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1st Editorial Decision 14 May 2019 

Thank you for the transfer of your research manuscript and the associated referee reports from The 
EMBO Journal to EMBO reports. As discussed, we would like to invite you to revise your 
manuscript for potential publication in EMBO reports.  
 
I note that all three referees, who evaluated your study for The EMBO Journal, considered the 
findings potentially interesting and I want to propose the following revision plan for EMBO reports:  
 
- It will not be necessary to provide causality, i.e., evidence that the induction of the ISR causes the 
phenotype of Slc7a5-deficient mice, for publication in EMBO reports. It will be sufficient to 
carefully phrase your conclusions and to acknowledge that the observations are correlative, even 
though such an explanation might be likely.  
 
- Please address the following points in the revision:  
Please provide evidence that the Slc7a5 probe is specific and provide data on Slc3A2 protein 
expression levels (referee 1). Please extend the data on proliferation by providing an assessment of 
the mitotic index (referee 1 and 2). The analysis of mTORC1 activity and ISR activation should be 
completed by providing stainings using an antibody against the S240/244 phosphosite of S6 and 
data on the phosphorylation of GCN2 and PERK (referee 1).  
The data on stress-sensitive cell populations (all referees, Figure 6) should be moved to the 
Supplement. If possible, luciferase experiments could address the direct role of Wnt signalling 
components (Myc, Mad, Max) in the regulation of Slc7a5. Otherwise, please tone down and 
carefully phrase your conclusions and acknowledge that a direct role has not been shown.  
 
I look forward to seeing a revised version of your manuscript when it is ready. Please let me know if 
you have questions or comments regarding the revision. 
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1st Revision - authors' response 30 August 2019 

Authors’ point by point response to Referee comments (in blue): 
 
Referee #1:  
 
The manuscript by Poncet et al focuses on the role of the large neutral amino acid transporter Slc7a5 
during mouse embryogenesis. The authors investigate the expression of Slc7a5 in wild type mice 
and interrogate the phenotype of Slc7a5 knockout embryos. They show that morphogenesis is 
severely disrupted in the Slc7a5 knockout embryos with resulting effects on mTORC1 activity as 
well as an integrated stress response transcriptional signature. Finally, they demonstrate that the Wnt 
signaling pathway is required for Slc7a5 expression.  
 
The ideas presented in the manuscript are interesting, however there are multiple issues with how 
the data are interpreted and the conclusions formulated. Moreover, evidence for the conclusions 
drawn in this manuscript need to be strengthened with additional experiments.  
 
Major :  
 
1) Figure 1 :  
Authors nicely showed the mRNA expression pattern of Slc7a5 during embryogenesis. However, 
authors should perform the same in situ hybridization experiment using the Slc7a5 knockout 
embryos as control for staining specificity. We have carried out ISH for Slc7a5 transcripts Slc7a5 
null embryos alongside their littermates as positive controls. We did not detect a signal in Slc7a5 
null embryos. This data is now presented in new Appendix Figure S1. 
 
In addition, a recent study demonstrated that disruption of SLC7A5 expression leads to a strong 
decrease in SLC3A2 expression in cancer cells (Cormerais et al. 2016). As Slc3a2 is significantly 
downregulated in the RNAseq data from table S1, authors need to control if Slc3a2 expression is 
maintained in Slc7a5 -/- embryos.  
Table S1 shows that Slc3A2 is close but not significantly downregulated (FDR=1, it is ranked at 52). 
We also note that SLC3A2 additionally binds SLC7A8, SLC7A7, SLC7A6 and SLC7A11, (Bröer S. 
and Fairweather SJ. Compr. Physiol. 2018 Dec 13;9(1):343-373) but none of these genes are 
significantly changed in the RNAseq data (Slc7a11, rank 64 logFC 1.336; Slc7a7, rank 6393 logFC 
0.328; Slc7a8, rank 14042 logFC 0.2: Slc7a6, rank 19203 logFC -0.19). Cormerais et al found that 
SLC3A2 (also known as CD98) downregulation did not inhibit Slc7a5 activity in cancer cells, with 
low CD98 levels being sufficient for normal growth and mTORC1 activity in cancer cells. These 
findings suggest that reduction in SLC3A2/CD98 is unlikely to be responsible for the phenotype of 
Slc7a5 mutant embryos. 
 
However, to investigate this possibility we first carried out Western blots on Slc7a5 mutant and 
wildtype embryos. In our initial experiments using two different antibodies (sc-390154 Mouse anti 
CD98 (F-2) and Biorad VPA00372 Rabbit anti CD98) we were unable to detect this protein in either 
mutant or wildtype embryos. We then tried a third anti-CD98 antibody (sc-20018-s Rat anti CD98, 
H202-141), this had a high background but provided a faint band at the predicted position, with no 
significant difference between wildtype and mutant embryos (Appendix Figure S3).  
 
Given that the comment here was prompted by interpretation of Slc3a2 transcript levels in the 
RNAseq data set (generated with pre-phenotypic E8.5 embryos) we also cloned Slc3a2  (from 
NM_001161413.1, probe region is 920-1922 - 3’end of coding sequence) and carried out in situ 
hybridisation for this gene in Slc7a5-null (n=3), heterozygous (n=2) and wildtype (n=2) embryos. 
This revealed strong expression of Slc3a2 in all embryos, which were assessed at E9.5 when the 
phenotype is apparent (Appendix Figure S3).  
 
These new Western blot data together with Slc3a2 in situ data and the finding of Cormerais et al that 
even low levels of CD98 protein are sufficient for Slc7a5 activity and tumour growth, indicate that 
reduction of Slc3a2/CD98 is unlikely to be responsible for the Slc7a5-null phenotype.  
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This is of primary importance for the conclusions made in this study as Slc3a2 has been reported to 
not only interact with AA transporters, but also to regulate integrin signalling (Feral et al. PNAS 
2007), which is also involved in embryogenesis.  
We note that SLC3A2 aka CD98hc-/- embryos die shortly after implantation (Tsumura H et al. 2003 
Biochem Biophys Res Commun. 2003 Sep 5;308(4):847-51). CD98hc mutants (ΔCD98hc-β geo) 
that can mediate integrin signalling but cannot support amino acid transport through SLC7A5, 
SLC7A8, SLC7A7 and SLC7A6 die between E7.5 and E9.5 (Sato et al.2011 Cell Biosci. 2011 Feb 
25;1(1):7). Our Slc7a5-null embryos die only after E10.5 suggesting that they are not subject to an 
immediate loss of CD98 and integrin signalling loss, which would lead to earlier death and this 
conclusion is supported by the new data provided in Appendix Figure S3. 
 
2) Figure 4 :  
Line 178 - Authors used an antibody against phosphor-H3 in order to compare the mitotic index in 
the spinal cord region between WT and Slc7a5 KO. Although no significant change has been 
detected, authors argue in the text that this experiment revealed a slight reduction of the mitotic 
index in the absence of SLC7A5. As this experiment resulted in no significance , this is an 
overstatement and has to be modified. The term slight reduction was meant to imply that this is only 
a tendency, the p value was 0.056. Would this be grounds to dismiss any effect (see referee 2 pt1)? 
Our complete statement says: “This revealed a slight reduction in mitotic index in the absence of 
Slc7a5 (Fig. 4C). This modest effect suggests that reduced cell proliferation is unlikely to be the 
major explanation for the defects observed in Slc7a5-null neural tube.” Moreover, we chose to 
assess proliferation in a region of the mutant neural tube that had completed neurulation so that we 
could compare most easily with control embryos – however, this is a region with the least dramatic 
phenotype.  

