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1st Editorial Decision 29th Jan 2020

29th Jan 2020

Dear Dr. Liao,

Thank you for the submission of your research manuscript to our editorial office. We have now
heard back from the referees whom we asked to evaluate your manuscript.

Unfortunately, you will see that both reviewers have very similar and overlapping concerns and
while considering the results potentially interesting, raise serious issues regarding the
conclusiveness of the data and pinpoint several technical and conceptual problems too that
preclude a solid interpretation of the experimental evidence provided. The reviewers call for a
considerable amount of additional experimentation to resolve these issues. Therefore, we feel that
it would be counter-productive, at this stage to invite a revision of your work as reaching publication
level would likely be unachievable in the 3 months-deadline we usually expect.

Given the potential interest of the findings however, we would have no objection to consider a new
manuscript on the same topic if at some time in the near future you obtained data that would
considerably strengthen the message of the study and address the referees concerns in full. To be
completely clear, however, | would like to stress that if you were to send a new manuscript this
would be treated as a new submission rather than a revision and would be reviewed afresh (with
maybe different referees), in particular with respect to the literature and the novelty of your findings
at the time of resubmission. If you decide to follow this route, please make sure you nevertheless
upload a letter of response to the referees' comments.

At this stage though, lam sorry to have to disappoint you. | nevertheless hope, that the referee
comments will be helpful in your continued work in this area and | thank you for considering EMBO
Molecular Medicine.

Yours sincerely,
Celine Carret

Celine Carret, PhD
Senior Editor
EMBO Molecular Medicine

ek Reviewer's comments **rrx
Referee #1 (Comments on Novelty/Model System for Author):

This is interesting work exploring the use of IPSC-derived NCC to learn about the functions of ALX1
in craniofacial morphogenesis. There is a large volume of work presented and some of it is
excellent. The greatest problem with this work is that having obtained their cell lines the authors do
not undertake a thorough epigenetic characterisation of them. Rather, they sample just a small
number of candidate expression differences and use this as a starting point to derive an
excessively fitted model of mechanism.



Referee #1 (Remarks for Author):

This manuscript comprises four parts:

1. ldentification of a family segregating a rare homozygous missense variant in ALX1 associated
with severe frontonasal dysplasia.

2. Development and differentiation of cells from these individuals with neural crest properties (NCC)
via IPSC

3. Exploration of the consequences of knockdown of the orthologous Alx1 gene in zebrafish

4. Functional analysis of migratory properties of the NCC using a scratch assay and the effects of
adding bone morphogenetic proteins (BMPS)

The first three parts of the work are broadly convincing, although some of the data should be better
presented. The human genetics work is very cursory in its presentation with very little context being
provided for the missense variant identified. The causative nucleotide substitution is incorrectly
annotated (should be c493C>T) and corresponding gene accession number is never mentioned,
nor is the fact that it is absent in large databases of genomic variation such as gnomAD. As a
minimum, | would wish to know the ethnic background of the family and the pedigree to show the
results of genotyping each individual. Much more care is needed to place the L165F variant in its
proper context. For example, how does it relate to other pathogenic variants previously identified in
this gene? Whereabouts in the homeodomain does the Leu residue reside and what are the
predicted consequences of substitution there? Are there precedents for pathogenic Leu to Phe
substitutions occurring in other homeodomain-containing proteins? The authors state at the end of
this section it is "predicted to cause loss of function®, but present no evidence for this (indirect or
direct) whatever. What would the mechanisms for this be - protein instability or something more
specific? In summary, how can they be sure that the homozygous substitution creates a full
knockout rather than a hypomorphic allele? In the absence of evidence it would be scientifically
more accurate (and safer) to refer to this allele as (for example) ALX1165F/165F (as in legend to
Fig.1), rather than ALX1-/-

The description of the IPSC/NCC derivation seemed clear and results were based on independent
analyses of 3 separately picked clones for each genotype. Can the authors clarify whether each line
was checked by SNP array to exclude major acquired copy number changes? They only mention
resequencing of ALX1.

The authors demonstrate that the mutant NCC lines could differentiate to all three mesenchymal
lineages (adipose, bone, cartilage), yet there also appeared to be evidence of an early
differentiation block. Presumably block this could be overcome by culturing in specific conditions
known to yield differentiated cell types. To explore the differences between the WT and
ALX1165F/165F lines further the authors used real-time RT-PCR of candidate genes, but they do
not appear to have used RNA-seq (or any other genome-wide measure such as ATAC-seq) to
obtain an overall, unbiased picture of differences in expression or epigenetic landscape. This
naturally leads them to explore only a very limited range of possibilities to explain the functional
differences. In my view this is an important missed opportunity to gain a real and deep
understanding of the epigenetic differences between the cells.

In the zebrafish, the authors made two knockout alleles using CRISPR/cas9 and surprisingly found
these to be viable and mostly normal, but with a low prevalence of head defects. (Previous data
(Dee et al 2013) related to use of morpholinos, which the authors correctly stae to be a less clean
system for genetic perturbation.) They showed upregulation of paralogous Alx transcripts
suggesting functional redundancy. The authors then introduced a truncated Alx1 copy which
appeared to have dominant negative activity. Additionally, by measuring pax3a and pax3b



expression in mutants and examining the effect of embryo injection of pax3a and pax3b, the
authors aim to strengthen the functional link between ALX1 and PAX3. However, the evidence
remains indirect and it isn't clear whether levels of pax3 mRNA used was physiological. The
experimental narrative jumps around between NCC and zebrafish model (both Figs 3 and 4 show a
mixture of NC/zebrafish data), which made the line of argument hard to follow in some places. The
purported difference in a migration defect shown in Fig 4d as not fully obvious to this reviewer frm
the single example image shown in Fig. 4d, nor is it obvious that this arises from abnormal migration
rather than disturbed cell division.

