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0 Goals of ENCODE

e Catalog all functional elements in the genome
* Freely available resource for all biologists
* Human as well as other species

* Project components:
— Data generation
— Data analysis
— Data repository
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Be Displayed?

About ENCODE Data

The Encyclopedia of DNA Elements (E
Research Institute (NHGRI). The goal (
act at the protein and RNA levels, and

FARE-weg ipredc tions and
RT-FCR
>
aa CRN e 1
B 1 -— .
_ory arem repksory s, oo ~ . v
o, GRUARI MASSCAT, R Liar - -

Click fo enlarge

To search for ENCODE data related to
features). The Experiment List (Human

you would like to receive notifications ¢
information about how to access this d.

ATL R od i fo £ i oL £

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move (2<2) () () () G=) G2 zoomin zoom out (150) (3x) (100)
chr21 133,031 ,597*33,041 ,570 9,974 bp. | enter position, gene symbol or search terms |

|ChP21 (22, 11) EpiaE

2 khp————————— hatg
| 53, 853, eoa| 33, 034, aenl 33, 035, pes| 53, 036, aeal 33, 637, 08| 33, 635, ees| 53, 639, eeal 33, 640, pae| 33, p41, aae|
UCEC Genes (Refied, UniFrot, CCDE, Rfam, tRMHAS & Compatative Genomics)

Scale
chrat:

ECE41449 cjm

=001 [ ] ] ! 5 L —
Refieq Gehes
Refeq Genes L) ! ] ' ] L —
Human mENAS From GenBank
Human mRNAS B 3 » —
Human ESTs That Have Been Spliced
Seliced ESTs —g-E—— I v » — —

i1ge _ H3K2FAC Mark (Often Found Mear ACTive Regulatory Elements) oh 7 cell 1ines from EMCODE
Lagered H3K27AC

| _ i
Digital DNasel Hupersensitivity Clusters from EMCODE

- |
Transcription Factor ChIF-seq from ENMCODE
_| Ten Factor chIF mEE— - m

Flacental Mammal Basewise ConSerwation by FhuloF

DHase Clusters )

B—MWM‘HWWMWMWMM‘WM’W

-4

Mammal Cons

MUlt iz Alighments of 46 Vertebrates
=== B N Y A R U R 0 T M Y
Hause BN =il ——————— W A0 1) D110 110 -0 W01
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Oposs
chicken L [’}
F_Tropicalis [ i I
Zebraf ish LIk Wl

Simple Nucleotide Polumorphisms (dbSNF 135) Found in »= 17 of Samples
_| Gommon SHPSC135) [ I | | 11 I | | I 11 I

Repeat ing Elements by RepeatMasker

Repeatiaskar 51w I | H B B B mE ) [ [ |
move start Click on a feature for details. Click or drag in the base position track move end
T to zoom in. Click side bars for track options. Drag side bars or labels T

up or down to reorder tracks. Drag tracks left or right to new position.
(lrack search ) (default tracks) (defaull Drder) (hide all) (add custom lracks) (lrack huhs) (cnnfigure) (reverse) (resize) (refresh)
Use drop-down controls below and press refresh to alter tracks displayed.

Tracks with lots of items will automatically be displayed in more compact modes.
- | Mapping and Sequencing Tracks
Base  Chromosome Band STS Markers @ FISH Clones Recomb Rate E’eg%
Cdemse 19 (hide T3 (hide 79 P=——m

http://encodeproject.org
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Transcription Levels Assaded by EMA-sed on 9 Cell Lines from EMCODE

"= = om Aok 4 (1 " = - —
H3k4Mes MEFH COften Found Hear Fromotersy on 7 cell lines from EMCODE

.

HIK4Me1l Mark (Often Found Hear FEegulatoryg Elements)x on 7 cell lines from EMCODE

.
HEK27PAC Mark (Often Found Mear ACTive Regulatory Elementsy on 7 cell 1ines from EMCODE
4 v . R "
Digital DHasel Hupersensitivity ClUsters from EMCODE
| | i Ilm Bu |
Transcription Factor ChIF-seq from EMCODE
| | | H Ei | ] i |
EsSic Gehe AMROTation Set from ENCODE SGEMCODE Wersion 12
ILlg

IL1E Fesssfesaas]
HHGREI Catalog of Fublished Genome-MWide Association Studies

rEIE2456S | rE3E24403 |

rEIE245ES5 | rEIE24493 |

ESE245E5 | rs151E111 |
rEIEE4505 | rE1588371 |
rEIE2456S |

rEIE245ES5 |

http://encodeproject.org
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a ENCODE Data From
HaploReg

http://www.broadinstitute.org/mammals/haploreg/haploreg.php
Ward and Kellis, Nucleic Acids Research 40-D930, 2011

INSTITUTE

HaploReg EZBROAD |I|i|'

HaploReg is a toal for exploring annotations of the noncoding genome at variants on haplotype blocks, such as candidate regulatary
SNPs at disease-associated loci. Using LD information from the 1000 Genomes Project, linked SNPs and small indels can be visualized
along with their predicted chromatin state in nine cell types, conservation across mammals, and their effect on regulatory motifs.
HaploReg is designed for researchers developing mechanistic hypotheses of the impact of nan-coding variants on clinical phenotypes
and normal variation.

