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17th Oct 20231st Editorial Decision

Dear Dr. Shaham, 

Thank you for submitting your manuscript for consideration by the EMBO Journal. We have now received comments from three
reviewers, which are included below for your information. 

As you will see from the reports, all reviewers find the study of interest, while also pointing out a number of aspects that would
need to be improved in the final manuscript before they can recommend acceptance. From my side, I find the comments
generally reasonable. If point 1 by referee #2 cannot be addressed due to the lack of available stage-specific promoters, this will
not be absolutely required for acceptance here. 

Based on the interest expressed in the reports, I would like to invite you to address the issues raised by the referees in a revised
manuscript. I would be happy to discuss the revision in more detail via email or phone/videoconferencing - please let me know
which option you prefer. 

We generally allow three months as standard revision time. 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, please
contact me as soon as possible upon publication of any related work to discuss the appropriate course of action. Should you
foresee a problem in meeting this deadline, please let us know in advance to discuss an extension. 

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. Please also see
the attached instructions for further guidelines on preparation of the revised manuscript. 

Please feel free to contact me if you have any further questions regarding the revision. Thank you for the opportunity to consider
your work for publication. I look forward to discussing your revision. 

With best regards, 

Ieva 

--- 
Ieva 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 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 (15th Jan 2024). Please discuss the revision progress ahead of this time with 
the editor if you require more time to complete the revisions.

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

Referee #1: 

Summary 
In this manuscript Stefanakis et al. developed tools to enable them to analyze the transcriptome of GLR glial cells. This analysis 
identified LET-381/FoxF and UNC-30/Pitx2 as key regulators of GLR fate specification. Further, they found that LET-381/FoxF 
and UNC-30/Pitx2, when expressed together, are sufficient to drive GLR fate in other cells. Finally, genetic ablation studies 
showed that the presence of GLR cells is required for locomotion and sensitivity to NaCl exposure. Together, the authors used 
standard C. elegans techniques to provide new knowledge of GLR cell specification and function that provides a platform for 
further dissection of glial cell specification and function. 

Major concerns 

1) I have a major concern regarding the functional data. The GLR genetic ablation strain shows robust effects on worm
locomotion and salt sensitivity. However, these defects are likely caused by the disruption of neuronal positioning and signalling
in the head due to lack of GLR glia. The authors examine the let-381(ns1026) mutant and find a very limited change in behavior
compared to the ablation strain and suggest that this is due to defective GLR signaling. For the authors to suggest a non-
structural effect they should use the glia specific let-381 AID strain to robustly remove LET-381 protein late in development and
measure the behavioral phenotypes. Also, is there a reason why the authors did not investigate NaCl sensitivity with let-381
loss?

2) The authors state that unc-30 acts autonomously in the GLR cells but no cell-specific rescue or AID experiments were
performed to confirm this.

3) The authors state that certain genes e.g. let-381::GFP are expressed in GLR glia precursors. However, it is unclear how these
cells were identified in the embryo. Did the authors use a reporter gene to categorically identify them or by some other means?

Minor concerns 

Expression of let-381::GFP in coelomocytes (mentioned on page 7) is not shown. 

The authors mention that LET-381 protein is rapidly degraded by K-NAA but no temporal analysis of LET-381 depletion is
shown. How do the authors know that the depletion was rapid? 

Page 12 - 'How might LET-381 and UNC-30 interact?' I suggest changing this sentence as it suggests that the authors were
investigating a physical interaction between these two proteins. 

Page 13 - 'Remarkably, the 169 bp deletion allele, unc-30(ns998),' It would be helpful here if the authors state that this deletion
remove part of intron 5 that houses the let-381 motifs. 



Referee #2: 

The developmental program that leads to the formation and differentiation of mesodermically derived cells of the nervous
system, such as microglia, is poorly understood. The authors of this manuscript investigate the transcription factors required for
the differentiation of C. elegans GLR cells, six glial like cells found in the nematode's nervous system. These cells derive from
the MS blastomere, which primarily generates body-wall and pharyngeal muscle, and thus can be considered analogous to
mesodermically derived mammalian glia. Using RNA sequencing, knockouts and knockdowns, as well as GFP reporters, and
degradon constructs, the authors identify two key transcription factors in the development of GLR cells: let-381 and unc-30. The
findings reported here are novel and interesting. The experimental design is rigorous, the experiments are well controlled, and
the conclusions are supported by the data. The manuscript would benefit from a few additional experiments to tighten up the
conclusions. 

