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Summary

Mammalian females inactivate one of their two X chromosomes during early
embryogenesis to compensate for the difference in X-linked gene dosage between the
sexes with only one X chromosome being transcriptionally active (X-chromosome
inactivation, XCI). In the process of XCI, various epigenetic regulators involved in
heterochromatinization are recruited to the X chromosome, leading to its
chromosome-wide inactivation and the eventual establishment of stable
heterochromatin. SmcHD1, one of the proteins that accumulates on the inactive X
chromosome, has been reported to play important roles for the maintenance of XCI
and the establishment of higher-order chromatin organization on the inactive X. Our
recent analysis has shown that in mouse embryonic fibroblasts (MEFs) prepared
from SmchdI-deficient (Smchd1MP/MDI) fetuses, about half of the genes inactivated
on the X chromosome early on upon the initiation of XCI are derepressed. In addition,
the accumulation of H3K27me3, one of repressive histone modifications, was
significantly diminished at these loci as compared to those in the wildtype. These
results suggested that SmcHD1 is involved in the establishment or maintenance of
H3K27me3 on the inactive X. However, this was a snapshot in MEFs, which
consisted of heterogenous differentiated somatic cells with XCI being established,
and therefore, the chromosome-wide chromatin dynamics during XCI remained
unclear. In this study, I established epiblast stem cells (EpiSCs) from the epiblasts
of Smchd1MPVMDI embryos assuming them as a model of cells at the stage shortly

after the onset of XCI and investigated the role of SmcHD1 in XCI during



embryogenesis by comparing the chromatin state of the inactive X between EpiSCs

and MEFs.

I) Establishment of EpiSCs and gene expression analysis
EpiSCs were established from the epiblast of E6.5 wild-type and Smchd1MD/MD1
mouse embryos. To evaluate the validity of using EpiSCs as a model for post-
implantation epiblasts, the X-inactivated state in EpiSCs before and after
differentiation was examined for five X-linked genes. In undifferentiated state their
expression in both wild-type and Smchd1MP/MDI EpiSCs was repressed on the
inactive X, whereas three out of the five genes were found to be derepressed on the
inactive X in SmchdIMP/MDI EpiSCs after differentiation. This suggested that genes
repressed on the inactive X in Smchd1MPMDI EpiSCs became derepressed as they
differentiated like mutant embryos. It seems, therefore, reasonable to assume that
EpiSCs could serve as a model for early post-implantation epiblast and allow me to
investigate the function of SmcHD1 in the kinetics of chromatin regulation during
XCI.

Next, I examined gene expression chromosome-wide by RNA-seq and found that
many of the X-linked genes that were derepressed in Smchdi1MP/MD1 NI[EFs were
repressed in Smchd1MPVMDI EpiSCs. It is, therefore, likely that unlike MEFs, most

of the X-linked genes in EpiSCs are repressed even in the absence of SmcHD1.

IT) Fluorescence signals of H3K27me3 and H2AK119ub on the inactive X increase
their intensity in Smchd1MPVMD! cells compared to wild-type cells
It has been reported that repressive histone modifications, such as H3K27me3 and

H2AK119ub, accumulate on the inactive X in many animal species including mouse
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and human. On the other hand, another repressive histone modification, H3K9me3,
has been reported to accumulate on the inactive X in human and other mammals
but not in the mouse by immunofluorescence staining although recent ChIP-seq
analysis demonstrated that H3K9me3 was enriched on the inactive X in both human
and mouse. The accumulation of H3K27me3 and H2AK119ub on the inactive X in
EpiSCs used in this study was examined by immunostaining, and both modifications
were found to accumulate on the inactive X as seen in MEF's regardless the presence
or absence of SmcHD1. However, comparison of the signal intensity for these two
histone modifications revealed that in both EpiSCs and MEFs, Smchd1MP/MD1 cells
gave more intense signal than wild-type cells. Accumulation of H3K9me3 on the
inactive X was detected in neither EpiSCs nor MEFs by immunostaining and
Immuno-RNA FISH. It should be noted, however, that the distribution of H3K9me3,
which is thought to be enriched at constitutive heterochromatin, was distinct
between EpiSCs and MEFs. H3K9me3 in EpiSCs distributed in more nuclear
periphery than that in MEF's, indicating some difference in chromatin state between

these two cell types.

III) SmcHD1-interacting factor Lrifl loses its specific accumulation in the nucleus
in the absence of SmcHD1

SmcHD1 and its interacting factor Lrifl (called HBiX1 in humans) have been
reported to accumulate on the inactive X and to be involved in chromatin
condensation. Immunostaining of each protein in EpiSCs and MEFs revealed that
SmcHD1 accumulated on the inactive X in both EpiSCs and MEFs, whereas Lrifl
accumulated on the inactive X in MEFs, but only at a limited part of the inactive X
in EpiSCs. Interestingly, in Smchd 1MP1MDI EpiSCs and MEFs, Lrifl no longer shows
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a specific localization in the nucleus, although the amount of the protein is
essentially the same as in wild-type cells. These results, including those of II),
suggest that there is a certain difference in nature of constitutive heterochromatin

and facultative heterochromatin between EpiSCs and MEFs.

IV) SmcHD1-dependent X-linked genes acquire H3K27me3 in EpiSCs

In our previous reports, we found that the derepressed genes with reduced
enrichment of H3K27me3 in Smchd 1MP/MDI N[EFs were among a group of genes with
significantly lower enrichment of H3K27me3 in wild-type blastocysts during early
development. Enrichment of H3K27me3 at loci of those derepressed in
Smchd1MpMDI M EFs was examined in EpiSC, and it was found that the enrichment
of H3K27me3 in SmchdIMP/MD1 EpiSCs was comparable to that in wild-type cells.
This suggests that the genes that are derepressed in Smchd 1MPVMDI embryos initially
acquires H3K27me3 at the early stage of XCI but fail to maintain its status due to

the lack of SmcHD1, and eventually lose H3K27me3 and become derepressed.

V) Loss of SmcHD1 leads to a significant reduction of H3K9me3 on the inactive X

To further investigate the effect of SmcHD1 deficiency on the epigenetic regulation
of the inactive X, I carried out ChIP-seq to examine the distribution of H3K27me3
and H3K9me3 on the inactive X. Although immunostaining showed no accumulation
of H3K9me3 on the inactive X, clear enrichment of H3K9me3 was observed in both
wild-type EpiSCs and MEFs forming some blocks, which distribute roughly mutually
exclusive with those of H3K27me3 on the inactive X. On the other hand, the
enrichment of H3K9me3 was extensively diminished on the inactive X in

Smchd 1M0MD! EpiSCs and MEFs with the distribution of H3K27me3 being partially
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expanded into the region where H3K9me3 usually occupied. In addition, the regions
that still retained some enrichment of H3K9me3 on the inactive X in Smchd1#P/MD1

cells harbored the peak of limited enrichment of H3K9me3 on the active X.

In this study, I investigated the function of SmcHD1, one of the epigenetic regulators,
in the process of XCI by comparing expression and chromatin state of the inactive X
in EpiSCs established from the epiblast, which has just initiated XCI, with those in
MEFs, in which XCI has been established. This study strongly suggests that the loss
of SmcHD1 causes chromosome-wide derepression of X-linked genes that have been
inactivated at the early phase of XCI. In addition, I found that lack of SmcHD1 leads
to an extensive loss of H3K9me3 on the inactive X in EpiSCs and MEFs, suggesting
that SmcHD1 underlies the formation of H3K9me3-enriched blocks on the inactive
X. Although the importance of H3K9me3 for the epigenetic regulation of the inactive
X has been largely overlooked in the mouse, this study suggests unprecedented
possibility of H3K9me3, which may play a role in establishing robust
heterochromatin state in combination with H3K27me3. Previous reports suggested
that SmcHD1 contributes to organize higher-order chromatin structures of the
inactive X during XCI, but the detailed mechanism has remained unclear. I speculate
that construction of the higher-order structures of the inactive X might be facilitated
by the establishment of H3K9me3 blocks, which serve as a fundamental structure of

the robust heterochromatin.
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KFORONR, WHAFHD X S I A AR~ X ek NEME LT ¢ 20Tl
F AN X Ralkh b OFBIEE X ZAD 2 fFICETRE®D 2 T LT, X BEEEIE T
B D% > T 5 (Mukherjee & Beermann, 1965), ftii3 X fetafk % 2 AHr o ffbf
FfE (XX) edEgtafhe LT X Yetafhx 1 A2 FHo 42 (X0) ichbiFonsd, ##

Roga, WHERKEOMART 2 Ko X REEOFEIEZ L b ITEPICETERT LS

11
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(Lachner et al, 2001; Peters et al, 2001; Schotta et al 2004) (X 2),
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Xp) DERE M]3 22T XCIL 286 % 5 (Mak et al, 2004; Okamoto et al, 2004), %
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EbOh—HO XPMER T v X LICRERELE S,

XCI DfdtrIciz X FtafkEiiIEa — ViEfn - TH % Xist (Brockdorff et al, 1991;
Borsani et al, 1991) A4~ A[ R CTH % (Marahrens et al, 1997; Penny et al, 1996), Xist
FEbLLh—HOXPkrbE ) TLAKCKEN ER L, Z0EEEYTH 3
Xist RNA 3% @ X fetafhko g% 85 X 5 B E T2 2 &< XCl 2+ 5, 2o
XistRNA Z @858 L C X BOE~NTERAEN A Ty = 427 4 v 7 I 1<
XoT, A+ VEMiPDNAAF MU ALDOLEY 24T 4 v 7 REDF & X
. XCI 2 ERBEMNICHEST L. BARICEE R ~T v 7 a<F VBRI N5 L FEZ b
N T\ 3 (Csankovszki et al, 2001; Kohlmaier et al, 2004; Wutz & Jaenisch, 2000)

(K 3), 20 kBT ey 2474y 7HIHKAT & LTHY a— nilllHELRK
(Polycomb Repressive Complex) PRC1 & PRC2 234154, PRC1 ICX > Tk X k

vH2A D 119FBD Y > viEEse ) 2v x5 v{t (H2AK119ub) ¥ b &, i
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Q QO Q ( Q @)
= ? = =
Xist = H — — =
. XistDE/FUIWED IEDIRTA4vY) RER
A—7aVFY RELSR HEETF O AFOYORFY
: IEDIRTAVY < E
§ xistRnA @ TEYTd ' TIEHEX EHEX

K3 =7 RickF 3 X REakRfEELoFn
XCI (X BERIT TS %,
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%%k L C PRC2 M NAEN, XY H3D 2THHD Y & viEER F U X F 1t

(H3K27me3) X132 L BWRBINT W23 (Fang et al, 2004; Plath et al, 2003;
Napoles et al, 2004; Silva et al, 2003; Almeida et al, 2017; Erhardt et al, 2003), L
2L, At X oe 2 P vEfiicowCidffoEw i hcnb, et EED
W DD EEIHCH Tl H3K9me3 & H4K20me3 23 A1 X ic X S £fET 3
BT 2 st et CRIZ X L5 2% (Chaumeil et al, 2011; Chadwick & Willard,
2004; Rens et al, 2010; Zakharova et al, 2011), ¥~ 7 XA Tz b Db R b VEHiD
Rt X ~OEMEBFEBEO RERETIIEDLNL WV, TDOZ L, vV RICEIT S
XCI OHIBEREICE T 2 e 2 F v oMK DIZ L A 2. PRC1 & X U PRC2 %
AL72bDIER LTI HBADO L E X 5, H3K9me3 & H4K20me3 13, WFLIH
DHEMIIEICENT, Vv itur )y r~Furzu~vF sl T ORI
~Fozu=F U ICEBTEERMLNT WS (Peters et al, 2001; Schotta et al,
2004), ZH L2 Enb, L OEBECHEZEIERN~T v 7 a~vF v L &R
~7r7avFvoflffic—FLEo L AZFAL T30t L, v v R Ifils
Miczo k) ftillazBE L CurnvE w) RAPXRHTH S, Li L, ChIP-
seq FHVRIEOME T, w7 2DEM X LI L <. NGtk X o L #i 7 58l
H3K9me3 23R L T3 Z & 2R & T\ % (Keniry et al, 2016),

H3K27me3 % filift 3~ 2 PRC2 DiEMEIC A R 7 FEM KA D—>TH % EED O
RE X~ 7 AR Tk, BRBZOKEBEMALIC B RGN X L oBE R o Bl
BEIND 2 &5, H3K27Tme3 13 XCI OFIRICIZMETII AR \02S, % OffERFICIZE
BCH BT EPIRBINT VDS (Kalantry & Magnuson, 2006; Kalantry et al, 2006;
Montgomery et al, 2005; Wang et al, 2001), %7z, DNA X F 1AL ARGtk X oA E
HACIRBEDHEFFICHF G532 2 E L 25 H 5N T % (Mohandas et al, 1981), 7' H

E—X -z Vv -7 EofillfiisEEic LIFL IR E NS CpG 74 7 v P, i
17



P X CHARTAHREE X TEREICATF I TEY, 5-7FF Y DX 57% DNA
i A F ALAICREEMIE Z LB S 2 & MG X EerhE ol S hi-En 1 ok
FI R FREMALARE Z 5, 2 D7, de novo DNA * F A ALEER % KIHL 7=~ 7 2K
DIET 7R MRINOMAIC B TIE, 7 v X248 XCI ORI EZZ TRl &
HIRENTWD (Sado et al, 2004), N5 DEHEARER (X, DNA X F 41{LA XCI D
IR IIRE T RS, XCI OMEFFICITERE 2 EH 2R LTV L ZREL T
%, XCI DHEFFICBIG L Cwa 2 EBALN TS D H —DDRTFIC, SmcHD1 285
% (Blewitt et al, 2008), SmcHD1 12 SMC 7 7 2V —icJ@$ 3 b DD, D D
LIIMEES R D 7 v~ T VHIIR T ©. RNiEE X LIRSS (M 4). Smehdl