Returning to the NCC lines, the authors use a scratch assay as a functional readout and propose
that PAX3 is repressed by ALX1 and that PAX3 overexpression phenotypes the effect of ALX1
knockdown. Furthermore they identify a decrease of BMP2 and excess of BMP9 in mutant media,
and show that respective supplementation and antagonism partially rescues the functional
deficiency. The work is summarised with a "wiring diagram" (Fig 6). In this last part of the work, |
found the authors too keen to create a neat "story" from the work, this involved them cutting many
corners. Alx1, as might be expected of a homeodomain transcription factor, has a very large number
of transcriptional targets. For example the authors don't quote recent work (Khor et al Development
2019) investigating this further (this work was done of sea urchins, but the principle that Alx1 likely
has thousands of targets in mammals holds true). Regarding the identification of PAX3 as a specific
target, (the introduction states: "we determined that ALX1 is a transcriptional repressor of PAX3",
NO data are presented to support the direct effect implied. The transfection experiments
performed on NCC lines represent a highly unphysiological system and the authors don't attempt to
measure whether the change in PAX3 expression achieved matched physiological expectations. It
was also unclear how the authors specifically identified imbalances in BMP2 and BMP9 (what about
all the other BMPs?), and why these would have antagonistic effects is not clearly discussed.

Given that this work originated from a lab in an English-speaking country, there are an
extraordinarily high number of grammatical errors - far too many to point out individually- suggesting
that due diligence has not been shown by the senior author in reviewing this work before
submission for publication.

Specific points: when relating to the human gene, ALX1 should be italicised

All abbreviations should be defined on first use (there is even one in the title!)

Citations to authors in text sometimes include years and sometimes do not

Introduction - it is implied that frontoasal dysplasia is necessarily associated with facial clefting,
which is not always the case.

Ephrin is not a "receptor tyrosine kinase"

Methods

What is "26romega26en"?

Correct gene name for "36B4" is RPLPO

Referee #2 (Comments on Novelty/Model System for Author):

More quantification is needed.

Referee #2 (Remarks for Author):

This manuscript by Pini et al investigates the role for ALX1 in Human iPSCs and zebrafish

craniofacial development and frontonasal dysplasia (FND). Starting from patient samples, IPSCs are
derived from peripheral blood from control and affected patients. The authors show that the cells



can be differentiated into neural crest cells (NCC), and their derivatives. Examination of expression
of NCC genes show an increase in early NCC markers, including PAX3 and ZIC1. Generation of a
zebrafish mutant allele and dominant negative constructs results in mild and strong craniofacial
phenotype respectively, which the authors argue is due to a change in gene expression and
migration via a switch in BMP signaling. The manuscript presents an interesting approach starting
from patients to animal models. However, there are some issues in the interpretation and
presentation that preclude publication at this time. My comments are below.

1. The writing is awkward in many places with typos and acronyms used without definition. The first
time these are used in the text, they should be defined. If not, it difficult for the reader. In addition,
there is no to little discussion of the zebrafish experiments in the abstract and introduction. Also,
there are some overstatements that should be toned down, including "largest pedigree”, "Alx
functions as a dominant negative" since you are using this construct to remove Alx function (?),"FN
defect” which lactually don't know what that means. Also the title should reflex the whole body of
results found in the manuscript. Finally, the discussion is a summary of results and does not place
this work in the context of the larger field. This should be shortened and focus on what the result
mean.

2.Because ALX genes are known in Human and animal models to play a role in FND, what is
presented is not completely novel. However, I think this is a novel mutation, but this is not
discussed. What is known about the existing Human mutations in ALX1 that are causative for FND
and are the mutations in the same position as this family? What happens in iPSCs of the known
mutations?

2. Some additional quantification should be considered to increase the rigor of the work. Besides
the gRT-PCR (needed in S5b however) much of the description of the phenotypes are not
quantified ie: Cell shape of IPSCs, zebrafish alcian blue cartilage measurements, zebrafish migration,
etc.

3.The use of IPSCs is a unique addition, however there is little description of how the days in
culture correlate to developmental age. Do you observe a progression of gene expression as in vivo,
ie neural plate border, neural crest specifiers, epithelial to mesenchymal transition, migration, and
differentiation in this time frame? If so, the fact that CD57 stays on does not affect the ability of
differentiation. And the expression of pax3a does not fit this model whereas pax3b does. However,
the pan overexpression of pax3a is more severe then pax3b. What is the explanation for this? Also,
there should be a discussion about the use of non-tissue or temporal specific RNA and what the
caveats are.

4. The rationale for choosing pax3 as a focus is not clear, since some of the other genes are more
significantly changed. In addition, the best experiment to test genetic epistasis is to create a double
knockout with Alx1 and Pax3. This would determine if they genetically interact and is the most
definitive proof. T his should be considered.

5.1t seems to me that the focus should be on cell death and not migration. What cells were
transfected in Figure 4? What do the zebrafish look like when assayed for cell death? Only one
experiment is shown in Figure 4a. The fact that there are less cells overall and/or they are dying
would complicate the analysis on migration. In the zebrafish, it does seem that the cells are there,
but not able to coalesce in the correct location. Are they dying? Similarly, the focus on BMP as
signaling factor to focus on is not clear from the text as it seems to come out of nowhere. While of
course BMP signaling is important for NCC specification, the relevance of the switch from BMP2 to



BMP9 is not clear. Treatment of the cells helps but does not seem to completely close the cell
wound. What does treatment of wildtype cells with these same doses do to the cells? Is the cell
death rescued in the Alx1-/- cells?

Overall, there are many intriguing results, however, answers to all these questions are required
before publication.



Authors' Correspondence 30th Jan 2020

Dear Celine,

Thank you very much for the kind message. | have reviewed the comments and the
critiques are not has problematic as perhaps the tone of reviewer #1, probably because
of the subpar writing, of which | take full responsibility and will address thoroughly. The
good news is that we have already done the RNA-seq in human iPSC, and a
collaborator has done single cell RNA-seq in zebrafish, and the intersection of this data
supports our work. The other assays can all be done in the lab as we have the iPSC
cultures ready to go in our ongoing work. After an itemized review of the critiques, | do
believe we can revise the manuscript within 3 months.

Would you consider returning this work to the same reviewers in a MAJOR REVISION
rather than a new manuscript review that will potentially have new reviewers and fresh
new comments? | would also like the reviewers to see that we have taken their
comments to heart and completed a major revision, and the project is improved from
their suggestions. No matter what we are committed to improving this work, and would
prefer your consideration for a major review.

