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Abstract

RSDARVVET /LAILETS THBSELEFI &L TERNICHFTHHEANEYIC 2
BTHd, chzlB5SHFELT, £EERMTREAITBIPWIRONVENFAEEhE, 230D
IUNIPIWIRYNVEDS 5KICKHET BPiwilk, N5 FIFI— RRNATH BpiRNALEEHE
ZERL. BORT VARV Y OEEZH3KIMeIEHP U A—EARVHIORENBHESEN
LTHIHTD LN HSNTHEY, ChICKYEREY / LAOZEMENHEEhTVS,
PWiRNOBNBNEGFETALUI VI ITRRIIEATIECHEBREAFERET SO
2. BHO#EEAERE FPanoramix

(Panx)ICxf g2 zER L. Cha AW R K V) #Z(ZNuclear export factor 2 (Nxf2)
HPanx&PiwiE & ICZABIER Fp15(Nxt) E EEHEFXRTHEZHSHICL oo Nxf2iFBRE
BENICHKBEL., RNABRABER AN EBLULERXSAVBEZEDZENHSNTVSDN,
TOBBERRATHS, >30T IVNLTEGOENTERD S, Nx22Piwie BRICTEDRE
BEFTHhAIEZRELE, 510, HBEMRZAVENXR/ Y VX7 %H4T TORNA-seq
B KT ChIP-seqfHTIC & V), Nxf2IEPiwi-piRNARR I THIKOmMeIEHi 2 HIEH L, B KT ARY
CEMEHTBEETRL . MA T, CLIP-seqf#ATIC K VNx2IE T2 ARV > OFERNAICPI
WIZRENICHEEETETVWRCEZRAEL ., oo Nx2ZAINICL R—F—BEFICTH
VITRRBREAVERITICEY ., NxR2ICK B ENEGRTFOEEIHA SH3KIMeE &P H1 4
BEVWLEVOXFUREBOBNMNREDETICHEZANLTINIHBEEHASHICLE, Th
S50ERD S, Piwi-piRNABRERENXRZNLTEN RS VARV OEEZMHIL 2ERIC, EX
REHECRYIHREBZHZTLTVWREVSHEBHBETIINZRIBL .

PIWI-interacting RNAs (piRNAs) are germline-specific small RNAs that form effector complexes
with PIWI proteins (Piwi—piRISC complexes) to preserve genomic integrity by repressing
transposable elements (TEs). Among PIWI-clade proteins in Drosophila, Piwi transcriptionally
silences its targets via heterochromatin formation characterised by H3K9me3 marks and the linker
histone H1. Recent studies have shown that Panoramix (Panx) interacts with Piwi—piRISC
complexes to induce transcriptional repression of targets mediated by the recruitment of H3K9me3
marks. Here, we identified Nxf2, a nuclear RNA export factor (NXF) variant, as a protein that forms
a complex with Panx and Piwi. Nxf2 further associates with p15 (Nxt1), a co-adaptor for nuclear
RNA export. However, unlike Nxf1 that plays a major role in mRNA export, Nxf2—-p15 instead
transcriptionally regulates TEs in the Piwi—piRNA pathway. Panx—-Nxf2—p15 complex formation is
necessary in the silencing by stabilizing protein levels of Nxf2 and Panx. Notably, ectopic targeting
of Nxf2 initiates co-transcriptional repression of the target reporter in a manner independent of
H3K9me3 marks or H1. However, continuous silencing requires HP1a and H1. The amino-terminal
domain of Nxf2 harbouring RNA binding activity is essential for recruitment of the Piwi—piRISC
complex to target TEs. Indeed, Nxf2 directly interacts with target TE transcripts in a Piwi-
dependent manner. These findings suggest a model in which the Nxf2—Panx—p15 complex
enforces the association of Piwi with target transcripts to trigger co-transcriptional repression, prior
to heterochromatin formation in the nuclear piRNA pathway. Our results provide an unexpected
connection between an NXF variant and small RNA-mediated co-transcriptional silencing.
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Maintaining germline genome stability by small non—coding RNAs

