Long Noncoding RNAS




Functional genomics Non-coding genes

* The importance of noncoding regulatory is discovered relatively recently
* Very active area of biomedical research

* A non-coding RNA (ncRNA) is a functional RNA molecule that is transcribed from
DNA but not translated into proteins

* Infrastructure/house-keeping
* Ribosome, spliceosome, transfer RNAs
* snoRNAs (small nucleolar RNAs) guide chemical modifications to above

* Regulatory

* microRNAs-pair with complementary se?uence in the UTR of coding genes to induce gene
down-regulation or silencing. Processed from longer genes into small final products Small
interfering RNAs (siRNAs)

* Long non-codinﬁ RNAs (IncRNAsz IncRNAs are considered as non-protein coding transcriﬂts
>200 nt in length. The majority of non-coding RNAs belong to thisgroup. Many RNAs in the
group are treated by the cell as coding genes, they have exons, and are spliced.



Long non-coding RNA

« 80% of the transcription in mammalian =
genomes is exclusively associated with
long non-coding RNAs (IncCRNAS)

80

« >2 (some >100) kb in length, spliced and
could contain polyA signals a5
« No obvious open reading frame—can’t
get a long protein sequence without ‘0 - .
hitting a stop codon e s
* Mouse transcriptome (~180,000) B S5 Somcioutiy i i

[] Preactec 10 be rranscribed

« ~20,000 protein coding genes
» ~160,000 IncRNAs 0

. No evidence for transcription

E.col S cerovisiae C. ologans Dmm Umecu M. sapiens



|nCRNAS—|OtS Of transcrin'l-c hiit fvinicallhv ermAall Aarm A intq

* PCT is protein coding
transcript

NN
nZ =
= O
T =

=1

e Known IncRNAs have
been previously found o fq |
in other datasets

* Novel- detected from 5 \
de-novo assembly in
this dataset

* Expression in log °
counts

0 2 4 6 8 10 12 14



Pervasive transcription

* 2% of the mammalian genome e PLOS sovosr
codes for amino acids in proteins. Most “Dark Matter” Transcripts Are Associated With
Known Genes
» evidence over the past decade Harim vari Bakel', Corey Nisiow', BanfaminJ, Blencowe’™, Timotty R Hisghes >

1 Banting and Best Department of Medical Research, University of Toronto, Toronto, Ontario, Canada, 2 Department of Molecular Genetics, University of Toronto, Toronto,

has suggested that the vast
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transcribed, well beyond the

boundaries of known genes -- The Reality of Pervasive Transcription
pe rVaSiVe tra NSC ri ption Michael B. Clark’, Paulo P. Amaral'®, Felix J. Schlesinger?®, Marcel E. Dinger’, Ryan J. Taft', John L.

Rinn3, Chris P. Ponting®, Peter F. Stadler®, Kevin V. Morris®, Antonin Morillon’, Joel S. Rozowsky?®,
Mark B. Gerstein®, Claes Wahlestedt®, Yoshihide Hayashizaki'?, Piero Carninci'®, Thomas R. Gingeras?*,

* Functionality has to be John 5. Mattick'*
demonstrated via a phenotype

Human Molecular Genetics, 2010, Vol. 19, Review Issue 2 RI162-R168
doi:10.1093/hmg/ddgq362
Advance Access published on August 25, 2010

Transcribed dark matter: meaning or myth?
Chris P. Ponting* and T. Grant Belgard

MRC Functional Genomics Unit, Department of Physiology, Anatomy and Genetics, University of Oxford, South Parks
Road, Oxford OX1 3QX, UK



Non-coding RNAs have an epigenetic profile
similar to coding genes

e Guttman M, et al. (2009) Chromatin Structure Reveals Over a Thousand Highly Conserved,
Large Non-coding RNAs in Mammals. Nature

* Genes have stereotypic chromatin modifications that mark the promoter and gene body

* We can look for new genes just based on the epigenetic profile
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Coding gene proximity categorization

LncRNA classes

*  miRNA host genes, Sense - *

* snoRNA host genes o

* Divergent --IncRNAs that are
transcribed in the opposite Ami"‘H
orientation of a coding gene with
which they share a promoter

