
L3.3  Transcriptomes
(More on RNA-seq) 



1. Representative RNAseq papers (ENCODE, modENCODE)

2. Discuss Research Paper for this unit (ENCODE)

AGENDA



First study by RNA-Seq



Figure 1 | Frequency and relative abundance of alternative splicing isoforms in human 
genes. 
a, mRNA-Seq reads mapping to a portion of the SLC25A3 gene locus. The number of 
mapped reads starting at each nucleotide position is displayed (log10) for the tissues listed 
at the right. Arcs represent junctions detected by splice junction reads. 
Bottom: exon/intron structures of representative transcripts containing mutually exclusive 
exons 3A and 3B (GenBank accession numbers shown at the right).





Figure 2 | Pervasive tissue-specific regulation of alternative mRNA isoforms. Rows represent the eight 
different alternative transcript event types diagrammed. Mapped reads supporting expression of upper 
isoform, lower isoform or both isoforms are shown in blue, red and grey, respectively. Columns 1–4 
show the numbers of events of each type: (1) supported by cDNA and/or EST data; (2) with  ≥ 1 isoform 
supported by mRNA-Seq reads; (3) with both isoforms supported by reads; and (4) events detected as 
tissue regulated (Fisher’s exact test) at an FDR of 5% (assuming negligible technical variation). 



Columns 5 and 6 show: (5) the observed percentage of events with both isoforms detected that were 
observed to be tissue-regulated; and (6) the estimated true percentage of tissue-regulated isoforms 
after correction for power to detect tissue bias (Supplementary Fig. 6) and for the FDR. For some 
event types, ‘common reads’ (grey bars) were used in lieu of (for tandem 39UTR events) or in 
addition to ‘exclusion’ reads for detection of changes in isoform levels between tissues.
Note that Aa use the following definition for “tissue-specific”: at least 10% variation in isoforms.



This is the leading article that describes all the ENCODE 
project and gives a overall resumé of results obtained in 
the 2nd phase.

ENCODE official website: https://www.encodeproject.org/
ENCODE at the NHGRI: http://www.genome.gov/encode/
Nature ENCODE: http://www.nature.com/encode/#/threads

https://www.encodeproject.org/
http://www.genome.gov/encode/
http://www.nature.com/encode/


Overall mission of the Encyclopedia of DNA Elements (ENCODE) project:
identifying and characterizing the functional elements present in the human 
genome sequence. A key part of it is to catalogue the entire repertoire of 
RNAs produced by human cells.

Initial pilot phase (2003): approximately 1% of the human genome was 
examined. it was observed that both gene-rich and gene-poor regions were 
pervasively transcribed. 

Second phase of the ENCODE project (2007-2012): the scope was 
broadened to interrogate the complete human genome, to provide a 
genome-wide catalogue of human transcripts and to identify the subcellular 
localization for the RNAs produced.





Navigate to :

ENCODE website

Description of Encyclopedia https://www.encodeproject.org/data/annotations/

Matrix https://www.encodeproject.org/matrix/?type=Experiment

ENCODE data on the USCS browser http://genome.ucsc.edu/ENCODE/

Nature ENCODE website

Nature Explorer http://www.nature.com/encode/

How to navigate the ENCODE Papers through Threads

I.e. transcriptome (03) 

http://www.nature.com/encode/threads/characterization-of-intergenic-regions-and-

gene-definition

Research paper: Djebali et al., Nature 2012

Will discuss later in details 

https://www.encodeproject.org/data/annotations/
https://www.encodeproject.org/matrix/?type=Experiment
http://genome.ucsc.edu/ENCODE/
http://www.nature.com/encode/
http://www.nature.com/encode/threads/characterization-of-intergenic-regions-and-gene-definition


modENCODE project (Worm and Fly)
http://www.modencode.org/



SAMPLES:
RNA was isolated from 30 whole-animal samples representing 27 
distinct stages of development. These included 12 embryonic samples 
collected at 2-h intervals for 24 h, six larval, six pupal and three sexed 
adult stages at 1, 5 and 30 days after eclosion.

COMPLEMENTARY APPROACHES:
• 38-base-pair (bp) resolution genome tiling microarrays

• non-strand-specific poly(A) RNA-Seq from all 30 samples generating 
a combination of single and paired-end, 75-bp reads (Illumina 
platform)

• 12 embryonic time points were also interrogated with strand-
specific 50-bp sequence reads from partially rRNA-depleted total 
RNA on the Applied Biosystems SOLiD platform



Discovery of new transcribed regions
We identified 1,938 new transcribed regions (NTRs) not linked to any 
annotated gene models.

