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[ 5L B] BEEAYORBEENITIX, G2 R =72 W EERDIR D FERA L 77 %
Z (Membraneless organelles; MLO) N ZEAFAEL TD, IT4- MLO 23, 2Dt
K Thd RNA X I E OB TN A B G > TR RSN

ERBDNTIR 0Tz, —HED MLO X RNA 22D MEDERHEL TSI TNDD
EMABLNEZR S TERY, FOMRENLLOLELT NEATL 4/ a—5 47 RNA
(Long noncoding RNA; IncRNA) (&> TSN AEENIEE K RT 2~y 71
(Paraspeckle; PS) H1F 65, PS 1%, A7 T4 7R+ OHEMT 5510 MLO
ThHEALy 7 (Nuclear speckle; NS) O IS5, PS 1X, fEx D
RNA #tE& #2737’ (RNAbinding protein; RBP) °45E D RNA #3547+
AR ELUTHREL . Bl FRBHEICHEEZ @2 T2 086 Tn5, PS
213 60 FERFELL Lo X RI7EREREL, O HTH SFPQ X NONO, FUS,
RBM14, SWI/SNF #E1KD 2 7B R F13 PS DU MEA W] R ThD, PS
I, a7 -z EiEE RS MLO “Cg?)é_kfhfﬂgﬂfjb@\ NEAT1 IncRNA (% 5’
& 8 MHEE RO =V GEm) 1, FREES =T (F0) IZRTET L1280
ToToENVIIRRE T PS ORI uﬁﬂﬁéﬂé 23 kb 1Z% & .5 NEAT1 IncRNA O)<‘: D
RNA #HE 72 PS OBECHEREZHAEL TWLIONEHRKT L7120
CRISPR/Cas9 v A7 L% T NEAT1 Ok~ finﬁﬁ%ﬁ(ﬁ%bf:%;ﬁﬁﬂiﬂ’ﬁ%%%
BBNLL, PS ORBB O 3T Tz, ZORER, NEAT1 OFfED RNA ik
. PS OT BTV —=Ra T - = M E TR RIS EA PR THHZ LRIG5>
7

MLO (38 P OGP 22 A & D72 T EI0 | 23720 H 037030 53 BN
LTS R L TRUV A DO PICILTEL TvD, PSIE NS O EICTERS DM, 2O
D MLO DVESZUTAAEERE L TIFE T 2720 D53 F A=A NIRTE AR TH D,
FTTARMIFETIX, PSENS ZE7 /1L T, B4 @ MLO [Rl L0308l CHEET D
72O Do TR A O T HZ AR AT,

[ FiELHE 5] NEAT1 o 5l 3% k&L Rk LT- mini-NEATl ALV r IS
WTC, PS8l 292N L2 MLO Thd NS OWNEIZ AL & b e W) T4t
R RBUZ IR LT, ZORFRIT. NEAT1 OFFED RNA p,airjzzi\ PS ZMMNrL7-
MLO LU CTHFESEDT-DICHETHHZ LR TS, LD R DT %2
157128 | ERARAG E BEIRBE A W T T 21T 72 o 70, COFES, mini-NEAT1 % %
R CH/RF A~y 7)1 (mini-PS) X NS ONEBIZEVIATN TWALEDD, 582121
RLVEDTIC, Z2Oa 7 -2 =) VRS IRFFSIUTO o, RIS, PS 75 NS 2O L



TIEET DI-DITMBE I 2 R E R F DY Z 1T 577, IncRNA ©%<1X RBP &V
R 38 (RNP) A RETER T 52 THEET 5285, mini-NEAT1 4 £
FRIZEBW TR L TS RNA IR &7 % RBP 2SN EE AR HI A ]I L TV |
BEMEA 2 72, RNA-FISH % AW T, B4 RK (Wild type; WT) @ PS LLE#L T,
mini-PS ~DFTEENKEIFIFTL TS RBP 2HERLT-, #D#E45. SFPQ #2
XZE O mini-PS ~O G EENBEFITIEIL Tz, RIS, MS2 AT AITEY
SFPQ % mini-NEAT1 RNA EiZ A &AM §5ZL T, mini-PS @ NS 760
B R ARZBEREFR M T D2 E N ATRE THDLONE T LT, ZDOfE %, SFPQ %
mini-PS O = /VHEBIZERE 752 L128- T, WT E[FEEEIZ, mini-PS 73 NS 725
SYBELT-, — 5T 2D X9 HEBEFAAHIT mini-PS o=y fEIKIC SFPQ 2L
BT BEESN ) o1, 512, SFPQ DEDRALL A PS & NS 6055 Btk
RRICEZECTHLIONEHLNIT D721, SFPQ DR AL K KRAE BAK%E FVCIA]
FEDIRNT 21T 272, FDHER . SFPQ @ Coiled-coil (CC) KA NOPS KAA &
W Te A=A NI~ — T ARICEBER RN AL 2T TIEel, PV AR AL
(Prion like domain ; PLD) $, I CTHHIENRIBINTZ,

mini-PS 1. NS EANZEIAENAZED, FFE DK 73 mini-PS O NS ~
DA ZFH T 5T HEMEA Z 2 7~ mini-NEAT1 RNA ¢ mini-PS @ NS ~
DA HERMEA TR L . £ OFHEUIHE G4 % RBP # Mass spectrometry
(MS) fEHTIZ LR RIE LTz, D55, SF1 %5 Te U2 snRNP ORALZ /]
2’875 mini-NEAT1 RNA OH T RALATKE AL TOBZERHALNE R ST, IRIC
SF1 23, i@ NS &SI L CHEET S, WT-PS O NS ~OHVIAALE 8 T 55
BEDNBHDDMEINERFELTZ, MS2 VAT L& HW T, WT @ NEAT1 RNA EiZ
SF1 % A\ AR LIS . SF1 @ PS ¥ /LiE~D I LY, PS © NS N
HA~DORVIAIRZBELTEZ, — T, PS OaT7 i ~EELZEA 2%, PS 1%
NS &3~ L CTIEFEL T,

[%&22] AHFFRIZHWVT, SF1 DLHIZ PS D NS ~DOHVIALZ i Al g/ K+
BLQ SFPQ D LA PS @ NS o0 4Bz 758 riae72 K 7[R E L7, NEAT1
IncRNA % mRNA L[A%EIZ, RNA polymerase I IZX-> THzBESI5, —RHIIZ,
AT TA TS mRNA 13 NS IZRTEL ., MlaE ICiE s, BlsREID, xR
B2, NEAT1 IncRNA [ZA T FA 2 7 ST ITERNICRFEFSIVA, SF1L IZAT T A
VY — BERERR T AR F ThHZE0 0, SFPQ 13 NEAT1 IncRNA F~DA S5 13
YT RFOFEREHETHZEICLY, MAL L7 MLO (LT PS R EEEL TV
HZENHEZREINT-, PS & NS S L THEETA7-0101E., Y= /VIZRTET S
SFPQ NEEREENEZRIZL ThDZEE I LTZ23, SFPQ NEEHIIHEEET 50D



M, BHDHVE SFPQ LA AAEM T DR+ 2L THERE T 2 DNIRIEHI BN 72> T
W, F7z, A EIFEE LK F LM S RO 7 m e R G35 R F 3 MFEL T
WD RTREMEDN B X BID, LT3 > T, KVFEMIZR 5y F A = X LD 34 1% DR E
ThD,

[#53] PS i%. NEAT1 IncRNA ki SFPQ #UZ/L—hkL. PS O =/ Lk
B DA ML T NS &7 L72 MLO &L CTEfEL TV %, — 5T, SF1 12 PS »
NS ~OHAHLZFHFEARRE THHI A M LT, AAFFRIL, PS OV = /VIZRITET
BHHNTED PS EEDOMO MLO EOMMSIHEZEHITEHL TWDZEARRIEBL TEH
0. MLO Ov =/VFEIKIZRTET DR O BEEMAFME 5 L CHRBRmALReHT L
DHIFFT&ES,
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arcRNA
ASO
BPB
CC
DAPI
DBD
DBHS
DMEM
DRB
eCLIP
EM
FBS
FISH
GO:CC
HyPro
IMDM
kb
LLPS
IncRNA
MCP
mini-PS
MLO
MS2BS
NS
PAGE
PAS
PBS
PFA
PlaB
PLD
Pol II
PS

Architectural RNA

Antisense oligonucleotide
Bromophenol blue

Coiled-coil
4',6-diamidino-2-phenylindole

DNA binding domain

Drosophila behavior human splicing
Dulbecco’s modified eagle’s medium
5,6-Dichlorobenzimidazole 1-8-D-ribofuranoside
Enhanced crosslinking and immunoprecipitation
Electron microscopy

Fetal bovine serum

Fluorescence in situ hybridization
Gene ontology cellular component
Hybridization-proximity labeling
Iscove’s modified dulbecco’s medium
Kilobase

Liquid-liquid phase separation
Long noncoding RNA

MS2 coat protein

Mini-NEAT1 paraspeckle
Membraneless organelles

MS2 binding site

Nuclear speckle

Polyacrylamide gel electrophoresis
Polyadenylation site
Phosphate-buffered saline
Paraformaldehyde

Pladienolide B

Prion like domain

RNA polymerase 1l

Paraspeckle



PSP
RBP
RNP
RRM
SDS
sgRNA
SIM
smFISH
snoRNA
snRNP
SRM
SSA
SWI/SNF
TBST
TSA
WT

Paraspeckle protein

RNA binding protein
Ribonucleoprotein

RNA recognition motif

Sodium dodecyl sulfate
Single-guide RNA

Structured illumination microscopy
single-molecule Fluorescence in situ hybridization
Small nucleolar RNA

Small nuclear ribonucleoprotein
Super-resolution microscopy
Spliceostatin A

Switch/sucrose non-fermentable
Tris-buffered saline with Tween 20
Tyramide signal amplification

Wild type
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BV OB NI IS 2 R 72 W RRLIR O MLO BEHAFTEL T\ 5,
A, 2B MLO 235EBEL XN BB R 2 L OB S AL, FrE DAy
TG AN ZE R ETAED Z LI Lo T, SEF N 7 o R 575
ZENABIETRY-S 255 (Banani et al., 2017; Shin and Brangwynne, 2017;
Alberti et al., 2019; Sabari et al., 2020; Lyon et al., 2021), ZWNIZE T, %<
» MLO 137 e~ F U MRS 7 m~F o B OB HEIRI AR T D, IS
FET2 MLO ThHD, B/MERL A/ N— /LR T 4, NS, PS, PML AT ¢, BEAN &
A VER T 41T BHENC RS DA sS4 (Banani et al., 2017;
Sabari et al., 2020), —#%HIZ, 25D MLO 13fE x DXL G ok % & AT
W5, MLO O FERERIE T Ths RNA X, RNA X < 7'E 05 AEAE
MERETHZEICL ST, MLO OFKRICHGTHZENRBRIN T AH(Van
Treeck and Parker, 2018; Roden and Gladfelter, 2021; Yamazaki and Hirose,
2021),



Membrane
clusters

.—Signalling
puncta

P body”u

body

Synaptic
densities

Stress

N
.f ?rar?spo = granule
granule

X 1. EZAEOMMBNIZIETET S MLO, (Banani et al., 2017) kb5 H
ZHETICHIE SENITIFEET S MLO BNEEFEESN TS, WL<D0:0 MLO
VIR E DOFBERIC B W TOABIEINDLD, ZZTIEZENLHLE D TRL TV,



IncRNA [TEn 1 FBLHESC 7 v~ F L HlH O e /il N 7 m & 20 FARR) 722 il
fHIKCT& %, Architectural RNA (arcRNA) EFEIEN5—EED IncRNA (%, MLO
DIRIZB W THHEOHEEFKEL CTHAET D (Chujo and Hirose, 2017;
Yamazaki et al., 2019), =D FEHZ2tDEL T, NEAT1_2 IncRNA (2X-> TRk
SNDHEENREER PS N2 HN5, NEAT1_2 IncRNA (3%4D RBP #4495
ZEIZEHS T, PS OMEDOHEEE#EL THERET D (Chen and Carmichael, 2009;
Clemson et al., 2009; Sasaki et al., 2009; Sunwoo et al., 2009), PS 1% NS &I
N5 MLO OIS L T SL, SFPQ X° NONO, PSPC1 O kLH7%¢
Drosophila Behavior Human Splicing (DBHS) family %> /X7E N ERE TS
MLO ¢LCREEN=(Visa et al., 1993; Fox et al., 2002), PS L. fEAROEHE
FLIRDFEZED L7 E PRI TIIe H R AN REGE 2 E OFFPLRFICF
WCHEERKREZ R 2N E SN TS (Hirose et al.,, 2014; Imamura et
al., 2014; Nakagawa et al., 2014; Adriaens et al., 2016; Mello et al., 2017),

NEAT1 #5772 6i%, NEAT1_1 (3.7 kb) & NEAT1_2 (22.7 kb) @ 2 FE¥HD F7p
BT AT —LINEIRA e 3R ey o 7k TARENS (Naganuma et
al., 2012), £7=, NEAT1_1 1% PS OERMIZHATIER 3, NEAT1_2 X PS O
B THHZERHALNZ/ 2> T D (Naganuma et al., 2012; Yamazaki et
al., 2018), NEAT1_1 IncRNA 3, —f&%72 mRNA OERERGEEFRRIC, Z DR
GlZARNY A HAMI IS Z ek @ iEfbsind, —75 T, NEAT1_2 IncRNA @ 3
Kimld, Triple helix EFEIZ5 RNA = EHEHEELA - TEY, NEAT1_2 OZFEAL
2% 5L TWwW5 (Sunwoo et al., 2009; Wilusz et al., 2012), PS X, RNA
polymerase II (Pol II)(2k% NEAT1_2 O#z’5lEHE L C NEAT1 Eis 1 FEOUT
BRI END (Mao et al., 2011), T D7=® ., Pol I OFHEA|Z A5 FLE|C
F0, PSIFRHIZIHA TS (Fox et al., 2005), ZAVETIC 60 FELELL EoX L <7'H
2 PS IZRTETDIENRHALNET2>TEY, RNTARy I )VH 378 (Paraspeckle
protein; PSP)Cé% SFPQ %> NONO., FUS. RBM14, SWI/SNF # &k DA
TIE.PS OFK T rERICHKLEARA X TH%S (Naganuma et al.,, 2012;
Kawaguchi et al., 2015; Yamazaki and Hirose, 2015), #x.1£ SFPQ & NONO
237’813, NEAT1_2 IncRNA ORBLUZVLETHY, NONO <° FUS, RBM14,

SWI/SNF #5162 R 1X PS OT7 27 ) — 2B THD (Naganuma et al.,
2012; Kawaguchi et al., 2015; Yamazaki and Hirose, 2015; Yamazaki et al.,
2018),
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NEATT_ 1 e— AAAAAAA

(3.7 kb) '
NEAT1 |'>

(Chr. 11) l
NEAT1_2 AR

(22.7 kb) Triple helix

NEAT1_2
NEAT1_2 RNP

t b TR é\;[%

]

A A
RNA | N N ° ’ »
Bernaces \\ L \ - Phase separation 5

(i A7

RNAPII | | Category 1A Category 1B
<€—— 360nm —>

NONO (NEAT1 stability) NONO (assembly)
SFPQ (NEAT1 stability) FUS (assembly)
RBM14 (NEAT1 stability) DAZAP1 (assembly)

HNRNPK (NEAT1 isoform switch) HNRNPH3 (assembly)
SWI/SNF complex (assembly)

Paraspeckle

X 2. NEAT1 D3RR 3’ K 77 E NEAT1_ 21285 PSH# AR, (Yamazaki
et al., 2019) Xv5|H

(A) EIRA 3 Kim 7 ot o712k, NEAT1 s FEENSIZ 2 DT AV T 4 — A
WERREID, NEAT1_2 1% 8" KIRICAFTET S Triple helix #i& 2 l0eE/bE
%, (B) PS TEHIZHITH 2 B 7t 2, Pol I I2kV, NEAT1_2 AN#rESN7-14
\2. fix D RBP 369524 T NEAT1_2 RNP 2R T %, £ D %K 50 FEkED
NEAT1_2 RNP 2304582 L CT7 R 7 V95281285 T 1 2D PS NEREN
%, PS ORI E PSP 1%, RELDITT 2 OB 7TV =TSN,
Category 1A |Z, NEAT1_2 OFRBLUIMTEETHD PSP 25 A T %, Category 1B
X, PS OT 2 TV —Z B 2 R HE ATUND,
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CRISPR/Cas9 3 A7 L% VTR L7- NEAT1 R FIK RNA 2R B+5%
BORMPIRIZIN T, PS ORBUPENT S T /- (Yamazaki et al., 2018, 2021;
Modic et al., 2019), = D#E % . NEAT1_2 IncRNA FiZi%. RNA O Eh=e
NEAT1 1 & NEAT1 2 OT7 AV T H—LbAAvF PS OT 7TV —ICHET5
RNA OREEEHIR AL L BFAET HZEDH L7257~ (Yamazaki et al., 2018), 4
IZ. NONO =° SFPQ # > "B DB DFEE A5 /A TD NEAT1_2 Ok
EIIE, FHEEE T LT PS OT7 v T U —IZUEAR R K THD (Yamazaki et al.,
2018), £7=. NONO V@D BEE 7% T 57-9121L, RRM2/NOPS RAA
R CC RAM U ZETe B CBREM R AL U DN EE 2 ZE 2 R~ C%  (Yamazaki
et al., 2018),

12



A Shell-formation Shell-formation

[ p— | f 1
1 2128 4 5.1 8 16.6 22.7 (kb)
NEAT1 2 BN T "I T I cico e col |

A B B & A C Configuration 4 A (Triple helix)
(Stability) (Isoform switch) i (Paraspeckle assembly) i
| S [l

‘D£’A3RNA triplex formation UG-repeats (TDP-43 recruitment)

R-loop formation

B
NEAT1_2 @
=== a NONO SFPQ 7 ./ —— —>
Polymerization noNO SF° ONO sppe Polymerization

‘ PLD proteins (FUS, RBM14) binding

Formation of NEAT1_2 RNP complex

‘ Micellization

Paraspeckle formation

X 3. NEAT1_2 ® RNA $$RERN A1 & NEAT1_2 HREFWAE LIz PS R

(A) NEAT1_2 IncRNA ORERER) 72 EY 25 —RNA N AA U HE, NEAT1 2
IncRNA FiZiZ, NEAT1 2 % &M (8°27), NEAT1 1 726 NEAT1 2 ~D7 A
V7 F—LAA T ($%). polyadenylation site (PAS) (&), PS 77— ().
TDP-43 2> /G DFEE AR THD UG-repeat (RAE—), L=V R AL (4
L), R-loop Bk, DNA:RNA = HE & KICBHE 325 RNA FEEER A7 3
F1E9 %, (Yamazaki et al., 2019) k0 —#4Z, (B) NEAT1_2 @ H 95818 2 1FAE
T4, MEERICEBE LT8O AT A M NONO & SFPQ a4 %, ZDik,
RRM2/NOPS & CC RFAL % LT NEAT1 2 baa—T 407 3AHZLI1280
NEAT1_2 RNP 2S5, [FEHZ FUS < RBM14 28 RNP 2V 7/ —FR&Sihvb
ZliZEY, s PLD M@K oM E/EREZ N Lz PS JERMMEESND,
(Hirose et al., 2019) X0 —¥Rek 2,
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B SE (Electron microscopy; EM) & fi#{4 E MK EE (Super-resolution
microscopy; SRM) %z H W =2 D55 B PSIZERIRGDWVIIH RO EZFFSZ
ENEIERSITZ (Souquere et al., 2010; West et al., 2016), NEAT1_2 @ 51{f|& 3
WO T =V (i) (2, FREET=T (F.0) [ZRET LI E TN
JRAET PS NER ;@Eﬁéﬂ%’) (Souquere et al., 2010; West et al., 2016), 51T
PSP % PS W W TR RINR (TN F — Zan 3 2805, PS ‘iﬁﬁﬁ’]ﬁ?ﬂ??
VUi R LD EDRIEEN TS (West et al., 2016), ZD X572 PS ORI
IRTARSO N A A 1 BRIR CAHR AN Ze NS 1 2 3 A 0 B (Liquid-liquid
phase separation; LLPS) (Z& > TR ENA A F) 72 MLO LIZKEHERD, V7
h~ =B OB AT 2 TR ZERCRICEY | PS 2MATEEO — i CH oIt
IBIZKVIEREND 7 oy 7 B ARIB L EL TIERSNAZERB LN ER ST
(Yamazaki et al., 2021), UL D ZE055, NEAT1_2 IncRNA (% PS O R-CHRE
ZZEDORSFIZT—RL TWAZENRBIILTNDN, RIEED /N —)VETERITH
fR9DIZE STV VR,

%<® MLO TN ZERICB W T, AW L TIFELTWA, — T, — B
® MLO [FZHITEFICHFAET D2 ENHBIL TN D, PS IEEIC NS O fHIZIEKS
DM, 2 20 MLO [RLOfAE ST —H MG ICEIAEN D L7 ML
THAIET D12 Doy A = A BIRTEHBINTI2 > TUIN R, £ Z TR LI 7%
FEDOMIZ, PS @ NS OWERH DV MISIMAI~D SR EA I § D728 0D 53 F A0 =K L
OfFZ BIEL, ZETHEE T > T&E T,

