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            Abstract
Piwi proteins and Piwi-interacting RNAs (piRNAs) have conserved functions in transposon silencing1. The murine Piwi proteins Mili and Miwi2 (also called Piwil2 and Piwil4, respectively) direct epigenetic LINE1 and intracisternal A particle transposon silencing during genome reprogramming in the embryonic male germ line2,3,4. Piwi proteins are proposed to be piRNA-guided endonucleases that initiate secondary piRNA biogenesis5,6,7; however, the actual contribution of their endonuclease activities to piRNA biogenesis and transposon silencing remain unknown. To investigate the role of Piwi-catalysed endonucleolytic activity, we engineered point mutations in mice that substitute the second aspartic acid to an alanine in the DDH catalytic triad of Mili and Miwi2, generating the MiliDAH and Miwi2DAH alleles, respectively. Analysis of Mili-bound piRNAs from homozygous MiliDAH fetal gonadocytes revealed a failure of transposon piRNA amplification, resulting in the marked reduction of piRNA bound within Miwi2 ribonuclear particles. We find that Mili-mediated piRNA amplification is selectively required for LINE1, but not intracisternal A particle, silencing. The defective piRNA pathway in MiliDAH mice results in spermatogenic failure and sterility. Surprisingly, homozygous Miwi2DAH mice are fertile, transposon silencing is established normally and no defects in secondary piRNA biogenesis are observed. In addition, the hallmarks of piRNA amplification are observed in Miwi2-deficient gonadocytes. We conclude that cycles of intra-Mili secondary piRNA biogenesis fuel piRNA amplification that is absolutely required for LINE1 silencing.
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                    Figure 1: 
                        The endonuclease activity of Mili is required for spermatogenesis and L1 silencing.
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Figure 2: 
                        piRNA amplification failure in 
                        Mili
                        DAH
                         mice.
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Figure 3: 
                        Marked reduction of Miwi2-bound piRNAs in 
                        Mili
                        DAH
                         mice.
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Figure 4: 
                        Normal spermatogenesis and transposon silencing in 
                        Miwi2
                        DAH
                         mice.
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Transposon silencing by Piwi proteins
The combination of Piwi proteins and their associated Piwi-interacting RNAs (piRNAs) mediates epigenetic transposon silencing in animal germlines. Piwi proteins are predicted to be endonucleases, but the significance of this activity had not been demonstrated in vivo. The laboratories of Dónal O'Carroll and Ramesh Pillai have now made mouse models in which residues expected to be critical for nuclease activity in the three mouse Piwi homologues, Mili, Miwi and Miwi2, are mutated. The mutant mice show phenotypic differences. The Mili and Miwi mutants are defective in piRNA production, transposon silencing and fertility, whereas the Miwi2 mutant has normal piRNA levels, seems to undergo piRNA amplification and silences transposons. These studies highlight distinctions between the murine enzymes responsible for piRNA biogenesis.
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