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Original submission 

First decision letter 

MS ID#: DEVELOP/2020/187997 

MS TITLE: The KMT2D Kabuki syndrome histone methylase controls neural crest cell differentiation 
and facial morphology 

AUTHORS: Karl B Shpargel, Cassidy L Mangini, Guojia Xie, Kai Ge, and Terry Magnuson 

I have now received all the referees' reports on the above manuscript, and have reached a decision. 
The referees' comments are appended below, or you can access them online: please go to 
BenchPress and click on the 'Manuscripts with Decisions' queue in the Author Area. 

As you will see, the referees express considerable interest in your work, but have some significant 
criticisms and recommend a substantial revision of your manuscript before we can consider 
publication. If you are able to revise the manuscript along the lines suggested, which may involve 
further experiments, I will be happy receive a revised version of the manuscript. Your revised paper 
will be re-reviewed by one or more of the original referees, and acceptance of your manuscript will 
depend on your addressing satisfactorily the reviewers' major concerns. Please also note that 
Development will normally permit only one round of major revision. 

I'd ask that you do your best to attend to all of the reviewers' comments. That said, it is clear to me 
that two issues rise to the top. First, the reviewers all feel that validation of the RNAseq dataset, 
especially as regards the spatiotemporal changes to the ECM, is a critical issue. I agree that this is 
the most pressing issue and ask you to pay special attention to their recommendations on this 
point. Second, the details of progression of the cleft palate require additional work, as indicated by 
two reviewers. Finally, I feel that additional mechanistic exploration at the level of chromatin (as 
suggested by one reviewer) is beyond the scope of the present work, so please focus your revision 
efforts elsewhere. 

Please ensure that you clearly highlight all changes made in the revised manuscript.Please also 
avoid using 'Tracked changes' in Word files as these are lost in PDF conversion. I should be grateful 
if you would also provide a point-by-point response detailing how you have dealt with the points 
raised by the reviewers in the 'Response to Reviewers' box. If you do not agree with any of their 
criticisms or suggestions please explain clearly why this is so. 
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Reviewer 1 
 
Advance summary and potential significance to field 
 
The manuscript here describes the spatiotemporal manifestation of craniofacial defects in mice, 
following the loss of Kmt2d, in comparison with loss of UTX, in the neural crest. This study has 
direct relevance to understanding the etiology of Kabuki syndrome, in which human patients exhibit 
varied craniofacial defects and/or cognitive impairment. The authors have previously documented 
that UTX loss in a mouse model leads to Kabuki-like symptoms, however Kmt2d was not 
comprehensively examined. Further, the cellular mechanisms that underlie Kabuki Syndrome 
remain largely unknown. Here, the authors have carefully documented that Kmt2d loss within the 
neural crest cell lineage leads to the subsequent formation of facial dysmorphism that are distinct 
from those caused by loss of UTX. The phenotypes following loss of Kmt2d include frontal 
osteochondral defects, secondary palatogenesis morphogenetic phenotypes and cranial base 
endochondral ossification defects. Overall, this report documents a role for Kmt2d within the 
neural crest for proper craniofacial development, in a mouse model of Kabuki syndrome. 
 
Comments for the author 
 
While the study is potentially of interest to the neural crest and Kabuki syndrome communities, a 
few points should be addressed by the authors: 
 
