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Laboratory scope
Reproduction is a universal and fundamental system for 

organisms to produce generations. To accomplish this 
purpose efficiently, organisms develop sexual reproduction. 
During the embryo and larval terms, organisms develop 
many cell-lineages that have special and essential roles in 
each different process of reproduction. These lineages are 
conserved among vertebrates. 
9�e�r�t�e�b�r�a�t�e�s�,� �h�o�w�e�v�e�r�,� �e�x�h�i�b�i�t� �a� �v�a�r�i�e�t�y� �o�f� �r�e�p�r�o�d�u�c�t�i�v�e� 
�s�y�s�t�e�m�s�.� �T�h�i�s� �v�a�r�i�e�t�y� �i�s� �a�l�l�o�w�e�d� �b�y� �t�h�e� �d�i�f�f�e�r�e�n�t� �e�m�p�l�o�y�m�e�n�t� 
�a�n�d� �d�i�f�f�e�r�e�n�t� �e�m�e�r�g�e�n�c�e� �o�f� �t�h�e� �c�e�l�l� �l�i�n�e�a�g�e�s� �d�u�r�i�n�g� 
�e�m�b�r�y�o�g�e�n�e�s�i�s�.� �T�h�e�r�e�f�o�r�e�,� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �a�d�d�r�e�s�s� �t�h�e� �r�o�l�e�s� 
�o�f� �e�a�c�h� �c�e�l�l� �l�i�n�e�a�g�e� �f�o�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �t�h�e� �f�u�n�d�a�m�e�n�t�a�l� 
�m�e�c�h�a�n�i�s�m� �u�n�d�e�r�l�y�i�n�g� �r�e�p�r�o�d�u�c�t�i�o�n� �a�n�d� �a� �v�a�r�i�e�t�y� �o�f� 
�r�e�p�r�o�d�u�c�t�i�v�e� �s�y�s�t�e�m�s�.� �C�u�r�r�e�n�t�l�y�,� �o�u�r� �l�a�b� �f�o�c�u�s�e�s� �o�n� �t�h�e� 
�m�e�c�h�a�n�i�s�m�s� �o�f� �s�e�x� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�.� �T�h�e� �m�a�n�y� �m�o�d�e�s� �o�f� �s�e�x� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�r�e� �a� �m�a�i�n� �c�o�m�p�o�n�e�n�t� �t�h�a�t� �c�o�n�t�r�i�b�u�t�e�s� �t�o� 
�v�a�r�i�e�t�y�,� �a�n�d� �w�e� �a�r�e� �a�d�d�r�e�s�s�i�n�g� �t�h�e� �r�o�l�e� �o�f� �e�a�c�h� �c�e�l�l� �l�i�n�e�a�g�e� �i�n� 
�t�h�e� �c�o�n�t�e�x�t� �o�f� �s�e�x� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�.
