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1st Editorial Decision 8th Apr 2019

Dear Suzanne,

Thank you again for the submission of your manuscript (EMBOJ-2019-101767) to The EMBO
Journal and in addition providing us with a preliminary revision plan, and also for your patience with
my response, which got delayed due to detailed discussions in the team regarding your point-by-
point response. As mentioned earlier, your study has been sent to three referees, and we have
received reports from all of them, which | enclose below.

The referees acknowledge the potential interest and novelty of your work, although they also
express major concerns. In particular, referee #2 raises issues regarding Ecdysoneless as a model to
study glycolytic dependences of wing disc signaling and states that potential indirect confounding
effects significantly weaken the impact of the current results in his-her view. Referee #3 agrees in
that the physiological relevance of the data is not sufficiently worked out at this stage and
additional experimentation would be needed to corroborate a function for Ecd-glycolysis in normal
hh signaling. Further, referee #2 finds cross-dependencies on cell proliferation control and the
mechanistic details linking ecd to membrane potential are not sufficiently investigated. In addition,
the referees point to issues related to missing controls and statistics that are not at the level of
completeness required for publication at The EMBO Journal.

Ijudge the comments of the referees to be generally reasonable and given their overall interest, we
are in principle happy to invite you to revise your manuscript experimentally to address the referees'
comments, along the lines sketched in your outline. We concur in particular with the referees that
the proof of relevance for an explicit glycolytic program should be a key consideration for this study.
I need to stress though that we do need strong support from the referees on a revised version of
the study in order to move on to publication of the work.

Please feel free to contact me if you have any questions or need further input on the referee
comments.

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, we request that you contact the editor as
soon as possible upon publication of any related work, to discuss how to proceed. Should you
foresee a problem in meeting this three-month deadline, please let us know in advance and we may
be able to grant an extension.

Thank you for the opportunity to consider your work for publication. I look forward to your revision.
Kind regards,

Daniel

Daniel Klimmeck, PhD

Editor
The EMBO Journal



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:
http//embopress.org/sites/default/fileslEMBOPress_Figure Guidelines_061115.pdf

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
(http//emboj.embopress.org/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors

http://embojembopress.org/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:
http://embojmsubmit.net/html/emboj_author_instructions.htmi

The revision must be submitted online within 90 days; please click on the link below to submit the
revision online before 7th Jul 2019.

Link Not Available

Please do not share this URL as it will give anyone who clicks it access to your account.
Referee #1:

Spannl and colleagues nicely demonstrated in this paper that glycolysis is involved in regulating

hedgehog signalling in wing imaginal discs. Reduction of glycolysis stabilizes smoothened and the
full-length Cubitus interruptus, a transcription activator of hedgehog signalling pathway.



Mechanistically, this is achieved by lowering the plasma membrane potential, which is required for
the uptake of N- acylethanolamides, a hedgehog pathway inhibitor. The data in this paper are of
high quality, and the claims are well substantiated, furthermore, the ms is clearly written. This major
claims in the paper are highly novel, since it reveals interplay between cell metabolism and signalling
pathway important for proliferation and differentiation. However, | am not completely convinced by
the claim that decreasing Ecdysoneless promotes hedgehog signalling pathway via reducing
glycolysis. Clarification of the following points would be most helpful.

Major issues:

1.Line 106 -126, the authors claim that Ecd knockdown reduces the ATP levels via lowering
glycolysis, as Ecd knockdown leads to reduction of glycolysis- promoting enzymes. As it was shown
previously, that Ecd mutation causes disruption of the production of ecdysone, which is involved in
growth regulation, and the authors showed themselves, the Ecd RNAI caused reduction in growth
Figure 1E; how do the authors know that reduction of ATP is not a result of decreased cell
proliferation? Are there mutants where growth is affected, but ATP levels are not?

2. From Figure 2, and line 128-151, apGalts > ecdRNAi and apGalts > GapdhRNAi have similar
strength in stabilizing Smo. However, in Figure 4, apGalts > GapdhRNAi seems to have weaker
effect on PAC-NAE absorbance as well as plasma membrane potential than apGalts > ecdRNA..
Could there be a separate mechanism how ecd regulate plasma membrane potential that is
independent of Gapdh?

3.In Figure 2 B', C' and E, from the images provided, it is apparent that there is an upregulation of
smo in the dorsal compartment, and this is supported by the quantifications. However, in B', C' and
E', though the quantifications demonstrate an increase of Ciin the dorsal vs ventral compartment
(comparable to that of smo), the figures B' C' and E' really doesn't look very obviously different
between the dorsal vs ventral compartments. Perhaps some more convincing images are required.

Minor issues:

In some of the EV figures, e.g. EV3, the wing disc images were accompanied with a schematic of a
wing disc, with a/p and v/d domains depicted, and clear depiction of where the drivers are
expressed. | have found these very useful, and it would aid the readers greatly, if these schematics
can be made for all the wing disc figures.

Referee #2:
Cell metabolism influences Hedgehog signaling in the Drosophila wing disc

In this study the authors asked how cell metabolism and plasma membrane potential are linked to
Hedgehog (Hh) signaling pathway in wing disc development. Hh itself and some of the members of
the Hh signaling cascade were previously shown to be regulated by addition of metabolites, such as
lipids, which makes this signaling pathway a great candidate to be the mediator of the interplay
between metabolism and developmental patterning.

The authors perform this study in the wing disc and use apGalts which allows them to nicely
interfere with candidate genes and simultaneously have an internal control for the study of gene
expression, tissue growth and patterning.

The authors have used ecdysoneless (Ecd), a protein with unclear function, as a tool to affect
glycolysis and found that somehow Ecd affects ATP levels in cells of the imaginal wing disc, and



that it regulates splicing of some glycolytic enzymes. Ecd knock down was also shown to lead to
increased levels of Smo and Cil55 independent of Hh release. To test if this increase in Smo and Ci
was a consequence of Ecd role in glycolysis regulation, the authors have directly knocked down
Gapdh2, a glycolytic enzyme. Gapdh2 RNAI causes a similar accumulation of Smo and Cil55. The
effect of glycolysis levels on Smo localization was nicely shown to also occur in mammalian cells.
The authors have then explored how glycolysis could be affecting Smo and Cil55 and found that
RNAI of Ecd or Gapdh lowers plasma membrane potential and also leads to a reduction in the
accumulation of an analogue of N-acylethanolamide (PAC-NAE) and that these two aspects are
inter-related.