Thank you very much for your consideration.
All the best,

Eric Liao



Editorial Decision Correspondence 31st Jan 2020

31st Jan 2020

Dear Dr. Liao,
Thank you for your kind email asking us to reconsider our decision.

Given that you already have done a lot of work on the study and also considering your arguments,
we are happy to allow the manuscript to get back in the system as a major revision. Don't worry
about the 3-months deadline, this is a wish but not a must, it will be fine for us if it takes a little
longer. If however you anticipated a delay over 6-months, I'd ask that you get in touch with us as
our scooping protection may therefore no longer apply.

Iwish you all the best with the revision and thank you for contacting us.
With my best wishes,

Celine

Celine Carret, PhD
Senior Editor
EMBO Molecular Medicine



1st Authors' Response to Reviewers 19th Jun 2020

ITEMIZED RESPONSES
EMM-2020-12013-V2-Q

Reviewer 1

We appreciate the reviewer's comments. The following are our point-by-point responses:

1) The greatest problem with this work is that having obtained their cell lines the authors

do not undertake a thorough epigenetic characterisation of them.

RESPONSE: It has been reported that the epigenetic landscape is reset during the
generation of induced pluripotent stem cells (iPSC)(Liang & Zhang, 2013). Variations in the
process, as well as prolonged culture time, may nonetheless result in epigenetic differences
between iPSC lines. Since the reprogramming process is the most time- and cost
consuming component of iPSC model generation, repeating the reprogramming itself was
cost-prohibitive. Epigenetic differences were controlled for as best as possible by ensuring
the following:

- All major experiments where performed in a minimum of three clones

- All major experiments where repeated at least three times

- All clones used for experiments were at the same passage number

- None of the clones used for experiments exceeded passage cycle 15

These points are now recorded in the ‘Methods’ section (line 510). On a separate note,
variable X-chromosome inactivation can result in differences between female iPSC lines. To
increase the number of affected subjects enrolled in the study, the choice was made not to
exclude the female affected subject in order to allow us to verify findings between the two

affected family members for whom iPSC lines were generated.

2) [...]they sample just a small number of candidate expression differences and use

this as a starting point to derive an excessively fitted model of mechanism.

RESPONSE: We agree that a major shortcoming of the original manuscript was the fitted
mechanistic model based on published literature. To emphasize the findings in the Neural
Crest Cells (NCC) which form the most substantial results of the experiments performed for
this project, the hypothesis that PAX3 is regulated by ALX1 and the preliminary data
indicative of this relationship was removed from the manuscript. The experiments required to
adequately address the role of ALX1 within the human NCC gene regulatory network,
namely the generation of an isogenic line that would allow for well-controlled RNA-seq and

ChIP-seq or CUT&RUN experiments for an unbiased analysis were beyond the scope of this



study, as our laboratory closed for the last 3 months due to the pandemic. The
transcriptional analysis of candidate genes indicative of particular stages of NCC
differentiation was retained in order to survey the developmental progression created in vitro
with iPSC-derived NCC. The importance of this data point has been reworded, with the lack
of transcriptional data from human embryos to compare our in vitro data with being critically
discussed in the new discussion section ‘iPSC for craniofacial disease modeling’ (line
number 413).

3) The human genetics work is very cursory in its presentation with very little context

being provided for the missense variant identified.

RESPONSE: A diagram of the ALX1 gene and protein are now included in a revised Figure
1, which gives a visual overview of the missense variant of this manuscript’s pedigree in
context with other variants reported in the literature. Sections on the in silico prediction of the
pathogenicity of the missense variant via a number of different algorithms, the placement of
the variant within the protein, and the likely consequences of the amino acid substation are
now included in both the ‘Results’ and the ‘Discussion’ sections. The case reports of other
families affected by variants or deletion of ALX1 are now discussed in depth in the

‘Discussion’ section (line 349).

4) The causative nucleotide substitution is incorrectly annotated (should be ¢.493C>T)
and corresponding gene accession humber is never mentioned, nor is the fact that it

is absent in large databases of genomic variation such as gnomAD.

RESPONSE: Both the annotation and the placement of the nucleotide substitution were
noted to be incorrect (c.493C>T) and corrected to ¢.648C>T throughout the manuscript. The
accession number of ALX1 as well as other genes related to Frontonasal Dysplasia (FND)
and their respective disorders in the format of the Online Mendelian Inheritance in Man
(OMIM) database are now included in the ‘Introduction’ section. The novel missense variant
identified in this study has been researched on gnomAD, with the findings reported and

discussed in both the ‘Results’ and the ‘Discussion’ sections.

- As a minimum, | would wish to know the ethnic background of the family and the

pedigree to show the results of genotyping each individual

RESPONSE: The family’s ethnic background is Amish, which is now mentioned in the
manuscript alongside the note that the parents are blood relatives (first cousins). The
pedigree has been annotated accordingly in the revised version of Figure 1. The information

on which subjects were genotyped, as well as their phenotype, is now addressed in greater



detail in the ‘Results’ section. To make the information more accessible to the reader, Figure
1 was further modified through a numbering of the subjects enrolled in this study to allow for

easier referencing of the individuals and their respective phenotypes and genotypes.

- Much more care is needed to place the L165F variant in its proper context. For
example, how does it relate to other pathogenic variants previously identified in

this gene?

RESPONSE: Extensive discussion of the two case studies which describes a total of three
families affected by three different ALX1 variants has now been included in the beginning of
the ‘Discussion’ section (line number 349). These variants have been included in the revised
version of Figure 1 which gives a visual overview of the missense variant of the pedigree

reported on in this manuscript in the context of the variants already reported in the literature.

- Whereabouts in the homeodomain does the Leu residue reside and what are the

predicted consequences of substitution there?

RESPONSE: As can be seen in the gene diagram, the Leu residue resides centrally within
the homeobox domain on helix Il. No data on the crystallographic ultrastructure of the ALX1
protein itself has been published to date. To assess the predicted consequences of the
substation caused by the L165F variant identified in the pedigree, a number of bioinformatic
tools were used to assess the pathogenicity of the missense mutation (Sift, Polyphen,
muttaster, fathmm). This information is now included in the appropriate ‘Results’ and
‘Methods’ sections. The location of the L165F likely disrupts the ability of the protein to
regulate the transcription of downstream targets of this transcription factor. This information
is now included and contrasted with another case report which identifies a missense variant

in helix Il in another family in the ‘Discussion’ section.

