
Assay Cell-type Accession (Source)

Paired-End Analysis of TSSs mixed stage embryos (fly) processed set (Ni et al., 2010)

CTCF ChIP-seq white pre-pupa (fly) GSM602326 (GEO)

CTCF ChIP-seq H1 ESCs (human) ENCFF991GTC (ENCODE)

GR ChIP-seq treated A459 (human) ENCFF835HHK (ENCODE)

EP300 ChIP-seq treated A459 (human) ENCFF774PLX (ENCODE)

eRNAs from GRO-cap K562 (human) processed set of eRNAs (Azofeifa
et al., 2018) from SRR1552480
(SRA)

EP300 ChIP-seq K562 (human) ENCFF821GNB (ENCODE)

STARR-seq K562 (human) processed (Lee et al., 2020) from
ENCFF717VJK & ENCFF394DBM
(ENCODE)

dELSs (ENCODE III) K562 (human) dELS from ENCFF464BRU
(ENCODE)

pELSs (ENCODE III) K562 (human) pELS from ENCFF464BRU
(ENCODE)

scATAC-seq 2–4hr after egg-laying (fly) Table S1 from Cusanovich et al.
(2018)

DNase-seq H1 ESCs (human) ENCFF030XPN (ENCODE)

ATAC-seq 20 mouse tissues processed set (Liu et al., 2019)

Supplemental Table S1: Datasets on which cisDiversity was run in this study. Processed data/peaks were used from
the original study in each case.
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Supplemental Figure S2: The complete model learned on 4159 fly promoters.
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Supplemental Figure S3: Modules learned on the pooled human CAGE data. The motifs are part of the main text.

Promoters are defined as narrow if the interquantile range of the tags (Frith and the FANTOM consortium, 2014) falls below

three bases. Promoters are defined as tissue-specifically expressed if their Shannon entropy falls below 6. The boxplot of

pooled tag counts is shown for each module. If a module is significantly enriched or depleted (corrected p < 10�10) with one

of the three properties, the property is displayed.



motif 3 (271)

0

1

2

b
it
s

C

G

A
AC
TGGCTACTGATCGCTATCACTCTAG

motif 2 (298)

0

1

2

b
it
s

C

G

A

T
T

GG
C

A
T
A

G
T
C

G

T

T

A

G
G

A

T
T

A
G
C

A
T
A
C
A

C
T
G

C
T
A
G
A

CTGTACTGAGA
motif 1 (953)

0

1

2

b
it
s

G

T

A

C
G

T

A

C
T

C

A

G
G

A
C
A

C
T
G

AGGAGTGTGACTGAGTCACT
motif 4 (145)

0

1

2

b
it
s

C

A

T

G
A

T

G
A
T
A

G
T
G

C
T
C

A

G
C

A
TG
C

A

TACACTATCGTCAGGTACCATCTGAGTCA

motif 8 (108)

0

1

2

b
it
s

C

T

G
A
A

T

G

A

TGGCATAGC TACCTAG
motif 7 (114)

0

1

2

b
it
s

C

A

T
A
A

C
T
G

TTACGCAATAGATCGTA
motif 6 (121)

0

1

2

b
it
s

G
T
A

A

T
C
C

A
TAGTCGAATGTATGATCCGT

motif 5 (137)

0

1

2

b
it
s

A

G

C

T

C

A

A

C

T

GC
A

T
C
T
C
G
A
T

G

A
G

A
G

A
A

GTGAGTAGCCTACTGAATCTGA GTACAT

motif 12 (44)

0

1

2

b
it
s

A

C
T
C

G
T
C
T
A

GG
C

TATGATATCTCGT
motif 11 (46)

0

1

2

b
it
s

C

T

G
T
A
C
G

AAGCAGTTGGCGCTATAC
motif 10 (50)

0

1

2

b
it
s

T

CTGAGCTAGCGAGTGTGAGGCACGAGCTA
motif 9 (101)

0

1

2

b
it
s

G

A
C

A

T

G
A
A
TGTATGAAGCAATTGA

motif 17 (21)

