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F— A L ENTRE RO — AR (GMS-65-2, GMS-65-3) 72 &, KT — X _XR—ZADWEEZED TN D, =
NICE Y., ZIEICH=55 ) AEX YT 4 FALR L OREBHECH BEBUR 2Bl L, L ENLT Iy
AT Ao~ UEELEEHEZ&ED IR LIT>TW5, LU TENEND BRI EEIRN 2 T 5,

1) BFMIEICIS T D o~ — il &

ENCODE 7'1 ¥ = 7 hH$eft L TV % &-Ff ChIP-seq 7 —# . EPI (Enhancer Promoter Interaction) 7 —
% . cCRE (Candidate Cis-Regulatory Element) 7 —#% 72 &% GM Suite 7/ 57 7 U CEIET 5 L
INZFE LIz, BT, ABCET /L (Fulco et al., Nat Genet. 2019) 12X % 131 & Mg EPL T#|l7
— & biflriAS, 2—F—=DAHFOT —F L EHRAGDLERP L RBERTE L L9 TRLT,
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2) REROMEERN 3D 7 AET IV

~ 7 A ES {0 F: Hi-C 77— 0 B IZEAT L7-% . Z DR % GM Suite IZ7 v 7 ma— KL, #
WEPE (AZEPE) 23FH% L7z PHIC2 % GUI fRH CTHEIT L7z, T I Tl 250kb OfEEE CHYtaRD
head-to-tail €7 U 7" & 25kb fif € T YEARD 10Mb fEIkZ IMb 3> 8) L7223 5 3D fEiEE
TV T B To7, BlziE, B b1 BFRAETIE 192 HAoeT /v, 8§ FYRAMKRTIE 123 HOET V%
MELLE (K4), BIE, ZOBRT, 227 MEROKITE LM OPNGFROEKEET VEEORES &
AIRAL 7R & OFEEMERIZEL Y FA TV D,

CYFEF okl . chrB 40Mb 50Mb (25Kb resolutlon
Intra-chromosomal Hi-C contacts (MESC Repl) b=

7:41 |

0000_KR.txt & '
0_KR.targz & ‘

o !

chr8:45Mb-55Mb (25Kb resolution)

/%ﬁf

chrS 70Mb-80Mb (25Kb resolution)

“ ¢chr8:1-129401213
¥ (250Kb resolution)

o

- >

B4 PHIC2 [C&X2E£RE&EFED 3D ETYYITDH

—

3) 2k —  BEOKFE NGS 7 — X | ZFRHTHE A

A03-2 (H5EHE) 2N iS5 L7z RAD21 IZHf 4B A4 —F 3 5 7 1 o FEER P COFE ChIP-seq. #714: RNA
DO E— 7 E#H (PRO-seq, EU-seq) . Hi-C & Micro-C 7 —# #/A357 —% (Raoetal, Cell 2017) L&
TR CTHY . T LIEEDIZ OV TINAER —ix A L T\ 5, 2, Micro-C ICL D=z %7
MERITK 1kb OMEMMEE 3D 7 u~F T U T EARIZT 50, o7 1EIZ>E 500G
NA FLEDFASTQ 7 7 A V3 570 & IHHAENT OBREREO AR 23R < | fRIRZ DTN D,

S, TNETIHEL X7 —2 08K, FIH, BLXOAREZMEbEE5 & &b, @555
DR EVAT IDT T v aT v 7T ik LTV FETH D, £7o. BIERTF O DNA BT —#
(ID), 2% 7 b5 —% (2D), 7/ A=W ifftiE 3D) 20U 2T RXR—UTA U E T I T 47
IZEET & % 123d Genome Browser] D5EfkE HIET (F'm N ¥ A 7 GMS-64-3), —J7, 7/ LAFSIT
—& . BT —%, HEFEEDNA BT — &7 8 EWNZRE R~ VT A — T — X RIS
THEICE L T T _RE LN EN, 22— =T Lo R —=RR—=Z YA " 2TV A 5708,
MR ORI TT TF ) AEX VT 0 R OZEO R AEBEM T ZEB L, KA L TWh&E 7
AN

[AZERFFE~ D%kt ]

%*%Aﬁﬂﬁi DNA XX 7 LAY — LD5FiEEN G, Yeta il iEERE, BAEELH O
IR AR TN (CEERRARSO I & W o T2 3EE T L R YL R IE 2 O AR I 2 8 T &, BHEFZE
f?%bfméﬁ WNERZMTT DI LN TE =, 72, Him & GMS BIE <1k, o2l X O
KOETV o TRT —Z VA T A58 5 HN—T&, FHIHEINT GMS HEICKE < Bk 2
FH U7, B HIASECTHASEIN I S —3 25 508 O KRN 72 MR A THERE L TV 203, - OPrES
DNA #H, F7=Mfa/0 b & DNA YEOREZ I L+ 2 F5e5 R 2 s &, B —Hiden -7
TEHHLMTETETTND
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6 WROERKREUVELGHR

(1) B (2) 122V T, FHEFFFE R OV &EfsE L TV D ABAFZE 2 Lo, BARMORRICdR 5 Z &,
(— D DOFHEMIFE S O 2 NEAFFET 2 HUAA)
(1) fEEGEREMMNE O R EMGRE E Tz E 2 THLMI L L D & L, PREHMEEGR S Tlo &
ZETHIRERER L TWDO0
(2) FEFEAFETHONTE, KON EI ORI & #E L T D A TH G LT ARERIZ DN T
(FHEFSE « B D AZAFZEONATRLET 2 2 &, el AFRFIRN O LFEFEEIC L DR OEEIZZEDE
PHHMICTAHZ &)

AO1-1 ¥/ LEZYTADILNFR7—IILEMR GHERE : @, 2948 : &lF., AR, LX)

[B#E]
(7 ) KX VT () FEIN CHE— OBRIFTE T 2 ARGHERFZEIL, fEIR O EBRAFEE & O ILFRFZE %
WUT, T — 2 2WHETF LV TAT 5 2 L2k o TAEMFRIM A EL ST 5, T WELLE
LTC. DNAWHXIZ LAY —L, suavxF o, LRIRICERY ) LOEERK G~ )VTF 27— )L p#E
iy c Va2 b=y a VRIS Lo THB ST

%o Eo. [MHld LU R O YL E IO I "
LTHERENDDNE SMC X R (e —v
e 3Ty y) O DNA V— TR LEERE A P
DT, HEY I a2L—Y g tHETLICE -
TEAT %, Fosadse o 2 MiglcED 5
7o, FEEBEOMREZEN LT maYy—n 17
LEXVT 4« Aq4— ] OEEIZEBT 5,

¢
&
v
e
=
£
2

Ky FYFSMCE ‘//\“7ﬁt:4:6DNit7;( Y MBROY I 2L—va VRR
[ R]
WHIEHIE L 7= 4 DOFREIC OV THIE R R LT\ 5,

(1) Bffk~ L F R r— VRO L LT, 1RO FIMEETT LVORRICIMZ T, a) A
AT —=)VIEZFETIVOMBE, KON b) BREMOEFIEDRBICHKII LIz, a) X7 LAY —L%EK, U
71 —DNA Z IR & LEEESFET A EZ S LICT T 7 ER 2 E82 L, RHE LN CHE
PRI LAY — AMEER ORI &t T T U VBN T AT Y R A EER - FEE LT, b) AV A
r— VBT VO LS T DR REETE T UG A, JRFRIEOER Y - DNA OFfEOVE & [#E L
R BIRT A BRI T 5 HIEZBARE LT,

