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The human genome: 
22 autosome pairs
2 Sex chromosome pairs (XX o XY)
Total haploid genome 3x109

The human genome is highly structured



Nucleosome:
8 histone proteins
2 turns of DNA(146 nt) 

Chromatin: DNA + protein in nucleus
Organisation of genetic information
Function:
Packaging of DNA
Compaction of DNA
Definition of reagions of gene
Expression (euchromatin) or repression
(heterochromatin)
-Increasing stability of DNA
-Prevention of damage
-Control of replication, gene expression
-Cell cycle

The human genome is highly structured



POST-TRANSLATIONAL HISTONE MODIFICATIONS
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Gene expression
Control by post-

translational
histone modifications

àActivate transcription
(H3K9 acetylation, …)
àRepress transcription
(H3K27 trimethylation)
can be cell type specific

Sum of all modifications
= HISTONE CODE

Specific histone
+modifications at promoters

Enhancers, along active
Genes, site of termination



DNA

RNA

Protein

Biological
function

The central dogma of molecular biology
…and a protein centred point of view



GENOME

lymphocyte neuron

Specific gene expression
programs

Cell function

The human genome encodes information that
underlies cell specification in multi-cellular organisms

Genetic information must be highly organized



A classic view on eukaryotic non-coding RNAs

small, non-coding 
à translation

long, non-coding 
à translation

long, non-coding
à Dosage compensation

“exotic” long, but non-
coding RNAs (Xist, roX)

small, non-coding
à splicing regulators

small, non-coding
àDireting chemical 

modification of RNAs

1. mRNAs à protein coding à development, differentiation, disease

2. ncRNAs à defined biochemical activity to ensure mRNA processing and protein expression

3. A few “exotic RNAs” (such as Xist) à function identified due to genetic experiments, no 
idea on biochemical activity

until late 1990ies



WHOLE GENOME SEQEUNCING TO GRASP 
THE COMPLEXITY OF GENETIC INFORMATION

THE HUMAN GENOME PROJECT

SEQEUNCING OF GENOMIC DNA

ISOLATE LARGE PIECES OF DNA AND SEQEUNCE!



WHOLE GENOME SEQEUNCING TO GRASP 
THE COMPLEXITY OF GENETIC INFORMATION

DNA SEQUENCING OF MULTIPLE SPECIES 
GAVE SURPRISES

Confirmation of the C-value paradox:

The amount of DNA in a haploid genome (the 1C value) 
does correspond strongly to the complexity of an organism. 
1C values can be extremely variable.

What DNA sequences are present in «junk» 
regions of genomic DNA?

Vertebrates:
Only 1-2% of the genome is composed of exons that
encode protein



9 8 %   O F  T H E  H U M A N  G E N O M I C  D N A  D O E S  
N O T  E N C O D E  F O R  P R O T E I N S

ca 50% transposable elements

1-2% protein coding genes

0.5-1% pseudogenes

à Vast genome sequnences without biological functions? 



E.coli H. sapiens

T h e  C - v a l u e  a n d  G - v a l u e  p a r a d o x

C. elegans

3x109 bp5x106 bp

1

Genome

Chromosomes 236

1x108 bp

Coding genes 219956692 20541

ncDNA

ncDNA CONTENT INCREASES WITH ORGANISMAL COMPLEXITY

5% 60% 98%

Disconnection of biological complexity and genome size:
- G-value paradox: number of genes does not correlate with genome size
- C-Value paradox: the amount of DNA in a haploid genome (the 1C 

value) does correspond strongly to the complexity of an organism.



E a r l y  e x a m p l e s  o f  “ e x o t i c ”  f u n c t i o n a l  n c R N A s

R e l e v a n t  f o r  d e v e l o p m e n t  a n d  d i s e a s e
… . o t h e r s ?

