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We have now reached a decision on the above manuscript. 
 
To see the reviewers' reports and a copy of this decision letter, please go to: https://submit-
jcs.biologists.org and click on the 'Manuscripts with Decisions' queue in the Author Area. 
(Corresponding author only has access to reviews.) 
 
As you will see, the reviewers raise a number of substantial criticisms that prevent me from 
accepting the paper at this stage. They suggest, however, that a revised version might prove 
acceptable, if you can address their concerns. If you think that you can deal satisfactorily with the 
criticisms on revision, I would be pleased to see a revised manuscript. We would then return it to 
the reviewers. 
 
We are aware that you may be experiencing disruption to the normal running of your lab that 
makes experimental revisions challenging. If it would be helpful, we encourage you to contact us 
to discuss your revision in greater detail. Please send us a point-by-point response indicating 
where you are able to address concerns raised (either experimentally or by changes to the text) 
and where you will not be able to do so within the normal timeframe of a revision. We will then 
provide further guidance. Please also note that we are happy to extend revision timeframes as 
necessary. 
 
Please ensure that you clearly highlight all changes made in the revised manuscript. Please avoid 
using 'Tracked changes' in Word files as these are lost in PDF conversion. 
 
I should be grateful if you would also provide a point-by-point response detailing how you have 
dealt with the points raised by the reviewers in the 'Response to Reviewers' box. Please attend to 
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all of the reviewers' comments. If you do not agree with any of their criticisms or suggestions 
please explain clearly why this is so. 
 
 
Reviewer 1 
 
Advance summary and potential significance to field 
 
Retromer regulates endosomal cargo sorting and the activation status of RAB7 on late endosomes. 
In the present study, the authors use C. elegans and a cell culture model to provide observational 
evidence that retromer is associated with cilia biogenesis. Some evidence of mechanism is provide 
through a link between retromer and the removal of CP110, which is required for cilia generation. 
The study has the potential to open up new direction for research into retromer and ciliogenesis.  
 
Comments for the author 
 
Overall, this study begins to highlight a role for retromer in ciliogenesis. The data is mostly 
observational although the link with CP110 suggests an interesting working hypothesis. My 
comments mostly focus on experiments to substantiate the functional role of retromer and the 
SNX1-associated ESCPE-1 complex within the context of membrane trafficking, and particularly the 
link of recycling endosomes to ciliogenesis. My expertise is not in C. elegans developmental biology 
and hence I have not commented substantial on these data. 
Abstract: 
'The mammalian retromer is comprised of subunits VPS26, VPS29 and VPS35, and a more loosely-
associated sorting nexin (SNX) heterodimer'. This sentence is not reflective of the mammalian 
retromer complex since the VPS26, VPS29 and VPS35 heterotrimer can associate with a variety of 
SNXs beside the heterodimer, namely SNX3 and SNX27.  
Introduction: 
This requires re-writing to better reflect the current thinking around retromer and also 
restructuring to provide clarity (is it not better to switch the order of the 2nd and 3rd 
paragraphs?). The fundamental difference between yeast retromer and its evolution in higher 
organisms into two separate and functionally distinct complexes needs to be more clearly stated 
(after all one conclusion from the study is that cilia biogenesis appears to unit the function of 
VPS26, VPS29 and VPS35 heterotrimer along with the ESCPE-1 complex). 
References need to reflect the statements being made: Seaman et al., 1998 needs citing; other 
papers have also demonstrated that human SNX1/SNX2 and SNX5/SNX6 function independently of 
retromer; reference to SNX3, SNX17 and SNX27 needs to reflect their role in cargo sorting (e.g. 
Lucas et al., 2016; Stocholic et al., 2007; Harterink et al., 2011; Leneva et al., 2021; Kovtun et al., 
2018; Lauffer et al., 2010; Temkin et al., 2011; Steinberg et al., 2013). Equally, the role of 
retromer in C. elegans needs better coverage including Coudreuse et al., 2016; BMP signalling; 
CED-1 recycling; GLR-1 recycling; Cp and ferroportin. That being said it is appreciated that some of 
these references are included in the Discussion section at the relevant points of the discussion.  
Results: 
Can ciliary defects be directly observed in vps-26 knockout worms? Direct visualisation would 
provide a clear in vivo validation of the proposed ciliogenesis role for retromer.  
Have the authors examined the functional redundancy between VPS26A and VPS26B, and separately 
SNX1 and SNX2 when quantifying their western blots and the cilia phenotype. Evidence for how the 
level of these proteins are affected by the VPS26A and SNX1 suppression would be insightful. In 
addition, it would add to the significance of the study to define whether suppression of SNX5 
and/or SNX6 phenocopies that SNX1 suppression to further highlight the role of ESCPE-1.  
Moreover, suppression of SNX3 (and SNX12?) and independently SNX27 would establish the specific 
nature of the retromer phenotype away from the SNX3-retromer and SNX27-retromer complexes.  
Colocalisation of VPS35 with proteins known to associate with primary cilium and the ciliary pocket 
would further validate and substantiate the conclusions drawn from studying acetylated tubulin. 
Are SNX1/SNX5 (or SNX2/SNX6) and the FAM21 component of the WASH complex associated with 
CP110 as defined by immunoprecipitation and co-localisation (good antibodies are available for 
endogenous localisation)?  
One poorly defined retromer interactor is SDCCAG3 (aka ENTR1), which does play a functional role 
in endosomal trafficking (McGough et al., 2014). This protein has been linked to regulating early 
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stages of ciliogenesis (Hagemann et al., 2013; Yu et al., 2016). Is this of relevance in providing 
further mechanistic insight into the observed retromer phenotypes? 
Finally, can the authors speculate on how they consider retromer-mediated membrane trafficking 
affects CP110 and ciliogenesis - currently it is not clear why a membrane trafficking feature is 
required for the CP110 uncoating? Do they consider that a specific set of transmembrane proteins 
or Rab GTPases are delivered, if so are there suitable candidates that could be probed for 
trafficking defects in the VPS35 suppressed cells (e.g. mention is made of the PKD2 association 
with retromer)? 
Discussion: 
'retromer-interacting retriever complex' requires rephrasing as apart from sharing the VPS29 
subunit retromer and retriever do not directly associate (see McNally et al., 2017). 
 
