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The cover items are related to a study dissecting the nature and behavior of mouse spermatogenic stem cells in the testis 
(Hara et al., Cell Stem Cell, 2014). This study observed the in vivo fate behavior of the undifferentiated population of 
spermatogonia through intravital live-imaging and pulse-labeling studies, combined with biophysical modeling. The 
results showed that both singly isolated spermatogonia –which have been considered the only stem cell type– and syncytial 
spermatogonia –which have been considered committed for differentiation– comprise a single stem cell pool, in which 
cells stochastically interconvert between these morphologically different states. See page 30 of this report for details.
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�p�r�o�f�e�s�s�o�r�,� �o�n�e� �a�s�s�o�c�i�a�t�e� �p�r�o�f�e�s�s�o�r�,� �t�w�o� �s�p�e�c�i�a�l�l�y� �a�p�p�o�i�n�t�e�d� 
�a�s�s�o�c�i�a�t�e� �p�r�o�f�e�s�s�o�r�s�,� �o�n�e� �a�s�s�i�s�t�a�n�t� �p�r�o�f�e�s�s�o�r�,� �o�n�e� �s�p�e�c�i�a�l�l�y� 
�a�p�p�o�i�n�t�e�d� �a�s�s�i�s�t�a�n�t� �p�r�o�f�e�s�s�o�r�,� �a�n�d� �f�i�v�e� �N�I�B�B� �r�e�s�e�a�r�c�h� 
�f�e�l�l�o�w�s�,� �w�h�i�l�e� �f�o�u�r� �c�o�l�l�e�a�g�u�e�s� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �o�t�h�e�r� �i�n�s�t�i�t�u�t�e�s�.

�F�i�n�a�l�l�y� �I� �w�o�u�l�d� �l�i�k�e� �t�o� �c�o�n�g�r�a�t�u�l�a�t�e� �S�p�e�c�i�a�l�l�y� �A�p�p�o�i�n�t�e�d� 
�A�s�s�o�c�i�a�t�e� �P�r�o�f�.� �T�s�u�y�o�s�h�i� �S�h�i�m�m�u�r�a� �f�o�r� �w�i�n�n�i�n�g� �t�h�e� 
�E�n�c�o�u�r�a�g�e�m�e�n�t� �A�w�a�r�d� �f�r�o�m� �t�h�e� �J�a�p�a�n�e�s�e� �S�o�c�i�e�t�y� �o�f� �A�n�i�m�a�l� 
�S�c�i�e�n�c�e�.� �I� �w�o�u�l�d� �a�l�s�o� �l�i�k�e� �t�o� �c�o�n�g�r�a�t�u�l�a�t�e� �y�o�u�n�g� �c�o�l�l�e�a�g�u�e�s� 
�f�o�r� �w�i�n�n�i�n�g� �a�w�a�r�d�s� �f�r�o�m� �a�c�a�d�e�m�i�c� �s�o�c�i�e�t�i�e�s� �a�n�d� 
�S�O�K�E�N�D�A�I�,� �a�s� �d�e�t�a�i�l�e�d� �o�n� �p�a�g�e� ��.

�T�o� �e�s�t�a�b�l�i�s�h� �N�I�B�B� �a�s� �a�n� �i�n�t�e�r�n�a�t�i�o�n�a�l� �l�e�a�d�i�n�g� �i�n�s�t�i�t�u�t�e� �i�n� 
�t�h�e� �f�i�e�l�d� �o�f� �b�a�s�i�c� �b�i�o�l�o�g�y�,� �w�e� �a�l�w�a�y�s� �w�e�l�c�o�m�e� �y�o�u�r� 
�s�u�g�g�e�s�t�i�o�n�s�,� �c�o�m�m�e�n�t�s� �a�n�d� �q�u�e�r�i�e�s� �c�o�n�c�e�r�n�i�n�g� �o�u�r� �a�c�t�i�v�i�t�i�e�s�,� 
�i�n� �a�d�d�i�t�i�o�n� �t�o� �y�o�u�r� �w�a�r�m� �s�u�p�p�o�r�t�.

�M�a�s�a�y�u�k�i� �Y�a�m�a�m�o�t�o
�D�i�r�e�c�t�o�r� �G�e�n�e�r�a�l� �o�f� �N�I�B�B
�J�u�l�y� �2��,� �2�0�1�5
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�T�h�e� �N�a�t�i�o�n�a�l� �I�n�s�t�i�t�u�t�e� �f�o�r� �B�a�s�i�c� �B�i�o�l�o�g�y� �(�N�I�B�B�)� �w�a�s� 
�f�o�u�n�d�e�d� �i�n� �1���� �o�n� �a� �h�i�l�l� �o�v�e�r�l�o�o�k�i�n�g� �t�h�e� �o�l�d� �t�o�w�n� �o�f� 
�O�k�a�z�a�k�i� �i�n� �A�i�c�h�i� �p�r�e�f�e�c�t�u�r�e� �a�s� �o�n�e� �o�f� �t�h�e� �I�n�t�e�r�-�U�n�i�v�e�r�s�i�t�y� 
�R�e�s�e�a�r�c�h� �I�n�s�t�i�t�u�t�e�s� �t�o� �p�r�o�m�o�t�e� �a�n�d� �s�t�i�m�u�l�a�t�e� �s�t�u�d�i�e�s� �o�f� 
�b�i�o�l�o�g�y�.� �N�I�B�B� �c�o�n�d�u�c�t�s� �f�i�r�s�t�-�r�a�t�e� �r�e�s�e�a�r�c�h� �o�n� �s�i�t�e� �a�s� �w�e�l�l� �a�s� 
�i�n� �c�o�o�p�e�r�a�t�i�o�n� �w�i�t�h� �n�a�t�i�o�n�a�l�,� �p�u�b�l�i�c� �a�n�d� �p�r�i�v�a�t�e� �u�n�i�v�e�r�s�i�t�i�e�s� 
�a�n�d� �r�e�s�e�a�r�c�h� �o�r�g�a�n�i�z�a�t�i�o�n�s�.� �N�I�B�B� �a�t�t�e�m�p�t�s� �t�o� �e�l�u�c�i�d�a�t�e� �t�h�e� 
�g�e�n�e�r�a�l� �a�n�d� �f�u�n�d�a�m�e�n�t�a�l� �m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �v�a�r�i�o�u�s� 
�b�i�o�l�o�g�i�c�a�l� �p�h�e�n�o�m�e�n�a� �t�h�r�o�u�g�h�o�u�t� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� 
�b�i�o�l�o�g�i�c�a�l� �f�i�e�l�d�s�,� �s�u�c�h� �a�s� �c�e�l�l� �b�i�o�l�o�g�y�,� �d�e�v�e�l�o�p�m�e�n�t�a�l� 
�b�i�o�l�o�g�y�,� �n�e�u�r�o�b�i�o�l�o�g�y�,� �e�v�o�l�u�t�i�o�n�a�r�y� �b�i�o�l�o�g�y�,� �e�n�v�i�r�o�n�m�e�n�t�a�l� 
�b�i�o�l�o�g�y�,� �a�n�d� �t�h�e�o�r�e�t�i�c�a�l� �b�i�o�l�o�g�y�.
�N�I�B�B� �a�n�d� �f�o�u�r� �o�t�h�e�r� �n�a�t�i�o�n�a�l� �i�n�s�t�i�t�u�t�e�s�,� �t�h�e� �N�a�t�i�o�n�a�l� 
�A�s�t�r�o�n�o�m�i�c�a�l� �O�b�s�e�r�v�a�t�o�r�y� �(�N�A�O�)�,� �t�h�e� �N�a�t�i�o�n�a�l� �I�n�s�t�i�t�u�t�e� �f�o�r� 
�F�u�s�i�o�n� �S�c�i�e�n�c�e� �(�N�I�F�S�)�,� �t�h�e� �N�a�t�i�o�n�a�l� �I�n�s�t�i�t�u�t�e� �f�o�r� 
�P�h�y�s�i�o�l�o�g�i�c�a�l� �S�c�i�e�n�c�e�s� �(�N�I�P�S�)�,� �a�n�d� �t�h�e� �I�n�s�t�i�t�u�t�e� �f�o�r� 
�M�o�l�e�c�u�l�a�r� �S�c�i�e�n�c�e� �(�I�M�S�)�,� �c�o�n�s�t�i�t�u�t�e� �t�h�e� �N�a�t�i�o�n�a�l� �I�n�s�t�i�t�u�t�e�s� 
�o�f� �N�a�t�u�r�a�l� �S�c�i�e�n�c�e�s� �(�N�I�N�S�)�,� �w�h�i�c�h� �i�s� �o�n�e� �o�f� �t�h�e� �f�o�u�r� �I�n�t�e�r�-
�U�n�i�v�e�r�s�i�t�y� �R�e�s�e�a�r�c�h� �I�n�s�t�i�t�u�t�e� �C�o�r�p�o�r�a�t�i�o�n�s�.� �N�I�B�B�’�s� �a�c�t�i�v�i�t�i�e�s� 
�a�r�e� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �M�i�n�i�s�t�r�y� �o�f� �E�d�u�c�a�t�i�o�n�,� �C�u�l�t�u�r�e�,� �S�p�o�r�t�s�,� 
�S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y� �(�M�E;�T�)� �o�f� �J�a�p�a�n�.� �T�h�e� �O�k�a�z�a�k�i� 
�I�n�s�t�i�t�u�t�e� �f�o�r� �I�n�t�e�g�r�a�t�i�v�e� �B�i�o�s�c�i�e�n�c�e� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �a�s� �a� 
�c�o�m�m�o�n� �f�a�c�i�l�i�t�y� �f�o�r� �t�h�e� �t�h�r�e�e� �i�n�s�t�i�t�u�t�e�s� �(�N�I�B�B�,� �N�I�P�S�,� �a�n�d� 
�I�M�S�)� �o�f� �t�h�e� �O�k�a�z�a�k�i� �c�a�m�p�u�s�.� 

Policy, Decision Making, and Administration
�T�h�e� �D�i�r�e�c�t�o�r� �G�e�n�e�r�a�l� �o�v�e�r�s�e�e�s� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �N�I�B�B�,� 
�a�s�s�i�s�t�e�d� �b�y� �t�h�e� �A�d�v�i�s�o�r�y� �C�o�m�m�i�t�t�e�e� �f�o�r� �P�r�o�g�r�a�m�m�i�n�g� �a�n�d� 
�M�a�n�a�g�e�m�e�n�t�.� �T�h�e� �A�d�v�i�s�o�r�y� �C�o�m�m�i�t�t�e�e�,� �c�o�m�p�r�i�s�e�d� �o�f� �e�l�e�v�e�n� 
�p�r�o�f�e�s�s�o�r�s� �w�i�t�h�i�n� �N�I�B�B� �a�n�d� �t�e�n� �l�e�a�d�i�n�g� �b�i�o�l�o�g�i�s�t�s� �o�u�t�s�i�d�e� 
�N�I�B�B�,� �a�d�v�i�s�e�s� �t�h�e� �D�i�r�e�c�t�o�r� �G�e�n�e�r�a�l� �o�n� �i�m�p�o�r�t�a�n�t� �m�a�t�t�e�r�s� 
�s�u�c�h� �a�s� �p�l�a�n�n�i�n�g� �j�o�i�n�t� �r�e�s�e�a�r�c�h� �p�r�o�g�r�a�m�s� �a�s� �w�e�l�l� �a�s� �o�n� �t�h�e� 
�s�c�i�e�n�t�i�f�i�c� �a�c�t�i�v�i�t�i�e�s� �o�f� �N�I�B�B�.� �T�h�e� �A�d�v�i�s�o�r�y� �C�o�m�m�i�t�t�e�e� 
�m�a�k�e�s� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �o�n� �t�h�e� �a�p�p�o�i�n�t�m�e�n�t�s� �o�f� �n�e�w� 
�D�i�r�e�c�t�o�r�s� �G�e�n�e�r�a�l�,� �f�a�c�u�l�t�y� �a�p�p�o�i�n�t�m�e�n�t�s�,� �N�I�B�B�’�s� �a�n�n�u�a�l� 
�b�u�d�g�e�t� �a�n�d� �f�u�t�u�r�e� �p�r�o�s�p�e�c�t�s�.� 
�T�h�e� �R�e�s�e�a�r�c�h� �E�n�h�a�n�c�e�m�e�n�t� �S�t�r�a�t�e�g�y� �O�f�f�i�c�e�,� �a�i�m�e�d� �a�t� 
�s�u�p�p�o�r�t�i�n�g� �r�e�s�e�a�r�c�h�e�r�s� �i�n� �o�r�d�e�r� �t�o� �i�m�p�r�o�v�e� �N�I�B�B�’�s� �a�b�i�l�i�t�i�e�s� 
�a�s� �a� �c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� �i�n�s�t�i�t�u�t�i�o�n�,� �w�a�s� �r�e�s�t�r�u�c�t�u�r�e�d� �i�n� 
�2�0�1�� �f�r�o�m� �t�h�e� �f�o�r�m�e�r� �S�t�r�a�t�e�g�i�c� �P�l�a�n�n�i�n�g� �D�e�p�a�r�t�m�e�n�t�,� �O�f�f�i�c�e� 
�o�f� �P�u�b�l�i�c� �R�e�l�a�t�i�o�n�s�,� �a�n�d� �O�f�f�i�c�e� �o�f� �I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�o�p�e�r�a�t�i�o�n�.� 
�T�h�e� �O�f�f�i�c�e� �i�s� �m�a�d�e� �u�p� �o�f� �f�i�v�e� �g�r�o�u�p�s� �(�p�.� ���)� �a�n�d� �i�t�s� �a�c�t�i�v�i�t�i�e�s� 
�a�r�e� �m�a�i�n�l�y� �c�a�r�r�i�e�d� �o�u�t� �b�y� �U�R�A�s� �(�U�n�i�v�e�r�s�i�t�y� �R�e�s�e�a�r�c�h� 
�A�d�m�i�n�i�s�t�r�a�t�o�r�s�)� �i�n� �c�l�o�s�e� �c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �t�h�e� �N�I�N�S�’�s� 
�R�e�s�e�a�r�c�h� �E�n�h�a�n�c�e�m�e�n�t� �P�r�o�m�o�t�i�o�n� +�e�a�d�q�u�a�r�t�e�r�s�.� 
�A�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �N�I�B�B� �i�s� �u�n�d�e�r�t�a�k�e�n� �b�y� �t�h�e� �O�k�a�z�a�k�i� 
�A�d�m�i�n�i�s�t�r�a�t�i�o�n� �O�f�f�i�c�e� �u�n�d�e�r� �t�h�e� �d�i�r�e�c�t� �a�u�s�p�i�c�e�s� �o�f� �t�h�e� 
�A�d�m�i�n�i�s�t�r�a�t�i�o�n� �O�f�f�i�c�e� �o�f� �N�I�N�S�.
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�B�u�i�l�d�i�n�g�s� �i�n� �t�h�e� �M�y�o�d�a�i�j�i� �a�r�e�a� �(�l�e�f�t�)� �a�n�d� �Y�a�m�a�t�e� �a�r�e�a� �(�r�i�g�h�t�)�.

■ Organization

�R�e�s�e�a�r�c�h� �S�u�p�p�o�r�t� �F�a�c�i�l�i�t�i�e�s

�R�e�s�e�a�r�c�h� �S�u�p�p�o�r�t� �S�e�c�t�i�o�n

� � �N�e�u�r�o�b�i�o�l�o�g�y
■�D�i�v�i�s�i�o�n� �o�f� �M�o�l�e�c�u�l�a�r� �N�e�u�r�o�b�i�o�l�o�g�y
■�D�i�v�i�s�i�o�n� �o�f� �B�r�a�i�n� �C�i�r�c�u�i�t�s
■�L�a�b�o�r�a�t�o�r�y� �o�f� �N�e�u�r�o�p�h�y�s�i�o�l�o�g�y

� � �E�v�o�l�u�t�i�o�n�a�r�y� �B�i�o�l�o�g�y� �a�n�d� �B�i�o�d�i�v�e�r�s�i�t�y
■�D�i�v�i�s�i�o�n� �o�f� �E�v�o�l�u�t�i�o�n�a�r�y� �B�i�o�l�o�g�y
■�D�i�v�i�s�i�o�n� �o�f� �S�y�m�b�i�o�t�i�c� �S�y�s�t�e�m�s
■�L�a�b�o�r�a�t�o�r�y� �o�f� �M�o�r�p�h�o�d�i�v�e�r�s�i�t�y
■�L�a�b�o�r�a�t�o�r�y� �o�f� �B�i�o�r�e�s�o�u�r�c�e�s
■�L�a�b�o�r�a�t�o�r�y� �o�f� �B�i�o�l�o�g�i�c�a�l� �D�i�v�e�r�s�i�t�y

� � �E�n�v�i�r�o�n�m�e�n�t�a�l� �B�i�o�l�o�g�y ■�D�i�v�i�s�i�o�n� �o�f� �M�o�l�e�c�u�l�a�r� �E�n�v�i�r�o�n�m�e�n�t�a�l� 
� � � � �E�n�d�o�c�r�i�n�o�l�o�g�y� �†�†
■�D�i�v�i�s�i�o�n� �o�f� �E�n�v�i�r�o�n�m�e�n�t�a�l� �P�h�o�t�o�b�i�o�l�o�g�y
■�D�i�v�i�s�i�o�n� �o�f� �S�e�a�s�o�n�a�l� �B�i�o�l�o�g�y� �(�A�d�j�u�n�c�t�)� 

� � �T�h�e�o�r�e�t�i�c�a�l� �B�i�o�l�o�g�y ■�L�a�b�o�r�a�t�o�r�y� �o�f� �G�e�n�o�m�e� �I�n�f�o�r�m�a�t�i�c�s

�R�e�s�e�a�r�c�h� �U�n�i�t�s
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Non-NIBB members +�A�K�O�S+�I�M�A�,� �T�o�s�h�i�o� �� �P�r�o�f�e�s�s�o�r�,� �N�a�r�a� �I�n�s�t�i�t�u�t�e� �o�f� �S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y
+�I�G�A�S+�I�Y�A�M�A�,� �T�e�t�s�u�y�a �P�r�o�f�e�s�s�o�r�,� �N�a�g�o�y�a� �U�n�i�v�e�r�s�i�t�y
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�K�U�M�E�,� �S�h�o�e�n�* �P�r�o�f�e�s�s�o�r�,� �T�o�k�y�o� �I�n�s�t�i�t�u�t�e� �o�f� �T�e�c�h�n�o�l�o�g�y

　 �K�U�R�U�M�I=�A�K�A�,� +�i�t�o�s�h�i �P�r�o�f�e�s�s�o�r�,� �W�a�s�e�d�a� �U�n�i�v�e�r�s�i�t�y
　 �N�I�S+�I�T�A�N�I�,� �K�a�z�u�h�i�k�o�* �P�r�o�f�e�s�s�o�r�,� �T�o�h�o�k�u� �U�n�i�v�e�r�s�i�t�y
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Research and Research Support
�N�I�B�B�’�s� �r�e�s�e�a�r�c�h� �p�r�o�g�r�a�m�s� �a�r�e� �c�o�n�d�u�c�t�e�d� �i�n� �r�e�s�e�a�r�c�h� �u�n�i�t�s� 
�a�n�d� �r�e�s�e�a�r�c�h� �s�u�p�p�o�r�t� �u�n�i�t�s�.� �E�a�c�h� �r�e�s�e�a�r�c�h� �u�n�i�t� �i�s� �c�a�l�l�e�d� �e�i�t�h�e�r� 
�a� �d�i�v�i�s�i�o�n�,� �l�e�d� �b�y� �a� �p�r�o�f�e�s�s�o�r�,� �o�r� �a� �l�a�b�o�r�a�t�o�r�y�,� �l�e�d� �b�y� �a�n� 
�a�s�s�o�c�i�a�t�e� �p�r�o�f�e�s�s�o�r� �o�r� �a�n� �a�s�s�i�s�t�a�n�t� �p�r�o�f�e�s�s�o�r�.� �E�a�c�h� �r�e�s�e�a�r�c�h� 
�u�n�i�t� �f�o�r�m�s� �a�n� �i�n�d�e�p�e�n�d�e�n�t� �p�r�o�j�e�c�t� �t�e�a�m�.� �T�h�e� �N�I�B�B� �C�o�r�e� 
�R�e�s�e�a�r�c�h� �F�a�c�i�l�i�t�i�e�s� �a�n�d� �N�I�B�B� �B�i�o�R�e�s�o�u�r�c�e� �C�e�n�t�e�r� �w�e�r�e� 
�l�a�u�n�c�h�e�d� �i�n� �2�0�1�0� �t�o� �s�u�p�p�o�r�t� �r�e�s�e�a�r�c�h� �i�n� �N�I�B�B� �a�n�d� �a�l�s�o� �t�o� �a�c�t� 
�a�s� �a�n� �i�n�t�e�l�l�e�c�t�u�a�l� �h�u�b� �t�o� �p�r�o�m�o�t�e� �c�o�l�l�a�b�o�r�a�t�i�o�n� �a�m�o�n�g� �t�h�e� 
�r�e�s�e�a�r�c�h�e�r�s� �o�f� �N�I�B�B� �a�n�d� �o�t�h�e�r� �i�n�s�t�i�t�u�t�i�o�n�s�.� �T�h�e� �N�I�B�B� 
�C�e�n�t�e�r� �o�f� �t�h�e� �I�n�t�e�r�-�U�n�i�v�e�r�s�i�t�y� �B�i�o�-�B�a�c�k�u�p� �P�r�o�j�e�c�t� �(�I�B�B�P� 
�C�e�n�t�e�r�)� �w�a�s� �f�o�u�n�d�e�d� �i�n� �2�0�1�2� �t�o� �p�r�e�v�e�n�t� �l�o�s�s� �o�f� �i�n�v�a�l�u�a�b�l�e� 
�b�i�o�l�o�g�i�c�a�l� �r�e�s�o�u�r�c�e�s�.� �P�r�o�j�e�c�t�s� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 
�b�i�o�r�e�s�o�u�r�c�e� �p�r�e�s�e�r�v�a�t�i�o�n� �t�e�c�h�n�o�l�o�g�y� �h�a�v�e� �b�e�e�n� �s�o�l�i�c�i�t�e�d� �b�y� 
�t�h�e� �I�B�B�P� �c�e�n�t�e�r� �f�r�o�m� �2�0�1��.� �T�h�e� �N�I�B�B� �C�e�n�t�e�r� �f�o�r� �M�o�d�e�l� 
�O�r�g�a�n�i�s�m� �D�e�v�e�l�o�p�m�e�n�t� �w�a�s� �f�o�u�n�d�e�d� �i�n� �2�0�1�� �t�o� �p�r�o�m�o�t�e� 
�d�e�v�e�l�o�p�m�e�n�t� �o�f� �n�e�w� �m�o�d�e�l� �o�r�g�a�n�i�s�m�s� �a�n�d� �r�e�s�e�a�r�c�h� �u�s�i�n�g� 
�t�h�e�m�.� �T�h�e� �T�e�c�h�n�i�c�a�l� �D�i�v�i�s�i�o�n� �m�a�n�a�g�e�s� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f� �t�h�e� 
�t�e�c�h�n�i�c�a�l� �s�t�a�f�f� �a�n�d� �h�e�l�p�s� �t�o� �p�r�o�m�o�t�e� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f� �e�a�c�h� 
�r�e�s�e�a�r�c�h� �u�n�i�t� �a�n�d� �t�o� �m�a�i�n�t�a�i�n� �t�h�e� �c�o�m�m�o�n� �r�e�s�o�u�r�c�e�s� �o�f� �b�o�t�h� 
�t�h�e� �r�e�s�e�a�r�c�h� �s�u�p�p�o�r�t� �u�n�i�t�s� �o�f� �N�I�B�B� �a�n�d� �t�h�e� �r�e�s�e�a�r�c�h� �f�a�c�i�l�i�t�i�e�s� 
�o�f� �t�h�e� �O�k�a�z�a�k�i� �c�a�m�p�u�s�.� �T�h�e� �C�e�n�t�e�r� �f�o�r� �R�a�d�i�o�i�s�o�t�o�p�e� 
�F�a�c�i�l�i�t�i�e�s� �i�s� �o�n�e� �o�f� �t�h�e� �l�a�t�t�e�r� �a�n�d� �i�s� �r�u�n� �b�y� �t�h�e� �t�e�c�h�n�i�c�a�l� �s�t�a�f�f� 
�o�f� �N�I�B�B�.
�T�h�e� �O�k�a�z�a�k�i� �I�n�s�t�i�t�u�t�e� �f�o�r� �I�n�t�e�g�r�a�t�i�v�e� �B�i�o�s�c�i�e�n�c�e� �w�a�s� 
�f�o�u�n�d�e�d� �t�o� �c�o�n�d�u�c�t� �i�n�t�e�r�d�i�s�c�i�p�l�i�n�a�r�y� �m�o�l�e�c�u�l�a�r� �r�e�s�e�a�r�c�h� �o�n� 
�v�a�r�i�o�u�s� �b�i�o�l�o�g�i�c�a�l� �p�h�e�n�o�m�e�n�a� �a�n�d� �i�s� �s�h�a�r�e�d� �b�y� �a�l�l� �t�h�r�e�e� 
�i�n�s�t�i�t�u�t�e�s� �i�n� �O�k�a�z�a�k�i�.� �S�o�m�e� �o�f� �i�t�s� �d�i�v�i�s�i�o�n�s� �a�l�s�o� �f�u�n�c�t�i�o�n� �a�s� 
�N�I�B�B� �d�i�v�i�s�i�o�n�s�.� 

■ Members in NIBB 

■ Financial Configuration of NIBB
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�T�h�e� �N�a�t�i�o�n�a�l� �I�n�s�t�i�t�u�t�e� �f�o�r� �B�a�s�i�c� �B�i�o�l�o�g�y� �(�N�I�B�B�)� �s�e�t�s� �f�i�v�e� 
�g�o�a�l�s� �f�o�r� �i�t�s� �a�c�t�i�v�i�t�i�e�s� �i�n� �p�u�r�s�u�i�n�g� �t�h�e� �p�r�o�g�r�e�s�s� �o�f� �b�i�o�l�o�g�y�.� �W�e� 
�c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �w�o�r�l�d�-�w�i�d�e� �c�o�m�m�u�n�i�t�y� �o�f� �b�i�o�l�o�g�i�s�t�s� 
�t�h�r�o�u�g�h� �o�u�r� �e�f�f�o�r�t�s� �t�o� �a�c�c�o�m�p�l�i�s�h� �t�h�e�s�e� �g�o�a�l�s�.� �T�h�i�s� �c�h�a�p�t�e�r� 
�b�r�i�e�f�l�y� �e�x�p�l�a�i�n�s� �f�o�u�r� �o�f� �t�h�e�s�e� �g�o�a�l�s�.� �T�h�e� �l�a�s�t� �g�o�a�l�,� �t�h�e� 
�p�r�o�m�o�t�i�o�n� �o�f� �a�c�a�d�e�m�i�c� �r�e�s�e�a�r�c�h�,� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �t�h�r�o�u�g�h� 
�o�u�r� �r�e�s�e�a�r�c�h� �a�c�t�i�v�i�t�i�e�s�,� �w�h�i�c�h� �a�r�e� �i�n�t�r�o�d�u�c�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�i�s� 
�b�r�o�c�h�u�r�e�.� 

Promotion of Collaborative Research
■ Collaborative Research Support
� �R�e�s�e�a�r�c�h� �a�c�t�i�v�i�t�i�e�s� �i�n� �c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �N�I�B�B�’�s� �d�i�v�i�s�i�o�n�s�
�l�a�b�o�r�a�t�o�r�i�e�s� �u�s�i�n�g� �N�I�B�B�’�s� �f�a�c�i�l�i�t�i�e�s� �a�r�e� �s�o�l�i�c�i�t�e�d� �f�r�o�m� 
�e�x�t�e�r�n�a�l� �r�e�s�e�a�r�c�h�e�r�s�.� ´�I�n�d�i�v�i�d�u�a�l� �c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� 
�p�r�o�j�e�c�t�sµ� �a�r�e� �t�h�e� �b�a�s�i�c� �f�o�r�m� �o�f� �c�o�l�l�a�b�o�r�a�t�i�o�n� �s�u�p�p�o�r�t� �w�h�i�c�h� 
�p�r�o�v�i�d�e� �e�x�t�e�r�n�a�l� �r�e�s�e�a�r�c�h�e�r�s� �w�i�t�h� �t�r�a�v�e�l� �a�n�d� �l�o�d�g�i�n�g� 
�e�x�p�e�n�s�e�s� �t�o� �v�i�s�i�t� �N�I�B�B�’�s� �l�a�b�o�r�a�t�o�r�i�e�s� �f�o�r� �c�o�l�l�a�b�o�r�a�t�i�v�e� 
�r�e�s�e�a�r�c�h�.� �F�o�r� �t�h�e� �u�s�e� �o�f� �N�I�B�B�’�s� �u�n�i�q�u�e� �a�n�d� �e�x�c�e�l�l�e�n�t� 
�r�e�s�e�a�r�c�h� �i�n�s�t�r�u�m�e�n�t�s�,� �s�u�c�h� �a�s� �t�h�e� �l�a�r�g�e� �s�p�e�c�t�r�o�g�r�a�p�h�,� �t�h�e� 
�D�S�L�M�,� �a�n�d� �n�e�x�t� �g�e�n�e�r�a�t�i�o�n� �D�N�A� �s�e�q�u�e�n�c�e�r�s� �e�x�p�e�r�i�m�e�n�t�a�l� 
�p�r�o�j�e�c�t�s� �a�r�e� �s�o�l�i�c�i�t�e�d� �a�n�d� �r�e�v�i�e�w�e�d� �t�o� �p�r�o�v�i�d�e� �m�a�c�h�i�n�e� �t�i�m�e� 
�a�n�d� �t�r�a�v�e�l� �e�x�p�e�n�s�e�s�.� ´�P�r�i�o�r�i�t�y� �c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� 
�p�r�o�j�e�c�t�sµ� �a�r�e� �c�a�r�r�i�e�d� �o�u�t� �a�s� �g�r�o�u�p� �r�e�s�e�a�r�c�h� �b�y� �i�n�t�e�r�n�a�l� �a�n�d� 
�e�x�t�e�r�n�a�l� �r�e�s�e�a�r�c�h�e�r�s� �t�o� �d�e�v�e�l�o�p� �p�i�o�n�e�e�r�i�n�g� �r�e�s�e�a�r�c�h� �f�i�e�l�d�s�.� 
´�C�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s� �f�o�r� �m�o�d�e�l� �o�r�g�a�n�i�s�m�
�t�e�c�h�n�o�l�o�g�y� �d�e�v�e�l�o�p�m�e�n�tµ� �a�n�d� ´�C�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� 
�p�r�o�j�e�c�t�s� �f�o�r� �b�i�o�r�e�s�o�u�r�c�e� �p�r�e�s�e�r�v�a�t�i�o�n� �t�e�c�h�n�o�l�o�g�y� 
�d�e�v�e�l�o�p�m�e�n�tµ� �a�r�e� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �a�n�d� �e�s�t�a�b�l�i�s�h�i�n�g� �n�e�w� �m�o�d�e�l� 
�o�r�g�a�n�i�s�m�s� �a�n�d� �n�e�w� �r�e�s�e�a�r�c�h� �t�e�c�h�n�o�l�o�g�y�.� �P�r�o�j�e�c�t�s� �f�o�r� �t�h�e� 
�d�e�v�e�l�o�p�m�e�n�t� �o�f� �b�i�o�r�e�s�o�u�r�c�e� �p�r�e�s�e�r�v�a�t�i�o�n� �t�e�c�h�n�o�l�o�g�y� �a�r�e� 
�s�o�l�i�c�i�t�e�d� �b�y� �t�h�e� �I�B�B�P� �c�e�n�t�e�r�.� �F�o�r� �t�h�e�s�e� �p�r�o�j�e�c�t�s�,� �r�e�s�e�a�r�c�h� 
�e�x�p�e�n�s�e�s� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�r�a�v�e�l� �e�x�p�e�n�s�e�s� �a�r�e� �p�r�o�v�i�d�e�d

■ NIBB Core Research Facilities
�T�h�e� �N�I�B�B� �C�o�r�e� �R�e�s�e�a�r�c�h� �F�a�c�i�l�i�t�i�e�s� �w�e�r�e� �l�a�u�n�c�h�e�d� �i�n� �2�0�1�0� 
�t�o� �s�u�p�p�o�r�t� �r�e�s�e�a�r�c�h� �i�n� �N�I�B�B� �a�n�d� �a�l�s�o� �t�o� �a�c�t� �a�s� �a�n� �i�n�t�e�l�l�e�c�t�u�a�l� 
�h�u�b� �t�o� �p�r�o�m�o�t�e� �c�o�l�l�a�b�o�r�a�t�i�o�n� �b�e�t�w�e�e�n� �N�I�B�B� �a�n�d� �o�t�h�e�r� 
�a�c�a�d�e�m�i�c� �i�n�s�t�i�t�u�t�i�o�n�s�.� �T�h�e�y� �c�o�n�s�i�s�t� �o�f� �t�h�r�e�e� �f�a�c�i�l�i�t�i�e�s� �t�h�a�t� �a�r�e� 
�d�e�v�e�l�o�p�i�n�g� �a�n�d� �p�r�o�v�i�d�i�n�g� �s�t�a�t�e�-�o�f�-�t�h�e�-�a�r�t� �t�e�c�h�n�o�l�o�g�i�e�s� 
�t�h�r�o�u�g�h� �f�u�n�c�t�i�o�n�a�l� �g�e�n�o�m�i�c�s�,� �b�i�o�i�m�a�g�i�n�g� �a�n�d� �b�i�o�i�n�f�o�r�m�a�t�i�c�s� 
�(�p�.� ���)�.� 
�T�h�e� �F�u�n�c�t�i�o�n�a�l� �G�e�n�o�m�i�c�s� �F�a�c�i�l�i�t�y� �m�a�i�n�t�a�i�n�s� �a� �w�i�d�e� �a�r�r�a�y� �o�f� 
�c�o�r�e� �r�e�s�e�a�r�c�h� �e�q�u�i�p�m�e�n�t�,� �i�n�c�l�u�d�i�n�g� �n�e�x�t� �g�e�n�e�r�a�t�i�o�n� �D�N�A� 
�s�e�q�u�e�n�c�e�r�s�.� �T�h�e� �f�a�c�i�l�i�t�y� �i�s� �d�e�d�i�c�a�t�e�d� �t�o� �f�o�s�t�e�r�i�n�g� �N�I�B�B�’�s� 
�c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� �b�y� �p�r�o�v�i�d�i�n�g� �t�h�e�s�e� �t�o�o�l�s� �a�s� �w�e�l�l� �a�s� 
�e�x�p�e�r�t�i�s�e�.� �T�h�e� �c�u�r�r�e�n�t� �f�o�c�u�s� �i�s� �s�u�p�p�o�r�t�i�n�g� �f�u�n�c�t�i�o�n�a�l� 
�g�e�n�o�m�i�c�s� �w�o�r�k�s� �t�h�a�t� �u�t�i�l�i�z�e� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�e�r�s� �a�n�d� �D�N�A� 
�s�e�q�u�e�n�c�e�r�s�,� �h�o�l�d�i�n�g� �t�r�a�i�n�i�n�g� �c�o�u�r�s�e�s� �a�s� �o�n�e� �o�f� �t�h�e�s�e� 
�u�n�d�e�r�t�a�k�i�n�g�s� �(�p�.� ��5�)�.� �T�h�e� �S�p�e�c�t�r�o�g�r�a�p�h�y� �a�n�d� �B�i�o�i�m�a�g�i�n�g� 
�F�a�c�i�l�i�t�y� �m�a�n�a�g�e�s� �r�e�s�e�a�r�c�h� �t�o�o�l�s�,� �s�u�c�h� �a�s� �c�o�n�f�o�c�a�l� 

�m�i�c�r�o�s�c�o�p�e�s�,� �D�S�L�M� �a�n�d� �t�h�e� �l�a�r�g�e� �s�p�e�c�t�r�o�g�r�a�p�h�,� �a�n�d� 
�p�r�o�v�i�d�e�s� �t�e�c�h�n�i�c�a�l� �s�u�p�p�o�r�t� �a�n�d� �s�c�i�e�n�t�i�f�i�c� �a�d�v�i�c�e� �t�o� 
�r�e�s�e�a�r�c�h�e�r�s�.� �T�h�e�s�e� �t�w�o� �f�a�c�i�l�i�t�i�e�s� �h�o�l�d� �s�p�e�c�i�a�l�l�y� �a�p�p�o�i�n�t�e�d� 
�a�s�s�o�c�i�a�t�e� �p�r�o�f�e�s�s�o�r�s�,� �a�n� �e�x�p�e�r�t� �i�n� �e�a�c�h� �f�i�e�l�d�,� �w�i�t�h� �a� �m�i�s�s�i�o�n� 
�t�o� �m�a�n�a�g�e� �e�a�c�h� �f�a�c�i�l�i�t�y� �a�s� �w�e�l�l� �a�s� �c�o�n�d�u�c�t�i�n�g� �h�i�s� �o�w�n� 
�a�c�a�d�e�m�i�c� �r�e�s�e�a�r�c�h�.� �T�h�e� �D�a�t�a� �I�n�t�e�g�r�a�t�i�o�n� �a�n�d� �A�n�a�l�y�s�i�s� 
�F�a�c�i�l�i�t�y� �s�u�p�p�o�r�t�s� �a�n�a�l�y�s�i�s� �o�f� �l�a�r�g�e�-�s�c�a�l�e� �b�i�o�l�o�g�i�c�a�l� �d�a�t�a�,� �s�u�c�h� 
�a�s� �g�e�n�o�m�i�c� �s�e�q�u�e�n�c�e� �d�a�t�a�,� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �d�a�t�a�,� �a�n�d� 
�i�m�a�g�i�n�g� �d�a�t�a�.� �F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� �t�h�e� �f�a�c�i�l�i�t�y� �m�a�i�n�t�a�i�n�s� �h�i�g�h�-
�p�e�r�f�o�r�m�a�n�c�e� �c�o�m�p�u�t�e�r�s� �w�i�t�h� �l�a�r�g�e�-�c�a�p�a�c�i�t�y� �s�t�o�r�a�g�e� �s�y�s�t�e�m�s�.

■  NIBB Center of the Inter-University Bio-Backup 
Project (IBBP Center)

�T�o� �p�r�e�v�e�n�t� �d�a�m�a�g�e� �t�o� �i�m�p�o�r�t�a�n�t� �b�i�o�l�o�g�i�c�a�l� �r�e�s�o�u�r�c�e�s� �b�y� 
�n�a�t�u�r�a�l� �d�i�s�a�s�t�e�r�s�,� �N�I�B�B� �e�s�t�a�b�l�i�s�h�e�d� �t�h�e� �I�B�B�P� �C�e�n�t�e�r� �i�n� �2�0�1�2� 
�i�n� �c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �s�e�v�e�n� �n�a�t�i�o�n�a�l� �u�n�i�v�e�r�s�i�t�i�e�s� �f�o�r� 
�m�u�l�t�i�p�l�i�c�a�t�e� �p�r�e�s�e�r�v�a�t�i�o�n� �o�f� �g�e�n�e�t�i�c� �l�i�b�r�a�r�i�e�s� �a�n�d� �o�t�h�e�r� 
�i�n�v�a�l�u�a�b�l�e� �b�i�o�r�e�s�o�u�r�c�e�s� �u�n�d�e�r� �c�u�t�t�i�n�g�-�e�d�g�e� �r�e�s�e�a�r�c�h� �(�p�.���)�.

International Cooperation and Outreach
■  Collaborative Programs with Overseas Institutes
�N�I�B�B� �t�a�k�e�s� �a� �l�e�a�d�i�n�g� �r�o�l�e� �i�n� �t�h�e� �c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� 
�p�r�o�g�r�a�m�s� �b�e�t�w�e�e�n� �t�h�e� �E�u�r�o�p�e�a�n� �M�o�l�e�c�u�l�a�r� �B�i�o�l�o�g�y� 
�L�a�b�o�r�a�t�o�r�y� �(�E�M�B�L�)� �a�n�d� �t�h�e� �N�a�t�i�o�n�a�l� �I�n�s�t�i�t�u�t�e�s� �o�f� �N�a�t�u�r�a�l� 
�S�c�i�e�n�c�e�s� �(�N�I�N�S�)� �a�n�d� �p�r�o�m�o�t�e�s� �p�e�r�s�o�n�a�l� �a�n�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
�e�x�c�h�a�n�g�e� �t�h�r�o�u�g�h� �j�o�i�n�t� �m�e�e�t�i�n�g�s�,� �e�x�c�h�a�n�g�e� �b�e�t�w�e�e�n� 
�r�e�s�e�a�r�c�h�e�r�s� �a�n�d� �g�r�a�d�u�a�t�e� �s�t�u�d�e�n�t�s�,� �a�n�d� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� 
�e�x�p�e�r�i�m�e�n�t�a�l� �e�q�u�i�p�m�e�n�t�.� �T�h�e� �1�0�t�h� �N�I�B�B�-�E�M�B�L� �s�y�m�p�o�s�i�u�m� 
´4�u�a�n�t�i�t�a�t�i�v�e� �B�i�o�i�m�a�g�i�n�gµ� �w�a�s� �h�e�l�d� �i�n� �M�a�r�c�h�,� �2�0�1��.� 

�N�I�B�B� �f�o�r�m�e�d� �a�n� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� �T�e�m�a�s�e�k� �L�i�f�e� �S�c�i�e�n�c�e�s� 
�L�a�b�o�r�a�t�o�r�y� �(�T�L�L�)� �o�f� �S�i�n�g�a�p�o�r�e� �a�n�d� �t�h�e� �M�a�x� �P�l�a�n�c�k� �I�n�s�t�i�t�u�t�e� 
�f�o�r� �P�l�a�n�t� �B�r�e�e�d�i�n�g� �R�e�s�e�a�r�c�h� �(�M�P�I�P=�)� �t�o� �p�r�o�m�o�t�e� �j�o�i�n�t� 
�r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s�,� �c�o�l�l�a�b�o�r�a�t�i�v�e� �s�y�m�p�o�s�i�a�,� �t�r�a�i�n�i�n�g� �c�o�u�r�s�e�s� 
�a�n�d� �s�t�u�d�e�n�t� �e�x�c�h�a�n�g�e� �p�r�o�g�r�a�m�s�.� �T�h�e� �5�t�h� �N�I�B�B�-�M�P�I�P=�-�T�L�L� 
�J�o�i�n�t� �S�y�m�p�o�s�i�u�m� ´� +�o�r�i�z�o�n�s� �i�n� �P�l�a�n�t� �B�i�o�l�o�g�y� ´� �w�a�s� �h�e�l�d� �i�n� 
�N�o�v�e�m�b�e�r�,� �2�0�1�� �a�t� �N�I�B�B� �(�p�.��2�)�.

■  NIBB Conference
�T�h�e� �N�I�B�B� �C�o�n�f�e�r�e�n�c�e�s� �a�r�e� �i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�n�f�e�r�e�n�c�e�s� �o�n� �h�o�t� 
�t�o�p�i�c�s� �i�n� �b�i�o�l�o�g�y� �o�r�g�a�n�i�z�e�d� �b�y� �N�I�B�B�’�s� �p�r�o�f�e�s�s�o�r�s�.� �S�i�n�c�e� �t�h�e� 
�f�i�r�s�t� �c�o�n�f�e�r�e�n�c�e� �i�n� �1���� �(�t�h�e� �y�e�a�r� �o�f� �N�I�B�B�’�s� �f�o�u�n�d�a�t�i�o�n�)�,� 
�N�I�B�B� �C�o�n�f�e�r�e�n�c�e�s� �h�a�v�e� �p�r�o�v�i�d�e�d� �r�e�s�e�a�r�c�h�e�r�s� �i�n� �b�a�s�i�c� 
�b�i�o�l�o�g�y� �w�i�t�h� �v�a�l�u�a�b�l�e� �o�p�p�o�r�t�u�n�i�t�i�e�s� �f�o�r� �i�n�t�e�r�n�a�t�i�o�n�a�l� 
�e�x�c�h�a�n�g�e�.� �T�h�e� ��2�n�d� �c�o�n�f�e�r�e�n�c�e� ´�F�o�r�c�e� �i�n� �D�e�v�e�l�o�p�m�e�n�tµ� �w�a�s� 
�h�e�l�d� �i�n� �N�o�v�e�m�b�e�r�,� �2�0�1�� �(�p�.��1�)�.

■  International Practical Course
�W�i�t�h� �t�h�e� �c�o�o�p�e�r�a�t�i�o�n� �o�f� �r�e�s�e�a�r�c�h�e�r�s� �f�r�o�m� �J�a�p�a�n� �a�n�d� �a�b�r�o�a�d� 
�t�h�e� �N�I�B�B� �i�n�t�e�r�n�a�t�i�o�n�a�l� �p�r�a�c�t�i�c�a�l� �c�o�u�r�s�e� �i�s� �g�i�v�e�n� �a�t� �a� 
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Priority collaborative research projects
Collaborative research projects for model organisms/ 
technology development
Individual collaborative research projects
NIBB workshops
Collaborative experiments using the large spectrograph
Collaborative experiments using the DSLM
Collaborative experiments using 
the next generation DNA sequencer 
Facility Use (Training Course Facility)
Collaborative research projects for bioresource 
preservation technology development
total

�C�o�l�l�a�b�o�r�a�t�i�v�e� �R�e�s�e�a�r�c�h� �P�r�o�j�e�c�t�s� �b�y� �Y�e�a�r



�

�l�a�b�o�r�a�t�o�r�y� �s�p�e�c�i�f�i�c�a�l�l�y� �p�r�e�p�a�r�e�d� �f�o�r� �i�t�s� �u�s�e�.� �T�h�e� ��t�h� �c�o�u�r�s�e� 
´�E�x�p�e�r�i�m�e�n�t�a�l� �T�e�c�h�n�i�q�u�e�s� �U�s�i�n�g� �M�e�d�a�k�a� �a�n�d� Xenopus� �-� �T�h�e� 
�M�e�r�i�t�s� �o�f� �U�s�i�n�g� �B�o�t�h� �-µ� �w�a�s� �h�e�l�d� �j�o�i�n�t�l�y� �w�i�t�h� �T�L�L� �a�n�d� �t�h�e� 
�N�a�t�i�o�n�a�l� �U�n�i�v�e�r�s�i�t�y� �o�f� �S�i�n�g�a�p�o�r�e� �(�N�U�S�)� �i�n� �S�e�p�t�e�m�b�e�r�,� �2�0�1�� 
�a�t� �N�I�B�B� �(�p�.� ���)�.� �G�r�a�d�u�a�t�e� �s�t�u�d�e�n�t�s� �a�n�d� �y�o�u�n�g� �r�e�s�e�a�r�c�h�e�r�s� 
�f�r�o�m� �v�a�r�i�o�u�s� �a�r�e�a�s� �i�n�c�l�u�d�i�n�g� �T�a�i�w�a�n�,� +�o�n�g� �K�o�n�g�,� �I�n�d�i�a�,� 
�I�n�d�o�n�e�s�i�a�,� �B�a�n�g�l�a�d�e�s�h�,� �G�e�r�m�a�n�y�,� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�,� �a�n�d� 
�J�a�p�a�n�,� �w�e�r�e� �p�r�o�v�i�d�e�d� �w�i�t�h� �t�r�a�i�n�i�n�g� �i�n� �s�t�a�t�e�-�o�f�-�t�h�e�-�a�r�t� 
�r�e�s�e�a�r�c�h� �t�e�c�h�n�i�q�u�e�s�.� �I�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�n�f�e�r�e�n�c�e�s� �a�n�d� �c�o�u�r�s�e�s� 
�a�r�e� �m�a�n�a�g�e�d� �b�y� �t�h�e� �I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�o�p�e�r�a�t�i�o�n� �G�r�o�u�p� �o�f� �t�h�e� 
�R�e�s�e�a�r�c�h� �E�n�h�a�n�c�e�m�e�n�t� �S�t�r�a�t�e�g�y� �O�f�f�i�c�e�.

■  Bio-Resources
�T�h�e� �N�a�t�i�o�n�a�l� �B�i�o�R�e�s�o�u�r�c�e� �P�r�o�j�e�c�t� �(�N�B�R�P�)� �i�s� �a� �n�a�t�i�o�n�a�l� 
�p�r�o�j�e�c�t� �f�o�r� �t�h�e� �s�y�s�t�e�m�a�t�i�c� �a�c�c�u�m�u�l�a�t�i�o�n�,� �s�t�o�r�a�g�e�,� �a�n�d� �s�u�p�p�l�y� 
�o�f� �n�a�t�i�o�n�a�l�l�y� �r�e�c�o�g�n�i�z�e�d� �b�i�o�-�r�e�s�o�u�r�c�e�s� �(�e�x�p�e�r�i�m�e�n�t�a�l� �a�n�i�m�a�l�s� 
�a�n�d� �p�l�a�n�t�s�,� �c�e�l�l�s�,� �D�N�A�,� �a�n�d� �o�t�h�e�r� �g�e�n�e�t�i�c� �r�e�s�o�u�r�c�e�s�)�,� �w�h�i�c�h� 
�a�r�e� �w�i�d�e�l�y� �u�s�e�d� �a�s� �m�a�t�e�r�i�a�l�s� �i�n� �l�i�f�e� �s�c�i�e�n�c�e� �r�e�s�e�a�r�c�h�.� �T�o� 
�p�r�o�m�o�t�e� �t�h�i�s� �n�a�t�i�o�n�a�l� �p�r�o�j�e�c�t�,� �N�I�B�B� �h�a�s� �b�e�e�n� �a�p�p�o�i�n�t�e�d� �a�s� �a� 
�c�e�n�t�e�r� �f�o�r� �r�e�s�e�a�r�c�h� �o�n� �M�e�d�a�k�a� �(Oryzia latipes�)� �w�h�o�s�e� 
�u�s�e�f�u�l�n�e�s�s� �a�s� �a� �v�e�r�t�e�b�r�a�t�e� �m�o�d�e�l� �w�a�s� �f�i�r�s�t� �s�h�o�w�n� �b�y� �J�a�p�a�n�e�s�e� 
�r�e�s�e�a�r�c�h�e�r�s�.� �T�h�e� �u�s�a�b�i�l�i�t�y� �o�f� �M�e�d�a�k�a� �a�s� �a� �r�e�s�e�a�r�c�h� �m�a�t�e�r�i�a�l� 
�i�n� �b�i�o�l�o�g�y� �h�a�s� �d�r�a�w�n� �i�n�c�r�e�a�s�i�n�g� �a�t�t�e�n�t�i�o�n� �s�i�n�c�e� �i�t�s� �f�u�l�l� 
�g�e�n�o�m�e� �s�e�q�u�e�n�c�e� �r�e�c�e�n�t�l�y� �b�e�c�a�m�e� �a�v�a�i�l�a�b�l�e�.� �N�I�B�B� �i�s� �a�l�s�o� �a� 
�s�u�b�-�c�e�n�t�e�r� �f�o�r� �t�h�e� �N�B�R�P�’�s� �w�o�r�k� �w�i�t�h� �J�a�p�a�n�e�s�e� �m�o�r�n�i�n�g� 
�g�l�o�r�y�.� �T�h�e� �N�I�B�B� �B�i�o�R�e�s�o�u�r�c�e� �C�e�n�t�e�r� �h�a�s� �e�q�u�i�p�m�e�n�t�,� 
�f�a�c�i�l�i�t�i�e�s�,� �a�n�d� �s�t�a�f�f� �t�o� �m�a�i�n�t�a�i�n� �M�e�d�a�k�a� �a�n�d� �J�a�p�a�n�e�s�e� 
�m�o�r�n�i�n�g� �g�l�o�r�y� �s�a�f�e�l�y�,� �e�f�f�i�c�i�e�n�t�l�y�,� �a�n�d� �a�p�p�r�o�p�r�i�a�t�e�l�y�.� �T�h�e� 
�c�e�n�t�e�r� �a�l�s�o� �m�a�i�n�t�a�i�n�s� �o�t�h�e�r� �m�o�d�e�l� �o�r�g�a�n�i�s�m�s�,� �s�u�c�h� �a�s� �m�i�c�e�,� 
�z�e�b�r�aÀ�s�h�,� Arabidopsis�,� Lotus japonicus�,� �a�n�d� Physcomitrella 
patens�,� �a�n�d� �p�r�o�v�i�d�e�s� �t�e�c�h�n�i�c�a�l� �s�u�p�p�o�r�t� �a�n�d� �a�d�v�i�c�e� �f�o�r� �t�h�e� 
�a�p�p�r�o�p�r�i�a�t�e� �u�s�e� �o�f� �t�h�e�s�e� �o�r�g�a�n�i�s�m�s� �(�p�.� ��0�)�.� 

�S�t�r�a�i�n�s� �o�f� �J�a�p�a�n�e�s�e� �m�o�r�n�i�n�g� �g�l�o�r�y� �m�a�i�n�t�a�i�n�e�d� �i�n� �t�h�e� �c�e�n�t�e�r

■  Outreach
�N�I�B�B�’�s� �o�u�t�r�e�a�c�h� �a�c�t�i�v�i�t�i�e�s� �a�i�m� �t�o� �p�r�e�s�e�n�t� �c�u�t�t�i�n�g� �e�d�g�e� 
�r�e�s�e�a�r�c�h� �r�e�s�u�l�t�s� �t�o� �t�h�e� �p�u�b�l�i�c� �v�i�a� �m�a�s�s� �m�e�d�i�a� �t�h�r�o�u�g�h� �p�r�e�s�s� 
�r�e�l�e�a�s�e�s� �o�r� �d�i�r�e�c�t�l�y� �t�h�r�o�u�g�h� �t�h�e� �i�n�t�e�r�n�e�t�,� �s�u�c�h� �a�s� �w�e�b� �p�a�g�e�s�,� �a� 
�F�a�c�e�b�o�o�k� �p�a�g�e�,� �a�n�d� �a� �T�w�i�t�t�e�r� �a�c�c�o�u�n�t�.� �O�u�r� �t�r�i�a�n�n�u�a�l� �o�p�e�n� 
�c�a�m�p�u�s� �e�v�e�n�t� �w�a�s� �h�e�l�d� �i�n� �2�0�1�� �a�t� �w�h�i�c�h� �w�e� �w�e�l�c�o�m�e�d� �m�o�r�e� 
�t�h�a�n� �1�,��0�0� �l�o�c�a�l� �c�i�t�i�z�e�n�s�.� �N�I�B�B� �a�l�s�o� �c�o�o�p�e�r�a�t�e�s� �i�n� �t�h�e� 
�e�d�u�c�a�t�i�o�n� �o�f� �u�n�d�e�r�g�r�a�d�u�a�t�e� �a�n�d� �y�o�u�n�g�e�r� �s�t�u�d�e�n�t�s� �t�h�r�o�u�g�h� 
�l�e�c�t�u�r�e�s� �a�n�d� �w�o�r�k�s�h�o�p�s�.� �O�u�t�r�e�a�c�h� �a�c�t�i�v�i�t�i�e�s� �a�r�e� �m�o�s�t�l�y� 
�m�a�n�a�g�e�d� �b�y� �t�h�e� �P�u�b�l�i�c� �R�e�l�a�t�i�o�n�s� �G�r�o�u�p� �o�f� �t�h�e� �R�e�s�e�a�r�c�h� 
�E�n�h�a�n�c�e�m�e�n�t� �S�t�r�a�t�e�g�y� �O�f�f�i�c�e�.

Development of New Fields of Biology
■  Bioimaging
�N�I�B�B� �a�i�m�s� �t�o� �m�a�x�i�m�i�z�e� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �m�o�d�e�r�n� �l�i�g�h�t� 
�m�i�c�r�o�s�c�o�p�e�s� �a�n�d� �b�i�o�p�h�o�t�o�n�i�c� �p�r�o�b�e�s� �f�o�r� �r�e�a�l� �t�i�m�e� 
�v�i�s�u�a�l�i�z�a�t�i�o�n� �o�f� �b�i�o�l�o�g�i�c�a�l� �p�h�e�n�o�m�e�n�a� �a�n�d� �t�o� �d�e�v�e�l�o�p� �n�e�w� 
�i�m�a�g�i�n�g� �t�e�c�h�n�i�q�u�e�s�.� �A�s� �p�a�r�t� �o�f� �o�u�r� �c�o�l�l�a�b�o�r�a�t�i�v�e� �w�o�r�k� �w�i�t�h� 

�E�M�B�L�,� �N�I�B�B� �i�n�t�r�o�d�u�c�e�d� �a� �D�S�L�M�,� �w�h�i�c�h� �i�s� �e�f�f�e�c�t�i�v�e� �f�o�r� �t�h�e� 
�t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �l�i�v�i�n�g� �o�r�g�a�n�i�s�m�s�,� �a�n�d� �h�a�s� 
�d�e�v�e�l�o�p�e�d� �a�n� �i�m�p�r�o�v�e�d� �m�o�d�e�l� �u�s�i�n�g� �t�w�o�-�p�h�o�t�o�n� �o�p�t�i�c�s� �(�p�.� 
��2�)�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �a�d�a�p�t�i�v�e� �o�p�t�i�c�s� �t�o� �m�i�c�r�o�s�c�o�p�y� �i�s� 
�u�n�d�e�r� �w�a�y� �i�n� �c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �t�h�e� �N�a�t�i�o�n�a�l� �A�s�t�r�o�n�o�m�i�c�a�l� 
�O�b�s�e�r�v�a�t�o�r�y�.� �T�h�e� �A�d�v�i�s�o�r�y� �C�o�m�m�i�t�t�e�e� �o�n� �B�i�o�i�m�a�g�i�n�g�,� 
�c�o�m�p�r�i�s�e�d� �o�f� �l�e�a�d�i�n�g� �r�e�s�e�a�r�c�h�e�r�s� �i�n� �t�h�e� �b�i�o�i�m�a�g�i�n�g� �f�i�e�l�d� �i�n� 
�J�a�p�a�n�,� �i�s� �o�r�g�a�n�i�z�e�d� �t�o� �f�o�r�m�u�l�a�t�e� �a�d�v�i�c�e� �o�n� �N�I�B�B�’�s� �i�m�a�g�i�n�g� 
�r�e�s�e�a�r�c�h�.� �T�h�e� �B�i�o�i�m�a�g�i�n�g� �F�o�r�u�m� �p�r�o�v�i�d�e�s� �a�n� �o�p�p�o�r�t�u�n�i�t�y� �f�o�r� 
�r�e�s�e�a�r�c�h�e�r�s� �a�n�d� �c�o�m�p�a�n�y� �e�n�g�i�n�e�e�r�s� �t�o� �f�r�a�n�k�l�y� �d�i�s�c�u�s�s� 
�p�r�a�c�t�i�c�a�l� �d�i�f�f�i�c�u�l�t�i�e�s� �a�n�d� �n�e�e�d�s� �r�e�g�a�r�d�i�n�g� �i�m�a�g�i�n�g�.� �T�h�e� ��t�h� 
�F�o�r�u�m� �h�e�l�d� �i�n� �M�a�r�c�h� �2�0�1�� �w�a�s� �i�m�m�e�d�i�a�t�e�l�y� �f�o�l�l�o�w�e�d� � �b�y� �t�h�e� 
�M�e�e�t�i�n�g� �f�o�r� �t�h�e� �F�u�t�u�r�e� �P�l�a�n� �o�f� �B�i�o�-�I�m�a�g�i�n�g� �N�e�t�w�o�r�k� �a�n�d� 
�s�e�r�v�e�d� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �p�r�e�p�a�r�i�n�g� �f�o�r� �f�o�r�m�a�t�i�o�n� �o�f� �a� 
�s�c�i�e�n�t�i�f�i�c� �c�o�m�m�u�n�i�t�y� �n�e�t�w�o�r�k� �i�n� �t�h�e� �f�i�e�l�d� �o�f� �i�m�a�g�i�n�g� �s�c�i�e�n�c�e� 
�(�p�.� ���)�.� �A� �t�r�a�i�n�i�n�g� �c�o�u�r�s�e� �i�n� �b�i�o�i�m�a�g�e� �a�n�a�l�y�s�i�s� �w�a�s� �a�l�s�o� �h�e�l�d� 
�i�n� �2�0�1�� �(�p�.� ��5�)�.

■ Okazaki Biology Conferences
�N�I�B�B� �h�o�l�d�s� �O�k�a�z�a�k�i� �B�i�o�l�o�g�y� �C�o�n�f�e�r�e�n�c�e�s� �(�O�B�C�)� �t�h�a�t�,� �w�i�t�h� 
�t�h�e� �e�n�d�o�r�s�e�m�e�n�t� �o�f� �t�h�e� �U�n�i�o�n� �o�f� �J�a�p�a�n�e�s�e� �S�o�c�i�e�t�i�e�s� �f�o�r� 
�B�i�o�l�o�g�i�c�a�l� �S�c�i�e�n�c�e�,� �a�i�m� �t�o� �e�x�p�l�o�r�e� �n�e�w� �r�e�s�e�a�r�c�h� �f�i�e�l�d�s� �i�n� 
�b�i�o�l�o�g�y� �a�n�d� �s�u�p�p�o�r�t� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �i�n�t�e�r�n�a�t�i�o�n�a�l� 
�c�o�m�m�u�n�i�t�i�e�s� �i�n� �t�h�e�s�e� �f�i�e�l�d�s�.� �D�o�z�e�n�s� �o�f� �t�o�p�-�l�e�v�e�l� �r�e�s�e�a�r�c�h�e�r�s� 
�f�r�o�m� �J�a�p�a�n� �a�n�d� �a�b�r�o�a�d� �s�p�e�n�d� �n�e�a�r�l�y� �o�n�e� �w�e�e�k� �t�o�g�e�t�h�e�r� �f�o�r� 
�i�n�t�e�n�s�i�v�e� �d�i�s�c�u�s�s�i�o�n�s� �s�e�e�k�i�n�g� �s�t�r�a�t�e�g�i�e�s� �f�o�r� �a�d�d�r�e�s�s�i�n�g� �f�u�t�u�r�e� 
�c�r�i�t�i�c�a�l� �i�s�s�u�e�s� �i�n� �b�i�o�l�o�g�y�.� �P�a�s�t� �C�o�n�f�e�r�e�n�c�e�s� �h�a�v�e� �p�r�o�m�o�t�e�d� 
�t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �i�n�t�e�r�n�a�t�i�o�n�a�l� �r�e�s�e�a�r�c�h�e�r� �c�o�m�m�u�n�i�t�i�e�s�.� �T�h�e� 
�O�B�C�1�0� �i�s� �b�e�i�n�g� �p�l�a�n�n�e�d� �w�i�t�h� �a� �n�e�w� �f�r�a�m�e�w�o�r�k� �o�n� �t�h�e� 
�e�n�e�r�g�y� �p�r�o�d�u�c�t�i�o�n� �i�n� �c�h�r�o�l�o�p�l�a�s�t�s�.

Cultivation of Future Researchers 
�N�I�B�B� �c�o�n�s�t�i�t�u�t�e�s� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �B�a�s�i�c� �B�i�o�l�o�g�y� �i�n� �t�h�e� 
�S�c�h�o�o�l� �o�f� �L�i�f�e� �S�c�i�e�n�c�e� �o�f� �t�h�e� �S�O�K�E�N�D�A�I� �(�G�r�a�d�u�a�t�e� 
�U�n�i�v�e�r�s�i�t�y� �f�o�r� �A�d�v�a�n�c�e�d� �S�t�u�d�i�e�s�)�.� �T�h�e� �d�e�p�a�r�t�m�e�n�t� �p�r�o�v�i�d�e�s� �a� 
�f�i�v�e�-�y�e�a�r� �c�o�u�r�s�e� �f�o�r� �u�n�i�v�e�r�s�i�t�y� �g�r�a�d�u�a�t�e�s� �a�n�d� �a� �t�h�r�e�e�-�y�e�a�r� 
�d�o�c�t�o�r�a�l� �c�o�u�r�s�e� �f�o�r� �g�r�a�d�u�a�t�e� �s�t�u�d�e�n�t�s� �w�i�t�h� �a� �m�a�s�t�e�r�’�s� �d�e�g�r�e�e�.
�G�r�a�d�u�a�t�e� �s�t�u�d�e�n�t�s� �e�n�r�o�l�l�e�d� �i�n� �o�t�h�e�r� �u�n�i�v�e�r�s�i�t�i�e�s� �a�n�d� 
�i�n�s�t�i�t�u�t�i�o�n�s� �c�a�n� �a�p�p�l�y� �t�o� �b�e� �s�p�e�c�i�a�l� �r�e�s�e�a�r�c�h� �s�t�u�d�e�n�t�s� �e�l�i�g�i�b�l�e� 
�t�o� �c�o�n�d�u�c�t� �r�e�s�e�a�r�c�h� �f�o�r� �f�i�x�e�d� �p�e�r�i�o�d�s� �o�f� �t�i�m�e� �u�n�d�e�r� �t�h�e� 
�s�u�p�e�r�v�i�s�i�o�n� �o�f� �N�I�B�B� �p�r�o�f�e�s�s�o�r�s�.
�I�n� �b�o�t�h� �c�a�s�e�s� �a�b�o�v�e�,� �g�r�a�d�u�a�t�e� �s�t�u�d�e�n�t�s� �c�a�n� �r�e�c�e�i�v�e� �f�i�n�a�n�c�i�a�l� 
�s�u�p�p�o�r�t� �f�r�o�m� �N�I�B�B� �b�a�s�e�d� �o�n� �t�h�e� �r�e�s�e�a�r�c�h� �a�s�s�i�s�t�a�n�t� �(�R�A�)� 
�s�y�s�t�e�m� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �f�i�v�e�-�y�e�a�r� �c�o�u�r�s�e�.
�D�u�e� �t�o� �t�h�e� �i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �E�M�B�L�,� �g�r�a�d�u�a�t�e� 
�s�t�u�d�e�n�t�s� �a�r�e� �e�n�c�o�u�r�a�g�e�d� �t�o� �a�t�t�e�n�d� �P�h�D� �s�t�u�d�e�n�t� �s�y�m�p�o�s�i�a� �h�e�l�d� 
�a�t� �E�M�B�L� �a�n�d� �p�r�o�v�i�d�e�d� �a�n� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �g�i�v�e� �o�r�a�l� �a�n�d� �p�o�s�t�e�r� 
�p�r�e�s�e�n�t�a�t�i�o�n�s�,� �a�t� �l�e�a�s�t� �o�n�c�e� �d�u�r�i�n�g� �t�h�e�i�r� �m�a�s�t�e�r�’�s� �a�n�d� �d�o�c�t�o�r�a�l� 
�p�r�o�g�r�a�m�.� 
�S�t�u�d�e�n�t�s� �f�r�o�m� �J�a�p�a�n� �a�n�d� �a�b�r�o�a�d� �c�a�n� �a�l�s�o� �c�o�m�e� �t�o� �N�I�B�B� 
�t�h�r�o�u�g�h� �o�u�r� �I�n�t�e�r�n�s�h�i�p� �P�r�o�g�r�a�m�.� �I�n�t�e�r�n�s�h�i�p�s� �g�i�v�e� �s�t�u�d�e�n�t�s� �a�n� 
�e�x�c�e�l�l�e�n�t� �w�a�y� �t�o� �b�u�i�l�d� �i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�n�n�e�c�t�i�o�n�s� �w�h�i�l�e� 
�e�x�p�e�r�i�e�n�c�i�n�g� �h�a�n�d�s� �o�n� �r�e�s�e�a�r�c�h� �i�n� �a� �w�o�r�l�d� �c�l�a�s�s� �r�e�s�e�a�r�c�h� 
�i�n�s�t�i�t�u�t�e� �(�p�.� ���)�.

�G�r�a�d�u�a�t�e� �s�t�u�d�e�n�t�s� �e�d�u�c�a�t�e�d� �b�y� �N�I�B�B
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■Personnel changes in 2014*

Newly assigned in NIBB

Name

TAKAJI, Masafumi

MIYANARI, Yusuke

NISHIMURA, Mikio

YAMASHITA, Akira

OKADA, Kazunori

NOMURA, Kengo

MASAMIZU, Yoshito

TATEMATSU, Kiyoshi

TAKAHASHI, Shunichi

EBINA, Teppei

SHI, Dongbo

Position

NIBB Research Fellow

NIBB Research Fellow

NIBB Research Fellow

Assistant Professor

Associate Professor 

NIBB Research Fellow

NIBB Research Fellow

February 1

March 1

April 1

April 1

April 1

April 1

June 1

July 1

October 1

November 1

December 1

Research Unit

Division of Brain Biology

Laboratory of Nuclear Dynamics (Orion Project)

Research Enhancement Strategy Office

Laboratory of Cell Responses

Division of Molecular and Developmental Biology

Division of Molecular Neurobiology

Division of Brain Circuits

Research Enhancement Strategy Office

Division of Environmental Photobiology

Division of Brain Circuits

Division of Embryology

Date

■Awardees in 2014

Name

SHIMMURA, Tsuyoshi

TOYOTA, Kenji

SAKAE, Yudai

FUKUSHIMA, Kenji

TOYOTA, Kenji

FUJIMORI, Chika

Position Award

Newly affiliated in other universities and institutes

Name New Affiliation

MATSUBAYASHI, Yoshikatsu

SHINOHARA, Hidefumi

YAMADA, Kenji

WAKE, Hiroaki

Nagoya University

Nagoya University

Kyoto University

National Institute for Physiological Sciences

Position

Professor

Assistant Professor

Assistant Professor

Associate Professor

Date

April 1

April 1

April 1

April 1

* Changes in professors, associate and assistant professors, and NIBB research fellows are shown.

SOKENDAI Graduate Student

SOKENDAI Graduate Student

SOKENDAI Graduate Student

SOKENDAI Graduate Student

Postdoctoral Fellow

The Japanese Society of Animal Science, Encouragement Award

SOKENDAI President's Award

SOKENDAI President's Award

 

Specially Appointed 
Assistant Professor

The Students' Most Valuable Oral Presentation Award, 
Chubu Branch Meeting, The Zoological Society of Japan
The Students' Valuable Poster Presentation Award, 
Chubu Branch Meeting, The Zoological Society of Japan

The Young Researchers' Most Valuable Oral Presentation Award, 
The Japan Society for Comparative Endocrinology

Specially Appointed 
Associate Professor 
Specially Appointed 
Professor 
Specially Appointed 
Associate Professor

Specially Appointed
Assistant Professor 
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�S�i�n�c�e� �p�l�a�n�t�s� �s�p�r�e�a�d� �t�h�e�i�r� �r�o�o�t�s� �i�n� �t�h�e� �g�r�o�u�n�d�,� �t�h�e�y� �m�u�s�t� 
�s�u�r�v�i�v�e� �i�n� �a� �g�i�v�e�n� �e�n�v�i�r�o�n�m�e�n�t�.� �T�o� �a�d�a�p�t� �t�o� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� 
�t�h�e�y� �p�o�s�i�t�i�v�e�l�y� �u�t�i�l�i�z�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�s� �i�n� �t�h�e�i�r� �l�i�f�e� 
�c�y�c�l�e� �a�s� �i�m�p�o�r�t�a�n�t� �s�i�g�n�a�l�s� �t�h�a�t� �a�r�e� �n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e�i�r� 
�s�u�r�v�i�v�a�l�.� �P�l�a�n�t� �c�e�l�l�s� �c�a�n� �i�n�d�u�c�e�,� �d�e�g�e�n�e�r�a�t�e� �a�n�d� �d�i�f�f�e�r�e�n�t�i�a�t�e� 
�t�h�e�i�r� �o�r�g�a�n�e�l�l�e�s� �t�o� �a�d�a�p�t� �t�o� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�s�.� �T�h�e� 
�f�l�e�x�i�b�i�l�i�t�y� �o�f� �p�l�a�n�t� �o�r�g�a�n�e�l�l�e�s� �i�s� �t�h�e� �b�a�s�i�s� �o�f� �t�h�e� �s�t�r�a�t�e�g�y� �f�o�r� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �a�d�a�p�t�a�t�i�o�n� �i�n� �p�l�a�n�t�s�.
�T�h�e� �a�i�m� �o�f� �t�h�i�s� �d�i�v�i�s�i�o�n� �i�s� �t�o� �c�l�a�r�i�f�y� �t�h�e� �m�o�l�e�c�u�l�a�r� 
�m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �t�h�e� �i�n�d�u�c�t�i�o�n�,� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�,� �a�n�d� 
�i�n�t�e�r�a�c�t�i�o�n� �o�f� �o�r�g�a�n�e�l�l�e�s�,� �a�n�d� �t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �i�n�t�e�g�r�a�t�e�d� 
�f�u�n�c�t�i�o�n� �o�f� �i�n�d�i�v�i�d�u�a�l� �p�l�a�n�t�s� �t�h�r�o�u�g�h� �o�r�g�a�n�e�l�l�e� �d�y�n�a�m�i�c�s�.� 
�T�h�e� �S�c�i�e�n�t�i�f�i�c� �R�e�s�e�a�r�c�h� �o�n� �I�n�n�o�v�a�t�i�v�e� �A�r�e�a�s� ´�E�n�v�i�r�o�n�m�e�n�t�a�l� 
�s�e�n�s�i�n�g� �o�f� �p�l�a�n�t�s�� �S�i�g�n�a�l� �p�e�r�c�e�p�t�i�o�n�,� �p�r�o�c�e�s�s�i�n�g� �a�n�d� �c�e�l�l�u�l�a�r� 
�r�e�s�p�o�n�s�e�sµ� �w�a�s� �s�t�a�r�t�e�d� �t�o� �c�l�a�r�i�f�y� �t�h�e� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� 
�u�n�d�e�r�l�y�i�n�g� �o�r�g�a�n�e�l�l�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�d� �i�n�t�e�r�a�c�t�i�o�n�.

I.  Reversible  transformation of  plant 
peroxisomes

�D�r�a�m�a�t�i�c� �m�e�t�a�b�o�l�i�c� �c�h�a�n�g�e�s� �t�h�a�t� �u�n�d�e�r�l�i�e� �t�h�e� �s�h�i�f�t� �f�r�o�m� 
�h�e�t�e�r�o�t�r�o�p�h�i�c� �t�o� �a�u�t�o�t�r�o�p�h�i�c� �g�r�o�w�t�h� �o�c�c�u�r� �i�n� �t�h�e� �g�r�e�e�n�i�n�g� �o�f� 
�s�e�e�d� �g�e�r�m�i�n�a�t�i�o�n�.� �A�c�c�o�m�p�a�n�y�i�n�g� �t�h�e�s�e� �m�e�t�a�b�o�l�i�c� �c�h�a�n�g�e�s� 
�a�r�e� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �o�f� �m�a�n�y� �c�o�n�s�t�i�t�u�t�i�v�e� 
�o�r�g�a�n�e�l�l�e�s�.� �E�t�i�o�p�l�a�s�t�s� �d�i�f�f�e�r�e�n�t�i�a�t�e� �i�n�t�o� �c�h�l�o�r�o�p�l�a�s�t�s� �w�h�i�l�e� 
�m�i�t�o�c�h�o�n�d�r�i�a� �a�c�q�u�i�r�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �o�x�i�d�i�z�e� �g�l�y�c�i�n�e�.� 
�G�l�y�o�x�y�s�o�m�e�s�,� �w�h�i�c�h� �a�r�e� �p�e�r�o�x�i�s�o�m�e�s� �e�n�g�a�g�e�d� �i�n� �t�h�e� 
�d�e�g�r�a�d�a�t�i�o�n� �o�f� �r�e�s�e�r�v�e� �o�i�l� �s�t�o�r�e�d� �i�n� �t�h�e� �o�i�l� �b�o�d�y� �v�i�a� 
b�-�o�x�i�d�a�t�i�o�n� �a�n�d� �t�h�e� �g�l�y�o�x�y�l�a�t�e� �c�y�c�l�e�,� �a�r�e� �t�r�a�n�s�f�o�r�m�e�d� �i�n�t�o� 
�l�e�a�f� �p�e�r�o�x�i�s�o�m�e�s� �t�h�a�t� �f�u�n�c�t�i�o�n� �i�n� �s�e�v�e�r�a�l� �c�r�u�c�i�a�l� �s�t�e�p�s� �o�f� 
�p�h�o�t�o�r�e�s�p�i�r�a�t�i�o�n�.� �A�f�t�e�r� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �t�r�a�n�s�i�t�i�o�n� �o�f� 
�g�l�y�o�x�y�s�o�m�e�s� �t�o� �l�e�a�f� �p�e�r�o�x�i�s�o�m�e�s� �d�u�r�i�n�g� �t�h�e� �g�r�e�e�n�i�n�g� �o�f� 
�p�u�m�p�k�i�n� �c�o�t�y�l�e�d�o�n�s�,� �t�h�e� �r�e�v�e�r�s�e� �t�r�a�n�s�i�t�i�o�n� �o�f� �l�e�a�f� 
�p�e�r�o�x�i�s�o�m�e�s� �t�o� �g�l�y�o�x�y�s�o�m�e�s� �o�c�c�u�r�s� �d�u�r�i�n�g� �s�e�n�e�s�c�e�n�c�e�.� �G�e�n�e� 
�e�x�p�r�e�s�s�i�o�n�,� �a�l�t�e�r�n�a�t�i�v�e� �s�p�l�i�c�i�n�g�,� �p�r�o�t�e�i�n� �t�r�a�n�s�l�o�c�a�t�i�o�n� �a�n�d� 
�p�r�o�t�e�i�n� �d�e�g�r�a�d�a�t�i�o�n� �c�o�n�t�r�o�l� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� 
�b�e�t�w�e�e�n� �g�l�y�o�x�y�s�o�m�e�s� �a�n�d� �l�e�a�f� �p�e�r�o�x�i�s�o�m�e�s�.� 

II.  Transcriptomics, proteomics and phenomics 
of plant peroxisomes

�E�n�z�y�m�e�s� �l�o�c�a�l�i�z�e�d� �i�n� �p�l�a�n�t� �p�e�r�o�x�i�s�o�m�e�s� �a�r�e� �s�y�n�t�h�e�s�i�z�e�d� �i�n� 
�t�h�e� �c�y�t�o�s�o�l� �a�n�d� �f�u�n�c�t�i�o�n� �a�f�t�e�r� �t�h�e�i�r� �p�o�s�t�-�t�r�a�n�s�l�a�t�i�o�n�a�l� 
�t�r�a�n�s�p�o�r�t� �i�n�t�o� �p�e�r�o�x�i�s�o�m�e�s�.� �A�l�m�o�s�t� �a�l�l� �o�f� �t�h�e� �p�e�r�o�x�i�s�o�m�a�l� 
�m�a�t�r�i�x� �p�r�o�t�e�i�n�s� �c�o�n�t�a�i�n� �o�n�e� �o�f� �t�w�o� �t�a�r�g�e�t�i�n�g� �s�i�g�n�a�l�s� �(�P�T�S�1� 
�a�n�d� �P�T�S�2�)� �w�i�t�h�i�n� �t�h�e� �m�o�l�e�c�u�l�e�s�.� �P�T�S�1� �i�s� �a� �u�n�i�q�u�e� �t�r�i�p�e�p�t�i�d�e� 
�s�e�q�u�e�n�c�e� �f�o�u�n�d� �i�n� �t�h�e� �c�a�r�b�o�x�y�l� �t�e�r�m�i�n�u�s� �o�f� �t�h�e� �m�a�t�u�r�e� 
�p�r�o�t�e�i�n�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �P�T�S�2� �i�s� �i�n�v�o�l�v�e�d� �i�n� �a� �c�l�e�a�v�a�b�l�e� �a�m�i�n�o� 
�t�e�r�m�i�n�a�l� �p�r�e�s�e�q�u�e�n�c�e� �o�f� �p�e�r�o�x�i�s�o�m�a�l� �p�r�o�t�e�i�n�s� �t�h�a�t� �a�r�e� 
�s�y�n�t�h�e�s�i�z�e�d� �a�s� �a� �p�r�e�c�u�r�s�o�r� �p�r�o�t�e�i�n� �w�i�t�h� �l�a�r�g�e�r� �m�o�l�e�c�u�l�a�r� 
�m�a�s�s�.� � 
�W�e� �i�d�e�n�t�i�f�i�e�d� �2�5�� �g�e�n�e� �c�a�n�d�i�d�a�t�e�s� �o�f� �P�T�S�1�-� �a�n�d� �P�T�S�2�-
�c�o�n�t�a�i�n�i�n�g� �p�r�o�t�e�i�n�s� �a�n�d� �a�n�o�t�h�e�r� ��0� �g�e�n�e�s� �o�f� �n�o�n�-�P�T�S�-
�c�o�n�t�a�i�n�i�n�g� �p�r�o�t�e�i�n�s� �f�r�o�m� �t�h�e� Arabidopsis� �g�e�n�o�m�e�.� �C�u�s�t�o�m�-
�m�a�d�e� �D�N�A� �m�i�c�r�o�a�r�r�a�y�s� �c�o�v�e�r�i�n�g� �a�l�l� �t�h�e�s�e� �g�e�n�e�s� �w�e�r�e� �u�s�e�d� 
�t�o� �i�n�v�e�s�t�i�g�a�t�e� �e�x�p�r�e�s�s�i�o�n� �p�r�o�f�i�l�e�s� �o�f� �t�h�e� �p�e�r�o�x�i�s�o�m�a�l� �g�e�n�e�s� �i�n� 
�v�a�r�i�o�u�s� �o�r�g�a�n�s�.� �T�h�e�y� �r�e�v�e�a�l�e�d� �t�h�a�t� �p�e�r�o�x�i�s�o�m�e�s� �i�n� �r�o�o�t� �c�e�l�l�s� 
�p�l�a�y� �a� �p�i�v�o�t�a�l� �r�o�l�e� �i�n� �p�o�l�y�a�m�i�n�e� �c�a�t�a�b�o�l�i�s�m�.� �W�e� �a�l�s�o� �m�a�d�e� �a� 
�t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �p�r�o�t�e�i�n� �m�a�p� �o�f� �g�l�y�o�x�y�s�o�m�e�s� �a�n�d� �l�e�a�f� 
�p�e�r�o�x�i�s�o�m�e�s� �i�s�o�l�a�t�e�d� �f�r�o�m� Arabidopsis� �a�n�d� �s�o�y�b�e�a�n�.� �P�e�p�t�i�d�e� 
�M�S� �f�i�n�g�e�r�p�r�i�n�t�i�n�g� �a�n�a�l�y�s�e�s� �a�l�l�o�w�e�d� �u�s� �t�o� �i�d�e�n�t�i�f�y� �n�o�v�e�l� 
�p�e�r�o�x�i�s�o�m�a�l� �m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n�s�,� �i�.�e�.� �v�o�l�t�a�g�e�-�d�e�p�e�n�d�e�n�t� 
�a�n�i�o�n�-�s�e�l�e�c�t�i�v�e� �c�h�a�n�n�e�l� �a�n�d� �a�d�e�n�i�n�e� �n�u�c�l�e�o�t�i�d�e� �c�a�r�r�i�e�r� �1� 
�(�P�N�C�1�)�.� �W�e� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �p�e�r�o�x�i�s�o�m�a�l� �m�e�m�b�r�a�n�e� �A�T�P�-
�b�i�n�d�i�n�g� �c�a�s�s�e�t�t�e� �t�r�a�n�s�p�o�r�t�e�r� �p�r�o�m�o�t�e�s� �s�e�e�d� �g�e�r�m�i�n�a�t�i�o�n� �b�y� 
�i�n�d�u�c�i�n�g� �p�e�c�t�i�n� �d�e�g�r�a�d�a�t�i�o�n� �u�n�d�e�r� �t�h�e� �c�o�n�t�r�o�l� �o�f� �a�b�s�c�i�s�i�c� 
�a�c�i�d� �s�i�g�n�a�l�i�n�g�.� �T�h�e� �o�v�e�r�a�l�l� �r�e�s�u�l�t�s� �p�r�o�v�i�d�e� �u�s� �w�i�t�h� �n�e�w� 
�i�n�s�i�g�h�t�s� �i�n�t�o� �p�l�a�n�t� �p�e�r�o�x�i�s�o�m�a�l� �f�u�n�c�t�i�o�n�s�.� � 
�B�i�o�i�n�f�o�r�m�a�t�i�c� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� Arabidopsis� �g�e�n�o�m�e� �p�r�e�d�i�c�t�e�d� 
�t�h�e� �p�r�e�s�e�n�c�e� �o�f� �1�5� �k�i�n�d�s� �o�f� �g�e�n�e�s�,� �c�a�l�l�e�d� PEX� �g�e�n�e�s�,� �f�o�r� 
�p�e�r�o�x�i�s�o�m�a�l� �b�i�o�g�e�n�e�s�i�s� �f�a�c�t�o�r�s�.� �W�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �P�E;�5� 
�a�n�d� �P�E;�� �f�o�r�m� �a� �c�y�t�o�s�o�l�i�c� �r�e�c�e�p�t�o�r� �c�o�m�p�l�e�x� �a�n�d� �r�e�c�o�g�n�i�z�e� 
�P�T�S�1�-� �a�n�d� �P�T�S�2�-�c�o�n�t�a�i�n�i�n�g� �p�r�o�t�e�i�n�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �P�E;�1�� �i�s� 
�a� �p�e�r�o�x�i�s�o�m�a�l� �m�e�m�b�r�a�n�e� �d�o�c�k�i�n�g� �p�r�o�t�e�i�n� �t�h�a�t� �c�a�p�t�u�r�e�s� �t�h�e� 
�r�e�c�e�p�t�o�r�-�c�a�r�g�o� �c�o�m�p�l�e�x�.� �W�e� �a�l�s�o� �c�o�m�p�r�e�h�e�n�s�i�v�e�l�y� 
�i�n�v�e�s�t�i�g�a�t�e�d� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�h�e�s�e� �p�r�e�d�i�c�t�e�d� PEX �g�e�n�e�s� 
�f�u�n�c�t�i�o�n� �i�n� �p�e�r�o�x�i�s�o�m�e� �b�i�o�g�e�n�e�s�i�s� �b�y� �g�e�n�e�r�a�t�i�n�g� �k�n�o�c�k�-
�d�o�w�n� �m�u�t�a�n�t�s� �t�h�a�t� �s�u�p�p�r�e�s�s� PEX� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �b�y� �R�N�A�-
�i�n�t�e�r�f�e�r�e�n�c�e�.� �P�h�e�n�o�t�y�p�e�s� �o�f� �t�h�e�s�e� �m�u�t�a�n�t�s� �a�l�l�o�w�e�d� �u�s� �t�o� 
�i�d�e�n�t�i�f�y� �t�h�e� �f�u�n�c�t�i�o�n�a�l� PEX� �g�e�n�e�s�,� �w�h�i�c�h� �c�a�n� �b�e� �c�l�a�s�s�i�f�i�e�d� 
�i�n�t�o� �t�w�o� �g�r�o�u�p�s�� PEX� �g�e�n�e�s� �r�e�g�u�l�a�t�i�n�g� �f�o�r� �p�e�r�o�x�i�s�o�m�a�l� 
�p�r�o�t�e�i�n� �i�m�p�o�r�t� �a�n�d� PEX� �g�e�n�e�s� �r�e�g�u�l�a�t�i�n�g� �f�o�r� �p�e�r�o�x�i�s�o�m�a�l� 
�m�o�r�p�h�o�l�o�g�y�.� �W�e� �c�o�n�t�i�n�u�e� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �d�e�t�a�i�l�e�d� 
�m�o�l�e�c�u�l�a�r� �f�u�n�c�t�i�o�n�s� �o�f� �o�t�h�e�r� PEX� �g�e�n�e�s�.� �O�f� �t�h�e�s�e�,� �w�e� 
�r�e�c�e�n�t�l�y� �p�r�o�p�o�s�e�d� �t�h�a�t� �f�u�n�c�t�i�o�n� �o�f� �P�E;�� �i�s� �m�a�i�n�t�a�i�n�e�d� �b�y� �a� 
�q�u�a�l�i�t�y� �c�o�n�t�r�o�l� �m�e�c�h�a�n�i�s�m� �i�n�v�o�l�v�i�n�g� �R�a�b�E�1�c�. 

III.  Identification of novel components 
essential for peroxisome biogenesis

�T�o� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d� �p�e�r�o�x�i�s�o�m�e� �b�i�o�g�e�n�e�s�i�s� �a�n�d� �f�u�n�c�t�i�o�n�s�,� 
�w�e� �i�s�o�l�a�t�e�d� �a� �n�u�m�b�e�r� �o�f� Arabidopsis� �m�u�t�a�n�t�s� �h�a�v�i�n�g� �a�b�e�r�r�a�n�t� 
�p�e�r�o�x�i�s�o�m�e� �m�o�r�p�h�o�l�o�g�y� �(apem� �m�u�t�a�n�t�s�)� �a�n�d� �p�e�r�o�x�i�s�o�m�e� 
�u�n�u�s�u�a�l� �p�o�i�s�o�n�i�n�g� �(peup� �m�u�t�a�n�t�s�)� �b�a�s�e�d� �o�n� �t�h�e�m� �h�a�v�i�n�g� �a� 
�d�i�f�f�e�r�e�n�t� �p�a�t�t�e�r�n� �o�f� �G�F�P� �f�l�u�o�r�e�s�c�e�n�c�e� �f�r�o�m� �t�h�e� �p�a�r�e�n�t� �p�l�a�n�t�,� 
�G�F�P�-�P�T�S�1�,� �i�n� �w�h�i�c�h� �p�e�r�o�x�i�s�o�m�e�s� �w�i�t�h� �n�o�r�m�a�l� �s�i�z�e�s�,� 
�n�u�m�b�e�r�s� �a�n�d� �d�i�s�t�r�i�b�u�t�i�o�n� �c�a�n� �b�e� �v�i�s�u�a�l�i�z�e�d� �w�i�t�h� �G�F�P�.
�U�p� �t�o� �d�a�t�e�,� �w�e� �r�e�p�o�r�t�e�d� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �g�e�n�e�-�p�r�o�d�u�c�t�s� �o�f� 

APEM1�,� APEM2, APEM3�,� APEM4� �a�n�d� APEM9�.� �R�e�c�e�n�t�l�y�,� 
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�w�e� �f�o�u�n�d� �t�h�a�t� APEM10 �e�n�c�o�d�e�s� �L�o�n� �p�r�o�t�e�a�s�e� �2�,� �w�h�i�c�h� �h�a�s� 
�r�o�l�e�s� �i�n� �c�h�a�p�e�r�o�n� �a�n�d� �p�r�o�t�e�i�n�a�s�e�,� �a�n�d� �t�h�a�t� �m�o�d�u�l�a�t�e�s� 
�p�e�r�o�x�i�s�o�m�e� �d�e�g�r�a�d�a�t�i�o�n� �p�r�o�c�e�s�s�e�d� �b�y� �a�u�t�o�p�h�a�g�y�.� �T�a�k�e�n� 
�t�o�g�e�t�h�e�r� �w�i�t�h� �t�h�e� �a�n�a�l�y�s�e�s� �u�s�i�n�g� peup1�,� peup2� �a�n�d� peup4 
�m�u�t�a�n�t�s�,� �w�h�i�c�h� �w�e�r�e� �d�e�f�e�c�t�i�v�e� �i�n� �A�u�t�o�p�h�a�g�y�-�r�e�l�a�t�e�d� �2�,� 
�(�A�T�G�2�)�,� �A�T�G�1��a� �a�n�d� �A�T�G��,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�e� �w�e�r�e� �a�b�l�e� �t�o� 
�u�p�d�a�t�e� �t�h�e� �m�o�d�e�l� �f�o�r� �f�u�n�c�t�i�o�n�a�l� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� 
�p�e�r�o�x�i�s�o�m�e�s� �(�F�i�g�u�r�e� �1�)�.
�W�e� �a�r�e� �c�u�r�r�e�n�t�l�y� �c�h�a�r�a�c�t�e�r�i�z�i�n�g� �o�t�h�e�r� apem� �a�n�d� peup� 
�m�u�t�a�n�t�s�.� �F�r�o�m� �t�h�e�s�e� �a�n�a�l�y�s�e�s�,� �w�e� �w�i�l�l� �b�e� �a�b�l�e� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� 
�c�o�m�p�o�n�e�n�t�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �p�e�r�o�x�i�s�o�m�e� �b�i�o�g�e�n�e�s�i�s�,� 
�f�u�n�c�t�i�o�n�s� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e�,� �a�n�d� �t�o� �a�d�d�r�e�s�s� �t�h�e� �m�e�c�h�a�n�i�s�m� �a�t� 
�t�h�e� �m�o�l�e�c�u�l�a�r� �l�e�v�e�l�.

�F�i�g�u�r�e� �1�.� �A� �m�o�d�e�l� �f�o�r� �t�h�e� �c�o�o�r�d�i�n�a�t�e�d� �r�e�g�u�l�a�t�i�o�n� �o�f� �f�u�n�c�t�i�o�n�a�l� 
�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �p�e�r�o�x�i�s�o�m�e�s� �a�n�d� �p�e�r�o�x�i�s�o�m�e� �q�u�a�l�i�t�y� �c�o�n�t�r�o�l� �b�y� �L�O�N�2�
�A�P�E�M�1�0� �a�n�d� �a�u�t�o�p�h�a�g�y� �d�u�r�i�n�g� �f�u�n�c�t�i�o�n�a�l� �t�r�a�n�s�i�t�i�o�n�.

IV.  ER derived organelles for protein storing 
and defense strategy

�P�l�a�n�t� �c�e�l�l�s� �d�e�v�e�l�o�p� �v�a�r�i�o�u�s� �t�y�p�e�s� �o�f� �e�n�d�o�p�l�a�s�m�i�c� �r�e�t�i�c�u�l�u�m� 
�(�E�R�)�-�d�e�r�i�v�e�d� �s�t�r�u�c�t�u�r�e�s� �w�i�t�h� �s�p�e�c�i�f�i�c� �f�u�n�c�t�i�o�n�s�.� �E�R� �b�o�d�i�e�s� 
�a�r�e� �E�R�-�d�e�r�i�v�e�d� �c�o�m�p�a�r�t�m�e�n�t�s� �o�b�s�e�r�v�e�d� �i�n� Arabidopsis�.� �T�h�e�y� 
�a�r�e� �r�o�d�-�s�h�a�p�e�d� �s�t�r�u�c�t�u�r�e�s� �s�u�r�r�o�u�n�d�e�d� �b�y� �r�i�b�o�s�o�m�e�s�,� �a�n�d� �a�r�e� 
�w�i�d�e�l�y� �d�i�s�t�r�i�b�u�t�e�d� �i�n� �t�h�e� �e�p�i�d�e�r�m�a�l� �c�e�l�l�s� �o�f� �w�h�o�l�e� �s�e�e�d�l�i�n�g�s� 
�(�F�i�g�u�r�e� �2�)�.� �U�n�d�a�m�a�g�e�d� �r�o�s�e�t�t�e� �l�e�a�v�e�s� �h�a�v�e� �n�o� �E�R� �b�o�d�i�e�s�,� �b�u�t� 
�a�c�c�u�m�u�l�a�t�e� �E�R� �b�o�d�i�e�s� �a�f�t�e�r� �w�o�u�n�d�i�n�g� �o�r� �j�a�s�m�o�n�i�c� �a�c�i�d� 
�t�r�e�a�t�m�e�n�t�.� �E�R� �b�o�d�i�e�s� �a�c�c�u�m�u�l�a�t�e� b�-�g�l�u�c�o�s�i�d�a�s�e� �P�Y�K�1�0�.� 
�W�h�e�n� �p�l�a�n�t� �c�e�l�l�s� �a�r�e� �d�a�m�a�g�e�d�,� �P�Y�K�1�0� �f�o�r�m�s� �l�a�r�g�e� �p�r�o�t�e�i�n� 
�a�g�g�r�e�g�a�t�e�s�.� �T�h�e� �a�g�g�r�e�g�a�t�e� �f�o�r�m�a�t�i�o�n� �i�n�c�r�e�a�s�e�s� �g�l�u�c�o�s�i�d�a�s�e� 
�a�c�t�i�v�i�t�y�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �s�u�g�g�e�s�t� �t�h�a�t� �E�R� �b�o�d�i�e�s� �f�u�n�c�t�i�o�n� �i�n� 
�t�h�e� �d�e�f�e�n�s�e� �a�g�a�i�n�s�t� �p�a�t�h�o�g�e�n�s� �a�n�d� �h�e�r�b�i�v�o�r�e�s�,� �p�o�s�s�i�b�l�y� 
�p�r�o�d�u�c�i�n�g� �t�o�x�i�c� �p�r�o�d�u�c�t�s�.� Arabidopsis� nai1� �m�u�t�a�n�t�s� �h�a�v�e� �n�o� 
�E�R� �b�o�d�i�e�s� �i�n� �t�h�e� �e�n�t�i�r�e� �p�l�a�n�t� �a�n�d� �d�o� �n�o�t� �a�c�c�u�m�u�l�a�t�e� �P�Y�K�1�0�.� 
NAI1� �e�n�c�o�d�e�s� �a� �t�r�a�n�s�c�r�i�p�t�i�o�n� �f�a�c�t�o�r� �a�n�d� �r�e�g�u�l�a�t�e�s� �t�h�e� 
�e�x�p�r�e�s�s�i�o�n� �o�f� PYK10� �a�n�d� NAI2�.� �T�h�e� Arabidopsis� nai2� 
�m�u�t�a�n�t� �h�a�s� �n�o� �E�R� �b�o�d�i�e�s� �a�n�d� �r�e�d�u�c�e�d� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� 
�P�Y�K�1�0�.� NAI2� �e�n�c�o�d�e�s� �a� �u�n�i�q�u�e� �p�r�o�t�e�i�n� �t�h�a�t� �l�o�c�a�l�i�z�e�s� �t�o� �t�h�e� 
�E�R� �b�o�d�y�.� �M�e�m�b�r�a�n�e� �p�r�o�t�e�i�n� �o�f� �E�R� �b�o�d�y� �1� �(�M�E�B�1�)� �a�n�d� 
�M�E�B�2� �a�r�e� �i�n�t�e�g�r�a�l� �m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n�s� �o�f� �t�h�e� �E�R� �b�o�d�y� �a�n�d� 
�h�a�v�e� �i�r�o�n��m�a�n�g�a�n�e�s�e� �t�r�a�n�s�p�o�r�t� �a�c�t�i�v�i�t�y�.� �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�R� �b�o�d�y� �h�a�s� �s�p�e�c�i�f�i�c� �m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n�s� �t�h�a�t� �a�r�e� 
�i�n�v�o�l�v�e�d� �i�n� �d�e�f�e�n�s�e� �a�g�a�i�n�s�t� �m�e�t�a�l� �s�t�r�e�s�s� �a�s� �w�e�l�l� �a�s� �p�a�t�h�o�g�e�n�s� 

�a�n�d� �h�e�r�b�i�v�o�r�e�s�.� �W�e� �a�r�e� �n�o�w� �i�n�v�e�s�t�i�g�a�t�i�n�g� �E�R� �b�o�d�y� �f�o�r�m�a�t�i�o�n� 
�a�n�d� �f�u�n�c�t�i�o�n� �u�s�i�n�g� �E�R� �b�o�d�y� �d�e�f�i�c�i�e�n�t� �m�u�t�a�n�t�s�,� �a�n�d� 
�h�e�t�e�r�o�l�o�g�o�u�s�l�y� �e�x�p�r�e�s�s�i�n�g� �N�A�I�2� �i�n� �o�n�i�o�n� �a�n�d� �t�o�b�a�c�c�o� �c�e�l�l�s�.

�F�i�g�u�r�e� �2�.� �E�R� �b�o�d�i�e�s� �i�n� Arabidopsis� thaliana�.� �A� �c�o�n�f�o�c�a�l� �m�i�c�r�o�g�r�a�p�h� �(�A�)� 
�a�n�d� �a�n� �e�l�e�c�t�r�o�n� �m�i�c�r�o�g�r�a�p�h� �(�B�)� �o�f� �c�o�t�y�l�e�d�o�n� �a�n�d� �r�o�o�t� �e�p�i�d�e�r�m�a�l� �c�e�l�l�s�,� 
�r�e�s�p�e�c�t�i�v�e�l�y�.� �A�r�r�o�w�h�e�a�d�s� �i�n�d�i�c�a�t�e� �r�i�b�o�s�o�m�e�s� �o�n� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �E�R� 
�b�o�d�y� �m�e�m�b�r�a�n�e�s�.� �E�R�-�l�o�c�a�l�i�z�e�d� �G�F�P� �l�a�b�e�l�s� �E�R� �b�o�d�i�e�s� �a�s� �w�e�l�l� �a�s� �t�h�e� 
�t�y�p�i�c�a�l� �E�R� �n�e�t�w�o�r�k�,� �a�n�d� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� �i�d�e�n�t�i�f�i�e�s� �r�i�b�o�s�o�m�e�s� �a�t� �t�h�e� 
�c�y�t�o�s�o�l�i�c� �s�u�r�f�a�c�e� �o�f� �E�R� �b�o�d�i�e�s�,� �b�o�t�h� �o�f� �w�h�i�c�h� �i�n�d�i�c�a�t�e� �t�h�e� �l�u�m�i�n�a�l� 
�c�o�n�t�i�n�u�i�t�y� �b�e�t�w�e�e�n� �E�R� �a�n�d� �E�R� �b�o�d�i�e�s�.� �E�n�l�a�r�g�e�d� �i�m�a�g�e�s� �o�f� �t�h�e� �s�q�u�a�r�e�d� 
�r�e�g�i�o�n�s� �a�r�e� �s�h�o�w�n� �b�e�l�o�w�.� �C�W�,� �c�e�l�l� �w�a�l�l�� 9�,� �v�a�c�u�o�l�e�� �M�t�,� �m�i�t�o�c�h�o�n�d�r�i�o�n�� 
�G�,� �G�o�l�g�i� �b�o�d�y�� �B�a�r�s�,�1�0ƫ�m� �(�A�)� �a�n�d� �1ƫ�m� �(�B�)�.

V.  Roles of molecular chaperones on cell 
differentiation

�M�o�l�e�c�u�l�a�r� �c�h�a�p�e�r�o�n�e�s� �a�r�e� �c�e�l�l�u�l�a�r� �p�r�o�t�e�i�n�s� �t�h�a�t� �f�u�n�c�t�i�o�n� �i�n� 
�t�h�e� �f�o�l�d�i�n�g� �a�n�d� �a�s�s�e�m�b�l�y� �o�f� �c�e�r�t�a�i�n� �o�t�h�e�r� �p�o�l�y�p�e�p�t�i�d�e�s� �i�n�t�o� 
�o�l�i�g�o�m�e�r�i�c� �s�t�r�u�c�t�u�r�e�s�.� �W�e� �h�a�v�e� �f�o�u�n�d� �t�h�a�t� +�S�P��0� �i�n�h�i�b�i�t�o�r� 
�i�n�d�u�c�e�s� �g�e�n�e�s� �w�i�t�h� �h�e�a�t� �s�h�o�c�k� �r�e�s�p�o�n�s�e� �e�l�e�m�e�n�t� �(+�S�E�)� 
�m�o�t�i�f�s� �i�n� �t�h�e�i�r� �p�r�o�m�o�t�e�r�s�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �h�e�a�t� �s�h�o�c�k� 
�t�r�a�n�s�c�r�i�p�t�i�o�n� �f�a�c�t�o�r� �(+�S�F�)� �i�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �r�e�s�p�o�n�s�e�.� 
Arabidopsis� +�S�F�s� �i�n�t�e�r�a�c�t�e�d� �w�i�t�h� +�S�P��0�.� �T�h�u�s�,� �i�t� �a�p�p�e�a�r�s� 
�t�h�a�t� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �h�e�a�t� �s�h�o�c�k�,� +�S�P��0� �a�c�t�i�v�e�l�y� �s�u�p�p�r�e�s�s�e�s� 
+�S�F� �f�u�n�c�t�i�o�n�.� �D�u�r�i�n�g� �h�e�a�t� �s�h�o�c�k�,� +�S�P��0� �i�s� �t�r�a�n�s�i�e�n�t�l�y� 
�i�n�a�c�t�i�v�a�t�e�d�,� �w�h�i�c�h� �l�e�a�d�s� �t�o� +�S�F� �a�c�t�i�v�a�t�i�o�n�.� �T�h�e�s�e� �d�a�t�a� 
�i�n�d�i�c�a�t�e� �t�h�a�t� +�S�P��0� �r�e�g�u�l�a�t�e�s� �c�o�r�r�e�c�t� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �f�o�r� 
�h�e�a�t� �a�c�c�l�i�m�a�t�i�z�a�t�i�o�n� �i�n� �p�l�a�n�t�s�.� �W�e� �a�l�s�o� �o�b�s�e�r�v�e�d� �t�h�a�t� +�S�P��0� 
�i�s� �i�n�v�o�l�v�e�d� �i�n� �h�o�r�m�o�n�e� �r�e�s�p�o�n�s�e�s� �i�n� Arabidopsis�.� �T�h�e� 
�e�v�o�l�u�t�i�o�n�a�l� �a�n�d� �f�u�n�c�t�i�o�n�a�l� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�s� �a�r�e� �n�o�w� �b�e�i�n�g� 
�i�n�v�e�s�t�i�g�a�t�e�d�.

VI.  Update of The Plant Organelles Database 3 
(PODB3) and Plant Organelles World

�T�h�e� �P�l�a�n�t� �O�r�g�a�n�e�l�l�e�s� �D�a�t�a�b�a�s�e� �� �(�P�O�D�B��)� �w�a�s� �b�u�i�l�t� �t�o� 
�p�r�o�m�o�t�e� �a� �c�o�m�p�r�e�h�e�n�s�i�v�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �o�r�g�a�n�e�l�l�e� 
�d�y�n�a�m�i�c�s�.� �T�h�i�s� �p�u�b�l�i�c� �d�a�t�a�b�a�s�e� �i�s� �o�p�e�n� �t�o� �a�l�l� �r�e�s�e�a�r�c�h�e�r�s�.� 
�P�O�D�B�� �c�o�n�s�i�s�t�s� �o�f� �s�i�x� �i�n�d�i�v�i�d�u�a�l� �u�n�i�t�s�� �t�h�e� �e�l�e�c�t�r�o�n� 
�m�i�c�r�o�g�r�a�p�h� �d�a�t�a�b�a�s�e�,� �t�h�e� �p�e�r�c�e�p�t�i�v�e� �o�r�g�a�n�e�l�l�e�s� �d�a�t�a�b�a�s�e�,� �t�h�e� 
�o�r�g�a�n�e�l�l�e�s� �m�o�v�i�e� �d�a�t�a�b�a�s�e�,� �t�h�e� �o�r�g�a�n�e�l�l�o�m�e� �d�a�t�a�b�a�s�e�,� �t�h�e� 
�f�u�n�c�t�i�o�n�a�l� �a�n�a�l�y�s�i�s� �d�a�t�a�b�a�s�e�,� �a�n�d� �e�x�t�e�r�n�a�l� �l�i�n�k�s�.� �T�h�e� �e�l�e�c�t�r�o�n� 
�m�i�c�r�o�g�r�a�p�h� �d�a�t�a�b�a�s�e�,� �w�h�i�c�h� �w�a�s� �a�d�d�e�d� �a�s� �n�e�w� �c�o�n�t�e�n�t�,� 
�p�r�o�v�i�d�e�s� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �u�l�t�r�a�s�t�r�u�c�t�u�r�e�s� �i�n� �p�l�a�n�t� �c�e�l�l�s�.� �T�h�e� 
�p�e�r�c�e�p�t�i�v�e� �o�r�g�a�n�e�l�l�e�s� �d�a�t�a�b�a�s�e� �s�h�o�w�s� �o�r�g�a�n�e�l�l�e� �d�y�n�a�m�i�c�s� �i�n� 
�r�e�s�p�o�n�s�e� �t�o� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�i�m�u�l�i�.� �T�h�e� �o�r�g�a�n�e�l�l�e�s� �m�o�v�i�e� 
�d�a�t�a�b�a�s�e� �c�o�n�t�a�i�n�s� �t�i�m�e�-�l�a�p�s�e� �i�m�a�g�e�s� �a�n�d� ��D� �s�t�r�u�c�t�u�r�e� 
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�r�o�t�a�t�i�o�n�s�.� �T�h�e� �o�r�g�a�n�e�l�l�o�m�e� �d�a�t�a�b�a�s�e� �i�s� �a� �c�o�m�p�i�l�a�t�i�o�n� �o�f� �s�t�a�t�i�c� 
�i�m�a�g�e� �d�a�t�a� �o�f� �v�a�r�i�o�u�s� �t�i�s�s�u�e�s� �o�f� �s�e�v�e�r�a�l� �p�l�a�n�t� �s�p�e�c�i�e�s� �a�t� 
�d�i�f�f�e�r�e�n�t� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�t�a�g�e�s�.� �T�h�e� �f�u�n�c�t�i�o�n�a�l� �a�n�a�l�y�s�i�s� 
�d�a�t�a�b�a�s�e� �i�s� �a� �c�o�l�l�e�c�t�i�o�n� �o�f� �p�r�o�t�o�c�o�l�s� �f�o�r� �p�l�a�n�t� �o�r�g�a�n�e�l�l�e� 
�r�e�s�e�a�r�c�h�.� �T�h�r�o�u�g�h� �t�h�e�s�e� �d�a�t�a�b�a�s�e�s�,� �u�s�e�r�s� �c�a�n� �e�a�s�i�l�y� �g�r�a�s�p� 
�p�l�a�n�t� �o�r�g�a�n�e�l�l�e� �d�y�n�a�m�i�c�s�.� �P�l�a�n�t� �O�r�g�a�n�e�l�l�e�s� �W�o�r�l�d�,� �w�h�i�c�h� �i�s� 
�b�a�s�e�d� �o�n� �P�O�D�B�� �i�s� �a�n� �e�d�u�c�a�t�i�o�n�a�l� �t�o�o�l� �t�o� �e�n�g�a�g�e� �m�e�m�b�e�r�s� 
�o�f� �t�h�e� �n�o�n�-�s�c�i�e�n�t�i�f�i�c� �c�o�m�m�u�n�i�t�y� �t�o� �e�x�p�l�o�r�e� �p�l�a�n�t� �b�i�o�l�o�g�y�.� �W�e� 
�h�o�p�e� �t�h�a�t� �P�O�D�B�� �a�n�d� �P�l�a�n�t� �O�r�g�a�n�e�l�l�e�s� �W�o�r�l�d� �a�r�e� �o�f� �h�e�l�p� �t�o� 
�r�e�s�e�a�r�c�h�e�r�s� �a�n�d� �t�h�e� �g�e�n�e�r�a�l� �p�u�b�l�i�c�.

�F�i�g�u�r�e� ��.� �T�h�e� �g�r�a�p�h�i�c�a�l� �u�s�e�r� �i�n�t�e�r�f�a�c�e� �o�f� �t�h�e� �P�O�D�B�� �(�h�t�t�p����p�o�d�b�.�n�i�b�b�.
�a�c�.�j�p��O�r�g�e�n�e�l�l�o�m�e�)�.
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�C�e�l�l�-�t�o�-�c�e�l�l� �s�i�g�n�a�l�i�n�g� �m�e�d�i�a�t�e�d� �b�y� �s�e�c�r�e�t�e�d� �s�i�g�n�a�l�s� �a�n�d� 
�m�e�m�b�r�a�n�e�-�l�o�c�a�l�i�z�e�d� �r�e�c�e�p�t�o�r�s� �i�s� �o�n�e� �o�f� �t�h�e� �c�r�i�t�i�c�a�l� 
�m�e�c�h�a�n�i�s�m�s� �b�y� �w�h�i�c�h� �g�r�o�w�t�h� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 
�m�u�l�t�i�c�e�l�l�u�l�a�r� �o�r�g�a�n�i�s�m�s� �a�r�e� �c�o�o�p�e�r�a�t�i�v�e�l�y� �r�e�g�u�l�a�t�e�d�.� �S�i�g�n�a�l� 
�m�o�l�e�c�u�l�e�s� �t�h�a�t� �s�p�e�c�i�f�i�c�a�l�l�y� �b�i�n�d� �r�e�c�e�p�t�o�r�s� �a�r�e� �g�e�n�e�r�a�l�l�y� 
�r�e�f�e�r�r�e�d� �t�o� �a�s� �l�i�g�a�n�d�s�.� �B�e�c�a�u�s�e� �m�e�m�b�r�a�n�e�-�l�o�c�a�l�i�z�e�d� �r�e�c�e�p�t�o�r�s� 
�a�c�t� �a�s� �m�a�s�t�e�r� �s�w�i�t�c�h�e�s� �o�f� �c�o�m�p�l�e�x� �i�n�t�r�a�c�e�l�l�u�l�a�r� �s�i�g�n�a�l�i�n�g�,� 
�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �l�i�g�a�n�d�-�r�e�c�e�p�t�o�r� �p�a�i�r� �i�s� �o�n�e� �o�f� �t�h�e� �c�e�n�t�r�a�l� 
�i�s�s�u�e�s� �o�f� �p�o�s�t�-�g�e�n�o�m�e� �r�e�s�e�a�r�c�h�.� �W�e� �a�r�e� �w�o�r�k�i�n�g� �t�o� �c�l�a�r�i�f�y� 
�t�h�e� �m�e�c�h�a�n�i�s�m�s� �b�y� �w�h�i�c�h� �p�l�a�n�t� �d�e�v�e�l�o�p�m�e�n�t� �i�s� �r�e�g�u�l�a�t�e�d� 
�t�h�r�o�u�g�h� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �n�o�v�e�l� �l�i�g�a�n�d�s� �s�u�c�h� �a�s� �s�m�a�l�l� �p�e�p�t�i�d�e�s� 
�a�n�d� �t�h�e�i�r� �s�p�e�c�i�f�i�c� �r�e�c�e�p�t�o�r�s� �u�s�i�n�g� Arabidopsis� �g�e�n�o�m�e� 
�i�n�f�o�r�m�a�t�i�o�n�,� �b�i�o�c�h�e�m�i�c�a�l� �a�n�a�l�y�s�i�s� �a�n�d� �p�h�e�n�o�t�y�p�i�c� 
�o�b�s�e�r�v�a�t�i�o�n�.

I. Secreted peptide signals
�F�o�l�l�o�w�i�n�g� �c�o�m�p�l�e�t�e� �s�e�q�u�e�n�c�i�n�g� �o�f� �t�h�e� Arabidopsis� �g�e�n�o�m�e�,� 
�a� �n�u�m�b�e�r� �o�f� �g�e�n�e�s� �e�n�c�o�d�i�n�g� �s�m�a�l�l� �s�e�c�r�e�t�e�d� �p�e�p�t�i�d�e�s� �h�a�v�e� 
�b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �b�y� in silico� �d�a�t�a�b�a�s�e� �a�n�a�l�y�s�i�s�.� �B�a�s�e�d� �o�n� �o�u�r� 
�o�w�n� �a�n�a�l�y�s�i�s�,� �w�e� �i�d�e�n�t�i�f�i�e�d� ���� �p�u�t�a�t�i�v�e� �s�e�c�r�e�t�e�d� �p�e�p�t�i�d�e� 
�g�e�n�e�s� �w�i�t�h� �a�n� �o�p�e�n� �r�e�a�d�i�n�g� �f�r�a�m�e� �(�O�R�F�)� �s�i�z�e� �b�e�t�w�e�e�n� �5�0� 
�a�n�d� �1�5�0� �a�m�i�n�o� �a�c�i�d�s� �i�n� �t�h�e� Arabidopsis� �g�e�n�o�m�e�.� �T�h�e�s�e� ���� 
�O�R�F�s� �i�n�c�l�u�d�e� �m�a�n�y� �f�u�n�c�t�i�o�n�a�l�l�y� �u�n�c�h�a�r�a�c�t�e�r�i�z�e�d� �p�e�p�t�i�d�e�s�.� 
�A�l�t�h�o�u�g�h� �e�s�t�i�m�a�t�i�o�n� �o�f� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �b�i�o�l�o�g�i�c�a�l�l�y� 
�r�e�l�e�v�a�n�t� �s�e�c�r�e�t�e�d� �p�e�p�t�i�d�e� �s�i�g�n�a�l�s� �i�s� �d�i�f�f�i�c�u�l�t� �a�t� �p�r�e�s�e�n�t�,� �t�h�e� 
�p�r�e�s�e�n�c�e� �o�f� �m�a�n�y� ´�o�r�p�h�a�n� �r�e�c�e�p�t�o�r�sµ� �a�m�o�n�g� �r�e�c�e�p�t�o�r�-�l�i�k�e� 
�k�i�n�a�s�e�s� �i�n� Arabidopsis� �s�u�g�g�e�s�t� �t�h�a�t� �a� �s�u�b�s�t�a�n�t�i�a�l� �n�u�m�b�e�r� �o�f� 
�i�n�t�e�r�c�e�l�l�u�l�a�r� �s�i�g�n�a�l�s� �r�e�m�a�i�n� �t�o� �b�e� �i�d�e�n�t�i�f�i�e�d�.
�O�n�e� �s�t�r�u�c�t�u�r�a�l�l�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �g�r�o�u�p� �o�f� �p�e�p�t�i�d�e� �s�i�g�n�a�l�s� �i�s� 
´�p�o�s�t�-�t�r�a�n�s�l�a�t�i�o�n�a�l�l�y� �m�o�d�i�f�i�e�d� �s�m�a�l�l� �p�e�p�t�i�d�e�sµ�.� �T�h�e�s�e� 
�p�e�p�t�i�d�e�s� �a�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �t�h�e� �s�m�a�l�l� �s�i�z�e� �o�f� �m�a�t�u�r�e� 
�p�e�p�t�i�d�e�s� �(�l�e�s�s� �t�h�a�n� �2�0� �a�m�i�n�o� �a�c�i�d�s�)� �a�n�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �p�o�s�t�-
�t�r�a�n�s�l�a�t�i�o�n�a�l� �m�o�d�i�f�i�c�a�t�i�o�n�s�.� �I�n� �t�h�e�s�e� �p�e�p�t�i�d�e� �s�i�g�n�a�l�s�,� �p�e�p�t�i�d�e� 
�c�h�a�i�n� �l�e�n�g�t�h� �a�n�d� �p�o�s�t�-�t�r�a�n�s�l�a�t�i�o�n�a�l� �m�o�d�i�f�i�c�a�t�i�o�n�s� �a�r�e� 
�g�e�n�e�r�a�l�l�y� �v�e�r�y� �i�m�p�o�r�t�a�n�t� �f�o�r� �t�h�e�i�r� �r�e�c�e�p�t�o�r� �b�i�n�d�i�n�g� �a�c�t�i�v�i�t�y� 
�a�n�d� �p�h�y�s�i�o�l�o�g�i�c�a�l� �f�u�n�c�t�i�o�n�s�.

1-1 C-terminally encoded peptide (CEP)
�C�-�t�e�r�m�i�n�a�l�l�y� �e�n�c�o�d�e�d� �p�e�p�t�i�d�e� �(�C�E�P�)� �i�s� �a� �1�5�-�a�m�i�n�o�-�a�c�i�d� 
�p�e�p�t�i�d�e� �i�n�v�o�l�v�e�d� �i�n� �m�e�d�i�a�t�i�n�g� �l�o�n�g�-�d�i�s�t�a�n�c�e� �n�i�t�r�o�g�e�n� 
�(�N�)�-�d�e�m�a�n�d� �s�i�g�n�a�l�i�n�g�.� �T�h�e� �C�E�P� �f�a�m�i�l�y� �w�a�s� �i�d�e�n�t�i�f�i�e�d� �b�y� in 
silico� �s�c�r�e�e�n�i�n�g� �f�o�r� �a� �f�a�m�i�l�y� �o�f� �s�e�c�r�e�t�e�d� �p�e�p�t�i�d�e�s� �t�h�a�t� �s�h�a�r�e� 
�s�h�o�r�t�,� �c�o�n�s�e�r�v�e�d� �d�o�m�a�i�n�s� �n�e�a�r� �t�h�e� �C�-�t�e�r�m�i�n�u�s�,� �a� �f�e�a�t�u�r�e� �t�h�a�t� 
�i�s� �c�o�m�m�o�n� �t�o� �s�e�v�e�r�a�l� �p�o�s�t�t�r�a�n�s�l�a�t�i�o�n�a�l�l�y� �m�o�d�i�f�i�e�d� �s�m�a�l�l� 
�p�e�p�t�i�d�e� �s�i�g�n�a�l�s� �i�n� �p�l�a�n�t�s�.� �C�E�P�1� �i�s� �s�e�c�r�e�t�e�d� �a�s� �a� �1�5�-�a�m�i�n�o� 

�a�c�i�d� �p�e�p�t�i�d�e� �o�r�i�g�i�n�a�t�i�n�g� �f�r�o�m� �a� �C�-�t�e�r�m�i�n�a�l� �c�o�n�s�e�r�v�e�d� �d�o�m�a�i�n� 
�(�t�h�e� �C�E�P� �d�o�m�a�i�n�)� �t�h�r�o�u�g�h� �p�o�s�t�t�r�a�n�s�l�a�t�i�o�n�a�l� �p�r�o�l�i�n�e� 
�h�y�d�r�o�x�y�l�a�t�i�o�n� �a�n�d� �p�r�o�t�e�o�l�y�t�i�c� �p�r�o�c�e�s�s�i�n�g�.� �A� �t�o�t�a�l� �o�f� �1�5� CEP� 
�f�a�m�i�l�y� �g�e�n�e�s� �(CEP1� �t�h�r�o�u�g�h� CEP15�)� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �i�n� �t�h�e� 
Arabidopsis� �g�e�n�o�m�e�.
�W�h�e�n� �e�x�t�e�r�n�a�l� �N� �a�v�a�i�l�a�b�i�l�i�t�y� �i�s� �l�o�w�e�r�e�d�,� �C�E�P� �e�x�p�r�e�s�s�i�o�n� �i�s� 
�p�r�o�m�p�t�l�y� �u�p�r�e�g�u�l�a�t�e�d� �i�n� �t�h�e� �p�o�r�t�i�o�n� �o�f� �t�h�e� �r�o�o�t� �s�y�s�t�e�m� 
�d�i�r�e�c�t�l�y� �e�x�p�e�r�i�e�n�c�i�n�g� �N� �s�t�a�r�v�a�t�i�o�n�.� �C�E�P� �a�c�t�s� �a�s� �a� �r�o�o�t�-
�d�e�r�i�v�e�d� �a�s�c�e�n�d�i�n�g� �N�-�d�e�m�a�n�d� �s�i�g�n�a�l� �t�o� �t�h�e� �s�h�o�o�t�,� �w�h�e�r�e� �i�t�s� 
�p�e�r�c�e�p�t�i�o�n� �b�y� �C�E�P� �r�e�c�e�p�t�o�r�s� �l�e�a�d�s� �t�o� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �a� 
�p�u�t�a�t�i�v�e� �s�h�o�o�t�-�d�e�r�i�v�e�d� �d�e�s�c�e�n�d�i�n�g� �s�i�g�n�a�l� �t�h�a�t� �u�p�r�e�g�u�l�a�t�e�s� 
�n�i�t�r�a�t�e� �t�r�a�n�s�p�o�r�t�e�r� �g�e�n�e�s� �i�n� �t�h�e� �r�o�o�t�s�.� �T�h�i�s� �m�e�c�h�a�n�i�s�m� 
�s�u�p�p�o�r�t�s� �N� �a�c�q�u�i�s�i�t�i�o�n� �w�h�e�n� �n�i�t�r�a�t�e� �i�s� �u�n�e�v�e�n�l�y� �d�i�s�t�r�i�b�u�t�e�d� 
�w�i�t�h�i�n� �t�h�e� �s�o�i�l� �(�F�i�g�u�r�e� �1�)�.� �C�E�P� �f�a�m�i�l�y� �p�e�p�t�i�d�e�s� �i�n�d�u�c�e�d� �o�n� 
�o�n�e� �s�i�d�e� �o�f� �t�h�e� �r�o�o�t�s� �b�y� �l�o�c�a�l� �N� �s�t�a�r�v�a�t�i�o�n� �m�e�d�i�a�t�e� 
�u�p�r�e�g�u�l�a�t�i�o�n� �o�f� �n�i�t�r�a�t�e� �t�r�a�n�s�p�o�r�t�e�r� �g�e�n�e�s� �i�n� �t�h�e� �d�i�s�t�a�n�t� �p�a�r�t� �o�f� 
�t�h�e� �r�o�o�t�s� �e�x�p�o�s�e�d� �t�o� �N�-�r�i�c�h� �c�o�n�d�i�t�i�o�n�s� �t�o� �c�o�m�p�e�n�s�a�t�e� �f�o�r� �N� 
�d�e�f�i�c�i�e�n�c�y�.

�F�i�g�u�r�e� �1�.� �C�E�P� �m�e�d�i�a�t�e�s� �s�y�s�t�e�m�i�c� �N�-�d�e�m�a�n�d� �s�i�g�n�a�l�i�n�g�.� �(�A�)� �S�y�s�t�e�m�i�c� 
�N�-�d�e�m�a�n�d� �s�i�g�n�a�l�i�n�g� �v�i�s�u�a�l�i�z�e�d� �b�y� pNRT2.1:LUC.� �N� �s�t�a�r�v�a�t�i�o�n� �o�n� �o�n�e� 
�s�i�d�e� �(�r�i�g�h�t�)� �o�f� �t�h�e� �r�o�o�t� �s�y�s�t�e�m� �l�e�a�d�s� �t�o� �a�n� �u�p�r�e�g�u�l�a�t�i�o�n� �o�f� �n�i�t�r�a�t�e� �u�p�t�a�k�e� 
�o�n� �t�h�e� �o�t�h�e�r� �s�i�d�e� �o�f� �t�h�e� �r�o�o�t� �s�y�s�t�e�m� �(�l�e�f�t�)�.� �(�B�)� �M�o�d�e� �o�f� �a�c�t�i�o�n� �o�f� �C�E�P� 
�f�a�m�i�l�y� �p�e�p�t�i�d�e�s� �i�n� �s�y�s�t�e�m�i�c� �N�-�d�e�m�a�n�d� �s�i�g�n�a�l�i�n�g�.� �N�-�s�t�a�r�v�a�t�i�o�n� �i�n�d�u�c�e�s� 
�C�E�P� �e�x�p�r�e�s�s�i�o�n� �i�n� �r�o�o�t�s�.� �C�E�P� �a�c�t�s� �a�s� �a� �r�o�o�t�-�d�e�r�i�v�e�d� �a�s�c�e�n�d�i�n�g� �N�-�d�e�m�a�n�d� 
�s�i�g�n�a�l� �t�o� �t�h�e� �s�h�o�o�t�,� �w�h�e�r�e� �i�t�s� �p�e�r�c�e�p�t�i�o�n� �b�y� �C�E�P�R� �l�e�a�d�s� �t�o� �t�h�e� �p�r�o�d�u�c�t�i�o�n� 
�o�f� �a� �p�u�t�a�t�i�v�e� �s�h�o�o�t�-�d�e�r�i�v�e�d� �d�e�s�c�e�n�d�i�n�g� �s�i�g�n�a�l� �t�h�a�t� �u�p�r�e�g�u�l�a�t�e�s� �n�i�t�r�a�t�e� 
�t�r�a�n�s�p�o�r�t�e�r� �g�e�n�e�s� �i�n� �t�h�e� �r�o�o�t�s�.
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1-2 Other novel peptide signal candidates 
�T�h�e� �c�o�m�m�o�n� �f�e�a�t�u�r�e� �o�f� �k�n�o�w�n� �s�m�a�l�l� �p�o�s�t�-�t�r�a�n�s�l�a�t�i�o�n�a�l�l�y� 
�m�o�d�i�f�i�e�d� �p�e�p�t�i�d�e� �s�i�g�n�a�l�s� �i�s� �t�h�a�t� �t�h�e�y� �a�r�e� �e�n�c�o�d�e�d� �b�y� �m�u�l�t�i�p�l�e� 
�p�a�r�a�l�o�g�o�u�s� �g�e�n�e�s� �w�h�o�s�e� �p�r�i�m�a�r�y� �p�r�o�d�u�c�t�s� �a�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� 
��0�-� �t�o� �1�1�0�-�a�m�i�n�o�-�a�c�i�d� �c�y�s�t�e�i�n�e�-�p�o�o�r� �s�e�c�r�e�t�e�d� �p�o�l�y�p�e�p�t�i�d�e�s� 
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�1�2

�t�h�a�t� �s�h�a�r�e� �s�h�o�r�t� �c�o�n�s�e�r�v�e�d� �d�o�m�a�i�n�s� �n�e�a�r� �t�h�e� �C�-�t�e�r�m�i�n�u�s�.� �W�e� 
�h�a�v�e� �i�d�e�n�t�i�f�i�e�d� �s�e�v�e�r�a�l� �n�o�v�e�l� �p�o�l�y�p�e�p�t�i�d�e� �f�a�m�i�l�i�e�s� �t�h�a�t� �f�u�l�f�i�l�l� 
�t�h�e� �a�b�o�v�e� �c�r�i�t�e�r�i�a� �b�y� in silico� �s�c�r�e�e�n�i�n�g� �a�n�d� �d�e�t�e�r�m�i�n�e�d� �t�h�e�i�r� 
�m�a�t�u�r�e� �s�t�r�u�c�t�u�r�e�s� �b�y� �a�n�a�l�y�z�i�n�g� �a�p�o�p�l�a�s�t�i�c� �p�e�p�t�i�d�e� �f�r�a�c�t�i�o�n�s� 
�b�y� �n�a�n�o� �L�C�-�M�S��M�S�.� �F�u�n�c�t�i�o�n�a�l� �a�n�a�l�y�s�i�s� �o�f� �t�h�e�s�e� �p�e�p�t�i�d�e�s� �i�s� 
�n�o�w� �g�o�i�n�g� �o�n�.

