


Retrotransposon activity during development
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Retrotransposons can change genetic
Context & mosaic somatic tissues

_///
Cytopldsm
i O effect New functional

element (IncRNA)




A case study:

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




The inner cell mass of the blastocyst are the
source of pluripotent embryonic stem cells

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

> [(a al

Embryonic
stem cells

™

Epiblast

Howevér, as the outer cells of th bryo differentiate into the
Trophectoderm, Oct4 expression iSiestricted to cells of tl}ie’
ICM in the blastocyst.

. : % . -
After implantation; intained in the
epiblast of the blast

(PGEs), which are first cified in the extraembryonic
mesoderm at the base ofithe allantoic bud during gastrulation.
PGCs give rise to gamete ich following fertilization will

; Oct4 expression beco restricted to prim(;rdial germ cells

&«

Wu and Schoéler: Role of Oct4 in the early embryo development Cell Regen. 2014



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4230828/

2. THE MODEL SYSTEM: ES CELL
DIFFERENTIATION

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

Al

ES Cell

Undifferentiated hES cells

smooth muscle actin
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alpha fetoprotein




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

Self-renewal

OCT4 —Pp Active promoters of self-renewal genes
> NOG —  (OCT4, SOX2, NANOG, C-MYC, MYST3...)
ROAL —P Silent promoters of developmental genes

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

Differentiation

— vV

Nicolaj Streyer Christophersen, and Kristian Helin J Exp Med 2010;207:2287-
2295
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processed OCT4 pseudogenes

High
instability

|
Zygotes

RT-dependent
Mechanism

%
S
<
Q
t=}
®
2
®
v,
@

High >
stability

Embryogenesis

RT-activation

_Reprogramming
RT-activation?

% [

Differentiated
Tissues

High
instability

(L(C_j

CANCER

Transformation

Ld

RT-activation

- Differentiation
" RT-inhibition

uonejAys\ ¥YNQg

Human:

1 ancestral OCT4
7 processed OCT4
pseudogenes

Mouse:

1 ancestral Oct4
5 processed OCT4
pseudogenes




. dequence analysis:
Are there other sequences in the mouse genome that
are similar to Oct4?

Use Oct4 cDNA and make BlastN

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

Sequences producing significant alignments Download ~  [rm Select columns ~ Show | 100 | @

Range 1: 129227322 to 129228364 GenBank Graphics ¥ Next Match
select all 6 sequences selected
Score Expect Identities Gaps Strand

Description Scientific Name Max|jiTotal j Query 3 SIE FZ el 1177 bits(637) 0.0 936/1074(87%) 46/1074(4%) Plus/Plus

Score Score Cover value  Ident Accession
Features: 101192 bp at 5' side: glutamyl aminopeptidase

Mus musculus strain BL/6J chro me 3RCm39 Mus musculus 1177 2059 100% 0.0 87.15% 159745316 NC_000069.7 . N
97965 bp at 3' side: elongation of very long.chain fatty acids protein 6

Mus musculus strain C57BL/6.) 17, GRCm39 Mus musculus 710 1977 100% 0.0 100.00% 95294699 NC_000083.7

Mus musculus strain C57BL/6J X, GRCm39 Mus musculu 638 638 82% 2e-180 80.20% 169476592 NC_( 8 OCt4 Query 1 ATGGCTGGACACCTGGCTTCAGACTTCGCCTTCTCACCCCCACCAGGTGGGGGTGATGGG

\HHHIIHIHIHIHIHHHHIHIHI HHIHH\HHH [11L1]

520 520 46% Be-145 85.71% 125130656 NC 00008 Chr2 sequence  sbjct 129227322 ATGGCTGGACACCTGGCTT ACCAGGTGGGGGCGATGGG 129227380

383 383 36% 1103 84.62% 149588044
© Query 61 TCAGCAGGGCTGGAGCCGGGCTGGGTGGATCCTCGAACCTGGCTAAGCTTCCAAGGGCCT 120
303 303 15% 9e-80 100.00% 195154279 NC 0000677 . H\\IHIHIHIHIIHIHIHH\HIHI\HHIHHHHHH[HIH
Sbjct 129227381 TCAGCAGGGCTGGAGCCGGGCTGGGTGGACCCTCGAACCTGGCTAAGCTTCCAAGGGCCT 129227440

