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Reviewer Comments from Review Commons (transferred files) 29th Jul 2024

Review #1
1. Evidence, reproducibility and clarity:
Evidence, reproducibility and clarity (Required)

This is a manuscript that focuses on understanding the role of tubulin PTMs, especially
glutamylation, during the development and function of photoreceptor cells. The
investigators have generated CCP1-/- and CCP5-/- mice and investigated the effect of loss
of CCP1/5 on tubulin PTMs and photoreceptor cilia formation. Overallit is a nicely written
manuscript. All shown data are convincing, with very impressive images that are supported
by quantifications. This is definitely strength of the manuscript. However, expansion
microscopy does not provide sufficient resolution to allow going beyond descriptive study.
For example, does the loss of glutamylation affect axonemal microtubule organization,
which would lead to defects in photo-cilia formation and function? The only way to really
answer this question is to do EM analysis of WT and CCP1 or CCP5 mutant cells. | do
realize that doing EM analysis is not trivial, however, | think that EM analysis is absolutely
crucial for this study since it would reveal what are the consequences of loss of CCP1 and
CCP5 (leading to hyper-glutamylation) on ciliary microtubule organization, which is a main
question of the manuscript. For other specific comments see below:

1. In all quantifications of tubulin PTMs are expressed and "length of the signal". While this
is a valid measurement, it remains unclear whether the levels of glutamylation (intensity of
glutamylation normalized to intensity of tubulin in the same area) in CCP1 or CCP5 mutant
animals are affected in outer segment and connecting cilium. These analyses should be
performed and shown in the manuscript. This would allow to determine whether CCP1/5
affects glutamylation in basal body, connecting cilium or outer segments (or all of them).
2. Is transition zone formation affected in these cilia? That should be tested and quantified.
3. What is that "sheath-like" signal present in both, anti-polyglutamylation and anti-
detyrosination antibody-stained samples? Authors speculate that its polyglutamylation of
other (non-tubulin) proteins. However, anti-detyrosination antibodies also produces the
same signal, suggesting that it may be a non-specific signal. Do authors see the same
"sheath-like" signal in CCP mutants?

**Referee Cross-commenting**
| do not dispute the need of these types of studies, even itis a bit descriptive. | still think EM

would be extremely informative and would substantially increase the significant of the
study. Having said that, | do not think the lack of EM precludes the publication of this study.



Simply it will affect its significance and the journal where the study will ultimately be
published.

2. Significance:
Significance (Required)

While tubulin posttranslational modifications have emerged as very important aspect
during regulation of tubulin dynamics, how these PTMs affect tissue development in vivo
remains poorly understood. As the result, this study does have potential high significance
and would be of interest to a scientific community. The strength of this study is the
comprehensive analysis of tubulin PTMs in photoreceptor cells, as well as exploring the
roles of two de-glutamylases CCP1 and CCP5 in the process in vivo. However, authors do
not go beyond descriptive analysis of mice photoreceptors. As the result, the manuscript
lacks any mechanistic insights. Thus, it remains unclear what is the function of
glutamylation in photoreceptor cell development and function. Lack of this mechanistic
information limits the significance of this study.

3. How much time do you estimate the authors will need to complete the suggested
revisions:

Estimated time to Complete Revisions (Required)
(Decision Recommendation)
Between 3 and 6 months

4. Review Commons values the work of reviewers and encourages them to get credit
for their work. Select 'Yes' below to register your reviewing activity at Web of Science

Reviewer Recognition Service (formerly Publons); note that the content of your review

will not be visible on Web of Science.
Web of Science Reviewer Recognition

No

Review #2
1. Evidence, reproducibility and clarity:
Evidence, reproducibility and clarity (Required)

This study describes the molecular composition of the cilium of photoreceptor cells in wild
type mice and mutants in which the deglutamylation enzymes Ccp5 and Ccp1 have been


https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/
https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/

knocked-out. These mutations induced the degenerescence of photoreceptor cells. In
particular, the study focuses on the spatial distribution of post-translational modifications
of the tubulins forming the cilium and the associated morphological defects of the outer
segments of the photoreceptors. The study is based on the use of expansion microscopy in
order to accurately describe the organisation of microtubules at the distal part of the cilium
and the radial distribution of tubulin PTM in mouse (and human !) retina. Beyond the mere
but useful and original description of the patterns of PTM along the cilium, the comparison
between WT and mutant cilia allowed the authors to propose how these modifications
might contribute to photoreceptor cell degenerescence.