(2) SMC % > /37 & D DNA /L— 7l L O Z T 572012, TR FoReESs 3 I 2
L=y a il o T ATV 7 SMCEHERB X —v O EMELHEE L=, /X7 7 U T ScpA-
SMC = HE D ATP 1, ADP !, Apo & 2# O RRMEETT LV AMEE L, % 4 O DNA fEAERE. ATP N
IR FRMAER IS 28 A 7 V2B BN LTz, H7IZ ATP B SMC 128V T, DNA &7 A bk ZHfif
T L2 L7 (B, F72 SMC §A#~0 DNA FE& A3, SMC D ATP /Koy fif 2 ARt 9- 2 HtE
o Llce £70, 26— DWW T HIEERENT 21T - 72 (A02-2 PHLEE & O HL[REMFSE)

(3) = b—v DN — 7 LiEH) & 5K /RNA BRI L DEa T & oo O GEHE
RA~DFES - RBEX A T X7 AZFBEICANT | BBEEERRTOZ a~TF L OEH LIGEL A F 7
ADENT 24T > T2, BInF— NP RIO DNA DEEE2EL T2 EEMEMNEL 25720, (kDL
— T LA E 5 F CEEBTFDEERREMIIICEE 20T, BIETORERNOIEGERB~DT 7
TARNELIRD Z ENIoTz, &/ A DNA @GR 23 R AR EGE N 5| X i Z 985 738
ON/OFF A A v F o T A I = X LN ZWFFE UT-, 151 4> (Li+. Na+, K+, Rb+, Cs+, (CH3)4N+)
2 K 2 BARFRBUEMEIZ T 5 % 5 & RIS BLIEBRIZ > TEEAIZFHN L, Rb+23 i & R < BEin T
FREBEEEZRET L Z L2 R L, A 4 ERB L OK= 2L X —IZB L CROEENFET D Z & &
BH & 2Nz LT,
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(4) DGR ORI LB DNA 912 B 5029 572512, DNA OREAE W E NI D%
P2 FFOR 1 Th D topo 1T b W72 & & OYRAMKEERKOET VEME LT, B A MY HLIZX
% DNA [ AIERIZ L - T, DNA 2 L 72K & W L 72 REES L IS/ 5, avT vtk
H—7 I LIZE > TDNA ML 220 | U L7IRIEN L EIC /2 5 2 & 2 HEmIITr L,

b X5z, 4 ERMRITO 0 FREFHIRE £ COFHE 2 i teallFFI 328 L7z,

(BE-HI) XHLAYV—LDNAEER FUTAIIEOER B EERRNT
X7 LAY —ADNA Lt AT — LB OB EAERH 2 f# T L, X

LAY —LDY L H—DNAMNE A v H3 DN KT —/LEIEdcggg e _£;@L%
FEAER L TWT, £ DNA L OFBEAERITFRIEIC K> TRAR D Z &3 AT AN

H3 N-tail conformation

BN -T2, 72, U —DNA OFERLY o —b X~ HI @

S 4

¥ ?)f}’(“\ 7 | H3 N-tail
FHIZLH-T, X7 LAY —LAFOE AR H3 O N KT —/LOBEIRY 7R A NY j
WENZEL (B, H3 O 4 BHDY P DT £ F /LRGN K E < LMMM?/’ \wmmm
Ripolz, | g b
Bt *ﬁ@@a
-;f- 5 r'fg I AV
(A - E#) NMRIZCKHZAEHDNADBRMEEED > EDHE It .53 =
A FIARIRBEIIRTE L7 —AKE DNA O RATHIetEEd 5 X2 8 &k Ko N-tan conformation
‘a—z) : k % H j:la l/\ )< %/V{K)’jﬁﬁg@i/’cﬁéiﬁﬁé DNA 753‘1:}(‘?;]*%{&5%%«6 NCP chromatosome

AR RATE 7B 2 NMR (IZ K VT L7z, 4 DDOEI D AT AL KEH DNA &~ % N Z KT
% PEG200 &V & 72 L DZEMT, 8 o Tl LTz, M OBHPAEB) O 2 it ¢& 5 'H 1
J 7 N URERGNE LK EA X e b DOARHGEEE & fENTCE %5 CLEANEX-PM i & 1T -7,
H A7 v NARRGEBT —20 0, AT ARIRIEDEW TIXAS] DNA OEEEITH £ 0 ZE(bH
7203 PEG200 DA HECR X ZidEEh i 028 b & R U7z (A28 - d) 1D ILFIRFSE) .

(AE - 8E) R LhOE—Fhy TU LI EBLTHBRMABKOSRBEERY 5

DNA ®°7 B=F > ® “RUh” N7 a~F i RIETHE
. HEEFALZRAVTHONNITAED, v Ial—i gtk
0 “HLH 5 DNA b= TS RIE T & 915 40 Lz, twist
L owrithe (BOHHA) 2B ANT=TT VvESF (FIX 1) 2
L. v Fur i A KA v — 7l L R U ER AT Ah
o lal—yay (K 2) #2700, 2Ty U AMRITICRTE
L7e/b—7 DAMUIIT A CHVETR BMEIT % 2 L BBk 2ot
(A02-3 SPETHE L DILFEIRTSE) . 72, BN OBBEKDARL - 4y
WAL F I ACBN T, BOUAERE ZONSNEECH
Do YIab—yaraMnT, twist £F & L IUTHEW T— A Y] (1) S F DR Y 0
Wiz 2 L. twist & writhe DB X ORI EHE L= 2 A, BLh (f‘{'ift)??iﬁﬁéf?)ugﬁ;
HEOR, 2FEV V) X T BORGEORRBE S FE B SED gﬁﬁiﬁiﬁ%éﬁ“mb
EDRHLMNE 2o (ABEPE - Fakt & DILFEBTTE) .

(R LChERE#S L—TH LY
WPLhEERRT I LETABHF ickBL— s

(AH -RE) DNAAAZGRDIILFRAT—ILETIL

DNA O A Y 2 r—)L@y1 & LCOREWE | X7 /gl ikt A r— VTR B D R8I 72 15
EDOEEBMBMRMEZ AL MNCT 5720, DNA OERER /I 7T L e LTabnd HEEESET
IV B SREHNCHAE T 2 BRI A2 EXUE L, A VAT — O [HAALETHET V| OFfEZEHT
HZ TP LTz, F72, DNA “HEH OB ADTIFRHEILE SIRFMELZF S, 10bp LN DA 7 — /LTI,
FHREDNOIBEIN D IFREL D SO0 <IRES Z L2 LN LT,
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A01-2 DNAF/ART—ILDEZF) T4 GIERE :#E/ E. 218 . §5K)

[EZ]

AWFEEHE L, DNA F /& OEESIRTH 5 DNA O N Maz V- ilages s v 2 /8L, £
5 AR AR BEE M M SRS BE S BB DO FR A = R L 7 ) NT XV T ¢ HIHER T O Wk~ 0D 5585 % i
WT5ZLT, V7 h~H—LLTORAS~~ AT aRlr—)L fllaki A7 —/) O DNA OREEY S
HIEEEE 2 T ) A — uin G35 Z L 2 BT (FXA),

(BfZ£ 1) %/ - DNAMIEEZET LV OFEEE & DNA Wik OfiE 36 K ORR G BRim i 4L
AR, 7a~F U N LT AOREE X BN 72 IR RE (M-I AR 2y BE ) &8 2 B Cnd,
RRIEHMEE T: A LA Y TR X 5l 7e O 72 3 Ik O DNA F / # &0 H 2B A TIEL D,
A A — )V OFEHED &H % TDNA W& | %2 H\W T, DNA ¥ & 7 20— L OB FERLSIE # & D BEfR
., ERBIOEHEHET VOME CORMEZBEL VD, WIRLEEEY EA TS,
EERTET: FRE2BESEL, LV 7 e~ TF UEICDVEES T ) A8 X U 7 1 HlR 28 AL
TZHLSEIZIT W ET VIZ K D DNA O EMECHIEREE 2 BFE & L THED TV 5,

(HEE2) #PE - {LZERY72 7/ 4 DNA 7 v ORIEEART OBIFE IS < Wk & BERERIE o> R B o iR
HREEFHEE T: 7/ & DNA £ 7 M€ 7 1 2 il 2 B « AL FEZ AR L. A Y 2T —
NOBRBINEIC X AT~ L Z LA RfEL L, STEBYIEA TV D,

