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l. Introduction to the X chromosome inactivation

— General introduction



Mammalian sex chromosome

X ch =~900-1500
cnromosome senes Gene dosage mechanism needed
Y chromosome = ~70 genes

\4

v" Higher regulation of genes located on the X chromosomes

v" X chromosome inactivation (XCl), only in female (XX)

XCI: random silencing of one of the female X chromosomes beginning in the early
embryogenesis and maintained throughout somatic cells in an organism



X chromosome-inactivation center (Xic)

« XCl depends on the X chromosome-inactivation center (Xic), essential for X inactivation

* Xic contains antisense pair of IncRNAs, encoded by Xist and Tsix, among others

Centromere Xic
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X inactivation steps implicate Xist IncRNA

Xist Gene Regulation XCl Initiation Silencing

9l1L.L ’ Q A s% ’ Q 2 3 2
=} |>< > > > = =
B Xist % Xist Xist
Xa Xi Xa Xi Xa Xi Xa
Tattermush et al. 2011
Active X chromosome (Xa)
Inactive X chromosome (Xi)
Condensed Xi
chromosome forms
Xist and Tsix are transcribed from all active X the Barr body in
chromosomes (Xa) in each male and female cell the perinucleus
until inactivation is initiated. B L o IR S

Nason and Dehaan, Biological World (1973)



Nuclear localization of the Xi is important for the XCI

" Nucleolar location of the Xi important for its repressive epigenetic state

= Xi preferentially localized near the nuclear periphery or the nucleolus
=> Factors unrelated to XCl may control positioning

Xi associated with nucleolus Xi associated with periphery

Nucleoli

Fang et al. 2019, Cell and Developmental Biology



Xist IncRNA recruits other factors for X silencing

Xa > Xi

XClI steps: —
gene A .- coating de- acetylatlon % inactive = inactive =
1 Gi ti fthe fut Xi ® > ,\/ gene A !-; gene A §
. IS-COating O € Tuture Al ® =1 | Hakarmes i macroH2A ﬁ
by the IncRNA Xist HDAC (e (J;
S S chaperones
XIC mm PRC2 >
® H2AK119Ubi= - *
. . o gene B mm (-) escape -i escape i
2. Xist recruits repressive factors | D Y g gene B @y gene B
(PRC1, PRC2...) to stabilize its ’ g
transcriptional silencing of Xi J -

3. Changes of 3D structure and

location of the Xi, depending on X-
linked IncRNA loci: Dxz4. Firre Xist H2AK119Ubi H3K27me3 macroH2A
. ,

Fang et al., Cell and Developmental Biology (2019)



l. Introduction to the X chromosome inactivation

- Importance of the genome 3D structure



Nucleus

General 3D structure of the genome

Key

CompartmentA CTCF-binding motif
(active chromatin)

(D Conesin Compartment B @ crcr

(inactive chromatin)

Arzate-Mejia et al., Development (2018)

Compartment A (actively transcribed
euchromatic regions) and
compartment B (heterochromatic
regions) self-interact

Topologically associated domains (TADs)
= regions with frequent
intrachromosomal interactions



General 3D structure of the genome

Nucleus

Key

CompartmentA CTCF-binding motif
(active chromatin)

(D Conesin Compartment B @ crcr

(inactive chromatin)

Arzate-Mejia et al., Development (2018)

TADs with similar:
v" Histone modifications
v’ Transcription level

v DNA replication timing

Boundaries surrounding TADs:

v’ Conserved across species

v’ Enriched with CTCF binding factor
and cohesin binding sites
— Loops extrusion



Chromatin loop extrusion driven by cohesin rings

1. Cohesin rings bind to DNA

2. The cohesin rings
slide over the
outward directed

L CTCF sequence
CTCF molecule / = Loop continues
to grow.
3. Each of the ring has reached an v' CTCF binding
inward directed CTCF sequence sites stabilize

