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�P�r�o�d�u�c�t�i�o�n� �o�f� �n�u�m�e�r�o�u�s� �s�p�e�r�m� �f�o�r� �a� �l�o�n�g� �p�e�r�i�o�d� �i�n� �t�e�s�t�i�s� �i�s� 
�f�u�n�d�a�m�e�n�t�a�l� �f�o�r� �c�o�n�t�i�n�u�i�t�y� �o�f� �l�i�f�e� �a�c�r�o�s�s� �g�e�n�e�r�a�t�i�o�n�s�.� �T�h�i�s� 
�p�r�o�c�e�s�s� �o�f� �s�p�e�r�m�a�t�o�g�e�n�e�s�i�s� �i�s� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �r�o�b�u�s�t� �s�t�e�m� 
�c�e�l�l� �s�y�s�t�e�m�.
�T�h�e� �g�o�a�l� �o�f� �t�h�e� �D�i�v�i�s�i�o�n� �o�f� �G�e�r�m� �C�e�l�l� �B�i�o�l�o�g�y� �i�s� �t�o� �f�u�l�l�y� 
�u�n�d�e�r�s�t�a�n�d� �t�h�e� �m�a�m�m�a�l�i�a�n� �s�p�e�r�m� �s�t�e�m� �c�e�l�l� �s�y�s�t�e�m� �u�n�d�e�r� �t�h�e� 
�c�o�n�t�e�x�t� �o�f� in vivo �t�i�s�s�u�e� �a�r�c�h�i�t�e�c�t�u�r�e�.� �W�e� �h�a�v�e� �s�u�c�c�e�s�s�f�u�l�l�y� 
�r�e�v�e�a�l�e�d� �s�o�m�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�i�s� �i�n�t�e�r�e�s�t�i�n�g� �s�t�e�m� �c�e�l�l� 
�s�y�s�t�e�m�.� �F�i�r�s�t�,� �d�i�f�f�e�r�e�n�t�i�a�t�i�n�g� �g�e�r�m� �c�e�l�l�s� �t�h�a�t� �h�a�d� �b�e�e�n� 
�b�e�l�i�e�v�e�d� �t�o� �b�e� �i�r�r�e�v�e�r�s�i�b�l�y� �c�o�m�m�i�t�t�e�d� �f�o�r� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �s�t�i�l�l� 
�r�e�t�a�i�n� �t�h�e�i�r� �s�e�l�f�-�r�e�n�e�w�i�n�g� �p�o�t�e�n�t�i�a�l� �a�n�d� �c�a�n� �c�o�n�t�r�i�b�u�t�e� �t�o� 
�s�t�e�m� �c�e�l�l� �p�o�o�l� �m�a�i�n�t�e�n�a�n�c�e� �(´�p�o�t�e�n�t�i�a�l� �s�t�e�m� �c�e�l�l�sµ�)�.� 
�S�e�c�o�n�d�l�y�,� ´�r�e�v�e�r�s�i�o�nµ� �f�r�o�m� �p�o�t�e�n�t�i�a�l� �s�t�e�m� �c�e�l�l�s� �o�c�c�u�r�s� �a�t� �a� 
�h�i�g�h�e�r� �f�r�e�q�u�e�n�c�y� �w�h�e�n� �t�e�s�t�i�c�u�l�a�r� �t�i�s�s�u�e� �i�s� �d�a�m�a�g�e�d� �a�n�d� 
�r�e�g�e�n�e�r�a�t�i�o�n� �i�s� �i�n�d�u�c�e�d�.� �T�h�i�r�d�l�y�,� �t�h�e� �u�n�d�i�f�f�e�r�e�n�t�i�a�t�e�d� 
�s�p�e�r�m�a�t�o�g�o�n�i�a� �p�o�p�u�l�a�t�i�o�n�s� �i�n�c�l�u�d�i�n�g� �b�o�t�h� ´�a�c�t�u�a�lµ� �a�n�d� 
´�p�o�t�e�n�t�i�a�lµ� �s�t�e�m� �c�e�l�l�s� �a�r�e� �p�r�e�f�e�r�e�n�t�i�a�l�l�y� �l�o�c�a�l�i�z�e�d� �n�e�a�r� 
�v�a�s�c�u�l�a�t�u�r�e� �(�v�a�s�c�u�l�a�t�u�r�e�-�a�s�s�o�c�i�a�t�e�d� �n�i�c�h�e�)�.� �L�a�s�t�l�y�,� �s�t�e�m� �c�e�l�l�s� 
�t�u�r�n� �o�v�e�r� �a�t� �a�n� �u�n�e�x�p�e�c�t�e�d�l�y� �f�r�e�q�u�e�n�t� �a�n�d� �s�t�o�c�h�a�s�t�i�c� �m�a�n�n�e�r� 
�u�n�d�e�r� �a� �s�t�e�a�d�y�-�s�t�a�t�e� �s�i�t�u�a�t�i�o�n� �t�h�a�t� �c�o�n�t�i�n�u�o�u�s�l�y� �p�r�o�d�u�c�e�s� 
�s�p�e�r�m� �(�N�a�k�a�g�a�w�a� et al�.�,� �D�e�v�.� �C�e�l�l� �2�0�0��� �Y�o�s�h�i�d�a� et al�.�,� 
�S�c�i�e�n�c�e� �2�0�0��� �N�a�k�a�g�a�w�a et al�.�,� �S�c�i�e�n�c�e� �2�0�1�0�� �K�l�e�i�n� et al�.�,� 
�C�e�l�l� �S�t�e�m� �C�e�l�l� �2�0�1�0�)�.� �T�h�e�s�e� �o�b�s�e�r�v�a�t�i�o�n�s� �h�a�v�e� �t�h�r�o�w�n� �d�o�u�b�t� 
�o�n� �t�h�e� �p�r�e�v�a�i�l�i�n�g� �s�t�e�m� �c�e�l�l� �m�o�d�e�l�,� �t�h�e� ´�A�s� �m�o�d�e�lµ�,� 
�p�o�s�t�u�l�a�t�i�n�g� �t�h�a�t� � �s�t�e�m� �c�e�l�l� �f�u�n�c�t�i�o�n� �i�s� �r�e�s�t�r�i�c�t�e�d� �t�o� �t�h�e� �s�i�n�g�l�y� 
�i�s�o�l�a�t�e�d� �s�p�e�r�m�a�t�o�g�o�n�i�a� �(�A�s� �c�e�l�l�s�)�.