We have now clarified this issue by analysing the mitotic index in the forebrain which 
exhibits more profound phenotypic defects and also re-assessing this in the spinal cord (our data for 
latter was generated again so that the same imaging and cell counting regime could be applied to 
data from both regions) (revised Figures 4A-F). These new data show that there is no difference in 
mitotic index in mutant embryos in the spinal cord and an only just significant difference in the 
forebrain. We think that this supports the view that reduced proliferation is unlikely make a major 
contribution to the defects observed, which may reflect earlier induction of the ISR and apoptosis 
(see text and new Figure 6). 
 
fig 4D-G - Authors compared mTORC1 activity between WT and SLC7A5 KO mice using western 
blot and immunochemistry. Additional mTORC1 targets should be investigated by western blotting 
such as 4EBP1 and S6 in order to have a complete investigation of the mTORC1 pathway. 
Moreover, results between western blot and immunochemistry show a discrepancy. While no 
difference is detected in S6K phosphorylation using western blot, immunochemistry shows a 
decreased S6 phosphorylation in the preneural tube. Authors explain this difference arguing that 
changes in mTORC1 signalling only happens in a subset of cells and is therefore not detectable in a 
whole embryo lysate. However, the authors used an antibody against the S235/236 phosphorylation 
sites of S6 which are not mTORC1 specific. Previous studies demonstrated that the MAP kinase 
pathway can phosphorylate the S235/236 independently of mTORC1 activity (Roux et al. JBC 
2007). Therefore, the authors should repeat this experiment using an antibody against the S240/244 
phosphorylation site of S6 and confirm that the MAPK pathway is not altered between WT and 
Slc7a5 embryos.  
We have established in our embryo explant assays that the phospho-S6 S235/236 detected with this 
antibody is greatly reduced on exposure to rapamycin (mTORC1 inhibitor) and we can provide this 
data. The issue here is whether its reduction in the Slc7a5-null embryos similarly reflects attenuation 
of mTORC1 activity detected in these embryos or if it reflects loss of MAPK signalling (assume this 
means ERK1/2 activity). pERK1/2 is not detected in the neural tube at the stages when these 
experiments are carried out (Corson et al Development. 2003 Oct;130(19):4527-37) so this seems 
unlikely. However, to directly address this, we have used an antibody against the S240/244 
phosphorylation site of S6 and compared levels in wildtype and Slc7a5 mutant embryos. This 
revealed a similar variable pattern of phospho-S6 across tissues in Slc7a5-null embryos compared 
with wildtype controls (Appendix Figure S2). 
 
Figure 4H-I and Figure 6F-G:  
RNAseq and qPCR data from figure 4H-I suggests an integrated stress response signature in the 
Slc7a5 KO embryos. To confirm these data, the authors investigated the activity of the ISR by 
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measuring p-eIF2/eIF2 ratio and Trib3 expression by western blot. Indeed, the phosphorylation of 
eIF2 is highly dynamic and is sometimes hard to catch especially if this change happens in small cell 
population. However, the present data are not enough to clearly demonstrate the activation of the 
ISR in the Slc7a5 -/- embryos. The author should complete these figures by measuring the 
phosphorylation level of GCN2 and PERK as well as the expression level of ATF4 as they are other 
indicators of ISR activation. Moreover, the same immunofluorescence approach used with phospho 
S6 in figure 4 should be performed with phospho eIF2. Finally, in addition to Trib3, both CHOP and 
Chac1 were found upregulated in the RNAseq data. Therefore, western blot for these two proteins is 
required to confirm the conclusions made by the author.  
In the paper, we already present qPCR data that validate RNAseq data for ISR genes ATF4, CHOP, 
Chac1 and Trib3 (the latter 3 are all known to be ATF4 transcriptional targets) which we show are 
upregulated in the Slc7a5 mutants (revised Figure 4L). Moreover, we demonstrate local ectopic high 
level induction of both Chac1 and Trib3 by mRNA in situ hybridisation in the embryo, showing too 
that this takes place in regions/tissue that normally express Slc7a5.  
 
As requested by the EMBO reports editor we have now run Western blots for phospho-GCN2 and 
phospho-PERK. We show in new figure 6A that phospho-GCN2 levels are significantly increased in 
Slc7a5-null embryos. Phospho-PERK was not consistently detected in mutant embryos. We have 
also repeated the Western blot analysis for phospho-eIF2α with a further set of wildtype and Slc7a5-
null embryos and this is now just significant (new Figure 6B). In addition, to our surprise, we were 
able to detect regionally localised phospho-eIF2α in Slc7a5-null embryos by immunofluorescence 
(revised Figures 6C to f2).  
 
3) Figure 6H-K: The relevance of this experiment in the context of the study is not clear. As Slc7a5 
is an amino acid transporter and its deletion is more likely to result in amino acid starvation rather 
than ER stress. The author should perform the same type of experiment using either a media 
depleted of LNAA or using the Slc7a5 inhibitor JPH203. We do understand that loss of Slc7a5 (an 
amino acid transporter) is more likely to result in amino acid starvation rather than ER stress. The 
aim of the experiment with ER stressors was to determine whether the cell populations particularly 
vulnerable to cell stress in the embryo at this time were the same regardless of the initial trigger. We 
compared the cell populations experiencing ER stress (using ISR genes Trib3 and Chac1 as 
readouts) with those affected in Slc7a5 mutants. This revealed a similar pattern of ISR activation 
(particularly affecting the neural tube) indicating that at specific times in development certain tissues 
are particularly sensitive to stress (triggered by either ER stress or AA deficiency). The proposed 
experiment with JPH203 is an interesting suggestion, although time required to deplete AA and so 
trigger the ISR may be longer than the culture period possible in this hanging drop embryo assay (~ 
5h). In the context of this paper, we think that this experiment will not add significantly to the 
conclusions drawn already from analysis of Slc7a5 mutant embryos.  As requested by the EMBO 
reports editor we have moved these experiments with ER stressors to a new Appendix Figure S6. 
 
4) Figure 7G-H :  
As Slc3a2 is required for Slc7a5 activity, authors should investigate if Slc3a2 expression is also 
dependent on the Wnt/B-catenin pathway. This too is an interesting suggestion, but we feel it is 
beyond the scope of this study.   
 