- Loop formation stops chromatin loops




High-throughput chromosome conformation capture (Hi-C)

Hi-C = high-throughput sequencing and can identify genome-wide long-range interactions
(compartmentations, TADs, and chromatin loops)

Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
restriction and mark pull down biotin paired-ends

HindlIl enzyme with biotin
NS
\/ x’} l( j( (( 3 — 9

Boxer, Biochemical (2010)



Hi-C data analysis to study TADs

Hi-C = high-throughput sequencing and can identify genome-wide long-range interactions
(compartmentations, TADs, and chromatin loops)

Interactions

AN N
LN

Chromosome Coordinate

=  Highly covered loci at the center

= Poorly covered loci in boundary regions

Coverage Score

4

Eser, Umut et al., PNAS of the USA (2017)



Xi chromosome shows attenuated formation of TADs

Xa chromosome similar to autosomes:

0 Mb 20 Mb 40. Mb 60 Mb 80.Mb 109 Mb 129 Mb 140 Mb 160 Mb

Xa

Xi chromosome with weakened TADs through Xist spreading:

X' 0Mb 20 Mb 40 Mb 60 Mb 80 Mb 100 Mb 120 Mb 140 Mb 160 Mb
I . L] L] L] U 1 U L ' '
[/ yd
wr o
PP IS - T TR i"i’ v R P PR IR —

Modlified from Colognori, Sunwoo et al., Molecular Cell (2019)



l. Introduction to the X chromosome inactivation

—> TADs modulators : Xist, CTCF, and Dxz4



Xist IncRNA is implicated in the TADs weakening of Xi

= Xist and Tsix promoters lie in
adjacent regions of TADs

=» important for the proper
initiation of XCI

= Xist IncRNA reduces cohesin loops
of TAD boundaries across Xi
=>» TADs merging

Key

C) Cohesin

Compartment A
(active chromatin)

Compartment B
(inactive chromatin

CTCF-binding motif

| @ crcF

Arzate-Mejia et al., Development (2018)




Some genes escape the inactivation of the Xi chromosome

CTCF density .
I 1 = 15% of escapee genes on the human Xi
low high

— Protected from the repressive

chromatin modifications of X inactivation

= TADs reduced in Xi = CTCF reduced in Xi

= Escape genes colocalize with clusters of CTCF

Eif2s3x" binding and TADs outside of the Xi 3D structure

=» Local Xi compartmentalization

Escape genes

Fang et al., Cell and Developmental Biology (2019)



Escape genes from the Xi do not present weakened TADs

Partial Hi-C contact maps (4mb resolution)

Escape gene Inactived gene

TAD

‘lbl. ‘.'

e .-.ﬂiw-im'ih ool llc attenuation

EdaZr

Fang et al., Cell and Developmental Biology (2019)



Two superdomains of chromatin condensation are separated by Dxz4

Dxz4 = escape gene

Bipartite
CTCF density structure
I . ChrX
low high Q
0 -
25
Firre |jom 50
Dxz4— . "
Xist 1on
125
150
_/

0 25 50 75 100 125 150
Mb

Escape genes Hi-C contact map of the Xi

Fang et al., Cell and Developmental Biology (2019)



Bipartite structure of Xi on mouse and human

Schematic Hi-C contact map

Bipartite structure

W-I_- , loop TAD ~ TADs megadomains ?tIC superioops
DXZ4 FIRRE ~ boundary ¢ ”ﬁ‘? N—

Xi A B .