Major comments:

The authors explored a very interesting question of how cellular metabolism and signaling
pathways involved in patterning are inter-regulated.

To answer this question the authors choose to analyse Ecdysoneless, a protein with unknown
function. Ecdysoneless was identified and named after its phenotype which is very similar to what is
caused by deficient Ecdysone signaling, however its exact function remains unclear. To use a
protein like Ecd to alter glycolysis is in my opinion not ideal, because it is not known what EcdIR is
causing at a mechanistic level and since glycolysis is very well characterized the authors could have
chosen many other ways to affect it in a cleaner way.

As previously reported for Ecd in the PG, the authors now find that Ecd in the wing disc somehow
regulates splicing and that it specifically affects splicing of Gapdh, Pdk and PyK. This defect could
serve as an explanation for how Ecd affects glycolysis levels. It remains unanswered if these
splicing defects indeed lead to a decrease in glycolysis (for instance with measurement of lactate),
or if Ecd also affects splicing of other metabolic enzymes (for instance in Krebs cycle).

The authors also directly try to affect glycolysis by knocking down Gapdh2 (again no lactate direct
measurement) and find that both Smo and Cil55 are affected in a similar manner as in EcdIR.

The authors analysis of the role of Hh release in the accumulation of Smo and Cil55 in the
background of EcdIR or GapdhlIR (in Dispatched mutant background) is not very convincing since
the increase in both Smo and Cil55 in these backgrounds is very small and may not be significant.
The decrease in plasma membrane potential and decreased accumulation of PAC-NAE in both
EcdIR or GapdhiR are very interesting observations. It would be important to confirm if this is
specific for Gapdh or if affecting glycolysis in other ways (or other metabolic pathways) also causes
this same phenotype. It would also be important to test if disrupting membrane potential also leads
to an accumulation of Smo and Cil55 and therefore this is the mechanism by which reduction in
Gapdh (and potentially glycolysis levels) is interfering with the distribution/levels of these proteins.
Overall this manuscript addresses a very interesting question, it has a series of very interesting
experiments/data but in the current format it is hard to conceptually integrate them all.

Specific comments:

1- 92 - even if Ecd has been shown to not be involved in steroid hormone production it could still be
involved in ecdysone signaling.

2- Fig. 1B' and C' - Caspase 3 quantification missing.

3- Fig. EV1 - Is Ecd a regulator of splicing? Would you see the same phenotype if you would
knocked down a bone-fide splicing regulator (e.g Nelf-a)?

4- Fig. EV1 - Is this role of Ecd in splicing specific for the enzymes tested? Did you look at other
glycolysis enzymes or to Krebs cycle enzymes? If Ecd affects splicing of multiple enzymes in
multiple pathways the overall effect in metabolism can be unpredictable.



5- Lower ATP levels do not necessarily mean lower glycolysis; lower levels of spliced Gapdh, Pyk,
etc do not mean lower glycolysis - Quantify glycolysis (e.g. lactate chemical measurement).

6- The authors mention that Ecd mutants can be rescued when UAS-Ecd x Ptc-Gal4 - Could Ecd
be also required for the splicing of Dpp?

The experiment with dpp-LacZ does not answer this question.

Note: In ecd2 or if Dpp is not correctly made are discs smaller? Smaller discs are known to prevent
timely molting.

7- 154 - "glycolysis on Smo trafficking" the effect on trafficking was not really shown in Drosophila.
The accumulation of Smo could have many causes. Are total levels of Smo in Drosophila
EcdIR/Gapdh and in mammalian cells treated with 2-DG the same?

8- 165 - "trafficking" - not shown.

9- Fig 3C-F - in the absence of Disp, loss of Ecd does not cause the same accumulation of Smo or
Cias in the presence of Disp. This difference could indeed mean that Hh release is required. How
can this decrease be otherwise explained?

10- 183 - Lpp = meaning? HhN=meaning?

11- Fig. EV1 H' - Show area of gel wich would show the unspliced form of elF-4a and rp49 (as in G'
orF).

12- Fig. EV1 H' - Why is there no band in gel in DNA lane for elF4a? Why is the band of rp49 in DNA
lane heavier?

Minor comments:

Title: It is too general. A title more directed to the results of the manuscript would be better.
Abstract: Line 25 - "We show that reducing glycolysis" - the authors have never shown this.
Reducing the levels of ATP can have many causes. It is also not clear if the tools the authors use
indeed lead to a reduction in glycolysis.

Introduction: Line 42 - remove "respectively". A-KG could both affect methylation and acetylation.
Line 53 - "Smo can be activated by cholesterol.." in vertebrates.

Referee #3:

In this manuscript, the authors investigate the role of metabolic reprogramming in the regulation of
Hedgehog signaling within the Drosophila wing disc. First, the authors present evidence that
inhibition of glycolysis stabilizes smoothened and ci in the dorsal compartment. The effects are
quite subtle, but they observe consistent results when glycolysis is inhibited by multiple means
(RNAi knockdown of ecdysoneless, which is a which is a splicing factor with conserved roles in
regulating metabolism, or RNAIi against the metabolic enzymes Gapdh2 or Glol). Next, they provide
evidence that RNAi knockdown of Ecd or Gapdh?2 is associated with lower membrane potential and
reduced uptake of N-acylethanolamides, though again the effects are small. Overall, their study
points to a model in which reduced glycolysis inhibits membrane production, which limits uptake of
N-acylethanolamides. This, in turn, stabilizes smoothened protein, thus mimicking the effect of
patched inhibition in a ligand-independent manner. The connection between metabolism and cell
signaling has been understudied, so investigations of this type have the potential to break new
ground. The strengths of this study include the use of multiple independent methods to test for the
effects of decreased glycolysis, clear images and careful quantification of the observations, and
testing for effects in both Drosophila tissues and mammalian cells. With these strengths, | think the
study has the potential to make a significant contribution to the field. However, several comments
should be addressed before publication.

