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3D Genome Workshop - Overview of ENCODE

— The ENCODE Project
— 3D Data Access Through the ENCODE Portal
— The ENCODE Encyclopedia

— Tools for Investigating Genetic Variants
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ENCODE Tutorials

— ENCODE Tutorials

https://www.encodeproject.org/tutorials/

http://www.genome.gov/27553900
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ENCODE: Annotating the non-coding genome

— Vast majority of common disease associations and
heritability lie outside of coding regions

— Non-coding variants known to cause human diseases and
alter human traits (FXS, ALS)

A SNA/SSz';PS; ngtl_lig GWAS SNPs in DHSs
W, SIin S —
(n=1,204) \ (?_2’931)

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

Stamatoyannopoulos, Science 337:1190, 2012 ‘M‘ %



Goals of ENCODE

— |dentify all candidate functional elements in the human
and mouse genomes

Promoters, enhancers, transcribed regions

— Make resource freely available to the community for use in
studies of:

Genetic basis of disease
Gene regulation

Computational tool development

ENCODE



ENCODE Data Types

ENCODE: Encyclopedia of DNA Elements
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— 1000s of data sets

— 100s of biosamples
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ENCODE Portal — Unrestricted data access

https://

an Glichrist

ENCODE Data Encyclopedia  Materials & Methods  Help
Experiment Matrix Assay Assay category
Click or enter search terms to filter the Chia-GEIES] DNA binding 2006
experiments included in the matrix. H-G 12 Transcription 1002
5C 1 RNA binding 388
Enter search term(s) DNA accessibility 202
- DNA methylation 100
+See more...
Hypersensitive S
Organism AsSAY
‘ Homo sapiens 54
=
Biosample type a
\ 2
primary cell 1 g flé
stem cell " <)
Clear Filters © §$' &
DNase-seq Project immortalized cell line
FAIRE-seq 54 ® 2
ATAC-seq MCF- 1
isualizati Gm12878 2 2
hg19 30 GM1923¢
/% GM1924¢
Audit category: I GM19238 2
Long-range regulatory ele HeLa-S3 1 1
fsil not ct ized antibody 2 HepG| 1 1
" unreplicated experiment 2 LNCaP clone FGG 11
(1), asadl 1
i \ju\“/ Audit category: Caco-2 1
antibody characterized with 14 CakiZ 1
HUMAN MOUSE |: exemption G40 1
[: Inconsi 1 GM0699( 1
GM128918 1
Status GM128921 1
. HCT1168 1
Proje nBdl 1
NCI-H46¢ 1
Panc 1
RPMI-7951 1
I SJCRH3( 1
SK-MEL-§ 1
SK-N-DZ 1
SK-N-M(Q 1
56 SK-N-SH 1
SU-DHL-Z 1
7O —
[N ENCODE — 11 v -
primary cell S &
I stem cell

W I1QUCEU PIUMPOTENT STEITT Gell ine:

TWltter @EncodeDCC (7' NeWS All news

& ENCOI

The White House October 10, 2016

Vr ise

tweeted 104 ChlP-seq from Snyder Lab datasets released

A total of 104 ChIP-seq HEK293 experiments from the Snyder lab have been released!

“I'm a science geek. I'm a nerd, and | don't

make any apologies for it." —@POTUS ‘ Read more ‘

encodeproject.org

Target of assay Date released Available data

transcription factor 17 May, 2016 12 fastq 54
histone 14 May, 2012 8 bigWig 20
histone modification 14 October, 2011 8 bed bed3+ 12
narrow histone mark 10 July, 2014 7 hdf5 12
chromatin remodeller 8 June, 2016 5 bed bed12 11
+ See more... + See more... + See more...

Select data sets

Click to download or visualize

[ S i S S
¥ &
S & 8
EY

Data also available through
programatic web services
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ENCODE Annotations — the Encyclopedia

ENCODE Data
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22l Top Level Annotations

Chromatin states

Semi-automated genomic annotation methods such as ChromHMM and Segway take as
input a panel of epigenomic data (including histone mark ChIP-seq and DNase-seq) in a
particular cell type and use machine learning methods to simultaneously partition the
genome into segments and assign chromatin states to these segments; the states are
assigned such that two segments with the same state exhibit similar epigenomic patterns.
The procedure is “semi-automated" because states are then manually compared with
known biological information in order to designate each state as an enhancer-like,
promoter-like, gene body, etc.

