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Appendix Figure S1. Doxycycline-induced expression of NeuroD1 in ES cells causes 

repression of non-neuronal genes. (A) Time course of the doxycycline-induced expression 

dynamics of ectopic and total NeuroD1. RT-qPCRs were performed in biological replicates, 

RNA reflects the relative gene expression normalized to a housekeeping gene (Rpl19), and 

the error bars indicate the S.E.M. of two biological replicates. (B) Western blot time-course 

assay for HA-NeuroD1 protein as well as beta-actin after Dox induction in ES cells. (C) Bar 

plot showing the KEGG pathways that are enriched in URG (n=2209). Bar lengths represents 

number of genes contributing to a pathway enrichment (D) Gene set enrichment plot for the 

top 4 enriched GO terms for URG, as determined by GSEA depicting density for level of 

upregulation that is exhibited by genes that contributes for a particular GO term. (E) Heat 

map depicting the expression of DRG (Fig. 1F) in an in vitro neuronal RNA-seq time course 

using biological triplicates. Each row represents one promoter where gene expression is 

scaled from red (high expression) to blue (low expression). (F) Same as (E) but represented 

as boxplot. (G) Heatmap depicting the RNA-seq expression of DRG in various embryonic 

tissues. (H) Same as (G) but represented as a boxplot. (I) Bar plot depicting top GO terms 

enriched in DRG. Bar length represents gene-count in the dataset contributing to a GO term. 

Blue line represents respective p-values. (J) Venn diagram depicting overlap of URT 

(promoter and enhancer) with DRG. 

Data information: Error bars reflect standard error of the mean. Significance was determined 

by Fisher’s test as n.s, non-significant. Boxplots depicting RNA-seq data contain expression 

values scaled between 0 and 1 on y-axis. GEO IDs for all sequencing data used are provided 

in Table EV1.  

 

Appendix Figure S2. NeuroD1 target enhancers are also located in introns and exons 

and they function to induce expression of neuronal genes during neurogenesis. (A) 

Venn diagram depicting overlap of URG with NeuroD1 promoter and non-promoter target 



(intergenic, exonic and intronic enhancer) associated genes. (B) Venn diagram depicting 

overlap of total non-promoter NeuroD1 enhancer target associated genes with intronic, 

exonic and intergenic NeuroD1 enhancer associated genes. GO terms plot depicting top GO 

terms enriched for NeuroD1 intronic (C) and exonic (D) target enhancer associated genes. 

Bar length is determined by number of genes contributing to respective GO term. (E) Heat 

map depicting the expression upregulated NeuroD1 bound genes associated with intronic 

target enhancers in an in vitro neuronal RNA-seq time course using biological triplicates. 

Each row represents one promoter where gene expression is scaled from red (high 

expression) to blue (low expression). (F) Same as (E) but represented as boxplot. (G) Same 

as in (E) but for RNA-seq expression in various embryonic tissues. (H) Same as (G) but 

represented as a boxplot. (I) Heat map depicting the expression upregulated NeuroD1 bound 

genes associated with exonic target enhancers in an in vitro neuronal RNA-seq time course 

using biological triplicates. Each row represents one promoter where gene expression is 

scaled from red (high expression) to blue (low expression). (J) Same as (I) but represented 

as boxplot. (K) Same as in (I) but for RNA-seq expression in various embryonic tissues. (L) 

Same as (K) but represented as a boxplot.  

Data information: Significance shown in (A) was determined by fischer’s test with * P < 0.05, 

** P < 0.01. Boxplots depicting RNA-seq data contain expression values scaled between 0 

and 1 on y-axis. GEO IDs for all sequencing data used are provided in Table EV1.  

 

Appendix Figure S3. NeuroD1 binds its target sites in a highly sequence-specific 

manner to induce neuronal gene expression program. (A) Boxplot depicting RNA-seq 

normalized tag counts of URT (set 1) and URG  (set 2) as well as URG-URT (set 3) in –Dox 

and +Dox conditions after 48 h of NeuroD1 induction in ES cells. (B) Overlap of NeuroD1 

bound enhancer sites regulating induced genes with publicly available tissue specific 

enhancer sites in E14.5 cortex and brain. (C-D) GO term enrichment plot from GSEA for the 

top two GO terms of promoter URT (C) and enhancer URT (D). (E-F) Motif enriched at 

NeuroD1-bound promoters (E) and NeuroD1-bound enhancer sites (F). (G) De novo motif 



built on enriched NeuroD1 peaks (E > 1) represented by information content of each 

nucleotide in a positional manner. 95% of peaks showed the depicted motif at peak center. 

Data information: Significance shown in (A) was determined by t-test with * P < 0.05, ** P < 

0.01. Significance shown in (B) was determined by fischer’s test with * P < 0.05, ** P < 0.01. 

 

Appendix Figure S4. NeuroD1 is able to bind and induce its targets in murine 

fibroblasts. (A) ChIP qPCR results for the enrichment of NeuroD1 at target sites (black) and 

control regions (grey) in NIH3T3 fibroblasts after transient overexpression for 48 h. DNA 

normalized to the respective input DNA is plotted on the y-axis (IP/Input). The error bars 

indicate S.E.M. of four biological replicates. (B-I) RT-qPCR results for the expression of 

NeuroD1 targets (B-G), the neuronal marker Tubb3 (H) and a housekeeping control (Tbp, I) 

in FAC-sorted NIH3T3 cells upon transfection with NeuroD1-IRES-RFP or Control-IRES-RFP 

plasmids for 48 h or in non-transfected control cells (wild type, WT). RNA reflects the relative 

gene expression normalized to a housekeeping gene (Rpl19), error bars indicate S.E.M. of 

four biological replicates.  