- Are there precedents for pathogenic Leu to Phe substitutions occurring in other

homeodomain-containing proteins?

RESPONSE: Leucine is an aliphatic, branched amino acid while phenylalanine is an
aromatic, neutral and nonpolar amino acid. Due to properties of leucine, the substitution
itself is likely disruptive to helix 1l in the DNA-binding element of the homeodomain within
which it resides. Disruptive leucine to phenylalanine substitutions have been described in a
number of published, genotyped disorders. Independently of this, missense variants within
the homeodomains of both ALX3 and ALX4 have been connected to FND. All of the

information above is now recorded in the ‘Discussion’ section (line 349).



5) The authors state at the end of this section it is "predicted to cause loss of function”,
but present no evidence for this (indirect or direct) whatever. What would the
mechanisms for this be - protein instability or something more specific? In summary,
how can they be sure that the homozygous substitution creates a full knockout rather
than a hypomorphic allele? In the absence of evidence it would be scientifically more
accurate (and safer) to refer to this allele as (for example) ALX1165F/165F (as in
legend to Fig.1), rather than ALX1-/-.

RESPONSE: As mentioned above, we could not identify preexisting data on the
crystallographic ultrastructure of the ALX1 protein itself. In consequence, we performed a
bioinformatics analysis that focus on the algorithmic assessment of our missense variant in
the context of conservation. To assess the predicted consequences of the substation caused
by the L165F variant identified in the pedigree, a number of bioinformatic tools were used to
assess the pathogenicity of the missense mutation (Sift, Polyphen, muttaster, fathmm). This
information is now included in the appropriate ‘Results’ and ‘Methods’ sections. The L165F
variant lies within helix II of the DNA binding domain within the homeobox of ALX1, likely
disrupting the ability of the protein to regulate the transcription of downstream targets of this
transcription factor. This information is now included and contrasted with another case report
which identifies a missense variant in helix 1l in another family in the ‘Discussion’ section.
When performing gPCR on our patient’s cell lines and compared them to their parents as
well as healthy control lines, we found significant differences in the levels of ALX1
transcripts, as seen in Figure 3, We agree with the reviewer that this data points more
towards a hypomorphic allele (given the fact that there is no absence of ALX1 transcripts in
the affected subjects) than a total loss-of-function, and have corrected the notation of the
affected subject’s cells from ALX1-/- to ALX1*%572%5F throughout the manuscript and the

figures.

6) Can the authors clarify whether each line was checked by SNP array to exclude

major acquired copy number changes?

RESPONSE: We performed genetic stability testing on our cell lines to exclude copy
number variations in addition to sequencing ALX1 in order to confirm the retention of the

line’s original variant.

7) The authors demonstrate that the mutant NCC lines could differentiate to all three
mesenchymal lineages (adipose, bone, cartilage), yet there also appeared to be
evidence of an early differentiation block. Presumably this block could be overcome

by culturing in specific conditions known to yield differentiated cell types. To explore



the differences between the WT and ALX1165F/165F lines further the authors used
real-time RT-PCR of candidate genes, but they do not appear to have used RNA-seq
(or any other genome-wide measure such as ATAC-seq) to obtain an overall,
unbiased picture of differences in expression or epigenetic landscape. This naturally
leads them to explore only a very limited range of possibilities to explain the
functional differences. In my view this is an important missed opportunity to gain a

real and deep understanding of the epigenetic differences between the cells.

RESPONSE: The experiments required to adequately address the role of ALX1 within
the human NCC gene regulatory network, namely the generation of an isogenic line that
would allow for well-controlled RNA-seq and ChiP-seq or CUT&RUN experiments for an
unbiased analysis were beyond the scope of this study. The transcriptional analysis of
candidate genes indicative of particular stages of NCC differentiation were retained in
order to survey the developmental progression created in vitro with iPSC-derived NCC.
The importance of this data point has been deemphasized, with the lack of
transcriptional data from human embryos to compare our in vitro data with being critically
discussed in the new discussion section ‘iPSC for craniofacial disease modeling’ (line
number 413).

8) In the zebrafish, the authors made two knockout alleles using CRISPR/cas9 and
surprisingly found these to be viable and mostly normal, but with a low prevalence of
head defects. (Previous data (Dee et al 2013) related to use of morpholinos, which
the authors correctly state to be a less clean system for genetic perturbation.) They
showed upregulation of paralogous Alx transcripts suggesting functional redundancy.
The authors then introduced a truncated Alx1 copy which appeared to have dominant
negative activity. Additionally, by measuring pax3a and pax3b expression in mutants
and examining the effect of embryo injection of pax3a and pax3b, the authors aim to
strengthen the functional link between ALX1 and PAX3. However, the evidence
remains indirect and it isn't clear whether levels of pax3 mRNA used was
physiological.

RESPONSE: In zebrafish, over-expression by mRNA injection does not attempt to dose
physiologic level of mMRNA. Some toxic side effects from the quantity of mRNA injected are
to be expected. Supplemental Figure 5 accounts for this phenomenon, displaying a
stratification of embryo death by quantity of injection. The hypothesis that zebrafish pax3 is
regulated by alx1 and the preliminary data indicative of this relationship was removed from
the manuscript. The experiments required to adequately address the role of alx1 within the

NCC gene regulatory network were beyond the scope of this study.



9) The experimental narrative jumps around between NCC and zebrafish model (both
Figs 3 and 4 show a mixture of NC/zebrafish data), which made the line of argument

hard to follow in some places.

RESPONSE.: In order to clarify, all zebrafish data is now clearly separated from cell data in
both the manuscript and the figures. The results are then discussed in a more integral

manner in the Discussion.

10) The purported difference in a migration defect shown in Fig 4d as not fully obvious to
this reviewer from the single example image shown in Fig. 4d, nor is it obvious that

this arises from abnormal migration rather than disturbed cell division.