Figure 7 and S9 :  
In the figure 7G-H, the authors demonstrate that Slc7a5 transcription in the neural tube relies on β-
catenin signalling. In figure S9, the authors demonstrate that β-catenin deletion induces Trib3 
transcription in the region of the body axis truncation including groups of cells where somatic 
mesoderm should have formed, in gut endoderm and cells in the lumen of the spinal cord. 
According to these results, the region where β-catenin deletion leads to Trib3 expression does not 
corelate with the region where Slc7a5 is downregulated by β-catenin deletion (neural tube). These 
results suggest that induction of the stress protein Trib3 due to β-catenin deletion is independent of 
the Slc7a5 downregulation. The conclusions stated here and the title saying that the Wnt pathway 
regulates Slc7a5 to constrain the ISR in mouse embryo are both misleading as these events happen 
in different tissues.  
There is some misunderstanding here about the cell populations affected by T-Cre mediated loss of 
β-catenin, the expression pattern of Slc7a5 and the timing of induction of Trib3 expression. We 
appreciate that this requires familiarity with cell populations and lineages in the developing embryo 
and we apologise that this was not explained in greater detail in the paper.  
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T-Cre is first active in caudal lateral epiblast cells (where Slc7a5 is expressed, Figures 1B, b5, b6) 
and this is where we first detect some Trib3 expressing cells in T-Cre β-catenin mutant embryos 
(E7.5-E8.5) (Figs 7I-j2). Cells in this epiblast are axial progenitors which will give rise to the neural 
tube and paraxial mesoderm and some cells continue on to form rudiments of these tissues in T-
Cre/β-catenin mutant embryos. Cre recombination is well known to be variable in onset and in 
timing of consequence between cells and we therefore assessed for Slc7a5 and Trib3 expression in 
embryos at a later stage E9.5 (Figs 7G-h3 and Figs 7K-m3respectively). At E9.5 some neural and 
some paraxial tissue has formed before axial truncation then takes place. This most recently formed 
neural tube lacks Slc7a5 expression (Figs 7G-h3; also see loss of Slc7a5 in embryo explants treated 
with Wnt secretion inhibitor, figs 7C-f1)) and Trib3 is detected as the tissue undergoes apoptosis 
and cells accumulate in the lumen (Figs L,l2). This indicates that time needs to elapse between loss 
of Slc7a5 transcription (and consequent protein and finally AA depletion) in these cells before Trib3 
is induced. Similarly, in the paraxial mesoderm we see induction of Trib3 in cells which would have 
formed somites, again this is triggered later in this cell population (Figs 7M,m2). So, we do 
conclude from these experiments that Wnt/β-catenin signalling is required for Slc7a5 expression; 
and that a downstream consequence of loss of β-catenin is also the induction of Trib3, and this is 
likely to reflect loss of Slc7a5 (as Trib3 is dramatically and locally upregulated in Slc7a5 mutant 
embryos, Figs5A-H), but it takes longer to achieve AA depletion downstream of β-catenin loss. As 
we note in the discussion, while Wnt promotion of Slc7a5 contributes to metabolic support for 
energetic cells in the developing embryo and is required to constrain the ISR (as loss of Slc7a5 
triggers the ISR), Wnt /Myc activity regulates other metabolism genes in other contexts and Slc7a5 
may be one of several Wnt regulated metabolism genes operating in developing embryos. Consistent 
with this (and as noted in the paper) T-Cre is also expressed in the gut endoderm (Perantoni et al 
2005,Development 132: 3859-71) and loss of β-catenin under T-Cre leads to Trib3 induction in this 
tissue too.  
 
Minor :  
- line 155 and 156, authors refer to figs 3O,P,R while it appears to be figs 2O,P,R, please modify.  
This has been corrected 
 
- Studies demonstrating induction of the ISR following SLC7A5 disruption has been published 
previously and should be cited (Rosilio et al. Leukemia 2015 ;Cormerais et al. Cancer Res 2016). 
These findings in cancer cell lines are now cited in the first paragraph of the Discussion. 
 
 
Referee #2:  
 
In this manuscript, Poncet and colleagues characterize the expression pattern and the loss of function 
phenotype of Slc7a5, an Na+-independent amino acid transporter involved in the delivery of large 
neutral amino acids to cells. They describe the expression pattern of Slc7a5 during mouse 
embryogenesis in detail, and show that Slc7a5 null mice have developmental defects in a number of 
tissues. They further show that the Integrated Stress Response mediated by ATF4 is activated in the 
mutant embryos, and provide evidence that Wnt and beta-catenin genes are required for proper 
Slc7a5 expression.  
 
This manuscript could be subdivided mainly into three parts: (1) Expression pattern analysis and the 
loss of function phenotype of Slc7a5. This part is descriptive in nature, but otherwise, the data is 
solid. (2) Characterization of mTORC1 and ISR signalling in Slc7a5 null embryos. While most of 
the data here are solid, the authors make over-interpretations on a number of points. For example, 
the authors argue that "ISR is likely the underlying cause of the phenotype," without any supporting 
data to back up this claim (see below for details). (3) A possible role of Wnt signalling in Slc7a5 
induction during embryogenesis. The authors do provide some data to support this idea, but there are 
also some conflicting data. This section requires further validations and clarification. Below are a 
few specific major concerns along these lines:  
 
1. The authors show in Figure 4C that phosphor-H3 positive cells are slightly reduced, and they 
write in page 9 that "reduced proliferation is unlikely to be the major explanation for the defects 
observed in Slc7a5-null neutral tube." What is the basis of this conclusion? Unless there is 
quantitative reasoning, I don't think one can simply dismiss reduced cell proliferation as a 
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contributing phenotype. This comment is the opposite to that of referee#1. The reduced cell 
proliferation we observed did not reach significance but was borderline. As we note above (see 
referee 1, point 2) we have now further addressed this by assessing mitotic index in the forebrain, a 
region of the embryo with more profound phenotype and compared this with the mitotic index in the 
spinal cord as well (new Figures 4A-F). These new data show that there is not a significant 
difference between wildtype and Slc7a5-null embryos in the spinal cord and an only just significant 
difference in the forebrain. 
 
2. The authors perform gene expression profiling in Slc7a5 null embryos and find that target genes 
of the unfolded protein response (UPR), including Chac1 and Trib3, are induced. In page 11, the 
authors conclude that "loss of Slc7a5 function as a transporter of LNAA and associated induction of 
the ISR as the likely underlying cause of these early neural developmental and limb defects." This is 
an overstatement, as authors have only shown ISR induction, but did not establish ISR's causal role 
in developmental defects. It is well known that when the ISR is not resolved it leads to apoptosis. 
CHOP can promote cell death via multiple mechanisms (reviewed in Pakos-Zebrucka et al EMBO 
Rep. 2016 Oct;17(10):1374-1395) and Trib3 (ATF4 target) is a major driver of apoptosis (Ohoka N 
et al 2005 EMBO J 24: 1243–1255; Du K et al 2003 Science 300: 1574–1577): we detect CHOP 
and both Trib3 transcript and Trib3 protein elevation in the Slc7a5 mutants, furthermore Trib3 is 
induced locally in regions where Slc7a5 is normally expressed and in tissues that exhibited the 
phenotypic changes (for example, cranial ganglia, otic vesicle and limb buds, Figure 5 ). Indeed, we 
found apoptosis extensively in the brain and were able to quantify this increase in a region where the 
neural tube managed to close and had a comparable morphology between Slc7a5-null and wildtype 
littermates. Given the induction of ISR genes and extensive apoptosis it is reasonable to suggest 
(“likely”) that the underlying cause of these defects is ISR induction.  
 
Why could ISR signalling not be a mere consequence of reduced amino acid import in those tissues? 
In order to establish the causality of ISR signalling, the authors need to block ISR signalling and 
demonstrate that the embryonic phenotypes are suppressed.  
This is not a trivial experiment. We had considered it. The small molecule ISRIB would have to 
cross to the embryo via the placenta and this may not be possible in time to rescue the phenotype 
that appears at E9.5 (as the placenta is only just beginning to be established at this time). An 
alternative would be to expose embryos in hanging drop culture to ISRIB and see if this reduces 
apoptosis. The window of operation here is ~ 5h so effects may be difficult to establish in this 
timeframe. Following discussion with EMBOJ and EMBO reports editors we agreed to simply 
clarify this issue in the text (see Discussion, p18 end of first paragraph). 
 