II. Receptors for secreted peptide signals
�T�h�e� �r�e�c�e�p�t�o�r�s� �o�r� �p�u�t�a�t�i�v�e� �r�e�c�e�p�t�o�r�s� �f�o�r� �p�e�p�t�i�d�e� �s�i�g�n�a�l�s� 
�i�d�e�n�t�i�f�i�e�d� �t�o� �d�a�t�e� �b�e�l�o�n�g� �t�o� �t�h�e� �r�e�c�e�p�t�o�r� �k�i�n�a�s�e� �(�R�K�)� �o�r� 
�r�e�c�e�p�t�o�r�-�l�i�k�e� �p�r�o�t�e�i�n� �(�R�L�P�)� �f�a�m�i�l�i�e�s�.� �A�m�o�n�g� �R�K�s�,� �t�h�e� �l�a�r�g�e�s�t� 
�s�u�b�f�a�m�i�l�y� �i�s� �t�h�e� �l�e�u�c�i�n�e�-�r�i�c�h� �r�e�p�e�a�t� �R�K� �(�L�R�R�-�R�K�)� �f�a�m�i�l�y�,� 
�w�h�i�c�h� �c�o�n�s�i�s�t�s� �o�f� �2�1�� �m�e�m�b�e�r�s� �i�n� Arabidopsis�.� �T�h�e� �m�a�j�o�r�i�t�y� 
�o�f� �r�e�c�e�p�t�o�r�s� �f�o�r� �s�m�a�l�l� �p�o�s�t�-�t�r�a�n�s�l�a�t�i�o�n�a�l�l�y� �m�o�d�i�f�i�e�d� �p�e�p�t�i�d�e� 
�s�i�g�n�a�l�s� �b�e�l�o�n�g� �t�o� �t�h�i�s� �f�a�m�i�l�y�.� �E�s�p�e�c�i�a�l�l�y�,� �a�n� �i�n�c�r�e�a�s�i�n�g� 
�n�u�m�b�e�r� �o�f� �L�R�R� ;� �a�n�d� �L�R�R� ;�I� �m�e�m�b�e�r�s� �a�r�e� �n�o�w� �b�e�i�n�g� 
�c�o�n�f�i�r�m�e�d� �a�s� �r�e�c�e�p�t�o�r�s� �f�o�r� �s�e�v�e�r�a�l� �e�n�d�o�g�e�n�o�u�s� �s�m�a�l�l� �p�e�p�t�i�d�e� 
�l�i�g�a�n�d�s�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e�s�e� �s�u�b�g�r�o�u�p�s� �a�r�e� �a�n� �a�t�t�r�a�c�t�i�v�e� 
�t�a�r�g�e�t� �f�o�r� �b�i�n�d�i�n�g� �a�n�a�l�y�s�i�s� �w�i�t�h� �n�o�v�e�l� �p�e�p�t�i�d�e� �s�i�g�n�a�l�s�.
�A�l�t�h�o�u�g�h� �b�o�t�h� �g�e�n�e�t�i�c� �a�n�d� �b�i�o�c�h�e�m�i�c�a�l� �m�e�t�h�o�d�s� �h�a�v�e� �b�e�e�n� 
�u�s�e�d� �t�o� �i�d�e�n�t�i�f�y� �l�i�g�a�n�d�-�r�e�c�e�p�t�o�r� �p�a�i�r�s� �i�n� �p�l�a�n�t�s�,� �g�e�n�e�t�i�c� 
�r�e�d�u�n�d�a�n�c�y� �o�f�t�e�n� �i�n�t�e�r�f�e�r�e�s� �w�i�t�h� �t�h�e� �f�o�r�m�e�r� �a�p�p�r�o�a�c�h�,� �a�n�d� 
�t�h�e� �l�o�w� �l�e�v�e�l�s� �a�t� �w�h�i�c�h� �l�i�g�a�n�d� �a�n�d� �r�e�c�e�p�t�o�r� �m�o�l�e�c�u�l�e�s� �a�r�e� 
�o�f�t�e�n� �p�r�e�s�e�n�t� �i�n� �t�i�s�s�u�e�s� �c�a�n� �m�a�k�e� �t�h�e� �l�a�t�t�e�r� �a�p�p�r�o�a�c�h� �v�e�r�y� 
�d�i�f�f�i�c�u�l�t�.� �A�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�,� �a�n� �i�n�c�r�e�a�s�i�n�g� �n�u�m�b�e�r� �o�f� �l�i�g�a�n�d� 
�c�a�n�d�i�d�a�t�e�s� �a�r�e� �b�e�i�n�g� �i�d�e�n�t�i�f�i�e�d�.� �I�f� �i�n�d�i�v�i�d�u�a�l� �r�e�c�e�p�t�o�r� �k�i�n�a�s�e�s� 
�c�o�u�l�d� �b�e� �f�u�n�c�t�i�o�n�a�l�l�y� �o�v�e�r�e�x�p�r�e�s�s�e�d� �i�n� �c�e�r�t�a�i�n� �c�e�l�l�s� �a�t� 
�s�u�f�f�i�c�i�e�n�t�l�y� �h�i�g�h� �l�e�v�e�l�s� �a�n�d� �s�u�f�f�i�c�i�e�n�t�l�y� �h�i�g�h� �q�u�a�l�i�t�y� �f�o�r� 
�b�i�o�c�h�e�m�i�c�a�l� �b�i�n�d�i�n�g� �a�n�a�l�y�s�i�s�,� �s�u�c�h� �a� �r�e�c�e�p�t�o�r� �l�i�b�r�a�r�y� �w�o�u�l�d� 
�f�a�c�i�l�i�t�a�t�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �l�i�g�a�n�d�-�r�e�c�e�p�t�o�r� �p�a�i�r�s� �i�n� �p�l�a�n�t�s�.� �T�o� 
�t�h�i�s� �e�n�d�,� �w�e� �e�s�t�a�b�l�i�s�h�e�d� �a� �f�u�n�c�t�i�o�n�a�l� �a�n�d� �e�f�f�i�c�i�e�n�t� �e�x�p�r�e�s�s�i�o�n� 
�s�y�s�t�e�m� �o�f� �p�l�a�n�t� �r�e�c�e�p�t�o�r� �k�i�n�a�s�e�s� �i�n� �t�o�b�a�c�c�o� �B�Y�-�2� �c�e�l�l�s� �a�n�d� 
�p�r�e�p�a�r�e�d� �a�n� �e�x�p�r�e�s�s�i�o�n� �l�i�b�r�a�r�y� �o�f� �a�l�l� �t�h�e� �p�o�t�e�n�t�i�a�l� �r�e�c�e�p�t�o�r� 
�c�a�n�d�i�d�a�t�e�s�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �w�a�s� �s�u�c�c�e�s�s�f�u�l�l�y� �u�s�e�d� �f�o�r� 
�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �C�E�P� �r�e�c�e�p�t�o�r�s�.
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�C�e�l�l�s� �s�e�n�s�e� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �a�r�o�u�n�d� �t�h�e�m�,� �f�o�r� �e�x�a�m�p�l�e� �t�h�e� 
�a�m�o�u�n�t� �o�f� �n�u�t�r�i�e�n�t�s� �a�n�d� �h�o�r�m�o�n�e�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� 
�a�n�d� �p�r�e�s�s�u�r�e�,� �a�n�d� �d�e�c�i�d�e� �w�h�a�t� �k�i�n�d� �o�f� �a�c�t�i�v�i�t�i�e�s� �t�o� �u�n�d�e�r�t�a�k�e� 
�u�s�i�n�g� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n�.� �G�e�r�m� �c�e�l�l�s�,� �w�h�i�c�h� �p�r�o�d�u�c�e� �s�p�e�r�m� �a�n�d� 
�e�g�g�s�,� �b�e�g�i�n� �h�a�l�v�i�n�g� �t�h�e�i�r� �n�u�m�b�e�r� �o�f� �c�h�r�o�m�o�s�o�m�e�s� �d�u�r�i�n�g� �a� 
�s�p�e�c�i�a�l� �k�i�n�d� �o�f� �c�e�l�l� �d�i�v�i�s�i�o�n� �c�a�l�l�e�d� �m�e�i�o�s�i�s�,� �i�n� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� 
�a�m�b�i�e�n�t� �c�o�n�d�i�t�i�o�n�s�.� �I�n� �o�u�r� �l�a�b�o�r�a�t�o�r�y� �w�e� �u�s�e� �t�h�e� �f�i�s�s�i�o�n� �y�e�a�s�t� 
Schizosaccharomyces pombe�,� �t�h�e� �s�i�m�p�l�e�s�t� �o�r�g�a�n�i�s�m� �t�h�a�t� 
�p�e�r�f�o�r�m�s� �m�e�i�o�s�i�s�,� �t�o� �r�e�s�e�a�r�c�h� �t�h�e� �m�e�c�h�a�n�i�s�m� �b�y� �w�h�i�c�h� �c�e�l�l�s� 
�s�w�i�t�c�h� �f�r�o�m� �m�i�t�o�s�i�s�,� �t�h�e� �k�i�n�d� �o�f� �c�e�l�l� �d�i�v�i�s�i�o�n� �t�h�a�t� �d�i�v�i�d�e�s� 
�c�e�l�l�s� �e�q�u�a�l�l�y� �t�o� �c�r�e�a�t�e� �t�w�o� �i�d�e�n�t�i�c�a�l� �c�e�l�l�s�,� �t�o� �m�e�i�o�s�i�s�,� �w�h�i�c�h� 
�i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� �b�r�i�n�g�i�n�g� �f�o�r�t�h� �g�e�n�e�t�i�c�a�l�l�y� �d�i�v�e�r�s�e� �p�r�o�g�e�n�y�.� 

I.  Signaling pathways that regulate the onset of 
sexual differentiation

�W�e� �h�a�v�e� �b�e�e�n� �t�r�y�i�n�g� �t�o� �e�l�u�c�i�d�a�t�e� �h�o�w� �f�i�s�s�i�o�n� �y�e�a�s�t� �c�e�l�l�s� 
�s�w�i�t�c�h� �t�h�e�i�r� �m�o�d�e� �o�f� �c�e�l�l� �c�y�c�l�e� �f�r�o�m� �m�i�t�o�t�i�c� �t�o� �m�e�i�o�t�i�c�.� �W�e� 
�f�o�c�u�s� �o�n� �a� �h�i�g�h�l�y� �c�o�n�s�e�r�v�e�d� �k�i�n�a�s�e�,� �n�a�m�e�l�y� �T�a�r�g�e�t� �o�f� 
�r�a�p�a�m�y�c�i�n� �(�T�O�R�)� �k�i�n�a�s�e�,� �w�h�i�c�h� �p�l�a�y�s� �k�e�y� �r�o�l�e�s� �i�n� �t�h�e� 
�r�e�c�o�g�n�i�t�i�o�n� �o�f� �n�u�t�r�i�t�i�o�n� �a�n�d� �t�h�e� �o�n�s�e�t� �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� �f�i�s�s�i�o�n� �y�e�a�s�t�.� �T�O�R� �k�i�n�a�s�e� �f�o�r�m�s� �t�w�o� �t�y�p�e�s� 
�o�f� �c�o�m�p�l�e�x�e�s�,� �T�O�R�C�1� �a�n�d� �T�O�R�C�2�.� �T�O�R�C�1� �c�o�n�t�a�i�n�s� �T�o�r�2� �a�s� 
�i�t�s� �c�a�t�a�l�y�t�i�c� �s�u�b�u�n�i�t� �a�n�d� �i�s� �e�s�s�e�n�t�i�a�l� �t�o� �s�u�p�p�r�e�s�s� �s�e�x�u�a�l� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �n�i�t�r�o�g�e�n�.� +�o�w�e�v�e�r�,� �t�h�e� 
�c�r�i�t�i�c�a�l� �e�f�f�e�c�t�o�r�s� �o�f� �T�O�R�C�1� �t�h�a�t� �f�u�n�c�t�i�o�n� �i�n� �t�h�e� �s�u�p�p�r�e�s�s�i�o�n� 
�o�f� �s�e�x�u�a�l� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �h�a�v�e� �r�e�m�a�i�n�e�d� �l�a�r�g�e�l�y� �u�n�k�n�o�w�n�.
�W�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �T�O�R�C�1� �c�o�u�l�d� �p�h�o�s�p�h�o�r�y�l�a�t�e� �a�n� 
�R�N�A�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n�,� �M�e�i�2�,� in vitro�.� �M�e�i�2� �i�s� �t�h�e� �m�a�s�t�e�r� 
�r�e�g�u�l�a�t�o�r� �t�h�a�t� �s�w�i�t�c�h�e�s� �t�h�e� �c�e�l�l� �c�y�c�l�e� �f�r�o�m� �m�i�t�o�t�i�c� �t�o� �m�e�i�o�t�i�c�.� 
�M�e�i�2� �i�s� �a�l�s�o� �k�n�o�w�n� �t�o� �b�e� �i�n�v�o�l�v�e�d� �i�n� �e�a�r�l�i�e�r� �s�t�e�p�s� �o�f� �s�e�x�u�a�l� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�.� �W�e� �f�o�u�n�d� �t�h�a�t� �n�o�n�-�p�h�o�s�p�h�o�r�y�l�a�t�a�b�l�e� �M�e�i�2�,� �i�n� 
�w�h�i�c�h� �t�h�e� �n�i�n�e� �p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �s�i�t�e�s� �w�e�r�e� �c�h�a�n�g�e�d� �t�o� 
�a�l�a�n�i�n�e�,� �b�e�c�a�m�e� �m�o�r�e� �s�t�a�b�l�e� �t�h�a�n� �t�h�e� �w�i�l�d�-�t�y�p�e� �i�n� �t�h�e� 
�p�r�e�s�e�n�c�e� �o�f� �n�i�t�r�o�g�e�n�.� �W�e� �f�u�r�t�h�e�r� �s�h�o�w�e�d� �t�h�a�t� �M�e�i�2� �w�a�s� 
�p�o�l�y�u�b�i�q�u�i�t�y�l�a�t�e�d� in vivo� �i�n� �a� �T�O�R�C�1�-�d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r�.� 

�F�r�o�m� �t�h�e�s�e� �o�b�s�e�r�v�a�t�i�o�n�s� �w�e� �p�r�o�p�o�s�e� �t�h�a�t� �T�O�R�C�1� �c�o�n�t�r�i�b�u�t�e�s� 
�t�o� �t�h�e� �s�u�p�p�r�e�s�s�i�o�n� �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� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 
�r�i�c�h� �n�u�t�r�i�t�i�o�n� �t�h�r�o�u�g�h� �p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �a�n�d� �d�e�s�t�a�b�i�l�i�z�a�t�i�o�n� �o�f� 
�M�e�i�2� �(�F�i�g�u�r�e� �1�)� �(�O�t�s�u�b�o� �e�t� �a�l�.�,� �2�0�1��)�.

II.  The molecular mechanisms that establish 
the meiosis-specific transcription profile

�E�x�p�r�e�s�s�i�o�n� �o�f� �h�u�n�d�r�e�d�s� �o�f� �g�e�n�e�s� �i�s� �u�p�r�e�g�u�l�a�t�e�d� �d�u�r�i�n�g� 
�m�e�i�o�s�i�s�.� �W�e� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �s�p�e�c�i�f�i�c� �c�o�n�t�r�o�l� �o�f� �t�h�e� �s�t�a�b�i�l�i�t�y� 
�o�f� �m�e�i�o�t�i�c� �t�r�a�n�s�c�r�i�p�t�s�,� �w�h�i�c�h� �i�s� �o�r�c�h�e�s�t�r�a�t�e�d� �b�y� �t�h�e� �i�n�t�e�r�p�l�a�y� 
�b�e�t�w�e�e�n� �R�N�A�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n�s� �a�n�d� �a� �l�o�n�g� �n�o�n�-�c�o�d�i�n�g� �R�N�A�,� 
�c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� �m�e�i�o�s�i�s�-�s�p�e�c�i�f�i�c� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �i�n� �f�i�s�s�i�o�n� 
�y�e�a�s�t�.� �U�n�d�e�r�s�t�a�n�d�i�n�g� �p�r�e�c�i�s�e� �m�e�c�h�a�n�i�s�m�s� �o�f� �t�h�i�s� �c�o�n�t�r�o�l� �w�i�l�l� 
�s�h�e�d� �l�i�g�h�t� �o�n� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �o�f� �t�i�m�e�l�y� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �d�u�r�i�n�g� 
�m�e�i�o�s�i�s�.
�A� �m�e�i�o�s�i�s�-�s�p�e�c�i�f�i�c� �n�u�c�l�e�a�r� �b�o�d�y� �i�n� �f�i�s�s�i�o�n� �y�e�a�s�t�,� �c�a�l�l�e�d� 
�M�e�i�2� �d�o�t�,� �p�r�o�m�o�t�e�s� �t�h�e� �p�r�o�g�r�e�s�s�i�o�n� �o�f� �m�e�i�o�s�i�s� �b�y� 
�s�e�q�u�e�s�t�e�r�i�n�g� �a�n�d� �i�n�h�i�b�i�t�i�n�g� �M�m�i�1� �p�r�o�t�e�i�n�,� �a� �c�r�u�c�i�a�l� �f�a�c�t�o�r� 
�i�n�v�o�l�v�e�d� �i�n� �t�h�e� �s�e�l�e�c�t�i�v�e� �e�l�i�m�i�n�a�t�i�o�n� �o�f� �m�e�i�o�s�i�s�-�s�p�e�c�i�f�i�c� 
�t�r�a�n�s�c�r�i�p�t�s� �(�F�i�g�u�r�e� �2�)�.� �T�h�e� �M�e�i�2� �d�o�t� �i�s� �c�o�m�p�o�s�e�d� �o�f� �t�h�e� 
�R�N�A�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n� �M�e�i�2� �a�n�d� �a� �l�o�n�g� �n�o�n�-�c�o�d�i�n�g� �R�N�A� 
�s�p�e�c�i�e�s� �t�e�r�m�e�d� �m�e�i�R�N�A�.� �W�e� �h�a�v�e� �s�h�o�w�n� �p�r�e�v�i�o�u�s�l�y� �t�h�a�t� 
�M�e�i�2� �p�h�y�s�i�c�a�l�l�y� �i�n�t�e�r�a�c�t�s� �w�i�t�h� �m�e�i�R�N�A� �a�n�d� �f�o�r�m�s� �t�h�e� �d�o�t� 
�s�t�r�u�c�t�u�r�e� �a�t� �t�h�e� �c�h�r�o�m�o�s�o�m�a�l� sme2� �l�o�c�u�s�,� �w�h�i�c�h� �e�n�c�o�d�e�s� 
�m�e�i�R�N�A�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �t�r�a�n�s�c�r�i�p�t�i�o�n� �o�f� �m�e�i�R�N�A� �(�F�i�g�u�r�e� 
�2�)�.� �W�e� �h�a�v�e� �f�u�r�t�h�e�r� �s�h�o�w�n� �t�h�a�t� �m�e�i�R�N�A� �c�a�r�r�i�e�s� �n�u�m�e�r�o�u�s� 
�c�o�p�i�e�s� �o�f� �t�h�e� �D�S�R� �m�o�t�i�f�,� �w�h�i�c�h� �i�s� �r�e�c�o�g�n�i�z�e�d� �s�p�e�c�i�f�i�c�a�l�l�y� �b�y� 
�M�m�i�1�,� �a�n�d� �t�h�a�t� �m�e�i�R�N�A� �i�s� �i�n�d�e�e�d� �a� �t�a�r�g�e�t� �e�l�i�m�i�n�a�t�e�d� �b�y� 
�M�m�i�1�.� �T�h�u�s�,� �t�h�e� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �t�h�e� 
�s�p�e�c�i�f�i�c� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �m�e�i�R�N�A� �t�o� �i�t�s� �g�e�n�e�t�i�c� �l�o�c�u�s� �a�n�d� �t�h�e� 
�i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�i�s� �l�o�c�a�l�i�z�a�t�i�o�n� �i�n� �t�h�e� �i�n�a�c�t�i�v�a�t�i�o�n� �o�f� �M�m�i�1� 
�p�r�o�v�i�d�e� �i�n�t�e�r�e�s�t�i�n�g� �q�u�e�s�t�i�o�n�s�.
�W�e� �f�o�u�n�d� �t�h�a�t� �M�m�i�1� �i�s� �e�s�s�e�n�t�i�a�l� �t�o� �a�n�c�h�o�r� �m�e�i�R�N�A� �t�o� �i�t�s� 
�c�o�d�i�n�g� �l�o�c�u�s� sme2�.� �M�e�a�n�w�h�i�l�e�,� �o�v�e�r�e�x�p�r�e�s�s�i�o�n� �o�f� �m�e�i�R�N�A� 
�p�r�o�m�o�t�e�d� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �M�m�i�1� �t�o� �t�h�e� sme2� �l�o�c�u�s� �a�n�d� 
�r�e�d�u�c�e�d� �a�c�t�i�v�e� �M�m�i�1� �i�n� �t�h�e� �c�e�l�l�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �i�n�d�i�c�a�t�e� �t�h�a�t� 
�M�m�i�1� �f�a�c�i�l�i�t�a�t�e�s� �t�h�e� �r�e�t�e�n�t�i�o�n� �o�f� �m�e�i�R�N�A� �a�t� �i�t�s� �g�e�n�e�t�i�c� �l�o�c�u�s� 
�a�s� �i�t� �i�s� �t�r�a�n�s�c�r�i�b�e�d�,� �a�n�d� �t�h�a�t� �t�h�e� �a�n�c�h�o�r�e�d� �m�e�i�R�N�A� �t�h�e�n� 
�a�t�t�r�a�c�t�s� �M�m�i�1� �a�n�d� �i�n�h�i�b�i�t�s� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �t�h�i�s� �p�r�o�t�e�i�n� 
�(�S�h�i�c�h�i�n�o� �e�t� �a�l�.�,� �2�0�1��)�.� 

III. Meiosis-specific cell cycle regulation  
�I�n� �b�o�t�h� �m�i�t�o�s�i�s� �a�n�d� �m�e�i�o�s�i�s�,� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �a�n�d� 
�a�c�t�i�v�a�t�i�o�n� �o�f� �M�-�p�h�a�s�e� �p�r�o�m�o�t�i�n�g� �f�a�c�t�o�r� �(�M�P�F�)�,� �c�o�m�p�o�s�e�d� �o�f� 
�C�d�k� �a�n�d� �B�-�t�y�p�e� �c�y�c�l�i�n� �(�C�d�c�2� �a�n�d� �C�d�c�1�� �i�n� S. pombe�,� 
�r�e�s�p�e�c�t�i�v�e�l�y�)� �i�s� �r�e�q�u�i�r�e�d� �b�e�f�o�r�e� �n�u�c�l�e�a�r� �d�i�v�i�s�i�o�n�.� �W�h�e�n� �c�e�l�l�s� 
�e�x�i�t� �f�r�o�m� �M� �p�h�a�s�e� �t�o� �e�n�t�e�r� �t�h�e� �n�e�x�t� �p�h�a�s�e� �o�f� �t�h�e� �c�e�l�l� �c�y�c�l�e�,� 
�t�h�e� �M�P�F� �l�e�v�e�l� �m�u�s�t� �b�e� �r�e�d�u�c�e�d�.� �I�n� �m�e�i�o�s�i�s�,� �h�o�w� �i�s� �t�h�e� �M�P�F� 
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�F�i�g�u�r�e� �1�.� �A� �s�c�h�e�m�a�t�i�c� �o�f� �t�h�e� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �s�e�x�u�a�l� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �b�y� 
�T�O�R�C�1� �t�h�r�o�u�g�h� �p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �o�f� �M�e�i�2�.

�F�i�g�u�r�e� �2�.� �C�o�-�l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �M�e�i�2� �d�o�t� �c�o�m�p�o�n�e�n�t�s�.� �T�h�e� �u�p�p�e�r� �p�a�n�e�l�s� 
�d�i�s�p�l�a�y� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �m�e�i�R�N�A�,� �M�e�i�2� �a�n�d� �M�m�i�1�,� �a�n�d� �t�h�e� �l�o�w�e�r� �p�a�n�e�l�s� 
�d�i�s�p�l�a�y� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �m�e�i�R�N�A�,� �t�h�e� sme2� �l�o�c�u�s� �a�n�d� �M�m�i�1�.� �T�h�e� �c�e�l�l�u�l�a�r� 
�c�o�n�t�o�u�r� �i�s� �s�h�o�w�n� �i�n� �a� �d�o�t�t�e�d� �l�i�n�e�.
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�1�

�l�e�v�e�l� �r�e�g�u�l�a�t�e�d� �b�e�t�w�e�e�n� �t�h�e� �f�i�r�s�t� �m�e�i�o�t�i�c� �d�i�v�i�s�i�o�n� �(�m�e�i�o�s�i�s� �I�)� 
�a�n�d� �t�h�e� �s�e�c�o�n�d� �m�e�i�o�t�i�c� �d�i�v�i�s�i�o�n� �(�m�e�i�o�s�i�s� �I�I�)�,� �d�u�r�i�n�g� �w�h�i�c�h� 
�t�w�o� �s�e�q�u�e�n�t�i�a�l� �n�u�c�l�e�a�r� �d�i�v�i�s�i�o�n�s� �t�a�k�e� �p�l�a�c�e"� �W�e� �a�r�e� 
�i�n�t�e�r�e�s�t�e�d� �i�n� �t�h�e� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� �e�n�a�b�l�i�n�g� �t�h�e� �m�e�i�o�t�i�c� 
�c�e�l�l� �c�y�c�l�e�.� �W�e� �h�a�v�e� �s�h�o�w�n� �p�r�e�v�i�o�u�s�l�y� �t�h�a�t� �a� �m�e�i�o�s�i�s�-�s�p�e�c�i�f�i�c� 
�i�n�h�i�b�i�t�o�r� �o�f� �t�h�e� �a�n�a�p�h�a�s�e�-�p�r�o�m�o�t�i�n�g� �c�o�m�p�l�e�x��c�y�c�l�o�s�o�m�e� 
�(�A�P�C��C�)�,� �n�a�m�e�l�y� �M�e�s�1�,� �p�r�o�t�e�c�t�s� �C�d�c�1�� �f�r�o�m� �c�o�m�p�l�e�t�e� 
�d�e�s�t�r�u�c�t�i�o�n� �a�t� �a�n�a�p�h�a�s�e� �o�f� �m�e�i�o�s�i�s� �I�.� �T�h�i�s� �s�e�c�u�r�e�s� �t�h�e� 
�r�e�t�e�n�t�i�o�n� �o�f� �a� �s�u�f�f�i�c�i�e�n�t� �l�e�v�e�l� �o�f� �M�P�F� �a�c�t�i�v�i�t�y� �t�o� �c�o�n�d�u�c�t� 
�m�e�i�o�s�i�s� �I�I�.
�W�e� �i�s�o�l�a�t�e�d� �m�u�t�a�n�t�s� �d�e�f�e�c�t�i�v�e� �i�n� spo5�,� �w�h�i�c�h� �e�n�c�o�d�e�s� �a� 
�m�e�i�o�s�i�s�-�s�p�e�c�i�f�i�c� �R�N�A�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n�,� �i�n� �a� �n�e�w� �s�c�r�e�e�n�i�n�g� �t�o� 
�i�d�e�n�t�i�f�y� �m�u�t�a�n�t�s� �d�e�f�i�c�i�e�n�t� �i�n� �t�h�e� �p�r�o�g�r�e�s�s�i�o�n� �o�f� �m�e�i�o�s�i�s� �I�I�.� 
�W�e� �f�o�u�n�d� �t�h�a�t� spo5� �m�u�t�a�n�t� �c�e�l�l�s� �l�o�s�t� �C�d�c�1�� �p�r�e�m�a�t�u�r�e�l�y� 
�p�r�i�o�r� �t�o� �m�e�i�o�s�i�s� �I�I� �(�F�i�g�u�r�e� ��)�.� �T�h�e� �d�e�f�e�c�t� �i�n� �m�e�i�o�s�i�s� �I�I� �i�n� �t�h�e� 
spo5� �m�u�t�a�n�t�s� �w�a�s� �r�e�c�o�v�e�r�e�d� �b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �C�D�K� �a�c�t�i�v�i�t�y�.� 
�F�u�r�t�h�e�r�m�o�r�e�,� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� cdc13� �t�r�a�n�s�c�r�i�p�t�s� �d�u�r�i�n�g� 
�m�e�i�o�s�i�s� �I�I� �w�a�s� �l�o�w�e�r� �i�n� spo5� �m�u�t�a�n�t� �c�e�l�l�s� �t�h�a�n� �i�n� �w�i�l�d�-�t�y�p�e� 
�c�e�l�l�s�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �S�p�o�5� �i�s� �a� �n�o�v�e�l� �f�a�c�t�o�r� �t�h�a�t� 
�c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �o�f� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �C�d�c�1�� 
�d�u�r�i�n�g� �m�e�i�o�s�i�s� �(�A�r�a�t�a� et al�.� �2�0�1��)�.� 

Publication List
〔Original papers〕

�� �A�o�i�,� �Y�.�,� �K�a�w�a�s�h�i�m�a�,� �S�.�A�.�,� �S�i�m�a�n�i�s�,� 9�.�,� �Y�a�m�a�m�o�t�o�,� �M�.�,� �a�n�d� �S�a�t�o�,� �M�.� 
�(�2�0�1��)�.� �O�p�t�i�m�i�z�a�t�i�o�n� �o�f� �t�h�e� �a�n�a�l�o�g�u�e�-�s�e�n�s�i�t�i�v�e� �C�d�c�2��C�d�k�1� �m�u�t�a�n�t� �b�y� �i�n� 
�v�i�v�o� �s�e�l�e�c�t�i�o�n� �e�l�i�m�i�n�a�t�e�s� �p�h�y�s�i�o�l�o�g�i�c�a�l� �l�i�m�i�t�a�t�i�o�n�s� �t�o� �i�t�s� �u�s�e� �i�n� �c�e�l�l� 
�c�y�c�l�e� �a�n�a�l�y�s�i�s�.� �O�p�e�n� �B�i�o�l�.� ��,� �1��0�0���.

�� �A�r�a�t�a�,� �M�.�,� �S�a�t�o�,� �M�.�,� �Y�a�m�a�s�h�i�t�a�,� �A�.�,� �a�n�d� �Y�a�m�a�m�o�t�o�,� �M�.� �(�2�0�1��)�.� �T�h�e� 
�R�N�A�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n� �S�p�o�5� �p�r�o�m�o�t�e�s� �m�e�i�o�s�i�s� �I�I� �b�y� �r�e�g�u�l�a�t�i�n�g� �c�y�c�l�i�n� 
�C�d�c�1�� �i�n� �f�i�s�s�i�o�n� �y�e�a�s�t�.� �G�e�n�e�s� �C�e�l�l�s� �1��,� �2�2�5�-�2���.

�� +�i�r�a�i�,� +�.�,� �A�r�a�i�,� �K�.�,� �K�a�r�i�y�a�z�o�n�o�,� �R�.�,� �Y�a�m�a�m�o�t�o�,� �M�.�,� �a�n�d� �S�a�t�o�,� �M�.� �(�2�0�1��)�.� 
�T�h�e� �k�i�n�e�t�o�c�h�o�r�e� �p�r�o�t�e�i�n� �K�i�s�1��E�i�c�1��M�i�s�1�� �e�n�s�u�r�e�s� �t�h�e� �i�n�t�e�g�r�i�t�y� �o�f� 
�m�i�t�o�t�i�c� �s�p�i�n�d�l�e�s� �t�h�r�o�u�g�h� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �k�i�n�e�t�o�c�h�o�r�e� �f�a�c�t�o�r�s� �M�i�s��
�C�E�N�P�-�I� �a�n�d� �C�E�N�P�-�A�.� �P�L�o�S� �O�n�e� ��,� �e�1�1�1��0�5�.

�� �O�k�a�d�a�,� �N�.�,� �T�o�d�a�,� �T�.�,� �Y�a�m�a�m�o�t�o�,� �M�.�,� �a�n�d� �S�a�t�o�,� �M�.� �(�2�0�1��)�.� �C�D�K�-
�d�e�p�e�n�d�e�n�t� �p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �o�f� �A�l�p��-�A�l�p�1�� �(�T�A�C�C�-�T�O�G�)� �p�r�o�m�o�t�e�s� �i�t�s� 
�n�u�c�l�e�a�r� �a�c�c�u�m�u�l�a�t�i�o�n� �a�n�d� �s�p�i�n�d�l�e� �m�i�c�r�o�t�u�b�u�l�e� �a�s�s�e�m�b�l�y�.� �M�o�l�.� �B�i�o�l�.� 
�C�e�l�l� �2�5�,� �1����-�1���2�.

�� �O�t�s�u�b�o�,� �Y�.�,� �Y�a�m�a�s�h�i�t�a�,� �A�.�,� �O�h�n�o�,� +�.�,� �a�n�d� �Y�a�m�a�m�o�t�o�,� �M�.� �(�2�0�1��)�.� �S�.� 
�p�o�m�b�e� �T�O�R�C�1� �a�c�t�i�v�a�t�e�s� �t�h�e� �u�b�i�q�u�i�t�i�n�-�p�r�o�t�e�a�s�o�m�a�l� �d�e�g�r�a�d�a�t�i�o�n� �o�f� �t�h�e� 
�m�e�i�o�t�i�c� �r�e�g�u�l�a�t�o�r� �M�e�i�2� �i�n� �c�o�o�p�e�r�a�t�i�o�n� �w�i�t�h� �P�a�t�1� �k�i�n�a�s�e�.� �J� �C�e�l�l� �S�c�i�.� �1�2��,� 
�2����-�2����.

�� �S�h�i�c�h�i�n�o�,� �Y�.�,� �Y�a�m�a�s�h�i�t�a�,� �A�.�,� �a�n�d� �Y�a�m�a�m�o�t�o�,� �M�.� �(�2�0�1��)�.� �M�e�i�o�t�i�c� �l�o�n�g� 
�n�o�n�-�c�o�d�i�n�g� �m�e�i�R�N�A� �a�c�c�u�m�u�l�a�t�e�s� �a�s� �a� �d�o�t� �a�t� �i�t�s� �g�e�n�e�t�i�c� �l�o�c�u�s� �f�a�c�i�l�i�t�a�t�e�d� 
�b�y� �M�m�i�1� �a�n�d� �p�l�a�y�s� �a�s� �a� �d�e�c�o�y� �t�o� �l�u�r�e� �M�m�i�1�.� �O�p�e�n� �B�i�o�l�.� ��,� �1��0�0�2�2�.

�� �T�o�g�a�s�h�i�,� �N�.�,� �Y�a�m�a�s�h�i�t�a�,� �A�.�,� �S�a�t�o�,� �M�.�,� �a�n�d� �Y�a�m�a�m�o�t�o�,� �M�.� �(�2�0�1��)�.� 
�F�u�n�c�t�i�o�n�a�l� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �n�u�c�l�e�a�r� �e�x�p�o�r�t� �a�n�d� �m�R�N�A� �b�i�n�d�i�n�g� �o�f� �m�e�i�o�t�i�c� 
�r�e�g�u�l�a�t�o�r� �S�p�o�5� �i�n� �f�i�s�s�i�o�n� �y�e�a�s�t�.� �B�M�C� �M�i�c�r�o�b�i�o�l�.� �1��,� �1���.

�F�i�g�u�r�e� ��.� �C�d�c�1�� �d�i�s�a�p�p�e�a�r�s� �p�r�e�m�a�t�u�r�e�l�y� �i�n� �t�h�e� spo5� �m�u�t�a�n�t�s�.� �C�d�c�1�� �a�n�d� �a� �s�p�i�n�d�l�e� �p�o�l�e� �b�o�d�y� �m�a�r�k�e�r� �S�f�i�1� �w�e�r�e� �m�o�n�i�t�o�r�e�d� �i�n� �w�i�l�d�-�t�y�p�e� �a�n�d� spo5� �m�u�t�a�n�t� 
�c�e�l�l�s� �i�n� �t�h�e� �c�o�u�r�s�e� �o�f� �m�e�i�o�s�i�s�.� �I�n� �w�i�l�d�-�t�y�p�e� �c�e�l�l�s�,� �C�d�c�1�� �s�i�g�n�a�l� �d�i�m�i�n�i�s�h�e�d� �a�t� �a�n�a�p�h�a�s�e� �o�f� �m�e�i�o�s�i�s� �I� �b�u�t� �r�e�a�p�p�e�a�r�e�d� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �m�e�i�o�s�i�s� �I�I�.� �I�n� spo5� 
�m�u�t�a�n�t� �c�e�l�l�s�,� �C�d�c�1�� �s�i�g�n�a�l� �r�e�a�p�p�e�a�r�e�d� �o�n�l�y� �f�a�i�n�t�l�y� �(�C�e�l�l�-�1�)� �o�r� �d�i�d� �n�o�t� �r�e�a�p�p�e�a�r� �(�C�e�l�l�-�2�)�.
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�T�h�e� �t�r�a�n�s�p�o�r�t� �o�f� �s�p�e�c�i�f�i�c� �m�R�N�A�s� �a�n�d� �l�o�c�a�l� �c�o�n�t�r�o�l� �o�f� 
�t�r�a�n�s�l�a�t�i�o�n� �i�n� �n�e�u�r�o�n�a�l� �d�e�n�d�r�i�t�e�s� �r�e�p�r�e�s�e�n�t� �a�n� �i�m�p�o�r�t�a�n�t� �g�e�n�e� 
�e�x�p�r�e�s�s�i�o�n� �s�y�s�t�e�m� �t�h�a�t� �p�r�o�v�i�d�e�s� �d�e�n�d�r�i�t�i�c� �p�r�o�t�e�i�n� �s�y�n�t�h�e�s�i�s� �a�t� 
�j�u�s�t� �t�h�e� �r�i�g�h�t� �t�i�m�e� �a�n�d� �p�l�a�c�e�.� �I�t� �i�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�i�s� �s�y�s�t�e�m� 
�c�o�n�t�r�o�l�s� �t�h�e� �l�o�c�a�t�i�o�n� �a�t� �w�h�i�c�h� �n�e�u�r�i�t�e�s� �w�i�l�l� �c�o�n�n�e�c�t� �t�o� �e�a�c�h� 
�o�t�h�e�r�,� �t�h�e�r�e�b�y� �f�o�r�m�i�n�g� �n�e�u�r�a�l� �n�e�t�w�o�r�k�s�.� �O�u�r� �m�a�i�n� �i�n�t�e�r�e�s�t� �i�s� 
�t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �a�n�d� �r�o�l�e�s� �o�f� �m�R�N�A� �t�r�a�n�s�p�o�r�t� 
�a�n�d� �l�o�c�a�l� �t�r�a�n�s�l�a�t�i�o�n� �i�n� �n�e�u�r�o�n�a�l� �d�e�n�d�r�i�t�e�s�.
�S�p�e�c�i�f�i�c� �m�R�N�A�s� �a�r�e� �r�e�c�r�u�i�t�e�d� �i�n�t�o� ´�R�N�A� �g�r�a�n�u�l�e�sµ� �a�n�d� 
�t�r�a�n�s�p�o�r�t�e�d� �t�o� �d�e�n�d�r�i�t�e�s�.� �R�N�A� �g�r�a�n�u�l�e�s� �a�r�e� �m�a�c�r�o�m�o�l�e�c�u�l�a�r� 
�c�o�m�p�l�e�x�e�s� �c�o�m�p�o�s�e�d� �m�a�i�n�l�y� �o�f� �m�R�N�A�s�,� �r�i�b�o�s�o�m�e�s� �a�n�d� 
�R�N�A�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n�s�,� �a�n�d� �m�e�d�i�a�t�e� �t�h�e� �t�r�a�n�s�p�o�r�t� �a�n�d� �l�o�c�a�l� 
�t�r�a�n�s�l�a�t�i�o�n� �o�f� �t�h�e�i�r� �m�R�N�A� �c�a�r�g�o�e�s� �i�n� �r�e�s�p�o�n�s�e� �t�o� �s�y�n�a�p�t�i�c� 
�s�t�i�m�u�l�a�t�i�o�n� �(�F�i�g�u�r�e� �1�)�.� �W�e� �a�r�e� �r�e�s�e�a�r�c�h�i�n�g� �R�N�A� �g�r�a�n�u�l�e� 
�f�a�c�t�o�r�s� �r�e�g�u�l�a�t�i�n�g� �m�R�N�A� �t�r�a�n�s�p�o�r�t� �a�n�d� �l�o�c�a�l� �t�r�a�n�s�l�a�t�i�o�n�,� �t�h�e�i�r� 
�t�a�r�g�e�t� �m�R�N�A�s�,� �a�n�d� �t�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �l�o�c�a�l�i�z�e�d� �p�r�o�t�e�i�n� 
�s�y�n�t�h�e�s�i�s� �u�s�i�n�g� �m�i�c�e� �i�n� �o�r�d�e�r� �t�o� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d� �i�t�s� �r�e�l�a�t�i�o�n� 
�t�o� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �s�y�n�a�p�s�e�s� �a�n�d� �n�e�u�r�a�l� �n�e�t�w�o�r�k�s�,� �m�e�m�o�r�y�,� 
�l�e�a�r�n�i�n�g�,� �a�n�d� �b�e�h�a�v�i�o�r�.� 

I.  Dendritic mRNA localization and learning 
and memory in RNG105 conditional 
knockout mice

�W�e� �p�r�e�v�i�o�u�s�l�y� �i�d�e�n�t�i�f�i�e�d� �R�N�A� �g�r�a�n�u�l�e� �p�r�o�t�e�i�n� �1�0�5� 
�(�R�N�G�1�0�5�)��c�a�p�r�i�n�1�,� �a�n� �R�N�A�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n�,� �a�s� �a� �c�o�m�p�o�n�e�n�t� 
�o�f� �R�N�A� �g�r�a�n�u�l�e�s�.� �R�N�G�1�0�5� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �m�R�N�A� 
�t�r�a�n�s�p�o�r�t� �t�o� �d�e�n�d�r�i�t�e�s�,� �w�h�i�c�h� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �e�n�c�o�d�e�d� 
�p�r�o�t�e�i�n�s� �t�o� �b�e� �t�r�a�n�s�l�a�t�e�d� �a�n�d� �f�u�n�c�t�i�o�n� �i�n� �d�e�n�d�r�i�t�e�s� �f�o�r� �p�r�o�p�e�r� 
�n�e�t�w�o�r�k�i�n�g� �o�f� �n�e�u�r�o�n�s� �(�S�h�i�i�n�a� et al�.�,� �J�.� �N�e�u�r�o�s�c�i�.� ��0�,� �1�2��1��-
�1�2���0�,� �2�0�1�0�)�.� �R�N�G�1�0�5� �k�n�o�c�k�o�u�t� �m�i�c�e� �e�x�h�i�b�i�t� �r�e�d�u�c�e�d� 
�d�e�n�d�r�i�t�i�c� �s�y�n�a�p�s�e� �f�o�r�m�a�t�i�o�n� �a�n�d� �r�e�d�u�c�e�d� �d�e�n�d�r�i�t�i�c� 
�a�r�b�o�r�i�z�a�t�i�o�n�,� �w�h�i�c�h� �r�e�s�u�l�t�s� �i�n� �p�o�o�r� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �n�e�u�r�o�n�a�l� 
�n�e�t�w�o�r�k�s�.� �T�h�e� �k�n�o�c�k�o�u�t� �n�e�o�n�a�t�e�s� �d�i�e� �s�o�o�n� �a�f�t�e�r� �b�i�r�t�h� �d�u�e� �t�o� 
�r�e�s�p�i�r�a�t�o�r�y� �f�a�i�l�u�r�e� �t�h�a�t� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �d�e�f�e�c�t�s� �i�n� �f�e�t�a�l� 

�b�r�a�i�n�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �(�S�h�i�i�n�a� et al�.�,� �J�.� �N�e�u�r�o�s�c�i�.� ��0,� �1�2��1��-
�1�2���0�,� �2�0�1�0�)�.
�T�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �r�o�l�e� �o�f� �R�N�G�1�0�5� �i�n� �t�h�e� �a�d�u�l�t� �m�o�u�s�e� �b�r�a�i�n�,� 
�w�e� �h�a�v�e� �g�e�n�e�r�a�t�e�d� �R�N�G�1�0�5� �c�o�n�d�i�t�i�o�n�a�l� �k�n�o�c�k�o�u�t� �(�c�K�O�)� 
�m�i�c�e� �i�n� �w�h�i�c�h� �t�h�e� rng105� �g�e�n�e� �w�a�s� �d�i�s�r�u�p�t�e�d� �i�n� �t�h�e� �b�r�a�i�n� 
�a�f�t�e�r� �b�i�r�t�h�.� �U�s�i�n�g� �R�N�G�1�0�5� �c�K�O� �a�d�u�l�t� �m�i�c�e�,� �w�e� �p�e�r�f�o�r�m�e�d� 
�c�o�m�p�r�e�h�e�n�s�i�v�e� �a�n�a�l�y�s�i�s� �o�f� �d�e�n�d�r�i�t�i�c� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �m�R�N�A�s�.� 
�B�r�a�i�n� �s�l�i�c�e�s� �w�e�r�e� �d�i�s�s�e�c�t�e�d� �t�o� �i�s�o�l�a�t�e� �s�o�m�a�t�i�c� �a�n�d� �d�e�n�d�r�i�t�i�c� 
�l�a�y�e�r�s� �o�f� �h�i�p�p�o�c�a�m�p�a�l� �C�A�1� �n�e�u�r�o�n�s�,� �a�n�d� �f�r�o�m� �e�a�c�h� �l�a�y�e�r�,� 
�R�N�A� �w�a�s� �p�u�r�i�f�i�e�d� �a�n�d� �a�n�a�l�y�z�e�d� �b�y� �d�e�e�p� �s�e�q�u�e�n�c�i�n�g�.� 
�C�o�m�p�a�r�i�s�o�n� �o�f� �m�R�N�A�s� �f�r�o�m� �d�e�n�d�r�i�t�i�c� �a�n�d� �s�o�m�a�t�i�c� �l�a�y�e�r�s� 
�i�d�e�n�t�i�f�i�e�d� �m�R�N�A�s� �c�o�n�c�e�n�t�r�a�t�e�d� �i�n� �d�e�n�d�r�i�t�e�s� �a�n�d� �m�R�N�A�s� 
�c�o�n�c�e�n�t�r�a�t�e�d� �i�n� �t�h�e� �s�o�m�a� �(�F�i�g�u�r�e� �2�)�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� 
�m�R�N�A� �c�o�m�p�o�s�i�t�i�o�n� �b�e�t�w�e�e�n� �d�e�n�d�r�i�t�e�s� �a�n�d� �s�o�m�a� �w�a�s� 
�r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �i�n� �R�N�G�1�0�5� �c�K�O� �m�i�c�e� �c�o�m�p�a�r�e�d� �t�o� �c�o�n�t�r�o�l� 
�m�i�c�e� �(�F�i�g�u�r�e� �2�)�,� �w�h�i�c�h� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �d�e�n�d�r�i�t�i�c� �m�R�N�A� 
�c�o�m�p�o�s�i�t�i�o�n� �i�n� �R�N�G�1�0�5� �c�K�O� �n�e�u�r�o�n�s� �c�h�a�n�g�e�d� �t�o�w�a�r�d� �t�h�e� 
�s�o�m�a�t�i�c� �t�y�p�e�,� �i�.�e�.�,� �d�e�n�d�r�i�t�i�c� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �s�p�e�c�i�f�i�c� �m�R�N�A�s� 
�w�a�s� �r�e�d�u�c�e�d� �i�n� �R�N�G�1�0�5� �c�K�O� �m�i�c�e�.� �G�e�n�e� �o�n�t�o�l�o�g�y� �a�n�a�l�y�s�i�s� 
�r�e�v�e�a�l�e�d� �t�h�a�t� �d�e�n�d�r�i�t�i�c�a�l�l�y� �e�n�r�i�c�h�e�d� �m�R�N�A�s� �i�n�c�l�u�d�e�d� �s�m�a�l�l� 
�G� �p�r�o�t�e�i�n� �r�e�g�u�l�a�t�o�r�s� �a�n�d� �t�r�a�n�s�l�a�t�i�o�n� �r�e�g�u�l�a�t�o�r�s�,� �w�h�i�c�h� �w�e�r�e� 
�r�e�d�u�c�e�d� �i�n� �d�e�n�d�r�i�t�e�s� �o�f� �R�N�G�1�0�5� �c�K�O� �m�i�c�e�.� �W�e� �a�r�e� �g�o�i�n�g� �t�o� 
�i�n�v�e�s�t�i�g�a�t�e� �w�h�e�t�h�e�r� �p�r�o�t�e�i�n�s� �e�n�c�o�d�e�d� �b�y� �t�h�e�s�e� �m�R�N�A�s� �a�r�e� 
�i�n�v�o�l�v�e�d� �i�n� �d�e�n�d�r�i�t�i�c� �s�y�n�a�p�s�e� �f�u�n�c�t�i�o�n� �a�n�d� �n�e�u�r�o�n�a�l� �n�e�t�w�o�r�k� 
�f�o�r�m�a�t�i�o�n�.
�W�e� �f�u�r�t�h�e�r� �a�n�a�l�y�z�e�d� �b�e�h�a�v�i�o�r� �o�f� �R�N�G�1�0�5� �c�K�O� �m�i�c�e�.� 
�P�a�s�s�i�v�e� �a�v�o�i�d�a�n�c�e� �t�e�s�t� �i�s� �o�n�e� �o�f� �t�h�e� �l�e�a�r�n�i�n�g� �a�n�d� �m�e�m�o�r�y� 
�t�e�s�t�s�,� �i�n� �w�h�i�c�h� �m�i�c�e� �r�e�c�e�i�v�e� �a�n� �e�l�e�c�t�r�i�c� �f�o�o�t� �s�h�o�c�k� �i�n� �a� �r�o�o�m� 
�a�n�d� �t�h�e�r�e�a�f�t�e�r� �t�h�e�y� �r�e�m�e�m�b�e�r� �t�h�e� �s�i�t�u�a�t�i�o�n� �a�n�d� �d�o� �n�o�t� �e�n�t�e�r� 
�t�h�e� �r�o�o�m� �f�o�r� �m�o�r�e� �t�h�a�n� �s�e�v�e�r�a�l� �d�a�y�s�.� �I�n� �t�h�i�s� �t�e�s�t�,� �R�N�G�1�0�5� 
�c�K�O� �m�i�c�e� �d�i�d� �n�o�t� �e�n�t�e�r� �t�h�e� �r�o�o�m� �a�t� �5� �m�i�n�u�t�e�s� �a�f�t�e�r� �t�h�e� �f�o�o�t� 
�s�h�o�c�k�,� �b�u�t� �e�n�t�e�r�e�d� �t�h�e� �r�o�o�m� �a�f�t�e�r� �2�� �h�o�u�r�s�.� �W�e� �p�e�r�f�o�r�m�e�d� 
�a�n�o�t�h�e�r� �l�e�a�r�n�i�n�g� �a�n�d� �m�e�m�o�r�y� �t�e�s�t�,� �M�o�r�r�i�s� �w�a�t�e�r� �m�a�z�e�.� �I�n� �t�h�i�s� 
�t�e�s�t�,� �m�i�c�e� �l�e�a�r�n� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �a� �h�i�d�d�e�n� �p�l�a�t�f�o�r�m� �t�h�a�t� �a�l�l�o�w�s� 
�t�h�e� �m�i�c�e� �t�o� �e�s�c�a�p�e� �f�r�o�m� �w�a�t�e�r�.� �A�f�t�e�r� �s�e�v�e�r�a�l� �d�a�y�s� �o�f� �t�r�a�i�n�i�n�g�,� 
�c�o�n�t�r�o�l� �m�i�c�e� �l�e�a�r�n�e�d� �t�h�e� �p�l�a�t�f�o�r�m� �l�o�c�a�t�i�o�n� �a�n�d� �e�s�c�a�p�e� �o�n� �t�h�e� 
�p�l�a�t�f�o�r�m� �f�a�s�t�e�r� �t�h�a�n� �b�e�f�o�r�e� �t�h�e� �t�r�a�i�n�i�n�g�.� +�o�w�e�v�e�r�,� �t�h�e� 
�t�r�a�i�n�i�n�g� �d�i�d� �n�o�t� �s�h�o�r�t�e�n� �t�h�e� �l�a�t�e�n�c�y� �o�f� �R�N�G�1�0�5� �c�K�O� �m�i�c�e� �t�o� 
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�F�i�g�u�r�e� �1�.� �A� �m�o�d�e�l� �f�o�r� �l�o�c�a�l� �t�r�a�n�s�l�a�t�i�o�n� �i�n� �n�e�u�r�o�n�a�l� �d�e�n�d�r�i�t�e�s�.� �S�p�e�c�i�f�i�c� 
�m�R�N�A�s� �a�r�e� �r�e�c�r�u�i�t�e�d� �i�n�t�o� �R�N�A� �g�r�a�n�u�l�e�s� �a�n�d� �t�r�a�n�s�p�o�r�t�e�d� �t�o� �d�e�n�d�r�i�t�e�s�.� 
�T�r�a�n�s�l�a�t�i�o�n� �o�f� �t�h�e� �m�R�N�A�s� �i�s� �i�n�d�u�c�e�d� �l�o�c�a�l�l�y� �u�p�o�n� �s�y�n�a�p�t�i�c� �s�t�i�m�u�l�a�t�i�o�n�,� 
�w�h�i�c�h� �m�o�d�i�f�i�e�s� �l�o�c�a�l� �p�o�s�t�s�y�n�a�p�s�e�s� �t�o� �r�e�g�u�l�a�t�e� �s�y�n�a�p�t�i�c� �c�o�n�n�e�c�t�i�o�n� �a�n�d� 
�n�e�t�w�o�r�k� �f�o�r�m�a�t�i�o�n�.
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�F�i�g�u�r�e� �2�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �m�R�N�A� �c�o�m�p�o�s�i�t�i�o�n� �b�e�t�w�e�e�n� �d�e�n�d�r�i�t�e� �a�n�d� �s�o�m�a� 
�o�f� �h�i�p�p�o�c�a�m�p�a�l� �C�A�1� �n�e�u�r�o�n�s�.� �(�A�)� �R�N�A�s� �f�r�o�m� �t�r�i�p�l�i�c�a�t�e� �s�a�m�p�l�e�s� �w�e�r�e� 
�a�n�a�l�y�z�e�d� �w�i�t�h� �C�u�f�f�l�i�n�k�s�.� �T�h�e� �g�r�a�p�h� �s�h�o�w�s� �M�A� �p�l�o�t� �b�e�t�w�e�e�n� �d�e�n�d�r�i�t�e� 
�R�N�A�s� �a�n�d� �s�o�m�a� �R�N�A�s� �f�r�o�m� �c�o�n�t�r�o�l� �n�e�u�r�o�n�s�.� �T�h�e� �x�-�a�x�i�s� �s�h�o�w�s� �a�v�e�r�a�g�e� 
�l�o�g�2� �e�x�p�r�e�s�s�i�o�n� �o�f� �d�e�n�d�r�i�t�e� �R�N�A�s� �a�n�d� �s�o�m�a� �R�N�A�s� �a�n�d� �t�h�e� �y�-�a�x�i�s� �s�h�o�w�s� 
�l�o�g�2� �f�o�l�d� �c�h�a�n�g�e� �o�f� �d�e�n�d�r�i�t�e� �R�N�A�s� �v�s�.� �s�o�m�a� �R�N�A�s�.� �G�r�a�y�,� �a�l�l� �R�N�A�s�� �r�e�d�,� 
�m�R�N�A�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�n�c�e�n�t�r�a�t�e�d� �i�n� �d�e�n�d�r�i�t�e�s�� �b�l�u�e�,� �m�R�N�A�s� 
�s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�n�c�e�n�t�r�a�t�e�d� �i�n� �s�o�m�a�.� �(�B�)� �M�A� �p�l�o�t� �b�e�t�w�e�e�n� �d�e�n�d�r�i�t�e� �R�N�A�s� 
�a�n�d� �s�o�m�a� �R�N�A�s� �f�r�o�m� �R�N�G�1�0�5� �c�K�O� �n�e�u�r�o�n�s�.� �T�h�e� �s�a�m�e� �m�R�N�A�s� �a�r�e� 
�c�o�l�o�r�e�d� �t�h�e� �s�a�m�e� �a�s� �i�n� �A�.



�1�

�f�i�n�d� �t�h�e� �p�l�a�t�f�o�r�m�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �R�N�G�1�0�5� �c�K�O� 
�m�i�c�e� �h�a�d� �d�e�f�i�c�i�t�s� �i�n� �l�e�a�r�n�i�n�g� �a�n�d� �m�e�m�o�r�y�.
�R�N�G�1�0�5��c�a�p�r�i�n�1� �h�a�s� �o�n�e� �p�a�r�a�l�o�g�,� �R�N�G�1��0��c�a�p�r�i�n�2�,� �w�h�i�c�h� 
�h�a�s� �R�N�A�-�b�i�n�d�i�n�g� �d�o�m�a�i�n�s� �h�i�g�h�l�y� �c�o�n�s�e�r�v�e�d� �w�i�t�h� �R�N�G�1�0�5�.� 
�R�N�G�1�0�5� �a�n�d� �R�N�G�1��0� �a�r�e� �l�o�c�a�l�i�z�e�d� �t�o� �d�i�f�f�e�r�e�n�t� �k�i�n�d�s� �o�f� 
�R�N�A� �g�r�a�n�u�l�e�s� �a�n�d� �t�h�e�i�r� �t�i�m�i�n�g� �o�f� �e�x�p�r�e�s�s�i�o�n� �i�s� �a�l�s�o� 
�d�i�f�f�e�r�e�n�t�� �R�N�G�1�0�5� �i�s� �h�i�g�h�l�y� �e�x�p�r�e�s�s�e�d� �i�n� �e�m�b�r�y�o�s�,� �b�u�t� 
�R�N�G�1��0� �i�s� �h�i�g�h�l�y� �e�x�p�r�e�s�s�e�d� �i�n� �a�d�u�l�t�s� �(�S�h�i�i�n�a� �a�n�d� �T�o�k�u�n�a�g�a�,� 
�J�.� �B�i�o�l�.� �C�h�e�m�.� �2��5,� �2��2��0�-�2��2���,� �2�0�1�0�)�.� �W�e� �h�a�v�e� �o�b�t�a�i�n�e�d� 
�R�N�G�1��0� �k�n�o�c�k�o�u�t� �m�i�c�e� �a�n�d� �e�x�a�m�i�n�e�d� �R�N�G�1��0� �m�R�N�A� 
�e�x�p�r�e�s�s�i�o�n� �b�y� �q�R�T�-�P�C�R�.� �R�N�G�1��0� �m�R�N�A� �w�a�s� �m�o�s�t� �h�i�g�h�l�y� 
�e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �b�r�a�i�n� �a�n�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�d�u�c�e�d� �i�n� �t�h�e� �b�r�a�i�n� 
�o�f� �R�N�G�1��0� �k�n�o�c�k�o�u�t� �m�i�c�e�.� �W�e� �a�r�e� �g�o�i�n�g� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� 
�r�o�l�e� �o�f� �R�N�G�1��0� �i�n� �h�i�g�h�e�r� �b�r�a�i�n� �f�u�n�c�t�i�o�n�s� �i�n� �a�d�u�l�t� �m�i�c�e�.

II.  RNA granule assembly and disassembly 
modulated by NFAR2 and NF45

�W�e� �u�s�e�d� �p�r�o�t�e�o�m�i�c� �a�n�a�l�y�s�e�s� �t�o� �i�d�e�n�t�i�f�y� �p�r�o�t�e�i�n�s� �a�s�s�o�c�i�a�t�e�d� 
�w�i�t�h� �R�N�G�1�0�5�.� �A�m�o�n�g� �t�h�e� �i�d�e�n�t�i�f�i�e�d� �p�r�o�t�e�i�n�s�,� �w�e� �f�o�c�u�s�e�d� �o�n� 
�n�u�c�l�e�a�r� �f�a�c�t�o�r� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �d�s�R�N�A� �2� �(�N�F�A�R�2�)� �a�n�d� �i�t�s� 
�b�i�n�d�i�n�g� �p�a�r�t�n�e�r�,� �n�u�c�l�e�a�r� �f�a�c�t�o�r� ��5� �(�N�F��5�)�.� �N�F�A�R�2� 
�c�o�-�l�o�c�a�l�i�z�e�d� �w�i�t�h� �a�n�d� �e�n�h�a�n�c�e�d� �t�h�e� �a�s�s�e�m�b�l�y� �o�f� �R�N�G�1�0�5�-
�c�o�n�t�a�i�n�i�n�g� �R�N�A� �g�r�a�n�u�l�e�s�,� �w�h�e�r�e�a�s� �N�F��5� �i�n�d�u�c�e�d� �t�h�e� 
�d�i�s�a�s�s�e�m�b�l�y� �o�f� �R�N�A� �g�r�a�n�u�l�e�s� �(�F�i�g�u�r�e� ��)�.
�N�F�A�R�2� �h�a�s� �a� �G4�S�Y� �d�o�m�a�i�n� �t�h�a�t� �i�s� �s�t�r�u�c�t�u�r�a�l�l�y� �a�n�d� 
�f�u�n�c�t�i�o�n�a�l�l�y� �s�i�m�i�l�a�r� �t�o� �t�h�e� �l�o�w� �c�o�m�p�l�e�x�i�t�y� �(�L�C�)� �s�e�q�u�e�n�c�e� 
�d�o�m�a�i�n� �o�f� �F�U�S��T�L�S�,� �w�h�i�c�h� �i�s� �k�n�o�w�n� �t�o� �d�r�i�v�e� �R�N�A� �g�r�a�n�u�l�e� 
�a�s�s�e�m�b�l�y�.� �W�e� �h�a�v�e� �f�o�u�n�d� �t�h�a�t� �t�h�e� �G4�S�Y� �d�o�m�a�i�n� �o�f� �N�F�A�R�2� 
�h�a�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �i�n�t�e�r�a�c�t� �w�i�t�h� �R�N�G�1�0�5�-�c�o�n�t�a�i�n�i�n�g� 
�m�e�s�s�e�n�g�e�r� �r�i�b�o�n�u�c�l�e�o�p�r�o�t�e�i�n� �(�m�R�N�P�)� �c�o�m�p�l�e�x�e�s� �a�n�d� 
�e�n�h�a�n�c�e�s� �t�h�e� �a�s�s�e�m�b�l�y� �o�f� �R�N�G�1�0�5�-�c�o�n�t�a�i�n�i�n�g� �R�N�A� 
�g�r�a�n�u�l�e�s�.
�A�n�o�t�h�e�r� �d�o�m�a�i�n� �o�f� �N�F�A�R�2�,� �t�h�e� �D=�F� �d�o�m�a�i�n�,� �w�a�s� �n�o�t� 
�n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �w�i�t�h� �t�h�e� �R�N�G�1�0�5� �m�R�N�P� 
�c�o�m�p�l�e�x�e�s�,� �b�u�t� �w�a�s� �i�n�v�o�l�v�e�d� �i�n� �p�o�s�i�t�i�v�e� �a�n�d� �n�e�g�a�t�i�v�e� 
�r�e�g�u�l�a�t �i�o�n� �o�f � �R�N�A� �g�r�a�n�u�l�e � �a�s�s�e�m�b�l�y� �b�y� �b�e�i�n�g� 
�p�h�o�s�p�h�o�r�y�l�a�t�e�d� �b�y� �P�K�R�,� �a� �m�a�s�t�e�r� �k�i�n�a�s�e� �i�n�d�u�c�i�n�g� �R�N�A� 
�g�r�a�n�u�l�e� �a�s�s�e�m�b�l�y�,� �a�n�d� �b�y� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �N�F��5�,� 
�r�e�s�p�e�c�t�i�v�e�l�y� �(�F�i�g�u�r�e� ��)�.
�A�n�a�l�y�s�i�s� �o�f� �t�r�a�n�s�l�a�t�i�o�n� �a�c�t�i�v�i�t�y� �a�t� �t�h�e� �s�i�n�g�l�e� �c�e�l�l� �l�e�v�e�l� �b�y� 
�r�i�b�o�p�u�r�o�m�y�c�i�l�a�t�i�o�n� �a�s�s�a�y� �r�e�v�e�a�l�e�d� �t�h�a�t� �N�F�A�R�2� �r�e�p�r�e�s�s�e�d� 
�t�r�a�n�s�l�a�t�i�o�n�,� �b�u�t� �t�h�e� �N�F�A�R�2�-�d�e�p�e�n�d�e�n�t� �r�e�p�r�e�s�s�i�o�n� �w�a�s� 
�d�e�-�r�e�p�r�e�s�s�e�d� �b�y� �N�F��5�.
�O�u�r� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �a� �m�o�d�e�l� �i�n� �w�h�i�c�h� �N�F�A�R�2� �f�u�n�c�t�i�o�n�s� �a�s� �a� 
�c�o�n�n�e�c�t�o�r� �o�f� �R�N�G�1�0�5� �m�R�N�P� �c�o�m�p�l�e�x�e�s� �t�h�r�o�u�g�h� �i�t�s� 
�m�u�l�t�i�v�a�l�e�n�t� �d�o�m�a�i�n�s�,� �i�.�e�.�,� �t�h�e� �G4�S�Y� �d�o�m�a�i�n� �a�n�d� �t�h�e� �D=�F� 
�d�o�m�a�i�n�,� �i�n� �t�h�e� �a�s�s�e�m�b�l�y� �o�f� �R�N�A� �g�r�a�n�u�l�e�s� �t�h�a�t� �i�s� �l�i�n�k�e�d� �w�i�t�h� 
�t�r�a�n�s�l�a�t�i�o�n� �r�e�p�r�e�s�s�i�o�n�.� �T�h�e� �c�o�n�n�e�c�t�o�r� �f�u�n�c�t�i�o�n� �m�a�y� �b�e� 
�e�n�h�a�n�c�e�d� �b�y� �p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �b�y� �P�K�R�,� �w�h�e�r�e�a�s� �i�t� �i�s� �b�l�o�c�k�e�d� 
�b�y� �N�F��5� �b�i�n�d�i�n�g�,� �w�h�i�c�h� �d�i�s�a�s�s�e�m�b�l�e�s� �R�N�A� �g�r�a�n�u�l�e�s� �a�n�d� 
�d�e�-�r�e�p�r�e�s�s�e�s� �t�r�a�n�s�l�a�t�i�o�n�.� �W�e� �a�r�e� �g�o�i�n�g� �t�o� �e�l�u�c�i�d�a�t�e� �t�h�e� �r�o�l�e�s� 
�o�f� �N�F�A�R�2� �a�n�d� �N�F��5� �i�n� �n�e�u�r�o�n�s�,� �i�n�c�l�u�d�i�n�g� �t�h�e�i�r� �r�e�l�a�t�i�o�n� �t�o� 
�n�e�u�r�o�d�e�g�e�n�e�r�a�t�i�o�n�,� �b�e�c�a�u�s�e� �d�e�f�e�c�t�i�v�e� �r�e�g�u�l�a�t�i�o�n� �o�f� �R�N�A� 
�g�r�a�n�u�l�e� �a�s�s�e�m�b�l�y� �b�y� �L�C� �s�e�q�u�e�n�c�e� �d�o�m�a�i�n�-�c�o�n�t�a�i�n�i�n�g� 
�p�r�o�t�e�i�n�s� �s�u�c�h� �a�s� �F�U�S��T�L�S� �a�n�d� �T�D�P�-��� �h�a�s� �b�e�e�n� �r�e�c�e�n�t�l�y� 
�s�u�g�g�e�s�t�e�d� �t�o� �b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �n�e�u�r�o�d�e�g�e�n�e�r�a�t�i�v�e� �d�i�s�e�a�s�e�s� 
�s�u�c�h� �a�s� �a�m�y�o�t�r�o�p�h�i�c� �l�a�t�e�r�a�l� �s�c�l�e�r�o�s�i�s� �(�A�L�S�)� �a�n�d� 
�f�r�o�n�t�o�t�e�m�p�o�r�a�l� �l�o�b�a�r� �d�e�g�e�n�e�r�a�t�i�o�n� �(�F�T�L�D�)�.
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�� �S�h�i�i�n�a�,� �N�.�,� �a�n�d� �N�a�k�a�y�a�m�a�,� �K�e�i�.� �(�2�0�1��)�.� �R�N�A� �g�r�a�n�u�l�e� �a�s�s�e�m�b�l�y� �a�n�d� 
�d�i�s�a�s�s�e�m�b�l�y� �m�o�d�u�l�a�t�e�d� �b�y� �n�u�c�l�e�a�r� �f�a�c�t�o�r� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �d�o�u�b�l�e�-
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�F�i�g�u�r�e� ��.� �E�f�f�e�c�t�s� �o�f� �N�F�A�R�2� �a�n�d� �N�F��5� �o�n� �t�h�e� �a�s�s�e�m�b�l�y� �o�f� �R�N�A� �g�r�a�n�u�l�e�s� 
�a�n�d� �t�r�a�n�s�l�a�t�i�o�n� �a�c�t�i�v�i�t�y�.� �(�A�)� �A�� �c�e�l�l�s� �w�e�r�e� �c�o�-�t�r�a�n�s�f�e�c�t�e�d� �w�i�t�h� �R�N�G�1�0�5�-
�m�o�n�o�m�e�r�i�c� �r�e�d� �f�l�u�o�r�e�s�c�e�n�t� �p�r�o�t�e�i�n� �1� �(�m�R�F�P�1�)� �a�n�d� �N�F�A�R�2�-�G�F�P�.� �N�F�A�R�2� 
�w�a�s� �p�r�e�d�o�m�i�n�a�n�t�l�y� �l�o�c�a�l�i�z�e�d� �t�o� �t�h�e� �n�u�c�l�e�u�s�,� �a�n�d� �a�l�s�o� �c�o�-�l�o�c�a�l�i�z�e�d� �t�o� �a�n�d� 
�e�n�l�a�r�g�e�d� �R�N�G�1�0�5�-�c�o�n�t�a�i�n�g� �R�N�A� �g�r�a�n�u�l�e�s� �(�a�r�r�o�w�s�)�.� �S�c�a�l�e� �b�a�r�,� �1�0� �m�.� 
�(�B�)� �A� �m�o�d�e�l� �o�f� �R�N�A� �g�r�a�n�u�l�e� �a�s�s�e�m�b�l�y� �a�n�d� �t�r�a�n�s�l�a�t�i�o�n� �a�c�t�i�v�i�t�y� �m�o�d�u�l�a�t�e�d� 
�b�y� �N�F�A�R�2� �a�n�d� �N�F��5�.� �N�F�A�R�2� �e�n�h�a�n�c�e�s� �R�N�A� �g�r�a�n�u�l�e� �a�s�s�e�m�b�l�y� �a�n�d� 
�r�e�p�r�e�s�s�e�s� �t�r�a�n�s�l�a�t�i�o�n�.� �N�F��5� �b�i�n�d�s� �t�o� �N�F�A�R�2�,� �d�i�s�a�s�s�e�m�b�l�e�s� �R�N�A� �g�r�a�n�u�l�e�s� 
�a�n�d� �d�e�-�r�e�p�r�e�s�s�e�s� �t�r�a�n�s�l�a�t�i�o�n�.� �P�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �o�f� �N�F�A�R�2� �b�y� �P�K�R� �r�e�d�u�c�e�s� 
�t�h�e� �e�f�f�e�c�t� �o�f� �N�F��5�.
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�M�a�m�m�a�l�i�a�n� �e�g�g�s� �i�m�p�l�a�n�t� �o�n�t�o� �t�h�e� �m�a�t�e�r�n�a�l� �u�t�e�r�i�n�e� �w�a�l�l� 
�a�f�t�e�r� �h�a�t�c�h�i�n�g� �a�t� �t�h�e� �b�l�a�s�t�u�l�a� �s�t�a�g�e�,� �d�u�e� �t�o� �a� �l�a�c�k� �o�f� �e�n�o�u�g�h� 
�n�u�t�r�i�e�n�t�s� �t�o� �s�u�p�p�o�r�t� �d�e�v�e�l�o�p�m�e�n�t� �u�n�t�i�l� �b�i�r�t�h�.� �I�n� �o�r�d�e�r� �t�o� 
�t�r�a�n�s�f�e�r� �n�u�t�r�i�e�n�t�s� �a�n�d� �o�x�y�g�e�n� �i�n�t�o� �t�h�e� �f�e�t�u�s�,� �a�n�d� �m�e�t�a�b�o�l�i�c� 
�w�a�s�t�e�s� �i�n�t�o� �t�h�e� �m�o�t�h�e�r�,� �t�h�e� �p�l�a�c�e�n�t�a� �h�a�s� �e�v�o�l�v�e�d� �t�o� �e�s�t�a�b�l�i�s�h� 
�c�l�o�s�e� �c�o�n�n�e�c�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �m�a�t�e�r�n�a�l� �a�n�d� �f�e�t�a�l� 
�v�a�s�c�u�l�a�t�u�r�e�.� �T�h�e�r�e� �i�s� �a�m�a�z�i�n�g� �d�i�v�e�r�s�i�t�y� �f�r�o�m� �o�n�e� �a�n�i�m�a�l� �t�o� 
�a�n�o�t�h�e�r� �i�n� �t�h�e� �f�e�a�t�u�r�e�s�,� �s�u�c�h� �a�s� �g�r�o�s�s� �s�t�r�u�c�t�u�r�e�s�,� �m�i�c�r�o�s�c�o�p�i�c� 
�a�r�r�a�n�g�e�m�e�n�t�s� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t�a�l� �p�r�o�c�e�s�s�e�s�,� �b�u�t� �t�h�e� �f�u�n�c�t�i�o�n� 
�o�f� �t�h�i�s� �o�r�g�a�n� �i�s� �i�n�v�a�r�i�a�b�l�e�.� � 
�P�r�i�m�a�t�e�s� �a�n�d� �r�o�d�e�n�t�s� �h�a�v�e� �t�h�e� �a�n�c�e�s�t�r�a�l� �t�y�p�e� �o�f� �p�l�a�c�e�n�t�a�,� 
�c�l�a�s�s�i�f�i�e�d� �a�s� �h�e�o�m�o�c�h�o�r�i�a�l�,� �i�n� �w�h�i�c�h� �m�a�t�e�r�n�a�l� �b�l�o�o�d� �i�s� �n�o�t� 
�c�o�n�t�a�i�n�e�d� �w�i�t�h�i�n� �e�n�d�o�t�h�e�l�i�a�l� �c�e�l�l� �l�i�n�e�d� �v�e�s�s�e�l�s� �b�u�t� �r�a�t�h�e�r� �i�s� �i�n� 
�d�i�r�e�c�t� �c�o�n�t�a�c�t� �w�i�t�h� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �o�f� �t�h�e� �f�e�t�a�l� �p�l�a�c�e�n�t�a� �t�h�a�t� 
�a�r�e� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �l�i�n�e�a�g�e�.� �I�n� �m�i�c�e�,� 
�m�a�t�e�r�n�a�l� �b�l�o�o�d� �c�o�m�i�n�g� �o�u�t� �f�r�o�m� �t�h�e� �s�p�i�r�a�l� �a�r�t�e�r�i�e�s� �i�n�v�a�d�e�d� 
�b�y� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l�s� �t�h�a�t� �r�e�p�l�a�c�e� �t�h�e� �e�n�d�o�t�h�e�l�i�u�m� �p�a�s�s�e�s� 
�a�c�r�o�s�s� �t�h�e� �f�e�t�a�l� �l�a�y�e�r�s� �o�f� �t�h�e� �p�l�a�c�e�n�t�a� �a�n�d� �t�h�e�n� �e�n�t�e�r�s� �i�n�t�o� �t�h�e� 
�l�a�b�y�r�i�n�t�h� �w�h�e�r�e� �f�e�t�a�l� �b�l�o�o�d� �v�e�s�s�e�l�s� �f�o�r�m� �a�n�d� �f�e�t�o�-�m�a�t�e�r�n�a�l� 
�e�x�c�h�a�n�g�e� �o�c�c�u�r�s�.� �M�a�t�e�r�n�a�l� �a�n�d� �f�e�t�a�l� �v�a�s�c�u�l�a�r� �c�i�r�c�u�i�t�s� �i�n� �t�h�e� 
�e�s�t�a�b�l�i�s�h�e�d� �m�o�u�s�e� �p�l�a�c�e�n�t�a� �a�r�e� �s�h�o�w�n� �s�c�h�e�m�a�t�i�c�a�l�l�y� �i�n� 
�F�i�g�u�r�e� �1�.� 
� �N�o�t�c�h�2� �n�u�l�l� �m�u�t�a�t�i�o�n� �i�n�d�u�c�e�s� �l�e�t�h�a�l�i�t�y� �a�r�o�u�n�d� �e�m�b�r�y�o�n�i�c� 
�d�a�y� �1�1� �b�e�c�a�u�s�e� �o�f� �i�m�p�a�i�r�e�d� �m�a�t�e�r�n�a�l� �v�a�s�c�u�l�a�t�u�r�e� �f�o�r�m�a�t�i�o�n�.� 
+�o�w�e�v�e�r�,� �b�o�t�h� �c�e�l�l�u�l�a�r� �a�n�d� �m�o�l�e�c�u�l�a�r� �e�v�e�n�t�s� �i�n� �t�h�e� �p�r�o�c�e�s�s� 
�o�f� �v�a�s�c�u�l�a�t�u�r�e� �f�o�r�m�a�t�i�o�n� �a�r�e� �l�i�t�t�l�e� �k�n�o�w�n�,� �e�s�p�e�c�i�a�l�l�y� �a�s� �t�o� 
�h�o�w� �t�h�e� �m�a�t�e�r�n�a�l� �b�l�o�o�d� �b�e�d� �e�x�p�a�n�d�s� �a�m�o�n�g� �t�h�e� �t�i�g�h�t�l�y� 
�p�a�c�k�e�d� �t�r�o�p�h�o�b�l�a�s�t� �m�a�s�s�.� �O�u�r� �h�i�s�t�o�l�o�g�i�c�a�l� �s�t�u�d�i�e�s� �s�h�o�w�e�d� 
�t�h�a�t� �a� �s�t�r�e�a�m� �o�f� �m�a�t�e�r�n�a�l� �b�l�o�o�d� �a�l�o�n�g� �t�h�e� �i�n�t�e�r�f�a�c�e� �b�e�t�w�e�e�n� 

�t�h�e� �l�a�b�y�r�i�n�t�h�i�n�e� �t�r�o�p�h�o�b�l�a�s�t� �a�n�d� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� �w�a�s� 
�s�l�i�g�h�t�l�y� �o�p�e�n�e�d� �i�n� �t�h�e� �m�u�t�a�n�t� �p�l�a�c�e�n�t�a�.� �E�x�p�r�e�s�s�i�o�n� �o�f� �t�h�e� 
�N�o�t�c�h�2� �g�e�n�e� �i�s� �o�b�s�e�r�v�e�d� �i�n� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� �a�n�d� �G�i�a�n�t� 
�c�e�l�l�s�,� �b�u�t� �i�n� �n�e�i�t�h�e�r� �t�h�e� �l�a�b�y�r�i�n�t�h�i�n�e� �t�r�o�p�h�o�b�l�a�s�t� �n�o�r� �i�n� �t�h�e� 
�m�u�l�t�i�-�n�u�c�l�e�a�r� �S�y�n�c�y�t�i�o�t�r�o�p�h�o�b�l�a�s�t� �t�h�a�t� �i�s� �d�e�r�i�v�e�d� �b�y� �c�e�l�l� 
�f�u�s�i�o�n� �o�f� �t�h�e� �m�o�n�o�-�n�u�c�l�e�a�r� �l�a�b�y�r�i�n�t�h�i�n�e� �t�r�o�p�h�o�b�l�a�s�t� �(�F�i�g�u�r�e� 
�2�)�.� �T�h�u�s�,� �w�e� �c�o�n�c�l�u�d�e� �t�h�a�t� �c�e�l�l�u�l�a�r� �a�n�d� �m�o�l�e�c�u�l�a�r� �e�v�e�n�t�s� �t�o� 
�f�o�r�m� �t�h�e� �m�a�t�e�r�n�a�l� �b�l�o�o�d� �b�e�d� �o�c�c�u�r� �i�n� �t�h�e� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� 
�a�n�d� �G�i�a�n�t� �c�e�l�l� �l�a�y�e�r�s�.� 
�W�e� �h�a�v�e� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e� �c�e�l�l�u�l�a�r� �e�v�e�n�t� �t�h�a�t� �e�x�p�a�n�d�s� �t�h�e� 
�m�a�t�e�r�n�a�l� �b�l�o�o�d� �b�e�d� �i�s� �t�h�e� �d�e�l�e�t�i�o�n� �o�f� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� 
�c�e�l�l�s� �i�n� �a� �s�i�g�n�i�f�i�c�a�n�t� �n�u�m�b�e�r� �f�r�o�m� �t�h�e� �d�e�v�e�l�o�p�i�n�g� �p�l�a�c�e�n�t�a�.� 
�T�h�u�s�,� �w�e� �a�r�e� �t�r�y�i�n�g� �t�o� �d�e�t�e�c�t� �t�r�o�p�h�o�b�l�a�s�t� �c�e�l�l� �d�e�a�t�h� �o�r� 
�d�e�t�a�c�h�m�e�n�t� �w�i�t�h� �v�a�r�i�o�u�s� �m�e�t�h�o�d�s�.

�F�i�g�u�r�e� �2�.� �E�x�p�r�e�s�s�i�o�n� �o�f� �N�o�t�c�h�2� �g�e�n�e� �i�n� �d�e�v�e�l�o�p�i�n�g� �m�o�u�s�e� �p�l�a�c�e�n�t�a�.� �T�h�e� �N�o�t�c�h�2� �g�e�n�e� �i�s� �e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �e�c�t�o�p�l�a�c�e�n�t�a�l� �c�o�n�e� �a�t� �E��.�0�,� �b�u�t� �n�o�t� �i�n� �t�h�e� �c�h�o�r�i�o�n�.� 
�A�t� �E��.�0�,� �t�h�e� �e�c�t�o�p�l�a�c�e�n�t�a�l� �c�o�n�e� �a�n�d� �c�h�o�r�i�o�n� �d�i�f�f�e�r�e�n�t�i�a�t�e� �i�n�t�o� �s�p�o�n�g�i�o�t�r�o�p�h�o�b�l�a�s�t� �(�S�p�)� �a�n�d� �l�a�b�y�r�i�n�t�h�i�n�e� �t�r�o�p�h�o�b�l�a�s�t� �(�L�b�)�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �e�x�p�r�e�s�s�i�o�n� �i�s� 
�d�e�t�e�c�t�e�d� �i�n� �S�p�.� �A�t� �E�1�0�.�0�,� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �s�y�n�c�y�t�i�o�t�r�o�p�h�o�b�l�a�s�t� �(�S�y�n�T�)� �a�n�d� �v�a�s�c�u�l�o�g�e�n�e�s�i�s� �o�f� �f�e�t�a�l� �b�l�o�o�d� �a�r�e� �o�b�v�i�o�u�s� �i�n� �t�h�e� �p�l�a�c�e�n�t�a�.� �N�o�t�c�h�2� �e�x�p�r�e�s�s�i�o�n� 
�o�c�c�u�r�s� �i�n� �S�p�,� �G�i�a�n�t� �c�e�l�l� �l�a�y�e�r� �(�G�c�)�,� �a�n�d� �m�e�s�e�n�c�h�y�m�a�l� �c�e�l�l�s� �d�e�r�i�v�e�d� �f�r�o�m� �a�l�l�a�n�t�o�i�s�.� +�o�w�e�v�e�r�,� �i�t� �i�s� �n�o�t� �d�e�t�e�c�t�e�d� �i�n� �S�y�n�T� �a�n�d� �L�b� �f�a�r� �a�w�a�y� �f�r�o�m� �m�a�t�e�r�n�a�l� 
�b�l�o�o�d� �o�r� �s�e�p�a�r�a�t�e�d� �b�y� �S�y�n�T�.

�F�i�g�u�r�e� �1�.� �S�c�h�e�m�a�t�i�c� �m�a�t�e�r�n�a�l� �a�n�d� �f�e�t�a�l� �v�a�s�c�u�l�a�r� �c�i�r�c�u�i�t�s� �i�n� �m�o�u�s�e� 
�p�l�a�c�e�n�t�a�.� �M�a�t�e�r�n�a�l� �b�l�o�o�d� �f�l�o�w�s� �i�n� �s�t�r�e�a�m�s� �d�r�a�w�n� �i�n� �y�e�l�l�o�w� �i�n� �t�h�e� 
�d�i�r�e�c�t�i�o�n� �s�h�o�w�n� �b�y� �s�m�a�l�l� �r�e�d� �a�r�r�o�w�s�.� �F�e�t�a�l� �b�l�o�o�d� �f�l�o�w�i�n�g� �i�n� �t�h�e� �a�r�t�e�r�y� 
�(�b�l�u�e� �l�i�n�e�)� �r�e�a�c�h�e�s� �t�h�e� �b�o�r�d�e�r� �o�f� �t�h�e� �s�p�o�n�g�i�o�-� �a�n�d� �l�a�b�y�r�i�n�t�h� �l�a�y�e�r�s� �a�n�d� 
�r�e�t�u�r�n�s� �t�o� �t�h�e� �f�e�t�a�l� �v�e�i�n� �(�r�e�d� �l�i�n�e�)�.



�1�

�T�h�e� �c�o�m�p�l�e�x� �m�o�r�p�h�o�g�e�n�e�s�i�s� �o�f� �o�r�g�a�n�i�s�m�s� �i�s� �a�c�h�i�e�v�e�d� �b�y� 
�d�y�n�a�m�i�c� �r�e�a�r�r�a�n�g�e�m�e�n�t�s� �o�f� �t�i�s�s�u�e�s� �d�u�r�i�n�g� �e�m�b�r�y�o�g�e�n�e�s�i�s�,� �i�n� 
�w�h�i�c�h� �c�h�a�n�g�e� �i�n� �c�e�l�l�u�l�a�r� �m�o�r�p�h�o�l�o�g�y� �a�s� �w�e�l�l� �a�s� �o�r�c�h�e�s�t�r�a�t�e�d� 
�c�e�l�l� �m�o�v�e�m�e�n�t�s� �a�r�e� �i�n�v�o�l�v�e�d�.� �F�o�r� �c�e�l�l�s� �t�o� �k�n�o�w� �h�o�w� �t�h�e�y� 
�s�h�o�u�l�d� �c�h�a�n�g�e� �t�h�e�i�r� �s�h�a�p�e� �a�n�d� �w�h�e�r�e� �t�h�e�y� �s�h�o�u�l�d� �m�o�v�e�,� 
�i�n�f�o�r�m�a�t�i�o�n� �c�a�l�l�e�d� ´�c�e�l�l� �p�o�l�a�r�i�t�yµ� �i�s� �e�s�s�e�n�t�i�a�l�.� +�o�w� �t�h�e�n� �i�s� 
�t�h�e� �c�e�l�l� �p�o�l�a�r�i�t�y� �e�s�t�a�b�l�i�s�h�e�d� �w�i�t�h�i�n� �c�e�l�l�s"� �I�s� �i�t� �i�n�t�r�i�n�s�i�c�a�l�l�y� 
�f�o�r�m�e�d� �w�i�t�h�i�n� �t�h�e� �c�e�l�l�s� �o�r� �t�r�i�g�g�e�r�e�d� �b�y� �e�x�t�r�a�c�e�l�l�u�l�a�r� �c�u�e�s"� 
�F�u�r�t�h�e�r�m�o�r�e�,� �l�i�t�t�l�e� �i�s� �k�n�o�w�n� �a�s� �t�o� �h�o�w� �c�o�o�r�d�i�n�a�t�e�d� �a�n�d� 
�c�o�m�p�l�e�x� �c�e�l�l� �m�o�v�e�m�e�n�t�s� �a�r�e� �c�o�n�t�r�o�l�l�e�d� �i�n� �t�i�m�e� �a�n�d� �s�p�a�c�e�.� 
�W�e� �a�t�t�e�m�p�t� �t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �t�h�e�s�e� 
�e�v�e�n�t�s� �u�s�i�n�g� �s�e�v�e�r�a�l� �m�o�d�e�l� �a�n�i�m�a�l�s�,� �i�n�c�l�u�d�i�n�g� �f�r�o�g�s�,� �f�i�s�h�,� 
�m�i�c�e� �a�n�d� �a�s�c�i�d�i�a�n�s�,� �t�a�k�i�n�g� �p�h�y�s�i�c�a�l� �p�a�r�a�m�e�t�e�r�s� �s�u�c�h� �a�s� �f�o�r�c�e� 
�i�n� �c�o�n�s�i�d�e�r�a�t�i�o�n�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �c�o�n�v�e�n�t�i�o�n�a�l� �m�o�l�e�c�u�l�a�r� �a�n�d� 
�c�e�l�l�u�l�a�r� �b�i�o�l�o�g�y�.� 

I.  The roles of PCP core components in mouse 
development

�I�n� �e�p�i�t�h�e�l�i�a�,� �t�h�e� �r�o�l�e�s� �o�f� �p�l�a�n�a�r� �c�e�l�l� �p�o�l�a�r�i�t�y� �(�P�C�P�)� � �h�a�v�e� 
�b�e�e�n� �e�x�t�e�n�s�i�v�e�l�y� �s�t�u�d�i�e�d�,� �w�h�e�r�e�a�s� �i�n� �n�o�n�-�e�p�i�t�h�e�l�i�a�,� �t�h�e�y� �h�a�v�e� 
�y�e�t� �t�o� �b�e� �f�u�l�l�y� �u�n�d�e�r�s�t�o�o�d�.� �W�e� �a�r�e� �e�x�p�l�o�r�i�n�g� �t�h�e� �r�o�l�e�s� �o�f� �P�C�P� 
�i�n� �t�h�e� �m�e�s�e�n�c�h�y�m�a�l� �t�i�s�s�u�e�s� �b�y� �u�s�i�n�g� �m�o�u�s�e� �g�e�n�e�t�i�c�s�.� 
�R�e�c�e�n�t�l�y�,� �w�e� �g�e�n�e�r�a�t�e�d� �a� �h�y�p�o�m�o�r�p�h�i�c� �a�l�l�e�l�e� �o�f� �m�o�u�s�e� 
Prickle1�,� �o�n�e� �o�f� �t�h�e� �c�o�r�e� �P�C�P� �f�a�c�t�o�r�s�.� �W�e� �p�r�e�v�i�o�u�s�l�y� 
�r�e�p�o�r�t�e�d� �(�T�a�o�,� +�.� et al�.� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.�,� �U�S�A�,� �2�0�0��)� 
Prickle1� �n�u�l�l��n�u�l�l� �m�i�c�e� �d�i�e� �a�r�o�u�n�d� �E��.�0� �i�n� �g�e�s�t�a�t�i�o�n� �d�u�e� �t�o� 
�t�h�e� �f�a�i�l�u�r�e� �o�f� �g�a�s�t�r�u�l�a�t�i�o�n�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� Prickle1� 
�h�y�p�o�m�o�r�p�h�i�c� �m�u�t�a�n�t� �m�i�c�e� �w�e� �g�e�n�e�r�a�t�e�d� �b�y� �a� �p�a�r�t�i�a�l� �d�e�l�e�t�i�o�n� 
�o�f� �t�h�e� �g�e�n�e� �s�u�r�v�i�v�e�d� �t�o� �P�0�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �t�h�e� �m�u�t�a�n�t� �m�i�c�e� �h�a�d� 
�s�h�o�r�t�e�n�e�d� �n�o�s�e�s�.� �D�e�t�a�i�l�e�d� �a�n�a�l�y�s�e�s� �a�t� �t�h�e� �c�e�l�l� �l�e�v�e�l� �s�u�g�g�e�s�t�e�d� 
�t�h�a�t� �P�r�i�c�k�l�e�1� �g�o�v�e�r�n�s� �c�o�n�v�e�r�g�e�n�t� �e�x�t�e�n�s�i�o�n� �o�f� �n�a�s�a�l� �c�a�r�t�i�l�a�g�e� 
�c�e�l�l�s� �w�h�i�c�h� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �l�e�n�g�t�h�e�n�i�n�g� �o�f� �t�h�e� �n�o�s�e�.� �W�n�t�5�,� 
�a� �l�i�g�a�n�d� �t�h�a�t� �a�c�t�i�v�a�t�e�s� �t�h�e� �P�C�P� �p�a�t�h�w�a�y� �w�a�s� �f�o�u�n�d� �t�o� �b�e� 
�e�x�p�r�e�s�s�e�d� �f�o�r�m�i�n�g� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �g�r�a�d�i�e�n�t� �o�f� �t�h�e� �t�r�a�n�s�c�r�i�p�t�s� 
�f�r�o�m� �t�h�e� �d�i�s�t�a�l� �t�i�p� �o�f� �d�e�v�e�l�o�p�i�n�g� �n�o�s�e�.� �A�s� �u�b�i�q�u�i�t�o�u�s� 
�o�v�e�r�e�x�p�r�e�s�s�i�o�n� �o�f� �W�n�t�5� �c�a�u�s�e�d� �s�h�o�r�t� �n�o�s�e�s�,� �t�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �g�r�a�d�i�e�n�t� �o�f� �W�n�t�5� �m�a�y� �b�e� �i�m�p�o�r�t�a�n�t� �f�o�r� �p�r�o�p�e�r� 
�n�o�s�e� �e�l�o�n�g�a�t�i�o�n�.� �O�u�r� �f�i�n�d�i�n�g�s� �f�u�r�t�h�e�r� �s�u�g�g�e�s�t�s� �t�h�a�t� �P�C�P� 
�s�i�g�n�a�l�i�n�g� �e�m�p�l�o�y�e�d� �m�u�l�t�i�p�l�e� �t�i�m�e�s� �a�t� �d�i�f�f�e�r�e�n�t� �p�l�a�c�e�s� �d�u�r�i�n�g� 
�d�e�v�e�l�o�p�m�e�n�t� �m�a�y� �b�e� �o�n�e� �o�f� �t�h�e� �u�n�i�v�e�r�s�a�l� �m�e�c�h�a�n�i�s�m�s� �o�f� 
�o�r�g�a�n� �m�o�r�p�h�o�g�e�n�e�s�i�s�,� �e�s�p�e�c�i�a�l�l�y� �f�o�r� �o�r�g�a�n� �e�l�o�n�g�a�t�i�o�n�.� �W�e� 
�h�o�p�e� �t�h�a�t� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �c�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�i�c� �a�n�a�l�y�s�i�s�,� 
�t�h�e�s�e� �P�C�P� �m�u�t�a�n�t� �m�i�c�e� �w�i�l�l� �s�e�r�v�e� �a�s� �g�o�o�d� �m�o�d�e�l�s� �t�h�a�t� �c�a�n� 
�e�x�p�l�a�i�n� �m�o�r�p�h�o�l�o�g�i�c�a�l� �v�a�r�i�a�t�i�o�n�s� �i�n� �m�a�m�m�a�l�s�.

�F�i�g�u�r�e� �1�.� �N�o�s�e� �p�h�e�n�o�t�y�p�e� �o�f� �m�o�u�s�e� Prickle1�m�u�t�a�n�t�.
�T�h�e� �h�y�p�o�m�o�r�p�h� �a�l�l�e�l�e� �(�B�)� �s�h�o�w�s� �s�h�o�r�t�e�n�e�d� �n�o�s�e� �c�a�r�t�i�l�a�g�e� �s�t�a�i�n�e�d� �w�i�t�h� 
�a�l�c�i�a�n� �b�l�u�e� �d�u�e� �t�o� �i�n�s�u�f�f�i�c�i�e�n�t� �c�o�n�v�e�r�g�e�n�t� �e�x�t�e�n�s�i�o�n� �c�o�m�p�a�r�e�d� �t�o� �t�h�a�t� �o�f� 
�w�i�l�d� �t�y�p�e� �(�A�)�.

II.   Regulation of cell adhesion by the ubiquitin 
system during gastrulation

� �D�u�r�i�n�g� �g�a�s�t�r�u�l�a�t�i�o�n�,� �d�o�r�s�a�l� �m�e�s�o�d�e�r�m� �c�e�l�l�s� �m�i�g�r�a�t�e� �t�o�w�a�r�d� 
�t�h�e� �m�i�d�l�i�n�e� �a�n�d� �a�l�i�g�n� �a�l�o�n�g� �t�h�e� �a�n�t�e�r�o�-�p�o�s�t�e�r�i�o�r� �(�A�-�P�)� �a�x�i�s� �t�o� 
�f�o�r�m� �t�h�e� �n�o�t�o�c�h�o�r�d�.� �I�n� �t�h�i�s� �p�r�o�c�e�s�s�,� �c�e�l�l�s� �r�e�p�e�a�t�e�d�l�y� �u�n�d�e�r�g�o� 
�c�e�l�l� �a�d�h�e�s�i�o�n� �a�n�d� �d�e�t�a�c�h�m�e�n�t�,� �a�n�d� �t�h�u�s�,� �c�e�l�l�-�t�o�-�c�e�l�l� 
�i�n�t�e�r�a�c�t�i�o�n� �m�u�s�t� �b�e� �t�i�g�h�t�l�y� �r�e�g�u�l�a�t�e�d�.� �W�e� �f�o�u�n�d� �t�h�a�t� �o�n�e� �o�f� 
�t�h�e� �c�a�d�h�e�r�i�n� �s�u�p�e�r�f�a�m�i�l�y� �c�e�l�l� �a�d�h�e�s�i�o�n� �m�o�l�e�c�u�l�e�s�,� �p�a�r�a�x�i�a�l� 
�p�r�o�t�o�c�a�d�h�e�r�i�n� �(�P�A�P�C�)�,� �p�l�a�y�s� �a�n� �e�s�s�e�n�t�i�a�l� �r�o�l�e� �i�n� �t�h�i�s� �p�r�o�c�e�s�s�.� 
�T�h�e� �P�A�P�C� �t�r�a�n�s�c�r�i�p�t� �f�i�r�s�t� �a�p�p�e�a�r�s� �i�n� �t�h�e� �d�o�r�s�a�l� �m�a�r�g�i�n�a�l� �z�o�n�e� 
�a�t� �t�h�e� �e�a�r�l�y� �g�a�s�t�r�u�l�a� �s�t�a�g�e� �a�n�d� �i�s� �s�u�b�s�e�q�u�e�n�t�l�y� �r�e�s�t�r�i�c�t�e�d� �t�o� 
�t�h�e� �p�a�r�a�x�i�a�l� �m�e�s�o�d�e�r�m� �i�n� Xenopus� �a�n�d� �z�e�b�r�a�f�i�s�h�.� �U�s�i�n�g� 
Xenopus� �e�m�b�r�y�o�s�,� �w�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �P�A�P�C� �i�s� �a�l�s�o� 
�r�e�g�u�l�a�t�e�d� �a�t� �t�h�e� �p�r�o�t�e�i�n� �l�e�v�e�l� �a�n�d� �i�s� �d�e�g�r�a�d�e�d� �a�n�d� �e�x�c�l�u�d�e�d� 
�f�r�o�m� �t�h�e� �p�l�a�s�m�a� �m�e�m�b�r�a�n�e� �i�n� �t�h�e� �a�x�i�a�l� �m�e�s�o�d�e�r�m� �b�y� �t�h�e� �l�a�t�e� 
�g�a�s�t�r�u�l�a� �s�t�a�g�e�.� �T�h�i�s� �r�e�g�u�l�a�t�i�o�n� �r�e�q�u�i�r�e�s� �p�h�o�s�p�h�o�r�y�l�a�t�i�o�n�-
�d�e�p�e�n�d�e�n�t� �p�o�l�y�-�u�b�i�q�u�i�t�i�n�a�t�i�o�n�.� �P�A�P�C� �i�s� �p�h�o�s�p�h�o�r�y�l�a�t�e�d� �b�y� 
�G�S�K�� �i�n� �t�h�e� �e�v�o�l�u�t�i�o�n�a�r�i�l�y� �c�o�n�s�e�r�v�e�d� �c�y�t�o�p�l�a�s�m�i�c� �d�o�m�a�i�n�,� 
�a�n�d� �t�h�i�s� �i�n� �t�u�r�n� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �p�o�l�y�-�u�b�i�q�u�i�t�i�n�a�t�i�o�n� �b�y� �a�n� �E�� 
�u�b�i�q�u�i�t�i�n� �l�i�g�a�s�e� �-�T�r�C�P�.� �W�e� �a�l�s�o� �s�h�o�w� �t�h�a�t� �p�r�e�c�i�s�e� �c�o�n�t�r�o�l� �o�f� 
�P�A�P�C� �b�y� �p�h�o�s�p�h�o�r�y�l�a�t�i�o�n��u�b�i�q�u�i�t�i�n�a�t�i�o�n� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� 
�n�o�r�m�a�l� Xenopus� �g�a�s�t�r�u�l�a�t�i�o�n� �c�e�l�l� �m�o�v�e�m�e�n�t�s�.� �T�a�k�e�n� 
�t�o�g�e�t�h�e�r�,� �o�u�r� �f�i�n�d�i�n�g�s� �u�n�v�e�i�l� �a� �n�o�v�e�l� �m�e�c�h�a�n�i�s�m� �o�f� 
�r�e�g�u�l�a�t�i�o�n� �o�f� �a� �c�e�l�l� �a�d�h�e�s�i�o�n� �p�r�o�t�e�i�n� �a�n�d� �s�h�o�w� �t�h�a�t� �t�h�i�s� 
�s�y�s�t�e�m� �p�l�a�y�s� �a� �c�r�u�c�i�a�l� �r�o�l�e� �i�n� �v�e�r�t�e�b�r�a�t�e� �e�m�b�r�y�o�g�e�n�e�s�i�s�.� 
�(�K�a�i�,� �M�.� et al�.�,� �P�L�o�S� �O�n�e� in press�)�.

III.  Cellular behavior during neural tube 
closure

�D�u�r�i�n�g� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �n�e�u�r�a�l� �t�u�b�e�,� �a�n� �a�n�l�a�g�e� �o�f� �t�h�e� 
�c�e�n�t�r�a�l� �n�e�r�v�o�u�s� �s�y�s�t�e�m�,� �n�e�u�r�a�l� �p�r�o�g�e�n�i�t�o�r� �c�e�l�l�s� �e�m�e�r�g�e� �i�n� �a� 
�b�r�o�a�d� �r�e�g�i�o�n� �o�n� �t�h�e� �d�o�r�s�a�l� �s�i�d�e� �a�n�d� �g�r�a�d�u�a�l�l�y� �c�h�a�n�g�e� �t�h�e�i�r� 
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�1�

�p�o�s�i�t�i�o�n�s� �t�o�w�a�r�d� �t�h�e� �m�i�d�l�i�n�e�.� +�o�w�e�v�e�r�,� �w�h�a�t� �k�i�n�d� �o�f� �c�e�l�l�u�l�a�r� 
�a�n�d� �m�o�l�e�c�u�l�a�r� �d�y�n�a�m�i�c�s� �o�c�c�u�r� �d�u�r�i�n�g� �t�h�i�s� �p�r�o�c�e�s�s� �i�s� �n�o�t� 
�c�l�e�a�r�,� �p�r�o�b�a�b�l�y� �b�e�c�a�u�s�e� �a�n�a�l�y�s�e�s� �a�t� �t�h�e� �s�i�n�g�l�e� �c�e�l�l� �l�e�v�e�l� �w�i�t�h� 
�h�i�g�h� �s�p�a�t�i�a�l� �a�n�d� �t�e�m�p�o�r�a�l� �r�e�s�o�l�u�t�i�o�n�s� �h�a�v�e� �n�o�t� �b�e�e�n� 
�c�o�n�d�u�c�t�e�d�.� �W�e� �a�n�a�l�y�z�e�d� �z�e�b�r�a�f�i�s�h� �n�e�u�r�u�l�a�t�i�o�n� �a�t� �s�i�n�g�l�e� �c�e�l�l� 
�r�e�s�o�l�u�t�i�o�n�,� �a�n�d� �f�o�u�n�d� �t�h�a�t� �p�r�o�g�e�n�i�t�o�r� �c�e�l�l�s� �s�h�o�w�e�d� �n�o�n�-
�m�u�s�c�l�e� �m�y�o�s�i�n� �I�I�-�d�e�p�e�n�d�e�n�t� �a�s�y�n�c�h�r�o�n�o�u�s� �a�n�d� �p�e�r�i�o�d�i�c� 
�m�o�v�e�m�e�n�t�s�.� �W�e� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �a�c�t�o�m�y�o�s�i�n� �c�y�t�o�s�k�e�l�e�t�o�n� 
�s�h�o�w�e�d� �a�n� �i�s�o�t�r�o�p�i�c�,� �p�e�r�i�o�d�i�c� �r�e�m�o�d�e�l�i�n�g� �i�n� �t�h�e� �c�e�l�l� �c�o�r�t�e�x�,� 
�w�h�i�l�e� �i�t� �s�h�o�w�e�d� �d�i�r�e�c�t�i�o�n�a�l�y� �c�o�n�s�t�a�n�t� �m�o�v�e�m�e�n�t�s� �i�n� 
�p�e�r�i�p�h�e�r�a�l� �c�e�l�l�u�l�a�r� �p�r�o�t�r�u�s�i�o�n�s�.� �C�a�r�e�f�u�l� �e�x�a�m�i�n�a�t�i�o�n� �r�e�v�e�a�l�e�d� 
�t�h�a�t� �F�-�a�c�t�i�n� �r�e�m�o�d�e�l�i�n�g� �w�a�s� �t�e�m�p�o�r�a�r�i�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �a� 
�d�e�f�o�r�m�a�t�i�o�n� �o�f� �c�e�l�l� �m�o�r�p�h�o�l�o�g�y�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �p�e�r�i�o�d�i�c� 
�a�c�t�o�m�y�o�s�i�n� �c�o�n�t�r�a�c�t�i�l�i�t�y� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� �c�o�n�v�e�r�g�e�n�c�e� 
�m�o�v�e�m�e�n�t�s�.� �W�e� �f�u�r�t�h�e�r� �f�o�u�n�d� �t�h�a�t� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �p�l�a�n�a�r� 
�c�e�l�l� �p�o�l�a�r�i�t�y� �(�P�C�P�)� �p�a�t�h�w�a�y� �w�e�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �p�e�r�i�o�d�i�c� 
�F�-�a�c�t�i�n� �r�e�m�o�d�e�l�i�n�g�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e� �P�C�P��n�o�n�c�a�n�o�n�i�c�a�l� 
�W�n�t� �p�a�t�h�w�a�y� �c�o�n�t�r�o�l�s� �t�h�e� �p�e�r�i�o�d�i�c�i�t�y� �o�f� �t�h�e� �a�c�t�o�m�y�o�s�i�n�.� �O�u�r� 
�f�i�n�d�i�n�g�s� �u�n�v�e�i�l� �a� �r�e�p�e�r�t�o�i�r�e� �o�f� �c�e�l�l�u�l�a�r� �m�o�v�e�m�e�n�t�s� �b�a�s�e�d� �o�n� 
�p�e�r�i�o�d�i�c� �a�c�t�o�m�y�o�s�i�n� �c�o�n�t�r�a�c�t�i�l�i�t�y� �t�h�a�t� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� 
�c�o�n�v�e�r�g�e�n�c�e� �m�o�v�e�m�e�n�t�s� �o�f� �m�u�l�t�i�c�e�l�l�u�l�a�r� �o�r�g�a�n�i�s�m�s�.

�F�i�g�u�r�e� �2�.� �L�i�v�e�-�c�e�l�l� �i�m�a�g�i�n�g� �a�n�a�l�y�s�e�s� �a�t� �s�i�n�g�l�e� �c�e�l�l� �r�e�s�o�l�u�t�i�o�n�.� 
�(�A�)� �A� �s�m�a�l�l� �n�u�m�b�e�r� �o�f� �p�r�e�s�u�m�p�t�i�v�e� �n�e�u�r�a�l� �c�e�l�l�s� �e�x�p�r�e�s�s�i�n�g� �f�l�u�o�r�e�s�c�e�n�t� 
�p�r�o�t�e�i�n�s� �w�e�r�e� �t�r�a�n�s�p�l�a�n�t�e�d� �t�o� �n�o�n�-�l�a�b�e�l�e�d� �h�o�s�t� �e�m�b�r�y�o�s�.� �T�h�e�n�,� �c�e�l�l�u�l�a�r� 
�m�o�v�e�m�e�n�t�s� �i�n� �t�h�e� �n�e�u�r�a�l� �p�l�a�t�e� �d�u�r�i�n�g� �c�o�n�v�e�r�g�e�n�c�e� �w�e�r�e� �o�b�s�e�r�v�e�d� �a�t� �s�h�o�r�t� 
�t�i�m�e� �i�n�t�e�r�v�a�l�s�.� �N�p�,� �n�e�u�r�a�l� �p�l�a�t�e�� �N�k�,� �n�e�u�r�a�l� �k�e�e�l�� �S�o�,� �s�o�m�i�t�e�� �N�c�,� 
�n�o�t�o�c�h�o�r�d�.� �(�B�)� �C�o�r�t�i�c�a�l� �F�-�a�c�t�i�n� �w�a�s� �d�i�s�t�r�i�b�u�t�e�d� �a�s� �a� �m�e�s�h�w�o�r�k�-�l�i�k�e� 
�s�t�r�u�c�t�u�r�e� �a�n�d� �p�e�r�i�o�d�i�c�a�l�l�y� �c�o�n�c�e�n�t�r�a�t�e�d�.� �T�h�e� �t�i�m�e� �i�n�t�e�r�v�a�l� �o�f� �t�h�e� 
�p�e�r�i�o�d�i�c�i�t�y� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�a�t� �o�f� �t�h�e� �c�o�n�v�e�r�g�e�n�c�e� �m�o�v�e�m�e�n�t�s�.

IV.  A novel plasma membrane structure 
capturing centrosome determines the 
orientation of cell division

�T�h�e� �o�r�i�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �m�i�t�o�t�i�c� �s�p�i�n�d�l�e� �h�a�s� �b�e�e�n� �p�r�o�p�o�s�e�d� �t�o� 
�c�o�n�t�r�o�l� �c�e�l�l� �f�a�t�e� �c�h�o�i�c�e�s�,� �t�i�s�s�u�e� �m�o�r�p�h�o�g�e�n�e�s�i�s� �a�n�d� 
�a�r�c�h�i�t�e�c�t�u�r�e�,� �t�h�u�s� �p�l�a�y�i�n�g� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �s�h�a�p�i�n�g� 
�e�m�b�r�y�o�n�i�c� �f�o�r�m�s�.� �I�t� �i�s� �a�l�r�e�a�d�y� �r�e�p�o�r�t�e�d� �t�h�a�t� �m�o�s�t� �c�e�l�l�s� �d�i�v�i�d�e� 
�a�l�o�n�g� �t�h�e� �A�-�P� �a�x�i�s� �a�t� �t�h�e� �l�a�s�t� �d�i�v�i�s�i�o�n� �i�n� �a�s�c�i�d�a�i�n� �e�p�i�d�e�r�m�i�s�.
�W�i�t�h� �l�i�v�e� �i�m�a�g�i�n�g� �o�b�s�e�r�v�a�t�i�o�n�,� �w�e� �f�o�u�n�d� �a� �n�o�v�e�l� �m�e�m�b�r�a�n�e� 
�s�t�r�u�c�t�u�r�e� �i�n�v�a�g�i�n�a�t�i�n�g� �a�l�o�n�g� �A�-�P� �p�o�l�a�r�i�t�y� �t�o�w�a�r�d� �t�h�e� 
�c�e�n�t�r�o�s�o�m�e� �i�n� �t�h�e� �e�p�i�d�e�r�m�a�l� �l�a�s�t� �c�e�l�l� �d�i�v�i�s�i�o�n� �c�y�c�l�e�.� �L�i�v�e�-
�i�m�a�g�i�n�g� �o�b�s�e�r�v�a�t�i�o�n� �s�h�o�w�e�d� �t�h�e� �i�n�v�a�g�i�n�a�t�i�o�n� �t�o�w�a�r�d� �t�h�e� 
�c�e�n�t�r�o�s�o�m�e�.� �O�b�s�e�r�v�a�t�i�o�n� �u�s�i�n�g� �S�e�r�i�a�l� �b�l�o�c�k� �f�a�c�e� �S�c�a�n�n�i�n�g� 
�E�l�e�c�t�r�o�n� �M�i�c�r�o�s�c�o�p�y� �(�S�B�F�-�S�E�M�)� �c�o�n�f�i�r�m�e�d� �t�h�i�s� 
�i�n�v�a�g�i�n�a�t�i�o�n� �r�e�a�c�h�e�d� �t�h�e� �c�e�n�t�r�o�s�o�m�e�.� �T�h�e� �r�e�s�u�l�t� �o�f� �U9� �l�a�s�e�r� 
�a�b�l�a�t�i�o�n� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �m�e�c�h�a�n�i�c�a�l� �t�e�n�s�i�o�n�,� �w�h�i�c�h� �w�a�s� 
�g�e�n�e�r�a�t�e�d� �b�e�t�w�e�e�n� �t�h�e� �c�e�n�t�r�o�s�o�m�e� �a�n�d� �p�l�a�s�m�a� �m�e�m�b�r�a�n�e�,� 

�m�i�g�h�t� �f�o�r�m� �t�h�i�s� �i�n�v�a�g�i�n�a�t�i�o�n�.� �W�i�t�h� �c�e�l�l� �c�y�c�l�e� �p�r�o�g�r�e�s�s�i�o�n�,� �t�h�e� 
�l�e�n�g�t�h� �o�f� �i�n�v�a�g�i�n�a�t�i�o�n� �b�e�c�a�m�e� �s�h�o�r�t� �a�n�d� �t�h�e� �c�e�n�t�r�o�s�o�m�e� �w�a�s� 
�p�u�l�l�e�d� �t�o� �t�h�e� �p�o�s�t�e�r�i�o�r� �s�i�d�e�.� �T�h�u�s�,� �w�e� �h�y�p�o�t�h�e�s�i�z�e� �t�h�a�t� �t�h�e�s�e� 
�m�e�m�b�r�a�n�e� �i�n�v�a�g�i�n�a�t�i�o�n�s� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �s�p�i�n�d�l�e� �o�r�i�e�n�t�a�t�i�o�n� 
�a�l�o�n�g� �t�h�e� �A�-�P� �a�x�i�s�.� �W�e� �w�o�u�l�d� �l�i�k�e� �t�o� �p�r�o�p�o�s�e� �a� �n�o�v�e�l� 
�t�e�m�p�l�a�t�e� �o�f� �s�p�i�n�d�l�e� �o�r�i�e�n�t�a�t�i�o�n� �w�i�t�h� �m�e�m�b�r�a�n�e� �i�n�v�a�g�i�n�a�t�i�o�n� 
�c�a�p�t�u�r�i�n�g� �t�h�e� �c�e�n�t�r�o�s�o�m�e�.

� �F�i�g�u�r�e� ��.� � �N�o�v�e�l� �m�e�m�b�r�a�n�e� �i�n�v�a�g�i�n�a�t�i�o�n� �s�t�r�u�c�t�u�r�e� �i�n� �a�s�c�i�d�i�a�n� �e�p�i�d�e�r�m�a�l� 
�c�e�l�l�.� 
�(�A�)� �L�i�v�e� �i�m�a�g�i�n�g� �o�f� �m�e�m�b�r�a�n�e� �i�n�v�a�g�i�n�a�t�i�o�n� �t�o�w�a�r�d� �m�i�c�r�o�t�u�b�u�l�e� 
�o�r�g�a�n�i�z�i�n�g� �c�e�n�t�e�r� �(�M�T�O�C�)�,� �s�e�e�m�i�n�g�l�y�,� �c�e�n�t�r�o�s�o�m�e�.� �P+�-�G�F�P� �(�g�r�e�e�n�)�,� 
�p�l�a�s�m�a� �m�e�m�b�r�a�n�e� �p�r�o�b�e�� �E�B��-�m�C�h�e�r�r�y� �(�m�a�g�e�n�t�a�)�,� �M�T�O�C� �p�r�o�b�e�� 
�n�u�m�b�e�r�s� �(�o�r�a�n�g�e�)�,� �r�e�c�o�r�d�i�n�g� �t�i�m�e� �i�n� �m�i�n�u�t�e�s�.� �A�n�t�e�r�i�o�r� �m�e�m�b�r�a�n�e� 
�i�n�v�a�g�i�n�a�t�e�s� �(�w�h�i�t�e� �a�r�r�o�w�)� �t�o�w�a�r�d� �M�T�O�C� �(�b�l�u�e� �a�r�r�o�w�)� �(��0�’�)�,� �c�e�n�t�r�o�s�o�m�e�s� 
�a�r�e� �a�l�i�g�n�e�d� �(��0�’�)� �a�n�d� �e�v�e�n�t�u�a�l�l�y� �s�p�i�n�d�l�e� �i�s� �f�o�r�m�e�d� �(���’�)� �a�l�o�n�g� �t�h�e� �A�-�P� 
�a�x�i�s�.� �(�B�)� ��D� �i�m�a�g�e�s� �r�e�c�o�n�s�t�r�u�c�t�e�d� �f�r�o�m� �S�B�F�-�S�E�M� �d�a�t�a�.� �C�e�n�t�r�o�s�o�m�e�s� �a�r�e� 
�i�n�d�i�c�a�t�e�d� �a�s� �r�e�d� �a�n�d� �b�l�u�e� �b�a�l�l�s�.� �T�h�e� �b�l�a�c�k�-�l�i�n�e�d� �s�q�u�a�r�e�s� �a�r�e� �e�n�l�a�r�g�e�d� �i�n� 
�u�p�p�e�r� �r�i�g�h�t� �p�a�n�e�l�s�.� �A�l�l� �b�a�r�s� �s�h�o�w� �1�0� ��m�.

V. Notochord and evolution of chordates 
�R�e�c�e�n�t�l�y�,� �m�u�c�h� �m�o�r�e� �a�t�t�e�n�t�i�o�n� �h�a�s� �b�e�e�n� �p�a�i�d� �t�o� 
�c�e�p�h�a�l�o�c�h�o�r�d�a�t�e� �a�m�p�h�i�o�x�u�s� �t�o� �a�n�s�w�e�r� �a�n� �i�m�p�o�r�t�a�n�t� �q�u�e�s�t�i�o�n� 
�o�f� �m�e�t�a�z�o�a�n� �e�v�o�l�u�t�i�o�n�,� �n�a�m�e�l�y� �t�h�e� �o�r�i�g�i�n� �a�n�d� �e�v�o�l�u�t�i�o�n� �o�f� 
�c�h�o�r�d�a�t�e�s�.� �T�h�e� �p�h�y�l�u�m� �C�h�o�r�d�a�t�a� �c�o�n�s�i�s�t�s� �o�f� �t�h�r�e�e� �s�u�b�p�h�y�l�a�,� 
�C�e�p�h�a�l�o�c�h�r�d�a�t�a�,� �U�r�o�c�h�o�r�d�a�t�a� �a�n�d� 9�e�r�t�e�b�r�a�t�a�.� �A� �l�o�n�g� �d�e�b�a�t�e� 
�o�n� �w�h�e�t�h�e�r� �c�e�p�h�a�l�o�c�o�r�d�a�t�e�s� �o�r� �u�r�o�c�h�o�r�d�a�t�e�s� �a�r�e� �a�n� �e�a�r�l�y� 
�d�i�v�e�r�g�e�n�c�e� �a�m�o�n�g� �c�h�o�r�d�a�t�e�s� �h�a�s� �r�e�c�e�n�t�l�y� �r�e�a�c�h�e�d� �a� 
�c�o�n�s�e�n�s�u�s� �i�n� �w�h�i�c�h� �c�e�p�h�a�l�o�c�h�o�r�d�a�t�e�s� �a�r�e� �b�e�l�i�e�v�e�d� �t�o� �b�e� �m�o�r�e� 
�a�n�c�e�s�t�r�a�l�,� �l�e�a�v�i�n�g� �u�r�o�c�h�o�r�d�a�t�e�s� �a�n�d� �v�e�r�t�e�b�r�a�t�e�s� �a�s� �a� �s�i�s�t�e�r� 
�g�r�o�u�p�.� �W�h�i�l�e� �t�h�e� �a�m�p�h�i�o�x�u�s� �d�e�v�e�l�o�p� �w�e�l�l�-�o�r�g�a�n�i�z�e�d� �s�o�m�i�t�e�s�,� 
�t�h�e�i�r� �n�e�u�r�a�l� �t�u�b�e� �l�a�c�k�s� �a� �b�r�a�i�n�-�l�i�k�e� �s�t�r�u�c�t�u�r�e� �a�n�d� �t�h�e� 
�n�o�t�o�c�h�o�r�d� �c�o�n�t�a�i�n�s� �m�y�o�f�i�b�r�i�l�s�.� �I�n� �o�r�d�e�r� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �t�h�e� 
�t�h�r�e�e� �o�r�g�a�n�s� �o�f� �a�d�u�l�t� �a�m�p�h�i�o�x�u�s�,� �w�e� �e�x�a�m�i�n�e�d� �t�h�e�i�r� 
�d�i�f�f�e�r�e�n�t�i�a�l� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �p�r�o�f�i�l�e�s� �b�y� �R�N�A�-�s�e�q� �a�n�a�l�y�s�i�s�.� 
�T�h�e� �a�n�a�l�y�s�i�s� �o�f� �d�i�f�f�e�r�e�n�t�i�a�l� �e�x�p�r�e�s�s�i�o�n� �p�r�o�f�i�l�e�s� �o�f� �g�e�n�e�s� 
�h�i�g�h�l�y� �e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �n�o�t�o�c�h�o�r�d�,� �s�o�m�i�t�e� �m�u�s�c�l�e�,� �a�n�d� �n�e�u�r�a�l� 
�t�u�b�e�,� �r�e�v�e�a�l�e�d� �a� �m�o�l�e�c�u�l�a�r� �a�f�f�i�n�i�t�y� �b�e�t�w�e�e�n� �t�h�e� �n�o�t�o�c�h�o�r�d� 
�a�n�d� �t�h�e� �s�o�m�i�t�e� �m�u�s�c�l�e�,� �a�s� �p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s� �s�u�g�g�e�s�t�e�d�.� �I�n� 
�a�d�d�i�t�i�o�n�,� �w�e� �c�o�u�l�d� �i�d�e�n�t�i�f�y� ���5� �g�e�n�e�s� �t�h�a�t� �a�r�e� �p�r�e�f�e�r�e�n�t�i�a�l�l�y� 
�e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �n�o�t�o�c�h�o�r�d�,� ��1�1� �g�e�n�e�s� �i�n� �t�h�e� �s�o�m�i�t�e� �m�u�s�c�l�e�,� 
�a�n�d� �5�1�� �i�n� �t�h�e� �n�e�u�r�a�l� �t�u�b�e�.� �T�h�e�s�e� �g�e�n�e�s� �p�l�a�y� �r�o�l�e�s� �i�n� �t�h�e� 
�f�o�r�m�a�t�i�o�n�,� �m�a�i�n�t�e�n�a�n�c�e� �a�n�d� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �t�h�r�e�e� �o�r�g�a�n�s�.� �T�h�e� 
�r�e�p�e�r�t�o�i�r�e�s� �o�f� �g�e�n�e�s� �p�r�o�v�i�d�e� �a� �m�o�l�e�c�u�l�a�r� �b�a�s�i�s� �f�o�r� �f�u�r�t�h�e�r� 
�s�t�u�d�i�e�s� �o�f� �a�m�p�h�i�o�x�u�s�.
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VI.  Subfunctionalization of duplicated MyoD 
genes in polyploid Xenopus laevis

�P�o�l�y�p�l�o�i�d� �o�r�g�a�n�i�s�m�s� �o�f�f�e�r� �a� �m�o�d�e�l� �f�o�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �t�h�e� 
�e�v�o�l�u�t�i�o�n�a�r�y� �e�f�f�e�c�t�s� �o�f� �g�e�n�e� �d�u�p�l�i�c�a�t�i�o�n�.� �T�h�e� �A�f�r�i�c�a�n� �c�l�a�w�e�d� 
�f �r �o�g � X e n o p u s  l a e v i s � �h �a �s � �e�x�p�e �r �i �e�n�c�e�d � �r �e �c�e�n �t� 
�a�l�l�o�p�o�l�y�p�l�o�i�d�i�z�a�t�i�o�n�,� �w�h�i�c�h� �g�a�v�e� �r�i�s�e� �t�o� �t�h�e� �p�s�e�u�d�o�t�e�t�r�a�p�l�o�i�d� 
�g�e�n�o�m�e�.� �W�e� �f�o�u�n�d� �t�h�a�t� �t�h�e� �d�u�p�l�i�c�a�t�e�d� MyoD� �g�e�n�e�s� 
�(XlMyoDM� �a�n�d� XlMyoDZ�)� �a�r�e� �u�n�d�e�r� �s�u�b�f�u�n�c�t�i�o�n�a�l�i�z�a�t�i�o�n� �a�s� 
�i�n�d�i�c�a�t�e�d� �b�y� �t�h�e�i�r� �d�i�f�f�e�r�e�n�t�i�a�l� �e�x�p�r�e�s�s�i�o�n� �p�a�t�t�e�r�n�s�.� �T�h�e� 
�c�o�m�b�i�n�e�d� �e�x�p�r�e�s�s�i�o�n� �p�a�t�t�e�r�n� �o�f� XlMyoDM� �a�n�d� XlMyoDZ� 
�c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�a�t� �o�f� �t�h�e� �u�n�d�u�p�l�i�c�a�t�e�d� Xenopus tropicalis� 
XtMyoD�.� �T�o� �t�e�s�t� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �t�h�a�t� �t�h�e� �a�n�c�e�s�t�r�a�l� �f�u�n�c�t�i�o�n� �o�f� 
�M�y�o�D� �i�s� �s�u�b�d�i�v�i�d�e�d� �b�e�t�w�e�e�n� �t�h�e� �d�u�p�l�i�c�a�t�e�d� �c�o�p�i�e�s�,� �w�e� �a�s�k�e�d� 
�w�h�e�t�h�e�r� XlMyoDM� �a�n�d� XlMyoDZ� �r�e�g�u�l�a�t�e� �d�i�f�f�e�r�e�n�t� �s�e�t�s� �o�f� 
�t�a�r�g�e�t� �g�e�n�e�s�.� �A�n� �o�v�e�r�e�x�p�r�e�s�s�i�o�n� �e�x�p�e�r�i�m�e�n�t� �o�f� �e�i�t�h�e�r� 
XlMyoD� �g�e�n�e� �f�o�l�l�o�w�e�d� �b�y� �R�T�-�q�P�C�R� �o�f� �a� �s�e�l�e�c�t�e�d� �M�y�o�D� 
�t�a�r�g�e�t� �g�e�n�e�s� �s�h�o�w�e�d� �t�h�a�t� �b�o�t�h� XlMyoDM� �a�n�d� XlMyoDZ� 
�g�e�n�e�s� �p�o�s�s�e�s�s� �c�o�m�p�a�r�a�b�l�e� �a�c�t�i�v�i�t�y� �o�f� �i�n�d�u�c�i�n�g� �t�h�e� �t�a�r�g�e�t� 
�g�e�n�e�s� �w�e� �e�x�a�m�i�n�e�d�.� �T�o� �f�i�n�d� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�l� �g�e�n�e� �r�e�g�u�l�a�t�i�o�n� 
�b�y � XlMyoDM � �a�n�d � XlMyoDZ � �g�e�n�o�m�e�-�w�i�d�e �, � �t�h�e� 
�o�v�e�r�e�x�p�r�e�s�s�e�d� �s�a�m�p�l�e�s� �w�e�r�e� �s�u�b�j�e�c�t�e�d� �t�o� �a� �t�r�a�n�s�c�r�i�p�t�o�m�e� 
�a�n�a�l�y�s�i�s�.� �B�y� �c�o�m�p�a�r�i�n�g� XlMyoDM�,� XlMyoDZ� �a�n�d� XtMyoD� 
�t�a�r�g�e�t� �g�e�n�e�s�,� �w�e� �w�i�l�l� �a�n�s�w�e�r� �t�h�e� �i�m�p�o�r�t�a�n�t� �q�u�e�s�t�i�o�n�s� �w�h�e�t�h�e�r� 
�e�i�t�h�e�r� XlMyoD� �g�e�n�e� �a�c�q�u�i�r�e�d� �n�o�v�e�l� �f�u�n�c�t�i�o�n�s� �o�r� �l�o�s�t� �i�t�s� 
�o�r�i�g�i�n�a�l� �f�u�n�c�t�i�o�n�s� �d�u�r�i�n�g� �e�v�o�l�u�t�i�o�n�.