I.  Background: Testicular architecture and 
sperm stem cell theories

�I�n� �m�a�m�m�a�l�i�a�n� �t�e�s�t�i�s�,� �a� �h�u�g�e� �n�u�m�b�e�r� �o�f� �s�p�e�r�m� �a�r�e� 
�c�o�n�t�i�n�u�o�u�s�l�y� �p�r�o�d�u�c�e�d� �o�v�e�r� �t�h�e� �r�e�p�r�o�d�u�c�t�i�o�n� �p�e�r�i�o�d� �(�1�-�2� 
�y�e�a�r�s� �i�n� �m�i�c�e�)�,� �w�h�i�c�h� �r�e�l�i�e�s� �o�n� �s�t�e�m� �c�e�l�l� �a�c�t�i�v�i�t�y�.� �F�o�r� 
�d�e�c�a�d�e�s�,� �t�h�e� �c�e�l�l�u�l�a�r� �i�d�e�n�t�i�t�y� �a�n�d� �b�e�h�a�v�i�o�r� �o�f� �s�p�e�r�m�a�t�o�g�e�n�i�c� 
�s�t�e�m� �c�e�l�l�s� �h�a�s� �b�e�e�n� �a�r�g�u�e�d� �a�s� �a� �f�u�n�d�a�m�e�n�t�a�l� �q�u�e�s�t�i�o�n� �i�n� �t�h�e� 
�f�i�e�l�d� �o�f� �s�p�e�r�m�a�t�o�g�e�n�e�s�i�s�.
�T�h�e� �p�r�o�c�e�s�s� �o�f� �s�p�e�r�m�a�t�o�g�e�n�e�s�i�s� �t�a�k�e�s� �p�l�a�c�e� �i�n� �s�e�m�i�n�i�f�e�r�o�u�s� 
�t�u�b�u�l�e�s� �o�f� �t�h�e� �t�e�s�t�i�s� �(�F�i�g�u�r�e� �1�)�.� �I�n� �m�i�c�e�,� �m�i�t�o�t�i�c� �s�t�a�g�e�s� �o�f� 
�s�p�e�r�m�a�t�o�g�e�n�i�c� �c�e�l�l�s�,� �c�a�l�l�e�d� ´�s�p�e�r�m�a�t�o�g�o�n�i�aµ�,� �a�r�e� �d�i�v�i�d�e�d� �i�n�t�o� 
´�u�n�d�i�f�f�e�r�e�n�t�i�a�t�e�dµ� �a�n�d� ´�d�i�f�f�e�r�e�n�t�i�a�t�i�n�gµ� �p�o�p�u�l�a�t�i�o�n�s�.� 

´�U�n�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �s�p�e�r�m�a�t�o�g�o�n�i�aµ� �a�r�e� �f�o�u�n�d� �a�s� �s�i�n�g�l�y� 
�i�s�o�l�a�t�e�d� �c�e�l�l�s� �(�A�s�)�,� �o�r� �s�y�n�c�y�t�i�a� �c�o�n�s�i�s�t�i�n�g� �m�a�i�n�l�y� �o�f� �2� �(�A�p�r�)� �o�r� 
�m�o�r�e� �(�A�a�l�)� �c�e�l�l�s�.� �T�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �s�y�n�c�y�t�i�a� �i�s� �d�u�e� �t�o� 
�i�n�c�o�m�p�l�e�t�e� �c�e�l�l� �d�i�v�i�s�i�o�n�,� �a� �g�e�r�m�l�i�n�e�-�s�p�e�c�i�f�i�c� �c�e�l�l� �d�i�v�i�s�i�o�n� 
�p�r�o�c�e�s�s� �w�h�e�r�e� �c�y�t�o�k�i�n�e�s�i�s� �d�o�e�s� �n�o�t� �c�o�m�p�l�e�t�e� �a�n�d� �t�h�e� 
�c�y�t�o�p�l�a�s�m�i�c� �c�o�n�n�e�c�t�i�o�n� �b�e�t�w�e�e�n� �d�a�u�g�h�t�e�r� �c�e�l�l�s� �p�e�r�s�i�s�t�s� �v�i�a� 
�i�n�t�e�r�c�e�l�l�u�l�a�r� �b�r�i�d�g�e�s�.

�F�i�g�u�r�e� �1�.� �S�p�e�r�m�a�t�o�g�e�n�e�s�i�s� �i�n� �s�e�m�i�n�i�f�e�r�o�u�s� �t�u�b�u�l�e�s�.� �S�p�e�r�m�a�t�o�g�e�n�e�s�i�s� 
�p�r�o�g�r�e�s�s�e�s� �f�r�o�m� �t�h�e� �b�a�s�a�l�-� �t�o� �a�d�l�u�m�i�n�a�l� �c�o�m�p�a�r�t�m�e�n�t�.� �S�t�e�m� �c�e�l�l�s� �a�r�e� 
�t�h�o�u�g�h�t� �t�o� �r�e�s�i�d�e� �p�r�i�m�a�r�i�l�y� �w�i�t�h�i�n� �u�n�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �s�p�e�r�m�a�t�o�g�o�n�i�a� 
�(�b�r�o�w�n�)� �w�h�i�c�h� �a�r�e� �d�i�s�t�r�i�b�u�t�e�d� �s�p�a�r�s�e�l�y� �o�n� �t�h�e� �b�a�s�e�m�e�n�t� �m�e�m�b�r�a�n�e�.� 
�M�o�d�i�f�i�e�d� �f�r�o�m� +�a�r�a et al�.�,� �C�e�l�l� �S�t�e�m� �C�e�l�l� �(�2�0�1��)�.� 

