The Open Door Workshop Module 4: Working with ENCODE data

Module 4: Working with ENCODE Data

Aim

Learn how to explore data from the ENCODE (Encyclopedia of DNA
Elements) project using:

* the ENCODE portal

* the ENCODE Roadmap Browser and the IHEC Data Portal
* the UCSC Genome Browser

* the Ensembl Genome Browser

Introduction

The ENCODE (Encyclopedia of DNA Elements) Consortium is an
international collaboration of research groups funded by the National Human
Genome Research Institute (NHGRI). The goal of ENCODE is to build a
comprehensive parts list of functional elements in the human genome,
including elements that act at the protein and RNA levels, and regulatory
elements that control cells and circumstances in which a gene is active.

ENCODE investigators employ a variety of assays and methods to identify
functional elements. The discovery and annotation of gene elements is
accomplished primarily by sequencing a diverse range of RNA sources,
comparative genomics, integrative bioinformatic methods, and human
curation. Regulatory elements are typically investigated through DNA
hypersensitivity assays, assays of DNA methylation, and immunoprecipitation
(IP) of proteins that interact with DNA and RNA, i.e., modified histones,
transcription factors, chromatin regulators, and RNA-binding proteins,
followed by sequencing.

Data from the ENCODE project can be accessed in a variety of ways.

The ENCODE portal

The primary source for data and information about the ENCODE project is the
ENCODE portal at https://www.encodeproject.org/. The portal contains tools
for browsing and searching data generated by the ENCODE consortium via
assays, biological samples, and experimental reagents used.
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Worked example 1: the ENCODE portal

In this worked example we will look whether there are any ENCODE data sets
available containing ChlP-seq data for human kidney tissue.

(1) Go to the ENCODE website (https://www.encodeproject.org).

ENCODE Data~ Methods~  AboutENCODE~  Help~ Q Sign in

ENCODE: Encyclopedia of DNA Elements
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Ay / ) {\ Human Genome Research Institute (NHGRI). The goal of ENCODE is

— A — to build a comprehensive parts list of functional elements in the

/ N /
= \ [weas [(mw ational [(UP XN

=3 ‘ ChiP-seq | | RRES

(chunrer) nmz ch pACEIEY ”"’;“ ;;‘R "(\“"* RPseq | human genome, including elements that act at the protein and RNA
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Long-range regulatory elements onmmers Tvanscnms Image credits: Darryl Leja (NHGRI), lan Dunham (EBI), Michael Pazin
(enhancers, repressors/
silencers, insulators) (NHGRI)
Data News
To find and download ENCODE Consortium data: March 3, 2015: ENCODE User's Meeting will be held at at the
Bolger Center in Potomoc, MD from June 29 - July 1, 2015 [read
» Click the Data toolbar above and browse data more]
© By assay December 17, 2014: Data release: 114 human and 98 mouse
© By biosample datasets. [read more]
« Enter search terms like “skin®, “ChiP-seq", or *CTCF December 8, 2014: Data release: 10 human, 25 mouse, and 108

(2) Click on the “Data” drop-down menu in the toolbar.

ENCODE | Datar Methods~  AboutENCODE~  Help~ Q Sign in

Assays

Biosamples

ENC( ~woies  yclopedia of DNA Elements

Annotations

Release policy

Data can be browsed via assays, biosamples, and antibodies used.

(3) Select “Assays”.
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ENCODE Data- Methods-  AboutENCODE-  Help~ Q Sign in

Assay Showing 25 of 4661 - ﬁ
ChiP-seq 2467

RNA-seq 696
Ohase-seq %8 | BNABind-n-S Experiment
ind-n-Se
shRNA knockdown followed by 245 q P
RNA-seq Target: SRSF8
RNA profiling by array assay 180 Lab: Chris Burge, MIT
Project: ENCODE
+ See more.
Experiment status RNA Bind-n-Seq Experiment
released 4648 Target: RBM23
revoked 13 Lab: Chris Burge, MIT

Project: ENCODE
Genome assembly (visualization)

hg19 2782 RNA Bind-n-Seq Experiment
mmS 559 Target: No protein target control
dm3 108 Lab: Chris Burge, MIT
mm10 45 Project: ENCODE
Organism RNA Bind-n-Seq Experiment
Homo sapiens 3511 Target: No protein target control
Mus musculus 980 Lab: Chris Burge, MIT
Drosophila melanogaster 108 Project: ENCODE
Target of assay RNA Bind-n-Seq Experiment
transcription factor 1199 Target: No protein target control A
histone 871 Lab: Chris Burge, MIT
histone modification 844 Project: ENCODE
control 450
RNA binding protein 310 RNA Bind-n-Seq Experiment
+ See more. Target: No protein target control
Lab: Chris Burge, MIT
Biosample type Project: ENCODE
immortalized cell line 2628
tissue 799 RNA Bind-n-Seq Experiment
primary cell 774 Target: No protein target control
stem cell 209 Lab: Chris Burge, MIT

The "Assays" page lists all assays that have been used to generate ENCODE
data. The results can be narrowed and filtered by selecting one or more
values in a metadata category on the left hand side of the page. Multiple
values from each facet can be selected at any one time.

(4) Select “ChlP-seq”, “Homo sapiens”, “tissue” and “kidney”.
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ENCODE

Data ~ Methods ~ About ENCODE ~ Help ~ Q
RNA-seq 3
ChiP-seq 2@
DNA methylation profiling by array assay 2 )
FAIRE-se ¢ protingbyaney y1 ChIP-seq of kidney (Homo sapiens, adult) Experiment
9 Target: CTCF ENCSR000DMC
RAMPAGE U Lab: Vishwanath lyer, UTA released
+ See more. Project: ENCODE
E:::;:‘!dent status 5 ChiP-seq of kidney (Homo sapiens, adult 27 year) Experiment

Genome assembly (visualization)

Target: Control \
Lab: Vishwanath lyer, UTA released
Project: ENCODE

Sign in

hg19 2
Organism
Mus musculus 32
Homo sapiens 20
Target of assay
control 1
transcription factor 1
Biosample type
primary cell 8
tissue 2@
Organ
kidney 2@
lung 2
pancreas 2
spleen 2
heart 1
+ See more

The results show that there are two datasets that match our search criteria,
one containing CTCF binding data, and a control dataset. CTCF is a
transcriptional repressor (http://en.wikipedia.org/wiki/CTCF).

