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The ENCODE project and
consortium

ENCODE = Encyclopedia of DNA Elements.
Aim: identify all functional elements present in the human genome.

Launched by the National Human Genome Research Institute
(NHGRI, USA) as a public research consortium in September
2003, after the Human Genome Project.

# 2/3 components:
J Pilot phase: focusing on 1% of the genome (ENCODE regions).

g Technology development phase: on 100% of the genome.
- Mouse ENCODE project (End 2014) A comparative encyclopedia of DNA
4 Involve many investigators: elements In the mouse genome

J with diverse backgrounds and expertise,
g mainly from USA, but also from Europe and Asia.



ENCODE institution location
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Whole genome ENCODE overview

Hypersensitive CH
y Sites

N

DNase-s Computational
FAIRE-s ezq hiP-seq || predictions and || RNA-seq
RT-PCR

-
= -
- -
- -
-
-
-

————.
Long-range regulatory elements cis-regulatory elements Transcript
(enhancers, repressors/ (promoters, transcription

silencers, insulators) factor binding sites)

ENCODE project consortium, PLoS Biology, 2011



Whole genome ENCODE production

RésrgﬂerCh Institution Research Goals
Bradley | Broad Institute of| Maphistone modifications using chromatin immunoprecipitation followed by high-throughput
Bernstein | MIT and Harvard sequencing.
Gregory Duke University Identify and characterize regions of open chromatin using DNasel hypersensitivity assays,
~ Crawford Uni v of North formaldehyde-assisted isolation of regulatory elements, and chromatin immunoprecipitation.
niversity o
(g/llg(;%agrs] CarolinHa:||(3hapeI Produce large-scale proteomic data sets on ENCODE cell lines usingmass spectrometry.
i
Thomas _ Identify protein-coding and non-protein coding RNA transcripts using microarrays, high-
Gingeras Affymetrix, Inc. throughput sequencing, sequence paired-end tags, and sequenced cap analysis of gene
expression tags.
Timothy | Wellcome Trust Annotate gene features using computational methods, manual annotation, and targeted
~ Hubbard | Sanger Institute experiments.
Richard Huds_onAIpha |dentify transcription factor binding sites using chroma_tin immunoprecipitation followed byhigh-
Myers _Instltute for throughputDNA sequencing; Pilot effort to (_jetermlne the methylation status of CpG-rich
Biotechnology regions.
Michael Stanford |dentify transcription factor binding sites using chromatin immunoprecipitation followed by high-
Snyder University throughputDNA sequencing.
StaJrr?:tgya \L/JVrg\éﬁlrﬁg%/O?]f Map and functionally_cla_ssify DNasel hypersensitive sites by digital DNasel and histone
‘nnopoulos Seattle modification mapping using high-throughputsequencing.
Thomas _ . Develop high-throughput methods for collecting hy_droxyl radical cleavage data; locate s_tructural
Tullius Boston University | features in human genome that are underselectl_ve evolutionary pressure, but for which the
exact nucleotide sequence is not under selection.
\}/<V?1\i/tlen Urg\r/](iecrggg of Epitope tagtranscription factors for chromatin immunoprecipitation using BAC recombineering.




Landscape of transcription in human cells



The ENCODE RNA assays
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Allows to assess reproducibility

Djebali, Davis et al., Nature, 2012



Data distribution: the RNA dashboard

(Julien Lagarde - CRG)

http://genome.crg.es/encode_RNA dashboard/hg19

_ Cell Lines’ Compartments : RNA Fractions '
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- The number inside each coloured box represents the number of experiments that have
been performed for the corresponding metadata (cell line/ cell compartment/ RNA fraction).

- Clicking on a box expands it and provides the user with links to files of both raw and
processed data available for the corresponding experiments.



ENCODE RNA-seq coverage of the human genome
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Djebali, Davis et al., Nature, 2012



The Gencode Reference annotation



Gencode as the reference gene annotation

Specialized prediction
pipelines
(Congo, PseudoPipe, Automated

RetroFinder, APRIS etc) annotation GENCODE data
(Ensembl set
Qc ) erge data

Release and submit data set

Tracking system Manual
(AnnoTrack) “ annotation
(HAVANA)

- Assign validation level

- Highlight conflicts - Annotate new regions

- Track solutions - Update annotation incorporating QC

Experimental
verification
(RT-PCR-Seq, RACE) Harrow et al., Genome Research, 2012

Many different biotypes for transcripts and genes: 4 broad types:
- protein coding (MRNA),

- long non-coding (INcCRNA),

- small non-coding (sSRNA),

- pseudogenes.