 
Reviewer 2 
 
Advance summary and potential significance to field 
 
The manuscript by Xie et all examines the retromer in C. elegans development and in mammalian 
primary cilia, which is a powerful approach to uncover evolutionarily conserved functions. The 
manuscript is supported by strong data, well organized, and easy to read, and would appeal to the 
readership of JCS. However, there are some major concerns that should be addressed. 
 
Comments for the author 
 
To examine VPS-26 expression and localization, authors generate an endogenous HA-tagged VPS-26 
and examine expression in the 2- and 4-cell stage embryo. Authors then use CRISPR to introduce 
two stop codons, resulting in a vps-26 null animals. vps-26 knockout animals have a reduced brood 
size, abnormal vulva, and small body size. Authors interpret the small body size as a ciliogenesis 
defect, and move onto examining the role of VPS26 in mammalian cell culture. 
There are two important missing pieces in the characterization of C. elegans vps-26: 
1) Is vps-26 required for ciliogenesis in C. elegans? Authors should determine whether vps-26 
is required for ciliogensis by a simple dye filling assay. A Dyf (dye filling defective) phenotype is an 
indicator of C. elegans ciliogenesis defects.  
2) Where is vps-26 expressed in the adult and how is this related to the observed adult 
phenotypes? Given that authors claim that retromer localizes to the primary cilium (or centrioles) 
of RPE-1 cells, it seems important to determine whether this is evolutionarily conserved. Authors 
are encouraged to generate an FP-tagged VPS-26 to examine expression and localization in vivo 
throughout development, as opposed to relying on HA-tagging and immunolocalization in fixed 
animals.  
Authors examine retromer function (VPS26 and VPS35) in mammalian RPE-1 and NIH3T3 cells. 
Figures 5 and 7 convincing show reduced numbers of cilia that correlates with removal of 
centrosomal protein CP110. The major concern is the subcellular localization/site of action for the 
retromer. In the section inaccurately entitled “The retromer complex localizes to the primary 
cilium” authors examine only VPS35 and do not see colocalization with anti-acetylated tubulin 
staining in the ciliary shaft. In Figure 6A, VPS35 is distributed in puncta throughout the cell but is 
excluded from the cilium. Authors claim that VPS35 localized to the ciliary pocket or centrioles 
based on not convincing co-location with two acetylated tubulin spots. The scale bar is 10um. (This 
is in stark contrast to Figure 7G where CP110 and VPS35 colocalize in 1h serum-starved RPE-1 
cells.) Authors need to use markers for the ciliary pocket and centriole before making this 
conclusion. Further, to make a conclusion about retromer complex location, authors should 
examine other components.  
 
Other/minor 
Wormbase shows deletion alleles available for vps-29 and vps-35. Can authors comment on the 
similarity or difference between vps-26 phenotypes described herein and those found for the other 
two subunits? 
Typos P7 Generation of CRISP/Cas9 > CRISPR 
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Reviewer 3 

Advance summary and potential significance to field 

The Manuscript from the group of Steve Caplan provides novel and relevant information to the field 
of intracellular membrane trafficking, the roles of the retromer complex in C. elegans development 
as well in the process of ciliogenesis in mammalian cells. The work includes a very well-performed 
generation of a retromer mutant worm and a transgenic that would allow an extensive analysis of 
the retromer function in this species. However, this model is only exploited in descriptive terms of 
the development of C. elegans and it is inferred, in a not totally substantiated way, that the 
defects would be associated with the ciliogenesis process. It lacks a demonstration of impaired 
ciliogenesis and explanations also of how this impairment would be associated with one or more 
signaling processes (localized in the cilium) that would be underlying the vulva and body size 
defects. Then authors, jump to the study of retromer in the ciliogenesis process in a mammalian 
cell line RPEs, in which they describe the requirement of Vps35 and Vps26 in the process, the 
experiments are well performed and clear, however, there are some points important to be 
considered (see suggestions to authors section).  

