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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: 
Pilot phase: focusing on 1% of the genome (ENCODE regions). 
Technology development phase: on 100% of the genome. 
Mouse ENCODE project  (End 2014)  

Involve many investigators:  
with diverse backgrounds and expertise,  

      mainly from USA, but also from Europe and Asia.



ENCODE institution location 



Whole genome ENCODE overview

ENCODE project consortium, PLoS Biology, 2011



Institution Research Goals

Duke University

Affymetrix, Inc.

Boston University

Research 
Group
Bradley 

Bernstein
Broad Institute of 
MIT and Harvard

Map histone modifications using chromatin immunoprecipitation followed by high-throughput 
sequencing.

Gregory 
Crawford

Identify and characterize regions of open chromatin using DNaseI hypersensitivity assays, 
formaldehyde-assisted isolation of regulatory elements, and chromatin immunoprecipitation.

Morgan 
Giddings

University of North 
Carolina, Chapel 

Hill
Produce large-scale proteomic data sets on ENCODE cell lines using mass spectrometry.

Thomas 
Gingeras

Identify protein-coding and non-protein coding RNA transcripts using microarrays, high-
throughput sequencing, sequence paired-end tags, and sequenced cap analysis of gene 

expression tags.
Timothy 
Hubbard

Wellcome Trust 
Sanger Institute

Annotate gene features using computational methods, manual annotation, and targeted 
experiments.

Richard 
Myers

HudsonAlpha 
Institute for 

Biotechnology

Identify transcription factor binding sites using chromatin immunoprecipitation followed by high-
throughput DNA sequencing; Pilot effort to determine the methylation status of CpG-rich 

regions.
Michael 
Snyder

Stanford 
University

Identify transcription factor binding sites using chromatin immunoprecipitation followed by high-
throughput DNA sequencing.

John 
Stamatoya
nnopoulos

University of 
Washington, 

Seattle
Map and functionally classify DNaseI hypersensitive sites by digital DNaseI and histone 

modification mapping using high-throughput sequencing.

Thomas 
Tullius

Develop high-throughput methods for collecting hydroxyl radical cleavage data; locate structural 
features in human genome that are under selective evolutionary pressure, but for which the 

exact nucleotide sequence is not under selection.
Kevin 
White

University of 
Chicago Epitope tag transcription factors for chromatin immunoprecipitation using BAC recombineering.

Whole genome ENCODE production



Landscape of transcription in human cells



The ENCODE RNA assays

Djebali, Davis et al., Nature, 2012

Allows to assess reproducibility



Data distribution: the RNA dashboard 
(Julien Lagarde - CRG)

http://genome.crg.es/encode_RNA_dashboard/hg19 

● 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

100

80

60

40

20

0

Red: Proportion of nucleotides (nt) in genomic 
domains covered by RNA-seq contigs; 

 Cumulatively (● or ●), is covered by RNA-seq: 
57% of the genome, 
91% of the exonic nt,  
77% of the intronic nt,  
34% of the intergenic nt. 

Djebali, Davis et al., Nature, 2012



The Gencode Reference annotation



Gencode as the reference gene annotation

3 confidence levels for transcripts  
and genes: 
- level 1: validated, 
- level 2: manually annotated, 
- level 3: automatically annotated.

Several objects annotated: 
- gene 
- transcript 
- exon 
- CDS 
- UTR

Many different biotypes for transcripts and genes: 4 broad types: 
- protein coding (mRNA), 
- long non-coding (lncRNA), 
- small non-coding (sRNA), 
- pseudogenes.

Harrow et al., Genome Research, 2012



http://www.gencodegenes.org/



Gencode statistics



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

Why lncRNAs?

(from Amaral P,  et al., 2008)

Type functions

mRNAs many..