**Major comments**

All conclusions are based on the analysis of immunostainings of the retina of WT and
mutant mice that have been expanded by a protocol that had been developed and
improved by the authors over the last few years. Samples were properly fixed, expanded,
stained and imaged. Images have been well quantified so the conclusions are fully
supported by the data. So this work does not require further experiments.

**Minor comments**

The patterns of tubulin PTM do not directly account for the cell degenerescence and, as
discussed by the authors, it is likely the defective transport along the cilium that is
responsible for it. Hence the description of the localisation of IFT88 and LCAS5 are
important. | found surprising that IFT88 is absent from the centriole of Ccp5 and Ccp1
mutant although the centriole does not seem hyper or hypo glutamylated. Maybe itis. If so
it would be worth being described and discussed.

The functions of ccp5 and ccp1 could be more detailed in the introduction in order to allow
the reader to appreciate the novelty of this study.

**Referees cross-commenting**

Response to Reva3:

| fully agree with this comment and would not ask for the EM.
2. Significance:

Significance (Required)



*General assessment:*

The tubulin code is a great hypothesis, according to which tubulin PTM encode some
information along microtubules which regulate their function, and notably the type of cargo
that are transported along them, but this hypothesis has not yet been demonstrated. The «
code » is still under study and the consequence of this encoding are still unclear. To
progress on these questions we need to find examples of physiological misfunctions that
result from defective tubulin modifications. There are not so many examples and retina
pigmentosa might be one. So the description of a tissue that is highly dependent on
microtubules/cilia to function properly and which become defective when tubulin
modifications are altered is a highly valuable system which might become a reference in
the future to decode the tubulin code. A great outcome of this study is the description of
multiple PTM patterns and their interdependence, ie the impact of hyperglutamylation on
other modifications. Another important conclusion is the observation that the microtubule
structure is disorganized in the distal part of cilia in mutant mice. While there are several
examples of disruption of ciliary architecture upon the loss of structural proteins, | am not
aware of many other examples of such consequence for tubulin modification enzymes.

*Advance:*

This study is « descriptive only », in the sense that it reports careful measurements of PTM
patterns on different tissues without revealing how these modifications affect the transport
through the cilium and induce the degeneresence of the outter segment of the
photoreceptor cells. However such experiments might be difficult to perform in mice orin
their retina. The advantage of this study is to provide a fine characterisation of tubulin PTM
patten in atissue, butitis also its limitation since it is difficult to perform functionnal assay
ontissues.

*Audience:*

This work will be of interest to a broad audience : to cell biologists interested on the tubulin
code and cytoskeleton-based structures, to developemental biologists interested on ciliary
functions or retina developement and function, and to medical doctors interested in retina

disorders and ciliopathies.

*Reviewer expertise:*



I am a cell biologist working on cell cyctoskeleton and | am not aware of all recent progress
on ciliopathies nor tubulin PTM.

3. How much time do you estimate the authors will need to complete the suggested
revisions:

Estimated time to Complete Revisions (Required)
(Decision Recommendation)
Cannot tell/ Not applicable

4. Review Commons values the work of reviewers and encourages them to get credit

for their work. Select 'Yes' below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that the content of your review

will not be visible on Web of Science.
Web of Science Reviewer Recognition

No

Review #3
1. Evidence, reproducibility and clarity:
Evidence, reproducibility and clarity (Required)

This is well-executed and well-described study using recently developed expansion
microscopy techniques to improved the resolution of our understanding of location-
specific post-translational modifications of tubulin within mousse photoreceptor sensory
cilia (outer segments). The paper also reports the effects on these modifications and
overall retinal/photoreceptor morphology in mice with genetic deficiencies in
deglutamylating (CC5- Agbl-/- and CC1-/-) or tubulin acyl-transferase (Ata1-/-) enzymes.