3. Tunicamycin and Thapsigargin treatment experiments in Figure 6 do not add any new 
information, as Chac1 and Trib3 are already known targets of the ISR/UPR. Therefore, Figure 6H - 
k could either be removed, or moved to the Supplementary data. The aim of this experiment was not 
intended to prove that Chac1 and Trib3 are targets of the ISR but to localise cell populations 
expressing ISR genes. It confirmed that this was the case in the mouse embryo and most 
importantly, it revealed a similar pattern for Trib3 and Chac1 -indicating that at this time in 
development specific cell populations are sensitive to cell stress (please see response to referee 1, 
point3 above). This data has now been moved to Appendix Figure S6. 
 
4. In Figure 7, the authors show evidence that beta-catenin is required for Slc7a5 expression in the 
caudal most neural tube. While this result is consistent with the authors model that Wnt signalling 
induces Slc7a5, it is also possible that the phenotype is due to beta-catenin's other roles, such as in 
cell-cell adhesion Experiments which demonstrate that Slc7a5 expression is lost when Wnt ligand 
secretion is inhibited (with small molecule Wnt-c59) (Figures 7C-f1) appear to have been over-
looked. These experiments demonstrate that Wnt-c59 attenuates known canonical Wnt signalling 
target Axin2 as well as Slc7a5 in our assay. They demonstrate that loss of Wnt at the top of the 
pathway (leaving β-catenin intact) also leads to loss of Slc7a5. The β-catenin loss of function 
experiments dissect the Wnt pathway further and indicate that Slc7a5 is regulated downstream of the 
canonical Wnt signalling pathway. 
 
The authors need to provide more corroborating evidence to support their main model. Since the 
authors report putative Lef1 Tcf binding sites in Figure S7, how about examining Slc7a5 expression 
in Lef1 Tcf mutant embryos? How about generating a reporter of Slc7a5 expression (by fusing the 
regulatory element of Slc7a5 to lacZ or GFP), and determine (1) whether it responds to Wnt 
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signalling, and (2) whether such response is dependent on Lef1 and Tcf7L2 binding sites? – we 
think the experiments with Wnt-c59 provide corroborating evidence for the claim that Slc7a5 is a 
Wnt regulated gene, by demonstrating that interfering with Wnt signalling at a different level in the 
pathway also inhibits Slc7a5 expression. We provide some evidence that this might be direct, in 
identifying relevant binding sites for TCF and MYC, but we do not claim that this means it is 
directly regulated (please see below), nor does this seem critical information for this study. 
Moreover, we do not have access to Lef1/TCF mutant embryos, but note that an in vitro study in 
human cancer cell lines (Yue et al 2017, Cell Reports, 21, 3819-3832, Figure 3) has demonstrated 
that Slc7a5 is directly regulated by MYC, which is an established Wnt/β-catenin target. The latter 
experiments identify a key MYC binding site in the Slc7a5 promoter (also present in the mouse, see 
Fig EV4 and Appendix table S5 in revised MS), demonstrate that MYC binds the promoter and that 
mutation of this binding site leads to loss of luciferase reporter activity in 293T cells. These data 
also demonstrate that inhibition of MYC leads to attenuation of Slc7a5 transcription in other human 
tumour lines (P493 and Daudi cells). We now cite and discuss this data in the Discussion. 

 
5. If Slc7a5 is a Wnt signalling target, mutations in beta-catenin downstream transcription factors 
should abolish Slc7a expression. But in Figure S8, the authors show that Slc7a5 expression remains 
normal in Sp5 and Sp8 mutant background. Doesn't this mean that Slc7a5 is NOT a Wnt signalling 
target? It is established that Sp5 and Sp8 are not the only β-catenin downstream transcription factors 
(Kennedy MW et al. Sp5 and Sp8 recruit β-catenin and Tcf1-Lef1 to select enhancers to activate 
Wnt target gene transcription Proc Natl Acad Sci U S A. 2016 Mar 29;113(13):3545-50). We 
apologise for not making this clearer in the paper and have revised the Results and Discussion to 
clarify this. The point of this experiment was to still further dissect the Wnt pathway leading to 
Slc7a5 expression and also to control for loss of paraxial mesoderm in canonical Wnt pathway 
mutants -  (paraxial mesoderm is reduced in the sp5/sp8 mutants and also β-catenin mutants, but in 
sp5/sp8 mutants Slc7a5 is still expressed, so the loss of mesoderm cannot be indirectly responsible 
for Slc7a5 loss in the β-catenin mutants). We think the compound sp5/sp8 mouse mutants are 
informative, indicating that transcription factors other than Sp5 and Sp8 mediate Slc7a5 expression. 
Furthermore, we identify Myc binding sites in the promoter region of the Slc7a5 (new Figure EV4), 
data which appear to have been overlooked, and inspection of supplementary data listing all 
predicted binding sites for this region (Table S5) also includes multiple sites for Myc co-factors 
MAD and MAX. This further supports the point raised in the discussion that Slc7a5 is likely to be 
regulated by Myc as are other cell metabolism genes (see Discussion, last para p19, top para p20).  

 
6. The authors write in page 16 that "available Chip-seq data show that while Sp5 and Sp8 bind to 
early mesodermal genes they do not target Slc7a5." This statement appears to me as a piece of 
evidence arguing against the authors' model that Wnt signaling regulates Slc7a5. It needs to be 
clarified (see response to point 5 above). Is there any Chip-seq evidence that Lef1, Tcf1 bind to 
Slc7a regulatory sequence? We cite a paper that provides evidence for this in the discussion 
(Nakamura Y et al (2016) Tissue- and stage-specific Wnt 
target gene expression is controlled subsequent to beta-catenin recruitment to cis-regulatory 
modules. Development 143: 1914-25). This is now also provided as Data reference. 
 
 
Referee #3:  
 
The manuscript of Poncet and colleagues addresses the role of Slc7a5 during embryonic growth. 
They had previously published the embryonic lethal phenotype of Slc7a5 deletion (Poncet 2014) and 
here aimed to understand its nature. Slc7a5 mediates the cellular import of a number of amino acids 
including the essential amino acid leucine.  
 
They began by demonstrating that Slc7a5 is expressed widely, especially in rapidly expanding 
tissues including limb buds and the nervous system. Accordingly, loss of Slc7a5 impaired growth of 
these tissues. Transcriptomic analysis by RNA sequencing revealed surprisingly few genes were 
altered, but the induction of Trib3 and Chac1 led the authors to suspect activation of the integrated 
stress response (ISR). The ISR is a pathway initiated when one of four different stress-sensing 
kinases phosphorylates eIF2a. This inhibits translation of most mRNAs, while inducing translation 
of the transcription factor ATF4. The authors demonstrated localized activation of the ISR in Slc7a5 
null animals in those regions normally rich in Slc7a5 expression. Subtly increased cell death was 
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also detected. Finally, wnt signalling was implicated in promoting Slc7a5 expression.  
 
This is a well-written manuscript presenting convincing data. One strength of the paper is that it 
adds to a growing number of papers showing that in a variety of species the ISR can affect 
embryonic development. It is surprising therefore that little mention of such studies is made. A 
weakness of this paper is that induction of the ISR is a predictable consequence of depleting amino 
acid levels: leucine deficiency is a well-known and potent activator of the eIF2a kinase GCN2. 
Overall, this study will be of interest to those studying local nutrient usage during development. We 
note that this will be many cell and developmental biologists, researchers interested in cell 
metabolism and cell stress, as well as clinicians interested in congenital defects and their causes. 
 