TR T E T ALFAUSCBRFTHFIZ RS S D HERETE I & . DNA 7/ i~ A VWP D BIFR 2 PRsK 4
Do ZHUSEY | ALFZRAFX =2 WTIEHERR TO 7 2EEOE T LV OEEZ BT,

(BHE 3) NBREZRL L= IRMER TOD 4/ L DNA E7 /L OREEE & DNA Yt o & Bt
FREEMEET: VAR Y — L0~ A 7 0iftihkT A 22 VT ENO S -IRMEN R 2 & BRI HfR+ 5 7
D OMIIEZ AR EMEET S22 LA B L, FHEBY 75 FIRMER TO DNA EBRIZHKII L T\ 5,
EIERTET: BIE1 -2 L 5bY. BNBETOS 7 A DNA ORBECHEECEIREOMIN % B 53,

(]

(BAZ 1)  PEFEHE TIC DNA 2SR ke A -~ 7 otk oBE 2 42 & 25l L7,
RFEH W/ B, FHEGRE D | A3 / #1E O3 I RN & 5 455 KO e SO LR 2 3%5H L, R#f
HICEEREEDRNZINTA—E (UG) ZEZ. BEBEFTATIVAANDEELETETENIZETRIT S
Z & . DNA W OEHEES) & KM %2 € ENIZHENT L7 (Nanoscale Adv. 2023, PZ##5#), DNA iRiE
DHEERZRE T T, #hERHDREMND DNA ZFEDOHMETIELEKREARNDIKRESEETLHZ 00
o 7- (FX B), DNA {&iE<0—f% DFE 5 BEWE Ok & S T3 OBMROBELZ INEST 5 L E 2 bh
%, & 512, DNA &I O 2 BRI FHIT 5 720 OFFE T L OBEICE L Tid. DNA T/ #E&E%
Brown &3 2 EA D H D HFE L THBIE L= Brown EWHZEETILEZFIE L. DNA KEDORHA
PREDHFAFTIHDADYIaAL—2aVICTHI LTS GiCED), £/2, /Ja~FrovIalb
—aryPFELRDANTETAOKBR BT TS (FRC) (A0L-1 AAREDOILFEZE) . KA
mAZER EO~ A 7 e REOET VR E L THW, 2L 7 KEERH TITEWIZREE L e W RS %
FF> DNA & [l 3 S i B Clidf H K ERAR DO X — 2 BRI T 572 £ L miZ L > T DNA O
~A 7 OREERPPEDR K E S BbT % 2 & &2 L U7z (JACS Au 2021, Z#t#E#) (TIXI D), BENEIZ
T T ENTT v~ F o OREER E DNA Yt OB S O BER- DI85,

(BfE2) HEE1 D5 ADNA E7 MAEEE 7V Z§il#E3 2 WP - (b FIEZ B L, Ml
[FIEEE A r — L COBRBINEIC L DA RS Z & & B8 L7, THFHEE TlZ, DNA F / fEiE o4&
I\ 3 2 KRG A5 RIS G C cis-trans 58425 7 V' RNV U A A L, T DNA W& O et 2 2%
Z AP OMESIEZBI S Lz, ZOREE LT, 7Y RUBUIEOMNEIZ L > T DNA Wi O 7 NWALOus iR
72 EOMBECDNISENEALT D2 L2 R L, HIZ&k BF-FESBERBADTRBIFIEENT - 2 FEnEs
MIMER T2 G A X)), MFPEICIGH TE 2 AlRett s & 5,

/7 ) I DNA BTV EAACERIGD T » 7V o T KB 58 A F 27 20fliEZ2 B L, A{bER0sic &
T DNA W DR ZBRG D 2 A 2 2 7 0NEF 2 B A HIE L7 GRSCEET), Z oHdifiL. DNA
12 X % microRNA &3 7 (Adv. Funct. Mater. 2022, Z#E#) #IGHA L TW5D,
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(B 3) BENBELZRE LTS FIEMZTOHS ) . DNA EFLORBELZBEL, VAR Y —ANICHNE
L 7= DNA & 2 MR ECRBE /R ECay b — 3 28 FEORZBICRE L (ERESERE) (F
X E) (A01-2 85K & DIEfFAIZE), A A XD DNA F / #iE753. PEG/dextran THEEL L 7= K- FE 45 Bt
W (BU ~—I2 X 55 TIRMEEREE) O dextran FBIZEFFRAGIC A0S X, BERRAREI I L - T, R
I OERET S 2 L &2 R L7 (ChemBioChem 2022, Z##E#) . F7-. PEG/dextran #&ii - CD¥—
A XD DNA W DF T2 72T A 71 = X BNZDONWTH R A LT= (Front. Genet.2021) (A01-1 &)1| & D IL[A]
t9%) .

(AE - aH) HMEEELFE S ERAZIRADE R —RABER DS FHIELIED

TEM DIERFARIZ TN TS (A HE 2) BRI F G DNA O RIREE DTy 7V 7 B IO EET
BLOHIENZ BT D283 R U7z, TOATIEZAVE TIT, BERARRZARIRDS . NI T > A — S Eh e 2 M
WS, BERAR S ZU ISt ClitEl b, 0358 TRRITIRIREMEDIRBICE ALV BLG A R L T\d, & 1 #
DAGEMFZEIFNIC, ETEE Y . DNA supercoil ##1& O Rl LEATOBFIZEY | $I3EHA & [ER L - FE&kK
BARAE DRSNS, EREZBREOECDOREICEETHSE VS, DNA DA VPt & ELZERIG
DAY TIVUTICEALT, EMENICEZELZHMREZE 0D (FTHF),

(A% -WONG) BIEATY R)—ICE+E7/ LEF) T«

=R AFM HiffiaX—2 L L, X7 LAY — L% T 5 A h 2 H2A 23 DNA & OFALEMIZL D,
WEER)IZ DNA OJEMEZ T2 Z L 2L, EX R2A DNAICESHEHMNLE T FTIVREDO
THSMIZ L7z (J. Phys. Chem. Lett. 2021), F£7=, MO B ZERIIETE A TO—T (Pyr-A) OF%
W H R L (iScience 2021) . MFIEEFE O BHAZZERIZEBL L 72,

F72. DNA AU 72 F /o Ei#E AFM Al L & A BAERIC DWW T b st 2D 7= (A01-2 g/ |
PE & D ILFATE)

(AE -#R) TES/ LOBMEE LS FRAEEERICK 585 /\—X RO BERIERZ

AW T, BB N— R FRA— /R U N — TR E SN DEIRE A A TR OFRE N SR 2
LT, BREHIEOS FHED —IRE T2 2 L2 L, RE LT, B X T vF kS
p300 (X A R H4 O N KT A AR T BT L SR EEZE T5iA ), RAUX 7 VA Y — AICHIET S
t AR H2BRRE R R H3 DN RIGTANMIT BF U bE [EL | 2L 2R AE2MA L7 (F
X G), ZOHMEATHHPDHS /) LADNABIDR Y LAY —LIZXHLTTZEFILLEE THHEZ] §
SERBMULGSFHEELEZOND,

F£7-. %7/ L DNA E7 /LD DNA #RIH~D X 7 LAY — L8 A LRI O T & F 0 X 2 HENC B
THERROERE DT (A01-2 #E/ _EHEE OILEFZE),

(A) ©) (B) o phane
3 Simulationmodel 1 551 PluronicF 68
APNO Y, particle b l l / \

\\ ‘fw Y,L L Y -droplet Inneraqueous

K A o
e VAR e S
3 L namcle/'} # Vs
ey { 0 Artificial % ¢
& nucleus model / / ;
¢ Artificial genome (Micro) t=4.0x10°
(Nano) DNA model _
(Meso)
° :>_ -

