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Mechanisms Defining the Difference Between
Mitosis and Meiosis

Summary

Meiosis is a specialized cell-division program that generates haploid gametes while repurposing many of the
core cell-cycle machineries used in mitosis. A fundamental question is how germ cells switch from the mitotic
cell cycle to meiosis and establish meiosis-specific chromosome architecture, gene expression programs, and
developmental outcomes. In mammals, meiosis is also embedded within germline development and is
regulated in a sexually dimorphic manner. In the testes, meiosis occurs continuously throughout adult life,
whereas in the ovaries, meiotic entry occurs during a restricted window of fetal development, followed by a
prolonged arrest that can last for months to decades depending on the species.

We have been investigating the mechanisms that define the difference between mitosis and meiosis from two
complementary perspectives: meiotic cell-cycle regulation, and coordination between meiosis and germline
development.

We previously identified MEIOSIN as a key factor responsible for the mitosis-to-meiosis transition in mouse
germ cells [1]. MEIOSIN triggers the transcriptional activation of a broad set of meiotic genes and plays a
decisive role in initiating the meiotic program. We further showed that meiotic entry is regulated differently in
male and female germ cells [2]. More recently, we extended this work from an evolutionary perspective by
comparing MEIOSIN and STRAS8 orthologs across vertebrates [3]. In mice, MEIOSIN and STRA8 form a
complex through their conserved HLH domains, and this interaction is required for full meiotic progression.
However, some vertebrates, including zebrafish and hagfish, lack STRA8 orthologs and have MEIOSIN-like
proteins that no longer retain the bHLH domain. Our analyses suggest that MEIOSIN may possess an
ancestral, STRA8-independent capacity to promote meiotic entry, whereas the MEIOSIN-STRAS regulatory
module was later modified in a lineage-specific manner during vertebrate evolution. These findings provide
insight into how the meiotic initiation program was established and diversified across vertebrates.

Following meiotic entry, germ cells must establish and maintain chromosome structures that support
reductional chromosome segregation. This requirement is particularly important in female meiosis, where
oocytes enter meiotic prophase only during fetal development and then remain arrested for an extended period.
Our recent work has identified multiple factors acting downstream of the meiotic initiation program that regulate
meiotic chromosome organization. Among them, OMC1 emerged as an oocyte-specific chromosomal protein
required for the long-term maintenance of chromosome cohesion throughout reproductive life [4].

In this seminar, | will present our recent findings on how germ cells establish the meiotic program, with a focus
on the molecular mechanisms that distinguish meiosis from mitosis and how these mechanisms are adapted
to male and female germline development.
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