Several objects annotated:

3 confidence levels for transcripts

:tgr:rrﬁcript and genes:
- exon - level 1: validated,
- CDS - level 2: manually annotated,

_UTR - level 3: automatically annotated.



http://www.gencodegenes.org/
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Project

Phase 2 GENCODE Goals
Data
Statistics - Human
Statistics - Mouse
Participants
Publications
IncRNA microarray
RGASP 1/2
RGASP 3
Blog
GENCODE workshops

Contact us

The GENCODE Project:
Encyclopaedia of genes and gene variants

Current GENCODE version

The current version in Human is Gencode 19, released on the 10/12/2013.
For more information about the human releases please see the README.txt® file.

The current version in Mouse is Gencode M2, released on the 10/12/2013.
For more information about the mouse releases please see the README.txt & file.

** NEW ** Two publications now out on our RNASeq genome annotation assessment project
(RGASP):

+ Assessment of transcript reconstruction methods for RNA-seq.
Steijger T, Abril JF, Engstrom PG, Kokocinski F, RGASP Consortium, Abril JF, Akerman M,
Alioto T, Ambrosini G, Antonarakis SE, Behr J, Bertone P, Bohnert R, Bucher P, Cloonan
N, Derrien T, Djebali S, Du J, Dudoit S, Engstrom PG, Gerstein M, Gingeras TR, Gonzalez
D, Grimmond SM, Guigé R, Habegger L, Harrow J, Hubbard TJ, Iseli C, Jean G, Kahles A,
Kokocinski F, Lagarde J, Leng J, Lefebvre G, Lewis S, Mortazavi A, Niermann P, Rétsch
G, Reymond A, Ribeca P, Richard H, Rougemont J, Rozowsky J, Sammeth M, Sboner A,
Schulz MH, Searle SM, Solorzano ND, Solovyev V, Stanke M, Steijger T, Stevenson BJ,
Stockinger H, Valsesia A, Weese D, White S, Wold BJ, Wu J, Wu TD, Zeller G, Zerbino D,
Zhang MQ, Hubbard TJ, Guigé R, Harrow J and Bertone P
Nature methods 2013;10;12,1177-84
PUBMED: 24185837 % ; PMC: 3851240% ; DOI: 10.1038/nmeth.2714%

« Systematic evaluation of spliced alignment programs for RNA-seq data.
Engstrom PG, Steijger T, Sipos B, Grant GR, Kahles A, RGASP Consortium, Alioto T, Behr
J, Bertone P, Bohnert R, Campagna D, Davis CA, Dobin A, Engstrdm PG, Gingeras TR,
Goldman N, Grant GR, Guigé R, Harrow J, Hubbard TJ, Jean G, Kahles A, Kosarev P, Li
S, Liu J, Mason CE, Molodtsov V, Ning Z, Ponstingl H, Prins JF, Ratsch G, Ribeca P,
Seledtsov |, Sipos B, Solovyev V, Steijger T, Valle G, Vitulo N, Wang K, Wu TD, Zeller G,
Ratsch G, Goldman N, Hubbard TJ, Harrow J, Guigé R and Bertone P
Nature methods 2013;10;12;1185-91
PUBMED: 24185836 % ; DOI: 10.1038/nmeth.2722%

Introduction



Gencode statistics

Version 21 (June 2014 freeze, GRCh38) - Ensembl 77

General stats

Total No of Genes
Protein-coding genes
Long non-coding RNA genes
Small non-coding RNA genes
Pseudogenes

- processed pseudogenes:

- unprocessed pseudogenes:

- unitary pseudogenes:

- polymorphic pseudogenes:

- pseudogenes:

Immunoglobulin/T-cell receptor
gene segments

- protein coding segments:

- pseudogenes:

60155
19881
15877
9534
14467
10753
3230
170
59

29

395
226

Total No of Transcripts
Protein-coding transcripts

- full length protein-coding:

- partial length protein-coding:

Nonsense mediated decay
transcripts

Long non-coding RNA loci
transcripts

Total No of distinct translations

Genes that have more than one
distinct translations

196327
79377
54420
24957
13222

26414

99512
13526



The Gencode v7 catalog of human long noncoding RNA:
analysis of their gene structure, evolution and expression.