�T�h�e� �p�r�e�v�a�i�l�i�n�g� �s�t�e�m� �c�e�l�l� �m�o�d�e�l�,� �c�a�l�l�e�d� �t�h�e� ´�A�s� �m�o�d�e�lµ�,� � �w�a�s� 
�p�r�o�p�o�s�e�d� �i�n� �1���1�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �s�t�e�m� �c�e�l�l� �a�c�t�i�v�i�t�y� �i�s� 
�r�e�s�t�r�i�c�t�e�d� �t�o� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �o�f� �A�s� �s�p�e�r�m�a�t�o�g�o�n�i�a�,� �w�h�i�l�e� 
�i�n�t�e�r�c�o�n�n�e�c�t�e�d� �A�p�r� �a�n�d� �A�a�l� �s�y�n�c�y�t�i�a� �a�r�e� �i�r�r�e�v�e�r�s�i�b�l�y� �c�o�m�m�i�t�t�e�d� 
�t�o� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�d� �n�o� �l�o�n�g�e�r� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �s�t�e�m� �c�e�l�l� 
�p�o�o�l� �(+�u�c�k�i�n�s�,� �1���1�� �O�a�k�b�e�r�g�,� �1���1�)�.
�O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �o�v�e�r� �t�h�e� �l�a�s�t� �d�e�c�a�d�e�,� �s�t�u�d�i�e�s� �f�r�o�m� �s�o�m�e� 
�g�r�o�u�p�s�,� �i�n�c�l�u�d�i�n�g� �o�u�r�s�,� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �o�f� 
�u�n�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �s�p�e�r�m�a�t�o�g�o�n�i�a� �c�a�n� �b�e� �d�i�v�i�d�e�d� �o�n� �t�h�e� �b�a�s�i�s� �o�f� 
�t�h�e�i�r� �h�e�t�e�r�o�g�e�n�e�o�u�s� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n�.� �I�n� �u�n�d�i�s�t�u�r�b�e�d� �s�t�e�a�d�y�-
�s�t�a�t�e� �s�p�e�r�m�a�t�o�g�e�n�e�s�i�s�,� �t�h�e� �G�F�RƠ�1�� �s�u�b�p�o�p�u�l�a�t�i�o�n� �(�m�a�i�n�l�y� 
�A�s�,� �A�p�r�,� �a�n�d� �f�e�w�e�r� �A�a�l�)� �i�s� �t�h�o�u�g�h�t� �t�o� �r�e�s�i�d�e� �o�n� �t�h�e� �t�o�p� �o�f� �t�h�e� 
�h�i�e�r�a�r�c�h�y�� �A�s� �w�e�l�l� �a�s� �m�a�i�n�t�a�i�n�i�n�g� �t�h�e�i�r� �o�w�n� �p�o�p�u�l�a�t�i�o�n�,� 
�G�F�RƠ�1�� �c�e�l�l�s� �a�l�s�o� �g�i�v�e� �r�i�s�e� �t�o� �t�h�e� �s�e�c�o�n�d�,� �N�g�n���,� 
�s�u�b�p�o�p�u�l�a�t�i�o�n� �o�f� �u�n�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �s�p�e�r�m�a�t�o�g�o�n�i�a� �(�c�o�m�p�r�i�s�e�d� 
�o�f� �m�o�r�e� �A�a�l� �a�n�d� �f�e�w�e�r� �A�s� �a�n�d� �A�p�r�)�.� �N�g�n��� �c�e�l�l�s�,� �a�l�t�h�o�u�g�h� 
�r�e�t�a�i�n�i�n�g� �a�n� �a�b�i�l�i�t�y� �t�o� �r�e�v�e�r�t� �i�n�t�o� �G�F�Rα�1�� �c�e�l�l�s� �t�h�a�t� �b�e�c�o�m�e�s� 
�a�p�p�a�r�e�n�t� �d�u�r�i�n�g� �r�e�g�e�n�e�r�a�t�i�o�n� �a�f�t�e�r� �t�i�s�s�u�e� �i�n�s�u�l�t�,� �m�o�s�t�l�y� 
�d�i�f�f�e�r�e�n�t�i�a�t�e� �i�n�t�o� �d�i�f�f�e�r�e�n�t�i�a�t�i�n�g� �s�p�e�r�m�a�t�o�g�o�n�i�a� �a�n�d� �t�h�e�n� 
�m�e�i�o�t�i�c� �s�p�e�r�m�a�t�o�c�y�t�e�s� �a�n�d� �h�a�p�l�o�i�d� �s�p�e�r�m�a�t�i�d�s� �i�n� �u�n�d�i�s�t�u�r�b�e�d� 
�s�i�t�u�a�t�i�o�n�s�.
�S�e�m�i�n�i�f�e�r�o�u�s� �t�u�b�u�l�e�s� �r�e�p�r�e�s�e�n�t� �a� �t�y�p�i�c�a�l� ´�o�p�e�nµ� �s�t�e�m� �c�e�l�l� 
�n�i�c�h�e�.� �T�h�i�s� �m�a�k�e�s� �a� �s�t�a�r�k� �c�o�n�t�r�a�s�t� �t�o� �t�h�e� �w�e�l�l�-�i�n�v�e�s�t�i�g�a�t�e�d� 
´�c�l�o�s�e�dµ� �n�i�c�h�e�-�s�u�p�p�o�r�t�e�d� �t�i�s�s�u�e�s�,� �s�u�c�h� �a�s� Drosophila� �g�o�n�a�d�s� 
�o�r� �m�a�m�m�a�l�i�a�n� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e�.� �T�h�e� ´�c�l�o�s�e�dµ� �n�i�c�h�e� �i�s� �a� 
�d�e�f�i�n�i�t�i�v�e�,� �s�p�e�c�i�f�i�e�d� �r�e�g�i�o�n� �o�f� �a� �t�i�s�s�u�e� �w�h�i�c�h� �t�y�p�i�c�a�l�l�y� �t�e�t�h�e�r�s� 
�t�h�e� �s�t�e�m� �c�e�l�l�s�,� �w�h�i�l�e� �c�e�l�l�s� �t�h�a�t� �e�x�i�t� �t�h�i�s� �n�i�c�h�e� �r�e�g�i�o�n� �w�i�l�l� 
�d�i�f�f�e�r�e�n�t�i�a�t�e�.� �I�n� �c�o�n�t�r�a�s�t�,� �s�e�m�i�n�i�f�e�r�o�u�s� �t�u�b�u�l�e�s� �d�o� �n�o�t� �h�a�r�b�o�r� 
�s�u�c�h� �a� �d�e�f�i�n�e�d� �s�t�r�u�c�t�u�r�e�,� �b�u�t� �t�h�e� �s�t�e�m� �c�e�l�l�s� �(�G�F�RƠ�1�� 
�s�p�e�r�m�a�t�o�g�o�n�i�a�)� �a�r�e� �s�c�a�t�t�e�r�e�d� �i�n� �t�h�e� �b�a�s�a�l� �c�o�m�p�a�r�t�m�e�n�t� �w�i�t�h� 
�s�o�m�e�,� �b�u�t� �s�i�g�n�i�f�i�c�a�n�t�,� �p�r�e�f�e�r�e�n�c�e� �t�o� �t�h�e� �v�a�s�c�u�l�a�t�u�r�e� �b�e�t�w�e�e�n� 
�t�h�e� �t�u�b�u�l�e�s�.� �I�t� �r�e�m�a�i�n�s� �a�n� �i�m�p�o�r�t�a�n�t� �u�n�s�o�l�v�e�d� �q�u�e�s�t�i�o�n� �h�o�w� 
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�s�t�e�m� �c�e�l�l� �f�a�t�e� �i�s� �r�e�g�u�l�a�t�e�d� �(�w�h�e�t�h�e�r� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �o�r� 
�r�e�m�a�i�n�i�n�g� �u�n�d�i�f�f�e�r�e�n�t�i�a�t�e�d�)� �i�n� �a�n� �o�p�e�n� �n�i�c�h�e� �s�y�s�t�e�m�.� 
�I�n� �2�0�1��,� �w�e� �q�u�e�s�t�i�o�n�e�d� �t�h�e� �c�e�l�l�u�l�a�r� �i�d�e�n�t�i�t�y� �a�n�d� �t�h�e� 
�d�y�n�a�m�i�c�s� �o�f� �t�h�e� �s�t�e�m� �c�e�l�l�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �m�e�c�h�a�n�i�s�m�s� 
�r�e�g�u�l�a�t�i�n�g� �s�t�e�m� �c�e�l�l� �f�a�t�e� �i�n� �t�h�e� �r�e�c�e�n�t�l�y� �p�r�o�p�o�s�e�d� �o�p�e�n� �n�i�c�h�e� 
�m�o�d�e�l�,� �a�s� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� 

