


seudogenes are powerful regulators of gene expressio

S = N o + chromatin
vbridization
NUCIGar Transcription ’ 1» » Regulation on
regulation
ancestral gene
B ‘ miRNA
= ne S| "y .
Competin
Cytoplasm Transcription C"nmp.clilion * p g
" formiRNA 5 - endogenouse
— )
RNA (ceRNA)

siRNA
Transcription generation

- > > | endo-siRNA

generation

Transcription Translation

Cytoplasm short peptide
— j » Pseudogene IncCRNA
Nuclear Transcription > “homing” >
J » o o Gene silencing

Silencing in trans of ancestral gene




Massive parallel sequencing of small RNAs

A small fraction of RNAs (21-22nt) was found to map to pseudogenes
siRNA map only to regions of complementarity (not to miRNA genes)
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PseudogeneGTPase-activating protein for Ran (Ran-GAP)

Pseudogene contains a 300 bp inverted repeat and and intervening 800 bp loop
siRNAs can be detected on regions were RNAs from inverted repeats overlap.
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A large set of endo-siRNAs are involved in gene regulation
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How to elegantly
demonstrate the action of
SsiRNAs

Take small RNA sequencing

data

—> list of siRNA sequences

- Match to annotated mRNAs

— Select candidate genes
expressedinES cells

Use Dicer wt and Dicer -
Embryonic stemcells

- Prepare total RNA
- Make reverse transcription
-Measure the expression

of genes with overlapping
siRNAs

A large proportion of genes associated with endo-siRNAs is upregulated



A large set of endo-siRNAs are involved in gene regulation

Fold change (KO/WT)
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Embryonic stem cells
(murine)

Dicer wild type
Dicer/-

- Prepare total RNA

- Make reverse transcription

= 'é @ -Measure the expression
@ ~ = o . .
25 Y S 58 8§58¢¢ ‘é e 3 of genes with overlapping
g ¥xo0J0XxT=Lqdwa 3 siRNAs (siRNA +) or without
iRNA iRNA - . . .
SERAT > Overlapping siRNAs (siRNA-)
Geneswith corresponding Genes with no corresponding
siRNA reads found in siRNA reads found in
sequencing data sequencing data
Higher expression Same expression
in Dicer-/- versus in Dicer-/- versus

Dicer wt ES cells Dicer wt ES cells



H uma n/m ouse A source for anti-sense transcripts:

-Antisense pseudogenes
-Transcribed inverted repeats
-NATs: naturally ocurring antisense transcripts

-Frequently also antisense transcripts of
transposable elements
\anmmm@ sense and antisense transcripts
can base-pairand form dsRNA

Endogenous dsRNA precursors

dsRNA, long hairpins
sense/antisense hybrids

T T T T Processing by Dicer Endo-siRNA levels are
low in vertebrate species:
no siRNA amplification loop because
no RNA dependent Polymerase
present!!!
Higher relevancein biological

SiRNA formation Situations where endo-siRNAs

g Ago-1 reach higher levels:
T Ago-2 —>Control of transposable elements
b Ago-4? —>DNA damage associated

expression of small RNAs
— - —>Biological situations
Post —transcriptional repression “Associated with the upregulation

Transposon control e Target RNA slicing of sense —antisense forming transcripts
Chromatin modification







1. Question: Can miRNAs control the activities of gene promoters
2. Approach: Identify miRNAs that are highly complementary with DNA sequences

that are located on vicinity of promoters (ca. +/- 5000nt)
3. CANDIDATE GENE: CDR1 (intronless) and miR-617
4. HOWEVER: miR-617 is in sense with CDR1 miRNA
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139,684 358 139,683,001

miR-617

The EMBO Journal (2011) 30, 4414-4422 | © 2011 European Molecular Biology Organization | All Rights Reserved 0261-4189/11
www.embojournal.org

miRNA-dependent gene silencing involving
Ago2-mediated cleavage of a circular antisense RNA

Thomas B Hansen’, Erik D Wiklund'?, sites in the 5’ UTR and ORF of i
Jesper B Bramsen', Sune B Villadsen’, Orom et al, 2008; Tay et al, 20(
Aaron L Statham?, Susan J Clark? and RISC activity has been detected in
Jorgen Kjems'* (Langlois et al, 2005; Robb et ¢

miRNAs are predominantly nucle
'Department of Molecular Biology, Interdisciplinary Nanoscience Center . .