(5) Click on the link for the CTCF dataset, “ChlP-seq of kidney (Homo sapiens,
adult)”.
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ENCODE Data-~

Experiment  ChIP-seq

Methods ~

About ENCODE ~ Help ~ Q Sign in

Experiment summary for ENCSR000DMD

Status: released

Assay:

Accession:
Biosample summary:
Type:

Target:

Description:

Lab:

Project:

External resources:

Date released:

Assay details

Nucleic acid type:
Lysis method:
Extraction method:

Fragmentation method:

Size selection method:

Documents

General protocol

Description:

Track description for UCSC Genome Browser

ChlIP-seq

ENCSR000DMD

kidney (Homo sapiens, adult 27 year)

tissue

Control

Control ChiP-seq on human kidney

Vishwanath lyer, UTA

ENCODE

UCSC-ENCODE-hg19:wgEncodeEH003451 (' GEO:GSM1006868 ('

2012-08-27

DNA

see document
see document
see document

see document

composite track hg18/wgEncodeOpenChromChip

& wgEncodeOpenChromChip.release2.html.pdf

More

Biological replicate - 1

Technical replicate:
Library:

Biosample:

1
ENCLB169REG

ENCBS349AAA - kidney

Details about the dataset are shown. At the bottom of the page data can be
downloaded in various formats.
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Files linked to ENCSRO00DMD Visualize Data
A . . File _ Output _ Paired i i . i N i n o| Lab . Date . File _  File
O v type e type ¥ end v i v pli v v { h = ¥ added ¥ size ° download

ENCFFOOORXD  bam alignments hg19 Vishwanath 2012-07-26 634 MB & Download
Iyer, UTA

ENCFFOOORXF bigWig signal hg19 Vishwanath 2012-07-26  3.97 & Download
Iyer, UTA GB

ENCFFOOORXR  fastq reads 1 1 Vishwanath 2012-07-26 1.02 & Download
Iyer, UTA GB

(6) Click on “UCSC-ENCODE-hg19:wgEncodeEH003451".

) Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Search for Tracks in the Human Feb. 2009 (GRCh37/hg19) Assembly

Search Advanced
Track Name: contains
and Description: contains
and Group: is. Any
and Data Format: is| Any v
ENCODE terms
+ |and | UCSC Accession + |is among wgEncodeEH003451

search | | clear || cancel

+|-| Visibility = Track Name
™ |fun ~| Kidney Input DS  Kidney OC Input TFBS ChIP-seq Density Signal from ENCODE/OpenChrom-UTA ~
Return to Browser | (1 of 1 selected)

This links to the UCSC Genome Browser.

(7) Select “Visibility: full” and click on [Return to Browser].

8.1 _ Kidney OC Input TFES ChIF-seq Density Sighal from ENCODE/OpenChrom-UTA
Kidney Input DS
8 _

A track containing the kidney CTCF ChlP-seq data has been added to the
browser view.

Data can also be searched using the “Search ENCODE” search box present
in the tool bar on the ENCODE portal pages.

(8) Go back to https://www.encodeproject.org.

(9) Type “ChlP-seq human tissue kidney” in the “Search ENCODE” search
box”.
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ENCODE Data~ Methods~  About ENCODE~ Help~ ChiP-seq human tissu Q Sign in

Data Type Showing 2 of 2
Experiments 2
ChlIP-seq of kidney (Homo sapiens, adult) Experiment

Target: CTCF NCS DM
Lab: Vishwanath lyer, UTA released
Project: ENCODE

ChlIP-seq of kidney (Homo sapiens, adult 27 year) Experiment

Target: Control 3 M
Lab: Vishwanath lyer, UTA released

Project: ENCODE

This gives the same result as we got by browsing by assay.

More information about how to access data via the ENCODE portal can be
found at https://www.encodeproject.org/help/getting-started.

The ENCODE Roadmap Browser and the IHEC Data Portal
ENCODE data can also be searched along with data from other consortia.
The ENCODE Roadmap browser (http://www.encode-roadmap.org) allows

searching of ENCODE data and data from the Roadmap Epigenomics project
(http://www.roadmapepigenomics.org).

Data can be selected by selecting boxes from a matrix. The matrix is
organised by data types (columns) and cell types (rows). After the data have
been selected they subsequently can be visualised in the UCSC genome
browser.

[ ENCODE < ><< B ¥ & DATA BROWSER

[ Roadmap [M ENCODE [l Combined [l Selected
The tables below show which cell types have browser tracks for different data types in the combine Encode Roadmap browser. By
default all, cell type rows are collapse into functional groups. Clicking on the group name will expand out all the cell types. The legend
above shows what the colors of different squares mean

Data can be viewed by clicking on data types at the top of the table, the squares for cell type groups and data types, the names of cell
types in an expanded cell type group, or individual cell type and data type squares.

After selecting data, go to the bottom of the page to review what is selected and then click on the "Go to Browser" button
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The IHEC (International Human Epigenome Consortium) Data Portal
(http://epigenomesportal.ca/ihec/index.html) allows searching of ENCODE
data and data from multiple other epigenomics projects.

s. I H E C About Overview Data Grid Download Genome Browser IHEC Main Site

Data Portal

Welcome to the IHEC Data Portal

You may select IHEC datasets in these charts to view them in the Data Grid. Alternatively you can download or display them in a Genome Browser.

ﬂ‘d

\ il
? 5667

Midadle ‘ datasets
Genitourinary

£5 Cells

By Consortium By Tissue By Assay Category

= I B

CEEHRC

ENCODE

The UCSC Genome Browser

UCSC coordinated data for the ENCODE Consortium from its inception in
2003 (Pilot phase) to the end of the first 5 year phase of whole-genome data
production in 2012. All data produced by ENCODE investigators and the
results of ENCODE analysis projects from this period are hosted in the UCSC
Genome Browser and database.

