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Motivation

2002–2007: The pilot phase of the ENCODE project:

Examine 1% of the human genome.

2007–2012: The second phase of the ENCODE project:

Interrogate the complete human genome.

Goal of the paper:

Provide a genome-wide catalogue of the produced RNAs.
Identify the subcellular localization for the produced RNAs.
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Motivation

Materials

15 ENCODE cell lines:
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Motivation

Contribution of this paper

Extend the current genome-wide annotated catalogue of long
poly-adenylated & small RNAs of GENCODE.

62.1% and 74.7% of the human genome are covered by either
processed or primary transcripts.

⋆ primary = contigs + introns + GENCODE genes;
⋆ processed = contigs + GENCODE exons.

No cell line shows more than 56.7% of the union of the expressed
transcriptomes across all cell lines.

The consequent reduction in the length of intergenic regions leads to a
significant overlapping of neighbouring genic regions and prompts a
redefinition of a gene.
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Motivation

Contribution of this paper (contd.)

A tendency for genes to express many isoforms simultaneously
(plateau: 10–12 expressed isoforms per gene per cell line).

Cell-type-specific enhancers are promoters differentiable from other
regulatory regions.

Coding & non-coding transcripts are predominantly localized in the
cytosol and nucleus, resp.

≈ 6% of all annotated coding and non-coding transcripts overlap with
small RNAs and probably precursors to these small RNAs.
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RNA data generation

Sample Flowchart
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RNA data generation
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Joseph C.-C. Lin (GRC, Academia Sinica) Human transcription landscape 30 Jan 2013 10 / 57



Human transcription landscape

RNA data generation

RNA data & processing software

The mapped data was used to assemble and quantify annotated GENCODE v7
elements.

Elements and quantifications were further assessed for reproducibility between

replicates using a non-parametric version of IDR.
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Results

Long RNA expression landscape

Detection of annotated & novel transcripts

70% of annotated splice junctions, transcripts and genes were
cumulatively detected.

≈ 85% of annotated exons with an average of coverage 96% (by
RNA-seq).

Small variation in the proportion of detected GENCODE elements.

Only a small proportion of GENCODE elements are detected
exclusively in the Poly-A− RNA fraction.
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Results

Long RNA expression landscape

A large majority of GENCODE elements are detected by RNA-seq data
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Long RNA expression landscape

Detection of annotated & novel transcripts (contd.)

The identified novel elements covered 78% of the intronic nucleotides
and 34% of the intergenic sequences.

Use Cufflinks to predict (over all long RNA-seq samples) the
following elements in intergenic and antisense regions:

94,800 exons (↑ 19%);
69,052 splice junctions (↑ 22%); ⇒ mono-exonic transcripts?
73,325 transcripts (↑ 45%);
41,204 genes (↑ 80%). ⇒ mono-exonic transcripts?

⋆ DNA contamination or incomplete determination of transcript
structures?
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Long RNA expression landscape

Independent validation of multi-exonic transcript models

Using overlapping targeted Roche FLX 454 paired-end reads and
mass spectrometry.

⋆ The selected 3,000 GT/AG splice junctions identified from Illumina RNA-seq:
a. Not annotated in GENCODE;
b. Map to intergenic & antisense regions of H1-hESC, HepG2, Hela-S3

(poly-A+, whole cell).
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Results

Long RNA expression landscape

Independent validation of multi-exonic transcript models (contd.)
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Results

Long RNA expression landscape

Most novel transcripts seem to lack protein-coding capacity

Distribution of spectral and peptide identifications in novel exons.
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Results

Long RNA expression landscape

The transcriptome of nuclear subcompartments (K562 cell line)

K562 cell line; total RNA isolated from chromatin, nucleolus and
nucleoplasm.

51.64% (18,330) of the GENCODE (v7) annotated genes detected for
all 15 cell lines (35,494) were identified.

Only a small fraction of annotated/novel elements was unique to that
compartment.
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Results

Long RNA expression landscape

Co-transcriptional splicing (CoSI)

The complete splicing index (CoSI):

The ratio of 0.5(a+b)+c

0.5(a+b)+c+0.5(d+e) .
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Long RNA expression landscape

Co-transcriptional splicing (chromatin)
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Long RNA expression landscape

Co-transcriptional splicing (cytosol)
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Results

Long RNA expression landscape

Abundance of gene types in cellular compartments
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Results

Long RNA expression landscape

lncRNAs contributes more to cell-line specificity than protein-coding genes
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Results

Long RNA expression landscape

Isoform expression within a gene
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Results

Long RNA expression landscape

Splice site usage

For each protein coding gene in each cell line, the authors computed:

# detected splice junctions (# detected isoforms)
relative expression of the most frequently used splice junction (major isoform)

the Shannon’s diversity index on the relative usage of gene’s annotated splice

junctions.

Let g be a gene with n annotated isoforms with relative frequencies
p1, p2, . . . , pn in a given cell line. The entropy of g is

H(g) = −

n∑

i=1

pi ln pi .
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Results

Long RNA expression landscape

Splice site usage (contd.)
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Long RNA expression landscape

Splice site usage (contd.)

