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Supplementary Figures

Supplementary Figure S1: TF load enriches similar bins of enhancer load. Heatmaps of the
hypergeometric distribution enrichment significance (adjusted -log;op-value) of genes binned by
TF load (y-axis) across different bins based on enhancer load (x-axis) for 9 ENCODE cell lines
(from top to bottom, left to right: HUVEC, HCT116, MCF7, A549, HeLaS3, HIThESC, HepG2,
K562 and GM12878). Genes were sorted by regulatory load and grouped in bins (y- and x-axis).
Bottom or left side bins contain genes with lower regulatory load than top or right side bins. Bins
denoted with “1” contain genes with no associated TF or enhancer. The enrichment significance
(adjusted -log op-value) is depicted by the color gradient, increasing from yellow to red (values >
50 appear in red). Dark grey represents (adjusted -log;op-value) < 1.3, not considered significant.
The significance is evident along the diagonal for all 9 cell lines, denoting the concerted increase
between TF and enhancer load, with genes in bins of low TF load enriching the highest for genes
in bins of low enhancer load and vice-versa, genes of high TF load enriching the most for high
enhancer load genes. Supplementary File 5 contains tables with the enrichment significance
(adjusted -log;op-value) obtained and the exact TF load per bin (vertically) or enhancer load per

bin (horizontally) for each of 9 cell lines.

Supplementary Figure S2: High enhancer load genes enrich for disease association also
with more stringent disease gene groups. Heatmaps of the hypergeometric distribution
enrichment significance (adjusted -log;op-value) of genes binned by enhancer load across 139

samples. Left side bins contain genes with lower enhancer load than bins on the right side. The
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enrichment significance (adjusted -logjop-value) is depicted by the color gradient, increasing
from yellow to red. Grey represents (adjusted -logjop-value) < 1.3 (equivalent to p-value > 0.05),
not considered significant. The significance is evident on the bins of highest enhancer load on the
right side, with orange and red colours. (A) Results using the set of curated disease genes from
DisGeNET version 2, minimum association score of 0.2 (7110 genes of which 5853 were in the
background set of 19238 protein coding genes). (B) Results using the set of disease genes from
the OMIM database, as of June 2015 (4557 genes of which 3483 were in the background set of

19238 protein coding genes).

Supplementary Figure S3: Genes with highest enhancer load vary across 139 samples.
Heatmap of the Jaccard similarity index for the pair-wise comparison of genes in the top
enhancer load bin across 139 samples. The heatmap is mirrored along the diagonal. Blue denotes
few common while red denotes many common genes on the two sets of highest enhancer load
genes from any two samples. The predominance of the blue colour reflects an overall low
similarity between the genes with highest enhancer load across samples (average similarity lower
than 30%). The bottom and right-side color bars denote groups of samples with the same tissue

of origin, color-coded on the bottom.

Supplementary Figure S4: Cell type-selective disease-association of genes under high
regulatory load. Heatmap from Figure 4 showing the statistical significance (adjusted -log10 p-

value) of the disease association enrichment of the high enhancer load genes across 139 samples
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and 174 diseases with names of the diseases and samples written out for each case. For more

details, see Supplementary File 4.

Supplementary Figure S5: Liver disease gene network. Illustration of the reconstructed liver
disease gene network containing 3,775 genes and 8,278 interactions. Red nodes represent the
high regulatory load genes from the two liver samples (primary liver (E066) and HepG2) and
grey nodes the other liver disease genes and their first neighbours in the network. A higher
intensity of red color is observed on the central area of the network, reflecting the higher

betweenness centrality of the high regulatory load genes as described in Figure 6.

Supplementary Figure S6: HRL genes have longer CDS and transcripts on average. (A)
Distributions of CDS lengths in 139 sets of high enhancer load genes from different samples
(each depicted by a green line) and in a background set of 16307 CDSs (depicted by the black
line). The average CDS length of all mean lengths of the high enhancer load genes was 1816 nt,
24% longer than the average of length of 1455 nt for the background set genes. (B) Distributions
of unspliced transcript lengths in 139 sets of high enhancer load genes from different samples
(each depicted by a green line) and in a background set of 16307 unspliced transcripts (depicted
by the black line). The average unspliced transcript length of all mean lengths of the high
enhancer load genes was 105452 nt, 94% longer than the average length of 54451 nt for the
background set genes. (C) The CDS lengths (y-axis) the 3°’UTR lengths (x-axis) of the transcripts

do not show correlation.