Comments for the author 

1. The manuscript from Xie S. et al, is interesting and relevant to the field however, it needs more
work to be suitable for publication. Specifically, it needs to improve the worm part, in order to link
the defects in C. Elegans development, and expressed as defects in the vulva and body size of the
retromer mutants, with the process of formation/function of the primary cilium. For example to
associate the defects with one or more signaling pathways that regulate body size and that are
present (i.e. the receptors) in the cilium. This improvement is required to have a better idea of the
mechanisms underlying the defects in the retromer mutant worm but also to make a logical and
justified link to the second part of the manuscript, that is description of retromer in ciliogenesis
and the possible mechanisms and proteins associated to retromer and primary cilium.
Without this link, the second part of the paper is not well justified and could be a paper by itself.
2. Related to Figure 7 and the role of retromer in CP110 remotion, What other mechanisms could
be involved in this remotion? There are 60% of RPE cells, KD for retromer, where the CP110
remotion process still occurs.

Authors should analyze the role of vps29 as it also is required for Retriever complex formation, and 
authors mention/discuss the role of SNX17 (that associates with Retriever complex) in the 
ciliogenesis process. Maybe this would allow a more pronounced inhibitory effect in CP110 
retrieval. Moreover, due to the fact authors also have been able to reduce SNX1 expression in the 
same cells, would be relevant to determine if the interaction of CP110 with retromer is affected 
under this condition, or if CP110 also interacts with SNX1. 

Additional minor comments: 

1. The manuscript has no page numbers. 

2. Authors say: “Accordingly, we hypothesized that the retromer might associate with CP110. To
this end we performed immunoprecipitations of cell lysates using antibodies directed to CP110, and
we immunoblotted with antibodies against VPS35 and VPS26. Intriguingly, we detected bands
representing both VPS35 and VPS26, but these bands were absent when a control anti-GFP antibody
was used for immunoprecipitation (Fig. 7F), suggesting that CP110 can reside in a complex with the
retromer”.
I do not understand this conclusion related to Fig7F, if the Anti-GFP antibody was used as a
negative control in this co-IP. As I understand, any of the proteins have a fused GFP. So, why do
authors conclude that the result was Intriguing if this fits with their hypothesis?

3. Discussion Section; authors say: “Another study demonstrated that SNX17, a sorting nexin that
binds to the retromer-interacting retriever complex and is involved in sorting, fission and recycling
at the endosome (Dhawan et al., 2020; Donoso et al., 2009;Steinberg et al., 2012; Stockinger et
al., 2002), also regulates ciliogenesis (Wang et al., 2019)”.
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As long as I know, Retriever and Retromer are separate complexes and they do not interact. SNX17 
does not interact with retromer. Retriever has Vps29 subunit in common with Retromer, but they 
are different complexes. Please correct.  
 
3. Reference Wang P et al (2019) is incomplete 
 
 

 
First revision 
 
Author response to reviewers' comments 
 
Response to Reviewers’ Critiques 
 
Please note that edits in the text were so extensive, that we have elected only to specifically 
highlight the major changes. 
 
Reviewer 1: 
1) Abstract: 'The mammalian retromer is comprised of subunits VPS26, VPS29 and VPS35, and a 
more loosely-associated sorting nexin (SNX) heterodimer'. This sentence is not 
reflective of the mammalian retromer complex since the VPS26, VPS29 and VPS35 heterotrimer can 
associate with a variety of SNXs beside the heterodimer, namely SNX3 and SNX27. 
 
We thank the reviewer for holding us to a more accurate description of the retromer: we have 
modified this statement in the text of the abstract. 
 
2) Introduction: 
This requires re-writing to better reflect the current thinking around retromer and also 
restructuring to provide clarity (is it not better to switch the order of the 2nd and 3rd paragraphs?). 
The fundamental difference between yeast retromer and its evolution in higher organisms into two 
separate and functionally distinct complexes needs to be more clearly stated (after all one 
conclusion from the study is that cilia biogenesis appears to unit the function of VPS26, VPS29 and 
VPS35 heterotrimer along with the ESCPE-1 complex). 
 
References need to reflect the statements being made: Seaman et al., 1998 needs citing; other 
papers have also demonstrated that human SNX1/SNX2 and SNX5/SNX6 function independently of 
retromer; reference to SNX3, SNX17 and SNX27 needs to reflect their role in cargo sorting (e.g. 
Lucas et al., 2016; Stocholic et al., 2007; Harterink et al., 2011; Leneva et al., 2021; Kovtun et al., 
2018; Lauffer et al., 2010; Temkin et al., 2011; Steinberg et al., 2013). Equally, the role of 
retromer in C. elegans needs better coverage including Coudreuse et al., 2016; BMP signalling; CED-
1 recycling; GLR-1 recycling; Cp and ferroportin. That being said, it is appreciated that some of 
these references are included in the Discussion section at the relevant points of the discussion. 
 
The reviewer’s insight has led to a re-writing and significantly improved Introduction. Among the 

many modifications made, we have switched the order of the 2nd and 3rd paragraphs as 
suggested, reworded sentences for clarity and accuracy, better explained the differences observed 
in the yeast and mammalian retromer, and included many more references to better outline the 
known functions of the retromer in worms and mammals. Major changes are highlighted in the 
text. 
 
