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MATERIAL AND METHODS. 

 

Animal models. 

 

All animal experiments were performed with prior approval of the Pennington 

Biomedical Research Center IACUC. Animals were housed with a 12-hour light/dark 

cycle, with access to food and water ad libitum. Mice of the Non-Obese Diabetic strain 

(NOD/ShiLtJ, The Jackson Laboratory, Bar Harbor, ME; hence referred to as NOD) as 

well as male mice of the strain FVB were kept on Purina 5001 diet (calories provided by: 

Protein, 28.5%; Fat, 13.5%; Carbohydrate, 58%. LabDiet, Purina Mills Inc., Gray 

Summit, MO); females of the strain FVB were kept on Purina 5015 diet (calories 

provided by: Protein, 19.8%; Fat, 25.3%; Carbohydrate, 54.8%). Blood glucose levels 

were monitored weekly in NOD mice; once blood glucose exceeded 250mg/dl, females 

were considered diabetic, and were used for mating and production of embryos. 

Diabetic as well as normoglycemic NOD female mice were mated to normoglycemic 

NOD male mice; once NOD males became hyperglycemic, they were retired from the 

experiment and no longer used. Chemical induction of diabetes in FVB female mice was 

done with Streptozotocin (Sigma-Aldrich, St. Louis, MO) according to published 

protocols18,71; once blood glucose levels exceeded 250mg/dl, mice were used for 

mating with normoglycemic FVB male mice. Noon of the day of the appearance of a 

vaginal mating plug was designated day 0.5 of gestation, and embryos were dissected 



from the uterus at 8.5 days of gestation using a Leica MZ6 stereomicroscope (Leica 

Microsystems, Buffalo Grove, IL). Extraembryonic endoderm and amnion were removed, 

and embryos were either fixed in 4% paraformaldehyde in phosphate-buffered saline 

(PBS) at 4°C, or placed in Tissue-Tek O.C.T. compound (Fisher Scientific, Pittsburgh, 

PA), frozen, and stored at -80°C. 

 

Imaging of embryos. 

 

For imaging, fixed embryos were stained in PBS/4% paraformaldehyde containing 

DAPI (4',6-diamidino-2-phenylindole) in order to visualize cell nuclei. Embryos were 

washed in PBS, dehydrated in a graded alcohol series, cleared in BABB (a 1:2 mixture 

of benzyl alcohol and benzyl benzoate), and imaged on a Leica SP5 Confocal 

microscope using 2-photon technology. Optical sections were used to generate three-

dimensional reconstructions of individual embryos using Imaris software (Bitplane Inc., 

South Windsor, CT). Computationally generated embryo surfaces as well as virtual 

sections were used to evaluate the anatomy of dysmorphologies.  

 

Tissue preparations. 

 

For laser microdissections, embryos (with 7-9 somite pairs) embedded in O.C.T. 

were used to produce cryosections at 16µm nominal thickness on a Microm HM560 

cryostat. Sections were mounted on glass slides with a PEN (polyethylene naphthalate) 

membrane, dried at 50°C for 30 minutes, and stored in a vacuum desiccator. Laser 



microdissection was performed on a Leica LMD 6000 laser microdissection system. In a 

set of serial sections from a single embryo, the site of neural tube closure (closure 1) 

was identified. At the anterior side of the closure, open neural tube tissues was 

microdissected and collected from the 10 sections preceding the first section showing a 

closed neural tube. All microdissected tissue segments from an individual embryo were 

collected into Trizol (Life Technologies, Grand Island, NY) for RNA preparations; RNA 

was quantified on a Qbit fluorometer (Life Technologies, Grand Island, NY), and stored 

at -80°C. Ectopic tissue from embryos showing morphogenetic deficiencies of the neural 

plate was dissected using sterile #55 forceps (Ted Pella Inc., Redding, CA); care was 

taken not to penetrate the neural plate during removal of the ectopic material. Tissue 

was directly transferred to Trizol for RNA extraction; RNA was quantified on a Qbit 

fluorometer, and stored at -80°C. 

 

Molecular analyses. 

 

Gene expression profiling was performed by expression tag sequencing (SAGE) on 

an AB SOLiD 5500XL next-generation sequencing instrument using reagent kits from 

the manufacturer (Applied Biosystems, Foster City, CA). Sequence reads were aligned 

to mouse RefSeq transcripts (version mm9) as the reference, utilizing the program 

SOLiDSAGE (Applied Biosystems). Only uniquely mapped sequence reads were 

counted to generate the expression count level for each respective RefSeq gene.  

Sequencing libraries were constructed from 7ng of laser-microdissected open 

neural tube material, and yielded an average of 10.2 million mapped reads after quality 



control. Sequencing libraries from protrusion material were generated from 12ng of total 

RNA as input material, and yielded an average of 8.9 million mapped reads after 

alignment and quality control.  Differential expression between open neural tube and 

protrusion tissue was analyzed using the R/Bioconductor program DESeq version 

1.8172; genes were considered differentially expressed if the adjusted p-value 

(Benjamini & Hochberg procedure) for the respective comparison was below 0.1. 

Hierarchical clustering analyses were performed using MeV (Multi Experiment Viewer, 

http://www.tm4.org/mev/), using Manhattan distance as the correlation metric. Pathway 

analyses and biological annotation were done using DAVID73,74. Validation of 

sequencing-based expression data was done by qPCR71,75 using cDNA equivalent to 

50pg total RNA per reaction, 4 technical replicates per gene, and normalization to Polε4 

as internal control. 

 

Histological analyses. 

 

In situ hybridizations on cryosections using digoxigenin-labelled antisense 

riboprobes were performed as described71,76. For immunohistochemistry77, cryosections 

were stained with antibodies against Laminin (Abcam, Cambridge, MA) and Phospho-

Histone 3 (directly labeled with Alexa Fluor 488; Biolegend, San Diego, CA); Laminin 

was detected by indirect immunofluorescence using a goat-anti rabbit Alexa Fluor 594-

labeled secondary antibody (Life Technologies, Grand Island, NY). Sections were 

counterstained with Hoechst 33342 (Life Technologies, Grand Island, NY), and 



fluorescence was recorded on an Everest digital microscopy workstation using 

Slidebook software (Intelligent Imaging Innovations, Inc., Denver, CO). 

 

Explant cultures. 

 

Protrusions were microdissected from diabetes-exposed NOD embryos, and 

posterior tissues containing open neural plate, mesoderm and underlying endoderm 

were dissected from normal or diabetes-exposed NOD or FVB embryos using glass 

needles32 as depicted in Supplemental Figure 3. The explants were placed into 12-well 

tissue culture plates coated with Matrigel, and cultured in DMEM containing 20% FCS 

and 2-Mercaptoethanol.  Images were taken 6 hours after initiation of the cultures, and 

again 20 hours later, after a total of 26 hours in culture.  At this time point, explants from 

normal E7.5 NOD embryos are in a phase of active outgrowth (which continues for at 

least another 3 days without obvious signs of cell death), with the margin of the explant 

extending outward at an average speed of 0.32 µm/min. (±0.12 µm/min., n=10), as 

determined from time-lapse videos, using the Leica TIRF DMI6000 system. 

These conditions support cell migration and differentiation of mesoderm, including 

cardiac mesoderm, as evidenced by the presence of rhythmically contractile areas in 7 

out of 14 outgrowths from primitive streak explants of E7.5 NOD embryos from normal 

pregnancies at 26 hours in culture (time-lapse video provided in Supplemental Material).  

Outgrowth from an explant is expressed as distance migrated by the margin of the 

explant and was determined as follows: for each image, the size of the area covered by 

the explant was determined, and the radius was calculated for a circle of the same area. 



