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Novel Regulators of piRNA-Mediated Genome Defense in Drosophila
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Transposable elements (TEs) threaten genome integrity, particularly in germline cells where mutations are
heritable. The PIWI-interacting RNA (piRNA) pathway defends against TE mobilization, but the complete
regulatory network remains incompletely understood. This thesis characterizes two regulatory mechanisms in
piRNA-directed TE silencing in Drosophila melanogaster germline. First, I functionally characterized Kumo,
a protein containing a RING domain and five Tudor domains. I demonstrated that Kumo functions as a RING-type
E3 ubiquitin ligase essential for transposon suppression. I also found out that RING domain is required for
Kumo localization to nuage and its silencing activity. /n vitro assays confirmed E3 ligase activity, and in
vivo experiments revealed that Kumo undergoes auto—ubiquitination. This establishes ubiquitination as a
critical regulatory layer in the piRNA pathway. Second, using proximity—dependent biotin labeling of PIWI
proteins, I identified Setl, a histone H3K4 methyltransferase, as a proximity factor of Piwi. Setl depletion
causes dramatic derepression of telomeric transposons (Hel-A4, TART, TAHRE) that maintain Drosophila telomeres.
Setl is specifically required for producing piRNAs targeting these transposons and functions through both
catalytic activity—dependent and —independent mechanisms. Chromatin profiling revealed that Setl cooperates
with Piwi to maintain a unique bivalent chromatin state at subtelomeric piRNA clusters, characterized by
co—occurring H3K4me2/3 and H3K9me3 marks. Collectively, this thesis demonstrates that piRNA-mediated genome

defense employs multilayered regulation through cytoplasmic protein modification and chromatin control.
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piRNA (PIWI-interacting RNA) & ME(EIL2 /N3 FRNAZ AT L 7= BAEIREAEIC X » T, ASMaD 7 ) 2T T v AR Y

VNCRDIENORESNTWVEN, TORFITNWELEAI N TR, RIFETIE, vavya v ATIiRICE

75, piRNARREE O HIEIA 712> THERERRT 21T - 72,

H— T, KumoDMEAESHIZRING R A A & L TE3 B F o U H—BiEMEL2E o = & 24020 EHE L. Kumo
D XF oY H—BiEMEEMBNREN N T AR UIHICAR AR TH D Z L EFHT-ITR LT,

BT, PINIZ 37 B O TurbolDZ W= 7 1 T 4 — AEHTIC L > Tk A b 2 3K4 X F/ULEESR TH HSetl

ZPiwi DIFHER T & LTCRIE L, % OMEEMRIT 24T > 72, SetlOATEMIAKE A, v 7 #7 (setI-GLKD) 12XV,

BRioTa A THEICTEET DHITZ 7 2V —0O 8T VARV OBHE 72 MEI N A U, HTTHEER)pi RNASFRICBA T2 =
ERHSNI oz, S BT, CUT&Tagf#HTIC L 0. SetliZ¥ 75 1 A THEBIDPiRNAY 5 XA & —{ZB T, 7 T R AE

—DFTH HHKIMeSDHEFFICEETHL Z EBHAL N E ST,

AWFFERLIRNT, AR O 7 ) DR EEMEFFEBEOMICKRESERT 2O TH D, Frio, BEEORLIZEEE

MOZHMEFEA~BRL, AR A M2/ TEY, HEOFNERET DT 20RO D, B, Fxov 7 V—
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