SERMERERIBAR T LV TH B SmchdiMommeD! (LR SmchdIMP1) Ok EHEEHED

d

AZAD= Y AETIE, FEEYIADO XCI FEFICHIEI N2 DD, oz ARNEHEL
Ehs X Bfh EOBRT DL A, ZoEBEDMEITLE L b ICHEELE Tl 3
720, RAKINC IR AT IR I BOE & 72 5 (Blewitt et al, 2008), A A D & EHEAHE
ZEEIRC BT 5 AN X ESEER OB, CpG A F (b H3K2Tme3 DIFD
ZHES T e h 6. SmcHD1 13 XCI DLEGMFFICHE R Y = 4T 4 v 7 I REED
WESTICBE G LT3 2 2 2R XN T\ % (Sakakibara et al, 2018; Gendrel et al,
2012; Blewitt et al, 2008), X L ICHEIEDHFETIZ. SmcHD1 284 iEE X O ERk 7 |
~F VG DOMHRLICEES L T3 2 HRB I N Tk Y (Wang et al, 2018; Jansz et
al, 2018a; Gdula et a/, 2019), SMCHD1 OFREFHE 2 b MMAMIIC B 2 RiEEX 0

EHEORE ZHN S & v ) A DLURETOME & FE L 72\ »(Nozawa et al, 2013),
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GHKL ATPase domain SMC hinge domain

(aa136-196) (aa1720-1849)
h SmcHD1 (2007 aa) i ]

(Janszetal., 2017)

X 4 SmcHD1 o
SmcHD1 1z NRiZ GHKL #d ATPase F A4 v, CERICe VI VAL vEED,
FTELZA~w—%KT 5,
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UIFREDOLIRTOE TlE, SmcHD1 BAEE X O vy = 47 4 v 7 i REEDTf
SACHEEREE R AR I N, 2 DORFIZEARINIC SmehdMPrMDI < vy
A MARHEFMNE (MEF) To@EIcHKo < b 0T, SmcHD1 OIFFE F T, FiltE X
MBI TOWME Z 720 T /EE X o vy 2274 v 7 REOEFES ED X
JICHIERZ I N D 2 IEAHTH - 72 (Sakakibara et al, 2018), AffZETli. XCI 23
FRIAL CHID R WEKRBDO I Y 7 I XA DETF A E LT, SmchdIMPVMDI IR 7> & Fi 37
L7z 772 Fgilifie (EpiSC) #HWT., RiEME X @27 m<F v IREE & % Dl
REER & HITHEFE L7z, SmcHD1 KiE MEF oA X ECliifil s hi-8x1o%
{ 1. SmcHD1 K18 EpiSC TR FEHEAMEH N, 21 b o#{s I IZ
H3K27Tme3 DEME DD bz, X HIZ, SmcHD1 % KiE L 7z EpiSC *° MEF T,
BARNC e~ ANENE X B D H3K9me3 D HE2KIEIC KD, H3K2Tme3 D734 b &L
NTWwp T edbholk, TORELF, vV RAEZMVLEIcInNETHEVEHZ
NTZ 7% > 7= H3K9me3 #° XCI DHEFRFIC PRS0 E % Bi72 LT 3 AlREME 2 R 3
bDLEZXD, ZOHAEZD LI, SmcHD1 247G X EicEfE3 % H3K2Tme3 &
XU H3K9me3 D 7wy 7 DFMIC R FTEEI L. BEE~T v ru~F v OREEIC

BIETHEC OV THEL 1.
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B2E HE

2-1. Smchd1MP1MD1 fR > & D EpiSC D7

SmcHD1 (%, IBEEC—E O MEIMNEZ L U 2 IMEIHIR L . FERIBIF 2 TR 2 IR
PRAEAR D /7 © XCI ZREMICHERF T 2 72D ICHHTH S Z L BHMbNT W5, Hif
FEDOLIFIOWFE T, SmcHD1 BFEE L Wi, W o ZZ AREML T 7 X s HE
BrFREKRBOFBAEBRCRLACHMEI SN T ERARBINTW D
(Sakakibara et al, 2018), ¥ Hic, 7 L AKFEE RNA-seq DF#EHE. Smchd1MDiMpI
MEF Ti& 7 L AR D it 25 v Re e A s X EOBEF ORI ER 3B L Tw3
& D3BH & 512 7z o 7= (Sakakibara et al, 2018), Z L5 DOFfEHEIX, SmcHD1 KIBML T,
FAEVIHICAEEL S N X EIHEE T 0% K BHIRP I E cichiiflan s c e %
RRL T30, RlfReRcoliiifloBIZH S 21k > Tz, £ 2 CTHRAR,
ARER D 72 XCT ZFA%G L 72132 Y offifidic 1 2 ANtk X OREZFAR2 720D
ETNAELT, 77X MEIE (EpiSC)(Brons et al, 2007; Tesar et al, 2007) % {#
M35z &icl7, EpiSC iF, ML <A+ L _XVDRBMPFREDO LY T F
A+ FeEBRARNO e 77 2 P ORTGFEICE TR S 2 LA RRINT NS
(Kojima et al, 2014; Chen et al, 2016),

Xist DWRRERIBT LV TH 5 Xist*4 (Hoki et al, 2009) % 7z 1% Xist!lex (Sado et al,
2005) & Smchd1MP1 O —BE~T v iZHERD X R & SmehdIMPI D~ v 58T, JF1
Mt (Mus musculus molosinus) HIRD X Jettfk (XIF1) ZFFOA4 2 L OREIC X Y
765 H (E6.5) Moz 77 2 46 EpiSC ALz (K5) (Bkte ik
%2, Xist DFERERIBT Lovid, C57BU6d %t (Mus musculus domesticus) Hi
ko X Geftufk (XBEAA F 72 |3 XB61lox) [CIEFET 5728, T b D EpiSC Ic k1) % XCI

IFE S XJF1 I TlRE Tz, I 6ic, chbollifEoficizs { o—HE#
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[XE-0AXE | [XEY; +/MD1]  [XFIXFT] | [XESY; +/MDA]

$\,‘ B“;I

[XB&-8AX: +/MD1] [XUF1Y; +/MD1]

v

9 5 < 7 R 3SE OB
AWFZEIC I 72 EpiSC % X U MEF %153 3 72 @ D ZSHL,
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%M (SNP) ®#fA/X%& (INDEL) 2MF7ES % 729, XE#HER T O 7 L% XHI L
TR 21T 5 2 L BARETH - 72, BISZ L 72 EpiSC #kd Zz hZFhico\wT PCR Ti#
T RIZRE L, Smchdl 7L ICB L CHARGE S EHARERKZLE L 1 #
TODA G DY, T b b [XBAAXIFL Smehdl+#] & [XBSAAXIFL Smehd IMPYMDI) | 3
L < I1Z[XB6-1oxXIFL: Smchd1+4] & [XB6-UxXIFL Smehd MDD DA G HE T, X b7k
B IENT %2 AT 5 720 278D RNA-seq Tl¥. BIZL 7225 D EpiSC 237 EpiSC

D —H—BIETEZRHL TR L 2ERLE (X6),
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L ®Ic, SmcHD1 #RIEL 72 EpiSC IC B 1F 3 XCI DIREEZ M 3 7= 1T, 2 Dt
JetFE % v 72 RNA-FISH © Xist & XE##ER 7O 1 D TH 5 Atrx DFEH 2 F~
7zo Atrx 3. SmchdIMPVMDI R0 3 K% O FAEBE CR A ICHIIHIT 2 2 L 2R &
T\» % (Sakakibara et al, 2018), 4% EpiSC Tld. Xist % &I L T 2 flfd o kH
53T, Atrx DRI Xist RNA OEREIC K VIEKE N2 Xist 7 77 FLI3ELR L R
Y RA v Oy ZFre LClomiidh (KT7A, B). AiEtEX FIcERT 2 Xist
RNA ic X o C, Atrx FHIHI N T W2 T LIRS Nz, T ORILIE, SmehdIMPYMDI
EpiSC T3 HARICFE L TH Y., SmcHD1 B1F7EL 72 < T Atrx FATEHE X ol
HENTHWB LB RBINA, TNiX, E13.5 D SmchdIMPvmd1 fiE{1-7s bR L 7=
MEF i B\ Tid, 59%DMIIET Atrx 28 Xist RNA CTEb 7= A X B o] <

Tz & v ) LEToF 4 D (Sakakibara et al, 2018) & IR TH - 72,
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DA+ 1lox/+
Atrx Xist Atrx/Xist
100 100

$ 90 %0
35 i x 8 80
E < 70 70

o

[ =4
8 v £ e 60

(3]

[~
%) 2 50 50

(2]
5 2 4 4

Q
S S 3 30
3 ®
N 20 20
3 .
is] 10 10
S : :
(IE) (208) (209) (143) (109)

Smchd 1+ Smehd 1m0t Smchd 1+ Smehd 140!

X 7 Smchd1MpvMD1 EpiSC i B 1) 3 X EFELT Atrx DR

(A) B4R L Smehd 1MPrMDI EpiSC I 31 % Xist (7%) and Atrx (=X ¥ 2)DFH %
i3 2 RNA-FISH o fRERW A FEH, 27— ov—1% 10 um %K 3

B) B4R & Smcehd IMPIMPIEpiSC ICH 1 5, Xist 7 77 F LB L R WALEIC 1D
D Atrx DYV HREAV DY I FARBIREINTKOE G, BAZOBUIFHIMANIC
R L 72, Xisthd+E Xistlox/+ X% b OB R T Atrx 13 SmchdIMPrMDI EpiSC
TREPMMZ 5N T3,
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& S ICHMLEEERTH D EpiSC I H T 3\ 220 X HEIEE T O 7 L AERE % H
N3, JF1 AL B6 RO SNP 2585 b 5 D A CHl RIS & &
o TCWnBbDEEN, TNz HETWH%Z RT-PCR THlE L 7214, 1507z Z il
RIEZCTHL L7z, BidD X 5ic, Fw/z EpiSC TAHE LI N T W B D XIF1 D AT
» %70, JF1 B OHIREF O HBLIZAEHE X ECEE 72580l & v zpn
TEERERT L, K8ITRT XY, BAEMD EpiSC Tid. MUl abtvsiic
BWTh, AR5 DDELETIRTHELB6 7T LA»LRHL THY, AEEX E
DBETFBREICHHNE N T DB Z EARBEI N, —J7. SMEATD Smchd1MP1MD1
EpiSC Tli. Zh o OBE TG Tz, LiFE%k X, Pdhal. Gépd.
Hprt CTB6 7T LA LOFKRITMAZ T, JF1 7L ALK RELBED LN (X8),
Dk ) BT oORIENY, Xist RNA OEREIC X o TRAEVIIICAEEL S N X
EEEIR T2, FeAE DRI > TR A ICHHNH S T < 2 Smchdl RIBME D KR
E—H LT, 20bDfFRIZ. XCI DI F WERSICE 1T 5 SmcHD1 KIRD 5
Bril~z7z01c, ERERS ZuRloz v 77 2 o7 e LT EpiSC %{# 5

oYM EIRTE2 D EE LT,
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Smchd1+*  Smchd1"0"01  genomic

undif d14 d21 undif d14 d21 B6 JF1

----_-- s

2 P . JF1

« JF1

GGpd « B6

« B6
«+ JF1

Rex3

« JF1

Rbm3 o35

8 SMUATH @ EpiSC ic 1) 3 X #EHELEFO 7 L A HFRIA

Tl PREE R RGO I A M % & DR % RT-PCR I X W8I L. =2 i) 2l
IREEE T L. BAWKENC X Y XIF10 5 0RBEOFEHEAT/, aviba—neL
T. B6 & JF1 D%/ . DNA ® PCR Wi %2iHL L 7= d 0 b EXIKEN L 72, Pdhal &
G6pd. Hprt 13531t L 72 Smchd1MPvMDI EpiSC TD & XIF1 0 6 DFEIB A S N7z,

XIFL 7 b DHH 25580 G Nz b DITHDT AZ YV A7 THA T4 F LTz,
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2-2. Smchd1#01M1 EpiSC TikAHEY: X EO RS OBEFHIFI Eh T3
SmcHD1 K48 EpiSC BT 2 i X DIREZ I LICFH LA T 57201, 7
L AKER RNA-seq 1T - 72, A% THIV 72 EpiSC Ti3. B6 Hik® X T Xist #°
RELTWE72D, b 5—70 XIFLAHLAEELI TS, Lo T, JF1 B
® SNP % INDEL % &% ) — FAMH X hiuid, XF 238 IR L htuzn
Zlicinb, BAEME Smchd1MPMP1 @ EpiSC DT, ZhZ o X#HEEERTICD
VT, AEE X 25K L T3 EE (%X (RAV—F/ &HFY—-F+RXFY —
F) 1%L 72, %Xi At 10%0 EoBEFI1E, RiEtEX ETd L Cw2#EETL
A 75 L7z (Peeters et al, 2014), B4R D EpiSC Tl., K DEnT D %Xi 25 10%
L0 B, PRE Y AHENE X BEENCREEEI w2 e R EInk (K
9A), 387 DT FIEE 7 X HEHEIR T 5 B, B4R EpiSC <t 18 (4.7%) 2°
COATTY =2bANTEY, ZHEFEAER MEF TO% (11/449 . 2.4%) &[H
BETHo72, INLIFETERE NI NT WAL o0, H 50k EpiSC FENICHR
WL Z i 2851 CH 2 AlRelE & 5, NI T 7z EpiSC T 9 AR DA R
BfEH N7z (9B, C)o BRI L IIHAMNIC, SmehdMPiMD1 EpiSC T3 X i HE
T D 21% (77/369) T%Xi 23 10% LV m\WEZRL, Zho i ITREELLT Ty
2 X po#os TRELTWE EEzZLRE (K 9A), DX ) AA#EY) 2RI
SmcHD1 OXRIBICER T 2 L FEZ 208 % Y TH 50, b DB T B FEVIHO
BRETAAE LI NBRICHEIT I Db, H250id%2d 2 bl o NEELTn
BHpolOPRAHTHZ, LrLADSSL, UTFTRIns0#ET % [HilHhEEs
T EWERZ EICT B, Smehd1MPYMDI EpiSC T, A X Lol T o —HkAs
M XTI vz, BESARICK 2L, AR e SmcHD1 KIED EpiSC Do

XGHEFEEL T REOZ I, MEF TOZAL & 3R, FER EoBnFoRH
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Tu7 7 ANERETH o7 L2 b, SmchdMPrMDI EpiSC I 513 % ARG X EfH