The radius at the 6h time point of the explant culture was subtracted from the radius for 

the area covered by the same explant at the 26h time point of culture.  Net outgrowth 

over 20 hours of explants from E8.5 diabetes-exposed NOD embryos was significantly 

slower (p=6.7x10-4) at an average of 0.27 µm/minute (±0.10 µm/min., n=39) than of 

explants from normal E8.5 NOD embryos at 0.44 µm/minute (±0.09 µm/min., n=8). 

Outgrowth over 20 hours from explants isolated at E7.5 was also significantly slower 

(p=0.002) for diabetes-exposed embryos at 0.15 µm/minute (±0.09 µm/min., n=10) than 

for normal embryos at 0.32 µm/minute (±0.12 µm/min., n=10). 

Explants were fixed in 4% paraformaldehyde, washed with PBS, incubated for 20 

minutes in TBST, and blocked for one hour in PBS/10% goat serum/1%BSA. For 

staining, explants were incubated with Alexa488-labeled anti-Vimentin antibody, as well 

as Alexa594-labeled Phalloidin for 4 hours at room temperature, washed with PBS, 

incubated with PBS containing DRAQ5, washed again with PBS and coverslipped under 

Fluoromount G, and fluorescence was recorded on the Everest digital microscopy 

workstation. 
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Extended Data/Supplemental Information 
 
 
Legends to Supplementary Figures 
 
 
Supplementary Figure 1: NOD diabetic pregnancies and folinic acid.  

a, Supplementation of NOD dams with folinic acid reduced the incidence of neural 

tube defects in embryos (gestation day 10.5) of diabetic NOD pregnancies from 40.2% 

(39 NTDs in 97 embryos) to 21% (17 NTDs in 81 embryos). The error bars depict the 

95% confidence intervals for each proportion. Fisher’s Exact Test revealed that the 

difference is statistically significant at p=0.006.  Maternal hyperglycemia levels at mating 

and at dissection were not statistically significantly different between supplemented and 

non-supplemented groups (ANOVA; p=0.51). b, Supplementation with folinic acid 

(12.5mg/kg body weight, once per week by intraperitoneal injection) was initiated at the 

age of 10 weeks in 56 NOD females, and did not affect the time to subsequent onset of 

hyperglycemia, when compared to unsupplemented NOD females (n=196). Data are 

shown in form of a cumulative histogram, and a Kaplan-Meier statistical test revealed no 

significant difference (p=0.8639) between the two curves (n.s. = not significant). 

 

Supplementary Figure 2: Molecular analyses of neurulation-stage FVB embryos. 

a, Embryo from panel G in Figure 1, where the large protrusion (filled triangle) has 

been removed from its original position (open triangle) by microdissection, and further 

used for transcriptome profiling. b, Comparative transcriptome profiling between 

protrusion material and open neural plate. SAGE sequencing revealed expression 

levels for each gene in the form of tag counts, which were compared with DESeq 



software to detect statistically significant expression differences. c, Preparation of open 

neural plate samples by laser microdissection. Embryos at 7-9 somite pairs were 

prepared; visceral endoderm and amnion were removed, allowing the embryo to relax 

from the natural U-shaped form to a straight shape. Serial cryosections were prepared 

and inspected in sequence from the rostral end of the embryo to identify the first section 

with a closed neural tube. The 10 sections immediately preceding the appearance of the 

neural tube closure site were subjected to laser microdissection in order to prepare 

open neural plate material for transcriptome profiling. d-h, Specificity of the laser 

dissection method as demonstrated by analysis of Noto gene expression, which is 

typically restricted to node and notochord. d, e and f show qPCR traces obtained from 

three individual protrusion samples; each was represented by four technical replicates 

using cDNA equivalent to 50ng of input total RNA. In all of the protrusion samples, four 

amplification curves were detected, as would be expected for a gene with expression in 

protrusions. g shows qPCR amplification results obtained from four samples of open 

neural plate, again at four technical replicates each. If Noto gene expression were 

present, one would expect 16 amplification traces. However, only a single trace could 

be detected, and only at high PCR cycle number, indicating that Noto expression is 

absent from the neural plate samples. h depicts Noto gene expression as detected by in 

situ hybridization at E8.5, illustrating the close apposition of the Noto expression domain 

to the closing neural tube. The fact that Noto expression was essentially undetectable in 

open neural plate preparations demonstrated that these preparations were free of 

contamination with adjacent Noto-positive tissue. Panel I, results from cluster analysis 

of gene expression patterns from open neural plate (o1-o4) as well as protrusion 



samples (p1-p3) by hierarchical clustering based on Euclidean distance. We sorted 

genes by smallest adjusted p-value of the comparison between protrusions and open 

neural plate, and used the top 2000 genes in the analysis. This revealed the close 

relationship of protrusion samples to each other, yet clearly distinct from open neural 

plate samples. Likewise, open neural plate samples exhibited close relationship to each 

other. Yellow color: high expression, blue: low expression. j, M/A plot of the comparison 

between protrusions and open neural plate, revealing expression differences in relation 

to expression level. Red signifies genes with statistically significantly higher expression 

in protrusions, whereas genes shown in green have higher expression in open neural 

plate. Blue dots label differentially expressed genes with known expression in 

mesoderm; grey color indicates that statistical significance was not reached for the 

respective gene. Genes where expression was only detected in one side of the 

paradigm were artificially set at 10 or -10 with respect to the log2 of the expression 

difference. The plot shows that genes exhibiting differential expression can be detected 

across 3 orders of magnitude with respect to expression level. 

 

Supplementary Figure 3: Explant cultures. 

a, Schematic of microdissection of tissues for explant cultures from E7.5 embryos. b, 

Potential for outgrowth is higher for explants from developmentally less advanced 

embryos, as determined by number of somite pairs present. Although the general 

correlation was weak (low coefficient of determination, R2), the inverse trend was 

statistically significant in linear regression (p<0.05).  c, The potential for outgrowth from 

explants, as measured by the distance of extension of the outer margin, is not 



dependent on size of the initial explant (weak correlation, not significant: p>0.05). d, 

Extent of outgrowth is correlated (high coefficient of determination, R2) to size of the 

explant at 26 hours, with high statistical significance (p<0.001). e, Schematic of 

microdissection of tissues for explant cultures of protrusions and posterior tissue from 

E8.5 embryos.  

 

Supplementary Figure 4: Histological analysis of protrusions. 

 

a, Embryo at 9.5 days of gestation (E9.5) featuring a bifurcated protrusion (pink 

triangles point to each 'arm' of the protrusion) emanating from the neural tube at the 

level of the hind limb bud. This is the embryo depicted in Figure 7c of the main 

manuscript. b, Schematic representation of a. Green: neural tube and edge of neural 

plate; blue: open neural plate; red: protrusion. Black lines represent planes of sectioning 

for immunofluorescence analysis in c-f. c, d, e, f. False-color representation of sections 

stained with anti-Laminin (red) and Hoechst 33342 (blue). g, Embryo at E9.5 (insert) 

showing a protrusion emerging at the caudal end of the neural tube (this is the embryo 

depicted in Figure 7a of the main manuscript), with a graphical representation shown in 

h. Immunofluorescence analysis (i-p) for Laminin (red) and DNA (blue) showed the 

protrusion emanating from the basal region of the closed neural tube (j), then ‘tunneling’ 

along at variable thickness inside the closed neural tube (k, l, m), merging with the roof 

of the neural tube (n), and finally emanating separately from neural tube tissue (o, p), 

leaving open neural plate caudal to the point of emergence.  

  



Legends to Supplementary Tables 
 
 

Supplementary Table 1: Protrusion Incidence Data. 

