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�S�y�n�t�h�e�t�i�c� �c�h�e�m�i�c�a�l�s� �f�o�u�n�d� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �h�a�v�e� �t�h�e� 
�c�a�p�a�c�i�t�y� �t�o� �d�i�s�r�u�p�t� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� 
�e�n�d�o�c�r�i�n�e� �s�y�s�t�e�m� �i�n� �b�o�t�h� �w�i�l�d�l�i�f�e� �a�n�d� �h�u�m�a�n�s�.� �T�h�i�s� �h�a�s� 
�d�r�a�w�n� �p�u�b�l�i�c� �c�o�n�c�e�r�n� �s�i�n�c�e� �m�a�n�y� �o�f� �t�h�e�s�e� �c�h�e�m�i�c�a�l�s� �m�a�y� 
�b�i�n�d� �t�o� �e�s�t�r�o�g�e�n� �r�e�c�e�p�t�o�r�s� �(�E�R�s�)� �a�n�d� �e�v�o�k�e� �e�s�t�r�o�g�e�n�i�c� 
�e�f�f�e�c�t�s�.� �E�a�r�l�y� �e�v�i�d�e�n�c�e� �t�h�a�t� �e�x�p�o�s�u�r�e� �t�o� �e�s�t�r�o�g�e�n�i�c� �c�h�e�m�i�c�a�l�s� 
�d�u�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �c�o�u�l�d� �p�o�s�e� �a� �t�h�r�e�a�t� �t�o� �h�u�m�a�n� �h�e�a�l�t�h� 
�c�a�m�e� �f�r�o�m� �s�t�u�d�i�e�s� �o�f� �a� �s�y�n�t�h�e�t�i�c� �h�o�r�m�o�n�e�,� �d�i�e�t�h�y�l�s�t�i�l�b�e�s�t�r�o�l� 
�(�D�E�S�)�,� �w�h�i�c�h� �w�a�s� �u�s�e�d� �t�o� �p�r�e�v�e�n�t� �p�r�e�m�a�t�u�r�e� �b�i�r�t�h� �a�n�d� 
�s�p�o�n�t�a�n�e�o�u�s� �a�b�o�r�t�i�o�n�.� � �L�a�b�o�r�a�t�o�r�y� �e�x�p�e�r�i�m�e�n�t�s� �s�h�o�w�e�d� �t�h�a�t� 
�e�x�p�o�s�u�r�e� �o�f� �a�n�i�m�a�l�s� �t�o� �s�e�x� �h�o�r�m�o�n�e�s� �d�u�r�i�n�g� �c�r�i�t�i�c�a�l� �w�i�n�d�o�w�s� 
�o�f� �p�e�r�i�n�a�t�a�l� �l�i�f�e� �c�a�u�s�e�d� �t�h�e� �i�m�m�u�n�e� �a�n�d� �n�e�r�v�o�u�s� �s�y�s�t�e�m�s�,� 
�b�o�n�e�,� �m�u�s�c�l�e�,� �a�n�d� �t�h�e� �l�i�v�e�r� �t�o� �b�e� �a�f�f�e�c�t�e�d�.� �A�l�t�h�o�u�g�h� �m�a�n�y� �o�f� 
�t�h�e�s�e� �c�h�e�m�i�c�a�l�s� �c�a�n� �b�i�n�d� �t�o� �E�R�s� �i�n� �w�i�l�d�l�i�f�e� �a�n�d� �h�u�m�a�n�s�,� �t�h�e� 
�m�o�l�e�c�u�l�a�r� �b�a�s�i�s� �f�o�r� �t�h�e� �a�c�t�i�o�n� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �e�s�t�r�o�g�e�n�s� 
�r�e�m�a�i�n�s� �p�o�o�r�l�y� �u�n�d�e�r�s�t�o�o�d�.� �T�h�u�s�,� �u�n�d�e�r�s�t�a�n�d�i�n�g� �t�h�e� 
�m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� �t�h�r�o�u�g�h� �w�h�i�c�h� �e�n�v�i�r�o�n�m�e�n�t�a�l� 
�e�s�t�r�o�g�e�n�s� �a�n�d� �s�e�x� �h�o�r�m�o�n�e�s� �a�c�t � �d�u�r�i�n�g� �c�r�i �t �i�c�a�l� 
�d�e�v�e�l�o�p�m�e�n�t�a�l� �w�i�n�d�o�w�s� �i�s� �e�s�s�e�n�t�i�a�l�.� 

I.  Developmental origin of adult disease: 
Perinatal estrogen exposure induces 
persistent changes in reproductive tracts

�T�h�e� �e�m�e�r�g�i�n�g� �p�a�r�a�d�i�g�m� �o�f� �t�h�e� ´�e�m�b�r�y�o�n�i�c��f�e�t�a�l� �o�r�i�g�i�n�s� �o�f� 
�a�d�u�l�t� �d�i�s�e�a�s�eµ� �p�r�o�v�i�d�e�s� �a� �p�o�w�e�r�f�u�l� �n�e�w� �f�r�a�m�e�w�o�r�k� �f�o�r� 