… …

miRNAs Regulation of gene expression

siRNAs RNA interference pathway

snoRNAs Chemical modification of rRNA, 
tRNAs and small RNAs

piRNAs transposon defense - regulate 
euchromatin formation

snRNA splicing, regulation of TFs, 
telomere stability...

long ncRNAs Various



What is known about lncRNAs

• 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" lncRNAs: XIST, H19, HOTAIR... (Guttman et al., Duret et al., Navarro et al., Ponting et al.,) 

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



LncRNAs Functions



LncRNAs Functions

• Can enhance or repress 
transcription of targeted 
mRNA(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 MLL1 => H3K4me3 => 
activation of HOXA genes

(from Mattick JS,  et al., 2010)
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Features of lncRNA gene structure

LncRNA transcripts have ~ 2 exons (< mRNAs) Exon and intron size are similar for lncRNAs and mRNAs

LncRNA transcripts are much shorter than mRNAs LncRNA genes have less isoforms than PCG genes
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Characteristics of lncRNA expression in human cell types

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

A. B.

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.  

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. 

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



1,649 datasets in total
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 
Discussing ideas, be open for collaborations...

Birney, Nature, 2012



➡ ENCODE-like project in "non-model" organisms 
(example in dogs)



Why dogs?

• Unique evolutionary history => unique population structure

➡ Dog model facilitates the identification of Genotype/Phenotype relationship

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

• One breed = One genetic isolate

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



Dog and disease/cancers

• 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

➡ Cancers in dogs :

• Unique history => high prevalence of diseases/cancers

➡ Dog is a good model for studying diseases/cancers

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



Storing samples 
and 

characterization
(BRC)

High-Throughput
Sequencing 
technologies

Bioinformatics 
analyses

- resources
- dedicated 

programs

Results - 
Functional 
Validation

Vision for a complete ("ideal") workflow

A typical project in the dog genetics team (Cancers…)



BRC : CaniDNA

~20,000 DNA
>3,000 RNA

Sample characterization/
phenotyping

- histological
- types of cancers...

Biobank
CaniDNA

Vet network Dog OwnersVet schools

Sample 
Storing and 
characteriza

tion
(BRC)

canidna.univ-rennes1.fr/ 

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


DNASeq
- Exome

- Capture...

Genotyping
GWAS

RNASeq

Genomic Locus associated with the 
disease

Variants (SNP, INDELs) 
associated with the disease

Annotation of coding and non-coding 
genome

BRC- Biobank
CaniDNA

Sample 
Storing and 
characteriza

tion
(BRC)

High-
Throughput
Sequencing 
technologies



➡ 34 samples 

➡ 28 from dogs at GIGA (Liège)

➡ 6 from dogs at CNG (Evry)

➡ Unstranded

➡ 24 samples

➡ 18 from dogs

➡ 6 from wolves

➡ Stranded and Not stranded

I.

58 RNAseq 

33 Dogs 

10 Breeds

17 Tissues

RNASeq samples available in dog



Sample Storing 
and 

characterization
(BRC)

High-Throughput
Sequencing 
technologies

Bioinformatics 
analyses

- resources
- dedicated 

programs



stats

stats

stats

RNASeq_file (.fastq)

Cleaned sequences (.fastq)

fastqc + sickle...

Mapped files (.bam)

tophat2
bowtie2

Known and 
novel transcripts(.gtf)

Cufflink2

Mapping

Cleaning

Transcriptome 
reconstruction 

+  
quantification 

(RPKM)

Pipeline for dog RNASeq analysis
Dog Reference genome      : canFam3
Dog Reference annotation : Ensembl (v75)

stats

Christophe Hitte



Example of Brain (cortex) RNASeq

=> RNASeq allows to annotate new isoforms w.r.t to current reference annotations

BRAIN RNASeq

-#Genes: 29,878

-#tcpts: 44,831

Scale
chr6:

CUFF.25557.4
CUFF.25557.3
CUFF.25557.2
CUFF.25557.1

ENSCAFT00000023568

SINE
LINE
LTR
DNA

Simple
Low Complexity

Satellite
RNA

Other
Unknown

Gap

2 kb canFam3
9,525,500 9,526,000 9,526,500 9,527,000 9,527,500 9,528,000 9,528,500 9,529,000 9,529,500 9,530,000 9,530,500 9,531,000 9,531,500 9,532,000 9,532,500 9,533,000 9,533,500

