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Welcome

* Objectives
» WWe want to tell you about the ENCODE resource

* We want to hear ideas, experiences, suggestions, and
questions
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Non-coding DNA Is Important For !L
Disease And Gene Regulation

 Vast majority of common disease associations
and heritability appear to lie outside of protein-
coding regions

* Non-coding DNA variants are known to cause
human diseases and alter human traits (FXS,
ALS, polydactyly)

» BUT: Reading the genome is difficult

PMID: 22955828, PMID: 25439723, PMID: 23128226
PMID: 17477822, PMID: 25679767, PMID: 27569544
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ENCODE Goals

» Catalog all candidate functional elements in the
genome

* Make resource freely available to community
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ENCODE Assays

Biochemical
U RNA polymerase Features

5C DNase-seq | | ChIP-seq | [WGBS Computational CLIP-seq
ChIA-PET FAIRE-seq RRBS predictions RIP-seq
Hi-C ATAC-seq methyl array
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Long-range regulatory elements Promoters il W o ) elements

(enhancers, repressors/silencers, insulators) Transcripts




ENCODE Components

* Functional Element Mapping Centers

* Functional Element Characterization Centers (NEW)
« Computational Analysis Research Projects

« ENCODE Data Coordination Center (DCC)

« ENCODE Data Analysis Center (DAC)
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Publications Using ENCODE Data

ENCODE Community Publications
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https://www.encodeproject.org/publications/
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ENCODE Community Publications,
By Disease Category

Cancer, 36%

Cardiovascular,
[PERCENTAGE]
Neurological/
Psychiatric, 10%

Human Genetics, . Autoimmunity,
12% Allergy, 12%
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ENCODE Use Cases

* Protocols and Approaches
* Methods development/validation

» Disease association/gene regulation studies
 Affected cell type
* Upstream regulators
» Target gene
» Causal variant
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ENCODE Outreach

ENCODE Tutorials

These tutorials were prepared for biologists using human and/or mouse gene|
biology. They explain what data are available, what they mean, how they can
in genetic research on human disease.

¢ ENCODE: Getting Started %
2016 Society of Toxicology Annual Meeting Workshop
ENCODE/Roadmap Epigenomics Tutorial, October 2015, ASHG
ENCODE 2015: Research Applications and Users Meeting

ENCODE Workshop, April 2015, Keystone Symposia
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Workshop materials

o NEW: Uniform Processing Pipelines/DNAnexus Tutorial from the ASHG 2016 Workshop in Vancouver, BC O
Presentations, tutori nd video from the ENCODE Users Meeting 2016 in Palo Alto, CA June 8 - 10, 2014

o Video and workshop materials from hands-on tutorial sessions on accessing, processing, analyzing, and ut]
resources, along with presentations from leading experts in disease, biology, and computational fields expl.
ENCODE resources in their work.

o Pictures by Forrest Tanaka can be viewed using #EUM16 on twitter

Keystone Symposium 2016, Chromatin and Epigenomics, Whistler, British Columbia, March 21, 2016.

o J. Seth Strattan, Find and V 3 EN E Data

Asia Pacific Bioinformatics Conference, San Francisco, January 10, 2016.
o J. Michael Cherry, Introduction to ENCODE and the ENCODE DCC
o Aditi Narayanan, The ENCODE Portal: Searching for Metadata and Data
o J. Seth Strattan, ENCODE Data Availability and Standardized Processing
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ENCODE Users Meeting

e« Save the date:
 July 8-11 2019
o Seattle, WA
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International Human Epigenome
Consortium (IHEC)
» Data Portal:

» Goal: Production of human epigenome maps
relevant to health and disease

» Can view by consortium, by assay, by cell type
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Many GWAS Associations Lie In Regions -\53 L,
Annotated By ENCODE And Roadmap

Epigenomics Data

A  GWAS SNPs not in GWAS SNPs in DHSs

LD w/ SNPs in DHSs _
(n=1,204) (n=2,931)

"~ 23.5%

GWAS SNPs in perfect LD
with SNPs in DHSs (n=999)

INm) Stamatoyannopoulos, Science 337:1190, 2012



Reading The Genome Is Difficult

* No simple regulatory code

» Sequence conservation can identify some
candidate functional elements (but not when or
where they act)

* Regulatory regions aren't always in the same
order as gene targets

99 % Non-coding

‘ 1% Co'
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Gene Regulation and Disease:
hypothesis generation and refinement