14



A Shell Core

Neat1_5'  Neat1 5' Neat1 3 Neatlm
Neat1_3’ Sfpq
Tardbp Nono
Pspci
Fus

" Patch

Rbm14
Brg1

B Spherical

Spherical
LLPS

RBP
RNA/.-\..’\ =

Transcriptional
upregulation

%

Micellization

. Transcriptional
o E upregulat:on \}K{; 5}
Ao S D

VNG

Spherical Cylindrical

X 4. IEARITKVFEREND PS D=7 -2 = V1S

(A) PS ® Core-Shell #1EDRXX, NEAT1_2 1%, 5’ flE 3" 123> =/, Rk
TR T I RTET DIV FNTIRFET PS WNERICELE S 45, PSP I, =
TRV b, Ry IRO IR R RTE N Z — &, (West et al., 2016) L0
51H, (B) LLPS L3Iz L > TSR 0 BERS E R O A, LLPS 1240
RS ARSI, Bk TRBAIZNEEEE A 325 (EX), —F5 T, Ikl
KOS oS ART, Bk CHRIB 22N EEZ /55 (T, BR5 2O
(P TR E N E D2 (b, (Yamazaki et al., 2022) K05 H,

Dok
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A EE =

M ME i E A R IR KBM 7 X0 B S S e — 5 SRR HAPL 13, 7R
TAY T AR N — T —TF J) AF LT, HAPT# T4 2 10% O Fetal
Bovine Serum (FBS, Gibco) M OY1% @ Penicillin-Streptomycin Mixed
Solution (Nacalai) % & #¢eIscove’s Modified Dulbecco’s Medium (IMDM) T
37°C. 5% CO2D5:Mt: F CThs# L7-, NEAT1DO R EFHEE{TH720 12, MG132
(Sigma-Aldrich) Z#&JEES pMCEFHIIZIRINL . 6RFRIEE R LT, IR 5L ESLER T
1. & E 30 uM? 5,6-Dichlorobenzimidazole 1-8-D-ribofuranoside (DRB.
Sigma-Aldrich) ZFHIZIRINL . 4R &R LT, £ D%, A3 L ¢, Bl
FHHe 3 U4y 2T IR, 1B D2 A L — A TR R 21T o7z,
U2 snRNPOHEFR T, BYLFEHIEIT O F B LB L T a2 niz
Spliceostatin A (SSA) H» 5\ iZPladienolide B (PlaB, Cayman Chemical) %%
NENRAEIEEL ng/mldbD\ T pMTEFHUCEINL ., 3045 L3604y 2L
77 Flp-In T-REx 293HaIZ#4IRE10%DFBS & (’1% Penicillin-Streptomycin
Mixed Solution (Nacalai) % & ¢Dulbecco’s Modified Eagle’s Medium (DMEM)
T37°C, 5% CO2D M T TH&E L=,

CRISPR/Cas9% R\ =" ) A¥mEE MBI RR DR ST

CRISPR/Cas9% H = NEAT 118 1x 1 Dl 47 R I 28 BARMPARE O #2121 LAFT]
DG LEAED F7 %2 = (Yamazaki et al., 2018; Yamazaki and Hirose,
2021b), HAPLHHAY (1.5 x 108 #AIZ%L T, Amaxa Cell Line Nucleofector Kit
V (Lonza) Nucleofector 2b¥:#E (Program: X-005, Lonza) Zf# L. 2FE¥ED
Single-guide RNA (sgRNA) &SpCas9% [FIKF 23 Hl 4 5PX-330 B/B plasmid
(Yamazaki et al., 2018) (2 pug) L7 F7AN AV U itthEELR FE2FEBETDH
pcDNAG6/TR plasmid (0.2 pg) #TLZhaRL —Ta B2 I0E A LT, 245 D
B2, T IAN AT %20 ng/mlERDITIHIML, 2B R THZET, 7'I4
SRPEASIN T DORKEEAT -T2, Z D%, T TAIRNE ASI N L% (R A A
L., 967 =L 7L —NMIFEHREL, H—rn—r %G, ThZhor/m— TR KR
HMAINTNWDE)ZES ) LAPCRICEVAEFRL . DNAY — 7= 230 H D R KN
WS TODDNE BT,

MS2/ I TVH T 7= a— R T EDREBTT — 7 ThHHAT LV —T it %
6D IKL 726 x MS2ELFIDONEAT1 locus~0 /> 7 A AR ORBNLITIE, EFD
DPX-330 B/BM& U'pecDNAG/TRIZNNA T, Wi¥i@iZ6 x MS2 repair template B
FsgRNAFHZHF D2 ng?h /o 7 A7 7 AIRNG [FRFICHIIICE A LT, EREElRRE
ICH—ra—2 %L, 7/ APCREDNAY —7 = A2 8D B B OELH A S
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NTNDDONEMER L=, AF5E TR ZsgRNADOELH LR L 7= HAP12 B4 i
ELL T ORUTRT,

Flp-InY AT 5% W RF Y A7) HE M B TR B ER OB T

# 1.

ARAFFETHIVZ sgRNA B4l & HAP1 28 B ifu ik

NEAT1Z Rl

NEAT1 (22743 nt) iZ381) BIEA/RKHEI%

BR

SgRNA#1 (5' 2D 3))

SgRNA#2 (5' 2>b 3)sgRNA#2

% L MBpR

HAP1 mini-NEAT1 (A1-8k/16.6-22.6K) 1034-8006/16613-22647 Yamazaki etal., 2017

NEAT1 A16.6-22.6k 16613-22647 Yamazaki etal., 2017

NEAT1 A1-8k 1034-8006 Yamazaki etal., 2017

NEAT1 A4-8k/16.6-22.6k 4054-8005/16613-22647 This study TACCACTTAGAACTCTAACC GGATATCATATACTCACAAC |HAP1 NEAT1 A16.6-22.6k
NEAT1 A1-4k/16.6-22.6k 1034-4053/16613-22647 This study AGAGGCCTTCCCGCTGAGGC |TACCACTTAGAACTCTAACC |HAP1 NEAT1 A16.6-22.6k
NEAT1 A20.1-22.6k 20157-22647 This study GGGAGGCGCGGAGCCGCCGC |[TCAGATAACCATTCTAACTA |HAP1 WT

NEAT1 A1-8k/20.1-22.6k 1034-8005/20157-22647 This study AGAGGCCTTCCCGCTGAGGC |GGATATCATATACTCACAAC |HAP1 NEAT1 A20.1-22.6k
NEAT1 A1-8k/16.6-20.1k 1034-8006/16613-20156 This study TGACTTGATTTGGCTGTGCA TCAGATAACCATTCTAACTA |HAP1 NEAT1 A1-8k

m9.8-16.6k (A1-9.8k/16.6-22.6k)

1033-9830/16613-22647

Yamazaki etal., 2017

NEAT1. v 7 4 VRN

NEAT1 (22743 nt) iZ381) BIEA/R K%

BR

SgRNA#1 (5' b 3))

SgRNA#2 (5' 2>b 3')sgRNA#2

B L RBBR

mini-NEAT1/6x\ .2kb

8175-(6: insertion)-8176

This study

GCATCGTACGCGTACGTGTT

GGAGATTGGTTGTACAACAA

HAP1 mini-NEAT1

mini-NEAT1/6xMS2BS@16.2kb 16204-(6xMS2BS insertion)-16205 This study GCATCGTACGCGTACGTGTT GGAACCCTCTTACTTACTGG [HAP1 mini-NEAT1
m13-16.6k/6xMS2BS@14kb 14020-(6xMS2BS insertion)-14021 ‘Yamazaki etal., 2017

NEAT1/6xMS2BS@1.4kb 1438-(6xMS2BS insertion)-1439 This study GCATCGTACGCGTACGTGTT AGCAGATGCATCCGGCTCGA |[HAP1 WT
NEAT1/6xMS2BS @14kb 14020-(6xMS2BS insertion)-14021 This study GCATCGTACGCGTACGTGTT  |[TACCGCATATCTGTGTACAT |HAP1 WT

RS A1 2 U ARTE

RERISNE T 5728

(AR B AR DO BLAFHE 7872 Flp-In T-REx 2935/

12, 1.25 ng®pcDNAS/FRT/TOA/FLAG/MCP-SFPQ WT&H 50

IIERARE L R E RIS DT TAIRBLUN.25 pgdVar v —8E2EHT5
pOG447 Z AR %Lipofectamine LTX (Invitrogen) #H\\Ch7L A7 =7 ar L
72o 77 AIRDNANZ EWINZY ) LDNAIZE AS Nk Z AT o~ A2
(WAKO) ##&EE150 pg/ml TR i TrL o ar Uiz, HARIE T D%
REFHETLHDIC, RV A7V ZEIREL pg/mlTEHRINL 728 Hi b C 48R
BB & TR 0T,

Plasmid®D=a A7 7 a

NARHHIZMS2 coat protein (MCP) 23l & LicX L NIEE BT oI 4 —%
VERE T 57212, pcDNAS/FRT/TO/A/FLAG/N ARKMCPX7 % — DO [BEEZE A M
AW TCTDP-43. BRG1. HNRNPF, PSPC1. SF1. U2AF2, PTBP1®ORF %+
ALT2, MS2T WV 7Y AT KL~ T, PS E~DV 7V — I REIETE/2-7-N
KMCPE &2 7B IZBL Tk, CRIRANICMCPZ i & Bl 7o, CAR AN
MCPHR@ AL NIV EERBE T Ok T 5720
pcDNAS5S/FRT/TO/A/FLAG2 % — Ol [REESE A~ H T, MCPOORFZf# A
L7z, &IZ. pcDNA5S/FRT/TOA/FLAG/CRKMCP X7 % — D[R EE 35 A &
T, SF3B4LSF3A3DORFZH ALT=, FLAG-SF3B4-MCP# >/~ 7'& } "FLAG-
SF3A3-MCP# > _7E N FITHIIE ~D F{EZ R~ LTzT=8 SVAORZRIfES 7 F /v
B2 A 78— ZAPCRIEIZH D ENL R B9 HE AT K> T A L 72, CoR bl
IZMCPA A L7ZHNRNPH1 X > RV B BB T 572 — 5B T 572012,

; N

17



pcDNA5/FRT/TOA/FLAG~2 % — DO il [R5 ¥~ T, HNRNPH1DORF
Zf A LTz, IZ, pcDNASFRT/TOA/FLAG/HNRNPH1 -~ % — D il [RE% 3= VA
MWW TMCPOORFE4R A LT,

Plasmid’ 7R 7 =/ ay

MS27 V7 FgDT= 2, HAPTMIfuZ 120 = L 7 L —RMNZ, 1V =/V$H72D5.0
X 104 OMIaE TR L/, 24 R L7C#IZ, 1.6 pg® 77 AIRE3 uLod
TransIT-LT1 Mirus) ZfWTCh I AT =73 a0 U -, Bk EROT-0D12,
HAP1#ifa% Poly-L-Lysine=—7 (> 27 %f L 72100 mm 7L —RZ, 9.0 X 105D
FRQ R B CRERE L 72, 24FFES R L7121, 15 ngD 77 AIR %45 pLOTransIT-
LT1 Mirus) Z W\ ChTo AT =7 ar Lz, NIV AT =7 ar ., iz 480
[# (% D6RFFIICMG1 320 ALERIRE ] & 5 Tp) BB LT D BT, ZALE LD FEfRE
VE&AT72o7,

RNA-FISH &8 e 4,

RNA-FISH &3t 50 0% Y AT LARTIC R A SN2 T BTV T o 7o, e fE R
EEOE 1L, FV1000D (Olympus). LSM900 with Airyscan2 (Zeiss) % H\»
T HL 1 L 7=, Super-resolution microscopy (SRM) & 4 (% . LSM900 with
Airyscan2 & 6315 O x> X & W CHLAS L 72, Structured-illumination
microscopy (SIM) B4 FEHi#41%. ELYRA PS.1 (Zeiss) &100{FDx%#L > X
VT, BLENZH S SN2 FIEIZEW IS LT, RNA-FISH THW/=RNADT
Y F AT =T ORSNELL T DR2TRT,
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& 2. NEAT1 RNA-FISH I[ZBWTHWZT T2 RNA 7'v—7 DL

A

RNARZHY (5 >5 31

NEAT1_0-1k-AS

agaauacucaagcuugcaugccugcaggucgacucuagaggauccCCAACAAUACCGACUCCAACAGCCACUCGG
CUUACUGUCCCGGGCUUACCAGAUGACCAGGUAAUGUUUUAAGUGAAUGGAUAAGUUAAAGGGA
GGAAGAAGGGGUGGAGUGAGCUCACAAGAAGAGUUUAGCGCCAAACCUAGAGAAAAGUCCAAAAG
GAGCACUGCCACCUGGAAAAUAAAGCGUUGGUCAAUGUUGUCCCCAACACCCGAGCAGCGUGCC
UCGCAGUCCCCGCCUGUCAAACAUGCUAGGUGCCGCACCAGUCACCGGUGAGGAUGGCGCCUUA
ACUCCACAUCACUCCUCAGACCACCCCUCACCUCCGCCCAGGGGCCUGGCUUCGCACCCAGACC
UGGACGCUCCACCAGGCUGGGCCCGGCCUGGGCCCCGUCCCAGGCCGAGCGAAAAUUACAUACC
ACCCUGGGCCAGAGCGGUCAGCCCCGUCGAGCUAAGUUCAGUUCCACAAGACCAGGCCUCAUCC
CCAGGCGGGUUCACAGCCCUUGGUCUGGAAAAAAAGGGGCUGCUGGCAUGGACAAGUUGAAGAU
UAGCCCUCCCGGCCCUCCUGCAGCCCUGCACCCACUGCCUGCCUUCCUGAUCAUUUCCAGGGC
UGCUGCGGCCUAUUCCUCCUGACUCCUCCACCCCUUCUACCUCUCCCUGCCUUCCUCCUUCCA
CACAGACCAGCGCACCCGGGCUCGCUCAGCUAUGCAAGAGCGGCGCCCUCCCAGAGGUCAAGUU
CCCCCUCCACCAGGCAGUAGGGACAGCCUGGCCUGGAGCGUGGCUGUUCUGCCUGGGGGACCC
UGCGGAUAUUUUCCAUGCAGCCUGCCCCACUGUGGUCCCCCUAGACCUAGUCUCCUUGCCAAG
CUUCCUUCUCGCACCCCCAGCCCGCCCCCUCGUCUCAUCUAACUCAGUCAUCUCUCCCUGUCU
GUCCCCUGAAGCCCUGAGCUAGCCACUUCCUCCCCCACAACUACACCCAGGCGCGCAUCCCUCC
CUGUCGCUAACUCCg

NEAT1_21.7-22.6k-AS

agaauacucaagcuaugcaucaagcuugguaccgagcucggauccacuaguaacggccgccagugugcuggaauucgeccuuC
AUAGCCAGGGGACAUUGUCCCCCAGCUUCACAUCCACAUGUCUCCUAGCAUGGCACAUGCAUAU
CCUGCCCAAGGAGCAUGAAGUCAGACCAGCAAACUGAACACGAGGCACAGUCCUGCAUGCUCUG
GGACCGAGCACUGAGGGGGCCCACAGGUGAGAAGGUGCUGGCCCUUCAGCUcCUcccucccucu
GCCUUCACGAGCAGAGGCACAAGCUUCUGUGUGUAUACAGAAAUUUCCAGAGUGAGUCUAGGAA
ACUCGAGAGGACAUCUCUGUGUAGUAGGGUGGGAUAGGUGAGGGCAGGGAUUUUACUUGCAUUU
UAUACCCAUGGCUUGAAUUUUUGACUCUAUGCAGAUCACUUUUAUCAUUAAAGGCACAAAUCUU
UUCAUCUGAACAGGGAAUCUAAGACCUGUGGACACUUCCGGCACCCUGGCCUAGUGGAAAUGGU
UCUCUGGGUCUGCUGGGCCCCAAGCACCUGAGGUCACGCAGACGCCCGCCcuGCcuUcGccuuce
AUUCUCUGAUCUGUCAGCCACCGUCAGCUGUGGAUUCCUUCCUGGGAACUGCCAUCACUCGAAA
UGAAGUCGGAAGCACAGGGCCCCACCAGCCUUUCUCCUGUCACUUGACUCUAACCUGGAGUCCA
AGUCACCAGGGCCCCAGGACCCAAAGGUACACAAAGCCCACCUGGACCCUCAGCCGGUACUUGC
CCCAGGCCACCCUCAGGAUCCACGGUCCACAGCACCACUGCUGUUGGCUCAGGCUCUGCCUCC
CCUGGGCCCACGGCGGGUCCGUGGGAGCCCCCCACGAGCUCUGCUGUCCUCAUUUGAGAGUCC
UGUCCUGGCaagggcgaauucugcagauauccaucacacuggc

NEAT1_DS1-600-AS

agaauacucaagcuaugcaucaagcuugguaccgagcucggauccacuaguaacggccgccagugugcuggaauucgccCuuA
GCACAGGCUGACUUCCCUGUCCCACCCGGCACCUUGUGGUCCCAGCUGUUGGCCUUCCUGCAC
AAGGGCCGGUUCGUUGGGCCCUGUCCGCCCACCCAUCUCCAGCCCAGGCCUCAGGAUUUCUGG
CCUCUCCCCUUGGACCUCAUCUCCCCAAGCCCUCCCUGGAAGAGCCACGCUGGUCCUCAGAUG
UGGAGAGGAGGGUAGCGGUGAGUUGAUCCUGGGAAGAAGAGGGCAGUGGGGAGUAUGCCCUGAG
GGGUGGGGACACUCCAGGUAGGCCCCACAGCUUUGGGUGCAGAGCCGCCAAGCUGUCCCCCUC
CCGCUCCCACAGGAGUGGCUGAGGGGGCUAAGUUAUCAGCUGCCUGUGGCCCCACGUCCCCUG
CUGUAUUCCCAGGGCCCCAGAGGAUGAGGGAGGGGAUAGCAGGGCAGGAGGGCUUCUGGGAGAG
GCCUGGGGUGCCCCACCCAAUGCUACCCCUCUAGGAGACAAGAUAUCCCUGGUGGGGUGGGAGG
AGAGGCCUGGAGGAGGGAGCUGGAAGGAAGCAGCAACACUGCGGGGACUCGAACCCCGGCCCAG
CCGUGCUGGACGUGCCACCACCAGCGCCaagggcgaauucugcagauauccaucacacuggce

MALAT1_4601-5219-AS

agaauacucaagcuaugcaucaagcuugguaccgagcucggauccacuaguaacggecgccagugugcuggaauucgeccuua
AGAUGGACAUUGCCUCUUCAUUGUAUUUCUCAUCAAUUCAUUAUUUUUGUGGUUAUAGCUUGAC
AAGCAAUUAACUUUAAAAUGGUAGAUUCCGUAACUUUAAAUUGGUAGCUUUCAUUUGCUUAAAAU
UUUUUGGCAUAUGCAGAUAAUGUUCUCAUCAGUAGUAAGAAUCUCAGGGUUAUGCUUAUUCCCC
AAUGGAGGUAUGACAUAUAAUCUUUUCUGCCUUUACUUAUCAAUUCACCAAGGAGCUGUUUUCU
CUGCAUCUAGGCCAUCAUACUGCCAGGCUGGUUAUGACUCAGAAGAUGUUAUCUGAAAAAAGUC
UAUAGAAAAAAAAAAAGUUUCCCCUCCCUCAUCAACAAAAGCCCACCCUCUAAGAGACAUUCAAG
CUGAACUAUCACAAUUCUUAAUCAGUUACAAUUUACAAACAGAUAAGUUUAAAAUAAACAAUUUAC
AAAAUUUUUGAAGCAUACCUUAACAUCUUGUUUUGCAGUUAAACAAUGGAAAAGUAUUUCUCCUA
CACUAAAAAAAAACUUGCUUACACACAACUGAAAAUAGAAUCUUACUUGAUAAUACAAAAGCUACC
AUCAGAAGAAAUCCCUUCAGGAUCAUUAAGCCACUcggugaagggcgaauucugcagau

* 2=y FHOROEFITRLCFTRLTE Y, U v —EIN/NCFTRL TN S,
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smFISHENT 21757212, Poly-L-Lysine (Sigma-Aldrich) =—7 47 %L
To I N—T TR ECHIIEREEL, 4% PFA/PBSZ MW T, IR 100 MEE L=,
PBSTh543 ¥4, 7k ECPBS/0.5% Triton-X100% IV C5%3 B ML E# 21T
W, PBS T4 MDY % 3IR11T>7-, B/3—2"F 2% 1 x Blocking buffer (Roche)
HC, BRCIRFM Y ayd o 7V Kb E1To72, 1IRFLIK%EZ 1 x Blocking buffer
(Roche) THIRL, W/ N\—7 T A% 4°C TGS T, ZD% ., TBSTTHy .
3EYEE L. 2k FifA%1 x Blocking buffer (Roche) THIRL ., H/3—7 T A% =R
TR RS S 72, fF O TBST T543 ], 2P L, PBS TS MvEHE L7,
Stellaris Wash buffer (10% Formamide and 2 x SSC) T5%y %L . 0.4 plod
Stellaris® FISH Probes, Human NEAT1 5 Segment with Quasar® 570 Dye
(BIOSEARCH) %Nz 7=Stellaris hybridization buffer (10% Formamide, 2 X
SSC, and 100 mg/ml dextran sulfate) 40ul&&$,(237°C 16RO SE T2,
mini-NEAT1 RNA®D R H 1213, Stellaris® FISH Probes, Human NEAT1 5 &
" middle Segment with Quasar® 570 Dye (BIOSEARCH) %% #12410.2 ul
9240 uldStellaris hybridization buffer(Z#ML T, 37°CT16KFH LS H T,
13— F 2% Stellaris Wash buffers N T37°C T304 L. 2 x SSCTH
Srf. IR TP L., PBSTSH e LTz, I /N—2 7 A% ProLong Gold
Antifade Reagent (Thermo Fisher Scientific) &5\ M VECTASHIELD Hard
Set Mounting Medium with DAPI (Vector) TATA KT TR |~ hLTz,
RNA-FISH & &8 Yoo Yol W = Piikid sk, 81Tz,