�c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� �e�n�d�o�c�r�i�n�e� �d�i�s�r�u�p�t�e�r�s� �o�n� �h�u�m�a�n� �a�n�d� 
�a�n�i�m�a�l� �h�e�a�l�t�h�.� �I�n� �1���1�,� �p�r�e�n�a�t�a�l� �D�E�S� �e�x�p�o�s�u�r�e� �w�a�s� �f�o�u�n�d� �t�o� 
�r�e�s�u�l�t� �i�n� �v�a�r�i�o�u�s� �a�b�n�o�r�m�a�l�i�t�i�e�s� �o�f� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �t�r�a�c�t� �i�n� 
�w�o�m�e�n�.� �T�h�i�s� �s�y�n�d�r�o�m�e� �w�a�s� �n�a�m�e�d� �t�h�e� �D�E�S� �s�y�n�d�r�o�m�e�.� 
�S�i�m�i�l�a�r� �a�b�n�o�r�m�a�l�i�t�i�e�s� �h�a�v�e� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �i�n� 
�e�x�p�e�r�i�m�e�n�t�a�l� �a�n�i�m�a�l�s� �e�x�p�o�s�e�d� �p�e�r�i�n�a�t�a�l�l�y� �t�o� �e�s�t�r�o�g�e�n�s�.� 
�D�e�v�e�l�o�p�m�e�n�t�a�l� �e�s�t�r�o�g�e�n� �e�x�p�o�s�u�r�e� �i�n� �m�i�c�e�,� �f�o�r� �e�x�a�m�p�l�e�,� 
�i�n�d�u�c�e�s� �p�e�r�s�i�s�t�e�n�t� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� �v�a�g�i�n�a�l� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� 
�(�F�i�g�u�r�e� �1�)�.� �W�e� �f�o�u�n�d� �t�h�a�t� �t�h�e� �p�e�r�s�i�s�t�e�n�t� �c�h�a�n�g�e�s� �i�n� �t�h�e� �v�a�g�i�n�a� 
�i�n� �m�i�c�e� �e�x�p�o�s�e�d� �n�e�o�n�a�t�a�l�l�y� �t�o� �e�s�t�r�o�g�e�n�s� �r�e�s�u�l�t� �f�r�o�m� �t�h�e� 
�p�e�r�s�i�s�t�e�n�t� �a�c�t�i�v�a�t�i�o�n� �o�f� �e�r�b�B�s� �a�n�d� �E�Ra�,� �a�n�d� �s�u�s�t�a�i�n�e�d� 
�e�x�p�r�e�s�s�i�o�n� �o�f� �E�G�F�-�l�i�k�e� �g�r�o�w�t�h� �f�a�c�t�o�r�s� �(�F�i�g�u�r�e� �2�)�.� �C�u�r�r�e�n�t�l�y�,� 
�w�e� �a�r�e� �a�n�a�l�y�z�i�n�g� �t�h�e� �m�e�t�h�y�l�a�t�i�o�n� �s�t�a�t�u�s� �i�n� �t�h�e� �m�o�u�s�e� �v�a�g�i�n�a� 
�u�s�i�n�g� �a� �m�i�c�r�o�a�r�r�a�y� �(�M�e�D�I�P�-�c�h�i�p�)�.� �W�e� �f�o�u�n�d� �s�e�v�e�r�a�l� 
�d�i�f�f�e�r�e�n�t�i�a�l�l�y� �m�e�t�h�y�l�a�t�e�d� �o�r� �d�e�m�e�t�h�y�l�a�t�e�d� �D�N�A� �p�r�o�f�i�l�e�s� �i�n� 
�n�e�o�n�a�t�a�l�l�y� �D�E�S�-�e�x�p�o�s�e�d� �m�o�u�s�e� �v�a�g�i�n�a�e� �a�n�d� �c�o�n�t�r�o�l�s�.� �W�e� 
�t�h�u�s� �c�o�n�s�i�d�e�r� �t�h�a�t� �n�e�o�n�a�t�a�l� �D�E�S� �e�x�p�o�s�u�r�e� �a�f�f�e�c�t�s� �D�N�A� 
�m�e�t�h�y�l�a�t�i�o�n� �p�r�o�f�i�l�e�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �p�e�r�s�i�s�t�e�n�t� �a�b�n�o�r�m�a�l�i�t�i�e�s� �i�n� 
�m�o�u�s�e� �r�e�p�r�o�d�u�c�t�i�v�e� �o�r�g�a�n�s�.
� 

