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History

1955: first ncRNA housekeeping: rRNA
1983: first sncRNA: micF

1989: first IncRNA: H19 + RNA world
concept

1991: XIST

2001: HGP completed

2004: Only 1,2% of the human genome
codes for proteins
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non-coding RNA
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lincRNASs functions

Chromatin topology: gene transcription regulations
Scaffolding and modulating the activity of proteins and RNAs
Protein and RNA decoy

Encoding functional micropeptides



lincRNAs functions

Chromatin topology: gene
transcription regulations

Epigenetic markers derive from the
recruitment of methyl-transferase
binded to lincRNA such HOTTIP pr
HOTAIR

HOTAIR

5’ domain % 3’ domain

SUZ12 LsD1

PRC2
complex l

CoREST1

H3K27
trimethylation

Removal of
H3K4
dimethylation




lincRNASs functions

Scaffolding and modulating the activity of proteins and RNAs
(RepA-EZH2)

Interaction between RepA and PRC2 demonstrated by an
Electophoretic Mobility Supershift Assay
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lincRNASs functions

Protein and RNA decoy

l—b I—D
Some IncRNA can act as ceRNA pluripotent TFs TGRNA gares
linc- RoR maintains stem cell pluripotency. ﬂ ﬂ
In pluripotent stem cells, linc-RoR sequesters
miR-145, thereby promoting the accumulation of \,_\_ | 2 miRA45
OCT4, the transcription factor SOX2 and the TF mRNA
homeobox protein Nanog, which are miR-145
targets. l.

The levels of linc-RoR decrease during

Rt
differentiation, and miR-145 is released and e
promotes the degradation of SOX2, Nanog and -/'1"' linc-RoR

OCT4 mRNAs ﬂ
(ranog)

l_"’

self-renewal genes LINCROR




lincRNASs functions

Encoding functional micropeptides

lincRNASs can contain little ORFs in their
sequence. They are called smORFs.

smORFs are translated in micropeptides that
can be functional for another structure (SERCA).

Another meaning for the existence of these
smORFs is the presence of an early stop codon
that activate the Nonsense-Mediated Decay

IncRNA m’G l (A)

NMD
8 (A) m’G 8 A
1 Xrnl-dependent Translation into
degradation functional peptide
-~ c $+—n d/
' ( Heart activity
Embryogenesis



5-UTR of mRNAs

lincRNAs functions

O sORF|} ORF (3 AAAAAA
Overlapping with mRNAs

O ( ORF [SORF[] [}—————AAAAAA
3'-UTR of mRNAs

O [ ORF (}——{sORF(} AAAAAA
Pri-miRNAs Circular RNAs

SORF|]

Long non-coding RNAs

Ribosomal RNAs

A Family of SERCA-inhibiting micropeptides

Contraction

Relaxation

Sarcomere

Sarcomere

All Cardiac and
Skeletal Slow Skeletal
Muscle Muscle
SLN SCL

Vertebrate

Invertebrate



Characterization of incRNAs

>200 nt e lack of primary structure conservation despite
5 capping (CAGE) protein-coding gene
3’ polyadenylation (3P-seq) e average of 40 Kb compared to other genes
Different splicing from mRNA e NOT coding for proteins
. . . e NOT overlapping with other transcri
Epigenetic markers similar to mRNA OT overlapping wit Ot_ er transcripts
- e Degraded by exosomes in the nucleus
Inefficiently polyadenylated
Human
Khalil et al., 2009 Chromatin marks, Collection of approximate axonic CSF 3,289 loci
tiling amays regons, chromatin domain = 5kb
Jia et al., 2010 cDNAs Ovedap with mRNAs allowed 5,446 transcripts
Gromet al, 2010 cDNAs Restricted to loci =1 kb away Manual curation basead 3,019 transcripts from
from known protein-coding genes, on length, consearvation 2,286 loci
=200 nt matura langth and other charactarnstics
of tha ORFs
Cabili et al., 2011 ANA-seq Muiti-exon only, =200 nt matura PhyloCSF, Pfam 8,195 transcripts
langth (4 662 in the stringent set)
Demian et al.,, 2012 cDNAs Overdap with mRNAs allowed Manual curation based 14,880 transcripts from

Sigova et al., 2013

RANA-seq, cDNAs,

chromatin marks,

{intarganic transcripts reported
saparataly), =200 nt mature langth

Antisanse ovedap with mARNA
introns allowed, =100 nt mature
langth

on length, consarvation
and other charactanstics
of the ORFs

CPC

9,277 loci, including 9518
intarganic transcripts

3,548 loci from embryonic
stam calls, and 3,986 loci
from andodarmal calls




lincRNAs (mis)identification?

