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            Abstract
Sex in birds is chromosomally based, as in mammals, but the sex chromosomes are different and the mechanism of avian sex determination has been a long-standing mystery1,2,3. In the chicken and all other birds, the homogametic sex is male (ZZ) and the heterogametic sex is female (ZW). Two hypotheses have been proposed for the mechanism of avian sex determination. The W (female) chromosome may carry a dominant-acting ovary determinant4,5,6. Alternatively, the dosage of a Z-linked gene may mediate sex determination, two doses being required for male development (ZZ)7,8. A strong candidate avian sex-determinant under the dosage hypothesis is the conserved Z-linked gene, DMRT1 (doublesex and mab-3-related transcription factor 1)9,10,11. Here we used RNA interference (RNAi) to knock down DMRT1 in early chicken embryos. Reduction of DMRT1 protein expression in ovo leads to feminization of the embryonic gonads in genetically male (ZZ) embryos. Affected males show partial sex reversal, characterized by feminization of the gonads. The feminized left gonad shows female-like histology, disorganized testis cords and a decline in the testicular marker, SOX9. The ovarian marker, aromatase, is ectopically activated. The feminized right gonad shows a more variable loss of DMRT1 and ectopic aromatase activation, suggesting differential sensitivity to DMRT1 between left and right gonads. Germ cells also show a female pattern of distribution in the feminized male gonads. These results indicate that DMRT1 is required for testis determination in the chicken. Our data support the Z dosage hypothesis for avian sex determination.
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                    Figure 1: Knockdown of DMRT1 expression  in vitro , using RCASBP(B) virus to deliver miRNA or shRNA against  DMRT1. 


Figure 2: Feminization of male gonads following knockdown of  DMRT1. 


Figure 3: Feminization of male chicken embryos following knockdown of  DMRT1. 


Figure 4: 
                        Downregulation of SOX9 in male gonads following 
                        DMRT1
                         knockdown.
                      


Figure 5: 
                        Ectopic expression of female markers in male gonads following 
                        DMRT1
                         knockdown.
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Avian sex determination: the Z factor
The mammalian sex-determining gene SRY is well known, but the mechanisms underpinning sex determination in birds have been the subject of much debate. One hypothesis posits that the dosage of a Z-linked gene may mediate sex determination, two doses being required for male development (ZZ). Here Smith et al. show that reducing DMRT1 expression in early chicken embryos feminizes the embryonic gonads in genetically male (ZZ) embryos. This study shows that DMRT1 is required for testis formation and lends support to the theory that a double dose of a Z-linked gene is needed to make bird embryos male.
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