II.  Estrogen receptors of birds, reptiles, 
amphibians, and fishes

�S�t�e�r�o�i�d� �a�n�d� �x�e�n�o�b�i�o�t�i�c� �r�e�c�e�p�t�o�r�s� �(�S;�R�)� �h�a�v�e� �b�e�e�n� �c�l�o�n�e�d� 
�f�r�o�m� �v�a�r�i�o�u�s� �a�n�i�m�a�l� �s�p�e�c�i�e�s� �(�f�i�s�h�,� �a�m�p�h�i�b�i�a�n�s�,� �r�e�p�t�i�l�e�s�,� �b�i�r�d�s�,� 
�a�n�d� �m�a�m�m�a�l�s�)� �b�y� �o�u�r� �g�r�o�u�p� �a�n�d� �w�e� �h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� 
�s�p�e�c�i�e�s�-�s�p�e�c�i�f�i�c� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e�i�r� �r�e�s�p�o�n�s�e�s� �t�o� �v�a�r�i�o�u�s� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �a�n�d� �e�n�d�o�g�e�n�o�u�s� �c�h�e�m�i�c�a�l�s� �(�r�e�c�e�p�t�o�r� �g�e�n�e� 
�z�o�o�)�.� �T�h�u�s�,� �s�i�m�p�l�e� �p�r�e�d�i�c�t�i�o�n�s� �o�f� �c�h�e�m�i�c�a�l� �e�f�f�e�c�t�s� �b�a�s�e�d� �o�n� 
�d�a�t�a� �f�r�o�m� �a� �f�e�w� �e�s�t�a�b�l�i�s�h�e�d� �m�o�d�e�l� �s�p�e�c�i�e�s� �a�r�e� �n�o�t� �s�u�f�f�i�c�i�e�n�t� 
�t�o� �d�e�v�e�l�o�p� �r�e�a�l� �w�o�r�l�d� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t�s�.� �E�R� �a�n�d� �E�R�-�l�i�k�e� 
�g�e�n�e�s� �h�a�v�e� �b�e�e�n� �c�l�o�n�e�d� �f�r�o�m� �v�a�r�i�o�u�s� �a�n�i�m�a�l� �s�p�e�c�i�e�s� 
�i�n�c�l�u�d�i�n�g� �r�o�c�k�s�h�e�l�l�,� Amphioxus�,� �l�a�m�p�r�e�y�,� �l�u�n�g�f�i�s�h�,� �s�t�u�r�g�e�o�n�,� 
�g�a�r�,� �r�o�a�c�h�,� �s�t�i�c�k�l�e�b�a�c�k�,� �m�o�s�q�u�i�t�o�f�i�s�h�,� �m�a�n�g�r�o�v�e�,� Rivulus�,� 
�c�a�t�s�h�a�r�k�,� �w�h�a�l�e� �s�h�a�r�k�,� �J�a�p�a�n�e�s�e� �g�i�a�n�t� �s�a�l�a�m�a�n�d�e�r�,� �T�o�k�y�o� 
�s�a�l�a�m�a�n�d�e�r�,� �n�e�w�t�,� �a�x�o�l�o�t�l�,� �t�o�a�d�,� Silurana tropicalis�,� 
�A�m�e�r�i�c�a�n� �a�l�l�i�g�a�t�o�r�,� �N�i�l�e� �c�r�o�c�o�d�i�l�e�,� �f�r�e�s�h�w�a�t�e�r� �t�u�r�t�l�e�,� 
�J�a�p�a�n�e�s�e� �r�a�t� �s�n�a�k�e�,� �O�k�i�n�a�w�a� �h�a�b�u�,� �a�n�d� �v�u�l�t�u�r�e�s�.� �F�u�n�c�t�i�o�n�a�l� 
�s�t�u�d�i�e�s� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� Amphioxus� �E�R� �s�e�q�u�e�n�c�e� �d�o�e�s� �n�o�t� 
�b�i�n�d� �e�s�t�r�o�g�e�n� �b�u�t� Amphioxus� �s�t�e�r�o�i�d� �r�e�c�e�p�t�o�r� �a�n�d� �l�a�m�p�r�e�y� 
�E�R� �e�x�h�i�b�i�t�e�d� �l�i�g�a�n�d�-�d�e�p�e�n�d�e�n�t� �t�r�a�n�s�a�c�t�i�v�a�t�i�o�n�,� �p�r�o�v�i�n�g� �t�h�a�t 
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�F�i�g�u�r�e� �2�.� �A� �h�y�p�o�t�h�e�t�i�c�a�l� �m�o�d�e�l� �f�o�r� �t�h�e� �e�s�t�r�o�g�e�n�-�i�n�d�e�p�e�n�d�e�n�t� �E�R� 
�a�c�t�i�v�a�t�i�o�n� �p�a�t�h�w�a�y� �i�n� �m�o�u�s�e� �v�a�g�i�n�a�e�.