Main concerns  
1. The finding of an ISR in growing tissues deprived of an adequate amino acid supply through 
deletion of an amino acid transporter is unsurprising. To our knowledge, this is the first report of 
amino acid transporter deletion induced ISR in the context of a developing mammalian embryo. The 
regulation of Slc7a5 and so the ISR by Wnt signalling is a further novel finding which may inform 
mechanism(s) underlying stress-induced congenital defects. 
 
2. To claim that Slc7a5 functions to "constrain the integrated stress response in mouse embryos" is 
rather strong. Rather than act on the ISR, Slc7a5 is more likely simply to maintain appropriate 
amino acid availability. A failure to do so would result in deficiency and stress. We agree, Slc7a5 
maintains “normal stress” levels by providing adequate amounts of essential amino acids, without 
which ISR is triggered. We propose that Wnt regulation of Slc7a5 promotes AA transport in cells 
undergoing energetic activities – e.g. neural crest, closing neural tube, expanding limb bud and so 
forestalls the ISR. We would have liked to re-word the title to better reflect this: “Wnt regulates 
amino-acid transporter Slc7a5 and so constrains the integrated stress response in mouse embryos” – 
however the character limit for titles has required that we shorten this to “Wnt regulates amino-acid 
transporter Slc7a5 constraining integrated stress response in mouse embryos” – but have requested 
to have the longer more accurate version. 
 
3. The experiments using ER stress-inducing agents are a distraction since there is little evidence of 
ER stress in the transcriptomic data. Instead, there is simply an ISR likely due to local amino acid 
starvation. The aim of the experiment with ER stressors was to determine whether cell populations 
particularly vulnerable to cell stress in the embryo at this time were the same regardless of the initial 
trigger. We compared the cell populations experiencing ER stress (using ISR genes Trib3 and Chac1 
as readouts) with those affected in Slc7a5 mutants. This revealed a similar pattern of ISR activation 
(particularly affecting the neural tube) indicating that at specific times in development certain tissues 
are particularly sensitive to stress (triggered by either ER stress or AA deficiency). Please see our 
response to reviewer 1 point 3. This data has now been placed in new Appendix Figure S6. 
 
4. Although only a minority of the RNAseq hits (two) were from the ISR, it has been focused on 
exclusively. The other genes appear to have be dismissed with relatively little explanation. We were 
struck by the results of the RNA-Seq experiment which identified only 6 significantly changed 
genes (excluding Slc7a5), 3 upregulated and 3 downregulated. We do discuss each gene in the 
legend of Table 1 and justify there the identification of the 3 upregulated genes (pck2, Trib3 and 
Chac1) which are all associated with cell stress as a reason for investigating the stress response 
further. Genes that were downregulated Klhdc4, Spire2 and Fanca were assessed by qPCR (Fig. 
4K). The predicted change in Fanca was not seen by qPCR and so this was not followed up, Spire2 
is known to be functionally redundant with Spire 1, while Klhdc4 (was only reduced by half in 
mutants) and is a gene that has as yet no known function and so these were not followed up. The 
association of Trib3, Chac1, pck2 and Aldh1l2 (the latter just below significance) with cell stress 
indicated that this was a major cellular process affected by Slc7a5 loss of function and this prompted 
us to explore the ISR further. 
 
5. The link between the observed phenotype and the ISR is based on correlation. Have efforts been 
made to modify the ISR genetically or pharmacologically to change the phenotype of Slc7a5 
deletion? Please see response to referee 2 point 2 above. 
 
Minor point  
1. Although the writing is generally excellent, the following sentence from the abstract could 
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probably be improved: "Similar patterns of stress response gene expression, in Slc7a5-null, ER-
stressor exposed and (at low levels) in wildtype embryos, identified stress-vulnerability in tissues 
undergoing morphogenesis". This has been re-written. 
 
2. There is little discussion of the role of the ISR during development, despite a number of recent 
studies being published on this topic. We apologise for this unintended omission and in particular 
note a recent important advance demonstrating ISR/UPR induction in the mouse developing heart in 
response to hypoxia (Shi et al 2016, Development, 143, 2561-2572). This is now cited and discussed 
in the Discussion (para 1 p21). We note here too recent reports of the ISR impacting chondrocyte 
differentiation at late stages and BMP signalling in the fly embryo. 
Wang et al 2018 Inhibiting the integrated stress response pathway prevents aberrant chondrocyte 
differentiation thereby alleviating chondrodysplasia. Elife. 2018 Jul 19;7. pii: e37673. 
Malzer E, Dominicus CS, Chambers JE, Dickens JA, Mookerjee S, Marciniak SJ. The integrated 
stress response regulates BMP signalling through effects on translation. BMC Biol. 2018 Apr 
3;16(1):34.  
 
 
Arbitrating advisor's comments:  
 
Overall I like the links that the authors have made between loss of the amino-acid transporter Slc7a5 
during embryonic morphogenesis to aberrant expression of genes implicated in stress response and 
apoptosis of key tissues that form the neural tube and limb. The data that drive my enthusiasm for 
publication in EMBO Journal are the characterization of the phenotype and Slc7a5 expression (Figs. 
1 and 2), phospho-S6 (Fig. 4E,F), the data on induction of Chac1 and Trib3 (Fig. 4H,I, and 5).  
 
The tenuous links that I see are the 1) the relationship between Wnt signaling and Slc7a5 expression 
and 2) aberrant integrated stress response.  
To point #1, it appears that considerable data relative to the relationship between Wnt and Slc7a5 
were included in a newer version (experiment to block Wnt secretion "with small molecule Wnt-
c59", analysis of sp5/Sp8 mutants, new supplemental data). If this new data as cited in the rebuttal 
are included in a revised version, then I am comfortable with making the link between Wnt and 
Slc7a5 regulation. Nonetheless, this remains an oversimplification as the Slc7a5 expression pattern 
in Fig. 1 differs from what would be expected of the canonical Wnt signaling genes: Slc7a5 is 
expressed throughout the neural tube (not dorsally like Wnt1), it is not increased in the isthmus (a 
strong domain of Wnt signaling), not particularly higher in the tail bud, etc. The authors do not 
comment on this discrepancy. This is not entirely accurate, while not strongly expressed at the 
isthmus, Slc7a5 is initially dorsally restricted in the forming neural tube and largely remains so as 
the spinal cord develops, including in neural crest (Figures 1B-C4 at E8.5, E9.5 and at E10.5 new 
Fig EV1). We note the lack of phenotype in the tailbud /axial elongation in the discussion and 
suggest this may reflect redundancy with other EAA transporters.  
 
To point #2, there is a clear and striking increase in genes associated with stress response (ER stress 
and UPR; Chac1 and Trib3). However, their data do not show a change in canonical ISR pathway 
(eIF2a) and it seems perhaps risky to explain it away by saying the phenotype has progressed 
beyond the initial phase (lines 330-334).  
Induction of p-GCN2 and p-eIF2α has now been demonstrated and this is presented in the revised 
MS (Figure 6). 
As the authors mention, ISR is induced as "an adaptive response which acts to restore cellular 
homeostasis by decreasing global protein synthesis whilst promoting mRNA translation for selected 
proteins." There is no functional data shown for a decrease in global protein synthesis or promotion 
of selective mRNA translation. I am not asking that the authors do such experiments - just pointing 
out the gap in their data and agreeing that the data are interesting but correlative.  For technical 
reasons we have not been able to measure global protein synthesis levels in mutant embryos, but we 
have shown localised selective induction of known ISR target genes Trib3 and Chac1 (Figure 5) and 
also Trib3 protein by Western blot (Figure 6G). 
 