— N W kA LN 9 0

[ N (O8] N ()]
—_ \S) w SN W

TF load (binned)
— N W R KON X

— N W B N

1 23 45 6 7 1234567891011 1234567891011

H1hESC

— N W kA LN I 0

1234567891011 1234567891011 1234567891011

HepG2

— N W A N ONJ 0 O
— N W Rk LN 9 X

1234567891011 1234567891011 1234567891011
Enhancer load (binned)

Enrichment significance of TF & enhancer load correlation

0 10 20 30 40 50

-log, p-value
(-log,,p ) Supplementary Figure S1



Curated disease genes

Dnd41 E032 E061 E089
CordBlood.Neutrophil. CO04GDH1 E029 E059 .. E087
CordBlood.Neutrophil.C00184H2 E026 | | E058 E085 [ ]
CordBlood.Monocyte.SO00RDH2 E022 E056 E084
CordBlood.Monocyte.CO05PSH2 E021 E055 | ] E080 ]
CordBlood.Monocyte.C00264H1 E020 E050 E079
CordBlood.Megakaryocyte.S004BTH2 .. E019 E049 E078
CordBlood.Erythroblast.S002S3H1 E017 E048 E076
CordBlood.Erythroblast.S002R5H1 E016 E047 E075
CordBlood.CD8+_naive.C002YMH1 E015 E046 E074
CordBlood.AltActMacrophage.SO0C1HH1 E014 E045 EO073
CellLine.SporadicBurkittLymphoma.BP_DG-75_c01 E013 E044 EO072
CellLine.SporadicBurkittLymphoma.BP_BL-2_c01 .. E012 E043 EO071
CellLine.MultipleMyeloma.BP_U-266_c01 EO11 E042 | | E069
CellLine.MantleCellLymphoma.BP_Z-138_c01 E008 E041 E068
CellLine.MantleCellLymphoma.BP_JVM-2_c01 E007 E040 E067 B
CellLine.GerminalCenterBCellLike.BP_SU-DHL-5_c01 E006 E039 E066
CellLine.GerminalCenterBCellLike.BP_KARPAS-422_c01 E005 E038 B E065 I
AG04450 E004 B E037 | | E063
A549-EtOH E003 E034 Il E062
VenousBlood.Neutrophil.C12012H1 E111 PANC1 35
VenousBlood.Neutrophil. CO01UYH1 B E109 Osteo | |
VenousBlood.Neutrophil.C0011IH2 E108 NHLF )
VenousBlood.Neutrophil.C0010KH2 E106 NHEK | o & 30
VenousBlood.Neutrophil. CO00S5H1 E105 NHDFAd s =
VenousBlood.Monocyte.C004SQH1 E104 NHA R=g] 25
VenousBlood.Monocyte.C001UYH2 E103 Monocd14ro1746 % =
VenousBlood.Monocyte.C0011IH1 E102 | | MCF7 S oo 20
VenousBlood.Monocyte.C0010KH1 E101 K562 .. 2%
VenousBlood.Monocyte.CO00S5H2 E100 HepG2 s = 15
VenousBlood.MatureEosinophil. SOOBKKH1 E099 HelLaS3 2 o
VenousBlood.InflammatoryMacrophage.S0022I1H2 E098 HUVEC ] g £
VenousBlood.InflammatoryMacrophage.S001S7H2 E097 HSMM ] 25 10
VenousBlood.InflammatoryMacrophage.S001MJH1 E096 HMEC as
VenousBlood.CD4+_TCell.S007DDH2 || E095 [ ] HCT116 = 5
VenousBlood.CD4+_TCell.CO02TWH1 E094 H1hESC @
VenousBlood.CD4+_TCell.C002Q1H1 E093 GM12878
VenousBlood.AltActMacrophage.S00BS4H1 E092 E113 [ |
VenousBlood.AltActMacrophage.S006VIH1 E091 [ ] E112 (-log,,p-value)
VenousBlood.AltActMacrophage.S00622H1 E090
OMIM genes
Dnd41 E032 E061 E089
CordBlood.Neutrophil. CO04GDH1 E029 E059 E087
CordBlood.Neutrophil. C00184H2 E026 E058 E085
CordBlood.Monocyte.SO00RDH2 E022 E056 E084
CordBlood.Monocyte.CO05PSH2 E021 E055 E080 ]
CordBlood.Monocyte.C00264H1 E020 E050 E079
CordBlood.Megakaryocyte.S004BTH2 EO019 E049 E078
CordBlood.Erythroblast.S002S3H1 E017 E048 E076
CordBlood.Erythroblast. S002R5H1 E016 E047 ] E075
CordBlood.CD8+_naive.C002YMH1 EO015 E046 E074
CordBlood.AltActMacrophage.SO0C1HH1 EO014 E045 E073
CellLine.SporadicBurkittLymphoma.BP_DG-75_c01 E013 E044 E072
CellLine.SporadicBurkittLymphoma.BP_BL-2_c01 E012 E043 EO071
CellLine.MultipleMyeloma.BP_U-266_c01 EO11 E042 E069
CellLine.MantleCellLymphoma.BP_Z-138_c01 E008 E041 E068
CellLine.MantleCellLymphoma.BP_JVM-2_c01 E007 E040 E067
CellLine.GerminalCenterBCellLike.BP_SU-DHL-5_c01 E006 E039 E066
CellLine.GerminalCenterBCellLike.BP_KARPAS-422_c01 E005 E038 E065
AG04450 E004 E037 E063
A549-EtOH E003 E034 E062
VenousBlood.Neutrophil.C12012H1 E111 PANCA1
VenousBlood.Neutrophil.CO01UYH1 E109 Osteo
VenousBlood.Neutrophil.C0011IH2 E108 NHLF 8
VenousBlood.Neutrophil. C0010KH2 E106 NHEK ¥
VenousBlood.Neutrophil. CO00S5H1 E105 NHDFAd = §
VenousBlood.Monocyte.C004SQH1 E104 NHA LS o
VenousBlood.Monocyte.CO01UYH2 E103 Monocd14ro1746 = E 6
VenousBlood.Monocyte.C0011IH1 E102 MCF7 S =
VenousBlood.Monocyte.C0010KH1 E101 K562 2.2
VenousBlood.Monocyte.C000S5H2 E100 HepG2 ] ff
VenousBlood.MatureEosinophil. SO0BKKH1 E099 HelLaS3 o = 4
VenousBlood.InflammatoryMacrophage.S00221H2 E098 HUVEC 4 E
VenousBlood.InflammatoryMacrophage.S001S7H2 E097 HSMM 9 =
VenousBlood.InflammatoryMacrophage.S001MJH1 E096 HMEC 2 =) 2
VenousBlood.CD4+_TCell.S007DDH2 E095 ] HCT116 =
VenousBlood.CD4+_TCell.CO02TWH1 E094 H1hESC 5
VenousBlood.CD4+_TCell.C002Q1H1 E093 GM12878
VenousBlood.AltActMacrophage.SO0BS4H1 E092 E113 ]
VenousBlood.AltActMacrophage.S006VIH1 E091 E112 (-lo -value)
VenousBlood.AltActMacrophage.S00622H1 E090 £,oP

