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Supplemental Figure S1. Overlap analysis between two biological replicates of 
ChIP-seq data for each factor in each cell line. The top 50,000 CTCF, 15,000 
MYC, and 30,000 Pol2 binding sites from one replicate were compared with the 
top 65,000, 30,000, and 50,000 binding sites from the other replicate, 
respectively. The Y-axis shows percent overlap between replicates for the cell 
types indicated on the X-axis. Overlap values for RNAPII are not shown for 
NHEK and FB8470 because only one replicate was used for NHEK, and no data 
was generated for RNAPII in FB8470. 2 cases of lower replicate overlap in the 
case of MYC was likely due to low MYC RNA expression levels as observed in 
array data (not shown). For consistent data processing we processed these two 
samples (MYC FB0167P and FB8470) in the same manner as the other data sets. 
Importantly, peak calling with these datasets with lower replicate overlap does 
not necessarily overestimate MYC targets because our peak calling program 
normalizes for total read depth internally. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S2. Increasing numbers of CTCF, MYC, and RNAPII 
binding sites in the human genome identified by sequencing additional cell types. 
For each factor, cell types were first sorted in order of highest to lowest number 
of binding sites. The number of new binding sites found with each additional cell 
type was determined using overlap analysis, and plotted as a percentage on the Y-
axis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S3. The average genome-wide binding profiles of CTCF, 
MYC, and RNAPII around transcription termination sites (TTS). Average profiles 
were generated in the same manner as for Fig. 2A. 
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Supplemental Figure S4. Patterns of CTCF, MYC and RNAPII occupancy 
around genes. The heat map shows normalized occupancy scores for each gene 
with available data (rows) within ±10 kb from TSS (columns are 100 bp bins). 
Arrow indicates TSS and direction of transcription. For each factor, data in the 
first listed cell line was clustered using K-means clustering and data for the other 
cell lines are displayed in the same order. The ordering of genes is not the same 
for the 3 factors. The number of genes listed in the Y-axis is 13,610 for CTCF, 
10,440 for MYC, and 13,000 for RNAPII. 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S5. Well-conserved binding sites of MYC in all cell types 
including H1ESCs. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S6. Box plots showing ChIP-seq score distribution of 
CTCF, MYC, and RNAPII binding sites in 5 different genomic regions across all 
cell types. MYC and RNAPII binding sites in promoters had significantly higher 
ChIP scores than other genomic regions, whereas CTCF had higher ChIP scores 
in upstream regions. P-value was calculated by Wilcoxon rank sum test. Three 
asterisks (***) indicate a P-value of zero. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S7 The distribution of CpG and non-CpG binding sites 
of CTCF, MYC, and RNAPII in 5 different genomic regions. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S8. MYC and RNAPII binding sites show significantly 
higher occupancy scores in CpG islands than in non-CpG regions. P-value was 
calculated by the Wilcoxon rank sum test. Three asterisks (***) indicate a P-value 
of zero.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S9. Pearson correlation coefficients between the 
number of CTCF, MYC, and RNAPII binding sites and gene density (plotted on 
the Y-axis). Removing all binding sites of CTCF, MYC, and RNAPII up to 20 kb 
away from genes still showed a positive correlation. A negative control dataset 
generated by random permutation of data showed no positive correlation (all 
values at zero, not shown). 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S10. TF binding in bidirectional promoters activates 
both genes equally, regardless of its binding distance from transcription start site 
of genes. A value of 3 on the Y-axis indicates P-value of 0.01, with lower values 
indicating higher P-values. P-values were calculated by the binomial distribution 
function. The null hypothesis was that the binding of a factor in a bidirectional 
promoter is equally likely to regulate both genes to the same extent, resulting in 
similar expression levels. The high P-values fail to reject the null hypothesis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S11. The number of tissue-specific binding sites of 
CTCF, MYC, and RNAPII across the genome in different cell types. 
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Supplemental Figure S12. Distribution of single and combinatorial binding 
sites of CTCF, MYC and RNAPII in different cell types. X-axis shows cell lines 
and Y-axis represents % binding sites. Y-axis represents % binding sites. 
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Supplemental Figure S13. Distribution of single and combinatorial target 
genes of CTCF, MYC and RNAPII in different cell types. X-axis shows cell lines 
and Y-axis represents % target genes. Y-axis indicates % target genes. 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S14. Average CTCF and MYC binding profiles around 
RNAPII binding sites. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S15. Binding profiles of CTCF, MYC, and RNAPII in 3 
classes of expression groups around TSS. Genes were classified into 3 different 
expression groups containing the top 33%, middle 33% and bottom 33% based on 
their expression level. X-axis represents relative distance from TSS. The Y-axis 
indicates the normalized, input-corrected occupancy score and is therefore 
comparable across the three expression groups. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S16. Location effect of CTCF, MYC, and RNAPII sites 
on expression of target genes. X-axis represents binding position. 5/10/20K, GB, 
and NB denote 5, 10 or 20 Kb upstream from TSS, gene body, and non-binding, 
respectively. Y-axis indicates log2 expression. P-values were calculated by 
Wilcoxon rank sum test. 
 