Results: 
Can ciliary defects be directly observed in vps-26 knockout worms? Direct visualisation would 
provide a clear in vivo validation of the proposed ciliogenesis role for retromer. 
 
This is an excellent question. Unfortunately, the rather severe vulval defects and extremely small 
broods have made extensive determination of ciliogenesis defects in C. elegans especially 
difficult. Over a long period of time, we were finally able to cross sufficient vps-26 knockout 
worms with an osm-6-p::gfp worm ciliary marker. This strain expresses soluble GFP from the osm-6 
promoter and enables the visualization of ciliogenesis in worms. We focused on analyzing the 
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phasmid cilia which are present in the tail region of the worm (see New Fig. 5). Our experiments 
did not uncover any significant difference in phasmid ciliary length in the vps- 26 knockout worms 
(New Fig. 4). However, others have previously shown that ciliary transition zone defects do not 
significantly perturb ciliary length or Intraflagellar transport (IFT) in the C. elegans phasmid cilia 
(Schouteden, et. al., J Cell Biol (2015) 210 (1): 35–44.). Therefore, our initial experiments do not 
preclude potential defects in the ciliary transition zone in vps-26 knockout worms. Further, there 
might also be other neuron-specific defects or defects in IFT that are not analyzable by the strain 
that we have constructed . Unfortunately, given the extremely low brood size and vulval defects 
exhibited by vps-26 knockout worms, additional crosses and/or tests of other C. elegans neuronal 
cilia are not feasible and remain beyond the immediate scope of this study. 
 
Have the authors examined the functional redundancy between VPS26A and VPS26B, and separately 
SNX1 and SNX2 when quantifying their western blots and the cilia phenotype. Evidence for how the 
level of these proteins are affected by the VPS26A and SNX1 suppression would be insightful. In 
addition, it would add to the significance of the study to define whether suppression of SNX5 
and/or SNX6 phenocopies that SNX1 suppression to further highlight the role of ESCPE-1. 
Moreover, suppression of SNX3 (and SNX12?) and independently SNX27 would establish the specific 
nature of the retromer phenotype away from the SNX3-retromer and SNX27-retromer complexes. 
 
We thank the reviewer for these excellent suggestions. To better address the role of retromer and 
the expanded retromer complex, we have selected a number of key proteins to address and 
determine whether they impact ciliogenesis. In New Fig. 5, we now show that in addition to knock-
down of VPS26 and VPS35, knock-down of VPS29 also causes a reduction in the number of cells that 
generate primary cilia upon serum starvation. In New Fig. 6, we show that SNX1, SNX2 and SNX5 all 
similarly impede primary cilia biogenesis when they are knocked- down by siRNA. In addition, we 
also now demonstrate that SNX27 knock-down causes a reduced number of cells to display 
ciliogenesis upon serum starvation (New Supplemental Fig. 2), consistent with the recent study 
demonstrating that SNX17 may also regulate ciliogenesis (Wang et al., 2019). Overall, these new 
data strongly support the notion that that the core retromer and various retromer-associated 
proteins (including ESCPE-1) indeed control primary ciliogenesis in mammalian cells. 
 
Colocalisation of VPS35 with proteins known to associate with primary cilium and the ciliary pocket 
would further validate and substantiate the conclusions drawn from studying acetylated tubulin. 
Are SNX1/SNX5 (or SNX2/SNX6) and the FAM21 component of the WASH complex associated with 
CP110 as defined by immunoprecipitation and co-localisation (good antibodies are available for 
endogenous localisation)? 
 
This is a good point; accordingly, we have now performed new imaging, including Structured 
Illumination Microscopy imaging, and can clearly visualize VPS35 with acetylated tubulin on both 
daughter and mother centrioles (New Fig. 8H). In addition, Fig. 8G shows an overlap between 
CP110 and VPS35 on the mother centriole, suggesting that the VPS35 may localize to the distal end 
of the centriole. We have also addressed the potential IP of SNX1 and SNX2 with CP110; neither 
SNX1 nor SNX2 co-IPs with CP110, suggesting that the core retromer subunits (likely VPS35) may be 
the most important for the interaction (New Supplemental Fig. 4C and D). Moreover, unlike VPS35, 
the SNX1 and SNX2 antibodies displayed only occasional overlap with the basal body/mother 
centriole (see New Supplemental Fig. 4A and B), suggesting that: 1) indeed the mammalian 
retromer is more loosely associated with SNX proteins, and 2) the depletion of these proteins may 
impact ciliogenesis differently than depletion of the core retromer subunits of VPS26, VPS35 or 
VPS29. 
 
One poorly defined retromer interactor is SDCCAG3 (aka ENTR1), which does play a functional role 
in endosomal trafficking (McGough et al., 2014). This protein has been linked to regulating early 
stages of ciliogenesis (Hagemann et al., 2013; Yu et al., 2016). Is this of relevance in providing 
further mechanistic insight into the observed retromer phenotypes? 
 