0

1

2

b
it
s

ACAAGATCTGCTTCCATGACGTACTGC
motif 16 (23)

0

1

2

b
it
s

G

C

A

A

T
CAGATGGTCGACATCCGCT

motif 15 (30)

0

1

2

b
it
s

T

A
G
T

A
C
C

T
A
A

G
C
T
A
T

GTGCGACGGATCTCTGCA
motif 14 (35)

0

1

2

b
it
s

C

G
A
T

A

C
G

A
C

GTTTTGGACGCACTAGTGCAGTCCGATCACTTCG
motif 13 (36)

0

1

2

b
it
s

T

A

C
C

T

A

C

A

T

C

G

C

A

A

C

G

T
C

A
C

C

T

G
T
C
T

C
C

G
ATCCTTCATGGTCTTCCAGGCTACGATGATC TGC TGC

median phastCons score across the  
200 bp regions containing the motif 

median phastCons score across 
each position in the motif

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

0

0.8

Supplemental S4

Supplemental Figure S4: Median phastCons scores across 15 fly genomes are shown in pink at all positions within each

motif. The dotted line shows the overall median score across each region that contains the particular motif. Su(Hw) and

CTCF are the most conserved. In contrast, the recently discovered Pita motifs (motifs 2&4) and the Ibf motif (motif 9) are

not conserved. Unknown motifs, but which are relatively well-conserved, are shown in black boxes. These warrant further

investigation.
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Supplemental Figure S5: Results of cisDiversity on the EP300 ChIP-seq data in A549 cells 1 hr after being treated

with dex. The motifs are near-identical to those learned on GR ChIP-seq data in the same cell-type, but the distribution of

the modules is di↵erent.
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Supplemental Figure S6: Results of cisDiversity on a larger 400bp neighborhood of GR-bound summits. The modules

and motifs are reordered based on the motifs that are also found in the 200bp neighborhood (red box), those that are more

spread out along the region and have low-complexity (green box), and those that resemble motifs of TF active in the lung

tissue (orange box). The histogram depicts the distribution of the binding sites of each motif along the 400bp region.
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Supplemental Figure S7: Results of cisDiversity on an even larger 1000bp neighborhood of GR-bound summits. GR

motif is no longer the most abundant motif. Instead, we notice low-complexity and co-factors being more frequent.
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Supplemental S8Supplemental Figure S8: Results of of cisDiversity on the distal eRNA dataset. The motifs in the dotted box

characterize the ninth module. All regions in this module are very similar and very likely result from segmental duplications.



CLUSTAL O(1.2.4) multiple sequence alignment

chr9:43087637-43087837        ----------------------------------------AGTCTCCTATAGCT------
chr4:49500421-49500621        ----------------------------------------ACTCTCCTATAGCT------
chr1:142709170-142709370      --------------------------------------GTACTCTCCTATAGCT------
chr1:143205635-143205835      ------------------------------------AAGTACTCTCCTATAGCT------
chr1:144209681-144209881      ------------------------------------------------------------
chr1:148259866-148260066      ------------------------------------------------------------
chr1:148285287-148285487      ------------------------------------------------------------
chr1:148317071-148317271      ------------------------------------------------------------
chr1:148282065-148282265      ------------------------------------------------------------
chr1:148326578-148326778      ------------------------------------------------------------
chr1:148007708-148007908      ------------------------------------------------------------
chr1:148264572-148264772      ------------------------------------------------------------
chr1:148293230-148293430      ------------------------------------------------------------
chr1:21754169-21754369        ------------------------------------------------------------
chr1:148255011-148255211      --------------------------------------ATATGCGCCCATAGGTCCTGCC
chr1:148288420-148288620      --------------------------------------ATATGCGCCCATAGGTCCTGCC
chr1:148307490-148307690      --------------------------------------ATATGCGCCCATAGGTCCTGCC
chr1:148302733-148302933      ---------------------------------------------------GGTCCTGCC
chr1:148013969-148014169      --------------------------------------------------------TGCC
chr1:148269326-148269526      ---------------------------------------------------------GCC
chr1:148297980-148298180      ----------------------------------------------------------CC
chr1:145362216-145362416      --------------------ACAGTTTCATTACAACCTATATGCGCCCATAGGTCCTGCC
chr1:145318192-145318392      -TAGGCTTCCAACTGAGACTACAGTTTCATTACAACCTATATGCGCCCATAGGTCCTGCC
chr1:146230786-146230986      CTAGGCTTCCAGCTGAGACTACAGTTTCATTACAACCTATATGCACCCATAGGTCCTGCC
chr22:18846828-18847028       -----------------GAGA---ATTCATTTGCTTCCTC-----AGGATGGAATCTGGC
chr1:143467584-143467784      ----------AACCAAGCCCC---AGGCCTGCTCAGCTAC-----ACGACCACCGCTGGG
chr1:142618627-142618827      ----------------------------CGGCCCCGCTAC-----AAGACCGCCTCTGGG
chr1:142890954-142891154      --------------AAGCCCC---AAGCCGGCCCGGCTAC-----AGGACCGCCTCTGGG
chr21:10163709-10163909       --------------------C---AAGCCGGCCCGGCTAC-----AGGACGGCCTCTGGG
chr4:49163124-49163324        ------------------------------------------------------TCTGGG
chr21:9647732-9647932         --------------------------------------AC-----AGGACCGACTCTGGG
chr4:49628633-49628833        ------------------------------------NTAC-----AGGACCGCCTCTGGG
                                                                                          