Major points: 
1. The authors should identify a stage-specific promoter that functions during bean stage 200-400 mins to knock down let-381
during this specific developmental stage. If their hypothesis about let-381 controlling GLR versus muscle fate is correct, they
should be able to reproduce their results with knockdown during this specific time window. 
2. The authors find by deleting the let-381 motif of let-381 regulated genes, including let-381 itself, leads to loss of expression of
the gene. It would further strengthen their conclusions, if increase of expression could be observed following addition of multiple
let-381 motifs in any of the studied genes. 
3. The authors should tone down their conclusions about lack of effect on morphology if the nerve ring is not displaced, since
they have not looked at any more microscopic changes, including changes in the morphology of the individual neurons. 

Minor points: 
1. The authors should comment on why they focused on let-381 and unc-30, instead of other transcription factors expressed in
GRL cells. 
2. Can the authors comment on potential effects of let-381 on the germline? 
3. Fig.1A, please check the labeling of the GLR cells (in yellow background). the label GLRVL/GLRL is repeated. 
4. Figure EV5B, please add individual data points to the bar graphs. 

Referee #3: 

Transcriptional control of glial cell fate is poorly understood. This is an impressive and well executed study that focuses on this
important knowledge gap by leveraging the strengths of the C. elegans model. The study focuses on a population of six
mesodermally-derived glial cells, called GLR, whose development and function is poorly understood. Through RNA-Seq, the
study describes the adult GPR transcriptome, raising the hypothesis that C. elegans GLR cells have merged astrocytic and
endothelial functions. Next, the authors identify two highly conserved transcription factors, LET-381/FoxF and UNC-30/PITX, as
key players in GLR cell fate development and maintenance. Through temporally-controlled manipulations, GLR-specific RNAi,
and elegant CRISPR/Cas9 mutagenesis, the study uncovers a hierarchical gene regulatory network that provides deep
mechanistic insights into the transcriptional mechanisms controlling glial cell fate (e.g., LET-381/FoxF acts directly on its effector
genes, continuous requirement for LET-381/FoxF, unc-30/PITX has a dual role downstream of LET-381/FoxF). Conceptually,
the study breaks new ground by identifying the first terminal selector-type transcription factors for glia. Overall, the paper is well
written, the experiments are executed at a high level of rigor, and all conclusions are supported by the data at hand. To my eye,
no additional experimentation is needed, as the paper provides very strong data to support its main conclusions in 10 main
figures, 5 EV figures, and 3 Appendix S1-3 figures. 

I only have minor suggestions, as indicated below: 

1. The current title does not include any information on the gene regulatory network (e.g., multiple effector genes are identified)
nor the hierarchical relationship uncovered (unc-30 is a target of LET-381). This missed opportunity could be mitigated by simply
updating the title. 
2. The claim that GLR cells molecularly "resemble" mammalian astrocytes and endothelial cells is a very attractive hypothesis,
mentioned in abstract and throughout. Instead of simply calling out a few genes (e.g., snf-11, gbb-1, delp-1, gei-1) in page 6, can
the authors provide a more direct comparison of GO terms in C. elegans GLR, mammalian astrocytes and mammalian
endothelia cells? Assigning cell type orthology is undoubtedly very tricky but percentages of gene families expressed in these
cell types (or any other direct comparison of enriched genes) may be informative. 
3. Along the same lines, the principle of "compression" is very interesting, i.e., GLR cells merge astrocytic and endothelial
functions. This idea is also brought up in another C. elegans cell type (excitatory motor neurons). Hence, that study (PMID:
29360035) could be cited. 
4. In page 8, it is stated that GLR glia are not generated in let-381 mutants and some presumptive GLR glia acquire a muscle