BROAD2_BRAIN.transcripts_gt0_ENSv70.gtf

LncRNAs_merged58_v70
RefSeq Genes

Ensembl Gene Predictions - archive Ensembl 70 - jan2013
Repeating Elements by RepeatMasker

Gap Locations

ENSCAFT00000023568

ZNF3-201

Current dog annotation
One RNASeq Experiment



Example of Brain (cortex) RNASeq

=> RNASeq allows to annotate new (expressed) transcripts

Scale
chr9:

CUFF.30318.1
CUFF.30324.1

ENSCAFT00000043699
GGTA1

SINE
LINE
LTR
DNA

Simple
Low Complexity

Satellite
RNA

Other
Unknown

Gap

50 kb canFam3
60,950,000 60,960,000 60,970,000 60,980,000 60,990,000 61,000,000 61,010,000 61,020,000 61,030,000 61,040,000 61,050,000

BROAD2_BRAIN.transcripts_gt0_ENSv70.gtf

RefSeq Genes
Ensembl Gene Predictions - archive Ensembl 70 - jan2013

Repeating Elements by RepeatMasker

Gap Locations

ENSCAFT00000043699

=> Are these lncRNAs?

New transcript

BRAIN RNASeq

-#Genes: 29,878

-#tcpts: 44,831

Current dog annotation
One RNASeq Experiment



FEELnc : Fast and Effective Extraction of LncRNAs

I- FEELnc_Filter

II- FEELnc_CodingPot

III- FEELnc_Classifier

RNASeq 
Experiment(s) 

(cufflinks)

LncRNAs



FEELnc : Filters

I- FEELnc_Filters

Known and novel 
transcripts

Candidate lncRNAs

 Merged RNASeq samples 
(cuffmerge)

-- biotype : only remove tx overlapping mRNAs ?

-- monoex : keep Antisense monoexonic tx?

-- linconly : only keep intergenic tx



FEELnc : Coding potential

II- FEELnc_CodingPot.
CPAT : Coding Potential Assessment Tool (Wang et al.) 

- Alignment-free tool => fast 
- logistic regression model based on 4 features  
- Coding potential probability

Candidate lncRNAs

New set of lncRNAs 
(also new mRNAs)



FEELnc : Classifier

III- FEELnc_Classifier

Set of lncRNAs

Cod ex.

LncRNA ex.

Cod ex.

LncRNA ex.

Cod ex.

LncRNA ex.

• Classifying lncRNAs genomic context wrt to mRNAs could help predict functionality

Exonic AS

Intronic

Contain

Intergenic 
(lincRNA) 

Genic (mRNA 
overlap)

Divergent Exon (AS)

Convergent Intron (S/AS)

Same Orient. Contain (S/AS)

Schematic overlapping 
scenario 

Cod ex.

LncRNA ex.

Bidirectional 
promoter

Divergent



FEELnc : In dog and chicken (S. Lagarrigue)

I- FEELnc_Filter

II- FEELnc_CodingPot

III- FEELnc_Classifier

RNASeq 
Experiment(s)

Classified 
LncRNAs

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

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

~60 RNASeq 6 RNASeq
(adipose and liver tissues)



Sample Storing 
and 

characterization
(BRC)

High-Throughput
Sequencing 
technologies

Bioinformatics 
analyses

- resources
- dedicated 

programs

Results - 
Functional 
Validation

Vision for a complete (ideal) workflow



Conclusion



Conclusion (some critical points…)

Sample Storing 
and 

characterization
(BRC)

High-Throughput
Sequencing 
technologies

Bioinformatics 
analyses

- resources
- dedicated 

programs

Results - 
Functional 
Validation

- high level 
resources
- phenotyping

Which 
technology?



Conclusion (some critical points…)

Sample Storing 
and 

characterization
(BRC)

High-Throughput
Sequencing 
technologies

Bioinformatics 
analyses

- resources
- dedicated 

programs

Results - 
Functional 
Validation

- High resources
- phenotyping+++

Which 
technology?

- Quality of the 
reference genome/
annotation
- Bioinformatic 
platform needed
- biostatistics

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