B FORRIIFERENICIZIZEAEERLTCWAWI 23D H» 5 (K9ID),
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X 9 RiE#H: X #HEHBELTIC B3 SmcHD1 RIBOFEIZ, EpiSC Tid Xistd/+&
Xistllos|+X v 7 7757 v F O CREAMICE L TH o 7=
(A, B) BpAEAI ¢ Smehd1Mpimp1  MEF & EpiSC Tk vl #E 7z XEHELE T D 5 b,
INFNDO%Xi DIEZ R TEEFEER L 2+ 7T 4, BEFAREELIHTH
% & HZax 3N 72 @ OREIE%X] = 10%) % REODOFRTERST . (A Xistd4+y 7 275
v v Fofific. Bt Xistlex+-3 v 7 7757 v ¥ Ol % v 72,
(C) Xisth|+& Xistllox|+D 3y 27 75 77 v FICEWHARNENE X _EoBEE T o Bt i o f
EoEWELEL2ZFRS 720, 4 DD EpiSC Mfark X C CMENTalaEZ 377 i 0 iE
BT DUXI ITDWTRT 7 4 XTI L 728X, () B4R EpiSC @ 2 w3 #ic
BWTh, 344 fodsT (Bl 3AREE X Lol ., 12 MoEET (FAL
28 XCI 2Tz, XCI % 28511k Xistd/+DoNy 7 777 v FTid 16
IRHA) . Xisttes]+o3y 7 75 v FCId 5l (AL THho7, () BHAEMICET S
TR — LT OB Xistlox/+3y 7 7757 v F DD Xisth+ X 0 b %5 - 7253,
344 DBEE T D 95 b, HBIHIH XN TV R BEETICOVWTIIE S D Xist Ny 7 7
79V FD Smchd1MPvMD1 G b FiIE| OFEE IR TH - 72 (Pearson HEIREL, r
=0.86).
(D) MEF & 2%k D EpiSC Ic 2T, N2 NEFER L Smehd1MDYMDIIC 351F 2 X L
BT & HYOAREFEG T ORI L ~ L D fold-change % BRENAINTE L 72,
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X 10A 1. B4R EpiSC #k 2 20w Fhic BT b Akt X Ecilifil & LT 2 fif
WrrlHeZ: 354 G T D 5 b Smchd1MPvmpi MEF & Smchd1MPvM1 EpiSC -C ]
ENTVERELETOELRY ZRL T3S, SmchdIMPMpl EpiSC THIHI X T\ 7z
T2 {HDBEIETD 5 B, Smchd1MPvmpi MEF TR & /-8 in 113 627 572, F
bbb, SmchdMpimpr MEF <l & fLCw7z 201 lO#ERFO 5 B, 139 A
(69%) 1% Smchd1MPrmp1 EpiSC OAEHME X TRl Eh Tz w) 2 LT, ZR
A1 MEF CHifif 2 2 X #EHHEE D% < 25, SmcHD1 JEFE PRz v 7 7
2 P TRAEH LI TWE 2 ERRBE Nz, Thb EpiSC & MEF Mo ig,

MO FRAEBREICE L 2 BETHRROEICL200THE L I AIEEDEZLNS,
INZFHii T 27201, o ol X Wiz BE T o X 56 oFEE % BpER
DEMLIER% b2 ESC, EpiSC XU MEF O TH#KL 7z, ¥ 10B IR 3 X9
IZ. 354 HOETR[RE BT D 9 B 2 fllZfR< X TDER T2 ESC. EpiSC.

MEF O Wi NicEs v b G X 22 5 2589 1L [FPKM (fragments per kilobase of
exon per million fragments mapped) > 0] . EpiSC TII ARGt X L3 & A & DR
FHRXCLIC X o TARIEHILE TV B Z & AR E N7z, MEF To AR & 586
T3 EpiSC £ Y & MEF THELEWHEHAA O 7228, Wi nofiigc b Bl &
NEZBITICIEZD X RERIIR N2 o722 25, EpiSC & MEF 01
HlfHl DE 23, MEF TG OSE D E W & &I —H8EF 5 L T 2 AlREE 2 R X
N7z, E72. Smchdimpvmpi MEF CHUNG & 1 2 85T D% { 28, Smchd1M01Mp1
EpiSC CTRAFEHAL I N T2 ELET (%BXi<10%) KHHINFLTnizdo
D, %Xi FHEEWEAICH 722 b (K 10D), 2L DELETIE25 95 L
THEN TV EZ200Z Y L Bbhs, £z, %Xi 2HAWICE NS D

BT, 7/ ETr2 722 =% BT 20T TH AR, BEMEREEICHMAL T
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7= (K 10E), 2o OfEHA 5. Smehd1MPmvi EpiSC 1231 % RidtE X ok
fEI1Z. ¥PER O EpiSC I3 &ICIFME TId AW T L RBE NG,

SmcHD1 13, RiEM: X Lo 0EIET D DNA X FAfLic bBI5 T2 & & 2VRE
XNTw3 (Gendrel et al, 2012), Gendrel 53, Riftk X £ CpG 74 7 v F
(CGD FEAFAMLEND X4 v 7AW CGL LW CGLICHBE ., ZhZh
SmcHD1 1 EARTFI 7o AR & RTFRI R EKIC X o THIfI ST w b 2 e 2 HE L %2
(Gendrel et al, 2012), % ZT. SmcHD1 K{E®D EpiSC & MEF OidiJ5 T =
N 2T D CGL &, MEF TOAHIf X 1 5B TD CGI DA FMED X4 I v
JICOWTHRE L7, ADT—Z %y T, CGL A F M LOBREICE] T 2 1EHD°
Fonz 186 BITICOWTRB L, AFALEng 24 I v 7w CGLIERFIC A
H X 2#EEFICiE EpiSC & MEF offif Tliifiifil 2 d o FEICE -7 (K

10C).,
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p=0.43
Derepressed 100 p=0.03 CGl methylation Derepressed only in MEFs
in MEFs H kinetics class (n=139)
Derepressed a0 25| (Gendrel etal.,) p=1x10
in EpiSCs 60 .
60— [JFast (A+B) 50 3
= E Slow (C) 40 |
40 3
< 30
& p=2x10"" H
20+ 209 — :
p=4x108, n=354 04 o - -~
0= ) R ——
= + - EpiSCs [
o + + MEFs & \\,\@ X \@“
Derepressed in ® \‘5’
EpiSCs MEFs
Genes None (n=143) EpiSCs (n=10) MEFs (n=139) Both (n=62)
derepressed in
p=1x10* p=0.85 p=3x10"* p=0.39
p=1x10° p=0.98 p=0.05 p=0.13 p=0.51 p=4x10* p=0.11 p=0.16

FPKM

.
alca
= 4

g 8 ¢ 3 8 ¢ 8 8 ¢ 8 8 &

@ o u » o u ®» o u » o u

w 3§ = w 3 = w g = w 3 =

w i) w wJ
XlstAtrx

1 60 Mb
Smchd1mo1mp1

MEFs
EplSCs
MEFs
Smchd1* EpiSCs

Class | NN |1 | NN AN (AU 11NN 1 N (OO DMAOINT WO OUAD TN A0 WRAIE

% Xi I I EpiSCs
0 10 20 30 40 50 Derepressed in I MEFs
I Both cell lines
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B 10 Smchd1MP1yMD1 EpiSC 12 31} 2 AiEME X ORtafk 7 4 ¥ @ {n T FBENT

A) B4R EpiSC. 2 HkowTFhicks T iflan w3 354 HOELETD

B, SmchdMpvMD1 > MEF & EpiSC THlIfi| ST 2 BIE T 0L ZDEL Y %

LRV H, pfEx 74 ZFBEICX KD T2,

(B) EpiSC. MEF & X ' Z 416 Ol TR & 41 2 8 {5123, SRR 0@ RS R

#F§> ESC. EpiSC. MEF oiEtEX 26 B N3 FH L~ (FPKM) %/~3 5

OF, A RESCICHIFZHBL i, X1 ARKDORBHL ~VICHHEL =, p

fii, Wilcoxon 1€ (paired, two-sided),

(C) /Mt X 2 ESC IcB1) 3 CGI # F A {LBRE (Gendrel et al, 2012) & EpiSC

B XU MEF i B 2B o FEOE, 2 F Ao E Y CGLLf: D EL T

DEGE BT OFERL & DICRT, CGl DX FMLEIELR D2 S 186 BT D

t. Gendrel 5 (2012) BEFRT 2L AD27 T2 A+B (n=120) L U277 % C
(n=66) IK&TN2EML T2 %L fast-methylating CGI F X ¥ slow-

methylating CGI DafFIc w2 dh b, Pl. » 4 ZFHRE,

(D) Smchd1Mpvmp1 NIEF <0 A & vTwv» 3 139 fHl0Em T IiconwT, Bl

L Smchd1Mpimpi & EpiSC ¥ X X MEF iIC 513 3 %Xi 0TI X ViR L 72,

(B) B4 55 X O Smehd 1MPvMD1 ¢ EpiSC & MEF 2 L2 N \»C, T alRE R X

PR T 2 NZ DO %Xl ZBInFORRER EOMEICHGEI - TRLEe— vy

7, Class 3% X HEHEE T2 (A) OXVYHTRTAHT ) —DnFRICET % 2

ERVETOEICHIGEETRL T,
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2-3. EpiSC it BT hEREB AR Eh 37 ESE X gl LD H3K27me3 &
H2AK119ub I3FFAER X Y b SmchdMPvMDI G J Y BRI b

PR %2%2Z <, B EpiSC B 3 REE X Dz vy o474 v 7 kg%
MR L, A AD= 7 ZADMEMIATIE. A X I H3K27me3 +
H2AK119ub 7z & Ol e 2 + VEHiAEFML T3 2 e AR b, Zhbi3H%
DIEETICR 2 ik % W 72 S aOt R e R B It T2 2 L 28 C& 3 (Fang et al,
2004; Plath et al, 2003; Silva et al, 2003; Erhardt et al, 2003; Napoles et al, 2004),
b ) —oofifil|floe X+ VEHiTH S H3KIme3 ICDWTIk, b M2 I LT3
P AN X Bic 2 09 & % 28 (Chadwick & Willard, 2004; Chaumeil
et al, 2011; Rens et al, 2010; Zakharova et al, 2011; Nozawa et al, 2013), ~7 AT
RO i d Rt Z2fToTH 2D X ) mEMIIBE I 7z (Sado & Sakaguchi,
2013; Chaumeil et al, 2011), #E®ic. H3K27me3 & H2AK119ub i hd 2 Hifk % H
W, BRI Smehd1MPiMDI ¢y EpiSC CHIERTEIT o 72, % DOFEHE., BAER 2T
T7x { SmchdMPMD1 & EpiSC TH ., MfEMilIAN CIHEE 2> 7 F & LT 1 T
Hiro CTHEBLTEY, ZEA EpiSC T 2 b DRI AEEX CERL T3
EAREE N (K 11A), ZRA EpiSC Tid. Zh b DB H 2307 b 78 < #
BIN-DT, B4R EpiSC & ZAEA EpiSC DT, 2 b DEffio s 7/ F Al %
g L7z, %2 ofE%., H3K27Tme3 & H2AK119ub D HJEHREE X, Wi d BpAER
EpiSC & W 3 ZERMO T CHEICH W I EBHL 2 ICR o7 (K 11B), RO B
RHAMEF Thiti Tk b, it Smchdovmpr b BTl o MEF O KT b
FffcH o7z (K 11A. B), L22L. b oEffiofiigefkicsiisL ity
ARvTay T4 v THRHRDL L, SmchdMpvmpr L BRI EpiSC OffiTh. 24
Znxticd 2 MEF o< RfRETH -7z (K 11C), SmcHD1 KIBIC X 285 1%

H~ofErE 2z 5L, Z8A EpiSC & MEF ICB1F 3 > 7 F AR 0RINIE—RF
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JELTWE R, Zhid7o=F v XiEom i 0L RN TH 2 WML 5

(EHx2ZMH),
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A

X 11 Bp4R & Smchd1MPvMD1 9> EpiSC & MEF ic¥51F % & X + V&£

EpiSCs

MEFs

Smchd1¥e"P1  Smchd1**

Smchd1¥0"Mbt  Smchd1+*

H3K27me3 H2AK119ub

. |
.
s 3

n
2

C

H3K27me3

2e-14

N
o

Fluorescence Intensity [A.U.]
o o 8
ll!l... .