fate. The authors describe this as specification defect, but it seems that there are two defects: no GLR cells are generated
(hence a gliogenesis defect) plus, some presumptive GLR cells are indeed generated but adopt a muscle fate (hence a
specification defect). If that is the case, some clarification on this would help the reader. Also, figure 10 could include the dual
role of LET-381 (promote GLR fate at the expense of muscle fate), although it is not clear whether repression of muscle fate by
LET-381 occurs in GLR dividing progenitors or postmitotic GLR cells. 
5. A clear hypothesis on how GLR affect locomotion in non-structural ways could be discussed. GABA or neuropeptides involved
in this? 
6. Because a side-by-side comprehensive molecular profiling of GLR cells in let-381 and unc-30 mutants has not been
performed, the claim that UNC-30 has a limited role on GLR gene expression should be toned down. 
7. The Results could describe in more detail the differential effects on Dorsal GLRs versus V and L cells in unc-30 mutants, as
these effects suggest the involvement of additional, yet-to-be-identified transcription factors that participate in the GLR gene
regulatory network. 



RESPONSES TO EDITORIAL AND REVIEWER COMMENTS 

We would like to thank the reviewers and the editor for the insightful comments on the manuscript. We have 
now addressed all the comments raised with either new experiments, and/or by changing the text. We believe 
that the manuscript is now considerably strengthened. Below are our point-by-point responses: 

Reviewer #1 
Summary 
In this manuscript Stefanakis et al. developed tools to enable them to analyze the transcriptome of 
GLR glial cells. This analysis identified LET-381/FoxF and UNC-30/Pitx2 as key regulators of GLR 
fate specification. Further, they found that LET-381/FoxF and UNC-30/Pitx2, when expressed 
together, are sufficient to drive GLR fate in other cells. Finally, genetic ablation studies showed that 
the presence of GLR cells is required for locomotion and sensitivity to NaCl exposure. Together, the 
authors used standard C. elegans techniques to provide new knowledge of GLR cell specification and 
function that provides a platform for further dissection of glial cell specification and function.  

We thank this reviewer for recognizing the value of our study. 

Major concerns 
1) I have a major concern regarding the functional data. The GLR genetic ablation strain shows
robust effects on worm locomotion and salt sensitivity. However, these defects are likely caused by
the disruption of neuronal positioning and signalling in the head due to lack of GLR glia. The authors
examine the let-381(ns1026) mutant and find a very limited change in behavior compared to the
ablation strain and suggest that this is due to defective GLR signaling. For the authors to suggest a
non-structural effect they should use the glia specific let-381 AID strain to robustly remove LET-381
protein late in development and measure the behavioral phenotypes. Also, is there a reason why the
authors did not investigate NaCl sensitivity with let-381 loss?

We thank the reviewer for this excellent suggestion. We tested the let-381::AID strain as proposed by 
the reviewer:  L4 animals were exposed to KNAA for 24 hours and motor behavior was then 
assessed. As we show in the revised Figure EV5, similar motor behavior defects are observed as in 
the let-381 autoregulatory mutant. This finding further supports and strengthens our previous 
conclusions. 

Also, is there a reason why the authors did not investigate NaCl sensitivity with let-381 loss? 

As requested by the reviewer, we now tested this. As shown in the revised Figure 9L, neither let-381 
autoregulatory mutant nor the let-381::AID knockdown result in hypersensitivity to high salt. We can 
only speculate that as opposed to GLR ablation, the GLR glia processes are still physically present in 
these mutants, and may therefore constitute enough of a physical barrier around the nerve ring, to 
protect it from the effects of sudden salt concentration shifts. We discuss this possibility in the revised 
text. 

2) The authors state that unc-30 acts autonomously in the GLR cells but no cell-specific rescue or
AID experiments were performed to confirm this.

2nd Jan 20241st Authors' Response to Reviewers



Our statement that unc-30 acts cell autonomously in GLR glia is based on our finding that the 169 bp 
intron deletion of unc-30, which abolishes endogenous unc-30::gfp expression only in GLR glia, 
phenocopies the effect of the null allele on GLR gene expression and morphology. Therefore, non-
autonomous function is highly unlikely. We have revised the text to make this point more clear. 
 