Xa[ | . s A

O D,

— TADs observed on the Xa are

C TEX B — lost (mouse) or
XaL : o oo attenuated (human) on the Xi
Xi

Bansal, Prakhar et al., Frontiers in cell and developmental biology (2020)



LncRNA Dxz4 is responsible for the bipartite structure of Xi

Schematic Hi-C contact map in differentiated mESC

n loop TAD~, TADs megadomains  Hi-C superioops
o DXZ4 FIRRE ~ boundary "= SRS —
Bipartite structure A B

WT

i L\
Xi Dxz4A L7

2 /N 5 2 /s N q
rd ., S / Y
P 7 N p ’ AN N
; i 7’ d h A » 4 ~ "

Bansal, Prakhar et al., Frontiers in cell and developmental biology (2020) Bipartite structure disrupted:

No effects on gene expression or mouse phenotype
=» Bipartite structure function is yet unknown

But Dxz4 and the bipartite structure are conserved between human and mouse
=» Preservation of function



l. Introduction to the X chromosome inactivation

— Focus on Firre IncRNA, another TADs modulator



LncRNA Firre roles during the XClI

v’ Firre X-linked-IncRNA locus was originally identified as an escape gene of Xi |

= Predominantly transcribed from the Xa chromosome

Xa [ ‘Ub il J W s LI

Xa Firre XiFirre Dxz4

(\ |
£\ superloop
i ,

Andergassen et al., eLife (2019)

Xi [

Firre locus escapes random XCl resulting in a full-length transcript from Xa
and multiple short isoforms from Xi

v’ Firre RNA interacts with many genomic regions and recruits:
- chromatin organizers (CTCF...)
- the nuclear matrix protein hnRNPU



FIRRE/Firre locus is implicated in the XCI

v’ Functions: epigenetic features and 3D structure of the Xi, and possible maintenance
of Xi location within the nucleus

v LncRNA Firre anchors Xi to the nucleolus by binding CTCF to maintain H3K27me3

LncRNAs from FIRRE/Firre locus regulate autosomal genes
- primarily in the hematopoietic system

v’ Association of FIRRE/Firre locus and HNRNPU = Autosomal targets function
in RNA splicing processing and transport



Deletion of Firre : AFirre

loop TAD~, TADs megadomains  Hi-C superloops
DXz4 FIRRE ~ boundary /.\ . stripe —
WT
i ‘R FirreA .
Xi e Firre-Dxz4
—>  superloop
: . N . AT L N RS disrupted

i - B — . —

Bansal, Prakhar et al., Frontiers in cell and developmental biology (2020)

= Xi-linked superloop depends only on its own pair of attaches and on the presence of the
DXZ4/dxz4 center

= Long-range contacts between loci may help isolate the Xi in a nucleus specific compartment (near
the nuclear periphery) or nucleus phase (near the nucleolus)



l. Introduction to the X chromosome inactivation

- Study models of XCI



Study models of XCl

Patski cells mouse Embryonic Stem Cells (mESC)

female C57BL/6J (BL6) male Mus spretus
with Hprt8M3 mutation

s @

=D

Inner cell mass
'

Trophoblast

embryonic
female
(18.5dpc)

«@— X

Blastocoel

embryonic kidney . ——p Patskicells

Unknown origin: 2 active chromosomes with

Known origin: X inactivation random XCI during in vitro differenciation

always on the X chromosome
from BL6 mouse
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Il. Trans- and cis-acting effects of Firre on epigenetic
features of the inactive X chromosome

—> Transcription of Firre from the Xa



Model and method of study of Firre expression

XaAi1.1 NGV [ XgA4 DT XAV VAT TVEIXqBEGIRE BGIeRT XoD PGS I CI=Il{qF 1 XqF2 XqF3 XgF4 XqgF5|
cut / cut
50,500,000 | 50,550,000 | Firre F/R > <€ 50,600,000 | 50,650,000 |
Firre
Firre ka4 Firre W
Firre Kkedeee Firre eeeeHeeHeed
Firre Weeideedc Firre Weeteedieeereed
Firre 4

Firre | A i amiaa s N e e L e |
Firre

Allele-specific CRISPR/Cas9 editing of Firre N Isolation of editing single-cell clones with
region on Patski cells either a AFirreXa, AFirreXi and an Inv-FirreXi

