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piRNA-guided transcriptional repression

Nuclear Argonaute proteins induce transcriptional silencing of gene loci whose transcripts are 
complementary to the Argonaute-bound small guide RNAs. The molecular mechanisms underlying this 
process, from small RNA–target interaction to the formation of local heterochromatin, are incompletely 
understood. The piRNA pathway in Drosophila, a gonad-specific small RNA silencing system that 
represses transposable elements, is a powerful study system for investigating the molecular processes 
that contribute to co-transcriptional silencing. I will present our recent findings based on genetics and 
biochemistry that shed light on how the piRNA system is linked to the cellular heterochromatin 
machinery specifically at piRNA target loci.
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Evolution of mammalian small RNA pathways– mice vs. golden hamsters

Three small RNA pathways exists in mammals: miRNA, RNAi, and piRNA pathways. All three of exhibit 
peculiar adaptations in mammalian oocytes. miRNAs are important gene regulators in most mammalian 
cells, except of mammalian oocytes. The loss of miRNA significance in oocytes comes from dilution of 
maternal miRNAs during oocyte growth, which creates unfavourable miRNA:mRNA stoichiometry. RNAi 
pathway, sequence-specific mRNA degradation induced by long double-stranded RNA, is largely 
inactive in mammalian cells, except of mouse oocytes. Evolution of highly active and essential RNAi in 
mouse oocytes was supported by long terminal repeats, which significantly contributed to adaptation of 
the molecular machinery as well as evolution of lncRNAs serving as substrates for biogenesis of small 
RNAs. Finally, the piRNA pathway, a major pathway suppressing retrotransposons in the germline, is 
not important for mouse oocytes, where the piRNA pathway exhibits adaptations specific for the mouse 
lineage. In contrast, the piRNA pathway of the golden hamster more closely resembles that of other 
mammals and its knock-out in oocytes is essential for normal development. Taken together, 
mammalian oocytes exhibit several unique features/adaptations of small RNA pathways, which reveal 
important aspects of their molecular mechanisms and strong adaptive nature of RNAi and piRNA
pathways, which enables confronting emerging genomic threats and acquiring new critical roles in the 
germline.
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small RNAs and maternal mRNA degradation.
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piRNA biogenesis and its regulation in Drosophila

Drosophila ovarian somatic cells (OSCs) express piRNAs that transcriptionally repress transposons. 
However, upon depletion of the tumor suppressor, lethal(3)malignant brain tumor [l(3)mbt], piRNAs that 
act in post-transcriptional silencing aberrantly accumulate in these cells because of the ectopic 
expression of germ-specific piRNA factors, such as Vasa and Aubergine. ChIP-seq for L(3)mbt in OSCs 
showed that L(3)mbt represses germ-specific piRNA factors both directly (through promoter-binding) 
and indirectly. Both modes of action were, however, mostly independent of known cofactors such as 
Lint-1. We then analyzed L(3)mbt interactors in OSCs and identified a novel L(3)mbt cofactor candidate, 
termed Lint-O. Our recent study supported the idea that L(3)mbt orchestrates transcriptional piRNA
biogenesis gene regulation in concert with Lint-O in a manner that is mostly independent of known 
L(3)mbt cofactors.
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