


Retrotransposon activity during development
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A case study:

Using a pseudogene
IncCRNA to investigate
the function of a
novel ncRNA




Mouse and human contain several
processed OCT4 pseudogenes
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The inner cell mass of the blastocyst are the
source of pluripotent embryonic stem cells

Blastocyst cells can be

Blastocyst cells give rise to all lsolated and cultivated
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1. OCT4 EXPRESSION
Oct4 expression during the mouse life cycle

Cells and tissues expressing Oct4 are marked in green.

ey . . : o ™8
Oct4 is expressed inmouse oocytes asamaternal

Embryonic transcript and protein:

stem cells

Zygotic Oct4 expressi
. stage and is abu
PGC

Epiblast

However, as the outer cell %ifferentiate
into the trophectoderm, Oct&expression istestricted to
l cells of the ICM.in the blastogyst. "

»

After implantation, N is maintained in
A . ) .
/ the epiblast of the

@ Oct4 expression becomes restricted to primordial germ
/ N cells (PGCs), which aréfirst specifiedin the
K mbryonic mesodérmat thedbase of the allantoic
strulati s give rise to gametes,
ilization will develop into a new
f nextgeneration:

Wu and Scholer:Role of Oct4in the early embryo development




2. THE MODEL SYSTEM: ES CELL
DIFFERENTIATION

OCT4 expressing ES cells have self-renewing and
differentiation potential in vitro

Undifferentiated hES cells

smooth muscle actin

Mesoderm

Ectoderm

beta-tubulin Il
Endoderm

alpha fetoprotein




The self-renewal transcription factor
Oct4 is essential for embryonic stem
cell self-renewal

Self-renewal

0CT4 —3p Active promoters of self-renewal genes
> NANOG —— (OCT4, SOX2, NANOG, C-MYC, MYSTS3...
DO — Silent promoters of developmental genes

(NEUROG1, PAX6, GATA4, CDX2...)
Differentiation

— v —

Nicolaj Strgyer Christophersen, and Kristian Helin J Exp Med 2010;207:2287-
2295




Mouse and human contain several
processed OCT4 pseudogenes
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. dSequence analysis
Are there other sequences in the mouse genome that
are similar to Oct4?

Use Oct4 cDNA and make BlastN Unspliced sequence on Chr. 3 with h

Graphic Summary Alignments Taxonomy Mus musculus strain C57BL/6J chromosome 3, GRCm39
Sequence ID: NC 000069.7 Length: 159745316 Number of Matches: 2

producing significant ali Download ¥ [ Select columns ¥ Show

Range 1: 129227322 to 129228364 GenBank Graphics ¥ Next Match
select all 6 sequences selected GenBank Graphics Distance tree of results [EIMSA Viewer
Score Expect Identities Gaps Strand
Description Scientific Name [ || e @y | O Per. | pce Len 1177 bits(637) 0.0 936/1074(87%) 46/1074(4%) Plus/Plus

Score Cover Ident Accession

Features: 101192 bp at 5' side: glutamyl amin
97965 bp at 3' side: elongation of very long_chain fatty acids protein 6

Mus musculus strain C57BL/6J 3, GRCm39 Mus musculus 2059 100% 0.0 87.15% 159745316 NC_000069.7

Mus musculus strain C57BL/6J 17, GRCm39 Mus musculus 1977 100% 0.0 100.00% 95294699 NC_000083.7

Mus musculus strain C57BL/6J X, GRCm39 Mus musculus 638 82% 2e-180 80.20% 169476592 NC_000086.8 Query 1 ATGGCTGGACACCTGGCTTCAGACTTCGCCTTCTCACCCCCACCAGGTGGGGGTGATGGG 60

y 5 PLLELELLUE UL UL UL EEL L LU UL LLLLEELL TELLL
BEn 0L i ol e R AT 520 46% B8e-145 8571% 125139656 NC 000080.7 Sbjct 129227322 ATGGCTGGACACCTGGCTTCAGACTTCGCCTTCTCA-CCCCACCAGGTGGGGGCGATGGG 129227380
Mus musculus strain C57BL/6J 6, GRCm39 Mus musculus 36% 1e-103 84.62% 149588044 NC_000072.7