1. It is not clear if Kmt2d and/or KMT2D is expressed in murine neural crest cells. Knowing this 
would greatly strengthen the study. If the authors have expression data, inclusion of it would be 
very much recommended. Or, if they can cite a previous study, this would suffice. However, if this 
has not been examined yet, the authors should show expression data. Furthermore, as a suggestion 
the expression patterns of Kmt2d could be compared and contrasted with UTX, which could lend 
insight into the tissue-specific defects they observe in their mouse models of Kabuki syndrome. 
2. For Figure 4, the authors conclude that loss of Kmt2d in NCC causes a change in the 
differentiation of osteochondral progenitors in the frontal primordia, whereby, “Kmt2dcKO embryos 
have specified these lineages, however the RUNX2+ osteoblast domain (Figure 4B-C) and OSX+ 
committed pre- osteoblasts (Figure 4D-E) are positioned more laterally compared to WT. The 
Kmt2dcKO medial chondrocyte domain has extended laterally indicating that some osteochondral 
progenitor differentiation in this region may have instead skewed towards the chondrocyte 
lineage.” I would say that this data illustrates that the differentiation might be altered, however 
the data seems more so to suggest that the migration or growth of the progenitor domains are 
perturbed, leading to morphological defects. This supposition may be supported by their other 
observation that, “These patterns of Kmt2dcKO osteoblast differentiation persisted at later E15.5 
stages and led to altered frontal bone shape (Figure 4J-K)”. If the authors could address these 
possibilities, this would clarify the phenotypes observed. One possible way to address this, is to 
examine rates of proliferation of the progenitor domains over time, perhaps using BrdU 
incorporation or similar assays.  
3. In Figure 5, the authors note that, “Notably, the tongue in Kmt2dcKO embryos is situated more 
posterior relative to the anterior palatal domain and may play a role in defective Kmt2dcKO 
elevation. As failed outgrowth and elevation may also result from deficient palatal shelf 
mesenchymal proliferation, we labeled mitotic cells by immunofluorescence for pH3S10 (Figure 5C-
D). Overall, there was a similar distribution of mitotic cells in WT and Kmt2dcKO palatal shelves 
(Figure 5G).” Here, the authors should examine overall proliferation frequencies , with total cell 
numbers in the tissue taken into account. Counting absolute numbers of pH3S10 in the field of view 
shown will not reveal changes in proliferation, especially when overall cell number is not taken into 
account. When total cell numbers are counted within the palatal shelf, the percent of pH3S10 cells 
could be calculated and truly determine if cell division is altered. The authors should address this 
by calculating the percent of pH3S10 cells of total cells in the palatal shelf. As a further suggestion 
another possibility is that changes in proliferation could be seen much earlier than 13.5 (as shown 
in Figure 5C-D, G), during the outgrowth of the palatal shelf from the maxillary prominence (E11.5-
E12.5).  
4. While a sound experiment by itself, it is not clear how inclusion of the RNA-seq in Figure 5 helps 
in the overall story of the study. The identification of ECM components as a possible mechanism 
downstream of Kmt2d is interesting, but the authors need to address how this strengthens/fits the 
work. Currently, there are no mentions or discussion of the relevance of this data in the abstract or 
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the discussion. As a suggestion to interweave the transcriptomic data into the study, the authors 
could examine the spatiotemporal expression domains of the altered ECM genes described in Figure 
5 and map out their changes, when compared with WT mice. Further, if a functional mechanism 
could be established between Kmt2d, ECM gene expression and mesenchymal remodeling, this 
would be very significant.  
5. As a suggestion, to solidify a functional role for Kmt2d within the neural crest for facial 
morphology development, the authors should consider to perform a timed rescue experiment in 
which Kmt2d is supplemented back in the neural crest during post-migratory phases of cranial NCC 
development and assay potential rescue of facial morphology.  
 
 
Reviewer 2 
 
Advance summary and potential significance to field 
 
In this lucid and cogently organized manuscript, Shpargel et al. extend their previous work on 
defining the temporal and spatial requirements for chromatin-modifying enzymes during embryonic 
development. The present study focuses on KMT2D, a histone H3 Lysine 4 (H3K4) methylase, and 
UTX, an X-chromosomal histone H3 Lysine 27 (H3K27) demethylase. These two chromatin-modifiers 
represent the most frequently mutated genes in Kabuki syndrome, a congenital disorder in human, 
associated with a distinctive cranial-facial dysmorphology as well as intellectual disability, 
developmental delay, and growth deficiency. KMT2D and UTX mutations define two molecular 
classes of Kabuki syndrome, respectively, KS1 (39-74% of cases) and KS2(3-6%). Due to the small 
number of Kabuki syndrome patients with UTX or other non-KMT2D mutations, it remains unknown 
whether KS1 and KS2 present with identical, distinct or overlapping phenotypic traits. Thus, a key 
objective of the authors’ research successfully achieved in this manuscript, is the development of a 
mouse model of Kabuki syndrome that allows an in-depth analysis of the cranio-facial phenotypes 
of UTX and KMT2D mutations.  
 