Incidence of protrusions in E8.5 embryos from diabetic pregnancies of the NOD 

strain compared with diabetic pregnancies in the FVB strain after chemical induction of 

diabetes. Referring to pregnancies, the term ‘affected’ indicates presence of a 

protrusion in at least one of the embryos of the dam; in case of embryos, the term refers 

to at least one protrusion in the respective embryo. Blood glucose and litter size values 

represent the mean plus/minus the standard deviation. Neither maternal blood glucose 

levels (Anova; NOD: p=0.89; FVB: p=0.14) nor litter sizes (Anova; NOD: p=0.20; FVB: 

p=0.57) were significantly different between protrusion-affected and non-affected 

pregnancies. 

 

Supplementary Table 2: Genes with Protrusion Prevalence. 

The table lists genes with prevalence in protrusions, together with the adjusted p-

value from the differential expression test, and the respective expression difference 

listed as fold-change relative to open neural plate samples. Genes are sorted by 

increasing adjusted (Benjamini-Hochberg) p-value. Fold differences are given for 

'protrusion compared to neural plate'. 

 

Supplementary Table 3: Genes with Prevalence in Laser Dissected Open Neural Plate.  

The table lists genes with prevalence in open neural plate, together with the 

adjusted p-value from the differential expression test, and the respective expression 



difference listed as fold-difference compared to protrusions. Genes are sorted by 

increasing adjusted (Benjamini-Hochberg) p-value. Fold differences are given for 

'protrusion compared to neural plate'. 

 

Supplementary Table 4: Genes with protrusion prevalence and previously described 

expression pattern in node, primitive streak, or mesoderm.  

The table lists genes with prevalence in protrusions with the adjusted p-value from 

the differential expression test, and the respective expression difference, sorted by 

increasing adjusted (Benjamini-Hochberg) p-value. A search of the MGI database 

(http://www.informatics.jax.org/) revealed (i) a published expression pattern in embryos 

at Theiler stages 11 to 13, and (ii) expression in either node (N), primitive streak (PS), 

notochord (NC) or mesoderm (M). 

 

Supplementary Table 5: Expression of transcription factor targets for T and Cdx in 

protrusions. 

Differential expression analysis revealed T and Cdx2 to be predominant in 

protrusions when compared to open neural tube. Downstream target genes for these 

two transcription factors have been described in the literature, and we queried the lists 

of differentially expressed genes for presence of such transcription factor targets. We 

detected a total of 57 target genes for T: 30 genes originating from a study of T targets 

in ES cells, and 30 from an analysis of T targets in chordoma (see references in the 

Table); three genes (Cdh11, Epha4, and Sema3e) appear in both studies. Adjusted p-

value and fold-difference refer to the protrusion/open-neural-plate comparison; genes 



are listed by decreasing fold-difference. Interestingly, the ES cell study revealed Cdx2 

as a downstream target of T. Targets for Cdx2 have also been described in ES cells; 

from that study, we detected 153 genes in the protrusion/open-neural-plate comparison. 

The data indicate that protrusions express extensive gene regulatory networks driven by 

key mesodermal transcription factors. 
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NOD_DIA FVB_STZ
total pregnancies 14 14
unaffected pregnancies 4 10
affected pregnancies 10 4
blood glucose unaffected 519.0 +/- 46.4 552.7 +/- 46.4
blood glucose affected 524.0 +/- 59.5 592.5 +/- 8.3
litter size unaffected 5.3 +/- 3.3 4.2 +/- 2.4
litter size affected 7.8 +/- 2.8 5.0 +/- 1.8
total embryos 99 62
gestational age E8.5 E8.5
unaffected embryos 74 54
affected embryos 25 8
frequency of affected embryos 25.3% 12.9%