The work is technically sound, but there are two suggestions. One is that the paper notes
the possibility of a non-tubulin glutamyated protein within the connecting cilium. The
authors may want to test with antibodies specific for RPGR, a protein known to be
glutamylated to see if it co-localizes, using their methods, with the mystery cross-reactivity
with the GT335 antibody. The other is that the authors reconsider their title. The basic
retinal degeneration phenotype of the Agbl-/- mice has previously been described. What
makes this paper interesting is the new information on nanoscale localization of specific
post-translational modifications and the ways that one PTM influences the others, and they


https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/
https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/

may want to capture these novel features in their title.

**Referee Cross-commenting**

My reading of the reviewers' comments is that there is consensus about the quality and
significance of the work, but some differences over what additional results are needed to
make a strong case for publication. In particular, the question of whether the authors
should be required to obtain electron microscopy data is one that could have great impact
on the time it would take to fulfill the reviewers' requests. There is not doubt that such data
would be useful in addressing the structural details of the ciliopathy models studied in this
MS, at a higher resolution even than is provided by the expansion/fluorescence
microscopy. In this reviewer's opinion, such a requirement misses the real significance of
the manuscript, which lies in the demonstration of the power of the imaging technology
employed to provide new and informative details about interesting neurodegeneration
models, rather than in the details themselves. This is not the first paper on the genotype in
question and need not be the last, so other groups are free to pursue electron microscopy
and other methods to delve even more deeply into the structural phenotype. Even then, itis
a truism that no amount of structural detail can ever unambiguously reveal mechanism, so
having such data would still not be the end of the story. To delay publication while the
authors search for a way to collect the EM data risks having the field, in which technical
advances are being made at a very rapid pace, pass by what is currently a paper at the
cutting edge.

2. Significance:
Significance (Required)

The significance arises largely from reveal with unprecedented resolution, the locations
within the photoreceptor sensory cilia of microtubules bearing certain post-translational
modifications. The observation of retinal degeneration in knockouts of deglutamylating
enzymes is not new, but is here revealed in much greater detail. Also of significance are the
influence of glutamylation on glycylation and the lack of obvious effects of loss of tubulin
acetylation.

3. How much time do you estimate the authors will need to complete the suggested
revisions:

Estimated time to Complete Revisions (Required)
(Decision Recommendation)

Less than 1 month



4. Review Commons values the work of reviewers and encourages them to get credit
for their work. Select 'Yes' below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that the content of your review

will not be visible on Web of Science.
Web of Science Reviewer Recognition

Yes
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Authors' Response to Reviewer Comments (transferred files) 29th Jul 2024

Full Revision ReView
COMMONS

Manuscript number: RC-2024-02462
Corresponding author(s): Virginie Hamel, Paul Guichard, Carsten Janke

1. General Statements [optional]

This section is optional. Insert here any general statements you wish to make about the goal of
the study or about the reviews.

2. Point-by-point description of the revisions

Reviewer #1 (Evidence, reproducibility and clarity (Required)):

This is a manuscript that focuses on understanding the role of tubulin PTMs, especially
glutamylation, during the development and function of photoreceptor cells. The investigators
have generated CCP1-/- and CCP5-/- mice and investigated the effect of loss of CCP1/5 on
tubulin PTMs and photoreceptor cilia formation. Overall it is a nicely written manuscript. All
shown data are convincing, with very impressive images that are supported by quantifications.
This is definitely strength of the manuscript. However, expansion microscopy does not provide
sufficient resolution to allow going beyond descriptive study. For example, does the loss of
glutamylation affect axonemal microtubule organization, which would lead to defects in photo-
cilia formation and function? The only way to really answer this question is to do EM analysis of
WT and CCP1 or CCP5 mutant cells. | do realize that doing EM analysis is not trivial, however, |
think that EM analysis is absolutely crucial for this study since it would reveal what are the
consequences of loss of CCP1 and CCP5 (leading to hyper-glutamylation) on ciliary microtubule
organization, which is a main question of the manuscript.