TR T ayh

#MinZIP buffer (1 x PBS, 0.1% Triton X-100, and complete ETDA-free
protease inhibitor cocktail (Roche)) (2L . 575 DM E ML ERAOK T
3lal1T7e o7, MR % 14,000 rpm T14rfEE 0L, Bradfordi%z FVC Eif
DAL IR IEE DR EETT/2-77, 6 X SDS sample buffer (0.375 mM Tris-HCI
(pH6.8), 12% SDS, 60% Glycerol, and 0.03% BPB) L& 50 mM ODTT %
YT ATINA T, 95°CTh DBV 21T /0T, ZD1%IZ, SDS-PAGET#
VORVBEETBE LT, BRIKE D%, #2/X7E % FluoroTrans W membrane
(PALL) |ZHRE LTz, V= RZ 7 ay MEHWEHURIZEL FOE. 3ITRLZ,
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# 3. AWETHWZHUAD

hitk% A—H— hansE&S
Mouse monoclonal anti-SC35 Sigma-Aldrich (Merck) Cat#S4045
Rabbit polyclonal anti-SON/DBP5 Abcam Cat#ab121759
Mouse monoclonal anti-NONO (clone 3/p54nrb) BD Biosciences Cat#611279
Mouse monoclonal anti-FUS (clone 4H11) Santa Cruz Biotechnology Cat#sc-47711
Mouse monoclonal anti-SFPQ (PSF) (clone C23) MBL Cat#RN014MW

Rabbit polyclonal anti-HNRNPH1

Bethyl laboratories

Cat#A300-511A

Rabbit polyclonal anti-BRG1

Bethyl laboratories

Cat#A300-813A

Rabbit polyclonal anti-HNRNPF (N1N3)

GeneTex

Cat#IHC00087

Rabbit polyclonal anti-PSPC1

Naganuma etal., 2012

N/A

Rabbit polyclonal anti-HNRNPH3

Abcam

Cat#ab6663

Rabbit polyclonal anti-RBM14

Bethyl laboratories

Cat#300-331A

Rabbit polyclonal anti-TDP43

Proteintech

Cat#10782-2-AP

Rabbit polyclonal anit-HNRNPA1 MBL Cat#RNO14PW
Rabbit polyclonal anti-DDDDK-tag pAb MBL Cat#PM020
Mouse monoclonal anti-FLAG (clone M2) Sigma-Aldrich (Merck) Cat#F3165
Rabbit polyclonal anti-MS2 coat protiein Sigma-Aldrich (Merck) Cat#ABE76-I
Mouse monoclonal anti-HA (clone 16B12) BiolLegend Cat#901513
Mouse monoclonal anti-SF3B1 (clone B-3) Santa Cruz Biotechnology Cat#sc-514655
Mouse monoclonal anti-GAPDH (clone 6C5) Abcam Cat#ab8245
Rabbit polyclonal anti-GAPDH Abcam Cat#ab37168
Goat anti-rabbit I1gG, Cy2 conjugate Abcam Cat#ab6940
Goat anti-mouse IgG, Cy3 conjugate Merck Cat#AP124C
Goat anti-Rabbit IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor 405 Thermo Fisher Scientific Cat#A-31556
Goat anti-Mouse IgG (H+L), Superclonal™ Recombinant Secondary Antibody, Alexa Fluor 488 Thermo Fisher Scientific Cat#A-28175
Goat anti-Rabbit IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, Alexa Fluor 488 Thermo Fisher Scientific Cat#A-11034
Goat anti-Mouse 1gG (H+L) Highly Cross-Adsorbed Secondary Antibody, Alexa Fluor 568 Thermo Fisher Scientific Cat#A-11031
Goat anti-Rabbit IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, Alexa Fluor 568 Thermo Fisher Scientific Cat#A-11036
Streptavidin, Alexa Fluor 568 conjugate Thermo Fisher Scientific Cat#S11226
Streptavidin, Alexa Fluor 647 conjugate Thermo Fisher Scientific Cat#S32359
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W E EEPCR

F—2 VRNADfhH G EU I LA S SN2 FIEICHEV T2 572 (Chujo et al.,
2017), TRI reagent (Molecular Research Center) % F\ \  CHI iU 2 ¥AfRRS 1| Y
Vs fii 2255°C T203 [A] . 1000rpm THEFRL 72, B 5o o> Bl it B 3 (29> T i
L7-h—%/LRNA (5 ng) %#High Capacity cDNA Reverse Transcription Kit
(Thermo Fisher Scientific) L7 % AnFH~v—T T4~ —EH N CHHIRG LT,
PR K AR L72cDNA%ZKAPA SYBR Fast gPCR Kit (NIPPON Genetics) %
W2qPCRTHEEL . EEA T o7, L F DT T4~ —% U\ TqPCRE1T2 o7,

18S rRNA
Forward: 5-TTTAAGTTTCAGCTTTGCAACCATACT-3
Reverse: 5-ATTAACAAGAACGAAAGTCGGAGGT-3

GAPDH
Forward: 5-ATGAGAAGTATGACAACAGCCTCAAGAT-3
Reverse: 5-ATGAGTCCTTCCACGATACCAAAGTT-3

NEAT1_2
Forward: 5-CAGTTAGTTTATCAGTTCTCCCATCCA-3
Reverse: 5-GTTGTTGTCGTCACCTTTCAACTCT-3

U2 snRNA
Forward: 5-GCCTTTTGGCTAAGATCAAGTGTAGT-3
Reverse: 5-CTATTCCATCTCCCTGCTCCAAA-3

U13 small nucleolar RNA (snoRNA)
Forward: 5-AGTTCATGAGCGTGATGATTGG-3’
Reverse: 5-TGTGCCCACGTCGTAACAAG-3

BT BEIRSEARNT

Lowicry K4M (Polysciences Inc., PA, USA) T L7-#EY) 1Tkl CTHhEE
T MBI %2 T2 572, HAP1 WTH 5\ (I mini-NETA1% 4 a2 4%
PFA/0.1 M SorensenV & #EE R (pH 7.3) FIZHBWT, 4°CTLEREEEL ., Ffa
ERREI ST, BT 52 & TRIfE Ly MR L7, M~y ) g
% M7 i CPeidr % . 30% A%/ — )L Tk L | Leica EM AFS2/FSP automatic
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reagent handling apparatus (Leica Microsystems) Tk B S 72, Lowicryl
polymerization/X UV T C-20°C T48MF[H . =D 20°C T40WFE {772 o7, A
WO A — PR ERE A LT IR BUA L3057 A F X —h LTz, PSOIH7RE T
FE D MBI R Z VBRI EL 3572002, ) R I3EERR T 7 =L T iRE &
L7z, Tecnai Spirit (FEI/Thermofisher) Ti#U) 2T L. 7 ¥ # /Ll {£1%SIS
Megaviewlll charge-coupled device camera (Olympus) TH L7=, PSNHED 4>
KL A DIy Z T D702, 100% DI R 1A 81.2%., 5T.4%IZ BeFEHIIZH 7
A= LT, 32D EILT-, ZAUTEY, IFERELWINEE DD HLOEIZ )
FTO3 OO RSN, SR FIXEHTAHY N T, 8IS0 D4k D
HErEELT,

SRR LR

Flp-In T-REx293#lild%1 ug/mlORF A7V TA8KFHALBIL T, HBIDER
FORBEFHFELT, Flp-In T-REx293MfaBAZ I 2 LARTIZ M S S ik
TIHBE LTz, Y 2R 22 38 TR GRS S, BE IR £ T-80°C TIREL T, 12
itz m DL REEM 2B S8 <, Bradfordiia W T EIED X R E
ZRE LT, 2% 1TP buffer (1 x PBS, 0.1% Triton-X, 0.6 mM PMSF, and
complete EDTA-free protease inhibitor cocktail [Roche]) THIRL T (XL /0&
S ~2.5 mg/ml), anti-FLAG M2 magnetic beads (Sigma-Aldrich) £4°CC—
WhEREEFL /-, £ — 2% Wash buffer (1 X PBS, 0.1% Triton-X, 0.6 mM PMSF)
ThHIEPEE LT, iE kY7 L% SDS sample buffer CIEH L=,

SFPQ WTEZ Bk & L _7 GO BEAER AT 0= 12, HAP1TAE (mini-
NEAT1/6xMS2@8.2 kb) (ZpcDNA5/FRT/TO/i/FLAG/MCP-SFPQ WT&H 5\ i
I HAR L pcDNAS/FRT/TOA/HA/SFPQ WTA R EL ¢ 577 AINE RN T A7
x7iar L, 420 E LT, ZOBRMKIRES pnMOMG132% IRINL 7285 1 CEIFfH
B LT, KB LT-PBS CHIIAZ VLS L, VAL A3 — TRl ZREEE D @Ol
THIAL MR L7, #i~SL - h2TP buffer(ZBRE L . SR 0B S A ARAL
FZOK | ChIEITR o7, MR 415 0L, BradfordiEz -HWC RIED X3
EIRE DR EEIT o7, IP buffer CHIFRMEAK A ATIRL T (XL EIRIE; ~2.5
mg/ml). RNaseA (Nacalai) Z#&JEE1 ng/mliZ72bIOZIRINL, 4°C C1RFRTLEE
Uize D% Rk Lanti-FLAG M2 magnetic beads (Sigma-Aldrich) &
4°CT—WEEEEFL 7=, E— X% Wash buffer (1 x PBS, 0.1% Triton-X, 0.6 mM
PMSF) C5lal¥eiE L7, S ikt~ 1% SDS sample buffer CIAH L7=,
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RNAZNVE D 1%

RNAZ NVZ 7 AT LARNIERAE ST T IEICHEW T2 o7 (Yamazaki et al., 2018),
T7%H5\ESP6 RNARY #7—+F (Roche) £Biotin RNAZ XU~/ Mix (Roche) %
FANWTEAF U E#R L7-RNA% A %L, DNase I (Thermo Fisher Scientific) ¥
ML TTF o7 —hrDNAZ LTz, =D %% . CENTRI-SEP Spin Column
(PRINCETON SEPARATIONS) #H W Tt A F U #Ei#L7-RNAZFERL 7=,
HeLa® 4% (CILBIOTECH) %20,000 x g ThyiE L., 25 plod LiEET5
ul ® RNA pulldown buffer (1 x PBS, 0.1% Triton-X, 0.6 mM PMSF, and
complete EDTA-free protease inhibitor cocktail [Roche]) H{EFIL7= (ks
7B $92 mg/ml), # i H %% RNA pulldown buffer TPEF L7210 plod
Tamavidin2-REV Magnetic Beads (WAKOQO) S1EFIL T, 4CTIRFE 7L 20T L
77o EA T UHEHL7-RNA (0.5 ng®RNA% Ultra-Pure Water [Themo Scientific]
TTotal 10 pliZL72) #90°C T2 MIMEVGLEEL | DK E T2 MIEE L,
RNADE U 72 2R i E T ik ARt S 472912, 10 pLd2 x RNA structure buffer
(20 mM Tris-HC1 pH 7.4, 0.2 M KCI, and 20 mM MgCly) Z/lx T, =ik T20%y
FFELTC, 2IRMEETZ L7 RNAZ VL L 7= Tamavidin2-REV Magnetic Beads
(10 pl) £4°CT1IRFRIERENREFIL 7=, K#EG DRNAZRNA pulldown buffer T4
L. RNAZMEA L7=Tamavidin2-REV Magnetic Beads: 7L 27U 7 L7z
(100 ul) 2#4°C T3MREIHEEIRFLT-, & — X% Wash buffer (1 x PBS, 0.1% Triton-
X, 0.6 mM PMSF) ThH[EIVEEL 712, SDS-sample buffer’ 1z C95°C Th47 ]
INEL  RNAITHE G L TV o NP EE R U, LT 7 v & VW TSDS-
PAGELY = 2K Ty e 172572, RNA pulldown THUY/=RNAtL A7 0—7
Fo & DL N ORI,

24



#& 4. RNA pulldown (2B W THW A RNA 7'a—7 OFLY|

AR RNAEZS (5° 725 3Y)

gggcgaauugggceccucuagaugcaugeucgageggcecgccagugugauggauaucugcagaauucgcccuuGUGAGUAUAUGAUAU
CCAUUUCCCUACAUAGCCACUAACAUCAGGUUUUUACAAUUUUAUUUAUUUCUUGCUACUUUAAGAAAUU
UUUGUGGUGAAAUACAUAUAAUAGAAGUUGACUAUCUGAAUCAUUUUUAAGUAUACAUUCAGUAGUGUUAA
GUAUGUCGCCAUUGUUGUACAACCAAUCUCCAGAACUUUUUCAUCUUGCAAAACAAACUCUGUACCCAUUA
AAUAACAUUAAACAUUCCAUUCCCUCCAGCCUCAGCAACCCCAUUCUACUUUCUGUUUCUGUGAGUUUGA
CUAUUCCAAGCACUUCAUAUCAGUUAAAUCAUGAAGUAUUUGUCUGUCUGUGACUGGCUUAUUUCUCUGA
GCACAGUGUCCUCGAGAUGCGUCUAUGUUGUAGCAUAUGUCAGAAUUUCCUUCCUUUUUAAAAGAUCCAA
AUAAUAUUCUUAUUUUAUAUCUUUUUUUUAUCCAUUCAUCCAUUAGUGGACACUUGGGUUGCUUUUGGCU
AUUGUAAAUAAUGGUGCUAUGUACAAAUAUCUAUAUUAUUGUAUUUACAAGUAUAAUGCUGUAAUGUACAC
NEAT1_8-9.2k S ACAUCUUUUUGAGAUCCUACCUUCAGUUCUUUUGAGUAUAUAGCCAGAAGUGGUAUUACUAAAUCUUACG
AUAUUUCUAUUUUUAAUUUAUUGAGGAACCACUGUAGUUUUUCAUAGCAACUGCACCAUUUUACGUUCUC
ACCAAGAGUGCACAAGGGUUCCGAGGUUCCCACAUCCUCCCCAACACUUGUUAUUUUCUGCUUUUUUUAG
AUUGCAGCCAUCAUAGUGGGUGUGAGGUGACAUUUCAUUGUGGUUUUGAUUUGCAUUUCCCUAAUGAGGA
GUGAUGCUGAGCAUCUUUUCAUAUGCUUACUGGUCAUUUGUAUGUUGUCUUUGGAAAAAUGUCUAUUCAA
GUCCUUUGACUAUUUUAAAAAUUGGGUUAUUAGAGUUAUCGUUGUUGUUGACUUGUAGGAGUUUCUUUCU
AUAUUCUGGAUAUUAAUCCCCUAUCAGAUAUAUGAUUUGCAAAUAUCUUCUCUUAUUCCAUAAGGUUACUU
UUUCACUUUGUUGAUUGUGUUCUUUGAUGUAUAGAAGUUUUUAGUUUUGAAAUAGUCUAAUUUAUCUGUU
UUUACUUUUGUGGUCUGUGCUUUUGGUGUCAUAUCCAAGAAAUCCUUGCCAAAUaagggcgaauuccagcacacu
ggcggecguuacuagug

agaauacucaagcuaugcaucaagcuugguaccgagcucggauccacuaguaacggccgccagugugcuggaauucgcccuuUCCAACG
UUAUAAGGUACUUUUAAGGUAUUUUAGUUGUCUUAGUCUAUAUUUCUGUACUCACCUUUCUUUAUCCACU
CAUCAGUUGAUGGGCAUGUAGGUUGGUUCCAUAUCUUUGCAAUUCUGAAUUGUGCUAUGAUCAGGUGUCU
UUUUAGUAUAAUGAUUUACUCUCCUUUGGGUAGAUACCCAGUAGUGGGAUUGCUGGAUCGAAUGGUUUUU
AUAAUUUUCUAUUUUACCACAGUUUCUCUCUGCAUUUUUCCUCUUUGACCACUAACCAUGUGAAAUUCUC
NEAT1_9.2-9.8k S AUAUUGACCUUUAUAAUGAUCAUGAACUCUUAGUAUCAUUGGGAAGGCCACAUUUGCCACUUAUGAUUGUA
AACCUUAUCCUCCAUUUUUCCUGUUAUUGUUGGUGCAAAAAGCACCUAUUAUACCAGGACUUUAAAAAUCA
GUCUGAUAAGUCUUUGAUAAGUCUAAUAAUAAUAACUGAUAAGUCCAUUGAAUUUGCUUCUGAUUACUUUU
UCUUUAGUAGCUAAACAUGUAUGUACUCCUAUGAUUACAAUGAACACUCCUCUCCAUUUAAAUUAAUUAUU
UACAUUGAUGAAAUAGCAAAAUGUUAAUGACUAAAUACUGUCUUGGUUUUUUCGUUCCAGGaagggcgaauuc
ugcagauauccaucacacuggc

* NEAT1HKOEHNI R LFTRLTEY, UV orh—EIIT/NCFTRLTN S,

MSFHENT LBAR 72 M o —fgAT

2[AINE LTI T2 5 TERNAT NVE T TV D~ AAAT S AR — R I X LART I
WE SN FIEIHES T T2 572 (Perez et al., 2021), 77 F L Lar A3 x— 3
DAREMED B DS L TG (B 77 F o R0F 2—T Vo I3 0) TV AL,
ZNENDORNAT NE T A T NINBGONT R REVR AT F RO T4
Zarha—L (RNAOYINRL) O T DSBS B2 T TR O %E 7
LIz, 220 B 2RNAT 11— (8-9.2 kb&9.2-9.8 kb) B F5LNT- T F R
DEFBI0LL EDZ 7 E 2RI T, K19BIZBW T, ENE N DORNAT 1
— T NBIGELNTZRT T RN, DX R E NI G DT, Bin A hay
— f# #1  (Gene Ontology Cellular Component; GO:CC) % . g:Profiler
(https://biit.cs.ut.ee/gprofiler/gost) % T, A E /K #%40.05, term size% 4—
200012 EL T o7,
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T FRCRZFVTERN ) oI FD R

7 F A4V (antisense oligo; ASO) & V= /v 7 # 0 EERITZLIRNCHRE
SN EIHES TIT782 272, U2 small nuclear RNA (snRNA) & /v /X045
72O, FNENDOASOZHAPLAHIAE (1.0 x 106 #ifd) (ZNucleofector I bk
(Program: X-005, Lonza) &Nucleofector Kit V (Lonza) % I\ Ch7L A7 =/ g
LTz, TRl —ar %12, 60 mm 7 L —hCHlIZ 28R B2 L, 5 uM®
MG132%IRINL 7255 i T IC6 R Lo, RBRICHWWZASOZLL T ITRT,

Control GFP ASO
5- mU*mC*mA*mC*mC*T*T*C*A*C*C*C*T*C*T*mC*mC*mA*mC*mU-3’

U2 snRNA ASO
5-mA*mGFmA*mA*mC*A*G*A*T*A*C*T*A*C*A*mC*mU*mU*mG*mA-3’

U13 small nucleolar RNA (snoRNA) ASO
- mC*mGFmU*mC*mG*T*A*A*C*A*A*G*G*T*T*mC*mA*mA* mG*mG-3’

TRV AIERAR BT A —MEMS Ty 7R — % mNIE2-0- AT /LYR
JVAFRERT,

W EH R RIENT

R FRMENTIZIEPrism 77 7 =7 (GraphPad) Z M\ 7=, 3EELL EDOIMNI L7
P TN DR IZIE, Kruskal-Wallis## &£ £ Dunn’s multiple comparisonf &%
FAWNTZ, 2BEDIMNE L= 7 L D el IZ1E . Mann-Whitney UK E % V=, %X
I, p < 0.06DHEITIZT AXIAY (k) &1, p < 0.01DGAITIET AKXV A
27 (k%) %2, p<0.001OBEITITT AZYAY (% %k %) %35, p<0.00010;
AT T AZY AT (k % % k) Z4DOfFH LTz,
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FEFRAE R 10 mini-NEAT1 28 Stk 26172 PS 13510 MLO TéH 5
NS ONEBIZEIAEN DR B AR

1.1 NEAT1_2 ZEEMEIZEVFERINS PS ix NS ICHEICERVAEND

Eh—fE MR THD HAPL fMBRRIZIUW T, 220D NEAT1_2 O}y R 25
BRI SN T T, ZOfER. PS OB ACHEREIC W CE B2 & E| 2 -
T HEED RNA BERER A1 MR ESHL7- (Yamazaki et al., 2018, 2021; Modic et
al., 2019), ZNZFND RNA BERER A1 DR 1T, PS OFEDOMEEIZ BT A1 GE
RIPZGIERZT D, ZOMOPEE T EL KT/, 2800 NEAT1 #r )
SIS B PR RERIZ B REAR AT OIS, NEAT1_2 ORI E: 5'R A1 (0-1
kb). Triple helix H§i& D 4 +i> mini-NEAT1 25 Ffk RNA IC LRSS /35
22270 (mini-PS) 1%, 5f1& 310> RNA fElkZ KX K EL TWADITE DS
9 Ao T - e S AR A2 e Sz (K 5A,B) (Yamazaki et
al., 2018), WT @ PS |3 %12 NS O3 22 L7z MLO &L CIEET 503, A4k
722212, mini-PS 1X NS O~—h—ZL B Tihsh SRRM2 #o /378 L4 JJAE
THZEE AL (K 5C-E), B> mini-NEAT1 28 B fatk s o — 1260 Th,
PS 78 NS LHJGTET 200 E T LT, EORER. o ra— 128\, mini-
PS X NS LI FTEL T (M 5E), £/, NS OBllDO~—A1—TdhsH SON #> /37
B L MALAT1 IncRNA |50 NS #8122 L 7=, ZOFEHE, mini-PSIZzhbn~—h
— L4 FTEL7 (7 6A—D), mini-PS ® NS WNE~DBYA H % L0 M B 224
572012, SIM % W TZBIRG A A= TR 2 AT o T2 T DOFER K 90% D
mini-PS 13 AIAIZ S A 4R L7 FE NS ONERICEIA T Tz (K 7A,B),
F72. EM Z W THRERIC, 1FEAE DS u A NERRSIVZ mini-PS 3%
& DEFRINTZ NS OWNEICIFET DI Enigiasniz (K 7C), UL Eo#EE)
5, mini-PS [ ZH A7 - o U EZERF LT E F, ERITREVEDTIC,
NS OWNEIZEVIAEITEY, ML L7- MLO EUCIEIET D7D DFEREDS KA L T
WA EDIRENT,
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A B

NEAT1_1 37kb 997 kb mini-PS
NEAT1 2
T T T T T T T T A
WT
mini-NEAT1
Probes: == NEAT1_5’

C M Segregated
NEAT1 SRRM2 DAPI Merge

)

Intensity x 10° (a.u.