Supplementary Table 1: Protrusion Incidence Data

blood glucose and litter size: mean values with standard deviation



Gene padj fold Gene padj fold

Cdx2 1.20E&41 117.00 Atp1a2 3.60E&07 85.33

Tbx6 9.68E&38 386.90 Cdkn1a 6.63E&07 16.82

Dll3 2.01E&33 213.93 Dusp4 6.69E&07 8.18

Rspo3 2.91E&23 50.73 Mesp2 7.15E&07 38.25

Etv4 2.43E&20 182.80 Mixl1 1.26E&06 1024.00

Rarg 2.43E&20 1392.85 Ranbp1 1.29E&06 4.99

Pmaip1 1.83E&17 50.67 Notum 1.65E&06 10.25

Etv5 1.04E&15 7.75 Fzd10 1.83E&06 3.64

Nodal 1.53E&15 1024.00 Mpzl2 4.69E&06 11.06

T 9.70E&15 86.18 Spry4 5.02E&06 34.99

Dll1 4.02E&14 8.87 Phox2a 7.98E&06 1024.00

DefaOrs2 1.95E&12 72.53 Arpc5l 8.28E&06 8.57

Gal 2.36E&11 75.66 Map3k11 8.50E&06 11.52

Lef1 2.36E&11 34.51 Eif5a 9.18E&06 3.72

Zyx 2.49E&11 8.43 Zmynd8 1.08E&05 3.94

Lfng 4.64E&11 15.68 LOC100504337 1.73E&05 8.20

Plp2 6.75E&11 9.53 Pgk1 1.79E&05 6.53

Rftn1 1.58E&10 15.65 Snx8 2.36E&05 15.69

Cited1 1.71E&10 25.37 Ptbp1 2.36E&05 5.93

Mcc 2.03E&10 7.89 Rab11b 2.36E&05 5.78

Spata5 5.64E&10 17.19 Cdx1 2.41E&05 16.84

Bat2 8.13E&10 11.03 Snrnp25 2.95E&05 5.75

Ubfd1 1.05E&09 5.84 Ddb1 3.01E&05 3.70

Hoxb8 2.71E&09 351.19 Fgf8 3.80E&05 183.85

Ak4 4.94E&09 7.15 Rnf213 3.96E&05 7.42

Pvrl1 8.38E&09 399.90 Hexa 3.96E&05 6.74

Arid3b 2.42E&08 5.78 Magi1 4.18E&05 26.43

Hoxb1 5.90E&08 15.53 Rtn4 4.18E&05 4.82

Sox3 5.94E&08 21.14 Lamp1 4.18E&05 4.15

Polr2a 6.70E&08 1024.00 Tmem8 4.75E&05 1024.00

Pcdh19 9.16E&08 38.81 Cmtm6 4.91E&05 1024.00

Pdxp 9.16E&08 9.33 Cthrc1 5.46E&05 25.36

LOC100503203 1.11E&07 16.58 Wnt3a 5.99E&05 22.97

Spats2 1.36E&07 7.27 Cdca7 6.19E&05 3.30

LOC100504435 1.41E&07 6.92 LOC100503394 6.85E&05 13.45

Il17rd 2.77E&07 13.91 Dmgdh 7.48E&05 184.10

Fam101a 2.86E&07 1024.00 Mogat2 7.48E&05 3.37

Kif26b 3.46E&07 1320.18 Epha4 7.54E&05 5.48

SupplementaryZTableZ2:ZGenesZwithZProtrusionZPrevalence



Gene padj fold Gene padj fold

Uba2 8.60E&05 3.05 Pcolce2 0.00077 11.45

5730457N03Rik 8.70E&05 256.91 Ipo7 0.00078 1024.00

Rps5 8.70E&05 2.87 Tmem219 0.00078 18.42

LOC100504378 8.92E&05 1024.00 Fam181b 0.00079 1024.00

Zfp707 8.92E&05 1024.00 Cep78 0.00087 6.26

Vars 9.43E&05 3.00 Laptm4b 0.00088 3.84

2700086A05Rik 9.80E&05 189.85 Alx3 0.00093 96.69

Mtap7d1 0.00011 68.66 Dusp6 0.00093 6.91

Hoxb9 0.00011 865.77 Ppfibp1 0.00095 1024.00

F11r 0.00013 6.50 Fbxl19 0.00096 6.68

Chst7 0.00014 52.70 LOC100505012 0.0011 6.19

Nr6a1 0.00015 2.48 Irf2bp1 0.0011 3.77

1700026L06Rik 0.00016 1024.00 Acsl6 0.0011 6.41

Epb4.1l3 0.00016 13.11 Rasgrp2 0.0013 521.27

Trh 0.00016 474.74 Ublcp1 0.0013 4.98

Rpl18 0.00017 2.95 Rfwd3 0.0013 10.59

Pkm2 0.00017 2.91 Ankrd13a 0.0013 8.29

Fgg 0.00018 1024.00 Trim71 0.0013 47.95

Prkar2a 0.00019 1024.00 Sv2b 0.0015 1024.00

Pabpc1 0.00019 2.92 S100a1 0.0015 1024.00

Ptk7 0.00023 7.06 Fgf9 0.0016 1024.00

Spr 0.00023 12.49 Sp5 0.0016 52.76

Fgf17 0.00023 186.29 Rab8b 0.0016 14.30

Smim3 0.00024 21.70 Mesp1 0.0016 179.48

Nup205 0.00024 9.53 Epha1 0.0017 163.09

Smoc1 0.00026 33.41 Nicn1 0.0018 16.46

B3gnt7 0.00026 15.40 Ip6k1 0.0019 4.08

Sp8 0.00037 3.45 Prickle1 0.0019 6.12

LOC100504445 0.00038 1024.00 Snhg11 0.0020 8.75

Plekhg3 0.00038 24.05 Tnfrsf19 0.0020 3.57

Rps7 0.00038 3.34 Sema6a 0.0022 7.60

Tspan31 0.00044 5.27 Rpa2 0.0022 3.00

Tlx2 0.00045 1024.00 Crmp1 0.0022 3.25

Gldc 0.00050 21.29 Gnai3 0.0022 5.70

Prpf38a 0.00051 7.24 Mcmbp 0.0023 2.99

Sec24c 0.00052 4.54 Cdc40 0.0023 1024.00

Greb1l 0.00054 2.99 Cnot1 0.0024 57.95

Epha5 0.00063 365.24 Rcc2 0.0024 3.12

Slc2a3 0.00063 4.04 Avpr1b 0.0026 1024.00

Ube2c 0.00068 3.39 Fgf4 0.0027 297.46

Ier2 0.00075 3.34 Ppp2r2c 0.0027 40.95



Gene padj fold Gene padj fold

Fam110a 0.0027 48.79 Ap2a1 0.0059 6.33

Itga6 0.0027 35.88 Sip1 0.0059 95.43

Tjap1 0.0028 4.59 Sf3b3 0.0060 2.99

Sap130 0.0028 5.95 Mtss1 0.0062 4.49

Rnf115 0.0028 6.98 Ypel3 0.0064 4.53

Eps8l2 0.0028 1024.00 LOC100502927 0.0065 1024.00

Gad1 0.0029 1024.00 Rxrg 0.0065 142.74

Ccdc108 0.0030 1024.00 Cdca2 0.0066 5.51

Upk3a 0.0030 161.76 Pik3c2b 0.0068 11.33

Lama5 0.0031 4.29 Mrps18a 0.0076 5.68

Pebp1 0.0031 2.97 Rrp9 0.0079 3.19

Cxadr 0.0031 2.87 Sall3 0.0080 3.43

Hspa14 0.0033 3.20 Atp6v0b 0.0082 3.37

Zbtb45 0.0033 3.84 Slc16a3 0.0082 3.41

Arglu1 0.0034 3.47 Cldn6 0.0082 1024.00

Glrx5 0.0036 5.03 Spred1 0.0083 4.52

Nkiras2 0.0036 3.85 Atxn7l2 0.0084 4.18

Sep15 0.0039 4.76 Maged2 0.0084 4.91

Greb1 0.0039 5.61 Calr 0.0084 4.52

Nid2 0.0041 5.42 Serf2 0.0084 4.52

Hoxc6 0.0041 1374.80 Pdlim4 0.0084 2.83

Rrm1 0.0041 5.86 Hn1l 0.0084 2.69

Ube2g2 0.0045 3.05 Plin3 0.0085 3.20

Zcchc12 0.0045 1024.00 Rab11a 0.0085 4.52

Dtnbp1 0.0045 6.20 Slc16a2 0.0085 4.52

2900097C17Rik 0.0046 24.59 Slc44a2 0.0086 4.52

Tmprss2 0.0046 12.70 Cyb5r1 0.0086 3.60

Tuba4a 0.0046 11.71 Cdc14b 0.0086 3.54

Nkd1 0.0046 2.82 Gnl3l 0.0088 4.52

Spred2 0.0047 18.81 Cdk6 0.0089 4.52

Gpc4 0.0047 7.15 Mettl14 0.0090 3.57

Hes6 0.0047 42.06 Tpt1p 0.0091 3.10

Asun 0.0047 4.53 Hoxb2 0.0093 3.76

Aurkaip1 0.0048 4.49 2700038G22Rik 0.0098 4.52