Nonetheless, given the reviewer comment, we attempted to test cell autonomously using an 
independent method. We could not perform a simple rescue study, because expression of all our 
GLR-specific drivers is greatly reduced or absent in unc-30 mutants, prohibiting their use for GLR-
specific rescues. We therefore performed mosaic analysis using unstable extrachromosomal arrays. 
These arrays carry wild-type copies of the unc-30 locus (unc-30 fosmid) that rescue unc-30(e191) 
defects (Fig. EV3A) as well as lineage marker transgenes (rab-3prom1::2xnls::tagrfp, panneuronal, 
primarily AB lineage; unc-122prom::rfp, coelomocytes, MS lineage). Mosaic animals carrying the 
extrachromosomal array in the MS lineage and NOT in the AB lineage express RFP only in 
coelomocytes and six MS-derived pharyngeal neurons I3, I4, I6, M1, M4 and M5, easily distinguished 
by their stereotypic position. Animals carrying the extrachromosomal array in the AB lineage and NOT 
the MS lineage have broad neuronal expression (apart from the six MS-derived neurons) and no 
coelomocyte expression. 
 
We found that unc-30(e191) null mutants carrying the extrachromosomal array in the MS lineage and 
not in the AB lineage have normal GLR glia development. By contrast, presence of the array in the 
AB lineage only does not rescue GLR defects. Because unc-30 is only expressed in a few AB-lineage 
derived neurons and in the MS-lineage derived GLR glia, our findings provide additional evidence that 
unc-30 acts cell autonomously to control GLR gene expression and morphology. These data are now 
found in Appendix Fig. 5, and discussed in the text. 
 
 
3) The authors state that certain genes e.g. let-381::GFP are expressed in GLR glia precursors. 
However, it is unclear how these cells were identified in the embryo. Did the authors use a reporter 
gene to categorically identify them or by some other means?  
 
We thank the reviewer for pointing this out. In a previously published study, lineaging of a let-381::gfp 
reporter during embryonic development shows let-381 expression in GLR glia precursors. We now 
clarify this point in the manuscript. 
 
 
Minor concerns 
Expression of let-381::GFP in coelomocytes (mentioned on page 7) is not shown. 
 
We added and image showing expression in coelomocytes in Appendix Figure S2A. 
 
 
The authors mention that LET-381 protein is rapidly degraded by K-NAA but no temporal analysis of 
LET-381 depletion is shown. How do the authors know that the depletion was rapid? 
 
This is a good point. To address it, we performed a temporal analysis of LET-381 depletion, showing 
that AID tagged LET-381 is degraded within 2 hours of K-NAA exposure in both L1 and L4 animals 
(Appendix Figure S4). 
 
 



Page 12 - 'How might LET-381 and UNC-30 interact?' I suggest changing this sentence as it 
suggests that the authors were investigating a physical interaction between these two proteins. 
 
We have changed this sentence to now refer to genetic interactions between the two transcription 
factor genes. 
 
 
Page 13 - 'Remarkably, the 169 bp deletion allele, unc-30(ns998),' It would be helpful here if the 
authors state that this deletion remove part of intron 5 that houses the let-381 motifs. 
 
We have added the suggested statement. 
 
 
Reviewer #2 
 
The developmental program that leads to the formation and differentiation of mesodermically derived 
cells of the nervous system, such as microglia, is poorly understood. The authors of this manuscript 
investigate the transcription factors required for the differentiation of C. elegans GLR cells, six glial 
like cells found in the nematode's nervous system. These cells derive from the MS blastomere, which 
primarily generates body-wall and pharyngeal muscle, and thus can be considered analogous to 
mesodermically derived mammalian glia. Using RNA sequencing, knockouts and knockdowns, as 
well as GFP reporters, and degradon constructs, the authors identify two key transcription factors in 
the development of GLR cells: let-381 and unc-30. The findings reported here are novel and 
interesting. The experimental design is rigorous, the experiments are well controlled, and the 
conclusions are supported by the data. The manuscript would benefit from a few additional 
experiments to tighten up the conclusions.  
 
We thank this reviewer for recognizing the value of our study. 
 
 
Major points: 
1. The authors should identify a stage-specific promoter that functions during bean stage 200-400 
mins to knock down let-381 during this specific developmental stage. If their hypothesis about let-381 
controlling GLR versus muscle fate is correct, they should be able to reproduce their results with 
knockdown during this specific time window. 
 