VII. Cnidarian-symbiodinium Symbiosis
 �C�o�r�a�l�s� �a�r�e� �d�e�c�l�i�n�i�n�g� �g�l�o�b�a�l�l�y� �d�u�e� �t�o� �a� �n�u�m�b�e�r� �o�f� �s�t�r�e�s�s�o�r�s�.� 
�S�u�c�h� �s�t�r�e�s�s�e�s� �c�a�n� �l�e�a�d� �t�o� �a� �b�r�e�a�k�d�o�w�n� �o�f� �t�h�e� �e�s�s�e�n�t�i�a�l� 
�s�y�m�b�i�o�t�i�c� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �c�o�r�a�l� �a�n�d� Symbiodinium�,� �a� 
�p�r�o�c�e�s�s� �k�n�o�w�n� �a�s� �c�o�r�a�l� �b�l�e�a�c�h�i�n�g�.� �A�l�t�h�o�u�g�h� �t�h�e� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�e�s�s�e�s� �c�a�u�s�i�n�g� �t�h�i�s� �b�r�e�a�k�d�o�w�n� �a�r�e� �l�a�r�g�e�l�y� 
�k�n�o�w�n�,� �t�h�e� �m�o�l�e�c�u�l�a�r� �a�n�d� �c�e�l�l�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� �o�f� �s�y�m�b�i�o�s�i�s� 
�a�r�e� �s�t�i�l�l� �u�n�c�l�e�a�r�.� �C�o�r�a�l�s� �a�r�e� �n�o�t� �v�e�r�y� �s�u�i�t�a�b�l�e� �a�s� �l�a�b�o�r�a�t�o�r�y� 
�s�y�s�t�e�m�s�,� �b�e�c�a�u�s�e� �t�h�e�y� �a�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �w�o�r�k� �w�i�t�h� �d�u�e� �t�o� �t�h�e�i�r� 
�s�l�o�w� �g�r�o�w�t�h�,� �l�o�n�g� �g�e�n�e�r�a�t�i�o�n� �t�i�m�e�s�,� �a�n�d� �c�a�l�c�a�r�e�o�u�s� 
�s�k�e�l�e�t�o�n�s�.� �T�o� �o�v�e�r�c�o�m�e� �t�h�e�s�e� �l�i�m�i�t�a�t�i�o�n�s�,� �w�e� �f�o�c�u�s�e�d� �o�n� �t�h�e� 
�s�m�a�l�l� �s�e�a� �a�n�e�m�o�n�e� Aiptasia� �a�s� �a� �n�o�v�e�l� �e�x�p�e�r�i�m�e�n�t�a�l�l�y� 
�t�r�a�c�t�a�b�l�e� �c�n�i�d�a�r�i�a�n� �m�o�d�e�l� �o�r�g�a�n�i�s�m� �(�F�i�g�u�r�e� ��)�.� Aiptasia�,� �j�u�s�t� 
�a�s� �r�e�e�f�-�b�u�i�l�d�i�n�g� �c�o�r�a�l�s�,� �e�s�t�a�b�l�i�s�h�e�s� �a� �s�t�a�b�l�e� �b�u�t� �t�e�m�p�e�r�a�t�u�r�e�-
�s�e�n�s�i�t�i�v�e� �s�y�m�b�i�o�s�i�s� �w�i�t�h� Symbiodinium�.� Aiptasia� �c�a�n� �b�e� 
�r�e�p�e�a�t�e�d�l�y� �b�l�e�a�c�h�e�d� �a�n�d� �r�e�p�o�p�u�l�a�t�e�d� �w�i�t�h� Symbiodinium�,� 
�g�r�o�w�s� �r�a�p�i�d�l�y�,� �a�n�d� �l�a�c�k�s� �a� �c�a�l�c�a�r�e�o�u�s� �s�k�e�l�e�t�o�n�,� �a�l�l�o�w�i�n�g� 
�m�i�c�r�o�s�c�o�p�i�c� �a�n�d� �c�e�l�l�u�l�a�r� �b�i�o�l�o�g�i�c�a�l� �a�n�a�l�y�s�e�s�.� �I�n� �o�r�d�e�r� �t�o� 
�f�u�r�t�h�e�r� �e�l�u�c�i�d�a�t�e� �t�h�e� �s�y�m�b�i�o�t�i�c� �m�e�c�h�a�n�i�s�m�s�,� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� 

�e�s�t�a�b�l�i�s�h� �m�o�l�e�c�u�l�a�r� �b�i�o�l�o�g�i�c�a�l� �a�p�p�r�o�a�c�h�e�s�.� �T�h�e�r�e�f�o�r�e�,� �w�e� 
�h�a�v�e� �a�t�t�e�m�p�t�e�d� �t�o� �d�e�v�e�l�o�p� �a� �m�e�t�h�o�d� �o�f� �g�e�n�e� �t�r�a�n�s�f�e�c�t�i�o�n� �t�o� 
Aiptasia�.� �I�n�v�e�s�t�i�g�a�t�i�n�g� �s�y�m�b�i�o�s�i�s� �u�s�i�n�g� Aiptasia� �s�h�o�u�l�d� 
�i�m�p�r�o�v�e� �o�u�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �s�y�m�b�i�o�t�i�c� �m�e�c�h�a�n�i�s�m�.
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�G�e�r�m� �c�e�l�l�s� �a�r�e� �s�p�e�c�i�a�l�i�z�e�d� �c�e�l�l�s� �t�h�a�t� �c�a�n� �t�r�a�n�s�m�i�t� �g�e�n�e�t�i�c� 
�m�a�t�e�r�i�a�l�s� �f�r�o�m� �o�n�e� �g�e�n�e�r�a�t�i�o�n� �t�o� �t�h�e� �n�e�x�t� �i�n� �s�e�x�u�a�l� 
�r�e�p�r�o�d�u�c�t�i�o�n�.� �A�l�l� �o�f� �t�h�e� �o�t�h�e�r� �c�e�l�l�s� �o�f� �t�h�e� �b�o�d�y� �a�r�e� �s�o�m�a�t�i�c� 
�c�e�l�l�s�.� �T�h�i�s� �s�e�p�a�r�a�t�i�o�n� �o�f� �g�e�r�m� �a�n�d� �s�o�m�a�t�i�c� �c�e�l�l�s� �i�s� �o�n�e� �o�f� �t�h�e� 
�o�l�d�e�s�t� �p�r�o�b�l�e�m�s� �i�n� �d�e�v�e�l�o�p�m�e�n�t�a�l� �b�i�o�l�o�g�y�.� �I�n� �m�a�n�y� �a�n�i�m�a�l� 
�g�r�o�u�p�s�,� �a� �s�p�e�c�i�a�l�i�z�e�d� �p�o�r�t�i�o�n� �o�f� �e�g�g� �c�y�t�o�p�l�a�s�m�,� �o�r� �g�e�r�m� 
�p�l�a�s�m�,� �i�s� �i�n�h�e�r�i�t�e�d� �b�y� �t�h�e� �c�e�l�l� �l�i�n�e�a�g�e� �w�h�i�c�h� �g�i�v�e�s� �r�i�s�e� �t�o� 
�g�e�r�m� �c�e�l�l�s�.� �T�h�i�s� �c�e�l�l� �l�i�n�e�a�g�e� �i�s� �c�a�l�l�e�d� �g�e�r�m�l�i�n�e�.� �T�h�e� �g�e�r�m�l�i�n�e� 
�p�r�o�g�e�n�i�t�o�r�s� �e�v�e�n�t�u�a�l�l�y� �m�i�g�r�a�t�e� �i�n�t�o� �t�h�e� �g�o�n�a�d�s�,� �w�h�e�r�e� �t�h�e�y� 
�d�i�f�f�e�r�e�n�t�i�a�t�e� �a�s� �g�e�r�m�l�i�n�e� �s�t�e�m� �c�e�l�l�s� �(�G�S�C�)� �t�o� �f�o�r�m� �e�g�g�s� �a�n�d� 
�s�p�e�r�m� �w�h�e�n� �t�h�e� �o�r�g�a�n�i�s�m�s� �a�r�e� �p�h�y�s�i�c�a�l�l�y� �m�a�t�u�r�e�d�.� �O�u�r� 
�l�a�b�o�r�a�t�o�r�y� �a�i�m�s� �t�o� �f�i�n�d� �t�h�e� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� �r�e�g�u�l�a�t�i�n�g� 
�g�e�r�m�l�i�n�e� �s�e�g�r�e�g�a�t�i�o�n�, � �G�S�C� �n�i�c�h�e� �f�u�n�c�t�i�o�n�, � �a�n�d� 
�m�e�t�a�m�o�r�p�h�o�s�i�s� �i�n� Drosophila�.� 

I.  Role of maternal Ovo protein in the germline 
of Drosophila embryos

�I�t� �h�a�s� �b�e�e�n� �p�r�o�p�o�s�e�d� �t�h�a�t� �g�e�r�m�l�i�n�e�-�s�p�e�c�i�f�i�c� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� 
�i�s� �i�n�i�t�i�a�t�e�d� �b�y� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �m�a�t�e�r�n�a�l� �f�a�c�t�o�r�s� �t�h�a�t� �a�r�e� 
�e�n�r�i�c�h�e�d� �i�n� �t�h�e� �g�e�r�m� �p�l�a�s�m�.� +�o�w�e�v�e�r�,� �s�u�c�h� �f�a�c�t�o�r�s� �h�a�v�e� 
�r�e�m�a�i�n�e�d� �e�l�u�s�i�v�e�.� �W�e� �h�a�v�e� �d�o�n�e� �a� �g�e�n�o�m�e�-�w�i�d�e� �s�u�r�v�e�y� �o�f� 
�m�a�t�e�r�n�a�l� �t�r�a�n�s�c�r�i�p�t�s� �t�h�a�t� �a�r�e� �e�n�r�i�c�h�e�d� �i�n� �t�h�e� �g�e�r�m� �p�l�a�s�m� �a�n�d� 
�e�n�c�o�d�e� �t�r�a�n�s�c�r�i�p�t�i�o�n� �f�a�c�t�o�r�s� �f�o�r� �g�e�r�m�l�i�n�e�-�s�p�e�c�i�f�i�c� �g�e�n�e� 
�e�x�p�r�e�s�s�i�o�n� �o�f� vasa� �a�n�d��o�r� nanos�.� �W�e� �f�i�n�a�l�l�y� �i�d�e�n�t�i�f�i�e�d� �� 
�t�r�a�n�s�c�r�i�p�t�s� �r�e�q�u�i�r�e�d� �f�o�r� �g�e�r�m�l�i�n�e�-�s�p�e�c�i�f�i�c� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �b�y� 
�k�n�o�c�k�d�o�w�n� �e�x�p�e�r�i�m�e�n�t�s� �u�s�i�n�g� �R�N�A� �i�n�t�e�r�f�e�r�e�n�c�e� �(�R�N�A�i�)�.� 
�A�m�o�n�g� �t�h�e� �� �t�r�a�n�s�c�r�i�p�t�s�,� �w�e� �f�o�c�u�s�e�d� �o�n� ovo�.� �T�h�e� ovo� �g�e�n�e� 
�e�n�c�o�d�e�s� �a� �D�N�A�-�b�i�n�d�i�n�g�,� �C�2+�2� =�n�-�f�i�n�g�e�r� �p�r�o�t�e�i�n� �t�h�a�t� �i�s� 
�i�n�v�o�l�v�e�d� �i�n� �o�o�g�e�n�e�s�i�s� �a�n�d� �i�n� �e�p�i�d�e�r�m�a�l� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e� 
ovo� �g�e�n�e� �p�r�o�d�u�c�e�s� �a�t� �l�e�a�s�t� �t�h�r�e�e� �a�l�t�e�r�n�a�t�e� �i�s�o�f�o�r�m�s�.� �O�v�o�-�A� 
�a�n�d� �O�v�o�-�B� �f�u�n�c�t�i�o�n� �a�s� �a� �n�e�g�a�t�i�v�e� �a�n�d� �a� �p�o�s�i�t�i�v�e� 
�t�r�a�n�s�c�r�i�p�t�i�o�n�a�l� �r�e�g�u�l�a�t�o�r� �i�n� �t�h�e� �g�e�r�m�l�i�n�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �O�v�o�-
�S�v�b� �i�s� �e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �e�p�i�d�e�r�m�a�l� �c�e�l�l�s� �a�n�d� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� 
�t�h�e�i�r� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�.� �W�e� �f�o�u�n�d� �t�h�a�t� �O�v�o�-�B� �i�s� �t�h�e� �m�a�j�o�r� 
�i�s�o�f�o�r�m� �e�x�p�r�e�s�s�e�d� �i�n� �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� 
�e�m�b�r�y�o�g�e�n�e�s�i�s�.� �T�o� �u�n�d�e�r�s�t�a�n�d� �i�t�s� �f�u�n�c�t�i�o�n�,� �w�e� �o�v�e�r�-
�e�x�p�r�e�s�s�e�d� �t�h�e� �O�v�o�-�A� �r�e�p�r�e�s�s�o�r� �o�n�l�y� �i�n� �t�h�e� �P�G�C�s�,� �a�n�d� 
�e�x�a�m�i�n�e�d� �t�h�e�i�r� �d�e�v�e�l�o�p�m�e�n�t�a�l� �f�a�t�e�.� �O�u�r� �d�a�t�a� �s�h�o�w�s� �t�h�a�t� �t�h�e� 

�r�e�d�u�c�t�i�o�n� �i�n� �m�a�t�e�r�n�a�l� �O�v�o�-�B� �a�c�t�i�v�i�t�y� �r�e�s�u�l�t�s� �i�n� �a� �d�e�c�r�e�a�s�e� �i�n� 
�t�h�e� �n�u�m�b�e�r� �o�f� �p�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l�s� �d�u�r�i�n�g� �p�o�s�t�-�e�m�b�r�y�o�n�i�c� 
�s�t�a�g�e�s�.� �T�h�u�s�,� �m�a�t�e�r�n�a�l� �O�v�o�-�B� �h�a�s� �a�n� �e�s�s�e�n�t�i�a�l� �r�o�l�e� �i�n� 
�g�e�r�m�l�i�n�e� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �b�o�t�h� �s�e�x�e�s�.� 
�W�h�i�l�e� �i�d�e�n�t�i�f�y�i�n�g� �t�h�e� �d�o�w�n�s�t�r�e�a�m� �g�e�n�e�s� �r�e�g�u�l�a�t�e�d� �b�y� 
�O�v�o�-�B� �i�n� �g�e�r�m�l�i�n�e�,� �w�e� �f�o�u�n�d� �t�h�a�t� �O�v�o� �i�s� �r�e�q�u�i�r�e�d� �t�o� �i�n�d�u�c�e� 
�g�e�r�m�l�i�n�e�-�e�n�r�i�c�h�e�d� �g�e�n�e�s�,� �a�n�d� �c�o�n�v�e�r�s�e�l�y�,� �i�t� �r�e�p�r�e�s�s�e�s� 
�s�o�m�a�t�i�c�a�l�l�y�-�e�x�p�r�e�s�s�e�d� �g�e�n�e�s� �i�n� �P�G�C�s�.� �T�h�u�s�,� �w�e� �s�p�e�c�u�l�a�t�e� 
�t�h�a�t� �m�a�t�e�r�n�a�l� �O�v�o� �h�a�s� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �g�e�r�m�l�i�n�e�-�f�a�t�e� 
�d�e�t�e�r�m�i�n�a�t�i�o�n�.� �C�o�l�l�a�b�o�r�a�t�i�o�n� �w�o�r�k� �i�s� �n�o�w� �o�n�-�g�o�i�n�g� �t�o� �c�l�a�r�i�f�y� 
�t�h�e� �f�u�n�c�t�i�o�n� �o�f� �t�h�e ovo� �g�e�n�e� �i�n� �m�o�u�s�e� �g�e�r�m�l�i�n�e� �d�e�v�e�l�o�p�m�e�n�t�.� 

II.  The role of HSPGs in germline stem cell 
niche of Drosophila.

�S�t�e�m� �c�e�l�l�s� �p�o�s�s�e�s� �t�h�e� �r�e�m�a�r�k�a�b�l�e� �c�a�p�a�c�i�t�y� �t�o� �g�e�n�e�r�a�t�e� 
�d�a�u�g�h�t�e�r� �c�e�l�l�s� �t�h�a�t� �r�e�t�a�i�n� �a� �s�t�e�m�-�c�e�l�l� �i�d�e�n�t�i�t�y� �a�n�d� �o�t�h�e�r�s� �t�h�a�t� 
�d�i�f�f�e�r�e�n�t�i�a�t�e�.� �S�t�e�m� �c�e�l�l�s� �r�e�s�i�d�e� �i�n� �d�e�d�i�c�a�t�e�d� �c�e�l�l�u�l�a�r� 
�m�i�c�r�o�e�n�v�i�r�o�n�m�e�n�t�s� �t�e�r�m�e�d� �s�t�e�m�-�c�e�l�l� �n�i�c�h�e�s�.� �T�h�e�s�e� �n�i�c�h�e�s� 
�d�i�c�t�a�t�e� �s�t�e�m�-�c�e�l�l� �i�d�e�n�t�i�t�y�,� �m�a�i�n�t�a�i�n� �t�h�e� �s�t�e�m� �c�e�l�l� �p�o�p�u�l�a�t�i�o�n�,� 
�a�n�d� �c�o�o�r�d�i�n�a�t�e� �p�r�o�p�e�r� �h�o�m�e�o�s�t�a�t�i�c� �p�r�o�d�u�c�t�i�o�n� �o�f� 
�d�i�f�f�e�r�e�n�t�i�a�t�e�d� �c�e�l�l�s�.� �T�h�e� �G�S�C� �n�i�c�h�e� �i�n� Drosophila �g�o�n�a�d�s �i�s� �a� 
�u�s�e�f�u�l� �m�o�d�e�l� �s�y�s�t�e�m� �f�o�r� �s�t�u�d�y�i�n�g� �t�h�e� �s�t�e�m�-�c�e�l�l� �n�i�c�h�e�,� 
�b�e�c�a�u�s�e� �t�h�e� �c�e�l�l�u�l�a�r� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�i�s� �n�i�c�h�e� �h�a�v�e� �b�e�e�n� 
�c�h�a�r�a�c�t�e�r�i�z�e�d� �a�n�d� �t�h�e� �s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y�s�,� �s�u�c�h� �a�s� �B�M�P�s� �a�n�d� 
�J�A�K��S�T�A�T� �w�h�i�c�h� �a�r�e� �e�s�s�e�n�t�i�a�l� �f�o�r� �G�S�C� �m�a�i�n�t�e�n�a�n�c�e�,� �a�r�e� 
�k�n�o�w�n�.� �L�i�g�a�n�d�s� �f�o�r� �t�h�e�s�e� �s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y�s� �(�n�i�c�h�e� �s�i�g�n�a�l�s�)� 
�a�r�e� �s�e�c�r�e�t�e�d� �f�r�o�m� �t�h�e� �n�i�c�h�e� �c�e�l�l�s�,� �a�n�d� �a�r�e� �r�e�c�e�i�v�e�d� �b�y� �G�S�C�s� 
�t�o� �a�c�t�i�v�a�t�e� �t�h�e� �p�a�t�h�w�a�y� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �G�S�C� �m�a�i�n�t�e�n�a�n�c�e�.� 
�T�h�u�s�,� �t�h�e� �G�S�C� �n�i�c�h�e� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �s�p�e�c�i�a�l�i�z�e�d� �r�e�g�i�o�n� 
�r�e�t�a�i�n�i�n�g� �a� �s�u�f�f�i�c�i�e�n�t� �a�m�o�u�n�t� �o�f� �n�i�c�h�e� �s�i�g�n�a�l�s� �f�o�r� �G�S�C� 
�m�a�i�n�t�e�n�a�n�c�e�.� +�o�w�e�v�e�r�,� �i�t� �i�s� �n�o�t� �w�e�l�l� �u�n�d�e�r�s�t�o�o�d� �h�o�w� �t�h�e� 
�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �n�i�c�h�e� �s�i�g�n�a�l�s� �i�s� �p�r�e�c�i�s�e�l�y� �c�o�n�t�r�o�l�l�e�d� �i�n� �t�h�e� 
�G�S�C� �n�i�c�h�e�.
�T�o� �a�d�d�r�e�s�s� �t�h�i�s� �q�u�e�s�t�i�o�n�,� �w�e� �h�a�v�e� �b�e�e�n� �i�n�v�e�s�t�i�g�a�t�i�n�g� �t�h�e� 
�f�u�n�c�t�i�o�n� �o�f� +�e�p�a�r�a�n� �S�u�l�f�a�t�e� �P�r�o�t�e�o�g�l�y�c�a�n�s� �(+�S�P�G�s�)� �i�n� �t�h�e� 
�G�S�C� �n�i�c�h�e�.� +�S�P�G�s� �a�r�e� �a�n� �e�v�o�l�u�t�i�o�n�a�l�l�y� �c�o�n�s�e�r�v�e�d� �f�a�m�i�l�y� �o�f� 
�s�u�g�a�r� �m�o�d�i�f�i�e�d� �p�r�o�t�e�i�n�s�,� �w�h�i�c�h� �a�r�e� �a�n� �e�s�s�e�n�t�i�a�l� �c�o�m�p�o�n�e�n�t� �o�f� 
�t�h�e� �e�x�t�r�a�c�e�l�l�u�l�a�r� �m�a�t�r�i�x�.� �O�n�e� �o�f� �t�h�e� �i�m�p�o�r�t�a�n�t� �f�u�n�c�t�i�o�n�s� �o�f� 
+�S�P�G�s� �d�u�r�i�n�g� �a�n�i�m�a�l� �d�e�v�e�l�o�p�m�e�n�t� �i�s� �t�o� �r�e�g�u�l�a�t�e� �d�i�s�t�r�i�b�u�t�i�o�n� 
�o�f� �g�r�o�w�t�h� �f�a�c�t�o�r�s� �i�n� �e�x�t�r�a�c�e�l�l�u�l�a�r� �s�p�a�c�e� �b�y� �b�i�n�d�i�n�g� �t�o� �t�h�e�m�.� 
�T�h�u�s�,� �w�e� �s�p�e�c�u�l�a�t�e�d� �t�h�a�t� +�S�P�G�s� �c�o�u�l�d� �r�e�t�a�i�n� �a� �s�u�f�f�i�c�i�e�n�t� 
�a�m�o�u�n�t� �o�f� �n�i�c�h�e� �s�i�g�n�a�l�s� �f�o�r� �G�S�C� �m�a�i�n�t�e�n�a�n�c�e�.� �W�e� �f�o�u�n�d� �t�h�a�t� 
�G�l�y�p�c�a�n�,� �a� �m�e�m�b�r�a�n�e�-�a�s�s�o�c�i�a�t�i�n�g� �t�y�p�e� �o�f� +�S�P�G�,� �i�s� �a�n� 
�e�s�s�e�n�t�i�a�l� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �G�S�C� �n�i�c�h�e� �b�o�t�h� �i�n� �f�e�m�a�l�e� �a�n�d� 
�m�a�l�e� �g�o�n�a�d�s�.� �G�l�y�p�i�c�a�n� �w�a�s� �h�i�g�h�l�y� �e�x�p�r�e�s�s�e�d� �i�n� �n�i�c�h�e� �c�e�l�l�s� 
�b�o�t�h� �i�n� �o�v�a�r�y� �a�n�d� �t�e�s�t�i�s�,� �a�n�d� �i�t�s� �m�u�t�a�t�i�o�n�s� �c�a�u�s�e�d� �a� 
�s�i�g�n�i�f�i�c�a�n�t� �r�e�d�u�c�t�i�o�n� �i�n� �G�S�C� �n�u�m�b�e�r�.� �I�n� �t�h�e� �G�S�C� �o�f� �t�h�e� 
�m�u�t�a�n�t� �o�v�a�r�y�,� �t�h�e� �s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y� �a�c�t�i�v�a�t�e�d� �b�y� �D�p�p� �(�a� 
�B�M�P� �h�o�m�o�l�o�g�u�e� �a�c�t�i�n�g� �a�s� �a� �n�i�c�h�e� �s�i�g�n�a�l�)� �w�a�s� �i�m�p�a�i�r�e�d�.� 
�C�o�n�v�e�r�s�e�l�y�,� �e�c�t�o�p�i�c� �e�x�p�r�e�s�s�i�o�n� �o�f� �G�l�y�p�i�c�a�n� �i�n� �f�e�m�a�l�e� �g�o�n�a�d�s� 
�c�a�u�s�e�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �G�S�C�s� �w�i�t�h� �D�p�p� 
�s�i�g�n�a�l�i�n�g�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �s�t�r�o�n�g�l�y� �s�u�g�g�e�s�t� �t�h�a�t� �G�l�y�p�i�c�a�n� 
�d�e�f�i�n�e�s� �t�h�e� �f�e�m�a�l�e� �G�S�C� �n�i�c�h�e� �b�y� �r�e�g�u�l�a�t�i�n�g� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 
�D�p�p�.
�T�h�e� �q�u�e�s�t�i�o�n� �o�f� �w�h�e�t�h�e�r� �t�h�e� �o�t�h�e�r� +�S�P�G�s� �h�a�v�e� �f�u�n�c�t�i�o�n�s� �i�n� 
�t�h�e� �G�S�C� �n�i�c�h�e� �r�e�m�a�i�n�s� �u�n�c�l�e�a�r�.� �S�i�n�c�e� �d�i�s�r�u�p�t�i�n�g� �b�i�o�s�y�n�t�h�e�s�i�s� 
�o�f� �a�l�l� +�S�P�G�s� �b�y� �k�n�o�c�k�d�o�w�n� �o�f� �t�h�e� NDST� �g�e�n�e� �c�a�u�s�e�d� �a� 
�m�o�r�e� �s�e�v�e�r�e� �G�S�C�-�l�o�s�s� �p�h�e�n�o�t�y�p�e� �t�h�a�n� �t�h�e� �G�l�y�p�i�c�a�n� �m�u�t�a�n�t�,� 
�t�h�e� �o�t�h�e�r� �t�y�p�e�s� �o�f� +�S�P�G�s� �c�o�u�l�d� �h�a�v�e� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� �G�S�C� 
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�n�i�c�h�e�.� �W�e� �f�o�u�n�d� �t�h�a�t� �S�y�n�d�e�c�a�n� 
�a�n�d� �P�e�r�l�e�c�a�n�,� �t�w�o� �e�v�o�l�u�t�i�o�n�a�l�l�y� 
�c�o�n�s�e�r�v�e�d� �g�r�o�u�p�s� �o�f� +�S�P�G�s�,� �a�r�e� 
�e�s�s�e�n�t�i�a�l� �i�n� �t�h�e� �G�S�C� �n�i�c�h�e�.� 
�T�h�e�s�e� +�S�P�G�s� �w�e�r�e� �h�i�g�h�l�y� 
�e�x�p�r�e�s�s�e�d� �i�n� �f�e�m�a�l�e� �G�S�C� �n�i�c�h�e� 
�c�e�l�l�s�,� �a�n�d� �r�e�d�u�c�t�i�o�n� �o�f� �t�h�e�i�r� 
�f�u�n�c�t�i�o�n� �i�n� �n�i�c�h�e� �c�e�l�l�s� �c�a�u�s�e�d� �a� 
�d�e�c�r�e�a�s�e� �i�n� �G�S�C� �n�u�m�b�e�r�.� �W�e� 
�f�u�r�t�h�e�r� �f�o�u�n�d� �t�h�a�t�,� �i�n� �t�h�e� �o�v�a�r�i�e�s� 
�w�i�t�h� �r�e�d�u�c�e�d� �P�e�r�l�e�c�a�n� �f�u�n�c�t�i�o�n�,� 
�e�c�t�o�p�i�c� �G�S�C�-�l�i�k�e� �c�e�l�l�s� �w�e�r�e� �a�l�s�o� 
�o�b�s�e�r�v�e�d�.� �T�h�i�s� �p�h�e�n�o�t�y�p�e� �h�a�s� 
�n�o�t� �b�e�e�n� �o�b�s�e�r�v�e�d� �i�n� �G�l�y�p�i�c�a�n� 
�m�u�t�a�n�t�s�.� �T�h�u�s�,� �w�e� �s�p�e�c�u�l�a�t�e�d� 
�t�h�a�t� �P�e�r�l�e�c�a�n� �c�o�u�l�d� �r�e�g�u�l�a�t�e� �D�p�p� 
�d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �t�h�e� �G�S�C� �n�i�c�h�e�,� �i�n� 
�a� �w�a�y� �d�i�s�t�i�n�c�t� �f�r�o�m� �G�l�y�p�i�c�a�n�.� 
�W�e � �h �a �v �e � �s �u �c �c �e �e �d �e �d � �i �n� 
�v �i �s �u�a �l �i �z �i �n�g � �D�p�p � �p �r�o �t �e �i �n� 
�d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �t�h�e� �f�e�m�a�l�e� �G�S�C� 
�n�i�c�h�e�.� �W�h�e�n� �G�l�y�p�i�c�a�n� �w�a�s� 
�e�c�t�o�p�i�c�a�l�l�y� �e�x�p�r�e�s�s�e�d� �i�n� �f�e�m�a�l�e� 
�g�o�n�a�d�s�,� �D�p�p� �d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� 
�e �c �t �o�p �i �c �a �l �l �y � �o�b �s �e �r �v �e�d � �i �n� 
�S�y�n�d�e�c�a�n� �a�n�d� �P�e�r�l�e�c�a�n� �m�u�t�a�n�t� 
�o�v�a�r�i�e�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �w�e� �h�a�v�e� 
�a�l�s�o� �s�u�c�c�e�e�d�e�d� �i�n� �v�i�s�u�a�l�i�z�i�n�g� �t�h�e� 
�G�S�C� �n�i�c�h�e� �s�i�g�n�a�l� �i�n� �m�a�l�e� 
�g�o�n�a�d�s�.� �T�h�i�s� �e�n�a�b�l�e�s� �u�s� �t�o� �s�t�u�d�y� 
+�S�P�G� �f�u�n�c�t�i�o�n� �i�n� �t�h�e� �m�a�l�e� �G�S�C� 
�n�i�c�h�e�.

III.  The role of b3-octopamine receptor in the 
developmental transition from larvae to 
reproductive adults 

�T�h�e� �d�e�v�e�l�o�p�m�e�n�t�a�l� �t�r�a�n�s�i�t�i�o�n� �i�s� �a� �w�e�l�l�-�k�n�o�w�n� �b�i�o�l�o�g�i�c�a�l� 
�p�r�o�c�e�s�s� �i�n� �w�h�i�c�h� �t�h�e� �o�r�g�a�n�i�s�m� �a�l�t�e�r�s� �i�t�s� �b�o�d�y� �m�o�r�p�h�o�l�o�g�y� �i�n� 
�o�r�d�e�r� �t�o� �p�r�o�c�e�e�d� �f�r�o�m� �t�h�e� �j�u�v�e�n�i�l�e� �s�t�a�g�e� �t�o� �t�h�e� �a�d�u�l�t� 
�r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�g�e�.� +�o�w� �t�h�i�s� �p�r�o�c�e�s�s�e� �i�s� �p�r�e�c�i�s�e�l�y� �r�e�g�u�l�a�t�e�d� 
�i�n� �r�e�s�p�o�n�s�e� �t�o� �d�e�v�e�l�o�p�m�e�n�t�a�l� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�u�e�s� �i�s� �a� 
�l�o�n�g�s�t�a�n�d�i�n�g� �q�u�e�s�t�i�o�n� �i�n� �b�i�o�l�o�g�y�.� 
�I�n� �h�o�l�o�m�e�t�a�b�o�l�o�u�s� �i�n�s�e�c�t�s�,� �t�h�e� �s�t�e�r�o�i�d� �h�o�r�m�o�n�e� �e�c�d�y�s�o�n�e� 
�p�l�a�y�s� �a� �p�i�v�o�t�a�l� �r�o�l�e� �i�n� �m�e�t�a�m�o�r�p�h�o�s�i�s�.� �I�n� Drosophila�,� 
�e�c�d�y�s�o�n�e� �i�s� �p�r�o�d�u�c�e�d� �i�n� �t�h�e� �p�r�o�t�h�o�r�a�c�i�c� �g�l�a�n�d� �(�P�G�)� �a�n�d� �t�h�e�n� 
�c�o�n�v�e�r�t�e�d� �i�n�t�o� �i�t�s� �a�c�t�i�v�e� �f�o�r�m�,� �2�0�-�h�y�d�r�o�x�y�e�c�d�y�s�o�n�e� �(�2�0�E�)�,� �i�n� 
�t�h�e� �p�e�r�i�p�h�e�r�a�l� �o�r�g�a�n�s�.� �T�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f� �2�0�E� �t�e�r�m�i�n�a�t�e� �l�a�r�v�a�l� 
�d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �g�r�o�w�t�h� �a�n�d� �i�n�i�t�i�a�t�e� �m�e�t�a�m�o�r�p�h�o�s�i�s�.� 
�E�c�d�y�s�o�n�e� �b�i�o�s�y�n�t�h�e�s�i�s� �i�s� �r�e�g�u�l�a�t�e�d� �i�n� �t�h�e� �P�G� �b�y� 
�n�e�u�r�o�p�e�p�t�i�d�e�s�,� �e�n�a�b�l�i�n�g� �m�o�d�u�l�a�t�i�o�n� �o�f� �t�h�e� �t�i�m�i�n�g� �o�f� �2�0�E� 
�p�u�l�s�e�s� �d�u�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e� �s�t�i�m�u�l�a�t�o�r� �o�f� �e�c�d�y�s�o�n�e� 
�b�i�o�s�y�n�t�h�e�s�i�s� �i�s� �p�r�o�t�h�o�r�a�c�i�c�o�t�r�o�p�i�c� �h�o�r�m�o�n�e� �(�P�T�T+�)� �a�n�d� 
�I�n�s�u�l�i�n�-�l�i�k�e� �p�e�p�t�i�d�e�s� �(�I�l�p�s�)�,� �w�h�i�c�h� �a�c�t�i�v�a�t�e� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� 
�e�c�d�y�s�o�n�e� �b�i�o�s�y�n�t�h�e�t�i�c� �p�r�o�t�e�i�n�s�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e�s�e� 
�n�e�u�r�o�p�e�p�t�i�d�e�s�,� �t�h�e� �l�a�r�v�a�l²�p�r�e�p�u�p�a�l� �t�r�a�n�s�i�t�i�o�n� �i�s� �m�o�d�u�l�a�t�e�d� �b�y� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �c�u�e�s� �s�u�c�h� �a�s� �n�u�t�r�i�t�i�o�n�a�l� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� 
�i�n�f�l�u�e�n�c�e� �l�a�r�v�a�l� �b�o�d�y� �s�i�z�e�.� �F�o�r� �e�x�a�m�p�l�e�,� �e�a�r�l�y� �t�h�i�r�d�-�i�n�s�t�a�r� 
�l�a�r�v�a�e� �a�t�t�a�i�n� �t�h�e� �b�o�d�y�-�s�i�z�e� �c�h�e�c�k�p�o�i�n�t� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �t�r�a�n�s�i�t� 
�f�r�o�m� �l�a�r�v�a� �t�o� �p�r�e�p�u�p�a�.� �A�l�t�h�o�u�g�h� �t�h�e� �c�h�e�c�k�p�o�i�n�t� �i�s� �b�e�l�i�e�v�e�d� �t�o� 

�u�l�t�i�m�a�t�e�l�y� �m�o�d�u�l�a�t�e� �e�c�d�y�s�o�n�e� �p�r�o�d�u�c�t�i�o�n� �i�n� �t�h�e� �P�G�,� �i�t�s� 
�d�o�w�n�s�t�r�e�a�m� �e�f�f�e�c�t�o�r�s� �a�n�d� �s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y� �r�e�m�a�i�n� �e�l�u�s�i�v�e�.� 
�W�e� �f�o�u�n�d� �t�h�a�t� �m�o�n�o�a�m�i�n�e�r�g�i�c� �a�u�t�o�c�r�i�n�e� �r�e�g�u�l�a�t�i�o�n� �o�f� 
�e�c�d�y�s�o�n�e� �b�i�o�s�y�n�t�h�e�s�i�s� �i�n� �t�h�e� �P�G� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� 
�m�e�t�a�m�o�r�p�h�o�s�i�s�.� �P�G�-�s�p�e�c�i�f�i�c� �k�n�o�c�k�d�o�w�n� �o�f� Octb3R,� �r�e�s�u�l�t�e�d� 
�i�n� �a�r�r�e�s�t�e�d� �m�e�t�a�m�o�r�p�h�o�s�i�s� �d�u�e� �t�o� �l�a�c�k� �o�f� �e�c�d�y�s�o�n�e�.� 
�K�n�o�c�k�d�o�w�n� �o�f� �t�y�r�a�m�i�n�e� �b�i�o�s�y�n�t�h�e�s�i�s� �g�e�n�e�s� �e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� 
�P�G� �c�a�u�s�e�d� �s�i�m�i�l�a�r� �d�e�f�e�c�t�s� �i�n� �e�c�d�y�s�o�n�e� �p�r�o�d�u�c�t�i�o�n� �a�n�d� 
�m�e�t�a�m�o�r�p�h�o�s�i�s�.� �M�o�r�e�o�v�e�r�,� �P�T�T+� �a�n�d� �I�l�p�s� �s�i�g�n�a�l�i�n�g� �w�e�r�e� 
�i�m�p�a�i�r�e�d� �b�y� Octb3R� �k�n�o�c�k�d�o�w�n� �i�n� �t�h�e� �P�G�,� �a�n�d� �a�c�t�i�v�a�t�i�o�n� �o�f� 
�t�h�e�s�e� �s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y�s� �r�e�s�c�u�e�d� �t�h�e� �d�e�f�e�c�t � �i�n� 
�m�e�t�a�m�o�r�p�h�o�s�i�s�.� �T�h�u�s�,� �m�o�n�o�a�m�i�n�e�r�g�i�c� �a�u�t�o�c�r�i�n�e� �s�i�g�n�a�l�i�n�g� �i�n� 
�t�h�e� �P�G� �r�e�g�u�l�a�t�e�s� �e�c�d�y�s�o�n�e� �b�i�o�g�e�n�e�s�i�s� �i�n� �a� �c�o�o�r�d�i�n�a�t�e�d� 
�f�a�s�h�i�o�n� �u�p�o�n� �a�c�t�i�v�a�t�i�o�n� �b�y� �P�T�T+� �a�n�d� �I�l�p�s�.� �W�e� �p�r�o�p�o�s�e� �t�h�a�t� 
�m�o�n�o�a�m�i�n�e�r�g�i�c� �a�u�t�o�c�r�i�n�e� �s�i�g�n�a�l�i�n�g� �a�c�t�s� �d�o�w�n�s�t�r�e�a�m� �o�f� �a� 
�b�o�d�y�-�s�i�z�e� �c�h�e�c�k�p�o�i�n�t� �t�h�a�t� �a�l�l�o�w�s� �m�e�t�a�m�o�r�p�h�o�s�i�s� �t�o� �o�c�c�u�r� 
�w�h�e�n� �n�u�t�r�i�e�n�t�s� �a�r�e� �s�u�f�f�i�c�i�e�n�t�l�y� �a�b�u�n�d�a�n�t�.
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�� �C�h�a�n�u�t�-�D�e�l�a�l�a�n�d�e�,� +�.�,� +�a�s�h�i�m�o�t�o�,� �Y�.�,� �Pp�l�i�s�s�i�e�r�-�M�o�n�i�e�r�,� �A�.�,� �S�p�o�k�o�n�y�,� 
�R�.�,� �D�i�b�,� �A�.�,� �K�o�n�d�o�,� �T�.�,� �B�o�hq�r�e�,� �J�.�,� �N�i�i�m�i�,� �K�.�,� �L�a�t�a�p�i�e�,� �Y�.�,� �I�n�a�g�a�k�i�,� �S�.�,� 
�D�u�b�o�i�s�,� �L�.�,� 9�a�l�e�n�t�i�,� �P�.�,� �P�o�l�e�s�e�l�l�o�,� �C�.�,� �K�o�b�a�y�a�s�h�i�,� �S�.�,� �M�o�u�s�s�i�a�n�,� �B�.�,� 
�W�h�i�t�e�,� �K�.�,� �P�l�a�z�a�,� �S�.�,� �K�a�g�e�y�a�m�a�,� �Y�.�,� �a�n�d� �P�a�y�r�e�,� �F�.� �(�2�0�1��)�.� �P�r�i� �p�e�p�t�i�d�e�s� 
�a�r�e� �m�e�d�i�a�t�o�r�s� �o�f� �e�c�d�y�s�o�n�e� �f�o�r� �t�h�e� �t�e�m�p�o�r�a�l� �c�o�n�t�r�o�l� �o�f� �d�e�v�e�l�o�p�m�e�n�t�.� 

�F�i�g�u�r�e� �1�.� �O�u�r� �m�o�d�e�l� �e�x�p�l�a�i�n�i�n�g� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �o�f� �m�e�t�a�m�o�r�p�h�o�s�i�s� �b�y� �O�c�tơ��R
�(�A�)� �B�e�f�o�r�e� �t�h�e� �a�t�t�a�i�n�m�e�n�t� �o�f� �b�o�d�y�-�s�i�z�e� �c�h�e�c�k�p�o�i�n�t�,� �t�y�r�a�m�i�n�e� �i�s� �s�t�o�r�e�d� �i�n� �P�G� �c�e�l�l�s�,� �s�o� �a�s� �n�o�t� �t�o� �a�c�t�i�v�a�t�e� �O�c�tơ��R�.� 
�O�n�c�e� �l�a�r�v�a�e� �h�a�v�e� �a�t�t�a�i�n�e�d� �b�o�d�y�-�s�i�z�e� �c�h�e�c�k�p�o�i�n�t� �u�n�d�e�r� �n�u�t�r�i�e�n�t�-�r�i�c�h� �c�o�n�d�i�t�i�o�n�s�,� �t�y�r�a�m�i�n�e� �i�s� �s�e�c�r�e�t�e�d� �f�r�o�m� �t�h�e� 
�P�G� �t�o� �a�c�t�i�v�a�t�e� �O�c�tơ��R� �s�i�g�n�a�l�i�n�g� �i�n� �a�n� �a�u�t�o�c�r�i�n�e� �m�a�n�n�e�r�,� �l�e�a�d�i�n�g� �t�o� �t�h�e� �l�a�r�v�a�l²�p�r�e�p�u�p�a�l� �t�r�a�n�s�i�t�i�o�n� �v�i�a� �t�h�e� �I�l�p�s� 
�a�n�d� �P�T�T+� �s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y�s�.� �(�B�)� �W�h�e�n� �l�a�r�v�a�e� �f�a�i�l� �t�o� �a�t�t�a�i�n� �b�o�d�y�-�s�i�z�e� �c�h�e�c�k�p�o�i�n�t� � �u�n�d�e�r� �a� �s�t�a�r�v�a�t�i�o�n� 
�c�o�n�d�i�t�i�o�n�,� �t�y�r�a�m�i�n�e� �r�e�m�a�i�n�s� �u�n�s�e�c�r�e�t�e�d� �f�r�o�m� �t�h�e� �P�G�� �c�o�n�s�e�q�u�e�n�t�l�y�,� �t�h�e� �O�c�tơ��R�,� �I�l�p�s�,� �a�n�d� �P�T�T+� �s�i�g�n�a�l�i�n�g� 
�p�a�t�h�w�a�y�s� �f�a�i�l� �t�o� �b�e� �a�c�t�i�v�a�t�e�d�,� �r�e�s�u�l�t�i�n�g� �i�n� �a�r�r�e�s�t� �a�t� �t�h�e� �l�a�r�v�a�l²�p�r�e�p�u�p�a�l� �t�r�a�n�s�i�t�i�o�n�.
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�N�a�t�u�r�e� �C�e�l�l� �B�i�o�l�.� �1��,� �1�0��5�-�1�0���.

�� +�a�y�a�s�h�i�,� �M�.�,� �S�a�t�o�,� �M�.�,� �I�w�a�s�a�k�i�,� �Y�.�,� �O�n�o�z�a�w�a�,� �T�.�,� �K�a�t�a�y�a�m�a�,� �N�.�,� 
�N�a�g�a�s�a�k�a�,� �Y�.�,� �S�a�d�a�i�e�,� �S�.�,� �K�o�b�a�y�a�s�h�i�,� �S�.�,� �a�n�d� �Y�o�s�h�i�z�a�k�i�,� �G�.� �(�2�0�1��)� 
�E�n�r�i�c�h�m�e�n�t� �o�f� �s�p�e�r�m�a�t�o�g�o�n�i�a�l� �s�t�e�m� �c�e�l�l�s� �u�s�i�n�g� �s�i�d�e� �p�o�p�u�l�a�t�i�o�n� �i�n� 
�t�e�l�e�o�s�t�.� �B�i�o�l�.� �R�e�p�r�o�d�.� ��1�,� �1�-��.

�� �L�i�m�,� �R�.�,� �A�n�a�n�d�,� �A�.�,� �N�i�s�h�i�m�i�y�a�-�F�u�j�i�s�a�w�a�,� �C�.�,� �K�o�b�a�y�a�s�h�i�,� �S�.�,� �a�n�d� �K�a�i�,� �T�.� 
�(�2�0�1��)�.� �A�n�a�l�y�s�i�s� �o�f� +�y�d�r�a� �P�I�W�I� �p�r�o�t�e�i�n�s� �a�n�d� �p�i�R�N�A�s� �u�n�c�o�v�e�r� �e�a�r�l�y� 
�e�v�o�l�u�t�i�o�n�a�r�y� �o�r�i�g�i�n�s� �o�f� �t�h�e� �p�i�R�N�A� �p�a�t�h�w�a�y�.� �D�e�v�.� �B�i�o�l�.� ����,� �2���-�2�5�1�.

�� �N�i�s�h�i�m�u�r�a�,� �T�.�,� +�e�r�p�i�n�,� �A�.�,� �K�i�m�u�r�a�,� �T�.�,� +�a�r�a�,� �I�.�,� �K�a�w�a�s�a�k�i�,� �T�.�,� �N�a�k�a�m�u�r�a�,� 
�S�.�,� �Y�a�m�a�m�o�t�o�,� �Y�.�,� �S�a�i�t�o�,� �T�.�,� �Y�o�s�h�i�m�u�r�a�,� �J�.�,� �M�o�r�i�s�h�i�t�a�,� �S�.�,� �T�s�u�k�a�h�a�r�a�,� �T�.�,� 
�K�o�b�a�y�a�s�h�i�,� �S�.�,� �N�a�r�u�s�e�,� �K�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� �S�a�k�a�i�,� �N�.�,� �S�c�h�a�r�t�l�,� �M�.�,� �a�n�d� 
�T�a�n�a�k�a�,� �M�.� �(�2�0�1��)�.� �A�n�a�l�y�s�i�s� �o�f� �a� �n�o�v�e�l� �g�e�n�e�,� �S�d�g�c�,� �r�e�v�e�a�l�s� �s�e�x� 
�c�h�r�o�m�o�s�o�m�e²�d�e�p�e�n�d�e�n�t� �d�i�f�f�e�r�e�n�c�e�s� �o�f� �m�e�d�a�k�a� �g�e�r�m� �c�e�l�l�s� �p�r�i�o�r� �t�o� 
�g�o�n�a�d� �f�o�r�m�a�t�i�o�n�.� �D�e�v�e�l�o�p�m�e�n�t� �1��1�,� �����-�����.



�2�

�T�h�e� �b�o�d�y� �a�n�d� �t�i�s�s�u�e�s� �o�f� �t�h�e� �d�e�v�e�l�o�p�i�n�g� �e�m�b�r�y�o� �a�r�e� 
�r�e�p�e�a�t�e�d�l�y� �d�i�v�i�d�e�d� �i�n�t�o� �s�u�b�-�r�e�g�i�o�n�s� �s�p�e�c�i�f�i�e�d� �b�y� 
�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �a�n�d� �m�o�r�p�h�o�l�o�g�y�.� �T�h�e� �p�r�o�c�e�s�s� 
�t�h�a�t� �g�i�v�e�s� �r�i�s�e� �t�o� �t�h�e�s�e� �s�u�b�-�r�e�g�i�o�n�s�,� �a�c�c�o�r�d�i�n�g� �t�o� �a� �d�e�f�i�n�e�d� 
�p�a�t�t�e�r�n�,� �i�s� �c�a�l�l�e�d� ´�p�a�t�t�e�r�n� �f�o�r�m�a�t�i�o�nµ� �o�r� ´�p�a�t�t�e�r�n�i�n�g�.µ� �O�u�r� 
�l�a�b�o�r�a�t�o�r�i�e�s� �a�i�m� �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� 
�u�n�d�e�r�l�y�i�n�g� �p�a�t�t�e�r�n� �f�o�r�m�a�t�i�o�n� �b�y� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �a�p�p�r�o�a�c�h�e�s�.
�T�h�e� �m�o�s�t� �p�o�p�u�l�a�r� �m�o�d�e�l� �t�o� �e�x�p�l�a�i�n� �t�h�e� �p�a�t�t�e�r�n�i�n�g� �p�r�o�c�e�s�s� �i�s� 
�t�h�e� ´�m�o�r�p�h�o�g�e�n� �g�r�a�d�i�e�n�t� �a�n�d� �t�h�r�e�s�h�o�l�dµ� �t�h�e�o�r�y�.� �M�a�n�y� 
�g�e�n�e�t�i�c� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �s�e�c�r�e�t�e�d� �s�i�g�n�a�l� �p�r�o�t�e�i�n�s� �s�u�c�h� �a�s� 
�W�n�t�,� �B�M�P�,� �a�n�d� +�e�d�g�e�h�o�g� �f�u�n�c�t�i�o�n� �a�s� �m�o�r�p�h�o�g�e�n�s� �i�n� �m�a�n�y� 
�a�s�p�e�c�t�s� �o�f� �t�h�e� �p�a�t�t�e�r�n�i�n�g� �p�r�o�c�e�s�s�.� �I�n� �s�p�i�t�e� �o�f� �t�h�e� 
�a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �g�e�n�e�t�i�c� �e�v�i�d�e�n�c�e�,� �h�o�w�e�v�e�r�,� �t�h�e� �b�i�o�c�h�e�m�i�c�a�l� 
�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �m�o�r�p�h�o�g�e�n�s�,� �i�n�c�l�u�d�i�n�g� �m�o�d�i�f�i�c�a�t�i�o�n� �a�n�d� 
�h�i�g�h�e�r� �o�r�d�e�r� �s�t�r�u�c�t�u�r�e�,� �r�e�m�a�i�n� �t�o� �b�e� �e�l�u�c�i�d�a�t�e�d�.� �T�h�u�s�,� �o�n�e� �o�f� 
�o�u�r� �m�a�j�o�r� �g�o�a�l�s� �i�s� �t�o� �r�e�v�e�a�l� the real image� �o�f� �m�o�r�p�h�o�g�e�n�s� 
�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� �u�n�d�e�r�l�y�i�n�g� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� 
�m�o�r�p�h�o�g�e�n� �g�r�a�d�i�e�n�t�s�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �s�e�c�r�e�t�i�o�n� �a�n�d� 
�e�x�t�r�a�c�e�l�l�u�l�a�r� �t�r�a�n�s�p�o�r�t� �o�f� �t�h�e�s�e� �m�o�r�p�h�o�g�e�n�s�.
�T�h�e� �s�e�g�m�e�n�t�a�l� �s�u�b�-�r�e�g�i�o�n�s� �o�f� �s�e�v�e�r�a�l� �s�p�e�c�i�f�i�c� �t�i�s�s�u�e�s�,� 
�i�n�c�l�u�d�i�n�g� �t�h�e� �p�a�r�a�x�i�a�l� �m�e�s�o�d�e�r�m� �(�o�r� �s�o�m�i�t�e�s�)� �a�n�d� �t�h�e� 
�p�h�a�r�y�n�g�e�a�l� �p�o�u�c�h�e�s�,� �b�y� �c�o�n�t�r�a�s�t�,� �a�p�p�e�a�r� �n�o�t� �t�o� �b�e� �s�i�m�p�l�y� 
�d�i�r�e�c�t�e�d� �b�y� �t�h�e� �m�o�r�p�h�o�g�e�n� �g�r�a�d�i�e�n�t� �a�n�d� �t�h�r�e�s�h�o�l�d�,� �b�u�t� �b�y� �a� 
�u�n�i�q�u�e� �m�e�c�h�a�n�i�s�m� �p�r�o�c�e�e�d�i�n�g� �p�e�r�i�o�d�i�c�a�l�l�y�.� �F�o�r� �i�n�s�t�a�n�c�e�,� 
�s�o�m�i�t�e�s� �a�r�e� �s�e�q�u�e�n�t�i�a�l�l�y� �g�e�n�e�r�a�t�e�d� �i�n� �a�n� �a�n�t�e�r�i�o�r�-�t�o�-�p�o�s�t�e�r�i�o�r� 
�o�r�d�e�r� �b�y� �c�o�n�v�e�r�t�i�n�g� �o�s�c�i�l�l�a�t�o�r�y� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �i�n�t�o� �r�e�p�e�a�t�e�d� 
�s�t�r�u�c�t�u�r�e�s�.� �T�h�e� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m� �u�n�d�e�r�l�y�i�n�g� �t�h�i�s� 
�c�o�n�v�e�r�s�i�o�n� �a�n�d� �m�o�r�p�h�o�l�o�g�i�c�a�l� �s�e�g�m�e�n�t�a�t�i�o�n�,� �h�o�w�e�v�e�r�,� �i�s� �n�o�t� 
�y�e�t� �f�u�l�l�y� �u�n�d�e�r�s�t�o�o�d�.� �T�h�u�s�,� �a�n�o�t�h�e�r� �g�o�a�l� �o�f� �o�u�r� �c�u�r�r�e�n�t� 
�s�t�u�d�i�e�s� �i�s� �t�o� �r�e�v�e�a�l� �t�h�e� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� �o�f� this other 
and unique mode of patterning� �t�h�a�t� �u�n�d�e�r�l�i�e�s� �t�h�e� �p�e�r�i�o�d�i�c�a�l� 
�a�n�d� �s�e�q�u�e�n�t�i�a�l� �s�u�b�-�d�i�v�i�s�i�o�n� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�o�m�i�t�e�s� 
�a�n�d� �p�h�a�r�y�n�g�e�a�l� �a�r�c�h�e�s�.

I.  Spatial regulation of secreted Wnt proteins 
in vertebrate development 

� �T�h�e� �W�n�t� �f�a�m�i�l�y� �o�f� �s�e�c�r�e�t�e�d� �s�i�g�n�a�l� �p�r�o�t�e�i�n�s� �p�l�a�y�s� �a� �k�e�y� �r�o�l�e� 
�i�n� �n�u�m�e�r�o�u�s� �a�s�p�e�c�t�s� �o�f� �e�m�b�r�y�o�g�e�n�e�s�i�s�.� �I�n� �a� �c�l�a�s�s�i�c�a�l� �v�i�e�w�,� �i�t� 
�h�a�s� �b�e�e�n� �p�r�o�p�o�s�e�d� �t�h�a�t� �s�e�c�r�e�t�e�d� �W�n�t� �p�r�o�t�e�i�n�s� �s�p�r�e�a�d� �a�n�d� 
�f�u�n�c�t�i�o�n� �o�v�e�r� �a� �d�i�s�t�a�n�c�e� �o�f� �s�e�v�e�r�a�l� �c�e�l�l�s� �i�n� �m�a�n�y� �a�s�p�e�c�t�s� �o�f� 
�m�o�r�p�h�o�g�e�n�e�s�i�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �a�c�c�u�m�u�l�a�t�i�n�g� �e�v�i�d�e�n�c�e� �a�l�s�o� 
�i�m�p�l�i�e�s� �t�h�a�t� �W�n�t� �p�r�o�t�e�i�n�s� �a�p�p�e�a�r� �t�o� �t�r�a�n�s�m�i�t� �t�h�e�i�r� �s�i�g�n�a�l�s� 
�l�o�c�a�l�l�y� �i�n� �s�o�m�e� �p�a�r�t�i�c�u�l�a�r� �c�a�s�e�s�,� �p�r�e�s�u�m�a�b�l�y� �s�i�n�c�e� �t�h�e�i�r� 
�s�e�c�r�e�t�i�o�n� �a�n�d� �t�r�a�n�s�p�o�r�t� �a�r�e� �u�n�d�e�r� �t�i�g�h�t� �c�o�n�t�r�o�l�.� �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� �u�n�d�e�r�l�y�i�n�g� �m�o�r�p�h�o�g�e�n�e�s�i�s� 
�m�e�d�i�a�t�e�d� �b�y� �e�x�t�r�a�c�e�l�l�u�l�a�r� �t�r�a�n�s�m�i�s�s�i�o�n� �o�f� �W�n�t� �s�i�g�n�a�l�s�,� �i�t� �w�i�l�l� 
�b�e� �r�e�q�u�i�r�e�d� �t�o� �r�e�v�e�a�l� �m�a�n�n�e�r�s� �o�f� �d�i�f�f�u�s�i�o�n� �a�n�d��o�r� 
�a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �W�n�t� �p�r�o�t�e�i�n�s� �i�n� �e�x�t�r�a�c�e�l�l�u�l�a�r� �s�p�a�c�e�.
�F�o�r� �a� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �e�x�t�r�a�c�e�l�l�u�l�a�r� �t�r�a�n�s�p�o�r�t� �o�f� 
�W�n�t� �p�r�o�t�e�i�n�s�,� �w�e� �s�t�a�r�t�e�d� �t�o� �v�i�s�u�a�l�i�z�e� �W�n�t� �p�r�o�t�e�i�n�s� �i�n� �t�h�e� 
�e�x�t�r�a�c�e�l�l�u�l�a�r� �s�p�a�c�e� �b�y� �a� �t�w�o� �d�i�f�f�e�r�e�n�t� �a�p�p�r�o�a�c�h�e�s�.� �O�n�e� �i�s� �a� 
�l�i�v�e� �i�m�a�g�i�n�g� �a�p�p�r�o�a�c�h� �w�i�t�h� �E�G�F�P�-�t�a�g�g�e�d� �W�n�t� �p�r�o�t�e�i�n�s� �a�n�d� � 
�t�h�e� �o�t�h�e�r� �i�s� �i�m�m�n�o�h�i�s�t�o�c�h�e�m�i�s�t�r�y�.� �O�u�r� �p�r�e�l�i�m�i�n�a�r�y� �s�t�u�d�y� 
�i�n�d�i�c�a�t�e�d� �t�h�a�t� �W�n�t� �p�r�o�t�e�i�n�s� �a�r�e� �n�o�t� �s�i�m�p�l�y� �d�i�f�f�u�s�e�d� �d�u�r�i�n�g� 
�e�m�b�r�y�o�g�e�n�e�s�i�s� �o�f� �t�h�e� �m�o�u�s�e�.� �W�e� �p�r�e�c�i�s�e�l�y� �e�x�a�m�i�n�e�d� 
�r�e�g�u�l�a�t�o�r�y� �m�e�c�h�a�n�i�s�m�s� �a�n�d� �t�h�e� �b�i�o�l�o�g�i�c�a�l� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� 
�W�n�t� �p�r�o�t�e�i�n� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �m�o�u�s�e� �e�m�b�r�y�o�s�.� �T�h�e�s�e� �a�n�a�l�y�s�e�s� 
�r�e�v�e�a�l� �a� �n�o�v�e�l� �v�i�e�w� �o�f� �s�p�a�t�i�a�l� �r�e�g�u�l�a�t�i�o�n� �o�f� �W�n�t� �s�i�g�n�a�l�i�n�g�.

�F�i�g�u�r�e� �1�.� �A�c�c�u�m�u�l�a�t�i�o�n� �o�f� �W�n�t� �p�r�o�t�e�i�n�s� �b�e�t�w�e�e�n� �c�e�l�l�s�.� �W�n�t� �p�r�o�t�e�i�n�s� �a�r�e� 
�a�c�c�u�l�m�u�l�a�t�e�d� �i�n� �a� �p�u�n�c�t�a�t�e� �p�a�t�t�e�r�n� �b�e�t�w�e�e�n� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �i�n� �a� Xenopus� 
�e�m�b�r�y�o�.� �(�L�e�f�t�)� �I�m�m�u�n�o�s�t�a�i�n�i�n�g� �o�f� �e�n�d�o�g�e�n�o�u�s� �W�n�t�� �p�r�o�t�e�i�n�s� �(�R�i�g�h�t�)� 
�T�h�e� �l�e�f�t� �i�m�a�g�e� �i�s� �m�e�r�g�e�d� �w�i�t�h� �a� �b�r�i�g�h�t� �f�i�e�l�d� �o�n�e�.

Extracellular molecules are known to regulate special 
distribution of Wnt proteins. Heparan sulfate sugar chains 
with different modifications form distinct extracellular 
structures, which are called heparan sulfate nanostructures 
(HSNSs), in the early Xenopus embryo. Interestingly, 
Xenopus Wnt8 proteins were preferentially retained by 
HSNSs with N-sulfo modification (N-sulfo HSNSs). To 
understand the mechanism by which distinct distributions of 
HSNSs, especially N-sulfo HSNSs are formed, we focused 
on an enzyme catalyzing N-sulfation of heparan sulfate. 
Gain and loss of function studies of this enzyme indicated 
that it is necessary and sufficient for the conversion of 
N-acetyl HSNSs into N-sulfo HSNSs. Extracellular 
accumulation of Wnt proteins and the convergent extension 
movement, which is regulated by Wnt non-canonical 
signaling, were also affected by perturbation of expression of 
this enzyme. These results indicated that N-sulfo 
modification of heparan sulfates  are important for 
extracellular distribution of Wnt proteins and Wnt signaling.
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II.  Heterogeneity of secreted Wnt proteins 
secreted from cultured cells

�A�l�t�h�o�u�g�h� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �W�n�t� �p�r�o�t�e�i�n� �h�a�s� �a�l�r�e�a�d�y� �b�e�e�n� 
�r�e�v�e�a�l�e�d�,� �i�t�s� �h�i�g�h�e�r� �o�r�d�e�r� �s�t�r�u�c�t�u�r�e� �i�n� �e�x�t�r�a�c�e�l�l�u�l�a�r� �s�p�a�c�e� �h�a�s� 
�n�o�t� �y�e�t� �b�e�e�n� �f�u�l�l�y� �u�n�d�e�r�s�t�o�o�d�.� �O�n�e� �o�f� �t�h�e� �p�r�o�p�o�s�e�d� �f�o�r�m�s� �o�f� 
�W�n�t� �p�r�o�t�e�i�n� �i�n� �e�x�t�r�a�c�e�l�l�u�l�a�r� �s�p�a�c�e� �b�i�n�d�s� �t�o� �l�i�p�o�p�r�o�t�e�i�n� 
�p�a�r�t�i�c�l�e�s�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �r�e�c�e�n�t� �s�t�u�d�i�e�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� 
�W�n�t� �p�r�o�t�e�i�n�s� �a�r�e� �s�e�c�r�e�t�e�d� �o�n� �a�n�o�t�h�e�r� �l�i�p�i�d�-�b�a�s�e�d� �c�a�r�r�i�e�r�,� 
�c�a�l�l�e�d� �t�h�e� �e�x�o�s�o�m�e�,� �w�h�i�c�h� �i�s� �a�n� �M9�B� �(�M�u�l�t�i9�e�s�i�c�u�l�a�r� 
�B�o�d�y�)�-�d�e�r�i�v�e�d� �m�e�m�b�r�a�n�e� �v�e�s�i�c�l�e�.� +�o�w�e�v�e�r�,� �i�t� �r�e�m�a�i�n�s� 
�u�n�c�l�e�a�r� �w�h�e�t�h�e�r� �W�n�t� �p�r�o�t�e�i�n�s� �a�r�e� �s�e�c�r�e�t�e�d� �i�n� �t�h�e�s�e� �t�w�o� �f�o�r�m�s� 
�f�r�o�m� �t�h�e� �s�a�m�e� �c�e�l�l�s�.� 
�T�o� �a�d�d�r�e�s�s� �t�h�e�s�e� �i�s�s�u�e�s�,� �w�e� �s�y�s�t�e�m�a�t�i�c�a�l�l�y� �e�x�a�m�i�n�e�d� 
�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �W�n�t� �p�r�o�t�e�i�n�s� �s�e�c�r�e�t�e�d� �f�r�o�m� �s�e�v�e�r�a�l� 
�d�i�f�f�e�r�e�n�t� �c�e�l�l� �l�i�n�e�s�.� �F�i�r�s�t�,� �w�e� �f�r�a�c�t�i�o�n�a�t�e�d� �c�o�n�d�i�t�i�o�n�e�d� �m�e�d�i�a� 
�o�f� �W�n�t��a�-�e�x�p�r�e�s�s�i�n�g� �c�e�l�l�s� �b�y� �d�e�n�s�i�t�y� �g�r�a�d�i�e�n�t� �c�e�n�t�r�i�f�u�g�a�t�i�o�n� 
�w�i�t�h� �S�o�d�i�u�m� �B�r�o�m�i�d�e�.� �T�o� �e�x�a�m�i�n�e� �w�h�e�t�h�e�r� �W�n�t� �p�r�o�t�e�i�n�s� �a�r�e� 
�a�t�t�a�c�h�e�d� �t�o� �e�x�o�s�o�m�e�s�,� �w�e� �t�h�e�n� �c�o�l�l�e�c�t�e�d� �e�x�s�o�s�o�m�e�-�l�i�k�e� 
�m�o�l�e�c�u�l�e�s� �b�y� �u�l�t�r�a�c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�n�d� �f�r�a�c�t�i�o�n�a�t�e�d� �t�h�e� �p�e�l�l�e�t� 
�b�y� �s�u�c�r�o�s�e� �d�e�n�s�i�t�y� �g�r�a�d�i�e�n�t� �u�l�t�r�a�c�e�n�t�r�i�f�u�g�a�t�i�o�n�.� �O�u�r� �r�e�s�u�l�t�s� 
�i�n�d�i�c�a�t�e� �t�h�a�t� �s�e�c�r�e�t�e�d� �f�o�r�m�s� �o�f� �W�n�t� �p�r�o�t�e�i�n�s� �d�i�f�f�e�r� �a�m�o�n�g� 
�d�i�f�f�e�r�e�n�t� �W�n�t� �s�u�b�t�y�p�e�s� �a�n�d� �t�h�i�s� �d�i�v�e�r�s�i�t�y� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� 
�c�e�l�l�u�l�a�r� �c�o�n�t�e�x�t�.

III.  M o l e c u l a r  m e c h a n i s m  o f  s o m i t e 
development

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

�p�r�o�t�e�a�s�o�m�e�-�m�e�d�i�a�t�e�d� �m�e�c�h�a�n�i�s�m�.� �A�l�t�h�o�u�g�h� �t�h�e� �m�o�l�e�c�u�l�e�s� 
�d�i�r�e�c�t�l�y� �e�x�e�c�u�t�i�n�g� �t�h�i�s� �p�r�o�t�e�o�l�y�s�i�s� �a�r�e� �s�t�i�l�l� �u�n�c�l�e�a�r� Mesp2�,� �a�s� 
�w�e�l�l� �a�s� Ripply1 �a�n�d� 2�,� �h�a�v�e� �s�h�o�w�n� �t�o� �b�e� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� 
�d�o�w�n�-�r�e�g�u�l�a�t�i�o�n� �o�f� �T�b�x�� �p�r�o�t�e�i�n�s� �b�y� �a�n�a�l�y�s�i�s� �o�f� �e�m�b�r�y�o�s� 
�d�e�f�e�c�t�i�v�e� �i�n� �t�h�e�s�e� �g�e�n�e�s�.� �S�i�n�c�e� �e�x�p�r�e�s�s�i�o�n�s� �o�f� Ripply1� �a�n�d� 2� 
�a�r�e� �e�l�i�m�i�n�a�t�e�d� �i�n� �M�e�s�p�2� �d�e�f�i�c�i�e�n�t� �m�o�u�s�e� �e�m�b�r�y�o�s�,� �w�e� 
�p�r�e�v�i�o�u�s�l�y� �p�r�o�p�o�s�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �m�o�d�e�l�� Mesp2, �w�h�o�s�e� 
�e�x�p�r�e�s�s�i�o�n� �i�s� �a�c�t�i�v�a�t�e�d� �i�n �t�h�e� �m�o�s�t� �a�n�t�e�r�i�o�r� �p�a�r�t� �o�f� �t�h�e� �T�b�x�� 
�d�o�m�a�i�n�,� �c�a�u�s�e�s� �r�e�t�r�e�a�t� �o�f� �t�h�e� �T�b�x�� �p�r�o�t�e�i�n� �d�o�m�a�i�n� �t�h�r�o�u�g�h� 
�a�c�t�i�v�a�t�i�o�n� �o�f� Ripply1� �a�n�d� 2� �e�x�p�r�e�s�s�i�o�n�,� �a�n�d� �t�h�e� �r�e�t�r�e�a�t�e�d� 
�T�b�x�� �s�u�b�s�e�q�u�e�n�t�l�y� �d�e�f�i�n�e�s� �t�h�e� �n�e�x�t� �s�e�g�m�e�n�t�a�t�i�o�n� �b�o�r�d�e�r� �a�n�d� 
Mesp2� �e�x�p�r�e�s�s�i�o�n�.� +�o�w�e�v�e�r�,� �i�t� �i�s� �s�t�i�l�l� �t�o� �b�e� �e�l�u�c�i�d�a�t�e�d� 
�w�h�e�t�h�e�r� �M�e�s�p�2� �c�a�u�s�e�s� �t�h�e� �r�e�t�r�e�a�t� �o�f� �t�h�e� �T�b�x�� �p�r�o�t�e�i�n� �b�o�r�d�e�r� 
�t�h�r�o�u�g�h� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �o�f� �R�i�p�p�l�y�s�’� �e�x�p�r�e�s�s�i�o�n� �o�r� �t�h�a�t� �M�e�s�p�2� 
�a�n�d� �R�i�p�p�l�y�s� �r�e�g�u�l�a�t�e� �t�h�i�s� �r�e�t�r�e�a�t� �i�n� �p�a�r�a�l�l�e�l�.� 
�T�o� �a�n�s�w�e�r� �t�h�i�s� �q�u�e�s�t�i�o�n�,� �w�e� �p�r�e�c�i�s�e�l�y� �e�x�a�m�i�n�e�d� �f�u�n�c�t�i�o�n� �o�f� 
�m�w�s�p� �a�n�d� �r�i�p�p�l�y� �i�n� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �o�f� �T�b�x�� �p�r�o�t�e�i�n�s� �i�n� 
�z�e�b�r�a�f�i�s�h� �e�m�b�r�y�o�s�.� �B�y� �u�t�i�l�i�z�i�n�g� �a�n� �a�n�t�i�b�o�d�y� �a�g�a�i�n�s�t� �z�e�b�r�a�f�i�s�h� 
�T�b�x���F�s�s�,� �w�e� �f�o�u�n�d� �t�h�a�t� �t�h�e� �a�n�t�e�r�i�o�r� �b�o�r�d�e�r� �o�f� �T�b�x�� �d�o�m�a�i�n� 
�c�o�i�n�c�i�d�e�d� �w�i�t�h� �t�h�e� �p�r�e�s�u�m�p�t�i�v�e� �i�n�t�e�r�s�o�m�i�t�i�c� �b�o�u�n�d�a�r�y� �a�l�s�o� �i�n� 
�t�h�e� �z�e�b�r�a�f�i�s�h� �a�n�d� �i�t� �s�h�i�f�t�e�d� �d�y�n�a�m�i�c�a�l�l�y� �d�u�r�i�n�g� �1� �c�y�c�l�e� �o�f� 
�s�e�g�m�e�n�t�a�t�i�o�n�.� �C�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �f�i�n�d�i�n�g�s� �i�n� �m�i�c�e�,� �t�h�e� tbx6 
�m�R�N�A� �d�o�m�a�i�n� �w�a�s� �l�o�c�a�t�e�d� �f�a�r� �a�n�t�e�r�i�o�r� �t�o� �i�t�s� �p�r�o�t�e�i�n� �d�o�m�a�i�n�,� 
�i�n�d�i�c�a�t�i�n�g� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �p�o�s�t�t�r�a�n�s�c�r�i�p�t�i�o�n�a�l� �r�e�g�u�l�a�t�i�o�n�.� 
�W�h�e�n� �b�o�t�h� ripply1/2� �w�e�r�e� �k�n�o�c�k�e�d�d�o�w�n�,� �t�h�e� �T�b�x�� �d�o�m�a�i�n� 
�w�a�s� �a�n�t�e�r�i�o�r�l�y� �e�x�p�a�n�d�e�d�.� �W�e� �f�u�r�t�h�e�r� �d�i�r�e�c�t�l�y� �d�e�m�o�n�s�t�r�a�t�e�d� 

�F�i�g�u�r�e� ��.� �S�c�h�e�m�a�t�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �s�p�a�t�i�a�l� �p�a�t�t�e�r�n�s� �o�f� �T�b�x�� �a�n�d� �p�-�E�r�k� 
�d�o�m�a�i�n�s� �w�i�t�h� ripply1�,� ripply2�,� �a�n�d� mesp-ab� �e�x�p�r�e�s�s�i�o�n�s� �d�u�r�i�n�g� �a� �s�i�n�g�l�e� 
�s�e�g�m�e�n�t�a�t�i�o�n� �c�y�c�l�e�.� �E�x�p�r�e�s�s�i�o�n� �o�f� ripply1� �a�n�d� ripply2� �i�s� �i�n�i�t�i�a�l�l�y� 
�a�c�t�i�v�a�t�e�d� �i�n� �t�h�e� �h�i�g�h� �T�b�x�� �� �l�o�w� �F�G�F� �s�i�g�n�a�l�i�n�g� �r�e�g�i�o�n�.� �T�h�e�s�e� �a�c�t�i�v�a�t�e�d� 
�R�i�p�p�l�y�s appear to suppress Tbx6 protein resulting in formation of a new 
anterior border of the Tbx6 core domain and the upper band. 

�F�i�g�u�r�e� �2�.� �R�i�p�p�l�y� �r�e�d�u�c�e�s� �T�b�x�� �p�r�o�t�e�i�n� �l�e�v�e�l�s�� �W�e�s�t�e�r�n� �b�l�o�t�t�i�n�g� �w�i�t�h� 
�p�r�o�t�e�i�n�s� �r�e�c�o�v�e�r�e�d� �f�r�o�m� �e�m�b�r�y�o�s� �i�n�j�e�c�t�e�d� �w�i�t�h� �F�l�a�g�-�t�a�g�g�e�d� �z�e�b�r�a�f�i�s�h� 
tbx6�m�R�N�A� �a�n�d� �M�y�c�-�t�a�g�g�e�d� �z�e�b�r�a�f�i�s�h� ripply1 �(�A�)� �o�r� �m�o�u�s�e� �R�i�p�p�l�y�2� 
�m�R�N�A�s� �(�B�)�.� �B�o�t�h� �z�e�b�r�a�f�i�s�h� �r�i�p�p�l�y�1� �a�n�d� �m�o�u�s�e� �R�i�p�p�l�y�2� �r�e�d�u�c�e�T�b�x�� 
�p�r�o�t�e�i�n� �l�e�v�e�l�s�.
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�t�h�a�t� �R�i�p�p�l�y� �c�o�u�l�d� �r�e�d�u�c�e� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �l�e�v�e�l� �o�f� �T�b�x�� �p�r�o�t�e�i�n� 
�d�e�p�e�n�d�i�n�g� �o�n� �p�h�y�s�i�c�a�l� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �R�i�p�p�l�y� �a�n�d� �T�b�x�� 
�(�F�i�g�u�r�e� �2�)�.� �M�o�r�e�o�v�e�r�,� �t�h�e� �o�n�s�e�t� �o�f� ripply1� �a�n�d� ripply2� 
�e�x�p�r�e�s�s�i�o�n� �o�c�c�u�r�r�e�d� �a�f�t�e�r� �r�e�d�u�c�t�i�o�n� �o�f� �F�G�F� �s�i�g�n�a�l�i�n�g� �a�t� �t�h�e� 
�a�n�t�e�r�i�o�r� �P�S�M�,� �b�u�t� �t�h�i�s� �e�x�p�r�e�s�s�i�o�n� �i�n�i�t�i�a�t�e�d� �m�u�c�h� �e�a�r�l�i�e�r� �o�n� 
�t�r�e�a�t�m�e�n�t� �w�i�t�h� �S�U�5��0�2�,� �a� �c�h�e�m�i�c�a�l� �i�n�h�i�b�i�t�o�r� �o�f� �F�G�F� 
�s�i�g�n�a�l�i�n�g�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �s�t�r�o�n�g�l�y� �s�u�g�g�e�s�t� �t�h�a�t� �R�i�p�p�l�y� �i�s� �a� 
�d�i�r�e�c�t� �r�e�g�u�l�a�t�o�r� �o�f� �t�h�e� �T�b�x�� �p�r�o�t�e�i�n� �l�e�v�e�l� �f�o�r� �t�h�e� 
�e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �i�n�t�e�r�s�o�m�i�t�i�c� �b�o�u�n�d�a�r�i�e�s� �a�n�d� �m�e�d�i�a�t�e�s� �a� 
�r�e�d�u�c�t�i�o�n� �i�n� �F�G�F� �s�i�g�n�a�l�i�n�g� �f�o�r� �t�h�e� �p�o�s�i�t�i�o�n�i�n�g� �o�f� �t�h�e� 
�p�r�e�s�u�m�p�t�i�v�e� �i�n�t�e�r�s�o�m�i�t�i�c� �b�o�u�n�d�a�r�y� �i�n� �t�h�e� �P�S�M� �(�F�i�g�u�r�e� ��)�.

IV.  Establ i shment  of  gene  knock out 
methodology based on genome editing 
technologies in the zebrafish

=�e�b�r�a�f�i�s�h� �a�r�e� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �s�u�i�t�a�b�l�e� �m�o�d�e�l� �a�n�i�m�a�l�s� �f�o�r� 
�g�e�n�e�t�i�c� �a�n�a�l�y�s�i�s�.� �U�n�t�i�l� �n�o�w�,� �c�h�e�m�i�c�a�l� �m�u�t�a�g�e�n�e�s�i�s�-�m�e�d�i�a�t�e�d� 
�s�c�r�e�e�n�i�n�g� �p�r�o�v�i�d�e�d� �u�s� �a� �g�r�e�a�t� �n�u�m�b�e�r� �o�f� �m�u�t�a�n�t� �s�t�r�a�i�n�s�,� 
�w�h�i�c�h� �c�o�n�t�r�i�b�u�t�e� �t�o� �s�t�u�d�i�e�s� �o�f� �m�o�r�p�h�o�g�e�n�e�s�i�s� �o�f� �v�e�r�t�e�b�r�a�t�e�s�.� � 
�I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�i�s� �w�e�l�l�-�e�s�t�a�b�l�i�s�h�e�d� �g�e�n�e�t�i�c� �a�p�p�r�o�a�c�h�,� �r�e�c�e�n�t� 
�a�d�v�a�n�c�e�s� �i�n� �g�e�n�o�m�e� �e�d�i�t�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s� �h�a�v�e� �m�a�d�e� �i�t� 
�p�o�s�s�i�b�l�e� �t�o� �c�r�e�a�t�e� �a�n�y� �m�u�t�a�t�i�o�n� �o�f� �a� �g�e�n�e� �o�f� �i�n�t�e�r�e�s�t�.� 
�P�r�e�v�i�o�u�s� �s�t�u�d�i�e�s� �r�e�v�e�a�l�e�d� �m�o�u�s�e� Mesp2 �h�a�s� �e�s�s�e�n�t�i�a�l� �r�o�l�e�s� 
�f�o�r� �m�u�l�t�i�p�l�e� �p�r�o�c�e�s�s�e�s� �o�f� �s�o�m�i�t�o�g�e�n�e�s�i�s� �i�n�c�l�u�d�i�n�g� 
�d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �p�o�s�i�t�i�o�n� �o�f� �s�e�g�m�e�n�t� �b�o�u�n�d�a�r�i�e�s�,� �g�e�n�e�r�a�t�i�o�n� 
�o�f� �s�o�m�i�t�e� �b�o�u�n�d�a�r�y� �s�t�r�u�c�t�u�r�e� �a�n�d� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �r�o�s�t�r�o�-
�c�a�u�d�a�l� �p�o�l�a�r�i�t�y� �i�n� �e�a�c�h� �s�o�m�i�t�e�.� �A�l�t�h�o�u�g�h� �f�o�u�r� mesp� �g�e�n�e�s� 
�h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �i�n� �t�h�e� �z�e�b�r�a�f�i�s�h� �g�e�n�o�m�e�,� �t�h�e�i�r� �r�o�l�e�s� �i�n� 
�s�o�m�i�t�o�g�e�n�e�s�i�s� �s�t�i�l�l� �r�e�m�a�i�n�e�d� �u�n�c�l�e�a�r�.� �T�o� �a�d�d�r�e�s�s� �t�h�i�s� �q�u�e�s�t�i�o�n� 
�w�e� �g�e�n�e�r�a�t�e�d� �m�u�t�a�n�t� �f�i�s�h� �c�a�r�r�y�i�n�g� �t�h�e� �f�r�a�m�e� �s�h�i�f�t� �m�u�t�a�t�i�o�n� �i�n� 
�a�l�l� mesp� �g�e�n�e�s� �u�s�i�n�g� �T�A�L�E�N� �m�e�d�i�a�t�e�d� �m�u�t�a�g�e�n�e�s�i�s� �a�n�d� 
�a�n�a�l�y�z�e�d� �i�t�s� �p�h�e�n�o�t�y�p�e�.� �U�n�l�i�k�e� �t�h�e� �m�o�u�s�e� Mesp2� �m�u�t�a�n�t�,� 
�z�e�b�r�a�f�i�s�h� �m�e�s�p�s� �q�u�a�d�r�u�p�l�e� �k�n�o�c�k�o�u�t� �e�m�b�r�y�o� �e�x�h�i�b�i�t�e�d� 
�n�o�r�m�a�l�l�y� �s�e�g�m�e�n�t�e�d� �s�o�m�i�t�e�s�.� �W�e� �a�r�e� �c�u�r�r�e�n�t�l�y� �e�x�a�m�i�n�i�n�g� 
�s�e�v�e�r�a�l� �m�u�t�a�n�t�s� �g�e�n�e�r�a�t�e�d� �b�y� �T�A�L�E�N� �m�e�d�i�a�t�e�d� �m�u�t�a�g�e�n�e�s�i�s�.� 
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�T�h�e� �a�i�m� �o�f� �o�u�r� �r�e�s�e�a�r�c�h� �i�s� �t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �e�v�e�n�t�s� 
�u�n�d�e�r�l�y�i�n�g� �e�a�r�l�y� �m�a�m�m�a�l�i�a�n� �d�e�v�e�l�o�p�m�e�n�t� �d�u�r�i�n�g� �t�h�e� �p�e�r�i�o�d� 
�f�r�o�m� �p�r�e�-�i�m�p�l�a�n�t�a�t�i�o�n� �t�o� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �t�h�e� �b�o�d�y� �a�x�e�s�.
�E�a�r�l�y� �e�v�e�n�t�s� �d�u�r�i�n�g� �e�m�b�r�y�o�g�e�n�e�s�i�s� �i�n� �m�a�m�m�a�l�s� �a�r�e� 
�r�e�l�a�t�i�v�e�l�y� �l�e�s�s� �u�n�d�e�r�s�t�o�o�d�,� �a�s� �c�o�m�p�a�r�e�d� �t�o� �i�n� �o�t�h�e�r� �a�n�i�m�a�l�s�.� 
�T�h�i�s� �i�s� �m�a�i�n�l�y� �d�u�e� �t�o� �d�i�f�f�i�c�u�l�t�i�e�s� �i�n� �a�p�p�r�o�a�c�h�i�n�g� �t�h�e� 
�d�e�v�e�l�o�p�i�n�g� �e�m�b�r�y�o� �i�n� �t�h�e� �o�v�i�d�u�c�t�s� �a�n�d� �t�h�e� �u�t�e�r�u�s� �o�f� �t�h�e� 
�m�o�t�h�e�r�.� �A�n�o�t�h�e�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �m�a�m�m�a�l�i�a�n� �e�m�b�r�y�o�s� �i�s� 
�t�h�e�i�r� �h�i�g�h�l�y� �r�e�g�u�l�a�t�i�v�e� �p�o�t�e�n�t�i�a�l�.� �T�h�e� �p�a�t�t�e�r�n� �o�f� �c�e�l�l� �d�i�v�i�s�i�o�n� 
�a�n�d� �a�l�l�o�c�a�t�i�o�n� �o�f� �c�e�l�l�s� �w�i�t�h�i�n� �a�n� �e�m�b�r�y�o� �d�u�r�i�n�g� �t�h�e� �e�a�r�l�y� 
�s�t�a�g�e�s� �v�a�r�y� �b�e�t�w�e�e�n� �e�m�b�r�y�o�s�.� �T�h�e� �t�i�m�i�n�g� �o�f� �t�h�e� �e�a�r�l�i�e�s�t� 
�s�p�e�c�i�f�i�c�a�t�i�o�n� �e�v�e�n�t�s� �t�h�a�t� �c�o�n�t�r�o�l� �t�h�e� �f�u�t�u�r�e� �b�o�d�y� �a�x�e�s� �i�s� �s�t�i�l�l� 
�u�n�d�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n�.� �F�u�n�c�t�i�o�n�a�l� �p�r�o�t�e�i�n�s� �o�r� �o�t�h�e�r� �c�e�l�l�u�l�a�r� 
�c�o�m�p�o�n�e�n�t�s � �h�a�v�e� �n�o�t � �b�e�e�n� �f�o�u�n�d� �t�h�a�t � �l�o�c�a�l �i�z�e� 
�a�s�y�m�m�e�t�r�i�c�a�l�l�y� �i�n� �t�h�e� �f�e�r�t�i�l�i�z�e�d� �e�g�g�.� �W�e� �w�a�n�t� �t�o� �p�r�o�v�i�d�e� 
�b�a�s�i�c� �a�n�d� �f�u�n�d�a�m�e�n�t�a�l� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� 
�e�m�b�r�y�o�n�i�c� �a�x�e�s�,� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �c�e�l�l� �l�i�n�e�a�g�e�s�,� �b�e�h�a�v�i�o�r�s� �o�f� 
�c�e�l�l�s�,� �a�n�d� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �o�f� �b�o�d�y� �s�h�a�p�e� �i�n� �e�a�r�l�y� �m�a�m�m�a�l�i�a�n� 
�d�e�v�e�l�o�p�m�e�n�t�.� �W�e� �a�r�e� �a�l�s�o� �i�n�t�e�r�e�s�t�e�d� �i�n� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� 
�b�e�t�w�e�e�n� �e�m�b�r�y�o�s� �a�n�d� �t�h�e�i�r� �e�n�v�i�r�o�n�m�e�n�t�,� �t�h�e� �o�v�i�d�u�c�t�s� �a�n�d� �t�h�e� 
�u�t�e�r�u�s�.

I.  Establishment of a live imaging system for 
observation of early mouse development

�T�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �e�m�b�r�y�o�n�i�c� 
�d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �m�o�r�p�h�o�g�e�n�e�s�i�s�,� �i�t� �h�a�s� �b�e�c�o�m�e� �c�o�m�m�o�n� �t�o� 
�o�b�s�e�r�v�e� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �c�e�l�l�s� �a�n�d� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �i�n� �l�i�v�i�n�g� 
�e�m�b�r�y�o�s� �i�n� �a� �v�a�r�i�e�t�y� �o�f� �a�n�i�m�a�l� �s�p�e�c�i�e�s�.� �P�r�o�g�r�e�s�s� �i�n� �G�F�P� 
�t�e�c�h�n�o�l�o�g�i�e�s�,� �g�e�n�e�t�i�c� �e�n�g�i�n�e�e�r�i�n�g� �a�n�d� �e�m�b�r�y�o�n�i�c� 
�m�a�n�i�p�u�l�a�t�i�o�n� �c�o�n�c�o�m�i�t�a�n�t�l�y� �w�i�t�h� �t�h�e� �p�r�o�g�r�e�s�s� �i�n� �o�p�t�i�c�s� �a�n�d� 
�m�i�c�r�o�s�c�o�p�e� �t�e�c�h�n�o�l�o�g�i�e�s�,� �i�n�c�l�u�d�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �h�i�g�h�l�y� 
�s�e�n�s�i�t�i�v�e� �p�h�o�t�o�-�d�e�t�e�c�t�o�r�s�,� �h�a�s� �a�l�l�o�w�e�d� �u�s� �t�o� �o�b�s�e�r�v�e� �l�i�v�e� 
�d�e�v�e�l�o�p�i�n�g� �e�m�b�r�y�o�s�,� �e�v�e�n� �i�n� �m�a�m�m�a�l�s�.� �W�e� �h�a�v�e� �e�s�t�a�b�l�i�s�h�e�d� 
�a� �s�e�r�i�e�s� �o�f� �t�r�a�n�s�g�e�n�i�c� �m�o�u�s�e� �l�i�n�e�s� �f�o�r� �l�i�v�e� �i�m�a�g�i�n�g�,� �w�h�i�c�h� �i�s� 
�a� �p�a�r�t� �o�f� �a� �c�o�l�l�a�b�o�r�a�t�i�v�e� �p�r�o�j�e�c�t� �t�a�k�i�n�g� �p�l�a�c�e� �i�n� �t�h�e� 
�L�a�b�o�r�a�t�o�r�y� �f�o�r� �A�n�i�m�a�l� �R�e�s�o�u�r�c�e�s� �a�n�d� �G�e�n�e�t�i�c� �E�n�g�i�n�e�e�r�i�n�g�,� 
�R�i�k�e�n� �C�D�B�.� �T�h�e�s�e� �m�o�u�s�e� �l�i�n�e�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �t�o� �v�i�s�u�a�l�i�z�e� 
�n�u�c�l�e�i�,� �c�e�l�l� �s�h�a�p�e�s�,� �t�h�e� �c�y�t�o�s�k�e�l�e�t�o�n� �a�n�d� �o�t�h�e�r� �o�r�g�a�n�e�l�l�e�s� �t�o� 
�o�b�s�e�r�v�e� �c�e�l�l� �b�e�h�a�v�i�o�r�s� �i�n� �l�i�v�i�n�g� �m�o�u�s�e� �e�m�b�r�y�o�s� �i�n� �m�a�n�y� 
�l�a�b�o�r�a�t�o�r�i�e�s� �o�v�e�r� �t�h�e� �w�o�r�l�d�.� �W�e� �a�l�s�o� �e�s�t�a�b�l�i�s�h�e�d� �m�o�u�s�e� �l�i�n�e�s� 
�t�o� �m�o�n�i�t�o�r� �t�h�e� �c�e�l�l� �c�y�c�l�e�.
�W�e� �h�a�v�e� �a�l�s�o� �b�e�e�n� �e�s�t�a�b�l�i�s�h�i�n�g� �s�e�v�e�r�a�l� �r�e�p�o�r�t�e�r� �m�o�u�s�e� �l�i�n�e�s� 

�i�n� �t�h�e� �l�a�b� �t�o� �s�t�u�d�y� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �p�a�t�t�e�r�n�s� �d�u�r�i�n�g� �t�h�e� �p�e�r�i�-
�i�m�p�l�a�n�t�a�t�i�o�n� �s�t�a�g�e� �o�f� �m�o�u�s�e� �d�e�v�e�l�o�p�m�e�n�t�.� �I�n� �t�h�e�s�e� �m�i�c�e�,� 
�c�D�N�A� �e�n�c�o�d�i�n�g� �f�l�u�o�r�e�s�c�e�n�t� �p�r�o�t�e�i�n�s� �a�r�e� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� 
�m�o�u�s�e� �g�e�n�o�m�i�c� �D�N�A� �s�e�q�u�e�n�c�e�s� �o�f� �t�h�e� �e�n�h�a�n�c�e�r��p�r�o�m�o�t�e�r� 
�r�e�g�i�o�n� �o�f� �i�m�p�o�r�t�a�n�t� �g�e�n�e�s� �e�n�c�o�d�i�n�g� �f�a�c�t�o�r�s� �r�e�g�u�l�a�t�i�n�g� �c�e�l�l� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �i�n� �t�h�e�s�e� �s�t�a�g�e�s�.� �C�o�m�b�i�n�i�n�g� �t�h�e�s�e� �t�w�o� �t�y�p�e�s� �o�f� 
�r�e�p�o�r�t�e�r� �t�r�a�n�s�g�e�n�i�c� �m�o�u�s�e� �l�i�n�e�s�,� �w�e� �h�a�v�e� �s�t�a�r�t�e�d� �a�n�a�l�y�s�i�s� �o�f� 
�b�e�h�a�v�i�o�r�s� �o�f� �c�e�l�l�s� �c�o�m�p�a�r�i�n�g� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �p�r�o�p�e�r�t�i�e�s� �a�t� 
�t�h�e� �s�i�n�g�l�e� �c�e�l�l� �l�e�v�e�l�.� 
�F�o�r� �t�h�e� �l�i�v�e� �i�m�a�g�i�n�g� �o�f� �e�a�r�l�y� �m�a�m�m�a�l�i�a�n� �e�m�b�r�y�o�s�,� �a� 
�c�o�m�b�i�n�e�d� �m�i�c�r�o�s�c�o�p�e� �a�n�d� �i�n�c�u�b�a�t�i�o�n� �s�y�s�t�e�m� �i�s� �a�n� �i�m�p�o�r�t�a�n�t� 
�t�o�o�l�.� �C�o�n�v�e�n�t�i�o�n�a�l� �C�O�2� �i�n�c�u�b�a�t�o�r�s� �p�r�o�v�i�d�e� �b�e�t�t�e�r� �c�o�n�d�i�t�i�o�n�s� 
�c�o�m�p�a�r�e�d� �w�i�t�h� �m�i�c�r�o�s�c�o�p�e� �t�o�p� �i�n�c�u�b�a�t�i�o�n� �c�h�a�m�b�e�r�s�,� 
�i�n�c�l�u�d�i�n�g� �s�t�a�b�i�l�i�t�y� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �h�u�m�i�d�i�t�y�,� �t�o� �s�u�p�p�o�r�t� 
�e�m�b�r�y�o�n�i�c� �d�e�v�e�l�o�p�m�e�n�t� in vitro�.� �I�n�c�u�b�a�t�i�o�n� �m�i�c�r�o�s�c�o�p�e�s� 
�h�a�v�e� �a�l�s�o� �r�e�c�e�n�t�l�y� �b�e�c�o�m�e� �c�o�m�m�e�r�c�i�a�l�l�y� �a�v�a�i�l�a�b�l�e�,� �h�o�w�e�v�e�r�,� 
�t�h�e�s�e� �a�r�e� �e�x�p�e�n�s�i�v�e� �f�o�r� �p�e�r�s�o�n�a�l� �u�s�e�.� �W�e� �h�a�v�e� �m�o�d�i�f�i�e�d� �a�n� 
�i�n�c�u�b�a�t�i�o�n� �m�i�c�r�o�s�c�o�p�e� �w�i�t�h� �w�i�d�e� �f�i�e�l�d� �f�l�u�o�r�e�s�c�e�n�t� 
�i�l�l�u�m�i�n�a�t�i�o�n�,� �w�h�i�c�h� �i�s� �r�e�l�a�t�i�v�e�l�y� �i�n�e�x�p�e�n�s�i�v�e�.� �W�e� �a�d�d�e�d� �a� 
�s�p�i�n�n�i�n�g� �d�i�s�c� �c�o�n�f�o�c�a�l� �s�y�s�t�e�m� �a�n�d� �s�e�n�s�i�t�i�v�e� �E�M�-�C�C�D� 
�c�a�m�e�r�a� �f�o�r� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �d�e�v�e�l�o�p�i�n�g� �m�o�u�s�e� �e�m�b�r�y�o�s� �w�i�t�h� 
�l�e�s�s� �p�h�o�t�o�-�t�o�x�i�c�i�t�y� �a�n�d� �h�i�g�h�e�r� �s�p�a�t�i�a�l� �r�e�s�o�l�u�t�i�o�n�.� � 
�W�e� �a�r�e� �a�l�s�o� �t�r�y�i�n�g� �t�o� �o�b�s�e�r�v�e� �a�n�d� �r�e�v�e�a�l� �a�s�p�e�c�t�s� �o�f� �c�e�l�l� 
�s�h�a�p�e�,� �m�o�r�p�h�o�g�e�n�e�s�i�s�,� �c�e�l�l� �l�i�n�e�a�g�e�,� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �a�n�d� �c�e�l�l� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �b�y� �c�o�m�b�i�n�i�n�g� �t�h�e�s�e� �t�e�c�h�n�i�q�u�e�s�.� 

II.  Histological observation of mouse embryos 
developing in the uterus

�O�n�e� �o�f� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �m�a�m�m�a�l�i�a�n� �d�e�v�e�l�o�p�m�e�n�t� �i�s� 
�t�h�a�t� �e�m�b�r�y�o�s� �d�e�v�e�l�o�p� �i�n� �t�h�e� �u�t�e�r�u�s� �a�f�t�e�r� �i�m�p�l�a�n�t�a�t�i�o�n�.� �D�i�r�e�c�t� 
�i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �e�m�b�r�y�o�s� �a�n�d� �t�h�e� �c�e�l�l�s� �o�f� �t�h�e� �u�t�e�r�u�s� �i�s� 
�i�m�p�o�r�t�a�n�t�.� �I�n� �s�t�u�d�i�e�s� �o�n� �d�e�v�e�l�o�p�m�e�n�t�a�l� �b�i�o�l�o�g�y� �o�f� 
�m�a�m�m�a�l�i�a�n� �e�m�b�r�y�o�s�,� �e�m�b�r�y�o�s� �a�r�e� �u�s�u�a�l�l�y� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� 
�u�t�e�r�u�s�,� �a�n�d� �i�s�o�l�a�t�e�d� �e�m�b�r�y�o�s� �a�r�e� �a�n�a�l�y�z�e�d�.� �W�e� �h�a�v�e� �b�e�e�n� 
�a�n�a�l�y�z�i�n�g� �e�a�r�l�y� �e�m�b�r�y�o�n�i�c� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �m�i�c�e� �c�o�m�p�a�r�i�n�g� 
�t�h�e� �c�h�a�n�g�e�s� �i�n� �t�h�e� �u�t�e�r�i�n�e� �e�p�i�t�h�e�l�i�u�m�.� �T�o� �o�b�s�e�r�v�e� �t�h�e� 
�m�o�r�p�h�o�g�e�n�e�s�i�s� �o�f� �e�m�b�r�y�o�s� �w�i�t�h�i�n� �t�h�e� �u�t�e�r�u�s�,� �s�e�r�i�a�l� �s�e�c�t�i�o�n�s� 
�o�f� �i�m�p�l�a�n�t�e�d� �u�t�e�r�u�s�e�s� �w�e�r�e� �m�a�d�e�,� �s�t�a�i�n�e�d� �w�i�t�h� �h�e�m�a�t�o�x�y�l�i�n� 
�a�n�d� �e�o�s�i�n�,� �a�n�d� �i�m�a�g�e�s� �o�f� �t�h�e� �e�m�b�r�y�o�s� �w�i�t�h�i�n� �t�h�e� �u�t�e�r�u�s�e�s� 
�w�e�r�e� �c�a�p�t�u�r�e�d� �t�o� �m�a�k�e� �h�i�g�h� �r�e�s�o�l�u�t�i�o�n� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� 
�r�e�-�c�o�n�s�t�r�u�c�t�i�o�n�s�.� �F�i�g�u�r�e� �2� �s�h�o�w�s� �a�n� �e�x�a�m�p�l�e� �o�f� �a� �s�e�c�t�i�o�n�.� �W�e� 
�a�r�e� �p�r�e�p�a�r�i�n�g� �s�a�m�p�l�e�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �v�a�r�i�o�u�s� �d�e�v�e�l�o�p�m�e�n�t�a�l� 
�s�t�a�g�e�s�.� �P�r�e�c�i�s�e� �p�o�s�i�t�i�o�n�s� �o�f� �e�m�b�r�y�o�n�i�c� �i�m�p�l�a�n�t�a�t�i�o�n� �a�n�d� 
�c�h�a�n�g�e�s� �i�n� �t�h�e� �u�t�e�r�i�n�e� �e�p�i�t�h�e�l�i�u�m� �c�o�r�r�e�l�a�t�i�n�g� �w�i�t�h� �e�m�b�r�y�o�n�i�c� 
�d�e�v�e�l�o�p�m�e�n�t� �w�i�l�l� �b�e� �e�x�a�m�i�n�e�d� �u�s�i�n�g� �t�h�e�s�e� �i�m�a�g�e�s�.
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�F�i�g�u�r�e� �1�.� �E�x�a�m�p�l�e�s� �o�f� �a� �m�o�r�u�l�a� �e�x�p�r�e�s�s�i�n�g� �f�u�c�c�i�2�,� � �c�e�l�l� �c�y�c�l�e� �m�a�r�k�e�r�s�.� � 
�T�h�e� �G�(�1�)� �a�n�d� �S��G�(�2�)��M� �p�h�a�s�e�s� �a�r�e� �d�i�s�t�i�n�g�u�i�s�h�e�d� �b�y� �m�C�h�e�r�r�y�(�r�e�d�)� �a�n�d� 
�m9�e�n�u�s� �(�g�r�e�e�n�)� �s�i�g�n�a�l�s� �r�e�s�p�e�c�t�i�v�e�l�y�.

�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� �(�*�)�.
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III.  Polarity formation in the mouse oviduct 
epithelium 

�T�h�e� �o�v�i�d�u�c�t� �(�F�a�l�l�o�p�i�a�n� �t�u�b�e�)� �i�s� �t�h�e� �o�r�g�a�n� �c�o�n�n�e�c�t�i�n�g� �t�h�e� 
�p�e�r�i�o�v�a�r�i�a�n� �s�p�a�c�e� �a�n�d� �t�h�e� �u�t�e�r�i�n�e� �h�o�r�n�.� �T�h�e� �o�v�a� �r�e�l�e�a�s�e�d� 
�f�r�o�m� �t�h�e� �o�v�a�r�y� �a�r�e� �t�r�a�n�s�p�o�r�t�e�d� �t�h�r�o�u�g�h� �t�h�e� �o�v�i�d�u�c�t�,� �w�h�e�r�e� 
�t�h�e� �o�v�a� �a�r�e� �f�e�r�t�i�l�i�z�e�d� �b�y� �s�p�e�r�m�a�t�o�z�o�o�n� �e�n�t�e�r�i�n�g� �f�r�o�m� �t�h�e� 
�u�t�e�r�u�s�.� �W�e� �a�r�e� �f�o�c�u�s�i�n�g� �o�n� �t�h�e� �r�e�g�i�o�n� �o�f� �t�h�e� �o�v�i�d�u�c�t� �c�l�o�s�e� �t�o� 
�t�h�e� �o�p�e�n�i�n�g� �t�o� �t�h�e� �o�v�a�r�y�.� 
�T�h�e� �e�p�i�t�h�e�l�i�u�m� �o�f� �t�h�e� �m�o�u�s�e� �o�v�i�d�u�c�t� �c�o�n�s�i�s�t�s� �o�f� �m�u�l�t�i�-
�c�i�l�i�a�t�e�d� �c�e�l�l�s� �a�n�d� �s�e�c�r�e�t�o�r�y� �c�e�l�l�s�.� �O�v�u�l�a�t�e�d� �o�o�c�y�t�e�s� �a�r�e� 
�t�r�a�n�s�p�o�r�t�e�d� �i�n� �o�v�i�d�u�c�t�s� �b�y� �u�n�i�d�i�r�e�c�t�i�o�n�a�l� �m�o�t�i�l�i�t�y� �o�f� �m�u�l�t�i�-
�c�i�l�i�a� �a�n�d� �t�h�e� �r�e�s�u�l�t�a�n�t� �s�e�c�r�e�t�o�r�y� �f�l�u�i�d� �f�l�o�w� �f�r�o�m� �o�v�a�r�y� �t�o� 
�u�t�e�r�u�s�.� �T�h�i�s� �c�e�l�l�u�l�a�r� �o�r�i�e�n�t�a�t�i�o�n� �i�n� �t�h�e� �o�v�i�d�u�c�t� �i�s� �o�n�e� �e�x�a�m�p�l�e� 
�o�f� �p�l�a�n�a�r� �c�e�l�l� �p�o�l�a�r�i�t�y� �(�P�C�P�)�.� �P�C�P� �i�s� �s�e�e�n� �i�n� �m�a�n�y� �a�n�i�m�a�l�s� 
�a�n�d� �t�i�s�s�u�e�s�,� �w�h�e�r�e� �c�e�l�l�s� �s�e�n�s�e� �g�l�o�b�a�l� �a�x�e�s� �o�f� �t�h�e� �t�i�s�s�u�e� �t�o� 
�w�h�i�c�h� �t�h�e�y� �b�e�l�o�n�g� �a�n�d� �o�r�i�e�n�t� �t�h�e�m�s�e�l�v�e�s� �t�o� �f�u�l�f�i�l�l� �s�p�e�c�i�a�l�i�z�e�d� 
�f�u�n�c�t�i�o�n�s�.
�M�a�n�y� �e�v�o�l�u�t�i�o�n�a�l�l�y� �c�o�n�s�e�r�v�e�d� �g�e�n�e�s� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� 
�f�o�r�m�a�t�i�o�n� �o�f� �P�C�P�,� �a�n�d� �s�e�v�e�r�a�l� �o�f� �t�h�o�s�e� �e�n�c�o�d�e� �p�r�o�t�e�i�n�s� �t�h�a�t� 
�a�r�e� �l�o�c�a�l�i�z�e�d� �i�n� �p�o�l�a�r�i�z�e�d� �m�a�n�n�e�r�s� �w�i�t�h�i�n� �c�e�l�l�s�.� �W�e� 
�p�e�r�f�o�r�m�e�d� �i�m�m�u�n�o�h�i�s�t�o�c�h�e�m�i�c�a�l� �a�n�a�l�y�s�i�s� �o�f� �p�o�t�e�n�t�i�a�l� �P�C�P� 
�r�e�g�u�l�a�t�o�r�s� �i�n� �p�o�s�t�n�a�t�a�l� �o�v�i�d�u�c�t�s�.� �W�e� �f�o�u�n�d� �t�h�a�t� �C�e�l�s�r�1�,� �a� �P�C�P� 
�c�o�r�e� �m�e�m�b�e�r�,� �w�a�s� �s�t�r�o�n�g�l�y� �c�o�n�c�e�n�t�r�a�t�e�d� �o�n�l�y� �a�t� �t�h�e� �s�p�e�c�i�f�i�c� 
�d�o�m�a�i�n�s� �o�f� �c�e�l�l� �b�o�u�n�d�a�r�i�e�s� �w�h�i�c�h� �a�r�e� �p�e�r�p�e�n�d�i�c�u�l�a�r� �t�o� �t�h�e� 
�o�v�a�r�y�-�u�t�e�r�u�s� �a�x�i�s� �a�n�d� �t�h�a�t� �t�h�i�s� �p�o�l�a�r�i�z�e�d� �l�o�c�a�l�i�z�a�t�i�o�n� 
�a�p�p�e�a�r�e�d� �t�o� �p�r�e�c�e�d�e� �t�h�e� �d�i�r�e�c�t�i�o�n�a�l� �m�o�v�e�m�e�n�t� �o�f� �c�i�l�i�a�.
�I�n� Celsr1�-�d�e�f�i�c�i�e�n�t� �m�u�t�a�n�t� �o�v�i�d�u�c�t�s�,� �c�i�l�i�a� �w�e�r�e� �g�e�n�e�r�a�t�e�d� 

�a�n�d� �t�h�o�s�e� �w�i�t�h�i�n� �e�a�c�h� �c�e�l�l� �a�p�p�e�a�r�e�d� �t�o� �b�e�a�t� �a�s� �i�n� �t�h�e� �w�i�l�d� 
�t�y�p�e� �o�v�i�d�u�c�t�.� +�o�w�e�v�e�r�,� �t�h�e� �b�e�a�t�i�n�g� �d�i�r�e�c�t�i�o�n� �w�a�s� �n�o�t� 
�c�o�o�r�d�i�n�a�t�e�d� �a�l�o�n�g� �t�h�e� �o�v�a�r�y�-�u�t�e�r�u�s� �a�x�i�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� 
�e�p�i�t�h�e�l�i�a�� �s�o�m�e� �c�e�l�l�s� �w�e�r�e� �o�r�i�e�n�t�e�d� �o�r�t�h�o�g�o�n�a�l�l�y� �t�o� �t�h�e� �a�x�i�s�,� 
�w�h�i�l�e� �s�o�m�e� �o�t�h�e�r�s� �e�x�h�i�b�i�t�e�d� �r�e�v�e�r�s�e� �p�o�l�a�r�i�t�y�.� �W�h�e�n� �w�e� 
�c�l�o�s�e�l�y� �e�x�a�m�i�n�e�d� �o�r�i�e�n�t�a�t�i�o�n� �o�f� �c�i�l�i�a� �b�y� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� 
�t�h�e�y� �w�e�r�e� �n�o�t� �o�r�i�e�n�t�a�t�e�d� �i�n� �t�h�e� �s�a�m�e� �d�i�r�e�c�t�i�o�n�.� 
�I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �c�i�l�i�a�r�y� �p�o�l�a�r�i�t�y� �p�h�e�n�o�t�y�p�e�,� �c�e�l�l�u�l�a�r� �s�h�a�p�e� 
�p�o�l�a�r�i�t�y� �w�a�s� �a�l�s�o� �i�m�p�a�i�r�e�d� �i�n� �t�h�e� Celsr1�-�d�e�f�i�c�i�e�n�t� �m�i�c�e�.� �W�e� 
�f�o�u�n�d� �a� �n�e�w� �f�e�a�t�u�r�e� �o�f� �c�e�l�l�u�l�a�r� �p�o�l�a�r�i�t�y� �i�n� �t�h�e� �w�i�l�d� �t�y�p�e� 
�o�v�i�d�u�c�t�,� �t�h�a�t� �t�h�e� �a�p�i�c�a�l� �s�u�r�f�a�c�e� �o�f� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �w�a�s� 
�e�l�o�n�g�a�t�e�d� �a�l�o�n�g� �t�h�e� �o�v�a�r�y�-�u�t�e�r�u�s� �a�x�i�s�.� �I�n� Celsr1�-�d�e�f�i�c�i�e�n�t� 
�m�i�c�e�,� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �s�h�o�w�e�d� �l�e�s�s� �e�l�o�n�g�a�t�i�o�n� �a�n�d� �r�a�n�d�o�m�i�z�e�d� 
�o�r�i�e�n�t�a�t�i�o�n�.
�F�u�r�t�h�e�r�m�o�r�e�,� �w�e� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �t�h�e� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� 
�a�r�c�h�i�t�e�c�t�u�r�e� �o�f� �o�v�i�d�u�c�t�a�l� �e�p�i�t�h�e�l�i�a� �w�a�s� �d�r�a�m�a�t�i�c�a�l�l�y� 
�d�i�s�r�u�p�t�e�d�.� �I�n� �a�d�u�l�t� �w�i�l�d�-�t�y�p�e� �m�i�c�e�,� �t�h�e� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l� �s�h�e�e�t� �i�s� 
�b�e�n�t� �m�u�l�t�i�p�l�e� �t�i�m�e�s�,� �w�h�i�c�h� �f�o�r�m�s� �a�r�o�u�n�d� �t�w�e�n�t�y� �l�o�n�g�i�t�u�d�i�n�a�l� 
�f�o�l�d�s� �p�a�r�a�l�l�e�l� �t�o� �t�h�e� �o�r�g�a�n� �a�x�i�s�.� +�o�w�e�v�e�r�,� �i�n� �t�h�e� �m�u�t�a�n�t� 
�o�v�i�d�u�c�t�s�,� �e�p�i�t�h�e�l�i�a�l� �f�o�l�d�s� �n�o� �l�o�n�g�e�r� �r�u�n� �p�a�r�a�l�l�e�l� �t�o� �t�h�e� �o�r�g�a�n� 
�a�x�i�s�.� �T�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �t�h�e� �f�o�l�d�s� �w�a�s� �r�a�n�d�o�m�i�z�e�d�,� �a�n�d� �e�c�t�o�p�i�c� 
�b�r�a�n�c�h�e�s� �o�f� �t�h�e� �f�o�l�d�s� �w�e�r�e� �o�b�s�e�r�v�e�d�.
�T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �C�e�l�s�r�1� �i�s� �i�m�p�o�r�t�a�n�t� �f�o�r� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� 
�m�u�l�t�i�-�s�c�a�l�e� �p�o�l�a�r�i�t�i�e�s� �i�n� �t�h�e� �m�o�u�s�e� �o�v�i�d�u�c�t� �r�a�n�g�i�n�g� �f�r�o�m� �t�h�e� 
�c�e�l�l�u�l�a�r� �t�o� �t�h�e� �t�i�s�s�u�e� �s�c�a�l�e� �(�F�i�g�u�r�e� ��)�.� �O�u�r� �m�o�s�a�i�c� �a�n�a�l�y�s�i�s� 
�a�n�a�l�y�s�e�s� �w�i�t�h� Celsr1�-�d�e�f�i�c�i�e�n�t� �c�e�l�l�s� �i�n� �t�h�e� �w�i�l�d� �t�y�p�e� �o�v�i�d�u�c�t� 
�e�p�i�t�h�e�l�i�u�m� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �g�e�o�m�e�t�r�y� �o�f� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s�,� �b�u�t� 
�n�o�t� �t�h�e� �m�o�r�p�h�o�l�o�g�y� �o�f� �t�h�e� �e�p�i�t�h�e�l�i�a�l� �f�o�l�d�,� �i�s� �p�r�i�m�a�r�i�l�y� 
�r�e�g�u�l�a�t�e�d� �b�y� �C�e�l�s�r�1�.� 
�C�u�r�r�e�n�t�l�y�,� �w�e� �h�a�v�e� �b�e�e�n� �t�r�y�i�n�g� �t�o� �r�e�v�e�a�l� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �o�f� 
�o�v�i�d�u�c�t� �e�p�i�t�h�e�l�i�a�l� �m�o�r�p�h�o�g�e�n�e�s�i�s� �b�y� �i�n�t�e�g�r�a�t�i�n�g� �t�h�e� 
�m�o�l�e�c�u�l�a�r� �f�u�n�c�t�i�o�n�s� �o�f� �P�C�P� �f�a�c�t�o�r�s�,� �c�e�l�l�u�l�a�r� �s�h�a�p�e� �c�h�a�n�g�e�s�,� 
�t�i�s�s�u�e� �m�o�r�p�h�o�l�o�g�y� �a�n�d� �i�n�v�o�l�v�e�m�e�n�t� �o�f� �m�e�c�h�a�n�i�c�a�l� �f�o�r�c�e�s�.� 
�W�e� �a�r�e� �a�l�s�o� �f�o�c�u�s�i�n�g� �o�n� �s�o�m�e� �o�t�h�e�r� �P�C�P� �r�e�g�u�l�a�t�o�r�s�,� �a�n�d� �a�r�e� 
�t�r�y�i�n�g� �t�o� �u�n�d�e�r�s�t�a�n�d� �h�o�w� �o�v�i�d�u�c�t� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �e�s�t�a�b�l�i�s�h� 
�a�n�d� �m�a�i�n�t�a�i�n� �t�h�e�i�r� �p�o�l�a�r�i�t�y�.� � 

IV.  Analysis of mechanical properties of cells 
and tissues during embryonic development 

� �M�e�c�h�a�n�i�c�s� �i�s� �o�n�e� �o�f� �t�h�e� �e�s�s�e�n�t�i�a�l� �c�o�m�p�o�n�e�n�t�s� �o�f� �b�i�o�l�o�g�i�c�a�l� 
�p�r�o�c�e�s�s�e�s�,� �i�n�c�l�u�d�i�n�g� �c�e�l�l� �s�h�a�p�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�n�d� �t�i�s�s�u�e� 
�m�o�r�p�h�o�g�e�n�e�s�i�s� �e�t�c�.� +�o�w�e�v�e�r�,� �h�o�w� �m�e�c�h�a�n�i�c�a�l� �s�t�a�t�e�s� �s�u�c�h� �a�s� 
�f�o�r�c�e� �a�n�d� �m�a�t�e�r�i�a�l� �s�t�i�f�f�n�e�s�s� �r�e�g�u�l�a�t�e� �t�h�e�s�e� �p�r�o�c�e�s�s�e�s� �i�s� �p�o�o�r�l�y� 
�u�n�d�e�r�s�t�o�o�d�.� �T�o� �a�p�p�r�o�a�c�h� �t�h�i�s� �p�r�o�b�l�e�m�,� �m�e�a�s�u�r�i�n�g� �c�e�l�l�u�l�a�r� 
�a�n�d� �t�i�s�s�u�e� �g�e�o�m�e�t�r�i�c� �i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �m�e�c�h�a�n�i�c�a�l� �s�t�a�t�e�s� �a�r�e� 
�n�e�c�e�s�s�a�r�y�.� �W�e� �d�e�v�e�l�o�p�e�d� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �b�a�s�e�d� �t�e�c�h�n�i�q�u�e�s� 
�t�o� �m�e�a�s�u�r�e� �c�e�l�l�u�l�a�r� �a�n�d� �t�i�s�s�u�e� �g�e�o�m�e�t�r�i�c� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� 
�f�l�u�o�r�e�s�c�e�n�t� �m�i�c�r�o�s�c�o�p�i�c� �i�m�a�g�e�s� �a�n�d� �f�r�a�m�e�w�o�r�k�s� �t�o� 
�t�h�e�o�r�e�t�i�c�a�l�l�y� �e�s�t�i�m�a�t�e� �t�h�e� �m�e�c�h�a�n�i�c�a�l� �s�t�a�t�e�s�.
� �B�y� �e�m�p�l�o�y�i�n�g� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �t�e�c�h�n�i�q�u�e�s�,� �w�e� �h�a�v�e� 
�e�x�t�r�a�c�t�e�d� �g�e�o�m�e�t�r�i�c� �i�n�f�o�r�m�a�t�i�o�n�,� �s�h�a�p�e�s�,� �a�n�d� �m�o�v�e�m�e�n�t�s� �o�f� 
�e�a�r�l�y� �e�m�b�r�y�o�g�e�n�e�s�i�s� �i�n� C. elegans� �a�n�d� �m�i�c�e�.� �I�n� �t�h�e� 
�f�r�a�m�e�w�o�r�k� �f�o�r� �e�s�t�i�m�a�t�i�n�g� �m�e�c�h�a�n�i�c�a�l� �s�t�a�t�e�s�,� �g�e�o�m�e�t�r�i�c� 
�i�n�f�o�r�m�a�t�i�o�n� �w�a�s� �c�o�m�b�i�n�e�d� �w�i�t�h� �a� �m�e�c�h�a�n�i�c�a�l� �s�i�m�u�l�a�t�i�o�n�,� 
�w�h�i�c�h� �w�a�s� �b�a�s�e�d� �o�n� �d�a�t�a� �a�s�s�i�m�i�l�a�t�i�o�n� �(�F�i�g�u�r�e� ��)�.� �W�e� 
�s�u�c�c�e�s�s�f�u�l�l�y� �e�s�t�i�m�a�t�e�d� �t�h�e� �s�p�a�t�i�o�-�t�e�m�p�o�r�a�l� �d�y�n�a�m�i�c�s� �o�f� 
�c�e�l�l�u�l�a�r� �a�n�d� �t�i�s�s�u�e� �m�e�c�h�a�n�i�c�a�l� �s�t�a�t�e�s� �b�y� �s�y�s�t�e�m�a�t�i�c�a�l�l�y� �f�i�t�t�i�n�g� 
�t�h�e� in vivo� �g�e�o�m�e�t�r�i�c� �s�t�a�t�e�s� �t�o� �t�h�e� �m�e�c�h�a�n�i�c�a�l� �s�i�m�u�l�a�t�i�o�n�.� 
�T�h�e� �m�e�c�h�a�n�i�c�a�l� �i�n�f�o�r�m�a�t�i�o�n� �w�i�l�l� �b�e� �u�s�e�f�u�l� �t�o� �i�n�v�e�s�t�i�g�a�t�e� 

�F�i�g�u�r�e� �2�.� �A� �p�r�e�g�n�a�n�t� �u�t�e�r�u�s� ��.�5� �d�a�y�s� �a�f�t�e�r� �f�e�r�t�i�l�i�z�a�t�i�o�n�.� �D�e�v�e�l�o�p�i�n�g� 
�e�m�b�r�y�o�s� �a�n�d� �t�h�e� �s�h�a�p�e� �o�f� �u�t�e�r�u�s� �e�p�i�t�h�e�l�i�u�m� �c�a�n� �b�e� �o�b�s�e�r�v�e�d�.� 

�F�i�g�u�r�e� ��.� �I�n� �t�h�e� �o�v�i�d�u�c�t� �o�f� �m�i�c�e� �t�h�a�t� �h�a�v�e� �l�o�s�t� �t�h�e� �C�e�l�s�r�1� �p�r�o�t�e�i�n�,� 
�v�a�r�i�o�u�s� �p�o�l�a�r�i�t�y� �i�m�p�a�i�r�m�e�n�t�s� �c�o�v�e�r�i�n�g� �m�u�l�t�i�p�l�e� �l�e�v�e�l�s� �a�r�e� �o�b�s�e�r�v�e�d�.
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�p�h�y�s�i�c�a�l� �m�e�c�h�a�n�i�s�m�s� �o�f� �e�a�r�l�y� �e�m�b�r�y�o�n�i�c� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� 
�m�o�r�p�h�o�g�e�n�e�s�i�s� �d�u�r�i�n�g� �o�r�g�a�n�o�g�e�n�e�s�i�s� �i�n� �l�a�t�e� �s�t�a�g�e�s� �i�n� 
�d�e�v�e�l�o�p�m�e�n�t�.

�F�i�g�u�r�e� ��.� �T�h�e�o�r�e�t�i�c�a�l� �e�s�t�i�m�a�t�i�o�n� �o�f� �c�e�l�l�u�l�a�r��t�i�s�s�u�e� �m�e�c�h�a�n�i�c�a�l� �s�t�a�t�e�s�.� 
�S�c�h�e�m�a�t�i�c� �i�l�l�u�s�t�r�a�t�i�o�n� �o�f� �e�s�t�i�m�a�t�i�o�n�.
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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� 
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�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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�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�.� � 
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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� �(�*�)�.
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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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�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�.

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



��5

We have been studying the molecular and cellular 
mechanisms underlying the development of the vertebrate 
central nervous system (CNS), mainly using mice. This 
research covers many developmental events including the 
patterning of the retina, neuronal terminal differentiation, 
axonal navigation, branching and targeting, synapse 
formation, refinement and plasticity. The scope of our 
interests also encompasses the mechanisms for various 

functions of the mature brain, including body-fluid 
regulation, behavior control, learning, and memory.

I. Mechanisms for neural circuit formation
Topographic maps are fundamental features of neural 

networks in the nervous system. We have long studied the 
molecular mechanisms for regional specification in the 
developing retina as the basis of the topographic 
retinotectal projection. We are now focusing our attention 
on the molecular mechanisms underlying axonal 
navigation, branching, and arborization for synapse 
formation, along with elimination of mistargeted axons and 
branches. Among the region-specific molecules in the 
developing retina, we have already found several 
molecules that induce abnormal branching or arborization 
when their expression was experimentally manipulated in 
vivo. 
One is adenomatous polyposis coli 2 (APC2), which is 

preferentially expressed in the nervous system from early 
developmental stages through to adulthood. The 
knockdown of Apc2 in chick retinas reduced the stability 
of microtubules in retinal axons, and yielded abnormal 
behaviors of growth cones including a reduced response 
to ephrin-A2 and misprojection in the tectum without 
making clear target zones. In Apc2-deficient mice, robust 
defects in neuronal lamination were observed in the 
cortex, hippocampus, cerebellum, and olfactory bulb. 
These laminary abnormalities are a result of dysregulated 
neuronal migration by a cell-autonomous mechanism. 
APC2 is distributed along actin fibers as well as 
microtubules in neurons. Our investigation suggests that 
APC2 is involved in the signaling pathway from 
membrane receptors for extracellular guidance factors to 
the intracellular migration machinery. We are now 
investigating a mutation in human APC2 gene identified in 

patients with intellectual 
disabilities.
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�F�i�g�u�r�e � �1 �. � Effec t  o f  Sp ig1 -
knockdown (KD) in the developing 
chick retina.  A, Projection pattern 
of dorsal RGC axons by DiI labeling 
in control (Con) and Spig1-KD 
embryos. Higher magnification of 
the boxed area is shown in the lower 
part of each panel.  A, anterior; P, 
posterior; D, dorsal; V, ventral. Scale 
bars ,  1  mm �. � B ,  Effect  of  a 
neutralizing antibody for BDNF on 
the elongation and branching of 
R G C  a x o n s .  A f t e r  t h e 
electroporation of Spig1-shRNA or 
control retroviral construct at HH 
stage 9-10, retinal cells were 
dissociated from the dorsal one-third 
of the retina at E8. The branch 
number and axon length of RGC 
axons were quantified. Data are 
shown as the mean ± SE of four 
independent experiments. *p < 0.05, 
**p < 0 .001  (ANOVA wi th 
Scheffé’s post hoc tests).  Scale bars, 
10 mm.

�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� �(�*�)�.
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  Another molecule is SPARC-related protein containing 
immunoglobulin domains 1 (SPIG1, also known as 
Follistatin-like protein 4), which is a secretory protein 
expressed in a dorsal-specific manner in the developing 
chick retina. The knockdown of Spig1 in the retinal 
ganglion cells (RGCs) of developing chick embryos 
induced robust ectopic branching of dorsal RGC axons 
and failed to form a tight terminal zone at the proper 
position on the tectum (Figure 1A). The knockdown of 
Spig1 in RGCs also led to enhanced axon branching in 
vitro. However, this was canceled by the addition of a 
neutralizing antibody against brain-derived neurotrophic 
factor (BDNF) to the culture medium (Figure 1B). SPIG1 
and BDNF were colocalized in vesicle-like structures in 
cells. SPIG1 bound with the proform of BDNF 
(proBDNF) but very weakly with mature BDNF in vitro. 
The expression and secretion of mature BDNF were 
significantly decreased when SPIG1 was exogenously 
expressed with BDNF in HEK293T or PC12 cells. The 
amount of mature BDNF proteins as well as the tyrosine 
phosphorylat ion level  of  the BDNF receptor, 
tropomyosin-related kinase B (TrkB), in the hippocampus 
were significantly higher in Spig1-knockout mice than in 
wild-type mice (Figures 2A and B). Furthermore, the 
spine density of CA1 pyramidal neurons was consistently 
increased (Figure 2C). Together, these results suggest that 
SPIG1 negatively regulated BDNF maturation by binding 
to proBDNF, thereby suppressing axonal branching and 
spine formation.

Figure 2.� Functional interactions between SPIG1 and BDNF in 
hippocampal cells. A, Comparison of BDNF expression in the 
hippocampus of wild type (WT) and Spig1-knockout (KO) mice at 
postnatal day 14 (P14). The amounts of BDNF are presented by 
densitometric units normalized to the value for the WT. Data are shown 
as the mean ± SE (n = 14 for each). *p < 0.05 (Student’s t test). B, 
Increased tyrosine phosphorylation of TrkB in the hippocampus of Spig1-
KO mice. The tyrosine phosphorylation of TrkB proteins 
immunoprecipitated with an anti-Trk antibody from the hippocampus at 
P14 was analyzed using 4G10 and anti-TrkB. Densitometric data are 
presented as a percentage of the WT control (bottom). Data are mean ± 
SE (WT, n = 6; Spig1-KO, n = 8). *p < 0.05 (Student’s t test).� C, Golgi 
staining of the hippocampal tissues from WT and Spig1-KO mice at P10. 
We analyzed the dendritic segments of CA1 pyramidal neurons. Spine 
density and dendritic length are shown as the mean ± SE (n = 6 for each). 
*p < 0.01 (Student’s t test). Scale bars, 10 mm.

II.  Physiological roles of receptor-like protein 
tyrosine phosphatases 

Protein tyrosine phosphorylation plays crucial roles in 
various biological events such as cellular proliferation, 
differentiation, survival, migration, and metabolism. 
Cellular tyrosine phosphorylation levels are governed by 

the opposing activities of protein tyrosine kinases (PTKs) 
and protein tyrosine phosphatases (PTPs). The 
physiological functions and regulatory mechanisms of 
receptor-like PTPs (RPTPs) are not fully elucidated. We 
have been making efforts to reveal the functional roles of 
the R3 and R5 subfamilies of RPTPs.

2-1  R3 RPTP subfamily
The human genome contains 58 and 20 genes for RPTKs 

and RPTPs, respectively. In some studies including ours, 
RPTPs have been shown to be involved in the regulation 
of RPTKs through dephosphorylation as substrates. 
However, our understanding about the roles of individual 
RPTPs in the regulation of RPTKs is still limited.  
The R3 RPTP subfamily, which is comprised of Ptprb, 

Ptprh, Ptprj, and Ptpro, reportedly plays pivotal roles in 
the development of several tissues including the vascular 
and nervous systems. We performed a large scale 
examination of the enzyme-substrate interaction between 
the R3 RPTP members and representative RPTKs 
covering RPTK subfamilies. We revealed that multiple 
RPTKs are recognized as substrates by the R3 RPTPs. We 
also demonstrated that the R3 members showed 
differences in substrate specificity toward individual 
RPTKs. On the basis of the enzyme-substrate 
relationships identified, we are now investigating the 
physiological roles of the R3 RPTP subfamily by using 
their knockout mice.

2-2  R5 RPTP subfamily 
Protein-tyrosine phosphatase receptor type Z (Ptprz) is 

predominantly expressed in glial and neuronal cells in the 
central nervous system (CNS). We are now focusing our 
efforts on determining the roles of Ptprz signaling in the 
regulation of hippocampal synaptic plasticity, dopamine 
t r anspor t e r  i n t e rna l i za t ion ,  o l igodendrocy te 
differentiation, etc.  

III. Brain systems for body-fluid homeostasis 
Sodium (Na) is a major electrolyte of extracellular fluids 

and the main determinant of osmolality. Na homeostasis 
is essential to life and Na+ concentrations in plasma and 
cerebrospinal fluid (CSF) are continuously monitored to 
maintain a physiological level of Na+ in body fluids. We 
have previously shown that Nax, which structurally 
resembles voltage-gated sodium channels (Nav1.1–1.9), is 
a concentration-sensitive Na channel.
In the brain, Nax channels are preferentially expressed in 

as t rocytes  and ependymal  cel ls  in  the sensory 
circumventricular organs, such as the subfornical organ 
(SFO) and organum vasculosum of the lamina terminalis 
(OVLT), where Nax-positive glial cells are involved in 
sensing an increase in [Na+] in body fluids. Nax-deficient 
mice do not stop ingesting salt even when dehydrated, while 
wild-type mice avoid salt. This behavioral defect of Nax-
deficient mice is recovered by a site-directed transfer of the 
Nax gene with an adenoviral vector into the SFO. The 
threshold value of Nax for [Na+]o was ~150 mM in vitro. In 
the SFO, however, endothelin-3 (ET-3) shifts the [Na+]o 
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dependency of Nax activation to the lower-concentration side 
in a dose-dependent manner. This shift enables Nax to gate 
even when [Na+]o is in the physiological range (135–145 
mM). Nax thus functions as the brain’s Na+-level sensor for 
the homeostatic control of [Na+] in body fluids.
We can summarize the cellular mechanisms for [Na+]-

sensing and [Na+]-dependent regulation of neural activities in 
the SFO as presented in Figure 3. The sensory CVOs, 
including the SFO, are characterized by the extensive 
networks of fenestrated capillaries which allow ingredients 
of plasma to release to the intercellular space. Their 
ventricular side is partitioned by an ependymal cell layer 
facing the third ventricle. Nax channels populate perineural 
processes of astrocytes and ependymal cells in the SFO. 
Even under hydrated (normal) conditions, ET-3 level 
expressed in the SFO can modulate the [Na+]o dependency of 
Nax and make Nax sensitive to an increase in [Na+]o in the 
physiological range. When animals are dehydrated, [Na+] in 
plasma and CSF significantly increases above the usual level. 
Under such conditions, the [Na+]o exceeds the threshold of 
Nax, Nax channels open, and the [Na+]i in these Nax-bearing 
cells is increased. This leads to activation of Na+/K+-ATPase 
in these cells. Activated Na+/K+-ATPase consumes ATP 
higher than the usual level to pump out Na+. To fuel Na+/
K+-ATPase with ATP, the glial cells enhance glucose uptake 
to stimulate anaerobic glycolysis. Lactate, the end product of 
the anaerobic glycolysis, is released from the glial cells and 
supplied to neurons, including GABAergic neurons, through 
the processes enveloping them. Lactate stimulates the 
activity of the GABAergic neurons through production of 
ATP, which presumably leads to the regulation of hypothetic 
neurons involved in the control of salt-intake behavior. In 
dehydrated Nax-deficient mice, the [Na+]-dependent 
stimulation of glycolysis is impaired and the activity of the 
GABAergic neurons is not promoted.
Nax is also expressed in non-myelinating Schwann cells of 

the  adu l t  pe r iphera l  ne rvous  sys tem,  bu t  the 
pathophysiological role remained unclear. Recently, we 
found that functional recovery of the hind paw responses 
from the sciatic nerve transection was delayed in Nax-
deficient mice. Our studies revealed that Nax is involved in 
the regeneration process of injured peripheral nerves by 
enhancing lactate release from non-myelinating Schwann 
cells, where Nax was activated by ET-1 through ETBR 
signaling. This finding may bring new strategies to promote 
peripheral nerve regeneration.
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�T�h�i�s� �y�e�a�r� �w�e� �h�a�v�e� �r�e�p�o�r�t�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �r�e�s�u�l�t�s�.� �(�1�)� 
�D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �s�e�r�o�t�o�n�i�n� �r�e�c�e�p�t�o�r� �s�u�b�t�y�p�e�s� �a�n�d� �s�e�r�o�t�o�n�e�r�g�i�c� 
�t�e�r�m�i�n�a�t�i�o�n�s� �i�n� �t�h�e� �m�a�r�m�o�s�e�t� �b�r�a�i�n�,� �(�2�)� �S�i�m�u�l�t�a�n�e�o�u�s� 
�v�i�s�u�a�l�i�z�a�t�i�o�n� �o�f� �e�x�t�r�i�n�s�i�c� �a�n�d� �i�n�t�r�i�n�s�i�c� �a�x�o�n� �c�o�l�l�a�t�e�r�a�l�s� �i�n� �t�h�e� 
�m�o�u�s�e� �b�r�a�i�n�,� �(��)� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �c�l�a�u�s�t�r�a�l� �n�e�u�r�o�n�s�,� �(��)� 
�D�i�s�t�i�n�c�t� �m�o�t�o�r� �i�m�p�a�i�r�m�e�n�t�s� �o�f� �d�o�p�a�m�i�n�e� �D�1� �a�n�d� �D�2� �r�e�c�e�p�t�o�r� 
�k�n�o�c�k�o�u�t� �m�i�c�e�.

I.  Distribution of serotonin receptor subtypes 
and serotonergic terminations in the 
marmoset brain

�W�e� �e�x�a�m�i�n�e�d� �t�h�e� �m�R�N�A� �e�x�p�r�e�s�s�i�o�n� �p�a�t�t�e�r�n�s� �o�f� �a�l�l� �t�h�e� �1�� 
�m�e�m�b�e�r�s� �o�f� �t�h�e� �s�e�r�o�t�o�n�i�n� �r�e�c�e�p�t�o�r� �(�5+�T�R�)� �f�a�m�i�l�y�,� �b�y� in situ� 
�h�y�b�r�i�d�i�z�a�t�i�o�n� �(�I�S+�)� �a�n�d� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �s�e�r�o�t�o�n�e�r�g�i�c� 
�t�e�r�m�i�n�a�t�i�o�n�s� �b�y� �s�e�r�o�t�o�n�i�n� �t�r�a�n�s�p�o�r�t�e�r� �(�S�E�R�T�)� �p�r�o�t�e�i�n� 
�i�m�m�u�n�o�h�i�s�t�o�c�h�e�m�i�c�a�l� �a�n�a�l�y�s�i�s�.� �T�e�n� �o�f� �t�h�e� �1�� �5+�T�R�s� �s�h�o�w�e�d� 
�s�i�g�n�i�f�i�c�a�n�t� �m�R�N�A� �e�x�p�r�e�s�s�i�o�n� �i�n� �t�h�e� �m�a�r�m�o�s�e�t� �b�r�a�i�n�.� �O�u�r� 
�s�t�u�d�y� �s�h�o�w�e�d� �s�e�v�e�r�a�l� �n�e�w� �f�e�a�t�u�r�e�s� �o�f� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� 
�s�e�r�o�t�o�n�e�r�g�i�c� �s�y�s�t�e�m�s� �i�n� �t�h�e� �m�a�r�m�o�s�e�t� �b�r�a�i�n�.� �(�1�)� �T�h�e� 
�t�h�a�l�a�m�u�s� �e�x�p�r�e�s�s�e�d� �o�n�l�y� �a� �l�i�m�i�t�e�d� �n�u�m�b�e�r� �o�f� �r�e�c�e�p�t�o�r� 
�s�u�b�t�y�p�e�s� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �c�o�r�t�e�x�,� �h�i�p�p�o�c�a�m�p�u�s�,� �a�n�d� �o�t�h�e�r� 
�s�u�b�c�o�r�t�i�c�a�l� �r�e�g�i�o�n�s�.� �(�2�)� �I�n� �t�h�e� �c�o�r�t�e�x�,� �t�h�e�r�e� �i�s� �l�a�y�e�r�-�s�e�l�e�c�t�i�v�e� 
�a�n�d� �a�r�e�a�-�s�e�l�e�c�t�i�v�e� �m�R�N�A� �e�x�p�r�e�s�s�i�o�n� �o�f� �5+�T�R�s� �(�F�i�g�u�r�e� �1�)�.� 
�(��)� +�i�g�h�l�y� �l�o�c�a�l�i�z�e�d� �m�R�N�A� �e�x�p�r�e�s�s�i�o�n�s� �o�f� �5+�T�1�F� �a�n�d� 
�5+�T��A� �w�e�r�e� �o�b�s�e�r�v�e�d�.� �(��)� �T�h�e�r�e� �w�a�s� �a� �c�o�n�s�p�i�c�u�o�u�s� �o�v�e�r�l�a�p� 
�o�f� �t�h�e� �m�R�N�A� �e�x�p�r�e�s�s�i�o�n� �o�f� �r�e�c�e�p�t�o�r� �s�u�b�t�y�p�e�s� �k�n�o�w�n� �t�o� �h�a�v�e� 
�s�o�m�a�t�o�d�e�n�d�r�i�t�i�c� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �r�e�c�e�p�t�o�r� �p�r�o�t�e�i�n�s� �w�i�t�h� �d�e�n�s�e� 
�s�e�r�o�t�o�n�e�r�g�i�c� �t�e�r�m�i�n�a�t�i�o�n�s� �i�n� �t�h�e� �v�i�s�u�a�l� �c�o�r�t�e�x�,� �t�h�e� �c�e�n�t�r�a�l� 
�l�a�t�e�r�a�l� �(�C�L�)� �n�u�c�l�e�u�s� �o�f� �t�h�e� �t�h�a�l�a�m�u�s�,� �t�h�e� �p�r�e�s�u�b�i�c�u�l�u�m�,� �a�n�d� 
�t�h�e� �m�e�d�i�a�l� �m�a�m�m�i�l�l�a�r�y� �n�u�c�l�e�u�s� �o�f� �t�h�e� �h�y�p�o�t�h�a�l�a�m�u�s�.� �T�h�i�s� 
�s�u�g�g�e�s�t�s� �a� �h�i�g�h� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �s�e�r�o�t�o�n�i�n� �a�v�a�i�l�a�b�i�l�i�t�y� 
�a�n�d� �r�e�c�e�p�t�o�r� �e�x�p�r�e�s�s�i�o�n� �a�t� �t�h�e�s�e� �l�o�c�a�t�i�o�n�s�.� �(�5�)� �T�h�e� �5+�T�R�s� 
�s�h�o�w� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�R�N�A� �e�x�p�r�e�s�s�i�o�n� �p�a�t�t�e�r�n�s� �b�e�t�w�e�e�n� �t�h�e� 
�m�a�r�m�o�s�e�t� �a�n�d� �m�o�u�s�e� �c�o�r�t�i�c�e�s� �w�h�e�r�e�a�s� �t�h�e� �p�a�t�t�e�r�n�s� �o�f� �b�o�t�h� 
�t�h�e� �s�p�e�c�i�e�s� �w�e�r�e� �v�e�r�y� �s�i�m�i�l�a�r� �i�n� �t�h�e� �h�i�p�p�o�c�a�m�p�u�s�.� �W�e� 
�d�i�s�c�u�s�s�e�d� �t�h�e� �p�o�s�s�i�b�l�e� �r�o�l�e�s� �o�f� �5+�T�R�s� �i�n� �t�h�e� �m�a�r�m�o�s�e�t� �b�r�a�i�n� 
�r�e�v�e�a�l�e�d� �b�y� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e�i�r� �o�v�e�r�a�l�l� �m�R�N�A� �e�x�p�r�e�s�s�i�o�n� 
�p�a�t�t�e�r�n�s� �(�P�u�b�l�i�s�h�e�d� �i�n� �F�r�o�n�t�.� �N�e�u�r�a�l� �C�i�r�c�u�i�t�s�,� �1�� �M�a�y� �2�0�1�� _� 
�d�o�i�� �1�0�.������f�n�c�i�r�.�2�0�1��.�0�0�0�5�2�)�.