chr9:43087637-43087837        ----------------------GCACTGAATCATTCTTAACACTGAGAGTTGCAGCAAAT
chr4:49500421-49500621        ----------------------GCACTGAATCATTCTTACCACTGAGAGTTGCAGCAAAT
chr1:142709170-142709370      ----------------------GCACTGAATCATTCTTACCACTGAGAGTTGCAGCAAAT
chr1:143205635-143205835      ----------------------GCACTGAATCATTCTTACCACTGAGAGTTGCAGCAAAT
chr1:144209681-144209881      ----------------------------------------------------------AT
chr1:148259866-148260066      ------------------------------------------------------------
chr1:148285287-148285487      --------------------------------------GGAACAGGAATATCACCCCTAT
chr1:148317071-148317271      -------------------------GTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:148282065-148282265      ---------GACATCTCTCGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:148326578-148326778      ----------ACATCTCTCGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:148007708-148007908      ----------------CTCGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:148264572-148264772      ---------------TCTCGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:148293230-148293430      ------------------CGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:21754169-21754369        TGCGGCAATGACATCTCTCGGGTCAATAAGGACCACTTGGAACAGGAATATCACCCATAT
chr1:148255011-148255211      TGCGGCAATGACATCTCTCGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:148288420-148288620      TGCGGCAATGACATCTCTCGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:148307490-148307690      TGCGGCAATGACATCTCTCGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:148302733-148302933      TGCGGCAATGACATCTCTCGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:148013969-148014169      TGCGGCAATGACATCTCTCGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:148269326-148269526      TGCGGCAATGACATCTCTCGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:148297980-148298180      TGCGGCAATGACATCTCTCGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr1:145362216-145362416      TGCGGCAATGACGTCTCTCGGGTCAGTAAGGGGCACTTGGAACAGGAATATCACCCCTAT
chr1:145318192-145318392      TGCGGCAATGACGTCTCTCGGGTCAGTAAGGGGCACTTGGAACAGGAATATCACCCCTAT
chr1:146230786-146230986      TGTGGCAATGACGTCTCTCGGGTCAGTAAGGGCCACTTGGAACAGGAATATCACCCCTAT
chr22:18846828-18847028       TGGGCCTCTG------------ACCTTGCTGGTCACGTGGGCCGGGGCCTCCAT------
chr1:143467584-143467784      ATCCGCACTTC--------CGGAGGAAAATGGCGAAGTGGGCGGGGTGGCACATGC----
chr1:142618627-142618827      TGACGCACTTC--------CGGATGAAAATGGCGGAGTGGGCCGGGCGGCGCATGC----
chr1:142890954-142891154      TGCCGCACTTC--------CGGAGGAAAATGGCGGAGTGGGCCGGGCGGCGCAAGC----
chr21:10163709-10163909       TGCCGCACTTC--------CGGAGGAAAATGGCGGAGTGGGCCGGGCGGCGCAAGC----
chr4:49163124-49163324        TGCCACACTTC--------CGGAGGAAAATGGCGGAGTGGGCCGGGCGGCGCATCC----
chr21:9647732-9647932         TGCCACACTTC--------CGGAGGAAAATGGCGGAGTGGGCCGGGCGGCGCATGC----
chr4:49628633-49628833        TGCCACACTTC--------CGGAGGAAAATGGCGAAGTGGGCCGGGCGGCGCATGC----
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chr1:143205635-143205835      GGGGG---------------ACATAATTTATAACTTACTTTTCTCTCTGTATGACTCATT
chr1:144209681-144209881      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148259866-148260066      ---------CAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148285287-148285487      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148317071-148317271      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148282065-148282265      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148326578-148326778      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACGGTAAGGTACTCACTGTCCACGTCAAG
chr1:148007708-148007908      CTGGAAGACCAGGTGGAGGCTTATCACCTTCATAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148264572-148264772      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148293230-148293430      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:21754169-21754369        CTGGAGGACCAGGTGGAGTCTTATCACCTTCATAGTAAGGTACTCACTGTCCAAGTCAAG
chr1:148255011-148255211      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148288420-148288620      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148307490-148307690      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148302733-148302933      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148013969-148014169      CTGGAAGACCAGGTGGAGGCTTATCACCTTCATAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148269326-148269526      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148297980-148298180      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:145362216-145362416      CTGGAAGACCACGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:145318192-145318392      CTGGAAGAACAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:146230786-146230986      CTGGAAGGCCAGGTGGAGGCTTATCACCTTCATAGTAAGGTACTCACTGTCCACGTCAAG
chr22:18846828-18847028       -------------------------------------CAGTCATACCCTGGACTCCTATC
chr1:143467584-143467784      --------------GTAGAG--AGAACCTGGTTCCCAAGGTCCTTGATGGTAAACATCAT
chr1:142618627-142618827      --------------GCAGAGAGAAAAGCTGGTTCCCAAAGTCCTTGATG-GTAACATCGT
chr1:142890954-142891154      --------------GCAGAGAGAAAAGCTGGTTCCCAAGGTCCTTGATG-GTAACATCAT
chr21:10163709-10163909       --------------GCAGAGAGAAAAGCTGGTTCCCAAGGTCCTTGATG-GTAACATCAT
chr4:49163124-49163324        --------------GCAGAGAGAAAAGCTGGTTCCCAAGGTCCTTGATG-GTAACGTCAT
chr21:9647732-9647932         --------------GCAGAGAGAAAAGCTGGTTCCCAAGGTCCTTGATG-GTAACATCAT
chr4:49628633-49628833        --------------GCAGAGAGAAAACCTGGTTCCCAAGGTCCTTGATG-GTAACATCAT
                                                                      *  *                