This experiment is a good suggestion that could provide additional support to our current model. 
Unfortunately, perhaps because cell-specific promoters are exceedingly rare early in embryogenesis 
(most gene expression appears to be combinatorially regulated at this stage), we have not identified a 
promoter for stage and lineage specific let-381 knockdown in the early embryo. Nonetheless, we 
believe that our finding that extra muscle cells are present in let-381 mutants, and the observation 
that GLR sister cells are muscle cells, plausibly suggests a cell fate transformation. We have now 
worded the text to convey the argument more clearly. 
 
 
2. The authors find by deleting the let-381 motif of let-381 regulated genes, including let-381 itself, 
leads to loss of expression of the gene. It would further strengthen their conclusions, if increase of 
expression could be observed following addition of multiple let-381 motifs in any of the studied genes. 
 



We agree with the reviewer. Indeed, in the original manuscript we reported additive effects of multiple 
motifs on gene expression levels in an in vivo context. Specifically, we examined the hlh-1 gene 
which contains two LET-381 binding sites. As we reported, mutation of one of the motifs reduces hlh-
1::gfp expression in GLR glia, while mutation of both motifs results in complete loss of hlh-1::gfp 
expression (Figure 5D), demonstrating that having multiple let-381 motifs increases gene expression. 
Similar results were obtained by mutagenizing the first and second let-381 motifs found in the fifth 
intron of the unc-30 locus (Fig 7G). 
 
 
3. The authors should tone down their conclusions about lack of effect on morphology if the nerve 
ring is not displaced, since they have not looked at any more microscopic changes, including changes 
in the morphology of the individual neurons.  
 
Thank you for this comment. We agree that the possibility of structural defects of lesser magnitude 
cannot be excluded and have revised the text accordingly.  
 
 
Minor points: 
1. The authors should comment on why they focused on let-381 and unc-30, instead of other 
transcription factors expressed in GRL cells.  
 
We used available mutants and/or RNAi to test the roles of the top seven TFs in Table EV1 and only 
observed defects in let-381 and unc-30. This is now clarified in the Table EV1 legend. 
 
 
2. Can the authors comment on potential effects of let-381 on the germline? 
 
As we mention in the manuscript, a few let-381(gk302) null mutant animals escape lethality to 
become sterile adults. It is known from previous studies that let-381 mutant animals lack the post-
embryonically born coelomocytes, with extra sex muscle cells being generated in their place. 
Germline development depends on interactions with somatic gonad cells, it is thus possible that 
sterility of let-381 mutant worms is an indirect effect due to somatic gonad/sex muscle specification 
defects. This is now noted in the manuscript. 
 
 
3. Fig.1A, please check the labeling of the GLR cells (in yellow background). the label GLRVL/GLRL 
is repeated. 
 
Thank you for noticing this. We have now fixed the label. 
 
 
4. Figure EV5B, please add individual data points to the bar graphs. 
 
We have added data points as requested. 
 
 
Reviewer #3 
 



Transcriptional control of glial cell fate is poorly understood. This is an impressive and well executed 
study that focuses on this important knowledge gap by leveraging the strengths of the C. elegans 
model. The study focuses on a population of six mesodermally-derived glial cells, called GLR, whose 
development and function is poorly understood. Through RNA-Seq, the study describes the adult 
GPR transcriptome, raising the hypothesis that C. elegans GLR cells have merged astrocytic and 
endothelial functions. Next, the authors identify two highly conserved transcription factors, LET-
381/FoxF and UNC-30/PITX, as key players in GLR cell fate development and maintenance. Through 
temporally-controlled manipulations, GLR-specific RNAi, and elegant CRISPR/Cas9 mutagenesis, the 
study uncovers a hierarchical gene regulatory network that provides deep mechanistic insights into 
the transcriptional mechanisms controlling glial cell fate (e.g., LET-381/FoxF acts directly on its 
effector genes, continuous requirement for LET-381/FoxF, unc-30/PITX has a dual role downstream 
of LET-381/FoxF). Conceptually, the study breaks new ground by identifying the first terminal 
selector-type transcription factors for glia. Overall, the paper is well written, the experiments are 
executed at a high level of rigor, and all conclusions are supported by the data at hand. To my eye, 
no additional experimentation is needed, as the paper provides very strong data to support its main 
conclusions in 10 main figures, 5 EV figures, and 3 Appendix S1-3 figures.  
 
