusion that deadenylation occurs but is not rate-limiting - there appears to be an
impact when depletion of the enzymes affects poly(A) tail length and the poly(A) tails shorten over time.

Answer 3: We agree with the reviewer that the term "opposite" was probably misused here and
amended the text accordingly.
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Initial version:

"Most stable 25% RNAs and most unstable 25% RNAs showed opposite relative changes in poly(A) tail
length (Fig. S1C)."

Revised version:

"Most stable 25% RNAs and most unstable 25% RNAs showed different relative changes in poly(A) tail
length, with a higher relative increase in the poly(A) tail length for relatively stable transcripts in one
case, deletion of PAN2, and with a lower effect on this class of transcripts in the absence of CCR4
(Appendix Fig. S1C)." - page 4
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Question 5: The computational modelling data lead the authors to conclude that decapping rates may
underlie the observed correlation between poly(A) tail length and mRNA instability, as a slow decapping
rate is required to observe oligoadenylated mRNAs. | assume a deadenylation rate of 0.25/min relates to
conversion of PAl to PAm or PAm to PAO. Is the "high" decapping rate of 0.5 min-1 based on experimental
data? This seems similar to that measured for MFAZ reporters in Roy Parker's lab but is considerably
lower than that observed in in vitro decapping assays (e.g. Wurm et al.,, 2017). Would modelling using
higher decapping rates have a substantial effect?

Answer 5: We used as test values the previously evaluated decapping rates for oligoadenylated RNA, in
the model of Cao and Parker, RNA 2001, PMID 11565744), which were approximately 0.46 min™ for the
rapidly degraded MFA2 transcript and 0.03 min™ for the stable PGK1 transcript. These were
computationally derived from experimental data. Deadenylation rates, probably more suitable called
pseudo-rates, were estimated in the Cao and Parker lab to vary between 1.3 min™ for MFA2 and 0.024
min for PGK1 for steps corresponding to the loss of 10 A. They would thus correspond to something
between 0.002 and 0.1 A/min. The values we used for the examples presented in Fig. 2E correspond to
arange of 0.0003 to 0.08 A/min., which are in a comparable range.

The much higher values measured for Dcp2 complexes for decapping in vitro (Wurm et al. 2017),
ranging in the 10-30min™ can be included in the model. For the one in which deadenylation preceded
decapping, having much higher values for the decapping rate leads to a marked decrease in the steady-
state levels of the shorter poly(A) forms. However, these forms are already minor at the highest
decapping rate that we initially used for modeling and the overall stability of RNA would be only
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slightly decreased (deadenylation being limiting). For the parallel degradation model, the situation is
different, as in this case, having much faster decapping would lead to a shorter half-life, characterized
also by mostly long poly(A) tails (no time for deadenylation).

Since these informations can be useful for the manuscript we added the following in the revised
version:

"The values of the rate constants used in these simulations were in the range of those estimated
previously from experimental and kinetic modeling results (Cao & Parker, 2001), even if we are aware
that measured in vitro decapping rates can be 10 to 50 times higher (Wurm et al, 2017)." - page 5

Question 6: Why does the ccr4A mutant have such a poor growth phenotype on YPD medium,
compared to the wild-type strain (Fig EV3)? The slow growth of strains depleted for deadenylases in
the auxin degron strains might suggest an important role for deadenylation in cell growth. These
seems to be a stronger effect than observed for upf1A mutants that block NMD.

In our hands and in the BY4741 genetic background, deletion of the genes for CCR4 and POP2 showed
a strong growth defect, described in previous publications (for example . Traven et al., Genetics 2005,
PMID 15466434, Traven et al.,, Genetics 2009, PMID 19487562 - a region of Fig. 5 of that paper is
shown in Fig. Reviewer 2 /Answer®6). This effect is probably not specific to the S288C derived
BY4741, as it was reported for the Sigma1278b strain as well (Lo et al., Genetics 2012 PMID
22595243).

Figure Reviewer 2/Answer 6

Deletion of CCR4 or POP2 affects yeast growth on YPD plates. Region of Fig. 5B
from the Traven et al., Genetics 2009, article.

Thus, the slow growth phenotype of S. cerevisiae strains lacking CCR4 or POP2 seems to be robust. It
was one of the major reasons why we developed the degron strains. When either Ccr4 or Pop2 were
depleted, the degron strains grew poorly, similar to the deletion strains. This growth defect could be
complemented by the expression of CCR4 or POP2 from a plasmid (new data presented in Fig. EV3C).

Deletion of UPF1, as well as that of other NMD factors, has little to no impact on the growth rate in S.
cerevisiae. It is possible that other RNA degradation pathways compensate the lack of NMD.

Question 7: An increase in poly(A) tail length upon depletion of the Ccr4 and Cafl deadenylases (3B,
EV5) suggests that the mRNAs are subjected, at least to a degree, to initial deadenylation. If a
deadenylation pathway is in a simple competition with a decapping-mediated pathway, then depletion
of the deadenylases would stimulate decapping and the poly(A) tail lengthening effect would be
dampened, particularly for unstable mRNAs with a high decapping rate. This data may therefore
support a deadenylation-dependent initial phase within the pathway.