AGING-CANCER

DEVELOPMENTAL DEFECTS
LETHAL

Xist
lncRNA

hTR lncRNA

Airn
lncRNA

Telomere
function

X inactivation
Silencing

1000 genes
on the Xi

mono-allelic
Gene expression



Imagine you live in 2000…..

and you ask yourself a question:

….what can be done to identify new classes of RNAs that origin from non-coding 
regions and carry biological function

…what techniques to you apply

…are there techniques/instruments that can help in this quest?

Form 5 groups - 10 minutes discussion; 2 persons present ideas



What are the problems in the use of classic DNA sequencing techniques
in the discovery of new functional elements (RNAs) in eukaryotes????????

- Slow
- Cost intensive
- Labor intensive
- Biased towards highly expressed transcripts
- Non productive for sequencing of larger genomes/transciptomes
- Sequencing sample preparation for genome studies is labour intensive
- Combined, multiple analyses of particular sample is almost impossible (transcriptome 

and epigenome)

- Fast method
- Cheap methods
- Efficient and reproducible methods
- Excellent detection of low abundance targets (low expressed RNAs)
- Multiple coverage of target with sequence reads
- Sequencing sample preparation also from limited source (small cell populations)
- Combined, multiple analyses of particular sample (transcriptome and epigenome) to 

link biological information

What type of methods do we need to get a better resolution of the eukaryotic genome????

Classic automated sanger sequencing approaches are not sufficinet to capture
transcriptome complexity



A short wrap-up on sequencing techniques

2022: RNA seq: €400
2022: ChIP seq: €500
2023: RNA seq: €300
2023: ChIP seq: €350…one vial of restriction enzyme: € 250



Output:

up to 6 Tb and 20 billion sequence reads in < 2 days.
typically 30-100 fold coverage
(each nucleotide in the sequnced DNA is represented by 30 – 100 seqeunce reads)

3. Massive Parallel Sequencing – a revolution in genome sequencing

Data analysis:

Limiting factor: trained personnel, equipment and biological interpretation of the 
seqeuncing data

Experimental conditions and models systems need to be chosen carefully



3. Massive Parallel Sequencing – how does it work?

1. DNA  preparation (DNA or RNA à cDNA)

2. DNA  library preparation

Creation of uniform target site for bridge 
amplification and paired end sequencing

4. Massive parallel sequencing – Sanger + Dye termination

3. Immobilization on surface + clonal sample 
(bridge) amplification of millions of DNA 

targets

4. Data analysis – high effort for data processing

DNA seq – genome sequence of 
many organisms

RNA seq – all RNAs (cDNA) of 
many organisms – also at low 
abundance

ChiP seq

ATAC Assay for Transposase-
Accessible Chromatin
using sequencing….. Se
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3b Illumina: massive parallel sequencing: RNA seq

RNA seq allows the sequencing of 
different classes of RNA

1. Selection of cell type/tissue/organism

2. Fractionation of RNA types

3. cDNA synthesis and end polishing

4. Adapter ligation
(sequencing primer target site)

5. PCR amplification

6. Cluster amplification and sequencing in flow cell



Coverage plots of RNA-Seq reads from a single wild-type mature
oocyte. Analysis was performed using the UCSC genome
browser. Depicted here are the base coverage files for Rpusd4,
Tusc4, Ap1m2 and Fbxw13 on chromosome 9.

Coverage blot of typical RNA seq experiment

Sequence reads build up to peak

Peaks build up on exonic sequences
in reference genome

Computational analysis of sequencing data allows to
Correlate coverage blot of individual transcripts to
gene expression levels

Zoom into defined region in the genome of protein coding genes

exon

intron

arrows indicates orientation
of transcription (infor from refseq)

No peaks on intronic sequences (degraded RNA)

The start and end of a peak allows to identify a defined
(mature) RNA unit with respect to the reference sequence
(i.e. exon: start and end point)
(i.e. miRNA: start and end of processed miRNA)

Qualitative Information

Quantitative information

Tissue specific expression
RNAseq in different tissues, cell types or differentiation
(differential processing, expression)
RNAseq in different species (conservation)
Single cell information