. R . e : et al, 2010), suggesting that miR
(iNANO), Aarhus University, Aarhus, Denmark and “Epigenetics . . : D
Laboratory, Cancer Program, Garvan Institute of Medical Research, biological functions distinct fror
Darlinghurst, New South Wales, Australia mRNA repression.



The discovery of a circular RNAs

-CDK1 has an anti-sense transcript
-AS CDK1 contains 2 introns and is spliced
- ca 40% of human genes have evidence fora NATURALLY OCURRING ANTISENSE TRANSCRIPTS (NATs)

—

ChiX.

1 |
139,684,358 129,683,091

139,684 191 139,683,005

not classic miRNA interaction
- closer to siRNA situation
GGACCUCUAUAUCCUUCUGUACCUA

w

3'CUCUACAACCUUCUGCUCGUCUACG
CDR1 antisense RNA

._;M__

- CDK1 antisense RNA shows highest conservation at miR-671 targetsite in CDK1 as RNA

DISCOVERY - OBSERVATION



Circ-AS-CDR1 RNA stabilizes sense CDR1 RNA

miR-671is
miR-671 overexpression during 40 day miR-671 knock-down enrichedin the
Reduces CDR1 expression Increases CDR1 expression nucleus
1
125 @
0.008 1 5 S
14 Tg,‘ E’
- 5 3
% 0.8 x é O
Q@ 0.6 S 0.004 - B | miR-671
o % ———
5 P S I e | MiR-15b
0.2 1
0 o . |[tRNaLYs
V= 0 ) 3 ) 5 ) 8 ) 14 ) 24 ) 40 Scramble anti-miR-671
s | UB snRNA
miR-671 induction (days)

miR-671 —I AS CDR-1 =———p CDR-1

DISCOVERY - OBSERVATION



AS-CDR1: what transcripts are known....?

1. Sequence alighement: Insert AS-CDR1in UCSC genome browser: look for ESTs

that overlap the AS-CDR1 region

Mapping of ESTs to the genome via the (predicted) mRNA transcripts

map each of the ESTs on the set of (predicted) mRNA transcripts, or genes
with known genomic locations

align the EST againstthe genomic fragment containing the gene for the
EST with an exact alignment method

e RNA = RT -2 (cloning) = seqeuncing
EST3
EST4 . 3
MRNA transcript e == S S s S e S
Genome - : S e T
Exon 1 Exon 2 Exon 3 Exon 4 Exon 5
(3'UTR) (coding) (coding) (coding) (3’'UTR)

« Faster than exact mapping

Can be used to improve existing gene models, but not to discover new
ones

Genome Browser Tools

Our tools

= Genome Browser
interactively visualize genomic data

Easy to use tool for genomics analysis
(RNA, DNA, Chromatin, etc...)