O =4 N W A O = N W A

Incorporated
MG132 (-)
NEAT1_5" /SRRM2 4
WT  mini-NEAT1 £

0 2 4

£
58
3 %
g # mg
o
J\: J
WT mini-NEAT1

0 2 4
Distance (um)

mini-NEAT1

Intensity x 10° (a.u.

NEAT1_5

NEAT1_5  SRRM2 DAPI /SRRM2

mini-NEAT1
clone #2

X 5. WT & mini-NEAT1 £ E/MaEICI175 PS & NS O#l£2

(A) WT & mini-NEAT1 2 BRD B TR OB X, RNA-FISH f# iz, C
vz RNA 7a—7 OfrE% NI, (B) WT & mini-NEAT1 £ #4860 PS @
X, WT @ PS Tlid, NEAT1_2 @ 5f& 3MAA T =/VZ, RRGEI A 2 T 125
4%, mini-PS TiX. NEAT1 2 @ B2 =iz, IR aT I BIET 5, (C)
NEAT_2 O3Bl A58 3572912 (Hirose et al., 2014), 5uM ® MG132 T 6 K[
WERL 72 HAP1 WT BX O mini-NEAT1 Z BHukkizBV T, NEAT1 RNA %
RNA-FISH EI2 X0 L7 G52, NS O~—h—Z R 7EF Thb SRRM2 1386
REGEEAEICEVRE L (B ¥), #iX 4',6-diamidino-2-phenylindole
(DAPD % TYefal 7= (). NEAT1 & SRRM2 DT A7 ay b5 lord, A7
—/L3—:10 pm, (D) MG132 FE4LEED HAP1 WT 310 mini-NEAT1 28 B4
BRIZEW T, NEAT1 RNA % RNA-FISH A L0 L7 (). SRRM2 %1 40
PG IEIZ I LT (=B 2), 1T DAPI Z2H W@ Lz (), 27—/
—:500 nm, NS L7 BEHDOVTIIAEN TN PS OEIGEEE LI 77241
~"9, WT: n =167, mini-NEAT1: n = 210, (E) 5uM ® MG132 T 6 K ALERL
72HAP1 WT 5 XU mini-NEAT1 2 Ak ORI 7 a— 128 T, NEAT1 RNA
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% RNA-FISH B2 H L (68, NS O~—H—H L 7B Thsd SRRM2 133
WGt B KB LTz (=B %), #1X DAPT Z W CREL (F), A7—
8= 10 pm,

A B
NEAT1  SON

NEAT1 5  SON Merge

WT
WT

mini-NEAT1
mini-NEAT1

C

w)

NEAT1  MALAT1 DAPI Merge

X 6. NS DB D~—H—%2 -z WT & mini-NEAT1 25 ZHEKIZIT5 PS
& NS DEER

(A) 5 uM ® MG132 T 6 BB 7= HAP1 WT 35X 0 mini-NEAT1 25 %4
FEIZFW T, NEAT1 RNA % smRNA-FISH &I k0 LZ (wBr%), NS D~
— =2 G ThDH SON [ X s YRz IR L7z (k). #%1% DAPI %
AWTYALT (), NEAT1 & SON OF A7 ay b AIRd, Ar—/1/3—110
um, (B) MG132 (5 uM. 6 Fff#]) THLEEL 7= HAP1 WT 5L mini-NEAT1 Z
HIfERRIZ 3175, NEAT1 (= F%) & SON (%) SRM g, 24 —/L 3—: 500
nm, (C) 5 pM ®» MG132 T 6 FiALFL7- HAP1 WT 5L mini-NEAT1 25 &
HIfERRIZ 3 T, NEAT1 RNA (5% & MALAT1 RNA (= ¥%) Z RNA-FISH £
IZXO L7z, B2 DAPI Z W T L7z (), NEAT1 & SON OF 1> 7 avh
AR T, A —/L3—: 10 pm, (D) MG132 (5 uM, 6 Ffif]) THLFL7- HAP1
WT 5L mini-NEAT1 2 B ICH1T 5, NEATL (%) & MALAT1 (~E2%)
@ SRM #j{g, A4 —/L73—: 500 nm,

)

NEAT1_5 MALAT1 Merge

WT

WT

.) Intensity

x 10°(a.u

L I T

mini-NEAT1

mini-NEAT1

Intensity x

=3

Distance (um)



A

NEAT1_5 SRRM2 Merge

-_—
o O
o O

M Segregated
Incorporated

WT
P 2]
5.9

N
o

paraspeckles (%)

Segregated or incorporated

mini-NEAT1

o

W
(@)

5

N
3 .
FA \
a 1
‘ 1
1 y 1
1 o 1
1 % 1
v ! i ’
¥ 5 < v
] z 7
1 . -
1 1
1 1
7/
1
7 - 7%
Ly
- -
, ’
1 ’

mini-NEAT1. - mini-NEAT1

X 7. SIM & EM AV /- WT & mini-NEAT1 25 RHIRakKIZ 33175 PS & NS 022
(A) MG132 (5 uM., 6 BfE]) THLELL7- HAP1 WT X0 mini-NEAT1 28 B0
FRIZ31F5. NEAT1 (5F) & SRRM2 (=B %) @ SIM @i, 27—/ 3—: 500
nm, NS &3S HVTEVIATI TV PS OEIEEERLT-V T 752K IR T,
WT: n = 370, mini-NEAT1: n = 409, (B) MG132 (5 pM, 6 F§[#]) TLEEL7Z
HAP1 WT X0 mini-NEAT1 2 ZfAafkicisiF 5, NEAT1 (&) & SRRM2 (=
Y &) @ 3D SIM 4, (C) HAP1 WT 350 mini-NEAT1 Z8 B AR ISR 5.
PS & NS ® EM [if§, NONO %> XV E D J{ExE AR TR L, RAFIT PS
DALEZ R, BT NS OfLEA /RS, A7 —/Ls3—: 200 nm,

1.2 FHITEEN- mini-PS i NS OAERIZIRE -1, NS ORNERIZEY
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AEND

FHUTIE RS mini-PS 28 NS OWERIZIE S NAH D0 FAMAINZTE RS H D
ERRREL T, A7 Pol T BHEA|ITHS DRB 2034524 T, NEAT1_2 @
HREZHEL, PSZERICIHIIED, D%, HHZEE LIRS ZE TR G4
PRI, Bk PS O AAEBIZZFIRE THHZEN MBI TS (Fox et al., 2002;
Sasaki et al., 2009; Chujo et al., 2017; Yamazaki et al., 2018), Z®D J5{E%Z
T, FRHITEE SV mini-PS & NS O JRTEZfENT L=, ZOfE S, Sn5- % 1-2
FERT Tl <D mini-PS 13 NS OIS L TIFEIEL T= (K 8 A, B), 51T,
R G B % 4-8 KFfEI Tl NS OWNERIZAFET 5 mini-PS OFIAG A REERRE &S &t
(ZEEINL7= (K 8A,B), Zo@iziE e —3% 1L T, HAP1 WT & mini-NEAT1 2 B
FaARIZ BT, NEAT1 D55 5% NS OAMANZTE#E L TIEEL Tz (K 8C), LA
FOFEEDS mini-PS 13 NS OAMANZ IS A2 ICNEBIZE A EN D Z EDVR
Bz,
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A

DRB (-) DRB treatment (4 hours)
Release (h) 0 0 1 2 4 8

NEAT1_5" /SRRM2
mini-NEAT1

W

M Segregated
Incorporated

S |I I I I I NEAT1 tail  NEAT1 5 +3’
. -

DRB Oh 1h 2h 4h 8h
DRB 4 hours & Release

mini-NEAT1

ol I mini-NEAT1
0

DRB Oh 1h 2h 4h 8h
DRB 4 hours & Release

N
B O ® O
o O O O

Segregated or incorporated
paraspeckles (%)
n
o

SON NEAT1 tail NEAT1_ 5 Merge

N
o

paraspeckles ( %)
5 3

Segregated or incorporated
S

X 8. FIRITERI N PS $B\ ik NEAT1 D5 J & NS DOFIL

(A) HAP1 WT L0 mini-NEAT1 £ B IZI T 5, FICE RS- PS ©
SIM &%, M4 30 uM @ DRB T 4 FFAFEL 721212, B IO IEAZBRO T
51, 2.4 F/201% 8 FeffiiE# L7, NEAT1 RNA % RNA-FISH &L
(%) NS O~— N —H 378 ThsH SRRM2 138 o de =z oLz (=
Yo H), Ar—Ls3—:500 nm, (B) A ZHVT, NS E08EH 5 TEIAEL T
72 PS DEIEEZTEEL-ZF7, WT:n = 64 (DRB, 0 h). n = 60 (Release, 1 h). n
=60 (Release, 2 h). n = 60 (Release, 4 h). n = 62 (Release, 8 h); mini-NEAT1:
n =67 (DRB, 0h). n =60 (Release, 1 h), n =59 (Release, 2 h). n = 62 (Release,
4 h). n = 59 (Release, 8 h). (C) MG132 (5 uM. 6 K¢fi]) TWLHL7- HAP1 WT
BEL O mini-NEAT1 £ EZ{jaik 2155, NEAT1 O 5 500 SRM Eif%, NEAT1
DERE. 5% NEAT1 O tail probe % T RNA-FISH &2 L0 H L7 () (Mao
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et al., 2011; West et al., 2016), NEAT1 RNA % RNA-FISH &2k HiLT- (=
B 2), NS O~ —H—Z 37 EThDH SON 1T e @B Ic oL (&
T, Ar— L 3—: 500 nm,

1.3 NEAT1_2 DR ED RNA KA 1% PS D NS oD 43R HETHD

PS 73 NS S4B I 572012043572 RNA il & [F 83 57-D12, —i# D NEAT1
BBy R IR AR A L LT (0 9A), ZH 08 BAIakkiZ BT, PSENS D
JIAEZ R UT-e Z Dt 5. A1-8kb/16.6-20.2kb Z5 BAMAERICIHB VT, PS 13 NS
ONEBIZEDIAFILTUVZA, 1-8kb HDV X 16.6-20.2kb fEIELDUNT FL)E K 2K
L7232, PS @ NS OUfE~D J(TEIIXE L 5. 272 -7 (K 9B,0), UL E
DFERMNE, 1-8kb & 16.6-20.2kb X, PS O NS /56055 B EE 26T L CHgAE
FNZEE LT RNA VT RAL L THHZENRIBE NI,
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A B

NEAT1_1
NEAT1_2

NEAT1_5 SRRM2 Merge

3.7kb 22.7 kb

WT

WT
mini-NEAT1
A16.6-22.6k
A1-8k

A4-8k/16.6-22.6k
A1-4k/16.6-22.6k
A1-8Kk/20.2-22.6k
A1-8k/16.6-20.2k

Probe : === NEAT1_5'

(@)

B Segregated Incorporated

A16.6-22.6k mini-NEAT1

100

o ®
S o
A48k
A1-8k

N
o

paraspeckles (%)

A1-4k

/16.6-20.2k /20.2-22.6k /16.6-22.6k /16.6-22.6k

N
o

Segregated or incorporated

o

$pE e s & 1
~ ISy e
¥ ¥ v Ny N N
g & ¢ o o 8
S S & & & .
v g ¥ & § ®
/7 <

X 9. %D NEAT1 #45 R LHIEHRIZEI1TS PS & NS O RFEDH L

(A) WT & mini-NEAT1 ZE 54K, 6 fiiod NEAT1 #5595 K 228 AR DB s T E D
RS, RNA-FISH f##ric W CHW= RNA 7 o—7 O E% Flord, (B)
MG132 (5 uM. 6 B¢fi]) THEEL7- HAP1 WT X0 mini-NEAT1 25 S 40R0kK
6 > NEAT1 #57 K A8 BANIRAKIZ BT 5, NEAT1 () & SRRM2 (wEL%)
@ SRM g, A7 —/L23—: 500 nm, (C) B2 T, NS 45D D MIEWIA F
NTW=PSOE G ERLT-/TF7, WT:n =183, mini-NEAT1: n =198, A16.6—
22.6k: n = 188, A1-8k: n = 196, A4—8k/16.6-22.6k: n = 173, A1-4k/16.6—
22.6k: n = 186, A1-8k/20.2-22.6k: n = 178, A1-8k/16.6-20.2k: n = 194,
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FERAE R 2: PS OV = /WICHEAET D SFPQ 134 VT~ —TE R R A &4
A~ —TG R AL PLD 2L T NS 7 b4 B4 3555

2.1 —#?D PSP @ mini-PS ~DFFERIX WT @ PS LB L TBREIZHET T2

FATHFFRIZ BT, 85D 27 PSP Téh%s NONO <° FUS, RBM14 %> /%”
BHix. WT © PS LRIFLEIC mini-PS ~D/fEAR~LI-, — 7T, SFPQ %> \V'E
@ mini-PS ~DJF{EEIL, WT @ PS LLE#gL T, 855 TV /- (Yamazaki et al.,
2018), %< ® IncRNA 1%, #2378 & RNP A KA 528 THRET 22870
5. SFPQ ®JXHIZ mini-PS ~D FTEENWEI T DX 7 E N PS & NS ED 4B
IR 5L CWAAREM A% % 72, 2 C mini-PS ~D {{EEDORTT T4 708D
EREATIRoT-#5 8  SFPQ L[FIEkIZ. TDP-43, HNRNPH1, HNRNPF, BRG1 %
2 XY D mini-PS ~O RTEENA FIZIHTIL Tz (K 10A,B), — 5T, NONO
X FUS. RBM14, HNRNPA1, HNRNPH3 #. *27E %, WT @ PS LRIFLEIC
mini-PS ~F{EL T2 (K 10A,B), 2. ZNH0X 7O RBEX WT &
mini-NEAT1 Z BHERICB W CRERE Tho7= (X 10C), LA EDOFER G,
SFPQ & TDP-43, HNRNPH1. HNRNPF, BRG1 % PS & NS /6045 B4 7% 1
THIODH SR LU CRIE LT,
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A

NEAT1 NONO NEAT1

Merge PSPC1

Merge
NEAT1 HNRNPH3 Merge

NEAT1 HNRNPF Merge

NEAT1

FUS Merge

NEAT1 SFPQ Merge

NEAT1 RBM14 Merge

NEAT1 TDP-43 Merge

WT
WT

mini-NEAT1

mini-NEAT1

WT
WT

NEAT1
-NEAT1

mini
mini

NEAT1 HNRNPA1 Merge

WT

WT
WT
WT

mini-NEAT1

mini-NEAT1
mini-NEAT1

mini-NEAT1

NEAT1 HNRNPH1 Merge NEATT BRG1 _ Merge

WT
WT

WT

C

mini-NEAT1

NONO PSPC1 FUS RBM14  HNRNPA1 HNRNPH3

. ‘ ‘

mini-NEAT1
mini-NEAT1

o

mini-NEAT1
A4-8Kk/16.6k—22.6k
A1-4k/16.6k—22.6k

5

0 < < 0.0 < < 0. < < X < < 0.0 < < X L SFPQE

HNRNPH1 | se— |

e T o HNRNPF | o s o |
ks

Fluorescence intensity ratio
(PSP/NEAT1) (a.u.)
N £y
K
o = o
o o o

SFPQ TDP-43  HNRNPH1 HNRNPF BRG1

-3 = [ IS
> - N »
-3 = [ IS

Fluorescence intensity ratio
(PSP/NEAT1) (a.u.)

X 10. mini-PS & WT D /3T 2R ZIZRIT5, PSP O J[TEEDFENT

(A) 5 uM ® MG132 T 6 BfALFEL 72 HAP1 WT 5L mini-NEAT1 Z5 B4
FRIZF W T, NEAT1 RNA % RNA-FISH &Ik H L (Bh, N EnoRy s
AP _EIZTRL TS PSP 24 s Y ek TR LT (=8%), 1% DAPI %
W LT- (), A7 —/b23—:110 um, (B) A (28135, PSP & NEAT1 0t
FELk (PSP/NEAT1) OE &, M7 KLY, FEME (PR, 25-75% GHoO FIE
& HIE) ., o/ MEERKAE (87 O Fiid Eili) 2753, Mann-Whitney U-test % >
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T REZATIR o7, ¥*¥%% P < 0.0001, 3 [RIDINE L= EERD S FEIREORKE A4 T
5, ETOH 7T n =230, (C)5uM D MG132 T 6 FEfiIALEL 7= HAP1 WT
BL O mini-NEAT1, A4-8kb/16.6-22.6kb. A1-4kb/16.6-22.6kb 2 BANLEIC 3
1%, PSP (BRG1 & SFPQ. PSPC1, NONO, HNRNPH1, HNRNPF, TDP-43,
GAPDH) Oy =A% 7 oy Milr, GAPDH Zn—F 7 arho—L L THW
77

2.2 SFPQ »%\\ix HNRNPF, BRG1 ® mini-PS ~D A %8723 X mini-PS
D NS o043 BE+FHEST D

WIZ, PS @ NS 22600 Bi% K83 5720 Ol v (SFPQ & TDP-43,
HNRNPH1. HNRNPF, BRG1) # mini-PS [Z3 84522125~ TC, mini-PS 73,
WT @ PS L[AIFRIZ, NS BN L CHEIET DIEN TEDDONERRGEL T, ZOEEEE
521212 MCP & MCP @ RNA & EF —7 ThHAT LL— 75 (MS2 binding
site: MS2BS) (2L 27 L% FH L7-, mini-NEAT1 ZEZ ki TR EL
TV % RNA a1 (1-8kb 3L 1r 16.6-22.6kb) 1% PS O =/ /LIZFE{ET % RNA §8
M CHAZEND, BHAIOT = VAEIRIC 6 X MS2BS (MS2BS % 6 [Al#0 KL 7= RNA
Fesl) % /o7 A LTz mini-NEAT1 Z8 BAIRR A BISZ LT, 20 /v 7 A L HIfakic
BT, MCP LEwfiZ L _OBE DA 2 VB ARSI HZL12L->T, MCP 23
6 X MS2BS IZH#EA L T~ 73278 5 mini-NEAT1 RNA _RiZBEEH5 (K
11A), SFPQ %%\ % HNRNPF, BRG1 % mini-PS DY = /LB L7225,
mini-PS 1Z. NS MB0EEL . Z OIS L CTHFEET AIENEH RSN (X
11B-D), —# T, TDP-43 ®° HNRNPH1 Z# ¥4 1L7=L =%, mini-PS ® NS 760D
A RET LT TE ) o7z (K 11B-D), £/~ B TH5 mini-NEAT1 2
FHIRARIZIWN T, 2D X B m PR BLE 72721 Tl mini-PS @ NS 7>
SOBEEFHE L) o7 (K 11B-D), BLEO#ER) S, mini-PS D4y B R E 24
REARA 572121, SFPQ <> HNRNPF, BRG1 & NEAT1 RNA & DO+ A AR A
VETHHZEIRBENTZ,
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Segregated paraspeckles/

A C MCP-expressed cells (%)
0 20 40 60 80 100
AT 1 o N s P T S T S R R
NEAT1: 111 .I ) NN N N N N N N O I I v | | = g FPQ :
mini-NEAT1 E N HNRNPF
mini-NEAT1/ - 2 BRG1
6xMS2@8.2kb 4o
6xMS2BS m —— @ = N TDP-43
Wy
€
¥ | HNRNPH1
SFPQ
— HNRNPF
B =
=2 BRGH1
mini-NEAT1/6xMS2@8.2kb mini-NEAT1 ZL TDP-43
[
SRRM2 SRRM2 =
MCP protein  INEAT1 Zoom  MCP protein /NEAT1 Zoom E | HNRNPH1
- FUS
g -
w
w
2 mini-NEAT1
& mini-NEAT1 /6xMS2@8.2kb
I o o
D g,3¢ g 95 4,58 g o5
- £02857,90 297834420
o 652258229 65252292
— 7 P Z T ] T T — 7 P Z T T e T
o Lo0opooooo o Loooooo oo
m LOOZ0OO0OOOOO LOOZOOOOOO
% FS32SI=Z=2=22322 l—EEIEﬁEEEE(kDa)
S | B - I 250
N
& ) b L 150
= - -
L 100
z FLAG - W, [
§ - . - - -
2 *e 4 o e
I 50
» - -
3 ‘
* L e — e——

