


Long, non-coding RNAs
(IncRNAs)

® >200 nt RNAs

® costly poly-adenylated
® can contain introns

® act as primary or spliced
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IncRNAs can be
1. Intergenic(lincRNA):
Do not intersect with
protein coding gene

2. Genic:

Intersect a protein
coding gene
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Geneld Coding Potential

A. LncRNAs do not have coding potential:

— Longest possible ORF was searched in mRNA/IncRNAs

B. CAGE tags can be found in IncRNAs = defined transcriptional start site
CAGE tag fregeuncy increases with increased IncRNA expression levels.
MRNAs are characterized by more CAGE tags

- LncRNAs are similar to mRNAs
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CAGE fregeuncy

Proportion of LncRNAs/mRNAs covered by
CAGE tags with increasing log10RPKM bins
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Proportion of transcripts(%)

Number of exon(s)

Exons per transcript
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SPLICING: IncRNAs are spliced, relevant

Splice-site prerequisites at splice donor/acceptor

are conserved

LncRNAs

Protein Coding

BUT: LncRNAs contain fewerINTRONs!! Nost IncRNA
Have only 1 intron!!!; mRNAs 4-7
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Introns/Exons from IncRNAs are
slightly longer

Density

Exon / Intron Size Distribution
Exons Introns

IncRNA
mRNA
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C Processed Transcript Size Distributions

Number of alternatively spliced isoform(s) per gene locus
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IncRNAs are on average much shorter: IncRNAs are uniform = little alternative
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EXONS:
MRNA: high conservation
IncRNA: reduced conservation

But: conservation is higher than
MRNA intron conservation

INTRONS:

MRNA: higher conservation
than IncRNAs

A Sequence Conservation of Exons, Introns, Promoters
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Chromatin signatures at transcriptional start sites are conserved between mRNAs
And IncRNAs: MOST IncRNAs ARE TRANSCRIBED BY RNA Pol Il
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Chromatin signatures around TSS of protein-coding and IncRNA transcripts expressed in

the same cell lines where the signatures were monitored by ChipSeq. Shown on the y-
axis is the average density of reads covering the TSS of various gene sets, with position

plotted on the x-axis (bp relative to positive strand TSS). Protein coding genes are plotted
in red, Gencode v7 IncRNAs in green, and IncRNAs with 5" experimental support

(n=2,793) in blue. N.B. A more extensive analysis of histone modifications in multiple
cell types is available at http://big.crg.cat/bioinformatics_and genomics/Incrna_data.
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Absolute expression
of IncRNAs is much lower than
MRNA expression

Most IncRNAs localize to the
Nucleus and chromatin

Many IncRNAs (30%) are PRIMATE
SPECIFIC
- Evolutionary advantage
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Figure S7: LncRNAs as a source of small RNAs. Shown is the proportion of
nucleotides in exons/introns/(UTRS) from protein-coding genes and IncRNAs that
overlap different classes of annotated small RNAs. Note that all values refer to cases

where the small RNA is on the same strand as the indicated IncRNA/mRNA.

IncRNA exons

Have a remarkable
Potential to encode
functional small RNAs
(sRNAs)

HIGHER THAN EXONS OF
MRNAS!!!!

snoRNA:Small nucleolar RNAs (snoRNAs) are
a class of small RNA molecules that primarily
guide chemical modifications of other RNAs,
mainly ribosomal RNAs, transfer RNAs and
small nuclear RNAs.

snRNA: Small nuclear ribonucleicacid
(snRNA), also commonly referred to as U-
RNA, is a class of small RNA molecules that
are found within the splicing speckles and
Cajal bodies of the cell nucleus in eukaryotic
cells.

tRNA: translation

miscRNAs: MiscRNA is short for
miscellaneous RNA, a general termfor a
series of miscellaneous small RNA. It serves a
variety of functions, including some enzyme-
like catalysis and processing RNA after it is
formed. Besides, some of these small RNAs
may serve as switches.



IncRNAs represent a big class of functional elements that
- controlled gene expression

- are processed

- lack protein coding potential

- defined localization

- frequently encode sRNAs

- low overall conservation

- 35% of IncRNAs are primate specific

- expression is rather low — but controlled!

- mostly transcribed by RNA Pol

FUNCTION: FOR THE VAST MAJORITY OF IncRNAs THE
BIOLOGIVAL FUNCTION IS UNKNOWN!!!!






FSHD: http://www.omim.org/entry/158900

Facioscapulohumeral musculardystrophy-1(FSHD1) is
associated with contraction of the D424 macrosatellite
repeat in the subtelomericregion of chromosome 4g35.

The genetics of FSHD is, however, complex and detection
ofa D4Z4-reduced allele may not be sufficient for
diagnosis.

Facioscapulohumeral musculardystrophy (FSHD) is a
genetic muscle disorder in which the muscles of the face,
shoulder blades and upper arms areamong the most
affected.

Thelong name comes from facies, the Latinwordand
medical term for face; scapula, the Latin word and
anatomical term forshoulder blade; and humerus, the
Latin word forupper arm and the anatomical termfor the
bonethat goes from the shoulder to the elbow.

Theterm muscular dystrophy means progressive muscle
degeneration, with increasing weakness and atrophy (loss
of bulk) of muscles. In FSHD, weakness first and most
seriously affects the face, shoulders and upper arms, but

the disease usually also causes weakness in other muscles.