II.  Cellular identity and the dynamics of 
spermatogenic stem cells

�T�h�e� �a�f�o�r�e�m�e�n�t�i�o�n�e�d� �s�t�u�d�i�e�s� �i�l�l�u�s�t�r�a�t�e� �t�h�a�t� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� 
�G�F�RƠ�1�� �s�p�e�r�m�a�t�o�g�o�n�i�a� �a�r�e� �a�n� �e�s�s�e�n�t�i�a�l� �p�r�o�b�l�e�m� �f�o�r� �a� �f�u�l�l� 
�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �i�d�e�n�t�i�t�y� �a�n�d� �b�e�h�a�v�i�o�r� �o�f� �m�o�u�s�e� �s�p�e�r�m� 
�s�t�e�m� �c�e�l�l�s�.� �T�o� �a�d�d�r�e�s�s� �t�h�i�s�,� �w�e� �p�e�r�f�o�r�m�e�d� �s�i�n�g�l�e�-�c�e�l�l�-�l�e�v�e�l� 
�a�n�a�l�y�s�e�s� �o�f� in vivo� �d�y�n�a�m�i�c�s� �o�f� �G�F�RƠ�1�� �s�p�e�r�m�a�t�o�g�o�n�i�a�,� 
�t�a�k�i�n�g� �a�d�v�a�n�t�a�g�e� �o�f� �p�u�l�s�e�-�l�a�b�e�l�i�n�g� �a�n�d� �l�i�v�e�-�i�m�a�g�i�n�g� �s�t�u�d�i�e�s�,� 
�c�o�m�b�i�n�e�d� �w�i�t�h� �b�i�o�p�h�y�s�i�c�a�l� �m�o�d�e�l�i�n�g�,� �i�n� �c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� 
�D�r�.� �B�e�n� �S�i�m�o�n�s� �o�f� �t�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �C�a�m�b�r�i�d�g�e�,� �U�K�.�.� 
�G�F�RƠ�1�� �s�p�e�r�m�a�t�o�g�o�n�i�a� �l�i�e� �s�c�a�t�t�e�r�e�d� �u�n�e�v�e�n�l�y� �o�n� �t�h�e� 
�b�a�s�e�m�e�n�t� �m�e�m�b�r�a�n�e� �o�f� �s�e�m�i�n�i�f�e�r�o�u�s� �t�u�b�u�l�e�s� �(�F�i�g�u�r�e� ��)�,� �b�u�t� 
�t�h�e�i�r� �l�o�c�a�l� �d�e�n�s�i�t�y� �o�v�e�r� �a� �p�r�o�l�o�n�g�e�d� �t�u�b�u�l�e� �l�e�n�g�t�h� �i�s� 
�r�e�m�a�r�k�a�b�l�y� �c�o�n�s�t�a�n�t� �i�n� �a�d�u�l�t� �m�i�c�e�.� �B�y� �p�u�l�s�e�-�l�a�b�e�l�i�n�g� �t�h�e� 
�G�F�Rα�1�� �s�p�e�r�m�a�t�o�g�o�n�i�a� �w�i�t�h� �G�F�P�,� �w�e� �o�b�t�a�i�n�e�d� �c�l�o�n�a�l� �f�a�t�e� 
�d�a�t�a� �o�f� �G�F�Rα�1�� �s�p�e�r�m�a�t�o�g�o�n�i�a� �f�r�o�m� �s�e�v�e�r�a�l� �d�a�y�s� �t�o� �o�v�e�r� �a� 
�y�e�a�r�,� �a�n�d� �s�h�o�w�e�d� �t�h�a�t�,� �a�l�t�h�o�u�g�h� �t�h�e� �e�n�t�i�r�e�t�y� �o�f� �G�F�RƠ�1�� 
�s�p�e�r�m�a�t�o�g�o�n�i�a� �m�a�i�n�t�a�i�n�e�d� �t�h�e�i�r� �o�w�n� �p�o�p�u�l�a�t�i�o�n� �w�h�i�l�e� �g�i�v�i�n�g� 
�r�i�s�e� �t�o� �d�i�f�f�e�r�e�n�t�i�a�t�i�n�g� �p�r�o�g�e�n�y�,� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �G�F�RƠ�1�� 
�s�p�e�r�m�a�t�o�g�o�n�i�a� �f�o�l�l�o�w�e�d� �h�i�g�h�l�y� �v�a�r�i�a�b�l�e� �a�n�d� �i�n�t�r�i�c�a�t�e� �f�a�t�e� 
�b�e�h�a�v�i�o�r�s�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �m�a�i�n�t�e�n�a�n�c�e� �o�f� 
�G�F�Rα1+ �s�p�e�r�m�a�t�o�g�o�n�i�a� �i�s� �a�c�h�i�e�v�e�d� �b�y� ´�p�o�p�u�l�a�t�i�o�n� 
�a�s�y�m�m�e�t�r�yµ�,� �i�n� �w�h�i�c�h� �b�a�l�a�n�c�e�d� �s�t�e�m� �c�e�l�l� �m�a�i�n�t�e�n�a�n�c�e� �a�n�d� 
�p�r�o�d�u�c�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t�i�a�t�i�n�g� �p�r�o�g�e�n�y� �a�r�e� �a�c�h�i�e�v�e�d� �a�t� �a� 
�p�o�p�u�l�a�t�i�o�n�-�l�e�v�e�l�.� 
�W�e� �n�e�x�t� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �G�F�RƠ�1�� 
�s�p�e�r�m�a�t�o�g�o�n�i�a�,� �b�y� �m�e�a�n�s� �o�f� in vivo� �l�i�v�e�-�i�m�a�g�i�n�g�.� �F�r�o�m� �t�h�e� 