”nCRerA c:?t:igatzs
ncRNA can have ORFs ———) imperfect e g
criteria: i
e Coding regions tend to be much longer /
than expected by chance Long ORF
AUG UGA

234 aa




lincRNAs (mis)identification?

ncRNA can have ORFs ———) imperfect
criteria:

e Coding regions tend to be much longer
than expected by chance

e During evolution selective pressures bias
nucleotide substitutions in coding
sequences

lincRNA candidates
(no overlap with known

protein-coding genes)

AUG

234 aa

Long ORF 4/

UGA

\ Coding conservation pattern

_4-""—’ _—_‘\

) . L R'E K N H N A D L N S P
Chicken cTGTTGAGGGAGAAGAACCACAACGC - —~GGACCTCAACAGCCCC
Mouse AT GEPEAGGGAGCACALD GT---GGAGTTGAATAGTCCC
Rat ATCETGAGGGAGCACAR TGT---GGAGTTGAATAGTCCT
Zebrafish ATACERAACACAACACANCCACAACCTGCAGGACC TCAN CAGOEE




lincRNAs (mis)identification?

ncRNA can have ORFs ———) imperfect
criteria:

e Coding regions tend to be much longer
than expected by chance

e During evolution selective pressures bias
nucleotide substitutions in coding
sequences

e nucleotide frequencies of functional ORFs
are dictated by nonrandom codon usage

lincRNA candidates
(no overlap with known |

protein-coding genes)

[
L
[
[

Long ORF 4/

ALG UGA

234 aa

Nonrandom codon composition 4-/

\ Coding conservation pattern

[

— —

. L R E K N H N A D L N 8 P
Chicken cTGTTGAGGGAGAAGAACCACAACGC - —~GGACCTCAACAGCCCC
Mouse AT GEPEAGEGAGCACANCEERAATGT - - ~GGAGTTGAATAGTCCC
Rat AT CEPBAGGGAGCACARTERGAATGT - - GGAGTTGAATAGTCCT
Zebrafish ATACTRACACAACACAACCACAACCTGCAGGACC TCAN CAGOCE




lincRNAs (mis)identification?

ncRNA can have ORFs ———) imperfect
criteria:

e Coding regions tend to be much longer
than expected by chance

e During evolution selective pressures bias
nucleotide substitutions in coding
sequences

e nucleotide frequencies of functional ORFs
are dictated by nonrandom codon usage

e Protein coding genes typically contain
known protein domains

lincRNA candidates
(no overlap with known |

protein-coding genes)

Long ORF 4/

AUG UGA

‘ 234 aa |

Nonrandom codon composition 4/\’

\ Coding conservation pattern

[

- e ———
2 L L R E K N H N A Eil B WA R
Chicken CTGTTGAGGGAGAAGARCCACAACGC - ——GGACCTCAACA!
Mouse ATGETEAGGGAGCACAACEERAATGT - - ~-GGAGTTGAATAGTCCC
Rat AT CEPGAGGGAGCACAATERGAATGT - - ~GGAGTTGAATAGTECT
Zebrafish ATACTAACACAACACANCCACAACCTGCAGGACCTCAN CAGCCE

Known protein domain
Homeobox




lincRNAs (mis)identification?

ncRNA can have ORFs ———) imperfect
criteria:

Caoding regions tend to be much longer
than expected by chance

During evolution selective pressures bias
nucleotide substitutions in coding
sequences

nucleotide frequencies of functional ORFs
are dictated by nonrandom codon usage
Protein coding genes typically contain
known protein domains

Coding regions are likely to bear sequence
similarities to entries in protein databases

lincRNA candidates
(no overlap with known |

protein-coding genes)