All the ENCODE data that are hosted as browser tracks in the UCSC Genome
Browser are visually summarised in the ENCODE Experiment Matrix
(http://genome.ucsc.edu/ENCODE/dataMatrix/encodeDataMatrixHuman.html).

Worked example 2: the UCSC Genome Browser

In this worked example we will explore the region of the TP53 (Tumor protein
p53) gene for transcription factor binding data and histone marks that are
often found near active regulatory elements. We will also determine if these
histone marks are indicated in human embryonic stem cells.

(1) Go to the UCSC Genome Browser homepage (http://genome.ucsc.edu/).
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UCSC Genome Bioinformatics

Genomes - Blat - Tables - Gene Sorter - PCR - VisiGene - Session - FAQ - Help

About the UCSC Genome Bioinformatics Site

Welcome to the UCSC Genome Browser website. This site contains the reference sequence and working draft assemblies for a large collection of
genomes. It also provides portals to ENCODE data at UCSC (2003 to 2012) and to the Neandertal project. Download or purchase the Genome Browser
source code, or the Genome Browser in a Box (GBIB) at our online store.

We encourage you to explore these sequences with our tools. The Genome Browser zooms and scrolls over chromosomes, showing the work of
annotators worldwide. The Gene Sorter shows expression, homology and other information on groups of genes that can be related in many ways. Blat
quickly maps your sequence to the genome. The Table Browser provides convenient access to the underlying database. VisiGene lets you browse
through a large collection of in situ mouse and frog images to examine expression patterns. Genome Graphs allows you to upload and display
genome-wide data sets.

The UCSC Genome Browser is developed and maintained by the Genome Bioinformatics Group, a cross-departmental team within the UC Santa Cruz
Genomics Institute and the Center for Biomolecular Science and Engineering (CBSE) at the University of California Santa Cruz (UCSC). If you have
feedback or questions concerning the tools or data on this website, feel free to contact us on our public mailing list.

The Genome Browser project team relies on public funding to support our work. Donations are welcome -- we have many more ideas than
| - . N DONATENOW
our funding supports! If you have ideas, drop a comment in our suggestion box.

(2) From the blue navigation links on the left side of the page, click the
“‘Genome Browser” link.

” Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Human (Homo sapiens) Genome Browser Gateway

The UCSC Genome Browser was created by the Genome Bioinformatics Group of UC Santa Cruz.
Software Copyright (c) The Regents of the University of California. All rights reserved.

group genome assembly position search term

Mammal + || Human + || Feb.2009 (GRCh37/hg19) +| chr21:33,031,597-33,041,570 | enter position, gene symbol or search terms submit

Click here to reset the browser user interface settings to their defaults.

track search | | add custom tracks | | track hubs | | configure tracks and display

(3) On the “Human Genome Browser Gateway” interface, click the “Click here
to reset the browser user interface settings to their defaults.” link. This will
ensure that any prior activity on the browser has been cleared out and that
everyone is starting with default settings.

(4) Choose the “Human” genome and the “Feb. 2009 (GRCh37/hg19)”
assembly. Enter the text “tp53” in the “search term” box. Choose “TP53
(Homo sapiens tumor protein p53 (TP53), transcript variant 1, mRNA.)” from
the resulting drop down list. Click the [submit] button.

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move  <<< << || < || > || >> >>> | zoom in [ 1.5x |[ 3x || 10x | base | zoom out | 1.5x | 3x || 10x || 100x

chr17:7,571,720-7,590,868 19,149 bp.‘ enter position, gene symbol or search terms g0

7,596, 600|

es ¢
WRAPS3 e

o]
WRAPSOI

HU341431

HU941444 1

PSS M
21 HYa41438

RefSeq Genes
RefSeq Genes

Puslications: Sequences in SCientific Articles
seauences - ——+ + + #
swes L 1 1 [ [ [ 1

Hunan mRNAS From GenBank

i Hunan aRNRs) # & - #
Hunan ESTS That Have Been Spliced
) Spliced ESTs NN ——F—————————————H-&—BE— i
100 HBK2TAC Mark (OFten Found Near ACtive Regulatory Elements) on 7 cell 1ines from ENCODE

Lauered HaKa7Rc
8

W DNasel Hupersensitivity Clusters in 125 cell tupes from ENCODE (V&)
Oiase Clusters — I
Transcription Factor ChIP-seq (161 Factors) from ENCODE uith Factorbook Mot ifs

1

|| ™0 Factor cnie
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Note that we are using the GRCh37/hg19 assembly, because the ENCODE
data haven’t been mapped to the GRCh38/hg38 assembly.

(5) In the TP53 region on the browser, examine the features briefly. Then click
the “zoom out [1.5x]” button near the top. Assess the features again.

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move [ <<< |[ << | <[> |[>> | >>> |zoomin [ 15x || 3x |[ 10x |[ base | zoom out [ 1.5x | 3x || 10x || 100x

¢chr17:7,566,932-7,595,655 28,724 bp. | enter position, gene symbol or search terms g0

scale 10 Kof y
chri7: 7,570, 00| 7,575, o0l 7,580, 00| 7,585, 000 7,596, 608| 7,585, 080|
UCSC Genes (RefSed, GenBank, CCDS, Rfam, TRNAS & COMPArative Genomics)
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10
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Layered HaKa7AC
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ONase Clusters —-— - - .
Transcription Factor ChIP-seq (161 factors) from ENCODE uith Factorbook ot ifs
Txn Factor chiP — - i O
PR 196|vir-tolr-bees| Basguss Sotstrrat ign|by PgIe
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AR Y7 PN TSR RS ﬁ‘L, 1N Y L dAL e d AL ,«.«.l,..*‘,,.,wj,l. LLLLLL L
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Rhesus NN NN
Hoze ————Bi—k—NII—LIll S

Dog. I} I i
Elephant —————fll——————1Il AR T

hicken
X_tropicalis 1
Zohrar ish
Canprey
Simple NUCleotide Polumorphisns (dBSNP 141) Found in >= 12 of Samples
common SNFsC141> | LI L L HEone e o L 1} LR I R N AR NI e i [T R I [ il LU S B B A | LI U B B O I M)
Repest ing_Elenents by Repeatiasker
|| Repeatmasker NENNNN W N1W ¥ - [ ] N N T —— — | ] —
move start Click on a feature for details. Click or drag in the base position track to zoom in. Click side bars for track options. Drag side bars or move end
< |20 > labels up or down to reorder tracks. Drag tracks left or right to new position. < |20 >
track search default tracks default order hide all add custom tracks track hubs configure reverse resize refresh

(6) Click the [hide all] button in the middle of the resulting page. (We want to
reduce what'’s in the display to reduce the burden on the servers, and to focus
on our features of interest.)