Pcdh1 0.0050 8.62 Wrap53 0.010 8.33

Gcn1l1 0.0050 5.13 Hoxa7 0.010 197.13

Tsen54 0.0051 16.23 Bub3 0.010 3.06

2310033P09Rik 0.0055 5.95 Zfp580 0.011 4.52

Snph 0.0055 8.67 Zdhhc9 0.011 13.39

Hdac1 0.0056 3.11 Rgs17 0.011 13.39

Taz 0.0056 11.78 Bak1 0.011 3.41



Gene padj fold Gene padj fold

Inppl1 0.011 13.39 Atp5f1 0.018 3.86

Ptprn 0.011 13.39 LOC100505034 0.018 5.04

Btbd3 0.011 13.39 Gatsl3 0.018 5.16

Cldnd1 0.012 19.07 Psmd8 0.018 2.29

Fiz1 0.012 13.39 Slc38a8 0.018 861.68

Dnpep 0.012 2.45 Fbln2 0.018 10.42

Hars 0.012 2.60 Isyna1 0.019 2.48

Srebf2 0.012 3.88 Pld5 0.019 1024.00

Fbxo7 0.013 1024.00 Tmem59l 0.019 17.30

Pdhb 0.014 41.35 Tm7sf2 0.019 7.01

Aspg 0.014 9.78 Ppp2r4 0.019 4.02

Pip5k1b 0.014 372.87 Bzrap1 0.020 1024.00

Srrd 0.014 5.55 Gltp 0.020 26.44

Csnk2a1 0.014 2.82 Vti1b 0.020 3.65

Dhx30 0.015 2.62 Fryl 0.020 3.34

Reps1 0.015 1024.00 Gar1 0.021 3.13

Mtif2 0.015 1024.00 LOC100503116 0.021 3.45

Hnrnpab 0.015 2.33 Mdm4 0.022 1024.00

Gmpr 0.015 1024.00 Kdm3a 0.022 2.46

Hoxb6 0.016 1024.00 Tnfaip3 0.022 215.73

Surf6 0.016 11.86 Shf 0.022 10.57

Tpm1 0.016 4.02 Rrp7a 0.022 2.64

Gbx2 0.016 11.52 Atic 0.022 4.25

C78339 0.016 1024.00 Atf4 0.022 4.02

Etnk2 0.016 179.57 Srcin1 0.023 18.90

Lgi2 0.016 30.37 Pim1 0.023 4.33

Tfdp1 0.016 5.13 Heg1 0.023 41.72

Mmp14 0.017 11.03 Fam195b 0.023 3.83

Acin1 0.017 6.63 Ybx1 0.023 1.96

LOC100503555 0.017 1024.00 LOC100503311 0.023 1024.00

Sema3e 0.017 10.34 Yes1 0.023 6.01

Lypd2 0.017 1024.00 Plekho1 0.023 5.23

Sufu 0.017 1024.00 Dpf2 0.024 3.13

Brp16 0.017 4.26 Gstm7 0.024 1024.00

Pfkm 0.017 3.68 Nfkbib 0.024 1024.00

Ppm1g 0.017 2.57 Smim7 0.024 3.28

Akt2 0.017 2.60 Sema6c 0.024 1024.00

Stambpl1 0.018 1024.00 Ccdc86 0.025 12.28

Stra13 0.018 3.21 Ube2cbp 0.025 16.04

LOC100503693 0.018 1024.00 Pi4k2a 0.026 25.86

Ntan1 0.018 4.18 Sdccag3 0.026 2.83



Gene padj fold Gene padj fold

Axin2 0.026 2.70 Fpgs 0.036 2.68

Sirt4 0.027 1024.00 Ormdl1 0.037 5.23

Lrrc58 0.027 2.60 Sfxn1 0.037 2.80

Tmem136 0.027 1024.00 Klc3 0.037 1024.00

Dtx2 0.028 11.27 Gsk3a 0.037 3.72

Fbrsl1 0.028 10.36 Cdkl2 0.038 1024.00

Rbpms2 0.028 2.26 Atp6v1c2 0.038 1024.00

Hap1 0.028 29.13 Kcnf1 0.038 90.42

Fam175b 0.029 116.69 LOC100502827 0.038 4.21

Pigt 0.029 2.93 Bpnt1 0.039 8.89

Eprs 0.030 4.40 Lrrc68 0.039 5.32

Dlg1 0.030 2.66 Hoxc8 0.039 77.02

Brd7 0.030 6.36 Phldb1 0.040 43.67

Cldn9 0.030 6.62 Cotl1 0.040 3.55

Agpat1 0.030 3.21 Lage3 0.040 2.63

Jakmip1 0.030 1024.00 Msi2 0.040 2.04

Necab2 0.032 11.52 Ehbp1 0.040 1024.00

Gemin4 0.032 1024.00 Ddx56 0.040 2.19

Pcf11 0.032 7.62 Slc16a13 0.040 3.72

Tpm4 0.032 2.85 Ccnd1 0.040 3.02

Mdk 0.032 2.75 Pygl 0.041 4.89

Ccdc115 0.032 3.28 Ubxn1 0.041 2.94

Strn4 0.032 6.69 Lmo7 0.041 13.45

Msgn1 0.033 1024.00 Nrarp 0.041 5.79

Pdcd6ip 0.033 3.98 Wdr4 0.041 2.68

Rhbdl1 0.033 1024.00 Gtpbp4 0.041 2.92

Rsl1d1 0.033 2.50 Ptpn23 0.041 4.60

1200014J11Rik 0.034 14.97 Akap13 0.041 25.15

LOC100503512 0.034 5.31 Phkg2 0.041 7.55

Thpo 0.035 1024.00 Dnajb13 0.041 1024.00

Dnajb1 0.035 4.96 Arl14ep 0.041 6.00

Ccdc9 0.035 13.13 Fblim1 0.041 7.76

Tjp2 0.035 2.50 Tcea3 0.042 4.03

Maff 0.035 23.92 Cyct 0.042 1024.00

Eif3c 0.035 3.29 Stk32c 0.042 1024.00

D1Bwg0212e 0.036 2.49 Whsc2 0.043 2.52

Pold3 0.036 2.25 Lsr 0.043 8.86

Dctn1 0.036 5.79 Mtrf1 0.045 106.67

Traf7 0.036 2.58 Dab2ip 0.045 2.34

Grwd1 0.036 2.55 Poglut1 0.046 2.78

Ndufv1 0.036 4.54 Hist1h2ao 0.046 2.85



Gene padj fold Gene padj fold

Nme5 0.047 7.09 Smad1 0.062 5.00

Sulf1 0.047 3.58 Cdx4 0.064 1024.00

Gm694 0.048 1024.00 Ilf3 0.064 2.85

Fign 0.048 1024.00 Fbxw8 0.066 2.19

Nufip2 0.050 2.39 Nipa2 0.066 2.57

BC088983 0.051 13.49 5031439G07Rik 0.067 1024.00

Pycr1 0.051 1024.00 Gng13 0.067 1024.00

Pan3 0.051 4.17 Ufsp1 0.067 1024.00

Pim3 0.052 3.38 Thumpd3 0.068 3.20

Arhgdia 0.052 2.35 Pds5a 0.069 169.09

Epor 0.052 4.86 Gab1 0.069 15.07

Anp32a 0.052 2.27 Rbmx 0.069 3.86

Spry2 0.052 4.58 Aen 0.069 2.53

Gm10658 0.052 1024.00 Wbp2 0.069 2.36

D130017N08Rik 0.053 1024.00 Trrap 0.069 6.21

Gpx6 0.053 1024.00 Rab4b 0.070 9.53

Asb8 0.053 5.16 Fam131b 0.070 3.04

Pnma2 0.054 1024.00 Dnahc5 0.070 1024.00

Peli3 0.054 4.79 Dennd2c 0.071 1024.00

Mfsd1 0.054 3.60 Rprd1b 0.071 2.50

H2ODMa 0.054 67.06 Stk39 0.071 10.99

Srrm2 0.054 2.20 Slc3a2 0.072 2.16

Wnt8a 0.055 1333.61 Foxo1 0.072 5.87

Gnal 0.056 1024.00 Nop2 0.072 4.09

Pip5k1a 0.056 4.46 Psme1 0.072 2.52

Igf2bp1 0.056 2.06 Lrrc45 0.073 20.74

Adnp2 0.056 3.11 Acvr1b 0.073 1024.00

Zfand6 0.056 2.40 2510009E07Rik 0.073 4.46

BC017647 0.057 27.23 Fbxo5 0.075 3.08

Nedd4 0.057 2.99 Abt1 0.077 4.99

Smpd3 0.057 20.05 Bpgm 0.077 4.24

Tmem86b 0.058 1024.00 Srsf4 0.077 2.02

Synm 0.058 1024.00 Ttll3 0.078 1024.00

N4bp2 0.058 7.94 Chl1 0.078 39.70

Ift46 0.058 14.00 Trim6 0.078 4.39

Chd8 0.059 12.49 Fen1 0.078 9.48

Immt 0.059 11.64 Fut10 0.078 1024.00

Igsf21 0.060 1024.00 Aggf1 0.079 3.18

Mafg 0.060 3.79 Tuba1b 0.080 5.66

LOC100504925 0.062 111.67 Snx18 0.080 3.40