Discovery of small ncRNAs
We identified 37 unannotated intron-encoded and two unannotated 
intergenic small ncRNAs (,300 nucleotides)

Discovery of microRNA primary transcripts
We identified 23 putative independently transcribed pri-miRNAs from 
the total embryonic RNA-Seq and tiling array data that encode 37 
annotated miRNAs



Discovery of new RNAs in the Bithorax complex. Genomic organization and experimental 
evidence for new transcripts located between the HOX genes, abd-A and Abd-B, based on 
short poly(A) RNA and total RNA-Seq expression profiles. The numbers to the left of each 
track indicate the maximal number of reads for that sample. Three manually curated 
junction-based transcript models are shown; the green transcript model was fully validated 
by a cDNA, MIP06894.



Discovery and dynamics of alternative splicing.
To characterize constitutive and alternative splicing, we identified
71,316 splice junctions, of which 22,965 were new discoveries.



All data produced by transcriptomics are required to be deposited in 
Public Databases. 

Microarray and RNA-Seq data are stired in specialized databases:

Gene expression databases

GEO (gene expression omnibus)    - http://www.ncbi.nlm.nih.gov/gds/

ArrayExpress - https://www.ebi.ac.uk/arrayexpress/

http://www.ncbi.nlm.nih.gov/gds/
https://www.ebi.ac.uk/arrayexpress/


Public databases:

Primary  (unannotated sequences)
E.g. GenBank - http://www.ncbi.nlm.nih.gov/genbank/

Secondary (annotated sequences)
NCBI, ENSEMBL, UCSC etc. 

Sequence variations
1000 Genomes - HapMap

Specialized databases 
TCGA – The Cancer Genome Atlas  http://cancergenome.nih.gov/

Knowledge databases
Gene Ontology - http://geneontology.org/

Medical databases
OMIM - http://www.ncbi.nlm.nih.gov/omim

http://www.ncbi.nlm.nih.gov/genbank/
http://cancergenome.nih.gov/
http://geneontology.org/
http://www.ncbi.nlm.nih.gov/omim


The NAR Database 

Collects all databases on-line
Every year, one paper describing new databases and utilities

The database page:
https://www.oxfordjournals.org/our_journals/nar/database/c/

The 2016 database issue paper:
http://nar.oxfordjournals.org/content/44/D1/D1.abstract

https://www.oxfordjournals.org/our_journals/nar/database/c/
http://nar.oxfordjournals.org/content/44/D1/D1.abstract


Important question: do all databases report the same information ?

Answer: not really

Although ENSEMBL-GenBank-DDBJ  synchronize data (primary), secondary and 

specialized database differ in annotation and reconstruction algorithms.

See for example:

ENSEMBL   (http://www.ensembl.org/index.html )

NCBI (Gene)  (http://www.ncbi.nlm.nih.gov/gene/ )

UCSC Genome browser  (https://genome.ucsc.edu/ )

GENCODE browser   (http://www.gencodegenes.org/human_biodalliance.html )

Compare one gene of your choice in the different browsers.

http://www.ensembl.org/index.html
http://www.ncbi.nlm.nih.gov/gene/
https://genome.ucsc.edu/
http://www.gencodegenes.org/human_biodalliance.html


Data integration

Considering the large amount of genomic/transcriptomics data that is
now available in public databases, one important application today is to 
re-analyze data by integrating them with other, coherent data.

This «integrative « approach is extremely powerful since it may unravel 
connections, functional categories, and even hidden relationship 
between genes and proteins.

Needs:
• huge computing power
• enormous storage capability 
• new algorithms to manage data
• new statistics
• new representations
• simplification models





Research Paper 3



ENCODE - Transcriptome

RNA-Seq: identification of annotated and novel RNAs from either of the two major cellular 
subcompartments (nucleus and cytosol) for 15 cell lines (3 tiers of coverage).

To see the EXPERIMENTAL GRID : 
http://genome.ucsc.edu/ENCODE/dataMatrix/encodeDataMatrixHuman.html

Djebali et al., 2012

http://genome.ucsc.edu/ENCODE/dataMatrix/encodeDataMatrixHuman.html


A- Experimental set up



From Supplementary 2
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We used CAGE-seq (5’ cap-targeted RNA isolation and 

sequencing) to identify 62,403 transcription start sites (TSSs) at 

high confidence in tier 1 and 2 cell types. 

Of these, 27,362 (44%) are within 100 base pairs (bp) of the 5’ 

end of a GENCODE-annotated transcript or previously reported 

full-length messenger RNA.

The remaining regions predominantly lie across exons and 3’ 

untranslated regions (UTRs), and some exhibit cell-type-

restricted expression; these may represent the start sites of 

novel, cell-type-specific transcripts



B- Transcripts annotation



Why do the Authors refer to «GENCODE» genes ? 

GENCODE is the bioinformatics and database gemini project of ENCODE.

GENCODE collects information from ENCODE and other projects in Human and 

Mouse

Defining regions of the genome that are transcribed: mapping transcripts and 

other annotation, in order to define coding and noncoding regions.