II.  Simultaneous visualization of extrinsic and 
intrinsic axon collaterals in Golgi-like detail 
f o r  m o u s e  c o r t i c o t h a l a m i c  a n d 
corticocortical cells: a double viral infection 
method

�W�e� �r�e�p�o�r�t�e�d� �a� �n�o�v�e�l� �t�r�a�c�i�n�g� �t�e�c�h�n�i�q�u�e� �t�o� �s�t�a�i�n� �p�r�o�j�e�c�t�i�o�n� 
�n�e�u�r�o�n�s� �i�n� �G�o�l�g�i�-�l�i�k�e� �d�e�t�a�i�l� �b�y� �d�o�u�b�l�e� �v�i�r�a�l� �i�n�f�e�c�t�i�o�n�.� �W�e� 
�u�s�e�d� �r�e�t�r�o�g�r�a�d�e� �l�e�n�t�i�v�i�r�a�l� �v�e�c�t�o�r�s� �a�n�d� �a�d�e�n�o�-�a�s�s�o�c�i�a�t�e�d� �v�i�r�a�l� 
�v�e�c�t�o�r�s� �(�A�A9�)� �t�o� �d�r�i�v�e� �t�h�e� ´�T�E�T�-�O�N��T�E�T�-�O�F�F� �s�y�s�t�e�mµ� �i�n� 
�n�e�u�r�o�n�s� �c�o�n�n�e�c�t�i�n�g� �t�w�o� �r�e�g�i�o�n�s� �(�F�i�g�u�r�e� �2�)�.

�F�i�g�u�r�e� �1�.� �I�S+� �e�x�p�r�e�s�s�i�o�n� �p�r�o�f�i�l�e�s� �o�f� �5+�T�R�s� �i�n� �t�h�e� �c�o�r�t�e�x�.� �A�r�e�a� ���,� �a�r�e�a� ��,� 
�p�r�i�m�a�r�y� �m�o�t�o�r� �c�o�r�t�e�x� �(�M�1�)�,� �p�r�i�m�a�r�y� �s�o�m�a�t�o�s�e�n�s�o�r�y� �c�o�r�t�e�x� �(�S�1�)�,� �a�n�d� 9�5� 
�(�M�T�)�.� �L�a�y�e�r�s� �i�d�e�n�t�i�f�i�e�d� �b�y� �N�i�s�s�l� �s�t�a�i�n�i�n�g� �(�n�o�t� �s�h�o�w�n�)� �a�r�e� �i�n�d�i�c�a�t�e�d� �o�n� 
�t�h�e� �l�e�f�t�.� �N�o�t�e� �t�h�a�t� �a�l�l� �i�m�a�g�e�s� �o�f� �a� �g�i�v�e�n� �g�e�n�e� �a�r�e� �g�r�o�u�p�e�d� �t�o�g�e�t�h�e�r� �a�n�d� 
�p�r�e�s�e�n�t�e�d� �a�t� �t�h�e� �s�a�m�e� �c�o�n�t�r�a�s�t� �l�e�v�e�l�.� �S�c�a�l�e� �b�a�r�� �1�0�0� ƫ�m�.� �(�C�i�t�e�d� �f�r�o�m� 
�S�h�u�k�l�a� �e�t� �a�l�.�,� �F�r�o�n�t�.� �N�e�u�r�a�l� �C�i�r�c�u�i�t�s�,� ��� �5�2�,� �2�0�1��)�.� 

�U�s�i�n�g� �t�h�i�s� �m�e�t�h�o�d�,� �w�e� �s�u�c�c�e�s�s�f�u�l�l�y� �l�a�b�e�l�e�d� �t�h�e� 
�c�o�r�t�i�c�o�t�h�a�l�a�m�i�c� �(�C�T�)� �c�e�l�l�s� �o�f� �t�h�e� �m�o�u�s�e� �s�o�m�a�t�o�s�e�n�s�o�r�y� 
�b�a�r�r�e�l� �f�i�e�l�d� �(�S�1�B�F�)� �a�n�d� �m�o�t�o�r� �c�o�r�t�e�x� �(�M�1�)� �i�n� �t�h�e�i�r� �e�n�t�i�r�e�t�y� 
�(�F�i�g�u�r�e� ��)�.� �W�e� �a�l�s�o� �l�a�b�e�l�e�d� �c�o�n�t�r�a�-� �a�n�d� �i�p�s�i�l�a�t�e�r�a�l�l�y�-
�p�r�o�j�e�c�t�i�n�g� �c�o�r�t�i�c�o�c�o�r�t�i�c�a�l� �(�C�C�)� �c�e�l�l�s� �o�f� �M�1� �b�y� �t�a�r�g�e�t�i�n�g� 
�c�o�n�t�r�a�l�a�t�e�r�a�l� �M�1� �o�r� �i�p�s�i�l�a�t�e�r�a�l� �S�1� �f�o�r� �r�e�t�r�o�g�r�a�d�e� �i�n�f�e�c�t�i�o�n�.� 
�T�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�i�s� �m�e�t�h�o�d� �i�s� �t�h�a�t� �w�e� �c�a�n� �o�b�s�e�r�v�e� �t�h�e� 
�m�o�r�p�h�o�l�o�g�y� �o�f� �s�p�e�c�i�f�i�c� �p�r�o�j�e�c�t�i�o�n� �n�e�u�r�o�n� �s�u�b�t�y�p�e�s� �e�n� �m�a�s�s�e�.� 
�W�e� �f�o�u�n�d� �t�h�a�t� �t�h�e� �g�r�o�u�p� �o�f� �C�T� �c�e�l�l�s� �e�x�t�e�n�d�e�d� �t�h�e�i�r� �d�e�n�d�r�i�t�e�s� 
�a�n�d� �i�n�t�r�i�n�s�i�c� �a�x�o�n�s� �e�x�t�e�n�s�i�v�e�l�y� �b�e�l�o�w� �b�u�t� �n�o�t� �w�i�t�h�i�n� �t�h�e� 
�t�h�a�l�a�m�o�r�e�c�i�p�i�e�n�t� �l�a�y�e�r� �i�n� �b�o�t�h� �S�1�B�F� �a�n�d� �M�1�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� 
�t�h�e� �p�r�i�m�a�r�y� �t�a�r�g�e�t� �o�f� �t�h�i�s� �c�e�l�l� �t�y�p�e� �i�s� �n�o�t� �l�a�y�e�r� ��.� �W�e� �a�l�s�o� 
�f�o�u�n�d� �t�h�a�t� �b�o�t�h� �i�p�s�i�-� �a�n�d� �c�o�n�t�r�a�-�l�a�t�e�r�a�l� �t�a�r�g�e�t�i�n�g� �C�C� �c�e�l�l�s� �i�n� 

',9,6,21�2)�B5A,1�B,2/2*<�†

Professor Associate Professor
<A0A02R,� 7etsuo :A7A.A%(� ANiya

Assistant Professor: KOMINE, Yuriko
 SADAKANE, Osamu
NIBB Research Fellow: OHTSUKA, Masanari*
Technical Staff: OHSAWA, Sonoko
Postdoctoral Fellow: TAKAJI, Masafumi
 OHTSUKA, Masanari
 HATA, Katsusuke
 NAKAGAMI, Yuki
SOKENDAI Graduate Student: SHUKLA, Rammohan
Technical Assistant: NAKAMURA, Tohru
 MORITA, Junko
 IMAI, Akiko
 KON, Yayoi

�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� �(�*�)�.

�†�� �T�h�i�s� �l�a�b�o�r�a�t�o�r�y� �w�a�s� �c�l�o�s�e�d� �o�n� ��1� �M�a�r�c�h�,� �2�0�1�5�.

1HXURELRORJ\
National ,nstitute Ior %asic %iology



��

�M�1� �c�o�m�m�o�n�l�y� �e�x�h�i�b�i�t� �w�i�d�e�s�p�r�e�a�d� �c�o�l�l�a�t�e�r�a�l� �e�x�t�e�n�s�i�o�n�s� �t�o� 
�c�o�n�t�r�a�l�a�t�e�r�a�l� �M�1� �(�l�a�y�e�r�s� �1²��)�,� �b�i�l�a�t�e�r�a�l� �S�1� �a�n�d� �S�2� �(�l�a�y�e�r�s� �1�,� �5� 
�a�n�d� ��)�,� �p�e�r�i�r�h�i�n�a�l� �c�o�r�t�e�x� �(�l�a�y�e�r�s� �1�,� �2���,� �5�,� �a�n�d� ��)�,� �s�t�r�i�a�t�u�m�,� 
�a�n�d� �c�l�a�u�s�t�r�u�m�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �n�o�t� �o�n�l�y� �s�t�r�e�n�g�t�h�e�n�e�d� �t�h�e� 
�p�r�e�v�i�o�u�s� �f�i�n�d�i�n�g�s� �o�f� �s�i�n�g�l�e� �c�e�l�l� �t�r�a�c�i�n�g�s� �b�u�t� �a�l�s�o� �e�x�t�e�n�d�e�d� 
�t�h�e�m� �b�y� �e�n�a�b�l�i�n�g� �c�r�o�s�s�-�a�r�e�a� �c�o�m�p�a�r�i�s�o�n� �o�f� �C�T� �c�e�l�l�s� �o�r� 
�c�o�m�p�a�r�i�s�o�n� �o�f� �C�C� �c�e�l�l�s� �o�f� �t�w�o� �d�i�f�f�e�r�e�n�t� �l�a�b�e�l�i�n�g� �s�y�s�t�e�m�s� 
�(�P�u�b�l�i�s�h�e�d� �i�n� �W�a�t�a�k�a�b�e� �e�t� �a�l�.�,� �F�r�o�n�t�.� �S�y�s�t�.� �N�e�u�r�o�s�c�i�.� ��� �1�1�0�,� 
�2�0�1��)�.

�F�i�g�u�r�e� �2�.� �S�c�h�e�m�a�t�i�c� �v�i�e�w� �o�f� �t�h�e� �T�E�T� �d�o�u�b�l�e� �i�n�f�e�c�t�i�o�n� �s�t�r�a�t�e�g�y� �a�n�d� �t�h�e� 
�v�i�r�a�l� �v�e�c�t�o�r� �c�o�n�s�t�r�u�c�t�s� �u�s�e�d� �f�o�r� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s�.� �(�A²�C�)� �S�c�h�e�m�a�t�i�c� �v�i�e�w� 
�o�f� �o�u�r� �d�o�u�b�l�e� �i�n�f�e�c�t�i�o�n� �m�e�t�h�o�d�,� �w�h�i�c�h� �u�t�i�l�i�z�e�s� �t�h�e� �T�E�T� �s�y�s�t�e�m�.� �I�n� �t�h�i�s� 
�s�c�h�e�m�e�,� �A�A9� �i�s� �i�n�j�e�c�t�e�d� �i�n�t�o� �t�h�e� �c�o�r�t�e�x� �(�r�e�p�r�e�s�e�n�t�e�d� �b�y� �y�e�l�l�o�w� �s�h�a�d�i�n�g�)� 
�a�s� �t�h�e� �l�o�c�a�l� �i�n�f�e�c�t�i�o�n� �v�e�c�t�o�r�,� �w�h�i�l�e� �t�h�e� �N�e�u�R�e�t� �v�e�c�t�o�r� �i�s� �i�n�j�e�c�t�e�d� �i�n�t�o� �t�h�e� 
�s�u�b�c�o�r�t�i�c�a�l� �r�e�g�i�o�n� �(�r�e�p�r�e�s�e�n�t�e�d� �b�y� �b�l�u�e� �s�h�a�d�i�n�g�)� �a�s� �t�h�e� �r�e�t�r�o�g�r�a�d�e� �v�e�c�t�o�r�.� 
�T�h�e�s�e� �v�e�c�t�o�r�s� �c�o�n�t�a�i�n� �e�i�t�h�e�r� �t�T�A� �o�r� �T�R�E�-�t�r�a�n�s�g�e�n�e� �a�s� �d�e�p�i�c�t�e�d� �i�n� (D)�.� �I�n� 
�t�h�e�s�e� �p�a�n�e�l�s�,� �t�h�r�e�e� �n�e�u�r�o�n�s� �i�n�d�i�c�a�t�e�d� �a�s� ´�a�,µ� ´�b�,µ� �a�n�d� ´�cµ� �a�r�e� �s�h�o�w�n�.� �I�n� 
�p�a�n�e�l� (A)�,� �t�h�e� �n�e�u�r�o�n�s� �i�n�f�e�c�t�e�d� �w�i�t�h� �t�h�e� �r�e�t�r�o�g�r�a�d�e� �v�e�c�t�o�r� �(´�bµ� �a�n�d� ´�cµ�)� 
�a�r�e� �i�n�d�i�c�a�t�e�d� �b�y� �b�l�u�e� �n�u�c�l�e�i�.� �T�h�e� �a�r�r�o�w�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �r�e�t�r�o�g�r�a�d�e� 
�t�r�a�n�s�p�o�r�t� �o�f� �t�h�e� �v�i�r�a�l� �p�a�r�t�i�c�l�e�s�.� �I�n� (B)�,� �t�h�e� �n�e�u�r�o�n�s� �i�n�f�e�c�t�e�d� �w�i�t�h� �t�h�e� �l�o�c�a�l� 
�i�n�f�e�c�t�i�o�n� �v�e�c�t�o�r� �(´�aµ� �a�n�d� ´�bµ�)� �a�r�e� �i�n�d�i�c�a�t�e�d� �b�y� �y�e�l�l�o�w� �n�u�c�l�e�i�.� �P�a�n�e�l� (C)� 
�s�h�o�w�s� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �d�o�u�b�l�e� �i�n�f�e�c�t�i�o�n�.� �S�i�n�c�e� �t�h�e� �t�T�A� �a�n�d� �T�R�E�-
�t�r�a�n�s�g�e�n�e� �a�r�e� �b�o�t�h� �p�r�e�s�e�n�t� �i�n� �n�e�u�r�o�n� ´�b�,µ� �h�i�g�h�-�l�e�v�e�l� �e�x�p�r�e�s�s�i�o�n� �o�f� �t�h�e� 
�t�r�a�n�s�g�e�n�e� �t�a�k�e�s� �p�l�a�c�e� �a�n�d� �f�i�l�l�s� �t�h�e� �e�n�t�i�r�e� �n�e�u�r�o�n� �w�i�t�h� �t�h�e� �t�r�a�n�s�g�e�n�e� 
�p�r�o�d�u�c�t� �(�r�e�p�r�e�s�e�n�t�e�d� �b�y� �r�e�d� �c�o�l�o�r�i�n�g�)�.� �N�o� �t�r�a�n�s�g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �o�c�c�u�r�s� 
�w�h�e�n� �t�h�e� �n�e�u�r�o�n�s� �a�r�e� �i�n�f�e�c�t�e�d� �b�y� �o�n�l�y� �o�n�e� �o�f� �t�h�e� �t�w�o� �v�i�r�a�l� �v�e�c�t�o�r�s� �(�e�.�g�.�,� 
�n�e�u�r�o�n�s� ´�aµ� �a�n�d� ´�cµ�)�.� (D)� �S�c�h�e�m�a�t�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �t�h�e� �v�i�r�a�l� 
�c�o�n�s�t�r�u�c�t�s� �w�e� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �C�F�P�,� �c�e�l�u�l�e�a�n�� �S�y�n�I�,� �h�u�m�a�n� �s�y�n�a�p�s�i�n� �I� 
�p�r�o�m�o�t�e�r�� �S�Y�P�,� �s�y�n�a�p�t�o�p�h�y�s�i�n�� �t�T�A�2�,� ´�T�E�T�-�O�f�fµ� �t�e�t�r�a�c�y�c�l�i�n� 
�t�r�a�n�s�a�c�t�i�v�a�t�o�r�� �r�t�T9�1��,� ´�T�E�T�-�O�Nµ� �r�e�v�e�r�s�e� �t�e�t�r�a�c�y�c�l�i�n� �t�r�a�n�s�a�c�t�i�v�a�t�o�r�� 
�t�R�F�P�,� �t�u�r�b�o�F�P���5�� �L�T�R�,� �l�o�n�g� �t�e�r�m�i�n�a�l� �r�e�p�e�a�t�� �I�T�R�,� �i�n�v�e�r�t�e�d� �t�e�r�m�i�n�a�l� 
�r�e�p�e�a�t�� �T�R�E�,� �t�e�t�r�a�c�y�c�l�i�n�e� �r�e�s�p�o�n�s�i�v�e� �e�l�e�m�e�n�t�� �p�A�,� �p�o�l�y�(�A�)� �s�i�t�e�� �W�P�R�E�,� 
�w�o�o�d�c�h�u�c�k� �h�e�p�a�t�i�t�i�s� �v�i�r�u�s� �p�o�s�t�-�t�r�a�n�s�c�r�i�p�t�i�o�n�a�l� �r�e�g�u�l�a�t�o�r�y� �e�l�e�m�e�n�t� �(�C�i�t�e�d� 
�f�r�o�m� �W�a�t�a�k�a�b�e� �e�t� �a�l�.�,� �F�r�o�n�t� �N�e�u�r�a�l� �C�i�r�c�u�i�t�s�.� ���1�1�0�,� �2�0�1��)�.

III.  Characterization of claustral neurons by 
comparative gene expression profiling and 
dye-injection analyses 

�W�e� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �i�d�e�n�t�i�t�y� �o�f� �t�h�e� �c�l�a�u�s�t�r�u�m� �a�s� �a� �p�a�r�t� �o�f� �t�h�e� 
�c�e�r�e�b�r�a�l� �c�o�r�t�e�x�,� �a�n�d� �i�n� �p�a�r�t�i�c�u�l�a�r� �o�f� �t�h�e� �a�d�j�a�c�e�n�t� �i�n�s�u�l�a�r� 
�c�o�r�t�e�x�,� �b�y� �c�o�n�n�e�c�t�i�v�i�t�y� �f�e�a�t�u�r�e�s� �a�n�d� �p�a�t�t�e�r�n�s� �o�f� �g�e�n�e� 
�e�x�p�r�e�s�s�i�o�n�.� �W�e� �m�a�p�p�e�d� �t�h�e� �c�o�r�t�i�c�a�l� �a�n�d� �c�l�a�u�s�t�r�a�l� �e�x�p�r�e�s�s�i�o�n� 
�o�f� �s�e�v�e�r�a�l� �c�o�r�t�i�c�a�l� �g�e�n�e�s� �i�n� �r�o�d�e�n�t� �a�n�d� �m�a�c�a�q�u�e� �m�o�n�k�e�y� 
�b�r�a�i�n�s� �(nurr1, latexin, cux2, and netrinG2�)� �t�o� �f�u�r�t�h�e�r� �a�s�s�e�s�s� 
�s�h�a�r�e�d� �f�e�a�t�u�r�e�s� �b�e�t�w�e�e�n� �t�h�e� �c�o�r�t�e�x� �a�n�d� �t�h�e� �c�l�a�u�s�t�r�u�m�.� �I�n� 

�m�i�c�e�,� �t�h�e�s�e� �g�e�n�e�s� �w�e�r�e� �d�e�n�s�e�l�y� �e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �c�l�a�u�s�t�r�u�m�,� 
�b�u�t� �v�e�r�y� �s�p�a�r�s�e�l�y� �i�n� �t�h�e� �c�o�r�t�e�x� �a�n�d� �n�o�t� �p�r�e�s�e�n�t� �i�n� �t�h�e� 
�s�t�r�i�a�t�u�m�.� �T�o� �t�e�s�t� �w�h�e�t�h�e�r� �t�h�e� �c�o�r�t�i�c�a�l� �v�s�.� �c�l�a�u�s�t�r�a�l� �c�e�l�l� �t�y�p�e�s� 

�(�A�)� �S�c�h�e�m�a�t�i�c� �v�i�e�w� �o�f� �d�o�u�b�l�e� �i�n�j�e�c�t�i�o�n�.� �T�h�e� �N�e�u�R�e�t� �v�e�c�t�o�r� �e�n�c�o�d�i�n�g� 
�t�T�A� �(�M�S�C9B�t�T�A�)� �w�a�s� �i�n�j�e�c�t�e�d� �i�n�t�o� �t�h�e� �t�h�a�l�a�m�u�s� �(�r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� 
�g�r�e�e�n� �a�r�r�o�w�)� �a�s� �a� �r�e�t�r�o�g�r�a�d�e� �v�e�c�t�o�r�,� �t�o�g�e�t�h�e�r� �w�i�t�h� �C�T�B�-�A�l�e�x�a����.� �T�h�e� 
�A�A9� �v�e�c�t�o�r� �c�a�r�r�y�i�n�g� �T�R�E�-�t�R�F�P� �w�a�s� �i�n�j�e�c�t�e�d� �i�n�t�o� �S�1�B�F�.� �W�e� �o�b�s�e�r�v�e�d� 
�c�o�l�l�a�t�e�r�a�l� �p�r�o�j�e�c�t�i�o�n�s� �t�o� �t�h�e� �t�h�a�l�a�m�u�s� �(�T�h�)�,� �s�t�r�i�a�t�u�m� �(�S�t�)� �a�n�d� �p�o�n�s� �(�P�n�)�.� 
�(�B�)� �T�h�e� �c�o�r�o�n�a�l� �s�e�c�t�i�o�n� �a�t� �t�h�e� �l�e�v�e�l� �o�f� �S�1�B�F� �s�h�o�w�i�n�g� �C�T� �c�e�l�l�s� �t�h�a�t� �w�e�r�e� 
�l�a�b�e�l�e�d� �r�e�d� �b�y� �e�x�p�r�e�s�s�i�o�n� �o�f� �t�R�F�P�.� �T�h�e� �g�r�e�e�n� �s�i�g�n�a�l�s� �a�r�e� �a�l�s�o� �C�T� �c�e�l�l�s� 
�r�e�t�r�o�g�r�a�d�e�l�y� �l�a�b�e�l�e�d� �b�y� �C�T�B�-�A�l�e�x�a����.� �T�h�e� �a�r�r�o�w� �i�n�d�i�c�a�t�e�s� �t�h�e� �d�i�r�e�c�t�i�o�n� 
�o�f� �c�o�r�t�i�c�o�t�h�a�l�a�m�i�c� �p�r�o�j�e�c�t�i�o�n�s�.� 
�(�C�)� �M�a�g�n�i�f�i�e�d� �v�i�e�w� �o�f� �t�h�e� �w�h�i�t�e� �s�q�u�a�r�e� �i�n� �(�B�)�.� �T�h�e� �c�o�n�t�r�a�s�t� �o�f� �t�h�i�s� 
�c�o�n�f�o�c�a�l� �i�m�a�g�e� �i�s� �a�d�j�u�s�t�e�d� �s�o� �t�h�a�t� �w�e� �c�a�n� �i�d�e�n�t�i�f�y� �e�a�c�h� �l�a�b�e�l�e�d� �c�e�l�l� �b�o�d�y�.� 
�(�D²�I�)� �C�o�r�o�n�a�l� �i�m�a�g�e�s� �o�f� �t�h�e� �t�R�F�P� �s�i�g�n�a�l�s� �t�h�a�t� �f�o�l�l�o�w� �t�h�o�s�e� �i�n� �(�B�)� �w�e�r�e� 
�a�l�i�g�n�e�d� �i�n� �o�r�d�e�r� �f�r�o�m� �a�n�t�e�r�i�o�r� �t�o� �p�o�s�t�e�r�i�o�r�.� �T�h�e� �a�r�r�o�w�s� �i�n�d�i�c�a�t�e� �t�h�e� 
�d�i�r�e�c�t�i�o�n�s� �o�f� �t�h�e� �c�o�l�l�a�t�e�r�a�l� �p�r�o�j�e�c�t�i�o�n�s� �l�a�b�e�l�e�d� �b�y� �t�h�i�s� �s�t�r�a�t�e�g�y�.� �(�D�)� �T�h�e� 
�s�t�r�i�a�t�a�l� �c�o�l�l�a�t�e�r�a�l� �s�p�l�i�t�s� �a�t� �t�h�e� �l�e�v�e�l� �o�f� �(�D�)� >�*�(�K�)� �a�n�d� �*�(�M�)�� �h�i�g�h�e�r� 
�m�a�g�n�i�f�i�c�a�t�i�o�n� �v�i�e�w�s� �i�n� �(�K�,�M�)@�.� �I�n� �(�E²+�)�,� �t�h�e� �t�h�a�l�a�m�i�c� �p�r�o�j�e�c�t�i�o�n� �t�h�a�t� 
�p�r�o�c�e�e�d�e�d� �i�n� �t�h�e� �i�n�t�e�r�n�a�l� �c�a�p�s�u�l�e� �(�i�c�)� �i�n�n�e�r�v�a�t�e� �r�e�t�i�c�u�l�a�r� �t�h�a�l�a�m�i�c� �n�u�c�l�e�u�s� 
�(�R�t�)�,� 9�P�m� �a�n�d� �P�O�,� �w�h�i�l�e� �t�h�e� �s�p�l�i�t� �c�o�l�l�a�t�e�r�a�l�s� �p�r�o�c�e�e�d� �w�i�t�h�i�n� �t�h�e� �c�e�r�e�b�r�a�l� 
�p�e�d�u�n�c�l�e� �(�c�p�)�.� �(�I�)� �M�u�l�t�i�c�o�l�o�r� �m�e�r�g�e�d� �v�i�e�w� �f�o�r� �(+�)�,� �w�h�i�c�h� �i�s� �j�u�s�t� �a�r�o�u�n�d� 
�t�h�e� �t�h�a�l�a�m�i�c� �i�n�j�e�c�t�i�o�n� �s�i�t�e�.� �T�h�e� �g�r�e�e�n� �s�i�g�n�a�l�s� �i�n�d�i�c�a�t�e� �t�h�e� �l�o�c�a�l� �d�e�p�o�s�i�t� �o�f� 
�C�T�B�-�A�l�e�x�a� ����,� �w�h�i�c�h� �m�a�r�k� �t�h�e� �i�n�j�e�c�t�i�o�n� �c�e�n�t�e�r� �f�o�r� �t�h�e� �r�e�t�r�o�g�r�a�d�e� 
�v�e�c�t�o�r�.� �T�h�e� �a�s�t�e�r�i�s�k� �s�h�o�w�s� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �(�J�)�.� �T�h�e� �P�a�x�i�n�o�s� �a�t�l�a�s� �(�P�a�x�i�n�o�s� 
�a�n�d� �F�r�a�n�k�l�i�n�,� �2�0�0��)� �w�a�s� �s�u�p�e�r�i�m�p�o�s�e�d� �t�o� �t�h�e� �i�m�a�g�e� �i�n� �(+�)� �t�o� �m�a�k�e� �(�I�)�,� �t�o� 
�s�h�o�w� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�p�o�t�s� �o�f� �c�o�n�c�e�n�t�r�a�t�e�d� �t�R�F�P� �s�i�g�n�a�l�s�.� �(�J�)� �A� 
�m�a�g�n�i�f�i�e�d� �v�i�e�w� �o�f� �t�h�e� �i�n�j�e�c�t�i�o�n� �s�i�t�e� �i�n�d�i�c�a�t�e�d� �b�y� �a�s�t�e�r�i�s�k�s� �i�n� �(�I�)�.� �N�o�t�e� 
�t�h�a�t� �w�e� �c�a�n� �e�x�a�m�i�n�e� �t�h�e� �f�i�n�e� �b�r�a�n�c�h�e�s� �w�i�t�h� �b�o�u�t�o�n�s� �e�v�e�n� �a�r�o�u�n�d� �t�h�e� 
�i�n�j�e�c�t�i�o�n� �s�i�t�e� �(�K�)� �A� �m�a�g�n�i�f�i�e�d� �v�i�e�w� �o�f� �t�h�e� �s�t�r�i�a�t�a�l� �c�o�l�l�a�t�e�r�a�l�s� �t�h�a�t� 
�b�r�a�n�c�h�e�d� �o�u�t� �o�f� �t�h�e� �C�T� �b�u�n�d�l�e�s� �o�f� �i�n�t�e�r�n�a�l� �c�a�p�s�u�l�e� �(�s�e�e� �D� �f�o�r� �l�o�w� 
�m�a�g�n�i�f�i�c�a�t�i�o�n� �v�i�e�w�)�.� �T�h�e� �d�o�t�t�e�d� �s�q�u�a�r�e� >�d�e�n�o�t�e�d� �a�s� �*�(�L�)@� �i�s� �m�a�g�n�i�f�i�e�d� �i�n� 
�(�L�)� �t�o� �i�n�d�i�c�a�t�e� �t�h�e� �e�x�a�m�p�l�e� �o�f� �c�o�l�l�a�t�e�r�a�l� �b�r�a�n�c�h�i�n�g� �(�i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �r�e�d� 
�a�r�r�o�w�)�.� �(�M�)� �A� �m�a�g�n�i�f�i�e�d� �v�i�e�w� �o�f� �t�h�e� �s�t�r�i�a�t�a�l� �c�o�l�l�a�t�e�r�a�l�s� �t�h�a�t� �a�r�b�o�r�i�z�e�d� �a�t� 
�t�h�e� �f�i�n�a�l� �d�e�s�t�i�n�a�t�i�o�n� �(�s�e�e� �D� �f�o�r� �l�o�w� �m�a�g�n�i�f�i�c�a�t�i�o�n� �v�i�e�w�)�.� �(�N�)� �A� �l�o�w� 
�p�o�w�e�r� �v�i�e�w� �o�f� �t�h�e� �p�o�n�t�i�n�e� �c�o�l�l�a�t�e�r�a�l�s�.� �(�O�)� �A� �m�a�g�n�i�f�i�e�d� �v�i�e�w� �o�f� �t�h�e� 
�t�e�r�m�i�n�a�l� �a�r�b�o�r�i�z�a�t�i�o�n� �o�f� �p�o�n�t�i�n�e� �c�o�l�l�a�t�e�r�a�l�s�.� �T�h�e� �b�o�x�e�d� �r�e�g�i�o�n� �i�n�d�i�c�a�t�e�d� 
�b�y� �a� �r�e�d� �a�r�r�o�w� �i�s� �m�a�g�n�i�f�i�e�d� �i�n� �t�h�e� �i�n�s�e�t�,� �w�h�i�c�h� �e�x�h�i�b�i�t�s� �a� �c�l�u�s�t�e�r� �o�f� �l�a�r�g�e� 
�b�o�u�t�o�n�s�.� �T�h�e� �i�m�a�g�e�s� �u�s�e�d� �i�n� �(�C�,� �J²�O�)� �a�r�e� �m�a�x�i�m�a�l� �p�r�o�j�e�c�t�i�o�n� �s�t�a�c�k�s� �o�f� 
�c�o�n�f�o�c�a�l� �s�e�c�t�i�o�n�s�.� 
�D�e�f�i�n�i�t�i�o�n�s�� �S�1�B�F�,� �s�o�m�a�t�o�s�e�n�s�o�r�y� �b�a�r�r�e�l� �f�i�e�l�d�� �T�h�,� �t�h�a�l�a�m�u�s�� �P�n�,� �p�o�n�s�� 
�S�t�,� �s�t�r�i�a�t�u�m�� �i�c�,� �i�n�t�e�r�n�a�l� �c�a�p�s�u�l�e�� �c�p�,� �c�e�r�e�b�r�a�l� �p�e�d�u�n�c�l�e�� �R�t�,� �r�e�t�i�c�u�l�a�r� 
�t�h�a�l�a�m�i�c� �n�u�c�l�e�u�s�� 9�P�m�,� �v�e�n�t�r�a�l� �p�o�s�t�e�r�o�m�e�d�i�a�l� �n�u�c�l�e�u�s�� �P�O�,� �p�o�s�t�e�r�i�o�r� 
�t�h�a�l�a�m�i�c� �n�u�c�l�e�a�r� �g�r�o�u�p� �(�C�i�t�e�d� �f�r�o�m� �W�a�t�a�k�a�b�e� �e�t� �a�l�.�,� �F�r�o�n�t�.� �N�e�u�r�a�l� 
�C�i�r�c�u�i�t�s� 8��1�1�0�,� �2�0�1��)�.� 

�F�i�g�u�r�e� ��.� �T�h�e� �i�d�e�n�t�i�t�y� �o�f� �t�h�e� �c�l�a�u�s�t�r�u�m� �a�s� �a� �p�a�r�t� �o�f� �t�h�e� �c�e�r�e�b�r�a�l� �c�o�r�t�e�x�,� �C�T� 
�c�e�l�l�s� �w�e�r�e� �e�f�f�i�c�i�e�n�t�l�y� �l�a�b�e�l�e�d� �b�y� �T�E�T� 



��0

�c�a�n� �b�e� �d�i�s�t�i�n�g�u�i�s�h�e�d� �b�y� �c�o�-�e�x�p�r�e�s�s�i�o�n� �o�f� �t�h�e�s�e� �g�e�n�e�s�,� �w�e� 
�p�e�r�f�o�r�m�e�d� �a� �p�a�n�e�l� �o�f� �d�o�u�b�l�e� �I�S+� �i�n� �m�o�u�s�e� �a�n�d� �m�a�c�a�q�u�e� 
�b�r�a�i�n�s�.� �N�e�t�r�i�n�G�2� �a�n�d� �n�u�r�r�1� �g�e�n�e�s� �w�e�r�e� �c�o�-�e�x�p�r�e�s�s�e�d� �a�c�r�o�s�s� 
�t�h�e� �e�n�t�i�r�e� �c�o�r�t�e�x� �a�n�d� �c�l�a�u�s�t�r�u�m�,� �b�u�t� �c�u�x�2� �a�n�d� �n�u�r�r�1� �w�e�r�e� 
�c�o�-�e�x�p�r�e�s�s�e�d� �o�n�l�y� �i�n� �t�h�e� �i�n�s�u�l�a�r� �c�o�r�t�e�x� �a�n�d� �c�l�a�u�s�t�r�u�m�.� 
�L�a�t�e�x�i�n� �w�a�s� �e�x�p�r�e�s�s�e�d�,� �i�n� �t�h�e� �m�a�c�a�q�u�e�,� �o�n�l�y� �i�n� �t�h�e� 
�c�l�a�u�s�t�r�u�m�.� �T�h�e� �n�u�r�r�1�� �c�l�a�u�s�t�r�a�l� �n�e�u�r�o�n�s� �e�x�p�r�e�s�s�e�d� 9�G�l�u�T�1�,� 
�a� �m�a�r�k�e�r� �f�o�r� �c�o�r�t�i�c�a�l� �g�l�u�t�a�m�a�t�e�r�g�i�c� �c�e�l�l�s� �a�n�d� �s�e�n�d� �c�o�r�t�i�c�a�l� 
�p�r�o�j�e�c�t�i�o�n�s�.� �T�a�k�e�n� �t�o�g�e�t�h�e�r�,� �o�u�r� �d�a�t�a� �s�u�g�g�e�s�t� �a� �p�a�r�t�i�a�l� 
�c�o�m�m�o�n�a�l�i�t�y� �b�e�t�w�e�e�n� �c�l�a�u�s�t�r�a�l� �n�e�u�r�o�n�s� �a�n�d� �a� �s�u�b�t�y�p�e� �o�f� 
�c�o�r�t�i�c�a�l� �n�e�u�r�o�n�s� �i�n� �t�h�e� �m�o�n�k�e�y� �b�r�a�i�n�.� �M�o�r�e�o�v�e�r�,� �i�n� �t�h�e� 
�e�m�b�r�y�o�n�i�c� �(�E�1�1�0�)� �m�a�c�a�q�u�e� �b�r�a�i�n�,� �m�a�n�y� �n�u�r�r�1�� �n�e�u�r�o�n�s� 
�w�e�r�e� �s�c�a�t�t�e�r�e�d� �i�n� �t�h�e� �w�h�i�t�e� �m�a�t�t�e�r� �b�e�t�w�e�e�n� �t�h�e� �c�l�a�u�s�t�r�u�m� �a�n�d� 
�t�h�e� �i�n�s�u�l�a�r� �c�o�r�t�e�x�,� �p�o�s�s�i�b�l�y� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e�i�r� �m�i�g�r�a�t�o�r�y� 
�h�i�s�t�o�r�y�.� �I�n� �a� �s�e�c�o�n�d� �s�e�t� �o�f� �e�x�p�e�r�i�m�e�n�t�s�,� �w�e� �i�n�j�e�c�t�e�d� �L�u�c�i�f�e�r� 
�Y�e�l�l�o�w� �i�n�t�r�a�c�e�l�l�u�l�a�r�l�y� �i�n� �m�o�u�s�e� �a�n�d� �r�a�t� �s�l�i�c�e�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� 
�w�h�e�t�h�e�r� �d�e�n�d�r�i�t�e�s� �o�f� �i�n�s�u�l�a�r� �a�n�d� �c�l�a�u�s�t�r�a�l� �n�e�u�r�o�n�s� �c�a�n� �c�r�o�s�s� 
�t�h�e� �b�o�r�d�e�r� �o�f� �t�h�e� �t�w�o� �b�r�a�i�n� �r�e�g�i�o�n�s�.� �D�e�n�d�r�i�t�e�s� �o�f� �c�l�a�u�s�t�r�a�l� 
�n�e�u�r�o�n�s� �d�i�d� �n�o�t� �i�n�v�a�d�e� �t�h�e� �o�v�e�r�l�y�i�n�g� �i�n�s�u�l�a�r� �t�e�r�r�i�t�o�r�y�.� �I�n� 
�s�u�m�m�a�r�y�,� �t�h�e� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �p�r�o�f�i�l�e� �o�f� �t�h�e� �c�l�a�u�s�t�r�u�m� �i�s� 
�s�i�m�i�l�a�r� �t�o� �t�h�a�t� �o�f� �t�h�e� �n�e�o�c�o�r�t�e�x�,� �i�n� �b�o�t�h� �r�o�d�e�n�t� �a�n�d� �m�a�c�a�q�u�e� 
�b�r�a�i�n�s�,� �b�u�t� �w�i�t�h� �m�o�d�i�f�i�c�a�t�i�o�n�s� �i�n� �d�e�n�s�i�t�y� �o�f� �e�x�p�r�e�s�s�i�o�n� �a�n�d� 
�c�e�l�l�u�l�a�r� �c�o�-�l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �s�p�e�c�i�f�i�c� �g�e�n�e�s� �(�P�u�b�l�i�s�h�e�d� �i�n� 
�W�a�t�a�k�a�b�e�,� �e�t� �a�l�.�,� �F�r�o�n�t� �S�y�s�t� �N�e�u�r�o�s�c�i�.� �����,� �2�0�1��)�.

IV.  Distinct motor impairments of dopamine 
D1 and D2 receptor knockout mice 
revealed by three types of motor behavior

�W�e� �e�x�a�m�i�n�e�d� �t�h�e� �b�e�h�a�v�i�o�r�a�l� �d�i�f�f�e�r�e�n�c�e� �a�m�o�n�g� �N�1�0� 
�c�o�n�g�e�n�i�c� �D�1�R� �a�n�d� �D�2�R� �K�O�,� �a�n�d� �w�i�l�d� �t�y�p�e� �(�W�T�)� �m�i�c�e�.� �B�o�t�h� 
�D�1�R� �a�n�d� �D�2�R� �k�n�o�c�k� �o�u�t� �(�K�O�)� �m�i�c�e� �o�f� �t�h�e� �m�a�j�o�r� �d�o�p�a�m�i�n�e� 
�r�e�c�e�p�t�o�r�s� �s�h�o�w� �s�i�g�n�i�f�i�c�a�n�t� �m�o�t�o�r� �i�m�p�a�i�r�m�e�n�t�s�.� +�o�w�e�v�e�r�,� 
�t�h�e�r�e� �a�r�e� �s�o�m�e� �d�i�s�c�r�e�p�a�n�t� �r�e�p�o�r�t�s�,� �w�h�i�c�h� �m�a�y� �b�e� �d�u�e� �t�o� 
�d�i�f�f�e�r�e�n�c�e�s� �i�n� �g�e�n�e�t�i�c� �b�a�c�k�g�r�o�u�n�d� �a�n�d� �e�x�p�e�r�i�m�e�n�t�a�l� 
�p�r�o�c�e�d�u�r�e�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �o�n�l�y� �a� �f�e�w� �s�t�u�d�i�e�s� �d�i�r�e�c�t�l�y� �c�o�m�p�a�r�e�d� 
�t�h�e� �m�o�t�o�r� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �D�1�R� �a�n�d� �D�2�R� �K�O� �m�i�c�e�.� � 
�F�i�r�s�t�,� �w�e� �e�x�a�m�i�n�e�d� �s�p�o�n�t�a�n�e�o�u�s� �m�o�t�o�r� �a�c�t�i�v�i�t�y� �i�n� �t�h�e� �h�o�m�e� 
�c�a�g�e� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �5� �c�o�n�s�e�c�u�t�i�v�e� �d�a�y�s�.� �S�e�c�o�n�d�,� �w�e� 
�e�x�a�m�i�n�e�d� �m�o�t�o�r� �p�e�r�f�o�r�m�a�n�c�e� �u�s�i�n�g� �t�h�e� �r�o�t�a�-�r�o�d� �t�a�s�k�,� �a� 
�s�t�a�n�d�a�r�d� �m�o�t�o�r� �t�a�s�k� �i�n� �r�o�d�e�n�t�s�.� �T�h�i�r�d�,� �w�e� �e�x�a�m�i�n�e�d� �m�o�t�o�r� 
�a�b�i�l�i�t�y� �w�i�t�h� �t�h�e� �S�t�e�p�-�W�h�e�e�l� �t�a�s�k� �i�n� �w�h�i�c�h� �m�i�c�e� �w�e�r�e� �t�r�a�i�n�e�d� 
�t�o� �r�u�n� �i�n� �a� �m�o�t�o�r�-�d�r�i�v�e�n� �t�u�r�n�i�n�g� �w�h�e�e�l� �a�d�j�u�s�t�i�n�g� �t�h�e�i�r� �s�t�e�p�s� 
�o�n� �f�o�o�t�h�o�l�d� �p�e�g�s� �t�o� �d�r�i�n�k� �w�a�t�e�r�.� �T�h�e� �r�e�s�u�l�t�s� �s�h�o�w�e�d� �c�l�e�a�r� 
�d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �t�h�e� �m�i�c�e� �o�f� �t�h�r�e�e� �g�e�n�o�t�y�p�e�s� �i�n� �t�h�r�e�e� 
�d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �b�e�h�a�v�i�o�r�.� �I�n� �m�o�n�i�t�o�r�i�n�g� �s�p�o�n�t�a�n�e�o�u�s� �m�o�t�o�r� 
�a�c�t�i�v�i�t�i�e�s�,� �D�1�R� �a�n�d� �D�2�R� �K�O� �m�i�c�e� �s�h�o�w�e�d� �h�i�g�h�e�r� �a�n�d� �l�o�w�e�r� 
�2�� �h� �a�c�t�i�v�i�t�i�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �t�h�a�n� �W�T� �m�i�c�e�.� �I�n� �t�h�e� �r�o�t�a�-�r�o�d� 
�t�a�s�k�s�,� �a�t� �a� �l�o�w� �s�p�e�e�d�,� �D�1�R� �K�O� �m�i�c�e� �s�h�o�w�e�d� �p�o�o�r� 
�p�e�r�f�o�r�m�a�n�c�e� �b�u�t� �l�a�t�e�r� �i�m�p�r�o�v�e�d�,� �w�h�e�r�e�a�s� �D�2�R� �K�O� �m�i�c�e� 
�s�h�o�w�e�d� �g�o�o�d� �p�e�r�f�o�r�m�a�n�c�e� �e�a�r�l�y�,� � �w�i�t�h�o�u�t� �f�u�r�t�h�e�r� 
�i�m�p�r�o�v�e�m�e�n�t�.� �W�h�e�n� �f�i�r�s�t� �s�u�b�j�e�c�t�e�d� �t�o� �a� �h�i�g�h� �s�p�e�e�d� �t�a�s�k�,� �t�h�e� 
�D�2�R� �K�O� �m�i�c�e� �s�h�o�w�e�d� �p�o�o�r�e�r� �r�o�t�a�-�r�o�d� �p�e�r�f�o�r�m�a�n�c�e� �a�t� �l�o�w� 
�s�p�e�e�d�s� �t�h�a�n� �t�h�e� �D�1�R� �K�O� �m�i�c�e�.� �I�n� �t�h�e� �S�t�e�p�-�W�h�e�e�l� �t�a�s�k�,� 
�a�c�r�o�s�s� �d�a�i�l�y� �s�e�s�s�i�o�n�s�,� �D�2�R� �K�O� �m�i�c�e� �i�n�c�r�e�a�s�e�d� �t�h�e�i�r� �r�u�n�n�i�n�g� 
�s�p�e�e�d� �s�u�f�f�i�c�i�e�n�t�l�y� �t�o� �r�e�a�c�h� �t�h�e� �w�a�t�e�r�s�p�o�u�t�,� �a�n�d� �d�e�c�r�e�a�s�e�d� 
�t�i�m�e� �b�e�t�w�e�e�n� �t�o�u�c�h�i�n�g� �t�h�e� �f�l�o�o�r� �d�u�e� �t�o� �m�i�s�s�i�n�g� �t�h�e� �p�e�g�,� �a�n�d� 
�d�e�c�r�e�a�s�e�d� �t�h�e� �n�u�m�b�e�r� �o�f� �t�i�m�e�s� �t�h�e� �w�h�e�e�l� �w�a�s� �s�t�o�p�p�e�d�,� �w�h�i�c�h� 
�w�a�s� �m�u�c�h� �b�e�t�t�e�r� �p�e�r�f�o�r�m�a�n�c�e� �t�h�a�n� �t�h�a�t� �o�f� �D�1�R� �K�O� �m�i�c�e�.� 
�T�h�e�s�e� �i�n�c�o�n�g�r�u�e�n�t� �r�e�s�u�l�t�s� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �t�a�s�k�s� �f�o�r� �D�1�R� �a�n�d� 

�D�2�R� �K�O� �m�i�c�e� �m�a�y� �b�e� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�o�t�i�v�a�t�i�o�n� �f�o�r� 
�t�h�e� �r�o�t�a�-�r�o�d� �a�n�d� �S�t�e�p�-�W�h�e�e�l� �t�a�s�k�s�,� �i�.�e�.� �a�v�e�r�s�i�o�n�-� �a�n�d� �r�e�w�a�r�d�-
�d�r�i�v�e�n�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �S�t�e�p�-�W�h�e�e�l� �s�y�s�t�e�m� �m�a�y� �b�e�c�o�m�e� �a� 
�u�s�e�f�u�l� �t�o�o�l� �f�o�r� �a�s�s�e�s�s�i�n�g� �t�h�e� �m�o�t�o�r� �a�b�i�l�i�t�y� �o�f� �W�T� �a�n�d� �m�u�t�a�n�t� 
�m�i�c�e� �(�P�u�b�l�i�s�h�e�d� �i�n� �N�a�k�a�m�u�r�a� �e�t� �a�l�.�,� �F�r�o�n�t� �I�n�t�e�g�r�.� 
�N�e�u�r�o�s�c�i�e�n�c�e�.� ��� �5��,� �2�0�1��)�.� 
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�a�d�e�n�o�-�a�s�s�o�c�i�a�t�e�d� �v�i�r�a�l� �v�e�c�t�o�r� �s�e�r�o�t�y�p�e�s� �1�,� �2�,� �5�,� �� �a�n�d� �� �i�n� �m�a�r�m�o�s�e�t�,� 
�m�o�u�s�e� �a�n�d� �m�a�c�a�q�u�e� �c�e�r�e�b�r�a�l� �c�o�r�t�e�x�.� �N�e�u�r�o�s�c�i�.� �R�e�s�.� �2�0�1�� �S�e�p� �1��.� 
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Various firing patterns of many cortical neurons represent 
information processing in the brain. The microarchitecture of 
synaptic connections control information processing in 
cortical circuits. The structure and location of synapses 
determine and modify the strength of this information 
processing. The aim of our laboratory is to reveal how 
information is formed, maintained, selected, and decoded in 
the brain at the levels of single cells and of single synapses. 
To do so, we mainly use two-photon microscopy that allows 
us to see fluorescence signals from deep within living tissue, 
developing novel photostimulation methods and animal 
behavioral tasks. �T�h�e� �g�o�a�l�s� �o�f� �o�u�r� �r�e�c�e�n�t� �s�t�u�d�i�e�s� �a�r�e� �t�o� �r�e�v�e�a�l� 
�h�o�w� �v�o�l�u�n�t�a�r�y� �m�o�v�e�m�e�n�t� �i�s� �m�e�m�o�r�i�z�e�d� �a�n�d� �r�e�p�r�e�s�e�n�t�e�d� �i�n� 
�c�o�r�t�i�c�a�l� �c�i�r�c�u�i�t�s�.� One of the most important problems in 
neuroscience is how a variety of spatio-temporally 
heterogeneous neural activity in the cortex emerges moment-
by-moment at multiple stages of a movement.

I.  Two distinct layer-specific dynamics of 
cortical ensembles during learning of a 
motor task.

�T�h�e� �p�r�i�m�a�r�y� �m�o�t�o�r� �c�o�r�t�e�x� �(�M�1�)� �p�o�s�s�e�s�s�e�s� �t�w�o� �i�n�t�e�r�m�e�d�i�a�t�e� 
�l�a�y�e�r�s� �u�p�s�t�r�e�a�m� �o�f� �t�h�e� �m�o�t�o�r�-�o�u�t�p�u�t� �l�a�y�e�r�� �L�a�y�e�r� �2��� �(�L�2���)� 
�a�n�d� �l�a�y�e�r� �5�a� �(�L�5�a�)�.� �A�l�t�h�o�u�g�h� �r�e�p�e�t�i�t�i�v�e� �t�r�a�i�n�i�n�g� �o�f�t�e�n� �i�m�p�r�o�v�e�s� 
�m�o�t�o�r� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �m�o�v�e�m�e�n�t� �c�o�d�i�n�g� �b�y� �M�1� �n�e�u�r�o�n�a�l� 
�e�n�s�e�m�b�l�e�s�,� �i�t� �i�s� �u�n�c�l�e�a�r� �h�o�w� �n�e�u�r�o�n�a�l� �a�c�t�i�v�i�t�i�e�s� �i�n� �L�2��� �a�n�d� 
�L�5�a� �a�r�e� �r�e�o�r�g�a�n�i�z�e�d� �d�u�r�i�n�g� �m�o�t�o�r� �t�a�s�k� �l�e�a�r�n�i�n�g�.� �W�e� �c�o�n�d�u�c�t�e�d� 
�t�w�o�-�p�h�o�t�o�n� �c�a�l�c�i�u�m� �i�m�a�g�i�n�g� �i�n� �t�h�e� �m�o�u�s�e� �M�1� �d�u�r�i�n�g� �1�� 
�t�r�a�i�n�i�n�g� �s�e�s�s�i�o�n�s� �o�f� �a� �s�e�l�f�-�i�n�i�t�i�a�t�e�d� �l�e�v�e�r�-�p�u�l�l� �t�a�s�k� �(�F�i�g�u�r�e� �1�)�.� 

�M�i�c�e� �w�e�r�e� �t�r�a�i�n�e�d� �o�v�e�r� �1�� �s�e�s�s�i�o�n�s� �(�1� �h��d�)� �t�o� �u�s�e� �t�h�e�i�r� �r�i�g�h�t� 
�f�o�r�e�l�i�m�b� �t�o� �p�u�l�l� �a� �l�e�v�e�r� �o�v�e�r� �a� �d�i�s�t�a�n�c�e� �o�f� �5� �m�m� �f�o�r� ��0�0� �m�s� 
�t�o� �a�c�q�u�i�r�e� �a� �w�a�t�e�r� �r�e�w�a�r�d�.� �T�r�a�i�n�i�n�g� �w�a�s� �i�n�i�t�i�a�t�e�d� �2²�� �w�e�e�k�s� 
�a�f�t�e�r� �i�n�j�e�c�t�i�o�n� �o�f� �a�n� �a�d�e�n�o�-�a�s�s�o�c�i�a�t�e�d� �v�i�r�u�s� �(�A�A9�)� �2��1� 
�e�n�c�o�d�i�n�g� �G�C�a�M�P�� �i�n�t�o� �t�h�e� �l�e�f�t� �f�o�r�e�l�i�m�b� �M�1�.� �T�w�o�-�p�h�o�t�o�n� 
�c�a�l�c�i�u�m� �i�m�a�g�i�n�g� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �l�e�f�t� �f�o�r�e�l�i�m�b� �M�1� �o�f� �� 
�m�i�c�e� �w�i�t�h�o�u�t� �a�p�p�a�r�e�n�t� �d�e�t�e�r�i�o�r�a�t�i�o�n� �o�f� �t�h�e� �n�e�u�r�o�n�a�l� 
�r�e�s�p�o�n�s�i�v�e�n�e�s�s� �o�v�e�r� �r�e�p�e�a�t�e�d� �s�e�s�s�i�o�n�s� �i�n� �L�2��� �o�r� �L�5�a�.� 
�W�e� �a�s�s�e�s�s�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �r�e�p�e�t�i�t�i�v�e� �t�r�a�i�n�i�n�g� �o�n� �t�h�e� �n�e�u�r�o�n�a�l� 
�c�o�d�i�n�g� �o�f� �l�e�v�e�r� �m�o�v�e�m�e�n�t� �b�e�c�a�u�s�e� �t�h�e� �l�e�v�e�r� �m�o�v�e�m�e�n�t� 
�p�r�o�v�i�d�e�d� �a� �g�o�o�d� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �f�o�r�e�l�i�m�b� �m�o�v�e�m�e�n�t�.� �W�e� 
�d�e�t�e�r�m�i�n�e�d� �w�h�e�t�h�e�r� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� �l�e�v�e�r� �t�r�a�j�e�c�t�o�r�y� 
�p�r�e�d�i�c�t�e�d� �f�r�o�m� �n�e�u�r�o�n�a�l� �e�n�s�e�m�b�l�e� �a�c�t�i�v�i�t�y� �i�m�p�r�o�v�e�d� �w�i�t�h� 
�l�e�a�r�n�i�n�g�.� �T�o� �e�v�a�l�u�a�t�e� �t�h�e� �p�r�e�d�i�c�t�i�v�e� �i�n�f�o�r�m�a�t�i�o�n� �c�a�r�r�i�e�d� �b�y� 
�t�h�e� �n�e�u�r�o�n�s� �(I�e�n�s�e�m�b�l�e�)�,� �w�e� �c�a�l�c�u�l�a�t�e�d� �t�h�e� �m�u�t�u�a�l� �i�n�f�o�r�m�a�t�i�o�n� 
�b�e�t�w�e�e�n� �p�r�e�d�i�c�t�e�d� �a�n�d� �r�e�c�o�r�d�e�d� �l�e�v�e�r� �t�r�a�j�e�c�t�o�r�i�e�s�.� �I�n� �L�2���,� 
�t�h�e�r�e� �w�a�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e� �i�n� I�e�n�s�e�m�b�l�e� �f�r�o�m� �e�a�r�l�y� �s�e�s�s�i�o�n�s� 
�(�s�e�s�s�i�o�n�s� �1�-��)� �t�o� �l�a�t�e� �s�e�s�s�i�o�n�s� �(�s�e�s�s�i�o�n�s� �1�1�-�1��� �F�i�g�u�r�e� �2�)�.� �B�y� 
�c�o�n�t�r�a�s�t�,� �i�n� �L�5�a�,� I�e�n�s�e�m�b�l�e� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �i�n� �t�h�e� �l�a�t�e� 
�s�e�s�s�i�o�n�s� �t�h�a�n� �i�n� �t�h�e� �e�a�r�l�y� �s�e�s�s�i�o�n�s� �(�F�i�g�u�r�e� �2�)�.� �N�o� �c�o�n�s�i�s�t�e�n�t� 
�c�h�a�n�g�e�s� �i�n� �L�2��� I�e�n�s�e�m�b�l�e� �w�e�r�e� �o�b�s�e�r�v�e�d� �a�s� �l�e�a�r�n�i�n�g� 
�p�r�o�g�r�e�s�s�e�d�,� �w�h�e�r�e�a�s� �i�n�c�r�e�a�s�e�s� �i�n� �L�5�a� I�e�n�s�e�m�b�l�e� �w�e�r�e� �a�s�s�o�c�i�a�t�e�d� 
�w�i�t�h� �i�m�p�r�o�v�e�d� �t�a�s�k� �p�e�r�f�o�r�m�a�n�c�e�.

�F�i�g�u�r�e� �2�.� I�e�n�s�e�m�b�l�e �a�v�e�r�a�g�e�d� �o�v�e�r� �e�a�r�l�y� �a�n�d� �l�a�t�e� �s�e�s�s�i�o�n�s� �f�o�r� �e�a�c�h� �f�i�e�l�d� �i�n� 
�L�2��� �(�l�e�f�t�� n ��)� �a�n�d� �L�5�a� �(�r�i�g�h�t� n ��)�.� �*P� �� �0�.�0�5�.� � 

�N�e�x�t�,� �t�o� �d�e�t�e�r�m�i�n�e� �h�o�w� �e�a�c�h� �n�e�u�r�o�n� �c�h�a�n�g�e�d� �i�t�s� �p�r�e�d�i�c�t�i�v�e� 
�i�n�f�o�r�m�a�t�i�o�n� �(I�s�i�n�g�l�e�)� �d�u�r�i�n�g� �l�e�a�r�n�i�n�g�,� �w�e� �a�n�a�l�y�z�e�d� I�s�i�n�g�l�e� �o�f� 
�n�e�u�r�o�n�s�.� �N�e�u�r�o�n�s� �t�h�a�t� �i�n�c�r�e�a�s�e�d� �o�r� �d�e�c�r�e�a�s�e�d� I�s�i�n�g�l�e� �a�c�r�o�s�s� 
�s�e�s�s�i�o�n�s� �w�e�r�e� �d�e�f�i�n�e�d� �a�s� �i�n�c�r�e�a�s�e�-� �o�r� �d�e�c�r�e�a�s�e�-�n�e�u�r�o�n�s�,� 
�r�e�s�p�e�c�t�i�v�e�l�y�.� �I�n� �L�2���,� �t�h�e�r�e� �w�a�s� �a� �s�i�m�i�l�a�r� �p�r�o�p�o�r�t�i�o�n� �o�f� 
�i�n�c�r�e�a�s�e�-� �a�n�d� �d�e�c�r�e�a�s�e�-�n�e�u�r�o�n�s� �(�F�i�g�u�r�e� ��)�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� 
�t�h�e� �o�v�e�r�a�l�l� �c�h�a�n�g�e� �i�n� �L�2��� I�s�i�n�g�l�e� �w�a�s� �b�a�l�a�n�c�e�d� �a�c�r�o�s�s� �a�l�l� 
�i�m�a�g�e�d� �f�i�e�l�d�s�.� �B�y� �c�o�n�t�r�a�s�t�,� �i�n� �L�5�a�,� �t�h�e�r�e� �w�a�s� �a� �h�i�g�h�e�r� 
�p�r�o�p�o�r�t�i�o�n� �o�f� �i�n�c�r�e�a�s�e�-�n�e�u�r�o�n�s� �t�h�a�n� �d�e�c�r�e�a�s�e�-�n�e�u�r�o�n�s� 
�(�F�i�g�u�r�e� ��)�.� �M�a�n�y� �L�5�a� �i�n�c�r�e�a�s�e�-�n�e�u�r�o�n�s� �d�i�s�p�l�a�y�e�d� �a�n� �i�n�c�r�e�a�s�e� 
�i�n� �a�c�t�i�v�i�t�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�e�v�e�r�-�p�u�l�l� �m�o�v�e�m�e�n�t�s� �d�u�r�i�n�g� 
�l�e�a�r�n�i�n�g�.� �I�n�c�r�e�a�s�e�-�n�e�u�r�o�n�s� �w�e�r�e� �c�r�i�t�i�c�a�l� �f�o�r� �t�h�e� �c�o�r�r�e�l�a�t�i�o�n� 
�b�e�t�w�e�e�n� �L�5�a� I�e�n�s�e�m�b�l�e� �a�n�d� �t�a�s�k� �p�e�r�f�o�r�m�a�n�c�e�.� 
�E�a�c�h� �n�e�u�r�o�n� �w�i�t�h�i�n� �a� �f�i�e�l�d� �i�n� �a� �g�i�v�e�n� �s�e�s�s�i�o�n� �w�a�s� �r�a�n�k�e�d� 
�a�c�c�o�r�d�i�n�g� �t�o� I�s�i�n�g�l�e� �a�n�d� �t�h�e� �r�a�n�k� �w�a�s� �t�h�e�n� �n�o�r�m�a�l�i�z�e�d� �b�e�t�w�e�e�n� 
�1� �(�t�o�p�)� �a�n�d� �1�0�0� �(�b�o�t�t�o�m�)�.� �T�h�e� I�e�n�s�e�m�b�l�e� �o�f� �t�h�e� �t�o�p� �2�0�� �o�f� 
�r�a�n�k�e�d� �n�e�u�r�o�n�s� �w�a�s� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� I�e�n�s�e�m�b�l�e� �o�f� �t�h�e� �b�o�t�t�o�m� �5�0�� 
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�F�i�g�u�r�e� �1�.� �S�c�h�e�m�a�t�i�c� �s�h�o�w�i�n�g� �t�h�e� 
�s�e�l�f�-�i�n�i�t�i�a�t�e�d� �l�e�v�e�r�-�p�u�l�l� �t�a�s�k� �f�o�r� �a� 
�h�e�a�d�-�r�e�s�t�r�a�i�n�e�d� �m�o�u�s�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� �(�*�)�.
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�o�f� �r�a�n�k�e�d� �n�e�u�r�o�n�s� �i�n� !� ��5�� �o�f� �s�e�s�s�i�o�n�s� �i�n� �L�2��� �a�n�d� �L�5�a�.� 
�T�h�u�s�,� �t�h�e� �t�o�p� �2�0�� �o�f� �r�a�n�k�e�d� �n�e�u�r�o�n�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� 
�h�i�g�h�l�y� �r�a�n�k�e�d� �n�e�u�r�o�n�s� �t�h�a�t� �s�t�r�o�n�g�l�y� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� 
�e�n�s�e�m�b�l�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�.� �L�2��� �i�n�c�r�e�a�s�e�-�n�e�u�r�o�n�s� �r�o�s�e� �t�h�r�o�u�g�h� 
�t�h�e� �r�a�n�k�s� �f�r�o�m� �t�h�e� �e�a�r�l�y� �s�e�s�s�i�o�n�s� �t�o� �o�c�c�u�p�y� ��1�� �o�f� �t�h�e� �t�o�p� 
�2�0�� �o�f� �r�a�n�k�e�d� �n�e�u�r�o�n�s� �i�n� �t�h�e� �l�a�t�e� �s�e�s�s�i�o�n�s�.� �F�o�r�t�y�-�s�i�x� �p�e�r�c�e�n�t� 
�o�f� �t�h�e� �t�o�p� �2�0�� �o�f� �r�a�n�k�e�d� �n�e�u�r�o�n�s� �i�n� �t�h�e� �e�a�r�l�y� �s�e�s�s�i�o�n�s� �w�e�r�e� 
�a�l�s�o� �i�n� �t�h�e� �t�o�p� �2�0�� �o�f� �r�a�n�k�e�d� �n�e�u�r�o�n�s� �i�n� �t�h�e� �l�a�t�e� �s�e�s�s�i�o�n�s�.� 
�W�e� �c�a�l�l� �t�h�e�s�e� �n�e�u�r�o�n�s� �s�t�a�b�l�e�,� �h�i�g�h�l�y� �r�a�n�k�e�d� �n�e�u�r�o�n�s�.� �T�h�e� 
�m�e�a�n� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �s�t�a�b�l�e�,� �h�i�g�h�l�y� �r�a�n�k�e�d� �n�e�u�r�o�n�s� �i�n� �L�2��� 
�d�u�r�i�n�g� �s�u�c�c�e�s�s�f�u�l� �l�e�v�e�r�-�p�u�l�l� �m�o�v�e�m�e�n�t�s� �d�i�d� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� 
�c�h�a�n�g�e� �f�r�o�m� �t�h�e� �e�a�r�l�y� �t�o� �l�a�t�e� �s�e�s�s�i�o�n�s�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� 
�t�h�a�t� �L�2��� I�e�n�s�e�m�b�l�e� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �b�y� �b�a�l�a�n�c�e�d� �a�c�t�i�v�i�t�y� �o�f� 
�i�n�c�r�e�a�s�e�-� �a�n�d� �d�e�c�r�e�a�s�e�-�n�e�u�r�o�n�s�,� �a�n�d� �b�y� �a�c�t�i�v�i�t�y� �o�f� �s�t�a�b�l�e�,� 
�h�i�g�h�l�y� �r�a�n�k�e�d� �n�e�u�r�o�n�s�.� �I�n� �c�o�n�t�r�a�s�t� �t�o� �L�2���,� �t�h�e� �r�a�n�k� �o�f� �L�5�a� 
�i�n�c�r�e�a�s�e�-�n�e�u�r�o�n�s� �g�r�a�d�u�a�l�l�y� �i�n�c�r�e�a�s�e�d� �d�u�r�i�n�g� �t�h�e� �m�i�d�d�l�e� �t�o� 
�t�h�e� �l�a�t�e� �s�e�s�s�i�o�n�s�,� �a�n�d� �i�n�c�r�e�a�s�e�-�n�e�u�r�o�n�s� �a�c�c�o�u�n�t�e�d� �f�o�r� ���� �o�f� 
�t�h�e� �t�o�p� �2�0�� �o�f� �r�a�n�k�e�d� �n�e�u�r�o�n�s� �i�n� �t�h�e� �l�a�t�e� �s�e�s�s�i�o�n�s�.� �I�n� �L�5�a�,� 
�o�n�l�y� �2��� �o�f� �t�h�e� �t�o�p� �2�0�� �o�f� �r�a�n�k�e�d� �n�e�u�r�o�n�s� �i�n� �t�h�e� �e�a�r�l�y� 
�s�e�s�s�i�o�n�s� �w�e�r�e� �i�n� �t�h�e� �t�o�p� �2�0�� �o�f� �r�a�n�k�e�d� �n�e�u�r�o�n�s� �i�n� �t�h�e� �l�a�t�e� 
�s�e�s�s�i�o�n�s�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �L�5�a� 
I�e�n�s�e�m�b�l�e� �w�a�s� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �c�o�n�v�e�r�s�i�o�n� �o�f� �i�n�c�r�e�a�s�e�-�n�e�u�r�o�n�s� 
�i�n�t�o� �h�i�g�h�l�y� �r�a�n�k�e�d� �n�e�u�r�o�n�s� �d�u�r�i�n�g� �t�h�e� �m�i�d�d�l�e� �t�o� �l�a�t�e� �s�e�s�s�i�o�n�s�.� 
�W�e� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� ��1�� �o�f� �t�h�e� �e�x�a�m�i�n�e�d� �L�5�a� �c�r�o�s�s�e�d� 
�c�o�r�t�i�c�o�s�t�r�i�a�t�a�l� �(�C�C�S�)� �n�e�u�r�o�n�s� �w�e�r�e� �i�n�c�r�e�a�s�e�-�n�e�u�r�o�n�s� �a�n�d� ��� 
�w�e�r�e� �d�e�c�r�e�a�s�e�-�n�e�u�r�o�n�s�.� �O�f� �t�h�e� �t�o�p� �2�0�� �o�f� �t�h�e� �r�a�n�k�e�d� �C�C�S� 
�n�e�u�r�o�n�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �e�a�r�l�y� �s�e�s�s�i�o�n�s�,� �o�n�l�y� �1��� �w�e�r�e� �i�n� �t�h�e� 
�t�o�p� �2�0�� �o�f� �t�h�e� �C�C�S� �n�e�u�r�o�n�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �l�a�t�e� �s�e�s�s�i�o�n�s�.� 
�T�w�e�n�t�y�-�s�i�x� �p�e�r�c�e�n�t� �o�f� �e�x�a�m�i�n�e�d� �L�5�a� �c�o�r�t�i�c�o�s�p�i�n�a�l� �(�C�S�p�)� 
�n�e�u�r�o�n�s� �w�e�r�e� �i�n�c�r�e�a�s�e�-�n�e�u�r�o�n�s� �a�n�d� �5�� �w�e�r�e� �d�e�c�r�e�a�s�e�-
�n�e�u�r�o�n�s�.� �O�f� �t�h�e� �t�o�p� �2�0�� �o�f� �t�h�e� �r�a�n�k�e�d� �C�S�p� �n�e�u�r�o�n�s� �o�b�s�e�r�v�e�d� 
�i�n� �t�h�e� �e�a�r�l�y� �s�e�s�s�i�o�n�s�,� �1�0�0�� �w�e�r�e� �i�n� �t�h�e� �t�o�p� �2�0�� �o�f� �t�h�e� �C�S�p� 
�n�e�u�r�o�n�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �l�a�t�e� �s�e�s�s�i�o�n�s�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� 
�t�h�a�t� �i�n�c�r�e�a�s�e�-�n�e�u�r�o�n�s� �w�e�r�e� �m�o�r�e� �p�r�e�v�a�l�e�n�t� �t�h�a�n� �d�e�c�r�e�a�s�e�-
�n�e�u�r�o�n�s� �f�o�r� �b�o�t�h� �L�5�a� �C�C�S� �a�n�d� �C�S�p� �n�e�u�r�o�n�s� �a�n�d� �t�h�a�t� �a� �s�u�b�s�e�t� 
�o�f� �L�5�a� �C�C�S� �n�e�u�r�o�n�s� �w�a�s� �l�i�k�e�l�y� �r�e�c�r�u�i�t�e�d� �i�n�t�o� �t�h�e� �n�e�w�l�y� 
�f�o�r�m�e�d� �e�n�s�e�m�b�l�e� �t�h�a�t� �r�e�p�r�e�s�e�n�t�e�d� �t�h�e� �l�e�v�e�r�-�p�u�l�l� �m�o�v�e�m�e�n�t�.
�T�h�e� �b�a�l�a�n�c�e�d� �c�h�a�n�g�e�s� �i�n� �L�2��� �n�e�u�r�o�n�s� �c�o�u�l�d� �r�e�f�l�e�c�t� �t�h�e� �f�a�c�t� 
�t�h�a�t� �L�2��� �n�e�u�r�o�n�s� �w�i�t�h� �h�i�g�h�l�y� �p�l�a�s�t�i�c� �a�c�t�i�v�i�t�y� �p�r�o�c�e�s�s� �a� 
�v�a�r�i�e�t�y� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �o�t�h�e�r� �a�r�e�a�s� �o�f� �t�h�e� �b�r�a�i�n� �t�o� 
�m�a�i�n�t�a�i�n� �a� �c�o�n�s�t�a�n�t� �o�v�e�r�a�l�l� �l�e�v�e�l� �o�f� �n�e�t�w�o�r�k� �a�c�t�i�v�i�t�y� �f�o�r� 
�h�o�m�e�o�s�t�a�s�i�s�.� �L�2��� �n�e�u�r�o�n�s� �m�a�y� �p�l�a�y� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� 
�r�a�p�i�d� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �n�o�v�e�l� �m�o�v�e�m�e�n�t�s� �o�r� �r�a�p�i�d� �a�d�a�p�t�a�t�i�o�n� �t�o� 
�s�o�m�e� �d�i�s�t�u�r�b�a�n�c�e� �b�y� �c�o�m�b�i�n�i�n�g� �s�e�n�s�o�r�y� �f�e�e�d�b�a�c�k� �a�n�d� �m�o�t�o�r� 
�p�r�i�m�i�t�i�v�e�s�.� �A�s� �s�u�c�h�,� �L�2��� �m�a�y� �w�o�r�k� �a�s� �a� �d�r�i�v�e�r� �f�o�r� �m�o�t�o�r� 
�o�u�t�p�u�t� �t�h�r�o�u�g�h�o�u�t� �l�e�a�r�n�i�n�g�.� �L�5�a� I�e�n�s�e�m�b�l�e� �i�n�c�r�e�a�s�e�d� �d�u�r�i�n�g� 
�l�e�a�r�n�i�n�g�,� �a�n�d� �t�h�i�s� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �b�y� �a� �g�r�a�d�u�a�l� �i�n�c�r�e�m�e�n�t� �i�n� 
I�s�i�n�g�l�e� �r�a�n�k�s� �o�f� �a� �s�u�b�s�e�t� �o�f� �L�5�a� �n�e�u�r�o�n�s�.� �T�h�e�s�e� �n�e�u�r�o�n�s� �w�e�r�e� 
�d�i�r�e�c�t�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�e�v�e�r�-�p�u�l�l� �m�o�v�e�m�e�n�t� �a�n�d� �p�r�e�s�u�m�a�b�l�y� 
�w�o�r�k�e�d� �a�s� �a� �p�o�t�e�n�t� �d�r�i�v�e�r� �f�o�r� �m�o�t�o�r� �o�u�t�p�u�t� �i�n� �t�h�e� �l�a�t�e� 
�s�e�s�s�i�o�n�s�.� �C�h�a�n�g�e�s� �i�n� �L�5�a� �n�e�u�r�o�n�s� �i�n� �M�1� �m�a�y� �r�e�p�r�e�s�e�n�t� �t�h�e� 

�f�o�r�m�a�t�i�o�n� �o�f� �m�o�t�o�r� �m�e�m�o�r�y� �t�h�a�t� �a�c�c�o�m�p�a�n�i�e�s� �m�e�m�o�r�y� 
�t�r�a�n�s�f�e�r� �f�r�o�m� �t�h�e� �p�r�e�f�r�o�n�t�a�l� �a�r�e�a� �t�o� �M�1� �a�n�d� �t�h�e� �b�a�s�a�l� �g�a�n�g�l�i�a�.� 
�S�t�a�b�l�e�,� �h�i�g�h�l�y� �r�a�n�k�e�d� �C�S�p� �n�e�u�r�o�n�s� �m�a�y� �b�e� �d�i�r�e�c�t�l�y� 
�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �m�u�s�c�l�e� �m�o�v�e�m�e�n�t�s� �o�r� �m�o�t�o�r� �p�r�i�m�i�t�i�v�e�s�.� �T�h�e� 
�d�i�s�t�i�n�c�t� �d�y�n�a�m�i�c� �n�e�t�w�o�r�k�s� �i�n� �L�2��� �a�n�d� �L�5�a�,� �t�h�e� �t�w�o� 
�i�n�t�e�r�m�e�d�i�a�t�e� �l�a�y�e�r�s� �o�f� �M�1�,� �a�r�e� �c�l�e�a�r�l�y� �c�o�r�e� �e�l�e�m�e�n�t�s� �t�h�a�t� 
�d�r�i�v�e� �t�h�e� �L�5�b� �m�o�t�o�r� �o�u�t�p�u�t� �f�o�r� �w�e�l�l�-�l�e�a�r�n�e�d� �m�o�v�e�m�e�n�t�s�.

II.  Reward-timing-dependent bidirectional 
modulation of cortical microcircuits during 
optical single neuron operant conditioning

� �A�n�i�m�a�l�s� �r�a�p�i�d�l�y� �a�d�a�p�t� �t�o� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�.� �T�o� �r�e�v�e�a�l� 
�h�o�w� �c�o�r�t�i�c�a�l� �m�i�c�r�o�c�i�r�c�u�i�t�s� �a�r�e� �r�a�p�i�d�l�y� �r�e�o�r�g�a�n�i�z�e�d� �w�h�e�n� �a�n� 
�a�n�i�m�a�l� �r�e�c�o�g�n�i�z�e�s� �n�o�v�e�l� �r�e�w�a�r�d� �c�o�n�t�i�n�g�e�n�c�y�,� �w�e� �c�o�n�d�u�c�t�e�d� 
�t�w�o�-�p�h�o�t�o�n� �c�a�l�c�i�u�m� �i�m�a�g�i�n�g� �o�f� �l�a�y�e�r� �2��� �m�o�t�o�r� �c�o�r�t�e�x� 
�n�e�u�r�o�n�s� �i�n� �m�i�c�e� �a�n�d� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �r�e�i�n�f�o�r�c�e�d� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� 
�a� �s�i�n�g�l�e� �c�o�r�t�i�c�a�l� �n�e�u�r�o�n� �w�i�t�h� �w�a�t�e�r� �d�e�l�i�v�e�r�y�.� 
+�e�a�d�-�r�e�s�t�r�a�i�n�e�d� �m�i�c�e� �w�e�r�e� �t�r�a�i�n�e�d� �t�o� �p�e�r�f�o�r�m� �a� �s�e�l�f�-
�i�n�i�t�i�a�t�e�d� �l�e�v�e�r�-�p�u�l�l� �t�a�s�k� �u�s�i�n�g� �t�h�e� �r�i�g�h�t� �f�o�r�e�l�i�m�b� �b�e�f�o�r�e� 
�s�i�n�g�l�e�-�n�e�u�r�o�n� �o�p�e�r�a�n�t� �c�o�n�d�i�t�i�o�n�i�n�g� �b�y� �t�w�o�-�p�h�o�t�o�n� �c�a�l�c�i�u�m� 
�i�m�a�g�i�n�g� �(�2�p�S�N�O�C�)�.� �A�f�t�e�r� �5²�1�� �l�e�v�e�r�-�p�u�l�l� �t�a�s�k� �t�r�a�i�n�i�n�g� 
�s�e�s�s�i�o�n�s�,� �t�w�o�-�p�h�o�t�o�n� �c�a�l�c�i�u�m� �i�m�a�g�i�n�g� �o�f� �L�2��� �m�o�t�o�r� �c�o�r�t�i�c�a�l� 
�n�e�u�r�o�n�s� �w�a�s� �p�e�r�f�o�r�m�e�d� �d�u�r�i�n�g� �S�N�O�C�.� �E�a�c�h� �2�p�S�N�O�C� 
�s�e�s�s�i�o�n� �c�o�n�s�i�s�t�e�d� �o�f� �t�h�r�e�e� �p�e�r�i�o�d�s�� �a� �p�r�e�-�c�o�n�d�i�t�i�o�n�i�n�g� �p�e�r�i�o�d� 
�(�1�0� �m�i�n�)�,� �a� �c�o�n�d�i�t�i�o�n�i�n�g� �p�e�r�i�o�d� �(�1�5� �m�i�n�)�,� �a�n�d� �a� �p�o�s�t�-
�c�o�n�d�i�t�i�o�n�i�n�g� �p�e�r�i�o�d� �(�1�0� �m�i�n�)�.� �2�p�S�N�O�C� �w�a�s� �p�e�r�f�o�r�m�e�d� 
�d�u�r�i�n�g� �t�h�e� �c�o�n�d�i�t�i�o�n�i�n�g� �p�e�r�i�o�d�.� �A�c�t�i�v�e� �n�e�u�r�o�n�s� �d�u�r�i�n�g� �t�h�e� 
�p�r�e�-�c�o�n�d�i�t�i�o�n�i�n�g� �p�e�r�i�o�d� �w�e�r�e� �r�e�c�o�n�s�t�r�u�c�t�e�d� �a�n�d� �c�l�a�s�s�i�f�i�e�d� 
�i�n�t�o� �t�w�o� �g�r�o�u�p�s�� �n�e�u�r�o�n�s� �w�i�t�h� �h�i�g�h� �a�c�t�i�v�i�t�y� �d�u�r�i�n�g� �l�e�v�e�r�-
�r�e�l�a�t�e�d� �p�e�r�i�o�d�s�,� �a�n�d� �o�t�h�e�r� �n�e�u�r�o�n�s� �(´�l�e�v�e�r�-�u�n�r�e�l�a�t�e�d� 
�n�e�u�r�o�n�sµ�)�.� �O�n�e� �n�e�u�r�o�n� �w�a�s� �t�a�r�g�e�t�e�d� �i�n� �t�h�e� �c�o�n�d�i�t�i�o�n�i�n�g� 
�p�e�r�i�o�d�.� �D�u�r�i�n�g� �t�h�e� �c�o�n�d�i�t�i�o�n�i�n�g� �p�e�r�i�o�d�,� �t�h�e� �m�o�u�s�e� �p�e�r�f�o�r�m�e�d� 
�a� �2�p�S�N�O�C� �t�a�s�k�.� �D�u�r�i�n�g� �t�h�e� �2�p�S�N�O�C� �t�a�s�k�,� �w�a�t�e�r� �d�r�o�p�s� �w�e�r�e� 
�s�u�c�c�e�s�s�f�u�l�l�y� �d�e�l�i�v�e�r�e�d� �t�o� �t�h�e� �m�o�u�s�e� �i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �t�h�e� 

F�F� �o�f� �a� �s�i�n�g�l�e� �t�a�r�g�e�t� �n�e�u�r�o�n� �i�n�c�r�e�a�s�e�d� �a�b�o�v�e� �a� �t�h�r�e�s�h�o�l�d� 
�(�F�i�g�u�r�e� ��)�.� 
�D�u�r�i�n�g� �t�h�e� �c�o�n�d�i�t�i�o�n�i�n�g� �p�e�r�i�o�d�,� �f�o�r� �l�e�v�e�r�-�u�n�r�e�l�a�t�e�d� �t�a�r�g�e�t� 
�n�e�u�r�o�n�s�,� �a�c�t�i�v�i�t�y� �i�n�c�r�e�a�s�e�d� �b�y� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�0��,� �w�h�e�r�e�a�s�,� 
�f�o�r� �l�e�v�e�r�-�r�e�l�a�t�e�d� �t�a�r�g�e�t� �n�e�u�r�o�n�s�,� �a�c�t�i�v�i�t�y� �d�i�d� �n�o�t� �c�h�a�n�g�e� 
�(�F�i�g�u�r�e� �5�)�.� �T�h�e� �r�e�w�a�r�d� �f�r�e�q�u�e�n�c�y� �i�n�c�r�e�a�s�e�d� �b�y� 
�a�p�p�r�o�x�i�m�a�t�e�l�y� �5�0�� �w�h�e�n� �l�e�v�e�r�-�u�n�r�e�l�a�t�e�d� �n�e�u�r�o�n�s� �w�e�r�e� 
�t�a�r�g�e�t�e�d�,� �a�n�d� �d�i�d� �n�o�t� �c�h�a�n�g�e� �w�h�e�n� �l�e�v�e�r�-�r�e�l�a�t�e�d� �n�e�u�r�o�n�s� 
�w�e�r�e� �t�a�r�g�e�t�e�d�.� �T�h�e� �r�a�p�i�d� �o�p�e�r�a�n�t� �c�o�n�d�i�t�i�o�n�i�n�g� �o�f� �s�i�n�g�l�e� 
�l�e�v�e�r�-�u�n�r�e�l�a�t�e�d� �n�e�u�r�o�n�s� �w�a�s� �s�u�c�c�e�s�s�f�u�l� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� 
�a�c�t�i�v�i�t�y� �o�f� �n�o�n�-�t�a�r�g�e�t� �n�e�u�r�o�n�s� �s�l�i�g�h�t�l�y� �c�h�a�n�g�e�d�.� �W�h�e�n� 
�l�e�v�e�r�-�r�e�l�a�t�e�d� �n�e�u�r�o�n�s� �w�e�r�e� �t�a�r�g�e�t�e�d�,� �t�h�e� �m�o�u�s�e� �p�e�r�f�o�r�m�e�d� 
�g�o�a�l�-�d�i�r�e�c�t�e�d� �l�e�v�e�r�-�p�u�l�l� �m�o�v�e�m�e�n�t�s� �f�r�o�m� �t�h�e� �o�n�s�e�t� �o�f� �t�h�e� 
�c�o�n�d�i�t�i�o�n�i�n�g� �p�e�r�i�o�d� �w�i�t�h�o�u�t� �r�e�c�o�g�n�i�t�i�o�n� �o�f� �S�N�O�C�.� �T�h�i�s� 

�F�i�g�u�r�e� ��.� �L�e�f�t�� �A� �t�i�m�e�-�a�v�e�r�a�g�e�d� �i�m�a�g�e� �o�f� �a� �L�2��� �f�i�e�l�d� �d�u�r�i�n�g� �2�p�S�N�O�C�.� 
�R�e�d� �a�r�r�o�w�h�e�a�d�,� �a� �t�a�r�g�e�t� �n�e�u�r�o�n�.� �S�c�a�l�e� �b�a�r�,� �1�0�0� �m�.� �M�i�d�d�l�e�� �E�x�p�a�n�d�e�d� 
�i�m�a�g�e� �o�f� �t�h�e� �r�e�c�t�a�n�g�l�e� �i�n� �l�e�f�t�.� �S�c�a�l�e� �b�a�r�,� �1�0� �m�.� �R�i�g�h�t�� F�F� �o�f� �t�h�e� �t�a�r�g�e�t� 
�(�T�)� �a�n�d� �t�h�e� �t�h�r�e�e� �n�e�i�g�h�b�o�r�i�n�g� �(�N�1�,� �N�2�,� �a�n�d� �N��)� �n�e�u�r�o�n�s�.� �C�y�a�n� �b�a�r�s�,� 
�r�e�w�a�r�d� �d�e�l�i�v�e�r�y�.

�F�i�g�u�r�e� ��.� �P�r�o�p�o�r�t�i�o�n� �o�f� �i�n�c�r�e�a�s�e�-�,� �d�e�c�r�e�a�s�e�-�,� �a�n�d� �o�t�h�e�r�-�n�e�u�r�o�n�s� �a�c�r�o�s�s� �a�l�l� 
�f�i�e�l�d�s� �i�n� �L�2��� �(�l�e�f�t�)� �a�n�d� �L�5�a� �(�r�i�g�h�t�)�.
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�m�a�y� �e�x�p�l�a�i�n� �w�h�y� �t�h�e� �a�c�t�i�v�i�t�y� �g�a�i�n� �(�t�h�e� �r�a�t�i�o� �o�f� �t�h�e� �m�e�a�n� 
�a�c�t�i�v�i�t�y� �i�n� �t�h�e� �l�a�s�t� �5� �m�i�n� �o�f� �t�h�e� �c�o�n�d�i�t�i�o�n�i�n�g� �p�e�r�i�o�d� �t�o� �t�h�e� 
�m�e�a�n� �a�c�t�i�v�i�t�y� �i�n� �t�h�e� �f�i�r�s�t� �5� �m�i�n� �o�f� �t�h�e� �c�o�n�d�i�t�i�o�n�i�n�g� �p�e�r�i�o�d� 
�m�i�n�u�s� �1�)� �f�o�r� �l�e�v�e�r�-�r�e�l�a�t�e�d� �t�a�r�g�e�t� �n�e�u�r�o�n�s� �w�a�s� �n�o�t� 
�s�i�g�n�i�f�i�c�a�n�t�l�y� �p�o�s�i�t�i�v�e�.� �I�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �a�n�a�l�y�s�e�s�,� �o�n�l�y� �d�a�t�a� 
�f�r�o�m� �s�e�s�s�i�o�n�s� �w�i�t�h� �a� �l�e�v�e�r�-�u�n�r�e�l�a�t�e�d� �t�a�r�g�e�t� �n�e�u�r�o�n� �w�e�r�e� 
�u�s�e�d�.
�N�o�n�-�t�a�r�g�e�t� �n�e�u�r�o�n�s� �w�h�o�s�e� �a�c�t�i�v�i�t�y� �w�a�s� �t�e�m�p�o�r�a�l�l�y�,� �b�u�t� �n�o�t� 
�s�p�a�t�i�a�l�l�y�,� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �t�a�r�g�e�t� �n�e�u�r�o�n� �i�n�c�r�e�a�s�e�d� �t�h�e�i�r� 
�a�c�t�i�v�i�t�y�.� �N�o�n�-�t�a�r�g�e�t� �n�e�u�r�o�n�s� �s�h�o�u�l�d� �h�a�v�e� �b�e�e�n� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� 
�w�a�t�e�r� �d�e�l�i�v�e�r�y� �b�e�c�a�u�s�e� �i�t� �w�a�s� �t�h�e� �r�e�i�n�f�o�r�c�e�r�.� �F�o�r� �e�a�c�h� �n�o�n�-
�t�a�r�g�e�t� �n�e�u�r�o�n�,� �t�h�e� �r�a�t�i�o� �o�f� �t�h�e� �s�u�m� �o�f� �t�h�e� �a�c�t�i�v�i�t�y� �i�n� �a� �0�.���-�s� 
�t�i�m�e� �b�i�n� t� �s� �a�f�t�e�r� �r�e�w�a�r�d� �d�e�l�i�v�e�r�y� �t�o� �t�h�e� �s�u�m� �o�f� �t�h�e� �r�e�m�a�i�n�i�n�g� 
�a�c�t�i�v�i�t�y� �i�n� �t�h�e� �s�a�m�e� �b�i�n� �w�a�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �r�e�w�a�r�d� 
�s�y�n�c�h�r�o�n�i�z�a�t�i�o�n� �i�n�d�e�x� �(t�)� �(�R�S�I�(t�)�)�.� �F�o�r� �e�a�c�h� �t�i�m�e� �b�i�n�,� �a�c�t�i�v�i�t�y� 
�g�a�i�n� �w�a�s� �a�v�e�r�a�g�e�d� �a�c�r�o�s�s� �t�h�e� �n�o�n�-�t�a�r�g�e�t� �n�e�u�r�o�n�s� �w�i�t�h� �R�S�I� 
�v�a�l�u�e�s� �i�n� �t�h�e� �t�o�p� �5��.� �T�h�e� �a�c�t�i�v�i�t�y� �g�a�i�n� �o�f� �n�o�n�-�t�a�r�g�e�t� �n�e�u�r�o�n�s� 
�w�i�t�h� �R�S�I� �i�n� �t�h�e� �t�o�p� �5�� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�a�r�g�e�r� �t�h�a�n� �z�e�r�o� 
�w�h�e�n� t �r�a�n�g�e�d� �f�r�o�m� ï�0�.��� �s� �t�o� �0�.��� �s�,� �a�n�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� 
�s�m�a�l�l�e�r� �t�h�a�n� �z�e�r�o� �w�h�e�n� t� �w�a�s� �2�.��,� ��,� �a�n�d� �� �s�.� �W�e� �r�e�f�e�r� �t�o� �t�h�i�s� 
�p�h�e�n�o�m�e�n�o�n� �a�s� �r�e�w�a�r�d�-�t�i�m�i�n�g�-�d�e�p�e�n�d�e�n�t� �b�i�d�i�r�e�c�t�i�o�n�a�l� 
�m�o�d�u�l�a�t�i�o�n� �(�R�T�B�M�)�,� �a�n�d� �r�e�f�e�r� �t�o� �n�e�u�r�o�n�s� �t�h�a�t� �h�a�d� �R�S�I� 
�(ï�0�.��� �s� �t�o� �0�.��� �s�)� �i�n� �t�h�e� �t�o�p� �5�� �a�s� �S�R� �n�e�u�r�o�n�s� �a�n�d� �n�e�u�r�o�n�s� 
�t�h�a�t� �h�a�d� �R�S�I� �(�2� �s� �t�o� �� �s�)� �i�n� �t�h�e� �t�o�p� �5�� �a�s� �A�R� �n�e�u�r�o�n�s�.� �T�h�e� 
�a�c�t�i�v�i�t�y� �g�a�i�n� �o�f� �S�R� �a�n�d� �A�R� �n�e�u�r�o�n�s� �w�a�s� �s�u�b�s�t�a�n�t�i�a�l�l�y� 
�p�o�s�i�t�i�v�e� �a�n�d� �n�e�g�a�t�i�v�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �l�e�v�e�r�-
�r�e�l�a�t�e�d� �a�n�d� �l�e�v�e�r�-�u�n�r�e�l�a�t�e�d� �n�e�u�r�o�n�s� �w�a�s� �s�i�m�i�l�a�r� �b�e�t�w�e�e�n� �S�R� 
�a�n�d� �A�R� �n�e�u�r�o�n�s�.� �T�h�e� �d�i�s�t�a�n�c�e� �o�f� �S�R� �a�n�d� �A�R� �n�e�u�r�o�n�s� �f�r�o�m� 
�t�h�e� �t�a�r�g�e�t� �n�e�u�r�o�n� �w�a�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �d�i�s�t�a�n�c�e� �o�f� �o�t�h�e�r� �n�e�u�r�o�n�s� 
�f�r�o�m� �t�h�e� �t�a�r�g�e�t� �n�e�u�r�o�n�.� �T�h�e� �p�a�i�r�w�i�s�e� �c�o�r�r�e�l�a�t�i�o�n� �w�i�t�h� �t�h�e� 
�t�a�r�g�e�t� �n�e�u�r�o�n� �w�a�s� �h�i�g�h�e�r� �f�o�r� �S�R� �n�e�u�r�o�n�s� �t�h�a�n� �f�o�r� �A�R� �n�e�u�r�o�n�s� 
�a�n�d� �o�t�h�e�r� �n�e�u�r�o�n�s� �d�u�r�i�n�g� �b�o�t�h� �t�h�e� �c�o�n�d�i�t�i�o�n�i�n�g� �p�e�r�i�o�d� �a�n�d� 
�p�r�e�-�c�o�n�d�i�t�i�o�n�i�n�g� �p�e�r�i�o�d� �w�i�t�h�o�u�t� �w�a�t�e�r� �d�e�l�i�v�e�r�y�.� �T�h�i�s� 
�i�n�d�i�c�a�t�e�s� �t�h�a�t� �S�R� �n�e�u�r�o�n�s� �w�e�r�e� �f�r�e�q�u�e�n�t�l�y� �a�c�t�i�v�e� �t�o�g�e�t�h�e�r� 
�w�i�t�h� �t�h�e� �t�a�r�g�e�t� �n�e�u�r�o�n�.� �B�y� �c�o�n�t�r�a�s�t�,� �A�R� �n�e�u�r�o�n�s� �d�i�d� �n�o�t� 
�a�p�p�e�a�r� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �o�t�h�e�r� �n�o�n�-�t�a�r�g�e�t� �n�e�u�r�o�n�s� �i�n� �t�e�r�m�s� �o�f� 
�t�h�e�i�r� �a�s�s�o�c�i�a�t�i�o�n�s� �w�i�t�h� �t�h�e� �t�a�r�g�e�t� �n�e�u�r�o�n�.� �N�e�i�t�h�e�r� �S�R� �n�o�r� �A�R� 
�n�e�u�r�o�n�s� �w�e�r�e� �s�p�e�c�i�f�i�c�a�l�l�y� �r�e�l�a�t�e�d� �t�o� �l�i�c�k�i�n�g�.� �L�i�k�e�w�i�s�e�,� 
�n�e�i�t�h�e�r� �S�R� �n�o�r� �A�R� �n�e�u�r�o�n�s� �w�e�r�e� �s�p�e�c�i�f�i�c�a�l�l�y� �r�e�l�a�t�e�d� �t�o� �l�e�v�e�r�-
�p�u�l�l� �i�n� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �r�e�w�a�r�d� �d�e�l�i�v�e�r�y�.� 
�T�o� �v�a�l�i�d�a�t�e� �w�h�e�t�h�e�r� �t�h�e� �a�c�t�i�v�i�t�y� �t�i�m�i�n�g� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� 
�r�e�w�a�r�d� �d�e�l�i�v�e�r�y� �i�s� �s�u�f�f�i�c�i�e�n�t� �t�o� �i�n�d�u�c�e� �t�h�e� �n�e�u�r�o�n�a�l� �a�c�t�i�v�i�t�y� 
�c�h�a�n�g�e�s�,� �w�e� �p�e�r�f�o�r�m�e�d� �r�e�p�e�t�i�t�i�v�e� �p�a�i�r�i�n�g� �o�f� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �a� 
�r�a�n�d�o�m� �s�e�t� �o�f� �n�e�u�r�o�n�s� �a�n�d� �r�e�w�a�r�d� �d�e�l�i�v�e�r�y� �w�i�t�h� �d�i�f�f�e�r�e�n�t� 
�t�i�m�e� �i�n�t�e�r�v�a�l�s�.� �I�n� �e�a�c�h� �p�h�o�t�o�s�t�i�m�u�l�a�t�i�o�n� �s�e�s�s�i�o�n�,� ��0� 
�p�h�o�t�o�s�t�i�m�u�l�i� �w�e�r�e� �d�e�l�i�v�e�r�e�d� �d�u�r�i�n�g� �a� �1�5� �m�i�n� �p�e�r�i�o�d� �t�o� �i�n�d�u�c�e� 

�f�i�r�i�n�g� �i�n� �c�h�a�n�n�e�l�r�h�o�d�o�p�s�i�n�-�2�-�e�x�p�r�e�s�s�i�n�g� �n�e�u�r�o�n�s� �i�n� �t�h�e� �f�i�e�l�d� 
�o�f� �v�i�e�w� �a�n�d� �a� �r�e�w�a�r�d� �w�a�s� �g�i�v�e�n� �0�.�2�5� �s� �a�f�t�e�r� �o�r� �2�.�5� �s� �b�e�f�o�r�e� 
�e�a�c�h� �p�h�o�t�o�s�t�i�m�u�l�a�t�i�o�n� �(�p�o�t�e�n�t�i�a�t�i�o�n� �p�r�o�t�o�c�o�l� �a�n�d� �d�e�p�r�e�s�s�i�o�n� 
�p�r�o�t�o�c�o�l�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� �T�h�e� �p�h�o�t�o�s�t�i�m�u�l�i�-�i�n�d�u�c�e�d� �a�c�t�i�v�i�t�y� �o�f� 
�p�h�o�t�o�s�t�i�m�u�l�i�-�r�e�s�p�o�n�s�i�v�e� �n�e�u�r�o�n�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e�d� �a�n�d� 
�d�e�c�r�e�a�s�e�d� �i�n� �t�h�e� �p�o�t�e�n�t�i�a�t�i�o�n� �a�n�d� �d�e�p�r�e�s�s�i�o�n� �p�r�o�t�o�c�o�l�s�,� 
�r�e�s�p�e�c�t�i�v�e�l�y� �(�F�i�g�u�r�e� ��)�.� �T�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �o�t�h�e�r� �n�e�u�r�o�n�s� �d�i�d� 
�n�o�t� �c�h�a�n�g�e� �i�n� �e�i�t�h�e�r� �p�r�o�t�o�c�o�l�.� �T�h�u�s�,� �r�e�p�e�t�i�t�i�v�e� �p�a�i�r�i�n�g� �o�f� 
�n�e�u�r�o�n�a�l� �a�c�t�i�v�i�t�y� �w�i�t�h� �r�e�w�a�r�d� �d�e�l�i�v�e�r�y� �a�t� �d�i�f�f�e�r�e�n�t� �t�i�m�e� 
�i�n�t�e�r�v�a�l�s� �w�a�s� �s�u�f�f�i�c�i�e�n�t� �t�o� �r�e�c�r�e�a�t�e� �R�T�B�M�.
�O�u�r� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �m�i�c�r�o�c�i�r�c�u�i�t� �h�a�s� �t�h�e� �c�a�p�a�b�i�l�i�t�y� 
�t�o� �s�t�r�e�n�g�t�h�e�n� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �n�e�u�r�o�n�s� �t�h�a�t� �w�e�r�e� �p�r�e�v�i�o�u�s�l�y� 
�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �s�a�m�e� �e�n�s�e�m�b�l�e� �w�i�t�h�o�u�t� �s�t�r�o�n�g� �s�p�a�t�i�a�l� 
�c�o�n�s�t�r�a�i�n�s�.� �R�T�B�M� �m�a�y� �b�e� �o�n�e� �o�f� �p�o�s�s�i�b�l�y� �m�a�n�y� �p�r�o�c�e�s�s�e�s� 
�t�h�a�t� �u�n�d�e�r�l�i�e� �r�a�p�i�d� �r�e�o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �t�h�e� �L�2��� �c�o�r�t�i�c�a�l� 
�m�i�c�r�o�c�i�r�c�u�i�t� �d�u�r�i�n�g� �f�a�s�t� �a�d�a�p�t�a�t�i�o�n� �t�o� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�s�,� 
�w�h�i�c�h� �o�c�c�u�r�s� �d�u�r�i�n�g� �B�M�I��B�C�I� �l�e�a�r�n�i�n�g�,� �m�o�t�o�r� �a�d�a�p�t�a�t�i�o�n�,� 
�a�n�d� �s�k�i�l�l� �l�e�a�r�n�i�n�g�.
� 

�F�i�g�u�r�e� ��.� �T�i�m�e� �c�o�u�r�s�e� �o�f� 
�t �h �e � �m �e �a �n � ƋF �F � �o �f� 
�p�h�o�t�o�s�t�i�m�u�l�i�-�r�e�s�p�o�n�s�i�v�e� 
�n�e�u�r�o�n�s� �i�n� �t�h�e� �p�o�t�e�n�t�i�a�t�i�o�n� 
�(�g�r�e�e�n�,� n ��� �n�e�u�r�o�n�s�)� �a�n�d� 
�d�e�p�r�e�s�s�i�o�n� �(�o�r�a�n�g�e�,� n ��0� 
�n�e�u�r�o�n�s�)� �p�r�o�t�o�c�o�l�s�.� �T�h�i�c�k� 
�l�i�n�e�s� �a�n�d� �s�h�a�d�i�n�g� �i�n�d�i�c�a�t�e� 
�t�h�e� �m�e�a�n� �� �s�.�e�.�m�.
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�I�n� �o�r�d�e�r� �t�o� �i�n�t�e�r�a�c�t� �s�u�c�c�e�s�s�f�u�l�l�y� �w�i�t�h� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� 
�a�n�i�m�a�l�s� �m�u�s�t� �d�e�d�u�c�e� �t�h�e�i�r� �s�u�r�r�o�u�n�d�i�n�g�s� �b�a�s�e�d� �o�n� �s�e�n�s�o�r�y� 
�i�n�f�o�r�m�a�t�i�o�n�.� �T�h�e� �v�i�s�u�a�l� �s�y�s�t�e�m� �p�l�a�y�s� �a� �p�a�r�t�i�c�u�l�a�r�l�y� �c�r�i�t�i�c�a�l� 
�r�o�l�e� �i�n� �s�u�c�h� �i�n�t�e�r�a�c�t�i�o�n�s� �w�i�t�h� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� 
´�W�h�y� �c�a�n� �w�e� �s�e�e"µ� �T�h�i�s� �q�u�e�s�t�i�o�n� �i�s� �f�u�n�d�a�m�e�n�t�a�l� �f�o�r� �a� 
�t�h�o�r�o�u�g�h� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �v�i�s�i�o�n�-�d�e�p�e�n�d�e�n�t� �a�n�i�m�a�l�s�,� 
�i�n�c�l�u�d�i�n�g� �h�u�m�a�n� �b�e�i�n�g�s�.� �I�n� �o�r�d�e�r� �t�o� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d� �t�h�e� 
�v�i�s�u�a�l� �s�y�s�t�e�m� �o�f� �a�n�i�m�a�l�s�,� �w�e� �a�r�e� �r�e�s�e�a�r�c�h�i�n�g� �a�n�i�m�a�l� 
�b�e�h�a�v�i�o�r�s� �t�h�r�o�u�g�h� �p�s�y�c�h�o�p�h�y�s�i�c�a�l� �a�n�d� �c�o�m�p�u�t�a�t�i�o�n�a�l� 
�m�e�t�h�o�d�s�.

I. Psychophysical study of Medaka fish
�O�n�e� �o�f� �o�u�r� �m�a�j�o�r� �s�u�b�j�e�c�t�s� �i�s� �t�h�e� �p�s�y�c�h�o�p�h�y�s�i�c�a�l� �a�n�d� 
�c�o�m�p�u�t�a�t�i�o�n�a�l� �s�t�u�d�y� �o�f� �m�e�d�a�k�a� �(Oryzias latipes�)�.� �R�e�c�e�n�t�l�y�,� 
�w�e� �m�a�d�e� �p�r�o�g�r�e�s�s� �i�n� �s�t�u�d�i�e�s� �o�f� �t�h�e� �p�r�e�y�-�p�r�e�d�a�t�o�r� �i�n�t�e�r�a�c�t�i�o�n� 
�u�s�i�n�g� �m�e�d�a�k�a� �a�n�d� �z�o�o�p�l�a�n�k�t�o�n�.� 9�i�s�u�a�l� �m�o�t�i�o�n� �c�u�e�s� �a�r�e� �o�n�e� 
�o�f� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r�s� �f�o�r� �e�l�i�c�i�t�i�n�g� �a�n�i�m�a�l� �b�e�h�a�v�i�o�r�,� 
�i�n�c�l�u�d�i�n�g� �p�r�e�d�a�t�o�r�-�p�r�e�y� �i�n�t�e�r�a�c�t�i�o�n�s� �i�n� �a�q�u�a�t�i�c� �e�n�v�i�r�o�n�m�e�n�t�s�.� 
�T�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �e�l�e�m�e�n�t�s� �o�f� �m�o�t�i�o�n� �t�h�a�t� �c�a�u�s�e� �s�u�c�h� 
�s�e�l�e�c�t�i�v�e� �p�r�e�d�a�t�i�o�n� �b�e�h�a�v�i�o�r�,� �w�e� �u�s�e�d� �a� �v�i�r�t�u�a�l� �p�l�a�n�k�t�o�n� 
�s�y�s�t�e�m� �w�h�e�r�e� �t�h�e� �p�r�e�d�a�t�i�o�n� �b�e�h�a�v�i�o�r� �i�n� �r�e�s�p�o�n�s�e� �t�o� 
�c�o�m�p�u�t�e�r�-�g�e�n�e�r�a�t�e�d� �p�r�e�y� �w�a�s� �a�n�a�l�y�z�e�d�.� 9�i�r�t�u�a�l� �p�r�e�y� �m�o�d�e�l�s� 
�w�e�r�e� �p�r�o�g�r�a�m�m�e�d� �o�n� �a� �c�o�m�p�u�t�e�r� �a�n�d� �p�r�e�s�e�n�t�e�d� �t�o� �m�e�d�a�k�a�,� 
�w�h�i�c�h� �s�e�r�v�e�d� �a�s� �p�r�e�d�a�t�o�r�y� �f�i�s�h�.� �M�e�d�a�k�a� �e�x�h�i�b�i�t�e�d� �p�r�e�d�a�t�i�o�n� 
�b�e�h�a�v�i�o�r� �a�g�a�i�n�s�t� �s�e�v�e�r�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �v�i�r�t�u�a�l� �p�l�a�n�k�t�o�n� 
�m�o�v�e�m�e�n�t�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �a�g�a�i�n�s�t� �a� �s�w�i�m�m�i�n�g� �p�a�t�t�e�r�n� �t�h�a�t� 
�c�o�u�l�d� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�s� �p�i�n�k� �n�o�i�s�e� �m�o�t�i�o�n�.� �A�n�a�l�y�z�i�n�g� �p�r�e�y�-
�p�r�e�d�a�t�o�r� �i�n�t�e�r�a�c�t�i�o�n�s� �v�i�a� �p�i�n�k� �n�o�i�s�e� �m�o�t�i�o�n� �w�i�l�l� �b�e� �a�n� 
�i�n�t�e�r�e�s�t�i�n�g� �r�e�s�e�a�r�c�h� �f�i�e�l�d� �i�n� �t�h�e� �f�u�t�u�r�e� �(�M�a�t�s�u�n�a�g�a� 	� 
�W�a�t�a�n�a�b�e�,� �2�0�1�2�)�.
�L�a�s�t� �a�n�d� �t�h�i�s� �y�e�a�r�,� �w�e� �h�a�v�e� �m�a�d�e� �p�r�o�g�r�e�s�s� �i�n� �s�t�u�d�i�e�s� �o�f� �t�h�e� 
�s�c�h�o�o�l�i�n�g� �b�e�h�a�v�i�o�r�s� �o�f� �m�e�d�a�k�a�.� �M�a�n�y� �f�i�s�h� �s�p�e�c�i�e�s� �a�r�e� �k�n�o�w�n� 
�t�o� �l�i�v�e� �i�n� �g�r�o�u�p�s�.� 9�i�s�u�a�l� �c�u�e�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �p�l�a�y� �a� 
�c�r�u�c�i�a�l� �r�o�l�e� �i�n� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �s�h�o�a�l�s�.� �U�s�i�n�g� �b�i�o�l�o�g�i�c�a�l� 
�m�o�t�i�o�n� �s�t�i�m�u�l�i�,� �d�e�p�i�c�t�i�n�g� �a� �m�o�v�i�n�g� �c�r�e�a�t�u�r�e� �b�y� �m�e�a�n�s� �o�f� �j�u�s�t� 
�a� �f�e�w� �i�s�o�l�a�t�e�d� �p�o�i�n�t�s�,� �w�e� �e�x�a�m�i�n�e�d� �w�h�e�t�h�e�r� �p�h�y�s�i�c�a�l� �m�o�t�i�o�n� 
�i�n�f�o�r�m�a�t�i�o�n� �i�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �i�n�d�u�c�t�i�o�n� �o�f� �s�h�o�a�l�i�n�g� �b�e�h�a�v�i�o�r�.� 
�W�e� �f�o�u�n�d� �t�h�a�t� �t�h�e� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �b�i�o�l�o�g�i�c�a�l� �m�o�t�i�o�n� �c�o�u�l�d� 
�p�r�o�m�i�n�e�n�t�l�y� �i�n�d�u�c�e� �s�h�o�a�l�i�n�g� �b�e�h�a�v�i�o�r�.� �W�e� �h�a�v�e� �s�h�o�w�n� �w�h�a�t� 
�a�s�p�e�c�t�s� �o�f� �m�o�t�i�o�n� �a�r�e� �c�r�i�t�i�c�a�l� �i�n� �t�h�e� �i�n�d�u�c�t�i�o�n� �o�f� �s�h�o�a�l�i�n�g� 
�b�e�h�a�v�i�o�r�.� �M�o�t�i�o�n� �o�r� �b�e�h�a�v�i�o�r�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �c�a�n� �b�e� 
�v�a�l�u�a�b�l�e� �i�n� �r�e�c�o�g�n�i�z�i�n�g� �a�n�i�m�a�l� �s�p�e�c�i�e�s�,� �s�e�x�,� �a�n�d� �g�r�o�u�p� 
�m�e�m�b�e�r�s�.� �S�t�u�d�i�e�s� �u�s�i�n�g� �b�i�o�l�o�g�i�c�a�l� �m�o�t�i�o�n� �s�t�i�m�u�l�i� �w�i�l�l� 
�e�n�h�a�n�c�e� �o�u�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �h�o�w� �n�o�n�-�h�u�m�a�n� �a�n�i�m�a�l�s� 
�e�x�t�r�a�c�t� �a�n�d� �p�r�o�c�e�s�s� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �w�h�i�c�h� �i�s� �v�i�t�a�l� �f�o�r� �t�h�e�i�r� 
�s�u�r�v�i�v�a�l� �(�N�a�k�a�y�a�s�u� 	� �W�a�t�a�n�a�b�e�,� �2�0�1��)�.
�T�h�i�s� �y�e�a�r�,� �w�e� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �n�o�v�e�l� �m�e�t�h�o�d� �f�o�r� �b�e�h�a�v�i�o�r� 
�a�n�a�l�y�s�i�s� �b�y� �u�s�i�n�g� ��D� �c�o�m�p�u�t�e�r� �g�r�a�p�h�i�c�s�.� �T�h�e� �f�i�n�e� �c�o�n�t�r�o�l� �o�f� 
�v�a�r�i�o�u�s� �f�e�a�t�u�r�e�s� �o�f� �l�i�v�i�n�g� �f�i�s�h� �h�a�v�e� �b�e�e�n� �d�i�f�f�i�c�u�l�t� �t�o� �a�c�h�i�e�v�e� 
�i�n� �s�t�u�d�i�e�s� �o�f� �f�i�s�h� �b�e�h�a�v�i�o�r�s�.� +�o�w�e�v�e�r�,� �c�o�m�p�u�t�e�r� �g�r�a�p�h�i�c�s� 
�a�l�l�o�w� �u�s� �t�o� �m�a�n�i�p�u�l�a�t�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� �a�n�d� �m�o�t�i�o�n� �c�u�e�s� 

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

�F�i�g�u�r�e� �1�.� � 9�i�r�t�u�a�l� �M�e�d�a�k�a� �f�i�s�h� �c�o�n�s�t�r�u�c�t�e�d� �o�f� ��D� �p�o�l�y�g�o�n�a�l� �m�o�d�e�l�s� �a�n�d� 
�p�h�o�t�o� �t�e�x�t�u�r�e�s�.

II. Psychophysical study of Human vision
�A�n�o�t�h�e�r� �o�f� �o�u�r� �m�a�j�o�r� �s�u�b�j�e�c�t�s� �i�s� �t�h�e� �p�s�y�c�h�o�p�h�y�s�i�c�a�l� �a�n�d� 
�t�h�e�o�r�e�t�i�c�a�l� �s�t�u�d�i�e�s� �o�f� �t�h�e� �v�i�s�u�a�l� �i�l�l�u�s�i�o�n�s� �o�f� �h�u�m�a�n� �b�e�i�n�g�s� 
�(Homo sapiens�)�.� �O�n�e� �r�e�c�e�n�t� �f�o�c�u�s� �o�f� �t�h�i�s� �d�e�b�a�t�e� �i�s� �t�h�e� �f�l�a�s�h�-
�l�a�g� �e�f�f�e�c�t�,� �i�n� �w�h�i�c�h� �a� �m�o�v�i�n�g� �o�b�j�e�c�t� �i�s� �p�e�r�c�e�i�v�e�d� �t�o� �l�e�a�d� �a� 
�f�l�a�s�h�e�d� �o�b�j�e�c�t� �w�h�e�n� �b�o�t�h� �o�b�j�e�c�t�s� �a�r�e� �a�l�i�g�n�e�d� �i�n� �a�c�t�u�a�l� 
�p�h�y�s�i�c�a�l� �s�p�a�c�e�.� �W�e� �d�e�v�e�l�o�p�e�d� �a� �s�i�m�p�l�e� �c�o�n�c�e�p�t�u�a�l� �m�o�d�e�l� 
�e�x�p�l�a�i�n�i�n�g� �t�h�e� �f�l�a�s�h�-�l�a�g� �e�f�f�e�c�t� �(�D�e�l�t�a� �m�o�d�e�l�,� �W�a�t�a�n�a�b�e� et al.�,� 
�2�0�1�0�)�.� �T�h�i�s� �y�e�a�r�,� �w�e� �h�a�v�e� �m�a�d�e� �a� �m�o�r�e� �d�e�v�e�l�o�p�e�d� �n�o�v�e�l� 
�v�i�s�u�a�l� �i�l�l�u�s�i�o�n�,� �t�h�e� �s�h�e�l�f�-�s�h�a�d�o�w� �i�l�l�u�s�i�o�n� � �(�F�i�g�u�r�e� �2�)�.
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�J�a�p�a�n�.
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I. Evolution of Complex Adaptive Characters
�T�h�e� �t�h�e�o�r�y� �o�f� �n�a�t�u�r�a�l� �s�e�l�e�c�t�i�o�n� �a�n�d� �t�h�e� �n�e�u�t�r�a�l� �t�h�e�o�r�y� �o�f� 
�m�o�l�e�c�u�l�a�r� �e�v�o�l�u�t�i�o�n� �a�r�e� �p�o�w�e�r�f�u�l� �c�o�n�c�e�p�t�s� �i�n� �e�v�o�l�u�t�i�o�n�a�r�y� 
�b�i�o�l�o�g�y�.� +�o�w�e�v�e�r�,� �e�v�e�n� �w�i�t�h� �s�u�c�h� �t�h�e�o�r�i�e�s�,� �t�h�e�r�e� �s�t�i�l�l� �r�e�m�a�i�n� 
�u�n�e�x�p�l�a�i�n�e�d� �p�h�e�n�o�m�e�n�a�,� �o�n�e� �o�f� �w�h�i�c�h� �i�s� �t�h�e� �e�v�o�l�u�t�i�o�n� �o�f� 
�c�o�m�p�l�e�x�i�t�y�.� �I�t� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �e�x�p�l�a�i�n� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �n�e�e�d�e�d� 
�t�o� �e�v�o�l�v�e� �c�o�m�p�l�e�x� �a�d�a�p�t�i�v�e� �t�r�a�i�t�s� �a�t� �c�e�l�l�u�l�a�r� �a�n�d� �o�r�g�a�n�i�s�m�a�l� 
�l�e�v�e�l�s�,� �s�u�c�h� �a�s� �c�e�l�l� �d�i�v�i�s�i�o�n� �m�a�c�h�i�n�e�r�y�,� �r�e�g�e�n�e�r�a�t�i�o�n�,� �n�o�v�e�l� 
�o�r�g�a�n� �d�e�v�e�l�o�p�m�e�n�t�,� �h�o�s�t� �r�a�c�e� �c�h�a�n�g�e�,� �a�n�d� �m�i�m�i�c�r�y�.� �S�u�c�h� 
�t�r�a�i�t�s� �c�o�m�p�r�i�s�e� �m�a�n�y� �c�o�m�p�o�n�e�n�t�s� �a�n�d� �b�e�c�o�m�e� �a�d�a�p�t�i�v�e� �o�n�l�y� 
�w�h�e�n� �a�l�l� �c�o�m�p�o�n�e�n�t�s� �a�r�e� �g�a�t�h�e�r�e�d� �t�o�g�e�t�h�e�r�.� +�o�w�e�v�e�r�,� �b�a�s�e�d� 
�o�n� �e�v�o�l�u�t�i�o�n�a�r�y� �t�h�e�o�r�y�,� �e�a�c�h� �c�o�m�p�o�n�e�n�t� �s�h�o�u�l�d� �e�v�o�l�v�e� �o�n�e� 
�b�y� �o�n�e� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �m�u�t�a�t�i�o�n�s�.� �W�e� �a�i�m� 
�t�o� �r�e�v�e�a�l� �t�h�e� �g�e�n�e�t�i�c� �n�e�t�w�o�r�k�s� �r�e�g�u�l�a�t�i�n�g� �c�o�m�p�l�e�x� �t�r�a�i�t�s� �a�n�d� 
�t�o� �i�n�f�e�r� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �n�e�e�d�e�d� �t�o� �e�v�o�l�v�e� �c�o�m�p�l�e�x� 
�c�h�a�r�a�c�t�e�r�s�.

II.  Evolution of Regeneration: Reprogramming 
of Differentiated Cells to Pluripotent Stem 
Cells

�D�i�f�f�e�r�e�n�t� �s�p�e�c�i�e�s� �h�a�v�e� �d�i�f�f�e�r�e�n�t� �m�o�r�p�h�o�l�o�g�y� �a�n�d� �a�l�s�o� 
�c�e�l�l�u�l�a�r� �c�h�a�r�a�c�t�e�r�s� �v�a�r�y� �b�e�t�w�e�e�n� �s�p�e�c�i�e�s�.� �S�t�e�m� �c�e�l�l�s� �s�e�l�f�-
�r�e�n�e�w� �a�n�d� �r�e�p�e�a�t�e�d�l�y� �p�r�o�d�u�c�e� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �c�e�l�l�s� �d�u�r�i�n�g� 
�d�e�v�e�l�o�p�m�e�n�t�.� �C�o�n�v�e�r�s�e�l�y�,� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �c�e�l�l�s� �c�a�n� �b�e� 
�c�o�n�v�e�r�t�e�d� �i�n�t�o� �s�t�e�m� �c�e�l�l�s� �i�n� �s�o�m�e� �o�r�g�a�n�i�s�m�s�.� �I�n� �p�l�a�n�t�s�,� 

�r�e�g�e�n�e�r�a�t�i�o�n� �o�f� �a� �s�t�e�m� �c�e�l�l� �l�e�a�d�s� �t�o� �g�e�n�e�r�a�t�i�o�n� �o�f� �a� �n�e�w� 
�i�n�d�i�v�i�d�u�a�l�,� �w�h�i�c�h� �i�s� �a�n� �e�f�f�e�c�t�i�v�e� �s�t�r�a�t�e�g�y� �f�o�r� �p�r�o�p�a�g�a�t�i�o�n�.� 
�T�h�e� �a�b�i�l�i�t�y� �t�o� �r�e�p�r�o�g�r�a�m� �i�s� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �s�p�e�c�i�e�s� �t�o� �s�p�e�c�i�e�s� 
�b�u�t� �t�h�e� �r�e�a�s�o�n� �i�s� �u�n�k�n�o�w�n�.� �T�h�e� �m�o�s�s� Physcomitrella patens 
�h�a�s� �a� �r�a�p�i�d� �r�e�p�r�o�g�r�a�m�m�i�n�g� �a�b�i�l�i�t�y� �(�s�e�e� � �h�t�t�p����w�w�w�.�n�i�b�b�.�a�c�.
�j�p��e�v�o�d�e�v�o��0�.�T�o�p�E�.�h�t�m�l�)� �a�n�d� �i�s� �f�e�a�s�i�b�l�e� �f�o�r� �u�s�e� �i�n� 
�e�x�p�e�r�i�m�e�n�t�s�.� �C�e�l�l�s� �i�n� �a� �d�i�s�s�e�c�t�e�d� �l�e�a�f� �a�r�e� �r�e�p�r�o�g�r�a�m�m�e�d� �t�o� 
�b�e�c�o�m�e� �c�h�l�o�r�o�n�e�m�a� �a�p�i�c�a�l� �s�t�e�m� �c�e�l�l�s� �w�i�t�h�i�n� �2�� �h�o�u�r�s�.� �W�e� 
�r�e�p�o�r�t�e�d� �t�h�a�t� �t�w�o� �p�a�r�a�l�o�g�o�u�s� P. patens WUSCHEL-related 
homeobox 13-like �(PpWOX13L�)� �g�e�n�e�s�,� �h�o�m�o�l�o�g�s� �o�f� �s�t�e�m� 
�c�e�l�l� �r�e�g�u�l�a�t�o�r�s� �i�n� �f�l�o�w�e�r�i�n�g� �p�l�a�n�t�s�,� �a�r�e� �t�r�a�n�s�i�e�n�t�l�y� 
�u�p�r�e�g�u�l�a�t�e�d� �a�n�d� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �i�n�i�t�i�a�t�i�o�n� �o�f� �c�e�l�l� �g�r�o�w�t�h� 
�d�u�r�i�n�g� �s�t�e�m� �c�e�l�l� �f�o�r�m�a�t�i�o�n�.� �C�o�n�c�o�r�d�a�n�t�l�y�,� ¨ppwox13l 
�d�e�l�e�t�i�o�n� �m�u�t�a�n�t�s� �f�a�i�l� �t�o� �u�p�r�e�g�u�l�a�t�e� �g�e�n�e�s� �e�n�c�o�d�i�n�g� �h�o�m�o�l�o�g�s� 
�o�f� �c�e�l�l� �w�a�l�l� �l�o�o�s�e�n�i�n�g� �f�a�c�t�o�r�s� �d�u�r�i�n�g� �t�h�i�s� �p�r�o�c�e�s�s�.� �D�u�r�i�n�g� �t�h�e� 
�m�o�s�s� �l�i�f�e� �c�y�c�l�e�,� �m�o�s�t� �o�f� �t�h�e� ¨ppwox13l �m�u�t�a�n�t� �z�y�g�o�t�e�s� �f�a�i�l� 
�t�o� �e�x�p�a�n�d� �a�n�d� �i�n�i�t�i�a�t�e� �a�n� �a�p�i�c�a�l� �s�t�e�m� �c�e�l�l� �t�o� �f�o�r�m� �t�h�e� �e�m�b�r�y�o�.� 
�O�u�r� �d�a�t�a� �s�h�o�w� �t�h�a�t� PpWOX13L �g�e�n�e�s� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� 
�i�n�i�t�i�a�t�i�o�n� �o�f� �c�e�l�l� �g�r�o�w�t�h� �s�p�e�c�i�f�i�c�a�l�l�y� �d�u�r�i�n�g� �s�t�e�m� �c�e�l�l� 
�f�o�r�m�a�t�i�o�n�,� �i�n� �a�n�a�l�o�g�y� �t�o� �W�O;� �s�t�e�m� �c�e�l�l� �f�u�n�c�t�i�o�n�s� �i�n� �s�e�e�d� 
�p�l�a�n�t�s�,� �b�u�t� �u�s�i�n�g� �a� �d�i�f�f�e�r�e�n�t� �c�e�l�l�u�l�a�r� �m�e�c�h�a�n�i�s�m� �(�S�a�k�a�k�i�b�a�r�a� 
et al�.� �2�0�1��)�.
�T�o� �p�e�r�f�o�r�m� �f�i�n�e� �l�i�v�e� �i�m�a�g�i�n�g� �d�u�r�i�n�g� �t�h�e� �r�e�p�r�o�g�r�a�m�m�i�n�g� 
�p�r�o�c�e�s�s�,� �w�e� �n�o�w� �t�r�y� �t�o� �a�p�p�l�y� �A�d�a�p�t�i�v�e� �o�p�t�i�c�s� �(�A�O�)� �t�o� �t�h�e� 
�o�b�s�e�r�v�a�t�i�o�n� �o�f� �P�h�y�s�c�o�m�i�t�r�e�l�l�a� �c�e�l�l�s�.� �A�O� �i�s� �t�h�e� �t�e�c�h�n�i�q�u�e� �t�o� 
�c�a�n�c�e�l� �t�h�e� �a�b�e�r�r�a�t�i�o�n� �c�a�u�s�e�d� �b�y� �a�t�m�o�s�p�h�e�r�i�c� �t�u�r�b�u�l�e�n�c�e� �a�n�d� 
�t�o� �p�e�r�f�o�r�m� �d�i�f�f�r�a�c�t�i�o�n�-� �l�i�m�i�t�e�d� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �c�e�l�e�s�t�i�a�l� �b�o�d�i�e�s� 
�f�r�o�m� �t�h�e� �g�r�o�u�n�d�.� �A�p�p�l�y�i�n�g� �A�O� �t�o� �m�i�c�r�o�s�c�o�p�y�,� �w�e� �c�a�n� �c�a�n�c�e�l� 
�t�h�e� �a�b�e�r�r�a�t�i�o�n� �c�a�u�s�e�d� �b�y� �c�e�l�l�u�l�a�r� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �p�e�r�f�o�r�m� 
�h�i�g�h�-�r�e�s�o�l�u�t�i�o�n� �l�i�v�e� �i�m�a�g�i�n�g�.� �T�o� �c�o�n�s�t�r�u�c�t� �t�h�e� �A�O� �s�y�s�t�e�m�,� �w�e� 
�f�i�r�s�t� �a�n�a�l�y�z�e�d� �t�h�e� �o�p�t�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �o�f� �P�h�y�s�c�o�m�i�t�r�e�l�l�a� �c�e�l�l�s�.� 
�L�i�v�e�-�c�e�l�l� �i�m�a�g�i�n�g� �w�i�t�h� �b�r�i�g�h�t� �f�i�e�l�d� �a�n�d� �p�h�a�s�e� �c�o�n�t�r�a�s�t� 
�m�i�c�r�o�s�c�o�p�i�e�s� �a�s� �w�e�l�l� �a�s� �i�m�a�g�e� �d�e�g�r�a�d�a�t�i�o�n� �a�n�a�l�y�s�i�s� �u�s�i�n�g� 
�f�l�u�o�r�e�s�c�e�n�t� �b�e�a�d�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �c�h�l�o�r�o�p�l�a�s�t�s� �a�r�e� �t�h�e� �m�a�i�n� 
�s�o�u�r�c�e� �o�f� �t�h�e� �d�i�s�t�u�r�b�a�n�c�e� �i�n� �t�h�e� �c�e�l�l� �(�T�a�m�a�d�a� et al�.� �2�0�1��)�.� 
�A�c�c�o�r�d�i�n�g� �t�o� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n�,� �w�e� �c�o�n�s�t�r�u�c�t�e�d� �a� �p�r�o�t�o�t�y�p�e� �o�f� 
�a�n� �A�O� �m�i�c�r�o�s�c�o�p�e� �t�h�a�t� �c�a�n� �c�o�r�r�e�c�t� �t�h�e� �a�b�e�r�r�a�t�i�o�n� �c�a�u�s�e�d� �b�y� 
�c�h�l�o�r�o�p�l�a�s�t�s�.� �I�m�a�g�e�s� �o�f� �c�h�l�o�r�o�p�l�a�s�t�s� �t�h�a�t� �a�r�e� �l�o�c�a�t�e�d� �a�t� �t�h�e� 
�o�p�p�o�s�i�t�e� �s�i�d�e� �f�r�o�m� �t�h�e� �o�b�j�e�c�t�i�v�e� �l�e�n�s� �i�n� �t�h�e� �l�e�a�f� �c�e�l�l� �a�r�e� 
�d�e�g�r�a�d�e�d� �d�u�e� �t�o� �a�b�e�r�r�a�t�i�o�n� �f�r�o�m� �c�e�l�l�u�l�a�r� �s�t�r�u�c�t�u�r�e�s� �i�n�c�l�u�d�i�n�g� 
�c�h�l�o�r�o�p�l�a�s�t�s� �t�h�e�m�s�e�l�v�e�s�.� �W�i�t�h� �A�O� �m�i�c�r�o�s�c�o�p�y�,� �w�e� 
�s�u�c�c�e�s�s�f�u�l�l�y� �o�b�t�a�i�n�e�d� �f�i�n�e� �i�m�a�g�e�s� �o�f� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �w�h�e�r�e� 
�t�h�e� �g�r�a�n�a� �s�t�r�u�c�t�u�r�e� �w�a�s� �o�b�s�e�r�v�e�d� �m�o�r�e� �c�l�e�a�r�l�y�.� �T�h�i�s� �s�t�u�d�y� 
�w�a�s� �m�a�i�n�l�y� �c�o�n�d�u�c�t�e�d� �b�y� �Y�o�s�u�k�e� �T�a�m�a�d�a�.

�F�i�g�u�r�e� �1�.� �A�O� �c�o�r�r�e�c�t�i�o�n� �o�f� �a� �c�h�l�o�r�o�p�l�a�s�t� �i�m�a�g�e�.� �L�e�f�t�,� �n�o� �c�o�r�r�e�c�t�i�o�n�� �r�i�g�h�t�,� 
�w�i�t�h� �A�O�.� �B�a�r�,� �5� �m�.