(B) Microfluidic generation

Fusion dynamics of DNA droplets

» ‘:," g, . -
Y DR ¢ ‘s
B | pr Ry X
B N
- . o ¥ - : 0
| (D) (F) _
. N =10 ¥ Fhase separaion ike/ mobile state
°
AN
-]
.

r Thet "
| } ticky end i\.l phase transition temperature ‘.L";‘.-‘A- Network-H
; 12 nt T 30 \ 7 "
: On =
i 20 Ay
\\\\\(-‘ 8 nt &, -
<5 )\ . ’
e N 10 I ~
Y-motif 4 nt 0 5] -
Stcky end length

relaxed cPONA

5

nly s/
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A02-1 XY LA YV—LBEDES ) T4 GIHERR : HiE&. 8 : B, #lU. 20)

[F1%]

AFFBIBFSECIE, 15 FHEA A =2 7 (Hiky - B
LL#F) | i AFM - DNA BSIRES B r—/L-o I 4
— LAY F IR PIP (). &/ A Hi-CO fiEht (4
1) EMGT, ¥/ AOBERETHER 7 LAy — | e @, [Eomorora]
ALALTD Y me T il L BIEOBAN D, 7/ I

LEXY T A EBRTHZEEAMNELTVS (K BAXTLAY—LBEOESLY T 1

\‘cj&

A), FEIRPNAFIE A L C, BEE X LRy B OBRER E
SORBE RN 7 n~F 2 L YL EIRD organization (FHAR(L) CENREIC G 2 DAL FH . M
NS BEHIAEARAE > Z 1 & OEFEIC X DR ORBIEREOBR, SO T / AEX VT 4 - A4 — |
(GMS) HEZICHBRT D, 44, FHERFZE CIIMEMEME & LC, 1 0 FEAMEBDL SR 2 %R LT, fMignN
THH S8k e A b H2B-HaloTag (BA—X 7 LAY —A) OEEhZ BRE CTHZ L, TD% 3
OO BEEIZHIT THEEZBZ RSB Th -T2,

(MEfH B E) BRI FR R, AIE Bt D X 7L A — DB A MEAT L, o B L7= Bl & Wit
(BAZ 1) #REBEICR T b7 a~F o RA AL OFEKROMEH

(BHE2) X7 LI Y —NBHEIC X 54y 2L e o AR R HE B AR O fiRBH

(BHE3) 7 u~F U BREALIZIEE D < MR BE D FENT - FAMIIAREE R 2 O BLfE~D Bk

INFETIZ, HEHEMEORDEIRABEMBE O FR O R, MR O X 7 LAY — AEE O
fEMTIIER U, §aCs LT L7 (Iida et al. Science Adyv. 2022), £7-AfE 1 O a~F L RAAL D
FERDOMREIA &R S, AR S 72 (Nozaki et al. Science Adv. 2023) , B A% 2 045 24 Yu (0 (R kR
RO HIITER SN, fwmXERT CTh 5, BIE, BEE 3 OMILKREOMNT, R SEFE~DE
BRICHL D fLA TV D,

[E ]
b MMEMAZIZIW T, B S 72 H2B-HaloTag # /T L CX 7 L A Pt NSB o G28
V—AREIEFICEIXOIZE N T L, FOCRHBARSEEE CH— X 55 “\\ 5 g@%

J LAY —AOEEE R LT, £ L CHIZ v~ T > Ofla)E
WZBIAX 7 LAY —LORFTHRS & (LX) 2@,
MGl DNA O &I %1272 ) . DNA # VT A0 KX X ¢ ONAOR
B EICR %, ZRET, 20X REBENOREOE{LIZ, Zu~ WM%W“%ﬁ- e

FLOBMEIREAHEE G L SNTEE, L LABIEIC & '
STXI VLAY —A2DD 5 XD L. DNA DEREO KX XX oxES
fLiIcEEBINT, MMTIRE-EThHD I &E R LT (KB, lida et BB MSEREARTR Y LA

al. Science Ady. 2022) , X7 LAY — LD 5 X DFEE L, DNA ~D Y—LOBE WHE) F—F
TRV EY T AICEMT D, TR LAY — LD 5 EOREN—E

AR D 2 & T ML DNA I ED N BB W E ., FI2E UBREE Tt Dynamic and Reactive
A L, RNA 550 DNA 7 & LR FEZFRIC L HICHEITTE D & .

=z bv- (lidaetal. Science Adv.  2022) (INFEHE - g & O HL[EFSE) . &k
WCHIE 1 Da—ra~F v RAAL COEKRITED 2D, 2 a0 a3 % H
WTa—2rua~wFoNOEELEZ2ODX 7 LAY —AOE X Z 6k Stable
ZLe L= 2 A, 150nm UINIZIEEE LT 2 DDOX 7 LAY —LDE) X
WCHHEED S B Z E b o Tz (AGEHE - FiifE & OILFEIFE), Z D &b, o
2=y TR, PHERE 150nm 1 EEORBANCERE L= n~Fr R | L0
AAUEBERL TS Z L&~ L7 (Nozaki et al. Science Adv. 2023), X 5 .
C2RDRA7 LAY —=LDOMSDEITIC LD 22— m~TF LB TXY HC a—havFon
LAY —ANFIra~F v RALVONETEED X S IZEWTWHZ &% B LT KA A

RUTe, Flo, 78~ F U RAL VORAERED LD RE Ytk 27—
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Vv (B 7 v ) O FRAP T ClE, =— 27 a~F U 3@hnd, B X
INCIRDES Z L bbhrote, DEV, 2—7 ua~F UFRPFINCIEZ A Py
F v 7 ORI E S, kL~ L TIXEETH D TR OMEE
RO EMNBH BN E 72 o7 (X C, Nozaki et al. Science Adv. 2023) ,

HAZ 2 O 2RO X 7 L Y — AOBREZFHII L7z & 2 A YetaikiE
MEDHEATICHEN, 7 B~ F o ~OW R R AGHE NI L Ye A E 2N 4E

JESRBMTRIHEE 625 2 LIZHE) Lis, WIT, &3/ 8 ERl ik e
(AID 1) Z#AZADE, arFryrRat—y Ry, savFroM | i
A TE T2 IR 5 LIRIET, X2 Loy — A A d e, 2

ORER, BllZ n~Froirat—vrn, kegfiRakTiiar sy | oo

.4,"_“%(.))#,3'3 Low reactivity
Vs FUEREL, RITOLELRL SE, savFrBIORE | T
OO0y High reactivity

RERRLT D 2 &N o= (A02-1 HEREF), AT

DNA H#i S84 B 55 7 Cdo % PIP &MU T, Hias ARl L LCo e

Mex Tz, BHCREIR 7T D RUNXI~3 & @REMICinz 7= 7 L% bR .
U7 2 RIZBEECR R SRR H 5 2~ A& AW ER TR
Nz, FPIPEZHWTI b=y KU 7 oiEMHA(L (X D-1, Malinee et al. Cell
Chemical Biology 2021), X k=2 KU 7 DNA OZEEDEIFIZ OV TG L
7= (IX] D-ii, Hidaka et al., Cell Chemical Biology 2021), %£7- DNA 4V 5 Ik
ZMWTZrr7 T2 O HBDI OfiG 285 Lz, 77 = UEH (G4) N B
I, o277 =2 (G) 7 Hoogsteen BUKFEFEGE S 5 Z LIZL W IEKS R T
NOBBOWIETH D, & hERL S EZEREWMD T/ L DNA T G4 237 HD PIHUTE FIekd
£ 5 2 LARENTEY, DNA G4 L DIEHEN T2 RNA G4 S & S hav Ry 7R

SE MRS B W CHEERER Z R T Z LR RESNATND, I b=
Y KU 7 DNAIZBWT G4 TERET —7 OBNFEOHEN E L HITHEML TV Z Ex R L (K D-ii) , ~
LD 7R & OFENT O THE %L L 7= (Sahayasheela et al. Trends Genet. 2023)  (A02-1 #£111),