Rpusd4

Tusc4 

Ap1m2

Fbxw13



Non-coding RNAs are complex in their expression and processing into mature ncRNA

mRNA

Alpha crystallin A chain: 
expressed in embryo not ES 
cells,
clear exon intron structure
no other significant reads
Oct4: 
expressed in ES cells,
clear exon intron structure
no other significant reads

Long
Non-
coding 
RNA

Reads map along a longer 
stretch on Chr7/14

Chr7 lncRNA: differential 
regulation of expression

Chr14 lncRNA: common 
expression

Annotation with miRNAs
(processing known)

embryonic
stem cells

embryo

embryonic
stem cells

embryo

embryonic
stem cells

embryo

diff.

diff.

diff.

Non-coding pri-miRNAs
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RNA Seq identifies new type of RNA elements – coding and non-coding

Blue: protein coding transcript

Green: non-coding transcripts of different types (miRNA, lncRNA)

Note: all variants identified in different cell types are shown

Mapping by RNA seq identifies all transcipts.
- Some good idea on start and stop site
- Different processing
- Alternative splicing
- Transcription of both strands of DNA
- Overlapping transcription 
- Differential expression in different cell types

No information from RNA-Seq:
- Regulation on the DNA level: does the cell 
invest into controlled expression?



RNA Seq identifies new type of RNA elements

Most frequent, easy to annotate  ncRNAs
(defined processing and classic gene regulation



E.coli H. sapiens

T h e  n o n - c o d i n g  g e n o m e  ( r ) e v o l u t i o n

C. elegans

3x109 bp5x106 bp

1

Genome

Chromosomes

non-coding RNA genes

23

miRNAs

6

1x108 bp

pseudogenes

ca. 4000023136

224 4274

106161522

15

0

21

Coding genes 219956692 20541

ncDNA 5% 60% 98%



Almost all regions in the genome are subject to regulation
and transcription – what about non-coding gene regulation?

The vast majority (80,4%) of the human genome in at least 
one biochemical RNA event in at least one cell type

Coding transcripts are expressed at relatively high levels,
Non-coding RNAs tend to be expressed at low levels

How would you define a potential functionally relevant 
transcripts?

Can we use genomics data to propose functionally relevant 
transcripts? How?

Think about 10 minutes and propose an idea!



Almost all regions in the genome are subjecte to regualtion
and transcription

THIS FINDING SHOWS THAT COMPLEXITY GOES WIDE BEYOND PROTEIN CODING GENES
THOUSANDS OF NEW GENES THAT HAVE NEVER BEEN STUDIED BEFORE
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Combine RNAseq data with known chromatin features at gene promoters
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The ENCODE PROJECT: IDENTIFCATION OF ALL FUNCTIONAL ELEMENTS

IN THE REMAINING 98% OF THE HUMAN GENOME (2003)

à Mapping transcription units

à Mapping regulatory units

The Encyclopedia of DNA Elements (ENCODE) is a public research project launched by the 

US National Human Genome Research Institute (NHGRI) in September 2003.

Intended as a follow-up to the Human Genome Project (Genomic Research), the 

ENCODE project aims to identify all functional elements in the human genome.

The project involves a worldwide consortium of research groups, and data generated 

from this project can be accessed through public databases.

NCODE is implemented in three phases: the pilot phase, the technology development phase and the production phase.

Along the pilot phase, the ENCODE Consortium evaluated strategies for identifying various types of genomic elements. The goal of the 
pilot phase was to identify a set of procedures that, in combination, could be applied cost-effectively and at high-throughput to 

accurately and comprehensively characterize large regions of the human genome. The pilot phase had to reveal gaps in the current set of 
tools for detecting functional sequences, and was also thought to reveal whether some methods used by that time were inefficient or 
unsuitable for large-scale utilization. Some of these problems had to be addressed in the ENCODE technology development phase (being 
executed concurrently with the pilot phase), which aimed to devise new laboratory and computational methods that would improve our 
ability to identify known functional sequences or to discover new functional genomic elements. The results of the first two phases 

determined the best path forward for analysing the remaining 99% of the human genome in a cost-effective and comprehensive 
production phase.



