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Abstract

AHARTE, FI—RTFJLORELEEZLEHDNT VARV EATOVAXF UK ZEN
LTHFT2ET—RRNAICEB 7%, BABZSCRLVEYEOEBEBICSV T, FEHlL
LERZVARYZ EZQORALEFEZEATOVOIF LT R ETRRHEBETV, £HET/
LNDZEMZHFTITADIHBIASIATVD, CORBHE ATLOPREL THETDIOR, P
IWl-interacting RNA (piRNA) & X 15 20-30BE KRN IFET— KRNI FRNATH D, piRNAREIS
RSUARYVICHRL, PWIRVNVEREESHRERER TS, 3023 INIPWIEUN
VEO—RBTHHPWIRZICBEL., pRNARATOVOXFUERAFZTERFEESEELAL (
PPNpEEAKRERELL ). BIRNTS VARV Y OFERNAILREETHZET, TOBEENHT
%, 3V AINIZETINELERARIEC—F T, BHAEBILC KD HEIC DOV TERETEH
BEDFKEV,

HEE, NVAIZETBHPPNpESHEREFOREREOT £EX S B HHAE FSpocd1 A REE
& I iz[Zoch et al. Nature (2020)]. Spocd1 D RBE F EJEHEBIFENTHDEOD, >30T 3awy
NIPPNpEEARLERICEZOTHREAFEIZN—HYILERAFTHD UM EEZZ. YT AESH
f2Z AV TSpocd1ZDNAICE B ITHERREBEL -, TOHR. Spocd DEBKEMICL R
— B —BEFOATOVONFUOEBREN LU ERREABEHER IS N TE L, BFRRVCE
(2. Spocd 1 NEEERRBERNS, ChETEASKTELEFILERREKY), SpocdliE VO F
VETHERATRCETENECFORRZNFH T ARMN TRE Nz, ChSDBRTERLS
 BABCHSTRF I D FRNAGEHNFIETFILERIBETS., SSICCOBERRZRNAL.
EEOT / LAEBHEATOVONF LI 2 EMOFAREBE T,

Heterochromatin is vital to sustaining stable chromosome structure and gene expression patterns,
and its dysregulation can cause various diseases. Some classes of small RNAs can regulate their
target genes via heterochromatin formation. PIWI-interacting RNAs (piRNAs) are germline-specific
small RNAs that form effector complexes with PIWI proteins to preserve genomic integrity by
repressing transposable elements (TEs). Importantly, this regulation mechanism is conserved
among a wide range of species. Among PIWI-clade proteins in Drosophila, Piwi transcriptionally
silences its targets via heterochromatin formation characterized by H3K9me3 marks and the linker
histone H1. We and the other groups identified a silencing complex that plays a central role in
transcriptional silencing mediated by Piwi-piRNA. This complex consists of four proteins, Piwi-Panx
Nxf2-p15. Additionally, we identified that this complex is capable of regulating not only the local
chromatin state but also nuclear localization and chromatin conformation. Piwi and Nxf2 localize
chromatin regions that encode piRNA target TEs to the nuclear periphery. Furthermore, depletion
of Piwi or Nxf2 results in decreased intra-TAD interactions in those regions. Ectopic targeting of
Nxf2 indicated that the regulation initiates by co-transcriptional repression of the target reporter
coupling with the removal of active histone marks and nuclear periphery localization. Continuous
silencing involves the increase of H3K9me3 marks and H1 and the decrease of intra-TAD
interactions. These results suggest that Piwi-piRNA complexes promote heterochromatin formation
by causing step-wise changes in nuclear architecture.
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1. HRRREEOME

AMETIE, Fa—F5 /LDORELREEELHHDINSV AR U EATOVOIFURBREN LTI T SIET—F RNA [ZEB T 5,
HEEZESORLVVAEDEOEERBICESNT., FHIELEFS VAR U EFOEDEEEATOIOTF LT BT ETHRIRHIE
TV EREY / LOREMEHBTIRENMON TS, COFKREH AT LODKELTHEET DD L. PWI-interacting
RNA (piRNA)EFE (£ 5 20-30 R E R D IET—F /NS F RNA THB, piRNA [FEICFSURRY UIZHEL, PWI 2 /O BB EES
RERET S, a9 239/8 I PIWI 2N BD—FETH S Piwi ITHZIZBTEL. piRNA OATFOVARF UK FERFESKE
AL (PPNp &R EHLB LT BNV RARY U DH L RNA TS TAHIET. FOESEHET S, avoavnNIEETIL
ELT-ENES — AT, WELIEICKSHIEHIZ DV TR EZFBAZE D AKEL,

EE . XIORIZBITE PPN EEHREBHREFOMEREOS EEZ SN D RMEF Spocdl NEITE SN T=[Zoch et al. Nature
(2020)], Spocd! DHIFILETEEMIFRMNTHDIILDD, 239239/ I PPNp EEERERBRIZEFD THREF (X1 =/1\—H ILEE
FTHHAREMEZEZ. Y IR ES #IlaZFALVT Spocd! % DNA [CRE T EEBRREEEL-, TOHE, Spocd! DEEBIRTERIZL
R—F—BEFDATAIOIFUOBBEN LI-HRRFHERRT HEMNTE -, ERRI &I, Spocd! DEBEBREREMNS. 2
NETEZONTELETILEFERY., Spocdl [F/OXF L ETHERATAIETEMBEGFORRZNE T LAREENTESH
fzo CNODMBITHERNS ., WELIFIZHTEF -7/ F RNA BEEEHIHIETIILEIRIET %, SOHICCHOEBRRBEICAL. FEDS
J LB EATOIORF UL T DM ORFEEBEEY .

2. HEBRREROBE FER)

Heterochromatin is vital to sustaining stable chromosome structure and gene expression patterns, and its dysregulation can cause
various diseases. Some classes of small RNAs can regulate their target genes via heterochromatin formation. PIWI-interacting RNAs
(piRNAs) are germline—specific small RNAs that form effector complexes with PIWI proteins to preserve genomic integrity by
repressing transposable elements (TEs). Importantly, this regulation mechanism is conserved among a wide range of species. Among
PIWI-clade proteins in Drosophila, Piwi transcriptionally silences its targets via heterochromatin formation characterized by H3K9me3
marks and the linker histone H1. We and the other groups identified a silencing complex that plays a central role in transcriptional
silencing mediated by Piwi—piRNA. This complex consists of four proteins, Piwi—Panx—Nxf2—-p15. Additionally, we identified that this
complex is capable of regulating not only the local chromatin state but also nuclear localization and chromatin conformation. Piwi and
Nxf2 localize chromatin regions that encode piRNA target TEs to the nuclear periphery. Furthermore, depletion of Piwi or Nxf2 results
in decreased intra—TAD interactions in those regions. Ectopic targeting of Nxf2 indicated that the regulation initiates by co-—
transcriptional repression of the target reporter coupling with the removal of active histone marks and nuclear periphery localization.
Continuous silencing involves the increase of H3K9me3 marks and H1 and the decrease of intra—TAD interactions. These results
suggest that Piwi—piRNA complexes promote heterochromatin formation by causing step—wise changes in nuclear architecture.
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