Target the Xi from BL6 and the Xa from M. spetrus

female C57BL/6J (BL6) male Mus spretus
with Hprt®™® mutation

“« >f s

embryonic \V :
female &
(18.5dpc)

embryonic kidney . ——p  Patski cells



Firre RNA is transcribed from the Xa

Test of Firre expression:

WT AFirre*@ AFirreX Inv-FirreX

R e Firre

v’ Firre is predominantly expressed from the Xa
v’ Previous studies show that there is a low remaining expression of Firre RNA from the Xi




Il. Trans- and cis-acting effects of Firre on epigenetic
features of the inactive X chromosome

- Impact of the trans-acting effect of Firre on epigenetic features of the Xi






Firre RNA doesn't impact Xist RNA coating

_é Xist RNA-FISH ~ —=a@p  Location of Xi

100
80 |
60 |
40 |-
20 |-

Percentage of nuclei
with an Xist cloud

12 +\ +
é\ Q\“@ Q\d\@ Q\d
% >

AFirre*a AFirreX Inv-FirreX

= .
V

The majority of the nuclei had one
Xist cloud in all edited cell lines

> No disruption of
Xist RNA coating



Firre RNA from the Xa has a trans-effect on H3K27me3 on the Xi

_\é Immunostainings of H3K27me3

AFirreXx@ AFlrreX' Inv-FlrreX'

V

Strong H3K27me3 cluster

Percentage of nuclei
with H3K27me3 cluster

=» Retention of Firre RNA

v

High decrease of nuclei with
H3K27me3 cluster



Firre RNA from the Xa has a trans-effect on H3K27me3 on the Xi

_\é ChIP-seq 4

Allele-specific profile of H3K27me3

Y MA7.1 BA73 ¢ XaC1 | Xac3 @M XoE1 0 XoE3 W

cth 50,000,000 | 100,000,000 | 150,000,000 |

M M Mo il MW NI

Firre

TR O ORI B | I L DI ) N W R e e AR e e V
Bacto0 Pe2  Bewr  Copth Ml GedeDe OmiON0 w0  Gaad  Aedt Faw BNt Fgft)  OmdMO Fmid  Sabw  Thle Bmd MO0 1 Am Wen Pt Coet Lasst Opisl  Cpewrt  MaptO Ow82 Puahi0 e e A OF Kask  Phes M1 Asd W

H3K27me3 ChIP-seq Xi reads
o e
(&) o

H3K27me3 ChIP-seq Xi reads

= WT = H3K27me3 enrichment on the Xi

=  AFirre*® = chromosome-wide decrease on the Xi



H3K27me3 decrease on the Xi in AFirreXa

ﬁ Density histograms 4

Autosomes

- WT
= AFirre*@

| | |
00 02 04 06 08 1.0
Sp/(Sp+BL6)

Centered close to the 0.5

|

Reflecting similar enrichment between
alleles

Distribution of H3K27me3 allelic proportions

ChrX
37 - WT
= AFirre*
i
2
a
1
0 -
| | | | | |
00 02 04 06 08 1.0
Xa/(Xa+Xi)
COAX AXa
at 0.35in WT

at 0.5 in AFirre*@

\4 \4

H3K27me3 enrichment

Decrease of
on the Xi

H3K27me3 on the Xi







Trans-acting role of Firre RNA to recruit PRC components to the Xi

_\é CUT&RUN 4 Investigation of SUZ12, a subunit of the PRC2 complex 4 Density histograms

Distribution of SUZ12 allelic proportions:

Autosomes ChrX
25 . WT
- WT - WT
= AFirre*® 2 (0 4= AFirre*
2.0 - '
2 15- e i
= = SUZ12 decrease on the Xi
g; 0 5’:, 104 in AFirre*®
0.5 - 0.5 -
00 - T T T T T T 00 |
0.0 0.2 04 06 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
Sp/(Sp+BL6) Xa/(Xa+Xi)
No change Pronouced shift toward higher

values after deletion



Trans-acting role of Firre RNA to recruit PRC components to the Xi

Data from previous studies:

chrX: 50,550,000 50,560,000 | 50,570,000 | 50,580,000 | 50,590,000 | 50,600,000 |50,610,000| 50,620,000 | 50,630,000 |

hnRNPK-minus strand

aaah. o

EZH2-minus strand

0-1.7

SUZ12-minus stran

Firre

CrossFirre

Trans-acting effect of Firre RNA
transcribed from the Xa targets PRC1  —>>  Maintenance of H3K27me3

and PRC2 complexes to the Xi






Ectopic expression of Firre rescued the presence of H3K27me3 cluster

_\é Transfection of AFirreXa cells with a mouse or a human Firre cDNA transgene

hkkk
Khkk

100 ] ****I
— O
. . . Q +
Ectopic expression of Firre o % 807
c (&)
5B 60 -
o £
25 40-
d‘f < 20 4
=z
0 -
AFirreXa AFirre’@ AFirre*e
+mouse cDNA +human cDNA ~o
transgene transgene \\

H3K27me3 cluster on the
Xi is partially rescued

Functional compatibility
between species

-=======>  Trans-acting role of Firre



Ectopic expression of Firre partially rescued its association with Xist cloud

-

;é Transfection of AFirreXa cells with a Xist and Firre RNA-FISH in the nuclei

mouse Firre cDNA transgene

Association of Firre to the
Xist cloud in 15% of cells

!

Partially rescued

So, Firre RNA transcribed from Xa or from
AFirre*@ an ectopic cDNA transgene has a trans

+mouse cDNA effect on the epigenetic features of the Xi
transgene




Il. Trans- and cis-acting effects of Firre on epigenetic
features of the inactive X chromosome

- Impact of the trans-acting effect of Firre on the nuclear location of Xi






Firre influences in trans the Xi location within the nucleus

- . H3K27me3 (Xi) and nucleophosmin (nucleoli) immunostainin
ﬁ Allelic Firre mutations 4 (Xi) P ( ) &
+ Xist RNA-FISH (Xi) immunostaining in AFirreXa
Nucleophosmin Nucleophosmin Nucleophosmin Nucleophosmin Nucleophosmin
_ @
2 4 5 Xi .
" g Y 2 . o ¢ v ucleolus
N Nucleolus . 9'\ : "\ '\
Nucleolus Xi Nucleolus Nucleolus Xi
WT AFirre*@ A Firre* A FirreX Inv-FirreX
Fekdek mwT .
80 - ***‘k—< M AFirre*e Loss of Firre RNA from Xa

— W aFime™ reduces the periphery

i M /nv-FirreX g leol
e
association of Xi

Periphery Nucleolus Neither Partially rescued

o)}
o
1

N
o
I

Percentage of nuclei
NS
o
1

o






Potential cooperation between Firre and CTCF in the maintenance of Xi location

é CUT&RUN 4 Allelic CTCF binding profile + Xi-associated CTCF peak density

CTCF allelic proportions

Autosomes ChrX mWT
2.0~ m AFirrea
15 - 3 7 B AFirreXa+miansgene
> >
2 40 2 24 i
g 8 Loss of CTCF binding on
05 - 14 the Xi in AFirreXa
0.0 - 0-
| | | | | | | | | | | |
00 02 04 06 08 1.0 0.0 02 0.4 0.6 0.8 1.0 \ll
Sp/Sp+Bl6) ki Partial restoration
- Firre Dxz4 Xist
@ 5 : ' ' mWT
g 4 ] M AFirre’a
'
. 3.
e
85O 2]
S 11
w
i, /\/\AA /\ /\N;\ /k\
x 100 120 140 160 180

cth (Mb)



Il. Trans- and cis-acting effects of Firre on epigenetic
features of the inactive X chromosome