Long ORF 4/

AUG UGA

‘ 234 aa |

Nonrandom codon composition /\

\ Coding conservation pattern
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Chicken cTGTTGAGGGAGAAGAACCACAACGC - —~GGACCTCAACAGCCCC
Mouse AT GEPEAGGGAGCACALCEERAATGT - - ~GEAGTTGAATAGTCCC
Rat AT CETBAGGGAGCACAATERGAATCT - ——GGAGTTGAATAGTCCT
Zebrafish ATACTAACACAACACAACCACAACCTECAGGACT TCAAE CAGEEE

Known protein domain
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Homeobox
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lincRNAs (mis)identification?

ncRNA can have ORFs ———) imperfect
criteria:

Caoding regions tend to be much longer
than expected by chance

During evolution selective pressures bias
nucleotide substitutions in coding
sequences

nucleotide frequencies of functional ORFs
are dictated by nonrandom codon usage
Protein coding genes typically contain
known protein domains

Coding regions are likely to bear sequence
similarities to entries in protein databases

lincRNA candidates
(no overlap with known |

protein-coding genes)

[
L
[
[

Long ORF 4/

ALG UGA

234 aa

Nonrandom codon composition 4/\

Combined score exceeding threshold 4/

\ Coding conservation pattern

[

— —

Tl ETa0 PR ET K P EHN ERE DER D L N S P
Chicken cTGTTGAGGGAGAAGAACCACAACGC - —~GGACCTCAACAGCCCC
Mouse AT GEPEAGEGAGCACANCEERAATGT - - ~GGAGTTGAATAGTCCC
Rat ATCETGAGCGAGCACAATERGAATCT - - —GCGAGTTGAATAGTCCT
Zebrafish ATACTAACACAACACAACCACAACCTECAGGACT TCAA CAGEEE

Known protein domain
Homeobox

\’- Similarity to a known protein
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Comparison between mRNA and lincRNA: genes

- novel IirchNA gene of y spliced (s) per gene locus
mRNA 0. o ariggon .
: @ IncRNAs
About 20.000 genes. Average of 11 e 8 = mRNA
exons of 3 Kb each. Higher gene £ som- 58
density than lincRNA Ljpes : |
lincRNA g | ] J
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9 10
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Comparison between mRNA and lincRNA: localization

Malat1 -
UCHL1-AS1 A
NEAT1 4
GAS5+
DLX6-AS1 -
XIST+
PINCR -
MEGS3 A
BORG -
TUGH1 A
HOTAIR A
CasC7
lincRNA-p21 -
They are degraded with exosomes in & % 6 76 NKILA;

-‘}6 MNuclear NORAD -
nucleoplasm

m RNA DedreChonal_ promoter InCRM

PROCESSa WanSonpd -

Synthesized in nucleus and carried out in
cytoplasm to be translated

lincRNA

Hprimw Owerlapping ncRNA 4

Fraction

Perform their functions both in nucleus and TEc
cytoplasm sense_overlapping -

SENSE_Iinronic

SNHG1 4
OIP5-AS1 A
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Comparison between mRNA and lincRNA: phosphorylation of RNA

Pol Il CTD and RNA maturation

MmRNA SerSP (& ..) Ser2,5P (& ...)

nonP

They have a peculiar pattern of phosphorylation
of RNA Polymerase II's CTD:

CTDK-I
—_—
(PTEFb)

Ser5 phosphorylated during early elongation
Ser2 phosphorylated during later elongation

cod

pra- initiating elongating
initiating RNAPII RNAPII
RNAFII

And what about the phosphorylation of RNA Polymerase II's
CTD in lincRNA?

Ser2P (&...)

SerbP
PPase
—_—

tarminating
RNAFI



The paper tries to answer the following questions:

How does Pol Il CTD phosphorylation differ between protein-coding and lincRNA genes?
Are there any differences between splicing of protein coding and splicing of lincRNA?
Are lincRNA and protein-coding genes differentially polyadenylated?

Why are lincRNA levels substantially reduced in the nucleoplasm?

Are lincRNAs co-transcriptionally cleaved?

Could lincRNA endonucleolytic cleavage be mediated by the microprocessor?




How does Pol Il CTD phosphorylation differ between protein-coding and
lincRNA genes?