J Build Query || Set Options || 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 (refSNP ID(s), comma-delimited): | rs3024505 - 1

or, upload a text file (one refSNP ID per
line):
or, select a GWAS: |

Gutmio) g ’3

Query SNP: rs3024505 and variants with rZ >= 1

T
Choose File ) no file selected

4
2

Promoter Enhancer dbSMHP
ASN CEU YRI GERP SiPhy Proteins eQTL Motifs GENCODE RefSeq
s e e freq freq freq cons cons :::trok:e :Et:::e Ll bound tissues changed genes genes ::Ir:dt
22
K562, 74 cell 1kb3'of 1kb3'
1 206939904 1 rs3024505G A 0.02 018 0.03 NHLE types ﬁﬁ;ﬁﬂs IL10 of IL1D
1 2069424131 rs3024495C T O 048 0.02 GM12878 IL10 IL10  intronic

Handout
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http://regulome.stanford.edu/ ; Boyle...Snyder, Genome Research 22-1790,2012

RegulomeDB

——

——————

Enter dbSNP, IDs, 0-based Acoord;‘nares, BED files, VCF files, GFF3 files (hg19).

rs3024505] l

Data supporting chr1:206939903 (rs3024505)

Score: 2b
Likely to affect binding

Human Feb. 2003 (GRCh37/hg13) | £ff13206,939,703-206,940,103 (401 bp)
100 hases| { hgt3
206,939,850]  206,939,900|| 208,939,350  206,340,000]
RefSed Genes
H3kez7ac Mark (Often Found Mear Active Reglilatory Elements) on 7 cell lines fram ENCODE

206,939,750] 208,339,300 206,3940,050]  208,340,100]

Digital DNasel Hypersensitibity Clusters from ENCODE
Transannnn Factor CE\P-seE from ENCODE
Placental Mammal Basewide Conservation by PhyloP

M””*%%HMMM‘”WW

Repeating Elemants by Repeatvasker

Protein Binding
Filter: I
Bound Protein 7 Cell Type Additional Info Reference
ChlP-seq | chr1:206939412..206940458 CREBBP Jurkat 20019798
H a ﬂ\léo m.‘tsgagsgo..maegzo SPI1 GM12891 ENCODE

R —

Footprinting chr1:206939894..206939907 MZF1

Footprinting chr1:206939894..206939907 MZF1

? Cell Type

Fibrop

Gliobla J_|

Filter:

Reference

21108904

21106904

Chromatin structure

? Cell Type
DNase-seq chr1:206939662..206940103 Htr8
DNase-seq chr1:206939677..206940116 Panisd
DNase-seq chr1:206939685..206940094 Aosmc
e Sihn

Additional Info

Serum

Fiter:

Reference

ENCODE
ENCODE
ENCODE
i —

Histone modifications
Filter: I
Location Histone Mark ? Cell Type Additional Info Reference
ChlP-seq | chr1:206534479..207335459 Ha4k20me1 Helas3 ENCODE
ChiP-seq | chr1:206544749..207358622 H3k27ac Dnd41 ENCODE
ChlP-seq | chr1:206553433..207044290 Ha4k20me1 Hsmm ENCODE
ChiP-seq | chr1:206557090..207378901 H4k20me1 Helas3 ENCODE
T RS H3k2 a0 Hihese RIS S
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Disease Database

http://regulome.stanford.edu/GWAS; Schaub...Snyder, Genome Research 22-1748,2012

ReuloméDB

About Help

Linking Disease Associations with Regulatory Information in
the Human Genome

Marc A.!

Access the list of GWAS associations

» Listof all associated SNPs

« B

© 0000 O0CO0C0CO0OO0CO0CO0O0OO0C 00000000000

y phenotype:

5-HTT brain serotonin transpor
AB1-42

AIDS

AIDS progression

Abdominal aortic aneurysm
Acenocoumarol maintenance d
Activated partial thromboplastin
Acute lymphoblastic leukemia (
Adiponectin levels

Adiposity

Adverse response to aromatase
Adverse response to carbamap
Age-related macular degenerat
Age-related macular degenerat
Aging

Aging traits

Alcohol consumption

Alcohol dependence
Alcoholism (12-month weekly a
Alcoholism (alcohol dependenc
Alcoholism (alcohol use disords
Alcoholism (heaviness of drinki
Alopecia areata

Alzheimer's disease
Alzheimer's disease (late onset

Compamon website

Lead SNP
rs3024505
Position: chr1:206,939,904 (Open in
Distance to nearest TSS: 18,466 b
GENCODE v7 location: Intergenic rt
RegulomeDB Score: 2b - ChlP-seq
Linkage disequilibrium
Linkage disequilibrium threshold:

- In all HapMap 2 populations: r220.¢
- In the HapMap 2 CEU populati-::nfr
SNPs in the linkage disequilibrium
rs3024493

Position: chr1:206,943,968 (Open in
Distance to lead SNP: 4,064 bp
Distance to nearest TSS: 22,530 b
GENCODE v7 location: Intron
RegulomeDB Score: 2b - ChlP-seq

Linkage disequilibrium with Lead £ |-

rs3024495

Position: chr1:206,942,413 (Open in
Distance to lead SNP: 2,509 bp
Distance to nearest TSS: 20,975 bg
GENCODE v7 location: Intron
RegulomeDB Score: 5a - ChiP-seq
Linkage disequilibrium with Lead £

I

chr1:206,939,464-206,948,472 9,009 bp. | enter position, gene symbol or search terms