LOC100504801 0.062 2.25 Wfdc2 0.080 6.38



Gene padj fold Gene padj fold

Wdtc1 0.080 2.20 Rcn2 0.090 2.34

Fam98c 0.081 5.07 Slc2a1 0.090 1.69

Fam57b 0.081 162.55 Snx6 0.091 4.92

Otud7a 0.081 1024.00 Cntnap2 0.091 3.33

Dnajb5 0.082 9.63 Tor1b 0.091 4.92

Samd3 0.082 4.92 LOC100504850 0.091 1024.00

Usf1 0.082 4.56 Rgp1 0.091 5.01

Tnpo2 0.082 2.06 Sec61a1 0.092 4.92

Bat1a 0.082 2.00 Acat2 0.092 2.66

Slc29a4 0.083 4.92 Efnb3 0.092 4.92

Robo4 0.083 1024.00 Hnrnpf 0.092 4.92

Rce1 0.083 2.82 Lmf2 0.092 3.17

Pprc1 0.084 5.58 Ndnl2 0.092 4.13

Qtrtd1 0.084 4.92 Dhrs11 0.093 4.92

Furin 0.084 10.26 Fancc 0.093 4.69

Zbed6 0.084 1024.00 Tceb2 0.093 1.98

Irx2 0.084 4.92 Rpl24 0.093 1.96

Zfp935 0.084 2.07 Dck 0.093 4.92

Atxn1l 0.085 3.60 Tdrd5 0.094 17.08

Plscr3 0.085 3.16 Efna1 0.094 4.59

H2afj 0.086 2.54 Socs1 0.094 2.73

Igsf9 0.087 4.92 Nol10 0.094 6.28

Tbcc 0.087 12.21 Srsf13b 0.094 1024.00

Fxr1 0.087 2.93 Brca2 0.094 12.77

Lsm3 0.087 4.75 Arhgef26 0.094 3.05

Cd82 0.088 4.92 Mrps16 0.094 3.05

Prickle3 0.088 4.92 3110021A11Rik 0.095 1024.00

Grin2c 0.088 1024.00 Cdc37 0.095 3.54

Glipr2 0.088 4.92 Foxk2 0.096 6.07

Wdfy1 0.088 2.28 Bckdk 0.096 6.77

Alg5 0.089 4.92 Dennd1b 0.096 5.27

Emilin2 0.089 4.92 Plcxd1 0.097 79.57

Dmpk 0.089 4.92 Abca1 0.097 17.51

Trip10 0.089 2.44 Ssr3 0.097 2.29

Dscr3 0.089 2.59 Timm17a 0.097 2.20

LOC100503948 0.089 4.92 Dync1li1 0.097 2.93

Pomp 0.089 4.92 Mid1ip1 0.097 3.15

1600029I14Rik 0.090 1024.00 Snx11 0.097 4.09

Gm5396 0.090 1024.00 Sf3a3 0.098 50.71

LOC68395 0.090 4.92 Zfp553 0.098 4.19

Nek2 0.090 4.10 Tm9sf4 0.098 3.27



Gene padj fold Gene padj fold

Gsta4 0.099 3.71 Lypd6b 0.100 90.01

Tmem123 0.100 3.21 Noto 0.140 1024.00



Gene padj fold Gene padj fold
2610017I09Rik 6.70E&08 595.96 Psma2 0.0037 52.72
Fgfr2 9.55E&07 513.23 Maob 0.0039 516.63
Fgfr3 1.10E&06 517.74 Cdon 0.0045 53.26
Rarb 1.59E&05 516.30 AI314180 0.0046 53.32
Fzd7 1.71E&05 55.03 Nr2f1 0.0049 5124.28
Pkdcc 3.01E&05 515.58 Tm7sf3 0.0059 52.93
Efemp1 8.21E&05 57.78 Phox2b 0.0061 5173.44
Dpp4 8.74E&05 542.49 Efna5 0.0066 53.53
Gpx3 9.43E&05 53.23 Sfrp1 0.0067 510.01
Ednrb 9.62E&05 582.61 Zfp462 0.0069 53.29
Sox11 0.00027 52.84 Ccnyl1 0.0072 52.42
Zfand5 0.00028 52.84 Dcbld1 0.0081 55.02
Akr1c13 0.00037 58.18 Cdc123 0.0083 52.31
Rrm2 0.00038 52.55 Fgfr4 0.0085 586.56
Ndnf 0.00045 511.94 Twsg1 0.0085 52.23
Pigs 0.00045 52.84 Cenph 0.0091 52.47
Evi5 0.00047 53.40 Mn1 0.0091 56.77
Glrx 0.00061 53.25 1700011H14Rik 0.0091 588.33
Kif23 0.00088 52.84 Sertad4 0.0095 58.58
Meis1 0.00088 56.93 Dbx1 0.011 5382.11
Carhsp1 0.00093 52.84 Nrcam 0.011 525.64
Mrpl50 0.0011 52.84 Atpif1 0.011 52.08
Rfx4 0.0011 512.88 Sox1 0.012 513.81
Adamts1 0.0012 53.53 Snhg3 0.012 53.72
LOC100503370 0.0013 52.84 Hoxa2 0.012 52.73
Ampd2 0.0014 52.94 2610100L16Rik 0.013 525.20
Dnajb11 0.0014 52.84 Pls3 0.013 53.49
Robo2 0.0014 534.87 Hirip3 0.014 52.39
Tcerg1l 0.0015 538.93 Prelid1 0.014 52.88
Sertad2 0.0018 52.94 Zfp37 0.014 53.25
Ptpn13 0.0019 53.73 Cd47 0.015 52.51
Wnt1 0.0020 51024.00 Spink3 0.015 538.26
Vit 0.0022 5119.82 Smad3 0.016 52.26
Eif4a1 0.0022 52.84 Leprot 0.016 52.33
LOC100503762 0.0023 576.19 Zfp644 0.016 52.73
Vezf1 0.0023 52.54 Sfrp5 0.017 547.22
Trmt1 0.0027 52.84 Clip2 0.017 52.59
Dcun1d1 0.0028 52.88 Top2b 0.018 52.21
Cnbp 0.0029 52.84 Hnrnpa2b1 0.018 52.00
Ctage5 0.0030 52.59 Fzd8 0.019 512.58

SupplementaryZTableZ3:ZGenesZwithZOpenZNeuralZTubeZPrevalence



Gene padj fold Gene padj fold
Arid3c 0.020 533.08 Atf2 0.037 52.72
Arhgap19 0.021 52.41 Angpt1 0.037 52.57
Rb1 0.021 53.71 Adcy2 0.037 52.57
Bub1b 0.023 52.16 Ahsa2 0.037 51.97
Ubqln2 0.023 52.27 Lmo3 0.038 514.19
Sod1 0.024 52.46 Lrrn1 0.039 53.41
Med10 0.024 52.52 Aff3 0.040 54.40
Homer3 0.025 52.26 Golga4 0.040 53.29
Pkp4 0.025 52.19 Pax6 0.040 513.07
Pappa 0.025 510.62 Immp1l 0.040 52.13
Gng12 0.026 52.70 Ndufa12 0.040 52.06
Lum 0.028 590.00 Gli2 0.041 52.13
Snx4 0.028 52.25 Leo1 0.042 52.00
Camk2d 0.030 54.01 Eif3e 0.042 51.91
Pcbd1 0.030 57.68 Nucks1 0.043 51.94
Gm6900 0.030 52.37 Rnaseh1 0.045 52.05
Iqsec1 0.030 52.62 Psmc2 0.047 51.94
Bivm 0.031 52.62 Bod1 0.047 52.13
Mycbp2 0.031 52.62 Katnal1 0.047 54.04
Tnfaip8 0.031 52.62 Apaf1 0.047 52.21
Clk4 0.032 52.28 Rrs1 0.049 51.82
Mink1 0.032 52.62 Slc25a37 0.050 53.22
Stx5a 0.032 52.62 Sh2d3c 0.050 54.13
Tmem158 0.032 53.65 E130006D01Rik 0.051 51024.00
Denr 0.032 52.62 Nolc1 0.052 51.91
Hnrnpd 0.032 51.94 Mapksp1 0.052 52.07
Nap1l1 0.033 52.62 Vcan 0.052 52.05
Opn3 0.033 52.67 Rab14 0.052 52.07
Blmh 0.033 52.62 Gprasp1 0.052 52.12
Drap1 0.033 51.89 Sox7 0.053 5166.76
Tmc7 0.033 52.62 Phb2 0.054 51.86
Gpr108 0.033 52.62 Ppp1cb 0.055 52.07
B4galt6 0.034 53.07 Fkbp9 0.055 51.98
Cdk1 0.034 51.98 Pa2g4 0.055 51.75
0610010K14Rik 0.034 52.57 Dars 0.056 52.07
Hccs 0.035 52.46 Fxc1 0.056 52.07
LOC100503788 0.035 53.49 Hdgfrp3 0.057 52.07
Wnt10a 0.036 52.57 Zic1 0.057 5211.79
Npas3 0.036 57.72 Obfc2a 0.059 52.07
Odf3b 0.036 52.57 Jun 0.060 52.97
Kif15 0.036 52.12 Arf6 0.060 54.09