�n�u�m�e�r�o�u�s� ��-�d�a�y�-�l�o�n�g� �o�b�s�e�r�v�a�t�i�o�n�s� �t�h�a�t� �a�l�t�o�g�e�t�h�e�r� �e�f�f�e�c�t�i�v�e�l�y� 
�c�o�v�e�r� �o�n�e� �y�e�a�r� �o�f� �s�p�e�r�m�a�t�o�g�o�n�i�a�l� �b�e�h�a�v�i�o�r�,� �i�t� �i�s� �i�n�d�i�c�a�t�e�d� 
�t�h�a�t� �G�F�RƠ�1�� �c�e�l�l�s� �c�o�n�t�i�n�u�a�l�l�y� �c�h�a�n�g�e� �t�h�e�i�r� �m�o�r�p�h�o�l�o�g�i�c�a�l� 
�s�t�a�t�e�s� �b�e�t�w�e�e�n� �A�s�,� �A�p�r� �a�n�d� �A�a�l� �s�p�e�r�m�a�t�o�g�o�n�i�a� �t�h�r�o�u�g�h� �a� 
�c�o�m�b�i�n�a�t�i�o�n� �o�f� ´�i�n�c�o�m�p�l�e�t�e� �c�e�l�l� �d�i�v�i�s�i�o�n� �(�l�e�a�d�i�n�g� �t�o� 
�s�y�n�c�y�t�i�a�l� �e�x�t�e�n�s�i�o�n�)µ� �a�n�d� ´�s�y�n�c�y�t�i�a�l� �f�r�a�g�m�e�n�t�a�t�i�o�n� �(�t�h�r�o�u�g�h� 
�b�r�e�a�k�a�g�e� �o�f� �i�n�t�e�r�c�e�l�l�u�l�a�r� �b�r�i�d�g�e�s�)µ�,� �w�h�i�l�e� �g�i�v�i�n�g� �r�i�s�e� �t�o� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�n�g� �p�r�o�g�e�n�y� �f�r�o�m� �a�l�l� �o�f� �t�h�e�s�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� 
�s�t�a�t�e�s�.� 
�T�h�e� �l�i�v�e�-�i�m�a�g�i�n�g� �m�e�a�s�u�r�e�m�e�n�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �r�a�t�e�s� �o�f� 
´�i�n�c�o�m�p�l�e�t�e� �d�i�v�i�s�i�o�nµ� �a�n�d� ´�s�y�n�c�y�t�i�a�l� �f�r�a�g�m�e�n�t�a�t�i�o�nµ� �m�a�y� �b�e� 
�c�o�n�s�t�a�n�t� �r�e�g�a�r�d�l�e�s�s� �o�f� �w�h�e�t�h�e�r� �t�h�e�y� �a�r�e� �s�y�n�c�y�t�i�a� �o�r� �A�s�.� �W�e� 
�w�e�r�e� �t�h�e�n� �m�o�t�i�v�a�t�e�d� �t�o� �t�r�y� �t�o� �c�a�p�t�u�r�e� �t�h�e�s�e� �c�e�l�l�s� �u�s�i�n�g� �a� 
�b�i�o�p�h�y�s�i�c�a�l� �m�o�d�e�l�i�n�g� �s�c�h�e�m�e�,� �w�h�i�c�h� �e�s�s�e�n�t�i�a�l�l�y� �d�e�p�e�n�d�s� 
�o�n�l�y� �o�n� �t�h�e� �r�a�t�e�s� �o�f� ´�i�n�c�o�m�p�l�e�t�e� �d�i�v�i�s�i�o�nµ� �a�n�d� ´�s�y�n�c�y�t�i�a�l� 
�f�r�a�g�m�e�n�t�a�t�i�o�nµ�.� �I�n�t�r�i�g�u�i�n�g�l�y�,� �t�h�e� �m�o�d�e�l� �a�c�c�u�r�a�t�e�l�y� �p�r�e�d�i�c�t�e�d� 
�t�h�e� �w�i�d�e� �r�a�n�g�e� �o�f� �i�n�t�r�i�c�a�t�e� �c�l�o�n�a�l� �f�a�t�e� �b�e�h�a�v�i�o�r�s� �i�n� �s�t�e�a�d�y�-
�s�t�a�t�e� �o�v�e�r� �w�i�d�e� �t�i�m�e� �s�c�a�l�e�s� �f�r�o�m� �s�e�v�e�r�a�l� �d�a�y�s� �t�o� �o�v�e�r� �a� �y�e�a�r�,� 
�a�n�d� �t�h�e� �r�e�c�o�v�e�r�y� �f�r�o�m� �t�i�s�s�u�e� �i�n�s�u�l�t� �o�b�s�e�r�v�e�d� �i�n� �l�a�b�o�r�a�t�o�r�y� 
�e�x�p�e�r�i�m�e�n�t�s�.
�T�h�e� �r�e�s�u�l�t�s� �t�o�g�e�t�h�e�r� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �e�n�t�i�r�e�t�y� �o�f� �G�F�Rα�1�� 
�s�p�e�r�m�a�t�o�g�o�n�i�a� �(�i�n�c�l�u�d�i�n�g� �b�o�t�h� �A�s� �a�n�d� �s�y�n�c�y�t�i�a�)� �c�o�m�p�r�i�s�e� �a� 
�s�i�n�g�l�e� �e�q�u�i�p�o�t�e�n�t� �s�t�e�m� �c�e�l�l� �p�o�o�l� �a�n�d� �c�e�l�l�s� �c�o�n�t�i�n�u�a�l�l�y� 
�i�n�t�e�r�c�o�n�v�e�r�t� �b�e�t�w�e�e�n� �A�s� �a�n�d� �s�y�n�c�y�t�i�a�l� �s�t�a�t�e�s�,� �w�h�i�l�e� �g�i�v�i�n�g� 
�r�i�s�e� �t�o� �N�g�n��� �p�r�o�g�e�n�y� �(�F�i�g�u�r�e� �2�)�.� �T�h�i�s� �n�o�v�e�l� �p�a�r�a�d�i�g�m� 