Answer 7: We agree with the reviewer that our Nanopore results showing a global increase in the
poly(A) tail sizes for all RNAs when deadenylases were depleted, indicate that mRNAs are subjected to
initial deadenylation. We do not fully agree, however, with the idea that deadenylation and decapping
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are in competition. If the reviewer refers to the proposed uncoupling between deadenylation and
initiation of decapping, the presence of mRNAs with longer poly(A) tails should not affect decapping. A
different set of published results goes in the same direction, based on observations done in cells in
which the Pan2 /Pan3 deadenylase complex is inactive. In such cells, RNAs show a global increase in
the poly(A) tail length (Brown et al., Mol Cell Biol 1996, PMID 8816488, Tudek et al., Nat Commun
2021, PMID 34400637) but RNA degradation rates are minimally affected (Sun et al., Mol Cell 2013,
PMID 24119399).

Question 8: The data in 3C and 3D suggests that depletion of Dcp2, but not depletion of the
deadenylases, causes a block in turnover (supported by data in Fig 5). If decapping rather than
deadenylation were rate-limiting for an average mRNA, then I think this is what you would expect even
if deadenylation preceded decapping.

Answer 8: We agree with the reviewer that it can be difficult to distinguish a situation in which
deadenylation is required for decapping from the one in which the two are independent, when
decapping is required in both models. However, the obtained results suggest that decapping activation
and not deadenylation speed is the limiting step for RNA degradation. This is an important point that
we tried to express in the manuscript because, in general, the current consensus is that deadenylation
speed is the one that limits RNA degradation rates. Please note that we do not exclude the presence of
deadenylation as an importat part of RNA metabolism:

"We found that an increase in mRNA levels was accompanied by a decrease in the size of the poly(A) tails
when DcpZ2 was depleted (Fig. 3C). Such correlated changes were not observed in the strains depleted for
the Ccr4 and Pop2 deadenylases (Fig. 3D), even though the poly(A) tail length was clearly and globally
increased. Thus, perturbation of deadenylation or decapping led to results that are compatible with an
uncoupling between these processes during the degradation of unstable RNAs in yeast." - page 6

Question 9: It would perhaps be insightful to deplete Dcp2 and the decapping enzymes together. This
would address whether other pathways are involved to a significant degree.

Answer 9: We agree with the reviewer that depleting both deadenylases and decapping enzymes from
yeast would potentially allow the identification of other RNA degradation pathways. However, we
believe that this would represent an entirely new project that would not bring additional evidence to
the main message of the current manuscript, that deadenylation rate does not seem to play the role
that we thought it has as a limiting step in RNA degradation.

Question 10: It's not obvious why data is shown for the OPT-HIS3 and non-OPT-HIS3 reporters when
the analysis of an unstable mRNA with a long poly(A) tail and a stable, house keeping transcript would
have been more in keeping with other experiments shown.

Answer 10: A major advantage of the non-OPT-HIS3 and opt-HIS3 reporters is that, by design, we can
block their transcription by adding doxycycline to the medium. We could thus follow the degradation
kinetics for the reporters under conditions in which the cellular metabolism was minimally perturbed.
Moreover, the relatively high levels of expression of these reporters allow the evaluation of the poly(A)
tail dynamics by RNAse H and Northern blot, which would be technically very challenging for an
unstable endogenous transcript. Finally, similar reporters have been used to investigate the
importance of the coding sequence in RNA stability, leading to several important new results about
RNA degradation and the interplay between translation, the Ccr4-Not complex and decapping (eg
Webster et al., Mol Cell 2018, PMID 29932902). In this publication, the OPT-HIS3 used was stabilized in
the absence of Ccr4, shifting its half life from 16 to 43 minutes, but only marginally affected by Pop2
(Caf1) absence (shift from 16 to 19 min.). It is striking that the poly(A) profiles (Fig. S7 of the Webster
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et al. paper) for the degradation kinetics of OPT-HIS3 in an rpb1-1 strain (block of transcription)

clearly show the persistence of elongated poly(A) tails over time despite the minimal, or absent, effect
on RNA half-life (Fig. Reviewer 2, Answer 10).

Figure Reviewer 2, Answer 10

Part of Fig. S7 of the Webster et al., paper, in which
the poly(A) status of an OPT HIS3 reporter seems to
be uncoupled from the deadenylation kinetics.

Question 11: It would be useful to show the wild-type poly(A) profiles for comparison in Fig EVC,D
and stack the panels, as in Fig. 5G. [ find the data in Fig EV5 quite informative as this data allows a
direct comparison of poly(A) tail lengths during mRNA turnover. [ would propose to include this in Fig
5 (Fig 5 panels A, B and F could be put in the EV figure).