X 11. mini-PS @ NS 2> 55 BE /K 18 DOHEREFE R E5R
(A) MCP ft&%> 73780 mini-PS ¥ = /VHEIK~D A 27 88 2B oY,
(B) MCP-PSP % mini-NEAT1/ 6 X MS2@8.2kb (/&) &5 M mini-NEAT1 (£)
IZhF A7 2 7ar L, MG132 JLBRGAETT (5 uM, 6 ) 123\ T PS & NS %
#122L7-, NEAT1 RNA % smRNA-FISH &Ik LZ (= Br%), NS D~ —
H—H o _E TS SRRM2 (%) & MCP-PSP (7)) 138 e shE e bz Ly
U7z, BWIUA THA CWAIEI A LKL CORT, A7 —/L3—1 10 um, (C) B
IZBUWT, NS B AVVIEWIAEN TNz PS OEIGEZTEELT-VT7, T—H
X 3 BN U7 EBRHEE L2, mini-NEAT1/6xXMS2@8.2 kb: n = 68 (MCP-
SFPQ), n = 65 (MCP-HNRNPF), n = 60 (MCP-BRG1), n = 62 (HNRNPH1-
MCP), n = 63 (MCP-TDP-43), n = 63 (MCP-FUS), n = 63 (MCP-NONO), n =
61 (MCP-PSPC1); mini-NEAT1: n = 64 (MCP-SFPQ), n = 68 MCP-HNRNPF),
n =60 (MCP-BRG1), n = 62 (HNRNPH1-MCP), n = 60 (MCP-TDP-43), n = 60
(MCP-FUS), (D) B Ic&i}%, MCP-PSP v 2% 7ty MEMT, #i FLAG Hifk
Z AT, MCP-PSP ##i tHL7-, GAPDH (3n—F (> 7 a2 ha—L LU THVE,
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2.3 SFPQ %3\ Z HNRNPF, BRG1 ® mini-PS =7 ~D A% K72 3% 1% mini-
PS @ NS o057 FHE L2

WKIZ, mini-PS 34 E D RNA fEIKZ KEKEL TWDDIZH 0 H BT HRIT
a7y - e WS HERF L QA END, BT 52 RV E D PS WEICBIT 5
TENEETHAHDNEMZELT-, mini-NEAT1 @ 3o 7 #8651 6 X MS2BS i
Ba )7 A Uz mini-NEAT1 28 BAORE 2L . mini-PS O 7 fElk ~ DR
FEREITo7- (K 12A), FEBEIZ, mini-NEAT1 @ 52 SFPQ % %8 5 & mini-
PS Oy =bic, SANCEERE T 5L mini-PS Oa7IZRETHZENEERSNT (K
12B), SFPQ %\ iZ HNRNPF, BRG1 % mini-PS ®a 7|28 LI=LZAH NS &

D5y BERERE KA T D ZENTE o7 (K 12C-F), LI EOFE R5, SFPQ
<> BRG1. HNRNPF ® mini-PS > =/l ~OEE L NS 7>50 mini-PS D4y EfE%
EHET D23, mini-PS 27 ~O B TClImEt 2Rt L2 e RaSh,
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A B NEAT1_5/MCP-SFPQ

o
o
NEAT1_1 37kb 22.7kb =2 33
NEAT1_: ca 28
58 >3
mini-NEAT1 z9 Z e
ST, — i »
X . £ 2’
exvis2ss (NN~ @ & s .

mini-NEAT1/ 00 05 10 15 20
6xMS2@16.2kb °
o
6xMS2BS ) ~ 8
SRS - =
ca 82
w5 >3
29 g
=5 ]
C £2 28
mini-NEAT1/ mini-NEAT1/ & o

mini-NEAT1 6xMS2@8.2kb 6xMS2@16.2kb 00 05 10 15 20

Distance (um)
MCP-protein  /NEAT1 Enlarged MCP-protein  /NEAT1 Enlarged MCP-protein  /NEAT1 Enlarged

SFPQ

... ... ..- D ot on s
or
IMCP-PSP expressed cells (%)
£ 0 20 40 60 80 100
-
mini-NEAT1

MCP-SFPQ MCP-HNRNPF MCP-BRG1 MCP-TDP-43

HNRNPF

MCP

mini-NEAT1/
6xMS2@8.2kb
mini-NEAT1/
6xMS2@16.2kb

BRG1
MCP-SFPQ

il

0 20 40 60 80 100

TDP-43

mini-NEAT1

mini-NEAT1/
6xMS2@8.2kb

mini-NEAT1/
6xMS2@16.2kb

MCP-HNRNPF

ﬂ

m

0 20 40 60 80 1

o
o

a £ a £ o £ o £ -
X N X N X N X N O mini-NEAT1
N © N o N o N © X
®® ®® 88 908 0 g
— — _ _ Qo
mini-NEAT1: & & S N N S N N SN N Q. -
c 0 0 c 0 v c 0 n c n 0 QO mini-NEAT1/
o = = o = = o = = 0= = S 6xMs2@16.2kb
38 & 3 & & 38 & 38 &
0 20 40 60 80 100
e R E— .
<Ir mini-NEAT1
GAPDH [wmas|  fum | || o] & ety
= 6xMS2@8.2kb
o mini-NEAT 1/
F (S) 6xMS2@16.2kb
SFPQ HNRNPF BRG1 TDP-43
>3 15 23 5 25 H mini-NEAT1
7S 2.0 4 2.0
2E10 1.5 3 15 | Min-NEATY/
g 4 6 X MS2@8.2kb
$5 05 1.0 i 2 1.0
ag mini-NEAT1/
o ] 0.5 = ! 0513 n 6% MS2@16.2kb
Z 00 0.0 0 0.0

X 12. mini-PS DY =/VHAWNIa T EIBA~DZ L 7 E DB IZED NS b0
Sy BER B O RETE A R ER

(A) MCP gh&a #3780 mini-PS ¥ =LA\ NI 7 fE~D A\ & 172 58 3=
Br oo, (B) MCP-SFPQ & PS @ SRM %, MCP-SFPQ % mini-NEAT1/ 6
X MS2@8.2kb () &5\ mini-NEAT1/ 6 X MS2@16.2kb () IZhF 27 =
7var L, MG132 ALELSA T (5 uM, 6 Fff#]) 123 T, NEAT1 RNA % RNA-
FISH EICEE L (5%, MCP-SFPQ 134t FLAG Hii&% H TG s Y@,
ElzkvmiiLz (v ¥r %), 24 —/L23—: 500 nm, (C) MCP-PSP % mini-
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NEAT1 (%) $%\ % mini-NEAT1/ 6 X MS2@8.2kb (114:). mini-NEAT1/ 6
X MS2@16.2kb (£5) IThFo 27 =23 a0 L MG132 AR T (5 uM., 6 )
12T PS & NS ##122L7-, NEAT1 RNA %4 smRNA-FISH #EIZL0HL-
(=B #), NS O~—h1—4> /308 Thsh SRRM2 (Fk) & MCP-PSP (> 7) 1%
WY ARSIV LTz, B A TR A TV DRI A TE KL TR, A7 —
JL/3—1 10 um, (D) C 128115, NS EGBEH DN TEIAEI TV PS OFI &%
TR T7, 7 —XI% 3 BIOMSLL 7= EBRNLEH Lz, £ TOH 7T n =
60, (E) CZ81F%, MCP-PSP =24 7 vy MM, HT FLAG HiiEZ v,
MCP-PSP ##iHL7-, GAPDH |In—F (> 7 arba—/L L THUZ, mini-
NEAT1/ 6 X MS2@8.2kb & mini-NEAT1/ 6 X MS2@16.2kb Z5 B M1k <.
NI AT 27 ar Lz MCP-PSP O3B & IZBHE /2 2327, (F) C
IZ81F5. FLAG &£ NEAT1 04658 E t (FLAG/NEAT1) O &, mini-NEAT1/
6 X MS2@8.2kb & mini-NEAT1/6 X MS2@16.2kb Z5 B Atk <, MCP-PSP
DY I — N HRICHHE 72 25T BB SN -T2, e I EY ., SEME (R ),
25-75% (FHD FTIEE FEK), fi/MEERKME (87 O Fime g 273, 7 —2I%,
Kruskal-Wallis ANOVA and post hoc Dunn multiple comparison test Z T
BEZEIToT2, &2TOY LT ILT n = 20, ¥*** P < 0.0001, ***P < 0.001, **P <
0.01, *P< 0.05,

2.4 SFPQ & HNRNPF, BRG1 i WT @ PS O =/VIZJFTET S

SFPQ. HNRNPF, BRG1 ® WT & PS NH#NC BT 5 RTEAZFH~1=, EM %
7 JRTERRATIZED , SFPQ 13 PS O 7 fHIkD A Tl v =/LiEikich [RIFE LI
JRTETHZEn@ESN (M 13A), SIM %2 M- /RfEfitric kv, HNRNPF (%,
HE PS OV = /VIZRFTET HZEMNEESN (X 183B), i ED A5, BRGL X
PS WEBIZ Xy T RICBTET DI ERHMHITEY, —#80 BRG1 13v =/VIZRTET
% (Kawaguchi et al., 2015; Yamazaki et al., 2018), ZIHDFERNS o= /L|Z
J1E4% SFPQ & HNRNPF. BRG1 1Z PS @ NS /5055 5L TWBZEN
IREENT,
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A B

100

80 [ HNRNPF NEAT1_5+3" Merge

60 |-

40

20 |-

Localization of SFPQ signals (%)

o
I
|_outer _

X 13. EM & SIM % i\ /= SFPQ & HNRNPF O JS1EfFHT

(A) HAP1 WT 23135, PS & SFPQ ® EM Eifg (/). SFPQ ® R{EIZ4 ki 71T
o TR LT, E#IEEEh PS OFMil, FfE., NHIOMESEZ ~3, 777134+
i, PR, NRIOZZE o aEk )%T?“é SFPQ OEI&ERT (F), AT 492
D&KL TFEHT T, (B) HAP1 WT (25175, PS & HNRNPF o SIM [#if4,
NEAT1 # NEAT1_5’ & NEAT1_37m—7 @ﬁjﬁfﬁﬁ V7= RNA-FISH (2 L0 # H
L7z (kk), HNRNPF (e Ye iR lc It Lz (v B %), A r— L/ —:
500 nm,

2.5 SFPQ & HNRNPF, BRG1 i3 ##R9IZ mini-PS @ NS 2>b>D B4 HHE 5

mini-PS OB R B OEEFFIZI1T 5, SFPQ & HNRNPF, BRG1 O BfRME%
IO T D701, ZIHDRE F A UIZERIC, R F25E AIZ mini-PS ~V
JIV—hENDHDNEFELTZ, HNRNPF % mini-PS ~8&#L7-L2%, SFPQ @
mini-PS ~DU 7L —kaMigEE N7z (1 14A), FEEIZ, SFPQ E~T ¥ 4~ —%TE
4% NONO < PSPC1 ® mini-PS ~DO%E2k0 . SFPQ ® mini-PS f\@w
—bMEEE LT (M 14A), &512, BRG1 % mini-PS ~B®EL7-5HA 120X
HNRNPF @ mini-PS ~DY 7L —rp@lgzsns- (X 14B), — 5. mu&*m
VORIE AR LT BRI, FOMMDRFD mini-PS ~DVU 7 )L —RNIEES )
72 (¥ 14A-C), ZDZ L5, SFPQ & HNRNPF . BRG1 X6 — D4 it A4
L CHFAAYIZ mini-PS @ NS /b4 Bl 35158 44 nl REME S RIB ST,
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A B C

SFPQ recruitment HNRNPF recruitment BRG1 recruitment
— £~ - . 2 4 T
% 2.0- o 53 2.0 i R 1.5 .
;; 28 — >3
=3 | B — 15 %S
2815 5 5= 1.0
er Eu £k i
S < 1.0 - n o Z 1.01 4 @ LW =] !
Q W Qw ez n ’
oz T 5L se T 5 8= 05
89 0s{F L LAY gz 0-5- 8 Q mn
2 o= A B T o
gL ST £ L 5 m
o =] S
E 0 T T T T w 0- (Y o o 0- &
o> & N O N NP SN < L &
QQeVngQ LS Q@QO é;ze o 5 égze 5 %gz?
F N KL L SR GRS SR Y
Qc? @2 RN & © &

X 14. PSP % mini-PS ~BR¥ L0, SFPQ H»5\ X HNRNPF, BRG1 OV~
N— BT

(A—C)PSP & NEAT1 o0 ytisfE Lt (PSP/INEAT1) O FE &, mini-NEAT1/ 6 X
MS2@8.2kb % BAMIALEIZ MCP-PSP 2 b7 A7 =7 a L, MG132 (5 uM, 6 Ff
[#]) CTHLEEL7-, NEAT1 RNA % RNA-FISH /£ CHitH L7z, 2o PSP %
FeAE YA RN LTz, Fie7 KUC KD, FRIME (R JfR), 25-75% (R TIEE E
i), B MEE R KRE (87O Fiae Big) 273, 7 —#1%. Kruskal-Wallis
ANOVA and post hoc Dunn multiple comparison test %\ THRIEET1T o7,
***% P < 0.0001, **P < 0.01, *P < 0.05, (A) SFPQ & NEAT1 D58 b
(SFPQ/NEAT1) D E £, SFPQ recruitment: n = 30 (MCP-GFP-NLS), n = 30
(MCP-HNRNPF), n = 25 (MCP-BRG1), n = 30 (MCP-NONO), n = 30 (MCP-
PSPC1) ., (B) HNRNPF & NEAT1 O# i@tk (HNRNPF/NEAT1) D E &,
HNRNPF recruitment: n = 30 (MCP-GFPNLS), n = 30 (MCP-SFPQ), n = 30
(MCP-BRG1) (C) BRG1 & NEAT1 ma itk (BRGI/NEAT1) D E #, BRG1
recruitment: n = 30 (MCP-GFPNLS), n = 30 (MCP-SFPQ), n = 30 (MCP-
HNRNPF),

2.6 SFPQ DX A~—TN A BL A VT ~—FERN A1, PLD iX PS ® NS
NODBECNETHD

PS ® NS o057 v 2% HifiR4% ¢ SFPQ NEELRK 1D 1 > ThHdHL
% 2. mini-PS ® NS OO 53 BEZAEHET D72 DI B SFPQ DR AL ZHRKRL
72, SFPQ 1% DBHS family #> /X7 ELDH A~—EERIZ V37 RRM2/NOPS,
DBHS family %>/ XVEEOF VT~ —ERULEE T CC KA DNA f5&RAA
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> (DNA binding domain; DBD), PLD Z&#e#DEF —7%2 5 A TS (¥
15A-E), 2T, SFPQ DR AA L RKZEFALZ - mini-PS O =/L~D A%
HI7R B EREATV EDOR AL 7Y mini-PS D4 B KB OEEEFM IC L ETH D
DO)ERFELZ (X 15A), Z 05 % RRM2/NOPS d k% (ARRM2/NOPS) (358
4212 mini-PS OB RE D KR A A T 2 RED 72 L T 7z (K 16A-C), CC
HHNE PLD DR KIFEOFHFSRE S BRE 1HI L Tz (K] 16A-C), — 7T,
DBD 2% Grich AL DR IIE, WT O MCP-SFPQ L[RIERIC, 2y BfibkRED
KRIBEFATHZENTET= (K 16A-C), ZD 5y T AN = A L% LOFEANC Bfig 957
DI, b0 SFPQ £ RAkZ2 W T b 24T 72, FAR@Y . SFPQ
ARRM2/NOPS Z k% SFPQ 51T NONO, PSPC1 LD AAER MR 54102k
b TW= (M 16D,E), £7-. SFPQ ACC /% SFPQ L1 NONO LD+ A AEH I
e Q723 PSPC1 D5V AEA D MEIZiS 7= (K 16D,E) (Lee et al.,
2015; Huang et al., 2018), %/ SFPQ APLD 1%, WT @ SFPQ L[RIFLE |2,
SFPQ L UYNONO, PSPC1 EAHAAMEH L= (¥ 16D,E), LLEDO#EFREE, SFPQ
® RRM2/NOPS KA1 & CC AL DRI BARIL, 3F5H< DBHS family %>
NIBEOMBAERANERDNIZZEICLY, B RED RIBZMM CXehoTol
DR ENT-, — T PLD R FZEFARIT IR D AT =X A2 LED mini-PS Oy B
RIBDOFEREAIAH DS TEIRM o 7= Al REVEDNE 2 BTz,

2.7 SFPQ ® PLD IZ##EL CTHEEET A2 L7 A 23013 mini-PS D4yBEXIE
DFRALHEREE B IS ETHD

SFPQ @ PLD (33-265 7 /%) 1323097255 B K OBSREAR A IC LB Cho 7z,
SFPQ @ PLD (21X, 7RV & NEI TV BERATF DU BRMEL TIEEL TV
% (K 15A-E), NS0T 2B OREREN 22 B EME AT _D7-0 12, PLD I[Z1FET 5
T )TN T T =B LTS AR (P to A partial) 7 VI ET IV
(ZEHL TR (Q to G) ZENZENAERLT (K 15A), ZivHd PLD 7R EEE
BIEFARIT, APLD E[RIBRIC, mini-PS OB R E DRIV HEREFIRE D2 &8
TERD 7= (M 16A-C), 216D PLD 73 /g B ik1%, MCP-SFPQ WT &
[FEkIZ, DBHS family 2> /7B LA AAER 3523 TX7= (¥ 16D,E), LA EOfE
b, SFPQ @ PLD ([ZHFAET A7 0l T NVEI L, PS O3B ae A Z B
ThHZENREESNT-, £7-. SFPQ & DBHS family %> /<7B DAL
mini-PS O3 R B OBEBEFIAICI L1 53 TRWZ e RSN T,
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1 33 lGn@) IPro(P) 266 299 369 449 498 598 707

PLD RRM1 [ RRM2

[FITmMeP
0N OO0 A0 A T
ARRM2/NOPS [EINNCERNN | PLD RRM1
AcC [FINNVCERN | PLD RRM1 [ RRM2
APLD [EINVCERNN | B0l RRM1 [ RRM2 |
ADBD [ PLD - RRM1 [ RRM2
AG-rich [ PLD RRM1 [ RRM2 NOPSIINCCEI—|

WT

MCP-SFPQ

NLS

[F MR
[F I MeP T

Qto G [FINNNNCENNNN | PLD RRM1 [ RRM2
[F meP

PLD RRM1 [ RRM2

P to A partial

B C SFPQ (707 aa)

SFPQPLD MSRDRFRSRGGGGGGFHRRGGGGGRGGLHDFRSPPPGMGL
(33-2652a) NQNRGPMGPGPGQSGPKPPIPPPPPHQQQQQPPPQQPPPQ
1 QPPPHQPPPHPQPHQQQQPPPPPQDSSKPVVAQGPGPAPG

er\A VGSAPPASSSAPPATPPTSGAPPGSGPGPTPTPPPAVTSA
| PPGAPPPTPPSSGVPTTPPQAGGPPPPPAAVPGPGPGPKQ
fe GPGPGGPKGGKMPGGPKPGGGPGLSTPGGHPKPPHRGGGE
PRGGRQHHPPYHQQHHQGPPPGGPGGRSEEKISDSEGFKA
NLSLLRRPGEKTYTQRCRLFVGNLPADITEDEFKRLFAKY
N S GEPGEVFINKGKGFGFIKLESRALAEIAKAELDDTPMRGR
0100 200 500 400 500 600 700 QLRVRFATHAAALSVRNLSPYVSNELLEEAFSQFGPIERA
VVIVDDRGRSTGKGIVEFASKPAARKAFERCSEGVFLLTT
TPRPVIVEPLEQLDDEDGLPEKLAQKNPMYQKERETPPRF
AQHGTFEYEYSQRWKSLDEMEKQQREQVEKNMKDAKDKLE
SEMEDAYHEHQANLLRQDLMRRQEELRRMEELHNQEMQKR
KEMQLRQEEERRRREEEMMIRQREMEEQMRRQREESYSRM
GYMDPRERDMRMGGGGAMNMGDPYGSGGQKFPPLGGGGGI
————— GYEANPGVPPATMSGSMMGSDMRTERFGQGGAGPVGGQGP
0 100 200 300 400 500 600 700 RGMGPGTPAGYGRGREEYEGPNKKPRF

Residue

D E

Not significant. | P-value=0.189590 (>0.050000) 7 -

0.8
L

PLAAC_SCORE

:

0.8

PONDR_SCORE
0.4
L

0.0

Not significant. _|P-value=0.059493 (>0.050000)
4 Depleted. P-value=0.000838 (<£0.050000)
4 Depleted P-value=0.000133 (£0.050000)

4 Depleted. P-value=0.001929 (<0.050000)

+Enriched. P-value=0.000000 (<0.050000)
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W mini-NEAT1 (F) b7 A7 =73 ar L, MG132 MBS T (5 uM, 6 FF
1) 1238V T PS & NS 2122 7-, NEAT1 RNA % smRNA-FISH /&(C Lk H L
7= (w8 %), NS O~—h—2 7 7ETihs SRRM2 (k%) & MCP-PSP 7))
IOt YA othﬁHtho FO O/ TR A CW DI A JE KL ORT, A7
—/L3—110 um, (B) A2V T, NS E5HEHDVWNIEVIA I Tz PS OFIGE
FTEBEELEZT77, 7 =421 3 MIOMNLEZFEBRNSEEL7-, mini-
NEAT1/6xMS2@8.2 kb: n = 61 (WT), n = 62 (ARRM2/NOPS), n = 67 (ACC), n
=66 (APLD), n = 76 (ADBD), n = 61 (AG-rich), n =60 (Q to G), n =64 (P to A
partial); mini-NEAT1: n = 59 (WT), n= 63 (ARRM2/NOPS), n = 62 (ACC), n =
67 (APLD), n = 66 (ADBD), n = 60 (AG-rich), n =61 (Q to G), n =58 (P to A
partial), (C) A (2Fi7%, MCP-SFPQ WT L& RAKDY =257y MigHT, Hi
FLAG Hiff% H\C, MCP-SFPQ WT s B Rz L7-, GAPDH (Zu—F (>
sarvta— LU THWE, (D) MCP-SFPQ WT L25 BAKZ F U V- e b2 [k 52 ik
xR Ty Mk, Yo7 rdio NONO & PSPC1 A4 H L7-, GAPDH (I
—F 7 arra— )L L THWE, (E) MCP-SFPQ WT H5\ 328 ks HA 47
ZAINLTz SFPQ LD ILyF b R, V= A&7 uyMIEY, o7 rdiod HA
27 & INLT= SFPQ %4t HA Hifkz VT L7=, GAPDH |3 —F ¢ 7=
ra—/ L ELUTHW,

