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Editorial on the Research Topic

Regulatory mechanisms of gene expression, chromatin structure and

nuclear dynamics in gametogenesis

Introduction

Primordial germ cells differentiate into gametes through complex processes over a

long period of time. Along the way, environmental signals are integrated into the

chromatin state and epigenome, leading to molecular and cellular phenotypes. As a

result, a diverse set of genomic and epigenomic information is passed on to the next

generation. Despite a common principle of sexual dimorphism in which two types of

gametes are produced and passed on to the next generation, the repertoire of genes

involved and their functions are extremely diverse among species.

This article Research Topic covers papers on sexual reproduction in mammals as well

as non-mammalian model organisms, such as medaka and Daphnia. These article

Research Topic should facilitate a better understanding of the molecular pathways

associated with gametogenesis.

H3K4me3 imprinting

Genomic imprinting is regulated by differential epigenetic states between the

parental alleles and controls development in both eutherian and marsupial mammals

(Renfree et al., 2009). Ishihara et al. identified novel paternally imprinted genes by re-
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analyzing public sequence data sets of sperm and early

embryos published in previous mouse studies. They found

that these novel paternally-expressed genes in zygotes are

associated with H3K4me3 in the paternal genome in sperm

and zygotes at the pronuclear stage 3 (PN3), thus identifying

an epigenetic inheritance mechanism that is distinct from

DNA methylation- and H3K27me3-based imprinting (Inoue

et al., 2017). The article discusses the transgenerational effect

of sperm H3K4me3 on zygotic genome activation in a contest

of histone-to-protamine exchange (Yamaguchi et al., 2018)

and their paternal allele-specific expression during

preimplantation development.

piRNA

PIWI family proteins maintain genome integrity by

repressing transposable elements. Its target specificity is

conferred via interacting small RNA, called Piwi-interacting

(piRNA) (Onishi et al., 2021). In mice, depletion of any member

of PIWI family proteins results in defects in spermatogenesis,

showing their crucial role in male fertility. Two major types of

piRNAs have been identified in testicular germ cells: pre-

pachytene piRNA and pachytene piRNA, which are

expressed in distinct developmental stages. Pre-pachytene

piRNA expression starts in prospermatogonia (also known as

gonocytes), prior to the pachytene stage of meiotic prophase I.

On the other hand, pachytene piRNA expression begins after

the pachytene stage of meiotic prophase I (Czech et al., 2018).

piRNAs are processed from their precursor transcripts, which

are derived from specific genomic loci called piRNA clusters. In

this research paper, Kawase and Ichiyanagi identified three

types of piRNA clusters: prospermatogonial, early, and late

clusters, using piRNA datasets from purified stage-specific

germ cells, proposing a revised model of a cluster- or

sequence-dependent mechanism for loading onto PIWI-like

proteins.

Mini-puberty

Shima provides a mini-review on the latest knowledge

related to the role of mini-puberty in spermatogonial stem

cell (SSC) formation. This phenomenon is known as

temporal activation of the hypothalamic-pituitary-gonadal

axis during the neonatal period (Kuiri-Hänninen et al., 2014).

Mini-puberty coincides with prospermatogonia-SSC

transformation in the seminiferous tubules in humans.

Studies of human cryptorchid patients raised the hypothesis

that mini-puberty plays a role in SSC formation (Hadziselimovic

and Hoecht, 2008). However, this mini-review points out

contradictory observations in human and mouse studies for

the hypothesis.

Medaka

Kikuchi and Tanaka provide a perspective article

proposing the existence of two functional modules that

regulate meiosis and folliculogenesis in the teleost fish

medaka. The topic focuses on the gene regulatory

mechanism of the germ cell-fate decision and how meiosis

and other programs related to gametogenesis are integrated.

Currently, the mechanism remains largely elusive. Medaka is

a model organism in which germline stem cells continuously

produce eggs and sperm in mature gonads. By contrast, in

mammals, early stages of oogenesis occur in the fetus, and

spermatogenesis occurs after adolescence. Foxl3 has been

identified as a germ-cell intrinsic Sperm-Egg fate

determinant in medaka ovaries (Nishimura et al., 2015).

Foxl3 functions as a switch gene acting upstream of rec8a,

which promotes female-specific meiosis, and of fbxo-47,

which regulates folliculogenesis (Kikuchi et al., 2019;

Kikuchi et al., 2020). The authors propose that these two

pathways serve as “functional modules” by which expression

of a group of genes is coordinated in the same developmental

process in germ cells.

Daphnia

Most organisms that create offspring through sexual

reproduction have two sexes. The systems of sex

determination are broadly categorized into two types:

genetic and environmental. In most animals, sex is

genetically determined by specific genetic elements, such as

Sry (Gubbay et al., 1990; Sinclair et al., 1990), whereas in taxa

such as fish and reptiles, sex is determined by environmental

cues (Korpelainen, 1990). In Daphnia, eggs are developed to

become males in response to external stimuli, such as

crowding and lack of food. Otherwise, only females are

produced by parthenogenesis in healthy conditions. In this

review by Kato and Watanabe, they summarize the current

knowledge in Daphnia, specifically how the expression of the

Dsx1 gene, which has a central role in sex determination, is

regulated during the late oogenesis in the mother’s body

through multi-layered mechanisms, including transcription

factors, RNA-binding proteins, and lncRNAs. From these

data, they provide a model of how the upregulation and

maintenance of robust Dsx1 expression are interconnected

to trigger masculinization.

Conclusion

Due to the limited amounts of materials at each stage during

gametogenesis, it often proves challenging to elucidate molecular

events with classical biochemical approaches. However, over the
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past decade, with the tour de force of two biotechnologies (high-

throughput DNA sequencing technologies and genome-editing

tools), substantial progress has been made in understanding the

mechanisms underpinning gene regulation during

gametogenesis. Further technical innovation would shed light

on hitherto unknownmechanisms of gene expression, chromatin

structure, and nuclear dynamics in gametogenesis of diverse

organisms.
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