https://www.encodeproject.org



ENCODE MASSIVE EXPERIMENTAL INPUT

Ca.
400 Mio $



http://www.gencodegenes.org/

GENCODE:
Project that uses ENCODE data for the annotation 
of functional elements in the genome



HOME WORK:

Use the UCSC genome browser ( https://genome.ucsc.edu/index.html) to check coding 
and ncRNA expression in a Hox gene cluster 

- Select human genome,
- check for HOXC9 gene region (use zoom in and our function to visualize a genome 

region of ca. 100kb up and 100 kb downstream of HOXC9
- 1. Get an imagination on how many coding and non coding genes are in this region 
- Go to tool selection: select CpG Island function; select ENCODE regulation
- Click on gray bar next to ChIP peaks; click integrated regulation from encode tracks; 

select ”transcription, layered H3K4Me1, layered H3K4Me3, layered H3K27”, select 
“submit”

- 2. Try to individuate peaks in ChIP data that have a particular pattern with respect to 
transcripts

- Be ready to show next lecture!!







How to unlock the genome and identify new functional elements ??

Transcription
Splicing

Chemical modifications
Cap formation

Poly-adenylation
Localization
processing

Epigentics
Transcriptional regulation



HOW CAN  NEW FUNCTIONAL ELEMENTS - (GENES/TRANSCRIPTS) BE IDENTIFIED?

1. DNA Seqeuncing (Human genome project, DNA-Seq) à ALREADY DONE

2. Landscape of transcription: Sequencing of RNA (total RNA, small/large RNA, CAGE)

- Determine the transcriptome of a give cell or cell type (bulk RNA sequencing)

- Determine the intiation site of transcription à identify the expected position of regulatory 

elements (promoter, CpG islands, modified histones): CAGE

3. DNA methylation: High representation reduced representation bisulfite sequencing
(RRBS)

4.  Local chromatin structure:
- determination of DNAseI hypersensitivity (Dnase Seq)
- nucelosome occupancy (MNase-seq)
- ChIP-seq (chromatin modifications, transcription factors)
- 3 Dimensional space interaction

THE ACQUISITION OF MECHANISMS OF GENE 
REGUALTION IS A STRONG INDICATOR FOR
FUNCTIONAL RELEVANCE OF lncRNAs



2. Landscape of transcription: CAGE (Cap Analysis of Gene Expression)

http://www.osc.riken.jp/english/activity/cage/basic/

Unlike a similar technique Serial Analysis 
of Gene Expression (SAGE, superSAGE) in 
which tags come from other parts of 
transcripts, CAGE is primarily used to 
locate an exact transcription start sites in 
the genome. This knowledge in turn 
allows a researcher to investigate 
promoter structure necessary for gene 
expression.

Biotin

Identifying transcriptional start sites
Mapping 5’ end of transcripts
Getting information on localization of regulatory region
Limited to RNA polymerase II transripts Reverse transcription

- some RT products reach 5’end of RNA

Chemical modification of CAP with Biotin

Digestion of ssRNA
- remains only cDNA/RNA hybrid

Mix of cDNA/RNAhybrod with or
without biotin-CAP

Trap the biotin-CAP with
streptavidine beads

RNaseH digests RNA paired with DNA
RNaseONE digests ssRNA

Tagging of 3’end of DNA with linker

Tagging of 5’ end of DNA with linker

Second strand synthesis and 
Library preparation for massive
parallel sequencing

ssDNA strand (cDNA) remains



2. Landscape of transcription: CAGE (Cap Analysis of Gene Expression)

* ** ***
***
**
* Tissue specific promoter 1

Tissue specific promoter 2

Tissue specific promoter 3

CAGE seq identifies 5’ end of RNA and promoter regions

Information on tissue specific gene regulation

Note: classic RNA seq provides information on “body” of transcript
(length, alterntive splicing, expression levels)

Identification of transcipt variants of gene in a single cell type 
with different promoters

RNAseq is «focussed» on 5’ end of transcripts à only type of RNAs
represented in library



RNA seq: can only detect aligned 
transcripts without detailed 
information on TSS.