1. HIREBRFROBE

FSURRYUES /LIZBITATEE S EEFIELTRIRMICHIH T2 AN EMITIZINETHS, ChEBSIEFELT, £5E
HETRIT D PIWI AU NN BLRIEENT=, 239239 NI PWI AV EDSERIZBTET S Piwi [L. /M FIEI—K RNA T
H5 piRNA LESHRERREL. BHFS U ARV YV DEEE % H3KIme3 (SO H—ERX Ry HI OREMLESENLTHIET S
ERRENTHY ., ChIZKYETES / LDOREENHEFIA TS,

Piwi 3V N BNEEMEBEFET ALV VI TIRIZER T IEERBREFERET SOOI BAMOESKRERREF
Panoramix (Pan)IZxt 9 BIAZ/ER L. CNZERW=BELEIZELYFT=IZ Nuclear export factor 2 (Nxf2)A Panx & Piwi &5(Z#%
SNEERTF pI5s(Nct 1) EE S ARER T A EEBESMITLT=, Nxf2 [ZINEFEMIZFHRITL . RNA 5 8% EF Nxfl SFERILT=R A
AVEEZEDTENMONTINVED ., TOHEEIIERITH D, Ao PaINTEEDBETER NS Nxf2 A Piwi ERIFRICTIEDRE
EBIEFTHACETRE LI, S5(C EEHMBEZ ALV Nxf2 /98 ™2 &84T TO RNA-seq B LU ChiP-seq EFTIZ&Y o Nxf2
[% Piwi-piRNA #23& T H3K9me3 IEERZFIEIL . iZRINS RRY U EIHIT 5% R LT, INZ T, CLIP-seq f&#HTIZ&Y Nxf2 IZ+S
VRRY U DFHE RNA [Z Piwi EREMICHEEIETWSIEZRTEL . £z N2 ZATHICLR—E2—EEFITTHIVT TS
KERRFRAUVEEITIZEY . Nxf2 KB ZRE R F D EEHNFI A S H3KIme3 S0 H1 #EE LV =IO FUREDE LA
BETICIKBALSTBRHBIEXFELMNITLEz, CNOHDFER M D Piwi-piRNA FRI& (X Nxf2 ZNHLTEMFS U ARV Y DERE %]
HLI=&IZ, ERRASEFICKVIIHIREEEZHFL TLBEVLSFH-EHIEET LEREL .

2. MIREREAEEOBE R

PIWI-interacting RNAs (piRNAs) are germline—specific small RNAs that form effector complexes with PIWI proteins (Piwi—piRISC
complexes) to preserve genomic integrity by repressing transposable elements (TEs). Among PIWI-clade proteins in Drosophila, Piwi
transcriptionally silences its targets via heterochromatin formation characterised by H3K9me3 marks and the linker histone H1.
Recent studies have shown that Panoramix (Panx) interacts with Piwi—piRISC complexes to induce transcriptional repression of
targets mediated by the recruitment of H3K9me3 marks. Here, we identified Nxf2, a nuclear RNA export factor (NXF) variant, as a
protein that forms a complex with Panx and Piwi. Nxf2 further associates with p15 (Nxt1), a co—adaptor for nuclear RNA export.
However, unlike Nxf1 that plays a major role in mRNA export, Nxf2-p15 instead transcriptionally regulates TEs in the Piwi—piRNA
pathway. Panx—Nxf2—-p15 complex formation is necessary in the silencing by stabilizing protein levels of Nxf2 and Panx. Notably,
ectopic targeting of Nxf2 initiates co—transcriptional repression of the target reporter in a manner independent of H3K9me3 marks or
H1. However, continuous silencing requires HP1a and H1. The amino—terminal domain of Nxf2 harbouring RNA binding activity is
essential for recruitment of the Piwi—piRISC complex to target TEs. Indeed, Nxf2 directly interacts with target TE transcripts in a
Piwi—dependent manner. These findings suggest a model in which the Nxf2—Panx—p15 complex enforces the association of Piwi with
target transcripts to trigger co—transcriptional repression, prior to heterochromatin formation in the nuclear piRNA pathway. Our
results provide an unexpected connection between an NXF variant and small RNA-mediated co—transcriptional silencing.
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