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<< << |[ < J[ > [ >> >>> | Zzoomin | 1.5x || 3x || 10x || base | Zzoom out [ 1.5x || 3x |[ 10x | 100x

chr17:7,566,932-7,595,655 28,724 bp. | enter position, gene symbol or search terms ‘ g0

[enrs7 coss.s) EEE TR

Scate To wnf | he1s
chri7: 7,570, 698| 7,575, 896| 7,588, 608| 7,585, 896| 7,598, 688| 7,595, 896|
move start Click on a feature for details. Click or drag in the base position track to zoom in. Click side bars for track options. Drag side bars or move end
< |20 > labels up or down to reorder tracks. Drag tracks left or right to new position. < |20 >
track search default tracks default order hide all add custom tracks track hubs configure reverse resize refresh

Use drop-down controls below and press refresh to alter tracks displayed.

collapse all expand all

Tracks with lots of items will automatically be displayed in more compact modes.

Mapping and Sequencing
- | Genes and Gene Predictions [ cefresh ]
UCSC Genes RefSeq Genes AceView Genes CCDS Ensembl Genes @ EvoFold

hide | hide < hide | hide < hide < hide <
Exoniphy GENCODE... Geneid Genes Genscan Genes H-Inv 7.0 7:\':;"1(;;5”95
hide | hide < hide | hide < hide | ﬁLj

(7) Add the “GENCODE ...” track (from the “Genes and Gene Predictions”
group) and the “ENCODE Regulation ...” track (from the “Regulation” group)
by choosing “show” in the respective pull down menus and clicking a [refresh]
button.
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UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<< |[ << | <[> |[>> | >>> |zoomin [ L5x | 3x | 10x |[ base | Zzoom out [ 1.5x | 3x || 10x || 100x

chr17:7,566,932-7,595,655 28,724 bp. | ente

scale 10 kb} hg1a
cnri7i 2,570, 000l 7,575, 000l 7,589, 06| 7,585, 006 7,598, 000 7,595, 000l
Gasic Gene Annotation Set from GENCODE Version 13
TPs3 A RF11-195F11.,2 mmmm— [ B SUN——
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ONase1 Huper: ity Clusters in 125 cell tupes from ENCODE (V3)
Ohase Clusters — . .
Transcript jon IP-seq (161 FActors) From ENCODE with FACtorbook MOt ifs
Txn Factor chiF — I -

Examine the display. Note that the “Txn Factor ChIP” track shows data blocks,
but not individual transcription factors. Also note that the “Layered H3K27Ac”
track appears to contain multiple data sets of various colours.

(8) Click the “ENCODE Regulation ...” hyperlink (in the “Regulation” section)
to look at the component tracks of this super-track.

ENCODE Regulation Super-track Settings

Integrated Regulation from ENCODE Tracks (. reguistion tracks

Display mode: [show  ~| | submit

*+i=1AN
hide  ~| Transcription Transcription Levels Assayed by RNA-seq on 9 Cell Lines from ENCODE
hide  ~| Layered H3K4Me1 H3K4Me1 Mark (Often Found Near Regulatory Elements) on 7 cell lines from ENCODE
hide  ~| Layered H3K4Me3 H3K4Me3 Mark (Often Found Near Promoters) on 7 cell lines from ENCODE
™[ful ~| Layered H3K27Ac H3K27Ac Mark (Often Found Near Active Regulatory Elements) on 7 cell lines from ENCODE
@[dense  ~| DNase Clusters ~ DNasel Hypersensitivity Clusters in 125 cell types from ENCODE (V3)
@[dense  ~| Txn Factor ChIP  Transcription Factor ChIP-seq (161 factors) from ENCODE with Factorbook Motifs ENCODE Mar 2012 Freeze
hide  ~| Txn Fac ChIP V2 Transcription Factor ChlP-seq from ENCODE V2

(9) By default the “Txn Factor ChIP” track is visible in “dense” mode. Change
this to “full”. Click the [Submit] button.

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<< || << | <[> | >> |[>>> |zoomin [ 15x | 3x | 10x |[ base | Zzoom out [ 1.5x || 3x |[ 10x |[ 100x

chr17:7,566,932-7,595,655 28,724 bp. | enter position, gene symbol or search terms g0
hr17 (p15.1)
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chr17: 2,570, 006 7,575, 000l 7,580, 006 7,585, 006 7,590, 006 7,585, 000l
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Examine the display again. Note that individual transcription factors can be
identified by name using the labels on the left. Note that the letter codes near
the blocks correspond to cell lines that have been used in experiments for this
data. Click some of the blocks to note the cell lines and signal levels observed
in them. Return to the viewer for the next steps.
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(10) Click the grey bar to the left of the “Layered H3K27Ac” track to go to the
controls for that track.