�w�o�u�l�d� �c�h�a�l�l�e�n�g�e� �t�h�e� ´�A�s� �m�o�d�e�lµ� �t�h�a�t� �w�a�s� �p�r�o�p�o�s�e�d� �o�v�e�r� ��0� 
�y�e�a�r�s� �a�g�o�.

�F�i�g�u�r�e� �2�.� �A� �p�r�o�p�o�s�e�d� �s�t�e�m� �c�e�l�l� �d�y�n�a�m�i�c�s�.� �G�F�RƠ�1�� �s�p�e�r�m�a�t�o�g�o�n�i�a� 
�c�o�m�p�r�i�s�e� �a� �s�i�n�g�l�e� �s�t�e�m� �c�e�l�l� �p�o�o�l�,� �i�n� �w�h�i�c�h� �c�e�l�l�s� �c�o�n�t�i�n�u�a�l�l�y� �a�n�d� 
�r�e�v�e�r�s�i�b�l�y� �i�n�t�e�r�c�o�n�v�e�r�t� �b�e�t�w�e�e�n� �s�t�a�t�e�s� �o�f� �A�s�,� �A�p�r� �a�n�d� �A�a�l� �s�p�e�r�m�a�t�o�g�o�n�i�a� 
�t�h�r�o�u�g�h� �i�n�c�o�m�p�l�e�t�e� �c�e�l�l� �d�i�v�i�s�i�o�n� �(�b�l�u�e� �a�r�r�o�w�s�)� �a�n�d� �s�y�n�c�y�t�i�a�l� 
�f�r�a�g�m�e�n�t�a�t�i�o�n� �(�r�e�d� �a�r�r�o�w�s�)�,� �w�h�i�l�e� �g�i�v�i�n�g� �r�i�s�e� �t�o� �N�g�n��� �c�e�l�l�s�.� �T�h�u�s�,� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�-�d�e�s�t�i�n�e�d� �c�e�l�l�s� �f�o�l�l�o�w� �a� �s�e�r�i�e�s� �o�f� �t�r�a�n�s�i�t�i�o�n�s� 
�(�G�F�Rα�1�→�N�g�n��→�K�i�t��� �d�o�w�n�w�a�r�d� �b�l�a�c�k� �a�r�r�o�w�s�)� �t�h�a�t� �a�c�c�o�m�p�a�n�y� �t�h�e� 
�e�x�t�e�n�s�i�o�n� �o�f� �s�y�n�c�y�t�i�a�l� �l�e�n�g�t�h� �(�r�i�g�h�t�w�a�r�d� �b�l�a�c�k� �a�r�r�o�w�s�)�.� �N�g�n��� �a�n�d�,� �t�o� �a� 
�l�e�s�s�e�r� �e�x�t�e�n�t�,� �K�i�t�� �c�e�l�l�s� �r�e�t�a�i�n� �t�h�e� �c�a�p�a�c�i�t�y� �t�o� �r�e�v�e�r�t� �b�a�c�k� �i�n�t�o� �t�h�e� 
�G�F�RƠ�1�� �c�o�m�p�a�r�t�m�e�n�t� �i�n� �a� �c�o�n�t�e�x�t�-�d�e�p�e�n�d�e�n�t� �f�a�s�h�i�o�n�,� �s�u�c�h� �a�s� �a�f�t�e�r� 
�t�i�s�s�u�e� �i�n�s�u�l�t� �o�r� �d�u�r�i�n�g� �r�e�g�e�n�e�r�a�t�i�o�n� �f�r�o�m� �d�a�m�a�g�e� �e�t�c�.� �(�b�r�o�k�e�n� �a�r�r�o�w�s�)�.� 
�R�e�p�r�o�d�u�c�e�d� �f�r�o�m� +�a�r�a� et al�.�,� �C�e�l�l� �S�t�e�m� �C�e�l�l� �(�2�0�1��)�.

II.  Undifferentiated spermatogonia show 
heterogeneous differentiation competence in 
response to retinoic acid.

�A�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�,� �s�e�m�i�n�i�f�e�r�o�u�s� �t�u�b�u�l�e�s� �r�e�p�r�e�s�e�n�t� �a� 
�t�y�p�i�c�a�l� �o�p�e�n� �n�i�c�h�e� �o�f� �s�t�e�m� �c�e�l�l�s�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �G�F�Rα1��,� 
�N�g�n���,� �a�n�d� �K�i�t�� �s�p�e�r�m�a�t�o�g�o�n�i�a�l� �s�u�b�p�o�p�u�l�a�t�i�o�n�s� �a�r�e� 
�i�n�t�e�r�m�i�n�g�l�e�d� �i�n� �t�h�e� �b�a�s�a�l� �c�o�m�p�a�r�t�m�e�n�t� �(�F�i�g�u�r�e� ��)�.� �I�n� 
�a�d�d�i�t�i�o�n�,� �t�h�e�s�e� �a�r�e� �l�i�k�e�l�y� �t�o� �b�e� �u�b�i�q�u�i�t�o�u�s�l�y� �b�a�t�h�e�d� �w�i�t�h� 
�r�e�t�i�n�o�i�c� �a�c�i�d� �(�R�A�)�,� �a� �s�t�r�o�n�g� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�-�i�n�d�u�c�e�r�,� �t�h�a�t� 
�o�c�c�u�r�s� �p�e�r�i�o�d�i�c�a�l�l�y� �a�l�o�n�g� �w�i�t�h� �t�h�e� �c�y�c�l�e� �o�f� �s�e�m�i�n�i�f�e�r�o�u�s� 
�e�p�i�t�h�e�l�i�u�m� �(��.�� �d�a�y�s� �p�e�r� �a� �c�y�c�l�e�)�.� �S�o�,� �a� �f�u�n�d�a�m�e�n�t�a�l� �q�u�e�s�t�i�o�n� 
�i�s� �r�a�i�s�e�d�� �O�u�t� �o�f� �t�h�e� �e�n�t�i�r�e� �p�o�p�u�l�a�t�i�o�n� �o�f� �u�n�d�i�f�f�e�r�e�n�t�i�a�t�e�d� 
�s�p�e�r�m�a�t�o�g�o�n�i�a� �w�i�t�h� �s�t�e�m� �c�e�l�l� �p�o�t�e�n�t�i�a�l� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �t�h�e� 
�a�c�t�i�v�i�t�y� �o�f� �p�o�s�t�-�t�r�a�n�s�p�l�a�n�t�a�t�i�o�n� �c�o�l�o�n�y� �f�o�r�m�a�t�i�o�n�,� �w�h�y� �d�o� 
�N�g�n��� �c�e�l�l�s� �p�r�e�f�e�r�e�n�t�i�a�l�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�e� �a�n�d� �w�h�y� �d�o� �G�F�RƠ�1�� 
�c�e�l�l�s� �m�a�i�n�t�a�i�n� �t�h�e�i�r� �o�w�n� �p�o�p�u�l�a�t�i�o�n� �(�s�e�l�f�-�r�e�n�e�w�a�l�)"