» Causal variants
» Target Gene
 Affected Cell type

» Upstream regulators
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1,500 Letters Of Our
3 Billion Letter Genome

agccaagcagcaaagttttgctgctgtttatttttgtagctcttactatattctacttttaccattgaaaatattgagga

agttatttatattictatttittatatatiatatattttatgtatittaatattactattacacataattatittttatatatatgaag
taccaatgacttccttttccagagcaataatgaaatttcacagtatgaaaatggaagaaatcaataaaatiatac
?t acctgtgc};c aagtacctatcgtggacaaggtgagtaccatggtgta cacaaatgctctttccaaagccc
C cctgcagc cticcccttatgaccictcatcatgccagcattacctccctggacccctttctaagcatgtctitiga

gatttictaa aattcttatcttggcaacatctt?tagcaagaaaatgtaaa ttttctgttccagagcctaacagg

acttacatatitgactgcagtaggcattatatttagctgatgacataataggtictgtcatagtgtagatagggata

agccaaaatgcaataagaaaaaccatccagaggaaactctttttttttictttticttttttttt ttccag%at?gagtct

cgcacttctctgtcacccgggctggagcgcagtggtgcaatctiggctcactgcaacctccaccicctgggtica
g?taattctcccacctcagcctcccgagta tagctggaattacaggtgcgcgctcccacacctggctaatttttt
gta ctta?tagagat gggtttcaccatgtiggccaggctggtctcaaactcctgccctcaggtgatctgccca
cctt?gcc cccagt? gggtttacaggcgtgagccacctgcgcctgﬁcctggaggaaac cttaacaggga

aactaagaaagag tgaggctqaggaaotggggcatc (tgt?gttfgc ctggccagaccaccaggctctigaa
tcctcccagccatga aaagagtttccacaccagccattgttttcc ctct;gtaatgtca cctcatcigttgttccta

ggcttacttgatatgtitgtaaatgacaaaaggctacagagcataggttcctctaaaatattcttcttcctgtgtcag
atattgaatacatagaaatacggtctgatgccgatgaaaatgtatcagcttctgataaaaggcggaattataac
taccgagtggtgatgctgaagggagacacagccttggatatgcgaggacgatgcagtgctggacaaaagg
caggtatc caaaagCct%gggagccaactcacccaagtaac gaaagagagaaacaaacatcagtgca
gt%gaa cacccaaggc acacctgaatggtggggaagctcttt?ctgctatataaaatgaatcaggctcagct
actattattacactctcctgaagctaaccaacatiicctgcaacattatgtagacitt
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Maps And Annotation Help
Us To Understand The

agccaa ca§a g\ %ﬂ@tﬁ tagctcttactatattctacttttaccat ﬁaaaatatt agga
ag ttatttatatt tatttittatata atatattttatgta ttaatattactattacacataattatittttatatatatgaag
taccaatgacttccttttccag
tgag taccat{ggtgttatcacaaatgctctttccaaagccc

tctccgca ctcttccccttatgacctctcatcatgccagcattacc ccctggacccctttctaagcatgtct
gattt ctaagaattcttatctt caacatctt?tagcaa gaaaatg taaagttttct gttcca agcctaaca g
acttacata tgactgcagtaggcattatatttagctgatgacataataggtictgtcatagtg ta ata gggata
agccaa gaaaaaccatccagag aaactcttttttttt ctttttcttttttttt ttcca gagtct
cgcacttctctgtcacccgggctggagcgcagtggtgcaatcttggctcactgcaacctccaccic ggttca
?t attctcccacctcagcctcccgagtagtagctggaattacaggtgce cgctcccacacctgg ctaatttttt
a ctta?tagagat gggtttcaccatgttggccaggctggtctcaaacicctgccctcaggtgatctgccca
cctt gcctccca ? gggtttacaggcgtgagccacc cgcctg cctggaggaaac cttaacaggga
aactaagaaagagttga ggctqaggaactgg gcatc ?? tg ggccagaccaccaggctctigaa
tcctceccag cca? ﬂaaa aglttccacaccagccattgttitcctct taat tcagcctcatcigttgttccta
ggcttacttgatatgtitgtaaatgacaaaaggc acagagcatagg tcctctaaa attcttcttcctgtgtc

caggtatctcaaaagcct%gggagccaactcacccaagtaactgaaagagagaaacaaacatcagtgca
gtggaagcacccaaggc acacctgaatggtcT; gaagctcttt?ctgctatataaaatgaatcaggctcagct
actattattacactctcctgaagctaaccaacatitcctgcaacattatgtagactt

Scale 568 bases
chrs: 31,973, 008| 131,973,500
UCEC Genes (RefSed, UniFrotll CCDS, Rfam, tRMNAsS & Comparative Genomics)

SRl st s NI b assee’
RADS 8 | xkpaasa 33339939 TN T T -
NHGRI Catalog of Fublished Genome-Wide ASsSociation Studies
rsS2846764 |
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ENCODE

Richer Maps Provide More
Information

s kb | ho19
131,900, 008| 131,950, 00| 132,000, 008|
UCSC Genes (RefSedq, UniPFrot, CCDS, Rfam, tRNAsS & Comparati s

Transcription Factor ChIP-seq '
Txn Factor ChIF |] I I 1 1imi i

Digital DNasel Hypersensitivity Clusters in RS es from ENCODE
DNase Clusters || | 1 IR [ S || O

S8 _ lines from ENCODE
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ENCODE Data Are Cell-Type
Specific

Clustering based on
DHS patterns

Hematopoietic
Progenitors

Primitive
Mesoderm

Size and composition
of DHS landscape

ST
0
Hematopoietic il \
[ DHSs originating in ES cells %
Bl DHSs arising during CD34+ development &
[0 DHSs arising during lymphoid development

Endoderm/
Ectoderm

Stamatoyannopoulos, Cell 154:888, 2013
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