* Intron Bidirectional
* Same strand (sense) <1000 bp *
* Intergenic B
* looking for IncRNAs from RNAseq data Intronic
* May not have a polyA—need total —_— »_
RNA protocol
* Can be transcribed opposite of Intergenic Legend:
another gene—stranded protocol — *_ Green= Incli‘.NA,

very helpful here

Purple = Protein
Coding Gene



IC eXpression

Cell and tissue specif

Coding Genes

lincRNAs

28,803 coding genes

4273 lincRNAs
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Cabili MIN. Integrative annotation of human large intergenic noncoding

RNAs reveals global properties and specific subclasses. Genes Dev. 2011

Sep 15;25(18):1915-27



Functionality controversy

* Transcriptional Noise

Low affinity binding of RNA polymerase to randomly generated promoter sequences.

More efficient to allow random transcripts than to downregulate nonspecific
transcription.

LncRNAs are generally expressed at low levels
LncRNA sequences are not well conserved between species.

Sequencing with splicing/polyadenylation signals can occur by chance-regional
chromatin state would direct tissue specific transcription

* LncRNAs are Functional
* LncRNAs do not have the strict sequence conservation constraint that protein-coding

genes do.

* LncRNAs may be more plastic then protein coding genes and thus can evolve rapidly.
* LncRNA promoter sequences are very well conserved.

 General consensus: some are functional and some are not but
disagreement over relative frequency



Xist — well characterized IncRNA

* single X chromosome is transcriptionally inactivated during development in XX female
mammals

* Inactivation is random but once it has occurred, X inactivation is extremely stable and
is maintained through subsequent cell divisions

e XIST (human) and Xist (mouse) RNA is a large non-protein-coding transcript that coats
the inactive X chromosome

* Poor sequence conservation

* Exons are composed of variable length repeats but relative exon order is conserved

(@) Human—mq_—u : ——
ey Y il
n:xl e 2 R
' |I 1y \ B
' 1y \ ‘_,-".'— .A
Mouse —W — T mr
' ' ' B
L LI T F , . / ) i B
t'll 1 !, / ! ]
L T ’ / / - C
L1 F L4 / el / D
Vole  — | Gm— H—H— =



What about conservation?

e Xistis a functional lincRNA with

POOor sequence conservation but

significant exon structure
conservation

* The Cyrano lincRNA is
e conserved in vertebrates

* required for proper
morphogenesis and neurogenesis
in zebrafish

. Megammd
e conserved in vertebrates

* required for proper brain
development in zebrafish

* No sequence level conservation

* Cannot be identified via blastn
alignment —but can be identified
with HMM

2 kb
Human CYRANO (OIP5-AS1) "
;Jhag‘_Ccins ‘, b UL l. L_A.L.‘..AIL IL.ALA... cndal ..Ju.i“uJJ..VLn / PO G \JAJ ‘.hu‘.‘_; m ok -Jl-w‘u“h i li e
ot W g g | rm g e L . 1 & 1. LK
“Chig [ i ||=‘| - l-"na 1) vl
Cyrano (1700020114Rik) -
Mouse ¥ = ReE—
Chicken » o ——
Frog —_
Zebrafish cyrano (si: dkey 71p21 9!
Medaka - —

2kb!

Mouse Miat/Gomafu/Rncr2 K =

Chicken

Frog r } ]
XLOC_001607




lincRNA functional mechanisms

* Cis-acts on nearby gene only, depends on the site of transcription

* Two possible modes of action
* Requires transcription only
* Requires a processed transcript

* Trans-acts elsewhere in the genome
* Does not depend on the site of transcription



Potential functions of INncRNA

1. Transcriptional
Interference
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Wilusz JE, Sunwoo H, Spector DL. Long noncoding RNAs: functional surprises
from the RNA world. Genes Dev. 2009 23(13):1494-504.



