ENCODE 2020: Improving the syntax for annotating
functional elements in the human genome

“Measure what is measurable
and make measurable what is not.
- Galileo Galilei
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Catalog of functional elements controlling gene expression

High-throughput technologies: ChIP-Seq, RNA-Seq, DNAse-Seq, ATAC-Seq, "C”s
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Gene elements
promoter classes, splicing, fermination

Non-coding DNA regulatory elements
What is the catalog?

Enhancers elements

Orientation independent activation
Variable distances from target gene

~10% of the genome




A broad definition: Enhancers control cell type, temporal,
and spatial expression patterns
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Open Questions and Future Insights

How do we validate an enhancer?

What defines the boundaries of these elements?
TF binding/transcriptome data in multiple states of activity

What is the rate-limiting step for enhancer activation?
Need dynamic cell state and cell-cycle models

Not all enhancers are created equal
need to expand the dictionary fo delineate
different enhancer classes

Large scale efforts to link enhancers to target genes
in multiple contexts to understand impact on txnal output




Enhancer validation using reporter assays-
genomic and physiological context is important

ChIP-seq from tissues Comparative Analysis
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Perturbation studies needed!




Effect of TF binding on transcriptional output
not all enhancers are created equal
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Nature Reviews | Genetics

Can chromatin state or DHS maps distinguish among these models? Spitz and Furlong
Time scale and perturbation studies needed.




Cooperative enhancer model:
important for responding to specific cues

Transcription factors precisely bound to IFNP core enhanceosome
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predict that mutations or variation in this type of enhancer
may have dramatic effects on inducible expression




ENCODE 2020: Determining the impact of common
variation on human disease and traits

Can we predict functional variants, upstream regulators,
downstream targets?

NHGRI catalog: 112 GWAS loci associated with QT and QRS interval

Sinoatrial (SA) \
ode N /

achmann's Bundle
Nod N -
: Complex
\ /' 4
: Vi R
. 4 Left Bundle Branch
Anterior - y
Internodal p |
Tract A0 \
) -
/
‘!‘

Right Bundle Branch

Atrioventricular (AV) Node

system where ENCODE and related data sources can be leveraged fo give genotype-phenotype level readout




Genetic variation in enhancers:
reducing the search space for functional variants

Single Nucleotide Polymorphisms
(SNPs)

protein-coding
genes

Control
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non-coding
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112 GWAS loci associated with QT and QRS interval

can use functional elements fo reinterpret GWAS

Xinchen Wang, Manolis Kellis




Prioritizing functional/causal SNPs:
Enhancer SNPs can alter transcription factor binding,
but not always...

enhancer
4 GWAS locus ® ® ® ;—\—_}\ S
noc WGl NG IO [AG) [AC) cle
TT—
—-——— & > > v
IAC] ICT]  [AG] [AG)
£ - o e &—&—&~ X sociated
AWC) MG (NG| [AG] NG -

ACCGACGCCTTAG  // —




Proof of concept sub-threshold locus

Using epigenomics to prioritize common variants for functional analysis
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Allelic differences in DNase patterns
reveal altered binding at enhancer SNPs and can
predict upstream regulators
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Activity correlation and Chromosome capture (4-C)
predict enhancer downstream regulators
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Can engineer iPSCs with particular variants and fest genes
using phenotypic assays, ablate genes and test phenotype in relevant cell type




Getting the best bang for your buck: Exploiting
enhancers to prioritize novel disease
genes that do not reach genome-wide significance
in existing cohorts

7 NOST SL oUN o "UL‘U
‘ e ul KCK
] %) ot
. TAF *
204 + 3 !
- i ATPIB : — o} 52
Py " KCNQT :.
3 O &
g : : wes * GWAS
15 1
g ‘ cccccc ¢ . CREBBP |+ 4 «
3 rc [:A:i SPATS2L. :
2 ! : _— ' . APT2A2 UsPso-\
G i TRPMZ |
% 10+ ! sea g qu*.m-: iGMPRi o ""PT‘“B ’FEN' ‘:Acswxp';q . 3 ¢
- CAbJ :
=3 CCoC14 11 ',
5 TIN 3 < C3 A’” (‘BF;! “'U"72 |
dq . ‘ " ”
5 .- ! . sub-threshold
- II r r i ] ] ﬁ T
1- .
e Y > S S X BN N I NI SO 12

Chromosome Manhattan plot from Arking et al. Nature Genetics (2014)




Using enhancers to prioritize potential
causal variants associated with complex disease
New computational and experimental approaches to understand:

-Predictive value of SNPs in enhancers can this approach be used
to prioritize novel genes within existing cohorts?

-Connecting enhancers to cognate genes
-Leverage Gtex and ENCODE data
-How allele-specific variants affect gene expression

-How CNVs affect genome organization and gene programs




ENCODE 2020

Support individual
labs with unique systems or technologies
to close the gaps

Provide opportunities for greater
collaboration between labs outside ENCODE
with current infrastructure