RESPONSE: To allow for an easier visualization of the population of NCC delayed in their
migration following laser conversion, schematics demonstrating the distribution and
placement of the delayed cells within the zebrafish’s craniofacial region have been added to
the new Figure 6 summarizing our findings in zebrafish. Additionally, a new video showing a
3D Z-stack of a zebrafish displaying delayed frontonasal NCC migration following laser
conversion has been added to the revised submission (Film 3). To allow red-green blind
readers to detect the difference more clearly, the NCC visualized in the new film are
displayed in magenta rather than red. These results show a heterotopic location of the NCC
in the later timepoint at 4 dpf, which can be explained by altered migration but not altered
cell division. Altered cell division may result in fewer NCC in the final destination, but this
was not observed. Altered cell division would also not result in the NCC being observed in a

new location rather than the median anterior neurocranium location.

11) Returning to the NCC lines, the authors use a scratch assay as a functional readout
and propose that PAX3 is repressed by ALX1 and that PAX3 overexpression
phenotypes the effect of ALX1 knockdown. Furthermore they identify a decrease of
BMP2 and excess of BMP9 in mutant media, and show that respective
supplementation and antagonism partially rescues the functional deficiency. The
work is summarised with a "wiring diagram” (Fig 6). In this last part of the work, |
found the authors too keen to create a neat "story" from the work, this involved them

cutting many corners.

RESPONSE: We apologize that the original manuscript summarized a lot of data, both from
the literature and from our experiments. The wording and sections presenting a fitted

narrative has been removed.



12) Alx1, as might be expected of a homeodomain transcription factor, has a very large
number of transcriptional targets. For example the authors don't quote recent work
(Khor et al Development 2019) investigating this further (this work was done of sea
urchins, but the principle that Alx1 likely has thousands of targets in mammals holds

true).

RESPONSE: The work by Khor et. al explores targets of ALX1 using a customized antibody
for a ChIP-sequencing experiment on mesenchymal precursor cells in the sea urchin. This
provides an interesting context for our work, since this study explores the role of ALX1 as a
transcription factor, though the determination of the protein’s regulatory targets in the
zebrafish or the human cell lines was not within the scope of this project. A discussion of the
study was added to the discussion section (line 416).

13) Regarding the identification of PAX3 as a specific target, (the introduction states: "we
determined that ALX1 is a transcriptional repressor of PAX3", NO data are presented

to support the direct effect implied.

RESPONSE: The hypothesis that PAX3 is regulated by ALX1 and the preliminary data

indicative of this relationship was removed from the manuscript.

14) The transfection experiments performed on NCC lines represent a highly
unphysiological system and the authors don't attempt to measure whether the

change in PAX3 expression achieved matched physiological expectations.

RESPONSE: The hypothesis that PAX3 is regulated by ALX1 and the preliminary data

indicative of this relationship was removed from the manuscript.

15) It was also unclear how the authors specifically identified imbalances in BMP2 and
BMP9 (what about all the other BMPs?), and why these would have antagonistic

effects is not clearly discussed.

RESPONSE: Language to clarify the methodology regarding the identification of BMP levels
was added in the ‘Materials and Methods’ section (line 704). A large section was added to
the ‘Discussion’ section to describe the current state of knowledge on BMP2 and BMP9 (line
474).

16) Given that this work originated from a lab in an English-speaking country, there are
an extraordinarily high number of grammatical errors - far too many to point out
individually- suggesting that due diligence has not been shown by the senior author

in reviewing this work before submission for publication.



RESPONSE: We sincerely apologize for the high number of grammatical errors and lack of

sentence structure in our manuscript. We have rewritten the entire manuscript.

17) Specific points: when relating to the human gene, ALX1 should be italicised

RESPONSE: When used in reference to the gene, all mentions of ALX1 have now been

italicized.

18) All abbreviations should be defined on first use (there is even one in the title!).

RESPONSE: All abbreviations are now defined on first use. All abbreviations were removed
from the title. Furthermore, the title as well as the short title were edited for clarity. The title is
now ‘ALX1-related Frontonasal Dysplasia Results From Defective Neural Crest Cell
Development and Migration’. The short title is now ‘Defective Neural Crest Cells Cause

ALX1-related Frontonasal Dysplasia’.

19) Citations to authors in text sometimes include years and sometimes do not

RESPONSE: All references have now been formatted in a standardized manner in

accordance with the Journal’s policy.

20) Introduction - it is implied that frontonasal dysplasia is necessarily associated with

facial clefting, which is not always the case.

RESPONSE: This incorrect statement has been removed, and replaced with a statement

that notes facial clefting as one potential component of frontonasal dysplasia (line 74).

21) Ephrin is not a "receptor tyrosine kinase"

RESPONSE: This erroneous statement has been removed (line 80).

22) Methods: What is "26romega26en"?

RESPONSE: The erroneous statements in question have been removed.

23) Correct gene name for "36B4" is RPLPO

RESPONSE: All mentions of “36B4” have been replaced with “RPLPQ” throughout the
manuscript. It came to our attention that the gene “SNA/2” was erroneously presented as

“SLUG”. This gene name, too, was corrected throughout the manuscript.



Reviewer 2

We appreciate that the reviewer's comments. The following are our point-by-point

responses:

1) More guantification is needed.

RESPONSE: All Figures as well as the ‘Results’ section of the manuscript have been

extensively edited to highlight the more quantitative aspects of this work.

2) The writing is awkward in many places with typos and acronyms used without
definition. The first time these are used in the text, they should be defined. If not, it

difficult for the reader.

RESPONSE: We sincerely apologize for the high number of grammatical errors and lack of
sentence structure in our manuscript. We have rewritten the entire manuscript. All

abbreviations are now defined on first use. All abbreviations were removed from the title.

3) [...]there is no to little discussion of the zebrafish experiments in the abstract and

introduction.

RESPONSE: A more in-depth discussion of zebrafish experiments is now included in both

the abstract and the introduction.

4) [...] there are some overstatements that should be toned down, including "largest
pedigree”, "Alx functions as a dominant negative" since you are using this construct

to remove Alx function (?), "FN defect" which | actually don't know what that means.

RESPONSE: During the rewriting of the manuscript, overstatements were removed.
Specifically, the statement “largest pedigree” was removed; the statement “Alx functions as
a dominant negative” was edited to reflect the hypothesis in question (line 311); the term “FN

defect” was removed.