�W�e� �u�s�e� �m�e�d�a�k�a� �f�i�s�h� �(Oryzias latipes�)� �a�n�d� �h�a�v�e� �b�e�e�n� 
�g�e�n�e�r�a�t�i�n�g� �t�r�a�n�s�g�e�n�i�c� �m�e�d�a�k�a� �e�n�a�b�l�i�n�g� �u�s� �t�o� �a�n�a�l�y�z�e� �h�o�w� 
�d�i�f�f�e�r�e�n�t� �c�e�l�l� �l�i�n�e�a�g�e�s� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �p�r�o�c�e�s�s� �o�f� �g�o�n�a�d� 
�f�o�r�m�a�t�i�o�n� �a�n�d� �s�e�x� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� in vivo�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �i�n� 
�o�r�d�e�r� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �g�e�n�e�s� �e�s�s�e�n�t�i�a�l� �f�o�r� �r�e�p�r�o�d�u�c�t�i�o�n�,� �w�e� 
�c�a�r�r�i�e�d� �o�u�t� �a� �m�u�t�a�t�i�o�n�a�l� �s�c�r�e�e�n�i�n�g� �o�f� �m�e�d�a�k�a� �w�i�t�h� �d�e�f�e�c�t�i�v�e� 
�p�h�e�n�o�t�y�p�e�s� �a�n�d� �d�i�s�r�u�p�t�e�d� �s�e�v�e�r�a�l� �c�a�n�d�i�d�a�t�e� �g�e�n�e�s�.� �W�i�t�h� 
�t�h�e�s�e� �t�w�o� �u�n�i�q�u�e� �a�n�a�l�y�t�i�c�a�l� �m�e�t�h�o�d�s� �(�v�i�s�u�a�l�i�z�i�n�g� �c�e�l�l�s�,� �a�n�d� 
�m�u�t�a�n�t�s�)�,� �w�e� �a�r�e� �a�t�t�e�m�p�t�i�n�g� �t�o� �u�n�v�e�i�l� �b�o�t�h� �t�h�e� �f�u�n�d�a�m�e�n�t�a�l� 
�m�e�c�h�a�n�i�s�m�s� �a�n�d� �t�h�e� �s�p�e�c�i�f�i�c� �m�e�c�h�a�n�i�s�m�s� �t�h�a�t� �p�r�o�d�u�c�e� �a� 
�v�a�r�i�e�t�y� �o�f� �r�e�p�r�o�d�u�c�t�i�v�e� �s�y�s�t�e�m�s�.� 
�T�h�r�o�u�g�h� �t�h�e�s�e� �a�n�a�l�y�s�e�s�,� �w�e� �h�a�v�e� �b�e�e�n� �r�e�v�e�a�l�i�n�g� �t�h�e� 
�i�m�p�o�r�t�a�n�c�e� �o�f� �g�e�r�m� �c�e�l�l�s� �n�o�t� �o�n�l�y� �i�n� �s�e�x� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �b�u�t� 
�a�l�s�o� �i�n� �r�e�p�r�o�d�u�c�t�i�o�n�.� �G�e�r�m� �c�e�l�l�s� �h�a�v�e� �b�e�e�n� �g�e�n�e�r�a�l�l�y� 
�c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �a� �p�e�r�m�i�s�s�i�v�e� �c�e�l�l� �t�y�p�e� �t�h�a�t� �a�r�e� �c�o�m�p�l�e�t�e�l�y� 
�r�e�g�u�l�a�t�e�d� �b�y� �t�h�e� �s�u�r�r�o�u�n�d�i�n�g� �s�o�m�a�t�i�c� �c�e�l�l�s�.� �B�u�t� �w�e� �h�a�v�e� 
�f�o�u�n�d� �t�h�a�t� �t�h�e� �g�e�r�m� �c�e�l�l�s� �a�r�e� �n�o�t� �s�p�e�c�i�a�l�i�z�e�d� �f�o�r� 