.. Re\ﬂew
Full Revision COMMONS

Figure 6G and Supplementary Figure 10). We noticed sometimes open B-tubules, that may
participate in IFT defects and OS collapse (data shown in revised Supplementary Figure 10).
Finally, we demonstrate that the CC-associated Y-links and inner scaffold structure are found in
the distal part of CCP5 mutant cilium, corroborating POC5 and CEP290 staining described using
expansion microscopy (revised Figure 6H, K, L). We hope that these additions will convince the
reviewer of the interest of this study beyond being descriptive.

For other specific comments see below:

1) In all quantifications of tubulin PTMs are expressed and "length of the signal". While this is a
valid measurement, it remains unclear whether the levels of glutamylation (intensity of
glutamylation normalized to intensity of tubulin in the same area) in CCP1 or CCP5 mutant
animals are affected in outer segment and connecting cilium. These analyses should be
performed and shown in the manuscript. This would allow to determine whether CCP1/5 affects
glutamylation in basal body, connecting cilium or outer segments (or all of them).

Thank you for this comment. We agree that this information was missing. We have now provided
a quantification of GT335 intensity in 3 different locations (centriole, connecting cilium (CC), and
bulge in WT to highlight the intense signal observed at the CC (revised Supplementary Figure
3A-C). Furthermore, we compared the GT335 signal intensity in the distal cilium of WT and CCP5
mutant and confirmed the hyperglutamylation in this compartment in CCP5 mutant (revised
Figure 5J-L). Of note, we decided to normalize the GT335 signal on background rather than on
tubulin, in case the glutamylation level change has an impact on the tubulin signal itself.

2) Is transition zone formation affected in these cilia? That should be tested and quantified.

Thank you for raising this point. If by ‘transition zone formation’, the reviewer means the setup of
the connecting cilium, we did not check properly at early time points of degeneration (between P4
and P30). However, in CCP1 and CCP5 mutants, the degeneration starts quite late (within few
months), so we do not expect early events of ciliary formation to be impacted, that would lead to
ciliary defects earlier. Furthermore, at late time points, we looked at two connecting cilium markers
POC5 and CEP290, that reveal similar signal localization compared to WT, except that the CC
length is increased (revised Figure 6A, C, E, F).

3) What is that "sheath-like" signal present in both, anti-polyglutamylation and anti-
detyrosination antibody-stained samples? Authors speculate that its polyglutamylation of other
(non-tubulin) proteins. However, anti-detyrosination antibodies also produces the same signal,
suggesting that it may be a non-specific signal. Do authors see the same "sheath-like" signal in
CCP mutants?



.. Re\ﬂew
Full Revision COMMONS

We thank the reviewer 1 for this comment. The presence of this sheath-like signal is really
intriguing in WT, being too far from the tubulin to account for a tubulin modification. We now
analyzed the GT335 signal evolution along outer segment (OS) early development (P10, P14,
P22), and revealed that the sheath-like structure is not present at the very beginning of OS
development (revised Figure 1G-l). Also, we compared the GT335 signal width in WT and CCP5
mutant CC and revealed that this external signal is lost in the mutant (revised Figure 5J, K, M,
N). We hypothesized that the signal could come from another protein, such as RPGR, that has
been shown to be glutamylated (Sun et al., 2016). To test this hypothesis, we stained for RPGR
in WT and CCP5 mutants in mice, alongside a staining in human photoreceptor cells (revised
Figure 50-S). Of interest, we found that RPGR signal in human photoreceptors, which gave a
better signal than in mice, is overlapping with the sleeve formed by GT335. This suggests that
this RPGR could be part of this sheath-like structure. Furthermore, in CCP5 mutant, RPGR signal
is lost, together with the GT335-associated sleeve, further hinting for a link between these two.
RPGR being crucial for IFT and actin dynamics in the bulge, its loss could contribute to
photoreceptor death. These new data and hypothesis have been integrated in the revised
manuscript.