�F�i�g�u�r�e� �1�.� �S�c�h�e�m�e� �o�f� �e�s�t�r�o�g�e�n�-� �d�e�p�e�n�d�e�n�t� �a�n�d� �-�i�n�d�e�p�e�n�d�e�n�t� �v�a�g�i�n�a�l� 
�e�p�i�t�h�e�l�i�a�l� �c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �i�n� �m�i�c�e� �i�n�d�u�c�e�d� �b�y� �p�e�r�i�n�a�t�a�l� �e�s�t�r�o�g�e�n� 
�e�x�p�o�s�u�r�e�.
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invertebrate and primitive vertebrates, such as the Agnatha, 
have a functional ER. �W�e� �f�o�u�n�d� �t�h�a�t� �m�e�d�a�k�a� �E�R� �s�u�b�t�y�p�e�s� 
�h�a�v�e� �t�h�e�i�r� �s�p�e�c�i�f�i�c� �f�u�n�c�t�i�o�n�s�,� �a�n�d� �m�e�d�a�k�a�,� �z�e�b�r�a�f�i�s�h� �a�n�d� 
�s�t�i�c�k�l�e�b�a�c�k� �E�R�s� �a�r�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �e�s�t�r�o�g�e�n��e�s�t�r�o�g�e�n�-�l�i�k�e� 
�c�h�e�m�i�c�a�l� �e�x�p�o�s�u�r�e�s� �t�h�a�n� �o�t�h�e�r� �f�i�s�h�e�s� �b�y� �r�e�p�o�r�t�e�r� �g�e�n�e� �a�s�s�a�y�.� 
�T�h�u�s�,� �t�h�e�s�e� �a�p�p�r�o�a�c�h�e�s� �a�r�e� �e�f�f�i�c�i�e�n�t� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� 
�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �s�p�e�c�i�e�s� �a�n�d� �t�h�e�i�r� �s�e�n�s�i�t�i�v�i�t�i�e�s� �t�o� 
�c�h�e�m�i�c�a�l�s�.

III.  Evolutionary history and functional 
characterization of androgen receptor 
genes in jawed vertebrates 

9�e�r�t�e�b�r�a�t�e�s� �s�h�o�w� �d�i�v�e�r�s�e� �s�e�x�u�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�h�i�c�h� 
�a�r�e� �r�e�g�u�l�a�t�e�d� �b�y� �a�n�d�r�o�g�e�n�s�.� �T�o� �e�l�u�c�i�d�a�t�e� �t�h�e� �e�v�o�l�u�t�i�o�n�a�r�y� 
�h�i�s�t�o�r�y� �a�n�d� �f�u�n�c�t�i�o�n�a�l� �d�i�v�e�r�s�i�f�i�c�a�t�i�o�n� �o�f� �a�n�d�r�o�g�e�n� 
�r�e�c�e�p�t�o�r� �(�A�R�)� �g�e�n�e�s� �i�n� �v�e�r�t�e�b�r�a�t�e�s�,� �w�e� �c�l�o�n�e�d� �t�h�e� �A�R� 
�c�D�N�A�s� �f�r�o�m� �a� �s�h�a�r�k�,� �b�a�s�a�l� �r�a�y�-�f�i�n�n�e�d� �f�i�s�h�e�s� 
�(�A�c�t�i�n�o�p�t�e�r�y�g�i�i�) �, � �n�a�m�e�l�y� �b�i�c�h�i�r � �a�n�d� �s�t�u�r�g�e�o�n� 
�(�A�c�i�p�e�n�s�e�r�i�f�o�r�m�e�s�)�,� �a�n�d� �t�e�l�e�o�s�t�s� �i�n�c�l�u�d�i�n�g� �a� �b�a�s�a�l� �t�e�l�e�o�s�t�,� 
�a�r�o�w�a�n�a� �(�O�s�t�e�o�g�l�o�s�s�i�f�o�r�m�e�s�)�.� �M�o�l�e�c�u�l�a�r� �p�h�y�l�o�g�e�n�e�t�i�c� 
�a�n�a�l�y�s�i�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �a� �g�e�n�e� �d�u�p�l�i�c�a�t�i�o�n� �e�v�e�n�t� �g�a�v�e� �r�i�s�e� 
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�e�l�e�m�e�n�t� �b�y� �c�l�a�s�s�i�c�a�l� �a�n�d�r�o�g�e�n�s�.� �T�h�e� �t�e�l�e�o�s�t� �A�Ra� �s�h�o�w�e�d� 
�u�n�i�q�u�e� �i�n�t�r�a�c�e�l�l�u�l�a�r� �l�o�c�a�l�i�z�a�t�i�o�n� �w�i�t�h� �a� �s�i�g�n�i�f�i�c�a�n�t�l�y� 
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�a�c�t�i�v�a�t�e�d� �b�y� �t�h�e� �c�l�a�s�s�i�c� �a�n�d�r�o�g�e�n�s� �a�s� �l�i�g�a�n�d�s�,� �e�m�e�r�g�e�d� 
�b�e�f�o�r�e� �t�h�e� �C�h�o�n�d�r�i�c�h�t�h�y�e�s�-�O�s�t�e�i�c�h�t�h�y�e�s� �s�p�l�i�t� �a�n�d� �t�h�e� AR� 
�g�e�n�e� �w�a�s� �d�u�p�l�i�c�a�t�e�d� �d�u�r�i�n�g� �a� �t�e�l�e�o�s�t�-�s�p�e�c�i�f�i�c� �g�e�n�e� 
�d�u�p�l�i�c�a�t�i�o�n� �e�v�e�n�t� �(�F�i�g�u�r�e� ��)�.� 