N ~

[9)] (9)]
w
(=)

EpiSCs
Fluorescence Intensity [A.U.]
o bl
o o

++ MD1/MD1

N
o

-

o
)
<]

&)
N
o

F

MEFs
Fluorescence Intensity [A.U.]
>
Fluorescence Intensity [A.U.]
o
=)

o

H2AK119ub

3.6e-08

++
Genotype

MD1/MD1

6.5e-16

;

lh h TR R 7Y

+/+ MD1/MD1
Genotype

EpiSCs MEFs

ol
o 1M0“M
ond

d1*/.¢ d1MD17MD;1
gmgme® gmdgm
S e |3K27me3

0.96 1.19 (Relative to Smchd1**)

P SR H2AK119ub

0.83 0.97 (Relative to Smchd1**)

+/+
Genotype

MD1/MD1

(A) B4R & Smehd1MpiD1 ¢ EpiSC ¢ MEF i2 ¥ 1) % H3K27me3 ¢ H2AK119ub
D RIEE G, MEMNILEE RIS S IR X ICEBL Tz, A7 —oN—
1310 um Z 7”9,
(B) H3K27me3 & H2AK119ub ix]3 2 G R e o S L2 X o v 7'
WERE % 2 EnBAER () & Smchd1Mpimpr (FR) @ EpiSC ¥ X X MEF Tlt
L7, pfEIX Wilcoxon DIEFMHIFEEIC X kD72, BALL BoMEIZZNnE
EHREER RS, T T — N — IR AR T,
C) vzAXvyTuy T4 v icks, BEME SmchdMP1Mp1 O EpiSC & MEF I
F1F %5 H3K27me3 & H2AK119ub Dffild A coOFREI L ~ v otk FAEMICH T 2
WX R % SmchdIMPIMDI DXy FOTICFE L7z, &L — v iCid 20 ug O iR
L7,
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¥ 72, H3K9me3 I DWW TH H3K2Tme3 & flAH b ERktatiTo 72, BEMNE
X O SmchdiMpvmpi ¢ EpiSC T, H3K27me3 1239 2 Hiik Tt & 3 RifE X
25, H3K9me3 1[0 I 2 fifkTldiz e A M I Nad o7 (¥ 12A), T4l Xist
O RNA ##H9 %2 RNA-FISH & H3K9me3 icxf$ 2 e ta 2 fFH L <RI X %
AL L 2 A cb Fkch o 72 (K 12B). b OfER 2 5. MEF Ak EpiSC T
I¥ H3K9me3 12313 2 Hifk & v 7o ol e gt cldAEE X 2 c & o2 & 28
bhrotz, EIEGF N LT, EpiSC Ik 17 % H3K9me3 DR I1Z SmcHD1 RIEDH
HIChhbbT . MEF L IZRRIBMNGME RS &v3bir o7z, MEF Tk, §iffk
L X o T I N2 RIEH Y 7 s, W Dol 7 v Etv v X —%BR L,
BOWERICHA LT3 DIk L, EpiSC 2B 2 & 7" F A 3 00 ER ic /04 L <
w7z (¥ 12C. D. E), MEF & EpiSC IC31F 2 H3K9me3 DX © 22K 75 &
wWEERMTEE®IC, K7 IFD~—H—TH% Lamin Bl tHlaEDET
H3K9me3 D fufEfeta #1757z (X 12C, E), N THIfi% 2 2 H3K9me3 D2 H
JETF 5 Bl C Lamin Bl 08¢ L #7x 5 H3K9me3 O #EDEIG 2 HIE L
7= (M 12D), % D#EHE, BEiEFHICH b 53, EpiSC Tlx MEF I b~ H3K9me3
DRH PO FERICEB IR T3 Z E27R &, H3K9me3 ICEL~7T 1727 1

~F v OMWHA, EpiSC & MEF 7z & D 43{b L 7-ifliidlil < % 70 5 nIRETE 2RIk & v 7e,
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H3K9me3 H3K27me3 DAPI K9/K27 Xist DAPI K9/ Xist
&
3
8
9
§
S = —
Q
% i3
S
‘EJ ' <&
%
LaminB1 H3K9me3
$ ] 2 o
3 I H 75 00032
5 & 48, S £ z 0.031
8 ? 8 : merge .“g’ ! !
Q5 ‘o = —
i g ( S g { E 850 9.1e-09
3 © ok &
g 5 53
£ £ 3 H
@ S %2 -
Rg5 * 0.965
L 2 LI - A
2 § & $ H
o g o E o T ol stlis
& o g e
5 o © X ©
= g = E @\0\@ \t\g'\\‘l\
& 5 EpiSCs MEFs

X 12 B4R L Smchd1MPvmD1 ¢ EpiSC & MEF i< #1F 3 H3K9me3 DA Hi
(A) BpAERL L Smcehd1Mpimp1 @ EpiSC I F1) % H3K9me3 (v ¥ %) & H3K27me3

AT == 13 10 um 2T,
(B) B4R & SmchdIMPD1 > EpiSC Ic 513 % H3K9med (=4 %) » Xist RNA

DIEH) e AT —AN—|F 10 um Z7R T,

(C) BRI L Smchd1Mpimpl @ EpiSC ¢ MEF 12¥1F % H3K9me3 (¥ %) &
LaminB1 (f%) ofu&aeiets, SEIFILES 1 FIHOEKR, 7 —o3—i% 10 um
T NI

(D) H3K9me3 ¢ LaminB1 OG5 DR E D EBTHEDOH], HifRZ & i H3K9me3 &
LaminBl ORfi% Z W ZNFHTHEL, AL vy T 474 L7,

(E) B4R (%) & SmchdiMpimpr (5%) @ EpiSC & MEF 0 &% ofZic kTt
N34 H3K9me3 ® 9 B, LaminBl T~— 727 SN 3KERE (%7 2 F) KRET
% H3K9me3 D&% Fy b7 my Mk hiRL7z, BALE BoEIZZNZE T
EHREER RS, T T — N — IR AR T, p fHIT Tukey BUEIC X Y Ko 7=,
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2-4. Lrif1 % EpiSC O R EMEX REEICERE LS. SmcHD1 RET Tld~7usu<
F v & oHAEERAREDbN S

L L7z 2 2 Dfifidic BT, SmcHD1 & 2 DM EEAKNT<TH % Lrifl (e b
HBiX1 D~V XA —yr7) (&b ICAEEXICERL, 7 v~F v Ol z (eiE S
% Z LRI N T\ % (Nozawa et al, 2013; Brideau et al, 2015), TiLH DX Vo3
BExnZhon 3 25k % vz g cld, A 20 MEF OAREE X ECive e
FFABBH I (K 18A, 13B. 14A. 14B), Lrifl (X MEF ickWwCT 2/ rEtR YV
2 — % T % DAPl BEDEW~T 10 7 u~F VAEIC S HEL TWi228 (75.0%).
SmcHD1 237 vt v X2 — RN I N MO FIEIE Leifl iIchk~2 &D%h o7
(34.7%) (I 13A. 14A), % Z°C. SmcHD1 & Lrifl 28 EpiSC i H T, AiEME X
CRTET 2 0N 5 72010, ZNZnohifk s H3K2Tme3 IC0 3 2 Yifk 2 A G b
THRIERE%EIT > 72, SmcHD1 Dty 7 Faid, AR O EpiSC Tl FAE
H3K27me3 T~ — 7 N5 MG X LIZIFEAR > Tzt (K 183A, 13B). Lrifl ©
O F NI RENEX 2 E T H3K2Tme3 F A 4 YORL N 0c LR e s -
7= (X 14A. 14B), % 2T, Lrifl 2 H3K27me3 F X 4 v iZ 5% 2 E|& % EpiSC &
MEF Ct#d % &, miFoRIcKEmE AR s (K 14C), 72, SmcHD1 23
H3K27me3 F X 4 vici® 2 E|& 2 FRICHKT 2 & MEF X9 & EpiSC O 7543b
THrEwZ L bbhroz (X 13C), 2D X Hic, H3K2Tme3 IC X > CHEE S
AEME X 1231 5 Lrifl & SmcHD1 OFTELD EpiSC & MEF TH4 5 Z b, Zh
b OMRIFEDOR TIEAEY X 0/7a~vF  REBSRR D Z L3R Ihnd, $7-, M
R Z i, BMNTHIE DRTER /R LTz Lrifl 5 SmchdiMPvpi ¢ EpiSC &
MEF <Tli, I a7 (K 14A, 14B), LA» L, VZRZ VTR YT 4V
2" Ci3, EpiSC. MEF ® Witk T b AR L Smehd M0l o [ CRIFEE D £

VRIZEPMHEEINDE DD, Lrifl ORFEDHKIZZOHKIETICL 2 H D TlEk
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weEz2oh (K14D), 2o DR IZ. Lrifl DfE7ED SmcHD1 IT/KTEL TWw 3
TEERBLTWS, LAl B4R EpiSC TiF SmcHD1 25K iEH: X ICB/TE

LTW3IiZh b b3, Lrifl IAEE X ECRENRFEZRTOATH 3 HH
X, HED L ZARHTH 5,
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X 13 B4R & Smchd1MpyMDI O EpiSC & MEF i 813 3 SmcHD1 DFTE

(A) B4R EpiSC & MEF IZ¥1) % H3K27me3 (£ ¥ %) & SmcHD1 (i) o
PEHOE th, BE(IIES 1 FHOER, UM TH - 72 %3B) TR L7z, A7 —
N—3 10 pm EZRT,

B) BpER L Smehd1Mp1mD1 & EpiSC & MEF iIC51) 3 H3K27me3 (wX v &) &

ZIRT,

(C) B4R o EpiSC & MEF I\ T, iftk X #7893 H3K27Tme3 D ERE 3 2 fElIC
SmcHD1 OB HD 28 G2 2N ETNOKT LIT/RL, KL Fy 7w v b,
AL RoHBITEnEN e h iz R, =7 —N—3FHERELZRT, p fE
1% Wilcoxon DEFAIRREIC & Y Ked 7,
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X 14 AR L Smchd1MpumMD1 O EpiSC & MEF I 81 3 Lrifl DR/

(A) B4R Smehd1MpiMDI O EpiSC ¢ MEF iK1 % H3K2Tme3 (vt v %) &
Lrifl (k%) ofEdoiit, FREIGAER 1 PO, UM O R IZB) T2
ZRL7ze AT —=No8—1F 10 um 2R T,

(B) BRI L Smcehd1MPiMD1 @ EpiSC & MEF i) % H3K27Tme3 (vt¥ v %) &
Lrifl (f%) ofEdtdit, FELENS 1 FROEE, 27— N—1F 10 um Z/R
ER

(C)¥r4H1 o EpiSC & MEF I\ T, NEM X 283 H3K2Tme3 23583 % fHisIC
Lrifl BP0 28 EEZ ZNT RO EIRL, BLZFy b7 ey b, Bl
LRoBEEBEIEN TN L REZ RS, 7 — = IFEERELZIR T, p HIZ
Wilcoxon D JEMFIRE IC X Y K 7=,

(D) B4 & Smchd1Mpvmpi @ EpiSC ¢ MEF 12513 % Lrifl @ & v 5 78 &% ik
L7z T RAZXv7uay b,
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2-5. FERIMEF i \» T H3K27me3 #3{&\> SmcHD 1 k77 7z X BB {R T 13 EpiSC
Tl H3K27Tme3 ZER/ L T 3

AL LART. Smehd1MpMp1 > E13.5 Da{F-72> H A% L 72 MEF THUMHl = h 2 i
X EDEIRT X H3K2Tme3 DR HEIMEK (. 2 D% < 2SR o B L TR ©
H3K27Tme3 O LB HNINRWBIEFRHICE TN S Z & %R L 7z (Sakakibara et al,
2018), Z DHIRIZ. Smchd1MPMp1 JEG %, SmcHD1 FE LR \W7201C, Zhbd
D X EH#HBEE T2 H3K2Tme3 ZHER{TE oW, D20 EKRKRICERL %
H3K27me3 ZMifi &3, RMEICHIH INATLEI L 2RBRLTNS, b
DHREM Z ST T 2720 1c, HRBREOZ Y7 T 2+ OIREER K L, IR 2> & 4F
IRFPA~OEEIA D 7 v = F VIRRETH 5 &£ & 2 b D SmchdMPYMPI EpiSC % H
T. H3K2Tme3 DEMINEX T <7, H3K2Tme3 <X T 25k xH /s m~F v
GIEURE (ChIP) ke CERE PCR (qPCR) %1T\>., SmchdiMPmpi NIEF T3
XN T2 b DD Smehd1MPMP1 EpiSC TIRIIFHI N T w3 2 20 X HiH#EE
. Hprtt Rlim DB HEICE T 5 H3K2Tme3 DEMEH~7-, ZOHEHR, 2hbd
DEETFED Smehd1MPvmp1 EpiSC 12 3 1F 32 H3K27me3 DAY 72 8ERE DT 13,
BRI L FERRE D, HEVniEbTFricEn epnnadns (M 15), SmchdiMprmpi
MEF »6## L7227 v~F v Z M CHED ChIP-qPCR %1795 &. SmchdIMPIMDI
MEF <84 M MEF X 0 3 H3K27Tme3 D ERBORE MK <, Sakakibara et al
(2018)23%5 L 7z ChIP-seq & FJE L W iERBGE O N, COFRIZ. hbd 20
O X B G TR, EHRE DR OERE T XCI DT IC v H3K2Tme3 % #1532
bDD, SmcHD1 2378\ & Z DREEHMFFTE I, CHOTHIMHI T B & v 5 ATEEN:

ZIREL T3,

48



15 0.49

o]

510 e ° <°
w [= % Q
O £ ° £
n S ® ° 54
uo_,- X 5 B3
2
0
+/+ MD1/MD1
Rlim
5 0.0076
H
4 1.5
e -
(7] g 3 a
u £ £1.0
w e =
S 5}
= = 2 <
0.5
1
L _ ]
0 0
++ MD1/MD1
Rlim

0.046

+/+ MD1/MD1

Hprt
0.0046

++ MD1/MD1
Hprt

X 15 Rlim ¢ HprtBETFEEIC BT % H3K27me3 DEMEORE

H3K27me3 1253 2 §iifk % 72 ChIP & Z1ic#i{ qPCR #1T\>, Rlim & Hprti&
fmFHEIC BT 5 H3K27Tme3 DM OFEE %, EpiSC & MEF IZ DWW T Z N2 nEpAER
& Smchd1MpMDI DR CHEL L 72, p fEIZ Welch ® t HEEIC X b ked 7=,
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2-6. SmcHD1 KR8 EpiSC ic 3\ TAEH: X _ED H3K9me3 DEBED KIELHKL %
B

SmcHD1 D X4E2% EpiSC ° MEF DA X DL vy = 47 4 v ZHliHIC 5 2 % 5
Hr X HICHHND7290I1c, H3K2Tme3 & H3K9me3 DY iR LD 4% 7 L VRRET
ChIP-seq Til7-, B4R D EpiSC & MEF TidWwinicks\ »Td, H3K27Tme3 I
EME X RT3 e A ETFEL b o 7208, ANENE X Tl R eic bz o T L.