1. First, my enthusiasm for this study was diminished by the very small size of the effects in nearly



every case (Fig. 1E & G, 2B-E, 3D & F, and 4A). Although these differences are shown to be
statistically significant (in the case of Fig. 1 and 4), it is not clear that these differences are
biologically meaningful. The authors do show that one biologically relevant output, dpp expression,
is affected (Fig. 3H & J), but additional evidence along these lines would be helpful. Alternatively (or
in addition), it would be interesting to determine whether differences in Ecd expression and/or the
rate of glycolysis in contributes to the normal patterning of Hh signaling in wildtype tissue in a
meaningful way. A third possibility would be to assay for more dramatic effects on Hh signaling or
biological outcome in homozygous mutant clones. Although it may not be necessary to pursue all
three of these lines of inquiry, I think that some additional data about either the biological impact of
the experimental perturbations that have already been used in this study or the ways in which
changes in metabolism within wildtype tissue contributes to the patterning of Hh signaling is
important and would significantly enhance the impact of the study.

2.In Figures 2 and 3, the standard deviations of the red and black lines overlap in most cases,
raising the possibility that the differences between the means are not statistically significant. A
statistical procedure to should be used to test whether these data sets are significantly different
from each other.

3.In Fig. 3l, the relevant parts of the image (the primary cilia) are located around the periphery of the
image and are almost obscured by the image label text. An alternate image or layout should be
used so that it is easier to see the effect.



1st Authors' Response to Reviewers 10th Jun 2020

RESPONSE TO REVIEWER COMMENTS:
Spannl et al EMBOJ-2019-101767

Referee #1:

Major issues:

1. Line 106 -126, the authors claim that Ecd knockdown reduces the ATP levels via lowering
glycolysis, as Ecd knockdown leads to reduction of glycolysis- promoting enzymes. As it was shown
previously, that Ecd mutation causes disruption of the production of ecdysone, which is involved in
growth regulation, and the authors showed themselves, the Ecd RNAI caused reduction in growth
Figure 1E; how do the authors know that reduction of ATP is not a result of decreased cell
proliferation? Are there mutants where growth is affected, but ATP levels are not?

While it is true that whole animals mutant for Ecd produce less ecdysone, this fact is not
relevant for our experiments because we specifically knocked down ecd in the dorsal compartment of
the wing disc using ap-Gal4. We added data (Fig EV1A-C) confirming that ap-Gal4 does not drive
expression in the ecdysone-producing ring gland. Thus, circulating ecdysone levels should be normal,
and the growth defect we see in the wing is autonomously caused by loss of Ecd.

With respect to ATP levels and growth rate, we are not aware of any evidence that slowing
tissue growth lowers steady state ATP levels in any system — in bacteria, there is no change in steady
state ATP concentration between exponential and stationary phase (Schneider and Gourse, JBC,
2004). In fact, unpublished work from our lab indicates that overgrowth caused by activation of the
insulin receptor is actually associated with lowered steady state ATP levels.

2. From Figure 2, and line 128-151, apGalts > ecdRNA. and apGalts > GapdhRNAI have similar
strength in stabilizing Smo. However, in Figure 4, apGalts > GapdhRNAI seems to have weaker effect
on PAC-NAE absorbance as well as plasma membrane potential than apGalts > ecdRNAI. Could
there be a separate mechanism how ecd regulate plasma membrane potential that is independent of
Gapdh?

The effect of ecd™* on Smo accumulation does appear to depend on its role as a splicing
regulator. We have found that knock-down of brr2 (the splicing factor with which Ecd interacts)
causes similar changes in Smo (new data included in Fig EVAC-C’”). Since Ecd seems to regulate
splicing of other glycolytic enzymes in addition to Gapdh, it might be expected to cause a stronger
effect on membrane potential and NAE uptake than perturbing Gapdh alone. We have already ruled
out a simple effect of Ecd on smo splicing, although it is also possible that Ecd exerts its effects on
Smo through splicing of non-metabolic RNAs. Nonetheless, the fact that loss of Gapdh produces a
similar (though milder) phenotype suggests that changes in cell metabolism would be sufficient to
explain the effect of ecd™ on Smo.

3. In Figure 2 B', C' and E, from the images provided, it is apparent that there is an upregulation of
smo in the dorsal compartment, and this is supported by the quantifications. However, in B', C' and E',
though the quantifications demonstrate an increase of Ci in the dorsal vs ventral compartment
(comparable to that of smo), the figures B' C' and E' really doesn't look very obviously different
between the dorsal vs ventral compartments. Perhaps some more convincing images are required.

These data are now in Fig 3. We have adjusted the brightness/contrast to improve
visualization of the phenotype. Additionally, our quantification of multiple discs shows the effect on
Ciyss is significant. Perhaps what this reviewer is noticing is that Ciyss does not accumulate over the
same range as Smo. While Smo levels increase uniformly throughout the anterior compartment, the
effect on Ciyss is not strong in far anterior regions of the disc. We have changed the text to clarify this
point (pg 10, lines 214).

This difference in Ciyss might reflect the fact that processing of Ciyss is regulated by multiple
mechanisms. Smo membrane accumulation upon loss of Ecd might only affect some but not all of
these mechanisms. Examples of such mechanisms are: the Ci-binding protein, Debra, which in the
anterior compartment is highly expressed in a band of 6-8 cells adjacent to the Hh-responsive cells
that express Dpp, mediates polyubiquitination and lysosomal degradation of Ciyss (Dai et al., 2003).
Further, Ciyss stability in more anterior cells is controlled by the Slimb-Cull E3 ligase that mediates



ubiquitination and partial degradation of Ciss to its repressor form Ci;s (Aza-Blanc et al., 1997; Jiang,
2006; Zhang et al., 2013). Further investigation into how loss of Ecd leads to Ciyss stabilization is
beyond the scope of the current manuscript.

Minor issues:
In some of the EV figures, e.g. EV3, the wing disc images were accompanied with a schematic of a
wing disc, with a/p and v/d domains depicted, and clear depiction of where the drivers are expressed. |
have found these very useful, and it would aid the readers greatly, if these schematics can be made for
all the wing disc figures.