IV. Papillary process formation in medaka
�A�n�d�r�o�g�e�n�s� �p�l�a�y� �k�e�y� �r�o�l�e�s� �i�n� �t�h�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� 
�s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �m�a�l�e� �t�y�p�e� �s�e�x� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�n�d� 
�r�e�p�r�o�d�u�c�t�i�v�e� �o�r�g�a�n�s�,� �w�h�e�r�e�a�s� �l�i�t�t�l�e� �i�s� �k�n�o�w�n� �a�b�o�u�t� �t�h�e� 
�d�e�v�e�l�o�p�m�e�n�t�a�l� �m�e�c�h�a�n�i�s�m�s�.� �M�e�d�a�k�a� �s�h�o�w� �a� �p�r�o�m�i�n�e�n�t� 
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�p�r�o�c�e�s�s� �i�n� �t�h�e� �p�o�s�t�a�l� �r�e�g�i�o�n� �o�f� �t�h�e� �a�n�a�l� �f�i�n�.� �W�e� �h�a�v�e� �a�l�s�o� 
�d�e�v�e�l�o�p�e�d� �a� �t�e�s�t�i�n�g� �m�e�t�h�o�d� �f�o�r� �s�c�r�e�e�n�i�n�g� �o�f� �c�h�e�m�i�c�a�l�s� 
�h�a�v�i�n�g� �a�n�d�r�o�g�e�n�i�c� �a�n�d� �a�n�t�i�-�a�n�d�r�o�g�e�n�i�c� �a�c�t�i�v�i�t�y� �u�s�i�n�g� �t�h�e� 
�a�n�a�l� �f�i�n� �i�n� �j�u�v�e�n�i�l�e� �m�e�d�a�k�a�.

V.  Environmental sex differentiation in 
Daphnids and American alligators

Daphnia magna� �h�a�s� �b�e�e�n� �u�s�e�d� �e�x�t�e�n�s�i�v�e�l�y� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� 
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�r�e�p�r�o�d�u�c�t�i�v�e� �t�o�x�i�c�i�t�y� �t�e�s�t�s�.� �T�h�e�s�e� �t�e�s�t�s�,� �h�o�w�e�v�e�r�,� �p�r�o�v�i�d�e� �n�o� 
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�u�s�e�f�u�l�n�e�s�s� �o�f� �t�h�e� �a�r�r�a�y� �f�o�r� �t�h�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �t�o�x�i�c� 
�c�h�e�m�i�c�a�l�s� �a�s� �w�e�l�l� �a�s� �f�o�r� �t�h�e� �m�o�l�e�c�u�l�a�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� 
�c�h�e�m�i�c�a�l� �t�o�x�i�c�i�t�y� �i�n� �a� �c�o�m�m�o�n� �f�r�e�s�h�w�a�t�e�r� �o�r�g�a�n�i�s�m�.� D. 
magna� �a�n�d� D. pulex� �r�e�p�r�o�d�u�c�e� �a�s�e�x�u�a�l�l�y� �(�p�a�r�t�h�e�n�o�g�e�n�e�s�i�s�)� 
�w�h�e�n� �t�h�e�y� �a�r�e� �i�n� �a�n� �o�p�t�i�m�a�l� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �f�o�o�d�,� 
�p�h�o�t�o�p�e�r�i�o�d� �a�n�d� �p�o�p�u�l�a�t�i�o�n� �d�e�n�s�i�t�y�.� �O�n�c�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� 
�c�o�n�d�i�t�i�o�n�s� �b�e�c�o�m�e� �s�u�b�-�o�p�t�i�m�a�l�,� �t�h�e�y� �a�l�t�e�r� �t�h�e�i�r� �r�e�p�r�o�d�u�c�t�i�v�e� 
�s�t�r�a�t�e�g�y� �f�r�o�m� �a�s�e�x�u�a�l� �t�o� �s�e�x�u�a�l� �r�e�p�r�o�d�u�c�t�i�o�n� �(�F�i�g�u�r�e� ��)�.� 
�C�h�e�m�i�c�a�l�s� �a�r�e� �a�b�l�e� �t�o� �a�f�f�e�c�t� �t�h�e� �s�e�x� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� 
�d�a�p�h�n�i�d�s� �a�n�d� �w�e� �f�o�u�n�d� �t�h�a�t� �j�u�v�e�n�i�l�e� �h�o�r�m�o�n�e� �(�J+�)� �a�g�o�n�i�s�t�s� 
�(�i�n�s�e�c�t� �g�r�o�w�t�h� �r�e�g�u�l�a�t�o�r�s�)�,� �f�o�r� �e�x�a�m�p�l�e�,� �i�n�d�u�c�e� �t�h�e� 
�p�r�o�d�u�c�t�i�o�n� �o�f� �m�a�l�e� �o�f�f�s�p�r�i�n�g�.� �T�h�e� �m�o�l�e�c�u�l�a�r� �b�a�s�i�s� �o�f� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �s�e�x� �d�e�t�e�r�m�i�n�a�t�i�o�n� �i�s� �l�a�r�g�e�l�y� �u�n�k�n�o�w�n� �i�n� 
�d�a�p�h�n�i�d�s�.� �T�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� �o�f� �t�h�i�s� 
�p�h�e�n�o�m�e�n�o�n�,� �w�e� �i�s�o�l�a�t�e�d� �s�e�x� �d�e�t�e�r�m�i�n�a�t�i�o�n�-�r�e�l�a�t�e�d� �g�e�n�e�s�.� 
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�g�a�i�n�-� �a�n�d� �l�o�s�s�-�o�f� �f�u�n�c�t�i�o�n� �a�n�a�l�y�s�e�s� �i�n� �m�o�r�e� �d�e�t�a�i�l� �i�n� �t�h�e�s�e� 
�s�p�e�c�i�e�s�.� �U�s�i�n�g� �t�h�e�s�e� �t�e�c�h�n�i�q�u�e�s�,� �w�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �D�S;�1� 
�(�d�o�u�b�l�e� �s�e�x� �1�)�,� �o�n�e� �o�f� �t�h�e� �D�M�-�d�o�m�a�i�n� �g�e�n�e�s�,� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� 
�m�a�l�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �i�n� D. magna�.� �W�e� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �a�n� 
�R�N�A�i� �m�e�t�h�o�d� �a�n�d� �a� �T�A�L�E�N� �m�e�t�h�o�d� �u�s�i�n�g� D. pulex�.� �T�o� 
�f�u�r�t�h�e�r� �e�x�p�l�o�r�e� �t�h�e� �s�i�g�n�a�l�i�n�g� �c�a�s�c�a�d�e� �o�f� �s�e�x�u�a�l� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� 
�i�n� D. magna,� �a� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �p�r�o�f�i�l�e� �o�f� �J+�-�r�e�s�p�o�n�s�i�v�e� 
�g�e�n�e�s� �i�s� �e�s�s�e�n�t�i�a�l�.� �W�e� �a�r�e� �i�d�e�n�t�i�f�y�i�n�g� �J+�-�r�e�s�p�o�n�s�i�v�e� �g�e�n�e�s� �i�n� 
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�m�e�t�h�o�p�r�e�n�e�-�t�o�l�e�r�a�n�t� �a�n�d� �s�t�e�r�o�i�d� �r�e�c�e�p�t�o�r� �c�o�-�a�c�t�i�v�a�t�o�r�)� �i�n� 
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�F�i�g�u�r�e� ��.� �L�i�f�e� �c�y�c�l�e� �o�f� Daphnia�.