Answer 11: We agree with the reviewer that visual results have to be presented in the main figures of
the manuscript. We fully reorganized Fig. 5 to show the results from previous Fig. EV5. The poly(A)
profiles are now also shown stacked, as suggested. For convenience, an image of the new Fig. 5 is
presented below (Fig. Reviewer 2, Answer 11):
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We thank the reviewer for the comments, detailed questions and the crytical analysis of the
results and their implications.
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Answers to questions from reviewer 3

Context for the answers and general considerations: The reviewer's comment begins by stating
that our work "explores the role of deadenylation in stimulating decapping". This might be a slight
misunderstanding, as we rather tested whether the rate of deadenylation could be considered as the
main determinant of RNA degradation speed in yeast. We used mathematical modelling to understand
why the published steady-state distribution of poly(A) tail lengths was so different from that "naively”
expected from the original model of a mandatory deadenylation followed by degradation. We
confirmed previous findings that used modeling for results from yeast (Cao et al., RNA 2001, PMID
11565744) or human cells (Eisen et al., Mol Cell 2020, PMID 31902669) showing that decapping rate
must be highly variable among various transcripts with the same, short poly(A) tail, to explain
experimental results. What we propose is a generalization of this model that includes the possibility
that decapping can occur at any length of the poly(A) tail. Most importantly, we went further than the
previously published work mentioned above, by experimentally testing the main prediction of our
model, which is that mRNA degradation can occur at the same speed, even when the poly(A) tails of
mRNAs are longer (when deadenylation was inactivated). We benefited from using yeast strains in
which we could rapidly induce a deadenylation defect, in contrast to previous studies using slow
growing strains. Thus, our main results do not come from modelling but from direct observations of
the behaviour of poly(A) tails, mRNA levels and mRNA degradation kinetics.

In response to specific concerns raised by reviewer 3, please find below detailed explanations,
additional experimental and data analysis results.

Question 1: To conclude that "Pab1 preferentially binds long poly(A)-tail RNAs" needs more evidence. For
instance, the authors need to show that RNAs bound by Pab1 have longer poly(A) tails than those
originating from the same gene and not bound by Pab1. Given that this analysis and other hand-picked
examples of gene classes are the bulwark of their conclusion that "the association of an mRNA with Pab1
can be considered a marker of their instability,” substantially more experiments need to be performed to
exclude other alternative explanations.

Answer 1: We agree with the reviewer that the original version of the manuscript lacked this control
The experimental evidence that the RNAs co-purified with Pab1-TAP have long poly(A) tails is shown
in Fig. EV2D of the revised manuscript (please see the explanations and figure in response to
Question 2 of reviewer 2). We used ePAT, a method that allows the estimation of poly(A) tail
distribution with high sensitivity. Directly answering the reviewer question, the fraction of an
endogenous transcript that was bound by Pab1 showed longer poly(A) tails as compared to the input
RNA.

In addition to the experimental evidence that answers the reviewer's question, we would like to point
out that the "hand-picked examples of gene classes" mentioned by the reviewer represent two hundred
different XUT/SUT transcripts that are unstable, have longer than average poly(A) tails, and for which
RNA sequencing provided a sufficient number of reads for quantitation in the input and purified
fractions. These transcripts are degraded by nonsense-mediated mRNA decay, without prior
deadenylation. We are in the privileged situation in S. cerevisiae of being able to use an entire class of
diverse unstable transcripts to analyze experimental results. We believe that, together with the data
presented in Fig. EV2D, this answers the reviewer's first question and clarifies our choice of data
analysis presented in the manuscript.

Question 2: The authors mention Eisen, et al 2020, but do not discuss the fundamental differences in
their models from the published one: here, the authors assume that decapping rate is constant with
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different poly(A)-tail lengths (for transcripts from the same gene), which is opposite to the conclusions of
Eisen et al. (which found that the two rates, in mammalian cells, are often strongly correlated and
decapping rates are not constant). This assumption appears to be the basis of the difference in
conclusions between the two papers. Indeed, the previously published paper explained the lack of
correlation between tail lengths and stability to be partly due to this fundamental link between
deadenylation and decapping rates. How do the authors' models and conclusions change if they do not
assume the same decapping rates for different tail lengths? How can the authors exclude this alternative
model?

Answer 2: We agree that the original version of the manuscript did not include a detailed comparison
with previous models, such as the one used by Eisen et al. The short answer to the question of whether
we have considered the "classical” model of RNA degradation, including a highly variable decapping
step occuring mainly at short poly(A) tails, similar to the one used by Eisen et al., to explain our results
is "yes".