® ~60% of the human genome is transcribed (only 2% correspond to mRNAs)

® Back to the future:The cell as an RNA machinery

Chromosome blology R
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(from Amaral P, et al., 2008) Asmy Maxmen 9

Nature 496, 127-120 (2013) doi10.1038/7443-127a



®  Definition : Transcripts without coding potential , >200 nt, spliced, polyA+/- (Derrien et al.,2012)

®  Annotation in human : e.g GENCODE reference annotation (Harrow et al., 2012, 1000 genomes project)
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"Famous" IncRNAs: XIST, HI 9, HOTAIR... (Guttman et al., Duret et al., Navarro et al., Ponting et al.,)

Known functions: regulation of mRNAs expression, X chromosome inactivation, imprinting...




— ———— doi:10.1038/nature10398

lincRNAs act in the circuitry controlling

pluripotency and differentiation [

nw;wT:&j:::::::?lzl 31, 515-516 | © 2012 European Moalecular Biology Organization | All Rights Reserved 0261-4188/12 Tl'anscription of TWO ng N OnOOdil'lg
. . _ RNAs Mediates Mating-Type Control
RNA driving the epigenetic bus of Gametogenesis in Budding Yeast

Nature. 2012 Nov 15;491(7424):454-7. doi: 10.1038/nature11508. Epub 2012 Oct 14,
Long non-coding antisense RNA controls Uchl1 translation through an embedded SINEB2 repeat.

Epigenetic Regulation by Long Noncoding RNAs
Jeannie T. Lee

Science 338, 1435 (2012);

DOI: 10.1126/science.1231776

The Emergence of IncRNAs in Cancer Biology

John R. Prensner and Arul M. Chinnaiyan

The functional role of long non-coding RNA in
human carcinomas




Can enhance or repress

transcription of targeted
mMRNA(s)

Can act in cis or in trans
sponge for miRNAs

Serve as "flexible scaffolds"

Examples:

XIST :binds PRC2 (DNMT3A) => DNA
hypermethylation => silencing X chromosome

HOTTIP : binds MLLI => H3K4me3 =>
activation of HOXA genes

RNA adaptor

-

W

Chromatin-
modifying lHistone tail or DNA
S complex modification
equence-
specific

recognition

Nucleosome
(Histone octamer)

(from Mattick JS, et al.,2010)
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Features of IncRNA gene structure
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Characteristics of INcCRNA expression in human cell types

A Gene Expression levels in HBM Tissues B
. adpose adrenal brain breast colon heart ldney lver .

. Breadth of Expression (RPKM) between
! LncBRNAs and Prot.coding in HBM tissue/Encode Cell lines

il

a LacRNAS
lung lymphnode  ovary prostate  «eletaimuscl  testes thyroid  whiteblood ‘ e
. Protein_Coding

Blotypes

IncRNA
prolcoding

i e

Number of tissue/cell lines

log10 RPKMs (Max Compartments)
Proportion of genes (%)

LncRNASs are less expressed than mRNAs in terms of:
- expression levels (A),
- number of cell types in which they are found (B).

20

Derrien, Johnson et al., Genome research, 2012



ENCODE main messages



Whole genome ENCODE main messages

# The vast majority (80.4%) of the human genome participates in at least
one biochemical RNA- and/or chromatin-associated event in at least
one cell type.

#a Nearly 60% of the genome appears to be transcribed.

# Many non-coding variants in individual genome sequences lie In
ENCODE-annotated functional regions; this number is at least as large
as those that lie in protein-coding genes.

8 The ENCODE data (raw and processed) are available through
dedicated websites (DCC) to the scientific community.



MAKING A GENOME MANUAL

EXPERIMENTAL TARGETS

DNA methylation: regions
layered with chemical methyl
groups, which regulate gene
expression.

Open chromatin: areas in
which the DNA and proteins
that make up chromatin are
accessible to regulatory pro-
teins.

RNA binding: positions
where regulatory proteins
attach to RNA.

RNA sequences: regions that
are transcribed into RNA.

ChlIP-seq: technique that
reveals where proteins bind
to DNA.

Modified histones: histone
proteins, which package DNA
into chromosomes, modified
by chemical marks.