�F�i�g�u�r�e� ��.� �L�o�c�a�l�i�z�a�t�i�o�n� �o�f� �G�F�RƠ�1��,� �N�g�n���,� �a�n�d� �K�I�T�� �s�p�e�r�m�a�t�o�g�o�n�i�a�. 
�R�e�p�r�e�s�e�n�t�a�t�i�v�e� �i�m�a�g�e�s� �o�f� �t�r�i�p�l�e� �i�m�m�u�n�o�-�s�t�a�i�n�e�d� �w�h�o�l�e�-�m�o�u�n�t� 
�s�e�m�i�n�i�f�e�r�o�u�s� �t�u�b�u�l�e�s� �o�f� �a�n� Ngn3-EGFP �m�o�u�s�e�.� �S�c�a�l�e� �b�a�r�s�  � �5�0� ƫ�m�.� 

�B�y� �p�u�l�s�e�-�l�a�b�e�l�i�n�g� �t�h�e� �N�g�n��� �a�n�d� �G�F�RƠ�1�� �p�o�p�u�l�a�t�i�o�n�s� �b�y� 
�m�e�a�n�s� �o�f� �t�h�e� �t�a�m�o�x�i�f�e�n�-�i�n�d�u�c�i�b�l�e� �c�r�e�-�l�o�x�P� �s�y�s�t�e�m�,� �w�e� �t�e�s�t�e�d� 
�t�h�e� �r�e�s�p�o�n�s�e� �o�f� �t�h�e�s�e� �c�e�l�l�s� �t�o� �R�A�.� �T�h�e� �r�e�s�u�l�t�s� �f�i�r�s�t� �i�n�d�i�c�a�t�e�d� 
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�t�h�a�t� �N�g�n��� �c�e�l�l�s� �r�a�p�i�d�l�y� �a�n�d� �e�f�f�i�c�i�e�n�t�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �i�n�t�o� 
�K�i�t�� �c�e�l�l�s� �i�n� �r�e�s�p�o�n�s�e� �t�o� �R�A�.� �I�n� �c�o�n�t�r�a�s�t�,� �G�F�Rα1+� �c�e�l�l�s� �d�i�d� 
�n�o�t� �s�h�o�w� �e�f�f�e�c�t�i�v�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �i�n�d�u�c�e�d� �b�y� �R�A�,� �b�u�t� �t�h�e�y� 
�g�e�n�e�r�a�t�e�d� �t�h�e� �N�g�n��� �c�e�l�l�s� �i�n� �a�n� �R�A�-�i�n�d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r�.� 
�T�h�u�s�,� �G�F�RƠ�1�� �a�n�d� �N�g�n��� �c�e�l�l�s� �s�h�o�w� �d�i�s�t�i�n�c�t�i�v�e� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �c�o�m�p�e�t�e�n�c�e� �i�n� �r�e�s�p�o�n�s�e� �t�o� �R�A�.� � 
�W�e� �t�h�e�n� �q�u�e�s�t�i�o�n�e�d� �t�h�e� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m� �t�h�a�t� �c�a�u�s�e�d� 
�s�u�c�h� �d�i�f�f�e�r�e�n�t�i�a�l� �r�e�s�p�o�n�s�e�s� �t�o� �R�A�.� �T�o� �t�h�i�s� �e�n�d�,� �t�h�e� 
�t�r�a�n�s�c�r�i�p�t�o�m�e�s� �o�f� �G�F�RƠ�1�� �a�n�d� �N�g�n��� �f�r�a�c�t�i�o�n�s� �w�e�r�e� 
�c�o�m�p�a�r�e�d� �b�y� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �m�i�c�r�o�a�r�r�a�y� �a�n�a�l�y�s�i�s�.� �A�m�o�n�g� �a� 
�n�u�m�b�e�r� �o�f� �g�e�n�e�s� �i�n�v�o�l�v�e�d� �i�n� �R�A� �s�i�g�n�a�l� �r�e�c�e�p�t�i�o�n�,� 
�p�a�r�t�i�c�u�l�a�r�l�y�,� �r�e�t�i�n�o�i�c� �a�c�i�d� �r�e�c�e�p�t�o�r� �g�a�m�m�a� �(Rarγ�)�,� �e�x�p�r�e�s�s�i�o�n� 
�w�a�s� �p�r�e�f�e�r�e�n�t�i�a�l�l�y� �o�b�s�e�r�v�e�d� �i�n� �N�g�n��� �c�e�l�l�s� �o�v�e�r� �G�F�RƠ�1�� 
�c�e�l�l�s�.� �T�h�i�s� �w�a�s� �a�l�s�o� �t�r�u�e� �f�o�r� �t�h�e� �R�A�RƢ� �p�r�o�t�e�i�n� �(�F�i�g�u�r�e� ��)�.� �O�n� 
�t�h�e� �o�t�h�e�r� �h�a�n�d�,� �m�o�s�t� �o�f� �t�h�e� �o�t�h�e�r� �R�A�-�r�e�l�a�t�e�d� �g�e�n�e�s� �s�h�o�w�e�d� 
�s�i�m�i�l�a�r� �l�e�v�e�l�s� �o�f� �e�x�p�r�e�s�s�i�o�n�.� 