Query 61 TCAGCAGGGCTGGAGCCGGGCTGGGTGGATCCTCGAACCTGGCTAAGCTTCCAAGGGCCT 120
Mus musculus strain CS7BL/6J 1,GRCm39 Mus museulus 15% 9680 100.00% 195154279 NC_000067.7 LCLLEETL LR TILLEELEEC T TEL L LT EEL T T
Sbjct 129227381 TCAGCAGGGCTGGAGCCGGGCTGGGTGGACCC CTTCCAAGGGCCT 129227440

[<H<H<N<N<H<]

Query 121 CCAGGTGGGCCTGGAATCGGACCAGGCTCAGAGGTATTGGGGATCTCCCCATGTCCGCCC 180

L LU L T LLLLLLLLLEL 1]

L LU
Sbjct 129227441 CTGGGTGGGCCTGGAATAGGACCAGGCTTAGAGGTATT-GGGATCTCCCCATGTCCACCG 129227499

5 d d e T permosnensascemene. 240
proce Sse pse u oge ne S Sbjct 129227500 GTATATGAGTTCTGCGGAGGGATGGCATACTGTGGACCTCAG: 129227541

Query 241 CCCCAAGTTGGCGTGGAGACTTTGCAGCCTGAGGGCCAGGCAGGAGCACGAGTGGAAAGC 300

L LELUULELEEL L L L LT

Sbjct 129227542 GCTGGCGTGGAGACTTTGCAGCCTGAGAGCCAGGCAAGAGCAGGTGTGGAGAGC 129227595
Query 301 AACTCAGAGGGAACCTCCTCTGAGCCCTGTGCCGACCGCCCCAATGCCGTGAAGTTGGAG 360

mOct4 mRNA  Chr.17 sict 129227596 hehcAbMadcibrdb bbb LB LR 120227655
Query 361 AAGGTGGAACCAACTCCCGAGGAGTCCCAGGACATGAAA( CTGCAGAAGGAGCTAGAA 420

[ LU LT HIIIHHHIIHH \IIIHHHIIHHH

C h 3 Sbjct 129227656 ATGAGGGAACCACGTCCCGAGGGGTCCCAGGACATGAAAGTCCTGCAGAAGGAGCTAGAG 129227715
m OCt4P1 r' Query 421 CAGTTTGCCAAGCTGCTGAAGCAGAAGAGGATCACCTTGGGGTACACCCAGGCCGACGTG 480

bl LLLLLLLLLLL LT LT CL L LLEELLL LTI LT

sbjct 129227716 GATCACCTTGGGGTACACCCAGACCGACGTG 129227775
Query 481 GGGCTCACCCTGGGCGTTCTCTTTGGAAAGGTGTTCAGCCAGACCACCATCTGTCGCTTC 540
Oct4P2 ChrZ ) |||HHH|||HHHH|H |||\|H\|||\HH||HHH| [1]]
mOct . Sbjct 129227776 GGGCTCACCCTGGGCGTTCTCTTCAGAAAGGTG-TCAGCCAGACAACCATCTACTGCTTT 129227834
Query 541 GAGGCCTTGCAGCTCAGCCTTAAGAACATGTGTAAGCTGCGGCCCCTGCTGGAGAAGTGG 600

L UL L L L]

Sbjct 129227835 GAGGCCCGGCAGCTCAGCCTTATGACCATGCATAAGCTGCGGCCCCTGCTGGAGAAGTGG 129227894
mOct4P3 C h r. Query 601 GTGGAGGAAGCCGACAACAATGAGAACCTTCAGGAGATATGCAAATCGGAGACCCTGGTG 660