In general, I feel the authors have provided important new in vivo data on an interesting mouse 
mutant, they have explored the phenotype well, and provided mechanistic insight tying to disrupted 
stress response. The fact that the embryos die so early made the analysis challenging but they have 
brought the studies to a final conclusion. The data will be interesting to basic scientists studying 
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cellular metabolism, nutrient sensing, developmental biology and to those studying birth defects and 
clinical correlations.  
 
With that said, the reviewers do raise important points and are more expert in the field of ER stress 
and integrated stress response than I am. I chime in on a few of their points as well as give some 
suggestions for rewording.  
 
The authors should reword the title as they suggest to Rev 3, point 2  
This has been addressed and see Referee 3 point 2. 
 
With the data currently shown, the abstract should delete the statement that "Slc7a5-null neural tube 
exhibited reduced cell-proliferation" as the authors themselves equivocate on this point (see their 
response to Rev 1 point 2 and Rev 2 point 1). The authors propose to now assess phospho-H3 in 
areas with more profound defects and should do so. In the legend it is unclear what stage embryos 
were assessed or what position along the rostral-caudal axis was assessed. From the rebuttal: "This 
revealed a slight reduction in mitotic index in the absence of Slc7a5 (Fig. 4C). This modest effect 
suggests that reduced cell proliferation is unlikely to be the major explanation for the defects 
observed in Slc7a5-null neural tube."  
This has been addressed see revised Figure 4 and see response to referee 1 point 2 and referee 2 
point 1. 
 
Relative to the reviewers comments, Line 98-101 would be better divided into 2 sentences or the 
second half used as a lead-in to the subsequent sentence. The first half states facts, whereas the 
second half remains more speculative. Indeed, the authors should revisit the wording of their 
conclusion statements in lines 98-104 of the introduction. "Here we reveal that Slc7a5 expression is 
elevated in cell populations undergoing morphogenesis in the mouse embryo and that this process is 
disrupted in Slc7a5-null embryos, identifying the integrated stress response (ISR) (Harding et al, 
2003; Pakos-Zebrucka et al, 2016) as the likely cause."  This paragraph at the end of the 
Introduction has been revised. 
 
All 3 reviewers felt the inclusion of ER stress pharmacological data was inappropriate and for me 
the pattern of induced Chac1 and Trib3 expression does not reflect that seen in Slc7a5 null embryos 
(very different rostral-caudal areas are chosen for the tissue sections). I agree that this should be 
limited to supplemental data. 
This is now presented in Appendix Figure S6. 
 
 
2nd Editorial Decision 8 October 2019 

Thank you for the submission of your revised manuscript to EMBO reports. Your manuscript was 
evaluated again by former referee 1 and 2; please find their reports copied below.  
 
As you will see, the referees support publication in EMBO reports pending a careful revision of all 
statements regarding causality of the ISR and pending that the correlative nature of the data is 
appropriately acknowledged. Please avoid conclusions regarding causality of the integrated stress 
response in mediating the phenotype and discuss alternative explanations - such as the lack of 
essential amino acids. We kindly ask you to track the changes in the revised document to ensure a 
fast and efficient evaluation of the final revision.  
 
From the editorial side, there are also a few things that we need before we can proceed with the 
official acceptance of your study.  
 
****************************  
 
REFEREE REPORTS 
 
Referee #1:  
 
The additional data are convincing and the authors have satisfactorily addressed my questions.  
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Since the Editor noted that it would not be necessary to provide causality between the induction of 
the ISR and the phenotype observed in the Slc7a5-deficient mice. In my opinion the manuscript 
should be published in EMBO Reports.  
 
 
Referee #2:  
 
This manuscript by Poncet and colleagues reports mouse Slc7a null embryo phenotypes. 
Specifically, they describe (1) the Slc7a expression pattern during development, (2) report the 
developmental defects associated with Slc7a loss, (3) show that the Integrated Stress Response 
(ISR) target genes are induced in Slc7a null embryos, (4) and show that Wnt/beta catenin signaling 
regulates Slc7a expression. The study is mostly descriptive. The induction of ISR in cells lacking the 
amino acid transporter Slc7a is somewhat predictable. Whether the Slc7a loss phenotypes are due to 
amino acid deprivation, or alternatively due to excessive ISR signaling remains unclear. However, 
the authors still argue in a few sections of the manuscript that ISR signaling activity is "likely to 
have a causal role" in the Slc7a null phenotype. There is no data supporting such as causal 
relationship, and therefore, those claims need to be withdrawn.  
Below are a few specific examples for the authors' consideration.  
 
1. Line 258 - 260: The authors write that "induction of the ISR is the likely underlying cause of 
these early neural developmental and limb defects." The authors echo such a statement in the 
Discussion, where the authors write that "these data strongly suggest that rapid induction of the ISR 
and apoptosis underlie the developmental defects by Slc7a5 loss." These are overstatements, as there 
is no evidence presented in this manuscript to establish causality of ISR in mediating the phenotype. 
On the one hand, ISR activation (GCN2 and eIF2a phosphorylation) as a mere consequence of 
amino acid transport defect is an outcome that is predictable based on the well-established literature. 
But the authors need to consider the very likely scenario that the developmental phenotypes are due 
to specific tissues being deprived of essential amino acids for their function, and not having 
anything to do with excessive ISR signaling itself. If the authors wish to implicate ISR signaling, 
they need to repeat the experiment in mice with impaired ISR signaling and demonstrate a rescue in 
phenotype.  
 
2. Line 315: After showing that there is enhanced cell death in Slc7a5 null embryos, the authors 
conclude that the results are "consistent with the local induction of the ISR following Slc7at loss and 
the triggering of apoptosis as stress levels rise on a cell by cell basis." I suggest taking out the 
inference of ISR in apoptosis induction here, as there could be many other causes of cell death. The 
authors should be mindful that there are many other models of UPR stress-induced cell death that 
does not involve ATF4/CHOP, which includes the role of IRE1-mediated caspase activation (Upton 
et al., Science 2012 PMID 23042294), Ca/calmodulin-induced apoptosis (Timmins et al., J. Clin. 
Invest. 2009 PMID 19741297), and IRE1-Traf2-Ask1 induced apoptosis (Nishitoh et al. Genes Dev. 
2002 PMID 12050113). In those alternative models, ATF4/CHOP is usually active, but they are not 
sufficient to cause apoptosis on their own. Unless there is experimental evidence, the authors should 
not implicate ATF4-CHOP induced cell death in the phenotype.  
 
3. Regarding Wnt/beta-catenin signaling, the authors have now added additional data using Wnt 
secretion inhibitors to help strengthen the causal relationship between this pathway and Slc7a5 
expression, which is an improvement from the previous version of the manuscript. 
 
 
2nd Revision - authors' response 18 October 2019 

Final Response to reviewers 
 
Referee #1 
 
The additional data are convincing and the authors have satisfactorily addressed my questions. 
 