Due to space limitations, we would prefer not to add this schematic to all relevant figures.
However, we have instead added a reference to Fig 1C in the figure legends for all other figures.

Referee #2:

Major comments:

The authors explored a very interesting question of how cellular metabolism and signaling pathways
involved in patterning are inter-regulated. To answer this question the authors choose to analyse
Ecdysoneless, a protein with unknown function. Ecdysoneless was identified and named after its
phenotype which is very similar to what is caused by deficient Ecdysone signaling, however its exact
function remains unclear. To use a protein like Ecd to alter glycolysis is in my opinion not ideal,
because it is not known what EcdIR is causing at a mechanistic level and since glycolysis is very well
characterized the authors could have chosen many other ways to affect it in a cleaner way.

We acknowledge that Ecd may not have been the most obvious choice for a method to perturb
cell metabolism in the wing disc. This choice was for historical reasons, which we did not sufficiently
explain in the manuscript. However, Ecd does have a known role in promoting glycolysis that is
preserved from yeast to humans. Furthermore, our argument that glycolytic ATP affects Smo
accumulation is not only based on the Ecd data, but also on more direct perturbation of Gapdh and
Glol in wing imaginal discs. We also present data from mammalian cells showing that
pharmacological inhibition of glycolysis (at two different steps) induces Smo ciliary translocation.
Taken together, the data support the argument that changes in glycolysis resulting in lower ATP levels
activate Smo in a way that is conserved across phyla.

To further strengthen the connection between glycolysis, Ecd, and the Hh pathway, we have
made the following additional changes to the manuscript:

1. We added a paragraph to the introduction section explaining how we became interested in
Ecd and why we thought this protein could be used to address the effect of glycolysis on Hh
signaling (p4-5, lines 91-101).

2. We added a whole new section to the results (p6-7, lines 114-152), coupled with a new figure
(now Fig 1), showing how steady state levels of ATP are lower upon RNAi-mediated knock-
down of three glycolytic enzymes: Pfk, Gapdh, and Glo1l.

3. We added supplemental data (Appendix Fig S2) and corresponding text in the results section
(p7, lines 145-152) demonstrating that RNAI of glycolytic enzymes can affect wing shape by
making them rounder. These data suggest that affecting glycolysis not only affects the amount
of growth but its direction and/or proportions, which are controlled by the patterning systems,
including Hh.

4. We added new data showing that perturbation of Ecd also similarly affects adult wing shape
(Fig 2, p9, lines 190-198). Together with the data on ATP levels, these data indicate that loss
of Ecd phenocopies loss of glycolytic enzymes such as Gapdh. This phenotype is consistent
with the observation that Hh pathway is ectopically activated — loss of glycolysis impedes
growth along the PD axis, but upregulated Hh signaling maintains growth along the AP axis.

5. We summarize the argument that Ecd’s function in promoting glycolysis is conserved in
Drosophila at the end of the second section of the results, p9, lines 199-206.

As previously reported for Ecd in the PG, the authors now find that Ecd in the wing disc somehow
regulates splicing and that it specifically affects splicing of Gapdh, Pdk and PyK. This defect could
serve as an explanation for how Ecd affects glycolysis levels. It remains unanswered if these splicing



defects indeed lead to a decrease in glycolysis (for instance with measurement of lactate), or if Ecd
also affects splicing of other metabolic enzymes (for instance in Krebs cycle).The authors also
directly try to affect glycolysis by knocking down Gapdh2 (again no lactate direct measurement) and
find that both Smo and Ci155 are affected in a similar manner as in EcdIR.

We have not exhaustively characterized the splicing changes in ecd™" tissue, although this
would be interesting. While we cannot rule out the fact that Ecd may affect the splicing of non-
glycolytic targets, our data are consistent with the hypothesis that the phenotypes of reduced ATP
levels, upregulation of Hh signaling, and altered adult wing morphology are due to changes in
splicing of glycolytic enzymes upon loss of Ecd. We have tried to address whether the ecd™"
phenotype can be reversed by expressing normally spliced versions of glycolytic enzymes. No single
enzyme was able to do this, and the genetic combinations required to express all of them proved too
cumbersome. If loss of Ecd affects multiple glycolytic enzymes, it isn’t surprising that restoring one
of them doesn’t reverse the Ecd phenotype. We did not include this inconclusive data in the
manuscript.

Quantifying lactate levels is a good suggestion but would require additional assay
development, which would further delay the manuscript. Furthermore, it is not entirely clear that
lactate production is a perfect readout of glycolysis activity in the wing disc. Fig 1 shows that ATP
levels drop significantly upon inhibition of oxidative phosphorylation, indicating that this pathway is
active, and thus the wing disc is not likely to be undergoing aerobic glycolysis or a “Warburg effect”,
as in some cancer cells. Thus, the carbon units coming from glycolysis may be funneled through the
Krebs cycle and into OxPhos rather than being secreted as lactate. Nonetheless, we do show
phenotypic consequences of the loss of glycolytic enzymes: lower steady state ATP levels,
upregulated Hh, and misproportioned adult wings. While loss of any one enzyme in the pathway may
not be sufficient to reduce glycolysis, we have now included considerable additional supporting data
where we perturb not just Gapdh, but other enzymes, including Pfk, which is a key point of control in
the pathway.

The authors analysis of the role of Hh release in the accumulation of Smo and Cil155 in the
background of EcdIR or GapdhlIR (in Dispatched mutant background) is not very convincing since the
increase in both Smo and Ci155 in these backgrounds is very small and may not be significant.

We performed statistical tests and found indeed that the differences are not significant. We
have added this information to the figure legend and modified our discussion of this result in the text
(pg 11, lines 249-258). _

Note, however, that we also show that there is no effect on Smo or Ciyss when ecd™ is
confined to the posterior cells, which produce Hh (Appendix Fig S5, with added quantification).
Furthermore, we have knocked down ecd in a Hh temperature-sensitive mutant and find that Ciyss is
elevated, even though target gene activation (dpp) is lost (Figure I below). We can include these data
in the manuscript if you feel it is necessary.