Query 121 CCAGGTGGGCCTGGAATCGGACCAGGCTCAGAGGTATTGGGGATCTCCCCATGTCCGCCC 180

GGATCT
) L LLELLLEELCEEE L UL LUEE ELELLLEL L CLLELELLLLEELLELL L]
Sbjct 129227441 CTGGGTGGGCCTGGAATAGGACCAGGCTTAGAGGTATT-GGGATCTCCCCATGTCCACCG 129227499

Query 181 GCATACGAGTTCTGCGGAGGGATGGCATACTGTGGACCTCAGGTTGGACTGGGCCTAGTC 240

[ 111 \IIHIHI\IIHIHHHHIHIHIHHH

Sbjct 129227500 GTATATGAGTTCTGCGGAGGGATGGCATACTGTGGACCTCAG 129227541
ey 2 L I et >
m OC{J m R N /\ Ch r' 17 Sbjct 129227542 GCTGGCGTGGAGACTTTGCAGCCTGAGAGCCAGGCAAGAGCAGGTGTGGAGAGC 129227595

Query 301 AACTCAGAGGGAACCTCCTCTGAGCCCTGTGCCGACCGCCCCAATGCCGTGAAGTTGGAG 360

FELLLLELL D L LELEL L LELLELLUEL LEEEE LELLLLLELLLL L
Sbjct 129227596 AACTCAGAGGAAGCCTTCTCTGGGCCTTGTGCCGACCACCCCAGTGCCGTGAAGTTGGAG 129227655

mOct4P1 Chr. 3

Query 361 AAGGTGGAACCAACTCCCGAGGAGTCCCAGGACATGAAAGCCCTGCAGAAGGAGCTAGAA 420

[ LU LT IHIHIHIHIHH IHHHHHHIHH

Sbjct 129227656 ATGAGGGAACCACGTCCCGAGGGGTCCCAGGACA' 'GCAGAAGGAGCTAGAG 129227715
ey T e o
mOCt4 P2 Ch r' 2 Sbjct 129227716 AAGTTTGCCAAGCTGCTGAAGCAGAAGAGGATCACCTTGGGGTACACCCAGACCGACGTG 129227775

Query 481 GGGCTCACCCTGGGCGTTCTCTTTGGAAAGGTGTTCAGCCAGACCACCATCTGTCGCTTC 540

CELCEEELELLLCELLEEELEEE LEELLEL LELLULELEL TELEEEL (L]
Sbjct 129227776 GGGCTCACCCTGGGCGTTCTCTTCAGAAAGGTG-TCAGCCAGACAACCATCTACTGCTTT 129227834

mOct4P3 Chr. 14 ey o T T T

Sbjct 129227835 GAGGCCCGGCAGCTCAGCCTTATGACCATGCATAAGCTGCGGCCCCTGCTGGAGAAGTGG 129227894

Query 601 GTGGAGGAAGCCGACAACAATGAGAACCTTCAGGAGATATGCARATCGGAGACCCTGGTG 660
[LTLLLLLEL L] IIHIHH\IHIHIHIHHH\HHHHH\ [11]1]
AACCTTCAGGA ARATC

Sbjct 129227895 GTAGAGGAAGCGGAAGAC GGAGACCATGGTG 129227954

mOct4P5 Chr. 6

Query 661 CAGGCCCGGAAGAGAAAGCGAACTAGCATTGAGAACCGTGTGAGGTGGAGTCTGGAGACC 720

CELUEL LLEELE TEUL L L FULEELLELELEL LEELELE LEL LEELTLL
Sbjct 129227955 CAGGCCTGGAAGAAAAAGAGCGCGAGCATTGAGAACCATGTGAGGCAGAGCCTGGAGAAT 129228014