UcscC Genome Browser on Human Feb 2009 (GRChS'th19) Assembly

.r—‘\ r—‘-\r

move ((<<< ) << ) >> )(>=> ) zoomin (1.5x)( 3x )(10x ) (base ) Zoomout (1.5x )( 3x )(10x)
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1@
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- F

1a

Thi 32 1

Tha 32 1

- e il

2 kbl { hats
ze5, 945, ven|

UCSC Genes (RefSeq, UniFrot, CCDS, Rfam, tRMAS & Comparative Genomics)
IL1a i L ] 1

IL1 G m—
Trahsckiption Levels Assaged by FEMA-S29 on 9 Cel1l1 Lines from ENCODE

=L ] Y.
H3K4Me3 Mark (Often Found Mear Fromoters) on 7 cell lines from EMCODE

H3K27ACc Mark {Often Found Mear Active Regulatory Elementsy on 7 cell lines from ENCODE

a_‘-—.___“

l-ll_a.__
18

H3K4Mel Mark (Often Found Hear Regulatory Elements)y on 7 cell lines from ENMCODE

e

Digital DMasel Hapersensitivitd Clusters from EMCODE
| I |

e -

MHGREI Caralog of Fuklizhed Genome-Mide AZSociation Studies

GM12575 DHasel HE Raw Zignal Rep 1 from EMCODE /UKW

Aia _aa

x
Thl DHasel HE Raw Zighal Rep 1 from EMCODESUM

ol - . ema o ilm |
Th2 DHasel HE Raw Zighal Rep 1 from ENCODESUM
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onfigured?

ome Browser Tools Mirrors Downloads My Data About Us View Help

UCSC Genome Browser o iaan *h37/hg19) Assembly

move (<) (<) () (5) (52 (52> zoor} Track Hubs zoom out (15x) (Gx) (10x)
chr1:206,939,569-206,946,986 7,418 bp, | _Custom Tracks b terms

chrl coz2. 1 [N W TN N NI . E [ IT TN N A NE |
Ecale 2 kbl | hata
chri: | 286,941, aan| 286, 942, aan| 286,943, aen| 286, 944, ann| 286, 945, aan| 266,948, aes|
UCEC Genes (RefSeq, UniFrot, CCOS, RFam, tRENAS & COMparative Genomics)
i ] . i =
IL1H m—
ni=+1d & _ Transcription Levels Assayed by EMA-Seq ohn 9 Cell Lines from ENCODE

Transcriptioh

8 _ . s .....‘......l.llh-ﬂluﬂlﬂ-H-H..hd-ﬂ“..hn-‘.I..LJ.‘-H--— IR 7 N S

158 _ HIK4MeZF Mark (O0ften Found Mear Fromoters: on 7 cell lines from EMCODE
Ladered HIK4MeS
0 _ = e e T e e
S8 _ HZK4M21 Mark (Often Found Hear Resulatoryd Elemshts) on 7 <211 lines from ENMCODE
Ladered H3K4Mel

@

lae _ H3KE27AC Mark (Often Found Mear ACTive Regulatord Elements) on 7 cell 1ines fram EMCODE

Lagered H3IK27AC
CI i
Digital OMasel HUDEPSEHS|t|V1tU Clusters from ENCODE
DHase Clusters N -
Transcruptuon Factor ChIF-zeq from EMCODE
Tn Factor ChiF| | - T . -
MHGREI Catalog of Fublished Genome—Mide TSSOCiatiOq Srud ies

GHAS Catalog |

GM12578 ChromHHH I
H1=-hEZC ChramHMH
KEE2 ChramHMH
HepGa ChranHMM
HMEC ChiramHMH
HEMM  ChromHMM
HUVEC ChromHMM
MHEK ChramHHH
MHLF  ChramHMH

Chromat in State Segmentation By HMM from EMCODE fEroad

S0 1e HUCT2Or ide Folumoreh iSms (dRSNR 135} Found in := 1R of Zanples
_| Cammon EHPS(135) | | [ I | | [ I 1l [T

DHasel Digital Genomic FOOtpPirring from EMCODESUNiversity of MWashihgton

Thi =ig 1 |
Tha ig 1]
ThiT =ig |01
Treg Tig JNE
move start Click on a feature for details. Click or drag in the base position track
20 to zoom in. Click side bars for track options. Drag side bars or labels

up or down to reorder tracks. Drag tracks left or right to new position.
‘track search } {:defaull tracks} {default Drder} (hide all} {add custom tracks} {:track huhs} {:cnnfigure} (reverse} {:resize} {refresh)

Use drop-down controls below and press refresh to alter tracks displayed.
H an d 0 Ut Tracks with lots of items will automatically be displayed in more compact modes.
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Be Downloaded?
m ENCODE Data Coordination Center a

Home

Downloads

Data Policy

Help

ENCODE Downloads

ThiS page mnminr Hamlem b Al bl mm bl i e i n e

present). Formats ar
data release policy.

