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Mettll-dependent tRNA m7G modification controls tRNA

expression and fertility in Drosophila melanogaster
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The epitranscriptome is defined as the collection of biochemical modifications that
occur on RNA transcripts. Extensive analysis of the epitranscriptome, which constitutes
a key layers of gene regulation, has revealed more than 170 modifications, yet a
complete picture of the functions of RNA modifications remains obscure. Methylation
is the most frequently detected RNA modification, which is mediated by several families
of methyltransferases. The methyltransferase-like (METTL) family comprises 35 genes
in human. Some METTLs are linked to human diseases, indicating their importance;
however, the overall significance of methylation mediated by METTLs is largely
unknown.

In this thesis, I explored the functions of Mettl genes using Drosophila melanogaster
as a model organism. Using the CRISPR/Cas9 system, I found that 7 of 21 Mettls are
required for normal growth and fertility of D. melanogaster, indicating that the
regulation of the epitranscriptome has a great impact on higher eukaryotes. From the
Mettls I identified to be essential, I further investigated Mett/1.

Mettll induces N7-methylguanosine (m7G) modification of RNAs. To reveal the role
of Mettll in development, I generated Mett/l knockout (Mettll1-KO) flies using the
CRISPR-Cas9 system. The fertility of male and female Mett//1-KO flies was
significantly decreased. The sterility of Mett/I-KO flies was rescued by a wild-type
Mettll transgene, but not by a Mert/l transgene containing a mutation that removed
methylation activity, indicating the methyltransferase activity of Mettll to be critical

for fertility. To characterize the role of Mettll in spermatogenesis, I analyzed Mettll



expression patterns and determined which steps of spermatogenesis are impaired in
Mettl1-KO flies. Several marker antibodies showed that Mett//-KO spermatogenesis
arrests at the spermatid elongation stage. Tissue specific expression of Mettll indicates
that germ cell function of Mettll is critical for fertility, on the other hands, somatic
niche cells appear to be intact in Mett//-KO flies. These results indicate that Mettl1
plays a function in regulating a germ cell development in male spermatogenesis.

To reveal the molecular function of Mettll, I searched for the RNA targets of m7G
modification. Northern blot analyses identified a subset of tRNAs that possess Mettl1-
dependent m7G modification in vivo. I also established an in vitro m7G methylation
assay using recombinant Mettll protein and confirmed that tRNAs can be modified in
vitro. TRMS, an ortholog of Mettll in the budding yeast Saccharomyces cerevisiae,
forms a complex with TRMS82, an S. cerevisiae ortholog of WD repeat protein 4 (WDR4),
which acts as a non-catalytic subunit required for the m7G modification. I therefore
studied the involvement of Wuho (Wh), a Drosophila WDR4 ortholog, in the m7G tRNA
methylation and found that Wh is also required for m7G modification of tRNA.
Moreover, I performed tRNA reduction and cleavage sequencing (TRAC-seq) analysis
and identified 14 of 44 ovary tRNAs to be Mettll targets. To study how the loss of
Mettll affects tRNAs, I measured tRNAs abundance. The amount of tRNA iMet-CAT,
an m7G-modified tRNA, was decreased in male gonads, indicating that m7G
modification is required for tRNA stability, as is observed in mammalian cultured cells
and S. cerevisiae. In S. cerevisiae, loss of TRMS8 makes tRNAs unstable because of
degradation by exonucleases of the rapid tRNA decay (RTD) pathway. In addition,
perturbation of the RTD pathway by ectopically expressed translational elongation
factor EF-1a suppresses the TRMS&-mutant phenotypes. I therefore conducted a similar
assay in D. melanogaster. As expected, male fertility was partially rescued by the
ectopic expression of eEFla, which is a homolog of EF-la in D. melanogaster,

indicating that the stabilization of tRNAs by Mettll-mediated m7G modification is



required for the male fertility. Interestingly, the expression level of eEFla in the testis
was slightly lower than that in other tissues, which may explain why Mettll depletion
specifically affects fertility but not functions of other tissues. Taking my findings
together, I conclude that Mettll-mediated control of tRNA stability is essential for

Drosophila fertility and I propose a model of Mettll functions.
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