�g�a�m�e�t�o�g�e�n�e�s�i�s� �b�u�t� �a�r�e� �m�o�r�e� �s�e�l�f�-�d�e�t�e�r�m�i�n�a�n�t� �c�e�l�l�s� �i�n� 
�r�e�p�r�o�d�u�c�t�i�o�n�.� � 

I.  Developmental origin of primordial germ 
cells

�D�e�v�e�l�o�p�m�e�n�t� �o�f� �g�e�r�m� �c�e�l�l�s� �e�s�s�e�n�t�i�a�l�l�y� �r�e�l�y� �o�n� �t�h�e� �p�r�e�s�e�n�c�e� 

�o�f� �a� �c�y�t�o�p�l�a�s�m�i�c� �s�t�r�u�c�t�u�r�e�,� �c�a�l�l�e�d� �g�e�r�m�p�l�a�s�m� �o�r� �a�l�t�e�r�n�a�t�i�v�e�l�y� 
�n�u�a�g�e�.� �T�h�e� �l�a�c�k� �o�f� �g�e�r�m�p�l�a�s�m� �r�e�s�u�l�t�s� �i�n� �d�e�f�e�c�t�i�v�e� �o�r� �l�o�s�s� �o�f� 
�t�h�e� �g�e�r�m� �c�e�l�l�s�.� �T�w�o� �s�e�p�a�r�a�t�e� �s�y�s�t�e�m�s� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� 
�d�e�v�e�l�o�p�m�e�n�t� �o�f� �g�e�r�m� �c�e�l�l�s� �a�r�e� �k�n�o�w�n� �f�o�r� �v�e�r�t�e�b�r�a�t�e�s�.� �S�o�m�e� 
�v�e�r�t�e�b�r�a�t�e� �s�p�e�c�i�e�s� �p�o�s�s�e�s�s� �a� �m�a�t�e�r�n�a�l� �o�r�i�g�i�n� �o�f� �g�e�r�m�p�l�a�s�m� 
�a�n�d� �t�h�e� �g�e�r�m�p�l�a�s�m� �l�o�c�a�l�i�z�e�d� �i�n� �a� �s�p�e�c�i�f�i�c� �c�e�l�l� �t�y�p�e� �i�s� 
�e�s�s�e�n�t�i�a�l� �f�o�r� �g�e�r�m� �c�e�l�l� �d�e�v�e�l�o�p�m�e�n�t�.� �I�n� �t�h�e�s�e� �s�p�e�c�i�e�s�,� 
�t�h�e�r�e�f�o�r�e�,� �c�e�l�l�s� �t�h�a�t� �d�e�v�e�l�o�p� �i�n�t�o� �g�e�r�m� �c�e�l�l�s� �c�a�n� �b�e� �i�d�e�n�t�i�f�i�e�d� 
�b�y� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �g�e�r�m�p�l�a�s�m�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d� �i�n� �t�h�e� 
�s�e�c�o�n�d� �m�e�t�h�o�d�,� �l�i�k�e� �i�n� �m�a�m�m�a�l�s�,� �g�e�r�m� �c�e�l�l�s� �a�r�e� �i�n�d�u�c�e�d� �a�t� 
�t�h�e� �g�a�s�t�r�u�l�a�t�i�o�n� �s�t�a�g�e�.� �T�h�e� �g�e�r�m�p�l�a�s�e�m�-�e�q�u�i�v�a�l�e�n�t� �s�t�r�u�c�t�u�r�e�s� 
�i�n� �t�h�e�s�e� �c�e�l�l�s� �a�r�e� �a�l�s�o� �f�o�r�m�e�d� �a�t� �a� �l�a�t�e�r� �s�t�a�g�e�.� 
�O�u�r� �p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t�,� �i�n� �m�e�d�a�k�a�,� �g�e�r�m� �c�e�l�l�s� 
�a�r�e� �e�s�t�a�b�l�i�s�h�e�d� �a�s� �p�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l�s� �(�P�G�C�s�)� �d�u�r�i�n�g� 
�g�a�s�t�r�u�l�a�t�i�o�n�.� +�o�w�e�v�e�r�,� �i�t� �i�s� �n�o�t� �k�n�o�w�n� �h�o�w� �a� �s�m�a�l�l� 