Parent Directory
files.txt
mdS5sum. txt

it has not yet been

Human Genom

All-Exon Arrays

Duke Affy Exon
UW Affy Exon

Chromatin Access
Duke DNasel HS
GIS ChlA-PET
Open Chrom Synt

supplemental/

wgEncodeSydhTfbahAS549Bhlhed 0TggrabAlnRepl . bam
wgEncodeSydhTfbshAS549Bhlhed40IggrabAlnRepl.bam.bai
wgEncodeSydhTfbshS549Bhlhed0IggrabAlnRep2 . bam
wgEncodeSydhTfbsh549Bhlhed0IggrabAlnRep2 ..bam.bai
wgEncodeSydhTfbshS549Bhlhed0IggrabPk.narrowPeak.gz
wgEncodeSydhTfbsh549Bhlhed40IggrabRawDataRepl . fastg.tgz
wgEncodeSydhTfbsh549Bhlhed40IggrabRawDataRep? . fastg.tgz
wgEncodeSydhTfbsh549Bhlhed0IggrabSig.bigWig
wgEncodeSydhTfbsh549CebpbIggrabhAlnRepl ..bam
wgEncodeSydhTfbsh549CebpbIggrabhAlnRepl .bam.bai
wgEncodeSydhTfbsh549CebpbIggrabhlnRep2 .bam
wgEBncodeSydhTfbshS549CebpbIggrabhAlnRep? .bam.bai
wgEncodeSydhTfbshS549CebpblggrabPk.narrowPeak.gz
wgEncodeSydhTfbshS549CebpbIlggrabRawDataRepl . fastg.tgz

UNC FAIRE
UW DNasel DGF
UW DNasel HS
Chromatin Interac
UMass 5C
UWsC
DNA Methylation

wgEncodeSydhTfbahAS549CebpblggrabRawDataRep? . fastg.tgz
wgEncodeSydhTfbahAS49CebpblggrabSig.bigWig
wgEncodeSydhTfbsAS549CmycIggrabAlnRepl .bam
wgEncodeSydhTfbshAS549CmycIggrabhAlnRepl . .bam.bai
wgEncodeSydhTfbshAS549CmycIggrabAlnRep? . bam
wgEncodeSydhTfbshS549CmycIggrabhAlnRep? .bam.bai
wgEncodeSydhTfbshS549CmycIggrabPk. narrowPeak.gz
wgEncodeSydhTfbshS549CmycIggrabRawDataRepl . fastg.tgz
wgEncodeSydhTfbshS549CmycIggrabRawDataRep? . fastg.tgz
wgEncodeSydhTfbshS49CmycIggrabSig.bigWig

el i A A L e RIS i o la

21-8ep-2012
15-Aug-2012
17-Aug-2012
02-Feb-2012
03-Feb-2012
02-Feb=-2012
03-Feb-2012
03-Feb-2012
03-Feb-2012
03-Feb-2012
02-Feb-2012
02-Feb-2012
03-Feb-2012
02-Feb-2012
03-Feb-2012
03-Feb-2012
03-Feb-2012
03-Feb-2012
02-Feb-2012
31-Jul-2012
31-Jul-=2012
31-Jul-=2012
31-Jul-2012
31-Jul-2012
31-Jul-2012
31-Jul-2012
31-Jul-2012

resentation Bisulfite Seq from ENCO

10:04 1.8M
16:44 274K
16:10 -

20:37 585M
20:07 6.0M
19:46 489M
20:10 5.9M
20:12 112K
20:20 1.0G
20:17 860M
19:09 384M
21:03 589M
20:06 6.0M
20:00 450M
20:10 5.9M
20:17 1.7M
20:17 1.0G
20:20 781M
19:18 387M
13:40 1.1G
20:19 6.1M
13:41 1.3G
20:26 6.2M
20:43 127K
20:43 891M
20:36 1.0G
17:35 346M
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Publications
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This tutorial is freely available from the website at: hitp://openhelix.com/ENCODEZ2. Also available
Reference Card that provides a handy summary of access features. For more information see the §|

27 September 2012 - ENCODE data releases: UNC/BSU ProtGenc, UNC FAIRE (Rel 2), HAIB

One new track and three track updates were released on the human hg19 browser:

il Home - Downloads - Data Policy - Data Standards

hii
pi ENCODE . '
u,.\@},},“ Publications
o W L

p| ENCODE-funded Publications

Q| This page lists publications funded, at least in part, by ENCODE funds. The process of cataloging these publications is ongoing
is| and updates to this page will be made periodically.

Publications from non-ENCODE Authors

In addition to tracking ENCODE-funded publications, the ENCODE project also tracks papers that were not published by

Li ENCODE authors and were not funded by ENCODE, but that reference ENCODE data. This is being done in part to see how the
re| resource is being used. The papers are grouped in Human disease, Basic biology, and Tools/methods/databases/commentaries
sections. As there is no systematic way to search for these publications this list is likely incomplete.

2| please contact Mike Pazin at NHGRI to suggest publications to add to this list.