Homozygous null mutations in mouse Kmt2d result in early embryonic lethality precluding them 
from studies on cranio-facial morphogenesis. The authors overcome this obstacle by applying neural 
crest cell (NCC) specific-mutagenesis, using Wnt1-Cre and a floxed allele of Kmt2d. A previous 
publication from the authors had demonstrated the effectiveness of this approach for Utx. Through 
a series of well-conceived and carefully interpreted experiments on NCC-chets and NCC-cKOs, the 
authors verify NCC mutants of Kmt2d as a robust model for Kabuki syndrome. Moreover, they define 
a number of distinct phenotypes that point to different requirements for KMT2D and UTX in neural 
crest derived cell lineages during cranio-facial morphogenesis. For example, they find that NCC 
knockouts of both Kmt2d and Utx result in comparable frontonasal hypoplasia, reflecting a role for 
both KMT2D and UTX in directing patterns of osteochondral progenitor differentiation in frontal 
primordia. However, only the NCC Kmt2d-cKO developed a fully penetrant cleft palate. Moreover, 
they show KMT2D to be essential -and UTX dispensable- for cranial NCC dependent endochondral 
ossification within the basicranium mandibular condyle, and hyoid. 
 
The findings reported in this manuscript will find a broad readership, from physician-scientists 
seeking to diagnose and treat cranio-facial birth defects to developmental biologists striving to 
unravel complex unique and overlapping roles of chromatin modifiers during cell lineage 
differentiation and tissue morphogenesis.  
 
Comments for the author 
 
Just 3 comments:  
Figure 1A: The legend should define the abbreviations used in the panel 1A (PHD HMG, FY, WIN, 
SET) and define the numbering.  
  
Figure1B: Although western blot clearly shows the absence of full length KMT2D it should also 
indicate the predicted size of the SET domain deletion relative to wild type.  
Figure 7H-I: For the control, it would be far preferable to use tissue from a Wnt1-Cre; Rosa-tomato 
pup rather than a Kmt2d-conditional lacking Wnt1-Cre. It will strengthen the impact of the figure 
to see the location of NCCs in a wild type background.  
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Reviewer 3 
 
Advance summary and potential significance to field 
 
Kabuki syndrome (KS) is a congenital craniofacial disorder resulting from mutations in the KMT2D 
histone methylase (KS1) or the UTX histone demethylase (KS2). In this paper the authors 
conditionally deleted KMT2D in neural crest cells and compared the het and homo phenotypes to 
similar deletions of UTX to better understand the two different classifications of Kabuki syndrome.  
 
The authors observed that loss of each chromatin-modifying protein affected osteochondral 
progenitor differentiation patterns in the frontal primordia. However only in the Kmt2d knockout 
was a fully penetrant cleft palate observed. In Utx knockout mice this phenotype was very rare. 
Furthermore, Kmt2d conditional knockout mice also exhibited more severe mandible hypoplasia, 
and micrognathia than in Utx knockouts. Finally, Kmt2d was uniquely required for cranial neural 
crest cell dependent endochondral ossification events within the basicranium, mandibular condyle, 
and hyoid. 
 
The authors therefore concluded that KMT2D exhibits region specific functions in neural crest cell 
differentiation during craniofacial development that it may underlie the phenotypic heterogeneity 
observed in KS1 and KS2 Kabuki patients. 
 
Comments for the author 
 
Major comments 
Overall, the paper provides interesting phenotypic analyses of Kmtd2 conditional knockout mice in 
comparison to Utx conditional knockout mice with respect to craniofacial development. The paper 
is however largely descriptive with not a lot of mechanistic insight into how or what chromatin 
modifications affect neural crest cell behavior. It remains unclear how these histone methylase and 
histone demethylase specifically impact neural crest cell differentiation. 
 
The authors argue there is no early effect on neural crest cell formation or migration however this 
is very difficult to accept given the limited E13.5 whole embryo lineage tracing analyses provided. 
At the very least, sections through the cranial tissues should have been included in the manuscript.  
 
The authors note that Kmtd2 null mice are lethal by E11.5, but then really should have analysed 
some embryos between E8.5-9.5 for proper formation and migration of neural crest cells, as well as 
examined E10.5 embryos with 2H3 or TuJ1 to demonstrate that peripheral nervous system 
formation is normal, which if so, would help to rule out the potential for abnormal neural crest cell 
formation and migration. 
 