�F�i�g�u�r�e� ��.� �E�x�p�r�e�s�s�i�o�n� �o�f� �R�A�RƢ� �i�n� �N�g�n���,� �b�u�t� �n�o�t� �i�n� �G�F�RƠ�1��,� 
�s�p�e�r�m�a�t�o�g�o�n�i�a�.� �R�e�p�r�e�s�e�n�t�a�t�i�v�e� �i�m�a�g�e�s� �o�f� �d�o�u�b�l�e� �i�m�m�u�n�o�-�s�t�a�i�n�e�d� �w�h�o�l�e�-
�m�o�u�n�t� �s�e�m�i�n�i�f�e�r�o�u�s� �t�u�b�u�l�e�s� �o�f� �a�n� Ngn3-EGFP �m�o�u�s�e�.� �S�c�a�l�e� �b�a�r�s�  � �5�0� 
ƫ�m�.� �M�o�d�i�f�i�e�d� �f�r�o�m� �I�k�a�m�i� et al�.�,� �D�e�v�e�l�o�p�m�e�n�t� 142�,� �1�-�1�1� �(�2�0�1�5�)�.

�W�e� �t�h�e�n� �a�d�d�r�e�s�s�e�d� �t�h�e� �r�o�l�e�s� �o�f� �R�A�RƢ� �b�y� �e�c�t�o�p�i�c� �e�x�p�r�e�s�s�i�o�n� 
�i�n� �G�F�RƠ�1�� �c�e�l�l�s� �t�h�a�t� �n�o�r�m�a�l�l�y� �d�o� �n�o�t� �e�x�p�r�e�s�s� �t�h�i�s� �g�e�n�e�.� 
�I�n�t�r�i�g�u�i�n�g�l�y�,� �e�n�f�o�r�c�e�d� �e�x�p�r�e�s�s�i�o�n� �o�f� �R�A�RƢ� �p�r�o�v�i�d�e�d� �t�h�e� 
�G�F�RƠ�1�� �c�e�l�l�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �c�o�m�p�e�t�e�n�c�e� �i�n� �r�e�s�p�o�n�s�e� �t�o� 
�R�A�.� �T�h�i�s� �i�n�d�i�c�a�t�e�s� �t�h�e� �k�e�y� �r�o�l�e� �o�f� �R�A�RƢ� �i�n� �t�h�e� 
�h�e�t�e�r�o�g�e�n�e�o�u�s� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �c�o�m�p�e�t�e�n�c�e� �a�n�d� �t�h�e� �s�u�b�s�e�q�u�e�n�t� 
�f�a�t�e� �s�e�l�e�c�t�i�o�n� �o�f� �u�n�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �s�p�e�r�m�a�t�o�g�o�n�i�a�.� 
�F�r�o�m� �t�h�e�s�e� �r�e�s�u�l�t�s�,� �h�e�t�e�r�o�g�e�n�e�o�u�s� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� 
�c�o�m�p�e�t�e�n�c�e�,� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �p�e�r�i�o�d�i�c�a�l�l�y� �b�u�t� �u�b�i�q�u�i�t�o�u�s�l�y� 
�d�i�s�t�r�i�b�u�t�e�d� �R�A�,� �a�p�p�e�a�r�s� �t�o� �a�l�l�o�c�a�t�e� �t�h�e� �u�n�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �c�e�l�l�s�’� 
�f�a�t�e�s� �f�o�r� �t�h�e� �c�o�n�t�i�n�u�i�t�y� �o�f� �s�p�e�r�m�a�t�o�g�e�n�e�s�i�s� �(�F�i�g�u�r�e� �5�)�.� �W�e� 
�p�r�o�p�o�s�e� �t�h�a�t� �h�e�t�e�r�o�g�e�n�e�o�u�s� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �c�o�m�p�e�t�e�n�c�e� 
�c�o�m�b�i�n�e�d� �w�i�t�h� �s�p�a�t�i�a�l�l�y� �u�b�i�q�u�i�t�o�u�s� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�-�i�n�d�u�c�i�n�g� �s�i�g�n�a�l�s� �w�o�u�l�d� �b�e� �p�a�r�a�d�i�g�m�a�t�i�c� �f�o�r� 
�s�t�e�m� �c�e�l�l� �r�e�g�u�l�a�t�i�o�n� �i�n� �a�n� �o�p�e�n�e�d� �n�i�c�h�e� �b�a�s�e�d� �m�o�d�e�l�.
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�Y�.�,� �O�t�a�,� �W�.�,� �A�r�a�i�,� �N�.�,� �T�e�g�a�,� �A�.�,� �I�i�g�o�,� �M�.�,� �D�a�r�r�a�s�,� 9�.�M�.�,� �T�s�u�t�s�u�i�,� �K�.�,� 
+�a�y�a�s�h�i�,� �Y�.�,� �Y�o�s�h�i�d�a�,� �S�.�,� �a�n�d� �Y�o�s�h�i�m�u�r�a�, �T�.� �L�o�w� �t�e�m�p�e�r�a�t�u�r�e�-�i�n�d�u�c�e�d� 
�c�i�r�c�u�l�a�t�i�n�g� �t�r�i�i�o�d�o�t�h�y�r�o�n�i�n�e� �a�c�c�e�l�e�r�a�t�e�s� �s�e�a�s�o�n�a�l� �t�e�s�t�i�c�u�l�a�r� �r�e�g�r�e�s�s�i�o�n�.� 
�E�n�d�o�c�r�i�n�o�l�o�g�y� �2�0�1�� �N�o�v� �1��.

�F�i�g�u�r�e� �5�.� �A� �s�c�h�e�m�e� �f�o�r� �t�h�e� �f�a�t�e� �a�l�l�o�c�a�t�i�o�n� �o�f� �u�n�d�i�f�f�e�r�e�n�t�i�a�t�e�d� 
�s�p�e�r�m�a�t�o�g�o�n�i�a� �a�l�o�n�g� �t�h�e� �c�y�c�l�e� �o�f� �s�e�m�i�n�i�f�e�r�o�u�s� �t�u�b�u�l�e�s�.� �S�e�e� �t�e�x�t� �f�o�r� 
�d�e�t�a�i�l�s�.� � 

'HYHORSPHQWDO�BLRORJ\
National ,nstitute Ior %asic %iology