LTFEEOEVWHER L — T 2T 2007 vy 7 %KL Tz (K 16),

fmf

—7%. H3K9me3 i 2T, EpiSC Tix H3K27me3 [FlkE. i X EiCiz b A LTFE
TEL 7D o 7225, MEF TIZiEthE X Eo—oREN aEic G E T o, Z L
T, gl MEF T3 EpiSC T NGk X i H3K9me3 D & 7> 7 A& 1372
DHNED oI b 5T, ChlP-seq TIRFARMD MEF O fAiEM: X I
H3K9me3 23T 2, W 220 A T r vy 7 3B I Nz, T IEAEE X L
I H3K9me3 DEBEBRD b5 Z & %8 L7z Keniry 5 D LIHT O (Keniry et al,
2016)I1C % % ChIP-seq DR &L FE L R WAER L E 2 5, B4R EpiSC T b Rk DA
BafEshnz (K 16A, B)e 2 H D H3K9me3 7 v v 73, fiEM X ET
H3K2Tme3 ® 7 v vy 7 L THICELZ Y Go T aHEIEIH L DD, A
H3K27me3 O EE MK D DFEIKIC 046 L T 72, Smehd 1MPYMDI EpiSC D AiETE X I
F1F % H3K27Tme3 D3Afild. —H T2 L AR LFEZICAZE DD, EEEITIE,
16A @ Overlay ® F 7 v ZICREND X 9 ICZ DOARTEIKIZ S 2 RREILA - Tz,

kDM I MEF Tb R o7, &b EIRE D F, G X Eo H3K9me3 D&
A SmehdMpvmp1 EpiSC Tlk, FHLKHEOR L, IERICIREMICR o T2 T &5
7o % 2T, BEAIY Smchd1MPMpi @ EpiSC & MEF @ 2 hZF o RiEME X EC
H3K9me3 & H3K27me3 2R T 2 fEIBOE &2 ERE L7 (K 17A), X 17A IT/RT

X 5ic, BEM EpiSC OREMEX LTk, 26.7% & 17.4%DFEI2 2 L F 1L H3K9me3
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¢ H3K2Tme3 DA THD L, KD DRKPICH 7 5 55.6% DI TIEM & R + v & ffi
DEMAERD b, L L. SmehdiMPvpl EpiSC Tlt, AR EpiSC s »T
H3K9me3 O AT H® b T 725D 1/3 23 H3K2Tme3 ICE b 57210 T <,
Y D 2/3 OFFHIFICH H3K27Tme3d 23A43 ) H3K9med & & HICEEL Tz, 5
2, B4R EpiSC T, H3K27me3 & H3K9me3 28 & b ICER L T 2 5k (55.6%)
DRIy 25, SmehdMPpr EpiSC T 13 H3K9me3 D o fiz kv, b o 1E 5
H3K27Tme3 DA TEHD HLNE XS5k o>7-, AWM & Smehd1MPmo: DHIRIIC BT %
H3K27me3 & H3K9me3 D EM O 2 M E X Rk ichb 72 Y 50kb lRT~7T
7 AR L 72K 17B O8AX % R 5 & SmchdMpvmdr EpiSC I 35 T 1
H3K27me3 DEMAHENT 2 —757 T, H3K9me3 D ERIFAEIFHICH 72 > THE L T
WBZLDBHLATH S, TORIIT. BEA MEF THOEARWICFRILTH o7, %
oo REME X & & b ICiEME X EHBREKICOWTH ZREFND E R b VEHiN LD
H &% EpiSC & MEF TH# T2 & (K 17C). H3K9me3 IZ2W\WTld, A% EpiSC
¢ MEF TZNZNHEMORNTEEX D 45D 1L 2550 1icild L, it X & HYg
Rk LicowTd MEF TREFERICHSRDT 2 TIEH 203000 » il @i n
72o —7. H3K27Tme3 23 i 2 E|&IconCld, Mm@ cZ B Mo NG X ok
WTDARMAL Tz, MEF TiZ EpiSC It~ T H3K9me3 DiEKIZZNIT LK Z
{27228, ZNTHAMEMEX ED H3K2Tme3 DM L LR % > Tw7z (K 17A,
B, O)s N5 DNt 5. SmchdIMPympl EpiSC X 8 MEF <Tli. RiEtk: X kT
H3K9me3 285 ® 2 E & 23084 L, H3K27me3 & O BEHECIGESEEI N T B 2 &
PO LR o7z, T HIC, ZBH EpiSC Tlt, il X 2k T H3K9me3 D ERE DS
AR L LTl b B IE. iEE X 2B »Tdh H3KIme3 DEBR DT ICilD S
N ENEL Tz (K 17D), BEERZEWZ &I, MEF O X &iEE X 2 /R

% L. SmcHD1 RIEOH = TIFEFARICH X H3K9me3 DEROIRE IZ{E WL DD,
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H3K9me3 D434 3 2w I2IZIEFR L TH - 72, £ L T, EpiSC & MEF # Li#kd %
&, FAEMOERTHIEE X LT H3K9me3 DR & Z DFEIKDILRBBIZ I W5 C
L5, H3K9med 71 v 7 OJERUIIELE, NiEEZHbT X Rtk z Db D DHEE
CHER5 2 2000 L\, 72, EpiSC Otk X ¢ H3K9me3 D20 5
N BT, TEE X ERIEE X DL FRICE LT b EFIC H3K9mes 28 &R 2 167
T, NEEX TIEZ 2205 X 51C H3K9me3 DFBMIERA L TRKE 71y 7 2K
LCWw300b Lk, SmchdiMvmpi MEF Cid, H3K9me3 ® 7'v v 7 (3B L
TIRWEH0D, FiEEX EiCEREATIWw3E 225, SmcHD1 ORIEALT L
b H3K9me3 DS LIEKZENE D TIIAWVWI L BbA2 5, %72, SmcHD1 K48
EpiSC & MEF i #1F % H3K9me3 DEMDE T I, Nifitk X 13 LPHE TR VD D
DEGFEMAEHTOBEINLZ L2 MNEE X KRo72b DTl w) mbE
HTH2 (K 17B, E; M 18), b DFiHIE. SmcHD1 ORERETE L2 HH < b BHE

RSB ANETE X 12T 5 H3K9me3 D KIEAHRTH 2 Z L 2R LT 5,
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X 16 B4R & SmchdiMpimD: ¢ EpiSC ¢ MEF i 1} 3 H3K27me3 & H3K9me3
OREET 4 VT

(A) ChIP-seq IC & o THL AT L 7z, ¥4I X O Smehd 1MPvMD1 EpiSC & MEF I
B 240N X Lo H3K9me3 F X F H3K27me3 O 43ffi, 2D b A b /E&H
DEERMEF OF ) L2ROFE %2 2 5 VAl % 2 TR 7B ORE 2, EHL
721> 150kb € 2 & @ log2 (ChIP/Input) & LT, Bidiil & 1 2 @5 oGtk Lo
MiEELEDITRT, ZTNZETND LT v 7D EITREINZAKMIZ. EDD (enriched
domain detector) FAA V%KL, 7/ LEEDOFE L 0 b &\ iEiE L /- a3
fRICi > T E OREEBICIE A > TV B ER LTS, F—"—L 4T, B4k
B Q&) & Smehd1MpvmMpr () OIREIC 31T % 2 L2 &R D 534 D
WE L, L —id= vy vy SR B I,

(B) ChIP-seq i X WS 22 L7z, WA I X O Smehd 1MP1MDI EpiSC & MEF D
P X o H3K9me3 ¥ & OF H3K27me3 D434,
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M 17 BAER L Smehd1MPrMD1 ) EpiSC & MEF i 1) 3 H3K27me3 & H3K9me3 ®
5375 D E BHIEHT

(A) EpiSC (F) & MEF (F) 2nFhicknwT, K 16A /RS EDD F 2 4 v %F|H
LT, AiftEX F©H3K9me3, H3K27me3 23§ % 72 (3EHEE L CHfi+ 2 fEZ N Z
NOENG 2B ER L SmehdIMPMDI O RS C L L 72 &I,

(B) EpiSC () & MEF (F) kv, FAEM L SmehdMPVMDI Z 0 ZE DO ATEME X
ICH1F %5 H3K2Tme3 (/£) & H3K9me3 (i) DiRMfEDOREEL 50kb T ik, <7
7 A RICHHER L 72 B

(C) EpiSC & MEF ic 35\ » T, H3K9me3 & H3K27me3 ® EDD F X 4 ¥ 25, AuhHE X,
WX B X OE RO R o 2 BIG ZBERL L SmehdIMPYMDI DS TIHER L 72,
~ vV IHRER T ) MEBRO AR EE L 72,

D) B4R L B D EpiSC F X " MEF Z h Zhoiftk X (F) &Rt X () o
H3K9me3 O + 7 v 7 # kD - EHa A DE 72,

(E) EpiSC (k) & MEF () isW»wT, BAR L SmchdMPVMDI Z L Z L D F Gtk
fRicH 1) % H3K27me3 (f£) & H3K9me3 (fi) DiEfiOMRE% 50kb I & Tk,
XT T A R L 7 i
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2-7. SmcHD1 ORIBIC & 2 FiEHE X o H3K27me3 ~DFE

SmcHD1 X+ €A D MEF O EM: X il & 1 2 #5112, H3K27me3
DERBHPMENC L HFHIE T 52, ZNIEZ D% DH HIK2Tme3 2B TE 572D
. ZE b FAEPWNIC#ES L 72 H3K2Tme3 22 ICEbNIZ DD I AP TH 572, &
nicowT, XYVESCHEST 3 20ic, 2R MEF TS < 2851 HEO
H3K27me3 DHEEDOREE % MEF & EpiSC THEIL 72, X 19A 13, B4R & A EA
® EpiSC # X U MEF O A X icks\»wT, BAasnT =) —icgd 2R EWLERE
THED H3K2Tme3 & H3K9me3 OB ED L H L > TWEhERLEDDTH
%, Atrx % Rlim 73 ¥ O@E 113, 2R MEF O ARG X ©ld H3K27me3 D HE 1
BT S T v B ekt L, Z2EM EpiSC O AENE X Tl H3K27me3 D EME 1T
My BHRDBIH Tz (%Xi<10%), Ogt D X 5 ICZ M EpiSC T3 MEF T
HIF E T VAR WELRTICOWT I H3K27me3 DEBORE MK | Fadedel D X
3T TR EITHIH X LT BB 12Tt H3K27me3 DER DOFEE 255 2> o
Teo Tz, PEWEX ECRIING Xist b XCIZRNE WL DOPDIT AT - —0Di&E
5+ JETIZ. EpiSC. MEF o wdF it wTb, BpAER LB ;5T
H3K27me3 O EMORRE I{K2 > /2o —Ji. EpiSC D Atrx-° Rlim, EpiSCs ¥ MEF
D Fndedel 72 ¥ OB TICOWTIE, H3K9me3 DM EEOHEEIX, £47 L DB DR
LML T otz, KII9BOKRY 7 27 vy MRT & 91, SmcHD1 K18
DT MEF ToOABH E g 7 v — 70 ET (X 10A 3 X 0 19B Tl THE
B 1F. EpiSCICH W TId H3K2Tme3 DEM AR . Z DFEE X, EpiSC & MEF
Wi cHfl Nz FoEETF (K 19B OHDELTR) LRETH -7, AR
MEF iZ BTl T 3 2 b D1k, XCI oW TcH AL vy v 7ok
»IC H3K27Tme3 % (%3 % 23, SmcHD1 KB Tix Z 0 O F A BRS¢ H3K27me3

ERIBMODEBLT T, 2D L) MO TEM: X I3RS L 72 H3K27me3 Zififf 32 DI
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VERrsu-F U REEZHBRECE LW DL EZONS, —J7. H3K9me3 DEHFD
BE L TolfloMic i, AEAMHBIEA R 2572 (’ 19C), SmcHD1 ©
KABHAENE X o H3K9me3 Dl 532875 2 &L & 2 % & H3K9me3 O
MRS RN IC H3K27me3 DY) 7 6 /8 & MEFF #4870 v RASIVIC WV o 72 AT AT

fba i/ X#HBHERFORIH 2 5 2 T o Tldhwd L\ I N2,

59



Jpx
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s §rcplEs ez lieslfe D D
. 2 . g @ d d o o @ @ d dq © & o 4
n SEY¥325Y¢3 n SEY325E3 hBGUEEELE TR UEGUEEGULE
Sichdiy” - Smchdties! ST f” S ftert Smohd1™  Smchdtron Smohd1  Smehd1

X 19 B L T\ 2 BT EEIC B 5 H3K27Tme3 ¥ X U H3K9me3 DB OREE
(A) B4R & Smehd1Mp1MD1 @ EpiSC F X ' MEF O ARGt X icsnw<, BAash T
) -0 b REMNREBELTEEZER, 5kb O v I &tk 7z H3K27Tmed &
H3K9me3 D 534i, Rlim & Atrxix. SmcHD1 FEGFTLE T @ EpiSC TlIif| T\ 3
23 MEF T3l  h 2 BIm1IcE 3 %, Ogt i3 EpiSC & MEF 3 o2 Ziffifia
T BIHEI X . Fndeel 1T TFRICHENTHLEICHHI LT 3 EEF. Xist &
px TV TFROERMICE LT XCI 2 3BT ICET %,

(B) MEF # X O EpiSC ic B\W\C., Biilflotkie (MEF #5219, EpiSC HEMy. M7
T, W CHEEHD 16 U T 10A THHEL 72K 2 — 7 OBIE T OB IR T AME
D H3K27Tme3 DREMORE Z R THOTH, £Fy 7 20k, K 10A IR L7EN
YHICBT 2KV —T D e —HF %, pfl. Wilcoxon #iE (paired, one-sided),
n.s. : p>0.05,

(C) MEF ¥ X O* EpiSC i BT, B0k (MEF #5819, EpiSC HEM)., Wiy
T, W BN G U T 10A THEL 2K 2N — 7 O#IE T DB AR
D H3K9me3 ORMDOREZ R ITHOTH, &Ry 7 20 EIE, K 10A IR LAY
Micks 3287 v—70me —8T 5, pfi. V412327V VIRE (paired, one-
sided).
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BIE EE

A Z D=7 A TIE, MBFEEBRICEWTAEE L E Nz X Ptafk o E iR ic
SmcHD1 "EELZEHZH->TWE I L2, W OO ELLRBINT WS,

SmcHD1 237 \Wé, A AR IHICEBIt & 72 5 23, ZDFEKRDO D7 &b —

ENP

Wiz, BAEYHICREEL T v/ X ESEEE T OBIHIC X 2 o BETH 2,
L2>L. SmcHD1 ZKIAL 724 A DR S EEHHE =2 C57TBL/6 D~ 7 A T JE 2
BOLL 7% Z &6 (Leong et al, 2013), SmcHD1 (Mt & ICRE L 7281 il
FHCARRT, ARFZDY AT L% XCI OFFICHFIALTwE e EZ LN,
T A DLHTOWME A 5. SmcHD1 3 AETE(L & M7z X#HBHEIR - D %E 2 I 23
BRIV AT 4y ZIREOHELICEG L CTwd R RBINT W2, SmcHD1
DRIEHEFREBEOL R P VMO X4 F I 7 RCED LI RFEER 5 2 52 13 KH
THotzo 2T, SmcHD1 2°AEE X DT vy 2 27 4 v 7 REDHE ICFF 5§
ZAN R LEERT 27201, XCI BT TIchliishTwsbod, MEF TR
X0 RERITHLZREICEE>TuhnweEZ LN ERED ML T
I 2 b h L. &N 3 EpiSC % flv:7z, EpiSC & MEF ORTH &N 7 Lrifl R
% X ~DF7E° H3K9me3 DIZWNI AR DS IE, EpiSC @ 7 v~ F VIREER KM 72
M L L7z MifaD 7 o< F VIREE~DB@BEICH 2 L I FEZZXFFT 2H D
TH 5,