CAGE: Excellent tool to identify
Transcriptional start sites

Liver: same mRNA encoding gene, 
transcript variants with different 
start sites

In particular for non-coding genes
That do not provide addional
information from RNA sequence 
(i.e. triplette code for translation) 

Help to identify up-stream
regulatory sequences = 
PROMOTERS RELEVANT CpG

2. Landscape of transcription: CAGE (Cap Analysis of Gene Expression)

An example:

CAGE

RNA
Seq

Reads from CAGE and RNAseq experiments

Identification of 5’ end is essential: gives information on the position of a putative promoter



1. DNA Seqeuncing (Human genome project, DNA-Seq)

2. Landscape of transcription: Seqeuncing of RNA (total RNA, small/large RNA, CAGE)

3.   DNA methylation: High representation reduced representation bisulfite sequencing
(RRBS)

4.  Local chromatin structure:
- determination of DNAseI hypersensitivity (Dnase Seq)
- nucelosome occupancy (MNase-seq)
- ChIP-seq (chromatin modifications, transcription factors)
- 3 Dimensional space interaction

THE ACQUISITION OF MECHANISMS OF GENE 
REGUALTION IS A STRONG INDICATOR FOR
FUNCTIONAL RELEVANCE OF lncRNAs

HOW CAN  NEW FUNCTIONAL ELEMENTS - (GENES/TRANSCRIPTS) BE IDENTIFIED?



active gene Silenced gene

Methylation of cytosine at CpG dinucleotides is an important epigenetic regulatory modification in many eukaryotic genomes. 

3. DNA methylation: educed representation bisulfite sequencing (RRBS)

DNA methyl-
transferase

- Bi-sulfite conversion: CàU conversion by 
sodium bisulfite treatment 

methylated C cannot
be converted!!

Genomic DNA

Identifying CpG islands
- Identifying information that control gene expression



3. DNA methylation: Reduced representation bisulfite sequencing (RRBS)

Reduced representation bisulfite sequencing (RRBS) is an efficient and high-throughput technique used to analyze the genome-wide methylation profiles on a single 
nucleotide level. This technique combines restriction enzymes and bisulfite sequencing in order to enrich for the areas of the genome that have a high CpG content. Due 
to the high cost and depth of sequencing needed to analyze methylation status in the entire genome. The fragments that comprise the reduced genome still include the 
majority of promoters, as well as regions such as repeated sequences that are difficult to profile using conventional bisulfite sequencing approaches.

Enzyme Digestion: First, genomic DNA is
digested using a methylation-insensitive
restriction enzyme MspI. It is integral for the
enzymes to not be influenced by the
methylation status of the CpGs (sites within
the genome where a cytosine is next to a
guanine) as this allows for the digestion of
both (3’CCGG5’ ); cleaves the phosphodiester
bonds upstream of CpG dinucleotide.

DNA methylation

Control; no 
bisulfte

conversion 
possible

- contains methylatable CpG

- MspI cuts methylated and unmethylated CpG 
and leaves a C at 5’ and 3’ end

creates fragments 
with terminal C
that can carry 

methyl group or not Unmethylated C àU

Methylated C à C

- Gives information on methylation state of all C in read region
- Allows to determine methylation grade in all C located in obtained reads



Reduced representation bisulfite sequencing (RRBS) is an efficient and high-
throughput technique used to analyze the genome-wide methylation profiles on a 
single nucleotide level. This technique combines restriction enzymes and bisulfite 
sequencing in order to enrich for the areas of the genome that have a high CpG
content. Due to the high cost and depth of sequencing needed to analyze 
methylation status in the entire genome. The fragments that comprise the reduced 
genome still include the majority of promoters, as well as regions such as repeated 
sequences that are difficult to profile using conventional bisulfite sequencing 
approaches.