�p�o�p�u�l�a�t�i�o�n� �o�f� �b�l�a�s�t�o�d�e�r�m�a�l� �c�e�l�l�s� �a�r�e� �s�p�e�c�i�f�i�e�d� �a�s� �c�e�l�l�s� �t�o� 
�p�r�o�d�u�c�e� �P�G�C�s�,� �o�r� �i�f� �g�e�r�m� �c�e�l�l�s� �a�r�e� �i�n�d�u�c�e�d� �l�i�k�e� �t�h�o�s�e� �s�e�e�n� �i�n� 
�m�a�m�m�a�l�s�.� �W�e� �h�a�v�e� �c�l�o�n�e�d� �a� �c�D�N�A� �e�n�c�o�d�i�n�g� �B�u�c�k�y� �b�a�l�l�,� �a� 
�c�o�m�p�o�n�e�n�t� �o�f� �g�e�r�m�p�l�a�s�m�.� �S�i�n�c�e� �w�e� �h�a�v�e� �f�o�u�n�d� bucky ball� 
�e�x�p�r�e�s�s�e�d� �i�n� �f�e�r�t�i�l�i�z�e�d� �e�g�g�s�,� �C�F�P�-�f�u�s�e�d� �B�u�c�k�y� �b�a�l�l�s� �a�l�l�o�w� �u�s� 
�t�o� �k�e�e�p� �t�r�a�c�k� �o�f� �c�e�l�l�s� �t�h�a�t� �c�o�u�l�d� �g�e�n�e�r�a�t�e� �P�G�C�s� �d�u�r�i�n�g� �e�a�r�l�y� 
�e�m�b�r�y�o�g�e�n�e�s�i�s� �b�y� �c�o�n�f�o�c�a�l� �m�i�c�r�o�s�c�o�p�y�.� 
�T�h�e� �R�N�A� �e�n�c�o�d�i�n�g� cfp�-�f�u�s�e�d� bucky ball� �w�a�s� �i�n�j�e�c�t�e�d� �i�n�t�o� 
�f�e�r�t�i�l�i�z�e�d� �e�g�g�s�.� �W�e� �f�o�u�n�d� �t�h�a�t� �t�h�e� �p�r�o�t�e�i�n� �i�s� �r�e�a�d�i�l�y� �t�r�a�n�s�l�a�t�e�d� 
�a�n�d� �w�a�s� �o�b�s�e�r�v�e�d� �a�s� �e�a�r�l�y� �a�s� �t�h�e� �o�n�s�e�t� �o�f� �t�h�e� �f�i�r�s�t� �d�i�v�i�s�i�o�n�.� 
�T�h�e� �C�F�P�-�f�u�s�e�d� �B�u�c�k�y� �b�a�l�l� �p�r�o�t�e�i�n� �i�s� �l�o�c�a�l�i�z�e�d� �a�s� �s�e�v�e�r�a�l� 
�p�a�r�t�i�c�l�e�s� �u�n�i�f�o�r�m�l�y� �i�n� �t�h�e� �b�l�a�s�t�o�d�i�s�c�.� 9�e�r�y� �i�n�t�e�r�e�s�t�i�n�g�l�y�,� �t�h�e� 
�p�a�r�t�i�c�l�e�s� �s�e�e�m� �t�o� �b�e� �a�n�c�h�o�r�e�d� �a�t� �y�o�l�k� �l�a�y�e�r�s� �u�n�t�i�l� �t�h�e� �l�a�t�e� 
�m�o�r�u�l�a� �s�t�a�g�e� �a�n�d� �s�e�e�m� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �c�e�l�l� �d�i�v�i�s�i�o�n� �i�n� �t�h�e� 
�b�l�a�s�t�o�d�i�s�c�.� �T�h�e� �i�n�h�i�b�i�t�i�o�n� �o�f� �t�h�e� �c�l�e�a�v�a�g�e� �p�l�a�n�e� �b�y� �n�o�c�o�d�a�z�o�l� 
�d�i�d� �n�o�t� �c�h�a�n�g�e� �a�n�y� �m�o�r�p�h�o�l�o�g�y� �o�r� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� 
�p�a�r�t�i�c�l�e�s�,� �s�u�p�p�o�r�t�i�n�g� �t�h�e� �i�n�d�e�p�e�n�d�e�n�c�e� �o�f� �t�h�e� �c�l�e�a�v�a�g�e� �p�l�a�n�e�.