The reviewer asked whether we could exclude an alternative model in which decapping rates would be
different at different poly(A) tail lengths for a given transcript (increasing with decreased length). The
model used in Eisen et al. assumed that the probability of an mRNA being degraded increases as the
size of its poly(A) tail decreases, and that this probability follows a logistic function. For 97% of the
transcripts analyzed, they found that decapping (or degradation) occurred mostly at a mean tail length
of 50 nucleotides, or 25 nucleotides (for 69% of transcripts). Thus, in reality, the model used is similar,
albeit more complex, to the one we presented in Fig. 2C of our manuscript, under the label
"deadenylation-dependent decapping” (copied here in Fig. Reviewer 3 , Answer 2, A for
convenience). We used this model to show that it can only explain the steady-state distribution of yeast
poly(A) tails as a function of mRNA stability if the decapping rates are highly variable, high for unstable
transcripts and low for stable ones. We have therefore carried out an analysis that is similar to the one
requested. What is really important, and we believe this concept is not yet clear in the RNA community,
is that for a similar deadenylation rate, it is the decapping speed that would dictate the half-life of an
mRNA.

kinetic models for RNA degradation Eisen et al., parameters
3
(%) A
T T & &q&
synthesis l T &S &
70 nt. S N
o MAAAAAAAAA < ¥ ¥
deadenylati PR
eadenylation l ka2 ont half life | -0.61 | -0.89 | -0.70
e[ hrnanma
. PR,
deadenylation l ka 10 nt production rate | 0.49 | 0.51
AA .
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decapping ° l kp deadenylation rate | 0.60

exonucleolysis P{___hannaa

Figure Reviewer 3, Answer 2. Deadenylation-dependent model for RNA degradation and parameter
correlations in previous work.

(A) The model we used in the manuscript to estimate the expected steady-state relationship between mRNA
half-life and average poly(A) tail length.

(B) Correlations between RNA production and degradation parameters estimated in the Eisen et al., Mol Cell
2020 paper. Data were extracted from Table S1 (cell line 2). The numbers represent Pearson correlation
coefficients for log2 transformed reported values (3140 transcripts).
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The reviewer mentioned the strong correlation between deadenylation and decapping rates estimated
by Eisen et al., for human transcripts. We examined the transcript-specific parameters that were
estimated from the pulse-labelling experiments with 5-ethynyl-uridine in that paper. A strong
correlation was found between deadenylation and decapping rates (Pearson coefficient of 0.6), as
mentioned by the reviewer (Fig. Reviewer 3, Answer 2, B). However, strong correlations were also
present between the estimated production rate of the transcript and the deadenylation and decapping
rates (0.49 and 0.51). Furthermore, a strong negative correlation was found between the production
rate (including synthesis, splicing and nuclear export of mRNA) and the half-life of the analysed
transcripts. This finding is curious, as there is no known reason why the most stable transcripts
(estimated to have long half-lives) would have the lowest production rates. Previous estimates of
production rates and mRNA stability, based on metabolic labelling did not show such a trend
(Schwanhdusser et al., Nature 2011, PMID 21593866, correlation coefficient of 0.04 between
transcription rate and half-life, 4336 transcripts). We believe that, as a community, we should be very
cautious about attributing biological significance to results based on correlations between parameters
of a model. Either the situation is different among different organisms and experimental systems, or
the Eisen et al., model is not entirely appropriate for analysing the results, even if it is perfectly capable
of modeling them. Thus, the finding that deadenylation and decapping rates are correlated may need to
be independently validated.

The role of modelling is both descriptive, to find parameters that fit the data, and predictive. We may
not have emphasised enough in our manuscript the main reason why we favour a model in which
decapping can occur at any poly(A) tail length, as opposed to the classical "deadenylate and then
decap" model. Please note that the conclusions from Eisen et al., model about the correlation between
deadenylation and decapping speeds were not experimentally validated by perturbing deadenylation
or decapping rates. In this respect, we performed experiments, in which we rapidly inactivated
decapping or deadenylation and examined mRNA decay both on a large scale using SLAM-Seq, and on a
specific reporter. Our results provide evidence, independent of any model or particular assumptions,
suggesting that deadenylation and decapping are uncoupled processes that can occur independently
and at various speeds.

We agree that an extended discussion of similarities and differences with the Eisen et al., model is
useful for our manuscript and we increased the size of the corresponding paragraph in the Discussion,
copied here for convenience:

"Our results might seem at odds with the widely accepted idea that deadenylation precedes decapping in
the degradation of RNA in eukaryotes. Still, recent results have already suggested that deadenylation is
not linked with RNA degradation, at least during yeast meiosis (Wiener et al, 2021). Even the results of
large-scale metabolic labeling and poly(A) tail length measurements in 3T3 mouse cells (Eisen et al,
2020) are compatible with a deadenylation-independent mechanism for RNA degradation. Individual
highly unstable transcripts, such as Metrnl, showed a broad distribution of poly(A) tails at steady-state,
while a very stable one, such as Eef2, displayed a more compact distribution, with shorter poly(A) tails on
average. Individual cases were not reflected in a global correlation between poly(A) tail length and RNA
stability, potentially because deadenylation and decapping have different ranges and dynamics in
mammalian cells compared with yeast. Importantly, fitting a deadenylation-dependent model for RNA
degradation involved a highly variable parameter, the speed of decapping for oligoadenylated RNA
species. This speed varied by a factor of 1000 (Eisen et al, 2020), which is similar to the range of variation
in the reported model for the deadenylation speed. Thus, the published model only fits experimental data
if it includes a highly variable and limiting decapping speed. A strong correlation between measured
deadenylation and decapping rates (Pearson correlation coefficient of 0.6, based on data presented in
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Table S1, 3140 transcripts) might indicate that unstable mRNA are particularly prone to deadenylation
and that, once they reach a poly(A) threshold get decapped also rapidly. This result, based on the
correlation of the parameters obtained by data fitting to a specific model, need to be critically assessed.
For example, further examination of the reported parameters of the degradation kinetics of thousands of
transcripts showed a strong positive correlation between deadenylation rate and RNA production rate
(Pearson correlation coefficient 0.49) and also between decapping and RNA production (Pearson
correlation coefficient of 0.51). These results would imply that the most highly produced RNAs have also
the fastest deadenylation and decapping rates, a phenomenon that was not observed previously in
mammalian cells (Schwanhdusser et al, 2011) and has no obvious biological meaning. This example
illustrates why observed correlations between parameters of a model could be misleading, unless they can
be independently validated."

Question 3: The authors deplete various deadenylase components that could also impact the
deadenylation-decapping coupling implied by Eisen et al, papers from the Izaurralde group, etc. What
happens when catalytic mutants are added back? Can the authors distinguish between the catalytic
aspect of deadenylation vs a structural requirement for the deadenylase complexes?

Answer 3: The short answer to this question is that we cannot complement a phenotype (stabilization
of mRNA) that is not present. For example, our reporter mRNA showed no change in its half-life when
the two major yeast deadenylases were depleted. However, it clearly showed longer poly(A) tails
(original Fig. EV5, panel A, now Fig. 5E copied here for convenience).

E RNase H/Northern blot
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Figure 5E. Slowing down deadenylation does not change the half-life of a reporter mRNA. RNase H
experiments showing the size of the poly(A) tails at steady-state (time 0) or at different time points after
inhibition of reporter transcription by doxycyclin addition.

We agree with the reviewer that the presence of proteins alone, independent of their deadenylase
activity, may be required for specific phenotypes. Our manuscript cited a recently published example of
the effect of the Ccr4-Not complex on mRNA through ribosome ubiquitilation rather than via mRNA
deadenylation (Absmeier et al., Nat Struct Mol Biol 2023 PMID 37653243). Since we observed no
change in mRNA decay in the deadenylation enzyme depleted strains, we do not dispose of an mRNA
degradation phenotype that can be tested with either catalytically active or inactive enzymes. Please
also note that, as explained in the answer to the previous question, the correlation between
deadenylation and decapping rates suggested in the Eisen et al., paper, is not well established and has
not been fully and experimentally validated.

The reviewer mentioned papers from the Izaurralde group, which has made many very important
contributions to the understanding of RNA metabolism. We looked for specific papers that showed
how deadenylation and decapping might be connected. It is possible that the reviewer is referring to a
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paper published in 2010 (Haas et al, J Cell Biol 2010, PMID 20404111), which found a link between
deadenylation and decapping in Drosophila melanongaster and proposed that this link was mediated
by the Pat1(HPat)/Lsm1-7 complex. Our extensive quantitative mass spectrometry results performed
with yeast Patl, Lsm1, Lsm7 and Dhh1 (Fig EV1) identified a strong enrichment of decapping factors
together with yeast Pat1/Lsm1-7, but we did not found any interaction with members of the Ccr4-Not
complex. In previous experiments we also identified the proteins associated with the decapping
compley, in particular Dcp1, and also found no evidence of interaction with the Ccr4-Not complex
(Dehecq et al, EMBO J, 2018 PMID 30275269). We also looked at the available results from high-
throughput mass-spectrometry analyses of purified complexes in mammalian cells. While components
of the Ccr4-Not complex were identified in these experiments, no interaction with decapping or
Pat1/Lsm proteins was detected in mouse cells (Hein et al., Cell 2015 PMID 26496610) or human cells
in culture (Huttlin et al., Cell 2021, PMID 33961781, data can be explored at bioplex.hms.harvard.edu).

[t is therefore unclear whether the Drosophila results apply to yeast or mammalian RNA metabolism
and the potential link between deadenylation and decapping machineries remains to be investigated.

In conclusion, we believe that the current literature and our biochemical results do not strongly
support previous claims of a biochemical link between decapping and deadenylation in S. cerevisiae.
Moreover, such a link is not required to understand the distribution of poly(A) tails in relation with
mRNA stability. Furthermore, since we do not observe an RNA degradation phenotype associated with
deadenylases depletion, even though we have measured a clear and global change in poly(A) tail
lengths under these condition (e.g. Fig. 3B), there is no phenotype that we can challenge or test with
catalytically inactive deadenylases.