Transcription factors: pro-
teins that bind to DNA and
regulate transcription.

1.649 datasets in total

Scientists in the Encyclopedia of DNA Elements Consortium have applied 24 experiment
lypes (across) to more than 1350 cell lines (down) to assign functions to as many DNA
regions as possible — but the project is still far from complete.

Open
L ' RNA
; TOomatin Sequences
DNA | |
methylation RNA l o -
l bind: " '
| inding st |
~yligEn |

CELL LINES

Tiers 1 and 2:
widely used cell
lines that were
given priority.
Tier 3: all other
cell types.

So far, scientists have » 3 »,
examined 13 of about "
60 known histone
modifications and ,
120 of about 1,800 »
transcription factors.
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-
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Every shaded box

represents at least
one genome-wide

experiment run on
a cell type.

Many more cell
types are yet to be
interrogated.

S .9
A

,
»

Maher, Nature, 2012



Whole genome ENCODE in
numbers

# 442 consortium members in 32 institutes: coordination needed:

# One analysis (AWG) call every week,
# One transcriptome call every week (coordinated by CRG),
# One DCC call every week,
# One consortium call every month,
# One PI call every month,
# 2 meetings per year.

# \Working for the community more than for one-self

BY THE NUMBERS 2:25csmiess

# Discussing ideas, be open for collaborations... 44 CONSORTIM EVBESS

s 1,643

1972 - =, 15TB 18,500 248,140

TELECONF DRENCING MY 2008 1) JNE 020

675 =ii: & 292

TOTAL COST OF TELECONFERENCING = £49,310.54

Birney, Nature, 2012



= ENCODE-like project in "non-model" organisms
(example 1n dogs)



® Unique evolutionary history => unique population structure

Mﬁ AN Ot
~
f

-
e

® High heterogeneity bw breeds vs. High homogeneity within a breed

® One breed = One genetic isolate

B Most of the traits are governed by a few variants with high phenotypical effects

= Dog model facilitates the identification of Genotype/Phenotype relationship



® Unique history => high prevalence of diseases/cancers

= Cancers in dogs :

Homologous to human cancers

Breed-specific (high frequency within a breed =~ 20%)
Spontaneous cancers (and not induced like in mouse)
Dogs share the same environment as humans

Receive a high level of health care

= Dog is a good model for studying diseases/cancers

( Dog genome sequenced: 4th mammals (K. Lindblad-Toh, et al., Nature, 2005))



Vision for a complete ("ideal") workflow

Bioinformatics
analyses

Storing samples
and
characterization
(BRC)

Results -
Functional
Validation

High-Throughput
Sequencing
technologies

- resources
- dedicated
programs




Sample
Storing and
characteriza .

tion

(BRC)

Vet network Vet schools Dog Owners
Sample characterization/ - histological

phenotyping

- types of cancers...

v

Biobank
CaniDNA

~20,000 DNA
>3,000 RNA



http://canidna.univ-rennes1.fr/

»

Throughput
Sequencing
technologies

BRC- Biobank
Cani1DNA

DNASeq

- Exome
- Capture...

illumina

~ .
"®"apppgunnt*®

\ 4

Variants (SNP, INDELs)
associated with the disease

Annotation of coding and non-coding
genome




UNIVERSITE DE%

N\ ( = NCBI

RENNES Iln Sequence Read Archive
= 34 samples = 24 samples
= 28 from dogs at GIGA (Liege) = 18 from dogs
= 6 from dogs at CNG (Evry) = 6 from wolves
=  Unstranded = Stranded and Not stranded
/L
4 )

==p 58 RNAseq
==p 33 Dogs
== 10 Breeds
==p 17 Tissues




IOOB

Bioinformatics

analyses
- resources
- dedicated
programs




Dog Reference genome

Dog Reference annotation : Ensembl (v75)

: canFam3

RNASeq_file (.fastq)

stats

Cleaned sequences (.fastq)

stats

Mapped files (.bam)

stats

Known and
novel transcripts(.gtf)

Christophe Hitte

Cleaning

Mapping

Transcriptome

reconstruction
+

stats

quantification
(RPKM)



Current dog annotation

ne counts

One RNASeq Experiment

= e BRAIN RNASeq
Dog (CanFam3.1) v Non coding genes: 3,774
Pseudogenes: 950 ~#Genes: 29,878
Gene transcripts: 29,884
Canis lupus familiaris -#tcpts: 44,831
ZNF3-201
2 kb | canFam3