**Referee Cross-commenting**

| do not dispute the need of these types of studies, even it is a bit descriptive. | still think EM
would be extremely informative and would substantially increase the significant of the study.
Having said that, | do not think the lack of EM precludes the publication of this study. Simply it
will affect its significance and the journal where the study will ultimately be published.

Reviewer #1 (Significance (Required)):

While tubulin posttranslational modifications have emerged as very important aspect during
regulation of tubulin dynamics, how these PTMs affect tissue development in vivo remains
poorly understood. As the result, this study does have potential high significance and would be
of interest to a scientific community. The strength of this study is the comprehensive analysis of
tubulin PTMs in photoreceptor cells, as well as exploring the roles of two de-glutamylases CCP1
and CCP5 in the process in vivo. However, authors do not go beyond descriptive analysis of
mice photoreceptors. As the result, the manuscript lacks any mechanistic insights. Thus, it
remains unclear what is the function of glutamylation in photoreceptor cell development and
function. Lack of this mechanistic information limits the significance of this study.

We hope that with the additional experiments performed including EM analysis and RPGR
staining, this study provides more mechanistic insights into the role of tubulin PTMs in
photoreceptor cells.



.. Re\ﬁew
Full Revision COMMONS

Reviewer #2 (Evidence, reproducibility and clarity (Required)):

This study describes the molecular composition of the cilium of photoreceptor cells in wild type
mice and mutants in which the deglutamylation enzymes Ccp5 and Ccp1 have been knocked-
out. These mutations induced the degenerescence of photoreceptor cells. In particular, the
study focuses on the spatial distribution of post-translational modifications of the tubulins
forming the cilium and the associated morphological defects of the outer segments of the
photoreceptors. The study is based on the use of expansion microscopy in order to accurately
describe the organisation of microtubules at the distal part of the cilium and the radial
distribution of tubulin PTM in mouse (and human !) retina. Beyond the mere but useful and
original description of the patterns of PTM along the cilium, the comparison between WT and
mutant cilia allowed the authors to propose how these modifications might contribute to
photoreceptor cell degenerescence.

Major comments

All conclusions are based on the analysis of immunostainings of the retina of WT and mutant
mice that have been expanded by a protocol that had been developed and improved by the
authors over the last few years. Samples were properly fixed, expanded, stained and imaged.
Images have been well quantified so the conclusions are fully supported by the data. So this
work does not require further experiments.

Minor comments

The patterns of tubulin PTM do not directly account for the cell degenerescence and, as
discussed by the authors, it is likely the defective transport along the cilium that is responsible
for it. Hence the description of the localisation of IFT88 and LCA5 are important. | found
surprising that IFT88 is absent from the centriole of Ccp5 and Ccp1 mutant although the
centriole does not seem hyper or hypo glutamylated. Maybe it is. If so it would be worth being
described and discussed.



.. Re\ﬁew
Full Revision COMMONS

The functions of ccp5 and ccp1 could be more detailed in the introduction in order to allow the
reader to appreciate the novelty of this study.

**Referees cross-commenting**
Response to Rev3:

| fully agree with this comment and would not ask for the EM.

Reviewer #2 (Significance (Required)):

General assessment:

The tubulin code is a great hypothesis, according to which tubulin PTM encode some
information along microtubules which regulate their function, and notably the type of cargo that
are transported along them, but this hypothesis has not yet been demonstrated. The « code » is
still under study and the consequence of this encoding are still unclear. To progress on these
questions we need to find examples of physiological misfunctions that result from defective
tubulin modifications. There are not so many examples and retina pigmentosa might be one. So
the description of a tissue that is highly dependent on microtubules/cilia to function properly and
which become defective when tubulin modifications are altered is a highly valuable system
which might become a reference in the future to decode the tubulin code. A great outcome of
this study is the description of multiple PTM patterns and their interdependence, ie the impact of
hyperglutamylation on other modifications. Another important conclusion is the observation that
the microtubule structure is disorganized in the distal part of cilia in mutant mice. While there are
several examples of disruption of ciliary architecture upon the loss of structural proteins, | am
not aware of many other examples of such consequence for tubulin modification enzymes.