�N�a�n�o�s�� �p�r�o�t�e�i�n� �i�s� �k�n�o�w�n� �t�o� �b�e� �e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �e�s�t�a�b�l�i�s�h�e�d� 
�P�G�C�s�.� �C�o�-�i�n�j�e�c�t�i�o�n� �o�f� dsred�-nanos��’�U�T�R� �R�N�A� �a�n�d� cfp�-
�f�u�s�e�d� buckey ball �R�N�A� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �D�s�R�e�d�-�d�e�r�i�v�e�d� 
�f�l�u�o�r�e�s�c�e�n�c�e� �b�e�g�i�n�s� �t�o� �b�e� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �c�e�l�l�s� �t�h�a�t� �r�e�t�a�i�n� 
�l�a�r�g�e� �C�F�P�-�f�u�s�e�d� �B�u�c�k�y� �b�a�l�l� �p�a�r�t�i�c�l�e�s�.� �T�h�i�s� �c�l�e�a�r�l�y� �i�n�d�i�c�a�t�e�s� 
�t�h�a�t� �t�h�e� �c�e�l�l�s� �r�e�t�a�i�n�i�n�g� �t�h�e� � � �B�u�c�k�y� �b�a�l�l� �p�a�r�t�i�c�l�e�s� �a�r�e� �t�h�e� 
�p�r�e�s�u�m�p�t�i�v�e� �g�e�r�m� �c�e�l�l�s� �t�h�a�t� �h�a�v�e� �t�h�e� �p�o�t�e�n�t�i�a�l� �t�o� �b�e� 
�e�s�t�a�b�l�i�s�h�e�d� �a�s� �p�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l�s�.
Interestingly, at one or two stages, numerous Bucky ball 

granules are present with a  range of different sizes, but, as 
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�F�i�g�u�r�e� �1�.� �T�h�e� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �C�F�P�-�f�u�s�e�d� �B�u�c�k�y� �b�a�l�l� �p�r�o�t�e�i�n� �(�b�l�u�e�)� �r�e�v�e�a�l�s� 
�p�r�e�s�u�m�p�t�i�v�e� �p�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l�s� �a�f�t�e�r� �f�e�r�t�i�l�i�z�a�t�i�o�n�.� �G�r�e�e�n� �d�o�t�s� �i�n�d�i�c�a�t�e� 
�h�i�s�t�o�n�e�� �s�i�g�n�a�l�s� �i�n� �t�h�e� �n�u�c�l�e�i�.� �T�h�e� �c�e�l�l�s� �e�x�p�r�e�s�s�i�n�g� nanos3� �a�r�e� �e�s�t�a�b�l�i�s�h�e�d� 
�a�s� �p�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l�s� �a�t� �t�h�e� �l�a�t�e� �m�o�r�u�l�a� �s�t�a�g�e�,� �w�h�i�c�h� �a�r�e� �c�l�e�a�r�l�y� 
�r�e�c�o�g�n�i�z�e�d� �a�s� �t�h�e� �c�e�l�l�s� �p�o�s�s�e�s�s�i�n�g� �l�a�r�g�e� �b�l�u�e� �B�u�c�k�y� �b�a�l�l� �p�a�r�t�i�c�l�e�s�.� �R�e�d� 
�c�e�l�l�s� �a�r�e� nanos3�-�e�x�p�r�e�s�s�i�n�g� �c�e�l�l�s�.� �T�h�e� �p�i�c�t�u�r�e�s� �a�r�e� �t�i�m�e�-�l�a�p�s�e� �s�h�o�t�s� �o�f� �a� 
�l�i�v�e� �i�m�a�g�i�n�g� �m�o�v�i�e�.� �L�e�f�t�� �� �c�e�l�l� �s�t�a�g�e�,� �M�i�d�d�l�e�� ��� �c�e�l�l� �s�t�a�g�e� �a�n�d� �R�i�g�h�t�� 
�l�a�t�e� �m�o�r�u�l�a� �s�t�a�g�e�.