Thus, in total, our data are consistent with the claim that Ecd does not absolutely require Hh
ligand to affect the pathway. We acknowledge, however, that the Hh ligand-induced signaling
contributes to the phenotype of Ecd. We have added such a statement to the results on pg 12, lines
271-272.
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Figure 1. Stabilization of Ciyss upon loss of Ecd does not require the Hh ligand, but target gene
expression does

A-A”> Time-controlled knock-down of ecd in the dorsal compartment of hh mutant wing discs»(hh‘sz,
apGal®>ecd™" see Fig 1C for the expression pattern of apGal®). IF of hh*2, apGal®>ecd™" wing
discs, stained for Hh (A), Ciiss (A’), and dppZ (A’’). Next to the image of Cijss Stainings are



quantifications of Cijss staining intensity (n=2). Graphs show mean (thick line) £ SD (thin lines).
Dashed yellow lines indicate the position of the A/P boundary. Loss of Ecd increases Ciss
stabilization even in the absence of Hh. Wing discs were analyzed after 48 h of RNAI induction. Scale
bars= 50 pm.

The decrease in plasma membrane potential and decreased accumulation of PAC-NAE in both EcdIR
or GapdhIR are very interesting observations. It would be important to confirm if this is specific for
Gapdh or if affecting glycolysis in other ways (or other metabolic pathways) also causes this same
phenotype.

We have now confirmed that loss of membrane potential occurs upon knock-down of Pfk,
which also affects Hh signaling, ATP levels, and wing shape (Fig EV5). Interestingly, not all enzymes
of glycolysis had this effect. For example, we found that loss of Enolase does not cause a drop in
membrane potential, nor does it affect Hh signaling, ATP levels or wing shape in the same way as the
other glycolytic enzymes. To confirm that the RNAI was effective, we acquired an antibody from
another lab and found that indeed the protein levels were significantly reduced. For other enzymes in
which we saw no effect, however, it is difficult to conclude whether the RNAI was functional. We do
not think these additional data significantly change or add to the story of the manuscript, so we have
not included them.

It would also be important to test if disrupting membrane potential also leads to an accumulation of
Smo and Cil155 and therefore this is the mechanism by which reduction in Gapdh (and potentially
glycolysis levels) is interfering with the distribution/levels of these proteins.

We agree this is an interesting experiment. Interestingly, Ishwar Hariharan’s lab very recently
posted a preprint to the BioRxiv supporting our claim that altering membrane potential affects Hh
signaling (Emmons-Bell et al 2020). They use RNA.i to target two ion channels in the wing disc and
find that membrane depolarization leads to increased Smo membrane accumulation, whereas
hyperpolarization decreases Smo membrane accumulation. They confirm these results with different
tools expressed in the salivary glands: overexpression of a bacterial channel, NaChBac, induces
membrane depolarization and increases Smo membrane accumulation and Ptc expression; conversely,
overexpression of Kir2.1 induced hyperpolarization and decreased Smo membrane accumulation.
Lastly, they optogenetically altered membrane potential in the salivary gland and show a rapid
(~10min) response of Smo membrane accumulation in response to altering membrane potential.

While these new data support our work, no mechanism was proposed for how membrane
potential affects Hh signaling. Our work showing that membrane perturbation affects uptake of
inhibitory lipids for the Hh pathway provides a connection linking glycolysis to membrane potential
and Hh signaling.

Overall this manuscript addresses a very interesting question, it has a series of very interesting
experiments/data but in the current format it is hard to conceptually integrate them all.

We hope that the addition of new data on glycolytic enzyme perturbation and the
modification of the text of the introduction and results makes the connection between glycolysis, Ecd,
and Hh signaling more apparent.

1- 92 - even if Ecd has been shown to not be involved in steroid hormone production it could still be
involved in ecdysone signaling.

Our point here was only to address the previous literature showing that Ecd is involved in
steroid production. A role for Ecd in mediating ecdysone signaling is not established, nor is there
evidence suggesting that ecdysone signaling affects glycolytic enzymes. If Ecd were required
autonomously in the wing disc for ecdysone signaling, we may expect to see more significant and
broader effects patterning. In particular, we would expect a defect in Wg expression or signaling (Dye
et al 2017, Mitchell et al 2013). We found no changes to the expression of Wg or its target Cut upon
loss of Ecd (Figure 11 below), however. We can add these data to the manuscript if requested, but we
feel doing so may distract from the main storyline of the paper.
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Figure I1. Loss of Ecd does not affect the expression of Wingless or Cut

A-D  Time-controlled knock-down of ecd in the dorsal compartment of the wing discs (see Fig 1C
for the expression pattern of apGal®). IF of control (A, C) and apGal®>ecd™* (B, D) wing discs,
stained for Wingless (Wg, A, B) or Cut (C, D). Next to the images are quantifications of the
respective stainings along the D/V boundary of control and apGal®>ecd™* wing discs (n=4 (C, D),
n=5 (A, B)). Graphs show mean (thick line) + SD (thin lines). Dashed green lines indicate the position
of the D/V boundary. To compare stainings between control and apGal®>ecd™™" wing discs, pixel
intensities in control wing discs were adjusted to match that of apGal®>ecd™* wing discs in the
ventral compartment (mean + SD as grey lines in B and D). Statistical analyses (t-test) revealed no
significant difference in Wg or Cut expression in the dorsal compartment between control and
apGal®>ecd™" wing discs. Thus, loss of Ecd does not affect Wg or Cut expression. Wing discs were
analyzed 48 h after RNAI induction. Scale bars= 50 pum.

2- Fig. 1B'and C' - Caspase 3 quantification missing.
These data have been moved to Fig EV1. Quantification of activated Caspase-3 staining has
now been added in part H.

3- Fig. EV1 - Is Ecd a regulator of splicing? Would you see the same phenotype if you would
knocked down a bone-fide splicing regulator (e.g Nelf-a)?

Yes — we have done this experiment and see that knock-down of brr2 (a splicing factor that
interacts with Ecd) has the same effect on Gapdh splicing and Smo accumulation as ecd™*'. We now
include this data in Appendix Fig S4A, A’ and Fig EV4AC-C”’.