5) [...] the title should reflex the whole body of results found in the manuscript.

RESPONSE: The title as well as the short title were edited for clarity. The title is now ‘ALX1-
related Frontonasal Dysplasia Results From Defective Neural Crest Cell Development and
Migration’. The short title is now ‘Defective Neural Crest Cells Cause ALX1-related

Frontonasal Dysplasia’.



6) [...], the discussion is a summary of results and does not place this work in the
context of the larger field. This should be shortened and focus on what the result

mean.

RESPONSE: All summaries of results were removed to avoid redundancy. The Discussion
was entirely rewritten to reflect points of interesting with respect to the context of the larger
field. Specifically, the discussion is now divided into the following subsections:
- Human genetics of ALX1 (line 350)
The ALX gene family: ALX1, ALX3, and ALX4 (line 399)
- IPSC for craniofacial disease modeling (line 422)
Animal models of ALX1-related FND (line 508)
Conclusion (line 530)

7) Because ALX genes are known in Human and animal models to play a role in FND,
what is presented is not completely novel. However, | think this is a novel mutation,
but this is not discussed. What is known about the existing Human mutations in ALX1
that are causative for FND and are the mutations in the same position as this family?

What happens in iPSCs of the known mutations?

RESPONSE: The study now emphasizes that the variant described is novel. All other case
reports which describe families affected by ALX1-related FND are now included in the
‘Discussion’, with a detailed description of the variant identified (line 366). One family was
found to have a missense variant in the homeodomain one helix downstream from the helix
Il affected by the L165F variant identified in this study’s pedigree. Unfortunately, the creation
of gene-edited iPSC lines that recreate the three different variants of ALX1 described in the

published literature was not within the scope of this project.

8) Some additional quantification should be considered to increase the rigor of the work.
Besides the gRT-PCR (needed in S5b however) much of the description of the
phenotypes are not quantified ie:

- Cell shape of iPSC,

RESPONSE: Due to the COVID-19 pandemic, we are currently unable to access the
microscopes required to visually analyze the shape of the NCC we reference. We have

therefore added a sentence emphasizing the qualitative nature of this observation (line 196).
The lineage tracing in the zebrafish model was repeated in order to present superior

visualization of the findings at a greater magnification. This data is shown in a new film

displaying a 3D Z-stack of a zebrafish displaying delayed frontonasal NCC migration
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following laser conversion (Film 3). To allow red-green blind readers to detect the difference

more clearly, the NCC visualized in the new film are displayed in magenta rather than red.

9) The use of iPSCs is a unique addition, however there is little description of how the
days in culture correlate to developmental age. Do you observe a progression of
gene expression as in vivo, ie neural plate border, neural crest specifiers, epithelial to

mesenchymal transition, migration, and differentiation in this time frame?

RESPONSE: The study includes a survey of NCC marker genes throughout the
differentiation protocol. For this, qPCR was performed for the neural plate border specifiers
ZIC1, PAX7, PAX3, MSX1, MSX2, and DLX5; the neural crest specifiers FOXD3, P75,
TFAP2A, SNAI2, and TWIST1; the lineage specifier HAND2; and ALX1. The analysis
identified a progression of gene expression that appears to mirror that reported in animal
studies. To make this information more accessible to the reader, the section detailing these
results was fundamentally reorganized (line 145). A new figure was constructed to show the
gene profiles in a more organized manner. A new section in the ‘Discussion’ section now

details the challenges of relating NCC derived in vitro with in vivo data (line 432).

10) If so, the fact that CD57 stays on does not affect the ability of differentiation.

RESPONSE: It is correct that the ability of NCC to differentiate into a number of
mesenchymal lineages was unchanged between different cell lines, with no significant
differences found. This may be explained in two possible ways: either the pathways affected
by this study’s ALX1 variant are not implicated in mesenchymal differentiation, or, perhaps
more likely, the directed differentiation that occurs with the chemically defined mediums for
in vitro differentiation allow for a circumnavigation of the pathways that normal in vivo

development wouldn’t allow for.

11) And the expression of pax3a does not fit this model whereas pax3b does. However,
the pan overexpression of pax3a is more severe then pax3b. What is the explanation

for this?

RESPONSE: The hypothesis that PAX3 is regulated by ALX1 and the preliminary data
indicative of this relationship was removed from the manuscript. The experiments required to
adequately address the role of ALX1 within the human NCC gene regulatory network,
namely the generation of an isogenic line that would allow for well-controlled RNA-seq and
ChIP-seq or CUT&RUN experiments for an unbiased analysis, were beyond the scope of

this study.
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12) Also, there should be a discussion about the use of non-tissue or temporal specific

RNA and what the caveats are.

RESPONSE: The hypothesis that PAX3 is regulated by ALX1 and the preliminary data

indicative of this relationship was removed from the manuscript.

13) The rationale for choosing pax3 as a focus is not clear, since some of the other
genes are more significantly changed. In addition, the best experiment to test genetic
epistasis is to create a double knockout with Alx1 and Pax3. This would determine if

they genetically interact and is the most definitive proof. This should be considered.

RESPONSE: The hypothesis that PAX3 is regulated by ALX1 and the preliminary data

indicative of this relationship was removed from the manuscript.

14) What cells were transfected in Figure 4?

RESPONSE: The hypothesis that PAX3 is regulated by ALX1 and the preliminary data

indicative of this relationship was removed from the manuscript.

15) The fact that there are less cells overall and/or they are dying would complicate the
analysis on migration. In the zebrafish, it does seem that the cells are there, but not

able to coalesce in the correct location. Are they dying?

RESPONSE: The NCC location in a heterotopic region outside of the anterior neurocranium
indicates a fundamental problem in cell migration. Whether additional cellular processes
such as cell death or decreased cell division can also be operating cannot be ruled out.
However, cell death or decreased cell division will not result in the NCC migrating to an
altered position, instead culminating in fewer cells reaching the expected location. This

explanation has been added to the manuscript.

16) Similarly, the focus on BMP as signaling factor to focus on is not clear from the text
as it seems to come out of nowhere. While of course BMP signaling is important for
NCC specification, the relevance of the switch from BMP2 to BMP9 is not clear.

