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Abstract

PIWI-interacting RNA ( piRNA ) (&, £JEMRSENICRKE TS DT FRNATH Y. PIWIR/ND
BEEEH (PIWI-pIRNAEEH ) ZFBEL. NSVARYY (BEBEF ) 2W&ITH22ETT/
LDREMHBFCETELRIEAZRLLTVS, 23023 INIOPwik,. ATOVOXFUE
BRENLVLTENRNZ D ARY > 2T 5, PWiE RNARAEIER NI BINDT > N TH BN
2EEUCEEANITEREN, COBEEENBIERITHIKIMeIE AN EMIX® ) H—EAKNVH
1DFEEICL ) EENNEE D, AR TIE. ChEPE L DamiD-seqiEZ AW T, Piwi/Nxf2(Z 4
FULpRNABH I OXFUBHERT IV EOHERRZRS L ICL I, PiwiENx2ZRiEE €
MR OHI-CHEMT T, pIRNABKW RS ARY 28T HEE T, TADRMEEEANESL. TA
DREMEEEAHNEBML TVWB ZENASAICE 2 1o, LAR—Z— LIZPiwi-piRNAKI % 3R HI#Y (25
BIHERBREMAVT, Piwi-piRNA/Nxf2% 7t U 7zpiRNAZR 0 O X F > 5818 0 25 #i 18 = B R 51
WICET LIz, TORR, BEHEEANEBHOREEKBERINOBELRLICHEVT, 70OX
F OBEZEL., HIKIMe3DHMPHIDBEE N RENICERCD ZENRASAEB 21z, A LD
KA 5. Piwi-piRNABEA NS ARY VBB OGEHMEICH 1= V) REN ICHK T 2 BRABIE S
NDREZPSHICT D &N TE K (Iwasaki et. al.,, The EMBO Journal 2021; Ohtani et. al.,
Development, Growth & Differentiation 2021 ) ,

TSI, Piwi-piRNAFIHOBABETORELHZBATED O, NLAARR—ZEFTINENE L I
MeEDHL, TOR/R. NLARZ—TE£2I3VTPIINIEBRICNT VARV OHEENL
BT AREMHBERBNEBEBO EESRECKEFTARNTHD ENPASH EBZ 21 (Ishi
no et. al., Nucleic Acids Research 2021; Hasuwa et. al., Nature Cell Biology 2021 ) ,
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).
Among PIWI-clade proteins in Drosophila, Piwi transcriptionally silences its targets via
heterochromatin formation characterized by H3K9me3 marks and the linker histone H1. We
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 code piRNA target TEs
to the nuclear periphery. Furthermore, depletion of Piwi or Nxf2 results in decreased intra-TAD
interactions at 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 ( lwasaki et. al., The EMBO Journal 2021; Ohtani et. al., Development, Growth &
Differentiation 2021 ) .

Additionally, to elucidate the conserved mechanism of Piwi-piRNA regulation in mammals, we
analyzed PIWI-piRNA functions using golden hamster as a model organism. This revealed that the
mechanism of maintaining genome stability via transposon regulation is essential for the
development of reproductive tissues also in mammals, as in case of Drosophila (Ishino et. al.,
Nucleic Acids Research 2021; Hasuwa et. al., Nature Cell Biology 2021).
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1. HRRREEOHE

PIWI-interacting RNA (piRNA) (& . 4 fE#a4: R aI= KB F 5/ 95 F RNA THY . PIWL /398 L & 1K (PIWI-piRNA & 1K) %
L. FSURRY Y (BEBETF) #MHT5ETY /LORESMIFICEELGRBZRLTNS, 323w/ IO Piwi £, A
FO/OIFUREEN L TIEMNS AR &I 5, Piwi & RNA B9V EIhE 2 /9 BN TURTHS N2 25D ES AN
HEh, COEESAERMNBIEFFEIT H3KImMe3 ERXRAEERDOY U H—ERX LY HI OFEEIZEVEEEAIHEHESN D, KBFZ TIL. ChEP %
& DamiID-seq % FALVT. Piwi/Nxf2 IZ{&7ELT= piRNA BRI/ O F U A LSS LD EEREBHESLAIZLT=, Piwi & Nxf2 #X
B0 Hi-C fEHT TIX. piRNA ZMMS U RRY U F S 4EE T, TAD AHEE/ERAMNFEAL. TAD RHEEERA ML TLY
BIENBALMZH DT, LIR—4— EIZ Piwi-piRNA HlfH1Z 3858 [C BB T HEERRFALVT, Piwi-piRNA/Nxf2 Z4 L 1= piRNA 12
BoOIF A OBREHIEHEZRRIIMICHEFT Lz, TORR. EHEEX N ASHDORELZERB~ADBEEIZHE LT, Y0
IFDIEEZE L. HIKIme3 DN H1 DFEE MERFEMICEE D ZEMNBALIER ST, L EDFEREMN S, Piwi-piRNA BRI A NS
VARV UEHDEEEHIEICHI-YERBMICH R T 2N EBEARDEEEFHALMNIZT HIEMNTES (Iwasaki et. al, The EMBO
Journal 2021; Ohtani et. al., Development, Growth & Differentiation 2021) ,

52, Piwi-piRNA &I OIEZLE THOREMEERET =0 NLRI—FETILEYEL-BITEED=, TOHER. /NLRA—T
1A TIVNIERBRICIS UV RRY VO HEEEN LY/ LARESEHBFEENEEESOEEEREICHDELRTARTHHIEN
BR 5 M &7ZEo7= (Ishino et. al., Nucleic Acids Research 2021; Hasuwa et. al., Nature Cell Biology 2021) .

2. HREBRREROBE FER)

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). Among PIWI-clade proteins in Drosophila, Piwi transcriptionally silences
its targets via heterochromatin formation characterized by H3K9me3 marks and the linker histone H1. We 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 code piRNA target TEs to the nuclear
periphery. Furthermore, depletion of Piwi or Nxf2 results in decreased intra—TAD interactions at 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 (Iwasaki et. al, The EMBO Journal 2021; Ohtani et. al., Development, Growth &
Differentiation 2021).

Additionally, to elucidate the conserved mechanism of Piwi—piRNA regulation in mammals, we analyzed PIWI-piRNA functions using
golden hamster as a model organism. This revealed that the mechanism of maintaining genome stability via transposon regulation is
essential for the development of reproductive tissues also in mammals, as in case of Drosophila (Ishino et. al., Nucleic Acids Research
2021; Hasuwa et. al., Nature Cell Biology 2021).
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