Updated 24 August 2012

http://encodeproject.org
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CAD T2D +—— 100kb Table 1 PBC risk loci at genome-wide significance
: | | ) ; Functinlnal
Hela insulator | | | 1 | 1l Chr. SNP2 RAY  RAFS P oF =) Nearby genels) annotationg
Hela enhancers| I ‘ 1931 72678531 G 007 247x10%8 161(  (31842)  MIZREZ ac
HelLa promoters | [ 12 v
CDKN2A |~ | DMRTAT H 1931 rs2488393 A 021  420x10°12 128( '1(438,818) DENNDIB
CDKN2BAS ] H 0 ! 2032 3024921 A 006 259x10'8 162( 70 STAT1, STAT4
H ot \ . - :
CDKN2B \ 2q32 Secondsignal A 022 1.38x10 131¢( 9(20,292) STATI, STAT4
CDKN2B IL‘ _, rs7574865
3ql3  rs2293370 G 08 6.84x 10-16 139 18 (136,058) TMEM394, POGLUTI, NS
TIMMOCI, CO80
3925  rs2366643 A 057 302x10%2 135( '0(16,808) ILIZA oc
50 kbt 3q25 Secondsignal & 015 574x10°17 141 '6(52,623) IL1ZA oc
A rs62270414
ECAD1 ECAD5N ECAD9 3q25  Third signal G 043 473x10% 1.26( 15(5,550)  IL12A
Hela enhancers ecaD2l _ ecADsM_ET2D1 M ——
ECADESC*D 4 EC/F\E%7A|DB o ET2D2 3925 Fourthsignal A 0004 264x 10710 344 \7 (68,660) ILIZA
I rsB0014155
MCF7 FOXAT 1Mt 11 1 1 | 4q24  rs7665090 G 052 B4Bx10-M 126( i1 (0) MANBA, NFKE1 NS, eQTL
Hela+IFN-y STAT1 | 5pl3  roGET1TAE A 072 226x10°13 1301 (35,833) IL7R, CAFSL, SPEFZ, UGT3A1 NS
Hela STATA | 1 7q32 35188261 A 017  652x 1022 152( .0(126,258) IRF5, TNPO3 0
CTCF| ] | I I 7q32 Secondsignal © 047 4.12x10% 122( 6(6713)  IRFS, TNPO3 oc, eqTL
IOts,  oame I ! i 1 | 3807307
amizerg  HaKeme3|] Il
H3K2T7ac 11g23 rs80D65107 A 079 7.20x10-% 139 12 (133,223) DOXS oc
Ctrl 12pl3 rs1B00693 G 04 1.18x 1014 127( * B0Z) TNFRSFI1A, LTER, SCNNIA oc
CTCF | | 12p13 Secondsignal A 025  169x10% 123 TNERSFIA, LTBR, SCNNIA  OC
H3K4me | 1 10 | Bt N | ni rs11064157
HUVECs  H3Kdme3 12q24 1511065079 A 044 287 x10% 1201 V7 (726,106) ATKNZ, BRAF, SH2E3 NS
ng‘" | " | Il | | 1424 rs911263 A 071  995x 1077 126( (o] RAD518
CTCE 16pl3 rslG46019 G 071 672x101% 131¢ (18,452) S0CS1, CLECIGA, PRMI, OC, eQTL
PRMZ
H3K4me1
K562 H3K4me3 16pl3 Secondsignal C 068 219x10-73 129 (11B,128)  SOCS1,CLECISA, FRMI, 0C, eQTL
H3K27ac rs12708715 PRMZ
ctd 16p13 Third signal A 0004 259x10% 296( (o] 50051, CLECIGA, PRMI, oc
crcr |l | | rsB0073729 PRMZ
HaK4met | | InEm 1w | I8 HNEIL Tmun mil 16q24 rs11117433 G 077 141x10% 126( (o] IRF8 oc
Keratinocytes ~ H3K4me3 i | ] i 17ql2 rsBO6T3TE G 052 605x10 126( (177,700)  ORMDL3, ZFBFPZ, GSDME, NS, OC,
H3K27ac mam 1 1 N I \ 11 IKZF3 eaTL
Ctr X 17q21 rs17564820 G 024 215x 107 125( (1,164,644) CRHRI, MAPT NS, OC,
HCT116 TCF4 | | 1 L
SZLL: 0":2: | I I | 19p12 rs34536443 G 095 123x 1072 191¢( (0] TYKZ NS
-13
HelasFN-y sar | | I 22q13 rs2267407 A 023 120x1072 129 (9,600) SYNGR1, PDGFB, RFL3 0C, eQTL

Frazer lab, Nature 470-264,2011

Anderson lab, Nature Genetics 44-1137,2012
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General

Registered
Variables

Antibodies

Or

Education
ENCODE
and py e n Software Tools
'l

o NN
Release Log prni_ '
_— us| Software Tools
Data Policy co

un| The goal of the ENCODE project is to generate a comprehensive catalog of all functional elements. To facilitate this

Data

Standards pri| task, members of the consortium have developed and refined software tools.

File Formats [IRY.!

E— IS | Software Tools Used to Create the ENCODE Resource

Software ce

e T On this page are brief descriptions of some of the software used to create the ENCODE resource. Software for

— = identifying functional elements, for integrated analysis of multiple data types, and for measuring the quality of the data

Publications
Th are described.

Contributors Lo

Pilot Projec I Software and Resources for Analyzing ENCODE data

— 25 On this page are brief descriptions of software and resources that others might find useful for analyzing and using

ENCODE data in their own research. Two pieces of software from ENCODE researchers for annotating non-coding

Or regions of the genome (such as SNPs) with features from ENCODE and other resources are presented, as well as a
—| recent chapter in Current Protocols in Human Genetics explaining how to manually inspect genomic regions of interest

This tutorial is freely available from the website at: hitp://openhelix.com/ENCODEZ2. Also available
Reference Card that provides a handy summary of access features. For more information see the gl

27 oo

-

Downloads

Data Pollcy

Data Standards

Home

for ENCODE annotations.

http://encodeproject.org
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(i ENCODE Citation
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General This tutorial is freely available from the website at: http:/openhelix.com/ENCODEZ2. Also available
Reference Card that provides a handy summary of access features. For more information see the gl

Registered
Variables

P N R I—_ [l LT W RN PE— W I T T S L S ] lllll"k

sl .77 ENCODE Data Coordination Center at UCSC

|
Education
and | Home Help
Outreach ‘
- ENCODE Consortium Data Release Policy Summary
Release Log |
_ | - - . .
Data Policy * Please observe the following guidelines when using ENCODE data:

| » Data users may freely download and analyze ENCODE data without restrictions. They may use ENCODE data in publications focused
Standards \ around individual genes; however, there is a narrow 9-month "moratorium” on the publication of global analysis of ENCODE data sets
R — to allow the data producers the opportunity to publish first if they wish. Following the expiration of the moratorium period or publication
File Formats ‘ by the data producers (whichever is first), publication of global analyses is unrestricted. Most released datasets are already outside the
— | moratorium. See the Data Summary and Mouse Data Summary pages for the restriction times of individual data sets.