Layered H3K27Ac Track Settings ENCODE Downloads Subtracks| Description| Contact,

Ny H3K27Ac Mark (Often Found Near Active Regulatory Elements) on 7 cell

lines from ENCODE (4ENCODE Regulation)
Display mode: | full ~| | submit | [ cancel | Reset to defaults

Overlay method: | transparent ¢
Type of graph: |bar  ~|

Track height: |30 pixels (range: 11 to 100)
Vertical viewing range: min: o max: |100 (range: 0 to 3851)

Data view scaling: | use vertical viewing range setting ~| Always include zero: [oFF ~|
Transform function: Transform data points by: | none s
Nindowing function: hiskers | Smoothing window: [off ~| pixels
Negate values:
Draw y indicator lines: aty = 0.0forr ~| aty=o  [of |
Graph configuration help

List subtracks: ( only selected/visible (=all (7 of 7 selected) Restricted Until
@ GM12878 H3K27Ac Mark (Often Found Near Regulatory Elements) on GM12878 Cells from ENCODE ~ schema
™  H1-hESC H3K27Ac Mark (Often Found Near Regulatory Elements) on H1-hESC Cells from ENCODE ~ schema
HSMM  H3K27Ac Mark (Often Found Near Regulatory Elements) on HSMM Cells from ENCODE ~ schema
HUVEC H3K27Ac Mark (Often Found Near Regulatory Elements) on HUVEC Cells from ENCODE ~  schema
K562 H3K27Ac Mark (Often Found Near Regulatory Elements) on K562 Cells from ENCODE ~ schema
NHEK H3K27Ac Mark (Often Found Near Regulatory Elements) on NHEK Cells from ENCODE ~ schema
NHLF H3K27Ac Mark (Often Found Near Regulatory Elements) on NHLF Cells from ENCODE ~ schema

ARAREA

On this histone mark page, note that there are various cell line data sets,
which have colour codes. One of the lines is H1-hESC, which is a human
embryonic stem cell line.

(11) Uncheck all cell line boxes except H1-hESC. Click the [Submit] button.

scate 10 Ko} | het
chri7: 7,570, 0061 7,575, 000l 7,580, 990 7,585, 090 7,599, 800 7,595, 000
Basic Gene ARNOTATion Set From GENCODE Version 18
Trss el Tl RP11-199F11 2 mmm— URAPS3 i}
Trss T | WRAFS3 -
55—l B
S5 — et el
TPSS e—— e g
. i ...
Testm T T T T ks -
55 Moo o]
ssssss [ e 1|
100 _ HSKETAC Mark (Often Found Near ACtive Resulatory Elements) on 7 cell lines from ENCODE 1
Lauered HakaTAC

Note that we can now see that there is signal associated with this histone
mark in stem cells in this region. This was difficult to examine before because
of the other colour overlays.

(12) Return to the histone mark page by clicking the grey bar to the left of the
“Layered H3K27Ac” track. Turn on or off various cell lines to view the data.

Return to the viewer each time by clicking the [Submit] button.

The various data types in this region should help you to understand possible
features of regulation of the genes in this area.
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The Ensembl Genome Browser

The Ensembl project (http://www.ensembl.org) uses data from the ENCODE
project, as well as data from other projects/publications, to predict sequences
potentially involved in gene regulation. The regulatory features resulting from
this Regulatory Build as well as the data on which they are based can be
explored in the browser.

Worked example 3: the Ensembl Genome Browser

In this worked example we're going to have a look for regulatory features in
the region of a gene and investigate their activity in different cell types.

We'll start by searching for the human LIMDZ2 (LIM domain containing 2) gene
on the Ensembl homepage (http://www.ensembl.org) and jumping to the
“Location” tab. Zoom out a little to see the gene plus some of the flanking
regions.

Contigs < AC046185.14
Genes
(Comprehensive ...
C | m— ]
< UMD2-004
retained intron
- a—
< UMD2-002
protein coding
- a-O0— —

< UMD2-003
protein coding
 —

< UMD2-009
nonsense mediated decay

< UMD2-005
retained intron
— N O
< UMD2-011
protein coding
A —O
< UMD2-010
protein coding

< UMD2-008
retained intron

Reg-feats are

coloured Black bars
blocks indicate TF

binding motifs

MultiCell
Requlatory Features. 1
Regulation Legend CTCF Enhancer
B Heterochromatin Open Chromatin
B Promoter Promoter Flank 1
B Predicted Transcribed Region I Repressed/Low Activity RegUIatlon
Transcription Factor Binding Site Uncl assified
Predicted W eak enhancer/Cis-reg element / ... butinactive in this cell line legend

There are currently 403 trackstumed off.
Ensembl Homo sapiensversion 79.38 (GRCh38.p2) Chromosome 17: 63,694,969 - 63,700,951

The “MultiCell Regulatory Features” are shown by default. In this region we
can see a large red promoter, two turquoise CTCF binding sites and a lilac
transcription factor binding site (don’t worry if you have zoomed out further or
not as far and can see more/less). Refer to the legend at the bottom to see
what the different colours mean.
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You can also click on the regulatory features to learn more. Click on the red
promoter to get a pop-up.

Regulatory Feature - MultiCell 0'
Zz Stable ID of the

Stable ID ENSRO00001537344

Type Promoter feature
Corebp  17:63697964-63702563

Attributes -

Name PWMID Score / TF binding
CTCF MAD139.1 12.214— motifs within
Egri MAD341.1 6.44 /—‘ the feature
Egri MAOD341.1 6.44

NFKB MAD105.3 11.411

Gabp PB0020.1 7.539

Click on the stable ID, ENSR00001537344, to jump to the “Regulation” tab.

Regulatory Feature: ENSR00001537344 . .
Different views
d— ,'-'_’;= available for the
HUVEC I - n o o
= el feature
Summary  "Feature
Context
Classification Promoter
Location Chromosome 17: 63,697,964-63,702,563 Summary of
Active in 6/18 (DND-41, GM12878, HUVEC, HepG2, IMRS0, Monocytes-CD144) Cell types the
Summary @ featureis
active in
A& Select cells (showing 18/18)

5.00 kb

A549

DND-41

Forward strand je—
———

S S S S S S S S S S S Snadivejdthigdine, S S S ST S S

——— Active feature

63.698Mb 63.699Mb 63.700Mb- 63.701Mb 63.702Mb
Genes
(Comprehensive ...
Contigs < AC046185.14
Genes e E——
(Comprehensive ...
MultiCell =
Regulatory Features. InaCtlve

I
feature

We can see that this promoter is active in six out of the 18 cell types currently
in Ensembl. We can explore more detailed data in “Details by Cell type” —
click on the icon at the top.
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Details by cell type @

A Select cells (showing 1/18) ||| i Select evidence (showing 8/99) Advanced ...
8 <@EE

5.00 k_b Forward strand
63.698Mb 63.699Mb 63.700Mb 63.701Mb 63.702Mb

Genes

< AC046185.14

Feature in
HUVEC cells

|
DNasel &TFBS
Z’%fégturs tumed on ChlP_Seq peaks
in HUVEC cells
Hists f& Pd§ 1
4/}_&@%3;57 tumed on

H3K4me3

Polll

63.698Mb 63.699Mb 63.700Mb 63.701Mb 63.702Mb
~=mgReverse strand 5.00 kb

At the moment, this page is only displaying data in HUVEC cells and only for
a limited amount of evidence. Click on the [Select cells] button to add more.