The authors observed cleft palate in Kmtd2 conditional knockout mice but provide very limited 
temporal analyses of the pathogenesis of this phenotype concentrating on just E13.5 and 18.5. It’s 
really critical to document the progression of palate development from E12.5 in sections and to 
assay for the presence of cell death, not just proliferation, and to do this across multiple stages. 
It’s unclear why the palate failed to fuse. The authors could have cultured the palates in the 
absence of the tongue to ascertain whether the tongue provided a physical block to fusion. But the 
lack of vertical elevation and horizontal growth suggests the palatal shelves may have been 
hypoplastic at E12.5 or exhibit temporally specific domains of apoptosis. The RNA-seq analyses 
revealed transcriptional changes in matrix genes, but there’s no data exploring what difference this 
makes to the matrix. H and E staining, but more importantly picrosirius red staining could have 
been very informative in demonstrating whether the palatal shelf matrix had become more or less 
dense. It is impossible to determine what happened to the matrix simply based on up or down 
regulated matrix genes. 
  
The authors infer from their studies in mice that KMT2D phenotypes underlie differences in Kabuki 
syndrome subtypes. This doesn’t make a lot a sense. The authors should be cautious extrapolating 
phenotypic differences in mice to differences in humans, especially when clinical phenotyping in 
humans has already morphologically distinguished two classes of Kabuki syndrome. This is not 
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unlike observations in ciliopathies, where mutations in two different genes cause the same 
syndrome.  
 
Minor comments: 
I don’t understand what “neural crest cell (NCC) mutagenesis” is. This is not a scientific term. 
 
 

 
 
First revision 
 
Author response to reviewers' comments 
 
Thank you for your diligence in reviewing our manuscript (MS ID#: DEVELOP/2020/187997) entitled 
“The KMT2D Kabuki syndrome histone methylase controls neural crest cell differentiation and facial 
morphology”. We are encouraged by the thorough reviews and are submitting a revised manuscript 
that addresses reviewer comments. We hope these changes and additional experiments that we 
have summarized below meet with your approval for consideration for publication. We have also 
uploaded a PDF file of these responses as supplementary information. 
 
Condensed reviewer 1 comments to address:  
 
The expression patterns of Kmt2d could be compared and contrasted with UTX, which could lend 
insight into the tissue-specific defects they observe in their mouse models of Kabuki syndrome. 
 
- We have added expression data for KMT2D, UTX, and KDM6B (JMJD3) in Figure S2 and discuss 
these findings in the text. The data support function for KMT2D in osteogenic differentiation and 
palatogenesis and describe potential redundancy between UTX and KDM6B. 
 
For Figure 4, the authors conclude that loss of Kmt2d in NCC causes a change in the differentiation 
of osteochondral progenitors in the frontal primordia. Differentiation might be altered, however 
the data seems more so to suggest that the migration or growth of the progenitor domains are 
perturbed, leading to morphological defects. One possible way to address this, is to examine rates 
of proliferation of the progenitor domains over time, perhaps using BrdU incorporation or similar 
assays. 
 
- We have now examined whole mount localization of migrating NCCs in Kmt2dcKO embryos (Figure 
S1C-D). We also drive Kmt2d knockout in post-migratory NCCs using a Sox10-Cre transgene. These 
phenotypes recapitulate Wnt1-Cre driven knockout demonstrating that the KMT2D defect in these 
embryos is in post-migratory NCC function (Figure 3). We also added BrdU incorporation assays and 
cell death detection at earlier progenitor timepoints that failed to detect differences between WT 
and Kmt2dcKO (Figure S3). We cannot discount that there may be subtle region specific alterations 
in proliferation and have added this comment to the discussion.  
 
In Figure 5, counting absolute numbers of pH3S10 in the field of view shown will not reveal changes 
in proliferation, especially when overall cell number is not taken into account. When total cell 
numbers are counted within the palatal shelf, the percent of pH3S10 cells could be calculated. 
Another possibility is that changes in proliferation could be seen much earlier during the outgrowth 
of the palatal shelf from the maxillary prominence (E11.5-E12.5). 
 
- We normalized the counts of pH3S10 positive cells to overall area that was scored (Figure 5). We 
also added BrdU incorporation assays and cell death detection at E12.5 during outgrowth from the 
maxillary prominence and at E14.25 that failed to detect differences between WT and Kmt2dcKO 
(Figure S4).  
 