TRANSCRIPT IDENTITY



ESTs exist that overlap the 5’ and 3’ end of AS-CDR1

—> TRANSCRIPT IDENTITY
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LITERATURE, HYPOTHESIS

canonical splicing circle splicing
canonical transcription start internal transcription start
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At left: a schematic diagram of the canonical splicing process splicing out the first intron of the a pre-mRNA of a 4
exon gene, and subsequent removal of introns 2 and 3. Canonical splicing of exon 1 to exon 2 occurs when the
splicing machinery catalyzes the formation of the intron lariat and the attack of the free 3' OH of exon 1 on the 3’
splice site upstream of exon 2. This produces a lariat containing intron 1 and a pre-mRNA with exons 1 and 2
spliced together. At right: a model for the production of circular transcripts. If there is a canonical transcriptional
start, and if intron excision does not proceed sequentially in time from the 5' to 3’ direction of the pre-mRNA, non-
canonical pairing of 3’ and 5’ splice sites could be generated. Since the sequences of each 5’ splice site of the
pre-mRNA contain the same splicing signals, it is possible that the 3" splice site upstream of exon 2 is paired with
the 5' splice site downstream of exon 3 and splicing proceeds as if this &' splice site were paired with the 3’ splice
site upstream of exon 4. In this case, exon 3 would be spliced upstream of exon 2, creating a pre-mRNA
intermediate comprised of these two exons and intron 2. Canonical splicing would be predicted to excise this
intron, leaving a circular RNA composed of exons 2 and 3. Non-canonical transcription start, as suggested in
[25], could produce an orphan 3' splice site corresponding to the first transcribed exon. This splice site could be

paired with a downstream 5’ splice site, generating a circular RNA. In both models, the excised intron would be
linear and branched, and expected to be quickly degraded.




Most famous example:

SRY: Y-linked transcrition factor for male sex development:
ON: during deelopment

OFF: in adult

A Developing genital ridge SRY Protein
TSS

= Transcription Translation
—< > =3 Soa

Transcriptional
regulation

B Adult testis H‘_ No SRY Protein

TSS

g

Developmentally regulated expression of SRY. (A) In the genital ridge of the developing mouse embryo, the Sry transcription start site (TSS) occurs proximal to the open reading frame (ORF),

Transcription Backsplice

>—

yielding a translatable mRNA that gives rise to SRY protein, a transcription factor involved in sex determination. (B) In the adult testis, the TSS occurs far upstream, yielding a long transcript containing large
inverted repeats (green arrows). This transcript is backspliced to form a circRNA, which might function as a miR-138 sponge. SA, splice acceptor; SD, splice donor.
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VALIDATE HYPOTHESIS
- CIRCULAR TRANSCRIPT

RNA + RT T T
PCR using divergent Splice Splice
primers donor acceptor’
Agarose gel

. -RT +RT -RT +RT
To validates sequence

identity: Sothern blot
using a radioactive CDR1
probe

anti-sense CDR1is a circular RNA



VALIDATE HYPOTHESIS
- CIRCULAR TRANSCRIPT
6. Last step:
— 2F\ Sequencing of
+1,486 intron |1 intron | +1 PCR product
Splice Splice
donor acceptor
esone 5' introne esone 3'

PCR of cDNA with 10RW and 8FW T I "

‘ S'MGUGAGU""""‘A""""‘[Pytmc‘]AGME’)
/

| |
Subclone PCR fragmentin vector sito di splicing 5' punto di ramificazione

V

Sequence vector insert

Sequencing oligo

NAS Splicedonorand
H.:g +1485 | 1 123 Spliceacceptorin CDR1 as RNA
5’ AGOTCTTCCAGTGTCTGCAATATCCAGGG ITTICCOGATGGCACCTATGTCA 3 are used to make

a circular RNA
‘ l = NAS
{ r : . " l\ 'l f‘ _ ° ° . .
\ "J’wln'\l\.ﬁ.‘f} \ l f'." M 5. f l Ifl"'-ﬁ'} Wl | ” i1, NON Ilne%:::(esg;?ctilr\‘lge splicing



Relative to GAPDH

miR-671 overexpression reduces CDR1 but

also CDR1 AS expression

(AS transcript is the pre-
dominant transcript

8E-6 -

6E-6 -

4E-6

2E-6 -

CDR
B Sense

low

O o
miR-671-

CDR
[ Antisense

high

miR-671 miR-671
+3 days +40 days

- 0.006

- 0.004

- 0.002

FUNCTION OF miRNA
ON CDR1s/as

‘_ anti-Ctl anti-miR

671+3

e
{

JEEE CORTAS | . CDR1 AS

Ectopic miR-671 decreases CDR1 as

Reducing endogenous
miR-671 increases CDR1 as

miR-671 —| AS CDR-1 =  CDR-1

Epigenetics on CDKR1 promoter?



HYPOTHESIS:
miR-671 and AS CDR1 are involved in epigenetic regulation??