�N�o�t�e�� �T�h�o�s�e� �m�e�m�b�e�r�s� �a�p�p�e�a�r�i�n�g� �i�n� �t�h�e� �a�b�o�v�e� �l�i�s�t� �t�w�i�c�e� �u�n�d�e�r� �d�i�f�f�e�r�e�n�t� �t�i�t�l�e�s� �a�r�e� �m�e�m�b�e�r�s� �w�h�o�s�e� �t�i�t�l�e� �c�h�a�n�g�e�d� �d�u�r�i�n�g� �2�0�1��.� �T�h�e� �f�o�r�m�e�r� �t�i�t�l�e� �i�s� 
�i�n�d�i�c�a�t�e�d� �b�y� �a�n� �a�s�t�e�r�i�s�k� �(�*�)�.



��

development proceeds, small particles are getting eliminated. 
As a result, at the later morula stage, approximately 20-30 
cells possess granules larger than 25 m3 and become PGCs. 
As the PGCs are established, the translation of nanos3 and 
vasa genes is activated. These translated proteins begin to be 
detected on the granules of Bucky balls.

II.  Sexually different characteristics of 
primordial germ cells

�S�i�n�c�e� �2�0�1��,� �w�e� �h�a�v�e� �b�e�e�n� �c�h�a�r�a�c�t�e�r�i�z�i�n�g� �f�e�m�a�l�e� �a�n�d� �m�a�l�e� 
�p�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l�s� �a�n�d� �h�a�v�e� �i�d�e�n�t�i�f�i�e�d� �g�e�n�e�s� �s�h�o�w�i�n�g� 
�s�e�x�u�a�l�l�y� �d�i�f�f�e�r�e�n�t� �e�x�p�r�e�s�s�i�o�n� �i�n� �t�h�e� �P�G�C�s�.� �L�a�s�t� �y�e�a�r� �w�e� 
�r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� �s�e�x�u�a�l�l�y� �d�i�f�f�e�r�e�n�t� �e�x�p�r�e�s�s�i�o�n� �o�f� �o�n�e� �o�f� �t�h�e� 
�i�d�e�n�t�i�f�i�e�d� �g�e�n�e�s�,� sdgc�,� �i�s� �d�u�e� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �Y� 
�c�h�r�o�m�o�s�o�m�e�s� �b�u�t� �i�s� �n�o�t� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �m�e�d�a�k�a� �s�e�x� 
�d�e�t�e�r�m�i�n�a�t�i�o�n� �g�e�n�e�,� DMY�Dmrt1bY�.� 
�T�h�i�s� �y�e�a�r�,� �w�e� �c�o�n�t�i�n�u�e�d� �t�o� �a�n�a�l�y�z�e� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �t�h�i�s� �g�e�n�e� 
�a�n�d� �f�o�u�n�d� �t�h�a�t� �t�h�e� �g�e�n�e� �r�e�g�u�l�a�t�e�s� �p�r�o�l�i�f�e�r�a�t�i�o�n� �o�f� �p�r�i�m�o�r�d�i�a�l� 
�g�e�r�m� �c�e�l�l�s�.� �P�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �m�a�l�e� 
�e�m�b�r�y�o�s� �p�r�o�l�i�f�e�r�a�t�e� �m�o�r�e� �t�h�a�n� �t�h�o�s�e� �f�r�o�m� �f�e�m�a�l�e� �e�m�b�r�y�o�s� �i�n� 
�t�h�e� �c�u�l�t�u�r�e� �d�i�s�h�.� �L�o�s�s� �o�f� �g�e�n�e� �f�u�n�c�t�i�o�n� �b�y� �i�n�j�e�c�t�i�o�n� �o�f� 
�m�o�r�p�h�o�l�i�n�o� �r�e�s�u�l�t�s� �i�n� �a� �r�e�d�u�c�e�d� �p�r�o�l�i�f�e�r�a�t�i�o�n� �r�a�t�e� �i�n� �m�a�l�e�s� 