Advance:

This study is « descriptive only », in the sense that it reports careful measurements of PTM
patterns on different tissues without revealing how these modifications affect the transport
through the cilium and induce the degeneresence of the outter segment of the photoreceptor
cells. However such experiments might be difficult to perform in mice or in their retina. The
advantage of this study is to provide a fine characterisation of tubulin PTM patten in a tissue, but
it is also its limitation since it is difficult to perform functionnal assay on tissues.

Audience:
This work will be of interest to a broad audience : to cell biologists interested on the tubulin code
and cytoskeleton-based structures, to developemental biologists interested on ciliary functions



.. Re\ﬁew
Full Revision COMMONS

or retina developement and function, and to medical doctors interested in retina disorders and
ciliopathies.

Reviewer expertise:
| am a cell biologist working on cell cyctoskeleton and | am not aware of all recent progress on
ciliopathies nor tubulin PTM.

Reviewer #3 (Evidence, reproducibility and clarity (Required)):

This is well-executed and well-described study using recently developed expansion microscopy
techniques to improved the resolution of our understanding of location-specific post-translational
modifications of tubulin within mousse photoreceptor sensory cilia (outer segments). The paper
also reports the effects on these modifications and overall retinal/photoreceptor morphology in
mice with genetic deficiencies in deglutamylating (CC5- Agbl-/- and CC1-/-) or tubulin acyl-
transferase (Ata1-/-) enzymes.

**Referee Cross-commenting**

My reading of the reviewers' comments is that there is consensus about the quality and
significance of the work, but some differences over what additional results are needed to make
a strong case for publication. In particular, the question of whether the authors should be
required to obtain electron microscopy data is one that could have great impact on the time it
would take to fulfill the reviewers' requests. There is not doubt that such data would be useful in
addressing the structural details of the ciliopathy models studied in this MS, at a higher
resolution even than is provided by the expansion/fluorescence microscopy. In this reviewer's
opinion, such a requirement misses the real significance of the manuscript, which lies in the
demonstration of the power of the imaging technology employed to provide new and informative
details about interesting neurodegeneration models, rather than in the details themselves. This
is not the first paper on the genotype in question and need not be the last, so other groups are
free to pursue electron microscopy and other methods to delve even more deeply into the
structural phenotype. Even then, it is a truism that no amount of structural detail can ever
unambiguously reveal mechanism, so having such data would still not be the end of the story.
To delay publication while the authors search for a way to collect the EM data risks having the
field, in which technical advances are being made at a very rapid pace, pass by what is
currently a paper at the cutting edge.

The work is technically sound, but there are two suggestions. One is that the paper notes the
possibility of a non-tubulin glutamyated protein within the connecting cilium. The authors may
want to test with antibodies specific for RPGR, a protein known to be glutamylated to see if it co-
localizes, using their methods, with the mystery cross-reactivity with the GT335 antibody.



.. Re\ﬂew
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The other is that the authors reconsider their title. The basic retinal degeneration phenotype of
the Agbl-/- mice has previously been described. What makes this paper interesting is the new
information on nanoscale localization of specific post-translational modifications and the ways
that one PTM influences the others, and they may want to capture these novel features in their
title.

We thank the reviewer for these comments. We have now included a panel with RPGR staining
in WT and CCP5 " mice, together with RPGR staining in human photoreceptor cells (revised
Figure 50-S). We show that RPGR staining coincides with the glutamylated sleeve observed with
GT335 staining. Furthermore, in CCP5 mutant, both glutamylated sheath-like structure and RPGR
seem to be lost, corroborating the idea that RPGR could be part of this sleeve. Also, RPGR being
associated with IFT and actin dynamics in the bulge, it is not surprising that its loss is
accompanied by a collapse of the OS. We have now integrated these new data in the revised
manuscript.

Furthermore, we have now changed the title:

“Glutamylation imbalance impairs the molecular architecture of the photoreceptor cilium”

Reviewer #3 (Significance (Required)):

The significance arises largely from reveal with unprecedented resolution, the locations within
the photoreceptor sensory cilia of microtubules bearing certain post-translational modifications.
The observation of retinal degeneration in knockouts of deglutamylating enzymes is not new,
but is here revealed in much greater detail. Also of significance are the influence of
glutamylation on glycylation and the lack of obvious effects of loss of tubulin acetylation.



