
 

Two transcription factors play important
roles in fish sex phenotype formation
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Live Korea Flatfish (Paralichthys olivaceus) sold in a supermarket in Federal
Way, Washington. Credit: User:Vmenkov/Wikimedia Commons, CC BY-SA 3.0
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Forkhead transcription factor 2 (Foxl2) and doublesex and
mab-3-related transcription factor 1 (Dmrt1) have been proved to be the
key factors in fish gonadal differentiation. Foxl2 is one of the earliest
discovered ovarian differentiation markers in fish, while Dmrt1 can
activate testis-specific genes and inhibit ovarian-specific genes.

Due to the lack of information on their function at protein level, there is
still no direct evidence to elucidate the biological functions of Foxl2 and
Dmrt1 proteins on sex differentiation in fish.

Recently, a research team led by Prof. You Feng from the Institute of
Oceanology of the Chinese Academy of Sciences (IOCAS) obtained the
bioactive recombinant Foxl2 and Dmrt1 proteins of the olive flounder
Paralichthys olivaceus, an important maricultured fish, and found that
the recombinant Dmrt1 could alter the sex phenotype and sex ratio.

The study was published in the International Journal of Biological
Macromolecules on June 16.

The researchers used recombinant Foxl2 and Dmrt1 proteins to
investigate their functions in the gonadal differentiation with
intraperitoneal injection. The recombinant proteins could respectively up-
regulate and down-regulate the expression of cyp19a, encoding
aromatase cytochrome P450 (the rate limiting enzyme of converting
androgen to estrogen), as well as the expression of the other transcription
factors of cyp19a and hypothalamic-pituitary-gonadal (HPG) axis
related genes.

Furthermore, the recombinant Foxl2 and Dmrt1 proteins also changed
the level of sex hormones. And the male rate in the Dmrt1 group
increased from 0% to 82%, which is the first report in fish.

The recombinant Foxl2 significantly up-regulated cyp19a transcription
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level at the initial period of the ovarian differentiation, and then cyp19a
transcription at high level was detected during the subsequent period of
the gonadal differentiation. This supports the hypothesis that the up-
regulation of cyp19a by Foxl2 protein is needed not only for triggering
but also for maintaining ovarian differentiation.

Cyp19a transcription level was significantly decreased in the
recombinant Dmrt1 group, and maintained at a low level during the
testicular differentiation. In addition, the testosterone (T) and
11-ketotestosterone (11-KT) levels increased significantly.

"We speculate that the recombinant proteins caused change of cyp19a,
which in turn affected the levels of sex hormones, and then affected the
transcription levels of its corresponding receptors," said Shu Chang, first
author of the study. In the Dmrt1 group, the decreasing transcription
level of cyp19a and the increasing T and 11-KT levels promoted the
formation of the male sex phenotype.

"These results could explain function of Foxl2 and Dmrt1 proteins in the
flounder gonadal differentiation and reveal that Foxl2 and Dmrt1 are
vital regulators for fish gonadal differentiation by regulating cyp19a
expression," said Prof. You. The study also provides new biological
insights and approaches for monosex production in aquaculture.

  More information: Chang Shu et al, Function of Foxl2 and Dmrt1
proteins during gonadal differentiation in the olive flounder Paralichthys
olivaceus, International Journal of Biological Macromolecules (2022). 
DOI: 10.1016/j.ijbiomac.2022.06.098
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