Hi-CO IE DTt G % . 1RO HIFEEREY ) LB e N7 DaEtefhd 7 ) JHRET 5729 DA
HWEAT-Tz, Hi-COIETIE, MaNDYT ) LAOEHET 5 X7 LAY — AMICB W CHEE 2T 7%, #
FEBEI A G e DNA FEM 2 BN L TR — 7 o —Tiftrd 5 2 & T, L7 AfEi D=7
IR A EEOICEET 5, D05 LA XR250fE KX N7 LA 2 L 2R LT,
BT 0 AD R EED D & 42, DNA EYORINNRZ 56 D 10 Ok It 217572,

FRlZ, WSS ZIT O RNCAT 9 7/ AL FEE DM OMGET 21T > 70, ZAVE TIE— R b 72846
FTd %, DNA-DNA R° DNA-# UV B &G ST LRV LT AT e REFEH L TER, & X
I B R B E RS SEHFEBEEAI E L BEOBRBANZOW TR 21TV, X7 LAY — A/
DFEEN R E Tt LTz, MatofEE, 7 ANOERE DNA EW 2 IER & LR THED BB/ 2 &
MWTEDHEIT7D EBEICR Y —4 P —Hi-seq # Tt b7 ANOHERERE#RZ FIX6 7208
HOHHHIENTEDLE T2 (AR-1 A1),

contact matrix fromat
(AE - #18) RANSEWEEERATICEIT5 3RTY / L | [?|
BLOEF TS
3RITY ) MEERRITIE Cdo D Hi-C HEDT — 2 in b sy 7 T
TIVERES DI OB L kY 7 v =7 [PHI-C (7 7 4 I N =
‘f/‘_‘) J %Eﬁ%ﬁ LT % 71,:0 Vv ]\ '7 =7 k LTJ-‘—«H— = U > °£ D phic d7namtcs phic selmpnng phic rTeology
Ml EDizda~y RIA v A v B —7 = — A2 K DG HT e ettt

. O > . . m 4 phic plot-modulus
%E L. rPI_II'CZJ ~DOT7 v 7T7T—hLTZ ( E, Shinkai et al. L‘gm ’g' 1 ‘gy phic plot-tangent
2 23

Bioinformatics 2022) ,PHi-C2 |3 A /X =1 > SHIROKANE |~ ® GMS F . ¥ ¥ s W
ICEEE NI (A03-2 kb & HHE)

E E Phi-C2
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A02-2 iV O FUDEF Y T4 GtERE : I

[E4Z]

AW TIE, DNA & X XTI BOMMENMMERT 55 ) A A Y A — WAEETE R O A 2 ] 60N

%6 EWOHTEEAIED S & SMC X U RV EBEAIRD o THDab — U EHIEENT DNA 2 208
MIHRATRAY R =T ) DMEEEZED &IF DM EZH NN T 52 L2 B L7z, %712 DNA O

% REALICAE B L, WIE 72 dSDNA 2 /b—RICEIE S E D A D= AL EH LML, ZOffA L 2t

— VAR OBEENEERFET S EBEL, UTO3 >OBEERE LT,

(BHE 1) ab—1 kD DNAAL—TED A =X L5 5T 5

(HHE2) HE5KERE L DNA L — 7B BEDE W ZBH T 5

(HHE 3) AN U7 n~F il L Mt DA LT 5

[AiR]
(BEE 1)
I —Y VN DNANL—TEZERT DA D= ALEHOENITHD, ae—T X oI HEEEERD
%ﬁ&%ﬁ@ﬁﬁ IEB L, 22—y i3 RO X URTBEEERTHY . TDO~y KRAAL
Z ATP MK REEME 2 AT D, ATP D~y K KA A U ~OfEE LiFEEL. Vo ZREEORSE & Bk e
m%h@@LTwétw\MPmm“%uiéA/kk%4/@%%i\:t ¥ A ERDME A
2 EERIEETH D,
ARFFE T~y KA A OB E DNA L—7

DNA )L—HH L
R UIEEOBIREZH ST 5720, ~v K KA
AV EBREIICEAESEDZENTEL I~y RS
filae—y v #ERILE, Zoae—v Ui, <f‘7\‘
TR VT IR IEEF Ty RRAL V% Q%@L
DEIFDHIENTEDL, 2O~y RafMae — —

UERRW, T8 T a2 fE(E F T DNA
I—THHH LIEE EE LA . ~y RRAA

v EEA UIIREEIZB UV T DNA L— 7 TEARIENEDY _smel e%%
BECBOT S ERAB IR s, oy Sme3 :
Z.o~y RRAA VEBAICE Az —2 000 7O N\D\DNA acesztr;]lg\t?ion
G2 DNA V=T TRRICHETHH Z L &R "o MIAyREXTY
BLTWS (HHLE), Y S,

F7o, Bt~y RRAAS U EEETIETE 5o STAG

b—I BBl L7zt b HCT116 Mifld Z fEERL L | Db —Y VIEAHEDESE XV T — LESTER
FANICBIT DB ERFELTZE 2 A~y R RAA

VIRBEIC X D ae —v U 7 REEOR T, MHICI T 5 DNA EROEIT (AT, #6788
HENZ LB THD ZENHLNNI ST, DFED, ab— D~y RRAL VI K28 EKY
PEDZEAIE, B2 n~F 28T D DNA L—TEROHR 5T, B\ REHEC, DNA il v
ST T A EDOFEADAR FDZA LY =R ETAHIE L TWD 2 ERH LN o7 (A0L-1 & H
L DIL[ERZE)

Flo, A=YV ERIL SMC # U RV EBERT 7 IV —D—DThHLar Ty RNEDL T
SR OREE LT 202 O NI T 570D, 2T v & DNA O—43 FENT 2470, Flix O
:y?yyyfﬁm"féDNAw~fﬁmL%$%@ﬁL aVF UV TOHEAT Y BE— 7=
=y "M DNANL—THH LICHEATH DL Z L (—FH Z oA —7 M UG & e fBEfEa ey L
*ﬁbﬁ%:k%3%J%RHﬁ7ﬁﬁyF®7\/X%%K%Lt££@(HM)@QW@W“7W
H UTEEDN B AR AR T BT 52 L2 R L, ZHUTHOWTOFEMIEL A02-3 FEIFHEOIRIZFlE L
7= (A02-3 ‘FEFFE & D ILFEATE) .
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(A5 -] (F) SARVFBEIZETSY / LESF T« DBEEYFHIRH

ARRGELT ) DA A — WSRO — B & 1 5 DNA (SIS 2 /5 EW 2T 7 a —F 0 b fiRhf
LEO2ET2b0THD, AMETIH, IAyTFHEEBLOX 7 VA Y —AREIZEDS
OSMARCAD1 O~Y 3 —E KA A D X #fEEEHIT, @MutSa X A~ v Tt o — L DEGED
L L 7 T A A EPREERIT, KOO OBEFRAFIH L7Z@ I A~ v FEEFEARIC X DG
BRI 24T 2 L T, SAYy FBEICB TS X 7 LAY — L AEREOHEfRZ B L7z,

