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Sex determination in multiple-sex chromosome system including three major
sex-determining genes and its evolutionary mechanism
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We identified a multiple sex chromosome system which was created by
translocations among male three chromosomes in Taiwanese frog Odorrana swinhoana. And, in the
closely related species Odorrana utsunomiyaorum inhabiting Japan (Iriomote and Ishigaki Islands), we

identified turnover of sex chromosomes, transition of heterogametic sex from XY to ZW, and

evolution from homomorphy to heteromorphy. This is a highly rapid and dynamic sex chromosome
evolution that has never been found in vertebrates.
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DNA
DNA
No. of markers heterozygous or present in
Male Female Total
XX_XY Species Population SNP SilicoDArT SNP SilicoDArT
Odorrana swinhoana New taipei Initial sex-linked markers 103 9 94 24
(non-translocations) ~ False positive 0 0 2 0
True sex-linked markers 103 9 92 24 228
Odorana utsunomiyaorum Taketomi Initial sex-linked markers 5 0 236 15
(Iriomete Island) False positive 2 0 2 0
True sex-linked markers 3 0 234 15 252
Ishigaki Initial sex-linked markers 3 0 266 20
(Ishigaki Island) False positive 0 0 0 0
True sex-linked markers 3 0 266 20 289
Blast The sex-linked markers of O. swinhoana and O. utsunomiyaorum were isolated from
1,46,383 (SNP) and 46,161 (SilicoDArT) markers.
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