chr9:43087637-43087837        AGGCAATGACTGTGTATGTA-CTACAATGT--AAATAGCACCTCCT---GGATGGAATAG
chr4:49500421-49500621        AGGCAATGACTATGTATGTA-CTACAATGT--AAACATCACCTCCT---GGATTGAATAG
chr1:142709170-142709370      AGGCAATGACTATGTATGTA-CTACAATGT--AAACAGCACCTCCT---GGATTGAATAG
chr1:143205635-143205835      AGGCAATGACTATGTATGTA-CTACAATGT--AAACAGCACCTCCT---GGATTGAATAG
chr1:144209681-144209881      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148259866-148260066      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148285287-148285487      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148317071-148317271      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148282065-148282265      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148326578-148326778      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148007708-148007908      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148264572-148264772      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148293230-148293430      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:21754169-21754369        AGCCAAGCCAAGGTGTTGTTCCTGCAATGAGTAAAACTCACTTCTGTAGGGCTGGCATAA
chr1:148255011-148255211      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCT--
chr1:148288420-148288620      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCT--
chr1:148307490-148307690      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCT--
chr1:148302733-148302933      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148013969-148014169      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148269326-148269526      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148297980-148298180      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:145362216-145362416      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCA--------------------
chr1:145318192-145318392      AGCCAAGCCAAGGTACTGTTC---------------------------------------
chr1:146230786-146230986      AGCCAAGCCAAGGTACTGTT----------------------------------------
chr22:18846828-18847028       TGTGTCTAAACACCACGCCCCACCCCC-AACTGCACGGC-AGCCACTCGCATAGCACTCT
chr1:143467584-143467784      TGGAAGGTGACACTACATTTCCTATGA-GGCTCTGCGGTCCCCCGTTAGGAACGCACGCC
chr1:142618627-142618827      TGGAAAGTGACACTACATTTCTCATGA-GGTTCTGTGGTGCCCGGTTAGGAACCCACGCC
chr1:142890954-142891154      TGGAAGGTGACACTACAATTCCCATGA-GACTTTGCGGTACCCCGTTAGGAACCCAAGCC
chr21:10163709-10163909       TGGAAGGTGACACTACAATTCCCATGA-GGCTTTGCGGTACCCCGTTAGGAACCCAAGCC
chr4:49163124-49163324        TGGAAGGTGACACTACAATTCCCATGA-GGCTTTGCGGTCCTCCTTTAGGAACCCACACC
chr21:9647732-9647932         TGGAAGGTGACACCACAATTCCCATGA-GGCTTTGCGGTCCCCCGTTAGGAACCCACGCC
chr4:49628633-49628833        TGGAAGGTGACACTACAATTCCCATGA-GGCTTTGCGGTCCCCCTTTAGGAACCCACGCC
                               *                                                          