OO~V H—F RAAL AZOWTTMHEE 2 & > X7 EORERENE LN TN L OO, ST IZ5E L7
[IPTHREE T — X UUEICE - TRV, EfREE COREMRNT 2 B L. (EMESA oG R EkicH 53
HEZEZLND) ATP O&ER T a7 28 LMk 28D 5, F72, AlphaFold2 °F 4 A4 —4
— P ZFIH U CREaa I LBz ekl 2 2 o N ERBIR A B L=, 5%, 25 OfEt
2B LRI BIZONT bSO 28D, SMARCADI (2 X5 ATP {KfFHI7e X 7 LA Y — Ak
BRA D =X DEHLNTT D, DIZOWTIE, SMARCADI (£5) & MutSa DS IO EMENT 2 H 5
L. MutSa ORBLRAMEE L, MR X ¥ XV EOWMRIRELEL T 7 4 =7 4 —E— A ~D BAF 12 W& %
sl CT& 7, 4%, SMARCADI (&F) L DEGEOMEEZ BH57, SMARCADI (&) (oW TiIBE
ICHHBUZ AP L TR Y . MutSa & OEAEROHEERITIZAIT T, L) IF U —RFERTIIH L0137 7
A FBBEREEZHIBEL TS, O, QOWFRITEEHRER EOBEBICH L L OO, iz % X7 O
BUIAEEMNT 21T O ECIREZERETH D, AWFE © SMARCADLOAYH—EH A
IR ORE LT Z VRV ERERB AT DE 5tk DXIGHE S AT
DDA L L, FBEEMITISRE DT 5, Fiz,
HEHHRAFIH L, Mgl EE R T I BRIk
ZRIET DI & T, BREEZ KBS H 5L RIRERE
L. OFERGRIC X 2 BUSHRERRNT (LM K FBLY:
WFFEE iR R & OLFEINFFR) 2R ST 5 2 (@Mutsa-SMARCADIHE & &
LT, RAN YT BEICBITAY ) AEL YT 4D DI BRBERT

. e . . Il memaonm
A = S a7 LI EIR A T8 ‘
Pfit % B3, mEEEIIBr A I Eir gt [ 26k DRy FEEBHRRI L3R

DBV IS & X 2 HIET ) SAE R R | @
DA TH Y | L EREIE & H I fEs i o X .
A D AR L /0D - L RIS TX B, SRAIYFBEIZEITET / LES) T4 DAREA
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A02-3 NHIXBHRDEF ) T4  GIEREK : £5H)

[ B4Z]
AWFFETIZ, DNA & X LR BEOYPEORSEN G, SR EERICBIT b a T vy EBEE
OEEZIASLNCTHZ L EZHE LT,

[AiR]

FT. REAFEEICBT 2LV —7HH ULIEHOBEREWA LN T L7201, a7y r 1 OA
HO(WT) BEOR2 50857 7 ADZEERA (AG & H-I1I6Q M O SMC4-W loop & D2-KG loop) &
BIRICONWT/— 7 IR 2 RIE L8, L— 7 LIEMEO RIBS T TIX o 6 028 BARg
EARD T = VIR COR TR R R B R TERRE A T A Z L IX TE RN E R B b o
7o Flo, 2T I OCAP-HY 7 2=y bOT 2/ Kk KI LT ARA (H-dAN) #EAEKIC
DW= LIS A2 E L7 R, BAERE SRR TOL— TR E NI R+ 25 2
AR LT, ZORRIT. 2 OERRIGEERIN B o VIR T L 0 RO YRR SRRE A AT D
TLEEIHIELHBHALI, EHIC, arFry IO —THHLT vEASIZBWT RS VY AT —F
I S8 & XTI Z 5 DNA FRa U—EbOfENT 2 Blha L=, BBRIEWZ L2, hARA VA
T—PHNiFarToyv Ik TR END L=/ OE (knots) ZEAL, LV a7 kg
MREIZEBT 52 L2 R L7e ORISR, A02-2 F1LEE & D IL[EAFE) ,

WIZ, TV UREIZEIT D HEAT VU B — bk & RIREMFEIROZE Z 50T 572Hic, =
Ty 1D 3ODHIEY 7= b (CAP-D2, -G, -

H) ORIREMEEZ KIS BREA A, BIO

- @ﬁﬁfﬁﬁzﬁﬁ‘g—é/ﬁf@? U v k A Vﬂ’:f/?ﬁ%%? SMC2 SMC4 SMC2 SMC4

T VBB LT ERREA R R LT, 2D O

BEMENT 226, CAP-H @D N-tail 82T v 1 Ot vt

IR B T 5 = L abn Y, mmsR o

H72 U b E O Z bR 2 S W O I A 1 =X L \_
2 z o — 3 J D3

LEREB L, 512, CAP-D2 V7 2=y hOH/ILRK D2 A Y C“Lr'w

X DOVARG RIREVEREIR (C-tail) DORKERN 2T
VU IC R DROMEFIC R E MR A H ARV DITKE 2YF Yoy 1 () Tl CAP-H N-tail 4, IVFYy Y Il ()
LT, CAP-D3 ¥ 7 =% F® C-tail DKL H |Ta T3 CAP-D3 C-tail A%, ZhZha s e LTi<.
VA2 | QN QRN & /TR N 5 e e AP SN TN B D

PRAVAT—PI & A by a2 Asfl Z[RRERDS L7z = A SR TR S h % =
LR N p 0 v~ T MR sparkler DTSRI DB A RS L T2 (A01-1 11K & D LR,

(AE -FND) £ rOXF7ERY T4 DER

BRI, AR SN AR D & R ONT & 2B BRI NS LSS L, YRR oEIC B W THADE X
FHOEERTH D, BIFMERIL, 7 L EDty Fa AT LR AT S LAY, BRARD AL
END7=DITIE, B bue AT DNA BREYFIR Y VX7 BIZ L > THIEI SN 2B o, 37bbtr
N ATEXVT A NBRETHDL, B baATEX VT 0 OEEOTDIZ, REBRENCTCOFFKES
a2 BT 5 2 CIXFEFICHED R FIETH 505, BB & AL PR 72100 Tl A+ Th
%o & ZCANIE T, MR TE Z 28 ERESIRORMIEZL 2P L, ZOBEZILD A I =X X
GG YT ALFINCH LT D2 E 2B E Lz, E512, TOZLOMIEN TOEFRIZOWVT
HLHOMNCT B EE B Lz, R, 2021-2022 O ANSENSE ClrX, BIFRIKZ T % CENP-A X 7
LAY — DCHEST 2EFR S o X7 EOEIZER LTI 24T > 72, CENP-A X7 LAY —AZi%
CENP-C ¥ U /NI ENEETHE, TNETEZOLNTE 720, CENP-C NV VEEbEnd M i ToH
CENP-A X7 LAY —2A & CENP-C 2fEA L, M TIIRE L TWaRWnWZ ERH NIRRT, i
BT TR, KNL2 &) & X7 8RN, CENP-CIZED Y, I CENP-A X7 LAY —ALFEET D2
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ERBLMNIRY EOWMELY 7 TA 4 EM 3 Liberp
THIHNZ LTz, #EB OREFZI ST L, 2

O)}'f\?j:/a\ﬁl fcﬁ < fgé%ﬁ\:ﬁi%ﬁi‘ﬁk Lf:;’ﬁ'j:%\ CENP-A XU LAYV —L CENP-A X7 LAYV —L\
CENP-A Z))Ki‘ﬁéfh LT\ %éﬁﬁv\ﬁﬂiﬁ?i)) ¥  CCAN CENP-C o OO

HZpZ Ly, Shic, M L

TlE. KNL2 7% CENP-A 7> 5N HREEZAL CENP-C S

LI BN Tn, ZRDDFEREN D BEIKD
WEZAEOBERIEOBMZ [T T, NATAICHT  cenp.a 2014y — Lo ARFHEIEROER LT B A6 50
77‘1":’753‘3@@ LTCTW5A & g X)_ 4 . ANV EREEISHRBABOETICE ST L TWAEFEE NS,