III.  Evolution of Regeneration: Master 
Regulator for Reprogramming STEMIN

�A�n�i�m�a�l� �s�o�m�a�t�i�c� �c�e�l�l�s� �c�a�n� �b�e� �r�e�p�r�o�g�r�a�m�m�e�d� �t�o� �i�n�d�u�c�e� 
�p�l�u�r�i�p�o�t�e�n�t� �s�t�e�m� �(�i�P�S�)� �c�e�l�l�s� �b�y� �i�n�t�r�o�d�u�c�i�n�g� �f�o�u�r� �t�r�a�n�s�c�r�i�p�t�i�o�n� 
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�f�a�c�t�o�r�s�,� �w�h�i�l�e� �s�u�c�h� �f�a�c�t�o�r�s� �h�a�v�e� �n�o�t� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �i�n� �p�l�a�n�t�s�.� 
�W�e� �h�a�v�e� �p�r�e�v�i�o�u�s�l�y� �i�d�e�n�t�i�f�i�e�d� �a� �g�e�n�e� �e�n�c�o�d�i�n�g� �a� �m�e�m�b�e�r� �o�f� 
�a� �p�l�a�n�t�-�s�p�e�c�i�f�i�c� �t�r�a�n�s�c�r�i�p�t�i�o�n� �f�a�c�t�o�r�,� �S�T�E�M� �C�E�L�L�-
�I�N�D�U�C�I�N�G� �F�A�C�T�O�R� �1� �(�S�T�E�M�I�N�1�)� �t�h�a�t� �w�a�s� �a�b�l�e� �t�o� �i�n�d�u�c�e� 
�d�i�r�e�c�t� �r�e�p�r�o�g�r�a�m�m�i�n�g� �o�f� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �l�e�a�f� �c�e�l�l�s� �i�n�t�o� 
�c�h�l�o�r�o�n�e�m�a� �a�p�i�c�a�l� �s�t�e�m� �c�e�l�l�s� �w�i�t�h�o�u�t� �w�o�u�n�d�i�n�g� �s�i�g�n�a�l�s�.� 
STEMIN1� �a�n�d� �i�t�s� �t�w�o� �p�a�r�a�l�o�g�o�u�s� �g�e�n�e�s� �(STEMIN2� �a�n�d� 
STEMIN3�)� �w�e�r�e� �a�c�t�i�v�a�t�e�d� �i�n� �l�e�a�f� �c�e�l�l�s� �t�h�a�t� �u�n�d�e�r�w�e�n�t� 
�r�e�p�r�o�g�r�a�m�m�i�n�g�.� �I�n� �a�d�d�i�t�i�o�n�,� �d�e�l�e�t�i�o�n� �o�f� �t�h�e� �t�h�r�e�e� STEMIN� 
�g�e�n�e�s� �d�e�l�a�y�e�d� �r�e�p�r�o�g�r�a�m�m�i�n�g� �a�f�t�e�r� �l�e�a�f� �e�x�c�i�s�i�o�n, suggesting 
that these genes redundantly function in the reprogramming 
of cut leaves�.� On the other hand, differently from STEMIN1, 
induction of STEMIN2 or STEMIN3 in gametophores did not 
change leaf cells into chloronema apical stem cells. These 
indicate that STEMIN1 has an enough ability to change intact 
leaf cells to stem cells, but its �p�a�r�a�l�o�g�o�u�s� �g�e�n�e�s� do not.� 
�M�a�s�a�k�i� �I�s�h�i�k�a�w�a� �w�a�s� �t�h�i�s� �s�t�u�d�y�’�s� �m�a�i�n� �r�e�s�e�a�r�c�h�e�r�.

IV.  Evolution of Elaborated Cell Division 
Machinery: Spindle body

�A�t� �m�i�t�o�s�i�s�,� �a�l�l� �e�u�k�a�r�y�o�t�i�c� �c�e�l�l�s� �d�i�v�i�d�e� �c�h�r�o�m�o�s�o�m�e�s� �t�o� �t�w�o� 
�d�a�u�g�h�t�e�r� �c�e�l�l�s� �u�s�i�n�g� �a� �m�i�t�o�t�i�c� �s�p�i�n�d�l�e�,� �w�h�i�c�h� �i�s� �c�o�m�p�o�s�e�d� �o�f� 
�m�i�c�r�o�t�u�b�u�l�e�s�.� �F�o�r� �a�c�c�u�r�a�t�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �c�h�r�o�m�o�s�o�m�e�s�,� 
�t�h�e� �s�p�i�n�d�l�e� �h�a�s� �t�w�o� �p�o�l�e�s�.� �T�h�e� �c�e�n�t�r�o�s�o�m�e�s�,� �w�h�i�c�h� �a�c�t� �a�s� 
�m�i�c�r�o�t�u�b�u�l�e� �o�r�g�a�n�i�z�i�n�g� �c�e�n�t�e�r�s�,� �e�n�s�u�r�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �t�w�o� 
�p�o�l�e�s� �i�n� �m�e�t�a�z�o�a�n� �c�e�l�l�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �c�e�l�l�s� �o�f� �l�a�n�d� �p�l�a�n�t�s� 
�a�n�d� �t�h�e�i�r� �s�i�s�t�e�r� �g�r�o�u�p�,� �c�h�a�r�o�p�h�y�c�e�a�n� �g�r�e�e�n� �a�l�g�a�e�,� �f�o�r�m� �a� 
�b�i�p�o�l�a�r� �s�p�i�n�d�l�e� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �c�e�n�t�r�o�s�o�m�e�s�.� �F�o�r� 
�u�n�d�e�r�s�t�a�n�d�i�n�g� �t�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �a�c�e�n�t�r�o�s�o�m�a�l� �s�p�i�n�d�l�e� 
�f�o�r�m�a�t�i�o�n�,� �t�h�e� �s�t�e�p�s� �o�f� �m�i�c�r�o�t�u�b�u�l�e� �r�e�o�r�g�a�n�i�z�a�t�i�o�n� �d�u�r�i�n�g� 
�s�p�i�n�d�l�e� �f�o�r�m�a�t�i�o�n� �s�h�o�u�l�d� �b�e� �v�i�s�u�a�l�i�z�e�d�.� �I�t� �i�s� �c�h�a�l�l�e�n�g�i�n�g�,� 
�h�o�w�e�v�e�r�,� �t�o� �v�i�s�u�a�l�i�z�e� �m�i�c�r�o�t�u�b�u�l�e� �r�e�o�r�g�a�n�i�z�a�t�i�o�n� �d�u�r�i�n�g� 
�s�p�i�n�d�l�e� �f�o�r�m�a�t�i�o�n� �i�n� �l�i�v�i�n�g� �p�l�a�n�t� �c�e�l�l�s�,� �b�e�c�a�u�s�e� �l�a�r�g�e� �n�u�m�b�e�r�s� 
�o�f� �m�i�c�r�o�t�u�b�u�l�e�s� �r�a�p�i�d�l�y� �r�e�d�i�s�t�r�i�b�u�t�e� �i�n� ��-�d�i�m�e�n�s�i�o�n�a�l� �s�p�a�c�e�.� 
�W�e� �c�o�l�l�a�b�o�r�a�t�e�d� �w�i�t�h� �P�r�o�f�.� �T�o�m�o�m�i� �N�e�m�o�t�o� �i�n� +�o�k�k�a�i�d�o� 
�U�n�i�v�e�r�s�i�t�y� �a�n�d� �d�e�v�e�l�o�p�e�d� �a� �t�w�o�-�p�h�o�t�o�n� �s�p�i�n�n�i�n�g� �d�i�s�k� 
�c�o�n�f�o�c�a�l� �m�i�c�r�o�s�c�o�p�e�,� �w�h�i�c�h� �e�n�a�b�l�e�s� ��-�d�i�m�e�n�s�i�o�n�a�l� �i�m�a�g�i�n�g� 
�o�f� �l�i�v�i�n�g� �c�e�l�l�s� �w�i�t�h� �h�i�g�h� �t�e�m�p�o�r�a�l� �a�n�d� �s�p�a�t�i�a�l� �r�e�s�o�l�u�t�i�o�n�.� �O�u�r� 
�d�a�t�a� �s�h�o�w�s� �t�h�a�t� �m�i�c�r�o�t�u�b�u�l�e�s� �e�l�o�n�g�a�t�e� �f�r�o�m� �t�e�m�p�l�a�t�e� 
�m�i�c�r�o�t�u�b�u�l�e�s� �o�n� �t�h�e� �n�u�c�l�e�a�r� �e�n�v�e�l�o�p�e� �u�p�o�n� �n�u�c�l�e�a�r� �e�n�v�e�l�o�p�e� 
�b�r�e�a�k�d�o�w�n�.� �T�h�e� �t�e�m�p�l�a�t�e� �m�i�c�r�o�t�u�b�u�l�e�s� �a�r�e� �d�i�s�t�i�n�c�t� �f�r�o�m� �t�h�e� 
�s�p�i�n�d�l�e� �m�i�c�r�o�t�u�b�u�l�e�s� �b�e�c�a�u�s�e� �t�h�e�y� �d�i�s�a�p�p�e�a�r� �d�u�r�i�n�g� �s�p�i�n�d�l�e� 
�d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e� �d�a�t�a� �s�u�g�g�e�s�t�s� �t�h�a�t� �m�i�c�r�o�t�u�b�u�l�e�s� �w�h�i�c�h� �h�a�d� 
�b�e�e�n� �o�r�g�a�n�i�z�e�d� �b�e�f�o�r�e� �s�p�i�n�d�l�e� �f�o�r�m�a�t�i�o�n� �a�r�e� �t�h�e� �o�r�g�a�n�i�z�e�r�s� �o�f� 
�t�h�e� �b�i�p�o�l�a�r� �s�p�i�n�d�l�e�.� �T�a�k�a�s�h�i� �M�u�r�a�t�a� �w�a�s� �t�h�i�s� �s�t�u�d�y�’�s� �m�a�i�n� 
�r�e�s�e�a�r�c�h�e�r�.

V. Evolution of water conducting systems
�T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �w�a�t�e�r� �c�o�n�d�u�c�t�i�n�g� �s�y�s�t�e�m� �w�a�s� �o�n�e� �o�f� 
�t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �l�a�n�d� �p�l�a�n�t�s�.� �R�e�c�e�n�t� 
�s�t�u�d�i�e�s� �i�m�p�l�i�c�a�t�e� �a� �g�r�o�u�p� �o�f� �N�A�C� �d�o�m�a�i�n� �t�r�a�n�s�c�r�i�p�t�i�o�n� 
�f�a�c�t�o�r�s� �i�n�c�l�u�d�i�n�g� 9�N�D�� �a�n�d� 9�N�D�� �o�f� Arabidopsis thaliana� 
�a�s� �k�e�y� �r�e�g�u�l�a�t�o�r�s� �o�f� �f�o�r�m�a�t�i�o�n� �o�f� �x�y�l�e�m� �v�e�s�s�e�l�s�,� �w�a�t�e�r�-
�c�o�n�d�u�c�t�i�n�g� �c�e�l�l�s� �i�n� �v�a�s�c�u�l�a�r� �p�l�a�n�t�s�.� +�o�w�e�v�e�r�,� �m�o�l�e�c�u�l�a�r� 
�m�e�c�h�a�n�i�s�m�s� �f�o�r� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �o�t�h�e�r� �t�y�p�e�s� �o�f� �w�a�t�e�r�-
�c�o�n�d�u�c�t�i�n�g� �c�e�l�l�s� �a�r�e� �s�t�i�l�l� �u�n�c�l�e�a�r�.� �W�e� �c�o�l�l�a�b�o�r�a�t�e�d� �w�i�t�h� �P�r�o�f�.� 
�T�a�k�u� �D�e�m�u�r�a� �i�n� �N�A�I�S�T� �a�n�d� �s�h�o�w�e�d� �t�h�a�t � �t�h�e�i�r� 
Physcomitrella patens� �h�o�m�o�l�o�g�u�e�s�,� �n�a�m�e�d� �P�p9�N�S�1� �t�o� 
�P�p9�N�S��,� �p�l�a�y� �a� �c�r�u�c�i�a�l� �r�o�l�e� �d�u�r�i�n�g� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

�h�y�d�r�o�i�d�s�,� �s�p�e�c�i�a�l�i�z�e�d� �w�a�t�e�r�-�c�o�n�d�u�c�t�i�n�g� �c�e�l�l�s� �i�n� �b�r�y�o�p�h�y�t�e�s�.� 
PpVNS� �g�e�n�e�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �m�i�d�r�i�b� �o�f� �d�e�v�e�l�o�p�i�n�g� 
�l�e�a�v�e�s�,� �i�n� �w�h�i�c�h� �h�y�d�r�o�i�d�s� �a�r�e� �d�e�v�e�l�o�p�e�d�.� �O�v�e�r�e�x�p�r�e�s�s�i�o�n� �o�f� 
PpVNS� �g�e�n�e�s� �i�n�d�u�c�e�d� �c�e�l�l� �d�e�a�t�h� �i�n� P. patens �a�n�d� �e�c�t�o�p�i�c� 
�f�o�r�m�a�t�i�o�n� �o�f� �v�e�s�s�e�l�-�l�i�k�e� �c�e�l�l�s� �i�n� �t�h�e� �v�a�s�c�u�l�a�r� �p�l�a�n�t� 
Arabidopsis�.� �F�r�o�m� �t�h�e�s�e� �o�b�s�e�r�v�a�t�i�o�n�s�,� �w�e� �p�r�o�p�o�s�e�d� �t�h�a�t� �t�h�e� 
�l�a�s�t� �c�o�m�m�o�n� �a�n�c�e�s�t�o�r� �o�f� �b�r�y�o�p�h�y�t�e�s� �a�n�d� �v�a�s�c�u�l�a�r� �p�l�a�n�t�s� �h�a�d� 
�d�e�v�e�l�o�p�e�d� �a� �s�y�s�t�e�m� �u�s�i�n�g� 9�N�S� �h�o�m�o�l�o�g�u�e�s� �t�o� �i�n�d�u�c�e� �c�e�l�l� 
�d�e�a�t�h� �d�u�r�i�n�g� �w�a�t�e�r�-�c�o�n�d�u�c�t�i�n�g� �c�e�l�l� �f�o�r�m�a�t�i�o�n�.� �O�u�r� �f�i�n�d�i�n�g�s� 
�a�l�s�o� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �w�a�t�e�r�-�c�o�n�d�u�c�t�i�n�g� �c�e�l�l�s� �i�n� �b�r�y�o�p�h�y�t�e�s� 
�a�n�d� �v�a�s�c�u�l�a�r� �p�l�a�n�t�s� �a�r�e� �h�o�m�o�l�o�g�o�u�s�,� �a�n�d� �t�h�a�t� �c�u�r�r�e�n�t� �l�a�n�d� 
�p�l�a�n�t�s� �s�h�a�r�e� �a� �c�o�n�s�e�r�v�e�d� �g�e�n�e�t�i�c� �b�a�s�i�s� �w�i�t�h� 9�N�S� �f�a�m�i�l�y� 
�p�r�o�t�e�i�n�s� �f�o�r� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �w�a�t�e�r� �c�o�n�d�u�c�t�i�n�g� �s�y�s�t�e�m�s� �(;�u� et 
al�.� �2�0�1��)�.

VI.  Molecular mechanisms of Plant Movement 
using Mimosa pudica

�T�h�e� �s�e�n�s�i�t�i�v�e� �p�l�a�n�t� Mimosa pudica� �h�a�s� �l�o�n�g� �a�t�t�r�a�c�t�e�d� �t�h�e� 
�i�n�t�e�r�e�s�t� �o�f� �r�e�s�e�a�r�c�h�e�r�s� �d�u�e� �t�o� �i�t�s� �s�p�e�c�t�a�c�u�l�a�r� �l�e�a�f� �m�o�v�e�m�e�n�t�s� 
�i�n� �r�e�s�p�o�n�s�e� �t�o� �t�o�u�c�h� �o�r� �o�t�h�e�r� �e�x�t�e�r�n�a�l� �s�t�i�m�u�l�i�.� �A�l�t�h�o�u�g�h� 
�v�a�r�i�o�u�s� �a�s�p�e�c�t�s� �o�f� �t�h�e� �s�e�i�s�m�o�n�a�s�t�i�c� �m�o�v�e�m�e�n�t� �h�a�v�e� �b�e�e�n� 
�e�l�u�c�i�d�a�t�e�d� �b�y� �h�i�s�t�o�l�o�g�i�c�a�l�,� �p�h�y�s�i�o�l�o�g�i�c�a�l�,� �b�i�o�c�h�e�m�i�c�a�l�,� �a�n�d� 
�b�e�h�a�v�i�o�r�a�l� �a�p�p�r�o�a�c�h�e�s�,� �t�h�e� �l�a�c�k� �o�f� �r�e�v�e�r�s�e� �g�e�n�e�t�i�c� �t�o�o�l�s� �h�a�s� 
�h�a�m�p�e�r�e�d� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� 
�i�n�v�o�l�v�e�d� �i�n� �t�h�e�s�e� �p�r�o�c�e�s�s�e�s�.� �T�o� �o�v�e�r�c�o�m�e� �t�h�i�s� �o�b�s�t�a�c�l�e�,� �w�e� 
�d�e�v�e�l�o�p�e�d� �a�n� �e�f�f�i�c�i�e�n�t� �g�e�n�e�t�i�c� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �m�e�t�h�o�d� �f�o�r� M. 
pudica� �(�M�a�n�o� et al.�,� �2�0�1��)�.� �T�h�i�s� �n�e�w� �t�e�c�h�n�i�q�u�e� �i�s� �c�u�r�r�e�n�t�l�y� 
�a�p�p�l�i�e�d� �f�o�r� �l�i�v�e� �i�m�a�g�i�n�g� �o�f� �a�c�t�i�n� �c�y�t�o�s�k�e�l�e�t�o�n� �a�n�d� �c�a�l�c�i�u�m� 
�d�y�n�a�m�i�c�s�,� �b�o�t�h� �o�f� �w�h�i�c�h� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �t�h�e� �s�e�i�s�m�o�n�a�s�t�i�c� 
�m�o�v�e�m�e�n�t� �t�h�r�o�u�g�h� �a�s�-�y�e�t�-�u�n�i�d�e�n�t�i�f�i�e�d� �m�e�c�h�a�n�i�s�m�s�.� �O�u�r� 
�t�r�a�n�s�g�e�n�i�c� �t�e�c�h�n�i�q�u�e� �a�l�s�o� �e�n�a�b�l�e�d� �u�s� �t�o� �d�e�v�e�l�o�p� �a� �C�R�I�S�P�R�
�C�a�s�-�m�e�d�i�a�t�e�d� �g�e�n�e� �k�n�o�c�k�-�o�u�t� �s�y�s�t�e�m� �i�n� �t�h�i�s� �s�p�e�c�i�e�s�.� �T�o� 
�i�n�v�e�s�t�i�g�a�t�e� �a�d�a�p�t�i�v�e� �m�e�a�n�i�n�g�s� �o�f� �t�h�e� �s�e�i�s�m�o�n�a�s�t�i�c� 
�m�o�v�e�m�e�n�t�,� �w�e� �n�o�w� �t�r�y� �t�o� �p�r�o�d�u�c�e� �i�m�m�o�t�i�l�e� �m�u�t�a�n�t�s� �u�s�i�n�g� 
�t�h�e� �C�R�I�S�P�R��C�a�s� �s�y�s�t�e�m�.� �T�h�i�s� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �m�a�i�n�l�y� 
�b�y� +�i�r�o�a�k�i� �M�a�n�o�.

�F�i�g�u�r�e� �2�.� 9�i�s�u�a�l�i�z�a�t�i�o�n� �o�f� �a�c�t�i�n� �c�y�t�o�s�k�e�l�e�t�o�n� �i�n� �l�e�a�f�l�e�t�s� �o�f� Mimosa pudica� 
�u�s�i�n�g� �a� �L�i�f�e�a�c�t�-9�e�n�u�s� �p�r�o�t�e�i�n

VII. Molecular mechanisms of mimicry
�A�n� �e�x�c�e�l�l�e�n�t� �e�x�a�m�p�l�e� �o�f� �m�i�m�i�c�r�y� �i�s� �t�h�e� �f�l�o�w�e�r�-�m�i�m�i�c�r�y� �o�f� 
�t�h�e� �o�r�c�h�i�d� �m�a�n�t�i�s� Hymenopus coronatus� �w�i�t�h� �p�i�n�k� �a�n�d� �w�h�i�t�e� 
�c�o�l�o�r�a�t�i�o�n� �a�n�d� �p�e�t�a�l�-�l�i�k�e� �l�e�g�s�.� �B�i�o�c�h�e�m�i�c�a�l� �a�n�a�l�y�s�e�s� 
�i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �r�e�d�u�c�e�d� �f�o�r�m� �o�f� �x�a�n�t�h�o�m�m�a�t�i�n�,� �a� �c�o�m�m�o�n� 
�r�e�d� �p�i�g�m�e�n�t� �o�f� �t�h�e� �o�m�m�o�c�h�r�o�m�e� �f�a�m�i�l�y�,� �a�l�m�o�s�t� �s�o�l�e�l�y� 
�c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� �p�i�n�k� �c�o�l�o�r�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �t�h�e� �o�x�i�d�i�z�e�d� 
�f�o�r�m� �o�f� �x�a�n�t�h�o�m�m�a�t�i�n� �w�a�s� �f�o�u�n�d� �i�n� �m�a�n�t�i�s�e�s� �w�i�t�h� �b�r�o�w�n� 
�b�o�d�y� �c�o�l�o�r�.� �T�o� �f�u�r�t�h�e�r� �e�l�u�c�i�d�a�t�e� �t�h�e� �m�e�c�h�a�n�i�s�m� �u�n�d�e�r�l�y�i�n�g� 
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�t�h�e� �d�i�f�f�e�r�e�n�t� �b�o�d�y� �c�o�l�o�r�a�t�i�o�n�,� �w�e� �a�r�e� �n�o�w� �a�n�a�l�y�z�i�n�g� �t�h�e� 
�u�l�t�r�a�s�t�r�u�c�t�u�r�e� �o�f� �o�m�m�o�c�h�r�o�m�e� �g�r�a�n�u�l�e�s� �i�n� �p�i�g�m�e�n�t� �c�e�l�l�s� �o�f� 
�t�h�e�s�e� �m�a�n�t�i�s�e�s� �b�y� �t�r�a�n�s�m�i�s�s�i�o�n� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y�.� �T�h�i�s� 
�w�o�r�k� �w�a�s� �m�a�i�n�l�y� �d�o�n�e� �b�y� +�i�r�o�a�k�i� �M�a�n�o�.

VIII.  Evolution of pitcher leaves in carnivorous 
plants

�C�a�r�n�i�v�o�r�o�u�s� �p�l�a�n�t�s� �f�o�r�m� �s�p�e�c�i�a�l�i�z�e�d� �l�e�a�v�e�s� �t�h�a�t� �a�r�e� �c�a�p�a�b�l�e� 
�o�f� �a�t�t�r�a�c�t�i�n�g�,� �t�r�a�p�p�i�n�g�,� �a�n�d� �d�i�g�e�s�t�i�n�g� �p�r�e�y� �a�n�d� �a�b�s�o�r�b�i�n�g� 
�n�u�t�r�i�e�n�t�s�.� �T�h�e� �u�n�u�s�u�a�l� �p�l�a�n�t�s� �e�v�o�l�v�e�d� �f�r�o�m� �n�o�n�-�c�a�r�n�i�v�o�r�o�u�s� 
�p�l�a�n�t�s� �b�u�t� �t�h�e�i�r� �e�v�o�l�u�t�i�o�n�a�r�y� �p�r�o�c�e�s�s� �i�s� �m�o�s�t�l�y� �u�n�k�n�o�w�n�.� �T�o� 
�u�n�d�e�r�s�t�a�n�d� �t�h�e� �g�e�n�o�m�i�c� �c�h�a�n�g�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� 
�e�v�o�l�u�t�i�o�n� �o�f� �c�a�r�n�i�v�o�r�y�,� �w�e� �s�e�q�u�e�n�c�e�d� �2�-�G�b�p� �g�e�n�o�m�e� �o�f� �t�h�e� 
�A�u�s�t�r�a�l�i�a�n� �p�i�t�c�h�e�r� �p�l�a�n�t� Cephalotus follicularis� �i�n� 
�c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �B�e�i�j�i�n�g� �G�e�n�o�m�i�c�s� �I�n�s�t�i�t�u�t�e�.� �T�h�i�s� �s�t�u�d�y� 
�w�a�s� �c�o�n�d�u�c�t�e�d� �m�a�i�n�l�y� �b�y� �K�e�n�j�i� �F�u�k�u�s�h�i�m�a� �a�n�d� �T�o�m�o�k�o� 
�S�h�i�b�a�t�a�.
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�C�e�l�l� �B�i�o�l�o�g�y�,� �T�i�s�s�u�e� �F�o�r�m�a�t�i�o�n� �d�u�r�i�n�g� �D�e�v�e�l�o�p�m�e�n�t�,� �a�n�d� �M�o�d�e�l� 
�O�r�g�a�n�i�s�m�s�.� �P�p�.� ��0�5�-����,� �C�R�C� �P�r�e�s�s�.

�� �T�o�m�e�s�c�u�,� �A�.�M�.�,� �W�y�a�t�t�,� �S�.�E�.�,� +�a�s�e�b�e�,� �M�.�,� �a�n�d� �R�o�t�h�w�e�l�l�,� �G�.�W�.� �(�2�0�1��)�.� 
�E�a�r�l�y� �e�v�o�l�u�t�i�o�n� �o�f� �t�h�e� �v�a�s�c�u�l�a�r� �p�l�a�n�t� �b�o�d�y� �p�l�a�n� �-� �t�h�e� �m�i�s�s�i�n�g� 
�m�e�c�h�a�n�i�s�m�s�.� �C�u�r�r�.� �O�p�i�n�.� �P�l�a�n�t� �B�i�o�l�. 17�,� �1�2��-�1���.
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Rhizobium²�l�e�g�u�m�e� �s�y�m�b�i�o�s�i�s� �i�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �s�u�c�c�e�s�s�f�u�l� 
�m�u�t�u�a�l�l�y� �b�e�n�e�f�i�c�i�a�l� �i�n�t�e�r�a�c�t�i�o�n�s� �o�n� �e�a�r�t�h�.� �I�n� �t�h�i�s� �s�y�m�b�i�o�s�i�s�,� 
�s�o�i�l� �b�a�c�t�e�r�i�a� �c�a�l�l�e�d� �r�h�i�z�o�b�i�a� �s�u�p�p�l�y� �t�h�e� �h�o�s�t� �l�e�g�u�m�e�s� �w�i�t�h� 
�a�m�m�o�n�i�a� �p�r�o�d�u�c�e�d� �t�h�r�o�u�g�h� �b�a�c�t�e�r�i�a�l� �n�i�t�r�o�g�e�n� �f�i�x�a�t�i�o�n�.� �I�n� 
�r�e�t�u�r�n�,� �h�o�s�t� �p�l�a�n�t�s� �p�r�o�v�i�d�e� �t�h�e� �r�h�i�z�o�b�i�a� �w�i�t�h� �t�h�e�i�r� 
�p�h�o�t�o�s�y�n�t�h�e�t�i�c� �p�r�o�d�u�c�t�s�.� �T�o� �a�c�c�o�m�p�l�i�s�h� �t�h�i�s� �b�i�o�t�i�c� 
�i�n�t�e�r�a�c�t�i�o�n�,� �l�e�g�u�m�i�n�o�u�s� �p�l�a�n�t�s� �d�e�v�e�l�o�p� �n�o�d�u�l�e�s� �o�n� �t�h�e�i�r� 
�r�o�o�t�s�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �m�o�r�e� �t�h�a�n� ��0�� �o�f� �l�a�n�d� �p�l�a�n�t� 
�f�a�m�i�l�i�e�s� �h�a�v�e� �s�y�m�b�i�o�t�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s� �w�i�t�h� �a�r�b�u�s�c�u�l�a�r� 
�m�y�c�o�r�r�h�i�z�a�l� �(�A�M�)� �f�u�n�g�i�.� �D�e�s�p�i�t�e� �m�a�r�k�e�d� �d�i�f�f�e�r�e�n�c�e�s� 
�b�e�t�w�e�e�n� �t�h�e� �f�u�n�g�a�l� �a�n�d� �b�a�c�t�e�r�i�a�l� �s�y�m�b�i�o�s�e�s�,� �c�o�m�m�o�n� �g�e�n�e�s� 
�a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �b�o�t�h� �i�n�t�e�r�a�c�t�i�o�n�s�.� �U�s�i�n�g� �a� �m�o�d�e�l� �l�e�g�u�m�e� 
Lotus japonicus�,� �w�e� �a�r�e� �t�r�y�i�n�g� �t�o� �u�n�v�e�i�l� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �o�f� 
�b�o�t�h� �s�y�m�b�i�o�t�i�c� �s�y�s�t�e�m�s�.� � 

I. Nodulation
1-1 Genetic mechanism involved in early and late 
nodule development 
� �I�n� �r�e�s�p�o�n�s�e� �t�o� �a�p�p�r�o�p�r�i�a�t�e� �i�n�d�u�c�t�i�v�e� �c�o�n�d�i�t�i�o�n�s�,� �p�l�a�n�t�s� �h�a�v�e� 
�t�h�e� �c�a�p�a�c�i�t�y� �o�f� �f�o�r�m�i�n�g� �n�e�w� �o�r�g�a�n�s� �f�r�o�m� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �c�e�l�l�s�.� 
�R�o�o�t� �n�o�d�u�l�a�t�i�o�n� �i�s� �o�n�e� �s�u�c�h� �u�n�i�q�u�e� �d�e�v�e�l�o�p�m�e�n�t�a�l� �p�r�o�c�e�s�s� 
�t�h�a�t� �p�r�e�d�o�m�i�n�a�n�t�l�y� �o�c�c�u�r�s� �i�n� �l�e�g�u�m�i�n�o�u�s� �p�l�a�n�t�s�.� �I�n� �t�h�i�s� 
�p�r�o�c�e�s�s�,� �s�i�g�n�a�l�i�n�g� �i�n�i�t�i�a�t�e�d� �b�y� �s�y�m�b�i�o�t�i�c� �b�a�c�t�e�r�i�a�l� �i�n�f�e�c�t�i�o�n� 
�a�l�t�e�r�s� �t�h�e� �f�a�t�e� �o�f� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �c�o�r�t�i�c�a�l� �c�e�l�l�s� �a�n�d� �c�a�u�s�e�s� 
�f�o�r�m�a�t�i�o�n� �o�f� �n�e�w� �o�r�g�a�n�s�.� 
� �T�h�e� L. japonicus vagrant infection thread 1 �(vag1�)� �i�s� �a� 
�n�o�v�e�l� �m�u�t�a�n�t� �i�n�v�o�l�v�e�d� �i�n� �n�o�d�u�l�e� �d�e�v�e�l�o�p�m�e�n�t�.� VAG1� 
�e�n�c�o�d�e�s� �a� �p�r�o�t�e�i�n� �o�r�t�h�o�l�o�g�o�u�s� �t�o� Arabidopsis� �R�O�O�T� 
+�A�I�R�L�E�S�S� �1�,� �w�h�i�c�h� �f�u�n�c�t�i�o�n�s� �a�s� �a� �s�u�b�u�n�i�t� �o�f� �D�N�A� 
�t�o�p�o�i�s�o�m�e�r�a�s�e� 9�I�.� �A�n�a�l�y�s�e�s� �f�o�c�u�s�i�n�g� �o�n� �n�u�c�l�e�a�r� �s�i�z�e� �f�o�u�n�d� 
�t�h�e� �e�m�e�r�g�e�n�c�e� �o�f� �a� �f�e�w� �c�o�r�t�i�c�a�l� �c�e�l�l�s� �w�i�t�h� �e�n�l�a�r�g�e�d� �n�u�c�l�e�i� 
�d�u�r�i�n�g� �i�n�i�t�i�a�t�i�o�n� �o�f� �c�o�r�t�i�c�a�l� �c�e�l�l� �d�i�v�i�s�i�o�n� �i�n� �w�i�l�d� �t�y�p�e�.� �I�n� �t�h�e� 

vag1� �m�u�t�a�n�t�s�,� �t�h�e�s�e� �p�o�t�e�n�t�i�a�l�l�y� �e�n�d�o�r�e�d�u�p�l�i�c�a�t�e�d� �c�e�l�l�s� �a�r�e� 
�n�o�t� �o�b�s�e�r�v�e�d� �a�n�d� �s�u�b�s�e�q�u�e�n�t� �c�o�r�t�i�c�a�l� �c�e�l�l� �d�i�v�i�s�i�o�n� �i�s� �s�e�v�e�r�e�l�y� 
�c�o�m�p�r�o�m�i�s�e�d�.� �T�h�u�s�,� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �D�N�A� �t�o�p�o�i�s�o�m�e�r�a�s�e� 
9�I� �i�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �e�n�d�o�r�e�d�u�p�l�i�c�a�t�i�o�n� �o�f� �c�o�r�t�i�c�a�l� �c�e�l�l�s�,� 
�w�h�i�c�h� �c�a�n� �t�r�i�g�g�e�r� �t�h�e� �o�n�s�e�t� �o�f� �c�o�r�t�i�c�a�l� �c�e�l�l� �d�i�v�i�s�i�o�n�.� �D�u�r�i�n�g� 
�l�a�t�e� �n�o�d�u�l�e� �d�e�v�e�l�o�p�m�e�n�t�,� �e�n�d�o�r�e�d�u�p�l�i�c�a�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �t�h�e� 
�f�o�r�m�a�t�i�o�n� �o�f� �e�n�l�a�r�g�e�d� �r�h�i�z�o�b�i�a�-�c�o�l�o�n�i�z�e�d� �c�e�l�l�s� �i�n� �m�a�t�u�r�e� 
�n�o�d�u�l�e�s�.� �I�n� �w�i�l�d� �t�y�p�e L. japonicus�,� �t�h�e�r�e� �a�r�e� �e�n�l�a�r�g�e�d� 
�r�h�i�z�o�b�i�a�-�c�o�l�o�n�i�z�e�d� �c�e�l�l�s� �i�n� �t�h�e� �i�n�n�e�r� �r�e�g�i�o�n� �o�f� �t�h�e� �n�o�d�u�l�e�,� 
�a�n�d� �s�m�a�l�l�e�r� �r�h�i�z�o�b�i�a�-�i�n�f�e�c�t�e�d� �(�a�s� �y�e�t� �u�n�c�o�l�o�n�i�z�e�d�)� �c�e�l�l�s� �i�n� 
�t�h�e� �s�u�r�r�o�u�n�d�i�n�g� �r�e�g�i�o�n� �(�F�i�g�u�r�e� �1�)�.� �I�n� vag1� �n�o�d�u�l�e�s�,� �t�h�e� 
�n�u�m�b�e�r� �o�f� �t�h�e�s�e� �s�m�a�l�l� �r�h�i�z�o�b�i�a�-�i�n�f�e�c�t�e�d� �c�e�l�l�s� �i�s� �h�i�g�h�e�r� 
�w�h�e�r�e�a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �r�h�i�z�o�b�i�a�-�c�o�l�o�n�i�z�e�d� �c�e�l�l�s� �i�s� �l�o�w�e�r� 
�(�F�i�g�u�r�e� �1�)�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� vag1� �m�u�t�a�n�t� �h�a�s� �a� �d�e�f�e�c�t� �i�n� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �f�r�o�m� �s�m�a�l�l� �r�h�i�z�o�b�i�a�-�i�n�f�e�c�t�e�d� �c�e�l�l�s� �t�o� �e�n�l�a�r�g�e�d� 
�r�h�i�z�o�b�i�a�-�c�o�l�o�n�i�z�e�d� �c�e�l�l�s�.� �O�v�e�r�a�l�l�,� �o�u�r� �d�a�t�a� �i�n�d�i�c�a�t�e� �t�h�a�t� 
�e�n�d�o�r�e�d�u�p�l�i�c�a�t�i�o�n� �m�e�d�i�a�t�e�d� �b�y� �D�N�A� �t�o�p�o�i�s�o�m�e�r�a�s�e� 9�I� �m�a�y� 
�b�e� �a� �p�r�e�r�e�q�u�i�s�i�t�e� �r�e�g�u�l�a�t�o�r� �f�o�r� �t�h�e� �c�o�n�t�r�o�l� �o�f� �t�w�o� �k�e�y� �n�o�d�u�l�e� 
�d�e�v�e�l�o�p�m�e�n�t�a�l� �p�r�o�c�e�s�s�e�s�� �t�h�e� �f�i�r�s�t� �i�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �o�n�s�e�t� �o�f� 
�n�o�d�u�l�e� �o�r�g�a�n�o�g�e�n�e�s�i�s� �d�u�r�i�n�g� �e�a�r�l�y� �n�o�d�u�l�e� �d�e�v�e�l�o�p�m�e�n�t�,� �a�n�d� 
�t�h�e� �s�e�c�o�n�d� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �r�h�i�z�o�b�i�a�-
�c�o�l�o�n�i�z�e�d� �i�n�f�e�c�t�e�d� �c�e�l�l�s� �i�n� �l�a�t�e� �n�o�d�u�l�e� �d�e�v�e�l�o�p�m�e�n�t�.

 
1-2 A presumptive post-translational modification 
enzyme, PLENTY controls nodulation and root 
growth in L. japonicus
�L�e�g�u�m�e�s� �c�a�n� �s�u�r�v�i�v�e� �e�v�e�n� �i�n� �n�i�t�r�o�g�e�n�-�d�e�f�i�c�i�e�n�t� 
�e�n�v�i�r�o�n�m�e�n�t�s� �d�e�p�e�n�d�i�n�g� �o�n� �r�o�o�t� �n�o�d�u�l�e�s� �s�y�m�b�i�o�s�i�s� �w�i�t�h� 
�r�h�i�z�o�b�i�a�� �h�o�w�e�v�e�r�,� �f�o�r�m�i�n�g� �n�o�d�u�l�e�s� �c�o�n�s�u�m�e�s� �e�n�e�r�g�y�,� 
�r�e�q�u�i�r�i�n�g� �n�o�d�u�l�e� �n�u�m�b�e�r� �t�o� �b�e� �s�t�r�i�c�t�l�y� �c�o�n�t�r�o�l�l�e�d�.� �T�h�e� 
�p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s� �o�f� �h�y�p�e�r�n�o�d�u�l�a�t�i�o�n� �m�u�t�a�n�t�s�,� har1�,� klv�,� �a�n�d� 
tml�,� �h�a�v�e� �p�r�o�p�o�s�e�d� �l�o�n�g�-�d�i�s�t�a�n�c�e� �c�o�n�t�r�o�l� �o�f� �n�o�d�u�l�a�t�i�o�n� 
�(�F�i�g�u�r�e� �2�)�,� �v�i�a� �s�y�s�t�e�m�i�c� �m�o�b�i�l�e� �s�i�g�n�a�l�s�,� �C�L�E�-�R�S�1��2� �p�e�p�t�i�d�e�s�.� 
�R�e�c�e�n�t�l�y�,� �w�e� �f�o�u�n�d� �t�h�a�t�,� �a�t� �l�e�a�s�t�,� �t�h�e� �C�L�E�-�R�S�2� �p�e�p�t�i�d�e� �i�s� 
�a�r�a�b�i�n�o�s�y�l�a�t�e�d� �a�n�d� �t�h�i�s� �m�o�d�i�f�i�c�a�t�i�o�n� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� �n�o�d�u�l�e� 
�i�n�h�i�b�i�t�i�o�n� �(�O�k�a�m�o�t�o� �e�t� �a�l�.�,� �2�0�1��)�.� �I�n� Arabidopsis�,� �t�h�e� �p�o�s�t�-
�t�r�a�n�s�l�a�t�i�o�n�a�l� �m�o�d�i�f�i�c�a�t�i�o�n�s� �o�f� �h�o�r�m�o�n�e�-�l�i�k�e� �s�m�a�l�l� �p�e�p�t�i�d�e�s� 
�a�n�d� �t�h�e�i�r� �c�r�i�t�i�c�a�l� �r�o�l�e�s� �i�n� �b�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�i�e�s� �h�a�v�e� �b�e�e�n� 
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�F�i�g�u�r�e� �1�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� vag1 �m�u�t�a�t�i�o�n� �o�n� �n�o�d�u�l�e� �s�t�r�u�c�t�u�r�e�.� �S�e�c�t�i�o�n�s� 
�t�h�r�o�u�g�h� �n�o�d�u�l�e�s� �o�f� �w�i�l�d� �t�y�p�e� �(�A�,� �C�,� �D�)� �a�n�d� vag1-1 �(�B�,� �E�,� �F�)� �a�t� �2�1� �d�a�y�s� 
�a�f�t�e�r� �i�n�o�c�u�l�a�t�i�o�n� �w�i�t�h� �r�h�i�z�o�b�i�a� �t�h�a�t� �c�o�n�s�t�i�t�u�t�i�v�e�l�y� �e�x�p�r�e�s�s� �t�h�e� LacZ 
�r�e�p�o�r�t�e�r� �g�e�n�e�.� �(�C�,� �E�)� �R�h�i�z�o�b�i�a�-�c�o�l�o�n�i�z�e�d� �i�n�f�e�c�t�e�d� �c�e�l�l�s� �l�o�c�a�t�e�d� �a�t� �t�h�e� 
�i�n�n�e�r� �r�e�g�i�o�n� �o�f� �n�o�d�u�l�e�s�.� �(�D�,� �F�)� �I�n� �w�i�l�d� �t�y�p�e�,� �s�m�a�l�l� �r�h�i�z�o�b�i�a�-�i�n�f�e�c�t�e�d� �(�a�s� 
�y�e�t� �u�n�c�o�l�o�n�i�z�e�d�)� �c�e�l�l�s� �(�b�r�a�c�k�e�t�)� �a�r�e� �l�o�c�a�t�e�d� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �r�e�g�i�o�n� �o�f� 
�r�h�i�z�o�b�i�a�-�c�o�l�o�n�i�z�e�d� �c�e�l�l�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �i�n�n�e�r� �r�e�g�i�o�n� �o�f� vag1-1� �n�o�d�u�l�e� 
�c�o�m�p�r�i�s�e�s� �a� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �t�h�e�s�e� �s�m�a�l�l� �r�h�i�z�o�b�i�a�-�i�n�f�e�c�t�e�d� �c�e�l�l�s�.� �S�c�a�l�e� 
�b�a�r�s�� �1�0�0� �m� �i�n� �A�,� �B�� �2�0� �m� �i�n� �C�-�F�.
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�g�r�a�d�u�a�l�l�y� �f�o�u�n�d�.� �F�u�r�t�h�e�r�,� �o�n�e� �o�f� �t�h�e� �m�o�d�i�f�i�c�a�t�i�o�n� �e�n�z�y�m�e�s�,� 
�h�y�d�r�o�x�y�p�r�o�l�i�n�e� �O�-�a�r�a�b�i�n�o�s�y�l�t�r�a�n�s�f�e�r�a�s�e� �(+�P�A�T�)�,� �i�s� �i�d�e�n�t�i�f�i�e�d� 
�a�n�d� �i�t�s� �h�o�m�o�l�o�g� �i�n� L. japonicus� �i�s� �t�h�o�u�g�h�t� �t�o� �b�e� �a� �s�t�r�o�n�g� 
�c�a�n�d�i�d�a�t�e� �f�o�r� �t�h�e� �m�o�d�i�f�i�c�a�t�i�o�n� �e�n�z�y�m�e� �o�f� �C�L�E�-�R�S�2�.� 
�W�e� �i�d�e�n�t�i�f�i�e�d� �t�h�e� +�P�A�T� �h�o�m�o�l�o�g� �i�n� L. japonicus�,� �P�L�E�N�T�Y�,� 
�a�s� �a� �r�e�s�p�o�n�s�i�b�l�e� �f�a�c�t�o�r� �f�o�r� �t�h�e� �a�l�r�e�a�d�y� �i�s�o�l�a�t�e�d� plenty� �m�u�t�a�n�t�.� 
�P�L�E�N�T�Y� �i�s� �l�o�c�a�l�i�z�e�d� �t�o� �t�h�e� �G�o�l�g�i�,� �s�u�g�g�e�s�t�i�n�g� �a� �s�i�m�i�l�a�r�i�t�y� �o�f� 
�p�r�o�t�e�i�n� �f�u�n�c�t�i�o�n�s� �b�e�t�w�e�e�n� Lj�P�L�E�N�T�Y� �a�n�d� At+�P�A�T�.� 
+�o�w�e�v�e�r�,� �o�v�e�r�e�x�p�r�e�s�s�i�o�n� �o�f� CLE-RS1/2� �i�s� �s�t�i�l�l� �e�f�f�e�c�t�i�v�e� �o�n� 
�n�o�d�u�l�e� �i�n�h�i�b�i�t�i�o�n� �i�n� plenty�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �P�L�E�N�T�Y� �i�t�s�e�l�f� 
�d�o�e�s� �n�o�t� �m�a�i�n�l�y� �m�e�d�i�a�t�e� �t�h�e� �a�r�a�b�i�n�o�s�y�l�a�t�i�o�n� �o�f� �C�L�E�-�R�S�1��2�.� 
�I�n� �a�d�d�i�t�i�o�n�,� plenty har1� �d�o�u�b�l�e� �m�u�t�a�n�t� �s�h�o�w�e�d� �a�n� �a�d�d�i�t�i�v�e� 
�n�o�d�u�l�a�t�i�o�n�.� �T�h�e�s�e� �s�u�g�g�e�s�t� �a� �n�o�v�e�l� +�A�R�1�-�i�n�d�e�p�e�n�d�e�n�t� 
�n�o�d�u�l�a�t�i�o�n� �c�o�n�t�r�o�l�l�i�n�g� �p�a�t�h�w�a�y� �m�e�d�i�a�t�e�d� �b�y� �a�n� �u�n�k�n�o�w�n� 
�p�o�s�s�i�b�l�e� �s�u�b�s�t�r�a�t�e� �o�f� �P�L�E�N�T�Y� �w�h�i�c�h� �i�s� �a� �p�u�t�a�t�i�v�e� �p�o�s�t�-
�t�r�a�n�s�l�a�t�i�o�n�a�l� �m�o�d�i�f�i�c�a�t�i�o�n� �e�n�z�y�m�e�.� 

II. Arbuscular mycorrhiza symbiosis
�A�r�b�u�s�c�u�l�a�r� �m�y�c�o�r�r�h�i�z�a� �i�s� �a� �p�l�a�n�t�-�f�u�n�g�u�s� �i�n�t�e�r�a�c�t�i�o�n� �t�h�a�t� 
�c�o�n�f�e�r�s� �g�r�e�a�t� �a�d�v�a�n�t�a�g�e� �t�o� �g�r�o�w�t�h� �a�n�d� �s�u�r�v�i�v�a�l� �o�n� �t�h�e� �l�a�n�d�.� 
�A�M� �f�u�n�g�i� �e�n�t�e�r� �i�n�t�o� �t�h�e� �h�o�s�t� �r�o�o�t� �a�n�d� �e�l�o�n�g�a�t�e� �t�h�e� �h�y�p�h�a�e� 
�b�e�t�w�e�e�n� �t�h�e� �r�o�o�t� �c�e�l�l�s�.� �T�h�e� �i�n�t�r�a�r�a�d�i�c�a�l� �h�y�p�h�a�e� �f�o�r�m� 
�s�y�m�b�i�o�t�i�c� �s�t�r�u�c�t�u�r�e�s� �c�a�l�l�e�d� ¶�a�r�b�u�s�c�u�l�e�’� �a�n�d� ¶�v�e�s�i�c�l�e�’� �(Figure 
3A�)�.� �A�M� �f�u�n�g�i� �s�u�p�p�l�y� �p�h�o�s�p�h�a�t�e� �t�o� �t�h�e� �h�o�s�t� �p�l�a�n�t� �t�h�r�o�u�g�h� 
�t�h�e� �s�y�m�b�i�o�t�i�c� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �i�n� �r�e�t�u�r�n�,� �t�h�e�y� �o�b�t�a�i�n� 
�p�h�o�t�o�s�y�n�t�h�e�t�i�c� �p�r�o�d�u�c�t�s� �f�o�r�m� �t�h�e� �h�o�s�t�.� �T�o� �o�b�t�a�i�n� �i�n�s�i�g�h�t�s� 
�a�b�o�u�t� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� �o�f� �A�M� �d�e�v�e�l�o�p�m�e�n�t�,� �w�e� �a�r�e� 
�s�t�u�d�y�i�n�g� �s�y�m�b�i�o�t�i�c� �s�i�g�n�a�l�i�n�g� �f�a�c�t�o�r�s� �t�h�a�t� �r�e�g�u�l�a�t�e� �s�y�m�b�i�o�t�i�c� 
�g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �a�n�d� �A�M� �f�u�n�g�a�l� �i�n�f�e�c�t�i�o�n�.
�W�e� �p�e�r�f�o�r�m�e�d� �t�r�a�n�s�c�r�i�p�t�o�m�e� �a�n�a�l�y�s�i�s� �i�n� �w�i�l�d�-�t�y�p�e� �a�n�d� 
�s�y�m�b�i�o�t�i�c� �m�u�t�a�n�t�s� �o�f� L. japonicus�.� �T�h�i�s� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �t�h�a�t� 

plant hormone gibberellin (GA) biosynthesis and metabolism 
genes were induced during AM development. The GA 
biosynthesis gene expression was disturbed in the symbiotic 
mutants that showed abnormal AM fungal colonization in the 
host roots, indicating that de novo biosynthesis of GAs has 
some function in AM development. Functional analysis of 
GA in AM development revealed that GA has a negative 
effect on some AM-induced gene expressions, but also has a 
positive effect on other expressions (Figure 3B). RAM1 and 
RAM2 that function in AM entry processes are suppressed by 
GA signaling, on the other hand, GA signaling promotes or 
maintains SbtM1 expression that is required for AM fungal 
colonization in the host root. This indicated that GA 
signaling interferes with the symbiotic signaling pathway, 
which decreases or enhances expression levels of 
AM-induced genes. In addition, treatment with GA or GA 
biosynthesis inhibitor disturbed the GA signaling and caused 
an inhibitory effect on AM hyphal entry into the host root or 
the hyphal branching in the root cortical cell layer. These 
studies revealed the host plant controls GA signaling level by 
induction of GA biosynthesis and metabolism genes during 
AM development and the GA signaling regulates AM fungal 
colonization in the host root.

III.  Computational modeling for pattern 
formation of stomatal differentiation in 
Arabidopsis leaves

�S�t�o�m�a�t�a� �a�r�e� �e�p�i�d�e�r�m�a�l� �s�t�r�u�c�t�u�r�e�s� �t�h�a�t� �m�e�d�i�a�t�e� �g�a�s� �e�x�c�h�a�n�g�e� 
�i�n� �p�l�a�n�t�s�,� �a�n�d� �a�r�e� �u�s�u�a�l�l�y� �f�o�r�m�e�d� �s�e�p�a�r�a�t�e�l�y� �f�r�o�m� �e�a�c�h� �o�t�h�e�r� 
�(�F�i�g�u�r�e� ��A�)�.� �I�n� �t�h�e� �i�n�i�t�i�a�l� �s�t�e�p� �o�f� �s�t�o�m�a�t�a�l� �d�e�v�e�l�o�p�m�e�n�t�,� 
�s�t�o�m�a�t�a�l� �l�i�n�e�a�g�e� �c�e�l�l�s� �a�r�e� �s�e�l�f�-�o�r�g�a�n�i�z�e�d� �f�r�o�m� �a� 
�h�o�m�o�g�e�n�e�o�u�s� �f�i�e�l�d�,� �a�n�d� �t�h�u�s� �t�h�i�s� �i�s� �a� �g�o�o�d� �e�x�a�m�p�l�e� �f�o�r� �t�w�o�-
�d�i�m�e�n�s�i�o�n�a�l� �p�a�t�t�e�r�n� �f�o�r�m�a�t�i�o�n� �i�n� �l�i�v�i�n�g� �s�y�s�t�e�m�s�.� �S�t�o�m�a�t�a�l� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �i�s� �p�r�o�m�o�t�e�d� �b�y� �t�r�a�n�s�c�r�i�p�t�i�o�n� �f�a�c�t�o�r�s� �S�P�C+� 
�a�n�d� �S�C�R�M�,� �b�u�t� �i�n� �c�o�n�t�r�a�s�t� �i�s� �s�u�p�p�r�e�s�s�e�d� �b�y� �d�i�f�f�u�s�i�b�l�e� 
�p�e�p�t�i�d�e� �E�P�F�2�,� �w�h�i�c�h� �i�n�t�e�r�a�c�t�s� �w�i�t�h� �i�t�s� �m�e�m�b�r�a�n�e� �r�e�c�e�p�t�o�r�s� �t�o� 
�s�t�i�m�u�l�a�t�e� �t�h�e� �d�e�g�r�a�d�a�t�i�o�n� �o�f� �S�P�C+��S�C�R�M�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�i�s� 
�r�e�g�u�l�a�t�o�r�y� �n�e�t�w�o�r�k� �i�n�v�o�l�v�e�s� �f�e�e�d�b�a�c�k� �l�o�o�p�s�� �S�P�C+��S�C�R�M� 

�F�i�g�u�r�e� �2�.� �A� �m�o�d�e�l� �o�f� �t�h�e� �l�o�n�g�-�d�i�s�t�a�n�c�e� �c�o�n�t�r�o�l� �o�f� �n�o�d�u�l�a�t�i�o�n�.� (1) 
Nodulation signaling pathway downstream of cytokinin receptors 
activates NIN expression. The NIN transcription factor activates CLE-
RS1/2 expression through direct binding to their promoter. (2) It is likely 
that the CLE-RS1/2 peptides are posttranslationally modified with 
triarabinoside, a reaction mediated by an enzyme similar to HPAT in the 
Golgi apparatus. These modified CLE-RS peptides are transported to the 
xylem. (3) These peptides are transmitted from roots to shoots and 
directly bind to HAR1 in the phloem of leaf cells. (4) Downstream of the 
CLE-RS/HAR1 signaling pathway, activated IPT3 produces cytokinin, 
which is transported to roots through phloem tissue. (5) Shoot-derived 
cytokinin is directly or indirectly involved in proteasome-mediated 
degradation of an unidentified positive regulator of nodule organogenesis. 

�F�i�g�u�r�e� ��.� �A�M� �f�u�n�g�a�l� �c�o�l�o�n�i�z�a�t�i�o�n� �a�n�d� �i�n�t�e�r�f�e�r�e�n�c�e� �o�f� �G�A� �s�i�g�n�a�l�i�n�g� �w�i�t�h� 
�t�h�e� �s�y�m�b�i�o�t�i�c� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n�.� �(�A�)� �A�M� �f�u�n�g�a�l� �s�t�r�u�c�t�u�r�e�s� �i�n� �t�h�e� �h�o�s�t� �r�o�o�t�.� 
�(�B�)� �G�A� �s�i�g�n�a�l�i�n�g� �i�s� �e�n�h�a�n�c�e�d� �b�y� �G�A� �b�i�o�s�y�n�t�h�e�s�i�s� �d�u�r�i�n�g� �A�M� 
�d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �d�i�f�f�e�r�e�n�t�i�a�l�l�y� �i�n�t�e�r�f�e�r�e�s� �w�i�t�h� �s�y�m�b�i�o�t�i�c� �s�i�g�n�a�l�i�n�g� 
�p�a�t�h�w�a�y�s�.� �T�h�e� �i�n�t�e�r�f�e�r�e�n�c�e� �a�f�f�e�c�t�s� �a�n�d� �r�e�g�u�l�a�t�e�s� �t�h�e� �A�M� �c�o�l�o�n�i�z�a�t�i�o�n� �i�n� 
�t�h�e� �h�o�s�t� �r�o�o�t�.



�5�0

�h�e�t�e�r�o�d�i�m�e�r� �a�c�t�i�v�a�t�e�s� �S�C�R�M� �e�x�p�r�e�s�s�i�o�n� �(�p�o�s�i�t�i�v�e� �f�e�e�d�b�a�c�k�)�,� 
�a�n�d� �a�l�s�o� �s�t�i�m�u�l�a�t�e�s� �E�P�F�2� �e�x�p�r�e�s�s�i�o�n� �l�e�a�d�i�n�g� �t�o� �s�u�p�p�r�e�s�s�i�o�n� 
�o�f� �S�P�C+��S�C�R�M� �(�n�e�g�a�t�i�v�e� �f�e�e�d�b�a�c�k�)�.� �T�h�i�s� �r�e�g�u�l�a�t�o�r�y� 
�f�r�a�m�e�w�o�r�k� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �o�f� �t�h�e� �a�c�t�i�v�a�t�o�r²�i�n�h�i�b�i�t�o�r� �s�y�s�t�e�m�,� 
�a� �w�e�l�l�-�k�n�o�w�n� �m�o�d�e�l� �f�o�r� �p�a�t�t�e�r�n� �f�o�r�m�a�t�i�o�n�,� �a�n�d� �i�s� �p�r�e�d�i�c�t�e�d� 
�t�o� �b�e� �e�s�s�e�n�t�i�a�l� �f�o�r� �s�t�o�m�a�t�a�l� �p�a�t�t�e�r�n�i�n�g�.
�T�h�u�s�,� �w�e� �c�o�n�s�t�r�u�c�t�e�d� �a�n�d� �e�x�a�m�i�n�e�d� �a� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l�,� 
�w�h�i�c�h� �i�s� �b�a�s�e�d� �o�n� �e�x�p�e�r�i�m�e�n�t�a�l� �r�e�s�u�l�t�s�.� �O�u�r� �m�o�d�e�l� �c�a�n� 
�e�x�p�l�a�i�n� �m�a�n�y� �e�x�p�e�r�i�m�e�n�t�a�l� �o�b�s�e�r�v�a�t�i�o�n�s�,� �s�u�c�h� �a�s� �t�h�a�t� 
�s�t�o�m�a�t�a�l� �l�i�n�e�a�g�e� �c�e�l�l�s� �a�r�e� �f�o�r�m�e�d� �s�e�p�a�r�a�t�e�l�y� �i�n� �t�h�e� �w�i�l�d� �t�y�p�e� 
�b�u�t� �a�r�e� �c�l�u�s�t�e�r�e�d� �i�n� tmm� �m�u�t�a�n�t� �a�n�d� er erl1 erl2� �m�u�t�a�n�t�s� 
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�T�h�e�s�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �t�h�a�t� �s�t�o�m�a�t�a�l� �p�a�t�t�e�r�n� �f�o�r�m�a�t�i�o�n� �i�s� 
�b�a�s�i�c�a�l�l�y� �u�n�d�e�r�s�t�o�o�d� �b�y� �t�h�e� �a�c�t�i�v�a�t�o�r�-�i�n�h�i�b�i�t�o�r� �m�e�c�h�a�n�i�s�m�,� 
�t�h�a�t� �i�s�,� �l�o�c�a�l� �a�c�t�i�v�a�t�i�o�n� �a�n�d� �l�a�t�e�r�a�l� �i�n�h�i�b�i�t�i�o�n�.
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�T�h�e� �a�i�m� �o�f� �t�h�i�s� �l�a�b�o�r�a�t�o�r�y� �i�s� �t�o� �o�b�s�e�r�v�e� �t�h�e� �v�a�r�i�e�t�y� �o�f� 
�m�o�r�p�h�o�g�e�n�e�t�i�c� �p�r�o�c�e�s�s�e�s� �t�h�a�t� �o�c�c�u�r� �i�n� �t�h�e� �c�o�u�r�s�e� �o�f� �t�h�e� 
�o�n�t�o�g�e�n�e�s�i�s� �o�f� �m�u�l�t�i�c�e�l�l�u�l�a�r� �o�r�g�a�n�i�s�m�s� �a�n�d� �t�o� �a�n�a�l�y�z�e� �t�h�e� 
�m�e�c�h�a�n�i�s�m�s� �o�f� �s�u�c�h� �p�r�o�c�e�s�s�e�s�,� �m�a�i�n�l�y� �b�y� �m�o�r�p�h�o�l�o�g�i�c�a�l� 
�m�e�t�h�o�d�s�.� �T�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �s�u�c�h� �a�n�a�l�y�s�e�s� �o�f� �t�h�e� 
�e�m�b�r�y�o�g�e�n�e�t�i�c� �p�r�o�c�e�s�s�e�s� �o�f� �r�e�l�a�t�e�d� �s�p�e�c�i�e�s� �i�s� �e�x�p�e�c�t�e�d� �t�o� 
�p�r�o�v�i�d�e� �a�n� �i�n�s�i�g�h�t� �i�n�t�o� �t�h�e� �e�v�o�l�u�t�i�o�n� �o�f� �m�o�r�p�h�o�g�e�n�e�t�i�c� 
�p�r�o�c�e�s�s�e�s�.� �T�h�i�s� �l�a�b�o�r�a�t�o�r�y� �u�s�e�s� �t�h�e� �w�i�n�g�s� �o�f� �l�e�p�i�d�o�p�t�e�r�a�n� 
�i�n�s�e�c�t�s� �a�s� �t�h�e� �m�a�i�n� �t�a�r�g�e�t� �o�f� �m�o�r�p�h�o�l�o�g�i�c�a�l� �s�t�u�d�i�e�s�.

I. Wing outline shape formed by cell death
�T�h�e� �w�i�n�g�s� �o�f� �t�h�e� �l�e�p�i�d�o�p�t�e�r�a�n� �i�n�s�e�c�t�s� �(�b�u�t�t�e�r�f�l�i�e�s� �a�n�d� 
�m�o�t�h�s�)� �d�e�v�e�l�o�p� �f�r�o�m� �t�h�e� �w�i�n�g� �i�m�a�g�i�n�a�l� �d�i�s�c�,� �w�h�i�c�h� �i�s� �a� 
�h�o�l�l�o�w� �s�a�c� �m�a�d�e� �o�f� �s�i�m�p�l�e� �e�p�i�t�h�e�l�i�u�m�.� �D�u�e� �t�o� �i�t�s� �s�i�m�p�l�e� 
�c�o�n�s�t�r�u�c�t�i�o�n�,� �t�h�i�s� �t�i�s�s�u�e� �i�s� �a� �g�o�o�d� �m�a�t�e�r�i�a�l� �f�o�r� �s�t�u�d�y�i�n�g� 
�c�e�l�l�u�l�a�r� �i�n�t�e�r�a�c�t�i�o�n�s� �i�n� �t�h�e� �c�o�u�r�s�e� �o�f� �m�o�r�p�h�o�g�e�n�e�s�i�s�.
�T�h�e� �o�u�t�l�i�n�e� �s�h�a�p�e� �o�f� �t�h�e� �a�d�u�l�t� �w�i�n�g� �i�s� �o�f�t�e�n� �d�i�f�f�e�r�e�n�t� �f�r�o�m� 
�t�h�a�t� �o�f� �t�h�e� �p�u�p�a�l� �w�i�n�g�.� �T�h�i�s� �d�i�f�f�e�r�e�n�c�e� �i�s� �b�r�o�u�g�h�t� �a�b�o�u�t� �b�y� 
�t�h�e� �p�r�o�g�r�a�m�m�e�d� �c�e�l�l� �d�e�a�t�h� �o�f� �t�h�e� �m�a�r�g�i�n�a�l� �a�r�e�a� �o�f� �t�h�e� �p�u�p�a�l� 
�w�i�n�g�.� �T�h�e� �m�a�r�g�i�n�a�l� �d�y�i�n�g� �a�r�e�a� �i�s� �c�a�l�l�e�d� ´�t�h�e� �d�e�g�e�n�e�r�a�t�i�o�n� 
�r�e�g�i�o�nµ� �a�n�d� �t�h�e� �i�n�t�e�r�n�a�l� �a�r�e�a� �w�h�i�c�h� �d�e�v�e�l�o�p�s� �i�n�t�o� �t�h�e� �a�d�u�l�t� 
�w�i�n�g� �i�s� �c�a�l�l�e�d� ´�t�h�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �r�e�g�i�o�nµ�.
�C�e�l�l� �d�e�a�t�h� �i�n� �t�h�e� �d�e�g�e�n�e�r�a�t�i�o�n� �r�e�g�i�o�n� �p�r�o�c�e�e�d�s� �v�e�r�y� �r�a�p�i�d�l�y� 
�a�n�d� �f�i�n�i�s�h�e�s� �i�n� �a� �h�a�l�f�-�d�a�y� �t�o� �o�n�e�-�d�a�y� �p�e�r�i�o�d� �i�n� Pieris rapae� 
�a�n�d� �i�n� �s�e�v�e�r�a�l� �o�t�h�e�r� �e�x�a�m�i�n�e�d� �s�p�e�c�i�e�s�.� �I�t� �w�a�s� �s�h�o�w�n� �t�h�a�t� �t�h�e� 
�d�y�i�n�g� �c�e�l�l�s� �i�n� �t�h�e� �d�e�g�e�n�e�r�a�t�i�o�n� �r�e� �g�i�o�n� �h�a�v�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n� 
�c�o�m�m�o�n� �w�i�t�h� �t�h�e� �a�p�o�p� �t�o�t�i�c� �c�e�l�l� �d�e�a�t�h� �i�n� �m�a�m�m�a�l�i�a�n� �c�e�l�l�s�,� 
�s�u�c�h� �a�s� �f�r�a�g�m�e�n�t�e�d� �a�n�d� �c�o�n�d�e�n�s�e�d� �n�u�c�l�e�i� �c�o�n�t�a�i�n�i�n�g� �s�h�o�r�t� 
�D�N�A� �f�r�a�g�m�e�n�t�s� �d�e�t�e�c�t�e�d� �b�y� �T�U�N�E�L� �s�t�a�i�n�i�n�g�.� �T�h�e� �c�e�l�l�s� �i�n� 
�t�h�e� �d�e�g�e�n�e�r�a�t�i�o�n� �r�e�g�i�o�n� �a�r�e� �a�c�t�i�v�e�l�y� �e�n� �g�u�l�f�e�d� �b�y� �t�h�e� 
�m�a�c�r�o�p�h�a�g�e�s� �i�n� �t�h�e� �c�a�v�i�t�y� �b�e�n�e�a�t�h� �t�h�e� �w�i�n�g� �e�p�i�t�h�e�l�i�u�m�.� �T�h�e� 
�m�a�c�r�o�p�h�a�g�e�s� �s�e�e�m� �t�o� �b�e� �c�o�n�c�e�n�t�r�a�t�e�d� �b�e�n�e�a�t�h� �t�h�e� 
�d�e�g�e�n�e�r�a�t�i�o�n� �r�e�g�i�o�n� �b�y� �t�h�e� �s�t�r�o�n�g� �a�d�h�e�s�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �b�a�s�a�l� 
�s�u�r�f�a�c�e�s� �o�f� �t�h�e� �d�o�r�s�a�l� �a�n�d� �v�e�n�t�r�a�l� �e�p�i�t�h�e�l�i�u�m� �i�n� �t�h�e� 
�d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �r�e�g�i�o�n�,� �w�h�i�c�h� �o�c�c�u�r�s� �d�u�r�i�n�g� �p�r�o�m�i�n�e�n�t� �c�e�l�l� 
�d�e�a�t�h� �a�n�d� �e�x�c�l�u�d�e�s� �m�a�c�r�o�p�h�a�g�e�s� �f�r�o�m� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� 
�r�e�g�i�o�n�.� �T�h�u�s� �r�e�a�l�i�z�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �m�a�c�r�o�p�h�a�g�e�s� �s�e�e�m�s� �t�o� 
�a�c�c�e�l�e�r�a�t�e� �t�h�e� �s�h�r�i�n�k�a�g�e� �o�f� �t�h�e� �d�e�g�e�n�e�r�a�t�i�o�n� �r�e�g�i�o�n�.� 
�A� �p�o�s�s�i�b�l�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�o�l�e� �o�f� �c�e�l�l� �d�e�g�e�n�e�r�a�t�i�o�n� �a�t� �t�h�e� 
�w�i�n�g� �m�a�r�g�i�n� �i�s� �t�o� �m�a�k�e� �s�p�a�c�e� �f�o�r� �t�h�e� �g�r�o�w�t�h� �o�f� �t�h�e� �m�a�r�g�i�n�a�l� 
�s�c�a�l�e�s�.� �M�a�r�g�i�n�a�l� �s�c�a�l�e�s� �a�r�e� �e�x�t�r�e�m�e�l�y� �e�l�o�n�g�a�t�e�d� �s�c�a�l�e�s� �t�h�a�t� 
�g�r�o�w� �d�e�n�s�e�l�y� �o�n� �t�h�e� �e�d�g�e� �o�f� �t�h�e� �w�i�n�g�.� �T�h�e�s�e� �s�c�a�l�e�s� �a�r�e� 
�c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �i�m�p�o�r�t�a�n�t� �i�n� �s�t�a�b�i�l�i�z�i�n�g� �t�u�r�b�u�l�e�n�c�e� 
�o�c�c�u�r�r�i�n�g� �p�o�s�t�e�r�i�o�r� �t�o� �t�h�e� �w�i�n�g�.� �T�h�e� �m�o�v�e�m�e�n�t�s� �o�f� �t�h�e� 
�m�a�r�g�i�n�a�l� �s�c�a�l�e�s� �a�r�e� �c�l�o�s�e�l�y� �m�o�n�i�t�o�r�e�d� �b�y� �s�e�n�s�o�r�y� �s�c�a�l�e�s� �a�n�d� 
�b�r�i�s�t�l�e�s� �g�r�o�w�i�n�g� �a�m�o�n�g� �t�h�e�m� �(�Y�o�s�h�i�d�a� �a�n�d� �E�m�o�t�o�,� =�o�o�l�.� �S�c�i�.� 
28�,� ���0�-����,� �2�0�1�1�)�.
�T�r�a�c�h�e�a� �a�n�d� �t�r�a�c�h�e�o�l�e�s� �a�r�e� �b�o�t�h� �i�m�p�o�r�t�a�n�t� �i�n� �d�e�l�i�v�e�r�i�n�g� �a�i�r� 
�i�n�t�o� �t�h�e� �w�i�n�g� �a�n�d� �t�h�e�i�r� �p�a�t�t�e�r�n�s� �c�o�i�n�c�i�d�e� �w�i�t�h� �t�h�a�t� �o�f� �t�h�e� 
�b�o�u�n�d�a�r�y� �o�f� �d�e�g�e�n�e�r�a�t�i�o�n� �a�n�d� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �z�o�n�e�s� �a�t� �t�h�e� 
�d�i�s�t�a�l� �e�n�d� �o�f� �t�h�e� �w�i�n�g�.� �A�c�c�o�r�d�i�n�g� �t�o� �p�r�e�v�i�o�u�s� �o�b�s�e�r�v�a�t�i�o�n�s�,� 

�t�h�e� �p�a�t�t�e�r�n� �f�o�r�m�a�t�i�o�n� �o�f� �w�i�n�g� �e�p�i�t�h�e�l�i�u�m� �i�s� �o�f�t�e�n� �d�e�p�e�n�d�e�n�t� �o�n� 
�t�r�a�c�h�e�a�l� �a�n�d� �t�r�a�c�h�e�o�l�e� �p�a�t�t�e�r�n�s�.� �B�a�s�i�c� �r�e�s�e�a�r�c�h� �o�n� �t�h�e� 
�d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�r�a�c�h�e�a�l� �p�a�t�t�e�r�n� �f�o�r�m�a�t�i�o�n� �i�s� �b�e�i�n�g� �d�o�n�e� �b�y� 
�s�c�a�n�n�i�n�g� �a�n�d� �t�r�a�n�s�m�i�s�s�i�o�n� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� �t�o� �d�e�s�c�r�i�b�e� 
�t�h�e� �e�x�a�c�t� �p�a�t�h�w�a�y� �a�n�d� �t�i�m�e� �c�o�u�r�s�e� �o�f� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� 
�e�l�a�b�o�r�a�t�e� �p�a�t�t�e�r�n� �o�f� �t�r�a�c�h�e�a� �a�n�d� �t�r�a�c�h�e�o�l�e�s� �a�n�d� �t�o� �e�s�t�a�b�l�i�s�h� 
�t�h�e� �c�y�t�o�l�o�g�i�c�a�l� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t�a�l� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� 
�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �t�r�a�c�h�e�a�l� �p�a�t�t�e�r�n� �a�n�d� �t�h�e� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l� 
�p�a�t�t�e�r�n�.� 

II.  Wing morphogenesis and the growth of 
marginal scales in small moths

�I�n� �t�h�e� �s�m�a�l�l� �m�o�t�h�s� �w�h�i�c�h� �h�a�v�e� �v�e�r�y� �l�o�n�g� �s�c�a�l�e�s� �a�l�o�n�g� �t�h�e�i�r� 
�w�i�n�g� �m�a�r�g�i�n�s�,� �t�h�e� �c�u�t�i�c�l�e� �o�f� �t�h�e� �p�u�p�a�l� �w�i�n�g�s� �d�o�e�s� �n�o�t� �a�p�p�e�a�r� 
�t�o� �b�e� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �h�o�u�s�e� �t�h�e�s�e� �s�c�a�l�e�s�.� �W�e� �e�x�a�m�i�n�e�d� �t�h�e� 
�d�e�v�e�l�o�p�m�e�n�t�a�l� �p�r�o�c�e�s�s� �o�f� �t�h�e� �p�u�p�a�l� �w�i�n�g�s� �o�f� �t�h�r�e�e� �s�p�e�c�i�e�s� �o�f� 
�t�h�e� �s�m�a�l�l� �g�e�l�e�c�h�i�i�d� �m�o�t�h�s� �a�n�d� �f�o�u�n�d� �t�h�a�t�,� �c�o�n�c�o�m�i�t�a�n�t� �w�i�t�h� 
�t�h�e� �p�r�o�g�r�a�m�m�e�d� �c�e�l�l� �d�e�a�t�h�s� �a�t� �t�h�e� �w�i�n�g� �m�a�r�g�i�n�,� �t�h�e�r�e� �o�c�c�u�r�s� 
�a� �s�h�r�i�n�k�a�g�e� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �r�e�g�i�o�n� �w�h�i�c�h� �h�a�s� �n�o�t� �b�e�e�n� 
�o�b�s�e�r�v�e�d� �i�n� �l�a�r�g�e� �w�i�n�g�e�d� �b�u�t�t�e�r�f�l�i�e�s� �a�n�d� �m�o�t�h�s�.� �T�h�e� 
�s�h�r�i�n�k�a�g�e� �c�o�n�c�o�m�i�t�a�n�t� �w�i�t�h� �t�h�e� �c�e�l�l� �d�e�a�t�h�s� �c�a�u�s�e�s� �t�h�e� �s�p�a�c�e� 
�b�e�t�w�e�e�n� �t�h�e� �p�u�p�a�l� �w�i�n�g� �a�n�d� �t�h�e� �c�u�t�i�c�l�e� �t�o� �e�x�t�e�n�d�,� �w�h�i�c�h� 
�a�p�p�e�a�r�s� �t�o� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �g�r�o�w�t�h� �o�f� �l�o�n�g� �m�a�r�g�i�n�a�l� �s�c�a�l�e�s�.

III. Other research activities
�T�h�i�s� �l�a�b�o�r�a�t�o�r�y� �a�l�s�o� �c�o�n�d�u�c�t�s� �m�o�r�p�h�o�l�o�g�i�c�a�l� �o�b�s�e�r�v�a�t�i�o�n� �o�f� 
�v�a�r�i�o�u�s� �a�n�i�m�a�l� �t�i�s�s�u�e�s� �b�y� �s�c�a�n�n�i�n�g� �a�n�d� �t�r�a�n�s�m�i�s�s�i�o�n� �e�l�e�c�t�r�o�n� 
�m�i�c�r�o�s�c�o�p�y� �a�n�d� �i�m�m�u�n�o�-�e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�i�c� �a�n�a�l�y�s�e�s� �i�n� 
�c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �o�t�h�e�r� �l�a�b�o�r�a�t�o�r�i�e�s� �o�f� �N�I�B�B�.� �T�r�a�i�n�i�n�g� �i�n� 
�s�p�e�c�i�m�e�n� �p�r�e�p�a�r�a�t�i�o�n� �a�n�d� �i�n�s�t�r�u�m�e�n�t� �o�p�e�r�a�t�i�o�n� �f�o�r� �s�u�c�h� 
�o�b�s�e�r�v�a�t�i�o�n�s� �i�s� �a�l�s�o� �g�i�v�e�n�.� 
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�F�i�g�u�r�e� �1�.� �A�d�u�l�t� �s�p�e�c�i�m�e�n� �o�f Metzneria lappella, �o�n�e� �o�f� �t�h�e� �g�e�l�e�c�h�i�i�d� 
�m�o�t�h�s� �e�x�a�m�i�n�e�d�, �w�i�t�h� �l�o�n�g� �s�c�a�l�e�s� �a�l�o�n�g� �t�h�e� �w�i�n�g� �m�a�r�g�i�n�.



�5�2

�M�e�d�a�k�a� �i�s� �a� �s�m�a�l�l� �e�g�g�-�l�a�y�i�n�g� ´�s�e�c�o�n�d�a�r�yµ� �f�r�e�s�h� �w�a�t�e�r� �f�i�s�h� 
�f�o�u�n�d� �i�n� �b�r�o�o�k�s� �a�n�d� �r�i�c�e� �p�a�d�d�i�e�s� �i�n� �E�a�s�t�e�r�n� �A�s�i�a�.� �T�h�i�s� 
�s�p�e�c�i�e�s� �h�a�s� �a� �l�o�n�g� �h�i�s�t�o�r�y� �a�s� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �a�n�i�m�a�l�,� 
�e�s�p�e�c�i�a�l�l�y� �i�n� �J�a�p�a�n�.� �O�u�r� �l�a�b�o�r�a�t�o�r�y� �h�a�s� �c�o�n�d�u�c�t�e�d� �s�t�u�d�i�e�s� �o�n� 
�e�v�o�l�u�t�i�o�n� �o�f� �t�h�e� �s�e�x� �d�e�t�e�r�m�i�n�a�t�i�o�n� �s�y�s�t�e�m� �u�s�i�n�g� �m�e�d�a�k�a� �a�n�d� 
�r�e�l�a�t�i�v�e�s�,� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �c�a�u�s�a�l� �g�e�n�e� �o�f� �m�u�t�a�n�t�s� �f�o�r� 
�p�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l� �(�P�G�C�)� �m�i�g�r�a�t�i�o�n� �a�n�d� �p�i�g�m�e�n�t� �c�e�l�l� 
�d�e�v�e�l�o�p�m�e�n�t�,� �a�n�d� �t�h�e� �g�o�n�a�d�a�l� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �m�e�d�a�k�a�.� �I�n� 
�a�d�d�i�t�i�o�n� �t�o� �t�h�e�s�e� �a�c�t�i�v�i�t�i�e�s�,� �o�u�r� �l�a�b�o�r�a�t�o�r�y� �i�s� �s�t�e�p�p�i�n�g� �f�o�r�w�a�r�d� 
�t�o� �l�e�a�d� �t�h�e� �N�a�t�i�o�n�a�l� �B�i�o�R�e�s�o�u�r�c�e� �P�r�o�j�e�c�t� �M�e�d�a�k�a� �(�N�B�R�P� 
�M�e�d�a�k�a�)�.

I. Evolution of the sex chromosome and sex 
determination genes in Oryzias fish
� �R�e�c�e�n�t� �s�t�u�d�i�e�s� �h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t Oryzias� �s�p�e�c�i�e�s� 
�h�a�v�e� �d�i�f�f�e�r�e�n�t� �g�e�n�e�t�i�c� �s�e�x�-�d�e�t�e�r�m�i�n�a�t�i�o�n� �s�y�s�t�e�m�s� �(;;�;�Y� 
�a�n�d� ==�=�W�)� �(�F�i�g�u�r�e� �1�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �s�e�x� �c�h�r�o�m�o�s�o�m�e�s� 
�d�i�f�f�e�r� �i�n� �t�h�e�i�r� �o�r�i�g�i�n� �a�n�d� �d�e�g�r�e�e� �o�f� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�.� �T�h�e�s�e� 
�f�i�n�d�i�n�g�s� �s�u�g�g�e�s�t� �t�h�e� �r�e�p�e�a�t�e�d� �c�r�e�a�t�i�o�n� �o�f� �n�e�w� �s�e�x� 
�c�h�r�o�m�o�s�o�m�e�s� �f�r�o�m� �a�u�t�o�s�o�m�e�s� �d�u�r�i�n�g� �e�v�o�l�u�t�i�o�n� �o�f� Oryzias� 
�f�i�s�h�e�s�,� �p�o�s�s�i�b�l�y� �i�n� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �n�e�w� �s�e�x�-
�d�e�t�e�r�m�i�n�i�n�g� �g�e�n�e�s�.� �W�e� �a�r�e� �n�o�w� �t�r�y�i�n�g� �t�o� �p�o�s�i�t�i�o�n�a�l�l�y� �c�l�o�n�e� 
�t�h�e� �n�o�v�e�l� �s�e�x�-�d�e�t�e�r�m�i�n�i�n�g� �g�e�n�e�s� �i�n� �t�h�e�s�e� �s�p�e�c�i�e�s�.� 
�I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e�s�e� �g�e�n�e�s� �w�o�u�l�d� �p�r�o�v�i�d�e� �a� �c�l�u�e� �t�o� 
�u�n�d�e�r�s�t�a�n�d� �t�h�e� �e�v�o�l�u�t�i�o�n�a�r�y� �p�r�o�c�e�s�s� �u�n�d�e�r�l�y�i�n�g� �f�r�e�q�u�e�n�t� 
�t�u�r�n�o�v�e�r� �o�f� �s�e�x� �d�e�t�e�r�m�i�n�a�t�i�o�n� �m�e�c�h�a�n�i�s�m�s�.

II.  Genetic  dissection of  migration of 
primordial germ cells in medaka 

�G�e�r�m� �c�e�l�l�s� �a�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �s�u�s�t�a�i�n�a�b�i�l�i�t�y� �o�f� �l�i�f�e� �o�v�e�r� 
�g�e�n�e�r�a�t�i�o�n�s� �i�n� �m�a�n�y� �m�u�l�t�i�c�e�l�l�u�l�a�r� �a�n�i�m�a�l� �s�p�e�c�i�e�s�.� �T�o� 
�e�l�u�c�i�d�a�t�e� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 
�P�G�C�s�,� �w�e� �i�d�e�n�t�i�f�i�e�d� �m�u�l�t�i�p�l�e� �m�u�t�a�t�i�o�n�s� �a�f�f�e�c�t�i�n�g� �t�h�e� 
�m�i�g�r�a�t�i�o�n� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �p�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l�s� �i�n� 
�m�e�d�a�k�a� �i�n� �a� �p�r�i�o�r� �l�a�r�g�e�-�s�c�a�l�e� �m�u�t�a�g�e�n�e�s�i�s� �s�c�r�e�e�n�i�n�g� �p�r�o�j�e�c�t�,� 
�a�n�d� �h�a�v�e� �a�n�a�l�y�z�e�d� �a� �s�e�t� �o�f� �t�h�e�m� �t�o� �d�a�t�e�.� �W�e� �f�o�c�u�s�e�d� �o�n� �t�h�r�e�e� 
�m�u�t�a�n�t�s� �t�h�a�t� �h�a�v�e� �d�e�f�e�c�t�s� �i�n� �p�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l� �m�i�g�r�a�t�i�o�n�,� 
kamigamo�,� shimogamo,� �a�n�d� naruto� �t�h�a�t� �w�e�r�e� �i�s�o�l�a�t�e�d� �i�n� �t�h�e� 
�s�c�r�e�e�n�i�n�g� �p�r�o�j�e�c�t�.� �P�o�s�i�t�i�o�n�a�l� �c�l�o�n�i�n�g� �a�n�d� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� 
�g�e�n�e�s� �c�a�r�r�y�i�n�g� �t�h�e� �m�u�t�a�t�i�o�n�s� �a�r�e� �n�o�w� �i�n� �p�r�o�g�r�e�s�s�.� �I�n� 
�a�d�d�i�t�i�o�n�,� �t�w�o� �m�u�t�a�t�i�o�n�s�,� kamigamo� �a�n�d� shimogamo�,� �c�a�u�s�e� 
�c�y�s�t�i�c� �p�r�o�n�e�p�h�r�i�c� �d�u�c�t�s� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �w�i�t�h� �a�b�n�o�r�m�a�l� 
�p�o�s�i�t�i�o�n�i�n�g� �o�f� �t�h�e� �p�r�i�m�o�r�d�i�a�l� �g�e�r�m� �c�e�l�l�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 
�a�n�a�l�y�s�i�s� �o�f� �t�h�e�s�e� �m�u�t�a�t�i�o�n�s� �w�i�l�l� �b�e� �i�m�p�o�r�t�a�n�t� �i�n� �g�i�v�i�n�g� �b�a�s�a�l� 
�k�n�o�w�l�e�d�g�e� �u�n�d�e�r�l�y�i�n�g� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �o�f� �h�u�m�a�n� �c�y�s�t�i�c� 
�k�i�d�n�e�y� �d�i�s�e�a�s�e�s�.

III.  The study of type 2 diabetes using leptin 
receptor knockout medaka 

�L�e�p�t�i�n� �i�n� �m�a�m�m�a�l�s� �i�s� �a� �p�e�p�t�i�d�e� �h�o�r�m�o�n�e� �s�e�c�r�e�t�e�d� �b�y� 
�a�d�i�p�o�s�e� �t�i�s�s�u�e�.� �I�t� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �p�l�a�y� �a� �k�e�y� �r�o�l�e� �i�n� �t�h�e� 
�m�a�i�n�t�e�n�a�n�c�e� �o�f� �e�n�e�r�g�y� �h�o�m�e�o�s�t�a�s�i�s� �t�h�r�o�u�g�h� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �o�f� 
�f�o�o�d� �i�n�t�a�k�e� �a�n�d� �a� �r�a�n�g�e� �o�f� �p�h�y�s�i�o�l�o�g�i�c�a�l� �f�u�n�c�t�i�o�n�s�.� �M�i�c�e� 
�w�i�t�h� �a� �d�e�f�i�c�i�e�n�c�y� �o�f� �l�e�p�t�i�n� �o�r� �i�t�s� �r�e�c�e�p�t�o�r� �e�x�h�i�b�i�t� �h�y�p�e�r�p�h�a�g�i�a� 
�(�a�n� �i�n�c�r�e�a�s�e� �i�n� �f�o�o�d� �i�n�t�a�k�e�)�.� �T�h�e� �h�y�p�e�r�p�h�a�g�i�a� �c�a�u�s�e�s� �o�b�e�s�i�t�y� 
�l�e�a�d�i�n�g� �t�o� �t�y�p�e� �2� �d�i�a�b�e�t�e�s�-�l�i�k�e� �s�y�m�p�t�o�m�s�,� �w�h�i�c�h� �i�s� �c�o�n�s�i�s�t�e�n�t� 
�w�i�t�h� �C�a�u�c�a�s�i�a�n� �p�a�t�i�e�n�t�s�.� �L�e�p�t�i�n� �h�a�s� �a�l�s�o� �b�e�e�n� �i�s�o�l�a�t�e�d� �f�r�o�m� 
�f�i�s�h�,� �i�n�c�l�u�d�i�n�g� �m�e�d�a�k�a�,� �h�o�w�e�v�e�r�,� �t�h�e� �a�m�i�n�o� �a�c�i�d� �s�e�q�u�e�n�c�e� �i�s� 
�p�o�o�r�l�y� �c�o�n�s�e�r�v�e�d� �b�e�t�w�e�e�n� �f�i�s�h� �a�n�d� �m�a�m�m�a�l�s� �(�1�1�-��0��)�,� �a�n�d� 
�f�i�s�h� �l�e�p�t�i�n�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �m�a�i�n�l�y� �i�n� �t�h�e� �l�i�v�e�r�s�.� �T�o� �c�l�a�r�i�f�y� �t�h�e� 
�f�u�n�c�t�i�o�n� �o�f� �l�e�p�t�i�n� �o�n� �f�i�s�h�,� �w�e� �g�e�n�e�r�a�t�e�d� �l�e�p�t�i�n� �r�e�c�e�p�t�o�r� 
�k�n�o�c�k�o�u�t� �(�L�e�p�R�K�O�)� �m�e�d�a�k�a� �b�y� �t�h�e� �T�I�L�L�I�N�G� �m�e�t�h�o�d�.� �T�h�e� 
�p�h�e�n�o�t�y�p�i�c� �a�n�a�l�y�s�e�s� �a�l�l�o�w�e�d� �u�s� �t�o� �r�e�v�e�a�l� �a�n� �a�p�p�e�t�i�t�e� 
�s�u�p�p�r�e�s�s�i�v�e� �f�u�n�c�t�i�o�n� �o�f� �l�e�p�t�i�n� �s�i�g�n�a�l�i�n�g� �o�n� �m�e�d�a�k�a� �a�s� �w�e�l�l� �a�s� 
�m�a�m�m�a�l�s�,� �a�n�d� �t�o� �f�i�n�d� �n�e�w� �v�a�l�u�e� �i�n� �m�e�d�a�k�a� �a�s� �a� �n�o�v�e�l� 
�a�n�i�m�a�l� �m�o�d�e�l� �f�o�r� �s�t�u�d�y�i�n�g� �t�y�p�e� �2� �d�i�a�b�e�t�e�s�.� �A�s� �f�o�r� �a�p�p�e�t�i�t�e� 
�s�u�p�p�r�e�s�s�i�v�e� �f�u�n�c�t�i�o�n�s�� �L�e�p�R�K�O� �m�e�d�a�k�a� �s�h�o�w�e�d� �h�i�g�h� 
�e�x�p�r�e�s�s�i�o�n� �o�f� �t�h�e� �m�R�N�A� �o�f� �N�P�Y� �(��.�5�-�f�o�l�d�)� �a�n�d� �A�g�R�P� 
�(��-�f�o�l�d�)�,� �w�h�i�c�h� �a�r�e� �k�n�o�w�n� �t�o� �b�e� �o�r�e�x�i�g�e�n�i�c� �p�e�p�t�i�d�e�s�,� �a�n�d� �a�n� 
�i�n�c�r�e�a�s�e� �i�n� �f�o�o�d� �i�n�t�a�k�e� �(�1�.��-�f�o�l�d�)�.� �N�e�x�t�,� �a�s� �f�o�r� �g�l�u�c�o�s�e� 
�m�e�t�a�b�o�l�i�s�m�� �a�d�u�l�t� �m�u�t�a�n�t�s� �s�h�o�w�e�d� �s�i�g�n�s� �o�f� �d�i�a�b�e�t�e�s�,� �s�u�c�h� �a�s� 
�f�a�s�t�i�n�g� �h�y�p�e�r�g�l�y�c�e�m�i�a� �a�n�d� �i�m�p�a�i�r�e�d� �i�n�s�u�l�i�n� �s�e�c�r�e�t�i�o�n�,� �w�h�i�c�h� 
�i�s� �a� �l�a�t�e�-�o�n�s�e�t� �d�i�s�o�r�d�e�r� �c�a�u�s�e�d� �b�y� �e�x�c�e�s�s�i�v�e� �f�e�e�d�i�n�g� �d�u�r�i�n�g� 
�p�o�s�t�- �j�u�v�e�n�i�l�e � �s �t�a�g�e�s�. � �F�u�r�t�h�e�r�m�o�r�e�, � �t�h�e�y� �s�h�o�w�e�d� 
�h�y�p�e�r�g�l�y�c�e�m�i�a� �e�v�e�n� �w�i�t�h� �t�h�e� �s�a�m�e� �f�a�t� �l�e�v�e�l� �i�n� �t�h�e� �b�l�o�o�d�,� 
�m�u�s�c�l�e�,� �a�n�d� �l�i�v�e�r� �a�s� �W�T� �m�e�d�a�k�a�.� �T�h�e� �s�y�m�p�t�o�m� �i�s� �c�o�n�s�i�s�t�e�n�t� 
�w�i�t�h� �t�h�o�s�e� �o�f� �A�s�i�a�n� �p�a�t�i�e�n�t�s�,� �n�o�t� �b�u�t� �C�a�u�c�a�s�i�a�n� �p�a�t�i�e�n�t�s� �a�n�d� 
�m�i�c�e� �w�i�t�h� �l�e�p�t�i�n� �s�i�g�n�a�l�i�n�g� �d�e�f�i�c�i�e�n�c�i�e�s�.� �N�o�w�,� �w�e� �a�r�e� 
�i�n�v�e�s�t�i�g�a�t�i�n�g� �t�h�e� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 
�d�y�s�f�u�n�c�t�i�o�n� �o�f� �p�a�n�c�r�e�a�t�i�c� �t�i�s�s�u�e�s� �u�n�d�e�r� �v�a�r�i�o�u�s� �f�e�e�d�i�n�g� 
�c�o�n�d�i�t�i�o�n�s�.� �T�h�i�s� �w�i�l�l� �a�l�l�o�w� �u�s� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �f�a�c�t�o�r�s� �o�f� 
�d�i�a�b�e�t�e�s� �t�h�a�t� �a�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �f�o�o�d� �i�n�t�a�k�e�,� �r�e�g�a�r�d�l�e�s�s� �o�f� 
�o�b�e�s�i�t�y�.
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V.  National BioResource Project Medaka 
(NBRP Medaka) (http://www.shigen.nig.ac.
jp/medaka/)

�I�n� �2�0�0��,� �N�I�B�B� �w�a�s� 
�s�e�l�e�c�t�e�d� �a�s� �t�h�e� �c�o�r�e� 
�f�a�c �i �l �i �t�y � �o�f � �N�B�R�P� 
�M �e �d �a �k �a �. � �O �u �r� 
�l�a�b�o�r�a�t�o�r�y� �i�s� �t�a�k�i�n�g� �a�n� 
�a�c�t�i�v�e� �p�a�r�t� �i�n� �t�h�i�s� 
�p�r�o�j�e�c�t�.� �W�i�t�h� �t�h�e� �g�o�a�l� 
�o�f� �f�a�c�i�l�i�t�a�t�i�n�g� �a�n�d� 
�e�n�h�a�n�c�i�n�g� �t�h�e� �u�s�e� �o�f� 
�m�e�d�a�k�a� �a�s� �a� �m�o�d�e�l� 
�o�r�g�a�n�i�s�m�,� �w�e� �p�r�o�v�i�d�e�,� 
�m�a�i�n�t�a�i�n� �a�n�d� �c�o�l�l�e�c�t� 
�l�i�v�i�n�g� �r�e�s�o�u�r�c�e�s� �s�u�c�h� 
�a�s� �s�t�a�n�d�a�r�d� �s�t�r�a�i�n�s�,� 
�i�n�b�r�e�d� �s�t�r�a�i�n�s�,� �a�n�d� 
�m�u�t�a�n�t�s� �i�n� �a�d�d�i�t�i�o�n� �t�o� 
�f�r�o�z�e�n� �r�e�s�o�u�r�c�e�s� �s�u�c�h� 
�a�s� �E�S�T��c�D�N�A�,� �B�A�C�� 
�F�o�s�m�i�d� �c�l�o�n�e�s�,� �a�n�d� 
�h�a�t�c�h�i�n�g� �e�n�z�y�m�e�s�,� �a�s� 
�w�e�l�l� �a�s� �i�n�t�e�g�r�a�t�e�d� 
�i �n �f �o �r �m �a �t �i �o �n � �o �n� 
�m�e�d�a�k�a� �(�F�i�g�u�r�e� ��)�.� 
�W�e � �h �a �v �e � �b �e �e �n� 
�p�r�o�v�i�d�i�n�g� �B�A�C� �c�l�o�n�e�s� 
�o�f� �m�e�d�a�k�a� �r�e�l�a�t�e�d� 
�s�p�e�c�i�e�s�,� � �a� �l�i�b�r�a�r�y� 

�s�c�r�e�e�n�i�n�g� �s�y�s�t�e�m� �e�m�p�l�o�y�i�n�g� �a� ��D� �P�C�R� �s�t�r�a�t�e�g�y� �f�o�r� 
�e�v�o�l�u�t�i�o�n�a�r�y� �s�t�u�d�i�e�s�,� �a�n�d� � � �t�h�e� �T�I�L�L�I�N�G� �s�c�r�e�e�n�i�n�g� �s�y�s�t�e�m� 
�f�o�r� �p�r�o�m�o�t�i�n�g� �t�h�e� �r�e�v�e�r�s�e� �g�e�n�e�t�i�c� �a�p�p�r�o�a�c�h�.� � �N�B�R�P� �M�e�d�a�k�a� 
�a�i�m�s� �t�o� �e�s�t�a�b�l�i�s�h� �a� �f�i�r�s�t� �r�a�t�e� �b�i�o�l�o�g�i�c�a�l� �r�e�s�o�u�r�c�e� �w�i�t�h� �t�h�e� 
�h�i�g�h�e�s�t� �p�o�s�s�i�b�l�e� �l�e�v�e�l�s� �o�f� �a�c�c�e�s�s�i�b�i�l�i�t�y� �a�n�d� �e�a�s�e� �o�f� �u�s�e�.� 
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〔Original papers〕

�� �C�h�i�s�a�d�a�,� �S�.�,� �K�u�r�o�k�a�w�a�,� �T�.�,� �M�u�r�a�s�h�i�t�a�,� �K�.�,� �R�o�n�n�e�s�t�a�d�,� �I�.�,� �Y�a�n�i�g�u�c�h�i�,� �T�.�,� 
�T�o�y�o�d�a�,� �A�.�,� �S�a�k�a�k�i�,� �Y�.�,� �T�a�k�e�d�a�,� �S�.�,� �a�n�d� �Y�o�s�h�i�u�r�a�,� �Y�.� �(�2�0�1��)�.� �L�e�p�t�i�n� 
�r�e�c�e�p�t�o�r�-�d�e�f�i�c�i�e�n�t� �(�k�n�o�c�k�o�u�t�)� �m�e�d�a�k�a�,� Oryzias latipes�,� �s�h�o�w� �c�h�r�o�n�i�c�a�l� 
�u�p�-�r�e�g�u�l�a�t�e�d� �l�e�v�e�l�s� �o�f� �o�r�e�x�i�g�e�n�i�c� �n�e�u�r�o�p�e�p�t�i�d�e�s�,� �e�l�e�v�a�t�e�d� �f�o�o�d� �i�n�t�a�k�e� 
�a�n�d� �s�t�a�g�e� �s�p�e�c�i�f�i�c� �e�f�f�e�c�t�s� �o�n� �g�r�o�w�t�h� �a�n�d� �f�a�t� �a�l�l�o�c�a�t�i�o�n�.� �G�e�n�.� �C�o�m�p�.� 
�E�n�d�o�c�r�i�n�o�l�.� 195�,� ��-�2�0�.

�� �G�u�a�n�,� �G�.�,� =�h�a�n�g�,� ;�.�,� �N�a�r�u�s�e�,� �K�.�,� �N�a�g�a�h�a�m�a�,� �Y�.�,� �a�n�d� +�o�n�g�,� �Y�.� �(�2�0�1��)�.� 
�G�e�n�e� �R�e�p�l�a�c�e�m�e�n�t� �b�y� =�i�n�c� �F�i�n�g�e�r� �N�u�c�l�e�a�s�e�s� �i�n� �M�e�d�a�k�a� �E�m�b�r�y�o�s�.� 
�M�a�r�i�n�e� �B�i�o�t�e�c�h�n�o�l�.� 16�,� ����-����.

�� �K�i�m�u�r�a�,� �T�.�,� �N�a�g�a�o�,� �Y�.�,� +�a�s�h�i�m�o�t�o�,� +�.�,� �Y�a�m�a�m�o�t�o�-�S�h�i�r�a�i�s�h�i�,� �Y�.�,� 
�Y�a�m�a�m�o�t�o�,� �S�.�,� �Y�a�b�e�,� �T�.�,� �T�a�k�a�d�a�,� �S�.�,� �K�i�n�o�s�h�i�t�a�,� �M�.�,� �K�u�r�o�i�w�a�,� �A�.�,� �a�n�d� 
�N�a�r�u�s�e�,� �K�.� �(�2�0�1��)�.� �L�e�u�c�o�p�h�o�r�e�s� �a�r�e� �s�i�m�i�l�a�r� �t�o� �x�a�n�t�h�o�p�h�o�r�e�s� �i�n� �t�h�e�i�r� 
�s�p�e�c�i�f�i�c�a�t�i�o�n� �a�n�d� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �p�r�o�c�e�s�s�e�s� �i�n� �m�e�d�a�k�a�.� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� 
�S�c�i�.� �U�S�A� 111�,� �����-�����.

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

�� �N�a�g�a�o�,� �Y�.�,� �S�u�z�u�k�i�,� �T�.�,� �S�h�i�m�i�z�u�,� �A�.�,� �K�i�m�u�r�a�,� �T�.�,� �S�e�k�i�,� �R�.�,� �A�d�a�c�h�i�,� �T�.�,� 
�I�n�o�u�e�,� �C�.�,� �O�m�a�e�,� �Y�.�,� �K�a�m�e�i�,� �Y�.�,� �a�n�d� +�a�r�a�,� �I�.� �(�2�0�1��)�.� �S�o�x�5� �f�u�n�c�t�i�o�n�s� �a�s� 
�a� �f�a�t�e� �s�w�i�t�c�h� �i�n� �m�e�d�a�k�a� �p�i�g�m�e�n�t� �c�e�l�l� �d�e�v�e�l�o�p�m�e�n�t�.� �P�L�o�S� �G�e�n�e�t�.� 10�,� 
�e�1�0�0��2���.

�� �N�i�s�h�i�m�u�r�a�,� �T�.�,� +�e�r�p�i�n�,� �A�.�,� �K�i�m�u�r�a�,� �T�.�,� +�a�r�a�,� �I�.�,� �K�a�w�a�s�a�k�i�,� �T�.�,� �N�a�k�a�m�u�r�a�,� 
�S�.�,� �Y�a�m�a�m�o�t�o�,� �Y�.�,� �S�a�i�t�o�,� �T�.�L�.�,� �Y�o�s�h�i�m�u�r�a�,� �J�.�,� �a�n�d� �M�o�r�i�s�h�i�t�a�,� �S�.� �(�2�0�1��)�.� 
�A�n�a�l�y�s�i�s� �o�f� �a� �n�o�v�e�l� �g�e�n�e�,� Sdgc�,� �r�e�v�e�a�l�s� �s�e�x� �c�h�r�o�m�o�s�o�m�e�-�d�e�p�e�n�d�e�n�t� 
�d�i�f�f�e�r�e�n�c�e�s� �o�f� �m�e�d�a�k�a� �g�e�r�m� �c�e�l�l�s� �p�r�i�o�r� �t�o� �g�o�n�a�d� �f�o�r�m�a�t�i�o�n�.� �D�e�v�e�l�o�p�m�e�n�t� 
141�,� �����-�����.

�� �O�k�u�y�a�m�a�,� �T�.�,� �Y�o�k�o�i�,� �S�.�,� �A�b�e�,� +�.�,� �I�s�o�e�,� �Y�.�,� �S�u�e�h�i�r�o�,� �Y�.�,� �I�m�a�d�a�,� +�.�,� 
�T�a�n�a�k�a�,� �M�.�,� �K�a�w�a�s�a�k�i�,� �T�.�,� �Y�u�b�a�,� �S�.�,� �T�a�n�i�g�u�c�h�i�,� �Y�.�,� �K�a�m�e�i�,� �Y�.�,� �O�k�u�b�o�,� 
�K�.�,� �S�h�i�m�a�d�a�,� �A�.�,� �N�a�r�u�s�e�,� �K�.�,� �T�a�k�e�d�a�,� +�.�,� �O�k�a�,� �Y�.�,� �K�u�b�o�,� �T�.�,� �a�n�d� 
�T�a�k�e�u�c�h�i�,� +�.� �(�2�0�1��)�.� �A� �n�e�u�r�a�l� �m�e�c�h�a�n�i�s�m� �u�n�d�e�r�l�y�i�n�g� �m�a�t�i�n�g� 
�p�r�e�f�e�r�e�n�c�e�s� �f�o�r� �f�a�m�i�l�i�a�r� �i�n�d�i�v�i�d�u�a�l�s� �i�n� �m�e�d�a�k�a� �f�i�s�h�.� �S�c�i�e�n�c�e� 343�,� ��1�-���.

�� �S�p�i�v�a�k�o�v�,� �M�.�,� �A�u�e�r�,� �T�.�O�.�,� �P�e�r�a�v�a�l�i�,� �R�.�,� �D�u�n�h�a�m�,� �I�.�,� �D�o�l�l�e�,� �D�.�,� �F�u�j�i�y�a�m�a�,� 
�A�.�,� �T�o�y�o�d�a�,� �A�.�,� �A�i�z�u�,� �T�.�,� �M�i�n�a�k�u�c�h�i�,� �Y�.�,� �a�n�d� �L�o�o�s�l�i�,� �F�.� �(�2�0�1��)�.� �G�e�n�o�m�i�c� 
�a�n�d� �P�h�e�n�o�t�y�p�i�c� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �a� �W�i�l�d� �M�e�d�a�k�a� �P�o�p�u�l�a�t�i�o�n�� 
�T�o�w�a�r�d�s� �t�h�e� �E�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �a�n� �I�s�o�g�e�n�i�c� �P�o�p�u�l�a�t�i�o�n� �G�e�n�e�t�i�c� �R�e�s�o�u�r�c�e� 
�i�n� �F�i�s�h�.� �G��-�G�e�n�e�s� �G�e�n�o�m�.� �G�e�n�e�t�.� 4�,� ����-���5�.

�� �T�a�k�e�h�a�n�a�,� �Y�.�,� �M�a�t�s�u�d�a�,� �M�.�,� �M�y�o�s�h�o�,� �T�.�,� �S�u�s�t�e�r�,� �M�.�L�.�,� �K�a�w�a�k�a�m�i�,� �K�.�,� 
�S�h�i�n�,� �T�.�,� �K�o�h�a�r�a�,� �Y�.�,� �K�u�r�o�k�i�,� �Y�.�,� �T�o�y�o�d�a�,� �A�.�,� �a�n�d� �F�u�j�i�y�a�m�a�,� �A�.� �(�2�0�1��)�.� 
�C�o�-�o�p�t�i�o�n� �o�f� Sox3� �a�s� �t�h�e� �m�a�l�e�-�d�e�t�e�r�m�i�n�i�n�g� �f�a�c�t�o�r� �o�n� �t�h�e� �Y� �c�h�r�o�m�o�s�o�m�e� 
�i�n� �t�h�e� �f�i�s�h� Oryzias dancena�.� �N�a�t�u�r�e� �C�o�m�m�u�n�.� 5�,� ��1�5��.

�� �T�s�u�b�o�k�o�,� �S�.�,� �K�i�m�u�r�a�,� �T�.�,� �S�h�i�n�y�a�,� �M�.�,� �S�u�e�h�i�r�o�,� �Y�.�,� �O�k�u�y�a�m�a�,� �T�.�,� 
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�P�a�r�a�m�e�t�e�r�s� �a�n�d� �e�f�f�i�c�i�e�n�c�y� �o�f� �d�i�r�e�c�t� �g�e�n�e� �d�i�s�r�u�p�t�i�o�n� �b�y� =�i�n�c� �F�i�n�g�e�r� 
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�F�i�g�u�r�e� �1�.� �P�o�s�t�b�r�a�n�d�i�a�l� �b�l�o�o�d� �g�l�u�c�o�s�e� �l�e�v�e�l�s� �o�f� �W�T� �a�n�d� �L�e�p�R�K�O� �m�e�d�a�k�a�.

�F�i�g�u�r�e� �2�.� �R�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �v�i�s�c�e�r�a�l� �f�a�t� �a�n�d� �b�l�o�o�d� �g�l�u�c�o�s�e� �l�e�v�e�l�s� �o�f� �W�T� 
�a�n�d� �L�e�p�R�K�O� �m�e�d�a�k�a�.



�5�

�N�u�t�r�i�e�n�t�s� �a�r�e� �i�n�d�i�s�p�e�n�s�a�b�l�e� �f�o�r� �l�i�f�e�.� �T�h�u�s�,� �p�e�r�c�e�p�t�i�o�n� �o�f� �t�h�e� 
�n�u�t�r�i�e�n�t� �e�n�v�i�r�o�n�m�e�n�t� �i�s� �a�l�s�o� �e�s�s�e�n�t�i�a�l� �f�o�r� �c�e�l�l�s�.� �T�o� �r�e�c�o�g�n�i�z�e� 
�c�e�l�l�u�l�a�r� �n�u�t�r�i�e�n�t� �c�o�n�d�i�t�i�o�n�s�,� �e�u�k�a�r�y�o�t�i�c� �c�e�l�l�s� �e�m�p�l�o�y� �T�o�r� 
�(�t�a�r�g�e�t� �o�f� �r�a�p�a�m�y�c�i�n�)� �p�r�o�t�e�i�n� �k�i�n�a�s�e�.� �T�o�r� �f�o�r�m�s� �t�w�o� �d�i�s�t�i�n�c�t� 
�p�r�o�t�e�i�n� �c�o�m�p�l�e�x�e�s�,� �T�O�R�C� �(�T�o�r� �c�o�m�p�l�e�x�)� �1� �a�n�d� �T�O�R�C�2�.� 
�T�O�R�C�1� �r�e�g�u�l�a�t�e�s� �r�a�p�a�m�y�c�i�n�-�s�e�n�s�i�t�i�v�e� �b�r�a�n�c�h�e�s� �o�f� �t�h�e� �T�O�R� 
�p�a�t�h�w�a�y�,� �s�u�c�h� �a�s� �p�r�o�t�e�i�n� �s�y�n�t�h�e�s�i�s�,� �c�e�l�l� �c�y�c�l�e� �a�n�d� �a�u�t�o�p�h�a�g�y�.� 
�T�O�R�C�1� �i�s� �t�h�o�u�g�h�t� �t�o� �a�c�t� �a�s� �a� �n�u�t�r�i�e�n�t� �s�e�n�s�o�r�,� �b�e�c�a�u�s�e� 
�r�a�p�a�m�y�c�i�n�,� �a� �T�O�R�C�1� �i�n�h�i�b�i�t�o�r�,� �m�i�m�i�c�s� �a� �s�t�a�r�v�e�d� �c�o�n�d�i�t�i�o�n�.� 
�O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �T�O�R�C�2�,� �w�h�o�s�e� �f�u�n�c�t�i�o�n� �i�s� �i�n�s�e�n�s�i�t�i�v�e� �t�o� 
�r�a�p�a�m�y�c�i�n�,� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �a�c�t�i�n� �o�r�g�a�n�i�z�a�t�i�o�n� �a�n�d� �c�e�l�l� 
�i�n�t�e�g�r�i�t�y�.� �S�o� �f�a�r�,� �i�t� �i�s� �n�o�t� �c�l�e�a�r� �w�h�e�t�h�e�r� �T�O�R�C�2� �a�l�s�o� �p�e�r�c�e�i�v�e�s� 
�n�u�t�r�i�e�n�t� �s�i�g�n�a�l�s�.
�T�h�e� �a�i�m� �o�f� �o�u�r� �r�e�s�e�a�r�c�h� �g�r�o�u�p� �i�s� �t�o� �r�e�v�e�a�l� �t�h�e� �m�o�l�e�c�u�l�a�r� 
�m�e�c�h�a�n�i�s�m�s� �o�f� �h�o�w� �T�o�r� �r�e�c�e�i�v�e�s� �n�u�t�r�i�e�n�t� �s�i�g�n�a�l�s� �a�n�d� �h�o�w� 
�t�h�e� �T�O�R�C�1��2� �p�a�t�h�w�a�y�s� �r�e�g�u�l�a�t�e� �e�a�c�h� �p�h�e�n�o�m�e�n�o�n�.� �W�e� �h�a�v�e� 
�b�e�e�n� �s�t�u�d�y�i�n�g� �T�o�r� �s�i�g�n�a�l�i�n�g� �i�n� �t�h�e� �b�u�d�d�i�n�g� �y�e�a�s�t� 
Saccharomyces cerevisiae�,� �a�n�d� �h�a�v�e� �f�o�u�n�d� �t�h�r�e�e� �n�o�v�e�l� 
�b�r�a�n�c�h�e�s� �o�f� �t�h�e� �T�O�R� �s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y� �(�F�i�g�u�r�e� �1�)�.� 

I.  TORC1 phosphorylates Atg13, the molecular 
switch of autophagy 

�A�u�t�o�p�h�a�g�y� �i�s� �m�a�i�n�l�y� �a� �r�e�s�p�o�n�s�e� �t�o� �n�u�t�r�i�e�n�t� �s�t�a�r�v�a�t�i�o�n�,� �a�n�d� 
�T�O�R�C�1� �n�e�g�a�t�i�v�e�l�y� �r�e�g�u�l�a�t�e�s� �a�u�t�o�p�h�a�g�y�.� �T�h�e� �A�t�g�1� �k�i�n�a�s�e� �a�n�d� 
�i�t�s� �r�e�g�u�l�a�t�o�r�s�,� �i�.�e�.� �A�t�g�1��,� �A�t�g�1��,� �A�t�g�2��,� �a�n�d� �A�t�g��1� 
�c�o�l�l�a�b�o�r�a�t�i�v�e�l�y� �f�u�n�c�t�i�o�n� �i�n� �t�h�e� �i�n�i�t�i�a�l� �s�t�e�p� �o�f� �a�u�t�o�p�h�a�g�y� 
�i�n�d�u�c�t�i�o�n�,� �d�o�w�n�s�t�r�e�a�m� �o�f� �T�O�R�C�1�.� �A�t�g�1� �i�s� �a� �S�e�r��T�h�r� �p�r�o�t�e�i�n� 
�k�i�n�a�s�e�,� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �w�h�i�c�h� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� �a�u�t�o�p�h�a�g�y� �a�n�d� �i�s� 
�l�a�r�g�e�l�y� �e�n�h�a�n�c�e�d� �f�o�l�l�o�w�i�n�g� �n�u�t�r�i�e�n�t� �s�t�a�r�v�a�t�i�o�n� �o�r� �t�h�e� �a�d�d�i�t�i�o�n� 
�o�f� �r�a�p�a�m�y�c�i�n�.� �T�h�i�s� �r�e�g�u�l�a�t�i�o�n� �i�n�v�o�l�v�e�s� �p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �o�f� 
�A�t�g�1��.� 
�W�e� �f�o�u�n�d� �t�h�a�t� �A�t�g�1�� �i�s� �d�i�r�e�c�t�l�y� �p�h�o�s�p�h�o�r�y�l�a�t�e�d� �b�y� �T�O�R�C�1�.� 
�P�h�o�s�p�h�o�r�y�l�a�t�e�d� �A�t�g�1�� �(�d�u�r�i�n�g� �n�u�t�r�i�e�n�t�-�r�i�c�h� �c�o�n�d�i�t�i�o�n�s�)� �l�o�s�e�s� 
�i�t�s� �a�f�f�i�n�i�t�y� �t�o� �A�t�g�1�,� �r�e�s�u�l�t�i�n�g� �i�n� �r�e�p�r�e�s�s�i�o�n� �o�f� �a�u�t�o�p�h�a�g�y�.� �O�n� 
�t�h�e� �o�t�h�e�r� �h�a�n�d�,� �u�n�d�e�r� �s�t�a�r�v�a�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �A�t�g�1�� �i�s� 
�i�m�m�e�d�i�a�t�e�l�y� �d�e�p�h�o�s�p�h�o�r�y�l�a�t�e�d� �a�n�d� �b�i�n�d�s� �t�o� �A�t�g�1� �t�o� �f�o�r�m� 
�A�t�g�1� �c�o�m�p�l�e�x�.� �A�t�g�1� �c�o�m�p�l�e�x� �f�o�r�m�a�t�i�o�n� �c�o�n�f�e�r�s� �A�t�g�1� 
�a�c�t�i�v�a�t�i�o�n� �a�n�d� �c�o�n�s�e�q�u�e�n�t�l�y� �i�n�d�u�c�e�s� �a�u�t�o�p�h�a�g�y�.� �W�e� 
�d�e�t�e�r�m�i�n�e�d� �p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �s�i�t�e�s� �o�f� �A�t�g�1�� �a�n�d� �g�e�n�e�r�a�t�e�d� �a�n� 
�u�n�p�h�o�s�p�h�o�r�y�l�a�t�a�b�l�e� �A�t�g�1�� �m�u�t�a�n�t� �(�A�t�g�1��-��S�A�)�.� �E�x�p�r�e�s�s�i�o�n� 
�o�f� �A�t�g�1��-��S�A� �i�n�d�u�c�e�s� �a�u�t�o�p�h�a�g�y� �b�y�p�a�s�s�i�n�g� �i�n�a�c�t�i�v�a�t�i�o�n� �o�f� 
�T�O�R�C�1�,� �t�h�e� �s�a�m�e� �a�s� �t�h�r�o�u�g�h� �s�t�a�r�v�a�t�i�o�n� �t�r�e�a�t�m�e�n�t� �o�r� 
�r�a�p�a�m�y�c�i�n�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �d�e�m�o�n�s�t�r�a�t�e� �t�h�a�t� �A�t�g�1�� �a�c�t�s� �a�s� �a� 
�m�o�l�e�c�u�l�a�r� �s�w�i�t�c�h� �f�o�r� �a�u�t�o�p�h�a�g�y� �i�n�d�u�c�t�i�o�n�.

II.  Monitoring in vivo activity of TORC1 by 
phosphorylation state of Atg13

�S�i�n�c�e� �A�t�g�1�� �h�a�s� �t�u�r�n�e�d� �o�u�t� �t�o� �b�e� �a� �s�u�b�s�t�r�a�t�e� �o�f� �T�O�R�C�1�,� in 
vivo� �a�c�t�i�v�i�t�y� �o�f� �T�O�R�C�1� �c�a�n� �b�e� �m�o�n�i�t�o�r�e�d� �b�y� �t�h�e� 
�p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �s�t�a�t�e� �o�f� �A�t�g�1��.� 9�a�r�i�o�u�s� �c�o�n�d�i�t�i�o�n�s� �a�n�d� 
�m�u�t�a�n�t�s� �h�a�v�e� �b�e�e�n� �e�x�a�m�i�n�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�a�t� �k�i�n�d� �o�f� 
�n�u�t�r�i�e�n�t�s� �T�O�R�C�1� �r�e�c�o�g�n�i�z�e�s� �a�n�d� �h�o�w� �n�u�t�r�i�e�n�t� �s�i�g�n�a�l�s� �a�r�e� 
�t�r�a�n�s�m�i�t�t�e�d� �t�o� �T�O�R�C�1�.

�F�i�g�u�r�e� �1�.� �T�o�r� �s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y� �o�f� �t�h�e� �b�u�d�d�i�n�g� �y�e�a�s�t�.� �O�u�r� �g�r�o�u�p� �h�a�s� 
�f�o�u�n�d� �t�h�r�e�e� �b�r�a�n�c�h�e�s� �o�f� �t�h�e� �T�o�r� �p�a�t�h�w�a�y�.� 

III.  How and why TORC1 regulates mitotic 
entry? 

�T�O�R�C�1� �r�e�g�u�l�a�t�e�s� �p�r�o�t�e�i�n� �s�y�n�t�h�e�s�i�s�,� �w�h�i�c�h� �i�s� �i�m�p�o�r�t�a�n�t� �f�o�r� 
�p�r�o�m�o�t�i�o�n� �o�f� �t�h�e� �c�e�l�l� �c�y�c�l�e� �a�t� �G�1� �(�G�0�)�.� �L�i�t�t�l�e� �i�s� �k�n�o�w�n�,� 
�h�o�w�e�v�e�r�,� �a�b�o�u�t� �w�h�e�t�h�e�r� �o�r� �n�o�t� �T�O�R�C�1� �i�s� �i�n�v�o�l�v�e�d� �i�n� �o�t�h�e�r� 
�s�t�a�g�e�s� �o�f� �t�h�e� �c�e�l�l� �c�y�c�l�e�.� 
�W�e� �g�e�n�e�r�a�t�e�d� �a� �t�e�m�p�e�r�a�t�u�r�e�-�s�e�n�s�i�t�i�v�e� �a�l�l�e�l�e� �o�f� KOG1 

(kog1-105),� �w�h�i�c�h� �e�n�c�o�d�e�s� �a�n� �e�s�s�e�n�t�i�a�l� �c�o�m�p�o�n�e�n�t� �o�f� 
�T�O�R�C�1�,� �a�n�d� �f�o�u�n�d� �t�h�a�t� �T�O�R�C�1� �p�l�a�y�s� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� 
�m�i�t�o�t�i�c� �e�n�t�r�y� �(�G�2��M� �t�r�a�n�s�i�t�i�o�n�)�.� �S�i�n�c�e� �C�d�c�5�,� �t�h�e� �y�e�a�s�t� �p�o�l�o�-
�k�i�n�a�s�e�,� �i�s� �m�i�s�l�o�c�a�l�i�z�e�d� �a�n�d� �i�n�a�c�t�i�v�a�t�e�d� �i�n� kog1-105 �m�u�t�a�n�t� 
�c�e�l�l�s�,� �T�O�R�C�1� �m�e�d�i�a�t�e�s� �G�2��M� �t�r�a�n�s�i�t�i�o�n� �v�i�a� �r�e�g�u�l�a�t�i�n�g� �p�o�l�o�-
�k�i�n�a�s�e�.� �R�e�c�e�n�t�l�y� �w�e� �d�i�s�c�o�v�e�r�e�d� �a� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�o�l�e� �o�f� 
�T�O�R�C�1� �i�n� �m�i�t�o�s�i�s�� �a�u�t�o�p�h�a�g�y� �n�e�g�a�t�i�v�e�l�y� �c�o�n�t�r�o�l�l�e�d� �b�y� 
�T�O�R�C�1� �p�l�a�y�s� �a�n� �i�m�p�o�r�t�a�n�t� �p�a�r�t� �i�n� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �g�e�n�o�m�e� 
�s�t�a�b�i�l�i�t�y� �u�n�d�e�r� �s�t�a�r�v�a�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�.� � 

IV.  Ypk2 kinase acts downstream of TORC2 to 
control actin organization 

�G�e�n�e�t�i�c� �s�t�u�d�i�e�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �T�O�R�C�2� �c�o�n�t�r�o�l�s� �p�o�l�a�r�i�t�y� 
�o�f� �t�h�e� �a�c�t�i�n� �c�y�t�o�s�k�e�l�e�t�o�n� �v�i�a� �t�h�e� �R�h�o�1��P�k�c�1��M�A�P�K� �c�e�l�l� 
�i�n�t�e�g�r�i�t�y� �c�a�s�c�a�d�e�.� +�o�w�e�v�e�r�,� �t�h�e� �t�a�r�g�e�t� �(�s�u�b�s�t�r�a�t�e�)� �o�f� �T�O�R�C�1� 
�w�a�s� �n�o�t� �y�e�t� �i�d�e�n�t�i�f�i�e�d�.� �W�e� �f�o�u�n�d� �t�h�a�t� �Y�p�k�2�,� �a�n� �l�e�t�h�a�l�i�t�y� �o�f� 
�T�O�R�C�2� �d�y�s�f�u�n�c�t�i�o�n�,� �i�s� �d�i�r�e�c�t�l�y� �p�h�o�s�p�h�o�r�y�l�a�t�e�d� �b�y� �T�O�R�C�2�.
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�P�l�a�n�t� �c�e�l�l�s� �c�a�n� �i�n�d�u�c�e�,� �d�e�g�e�n�e�r�a�t�e� �a�n�d� �d�i�f�f�e�r�e�n�t�i�a�t�e� �t�h�e�i�r� 
�o�r�g�a�n�e�l�l�e�s� �t�o� �a�d�a�p�t� �t�o� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�s�.� �T�h�i�s� �f�l�e�x�i�b�i�l�i�t�y� 
�o�f� �p�l�a�n�t� �o�r�g�a�n�e�l�l�e�s� �i�s� �t�h�e� �b�a�s�i�s� �o�f� �t�h�e� �s�t�r�a�t�e�g�y� �f�o�r� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �a�d�a�p�t�a�t�i�o�n� �i�n� �p�l�a�n�t�s�.� 
�T�h�e� �a�i�m�s� �o�f� �o�u�r� �r�e�s�e�a�r�c�h� �g�r�o�u�p� �a�r�e� �t�o� �c�l�a�r�i�f�y� �t�h�e� �m�o�l�e�c�u�l�a�r� 
�m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �t�h�e� �i�n�d�u�c�t�i�o�n�,� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�,� �a�n�d� 
�i�n�t�e�r�a�c�t�i�o�n� �o�f� �o�r�g�a�n�e�l�l�e�s�,� �a�n�d� �t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �i�n�t�e�g�r�a�t�e�d� 
�f�u�n�c�t�i�o�n�s� �o�f� �i�n�d�i�v�i�d�u�a�l� �p�l�a�n�t�s� �t�h�r�o�u�g�h� �o�r�g�a�n�e�l�l�e� �d�y�n�a�m�i�c�s�.� 

I.  Molecular mechanisms of peroxisome 
biogenesis and functions in plant cells

�P�e�r�o�x�i�s�o�m�e�s� �a�r�e� �s�i�n�g�l�e�-�m�e�m�b�r�a�n�e� �b�o�u�n�d�e�d� �o�r�g�a�n�e�l�l�e�s�,� 
�w�h�i�c�h� �a�r�e� �u�b�i�q�u�i�t�o�u�s�l�y� �p�r�e�s�e�n�t� �i�n� �e�u�k�a�r�y�o�t�i�c� �c�e�l�l�s�,� �a�n�d� �t�h�e�y� 
�a�r�e� �i�n�v�o�l�v�e�d� �i�n� �v�a�r�i�o�u�s� �b�i�o�l�o�g�i�c�a�l� �p�r�o�c�e�s�s�e�s� �s�u�c�h� �a�s� �l�i�p�i�d� 
�m�e�t�a�b�o�l�i�s�m� �a�n�d� �p�h�o�t�o�r�e�s�p�i�r�a�t�i�o�n�.� �T�o� �u�n�d�e�r�s�t�a�n�d� �p�e�r�o�x�i�s�o�m�e� 
�b�i�o�g�e�n�e�s�i�s� �a�n�d� �f�u�n�c�t�i�o�n�s�,� �w�e� �h�a�v�e� �b�e�e�n� �a�n�a�l�y�z�i�n�g� �a� �n�u�m�b�e�r� 
�o�f� �A�r�a�b�i�d�o�p�s�i�s� �m�u�t�a�n�t�s� �h�a�v�i�n�g� �a�b�e�r�r�a�n�t� �p�e�r�o�x�i�s�o�m�e� 
�m�o�r�p�h�o�l�o�g�y� �(apem� �m�u�t�a�n�t�s�)� �a�n�d� �p�e�r�o�x�i�s�o�m�e� �u�n�u�s�u�a�l� 
�p�o�i�s�o�n�i�n�g� �(peup� �m�u�t�a�n�t�s�)�.� �T�o� �d�a�t�e�,� APEM1�,� 2�,� 3�,� 4�,� 9� �a�n�d� 10�,� 
�a�n�d PEUP1�,� 2� �a�n�d� 4� �g�e�n�e�s� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d�,� �a�n�d� �b�a�s�e�d� �o�n� �t�h�e� 
�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �u�s�i�n�g� �t�h�e�i�r� �g�e�n�e�-�p�r�o�d�u�c�t�s� �a� �p�a�r�t� �o�f� �t�h�e� 
�m�e�c�h�a�n�i�s�m� �o�f� �d�i�v�i�s�i�o�n�,� �p�r�o�t�e�i�n� �t�r�a�n�s�p�o�r�t� �a�n�d� �d�e�g�r�a�d�a�t�i�o�n� �o�f� 
�p�e�r�o�x�i�s�o�m�e�s�,� �w�e�r�e� �r�e�v�e�a�l�e�d�.
�R�e�c�e�n�t�l�y�,� �w�e� �f�o�u�n�d� �t�h�a�t� �p�e�r�o�x�i�s�o�m�e� �f�u�n�c�t�i�o�n�s� �a�n�d� 
�b�i�o�g�e�n�e�s�i�s� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �p�r�o�c�e�s�s�.� 
�T�h�e�r�e�f�o�r�e�,� �p�e�r�o�x�i�s�o�m�e�s� �i�n� �g�a�m�e�t�e�s� �a�n�d� �g�a�m�e�t�o�p�h�y�t�e�s� �w�e�r�e� 
�v�i�s�u�a�l�i�z�e�d�,� �a�n�d� �t�h�e�i�r� �d�y�n�a�m�i�c�s� �a�r�e� �c�u�r�r�e�n�t�l�y� �u�n�d�e�r� 
�i�n�v�e�s�t�i�g�a�t�i�o�n� �(�F�i�g�u�r�e� �1�)�.

II.  Accumulation mechanism of seed storage 

proteins
�P�l�a�n�t� �s�e�e�d�s� �a�c�c�u�m�u�l�a�t�e� �h�u�g�e� �a�m�o�u�n�t�s� �o�f� �s�t�o�r�a�g�e� �r�e�s�e�r�v�e�s� 
�s�u�c�h� �a�s� �o�i�l�s�,� �c�a�r�b�o�h�y�d�r�a�t�e�s� �a�n�d� �p�r�o�t�e�i�n�s�.� +�u�m�a�n�s� �u�s�e� �t�h�e�s�e� 
�s�t�o�r�a�g�e� �r�e�s�e�r�v�e�s� �a�s� �f�o�o�d�s�,� �f�e�e�d�,� �a�n�d� �i�n�d�u�s�t�r�i�a�l� �m�a�t�e�r�i�a�l�s�.� 
�S�t�o�r�a�g�e� �r�e�s�e�r�v�e�s� �a�r�e� �d�i�f�f�e�r�e�n�t� �a�m�o�n�g� �d�i�f�f�e�r�e�n�t� �p�l�a�n�t� �s�e�e�d�s�.� 
�W�h�e�a�t�,� �m�a�i�z�e� �a�n�d� �r�i�c�e� �s�e�e�d�s� �m�a�i�n�l�y� �a�c�c�u�m�u�l�a�t�e� �s�t�a�r�c�h�,� 
�w�h�e�r�e�a�s� �r�a�p�e�s�e�e�d�,� �p�u�m�p�k�i�n� �a�n�d� �s�e�s�a�m�e� �c�o�n�t�a�i�n� �l�a�r�g�e� 
�a�m�o�u�n�t�s� �o�f� �o�i�l�s�.� �S�o�y�b�e�a�n� �c�o�n�t�a�i�n�s� �p�r�o�t�e�i�n�s� �a�s� �a� �m�a�j�o�r� 
�r�e�s�e�r�v�e�.� �W�e� �a�r�e� �a�n�a�l�y�z�i�n�g� �A�r�a�b�i�d�o�p�s�i�s� �m�u�t�a�n�t�s� �s�h�o�w�i�n�g� 
�d�i�f�f�e�r�e�n�t� �p�a�t�t�e�r�n�s� �o�f� �o�i�l��p�r�o�t�e�i�n� �r�a�t�i�o�s� �t�o� �e�l�u�c�i�d�a�t�e� �t�h�e� 
�m�e�c�h�a�n�i�s�m�s� �c�o�n�t�r�o�l�l�i�n�g� �o�i�l� �a�n�d� �p�r�o�t�e�i�n� �c�o�n�t�e�n�t�s� �i�n� �s�e�e�d�s�.� 

III.  Construction of The Plant Organelles 
Database 3 (PODB3) 

�P�O�D�B�� �w�a�s� �b�u�i�l�t � �t�o� �p�r�o�m�o�t�e� �a� �c�o�m�p�r�e�h�e�n�s�i�v�e� 
�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �o�r�g�a�n�e�l�l�e� �d�y�n�a�m�i�c�s�.� �P�O�D�B�� �c�o�n�s�i�s�t�s� �o�f� �s�i�x� 
�i�n�d�i�v�i�d�u�a�l� �u�n�i�t�s�� �t�h�e� �e�l�e�c�t�r�o�n� �m�i�c�r�o�g�r�a�p�h� �d�a�t�a�b�a�s�e�,� �t�h�e� 
�p�e�r�c�e�p�t�i�v�e� �o�r�g�a�n�e�l�l�e�s� �d�a�t�a�b�a�s�e�,� �t�h�e� �o�r�g�a�n�e�l�l�e�s� �m�o�v�i�e� 
�d�a�t�a�b�a�s�e�,� �t�h�e� �o�r�g�a�n�e�l�l�o�m�e� �d�a�t�a�b�a�s�e�,� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �a�n�a�l�y�s�i�s� 
�d�a�t�a�b�a�s�e�,� �a�n�d� �e�x�t�e�r�n�a�l� �l�i�n�k�s�.� �T�h�r�o�u�g�h� �t�h�e�s�e� �d�a�t�a�b�a�s�e�s�,� �u�s�e�r�s� 
�c�a�n� �o�b�t�a�i�n� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �p�l�a�n�t� �o�r�g�a�n�e�l�l�e�s�’� �r�e�s�p�o�n�s�e�s� �t�o� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�i�m�u�l�i� �o�f� �v�a�r�i�o�u�s� �t�i�s�s�u�e�s� �o�f� �s�e�v�e�r�a�l� �p�l�a�n�t� 
�s�p�e�c�i�e�s�,� �a�t� �d�i�f�f�e�r�e�n�t� �d�e�v�e�l�o�p�m�e�n�t�a�l� �s�t�a�g�e�s�.� �W�e� �e�x�p�e�c�t� �t�h�a�t� 
�P�O�D�B�� �w�i�l�l� �e�n�h�a�n�c�e� �t�h�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �p�l�a�n�t� �o�r�g�a�n�e�l�l�e�s� 
�a�m�o�n�g� �r�e�s�e�a�r�c�h�e�r�s�.
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�� �G�o�t�o�-�Y�a�m�a�d�a�,� �S�.�,� �M�a�n�o�,� �S�.�,� �a�n�d� �N�i�s�h�i�m�u�r�a�,� �M�.� �(�2�0�1��)�.� �I�n�t�e�r�a�c�t�i�o�n� 
�b�e�t�w�e�e�n� �c�h�a�p�e�r�o�n�e� �a�n�d� �p�r�o�t�e�a�s�e� �f�u�n�c�t�i�o�n�s� �o�f� �L�O�N�2�,� �a�n�d� �a�u�t�o�p�h�a�g�y� 
�d�u�r�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �t�r�a�n�s�i�t�i�o�n� �o�f� �p�e�r�o�x�i�s�o�m�e�s�.� �P�l�a�n�t� �S�i�g�n�a�l�.� �B�e�h�a�v�.� 9�,� 
�e�2�����.� 

�� �G�o�t�o�-�Y�a�m�a�d�a�,� �S�.�,� �M�a�n�o�,� �S�.�,� �O�i�k�a�w�a�,� �K�.�,� �S�h�i�b�a�t�a�,� �M�.�,� �a�n�d� �N�i�s�h�i�m�u�r�a�,� 
�M�.� �(�2�0�1��)�.� �T�h�e� �r�o�l�e� �o�f� �p�e�r�o�x�i�s�o�m�e�s� �i�n� �p�l�a�n�t� �r�e�p�r�o�d�u�c�t�i�v�e� �p�r�o�c�e�s�s�e�s�.� �I�n� 
�S�e�x�u�a�l� �r�e�p�r�o�d�u�c�t�i�o�n� �i�n� �a�n�i�m�a�l�s� �a�n�d� �p�l�a�n�t�s�.� ²� �E�d�i�t�e�d� �b�y� �S�a�w�a�d�a�,� +�.�,� 
�I�n�o�u�e�,� �N�.�,� �a�n�d� �I�w�a�n�o�,� �M�.� �S�p�r�i�n�g�e�r� �J�a�p�a�n�,� �p�p�.� ��1��-��2��.