�F�i�g�u�r�e� ��.� �E�v�o�l�u�t�i�o�n�a�r�y� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �a�n�d�r�o�g�e�n� �r�e�c�e�p�t�o�r� �s�e�q�u�e�n�c�e�s�.



��

�o�v�u�l�a�t�i�o�n� �i�n� D. magna�.
Sex determination mechanisms can broadly be categorized 

by either a genotypic or environmentally driven mechanism. 
Temperature-dependent sex determination (TSD), an 
environmental sex determination mechanism most 
commonly observed among vertebrates, has long been 
observed especially among reptiles. However, the 
temperature-dependent triggering mechanism of TSD and the 
subsequent differentiation cascade has long remained 
unknown. We are working on the thermosensitive cation 
channel, TRP vanilloid subtype 4 (TRPV4) as a male-
cascade trigger for the American alligator, Alligator 
mississippiensis, in response to high environmental 
temperature. We have successfully isolated and cloned the 
TRPV4 channel, and demonstrated its thermal activation at 
temperatures proximate to TSD-related temperature in 
alligators. Furthermore, using pharmacological exposure to 
manipulate TRPV4 channel activity, we have demonstrated 
that TRPV4 channel activity has a direct relationship with 
male differentiation gene expression, suggesting that 
AmTRPV4 is involved in the male differentiation cascade, 
and propose a novel mechanism for the sex determination 
pathway.

Publication List
〔Original papers〕

�� �B�h�a�t�i�a�,� +�.�,� �K�u�m�a�r�,� �A�.�,� �O�g�i�n�o�,� �Y�.�,� �G�r�e�g�g�,� �A�.�,� �C�h�a�p�m�a�n�,� �J�.�,� �M�c�L�a�u�g�h�l�i�n�,� 
�M�.�J�.�,� �a�n�d� �I�g�u�c�h�i�,� �T�.� �(�2�0�1��)�.� �D�i�-�n�-�b�u�t�y�l� �p�h�t�h�a�l�a�t�e� �c�a�u�s�e�s� �e�s�t�r�o�g�e�n�i�c� 
�e�f�f�e�c�t�s� �i�n� �a�d�u�l�t� �m�a�l�e� �M�u�r�r�a�y� �r�a�i�n�b�o�w�f�i�s�h� �(Melanotaenia fluviatilis�)�.� 
�A�q�u�a�t�.� �T�o�x�i�c�o�l�.� 149C�,� �1�0��-�1�1�5�.