The identification of ECM components as a possible mechanism downstream of Kmt2d is interesting, 
but the authors need to address how this strengthens/fits the work. The authors could examine the 
spatiotemporal expression domains of the altered ECM genes described in Figure 5 and map out 
their changes, when compared with WT mice to provide more functional mechanism. 
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- We examined the spatiotemporal localization of picrosirius red histological stain which has an 
affinity for collagen in the ECM. We find the staining is enhanced in specific palatal regions at 
E14.25, but not E12.5 (Figures 5 and S4). At E14.25, picrosirius red ECM staining is enriched in WT 
regions of osteoblast differentiation as well as mesenchymal layers that support epithelial 
invaginations on the buccal side of the palatal shelf but are deficient in Kmt2dcKO embryos. We 
also observe osteoblast/palatal mesenchyme expression of Tmem119, Col8a2, and Pcolce that is 
lost or reduced in Kmt2dcKO embryos. These data support a function for KMT2D in palatal 
osteoblast differentiation and expression of ECM components in both the osteoblast matrix and 
mesenchyme that support palatal epithelia.  
  
To solidify a functional role for Kmt2d within the neural crest for facial morphology development, 
the authors should consider performing a timed rescue experiment in which Kmt2d is supplemented 
back in the neural crest during post-migratory phases of cranial NCC development. 
 
- As an alternative, we used the Sox10-Cre transgene to drive knockout of Kmt2d in post-migratory 
NCC stages (Figures 3 and 6). As these embryos phenocopy Wnt1-Cre driven knockout, the 
phenotypes described in this manuscript occur largely through post-migratory KMT2D function.  
 
Condensed reviewer 2 comments to address:  
 
Figure 1A: The legend should define the abbreviations used in the panel 1A (PHD, HMG, FY, WIN, 
SET) and define the numbering. 
 
- Done 
 
Figure1B: Although western blot clearly shows the absence of full length KMT2D, it should also 
indicate the predicted size of the SET domain deletion relative to wild type.  
 
- Done 
 
Figure 7H-I: For the control, it would be far preferable to use tissue from a Wnt1-Cre; Rosa-tomato 
pup rather than a Kmt2d-conditional lacking Wnt1-Cre. It will strengthen the impact of the figure 
to see the location of NCCs in a wild type background. 
 
- Done  
 
Condensed reviewer 3 comments to address:  
 
It remains unclear how the histone methylase and histone demethylase specifically impact neural 
crest cell differentiation mechanism at the chromatin level. 
 
- Understanding the molecular function of how KMT2D is regulating NCC gene activity and 
chromatin structure is a topic of study that we are fascinated by but will continue to examine in 
our future research.  
 
The authors argue there is no early effect on neural crest cell formation or migration however this 
is very difficult to accept given the limited E13.5 whole embryo lineage tracing analyses provided. 
At the very least, sections through the cranial tissues should have been included in the manuscript.  
 
- We have added sections through supraorbital regions of frontal primordia demonstrating similar 
regional localization of NCC lineage cells (Figure S1 A-B). 
  
The authors note that Kmtd2 null mice are lethal by E11.5, but then really should have analyzed 
some embryos between E8.5-9.5 for proper formation and migration of neural crest cells, as well as 
examined E10.5 embryos with 2H3 or TuJ1 to demonstrate that peripheral nervous system 
formation is normal, which if so, would help to rule out the potential for abnormal neural crest cell 
formation and migration. 
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- We examined migrating NCCs by whole mount in situ hybridization of Sox10 and did not observe 
abnormalities in Kmt2dcKO embryos (Figure S1 C-D). Sox10 also appropriately labeled post-
migratory peripheral nervous system components in Kmt2dcKO embryos. Additionally, we utilized a 
Sox10-Cre transgene that is active at post-migratory stages of NCC development. The Sox10-Cre 
driven Kmt2d knockout had very similar phenotypes to Wnt1-Cre driven knockout (Figures 3 and 6), 
so the phenotypes described in this manuscript occur largely through post-migratory KMT2D 
function. 
 
The authors observed cleft palate in Kmtd2 conditional knockout mice but provide very limited 
temporal analyses of the pathogenesis of this phenotype concentrating on just E13.5 and 18.5. It’s 
really critical to document the progression of palate development across multiple stages from E12.5 
for the presence of cell death, proliferation, and picrosirius red staining for matrix. The authors 
could have cultured the palates in the absence of the tongue to ascertain whether the tongue 
provided a physical block to fusion. 
 