chr9:43087637-43087837        TACGTAACTGACATGACCAGCAGAGACAGGCTAAAG---ACACTGAGCTGAA--------
chr4:49500421-49500621        TACATAACTGACATGACCAGCAGAGACAGGCTAAAG---ACACTGAGCTGAA--------
chr1:142709170-142709370      TACATAACTGACATGACCAGCAGAGACAGGCTAAAG---ACACTGAGCTG----------
chr1:143205635-143205835      TACATAACTGACATGACCAGCAGAGACAGGCTAAAG---ACACTGAGC------------

chr9:43087637-43087837        GGGGG---------------ACATAATTTATAACTTACTTTTCTCTCTGTATGACTCATT
chr4:49500421-49500621        GGGGG---------------ACATAATTTATAACTTACTTTTCTCTCTGTATGACTCATT
chr1:142709170-142709370      GGGGG---------------ACATAATTTATAACTTACTTTTCTCTCTGTATGACTCATT
chr1:143205635-143205835      GGGGG---------------ACATAATTTATAACTTACTTTTCTCTCTGTATGACTCATT
chr1:144209681-144209881      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148259866-148260066      ---------CAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148285287-148285487      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148317071-148317271      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148282065-148282265      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148326578-148326778      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACGGTAAGGTACTCACTGTCCACGTCAAG
chr1:148007708-148007908      CTGGAAGACCAGGTGGAGGCTTATCACCTTCATAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148264572-148264772      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148293230-148293430      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:21754169-21754369        CTGGAGGACCAGGTGGAGTCTTATCACCTTCATAGTAAGGTACTCACTGTCCAAGTCAAG
chr1:148255011-148255211      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148288420-148288620      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148307490-148307690      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148302733-148302933      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148013969-148014169      CTGGAAGACCAGGTGGAGGCTTATCACCTTCATAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148269326-148269526      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148297980-148298180      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:145362216-145362416      CTGGAAGACCACGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:145318192-145318392      CTGGAAGAACAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:146230786-146230986      CTGGAAGGCCAGGTGGAGGCTTATCACCTTCATAGTAAGGTACTCACTGTCCACGTCAAG
chr22:18846828-18847028       -------------------------------------CAGTCATACCCTGGACTCCTATC
chr1:143467584-143467784      --------------GTAGAG--AGAACCTGGTTCCCAAGGTCCTTGATGGTAAACATCAT
chr1:142618627-142618827      --------------GCAGAGAGAAAAGCTGGTTCCCAAAGTCCTTGATG-GTAACATCGT
chr1:142890954-142891154      --------------GCAGAGAGAAAAGCTGGTTCCCAAGGTCCTTGATG-GTAACATCAT
chr21:10163709-10163909       --------------GCAGAGAGAAAAGCTGGTTCCCAAGGTCCTTGATG-GTAACATCAT
chr4:49163124-49163324        --------------GCAGAGAGAAAAGCTGGTTCCCAAGGTCCTTGATG-GTAACGTCAT
chr21:9647732-9647932         --------------GCAGAGAGAAAAGCTGGTTCCCAAGGTCCTTGATG-GTAACATCAT
chr4:49628633-49628833        --------------GCAGAGAGAAAACCTGGTTCCCAAGGTCCTTGATG-GTAACATCAT
                                                                      *  *                