L LU L L LT UL

Sbjct 129227895 GTAGAGGAAGCGGAA( 'CGGAGACCATGGTG 129227954

Query 661 CAGGCCCGGAAGAGAAAGCGAACTAGCATTGAGAACCGTGTGAGGTGGAGTCTGGAGACC 720

Ch Sbjct 129227955 CAGGCCTGGAAGAAAAAGAGCGCGAGCATTGAGAACCATGTGAGGCAGAGCCTGGAGAAT 129228014
mOCt4P5 r' Query 721 ATGTTTCTGAAGTGCCCGAAGCCCTCCCTACAGCAGATCACTCACA-TCGC--CA--AT- 774

[ 1L
Sbjct 129228015 GAGTTTCTGAAGTGCCCAGAGCCCTCCCCGCAGCAGATCACTAGCATTAGCATCACCATG 129228074

ERVL-
775 CAGCTTGGGCTAGAGAA( GGTTCGAGTATGGTTCTGTAACCGGCGCCAGAAGGGC 834

75% | 75%  MalR ouery LU LT T LTI
I

[
mOct4 P4 . Sbjct 129228075 CAGCTTGGGATGGAGAAGGACATGGT! TCTGTAACCGGCGCCAGAAGGGC 129228134

Query 835

LI
TCGAGGATG

GGCTA-CAGGG-ACACCT! 892

AAGA( TGA( T.
IIH\\\\\III\HHH\IHHIIIH\H PLLLLLLLLLL 1L HH

Sbjct 129228135 GTATGAGGCTTTCCGGGGATGCCTT 129228194

|
GT
GTA
|

Query 893 TCC———CA ?Tf T ??TTGTATCCTTTCCTCTGCCCCCAGGTCCCCACTTTGGCACCC 946

Sbjct 129228195 CGGGGCGTGGGGTGGGGCTGTATCCTTTCCTCTGCCCCCAGG—CCCCACTTTGGCACCC 129228253

Query 947 CAGGCTATGGAAGCCCCCACTTCACCACACTCTACTCAGTCCCTTTTCCTGAGGGCGAGG 1006

Sbjct 129228254 CAAGCTATGGGAGCCCCCACTTCACCACACT--ACTCGATACCTG-TCCTGAGGGCGAGG 129228310

Query 1007 CCTTTCCCTCTGTTCCC-GTCACTGCTCTGGGCTCTH 'TCAAACTGA 1059

[ |||\HH|||\ [l
Sbjct 129228311 CCTTTCCCTCTGTCCCCTGTCATTGCTCTGGGCTCTCCCATGCATTCAAACTGA 129228364




4. EXPERIENTAL EVALATION OF IncRNA EXPRESSION IN MODEL
CELLS

f-rene

zl

Gapdh  Oct4  Oct4P1 Oct4P2 Oct4P3 Oct4P4

o
Q
N
o
&

RT+ primer
No primer
RT+ primer
No primer
No RT
RT+ primer
No primer
RT+ primer
No primer
No RT
RT+ primer
No primer
No RT
RT+ primer
No primer

)
E
S
+
=
o

No primer

mOct4 mRNA  Chr. 17

' i Lg% —
——— ] mOCt4P1 Chr.3 Oligo random
/ = . : Gapdh  Oct4

o
S
%
N

Oct4P4 Oct4P5
| 100% ! 100% _—
 —" | mOctdP2 Chr.2

mOct4P3 Chr.14

: C , | mOct4P5 Chr.6
/ : '- . ! : 500~
75% | 75% ok " L1 80% | ' 300—
o ! /o al ' o Yo ! ' % -
m— mOct4P4 Chr.X 200-

OligodT

No primer
RT+ primer
No primer
RT+ primer
No primer
RT+ primer
No primer
RT+ primer
No primer
RT+ primer
No primer
No RT
RT+ primer
No primer