This is an excellent point, and we have now addressed SDCCAG3 and its role in ciliogenesis as part 
of the Discussion. 
 
Finally, can the authors speculate on how they consider retromer-mediated membrane trafficking 
affects CP110 and ciliogenesis - currently it is not clear why a membrane trafficking feature is 
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required for the CP110 uncoating? Do they consider that a specific set of transmembrane proteins or 
Rab GTPases are delivered, if so are there suitable candidates that could be probed for trafficking 
defects in the VPS35 suppressed cells (e.g. mention is made of the PKD2 association with retromer)? 
We have now expanded our final paragraph in the Discussion to include several potential 
mechanisms by which retromer might mediate CP110 removal from the mother centriole. 
 
Discussion: 
'retromer-interacting retriever complex' requires rephrasing as apart from sharing the VPS29 subunit 
retromer and retriever do not directly associate (see McNally et al., 2017). 
 
We thank the reviewer for catching this inaccuracy, and apologize for the misleading depiction of 
the retriever complex; this has been corrected in the Discussion. 
 
Reviewer 2 Advance Summary and Potential Significance to Field: 
The manuscript by Xie et all examines the retromer in C. elegans development and in mammalian 
primary cilia, which is a powerful approach to uncover evolutionarily conserved functions. The 
manuscript is supported by strong data, well organized, and easy to read, and would appeal to the 
readership of JCS. However, there are some major concerns that should be addressed. 
 
Reviewer 2 Comments for the Author: 
To examine VPS-26 expression and localization, authors generate an endogenous HA-tagged VPS-26 
and examine expression in the 2- and 4-cell stage embryo. Authors then use CRISPR to introduce 
two stop codons, resulting in a vps-26 null animals. vps-26 knockout animals have a reduced brood 
size, abnormal vulva, and small body size. Authors interpret the small body size as a ciliogenesis 
defect, and move onto examining the role of VPS26 in mammalian cell culture. 
 
There are two important missing pieces in the characterization of C. elegans vps-26: 
 
1) Is vps-26 required for ciliogenesis in C. elegans? Authors should determine whether vps-26 is 
required for ciliogensis by a simple dye filling assay. A Dyf (dye filling defective) phenotype is an 
indicator of C. elegans ciliogenesis defects. 
 
This is an excellent suggestion. Although dye-filling assays are considered to be a quick and easy 
preliminary test to detect severe ciliogenesis defects in worms, in the past, we have obtained 
unreliable results by performing dye-filling assays in our laboratory. Therefore in order to more 
thoroughly investigate potential ciliogenesis defects in the vps-26 knockout worms, we decided to 
cross the vps-26 deletion worms with an osm-6-p::gfp ciliary marker. This strain expresses soluble 
GFP from the osm-6 promoter and enables the visualization of ciliogenesis in worms. In this 
experiment, we focused on analyzing the phasmid cilia which are present in the tail region of the 
worm. Our experiments did not uncover any difference in phasmid ciliary length in the vps-26 
knockout worms (New Fig. 4). However, others have previously shown that ciliary transition zone 
defects do not significantly perturb ciliary length or Intraflagellar transport (IFT) in the C. elegans 
phasmid cilia (Schouteden, et. al., J Cell Biol (2015) 210 (1): 35–44.) Therefore, our initial 
experiments do not preclude potential defects in the ciliary transition zone in vps-26 knockout 
worms. Further, there might also be other neuron-specific defects or defects in IFT that are not 
analyzable by the strain that we have constructed. Unfortunately, given the extremely low brood 
size and vulval defects exhibited by vps-26 knockout worms, additional crosses and/or tests to 
study neuron-specific effects of this mutation are not feasible and remain beyond the immediate 
scope of this study. 
 
2) Where is vps-26 expressed in the adult and how is this related to the observed adult phenotypes? 
Given that authors claim that retromer localizes to the primary cilium (or centrioles) of RPE-1 cells, 
it seems important to determine whether this is evolutionarily conserved. 
Authors are encouraged to generate an FP-tagged VPS-26 to examine expression and localization in 
vivo throughout development, as opposed to relying on HA-tagging and immunolocalization in fixed 
animals. 
 
We thank the reviewer for this recommendation, and have indeed tried unsuccessfully to obtain 
mCherry-tagged VPS-26 worms by CRISPR/Cas9 editing. We generated the CRISPR repair template 
by PCR, purified it, performed microinjections with the editing reagents and screened over 100 
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progeny of injected worms by genotyping. Although we were able to obtain 5 homozygous-edited 
worm lines (as seen by genotyping), unfortunately, none of these showed mCherry expression as 
visualized by confocal microscopy. Given the difficulties in generating these worms, we elected to 
focus on obtaining progeny from crosses between the osm-6p::gfp worms and and our newly-
generated vps-26 knockout worms to examine ciliogenesis defects in the vps-26 knockout worms. 
Ultimately, while the developmental defects of vps-26 depletion in the worm may preclude a 
comprehensive examination of their role in worm ciliogenesis, we have identified a new 
developmental function for the retromer in the worm, and have strong evidence for multiple 
retromer subunits and affiliated ESCPE-1 complex proteins in the regulation of mammalian 
ciliogenesis. 
 