chr9:43087637-43087837        AGGCAATGACTGTGTATGTA-CTACAATGT--AAATAGCACCTCCT---GGATGGAATAG
chr4:49500421-49500621        AGGCAATGACTATGTATGTA-CTACAATGT--AAACATCACCTCCT---GGATTGAATAG
chr1:142709170-142709370      AGGCAATGACTATGTATGTA-CTACAATGT--AAACAGCACCTCCT---GGATTGAATAG
chr1:143205635-143205835      AGGCAATGACTATGTATGTA-CTACAATGT--AAACAGCACCTCCT---GGATTGAATAG
chr1:144209681-144209881      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148259866-148260066      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148285287-148285487      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148317071-148317271      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148282065-148282265      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148326578-148326778      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148007708-148007908      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148264572-148264772      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148293230-148293430      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:21754169-21754369        AGCCAAGCCAAGGTGTTGTTCCTGCAATGAGTAAAACTCACTTCTGTAGGGCTGGCATAA
chr1:148255011-148255211      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCT--
chr1:148288420-148288620      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCT--
chr1:148307490-148307690      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCT--
chr1:148302733-148302933      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148013969-148014169      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148269326-148269526      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148297980-148298180      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:145362216-145362416      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCA--------------------
chr1:145318192-145318392      AGCCAAGCCAAGGTACTGTTC---------------------------------------
chr1:146230786-146230986      AGCCAAGCCAAGGTACTGTT----------------------------------------
chr22:18846828-18847028       TGTGTCTAAACACCACGCCCCACCCCC-AACTGCACGGC-AGCCACTCGCATAGCACTCT
chr1:143467584-143467784      TGGAAGGTGACACTACATTTCCTATGA-GGCTCTGCGGTCCCCCGTTAGGAACGCACGCC
chr1:142618627-142618827      TGGAAAGTGACACTACATTTCTCATGA-GGTTCTGTGGTGCCCGGTTAGGAACCCACGCC
chr1:142890954-142891154      TGGAAGGTGACACTACAATTCCCATGA-GACTTTGCGGTACCCCGTTAGGAACCCAAGCC
chr21:10163709-10163909       TGGAAGGTGACACTACAATTCCCATGA-GGCTTTGCGGTACCCCGTTAGGAACCCAAGCC
chr4:49163124-49163324        TGGAAGGTGACACTACAATTCCCATGA-GGCTTTGCGGTCCTCCTTTAGGAACCCACACC
chr21:9647732-9647932         TGGAAGGTGACACCACAATTCCCATGA-GGCTTTGCGGTCCCCCGTTAGGAACCCACGCC
chr4:49628633-49628833        TGGAAGGTGACACTACAATTCCCATGA-GGCTTTGCGGTCCCCCTTTAGGAACCCACGCC
                               *                                                          