+ The publication and presentation moratorium is expected to extend to all forms of public disclosure, including meeting abstracts, ora
= * The publication and i ium i d d to all forms of public discl includi ing ab |
S— presentations, and formal electronic submissions to publicly accessible sites (e.g., public websites, web blogs).

Publications : » Resource users are expected to acknowledge the following in all oral or written presentations, disclosures, or publications of the
- analyses:

Contributors | o The resource producers

Pilot Project \ o The following publication:

= ENCODE Project Consortium, Myers RM, Stamatoyannopoulos J, Snyder M, Dunham |, Hardison RC, Bernstein BE,
- Gingeras TR, Kent WJ, Bimey E et al. A user's guide to the encyclopedia of DNA elements (ENCODE). PLoS Biol. 2011
Apr;9(4).e1001046. Epub 2011 Apr 18. PMID: 21526222; PMCID: PMC3079585
o The funding organization(s) that supported the work
! o The respective DCC
— « Data users should properly acknowledge the ENCODE Project and resource producer(s) as the source of the data in any publication.
» See the full ENCODE-modENCODE Data Release Policy (2009-Present) document for further details, and the ENCODE-
modENCODE Data Release Palicy description page at NHGRI for background.

Contacts




National
Human Genome
Research Institute

/f,l

[

ENCODE Consortium

Brad Bernstein (Eric Lander, Manolis Kellis/Luke Ward, Tony Kouzarides)

Ewan Birney (Jim Kent, Mark Gerstein, Bill Noble, Peter Bickel, Ross Hardison, Zhiping Weng)
Greg Crawford (Ewan Birney, Jason Lieb, Terry Furey, Vishy lyer)
Jim Kent (David Haussler, Kate Rosenbloom)

John Stamatoyannopoulos (Evan Eichler, George Stamatoyannopoulos, Job Dekker, Maynard Olson, Michael Dorschner, Patrick Navas,
Phil Green)

Mike Snyder (Kevin Struhl, Mark Gerstein, Peggy Farnham, Sherman Weissman)
Rick Myers (Barbara Wold)
Scott Tenenbaum (Luiz Penalva)

Tim Hubbard (Alexandre Reymond, Alfonso Valencia, David Haussler, Ewan Birney, Jim Kent, Manolis Kellis, Mark Gerstein, Michael Brent,
Roderic Guigo)

Tom Gingeras (Alexandre Reymond, David Spector, Greg Hannon, Michael Brent, Roderic Guigo, Stylianos Antonarakis, Yijun Ruan, Yoshihide
Hayashizaki)

Zhiping Weng (Nathan Trinklein, Rick Myers)

NHGRI: Elise Feingold, Peter Good, Laura Dillon, Rebecca Lowdon, Leslie Adams, Caroline Kelly, Shaila Chhibba, Sherry Zhou, Katya
Vaydylevich

Additional ENCODE Participants: Elliott Marguiles, Eric Green, Job Dekker, Laura Elnitski, Len Pennachio, Jochen Wittbrodt

.. and many senior scientists, postdocs, students, technicians, computer scientists, statisticians and administrators in these groups

Questions? NHGRI booth (# 825) noon- 1 PM; pazinm@mail.nih.gov
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‘@m What Do The Data Mean? J""

* Some standard interpretations-
— RNA
— Histone modifications
— DNase
— Transcription Factor ChIP
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W How Can ENCODE Data Be

Used?

A standard problem: many genetic findings for human
disease map to non-protein coding regions of the human
genome

— What is the functional variant?

— What is the target gene?

— What is the target cell type?

— What is the function of the variant?

Standard Browser view for loci of interest

HaploReg and RegulomeDB searches for loci of interest
Search a cell type across all data types for loci of interest
Search a data type across all cell types for loci of interest
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7, ENCODE Browser, Locus of 4

Interest

chri Di?,gﬂﬂ,ﬂﬂﬂ—g,ﬁﬂﬂ,ﬂﬂﬂ 1,553,331 bp. | enter position, gene symbol or search terms

chtrie (pids [ JE

' |

Tcale Ses kbl | hzig
chr1@: | S.588, aaa| a9, 886, 804|
T Tnix+ly & _ Transcription Levels Assaged by REMA-S&q on 9 Cell Lines from ENCODE
Transcr ipt ion
1 8 _ ﬂH‘hﬂduU.Li- Iln-__.l.. . blsl 0 mnm..”J. FEE NI PRSP A SO N R ] . R O T T AR
158 _ HZK4Mes Mark (Often Found Hear Promotersy on 7 c2ll 1ines from ENCDDE

Lagered HIkK4Me3

8 e Yy |

S8 _ HZK4Mel Mark (Often Found Mear REegulatory Elements) on 7 ce2l1l1 lines from EMCODE
Lagered HIk4Me1