Authors examine retromer function (VPS26 and VPS35) in mammalian RPE-1 and NIH3T3 cells. 
Figures 5 and 7 convincing show reduced numbers of cilia that correlates with removal of 
centrosomal protein CP110. The major concern is the subcellular localization/site of action for the 
retromer. In the section inaccurately entitled “The retromer complex localizes to the primary 
cilium” authors examine only VPS35 and do not see colocalization with anti-acetylated tubulin 
staining in the ciliary shaft. In Figure 6A, VPS35 is distributed in puncta throughout the cell but is 
excluded from the cilium. Authors claim that VPS35 localized to the ciliary pocket or centrioles 
based on not convincing co-location with two acetylated tubulin spots. The scale bar is 10um. (This 
is in stark contrast to Figure 7G where CP110 and VPS35 colocalize in 1h serum-starved RPE-1 cells.) 
Authors need to use markers for the ciliary pocket and centriole before making this conclusion. 
Further, to make a conclusion about retromer complex location, authors should examine other 
components. 
 
This is an excellent point; we have now used Structured Illumination Microscopy imaging to better 
visualize VPS35 localization (see New Fig. 8H). While it remains difficult to assess whether it is 
found in the ciliary pocket, we are confident that it localizes to both mother and daughter 
centrioles (Fig. 8H), but not along the length of the cilium. Moreover, our data from Fig. 8G 
showing a partial overlap with CP110 suggest localization of VPS35 to the distal end of the 
centrosome. 
 
Other/minor 
 
Wormbase shows deletion alleles available for vps-29 and vps-35. Can authors comment on the 
similarity or difference between vps-26 phenotypes described herein and those found for the other 
two subunits? 
 
We thank the reviewer for this excellent point: we clarify below, and have added significantly to 
the Discussion on p.13 and 14. 
The paper by Coudreuse et. al. discusses the phenotypes exhibited by the vps-26(tm1523), vps-
29(tm1320) and vps-35(hu68) deletion alleles in their supplementary data section (Coudreuse, et 
al. (2006). Science, 312(5775), 921-924.). Specifically, they report that vps-35(hu68), vps-
29(tm1320) and vps-26(tm1523) alleles all exhibit defects in Q-cell migration to differing degrees. 
Interestingly, their results also show that vps-35(hu68), vps-29(tm1320) and vps- 26(tm1523) 
alleles exhibit varying levels of embryonic lethality (13%, 12% and 32% respectively). However, our 
data from the vps-26 knockout worms (which is a clean CRISPR knockout of vps-26) do not indicate 
any embryonic lethality in the absence of vps-26 (>99.5% viability). This discrepancy can be 
explained by the presence of other extraneous background mutations within the vps-26(tm1523) 
strain due to EMS mutagenesis that could affect embryonic viability. Alternatively, it is also 
possible that this mutant allele exerts a dominant negative effect and therefore, it has a more 
severe effect on embryonic viability. To unambiguously determine which of these scenarios is 
correct, in general, it is critical to confirm phenotypes that are exhibited by mutants created by 
EMS mutagenesis by re-creating these mutant alleles in a clean genetic background using CRISPR. 
 
Interestingly, in this study, the authors also assayed dye-filling defects in these three retromer 
mutants. The dye-filling defects observed in these three mutants were listed as being 4% for the 
vps-35(hu68) allele, 2% for the vps-29(tm1320) allele and 0% for the vps-26(tm1523) allele. 
These data highlight a couple of points- First, the fact that the depletion of each member of the 
retromer complex produces between low to no dye-filling defects in worms suggests that these 
single mutants do not appear to have severe defects in ciliogenesis. It is possible that in worms, 
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there exists a redundancy in function of the retromer complex proteins in regulating ciliogenesis. 
In the future, it will be interesting to determine if simultaneously depleting two or more members 
of the retromer complex produces more robust ciliogenesis defects in worms. Secondly, the data 
obtained in this study for the vps-26(tm1523) allele is in line with our recent findings that the 
knockout of vps-26 does not affect phasmid ciliary length, which indicate that this mutant does 
not exhibit severe defects in ciliogenesis. However, as discussed previously, as ciliary length is 
relatively unaffected in C. elegans transition zone mutants (Schouteden, et. al., J Cell Biol (2015) 
210 (1): 35–44), we cannot exclude potential defects in the transition zone assembly or in 
intraflagellar trafficking in our vps-26 knockout worms. Further, dye-filling assays only examine 
ciliogenesis in a subset of the C. elegans sensory neurons. In the future, it will be interesting to 
determine if neuron-specific ciliogenesis defects exist in different retromer mutants. 
Unfortunately due to the severe vulval defects and low brood sizes of the vps-26 knockout worms, 
we are unable to perform these experiments with the vps-26 knockout worms. 
 
Finally, this study also determined that knocking down vps35 expression using morpholinos in frogs 
caused a decrease in body length. Significantly, our findings in vps-26 knockout worms mirror the 
findings upon vps-35 depletion in frogs indicating that the retromer complex may play an 
evolutionarily conserved function in regulating body length in different species. 
 