Since the Editor noted that it would not be necessary to provide causality between the induction of 



EMBO reports - Peer Review Process File 
 

 

 
© European Molecular Biology Organization 12 

the ISR and the phenotype observed in the Slc7a5-deficient mice. In my opinion the manuscript 
should be published in EMBO Reports. 
 
 
Referee #2 
 
This manuscript by Poncet and colleagues reports mouse Slc7a null embryo phenotypes. 
Specifically, they describe (1) the Slc7a expression pattern during development, (2) report the 
developmental defects associated with Slc7a loss, (3) show that the Integrated Stress Response 
(ISR) target genes are induced in Slc7a null embryos, (4) and show that Wnt/beta catenin signaling 
regulates Slc7a expression. The study is mostly descriptive. The induction of ISR in cells lacking the 
amino acid transporter Slc7a is somewhat predictable. Whether the Slc7a loss phenotypes are due to 
amino acid deprivation, or alternatively due to excessive ISR signaling remains unclear. However, 
the authors still argue in a few sections of the manuscript that ISR signaling activity is "likely to 
have a causal role" in the Slc7a null phenotype. There is no data supporting such as causal 
relationship, and therefore, those claims need to be withdrawn. 
Below are a few specific examples for the authors' consideration. 
 
1. Line 258 - 260: The authors write that "induction of the ISR is the likely underlying cause of 
these early neural developmental and limb defects." The authors echo such a statement in the 
Discussion, where the authors write that "these data strongly suggest that rapid induction of the ISR 
and apoptosis underlie the developmental defects by Slc7a5 loss." These are overstatements, as there 
is no evidence presented in this manuscript to establish causality of ISR in mediating the phenotype. 
On the one hand, ISR activation (GCN2 and eIF2a phosphorylation) as a mere consequence of 
amino acid transport defect is an outcome that is predictable based on the well-established literature. 
But the authors need to consider the very likely scenario that the developmental phenotypes are due 
to specific tissues being deprived of essential amino acids for their function, and not having 
anything to do with excessive ISR signaling itself. If the authors wish to implicate ISR signaling, 
they need to repeat the experiment in mice with impaired ISR signaling and demonstrate a rescue in 
phenotype. 
We have moderated these statements and tracked changes. We now make clearer still that we have 
identified the ISR as a potential pathway upstream of apoptosis induction in Slc7a5-null embryos. 
 
2. Line 315: After showing that there is enhanced cell death in Slc7a5 null embryos, the authors 
conclude that the results are "consistent with the local induction of the ISR following Slc7at loss and 
the triggering of apoptosis as stress levels rise on a cell by cell basis." I suggest taking out the 
inference of ISR in apoptosis induction here, as there could be many other causes of cell death.  
We have removed the inference to ISR here. 
The authors should be mindful that there are many other models of UPR stress-induced cell death 
that does not involve ATF4/CHOP, which includes the role of IRE1-mediated caspase activation 
(Upton et al., Science 2012 PMID 23042294), Ca/calmodulin-induced apoptosis (Timmins et al., J. 
Clin. Invest. 2009 PMID 19741297), and IRE1-Traf2-Ask1 induced apoptosis (Nishitoh et al. Genes 
Dev. 2002 PMID 12050113). In those alternative models, ATF4/CHOP is usually active, but they 
are not sufficient to cause apoptosis on their own. Unless there is experimental evidence, the authors 
should not implicate ATF4-CHOP induced cell death in the phenotype. 
We do not find well known transcriptional targets of these other cell death pathways (which appear 
so far described only as induced following ER stress) these include ATF6 pathway targets BiP, 
GRP94, PDI and IRE-1 pathway targets EDEM1,ERDJ4, ERDJ6,  in our E8.5 RNAseq data. In 
contrast, Trib3 and Chac1 are highly expressed. This suggests that these alternative cell death 
mediators are not activated early in response to Slc7a5 loss. However, we can not rule out 
involvement at later stages. This is now noted in the Discussion Lines 429-31. 
 
3. Regarding Wnt/beta-catenin signaling, the authors have now added additional data using Wnt 
secretion inhibitors to help strengthen the causal relationship between this pathway and Slc7a5 
expression, which is an improvement from the previous version of the manuscript. 
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" common	tests,	such	as	t-test	(please	specify	whether	paired	vs.	unpaired),	simple	χ2	tests,	Wilcoxon	and	Mann-Whitney	
tests,	can	be	unambiguously	identified	by	name	only,	but	more	complex	techniques	should	be	described	in	the	methods	
section;

" are	tests	one-sided	or	two-sided?
" are	there	adjustments	for	multiple	comparisons?
" exact	statistical	test	results,	e.g.,	P	values	=	x	but	not	P	values	<	x;
" definition	of	‘center	values’	as	median	or	average;
" definition	of	error	bars	as	s.d.	or	s.e.m.	

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

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

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

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.	

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

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.

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

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.

Is	there	an	estimate	of	variation	within	each	group	of	data?

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

According	to	the	reasons	stated	below,	we	consider	that	the	statistical	tests	were	correctly	chosen.

For	the	RNA-seq	analysis,	multiple-test	corrected	p-values	(corresponding	to	false	discovery	rates)	
and	log2	fold	changes	were	calculated	using	edgeR	package.	EdgeR	differential	expression	
software	is	based	on	the	negative	binomial	distribution,	commonly	used	in	RNA-seq	data.	For	the	
other	data	in	this	study,	normality	was	not	tested	but	we	do	not	have	any	reason	to	believe	that	all	
the	parameters	tested	in	this	study	do	not	follow	a	normal	distribution.	All	the	sampling	was	done	
in	an	independent	manner.

For	the	RNA-seq	analysis,	edgeR	builds	a	variance	model	that	is	applied	to	all	genes.	For	the	other	
data	in	this	study,	variation	within	groups	was	assessed	whenever	applicable	(eg.	one-way	Anova).

For	the	RNA-seq	analysis,	edgeR	builds	a	variance	model	based	on	all	genes	and	makes	appropriate	
corrections	where	individual	variances	are	very	different.	For	the	other	data	in	this	study,	variance	
was	similar	between	groups,	except	for	the	phospho-S6	and	TUNEL	quantifications,	which	were	
analysed	with	an	unpaired	T-test	with	Welch	correction,	as	stated	in	the	paper.

YOU	MUST	COMPLETE	ALL	CELLS	WITH	A	PINK	BACKGROUND	#

In	RNA-seq	experiments	formal	power	analysis	is	difficult	without	a-priori	knowledge	of	the	
expected	effect	size	across	thousands	of	genes.	The	sample	size	(5	biological	replicates	for	each	
condition)	was	limited	by	the	funding	and	timing	constraints	and	is	close	to	a	recommendation	(6	
replicates)	of	Schurch	et	al.	(Schurch	NJ	et	al.	RNA	2016).
Sample	size	for	analysis	of	mutant	mouse	embryos	were	constrained	by	availability;	Slc7a5-null	
embryos	were	assigned	for	analysis	of	different	markers	to	accommodate	this,	with	fewer	
embryos	used	for	individual	markers	which	identified	overlapping	cell	populations	(such	as	Sox10	
and	TuJ-1)	while	analysis	of	other	markers	in	Slc7a5-null,	T-Cre/beta-catenin	loss	of	function	and	
Sp5/Sp8	compound	mutants	was	undertaken	in	n≥3	mutant	embryos,	all	sample	sizes	are	provided	
in	the	figure	legends.
No	data	was	excluded	from	studies	presented	here.	For	the	RNAseq	experiment,	we	chose	not	to	
include	female	embryos	to	avoid	potential	sex-related	variations	in	the	transcriptome.	And	only	
E8.5	embryos	with	8	to	10	somites	were	used	to	have	an	homogenous	sample	set.	For	Western	
blot	quantification	of	phospho-GCN2	and	phospho-eIF2a,	2	lanes	had	to	be	excluded	(as	stated	in	
the	text)	because	little	material	was	loaded	and	could	not	be	quantified	in	relation	with	the	others.