& Select cells (showing 1/18)

type to filter options...

Cell type
turned off

awizs7s | igso | Ao | How | Huhuoe |
o33 | Hop2 | IMRo0 | K562 | MonooyiesCD1es | NekA-
CNHDF-AD | NHEK ] NHLF ] Ostoon

Cell

Cell type
turned on

We can add cell types by clicking on them. If the cell type is turned on it’s blue,
if it's off it's grey. You can turn them on or off by clicking on them, or turn
everything on or off using the [ALL ON] and [ALL OFF] buttons at the top.

Let’'s add a cell type where the promoter is inactive — HeLa-S3. Now close the
menu.
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We can change which evidence we can see, using the [Select evidence]
button.

i Select evidence (showing 8/99)

type to filter options...

Histone
OV oaxsac | ez | Haaseo | Haakizao | eaicisac | HaBkave | Haakizoes
H3:

[ Hokiao | Hokime1 | Hoime? | Hokamss | Hokies | Hokamr | Hokame | Hikida |
[Forrses | Foases | Fokzanes | vorres | ioernes | vioones ] vireas ] Foromet

Transcription Factor

[ATFs | BAFiss | aAFir0 | BAT- | 60L3 | BOLIA | BOLAFI | BHiscto | gt | Gis | G
(G [ Gror | Grort [ Earo J ot | eart | et ] Evor | Fosus | Fostz | Fown ]
(PO | ca | Gz | rean ] vonca | noRcs | Hev: ] ean | e | it | et
(o [ | x| Weron | Merec | anop | N | NP | Nenr ] e ] wor | oo
[Fos [ [ Pouera [ Povsr | Pur ] recer | e | smomo [ s | sPi 572 ] o1
(T | e [ Tore | Toer ] T ] Uset | owocs | Vot zerern | zoress ] zes ]

Polymerase

Open Chromatin

Choose [ALL ON] to get all the possible evidence, then close the menu.

Lastly, we are currently only seeing the peaks. In order to see the signal too,
select the [Signal] button.

[£3] Peaks Signal
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5.00 ki) Forward strand
63.698Mb 63.699Mb 53.700Mb 53.701Mb 53.702Mb
Genes
(Comprehensive ...
Contigs < AC046185.14
Genes s )
(Comprehensive ...
HUVEC
Requlatory Features.
C | I
Bg_g:_§§gm§n_t§ | — E— .}

DNasel &TFBS
5,v‘5_|f§§tur»5 tumed on

DNasel -ﬁ
Max
DNasel &TFBS

Legend &More v -89~

R AL — P il A
0.00 NP WP P IS A SRR RN N i 4 0 O = S RS gy S
Hists &Pds
10/10 features tumed on
v
a
H3K4me3
Polll I

Hists &Pds

Legend & More v 82~

Hela-S3
Requlatory Features V* / / / / / / / inadivEintiiscding 7/ /S S S
1

DNasel &TFBS

15/15 feaures tumed on
CTCF
CTCF
CTCF
DNasel ==

DNasel &TFBS

Legend &More ¥ P21~ A
Al

/ .4
0.00 — leststSiadiians BTN Y

Hists &Pds
10/10 features tumed on

-

Hists &Pds

Legend &Morew 00~

0.00 — kb 4t S on. b i, st a0 sk 20l Peeiotlitiin e

63.698Mb 63.699Mb 63.700Mb 63.701Mb 63.702Mb
~=mgReverse strand 5.00 kb

Now we can see the active feature in HUVEC compared to the inactive
feature in HeLa-S3. In HUVEC, we can see peaks of Max and Polll binding
across the promoter, plus H3K4me3 and H3K4me1 modifications and DNasel
sensitivity, whereas there is no such activity in HeLa-S3. In contrast, the
CTCF binding site at the left is active, and shows CTCF binding and DNasel
sensitivity in both cell types.
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If you would like to see these data in table format, click on the “Source data”
icon.

Source data @

Al ~| Showr/hide columns | =
Cell type 4 Evidence type 4 Feature name Location A
A549 DNase1 & TFBS CTCF 17:63697693-636984 11
A549 DNase1 & TFBS CTCF (MA0139.1) 17:63698077-63698095
A549 Hists & Pols H3K4me2 17:63699121-63699728
A549 Hists & Pols H3K4me3 17:63699177-63700726
A549 Hists & Pols H3K36me3 17:63702300-63702560

If you're interested in looking at regulatory features in detail across a region,
you can do so in the “Location” tab.

Now click on [Configure this page]. Go to “Regulatory features” in the left
hand menu.

Regulation
Enable/disable all Requlatory features

@I Reg. Feats
[ ] Reg. Feats: A549

[:I Reg. Feats: DND-41

[ ] Reg. Feats: GM12878
[ ] Reg. Feats: HIESC

[ ] Reg. Feats: HMEC

[ ] Reg. Feats: HSMM

[ ] Reg. Feats: HSMMtube
[#2] Reg. Feats: HUVEC
[£2] Reg. Feats: HelLa-S3

* X % % % %
Scoooooooe

*
=

The “MultiCell Reg. Feats” are already on. Turn on the tracks for the “Reg.
Feats: HUVEC” and “Reg. Feats: HeLa-S3".

We can also turn on the evidence tracks. There are two menus for this: “Open

chromatin & TFBS” and “Histones & polymerases”. Open the menu for
“Histones & polymerases”.
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Regulatory features

Histone modifications & RNA polymerases @

-
v

Filter by All classes

Key On . Off

No Data Filtered: On . off

Show tutorial

U

Add tutorial
labels to help
use this view

Legend

Celltype» | AD R o & Q

. ' AR AN ¢ W O 9 q N s
Evidence type ¥ | 0 P70 T R L K&
P Q&P LN N QN & E ¥ QN
Tackoie, YT TR TE LR FFEEIIILS
messds  OO00000000000

Polll

Pollll

H2AKS5ac

Histone

modification .

