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Heterochromatin and its associated histone modifications
are important for repressing transcription and maintaining chromosomal integrity during meiosis and mitosis.
The complex repertoire of histone modifications that
decorate heterochromatin has yet to be fully characterized, in part because most eukaryotic cells have a single
nucleus where distinct chromatin types are intermingled
on contiguous stretches of chromosomes. To obtain
highly-purified heterochromatin, we turned to the model
organism Tetrahymena thermophila, which has a biochemically separable heterochromatic micronucleus. We
characterized combinatorial histone modifications on
heterochromatic H3 from Tetrahymena and identified
species of H3 dually-modified by both H3K23me3 and
H3K27me3 as a previously unreported binary ‘mark’ specific for heterochromatin. Furthermore, H3K23me3 levels
dramatically increased during meiosis in Tetrahymena
micronuclei, C. elegans, and mice, suggesting this histone
‘mark’ plays a conserved role in germline development.
Lastly, disrupting the H3K23 methyltransferase in Tetrahymena caused a lag in meiotic progression. Together,
our data suggests H3K23me3 is a conserved heterochromatic histone PTM strongly associated with meiosis, and
misregulation of this modification may be linked to problems with reproductive fitness and development.
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