Ancestral OCT4 gave rise to 5-processed pseudogenes
that are expressed in mESCs




4. EXPRESSION DURING IN VITRO DIFFERENTIATION

In vitro differentiation; 2D cell culture, attached on petri dishes

SELF-RENEWAL DIFFERENTIATION

Oct4 high LIF removal

LR L
ANNYY 28

“« “‘\\ _'/’;‘
Pl o

In vitro differentiationin 3D cell culture, embryoid body differentiation

LIF removal,

NRI medium o <, ND medium
— ’
70NV

hiPSC expansion
and differentiation
into neurons/glia

IMR90-hiPSCs Fmbryond bodies Rosettes Neurons/glia

1
NI medium 1
v

! D medi
NSC expansion and | mecum

differentiation into
neurons/glia ;

e
——

Neurons/glia

EB: embyoid body differentiation (amodel for ES differentiatiori') .




Oct4 pseudogenes are tightly controlled during
the differentiation of mESCs

embryoid body differentiationin days

MEBTO EB D3 EB D5 JJJ EB D7 [ Primiray MEF Immortalized MEFs NIH-3T3
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6. FUNCTIONAL ASSAY - IncRNA and self renewal

RNA expression levels

self-renewing  differentiated
mESCs mESCs RNA localization

mOct4 mRNA High Low Cytoplasm

mOct4P1 Cytoplasm

mOct4P2 Nucleus

mOct4P3 Non-specific

mOct4P5 Non-specific

mOct4P4 Nucleus

s et
- . L
can we identify a biological*funétion of psehdogene IncRNA

A case study: Oct4P1 and Oct4P4




How to identify a biological function related to pseudogene
derived IncRNA?

OCT4 — ANCESTRAL

GENE CHR 17

Oct4P1 (CHR 3)
100% 100%

N Oct4P2 (CHR 1)

160 bp

Oct4P1: # Oct4P3 (CHR 14)

A 492 bp 206 bp

75%  75% 80% 66%

Cytoplasmatic I ——————— Oct4P4 (CHR X)

60 bp 194 bp 334 bp 870 bp 200 bp

I n C R N A il 8% Oct4P5 (CHR 6)

I
384 bp 155 bp

a2
N
o

-

Oct4: highin ESC

N
o
o

-

Oct4P1:highin ESC, low in
differentiated cells

©
S
(ES WT TO set “100”)

(ES WT TO set “100”)

siOct4: differentiation

N
o

Pseudogenes expression levels

Pseudogenes expression levels
(2]
o
normalized to Gapdh

I

Tt Hypothesis: Oct4P1 needed to keep
high Oct4 expression in self renewing
ESC??

N
o

normalized to Gapdh

e

Oct4P1

Q
'S




Oct4P1: A cytoplasmatic IncRNA

SiRNA on Oct4P1 in mESC 7 SiRNA on Oct4P1 in mESC
n=3

4 m Sj Control
] m Si Oct4
m siOct4P1
I

Si Control  Si Oct4P1 SOX2 NANOG  KLF4 GDF3

-
o
o

(0]
(o)
o

(o))

o
(e}
o

B Oct4P1

N
o

Relative mRNA levels
D
o

(Control set“100”)

RNA levels (Control set“10
S
N
o

o
o

RN
—_
(@)

n=3

o

m Si Control

W Si Oct4
‘I g siOct4P1

BRACH OTX2 BMP4 FGF5 NESTIN

o

control set 10(2
~ o 8 o

o

AP enzymatic activity
(nm of p-nitrophenol;

©
=
c
o)
e
)
0]
>
L
<
Z
e
S
o
=
IS
[
e

(©))
o

Si Control SiOct4 Si Oct4P1

Cytoplasmatic OCT4P1 promotes mESC self-renewal



Pseudogene sponge miRNAs that
target the ancestral gene

Ancestal mRNA Pseudogene RNA

(+3’UTR) (+3’UTR homolgy region) miRNA that targets Oct4: i.e. miR-335

3'UTR Oct4P1 .
Octd MRE: miRNA response element
o+« | CERNA ——-
MBNA |- —a»>- -
MIRNA
i.e. miR-335 .
Evolution of

pseudogenes

to fine-tune the
expression

of ancestral genes

MRNA |- — > (ceRNA F -

[ MRNA |-

(RANA -

MRBNA |-

Target mRNA/protein - oRNA copy
levels number




Cytoplasmatic OCT4P1 acts as Oct4/Rb1 ceRNA

3 5
Oct4 pseudogene Oct4P1 mature miR-335 UGUAAAAAGCAAUAACGAGAACU
Lot fE F TP (octa)

