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Roles and biogenesis pathways of endogenous siRNAs

and piRNAs in mouse germline cells
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Small RNAs ranging in size between 20 and 35 nucleotides (nt) are found in many organisms
including yeasts, plants, and animals. Small RNAs are associated with Argonaute proteins, which are
effectors of silencing, and involved in regulation of gene expression through translational repression,
mRNA degradation, and chromatin modification in a sequence dependent fiianner. In mammals,
three classes of small RNAs have been found; microRNAs (miRNAs), small interfering RMAs
(siRNAs) and Piwi interacting RNAs (piRNAs). miRNAs are ubiquitously expressed in many tissues.
In contrast, piRNAs and siRNAs are expressed mainly in germline cells.

In the first chapter, I describe the results obtained from the analysis of micuse fetal piRNAs.
piRNAs are 24-30 nt small RNAs that associate with Piwi proteins, which are a subfamily of
Argonaute proteins. piRNAs and Piwi proteins are mainly expressed in the germline and implicated
in germline development and silencing of retrotransposons. A recent study ifi mouse showed that
DNA methylation of the 5’-untranslated region of LINE-1 is decreased in Piwi knockout (KO) male
germ cells, raising the possibility that DNA methylation is mediated by piRNAs. Although piRNAs
have been identified in neonatal and adult testes, they remained uncharacterized in fetal testes, where
de novo methylation takes place. To examine the link between piRNAs and DNA methylation, I have
analyzed piRNAs in fetal testes.

I cloned more than 100,000 small RNAs from fetal testes. A distinct set of piRNAs were expressed
in fetal testes and most of them were derived from retrotransposons. L1IMd and IAPI
retrotransposons, of which DNA methylation levels are reduced in Piwi KO, wete the major classes
in fetal piRNAs. This suggests that piRNAs define genomic retrotransposon segifences to be subject
to DNA methylation. To further investigate the link between methylation and piRNAs, I generated
and analyzed Zucchini KO mice. The Zucchini gene has been thought to be involved in the piRNA
pathway in Drosophila. In Zucchini mutant mice, the expression level of piRNAs and methylation
levels of L1Md and IAP1 were decreased in fetal testes. Furthermore, decredséd methylation was
also observed at a specific region of the RasgrfI locus. In this region, piRNAs Were specifically and
densely mapped, and RNAs transcribed from the Rasgrfl locus were targeted by these piRNAs. The
results of my study are in concordance with the piRNA-mediated DNA methylation in fetal mouse
testes and thus help to understand the mechanism of piRNA-mediated DNA methylation.

In the second chapter, I describe the results obtained from the analysis of mouse bocyte endogenous
siRNAs. siRNAs are generated from long double-stranded RNAs (dsRNAs) by 4 ribonuclease called
Dicer and are mainly involved in defense against molecular parasites including viruses, transposons,
and transgenes through RNA interference (RNAi) in plants and worms. RNA dependent RNA
polymerase (RARP) is involved in the generation of precursor dsRNAs from sitigle stranded RNAs.

Gene regulation by endogenous siRNAs has been observed only in organisifis possessing RARP.
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Despite no report of RARP activity in mammalian cells, endogenous siRNA molecules were
previously observed in mouse fully grown oocytes. However, only a small nuitiber of endogenous
siRNAs have been identified and their biogenesis and function largely remained unclear. In order to
obtain a comprehensive picture of endogenous siRNAs, I have analyzed small RNAs expressed in
mouse growing oocytes through deep sequencing. }

I identified a large number of both ~25-27 nt piRNAs and ~21 nt siRNAs corrgsponding to mRNAs
or retrotransposons in growing oocytes. piRNAs in oocytes play a role iti the regulation of
retrotransposons. siRNAs were exclusively mapped to retrotransposons or other genomic regions
that produce transcripts capable of forming dsRNA structures. Invertéd repeat structures,
bidirectional transcription and antisense transcripts from various loci are soutées of the dsRNAs.
Some precursor transcripts of siRNAs were derived from expressed pseudogéites, suggesting that
one role of pseudogenes is to adjust the level of the founding source mRNA thtough RNAI. Loss of
Dicer or Ago2 resulted in decreased levels of siRNAs and increased levels of t&trotransposons and
protein-coding transcripts complementary to the siRNAs. Thus, the RNAI pathiway regulates both
protein-coding transcripts and retrotransposons in mouse oocytes.

The results obtained here establish the existence of endogenous siRNAs in misthmals, and provide
the information on small RNAs expressed in mouse germline cells and new insighits into the pathway

and function of small RNAs.
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ERMEIT U AOEFEMIARINCBT B/ F RNA ICEAZKRY | T ORBHFRE &4
BEFEAT 21T o 72, /MF RNA I, &< OAYITHEE LBETFRRAMIZEET 5, W
TIX. microRNA(miRNA). small interfering RNA(siRNA), Piwi‘interacting RNA
(piRNA) & LT 5 3 FEED/INF RNA 277 L, siRNA 0 piRNA I AEFEME CRERY
WEBRL, 2o/ 4+ RNA OBSREMIT I REBREN,

EHEOBTHRII2ENLR> TS, E—ET, £Pv v AREMCERS
% 10 FLAED/45F RNA % [EE LI piRNA 2 Uiz, EUE D OO piRNA
DEITLIMA & IAP L ha SRRV CHEELTEY ., 2B ® piRNA 25 DNA
AFMMEOBBIZBEET D L EFRRT IR LB/, IOIHEIE, YayPaus=T
piRNA R HIZBE5-¢ 5 Zucchini EF D~ 7 A KT 2 Bl LZOXB~ Y A& EE L
HEBEFRMT 21T o 72, T OFER. Zucchini R~ X TpiRNA BB L L b v T ARY
VORBENEFLTWAZ L, piRNA EAICEET S Mili DREEENRNEShLE,
E72A 7Y v b E{EF Rasgrfl $8ELD DNA O AFNALRBALTEI L EFHEREL,
Zucchini 237 A ThH piRNAREIZBEDL D Z L2ALMNI L, T DR RITBEHD
FEEIZBW T, piRNA 28 DNA A FALEZIT HEFIOWREICEH 2 LETRL, T0 A
A = XL DRI HIEZ BV,

BTETE, v VRN TRET 2NEME siRNA OFEEZHOMNCL, £t
ZTOHEERRTHEREEE L, siRNA X, BV 24 RNA 75 Dicer & XiEh 2
BERIC L BUBNC LY £ EN, YA VA T U ARY U OFIEIZE <, 2 E T, RARP
b7 OBHEICB VT, siRNA 12 X A BRETFREFENGES T L T, NES
D siRNA OFFEICE U TIMERNT 572, EHEIL. R0~ v ZIFFH 5/ F RNA
% HBREICHEANT L piRNA & siRNA 2RE L7z, &512, siRNA 2 mRNA & L hwa b5
VAR OEFIE DL, EOREMEADOW oI BBREFEEICERLTEY., b
? siRNA BB ERETFORBREEBNTHNBEZ EEZHELMI L, 20D &2 b siRNA
BB BV CREFREAGS IOV o b5 2Ry Sl T 2
ERbhot,

TOXIIEREOELIRIUL. vV ABRAMOBRE THEMICEZ S DNA A F
JAEIZ piRNA BENELS D5 2 | WILEICBWL THREFICHEET 5 NTEYE siRNA
BEELERFRAZHEAEL DI LEHALNILEFEECAY VT I T s OFBORX
Lo TRBVELHRILE LTHIORAFE - TS LHIET L,
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