Typos 
P7 Generation of CRISP/Cas9 > CRISPR 
 
We thank the reviewer for her/his diligence and have corrected this typo. 
 
Reviewer 3 Advance Summary and Potential Significance to Field: 
The Manuscript from the group of Steve Caplan provides novel and relevant information to the field 
of intracellular membrane trafficking, the roles of the retromer complex in C. elegans development 
as well in the process of ciliogenesis in mammalian cells. The work includes a very well-performed 
generation of a retromer mutant worm and a transgenic that would allow an extensive analysis of 
the retromer function in this species. However, this model is only exploited in descriptive terms of 
the development of C. elegans and it is inferred, in a not totally substantiated way, that the 
defects would be associated with the ciliogenesis process. It lacks a demonstration of impaired 
ciliogenesis and explanations also of how this impairment would be associated with one or more 
signaling processes (localized in the cilium) that would be underlying the vulva and body size 
defects. Then authors, jump to the study of retromer in the ciliogenesis process in a mammalian 
cell line RPEs, in which they describe the requirement of Vps35 and Vps26 in the process, the 
experiments are well performed and clear, however, there are some points important to be 
considered (see suggestions to authors section). 
 
Reviewer 3 Comments for the Author: 
1. The manuscript from Xie S. et al, is interesting and relevant to the field, however, it needs 

more work to be suitable for publication. Specifically, it needs to improve the worm part, in order 
to link the defects in C. Elegans development, and expressed as defects in the vulva and body size 
of the retromer mutants, with the process of formation/function of the primary cilium. For 
example to associate the defects with one or more signaling pathways that regulate body size and 
that are present (i.e. the receptors) in the cilium. This improvement is required to have a better 
idea of the mechanisms underlying the defects in the retromer mutant worm but also to make a 
logical and justified link to the second part of the manuscript, that is description of retromer in 
ciliogenesis and the possible mechanisms and proteins associated to retromer and primary cilium. 
Without this link, the second part of the paper is not well justified and could be a paper by itself. 
 
This is an excellent point. We agree with the reviewer that without the worm ciliogenesis data, 
there appears to be a disconnect between the presentation of the C. elegans and human cell data 
in the paper. Therefore, we now present our investigation of ciliogenesis in the vps-26 knockout 
worms in our revised manuscript (New Fig. 4). While revising our manuscript, we worked very hard 
to study the ciliogenesis defects in the vps-26 knockout worms. Unfortunately, the rather severe 
vulval defects and extremely small broods have made extensive determination of ciliogenesis 
defects in C. elegans especially difficult. Over a long period of time, we were finally able to cross 
sufficient vps-26 knockout worms with an osm-6-p::gfp worm ciliary marker. This strain expresses 
soluble GFP from the osm-6 promoter and enables the visualization of ciliogenesis in worms. We 



Journal of Cell Science | Peer review history 

© 2022. Published by The Company of Biologists under the terms of the Creative Commons Attribution License 
(https://creativecommons.org/licenses/by/4.0/). 10 

focused on analyzing the phasmid cilia which are present in the tail region of the worm (see New 
Fig. 4). Our experiments did not uncover any difference in phasmid ciliary length in the vps-26 
knockout worms (New Fig. 4). However, others have previously shown that ciliary transition zone 
defects do not significantly perturb ciliary length or Intraflagellar transport (IFT) in the C. elegans 
phasmid cilia (Schouteden, et. al., J Cell Biol (2015) 210 (1): 35–44.) Therefore, our initial 
experiments do not preclude potential defects in the ciliary transition zone in vps-26 knockout 
worms. Further, there might also be other neuron-specific defects or defects in IFT that are not 
analyzable by the strain that we have constructed. Unfortunately, given the extremely low brood 
size and vulval defects exhibited by vps-26 knockout worms, additional crosses and/or tests of 
other C. elegans neuronal cilia are not feasible and remain beyond the immediate scope of this 
study. 
 
We demonstrate that our vps-26 knockout worms exhibit defects in body length and vulval 
development. The reviewer raises a very pertinent point regarding elucidating the potential 
mechanisms that could lead to these defects. At this time, we are unsure of whether the defects 
in body length and vulval development that are seen in vps-26 knockout worms are related to its 
function in ciliogenesis. We concur with the reviewer that it would indeed be very interesting to 
uncover the cellular mechanisms that cause these defects. However, investigation of the 
molecular mechanisms which when perturbed yield these defects could take several additional 
years and are therefore beyond the scope of the current work. Nevertheless, we have now 
amended our discussion section to address the reviewer’s concern. 
 
2. Related to Figure 7 and the role of retromer in CP110 remotion, What other mechanisms could 
be involved in this remotion? There are 60% of RPE cells, KD for retromer, where the CP110 
remotion process still occurs. 
 
This is an excellent point, and we have now addressed this with several new sentences added in 
the Results section at the bottom of p. 11. 
 
Authors should analyze the role of vps29 as it also is required for Retriever complex formation, and 
authors mention/discuss the role of SNX17 (that associates with Retriever complex) in the 
ciliogenesis process. Maybe this would allow a more pronounced inhibitory effect in CP110 
retrieval. Moreover, due to the fact authors also have been able to reduce SNX1 expression in the 
same cells, would be relevant to determine if the interaction of CP110 with retromer is affected 
under this condition, or if CP110 also interacts with SNX1. 
 