B4R L Smehd IMPvMDI EpiSC @ 7 L AFEERRE] RNA-seq IZ X Y. SmchdIMpvmpi
EpiSC Tl A iftE X E o XG#EFHEER T OREAIHI ., BIEL T0 3 D D 13H 20%
KB X o722 L6, Smchd1MPvMDI EpiSC D AENE X Tl LT D KE I 235K
HTHH ENT VB 2 B9 o7z, Thix. SmchdiMPvMPIMEF CAE M X #EH

BEFOERLEBBIH AT 20 LN TH 5, £7-. EpiSC THlfla T
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VW5 HDIZDWTIE H3K2Tmed DERAFED b2 DICK L, SmchdiMpvmv: MEF
TlX. 2o DEETFO—HABIH T, 7 22Kk0 P X ) & H3K2Tme3 D5
BAMET LTz, EpiSC 2BRBOTE 7 IR MIH T2 24T 4 v 7k
BELOREHRELTWIOPIC20TIE, I LARIMEDSLETH B2, SRIOHH
B, SmchdMPMDI RO FEABFRIC BT 5 T v 7 7 X b oMl Tk LFER O
A ESC [FlEE(Colognori et al, 2020). Xist RNA IC X o> CTE bz X ik E &R
TRIAREHAL X, H3K2Tme3 #1539 225, 2 otk BUREAIC H3K2Tme3 % K\»
Bl s 2 vlREME 2 R L T\ %, X BelafRk o RNIGTERIE 2 ZEN IR 3 5 720
ik, Il & 7B TR IC H3K2Tme3 03 ERE L 72 IRBEA MERF 9 2 C L NEETH
LREbNE, L2LAa2b, NiftE X 28277 X+ RYIOMIIEIC B\ CRIE ICHER
X% EED X{ER ot #%# 2 % & (Kalantry and Magnuson, 2006). H3K27me3
DK T 23 SmcHD1 K MEF (1< 51 2 X#ESHER T O BiHl oMfE— D JHR & v 5
L TERIZITHD, LHTOWEICDH H2 X 51, DNA A F4{ts SmcHD1 %
L7z XCI OffEFFICEG LT3 0RHLA2THE, TNETDOLE S, EpiSC #
MEF i 5T, SmcHD1 O KEA RGN X ICEME T 2 H2AK119ub I XD X ) A
R RITL T2 3 AHTH %28, SmcHD1 K MEF T3 H3K27me3 72 13 T 7z <
H2AK119ub $iHAL TW T, THHBNEEX ZALEIC L T3 A[REMEIEDH 5,
A & i L CBi% 5 SmcHD1 KA O REE X Ik 1T 2 & o & b BiE
ru~F v ORFEIZ, H3K9med OKBUERHATH o7, L L, ZhTHERR
EpiSC Tix. Al X LR o 75 it X % 111 52 H3K9me3 D EME D b
., Toic, WARICHNFEERL TEWEHD0D, WD22D H3KHIme3 7 v v 7
VR MEF THIER I Tz LIXFEHICEST 5, L7225 T, SmcHD1 KiH
fECiE, NG X~ H3K9me3 DEMEZ D b O L y)ICEME L 72 &85 b DIk

BB L SMAEbRTE LS, H3KImed O EFO UL C MG/ E AT < F 15>
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LWy lhord Lk, Lldvix, BAER EpiSC # MEF Tk, H3K9me3 ©
EROFEALT L D Z OB OBET O L HBE L 272, H3K9me3 DiHk
DAEHAL T e X GEBER T O BINHNICESR G L Tw s L idE 2 I v, ik
TICHEEN Xist TL % b oKD ESC O LiFER % W20 2 ofsEic
K oT, Xist 1T X 243, FEREIFHECBEINI v v - T nE— X —
IEIC BT 5 H3K27ac D7 2 F M LICIEE V. 2D PRCL I X 5 H2AK119ub
DR, LT PRC2 12X % H3K27me3 DEM EHE< T EARBIN T3 (Zylicz
et al, 2018; Nesterova et al, 2019), 7=, fti&Z LD X X ESC Tix, /7t 5 HEH %
TIZ H2AK119ub & H3K27Tme3 23 A iEME X Lo (3IEF UHIICER L. 2 0REEIX
Z DL MR & L3 23(Colognori et al, 2020). % i H D434 1B AER EpiSC & MEF
TR I N7 H3K2Tme3 D fi L GWHBIA R b s (M 21A), £z, A RD
ESC 04 tiEfic 5> T, SmcHD1 2 EE X ICJHTE LIaD 2 D13 7 HHAR TS 5
Z & (Gendrel et al, 2012; Sakata et al, 2017, X Z® MEF iZ 3> T SmcHD1 DA%
EX~DY 70—+ 7 H2AK119ub IfKFF L T3 Z & 23S ST\ % (Jansz et al,
2018b), TN L DHMAZME T 2L, HfLAioz v 77 X Flildic s »TliL,
H2AK119ub %/ L TAWEME X 1) 7 v — b &, EEL 72 SmcHD1 28, AiEMEX L
Y] 7 H3K9me3 7 v v 7 %5 C L IcEERKEH R L &b,
H3K27me3 & H3K9me3 ZNZND~T a7 u~F v 70y 7 OMELOMREICDEE
mEEIERZLCwdeExLbNE (M20), AiEMEX I HZK9me3 D 71 v 27 A3
B X5 Z & CH3K2Tme3 235 2 fi#23, Z LTk % 5 < 13 H2AK119ub 23 5 &
2L HIRE B bickh b2, 2@ H3K9me3 O 70y 7 DA ELRDLILS &
H3K27me3 D&k & L CORAi 2 ELIL. Smehd1MPvyD1 ¢ EpiSC & MEF IR 5115
XomEE L I3EAL 2 H3K2Tme3 O 70y 7 BRI N0 Litkv, b L,

H3K27me3 DHEFFICHHTX 32 PRC2 DB SN2 DTH L, XCI DHIHA I HIH]
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S N7 XHPHE{R T HBICER L 72 H3K27me3 23, PRC2 DA 258 W22\ 72 (T
—HEbh, FfofE e Kicz s 0BETFEIRINH S W2 2 LB EFE 2 b5,
H 5\t H3KIme3 DOaHk & Z ORICTEK E 117z H3K9me3 D 7' 1 v 7 3AEME X
DILRIEMEREL., FEFICHER~Trrn~F v 2 EL2HHEED H 5,
H3K9me3 2372\ & ANiEE X ASHEAMHE L 72 L2 0. 2ot il & Wiz FfE
DBIETHE~ H3K27Tme3 DIi X F AR DT 7 2 R % dF L, MAHIIC % DI %
B ord Litizvs, H3K2Tme3d & X O H2AK119ub 1253 2 Hiik % v 72 g sl
Pt |2 X 2R X v 7 FABREE L. SmcehdMPMDI ¢ EpiSC ¥ X U8 MEF T3 87
AR IR L CE LA I LT, S, BEMCIIANEE X Lo H3K27me3
Tay IHRRIZEAIERL TS EHRERLD L, H250»ik, ZERACE
AiEE X O 7 u~<F vV OEMFOREIMEN 720, ZNZENOHURSENERIICT 7+

ALRITLK Ry, Y7 FAGRENRENL 2R ZEZ o5,

SmcHD1 €2V Tid, THETILZ v~F v DRG0 Gl Rz S5 E 2 R%
&N T\ % (Wang et al, 2018; Jansz et al, 2018a; Gdula et al, 2019), Wang & (2018)
I, LR Lo Ao 2 X ESC oGt X B3 2 Hi-C 7 — & O RS0
(PCA) ICX W EIE & 7z S1/S2 & MEF 5 2 v o¥— b XV M iE, PCA Tififk X IC[H
EEINBEABaY A=AV L3R AZDDT, ZN5I1E SmcHD1 237 u~F v %
PO 727z A CTRIEINCED LT 2200 REBRATNF AL v bRhbavy = XY
Mo T nANEE X KA OMEDIERE EoREZ KL 72 @ Tld 7z n
D FEZ Tz, T SmcHD1 K8 ESC 2 5 3538 L 72 Mk ATERAIAL (NPC) OAEH: X
25, BRI D NPC @ PCA THIE X415 REME X FFHED A A F XA v ofb Y Iic B
FTHav =XV RO ESC TRIEEIN/ZS1/S2 2 v X=X v b e XKL

Bl7=fEETH o7 2 LICHD T B (Wang et al, 2018), S1 I v o¥— b XAV 53,
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ESC 2> 540 b L 2z ikkfA (EB) 7217 T7 <. SmcHD1 % XEL 7= NPC 31k
MEF ic B Td, A X Eo H3K27me3 ¥ H2AK119ub D/ frifHik & &\ AHEE %
RTZ EITMA, PRCL 28406 X % S1/82 2 v X— b AV MICHEIT 5 2 L 2VR X
LT\ 5 (Wang et al, 2019, 2018; Gdula et al, 2019), X 21A H X UK 21BIC/RT X
S0, At CTH W B4R EpiSC X " MEF o AW X Lot an s
H3K27me3 3 X ' H3K9me3 7' 1 v 73, B4R EB OAEW X RicHi L7z S1 &
XUos2avos—trAviieznZhmeHlEZR L Twb, L7z28> T, H3K27me3
& %\ 3 H3K9me3 238§ 2 fHIRE O et A NAH AAE 23, PCAIC X 2 PC1 & LT
DSl BLUWS2 avo— AV OHBICES L CW2AREERE X bN 2,
SmcHD1 K NPC %#f\»7z Wang & (2018) DHIE % E x 5L, Fhh DR
EpiSC & X 'MEF I 3517 2 NiEHE X I REEXFFEN R A A P AL v EBRTE T,
TYN— P AV MULAEEELEXZ200ZYTHS S, Lo L, H3K2Tmed DILIE
£ H3K9me3 D%k, SmcHD1 K18 EpiSC % MEF i< ¥ 2 £iftk X Lo S1/82
AV SRR RV FOPIRICHEER G250 P RBEDE ZARHTH B, Lz
T, 5B OWETlE. Smchd1MPMpi EpiSC % MEF % fiv:7- Hi-C #2175 2 &
T, H3K9me3 78 S1/S2 2 v X—} X v F DK & Rifitk X @R 7 v~ F i
XS BboTwdh, ohsE@sREONE L EBbNnG, £, BER
F X 1 SmcHD1 K38 ESC f13k @ EB i BT, AiEM: X o H3K9me3 O E/E % 3
N3 EICk Y, H3K9me3 AAENE X OER 2 v F vihEIic S 2 38 FHEC©

gL bns,
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EpiSCs

This study

MEFs

H3K27me3
ChiP-seq

(Colognori 2020)

H2AK119ub
ChiP-seq

] 10| 20| 30| 40| 50| 60| 70| 80| 90| 100] 110 120| 130] 140 150| 160| Mb

T2
Hokormes _ A 0 g M0 A6 . M SN ... . AGeEER B JERE
:4727

ey MY BN Wiy W v Few YWY e
:372;

PICIATCITY VW Y'Y T R W T WY Y W T T
:2:1‘

Hakomes ki amlel (Lm0 ol M . G| | A
32

DOESC — hhmeirr il i b bt e s istin
3.2

pses MM -y v W W YEeeww ¥k
:3.2

peee _ MMM 1 NN B i I D

3.0

DO ESC _FA,_L", s WU G— T w%hwww

(Colognori 2020) 23

Hi-C PC1

(Wang 2018)

Differentiating ESC

Pearson correlation

- - H3K27me3 H2AK119ub Hi-C PC1
=1 0 1 DO D5 D8 DO D5 D8 D4 D7
H3K27me3 0.79 0.83 048 083 0.84 | 077 084

EpiSCs
H3K9me3 -0.52 -0.59-0.41 -0.58 -0.64 Ml -0.69 -0.72
SRy =x) 038 078 083 060 083 0.87 Ml 0.80 0.83

MEFs
H3K9me3 80/ -0.69 -0.74 =0.44 -0.73 -0.76 @ -0.73 -0.77

B 21 AiEME X £ H3K9me3 7 vy 713 S22 v 8—+ X v+ LHBET 3

(A) AHFFECH 5 221c 72 - 7= EpiSCs & MEF @ Xi ko H3K27me3 & H3K9me3 D4t
fks34i % . Colognori & (2020) 3B 5 21 L 728k At S 3 ESCs D X & EB
DARMEM: X 12 EB 1) 5 H3K2Tme3 & H2AK119ub DM, 5 X U Hi-C @t o &5 EB ©
A X ki PC1 & LCHE 2 S1,/S82 av o=+ X v D43 (Wang et al,

2018) & WFHNTIE~EEL L 72,

(B) EpiSC/MEF ic ¥ % 50kb £ Z & @, H3K27me3 ¥ & F H3K9me3 D Z L F 1L
DEMOFEE L. Wang b (2018) ik 2 EBs & LTk & &7z ESC &b HEC
173 H3K27me3 F L OF H2AK119ub # NN EF NDEHEDOFEE & oo v 7 v v HHEE,