Select
boxes

AZBK12ac

H2BK15ac

H2BK20ac

H2BKS5ac

You can turn on a single track by clicking on the box in the matrix. Note that
certain tracks are already selected for all cell lines by default (Polll, Pollll,
H3K27me3, H3K36me3, H3K4me3, H3K9me3). However, these will appear in
the “Region in detail” view only if you specify a track style for the cell lines.

Turn on all the tracks for HUVEC and HelLa-S3. Hover over the cell line name

then select “All”.

Select features for GM12878

() Detault
(A

[T:} None
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Now choose the track style for the tracks you've switched on. Click on the
track style box for HUVEC and HelLa-S3 and select “Both”.

[} of
[m] Peaks
Signal
Both

There is a similar matrix for “Open chromatin & TFBS”. Use this to turn on all
tracks for “HeLa-S3” and “HUVEC” in “Both” track style. Now close the

configuration page.

We can now see regulatory activity across the region in both cell types.

MultiCell

HUVEC

DNasel &TFBS
5/5 features tumed on
CTCF

DNasel
Max

DNasel &TFBS

Legend & More ¥ p-06—

0.00

Hists &Pds
10/10 features tumed or

H3K36me3

Polll

Hists &Pds

Legend &Morav [-82~

0.00

Hela-S3

DNasel &TFBS
15/15 features tumed or
CTCF

CTCF
CTCF
DNasel

DNasel &TFBS

Legend & More ¥ p21-

0.00

Hists szPols :
10/10 features tumed or
H3K36me3 *

Hists &Pds

Legend &More ¥ [
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You can also get regulation data in the “Gene” tab, by clicking on “Regulation”
in the left-hand menu.

The Ensembl Regulatory Build incorporates data from sources such as
ENCODE, Blueprint and the Roadmap Epigenomics project. To see the data
directly from these sources, you can add so-called track hubs

Worked example 4: the Ensembl Genome Browser track hubs

Click on “Trackhubs” on the Ensembl homepage (http://www.ensembl.org).

Ensembl supports data from external projects through Trackhubs o

This page lists various track hubs that can be added to Ensembl.

Trackhub name Description Species and assembly
Blueprint Hub Blueprint Epigenomics Data Hub EI Human (GRCh37)
ENCODE Analysis Hub ENCODE Integrative Analysis Data Hub m Human (GRCh37)
Broad Improved Canine Annotation v1 Broad Institute CanFam3 Improved m Dog (CanFam3
Annotation Data v1
Cancer genome polyA site & usage An in-depth map of polyadenylation sites in E»I Human (GRCh37)
cancer (matched-pair tissues and cell
lines)
CEMT (CEEHRC) Epigenomic Data tracks from BCGSC, E»‘ Human (GRCh37)
Vancouver
CREST IHEC Hub CREST IHEC Epigenome Project Hub E" Human (GRCh37)
DEEP Deutsches Epigenome Programm (DEEP) E-] Human (GRCh37)
DNA Methylation DNA Methylation Hundreds of analyzed m Human (GRCh37)

methylomes from bisulfite sequencing data
2] Human (NCBI36)

B Mouse (GRCm38)
B Mouse (NCBIm37)

&3 Chimpanzee (CHIMP2.1.4)

The table contains a brief description of each hub, plus the assembly that the
hub is based on, as a link. Click on the link to turn on the hub. If the hub is
based on a genome assembly which is not the current assembly in Ensembl,
the link will also jump you to an archive with the previous assembly.

Track hubs often contain vast amounts of data, which can slow Ensembl

down, so only add them if you need them, and trash them when you are
finished with them.
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Click on the link “Human (GRCh37)” for the “ENCODE Analysis Hub”.

This will take you directly to the “Region in detail” view. Because this is a
GRCh37 track hub, this has taken you to our dedicated GRCh37 site
(http://grch37.ensembl.org).

Select the “Configure Region Image” tab on the configuration page to see that
a new category, named “ENCODE Analysis Hub”, has been added to your left
hand menu.

Configure Region Image ' ‘Configure Overvi
| Activetracks
Favourite tracks
Track order
Search results
E ENCODE Analysis Hub (0/2503)
ENCODE DNase-seq Peaks (0/125)
ENCODE DNase-seq Signal (0/125)
ENCODE FAIRE Peaks (0/25)
ENCODE FAIRE Signal (0/24)
ENCODE Genome Segmentations (0/18)
ENCODE Histone Modifications Peaks (0/190)
ENCODE Histone Modifications Signal (0/198)
ENCODE RNA Contigs (0/75)
ENCODE RNA Signal (0/352)
ENCODE Transcription Factor Peaks  (0/914)
ENCODE Transcription Factor Signals  (0/457)

Click on the various links under “ENCODE Analysis Hub” to find the ENCODE
configuration matrices, which work in the same way as the “Open chromatin &
TFBS” and “Histones & polymerases” matrices, except that some have
multiple options (indicated by numbers within the boxes). If you click on these
boxes, you can choose which of these options to add.
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ENCODE RNA Signal @

Filter by ‘Enter terms to filter by 1

Key on ] oft [ ] wooaa [T] Fiterea: on [Jj or [T]

> SO @ e
Locaﬁzatlonbi RS 0\0 R 06900
CellLine ¥ - PR R IO
P W
F IO
Default style

pvegsnes (] [0 00 0O

GM12878

Enable/disable all Cytosol:GM12878 i

H1-hESC
HeLa-S3 E] GM12878 Cytosol Minus non-PolyA Signal CSHL Rep 1

D GM12878 Cytosol Minus non-PolyA Signal CSHL Rep 2
HepG2 [] GM12878 Cytosol Minus PolyA Signal CSHL Rep 1
HMEC E] GM12878 Cytosol Minus PolyA Signal CSHL Rep 2
HSMM [:I GM12878 Cytosol Minus Total Signal CSHL Rep 1 TAP Only
HUVEC D GM12878 Cytosol Minus Total Signal CSHL Rep 2 TAP Only