A ,
W Agah M. m. 3’'UTR Pou5fl ..AAGAAGCUCAGUGAUGCUGUUGAUCAGG

—l— 133 155
mature miR-335 3 UGUAAAAAGCAAUAACGAGAAE’IU

AR iy miR-335 NIRRT

Oct4 mRNA I M. m. 3'UTR Oct4P1 . .AAGAAGUUCAGUGAUGCUGUUGAUCUGG

140 163
N S AW

' miR-335 + Oct4P1
Luciferase 3yTR mimic pseudogene

Promoter f' . 5 o expression
L LTI T vector
_

3'UTR
Reporter Vector

!
Oct4 3'UTR ,.r
e

cloned
donwstream of
luciferase ORF

3'UTR Target Profiling

-

OCT4P1 promotes self-renewal by sponging miRNAs that
target, Oct4




Cytoplasmatic OCT4P1 acts as Oct4 ceRNA

Luciferase 3yTR miR-335 + Oct4P1
Promoter {7 My, mimic pseudogene, 3 5

- . . expression Oct4 pseudogene Oct4P1 mature miR335 UGUAAAAAGCAAUAACGAGAACU
3'UTR I
5

L 0T vector. TR AR
Reporter Vector LRI M M. m. 3'UTR Pou5fl ..AAGAAGCUCAGUGAUGCUGUUGAUCAGG

(Octa) 133 155

\ : y ,

[sRssvsensunsesssnsusans| el UL mature miR-335 UGUAAAAAGCAAUAACGAGAAEU

Oct4 3'UTR : 2 U e N R
NI

cloned. M. m. 3'UTR Oct4P1 ..AAGAAGUUCAGUGAUGCUGUUGAUCUGG

donwstream of 163
luciferase ORF

3'UTR Target Profiling

Oct4 Protein Oct4 mRNA

n=2

o
o O

Si Control
Si Oct4P1

to Gapdh
(SiControl set“10Q”)
N S » oo
o o o

—_
)
S
&
D
w
e
g
=
S
@)
N
>
x
2
4]
3
[P}
g
=
1)
S
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miR-Ctrk3'UTR ~ miR-335+3'UTR  miR-335+3'UTR
OCT4+pcDNA3  OCT4+pcDNA3 0CT4 pcDNA-Oct4P1

(@)

Oct4 expression levels normalized

Si Control SiOct4 Si Oct4P1

OCT4P1 promotes self-renewal by s'ﬁonging miRNAs that
target Oct4




identify a biological function related to pseudogene
derived IncRNA?

I L SN G GGG OCT4 - ANCESTRAL
GENE CHR 17

I Oct4P1 (CHR 3)
100% 100%

N Oct4P2 (CHR 1)

160 bp

Oct4P4: # Oct4P3 (CHR 14)

A 492 bp 206 bp

75% 75% 80% 66%

Cytoplasmatic I ——————— Oct4P4 (CHR X)

60 bp 194 bp 334 bp 870 bp 200 bp

I n C R N A il 8% Oct4P5 (CHR 6)

I
384 bp 155 bp

a2
N
o

Oct4: highin ESC

g
§'100")

Oct4P4:low in ESC, highin
differentiated cells

(ES WT TO set “100”)
©
S

8
8

Oct4: differentiation

Pseudogenes expression levels
H [2]
o o
Pseudogenes expression levels
o Gapdh, (R W TG,

normalized to Gapdh

N
o
normaliz

Hypothesis: Oct4P4 needed to silence
OctaP4 Oct4 during differentiation?