B
miR-671 -
1 23 5 L 0,02 B miR-671 3d
CpG-region é‘
A4 \V4 %0,01 |
S 0
S
I
CDR1 CDR1 CDR1 CDR1 CDRf1
(1) (2) (3) (5) (7)
ChiP using PCR oligos 1-7
c
miR-671 -
12 B miR-671 3d
210
£
= Answer: NO 3 81
—->NO CHROMATIN CHANGE g i |
o m

. CDR1 CDR1 CDR1 CDR1 GAPDH
FUNCTION OF miRNA or CoRt oot et
ON CDR1s/as '




AS IncRNA

miRNAs can target nuclear antisense transcripts
LOSS OF FUCNTION

Circ-AS-CDR1 RNA stabilizes sense CDR1 RNA

A
i ! RNA. specific for sense and anti-sense RNA
sisiRNA-S sisiRNA-S: targets sense CDR-1
S|S|RNA AS sisiRNA-AS: targets AS-CDR-1

M
T
o

1E-5

CDR1 mRNA/GAPDH

BE-41 — AS CDR-1 supports S CDR1
6E-4 1 expression
o - miR-671 suppresses AS
j CDR1 expression
2E-4-j
] 0.

9:5|RNA S!SIRNA Contral SISIRNA 3|51RNA Control

@

ASIGAPDH

CDR1 sense: reduced by siCDR1 and si-AS-CDR1
CDR1 anti-sense: reduced only by si-AS-CDR1

miR-671 —| AS CDR-1 ==—ep CDR-1
FUNCTION OF CDR AS




AS IncRNA

miRNAs can target nuclear antisense transcripts
GAIN OF FUCNTION

Circ-AS-CDR1 RNA stabilizes sense CDR1 RNA

FUNCTION OF CDR AS

m

l_#

1E-4 -

O ‘j T T T T T

AS2 M EV AS1 ASimi AS2 ASZmt AS3

AS1

CDR1 mRNA/GAPDH

e A g
N
NN

AS3 4-\/: Overexpression of AS-CDR1 that “mimics” the
. ] ] struture of the circRNA: Reduced sense-CDR-1
Expression of engineered linear expression

transcri ptS Mutation of the miR-671 target site does notimpact onthe

AS2 effect (miR-671 is not required for AS-CDR1 NAT function

circ-asCDR1 Sense CDR
miR-671 —
' | RNA RNA expression

The regulatory effect on CDR1 expression comes directly from the sense antisense orientation of
transcripts: miR-671 only controls AS-CDR1 expression



Luciferase assay: AS-CDR1 seqeucne variants (below) fused to luciferase + mi-671

A 1.4
1.2 . .
3 Ptarget 15511 G T qeITeeqeeagsey
§ 10. ¥y TCCTTCGGGACCTCCCCGACCTCCA
w
g 081 o W SG. . concal”
: AS target " JI1TLILL0E 1000045
£ 0'4 ’ ¥ >
3 4 1 . A u
2 MM target  ST11IXCI1 LLXSTTTE,
0.2' ¥ G A
GAGT
0- v v v
P AS MM No
target target target target
miR-671 miR-769 | : ’
N E N g miR-671
o 2 2 a2 2 2 AS2 4—\/——*—'\?‘
.l e |AS

— - miR-769
. o o o o o AS2m

- —

ST T G

o o o 8 e ) 15

Northern blot

Perfect match

Endogenous situation

Missmatch situation

miR-671 slices AS-CDR1
Another miRNA (miR-769)
does not

FUNCTION OF CDR1 AS — miRNA INTERACTION



Luciferase assay:
- Reporter: miRNA wt/mutant target sites fused to luciferase RT-PCR
- Co-trasnfected with miR-671 and expression vector for wt or mutant Ago2

