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Fish exhibit a range of gonadal forms from gonochorism to
several types of hermaphroditism, thus providing an
excellent animal model to study the molecular mechanisms
of sex determination, gonadal sex differentiation and
gametogenesis in vertebrates. Our research focuses on (1) the
identification of regulators involved in sex determination,
gonadal sex differentiation, sexual plasticity, and
gametogenesis (oocyte maturation and ovulation), and (2) the
mechanisms of synthesis and action of these regulators.

Molecular mechanisms of sex determination,
gonadal sex differentiation and sex change

We previously identified DMY (DM-domain gene on the
Y chromosome) as the sex-determining gene of the
medaka (Oryzias latipes), the first in non-mammalian
vertebrates. Recently, we developed a gene-specific
transgenic RNA interference (RNAi) technology for the
analysis of loss-of-function phenotypes that develop over
long periods of time, and used it to knock down the dmy
gene in genetically male (XY) fish. Knockdown of dmy
strongly downregulated the expression of the only other
male-associated genes (gsdf, sox9a2 and dmrt1), and
upregulated the expression of female-associated genes
(foxl2 and Rspo1) in XY gonads during the early stages of
sexual differentiation. This shift in the gene expression
pattern resulted in a complete male-to-female sex-reversal
with a typical female pattern of secondary sex
characteristics, producing fertile eggs. Importantly, we
were able to continue a trans-generational knockdown
effect on dmy until at least the F3 generation. In order to
rescue the effect of dmy knockdown, we singularly
injected or co-injected sox9a2 (marked in cyan) and gsdf
(marked with cherry) into olvas vasa-DMY-knockdown
embryos of the F3 generation. Although singular
injections failed to complete suppression of meiosis and
proliferative mitosis but co-injection re-established the
male phenotype in the XY gonad leading to complete
formation of the testis, producing fertile sperm. This
confirms that gsdf and sox9a2 are genes downstream of
dmy which, can regulate the sexual identity of medaka
even in a DMY-independent manner. We conclude that in
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medaka dmy directly or indirectly upregulates the male sexdetermining pathway by activating gsdf and sox9a2
expression.

†: This laboratory was closed on 31 March, 2011.

31