o
Y ol




6. FUNCTIONAL ASSAY - IncRNA and self renewal

RNA expression levels

self-renewing  differentiated
mESCs mESCs

5'UTR CDS 3'UTR

mOct4 mRNA High Low Cytoplasm

mOct4P1 Cytoplasm
mOct4P2 Nucleus

mOct4P3 Non-specific

mOct4P5 Non-specific

mOct4P4 Nucleus

Scarolaet al. Nat Comms. 2015




Overexpression of OCT4P4 down regulates Oct4 to promote mESC
differentiation

MESCs with

stable

mOCT4P4
expression

construct

-bh
s

(control set ‘1)

Oct4P4 expression.
normalized to Gapdh;

il i =
B O o = N

mRNA expression,
normalized to Gapdh;
(control set “1”)

o
n

-—h -k
o O N

AP enzymatic activity

)

il

o
(e

(control set

-—h
-y N
A )

o o &
(ST SO ¥

o

W Control
M Oct4P4

mRNA expression,
normalized to Gapdh;

O

Oct4 expression levels

(control set‘1’)

Oct4P4 _I Oct4

(control set‘1’)
o o o

normalized to Gapadh;
N

o
F

o O — o —_ —
DO =N O N

. o
o ™

-
1

a

o

n=3

1 n=3

40 Kda - e s OCT4

0.52

40 Kda - ™= . Actin

H Control
B Oct4P4

l e 3

Fgf5 Brachyury Nestin Otx

o

o
o N

Oct4 Sox2 Kif4 Nanog Gdf3
Self-renewal genes

Differentiation genes




7. MOLECULAR ANALYSIS: WHAT ARE THE RELEVANT
SEQUENCES??

Express Oct4P4

| Oct4P4

Oct4P4A1

and I Oct4P4AT
follow pare ntal 147bp 802 bp 200 bp
gene B | Oct4P4A2

194 bp 334 bp 870 bp 124 bp

IR ocT14

Oct4 expression, normalized to =™
Gapdh; (control set ‘1)

expression

Express Oct4P4

m Control = Oct4P4 Oct4P4A1 m Oct4P4A2

and
follow self-
renewal
programs

Pseudogene RNA
(% of total expression

—
@
w
©
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=
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S
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o

* o * * |
* e
* A «
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Oct4 Sox2 Kif4 Nanog  Gdf3
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Self-renewal genes

5’ and 3" UTR homology regions are required
to repress self-remewal marker genes




8. MOLECULAR ANALYSIS: USE SIMPLIFIED MODEL TO
GET INDICATION ON MOLECULAR MECHANISM?Z2?

Oct4P4 is a nuclear RNA 5 600
that suppresses Oct4 st CR4 OIS U2 CR,U

|
Oct4 i — ] | i
DE

Promoter PE op ,
ATG (+69)

transcription

Hypothesis: ChIP/RIP primers ====  ====
transcriptional A B

suppression of Oct4 ﬁ; A * "o N

promoter? g A CR4 CR3  CR2 J_T>
. i e— 0} I} Renillaluciferase
DE PP |

P
romoter PE

p . ATG (+69)
ChIP/RIP primers ===« ool
A B

w

Use simplified models to L
support hypothesis:
Clone Oct4 promoter
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Oct4P4 may interfere with the ancestral
Oct4 promoter




9. MOLECULAR ANALYSIS: DEMONSTRATE MEACHINISM
AT ENDOGENOUS Oct4 PROMOTER??

Generate model system to:
study Oct4P4 IncRNA localization
study chromatin at OCT4 promoter

Step 1:stably transfect mESCs with MS2-flag

Step 2:stably transfect mESCs with an expression vector
encoding mOct4P4 IncNRA fused to 24 MS loop stem loops

: anti-FLAG 'yn(b . >
ea
MS2-
“ FLAG )
RNA MS2 loop

(12x)

Diagram of MS2 coat protein dimer

ooceocr»o [e1e}
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w
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2 S = 2 - > +

'\"":: — _;, Fis — — ,‘
& & -

L\ —= AE] ;