1.25 i _I_ M P target 0.0050 -
8 1.0- aax 8y I AS target
©
I
§ 0.8 - [J MM target E
| =
.é | <
5 06 9 0.0025-
o )]
2 04- <
©
[0
x 0.2- I
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E E = E = E s E 2
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o o e} [e) o o (@) o
g ¢ 2 2 2 2 2 2
I
o ;.GGA:-GCCCUGGI GGGGCUGGAGGU Y
Cells P targetr 4&&;4&&&&;&&@&&&&;&&, [1) Anti-sense-specific qRT-PCR on RNA from
Ago ’W t and : HEK293 cells transiently transfected with
"A GGAAG Gcgh Gcr, GGAGG u” miR-671 along with EV,
Ago mut AS target  IIMITEEITNT TE1E0ITE, ’
A
e c u”
MM target {{} i*ii 13133138 ,
-------------- < A . FUNCTION OF CDR1 AS — miRNA INTERACTION

A5



miR-671 CUTS

: 299979
) circ-asCDR1 77 : Sense CDR
miR-671 H —
RNA RNA expression

sisiRNA-mediated strand-specific knockdown. However, the
mechanistic link between miR-671 cleavage of the circular
NAT and repression of the sense mRNA is unclear. One
hypothesis could be that the abundance of CDRI NAS anti-
sense may titrate an miRNA from acting on the CDRI mRNA,
that is a sponge model (Poliseno et al, 2010). However, a

search for single 7mer putative target seeds sequences,

shared between CDRI 3'UTR and the antisense, was negative
(based on miRBase ver. 17), suggesting that CDRI NAS
antisense is not acting as a decoy. As the mechanism is
epigenetically independent and the CDRI mRNA can be
increased by ectopic AS expression, we argue that the effect
is more likely to be post-transcriptional and that the NAT
transcript confers CDRI mRNA stability possibly via direct
base pairing as observed previously (Faghihi et al, 2008).

ANY OTHER FUNCTION RELATED TO THE circRNA?



Circ-RNAs act as miRNA sponges

LETTER

Natural RNA circles function as efficient
microRNA sponges

Thomas B. Hansen', Trine I. Jensen', Bettina H. Clausen?, Jesper B. Bramsen'?, Bente Finsen?, Christian K. Damgaard’
. R ]
& Jorgen K]ems'

d0i:10.1038/naturel1993

—>
As-CDR1
CheX .
199,564,389 149,603,001 Contains 73
regions for the miR-7 seed region
138,684 191 139,683,005

! 000 . raeans and a conserved miR-671 site

/Conservation sessesassns sty

a 1
O | AR B SRRRRR RRER RO SRR RREN RORRERERORER RBMDQ llllll;lllllllllllllllllull:llll |
Target Sites:  seseseeeeeene T e - mammalian
§ 8mer , ll.‘..,ll..l‘lllllll conservation
# 7mer-m8 ~ miR-7 " E E EEEEEEEEEE EE EEE is high
7mer-1A IS hig
miR-671

CiRS-7: circular RNA sponge for miR-7



Most famous example:

SRY: Y-linked transcrition factor for male sex development:
ON: during deelopment

OFF: in adult

A Developing genital ridge

TI_S,S Transcription Translation

Transcriptional
regulation

B Adult testis H'_

TSS

g

Developmentally regulated expression of SRY. (A) In the genital ridge of the developing mouse embryo, the Sry transcription start site (TSS) occurs proximal to the open reading frame (ORF),

Transcription Backsplice

>—

yielding a translatable mRNA that gives rise to SRY protein, a transcription factor involved in sex determination. (B) In the adult testis, the TSS occurs far upstream, yielding a long transcript containing large
inverted repeats (green arrows). This transcript is backspliced to form a circRNA, which might function as a miR-138 sponge. SA, splice acceptor; SD, splice donor.
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CiRS-7: circular RNA sponge for miR-7

EV ciRS-7-fs ciRS-7

CiRS-7-ir
Total brain

b linear
ciRS-7-fs:

M circular *kb.
ciRS-7-ir: SA sSD
M ~1.4 kb

ciRS-7: SA sSD

CiRS-7-fs:Linear (no splice,
No inverted repeats)

ciRS-7-ir: splice, 5" endogenous repeat; 3’ e

miR-15b

cells transfected with vectors
nd no expressing miRNAs and

inverted repeat = inefficient circularization ciRS-7 vectors

ciRS-7: splice, endogenouse inverted repeats

cloned up- and downstream of splice sites

Note: the addition of IR (inverted repeats), promotes
splicing related circRNA formation

miR-7 does not cause reduction of ciRS-7
(miR-769 is a negative control RNA)

- miR-7 is not able to degrade the ciRS-7
RNA
- miR-7 targets only ciRS-fs (linear): -40%




a 1.0, RNAimmunoprecipitation
Cells: transfected with Ago2 + miR
0.8+ .‘......,.M“.,mﬂb IP: anti-AGO2
RT-PCR: ciRS-7 (endog.); gapdh
5 0.6+
Q
= 0 = GAPDH AGO2 is associated with ciRS-7 and miR-7
0 - = =
miR-7 | miR-769 | miR-7 | miR-769
AGO2 EV
b 0.16. . . .
Transient transfection of biotinylated
0.12- (,,,:_,_ - D miR-7 or miR-138 and RT-PCR for ciRS-7
3 Cicular RNA
% 0.08 - = CiRS-7
o 0.04 miR-7 is associates with ciRS-7
0

miR-7 (biotin) muR 138 (bnoti;m)



CiRS-7 — miR-7 is associated with the miRNA machinery

RNA-FISH for miR-7 + ciRS-7

c CiRS-7 miR-7 Merged
X K Probes: Cells:
ciRS-7 - ciRS-7Cy5 - cells + ciRS7 +miR-7
R + - miR-7 Cy3

RNA-FISH for miR-7 + Immunostaining for DCP1A

CiRS-7 DCP1A Merged
d . CiRS-7 localize to P-bodies
. (anti-DCP1A/ciRS-7 Immuno-RNA-FISH)
CiRS-7 co-localisation only when miR-7 at high levels
; Cells:
— - cells + ciRS7 +miR-7
¥ [ 4
ciRS-7
- miRNA effector machiary concentratesin P-
miR-7 ¥ ' bodies:
K . -->DCP1Aisa P-body protein




CiRS-7 — miR-7 is associated with the miRNA machinery

J7000N002” gDNA

‘ E E Pre- mlRNA @
Pri-miRNA Pasha
/DGCR8

NUCLEUS

+

ANEEEEEEEE
P

asymmetric RISC assembly

CYTOPLASM
miR/miR* P
or siRNA duplex L]
(21-25 nt long small RNA)
P-BODIES

capped
target mMRNA

partial homology
>> TRANSLATIONAL
REPRESSION

most animal miRNAs

P-BODIES

~a

target mRNA

perfect homology
>> mRNA CLEAVAGE

most plant miRNAs, and siRNAs

P-bodies: RNA_Protein bodies

Processing bodies (P-bodies) are
distinct foci within the cytoplasm
of the eukaryotic cell consisting of
many enzymes involved in mRNA
turnover. P-bodies have been
observed in somatic cells
originating from vertebrates and
invertebrates, plants and yeast. To
date, P-bodies have been
demonstrated to play fundamental
roles in general mMRNA decay,
nonsense-mediated mRNA decay,
adenylate-uridylate-rich element
mediated mRNA decay, and
microRNA induced mRNA silencing.
Not all mMRNAs which enter P-
bodies are degraded, as it has been
demonstrated that some mRNAs
can exit P-bodies and re-initiate
translation. The link to P-bodies
comes by the fact that many, if not
most, of the proteins necessary for
miRNA gene silencing are localized
to P-bodies, as reviewed by
Kulkarni et al. (2010)




Luciferase reporter assays

CRL 1

Perfect miR-7 target site

Relative
luminescence
COOO = =i =

ONAEOOON A

A A A A A A A J

cirs-7-ir [
anti-7 |

o
D

w

CiRS-sequence

A ALY

Relative

luminescence

AL A

S S St TRIND, Ca Cadopin
ocwnwowmowowmo

A A

anti-Ctl '

CiIRS-7-ir. SA sD '
AP crb—eeot— Y linear
CiRS-7: SA sD

Eap ool circular

CiRS-7 increases lucactivity when
Luc was fused to a perfect miR-7 targetsite

CiIRS-7-ir. SA sD
R o et linear
CiRS-7: SA SD

Eap ool circular

CiRS-7 increases lucactivity when
Luc was fused to a the linearized ciRS-7 RNA sequence



SNCA, EGFR, IRS2 are miR-7 target genes: does ciRS-7 sponge miR-7 ??