2.8 SFPQ |2X% PS 07 &7V —#EEIX mini-PS @ NS ¢ BEFEIZIIA+
B THBD
mini-NEAT1 £ #A0HE512 RNA fHkZ K EL7C, m13-16.6k 28 H Al ik C
L. PS OT7 v 7V —RERENME/ 2D TV, ZOZEEK RNA ~0 SFPQ D¥&H
X, PS O7 L7V —RIBOFEREFIMH N ATRE TH 7= (Yamazaki et al., 2018),
ZIT, TRy TV—RFHETHAES PS & NS OO0t a 355 9 HRe L O BRI %
AT, TORER 1FEAE D SFPQ ERAKTIL PS 07 v 7V —#me o
T3, mini-PS © NS 760553 Bk B RE DBt Tz Q to G A RKIE
WT EFERIZ, PS D7 17U — RIBRDBEREAHI AN FIRE T o7 (X 17A,B), LI L
DZENL, ZH 2 00)1%% i[:/nj' HHETHY . PS OT7 v 7V —HEEIL mini-PS
D53 BE R B OBEREARMI I E 00 TN ZEAVRENT,
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SFPQ WT H2H\ M I A BAK 1351 FLAG Hiika F T e Ye B Iz oL
7= (=B ), 13 DAPI # W T L 7= (F), A7 —/1 38— 10 pm, (B) A I
W, ENO PS OifbE E B L, e KICEY, SEE (FFauip), 25-75% (G
D FIEE L), e/ MEERKE (67 0 Fige i) 23, 7 —#i%, Kruskal-
Wallis ANOVA and post hoc Dunn multiple comparison test # H\ TR EZ1T
Sz, ¥R P<(0.0001, **¥*P< 0.001, **P<0.01, m13-16.6k/6XxMS2BS: n = 78
(WT), n = 54 (ARRM2/NOPS), n = 65 (ACC), n = 62 (APLD), n = 78 (Q to G,
n = 66 (P to A partial); m13-16.6k: n = 58 (WT), n = 64 (ARRM2/NOPS), n =
53 (ACC), n =62 (APLD), n = 60 (Q to G), n = 56 (P to A partial),
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EERFE R 30 PS OV = VIZFRET S U2 snRNP DR F1E NS ~DHY
IARETHESSH

3.1 m9.8-16.6k EEMAILRIZIITS PS 1L NS M OMSN L THAET S

mini-PS 1% NS OWHEBIZEIAENDH, B> MLO IZIXEVIAENIRN, 2T,
fFj%/E@I?LﬁaODfFj%/EOD MLO ~DHVIAZZHIFIL THDO TIZRN) k%zto

5y F AT = A LGN T A1, mini-PS @ NS ~DOH ATV HL R

RNA VT RAASHRZR LT, TR B W THINLL 72 mini-NEAT1 /7B H(C
RNA ZK L7 m9.8-16.6k 4 Bffiaikizis T (X 18A) (Yamazaki et al.,
2018), PS 1% NS L3z L TIFEEL Tz (X 18B,C), M2 T, m9.8—16.6k 28 5
FRERE CIX, NS b0 BEZ 7538 3 5K 1 CTh s SFPQ <° BRG1 D JRTE &3 Al1E
LTCWRWZEBHERLT- (X 18D,E), UL Eoft B, 8-9.8 kb fEikid> RNA H-7
RAAL1E, mini-PS O NS ~O R IAHZACET HZENRIB ST,
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nm, (C) B (2T, NS L5 8EH DV MNTIVAZN TN PS OEIGEERLTZS T
7, WT: n = 104, mini-NEAT1: n = 100, m9.8-16.6k: n = 110, (D) MG132 (5
uM, 6 Kffif]) TALEEL 72 HAP1 WT 510 mini-NEAT1, m9.8-16.6k 2 B fuik
IZ¥13%. NEAT1 () & BRG1 (5). SFPQ (= Fr%) o#iz2, #13 DAPI % i
TYL (), A7—/L/3—1 10 um, (E) D 128155, SFPQ H5 % BRG1 &
NEAT1 O#ts8EE e (PSP/NEAT1) O &, Fe7 LY, S (Fh i),
25-75% (FD FTIEE FEK), fi/MEERKME (87 O Fime g 2073, 7 —2I%,
Kruskal-Wallis ANOVA and post hoc Dunn multiple comparison test Z T
MIE&EFT 1=, **** P<0.0001, & CHOY7/LTn = 30,

3.2 mini-PS ® NS ~DHVIALIZHLEZ: NEAT1 @ 8-9.8kb 4HiIZ1Z U2 snRNP
ICBSET 22 R VEBREAEER TS

KIZ. NEAT1 @ 8-9.8 kb fHUIAH AAEH 54737 E 73 mini-PS ® NS ~0
BUDIA I 5L TODEVIRFIZ L Tz, NEAT1 @ 8-9.8 kb fEIICHE AT 5%
R TR [ B 957212, NEAT1 @ 8-9.8kb @ RNA I Z B/ —4%
2 FE¥AD RNA 70— 7% T in vitro RNA 7 /W20 B EZ i MS fig
WraAT-o7, DGR, BEAD PSP A T3, A7 T4V —240 U2 snRNP |2
BR324 7B ThDH SF3B HAKRDOHERIN 7= SF1 25T 100 FXELL Lo
BB EEELZ (M 19A,B, % 5), LARNZ#HE Sz TSA-MS fEHTIZ L0 [FE
&7z NS O IN &4 FIEE SN2 NEAT1_2 @ 8-9.8 kb fE#kEAH A EMH 4
HHL N E LT A, BB A — =T DR T2 (X 19C) (Dopie
et al., 2020), SHIT, TN TFEE A T AR 2 FV 7= HyPro-MS fi##iriz &b
A S 47z PSP & TSA-MS fENTIZ LD [RIE SHL72 NS OfE R 7 ORI W THEE
PILT=A— =T T NHER I, A — =T 7T HX R 7’E /21T U2 snRNP
R D2 _IENELEFN T (K 19D,E) (Dopie et al., 2020; Yap et
al., 2022), ZOIHZA— =Ty T FTHH G RIMR BEAER R T — 713, M
L7= MLO O EAERICH B THHIENRIBIIL TS (Sanders et al., 2020),
VL EDFERND, U2 snRNP [ZBE T 22378708 PS & NS IO AAERIZE
B9 5[ REMED RIB STz,
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# 5. NEAT1 @ 8-9.2 kb & 9.2-9.8kb @ RNA 7r—7% H\ /= RNA F L&
& MS fEATIZ IV RIES NI F 7B D—F

initial_alias converted_alias name description unique peptide #
1[SF3B1 ENSG00000115524 (SF3B1 splicing factor 3b subunit 1 [Source:HGNC Symbol;Acc:HGNC:10768] 215
2|DHX15 ENSG00000109606 [DHX15 DEAH-box helicase 15 [Source:HGNC Symbol;Acc:HGNC:2738] 183
3[SF3B3 ENSG00000189091 |SF3B3 splicing factor 3b subunit 3 [Source:HGNC Symbol;Acc:HGNC:10770] 162
4[CCAR1 ENSG00000060339 |CCART1 cell division cycle and apoptosis regulator 1 [Source:HGNC Symbol;Acc:HGNC:24236] 128
5|U2SURP ENSG00000163714 |U2SURP U2 snRNP associated SURP domain containing [Source:HGNC Symbol;Acc:HGNC:30855] 121
6|SF3B2 ENSG00000087365 [SF3B2 splicing factor 3b subunit 2 [Source:HGNC Symbol;Acc:HGNC:10769] 114
7 [HNRNPL ENSG00000104824 |HNRNPL nuclear rit L [Source:HGNC Symbol;Acc:HGNC:5045] 100
8[HNRNPUL1 ENSG00000105323 |HNRNPUL1 nuclear ril U like 1 [Source:HGNC Symbol;Acc:HGNC:17011] 99
9(PTBP1 ENSG00000011304 |PTBP1 polypyrimidine tract binding protein 1 [Source:HGNC Symbol;Acc:HGNC:9583] 97
10|PUF60 ENSG00000179950 |PUF60 poly(U) binding splicing factor 60 [Source:HGNC Symbol;Acc:HGNC:17042] 95
11|SF3A3 00183431 |SF3A3 splicing factor 3a subunit 3 [Source:HGNC Symbol;Acc:HGNC:10767] 93
12 00144028 small nuclear ribonucleoprotein U5 subunit 200 [Source:HGNC Symbol;Acc:HGNC:30859] 91
13|SF3A1 ENSG00000099995 |SF3A1 splicing factor 3a subunit 1 [Source:HGNC Symbol;Acc:HGNC:10765] 91
14|KHSRP )0088247 |KHSRP KH-type splicing regulatory protein [Source:HGNC Symbol;Acc:HGNC:6316] 90
15|t 1 El 00122566 |t nuclear ri A2/B1 [Source:HGNC Symbol;Acc:HGNC:5033] 87
16|U2AF2 ENSG00000063244 |U2AF2 U2 small nuclear RNA auxiliary factor 2 [Source:HGNC Symbol;Acc:HGNC:23156] 82
17|DDX5 )0108654 |DDX5 DEAD-box helicase 5 [Source:HGNC Symbol;Acc:HGNC:2746] 79
18 |DHX9 ENSG00000135829 [DHX9 DExH-box helicase 9 [Source:HGNC Symbol;Acc:HGNC:2750] 79
19|CHERP ENSG00000085872 |CHERP calcium homeostasis endoplasmic reticulum protein [Source:HGNC Symbol;Acc:HGNC:16930] 74
20|FUBP1 ENSG00000162613 |FUBP1 far upstream element binding protein 1 [Source:HGNC Symbol;Acc:HGNC:4004] 71
21|RBM17 ENSG00000134453 (RBM17 RNA binding motif protein 17 [Source:HGNC Symbol;Acc:HGNC:16944] 70
22(PRPF8 ENSG00000174231 |PRPF8 pre-mRNA processing factor 8 [Source:HGNC Symbol;Acc:HGNC:17340] 69
23|SF1 ENSG00000168066 |SF1 splicing factor 1 [Source:HGNC Symbol;Acc:HGNC:12950] 69
24|ELAVLY ENSG00000066044 [ELAVL1 ELAV like RNA binding protein 1 [Source:HGNC Symbol;Acc:HGNC:3312] 61
25|RBM25 ENSG00000119707 |RBM25 RNA binding motif protein 25 [Source:HGNC Symbol;Acc:HGNC:23244] 60
26|DAZAP1 ENSG00000071626 |DAZAP1 DAZ associated protein 1 [Source:HGNC Symbol;Acc:HGNC:2683] 59
27|MATR3 ENSG00000015479 |MATR3 matrin 3 [Source:HGNC Symbol;Acc:HGNC:6912] 58
28|HNRNPR ENSG00000125944 |HNRNPR nuclear rit R [Source:HGNC Symbol;Acc:HGNC:5047] 55
29|RBM39 ENSG00000131051 |RBM39 RNA binding motif protein 39 [Source:HGNC Symbol;Acc:HGNC:15923] 54
30|HNRNPA3 ENSG00000170144 |HNRNPA3 nuclear ril A3 [Source:HGNC Symbol;Acc:HGNC:24941] 54
31|EFTUD2 ENSG00000108883 |EFTUD2 elongation factor Tu GTP binding domain containing 2 [Source:HGNC Symbol;Acc:HGNC:30858] 54
32|SRSF1 ENSG00000136450 |SRSF1 serine and arginine rich splicing factor 1 [Source:HGNC Symbol;Acc:HGNC:10780] 53
33|RBM10 ENSG00000182872 |RBM10 RNA binding motif protein 10 [Source:HGNC Symbol;Acc:HGNC:9896] 52
34|EIF4A3 ENSG00000141543 |EIF4A3 eukaryotic translation initiation factor 4A3 [Source:HGNC Symbol;Acc:HGNC:18683] 51
35(CPSF1 ENSG00000071894 |CPSF1 cleavage and polyadenylation specific factor 1 [Source:HGNC Symbol;Acc:HGNC:2324] 50
36 |HNRNPK ENSG00000165119  |HNRNPK nuclear ri K [Source:HGNC Symbol;Acc:HGNC:5044] 49
37 |HNRNPM ENSG00000099783 |HNRNPM nuclear ri M [Source:HGNC Symbol;Acc:HGNC:5046] 48
38|SNRPA1 ENSG00000131876 |SNRPA1 small nuclear ribonucleoprotein polypeptide A' [Source:HGNC Symbol;Acc:HGNC:11152] 48
39|SNRNP70 ENSG00000104852 [SNRNP70 small nuclear ribonucleoprotein U1 subunit 70 [Source:HGNC Symbol;Acc:HGNC:11150] 47
40 |HNRNPH1 ENSG00000169045 (HNRNPH1 nuclear ri H1 [Source:HGNC Symbol;Acc:HGNC:5041] 44
41|PCBP1 ENSG00000169564 (PCBP1 poly(rC) binding protein 1 [Source:HGNC Symbol;Acc:HGNC:8647] 42
42|SF3B6 ENSG00000115128 |SF3B6 splicing factor 3b subunit 6 [Source:HGNC Symbol;Acc:HGNC:30096] 37
43|CPSF2 ENSG00000165934 |CPSF2 cleavage and polyadenylation specific factor 2 [Source:HGNC Symbol;Acc:HGNC:2325] 36
44 |HNRNPDL ENSG00000152795 [HNRNPDL nuclear ri D like [Source:HGNC Symbol;Acc:HGNC:5037] 36
45|FUS ENSG00000089280 |FUS FUS RNA binding protein [Source:HGNC Symbol;Acc:HGNC:4010] 35
46|PRPF40A ENSG00000196504 |PRPF40A pre-mRNA processing factor 40 homolog A [Source:HGNC Symbol;Acc:HGNC:16463] 34
47|SF3A2 ENSG00000104897 |SF3A2 splicing factor 3a subunit 2 [Source:HGNC Symbol;Acc:HGNC:10766] 34
48|ACIN1 ENSG00000100813 |ACIN1 apoptotic chromatin condensation inducer 1 [Source:HGNC Symbol;Acc:HGNC:17066] 34
49|HNRNPAO ENSG00000177733 |HNRNPAO nuclear rit AO [Source:HGNC Symbol;Acc:HGNC:5030] 33
50|SF3B4 ENSG00000143368 |SF3B4 splicing factor 3b subunit 4 [Source:HGNC Symbol;Acc:HGNC:10771] 32
51|SYNCRIP ENSG00000135316 |SYNCRIP binding ic RNA protein [Source:HGNC Symbol;Acc:HGNC:16918] 32
52|ALYREF ENSG00000183684 |ALYREF Aly/REF export factor [Source:HGNC Symbol;Acc:HGNC:19071] 31
53|DDX3X ENSG00000215301 |DDX3X DEAD-box helicase 3 X-linked [Source:HGNC Symbol;Acc:HGNC:2745] 31
54 |RBMX ENSG00000147274 |RBMX RNA binding motif protein X-linked [Source:HGNC Symbol;Acc:HGNC:9910] 31
55|SNRPD3 ENSG00000100028 |SNRPD3 small nuclear ribonucleoprotein D3 polypeptide [Source:HGNC Symbol;Acc:HGNC:11160] 30
56 | THRAP3 ENSG00000054118 | THRAP3 thyroid hormone receptor associated protein 3 [Source:HGNC Symbol;Acc:HGNC:22964] 30
57|CPSF7 ENSG00000149532 |CPSF7 cleavage and polyadenylation specific factor 7 [Source:HGNC Symbol;Acc:HGNC:30098] 27
58|SRSF7 )0115875 |SRSF7 serine and arginine rich splicing factor 7 [Source:HGNC Symbol;Acc:HGNC:10789] 27
59|LUC7L3 ENSG00000108848 |LUC7L3 LUC7 like 3 pre-mRNA splicing factor [Source:HGNC Symbol;Acc:HGNC:24309] 27
60|NUDT21 ENSG00000167005 [NUDT21 nudix hydrolase 21 [Source:HGNC Symbol;Acc:HGNC:13870] 25
61|HNRNPAB 197451 (HNRNPAB nuclear ri A/B [Source:HGNC Symbol;Acc:HGNC:5034] 25
62|HNRNPD ENSG00000138668 [HNRNPD nuclear ri D [Source:HGNC Symbol;Acc:HGNC:5036] 25
63|SRSF11 ENSG00000116754 [SRSF11 serine and arginine rich splicing factor 11 [Source:HGNC Symbol;Acc:HGNC:10782] 25
64|RPS7 171863 [RPS7 ribosomal protein S7 [Source:HGNC Symbol;Acc:HGNC:10440] 23
65|SNRPB2 ENSG00000125870 |SNRPB2 small nuclear ribonucleoprotein polypeptide B2 [Source:HGNC Symbol;Acc:HGNC:11155] 23
66|FIP1L1 ENSG00000145216 [FIP1L1 factor interacting with PAPOLA and CPSF1 [Source:HGNC Symbol;Acc:HGNC:19124] 22
67|SRRM2 ENSG00000167978 |SRRM2 serine/arginine repetitive matrix 2 [Source:HGNC Symbol;Acc:HGNC:16639] 22
68|EWSR1 ENSG00000182944 |EWSR1 EWS RNA binding protein 1 [Source:HGNC Symbol;Acc:HGNC:3508] 21
69|RPS4X ENSG00000198034 |RPS4X ribosomal protein S4 X-linked [Source:HGNC Symbol;Acc:HGNC:10424] 21
70|RPL31 ENSG00000071082 |RPL31 ribosomal protein L31 [Source:HGNC Symbol;Acc:HGNC:10334] 20
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71|DDX17 ENSG00000100201 |DDX17 DEAD-box helicase 17 [Source:HGNC Symbol;Acc:HGNC:2740] 20
72|SNRPD1 ENSG00000167088 |SNRPD1 small nuclear ribonucleoprotein D1 polypeptide [Source:HGNC Symbol;Acc:HGNC:11158] 20
73(TIALY ENSG00000151923 | TIAL1 TIA1 cytotoxic granule associated RNA binding protein like 1 [Source:HGNC Symbol;Acc:HGNC:11804] 20
74|KHDRBS1 ENSG00000121774 |KHDRBS1 KH RNA binding domain signal 1 [Source:HGNC Symbol;Acc:HGNC:18116] 19
75(BUB3 ENSG00000154473 |BUB3 BUBS3 mitotic checkpoint protein [Source:HGNC Symbol;Acc:HGNC:1151] 18
76 (DDX42 ENSG00000198231 |DDX42 DEAD-box helicase 42 [Source:HGNC Symbol;Acc:HGNC:18676] 18
77 |(WDR33 ENSG00000136709 |WDR33 WD repeat domain 33 [Source:HGNC Symbol;Acc:HGNC:25651] 17
78|CSTF3 ENSG00000176102 |CSTF3 cleavage stimulation factor subunit 3 [Source:HGNC Symbol;Acc:HGNC:2485] 17
79(PNN ENSG00000100941 |PNN pinin, desmosome associated protein [Source:HGNC Symbol;Acc:HGNC:9162] 17
80(CPSF6 ENSG00000111605 [CPSF6 cleavage and polyadenylation specific factor 6 [Source:HGNC Symbol;Acc:HGNC:13871] 17
81|SAP18 ENSG00000150459 |SAP18 Sin3A associated protein 18 [Source:HGNC Symbol;Acc:HGNC:10530] 17
82|SRSF3 ENSG00000112081 |SRSF3 serine and arginine rich splicing factor 3 [Source:HGNC Symbol;Acc:HGNC:10785] 17
83| THOC2 ENSG00000125676 |THOC2 THO complex 2 [Source:HGNC Symbol;Acc:HGNC:19073] 17
84 (DHX36 ENSG00000174953 [DHX36 DEAH-box helicase 36 [Source:HGNC Symbol;Acc:HGNC:14410] 16
85(IGF2BP1 ENSG00000159217 [IGF2BP1 insulin like growth factor 2 mRNA binding protein 1 [Source:HGNC Symbol;Acc:HGNC:28866] 16
86 [HNRNPU ENSG00000153187 [HNRNPU nuclear in U [Source:HGNC Symbol;Acc:HGNC:5048] 15
87|PRPF4B ENSG00000112739 |PRPF4B pre-mRNA processing factor 4B [Source:HGNC Symbol;Acc:HGNC:17346] 15
88|ILF2 ENSG00000143621 |ILF2 interleukin enhancer binding factor 2 [Source:HGNC Symbol;Acc:HGNC:6037] 14
89(CIRBP ENSG00000099622 |CIRBP cold inducible RNA binding protein [Source:HGNC Symbol;Acc:HGNC:1982] 14
90 (NONO ENSG00000147140 |NONO non-POU domain containing octamer binding [Source:HGNC Symbol;Acc:HGNC:7871] 13
91|SFPQ ENSG00000116560 |SFPQ splicing factor proline and glutamine rich [Source:HGNC Symbol;Acc:HGNC:10774] 13
92|SRRM1 ENSG00000133226 |SRRM1 serine and arginine repetitive matrix 1 [Source:HGNC Symbol;Acc:HGNC:16638] 13
93|SNRPD2 ENSG00000125743 |SNRPD2 small nuclear ribonucleoprotein D2 polypeptide [Source:HGNC Symbol;Acc:HGNC:11159] 13
94|SMU1 ENSG00000122692 |SMU1 SMU1 DNA replication regulator and spliceosomal factor [Source:HGNC Symbol;Acc:HGNC:18247] 12
95(TRA2B ENSG00000136527 |TRA2B transformer 2 beta homolog [Source:HGNC Symbol;Acc:HGNC:10781] 12
96 |SREK1 ENSGO00000153914 [SREK1 splicing regulatory glutamic acid and lysine rich protein 1 [Source:HGNC Symbol;Acc:HGNC:17882] 12
97|CPSF3 ENSG00000119203 |CPSF3 cleavage and polyadenylation specific factor 3 [Source:HGNC Symbol;Acc:HGNC:2326] 11
98|POLDIP3 ENSG00000100227 |POLDIP3 DNA polymerase delta interacting protein 3 [Source:HGNC Symbol;Acc:HGNC:23782] 11
99|HNRNPC ENSG00000092199 |HNRNPC nuclear ri in C [Source:HGNC Symbol;Acc:HGNC:5035] 10
100 |HNRNPF ENSG00000169813 |HNRNPF nuclear ri in F [Source:HGNC Symbol;Acc:HGNC:5039] 10
101|TRIR ENSG00000123144 |TRIR RNA p ing RNase [Source:HGNC Symbol;Acc:HGNC:28424] 10
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spliceosomal complex - ° RNA pull down RNA pull down
Count (892kb) (9.2-9.8 kb)
catalytic step 2 spliceosome - [} ® 40 - S
nuclear speck - [ ® 30
nuclear body - [ ] : ?8
g U2-type spliceosomal complex - [}
é precatalytic spliceosome - [ Hits (%)
U2-type precatalytic spliceosome = o

catalytic complex - @ 28
U12-type spliceosomal complex - * 10

U2 snRNP -
10 20 30 40 50 60
-log10 (p value)