(AE - AY) FEEASEICR#EE LI-SRALEADYMEDEER

AMFIETIE, DRPAYEEROMIEICE B L, £ OR[N & D X 9 2Ry R I Rl S v
TWDDDTHOWTHIREZ TR -T2, RO YEMRIT, i L CEBMb S D —F, YR oil o
FRCRELIEEZ DN, TORME L 72 MMES, PBERSELA~DOFGIZONWTIIRHR AR Z N, K
MRETIEIZDOREHONIT LD, FFEORBHRORIEZRIHIL L, YRaRORRENEZ Y T LH
A LTHE LT, TORE, 1B RORERZ L L2 1IER e MRt ERMERKRPE-1E, Z v b
12 TN —HIBEPIK IZ W T, 38 F 27 EMUNE OREAIRIEDEVIC L - T, YR o rTE M 2E
DROEND Z ERNbhoTz, FEYRAKRORE SOEWZ L D8R ETOEBEEMIT LI 2 A, K
XNV AR OVER CTHRESEIR DSMINT I £ 2 DTk LT, /NS WEERIIFHEEIA D PHNZ A D 030
AN R S, PeEfADRE SICL > THEEER ETOEIRBIOEVWR R OIS Z &R I T,

(BE - AH) BNA/O T ULV | Dk - BEDBEIC & 55 S HA 3 6 (A G 4848 oD £z BH

AWFETIX, o Ty 1 EMAEER U CK-itFE 58 (LLPS) #1235 9FE=2— K RNA ZRE L,
RNA L 2721 & O LLPS Baddiea i Eic w535 2 L 0EEZHIE LT,

HeLa #lif % LLPS OHEHK] 1,6-~FH A —L (1,6-HD) MR L= 2 A, aFri v 103 M #
Yuta KO FEE L 72, 1,6-HD IZITHIAN D 7 n<F o 0@ & 2 L MEIT 588 b RESNnTWbH D
T, Zua~<F OB IIEIT DA LLPS OFLEEMEAEVY 2,5-HD € HeLa flla 2 LB L7 & 2 A, 1,6-
HD IO SE L LT, a7 v v 1 OGS MY ERBTE~OEEII Do Te, ZORRND,
a LTy 1 ORI AR RITEIC LLPS 2G5 2 L 3R < TR S T,

BEETCICary Ty 1 EFAMEM L LLPS {295 RNA OFFEIZE > TWRWR, — T, if
BREED T TV OMAEERARF 2K T 28T, 27 2 12 hCAP-D3 %7 ==
D C KD 9 >OHINET X /8% LT, BSS 25T PP2A Bk (PP2A-B55) LiEATHZ L%
R L, &I, 209 o0HENT 2V RET 7 = ICEB LIZERK (9A ZRIK) X, 2057
TV ILIX PP2A-B5S EHEEHT M #ILEREHE~ORTELHE b,

(AE -HME) F=Z0EMEAALAY [7—FT7 1 BEOBEERM SMC %2 U /\VBEOHE
AWFZE T, 7T —F 7 b DFEREARZN SMC £E# o /37 'E Arcadin-4 OFEREAZIAH %2 H¥5 L. Arcadin-
4 O AFM |2 X 5 R bl L OVEALFMNT, 77— 7 7 ) 50O ZIRGTEE T 217 - 72,
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A03-1 BRIBFDY / LEF YT ¢&E GtERRK : BH. 918 : i)

[ B4%]
UHFFRHECIIRE 1-£% DNA O & A TIZHEEE - S0 - A AERE L OB 2 0T 5 2 L 2 HEE L,
WD 3>DBEEEZEIT TS,

(BFZ 1) DNAMMEOBENG, HBT7 a~F o OR[FEEEZH LI T D

(BHE 2) KFENYREAREEZH OGN L, BBEEIC L Z0EmFEEREZIED

(A% 3) DNA-7'm ¥ X ViR B # et L, BUARUHEOPMIZEIT 5

(AR ]

F R —NEHR L LT, DNA-7 1 ¥ 3 (PRM) EAEEROES L BIHE BT 5%
i F4 > DA HS-AFM % W T S M2 U7 GRiSCHEE 1) (AZEPE - Wong & O IL[EIRFZE), £7-
KPS NS B B A Bl 5 N TN T DNA-PRM &6 ik % 2 3k 72 (A01-2 $5K & D JL[EFSE) .
ZIVE TIZ/MENIZ DNA-PRM EARE NG L, NS 2 S S Tl T & 7=, S %/MEv A
AR/ NENEREE DA DNA-PRM A IKIC 5 2 5 BB 2 atd D,

[B15 12 AV Ry —VE#RLE LT, v~ AT 0~ T U RIEICBT D200 F 4 L HIN O A i
L7 (BEE1-1 &xby), EORE, ~ IR U LA A EWhA AU DT 7 v~ F VR ENE
NABIOEOREATHZEERMLE (WA, ZhoomREZRAL, B1Fora~F ozl
BNTEEBICUET D xR T, BBENTEIA 27 METEERL, =4 ) AW I LB
RN BERHFEEMAD LT, BTFOTES ) MEREQETHZ LITEII LT, EHICZ ok
TN 2 BEBCERE IO U, HEMERTE R R W 2 38 L2 (AOL-1 RIEF - A & o dLFEZE) .

[B4% 2-1] ATAC-seq & ChIP-seq % 1-15 & L7=fighi C. b MK U I :
T URARBFOTES ) MREEZRRE L, BBRENC ; i L ;
LICHHEOR T2 nvF U BEBRES LU X b AR = 14 A
BITEHEU L TWeZ &b, lFFr7r~eFriEoT vyt ﬁé %5 5;
YAFE e U RABTRAESN TN D 2 ENRBR ST R c ¥ L=
G SCBFRER ), ~ U AR FICOWTIRERNADERL A+ - - Mg i ca  zn . Mn
= 1 BRI, ZOSLEEFSICIS UC FACS TRt o= -+ 4+ o+ L
FEVZOyBUd 5 ik E RN Lz (K B), SYE L 7= LB e e e
DR FHINE ATAC-seq 12t U T-AIO N LB RIS 7 moan oo i o A o
OvF U HA T I T RAERTZENTE T, 51 FISH @M T, A2 SFRomie e L. Z 0% Mg A
s a<F O k%’%é{ﬂ‘%lﬁ@ﬂ% L @B@ﬁ@%*ﬁ%ﬁﬁ‘éo F AR E, Zn 4 F > IFEAIEIZ R L 7=,

Yefa kT U 1 U —FRHTIC A 5072 NGS FRHF O U & SIIRABIC G & LT AEORETH 5,
FRCHE TR T, 7 3 OBBA LB BRI R SN TE Y | BiE LU0y Ao
=L AL B & A

’f;?: LTWah, ﬁﬁ{%ﬂf@i A03-1 Spermiogenic step “ =1:100 H4V

. T Je 5. . —) —=1/165 4, =1/6 | removal

Wﬂf—&ﬁﬁ%bfﬁ#ﬂ]ﬂ@ 1b-3als|6|l7/8l9l1011]12/13]14] 15 | 16 | | 10 3 ulzon f 135 R

BEUESLEBORTM ‘ ) 2 iy

H@%ﬁj\ﬁy L/ ( B) N %h%\\n Completionof @ Q 104' e ' inco:—:):;o'?ation

S 3 4k A BE meiosis _ff/ § !