1st Editorial Decision 1st Sep 2024

Dear Dr. Hamel,

Thank you for submitting your revised Review Commons manuscript to The EMBO Journal. Your manuscript has now been
seen by one of the original reviewers, who finds that their main concerns have been addressed and now recommend publication
of the manuscript. | will therefore be happy to accept the manuscript for publication in The EMBO Journal after its reformatting
along the guidelines included in the attached document.

Please feel free to contact me if you have any further questions regarding this final editorial revision. Please use the link below to
upload the revised files.

Thank you for the opportunity to consider your work for publication, and | look forward to receiving your revised manuscript.
With best regards,

leva

leva Gailite, PhD

Senior Scientific Editor
The EMBO Journal
Meyerhofstrasse 1
D-69117 Heidelberg

Tel: +4962218891309
i.gailite@embojournal.org

Instructions for preparing your revised manuscript:
Please 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 figure legend guidelines: https://www.embopress.org/page/journal/14602075/authorguide#figureformat

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

- a Reagents and Tools Table as part of the Methods section, which can be downloaded from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide#structuredmethods)

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 (30th Nov 2024). Please discuss the revision progress ahead of this time with
the editor if you require more time to complete the revisions.



Referee #1:

Authors have addressed all my comments/concerns. In my opinions this revised manuscript is now ready for publication at
EMBO Journal.



1st Authors' Response to Reviewers 30th Sep 2024

Response to reviewers

Referee #1:

Authors have addressed all my comments/concerns. In my opinions this revised
manuscript is now ready for publication at EMBO Journal.

We thank the reviewer for his/her feedback

Note:

1- for Figure 1B. Looking for source data, we realized we had better top view images for
Acetylated tubulin that we decided to replace (CC and centriole).

2- The quantification for the GT335 and tubulin signal width (From figure 11) was not
explained in the method. We now added a new paragraph.

3- Affiliation of the second author has been updated.



1st Revision - Editorial Decision 14th Oct 2024

Dear Dr. Hamel,

Thank you for submitting a revised version of your manuscript and for addressing most of the remaining editorial points. | am
afraid that there remain a few formatting aspects as outlined below that still need to be implemented in the manuscript:

1. Please include corresponding authors' email addresses on the front page.

2. Please provide up to five keywords.

3. Please move "Data Availability" section before "Acknowledgments".

4. Please rename "Declaration of competing interest" section into "Disclosure Statement and Competing Interests" and move
after Acknowledgments.

5. Supplementary figure 7A is mentioned in the manuscript text, while there are only five Appendix figures. Please check and
correct.

6. Table S1 is mentioned in the text, but is not provided - should the callout be updated to Reagents and Tools Table?

7. Please remove Reagents and Tools Table from the manuscript text and upload as a separate .docx file. choosing the file type
"Reagent Table".

8. In our standard image integrity check, we noted that the same image has been reused in figure panels 6G and EV4. Please
indicate this in the figure legend.

9. Our data editors have flagged the following issues in figure legends that need correcting:

- Please provide the exact p values in the legends of figures 1i; 3e; 4g-1; 5e, h-i, n; 6¢-d, f, j; EV 1f.

- Please note that for the figure 2g, p-values and statistical tests are indicated in the legends. However, comparison for the
same, ""***"" has not been represented in the figure. Please rectify this in the figure or legend as applicable.

- Please describe the nature of replicates (e.g., biological or technical) in the legend of figure EV 1b.

- Please define the error bars in the legends of figures 4g-k.

- Please provide the scale bar for figures 1b-e; 2b-e; 3b-d, f-i; 4b-f.

- Please note that scale bar and its definition are missing for figures 1h; 5m; EV 1e.

| have also gone through the abstract and synopsis of the manuscript and would like to propose the edits included below and in
the attached file. | have also written a short blurb that will accompany the title of your manuscript on our online page of contents.
Please take a look and let me know if any corrections are needed.