chr9:43087637-43087837        TACGTAACTGACATGACCAGCAGAGACAGGCTAAAG---ACACTGAGCTGAA--------
chr4:49500421-49500621        TACATAACTGACATGACCAGCAGAGACAGGCTAAAG---ACACTGAGCTGAA--------
chr1:142709170-142709370      TACATAACTGACATGACCAGCAGAGACAGGCTAAAG---ACACTGAGCTG----------
chr1:143205635-143205835      TACATAACTGACATGACCAGCAGAGACAGGCTAAAG---ACACTGAGC------------

chr9:43087637-43087837        GGGGG---------------ACATAATTTATAACTTACTTTTCTCTCTGTATGACTCATT
chr4:49500421-49500621        GGGGG---------------ACATAATTTATAACTTACTTTTCTCTCTGTATGACTCATT
chr1:142709170-142709370      GGGGG---------------ACATAATTTATAACTTACTTTTCTCTCTGTATGACTCATT
chr1:143205635-143205835      GGGGG---------------ACATAATTTATAACTTACTTTTCTCTCTGTATGACTCATT
chr1:144209681-144209881      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148259866-148260066      ---------CAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148285287-148285487      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148317071-148317271      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148282065-148282265      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148326578-148326778      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACGGTAAGGTACTCACTGTCCACGTCAAG
chr1:148007708-148007908      CTGGAAGACCAGGTGGAGGCTTATCACCTTCATAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148264572-148264772      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148293230-148293430      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:21754169-21754369        CTGGAGGACCAGGTGGAGTCTTATCACCTTCATAGTAAGGTACTCACTGTCCAAGTCAAG
chr1:148255011-148255211      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148288420-148288620      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148307490-148307690      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148302733-148302933      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148013969-148014169      CTGGAAGACCAGGTGGAGGCTTATCACCTTCATAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148269326-148269526      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:148297980-148298180      CTGGAAGACCAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:145362216-145362416      CTGGAAGACCACGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:145318192-145318392      CTGGAAGAACAGGTGGAGGCTTATCACCTTCACAGTAAGGTACTCACTGTCCACGTCAAG
chr1:146230786-146230986      CTGGAAGGCCAGGTGGAGGCTTATCACCTTCATAGTAAGGTACTCACTGTCCACGTCAAG
chr22:18846828-18847028       -------------------------------------CAGTCATACCCTGGACTCCTATC
chr1:143467584-143467784      --------------GTAGAG--AGAACCTGGTTCCCAAGGTCCTTGATGGTAAACATCAT
chr1:142618627-142618827      --------------GCAGAGAGAAAAGCTGGTTCCCAAAGTCCTTGATG-GTAACATCGT
chr1:142890954-142891154      --------------GCAGAGAGAAAAGCTGGTTCCCAAGGTCCTTGATG-GTAACATCAT
chr21:10163709-10163909       --------------GCAGAGAGAAAAGCTGGTTCCCAAGGTCCTTGATG-GTAACATCAT
chr4:49163124-49163324        --------------GCAGAGAGAAAAGCTGGTTCCCAAGGTCCTTGATG-GTAACGTCAT
chr21:9647732-9647932         --------------GCAGAGAGAAAAGCTGGTTCCCAAGGTCCTTGATG-GTAACATCAT
chr4:49628633-49628833        --------------GCAGAGAGAAAACCTGGTTCCCAAGGTCCTTGATG-GTAACATCAT
                                                                      *  *                