4- Fig. EV1 - Is this role of Ecd in splicing specific for the enzymes tested? Did you look at other
glycolysis enzymes or to Krebs cycle enzymes? If Ecd affects splicing of multiple enzymes in
multiple pathways the overall effect in metabolism can be unpredictable. _

We have not exhaustively characterized the splicing changes in ecd™ tissue. We show,
however, that the phenotype with respect to ATP levels and adult wing shape is similar between Ecd
and glycolytic enzymes such as Gapdh. If Ecd had many other functions or splicing targets, we may
expect a different phenotype. Furthermore, there is already a known function for Ecd in promoting
glycolysis that is conserved from yeast to humans.

5- Lower ATP levels do not necessarily mean lower glycolysis; lower levels of spliced Gapdh, Pyk,
etc do not mean lower glycolysis - Quantify glycolysis (e.g. lactate chemical measurement).

As explained above, we do not agree that lactate measurements would necessarily be an
effective readout of glycolysis in the wing disc. What we have done instead is to expand our analysis
of ATP levels and adult wing phenotypes to many glycolytic enzymes, including a key point of
control in glycolysis, Pfk. The conservation of Ecd function from yeast to humans strongly suggests
that it has the same function in the wing disc, although we agree that more experiments are needed as



direct proof. Nonetheless, the fact that ecd™" alters splicing of glycolytic enzymes and phenocopies
the loss of glycolytic enzymes is consistent with this idea.

6- The authors mention that Ecd mutants can be rescued when UAS-Ecd x Ptc-Gal4 - Could Ecd be
also required for the splicing of Dpp? The experiment with dpp-LacZ does not answer this question.

This is an interesting question but outside the scope of the paper. There is no evidence that
Dpp signaling feeds back on Hh signaling in the wing disc, so such a mechanism would be unlikely to
explain the effect of loss of Ecd on Smo, which is the focus of this paper. The key insight from the
ecd™ experiment is that it lowers steady state ATP levels, lowers the plasma membrane potential,
and reduces N-acylethanolamide uptake. We think that these are the key perturbations that result in
Smo destabilization, because all of these effects are mimicked by RNA. targeting the glycolytic
enzymes Gapdh and Pfk, which also stabilizes Smo.

7- 154 - "glycolysis on Smo trafficking" the effect on trafficking was not really shown in Drosophila.
The accumulation of Smo could have many causes. Are total levels of Smo in Drosophila
EcdIR/Gapdh and in mammalian cells treated with 2-DG the same?

We have changed “trafficking” to “membrane accumulation” in all instances.

8- 165 - "trafficking" - not shown.
See point 7.

9- Fig 3C-F - in the absence of Disp, loss of Ecd does not cause the same accumulation of Smo or Ci
as in the presence of Disp. This difference could indeed mean that Hh release is required. How can
this decrease be otherwise explained?

See explanation above — we have modified the text to claim that Hh is not required although
ligand-induced signaling can contribute to the phenotype of loss of Ecd.

10- 183 - Lpp = meaning? HhN=meaning?

We have added clarification to pg 11, line 260: lipoprotein-associated Hh (Lpp-associated)
and sterol-free Hh (HhN). We have also added a description of these abbreviations in the Introduction
section (p4, lines 84-89).

11- Fig. EV1 H' - Show area of gel wich would show the unspliced form of elF-4a and rp49 (as in G'
or F).

We have now included spliced and unspliced mRNA of elF-4a. These data have been moved
to Appendix Fig S3 E-E*'. We did not have the unspliced available for rp49, so we have removed it.

12- Fig. EV1 H' - Why is there no band in gel in DNA lane for elF4a? Why is the band of rp49 in
DNA lane heavier?

These data now appear in Appendix Fig S3 E’. The band in the DNA lane was simply not in
the cropped region. We now include a cropped image that also shows the higher running DNA band
for elF-4a. Data for rp49 was removed (see point 11).

Minor comments:
Title: It is too general. A title more directed to the results of the manuscript would be better.

We have changed to: “Glycolysis regulates Hedgehog signaling via the plasma membrane
potential”

Abstract: Line 25 - "We show that reducing glycolysis" - the authors have never shown this. Reducing
the levels of ATP can have many causes. It is also not clear if the tools the authors use indeed lead to
a reduction in glycolysis.

We have added data showing that knock-down of glycolytic enzyme expression reduces ATP
levels, similar to Ecd knockdown. This statement is also supported by the pharmacological inhibition
of glycolysis in cell culture.



Introduction: Line 42 - remove "respectively”. A-KG could both affect methylation and acetylation.
Done.

Line 53 - "Smo can be activated by cholesterol..." in vertebrates.
“in vertebrates” has been added (now pg 3, line 67)

Referee #3:

Major comments:

1. First, my enthusiasm for this study was diminished by the very small size of the effects in nearly
every case (Fig. 1IE & G, 2B-E, 3D & F, and 4A). Although these differences are shown to be
statistically significant (in the case of Fig. 1 and 4), it is not clear that these differences are
biologically meaningful. The authors do show that one biologically relevant output, dpp expression, is
affected (Fig. 3H & J), but additional evidence along these lines would be helpful. Alternatively (or in
addition), it would be interesting to determine whether differences in Ecd expression and/or the rate of
glycolysis in contributes to the normal patterning of Hh signaling in wildtype tissue in a meaningful
way. A third possibility would be to assay for more dramatic effects on Hh signaling or biological
outcome in homozygous mutant clones. Although it may not be necessary to pursue all three of these
lines of inquiry, | think that some additional data about either the biological impact of the
experimental perturbations that have already been used in this study or the ways in which changes in
metabolism within wildtype tissue contributes to the patterning of Hh signaling is important and
would significantly enhance the impact of the study.

1. New data regarding biological impact of experimental perturbations: We now include
data showing that adult wing size and shape changes after uniform knock-down of several glycolytic
enzymes (including Gapdh) in the wing — the wings are smaller and misproportioned (shorter along
the PD axis and broader along the AP axis, Appendix Fig S2). Finally, we have constructed a
dominant negative version of Ecd whose expression reproduces the effects of ecd™* on Gapdh
splicing and Smo stabilization without inducing the cell death that occurs after long-term ecd™A.
While driving ecd™* throughout the wing results in only vestigial wings, expressing the dominant
negative construct gives rise to wings that look like Gapdh™ wings (Fig 2).