�w�h�i�l�e� �i�n�j�e�c�t�i�o�n� �o�f� sdgc� �R�N�A� �s�h�o�w�s� �i�n�c�r�e�a�s�i�n�g� �a�c�t�i�v�i�t�y� �o�f� 
�p�r�o�l�i�f�e�r�a�t�i�o�n� in vitro�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� 
�e�x�p�r�e�s�s�i�o�n� �o�f� sdgc� �c�o�n�f�e�r�s� �p�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l�s� �w�i�t�h� �t�h�e� 
�p�o�t�e�n�t�i�a�l� �t�o� �r�e�g�u�l�a�t�e� �p�r�o�l�i�f�e�r�a�t�i�o�n�.� � 
�F�u�r�t�h�e�r�m�o�r�e�,� �w�e� �h�a�v�e� �m�a�p�p�e�d� sdgc� �o�n� �t�h�e� �m�e�d�a�k�a� �g�e�n�o�m�e� 
�a�n�d� �f�o�u�n�d� �t�h�a�t� sdgc� �i�s� �l�o�c�a�t�e�d� �v�e�r�y� �c�l�o�s�e� �t�o� �t�h�e� DMY�
Dmrt1bY� �l�o�c�u�s�.� �T�h�e� DMY�Dmrt1bY� �l�o�c�u�s� �i�s� �k�n�o�w�n� �t�o� �b�e� �t�h�e� 
�o�n�l�y� �r�e�g�i�o�n� �t�h�a�t� �i�s� �s�p�e�c�i�f�i�c� �t�o� �Y� �c�h�r�o�m�o�s�o�m�e�s� �a�n�d� �w�h�e�r�e� 
�r�e�c�o�m�b�i�n�a�t�i�o�n� �i�s� �r�e�p�r�e�s�s�e�d�.� �C�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�i�s�,� �w�e� �c�o�u�l�d� 
�f�i�n�d� �t�h�e� �s�e�x�-�s�p�e�c�i�f�i�c� �S�N�P�s� �i�n� �t�h�e� �p�r�o�m�o�t�e�r� �a�n�d� �t�h�e� �i�n�t�r�o�n� 
�r�e�g�i�o�n�s� �o�f� sdgc�.� Sdgc� �m�i�g�h�t� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�v�o�l�u�t�i�o�n�a�l� �w�a�y� �o�f� 
�t�h�e� �Y� �c�h�r�o�m�o�s�o�m�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�n�g� �i�n�t�o� �a� �m�o�r�e� �s�p�e�c�i�a�l�i�z�e�d� 
�c�h�r�o�m�o�s�o�m�e�.� 
�C�o�l�l�e�c�t�i�v�e�l�y�,� �a� �s�e�r�i�e�s� �o�f� �a�n�a�l�y�s�e�s� �o�f� sdgc� �i�n�d�i�c�a�t�e� �t�h�a�t� �c�e�l�l�s� 
�h�a�v�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �e�x�p�r�e�s�s� �s�e�x�u�a�l�l�y� �d�i�f�f�e�r�e�n�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 
�a�u�t�o�n�o�m�o�u�s�l�y�,� �w�h�i�c�h� �i�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �s�e�x� 
�d�e�t�e�r�m�i�n�a�t�i�o�n� �g�e�n�e�.� 

� 
III.  Sexually different development of 

steroidenic cells
�E�s�t�r�o�g�e�n� �e�x�p�r�e�s�s�i�o�n� �i�s� �i�m�p�o�r�t�a�n�t� �f�o�r� �f�e�m�i�n�i�z�a�t�i�o�n� �o�f� �t�h�e� 
�g�o�n�a�d�,� �e�s�p�e�c�i�a�l�l�y� �f�o�r�m�i�n�g� �t�h�e� �o�v�a�r�i�a�n� �c�a�v�i�t�y�.� �A�r�o�m�a�t�a�s�e� �i�s� �a� 
�c�r�i�t�i�c�a�l� �e�n�z�y�m�e� �f�o�r� �p�r�o�d�u�c�i�n�g� �e�s�t�r�o�g�e�n� �f�r�o�m� �i�t�s� �p�r�e�c�u�r�s�o�r� 