’ N Mi}:t - /7/;/ ; ' ' i
anti- 4 i high affinity mutant

chip flee  Rip

MS2 stem loop tagged OCt4P4 co-expressed
with flag-MS2 in mESCs




9. MOLECULAR ANALYSIS: DEMONSTRATE MEACHINISM
AT ENDOGENOUSE Oct4d PROMOTER??

Generate model system to:
study Oct4P4 IncRNA localization
study chromatin at OCT4 promoter

RNA immunoprecipitation anti-flag then RT-PCR for Oct4P4IncRNA

e
1.2 9 n=3
1 -
RIP
0.8 1 Input anti-flag

0.6 1 MS2-flag + + + o+

OctdP4-24x
0.4 1 MS2 stemloop

02 A 300 -
2 RT-PCR %88 o~ Oct4P4

0 4
25 Kda -
MS2-flag  MS2-flag/ WB
Octd4P4-24xMS2 anti-flag 15 Kda . RIS “ MS2-flag

stemloop 10 Kda =

40 Kda -

40 Kda — OPTTEEETD o Actin

= = S S = - ¥ -
24xMS2
stemloop

gapdh; (Control set ‘1')
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S
x
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3
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chip flee  Rip

MS2 stem loop tagged OCt4P4 co-expressed
with flag-MS2 in mESCs




A model system to study Oct4P4 IncRNA
localization

—2-?00 CR4 CR3 CR2 CR1
S i — | |
Promoter DE PP |

, : ATG (+69)
ChIP/RIP primers --A-'

YU Oct4

CHR 17 ChIP using anti-flag then use the immuno-precipitate to detect the

Oct4P promoter by PCR
Oct4P4 ChIP anti-flag ChIP anti-flag
(primer A) (primer A)

n=5 n=5
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Fold enrichment of Dkk promoter

MS2-flag

MS2-flag/
Oct4P4-24xMS2
stemloop

OctdP4-24xMS2
stemloop '

chip flas

Oct4P4-MS2 IncRNA lo'calizes to Oct4 promoter



Oct4P4-MS2 directs Suv3i9h1 to Oct4 promoter

ChIP using specificantibodies then use the immuno-precipitate to detect the
Oct4P4 promoterby PCR

B Oct4 promoter (primer A) Oct4 promoter (primer B)
- ChIP anti-H3K9me3 - ChIP anti-HP1« 10 - ChIP anti-H4K20me3
9 4
8 -
7 4
6 9
54
4 4
3 -
2 -
1 -
0 -

-
o
-

O= N WpLrodO~N®® OO
PR TR TR TR T TR TR SR T 1

- ChIP anti-H3K27me3 _ChIP anti-Suv3%h1
L

n=5

"o n=3

N W e 00 N o o
PR TN SN SHN THN TR S

-
1

Fold enrichment of Oct4 promoter
I

Fold enrichment of Oct4 promoter
Fold enrichment of Oct4 promoter
Fold enrichment of Oct4 promoter

Fold enrichment of Oct4 promoter

o
3
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L

MS2-flag
MS2-flag
MS2-flag/
Octd4P4-24xMS2
MS2-flag
MS2-flag/
OctdP4-24xMS2
stemloop

3
S
=
N
172}
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OctdP4-24xMS2
stemloop
MS2-flag/

Octd4P4-24xMS2
stemloop

Oct4P4-24xMS2

Oct4P4

CR CR
. H3K9me3 CR




Oct4P4-MS2 directly interacts with Suv39ht

RNA immunoprecipitation using anti-SUV39h1;
Anti-
Input  SUV39H1 Anti- Anti-

I HA  SUV39H1 Input
MS2-Flag + 4+ 1T |

Oct4P4-24x
MS2 stemloop
55 Kda -

WB anti-SUV39H1 SUV39H1 55 Kda _ "
ant 40 Kda _ [N 55 Kda

. WB anti-SUV39H1
25 Kda - 40 Kda - s
WB anti-flag 15 Kda - | SN W) MS2-flag

300 -
10 Kda - 200 - < Oct4P4

500 ~ RT-PCR 100-
100 = RIP-pMEFs

Western for MS2-flag RT-PCR for Oct4P4 IncRNA

siControl
siOct4P4
siControl
siOct4P4

r‘ siControl

<+ SUV39H1

ChIP anti-flag ChIP anti-SUV39H1

ok ke

(region A)
(region A)