We thank this reviewer for recognizing the value of our study. 
 
 
I only have minor suggestions, as indicated below:  
1. The current title does not include any information on the gene regulatory network (e.g., multiple 
effector genes are identified) nor the hierarchical relationship uncovered (unc-30 is a target of LET-
381). This missed opportunity could be mitigated by simply updating the title. 
 
We thank the reviewer for the suggestion. We have now included more information on the identified 
regulatory network in the manuscripts title. 
 
 
2. The claim that GLR cells molecularly "resemble" mammalian astrocytes and endothelial cells is a 
very attractive hypothesis, mentioned in abstract and throughout. Instead of simply calling out a few 
genes (e.g., snf-11, gbb-1, delp-1, gei-1) in page 6, can the authors provide a more direct comparison 
of GO terms in C. elegans GLR, mammalian astrocytes and mammalian endothelia cells? Assigning 
cell type orthology is undoubtedly very tricky but percentages of gene families expressed in these cell 
types (or any other direct comparison of enriched genes) may be informative.  
 
We very much agree with the reviewer that a broader molecular comparison would be useful here. 
However, as the reviewer also notes, cross-species transcriptome comparisons are very difficult to 
perform, as identifying the correct cognate genes is often impossible, and gene expression levels or 
even ranking of gene expression is unlikely to be preserved. We attempted the GO analysis proposed 
by the reviewer, but it was not able to provide any additional insight. We thus opted to leave the 
comparison as is. 
 
 
3. Along the same lines, the principle of "compression" is very interesting, i.e., GLR cells merge 
astrocytic and endothelial functions. This idea is also brought up in another C. elegans cell type 
(excitatory motor neurons). Hence, that study (PMID: 29360035) could be cited.  
 



We thank the reviewer for bringing this study to our attention. This is another great example of 
“compression” in C. elegans, now cited in our manuscript. 
 
 
4. In page 8, it is stated that GLR glia are not generated in let-381 mutants and some presumptive 
GLR glia acquire a muscle fate. The authors describe this as specification defect, but it seems that 
there are two defects: no GLR cells are generated (hence a gliogenesis defect) plus, some 
presumptive GLR cells are indeed generated but adopt a muscle fate (hence a specification defect). If 
that is the case, some clarification on this would help the reader. Also, figure 10 could include the 
dual role of LET-381 (promote GLR fate at the expense of muscle fate), although it is not clear 
whether repression of muscle fate by LET-381 occurs in GLR dividing progenitors or postmitotic GLR 
cells.  
 
We do not know the exact mechanism of extra body wall muscle production in the let-381 null 
mutants. GLR glia are indeed not specified as suggested by the absence of any tested GLR marker 
and by the anterior positioning of the nerve ring. It is possible that in the absence of let-381, GLR 
lineages adopt sister MS-lineage fates producing body wall muscle instead. We have now rephrased 
this in the manuscript, hoping that it is clearer. 
 
Regarding Figure 10, we believe it already shows the dual role of LET-381 in promoting GLR fate 
specification and repressing alternative muscle fate. 
 
 
5. A clear hypothesis on how GLR affect locomotion in non-structural ways could be discussed. 
GABA or neuropeptides involved in this?  
 
Based on their anatomy and gene expression, GLR glia could affect motor output in several ways. 
Some hypotheses are added in the Discussion. 
 
 
6. Because a side-by-side comprehensive molecular profiling of GLR cells in let-381 and unc-30 
mutants has not been performed, the claim that UNC-30 has a limited role on GLR gene expression 
should be toned down.  
 
Although a transcriptome comparison between wild type, let-381 and unc-30 mutants may clarify the 
magnitude of effect of these genes on GLR gene expression, we believe, nonetheless, that our 
statement that unc-30 has a more restricted effect on gene expression than let-381 is very likely 
correct. For one, unc-30 loss affects only lateral and ventral but not dorsal GLR glia, unlike let-381 
loss. In addition, for several genes we examined in unc-30 mutants, expression is reduced and not 
abolished as it is in let-381 animals. We have now rephrased the relevant sentence in the manuscript 
to clarify the point. 
 