Specific Pol Il CTD phosphorylation states are associated with A mNET-seq strategy
different stages of transcription:
Po
_/x, ~
e Ser5P > early elongation, 5° capping and active splicing 4 4
CTD [yspTaps
e Ser2P > later elongation and 3’ end processing phosphomarks{@ @ es o
e Y1P, T4P, S7P, unph > additional phosphorylation states y DNARNAdgeston
_,;u-:;m
\( phospho-specific abs

1=

MmNET-seq can be used to sequence nascent RNA by employing v Fo
Pol Il antibodies against specific CTD phosphorylation states in -

Sequencing

order to isolate RNA from immunoprecipitated Pol Il sncing



m N ET-Seq (Mammalian Native Elongating Transcript sequencing)

e N , 2" y b )

Key steps:

e RNAPII complexes are isolated through chromatin fractionation

e MNase is used to digest all exposed DNA while leaving RNA strands protected by RNAPII or spliceosomes intact
e RNAPII complexes are immunoprecipitated using RNAPII antibodies and 5' phosphorylated by T4 PNK

e 3'linkers are ligated to the 3' hydroxyl end of the RNA strand

e Nascent RNAs are isolated, size-selected for 35—100 nt, processed into cDNA sequencing libraries, and sequenced



B Protein-coding (n=5,981)

mNET-seq analysis: Total unph | YIP | s2p | TaP | ssp  s7P
e [incRNA genes show less pronounced 1; |
unph and Y1P TSS peaks and a ¥ 2
generally more even distribution of g 351 :
MNET-seq reads across the gene body f‘ “1]
IT 7; : e o e 1 )
c .

® protein-coding genes show a higher
T4P signal in the TES region compared
to lincRNA genes, where the T4P signal

is more evenly distributed

Total unph YiP S2P T4P S5P

[ ===

5]
|

Ordered genes (x10)
o
-

TSS TES
[r——
200 100 120

S7P

Distance from TSS (%) TSS TES

Conclusion > Pol Il termination probably occurs at multiple positions across lincRNA genes




Splicing differences between lincRNA and protein-coding genes

Protein-coding mNET-seq/S5P 5 kb
PTCD3 M

Analysis of specific lincRNAs using splicing

specific MNET-seq/S5P profiles: ‘ ’ o
—l dolia IJJ l‘ II.“l oe P
e When Hela cells are treated with Pla-B, L | | oo
most S5P CTD-specific 5’ss peaks on — NET seqsE -
protein-coding genes, such as PTCD3, are g —
DMSO
e /incRNA genes are less sensitive to Pla-B ~—ﬁ«»4~—-—--i Rl -
treatment SN N R e
Protein-coding LincRNA
. . . (n=73,093) 1=978)
e 55-70% of protein-coding introns are o g, on
associated with 5’ss peaks. In contrast, only ¢ ouso. ouso
20-30% of lincRNA exons show 5’ss peaks £ .
2 Pla-B w0 Pla-B

Distance from 3'end of exon (bp)

Conclusion > lincRNAs are inefficiently spliced compared to protein-coding genes




Duplicate Hela cell transcript libraries from either pA+ or pA- Protein-coding

. . . WDR13 2 kb
nuclear RNA were prepared to measure splicing efficiency directly: E_'_"_.__H
e pA+ reads across the protein-coding gene WDR13 are exon Lo il ‘___“ pA* Erg‘_glRNA
restricted (> efficient co-transcriptional splicing), with little E — —
signal detected in the pA- NpRNA-seq profile R 1 Mok
LincRNA
» TUGT 2 Kb

e the lincRNA TUG-1 pA+ profile shows significant levels of ,
intron reads over its annotated intron regions, whereas the M %ﬁ;"ngNA
pA- profile revealed a higher level of intron signal ' '

pA- NpRNA
. M . . (0o 450)

Comparison of splicing events between these two transcript classes shows a consistently
lower splicing rate for lincRNAs




Are lincRNA and protein-coding genes differentially polyadenylated?

Analysis of MNET-seq/T4P datasets shows a close correlation between the CTD T4P mark and protein-coding
gene termination, whereas lincRNAs show a more widespread T4P mNET-profile across the whole transcription

unit (TU)

e Depletion of CPSF73 (cleavage and polyadenylation factor)
causes a substantial decrease in T4P mNET-seq reads

over the termination region of the protein-coding gene
GAPDH

e The lincRNA TUG1 mNET-seq/T4P profile is not affected by
CPSF73 depletion > TUG1 termination is CPSF-
independent

Protein-coding

GAPDH /

mNET-seq/T4P
(D to +500)

e ml‘ SiCPSF73

SiCPSF73

ChrRNA-seq

(D 1o +250)

—— YT
LincRNA

mNET-seq/T4P

SiCPSF73 | (0t +150)

T e — SICPSF73

“.. siLuc
e

ChrRNA-seq
(0 to +250)




Are lincRNA and protein-coding genes differentially polyadenylated?