Treatment of the cells helps but does not seem to completely close the cell wound.

RESPONSE: Itis correct that the treatment of the cells did not completely rescue the
migration defect. We believe that a pretreatment of the NCC over several hours (rather than
a supplementation with BMP2 or CV2 at the beginning of the migration experiment) could
potentially result in a complete rescue of the migration defect. A new section extensively
discussing the rationale of BMP signaling in the in vitro NCC model of FND has been added

to the discussion (line 475).
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17) What does treatment of wildtype cells with these same doses do to the cells?

RESPONSE: Due to the COVID-19 crisis, we were unfortunately unable to treat wildtype
cells with the same doses of BMP2 and CV2 as our initial set of experiments. That said,
other experiments on wildtype cells with soluble BMP2 and CV2 published in the literature
have used higher concentrations than we did in our experiments, without reporting toxic
effects (Gao, Cheng et al., 2019, Yao, Jumabay et al., 2012).

18) Is the cell death rescued in the Alx1-/- cells?

RESPONSE: Due to the COVID-19 crisis, we were unfortunately unable to perform FACS

analysis to examine the rate of apoptosis in subject-derived NCC treated with BMP2 or CV2.
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1st Revision - Editorial Decision 21st Jul 2020

21st Jul 2020
Dear Mr. Liao,

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed reports from the referee who was asked to re-assess it. As you will see
the reviewer is now globally supportive and I am pleased to inform you that we will be able to accept
your manuscript pending the following final amendments:

1) Please address the minor text change commented by referee 1.

Please address the referee's comments in writing. At this stage, we'd like you to discuss referee's 1
points and if you do have data at hand, we'd be happy for you to include it, however we will not ask
you to provide any additional experiments at this stage.

Please provide a point-by-point letter INCLUDING my comments as well as the reviewer's reports
and your detailed responses to their comments (as Word file).

Please submit your revised manuscript within two weeks.
I look forward to reading a new revised version of your manuscript as soon as possible.
Yours sincerely,

Celine Carret

Celine Carret, PhD
Senior Editor
EMBO Molecular Medicine

**xxk Reviewer's comments *****

Referee #1 (Comments on Novelty/Model System for Author):

1. Ms is much improved in technical quality as a result of the re-write and removal of poorly
supported data

2. First derivation of NCC to study cellular mechanisms of ALX1-related malformation. Functional
insights into mechanism with identification of effects of BMPs on correcting defective cell migration
phenotype. Novel work on zebrafish mutants.

3. No medical impact in short-medium term, except to establish the correct genetic diagnosis in one
family based on known disease gene. Therapeutic use distant because the severe congenital
malformations develop during early pregnancy.

4. Combination of human NCC and zebrafish good, complementary model systems



Referee #1 (Remarks for Author):

The authors have taken seriously the comments and criticisms of two reviewers and accordingly
have extensively revised the manuscript. The result is a much improved version that is easier to
read and follow and is more realistic in its conclusions, highlighting limitations of the study.

The authors should address the following points.

L29 and elsewhere: to accordance with recommended HGVS nomenclature
(http/ivarnomen.hgvs.org/), authors should refer to the mutant protein as p.L165F.

L110, 636: Correct notation of the cDNA is indeed c.493C>T as per previous review. This is because
cDNA numbering starts at the ATG initiator codon (see HGVS nomenclature). Reference to Fig 1C
will show that the numbering used by authors would place their variant after the c.531+1G>A
mutation, whereas it is correctly placed before it. The Genbank accession of human ALX1 (still not
provided) is NM_006982.3.

L118: "with haploinsufficiency consistent with the observed autosomal recessive inheritance
pattern”: This statement is by definition incorrect, as haploinsuffcincy describes the situation in
which heterozygous loss-of-function manifests with a phenotype. Since the carrier parents do not
manifest any phenotype, this is not a haploinsuffciency.

L383 and L412: The references provided to document the contributions of ALX4 mutation to FND
are not appropriate for this purpose (these references describe parietal foramina). References to
ALX4-related FND can be found in the corresponding OMIM entry.

L393: the donor splice site mutation is incorrectly written (should be c531+1G>A)

L427:reference to Khor et al has been added, but is not included in the references

L575: Please indicate method used to analyse copy number variants

L761:what was the sequence of the targeting SgRNA?

Other minor comments: references still lack year of publication in some places (eg L47)

Numbers and units of measurement should be separated by spaces (occurs in many places, eg
L268, 316,598 and others)

Lack of subscripts or superscripts in chemical formulas (line 611, 661/2 and others)

Although the English is markedly improved, | noted a number of grammatical errors/typos whilst

going through the ms, for example lines 115 (nor), 154 (patterns), 193 (deleted were investigated),
323 (delete ,), 332 (injection), 391,474 and 475 (no apostrophe), 686 (manufacturer's), 709 (of), 710
(processed), 736/9,741/2 (a plate shaker), 765 (F0), 817 (experiments)

L759 alx1 should be italicised



2nd Authors' Response to Reviewers 12th Aug 2020

ITEMIZED RESPONSES
EMM-2020-12013-V4
Referee 1

We appreciate the Referee’s comments. The following are our point-by-point responses:

1) The authors should address the following points. L29 and elsewhere: to accordance
with recommended HGVS nomenclature (http://varnomen.hgvs.org/), authors should

refer to the mutant protein as p.L165F.

RESPONSE: The mutant protein has been relabeled p.L165F throughout the manuscript.

2) L110, 636: Correct notation of the cDNA is indeed ¢.493C>T as per previous review.
This is because cDNA numbering starts at the ATG initiator codon (see HGVS
nomenclature). Reference to Fig 1C will show that the numbering used by authors
would place their variant after the ¢.531+1G>A mutation, whereas it is correctly
placed before it. The Genbank accession of human ALX1 (still not provided) is
NM_006982.3.

RESPONSE: The notation of the cDNA has been corrected. The Genbank accession

number is now provided.

3) L118: "with haploinsufficiency consistent with the observed autosomal recessive
inheritance pattern": This statement is by definition incorrect, as haploinsuffcincy
describes the situation in which heterozygous loss-of-function manifests with a
phenotype. Since the carrier parents do not manifest any phenotype, this is not a

haploinsuffciency.