C D

Yap et al., 2022 Dopie et al., 2020
RNA pulldown Dopie et al., 2020 NEATT HyPro-MS_ SC35 TSA-MS
(8-9.2 kb & 9.2-9.8 kb) SC35 TSA-MS e
\\\ /I/
N ,
N\ /
\ /
\\\ I/
\ 1
‘- .'
61 ) ! 108
'.
\
//I \\
/, N
’ \
// N
-~ N
\\
nuclear speck = ® Count
Spliceosome = () ® 20
spliceosomal complex = [} : 13
£ nuclear body = [ ) ¢ 5
§ U2-type spliceosomal complex = [ ]
8 catalytic step 2 spliceosome = ° Hits (%)
U2-type precatalytic spliccosome = ([} 16
precatalytic spliceosome = o 12
catalytic complex = @ 8
Cajal body = 4
1 ] 1 ]
10 20

—log10 (p value)

X 19. in vitro RNA 7V ¥v & MS #EHTIZE D NEAT1 D 8-9.8 kb fHIREHH A
VER$ 22 _IED¥RER

(A) 8-9.2 kb &£ 9.2-9.8 kb ™ 2 f& ¥ RNA probe %\ TiT-7= in vitro RNA
TN MS fEATIZ X EE LT=Z2 0 " 7E kLT GO:CC M 21T o7=, AL
10 fEE D GO term # X277, (B) 8-9.2 kb 5\ % 9.2-9.8 kb ® RNA probe
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M7z in vitroRNA 7 V2D L MS fEATICEDRIE LT 2 "V D ik a R~ L
7oK, 2 FEFAD RNA 70 —7 bS04 RIEIRIFEAE R A — " —T
7L T, (C) RNA 727 (8-9.2 kb & 9.2-9.8 kb) & SC35 TSA-MS Dt
RO ZRLT=~ X (Dopie et al., 2020), (D) HyPro-MS & SC35 TSA MS @
fER O AR L=~ K (Dopie et al., 2020; Yap et al., 2022), (E) D 3\ C,
A= =TT LTz 31 FEHOX L R7E IR LT GO:CC b a1 172, AL
10 FEFED GO term Z# X~

3.3 U2 snRNP [ZBE T 25 7B D PS D/ x/L~D A #AH)72%E81X PS D NS
NEB~DERVIALZFHFES S

[FEL7- U2 snRNP ([ZBE T DAT T A — LK 37808 PS O NS ~OWNTE
LI EE T D00 %M 572012, WT O NEAT1_2 126 X MS2BS % /v /A
L7-HEIRAR I3 T MS T IC IV R ES V=22 2378 (SF1, SF3B4, U2AF2,
SF3A3, PTBP1) % PS 2B L7- (I 20A), £3°. WT @ NEAT1_2 @ 5 (1.4
kb) (26 X MS2BS % /v /A LI lilatkz VT, PS Oy = /UICH L I a8
HBUTl-, ZDOfEHR. SF1 H5\E SF3B4, SF3A3 % PS OV =/VIZEBHELT-GA.
WT @ PS 7% NS ONEICHAENOEE - BlEsnz (X 20A-D), — 5T,
U2AF2 <° PTBP1 MO¥88Cl, PS1Z NS L343 HEL Tz (K 20A-D), &kiZ, WT
@ NEAT1 2 o sl (14 kb) 12 6 X MS2BS /v 7 A U= filakkZz T,
PS a7z "B EBRE LI, TOfE5. SF1 5\ % SF3B4. SF3A3,
U2AF2, PTBP1 % PS Oa 7 |ZBE LI-54 . PS O NS ~OWTEbIFE Zsn 722
o7- (4 20A-D),
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@

Segregated or incorporated

paraspeckles (%)

A NEAT1_1

NEAT1_2
NEAT1/6xMS2@1.4kb

3.7 kb 22.7 kb

o 6xMS2BS
NEAT1/6xMS2@14kb

Gonam 6XMS2BS

B

NEAT1/6xMS2@1.4kb NEAT1/6xMS2@14kb WT
MCP MCP protein SON/NEAT1  Zoom  MCP protein SON/NEAT1  Zoom  MCP protein SON/NEAT1
SF1
SF3B4
SF3A3
PTBP1
U2AF2
Il Segregated Incorporated
MCP-SF1 SF3B4-MCP  SF3A3-MCP MCP-U2AF2 MCP-PTBP1
100 1 1
80 1 4
60 1 4
40 4 ]
20 1 ]
0
Y f 5 ¥ sy ¥EE Fo5y % oEg
9 2 9 9 9 8 9 9 9 9
n @ n @ nw @ n @ n @
= 3 = 3 = 3z = 3 = 3
& © & © & © & © & ©
D MCP-SF1 SF3B4-MCP MCP-U2AF2 SF3A3-MCP MCP-PTBP1
2 g 2 g 2 g 2 g =g
N~ o« N~ < ¥ o« ¥ o« ¥~ o«
® ® ® ® ® ® ® ® ® ®
N N N N [$Y) [$Y) [$Y) [$Y) N N
g2 22 _ 22 _ 22 2S¢
= =
2SS TSEE TS E 2SS 2SS
(kDa)
- - ~100
- L
- - - 75
FLAG e

I e e e
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X 20. U2 snRNP BHEZ L 7B D PS ~DREE ERR

(A) WT @ NEAT1_2 @ 5{f] (1.4 kb) &2\ X HJeEEg (14 kb) 12 6 X MS2BS
% )AL U filakk oK, (B) MCP &% 737’8 % NEAT1/6 X MS2@1.4
kb (/5), NEAT1/6 X MS2@14 kb (H14), WT (F) IZhFo A7 =7 a L, MG132
LERESE T (5 uM, 6 FERE) 128 W T PS & NS ##1%2L7-, NEAT1 RNA %
smRNA-FISH EIZIWR L (v B %), NS O~—h—H 08 THDH SON
(k) & MCP 2o ™28 (U7 2) I3 e Yt kI K0 L7z, AW IUfA T
A CWAREIR AL KL TRd, 27—/ 38— 5 um, (C) B 123\ T, NS 458D
HUNTHIAEN TN PS OEIGETERELIZIT7, T —Xi% 3 [BIOMIL L=
MHEEFLTZ, NEAT1/6 x MS2BS@1.4 kb; n = 62 (MCP-SF1), n = 63 (SF3B4-
MCP), n = 60 (SF3A3-MCP), n = 63 (MCP-U2AF2), n = 59 (MCP-PTBP1),
NEAT1/6 x MS2BS@14 kb; n = 62 (MCP-SF1), n = 63 (SF3B4-MCP), n = 61
(SF3A3-MCP), n =61 (MCP-U2AF2), n =59 (MCP-PTBP1), WT; n = 63 (MCP-
SF1), n = 62 (SF3B4-MCP), n = 62 (SF3A3-MCP), n = 62 (MCP-U2AF2), n =
64 (MCP-PTBP1). (D) B (23135, MCP &% 7B DT T 2H 7 1y MET,
Pt FLAG $ti&%Z T, MCP-# 0 R~ E &R LTz, GAPDH (Zn—7 1227 a b
m— LU THWE,

3.4 U2 snRNP O EEoER K 7 Ths SF3BL 1L PS OV = MIZRTET D

U2 snRNP BHEE 7D PS & /L ~D JGTENEDEWNICEIT 5 RTEZ2 R 5 DI
HHETHHIEL—HL T, SF3B EA KD EH/efE kN1 Chd SF3B1 1L, FFiZ
mini-PS (28T, PS OV = /WZRTETHZEn@lgsii (X 21A,B), ZO#E %
5, SFPQ <° BRG1, HNRNPF ® PS ~DV7L—k& SF3B1 DY 71—k WT
& mini-NEAT1 2 BRI TR BIL T A I EnEIZRS 7= (X 10A,B, 21A,B),
VL EDFERS, PS OV =V RBTET % U2 snRNP B K73 PS O NS ~DHL
VIABZHETHIENRIBRINT,
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SF3B1 localization

NEAT1_% SF3B1 Merge

5000+

WT

40004

3000+

2000+

Average intensity
(SF3B1/area) (a.u.)

10004

mini-NEAT1

[ 21. U2 snRNP O F B2 E ¥ ThD SF3BL ix PS OV = /VIZJFHIET S

(A) MG132 (5uM. 6 ¢fi]) TaLE L7~ HAP1 WT 35X 0 mini-NEAT1 28 B0k
RlzBIT5. NEAT1 (6F) & SF3B1 (%) ®» SRM Ejfg, A/r—/L,3—: 500
nm, (B) PS Ovx/vHHWIa 72115 SF3B1 O w ik O E &, Fes
Iz kD ., SEHIE (PYiR), 25—-75% (D FEL BIK)., /MBS B KAE (67 O T i
& k) 2o d, 7 —#13. Kruskal-Wallis ANOVA and post hoc Dunn multiple
comparison test AW\ T EZITo72, ****P< 0.0001, **P< 0.01, 2 TDOH>
7VCn =31,

3.5 U2 snRNP DOHZEHIE U2 snRNA @ /7 XD 1Z28Y mini-PS @ NS 2260
STBEEFHEIN

%2, mini-PS @ NS ~DHEIAAIZIBWT, U2 snRNP 3 E S IKEL THEGL
TOWLDPIDNTDOIMREFGHZ a2 T2, £F, U2snRNP O 7 &7V —% [
=97 SSA & PlaB #2141 mini-NEAT1 28 B ANRRR 2L FE L 7= (Kaida et al.,
2007; Kotake et al., 2007), ZDFEHE. 2N HDOIFNI DML IZ LY . mini-PS ® NS
MODTHE R BEN B 2R STZ (K 22A,B), &512, ASO ZHV = U2 snRNA @/
VI B FREAT T, ZVETORERE LT, U2 snRNA O /v 7520280
mini-PS @ NS 260455 ElEis e (M 22C-D), T b OBIEHERIL, U2
snRNP 2 EAS 1KLL T mini-PS @ NS ~DOHV A E 5L T ARG EZ AR —k
THLDTHDHEE 2 LI,
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)

NEAT1_5/SRRM2
30min 60min

B Segregated Incorporated

30 min 60 min
100

o
o

@
o

80

[o2]
o

60

40

40

paraspeckles (%)

N
o

20

Segregated or incorporated

S & S &
g 5 I g 5 I
N N
S o N R
* < R Q
C D E 14,
Segregated o)
NEAT1_5/SRRM2 Incorporated 3 127
ASO: E’. 100 g 104 oo
o ‘»
GFP gg ® 081 B GAPDH
8 a o
£2 60 X" 0.6 [ NEAT1_2
58 40 o U2 snRNA
& = 0.41 U13 snoRNA
u2 R 2
o © -—
ga 20 D 0.2 L
2 e I
Yoo o 0-
O O o
ute LS g ¢ ¢
& & 2 o
O ) & N) S

X 22. U2 snRNP O EE L RIAFTH5 SF3B1 i% PS DY = /VIZRETS

(A) SSA (100 ng/ml) 5\ PlaB (1 pM) TRLFRL 7= HAP1 WT 3L mini-
NEAT1 & BAEikIcH1T 5, NEAT1 (k) & SRRM2 (=8 %) ® SRM [#if4,
MeOH A% /) —NVERL, AT 47 arba— L L THWZ, A7—Ls3—:
500 nm, (B) A (28115, NS L4558 A VNTIRVIA TN T2 PS 0EI A2 E &
L7257, 30min ZL¥E: n = 208 (MeOH), n = 131 (SSA). n = 125 (PlaB),
60min ZLFE: n = 196 MeOH). n =115 (SSA). n = 133 (PlaB), (C)ASO #
NI AT 2T ar L, Dk MG132 (5 uM., 6 Fif]) THLEEL7- mini-NEAT1
2 BAMARIZ BT D NEAT1 (k) & SRRM2 (=F%) ® SRM [Et4, GFP &
U13 snoRNA (Zx9 5 ASO 23T 47 a2 ha— L ELTHW =, A7 —LR
—: 500 nm, (D) CZEIF5H, NS LD DWTEIA Tz PS OEI &%
ERL727F7, GFP ASO: n = 185, U2 ASO: n = 131, U13 ASO: n = 185,
(E) C,D i2&iF%, RT-qPCR {£% v /= U2 snRNA ORBEDOER, 7 —X
1% 188 RNA (2L /—<TF A X LT, n = 3, =7 — — [T E + U F AL
AN
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=

Pl

ZNETIZ PS OIFESCHEEEIZBE 95 NEAT1 OBEEOMEEER AL BRIES
T&7- (Yamazaki et al., 2018, 2021; Modic et al., 2019), AHF7E1%, PS 23z L
7= MLO LU THERINDT-DICHLEAR A K FHHLO RNA EER A1 (1-8 kb &
16.6-20.2kb K A1) #FEIE LTz, 2 2 50 RNA BERER A 13 PS DY = /L
ETDHZENRESN TS (Souquere et al., 2010; Yamazaki et al., 2018, 2021),
F7-. ZNHD NEAT1 #EEER A 13 SFPQ <X° BRG1. HNRNPF 72X @ PS ® NS
WHD ST BEZ M EE e PSP DU — T 5, ZNOOBIER R E—HL T,
SFPQ <° BRG1. HNRNPF %L 7 E D PS O /L ~DEFIZLY . mini-PS 78
NS L53HEL BB 72, 2O BEREIX, PS D7 ~OBE TIIBIRESN2 -1,
AKiFSEIE arcRNA DO RIRDEIBKIZZ L IV EEEETHILIZID A Ra’y 77g A
r—)L® MLO OFFEDFIROME ZHET T 52N RETHLH A RLIZ R THE
AR R THHEE 2D, RNP N7 oy 7B ASRI L LU THRET 55
TR MRIAT 2281280, N TIINCT VAL T 528N AT HEZ: R E DRSSO
AE. MEE A FF O N LERIR ORI TED,

AL TIZ, PS O NS OO HEC 535 8K 7L LT SFPQ 2> /' B %
[AEL7-, SFPQ X NEAT1_2 O BlL PS OT7 v 7V —IIHLERA[ K THD
(Naganuma et al., 2012; Yamazaki et al., 2018), AHFFEIZI1T5 SFPQ D28
Rz W REATIZED  SFPQ @ PLD °F A~ —TEk, A VT~ —TE R AL M
mini-PS ® NS b0 55 PS 7 L 7V —IChETHHIENRENT-, SFPQ
D PLD (ZBIF 7 NHI %7V AZEH LT A RIRT, mini-PS @ NS 226075
BEIIA S CER 0, PS OT7 By 7 —%FH T HZENTEZ, DFED, SFPQ 1%
PS OopBfEET BT U—20) 2 DOXFIREEREREZ AL CWHEE 2 HND,
SFPQ 1% PS 0a7 &y = VOl FIZRIETHIEN0H, PS Oa 7 kIG5
SFPQ 7 PS O7 2 7V —DKREDE RN ZRT-3ZenHE2ob, — T, PSD
NS OO B NEAT1_2 OBEEER A 1E PS OV = /VIZRTET 520
5. L /VIZRITET S SFPQ 73 PS @ NS 22b D5y Bl OREREA BT~ L TWAZENR T
b, 2R Chd SFPQIZEIT 245 % DM IEAUR S, PS ¥ = /L DIERERY
oy TR ERE T ECHETHHEEZ X TVD,

AWFZ7E T, SFPQ D X572 PS O NS /35045 EfE R4 AN+ 721) Tlidzel @
WIS NV, PS DO NS ~OR AR E G354 X7E L TU2 snRNP
R 22 I EFEELZ (K 23), ZIHOBERERIL, PS NEDIIZLT
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MAZL7Z MLO ELTORRENDLDMNITONWTOHERIC SR NEEEZBND,
NEAT1_2 IncRNA /%, mRNA L[R£EIZ Pol MICKVERE SIS, —XAIIZ mRNA
X NS IZRTEL., FIRR O 7= I DI E 2t Si1d (Dias et al., 2010), %A
A2, NEAT1_2 IncRNA [T Pol TIZXDHE G I NICRFIS L, RNA O ek
DI=HIT 3R, polyA $HTiE7e<, Triple helix #i&E% > (Brown et al.,
2012; Wilusz et al., 2012), Z D7z NEAT1_2 |X, A7 T A7 < poly A £,
BAM IR A T Lo — A7 mRNA OA&A BGRR R HIT R L 728 A I U TRl
HEERD, —J7T NEAT1 2 ZARTTAL 0 T 22T RWITE bbb T
NEAT1_2 IncRNA OFEH] EIZIZ 24D SF1 256EE T 2 AR D& L7 T FRA
VNERANAFIET D (K 24), PLEDOZENS, NEAT1_2 (3 mRNA OAEGRRRIKIC
BhE T DK FOREEEHETHZ LI, PSOT 7V —%H9 arcRNA LLTD
BREA T L QD ZENB R DI, DRI F A=A L%, NEAT1_2 OIEF
IRRRAAEZ UTHIK MLO ORSEVERERF IS a7 - = U EZ RS PS O7 ¢
YT V—ZEBETHLIONH LR, EHIZ, ZIVETIZFEESNZ arcRNA [THA
WNZIIAT TAL o T a2 N2 ER R E SN TS (Watanabe and Yamamoto,
1994; Prasanth et al., 2000; Sasaki et al., 2009; Biamonti and Vourc’h, 2010;
Chujo et al., 2017), ¥7=. SFPQ <° HNRNPF. BRG1 (FATTA L 7 HHETDH
BRENZNFETIZHESIN TS (Huelga et al., 2012; Gordon et al., 2021;
Stagsted et al., 2021; Ganez-Zapater et al., 2022), ZDOZEIIARMIEIZBNT,
SFPQ/HNRNPF/BRG1 DV 27/ —hk& U2 snRNP O FE 2Rk A 1 ThHhD SF3B1
DV I —hEDRNZH B O BRMIEN BRI N T2 —ET 5, UL EDZ D,
PS 73SZ L7z MLO LU TS NDT20DIT, #I8F L i L7 NEAT1_2 RNP 25k
23 U2 snRNP D ISR AT T AL 7R+ L O BAEHNHE HIRNSAE L TS AT6E
MAEE 2D (K 25),
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Shell tethering Core tethering

WT-PS
. i +MCP SF1 . .

Segregated Incorporated Segregated
mini-PS Shell tethering Core tethering
+MCP-SFPQ 5
o
q

Incorporated Segregated Incorporated

23. VVIZRTET AL 2'E N WT @ PS & mini-PS @ NS HAWiTEE ~

DREERETD
WT @ PS (|) & mini-PS (F) (2B A /L dH AT 7 ik~ B Bk 5

DA
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NEAT1 2

4
YNYURAY BPS motifs (j | | L | | i|| |" | | | Lil uk |

0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 227kb
SF3B4 (HepG2) [ [
SF3B4 (K562) |f; =~ | .
SF3B1(K562) [, ., . | | .
SF3A3 (HepG2) |\l =~ . e e e
U2AF2 (HepG2) | . I T ‘
U2AF2 (K662) i, 0 ol o ... el .
SFPQ (HepG2) AA&M‘M__._MA ddahono ik ik,
NONO (K562) [, s aunad s i o s e

X 24. PSP & U2 snRNP & &K F D eCLIP 7 —4& SF1 23 &9 5=
R REH D<o T K

NEAT1_2 hic~ybt 7 &7- SF3B4 (HepG2 & K562 k), SF3B1 (K562
HEMaKR) . SF3A3 (HepG2 fiflakk). U2AF2 (HepG2 #ifakk). U2AF2 (K562 #lfia
¥E). SFPQ (HepG2 #ifakk). NONO (K562 fiftk) @ eCLIP 7 —#, SF1 734k
a9 5artr ARSI (YNYURAY; Y =Uor C, R=Aor G, N = any nucleotide)
DN E A — L EEBIZ EITRT,
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ra/ Wild type NEAT1_2 RNA mini-NEAT1 RNA
A

I@K I@?%‘@@t 7 = A@@_L( ;
M?