Meta-analysis of the termination region associated with mNET-seq/T4P profiles shows that protein
coding, but not lincRNA gene termination, is strongly affected by CPSF73 depletion

Protein-coding (n=6,027) LincRNA (n=285)
0.75 —siLuc ., 0.75 —silLuc
=) ’ = -
b —siCPSF73 - - siCPSF73
2050 2 0.50
W 2]
3 g
= 0.25 = 0.25
& =
@ @
E 000 oo € 0.00 W ”.,.m--
TES +2 +4 +6 TES +2 +4 +6

Distance to TES (kbp) Distance to TES (kbp)



Are lincRNA and protein-coding genes differentially polyadenylated?

Protein-coding '
pA+ and pA- NpRNA-seq libraries were employed to examine the it —

degree of 3’ polyadenylation in lincRNAs: 1 L“l .| ok gron

e protein-coding transcripts are predominantly pA+ P W PSR -~
e histone RNAs are exclusively in the pA- fraction because ingnediill S0 eses
histone mRNA is maturated by a PAS-independent - - ”3‘Cl .
mechanism B e
pa-i-Ef
e /incRNAs, such as LINC01021, are more pA-than pA+ “— —- -

NpRMNA
\ L.I—;........M_ ‘E to +250

A- NpRNA
xl: to +250

Conclusion > lincRNAs are inefficiently polyadenylated compared to protein-coding transcripts




Why are lincRNA levels substantially reduced in the nucleoplasm?

lincRNA and protein-coding gene
transcripts are often similar in abundance in
the chromatin fraction

Transcription profiles for a tandem IlincRNA and
protein-coding gene LBR show lower levels of lincRNA
in the nucleoplasm compared to chromatin-associated
lincRNA

RNA-seq data were analyzed for lincRNA expression
in the cytoplasm to exclude the possibility of rapid
nuclear export > less cytoplasmic lincRNA is
detected compared to chromatin-associated
lincRNA

coding (n=6027) lincRNA (n=285) Antisense (n=510)
FPKM, TSS+500bp, .
CheRNA 23.3(31.5)[25.4] 21.2(37.7)[43.1] | 20.1(25.5)[20.5]
FPKM, TSS+500bp, ) )
NPRNA 25.3 (44.5)[51.3] 7.0 (11.5) [13.2) 4.9(9.1)[10.2)
Maximum number of \ . .
9(11.1)[6.8 3(3.2)[1.8 2(23)[1.2
different exons ( )16.8] (3-2)01.8] (2:3)11-2]
G lenath. b 32151 (49420.5) 9077 (25981.5) 2529.5 (7659.2)
ene length, bp [47784.0] [38625.1] [11012.9]

median (Mean 90%, excluding top 5% and bottom 5%) [stddev 90%)]

Protein-coding

lH-ﬂH-ﬂ-ﬂj LBR

[—_TYT,
NGNS

—_a

HE1 "r— F

'W“”" RIS "I L o ChrRNA-seq
{0 10 +800)

NpRNA-seq

{0 10 +4000)

_20 kb
Protain codrng LincRNA
= ChRNA
. = NpRNA IS
g - CylRNA g
||

log,, FF’KMI

AN

opnd

» ’D CIRNA

= ChriRNA
= NpRNA

log (FPEM)




lincRNAs are substrates of the RNA exosome (shown in mescs)