RESPONSE: The erroneous mention of haploinsufficiency was removed.

4) L383 and L412: The references provided to document the contributions of ALX4
mutation to FND are not appropriate for this purpose (these references describe
parietal foramina). References to ALX4-related FND can be found in the

corresponding OMIM entry.

RESPONSE: The incorrect references have been removed, and replaced with Kayserili et
al., 2009.

5) L393: the donor splice site mutation is incorrectly written (should be ¢.531+1G>A)

RESPONSE: The donor splice site mutation notation has been corrected.



6) L427: reference to Khor et al has been added, but is not included in the references

RESPONSE: The accidental oversight has been corrected.

7) L575: Please indicate method used to analyse copy number variants

RESPONSE: This information (genome-wide microarray analysis) has been added to the
M&M section.

8) L761: what was the sequence of the targeting sgRNA?

RESPONSE: The sequence of the targeting sgRNA is GGAGAGCAGCCTGCACGCGA.

This information has been added to the manuscript.

9) Other minor comments: references still lack year of publication in some places (eg
L47)

RESPONSE: This reference error in our Endnote file has been corrected.

10) Numbers and units of measurement should be separated by spaces (occurs in many
places, eg L268, 316, 598 and others)

RESPONSE: Numbers and units of measurements are now separated by spaces throughout
the manuscript and in the tables.

11) Lack of subscripts or superscripts in chemical formulas (line 611, 661/2 and others)

RESPONSE: Lack of subscript and superscript has been corrected.

12) Although the English is markedly improved, | noted a number of grammatical
errors/typos whilst going through the ms, for example lines 115 (nor), 154 (patterns),
193 (deleted were investigated), 323 (delete ,), 332 (injection), 391, 474 and 475 (no
apostrophe), 686 (manufacturer's), 709 (of), 710 (processed), 736/9,741/2 (a plate
shaker), 765 (F0), 817 (experiments)

RESPONSE: Thank you very much for your detailed review, these grammatical errors have

been corrected.

13) L759 alx1 should be italicised

RESPONSE: The zebrafish gene alx1 has been italicized.



2nd Revision - Editorial Decision 13th Aug 2020

13th Aug 2020

Dear Dr. Liao,

Thank you very much for working with us on the last pending items. We are happy to inform you
that your manuscript is accepted for publication and will be sent to our publisher to be included in

the next available issue of EMBO Molecular Medicine.

Please read below for additional IMPORTANT information regarding your article, its publication and
the production process.

Congratulations on your interesting work,
Celine Carret

Celine Carret, PhD

Senior Editor

EMBO Molecular Medicine

Follow us on Twitter @EmboMolMed
Sign up for eTOCs at embopress.org/alertsfeeds
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USEFUL LINKS FOR COMPLETING THIS FORM

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
iustified

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?

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 out these boxe: not worry if you cannot see all ys

text once you press return)

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

For cellular assays, iPSC lines of 2 different affected subjects, the unaffected father, and three
unrelated individual which served as controls were used. 3 clones were used for each cell line.
Each experiment described in the manuscript was repeated 3 times in each iPSC clone in
accordance with published guidelines
(https://dmm.biologists.org/content/13/1/dmm042317).(https://dmm.biologists.org/content/13/1/
dmm042317).

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

In zebrafish experiments, we repeated experiments 3 times on three different clutches of embryos
(1 clutch includes approximately 300 embryos). For injection experiments, embryos from the clutch|
which were not been injected were kept as controls for the injected embryos from the same clutch,|

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

No samples were exclude from analysis.

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.

Due to the limited number of clones and iPSC lines, randomization for the experimental BMP2/CV2
treatments did not occur.

For animal studies, include a about r: evenifnor was used.

Embryos from any given clutch were randomly divided into the injection/noninjection groups.

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.

The processing and analysis of the RNA-sequencing experiment was performed by a collaborators
blinded to the samples selected.

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

Zebrafish injection status was not blinded to the technician performing the analysis.

5. For every figure, are statistical tests justified as appropriate?

We have attempted to justify each statistical test as appropriate. We have first determined the
normality of data using the D'Agostino-Pearson test. When we compared two set of data together
(such as WT vs mutant zebrafish) we used a Student's t test for unpaired samples. When we
compare in the same graphics control, patient and father (qPCR during the differentiation
process), we used an ANOVA test.




Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

We used Graphpad to performed the statistical analysis. Normal distribution has been performed
with D'Agostino-Pearson test. If a set of data was not normaly distributed we have adapted the
parameters for the test in the Graphpad menu. For ANOVA test, if the samples were normal and
have equal standar seviation, we performed an ordianry ANOVA test. If the samples were normals,
but the standard deviation was not equal, we performed a Brown-Forsythe and Welch ANOVA test.
Lastly, if the samples were not normal, we performed a Kruskal-Wallis test

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

Yes (see Figures).

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

Yes (see Figures).

C- Reagents

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.,
AAntibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

Immunofluorescence for pluripotency markers was performed using the PSC 4-Marker
Immunocytochemestry kit from Thermofisher (Catalog number: A25526).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

Use of HEK293T cells for luciferase assay. Not tested for mycoplasma

* 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
and husbandry conditions and the source of animals.

'All experimental protocols using zebrafish were approved by the Animal Care and Use Committees
of Massachusetts General Hospital (IACUC No. 2010N000106) and the University of Wisconsin, and
carried out in accordance with the institutional animal care protocols.

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

'All experimental protocols using zebrafish were approved by the Animal Care and Use Committees
of Massachusetts General Hospital (IACUC No. 2010N000106) and the University of Wisconsin, and
carried out in accordance with the institutional animal care protocols.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), 1000412, 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.

We can confirm compliance with the ARRIVE guidelines.

E- Human Subjects

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

The collection of human blood and discard specimen, genome sequencing and derivation into iPSCs|
were approved by the Institutional Review Board of Partners Healthcare (IRB No. 2015P000904).

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.

Informed consent was obtained from the parents of the patients prior to all sample collections and
the experiments coformed to the princple set out in the WMA Declaration of Helsiinki 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.

Non applicable

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

No restrictions.

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

Non applicable

16. For phase Il and Ill 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.

Non applicable
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