= 4 J
o

N *”7
N &
& "’1
o
Paraspeckle Nuclear speckle

B 25. PS DV =/MTRIET DA 7E D NS LM EIRE T D50 FHEE
RLICET VIR

WT @ NEAT1_2 (%, SFPQ <° HNRNPF, BRG1 72E D - LG L FH L T
NEAT1_2 RNP #E k9 %, ZHUckb, U2 snRNP EE K2 EDRAT T4 7|
B4 2R A DV — e flET22EN TRSND, ZORRELT, WT @ PS 23
NS SIIMNZUIAEE R L LTRSS, — 77 T, mini-NEAT1 RNA (23T,
SFPQ 72 & Doy B A R ET D7 DI B2y = /VIZJRTET S RNA EIAN R KL T
W5, ZO728%, mini-NEAT1 RNA EiZi% SF3B1 @ k572 U2 snRNP O RKIK F
U7 L—FEHL, mini-PS O NS ~OHVIARBFESNLETT N EHBZTD,

.
Q
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AWFFEIZED . JBIURIZIVIE RS ND PS OFFEO 1 D ThHaT -3 =/LiiED
HEMEA~OBEENEEST-LE Z5N5 (Souquere et al., 2010; West et al., 2016;
Yamazaki et al., 2021), FHUITERE S mini-PS 1%, NS OIS NIZ %I
a7 - UG EHERF L TORAE T NS NI EDIA s, AIFZEIZI W CRIE LT
PS O = /VIZRET DX R EIIE ~DJFTESH DT NS ~D JHTEZ T E T 5,
LINLIENE, X E DY =)V ~DRTEENISIDITTr LA NEAT1_2 IncRNA @
SMNZH R EDRE AT HIENEHETHL AIREMEZ PR TAZEIXTER W, £D
7oA 1%L, KOFEMZR 0 F I ORI LB CTh D,

2D MLO OREREKF DR BAEH S LLPS 1K B S D AR R fHRIE P R
F 4RI N—IURE Gem D X572 MLO O #EMHEZHIEIL CTWOAZENHES TV
% (Sanders et al., 2020; Courchaine et al., 2021), NS Ti%, U2 snRNA 23D
FHEBICBETHZEN R EIN TS (Fei et al., 2017), LL EDFATHIFEL A
WEZERE T 0, NS O EICHET S U2 snRNP B K F DO A/EHICE>TWT
D PS D NSTEA~D FIEN R ESILTODD TIHRVINEW) A REMZ B X T D,
ZDFE I, U2 snRNP BH#H DX 7B PS OV =/VIZJFGTET S NEAT1_5K
SRR PR AR 9528 %71 eCLIP O F — 20 bbb RS TS (K
24), ¥7=. U2 snRNA © /v 72230, U2 snRNA 7217 Tid7a<, NEAT1_2 ©
FEREORD N BESNT (X 22E), LA EOZENS, ABFZECTHLNNI R T=0+F
AN =AALE, PSENSIZRTET D20 FRIOERVEZLELZ I2H D THHEEZ 2B, Z
O DOREEIRIA L8 BE L TR T D A2 DA B Y E R O C
=D,
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W S e A LN SV 15V gl a1

- NEAT1_2 ® 22.7 kb 2%}z 5° RNA fHIg D 75 PS 28 NS N7 L CIFAET
BT B2 B LD RNA BERER A & Rl & LT=,
PS ® NS o055 BEA T AR +L LT PS DY =/VIZJFIETH SFPQ Bk
U HNRNPF., BRG1 #FRIELT-,
mini-PS @ NS OViALZFHE T HKFELL T U2 snRNP (ZRHE 3 5K 1%
FEL. ZNSDEFD WT @ PS O =/ ~DJafElL NS ~DONIEbAFHEL
77

FHROESR

AWFFTERIIL, FFENAR D BEOARTRHIZ2 AT = A LD 1 D THHIBIMIZIVIE
S5 PS DIEENITAEAE S DML Sy B SR EIMSL L THIEE T D00 F AT = A L
ZRUTESUCIER ICEEIN R R ChHES 25, 1% 1. HIIEPNAH S BEN ISR T5
T 2 PRA IR A MEIR FR AR DIIE AT = X LD E R A ZENHIfFS D,

AR THRON-F M RNOSREDIOIBRHFENBRIINI D)
NLHNZT FA T HTEDAIREZR, FFE OREECRERE MEEZFF > AN LEE RO
Al EREND D,
NEAT1_2 IncRNA OEREfHT O FES R AETT VEL T, RIEH LN LIRS T
720y arcRNA (255 MLO OJE UM CE O A RIS RE ORI Z RIS 1D 2,

A% ORE

AWFFETIE, PS @ NS o0 B % 5952 7B LT SFPQ X
HNRNPF, BRG1 Z /" VEZFRIELIZ, LINLRH G, 2O FREEICH G- 5HK
[FEDH L RTEPFIET D REM L H D, F7-, SFPQ 728 O 1 E I RE
T DO, FNHOMAANEH N T2 U CRIBEIIZE 5L THDOI OV THIAS
N T HMENRSHDH, NEAT1_2 IncRNA 0% iE D RNA f858 PS Lo MLO &
DOIMSIHEZREL TWDZEITELSAREZFER Th oz, 5 %I1T. ZOMEER AL 2T
TET AR EDRLYI° RNA @ 2 IEEEZONCTHUNENHD, ZOTEIZLD,
IncRNA Ft%] EIZfEEiuz, mRNA L3 B85 OE B B Ft o D7 n’b e
DHIFF T2,

66



AWFFEO I HTD | TS THIEZ B LT KK 7 an i sEAF 78
Bl RNA AEARBEREAF 202 O BT AR B AT O L0 ELA R L BiFEd, E7o, F5E
DHED J7REFRITHT T 5B % 772 EARY) T B THRE L TIESWELT, KR4
ABEREMTIERE  ReEREAT OO LR 5L 2 O J G 2 B L 97,

ALRE R CHE LR O R PP AL LT AL EG TRV S % 5 3 TES
WELT, AGIRE K78 AR -9 A 28T 50 F AP 00 P 8= OF FIESR BT
ODFOEILH L B ET,

B BRSSO T AT SR SCOVERRICH TS KD T W e s #THEFL
7=, 77 AENL B 2 #— D Gerard Pierron {8 1=, Sylvie Souquere KiZ
O EVEFLA L BT ET, ENLAFZEBR S8 5 N PEE B A wFFEpr o & B 3%
e g . REREEEEEICIL, v ARSI AN — T I OEEL TEL KA D
T LT ERTAEEL, DRVEH AL E T, ALEE K b RSB SE
P D AT AT ZAR 21T SRS RO BRI R H T2V 2 R W )
B ERTAESEL I, R B F9°, ALiFE KPR PP P Epe o )1 HE—
VT, AR BB W AT I T 2 KRR AZ W B S 2 TAE EL
7o JESHEALHFL BT ET,

AN W Db NCA BERRE A THEEL, KIRKFAE Mg aeir e F
RNA A fRBERENT 20 2 O BRI IR G2 LU E T, FRIC, Frlaifmo = B
T, FHEESAIIAER BRSO FERICTH W EEEL, LEVBILBL
FFET, EOBHIE S, ZHEFIAUITITIRIRRFTCOFE FHREH %
DFEBROYR—NATo TN EE LT, JBESHFLFL BiFEd, £, dbiEE K7
TOFEE T2 E T T2 W TN AL E K58 s 19 il #2240+
PRSI R DR E D BRI IREH L E T,

67



il AR

AN AN Y I Y (S R NI EeAAR

68



51 SRk

Adriaens, C., Standaert, L., Barra, J., Latil, M., Verfaillie, A., Kalev, P.,
Boeckx, B., Wijnhoven, PW.G., Radaelli, E., Vermi, W,, et al. (2016). p53
induces formation of NEAT1 IncRNA-containing paraspeckles that modulate
replication stress response and chemosensitivity. Nat. Med. 22, 861-868.

Alberti, S., Gladfelter, A., and Mittag, T. (2019). Considerations and
Challenges in Studying Liquid-Liquid Phase Separation and Biomolecular
Condensates. Cell. 176, 419-434.

Banani, S.F, Lee, H.O., Hyman, A.A., and Rosen, M.K. (2017). Biomolecular
condensates: organizers of cellular biochemistry. Nat. Rev. Mol. Cell Biol. 18,
285-298.

Biamonti, G. and Vourc’h, C. (2010). Nuclear Stress Bodies. Cold Spring Harb.
Perspect. Biol. 2, a000695-a000695.

Brown, J.A., Valenstein, M.L., Yario, T.A., Tycowski, K.T., and Steitz, J.A.
(2012). Formation of triple-helical structures by the 3-end sequences of
MALAT1 and MENB noncoding RNAs. Proceedings of the National Academy
of Sciences. 7109, 19202—-19207.

Chen, L.-L. and Carmichael, G.G. (2009). Altered Nuclear Retention of
mRNAs Containing Inverted Repeats in Human Embryonic Stem Cells:
Functional Role of a Nuclear Noncoding RNA. Mol. Cell. 35, 467—-478.

Chuyjo, T., Yamazaki, T., Kawaguchi, T., Kurosaka, S., Takumi, T., Nakagawa,
S., and Hirose, T. (2017). Unusual semi-extractability as a hallmark of
nuclear body-associated architectural noncoding RNAs. EMBO J. 36, 1447—
1462.

Chujo, T. and Hirose, T. (2017). Nuclear Bodies Built on Architectural Long
Noncoding RNAs: Unifying Principles of Their Construction and Function.

Mol. Cells. 40, 889—-896.

69



Clemson, C.M., Hutchinson, J.N., Sara, S.A., Ensminger, A W., Fox, A.H.,
Chess, A., and Lawrence, J.B. (2009). An Architectural Role for a Nuclear
Noncoding RNA: NEAT1 RNA Is Essential for the Structure of Paraspeckles.
Mol. Cell. 33, 717-726.

Courchaine, E.M., Barentine, A.E.S., Straube, K., Lee, D.-R., Bewersdorf, J.,
and Neugebauer, K.M. (2021). DMA-tudor interaction modules control the
specificity of in vivo condensates. Cell. 184, 3612-3625.e17.

Dias, A.P,, Dufu, K., Lei, H., and Reed, R. (2010). A role for TREX components
in the release of spliced mRNA from nuclear speckle domains. Nat. Commun.
1, 97.

Dopie, J., Sweredoski, M.J., Moradian, A., and Belmont, A.S. (2020).
Tyramide signal amplification mass spectrometry (TSA-MS) ratio identifies
nuclear speckle proteins. Journal of Cell Biology. 219, €201910207.

Fei, dJ., Jadaliha, M., Harmon, T.S., Li, I.T.S., Hua, B., Hao, Q., Holehouse,
A.S., Reyer, M., Sun, Q., Freier, S.M., et al. (2017). Quantitative analysis of
multilayer organization of proteins and RNA in nuclear speckles at super
resolution. J. Cell Sci. 7130, 4180-4192.

Fox, A.H., Lam, YW., Leung, A.K.L., Lyon, C.E., Andersen, J., Mann, M., and
Lamond, A.I. (2002). Paraspeckles: A Novel Nuclear Domain. Current Biology.
12 13-25.

Fox, A.H., Bond, C.S., and Lamond, A.I. (2005). P54nrb Forms a Heterodimer
with PSP1 That Localizes to Paraspeckles in an RNA-dependent Manner. Mol.
Biol. Cell. 16, 5304-5315.

Ganez-Zapater, A., Mackowiak, S.D., Guo, Y., Tarbier, M., Jordan-Pla, A.,
Friedlander, M.R., Visa, N., and Ostlund Farrants, A.-K. (2022). The
SWI/SNF subunit BRG1 affects alternative splicing by changing RNA binding

factor interactions with nascent RNA. Molecular Genetics and Genomics. 297,

70



463—-484.

Gordon, PM., Hamid, F., Makeyev, E.V., and Houart, C. (2021). A conserved
role for the ALS-linked splicing factor SFPQ in repression of pathogenic
cryptic last exons. Nat. Commun. 72, 1918.

Hirose, T., Virnicchi, G., Tanigawa, A., Naganuma, T., Li, R., Kimura, H.,
Yokoi, T., Nakagawa, S., Bénard, M., Fox, A.-H., et al. (2014). NEAT1 long
noncoding RNA regulates transcription via protein sequestration within
subnuclear bodies. Mol. Biol. Cell. 25, 169-183.

Hirose, T., Yamazaki, T., and Nakagawa, S. (2019). Molecular anatomy of the
architectural NEAT1 noncoding RNA: The domains, interactors, and

biogenesis pathway required to build phase-separated nuclear paraspeckles.
WIREs RNA 10.

Huang, J., Casas Garcia, G.P., Perugini, M.A., Fox, A.H., Bond, C.S., and Lee,
M. (2018). Crystal structure of a SFPQ/PSPC1 heterodimer provides insights
into preferential heterodimerization of human DBHS family proteins.
Journal of Biological Chemistry. 293, 6593—-6602.

Huelga, S.C., Vu, A.Q., Arnold, J.D., Liang, T.Y., Liu, P.P,, Yan, B.Y., Donohue,
J.P.,, Shiue, L., Hoon, S., Brenner, S., et al. (2012). Integrative Genome-wide
Analysis Reveals Cooperative Regulation of Alternative Splicing by hnRNP
Proteins. Cell Rep. 1, 167-178.

Imamura, K., Imamachi, N., Akizuki, G., Kumakura, M., Kawaguchi, A.,
Nagata, K., Kato, A., Kawaguchi, Y., Sato, H., Yoneda, M., et al. (2014). Long
Noncoding RNA NEAT1-Dependent SFPQ Relocation from Promoter Region
to Paraspeckle Mediates ILL8 Expression upon Immune Stimuli. Mol. Cell. 53,
393—-406.

Kaida, D., Motoyoshi, H., Tashiro, E., Nojima, T., Hagiwara, M., Ishigami, K.,

Watanabe, H., Kitahara, T., Yoshida, T., Nakajima, H., et al. (2007).
Spliceostatin A targets SF3b and inhibits both splicing and nuclear retention

71



of pre-mRNA. Nat. Chem Biol. 3, 576-583.

Kawaguchi, T., Tanigawa, A., Naganuma, T., Ohkawa, Y., Souquere, S.,
Pierron, G., and Hirose, T. (2015). SWI/SNF chromatin-remodeling complexes
function i1n noncoding RNA-dependent assembly of nuclear bodies.
Proceedings of the National Academy of Sciences. 712, 4304—4309.

Kotake, Y., Sagane, K., Owa, T., Mimori-Kiyosue, Y., Shimizu, H., Uesugi, M.,
Ishihama, Y., Iwata, M., and Mizui, Y. (2007). Splicing factor SF3b as a target
of the antitumor natural product pladienolide. Nat. Chem. Biol. 3, 570-575.

Lee, M., Sadowska, A., Bekere, 1., Ho, D., Gully, B.S., Lu, Y., Iyer, K.S.,
Trewhella, J., Fox, A.H., and Bond, C.S. (2015). The structure of human SFPQ
reveals a coiled-coil mediated polymer essential for functional aggregation in
gene regulation. Nucleic Acids Res. 43, 3826—-3840.

Lyon, A.S., Peeples, W.B., and Rosen, M.K. (2021). A framework for
understanding the functions of biomolecular condensates across scales. Nat.
Rev. Mol. Cell Biol. 22 215-235.

Mao, Y.S., Sunwoo, H., Zhang, B., and Spector, D.L. (2011). Direct
visualization of the co-transcriptional assembly of a nuclear body by
noncoding RNAs. Nat. Cell Biol. 73, 95-101.

Mello, S.S., Sinow, C., Raj, N., Mazur, P.K., Bieging-Rolett, K., Broz, D.K.,
Imam, J.F.C., Vogel, H., Wood, L.D., Sage, J., et al. (2017). Neatl is a p53-
inducible lincRNA essential for transformation suppression. Genes Dev. 31,
1095-1108.

Modic, M., Grosch, M., Rot, G., Schirge, S., Lepko, T., Yamazaki, T., Lee, F.C.Y.,
Rusha, E., Shaposhnikov, D., Palo, M., et al. (2019). Cross-Regulation
between TDP-43 and Paraspeckles Promotes Pluripotency-Differentiation
Transition. Mol. Cell 74, 951-965.e13.

Naganuma, T., Nakagawa, S., Tanigawa, A., Sasaki, Y.F., Goshima, N., and

72



Hirose, T. (2012). Alternative 3-end processing of long noncoding RNA
Initiates construction of nuclear paraspeckles. EMBO J. 31, 4020-4034.

Nakagawa, S., Shimada, M., Yanaka, K., Mito, M., Arai, T., Takahashi, E.,
Fujita, Y., Fujimori, T., Standaert, L., Marine, J.-C., et al. (2014). The IncRNA
Neatl is required for corpus luteum formation and the establishment of

pregnancy in a subpopulation of mice. Development 747, 4618—4627.

Perez, C.A.G., Adachi, S., Nong, Q.D., Adhitama, N., Matsuura, T., Natsume,
T., Wada, T., Kato, Y., and Watanabe, H. (2021). Sense-overlapping IncRNA as
a decoy of translational repressor protein for dimorphic gene expression.
PLoS Genet. 17, e1009683.

Prasanth, K.V,, Rajendra, T.K., Lal, A.K., and Lakhotia, S.C. (2000). Omega
speckles - a novel class of nuclear speckles containing hnRNPs associated
with noncoding hsr-omega RNA in Drosophila. J. Cell Sci. 713, 3485-3497.

Roden, C. and Gladfelter, A.S. (2021). RNA contributions to the form and
function of biomolecular condensates. Nat. Rev. Mol. Cell Biol. 22, 183—-195.

Sabari, B.R., Dall’Agnese, A., and Young, R.A. (2020). Biomolecular
Condensates in the Nucleus. Trends Biochem. Sci. 45, 961-977.

Sanders, D.W., Kedersha, N., Lee, D.S.W., Strom, A.R., Drake, V., Riback, J.A.,
Bracha, D., Eeftens, J.M., Iwanicki, A., Wang, A., et al. (2020). Competing
Protein-RNA Interaction Networks Control Multiphase Intracellular
Organization. Cell. 781, 306-324.e28.

Sasaki, Y.T.F., Ideue, T., Sano, M., Mituyama, T., and Hirose, T. (2009).
MENEe/8 noncoding RNAs are essential for structural integrity of nuclear
paraspeckles. Proceedings of the National Academy of Sciences. 106, 2525—
2530.

Shin, Y. and Brangwynne, C.P. (2017). Liquid phase condensation in cell
physiology and disease. Science. 357, eaaf4382.

73



Souquere, S., Beauclair, G., Harper, F., Fox, A., and Pierron, G. (2010). Highly
Ordered Spatial Organization of the Structural Long Noncoding NEAT1
RNAs within Paraspeckle Nuclear Bodies. Mol. Biol. Cell. 21, 4020—4027.

Stagsted, L.V.W., O’Leary, E.T., Ebbesen, K.K., and Hansen, T.B. (2021). The
RNA-binding protein SFPQ preserves long-intron splicing and regulates
circRNA biogenesis in mammals. Elife 70, e63088.

Sunwoo, H., Dinger, M.E., Wilusz, J.E., Amaral, P.P.,, Mattick, J.S., and
Spector, D.L. (2009). MEN &/8 nuclear-retained non-coding RNAs are up-
regulated upon muscle differentiation and are essential components of
paraspeckles. Genome Res. 19, 347-359.

Van Treeck, B., and Parker, R. (2018). Emerging Roles for Intermolecular
RNA-RNA Interactions in RNP Assemblies. Cell. 774, 791-802.

Visa, N., Puvion-Dutilleul, F., Bachellerie, J.P., and Puvion, E. (1993).
Intranuclear distribution of Ul and U2 snRNAs visualized by high resolution
in situ hybridization: Revelation of a novel compartment containing U1l but
not U2 snRNA in HelL.a cells. Eur. J. Cell Biol. 60, 308-321.

Watanabe, Y. and Yamamoto, M. (1994). S. pombe mei2+ encodes an RNA-
binding protein essential for premeiotic DNA synthesis and meiosis I, which
cooperates with a novel RNA species meiRNA. Cell. 78, 487—-498.

West, J.A., Mito, M., Kurosaka, S., Takumi, T., Tanegashima, C., Chujo, T.,
Yanaka, K., Kingston, R.E., Hirose, T., Bond, C., et al. (2016). Structural,
super-resolution microscopy analysis of paraspeckle nuclear body
organization. Journal of Cell Biology. 214, 817-830.

Wilusz, J.E., JnBaptiste, C.K., Lu, L.Y., Kuhn, C.D., Joshua-Tor, L., and

Sharp, P.A. (2012). A triple helix stabilizes the 3’ ends of long noncoding RNAs
that lack poly(A) tails. Genes Dev. 26, 2392—2407.

74



Yamazaki, T., Souquere, S., Chujo, T., Kobelke, S., Chong, Y.S., Fox, A.H.,
Bond, C.S., Nakagawa, S., Pierron, G. and Hirose, T. (2018). Functional
Domains of NEAT1 Architectural IncRNA Induce Paraspeckle Assembly
through Phase Separation. Mol. Cell. 70, 1038-1053.e7.

Yamazaki, T., Yamamoto, T., Yoshino, H., Souquere, S., Nakagawa, S., Pierron,
G., and Hirose, T. (2021). Paraspeckles are constructed as block copolymer
micelles. EMBO J. 40, e107270.

Yamazaki, T. and Hirose, T. (2015). The building process of the functional

paraspeckle with long non-coding RNAs. Frontiers in Bioscience 7, 715.

Yamazaki, T. and Hirose, T. (2021a). Control of condensates dictates nucleolar
architecture. Science. 373, 486—487.

Yamazaki, T. and Hirose, T. (2021b). CRISPR-Mediated Mutagenesis of Long
Noncoding RNAs. Methods in Molecular Biology 283—303.

Yamazaki, T., Nakagawa, S., and Hirose, T. (2019). Architectural RNAs for
Membraneless Nuclear Body Formation. Cold Spring Harb. Symp. Quant.
Biol. &4, 227-2317.

Yamazaki, T., Yamamoto, T., and Hirose, T. (2022). Micellization: A new

principle in the formation of biomolecular condensates. Front. Mol. Biosci. 9.
Yap, K., Chung, T.H. and Makeyev, E.V. (2022). Hybridization-proximity

labeling reveals spatially ordered interactions of nuclear RNA compartments.
Mol. Cell. 82, 463-478.e11.

75