Gene padj fold Gene padj fold
Nexn 0.060 513.61 Uvrag 0.078 52.45
Capn12 0.063 52.25 Ttc9c 0.079 51.80
Slmo2 0.063 51.82 Foxp4 0.079 52.21
Gm2695 0.063 52.07 Cox7b 0.080 51.73
Xpot 0.064 51.91 Tma16 0.080 52.39
Fam167a 0.064 513.64 Hlf 0.081 510.64
Cfdp1 0.064 52.36 Cryz 0.082 52.01
Zfp113 0.064 52.38 Lrrtm3 0.082 514.15
LOC100503186 0.064 53.20 Cherp 0.083 51.97
Cenpk 0.065 52.07 Nudt4 0.084 51.99
Glt25d1 0.065 52.07 Rer1 0.084 51.87
Riok3 0.065 52.07 Aimp1 0.085 51.94
Erf 0.065 52.07 Cdh11 0.086 55.04
Zbtb33 0.066 52.07 Degs1 0.088 51.86
Dmap1 0.066 52.07 Casq2 0.089 52.10
Aebp2 0.066 52.07 Eif2b1 0.089 52.11
Chtf8 0.066 52.07 Pbx2 0.089 52.37
LOC100504230 0.068 52.17 Matn2 0.093 57.42
Krit1 0.070 51.98 Arhgap17 0.094 51.94
Slc7a10 0.070 52.92 Kif1b 0.094 52.25
Nav2 0.071 52.05 Luc7l3 0.094 51.72
Elp4 0.071 52.17 Nae1 0.095 52.14
Lamp2 0.073 52.00 Lsm5 0.096 51.73
Zfml 0.073 51.93 Ndufa11 0.096 53.10
Brd3 0.074 51.92 Zfp788 0.096 52.25
Pole 0.074 52.38 Mcee 0.097 52.49
Dcaf6 0.075 54.26 Irx3 0.097 55.75
Ptbp2 0.075 51.87 Ndp 0.097 57.09
Ncbp1 0.076 51.89 Clasp1 0.097 51.67
Zfp207 0.076 51.86 Vwa9 0.097 51.83
Psma4 0.076 51.75 Ptp4a1 0.098 51.95
Dpysl2 0.078 51.92 Ssna1 0.099 51.84
Qser1 0.078 51.97 Pacs1 0.099 52.78



Gene padj fold Epression Gene padj fold Epression

Cdx2 1.20E&41 117.00 NC Fgf17 0.00023 186.29 PS

Tbx6 9.68E&38 386.90 PS,M Smoc1 0.00026 33.41 N,FPS

Dll3 2.01E&33 213.93 PS Tlx2 0.00045 1024.00 N,FPS

Rspo3 2.91E&23 50.73 M Dusp6 0.00093 6.91 M

Etv4 2.43E&20 182.80 M Sp5 0.0016 52.76 M

Rarg 2.43E&20 1392.85 M Mesp1 0.0016 179.48 M

Etv5 1.04E&15 7.75 M Prickle1 0.0019 6.12 PS

Nodal 1.53E&15 1024.00 N,FPS Tnfrsf19 0.0020 3.57 M

T 9.70E&15 86.18 N,FPS Fgf4 0.0027 297.46 PS

Dll1 4.02E&14 8.87 PS Upk3a 0.0030 161.76 N

DefaOrs2 1.95E&12 72.53 N,FPS Hoxc6 0.0041 1374.80 M

Gal 2.36E&11 75.66 N,FPS Tmprss2 0.0046 12.70 NC

Lef1 2.36E&11 34.51 M Gpc4 0.0047 7.15 M

Zyx 2.49E&11 8.43 PS Hes6 0.0047 42.06 M

Lfng 4.64E&11 15.68 M Sall3 0.0080 3.43 M

Cited1 1.71E&10 25.37 PS Hoxb2 0.0093 3.76 M

Hoxb8 2.71E&09 351.19 PS Hoxb6 0.016 1024.00 M

Hoxb1 5.90E&08 15.53 PS Gbx2 0.016 11.52 PS

Pcdh19 9.16E&08 38.81 M Sufu 0.017 1024.00 M

Il17rd 2.77E&07 13.91 PS Atf4 0.022 4.02 M

Mesp2 7.15E&07 38.25 M Pim1 0.023 4.33 N,FPS

Mixl1 1.26E&06 1024.00 PS Hoxc8 0.039 77.02 M

Spry4 5.02E&06 34.99 M Nrarp 0.041 5.79 M

Cdx1 2.41E&05 16.84 PS Spry2 0.052 4.58 PS

Fgf8 3.80E&05 183.85 PS Synm 0.058 1024.00 M

Cthrc1 5.46E&05 25.36 NC Smad1 0.062 5.00 PS

Wnt3a 5.99E&05 22.97 PS Acvr1b 0.073 1024.00 PS

Dmgdh 7.48E&05 184.10 N Aggf1 0.079 3.18 PS

Epha4 7.54E&05 5.48 M Furin 0.084 10.26 N,FNC

Hoxb9 0.00011 865.77 M Efna1 0.094 4.59 PS

Ptk7 0.00023 7.06 PS Noto 0.140 1024.00 N,NC

SupplementaryFTableF4:FGenesFwithFprotrusionFprevalenceFandFexpressionF

patternFinFnode,FprimitiveFstreak,ForFmesoderm

Abbreviations:FN,Fnode;FPS,FprimitiveFstreak;FNC,Fnotochord;FM,Fmesoderm



Gene padj fold Gene padj fold
Gad1 0.0029 1024.00 Wnt8a 0.055 1333.61
Cldn6 0.0082 1024.00 Lypd6b 0.100 90.01
Rxrg 0.0065 142.74 T 9.70E+15 86.18
Cdx2 1.20E+41 117.00 Pdhb 0.014 41.35
Plcxd1 0.097 79.57 Itga6 0.0027 35.88
Lef1 2.36E+11 34.51 Spry4 5.02E+06 34.99
Cthrc1 5.46E+05 25.36 Mpzl2 4.69E+06 11.06
Plekhg3 0.0004 24.05 Sema3e 0.017 10.34
Glipr2 0.088 19.11 Nup205 0.00024 9.53
Tmem59l 0.019 17.30 Prpf38a 0.00051 7.24
Tdrd5 0.094 17.08 Dusp6 0.00093 6.91
Zdhhc9 0.011 13.39 Cdca2 0.0066 5.51
Tmprss2 0.0046 12.70 Epha4 7.54E+05 5.48
Gbx2 0.016 11.52 Spred1 0.0083 4.52
Sema3e 0.017 10.34 Nek2 0.090 4.10
Dll1 4.02E+14 8.87 Tnfrsf19 0.0020 3.57
Mcc 2.03E+10 7.89 Cntnap2 0.091 3.33
Sema6a 0.0022 7.60 Cdca7 6.19E+05 3.30
Epha4 7.54E+05 5.48 Fbxo5 0.075 3.08
Pygl 0.041 4.89 Lrrc58 0.027 2.60
Sp8 0.0004 3.45 Nav2 0.071 S2.05
Cntnap2 0.091 3.33 Kif15 0.036 S2.12
Psme1 0.072 2.52 Bub1b 0.023 S2.16
Lrrn1 0.039 S3.41 Apaf1 0.047 S2.21
Cdh11 0.086 S5.04 Cenph 0.0091 S2.47
Irx3 0.097 S5.75 Efna5 0.0066 S3.53
Sox1 0.012 S13.81 Cdh11 0.086 S5.04
Spink3 0.015 S38.26 Sertad4 0.0095 S8.58
Tcerg1l 0.0015 S38.93 Lmo3 0.038 S14.19
Dpp4 8.74E+05 S42.49 Vit 0.0022 S119.82

TXtargetsXinXESXcells:

TXtargetsXinXChordoma:

NishiyamaXetXal.X(2009).XUncoveringXearlyXresponseXofXgeneX
regulatoryXnetworksXinXESCsXbyXsystematicXinductionXofX
transcriptionXfactors.XCellXStemXCell.X2009XOctX2;5(4):420S33.