�� �B�h�a�t�i�a�,� +�.�,� �K�u�m�a�r�,� �A�.�,� �O�g�i�n�o�,� �Y�.�,� �D�u�,� �J�.�,� �G�r�e�g�g�,� �A�.�,� �C�h�a�p�m�a�n�,� �J�.�,� 
�M�c�L�a�u�g�h�l�i�n�,� �M�.�,� �a�n�d� �I�g�u�c�h�i�,� �T�.� �(�2�0�1��)�.� Effects of the commercial 
antiandrogen flutamide on the biomarkers of reproduction in male 
Murray rainbowfish (Melanotaenia fluviatilis).� �E�n�v�i�r�o�n�.� �T�o�x�i�c�o�l�.� 
�C�h�e�m�.� 33�,� �1�0���-�1�1�0��.

�� Hamlin, H.J., Lowers, R.H., Kohno, S., Mitsui-Watanabe, N., Amano, 
H., Hara, A., Ohta, Y., Miyagawa, S., Iguchi, T., and Guillette, L.J.Jr. 
(2014). The reproductive hormone cycle of adult female American 
alligator from a Barrier island population. Reproduction 147, 855-863.

�� Hiruta, C., Ogino, Y., Sakuma, T., Toyota, K., Miyagawa, S., Yamamoto, 
T., and Iguchi, T. (2014). Targeted gene disruption by use of transcription 
activator-like effector nuclease (TALEN) in the water flea Daphnia 
pulex. BMC Biotechnol. 14, 95.

�� Ichikawa, M., Murai, E., Hashiguchi, Y., Iguchi, T., and Sato, T. (2014). 
Effects of diethylstilbestrol on luteinizing hormone-producing cells in 
the mouse anterior pituitary. Exp. Biol. Med. 239, 311-319.

�� Ihara, M., Ihara, M.O., Kumar, V., Narumiya, M., Hanamoto, S., 
Nakada, N., Yamashita, N., Miyagawa, S., Iguchi, T., and Tanaka, H. 
(2014). Co-occurrence of estrogenic and anti-estrogenic activities in 
wastewater: quantitative evaluation of balance by in vitro ERα reporter 
gene assay and chemical analysis. Environ. Sci. Technol. 48, 6366-
6373.

�� Miyagawa, S., Harada, M., Matsumaru, D., Tanaka, K., Inoue, C., 
Nakahara, C., Haraguchi, R., Matsushita, S., Suzuki, K., Nakagata, N., 
Ng, R.C., Akita, K., Lui, V.C., and Yamada, G. (2014). Disruption of the 
temporally regulated cloaca endodermal b-catenin signaling causes 
anorectal malformation. Cell Death Differ. 21, 990-997.

�� �M�i�y�a�g�a�w�a�,� �S�.�,� �L�a�n�g�e�,� �A�.�,� +�i�r�a�k�a�w�a�,� �I�.�,� �T�o�h�y�a�m�a�,� �S�.�,� �O�g�i�n�o�,� �Y�.�,� 
�M�i�z�u�t�a�n�i�,� �T�.�,� �K�a�g�a�m�i�,� �Y�.�,� �K�u�s�a�n�o�,� �T�.�,� �I�h�a�r�a�,� �M�.�,� �T�a�n�a�k�a�,� +�.�,� Tatarazako, 
N.,� �O�h�t�a�,� �Y�.�,� �K�a�t�s�u�,� �Y�.�,� �T�y�l�e�r�,� �C�.�R�.�,� �a�n�d� �I�g�u�c�h�i�,� �T�.� �(�2�0�1��)�.� Differing 
species responsiveness of estrogenic contaminants in fish is conferred 
by the ligand binding domain of the estrogen receptor. Environ. Sci. 
Technol. 48, 5254-5236.

�� Nakamura, A., Takanobu, H., Tamura, I., Yamamuro, M., Iguchi, T., and 

Tatarazako, N. (2014). Verification of responses of Japanese medaka 
(Oryzias latipes) to antiandrogens, vinclozolin and flutamide, in short-
term assays. J. Appl. Toxicol. 34, 545-553.

�� Ogino, Y., Hirakawa, I., Inohaya, K., Sumiya, E., Miyagawa, S., 
Tatarazako, N., Denslow, N., Yamada, G., and Iguchi, T. (2014). Bmp7 
and Lef1 are the downstream effectors of androgen signaling in 
androgen-induced sex characteristics development in medaka. 
Endocrinology 155, 449-462.