As a further control, and following the reviewer's comments, we now provide additional experimental
results obtained by using plasmids carrying catalytically active or mutated versions of CCR4 and POP2.
These complementation experiments showed that the degron strains recovered their growth rates
when the plasmids were present (new Fig. EV3C). Moreover, the extended poly(A) phenotype for an
endogenous transcript, measured by ePAT when either Ccr4 or Pop2 were depleted, was
complemented by the wild type version of Ccr4, but not by a Ccr4(E556A) variant. For Pop2 the
situation was different: both the wild type and the D310A mutant versions of the protein were able to
complement the growth defect and the extended poly(A) phenotype. These results are described in a
new paragraph included in the revised manuscript:

"The growth defect of degron strains could be reverted in the presence of a plasmid carrying the
corresponding deadenylase (Fig. EV3C). Expression of either CCR4 or POP2 could not complement the
growth defect of the double degron strain, as expected (Fig. EV3D). As a further validation of these
complementation results, we tested the poly(A) status of an endogenous transcript, HHTZ, by ePAT. We
observed that the increase in poly(A) length observed when Ccr4 was depleted could be reverted when
CCR4 was expressed, but not when a catalytically inactive version of the enzyme, E556A (Chen et al,
2002), was used (Fig. EV3E, F). The shift in poly(A) tail length for HHT2 was more modest when POP2
was depleted, and the Pop2(D310A) mutant, supposed to affect the enzymatic activity of Pop2, was as
effective as the wild type in reverting the poly(A) and growth phenotype (Fig. EV3C, E, G). It is possible
that the D310A change is not sufficient to completely inactivate the deadenylation activity of PopZ2, as
demonstrated in vitro (Ye et al, 2021). Alternatively, the presence of the protein is sufficient to activate the
deadenylase activity of Ccr4, as previously suggested (Tucker et al, 2002). In conclusion, the degron
system allow rapid depletion of the major deadenylases, with an impact on the poly(A) length of an
endogenous transcript."

The corresponding panels are copied here for convenience:

11/12



growth assay growth assay
C s d ypps D govinessay YPD+

YPD g estradiol+IAA YPD g estradiol+IAA
WTpRS315|@ & 2°| (@ 25 - WTpRS315| {8 22 - | (@ < -
o |PRS315|gh ¥ || & o PRS315| @) A - e
5] - . g » -
Slrecn|@ @ || @& o E|soord @ |
8 lpccra* @ o +4 §|PCCRY" | @Ry - -

g pRS315 |4 “'f .. T‘% PPOP2|@ st . || %
< | pPOP2 & A i pPOP2* i | |6
2 e,
a lppoP2- (@ 5 -
F
wt + pRS315 ccrd ideg + pCCR4

ccr4 ideg + pRS315 ccr4 ideg + pCCR4*
E ePAT assay (HHT2) P = 950

1
°
CCR4* = CCR4(E556A) 507
POP2* = POP2(D310A) EE,, 0:5
5 %025
= i i < ol
= E ccrd-ideg E pop2-ideg 20 o 20 4 o @
z 9D 0 [ Ts) approx. poly(A) size (nt)
S xzFd Znaa G
E 2 28 E Q99 wt + pRS315 pop2 ideg + pPOP2
MW= S & aMm a a o pop2 ideg + pRS315 m pop2 ideg + pPOP2*
~A73 — - - 1
Ao WHER Snye s

N9 N
o

a

Normalized
signal
o

o

20 0 20 40 60 80
approx. poly(A) size (nt)

Portion of Fig. EV3 of the revised manuscript. (C) Serial dilution plate growth assay for deletion and
inducible degron (ideg) strains affecting deadenylases of the CCR4/NOT complex. Growth on rich medium
(YPD, left) was compared with growth on rich medium containing B-estradiol and IAA (right). The strains
depleted for Ccr4 or Pop2 were transformed with a control plasmid (pRS315), pRS315-CCR4 or pRS315-
POP2. The asterisks indicates mutated versions of Ccr4, E556A, and Pop2, D310A. (D) Similar with (C), but
for the concomitant depletion of Ccr4 and Pop2. (E) Changes in the poly(A) tail size of HHT2 measured
using ePAT in the strains presented in panel (C). The TVN-PAT lane indicates the relative position of the A12
RNA. (F) Poly(A) size profile for HHT2 under Ccr4 depletion conditions was extracted from panel (E) and
normalized to the signal in each lane. (G) Similar to (F), but for the depletion of Pop2.

We thank the reviewer for the critical analysis of our manuscript and we would be happy to
engage in constructive conversations over any specific points the editor or the reviewers might
want further clarifications.
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1st Revision - Editorial Decision 12th Aug 2024

Dear Dr. Saveanu,

Thank you for submitting a revised version of your manuscript. Your study has now been seen by all original referees, who find
that their previous concerns have been addressed and now recommend publication of the manuscript. As you can see from the
comments referee #3 thinks that the manuscript might benefit from additional discussion of drawbacks and caveats of their
model. Otherwise, there remain only a few mainly editorial points that have to be addressed before | can extend formal
acceptance of the manuscript:

- As we are switching from a free-text author contribution statement towards a more formal statement based on Contributor Role
Taxonomy (CRediT) terms, please remove the present Author Contribution section and instead specify each author's
contribution(s) directly in the Author Information page of our submission system during upload of the final manuscript. See
https://casrai.org/credit/ for more information.