Data information: Significance was determined by t-test with * P < 0.05, ** P < 0.01, *** P < 

0.001. 

 

Appendix Figure S5. Identification of features that discriminate between NeuroD1-

bound and non-NeuroD1-bound promoters using Bayesian modeling. (A) Distribution 

plot shows how ChIP-seq signal strength of all factors predicted by bayesian model 

correlates at NeuroD1 promoter URT to classify between control (non-target promoter of 

URG) and targets (promoter URT) with cutoff for information gain coefficient of 0.1. NeuroD1 

promoter URT are depicted in red while control promoters in cyan. Diagonal and top-right 

charts group show one and two dimensional density plots respectively. Bottom left charts 

depict scatter plots for ChIP-seq enrichment. (B) Receiver operating characteristic (ROC) 

plot for a Bayesian model developed to distinguish between targets and control promoters 

from (A) (C) Scatter plot for UTF1 and TBX3 co-occupancy at NeuroD1 promoter URT. The 



linear regression line is shown in red, and the trend line is shown in blue. (D) Heat map 

depicting the expression of promoter URT in an in vitro neuronal RNA-seq time course using 

biological triplicates. Each row represents one promoter where gene expression is scaled 

from red (high expression) to blue (low expression). (E) Same as (D) but represented as 

boxplot. (F) Same as in (D) but for RNA-seq expression in various embryonic tissues. (G) 

Same as (F) but represented as a boxplot. (H) Heatmap depicting relative H3K27ac 

enrichments at promoter URT in a neuronal timecourse and different embryonic (E14.5) 

tissues / cell-types (CD4 T-lymphocytes, liver, MEFs, NIH3T3 cells). (I) Same as in (H) but 

depicted as boxplot. 

Data information: Boxplots depicting RNA-seq as well as ChIP-seq data contain expression 

values scaled between 0 and 1 on y-axis. GEO IDs for all sequencing data used are provided 

in Table EV1. 

 

Appendix Figure S6. Identification of features that discriminate between NeuroD1-

bound and non-NeuroD1-bound enhancers using Bayesian modeling. (A) Distribution 

plot shows how ChIP-seq signal strength of all factors predicted by Bayesian model to 

discriminate targets and control (cutoff for information gain 0.1) correlates at enhancers 

associated to URT.  Enhancers of URT are depicted in red while non-target enhancer 

associated to URG are depicted in cyan. Diagonal and top-right charts group show one and 

two dimensional density plots respectively. Bottom left charts depict scatter plot of ChIP-seq 

enrichments. (B) Receiver operating characteristic (ROC) plot for the Bayesian model 

developed to distinguish targets and control.  (C) Scatter plot for the co-occupancy of MBD3 

and TBX3 at enhancers associated to URT. (D) Heat map depicting the expression of 

enhancer URT in an in vitro neuronal RNA-seq time course using biological triplicates. Each 

row represents one promoter where gene expression is scaled from red (high expression) to 

blue (low expression). (E) Same as (D) but represented as boxplot. (F) Same as in (D) but 

for RNA-seq expression in various embryonic tissues. (G) Same as (F) but represented as a 

boxplot. (H) Heatmap depicting relative H3K27ac enrichments at enhancers associated to 



URT in a neuronal timecourse and different embryonic (E14.5) tissues / cell-types (CD4 T-

lymphocytes, liver, MEFs, NIH3T3 cells). (I) Same as in (H) but depicted as boxplot. (J) 

Same as in (I) but for intronic enhancers associated to URT. (K) Same as in (I) but for exonic 

enhancers associated to URT.  

Data information: Boxplots depicting RNA-seq as well as ChIP-seq data contain expression 

values scaled between 0 and 1 on y-axis. GEO IDs for all sequencing data used are provided 

in Table EV1 

 

Appendix Figure S7. Expression dynamics of neuronal and pluripotency markers 

during iTN formation. (A) RT-qPCR results for the expression dynamics of ectopic and 

endogenous NeuroD1 during iTN differentiation in continuously induced (+Dox) and control 

condition (-Dox). (B) RT-qPCR results for the expression dynamics of pluripotency markers 

during iTN differentiation in continuously induced (+Dox) and control conditions (-Dox) as 

well as wild type embryonic stem cells (ES). (C-G) RT-qPCR results for the dose-dependent 

induction (50, 500 and 1000 ng/ml) of ectopic NeuroD1 (C) and neuronal markers (D-G) 

during iTN formation. (H) RT-qPCR results for the expression dynamics of ectopic NeuroD1 

during iTN differentiation in continuously induced condition (+Dox) and upon Dox removal 

after 48 h (+/- Dox) in comparison to non-induced control (-Dox).  

Data information: RNA reflects the relative gene expression normalized to a housekeeping 

gene (Rpl19). The data are from two biological replicates and the error bars indicate the 

S.E.M.   


	S1
	S2
	S3
	S4
	S5
	S6
	S7
	Legends for appendix figures