fuem T o e ™
mQOct4P4 Chr. X Sbjct 129228015 GAGTTTCTGAAGTGCCCAGAGCCCTCCCCGCAGCAGATCACTAGCATTAGCATCACCATG 129228074

Query 775 CAGCTTGGGCTAGAGAAGGATGTGGTTCGAGTATGGTTCTGTAACCGGCGCCAGAAGGGC 834

CECLLELLL L LEEELLEE LT IHH\H\IHHHHHH[H [l

Sbjct 129228075 CAGCTTGGGATGGAGAAGGACATGGTTCGAGGATGGT! GCGCCAGAAGGGC 129228134

Query 835 AAAAGATCAAGTATTGAGTATTCCCAACGAGAAGAGTATGAGGCTA—CAGGG—ACACCTT 892

[T11] HHIIHIHIHIHIHH\IHI CLLUEEELLEE L LT LI
Sbjct 129228135 AAAAGATCAAGTATTGAGTATTCCCAACGAGAAAAGTATGAGGCTTTCCGGGGATGCCTT 129228194

Query 893 TCC---CA-gg CTGTATCCTTTCCTCTGCCCCCAGGTCCCCACTTTGGCACCC 946

COL TTTT L TELE LT L]

|
Sbjct 129228195 TCGGGGCGTGGGGTGGGGCTGTATCCTTTCCTCTGCCCCCAGG-CCCCACTTTGGCACCC 129228253

Query 947 CAGGCTATGGAAGCCCCCACTTCACCACACTCTACTCAGTCCCTTTTCCTGAGGGCGAGG 1006

CELLEELLE CEUELLEELEEE L DL L L LU L

Sbjct 129228254 CAAGCTATGGGAGCCCCCACTTCACCACACT--ACTCGATACCTG-TCCTGAGGGCGAGG 129228310

Query 1007 CCTTTCCCTCTGTTCCC~GTCACTGCTCTGGGCTCTCCCATGCATTCAAACTGA 1059

CELLELLLLLELL TLL L1 IHI\\IHI\HHHHHHHHHH
Sbjct 129228311 CCTTTCCCTCTGTCCCCTGTCATTGCTCTGGGCTCTCCCATGCATTCAAACTGA 129228364




4. EXPERIENTAL EVALATION OF IncRNA EXPRESSION IN MODEL
CELLS

Gapdh  Oct4  Oct4P1

o
Q
X
0
N

Oct4P3 Oct4P4

@)
Q
N
R,
(&

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

o}
£
a
+
-
o

No primer

mOct4 mRNA  Chr. 17
mOct4P1 Chr.3 Oligo random
Gapdh  Oct4

o
Q
%
N
o
S
T
(6]

1 Oct4P3 Oct4P4
100% | 100% e —

||  mOCt4P2 Chr. 2

mOct4P3 Chr. 14

mOct4P5 Chr. 6
500 =
300 =
mOct4P4 Chr. X 20z

OligodT

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

In vitro differentiation; 3D cell culture, embryoid body differentiation

LIF removal,

, " cell form sphefes, = "%
hiPSC expansion | SEEEEE o : o 5

and differentiation | SRS e r®
into neurons/glia MBS . »

NRI medium -~ ND medium
—
7OV}

IMR90-hiPSCs [EmbryOId bodies Rosettes Neurons/glia

1
NI medium 1
v

' D medi
NSC expansion and : meaum

differentiation into |
neurons/glia ;

St

Neurons/glia _ '

EB: embyoid body differentiation (a model for ES differentiatior'l') g .
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INCRNA

kld
Z
ekl
O
O
Q
-
kld
9 p]
B
(5
O
Z
O
e
<
N
—
<
O
O
—

5.

e
w—
=)

<P

N

<

@)

=

<P

S

<

w

<P

c

<P

=To)

o
=

)

<5

wn

.
4
-
@)
®

S
wn
g1
.
=)
)
>~
@)
S
()
S
7]
g1
.
(=)
(<P)
@)
o
c

W Cytoplasm n=3

Nucleus n=3

uoissaidxa |ejo} Jo o)
VvNY @uabopnasd

o o o o
© © < N
(uoissaidxe (10} JO %)
VvNY auabopnasd
N
T
a

o o

(¢0] ©

(uoissaidxa |10} JO %)
VNY @uabopnesd

o o
(e0] ©

(uoissaidxa |ejo} JO %)
VNY sauabopnasd

o o
(¢ ©
(uoissaidxa €10} JO %)