— Trans-acting effect of Firre RNA over gene expression






Firre is expressed genome-wide

Sequencing of RNA-seq libraries for Patski cells AFirre*® cells:

l

RNA seq reads mapped to refSeq BL6 mouse
transcriptome

l

Mapped RNA seq reads performed on those
mouse were assigned to RefSeq reads and
counted

l

Genes with an expression > 1 TPM
(Transcript per million) kept

* 14% of X-linked genes are up or down regulated

L 40% rescued with AFirreXatmtransgene

* 11% of autosomal genes are up or down regulated

L 46% rescued AFirreXatmtransgene

Firre IncRNA is linked to the expression
of many genes across the genomes, not
only X-linked genes







Firre is linked to various biological functions

Gene ontology analysis

Autosomal upregulated genes
cell cycle

mitotic cell cycle
cell cycle process
chromosome segregation

. . c
AFirre*@v.s. 792 673 855 AFirre*@v.s. o organelle fission
WT AFirreXa+mtransgene %) mitotic cell cycle process
© nuclear division
o DNA metabolic process
300 O nuclear chromosome segregation
P 250 WT g., mitotic nuclear division
N tored i 9 DNA replication
. 200 . re_s ored In O sister chromatid segregation
o o A F”-reXa+mtransgene o

mitotic sister chromatid segregation
regulation of cell cycle

regulation of cell cycle process
regulation of chromosome segregation
organelle organization

antigen processing and presentation
antigen processing and presentation

p value (-Log10)

o
Y
o
n
o
8

35

Antigen
processing

Fold change (Log2)

FDR (-Log10)



Firre is linked to various biological functions

Gene ontology analysis

Autosomal downregulated genes

multicellular organism development
system development
anatomical structure development

1136 776 1098 developmental process

A .
AFirre*v.s. AFirre*®v.s. animal organ development

WT AFirrgXa:miansgene anatomical structure morphogenesis
cell differentiation

cellular developmental process
regulation of developmental process
regulation of multicellular process
neuron differentiation

negative regulation of cellular process
neurogenesis

300

AFirre*@ v.s.
WT

s 200 restored in

250

Development

°*l 150 A FirreXa+mtransgene cell morphogenesis involved

in differentiation
_ generation of neurons
regulation of multicellular organismal

development .
regulation of metabolic process

circulatory system development
regulation of macromolecule metabolic
process
regulation of cellular metabolic process

p value (-Log10)

Metabolic
Process

15 20
0 2 4 6 8 10 11

FDR (-Log10)

Fold change (Log2)






Gene expression is disrupted on the Xi upon the loss of Firre RNA

Study of allelic gene expression (4FirreXa / WT):

Cc Inactivated Genes Escape Genes
8 - . 8 -
_ 6 6 -
E =
. =
— 4 - - - 4 - Slc16aZz »
= o 2
g . N - 0 ) M..agn Carbb .
c —- E Pbdcl o .
— 01 %% -l o . LI ] S — 1..*® @
R e e
- —2 =1 L - _2 | bt . o
1810030007 Rik Efnb1 Mid1
_4 T T T T T T T ! { —‘4 T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
ChrxX Mb ChrX Mb
=» Minor Xi reactivation = No changes for escape genes

> 352 genes subject to XCI
-> 6 of them were upregulated in cells with Firre depletion (4 of them located on telomeres)

H3K27me3 clusters are only one of the many layers that control XCl gene expression



Trans acting effect of Firre RNA on gene expression

Firre RNA are linked to:

— the expression of many autosomal and X-linked genes

— one of the many layers of repression of the Xi gene expression



Il. Trans- and cis-acting effects of Firre on epigenetic
features of the inactive X chromosome

- Impact of the Firre RNA on Xi and Xa structures






Firre locus on the Xa impacts Xi structure

ATAC (CTCF) allelic proportions

Autosomes ChrX

B AFimee y— = No shift in chromatine accessibility
25 ®WI 61 mwr

Density

HOWEVER.....