 
7. The Results could describe in more detail the differential effects on Dorsal GLRs versus V and L 
cells in unc-30 mutants, as these effects suggest the involvement of additional, yet-to-be-identified 
transcription factors that participate in the GLR gene regulatory network. 
 
Thank you for this suggestion. We now emphasize the difference between dorsal and ventra/lateral 
GLR glia in the Results section. 



18th Jan 20241st Revision - Editorial Decision

Dear Dr. Shaham, 

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 acceptance of the manuscript. 

There now remain a few editorial points that need addressing before I can extend acceptance of the manuscript.

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. I look forward to receiving the final 
version. 

With best wishes, 

Ieva 

--- 
Ieva 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 (17th Apr 2024). Please discuss the revision progress ahead of this time with 
the editor if you require more time to complete the revisions. 

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

Referee #1: 

My original concerns have now been resolved. 

Referee #2: 

I am satisfied with how the authors addressed my concerns. I have no further comments. I now deem the manuscript suitable for 
publication. 

Referee #3: 

The authors have addressed all issues raised by the three reviewers. The new experiments and text changes have strengthened 
even more this work, which provides a significant contribution to the field of developmental biology. 



Senior Scientific Editor
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Dear Dr. Shaham, 

Thank you for addressing the final editorial issues. I am now pleased to inform you that your manuscript has been accepted for
publication. 

Before we forward your manuscript to our publishers, I would like to propose a couple of minor changes in the article title,
abstract and synopsis, mainly aimed at increasing the accessibility of the study to our more general audience. I have also
written a short blurb that will accompany the title of your manuscript in our online table of contents. Please take a look at the text
below and in the attached manuscript text file and let me know if any corrections are necessary. 

Title: 
Development of mesodermally-derived C. elegans glia depends on terminal selector genes LET-381/FoxF and UNC-30/Pitx2 

Blurb: 
GLR glia that envelop the C. elegans central nervous system show a mixed astrocyte/endothelial cell identity and regulate motor
behavior. 

Synopsis: 
Mesodermal glia have crucial functions in the nervous system, although the mechanisms regulating their development remain
elusive. Here, transcriptomic and mutational analyses identify a gene regulatory network required for specification and
maintenance of mesodermally-derived GLR glia in C. elegans. 
• In let-381/FoxF null mutants, GLR glia are not specified and some GLR lineages adopt sister muscle lineage fates instead.
• LET-381/FoxF acts as an autoregulatory terminal selector to maintain GLR gene expression via a common cis-regulatory motif.
• UNC-30/Pitx2 represses head mesodermal cell fate in GLR glia and regulates GLR morphology and gene expression.
• GLR glia ablation results in severe motor behavior defects and salt hypersensitivity.

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 again for this contribution to The
EMBO Journal and congratulations on a great study! 

Best wishes, 

Ieva 

--- 
Ieva Gailite, PhD 
Senior Scientific Editor 
The EMBO Journal 
Meyerhofstrasse 1 
D-69117 Heidelberg
Tel: +4962218891309
i.gailite@embojournal.org
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>>> 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 



EMBO Press Author Checklist

USEFUL LINKS FOR COMPLETING THIS FORM

The EMBO Journal - Author Guidelines

EMBO Reports - Author Guidelines

Molecular Systems Biology - Author Guidelines

EMBO Molecular Medicine - Author Guidelines

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:

➡

➡

➡

➡

➡

2. Captions

➡

➡

➡

➡

➡

➡

➡

➡ definitions of statistical methods and measures:

- 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.

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 Availability Section)

New materials and reagents need to be available; do any restrictions apply? Yes DATA AVAILABILITY, MATERIALS AND METHODS

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:

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

number and or/clone number

- Non-commercial: RRID or citation

Not Applicable

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 MATERIALS AND METHODS, APPENDIX TABLE S1

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)

Cell lines: Provide species information, strain. Provide accession number 

in repository OR supplier name, catalog number, clone number, and/OR 

RRID.