8 _ -LluJaHIlLi-uJi.‘L-J.-u-i‘¢n.-._h_di.L.JILLla il Ll AR R UYL ARY [ET TN T

lag _ HZK27AcC Mark (Often Found Mear Active Regulatord Elemehtsy on 7 c21l1 1ines from EMCODE
Lagered HIK2TAC

B _ ail _._L decd ) e e i Ve Al i i

Digital DMasel Hupersensitivity Clusters from EMCODE
_| DHase clusters) ||| /100 ] 001 AT T M T MU R WA FEEE 0TI T LR T i |
Transcr iption Factor ChIF-seq from EMGODE
_ | T Facrtar IR OO O e SR e e s werer e IIII | I 1 Tt RO RUAE T Y SAAR D TN A
Easic Gehe ANhotation Set from EMCODE/GEMCODE Version 12
TAF S ghf-ssasaapd|] 21-TSEEL. oM RHEZ20D | RF11-425L9.1 b RF4-EEBE2E, 1 H
TAF S ghfssiaad] GE1-TEEEL, 21 RF11-428L2.20
RF11-379F12.71 RFE-1119021.21
RF11-3T79F12. 41 RF11-S45F5, 2 ke
RF11-379F12,3 |
GATAS B
GATAS M
GATAS MY
GATAS bH

HHGREI Catalog of Fuklished Genome-Wide ASsoCiation Studies
FE5alTES | =1 BTISEES | =1 RS RSSTE |
o BE RS A

http://encodeproject.org
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Zcale
chr-1@:
158 _

Ladetred H3IK4mMe3

|

Lagered H3IK4mMe1l

Ladetred H3IK2TAC

Treg Eauw

Thi Zig 1

Tha Zig

Thi? Sig

=1 H3k4Mel Mark ¢dften Found Hear Eegulatorg Elements) on 7 cell lines from EMCODE
8 _ mmm‘-m—“‘ ’ i - 'LL KT TS R S 'j‘l FRMRY Ty d—*" -
188 _ H3K27Ac Mark ¢often Found Mear Active Eegulatord Elementsy on 7 cell lines from ENCODE
a _ il _..lL L.l A Mo by _J. ul T l i
Ea=sic Gene Annotation et from EMCODE YGEMCODE YWersdion 12
TAF S sipssssssif] GE1-T5E6EL. 2R EHSZ299) EF11-425L3.1 EF4-E50E2A, 1 H
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FEF11-379F12.71 FEFE—-1119021 .21
EF11-379F12.41 FEF11-545F5. 2 wae
EF11=-3739F12,5 1
GATAS HH
GATAS
GATAS B
GATAS #H
MHGREI Catalog of Fublished Genome-kide Association Studqie=s
FESELTES | sl BTISEES | rE1BSEEET2 |
PE18SA5543 |
258 _ Trez WbBTS5495524 DHasel DGF Raw 2+i2nal1 from EMCODE SUKW
i _ Jd |JLJ.h LL . L,
28 _ Thil DHa=el DGF Fer-base Zignal REep 1
2 _ L LL Ld 1 1 1 1
28 _ Th2 DNaSEI DGF Fer-kase Signal from EMCODE UK
2 _
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H3K4Me3 Mark (Often Found Mear Fromatersi on 7 cell lines from EMCODE
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http://encodeproject.org
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Epigenomic Mapping Consortium

A public community resource of epigenomic data in primary human cells and tissues.

Range of cells/tissues covered:

Currently 125 cell/tissue types represented including....
iPS and ES cells, some differentiated forms

Fetal tissues (heart, brain, kidney, lung, others)

Adult primary cells and tissues (hematopoietic, brain regions,
breast cell types, liver, kidney, colon, muscle, adipocytes, oth
Some samples will have:

Expanded panel of histone modifications (currently 20
additional)

Search: GO

\V,—: RORDMAP
EpIgeENoOMICS
= =l PROJECT

|overview |PROJECT DATA |MAPPING CENTERS |PROTOCOLS & STANDARDS | PUBLICATIONS

[news

SN

VIEW/DOWNLOAD QUICK LINKS

UCSC Browser Mirrors

* http://www epigenomebrowser.org

DNase |

hypersensitive = http-//genomebrowser wustl edu/
sites.

Data Repositories
» NCBI Epigenomics Gateway
» Epigenome Atlas

Chromatin

http://roadmapepigenomics.org — Find and view data,

protocols, links to other sites associated with the program.

Most samples will have:

DNA methylation data (RRBS, MRE-seq, MeDIP-seq, whole
genome bisulfite seq)

ChIP-seq data (currently H3K27me3, H3K36me3, H3K4mel,
H3K4me3, H3K9me3)

DNase | hypersensitivity data

Gene expression data (arrays or RNA-seq)

ers)

Can download:
.wig, .bed, some .bam, some SRA, working on peak calls

Home Genomes Blat Tables Gene Sorter PCR Session FAQ Help

Human (Homoe 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 ights reserved

clade

Mammal

genome assembly position or search term

[v] | Feb. 2008 (GRCh37/hg19) [] [chix70.752.933-70.795. 740

gene  image width

[+][Human 800

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

track search | [_add customtracks | [ track hubs | [ configure tracks and display | [_clear position |

View Roadmap data at http://genome.ucsc.edu via TRACK HUB
— click ‘track hubs’ to load Roadmap data and summary data

tracks on UCSC.
Where is the data?