chr9:43087637-43087837        AGGCAATGACTGTGTATGTA-CTACAATGT--AAATAGCACCTCCT---GGATGGAATAG
chr4:49500421-49500621        AGGCAATGACTATGTATGTA-CTACAATGT--AAACATCACCTCCT---GGATTGAATAG
chr1:142709170-142709370      AGGCAATGACTATGTATGTA-CTACAATGT--AAACAGCACCTCCT---GGATTGAATAG
chr1:143205635-143205835      AGGCAATGACTATGTATGTA-CTACAATGT--AAACAGCACCTCCT---GGATTGAATAG
chr1:144209681-144209881      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148259866-148260066      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148285287-148285487      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148317071-148317271      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148282065-148282265      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148326578-148326778      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148007708-148007908      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148264572-148264772      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148293230-148293430      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:21754169-21754369        AGCCAAGCCAAGGTGTTGTTCCTGCAATGAGTAAAACTCACTTCTGTAGGGCTGGCATAA
chr1:148255011-148255211      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCT--
chr1:148288420-148288620      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCT--
chr1:148307490-148307690      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCT--
chr1:148302733-148302933      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148013969-148014169      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148269326-148269526      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:148297980-148298180      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCACTGCTGTAGGGCTGGCCTAA
chr1:145362216-145362416      AGCCAAGCCAAGGTACTGTTCCTCCAATGAGTAAACAGCA--------------------
chr1:145318192-145318392      AGCCAAGCCAAGGTACTGTTC---------------------------------------
chr1:146230786-146230986      AGCCAAGCCAAGGTACTGTT----------------------------------------
chr22:18846828-18847028       TGTGTCTAAACACCACGCCCCACCCCC-AACTGCACGGC-AGCCACTCGCATAGCACTCT
chr1:143467584-143467784      TGGAAGGTGACACTACATTTCCTATGA-GGCTCTGCGGTCCCCCGTTAGGAACGCACGCC
chr1:142618627-142618827      TGGAAAGTGACACTACATTTCTCATGA-GGTTCTGTGGTGCCCGGTTAGGAACCCACGCC
chr1:142890954-142891154      TGGAAGGTGACACTACAATTCCCATGA-GACTTTGCGGTACCCCGTTAGGAACCCAAGCC
chr21:10163709-10163909       TGGAAGGTGACACTACAATTCCCATGA-GGCTTTGCGGTACCCCGTTAGGAACCCAAGCC
chr4:49163124-49163324        TGGAAGGTGACACTACAATTCCCATGA-GGCTTTGCGGTCCTCCTTTAGGAACCCACACC
chr21:9647732-9647932         TGGAAGGTGACACCACAATTCCCATGA-GGCTTTGCGGTCCCCCGTTAGGAACCCACGCC
chr4:49628633-49628833        TGGAAGGTGACACTACAATTCCCATGA-GGCTTTGCGGTCCCCCTTTAGGAACCCACGCC
                               *                                                          

chr9:43087637-43087837        TACGTAACTGACATGACCAGCAGAGACAGGCTAAAG---ACACTGAGCTGAA--------
chr4:49500421-49500621        TACATAACTGACATGACCAGCAGAGACAGGCTAAAG---ACACTGAGCTGAA--------
chr1:142709170-142709370      TACATAACTGACATGACCAGCAGAGACAGGCTAAAG---ACACTGAGCTG----------
chr1:143205635-143205835      TACATAACTGACATGACCAGCAGAGACAGGCTAAAG---ACACTGAGC------------
chr1:144209681-144209881      GTCAGGCAGTTCAAGATAACCTGAAGGAGTCGAATAACATCTATCCAGTGAGTCCTGCAA
chr1:148259866-148260066      GTCAGGCAGTTCAAGATAACCTGAAGGAGTCGAATAACATCTATCCAGTGAGTCCTGCAA
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Supplemental S9

Supplemental Figure S9: Results of running CUSTAL on the regions of module 9 of the distant eRNAs.
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Supplemental Figure S10: Similar to Figure 6A, overlaps with active histone marks and repressive marks are shown

in green and red. None of the red marks are enriched in any module, but the active marks are di↵erentially enriched

(hypergeometric p < 10�4, shown in bold).
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Supplemental S11

Supplemental Figure S11: Results of cisDiversity on bidirectional transcripts which overlap with an annotated TSS.

Also shown is the overlap with the TF binding data used in Figure 6A and active histone marks (hypergeometric p < 10�4,

shown in bold).
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Supplemental Figure S12: Sequences that are common across three assays that measure enhancer activity in K562.
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Supplemental Figure S13: Complete results of cisDiversity run on ATAC-seq regions in fly at 2–4 hrs after embryoge-

nesis.
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(C) Partition of the full data (empty module 1 is not shown for clarity)
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Supplemental Figure S14: Complete results of cisDiversity run on DNase-seq regions in human H1 ESCs.
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