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SUPPLEMENTARY FIGURES  

 

Supplementary Figure 1. Co-occupancy guided classification of DBPs. 
(a) A correlation map from an unsupervised hierarchical clustering based on co-occupancy of 
DBPs including co-activators (P300, LSD1, and CHD7), and mediators (MED1 and MED12). 
This map is an extended version of Figure 1a. Putative enhancer-promoter linker DBPs are 
highlighted with an orange box. 
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(b) Box plots showing the correlation between the percentile binding strength of OCT4 (red), 
DMAP1 (green), or RING1B (blue) and target co-occupancy within the class indicated.  
(c) Box plots showing the correlation between the percentile binding strength of OCT4 and its 
co-occupancy with DBPs in MYC (green) or PRC (blue) class.  
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Supplementary Figure 2. CGI-dependent binding patterns of 6 distinct DBP classes. 
(a) Portion of CGI+ and CGI- genes occupied by DBPs (± 5 Kb from TSS). DBPs are listed in 
the same order as in Figure 1a.  
(b) The average binding of DBPs in each class within ±5 Kb region from the TSSs of CGI+ and 
CGI - genes is plotted using a moving average window (window size: 64, bin size: 1). Genes are 
in chromosomal order as Figure 2a. 
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Supplementary Figure 3. Regulation of the MYC and PRC classes on CGI+ promoters. 
(a) A bar chart showing the number of promoters (y-axis) co-occupied by indicated number (x-
axis) of DBPs in the MYC or PRC class. 
(b) Distribution of the 4 chromatin statuses including active (H3K4me3+/H3K27me3-), bivalent 
(H3K4me3+/H3K27me3+), and repressive (H3K4me3-/H3K27me3+) histone marks, as well as 
nonmarked (H3K4me3-/H3K27me3-) on CGI+ and CGI- promoters (± 500 bp regions from TSSs) 
in various tissues and cell types.  
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Supplementary Figure 4. DBPs and histone marks involved in the repression of CGI+ 
promoters. 
(a) CGI+ and CGI- genes were classified into three groups based on their expression values (low, 
intermediate, and high) in ES cells. Histone modifications associated with the indicated groups 
are shown (± 5 Kb regions from the TSSs).  
(b) CGI+ and CGI- genes were classified into three groups based on their expression values (low, 
intermediate, and high as in Supplementary Fig. 4a) in three differentiated tissues (cerebellum, 
liver, and kidney). Histone modifications associated with the indicated groups are shown (± 5 Kb 
regions from the TSSs). 
(c) Heatmaps showing DNA modification signals and occupancy of methyl binding domain 
(MBD) containing proteins within ± 5 Kb from the TSSs in ES cells1,2. All protein coding genes 
were ranked by their expression levels in ES cells (left panel) and corresponding modifications 
or factor binding signals are shown.  



6 
 

 

 

 

 

 

 

 

 

Supplementary Figure 5. Comparison of enhancers defined by Core class co-occupancy and 
other annotation methods. 
(a) Median signals of P300 occupancy within enhancer loci defined by the co-occupancy of the 
Core class. Previously published methods were also tested for comparison3-7. 
(b) Kernel density distribution of matched DHR length in previously annotated enhancer 
elements. Note that annotated enhancers without DBP bindings are largely depleted with DHR, 
implying their non-functionality. 
(c) Numbers of the putative enhancers defined by the Core class (6 or more DBPs). Previously 
defined super enhancers8

 are shown for comparison; all 231 super enhancers are part of the 
enhancers defined by the Core class co-occupancy.  
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Supplementary Figure 6. Functions of genes associated with multiple enhancers. 
(a,b) Enrichment of GOBP (Gene Ontology Biological Process) terms (a) and phenotypic 
defects related terms (b). All genes regulated by multiple enhancers in ES cells were tested. p-
values were calculated from gene set overlap test using a hypergeometric distribution. 
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Supplementary Figure 7. Genes physically interacting with enhancers or OCT4. 
Gene set enrichment analyses (GSEA)9

 using gene expression profile data from conditional Oct4 
KO ES cells (GSE10477)10. Target genes indicate the genes physically interacting with 
enhancers or OCT4 binding loci determined by ChIA-PET11. NES stands for Normalized 
Enrichment Score of GSEA.  
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