Blurb:
Super-resolution ultrastructure expansion microscopy reveals the nanoscale localization of post-translational tubulin
modifications in human and mouse photoreceptors.

Synopsis:

Tubulin post-translational modifications (PTMs) are highly enriched in the cilia and are important for photoreceptor architecture
and function. This study reveals the nanoscale localization of tubulin PTMs along the cilium of mouse and human photoreceptor
cells and implicates glutamylation in correct establishment of ciliary molecular architecture.

. Ultrastructure expansion microscopy reveals that most tubulin PTMs are enriched in the connecting cilium and bulge region of
photoreceptor cilia.

. Hyperglutamylation upon loss of deglutamylases CCP1 or CCP5 leads to architectural defects of the axoneme and loss of the
bulge region.

. Hyperglutamylation causes mislocalization or loss of ciliary components, including intraflagellar transport proteins.

. Hyperglutamylation is associated with extended connecting cilium.

Please feel free to contact me if have any questions regarding this final revision. Thank you again for giving us the chance to
consider your manuscript for The EMBO Journal. | look forward to receiving the revised version.

With best regards,

leva

leva Gailite, PhD

Senior Scientific Editor
The EMBO Journal
Meyerhofstrasse 1
D-69117 Heidelberg

Tel: +4962218891309
i.gailite@embojournal.org



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 (12th Jan 2025). Please discuss the revision progress ahead of this time with

the editor if you require more time to complete the revisions.




2nd Authors' Response to Reviewers 17th Oct 2024

The authors addressed the remaining editorial issues.



2nd Revision - Editorial Decision 18th Oct 2024

Dear Virginie,

Thank you for implementing the final edits and for your input on the textual changes. | am happy to go ahead with the corrected
blurb. I am now 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 and congratulations on a nice study!

With best wishes,

leva

leva Gailite, PhD

Senior Scientific Editor
The EMBO Journal
Meyerhofstrasse 1
D-69117 Heidelberg

Tel: +4962218891309
i.gailite@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
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USEFUL LINKS FOR COMPLETING THIS FORM
The EMBO Journal - Author Guidelines
EMBO Reports - Author Guidelines
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EMBO Molecular Medicine - Author Guidelines

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: 10.31222/0sf.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.

1

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.

— an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
— the exact sample size (n) for each experimental group/condition, given as a number, not a range;
— adescription of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including

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

!

= definitions of statistical methods and measures:

a statement of how many times the experiment shown was independently replicated in the laboratory.

- 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

Information included in

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

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

Information included in

Antibodies 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:

- Commercial antibodies: RRID (if possible) or supplier name, catalogue
number and or/clone number

- Non-commercial: RRID or citation

Reagents and tools table

Information included in

DNA and RNA i
ani sequences 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.

Information included in

Cell materials N
the manuscript?

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

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.

Report if the cell lines were recently authenticated (e.g., by STR profiling)
and tested for mycoplasma contamination.

Information included in

Experimental animals q
P! 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 Yes
OR supplier name, catalog number, clone number, OR RRID.

Structure Methods

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

Please detail housing and husbandry conditions.

Information included in

Plan nd micr i
ants and microbes the manuscript?

In which section is the information available?
(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
available, and source.

Information included in

Human research participants X
p P the manuscript?

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

If collected and within the bounds of privacy constraints report on age, sex

Y
and gender or ethnicity for all study participants. s

Methods and Protocols

Information included in

Core facilities i
the manuscript?

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

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

the acknowledgments section?

Methods and Protocols

Design
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Ethics

Study protocol

Information included in
the manuscript?

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

Yes

Methods and Protocols

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 Availability Section)

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

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 justification.

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?

Figure Legends

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 replicated
in laboratory.

Yes

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

Yes

Figure Legends

Ethics

Information included in
the manuscript?

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

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

Yes

Methods

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.

MEthods

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.

Methods

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:/h nts.gov/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?

Reporting

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

specific guidelines and recommendations to complement MDAR.

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)

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 quidelines.

For phase Il and Il 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.

Data Availability

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?

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?

If publicly available data were reused, provide the respective data citations
in the reference list.
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