These are excellent points; we have now addressed the role of VPS29 in the regulation of primary 
ciliogenesis, in addition to both VPS35 and VPS26, and clearly demonstrate that VPS29 knock-down 
impedes primary ciliogenesis (See New Fig. 5F-I). We have also completed additional new 
experiments addressing SNX2 (New Fig. 6), SNX5 (New Fig. 6), and SNX27 (New Supplemental Fig. 
2) and demonstrated that these sorting nexins also regulate primary ciliogenesis. We have also 
demonstrated, that at least under the conditions that we have tested, neither SNX1 nor SNX2 
interact with CP110 nor localize to primary cilia (New Supplemental Fig. 4), suggesting that it may 
not be as firmly associated with the core VPS retromer components. 
 
Additional minor comments: 
 
1. The manuscript has no page numbers. 
Page numbers have been added. 
 
2. Authors say: “Accordingly, we hypothesized that the retromer might associate with CP110. To 
this end we performed immunoprecipitations of cell lysates using antibodies directed to CP110, and 
we immunoblotted with antibodies against VPS35 and VPS26. Intriguingly, we detected bands 
representing both VPS35 and VPS26, but these bands were absent when a control anti-GFP 
antibody was used for immunoprecipitation (Fig. 7F), suggesting that CP110 can reside in a complex 
with the retromer”. 
 
I do not understand this conclusion related to Fig7F, if the Anti-GFP antibody was used as a 
negative control in this co-IP. As I understand, any of the proteins have a fused GFP. So, why do 
authors conclude that the result was Intriguing if this fits with their hypothesis? 
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We apologize for the confusing wording in this paragraph; this has been corrected. 
 
3. Discussion Section; authors say: “Another study demonstrated that SNX17, a sorting nexin that 
binds to the retromer-interacting retriever complex and is involved in sorting, fission and recycling 
at the endosome (Dhawan et al., 2020; Donoso et al., 2009;Steinberg et al., 2012; Stockinger et al., 
2002), also regulates ciliogenesis (Wang et al., 2019)”. 
 
As long as I know, Retriever and Retromer are separate complexes and they do not interact. SNX17 
does not interact with retromer. Retriever has Vps29 subunit in common with Retromer, but they 
are different complexes. Please correct. 
 
We apologize for the misleading depiction of the retriever complex; this has been corrected in the 
Discussion. 
 
3. Reference Wang P et al (2019) is incomplete 
This has been corrected. 
 

 

 
Second decision letter 
 
MS ID#: JOCES/2021/259396 
 
MS TITLE: The retromer complex regulates C. elegans development and mammalian ciliogenesis 
 
AUTHORS: Shuwei Xie, Carter Dierlam, Ellie Smith, Ramon Duran, Allana Williams, Angelina Davis, 
Danita Mathew, Naava Naslavsky, Jyoti Iyer, and Steve Caplan 
ARTICLE TYPE: Research Article 
 
I am happy to tell you that your manuscript has been accepted for publication in Journal of Cell 
Science, pending standard ethics checks and making the small editorial change suggested by 
Reviewer #2.  
 
 
Reviewer 1 
 
Advance summary and potential significance to field 
 
The authors have adequately addressed all of my original comments through revision to the text 
and the addition of new experiments. In my opinion the manuscript is now suitable for publication 
and I congratulate the authors on an interesting and important study.  
 
Comments for the author 
 
Comments as above.  
 
 
Reviewer 2 
 
Advance summary and potential significance to field 
 
see previous review comments 
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Comments for the author 
 
Authors have done a thorough job of addressing my concerns. The addition of new data including 
phasmid ciliary length measurements in vps-26 mutant worms and expanded introduction and 
discussion sections on retromer are a great improvement. I recommend acceptance to JCS as is. 
Minor edit in Abstract: 
Only small body size is associated with ciliary defects. Please rewrite sentence to read something 
like: 
Using CRISPR-Cas9 editing, we demonstrate that vps-26 knockout worms have reduced brood sizes, 
impaired vulval development, and decreased body length; the latter phenotype has been linked to 
ciliogenesis defects.  
 
Reviewer 3 
 
Advance summary and potential significance to field 
 
The revised form of the manuscript took almost all the comments and suggestions of the reviewers 
in a good way. One of the complex aspects I addressed was the relationship between the defects 
found in the mutant worm with ciliogenesis.  
Authors worked on this aspect, not easy, and they did not find clear ciliary defects, but they also 
discussed this observation that does not discard a relationship between worm defects with cilia. 
The work in the cells lines relating to retromer and cilia is robust. The experiments are clean and 
well performed. Overall, this work shows the importance of retromer in C.elegans development 
and the participation of retromer in mammalian ciliogenesis.  
 
Comments for the author 
 
I have no additional Comments for the authors. They clearly worked to address the issues raised by 
the reviewers. The manuscript was improved and the quality of the figures is very good.  
 
 
 

 