It is true that loss of glycolysis has relatively weak effects. This finding is consistent with the
fact that we see a huge effect on ATP levels of inhibiting oxidative phosphorylation (Fig 1),
indicating that the developing wing does not rely solely on glycolysis for its energy, as some other
cell types. This finding is interesting on its own, as it contrasts the wing disc with other tumor models
that exhibit aerobic glycolysis. Nonetheless, the phenotypes that we see are significant, indicating that
glycolysis does have a function in promoting wing disc growth and pattern, ultimately contributing to
final wing shape and size.

2. How does metabolism contribute to patterning of Hh signaling? This very interesting
question is the subject of ongoing work in the lab. Of course, nutrition may cause metabolic changes
in the wing disc through the insulin pathway, and we have a student in the lab who is characterizing
such effects and how they may influence Hh activity. We are also investigating how Hh signaling
may influence metabolism in the wing disc, as it does in many tumors. These projects are yet
incomplete, however. Furthermore, including them would significantly lengthen the manuscript.

3. More dramatic effects in homozygous mutant clones. Unfortunately, homozygous ecd
mutant clones are excluded from the wing disc (Gaziova et al 2004), likely due to cell competition.
Thus, interpretation of this kind of experiment would be complicated.

2. In Figures 2 and 3, the standard deviations of the red and black lines overlap in most cases, raising
the possibility that the differences between the means are not statistically significant. A statistical
procedure to should be used to test whether these data sets are significantly different from each other.

We have now performed tests of significance for all data. We report the p-values in the
figures legends and describe the test in the methods section. We have also revised the section of the
results (pg 11, lines 249-258) explaining the old Fig 3 (now Fig 5).



3. In Fig. 3l, the relevant parts of the image (the primary cilia) are located around the periphery of the
image and are almost obscured by the image label text. An alternate image or layout should be used
so that it is easier to see the effect.

Data for this experiment are now in Fig 4. We have added close up images to improve

visualization.



DESCRIPTION OF CHANGES TO FIGURES:

e Inresponse to reviewer requests, we have added new data and reorganized the main figures,
as well as the supplement. To accommodate these new data, while staying within the length
restrictions, we now have an appendix with additional supplemental data. We now have 6
main figures, 5 supplemental figures (EV), and 6 appendix figures. Specific changes to the
figures are outlined in detail below.

Fig. 1 and associated supplement:

o NEW DATA added to Fig 1, showing reduction of FRET-ATP upon knock-down of
glycolytic enzymes (Pfk, Gapdh, Glol). Note we have improved the visualization of the data,
showing line graphs connecting the dorsal and ventral compartments of each analyzed wing
disc, rather than presenting bar graphs of pooled data. We also slightly modified the cartoons.

e OLD Fig 1A-D”’ showing the growth phenotype upon loss of Ecd was moved to Fig EV1D-
G.

e Fig EV1 includes NEW DATA showing that apGal® does not express in the ring gland, and
thus ecdysone production should be unaffected by apGal®>ecd™*'.

e OLD Fig EV1 was shifted down and split into two: OLD D-G”’ is now in Fig EV2; OLD A-C
and H-H’*’ is now in Appendix Fig S3.

e NEW DATA added to Appendix Fig S1, showing a confirmation that Gapdh™*' affects both
Gapdhl and Gapdh2.

Fig. 2 and associated supplement:
e Fig 2 is now entirely NEW DATA, combined with NEW Appendix Fig S2. In these figures,
we show the consequences of loss of glycolytic enzymes and Ecd on adult wing morphology.
e OLD Fig 2 is now split into two subsequent figures: A-E’ is now in Fig 3; F-K is now in Fig
4.
o NEW DATA added to Appendix Fig S4, showing that RNAI of brr2, a component of the core
splicing machinery, also affects Gapdh2 splicing.

Fig. 3 and associated supplement:
e NEW DATA added to Fig 3, showing that knock-down of Pfk (C-C’) has the same effect on
the Hh pathway as that of ecd, Gapdh, and Glo1.
e OLD Fig EV2 is unchanged but is now labeled Fig EV3.
e NEW DATA added to Fig EV4, showing that over-expression of dominant negative Ecd
(ecd®™) and brr2 RNAI have similar effects on Ciyss and Smo as RNAI of ecd and glycolytic
enzymes.

Fig. 4 and associated supplement:
e Fig 4 is the same data from OLD Fig 2F-K. We added magnified images for better
visualization.

Fig. 5 and associated supplement:
e OLD Fig. 3, reordered so that Dpp expression +/- Dispatched comes before Smo/Ciyss.
e OLD Fig EV3 is now Appendix Fig S5 and S6.

Fig. 6:
e OLD Fig 4, unchanged.
e NEW DATA added to Fig EV5, showing change in membrane potential upon loss of Pfk.



1st Revision - Editorial Decision 14th Jul 2020

Dear Natalie, dear Stephanie,

Thank you for submitting your revised manuscript for consideration by The EMBO Journal. My
apologies or the extended duration of the re-review of your manuscript due to protracted referee
input. Your revised study was sent back to the three referees for evaluation, and we have received
comments from all of them, which | enclose below. As you will see the referees find that their
concerns have been sufficiently addressed and they are now broadly in favour of publication.
Thus, we are pleased to inform you that your manuscript has been accepted in principle for
publication in The EMBO Journal, pending the minor remaining issues and additional aspects
related to formatting and data representation as detailed below are addressed at re-submission.
Please contact me at any time if you have further questions related to below points.

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

Again, please contact me at any time if you need any help or have further questions.
Kind regards,

Daniel

Daniel Klimmeck PhD

Editor
The EMBO Journal

kkkkkkkkhkkkkkkhkhkhkkkk

Formatting changes required for the revised version of the manuscript:

>> Please check and correct figure callouts: Figure 2 is called out before Figure 1 LM; sub-panels of
Figure 4 are not called out.

>> Provide main figures and EV figures as individual, high-resolution figure files.
>>Indicate re-use of FigureEV2B elF.-4a in Figure S3E in the figure legend.
>>Indicate the microscopy tiling approach applied in figure legend 2D.

>> Provide an ORCID for all corresponding authors (S.S.))