�� �S�h�i�b�a�t�a�,� �M�.�,� �O�i�k�a�w�a�,� �K�.�,� �Y�o�s�h�i�m�o�t�o�,� �K�.�,� �G�o�t�o�-�Y�a�m�a�d�a�,� �S�.�,� �M�a�n�o�,� �S�.�,� 
�Y�a�m�a�d�a�,� �K�.�,� �K�o�n�d�o�,� �M�.�,� +�a�y�a�s�h�i�,� �M�.�,� �S�a�k�a�m�o�t�o�,� �W�.�,� �O�h�s�u�m�i� �Y�.�,� �a�n�d� 
�N�i�s�h�i�m�u�r�a�,� �M�.� �(�2�0�1��)�.� �P�l�a�n�t� �a�u�t�o�p�h�a�g�y� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �p�e�r�o�x�i�s�o�m�a�l� 
�t�r�a�n�s�i�t�i�o�n� �a�n�d� �p�l�a�y�s� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �t�h�e� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �p�e�r�o�x�i�s�o�m�a�l� 
�q�u�a�l�i�t�y�.� �A�u�t�o�p�h�a�g�y� 10�,� ����-����.

�F�i�g�u�r�e� �1�.� 9�i�s�u�a�l�i�z�a�t�i�o�n� �o�f� �p�e�r�o�x�i�s�o�m�e�s� �i�n� �p�o�l�l�e�n� �a�n�d� �p�o�l�l�e�n� �t�u�b�e�.
�T�h�e� �f�u�s�i�o�n� �g�e�n�e� �o�f� �G�F�P� �w�i�t�h� �p�e�r�o�x�i�s�o�m�e� �t�a�r�g�e�t�i�n�g� �s�i�g�n�a�l� �1� �i�s� �e�x�p�r�e�s�s�e�d� 
�i�n� �t�h�e� �w�i�l�d�-�t�y�p�e� �(�A�)� �a�n�d� apem2�pex13� �p�l�a�n�t�s� �(�B�)�.� �(�C�)� �P�e�r�o�x�i�s�o�m�e�s� �m�o�v�e� 
�t�o�w�a�r�d� �t�h�e� �t�i�p� �r�e�g�i�o�n� �d�u�r�i�n�g� �p�o�l�l�e�n� �t�u�b�e� �g�r�o�w�t�h�.
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�T�h�e� �a�i�m� �o�f� �t�h�i�s� �l�a�b�o�r�a�t�o�r�y� �i�s� �t�o� �r�e�s�e�a�r�c�h� �r�e�p�r�o�d�u�c�t�i�v�e� 
�h�o�r�m�o�n�e�s� �i�n� �i�n�v�e�r�t�e�b�r�a�t�e�s� �a�n�d� �t�o� �a�n�a�l�y�z�e� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �b�y� 
�w�h�i�c�h� �t�h�e�y� �w�o�r�k�.� �T�h�e� �c�o�m�p�a�r�i�s�o�n�s� �o�f� �s�u�c�h� �m�o�l�e�c�u�l�e�s� �a�n�d� 
�m�e�c�h�a�n�i�s�m�s� �i�n� �v�a�r�i�o�u�s� �s�p�e�c�i�e�s� �a�r�e� �e�x�p�e�c�t�e�d� �t�o� �p�r�o�v�i�d�e� 
�i�n�s�i�g�h�t�s� �i�n�t�o� �t�h�e� �e�v�o�l�u�t�i�o�n� �o�f� �r�e�p�r�o�d�u�c�t�i�v�e� �h�o�r�m�o�n�e� �s�y�s�t�e�m�s�.

I.  Gonadotropins in the starfish, Asterina 
pectinifera

�G�o�n�a�d�o�t�r�o�p�i�n�s� �p�l�a�y� �i�m�p�o�r�t�a�n�t� �r�e�g�u�l�a�t�o�r�y� �r�o�l�e�s� �i�n� 
�r�e�p�r�o�d�u�c�t�i�o�n� �i�n� �b�o�t�h� �v�e�r�t�e�b�r�a�t�e�s� �a�n�d� �i�n�v�e�r�t�e�b�r�a�t�e�s�.� �T�h�e� 
�v�e�r�t�e�b�r�a�t�e� �g�o�n�a�d�o�t�r�o�p�i�n�s�,� �L+� �a�n�d� �F�S+� �a�r�e� �s�t�r�u�c�t�u�r�a�l�l�y� �a�n�d� 
�f�u�n�c�t�i�o�n�a�l�l�y� �c�o�n�s�e�r�v�e�d� �a�c�r�o�s�s� �v�a�r�i�o�u�s� �s�p�e�c�i�e�s�,� �w�h�e�r�e�a�s� �n�o� 
�s�u�c�h� �m�o�l�e�c�u�l�e� �h�a�s� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �i�n� �i�n�v�e�r�t�e�b�r�a�t�e�s�.� �T�h�e� �i�n�s�e�c�t� 
�p�a�r�s�i�n� �h�o�r�m�o�n�e�s� �a�r�e� �a�s�s�u�m�e�d� �t�o� �b�e� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� 
�c�o�u�n�t�e�r�p�a�r�t� �o�f� �L+� �a�n�d� �F�S+� �i�n� �m�a�m�m�a�l�s�.� �S�o�m�e� �g�o�n�a�d�o�t�r�o�p�i�c� 
�h�o�r�m�o�n�e�s�,� �s�u�c�h� �a�s� �t�h�e� �e�g�g� �d�e�v�e�l�o�p�m�e�n�t� �n�e�u�r�o�s�e�c�r�e�t�o�r�y� 
�h�o�r�m�o�n�e� �o�f� �t�h�e� �m�o�s�q�u�i�t�o�,� �t�h�e� �e�g�g�-�l�a�y�i�n�g� �h�o�r�m�o�n�e� �o�f� �t�h�e� �s�e�a� 
�h�a�r�e�,� �a�n�d� �t�h�e� �a�n�d�r�o�g�e�n�i�c� �g�l�a�n�d� �h�o�r�m�o�n�e� �o�f� �t�h�e� �t�e�r�r�e�s�t�r�i�a�l� 
�i�s�o�p�o�d�,� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �i�n� �i�n�v�e�r�t�e�b�r�a�t�e� �s�p�e�c�i�e�s�.� �M�o�r�e� 
�r�e�c�e�n�t�l�y�,� �a�n� �i�n�s�u�l�i�n�-�l�i�k�e� �p�e�p�t�i�d�e� �w�a�s� �r�e�p�o�r�t�e�d� �t�o� �b�e� 
�r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �o�f� �e�g�g� �m�a�t�u�r�a�t�i�o�n� �i�n� �t�h�e� 
�m�o�s�q�u�i�t�o�,� Aedes aegypti�,� �d�e�m�o�n�s�t�r�a�t�i�n�g� �t�h�e� �i�n�v�o�l�v�e�m�e�n�t� �o�f� 
�i�n�s�u�l�i�n� �s�i�g�n�a�l�i�n�g� �i�n� �e�g�g� �m�a�t�u�r�a�t�i�o�n� �a�m�o�n�g� �i�n�v�e�r�t�e�b�r�a�t�e�s�.
�T�h�e� �g�o�n�a�d�-�s�t�i�m�u�l�a�t�i�n�g� �s�u�b�s�t�a�n�c�e� �(�G�S�S�)� �o�f� �a�n� �e�c�h�i�n�o�d�e�r�m�,� 
�t�h�e� �s�t�a�r�f�i�s�h�,� �w�a�s� �t�h�e� �v�e�r�y� �f�i�r�s�t� �g�o�n�a�d�o�t�r�o�p�i�n� �t�o� �b�e� �i�d�e�n�t�i�f�i�e�d� 
�i�n� �i�n�v�e�r�t�e�b�r�a�t�e�s�.� �G�S�S� �m�e�d�i�a�t�e�s� �o�o�c�y�t�e� �m�a�t�u�r�a�t�i�o�n� �i�n� �s�t�a�r�f�i�s�h� 
�b�y� �a�c�t�i�n�g� �o�n� �t�h�e� �o�v�a�r�y� �t�o� �p�r�o�d�u�c�e� �t�h�e� �m�a�t�u�r�a�t�i�o�n�-�i�n�d�u�c�i�n�g� 
�h�o�r�m�o�n�e� �(�M�I+�)�,� �1�-�m�e�t�h�y�l�a�d�e�n�i�n�e�,� �w�h�i�c�h� �i�n� �t�u�r�n� �i�n�d�u�c�e�s� �t�h�e� 
�m�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �o�o�c�y�t�e�s�.� �I�n� �t�h�i�s� �s�e�n�s�e�,� �G�S�S� �i�s� �f�u�n�c�t�i�o�n�a�l�l�y� 
�i�d�e�n�t�i�c�a�l� �t�o� �v�e�r�t�e�b�r�a�t�e� �L+�,� �e�s�p�e�c�i�a�l�l�y� �p�i�s�c�i�n�e� �a�n�d� �a�m�p�h�i�b�i�a�n� 
�L+�s�,� �a�c�t�i�n�g� �o�n� �t�h�e� �o�v�a�r�i�a�n� �f�o�l�l�i�c�l�e� �c�e�l�l�s� �t�o� �p�r�o�d�u�c�e� �M�I+� �t�o� 
�i�n�d�u�c�e� �t�h�e� �f�i�n�a�l� �m�a�t�u�r�a�t�i�o�n� �o�r� �m�e�i�o�t�i�c� �r�e�s�u�m�p�t�i�o�n� �o�f� �t�h�e� 
�o�o�c�y�t�e�.� �C�o�n�s�i�d�e�r�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �s�i�m�i�l�a�r�i�t�y� �t�h�a�t� �G�S�S� �s�h�a�r�e�s� 
�w�i�t�h� �v�e�r�t�e�b�r�a�t�e� �L+�,� �i�t� �i�s� �v�e�r�y� �i�m�p�o�r�t�a�n�t� �f�r�o�m� �a�n� �e�v�o�l�u�t�i�o�n�a�r�y� 
�p�o�i�n�t� �o�f� �v�i�e�w� �t�o� �k�n�o�w� �t�h�e� �c�h�e�m�i�c�a�l� �a�n�d� �m�o�l�e�c�u�l�a�r� �s�t�r�u�c�t�u�r�e� 
�o�f� �G�S�S�.� �W�e� �c�l�o�n�e�d� �t�h�e� �g�e�n�e� �e�n�c�o�d�i�n�g� �G�S�S� �r�e�f�e�r�r�e�d� �t�o� �a�m�i�n�o� 
�a�c�i�d� �s�e�q�u�e�n�c�e� �o�f� �p�u�r�i�f�i�e�d� �G�S�S� �f�r�o�m� �r�a�d�i�a�l� �n�e�r�v�e�s� �o�f� �t�h�e� 
�s�t�a�r�f�i�s�h�,� Asterina pectinifera�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �p�h�y�l�o�g�e�n�e�t�i�c� 
�a�n�a�l�y�s�e�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �i�t� �b�e�l�o�n�g�e�d� �t�o� �t�h�e� �i�n�s�u�l�i�n��i�n�s�u�l�i�n�-�l�i�k�e� 
�g�r�o�w�t�h� �f�a�c�t�o�r� �(�I�G�F�)��r�e�l�a�x�i�n� �s�u�p�e�r�f�a�m�i�l�y� �a�n�d�,� �m�o�r�e� �p�r�e�c�i�s�e�l�y�,� 
�t�o� �t�h�e� �s�u�b�c�l�a�s�s� �o�f� �r�e�l�a�x�i�n��i�n�s�u�l�i�n�-�l�i�k�e� �p�e�p�t�i�d�e�s� �(�F�i�g�u�r�e� �1�)�.

II.  Search for reproductive hormones in 
invertebrates

�I�n� �a� �c�o�l�l�a�b�o�r�a�t�i�v�e� �e�f�f�o�r�t� �w�i�t�h� �P�r�o�f�.� �Y�o�s�h�i�k�u�n�i�’�s� �L�a�b�o�r�a�t�o�r�y� 
�o�f� �t�h�e� �K�y�u�s�h�u� �U�n�i�v�.� �a�n�d� �D�r�.� �Y�a�m�a�n�o� �a�n�d� �D�r�.� �A�w�a�j�i� �o�f� �t�h�e� 
�N�a�t�i�o�n�a�l� �R�e�s�e�a�r�c�h� �I�n�s�t�i�t�u�t�e� �o�f� �A�q�u�a�c�u�l�t�u�r�e�,� �F�i�s�h�e�r�i�e�s� 
�R�e�s�e�a�r�c�h� �A�g�e�n�c�y� �(�N�R�I�A�)�,� �w�e� �a�r�e� �s�e�a�r�c�h�i�n�g� �f�o�r� �r�e�p�r�o�d�u�c�t�i�v�e� 
�h�o�r�m�o�n�e�s� �i�n� �i�n�v�e�r�t�e�b�r�a�t�e�s�� �s�e�a� �u�r�c�h�i�n�,� �s�e�a� �c�u�c�u�m�b�e�r�,� �o�y�s�t�e�r�,� 
�a�n�d� �s�h�r�i�m�p�.� �W�h�i�l�e� �t�h�e� �c�o�l�l�a�b�o�r�a�t�o�r�s� �a�r�e� �p�a�r�t�i�a�l�l�y� �p�u�r�i�f�y�i�n�g� 
�p�h�y�s�i�o�l�o�g�i�c�a�l� �m�a�t�e�r�i�a�l�s� �w�h�i�c�h� �i�n�d�u�c�e� �e�g�g� �m�a�t�u�r�a�t�i�o�n� �f�r�o�m� 
�n�e�r�v�e� �e�x�t�r�a�c�t�s� �a�n�d� �a�n�a�l�y�z�i�n�g� �t�h�e�m� �w�i�t�h� �a� �t�a�n�d�e�m� �m�a�s�s� 
�s�p�e�c�t�r�o�m�e�t�e�r�,� �w�e� �a�r�e� �c�r�e�a�t�i�n�g� �a�n�d� �a�n�a�l�y�z�i�n�g� �E�S�T� �l�i�b�r�a�r�i�e�s� 
�f�r�o�m� �n�e�r�v�e� �t�i�s�s�u�e�s� �a�n�d� �d�e�v�e�l�o�p�i�n�g� �a� �d�a�t�a�b�a�s�e� �o�f� �t�h�e� �m�a�s�s� 
�a�n�a�l�y�s�i�s� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�i�s� �l�a�b�o�r�a�t�o�r�y�.

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

I.  Flower pigmentation patterns of the 
morning glories

Ipomoea nil� �(�J�a�p�a�n�e�s�e� �m�o�r�n�i�n�g� �g�l�o�r�y�)�,� I. purpurea �(�t�h�e� 
�c�o�m�m�o�n� �m�o�r�n�i�n�g� �g�l�o�r�y�)�,� �a�n�d� I. tricolor� �h�a�v�e� �b�e�e�n� 
�d�o�m�e�s�t�i�c�a�t�e�d� �w�e�l�l� �a�s� �f�l�o�r�i�c�u�l�t�u�r�a�l� �p�l�a�n�t�s�,� �a�n�d� �t�h�e�i�r� �v�a�r�i�o�u�s� 
�s�p�o�n�t�a�n�e�o�u�s� �m�u�t�a�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �i�s�o�l�a�t�e�d�.� �T�h�e� �w�i�l�d� �t�y�p�e� 
�m�o�r�n�i�n�g� �g�l�o�r�i�e�s� �p�r�o�d�u�c�e� �f�l�o�w�e�r�s� �w�i�t�h� �u�n�i�f�o�r�m�l�y� �p�i�g�m�e�n�t�e�d� 
�c�o�r�o�l�l�a�,� �w�h�e�r�e�a�s� �a� �n�u�m�b�e�r� �o�f� �m�u�t�a�n�t�s� �d�i�s�p�l�a�y�i�n�g� �p�a�r�t�i�c�u�l�a�r� 
�p�i�g�m�e�n�t�a�t�i�o�n� �p�a�t�t�e�r�n�s� �h�a�v�e� �b�e�e�n� �c�o�l�l�e�c�t�e�d�.� �B�e�c�a�u�s�e� �f�l�o�w�e�r� 
�p�i�g�m�e�n�t�a�t�i�o�n� �p�a�t�t�e�r�n�s� �a�r�e� �e�a�s�i�l�y� �o�b�s�e�r�v�e�d�,� �t�h�e� �m�o�l�e�c�u�l�a�r� 
�m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �t�h�e�s�e� �p�h�e�n�o�m�e�n�a� �p�r�o�v�i�d�e� �f�i�n�e� �m�o�d�e�l� 
�s�y�s�t�e�m�s� �f�o�r� �i�n�v�e�s�t�i�g�a�t�i�n�g� �g�e�n�o�m�e� �v�a�r�i�a�b�i�l�i�t�y�.
Margined�,� Rayed �a�n�d� Blizzard �o�f� I. nil �a�r�e� �d�o�m�i�n�a�n�t� 
�m�u�t�a�t�i�o�n�s�.� �W�h�i�l�e� �t�h�e�s�e� �m�u�t�a�n�t�s� �s�h�o�w� �d�i�s�t�i�n�c�t� �f�l�o�w�e�r� 
�p�i�g�m�e�n�t�a�t�i�o�n� �p�a�t�t�e�r�n�s�,� �t�h�e� �s�a�m�e� �p�i�g�m�e�n�t�a�t�i�o�n� �g�e�n�e� �i�s� 
�r�e�p�r�e�s�s�e�d� �b�y� �n�o�n�-�c�o�d�i�n�g� �s�m�a�l�l� �R�N�A� �i�n� �t�h�e� �w�h�i�t�i�s�h� �p�a�r�t�s� �o�f� 
�t�h�e� �c�o�r�o�l�l�a�.� �I�t� �i�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �d�i�s�t�i�n�c�t� �r�e�g�u�l�a�t�i�o�n� �o�f� �s�m�a�l�l� 
�R�N�A� �c�a�u�s�e�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �p�i�g�m�e�n�t�a�t�i�o�n� �p�a�t�t�e�r�n�s�.� �T�h�e� 
�r�e�c�e�s�s�i�v�e� �m�u�t�a�t�i�o�n�s�,� duskish �o�f� I. nil �a�n�d� pearly-v� �o�f� I. 
tricolor�, �c�o�n�f�e�r� �v�a�r�i�e�g�a�t�e�d� �f�l�o�w�e�r�s�,� �a�n�d� �e�p�i�g�e�n�e�t�i�c� 
�m�e�c�h�a�n�i�s�m�s� �a�r�e� �t�h�o�u�g�h�t� �t�o� �r�e�g�u�l�a�t�e� �f�l�o�w�e�r� �p�i�g�m�e�n�t�a�t�i�o�n�.� �W�e� 
�a�r�e� �c�u�r�r�e�n�t�l�y� �c�h�a�r�a�c�t�e�r�i�z�i�n�g� �d�e�t�a�i�l�e�d� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� 
�o�f� �t�h�e�s�e� �m�u�t�a�t�i�o�n�s�.� 

II.  de novo sequencing of Japanese morning 
glory genome 

�A�l�t�h�o�u�g�h� �m�o�r�n�i�n�g� �g�l�o�r�i�e�s� �a�r�e� �s�t�u�d�i�e�d� �w�o�r�l�d�w�i�d�e�,� �e�s�p�e�c�i�a�l�l�y� 
�i�n� �p�l�a�n�t� �p�h�y�s�i�o�l�o�g�y� �a�n�d� �g�e�n�e�t�i�c�s�,� �n�o� �w�h�o�l�e� �n�u�c�l�e�a�r� �g�e�n�o�m�e� 
�s�e�q�u�e�n�c�e�s� �o�f� �a�n�y� Ipomoea �s�p�e�c�i�e�s� �a�r�e� �a�v�a�i�l�a�b�l�e�.� �T�o� �f�a�c�i�l�i�t�a�t�e� 
�t�h�e� �s�t�u�d�i�e�s� �o�f� �o�u�r� �g�r�o�u�p� �a�s� �w�e�l�l� �a�s� �a�l�l� �m�o�r�n�i�n�g� �g�l�o�r�y� 
�r�e�s�e�a�r�c�h�e�r�s�,� �w�e� �a�r�e� �c�o�n�d�u�c�t�i�n�g� de novo �g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� 
�o�f� I. nil�.� �W�e� �c�h�o�s�e� �t�h�e� �T�o�k�y�o�-�k�o�k�e�i� �s�t�a�n�d�a�r�d� �l�i�n�e� �f�o�r� �g�e�n�o�m�e� 
�s�e�q�u�e�n�c�i�n�g�,� �a�n�d� �e�m�p�l�o�y�e�d� �s�h�o�t�g�u�n� �s�e�q�u�e�n�c�i�n�g� �u�s�i�n�g� �a� �s�i�n�g�l�e� 
�m�o�l�e�c�u�l�e� �r�e�a�l� �t�i�m�e� �s�e�q�u�e�n�c�i�n�g� �s�y�s�t�e�m�.� �W�e� �c�o�u�l�d� �r�e�c�e�n�t�l�y� 
�o�b�t�a�i�n� �t�h�o�u�s�a�n�d�s� �o�f� �a�s�s�e�m�b�l�e�d� �s�e�q�u�e�n�c�e�s� �h�a�v�i�n�g� �r�e�a�s�o�n�a�b�l�e� 
�s�i�z�e�,� �a�n�d� �a�r�e� �g�o�i�n�g� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �d�e�t�a�i�l�s� �o�f� �t�h�e� �g�e�n�o�m�e� 
�s�e�q�u�e�n�c�e�.

III. BioResource of morning glories 
�N�I�B�B� �i�s� �t�h�e� �s�u�b�-�c�e�n�t�e�r� �f�o�r� �N�a�t�i�o�n�a�l� �B�i�o�R�e�s�o�u�r�c�e� �P�r�o�j�e�c�t� 
�(�N�B�R�P�)� �f�o�r� �m�o�r�n�i�n�g� �g�l�o�r�y�.� �I�n� �t�h�i�s� �p�r�o�j�e�c�t�,� �w�e� �a�r�e� �c�o�l�l�e�c�t�i�n�g�,� 
�m�a�i�n�t�a�i�n�i�n�g� �a�n�d� �d�i�s�t�r�i�b�u�t�i�n�g� �s�t�a�n�d�a�r�d� �l�i�n�e�s�,� �m�u�t�a�n�t� �l�i�n�e�s� �f�o�r� 

�f�l�o�w�e�r� �p�i�g�m�e�n�t�a�t�i�o�n�,� �a�n�d� �D�N�A� �c�l�o�n�e�s� �f�r�o�m� �E�S�T� �a�n�d� �B�A�C� 
�l�i�b�r�a�r�i�e�s� �o�f� I. nil �a�n�d� �i�t�s� �r�e�l�a�t�e�d� �s�p�e�c�i�e�s�.� I. nil �h�a�s� �b�e�e�n� �o�n�e� �o�f� 
�t�h�e� �m�o�s�t� �p�o�p�u�l�a�r� �f�l�o�r�i�c�u�l�t�u�r�a�l� �p�l�a�n�t�s� �s�i�n�c�e� �t�h�e� �l�a�t�e� �E�d�o� �e�r�a� �i�n� 
�J�a�p�a�n�.� �I�t� �h�a�s� �a�n� �e�x�t�e�n�s�i�v�e� �h�i�s�t�o�r�y� �o�f� �g�e�n�e�t�i�c� �s�t�u�d�i�e�s� �a�n�d� �a�l�s�o� 
�h�a�s� �m�a�n�y� �a�d�v�a�n�t�a�g�e�s� �a�s� �a� �m�o�d�e�l� �p�l�a�n�t�� �s�i�m�p�l�e� �g�e�n�o�m�e�,� �l�a�r�g�e� 
�n�u�m�b�e�r� �o�f� �m�u�t�a�n�t� �l�i�n�e�s�,� �a�n�d� �e�f�f�i�c�i�e�n�t� �s�e�l�f�-�p�o�l�l�i�n�a�t�i�o�n�.� �O�u�r� 
�c�o�l�l�e�c�t�i�o�n� �i�n�c�l�u�d�e�s� �2��0� �l�i�n�e�s� �a�n�d� �1�5��,�0�0�0� �D�N�A� �c�l�o�n�e�s�.

IV. A novel flower color enhancing protein
�A�n�t�h�o�c�y�a�n�i�n� �i�s� �a� �t�y�p�e� �o�f� �f�l�a�v�o�n�o�i�d� �p�i�g�m�e�n�t� �a�n�d� �i�s� 
�r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �c�o�l�o�r�s� �o�f� �m�a�n�y� �f�l�o�w�e�r�s�.� �T�h�e� �d�e�p�t�h� �o�f� 
�f�l�o�w�e�r� �c�o�l�o�r� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �a�m�o�u�n�t� �o�f� �a�n�t�h�o�c�y�a�n�i�n�.� �W�e� 
�c�h�a�r�a�c�t�e�r�i�z�e�d� I. nil� �m�u�t�a�n�t�s� �d�i�s�p�l�a�y�i�n�g� �p�a�l�e� �c�o�l�o�r�e�d� �f�l�o�w�e�r�s� 
�(�F�i�g�u�r�e� �1�)�,� �a�n�d� �s�u�c�c�e�s�s�f�u�l�l�y� �i�s�o�l�a�t�e�d� �a� �n�o�v�e�l� �e�n�h�a�n�c�e�r� �o�f� 
�f�l�a�v�o�n�o�i�d� �p�r�o�d�u�c�t�i�o�n� �(�E�F�P�)�.� �T�h�e� �E�F�P� �d�e�f�i�c�i�e�n�t� �m�u�t�a�n�t�s� �f�a�i�l� 
�i�n� �e�f�f�i�c�i�e�n�t� �f�l�a�v�o�n�o�i�d� �p�r�o�d�u�c�t�i�o�n� �r�e�s�u�l�t�i�n�g� �r�e�d�u�c�t�i�o�n� �o�f� 
�a�n�t�h�o�c�y�a�n�i�n� �a�c�c�u�m�u�l�a�t�i�o�n�.� �T�h�e� �p�r�e�s�e�n�c�e� �a�n�d� �a�c�t�i�o�n� �o�f� �E�F�P� 
�a�r�e� �c�o�n�s�e�r�v�e�d� �a�m�o�n�g� �d�i�v�e�r�s�e� �p�l�a�n�t�s�.� �T�h�e� �a�m�i�n�o� �a�c�i�d� 
�s�e�q�u�e�n�c�e� �o�f� �E�F�P� �r�e�s�e�m�b�l�e�s� �a�n� �e�n�z�y�m�e� �c�a�t�a�l�y�z�i�n�g� �f�l�a�v�o�n�o�i�d� 
�b�i�o�s�y�n�t�h�e�s�i�s�,� �h�o�w�e�v�e�r�,� �i�t� �h�a�s� �n�o� �e�n�z�y�m�a�t�i�c� �a�c�t�i�v�i�t�i�e�s�.� �W�e� �a�r�e� 
�c�u�r�r�e�n�t�l�y� �s�t�u�d�y�i�n�g� �a� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m� �o�f� �f�l�a�v�o�n�o�i�d� 
�p�r�o�d�u�c�t�i�o�n� �e�n�h�a�n�c�e�m�e�n�t� �b�y� �E�F�P�.
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�A�c�t�i�v�e� �D�N�A� �t�r�a�n�s�p�o�s�o�n�s� �a�r�e� �i�m�p�o�r�t�a�n�t� �t�o�o�l�s� �f�o�r� �g�e�n�e� 
�f�u�n�c�t�i�o�n�a�l� �a�n�a�l�y�s�i�s�.� �T�h�e� �e�n�d�o�g�e�n�o�u�s� �n�o�n�-�a�u�t�o�n�o�m�o�u�s� 
�t�r�a�n�s�p�o�s�o�n�,� nDart1-0�,� �i�n� �r�i�c�e� �(Oryza sativa� �L�.�)� �i�s� �e�x�p�e�c�t�e�d� �t�o� 
�g�e�n�e�r�a�t�e� �v�a�r�i�o�u�s� �t�r�a�n�s�p�o�s�o�n�-�i�n�s�e�r�t�i�o�n� �m�u�t�a�n�t�s� �b�e�c�a�u�s�e� 
nDart1-0� �e�l�e�m�e�n�t�s� �t�e�n�d� �t�o� �i�n�s�e�r�t� �i�n�t�o� �g�e�n�i�c� �r�e�g�i�o�n�s� �u�n�d�e�r� 
�n�a�t�u�r�a�l� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �t�r�a�n�s�p�o�s�i�t�i�o�n�s� �o�f� nDart1-0� 
�w�e�r�e� �p�r�o�m�o�t�e�d� �b�y� �a�n� �a�c�t�i�v�e� �a�u�t�o�n�o�m�o�u�s� �e�l�e�m�e�n�t�,� aDart1-27�,� 
�o�n� �c�h�r�o�m�o�s�o�m�e� ��.� �B�y� �u�s�i�n�g� �t�h�e� �e�n�d�o�g�e�n�o�u�s� nDart1�aDart1-
27� �s�y�s�t�e�m� �i�n� �r�i�c�e�,� �a� �l�a�r�g�e�-�s�c�a�l�e� nDart�-�i�n�s�e�r�t�e�d� �m�u�t�a�n�t� 
�p�o�p�u�l�a�t�i�o�n� �w�a�s� �e�a�s�i�l�y� �g�e�n�e�r�a�t�e�d� �u�n�d�e�r� �n�o�r�m�a�l� �f�i�e�l�d� 
�c�o�n�d�i�t�i�o�n�s�,� �a�n�d� �t�h�e� �r�e�s�u�l�t�i�n�g� �t�a�g�g�e�d� �l�i�n�e�s� �w�e�r�e� �f�r�e�e� �o�f� 
�s�o�m�a�c�l�o�n�a�l� �v�a�r�i�a�t�i�o�n�.

I. nDart1-0-Inserted Mutants
� �I�t� �i�s� �e�s�s�e�n�t�i�a�l� �t�o� �d�e�v�e�l�o�p� �a�n� �e�a�s�y� �d�e�t�e�c�t�i�o�n� �m�e�t�h�o�d� �o�f� �t�h�e� 

nDart1-0�-�i�n�s�e�r�t�e�d� �g�e�n�e� �f�o�r� �f�o�r�w�a�r�d� �a�n�d� �r�e�v�e�r�s�e� �g�e�n�e�t�i�c�s�.� �F�o�r� 
�h�i�g�h�-�c�o�p�y�-�n�u�m�b�e�r� �e�l�e�m�e�n�t�s�,� �t�r�a�n�s�p�o�s�o�n� �d�i�s�p�l�a�y� �(�T�D�)� �b�a�s�e�d� 
�o�n� �a�n� �a�m�p�l�i�f�i�e�d� �f�r�a�g�m�e�n�t�-�l�e�n�g�t�h� �p�o�l�y�m�o�r�p�h�i�s�m� �(�A�F�L�P�)� 
�t�e�c�h�n�i�q�u�e� �i�s� �a� �p�o�w�e�r�f�u�l� �t�o�o�l� �t�o� �v�i�s�u�a�l�i�z�e� �m�u�l�t�i�p�l�e� 
�t�r�a�n�s�p�o�s�o�n�s�.� �W�e� �s�u�c�c�e�s�s�f�u�l�l�y� �v�i�s�u�a�l�i�z�e�d� �1�� �c�o�p�i�e�s� �o�f� nDart1� 
�o�f� �N�i�p�p�o�n�b�a�r�e� �t�h�r�o�u�g�h� �a�n� nDart1�-�o�p�t�i�m�i�z�e�d� �T�D� �m�e�t�h�o�d�.� �I�n� 
�a�d�d�i�t�i�o�n�,� �a�n� nDart1-0�-�s�p�e�c�i�f�i�c� �i�P�C�R� �p�r�o�c�e�d�u�r�e� �w�a�s� �a�l�s�o� 
�d�e�v�e�l�o�p�e�d� �(+�a�y�a�s�h�i�-�T�s�u�g�a�n�e� �e�t�l� �a�l�.� �2�0�1��)�.� �A�m�o�n�g� ��,���� 
�l�i�n�e�s�,� �v�i�s�i�b�l�e� �p�h�e�n�o�t�y�p�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �a�t� �t�h�e� �s�e�e�d�l�i�n�g�,� �p�o�s�t�-� 
�t�r�a�n�s�p�l�a�n�t�i�n�g�,� �r�e�p�r�o�d�u�c�t�i�v�e�,� �a�n�d� �m�a�t�u�r�e� �s�t�a�g�e�s�.� �F�i�f�t�y� �p�e�r�c�e�n�t� 
�o�f� �t�h�e� �t�o�t�a�l� �t�a�g�g�e�d� �l�i�n�e�s� �s�h�o�w�e�d� �m�u�t�a�n�t� �p�h�e�n�o�t�y�p�e�s�.� 
�A�b�n�o�r�m�a�l� �g�r�o�w�t�h� �p�h�e�n�o�t�y�p�e�s�,� �i�n� �p�a�r�t�i�c�u�l�a�r�,� �w�e�r�e� �e�a�s�i�l�y� 
�d�e�t�e�c�t�a�b�l�e� �a�t� �t�h�e� �s�e�e�d�l�i�n�g� �s�t�a�g�e�,� �w�h�e�r�e�a�s� �b�o�t�h� �s�t�e�r�i�l�i�t�y� �a�n�d� 
�d�w�a�r�f� �p�h�e�n�o�t�y�p�e�s� �w�e�r�e� �f�r�e�q�u�e�n�t�l�y� �o�b�s�e�r�v�e�d� �a�t� �t�h�e� �m�a�t�u�r�e� 
�s�t�a�g�e�.� �S�o�m�e� �o�f� �t�h�e�s�e� �m�u�t�a�n�t� �p�h�e�n�o�t�y�p�e�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� 
�1�.� �A� �v�a�r�i�e�g�a�t�e�d� �a�l�b�i�n�o� �p�l�a�n�t� �c�a�n� �s�u�r�v�i�v�e� �u�n�d�e�r� �n�o�r�m�a�l� �f�i�e�l�d� 
�c�o�n�d�i�t�i�o�n�s� �(�a�)�.� �A�l�t�h�o�u�g�h� �c�h�l�o�r�o�p�h�y�l�l� �m�u�t�a�n�t�s� �t�h�a�t� �r�e�v�e�r�t� �t�o� 
�t�h�e� �w�i�l�d� �p�h�e�n�o�t�y�p�e� �a�r�e� �a�l�s�o� �o�b�s�e�r�v�e�d� �a�t� �t�h�e� �s�e�e�d�l�i�n�g� �s�t�a�g�e�,� 
�t�h�e�s�e� �z�e�b�r�a� �m�u�t�a�n�t�s� �(�b� �a�n�d� �c�)� �r�e�t�a�i�n� �a� �c�r�o�s�s�-�b�a�n�d�e�d� 
�p�h�e�n�o�t�y�p�e� �e�v�e�n� �a�t� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�g�e�.� �A� �m�u�t�a�n�t� �(�d�)� 
�a�b�n�o�r�m�a�l�l�y� �e�l�o�n�g�a�t�e�s� �t�h�e� �l�e�a�f� �a�n�d� �s�t�e�m� �a�t� �t�h�e� �s�e�e�d�l�i�n�g� �s�t�a�g�e�,� 
�s�o�m�e�w�h�a�t� �s�i�m�i�l�a�r� �t�o� �t�h�e� Gibberella fujikuroi�-�i�n�f�e�c�t�e�d� �r�i�c�e� 
�p�l�a�n�t�.� �F�u�c�h�s�i�a� �l�e�a�f� �b�l�a�d�e�s� �w�i�t�h� �r�e�v�e�r�t�a�n�t� �s�e�c�t�o�r�s� �(�e�)� �a�r�e� 
�o�b�s�e�r�v�e�d� �u�n�d�e�r� �U9� �l�i�g�h�t�.� �T�h�i�s� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �h�c�f� �(�h�i�g�h� 
�c�h�l�o�r�o�p�h�y�l�l� �f�l�u�o�r�e�s�c�e�n�c�e�)� �m�u�t�a�n�t� �i�n� �m�a�i�z�e�.� �U�n�d�e�r� �n�o�r�m�a�l� 
�g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s�,� �t�h�i�s� �m�u�t�a�n�t� �s�h�o�w�s� �p�a�l�e�-�g�r�e�e�n� �l�e�a�v�e�s� �a�n�d� 
�i�s� �l�e�t�h�a�l� �a�t� �t�h�e� �s�e�e�d�l�i�n�g� �s�t�a�g�e�.� �A� �m�u�t�a�n�t� �d�i�s�p�l�a�y�i�n�g� �a�n� 
�e�x�t�r�e�m�e�l�y� �s�h�o�r�t�-�s�t�a�t�u�r�e�d� �p�h�e�n�o�t�y�p�e� �(�f�)� �i�s� �n�a�m�e�d� �T�h�u�m�b�e�l�i�n�a�� 
�t�h�i�s� �p�h�e�n�o�t�y�p�e� �m�u�s�t� �b�e� �c�a�u�s�e�d� �b�y� �t�h�e� �i�n�s�e�r�t�i�o�n� �o�f� �a� �D�N�A� 
�t�r�a�n�s�p�o�s�o�n� �b�e�c�a�u�s�e� �o�f� �i�t�s� �m�u�t�a�b�l�e� �p�h�e�n�o�t�y�p�e� �(�r�i�g�h�t� �i�n� �f�)�,� �a�s� �a� 
�n�o�r�m�a�l�l�y� �e�l�o�n�g�a�t�e�d� �s�h�o�o�t� �c�a�n� �o�f�t�e�n� �b�e� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� 
�t�h�u�m�b�e�l�i�n�a� �m�u�t�a�n�t� �(�T�s�u�g�a�n�e� �e�t� �a�l�.�,� �2�0�0��)�.� �A� �s�e�m�i�-�d�o�m�i�n�a�n�t� 
�m�u�t�a�n�t� �(�g�)� �s�h�o�w�s� �a� �v�e�r�y� �s�h�o�r�t� �p�a�n�i�c�l�e� �w�i�t�h� �m�a�n�y� �t�i�l�l�e�r�s�,� �a�n�d� 
�i�t�s� �h�e�t�e�r�o�z�y�g�o�u�s� �p�l�a�n�t� �e�x�h�i�b�i�t�s� �a�n� �i�n�t�e�r�m�e�d�i�a�t�e� �p�h�e�n�o�t�y�p�e� 
�b�e�t�w�e�e�n� �t�h�e� �w�i�l�d� �t�y�p�e� �a�n�d� �t�h�e� �m�u�t�a�n�t�.� �A� �m�u�t�a�n�t� �(�r�i�g�h�t� �i�n� �h�)� 
�h�a�s� �a�n� �a�b�n�o�r�m�a�l� �l�i�g�u�l�e�,� �r�e�s�u�l�t�i�n�g� �i�n� �a�n� �e�r�e�c�t� �l�e�a�f�.� �T�h�e� �s�h�o�r�t� 
�p�a�n�i�c�l�e� �p�h�e�n�o�t�y�p�e� �i�s� �s�h�o�w�n� �i�n� �(�i�)� �(�r�i�g�h�t�)�.� �T�h�e� �m�u�t�a�n�t� �s�h�o�w�n� 
�i�n� �(�j�)� �e�x�p�r�e�s�s�e�s� �m�u�l�t�i�p�l�e� �g�l�u�m�e�s� �a�n�d� �h�i�g�h� �s�t�e�r�i�l�i�t�y�,� �a�n�d� �a� 

�m�u�t�a�n�t� �(�k�)� �e�x�h�i�b�i�t�i�n�g� �t�h�e� �n�e�c�k� �l�e�a�f�-�e�n�v�e�l�o�p�e�d� �p�a�n�i�c�l�e� 
�p�h�e�n�o�t�y�p�e�,� �l�i�k�e� �t�h�e� �N�E�C�K� �L�E�A�F�1� �m�u�t�a�n�t� �c�l�o�n�e�d� �b�y� �W�a�n�g� �e�t� 
�a�l�.� �(�2�0�0��)�,� �i�s� �o�b�s�e�r�v�e�d�.� �T�h�e� �m�u�t�a�n�t� �s�h�o�w�n� �i�n� �(�l�)� �d�i�s�p�l�a�y�s� �a� 
�p�h�e�n�o�t�y�p�e� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �o�f� �a� �P�L�A�S�T�C+�R�O�N� �m�u�t�a�n�t�.� 
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�I�i�d�a�,� �S�.�,� �T�s�u�g�a�n�e�,� �K�.�,� �a�n�d� �M�a�e�k�a�w�a�,� �M�.� �(�2�0�1��)�.� �A� �m�u�t�a�b�l�e� �a�l�b�i�n�o� �a�l�l�e�l�e� 
�i�n� �r�i�c�e� �r�e�v�e�a�l�s� �t�h�a�t� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�y�l�a�k�o�i�d� �m�e�m�b�r�a�n�e�s� �r�e�q�u�i�r�e�s� �S�N�O�W�-
�W+�I�T�E� �L�E�A�F�1� �g�e�n�e�.� �(�2�0�1��)�.� �P�l�a�n�t� �C�e�l�l� �P�h�y�s�i�o�l�.� �5�5�,� ��-�1�5�.� 
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�5�

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

I.  Dynamic relocalization of condensin during 
meiosis

�O�u�r� �g�e�n�e�t�i�c� �s�c�r�e�e�n�i�n�g� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�w�o� �p�r�o�t�e�i�n�s�,� �C�s�m�1� 
�a�n�d� �L�r�s��,� �w�e�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �c�o�n�d�e�n�s�i�n� �r�e�c�r�u�i�t�m�e�n�t� �t�o� �t�h�e� 
�R�F�B� �s�i�t�e�.� �P�h�y�s�i�c�a�l� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �C�s�m�1��L�r�s�� �a�n�d� 
�s�u�b�u�n�i�t�s� �o�f� �c�o�n�d�e�n�s�i�n� �a�r�e� �i�m�p�o�r�t�a�n�t� �f�o�r� �r�e�c�r�u�i�t�m�e�n�t� �o�f� 
�c�o�n�d�e�n�s�i�n� �t�o� �t�h�e� �R�F�B� �s�i�t�e�.� �T�h�e�s�e� �p�r�o�t�e�i�n�s� �a�r�e� �k�n�o�w�n� �a�s� 
�c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �m�o�n�o�p�o�l�i�n� �c�o�m�p�l�e�x� �t�h�a�t� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� 
�f�a�i�t�h�f�u�l� �s�e�g�r�e�g�a�t�i�o�n� �o�f� �h�o�m�o�l�o�g�o�u�s� �c�h�r�o�m�o�s�o�m�e�s� �d�u�r�i�n�g� 
�m�e�i�o�t�i�c� �d�i�v�i�s�i�o�n� �I�.� �D�u�r�i�n�g� �m�e�i�o�s�i�s� �I�,� �t�h�e� �m�o�n�o�p�o�l�i�n� �c�o�m�p�l�e�x� 
�r�e�-�l�o�c�a�l�i�z�e�s� �f�r�o�m� �t�h�e� �r�D�N�A� �r�e�p�e�a�t� �t�o� �t�h�e� �c�e�n�t�r�o�m�e�r�e� �a�n�d� �a�c�t�s� 
�f�o�r� �e�n�s�u�r�i�n�g� �s�i�s�t�e�r�-�c�h�r�o�m�a�t�i�d� �c�o�-�o�r�i�e�n�t�a�t�i�o�n�.� �R�e�-�l�o�c�a�l�i�z�a�t�i�o�n� 
�o�f� �C�s�m�1��L�r�s�� �p�r�o�t�e�i�n�s� �s�u�g�g�e�s�t�e�d� �t�h�e� �r�e�-�l�o�c�a�l�i�z�a�t�i�o�n� �o�f� 
�c�o�n�d�e�n�s�i�n� �f�r�o�m� �r�D�N�A� �r�e�p�e�a�t� �t�o� �c�e�n�t�r�o�m�e�r�e�.� �A�s� �e�x�p�e�c�t�e�d�,� 
�c�h�r�o�m�a�t�i�n�-�I�P� �e�x�p�e�r�i�m�e�n�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �c�o�n�d�e�n�s�i�n� 
�r�e�-�l�o�c�a�l�i�z�e�s� �t�o� �t�h�e� �c�e�n�t�r�o�m�e�r�e� �d�u�r�i�n�g� �m�e�i�o�s�i�s� �I�.� �C�o�n�d�e�n�s�i�n� 
�m�i�g�h�t� �c�l�a�m�p� �s�i�s�t�e�r�-�c�h�r�o�m�a�t�i�d�s� �t�o�g�e�t�h�e�r� �d�u�r�i�n�g� �m�e�i�o�s�i�s� �I�.

II.  Condensin-dependent chromatin folding
�T�h�e� �R�F�B� �s�i�t�e�,� �w�h�i�c�h� �c�o�n�s�i�s�t�s� �o�f� �a� a�1�5�0�b�p� �D�N�A� �s�e�q�u�e�n�c�e�,� 
�i�s� �f�u�n�c�t�i�o�n�i�n�g� �a�s� �a� �c�i�s�-�e�l�e�m�e�n�t� �f�o�r� �r�e�c�r�u�i�t�m�e�n�t� �o�f� �c�o�n�d�e�n�s�i�n� 
�t�o� �c�h�r�o�m�a�t�i�n� �i�n� �t�h�e� �y�e�a�s�t� �g�e�n�o�m�e�.� �I�f� �t�h�e� �R�F�B� �s�i�t�e� �i�s� �i�n�s�e�r�t�e�d� 
�i�n�t�o� �a�n� �e�c�t�o�p�i�c� �c�h�r�o�m�o�s�o�m�a�l� �l�o�c�u�s�,� �c�o�n�d�e�n�s�i�n� �c�a�n� �a�s�s�o�c�i�a�t�e� 

�w�i�t�h� �t�h�e� �e�c�t�o�p�i�c� �R�F�B� �s�i�t�e�.� �T�o� �e�x�p�l�o�r�e� �t�h�e� �r�o�l�e� �o�f� �c�o�n�d�e�n�s�i�n� �i�n� 
�c�h�r�o�m�o�s�o�m�e� �o�r�g�a�n�i�z�a�t�i�o�n�,� �w�e� �h�a�v�e� �c�o�n�s�t�r�u�c�t�e�d� �a� �s�t�r�a�i�n� �i�n� 
�w�h�i�c�h� �t�w�o� �R�F�B� �s�i�t�e�s� �a�r�e� �i�n�s�e�r�t�e�d� �o�n� �a�n� �e�c�t�o�p�i�c� �c�h�r�o�m�o�s�o�m�e� 
�a�r�m� �w�i�t�h� �a�n� �i�n�t�e�r�v�a�l� �o�f� �1�5�k�b� �d�i�s�t�a�n�c�e� �i�n� �t�h�e� �c�e�l�l� �w�i�t�h� 
�c�o�m�p�l�e�t�e� �d�e�l�e�t�i�o�n� �o�f� �t�h�e� �c�h�r�o�m�o�s�o�m�a�l� �r�D�N�A� �r�e�p�e�a�t�.� �U�s�i�n�g� 
�t�h�i�s� �s�t�r�a�i�n�,� �c�o�n�d�e�n�s�i�n�-�d�e�p�e�n�d�e�n�t� �c�h�r�o�m�a�t�i�n� �i�n�t�e�r�a�c�t�i�o�n� 
�b�e�t�w�e�e�n� �t�w�o� �R�F�B�s� �w�a�s� �e�x�a�m�i�n�e�d� �b�y� �c�h�r�o�m�o�s�o�m�e� 
�c�o�n�f�o�r�m�a�t�i�o�n� �c�a�p�t�u�r�e� �(��C�)� �a�s�s�a�y�.� �W�e� �f�o�u�n�d� �c�o�n�d�e�n�s�i�n�-
�d�e�p�e�n�d�e�n�t� �c�h�r�o�m�a�t�i�n� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �R�F�B� �s�i�t�e�s� 
�o�n� �t�h�e� �c�h�r�o�m�o�s�o�m�e� �a�r�m�.� �T�h�i�s� �r�e�s�u�l�t� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �c�o�n�d�e�n�s�i�n� 
�p�l�a�y�s� �a� �r�o�l�e� �i�n� �c�h�r�o�m�a�t�i�n� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �c�o�n�d�e�n�s�i�n� 
�b�i�n�d�i�n�g� �s�i�t�e�s�,� �a�n�d� �t�h�i�s� �i�n�t�e�r�a�c�t�i�o�n� �l�e�a�d�s� �t�o� �c�r�e�a�t�i�o�n� �o�f� �a� 
�c�h�r�o�m�a�t�i�n� �l�o�o�p� �b�e�t�w�e�e�n� �t�h�o�s�e� �s�i�t�e�s� �(�F�i�g�u�r�e� �1�)�.� �I�t� �i�s� �t�h�o�u�g�h�t� 
�t�h�a�t� �c�o�n�d�e�n�s�i�n�-�d�e�p�e�n�d�e�n�t� �c�h�r�o�m�a�t�i�n� �f�o�l�d�i�n�g� �i�s� �o�n�e� �o�f� �t�h�e� 
�b�a�s�i�c� �m�o�l�e�c�u�l�a�r� �p�r�o�c�e�s�s�e�s� �o�f� �c�h�r�o�m�o�s�o�m�e� �c�o�n�d�e�n�s�a�t�i�o�n�.� 
�D�u�r�i�n�g� �t�h�e� �c�e�l�l� �c�y�c�l�e� �s�t�a�g�e�s�,� �t�h�e� �R�F�B� �-� �R�F�B� �i�n�t�e�r�a�c�t�i�o�n� 
�s�i�g�n�a�l� �i�n�c�r�e�a�s�e�s� �i�n� �m�e�t�a�p�h�a�s�e� �a�n�d� �r�e�a�c�h�e�s� �i�t�s� �m�a�x�i�m�u�m� �l�e�v�e�l� 
�i�n� �a�n�a�p�h�a�s�e�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �R�F�B� ²� �R�F�B� �i�n�t�e�r�a�c�t�i�o�n�,� �t�h�e� 
�c�h�r�o�m�a�t�i�n� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �i�n�t�e�r�n�a�l� �r�e�g�i�o�n�s� �o�f� �t�w�o� �R�F�B�s� 
�i�n�c�r�e�a�s�e�s� �i�n� �a�n�a�p�h�a�s�e�.� �T�h�u�s�,� �t�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �c�h�r�o�m�a�t�i�n� 
�f�i�b�e�r� �c�h�a�n�g�e�s� �f�r�o�m� �a� �s�i�m�p�l�e� �l�o�o�p� �i�n�t�o� �a� �c�o�m�p�l�i�c�a�t�e�d� �t�w�i�s�t�e�d� 
�s�h�a�p�e� �a�s� �t�h�e� �c�e�l�l� �c�y�c�l�e� �p�r�o�g�r�e�s�s�e�s� �f�r�o�m� �m�e�t�a�p�h�a�s�e� �t�o� 
�a�n�a�p�h�a�s�e�.� 

�F�i�g�u�r�e� �1�.� �A� �S�c�h�e�m�a�t�i�c� �m�o�d�e�l� �o�f� �c�h�r�o�m�o�s�o�m�e� �c�o�n�d�e�n�s�a�t�i�o�n�.� �C�o�n�d�e�n�s�i�n� 
�m�a�k�e�s� �c�h�r�o�m�a�t�i�n� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �a�d�j�a�c�e�n�t� �b�i�n�d�i�n�g� �s�i�t�e�s� �(�R�F�B�,� �f�o�r� 
�e�x�a�m�p�l�e�)�.� �T�h�i�s� �l�e�a�d�s� �t�o� �a� �f�o�l�d�i�n�g� �o�f� �c�h�r�o�m�a�t�i�n� �f�i�b�e�r�s� �b�e�t�w�e�e�n� �t�h�e� �s�i�t�e�s�,� �a�s� 
�a� �b�a�s�i�c� �p�r�o�c�e�s�s� �o�f� �c�h�r�o�m�o�s�o�m�e� �c�o�n�d�e�n�s�a�t�i�o�n�.
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�O�r�g�a�n�o�g�e�n�e�s�i�s� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �a� �s�e�r�i�e�s� �o�f� �d�e�f�o�r�m�a�t�i�o�n�s� 
�o�f� �t�h�e� �p�l�a�n�a�r� �c�e�l�l� �s�h�e�e�t� �i�n�t�o� �a� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �s�h�a�p�e� �d�u�r�i�n�g� 
�e�m�b�r�y�o�g�e�n�e�s�i�s�.� �T�h�i�s� �d�r�a�s�t�i�c� �s�t�r�u�c�t�u�r�a�l� �c�h�a�n�g�e� �i�s� �a�n� �i�n�t�e�g�r�a�t�e�d� 
�r�e�s�u�l�t� �o�f� �i�n�d�i�v�i�d�u�a�l� �c�e�l�l� �b�e�h�a�v�i�o�r�s� �i�n� �r�e�s�p�o�n�s�e� �t�o� �s�p�a�t�i�o�-
�t�e�m�p�o�r�a�l�l�y� �c�o�n�t�r�o�l�l�e�d� �m�e�c�h�a�n�i�s�m�s�.� 
�T�o� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �p�r�o�g�r�a�m�s� �u�n�d�e�r�l�y�i�n�g� �o�r�g�a�n� 
�f�o�r�m�a�t�i�o�n�,� �i�t� �i�s� �r�e�q�u�i�r�e�d� �t�o� �a�n�a�l�y�z�e� �i�n�d�i�v�i�d�u�a�l� �c�e�l�l�s�’� 
�m�o�r�p�h�o�l�o�g�y� �a�n�d� �d�y�n�a�m�i�c�s� �q�u�a�n�t�i�t�a�t�i�v�e�l�y�.� +�o�w�e�v�e�r�,� �d�u�e� �t�o� 
�t�h�e� �m�a�s�s�i�v�e� �i�m�a�g�e�s� �g�e�n�e�r�a�t�e�d� �b�y� ��D� �m�i�c�r�o�s�c�o�p�y� �a�n�d� �t�h�e�i�r� 
�a�m�b�i�g�u�i�t�y�,� �t�h�i�s� �m�a�d�e� �i�t� �d�i�f�f�i�c�u�l�t� �t�o� �p�e�r�f�o�r�m� �t�h�e�s�e� �a�n�a�l�y�s�e�s�.� 
�T�o� �u�n�v�e�i�l� �o�r�g�a�n�o�g�e�n�e�s�i�s� �f�r�o�m� �t�h�e� �p�o�i�n�t� �o�f� �v�i�e�w� �o�f� �d�i�s�t�i�n�c�t� 
�c�e�l�l� �b�e�h�a�v�i�o�r�s�,� �w�e� �d�e�v�e�l�o�p�e�d� �s�o�f�t�w�a�r�e� �a�p�p�l�i�c�a�t�i�o�n�s� �t�h�a�t� �a�r�e� 
�c�a�p�a�b�l�e� �o�f� �d�e�s�c�r�i�b�i�n�g� �c�e�l�l� �d�y�n�a�m�i�c�s� �o�u�t� �o�f� ��D� �t�i�m�e�-�l�a�p�s�e� 
�i�m�a�g�i�n�g� �d�a�t�a� �s�e�t�s� �b�y� �e�m�p�l�o�y�i�n�g� �s�e�v�e�r�a�l� �a�p�p�r�o�a�c�h�e�s�.� 

I. Automated cell tracking system
�E�p�i�t�h�e�l�i�a�l� �m�o�r�p�h�o�g�e�n�e�s�i�s� �i�n� �t�h�e� �f�r�u�i�t� �f�l�y� Drosophila� 

melanogaster� �e�m�b�r�y�o� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �a�n� �e�x�c�e�l�l�e�n�t� �m�o�d�e�l� 
�f�o�r� �c�o�l�l�e�c�t�i�v�e� �c�e�l�l� �m�i�g�r�a�t�i�o�n�s�.� �D�r�a�s�t�i�c� �c�e�l�l� �r�e�a�r�r�a�n�g�e�m�e�n�t�s� 
�l�e�a�d� �d�r�a�s�t�i�c� �s�t�r�u�c�t�u�r�a�l� �c�h�a�n�g�e�s� �t�o� �b�u�i�l�d� �e�l�a�b�o�r�a�t�e� �t�u�b�u�l�a�r� 
�o�r�g�a�n�s� �s�u�c�h� �a�s� �t�h�e� �t�r�a�c�h�e�a�l� �n�e�t�w�o�r�k�.� �W�e� �d�e�v�e�l�o�p�e�d� �a� 
�s�o�f�t�w�a�r�e� �p�i�p�e�l�i�n�e�,� �w�h�i�c�h� �a�u�t�o�m�a�t�i�c�a�l�l�y� �r�e�c�o�g�n�i�z�e�s� �i�n�d�i�v�i�d�u�a�l� 
�c�e�l�l� �s�h�a�p�e�s� �o�u�t� �o�f� ��D� �s�p�a�c�e� �a�n�d� �t�r�a�c�k�s� �t�h�e�m� �t�h�r�o�u�g�h� �t�i�m�e�.� 
�T�h�i�s� �s�y�s�t�e�m� �e�x�t�r�a�c�t�s� �c�e�l�l� �b�o�u�n�d�a�r�i�e�s� �a�n�d� �r�e�c�o�n�s�t�i�t�u�t�e�s� �c�e�l�l� 
�s�h�a�p�e�s� �a�s� �a� �s�k�e�l�e�t�o�n�i�z�e�d� �c�h�a�i�n� �o�f� �v�o�x�e�l�s� �s�p�a�n�n�i�n�g� ��D� �s�p�a�c�e�.� 
�T�h�i�s� �a�b�s�t�r�a�c�t� �f�o�r�m� �o�f� �c�e�l�l� �v�i�s�u�a�l�i�z�a�t�i�o�n� �m�a�k�e�s� �i�t� �p�o�s�s�i�b�l�e� �t�o� 
�d�e�s�c�r�i�b�e� �m�o�r�p�h�o�m�e�t�r�i�c� �q�u�a�n�t�i�t�i�e�s� �a�n�d� �k�i�n�e�t�i�c�s� �o�f� �c�e�l�l�s� �i�n� 
�s�i�n�g�l�e�-�c�e�l�l� �r�e�s�o�l�u�t�i�o�n� �(�F�i�g�u�r�e� �1�)�.� �O�b�t�a�i�n�e�d� �c�e�l�l� �d�y�n�a�m�i�c�s� �a�r�e� 
�s�u�b�j�e�c�t�e�d� �t�o� �c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�e�s� �a�m�o�n�g� �w�i�l�d� �t�y�p�e� �a�n�d� 
�s�e�v�e�r�a�l� �m�u�t�a�n�t�s� �t�o� �u�n�v�e�i�l� �g�e�n�e�t�i�c� �p�r�o�g�r�a�m�s� �u�n�d�e�r�l�y�i�n�g� 
�o�r�g�a�n�o�g�e�n�e�s�i�s�.

II.  Particle tracking for tissue deformation 
analysis

�B�e�s�i�d�e�s� �c�e�l�l� �b�o�u�n�d�a�r�y� �e�x�t�r�a�c�t�i�o�n�,� �w�e� �a�l�s�o� �d�e�v�e�l�o�p�e�d� �a� 
�d�e�r�i�v�e�d� �a�l�g�o�r�i�t�h�m� �f�o�r� �p�a�r�t�i�c�l�e� �i�m�a�g�e� �v�e�l�o�c�i�m�e�t�r�y� �(�P�I9�)�.� �T�h�i�s� 
�s�y�s�t�e�m� �i�s� �d�e�s�i�g�n�e�d� �t�o� �m�e�a�s�u�r�e� �t�i�s�s�u�e� �d�e�f�o�r�m�a�t�i�o�n� �e�v�e�n� 
�t�h�o�u�g�h� �t�h�e� �i�m�a�g�i�n�g� �c�o�n�s�t�r�a�i�n�t�s� �d�o� �n�o�t� �a�l�l�o�w� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� 
�i�n�d�i�v�i�d�u�a�l� �c�e�l�l�s� �o�u�t� �o�f� �i�m�a�g�e�s�.� �T�h�i�s� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�t�e�c�t�s� 

�s�t�r�u�c�t�u�r�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �s�u�c�h� �a�s� �u�n�e�v�e�n� �f�l�u�o�r�e�s�c�e�n�c�e� 
�d�i�s�t�r�i�b�u�t�e�d� �o�v�e�r� �t�h�e� �s�p�e�c�i�m�e�n� �a�n�d� �t�r�a�c�k�s� �t�h�e�s�e� �p�a�t�t�e�r�n�s� �a�l�o�n�g� 
�a� �t�i�m�e�-�s�e�r�i�e�s�.� �D�e�s�p�i�t�e� �t�h�a�t� �t�h�e� �t�i�s�s�u�e� �w�a�s� �l�a�b�e�l�e�d� �w�i�t�h� �n�o�n�-
�t�a�r�g�e�t�e�d� �c�y�t�o�p�l�a�s�m�i�c� �G�F�P�,� �t�h�i�s� �t�r�a�c�k�i�n�g� �s�o�f�t�w�a�r�e� �s�u�c�c�e�s�s�f�u�l�l�y� 
�o�u�t�l�i�n�e�d� �d�e�v�e�l�o�p�m�e�n�t�a�l� �d�y�n�a�m�i�c�s� �o�f� Xenopus� �n�e�u�r�o�e�c�t�o�d�e�r�m� 
�(�F�i�g�u�r�e� �2�)�.� 

III.  A GUI application for manual image 
quantification 

�B�i�o�l�o�g�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �i�m�a�g�e� �f�e�a�t�u�r�e�s� �a�r�e� �n�o�t� �a�l�w�a�y�s� 
�s�i�g�n�i�f�i�c�a�n�t� �t�o� �c�o�m�p�u�t�a�t�i�o�n�a�l� �a�l�g�o�r�i�t�h�m�s� �d�u�e� �t�o� �t�h�e�i�r� �s�t�r�u�c�t�u�r�a�l� 
�i�n�s�t�a�b�i�l�i�t�y�.� �T�h�i�s� �k�i�n�d� �o�f� �d�i�f�f�i�c�u�l�t�y� �r�e�q�u�i�r�e�s� �h�u�m�a�n� �e�y�e� 
�i�n�s�p�e�c�t�i�o�n� �f�o�r� �f�e�a�t�u�r�e� �e�x�t�r�a�c�t�i�o�n�s�.� �A� �G�U�I� �(�G�r�a�p�h�i�c�a�l� �U�s�e�r� 
�I�n�t�e�r�f�a�c�e�)� �a�p�p�l�i�c�a�t�i�o�n� �w�e� �d�e�v�e�l�o�p�e�d� �c�a�n� �e�a�s�i�l�y� �v�i�s�u�a�l�i�z�e� ��D� 
�i�m�a�g�i�n�g� �d�a�t�a� �a�n�d� �h�a�s� �m�a�d�e� �m�a�n�u�a�l� �f�e�a�t�u�r�e� �a�n�n�o�t�a�t�i�o�n�s� �e�a�s�y� 
�(�F�i�g�u�r�e� ��)�.� �T�h�i�s� �a�p�p�l�i�c�a�t�i�o�n� �i�s� �f�r�e�e�l�y� �a�v�a�i�l�a�b�l�e� �a�t� �o�u�r� �w�e�b�s�i�t�e� 
�(�h�t�t�p�s����i�s�.�c�n�s�i�.�j�p��)�.
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�F�i�g�u�r�e� ��.� �A� �l�i�g�h�t�w�e�i�g�h�t��n�a�t�i�v�e� ��D� �s�t�a�c�k� �v�i�e�w�e�r� �e�q�u�i�p�p�e�d� �w�i�t�h� �f�u�n�c�t�i�o�n�s� 
�f�o�r� �m�a�n�u�a�l� �f�e�a�t�u�r�e� �e�x�t�r�a�c�t�i�o�n�.

�F�i�g�u�r�e� �2�.� �C�o�l�l�e�c�t�i�v�e� �c�e�l�l� �m�i�g�r�a�t�i�o�n� �o�f� Xenopus �n�e�u�r�o�e�c�t�o�d�e�r�m�a�l� �c�e�l�l�s� 
�v�i�s�u�a�l�i�z�e�d� �a�s� �o�p�t�i�c�a�l� �f�l�o�w� �a�l�o�n�g� �a� �t�i�m�e�-�s�e�r�i�e�s�.� �A� �m�o�d�i�f�i�e�d� �P�I9� �m�e�t�h�o�d� 
�s�u�c�c�e�s�s�f�u�l�l�y� �t�r�a�c�k�s� �u�n�e�v�e�n� �s�u�b�c�e�l�l�u�l�a�r� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �G�F�P� �s�i�g�n�a�l�s� �o�v�e�r� 
�t�i�m�e�.� �D�r�.� �M�.� �S�u�z�u�k�i� �(�P�r�o�f�.� �U�e�n�o�’�s� �l�a�b�o�r�a�t�o�r�y� �a�t� �N�I�B�B�)� �p�e�r�f�o�r�m�e�d� �t�h�e� 
�m�i�c�r�o�s�c�o�p�y�.

�F�i�g�u�r�e� �1�.� 9�i�s�u�a�l�i�z�e�d� �a�p�i�c�a�l� �c�e�l�l� �s�u�r�f�a�c�e� �o�f� Drosophila� �e�m�b�r�y�o�n�i�c� 
�e�p�i�d�e�r�m�a�l� �c�e�l�l�s�.� �A� �t�i�m�e�-�l�a�p�s�e� �c�o�n�f�o�c�a�l� �m�i�c�r�o�s�c�o�p�i�c� �d�a�t�a� �s�e�t� �o�f� �f�l�y� �e�m�b�r�y�o� 
�e�x�p�r�e�s�s�i�n�g� �E�-�c�a�d�h�e�r�i�n�-�G�F�P� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �o�u�r� �a�u�t�o�m�a�t�i�c� �c�e�l�l� �s�h�a�p�e� 
�r�e�c�o�g�n�i�t�i�o�n� �s�y�s�t�e�m�.� �C�e�l�l� �b�o�u�n�d�a�r�i�e�s� �(�g�r�e�e�n�)�,� �c�e�n�t�e�r� �o�f� �g�r�a�v�i�t�y� �(�b�l�u�e�)� �a�n�d� 
�n�o�r�m�a�l� �v�e�c�t�o�r� �(�m�a�g�e�n�t�a�)� �a�r�e� �i�n�d�i�c�a�t�e�d� �f�o�r� �e�a�c�h� �c�e�l�l�.� 
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�I�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�o�n�t�r�i�b�u�t�e� �t�o� 
�v�i�s�u�a�l�i�z�a�t�i�o�n� �o�f� �b�i�o�m�e�d�i�c�a�l� �t�a�r�g�e�t�s� �a�c�q�u�i�r�e�d� �f�r�o�m� �a� �v�a�r�i�e�t�y� �o�f� 
�i�m�a�g�i�n�g� �t�e�c�h�n�i�q�u�e�s�,� �i�n�c�l�u�d�i�n�g�� �w�i�d�e�-�f�i�e�l�d� �o�p�t�i�c�a�l� �a�n�d� 
�e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y�,� ;�-�r�a�y� �c�o�m�p�u�t�e�d� �t�o�m�o�g�r�a�p�h�y�,� �m�a�g�n�e�t�i�c� 
�r�e�s�o�n�a�n�c�e� �i�m�a�g�i�n�g� �a�n�d� �m�a�m�m�o�g�r�a�p�h�y�.� 4�u�a�n�t�i�t�a�t�i�v�e� 
�i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �t�h�e� �d�e�l�u�g�e� �o�f� �c�o�m�p�l�i�c�a�t�e�d� �b�i�o�m�e�d�i�c�a�l� 
�i�m�a�g�e�s�,� �h�o�w�e�v�e�r�,� �p�o�s�e�s� �m�a�n�y� �r�e�s�e�a�r�c�h� �c�h�a�l�l�e�n�g�e�s�.� � �W�e� �h�a�v�e� 
�d�e�v�e�l�o�p�e�d� �n�e�w� �c�o�m�p�u�t�a�t�i�o�n�a�l� �m�e�t�h�o�d�s� �b�a�s�e�d� �o�n� 
�m�a�t�h�e�m�a�t�i�c�a�l� �m�o�r�p�h�o�l�o�g�y� �f�o�r� �q�u�a�n�t�i�t�a�t�i�v�e� �i�m�a�g�e� �a�n�a�l�y�s�i�s�.� 
�O�n�e� �o�f� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �p�u�r�p�o�s�e�s� �o�f� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �i�s� �t�o� 
�d�e�r�i�v�e� �m�e�a�n�i�n�g�f�u�l� �i�n�f�o�r�m�a�t�i�o�n�,� �w�h�i�c�h� �i�s� �e�x�p�r�e�s�s�e�d� �a�s� 
�s�t�r�u�c�t�u�r�a�l� �p�r�o�p�e�r�t�i�e�s� �i�n� �i�m�a�g�e�s�.� �M�a�t�h�e�m�a�t�i�c�a�l� �m�o�r�p�h�o�l�o�g�y� �i�s� 
�a� �n�o�n�l�i�n�e�a�r� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �m�e�t�h�o�d� �b�a�s�e�d� �o�n� �t�h�e� �s�e�t� �t�h�e�o�r�y� 
�a�n�d� �i�s� �u�s�e�f�u�l� �f�o�r� �t�h�e� �e�x�t�r�a�c�t�i�o�n� �o�f� �s�t�r�u�c�t�u�r�a�l� �p�r�o�p�e�r�t�i�e�s� �f�r�o�m� 
�a�n� �i�m�a�g�e�.� �I�t� �c�a�n� �b�e� �u�s�e�d� �a�s� �a� �f�u�n�d�a�m�e�n�t�a�l� �t�o�o�l� �t�o� �a�n�a�l�y�z�e� 
�b�i�o�m�e�d�i�c�a�l� �i�m�a�g�e�s�.

I. Novel image processing method based on 
mathematical morphology
�I�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �i�s� �a� �c�r�u�c�i�a�l� �s�t�e�p� �i�n� �t�h�e� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� 
�b�i�o�m�e�d�i�c�a�l� �s�t�r�u�c�t�u�r�e�s� �f�r�o�m� �i�m�a�g�e�s�.� �A�s� �s�u�c�h�,� �i�t� �i�s� 
�f�u�n�d�a�m�e�n�t�a�l� �t�o� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �b�i�o�m�e�d�i�c�a�l� �i�m�a�g�i�n�g� �f�i�e�l�d�s�.� 
�I�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �d�e�r�i�v�e�s� �s�t�r�u�c�t�u�r�a�l� �f�e�a�t�u�r�e�s�,� �w�h�i�c�h� �a�r�e� �t�h�e�n� 
�n�u�m�e�r�i�c�a�l�l�y� �q�u�a�n�t�i�f�i�e�d� �b�y� �i�m�a�g�e� �a�n�a�l�y�s�i�s�.� �C�o�n�t�r�a�s�t� 
�e�n�h�a�n�c�e�m�e�n�t� �p�l�a�y�s� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g�� �i�t� 
�e�n�h�a�n�c�e�s� �s�t�r�u�c�t�u�r�a�l� �f�e�a�t�u�r�e�s� �t�h�a�t� �a�r�e� �b�a�r�e�l�y� �d�e�t�e�c�t�a�b�l�e� �t�o� �t�h�e� 
�h�u�m�a�n� �e�y�e� �a�n�d� �a�l�l�o�w�s� �a�u�t�o�m�a�t�i�c� �e�x�t�r�a�c�t�i�o�n� �o�f� �t�h�o�s�e� �f�e�a�t�u�r�e�s�.� 
�T�o� �e�f�f�e�c�t�i�v�e�l�y� �r�e�c�o�g�n�i�z�e� �a� �r�e�g�i�o�n� �o�f� �i�n�t�e�r�e�s�t�,� �s�p�e�c�i�f�i�c� �t�a�r�g�e�t� 
�s�t�r�u�c�t�u�r�e�s� �m�u�s�t� �b�e� �e�n�h�a�n�c�e�d� �w�h�i�l�e� �s�u�r�r�o�u�n�d�i�n�g� �o�b�j�e�c�t�s� 
�r�e�m�a�i�n� �u�n�m�o�d�i�f�i�e�d�.� �A� �c�o�n�t�r�a�s�t� �e�n�h�a�n�c�e�m�e�n�t� �t�e�c�h�n�i�q�u�e� �w�h�i�c�h� 
�u�s�e�s� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�r�p�h�o�l�o�g�y� �e�n�a�b�l�e�s� �s�e�l�e�c�t�i�v�e� 
�e�n�h�a�n�c�e�m�e�n�t� �o�f� �t�a�r�g�e�t� �s�t�r�u�c�t�u�r�e�s�.� �B�a�s�e�d� �o�n� �s�e�t� �t�h�e�o�r�y�,� 
�m�a�t�h�e�m�a�t�i�c�a�l� �m�o�r�p�h�o�l�o�g�y� �a�p�p�l�i�e�s� �s�h�a�p�e� �i�n�f�o�r�m�a�t�i�o�n� �t�o� 
�i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g�.
�M�a�t�h�e�m�a�t�i�c�a�l� �m�o�r�p�h�o�l�o�g�y� �o�p�e�r�a�t�e�s� �b�y� �a� �s�e�r�i�e�s� �o�f� 
�m�o�r�p�h�o�l�o�g�i�c�a�l� �o�p�e�r�a�t�i�o�n�s�,� �w�h�i�c�h� �u�s�e� �s�m�a�l�l� �i�m�a�g�e�s� �c�a�l�l�e�d� 
�s�t�r�u�c�t�u�r�i�n�g� �e�l�e�m�e�n�t�s� �(�t�y�p�i�c�a�l�l�y�,� �a� �s�i�n�g�l�e� �s�t�r�u�c�t�u�r�i�n�g� �e�l�e�m�e�n�t� 
�i�s� �u�s�e�d�)�.� �T�h�e� �s�t�r�u�c�t�u�r�i�n�g� �e�l�e�m�e�n�t� �a�c�t�s� �a�s� �a� �m�o�v�i�n�g� �p�r�o�b�e� �t�h�a�t� 
�s�a�m�p�l�e�s� �e�a�c�h� �p�i�x�e�l� �o�f� �t�h�e� �i�m�a�g�e�.� �S�i�n�c�e� �t�h�e� �s�t�r�u�c�t�u�r�i�n�g� 
�e�l�e�m�e�n�t� �m�o�v�e�s� �i�n� �a� �f�i�x�e�d� �d�i�r�e�c�t�i�o�n� �a�c�r�o�s�s� �t�h�e� �i�m�a�g�e�,� �s�o�m�e� 
�i�n�t�r�i�c�a�t�e� �i�m�a�g�e�s� �(�i�n� �p�a�r�t�i�c�u�l�a�r�,� �t�h�o�s�e� �w�h�o�s�e� �s�t�r�u�c�t�u�r�a�l� �d�e�t�a�i�l�s� 
�c�o�n�t�a�i�n� �a� �v�a�r�i�e�t�y� �o�f� �d�i�r�e�c�t�i�o�n�a�l� �c�h�a�r�a�c�t�e�r�s�)� �m�a�y� �n�o�t� �b�e� 
�p�r�o�p�e�r�l�y� �p�r�o�c�e�s�s�e�d�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �a�n� �a�r�t�i�f�a�c�t� �i�n� �t�h�e� �s�h�a�p�e� �o�f� 
�s�t�r�u�c�t�u�r�i�n�g� �e�l�e�m�e�n�t�s� �m�a�y� �b�e� �g�e�n�e�r�a�t�e�d� �a�t� �t�h�e� �o�b�j�e�c�t� 
�p�e�r�i�p�h�e�r�y�.� �S�i�n�c�e� �o�b�j�e�c�t�s� �i�n� �b�i�o�m�e�d�i�c�a�l� �i�m�a�g�e�s� �c�o�n�s�i�s�t� �o�f� 
�d�e�l�i�c�a�t�e� �s�t�r�u�c�t�u�r�a�l� �f�e�a�t�u�r�e�s�,� �t�h�i�s� �d�r�a�w�b�a�c�k� �i�s� �a�n� �e�s�p�e�c�i�a�l�l�y� 
�s�e�r�i�o�u�s� �p�r�o�b�l�e�m�.
�T�o� �o�v�e�r�c�o�m�e� �t�h�i�s� �p�r�o�b�l�e�m�,� �w�e� �h�a�v�e� �p�r�o�p�o�s�e�d� �a�n� �e�x�t�e�n�s�i�o�n� 
�o�f� �c�o�n�v�e�n�t�i�o�n�a�l� �m�a�t�h�e�m�a�t�i�c�a�l� �m�o�r�p�h�o�l�o�g�y� �c�a�l�l�e�d� �r�o�t�a�t�i�o�n�a�l� 
�m�o�r�p�h�o�l�o�g�i�c�a�l� �p�r�o�c�e�s�s�i�n�g� �(�R�M�P�)�.� �R�M�P� �b�a�s�e�d� �m�o�r�p�h�o�l�o�g�i�c�a�l� 
�f�i�l�t�e�r�s� �h�a�v�e� �b�e�e�n� �a�p�p�l�i�e�d� �t�o� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �b�i�o�m�e�d�i�c�a�l� 
�i�m�a�g�e�s�,� �i�n�c�l�u�d�i�n�g� �e�l�e�c�t�r�o�n� �m�i�c�r�o�g�r�a�p�h�s�,� �l�i�g�h�t� �m�i�c�r�o�g�r�a�p�h�s� 
�a�n�d� �m�e�d�i�c�a�l� �i�m�a�g�e�s� �s�u�c�h� �a�s� �m�a�m�m�o�g�r�a�p�h�i�c� �i�m�a�g�e�s� �a�n�d� 

�c�h�e�s�t� ;�-�r�a�y� �i�m�a�g�e�s�.� 
�I�n� �t�h�i�s� �s�t�u�d�y�,� �w�e� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �a� �n�o�v�e�l� �R�M�P�-�b�a�s�e�d� 
�c�o�n�t�r�a�s�t� �e�n�h�a�n�c�e�m�e�n�t� �m�e�t�h�o�d�.� �T�h�e� �g�o�a�l� �o�f� �t�h�e� �s�t�u�d�y� �i�s� �t�o� 
�e�n�a�b�l�e� �e�n�h�a�n�c�e�m�e�n�t� �o�f� �f�i�n�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� �f�e�a�t�u�r�e�s� �o�f� �a� �m�a�s�s� 
�l�e�s�i�o�n� �w�i�t�h� �h�i�g�h� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �s�u�r�r�o�u�n�d�i�n�g� �t�i�s�s�u�e�s�,� �s�u�c�h� �a�s� 
�m�a�m�m�a�r�y� �g�l�a�n�d�s�.� �T�h�e� �m�e�t�h�o�d� �u�s�e�s� �a� �t�o�p�-�h�a�t� �c�o�n�t�r�a�s�t� 
�o�p�e�r�a�t�o�r�,� �a� �w�e�l�l�-�k�n�o�w�n� �a�n�d� �c�o�m�m�o�n�l�y� �u�s�e�d� �m�o�r�p�h�o�l�o�g�i�c�a�l� 
�o�p�e�r�a�t�i�o�n� �f�o�r� �e�x�t�r�a�c�t�i�n�g� �l�o�c�a�l� �f�e�a�t�u�r�e�s� �f�r�o�m� �a� �l�o�w�-�c�o�n�t�r�a�s�t� 
�i�m�a�g�e�.� �T�h�e� �p�r�o�p�o�s�e�d� �m�e�t�h�o�d� �i�n�v�o�l�v�e�s� �t�h�r�e�e� �s�t�e�p�s�� �(�1�)� 
�s�e�l�e�c�t�i�v�e� �e�x�t�r�a�c�t�i�o�n� �o�f� �t�a�r�g�e�t� �f�e�a�t�u�r�e�s� �b�y� �m�a�t�h�e�m�a�t�i�c�a�l� 
�m�o�r�p�h�o�l�o�g�y�,� �(�2�)� �e�n�h�a�n�c�e�m�e�n�t� �o�f� �t�h�e� �e�x�t�r�a�c�t�e�d� �f�e�a�t�u�r�e�s� �b�y� 
�t�w�o� �c�o�n�t�r�a�s�t� �m�o�d�i�f�i�c�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �a�n�d� �(��)� �s�e�g�m�e�n�t�a�t�i�o�n� �o�f� 
�t�h�e� �t�a�r�g�e�t� �r�e�g�i�o�n� �(�m�a�s�s� �l�e�s�i�o�n�)� �b�y� �u�s�i�n�g� �a�n� �a�u�t�o�m�a�t�i�c� 
�t�h�r�e�s�h�o�l�d�i�n�g� �t�e�c�h�n�i�q�u�e�.� �T�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �m�e�t�h�o�d� �w�a�s� 
�q�u�a�n�t�i�t�a�t�i�v�e�l�y� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �c�o�n�t�r�a�s�t� �i�m�p�r�o�v�e�m�e�n�t� �r�a�t�i�o� 
�(�C�I�R�)� �a�n�d� �i�t�s� �u�s�e�f�u�l�n�e�s�s� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �a�p�p�l�y�i�n�g� �i�t� �t�o� 
�v�a�r�i�o�u�s� �t�y�p�e�s� �o�f� �m�e�d�i�c�a�l� �i�m�a�g�e�s�.� �T�h�e� �r�e�s�u�l�t�s� �p�r�o�v�e� �t�h�a�t� �t�h�e� 
�p�r�o�p�o�s�e�d� �m�e�t�h�o�d� �e�n�a�b�l�e�s� �s�p�e�c�i�f�i�c� �e�x�t�r�a�c�t�i�o�n� �a�n�d� 
�e�n�h�a�n�c�e�m�e�n�t� �o�f� �m�a�s�s� �l�e�s�i�o�n�s�,� �w�h�i�c�h� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� �c�l�i�n�i�c�a�l� 
�d�i�a�g�n�o�s�i�s� �b�a�s�e�d� �o�n� �m�e�d�i�c�a�l� �i�m�a�g�e� �a�n�a�l�y�s�i�s�.� �F�i�g�u�r�e� �1� �s�h�o�w�s� �a� 
�m�a�m�m�o�g�r�a�p�h�i�c� �i�m�a�g�e� �e�n�h�a�n�c�e�d� �b�y� �t�h�e� �p�r�o�p�o�s�e�d� �m�e�t�h�o�d�.
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�F�i�g�u�r�e� �1�.� �I�m�a�g�e� �e�n�h�a�n�c�e�m�e�n�t� �a�n�d� �t�a�r�g�e�t� �d�e�t�e�c�t�i�o�n� �a�c�h�i�e�v�e�d� �b�y� �t�h�e� 
�p�r�o�p�o�s�e�d� �m�e�t�h�o�d� �f�o�r� �a� �m�a�s�s� �l�e�s�i�o�n� �i�n� �a� �m�a�m�m�o�g�r�a�p�h�i�c� �i�m�a�g�e�.� �T�h�e� 
�i�m�a�g�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �M�a�m�m�o�g�r�a�p�h�i�c� �I�m�a�g�e� �A�n�a�l�y�s�i�s� �S�o�c�i�e�t�y� 
�(�M�I�A�S�)� �d�a�t�a�b�a�s�e�.� �(�a�)� �O�r�i�g�i�n�a�l� �m�a�m�m�o�g�r�a�p�h�i�c� �i�m�a�g�e� �(�m�d�b�1���)�.� �(�b�)� 
�E�n�h�a�n�c�e�m�e�n�t� �r�e�s�u�l�t� �o�f� �c�a�n�d�i�d�a�t�e�s� �o�f� �m�a�s�s� �l�e�s�i�o�n� �o�b�t�a�i�n�e�d� �b�y� �t�h�e� 
�p�r�o�p�o�s�e�d� �m�e�t�h�o�d�.� �(�c�)� �D�e�t�e�c�t�i�o�n� �r�e�s�u�l�t� �o�f� �t�h�e� �l�e�s�i�o�n� �r�e�g�i�o�n�.
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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� �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� 
�t�o� �t�w�o� �d�i�f�f�e�r�e�n�t� �t�e�l�e�o�s�t� �A�R�s� �(a� �a�n�d� b�)� �a�n�d� �l�i�k�e�l�y� �o�c�c�u�r�r�e�d� 
�i�n� �t�h�e� �a�c�t�i�n�o�p�t�e�r�y�g�i�a�n� �l�i�n�e�a�g�e� �l�e�a�d�i�n�g� �t�o� �t�e�l�e�o�s�t�s� �a�f�t�e�r� �t�h�e� 
�d�i�v�e�r�g�e�n�c�e� �o�f� �A�c�i�p�e�n�s�e�r�i�f�o�r�m�e�s� �b�u�t� �b�e�f�o�r�e� �t�h�e� �s�p�l�i�t� �o�f� 
�O�s�t�e�o�g�l�o�s�s�i�f�o�r�m�e�s�.� �F�u�n�c�t�i�o�n�a�l� �a�n�a�l�y�s�i�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e� 
�s�h�a�r�k� �A�R� �a�c�t�i�v�a�t�e�s� �t�h�e� �t�a�r�g�e�t� �g�e�n�e� �v�i�a� �a�n�d�r�o�g�e�n� �r�e�s�p�o�n�s�e� 
�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� 
�h�i�g�h�e�r� �t�r�a�n�s�a�c�t�i�v�a�t�i�o�n� �c�a�p�a�c�i�t�y� �t�h�a�n� �t�h�a�t� �o�f� �t�e�l�e�o�s�t� �A�Rb�.� 
�T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �m�o�s�t� �a�n�c�i�e�n�t� �t�y�p�e� �o�f� �A�R�,� �a�s� 
�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� 
�m�a�s�c�u�l�i�n�e� �s�e�x�u�a�l� �c�h�a�r�a�c�t�e�r�,� �p�a�p�i�l�l�a�r�y� �p�r�o�c�e�s�s�e�s� �i�n� �t�h�e� �a�n�a�l� 
�f�i�n�,� �w�h�i�c�h� �h�a�s� �b�e�e�n� �i�n�d�u�c�e�d� �i�n� �f�e�m�a�l�e�s� �b�y� �e�x�o�g�e�n�o�u�s� 
�a�n�d�r�o�g�e�n� �e�x�p�o�s�u�r�e�.� �W�e� �h�a�v�e� �i�d�e�n�t�i�f�i�e�d� �a�n�d�r�o�g�e�n�-�d�e�p�e�n�d�e�n�t� 
�e�x�p�r�e�s�s�i�o�n�s� �o�f� Bmp7� �a�n�d� Lef1� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �b�o�n�e� 
�n�o�d�u�l�e� �o�u�t�g�r�o�w�t�h� �l�e�a�d�i�n�g� �t�o� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �p�a�p�i�l�l�a�r�y� 
�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� 
�o�r�g�a�n�i�s�m�-� �a�n�d� �p�o�p�u�l�a�t�i�o�n�-�b�a�s�e�d� �r�e�s�p�o�n�s�e�s� �o�f� �t�o�x�i�c�i�t�y� �o�r� 
�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� 
�i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �m�o�d�e� �o�f� �a�c�t�i�o�n� �o�f� �t�h�e� �t�e�s�t�e�d� 
�c�o�m�p�o�u�n�d�s�.� �T�h�e�r�e�f�o�r�e�,� �w�e� �a�p�p�l�i�e�d� �a�n� �e�c�o�t�o�x�i�c�o�g�e�n�o�m�i�c� 
�a�s�s�e�s�s�m�e�n�t� �t�o� � D. magna�.� �W�e� �e�s�t�a�b�l�i�s�h�e�d� �a� Daphnia� �E�S�T� 
�d�a�t�a�b�a�s�e� �a�n�d� �d�e�v�e�l�o�p�e�d� �a�n� �o�l�i�g�o�n�u�c�l�e�o�t�i�d�e�-�b�a�s�e�d� �D�N�A� 

�m�i�c�r�o�a�r�r�a�y� �w�i�t�h� �h�i�g�h� �r�e�p�r�o�d�u�c�i�b�i�l�i�t�y� �a�n�d� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� 
�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�.� 
�A�l�s�o�,� �w�e� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �a� �m�e�t�h�o�d� �t�o� �i�n�j�e�c�t� �g�e�n�e�s� �i�n�t�o� D. 
magna� �a�n�d� D. pulex� �e�m�b�r�y�o�s� �w�h�i�c�h� �w�i�l�l� �a�l�l�o�w� �u�s� �t�o� �s�t�u�d�y� 
�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� 
�t�h�e� �o�v�a�r�y� �o�f� D. magna �a�n�d� D. pulex� �e�x�p�o�s�e�d� �t�o� �J+� �a�g�o�n�i�s�t� 
�a�n�d� �m�e�t�h�y�l� �f�a�r�n�e�s�o�a�t�e� �(�J+� �i�d�e�n�t�i�f�i�e�d� �i�n� �d�e�c�a�p�o�d�s�)� �a�t� �t�h�e� 
�c�r�i�t�i�c�a�l� �t�i�m�i�n�g� �o�f� �J+�-�i�n�d�u�c�e�d� �s�e�x� �d�e�t�e�r�m�i�n�a�t�i�o�n� �i�n� D. magna� 
�a�n�d� D. pulex�.� �W�e� �h�a�v�e� �i�d�e�n�t�i�f�i�e�d� �J+� �r�e�c�e�p�t�o�r� �(�h�e�t�e�r�o�d�i�m�e�r� �o�f� 
�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� 
�d�a�p�h�n�i�d�s� �a�n�d� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �e�c�d�y�s�o�n�e� �i�n� �m�o�l�t�i�n�g� �a�n�d� 

�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�.
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�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.
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�P�l�a�n�t�s� �a�n�d� �a�l�g�a�e� �h�a�v�e� �a� �l�a�r�g�e� �c�a�p�a�c�i�t�y� �t�o� �a�c�c�l�i�m�a�t�e� 
�t�h�e�m�s�e�l�v�e�s� �t�o� �c�h�a�n�g�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�s�.� �W�e� �a�r�e� �i�n�t�e�r�e�s�t�e�d� �i�n� 
�t�h�e�s�e� �a�c�c�l�i�m�a�t�i�o�n� �p�r�o�c�e�s�s�e�s�,� �i�n� �p�a�r�t�i�c�u�l�a�r�,� �h�o�w� �e�f�f�i�c�i�e�n�t�l�y� �y�e�t� 
�s�a�f�e�l�y� �t�h�e�y� �h�a�r�n�e�s�s� �s�u�n�l�i�g�h�t� �f�o�r� �p�h�o�t�o�s�y�n�t�h�e�s�i�s� �u�n�d�e�r� 
�f�l�u�c�t�u�a�t�i�n�g� �l�i�g�h�t� �c�o�n�d�i�t�i�o�n�s�.� � �U�s�i�n�g� �a� �m�o�d�e�l� �g�r�e�e�n� �a�l�g�a�,� �w�e� 
�a�r�e� �s�t�u�d�y�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� �u�n�d�e�r�l�y�i�n�g� 
�p�h�o�t�o�a�c�c�l�i�m�a�t�i�o�n� �o�f� �t�h�e� �p�h�o�t�o�s�y�n�t�h�e�t�i�c� �m�a�c�h�i�n�e�r�y�.� �W�e� �a�r�e� 
�a�l�s�o� �a�p�p�l�y�i�n�g� �t�h�e� �k�n�o�w�l�e�d�g�e� �o�b�t�a�i�n�e�d� �i�n� �t�h�e� �s�t�u�d�i�e�s� �o�f� �a� 
�m�o�d�e�l� �g�r�e�e�n� �a�l�g�a� �t�o� �v�a�r�i�o�u�s� �p�h�y�t�o�p�l�a�n�k�t�o�n� �i�n�c�l�u�d�i�n�g� 
Symbiodinium� �i�n� �c�o�r�a�l�s� �a�n�d� �s�e�a� �a�n�e�m�o�n�e�s� �i�n� �t�r�o�p�i�c�a�l� �o�c�e�a�n�s�,� 
�t�o� �e�x�p�l�o�r�e� �h�o�w� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� �i�m�p�o�r�t�a�n�t� �p�h�o�t�o�s�y�n�t�h�e�t�i�c� 
�o�r�g�a�n�i�s�m�s� �t�h�r�i�v�e� �i�n� �t�h�e�i�r� �e�c�o�l�o�g�i�c�a�l� �n�i�c�h�e�.� � 

I.  Macroorganization of photosynthetic 
machinery

�P�h�o�t�o�s�y�s�t�e�m� �(�P�S�)� �I�I� �i�s� �a� �m�u�l�t�i�p�r�o�t�e�i�n� �c�o�m�p�l�e�x� �t�h�a�t� �s�p�l�i�t�s� 
�w�a�t�e�r� �a�n�d� �i�n�i�t�i�a�t�e�s� �e�l�e�c�t�r�o�n� �t�r�a�n�s�f�e�r� �i�n� �p�h�o�t�o�s�y�n�t�h�e�s�i�s�.� �T�h�e� 
�c�e�n�t�r�a�l� �p�a�r�t� �o�f� �P�S�I�I�,� �t�h�e� �P�S�I�I� �c�o�r�e�,� �i�s� �s�u�r�r�o�u�n�d�e�d� �b�y� �l�i�g�h�t�-
�h�a�r�v�e�s�t�i�n�g� �c�o�m�p�l�e�x� �I�I� �p�r�o�t�e�i�n�s� �(�L+�C�I�I�s�)�.� �I�n� �h�i�g�h�e�r� �p�l�a�n�t�s�,� 
�t�w�o� �o�r� �t�h�r�e�e� �L+�C�I�I� �t�r�i�m�e�r�s� �a�r�e� �s�e�e�n� �o�n� �e�a�c�h� �s�i�d�e� �o�f� �t�h�e� �P�S�I�I� 
�c�o�r�e� �w�h�e�r�e�a�s� �o�n�l�y� �o�n�e� �h�a�d� �b�e�e�n� �s�e�e�n� �i�n� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� 
�p�o�s�i�t�i�o�n�s� �i�n� �a� �u�n�i�c�e�l�l�u�l�a�r� �g�r�e�e�n� �a�l�g�a� Chlamydomonas 
reinhardtii�.� �R�e�c�e�n�t�l�y�,� �w�e� �r�e�-�e�x�a�m�i�n�e�d� �t�h�e� �s�u�p�r�a�m�o�l�e�c�u�l�a�r� 
�o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �t�h�i�s� �P�S�I�I�-�L+�C�I�I� �s�u�p�e�r�c�o�m�p�l�e�x� �i�n� C. 
reinhardtii� �b�y� �s�o�l�u�b�i�l�i�z�i�n�g� �t�h�e� �t�h�y�l�a�k�o�i�d� �m�e�m�b�r�a�n�e�s� �w�i�t�h� 
�n�-�d�o�d�e�c�y�l�-Ơ�-�D�-�m�a�l�t�o�s�i�d�e� �a�n�d� �s�u�b�j�e�c�t�i�n�g� �t�h�e�m� �t�o� �g�e�l�-
�f�i�l�t�r�a�t�i�o�n�.� �T�h�i�s� �n�e�w�l�y�-�p�r�e�p�a�r�e�d� �P�S�I�I�-�L+�C�I�I� �s�u�p�e�r�c�o�m�p�l�e�x� 
�b�o�u�n�d� �t�w�i�c�e� �a�s� �m�u�c�h� �L+�C�I�I� �t�h�a�n� � �p�r�e�v�i�o�u�s�l�y� �r�e�p�o�r�t�e�d� �a�n�d� 
�r�e�t�a�i�n�e�d� �h�i�g�h�e�r� �o�x�y�g�e�n�-�e�v�o�l�v�i�n�g� �a�c�t�i�v�i�t�y�.� �S�i�n�g�l�e�-�p�a�r�t�i�c�l�e� 
�i�m�a�g�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �e�l�e�c�t�r�o�n� �m�i�c�r�o�g�r�a�p�h�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e� 
�P�S�I�I�-�L+�C�I�I� �s�u�p�e�r�c�o�m�p�l�e�x� �h�a�d� �a� �n�o�v�e�l� �s�u�p�r�a�m�o�l�e�c�u�l�a�r� 
�o�r�g�a�n�i�z�a�t�i�o�n�,� �w�i�t�h� �t�h�r�e�e� �L+�C�I�I� �t�r�i�m�e�r�s� �a�t�t�a�c�h�e�d� �t�o� �e�a�c�h� �s�i�d�e� 
�o�f� �t�h�e� �c�o�r�e�.� 

II. Acclimation of photosynthesis
�U�s�i�n�g� C�. reinhardtii�,� �w�e� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �m�o�l�e�c�u�l�a�r� 
�m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �t�h�e� �a�c�c�l�i�m�a�t�i�o�n� �p�r�o�c�e�s�s�e�s� �o�f� �t�h�e� 
�p�h�o�t�o�s�y�n�t�h�e�t�i�c� �c�o�m�p�l�e�x�e�s� �s�u�c�h� �a�s� �s�t�a�t�e� �t�r�a�n�s�i�t�i�o�n�s� �a�n�d� �n�o�n�-

�p�h�o�t�o�c�h�e�m�i�c�a�l� �q�u�e�n�c�h�i�n�g� �b�y� �m�e�a�n�s� �o�f� �b�i�o�c�h�e�m�i�s�t�r�y�,� 
�m�o�l�e�c�u�l�a�r� �g�e�n�e�t�i�c�s�,� �o�p�t�i�c�a�l� �s�p�e�c�t�r�o�s�c�o�p�y�,� �s�m�a�l�l�-�a�n�g�l�e� �n�e�u�t�r�o�n� 
�s�c�a�t�t�e�r�i�n�g�,� �a�n�d� �b�i�o�-�i�m�a�g�i�n�g�.

2-1 State transitions
�P�l�a�n�t�s� �r�e�s�p�o�n�d� �t�o� �c�h�a�n�g�e�s� �i�n� �l�i�g�h�t� �q�u�a�l�i�t�y� �b�y� �r�e�g�u�l�a�t�i�n�g� �t�h�e� 
�a�b�s�o�r�p�t�i�o�n� �c�a�p�a�c�i�t�y� �o�f� �t�h�e�i�r� �P�S�s�.� �T�h�e�s�e� �s�h�o�r�t�-�t�e�r�m� 
�a�c�c �l �i�m�a �t �i�o�n�s � �u �s�e � �r �e�d�o�x �-�c�o�n �t �r�o �l �l �e�d �, � �r �e�v�e �r �s �i�b �l �e� 
�p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �o�f� �L+�C�I�I�s� �t�o� �r�e�g�u�l�a�t�e� �t�h�e� �r�e�l�a�t�i�v�e� �a�b�s�o�r�p�t�i�o�n� 
�c�r�o�s�s�-�s�e�c�t�i�o�n� �o�f� �t�h�e� �t�w�o� �p�h�o�t�o�s�y�s�t�e�m�s�,� �c�o�m�m�o�n�l�y� �r�e�f�e�r�r�e�d� �t�o� 
�a�s� �s�t�a�t�e� �t�r�a�n�s�i�t�i�o�n�s�.� �I�t� �i�s� �a�c�k�n�o�w�l�e�d�g�e�d� �t�h�a�t� �s�t�a�t�e� �t�r�a�n�s�i�t�i�o�n�s� 
�i�n�d�u�c�e� �s�u�b�s�t�a�n�t�i�a�l� �r�e�o�r�g�a�n�i�z�a�t�i�o�n�s� �o�f� �t�h�e� �P�S�s�.� +�o�w�e�v�e�r�,� �t�h�e�i�r� 
�c�o�n�s�e�q�u�e�n�c�e�s� �o�n� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �s�t�r�u�c�t�u�r�e� �a�r�e� �m�o�r�e� 
�c�o�n�t�r�o�v�e�r�s�i�a�l�.� +�e�r�e�,� �w�e� �i�n�v�e�s�t�i�g�a�t�e� �h�o�w� �s�t�a�t�e� �t�r�a�n�s�i�t�i�o�n�s� 
�a�f�f�e�c�t� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �s�t�r�u�c�t�u�r�e� �a�n�d� �f�u�n�c�t�i�o�n� �u�s�i�n�g� 
�c�o�m�p�l�e�m�e�n�t�a�r�y� �a�p�p�r�o�a�c�h�e�s� �f�o�r� �t�h�e� �l�i�v�i�n�g� �c�e�l�l�s� �o�f� 
Chlamydomonas reinhardtii�.� �U�s�i�n�g� �s�m�a�l�l�-�a�n�g�l�e� �n�e�u�t�r�o�n� 
�s�c�a�t�t�e�r�i�n�g�,� �w�e� �f�o�u�n�d� �a� �s�t�r�o�n�g� �p�e�r�i�o�d�i�c�i�t�y� �o�f� �t�h�e� �t�h�y�l�a�k�o�i�d�s� �i�n� 
�S�t�a�t�e� �1�,� �w�i�t�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �r�e�p�e�a�t� �d�i�s�t�a�n�c�e�s� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� 
�2�0�0� c�,� �w�h�i�c�h� �w�a�s� �a�l�m�o�s�t� �c�o�m�p�l�e�t�e�l�y� �l�o�s�t� �i�n� �S�t�a�t�e� �2�.� �A�s� 
�r�e�v�e�a�l�e�d� �b�y� �c�i�r�c�u�l�a�r� �d�i�c�h�r�o�i�s�m�,� �c�h�a�n�g�e�s� �i�n� �t�h�e� �t�h�y�l�a�k�o�i�d� 
�p�e�r�i�o�d�i�c�i�t�y� �w�e�r�e� �p�a�r�a�l�l�e�l�e�d� �b�y� �m�o�d�i�f�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �l�o�n�g�-
�r�a�n�g�e� �o�r�d�e�r� �a�r�r�a�n�g�e�m�e�n�t� �o�f� �t�h�e� �p�h�o�t�o�s�y�n�t�h�e�t�i�c� �c�o�m�p�l�e�x�e�s�,� 
�w�h�i�c�h� �w�a�s� �r�e�d�u�c�e�d� �b�y� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0�� �i�n� �S�t�a�t�e� �2� 
�c�o�m�p�a�r�e�d� �w�i�t�h� �S�t�a�t�e� �1�,� �b�u�t� �w�a�s� �n�o�t� �a�b�o�l�i�s�h�e�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� 
�a�b�s�o�r�p�t�i�o�n� �s�p�e�c�t�r�o�s�c�o�p�y� �r�e�v�e�a�l�s� �t�h�a�t� �t�h�e� �e�n�h�a�n�c�e�m�e�n�t� �o�f� �P�S�I� 
�a�n�t�e�n�n�a� �s�i�z�e� �d�u�r�i�n�g� �S�t�a�t�e� �1� �t�o� �S�t�a�t�e� �2� �t�r�a�n�s�i�t�i�o�n� 
�(�a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0��)� �i�s� �n�o�t� �c�o�m�m�e�n�s�u�r�a�t�e� �t�o� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� 
�P�S�I�I� �a�n�t�e�n�n�a� �s�i�z�e� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� ��0��)�.� �T�h�i�s� �i�m�p�l�i�e�s� �t�h�a�t� �a� 
�l�a�r�g�e� �p�a�r�t� �o�f� �t�h�e� �p�h�o�s�p�h�o�r�y�l�a�t�e�d� �L+�C�I�I�s� �d�o� �n�o�t� �b�i�n�d� �t�o� �P�S�I�,� 
�b�u�t� �i�n�s�t�e�a�d� �f�o�r�m� �e�n�e�r�g�e�t�i�c�a�l�l�y� �q�u�e�n�c�h�e�d� �c�o�m�p�l�e�x�e�s�,� �w�h�i�c�h� 
�w�e� �h�a�v�e� �s�h�o�w�n� �t�o� �b�e� �e�i�t�h�e�r� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �P�S�I�I� 
�s�u�p�e�r�c�o�m�p�l�e�x�e�s� �o�r� �i�n� �a� �f�r�e�e� �f�o�r�m� �(�F�i�g�u�r�e� �1�)�.� �A�l�t�o�g�e�t�h�e�r� �t�h�e�s�e� 
�n�o�n�i�n�v�a�s�i�v�e� �i�n� �v�i�v�o� �a�p�p�r�o�a�c�h�e�s� �a�l�l�o�w�e�d� �u�s� �t�o� �p�r�e�s�e�n�t� �a� �m�o�r�e� 
�l�i�k�e�l�y� �s�c�e�n�a�r�i�o� �f�o�r� �s�t�a�t�e� �t�r�a�n�s�i�t�i�o�n�s� �t�h�a�t� �e�x�p�l�a�i�n�s� �t�h�e�i�r� 
�m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m� �a�n�d� �p�h�y�s�i�o�l�o�g�i�c�a�l� �c�o�n�s�e�q�u�e�n�c�e�s�.� 

�F�i�g�u�r�e� �1�.� +�y�p�o�t�h�e�t�i�c�a�l� �m�o�d�e�l� �f�o�r� �c�h�l�o�r�o�p�l�a�s�t� �r�e�m�o�d�e�l�i�n�g� �d�u�r�i�n�g� �s�t�a�t�e� 
�t�r�a�n�s�i�t�i�o�n�s� �i�n� C. reinhardtii�.� �S�i�d�e� �v�i�e�w�s� �o�f� �t�h�e� �m�e�m�b�r�a�n�e� �p�l�a�n�e�s� �s�h�o�w�i�n�g� 
�t�h�y�l�a�k�o�i�d� �u�l�t�r�a�s�t�r�u�c�t�u�r�e� �a�n�d� �P�S� �s�u�p�e�r�c�o�m�p�l�e�x� �c�o�m�p�o�s�i�t�i�o�n� �i�n� �S�t�a�t�e� �2�.� �A� 
�n�u�m�b�e�r� �o�f� �L+�C�I�I� �p�r�o�t�e�i�n�s� �a�r�e� �p�h�o�s�p�h�o�r�y�l�a�t�e�d�,� �a�n�d� �t�h�e� �t�h�y�l�a�k�o�i�d�s� �a�r�e� 
�p�a�r�t�i�a�l�l�y� �u�n�s�t�a�c�k�e�d� �a�n�d� �u�n�d�u�l�a�t�e�d�.� �T�h�e� �p�e�r�i�o�d�i�c�i�t�y� �o�f� �t�h�e� �t�h�y�l�a�k�o�i�d� 
�m�e�m�b�r�a�n�e�s� �i�s� �w�e�a�k�.� �M�o�s�t� �o�f� �t�h�e� �p�h�o�s�p�h�o�r�y�l�a�t�e�d� �L+�C�I�I�s� �a�r�e� �i�n� �a�n� 
�e�n�e�r�g�y�-�q�u�e�n�c�h�i�n�g� �s�t�a�t�e� �(�r�e�d�)�.� �T�h�e�y� �e�i�t�h�e�r� �r�e�m�a�i�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �P�S�I�I� �s�o� 
�t�h�a�t� �a� �l�a�r�g�e� �p�a�r�t� �o�f� �t�h�e� �P�S�I�I²�L+�C�I�I� �s�u�p�e�r�c�o�m�p�l�e�x� �a�r�r�a�y� �i�s� �p�r�e�s�e�r�v�e�d�,� �o�r� 
�a�r�e� �u�n�b�o�u�n�d� �a�n�d� �a�g�g�r�e�g�a�t�e�d�.� 
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2-2 Energy-dependent quenching of excess energy (qE 
quenching)
�A�b�s�o�r�p�t�i�o�n� �o�f� �l�i�g�h�t� �i�n� �e�x�c�e�s�s� �o�f� �t�h�e� �c�a�p�a�c�i�t�y� �f�o�r� 
�p�h�o�t�o�s�y�n�t�h�e�t�i�c� �e�l�e�c�t�r�o�n� �t�r�a�n�s�p�o�r�t� �i�s� �d�a�m�a�g�i�n�g� �t�o� 
�p�h�o�t�o�s�y�n�t�h�e�t�i�c� �o�r�g�a�n�i�s�m�s�.� �S�e�v�e�r�a�l� �m�e�c�h�a�n�i�s�m�s� �e�x�i�s�t� �t�o� �a�v�o�i�d� 
�p�h�o�t�o�d�a�m�a�g�e�,� �w�h�i�c�h� �a�r�e� �c�o�l�l�e�c�t�i�v�e�l�y� �r�e�f�e�r�r�e�d� �t�o� �a�s� �n�o�n�-
�p�h�o�t�o�c�h�e�m�i�c�a�l� �q�u�e�n�c�h�i�n�g� �(�N�P4�)�.� �T�h�i�s� �t�e�r�m� �c�o�m�p�r�i�s�e�s� �a�t� 
�l�e�a�s�t� �t�w�o� �m�a�j�o�r� �p�r�o�c�e�s�s�e�s�� �s�t�a�t�e� �t�r�a�n�s�i�t�i�o�n�s� �(�q�T�)�,� �t�h�e� �c�h�a�n�g�e� 
�i�n� �t�h�e� �r�e�l�a�t�i�v�e� �a�n�t�e�n�n�a� �s�i�z�e�s� �o�f� �P�S�I�I� �a�n�d� �P�S�I� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� 
�t�h�e� �p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n�,� �a�n�d� �e�n�e�r�g�y�-�d�e�p�e�n�d�e�n�t� �q�u�e�n�c�h�i�n�g� �o�f� 
�e�x�c�e�s�s� �e�n�e�r�g�y� �(�q�E�)�,� �t�h�e� �i�n�c�r�e�a�s�e�d� �t�h�e�r�m�a�l� �d�i�s�s�i�p�a�t�i�o�n� 
�t�r�i�g�g�e�r�e�d� �b�y� �l�u�m�e�n� �a�c�i�d�i�f�i�c�a�t�i�o�n�.� �R�e�c�e�n�t�l�y�,� �w�e� �i�s�o�l�a�t�e�d� �t�h�e� 
�P�S�I�I�-�L+�C�I�I� �s�u�p�e�r�c�o�m�p�l�e�x� �f�r�o�m� �b�o�t�h� �W�T� C. reinhardtii �a�n�d� 
�t�h�e� npq4� �m�u�t�a�n�t�,� �w�h�i�c�h� �i�s� �q�E�-�d�e�f�i�c�i�e�n�t� �a�n�d� �l�a�c�k�s� �t�h�e� �a�n�c�i�e�n�t� 
�l�i�g�h�t�-�h�a�r�v�e�s�t�i�n�g� �p�r�o�t�e�i�n� �L+�C�S�R�.� �L+�C�S�R�� �w�a�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� 
�P�S�I�I�-�L+�C�I�I� �s�u�p�e�r�c�o�m�p�l�e�x� �f�r�o�m� �t�h�e� �h�i�g�h� �l�i�g�h�t�-�g�r�o�w�n� �W�T� �b�u�t� 
�n�o�t� �i�n� �t�h�e� �s�u�p�e�r�c�o�m�p�l�e�x� �f�r�o�m� �t�h�e� �l�o�w� �l�i�g�h�t�-�g�r�o�w�n� �W�T� �o�r� �t�h�e� 
npq4� �m�u�t�a�n�t�.� �T�h�e� �p�u�r�i�f�i�e�d� �P�S�I�I�-�L+�C�I�I� �s�u�p�e�r�c�o�m�p�l�e�x� 
�c�o�n�t�a�i�n�i�n�g� �L+�C�S�R�� �s�h�o�w�e�d� �a� �n�o�r�m�a�l� �f�l�u�o�r�e�s�c�e�n�c�e� �l�i�f�e�t�i�m�e� 
�a�t� �a� �n�e�u�t�r�a�l� �p+� �(��.�5�)� �b�y� �s�i�n�g�l�e�-�p�h�o�t�o�n� �c�o�u�n�t�i�n�g� �a�n�a�l�y�s�i�s� �b�u�t� 
�e�x�h�i�b�i�t�e�d� �a� �s�i�g�n�i�f�i�c�a�n�t�l�y� �s�h�o�r�t�e�r� �l�i�f�e�t�i�m�e� �(�e�n�e�r�g�y�-�q�u�e�n�c�h�i�n�g�)� 
�a�t� �p+� �5�.�5�,� �w�h�i�c�h� �m�i�m�i�c�s� �t�h�e� �a�c�i�d�i�f�i�e�d� �l�u�m�e�n� �o�f� �t�h�e� �t�h�y�l�a�k�o�i�d� 
�m�e�m�b�r�a�n�e�s� �i�n� �h�i�g�h� �l�i�g�h�t�-�e�x�p�o�s�e�d� �c�h�l�o�r�o�p�l�a�s�t�s�.� �T�h�e� �s�w�i�t�c�h�i�n�g� 
�f�r�o�m� �l�i�g�h�t�-�h�a�r�v�e�s�t�i�n�g� �m�o�d�e� �t�o� �e�n�e�r�g�y�-�d�i�s�s�i�p�a�t�i�n�g� �m�o�d�e� 
�o�b�s�e�r�v�e�d� �i�n� �t�h�e� �L+�C�S�R��-�c�o�n�t�a�i�n�i�n�g� �P�S�I�I�-�L+�C�I�I� 
�s �u �p �e �r �c �o �m �p �l �e �x � �w �a �s � �i �n �h �i �b �i �t �e �d � �b �y � �D �C �C�D� 
�(�d�i�c�y�c�l�o�h�e�x�y�l�c�a�r�b�o�d�i�i�m�i�d�e�)�,� �a� �p�r�o�t�e�i�n�-�m�o�d�i�f�y�i�n�g� �a�g�e�n�t� 
�s�p�e�c�i�f�i�c� �t�o� �p�r�o�t�o�n�a�t�a�b�l�e� �a�m�i�n�o� �a�c�i�d� �r�e�s�i�d�u�e�s�.� �W�e� �c�o�n�c�l�u�d�e� 
�t�h�a�t� �t�h�e� �P�S�I�I�-�L+�C�I�I�-�L+�C�S�R�� �s�u�p�e�r�c�o�m�p�l�e�x� �f�o�r�m�e�d� �i�n� �h�i�g�h� 
�l�i�g�h�t�-�g�r�o�w�n� C. reinhardtii� �c�e�l�l�s� �i�s� �c�a�p�a�b�l�e� �o�f� �e�n�e�r�g�y� 
�d�i�s�s�i�p�a�t�i�o�n� �u�p�o�n� �p�r�o�t�o�n�a�t�i�o�n� �o�f� �L+�C�S�R�� �(�F�i�g�u�r�e� �2�)�.

�F�i�g�u�r�e� �2�.� �A� �m�o�d�e�l� �f�o�r� �t�h�e� �i�n�d�u�c�t�i�o�n� �o�f� �q�E� �i�n� C. reinhardtii�.� 

�A�l�t�h�o�u�g�h� �i�t� �h�a�s� �b�e�e�n� �k�n�o�w�n� �t�h�a�t� �t�w�o� �v�e�r�y� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� 
�g�e�n�e�s� �(LHCSR3.1� �a�n�d� LHCSR3.2�)� �e�n�c�o�d�i�n�g� �L+�C�S�R�� 
�p�r�o�t�e�i�n� �a�n�d� �a�n�o�t�h�e�r� �p�a�r�a�l�o�g�o�u�s� �g�e�n�e� LHCSR1� �a�r�e� �p�r�e�s�e�n�t� �i�n� 

�t�h�e� C. reinhardtii� �g�e�n�o�m�e�,� �i�t� �w�a�s� �u�n�c�l�e�a�r� �h�o�w� �t�h�e�s�e� �i�s�o�f�o�r�m�s� 
�a�r�e� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �i�n� �t�e�r�m�s� �o�f� �t�r�a�n�s�c�r�i�p�t�i�o�n�a�l� �r�e�g�u�l�a�t�i�o�n� �a�n�d� 
�f�u�n�c�t�i�o�n�a�l�i�z�a�t�i�o�n�.� �W�e� �s�h�o�w�e�d� �t�h�a�t� �t�r�a�n�s�c�r�i�p�t�s� �o�f� �b�o�t�h� �o�f� �t�h�e� 
�i�s�o�f�o�r�m�s�,� LHCSR3.1� �a�n�d� LHCSR3.2�,� �a�r�e� �a�c�c�u�m�u�l�a�t�e�d� �u�n�d�e�r� 
�h�i�g�h� �l�i�g�h�t� �s�t�r�e�s�s�.� �R�e�e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �g�e�n�o�m�i�c� �s�e�q�u�e�n�c�e� 
�a�n�d� �g�e�n�e� �m�o�d�e�l�s� �a�l�o�n�g� �w�i�t�h� �a� �s�u�r�v�e�y� �o�f� �s�e�q�u�e�n�c�e� �m�o�t�i�f�s� 
�s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e�s�e� �t�w�o� �i�s�o�f�o�r�m�s� �s�h�a�r�e�d� �a�n� �a�l�m�o�s�t� �i�d�e�n�t�i�c�a�l� 
�b�u�t� �s�t�i�l�l� �d�i�s�t�i�n�c�t� �p�r�o�m�o�t�e�r� �s�e�q�u�e�n�c�e� �a�n�d� �a� �c�o�m�p�l�e�t�e�l�y� 
�i�d�e�n�t�i�c�a�l� �p�o�l�y�p�e�p�t�i�d�e� �s�e�q�u�e�n�c�e�,� �w�i�t�h� �m�o�r�e� �d�i�v�e�r�g�e�n�t� 
��’�-�u�n�t�r�a�n�s�c�r�i�b�e�d� �r�e�g�i�o�n�s�.� �T�r�a�n�s�c�r�i�p�t�i�o�n�a�l� �i�n�d�u�c�t�i�o�n� �u�n�d�e�r� 
�h�i�g�h� �l�i�g�h�t� �c�o�n�d�i�t�i�o�n� �o�f� �b�o�t�h� �i�s�o�f�o�r�m�s� �w�a�s� �s�u�p�p�r�e�s�s�e�d� �b�y� 
�t�r�e�a�t�m�e�n�t� �w�i�t�h� �a� �P�S�I�I� �i�n�h�i�b�i�t�o�r�,� ��-�(��,��-�d�i�c�h�l�o�r�o�p�h�e�n�y�l�)�-�1�,�1�-
�d�i�m�e�t�h�y�l�u�r�e�a� �(�D�C�M�U�)�,� �a�n�d� �a� �c�a�l�m�o�d�u�l�i�n� �i�n�h�i�b�i�t�o�r� �W��.� 
�D�e�s�p�i�t�e� �a� �s�i�m�i�l�a�r� �r�e�s�p�o�n�s�e� �t�o� �h�i�g�h� �l�i�g�h�t�,� �t�h�e� �i�n�h�i�b�i�t�o�r�y� 
�e�f�f�e�c�t�s� �o�f� �D�C�M�U� �a�n�d� �W�� �t�o� LHCSR1 � �t�r�a�n�s�c�r�i�p�t� 
�a�c�c�u�m�u�l�a�t�i�o�n� �w�e�r�e� �l�i�m�i�t�e�d� �c�o�m�p�a�r�e�d� �t�o� LHCSR3� �g�e�n�e�s�.� 
�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� �t�r�a�n�s�c�r�i�p�t�i�o�n� �o�f� LHCSR� 
�p�a�r�a�l�o�g�s� �i�n� C. reinhardtii� �a�r�e� �r�e�g�u�l�a�t�e�d� �b�y� �l�i�g�h�t� �s�i�g�n�a�l�s� �a�n�d� 
�d�i�f�f�e�r�e�n�t�i�a�l�l�y� �m�o�d�u�l�a�t�e�d� �v�i�a� �p�h�o�t�o�s�y�n�t�h�e�t�i�c� �e�l�e�c�t�r�o�n� �t�r�a�n�s�f�e�r� 
�a�n�d� �c�a�l�m�o�d�u�l�i�n�-�m�e�d�i�a�t�e�d� �c�a�l�c�i�u�m� �s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y�(�s�)� 
�(�F�i�g�u�r�e� ��)�.� 
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�F�i�g�u�r�e� ��.� �A� �m�o�d�e�l� �o�f� �t�r�a�n�s�c�r�i�p�t�i�o�n�a�l� �r�e�g�u�l�a�t�i�o�n� �o�f� LHCSR� �g�e�n�e�s� �i�n� C. 
reinhardtii�.� 

III. Ecophysiology of micro algae 
�O�u�r� �n�e�w� �p�r�o�j�e�c�t�s� �a�r�e� �t�h�e� �s�t�u�d�y� �o�f� �p�h�o�t�o�a�c�c�l�i�m�a�t�i�o�n� �o�f� 
�d�i�n�o�f�l�a�g�e�l�l�a�t�e�s� �t�h�a�t� �c�a�n� �l�i�v�e� �i�n� �a� �s�y�m�b�i�o�t�i�c� �r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� 
�c�n�i�d�a�r�i�a�n�s�,� �a�n�d� �t�h�e� �s�t�u�d�y� �o�f� �o�i�l�-�p�r�o�d�u�c�i�n�g� Chlamydomonas�.� 
�W�e� �a�r�e� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n�t�e�r�e�s�t�e�d� �i�n� �a� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� 
Symbiodinium� �l�i�v�i�n�g� �w�i�t�h� �c�o�r�a�l�s� �a�n�d� �s�e�a� �a�n�e�m�o�n�e�s� �(�F�i�g�u�r�e� 
��)�,� �a�n�d� �t�h�e� �o�i�l�-�p�r�o�d�u�c�i�n�g� Chlamydomonas� �g�r�o�w�n� �u�n�d�e�r� 
�n�a�t�u�r�a�l� �p�o�n�d�-�l�i�k�e� �e�n�v�i�r�o�n�m�e�n�t�s�.� �W�e� �a�r�e� �t�r�y�i�n�g� �t�o� �e�l�u�c�i�d�a�t�e� 
�h�o�w� �t�h�e�i�r� �p�h�o�t�o�s�y�n�t�h�e�t�i�c� �m�a�c�h�i�n�e�r�y� �a�c�c�l�i�m�a�t�e�s� �t�o� �v�a�r�i�a�b�l�e� 
�l�i�g�h�t� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �c�o�n�d�i�t�i�o�n�s�.

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



��

�F�i�g�u�r�e� ��.� �F�l�u�o�r�e�s�c�e�n�c�e� �i�m�a�g�e� �o�f� �t�h�e� �t�i�n�y� �s�e�a� �a�n�e�m�o�n�e� Aiptasia�,� �a� �m�o�d�e�l� 
�s�y�s�t�e�m� �f�o�r� �s�t�u�d�i�e�s� �o�f� �d�i�n�o�f�l�a�g�e�l�l�a�t�e� �(Symbiodinium�)�-�c�n�i�d�a�r�i�a�n� �s�y�m�b�i�o�s�i�s�.� 
�E�a�c�h� �r�e�d� �d�o�t� �i�s� �a� �c�e�l�l� �o�f� Symbiodinium�.
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�R�e�g�u�l�a�t�i�o�n� �o�f� �e�l�e�c�t�r�o�n� �t�r�a�n�s�p�o�r�t� �i�n� �p�h�o�t�o�s�y�n�t�h�e�s�i�s�.� In� ´�P�l�a�s�t�i�d� �B�i�o�l�o�g�yµ� 
�(�T�h�e�g�,� �S�.�,� �W�o�l�l�m�a�n�,� �F�.�-�A�.�,� �E�d�s�.�)µ� �p�p�.����-����,� �A�d�v�a�n�c�e�s� �i�n� �P�l�a�n�t� 
�B�i�o�l�o�g�y� 9�o�l�.� �5�,� �S�p�r�i�n�g�e�r�,� �D�o�r�d�r�e�c�h�t�.
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�A�n�i�m�a�l�s� �l�i�v�i�n�g� �o�u�t�s�i�d�e� �t�h�e� �t�r�o�p�i�c�s� �a�d�a�p�t� �v�a�r�i�o�u�s� �p�h�y�s�i�o�l�o�g�y� 
�a�n�d� �b�e�h�a�v�i�o�r� �t�o� �s�e�a�s�o�n�a�l� �c�h�a�n�g�e�s� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �A�s� 
�a�n�i�m�a�l�s� �u�s�e� �c�h�a�n�g�e�s� �i�n� �d�a�y� �l�e�n�g�t�h� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �a�s� 
�s�e�a�s�o�n�a�l� �c�u�e�s�,� �t�h�e�s�e� �p�h�e�n�o�m�e�n�a� �a�r�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� 
�p�h�o�t�o�p�e�r�i�o�d�i�s�m� �a�n�d� �t�h�e�r�m�o�p�e�r�i�o�d�i�s�m�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �M�e�d�a�k�a� 
�p�r�o�v�i�d�e�s� �a�n� �e�x�c�e�l�l�e�n�t� �m�o�d�e�l� �t�o� �s�t�u�d�y� �t�h�e�s�e� �m�e�c�h�a�n�i�s�m�s� 
�b�e�c�a�u�s�e� �o�f� �t�h�e�i�r� �r�a�p�i�d� �a�n�d� �r�o�b�u�s�t� �s�e�a�s�o�n�a�l� �r�e�s�p�o�n�s�e�s�.� �I�n� 
�a�d�d�i�t�i�o�n�,� �g�e�n�o�m�i�c� �s�e�q�u�e�n�c�e�s� �a�n�d� �t�r�a�n�s�g�e�n�i�c� �a�p�p�r�o�a�c�h�e�s� �a�r�e� 
�a�v�a�i�l�a�b�l�e� �i�n� �t�h�i�s� �s�p�e�c�i�e�s�.� �I�n� �t�h�i�s� �d�i�v�i�s�i�o�n�,� �w�e� �a�r�e� �t�r�y�i�n�g� �t�o� 
�u�n�c�o�v�e�r� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �m�e�c�h�a�n�i�s�m�s� �o�f� �s�e�a�s�o�n�a�l� �a�d�a�p�t�a�t�i�o�n�.

I. Identification of deep brain photoreceptor
�I�t� �h�a�s� �b�e�e�n� �k�n�o�w�n� �f�o�r� �m�o�r�e� �t�h�a�n� �a� �c�e�n�t�u�r�y� �t�h�a�t� �n�o�n�-
�m�a�m�m�a�l�i�a�n� �v�e�r�t�e�b�r�a�t�e�s� �r�e�c�e�i�v�e� �l�i�g�h�t� �i�n�f�o�r�m�a�t�i�o�n� �d�i�r�e�c�t�l�y� 
�w�i�t�h�i�n� �t�h�e� �d�e�e�p� �b�r�a�i�n� �t�o� �a�d�a�p�t� �t�o� �s�e�a�s�o�n�a�l� �c�h�a�n�g�e�s� �i�n� �d�a�y� 
�l�e�n�g�t�h�.� +�o�w�e�v�e�r�,� �t�h�e� �i�d�e�n�t�i�t�y� �o�f� �t�h�e� �d�e�e�p� �b�r�a�i�n� �p�h�o�t�o�r�e�c�e�p�t�o�r� 
�r�e�m�a�i�n�e�d� �u�n�c�l�e�a�r�.� 
�C�e�r�e�b�r�o�s�p�i�n�a�l� �f�l�u�i�d� �(�C�S�F�)�-�c�o�n�t�a�c�t�i�n�g� �n�e�u�r�o�n�s� �e�x�t�e�n�d� �k�n�o�b�-
�l�i�k�e� �d�e�n�d�r�i�t�e�s� �i�n�t�o� �t�h�e� �v�e�n�t�r�i�c�u�l�a�r� �c�a�v�i�t�y� �(�F�i�g�u�r�e� �1�)�.� �T�h�i�s� 
�d�e�n�d�r�i�t�i�c� �s�t�r�u�c�t�u�r�e� �r�e�s�e�m�b�l�e�s� �t�h�o�s�e� �o�f� �p�h�o�t�o�r�e�c�e�p�t�o�r� �c�e�l�l�s� �i�n� 
�t�h�e� �d�e�v�e�l�o�p�i�n�g� �r�e�t�i�n�a� �a�n�d� �t�h�e� �p�i�n�e�a�l� �o�r�g�a�n�.� �T�h�u�s�,� �t�h�e� �C�S�F�-
�c�o�n�t�a�c�t�i�n�g� �n�e�u�r�o�n�s� �h�a�v�e� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �t�o� �f�u�n�c�t�i�o�n� �a�s� �a� �d�e�e�p� 
�b�r�a�i�n� �p�h�o�t�o�r�e�c�e�p�t�o�r�.� 

1-1  Intrinsic photosensitivity of OPN5-positive CSF-
contacting neuron

�I�n� �a� �p�r�e�v�i�o�u�s� �s�t�u�d�y�,� �w�e� �d�e�m�o�n�s�t�r�a�t�e�d� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� �a� �n�o�v�e�l� 
�p�h�o�t�o�p�i�g�m�e�n�t�,� �O�P�N�5� �i�n� �t�h�e� �C�S�F�-�c�o�n�t�a�c�t�i�n�g� �n�e�u�r�o�n�s� �o�f� �q�u�a�i�l�.� 
�W�e� �u�s�e�d� �w�h�o�l�e�-�c�e�l�l� �p�a�t�c�h�-�c�l�a�m�p� �a�n�a�l�y�s�i�s� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �t�h�a�t� 
�O�P�N�5�-�p�o�s�i�t�i�v�e� �C�S�F�-�c�o�n�t�a�c�t�i�n�g� �n�e�u�r�o�n�s� �i�n� �t�h�e� �P9�O� �a�r�e� 

�i�n�t�r�i�n�s�i�c�a�l�l�y� �p�h�o�t�o�s�e�n�s�i�t�i�v�e�.� 

1-2  Involvement of OPN5-positive CSF-contacting 
neuron in the seasonal reproduction 

�W�e� �e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �s�i�R�N�A�-�m�e�d�i�a�t�e�d� �O�P�N�5� 
�k�n�o�c�k�d�o�w�n� �o�n� �l�o�n�g� �d�a�y� �i�n�d�u�c�t�i�o�n� �o�f� �s�p�r�i�n�g�t�i�m�e� �h�o�r�m�o�n�e�,� 
�t�h�y�r�o�t�r�o�p�i�n� �(�t�h�y�r�o�i�d� �s�t�i�m�u�l�a�t�i�n�g� �h�o�r�m�o�n�e�� �T�S+�)�.� �L�o�n�g� �d�a�y�-
�i�n�d�u�c�t�i�o�n� �o�f� �T�S+� �w�a�s� �s�u�p�p�r�e�s�s�e�d� �b�y� �t�h�e� �O�P�N�5� �k�n�o�c�k�d�o�w�n�,� 
�s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �O�P�N�5� �i�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �s�e�a�s�o�n�a�l� �r�e�g�u�l�a�t�i�o�n� 
�o�f� �r�e�p�r�o�d�u�c�t�i�o�n�.� �T�o� �o�u�r� �k�n�o�w�l�e�d�g�e�,� �t�h�i�s� �i�s� �t�h�e� �f�i�r�s�t� 
�d�e�m�o�n�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �i�n�t�r�i�n�s�i�c� �p�h�o�t�o�s�e�n�s�i�t�i�v�i�t�y� �o�f� �d�e�e�p� �b�r�a�i�n� 
�C�S�F�-�c�o�n�t�a�c�t�i�n�g� �n�e�u�r�o�n�s�.