VNY auabopnasd

o o
(uoissaidxe €10} JO %)
vNY @uabopnasd

o o

[o°] o

(uoissa.dxa [e10} JO %)
VNY @uabopnasd

cytoplasm




6. FUNCTIONAL ASSAY - IncRNA and self renewal

RNA expression levels

self-renewing differentiated
mESCs mESCs

SUTR cos FUTR
- mOct4 mRNA High Low Cytoplasm

mOct4P1 Cytoplasm

mOct4P2 Nucleus

mOct4P3 Non-specific

mOct4P5 Non-specific

mOct4P4 Nucleus




6. FUNCTIONAL ASSAY - IncRNA and self renewal

I [ -

SiControl Si Oct4P1 OCT4 SOX2 NANOG KLF4

N
o

o
o
0")
o
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(o]
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(0]
o

m Si Control

m Si Octd

I siOct4P1

o
o

Relative mRNA levels
I
o

(Control set “100”
(o))
o

N
o

RNA levels (Control set “100”) _,
N (o))
o o

o
o

n=3

m Si Control

W Si Oct4

o
o
~—
-+
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w

| siOctd4P1

(nm of p-nitrophenol;
control set 100

AP enzymatic activity

°
=
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o
S
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o
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S
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S
[0
x

Si Control Si Oct4 Si Oct4P1
BRACH OTX2 BMP4  FGF5 ALB  NESTIN

Cytoplasmatic OCT4P1 promotes mESC self-renewal




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

3'UTR
OCT4 — ANCESTRAL
226 bp GENE CHR 17

86%
Oct4P1 (CHR 3)

100% 100%
Oct4P2 (CHR 1)

160 bp
86%

I Oct4P3 (CHR 14)
206 bp

75% 75% 66%
Oct4P4 (CHR X)

60 bp 194 bp 334 bp 200 bp

84% 84%
Oct4P5 (CHR 6)

384 bp 155 bp

N
o

siOct4: high in ESC

o
o

siOct4P1: high in ESC, low in
differentiated cells

o]
o

(o]
o

siOct4: differentiation

T
H T siOct4P1: differentiation
I,

ﬂ Oct4P1 needed to keep high Oct4

expression in self renewing ESC??

IS
o
IS
o

[2]
o
Pseudogenes expression levels
normalized to Gapdh (ES WT T0 s

N
o
N
o

Pseudogenes expression levels
normalized to Gapdh (ES WT T0 set “1007)




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

Oct4 3'UTR Oct4P1 ]

S E— | > MAE MRE: miRNA response element
[ MRNA |- —

s [CeRNA }- Fape——

[ MRNA |- -

mMiRNA
i.e. miR-335

| m—— Evolution of
_LmMBNA |-—mm» g LceRNA } -
— pseudogenes

(MRNA |- g (_LCeRNA | to fine-tune the
expression

=yt of ancestral genes

— | ceRNA
| MBNA |-

[ MRNA |-

Target mRNA/protein W CeRNA copy
levels number




Cytoplasmatic OCT4P1 acts as Oct4/Rb1 ceRNA

Luciferase 3yTR mi R‘3 3 5
microRNA mimic + Oct4
Promoter ( Q?z;

3 5
[ <o-transfect | or Oct4 pseudogene Oct4P1 : UGUAAAAAGCAAUAACGAGAACU
3'UTR non-targeting control pSEUdOgene mature miR-335 | | | | | | ‘ | | | | | | | | |
Repge%/zmr ~\D vector M. m. 3'UTR Pou5fl ..AAGAAGCUCAGUGAUGCUGUUGAUCAGG
C

1 (Oct4) 133 155

\ ' N ,
[s¥szvusessssonsooununs) . il t . mature miR-335 UGUAAAAAGCAAUAACGAGAAC?J
U RN

M. m. 3'UTR Oct4P1 . AAGAAGUUCAGUGAUGCUGUUGAUCUGG
140 163

e

3'UTR Target Profiling

Oct4 mRNA

n=2 n=2
I . [

SiControl SiOct4 SiOct4P1

Oct4 Protein

Si Oct4P1

~~
=
(=]
—
12}
<
-
(5]
7
—
o
=
=
=
o
O
SN—
>
=
>
=
Q
<
[}
17}
<
=
<
Q
=]
—

miR-Ctrl+3'UTR miR-335+3'UTR  miR-335+3'UTR
OCT 4+pcDNA3 OCT 4+pcDNA3 OCT 44 pcDNA-Oct4P1