- We have added picrosirius red staining of the collagenous ECM at E12.5 and E14.25 (Figures 5 and 
S4). At E12.5, picrosirius red broadly stains all palatal tissue. By E14.25 picrosirus red has become 
enriched in WT regions of osteoblast differentiation as well as mesenchymal layers that support 
epithelial folding on the buccal side of the palatal shelf. These staining patterns are deficient in 
Kmt2dcKO embryos. We have also analyzed the spatial localization patterns of Kmt2dcKO mis-
expressed genes including Tmem119, Col8a2, and Pcolce (Figure 5). These findings support a 
function for Kmt2d in palatal osteoblast differentiation and morphogenesis. Additional examination 
of cell death and proliferation at E12.5 and E14.25 failed to detect differences in Kmt2dcKO 
embryos (Figure S4). We cannot discount that there may be subtle region specific alterations in 
proliferation and have added this comment to the discussion. As described in the text, the 
Kmt2dcKO tongue was situated in a more posterior position, so in anterior regions the absence of 
tongue tissue might affect the ability to guide palatal shelf elevation as opposed to blocking palate 
fusion.  
  
The authors infer from their studies in mice that KMT2D phenotypes underlie differences in Kabuki 
syndrome subtypes. The authors should be cautious extrapolating phenotypic differences in mice to 
differences in humans, especially when clinical phenotyping in humans has already morphologically 
distinguished two classes of Kabuki syndrome. This is not unlike observations in ciliopathies, where 
mutations in two different genes cause the same syndrome. 
 
- The goal of mouse genetics is to provide a model system to study human development. We 
understand that certainly there are differences between mice and humans and have presented 
comparisons of mouse vs. human KMT2D and UTX phenotypes as hypotheses to explain Kabuki 
syndrome subtypes.  
 
I don’t understand what “neural crest cell (NCC) mutagenesis” is. This is not a scientific term. 
 
- We have changed this text. 
 
 

 
 
Second decision letter 
 
MS ID#: DEVELOP/2020/187997 
 
MS TITLE: The KMT2D Kabuki syndrome histone methylase controls neural crest cell differentiation 
and facial morphology 
 
AUTHORS: Karl B Shpargel, Cassidy L Mangini, Guojia Xie, Kai Ge, and Terry Magnuson 
ARTICLE TYPE: Research Article 
 
I am happy to tell you that your manuscript has been accepted for publication in Development, 
pending our standard ethics checks.  
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Reviewer 1 
 
Advance summary and potential significance to field 
 
The manuscript here describes the spatiotemporal manifestation of craniofacial defects in mice, 
following the loss of Kmt2d, in comparison with loss of UTX, in the neural crest. This study has 
direct relevance to understanding the etiology of Kabuki syndrome, in which human patients exhibit 
varied craniofacial defects and/or cognitive impairment. The authors have previously documented 
that UTX loss in a mouse model leads to Kabuki-like symptoms, however Kmt2d was not 
comprehensively examined. Further, the cellular mechanisms that underlie Kabuki Syndrome 
remain largely unknown. Here, the authors have carefully documented that Kmt2d loss within the 
neural crest cell lineage leads to the subsequent formation of facial dysmorphism that are distinct 
from those caused by loss of UTX. The phenotypes following loss of Kmt2d include frontal 
osteochondral defects, secondary palatogenesis morphogenetic phenotypes and cranial base 
endochondral ossification defects. In addition, RNA-seq coupled with in situ expression analyses 
identified altered extracellular matrix component expression, following loss of Kmt2d, suggesting 
differentiation defects. Overall, this report documents a role for Kmt2d within the neural crest for 
proper craniofacial development, in a mouse model of Kabuki syndrome. 
 
Comments for the author 
 
The authors have addressed my prior concerns. 
 
 
Reviewer 2 
 
Advance summary and potential significance to field 
 
The revised manuscript submitted by Shpargel et al. includes findings from several additional 
experiments the authors performed to address the reviewers’ comments. To incorporate these new 
data into their manuscript, the authors added five supplemental figures, ~19 panels to three of the 
seven figures, and a new section in results. These additions significantly strengthen the authors’ 
already excellent study by providing experimental data that substantiate their conclusions 
regarding the temporal and spatial requirements of KMTD2 and UTX in neural crest derivatives that 
form anterior cranial structures. KMTD2 and UTX encode chromatin-modifying enzymes and 
represent the most frequently mutated genes in Kabuki syndrome, a congenital disorder in human, 
associated with a distinctive cranial-facial dysmorphology, as well as intellectual disability, 
developmental delay, and growth deficiency. Thus the analyses of the neural crest-specific 
knockout mouse models of Kmt2d and Utx reported in this manuscript hold considerable importance 
for our understanding of craniofacial development in human and other vertebrates. Moreover, this 
manuscript will be of direct interest to developmental biologists seeking to unravel complex unique 
and overlapping roles of chromatin modifiers during cell lineage differentiation and tissue 
morphogenesis.  
 