II.  Involvement of tissue-specific post-
translational modification in seasonal time 
measurement

�T�S+� �i�s� �a� �g�l�y�c�o�p�r�o�t�e�i�n� �s�e�c�r�e�t�e�d� �f�r�o�m� �t�h�e� �p�i�t�u�i�t�a�r�y� �g�l�a�n�d�.� 
�P�a�r�s� �d�i�s�t�a�l�i�s�-�d�e�r�i�v�e�d� �T�S+� �s�t�i�m�u�l�a�t�e�s� �t�h�e� �t�h�y�r�o�i�d� �g�l�a�n�d� �t�o� 
�p�r�o�d�u�c�e� �t�h�y�r�o�i�d� �h�o�r�m�o�n�e�s�,� �w�h�e�r�e�a�s� �p�a�r�s� �t�u�b�e�r�a�l�i�s�-�d�e�r�i�v�e�d� 
�T�S+� �a�c�t�s� �o�n� �t�h�e� �h�y�p�o�t�h�a�l�a�m�u�s� �t�o� �r�e�g�u�l�a�t�e� �s�e�a�s�o�n�a�l� 
�p�h�y�s�i�o�l�o�g�y� �a�n�d� �b�e�h�a�v�i�o�r� �a�s� �a� �s�p�r�i�n�g�t�i�m�e� �h�o�r�m�o�n�e�.� +�o�w�e�v�e�r�,� 
�i�t� �h�a�d� �n�o�t� �b�e�e�n� �c�l�e�a�r� �h�o�w� �t�h�e�s�e� �t�w�o� �T�S+�s� �a�v�o�i�d� �f�u�n�c�t�i�o�n�a�l� 
�c�r�o�s�s�t�a�l�k�.� �W�e� �f�o�u�n�d� �t�h�a�t� �t�h�i�s� �r�e�g�u�l�a�t�i�o�n� �i�s� �m�e�d�i�a�t�e�d� �b�y� �t�i�s�s�u�e�-
�s�p�e�c�i�f�i�c� �g�l�y�c�o�s�y�l�a�t�i�o�n�.� �A�l�t�h�o�u�g�h� �p�a�r�s� �t�u�b�e�r�a�l�i�s�-�d�e�r�i�v�e�d� �T�S+� 
�w�a�s� �r�e�l�e�a�s�e�d� �i�n�t�o� � �c�i�r�c�u�l�a�t�i�o�n�,� �i�t� �d�i�d� �n�o�t� �s�t�i�m�u�l�a�t�e� �t�h�e� �t�h�y�r�o�i�d� 
�g�l�a�n�d�.� �T�h�e� �p�a�r�s� �d�i�s�t�a�l�i�s�-�d�e�r�i�v�e�d� �T�S+� �i�s� �k�n�o�w�n� �t�o� �h�a�v�e� 
�s�u�l�f�a�t�e�d� �b�i�-�a�n�t�e�n�n�a�r�y� N�-�g�l�y�c�a�n�s�,� �a�n�d� �s�u�l�f�a�t�e�d� �T�S+� �i�s� �r�a�p�i�d�l�y� 
�m�e�t�a�b�o�l�i�z�e�d� �i�n� �t�h�e� �l�i�v�e�r�.� �B�y� �c�o�n�t�r�a�s�t�,� �p�a�r�s� �t�u�b�e�r�a�l�i�s�-�d�e�r�i�v�e�d� 
�T�S+� �h�a�d� �s�i�a�l�y�l�a�t�e�d� �m�u�l�t�i�-�b�r�a�n�c�h�e�d� N�-�g�l�y�c�a�n�s�� �i�n� � 
�c�i�r�c�u�l�a�t�i�o�n�,� �i�t� �f�o�r�m�e�d� �t�h�e� �m�a�c�r�o�-�T�S+� �c�o�m�p�l�e�x� �w�i�t�h� 
�i�m�m�u�n�o�g�l�o�b�u�l�i�n� �o�r� �a�l�b�u�m�i�n�,� �r�e�s�u�l�t�i�n�g� �i�n� �t�h�e� �l�o�s�s� �o�f� �i�t�s� 
�b�i�o�a�c�t�i�v�i�t�y�.� �G�l�y�c�o�s�y�l�a�t�i�o�n� �i�s� �f�u�n�d�a�m�e�n�t�a�l� �t�o� �a� �w�i�d�e� �r�a�n�g�e� �o�f� 
�b�i�o�l�o�g�i�c�a�l� �p�r�o�c�e�s�s�e�s�.� +�o�w�e�v�e�r�,� �t�h�i�s� �i�s� �t�h�e� �f�i�r�s�t� �d�e�m�o�n�s�t�r�a�t�i�o�n� 
�o�f� �i�t�s� �i�n�v�o�l�v�e�m�e�n�t� �i�n� �p�r�e�v�e�n�t�i�n�g� �f�u�n�c�t�i�o�n�a�l� �c�r�o�s�s�t�a�l�k� �o�f� 
�s�i�g�n�a�l�i�n�g� �m�o�l�e�c�u�l�e�s� �i�n� �t�h�e� �b�o�d�y�.

�F�i�g�u�r�e� �1�.� �(�A�)� �S�c�h�e�m�a�t�i�c� �d�r�a�w�i�n�g� �o�f� �t�h�e� �q�u�a�i�l� �m�e�d�i�o�b�a�s�a�l� �h�y�p�o�t�h�a�l�a�m�u�s�.� 
�P9�O�� �p�a�r�a�v�e�n�t�r�i�c�u�l�a�r� �o�r�g�a�n�� �P�T�� �p�a�r�s� �t�u�b�e�r�a�l�i�s� �o�f� �t�h�e� �p�i�t�u�i�t�a�r�y� �g�l�a�n�d�� �9�� 
�t�h�i�r�d� �v�e�n�t�r�i�c�l�e�� �O�T�� �o�p�t�i�c� �t�r�a�c�t�.� �(�B�)� �O�P�N�5�-�p�o�s�i�t�i�v�e� �C�S�F�-�c�o�n�t�a�c�t�i�n�g� 
�n�e�u�r�o�n�s� �i�n� �t�h�e� �P9�O�.� �(�C�)� �S�c�h�e�m�a�t�i�c� �d�r�a�w�i�n�g� �o�f� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �O�P�N�5�-
�p�o�s�i�t�i�v�e� �C�S�F�-�c�o�n�t�a�c�t�i�n�g� �n�e�u�r�o�n�s� �i�n� �t�h�e� �p�a�n�e�l� �(�B�)�.

�F�i�g�u�r�e� �2�.� �M�e�d�a�k�a� �p�o�p�u�l�a�t�i�o�n�s� �c�o�l�l�e�c�t�e�d� �a�n�d� �u�s�e�d� �i�n� �o�u�r� �s�t�u�d�y�.
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III.  Genome-wide association study of seasonal 
time measurement

�I�t� �i�s� �w�e�l�l� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �t�h�e� �c�i�r�c�a�d�i�a�n� �c�l�o�c�k� �i�s� �s�o�m�e�h�o�w� 
�i�n�v�o�l�v�e�d� �i�n� �s�e�a�s�o�n�a�l� �t�i�m�e� �m�e�a�s�u�r�e�m�e�n�t�.� +�o�w�e�v�e�r�,� �i�t� �r�e�m�a�i�n�s� 
�u�n�k�n�o�w�n� �h�o�w� �t�h�e� �c�i�r�c�a�d�i�a�n� �c�l�o�c�k� �m�e�a�s�u�r�e�s� �d�a�y� �l�e�n�g�t�h�.� 
�A�d�d�i�t�i�o�n�a�l�l�y�,� �i�t� �i�s� �n�o�t� �k�n�o�w�n� �h�o�w� �a�n�i�m�a�l�s� �a�d�a�p�t� �t�o� �s�e�a�s�o�n�a�l� 
�c�h�a�n�g�e�s� �i�n� �t�e�m�p�e�r�a�t�u�r�e�.� �I�t� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�h�a�t� �m�e�d�a�k�a� 
�p�o�p�u�l�a�t�i�o�n�s� �t�h�a�t� �w�e�r�e� �c�a�u�g�h�t� �a�t� �h�i�g�h�e�r� �l�a�t�i�t�u�d�e�s� �h�a�v�e� �m�o�r�e� 
�s�o�p�h�i�s�t�i�c�a�t�e�d� �r�e�s�p�o�n�s�e�s� �t�o� �d�a�y� �l�e�n�g�t�h� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e�.� �F�o�r� 
�e�x�a�m�p�l�e�,� �m�e�d�a�k�a� �f�i�s�h� �c�a�u�g�h�t� �i�n� +�o�k�k�a�i�d�o� �h�a�v�e� �a� �c�r�i�t�i�c�a�l� �d�a�y� 
�l�e�n�g�t�h� �(�i�.�e�.�,� �d�u�r�a�t�i�o�n� �o�f� �l�i�g�h�t� �p�e�r�i�o�d� �r�e�q�u�i�r�e�d� �t�o� �c�a�u�s�e� �a� 
�r�e�s�p�o�n�s�e�)� �o�f� �1�� �h�,� �w�h�i�l�e� �t�h�o�s�e� �c�a�u�g�h�t� �i�n� �O�k�i�n�a�w�a� �h�a�v�e� �a�n� 
�1�1�.�5� �h� �c�r�i�t�i�c�a�l� �d�a�y� �l�e�n�g�t�h�.� �T�o� �u�n�c�o�v�e�r� �t�h�e� �u�n�d�e�r�l�y�i�n�g� 
�m�e�c�h�a�n�i�s�m� �o�f� �s�e�a�s�o�n�a�l� �t�i�m�e� �m�e�a�s�u�r�e�m�e�n�t�,� �w�e� �a�r�e� �p�l�a�n�n�i�n�g� 
�t�o� �p�e�r�f�o�r�m� �a� �g�e�n�o�m�e�-�w�i�d�e� �a�s�s�o�c�i�a�t�i�o�n� �s�t�u�d�y� �i�n� �m�e�d�a�k�a� 
�p�o�p�u�l�a�t�i�o�n�s� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �v�a�r�i�o�u�s� �l�a�t�i�t�u�d�e�s� �a�l�l� �o�v�e�r� �J�a�p�a�n�.

3-1  Variation in seasonal responses with latitude in 
medaka fish

�T�o� �p�e�r�f�o�r�m� �a� �g�e�n�o�m�e�-�w�i�d�e� �a�s�s�o�c�i�a�t�i�o�n� �s�t�u�d�y�,� �w�e� �h�a�v�e� 
�c�o�l�l�e�c�t�e�d� �t�h�o�u�s�a�n�d�s� �o�f� �m�e�d�a�k�a� �f�i�s�h� �f�r�o�m� �a�l�l� �o�v�e�r� �J�a�p�a�n� 
�(�F�i�g�u�r�e� �2�)�.� �W�e� �h�a�v�e� �e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �c�h�a�n�g�i�n�g� �d�a�y� 
�l�e�n�g�t�h� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�r�i�t�i�c�a�l� �d�a�y� �l�e�n�g�t�h�s� 
�a�n�d� �c�r�i�t�i�c�a�l� �t�e�m�p�e�r�a�t�u�r�e�s� �t�h�a�t� �w�i�l�l� �c�a�u�s�e� �s�e�a�s�o�n�a�l� �r�e�s�p�o�n�s�e�s� 
�i�n� �t�h�e� �g�o�n�a�d� �a�n�d� �w�e� �f�o�u�n�d� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �c�r�i�t�i�c�a�l� �d�a�y� �l�e�n�g�t�h� 
�b�e�t�w�e�e�n� �m�e�d�a�k�a� �f�r�o�m� �h�i�g�h�e�r� �l�a�t�i�t�u�d�e�s� �a�n�d� �l�o�w�e�r� �l�a�t�i�t�u�d�e�s� 
�(�F�i�g�u�r�e� ��)�.

IV.  Transcriptome analysis of seasonality in 
medaka fish

+�o�m�e�o�t�h�e�r�m�s� �s�u�c�h� �a�s� �b�i�r�d�s� �a�n�d� �m�a�m�m�a�l�s� �d�o� �n�o�t� �s�h�o�w� 
�c�l�e�a�r� �s�e�a�s�o�n�a�l� �r�e�s�p�o�n�s�e�s� �t�o� �c�h�a�n�g�i�n�g� �t�e�m�p�e�r�a�t�u�r�e�.� �I�n� 
�c�o�n�t�r�a�s�t�,� �p�o�i�k�i�l�o�t�h�e�r�m�a�l� �a�n�i�m�a�l�s� �a�l�s�o� �u�s�e� �c�h�a�n�g�i�n�g� 
�t�e�m�p�e�r�a�t�u�r�e� �a�s� �a� �c�a�l�e�n�d�a�r�.� �M�e�d�a�k�a� �p�r�o�v�i�d�e�s� �a�n� �e�x�c�e�l�l�e�n�t� 
�m�o�d�e�l� �t�o� �u�n�c�o�v�e�r� �t�h�i�s� �m�e�c�h�a�n�i�s�m�.� �T�o� �e�l�u�c�i�d�a�t�e� �t�h�e� �s�i�g�n�a�l� 
�t�r�a�n�s�d�u�c�t�i�o�n� �p�a�t�h�w�a�y� �r�e�g�u�l�a�t�i�n�g� �s�e�a�s�o�n�a�l� �r�e�p�r�o�d�u�c�t�i�o�n� �i�n� 
�m�e�d�a�k�a� �f�i�s�h�,� �w�e� �h�a�v�e� �e�x�a�m�i�n�e�d� �t�r�a�n�s�c�r�i�p�t�o�m�e� �a�n�a�l�y�s�i�s�.� �W�e� 
�i�d�e�n�t�i�f�i�e�d� �h�u�n�d�r�e�d�s� �o�f� �g�e�n�e�s� �t�h�a�t� �r�e�s�p�o�n�d� �t�o� �d�a�y� �l�e�n�g�t�h� �a�n�d� 
�t�e�m�p�e�r�a�t�u�r�e� �c�h�a�n�g�e�s�.
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�T�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �b�i�o�l�o�g�i�c�a�l� �d�a�t�a� �h�a�s� �r�e�c�e�n�t�l�y� �b�e�e�n� 
�a�c�c�e�l�e�r�a�t�e�d� �b�y� �v�a�r�i�o�u�s� �h�i�g�h�-�t�h�r�o�u�g�h�p�u�t� ´�o�m�i�c�sµ� �t�e�c�h�n�o�l�o�g�i�e�s� 
�i�n�c�l�u�d�i�n�g� �g�e�n�o�m�i�c�s�,� �t�r�a�n�s�c�r�i�p�t�o�m�i�c�s�,� �a�n�d� �p�r�o�t�e�o�m�i�c�s�.� �T�h�e� 
�f�i�e�l�d� �o�f� �g�e�n�o�m�e� �i�n�f�o�r�m�a�t�i�c�s� �i�s� �a�i�m�e�d� �a�t� �u�t�i�l�i�z�i�n�g� �t�h�i�s� �d�a�t�a�,� �o�r� 
�f�i�n�d�i�n�g� �t�h�e� �p�r�i�n�c�i�p�l�e�s� �b�e�h�i�n�d� �t�h�e� �d�a�t�a�,� �f�o�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� 
�c�o�m�p�l�e�x� �l�i�v�i�n�g� �s�y�s�t�e�m�s� �b�y� �i�n�t�e�g�r�a�t�i�n�g� �t�h�e� �d�a�t�a� �w�i�t�h� �c�u�r�r�e�n�t� 
�b�i�o�l�o�g�i�c�a�l� �k�n�o�w�l�e�d�g�e� �u�s�i�n�g� �v�a�r�i�o�u�s� �c�o�m�p�u�t�a�t�i�o�n�a�l� 
�t�e�c�h�n�i�q�u�e�s�.� �I�n� �t�h�i�s� �l�a�b�o�r�a�t�o�r�y� �w�e� �f�o�c�u�s� �o�n� �d�e�v�e�l�o�p�i�n�g� 
�c�o�m�p�u�t�a�t�i�o�n�a�l� �m�e�t�h�o�d�s� �a�n�d� �t�o�o�l�s� �f�o�r� �c�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�e� 
�a�n�a�l�y�s�i�s�,� �w�h�i�c�h� �i�s� �a� �u�s�e�f�u�l� �a�p�p�r�o�a�c�h� �f�o�r� �f�i�n�d�i�n�g� �f�u�n�c�t�i�o�n�a�l� �o�r� 
�e�v�o�l�u�t�i�o�n�a�r�y� �c�l�u�e�s� �t�o� �i�n�t�e�r�p�r�e�t�i�n�g� �t�h�e� �g�e�n�o�m�i�c� �i�n�f�o�r�m�a�t�i�o�n� �o�f� 
�v�a�r�i�o�u�s� �s�p�e�c�i�e�s�.� �T�h�e� �c�u�r�r�e�n�t� �f�o�c�u�s� �o�f� �o�u�r� �r�e�s�e�a�r�c�h� �i�s� �o�n� �t�h�e� 
�c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�i�s� �o�f� �m�i�c�r�o�b�i�a�l� �g�e�n�o�m�e�s�,� �t�h�e� �n�u�m�b�e�r� �o�f� 
�w�h�i�c�h� �h�a�s� �b�e�e�n� �i�n�c�r�e�a�s�i�n�g� �r�a�p�i�d�l�y�.� �S�i�n�c�e� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� 
�i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �b�i�o�l�o�g�i�c�a�l� �f�u�n�c�t�i�o�n�s� �a�n�d� �e�v�o�l�u�t�i�o�n�a�r�y� 
�p�r�o�c�e�s�s�e�s� �c�a�n� �b�e� �e�x�t�r�a�c�t�e�d� �f�r�o�m� �c�o�m�p�a�r�i�s�o�n�s� �o�f� �g�e�n�o�m�e�s� �a�t� 
�d�i�f�f�e�r�e�n�t� �e�v�o�l�u�t�i�o�n�a�r�y� �d�i�s�t�a�n�c�e�s�,� �w�e� �a�r�e� �d�e�v�e�l�o�p�i�n�g� �m�e�t�h�o�d�s� 
�t�o� �c�o�n�d�u�c�t� �c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�e�s� �n�o�t� �o�n�l�y� �o�f� �d�i�s�t�a�n�t�l�y� �r�e�l�a�t�e�d� 
�b�u�t� �a�l�s�o� �o�f� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �g�e�n�o�m�e�s�.

I.  Microbial genome database for comparative 
analysis

�T�h�e� �m�i�c�r�o�b�i�a�l� �g�e�n�o�m�e� �d�a�t�a�b�a�s�e� �f�o�r� �c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�i�s� 
�(�M�B�G�D� � �U�R�L� �h�t �t�p � � ��m�b�g�d�.�g�e�n�o�m�e�.�a�d �. �j�p � �) � �i �s � �a� 
�c�o�m�p�r�e�h�e�n�s�i�v�e� �p�l�a�t�f�o�r�m� �f�o�r� �m�i�c�r�o�b�i�a�l� �c�o�m�p�a�r�a�t�i�v�e� 
�g�e�n�o�m�i�c�s�.� �T�h�e� �c�e�n�t�r�a�l� �f�u�n�c�t�i�o�n� �o�f� �M�B�G�D� �i�s� �t�o� �c�r�e�a�t�e� 
�o�r�t�h�o�l�o�g�o�u�s� �g�r�o�u�p�s� �a�m�o�n�g� �m�u�l�t�i�p�l�e� �g�e�n�o�m�e�s� �u�s�i�n�g� �t�h�e� 
�D�o�m�C�l�u�s�t� �a�l�g�o�r�i�t�h�m� �(�s�e�e� �S�e�c�t�i�o�n� �I�I� �b�e�l�o�w�)�.� �B�y� �m�e�a�n�s� �o�f� �t�h�i�s� 
�a�l�g�o�r�i�t�h�m�,� �M�B�G�D� �n�o�t� �o�n�l�y� �p�r�o�v�i�d�e�s� �c�o�m�p�r�e�h�e�n�s�i�v�e� 
�o�r�t�h�o�l�o�g�o�u�s� �g�r�o�u�p�s� �a�m�o�n�g� �t�h�e� �l�a�t�e�s�t� �g�e�n�o�m�i�c� �d�a�t�a�,� �b�u�t� �a�l�s�o� 
�a�l�l�o�w�s� �u�s�e�r�s� �t�o� �c�r�e�a�t�e� �t�h�e�i�r� �o�w�n� �o�r�t�h�o�l�o�g� �g�r�o�u�p�s� �o�n� �t�h�e� �f�l�y� 
�u�s�i�n�g� �a� �s�p�e�c�i�f�i�e�d� �s�e�t� �o�f� �o�r�g�a�n�i�s�m�s�.� �M�B�G�D� �a�l�s�o� �h�a�s� �p�r�e�-
�c�a�l�c�u�l�a�t�e�d� �o�r�t�h�o�l�o�g� �t�a�b�l�e�s� �f�o�r� �e�a�c�h� �m�a�j�o�r� �t�a�x�o�n�o�m�i�c� �g�r�o�u�p�,� 
�a�n�d� �p�r�o�v�i�d�e�s� �s�e�v�e�r�a�l� �v�i�e�w�s� �t�o� �d�i�s�p�l�a�y� �t�h�e� �e�n�t�i�r�e� �p�i�c�t�u�r�e� �o�f� 
�e�a�c�h� �o�r�t�h�o�l�o�g� �t�a�b�l�e�.� �F�o�r� �s�o�m�e� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �t�a�x�a�,� �M�B�G�D� 
�p�r�o�v�i�d�e�s� �t�h�e� �c�o�n�s�e�r�v�e�d� �s�y�n�t�e�n�y� �i�n�f�o�r�m�a�t�i�o�n� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� 
�t�h�e� �C�o�r�e�A�l�i�g�n�e�r� �p�r�o�g�r�a�m� �(�s�e�e� �S�e�c�t�i�o�n� �I�I�I� �b�e�l�o�w�)�.� �I�n� �a�d�d�i�t�i�o�n�,� 
�M�B�G�D� �p�r�o�v�i�d�e�s� �M�y�M�B�G�D� �m�o�d�e�,� �w�h�i�c�h� �a�l�l�o�w�s� �u�s�e�r�s� �t�o� �a�d�d� 
�t�h�e�i�r� �o�w�n� �g�e�n�o�m�e�s� �t�o� �M�B�G�D�.
�B�e�c�a�u�s�e� �o�f� �t�h�e� �r�a�p�i�d� �i�n�c�r�e�a�s�e� �i�n� �m�i�c�r�o�b�i�a�l� �g�e�n�o�m�e� �d�a�t�a� 
�o�w�i�n�g� �t�o� �n�e�x�t� �g�e�n�e�r�a�t�i�o�n� �s�e�q�u�e�n�c�i�n�g� �t�e�c�h�n�o�l�o�g�y�,� �i�t� �b�e�c�o�m�e�s� 
�m�o�r�e� �c�h�a�l�l�e�n�g�i�n�g� �t�o� �m�a�i�n�t�a�i�n� �h�i�g�h� �q�u�a�l�i�t�y� �o�r�t�h�o�l�o�g�y� 
�r�e�l�a�t�i�o�n�s�h�i�p�s� �w�h�i�l�e� �a�l�l�o�w�i�n�g� �u�s�e�r�s� �t�o� �u�t�i�l�i�z�e� �t�h�e� �l�a�t�e�s�t� 
�g�e�n�o�m�i�c� �d�a�t�a� �a�v�a�i�l�a�b�l�e�.� �S�i�n�c�e� �r�e�c�e�n�t�l�y� �a�c�c�u�m�u�l�a�t�i�n�g� 
�s�e�q�u�e�n�c�e�s� �a�r�e� �m�o�s�t�l�y� �d�r�a�f�t� �g�e�n�o�m�e� �d�a�t�a�,� �M�B�G�D� �n�o�w� �s�t�o�r�e�s� 
�t�h�e�m� �a�n�d� �a�l�l�o�w�s� �u�s�e�r�s� �t�o� �i�n�c�o�r�p�o�r�a�t�e� �t�h�e�m� �i�n�t�o� �a� �u�s�e�r� 
�s�p�e�c�i�f�i�c� �o�r�t�h�o�l�o�g� �d�a�t�a�b�a�s�e� �t�h�r�o�u�g�h� �t�h�e� �M�y�M�B�G�D� 
�f�u�n�c�t�i�o�n�a�l�i�t�y�.� �I�n� �M�y�M�B�G�D�,� �d�r�a�f�t� �g�e�n�o�m�e� �d�a�t�a� �a�s� �w�e�l�l� �a�s� 
�u�s�e�r� �g�e�n�o�m�e� �d�a�t�a� �a�r�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �a�n� �e�x�i�s�t�i�n�g� �o�r�t�h�o�l�o�g� 
�t�a�b�l�e� �c�r�e�a�t�e�d� �f�r�o�m� �c�o�m�p�l�e�t�e� �g�e�n�o�m�e� �d�a�t�a� �i�n� �a�n� �i�n�c�r�e�m�e�n�t�a�l� 
�m�a�n�n�e�r�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�o� �p�r�o�v�i�d�e� �h�i�g�h� �q�u�a�l�i�t�y� �o�r�t�h�o�l�o�g�y� 

�r�e�l�a�t�i�o�n�s�h�i�p�s�,� �t�h�e� �s�t�a�n�d�a�r�d� �o�r�t�h�o�l�o�g� �t�a�b�l�e�,� �w�h�i�c�h� �i�s� �f�i�r�s�t� 
�c�r�e�a�t�e�d� �b�y� �D�o�m�C�l�u�s�t�,� �i�s� �n�o�w� �r�e�f�i�n�e�d� �u�s�i�n�g� �t�h�e� �D�o�m�R�e�f�i�n�e� 
�p�r�o�g�r�a�m� �(�s�e�e� �S�e�c�t�i�o�n� �I�I� �b�e�l�o�w�)�.� 

�F�i�g�u�r�e� �1�.� �O�v�e�r�v�i�e�w� �o�f� �t�h�e� �d�a�t�a� �c�o�n�s�t�r�u�c�t�i�o�n� �p�r�o�c�e�d�u�r�e� �i�n� �M�B�G�D

II.  Improvement  o f  the  methods  for 
constructing orthologous groups among 
multiple genomes at the domain level

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

III.  Identification of the core structure 
conserved among moderately related 
microbial genomes

+�o�r�i�z�o�n�t�a�l� �g�e�n�e� �t�r�a�n�s�f�e�r�s� �(+�G�T�)� �h�a�v�e� �p�l�a�y�e�d� �a� �s�i�g�n�i�f�i�c�a�n�t� 
�r�o�l�e� �i�n� �p�r�o�k�a�r�y�o�t�i�c� �g�e�n�o�m�e� �e�v�o�l�u�t�i�o�n�,� �a�n�d� �t�h�e� �g�e�n�e�s� 
�c�o�n�s�t�i�t�u�t�i�n�g� �a� �p�r�o�k�a�r�y�o�t�i�c� �g�e�n�o�m�e� �a�p�p�e�a�r� �t�o� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� 
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�t�w�o� �c�l�a�s�s�e�s�� �c�o�r�e� �a�n�d� �a�c�c�e�s�s�o�r�y�.� �T�h�e� �c�o�r�e� �g�e�n�e� �s�e�t� �c�o�m�p�r�i�s�e�s� 
�i�n�t�r�i�n�s�i�c� �g�e�n�e�s� �e�n�c�o�d�i�n�g� �t�h�e� �p�r�o�t�e�i�n�s� �o�f� �b�a�s�i�c� �c�e�l�l�u�l�a�r� 
�f�u�n�c�t�i�o�n�s�,� �w�h�e�r�e�a�s� �t�h�e� �a�c�c�e�s�s�o�r�y� �g�e�n�e� �s�e�t� �c�o�m�p�r�i�s�e�s� +�G�T�-
�a�c�q�u�i�r�e�d� �g�e�n�e�s� �e�n�c�o�d�i�n�g� �p�r�o�t�e�i�n�s� �w�h�i�c�h� �f�u�n�c�t�i�o�n� �u�n�d�e�r� 
�p�a�r�t�i�c�u�l�a�r� �c�o�n�d�i�t�i�o�n�s�.� �W�e� �c�o�n�s�i�d�e�r� �t�h�e� �c�o�r�e� �s�t�r�u�c�t�u�r�e� �o�f� 
�r�e�l�a�t�e�d� �g�e�n�o�m�e�s� �a�s� �a� �s�e�t� �o�f� �s�u�f�f�i�c�i�e�n�t�l�y� �l�o�n�g� �s�e�g�m�e�n�t�s� �i�n� 
�w�h�i�c�h� �g�e�n�e� �o�r�d�e�r�s� �a�r�e� �c�o�n�s�e�r�v�e�d� �a�m�o�n�g� �m�u�l�t�i�p�l�e� �g�e�n�o�m�e�s� �s�o� 
�t�h�a�t� �t�h�e�y� �a�r�e� �l�i�k�e�l�y� �t�o� �h�a�v�e� �b�e�e�n� �i�n�h�e�r�i�t�e�d� �m�a�i�n�l�y� �t�h�r�o�u�g�h� 
�v�e�r�t�i�c�a�l� �t�r�a�n�s�f�e�r�,� �a�n�d� �d�e�v�e�l�o�p�e�d� �a� �m�e�t�h�o�d� �n�a�m�e�d� 
�C�o�r�e�A�l�i�g�n�e�r� �t�o� �f�i�n�d� �s�u�c�h� �s�t�r�u�c�t�u�r�e�s�.� �W�e� �s�y�s�t�e�m�a�t�i�c�a�l�l�y� 
�a�p�p�l�i�e�d� �t�h�e� �m�e�t�h�o�d� �t�o� �b�a�c�t�e�r�i�a�l� �t�a�x�a� �t�o� �d�e�f�i�n�e� �t�h�e�i�r� �c�o�r�e� �g�e�n�e� 
�s�e�t�s�,� �a�n�d� �a�r�e� �n�o�w� �t�r�y�i�n�g� �t�o� �u�t�i�l�i�z�e� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �t�o� 
�c�h�a�r�a�c�t�e�r�i�z�e� �n�o�v�e�l� �g�e�n�o�m�i�c� �a�n�d� �m�e�t�a�g�e�n�o�m�i�c� �d�a�t�a�.

IV.  Development  of  a  workbench for 
comparative genomics 

�W�e� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �a� �c�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�i�c�s� �w�o�r�k�b�e�n�c�h� 
�n�a�m�e�d� �R�E�C�O�G� �(�R�e�s�e�a�r�c�h� �E�n�v�i�r�o�n�m�e�n�t� �f�o�r� �C�O�m�p�a�r�a�t�i�v�e� 
�G�e�n�o�m�i�c�s�)�,� �w�h�i�c�h� �a�i�m�s� �t�o� �e�x�t�e�n�d� �t�h�e� �c�u�r�r�e�n�t� �M�B�G�D� �s�y�s�t�e�m� 
�b�y� �i�n�c�o�r�p�o�r�a�t�i�n�g� �m�o�r�e� �a�d�v�a�n�c�e�d� �a�n�a�l�y�s�i�s� �f�u�n�c�t�i�o�n�a�l�i�t�i�e�s�.� �T�h�e� 
�c�e�n�t�r�a�l� �f�u�n�c�t�i�o�n� �o�f� �R�E�C�O�G� �i�s� �t�o� �d�i�s�p�l�a�y� �a�n�d� �m�a�n�i�p�u�l�a�t�e� �a� 
�l�a�r�g�e�-�s�c�a�l�e� �o�r�t�h�o�l�o�g� �t�a�b�l�e�.� �T�h�e� �o�r�t�h�o�l�o�g� �t�a�b�l�e� �v�i�e�w�e�r� �i�s� �a� 
�s�p�r�e�a�d�s�h�e�e�t� �l�i�k�e� �v�i�e�w�e�r� �t�h�a�t� �c�a�n� �d�i�s�p�l�a�y� �t�h�e� �e�n�t�i�r�e� �o�r�t�h�o�l�o�g� 
�t�a�b�l�e�,� �c�o�n�t�a�i�n�i�n�g� �m�o�r�e� �t�h�a�n� �a� �t�h�o�u�s�a�n�d� �g�e�n�o�m�e�s�.� �I�n� �R�E�C�O�G�,� 
�s�e�v�e�r�a�l� �b�a�s�i�c� �o�p�e�r�a�t�i�o�n�s� �o�n� �t�h�e� �o�r�t�h�o�l�o�g� �t�a�b�l�e� �a�r�e� �d�e�f�i�n�e�d�,� 
�w�h�i�c�h� �a�r�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �c�a�t�e�g�o�r�i�e�s� �s�u�c�h� �a�s� �f�i�l�t�e�r�i�n�g�,� �s�o�r�t�i�n�g�,� 
�a�n�d� �c�o�l�o�r�i�n�g�,� �a�n�d� �v�a�r�i�o�u�s� �c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�e�s� �c�a�n� �b�e� �d�o�n�e� 
�b�y� �c�o�m�b�i�n�i�n�g� �t�h�e�s�e� �b�a�s�i�c� �o�p�e�r�a�t�i�o�n�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �R�E�C�O�G� 
�a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �i�n�p�u�t� �a�r�b�i�t�r�a�r�y� �g�e�n�e� �p�r�o�p�e�r�t�i�e�s� �a�n�d� 
�c�o�m�p�a�r�e� �t�h�e�s�e� �p�r�o�p�e�r�t�i�e�s� �a�m�o�n�g� �o�r�t�h�o�l�o�g�s� �i�n� �v�a�r�i�o�u�s� 
�g�e�n�o�m�e�s�.� �W�e� �c�o�n�t�i�n�u�e� �t�o� �d�e�v�e�l�o�p� �t�h�e� �s�y�s�t�e�m� �a�n�d� �a�p�p�l�y� �i�t� �t�o� 
�v�a�r�i�o�u�s� �g�e�n�o�m�e� �c�o�m�p�a�r�i�s�o�n� �s�t�u�d�i�e�s� �u�n�d�e�r� �c�o�l�l�a�b�o�r�a�t�i�v�e� 
�r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s�.

V.  Ortholog data representation using 
Semantic Web technology to integrate 
various microbial databases

�O�r�t�h�o�l�o�g�y� �i�s� �a� �k�e�y� �t�o� �i�n�t�e�g�r�a�t�e� �k�n�o�w�l�e�d�g�e� �a�b�o�u�t� �v�a�r�i�o�u�s� 
�o�r�g�a�n�i�s�m�s� �t�h�r�o�u�g�h� �c�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�i�s�.� �M�o�r�e�o�v�e�r�,� 
�p�r�e�s�e�n�c�e��a�b�s�e�n�c�e� �o�f� �o�r�t�h�o�l�o�g�s� �i�n� �e�a�c�h� �g�e�n�o�m�e� �c�a�n� �b�e� �a�n� 
�i�m�p�o�r�t�a�n�t� �c�l�u�e� �t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �g�e�n�e� 
�f�u�n�c�t�i�o�n�s� �a�n�d� �s�p�e�c�i�e�s� �p�h�e�n�o�t�y�p�e��h�a�b�i�t�a�t�.� 
�W�e� �h�a�v�e� �c�o�n�s�t�r�u�c�t�e�d� �a�n� �o�r�t�h�o�l�o�g� �d�a�t�a�b�a�s�e� �u�s�i�n�g� �S�e�m�a�n�t�i�c� 
�W�e�b� �t�e�c�h�n�o�l�o�g�y�,� �a�i�m�i�n�g� �a�t� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �n�u�m�e�r�o�u�s� 
�g�e�n�o�m�i�c� �d�a�t�a� �a�n�d� �v�a�r�i�o�u�s� �t�y�p�e�s� �o�f� �b�i�o�l�o�g�i�c�a�l� �i�n�f�o�r�m�a�t�i�o�n�.� �T�o� 
�f�o�r�m�a�l�i�z�e� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �o�r�t�h�o�l�o�g� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �t�h�e� 
�S�e�m�a�n�t�i�c� �W�e�b�,� �w�e� �h�a�v�e� �c�o�n�s�t�r�u�c�t�e�d� �t�h�e� �O�r�t�h�o�l�o�g� �O�n�t�o�l�o�g�y� 
�(�O�r�t�h�O�)�.� �W�h�i�l�e� �t�h�e� �O�r�t�h�O� �i�s� �a� �c�o�m�p�a�c�t� �o�n�t�o�l�o�g�y� �f�o�r� �g�e�n�e�r�a�l� 
�u�s�e�,� �i�t� �i�s� �d�e�s�i�g�n�e�d� �t�o� �b�e� �e�x�t�e�n�d�e�d� �t�o� �t�h�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� 
�d�a�t�a�b�a�s�e�-�s�p�e�c�i�f�i�c� �c�o�n�c�e�p�t�s�.� �O�n� �t�h�e� �b�a�s�i�s� �o�f� �O�r�t�h�O�,� �w�e� 
�d�e�s�c�r�i�b�e�d� �t�h�e� �o�r�t�h�o�l�o�g� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �M�B�G�D� �i�n� �t�h�e� �f�o�r�m� 
�o�f� �R�e�s�o�u�r�c�e� �D�e�s�c�r�i�p�t�i�o�n� �F�r�a�m�e�w�o�r�k� �(�R�D�F�)� �a�n�d� �m�a�d�e� �i�t� 
�a�v�a�i�l�a�b�l�e� �t�h�r�o�u�g�h� �t�h�e� �S�P�A�R4�L� �e�n�d�p�o�i�n�t�,� �w�h�i�c�h� �a�c�c�e�p�t�s� 
�a�r�b�i�t�r�a�r�y� �q�u�e�r�i�e�s� �s�p�e�c�i�f�i�e�d� �b�y� �u�s�e�r�s�.� �I�n� �t�h�i�s� �f�r�a�m�e�w�o�r�k� �b�a�s�e�d� 
�o�n� �t�h�e� �O�r�t�h�O�,� �t�h�e� �b�i�o�l�o�g�i�c�a�l� �d�a�t�a� �o�f� �d�i�f�f�e�r�e�n�t� �o�r�g�a�n�i�s�m�s� �c�a�n� 
�b�e� �i�n�t�e�g�r�a�t�e�d� �u�s�i�n�g� �t�h�e� �o�r�t�h�o�l�o�g� �i�n�f�o�r�m�a�t�i�o�n� �a�s� �a� �h�u�b�.
�T�h�i�s� �i�s� �p�a�r�t� �o�f� �t�h�e� �M�i�c�r�o�b�e�D�B� �p�r�o�j�e�c�t�,� �a� �c�o�l�l�a�b�o�r�a�t�i�v�e� 
�p�r�o�j�e�c�t� �u�n�d�e�r� �t�h�e� �N�a�t�i�o�n�a�l� �B�i�o�s�c�i�e�n�c�e� �D�a�t�a�b�a�s�e� �C�e�n�t�e�r�.

VI.  Identification of mobile genes and its 
application to characterizing H. pylori pan-
genome repertoire

�G�e�n�e� �c�o�n�t�e�n�t�s� �o�f� �t�h�e� �s�a�m�e� �b�a�c�t�e�r�i�a�l� �s�p�e�c�i�e�s� �c�a�n� �h�a�v�e� �g�r�e�a�t� 
�v�a�r�i�a�t�i�o�n� �a�n�d� �t�h�u�s� �t�h�e� �w�h�o�l�e� �r�e�p�e�r�t�o�i�r�e� �o�f� �g�e�n�e�s� �i�n� �a� �b�a�c�t�e�r�i�a�l� 
�s�p�e�c�i�e�s�,� �t�e�r�m�e�d� �t�h�e� �p�a�n�-�g�e�n�o�m�e�,� �c�a�n� �b�e� �v�e�r�y� �l�a�r�g�e�.� �W�e� 
�a�n�a�l�y�z�e�d� �t�h�e� �p�a�n�-�g�e�n�o�m�e� �i�d�e�n�t�i�f�i�e�d� �a�m�o�n�g� ��0� �s�t�r�a�i�n�s� �o�f� �t�h�e� 
�h�u�m�a�n� �g�a�s�t�r�i�c� �p�a�t�h�o�g�e�n� Helicobacter pylori �i�s�o�l�a�t�e�d� �f�r�o�m� 
�v�a�r�i�o�u�s� �p�h�y�l�o�g�e�o�g�r�a�p�h�i�c�a�l� �g�r�o�u�p�s�.� �F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� �w�e� 
�d�e�v�e�l�o�p�e�d� �a� �m�e�t�h�o�d� �t�o� �d�e�f�i�n�e� �m�o�b�i�l�i�t�y� �o�f� �g�e�n�e�s� �a�g�a�i�n�s�t� �t�h�e� 
�r�e�f�e�r�e�n�c�e� �c�o�o�r�d�i�n�a�t�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �c�o�r�e� �a�l�i�g�n�m�e�n�t� 
�c�r�e�a�t�e�d� �b�y� �C�o�r�e�A�l�i�g�n�e�r�,� �a�n�d� �c�l�a�s�s�i�f�i�e�d� �e�a�c�h� �a�c�c�e�s�s�o�r�y� �g�e�n�e� 
�i�n�t�o� �m�o�b�i�l�i�t�y� �c�l�a�s�s�e�s�.� �W�e� �a�l�s�o� �i�d�e�n�t�i�f�i�e�d� �c�o�-�o�c�c�u�r�r�i�n�g� �g�e�n�e� 
�c�l�u�s�t�e�r�s� �u�s�i�n�g� �p�h�y�l�o�g�e�n�e�t�i�c� �p�a�t�t�e�r�n� �c�l�u�s�t�e�r�i�n�g� �c�o�m�b�i�n�e�d� �w�i�t�h� 
�n�e�i�g�h�b�o�r�i�n�g� �g�e�n�e� �c�l�u�s�t�e�r�i�n�g� �i�m�p�l�e�m�e�n�t�e�d� �i�n� �t�h�e� �R�E�C�O�G� 
�s�y�s�t�e�m�.� �O�n� �t�h�e� �b�a�s�i�s� �o�f� �t�h�e�s�e� �a�n�a�l�y�s�e�s�,� �w�e� �i�d�e�n�t�i�f�i�e�d� �s�e�v�e�r�a�l� 
�g�e�n�e� �c�l�u�s�t�e�r�s� �c�o�n�s�e�r�v�e�d� �a�m�o�n�g� H. pylori� �s�t�r�a�i�n�s� �t�h�a�t� �w�e�r�e� 
�c�h�a�r�a�c�t�e�r�i�z�e�d� �a�s� �m�o�b�i�l�e� �o�r� �n�o�n�-�m�o�b�i�l�e�.� �T�h�i�s� �w�o�r�k� �i�s� �i�n� 
�c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �P�r�o�f�.� �K�o�b�a�y�a�s�h�i�,� �U�n�i�v�.� �T�o�k�y�o�.
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�O�u�r� �l�a�b�o�r�a�t�o�r�y� �i�s� �c�u�r�r�e�n�t�l�y� �p�u�r�s�u�i�n�g� �t�w�o� �p�a�t�h�s� �o�f� �s�c�i�e�n�t�i�f�i�c� 
�i�n�q�u�i�r�y� �t�h�a�t� �a�r�e� �o�f� �i�n�t�e�r�e�s�t� �t�o� �d�e�v�e�l�o�p�m�e�n�t�a�l� �b�i�o�l�o�g�y�.� �O�n�e� 
�g�o�a�l� �i�s� �t�o� �c�l�a�r�i�f�y� �t�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �l�e�f�t�-�r�i�g�h�t� �(�L�-�R�)� 
�d�e�t�e�r�m�i�n�a�t�i�o�n�.� �T�h�e� �o�t�h�e�r� �i�s� �t�o� �d�e�v�e�l�o�p� �i�m�a�g�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s� 
�f�o�r� �b�i�o�l�o�g�i�c�a�l� �a�n�a�l�y�s�e�s�.� 

I. Initial step for left-right asymmetry
�I�n� �m�a�m�m�a�l�i�a�n� �d�e�v�e�l�o�p�m�e�n�t�,� �t�h�e� �i�n�i�t�i�a�l� �l�e�f�t�-�r�i�g�h�t� �a�s�y�m�m�e�t�r�y� 
�f�i�r�s�t� �a�p�p�e�a�r�s� �a�s� �c�i�l�i�a�-�d�r�i�v�e�n� �l�e�f�t�w�a�r�d� �f�l�u�i�d� �f�l�o�w� �o�n� �t�h�e� �v�e�n�t�r�a�l� 
�s�u�r�f�a�c�e� �o�f� �t�h�e� �n�o�d�e�,� �a�n�d� �t�h�e� �f�l�o�w� �p�r�o�v�i�d�e�s� �t�h�e� �i�n�i�t�i�a�l� �c�u�e� �f�o�r� 
�a�s�y�m�m�e�t�r�i�c� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n�s� �t�h�a�t� �a�c�t�u�a�l�l�y� �d�e�t�e�r�m�i�n�e� 
�a�s�y�m�m�e�t�r�i�c� �m�o�r�p�h�o�g�e�n�e�s�i�s�.� �T�h�e� �m�e�c�h�a�n�i�s�m�s� �t�h�a�t� �c�o�n�v�e�r�t� 
�t�h�e� �f�l�o�w� �t�o� �a�s�y�m�m�e�t�r�i�c� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n�,� �i�.�e�.� �t�h�e� �f�l�o�w� �s�e�n�s�i�n�g� 
�m�e�c�h�a�n�i�s�m�,� �r�e�m�a�i�n�s� �c�o�n�t�r�o�v�e�r�s�i�a�l�,� �w�i�t�h� �s�e�v�e�r�a�l� �m�o�d�e�l�s� 
�b�e�i�n�g� �p�r�o�p�o�s�e�d�,� �a�n�d� �i�n�v�o�l�v�e�m�e�n�t� �o�f� �C�a�2�� �b�e�i�n�g� �s�u�g�g�e�s�t�e�d�.
�W�e� �p�u�r�s�u�e�d� �t�h�i�s� �q�u�e�s�t�i�o�n� �b�y� �m�e�a�s�u�r�i�n�g� �C�a�2�� �d�y�n�a�m�i�c�s� �i�n� 
�t�h�e� �n�o�d�e� �a�n�d� �f�o�u�n�d� �t�h�a�t� �t�h�e� �n�o�d�e� �c�e�l�l�s� �c�a�u�s�e� �a�p�p�a�r�e�n�t�l�y� 
�s�t�o�c�h�a�s�t�i�c� �e�l�e�v�a�t�i�o�n� �o�f� �C�a�2��,� �a�n�d� �i�t�s� �s�p�a�t�i�o�t�e�m�p�o�r�a�l� 
�d�i�s�t�r�i�b�u�t�i�o�n� �i�s� �e�q�u�a�l� �a�t� �t�h�e� �l�e�f�t� �a�n�d� �r�i�g�h�t� �s�i�d�e�s� �b�u�t� �b�e�c�o�m�e�s� 
�m�o�r�e� �f�r�e�q�u�e�n�t� �a�t� �t�h�e� �l�e�f�t� �a�f�t�e�r� �l�a�t�e� �h�e�a�d�f�o�l�d� �s�t�a�g�e�,� �w�h�e�n� �t�h�e� 
�f�l�o�w�-�i�n�d�u�c�e�d� �c�o�m�m�i�t�m�e�n�t� �o�c�c�u�r�s�.� �T�h�i�s� �a�s�y�m�m�e�t�r�y� �w�a�s� 
�d�i�s�r�u�p�t�e�d� �i�n� �d�y�n�e�i�n� �m�u�t�a�n�t� iv/iv� �a�n�d� pkd2-/-� �m�u�t�a�n�t�s�,� �i�n� 
�a�c�c�o�r�d�a�n�c�e� �t�o� �t�h�e�i�r� �l�e�f�t�-�r�i�g�h�t� �p�h�e�n�o�t�y�p�e�s�.� 

�F�i�g�u�r�e� �1�.� �L�e�f�t�� �D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �C�a�2�� �e�l�e�v�a�t�i�o�n� �i�n� �a� �2�-�s�o�m�i�t�e� �w�i�l�d�-�t�y�p�e� 
�n�o�d�e�.� �R�i�g�h�t�� �T�i�m�e� �c�o�u�r�s�e� �o�f� �C�a�2�� �e�l�e�v�a�t�i�o�n� �f�r�e�q�u�e�n�c�y� �a�t� �t�h�e� �l�e�f�t� �a�n�d� �t�h�e� 
�r�i�g�h�t� �s�i�d�e�s�.

�D�u�r�i�n�g� �t�h�e� �a�n�a�l�y�s�i�s� �w�e� �g�e�n�e�r�a�t�e�d� �t�r�a�n�s�g�e�n�i�c� �l�i�n�e�s� �c�a�r�r�y�i�n�g� 
�u�l�t�r�a�s�e�n�s�i�t�i�v�e� �C�a�2�� �s�e�n�s�o�r� �p�r�o�t�e�i�n�s�.� �W�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e�s�e� 
�l�i�n�e�s� �a�r�e� �u�s�e�f�u�l� �f�o�r� �v�i�s�u�a�l�i�z�i�n�g� �C�a�2�� �d�y�n�a�m�i�c�s� �o�f� �a�d�u�l�t� 
�t�i�s�s�u�e�s�,� �w�h�i�l�e� �t�h�e�y� �d�i�d� �n�o�t� �w�o�r�k� �i�n� �t�h�e� �e�m�b�r�y�o�n�i�c� �t�i�s�s�u�e�s�.

II. Development of light-sheet microscopy
�L�i�g�h�t�-�s�h�e�e�t� �m�i�c�r�o�s�c�o�p�y� �h�a�s� �m�a�n�y� �a�d�v�a�n�t�a�g�e�s� �f�o�r� �l�i�v�e� 
�i�m�a�g�i�n�g� �i�n�c�l�u�d�i�n�g� �l�o�w� �p�h�o�t�o�b�l�e�a�c�h�i�n�g� �a�n�d� �p�h�o�t�o�t�o�x�i�c�i�t�y�,� 
�h�i�g�h� �p�e�n�e�t�r�a�t�i�o�n� �d�e�p�t�h�,� �a�n�d� �f�a�s�t� �i�m�a�g�i�n�g� �a�c�q�u�i�s�i�t�i�o�n�.� �T�h�i�s� 
�m�e�t�h�o�d� �a�l�s�o� �h�a�s� �p�e�c�u�l�i�a�r� �d�i�s�a�d�v�a�n�t�a�g�e�s�,� �h�o�w�e�v�e�r�.� 
�S�p�e�c�i�f�i�c�a�l�l�y� �s�c�a�t�t�e�r�i�n�g� �o�f� �e�x�c�i�t�a�t�i�o�n� �l�i�g�h�t� �w�i�t�h�i�n� �t�h�e� �s�p�e�c�i�m�e�n� 
�a�n�d� �i�l�l�u�m�i�n�a�t�i�o�n� �o�f� �a�r�e�a�s� �b�e�s�i�d�e�s� �t�h�e� �f�o�c�a�l� �p�l�a�n�e�,� �a�n�d� 

�d�e�t�e�r�i�o�r�a�t�i�o�n� �o�f� �c�o�n�t�r�a�s�t�.� �A� �s�o�l�u�t�i�o�n� �t�o� �t�h�e�s�e� �p�r�o�b�l�e�m�s� �i�s� 
�c�o�m�b�i�n�i�n�g� �L�i�g�h�t�-�s�h�e�e�t� �m�i�c�r�o�s�c�o�p�y� �w�i�t�h� �t�w�o�-�p�h�o�t�o�n� 
�e�x�c�i�t�a�t�i�o�n� �(�T�P�E�)�,� �b�u�t� �t�h�i�s� �r�e�s�u�l�t�s� �i�n� �a� �n�a�r�r�o�w� �f�i�e�l�d� �o�f� �v�i�e�w�,� 
�b�e�c�a�u�s�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �T�P�E� �i�m�a�g�e�s� �r�e�q�u�i�r�e�s� �v�e�r�y� �h�i�g�h� �p�h�o�t�o�n� 
�d�e�n�s�i�t�y�,� �i�.�e�.� �f�o�c�u�s�i�n�g� �w�i�t�h� �a� �h�i�g�h� �n�u�m�e�r�i�c�a�l� �a�p�e�r�t�u�r�e� �(�N�A�)� 
�l�e�n�s�.� 
�W�e� �u�t�i�l�i�z�e�d� �a� �n�e�w� �f�i�b�e�r� �l�a�s�e�r� �w�i�t�h� �h�i�g�h� �p�e�a�k� �p�o�w�e�r� �t�o� 
�o�v�e�r�c�o�m�e� �t�h�i�s� �p�r�o�b�l�e�m�,� �a�n�d� �e�n�a�b�l�e�d� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �l�a�r�g�e�r� 
�s�p�e�c�i�m�e�n�s� �u�s�i�n�g� �a� �h�y�b�r�i�d� �T�P�E� �l�i�g�h�t�-�s�h�e�e�t� �m�i�c�r�o�s�c�o�p�e�.
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�A� �f�u�n�d�a�m�e�n�t�a�l� �q�u�e�s�t�i�o�n� �i�n� �b�i�o�l�o�g�y� �i�s� �t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� 
�m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �c�e�l�l�-�f�a�t�e� �d�e�c�i�s�i�o�n�.� �G�e�n�o�m�i�c� 
�r�e�p�r�o�g�r�a�m�m�i�n�g� �a�f�t�e�r� �m�a�m�m�a�l�i�a�n� �f�e�r�t�i�l�i�z�a�t�i�o�n� �r�e�v�e�r�t�s� 
�t�e�r�m�i�n�a�l�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �g�a�m�e�t�e�s� �i�n�t�o� �t�o�t�i�-� �o�r� �p�l�u�r�i�-�p�o�t�e�n�t� 
�s�t�a�t�e�s� �t�o� �s�t�a�r�t� �a� �n�e�w� �d�e�v�e�l�o�p�m�e�n�t�a�l� �p�r�o�g�r�a�m�.� �C�e�l�l� �l�i�n�e�a�g�e� 
�a�l�l�o�c�a�t�i�o�n� �i�n� �t�h�e� �r�e�p�r�o�g�r�a�m�m�i�n�g� �p�r�o�c�e�s�s� �i�s� �a�c�c�o�m�p�a�n�i�e�d� �b�y� 
�d�r�a�s�t�i�c� �c�h�a�n�g�e�s� �i�n� �t�h�e� �p�a�t�t�e�r�n� �o�f� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n�,� �e�p�i�g�e�n�e�t�i�c� 
�c�o�n�f�i�g�u�r�a�t�i�o�n�s�,� �a�n�d� �n�u�c�l�e�a�r� �o�r�g�a�n�i�z�a�t�i�o�n�.� �W�e� �a�i�m� �t�o� �r�e�v�e�a�l� 
�t�h�e� �r�o�l�e�s� �o�f� �c�h�r�o�m�a�t�i�n� �d�y�n�a�m�i�c�s� �i�n� �c�e�l�l� �l�i�n�e�a�g�e�-�a�l�l�o�c�a�t�i�o�n� �b�y� 
�d�e�c�i�p�h�e�r�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� �u�n�d�e�r�l�y�i�n�g� 
�r�e�m�o�d�e�l�i�n�g� �o�f� �n�u�c�l�e�a�r� �o�r�g�a�n�i�z�a�t�i�o�n� �a�n�d� �t�h�e�i�r� �e�f�f�e�c�t�s� �o�n� 
�d�e�v�e�l�o�p�m�e�n�t�a�l� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n�,� �u�s�i�n�g� �m�o�u�s�e� �e�m�b�r�y�o�s� �a�n�d� 
�e�m�b�r�y�o�n�i�c� �s�t�e�m� �(�E�S�)� �c�e�l�l�s� �a�s� �m�o�d�e�l� �s�y�s�t�e�m�s�.

I.  Epigenetic reprogramming in early mouse 
embryos.

�G�e�n�o�m�i�c� �r�e�p�r�o�g�r�a�m�m�i�n�g� �r�e�v�e�r�t�s� �f�u�l�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �c�e�l�l�s� �t�o� 
�a� �t�o�t�i�p�o�t�e�n�t� �s�t�a�t�e� �t�o� �s�t�a�r�t� �a� �n�e�w� �d�e�v�e�l�o�p�m�e�n�t�a�l� �p�r�o�g�r�a�m�.� �I�n� 
�t�h�e� �e�a�r�l�y� �m�o�u�s�e� �e�m�b�r�y�o�,� �t�e�r�m�i�n�a�l�l�y� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �g�a�m�e�t�e�s� 
�a�r�e� �r�e�p�r�o�g�r�a�m�m�e�d� �a�f�t�e�r� �f�e�r�t�i�l�i�z�a�t�i�o�n� �t�h�e�r�e�b�y� �a�c�q�u�i�r�i�n�g� �a� 
�t�o�t�i�p�o�t�e�n�t� �s�t�a�t�e�.� �U�p�o�n� �t�h�e� �f�o�u�r�t�h� �c�l�e�a�v�a�g�e�,� ��-�c�e�l�l� �s�t�a�g�e� 
�e�m�b�r�y�o�s�,� �w�h�i�c�h� �h�a�v�e� �u�n�d�e�r�g�o�n�e� �t�h�e� �p�r�o�c�e�s�s� �o�f� �c�o�m�p�a�c�t�i�o�n�,� 
�w�i�l�l� �g�i�v�e� �r�i�s�e� �t�o� �t�h�e� �m�o�r�u�l�a� �(�F�i�g�u�r�e� �1�)�.� �T�h�e� �o�u�t�e�r� �c�e�l�l�s� �o�f� �t�h�e� 
�m�o�r�u�l�a� �w�i�l�l� �d�i�f�f�e�r�e�n�t�i�a�t�e� �i�n�t�o� �t�h�e� �e�p�i�t�h�e�l�i�a�l� �t�r�o�p�h�e�c�t�o�d�e�r�m� 
�(�T�E�)� �o�f� �t�h�e� �b�l�a�s�t�o�c�y�s�t�.� �T�h�e� �i�n�n�e�r� �c�e�l�l�s� �o�f� �t�h�e� �m�o�r�u�l�a� �w�i�l�l� 
�b�e�c�o�m�e� �t�h�e� �i�n�n�e�r� �c�e�l�l� �m�a�s�s� �(�I�C�M�)� �o�f� �t�h�e� �b�l�a�s�t�o�c�y�s�t�.� �T�h�e� �I�C�M� 
�s�u�b�s�e�q�u�e�n�t�l�y� �l�e�a�d�s� �t�o� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�w�o� �l�i�n�e�a�g�e�s�,� �e�p�i�b�l�a�s�t� 
�(�E�P�I�)� �a�n�d� �p�r�i�m�i�t�i�v�e� �e�n�d�o�d�e�r�m� �(�P�E�)�,� �w�i�t�h� �t�h�e� �f�o�r�m�e�r� 
�r�e�p�r�e�s�e�n�t�i�n�g� �p�l�u�r�i�p�o�t�e�n�c�y� �a�s� �i�t� �g�i�v�e�s� �r�i�s�e� �t�o� �t�h�e� �e�m�b�r�y�o� �i�t�s�e�l�f�.� 
�T�h�e� �r�e�p�r�o�g�r�a�m�m�i�n�g� �e�v�e�n�t� �i�s� �a�c�c�o�m�p�a�n�i�e�d� �b�y� �e�p�i�g�e�n�e�t�i�c� 
�m�o�d�i�f�i�c�a�t�i�o�n�s� �a�n�d� �c�h�a�n�g�e�s� �i�n� �c�h�r�o�m�a�t�i�n� �s�t�r�u�c�t�u�r�e�s� 
�t�h�r�o�u�g�h�o�u�t� �t�h�e� �e�m�b�r�y�o�,� �w�h�i�c�h� �a�r�e� �e�s�s�e�n�t�i�a�l� �f�o�r� �r�e�g�u�l�a�t�i�o�n� �o�f� 
�g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �i�n�v�o�l�v�e�d� �i�n� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�,� �a�n�d� 
�r�e�p�r�o�g�r�a�m�m�i�n�g� �o�f� �t�h�e� �E�P�I�.� 

�F�i�g�u�r�e� �1�.� �L�i�n�e�a�g�e� �a�l�l�o�c�a�t�i�o�n� �i�n� �m�o�u�s�e� �p�r�e�i�m�p�l�a�n�t�a�t�i�o�n� �d�e�v�e�l�o�p�m�e�n�t

II.  Remodeling of nuclear architecture in 
development

�C�h�r�o�m�a�t�i�n� �i�s� �o�r�g�a�n�i�z�e�d� �i�n� �a� �n�o�n�-�r�a�n�d�o�m� �f�a�s�h�i�o�n� �w�i�t�h�i�n� 
�t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �n�u�c�l�e�a�r� �s�p�a�c�e�.� �D�u�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t�a�l� 
�p�r�o�c�e�s�s�e�s�,� �n�u�c�l�e�a�r� �a�r�c�h�i�t�e�c�t�u�r�e� �i�s� �d�r�a�m�a�t�i�c�a�l�l�y� �r�e�c�o�n�s�t�r�u�c�t�e�d�,� 

�r�e�s�u�l�t�i�n�g� �i�n� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �c�e�l�l�-�t�y�p�e� �s�p�e�c�i�f�i�c� �n�u�c�l�e�a�r� 
�o�r�g�a�n�i�z�a�t�i�o�n�.� �D�e�f�e�c�t�s� �i�n� �s�t�r�u�c�t�u�r�a�l� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �n�u�c�l�e�u�s� 
�a�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �d�e�v�e�l�o�p�m�e�n�t�a�l� �a�b�e�r�r�a�t�i�o�n�s� �a�n�d� �s�e�v�e�r�a�l� 
�h�u�m�a�n� �d�i�s�e�a�s�e�s�.� �R�e�m�o�d�e�l�i�n�g� �o�f� �n�u�c�l�e�a�r� �a�r�c�h�i�t�e�c�t�u�r�e� �l�e�a�d�s� �t�o� 
�s�p�a�t�i�a�l� �a�r�r�a�n�g�e�m�e�n�t� �o�f� �g�e�n�e�s�,� �w�h�i�c�h� �c�o�u�l�d� �a�f�f�e�c�t� �g�e�n�o�m�e� 
�f�u�n�c�t�i�o�n�s� �i�n�c�l�u�d�i�n�g� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n�.� +�o�w�e�v�e�r�,� �r�e�g�u�l�a�t�o�r�y� 
�m�e�c�h�a�n�i�s�m�s� �u�n�d�e�r�l�y�i�n�g� �n�u�c�l�e�a�r� �r�e�o�r�g�a�n�i�z�a�t�i�o�n� �d�u�r�i�n�g� �c�e�l�l�-
�f�a�t�e� �d�e�c�i�s�i�o�n� �r�e�m�a�i�n�s� �l�a�r�g�e�l�y� �u�n�k�n�o�w�n�.

III. Chromatin structure
�S�p�a�t�i�o�t�e�m�p�o�r�a�l� �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �g�e�n�o�m�i�c� �D�N�A� �w�i�t�h�i�n� �t�h�e� 
�n�u�c�l�e�u�s� �i�s� �s�u�g�g�e�s�t�e�d� �a�s� �a�n� �e�m�e�r�g�i�n�g� �k�e�y� �p�l�a�y�e�r� �t�o� �r�e�g�u�l�a�t�e� 
�g�e�n�e� �e�x�p�r�e�s�s�i�o�n�.� �T�h�e� �d�e�v�e�l�o�p�m�e�n�t�a�l� �p�r�o�g�r�a�m� �a�c�c�o�m�p�a�n�i�e�s� 
�n�u�c�l�e�a�r� �r�e�m�o�d�e�l�i�n�g�,� �r�e�s�u�l�t�i�n�g� �i�n� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �c�e�l�l�-�t�y�p�e� 
�s�p�e�c�i�f�i�c� �n�u�c�l�e�a�r� �a�r�c�h�i�t�e�c�t�u�r�e�.� �F�i�r�s�t�l�y�,� �c�h�r�o�m�o�s�o�m�e�s� �a�r�e� 
�c�o�n�f�i�n�e�d� �i�n� �d�i�s�c�r�e�t�e� �n�u�c�l�e�a�r� �s�p�a�c�e�s�,� ´�c�h�r�o�m�o�s�o�m�e� �t�e�r�r�i�t�o�r�i�e�sµ� 
�(�F�i�g�u�r�e� �2�)�.� �W�i�t�h�i�n� �t�h�e�m�,� �f�u�r�t�h�e�r� �l�e�v�e�l�s� �o�f� ��D� �o�r�g�a�n�i�z�a�t�i�o�n�,� 
´�t�o�p�o�l�o�g�i�c�a�l�l�y� �a�s�s�o�c�i�a�t�i�n�g� �d�o�m�a�i�n�sµ� �(�T�A�D�s�)�,� �a�r�e� �o�b�s�e�r�v�e�d�.� 
�T�A�D�s� �c�a�n� �b�e� �d�e�f�i�n�e�d� �a�s� �l�i�n�e�a�r� �u�n�i�t�s� �o�f� �c�h�r�o�m�a�t�i�n� �c�o�n�t�a�i�n�i�n�g� 
�s�e�v�e�r�a�l� �g�e�n�e� �l�o�c�i�,� �a�n�d� �f�o�l�d� �a�s� �d�i�s�c�r�e�t�e� ��D� �s�t�r�u�c�t�u�r�e�s� �i�n� �w�h�i�c�h� 
�g�e�n�e� �l�o�c�i� �f�r�e�q�u�e�n�t�l�y� �i�n�t�e�r�a�c�t� �w�i�t�h� �e�a�c�h� �o�t�h�e�r�.� �R�e�c�e�n�t� �w�o�r�k�s� 
�h�a�v�e� �r�e�v�e�a�l�e�d� �t�h�a�t� �f�o�l�d�i�n�g� �o�f� ´�l�o�c�a�lµ� �c�h�r�o�m�a�t�i�n� �s�t�r�u�c�t�u�r�e�s� 
�s�u�c�h� �a�s� �e�n�h�a�n�c�e�r�-�p�r�o�m�o�t�e�r� �l�o�o�p�i�n�g� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 
�g�e�n�o�m�e� �f�u�n�c�t�i�o�n�s�.� �D�e�s�p�i�t�e� �t�h�e� �d�r�a�s�t�i�c� �c�h�a�n�g�e�s� �o�f� �t�h�e�s�e� 
�h�i�e�r�a�r�c�h�i�c�a�l� �c�h�r�o�m�a�t�i�n� �s�t�r�u�c�t�u�r�e�s�,� �t�h�e�i�r� �r�o�l�e� �i�n� �c�e�l�l�-�f�a�t�e� 
�d�e�c�i�s�i�o�n� �r�e�m�a�i�n�s� �l�a�r�g�e�l�y� �u�n�e�x�p�l�o�r�e�d�.

�F�i�g�u�r�e� �2�.� +�i�e�r�a�r�c�h�i�c�a�l� �c�h�r�o�m�a�t�i�n� �s�t�r�u�c�t�u�r�e� 

IV. Approach
�W�e� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �a� �p�o�w�e�r�f�u�l� �i�m�a�g�i�n�g� �t�e�c�h�n�o�l�o�g�y� �t�e�r�m�e�d� 
�T�A�L�E�-�m�e�d�i�a�t�e�d� �G�e�n�o�m�e� 9�i�s�u�a�l�i�z�a�t�i�o�n� �(�T�G9�)�,� �w�h�i�c�h� �a�l�l�o�w�s� 
�u�s� �t�o� �t�r�a�c�k� �s�p�e�c�i�f�i�c� �g�e�n�o�m�i�c� �s�e�q�u�e�n�c�e�s� �i�n� �l�i�v�i�n�g� �c�e�l�l�s� 
�(�M�i�y�a�n�a�r�i� �Y�,� �N�a�t�u�r�e� �S�t�r�u�c�t�u�r�a�l� 	� �M�o�l�e�c�u�l�a�r� �B�i�o�l�o�g�y�,� �2�0�1��)�.� 
�I�m�p�o�r�t�a�n�t�l�y�,� �t�h�i�s� �t�e�c�h�n�i�q�u�e� �i�s� �v�e�r�s�a�t�i�l�e� �a�n�d� �c�a�n� �b�e� �e�x�t�e�n�d�e�d� 
�t�o� � �a�l�l�o�w� �m�a�n�y� �r�o�b�u�s�t� �a�p�p�l�i�c�a�t�i�o�n�s�,� �w�h�i�c�h� �w�i�l�l� �b�e� �i�n�t�e�g�r�a�t�e�d� 
�i�n�t�o� �o�u�r� �s�t�u�d�y� �t�o� �m�a�n�i�p�u�l�a�t�e� �s�e�v�e�r�a�l� �g�e�n�o�m�e� �f�u�n�c�t�i�o�n�s�.� 
�B�a�s�e�d� �o�n� �n�e�w� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�,� �w�e� �a�i�m� �t�o� 
�u�n�d�e�r�s�t�a�n�d� �b�i�o�l�o�g�i�c�a�l� �r�o�l�e�s� �o�f� �c�h�r�o�m�a�t�i�n� �d�y�n�a�m�i�c�s� �i�n� �c�e�l�l�-
�f�a�t�e� �d�e�c�i�s�i�o�n�.� 
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�T�h�e� �N�I�B�B� �C�o�r�e� �R�e�s�e�a�r�c�h� �F�a�c�i�l�i�t�i�e�s� �w�e�r�e� �l�a�u�n�c�h�e�d� �i�n� �2�0�1�0� 
�t�o� �s�u�p�p�o�r�t� �b�a�s�i�c� �b�i�o�l�o�g�y� �r�e�s�e�a�r�c�h� �i�n� �N�I�B�B�.� �T�h�e�y� �c�o�n�s�i�s�t� �o�f� 
�t�h�r�e�e� �f�a�c�i�l�i�t�i�e�s� �t�h�a�t� �a�r�e� �d�e�v�e�l�o�p�i�n�g� �a�n�d� �p�r�o�v�i�d�i�n�g� �s�t�a�t�e�-�o�f�-�t�h�e�-
�a�r�t� �t�e�c�h�n�o�l�o�g�i�e�s� �t�o� �u�n�d�e�r�s�t�a�n�d� �b�i�o�l�o�g�i�c�a�l� �f�u�n�c�t�i�o�n�s� �t�h�r�o�u�g�h� 
�f�u�n�c�t�i�o�n�a�l� �g�e�n�o�m�i�c�s�,� �b�i�o�i�m�a�g�i�n�g� �a�n�d� �b�i�o�i�n�f�o�r�m�a�t�i�c�s�.� 
�T�h�e� �N�I�B�B� �C�o�r�e� �R�e�s�e�a�r�c�h� �F�a�c�i�l�i�t�i�e�s� �a�l�s�o� �a�c�t� �a�s� �a�n� 
�i�n�t�e�l�l�e�c�t�u�a�l� �h�u�b� �t�o� �p�r�o�m�o�t�e� �c�o�l�l�a�b�o�r�a�t�i�o�n� �a�m�o�n�g� �t�h�e� 
�r�e�s�e�a�r�c�h�e�r�s� �o�f� �N�I�B�B� �a�n�d� �o�t�h�e�r� �a�c�a�d�e�m�i�c� �i�n�s�t�i�t�u�t�i�o�n�s�.

�T�h�e� �F�u�n�c�t�i�o�n�a�l� �G�e�n�o�m�i�c�s� �F�a�c�i�l�i�t�y� �i�s� �a� �d�i�v�i�s�i�o�n� �o�f� �t�h�e� �N�I�B�B� 
�C�o�r�e� �R�e�s�e�a�r�c�h� �F�a�c�i�l�i�t�i�e�s� �a�n�d� �o�r�g�a�n�i�z�e�d� �j�o�i�n�t�l�y� �b�y� �N�I�B�B� �a�n�d� 
�N�I�P�S� �f�o�r� �p�r�o�m�o�t�i�n�g� �D�N�A� �a�n�d� �p�r�o�t�e�i�n� �s�t�u�d�i�e�s�.� �T�h�e� �f�a�c�i�l�i�t�y� 
�m�a�i�n�t�a�i�n�s� �a� �w�i�d�e� �a�r�r�a�y� �o�f� �c�o�r�e� �r�e�s�e�a�r�c�h� �e�q�u�i�p�m�e�n�t�,� �f�r�o�m� 
�s�t�a�n�d�a�r�d� �m�a�c�h�i�n�e�r�y� �l�i�k�e� �u�l�t�r�a�c�e�n�t�r�i�f�u�g�e�s� �t�o� �c�u�t�t�i�n�g� �e�d�g�e� �t�o�o�l�s� 
�s�u�c�h� �a�s� �n�e�x�t� �g�e�n�e�r�a�t�i�o�n� �D�N�A� �s�e�q�u�e�n�c�e�r�s�,� �w�h�i�c�h� �a�m�o�u�n�t� �t�o� 
��0� �d�i�f�f�e�r�e�n�t� �k�i�n�d�s� �o�f� �i�n�s�t�r�u�m�e�n�t�s�.� �T�h�e� �f�a�c�i�l�i�t�y� �i�s� �d�e�d�i�c�a�t�e�d� �t�o� 
�f�o�s�t�e�r�i�n�g� �c�o�l�l�a�b�o�r�a�t�i�o�n�s� �w�i�t�h� �r�e�s�e�a�r�c�h�e�r�s� �b�o�t�h� �o�f� �N�I�B�B� �a�n�d� 
�o�t�h�e�r� �a�c�a�d�e�m�i�c� �i�n�s�t�i�t�u�t�i�o�n�s� �w�o�r�l�d�w�i�d�e� �b�y� �p�r�o�v�i�d�i�n�g� �t�h�e�s�e� 
�t�o�o�l�s� �a�s� �w�e�l�l� �a�s� �e�x�p�e�r�t�i�s�e�.� �O�u�r� �c�u�r�r�e�n�t� �f�o�c�u�s� �i�s� �s�u�p�p�o�r�t�i�n�g� 
�f�u�n�c�t�i�o�n�a�l� �g�e�n�o�m�i�c�s� �w�o�r�k�s� �t�h�a�t� �u�t�i�l�i�z�e� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�e�r�s� 
�a�n�d� �D�N�A� �s�e�q�u�e�n�c�e�r�s�.� �W�e� �a�l�s�o� �a�c�t� �a�s� �a� �b�r�i�d�g�e� �b�e�t�w�e�e�n� 
�e�x�p�e�r�i�m�e�n�t�a�l� �b�i�o�l�o�g�y� �a�n�d� �b�i�o�i�n�f�o�r�m�a�t�i�c�s�.� 
�D�u�r�i�n�g� �2�0�1��,� �t�h�e� �F�u�n�c�t�i�o�n�a�l� �G�e�n�o�m�i�c�s� �F�a�c�i�l�i�t�y� �w�a�s� �l�a�r�g�e�l�y� 
�r�e�n�o�v�a�t�e�d�.� �F�o�r� � �e�x�a�m�p�l�e�,� �t�h�e� 9�i�s�i�t�o�r�s� �L�a�b� �a�n�d� �t�h�e� 9�i�s�i�t�o�r�s� 
�O�f�f�i�c�e� �w�e�r�e� �n�e�w�l�y� �d�e�s�i�g�n�e�d� �t�o� �p�r�o�m�o�t�e� �c�o�l�l�a�b�o�r�a�t�i�o�n� 
�p�r�o�j�e�c�t�s�.� 

Representative Instruments
Genomics
�T�h�e� �a�d�v�e�n�t� �o�f� �n�e�x�t�-�g�e�n�e�r�a�t�i�o�n� �s�e�q�u�e�n�c�i�n�g� �(�N�G�S�)� 
�t�e�c�h�n�o�l�o�g�i�e�s� �i�s� �t�r�a�n�s�f�o�r�m�i�n�g� �t�o�d�a�y�’�s� �b�i�o�l�o�g�y� �b�y� �u�l�t�r�a�-�h�i�g�h�-
�t�h�r�o�u�g�h�p�u�t� �D�N�A� �s�e�q�u�e�n�c�i�n�g�.� �U�t�i�l�i�z�i�n�g� �t�h�e� �S�O�L�i�D�5�5�0�0�x�l� 
�(�L�i�f�e� �t�e�c�h�n�o�l�o�g�i�e�s�)�,� +�i�S�e�q�2�5�0�0�,� +�i�S�e�q�1�5�0�0�,� �a�n�d� �M�i�S�e�q� 
�(�I�l�l�u�m�i�n�a�)�,� �t�h�e� �F�u�n�c�t�i�o�n�a�l� �G�e�n�o�m�i�c�s� �F�a�c�i�l�i�t�y� �i�s� �c�o�m�m�i�t�t�e�d� �t�o� 
�j�o�i�n�t� �r�e�s�e�a�r�c�h� �a�i�m�i�n�g� �t�o� �e�x�p�l�o�r�e� �o�t�h�e�r�w�i�s�e� �i�n�a�c�c�e�s�s�i�b�l�e� �n�e�w� 
�f�i�e�l�d�s� �i�n� �b�a�s�i�c� �b�i�o�l�o�g�y�.� 
�D�u�r�i�n�g� �2�0�1�� �w�e� �c�a�r�r�i�e�d� �o�u�t� ��� �N�G�S� �p�r�o�j�e�c�t�s� �i�n� 

�c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �N�I�B�B� �l�a�b�o�r�a�t�o�r�i�e�s� �a�s� �w�e�l�l� �a�s� �t�h�e� 
�r�e�s�e�a�r�c�h�e�r�s� �o�f� �o�t�h�e�r� �a�c�a�d�e�m�i�c� �i�n�s�t�i�t�u�t�i�o�n�s�.� �T�h�e�s�e� �p�r�o�j�e�c�t�s� 
�c�o�v�e�r� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �s�p�e�c�i�e�s� �(�b�a�c�t�e�r�i�a�,� �a�n�i�m�a�l�s�,� �p�l�a�n�t�s�,� �a�n�d� 
�h�u�m�a�n�s�)� �i�n�c�l�u�d�i�n�g� �b�o�t�h� �m�o�d�e�l� �a�n�d� �n�o�n�-�m�o�d�e�l� �o�r�g�a�n�i�s�m�s�,� 
�a�n�d� �v�a�r�i�o�u�s� �a�p�p�l�i�c�a�t�i�o�n�s� �s�u�c�h� �a�s� �g�e�n�o�m�i�c� �r�e�-�s�e�q�u�e�n�c�i�n�g�,� 
�R�N�A�-�s�e�q� �a�n�d� �C�h�I�P�-�s�e�q�.� 

Proteomics
�T�h�r�e�e� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�e�r� �a�n�d� �t�w�o� �p�r�o�t�e�i�n� 
�s�e�q�u�e�n�c�e�r�s�,� �a�s� �l�i�s�t�e�d� �b�e�l�o�w�,� �a�r�e� �u�s�e�d� �f�o�r� �p�r�o�t�e�o�m�e� �s�t�u�d�i�e�s� �i�n� 
�o�u�r� �f�a�c�i�l�i�t�y�.� �I�n� �2�0�1��,� �w�e� �a�n�a�l�y�z�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0�0� 
�s�a�m�p�l�e�s� �w�i�t�h� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�e�r�s� �a�n�d� �5�0� �s�a�m�p�l�e�s� �w�i�t�h� 
�p�r�o�t�e�i�n� �s�e�q�u�e�n�c�e�r�s�.� 
�-� �L�C�-�M�S� �(�A�B� �S�C�I�E;� �T�r�i�p�l�e�T�O�F� �5��0�0� �s�y�s�t�e�m�)
�-� �L�C�-�M�S� �(�T�h�e�r�m�o� �F�i�s�h�e�r� �S�C�I�E�N�T�I�F�I�C� �O�r�b�t�r�a�p� �E�l�i�t�e�)
�-� �M�A�L�D�I�-�T�O�F�-�M�S� �(�B�r�u�k�e�r� �D�a�l�t�o�n�i�c�s� �R�E�F�L�E;� �I�I�I�)
�-� �L�C�-4�-�T�O�F� �M�S� �(�W�a�t�e�r�s� 4�-�T�O�F� �P�r�e�m�i�e�r�)
�-� �P�r�o�t�e�i�n� �s�e�q�u�e�n�c�e�r� �(�A�B�I� �P�r�o�c�i�s�e� ���� +�T�� �A�B�I� �P�r�o�c�i�s�e� ���2� 
�c�L�C�)

Other analytical instruments
�-� �C�e�l�l� �s�o�r�t�e�r� �(�S�O�N�Y� �S+��0�0�)
�-� �B�i�o�i�m�a�g�i�n�g� �A�n�a�l�y�z�e�r� �(�F�u�j�i�f�i�l�m� �L�A�S� ��0�0�0� �m�i�n�i�� �G�E� 
�F�L�A��0�0�0�)
�-� �L�a�s�e�r� �C�a�p�t�u�r�e� �M�i�c�r�o�d�i�s�s�e�c�t�i�o�n� �S�y�s�t�e�m� �(�A�r�c�t�u�r�u�s� ;�T�)
�-� �D�N�A� �S�e�q�u�e�n�c�e�r� �(�A�B�I� �P�R�I�S�M� ��1�0�� �A�B�I� ��1��0�x�l�)
�-� �R�e�a�l� �T�i�m�e� �P�C�R� �(�A�B�I� ��5�0�0�)
�-� �U�l�t�r�a� �C�e�n�t�r�i�f�u�g�e� �(�B�e�c�k�m�a�n� ;�L�-��0;�P� �e�t�c�.�)� 
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Genome Informatics Training Course
�W�e� �o�r�g�a�n�i�z�e� �N�I�B�B� �G�e�n�o�m�e� �I�n�f�o�r�m�a�t�i�c�s� �T�r�a�i�n�i�n�g� �C�o�u�r�s�e�s� 
�e�v�e�r�y� �y�e�a�r�.� �I�n� �2�0�1��,� �w�e� �p�r�o�v�i�d�e�d� �t�w�o� �t�h�r�e�e�-�d�a�y� �t�r�a�i�n�i�n�g� 
�c�o�u�r�s�e�s� �o�n� �R�N�A�-�s�e�q� �d�a�t�a� �a�n�a�l�y�s�i�s�.� �T�h�e�s�e� �c�o�u�r�s�e�s� �a�r�e� 
�d�e�s�i�g�n�e�d� �t�o� �i�n�t�r�o�d�u�c�e� �t�h�e� �b�a�s�i�c� �k�n�o�w�l�e�d�g�e� �a�n�d� �s�k�i�l�l�s� �o�f� 
�b�i�o�i�n�f�o�r�m�a�t�i�c�s� �a�n�a�l�y�s�i�s� �t�o� �b�i�o�l�o�g�i�s�t�s� �w�h�o� �a�r�e� �n�o�t� �f�a�m�i�l�i�a�r� 
�w�i�t�h� �b�i�o�i�n�f�o�r�m�a�t�i�c�s�.

Publication List of Collaborative Research
〔Original papers〕

�� �B�l�a�n�k�e�n�b�u�r�g�,� �S�.�,� �B�a�l�f�a�n�z�,� �S�.�,� +�a�y�a�s�h�i�,� �Y�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� �M�i�u�r�a�,� �T�.�,� 
�B�a�u�m�a�n�n�,� �O�.�,� �B�a�u�m�a�n�n�,� �A�.�,� �a�n�d� �B�l�e�n�a�u�,� �W�.� �(�2�0�1��)�.� �C�o�c�k�r�o�a�c�h� 
�G�A�B�A�B� �r�e�c�e�p�t�o�r� �s�u�b�t�y�p�e�s�� �M�o�l�e�c�u�l�a�r� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�,� 
�p�h�a�r�m�a�c�o�l�o�g�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �a�n�d� �t�i�s�s�u�e� �d�i�s�t�r�i�b�u�t�i�o�n�.� �N�e�u�r�o�p�h�a�r�m�a�c�o�l�o�g�y�.� 
���,� �1���-�1���.

�� �F�u�r�u�t�a�,� �Y�.�,� �N�a�m�b�a�-�F�u�k�u�y�o�,� +�.�,� �S�h�i�b�a�t�a�,� �T�.�F�.�,� �N�i�s�h�i�y�a�m�a�,� �T�.�,� �S�h�i�g�e�n�o�b�u�,� 
�S�.�,� �S�u�z�u�k�i�,� �Y�.�,� �S�u�g�a�n�o�,� �S�.�,� +�a�s�e�b�e�,� �M�.�,� �a�n�d� � �K�o�b�a�y�a�s�h�i�,� �I�.� �(�2�0�1��)�.� 
�M�e�t�h�y�l�o�m�e� �d�i�v�e�r�s�i�f�i�c�a�t�i�o�n� �t�h�r�o�u�g�h� �c�h�a�n�g�e�s� �i�n� �D�N�A� �m�e�t�h�y�l�t�r�a�n�s�f�e�r�a�s�e� 
�s�e�q�u�e�n�c�e� �s�p�e�c�i�f�i�c�i�t�y�.� �P�L�o�S� �G�e�n�e�t�.� �1�0�,� �e�1�0�0��2��2�.

�� �I�s�h�i�d�a�,� �T�.�,� �T�a�b�a�t�a�,� �R�.�,� �Y�a�m�a�d�a�,� �M�.�,� �A�i�d�a�,� �M�.�,� �M�i�t�s�u�m�a�s�u�,� �K�.�,� �F�u�j�i�w�a�r�a�,� 
�M�.�,� �Y�a�m�a�g�u�c�h�i�,� �K�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� +�i�g�u�c�h�i�,� �M�.�,� �T�s�u�j�i�,� +�.�,� �S�h�i�m�a�m�o�t�o�,� 
�K�.�,� +�a�s�e�b�e�,� �M�.�,� �F�u�k�u�d�a�,� +�.�,� �a�n�d� �S�a�w�a�,� �S�.� �(�2�0�1��)�.� +�e�t�e�r�o�t�r�i�m�e�r�i�c� �G� 
�p�r�o�t�e�i�n�s� �c�o�n�t�r�o�l� �s�t�e�m� �c�e�l�l� �p�r�o�l�i�f�e�r�a�t�i�o�n� �t�h�r�o�u�g�h� �C�L�A9�A�T�A� �s�i�g�n�a�l�i�n�g� �i�n� 
�A�r�a�b�i�d�o�p�s�i�s�.� �E�M�B�O� �R�e�p�.� �5�,� �1�2�0�2�-�1�2�0��.

�� �K�a�i�w�a�,� �N�.�,� +�o�s�o�k�a�w�a�,� �T�.�,� �N�i�k�o�h�,� �N�.�,� �T�a�n�a�h�a�s�h�i�,� �M�.�,� �M�o�r�i�y�a�m�a�,� �M�.�,� 
�M�e�n�g�,� ;�.�-�Y�.�,� �M�a�e�d�a�,� �T�.�,� �Y�a�m�a�g�u�c�h�i�,� �K�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� �I�t�o�,� �M�.�,� �a�n�d� 
�F�u�k�a�t�s�u�,� �T�.� �(�2�0�1��)�.� �S�y�m�b�i�o�n�t�-�S�u�p�p�l�e�m�e�n�t�e�d� �M�a�t�e�r�n�a�l� �I�n�v�e�s�t�m�e�n�t� 
�U�n�d�e�r�p�i�n�n�i�n�g� +�o�s�t�’�s� �E�c�o�l�o�g�i�c�a�l� �A�d�a�p�t�a�t�i�o�n�.� �C�u�r�r�.� �B�i�o�l�.� �2��,� �2���5�-�2���0�.

�� �K�o�d�a�m�a�,� �Y�.�,� �S�u�z�u�k�i�,� +�.�,� �D�o�h�r�a�,� +�.�,� �S�u�g�i�i�,� �M�.�,� �K�i�t�a�z�u�m�e�,� �T�.�,� �Y�a�m�a�g�u�c�h�i�,� 
�K�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� �a�n�d� �F�u�j�i�s�h�i�m�a�,� �M�.� �(�2�0�1��)�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �g�e�n�e� 
�e�x�p�r�e�s�s�i�o�n� �o�f� �P�a�r�a�m�e�c�i�u�m� �b�u�r�s�a�r�i�a� �w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �C�h�l�o�r�e�l�l�a� 
�v�a�r�i�a�b�i�l�i�s� �s�y�m�b�i�o�n�t�s�.� �B�M�C� �G�e�n�o�m�i�c�s� �1�5�,� �1���.� 

�� �M�a�t�s�u�i�,� +�.�,� �T�a�k�a�h�a�s�h�i�,� �T�.�,� �M�u�r�a�y�a�m�a�,� �S�.�Y�.�,� �U�c�h�i�y�a�m�a�,� �I�.�,� �Y�a�m�a�g�u�c�h�i�,� 
�K�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� �M�a�t�s�u�m�o�t�o�,� �T�.�,� �K�a�w�a�k�u�b�o�,� �M�.�,� +�o�r�i�u�c�h�i�,� �K�.�,� �O�t�a�,� 
+�.�,� �O�s�a�k�i�,� �T�.�,� �K�a�m�i�y�a�,� �S�.�,� �S�m�e�t�,� �A�.�,� �F�l�a�h�o�u�,� �B�.�,� �D�u�c�a�t�e�l�l�e�,� �R�.�,� 
+�a�e�s�e�b�r�o�u�c�k�,� �F�.�,� �T�a�k�a�h�a�s�h�i�,� �S�.�,� �N�a�k�a�m�u�r�a�,� �S�.�,� �a�n�d� �N�a�k�a�m�u�r�a�,� �M�.� 
�(�2�0�1��)�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �n�e�w� �P�C�R� �p�r�i�m�e�r�s� �b�y� �c�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�i�c�s� 
�f�o�r� �t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� +�e�l�i�c�o�b�a�c�t�e�r� �s�u�i�s� �i�n� �g�a�s�t�r�i�c� �b�i�o�p�s�y� �s�p�e�c�i�m�e�n�s�.� 
+�e�l�i�c�o�b�a�c�t�e�r� �1��,� �2��0²�2��1�.

�� �N�i�s�h�i�m�u�r�a�,� �T�.�,� +�e�r�p�i�n�,� �A�.�,� �K�i�m�u�r�a�,� �T�.�,� +�a�r�a�,� �I�.�,� �K�a�w�a�s�a�k�i�,� �T�.�,� �N�a�k�a�m�u�r�a�,� 
�S�.�,� �Y�a�m�a�m�o�t�o�,� �Y�.�,� �S�a�i�t�o�,� �T�.�L�.�,� �Y�o�s�h�i�m�u�r�a�,� �J�.�,� �M�o�r�i�s�h�i�t�a�,� �S�.�,� �T�s�u�k�a�h�a�r�a�,� 
�T�.�,� �K�o�b�a�y�a�s�h�i�,� �S�.�,� �N�a�r�u�s�e�,� �K�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� �S�a�k�a�i�,� �N�.�,� �S�c�h�a�r�t�l�,� �M�.�,� �a�n�d� 
�T�a�n�a�k�a�,� �M�.� �(�2�0�1��)�.� �A�n�a�l�y�s�i�s� �o�f� �a� �n�o�v�e�l� �g�e�n�e�,� �S�d�g�c�,� �r�e�v�e�a�l�s� �s�e�x� 
�c�h�r�o�m�o�s�o�m�e�-�d�e�p�e�n�d�e�n�t� �d�i�f�f�e�r�e�n�c�e�s� �o�f� �m�e�d�a�k�a� �g�e�r�m� �c�e�l�l�s� �p�r�i�o�r� �t�o� 
�g�o�n�a�d� �f�o�r�m�a�t�i�o�n�.� �D�e�v�e�l�o�p�m�e�n�t� �1��1�,� �����-�����.

�� �U�e�h�a�r�a�,� �M�.�,� �W�a�n�g�,� �S�.�,� �K�a�m�i�y�a�,� �T�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� �Y�a�m�a�g�u�c�h�i�,� �K�.�,� 
�F�u�j�i�w�a�r�a�,� �T�.�,� �N�a�i�t�o�,� �S�.�,� �a�n�d� �T�a�k�a�n�o�,� �J�.� �(�2�0�1��)�.� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� 

�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �a�n� �a�r�a�b�i�d�o�p�s�i�s� �m�u�t�a�n�t� �w�i�t�h� �a�l�t�e�r�e�d� �l�o�c�a�l�i�z�a�t�i�o�n� �o�f� 
�N�I�P�5��1�,� �a� �p�l�a�s�m�a� �m�e�m�b�r�a�n�e� �b�o�r�i�c� �a�c�i�d� �c�h�a�n�n�e�l�,� �r�e�v�e�a�l�s� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t� 
�f�o�r� �D�-�g�a�l�a�c�t�o�s�e� �i�n� �e�n�d�o�m�e�m�b�r�a�n�e� �o�r�g�a�n�i�z�a�t�i�o�n�.� �P�l�a�n�t� �C�e�l�l� �P�h�y�s�i�o�l�.� �5�5�,� 
��0��-��1��.

�� �Y�o�s�h�i�d�a�,� �K�.�,� �M�a�k�i�n�o�,� �T�.�,� �Y�a�m�a�g�u�c�h�i�,� �K�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� +�a�s�e�b�e�,� �M�.�,� 
�K�a�w�a�t�a�,� �M�.�,� �K�u�m�e�,� �M�.�,� �M�o�r�i�,� �S�.�,� �P�e�i�c�h�e�l�,� �C�.�L�.�,� �T�o�y�o�d�a�,� �A�.�,� �F�u�j�i�y�a�m�a�,� 
�A�.�,� �a�n�d� �K�i�t�a�n�o�,� �J�.� �(�2�0�1��)�.� �S�e�x� �c�h�r�o�m�o�s�o�m�e� �t�u�r�n�o�v�e�r� �c�o�n�t�r�i�b�u�t�e�s� �t�o� 
�g�e�n�o�m�i�c� �d�i�v�e�r�g�e�n�c�e� �b�e�t�w�e�e�n� �i�n�c�i�p�i�e�n�t� �s�t�i�c�k�l�e�b�a�c�k� �s�p�e�c�i�e�s�.� �P�L�o�S� 
�G�e�n�e�t�.� �1�0�,� �e�1�0�0��2�2��.

Symbiogenomics
“Nothing, it seems, exists except as part of a network of 

interactions.” (Gilbert & Epel, 2008)

�E�v�e�r�y� �c�r�e�a�t�u�r�e� �o�n� �t�h�e� �e�a�r�t�h� �e�x�i�s�t�s� �a�m�o�n�g� �a� �n�e�t�w�o�r�k� �o�f� 
�v�a�r�i�o�u�s� �b�i�o�l�o�g�i�c�a�l� �i�n�t�e�r�a�c�t�i�o�n�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �m�a�n�y� 
�m�u�l�t�i�c�e�l�l�u�l�a�r� �o�r�g�a�n�i�s�m�s�,� �i�n�c�l�u�d�i�n�g� �h�u�m�a�n�s�,� �h�a�r�b�o�r� �s�y�m�b�i�o�t�i�c� 
�b�a�c�t�e�r�i�a� �i�n� �t�h�e�i�r� �b�o�d�i�e�s�� �s�o�m�e� �o�f� �t�h�e�m� �p�r�o�v�i�d�e� �t�h�e�i�r� �h�o�s�t�s� 
�w�i�t�h� �e�s�s�e�n�t�i�a�l� �n�u�t�r�i�e�n�t�s� �d�e�f�i�c�i�e�n�t� �i�n� �t�h�e� �h�o�s�t�’�s� �d�i�e�t� �a�n�d� �o�t�h�e�r�s� 
�d�i�g�e�s�t� �f�o�o�d�s� �i�n�d�i�g�e�s�t�i�b�l�e� �b�y� �t�h�e� �h�o�s�t� �a�l�o�n�e�.� �I�n� �s�p�i�t�e� �o�f� 
�n�u�m�e�r�o�u�s� �e�x�a�m�p�l�e�s� �o�f� �s�y�m�b�i�o�s�e�s� �a�n�d� �i�t�s� �i�n�t�r�i�g�u�i�n�g� 
�o�u�t�c�o�m�e�s�,� �t�h�e� �g�e�n�e�t�i�c� �a�n�d� �m�o�l�e�c�u�l�a�r� �b�a�s�i�s� �u�n�d�e�r�l�y�i�n�g� �t�h�e�s�e� 
�i�n�t�e�r�a�c�t�i�o�n�s� �r�e�m�a�i�n�s� �e�l�u�s�i�v�e�.� �T�h�e� �g�o�a�l� �o�f� �o�u�r� �g�r�o�u�p� �i�s� �t�o� 
�e�s�t�a�b�l�i�s�h� �a� �n�e�w� �i�n�t�e�r�d�i�s�c�i�p�l�i�n�a�r�y� �s�c�i�e�n�c�e� ´�S�y�m�b�i�o�g�e�n�o�m�i�c�sµ�,� 
�w�h�e�r�e� �w�e� �a�i�m� �t�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �n�e�t�w�o�r�k� �o�f� �b�i�o�l�o�g�i�c�a�l� 
�i�n�t�e�r�a�c�t�i�o�n�s� �a�t� �t�h�e� �m�o�l�e�c�u�l�a�r� �a�n�d� �g�e�n�e�t�i�c� �l�e�v�e�l�.� �T�o� �t�h�i�s� �e�n�d�,� 
�w�e� �t�a�k�e� �a�d�v�a�n�t�a�g�e� �o�f� �s�t�a�t�e�-�o�f�-�t�h�e�-�a�r�t� �g�e�n�o�m�i�c�s� �s�u�c�h� �a�s� �n�e�x�t�-
�g�e�n�e�r�a�t�i�o�n� �s�e�q�u�e�n�c�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s�.� � 

I.  Genomic revelations of a mutualism: the pea 
aphid and its obligate bacterial symbiont

�A�p�h�i�d� �s�p�e�c�i�e�s� �b�e�a�r� �i�n�t�r�a�c�e�l�l�u�l�a�r� �s�y�m�b�i�o�t�i�c� �b�a�c�t�e�r�i�a� �i�n� �t�h�e� 
�c�y�t�o�p�l�a�s�m� �o�f� �b�a�c�t�e�r�i�o�c�y�t�e�s�,� �s�p�e�c�i�a�l�i�z�e�d� �c�e�l�l�s� �f�o�r� �h�a�r�b�o�r�i�n�g� 
�t�h�e� �b�a�c�t�e�r�i�a�.� �T�h�e� �m�u�t�u�a�l�i�s�m� �i�s� �s�o� �o�b�l�i�g�a�t�e� �t�h�a�t� �n�e�i�t�h�e�r� �c�a�n� 
�r�e�p�r�o�d�u�c�e� �i�n�d�e�p�e�n�d�e�n�t�l�y�.� �T�h�e� ���� �M�b� �d�r�a�f�t� �g�e�n�o�m�e� 
�s�e�q�u�e�n�c�e� �o�f� �t�h�e� �p�e�a� �a�p�h�i�d�,� Acyrthosiphon pisum�,� �i�n� �c�o�n�s�o�r�t� 
�w�i�t�h� �t�h�a�t� �o�f� �b�a�c�t�e�r�i�a�l� �s�y�m�b�i�o�n�t� Buchnera aphidicola 
�i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �r�e�m�a�r�k�a�b�l�e� �i�n�t�e�r�d�e�p�e�n�d�e�n�c�y� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� 
�o�r�g�a�n�i�s�m�s�.� �G�e�n�e�t�i�c� �c�a�p�a�c�i�t�i�e�s� �o�f� �t�h�e� �p�e�a� �a�p�h�i�d� �a�n�d� �t�h�e� 
�s�y�m�b�i�o�n�t� �f�o�r� �a�m�i�n�o� �a�c�i�d� �b�i�o�s�y�n�t�h�e�s�i�s� �a�r�e� �c�o�m�p�l�e�m�e�n�t�a�r�y�.� 
�T�h�e� �g�e�n�o�m�e� �a�n�a�l�y�s�i�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e� �p�e�a� �a�p�h�i�d� �h�a�s� 
�u�n�d�e�r�g�o�n�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �g�e�n�e� �l�o�s�s�e�s� �a�n�d� �d�u�p�l�i�c�a�t�i�o�n�s�.� �T�h�e� 
�I�M�B� �a�n�t�i�b�a�c�t�e�r�i�a�l� �i�m�m�u�n�e� �p�a�t�h�w�a�y� �i�s� �m�i�s�s�i�n�g� �s�e�v�e�r�a�l� �c�r�i�t�i�c�a�l� 
�g�e�n�e�s�,� �w�h�i�c�h� �m�i�g�h�t� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �e�v�o�l�u�t�i�o�n�a�r�y� �s�u�c�c�e�s�s� �o�f� 
�a�p�h�i�d�s� �t�o� �o�b�t�a�i�n� �b�e�n�e�f�i�c�i�a�l� �s�y�m�b�i�o�n�t�s�.� �L�i�n�e�a�g�e�-�s�p�e�c�i�f�i�c� �g�e�n�e� 
�d�u�p�l�i�c�a�t�i�o�n�s� �h�a�v�e� �o�c�c�u�r�r�e�d� �i�n� �g�e�n�e�s� �i�n� �a� �b�r�o�a�d� �r�a�n�g�e� �o�f� 
�f�u�n�c�t�i�o�n�a�l� �c�a�t�e�g�o�r�i�e�s�,� �w�h�i�c�h� �i�n�c�l�u�d�e� �s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y�s�,� 
�m�i�R�N�A� �m�a�c�h�i�n�e�r�y�,� �c�h�r�o�m�a�t�i�n� �m�o�d�i�f�i�c�a�t�i�o�n� �a�n�d� �m�i�t�o�s�i�s�.� �T�h�e� 
�i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e�s�e� �d�u�p�l�i�c�a�t�i�o�n�s� �f�o�r� �s�y�m�b�i�o�s�i�s� �r�e�m�a�i�n�s� �t�o� �b�e� 
�d�e�t�e�r�m�i�n�e�d�.� �W�e� �f�o�u�n�d� �s�e�v�e�r�a�l� �i�n�s�t�a�n�c�e�s� �o�f� �l�a�t�e�r�a�l� �g�e�n�e� 
�t�r�a�n�s�f�e�r� �f�r�o�m� �b�a�c�t�e�r�i�a� �t�o� �t�h�e� �p�e�a� �a�p�h�i�d� �g�e�n�o�m�e�.� �S�o�m�e� �o�f� 

�F�i�g�u�r�e� ��.� �N�I�B�B� �G�e�n�o�m�e� �I�n�f�o�r�m�a�t�i�c�s� �T�r�a�i�n�i�n�g� �C�o�u�r�s�e
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�t�h�e�m� �a�r�e� �h�i�g�h�l�y� �e�x�p�r�e�s�s�e�d� �i�n� �b�a�c�t�e�r�i�o�c�y�t�e�s�.� 
�W�e� �r�e�c�e�n�t�l�y� �d�i�s�c�o�v�e�r�e�d� �a� �n�o�v�e�l� �c�l�a�s�s� �o�f� �g�e�n�e�s� �i�n� �t�h�e� �p�e�a� 
�a�p�h�i�d� �g�e�n�o�m�e� �t�h�a�t� �e�n�c�o�d�e� �s�m�a�l�l� �c�y�s�t�e�i�n�e�-�r�i�c�h� �p�r�o�t�e�i�n�s� �w�i�t�h� 
�s�e�c�r�e�t�i�o�n� �s�i�g�n�a�l�s� �t�h�a�t� �a�r�e� �e�x�p�r�e�s�s�e�d� �e�x�c�l�u�s�i�v�e�l�y� �i�n� 
�b�a�c�t�e�r�i�o�c�y�t�e�s� �o�f� �t�h�e� �p�e�a� �a�p�h�i�d�,� �a�n�d� �n�a�m�e�d� �t�h�e�s�e� �b�a�c�t�e�r�i�o�c�y�t�e�-
�s�p�e�c�i�f�i�c� �c�y�s�t�e�i�n�e�-�r�i�c�h� �p�r�o�t�e�i�n�s� �(�B�C�R�)�.� �T�h�e� �B�C�R� �m�R�N�A�s� �a�r�e� 
�f�i�r�s�t� �e�x�p�r�e�s�s�e�d� �a�t� �a� �d�e�v�e�l�o�p�m�e�n�t�a�l� �t�i�m�e� �p�o�i�n�t� �c�o�i�n�c�i�d�e�n�t� �w�i�t�h� 
�t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �s�y�m�b�i�o�n�t�s� �s�t�r�i�c�t�l�y� �i�n� �t�h�e� �c�e�l�l�s� �t�h�a�t� 
�c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �b�a�c�t�e�r�i�o�c�y�t�e� �a�n�d� �t�h�i�s� �b�a�c�t�e�r�i�o�c�y�t�e�-�s�p�e�c�i�f�i�c� 
�e�x�p�r�e�s�s�i�o�n� �i�s� �m�a�i�n�t�a�i�n�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �a�p�h�i�d�’�s� �l�i�f�e�.� �S�o�m�e� 
�B�C�R�s� �s�h�o�w�e�d� �a�n� �a�n�t�i�b�i�o�t�i�c� �a�c�t�i�v�i�t�y�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� 
�t�h�a�t� �B�C�R�s� �a�c�t� �w�i�t�h�i�n� �b�a�c�t�e�r�i�o�c�y�t�e�s� �t�o� �m�e�d�i�a�t�e� �t�h�e� �s�y�m�b�i�o�s�i�s� 
�w�i�t�h� �b�a�c�t�e�r�i�a�l� �s�y�m�b�i�o�n�t�s�,� �w�h�i�c�h� �i�s� �r�e�m�i�n�i�s�c�e�n�t� �o�f� �t�h�e� 
�c�y�s�t�e�i�n�e�-�r�i�c�h� �s�e�c�r�e�t�e�d� �p�r�o�t�e�i�n�s� �o�f� �l�e�g�u�m�i�n�o�u�s� �p�l�a�n�t�s� �t�h�a�t� �a�l�s�o� 
�r�e�g�u�l�a�t�e� �e�n�d�o�s�y�m�b�i�o�n�t�s�.� �E�m�p�l�o�y�m�e�n�t� �o�f� �s�m�a�l�l� �c�y�s�t�e�i�n�e�-�r�i�c�h� 
�p�e�p�t�i�d�e�s� �m�a�y� �b�e� �a� �c�o�m�m�o�n� �t�a�c�t�i�c� �o�f� �h�o�s�t� �e�u�k�a�r�y�o�t�e�s� �t�o� 
�m�a�n�i�p�u�l�a�t�e� �b�a�c�t�e�r�i�a�l� �s�y�m�b�i�o�n�t�s�.

Publication List
〔Original papers〕

�� �G�u�s�e�v�,� �O�.�,� �S�u�e�t�s�u�g�u�,� �Y�.�,� �C�o�r�n�e�t�t�e�,� �R�.�,� �K�a�w�a�s�h�i�m�a�,� �T�.�,� �L�o�g�a�c�h�e�v�a�,� 
�M�.�D�.�,� �K�o�n�d�r�a�s�h�o�v�,� �A�.�S�.�,� �P�e�n�i�n�,� �A�.�A�.�,� +�a�t�a�n�a�k�a�,� �R�.�,� �K�i�k�u�t�a�,� �S�.�,� 
�S�h�i�m�u�r�a�,� �S�.�,� �K�a�n�a�m�o�r�i�,� +�.�,� �K�a�t�a�y�o�s�e�,� �Y�.�,� �M�a�t�s�u�m�o�t�o�,� �T�.�,� 
�S�h�a�g�i�m�a�r�d�a�n�o�v�a�,� �E�.�,� �A�l�e�x�e�e�v�,� �D�.�,� �G�o�v�o�r�u�n�,� 9�.�,� �W�i�s�e�c�a�v�e�r�,� �J�.�,� 
�M�i�k�h�e�y�e�v�,� �A�.�,� �K�o�y�a�n�a�g�i�,� �R�.�,� �F�u�j�i�e�,� �M�.�,� �N�i�s�h�i�y�a�m�a�,� �T�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� 
�S�h�i�b�a�t�a�,� �T�.�F�.�,� �G�o�l�y�g�i�n�a�,� 9�.�,� +�a�s�e�b�e�,� �M�.�,� �O�k�u�d�a�,� �T�.�,� �S�a�t�o�h�,� �N�.�,� �a�n�d� 
�K�i�k�a�w�a�d�a�,� �T�.� �(�2�0�1��)�.� �C�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�e� �s�e�q�u�e�n�c�i�n�g� �r�e�v�e�a�l�s� �g�e�n�o�m�i�c� 
�s�i�g�n�a�t�u�r�e� �o�f� �e�x�t�r�e�m�e� �d�e�s�i�c�c�a�t�i�o�n� �t�o�l�e�r�a�n�c�e� �i�n� �t�h�e� �a�n�h�y�d�r�o�b�i�o�t�i�c� �m�i�d�g�e�.� 
�N�a�t�u�r�e� �C�o�m�m�u�n�.� �5�,� �����.

�� �K�a�i�w�a�,� �N�.�,� +�o�s�o�k�a�w�a�,� �T�.�,� �N�i�k�o�h�,� �N�.�,� �T�a�n�a�h�a�s�h�i�,� �M�.�,� �M�o�r�i�y�a�m�a�,� �M�.�,� 
�M�e�n�g�,� ;�.�-�Y�.�,� �M�a�e�d�a�,� �T�.�,� �Y�a�m�a�g�u�c�h�i�,� �K�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� �I�t�o�,� �M�.�,� �a�n�d� 
�F�u�k�a�t�s�u�,� �T�.� �(�2�0�1��)�.� �S�y�m�b�i�o�n�t�-�s�u�p�p�l�e�m�e�n�t�e�d� �m�a�t�e�r�n�a�l� �i�n�v�e�s�t�m�e�n�t� 
�u�n�d�e�r�p�i�n�n�i�n�g� �h�o�s�t�’�s� �e�c�o�l�o�g�i�c�a�l� �a�d�a�p�t�a�t�i�o�n�.� �C�u�r�r�.� �B�i�o�l�.� �2��,� �2���5�-�2���0�.

�� �K�o�d�a�m�a�,� �Y�.�,� �S�u�z�u�k�i�,� +�.�,� �D�o�h�r�a�,� +�.�,� �S�u�g�i�i�,� �M�.�,� �K�i�t�a�z�u�m�e�,� �T�.�,� �Y�a�m�a�g�u�c�h�i�,� 
�K�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� �a�n�d� �F�u�j�i�s�h�i�m�a�,� �M�.� �(�2�0�1��)�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �g�e�n�e� 
�e�x�p�r�e�s�s�i�o�n� �o�f� �P�a�r�a�m�e�c�i�u�m� �b�u�r�s�a�r�i�a� �w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �C�h�l�o�r�e�l�l�a� 
�v�a�r�i�a�b�i�l�i�s� �s�y�m�b�i�o�n�t�s�.� �B�M�C� �G�e�n�o�m�i�c�s� �1�5�,� �1���.

�� �T�a�k�e�s�h�i�t�a�,� �K�.�,� �S�h�i�b�a�t�a�,� �T�.�F�.�,� �N�i�k�o�h�,� �N�.�,� �N�i�s�h�i�y�a�m�a�,� �T�.�,� +�a�s�e�b�e�,� �M�.�,� 
�F�u�k�a�t�s�u�,� �T�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� �a�n�d� �K�i�k�u�c�h�i�,� �Y�.� �(�2�0�1��)�.� �W�h�o�l�e�-�g�e�n�o�m�e� 
�s�e�q�u�e�n�c�e� �o�f� �B�u�r�k�h�o�l�d�e�r�i�a� �s�p�.� �s�t�r�a�i�n� �R�P�E���,� �a� �b�a�c�t�e�r�i�a�l� �g�u�t� �s�y�m�b�i�o�n�t� �o�f� 
�t�h�e� �b�e�a�n� �b�u�g� �R�i�p�t�o�r�t�u�s� �p�e�d�e�s�t�r�i�s�.� �G�e�n�o�m�e� �A�n�n�o�u�n�c�.� �2�,� �e�0�0�5�5��-�1��.

〔Original paper (E-publication ahead of print)〕

�� �B�o�u�r�g�u�i�g�n�o�n�,� �T�.�,� �L�o�,� �N�.�,� �C�a�m�e�r�o�n�,� �S�.�L�.�,� �S�o�b�o�t�nt�k�,� �J�.�,� +�a�y�a�s�h�i�,� �Y�.�,� 
�S�h�i�g�e�n�o�b�u�,� �S�.�,� �W�a�t�a�n�a�b�e�,� �D�.�,� �R�o�i�s�i�n�,� �Y�.�,� �M�i�u�r�a�,� �T�.�,� �a�n�d� �E�v�a�n�s�,� �T�.�A�.� �T�h�e� 

�e�v�o�l�u�t�i�o�n�a�r�y� �h�i�s�t�o�r�y� �o�f� �t�e�r�m�i�t�e�s� �a�s� �i�n�f�e�r�r�e�d� �f�r�o�m� ��� �m�i�t�o�c�h�o�n�d�r�i�a�l� 
�g�e�n�o�m�e�s�.� �M�o�l�.� �B�i�o�l�.� �E�v�o�l�.� �2�0�1�� �N�o�v� �1�0�.

�T�h�e� �S�p�e�c�t�r�o�g�r�a�p�h�y� �a�n�d� �B�i�o�i�m�a�g�i�n�g� �F�a�c�i�l�i�t�y� �a�s�s�i�s�t�s� �b�o�t�h� 
�c�o�l�l�a�b�o�r�a�t�i�v�e� �a�n�d� �c�o�r�e� �r�e�s�e�a�r�c�h� �b�y� �m�a�n�a�g�i�n�g� �a�n�d� �m�a�i�n�t�a�i�n�i�n�g� 
�r�e�s�e�a�r�c�h� �t�o�o�l�s� �t�h�a�t� �u�s�e� ´�L�i�g�h�tµ�.� �T�h�e� �f�a�c�i�l�i�t�y� �a�l�s�o� �p�r�o�v�i�d�e�s� 
�t�e�c�h�n�i�c�a�l� �s�u�p�p�o�r�t� �t�h�r�o�u�g�h� �m�a�n�a�g�e�m�e�n�t� �o�f� �t�e�c�h�n�i�c�a�l� �s�t�a�f�f� 
�a�s�s�i�s�t�i�n�g� �i�n� �t�h�e� �a�d�v�a�n�c�e�m�e�n�t� �o�f� �c�o�l�l�a�b�o�r�a�t�i�v�e� �a�n�d� �c�o�r�e� 
�r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s�,� �a�s� �w�e�l�l� �a�s� �a�c�a�d�e�m�i�c� �s�u�p�p�o�r�t� �t�o� �r�e�s�e�a�r�c�h�e�r�s� 
�b�y� �D�r�.� �Y�.� �K�a�m�e�i� �(�r�e�f�e�r� �t�o� �t�h�e� �C�o�l�l�a�b�o�r�a�t�i�v�e� �R�e�s�e�a�r�c�h� �G�r�o�u�p� 
�R�e�s�e�a�r�c�h� �E�n�h�a�n�c�e�m�e�n�t� �S�t�r�a�t�e�g�y� �O�f�f�i�c�e� �s�e�c�t�i�o�n�)�.� �A�m�o�n�g� �i�t�s� 
�t�o�o�l�s� �a�r�e� �a�d�v�a�n�c�e�d� �m�i�c�r�o�s�c�o�p�e�s� �f�o�r� �b�i�o�l�o�g�y� �a�n�d� �t�h�e� �O�k�a�z�a�k�i� 
�L�a�r�g�e� �S�p�e�c�t�r�o�g�r�a�p�h� �f�o�r� �p�h�o�t�o�b�i�o�l�o�g�y�.� �T�h�e� �O�k�a�z�a�k�i� �L�a�r�g�e� 
�S�p�e�c�t�r�o�g�r�a�p�h� �i�s� �t�h�e� �w�o�r�l�d�’�s� �l�a�r�g�e�s�t� �w�i�d�e� �s�p�e�c�t�r�u�m� �e�x�p�o�s�u�r�e� 
�m�e�c�h�a�n�i�s�m�,� �c�a�p�a�b�l�e� �o�f� �p�r�o�d�u�c�i�n�g� �a� �r�a�n�g�e� �o�f� �w�a�v�e�l�e�n�g�t�h�s� 
�f�r�o�m� �2�5�0� �n�m� �(�u�l�t�r�a�v�i�o�l�e�t�)� �t�o� �1�,�0�0�0� �n�m� �(�i�n�f�r�a�r�e�d�)� �a�l�o�n�g� �i�t�s� �1�0� 
�m�e�t�e�r� �f�o�c�a�l � �c�u�r�v�e� � �a�l �l�o�w�i�n�g� �e�x�p�o�s�u�r�e� �t�o� �s�t�r�o�n�g� 
�m�o�n�o�c�h�r�o�m�a�t�i�c� �l�i�g�h�t�.� �T�h�e� �f�a�c�i�l�i�t�y�’�s� �m�i�c�r�o�s�c�o�p�e�s�,� �w�h�i�c�h� �a�r�e� 
�c�u�t�t�i�n�g� �e�d�g�e� �d�e�v�i�c�e�s� �s�u�c�h� �a�s� �c�o�n�f�o�c�a�l� �a�n�d� �m�u�l�t�i�-�p�h�o�t�o�n� 
�e�x�c�i�t�a�t�i�o�n� �m�i�c�r�o�s�c�o�p�e�s�,� �a�r�e� �u�s�e�d� �b�y� �b�o�t�h� �i�n�t�e�r�n�a�l� �a�n�d� 
�e�x�t�e�r�n�a�l� �r�e�s�e�a�r�c�h�e�r�s� �a�s� �v�i�t�a�l� �e�q�u�i�p�m�e�n�t� �f�o�r� �c�o�r�e� �a�n�d� 
�c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s�.

Representative Instruments:

Okazaki Large Spectrograph (OLS)
�T�h�e� �s�p�e�c�t�r�o�g�r�a�p�h� �r�u�n�s� �o�n� �a� ��0� �k�W� ;�e�n�o�n� �a�r�c� �l�a�m�p� �a�n�d� 
�p�r�o�j�e�c�t�s� �a� �w�a�v�e�l�e�n�g�t�h� �s�p�e�c�t�r�u�m� �f�r�o�m� �2�5�0� �n�m� �(�u�l�t�r�a�v�i�o�l�e�t�)� �t�o� 
�1�,�0�0�0� �n�m� �(�i�n�f�r�a�r�e�d�)� �o�n�t�o� �i�t�s� �1�0� �m� �f�o�c�a�l� �c�u�r�v�e� �w�i�t�h� �a�n� 
�i�n�t�e�n�s�i�t�y� �o�f� �m�o�n�o�c�h�r�o�m�a�t�i�c� �l�i�g�h�t� �a�t� �e�a�c�h� �w�a�v�e�l�e�n�g�t�h� �m�o�r�e� 
�t�h�a�n� �t�w�i�c�e� �a�s� �m�u�c�h� �a�s� �t�h�a�t� �o�f� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� 
�m�o�n�o�c�h�r�o�m�a�t�i�c� �c�o�m�p�o�n�e�n�t� �o�f� �t�r�o�p�i�c�a�l� �s�u�n�l�i�g�h�t� �a�t� �n�o�o�n� 
�(�W�a�t�a�n�a�b�e� et al�.�,� �P�h�o�t�o�c�h�e�m�.� �P�h�o�t�o�b�i�o�l�.� 36�,� ���1�-����,� �1���2�)�.� 

� � �F�i�g�u�r�e� �1�.� �P�e�a� �a�p�h�i�d�s� �a�n�d� �t�h�e� �b�a�c�t�e�r�i�a�l� �s�y�m�b�i�o�n�t�,� �B�u�c�h�n�e�r�a�.� �A�d�u�l�t� �a�p�h�i�d�s� 
�(�L�e�f�t�)�.� �A� �d�e�v�e�l�o�p�i�n�g� �v�i�v�i�p�a�r�o�u�s� �e�m�b�r�y�o� �w�h�i�c�h� �s�y�m�b�i�o�n�t�s� �a�r�e� �i�n�f�e�c�t�i�n�g� 
�(�R�i�g�h�t�)�.� �S�c�a�l�e� �b�a�r�  � �2�0�u�m�.� 
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Technical Staff: KONDO, Maki
  TANIGUCHI-SAIDA, Misako
 UCHIKAWA, Tamaki
Technical Assistant: ICHIKAWA, Chiaki
 ISHIKAWA, Azusa

�F�i�g�u�r�e� �1�.� �A�n� �e�x�a�m�p�l�e� �o�f� �e�x�p�e�r�i�m�e�n�t�s� �u�s�i�n�g� �t�h�e� �L�a�r�g�e� �S�p�e�c�t�r�o�g�r�a�p�h�.� 
9�a�r�i�o�u�s� �c�o�l�o�r� �r�a�y�s� �(�m�o�n�o�c�h�r�o�m�a�t�i�c� �l�i�g�h�t� �f�r�o�m� �r�i�g�h�t� �s�i�d�e� �a�n�d� �r�e�f�l�e�c�t�e�d� �b�y� 
�m�i�r�r�o�r�s�)� �w�e�r�e� �i�r�r�a�d�i�a�t�e�d� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �t�o� �s�a�m�p�l�e�s� �i�n� �c�o�o�l�i�n�g� �c�h�a�m�b�e�r�s�.
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�T�h�e� �s�p�e�c�t�r�o�g�r�a�p�h� �i�s� �d�e�d�i�c�a�t�e�d� �t�o� �a�c�t�i�o�n� �s�p�e�c�t�r�o�s�c�o�p�i�c�a�l� 
�s�t�u�d�i�e�s� �o�f� �v�a�r�i�o�u�s� �l�i�g�h�t�-�c�o�n�t�r�o�l�l�e�d� �b�i�o�l�o�g�i�c�a�l� �p�r�o�c�e�s�s�e�s�.
�T�h�e� �N�I�B�B� �C�o�l�l�a�b�o�r�a�t�i�v�e� �R�e�s�e�a�r�c�h� �P�r�o�g�r�a�m� �f�o�r� �t�h�e� �U�s�e� �o�f� 
�t�h�e� �O�L�S� �s�u�p�p�o�r�t�s� �a�b�o�u�t� �1�0� �p�r�o�j�e�c�t�s� �e�v�e�r�y� �y�e�a�r� �c�o�n�d�u�c�t�e�d� �b�y� 
�b�o�t�h� �v�i�s�i�t�i�n�g� �s�c�i�e�n�t�i�s�t�s�,� �i�n�c�l�u�d�i�n�g� �f�o�r�e�i�g�n� �r�e�s�e�a�r�c�h�e�r�s�,� �a�s� �w�e�l�l� 
�a�s� �t�h�o�s�e� �i�n� �N�I�B�B�.� 
�A�c�t�i�o�n� �s�p�e�c�t�r�o�s�c�o�p�i�c�a�l� �s�t�u�d�i�e�s� �f�o�r� �v�a�r�i�o�u�s� �r�e�g�u�l�a�t�o�r�y� �a�n�d� 
�d�a�m�a�g�i�n�g� �e�f�f�e�c�t�s� �o�f� �l�i�g�h�t� �o�n� �l�i�v�i�n�g� �o�r�g�a�n�i�s�m�s�,� �b�i�o�l�o�g�i�c�a�l� 
�m�o�l�e�c�u�l�e�s�,� �a�n�d� �a�r�t�i�f�i�c�i�a�l� �o�r�g�a�n�i�c� �m�o�l�e�c�u�l�e�s� �h�a�v�e� �b�e�e�n� 
�c�o�n�d�u�c�t�e�d�.� 

Microscopes
�T�h�i�s� �f�a�c�i�l�i�t�y� �a�l�s�o� �h�a�s� �B�i�o�i�m�a�g�i�n�g� �m�a�c�h�i�n�e�s� �s�u�c�h� �a�s� 
�w�i�d�e�f�i�e�l�d� �m�i�c�r�o�s�c�o�p�e�s� �(�O�l�y�m�p�u�s� �I;�-��1�,� �B;�-��� �a�n�d� 
�K�E�Y�E�N�C�E� �B=�-��0�0�0�)�,� �c�o�n�f�o�c�a�l� �m�i�c�r�o�s�c�o�p�e�s� �(�O�l�y�m�p�u�s� 
�F9�1�0�0�0�,� �N�i�k�o�n� �A�1�R�,� �N�i�k�o�n� �A�1�R�s�i�,� �C�a�r�l� =�e�i�s�s� �D�u�o� �5� �a�n�d� 
�Y�o�k�o�g�a�w�a� �C�S�U�-;�1�)�,� �m�u�l�t�i�-�p�h�o�t�o�n� �m�i�c�r�o�s�c�o�p�e�s� �(�O�l�y�m�p�u�s� 
�F9�1�0�0�0�-�M�P�,� �F9�1�2�0�0�-�M�P�s�,� �L�e�i�c�a� �S�P�� �M�P�s�)� �a�n�d� �o�t�h�e�r� 
�a�d�v�a�n�c�e�d� �c�u�s�t�o�m�-�m�a�d�e� �l�a�s�e�r� �m�i�c�r�o�s�c�o�p�e�s� �w�i�t�h� �s�p�e�c�i�a�l� �a�i�m�s� 
�(�D�i�g�i�t�a�l� �S�c�a�n�n�e�d� �L�i�g�h�t�-�s�h�e�e�t� �M�i�c�r�o�s�c�o�p�e�� �D�S�L�M� �a�n�d� 
�I�n�f�r�a�r�e�d� �L�a�s�e�r�-�E�v�o�k�e�d� �G�e�n�e� �O�p�e�r�a�t�o�r� �m�i�c�r�o�s�c�o�p�e�� 
�I�R�-�L�E�G�O�)� �f�o�r� �u�s�e�r�s� �i�n� �N�I�B�B� �a�n�d� �c�o�l�l�a�b�o�r�a�t�i�v�e� �g�u�e�s�t� 
�r�e�s�e�a�r�c�h�e�r�s�.� �W�e� �b�e�g�a�n� �C�o�l�l�a�b�o�r�a�t�i�v�e� �R�e�s�e�a�r�c�h� �P�r�o�g�r�a�m�s� 
�u�s�i�n�g� �t�h�e�s�e� �m�a�c�h�i�n�e�s� �i�n� �2�0�1�0�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�r�a�n�s�m�i�s�s�i�o�n� 
�e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�e� �s�e�r�v�i�c�e� �f�o�r� �p�l�a�n�t� �b�i�o�l�o�g�y� �h�a�s� �s�t�a�r�t�e�d� 
�f�r�o�m� �2�0�1��.
�T�h�e� �D�S�L�M� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �D�r�.� �E�r�n�s�t� �S�t�e�l�z�e�r�’�s� �g�r�o�u�p� �a�t� 
�t�h�e� �E�u�r�o�p�e�a�n� �M�o�l�e�c�u�l�a�r� �B�i�o�l�o�g�y� �L�a�b�o�r�a�t�o�r�y� �(�E�M�B�L�)�.� �T�h�i�s� 
�m�i�c�r�o�s�c�o�p�e� �c�a�n� �r�e�a�l�i�z�e� �h�i�g�h�-�s�p�e�e�d� �z�-�a�x�i�s� �s�c�a�n�n�i�n�g� �i�n� �d�e�e�p�e�r� 
�t�i�s�s�u�e� �b�y� �i�l�l�u�m�i�n�a�t�i�n�g� �a� �s�p�e�c�i�m�e�n� �f�r�o�m� �t�h�e� �s�i�d�e� �w�i�t�h� �a� �l�i�g�h�t� 
�s�h�e�e�t� �(�m�o�r�e� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �g�i�v�e�n� �i�n� �D�r�.� �N�o�n�a�k�a�’�s� �s�e�c�t�i�o�n�� 
�L�a�b�.� �f�o�r� �S�p�a�t�i�o�t�e�m�p�o�r�a�l� �R�e�g�u�l�a�t�i�o�n�s�)�.� �D�r�.� �N�o�n�a�k�a� �c�o�n�d�u�c�t�e�d� 
�a�n�d� �s�u�p�p�o�r�t�e�d� �� �p�r�o�j�e�c�t�s� �o�f� �t�h�e� �C�o�l�l�a�b�o�r�a�t�i�v�e� �R�e�s�e�a�r�c�h� 
�P�r�o�g�r�a�m� �f�o�r� �t�h�e� �U�s�e� �o�f� �t�h�e� �D�S�L�M�.� �T�h�e� �I�R�-�L�E�G�O� �w�a�s� 
�d�e�v�e�l�o�p�e�d� �b�y� �D�r�s�.� �S�h�u�n�s�u�k�e� �Y�u�b�a� �a�n�d� �Y�a�s�u�h�i�r�o� �K�a�m�e�i� �a�t� �t�h�e� 
�N�a�t�i�o�n�a�l� �I�n�s�t�i�t�u�t�e� �o�f� �A�d�v�a�n�c�e�d� �I�n�d�u�s�t�r�i�a�l� �S�c�i�e�n�c�e� �a�n�d� 
�T�e�c�h�n�o�l�o�g�y� �(�A�I�S�T�)�.� �T�h�i�s� �m�i�c�r�o�s�c�o�p�e� �c�a�n� �i�n�d�u�c�e� �a� �t�a�r�g�e�t� 
�g�e�n�e� �o�f� �i�n�t�e�r�e�s�t� �b�y� �h�e�a�t�i�n�g� �a� �s�i�n�g�l�e� �t�a�r�g�e�t� �c�e�l�l� in vivo� �w�i�t�h� �a� 
�h�i�g�h� �e�f�f�i�c�i�e�n�c�y� �i�r�r�a�d�i�a�t�i�n�g� �i�n�f�r�a�r�e�d� �l�a�s�e�r� �(�K�a�m�e�i� et al�.� �N�a�t�.� 
�M�e�t�h�o�d�s�,� �2�0�0��)�.� �D�e�t�a�i�l�s� �a�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �n�e�x�t� �s�e�c�t�i�o�n�.� 
�T�h�e� �I�R�-�L�E�G�O� �w�a�s� �a�l�s�o� �u�s�e�d� �f�o�r� �1�0� �I�n�d�i�v�i�d�u�a�l� �C�o�l�l�a�b�o�r�a�t�i�v�e� 
�R�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s�,� �i�n�c�l�u�d�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�s� �f�o�r� �a�n�i�m�a�l�s� �a�n�d� 
�p�l�a�n�t�s�.� 

Workshop and Symposium
�I�n� �2�0�1��,� �w�e� �h�e�l�d� �t�h�e� ��t�h� �I�n�t�e�r�n�a�t�i�o�n�a�l� �t�r�a�i�n�i�n�g� �c�o�u�r�s�e�s� �o�n� 
�f�r�o�g� �a�n�d� �f�i�s�h� �(�r�e�f�e�r� �t�o� �i�n�t�e�r�n�a�t�i�o�n�a�l� �p�r�a�c�t�i�c�a�l� �c�o�u�r�s�e�)� �a�n�d� �t�h�e� 
�2�n�d� �b�i�o�l�o�g�i�c�a�l� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �t�r�a�i�n�i�n�g� �c�o�u�r�s�e�.� �W�e� �a�l�s�o� �h�a�v�e� 
�b�e�e�n� �h�o�l�d�i�n�g� �a� ´�B�i�o�i�m�a�g�i�n�g� �F�o�r�u�mµ� �e�v�e�r�y� �y�e�a�r� �w�h�i�c�h� 
�d�i�s�c�u�s�s�e�s� �B�i�o�i�m�a�g�i�n�g� �f�r�o�m� �v�a�r�i�o�u�s� �d�i�r�e�c�t�i�o�n�s� �s�u�c�h� �a�s� 
�m�i�c�r�o�s�c�o�p�y�,� �n�e�w� �p�h�o�t�o�-�t�e�c�h�n�o�l�o�g�y�,� �a�n�d� �c�o�m�p�u�t�e�r� �s�c�i�e�n�c�e�.� 
�T�h�i�s� �y�e�a�r� �w�e� �h�e�l�d� �t�h�e� ��t�h� �N�I�B�B� �B�i�o�i�m�a�g�i�n�g� �F�o�r�u�m� �f�o�c�u�s�e�d� 
�o�n� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �a� �n�e�t�w�o�r�k� �a�m�o�n�g� �I�m�a�g�i�n�g� �C�e�n�t�e�r�s� �i�n� 
�J�a�p�a�n�.� �I�n� �a�d�d�i�t�i�o�n�,� �w�e� �h�e�l�d� �a� �s�y�m�p�o�s�i�u�m� �f�o�c�u�s�e�d� �o�n� �n�e�w� 
�m�i�c�r�o�s�c�o�p�e� �m�e�t�h�o�d�s� �u�s�i�n�g� �a�d�a�p�t�i�v�e� �o�p�t�i�c�s�,� ´�S�u�b�a�r�u� 
�m�i�c�r�o�s�c�o�p�eµ�,� �w�i�t�h� �t�h�e� �N�a�t�i�o�n�a�l� �A�s�t�r�o�n�o�m�i�c�a�l� �O�b�s�e�r�v�a�t�o�r�y� �o�f� 
�J�a�p�a�n� �(�N�A�O�J�)�.
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�G�e�n�e�t�i�c�s� 10�,� �e�1�0�0��2���.