[ Search ]

Variant Annotation

Over the past decade, Genome Wide Association Studies (GWAS) have provided insights
into how genetic variations contribute to human diseases. However, over 80% of the
variants reported by GWAS are in noncoding regions of the genome and the mechanism of
how they contribute to disease onset is unknown. By integrating data from the ENCODE
project and other public sources, RegulomeDB and HaploReg are two resources developed
by ENCODE labs to aid the research community in annotating GWAS variants. FunSeq2 is
another ENCODE resource for annotating both germline and somatic variants, particularly in

enhancer-like regions. You can query these enhancers by genomic locations, nearby

genes, or SNPs, and visualize them in the UCSC and WashU genome browsers. TN ik m bt LA sl
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Peaks computed from eCLIP-seq data in human cell lines K562 and HepG2 for a large number of RNA
Binding Proteins (RBPs).
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Tools for Variant Annotation — FunSeq?2

FunSeq2 - Aflexible framework to prioritize regulatory mutations from cancer genome sequencing

Overview

This tool is specialized to prioritize somatic variants from cancer
whole genome sequencing. It contains two components : 1) building
data context from various resources; 2) variants prioritization. We
provide downloadable scripts for users to customize the data context
(found under 'Downloads'). The variants prioritization step is
downloadable, and also implemented as a web server (Right Panel),
along with the pre-processed data context.

Instructions

« Input File - BED or VCF formatted. Click the "green" button to add
multiple files. With multiple files, the tool will do recurrent analysis.
(Note: for BED format, user can put variants from multiple genomes
into one file, see Sample input file .)

+*+ Recurrence DB - User can select particular cancer types from the
database. The DB will continue to be updated with newly-available
WGS data.

* Gene List - Option to analyze variants associated with a particular
set of genes. Note: Please use Gene Symbols, with one row per
gene.

+ Differential Gene Expression Analysis - Option to detect
differentially expressed genes in RNA-Seq data. Two files are
needed: an expression file and a class label file. Please refer to
Expression input files for instructions on how to prepare these files.

+* Note: In addition to on-site calculation, we also provide
scores for all possible noncoding SNVs of GRCh37/hg19
under 'Downloads’ (without annotation and recurrence
analysis).

Input File: (only for hg19 SNVs)
Choose File | no file selected
BED or VCF files as input. Sample input file

Output Format:
bed %

MAF:
0

Minor allele frequency threshold to filter polymorphisms from
1KG (value 0~1)

Cancer Type from Recurrence DB: Summary table
All Cancer Types s

Add a gene list (Optional)

Add differential gene expression analysis (Optional)

http://funseq2.gersteinlab.org/

Fu, Khurana, Gerstein, Genome Biology (15)10 2014
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Tools for Variant Annotation - RegulomeDB

Download About Help

ﬁ?pol |nr?an

Chromatin structure

Method Additional Info
Regulomel DNase-seq chr14:94207796..94208834 Cerebellumoc ENCODE
WAnCUTST  DNase-seq | chr14:94208390..94208598 Panislets ENCODE
to DNase f
DNase-seq chr14:94208414..94209060 T47d ENCODE
Enter di DNase-seq chr14:94208516..94209130 Hepatocytes ENCODE

Histone modifications

Method Location Chromatin State Tissue Group
ChromHMM | chr14:94201400..94210600  'Veak Repressed ESC ES-UCSF4 Cell Line REMC
PolyComb
—————  ChromHMM ' chr14:94201400..94211200 Quiescent/Low ESC H1 Cell Line REMC
ChromHMM  chr14:94201400..94211400 Quiescent/Low ESC HUESS Cell Line REMC
Summary of ¢
ChromHMM ' chr14:94201400..94211600 Quiescent/Low ESC ES-I3 Cell Line REMC

Show entries
Coordinate (0-based) dbSNP ID ? Regulome DB Score Other Resources

3 -

chr14:94208529 rs4900194 5 UCSC | ENSEMBL | dbSNP 2atures and
Showing 1 to 1 of 1 entries

N - -\
Or INe Lenter 1or Lenomics ana rFersonaizea vieaicine at Staniord University. (\i/l

RegulomeDB (TM) Copyright ©2011 The Board of Trustees of Leland Stanford Junior University. Permission to use the information contained in this database was given by the researchers/institutes who contributed or published the information.
Users of the database are solely responsible for compliance with any copyright restrictions, including those applying to the author abstracts. Documents from this server are provided *AS-IS" without any warranty, expressed or implied. The
RegulomeDB project at Stanford University is supported by a Genome Research Resource Grant from the US National Human Genome Research Institute, part of the US National Institutes of Health.