Example: HOTAIR

HOTAIR (for HOX transcript antisense RNA)is first
example of an RNA expressed on one

chromosome that has been found to influence ORI ——
H H DT DS T DS DT, ST BT~ HOXC Locus
transcription on another chromosome DEIVIRT VL UV« M Chromosome 12
HOTAIR
It is required for gene-silencing of the HOXD ﬁi
I OC U S PRC2 Complex
— -
It is hypothesized to be important for epigenetic r
differentiation of skin over the surface of the
bOdy' 3 Me3 / K27

HOTAIR was shown to contain distinct protein D T o 5 SEBRBBTE, - XD Locus
interaction domains that can associate with Metasiasis suppressorgones
polycomb repressive complex (PRC2) and the

CoREST-LSD1 complex, which together are

required for correct function




Known Examples

Chromatin remodelling Transcriptional control Post-transcriptional processing

s (O HOTAIR, Xist/RepA or Kengot! s

Antisense

: ncRNA Zeb2

Polycomb
complex
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Mercer TR, Dinger ME, Mattick JS. Long non-coding RNAs: insights into functions. Nat Rev
Genet. 2009 Mar;10(3):155-9



Evolutionary analysis across mammals reveals distinct classes
of long non-coding RNAs- Genome Biology 2016

A STEP 1: GeneX IncRNA Gene Y
Find syntenic region - 1 Il-— Mouse
using fiftOver Y 2 %
Al -
i CHHT——— Human
STEP 2: Gene X IncRNA Gene ¥
Align syntenic region ——{il I B Mouse
using lasiz and
reduced gap penalties i} OHHJ———— Human
Transcript-Genome Transcript—Transcript Splice site Insertion / Deletion
STEP 3: Identity {TGI) Identity (TTI) conservation (S8C)  rate (IDR)
Examine alignment at LfTHHIT}- Mouse  fTHHI}— Mouse #
cansenved
IncBNA and calculate IncRMNA IncAMNA SPHCE sites logs ( 2 indels In exons }
evoluticnary metrics —————_ Human  —{f}—f}—{F Human — 092 | e —
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Es (: 356 | rmi
Alignment - FIL 1T 11 | | | I 1 !i|||| Mouse |5
to genome | | Y Rat 408 350 :
quence o
identity (%) | | | Human {30%)
| | rm1 naive !#/f
III | rm1 primed | = 10 oz | Rat
nodnaive | o 73
Gene | “I nodprimed | (18%)
expression : castnaive | ®
| cast primad - Chimp
i | f Rat naive |1 407
log10 (FPKM) |} Rat primed |2 [52?;) e '| 402 | Bonobo

(| |
-
il Bonobo 1
[RIE Wam 413 | Human

Humanmn



a miRNA host
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Functional assighnment based on gene

expression correlation

) b Cluster 1
lincRNA Cell cycle
- Ribonucleoprotein complex
B {Jcuster 1 Mitotic cell cycle
s sroman RNA binding
Cell proliferation
Nucleus
Y & w e Regulation of cell cycle

iS5 s e RNA processing
o BOY A s & Nucleic acid binding
" Pt RNA splicing
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Guttman M. Chromatin signature reveals over a thousand highly conserved large non-
coding RNAs in mammals. Nature. 2009 458(7235):223-7



Knock-out studies

e Selected 18 lincRNAs beased on
 Conservation

e Chromatin features Multiple knockout mouse models reveal
« Low protein-coding potential lincRNAs are required for life and brain
development

* Sequence based filter
* Mass-spec based filter

* postnatal lethal phenotypes in megmia 12 09 g2 @ Ty s o
three mutant strains (Fendrr, Peril, Moad, W0 GEN U9 A 6
and. MC]'Qt)_, the latter two w2 (0) e 201 s ores
exhibiting incomplete penetrance Foodr %@ S@n o) W ases
and growth defects in survivors o R I

" s D HoN S e

e growth defe_cts f(?r two additional ! MG Bey oy o toms
mutant strains (/l{‘lC— lopst 190 4009 1@ 78 0w
Brnl1b and linc—Pint) ot g W) m0a DS oS

Tug? 15 (1) 19 (21) 8 (n) 42 02574




incRNA summary
* Many are not functional but some are

e Sequence conservation is poor but we can look for
* Small conserved regions
* Promoter conservation
e Exon-intron structure
* Synteny
Non-alignable conserved feature

* [incRNAs most likely come from different classes that differ

* Functionality

* Mechanism

* Gene proximity
* Conservation