Find data, protocols, and analysis/viewing tools from the
Roadmap Epigenomic Mapping Consortium at these sites:
http://roadmapepigenomics.org
http://ncbi.nlm.nih.gov/epigenomics
http://ncbi.nlm.nih.gov/geo/roadmap/epigenomics
http://epigenomeatlas.org
http://vizhub.wustl.edu
http://genome.ucsc.edu (via track hub)



http://roadmapepigenomics.org/
http://genome.ucsc.edu/
http://roadmapepigenomics.org/
http://ncbi.nlm.nih.gov/epigenomics
http://ncbi.nlm.nih.gov/geo/roadmap/epigenomics
http://epigenomeatlas.org/
http://vizhub.wustl.edu/
http://genome.ucsc.edu/
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71\, Recent ENCODE Publications

_ L . More than 30 papers in Nature,
' ‘ Genome Research, Genome
Back Threads explained ENOODE . .
— papers Biology, Science, Cell
b . Publishing innovations

of DNA elements in the

oo,  ENCODE e e e  ENCODE increased our

o e i The accessible chromatin
R A ) Please select a thread or paper to begin. Gridabags o Whe biknaa

understanding of non-coding

Back Threads explained ENCODE

2o DNA, and human disease

Impact of functional information on understanding variation This thread connects themes
from the following papers

Non-coding RNA Thread 12 of 13 The ENCODE Project Co.

characterization
An integrated encyclopedia
ENCODE provides an initial interpretation of many human D SRR e Vs

variants and plausible leads for the role of many variants human genome

e identified in genome-wide association studies Thiioan: Ryt and Ful e

The sible chromatin
landscape of the human
genome

Enhancer very and Vierstra, Stergacl

characterization An expansive human

regulatory lexicon encoded
in transcription factor foo
Three-dimensional
connections across the
genome Architecture of the human
: regulatory network derived
from ENCODE data

Gerstein, Kundaje, Hariha.

Characterization of network Djebali and Davis et al.
topology

©
®
©
®
©
®
@
®

Landscape of transcription
in human cells

Vemot, B. et al.
Personal and population
genomics of human
regulatory variation
Schaub, MA. et al.

Linking disease
associations with regulatory
information in the human

Impact of evolutionary Boyle, AP.

selection on functional AP.etal

regions Annotation of functional
variation in personal

From www.nature.com/encode
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ENCODE Structure

Histone
Mods DNase || DNAme Blndlng

Data Coordination
Center

©o

Production Groups Data Coordination Center Technology Groups

(A) Broad Institute, Harvard (B) HudsonAlpha, M vcsc 0 G Institute of Singapore
Unive: , MIT, Caltech
C:‘:‘:::)::;;n University - > Analysis C P Stanford University

3 Stantord University, Data Analysis Center Q) University of Washington
. @ Duke University, Yale University, b
Data A n a Iys I S University of Texas, Austin, UC Davis, Harvard University (N 5B|I tJf B(‘rk(;ley. R) Albert Einstein College of Med
o q | ale University
UNC-Chapel Hill, EBI @ University of Washington, Penn State, UCSC, (S) Indiana University
C t © CSHL, University of Geneva, U Mass Med School, EBI, University of Washington, (T University of Chicago
e n e r Centre for Genomic Regulation, Princeton University U Mass Med School

RIKEN, University of Lausanne,
Genome Institute of Singapore ® Penn State M

@ Sanger Institute @ UC - San Diego U U Mass Med School
Washington University, (3 UNC- Chapel Hill V SUNY Albany

Yale University,
Centre for Genomic Regulation, ® Boston University

G e n e C h ro m ati n E I e m e nt Bii/gr:?:;of Lausanne, CNIO @ University of Chicigo
Models States ID

W NHGRI

Modified from PLoS Biol 9-e1001046,2011
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’ What Data Are Available?

Hypersensitive CH
' &= ‘\7%
i RNA A
K )-:* | polymerase

e
N ‘.\‘ 3 \*
PN | \“
-.':L,,b‘ |
Computationa
Cozgm ChiP-seq | | predictions and RNA-seq]
\ RT-PCR

44':."-:-' s .'x " A" Gene
—— ' == -k,.- —-_—-
N A
Long-range regulatory elements cis-regulatory elements Transcript
(enhancers, repressors/ (promoters, transcription
silencers, insulators) factor binding sites)

Modified from PLoS Biol 9-e1001046,2011
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ENCODE Dimensions 54

Expression Array

1 ANA

Mistone Mody

Open chromatin

3,010 Experiments

:: S TeraBases _
=== 1716x of the Human Genome  ~~

IIH
\

182 Cell Lines/ Tissues

Methods/Factors

- B S | b M SO SO, Yo A St A 4R e e e o e
-= I ——fmmf I5 L o .5;:;:. ?;g il B e i
- - > - ‘:‘F TR ER RN 4§ e i e el e e

i 164 Assays (114 different ChiP) |

From Ewan Birney



[

Any ENCODE mark

Any ENCODE RNA

Any Histone modification

DHS or TF ChIP

Open chromatin

TF ChIP

DHS footprint

Purifying selection

Exons (GENCODE)

Protein-coding regions (GENCODE)

I| lll
71y . Raw Genomic Coverage of Jw'

Elements
‘BiochemicalMark  GenomicCoverage

80 %
62 %
56 %
19.4 %
15.2 %
8.1%
5.7 %
~3-8 %
2.94 %
1.22 %
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Nature 489-57,2012