The average entropy is slightly higher when compute on splice site
usage than isoform usage ⇒ why?
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Splice site usage (contd.)
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Results

Long RNA expression landscape

Transcription initiation and termination

Workflow of CAGE processing and elements:

Raw CAGE reads ⇒ mapped to hg19 genome (using Delve); reads with bad

mapping quality were discarded.

Delve: a probabilistic mapper using HMM;

Iteratively map reads to the genome & estimate position dependent error
prob.

Mapped reads ⇒ clustered using paraclu → hierarchal organization of overlapping
clusters; clusters shorter than 200bp were selected (∵ length(nucleosome)).

Using TSS predictor.

A non-supervised classifier based on modeling sequences surrounding CAGE regions
via HMMs.

To capture sequence motifs of length 2–8 present at a certain distance
from the middle of each cluster.
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Long RNA expression landscape

Transcription initiation and termination (contd.)

82,783 non-redundant TSSs were identified.

≈ 48% of the CAGE-identified TSSs are
located within 500bp of an annotated
RNA-seq detected GENCODE TSS.

3% are within 500bp of a novel TSS.
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Long RNA expression landscape

Transcription initiation and termination (contd.)

Correlations to chromatin and features of initiation of transcription:

44.7% (199,146) of the RNA-seq-supported TSSs also displayed evidence of CAGE.

≈ half of the TSSs are associated with ≥ 1 transcription initiation features
(DNase I, H3K27ac & H3K4me3 chromatin modifications).

Only a small minority of the TSSs identified by either CAGE or

RNA-seq/GENCODE displayed all of the characteristics of transcription start.

As to transcription termination:

128,824 sites mapping within annotated GENCODE transcripts were identified.

Trim unmapped RNA-seq reads with long terminal poly-As first.
⋆ ≈ 20% mapped proximal to annotated poly-A sites (PAS).
⋆ ≈ 80% correspond to novel PAS.

A cell-type preference for proximal PAS in the cytosol compared to the nucleus.
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Short RNA expression landscape
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Short RNA expression landscape

Annotated small RNAs
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Results

Short RNA expression landscape

Annotated small RNAs (all cell lines)
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Short RNA expression landscape

Annotated small RNAs (K562)
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Short RNA expression landscape

Unannotated small RNAs
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Short RNA expression landscape

Unannotated small RNAs (contd.)

Two types detected:

Subfragments of annotated small RNAs.
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Results

Short RNA expression landscape

Unannotated small RNAs (contd.)

Two types detected:

Subfragments of annotated small RNAs.

Novel short RNAs mapping outside of annotated ones.

Almost 90% of these are only observed in one cell line (low copy
numbers).

Nearly 40% of these are associated with promoter & terminator regions
of annotated genes.
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Short RNA expression landscape

Genealogy of short RNAs
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RNA editing & allele-specific expression

The pipeline [Park et al. Genome Research 2012]
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RNA editing & allele-specific expression

RNA-detected SNVs in GM12878
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Results

RNA editing & allele-specific expression

RNA-detected SNVs in 8 cell lines
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Results

RNA editing & allele-specific expression

Allele-specific expression (GM12878 RNA-seq datasets)

The AlleleSeq pipeline [Rozowsky et al. Mol. Syst. Biol. 2011]

RNA-seq reads were independently mapped using Bowtie against both maternal

and paternal haplotype sequences.

Constructed for the NA12878 genome using phased variant calls from

the pilot phase of the 1000 Genome Project Consortium.

Heterozygous SNPs in sufficiently highly transcribed regions can be used to
distinguish those regions that exhibit allele-specific expression from those that are
not (by counting reads mapping to each allele).

≈ 18% of both GENCODE annotated protein-coding & non-coding genes exhibit

allele-specific expression.

Similar proportion of genes with allele-specific expression in

whole-cell, cytoplasm, & nucleus.
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Repeat region transcription
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Repeat region transcription

Repeat region transcription

18% (14,828) of CAGE-defined TSS regions overlap repetitive elements.

# Intergenic CAGE clusters overlapping repeat elements:

322 for long interspersed elements (LINE);
315 for short interspersed elements (SINE);
507 for long terminal repeat (LTR);

1,262 for the other repeat elements.
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Repeat region transcription

Repeat region transcription (contd.)
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Repeat region transcription

Repeat region transcription (contd.)
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Results

Characterization of enhancer RNA

Transcription at enhancers

RNA polymerase II binds some distal enhancer regions & produce
enhancer-associated transcripts (eRNAs).

Material used:

enhancer loci predicted from ENCODE ChIP-seq data.
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Characterization of enhancer RNA

Transcription at enhancers
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Results

Characterization of enhancer RNA

Enhancer transcripts differ from promoter transcripts
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Results

Characterization of enhancer RNA

Chromatin state at transcribed enhancers
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Results

Characterization of enhancer RNA

Enhancer activity & transcription is cell-type specific
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Thanks for your listening!
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