�s�t�e�r�o�i�d�,� �t�e�s�t�o�s�t�e�r�o�n�e�,� �a�n�d� �i�s� �e�n�c�o�d�e�d� �b�y� �t�h�e� cyp19a1� �g�e�n�e�.� 
�U�n�l�i�k�e� �m�a�m�m�a�l�s�,� �d�u�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �t�h�e� �f�i�r�s�t� �e�m�e�r�g�i�n�g� 
�c�e�l�l�s� �t�h�a�t� �e�x�p�r�e�s�s� cyp19a1� �a�r�e� �t�h�e� �p�r�e�c�u�r�s�o�r�s� �o�f� �t�h�e�c�a� �c�e�l�l�s� 
�(�i�n� �m�a�m�m�a�l�s�,� �g�r�a�n�u�l�o�s�a� �c�e�l�l�s� �f�i�r�s�t� �e�x�p�r�e�s�s� cyp19a1�)�.� 
�W�e� �h�a�v�e� �e�x�a�m�i�n�e�d� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�t�e�r�o�i�d�e�n�i�c� �c�e�l�l�s� �t�h�a�t� 
�p�r�o�d�u�c�e� �t�e�s�t�o�s�t�e�r�o�n�e� �a�n�d� �f�o�u�n�d� �t�h�a�t� ftz-f1� �c�e�l�l�s� �m�a�y� �b�e� �t�h�e� 
�p�r�e�c�u�r�s�o�r� �o�f� �t�e�s�t�o�s�t�e�r�o�n�e�-�p�r�o�d�u�c�i�n�g� �c�e�l�l�s�.� �C�u�r�r�e�n�t�l�y�,� �t�w�o� 
�t�y�p�e�s� �o�f� ftz-f1� �c�e�l�l�s� �a�r�e� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �d�e�v�e�l�o�p�i�n�g� �g�o�n�a�d�s� 
�a�n�d� �p�r�e�c�i�s�e� �l�i�n�e�a�g�e� �a�n�a�l�y�s�i�s� �i�s� �u�n�d�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� �u�s�i�n�g� 
�t�i�m�e�-�l�a�p�s�e� �m�o�v�i�e�s� �w�i�t�h� �t�h�e� �p�r�i�m�a�r�y� �c�u�l�t�u�r�e� �s�y�s�t�e�m�.
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�s�c�h�e�m�a� �s�h�o�w�s� �t�h�e� �w�a�y� �o�f� �p�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l� �i�s�o�l�a�t�i�o�n� �a�n�d� �c�u�l�t�u�r�e� �w�i�t�h� 
�s�o�m�a�t�i�c� �c�e�l�l�s�.� �A�� �G�e�r�m� �c�e�l�l� �b�e�h�a�v�i�o�r� �(�i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �E�d�U�)� �i�s� �n�o�t� 
�a�f�f�e�c�t�e�d� �b�y� �t�h�e� �s�e�x� �o�f� �s�o�m�a�t�i�c� �c�e�l�l�s� �b�u�t� �i�s� �d�e�t�e�r�m�i�n�e�d� �c�e�l�l�-�a�u�t�o�n�o�m�o�u�s�l�y�.� 
�B�� �T�h�e� �g�e�r�m� �c�e�l�l� �b�e�h�a�v�i�o�r� �i�s� �n�o�t� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �s�e�x� 
�d�e�t�e�r�m�i�n�a�t�i�o�n� �g�e�n�e�,� DMY�Dmrt1bY�.� �C�� �T�h�e� �g�e�r�m� �c�e�l�l� �b�e�h�a�v�i�o�r� �(�a�c�t�i�v�i�t�y� 
�o�f� �p�r�o�l�i�f�e�r�a�t�i�o�n�)� �i�s� �r�e�d�u�c�e�d� �b�y� �k�n�o�c�k�d�o�w�n� �o�f� sdgc�,� �w�h�i�c�h� �i�s� �r�e�c�o�v�e�r�e�d� �b�y� 
�o�v�e�r�e�x�p�r�e�s�s�i�o�n� �o�f� sdgc�.
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