- Please adjust the in-text callouts for individual figures and figure panels: e.g. Fig. S2A, B and Fig. S2C, D should be corrected
to Appendix Fig. S2xx; callouts for Table S1 should be corrected to Appendix Table S1, and also include the missing callouts for
Appendix Table S2-S3

- Please complete the Figure Source checklist (general info table not completed)

- Please place the Appendix table legends above the corresponding tables and include page numbers of the listed items in the
table of contents (ToC);

- EXPANDED VIEW DATASETS (call-out: "Dataset EV1/2/3/4"), and the spreadsheets each need a separate "Legend" tab
containing dataset title and legend information, that should be removed from the Table of Contents in Appendix PDF

- Please provide the Reagent and Tools Table. For more information, please check
https://www.embopress.org/page/journal/14602075/authorguide#structuredmethods and download the template for Reagent
Table (attached for your convenience)

- Please provide suggestions for a short 'blurb’ text prefacing and summing up the conceptual aspect of the study in two
sentences (max. 250 characters), followed by 3-5 one-sentence 'bullet points' with brief factual statements of key results of the
paper; they will form the basis of an editor-written 'Synopsis' accompanying the online version of the article. Please also provide
an altered synopsis image, making sure that the aspect ratio conforms to our website's format - it should be exactly 550 pixels
wide and between 300-600 pixels high.

- please note that the valid and accessible URLs for GSE160642, GSE247954, and GSE211782 datasets should be provided in
the data availability statement.

- Please remove the "Appendix Material" section from ms file (including the legends for Fig. S1-S3 and Datasets EV1-EV4)
- Finally, there are a couple of points in the Figure Legends (main + EV) raised by our data editors:
1. Please note that the exact p values are not provided in the legends of figures 1c; 3b; EV 2a.

2. Please note that information related to n is missing in the legend of figure EV 1e.
3. Please note that the error bars are not defined in the legend of figure EV 1e.

Please let me know if you have any questions regarding any of these points. You can use the link below to upload the revised
files.

Thank you again for giving us the chance to consider your manuscript for The EMBO Journal. | look forward to receiving the final
version.

With best regards,

Cornelius Schneider

Cornelius Schneider, PhD
Editor | The EMBO Journal



c.schneider@embojournal.org

Referee #1:

| am satisfied with the author's responses to the other reviewers. | believe this process has significantly improved the clarity of
the manuscript.

Referee #2:

This manuscript is a very solid study that provides significant novel insights into the processes of mMRNA turnover in yeast.
Through modelling of MRNA turnover kinetics, rapid genetic depletion of deadenylation and decapping enzymes and the
analysis of mMRNAs on a transcriptome-wide basis and through the analysis of specific reporter transcripts, the data strongly
support the central conclusion that decapping and degradation of mMRNA before extensive deadenylation is a widespread
phenomenon. These findings are contrary to the general consensus model of euakryotic mMRNA turnover and will provide a basis
to reevaluate exisitng data and address in more detail the mechanistic basis of this process in future.

The authors have appropriately addressed the comments raised in my initial review and | support publication of the revised
manuscript.

Referee #3:

I commend the authors on their thoughtful revision and response to reviews. Although | still am not entirely convinced by some
interpretations, | think these differences reflect the current open questions in the field and a difference in relative weighting of
published results; in fact, | would suggest that the ideas and questions sparked by the authors' results highlight the importance
of their manuscript, rather than diminishing it. My only minor comment is that further potential limitations or caveats of their
models, as well as alternative explanations, in the Discussion would be a welcome addition for the reader. | support publication
of this manuscript.



2nd Authors' Response to Reviewers 29th Aug 2024

All editorial and formatting issues were resolved by the authors.



2nd Revision - Editorial Decision 11th Sep 2024

Dear Dr. Saveanu,
| am pleased to inform you that your manuscript has been accepted for publication in the EMBO 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/14602075/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 The EMBO
Journal.

Yours sincerely,

Cornelius Schneider, PhD
Editor

The EMBO Journal
c.schneider@embojournal.org

>>> Please note that it is The EMBO Journal 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

** Click here to be directed to your login page: https://emboj.msubmit.net
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This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in

transparent reporting in the life sciences (see Statement of Task: 10.31222/osf.io/9sm4x). Please follow the journal's guidelines in preparing your

Please note that a copy of this checklist will be published alongside your article.

Abridged guidelines for figures
1. Data
The data shown in figures should satisfy the following conditions:

— the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an accurate

and unbiased manner.

[ A |

2. Captions

ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.

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

Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data

Each figure caption should contain the following information, for each panel where they are relevant:
— a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements.

an explicit mention of the biological and chemical entity(ies) that are being measured.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

— an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including

how many animals, litters, cultures, etc.).