RNA @ lincP2F
ChrRNA-seq and NpRNA-seq following depletion of the RNA exosome siLue | chrRNA-seq
component EXOSC3 > lincRNAs were all significantly increased in m: EX3| A
the nucleoplasm — b mame e - FUE INDRNA-sEq
il — . e S X3 | (0 8o +B00
| siLuc |mNET-seq/
Comparison of the ratio of chromatin to nucleoplasm RNA levels : ’ " ! SEX3 | ool

between protein-coding and definable classes of IncRNAs following F

Siluc
exosome depletion: s

e protein-coding RNA levels are slightly stabilized 5 # : + S
E
e all categories of IncRNAs show significant nucleoplasmic g’ o _ # # %
stabilization gs{1! . . :
: il
e tRNAs, structural ncRNAs and small nuclear RNAs were 10 ea C a
significantly destabilized > known role of the exosome in tRNA coding IRNA  noRNA PROMPT SRNA sntisense IncRNA
and SnRNA maturatlon [Oifmance "v'v:--"‘ o8 451 848 *1.70 204 v138 112

o winues 2 le-51 1.8e-5 o4 2581311 1.40-% 1. fe42 3 Se-22

Conclusion > lincRNAs are post-transcriptionally degraded by the nuclear exosome




Are lincRNAs co-transcriptionally cleaved? (shown in HeLa)

e The mNET-seq technique involves the ligation of a linker oligonucleotide onto any RNA 3' end
protected from micrococcal nuclease digestion

e RNA 3' ends principally derive from the Pol Il active site, reflecting nascent transcription

e Co-precipitated RNA processing complexes can generate RNA 3' ends (detected by mNET-seq):
e.g. splicing intermediates or microRNA precursors

Nascent RNA Splicing intermediates and intron lariats snRNAs
' ™ 4 o { N
i Spioed
Nascent RNA ! : e Sph co0smE ot RNA
-y Pol ll /\x-m wron lariat | KWN.” L SnRINA US
DINA
oad roadt road 1 romd
_________ S
rend? i read? i ead? i read? i
‘ + i ‘
e ——— - — sl —— b
e S—
. ) \, ==y \ J




Are lincRNAs co-transcriptionally cleaved? shownin HeLa)

Empigen is employed to separate mMNET-seq reads derived from Pol Il active site RNA 3' ends and those
derived from co-precipitated RNA processing complexes

mNET-seq after Empigen treatment: MYC 3
e MYC gene: S5P-specific 5'splicing sites il ST . S—— mNET-seq
eaks are specifically lost J

P P y T ,._JLL untreated S5P

ke il ik il + Empigen (0 to +1200)
u_;L.A_..ulm |

I 1 VORI B DR TV ' . untreated |gop
o | + Empigen (0 to +800)

ML-M.._______‘___ L | n untreated Y1P
. (0 to +1200)

sall | JL+ Empigen

e | untreated Tap

| + Empigen (0 to +1600)




Are lincRNAs co-transcriptionally cleaved? shownin HeLa)

Empigen is employed to separate mMNET-seq reads derived from Pol Il active site RNA 3' ends and those
derived from co-precipitated RNA processing complexes

MIR17HG

MNET-seq after Empigen treatment: B e — 2kb
e MYC gene: S5P-specific 5'splicing sites .| hsa-mir17-92a cluster mNET-seq
peaks are specifically lost LL l untreated S5p
e |incRNA MIR17HG: S5P-/S2P-specific S B e b wrmda | o
microprocessor-mediated RNA cleavage e I |+ Empigen| @50
intermediate is lost L - h - untreated | gop
+ Empigen (0 to +700)
I B _%_MLA_ untreated | y4p
) (0 to +700)
el Empigen
B o Ly untreated T4P
. 0 to +2200
B | g Empigen ( )




Are lincRNAs co-transcriptionally cleaved? shownin HeLa)

Empigen is employed to separate mMNET-seq reads derived from Pol Il active site RNA 3' ends and those
derived from co-precipitated RNA processing complexes

MNET-seq after Empigen treatment:
e MYC gene: S5P-specific 5'splicing sites peaks are specifically lost
e |incRNA MIR17HG: S5P-/S2P-specific microprocessor-mediated RNA cleavage intermediate is lost
e MALATT and LINC0O1021: lots of S5P and S2P peaks are reduced

MALAT1 5 kb LINC01021 _ 10kb
- mNET-seq - mNET-seq
untreated
Af&uﬂw_lndh_“m_,Mw.J_m_ unieated | ssp oo e ssp
+ Empigen | (€10 *1500) + Empigen
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Conclusion > lincRNAs are co-transcriptionally cleaved at multiple positions across their TUs
and most Empigen-sensitive lincRNA peaks are insensitive to Pla-B treatment, indicating that
they are distinct from splicing intermediates




Could lincRNA endonucleolytic cleavage be mediated by the microprocessor?