 
 
 
 
 

 
 
Supplemental Figure S17. Box plots showing distribution of gene expression 
in the 4 RNAPII binding groups for additional cell lines (see Fig. 6B). P-values 
were calculated by Wilcoxon rank sum test. Asterisks indicate a calculated P-
value of zero. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S18. Proportions of genes in the 4 RNAPII binding 
groups that are highly expressed (top 20%) as well as low-expressed (bottom 
20 %). Y-axis shows the percentage of genes in each group. 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S19. Percentage of genes utilizing the indicated 
numbers of alternative promoters among genes containing at least 2 alternative 
promoters. Each color indicates number of alternative promoters utilized. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S20. Pol2 is enriched at first and last exons. (A and B) 
Pol2 signals at the first and last exon/intron junctions are plotted as in Figure 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 
 
 
 
 
 
 
Supplemental Figure S21. Pol2 ChIP peaks at constitutive internal exons. 
Pol2 ChIP peaks (normalized and input-corrected) in 10 cell lines were plotted as 
in Figure 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S22. Input bias at constitutive internal exons. (A) Input 
reads are plotted around the internal exons as in Figure 8. (B) Exons and their 
immediate surroundings are more uniquely mappable than regions farther away. 
All internal exons were aligned to their start sites and mappability scores were 
assigned into 10 bp bins surrounding the exon start sites. Average of the 
mappability scores is plotted. (C) Higher resolution view of mappability in the 30 
bp region around the exon start sites. Internal exons are aligned as in B and 
mappability scores are assigned into 1 bp bins. 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S23. Input read density at the first and last exon/intron 
junctions. (A and B) Input reads are plotted at the first and last exon/intron 
junctions as in Figure 8. 
 
 
 
 
 
 
 
 
 
 



 

 
 
Supplemental Figure S24. Motifs discovered from strong binding sites de 
novo using DME on ChIP-seq peaks. Virtually identical motifs were found in 
weak and moderate sites (not shown) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplemental Figure S25. Distribution of coefficients of variance (standard 
deviation/mean occupancy score) for input corrected and filtered binding sites 
before applying target cutoff thresholds for CTCF, MYC and RNAPII (11, 11 and 
10 cell lines respectively). The qualitative impression that MYC binding sites 
exhibit generally weaker signal is reflected in the lower CoVs for most MYC cell 
lines. 
 
 
 



Supplemental Table S1. The number of independent biological replicates and 
aligned reads for all ChIP-seq as well as input data sets. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplemental Table S2. The Number of CTCF, MYC, and RNAPII binding 
sites at the selected score threshold in diverse cell lines 

 
 
 
 
 
 
 
 
 
 
 
 
 



Supplemental Table S3. Functional categories enriched among the ubiquitous 
binding sites of CTCF, MYC, and RNAPII, reported by the DAVID web-based 
functional annotation program. Enrichment and FDR Q-Values based on the 
hypergeometric distribution analyzing overlap between genes in the GO 
Biological Process ontology term and the list of genes bound by RNAPII (8167), 
MYC (185) or CTCF (3321) across all cell types. Genes bound by CTCF in all cell 
types showed enrichment in a variety of lipid metabolic processes, while genes 
ubiquitously bound by RNAPII or MYC showed enrichment in constitutive 
housekeeping functions such as translation and protein degradation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplemental Table S4. Functional categories enriched among target genes 
occupied by combinations of CTCF, MYC, and RNAPII, as reported by the DAVID 
web-based functional annotation program. Values are fold enrichment; 
hypergeometric distribution-based FDR Q-Values for all enrichments are < 5%. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