Ffkic. Hi-C PC1{E & OAHES & 3 L 7=,
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H3K9me3 FWNTEMEL Fr v 4 v 2 (ERV) oiflic ETE & % 572 L., H3K9
FURXFNLEERTH 5 SetDB1 DRKIC K 5 H3K9med DKL, w7 X ES #liid
ICBWTEHL D27 72D ERV Ol 2 720 T . MELZZMildicsnTd &
21D ERV Ol 218 < 2 L 2RI T3 (Kato et al, 2018; Matsui et al, 2010),
SmcHD1 ORI X Y AiEME X o H3K9me3 AHIFHICH 72 o THRbILZZ &2
5. Smchd1MP1MD1 EpiSC i 31T ERV OGN HER S 2008 5 a2 RET L7z, L
72> L. SmcHD1 @ RIE2 EpiSC ic B W T + 7 v 2R YV v o il % 5] & i & 3l ix
HoNnd o7 (data not shown),

T2 BEY . SmcHD1 & H3K9me3 D fill{H1%EE & OAH A AEMH % /R 3 BN 7R
iz v, L2L. SmcHD1 7% Lrifl (e bickiF % HBiX1) & oMHEEHZAL T,
H3K9me3 %%k L THEAT 22 v X278 TH 5 HP1 LMHAEHALEZ L vy, KA
DHEAZELINE TOMREICHE D &, SmcHD1 & H3K9me3 DRI#EA R 2 CT< %
22 L#v7Ze v (Nozawa et al, 2013; Brideau et al, 2015), SmcHD1 & Lrifl |Z, EpiSC
D H3K9me3 KEH~Tr/u~F VICREL TS, BEEZEHC &ic, Lrifl 1F
EpiSC & MEF O Wit B \»wTh SmcHD1 2372\ &, DAPI CHEftan i ~F 1 2
avF UANFHELRL RS T LD, Lrifl ® DAPI CREI LI ~Tuzu~F v~
DIFTEIL SmcHD1 ICKFF S 2 L B3RBE I b, L72285 T, SmcHD1 & Lrifl Z />
L7z HP1 & DHAEMEMAZL LI, H3K9me3 KE~T R 0~F v BT 2D
FrFo T aAEENELAH 2 LEZLDRAHARRI L TRAVTH S I, SmcHD1
LA LTMEE X B H3K9me3 %l 3 2 K1 offliit. DAPI TIiREx 5~
TrZu%F ICE T H3KImed DHlHlICRG 35 2 WFoHicRidnsr»d Li
AR
AWFFEIE, vV 2D XCL KBV TINFETIEEALTmmINT, ARSI hT&

H3K9me3 DEEMIC—FAZHZLE23DDEE R 5, INF TN ~Ters7u<F v
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I3 H3K9me3, ZfF~7 1 27 m~F v H3K2Tme3 L o CEICH|FIE 2 L EZ b
NG LDE%Porziie 2+ MEMITH 525, ABFFEIC X b btk X ofifHkED %
TE 7R HERFICIZ SmcHD 1 K77/ 72 H3K9me3 7' 1 v 7 OJEK & H3K27Tme3 DY) 7 iff
FOEECTH L LR RBEINZ, DL hFlfEEESREE X Z00b0Th 2
LEZBLDIEFAHRT, AR 2 v =2 BEFN~T v 27 u~F v OflEIC AR

FNCBES L Cu 2 AlREMEDS Vs
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BA4E MR LEGE

4-1. = v 2 D FRHiAERF & 3L

MommeD1 = 7 Z1ZD Tl (Blewitt et al, 2008) % =, MommeD1 ® 202 =—®
B SIL C57BU6 (B)ICEH I N T W53, Xist DEERER LT L v 2 AR L <
W3 Xisthd & Xistlex @ —f&A % F\» 72 (Hoki et al, 2009; Sado et al, 2005), Zi1H D
~ U ZADBELIEED B6 ICEIRINTEY, ~T Ak AR L B6 RfioA A &
DRI X W HEEF L 72, JF1 =7 ROV TITAKERM X ¢ L7, JF1 Hko X
Pt fhk % b 2 Smehd MDD\ T~T B EEERD A X [XIFY; Smchd1#MP1) 1%, JF1 D
AR L Smchd1?MPID A A & DREIC XV 157z, Xisthd B 5\ 3 Xistllox & Smchd1MP!
COWTETA~NTaEARDO XA ZE, L5020 D Xist ERAICOWT~T vl
BIEDO AR L SmehdMPLIZDONT~T B EESROAF RDRRIC K V3, oDt
AERARAD~2T A% RA L, [XBEAAXIFL  Smehd IMPVMDI & 5 > | [XB6-LoxXIF1,
Smchd 1MPMPN D R 7> & EpiSC Dff 7. & MEF OFH# % 1T 5 7=, #Ein TR E ICH W
7o A=—WHNEE 1 IR L7z, TRTO= Y 23, DESKFEREYHE | 1<ih

o CHEYNCER, i,

4-2. MIREEE

E6.5 DtH 5 D EpiSC D7 & ¥i# 1Tk o fiis iIcF2ow T IWP-2 74 F ¢fT»
72 (Sugimoto et al, 2015), 15%KSR. 1xFEMHT I /&, 0.1 mM 2- AL A 7 b X
J—=, 05x =V Y V/APLT 24TV, 12 ng/mL bFGF. 20 ng/mL Activin A,
2 uM IWP-2 % &t DMEM/F-12 GlutaMAX i % v, 7 4 — & —#ilgo o
L72. #EfRIZ Accutase CTHIAE % fidRfE 3~ 2 HiIC 10 uM Y27632 < 1 R[], Afifc Z2 L L

72 EpiSC @ /ti%E $ Sugimoto et al. (2015) DR ITHE > TIT > 72, 26G DiFHE
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FHOWTHET 4 v v a2 Eo EpiSC 2 v = — IZHitfiE T IRD5 s W& HAF T Db
P200 Fv 7 Can=—%F 4 vahbldAd & et LT EpiSC #EINL .
EpiSC Hiisiz &L FBS a— F LT 4 vy 2B LT, 2 HREREE L=, 2 0ikF
JREINTERED a0 = — %[RRI L, #fgsie L <UL 7z EpiSC % 10% FBS
CAxFEMEAT I /B, 02mM2- AL AT P X)) =N, 05x =Y VAL T L
~ 4 ¥ v % &L DMEM/F-12 GlutaMAX 53¢ 7 HERFER 2 L, MR 2 TR S &
2o 7T H#R. Bon7zMEhkE Y7 Fva—b LM ET 1 vy 2B L, FLU
T E oic 7T HA® 513 14 HEEEERE L. kA2 5182 2 il 2 0L, 4%

7,

4-3. RNA-FISH
Xist © ¢cDNA Wi #7 13kb # &3 77 2 I F pXist ss12.9 & Atrx B THEEED

BAC 7 v — ¥ RP23-260115 %, Nick Translation Kit (Abbott Molecular) % {#H] L <
Green dUTP ¥ 7213 Cy3 dUTP THEE# L 72 d D% 7 m—7& L7z, #7277 v —>7
I¥ ProbeQuant G-50 Micro Columns (GE Healthcare) # W CTHER L 7205, 100 g
DRERE tRNA & 100 pg ¥4 7857 DNA, BAC 7o —70H&1F 3 510 50 ug O~
7 A Cot-1 DNA & & dictx /) —AyEL, 50 uL DHRV LT I FZEA1Z 70°CT 10
SRR LRI L 7o AN THEIE LMl E & X 2 x4 7YV X4 —va v
v 77— (4 x SSC, 4 mg/mL BSA, 20%i7 ¥ A b7 v F bV v L) & 2x 47
VEAX =2 a v Ny 77 —DFBOKET o -T2 hN—H7 X ETCRAL, EALE
CHEL 2o R="—=KRY FTHARN=TT72AD5LEG, BEH IR 37TC T
Rid LA 7Y XA ¥ —v a3 vifTo7z, FH 2x8SC/0.05% Tween20 N T /-3 — 7
7 ARBRICHBNED 2D %FFH, 42CD 2xSSC/50% KV L7 I FHT 10 47 Dk

% 2 [\fTV, 42°C D 2x SSC/0.05% Tween20 F1C 10 73Dk #% 2 [MfT - 72, i
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% VECTASHIELD Mounting Medium with DAPI TH A L Xt E %2 1T 572, A1
— 7 ALTERELEMOBEAIX, 4% X7 74T AT F (PFA) TEil.

10 43 [E5E L 72 D B 1T 0.5% Triton-X100/0.5% BSA/PBS T 30 4> iEENE & 7 v v
¥V EITO, T0%L 100% EtOH CTHKLEEZL72d D% v e Lz, @k
RKEIDANT 74NV LD ETCEBRDOLSICRAELEZT e =T D Fay 7% EY | #ilg
% NS LThHN=H T A %HE, &RICT o — T 2RI &7, BEfECw 37C
TR LA TV XA €= a v E{ToDbH, 2xSSC MR YT 7 4 VL% H
L 45°CD 2x SSC/B0% RN LT I FHT 15 4o % 2 [H{Tw, 45°CD 2x
SSC/0.05% Tween20 H1C 15 7y D% 2 [BlfT - 72, Ptz Bl o X 5 e xtbita

%f?oﬁ’:o

4-4, RT-PCR i X 3 7 VU VS BB RBRNT

1ug D=2V RNAZHW, JvEL~FH¥~—% 774 ~—& L. SuperScript
III (Invitrogen) CHEEERIGIC XV cDNA &KL 72, % Dk, HilIREERHACY]IC
HEL % S O AR VI L 27 742w —%2H T PCRIC X W I4IEL 7z, PCRE
W%z -z Y] 7 HIREESE Tt L 7= (Pdhal 1& Taql. G6pd '3 Dral. Hprt %

Hinfl, Rex3\% BsrGl. Rbm3\% Ddel).,

4-5. Immuno-RNA FISH
SoN—2Y v 7 ECREEL -Mld%E 2% PFA/0.5% TritonX-100 T 10 DEEL 72D b,

0.5% Triton-X100/0.5% BSA/PBS T 30 Zr[HEE U & 7 v v % v 7% T 572, 1u/ul
RNase Out % & H3K9me3 ICX 3 2 JLiAAm R 2 T 4°CT—IFUR IS 21T - 72,
FH 0.05% Tween20/PBS THiA% i L 7-D 5, CF594 Goat anti-mouse IgG (Biotium)

R WTERT1EEVIHEIGE T2 72, 0.05% Tween20/PBS THiAZ ¥EEH L 72D b I,
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4%PFA THEE L. )T 0.5% TritonX-100/PBS T 5 SRS @I 21T > 7o Z D%

2xSSC TPEH L. JElcitib L7z X 9 1 RNA-FISH @ 7'v — 7 D KIS % 4T - 72,

4-6. RFEHDERE

A=Y v 7 gL ZlldE AE L. 91 SmcHD1 §ifk % i 5 Ffl1d 0.4% PFA T 7
EEE L. 0.5%TritonX-100/PBS T 10 r[EEE &SI % 1T 5 72, Blocking one (7%
FAFA2) T4 M7 v v v 2L, Signal Enhancer HIRARIA (3454 572 72)
THML 7241 SmcHD1 Fifk (KGR 1/1000) Z M7z, #i Lrifl itk GEERE 1/1000)
% fii 5 IK#1d 0.4% PFA T 10 2[AEE L. 0.5% BSA/0.5% TritonX-100/PBS T 30 73 [Hl/E&E
LB 7wy ¥ v 7% fT o 7z, H3K27Tme3 (FIRIE 1/200), H3K9me3 (F&IRFE 1/100),
B XU H2AK119ub (FGREE 1/200) 123§ 2 fifk 2 Hv: 235413 4% PFA T 10 2 fHllEE
L. 0.5% BSA/0.5% TritonX-100/PBS T 30 ZrfEE U & 7o v v 7 %1757z,
SmcHD1 % fg\» 724 T O HURIE 0.05% Tween20/PBS THM L 7z, SmcHD1 & i g 2
1397 H3K27me3 ¥ifk% Signal Enhancer HIKARI A (35774 572 7) THMRL =,
—XPURIC OV TIH 4CT—IRIEZ T, 2 H 0.05% Tween20/PBS CHffifi % e L 72 D
HIT, ZXPURIC CF594 Goat anti-mouse IgG (Biotium) (#8342 1/1000) & CF488A Goat
anti-Rabbit IgG (Biotium) (f&IRE 1/1000) % F W CER T 1 BEIG %2 1T - 72, SGHIER
IZ Olympus Disk Scanning Unit (DSU) % #&# L 7= F 7 BAf%# IX71, Olympus) & EM-
CCD # A 7 (iXon, Andor) TiiZ L. MetaMorph 4 A —> v 27V 7 b 7 =7 (Molecular
Devices) THgHT L 72,

Lrifl 1003 2 Hifkix. Lrifl RO 237 7 1/ BEIC His X 7 &L 72 /#fa 2 & v o3
JETRIEL VI oRLIMEE, ZoMEEMWET 74 =740~ b7 74
— X VR 72, RPUfkORERMIT Lrifl 7 v 7 77 MllaE W CHER L 72, RIS

WAEA L 729tk 23R 2 1ICRE L 72,
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4-7. HEWMEOER

v 7R T Imaged (1.52h) % W CENT L 72, H3K27me3 35 X O H2AK119ub
R 2PUA AL S N2 ARG X D F 2 4 v ol IR, (R W72 RS X R 2
AV DR X GEIR L 72 A6 X O FHEAEE) — (RIBIAZREEX X4 v o
RS X 2 OARTENE X % b O OE O E O i O HEHER) 12 X Y ko 7z,

B3 Piikic X v e[t E iz > 7 F o HFHED E B I1Z Metamorph ver 7 %
TN L 720 1 7L — v Ol TZ N NO TR T 5 7' F v O BRIfE % iR
L ICFETIE L, H3K27me3 & Lrifl, H3K27me3 & SmcHD1, H3K9me3 &
Lamin Bl ol btz nZ NEEZ LA 2 82 RS0 E R ) RS 42 E&
L7, H3K27me3 & Lrifl & 2 i3 H3K27me3 & SmcHD1 O HFFEICD T, HH
V. L7- H3K2Tme3 D F A 4 v 2 BB TE IO h 0 7 v X LITEALTE,
H3K9me3 ¢ Lamin Bl O HF7EICD W T, MEREZICFEEST %5 Lamin B1 23
IR TE BT L — v D% T v X LIGEAT, Wilcoxon DIERHIRE & Tukey HiE