http://regulomedb.org/ S
Boyle, Cherry, Snyder, Genome Research 22-1790,2012 [




Tools for Variant Annotation - HaploReg

HaploReg v4.1

HaploReg is a tool for exploring annotations of the noncoding genome at variants on haplotype blocks, such as candidate regulatory SNPs at disease-associated loci. Using
LD information from the 1000 Genomes Project, linked SNPs and small indels can be visualized along with chromatin state and protein binding annotation from the Roadmap

Epigenomics and ENCODE projects, sequence conservation across mammals, the effect of SNPs on regulatory motifs, and the effect of SNPs on expression from eQTL
studies. HaploReg is designed for researchers developing mechanistic hypotheses of the impact of non-coding variants on clinical phenotypes and normal variation.

Update 2015.11.05: Version 4.1 GWAS and eQTL have been updated; a simpler pruning strategy is applied when combining GWAS; and links out to other NHGRI/EBI
GWAS hits and GRASP QTL hits are provided.

Update 2015.09.15: Version 4.0 now includes many recent eQTL results including the GTEX pilot, four different options for defining enhancers using Roadmap Epigenomics
data, and a complete set of source files for download and local analysis. Older versions available: v3, v2, v1.

J Build Query H Set Options H Documentation

Use one of the three methods below to enter a set of variants. If an r2 threshold is specified (see the Set Options tab), results for each variant will be shown in a separate

table along with other variants in LD. If r2 is set to NA, only queried variants will be shown, together in one table.

Query (comma-
delimited list of
rsIDs OR a single
region as
chrN-aetart.and)*

!

111

Query SNP: rs6575353 and variants with r2 >= 0.8
ohy POS LD LD v et At AFR AMR ASN EUR SiPhy :l?t::;er ﬁ;?:::er DNAse Proteins  Motifs NHGRIEBI g?{‘sp fg'ff'ed GENCODE ;’ubnsch
(hg38) (rd (D) freq freq freq freq cons — e bound changed GWAS hits hits hits genes v
14 93736606 0.83 -0.96 rs77582682 G A 0.03 0.06 0.00 0.08 gtissues CTCFRAD21 4 altered motifs PRIMA1  intronic
14 93738999 1 1 rs6575353 G A 0.71 0.85 0.51 0.92 Sox,TCF4 1 hit 1 hit PRIMA1  intronic
14 93739616 0951  rs12896080 G A 0.61 0.84 0.51 0.91 4 altered motifs PRIMA1  intronic
14 93739927 0831 rs4905084 A G 0.60 0.83 0.51 0.90 4 altered motifs PRIMA1  intronic
14 93742184 0951 rs4900194 A G 0.61 0.84 0.51 0.91 - 4tissies " BRN Gfi1,KAP1,Smad3 1 hit PRIMA1  intronic
14 93743570 0971  rsi11160137 A G 0.69 0.85 0.52 0.91 Stissues  ESCHRT 4 altered motifs PRIMA1  intronic
14 93743836 0.85 0.93 rs12587586 T G 0.59 0.84 0.52 0.91 6 tissues Roaz PRIMA1  intronic
ENCODE

www.broadinstitute.org/mammals/haploreg/

Ward and Kellis, Nucleic Acids Research 40-D930, 2011




Coming soon — ENCODE Element Visualizer

ENCODE
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Enter TF:

A172 immortal

cell line

Distance to Genes

A549 immortal

cell line

AB673 immortal

cell line

Ensembl

ucsc
WashU

k-4

11,654,435 ENSG00000235643.1 FBXO2

chr1 11,654,285

EE0073162 324.0

Ensembl

ucsc
WashU

k-1

FBXO6

11,732,135 FBXO6

chr1 11,731,985

EE0074082 324.0

Ensembl

ACHN immortalized kidney

cell line

fat

adipocyte in vitro

differentiated cells

adrenal gland tissue

male fetal 97 days

rsi1(

rsil

rs10260490
rs10260495
rs10260432
rs10260480




Coming soon — Next Phase of ENCODE

— Starting in 2017
— Element mapping in normal and disease samples
— Characterizing function of candidate elements

— Likely to include expanded 3D data sets

ENCODE



ENCODE at ASHG2016

— Chat with ENCODE Data Coordination Center and NHGRI
ENCODE Staff
NHGRI Booth #517
2 - 3 PM Thursday 10/20

— ENCODE DCC Workshop - Open Science: Quality Assurance
and Analysis of ChIP-seq Data Using the ENCODE Uniform
Processing Pipeline

Ballroom B
7:15 AM Friday 10/21



ENCODE Project Participants
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