O.IO 0.|2 O.I4 0.16 O.l8 1.I0 0?0 0.I2 0.I4 0.16 018 1j0 . .
Sp/(Sp+BL6) Xa/(Xa+Xi) —> Some genes were reactivated in the
telomeric region

Firre Dxz4 Xist
f : : - WT
: : : w A FirreXa
20 - ! : 5 AFirre

Xi-associated peak density
ATAC-seq

0 20 40 60 80 100 120 140 160 180
chrX (Mb)



Firre locus on the Xa impacts Xi structure

ATAC allelic proportions

Autosomes ChrX \
2 5 | m AFirre®/A Dxz4A = A Firre®/A Dxzd™
m ADxz4X 4 -| ™ ADxz4*
® AFirre* ® AFirre’
2.0 -
3 -
> —
Q) -—
O 1.0 2
0.5 - 11
0.0 A 0 -
T T T T T T T T T T , |
0.0 02 04 0.6 0.8 1.0 0.0 0.2 04 06 08 1.0
Sp/(Sp+BL6) Xa/(Xa+Xi)

Double-mutant of IncRNAs Firre and Dxz4 compared to simple mutants

v Increased of chromatin accessibility on the Xi for the double mutant

v Possible cooperation between Firre and Dxz4 in the repression of chromatin accessibility on the Xi






Firre RNA shows a cis-effect on Xi structure

Xi: AFirre’ -WT
0 D —— ————— _— 1-0
I - |
: : 0.8
25 -] 1
1 | 0.6
| |
| 1
1 1
1 1 0.2
75'L---------L -------------- I
g : 1 0.0
| |
100 - [ I o2
|
1
1 -0.4
125 - 1
: 2 06
I i
150 - I | 08
1
I- LN -I ---------- _1 .0
0 25 50 75 100 125 150
Mb

Contacts increased between the superdomains
and decreased within each superdomain.






Firre RNA transcribed from Xa impacts its chromosome structure

WT-Xa AFirre*@-Xa

Firre —

— Loss of the strong boundary
between TADs on Firre locus

Contact changes on the Xa, including loss of the boundary at or close to the locus



Impact of Firre RNA on Xi and Xa structure

" Possible cooperation between Firre and Dxz4 for repression of gene
expression on the Xi

= Firre RNA from the Xi exerts a cis-effects on the Xi 3D structure

= Firre RNA from the Xa exerts cis-effect on the Xa structure



1. Discussion



What’s next?

Firre acts in trans in different cell lines, and no loss of H3K27me3 was observed on the Xi
of different cell types (brain, kidney, and liver)

}

Such loss is detected in immune cells (such as Common Lymphoid Progenitors)

Observed Xi reactivation on female lymphocytes and
cis-effect of Firre RNA in immune cells

—> Does it improve Firre expression from the Xi in those cells?

Need to better understand Firre local effect on immune cells to further

application on X-linked disease







H3K27me3 enrichment on the Xi and loss of H3K27me3 around the TSS

Known X-linked Genes

| e AFirre*@ Xi
| m— AFirre*@ Xa

H3K27me3

Demonstrate a dramatic loss of H3K27me3 around the transcription start site (TSS) and throughout the body of X-gene
linked in mutant cells




Cleavage Under Target & Release Using Nuclease (CUT & RUN)

- CUT & RUN isolates protein-DNA complexes on native chromatin

@ Cell-bead binding

Cell
of interest

ConcanavalnAi

Magnetic
bead

@ DNA extraction

@ MNase activation

ke BN

pA MN incubation

Permeablllzatlon

Cell nucleus DNA cleavage

@ Sequencing @ Data analysis




Is there a link between known epigenetic marks and gene
dysregulation due to Firre RNA?

Metagene plot of H3K27me3 for cells with Firre deletion

- Small increase of H3K27me3 in downregulated genes
- Most dysregulated genes (90%) had no increase in H3K27me3.

—->No modifications observed for other active epigenetic marks
H3K36me3 and H3K4me3 (CUT&RUN)