X R (4.0.1) Tfro7z,

4-8. 7 L VREER RNA-seq

74— X —fifldo L TREB L Twiz EpiSC % 1 Wil Y27632 THLEE L 72141C
Accutase ZH W CHIfgZ BBt X B 72, 7 4 — X —MilgZFrET 2 7-01c, MR ETR
EFEXT7Fva—bLERET 4 vy 2ItBL 37°CO CO2 4 v F 2~ — & —(C 30 47
FHE L7z, EpiSC & 7 4 — X —flilacid€¥7F va— LT 4 vy a~DEEES
WAERL L 720, 30 kR ICEE T 2 L, EpiSC BB ICEC LB E BT 4 =X

— MRS L2 FoMlErL (BRI NG, 74 —X—fildz X VEY R 20
o, ¥ Fva—tLfoT 4y v 2 CilEEREB L. b 5 — R UL %L
L7z. 30 iRl fiEil 2t 0 I i L. 156 mL 5 = — 7ic U, 050 HEic X
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Do NF~L v % TRIzol (Ambion) TEMEL 7z, 155 N72IEME A b TRIzol I
ffo7m baricfitoT b =20 RNA %Z[FULL 7z, TruSeq Stranded mRNA LT
Sample Prep Kit (Illumina) ICE>CTIA 77 Y —%ZG{E L, A VIFTTFv b7+

—LEHWT<T7—Fx Y FD 101 bp DES %1572,

7 L VR 7 3T 12 Sakata et al. (2017) ICHE - TIT o 7225, BMAZEHE %2 72,
(1) *7=FZvFDY—FRevZrzv Fol)—FeLTHfo7z, (2) LY
F—bMCBTBETLVARRNZY - FEBUIAR L7, (3) TLARRMWA Y — F2
10 DU bED 2 BETFE2REE X 2oRBEL W 2BETEHBILZ, (4) TLAZK
IR T REL <% FPKM & L TR % 729 1C, Cufflinks v2.2.1 ® cuffdiff
IC*--library-type ff-firststrand --multi-read-correct’ ® 4 7'+ a v Z il 2 TH w7z,
MEF ® RNA-seq O 7 — 2 LA L T\ % (Sakakibara et al., 2018), #i#{s1
CoWwT, BAHK (B6d LLIE 1290 &RTHFK (JF1) OT LAFRRNAY —F
DEEE A, RITFTHRT LA OREHEBOFEEATEN X 220 0RBERT %X & L
TR L 72, 7 U AR ERNT DR, Tmsbdx D% RIZ 9l oER L7277 =1C 1
DT TZVIHFALEWIZT—ZEILLT VA VT ALDATH S Z LiCKfviz, %
ZC, Lasll & Dynlt3(Sakata et al, 2017122 C Tmsh4x D 3 D DEIL T %, X5
BT VIRRRNEIT A SR L2, —WICZF AN LN TV BEEICHE > T
(Peeters et al, 2014). BRI OMILOANTEME X 225 D%Xi 25 10 %A LH 5 b D%,
P X 2OFBHE LTI T Ar—Y =L LTHHELEZ, TR —v—ICoEI i
20 TR T D 5 b MIfl X T BIEET & BN & BT o KANE . AiEE
X 205 OFRBADBKAHRED 10 %EEHfEL LC, Zhix#z 208200 CTHWL 72,
ARERERE o P I 12, 42 C DR ClY) 2 IR 23 AT BE 22 % X1 % 7R 33RO A& % F W
72o X 9D TiZ FPRM 2 1 U ERTH 02 HIL T2 ERTF& LTERL 2,

75



ESC o3 7'u 7 7 4 vix, A Ol OFmC (Takahashi et al, 2019)ICF T,

A Z ESC #k. CBMS1 @ 3 HEL D fEir &R 7=,

49. Y LRRY TRy T4V

4-8. TRk L7z & oic, 74 =& —#ild%brE L 72 EpiSC %\ MEF %, 1x 7
w77 —¥WEL TN (FATATAY) ZEDL RIPA Ny 77— (25 mM Tris -
HCl1 pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS) T /&
L. KEIC 10 3##E L 72, 15,000 rpm, 104y, 4°C T 0oL 728 ic ki 2 mIR L
7zo SDS-PAGE &t Hifkic X 3 vy F OB IIERHER 72 J73E C1T o 72, HI{RIZ
ImageQuant LAS 500 (GE Healthcare Life Science) THfF L 7z, &SV FD v 75
MRS X Image J D Gels tool Z FH\Ck®, H3K27me3 & % \» ¥ H2AK119ub %7~

FTEANAY FOMEZEY Y I LD X v H3 Ol ¢Hl > TR L 7,

4-10. 7 v~ F v % & kE (Chromatin immunoprecipitation) & 7 L VEFRE] ChIP-

seq

ChIP-gPCR ® ¥ v 7L ic DWW T, Nozawa et al., (2013) DR ICFDWT, 5%+
VAT AT e FEE&T DMEM CTEE L 72 MEF & X O EpiSC 206 7 v~ 7 v % {#l
L. Pt H3K27me3 $ifh% W CHRIEIE % 1T > 72, ChIP-qPCR I/ 7 7 4 <~ —
Bid%i33 115 L7z, Welch @ t B 1Z R TfT - 7=,

ChIP-seq 22\ Tld, H3K27me3 & % \» |3 H3K9me3 IR+ 2 A%\ T2 v
~F v R % 1T o 721%. NEBNext Ultra II DNA Library Prep Kit (New England
Biolabs) Z W\ C7a b aicftnws 4 77 ) —%ER-L 1z, 7477 ) —FfHHAD
FE8 DNA 1225w Tl 100~300 bp Wik %, PCR HiEEZ 74 77 Y —icowTlid
200bp HiEDOWIH % AMPure XP (Beckman Coulter) 5t — X &R L CTiEfE L

72 TDXIICH A X5 L 72 WA % LabChip GX (Perkin Elmer) # H W CiER L 7z,
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74729 —%7—L, Illumina HiSeq 3000 %# fi\>C, 100 bp DXT7—FT v F
V—VF&2H~E, R7—FZ Vv FD Y —=Fid~wvy vy 7 %3 5H0C, cutadapt(Martin,
2011) ¢ FLASH2 (Mago¢ & Salzberg, 2011) Z# W CT7 X 72 —lh % RET 2729
DEFYIVIETWY, 50bpA oY —FE2vvrrzy Fo Y —F e L TUREDENT
ML, FY v 2 LY —Fid bwa samse (Li & Durbin, 2009) % fv»T
Sakata et al. (2017) THE X 172 X 512 B6-129S1/JF1 S RN 72 5K 7 Lic
~v VL, SOV T 7L VYRY LT JF1 o afke 12951 © X Jfk, B6
mm9 DY 7 7L YRT ) LhbEKINTWS, T#icit SNP 7213 T4 < INDEL
BEINTVWEDT, F) =P~y v INMEICONTIE, RO
Frl7c £ mm9 OFEFRICEL L 7o 5T 2315067 7 sickex| ol IG5
ICHES ZIGFTIC~ v 77X N B A[BEME DS 2 (512 E £ B D T2 Miura et al, 2020). % D
K BRGFTICwy 73N5—5K7 7 L4700 ) — FEERx 5 LT, —fFHKT
L=y T LG ERFICRS XOHEREL, vy vy IREOSE RN 5 72,
FILloaz—rsfiEicey ey I N) - FORERWERECHWS 29
I, 2y BV ZEEME (20ATF) V- FIRBEZELZ, PCRICX2EELEZOLN
% ) — FiZ2\W\T it Samtools (Li et al, 2009) % FHWTHREL 7z, ZOHEE, £TDY
—F2mm9 V) 7 7L v AL LLIEERMORELR LO—2FTORIC~y T I N,
B, AW CTHW MR TIZ. BOZICH WM Z1G 2 72D ICRRL L 7o~ 7 A A
B6 OEEHER~OR LA 2z RAMTo 72 d 0D, B Xist BInFHEDMHFICIX
129 R DT 7 LEHNZRFF L T b rie, 2 F2 {UCHR T 2720, $_XCToOH
PRI A B6/JF1 ~ A7) vy FTH2ERBOLAVE W) HICERELIMLETH D
(M5 %#&H), L7za>T, #NnZFNd SNP/AINDEL 2 &0 A ffichk T2 0 Th
20%FHLCY —FolRFEZE Y Ik, 2z nofifgtkiconwc 7 x4

THRMETH B, X Betafko 7w x4 7%, UAIRE L2 XS IC L THEEL %
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(Sakata et al, 2017), HWHffk 71 x4 FiconwTli, B6/JF1 4 7Y v KD

Wiz, £ v 7y b9y T AcBnTE00kb DY T IC&T LSRR Y — PR
35 JF1 TLADEENPOBEBENICREL, ~A 7V vy FeIEnA 7Y v P
B, A7y & ChIP v 7 Aicsid 3 JFL RN Y — F o4qh % B <Ak
T LICX o THEE L 72, SMlEkkD 7T v x4 T HAW, ChIP ¥ v I f v
v P Y IAT, REEEOEEL AV E VICE T ARTERN ) — F, RTERRY
Y—F, vy v v 7Y —FxHl4ic#z. RPKM (reads per kilobase per million
mapped reads) & LCEHE L7, ChIP v ZFA D4 v 7y FTH$ 2 o E %
log2[(ChIP RPKM) / (input RPKM)] & L TatH L7z, =~ v ¥V 27 EN=dT_TDY —
FIZ2WTiE RPKM < 0.1, HFRFRPDY — FIcOWTiE RPKM <0.02 &7 5 £ V(%
vy BV IARAREE LCRALL 72, MiflafkE O v X b B D 5346 2 B L 5
(T 2720iCid, ChIPIC X 2o 7Ta 7 7 A%k, k23 2 oofifdodRaikic
BIL7u7 7 ANEOEORMEL 0 L5 X5 ICHARMEF LB 3o 7'm
77 ANTIERLL 72, Flilatko e 2 b VBRI OWT, HREk 50 kb v o
TLARKBILAWEHFE T2 7 7 A 2R 2 1 2O ERREE . Gk,
VYA X, BHoRKICr2rDLT, HOWLTu T s A MVICE L 2, &HEEIZ R
Xy - — Y D'modeest'IC X o THEE L 72,

UCSC 7/ 77 v ¥ zfwv, 7/ LEEE I ChIP I X 3RMEOREZ 7 v 7
TEWRARTF—=nLebic, V4 VY FUAET Y3 V' mean'% i o TH[HL L 72 (Kent et
al, 2002), ¥~V BV I TERVE VEREMHBZVWDDLMIRL2vwEHic, vy vV
JHREREVICHREN7 vy BV I TELRVWHE—DO Y Y DGEICOWTIE, % D
ICH1F 2 ChIP i X 2 RHMEOBE 2 HIEHIEIC X VHEE L 2, 2o, ki d 2
~ vV IARAREARE VICOWTIE, TRTORTENLDOE VEHEHWIREBTED O

Bl 7. & XGEHEER T O ChIP IC X 2RI OIRE Z T3 5 729 1T, % D gene body
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FEev e LTEREL, BEE2 1kb Rifid DIicon TR Y — FER DR WD L 7,
H3K9me3 ¥ 7213 H3K27me3 ICE T N X 4 v |3 Enriched Domain Detector (EDD)
v1.1.19 (Lund et al., 2014) W CHEONH L 72, %7z 2 Mgtk 3 X 0% 7 2 %178
Tl TE 2 X5, AN & LTIERYE log (ChIP/Input) 7w 7 7 4 A, [EE
XZ X —2% (bin_size = 50, gap_penalty = 30). % H3K9me3 & H3K27me3 CTHpAEM
MEF ic35 W T FDR < 0.05 LEZRL X a7HEZH VT2, PRERIEZ, RSy 7
— Y’ggalluvial % Fl W TERR L 72,
EB i %17 %3 H3K27Tme3 & X OF H2AK119ub O FA 7 L VR ChIP-seq 7 — X

(GSE135389 ; Colognori &, 2020) (. Cast ¥ X U8 12951 SNP/indels # AT E

LD XL /=, EBicEF % Hi-C 7 —42® PC1 i (GSE99991; Wang et al.,

2018) . GEO (Gene Expression Omnibus) 7225 &7 v v —F L7z,
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FH1EAWEHVE 7 4 = —cH

Allele

Primer sequence (5’-3)

Genotyping
Smchd1*
Smchd 1MP!
Xist*
Xist?4
Xist*?

Xistllos

Fwd: tcaataggtcecectcatea
Rev: tggacgatcagctttgggteg
Fwd: tcaataggtcecectecatea
Rev: tggacgatcagctttgggta
Fwd: cggggcgettggtggatggaaat
Rev: gcaggtcgagggacctaata
Fwd: cggggcgcttggtggatggaaat
Rev: gcacaacccecgecaaatgeta
Fwd: gatgccaacgacacgtctga
Rev: aaggactccaaagtaacaattca
Fwd: gatgccaacgacacgtctga
Rev: cttagcgcagaagtcatgee

Allelec expression
Rbm3
Pdhal

Gépd
Hprt

Rex3

Fwd: geettggtgctaattattgee
Rev: caaggacatcgcaatcecttta
Fwd: ttccagecgatatgectgacttt
Rev: tggcaaggcatgaagtgata
Fwd: ttctagttectgggettgga
Rev: ttaatggcagggttgggata
Fwd: tgtggccatetgectagtaa
Rev: cagccaacactgctgaaaca
Fwd: tagatgggacctgatgcaga
Rev: gaagctggtaacagggagaga

qPCR
Rnfi2

Hprt

Fwd: tcggagaaccagagcaagag
Rev: tcacatggtgecgggttceta
Fwd: gectaagatgagegecaagttg
Rev: tactaggcagatggccacagg
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R 2 EMETCH I OER

antibody

source Identifier
Anti-H3K27me3 Wako MABI0323
Anti-H3K27me3 Cell Signaling 9733T
Anti-H3K9me3 Wako MABI0308
Anti-H3 Wako MABI0301
Anti-H2AK119ub Cell Signaling 82408
Anti-SmcHD1 Sado-lab Sakakikbara et al., 2018
Anti-Lrif1 This study N/A
Anti-beta-tubulin Merk 05-661
Anti-LaminB1 MBL PMO064
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