To define genes, GENECODE integrates RNA-Seq data with other available 

transcriptomics data and with chromatin and epigenetic data that reinforced the 

concept of transcribed regions. 

Extensive comparison  with other databases that used different automathic or 

manual annotation algorithms (ENSEMBL, Havana).

Wiki



http://www.gencodegenes.org/

http://www.gencodegenes.org/






There are several large-scale gene annotation projects in progress on the
human genome, including RefSeq (Pruitt et al. 2005), GENCODE
(Harrow et al. 2012), and UCSC Genes (Dreszer et al. 2012). 

In each ‘‘gene set’’ or ‘‘genebuild’’ produced, the vast majority of models
are based upon transcriptomics data. 

GENCODE (the gene set of the ENCODE project) represents a merge 
between manually annotated HAVANA and computationally derived 
Ensembl models, with annotation taking place on the genome sequence.

RefSeq also combines manual and automated processes, most human
annotation takes place on full-length cDNAs that are subsequently
linked to the chromosome. 

UCSC Genes combine RefSeq models mapped to the genome with 
additional models from other data sources, for example computational 
models based on GenBank ESTs.

Other Gene Annotation Projects



To see GENECODE model, go to http://www.gencodegenes.org/

To see Transcripts, go to: ENCODE data in the UCSC browser 
(http://genome.ucsc.edu/ENCODE/index.html)

Or other Browsers:

- ENSEMBL  (http://www.ensembl.org/index.html)
- NCBI  (http://www.ncbi.nlm.nih.gov/gene )
- UCSC  (https://genome-euro.ucsc.edu)
- WASHU (http://epigenomegateway.wustl.edu/)

http://www.gencodegenes.org/
http://genome.ucsc.edu/ENCODE/index.html
http://www.ensembl.org/index.html
http://www.ncbi.nlm.nih.gov/gene
https://genome-euro.ucsc.edu/
http://epigenomegateway.wustl.edu/


C- Subcellular localization



cumulative

Box plot distribution



coSI definition as ratio between 
junction reads and exon-intron reads

a

Spliced

Non-Spliced



Transcripts range in a 6-order magnitude (poly A+)(10-2 to 104 rpkm)    or  
5 orders of magnitude (poly A-) (10-2 to 103 rpkm)

Assuming that   1–4 r.p.k.m. approximates to 1 copy per cell (Montazavi
et al., 2008):
• one quarter of protein-coding RNAs and
• 80% of long noncoding RNAs (lncRNA) 
Are expressed at 1 or <1 molecules per cell

i.e. the majority of lncRNAs are expressed at a very low level

Novel lncRNAs discovered here contains also a class showing  rpkm from 
10-4 to 10-1:       << extremely low expression >>  

Expression  level  - quantity

Question: what does it mean «less than one molecule per cell ?

Djebali et al., 2012

D- Transcripts expression



Protein coding transcripts are the only class that is enriched in the cytoplasm

Figure 3 Djebali et al. 2012

Expresson level by class

Kernel densityWiki statistics



a) Number of expressed isoforms per gene per cell line. A plateau is evident 
between 10 and 12

b) Relative expression of the most abundant isoform per gene per cell line. 

Djebali 2012,  Figure 4 - Isoforms (alternative splicing)

Box plot

Wiki statistics

E- Splicing Patterns



Alternative transcription initiation and termination.

On the basis of RNA-seq analysis of polyadenylated RNAs, a total of 128,021 TSSs 

were detected across all cell lines, of which 97,778 were previously annotated 

and 30,243 were novel intergenic/antisense TSSs.

CAGE tags…. identified a total of 82,783 nonredundant TSSs

Approximately 48% of the CAGE-identified TSSs are located within 500 base pairs 

(bp) of an annotated RNA-seq-detected GENCODE TSS, whereas an additional

3% are within 500 bp of a novel TSS.

Integration of data from ChIP-Seq of histone PTMs demonstrated that most TSS 

do not have the characteristic chromatin features associated to transcription. This 

suggests alternative modality of transcriptional regulation at promoters.

« Low concordance between models »

Djebali et al., 2012

F- TSS/TESes



eRNA will be discussed in Part 4

Djebali et al., 2012

H- RNA Editing and Repeats

I- Enhancer RNA

Other topics

G- Short RNA

Brief discussion tomorrow



ENCODE - Transcriptome

General conclusions:

• 62.1% of genome covered by processed transcripts;  74.7% by unprocessed 

transcripts.

-> New gene definition

• Novel elements cover 78% of intronic nucleotides and 34% of intergenic 

sequences.

• Multiple isoforms per gene expressed simultaneously,  with a plateau at 10-12 

isoforms per gene per cell line.  

• eRNA – transcripts starting from enhancers

• 6% of coding and noncoding overlap with small RNA (probably precursors)

Djebali et al., 2012

Question: is this feature «conclusive» ?