Scale
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chré: | 9,525,500 | 9,526,000 | 9,526,500 | 9,527,000 | 9,527,500 |

0! 9,528,500 9,529,000 |

9,500 | 9,530,000 | 9,530,50
BROAD2_BRAIN transclipts_gt0_ENSv70.gtf

’531,000 | 9,531,500 | 9,532700 9,532,500 | 9,533,800 1\,9,533,500 |

“““

“““

“““““

n‘l‘

,,,,,,,,,,,,,,,

e

,,,,,

<< ¢ ¢ et € CEEeeeee
¢ et ,,,,I ,,,,,,,,,,

1

CUFF.25557.1 M
ENSCAFT00000023568

LncRN

rged58_v70

~ RefSeq Genes .
Ensembl Gene Predlcllons-archlve Ensembl 70 - jan2013

ENSCAFT00000023568 I



Current dog annotation

One RNASeq Experiment

ne counts
Codi : 19,856
s BRAIN RNASeq
Dog (CanFam3.1) v Non coding genes: 3,774
Pseudogenes: 950 -#Genes: 29,878
Gene transcripts: 29,884
Canis lupus familiaris -#tcpts: 44,831
New transcript
Scale 50 kbl | canFam3
chrg: | 950,000 | 60,960,000 | 0,000 | 60,980,000 | 60,990,000 | 61,000,000 | 61,010,000 | 61,020,000 | 61,030,000 | 61,040,000 |
BROAD2_BRAIN.transcripts_gt0_ENSv70.gtf

CUFF.30318.1
CUFF.30324.1
FT00000043699

GGTA1

ER etk ececcecd

RefSeq Genes

Ensembl Gene Predictions - archive Ensembl 70 - jan2013

ENSCAFT00000043699 ==

=> Are these IncRNAs!?



Il- FEELnc_CodingPot




Known and novel
transcripts

'

* Mandatory arguments:

-i,--infile=file.gtf
-a,--mRNAfile=file.gtf

* Filtering arguments:
-5,--size=200
-b, --biotype
-1,--1inconly.
--monoex=-1/@|1
--hiex=25

* Overlapping specification:

-f, --minfrac_oyer=e
“p,--proc=4

Candidate IncRNAs

-- biotype : only remove tx overlapping mRNAs ?

-- linconly : only keep intergenic tx

-- monoex : keep Antisense monoexonic tx?



Candidate IncRNAs

l1- FEELnc_CodingPot.

New set of IncRNAs

(also new mRNA:s)

Density
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CPAT Coding potential probability of
known human mRNAs vs IncRNAs

- mRNAs
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® (lassifying IncRNAs genomic context wrt to mRNAs could help predict functionality

Set of IncRNAs Schematic overlapping

scenario

Bidirectional
promoter LncRNA ex.

—
LncRNA ex. Cod —
od €xX. ./ \ . /" \\ -

Divergent Exonic AS

Intergenic

(lincRNA)

Divergent
Convergent

Same Orient.

LncRNA ex. ./\-
: odex. IR
Genic (mMRNA Cod AN —
overlap .
Intronic
Exon (AS)
Intron (S/AS) LncRNA ex. S N
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—

Contain (S/AS) o



ad v

(adipose and liver tissues)

I1- FEELnc_CodingPot

IncRNA catalogue
-#tcpts: ~2,000
-#genes: 1,750

I1ncRNA catalogue
-#tcpts: 18,050
-#genes: 9,810



Vision for a complete (ideal) workflow

y

£

Results -

20

DGO

Functional
Validation







Sample Storing
and
characterization
(=131

- high level
resources
- phenotyping

High-Throughput
Sequencing
technologies

Which
technology!?

\\‘ =18, Rﬁrﬂll

Bioinformatics
analyses

- resources
- dedicated
programs

Results -
Functional
Validation




Sample Storing
and
characterization
(=131®)

) High resources
- phenotyping+++

High-Throughput
Sequencing
technologies

Which
technology!?

Bioinformatics
analyses

= resources
- dedicated
programs

- Quality of the
reference genome/
annotation

- Bioinformatic
platform needed

- biostatistics

Results -
Functional
Validation

- Which cell lines?
(time consuming)
- Biochemical
activity does not
always mean
function...
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