


Abstract

Mammalian germ cells have a unique role: transferring the genomic information to next

generations. Therefore, the integrity of their genomic information needs to be maintained, implying that

the mobility of retrotransposons is restricted in the germline. Whereas transcription of retrotransposons is

repressed by epigenetic modification including DNA methylation and histone modifications in somatic

cells, the amounts of these modifications in the nucleus change dynamically during germ cell

development. For example, DNA methylation and H3K27me3 decreased dramatically in primordial

germ cells then they increase later, whereas H3K9me2 disappears at pachynema in spermatocytes. It is

unclear how cells regulate the retrotransposon activity with these epigenetic waves during germ cell

development.

In this study, we have focused on SETDB1, an enzyme catalyzing trimethylation of H3K9. To

investigate its function in meiotic germ cells (spermatocytes), conditional knockout (cKO) mice were

used, in which Setdb1 is disrupted specifically in pre-meiotic germ-cells. The development of Setdb1

cKO germ cells aborted at late zygotene stage of meiosis, indicating the importance of H3K9me3 for

meiotic progression. Our mRNA-seq analysis on FACS-sorted Setdb1 cKO spermatocytes revealed

derepression of several retrotransposons, such as RLTR10C and MMERVK10C. Consistently, ChIP-seq

analysis revealed a decrease in H3K9me3 in these retrotransposons in the mutant cells. The whole-

genome bisulfite sequencing analysis of the Setdb1 cKO spermatocytes revealed no decrease in DNA

methylation in these retrotransposons, suggesting that their upregulation is due to a decrease in

H3K9me3. The Dnmt3l KO spermatocytes also showed upregulation of RLTR10C and MMERVK10C

with a decrease in DNA methylation but not in H3K9me3. Thus, H3K9me3 and DNA methylation

independently work to repress RLTR10C and MMERVK10C. On the other hand, derepression was not

observed for L1 families in the Setdb1 cKO spermatocytes, consistent with that H3K9me3 and DNA

methylation were not affected in L1 promoter regions. The L1 families are shown to be derepressed in

the Dnmt3l KO spermatocytes, where their DNA methylation level is decreased. ChIP-seq analysis

revealed that their H3K9me3 level was also decreased in the Dnmt3l KO spermatocytes, arguing in favor

that H3K9me3 deposition and/or maintenance at L1 promoters depends on the presence of DNA

methylation. Taken, together, our data suggest that the hosts have different strategies, such as H3K9me3,

DNA methylation, and piRNAs, to repress different retrotransposons during meiosis. The integrity of the

host genome in the germline is therefore maintained by cooperation of these epigenetic regulatory

systems.