O
(@]
~
. Si Control
’
Oct4 expression levels normalized

OCT4P1 promotes self-renewal by sf)onging miRNAs that
target Oct4




6. FUNCTIONAL ASSAY - IncRNA and self renewal

5

Scarola et al. Nat Comms. 2015

UTR CDs 3'UTR

N-TAD POU, POU,4 C-TAD -]

mOct4 mRNA

mOct4P1

mOct4P2

mOct4P3

mOct4P5

RNA expression levels

self-renewing
mESCs

High

differentiated
mESCs

Low

Cytoplasm

Cytoplasm

Nucleus

Non-specific

Non-specific




Overexpression of OCT4P4 down regulates Oct4 to promote mESC
differentiation
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7. MOLECULAR ANALYSIS: WHAT ARE THE RELEVANT
SEQUENCES??

e

Express Oct4P4 61 bp

. N Oct4P4
deletion 194 bp 334 bp B70 bp 200 bp

61 bp

constructs and BEEE | OctdP4A
147bp 802 bp 200 bp
follow parental
gene 1 [ Oct4P4A2

194 bp 334 bp 870 bp 124 bp

Octd4P4A2

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

expression

«Q

m Control = QOct4P4 Oct4P4A1 = QctdP4A2

1 n=3 Il Cytoplasm n=2 [l Nucleus n=2
1 P=0.2 . " -

Express Oct4P4
deletion
constructs and
follow self-
renewal
programs

Pseudogene RNA
(% of total expression)

gapdh; (control set ‘1')

mRNA expression, normalized to

Oct4 Sox2 Kif4 Nanog  Gdf3

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?2?

Oct4P4 is a nuclear RNA o
that suppresses Oct4 . CR4 CR3 CR2

|
Oct4 e
DE

Promoter

transcription
PP |

s ATG (+69)
Hypothesis: ChIP/RIP primers ====  ==== i

transcriptional A B

H o SRR T T, . .
suppression of Oct4 s

promoter? ey TR CR4 CR3  CR2 caull—b
DE*. ! L Renilla luciferase

Promoter PE PP |

: : ATG (+69)
ChIP/RIP primers ===« o ——
A B

w w

Use simplified models to
support hypothesis: Oct4 promoter luc

=2 In=3
I
Clone Oct4 promoter 5 Control
Clone luc reporter ' ) Oct4P4
downstream T 55 Kda -
T 05+ 40 Kda —
Test wehter Oct4P4
55 Kda -
IncRNA suppresses 0 , .

40 Kda -
HA-Oct4
reporter )
P Octd promoter luc 40 Kda — - -.‘ Actin

Control
Oct4P4

HA-Oct4

Luciferase reporter
w N

activity (Control set ‘1")

o
W

Oct4P4 may interfere with the ancestral
Oct4 promoter




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

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

5’UTR 3'UTR
Oct4

Aapbmes = CHR 8 Step 1: stably transfect mESCs with MS2-flag

Oct4P4 Step 2: stably transfect mESCs with an expression vector
encoding mOct4P4 IncNRA fused to 24 MS loop stem loops

{

24xMS2

L »ant';F;l:-kG Sgynj)
2 o= . 2 §

stemloop RNA MS2 loop
(12x)

e e i 2 %A AEASA 4

Diagram of MS2 coat protein dimer MS2 stem loop sequ

o oocOcr»o oo
+
w o0ococr»o oo

high affinity mutant

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




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

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

Oct4
CHR 8 RNA immunoprecipitation anti-flag then RT-PCR for Oct4P4 IncRNA

d e

Oct4P4 L
2w

1 B

RIP

0.8 1 Input anti-flag
wh W

0.6 4 MS2-flag + + + o+

OctdP4-24x
0.4 A1 MS2 stemloop

300 -

gl 200 = Oct4P4
RT-PCR 700 —

25 Kda -
MS2-flag  MS2-flag/ WB
Oct4P4-24xMS2 anti-flag > Kda— i “ MS2-flag

stemloop 10 Kda =

40 Kda -

40 Kda — " S i

£3 = + = +

24xMS2
stemloop

gapdh; (Control set '1")