Aberrant expression of genesin vicinity
to D474 repeats, including DUX4, ANT1,
FRG1, FRG2 in FSHD patients are thought
to mediate the syndrome (have a “toxic”
effect)

Muscles affacted
By wastingin
FSHD patients

Shoulder
level

Arm level

Forearm
level

Thigh level

Crus level



Moreover, in patients affected with FSHD, it is quite common to observe the co-existence of affected and apparently
healthy muscles. Myoblasts, which were obtained from muscle typically affected in FSHD, manifested an increased
susceptibility to oxidative stress during proliferation. Myotubes obtained from patient/healthy myblasts show
abnormal morpholgy and muscle marker expression

Antiactin/tubulinimmunostainingof myotubes anti-troponinTimmunostainingof myotubes obtained by
obtained by differentiating myblasts cells isolated differentiatin myblasts cells isolated from healthy or FSHD patients

from healthy or FSHD patients

control

FSHD
atrophic




D474 repeats

ANT1 FRG1 FRG2

L H H

ttt tettt

DUX4
D474 repeat: ca 3kb; extremely GC-rich

Healthy: 11-150 D474 repeats:
ANT1, FRG1, FRG2, DUX4:repressed
Diseased: 1-10 D4Z4 repeats:

ANT1, FRG1, FRG2, DUX4: expressed

telomere

D4Z4 repeats

>9.8kb

PaAKD DBE-T IncRNA- EXPRESSED

T DISEASE o
Aschematic of D4Z4 locus onchromosome 4: The D4Z4 locus is inthe sub-telomeric region of 4q.
Thefigure shows athree repeat D474 array. CEN indicates the centromericend and TEL indicates
thetelomeric end. The DUX4 geneis shown as a gray rectangle with exon 1 andexon 2in each
repeat and exon 3 in the pLAM region telomeric tothe last partial repeat (numbered 1, 2,and 3).
PAS indicates the polyadenylation site on the permissive 4gA allele that is not present onthe
non-permissive 4qB allele or on chromosome 10. The arrowed lines represent: Blue, DBE-T
transcripts (2.4,4.4, and 9.8 kb) found in FSHD cells and reported to de-repress DUX4 expression;
Black and red, transcripts in the sense and antisense direction were detected in both FSHD and
control cells and might originate fromthe mapped sense promoters (black) and anti-sense
promoters (red) with dashedlines indicating areas that might be degraded or produce si-like

small RNAs. NDE, non-deleted element identified as the transcription start site for the DBE-T
transcripts.




HEALTHY

11 to 100 D4Z4 repeats

POLYCOMB COMPLEXES
DNA METHYLATION
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4q35 gene repression // ﬂ%\\ﬁ \w 000

A Long ncRNA Links Copy Number Variation
to a Polycomb/Trithorax Epigenetic
Switch in FSHD Muscular Dystrophy
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PRC2 > H3K27me3
POLYCOMB COMPLEX 2
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CHEMICALLY CROSSLINKED CHROMATIN ISOLATED FROM
a. Patient primary muscle cells
b. Normal primary muscle cells

Methylated
Protein bound DNA DZ4Z histone H3

\L | 1 I
EeeoesteNte T
Chromatin .
chromatin

e B ;ihi:
Chromatin

Immunoprecipitated *
Chromatin

Precipitate-Ab-Chromatin complex with beads that bind heavy chain of antibody

Make PCR with primers that amplify specific regions in D474 repeats

A 1 D4Z4 unit 3266 bp
p13E-11 NDE DBE DUX4 ORF

L >« > ara
p13E-11 NDE D-2 CBE Q-PCR
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3266

D4Z4 unit

3296 bp

D4Z4 unit
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CONDITIONS:
N BIEI’ - FSDH

- Loss of PRC2

15t D474 repeat function
A Muscle biopsies Primary muscle cells B
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DBE-T IncRNA COLOCALIZES TO D4Z4 REPEATS

probe to probe to
D4Z4 DNA ﬁ DBE-T

D4Z4 array

TEL

D4Z4 is a primate-specific repeat.

/COMBINED DBE-T RNA-FISH\

AND D424 DNAFISH

1. FIXCELLS

2. HYBRIDIZE A DBE-T PROBE
(fluorescently labelled green)
2. CAPUTURE IMAGE WITH
3. MICROSCOPE

4. WASH

5. DENATURE DNA (HEAT)
6. HYBRIDIZE D4Z4 PROBE
(fluorescently labelled —red)
7. CAPUTURE IMAGE

8. SUPERIMPOSE IMAGES

Fluorescence in situ
hybridization

PNA
D4z4

i
e LI — _mm _..mm
hybridization washes

chremaseme

\ D4Z4 repeats

Model system: CHO hamster cell line, engineered with a single human chromosome4 derived from a healthy

subject (chr4/CHO).



Methylated
Protein bound DNA Gene of interest histone H3

Ashll: Histone methyltransferase
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/ & Loss of AshlLdecreases the expression of genes close to D424 repeats \
s
Cm mmm ANT1 FRG1 FRG2 DUX4 Gapdh
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/ ChIP D424 using anti-Ash1L \ / Ashl1 .. \
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/ Loss of DBE-T resultsin decreased expression of D4Z4 neighboring genes \
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