3. DNA methylation: Reduced representation bisulfite sequencing (RRBS)

- MspI cuts methylated and unmethylated CpG 
and leaves a C at 5’ and 3’ end with or without -
CH3

- Gives information on methylation state of all C in read 
region

- Allows to determine methylation grade in all C located in in 
differentially methylated regions

l: Lambda DNA: prepared from methylation deficient bacteria
(no CH3 à all C will be converted to U)

C-CH3 à C
C àU

Mapping of reads against reference genome

Ideally 2 experimental conditions or 2 
different biological samples

(for example: WT and knock-out; 
ES cells and differentiated ES cells)

- Allows to allocate methylated sequences (read build up 
diagram against refgenome)

Library 
preparation and 

cluster 
amplification



University of California, Santa Cruz (UCSC) genome browser43 image of representative data from an RRBS sequencing lane. The y-axis scale bar 
represents 0-100% methylation at each cytosine covered with a minimum of 10x. The top custom track represents the forward strand and the lower custom 
track represents the reverse strand. Shown is chr12:6,489,523-6,802,422 (hg19) inclusive of refseq genes and CpG islands within this genomic region.
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3. DNA methylation: Reduced representation bisulfite sequencing (RRBS)

- Aligment of RRBS data with classic CpG islands annotation (annotated based on sequence content)

- Clustering of RRBS reads in zones with CpG islands

- Analysis of methylation grade from RRBS data 

Low methylationHigh methylation



1.   DNA Sequencing (Human genome project, DNA-Seq)
2. Landscape of transcription: Seqeuncing of RNA (total RNA, small/large RNA, CAGE)
3. DNA methylation: High representation reduced representation bisulfite sequencing

(RRBS)
4.  Local chromatin structure:
- determination of DNAseI hypersensitivity (DNase Seq)
- nucelosome occupancy (MNase-seq)
- ChIP-seq (chromatin modifications, transcription factors)
- 3 Dimensional space interaction

THE ACQUISITION OF MECHANISMS OF GENE 
REGUALTION IS A STRONG INDICATOR FOR
FUNCTIONAL RELEVANCE OF lncRNAs

HOW CAN  NEW FUNCTIONAL ELEMENTS - (GENES/TRANSCRIPTS) BE IDENTIFIED?



4.  Local chromatin structure: determination of DNAse I hypersensitivity
(DNase Seq)

DNase I hypersensitive sites (DHSs) are regions
of chromatin that are sensitive to cleavage by
the DNase I enzyme. In these specific regions of
the genome, chromatin has lost its condensed
structure, exposing the DNA and making it
accessible. This raises the availability of DNA to
degradation by enzymes, such as DNase I. These
accessible chromatin zones are functionally
related to transcriptional activity, since this
remodeled state is necessary for the binding of
proteins such as transcription factors.

- determination of DNAse I hypersensitivity (DNase Seq)
- Nucleosome occupancy (MNase-seq)
- ChIP-seq (chromatin modifications, transcription factors)
- 3 Dimensional space interaction

DNase hypersensitive sites mark sequences involved in gene regulation



4a.  Local chromatin structure: determination of DNAse I hypersensitivity
(DNase Seq)

Flow chart of DNase-seq protocol. 

Cells are lysed with detergent to release nuclei, and the 
nuclei are digested with optimal concentrations of 
DNase I (a concentration that allows digestion of sensitive 
sites but does not cleave all linker regions à need to be 
optimized)

DNase I digested DNA is immobilized in low-melt gel 
agarose plugs to reduce additional random shearing. 
(pipetting can cause breaks that would cause “false 
positive” DNase hyper sensitive sites).

DNA (while still in the plugs) are then blunt-ended, 
extracted and ligated to biotinylated linker 1 (represented 
by red bars in the figure).