O) 7 - \/;ﬁ% = Jj(ﬁm ;gf ED% 15 7\)) Round Elongating Elongated Sperma- E" ] \*zxg . s

&:‘a—é = k VC‘\\ Wﬁéﬁ%%;ﬂ:ﬁw spermatid spermatid spermatid tozoon g Histone-Protamine” : '
N 03 exchange s

AL P D U b D B2 :

t‘%ﬂﬂiﬁjjﬁigm FE e wgaseaby geoamEEmn  © | o

MAEZEEZN ST cwrmmosm. b BFEEMLEED i

Ao BRI BEED S HIEEHE HENER b RROZEE, ) FACS ZHUL

- N v 3 = v PES
~. %E&%HH@O)TZ%TJJ'\:%%&@L T-REFHREONE, MANOEMTIZ ERORE

FRESMLRT Y TEERT, U T
Tb\éo Venus
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<@%-ﬁm>ﬁ%on7¢>®%ﬁ£mb&m%wmmw7anv—Aa&Eﬂw&wwﬁw
FENNPECIE, b MIHEET AL E LT, SO A R HET 2 BIMA T ARG 2 5
%ﬁ’iﬂmﬁ%ﬁk LT (R 11 (TR REMERIE 2 595 =L SIRIRTR 5 > /32 )ikt GOMED 4

7‘72@?&%&@%@*}?%??0 7o R EEFOE %iﬁﬁ&fﬂﬁ#yT Lo T, KO Spermatogenesis

v UATIE (1) 77 uY—2LNER L**%ODF“%H&D PHT e AR |2 FL 57 Gomed-1 KO
DHET 52 L Q) B TFORBEAOSMIZEERN LS &, 3) D

e BT b o £ £ R LI, DR, BRI e O O
BEHREE N 7 a~F U bEEIC B e 52 52 LA BT H5HMETHY | A I mert and
i HEED BEE 1-1 D98 (N T/MaADO YA 22 S 5) (AR % v nuclear membrane structure

‘L (KO,

B C. GOMED R#E~ 7 XADHEFEERE. GOMED RiE~ 7V AEFHEcIEAEEFHizTcr /A
V—LBERTELH Y. ZORETFROBRERE., /OXF VEROEEPRY BRont,

Delay of chromatin condensation
Sperm head abnormality

(A5 - HIE) BFHERZERSZRMY O F Al
BRI IS - ua~vF o -4 ) Melotlctransmon Fertilization
AO)*HE(EFH%‘%&D fcﬁ‘é—\ *%?%EJZ%?IZD& Mouse —_— —_— Y,
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What is the intricate interplay between nuclear lamins, chromatin,
and epigenome during mouse spermatogenesis?
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Summary for Genome Modality network activity meeting in 2022 and recommendation from the advisory
board

The MEXT Genome Modality network (GMN) led by Prof. Tomoko Nishiyama of Nagoya University, was

launched in 2020 and had its first in-person meeting of all associated PIs in Shuzenji, Shizuoka, on November 21

—23,2022. This meeting was held to summarize the activity of GMN in the first two years. At the same time, this

was an opportunity to discuss how the next two years of the GMN could be operated.

In general, the GMN is skillfully organized to achieve the goal of understanding how physicochemical
properties of super-polymeric DNA molecules synthesize to generate the highly complex biological properties of
genomic DNA. To this end, the GMN is made up of individuals from a broad diversity of fields: mathematicians,
physicists, soft matter chemists, modelers, and experimental molecular and cell biologists. All advisory members
were impressed both by the quality of the respective studies in the GMN, which are yielding a number of
publications already, and by the many intra-GMN interdisciplinary collaborations. These studies build bridges
between fields that are usually separated. We realize that this success arises largely from the excellent leadership of
Prof. Nishiyama and her supporting team, which includes both established and more junior PlIs from the respective
fields. We find many positive signs suggesting that the GMN is, and will continue to be, a highly successful network.
The efforts made by the GMN members should be praised.

The GMN is very successfully operated by the steering team led by Prof. Nishiyama. Nonetheless, we came
up with several recommendations that may improve their efficiency over the next two years. These are listed below:
1. In future meetings, it should encouraged to have younger collaborators participate in retreats, and to have poster

sessions and short “elevator pitch” talks (3 min each to bring attention to their posters). (Drs. Gasser, Tanaka,
and Uhlmann)

2. It would be helpful to include titles, abstracts, and contributors’ names (Jokyos, post-docs, and post-graduate
students in addition to PIs) for the talks in the program of the annual meeting. This will further facilitate
communication, discussion and collaborations between Consortium members. (Drs. Gasser, Tanaka, and
Uhlmann)

3. It is strongly recommended to have a round table meeting of the Consortium core members and the advisory
board members at the next annual meeting (or in a separate online meeting) to help harness the insights of the
board as the Consortium develops. (Dr. Tanaka)

4. The next associate member recruitment round should pay particular attention to the fact that junior researchers
and female researchers have been under-represented so far, and need support if the GCN are to secure a thriving
future for Japanese science. (Drs. Uhlmann and Tanaka)

Remarks from individual advisory members
Prof. Susan M Gasser PhD. (Agora Institute, Switzerland)
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After nearly three years the MEXT Genome Modality network had its first meeting of all associated PIs. There
were two days of presentations and participants were highly interactive and engaged in Q&A sessions. There is a
great collaborative spirit and willingness to share knowledge and technologies among the members of this
consortium. The atmosphere was one of sharing and mutual excitement. The quality of results presented was very
high. These are all good indicators that Genome Modalities will be a highly successful network.

Furthermore, the Genome Modality network is skillfully led by a young woman professor, Tomoko
Nishiyama of Nagoya University; her dedicated leadership, which has no hint of self-promotion or self-interest, is
noteworthy. Her excellent leadership should be praised and used as a model for future network organizers. Although
finances may have been limiting this time, we encourage younger collaborators to participate in such retreats, and
to organize poster sessions and short “elevator pitch” talks sessions (outline for elevator pitch: 3 min each speaker
with 2-3 slides, to bring attention to their posters) in future meetings. Such retreats could take place with or
without the lab heads.

Frank Uhlman (The Crick Institute, UK)

1. The next associate member recruitment round should pay particular attention to the fact that junior researchers
and female researchers need support if we want to secure a thriving future for Japanese science.

2. While most of the presented science was of outstanding quality, there were rare exceptions of weaker scientific
projects. Scientific quality should be a key criterium when selecting the next associate members.

3. The network meetings, including domestic and international advisors, are great opportunities to involve junior
researchers from both core and associate laboratories. A poster session by junior researchers would add to the
vibrant atmosphere and maximise the opportunity for the advisors to engage and provide guidance.

Tomoyuki Tanaka, (University of Dundee, UK)

The Consortium continues to address important and timely topics in the molecular basis of genome structure and
function, including the organization of chromosomes, regulation of gene expression, and mechanisms of relevant
diseases. A major strength of the Consortium is its multidisciplinary approaches — the groups in the Consortium have
different expertise, encompassing advanced microscopy, single molecule analyses, biophysical approaches, and
computational modeling. Close collaborations between such groups are driving highly competitive research.

Haruhiko Koseki (RIKEN, Japan)

“Genome Modality” network (GMN) is challenging to understand how and to which extents physicochemical
properties of super-polymeric DNA molecules contributes to synthesize highly complex biological properties of
genome DNA. As this challenge requires the powers of not only biologists but also physicists and chemists, talented
scientists from diverse fields were gathered under the abovementioned single theme. I am very impressed by the
collection of top scientists from very diverse fields involving rheology, soft matter sciences, mathematical modeling,
data sciences, biochemistry, structural biology, high-end imaging, ecology, medical sciences and even more and
sharing the single theme. To facilitate unification of different discipline, more than several mathematics-based
scientists are involved, who are connected with experimental scientists by data to some extents. The GMN is also
setting up the common data platform in the University of Tokyo to facilitate sharing the data from various layers and
technologies. Such multi-disciplinary nature of the GMN is well organized under the leadership of Dr. Nishiyama,
who is also well supported by her executive team composed of well experienced scientists such as Drs. Hirano,
Shirahige, Okada and Takada. I believe it is critically important to maintain this kind of mechanisms, in which
scientists from different fields can meet each other and share a question and resources to solve complex issues. Such
mechanisms will lead to the foundation of new interdisciplinary research fields in near future.

Yoichi Shinkai (RIKEN, Japan)

I was very much impressed with the research results reported, many of which were novel, impactful, and highly
original. 3.The questions from the advisors, especially from prominent researchers from overseas, must have been
very stimulating for the young researchers including post-doc and Ph.D. students. It was also good that all
presentations were given in English. As for research item A03, I was only impressed with the research for cohesin,
aneuploidy, sperm genome, and plant mitochondria (?). I felt that the 2 more years of activities should strengthen a
little more on A03 subject.
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