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Imprinted genes in mammals show monoallelic expression dependent on parental origin and are
often associated with differentially methylated regions (DMRs). A number of DMRs have been
identified around or within the imprinted mouse genes, and the parent-of-origin dependent DNA
methylation at the DMRs serves as the epigenetic mark to distinguish the parental alleles. There are
two classes of DMR: germline DMRs acquire gamete-specific methylation in either
spermatogenesis or oogenesis and maintain the allelic methylation differences throughout
development; secondary DMRs establish differential methylation patterns after fertilization.
Targeted disruption of some germline DMRs showed that they dictate the allelic expression of
nearby imprinted genes and the establishment of the allelic methylation of secondary DMRs.
However, how the imprinting machinery recognizes germline DMRs is unknown.

To elucidate the structural characteristics of the DMRs, I wanted to obtain their nucleotide
sequences. However, I realized that the precise extents of most DMRs are unknown. The lack of
accurate information on the extents of the DMRs is a barrier to the studies on their structural
features. As a step toward elucidating the sequence features of the germline DMRs, I have
determined the extents and boundaries of 15 germline mouse DMRs (including 12 maternally
methylated and 3 paternally methylated ones) in 12.5-dpc embryos and sperm by bisulfite
sequencing. The results showed that the average size of the DMRs is 2.7 kb and that their average
G+C content is 54.2%. I also found that the DMRs have several different methylation patterns at
the boundaries.

Next, oligonucleotide content analyses of the determined DMR sequences revealed that the
DMRs show a content value intermediate between that of the whole genome and CpG islands for
most oligonucleotides. I also found that, although the DMRs are generally CpG rich, the paternally
methylated DMRs contain less CpGs than the maternally methylated DMRs. One possible
explanation for this sexual dimorphism is that the paternally methylated DMRs are more mutable
than the maternally methylated DMRs. However, it is also possible that the differential CpG
content is one of the features recognized by the de novo methylation machinery in the germline.
Some oligonucleotides such as TpGpC+GpCpA, GpCpApA+TpTpGpC and TpGpCpA were
overrepresented in the DMRs, but their biological significance is currently unknown.

Furthermore, using the germline DMR sequences, I also carried out SOM (self-organizing map)
analyses and found that many germline DMRs have features distinct from typical mouse sequences.
For example, some DMRs such as the Megl/Grbl0 and U2afl-rsI DMRs had prokaryote-like
sequence features. These results provide a basis to identify the structural characteristics specific to
the germline DMRs. .
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