Cells stably transfected with ciRS-7 vector are transfected with miR-7 at different concentrations

— 2'0' — AV N
7 -~ 80 g 5.0
o o o Wk
T T 3.0 iRC.
§ - 3 - 3 2.0+ vector
5 0.5 4 E 2.0 - ﬁ——i §) s |
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“ 0.0 . . . . . 0.0 v v v v v 0.0 v v v . S
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f g h
& 5901 —~ 12.0; ~ 5.0
i * T W ?
o " o = 4.0
:;(—' X s . k7l '|'
A0 om0 = I I T
g 2 214 i CiRS-7
2.0 -
Q 204 i g 4.0 g I\I/I_,_I\I vector
miR-671 <
2 0.0 P 2 SR _— 00 N —
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miR-671 degrades ciRS-7
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pre-mRNA .o ‘SD SA

> Moo=
Backsplicing

»/ j \4 \ Most famous example:

O SRY: Y-linked
transcrition factor for

male sex development

A Developing genital ridge SRY Protein

TSS
—<

Translation

Transcription
— —

Transcriptional
regulation

B Adult testis H_ No SRY Protein

TSS

g

Developmentally regulated expression of SRY. (A) In the genital ridge of the developing mouse embryo, the Sry transcription start site (TSS) occurs proximal to the open reading frame (ORF),

Transcription Backsplice

-

yielding a translatable mRNA that gives rise to SRY protein, a transcription factor involved in sex determination. (B) In the adult testis, the TSS occurs far upstream, yielding a long transcript containing large

inverted repeats (green arrows). This transcript is backspliced to form a circRNA, which might function as a miR-138 sponge. SA, splice acceptor; SD, splice donor.
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Another notable circular miRNA sponge is SRY. SRY, which is

highly expressed in murine testes, functions as a miR-138 Sry has 16 target sites formiR-138

sponge. In the genome, SRY is flanked by long inverted miR-138
repeats (IRs) over 15.5 kilobases (kb) in length. When one or ) IRIN IR IR I
both of the IRs are deleted, circularization does not occur. It ' v
was this finding that introduced the idea of inverted repeats SA Sry SD
enabling circularization. ‘ ,
NAS
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Because circular RNA sponges are
characterized by high expression levels,
stability,and a large number of miRNA
binding sites, they are likelyto be more
effective sponges than those thatare
linear.

Noncolinear splicing

miR-7a

M AN NS miRT

target

M NSNS 000

oHISC

miR-€71a

New RNA species counteract miRNA function. (a) PTENpg1 asRNASR is partially
complementary to the first exon of PTENpg1 sense and promotes its stabilization (purple
arrows). Thereby, PTENpg1 sense increases PTEN-mRNA abundance (red arrows) by
sequestering miRNAs that also target PTEN. (b) circRNA CDRI1 as (ciRS-7) arises from
head-to-tail splicing of its precursor. CircRNA CDRI1 as (ciRS-7) contains ~70 MREs for
miR-7 and increases the expression of miR-7 target genes (black and blue arrows) by
sequestering miR-7. CircRNA CDRI1 as (ciRS-7) is under miR-671 regulation. miR-671 is
almost perfectly complementary to CDR1 as (ciRS-7), and, although circularization protects
from canonical nucleases, this is not sufficient to counteract AGO?2 slicer activity in RISC.
(¢) circRNAs containing several distinct MREs can sequester different miRNA families and
increase the expression of all genes (colored arrows) under miRNA regulation. MREs and
miRNAs are indicated as color-coded circles and rectangles, respectively, on the RNA
molecules.