Comments for the author 
 
The three most impactful additions/modifications recommending this manuscript for publication 
are as follows: 
 
A key concern voiced by the reviewers was the lack of experimental data directly supporting the 
authors’ conclusion that the Wnt1-Cre knockout of Kmt2d perturbs the differentiation of 
osteochondral progenitors in frontal primordia without any impairment of cranial neural crest cell 
specification or migration. The authors directly and convincingly addressed this concern by a new a 
set of experiments involving Sox10 gene reagents. While transcription of the endogenous Sox10 
gene initiates during NCC migration, the authors confirmed that a Sox10-Cre transgene does not 
activate lox site recombination in a tomato reporter until after completion of NCC migration. The 
new section of results  
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-“KMT2D controls post-migratory NCC function”- reports that Sox10-Cre Kmt2d KO embryos display 
craniofacial frontonasal defects equivalent to those observed in Wnt1-Cre Kmt2d KO embryos, thus 
confirming their conclusion.  
 
The authors also significantly strengthened their manuscript by following up on a set of 
extracellular matrix organization genes identified by gene set enrichment and Ingenuity Pathway 
analyses of RNA-seq data from WT and Kmt2d NCC-KO palatal shelves. Specifically they confirm the 
loss or downregulation of three of the identified ECM genes in the palatal shelves of Kmt2d NCC-
KOs by immunofluorescence or in situ hybridization. 
 
Also improving the manuscript, the authors report a comparative expression analysis of Kmt2d, Utx, 
and Kdm6b expression in NCCs in supraorbital frontal primordia and coronal palatal shelves. The 
detection of overlapping regions of expression supports redundancy between UTX and KDM6B as a 
viable explanation for the phenotypic differences displayed by the Kmt2d and Utx NCC-specific 
knockouts.  
 
 
Reviewer 3 
 
Advance summary and potential significance to field 
 
In this revised submission, the authors have largely addressed my original concerns. The paper 
demonstrates an intrinsic function for KMT2D in neural crest cells which is important for 
craniofacial development. The authors discern that KMT2D does not appear to be required for 
neural crest cell formation and migration, but rather osteochondrogenic differentiation. KMT2D 
loss-of-function affects pre-osteoblast differentiation with potential preferential differentiaitont 
into pre-chondrocytes. In contrast KMT2D functions in hypertrophic chondrocyte differentiation and 
endochondral bone formation in the base of the skull. KMT2D also appears to be required for proper 
palatogenesis through regulation of ECM deposition or possibly composition. The authors compare 
the phenotypes of KMT2D loss-of-function mouse mutants to UTX mouse mutants. These genes 
exhibit overlapping spatiotemporal expression and when mutated both cause Kabuki syndrome and 
the authors' results suggest some functional redundancy between these epigenetic modifiers in the 
pathogenesis of Kabuki syndrome. 
 
Comments for the author 
 
The authors work is by its nature primarily descriptive but it does provide cellular mechanistic 
insight into the pathogenesis of Kabuki syndrome. The authors have identified potential targets of 
KMT2D and perhaps a primary effect on ECM deposition or composition, but the distinction is not 
clear, and directness of specific effect was not tested. 
 
Picrosirius red staining of collagen fibers exhibits fluorescence and structural morphology under 
polarized light microscopy and could have been used to quantify the degree of collagen deposition 
as part of the ECM change. The composition affects stiffness which plays a role on proper palatal 
shelf fusion.  
 
Lastly, the authors refer to Wnt1-Cre as a neural crest cell specific deleter.This is technically 
incorrect. Wnt1-Cre is specifically active in the dorsal neuroepithelium which encompasses 
progenitors of the future dorsal central nervous system as well as neural crest cells. The authors 
should therefore be cognizant of the fact that there is likely an impact of their KMTD2 deletion on 
dorsal components of the brain and given known relationships between neural tissue and 
skull/craniofacial development i would encourage the authors to cite Lu and Ornitz 2018 just to 
make it clear that such interactions could also be contributing to the phenotypes they observe.  
 
 
 

 