Non	applicable

Wildtype	embryos	from	the	same	litter	were	randomly	allocated	to	the	drug	or	vehicle	groups	in	
the	hanging	drop	experiments.

Where	possible	quantifications	done	by	counting	cells	or	measuring	area	were	performed	with	
blinding	of	the	investigator.

Non	applicable

1.	Data

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	way.
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

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

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

2.	Captions

The	data	shown	in	figures	should	satisfy	the	following	conditions:

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.

Please	fill	out	these	boxes	#	(Do	not	worry	if	you	cannot	see	all	your	text	once	you	press	return)

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

B-	Statistics	and	general	methods

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.

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

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.		

definitions	of	statistical	methods	and	measures:

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.).
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6.	To	show	that	antibodies	were	profiled	for	use	in	the	system	under	study	(assay	and	species),	provide	a	citation,	catalog	
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	
mycoplasma	contamination.

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

8.	Report	species,	strain,	gender,	age	of	animals	and	genetic	modification	status	where	applicable.	Please	detail	housing	
and	husbandry	conditions	and	the	source	of	animals.

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

10.	We	recommend	consulting	the	ARRIVE	guidelines	(see	link	list	at	top	right)	(PLoS	Biol.	8(6),	e1000412,	2010)	to	ensure	
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.

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

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

13.	For	publication	of	patient	photos,	include	a	statement	confirming	that	consent	to	publish	was	obtained.

14.	Report	any	restrictions	on	the	availability	(and/or	on	the	use)	of	human	data	or	samples.

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

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

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

18:	Provide	a	“Data	Availability”	section	at	the	end	of	the	Materials	&	Methods,	listing	the	accession	codes	for	data	
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	
journal’s	data	policy.	If	no	structured	public	repository	exists	for	a	given	data	type,	we	encourage	the	provision	of	
datasets	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	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	in	a	
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.

22.	Could	your	study	fall	under	dual	use	research	restrictions?	Please	check	biosecurity	documents	(see	link	list	at	top	
right)	and	list	of	select	agents	and	toxins	(APHIS/CDC)	(see	link	list	at	top	right).	According	to	our	biosecurity	guidelines,	
provide	a	statement	only	if	it	could.

Non	applicable

Non	applicable

Non	applicable

Non	applicable

Non	applicable

No

Non	applicable

Non	applicable

Non	applicable

Non	applicable

RNA-seq	data	are	publically	available	in	ArrayExpress	accession	number	E-MTAB-6336,	
https://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-6336/

Additional	data	have	been	provided	to	the	journal	as	orginial	source	data	

All	antibodies	were	mouse	specific	and	published	before	for	the	assay	used.	For	IHC:	Tubulin	βIII	
(TUBB3,	Tuj1)	(Biologend	#MMS-435P),	Pax3	(DSHB	AB_528426),	FoxA2	(Abcam	ab108422),	
Phospho-Histone	H3	(Ser10)	Antibody	(CST#9706),	Phospho-S6	Ribosomal	Protein	(Ser235/236)	
(CST#2211)	Phospho-S6	Ribosomal	Protein	(Ser240/244)	(CST#5364).	For	WB:	Phospho-p70	S6	
Kinase	(Thr389)	(CST#9205),	p70	S6	Kinase	(CST#2708),	Phospho-eIF2alpha	(Ser51)	(CST#3398),	
eIF2alpha	(CST#9722),	TRIB3	(Proteintech	#	13300-1-AP),	α-Tubulin	(Sigma#T6074),	phospho-GCN2	
(Thr899)	(Abcam	ab75386)	and	GCN2	(Abcam	ab134053),	Slc3a2	(Santa	Cruz	#sc-20018),	beta-
Actin	(CST#4970).

Non	applicable,	no	cell	line	was	used	in	this	study.

Slc7a5-Flox	mouse	strain	generated	in-house	(now	available	at	the	Jackson	laboratory	(B6.129P2-
Slc7a5tm1.1Daca/J))	was	crossed	with	the	Bal1-cre	strain	(Tg(Nes-cre)1Wme/J)	as	published	
previously	(Poncet	N.	et	al.	PlosOne	2014).	Mouse	colonies	with	following	genotypes	(Ctnnb1	
tm2Kem,	T-Cre)	were	maintained	in	order	to	generate	embryos	which	lack	beta-catenin	in	cells	
that	have	expressed	T/Brachyury	(Brault	V	et	al.	Development	2001;	Perantoni	AO	et	al.	
Development	2005;	Dunty	WC	Jr	et	al.	Development	2008).	Mouse	colonies	with	following	
genotypes	(Sp5	lacZ,	Sp8-	)	were	maintained	in	order	to	generate	embryos	which	lack	functional	
alleles	of	Sp5	and	Sp8	(Harrison	SM	et	al.	Dev	Biol	2000;	Bell	SM	et	al.	Proc	Natl	Acad	Sci	2003;	
Dunty	WC	Jr	et	al.	PLoS	One	2014).
Source	of	animals:	
B6.129-Ctnnb1tm2Kem/KnwJ	(the	Jackson	Labs)
T-Cre	(M.	Lewandoski,	NCI-Frederick)	
Sp5	lacZ	(D.	Wilkinson,	Francis	Crick	Institute)
Sp8-	(Kenneth	Campbell	and	Stephen	Potter,	Cincinatti	Childrens	Hospital)
Strain:	all	animals	are	mixed	129Sv	(exact	substrain	depends	on	allele	origin),	C57BL6/J,	and	
NIH/Swiss
Mouse	colonies	were	bred,	mice	sacrificed	and	embryos	isolated	following	the	Home	Office	
guidelines	(PPL	60/04454	or	PPL	60/3455	and/or	60/4118)	in	the	UK.																																																																			
Mouse	colonies	were	generated	and	cared	for	in	the	USA	in	strict	accordance	with	the	Guide	for	
the	Care	and	Use	of	Laboratory	Animals	(National	Institutes	of	Health	(2011)	Guide	for	the	Care	
and	Use	of	Laboratory	Animals	(National	Academies	Press,	Washington,	DC),	8th	Ed.	)	of	the	
National	Institutes	of	Health	and	using	Frederick	National	Laboratory	Animal	Care	and	Use	
Committee-approved	protocols	(Animal	Study	Proposal	#17–408).	All	mice	were	euthanized	by	
CO2	inhalation	in	accordance	with	the	most	recent	American	Veterinary	Medical	Association	
guidelines	on	euthanasia	(American	Veterinary	Medical	Association	(2013)	AVMA	Guidelines	for	
the	Euthanasia	of	Animals:	2013	Edition	(American	Veterinary	Medical	Association,	Schaumburg,	
IL)	).	

This	study	was	carried	out	in	compliance	with	ARRIVE	guidelines.
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