>> Please consider additional changes and comments from our production team as indicated by
attached .doc file and leave changes in track mode.
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The revision must be submitted online within 90 days; please click on the link below to submit the
revision online before 12th Oct 2020.

Link Not Available

Referee #1:

The authors have addressed my concerns which mostly centered on the small differences that
were quantified but was hard to see in the IF, and whether Ecd is affecting growth in general via
non-wing dependent mechanisms. | feel the data was strengthened by the adult wing data, and
confirmation with the use of the dominant negative form of Ecd. | am happy with the revisions, and
feel that the paper is acceptable for publication in its current state.

Referee #2:

The authors have addressed all my points satisfactorily.

Ithank the authors for the additional figures in their rebuttal letter addressing some of my
guestions which were very helpful. 1 do not require these figures to be included in the manuscript.
I think the manuscript is much improved and | am strongly in favor of acceptance and rapid
publication.

Referee #3:

With this revised manuscript, the authors have addressed my concerns and | now fully support
publication.



2nd Authors' Response to Reviewers 25th Aug 2020

The authors performed the requested editorial changes.



2nd Revision - Editorial Decision 25th Aug 2020

Dear Natalie, dear Stephanie,

Thank you for submitting the revised version of your manuscript. | have now evaluated your
amended manuscript and concluded that the remaining minor concerns have been sufficiently
addressed.

Thus, lam pleased to inform you that your manuscript has been accepted for publication in the
EMBO Journal.

Please note that it is 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. |
would thus like to ask for your consent on keeping the additional referee figures included in this file.

Also in case you might NOT want the transparent process file published at all, you will also need to
inform us via email immediately. More information is available here:
http//emboj.embopress.org/about#Transparent Process

Please note that in order to be able to start the production process, our publisher will need and
contact you regarding the following forms:

- PAGE CHARGE AUTHORISATION (For Articles and Resources)
http//onlinelibrary wiley.com/journal/10.1002/(ISSN)14 60-2075/homepage/te]_apc.pdf

- LICENCE TO PUBLISH (for non-Open Access)

Your article cannot be published until the publisher has received the appropriate signed license
agreement. Once your article has been received by Wiley for production you will receive an email
from Wiley's Author Services system, which will ask you to log in and will present them with the
appropriate license for completion.

- LICENCE TO PUBLISH for OPEN ACCESS papers

Authors of accepted peer-reviewed original research articles may choose to pay a fee in order for
their published article to be made freely accessible to all online immediately upon publication. The
EMBO Open fee is fixed at $5,200 (+ VAT where applicable).

We offer two licenses for Open Access papers, CC-BY and CC-BY-NC-ND.
For more information on these licenses, please visit: http://creativecommons.org/licenses/by/3.0/ and
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.en_US

- PAYMENT FOR OPEN ACCESS papers
You also need to complete our payment system for Open Access articles. Please follow this link

and select EMBO Journal from the drop down list and then complete the payment process:
https://authorservices.wiley.com/bauthor/onlineopen_order.asp



Notably, please be reminded that under the DEAL agreement of German scientific institutions with
our publisher Wiley, you could be eligible for free publication of your article in the open access
format. Please contact either the administration at your institution or Wiley
(embojournal@wiley.com) to clarify further questions.

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

On a different note, Iwould like to alert you that EMBO Press is currently developing a new format
for a video-synopsis of work published with us, which essentially is a short, author-generated film
explaining the core findings in hand drawings, and, as we believe, can be very useful to increase
visibility of the work.

Please see the following link for representative recent examples:
https//www.embopress.org/video_synopses

Please let me know, should you be interested to engage in commissioning a similar video synopsis
for your work. According operation instructions are available and intuitive.

If you have any questions, please do not hesitate to call or email the Editorial Office.

Thank you again for this contribution to The EMBO Journal and congratulations on a successful
publication. Please consider us again in the future for your work.

Kind regards,

Daniel

Daniel Klimmeck, PhD

Editor

The EMBO Journal

EMBO

Postfach 1022-40
Meyerhofstrasse 1

D-69117 Heidelberg

contact @embojournal.org

Submit at: httpZ//embojmsubmit .net
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Corresponding Author Name: Stephanie Spannl and Natalie A. Dye

Journal Submitted to: The EMBO J

Manuscript Number: EMBOJ-2019-101767

http://www.antibodypedia.com

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

> the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
>
>

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:

a specification of the experimental system investigated (eg cell line, species name).

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

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

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

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

a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

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

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

are tests one-sided or two-sided?

LA 2N X 2 X X X 7

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.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods
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Please fill these boxes

(Do not worry if you cannot see all your text once you press retur:

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

We determined the sample size based on our previous published research and on other
publications on the Drosophila wing disc.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

Sample size information is included in the figures and figure legends.

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

Samples were excluded from the analysis if not mounted properly or damaged during mounting.

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

All samples were analyzed following the same criteria, independently of experimental group.

For animal studies, include a statement about randomization even if no randomization was used.

NA

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

Some experiments were performed/repeated by different investigators.

4.b. For animal studies, include a statement about blinding even if no blinding was done

No blinded experiments were performed.

5. 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. Yes. If sample size is sufficient, D'Agostino & Pearson omnibus test for normality was performed in
GraphPad Prism and both t-test or nonparamedric test were performed to test for discrepancy. If
sample size is too small or there was no discrepancy between t-test and nonparamedric test, data

was assumed to be normally distributed.

Is there an estimate of variation within each group of data? Yes, as illustrated in the graphs.




Is the variance similar between the groups that are being statistically compared? NA

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |Details on antibodies used in this study are described in the Materials and Methods.
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for NIH3T3/Smo-mEos2 cells (Kim et al, 2014) are a gift from P. Beachy, SUSM, Stanford, CA, USA
mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |All Drosophila lines and their origin are outlined in the Materials and Methods. Fly housing and
and husbandry conditions and the source of animals. husbandry follows standard methods from the Drosophila Laboratory Handbook (Ashburner 1989).

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the |NA
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure [NA
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. NA

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

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA

16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) [NA
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.

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

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data NA
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the Data from quantifications are included as supplementary information. MATLAB script used to
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets |calculate FRET efficiency is provided as a supplemental file.

in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting|NA
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided ina |NA
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

G- Dual use research of concern
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