NelsonXetXal.,X2012.XAnXintegratedXfunctionalXgenomicsXapproachX
identifiesXtheXregulatoryXnetworkXdirectedXbyXbrachyuryX(T)XinX
chordoma.XJ.XPathol.,X228:X274–285.

SupplementalXTableX5:XKnownXtargetsXofXTXandXCdx2XpresentXinXtheX
protrusionXSXopenXneuralXtubeXcomparison

TargetsXofXTXSXESXcells TargetsXofXTXSXChordoma



Gene padj fold Gene padj fold
Rarg 2.43E+20 1392.85 Gal 2.36E+11 75.66
Hoxc6 0.0041 1374.80 Sp5 0.0016 52.76
Kif26b 3.46E+07 1320.18 Rspo3 2.91E+23 50.73
Nodal 1.53E+15 1024.00 Ppp2r2c 0.0027 40.95
Fgg 0.00018 1024.00 Pcdh19 9.16E+08 38.81
Prkar2a 0.00019 1024.00 Spry4 5.02E+06 34.99
Eps8l2 0.0028 1024.00 Lef1 2.36E+11 34.51
Zcchc12 0.0045 1024.00 Cited1 1.71E+10 25.37
Hoxb6 0.016 1024.00 Plekhg3 0.00038 24.05
Stambpl1 0.018 1024.00 Maff 0.035 23.92
Bzrap1 0.020 1024.00 Gldc 0.00050 21.29
Tmem136 0.027 1024.00 Glipr2 0.088 19.11
Jakmip1 0.030 1024.00 Tmem59l 0.019 17.30
Gpx6 0.053 1024.00 Tdrd5 0.094 17.08
Pnma2 0.054 1024.00 Cdx1 2.41E+05 16.84
Igsf21 0.060 1024.00 Hoxb1 5.90E+08 15.53
Acvr1b 0.073 1024.00 Epb4.1l3 0.00016 13.11
Robo4 0.083 1024.00 Cdk6 0.0089 13.01
Prickle3 0.088 1024.00 Tmprss2 0.0046 12.70
1600029I14Rik 0.090 1024.00 Tuba4a 0.0046 11.71
Hoxb9 0.00011 865.77 Necab2 0.032 11.52
Rasgrp2 0.0013 521.27 Gbx2 0.016 11.52
Trh 0.00016 474.74 Sema3e 0.017 10.34
Pip5k1b 0.014 372.87 Furin 0.084 10.26
Hoxb8 2.71E+09 351.19 Notum 1.65E+06 10.25
Fgf4 0.0027 297.46 Dll1 4.02E+14 8.87
Tnfaip3 0.022 215.73 Snph 0.0055 8.67
Hoxa7 0.010 197.13 Mcc 2.03E+10 7.89
2700086A05Rik 9.80E+05 189.85 Fblim1 0.041 7.76
Fgf17 0.00023 186.29 Etv5 1.04E+15 7.75
Dmgdh 7.48E+05 184.10 Nme5 0.047 7.09
Fgf8 3.80E+05 183.85 Tm7sf2 0.019 7.01
Etv4 2.43E+20 182.80 Dusp6 0.00093 6.91
Etnk2 0.016 179.57 Hexa 3.96E+05 6.74
Epha1 0.0017 163.09 F11r 0.00013 6.50
Rxrg 0.0065 142.74 Acsl6 0.0011 6.41
Cdx2 1.20E+41 117.00 Igsf9 0.087 6.27
T 9.70E+15 86.18 Dtnbp1 0.0045 6.20
Plcxd1 0.097 79.57 Prickle1 0.0019 6.12
Hoxc8 0.039 77.02 Nrarp 0.041 5.79

TargetsXofXCdx2XSXESXcells TargetsXofXCdx2,Xcontinued.



Gene padj fold Gene padj fold
Greb1 0.0039 5.61 Casq2 0.089 S2.10
Nid2 0.0041 5.42 Gli2 0.041 S2.13
Plekho1 0.023 5.23 Elp4 0.071 S2.17
Pygl 0.041 4.89 Foxp4 0.079 S2.21
Epor 0.052 4.86 Apaf1 0.047 S2.21
Peli3 0.054 4.79 Kif1b 0.094 S2.25
Dmpk 0.089 4.63 1810029B16Rik 0.080 S2.39
Efna1 0.094 4.59 Cd47 0.015 S2.51
Spred1 0.0083 4.52 Opn3 0.033 S2.67
2510009E07Rik 0.073 4.46 Gng12 0.026 S2.70
Brp16 0.017 4.26 Hoxa2 0.012 S2.73
Atic 0.022 4.25 Pacs1 0.099 S2.78
Pan3 0.051 4.17 Slc7a10 0.070 S2.92
Slc2a3 0.00063 4.04 Zfand5 0.00028 S2.99
Tcea3 0.042 4.03 B4galt6 0.034 S3.07
Tpm1 0.016 4.02 Lrrn1 0.039 S3.41
Gsk3a 0.037 3.72 Pls3 0.013 S3.49
Cyb5r1 0.0086 3.60 Tmem158 0.032 S3.65
Sulf1 0.047 3.58 Ptpn13 0.0019 S3.73
Sp8 0.00037 3.45 Camk2d 0.030 S4.01
Sall3 0.0080 3.43 Irx3 0.097 S5.75
Slc16a3 0.0082 3.41 Matn2 0.093 S7.42
Pim3 0.052 3.38 Pcbd1 0.030 S7.68
Cntnap2 0.091 3.33 Efemp1 8.21E+05 S7.78
Crmp1 0.0022 3.25 Sertad4 0.0095 S8.58
Rrp9 0.0079 3.19 Sfrp1 0.0067 S10.01
Ccnd1 0.040 3.02 Hlf 0.081 S10.64
Tpm4 0.032 2.85 Pax6 0.040 S13.07
Nufip2 0.050 2.39 Fgfr2 9.55E+07 S13.23
Rcn2 0.090 2.34 Sox1 0.012 S13.81
Rbpms2 0.028 2.26 Rarb 1.59E+05 S16.30
Pa2g4 0.055 S1.75 Spink3 0.015 S38.26
Zfp207 0.076 S1.86 Tcerg1l 0.0015 S38.93
Nolc1 0.052 S1.91 Dpp4 8.74E+05 S42.49
Dpysl2 0.078 S1.92 Phox2b 0.0061 S173.44
Lamp2 0.073 S2.00 E130006D01Rik 0.051 S1024.00
Vcan 0.052 S2.05

Cdx2XtargetsXinXESXcells: NishiyamaXetXal.X(2009).XUncoveringXearlyXresponseXofXgeneX
regulatoryXnetworksXinXESCsXbyXsystematicXinductionXofX
transcriptionXfactors.XCellXStemXCell.X2009XOctX2;5(4):420S33.

TargetsXofXCdx2,Xcontinued. TargetsXofXCdx2,Xcontinued.
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