Excess linker is removed by gel purification, and 
biotinylated fragments (Linker 1 plus 20 bases of genomic 
DNA) are digested with MmeI, and captured by 
streptavidin-coated beads (represented by brown balls).
(MmeI serves to fragment DNA)

Linker 2 (represented by the blue bars) is ligated to the 2 
base overhang generated by MmeI, and the tagged 20 bp 
DNAs are amplified by PCR and sequenced by 
Illumina/Solexa.

Reads identify the borders of the gap created by the 
DNase digest



4b. Local chromatin structure: 
Chromatin immunoprecipitation sequencing (ChIP-seq)

H3K27me3
(repressive
chromatin
mark)

H3K4me3
(active chromatin
mark)

The results indicate that some modifications (H3K4me) are correlated with increased gene expression, while others (H3K27me3) correlate with decreases gene expression. 
The peaks observed in the H3K4me3 for genes at high expression levels occur at +50, +210, and +360 based which correlates well with the known spacing interval for 
nucleosome positioning. Furthermore, the dip in abundance at the transcriptional start site is consistent with local nucleosome depletion of actively expressed genes.

1. Cell fixation-proteins and DNA are crosslinked
2. Sonication of DNA (fragmentation)
3. Immunoprecipitation of chromatin using
Specific antibodies: histone modifications or transcription
Factors
4. Purify beads (magnet), washing of beads + elution of 

immunoprecipitated material
5. Library construction
6. Massive parallel sequencing
7. Align sequencing results to genomic sequence
8. Increase in read-number for a particular sequence indicates
Enrichment for the histone modification or transcription factor 

magnetic beads
covered with specific antibody

H3K27Ac
(regulatory elements)



4. Local chromatin structure: 
Chromatin immunoprecipitation sequencing (ChIP-seq)

transcriptional start site = position 0
Regulatory elements

Position 0: 
RNA Polymerase II: peak
H4K4me3: peak
H3K4me2: drop
H3K4me1: drop
H3K27me3: low
H3K27me1: drop

A special chromatin code marks the transcriptional start site of RNA Pol II target genes

Same method can be used to localize transcription factors



lncRNA 1 (Pseudogene CCT6P1)

lncRNA 2 (Pseudogene AC0064BB12)

AN EXAMPLE:ORGANISATION OF A FUNCTIONAL ELEMENT: PSEUDOGENES 

Question:
Which of the lncRNA is a “real” 
functional RNA?
Which of the lncRNA is a result of 
transcriptional noise?



RNA expression: PRESENT 
RNA Polymerase II: not shown
H4K4me1: near regulatory elements
H3K4me3: near promoters 
H3K27Ac: near regulatory elements
DNAse hypersensitive sites: at
regulatory elements
Transcription factor (TF) binding:
Near promoter

lncRNA 1 (Pseudogene CCT6P1)

lncRNA 2 (Pseudogene AC0064BB12)

RNA expression: PRESENT
Chromatin shows low active marks
Poor definition 
Presumably non-functional RNA transcripts

AN EXAMPLE: ORGANISATION OF A FUNCTIONAL ELEMENT: PSEUDOGENES 



Release ENCODE V4 (2020)

Aim: a catalog of manually curated list of 
genes/transcripts
(GENCODE)

http://www.genome.gov/encode/

Aim: Identify functional elements of the genome (ENCODE)

WORK STILL IN PRGRESS 

http://www.gencodegenes.org/



Almost all regions in the genome are subjecte to regualtion
and transcription



GENCODE – STATUS 27.09.2022:
Project that uses ENCODE for the annotation of functional elements in the genome

http://www.gencodegenes.org/

Long ncRNAs: >200nt
Short ncRNAs:<200nt



GENCODE – STATUS 23.09.2024:
Project that uses ENCODE for the annotation of functional elements in the genome

http://www.gencodegenes.org/

Long ncRNAs: >200nt
Short ncRNAs:<200nt