Fold enrichment of Oct4 promoter

Fold enrichment of Oct4 promoter

siControl
siSuv39h1
siControl
siSuv3%ht
siControl
siSuv39h1
siControl
siSuv39ht

®, ... CRCRCR

=
w
n
o
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mESC mESC mESC
MS2-flag + MS2-flag MS2-flag +
Oct4P4-24xMS2 Oct4P4-24xMS2
stemloop stemloop

ChIP using specificantibodies then use the
immuno-precipitateto detectthe
Oct4P4 promoterby PCR




Oct4P4-MS2 recruits Suv39hi
To direct silencing of the Oct4 promoter

HMTase®

ON
‘ as-an-aan iy ocs JCHR 17

ES cell

% OctdP4 2 &
upregulation | I1ONAL

CR CR CR

CE2222?

Oct4pP.

:
‘ m"m REVAERSIBILITY?2?
Se-D> mCHRW -

CR CR CR

Differentiated




A detailed deletion analysis to identify

< ERVL-MalR
(spliced out)

MOCt4P4-24XMS2 - —— - p=0,1558

p=0,1792
p=0,4176 $
p=0,1049

s

60 bp 194 bp

A200-mOct4P4-24xMS2 C_——

60 bp 194 bp

A400-mOct4P4-24xMS2

60 bp 194 bp 394 bp
A600-mOct4P4-24xNMS2 [ mmmmmm— 20— p—

(CTRL set“1")

60 bp 194 bp 234 bp 194 bp

A800-mOct4P4-24xMS2

Oct4 expression, normalized to Gapdh

A994-mOctdPA-24xMS2 220

60 bp
5'+3’UTR-mOct4P4-24xMS2 []
N

s, FUNCTIONALLY RELEVANT

Delete regions of Oct4P4
Express in mESCs

Monitor the expression of Oct4 on the protein
and mRNA level

P
A 200 nucleotide element. in mOct4P4'isfun t/on 02 D - e e GBS 04
re/evantfor mOCt4P4fUI’)CtIOI’) .&‘ 100 49 71 73 105 94 120 139

40 kDa -I-"' T — N — —  — |ACTIN

Human endogenous retroviruses (HERVs)




Validate that the 200 nt region is functionally relevant

Nuclear localization FUNCTIONALLY  Nuclear localization
function RELEVANT REGION function

60 bp 194 bp

MOCt4P4-24XMS2 [ iemmmm—

- Generate a construct that lacks the

200 nt region -200bp-mOctP4-24xMS2 el
200bp-mOCtdP4-24xMS2 3

- Generate a construct only consists of

the 200 nt region + sequences that

determine nuclear localization

{

p=0,1063

n=3

p=0,0008 p=0,0021
n=5 n=5
° [ J

- Monitor expression of Oct4 on the
protein and RNA level
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A 200nt RNA sequence recapitu [tes the function of
full lTength Oct4P4




Next step: Structure function analysis of 200 nucleotide region of OCT4P1

Conserved 2D structure of

mouse and human 200nt
3 h * <—— Loop is not conserved
sequence >90% oA

Loop is conserved

- Position of SUV39H1 interaction

TGACAACAA / GGACAACAA

- Position required for targeting of OCT4 promoter

oo P ad ' - Modulation of ncRNA to target in order to
oop is not conserved —> i ‘

allow targeting of other gene promotersin a
controlled manner

CCGAAAGAG 'A &8P —ICG/UA

¥y —

S N
/ ‘, & <+— Loop is not conserved

Loop is conserved

Collaboration with Bussi group - SISSA