Supplementary Figure S2



s\

- 4 K

4

:
ﬁw
|

F-.-muull-.nl[luul || IF

SYVAUYONVI
NIVId
SVAYONVd

ONNT

NIVdd
ONN'T
ATISNN
ONNT

0020406081
Jaccard Similarity index

AVINISVA
LSVHId
ONNT

HAAI'L
ANV'ID TYNHIAV

ATOSNIA

HOVINOLS

T TISNIN

Mmqombzw INNLOAA
ATISNIN) NO'TOD
(ATOSNI) HOVINO.LS
ATOSNIN) WANAAONd

AV INISVA

AUAVAO

VINHOVId
ANLLSHINI TV LA
HHAAI'L

ONNT
SNOVHJOSH
NALDAY
ANLLSHLINI TTVIAS
VINHOVId
LAVHAH

A TIOSAN
SVAYONVd
HIOVINOLS
LSVHIL

NO'10D

aoo'rd
SNINAHL
NAATAS

Supplementary Figure S3




Lung Dissases

arcinoma, Hepatocoluar

Rpertusion injry
Hypartension
Eyo Avnomates.
(Congenal daptragmatic heria
Al Fiordaton
Gomensoscrosi, Focal Segmental
Gt Pate
Endomeiral Neopiasms

Hera, Disp
Salvary Gland Neoplasms
LiverCirnoss

Aboron, Spontaneous.

Livor Ciosss, Exporimontal

Precursor Cell Lymphobiastc Levkemia-Lymphoma
Medusoblasama.

Amyorophic aera sclross |

Diabetes Ml Type 1

Ostooporosis
LverDiseases.

Encophalomyotts, Auoimmune, Experimenta
Esopnagesi Neoplasms

oy Disoases.

Drug-incuced Lve nry

Asthma,

ntmmation

Opesiy.
Heart Defects, Congental
Giabiasioma

ol Tiansformaton,Necplastc

—logo(p - value)
10.0

7.5

5.0

25

Aemoasi
Hypertension, Essential
Bran Neopisms
UretealOttructon

Pancraatts, Acuts Necrotizing
DiabetcNeuropatios

Ani-Glomeruar Basement Mambrano Disease.
dencma.

Noura Tube Delects

Atuminuria

Fotal Grawh Fotardation
Newoblasoma.

Loukera, Lymphocyte, Chvonic, B-Col
Cainoss.

Jar Disordor

‘Small GollLung Carcnoma

ftabotc Syncrome X

‘Cardomyopalty. Diatec

Bums.

Nophvote Syndrome

Dermatts, Atopec.

Fiross
Hypothyroidsm

ntllecualDisaiy

Garcinoma, Sauamous Call
Azhoimer Disase

‘e, Alergi Contact
s

opsic
Lupus Eryhematosus, Systomic
At Exporimertal

erain schamia

Myocardial Repertusion inry

. o &
feiet 3t il H
i it i
a0 i :
Figs g H
HEL L il 3
e s g i H
# i

&

Supplementary Figure S4



Supplementary Figure S5



L 1.0 £ 10-
& 2
=
So 0.8 g 0.8
[=] S
£ 06/ = 0.6
s S
— N
S 0.4 5 04
2 =
= z
s 0.2- ® 0.2-
g E
Q =
0.0 5 0.0+ —
50 500 5000 50000 500 5000 50000 500000
CDS length (nt) Unspliced transcript length (nt)
C
40000+
g 30000+
: o
)
=
=
n
a
o

0 5000 10000 15000 20000 25000
3’UTR length (nt)

Supplementary Figure S6