— a statement of how many times the experiment shown was independently replicated in the laboratory.
= definitions of statistical methods and measures:
- common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney tests, can be
unambiguously identified by name only, but more complex techniques should be described in the methods section;
- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?
- exact statistical test results, e.g., P values = x but not P values < x;
- definition of ‘center values’ as median or average;
- definition of error bars as s.d. or s.e.m.
Please complete ALL of the questions below.
Select "Not Applicable" only when the requested information is not relevant for your study.
Materials

Newly Created Materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Avalability Section)

New materials and reagents need to be available; do any restrictions
apply?

Yes

Materials and Methods, Dataset EV5 (plasmids), Reagent Tools Table

Antibodies

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

For antibodies provide the following information:

number and or/clone number
- Non-commercial: RRID or citation

- Commercial antibodies: RRID (if possible) or supplier name, catalogue

Materials and Methods and Reagent Tools Table

DNA and RNA sequences

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the
sequences.

Yes

Dataset EV5

Cell materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

RRID.

Cell lines: Provide species information, strain. Provide accession number
in repository OR supplier name, catalog number, clone number, and/OR

Primary cultures: Provide species, strain, sex of origin, genetic
modification status.

and tested for mycoplasma contamination.

Report if the cell lines were recently authenticated (e.g., by STR profiling)

Experimental animals

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex,
age, genetic modification status. Provide accession number in repository
OR supplier name, catalog number, clone number, OR RRID.

Animal observed in or captured from the field: Provide species, sex,
and age where possible.

Please detail housing and husbandry conditions.

Information included in
the manuscript?

In which section is the information available?

Plants and microbes 1
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant,
unique accession number if available, and source (including location for
collected wild specimens).

Microbes: provide species and strain, unique accession number if

Yes Materials and Methods, Reagents and Tools Table
available, and source.

Information included in
the manuscript?

In which section is the information available?

Human research participants "
P P (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.

Information included in
the manuscript?

In which section is the information available?

Core facilities 1
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in

y Yes
the acknowledgments section? Acknowledgments

Design
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Study protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availabilty Section)

If study protocol has been pre-registered, provide DOI in the
manuscript. For clinical trials, provide the trial registration number OR
cite DOI

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

Laboratory protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step
protocols are available.

Experimental study design and statistics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availabilty Section)

Include a statement about sample size estimate even if no statistical
methods were used.

Yes

Resullts, Figures

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

Include a statement about blinding even if no blinding was done.

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

If sample or data points were omitted from analysis, report if this was due
to attrition or intentional exclusion and provide iustification.

For every figure, are statistical tests justified as appropriate? Do the data|
meet the assumptions of the tests (e.g., normal distribution)? Describe
any methods used to assess it. Is there an estimate of variation within
each group of data? Is the variance similar between the groups that are
being statistically compared?

Figures

Sample definition and in-laboratory replication

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

In the figure legends: state number of times the experiment was
repli i in laboratory.

Yes

Figures

In the figure legends: define whether data describe technical or
biological repl

Yes

Figures — biological replicates

Ethics

Ethics

Information included in
the manuscrint?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availabilty Section)

Studies involving human participants: State details of authority
granting ethics approval (IRB or equivalent committee(s), provide
reference number for approval.

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

Studies involving human participants: For publication of patient photos,
include a statement confirming that consent to publish was obtained.

Studies involving experimental animals: State details of authority
granting ethics approval (IRB or equivalent committee(s), provide
reference number for approval. Include a statement of compliance with
ethical regulations.

Studies involving specimen and field samples: State if relevant permits
obtained, provide details of authority approving study; if none were
required, explain why.

Dual Use Research of Concern (DURC)

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Could your study fall under dual use research restrictions? Please check

biosecurity documents and list of select agents and toxins (CDC):
https://www. qov/sat/list.htm

If you used a select agent, is the security level of the lab appropriate and
reported in the manuscript?

If a study is subject to dual use research of concern regulations, is the
name of the authority granting approval and reference number for the
regulatory approval provided in the manuscript?

Report

ing

requiring specific guidelines and recommendations to complement MDAR.

The MDAR framework recommends adoption of discipline-specific guidelines, established and endorsed through community initiatives. Journals have their own policy about

Adherence to community standards

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Data A

State if relevant guidelines or checklists (e.g., ICMJE, MIBBI, ARRIVE,
PRISMA) have been followed or provided.

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

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

vailability

Data availability

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Have primary datasets been deposited according to the journal's
guidelines (see 'Data Deposition' section) and the respective accession
numbers provided in the Data Availability Section?

Yes

Data Availability

Were human clinical and genomic datasets deposited in a public
access-controlled repository in accordance to ethical obligations to the
patients and to the applicable consent agreement?

Are computational models that are central and integral to a study
available without restrictions in a machine-readable form? Were the
relevant accession numbers or links provided?

Description of the models is available in the Materials and Methods

If publicly available data were reused, provide the respective data

citations in the reference list.

Yes
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