Not Applicable

Primary cultures: Provide species, strain, sex of origin, genetic 

modification status.
Not Applicable

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

and tested for mycoplasma contamination.
Not Applicable

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.

Yes MATERIALS AND METHODS

Animal observed in or captured from the field: Provide species, sex, 

and age where possible.
Not Applicable

Please detail housing and husbandry conditions. Yes MATERIALS AND METHODS

Plants and microbes
Information included in 

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).

Not Applicable

Microbes: provide species and strain, unique accession number if 

available, and source.
Yes MATERIALS AND METHODS

Human research participants
Information included in 

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 

and gender or ethnicity for all study participants.
Not Applicable

Core facilities
Information included in 

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 

the acknowledgments section?
Yes MATERIALS AND METHODS, ACKNOWLEDGEMENTS

Design

Corresponding Author Name:  Shai Shaham

Journal Submitted to:  EMBO JOURNAL

Manuscript Number: EMBOJ-2023-115534

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 

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.

Reporting Checklist for Life Science Articles (updated January 

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 

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

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

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

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

- common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 tests, Wilcoxon and Mann-Whitney tests, can be

unambiguously identified by name only, but more complex techniques should be described in the methods section;

Please complete ALL of the questions below.

Select "Not Applicable" only when the requested information is not relevant for your study.

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.

https://www.embopress.org/page/journal/14602075/authorguide
https://www.embopress.org/page/journal/14693178/authorguide
https://www.embopress.org/page/journal/17444292/authorguide
https://www.embopress.org/page/journal/17574684/authorguide
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x


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.

Not Applicable

Report the clinical trial registration number (at ClinicalTrials.gov or 

equivalent), where applicable.
Not 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.
Not Applicable

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.
Not Applicable

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?

Not Applicable

Include a statement about blinding even if no blinding was done. Yes MATERIALS AND METHODS

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.

Not Applicable

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?

Yes MATERIALS AND METHODS, 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 FIGURE LEGENDS, MATERIALS AND METHODS, SOURCE DATA

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

replicates.
Yes FIGURE LEGENDS, MATERIALS AND METHODS, SOURCE DATA

Ethics

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.

Not Applicable

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.

Not Applicable

Studies involving human participants: For publication of patient photos, 

include a statement confirming that consent to publish was obtained.
Not Applicable

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.

Not Applicable

Studies involving specimen and field samples: State if relevant permits 

obtained, provide details of authority approving study; if none were 

required, explain why.

Not Applicable

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.selectagents.gov/sat/list.htm 

Not Applicable

If you used a select agent, is the security level of the lab appropriate and 

reported in the manuscript?
Not Applicable

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?

Not Applicable

Reporting

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.
Not Applicable

For tumor marker prognostic studies, we recommend that you follow the 

REMARK reporting guidelines (see link list at top right). See author 

guidelines, under ‘Reporting Guidelines’. Please confirm you have followed 

these guidelines.

Not Applicable

For phase II and III randomized controlled trials, please refer to the 

CONSORT flow diagram (see link list at top right) and submit the 

CONSORT checklist (see link list at top right) with your submission. See 

author guidelines, under ‘Reporting Guidelines’. Please confirm you have 

submitted this list.

Not Applicable

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?

Yes MATERIALS AND METHODS, 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?

Not Applicable

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?

Not Applicable

If publicly available data were reused, provide the respective data citations 

in the reference list. 
Not Applicable

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.

https://www.selectagents.gov/sat/list.htm
https://www.selectagents.gov/sat/list.htm
https://www.selectagents.gov/sat/list.htm
https://www.selectagents.gov/sat/list.htm
https://www.selectagents.gov/sat/list.htm

	LET-381/FoxF and UNC-30/Pitx2 control development of mesodermal glia that regulate motor behavior
	Review Timeline:
	Transaction Report:

	Merged Decision Summary PDF Section 1
	Merged Decision Summary PDF Section 2
	Merged Decision Summary PDF Section 3
	Merged Decision Summary PDF Section 4
	Merged Decision Summary PDF Section 5
	Merged Decision Summary PDF Section 6
	Merged Decision Summary PDF Section 7
	Merged Decision Summary PDF Section 8
	Merged Decision Summary PDF Section 9



