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1.5% of the human genome encode proteins

NHGRI-EBI

GWAS Catalog

98.5% of the genome contains:

Introns

Noncoding RNA genes
Pseudogenes

Repeats

Regulatory Elements

> 90% of disease-causing genetic variants lie in
noncoding regions of the human genome—
these variants are highly enriched in regulatory

elements.
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candidate Cis-Regulatory Elements (cCREs)

Silencer/
Insulator Enhancer Repressor Promoter Gene

Region where transcriptional
machinery and activators dock

* Active promoters
* Repressed promoters
* Bivalent promoters



candidate Cis-Regulatory Elements (cCREs)
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candidate Cis-Regulatory Elements (cCREs)
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Represses transcription



candidate Cis-Regulatory Elements (cCREs)

Silencer/
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Blocks interactions with
other nearby genes



The Encyclopedia of DNA Elements (ENCODE) Project
(2003-2022)

Goals:

» Cataloging all functional elements
in the genome

» Developing freely available
resource for research community

» Studying human as well as other
species

Project components: data
generation, analysis, and repository




The Encyclopedia of DNA Elements (ENCODE) Project
(2003-2022)
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candidate Cis-Regulatory Elements (cCREs)
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ENCODE experiments

cCRE - Transcription factor (TF) ChIP-seq
. . @ > 5000 ENCODE experiments

Antibody targets
transcription factor

Signal track after sequencing and genome alignment



ENCODE experiments

- Transcription factor (TF) ChlP-seq
> 5000 ENCODE experiments

cCRE

- Histone modification ChlP-seq

Y A?n“?d’i‘?if;ffﬁiet Y > 5000 ENCODE experiments

on histone tails

Signal track after sequencing and genome alignment



ENCODE experiments

cCRE - Transcription factor (TF) ChIP-seq
'. . e > 5000 ENCODE experiments

- Histone modification ChlP-seq
DNase | cleaves > 5000 ENCODE experiments

open chromatin

- DNase-seq
> 2000 ENCODE experiments

Signal track after sequencing and genome alignment



cCREs at the SP1 locus
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Article
— Expanded encyclopaedias of DNA elements
inthe human and mouse genomes
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Only a subset of cCREs is conserved
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Are low-phyloP cCREs truly unconserved?
or

Would they show conservation in recent
evolutionary time?



Stronger conservation is detected using 240
placental mammals than 100 vertebrates

phyloP

= 241 mammals
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Roughly half of cCREs are highly conserved
across mammals

all cCREs cCRE groups: Random genomic regions
(1=924.641)  G1(47.5%): highly conserved
G1 N 2120 and N, < 25
G2(11.7%): actively evolving
20<N,<50and N_<120

G3(10.2%): primate specific
N,<50 and N_>180

other (30.6%)

G3

240 -

G1: 23.6%

G3: 33.6%

N.: > 90% aligned species

1 120 240
N,: <10% aligned species



<5% cCREs are conserved beyond mammals

cCRE groups by mammals:

G1(47.5%): highly conserved
N, 2120 &N,< 25

G2(11.7%): actively evolving
20<N,<50&N_<120

G3(10.2%): primate specific
N,<50&N,>180

other (30.6%)
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Landscape of cCREs across placental mammals
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cCRE landscape reflects genome function
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Factorbook integrates 2,409 TF ChIP-seq experiments
with regulatory elements

TF (1,675) I I K562 (530) |ACTACCTT§§TT§CG sequencing data |
chromatin remodeler (238) Il I HepG2 (287) T ; P~
polymerase complex (202) I A549 (230)
TF cofactor (126) W B HEK293 (216) | /A TF peaks, signal |
DNA repair (43) I other cell line (778) ," Factorbookl pipeline \@
cohesin (39) I primary tissue (283) (£Ac¢A (
other (142) primary cell (59) SWWAEIVKAVE ACTUUF
I in vitro differentiated cell (26) sequence motifs Cromain  (patho ) eig ogical

We identify peaks and high-confidence candidate regulatory motif sites for
682 human TFs and 51 mouse TFs in 142 and 30 cell types, respectively.

Pratt, Andrews, ..., Weng, NAR, 2022
Wang, ..., Weng, Genome Research, 2012

https://factorbook.org W W NAR. 2012
ang, ... vveng, ,



Landscape of HNF4A-bound sites across placental mammals

G1, G2, G3, other
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UMAP1



Landscape of HNF4A-bound sites across placental mammals
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UMAP2

Group 3 sites are derived from transposable elements
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86.1% G3 sites are derived from transposable elements
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Data across 367 transcription factors (TFs), 15.6 M TF binding sites (TFBSs) in total



Landscape of FOXA1-bound sites across placental mammals
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Large clusters of FOXA1-bound sites reflect gains and losses
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3 absent
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Detect constrained TF-bound sites with Gaussian mixture model
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Constrained sites are the most conserved subset of sites

G1, G2, G3, other
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Constrained sites drive diverse human traits

non-synonymous (0.312%)
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GWAS variants are especially enriched in conserved
cCREs and transcription factor binding sites
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Conclusions

More than one-fifth of all human regulatory elements are
transposon innovations in the primate lineage,

while the most deeply conserved elements across mammals,
which constitute one-eighth of all elements,

regulate diverse human traits.
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