�� Omori, A., Miyagawa, S., Ogino, Y., Harada, M., Ishii, K., Sugimura, 
Y., Ogino, H., Nakagata, N., and Yamada, G. (2014). Essential roles of 
epithelial bonee morphogentic protein signaling during prostatic 
development. Endocrinology 155, 2534-2544.

�� Sébillot, A., Damdimopoulou, P., Ogino, Y., Spirhanzlova, P., 
Miyagawa, S., Du Pasquier, D., Mouatassim, N., Iguchi, T., Lemkine, 
G., Demeneix, B.A., and Tindall, A.J. (2014). Rapid fluorescent 
detection of (anti-)androgens with spiggin-gfp medaka. Environ. Sci. 
Technol. 48, 10919-10928.

�� Sumiya, E., Ogino Y., Miyakawa, H., Hiruta, C., Toyota, K., Miyagawa, 
S., and Iguchi, T. (2014). Roles of ecdysteroids for progression of 
reproductive cycle in the fresh water crustacean Daphnia magna. Front. 
Zool. 11, 60.

�� �T�o�y�o�t�a�,� �K�.�,� �K�a�t�o�,� �Y�.�,� �M�i�y�a�k�a�w�a�,� +�.�,� �Y�a�t�s�u�,� �R�.�,� �M�i�z�u�t�a�n�i�,� �T�.�,� �O�g�i�n�o�,� �Y�.�,� 
�M�i�y�a�g�a�w�a�,� �S�.�,� �W�a�t�a�n�a�b�e�,� +�.�,� �N�i�s�h�i�d�e�,� +�.�,� �U�c�h�i�y�a�m�a�,� �I�.�,� �T�a�t�a�r�a�z�a�k�o�,� �N�.�,� 
�a�n�d� �I�g�u�c�h�i�,� �T�.� �(�2�0�1��)�.� �M�o�l�e�c�u�l�a�r� �i�m�p�a�c�t� �o�f� �j�u�v�e�n�i�l�e� �h�o�r�m�o�n�e� �a�g�o�n�i�s�t�s� 
�o�n� �n�e�o�n�a�t�a�l� Daphnia magna. �J�.� �A�p�p�l�.� �T�o�x�i�c�o�l�.� 34�,� �5���-�5���.

〔Review articles〕

�� +�i�r�u�t�a�,� �C�.�,� �T�o�y�o�t�a�,� �K�.�,� �M�i�y�a�k�a�w�a�,� +�.�,� �S�u�m�i�y�a�,� �E�.�,� �a�n�d� �I�g�u�c�h�i�,� �T�.� �(�2�0�1��)�.� 
�S�e�x�u�a�l� �r�e�p�r�o�d�u�c�t�i�o�n� �i�s� �a� �k�e�y� �e�l�e�m�e�n�t� �i�n� �t�h�e� �l�i�f�e� �h�i�s�t�o�r�y� �s�t�r�a�t�e�g�y� �o�f� �w�a�t�e�r� 
�f�l�e�a�s�,� Daphnia magna� �a�n�d� Daphnia pulex� �-� �C�a�s�t�i�n�g� �a� �s�p�o�t�l�i�g�h�t� �o�n� �m�a�l�e� 
�i�n�d�u�c�t�i�o�n� �a�n�d� �i�t�s� �m�o�r�p�h�o�l�o�g�y� �-�.� �I�n�� �E�l�-�D�o�m�a�,� �M� �(�e�d�.�)� �D�a�p�h�n�i�a�� �B�i�o�l�o�g�y� 
�a�n�d� �M�a�t�h�e�m�a�t�i�c�s� �P�e�r�s�p�e�c�t�i�v�e�s�,� �N�o�v�a� �S�c�i�e�n�c�e� �P�u�b�l�i�s�h�e�r�s�,� �p�p�.� 261-278.

�� Kohno, S., Parrott, B.B., Yatsu, R., Miyagawa, S., Moore, B.C., Iguchi, 
T., and Guillette, L.J. Jr. (2014). Gonadal differentiation in reptiles 
exhibiting environmental sex determination. Sex. Devel. 8, 208-226.

�� Miyakawa, H., Iguchi, T., and Miura, T. (2014). Developmental process 
of defensive morph in Daphnia pulex. In: El-Doma, M. (ed). Daphnia: 
Biology and Mathematics Perspectives. Nova Science Publishers, pp. 
245-260.

�� Miyakawa, H., Toyota, K., Sumiya, E., and Iguchi, T. (2014). 
Comparison of JH signaling in insects and crustaceans. Curr. Opinion 
Insect Sci. 1, 81-87. 

�� Zoeller, R.T., Bergman, c., Becher, G., Bjerregaard, P., Bornman, R., 
Brandt, I., Iguchi, T., Jobling, S., Kidd, K.A., Kortenkamp, A., 
Skakkebaek, N.E., Toppari, J., and Vandenberg, L.N. (2014). A path 
forward in the debate over health impacts of endocrine disrupting 
chemicals. Environ. Health 13, 118.

(QYLURQPHQWDO�BLRORJ\
National ,nstitute Ior %asic %iology