(shown in HelLa)

MNET/S5P datasets using chromatin from Hela cells depleted for either DGCR8 (a double-stranded
RNA binding protein) or Dicer. DGCR8 depletion also inactivates Drosha as an integral part of the

microprocessor.

e protein-coding gene CCND1T: neither DGCRS8

nor Dicer depletion affected mNET-seq/S5P ~ CCND1 1
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Could lincRNA endonucleolytic cleavage be mediated by the microprocessor?

(shown in HelLa)

MNET/S5P datasets using chromatin from Hela cells depleted for either DGCR8 (a double-stranded
RNA binding protein) or Dicer. DGCR8 depletion also inactivates Drosha as an integral part of the
microprocessor.

protein-coding gene CCND1: neither DGCRS8
nor Dicer depletion affected mNET-seq/S5P
profiles

MIR17HG, which encodes the miR17-92a
cluster: DGCRS8 depletion affected mNET-seq
peaks corresponding to release of these pre-
miRNAs.
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Could lincRNA endonucleolytic cleavage be mediated by the microprocessor?

(shown in HelLa)

MNET/S5P datasets using chromatin from Hela cells depleted for either DGCR8 (a double-stranded
RNA binding protein) or Dicer. DGCR8 depletion also inactivates Drosha as an integral part of the

microprocessor.

e protein-coding gene CCNDT: neither
DGCRS8 nor Dicer depletion affected mMNET- . yaiars

10 kb

seq/S5P profiles —— TNET-soq/SEP - LiNcotoz1 108
e MIR17HG, which encodes the miR17-92a  siluc rept N

cluster: DGCR8 depletion affected mNET- -

seq peaks corresponding to release of R S " S

these pre-miRNAS. im ”‘ \ siDGCRS rep1
e [|incRNA: neither loss of DGCR8 nor Dicer PR |

caused a general loss of mMNET-seq/S5P Wl ul ) ., Soeefeee £

peaks

mNET-seq/S5P
(0 to +1200)
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siDGCRS rep1
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Seems that these endonucleases have not a role in lincRNA cleavage




Could lincRNA endonucleolytic cleavage be mediated by the microprocessor?

(shown in HelLa)

e DGCRS interacts with nuclear RNA exosome components, independently of the endonuclease
Drosha, facilitating exosome recruitment to degrade abundant IncRNAs.

e DGCRS, but not Dicer, depletion acted to selectively increase Empigen-sensitive mNET-seq/S5P
peaks on lincRNA genes (MALAT1 and LINC01021).

2 KD 10 kb

» MALATT1
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Conclusion > DGCRS8 also acts to recruit the exosome to co-transcriptionally cleaved lincRNA,
independently of miRNA
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PCA reveals lincRNAs are generally distinct from protein-coding genes

Principal-component analysis (PCA) compare protein-coding versus lincRNA TUs based on multiple
parameters.

Main features:
e |incRNA TUs — upregulation upon exosome knockdown and general lack of polyA
e protein-coding TUs — stability within the nucleoplasm and cytoplasm
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CONCLUSION:

lincRNAs

MmRNAs

Pol Il phospho-CTD isoforms

CTD profiles appear less selective, T4P
signal is more evenly distributed

show higher selectivity for specific CTD
modifications

Trancription termination

mainly cleavage and polyadenylation
factor (CPA)-independent manner

cleavage and polyadenylation factor
(CPA)-dependent manner

Polyadenylation

mainly non-polyadenylated

polyadenylated

Splicing

rarely spliced

spliced

exosome degradation

are post-transcriptionally degraded by
the nuclear exosome

low-level turnover by the exosome

co-transcriptional cleavage

are co-transcriptionally cleaved at
multiple positions across their TUs.




STILL TO DISCUSS:

LincRNAs appear unlikely to possess sequence-specific functions. Possibly, the act of transcription
rather than the nature of the transcript underlies their biological purpose. However, it remains an
attractive possibility that tissue-specific RNA-binding proteins (possibly absent in HelLa cells) may
selectively restrict lincRNA turnover and so allow their sufficient accumulation to promote
functional roles at least for some of these RNAs.
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Co-transcriptional RNA cleavage



Thanks for yéur attention!