I:] GM12878 Cytosol Minus Total Signal CSHL TAP Only

E] GM12878 Cytosol Plus non-PolyA Signal CSHL Rep 1

D GM12878 Cytosol Plus non-PolyA Signal CSHL Rep 2

[] GM12878 Cytosol Plus PolyA Signal CSHL Rep 1

[ ] GM12878 Cytosol Plus PolyA Signal CSHL Rep 2

E] GM12878 Cytosol Plus Total Signal CSHL Rep 1 TAP Only
D GM12878 Cytosol Plus Total Signal CSHL Rep 2 TAP Only
|:] GM12878 Cytosol Plus Total Signal CSHL TAP Only

K562
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Exercises
UCSC Genome Browser

The HLA-DRB1 and HLA-DQA1 genes are part of the human major
histocompatibility complex class Il (MHC-II) region and are located about 44
kb from each other on chromosome 6. In the paper “The human major
histocompatibility complex class || HLA-DRB1 and HLA-DQA1 genes

are separated by a CTCF-binding enhancer-blocking element’ (Majumder

et al. J Biol Chem. 2006 Jul 7;281(27):18435-43) a region of high acetylation
located in the intergenic sequences between HLA-DRB1 and HLA-DQAT is
described. This region, termed XL9, coincided with sequences that bound the
insulator protein CCCTC-binding factor (CTCF). Majumder et al. hypothesise
that the XL9 region may have evolved to separate the transcriptional units of
the HLA-DR and HLA-DQ genes.

Go to the region from bp 32,540,000 to 32,620,000 on human chromosome 6
(use the GRCh37/hg19 assembly). Hide all tracks and then add the
“‘GENCODE ..." and “ENCODE Regulation ...” tracks. Go to the configuration
page for the “Txn Factor ChIP” track by clicking on the grey bar in front of it,
and use the “Filter by factor” option to only show “CTCF” binding sites.

(a) Does the intergenic region between the HLA-DRB1 and HLA-DQA1 genes
contain any CTCF binding sites? Is it a region of high acetylation? Do any of
the CTCF binding sites colocate with a region of high acetylation?

Turn on the “Genome Segments” track in “dense” mode. Go to its
configuration page and turn on all available genome segmentation tracks.

(b) What colour are “CTCF enriched elements” in the “Genome Segments”
tracks? Is any of the CTCF binding sites reflected in the “Genome Segments”
tracks?

Ensembl Regulatory Build

(a) Go to the “Region in detail” view for the human STX7 (Syntaxin 7) gene.
Are there any predicted enhancers in this gene region? If so, where in the
gene do they appear?

(b) Open the Configuration page and turn on “Regulatory features” for HUVEC,

HelLa-S3, and HepG2 cell types. Are the predicted enhancers active in any of
these cell types?

130



The Open Door Workshop Module 4: Working with ENCODE data

(c) Add DNAse1 hypersensitivity data (a mark of open chromatin) for the
HelLa-S3 cell type. Are there any DNAse1 hypersensitive sites in the STX7
gene in HeLa-S3 cells?

(d) Add histone modification data for the HeLa-S3 cell type. Which ones are
present at the 5" end of STX7?

(e) Turn on the “CpG island” track. Are there any CpG islands in the STX7
gene region?
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Exercises answers
UCSC Genome Browser

(a) Yes, the intergenic region between the HLA-DRB1 and HLA-DQA1 genes
contains four CTCF binding sites of varying length. It is also a region of high
acetylation, as shown by the peaks in the “Layered H3K27Ac” track. Two of
the CTCF binding sites colocate with a region of high acetylation.

(b) “CTCF enriched elements” are coloured blue in the “Genome Segments”
tracks. Two of the CTCF binding sites are reflected in the “Genome Segments”
tracks, but only in a subset of cell types.

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<< |[ << | <[> |[>> | >>> | zoomin | L5x || 3x || 10x |[ base | Zoom out [ 1.5x |[ 3x | 10x | 100x

chr6:32,540,000-32,620,000 80,001 bp. | enter positon, gene symbol or search terms | (a0

Scale 26 Kot | heis
chre: | 32,545, 008| 32,550, 006] 32,555, 066l 32,560, 068l 32,565, 008l 92,576, 600| 32,575, 006l 32,580, e06| 32,585, 600] 32,538, 600] 32,595, 008| 32,660, 006] 32,605, 600] 32,610, 008| 32,615, 00a|
Basic Gene ANNOTATioN St from GENCODE Version 19
e e S | HLA-D0A1 o
HLA-DOAL -
HLA-DGA1 fommm bk

ons
1 N I S— u
I— 1 1178 S | N E———
1 L] 0
H1-hESC Chr ]
H1-hESC_Com — N —
Hi-hE: [ BT 11 s 1 (LT AR BN B R CENTETE NIRRT I [ ) ] | BN (LN} I [N N [
I
S
[NNTH ST T WY WNT W) ] 1 15 LSS [ T ] [ [N} [N
1 —— I 1 | ey 2828090 020929 ]
I E—
I e L LRI TTTir T oyt I T 1T 1T 1 T T
— — 1 e I
L = B
[T T T T T WN T NN R W N T NN F TN TN T (T T T LN T} 1
I ¥ O O O O

Ensembl Regulatory Build
(a) Yes, there are five enhancers (coloured in dark yellow) predicted in the
region of the STX7 gene, two near the 3’ end, two near the middle and one

near the 5 end.

(b) Two of the five predicted enhancers are active in HUVEC cells, while none
of the five are active in HeLa-S3 and HepG2 cells.

(c) Yes, there’s a DNase1 hypersensitive site at the 5’ end of the STX7 gene.
Clicking on the coloured block shows that the source of this information is the
ENCODE project.

(d) Several histone modifications are found at the 5" end of the STX7 gene in
HelLa-S3 cells, i.e. H3K27ac, H3K36me3, HsK4me2, H3K4me3 and H3K9ac.

(e) Yes, there is a CpG island at the 5’ end of the STX7 gene.
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Ensembl Homo sapiensversion 78.38 (GRCh38) Chromosome 6: 132,445,867 - 132,513,198
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