0.2 1

8
o
@
N
@
£
E
<]
=
c
k=
%
8
=
o
>
@
)
3
3]
o]

0

-

MS2 stem loop tagged Oct4P4 co-expressed
with flag-MS2 in mESCs




A model system to study Oct4P4 IncRNA
localization

TSS (+1)

CR1 l :
i |
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CHR 17 ChIP using anti-flag then use the immuno-precipitate to detect the

Oct4P promoter by PCR
| Octdbd ChiP anti-flag ChIP anti-flag
(primer A) (primer A)

n=5 n=5

;_
@
o
©
£
<]
e
Q
=
bis
3]
&)
©
€
@
3
i -
2
p—
c
@
o
5]
L

Fold enrichment of Dkk promoter

MS2-flag

MS2-flag/
Oct4P4-24xMS2

K.\

chip flae  RIp

Ms2-flag/
OctdP4-24xMS2
stemloop ‘
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Oct4P4-MS2 directs Suv39h1l to Oct4 promoter

ChIP using specific antibodies then use the immuno-precipitate to detect the
Oct4P4 promoter by PCR
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Oct4P4-MS2 directly interacts with Suv39ht

RNA immunoprecipitation using anti-SUV39h1;
Anti-
Input  SUV39H1 Anti- Anti-
HA  SUV39H1 Input
MS2-Flag 1T il
Oct4P4-24x
MS2 stemloop
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WB anti-flag 18 ﬁﬁ: - ” ¥ MS2-flag 300~ S eoine
- 500 = ctdPz
500 — RT-PCR 100 - .
RT-PCR 309 - OctdP4

100 = RIP-pMEFs
Western for MS2-flag RT-PCR for Oct4P4 IncRNA
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ChIP using specific antibodies then use the
immuno-precipitate to detect the
Oct4P4 promoter by PCR




Oct4P4-MS2 recruits Suv39ht
To direct silencing of the Oct4 promoter
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ES cell

(\\:f OctdP4
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Differentiated




10. Functional relevance:

Octd4P4 depletion in pMEFs causes
the re-acquisition of self-renewal features

INDUCING PLURIPOTENCY IN ADULT CELLS

Adult cells

DIFFERENTIATED

Genes inserted to

induce reprogramming Oct
Oct4, Klf4, Sox2, c-Myc

b

Repro'gram into iPS ce"S UNDIFFERENTIATED
i % =induced pluripotent cells (SELF'RENEWAL)

}

INDUCE CELL
LINE SPECIFIC
DIFFERENTIATION

Allotherapy/Cell therapy



Octd4P4 depletion in pMEFs causes
the re-acquisition of self-renewal features
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Octd4P4 depletion in pMEFs causes
the re-acquisition of self-renewal features
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Pseudogenes control the epigenetic
status of ancestral genes

Oct4 pseudogene IncRNA silences ancestral gene

HMTase @

Oct4 ‘ - Self-renewal TFs
Octap4 GO AN ¢ ; CHR17 . hTERT/long telomeres

ES cell

Oct4P4 Oct4P4 knock-down
upregulation = Partial reprogramming

Oct4P4 \"P

HPT = HP1 | HP1
Oct4 ° o

- no self-renewal TFs
Oct4P4 CHR 17 - No hTERT/short telomeres

.H3K9me3

Differentiated




Pseudogenes are powerful regulators of gene expression
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WHAT WOULD YOU DO NEXT TO
UNDERSTAND OCT4P4 FUNCTION?

Oct4 pseudogene IncRNA silences ancestral gene

HMTase @

Oct4 ‘ - Self-renewal TFs
OctaPa BT I < | CHR17 - hTERT/long telomeres

CR CR

ES cell

Oct4P4 Oct4P4 knock-down
upregulation = Partial reprogramming

Oct4P4
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- no self-renewal TFs
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GENETIC MODEL SYSTEM
FUNCTIONAL RELEVANT REGIONS
INTERACTING PROTEINS 5

¢ CRISPR-mediated deletion

e CRISPR interference

@ dCas9

dCas9 fused with
transcriptional repressor
domain that is guided to
promoter by guide RNA

gRNA

_\./ )—I \  Pseudogene

Unique target site

L_...:L‘\

d Integration of transcriptional terminator

Cas9

Pseudogene
Novel 5" exon

R— Repair template integrated
- poly(A) signal } by homologous
Homology arms recombination includes stop
cassette

f CRISPR activation

dCas9 fused with
transcriptional activator
domain that is guided to
promoter by guide RNA

—\‘*i Pseudogene

Unique target site




GENETIC Oct4P4

mESCs

WT dCas9 dCas9
empty sgOct4P4
WB

-— b HA-dCAS9

170 kDa =
130 kDa —
40 kDa — s

RT-PCR

100bp— sgOct4P4

100bp— Gapdh

Stable expression of dCAS9
and sgOct4P4 promoter

e CRISPR interference

@ dCas9

gRNA —\Em
g ,_J Pseudogene —_

Unique target site

dCas9 fused with
transcriptional repressor
domain that is guided to
promoter by guide RNA

mQOct4P4 expression, normalized to

dCAS9 - sgOct4P4 suppresses Oct4P4
expression in embryoid body
differentiation

Gapdh, (dCas9 empty EB TO set “17)

dCAS9 - sgOct4P4 releases aberrant self renewal transcription factor

ssion levels, normalized to
(dCas9 empty EB D6 set “1")

p=0,01137

n=3

loss of function model
system

expression in embryoid bodies




A detailed deletion analysis to identify functional
relevant RNA sequences

> < ERVL-MaLR
(spliced out)
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A 200nt RNA sequence recapitulates mOct4P4 function
e

Nuclear localization FUNCTIONALLY  Nuclear localization
. VA 3 .
function RELEVANT REGION function
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Are there proteins that bind Oct4P4 IncRNA to
mediate silncing function?

RNA Immuoprecipitation (flag-MS2 tagged RNA) [ gnA-protein pull-down
Flag-MS2- "
mOct4P4 ',\7‘

RIP anti-flag

Anti-flag

‘Gel, protein stain
mass spec

Of’

4. HMGB1/2
5. PPIB
. MS2-flag




FUS binds the mOct4P4 IncRNA

RIP anti-
Input flag
h‘qu‘ﬂag + + +

mOct4P4-24xMS2
nti-flag RIP
Western blot

cDNA synthesis and
quantitative PCR
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U a)  Western blot

WB anti-FLAG 15kDa - b) cDNA synthesis and

<00 bp= uantitative PCR




FUS is required for mOct4P4 IncRNA mediated
silencing of Oct4

Question 1: Does FUS loss of function break mOct4P4 function in mESCs?

Question 2: Does loss of function of FUS break silencing of Oct4 in differentiated cells?
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Oct4 expression, normalized to Gapdh
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HOW DOES FUS RELATE TO SUV39H1?22??

HMTase @
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ES cell

Qf Oct4P4
UDrEgu‘l'a!,;on FUS????
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Differentiated




FUS binds to Oct4P4 to allow Suv39h1 recruitment

'I

INPUT RIP FUS RIP TUBULIN

mOct4P4 - RNA
FUS binds mOCT4P4 with
or without 200bp region

FUS

TUBULIN

INPUT

2000 |
24x / 4 mOct4P4 24xMS2
12  CTRL

Suv39h1 binds mOCT4P4
only when FUS binds
mOct4P4 IncRNA

40 kDa=-




FUS binds to Oct4P4 to allow Suv39h1 recruitment and
targeting of the Oct4 locus
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ChIP anti-flag ChIP an JV3SH ChIP anti-H3K9me3




FUS binds to Oct4P4 to allow Suv39h1 recruitment and
targeting of the Oct4 locus

mOct4P4/ hOCT4P3 mOct4P4/ hOCT4P3
upregulation knock-down

S5

mOct4P4/ hOCT4P3

@ FUS binds mOct4P4/hOCT4P3

mOct4P4/hOCT4P3

<
l

mOct4P4/ hOCT4P3

QJ SUV39H1 binds mOct4P4/hOCT4P3 forming a
silencing complex targeting the Oct4/0CT4 gene
< promoter

HP1 HP1 HP1
H3K93me3 H3K93me3

FUS binding renders the 200bp region of
mOct4P4/hOCT4P3 accessible