�� �O�g�i�n�o�,� �Y�.�,� +�i�r�a�k�a�w�a�,� �I�.�,� �I�n�o�h�a�y�a�,� �K�.�,� �S�u�m�i�y�a�,� �E�.�,� �M�i�y�a�g�a�w�a�,� �S�.�,� 
�D�e�n�s�l�o�w�,� �N�.�,� �Y�a�m�a�d�a�,� �G�.�,� �T�a�t�a�r�a�z�a�k�o�,� �N�.�,� �a�n�d� �I�g�u�c�h�i�,� �T�.� �(�2�0�1��)�.� �B�m�p�� 
�a�n�d� �L�e�f�1� �a�r�e� �t�h�e� �d�o�w�n�s�t�r�e�a�m� �e�f�f�e�c�t�o�r�s� �o�f� �a�n�d�r�o�g�e�n� �s�i�g�n�a�l�i�n�g� �i�n� 
�a�n�d�r�o�g�e�n�-�i�n�d�u�c�e�d� �s�e�x� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �m�e�d�a�k�a�.� 
�E�n�d�o�c�r�i�n�o�l�o�g�y� 155�,� ����-���2�.� 

�� �O�k�u�y�a�m�a�,� �T�.�,� �Y�o�k�o�i�,� �S�.�,� �A�b�e�,� +�.�,� �I�s�o�e�,� �Y�.�,� �S�u�e�h�i�r�o�,� �Y�.�,� �I�m�a�d�a�,� +�.�,� 
�T�a�n�a�k�a�,� �M�.�,� �K�a�w�a�s�a�k�i�,� �T�.�,� �Y�u�b�a�,� �S�.�,� �T�a�n�i�g�u�c�h�i�,� �Y�.�,� �K�a�m�e�i�,� �Y�.�,� �O�k�u�b�o�,� 
�K�.�,� �S�h�i�m�a�d�a�,� �A�.�,� �N�a�r�u�s�e�,� �K�.�,� �T�a�k�e�d�a�,� +�.�,� �O�k�a�,� �Y�.�,� �K�u�b�o�,� �T�.�,� �a�n�d� 
�T�a�k�e�u�c�h�i�,� +�.� �(�2�0�1��)�.� �A� �n�e�u�r�a�l� �m�e�c�h�a�n�i�s�m� �u�n�d�e�r�l�y�i�n�g� �m�a�t�i�n�g� 
�p�r�e�f�e�r�e�n�c�e�s� �f�o�r� �f�a�m�i�l�i�a�r� �i�n�d�i�v�i�d�u�a�l�s� �i�n� �m�e�d�a�k�a� �f�i�s�h�.� �S�c�i�e�n�c�e� 343�,� ��1�-���.� � 

�� �T�a�m�a�d�a�,� �Y�.�,� �M�u�r�a�t�a�,� �T�.�,� +�a�t�t�o�r�i�,� �M�.�,� �O�y�a�,� �S�.�,� +�a�y�a�n�o�,� �Y�.�,� �K�a�m�e�i�,� �Y�.�,� �a�n�d� 
+�a�s�e�b�e�,� �M�.� �(�2�0�1��)�.� �O�p�t�i�c�a�l� �p�r�o�p�e�r�t�y� �a�n�a�l�y�s�e�s� �o�f� �p�l�a�n�t� �c�e�l�l�s� �f�o�r� �a�d�a�p�t�i�v�e� 
�o�p�t�i�c�s� �m�i�c�r�o�s�c�o�p�y�.� �I�n�t�.� �O�p�t�o�m�e�c�h�a�t�r�o�n�i�.� 8�,� ���-���.

�O�u�r� �r�e�s�e�a�r�c�h� �g�r�o�u�p� �p�r�o�m�o�t�e�s� �t�w�o� �c�u�t�t�i�n�g�-�e�d�g�e� �m�i�c�r�o�s�c�o�p�e� 
�p�r�o�j�e�c�t�s�� ´�o�b�s�e�r�v�a�t�i�o�nµ� �a�n�d� ´�m�a�n�i�p�u�l�a�t�i�o�nµ� �u�s�i�n�g� �o�p�t�i�c�a�l� �a�n�d� 
�b�i�o�l�o�g�i�c�a�l� �t�e�c�h�n�o�l�o�g�i�e�s�.� �T�h�e� �a�i�m� �o�f� �o�u�r� ´�o�b�s�e�r�v�a�t�i�o�n� �p�r�o�j�e�c�tµ� 
�i�s� �d�e�e�p�-�s�e�e�i�n�g� �i�n� �l�i�v�i�n�g� �o�r�g�a�n�i�s�m�s� �u�s�i�n�g� �a�d�a�p�t�i�v�e� �o�p�t�i�c�s� 
�(�A�O�)� �w�h�i�c�h� �w�e�r�e� �w�e�l�l�-�d�e�v�e�l�o�p�e�d� �i�n� �t�h�e� �f�i�e�l�d� �o�f� �a�s�t�r�o�n�o�m�y� �a�s� 
�a� �k�e�y� �t�e�c�h�n�o�l�o�g�y� �o�f� �l�a�r�g�e� �t�e�l�e�s�c�o�p�e�s� �s�u�c�h� �a�s� �t�h�e� �S�u�b�a�r�u� 
�t�e�l�e�s�c�o�p�e� �i�n� +�a�w�a�i�i�.� �A�l�t�h�o�u�g�h� �o�b�s�e�r�v�a�t�i�o�n� �u�s�i�n�g� �t�e�l�e�s�c�o�p�e�s� 
�o�n� �t�h�e� �e�a�r�t�h� �m�a�y� �b�e� �d�i�s�t�u�r�b�e�d� �b�y� �f�l�u�c�t�u�a�t�i�o�n�s� �i�n� �t�h�e� 
�a�t�m�o�s�p�h�e�r�e�,� �A�O� �t�e�c�h�n�o�l�o�g�y� �c�a�n� �c�a�n�c�e�l� �t�h�i�s� �d�i�s�t�u�r�b�a�n�c�e�.� �O�n� 
�t�h�e� �o�t�h�e�r� �h�a�n�d�,� �l�i�v�i�n�g� �m�a�t�e�r�i�a�l�s� �h�a�v�e� �p�a�r�t�i�c�u�l�a�r� �r�e�f�r�a�c�t�i�v�e� 
�i�n�d�e�x�e�s�,� �t�h�e�r�e�f�o�r�e�,� �s�o�m�e� �o�r�g�a�n�e�l�l�e�s� �a�c�t� �a�s� �d�i�s�t�u�r�b�a�n�c�e�s� �o�f� �t�h�e� 
�i�d�e�a�l� �o�p�t�i�c�a�l� �p�a�t�h� �f�o�r� �m�i�c�r�o�s�c�o�p�e� �o�b�s�e�r�v�a�t�i�o�n� �j�u�s�t� �l�i�k�e� �t�h�e� 
�a�t�m�o�s�p�h�e�r�e� �d�o�e�s� �f�o�r� �t�e�l�e�s�c�o�p�e�s�.� �A�O� �t�e�c�h�n�o�l�o�g�y� �c�a�n� �a�l�s�o� 
�c�o�m�p�e�n�s�a�t�e� �f�o�r� �t�h�i�s� �d�i�s�t�u�r�b�a�n�c�e� �b�y� �s�e�n�s�i�n�g� �a�n�d� �c�o�r�r�e�c�t�i�n�g� 
�w�a�v�e� �f�r�o�n�t�s� �u�s�i�n�g� �a� �w�a�v�e� �f�r�o�n�t� �s�e�n�s�o�r� �a�n�d� �d�e�f�o�r�m�a�b�l�e� 
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�m�i�r�r�o�r�.� +�e�n�c�e�,� �w�e� �d�e�v�e�l�o�p�e�d� �a� �c�u�s�t�o�m�-�m�a�d�e� �w�i�d�e�-�f�i�e�l�d� 
�m�i�c�r�o�s�c�o�p�e� �e�q�u�i�p�p�e�d� �w�i�t�h� �a�n� �A�O� �s�y�s�t�e�m� �f�o�r� �o�b�s�e�r�v�a�t�i�o�n� �o�f� 
�l�i�v�i�n�g� �o�r�g�a�n�i�s�m�s� �i�n� �c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �D�r�.� �T�a�m�a�d�a� �i�n� �N�I�B�B� 
�a�n�d� �D�r�.� +�a�y�a�n�o� �i�n� �t�h�e� �N�a�t�i�o�n�a�l� �A�s�t�r�o�n�o�m�i�c�a�l� �O�b�s�e�r�v�a�t�o�r�y� �o�f� 
�J�a�p�a�n� �(�N�A�O�J�)� �a�n�d� �g�o�t� �h�i�g�h�-�r�e�s�o�l�u�t�i�o�n� �b�r�i�g�h�t� �f�i�e�l�d� �a�n�d� 
�f�l�u�o�r�e�s�c�e�n�t� �i�m�a�g�e�s� �o�f� �l�i�v�i�n�g� �c�e�l�l�s�.� �O�u�r� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� 
�i�m�p�r�o�v�e�m�e�n�t� �o�f� �o�p�t�i�c�a�l� �r�e�s�o�l�u�t�i�o�n� �w�a�s� �r�e�s�t�r�i�c�t�e�d� �t�o� �a� �s�m�a�l�l� 
�a�r�e�a� �w�h�i�c�h� �i�s� �c�a�l�l�e�d� �t�h�e� ´�i�s�o�p�l�a�n�a�t�i�c� �p�a�t�c�hµ� �(�F�i�g�u�r�e� �1�)�.

�S�e�c�o�n�d�,� �t�h�e� �a�i�m� �o�f� �o�u�r� ´�m�a�n�i�p�u�l�a�t�i�o�n� �p�r�o�j�e�c�tµ� �i�s� �t�o� �c�o�n�t�r�o�l� 
�g�e�n�e� �e�x�p�r�e�s�s�i�o�n� in vivo�.� �G�e�n�e� �f�u�n�c�t�i�o�n� �a�n�a�l�y�s�i�s� �m�u�s�t� �b�e� 
�e�v�a�l�u�a�t�e�d� �a�t� �t�h�e� �c�e�l�l� �l�e�v�e�l� in vivo�.� �T�o� �a�c�h�i�e�v�e� �s�p�a�t�i�o�t�e�m�p�o�r�a�l�-
�c�o�n�t�r�o�l�l�e�d� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �w�e� �e�m�p�l�o�y�e�d� �o�n�e� �o�f� �t�h�e� �s�t�r�e�s�s� 
�r�e�s�p�o�n�s�e�s�,� �t�h�e� �h�e�a�t� �s�h�o�c�k� �r�e�s�p�o�n�s�e�.� �T�h�e� �h�e�a�t� �s�h�o�c�k� �p�r�o�m�o�t�e�r� 
�i�s� �t�h�e� �t�r�a�n�s�c�r�i�p�t�i�o�n� �r�e�g�u�l�a�t�i�o�n� �r�e�g�i�o�n� �o�f� �h�e�a�t� �s�h�o�c�k� �p�r�o�t�e�i�n�s� 
�a�n�d� �a�l�l� �o�r�g�a�n�i�s�m�s� �h�a�v�e� �t�h�i�s� �m�e�c�h�a�n�i�s�m�.� �P�o�s�i�t�i�o�n�i�n�g� �t�h�e� 
�t�a�r�g�e�t� �g�e�n�e� �d�o�w�n�s�t�r�e�a�m� �o�f� �t�h�e� �p�r�o�m�o�t�e�r�,� �w�e� �c�a�n� �i�n�d�u�c�e� �t�h�e� 
�t�a�r�g�e�t� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �b�y� �l�o�c�a�l� �h�e�a�t�i�n�g�.� 
�I�n�f�r�a�r�e�d� �(�I�R�)� �b�e�a�m�s� �c�a�n� �h�e�a�t� �w�a�t�e�r� �m�o�l�e�c�u�l�e�s�,� �w�h�i�c�h� �a�r�e� �t�h�e� 
�m�a�i�n� �c�o�n�s�t�i�t�u�e�n�t� �o�f� �c�e�l�l�s�,� �h�e�n�c�e�,� �w�e� �c�a�n� �h�e�a�t� �a� �s�i�n�g�l�e� �c�e�l�l� �b�y� 
�i�r�r�a�d�i�a�t�i�n�g� �I�R� �t�o� �a� �t�a�r�g�e�t� �c�e�l�l� �u�s�i�n�g� �a� �m�i�c�r�o�s�c�o�p�e�.� �W�e� �h�a�v�e� 
�d�e�v�e�l�o�p�e�d� �a� �m�i�c�r�o�s�c�o�p�e�,� �I�R� �l�a�s�e�r� �e�v�o�k�e�d� �g�e�n�e� �o�p�e�r�a�t�o�r� 
�(�I�R�-�L�E�G�O�)�,� �s�p�e�c�i�a�l�i�z�e�d� �f�o�r� �t�h�i�s� �p�u�r�p�o�s�e� �(�F�i�g�u�r�e� �2�)�.� �T�h�e� 
�I�R�-�L�E�G�O� �m�i�c�r�o�s�c�o�p�e� �c�a�n� �i�r�r�a�d�i�a�t�e� �a�n� �I�R� �l�a�s�e�r� �t�o� �a� �s�i�n�g�l�e� 
�c�e�l�l� in vivo� �s�u�c�h� �a�s� C. elegans�,� Drosophila�,� �m�e�d�a�k�a�,� 
�z�e�b�r�a�f�i�s�h�,� Xenopus� �a�n�d� Arabidopsis�,� �t�o� �i�n�d�u�c�e� �t�h�e� �h�e�a�t� �s�h�o�c�k� 
�r�e�s�p�o�n�s�e� �a�t� �a� �d�e�s�i�r�e�d� �t�i�m�i�n�g�.
�O�p�t�i�m�a�l� �h�e�a�t�i�n�g� �i�n�d�u�c�e�s� �t�h�e� �h�e�a�t� �s�h�o�c�k� �r�e�s�p�o�n�s�e� �a�n�d� 
�s�u�b�s�e�q�u�e�n�t� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n�,� �w�h�i�l�e� �a�n� �e�x�c�e�s�s� �r�e�s�u�l�t�s� �i�n� �c�e�l�l� 
�d�e�a�t�h�.� +�e�n�c�e�,� �w�e� �m�u�s�t� �p�r�e�c�i�s�e�l�y� �c�o�n�t�r�o�l� �l�a�s�e�r� �h�e�a�t�i�n�g�.� �W�e� 
�e�v�a�l�u�a�t�e�d� �t�i�m�e� �c�o�u�r�s�e� �a�n�d� �s�p�a�t�i�a�l� �h�e�a�t�i�n�g� �p�r�o�f�i�l�e�s�,� �a�n�d� �t�h�e� 
�r�e�s�u�l�t�s� �p�r�e�s�e�n�t�e�d� �t�h�a�t� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �t�a�r�g�e�t� �a�r�e�a� �r�o�s�e� 
�r�a�p�i�d�l�y� �a�n�d� �k�e�p�t� �a� �c�o�n�s�t�a�n�t� �l�e�v�e�l� �d�e�p�e�n�d�a�n�t� �o�n� �I�R� �l�a�s�e�r� 
�p�o�w�e�r�,� �a�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �h�e�a�t�e�d� �a�r�e�a� �w�a�s� �a�d�e�q�u�a�t�e�l�y� �a�s� �s�m�a�l�l� 
�a�s� �a� �t�y�p�i�c�a�l� �c�e�l�l� �s�i�z�e�.
�W�i�t�h� �t�h�i�s� �i�n� �m�i�n�d�,� �w�e� �t�r�i�e�d� �t�o� �i�n�d�u�c�e� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �i�n� 
�v�a�r�i�o�u�s� �s�p�e�c�i�e�s�.� �A�t� �f�i�r�s�t�,� �w�e� �r�e�p�o�r�t�e�d� �a�n� �I�R�-�L�E�G�O� 
�e�x�p�e�r�i�m�e�n�t� �i�n� �l�i�v�i�n�g� C. elegans�.� �T�a�r�g�e�t� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �i�n� �a� 
�t�a�r�g�e�t� �c�e�l�l� �c�o�u�l�d� �b�e� �i�n�d�u�c�e�d� �w�i�t�h� �o�n�l�y� �1� �s�-�I�R� �i�r�r�a�d�i�a�t�i�o�n�.� 
�W�h�e�r�e�a�s� �t�h�e� �o�p�t�i�m�a�l� �p�o�w�e�r� �r�a�n�g�e� �w�h�i�c�h� �c�a�n� �i�n�d�u�c�e� �g�e�n�e� 
�i�n�d�u�c�t�i�o�n� �w�i�t�h�o�u�t� �c�e�l�l� �d�a�m�a�g�e� �w�a�s� �l�i�m�i�t�e�d�.� �E�x�c�e�s�s� �l�a�s�e�r� 
�p�o�w�e�r� �r�e�s�u�l�t�e�d� �i�n� �c�e�l�l� �d�e�a�t�h� �o�r� �c�e�s�s�a�t�i�o�n� �o�f� �c�e�l�l� �d�i�v�i�s�i�o�n�.� �W�e� 
�c�o�n�f�i�r�m�e�d� �t�h�a�t� �a�n� �o�p�t�i�m�a�l� �i�r�r�a�d�i�a�t�i�o�n�,� �e�.�g�.� �1�1� �m�W� �f�o�r� �1� �s�,� 
�i�n�d�u�c�e�d� �p�h�y�s�i�o�l�o�g�i�c�a�l� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �i�n� �t�h�e� �t�a�r�g�e�t� �c�e�l�l� �a�n�d� 
�s�u�b�s�e�q�u�e�n�t� �c�e�l�l� �d�i�v�i�s�i�o�n� �o�r� �m�o�r�p�h�o�g�e�n�e�s�i�s� �u�n�d�e�r�w�e�n�t� �n�o�r�m�a�l� 
�d�e�v�e�l�o�p�m�e�n�t�.� �N�e�x�t�,� �w�e� �t�r�i�e�d� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �i�n� �o�t�h�e�r� �a�n�i�m�a�l�s�,� 
�s�u�c�h� �a�s�,� �m�e�d�a�k�a�,� �z�e�b�r�a�f�i�s�h� �a�n�d� Xenopus�,� �a�n�d� �t�h�e� �h�i�g�h�e�r� 
�p�l�a�n�t�,� Arabidopsis�,� �s�i�n�c�e� �a�l�l� �o�r�g�a�n�i�s�m�s� �h�a�v�e� �a� �h�e�a�t� �s�h�o�c�k� 
�r�e�s�p�o�n�s�e� �s�y�s�t�e�m�.� �W�e� �s�u�c�c�e�e�d�e�d� �i�n� �l�o�c�a�l� �g�e�n�e� �i�n�d�u�c�t�i�o�n� �i�n� �a�l�l� 
�t�h�e� �s�p�e�c�i�e�s� �a�s� �e�x�p�e�c�t�e�d�.
�S�t�u�d�i�e�s� �o�f� �c�e�l�l� �f�a�t�e�s�,� �c�e�l�l�-�c�e�l�l� �i�n�t�e�r�a�c�t�i�o�n�,� �o�r� �a�n�a�l�y�s�i�s� �o�f� �n�o�n�-

�c�e�l�l� �a�u�t�o�n�o�m�o�u�s� �p�h�e�n�o�m�e�n�a� �r�e�q�u�i�r�e� �a� �f�i�n�e� �c�o�n�t�r�o�l� �s�y�s�t�e�m� �o�f� 
�g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �i�n� �e�x�p�e�r�i�m�e�n�t�s�.� �I�R�-�L�E�G�O� �w�i�l�l� �b�e� �a� �p�o�w�e�r�f�u�l� 
�t�o�o�l� �f�o�r� �t�h�e�s�e� �s�t�u�d�i�e�s� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �m�o�l�e�c�u�l�a�r� 
�b�i�o�l�o�g�i�c�a�l� �t�e�c�h�n�i�q�u�e�s�,� �s�u�c�h� �a�s� �t�h�e� �c�r�e�-�l�o�x�P� �s�y�s�t�e�m�.� �D�r�.� 
�S�h�i�m�a�d�a� �i�n� �t�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �T�o�k�y�o� �w�a�n�t�e�d� �t�o� �c�o�n�f�i�r�m� �t�h�e� 
�c�e�l�l� �l�i�n�e�a�g�e� �o�f� �e�x�o�-�s�k�e�l�e�t�a�l� �t�i�s�s�u�e� �s�u�c�h� �a�s� �t�h�e� �s�c�a�l�e�s� �o�f� 
�m�e�d�a�k�a� �f�i�s�h�.� �S�h�e� �q�u�e�s�t�i�o�n�e�d� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �b�e�l�i�e�f� �c�o�n�c�e�r�n�i�n�g� 
�t�h�e� �o�r�i�g�i�n� �o�f� �t�h�e� �e�x�o�-�s�k�e�l�e�t�o�n� �o�f� �t�h�e� �b�o�d�y�-�t�r�u�n�k� �u�s�i�n�g� 
�t�r�a�n�s�p�l�a�n�t�a�t�i�o�n� �s�t�u�d�i�e�s�.� �W�e� �t�h�e�n� �s�t�a�r�t�e�d� �a� �c�o�l�l�a�b�o�r�a�t�i�o�n� �t�o� 
�e�s�t�a�b�l�i�s�h� �a� �l�o�c�a�l� �p�e�r�m�a�n�e�n�t� �l�a�b�e�l�i�n�g� �s�y�s�t�e�m� �i�n� �m�e�d�a�k�a� �a�n�d� �t�o� 
�m�a�k�e� �c�l�e�a�r� �t�h�e� �o�r�i�g�i�n� �o�f� �e�x�o�-�s�k�e�l�e�t�a�l� �c�e�l�l�s�.� �T�h�e� �s�y�s�t�e�m� �w�a�s� 
�w�e�l�l� �w�o�r�k�i�n�g� �(�F�i�g�u�r�e� ��)�,� �a�n�d� �t�h�e� �f�a�t�e� �t�r�a�c�k�i�n�g� �r�e�s�u�l�t�s� 
�i�n�d�i�c�a�t�e�d� �t�h�a�t� �e�x�o�-�s�k�e�l�e�t�a�l� �t�i�s�s�u�e�s� �w�e�r�e� �m�e�s�o�d�e�r�m�a�l� �i�n� 
�o�r�i�g�i�n�,� �n�o�t� �f�r�o�m� �n�e�u�r�a�l� �c�r�e�s�t� �c�e�l�l�s�,� �a�s� �p�r�e�v�i�o�u�s�l�y� �b�e�l�i�e�v�e�d� 
�(�S�h�i�m�a�d�a� et al�,� �N�a�t�.� �C�o�m�m�u�n�,� �2�0�1��)�.� �T�h�i�s� �y�e�a�r�,� �o�u�r� �g�r�o�u�p� 
�a�n�d� �o�t�h�e�r� �c�o�l�l�a�b�o�r�a�t�o�r�s� �w�e�r�e� �a�p�p�l�y�i�n�g� �t�h�e� �s�a�m�e� �s�y�s�t�e�m� �t�o� 
�a�m�p�h�i�b�i�a�n�s�,� Xenopus� �a�n�d� �s�a�l�a�m�a�n�d�e�r�s�,� �f�o�r� �r�e�g�e�n�e�r�a�t�i�o�n� 
�s�t�u�d�i�e�s�.
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�� �F�a�n�g�,� ;�.�,� �I�d�e�,� �N�.�,� +�i�g�a�s�h�i�,� �S�.�,� �K�a�m�e�i�,� �Y�.�,� �T�o�y�o�o�k�a�,� �T�.�,� �I�b�u�k�i�,� �Y�.�,� �K�a�w�a�i�,� 
�K�.�,� �K�a�s�a�i�,� +�.�,� �O�k�a�m�o�t�o�,� �K�.�,� �A�r�i�m�o�t�o�-� �K�o�b�a�y�a�s�h�i�,� �S�.�,� �a�n�d� �N�e�g�i�s�h�i�,� �T�.� 
�(�2�0�1��)�.� �S�o�m�a�t�i�c� �c�e�l�l� �m�u�t�a�t�i�o�n�s� �c�a�u�s�e�d� �b�y� ���5� �n�m� �L�E�D�-�U9�A� �d�o�u�b�l�e�-
�s�t�r�a�n�d� �b�r�e�a�k�s� �t�h�r�o�u�g�h� �o�x�i�d�a�t�i�v�e� �d�a�m�a�g�e�.� �P�h�o�t�o�c�h�e�m�.� �P�h�o�t�o�b�i�o�l�.� �S�c�i�.� 
13�,� �1����-�1����.

�� +�a�y�a�s�h�i�,� �S�.�,� �O�c�h�i�,� +�.�,� �O�g�i�n�o�,� +�.�,� �K�a�w�a�s�u�m�i�,� �A�.�,� �K�a�m�e�i�,� �Y�.�,� �T�a�m�u�r�a�,� �K�.�,� 
�a�n�d� �Y�o�k�o�y�a�m�a�,� +�.� �(�2�0�1��)�.� �T�r�a�n�s�c�r�i�p�t�i�o�n�a�l� �r�e�g�u�l�a�t�o�r�s� �i�n� �t�h�e� +�i�p�p�o�1� 
�s�i�g�n�a�l�i�n�g� �p�a�t�h�w�a�y� �c�o�n�t�r�o�l� �o�r�g�a�n� �g�r�o�w�t�h� �i�n� ;�e�n�o�p�u�s� �t�a�d�p�o�l�e� �t�a�i�l� 
�r�e�g�e�n�e�r�a�t�i�o�n�.� �D�e�v�.� �B�i�o�l�.� 396�,� ��1�-��1�.

�F�i�g�u�r�e� ��.� �E�x�a�m�p�l�e�s� �o�f� �C�r�e�-�l�o�x�P� �m�e�d�i�a�t�e�d� �l�o�n�g�-�t�e�r�m� �G�F�P� �m�a�r�k�i�n�g� �u�s�i�n�g� 
�I�R�-�L�E�G�O� �i�n� �l�i�v�i�n�g� �m�e�d�a�k�a� �i�n�d�i�v�i�d�u�a�l�s� �f�o�r� �c�e�l�l� �l�i�n�a�g�e� �t�r�a�c�i�n�g�.

�F�i�g�u�r�e� �2�.� �S�c�h�e�m�a�t�i�c� �i�l�l�u�s�t�r�a�t�i�o�n� �o�f� �l�o�c�a�l� �g�e�n�e� �i�n�d�u�c�t�i�o�n� �s�y�s�t�e�m� �a�n�d� �a�n� 
�i�n�f�r�a�r�e�d� �l�a�s�e�r�-�e�v�o�k�e�d� �g�e�n�e� �o�p�e�r�a�t�o�r� �(�I�R�-�L�E�G�O�)� �m�i�c�r�o�s�c�o�p�e� �s�y�s�t�e�m� �i�n� 
�N�I�B�B�.

�F�i�g�u�r�e� �1�.� �E�f�f�e�c�t�s� �o�f� �a�d�a�p�t�i�v�e� �o�p�t�i�c�s� �(�A�O�)� �t�o� �t�h�e� �w�i�d�e�-�f�i�e�l�d� �m�i�c�r�o�s�c�o�p�e� 
�i�m�a�g�e�s� �(�b�r�i�g�h�t� �f�i�e�l�d� �a�n�d� �f�l�u�o�r�e�s�c�e�n�c�e� �o�f� �p�l�a�n�t� �c�e�l�l�s�)�.� 
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�� �M�u�r�o�z�u�m�i�,� �N�.�,� �N�a�k�a�s�h�i�m�a�,� �R�.�,� +�i�r�a�i�,� �T�.�,� �K�a�m�e�i�,� �Y�.�,� �I�s�h�i�k�a�w�a�-�F�u�j�i�w�a�r�a�,� 
�T�.�,� �T�o�d�o�,� �T�.�,� �a�n�d� �K�i�t�a�n�o�,� �T�.� �(�2�0�1��)�.� �L�o�s�s� �o�f� �f�o�l�l�i�c�l�e�-�s�t�i�m�u�l�a�t�i�n�g� �h�o�r�m�o�n�e� 
�r�e�c�e�p�t�o�r� �f�u�n�c�t�i�o�n� �c�a�u�s�e�s� �m�a�s�c�u�l�i�n�i�z�a�t�i�o�n� �a�n�d� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �o�v�a�r�i�a�n� 
�d�e�v�e�l�o�p�m�e�n�t� �i�n� �g�e�n�e�t�i�c�a�l�l�y� �f�e�m�a�l�e� �m�e�d�a�k�a�.� �E�n�d�o�c�r�i�n�o�l�o�g�y� 155�,� ��1���-
��1��5�.

�� �N�a�g�a�o�,� �Y�.�,� �S�u�z�u�k�i�,� �T�.�,� �S�h�i�m�i�z�u�,� �A�.�,� �K�i�m�u�r�a�,� �T�.�,� �S�e�k�i�,� �R�.�,� �A�d�a�c�h�i�,� �T�.�,� 
�I�n�o�u�e�,� �C�.�,� �O�m�a�e�,� �Y�.�,� �K�a�m�e�i�,� �Y�.�,� +�a�r�a�,� �I�.�,� �T�a�n�i�g�u�c�h�i�,� �Y�.�,� �N�a�r�u�s�e�,� �K�.�,� 
�W�a�k�a�m�a�t�s�u�,� �Y�.�,� �K�e�l�s�h�,� �R�.�N�.�,� +�i�b�i�,� �M�.�,� �a�n�d� +�a�s�h�i�m�o�t�o�,� +�.� �(�2�0�1��)�.� �S�o�x�5� 
�f�u�n�c�t�i�o�n�s� �a�s� �a� �f�a�t�e� �s�w�i�t�c�h� �i�n� �m�e�d�a�k�a� �p�i�g�m�e�n�t� �c�e�l�l� �d�e�v�e�l�o�p�m�e�n�t�.� �P�L�o�S� 
�G�e�n�e�t�i�c�s� 10�,� �e�1�0�0��2���.

�� �O�k�u�y�a�m�a�,� �T�.�,� �Y�o�k�o�i�,� �S�.�,� �A�b�e�,� +�.�,� �I�s�o�e�,� �Y�.�,� �S�u�e�h�i�r�o�,� �Y�.�,� �I�m�a�d�a�,� +�.�,� 
�T�a�n�a�k�a�,� �M�.�,� �K�a�w�a�s�a�k�i�,� �T�.�,� �Y�u�b�a�,� �S�.�,� �T�a�n�i�g�u�c�h�i�,� �Y�.�,� �K�a�m�e�i�,� �Y�.�,� �O�k�u�b�o�,� 
�K�.�,� �S�h�i�m�a�d�a�,� �A�.�,� �N�a�r�u�s�e�,� �K�.�,� �T�a�k�e�d�a�,� +�.�,� �O�k�a�,� �Y�.�,� �K�u�b�o�,� �T�.�,� �a�n�d� 
�T�a�k�e�u�c�h�i�,� +�.� �(�2�0�1��)�.� �A� �n�e�u�r�a�l� �m�e�c�h�a�n�i�s�m� �u�n�d�e�r�l�y�i�n�g� �m�a�t�i�n�g� 
�p�r�e�f�e�r�e�n�c�e�s� �f�o�r� �f�a�m�i�l�i�a�r� �i�n�d�i�v�i�d�u�a�l�s� �i�n� �m�e�d�a�k�a� �f�i�s�h�.� �S�c�i�e�n�c�e� 343�,� ��1�-���.� 

�� �O�t�o�z�a�i�,� �S�.�,� �I�s�h�i�k�a�w�a�-�F�u�j�i�w�a�r�a�,� �T�.�,� �O�d�a�,� �S�.�,� �K�a�m�e�i�,� �Y�.�,� �R�y�o�,� +�.�,� �S�a�t�o�,� �A�.�,� 
�N�o�m�u�r�a�,� �T�.�,� �M�i�t�a�n�i�,� +�.�,� �T�s�u�j�i�m�u�r�a�,� �T�.�,� �I�n�o�h�a�r�a�,� +�.�,� �a�n�d� �T�o�d�o� �T�.� �(�2�0�1��)�.� 
�p�5��-�D�e�p�e�n�d�e�n�t� �s�u�p�p�r�e�s�s�i�o�n� �o�f� �g�e�n�o�m�e� �i�n�s�t�a�b�i�l�i�t�y� �i�n� �g�e�r�m� �c�e�l�l�s�.� �M�u�t�a�t�.� 
�R�e�s�.� �F�u�n�d�a�m�.� �M�o�l�.� �M�e�c�h�.� �M�u�t�a�g�e�n�.� 760�,� �2��-��2�.

�� �T�a�m�a�d�a�,� �Y�.�,� �M�u�r�a�t�a�,� �T�.�,� +�a�t�t�o�r�i�,� �M�.�,� �O�y�a�c�,� �S�.�,� +�a�y�a�n�o�,� �Y�.�,� � �K�a�m�e�i�,� �Y�.�,� 
�a�n�d� +�a�s�e�b�e�,� �M�.� �(�2�0�1��)�.� �O�p�t�i�c�a�l� �p�r�o�p�e�r�t�y� �a�n�a�l�y�s�e�s� �o�f� �p�l�a�n�t� �c�e�l�l�s� �f�o�r� 
�a�d�a�p�t�i�v�e� �o�p�t�i�c�s� �m�i�c�r�o�s�c�o�p�y�.� �I�n�t�.� �J�.� �O�p�t�o�m�e�c�h�a�t�r�o�n�i�.� 8�,� ���-���.

�T�h�e� �D�a�t�a� �I�n�t�e�g�r�a�t�i�o�n� �a�n�d� �A�n�a�l�y�s�i�s� �F�a�c�i�l�i�t�y� �s�u�p�p�o�r�t�s� 
�r�e�s�e�a�r�c�h� �a�c�t�i�v�i�t�i�e�s� �b�a�s�e�d� �o�n� �l�a�r�g�e�-�s�c�a�l�e� �b�i�o�l�o�g�i�c�a�l� �d�a�t�a� 
�a�n�a�l�y�s�i�s�,� �s�u�c�h� �a�s� �g�e�n�o�m�i�c� �s�e�q�u�e�n�c�e� �a�n�a�l�y�s�i�s�,� �e�x�p�r�e�s�s�i�o�n� �d�a�t�a� 
�a�n�a�l�y�s�i�s�,� �a�n�d� �i�m�a�g�i�n�g� �d�a�t�a� �a�n�a�l�y�s�i�s�.� �F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� �t�h�e� 
�f�a�c�i�l�i�t�y� �m�a�i�n�t�a�i�n�s� �h�i�g�h�-�p�e�r�f�o�r�m�a�n�c�e� �c�o�m�p�u�t�e�r�s� �w�i�t�h� �l�a�r�g�e�-
�c�a�p�a�c�i�t�y� �s�t�o�r�a�g�e� �s�y�s�t�e�m�s�.� �O�n� �t�h�e� �b�a�s�i�s� �o�f� �t�h�i�s� �s�y�s�t�e�m�,� �t�h�e� 
�f�a�c�i�l�i�t�y� �s�u�p�p�o�r�t�s� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �d�a�t�a� �a�n�a�l�y�s�i�s� �p�i�p�e�l�i�n�e�s�,� 
�d�a�t�a�b�a�s�e� �c�o�n�s�t�r�u�c�t�i�o�n� �a�n�d� �s�e�t�t�i�n�g� �u�p� �w�e�b�s�i�t�e�s� �t�o� �d�i�s�t�r�i�b�u�t�e� 
�t�h�e� �d�a�t�a� �w�o�r�l�d�w�i�d�e� �a�s� �w�e�l�l� �a�s� �p�r�o�v�i�d�i�n�g� �u�s�e�r�s�’� �b�a�s�i�c� 
�t�e�c�h�n�i�c�a�l� �s�u�p�p�o�r�t�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �c�o�m�p�u�t�a�t�i�o�n�a�l� �a�n�a�l�y�s�i�s�,� �t�h�e� 
�D�a�t�a� �I�n�t�e�g�r�a�t�i�o�n� �a�n�d� �A�n�a�l�y�s�i�s� �F�a�c�i�l�i�t�y� �s�u�p�p�o�r�t�s� �N�I�B�B�’�s� 
�i�n�f�o�r�m�a�t�i�o�n� �i�n�f�r�a�s�t�r�u�c�t�u�r�e�,� �t�h�e� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �t�h�e� �n�e�t�w�o�r�k� 
�s�y�s�t�e�m�s� �i�n� �t�h�e� �i�n�s�t�i�t�u�t�e� �a�n�d� �c�o�m�p�u�t�e�r��n�e�t�w�o�r�k� �c�o�n�s�u�l�t�a�t�i�o�n� 
�f�o�r� �i�n�s�t�i�t�u�t�e� �m�e�m�b�e�r�s�.� 

Representative Instruments
�O�u�r� �m�a�i�n� �c�o�m�p�u�t�e�r� �s�y�s�t�e�m� �i�s� �t�h�e� �B�i�o�l�o�g�i�c�a�l� �I�n�f�o�r�m�a�t�i�o�n� 
�A�n�a�l�y�s�i�s� �S�y�s�t�e�m� �(�B�I�A�S�)� �(�F�i�g�u�r�e� �1�)�,� �w�h�i�c�h� �c�o�n�s�i�s�t�s� �o�f� �a� 
�h�i�g�h�-�p�e�r�f�o�r�m�a�n�c�e� �c�l�u�s�t�e�r� �s�y�s�t�e�m� �(�S�G�I� �R�a�c�k�a�b�l�e� �s�e�r�v�e�r� 
�C�2�1�1�2�-��R�P�� ��0� �n�o�d�e�s���0�0� �c�o�r�e�s�,� ���G�B� �m�e�m�o�r�y��n�o�d�e�)�,� �a� 
�s�h�a�r�e�d� �m�e�m�o�r�y� �p�a�r�a�l�l�e�l� �c�o�m�p�u�t�e�r� �(+�P� �P�r�o�L�i�a�n�t� �D�L���0� �G��� 
��0� �c�o�r�e�s�,� ��T�B� �m�e�m�o�r�y�)�,� �a� �h�i�g�h�-�t�h�r�o�u�g�h�p�u�t� �s�t�o�r�a�g�e� �s�y�s�t�e�m� 
�(�D�D�N� �S�F�A���0�0�� ���0�T�B�)�,� �a�n�d� �a� �l�a�r�g�e� �c�a�p�a�c�i�t�y� �s�t�o�r�a�g�e� 
�s�y�s�t�e�m� �(�D�E�L�L� �P�o�w�e�r�E�d�g�e� �R��2�0�� ��2�0�T�B�)�.� �A�l�l� �s�u�b�s�y�s�t�e�m�s� 
�a�r�e� �c�o�n�n�e�c�t�e�d� �v�i�a� �a� �h�i�g�h�-�s�p�e�e�d� �I�n�f�i�n�i�B�a�n�d� �n�e�t�w�o�r�k� �s�o� �t�h�a�t� 
�l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� �d�a�t�a� �c�a�n� �b�e� �p�r�o�c�e�s�s�e�d� �e�f�f�i�c�i�e�n�t�l�y�.� �S�o�m�e� 
�p�e�r�s�o�n�a�l� �c�o�m�p�u�t�e�r�s� �a�n�d� �c�o�l�o�r��m�o�n�o�c�h�r�o�m�e� �p�r�i�n�t�e�r�s� �a�r�e� �a�l�s�o� 
�a�v�a�i�l�a�b�l�e�.� �O�n� �t�h�i�s� �s�y�s�t�e�m�,� �w�e� �p�r�o�v�i�d�e� �v�a�r�i�o�u�s� �b�i�o�l�o�g�i�c�a�l� 
�d�a�t�a�b�a�s�e�s� �a�n�d� �d�a�t�a� �r�e�t�r�i�e�v�a�l��a�n�a�l�y�s�i�s� �p�r�o�g�r�a�m�s�,� �a�n�d� �s�u�p�p�o�r�t� 
�l�a�r�g�e�-�s�c�a�l�e� �d�a�t�a� �a�n�a�l�y�s�i�s� �a�n�d� �d�a�t�a�b�a�s�e� �c�o�n�s�t�r�u�c�t�i�o�n� �f�o�r� 
�i�n�s�t�i�t�u�t�e� �m�e�m�b�e�r�s� �a�n�d� �c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h�e�r�s�.� �E�s�p�e�c�i�a�l�l�y�,� 

�w�e� �h�a�v�e� �s�u�p�p�o�r�t�e�d� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �o�f� 
�p�u�b�l�i�s�h�e�d� �d�a�t�a�b�a�s�e�s� �o�f� �v�a�r�i�o�u�s� �m�o�d�e�l� �o�r�g�a�n�i�s�m�s� �i�n�c�l�u�d�i�n�g� 
;�D�B� �(Xenopus laevis�)�,� �P+�Y�S�C�O�b�a�s�e� �(Physcomitrella 
patens�)�,� �D�a�p�h�n�i�a�B�A�S�E� �(Daphnia magna�)�,� �T�h�e� �P�l�a�n�t� 
�O�r�g�a�n�e�l�l�e�s� �D�a�t�a�b�a�s�e�,� �a�n�d� �M�B�G�D� �(�m�i�c�r�o�b�i�a�l� �g�e�n�o�m�e�s�)�.
�T�h�e� �f�a�c�i�l�i�t�y� �a�l�s�o� �p�r�o�v�i�d�e�s� �n�e�t�w�o�r�k� �c�o�m�m�u�n�i�c�a�t�i�o�n� �s�e�r�v�i�c�e�s�.� 
�M�o�s�t� �o�f� �t�h�e� �P�C�s� �i�n� �e�a�c�h� �l�a�b�o�r�a�t�o�r�y�,� �a�s� �w�e�l�l� �a�s� �a�l�l� �o�f� �t�h�e� 
�a�b�o�v�e�-�m�e�n�t�i�o�n�e�d� �s�e�r�v�i�c�e� �m�a�c�h�i�n�e�s�,� �a�r�e� �c�o�n�n�e�c�t�e�d� �b�y� �a� �l�o�c�a�l� 
�a�r�e�a� �n�e�t�w�o�r�k�,� �w�h�i�c�h� �i�s� �l�i�n�k�e�d� �t�o� �t�h�e� �h�i�g�h� �p�e�r�f�o�r�m�a�n�c�e� 
�b�a�c�k�b�o�n�e� �n�e�t�w�o�r�k� �O�R�I�O�N� �c�o�n�n�e�c�t�i�n�g� �t�h�e� �t�h�r�e�e� �r�e�s�e�a�r�c�h� 
�i�n�s�t�i�t�u�t�e�s� �i�n� �O�k�a�z�a�k�i�.� �M�a�n�y� �l�o�c�a�l� �s�e�r�v�i�c�e�s�,� �i�n�c�l�u�d�i�n�g� 
�s�e�q�u�e�n�c�e� �a�n�a�l�y�s�i�s� �s�e�r�v�i�c�e�s�,� �f�i�l�e� �s�h�a�r�i�n�g� �s�e�r�v�i�c�e�s�,� �a�n�d� �p�r�i�n�t�e�r� 
�s�e�r�v�i�c�e�s�,� �a�r�e� �p�r�o�v�i�d�e�d� �t�h�r�o�u�g�h� �t�h�i�s� �n�e�t�w�o�r�k�.� �W�e� �a�l�s�o� 
�m�a�i�n�t�a�i�n� �a� �p�u�b�l�i�c� �W�o�r�l�d� �W�i�d�e� �W�e�b� �s�e�r�v�e�r� �t�h�a�t� �h�o�s�t�s� �t�h�e� 
�N�I�B�B� �h�o�m�e� �p�a�g�e� �(�h�t�t�p����w�w�w�.�n�i�b�b�.�a�c�.�j�p��)�.

Research activity by I. Uchiyama
�A�s�s�i�s�t�a�n�t� �p�r�o�f�e�s�s�o�r� �I�.� �U�c�h�i�y�a�m�a� �i�s� �t�h�e� �p�r�i�n�c�i�p�a�l� �i�n�v�e�s�t�i�g�a�t�o�r� 
�o�f� �t�h�e� �L�a�b�o�r�a�t�o�r�y� �o�f� �G�e�n�o�m�e� �I�n�f�o�r�m�a�t�i�c�s�,� �w�h�i�c�h� �c�u�r�r�e�n�t�l�y� 
�f�o�c�u�s�e�s� �o�n� �m�i�c�r�o�b�i�a�l� �c�o�m�p�a�r�a�t�i�v�e� �g�e�n�o�m�i�c�s� �s�t�u�d�i�e�s�.� �F�o�r� 
�d�e�t�a�i�l�s�,� �p�l�e�a�s�e� �r�e�f�e�r� �t�o� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �p�a�g�e� �(�p�.� ��0�)�.
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�F�i�g�u�r�e� �1�.� �B�i�o�l�o�g�i�c�a�l� �I�n�f�o�r�m�a�t�i�o�n� �A�n�a�l�y�s�i�s� �S�y�s�t�e�m
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�T�o� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �o�f� �l�i�v�i�n�g� �o�r�g�a�n�i�s�m�s�,� �s�t�u�d�i�e�s� 
�f�o�c�u�s�i�n�g� �o�n� �e�a�c�h� �g�e�n�e� �i�n� �t�h�e� �d�e�s�i�g�n� �o�f� �l�i�f�e� �(�t�h�e� �g�e�n�o�m�e�)� �a�r�e� 
�r�e�q�u�i�r�e�d�.� �T�h�e� �u�s�e� �o�f� �m�o�d�e�l� �a�n�i�m�a�l�s� �a�n�d� �p�l�a�n�t�s�,� �s�u�c�h� �a�s� �m�i�c�e�,� 
�M�e�d�a�k�a� �(Oryzias latipes�)�,� �z�e�b�r�aÀ�s�h�,� Arabidopsis�,� Lotus 
japonicus�,� �a�n�d� Physcomitrella patens�,� �m�a�k�e�s� �i�t� �p�o�s�s�i�b�l�e� �t�o� 
�p�r�o�d�u�c�e� �g�e�n�e�t�i�c�a�l�l�y� �c�o�n�t�r�o�l�l�e�d� �o�r�g�a�n�i�s�m�s� �w�i�t�h� �m�a�r�k�e�r�s� 
�p�l�a�c�e�d� �b�y� �g�e�n�e�t�i�c� �a�n�d� �c�e�l�l� �e�n�g�i�n�e�e�r�i�n�g� �t�e�c�h�n�o�l�o�g�y�.� �S�u�c�h� 
�m�a�r�k�i�n�g� �a�l�l�o�w�s� �d�e�t�a�i�l�e�d� �s�t�u�d�i�e�s� �o�f� �g�e�n�e�s� �a�n�d� �c�e�l�l� �f�u�n�c�t�i�o�n�s�.� 
�T�h�e� �m�o�d�e�l� �o�r�g�a�n�i�s�m�s� �m�a�t�u�r�e� �i�n� �a� �s�h�o�r�t� �p�e�r�i�o�d� �o�f� �t�i�m�e�� 
�t�h�e�r�e�f�o�r�e�,� �c�h�a�n�g�e�s� �i�n� �c�e�l�l�s�,� �o�r�g�a�n�s�,� �a�n�d� �i�n�d�i�v�i�d�u�a�l�s� �c�a�n� �b�e� 
�t�o�t�a�l�l�y� �a�n�d� �e�fÀ�c�i�e�n�t�l�y� �o�b�s�e�r�v�e�d�.� �T�h�e� �N�I�B�B� �B�i�o�R�e�s�o�u�r�c�e� 
�C�e�n�t�e�r� �h�a�s� �e�q�u�i�p�m�e�n�t�,� �f�a�c�i�l�i�t�i�e�s�,� �a�n�d� �s�t�a�f�f� �t�o� �m�a�i�n�t�a�i�n� �s�u�c�h� 
�o�r�g�a�n�i�s�m�s� �s�a�f�e�l�y�,� �e�fÀ�c�i�e�n�t�l�y�,� �a�n�d� �a�p�p�r�o�p�r�i�a�t�e�l�y�.

�T�h�e� �w�o�r�l�d�w�i�d�e� �g�e�n�o�m�e� �p�r�o�j�e�c�t� �h�a�s� �a�l�m�o�s�t� �b�e�e�n� �c�o�m�p�l�e�t�e�d� 
�a�n�d� �r�e�s�e�a�r�c�h� �o�n� �b�a�s�i�c� �b�i�o�l�o�g�y� �h�a�s� �a�r�r�i�v�e�d� �a�t� �a� �p�o�s�t�-�g�e�n�o�m�e� 
�e�r�a� �i�n� �w�h�i�c�h� �r�e�s�e�a�r�c�h�e�r�s� �a�r�e� �f�o�c�u�s�i�n�g� �o�n� �i�n�v�e�s�t�i�g�a�t�i�n�g� �t�h�e� 
�f�u�n�c�t�i�o�n�s� �o�f� �i�n�d�i�v�i�d�u�a�l� �g�e�n�e�s�.� �T�o� �p�r�o�m�o�t�e� �t�h�e� �f�u�n�c�t�i�o�n�a�l� 
�a�n�a�l�y�s�i�s� �o�f� �a� �g�e�n�e� �o�f� �i�n�t�e�r�e�s�t� �i�t� �i�s� �e�s�s�e�n�t�i�a�l� �t�o� �u�t�i�l�i�z�e� 
�g�e�n�e�t�i�c�a�l�l�y� �a�l�t�e�r�e�d� �m�o�d�e�l� �o�r�g�a�n�i�s�m�s� �g�e�n�e�r�a�t�e�d� �u�s�i�n�g� �g�e�n�e�t�i�c� 
�e�n�g�i�n�e�e�r�i�n�g� �t�e�c�h�n�o�l�o�g�y�,� �i�n�c�l�u�d�i�n�g� �g�e�n�e� �d�e�l�e�t�i�o�n�,� �g�e�n�e� 
�r�e�p�l�a�c�e�m�e�n�t� �a�n�d� �p�o�i�n�t� �m�u�t�a�t�i�o�n�.

�T�h�e� �N�I�B�B� �C�e�n�t�e�r� �f�o�r� �T�r�a�n�s�g�e�n�i�c� �A�n�i�m�a�l�s� �a�n�d� �P�l�a�n�t�s� �w�a�s� 
�e�s�t�a�b�l�i�s�h�e�d� �i�n� �A�p�r�i�l� �1���� �t�o� �s�u�p�p�o�r�t� �r�e�s�e�a�r�c�h� �u�s�i�n�g� 
�t�r�a�n�s�g�e�n�i�c� �a�n�d� �g�e�n�e� �t�a�r�g�e�t�i�n�g� �t�e�c�h�n�i�q�u�e�s� �a�t� �N�I�B�B�.� �T�h�e� �N�I�B�B� 
�C�e�n�t�e�r� �f�o�r� �T�r�a�n�s�g�e�n�i�c� �A�n�i�m�a�l�s� �a�n�d� �P�l�a�n�t�s� �w�a�s� �i�n�t�e�g�r�a�t�e�d� �i�n�t�o� 
�t�h�e� �N�I�B�B� �B�i�o�R�e�s�o�u�r�c�e� �c�e�n�t�e�r� �i�n� �A�p�r�i�l� �2�0�1�0�,� �a�n�d� �w�a�s� 
�r�e�n�a�m�e�d� � ´�T�h�e� �M�o�d�e�l� �A�n�i�m�a�l� �R�e�s�e�a�r�c�h� �F�a�c�i�l�i�t�yµ�.

�T�e�c�h�n�i�c�a�l� �s�t�a�f�f� �a�n�d� �s�u�p�p�o�r�t�i�n�g� �s�t�a�f�f� �d�e�v�e�l�o�p� �a�n�d� �p�r�o�m�o�t�e� 
�r�e�s�e�a�r�c�h�-�s�u�p�p�o�r�t�i�n�g� �a�c�t�i�v�i�t�i�e�s�.� �A� �s�t�a�t�e�-�o�f�-�t�h�e�-�a�r�t� �f�a�c�i�l�i�t�y� �f�o�r� 
�t�r�a�n�s�g�e�n�i�c� �a�n�i�m�a�l�s� �o�p�e�n�e�d� �a�t� �t�h�e� �e�n�d� �o�f� �2�0�0�� �i�n� �t�h�e� �Y�a�m�a�t�e� 
�a�r�e�a�.

�T�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f� �t�h�e� �m�o�d�e�l� �a�n�i�m�a�l� �r�e�s�e�a�r�c�h� �f�a�c�i�l�i�t�y� �a�r�e� �a�s� 
�f�o�l�l�o�w�s�
�1�.� �T�h�e� �p�r�o�v�i�s�i�o�n� �o�f� �i�n�f�o�r�m�a�t�i�o�n�,� �m�a�t�e�r�i�a�l�s�,� �t�e�c�h�n�i�q�u�e�s� �a�n�d� 

�a�n�i�m�a�l� �h�o�u�s�i�n�g� �s�p�a�c�e� �t�o� �r�e�s�e�a�r�c�h�e�r�s�.
�2�.� �T�h�e� �u�s�e� �o�f� �v�a�r�i�o�u�s� �k�i�n�d�s� �o�f� �i�n�s�t�r�u�m�e�n�t�s� �t�o� �a�n�a�l�y�z�e� �m�u�t�a�n�t�,� 

�t�r�a�n�s�g�e�n�i�c�,� �a�n�d� �g�e�n�e�-�t�a�r�g�e�t�e�d� �a�n�i�m�a�l�s�.� 
��.� �T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �n�o�v�e�l� �t�e�c�h�n�i�q�u�e�s� �r�e�l�a�t�e�d� �t�o� �t�r�a�n�s�g�e�n�i�c� 

�a�n�d� �g�e�n�e� �t�a�r�g�e�t�i�n�g� �t�e�c�h�n�o�l�o�g�y�.
��.� �C�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� �a�n�d� �s�t�o�r�a�g�e� �o�f� �t�r�a�n�s�g�e�n�i�c� �s�t�r�a�i�n�s�.

I. Research support activities (mouse) 
�I�n� �2�0�0�1�,� �t�h�e� �N�I�B�B� �m�o�u�s�e� �f�a�c�i�l�i�t�y� �(�b�u�i�l�t� �u�n�d�e�r� �s�p�e�c�i�f�i�c� 
�p�a�t�h�o�g�e�n� �f�r�e�e� �(�S�P�F�)� �c�o�n�d�i�t�i�o�n�s�)� �o�p�e�n�e�d� �i�n� �t�h�e� �M�y�o�d�a�i�j�i� �a�r�e�a� 
�a�n�d� �t�h�e� �p�r�o�d�u�c�t�i�o�n�,� �b�r�e�e�d�i�n�g�,� �a�n�a�l�y�s�i�s�,� �c�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� �a�n�d� 
�s�t�o�r�a�g�e� �o�f� �g�e�n�e�t�i�c�a�l�l�y� �m�a�n�i�p�u�l�a�t�e�d� �m�o�u�s�e� �s�t�r�a�i�n�s� �h�a�s� �b�e�e�n� 
�c�o�n�d�u�c�t�e�d� �t�h�e�r�e� �s�i�n�c�e� �t�h�e�n�.� �T�h�e� �n�e�w� �c�e�n�t�e�r� �f�a�c�i�l�i�t�y� �b�u�i�l�d�i�n�g� 
�i�n� �t�h�e� �Y�a�m�a�t�e� �a�r�e�a� �s�t�r�e�n�g�t�h�e�n�e�d� �r�e�s�e�a�r�c�h� �a�c�t�i�v�i�t�i�e�s� �u�s�i�n�g� 
�g�e�n�e�t�i�c�a�l�l�y� �a�l�t�e�r�e�d� �o�r�g�a�n�i�s�m�s�.� �T�h�e� �b�u�i�l�d�i�n�g� �h�a�s� �f�i�v�e� �f�l�o�o�r�s� 
�a�n�d� �a� �t�o�t�a�l� �f�l�o�o�r� �s�p�a�c�e� �o�f� �2�,�5�0�0� �m�2� �i�n� �w�h�i�c�h� �w�e� �c�a�n� �g�e�n�e�r�a�t�e�,� 
�b�r�e�e�d�,� �s�t�o�r�e� �a�n�d� �a�n�a�l�y�z�e� �t�r�a�n�s�g�e�n�i�c�,� �g�e�n�e� �t�a�r�g�e�t�i�n�g� �a�n�d� 
�m�u�t�a�n�t� �m�i�c�e� �u�n�d�e�r� �S�P�F� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �m�o�u�s�e� �h�o�u�s�i�n�g� �a�r�e�a� 
�w�a�s� �c�o�n�s�t�r�u�c�t�e�d� �b�a�s�e�d� �o�n� �a� �b�a�r�r�i�e�r� �s�y�s�t�e�m�.� �T�h�i�s� �b�u�i�l�d�i�n�g� �i�s� 
�a�l�s�o� �e�q�u�i�p�p�e�d� �w�i�t�h� �b�r�e�e�d�i�n�g� �a�r�e�a�s� �f�o�r� �t�r�a�n�s�g�e�n�i�c� �s�m�a�l�l� �f�i�s�h�,� 
�b�i�r�d�s�,� �a�n�d� �i�n�s�e�c�t�s�.� 
�I�n� �2�0�1�� �(�f�r�o�m� �J�a�n�u�a�r�y� �1� �t�o� �D�e�c�e�m�b�e�r� ��1�)�,� �2�,���2� �f�e�r�t�i�l�i�z�e�d� 
�e�g�g�s� �(in vitro� �f�e�r�t�i�l�i�z�a�t�i�o�n�� �2�,���� �e�g�g�s� �o�f� �1�0� �l�i�n�e�s� �i�n� �w�h�i�c�h� 
�2�,�1��� �e�g�g�s� �o�f� �1�0� �l�i�n�e�s� �w�e�r�e� �f�r�o�z�e�n� �f�o�r� �l�o�n�g�-�t�e�r�m� �s�t�o�r�a�g�e�,� 
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�f�r�o�z�e�n� �e�g�g�s�� �1��5� �o�f� �� �l�i�n�e�s�)� �a�n�d� ��,���� �m�i�c�e� �w�e�r�e� �b�r�o�u�g�h�t� 
�i�n�t�o� �t�h�e� �f�a�c�i�l�i�t�y� �i�n� �t�h�e� �Y�a�m�a�t�e� �a�r�e�a�,� �a�n�d� �5��,�5�1�� �m�i�c�e� 
�(�i�n�c�l�u�d�i�n�g� �p�u�p�s� �b�r�e�d� �i�n� �t�h�e� �f�a�c�i�l�i�t�y�)� �w�e�r�e� �t�a�k�e�n� �o�u�t�.
�A� �n�u�m�b�e�r� �o�f� �s�t�r�a�i�n�s� �o�f� �g�e�n�e�t�i�c�a�l�l�y� �a�l�t�e�r�e�d� �m�i�c�e� �f�r�o�m� �o�u�t�s�i�d�e� 
�t�h�e� �f�a�c�i�l�i�t�y� �w�e�r�e� �b�r�o�u�g�h�t� �i�n�t�o� �t�h�e� �m�o�u�s�e� �h�o�u�s�i�n�g� �a�r�e�a� �b�y� 
�m�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �c�l�e�a�n�i�n�g� �u�s�i�n�g� in vitro� �f�e�r�t�i�l�i�z�a�t�i�o�n�-�e�m�b�r�y�o� 
�t�r�a�n�s�f�e�r� �t�e�c�h�n�i�q�u�e�s�,� �a�n�d� �s�t�o�r�e�d� �u�s�i�n�g� �c�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n�.
�A� �n�e�w� �m�o�u�s�e� �f�a�c�i�l�i�t�y� �i�n� �t�h�e� �M�y�o�d�a�i�j�i� �a�r�e�a� �o�p�e�n�e�d� �a�t� �t�h�e� 
�b�e�g�i�n�n�i�n�g� �o�f� �2�0�0�5�.� �T�h�e� �f�a�c�i�l�i�t�y� �s�u�p�p�o�r�t�s� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f� 
�r�e�s�e�a�r�c�h�e�r�s� �i�n� �t�h�e� �M�y�o�d�a�i�j�i� �a�r�e�a�.� �I�n� �M�a�r�c�h� �2�0�0��,� �w�e� 
�e�x�p�a�n�d�e�d� �t�h�e� �f�a�c�i�l�i�t�y� �w�h�i�c�h� �i�n�c�l�u�d�e�s� �a�r�e�a�s� �f�o�r� �b�r�e�e�d�i�n�g�,� 
�b�e�h�a�v�i�o�r�a�l� �t�e�s�t�s� �a�n�d� �t�r�a�n�s�g�e�n�i�c� �s�t�u�d�i�e�s� �u�s�i�n�g� �v�a�r�i�o�u�s� �k�i�n�d�s� �o�f� 
�r�e�c�o�m�b�i�n�a�n�t� �v�i�r�u�s�e�s�.� �I�n� �2�0�1�� �(�f�r�o�m� �J�a�n�u�a�r�y� �1� �t�o� �D�e�c�e�m�b�e�r� 
��1�)�,� �5�� �m�i�c�e� �w�e�r�e� �b�r�o�u�g�h�t� �i�n�t�o� �t�h�e� �f�a�c�i�l�i�t�y� �i�n� �t�h�e� �M�y�o�d�a�i�j�i� 
�a�r�e�a�,� �a�n�d� ��,��5�� �m�i�c�e� �(�i�n�c�l�u�d�i�n�g� �p�u�p�s� �b�r�e�d� �i�n� �t�h�e� �f�a�c�i�l�i�t�y�)� 
�w�e�r�e� �t�a�k�e�n� �o�u�t�.

II.  Research support activities (small fish, 
birds, and insects)

�T�h�e� �f�i�r�s�t� �f�l�o�o�r� �o�f� �t�h�e� �c�e�n�t�e�r� �f�a�c�i�l�i�t�y� �b�u�i�l�d�i�n�g� �i�n� �t�h�e� �Y�a�m�a�t�e� 
�a�r�e�a� �p�r�o�v�i�d�e�s� �s�p�a�c�e� �a�n�d� �f�a�c�i�l�i�t�i�e�s� �t�o� �m�a�i�n�t�a�i�n� �s�m�a�l�l� �f�i�s�h�,� 
�c�h�i�c�k� �e�m�b�r�y�o�s�,� �a�n�d� �i�n�s�e�c�t�s�.� �I�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �r�o�o�m� �f�o�r� �c�h�i�c�k� 
�e�m�b�r�y�o�s�,� �a� �l�a�r�g�e� �i�n�c�u�b�a�t�i�o�n� �c�h�a�m�b�e�r� �i�s� �e�q�u�i�p�p�e�d� �a�n�d� �s�e�t� �a�t� 
��2� �d�e�g�r�e�e�s� �(�s�u�i�t�a�b�l�e� �f�o�r� �c�h�i�c�k� �e�m�b�r�y�o�g�e�n�e�s�i�s�)�.� �T�h�e� 
�r�e�s�e�a�r�c�h�e�r�s� �c�a�n� �m�a�n�i�p�u�l�a�t�e� �c�h�i�c�k� �e�m�b�r�y�o�s� �u�n�d�e�r� �o�p�t�i�m�a�l� 
�c�o�n�d�i�t�i�o�n�s�,� �r�e�m�o�v�i�n�g� �b�i�o�h�a�z�a�r�d� �r�i�s�k�s�.� �F�o�r� �r�e�s�e�a�r�c�h�e�r�s� �w�h�o� 
�e�m�p�l�o�y� �f�i�s�h� �a�s� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �m�o�d�e�l�,� ���0� �t�a�n�k�s� �(�1� �l�i�t�e�r�)� �a�n�d� 
��5�0� �t�a�n�k�s� �(�� �l�i�t�e�r�s�)� �a�r�e� �a�v�a�i�l�a�b�l�e� �f�o�r� �m�e�d�a�k�a� �a�n�d� �z�e�b�r�a�f�i�s�h�,� 
�r�e�s�p�e�c�t�i�v�e�l�y�.� �W�a�t�e�r� �c�i�r�c�u�l�a�t�e�s� �a�n�d� �c�a�n� �b�e� �m�a�i�n�t�a�i�n�e�d� �t�o� �s�u�i�t� 
�t�h�e� �c�o�n�d�i�t�i�o�n�s� �d�e�s�i�r�e�d� �f�o�r� �f�i�s�h� �b�r�e�e�d�i�n�g� �i�n� �t�h�e� �a�q�u�a�r�i�u�m� 
�s�y�s�t�e�m�s�.� �C�u�r�r�e�n�t�l�y�,� �o�v�e�r� �t�h�r�e�e� �m�u�t�a�n�t� �l�i�n�e�s� �a�n�d� �o�v�e�r� �f�i�f�t�e�e�n� 
�t�r�a�n�s�g�e�n�i�c� �l�i�n�e�s� �o�f� �m�e�d�a�k�a� �a�n�d� �z�e�b�r�a�f�i�s�h� �a�r�e� �m�a�i�n�t�a�i�n�e�d� �i�n� 
�o�u�r� �f�a�c�i�l�i�t�y�.� �A� �m�e�d�a�k�a� �l�i�n�e� �t�h�a�t� �a�l�l�o�w�s� �g�e�n�e� �i�n�d�u�c�t�i�o�n� �b�y� �h�e�a�t� 
�t�r�e�a�t�m�e�n�t�,� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �a� �c�r�e��l�o�x�P� �s�y�s�t�e�m�,� �h�a�s� �b�e�e�n� 
�d�e�v�e�l�o�p�e�d� �i�n� �t�h�i�s� �f�a�c�i�l�i�t�y�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �r�o�o�m�s� �m�e�n�t�i�o�n�e�d� 
�a�b�o�v�e�,� �a� �r�o�o�m� �f�o�r� �i�n�s�e�c�t�s� �i�s� �a�l�s�o� �a�v�a�i�l�a�b�l�e�.� �A�l�l� �t�h�e� �r�o�o�m�s� �a�r�e� 
�q�u�a�l�i�f�i�e�d� �t�o� �m�e�e�t� �t�h�e� �c�r�i�t�e�r�i�a� �f�o�r� �t�r�a�n�s�g�e�n�i�c� �a�n�i�m�a�l�s�,� �a�l�l�o�w�i�n�g� 

�r�e�s�e�a�r�c�h�e�r�s� �t�o� �g�e�n�e�r�a�t�e� �a�n�d� �m�a�i�n�t�a�i�n� �t�h�e�s�e� �i�m�p�o�r�t�a�n�t� 
�b�i�o�l�o�g�i�c�a�l� �t�o�o�l�s�.� 
�I�n� �2�0�1�� �(�f�r�o�m� �J�a�n�u�a�r�y� �1� �t�o� �D�e�c�e�m�b�e�r� ��1�)�,� �1�1�,�0�0�2� �m�e�d�a�k�a� 
�a�d�u�l�t�s� �w�e�r�e� �b�r�o�u�g�h�t� �t�o� �t�h�e� �f�a�c�i�l�i�t�y� �a�n�d� ���,�1��5� �m�e�d�a�k�a� �a�n�d� 
�z�e�b�r�a�f�i�s�h� �(���,�5��2� �f�e�r�t�i�l�i�z�e�d� �e�g�g�s� �a�n�d� �5�,�5��� �a�d�u�l�t�s�,� �i�n�c�l�u�d�i�n�g� 
�a�n�i�m�a�l�s� �b�r�e�d� �i�n� �t�h�e� �f�a�c�i�l�i�t�y�)� �w�e�r�e� �t�a�k�e�n� �o�u�t�.� �I�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� 
�f�o�r� �c�h�i�c�k� �e�m�b�r�y�o�s� �t�h�e�r�e� �w�e�r�e� �n�o� �f�e�r�t�i�l�i�z�e�d� �e�g�g�s� �o�r� �c�h�i�c�k�e�n� 
�e�m�b�r�y�o�s� �b�r�o�u�g�h�t� �i�n� �o�r� �t�a�k�e�n� �o�u�t� �t�h�i�s� �y�e�a�r�.� �T�h�e�s�e� �a�n�i�m�a�l�s� 
�w�e�r�e� �u�s�e�d� �f�o�r� �r�e�s�e�a�r�c�h� �a�c�t�i�v�i�t�i�e�s� �i�n� �n�e�u�r�o�b�i�o�l�o�g�y� �a�n�d� 
�d�e�v�e�l�o�p�m�e�n�t�a�l� �b�i�o�l�o�g�y�.

�I�n� �2�0�0�� �N�I�B�B� �w�a�s� �a�p�p�r�o�v�e�d� �a�s� �a� �c�o�r�e� �f�a�c�i�l�i�t�y� �o�f� �t�h�e� 
�N�a�t�i�o�n�a�l� �B�i�o�R�e�s�o�u�r�c�e� �P�r�o�j�e�c�t� �(�N�B�R�P�)� �f�o�r� �M�e�d�a�k�a� �b�y� �t�h�e� 
�J�a�p�a�n�e�s�e� �G�o�v�e�r�n�m�e�n�t�.� �W�e� �h�a�v�e� �s�u�p�p�o�r�t�e�d� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f� 
�N�B�R�P� �M�e�d�a�k�a� �b�y� �p�r�o�v�i�d�i�n�g� �s�t�a�n�d�a�r�d� �s�t�r�a�i�n�s�,� �m�u�t�a�n�t�s�,� 
�t�r�a�n�s�g�e�n�i�c� �l�i�n�e�s� �a�n�d� �o�r�g�a�n�i�z�i�n�g� �i�n�t�e�r�n�a�t�i�o�n�a�l� �p�r�a�c�t�i�c�a�l� 
�c�o�u�r�s�e�s� �f�o�r� �m�e�d�a�k�a�.� �I�n� �2�0�1�� �w�e� �b�e�g�a�n� �p�r�o�v�i�d�i�n�g� �t�h�e� 
�C�R�I�S�P�R��C�a�s�� �g�e�n�o�m�e� �e�d�i�t�i�n�g� �p�l�a�t�f�o�r�m� �a�s� �w�e�l�l� �a�s� �t�h�e� 
�T�I�L�L�I�N�G� �l�i�b�r�a�r�y� �s�c�r�e�e�n�i�n�g� �s�y�s�t�e�m� �t�o� �p�r�o�m�o�t�e� �t�h�e� �r�e�v�e�r�s�e� 
�g�e�n�e�t�i�c� �a�p�p�r�o�a�c�h�.� �I�n� �2�0�1�� �w�e� �s�h�i�p�p�e�d� �2�0�� �i�n�d�e�p�e�n�d�e�n�t� 
�m�e�d�a�k�a� �s�t�r�a�i�n�s�,� �2��� �c�D�N�A��B�A�C��F�o�s�m�i�d� �c�l�o�n�e�s�,� �a�n�d� �1�2�0� 
�s�a�m�p�l�e�s� �o�f� �h�a�t�c�h�i�n�g� �e�n�z�y�m�e� �t�o� �t�h�e� �s�c�i�e�n�t�i�f�i�c� �c�o�m�m�u�n�i�t�y� 
�w�o�r�l�d�w�i�d�e�.

III. Research activities
�T�h�e� �a�s�s�o�c�i�a�t�e� �p�r�o�f�e�s�s�o�r�s� �o�f� �t�h�i�s� �c�e�n�t�e�r� �-� �E�.� �W�a�t�a�n�a�b�e�,� �T�.� 
�N�a�r�u�s�e� �a�n�d� �M�.� �T�a�n�a�k�a� �-� �a�r�e� �t�h�e� �p�r�i�n�c�i�p�a�l� �i�n�v�e�s�t�i�g�a�t�o�r�s� �o�f� �t�h�e� 
�L�a�b�o�r�a�t�o�r�y� �o�f� �N�e�u�r�o�p�h�y�s�i�o�l�o�g�y�,� �t�h�e� �L�a�b�o�r�a�t�o�r�y� �o�f� 
�B�i�o�r�e�s�o�u�r�c�e�s�,� �a�n�d� �t�h�e� �L�a�b�o�r�a�t�o�r�y� �o�f� �M�o�l�e�c�u�l�a�r� �G�e�n�e�t�i�c�s� �f�o�r� 
�R�e�p�r�o�d�u�c�t �i�o�n �, � �r�e�s�p�e�c�t �i�v�e �l�y�. � �T�h�e � �L�a�b�o�r�a �t�o�r�y � �o�f� 
�N�e�u�r�o�p�h�y�s�i�o�l�o�g�y� �i�s� �s�t�u�d�y�i�n�g� �m�e�c�h�a�n�i�s�m�s� �o�f� �t�h�e� �v�i�s�u�a�l� 
�s�y�s�t�e�m� �u�s�i�n�g� �a� �p�s�y�c�h�o�p�h�y�s�i�c�a�l� �a�p�p�r�o�a�c�h�.� �T�h�e� �L�a�b�o�r�a�t�o�r�y� �o�f� 
�B�i�o�r�e�s�o�u�r�c�e�s� �h�a�s� �c�o�n�d�u�c�t�e�d� �a� �g�e�n�e�t�i�c� �a�n�d� �g�e�n�o�m�i�c� �a�n�a�l�y�s�i�s� 
�o�f� �q�u�a�n�t�i�t�a�t�i�v�e� �t�r�a�i�t�s� �a�n�d� �M�e�n�d�e�l�i�a�n� �p�h�e�n�o�t�y�p�e� �v�a�r�i�a�t�i�o�n�s� �a�s� 
�w�e�l�l� �a�s� �e�v�o�l�u�t�i�o�n� �o�f� �s�e�x� �d�e�t�e�r�m�i�n�a�t�i�o�n� �s�y�s�t�e�m�s� �i�n� �m�e�d�a�k�a� 
�r�e�l�a�t�e�d� �s�p�e�c�i�e�s�.� �T�h�e� �L�a�b�o�r�a�t�o�r�y� �o�f� �M�o�l�e�c�u�l�a�r� �G�e�n�e�t�i�c�s� �f�o�r� 
�R�e�p�r�o�d�u�c�t�i�o�n� �i�s� �s�t�u�d�y�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� �o�f� 
�r�e�p�r�o�d�u�c�t�i�v�e� �o�r�g�a�n� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �s�e�x� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �u�s�i�n�g� 
�m�u�t�a�g�e�n�i�z�e�d� �o�r� �t�r�a�n�s�g�e�n�i�c� �m�e�d�a�k�a�.� �F�o�r� �d�e�t�a�i�l�s�,� �p�l�e�a�s�e� �r�e�f�e�r� 
�t�o� �t�h�e� �p�a�g�e�s� �o�f� �e�a�c�h� �l�a�b�o�r�a�t�o�r�y� �(�p�.� ���,� �5�2�,� �a�n�d� ���)�.

�F�i�g�u�r�e� ��.� � �L�a�r�g�e� �s�i�z�e�d� �a�u�t�o�c�l�a�v�e� �i�n� �t�h�e� �M�y�o�d�a�i�j�i� �a�r�e�a�. �F�i�g�u�r�e� ��.� � 4�u�a�r�a�n�t�i�n�e� �r�o�o�m� �f�o�r� �m�e�d�a�k�a� �a�n�d� �z�e�b�r�a�f�i�s�h�.
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�T�h�e� �P�l�a�n�t� �C�u�l�t�u�r�e� �L�a�b�o�r�a�t�o�r�y� �m�a�n�a�g�e�s� �f�a�c�i�l�i�t�i�e�s� �f�o�r� �t�h�e� 
�c�u�l�t�i�v�a�t�i�o�n� �o�f� �p�l�a�n�t�s� �i�n� �g�e�n�e�r�a�l� �a�n�d� �a�l�s�o� �f�o�r� �t�h�e� �r�e�a�r�i�n�g� �o�f� 
�s�e�v�e�r�a�l� �a�n�i�m�a�l� �s�p�e�c�i�e�s� �t�h�a�t� �d�o� �n�o�t� �f�i�t� �i�n� �o�t�h�e�r� �f�a�c�i�l�i�t�i�e�s�.
�T�h�e� �P�l�a�n�t� �C�u�l�t�u�r�e� �L�a�b�o�r�a�t�o�r�y� �e�q�u�i�p�s� �a�n�d� �m�a�n�a�g�e�s� ��2� 
�c�u�l�t�u�r�e� �b�o�x�e�s� �o�r� �g�r�o�w�t�h� �c�h�a�m�b�e�r�s�,� �� �p�h�y�t�o�t�r�o�n�s�,� �a�n�d� �1�2� 
�r�o�o�m�s� �w�i�t�h� �t�h�e� �P�1�P� �p�h�y�s�i�c�a�l� �c�o�n�t�a�i�n�m�e�n�t� �l�e�v�e�l� �f�o�r� 
�e�s�t�a�b�l�i�s�h�e�d� �a�n�d� �e�m�e�r�g�i�n�g� �m�o�d�e�l� �p�l�a�n�t�s� �i�n�c�l�u�d�i�n�g� �t�h�e� �t�h�a�l�e� 
�c�r�e�s�s� Arabidopsis thaliana�,� �s�e�v�e�r�a�l� �c�a�r�n�i�v�o�r�o�u�s� �p�l�a�n�t�s�,� �t�h�e� 
�r�i�c�e� Oryza sativa�,� �t�h�e� �m�o�s�s� Physcomitrella patens�,� �g�r�e�e�n� �a�l�g�a� 
Chlamydomonas reinhardtii� �a�n�d� �s�e�v�e�r�a�l� �o�t�h�e�r� �f�l�o�w�e�r�i�n�g� 
�p�l�a�n�t�s�.� �M�o�s�t� �c�u�l�t�u�r�e� �s�p�a�c�e� �i�s� �f�u�l�l�y� �u�s�e�d� �t�h�e� �w�h�o�l�e� �y�e�a�r� �b�y� 
�m�o�r�e� �t�h�a�n� ��0� �r�e�s�e�a�r�c�h�e�r�s� �f�r�o�m� �b�o�t�h� �o�u�t�s�i�d�e� �a�n�d� �i�n�s�i�d�e� 
�g�r�o�u�p�s�.
�A�s� �w�e�l�l � �a�s� �r�e�g�u�l�a�r� �c�u�l�t�u�r�e� �c�o�n�d�i�t�i�o�n�s�, � �e�x�t�r�e�m�e� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �l�i�g�h�t� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �a�r�e� 
�a�v�a�i�l�a�b�l�e� �f�o�r� �v�a�r�i�o�u�s� �t�y�p�e�s� �o�f� �e�x�p�e�r�i�m�e�n�t�s�.� �T�h�r�e�e� �l�i�g�h�t� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �s�i�m�u�l�a�t�o�r�s� �(�m�a�x� �1�2�0�,�0�0�0� �l�u�x� �b�y� �u�s�i�n�g� �x�e�n�o�n� 
�l�a�m�p�)� �a�n�d� �t�h�r�e�e� �c�h�a�m�b�e�r�s� �(��.�� �m�2� �e�a�c�h�)� �t�h�a�t� �c�a�n� �c�o�n�t�r�o�l� �C�O�2� 
�a�n�d� �h�u�m�i�d�i�t�y� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �l�i�g�h�t� �(�m�a�x� 
��0�,�0�0�0� �l�u�x�)� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �a�v�a�i�l�a�b�l�e�.� �A�u�t�o�t�r�o�p�h�i�c� �a�n�d� 
�h�e�t�e�r�o�t�r�o�p�h�i�c� �c�u�l�t�u�r�e� �d�e�v�i�c�e�s� �a�r�e� �a�l�s�o� �a�v�a�i�l�a�b�l�e� �f�o�r� 
�r�e�s�e�a�r�c�h�e�r�s� �u�s�i�n�g� �c�y�a�n�o�b�a�c�t�e�r�i�a�,� �a�l�g�a�e�,� �a�n�d� �c�u�l�t�u�r�e�d� 
�f�l�o�w�e�r�i�n�g� �p�l�a�n�t� �c�e�l�l�s�.� �A�s�e�p�t�i�c� �e�x�p�e�r�i�m�e�n�t�s� �c�a�n� �b�e� �p�e�r�f�o�r�m�e�d� 
�i�n� �a�n� �a�s�e�p�t�i�c� �r�o�o�m� �w�i�t�h� �c�l�e�a�n� �b�e�n�c�h�e�s�.
�N�e�x�t� �t�o� �t�h�e� �i�n�s�t�i�t�u�t�e� �b�u�i�l�d�i�n�g� �o�f� �t�h�e� �M�y�o�d�a�i�j�i� �a�r�e�a�,� �a� ����-�m�2� 
�e�x�p�e�r�i�m�e�n�t�a�l� �f�a�r�m� �i�s� �m�a�i�n�t�a�i�n�e�d� �f�o�r� �J�a�p�a�n�e�s�e� �m�o�r�n�i�n�g� �g�l�o�r�y� 
�a�n�d� �r�e�l�a�t�e�d� Ipomoea �s�p�e�c�i�e�s�,� �s�e�v�e�r�a�l� �c�a�r�n�i�v�o�r�o�u�s� �p�l�a�n�t�s� �a�n�d� 
�o�t�h�e�r� �f�l�o�w�e�r�i�n�g� �p�l�a�n�t�s� �n�e�c�e�s�s�a�r�y� �t�o� �b�e� �c�u�l�t�i�v�a�t�e�d� �o�u�t�s�i�d�e�.� 
�T�h�r�e�e� �g�r�e�e�n� �h�o�u�s�e�s� �(���,� ���,� �a�n�d� ��5� �m�2�)� �w�i�t�h� �h�e�a�t�i�n�g� �a�r�e� �u�s�e�d� 
�f�o�r� �t�h�e� �s�e�n�s�i�t�i�v�e� �c�a�r�n�i�v�o�r�o�u�s� �p�l�a�n�t�s�,� �a�n�d� �w�i�l�d�-�t�y�p�e� �s�t�r�a�i�n�s� �o�f� 
�m�e�d�a�k�a� �f�i�s�h� Oryzias �s�p�.� �S�e�v�e�n� �g�r�e�e�n� �h�o�u�s�e�s� �(��,� ��,� ��,� ��,� ��,� ��,� 
�a�n�d� �� �m�2�)� �w�i�t�h� �a�i�r�-�c�o�n�d�i�t�i�o�n�i�n�g� �a�r�e� �p�r�o�v�i�d�e�d� �f�o�r� �t�h�e� 
�c�u�l�t�i�v�a�t�i�o�n� �o�f� �a� �r�i�c�e� Oryza �s�p�.�,� Lotus japonica� �a�n�d� �r�e�l�a�t�e�d� 
�l�e�g�u�m�e� �s�p�e�c�i�e�s�,� �a�s� �w�e�l�l� �a�s� �m�u�t�a�n�t� �l�i�n�e�s� �o�f� �t�h�e� �J�a�p�a�n�e�s�e� 
�m�o�r�n�i�n�g� �g�l�o�r�y�.� �T�w�o� �g�r�e�e�n� �h�o�u�s�e�s� �(�� �a�n�d� �1�� �m�2�)� �w�i�t�h� �a�i�r�-
�c�o�n�d�i�t�i�o�n�i�n�g� �m�e�e�t� �t�h�e� �P�1�P� �p�h�y�s�i�c�a�l� �c�o�n�t�a�i�n�m�e�n�t� �l�e�v�e�l� �a�n�d� 
�a�r�e� �a�v�a�i�l�a�b�l�e� �f�o�r� �e�x�p�e�r�i�m�e�n�t�s� �u�s�i�n�g� �t�r�a�n�s�g�e�n�i�c� �p�l�a�n�t�s�.� �T�h�e� 
�P�l�a�n�t� �C�u�l�t�u�r�e� �L�a�b�o�r�a�t�o�r�y� �a�l�s�o� �m�a�i�n�t�a�i�n�s� �a� ��� �m�2� �b�u�i�l�d�i�n�g� 
�w�i�t�h� �s�t�o�r�a�g�e� �a�n�d� �w�o�r�k�s�p�a�c�e�.� �P�a�r�t� �o�f� �t�h�e� �b�u�i�l�d�i�n�g� �i�s� �u�s�e�d� �f�o�r� 
�r�e�a�r�i�n�g� �o�f� �t�h�e� �o�r�c�h�i�d� �m�a�n�t�i�s�.
�I�n� �2�0�1��,� �s�e�v�e�r�a�l� �p�l�a�n�t� �c�u�l�t�u�r�e� �f�a�c�i�l�i�t�i�e�s� �c�a�m�e� �i�n�t�o� �u�s�e�.� �O�f� 
�t�h�e�s�e�,� �t�h�e� �m�u�l�t�i�p�l�e� �p�r�e�c�i�s�e� �e�n�v�i�r�o�n�m�e�n�t� �c�o�n�t�r�o�l� �p�l�a�n�t� 
�i�n�c�u�b�a�t�o�r� �s�y�s�t�e�m� �i�s� �c�o�m�p�o�s�e�d� �o�f� �1�0� �i�n�c�u�b�a�t�o�r�s�.� �U�s�e�r�s� �c�a�n� 
�c�o�n�t�r�o�l� �a�l�l� �t�h�e� �i�n�c�u�b�a�t�o�r�s� �s�y�n�c�h�r�o�n�o�u�s�l�y�.� �A� �t�i�s�s�u�e� �c�u�l�t�u�r�e� �r�a�c�k� 
�w�i�t�h� �d�i�m�m�i�n�g� �L�E�D�s� �a�n�d� �p�u�l�s�e�-�w�i�d�t�h� �m�o�d�u�l�a�t�i�o�n� �c�o�n�t�r�o�l�l�e�r�s� 
�i�s� �u�s�e�d� �f�o�r� �a�l�g�a�e� �c�u�l�t�u�r�e� �u�n�d�e�r� �p�r�e�c�i�s�e� �l�i�g�h�t� �c�o�n�t�r�o�l�.

�T�h�e� �J�a�p�a�n�e�s�e� �m�o�r�n�i�n�g� �g�l�o�r�y� �(Ipomoea nil�)� �i�s� �a� �t�r�a�d�i�t�i�o�n�a�l� 
�f�l�o�r�i�c�u�l�t�u�r�a�l� �p�l�a�n�t� �i�n� �J�a�p�a�n�,� �a�n�d� �i�s� �s�t�u�d�i�e�d� �w�o�r�l�d�w�i�d�e�,� 
�e�s�p�e�c�i�a�l�l�y� �i�n� �p�l�a�n�t� �p�h�y�s�i�o�l�o�g�y� �a�n�d� �g�e�n�e�t�i�c�s�.� �N�I�B�B� �c�o�l�l�e�c�t�s�,� 
�d�e�v�e�l�o�p�s� �a�n�d� �d�i�s�t�r�i�b�u�t�e�s� �D�N�A� �c�l�o�n�e�s�,� �m�u�t�a�n�t� �l�i�n�e�s� �f�o�r� �f�l�o�w�e�r� 
�p�i�g�m�e�n�t�a�t�i�o�n�,� �a�n�d� �t�r�a�n�s�g�e�n�i�c� �l�i�n�e�s� �a�s� �a� �s�u�b�-�c�e�n�t�e�r� �o�f� �t�h�e� 
�N�a�t�i�o�n�a�l� �B�i�o�R�e�s�o�u�r�c�e� �P�r�o�j�e�c�t� �(�N�B�R�P�)� �M�o�r�n�i�n�g� �g�l�o�r�y�,� �a�n�d� 
�c�o�l�l�a�b�o�r�a�t�e�s� �w�i�t�h� �t�h�e� �c�o�r�e� �o�r�g�a�n�i�z�a�t�i�o�n� �c�e�n�t�e�r�,� �K�y�u�s�h�u� 
�U�n�i�v�e�r�s�i�t�y�.� �W�e� �c�o�l�l�e�c�t�e�d� �s�e�v�e�r�a�l� �m�u�t�a�n�t� �l�i�n�e�s� �a�n�d� �1�0�,�0�0�0� 
�B�A�C� �c�l�o�n�e�s�,� �a�n�d� �p�r�o�v�i�d�e�d� �� �D�N�A� �c�l�o�n�e�s� �a�n�d� �2�� Ipomoea 
�l�i�n�e�s� �t�o� �b�o�t�h� �l�o�c�a�l� �a�n�d� �f�o�r�e�i�g�n� �b�i�o�l�o�g�i�s�t�s� �t�h�i�s� �y�e�a�r�.
�R�e�s�e�a�r�c�h� �a�c�t�i�v�i�t�i�e�s� �o�f� �t�h�e� �a�s�s�i�s�t�a�n�t� �p�r�o�f�e�s�s�o�r� �A�.� +�o�s�h�i�n�o� �a�r�e� 
�s�h�o�w�n� �o�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �p�a�g�e� �(�p�.� �5��)�.

�T�h�e� �C�e�l�l� �B�i�o�l�o�g�y� �R�e�s�e�a�r�c�h� �F�a�c�i�l�i�t�y� �p�r�o�v�i�d�e�s� �v�a�r�i�o�u�s� 
�e�q�u�i�p�m�e�n�t� �f�o�r� �t�i�s�s�u�e� �a�n�d� �c�e�l�l� �c�u�l�t�u�r�e�.� �T�h�i�s� �l�a�b�o�r�a�t�o�r�y� �i�s� 
�e�q�u�i�p�p�e�d� �w�i�t�h� �s�a�f�e�t�y� �r�o�o�m�s� �w�h�i�c�h� �s�a�t�i�s�f�y� �t�h�e� �P�2� �p�h�y�s�i�c�a�l� 
�c�o�n�t�a�i�n�m�e�n�t� �l�e�v�e�l�,� �a�n�d� �i�s� �r�o�u�t�i�n�e�l�y� �u�s�e�d� �f�o�r� �D�N�A� 
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�r�e�c�o�m�b�i�n�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s�.
�R�e�s�e�a�r�c�h� �a�c�t�i�v�i�t�i�e�s� �o�f� �a�s�s�i�s�t�a�n�t� �p�r�o�f�e�s�s�o�r� �Y�.� +�a�m�a�d�a�,� �t�h�e� 
�p�r�i�n�c�i�p�a�l� �i�n�v�e�s�t�i�g�a�t�o�r� �o�f� �t�h�e� �L�a�b�o�r�a�t�o�r�y� �o�f� �C�e�l�l� �S�o�c�i�o�l�o�g�y�,� �i�s� 
�s�h�o�w�n� �o�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �p�a�g�e� �(�p�.�1��)�.

�F�i�g�u�r�e� ��.� � �E�q�u�i�p�m�e�n�t� �f�o�r� �t�i�s�s�u�e� �a�n�d� �c�e�l�l� �c�u�l�t�u�r�e�.
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�I�n� �o�r�d�e�r� �t�o� �r�e�a�l�i�z�e� �a� �l�i�f�e� �s�c�i�e�n�c�e�s� �c�o�m�m�u�n�i�t�y� �r�e�s�i�l�i�e�n�t� �t�o� 
�n�a�t�u�r�a�l� �d�i�s�a�s�t�e�r�s� �a�n�d� �c�a�l�a�m�i�t�i�e�s�,� �t�h�e� �N�a�t�i�o�n�a�l� �I�n�s�t�i�t�u�t�e�s� �f�o�r� 
�N�a�t�u�r�a�l� �S�c�i�e�n�c�e�s� �(�N�I�N�S�)� �a�n�d� +�o�k�k�a�i�d�o� �U�n�i�v�e�r�s�i�t�y�,� �T�o�h�o�k�u� 
�U�n�i�v�e�r�s�i�t�y�,� �T�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �T�o�k�y�o�,� �N�a�g�o�y�a� �U�n�i�v�e�r�s�i�t�y�,� 
�K�y�o�t�o� �U�n�i�v�e�r�s�i�t�y�,� �O�s�a�k�a� �U�n�i�v�e�r�s�i�t�y�,� �a�n�d� �K�y�u�s�h�u� �U�n�i�v�e�r�s�i�t�y� 
�c�o�n�c�l�u�d�e�d� �a�n� �a�g�r�e�e�m�e�n�t� �o�n� �J�u�n�e� �1�s�t� �2�0�1�2� �t�o� �l�a�u�n�c�h� �a� �s�y�s�t�e�m� 
�t�o� ¶�b�a�c�k� �u�p�’� �t�h�e� �b�i�o�l�o�g�i�c�a�l� � �r�e�s�o�u�r�c�e�s� �e�s�s�e�n�t�i�a�l� �t�o� �t�h�e� �w�o�r�k� 
�b�e�i�n�g� �d�o�n�e� �a�t� �u�n�i�v�e�r�s�i�t�i�e�s� �a�n�d� �r�e�s�e�a�r�c�h� �i�n�s�t�i�t�u�t�i�o�n�s� 
�n�a�t�i�o�n�w�i�d�e�,� �c�a�l�l�e�d� �t�h�e� ¶�I�n�t�e�r�u�n�i�v�e�r�s�i�t�y� �B�i�o�-�B�a�c�k�u�p� �P�r�o�j�e�c�t� 
�(�I�B�B�P�)�’�.
�T�h�e� �I�B�B�P� �C�e�n�t�e�r� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �a�s� �a� �c�e�n�t�r�a�l�i�z�e�d� �b�a�c�k�u�p� 
�a�n�d� �s�t�o�r�a�g�e� �f�a�c�i�l�i�t�y� �a�t� �N�I�B�B�,� �w�h�i�l�e� �I�B�B�P� �m�e�m�b�e�r� 
�u�n�i�v�e�r�s�i�t�i�e�s� �s�e�t� �u�p� �s�a�t�e�l�l�i�t�e� �h�u�b�s� �a�n�d� �w�o�r�k� �c�l�o�s�e�l�y� �w�i�t�h� �t�h�e� 

�I�B�B�P� �c�e�n�t�e�r� �t�o� �p�u�t� �i�n� �p�l�a�c�e� �r�e�c�i�p�r�o�c�a�l� �s�y�s�t�e�m�s� �f�o�r� �b�a�c�k�i�n�g� �u�p� 
�i�m�p�o�r�t�a�n�t� �b�i�o�l�o�g�i�c�a�l� �r�e�s�o�u�r�c�e�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �b�y� 
�r�e�s�e�a�r�c�h�e�r�s� �w�o�r�k�i�n�g� �i�n� �t�h�e� �a�r�e�a� �i�n� �w�h�i�c�h� �e�a�c�h� �u�n�i�v�e�r�s�i�t�y� 
�s�a�t�e�l�l�i�t�e� �h�u�b� �i�s� �r�e�s�p�o�n�s�i�b�l�e�.� 
�T�h�e� �I�B�B�P� �C�e�n�t�e�r� �i�n�c�l�u�d�e�s� �e�a�r�t�h�q�u�a�k�e� �p�r�o�o�f� �s�t�r�u�c�t�u�r�e�s� 
�c�a�p�a�b�l�e� �o�f� �w�i�t�h�s�t�a�n�d�i�n�g� �e�v�e�n� �v�e�r�y� �l�a�r�g�e� �s�c�a�l�e� �q�u�a�k�e�s� 
�(�e�q�u�i�p�p�e�d� �w�i�t�h� �e�m�e�r�g�e�n�c�y� �b�a�c�k�u�p� �p�o�w�e�r� �g�e�n�e�r�a�t�o�r�s�)�,� 
�c�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� �f�a�c�i�l�i�t�i�e�s� �e�q�u�i�p�p�e�d� �w�i�t�h� �a�u�t�o�m�a�t�i�c� �l�i�q�u�i�d� 
�n�i�t�r�o�g�e�n� �f�e�e�d�i�n�g� �s�y�s�t�e�m�s�,� �d�e�e�p� �f�r�e�e�z�e�r�s�,� �a�n�d� �r�e�f�r�i�g�e�r�a�t�e�d� 
�s�t�o�r�a�g�e� �(�m�a�i�n�l�y� �f�o�r� �s�e�e�d� �s�t�o�c�k�s�)�,� �a�s� �w�e�l�l� �a�s� �a�l�l� �m�a�n�n�e�r� �o�f� 
�a�u�t�o�m�a�t�e�d� �l�a�b�o�r�a�t�o�r�y� �e�q�u�i�p�m�e�n�t�,� �c�e�l�l� �c�u�l�t�u�r�e� �t�o�o�l�s�,� �a�n�d� �t�h�e� 
�l�a�t�e�s�t� �e�q�u�i�p�m�e�n�t� �n�e�c�e�s�s�a�r�y� �t�o� �b�a�c�k� �u�p� �t�h�e� �g�e�n�e�t�i�c� �r�e�s�o�u�r�c�e�s� 
�i�n� �a� �c�o�l�l�a�b�o�r�a�t�i�v�e� �m�a�n�n�e�r�.� �T�h�e� �s�p�e�c�i�f�i�c� �m�e�t�h�o�d�s� �a�r�e� 
�c�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� � �o�f� �t�h�e� �s�p�e�r�m� �a�n�d� �e�g�g�s� �o�f� �a�n�i�m�a�l�s�,� �c�u�l�t�u�r�e�d� 
�p�l�a�n�t� �a�n�d� �a�n�i�m�a�l� �c�e�l�l�s�,� �p�r�o�t�e�i�n�s� �a�n�d� �g�e�n�e� �l�i�b�r�a�r�i�e�s�.� �P�l�a�n�t� 
�s�e�e�d�s� �a�r�e� �f�r�o�z�e�n� �o�r� �r�e�f�r�i�g�e�r�a�t�e�d�.� 
�U�n�i�v�e�r�s�i�t�y� �s�a�t�e�l�l�i�t�e� �h�u�b�s� �r�e�c�e�i�v�e� �p�r�e�s�e�r�v�a�t�i�o�n� �r�e�q�u�e�s�t�s� �o�f� 
�b�i�o�l�o�g�i�c�a�l� �r�e�s�o�u�r�c�e�s� �f�r�o�m� �r�e�s�e�a�r�c�h�e�r�s� �a�n�d� �r�e�p�o�r�t� �t�o� �t�h�e� 
�M�a�n�a�g�i�n�g� �P�r�o�j�e�c�t� �C�o�m�m�i�t�t�e�e� �o�f� �I�B�B�P� �(�c�o�n�s�t�i�t�u�t�e�d� �o�f� �f�a�c�u�l�t�y� 
�o�f� �N�I�B�B� �a�n�d� �s�a�t�e�l�l�i�t�e� �i�n�s�t�i�t�u�t�e�s�)�,� �w�h�e�r�e� �t�h�e� �r�e�l�e�v�a�n�c�e� �o�f� �t�h�e� 
�r�e�q�u�e�s�t� �i�s� �r�e�v�i�e�w�e�d�.� �W�h�e�n� �t�h�e� �r�e�q�u�e�s�t� �i�s� �s�u�s�t�a�i�n�e�d�,� �b�i�o�l�o�g�i�c�a�l� 
�r�e�s�o�u�r�c�e�s� �t�o� �b�e� �p�r�e�s�e�r�v�e�d� �w�i�l�l� �b�e� �s�e�n�t� �t�o� �t�h�e� �I�B�B�P� �C�e�n�t�e�r� �b�y� 
�t�h�e� �r�e�q�u�e�s�t�i�n�g� �r�e�s�e�a�r�c�h�e�r�,� �w�h�e�r�e� �t�h�e�y� �w�i�l�l� �b�e� �f�r�o�z�e�n� �(�o�r� 
�r�e�f�r�i�g�e�r�a�t�e�d�)� �a�n�d� �t�h�e�i�r� �p�a�r�t�i�c�u�l�a�r� �i�n�f�o�r�m�a�t�i�o�n� �w�i�l�l� �b�e� 
�r�e�g�i�s�t�e�r�e�d� �i�n�t�o� �a� �d�a�t�a�b�a�s�e�.� �I�n� �t�h�e� �e�v�e�n�t� �o�f� �a� �d�i�s�a�s�t�e�r� �o�r� �o�t�h�e�r� 
�e�v�e�n�t� �l�e�a�d�i�n�g� �t�o� �t�h�e� �l�o�s�s� �o�f� �a� �r�e�s�e�a�r�c�h�e�r�’�s� �o�w�n� �b�i�o�l�o�g�i�c�a�l� 
�r�e�s�o�u�r�c�e�s�,� �p�r�e�s�e�r�v�e�d� �s�a�m�p�l�e�s� �w�i�l�l� �b�e� �p�r�o�m�p�t�l�y� �s�u�p�p�l�i�e�d� �b�a�c�k� 
�t�o� �t�h�e� �r�e�s�e�a�r�c�h�e�r� �s�o� �t�h�e�y� �c�a�n� �q�u�i�c�k�l�y� �r�e�s�u�m�e� �t�h�e�i�r� �w�o�r�k�.� 
�T�h�r�o�u�g�h� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�i�s� �b�a�c�k�u�p� �s�y�s�t�e�m� �b�i�o�l�o�g�i�c�a�l� 
�r�e�s�o�u�r�c�e�s� �t�h�a�t� �h�a�d� �o�n�l�y� �b�e�e�n� �s�t�o�r�e�d� �a�t� �i�n�d�i�v�i�d�u�a�l� �r�e�s�e�a�r�c�h� 
�i�n�s�t�i�t�u�t�e�s� �c�a�n� �n�o�w� �b�e� �p�r�e�s�e�r�v�e�d� �a�t� �t�h�e� �s�t�a�t�e� �o�f� �t�h�e� �a�r�t� �f�a�c�i�l�i�t�i�e�s� 
�o�f� �t�h�e� �I�B�B�P� �C�e�n�t�e�r�,� �a�n�d� �J�a�p�a�n�’�s� �r�e�s�e�a�r�c�h� �i�n�f�r�a�s�t�r�u�c�t�u�r�e� �h�a�s� 
�b�e�e�n� �s�i�g�n�i�f�i�c�a�n�t�l�y� �s�t�r�e�n�g�t�h�e�n�e�d�.

I.  Current status of back up for biological 
resources

�I�n� �2�0�1��,� �I�B�B�P� �C�e�n�t�e�r� �s�t�o�r�e�d� ��,���� ¶����-�w�e�l�l� �p�l�a�t�e�s�’� 
�c�o�n�s�i�s�t�i�n�g� �o�f� �1�,�5���,���� �c�D�N�A��B�A�C�s� �c�l�o�n�e�s�,� �5�,�0��� �t�u�b�e�s� �f�o�r� 
�a�n�i�m�a�l� �c�e�l�l�s�,� �p�l�a�n�t� �a�n�d� �a�n�i�m�a�l� �s�a�m�p�l�e�s�,� �p�r�o�t�e�i�n�s�,� �g�e�n�e�s�,� �a�n�d� 
�m�i�c�r�o�o�r�g�a�n�i�s�m�s�.� �I�n� �t�o�t�a�l� �1�,�5���,�5�5�� �s�a�m�p�l�e�s� �a�r�e� �s�t�o�r�e�d�.� 

1,BB�&(17(5�2)�7+(�,17(581,9(56,7<
B,2���BA&.83�352-(&7��,BB3�&(17(5��
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�F�i�g�u�r�e� �1�.� �I�B�B�P� �C�e�n�t�e�r� 

�F�i�g�u�r�e� �2�.� �C�r�y�o�g�e�n�i�c� �s�t�o�r�a�g�e� �s�y�s�t�e�m�.� �L�i�q�u�i�d� �n�i�t�r�o�g�e�n� �t�a�n�k�s� �a�r�e� �m�o�n�i�t�o�r�e�d� 
�2�� �h�o�u�r�s� �a� �d�a�y� �a�n�d� �a�r�e� �r�e�f�i�l�l�e�d� �a�u�t�o�m�a�t�i�c�a�l�l�y�.

�F�i�g�u�r�e� ��.� �C�r�y�o�t�u�b�e� �w�i�t�h� �2�D� �b�a�r�c�o�d�e�.� �E�a�c�h� �s�a�m�p�l�e� �i�s� �p�r�i�n�t�e�d� �w�i�t�h� �a� 
�u�n�i�q�u�e� �b�a�r�c�o�d�e� �a�n�d� �i�s� �m�a�n�a�g�e�d� �u�s�i�n�g� �a� �d�a�t�a�b�a�s�e�.
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II.  Collaborative Research Project for the 
development of new long-term storage 
technologies and cryobiological study

�A�s� �t�h�e� �I�B�B�P� �C�e�n�t�e�r� �c�a�n� �o�n�l�y� �a�c�c�e�p�t� �b�i�o�l�o�g�i�c�a�l� �r�e�s�o�u�r�c�e�s� 
�w�h�i�c�h� �c�a�n� �b�e� �c�r�y�o�p�r�e�s�e�r�v�e�d� �i�n� �l�i�q�u�i�d� �n�i�t�r�o�g�e�n�,� �r�e�s�e�a�r�c�h�e�r�s� 
�c�a�n�n�o�t� �b�a�c�k�u�p� �t�h�o�s�e� �b�i�o�l�o�g�i�c�a�l� �r�e�s�o�u�r�c�e�s� �f�o�r� �w�h�i�c�h� 
�c�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� �m�e�t�h�o�d�s� �a�r�e� �n�o�t� �w�e�l�l� �e�s�t�a�b�l�i�s�h�e�d�.� �T�o� 
�i�n�c�r�e�a�s�e� �t�h�e� �u�s�a�b�i�l�i�t�y� �o�f� �I�B�B�P�,� �w�e� �s�t�a�r�t�e�d� �a� �c�o�l�l�a�b�o�r�a�t�i�v�e� 
�r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �n�e�w� �l�o�n�g�-�t�e�r�m� 
�s�t�o�r�a�g�e� �t�e�c�h�n�o�l�o�g�i�e�s� �a�n�d� �c�r�y�o�b�i�o�l�o�g�i�c�a�l� �s�t�u�d�y� �i�n� �2�0�1��.� �T�h�i�s� 
�c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� �i�n�c�l�u�d�e�s� �t�w�o� �s�u�b�j�e�c�t�s� �1�)� �E�s�t�a�b�l�i�s�h�m�e�n�t� 
�o�f� �n�e�w� �s�t�o�r�a�g�e� �t�e�c�h�n�o�l�o�g�y� �f�o�r� �b�i�o�l�o�g�i�c�a�l� �r�e�s�o�u�r�c�e�s� �f�o�r� �w�h�i�c�h� 
�l�o�n�g�-�t�e�r�m� �s�t�o�r�a�g�e� �i�s� �u�n�a�v�a�i�l�a�b�l�e�.� �2�)� �B�a�s�i�c� �c�r�y�o�b�i�o�l�o�g�i�c�a�l� 
�r�e�s�e�a�r�c�h� �e�n�a�b�l�i�n�g� �u�s� �t�o� �i�m�p�r�o�v�e� �l�o�w� �t�e�m�p�e�r�a�t�u�r�e� �s�t�o�r�a�g�e� �f�o�r� 
�b�i�o�l�o�g�i�c�a�l� �r�e�s�o�u�r�c�e�s�.� �I�n� �2�0�1�� �w�e� �h�a�d� �t�e�n� �a�p�p�l�i�c�a�t�i�o�n�s� �a�n�d� 
�a�c�c�e�p�t�e�d� �a�l�l� �t�e�n� �p�r�o�p�o�s�a�l�s�.� �W�e� �a�r�e� �a�l�s�o� �w�o�r�k�i�n�g� �t�o� �e�s�t�a�b�l�i�s�h� �a� 
�r�e�s�e�a�r�c�h� �c�e�n�t�e�r� �f�o�r� �c�r�y�o�b�i�o�l�o�g�i�c�a�l� �s�t�u�d�y� �t�h�o�r�o�u�g�h� �t�h�i�s� 
�C�o�l�l�a�b�o�r�a�t�i�v�e� �R�e�s�e�a�r�c�h� �P�r�o�j�e�c�t�.� �I�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �t�h�i�s� �a�i�m� 
�w�e� �o�r�g�a�n�i�z�e�d� �a� �C�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e� �i�n� �2�0�1�� �o�n� 
�O�c�t�o�b�e�r� �2��-�2��,� �2�0�1�� �a�t� �t�h�e� �O�k�a�z�a�k�i� �C�o�n�f�e�r�e�n�c�e� �C�e�n�t�e�r�,� 
�O�k�a�z�a�k�i�,� �J�a�p�a�n�.� �W�e� �h�a�d� �1�0�� �p�a�r�t�i�c�i�p�a�n�t�s� �f�r�o�m� �s�e�v�e�r�a�l� �f�i�e�l�d�s� 
�f�r�o�m� �p�h�y�s�i�c�s�,� �c�h�e�m�i�s�t�r�y�,� �b�i�o�l�o�g�y� �a�n�d� �t�e�c�h�n�o�l�o�g�y�.� � 

�F�i�g�u�r�e� ��.� �G�r�o�u�p� �p�h�o�t�o� �o�f� �C�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e� �2�0�1�
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Cryopreservation
�C�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� �p�r�o�t�o�c�o�l�s� �c�o�n�t�a�i�n� �c�o�m�p�o�n�e�n�t�s� �w�h�i�c�h� �a�r�e� 
�u�s�u�a�l�l�y� �d�e�v�e�l�o�p�e�d� �e�m�p�i�r�i�c�a�l�l�y� �u�s�i�n�g� �e�a�c�h� �b�i�o�l�o�g�i�c�a�l� 
�r�e�s�o�u�r�c�e�’�s� �s�p�e�c�i�f�i�c� �s�t�r�a�t�e�g�y� �t�o� �e�n�h�a�n�c�e� �s�u�r�v�i�v�a�l� �(�B�e�n�s�o�n� 
�2�0�0��)�.� �T�h�e� �t�h�e�o�r�y� �o�f� �c�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� �e�n�c�o�m�p�a�s�s�e�s� �s�e�v�e�r�a�l� 
�i�n�t�e�r�c�o�n�n�e�c�t�e�d� �d�i�s�c�i�p�l�i�n�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �t�o� 
�c�r�y�o�p�h�y�s�i�c�a�l�.� �W�a�t�e�r� �s�t�a�t�u�s� �a�n�d� �c�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� �m�e�t�h�o�d�s�,� �i�n� 
�c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �p�h�y�s�i�o�l�o�g�i�c�a�l� �f�a�c�t�o�r�s�,� �a�r�e� �t�h�e� �m�o�s�t� 
�i�n�f�l�u�e�n�t�i�a�l� �d�e�t�e�r�m�i�n�a�n�t�s� �o�f� �s�u�r�v�i�v�a�l�.� 
�S�o� �f�a�r� �c�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� �h�a�s� �b�e�e�n� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�e�r�m�s� �o�f� �t�h�e� 
�l�i�q�u�i�d� �a�n�d� �s�o�l�i�d� �(�i�c�e�)� �p�h�a�s�e�s� �o�f� �w�a�t�e�r�.� �I�t� �i�s� �a�l�s�o� �p�o�s�s�i�b�l�e� �t�o� 
�c�r�y�o�p�r�e�s�e�r�v�e� �t�i�s�s�u�e�s� �b�y� �t�h�e� �p�r�o�c�e�s�s� �o�f� ´�v�i�t�r�i�f�i�c�a�t�i�o�nµ�,� �t�h�e� 
�s�o�l�i�d�i�f�i�c�a�t�i�o�n� �o�f� �l�i�q�u�i�d�s� �w�i�t�h�o�u�t� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �(�F�i�g�u�r�e� �5�)�.� 
�T�h�i�s� �c�o�m�p�r�i�s�e�s� �a� ´�g�l�a�s�s�y� �s�t�a�t�eµ� �a�s� �t�h�e� �s�y�s�t�e�m� �i�s� �a�m�o�r�p�h�o�u�s�,� 
�l�a�c�k�s� �o�r�g�a�n�i�z�e�d� �s�t�r�u�c�t�u�r�e� �b�u�t� �p�o�s�s�e�s�s�e�s� �t�h�e� �m�e�c�h�a�n�i�c�a�l� �a�n�d� 
�p�h�y�s�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �o�f� �a� �s�o�l�i�d� �(�T�a�y�l�o�r� et al�.� �2�0�0��)�.

9�i�t�r�i�f�i�c�a�t�i�o�n�-�b�a�s�e�d� �p�r�o�t�o�c�o�l�s� �a�r�e� �k�n�o�w�n� �t�o� �b�e� �e�f�f�e�c�t�i�v�e� �f�o�r� 
�l�o�n�g�-�t�e�r�m�,� �s�t�a�b�l�e� �p�r�e�s�e�r�v�a�t�i�o�n� �o�f� �p�l�a�n�t� �g�e�r�m�p�l�a�s�m�� �t�h�i�s� 
�p�r�o�t�o�c�o�l� �c�a�n� �r�e�d�u�c�e� �t�h�e� �c�o�s�t� �a�n�d� �m�a�n�p�o�w�e�r� �f�o�r� �m�a�i�n�t�a�i�n�i�n�g� �a� 
�l�a�r�g�e� �n�u�m�b�e�r� �o�f� �g�e�r�m�p�l�a�s�m� �l�i�n�e�s� �a�n�d� �k�e�e�p� �m�a�n�y� �v�a�l�u�a�b�l�e� 
�g�e�n�e�t�i�c� �l�i�n�e�s� �l�o�n�g�-�t�e�r�m� �u�n�d�e�r� �g�e�n�e�t�i�c�a�l�l�y� �s�t�a�b�l�e� �c�o�n�d�i�t�i�o�n�s�.� 
+�o�w�e�v�e�r�,� �i�t� �i�s� �s�t�i�l�l� �n�o�t� �w�i�d�e�l�y� �e�m�p�l�o�y�e�d� �a�s� �a� �r�e�l�i�a�b�l�e� �l�o�n�g�-
�t�e�r�m� �p�r�e�s�e�r�v�a�t�i�o�n� �p�r�o�t�o�c�o�l� �d�u�e� �t�o� �t�h�e� �l�a�c�k� �o�f� �b�a�s�i�c� 
�k�n�o�w�l�e�d�g�e� �o�n� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �w�a�t�e�r� �i�n� �c�e�l�l�s� �a�n�d� �t�i�s�s�u�e�s� �w�h�e�n� 
�i�m�m�e�r�s�e�d� �i�n� �l�i�q�u�i�d� �n�i�t�r�o�g�e�n�.� 
�I�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�,� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� �c�o�m�b�i�n�e�d� �w�i�t�h� 
�f�r�e�e�z�e�-�s�u�b�s�t�i�t�u�t�i�o�n� �w�a�s� �e�m�p�l�o�y�e�d� �t�o� �e�x�a�m�i�n�e� �t�h�e� 
�u�l�t�r�a�s�t�r�u�c�t�u�r�e� �o�f� �c�e�l�l�s� �o�f� �g�e�m�m�a�e� �o�f� �t�h�e� �l�i�v�e�r�w�o�r�t�,� 
Marchantia polymorpha� �L�.�,� �s�t�r�a�i�n� �T�a�k�a�r�a�g�a�i�k�e�-�1� �t�h�a�t� �w�e�r�e� 
�c�o�o�l�e�d� �t�o� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �l�i�q�u�i�d� �n�i�t�r�o�g�e�n� �a�f�t�e�r� �e�x�p�o�s�u�r�e� �t�o� 
�v�a�r�i�o�u�s� �s�t�e�p�s� �o�f� �t�h�e� �C�r�y�o�p�l�a�t�e� �p�r�o�t�o�c�o�l� �(�F�i�g�u�r�e� ��)�.� 

�F�i�g�u�r�e� ��.� �C�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� �p�r�o�t�o�c�o�l� �u�s�i�n�g� �a�l�u�m�i�n�u�m� �c�r�y�o�p�l�a�t�e�.� 
�A�� �P�r�e�p�a�r�a�t�i�o�n� �o�f� in vitro� �g�r�o�w�n� �g�e�m�m�a�e� �o�f� �l�i�v�e�r�w�o�r�t�.� �B�� �P�l�a�c�i�n�g� 
�p�r�e�c�u�l�t�u�r�e�d� �g�e�m�m�a�e� �i�n� �a� �c�r�y�o�p�l�a�t�e�’�s� �w�e�l�l�s�.� �C�� �R�e�g�r�o�w�t�h� �o�f� �c�r�y�o�p�r�e�s�e�r�v�e�d� 
�l�i�v�e�w�o�r�t� �l�i�n�e� ¶�T�a�k�a�r�a�g�a�i�k�e�-�1�’� ��0� �d�a�y�s� �a�f�t�e�r� �r�e�w�a�r�m�i�n�g�.� �D�� �C�o�n�t�r�o�l� 
�(�w�i�t�h�o�u�t� �c�o�o�l�i�n�g� �i�n� �l�i�q�u�i�d� �n�i�t�r�o�g�e�n�)�.

�F�i�g�u�r�e� �5�.� �P�h�a�s�e� �d�i�a�g�r�a�m� �o�f� �v�i�t�r�i�f�i�c�a�t�i�o�n� �o�f� �a� �s�o�l�u�t�i�o�n�.� 
9�i�t�r�i�f�i�c�a�t�i�o�n�,� �a� �p�h�y�s�i�c�a�l� �p�r�o�c�e�s�s�,� �c�a�n� �b�e� �d�e�f�i�n�e�d� �a�s� �t�h�e� �p�h�a�s�e� �t�r�a�n�s�i�t�i�o�n� �o�f� 
�a�n� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �f�r�o�m� �a� �l�i�q�u�i�d� �i�n�t�o� �a�n� �a�m�o�r�p�h�o�u�s� �g�l�a�s�s�y� �s�o�l�i�d�,� �o�r� 
�g�l�a�s�s�,� �a�t� �t�h�e� �g�l�a�s�s� �t�r�a�n�s�i�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �(�T�g�)�,� �w�h�i�l�e� �a�v�o�i�d�i�n�g� �i�c�e� 
�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n�.

Publication List
〔Original paper〕

�� �K�o�n�d�o�,� � �T�.�,� �S�a�k�u�m�a�,� �T�.�,� �W�a�d�a�,� +�.�,� �A�k�i�m�o�t�o�-�K�a�t�o�,� �A�.�,� �Y�a�m�a�m�o�t�o�,� �T�.�,� �a�n�d� 
+�a�y�a�s�h�i�,� �S�.� � �(�2�0�1��)�.� �T�A�L�E�N�-�i�n�d�u�c�e�d� �g�e�n�e� �k�n�o�c�k� �o�u�t� �i�n� Drosophila�.� 
�D�e�v�.� �G�r�o�w�t�h� �D�i�f�f�e�r�.� 56�,� ���-��1�.
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Leucophores are similar to xanthophores
�M�e�c�h�a�n�i�s�m�s� �g�e�n�e�r�a�t�i�n�g� �d�i�v�e�r�s�e� �c�e�l�l� �t�y�p�e�s� �f�r�o�m� �m�u�l�t�i�p�o�t�e�n�t� 
�p�r�o�g�e�n�i�t�o�r�s� �a�r�e� �c�r�u�c�i�a�l� �f�o�r� �n�o�r�m�a�l� �d�e�v�e�l�o�p�m�e�n�t�.� �N�e�u�r�a�l� �c�r�e�s�t� 
�c�e�l�l�s� �(�N�C�C�s�)� �a�r�e� �m�u�l�t�i�p�o�t�e�n�t� �s�t�e�m� �c�e�l�l�s� �t�h�a�t� �g�i�v�e� �r�i�s�e� �t�o� 
�n�u�m�e�r�o�u�s� �c�e�l�l�-�t�y�p�e�s�,� �i�n�c�l�u�d�i�n�g� �p�i�g�m�e�n�t� �c�e�l�l�s�.� �M�e�d�a�k�a� 
�(Oryzias Latipes�)� �h�a�s� �f�o�u�r� �t�y�p�e�s� �o�f� �N�C�C�-�d�e�r�i�v�e�d� �p�i�g�m�e�n�t� 
�c�e�l�l�s� �(�x�a�n�t�h�o�p�h�o�r�e�s�,� �l�e�u�c�o�p�h�o�r�e�s�,� �m�e�l�a�n�o�p�h�o�r�e�s� �a�n�d� 
�i�r�i�d�o�p�h�o�r�e�s�)�,� �m�a�k�i�n�g� �m�e�d�a�k�a� �p�i�g�m�e�n�t� �c�e�l�l� �d�e�v�e�l�o�p�m�e�n�t� �a�n� 
�e�x�c�e�l�l�e�n�t� �m�o�d�e�l� �f�o�r� �s�t�u�d�y�i�n�g� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �c�o�n�t�r�o�l�l�i�n�g� 
�s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �d�i�s�t�i�n�c�t� �c�e�l�l� �t�y�p�e�s� �f�r�o�m� �a� �m�u�l�t�i�p�o�t�e�n�t� 
�p�r�e�c�u�r�s�o�r� �c�e�l�l�.� +�o�w�e�v�e�r� �t�h�e� �g�e�n�e�t�i�c� �b�a�s�i�s� �o�f� �c�h�r�o�m�a�t�o�p�h�o�r�e� 
�d�i�v�e�r�s�i�t�y� �r�e�m�a�i�n�s� �p�o�o�r�l�y� �u�n�d�e�r�s�t�o�o�d�.� 
�W�e� �r�e�p�o�r�t�e�d� �t�h�a�t� leucophore free-2� �(lf-2�)� �w�h�i�c�h� �a�f�f�e�c�t�s� 
�l�e�u�c�o�p�h�o�r�e� �a�n�d� �x�a�n�t�h�o�p�h�o�r�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n�,� �e�n�c�o�d�e�s� pax7a�.� 
�S�i�n�c�e� lf-2�,� �a� �l�o�s�s�-�o�f�-�f�u�n�c�t�i�o�n� �m�u�t�a�n�t� �f�o�r� pax7a�,� �c�a�u�s�e�s� 
�d�e�f�e�c�t�s� �i�n� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �x�a�n�t�h�o�p�h�o�r�e� �a�n�d� �l�e�u�c�o�p�h�o�r�e� 
�p�r�e�c�u�r�s�o�r� �c�e�l�l�s�,� pax7a� �i�s� �c�r�i�t�i�c�a�l� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� 
�c�h�r�o�m�a�t�o�p�h�o�r�e�s�.� �T�h�i�s� �g�e�n�e�t�i�c� �e�v�i�d�e�n�c�e� �i�m�p�l�i�e�s� �t�h�a�t� 
�l�e�u�c�o�p�h�o�r�e�s� �a�r�e� �s�i�m�i�l�a�r� �t�o� �x�a�n�t�h�o�p�h�o�r�e�s�,� �a�l�t�h�o�u�g�h� �i�t� �w�a�s� 
�p�r�e�v�i�o�u�s�l�y� �t�h�o�u�g�h�t� �t�h�a�t� �l�e�u�c�o�p�h�o�r�e�s� �w�e�r�e� �r�e�l�a�t�e�d� �t�o� 
�i�r�i�d�o�p�h�o�r�e�s�,� �a�s� �t�h�e�s�e� �c�h�r�o�m�a�t�o�p�h�o�r�e�s� �h�a�v�e� �p�u�r�i�n�e�-�d�e�p�e�n�d�e�n�t� 
�l�i�g�h�t� �r�e�f�l�e�c�t�i�o�n�.� 
Many leucophores-3� �(ml-3�)� �m�u�t�a�n�t� �e�m�b�r�y�o�s� �e�x�h�i�b�i�t� �a� 
�u�n�i�q�u�e� �p�h�e�n�o�t�y�p�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �e�x�c�e�s�s�i�v�e� �f�o�r�m�a�t�i�o�n� �o�f� 
�l�e�u�c�o�p�h�o�r�e�s� �a�n�d� �a�n� �a�b�s�e�n�c�e� �o�f� �x�a�n�t�h�o�p�h�o�r�e�s�.� �W�e� �s�h�o�w� �t�h�a�t� 
ml-3� �e�n�c�o�d�e�s� sox5�,� �w�h�i�c�h� �i�s� �e�x�p�r�e�s�s�e�d� �i�n� �p�r�e�m�i�g�r�a�t�o�r�y� �N�C�C�s� 
�a�n�d� �d�i�f�f�e�r�e�n�t�i�a�t�i�n�g� �x�a�n�t�h�o�p�h�o�r�e�s�.� �C�e�l�l� �t�r�a�n�s�p�l�a�n�t�a�t�i�o�n� �s�t�u�d�i�e�s� 
�r�e�v�e�a�l� �a� �c�e�l�l�-�a�u�t�o�n�o�m�o�u�s� �r�o�l�e� �o�f� sox5� �i�n� �t�h�e� �x�a�n�t�h�o�p�h�o�r�e� 
�l�i�n�e�a�g�e�.� pax7a� �i�s� �e�x�p�r�e�s�s�e�d� �i�n� �N�C�C�s� �a�n�d� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� �b�o�t�h� 
�x�a�n�t�h�o�p�h�o�r�e� �a�n�d� �l�e�u�c�o�p�h�o�r�e� �l�i�n�e�a�g�e�s�� �w�e� �d�e�m�o�n�s�t�r�a�t�e� �t�h�a�t� 
�S�o�x�5� �f�u�n�c�t�i�o�n�s� �d�o�w�n�s�t�r�e�a�m� �o�f� �P�a�x��a�.� 
�W�e� �p�r�o�p�o�s�e� �a� �m�o�d�e�l� �i�n� �w�h�i�c�h� �m�u�l�t�i�p�o�t�e�n�t� �N�C�C�s� �f�i�r�s�t� �g�i�v�e� 
�r�i�s�e� �t�o� pax7a�-�p�o�s�i�t�i�v�e� �b�i�-�p�o�t�e�n�t� �p�r�e�c�u�r�s�o�r� �c�e�l�l�s� �f�o�r� 
�x�a�n�t�h�o�p�h�o�r�e�s� �a�n�d� �l�e�u�c�o�p�h�o�r�e�s�� �s�o�m�e� �o�f� �t�h�e�s�e� �p�r�e�c�u�r�s�o�r� �c�e�l�l�s� 
�t�h�e�n� �e�x�p�r�e�s�s� sox5�,� �a�n�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �S�o�x�5� �a�c�t�i�o�n� �d�e�v�e�l�o�p� �i�n�t�o� 
�x�a�n�t�h�o�p�h�o�r�e�s� �(�F�i�g�u�r�e� ��)�.� �O�u�r� �f�i�n�d�i�n�g�s� �p�r�o�v�i�d�e� �c�l�u�e�s� �f�o�r� 
�r�e�v�e�a�l�i�n�g� �d�i�v�e�r�s�e� �e�v�o�l�u�t�i�o�n�a�r�y� �m�e�c�h�a�n�i�s�m�s� �o�f� �p�i�g�m�e�n�t� �c�e�l�l� 
�f�o�r�m�a�t�i�o�n� �i�n� �a�n�i�m�a�l�s�.
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�� �K�i�m�u�r�a�,� �T�.�,� �N�a�g�a�o�,� �Y�.�,� +�a�s�h�i�m�o�t�o�,� +�.�,� �Y�a�m�a�m�o�t�o�-�S�h�i�r�a�i�s�h�i�,� �Y�.�,� 
�Y�a�m�a�m�o�t�o�,� �S�.�,� �Y�a�b�e�,� �T�.�,� �T�a�k�a�d�a�,� �S�.�,� �K�i�n�o�s�h�i�t�a�,� �M�.�,� �K�u�r�o�i�w�a�,� �A�.�,� �a�n�d� 
�N�a�r�u�s�e�,� �K�.� �(�2�0�1��)�.� �L�e�u�c�o�p�h�o�r�e�s� �a�r�e� �s�i�m�i�l�a�r� �t�o� �x�a�n�t�h�o�p�h�o�r�e�s� �i�n� �t�h�e�i�r� 
�s�p�e�c�i�f�i�c�a�t�i�o�n� �a�n�d� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �p�r�o�c�e�s�s�e�s� �i�n� �m�e�d�a�k�a�.� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� 
�S�c�i�.� �U�S�A� 111�,� �����-�����.

�� �N�a�g�a�o�,� �Y�.�,� �S�u�z�u�k�i�,� �T�.�,� �S�h�i�m�i�z�u�,� �A�.�,� �K�i�m�u�r�a�,� �T�.�,� �S�e�k�i�,� �R�.�,� �A�d�a�c�h�i�,� �T�.�,� 
�I�n�o�u�e�,� �C�.�,� �O�m�a�e�,� �Y�.�,� �K�a�m�e�i�,� �Y�.�,� +�a�r�a�,� �I�.�,� �T�a�n�i�g�u�c�h�i�,� �Y�.�,� �N�a�r�u�s�e�,� �K�.�,� 
�W�a�k�a�m�a�t�s�u�,� �Y�.�,� �K�e�l�s�h�,� �R�.�N�.�,� +�i�b�i�,� �M�.�,� �a�n�d� +�a�s�h�i�m�o�t�o�,� +�.� �(�2�0�1��)�.� �S�o�x�5� 
�f�u�n�c�t�i�o�n�s� �a�s� �a� �f�a�t�e� �s�w�i�t�c�h� �i�n� �m�e�d�a�k�a� �p�i�g�m�e�n�t� �c�e�l�l� �d�e�v�e�l�o�p�m�e�n�t�.� �P�L�o�S� 
�G�e�n�e�t�.� 10�,� �e�1�0�0��2���.

�� �N�i�s�h�i�m�u�r�a�,� �T�.�,� +�e�r�p�i�n�,� �A�.�,� �K�i�m�u�r�a�,� �T�.�,� +�a�r�a�,� �I�.�,� �K�a�w�a�s�a�k�i�,� �T�.�,� �N�a�k�a�m�u�r�a�,� 
�S�.�,� �Y�a�m�a�m�o�t�o�,� �Y�.�,� �S�a�i�t�o�,� �T�.�L�.�,� �Y�o�s�h�i�m�u�r�a�,� �J�.�,� �M�o�r�i�s�h�i�t�a�,� �S�.�,� �T�s�u�k�a�h�a�r�a�,� 
�T�.�,� �K�o�b�a�y�a�s�h�i�,� �S�.�,� �N�a�r�u�s�e�,� �K�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� �S�a�k�a�i�,� �N�.�,� �S�c�h�a�r�t�l�,� �M�.�,� �a�n�d� 
�T�a�n�a�k�a�,� �M�.� �(�2�0�1��)�.� �A�n�a�l�y�s�i�s� �o�f� �a� �n�o�v�e�l� �g�e�n�e�,� �S�d�g�c�,� �r�e�v�e�a�l�s� �s�e�x� 
�c�h�r�o�m�o�s�o�m�e�-�d�e�p�e�n�d�e�n�t� �d�i�f�f�e�r�e�n�c�e�s� �o�f� �m�e�d�a�k�a� �g�e�r�m� �c�e�l�l�s� �p�r�i�o�r� �t�o� 
�g�o�n�a�d� �f�o�r�m�a�t�i�o�n�.� �D�e�v�e�l�o�p�m�e�n�t� 141,� �����-�����.

�� �T�s�u�b�o�k�o�,� �S�.�,� �K�i�m�u�r�a�,� �T�.�,� �S�h�i�n�y�a�,� �M�.�,� �S�u�e�h�i�r�o�,� �Y�.�,� �O�k�u�y�a�m�a�,� �T�.�,� 
�S�h�i�m�a�d�a�,� �A�.�,� �T�a�k�e�d�a�,� +�.�,� �N�a�r�u�s�e�,� �K�.�,� �K�u�b�o�,� �T�.�,� �a�n�d� �T�a�k�e�u�c�h�i�,� +�.� �(�2�0�1��)�.� 
�G�e�n�e�t�i�c� �c�o�n�t�r�o�l� �o�f� �s�t�a�r�t�l�e� �b�e�h�a�v�i�o�r� �i�n� �m�e�d�a�k�a� �f�i�s�h�.� �P�L�o�S� �O�n�e� 9,� 
�e�1�1�2�5�2��.

�F�i�g�u�r�e� ��.� �M�o�d�e�l� �f�o�r� �l�e�u�c�o�p�h�o�r�e� �a�n�d� �x�a�n�t�h�o�p�h�o�r�e� �d�e�v�e�l�o�p�m�e�n�t� �f�r�o�m� 
�n�e�u�r�a�l� �c�r�e�s�t� �c�e�l�l�s�.
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�T�h�e� �t�e�c�h�n�i�c�a�l� �a�n�d� �s�u�p�p�o�r�t�i�n�g� �s�t�a�f�f� �o�f� �t�h�e� �C�e�n�t�e�r� �f�o�r� 
�R�a�d�i�o�i�s�o�t�o�p�e� �F�a�c�i�l�i�t�i�e�s� �(�C�R�F�)� �m�a�i�n�t�a�i�n� �c�o�n�t�r�o�l�l�e�d� �a�r�e�a�s� �i�n� 
�c�o�m�p�l�i�a�n�c�e� �w�i�t�h� �t�h�e� �l�a�w�.� �T�h�e� �C�R�F� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� 
�m�o�n�i�t�o�r�i�n�g� �t�h�e� �p�u�r�c�h�a�s�e� �o�f� �r�a�d�i�o�i�s�o�t�o�p�e�s� �f�r�o�m� �t�h�e� �J�a�p�a�n� 
�R�a�d�i�o�i�s�o�t�o�p�e� �A�s�s�o�c�i�a�t�i�o�n� �(�J�R�I�A�)� �a�n�d� �t�h�e� �t�r�a�n�s�f�e�r� �o�f� 
�r�a�d�i�o�i�s�o�t�o�p�e� �w�a�s�t�e�s� �t�o� �J�R�I�A�.� 
�M�s�.� �M�a�t�s�u�d�a�,� �M�s�.� �I�i�n�u�m�a�,� �M�s�.� �I�t�o�,� �a�n�d� �M�s�.� �K�a�m�i�y�a� 
�m�a�i�n�t�a�i�n�e�d� �t�h�e� �M�y�o�d�a�i�j�i�-�A�r�e�a�.� �M�s�.� �S�a�w�a�d�a� �w�o�r�k�e�d� �i�n� �t�h�e� 
�Y�a�m�a�t�e�-�A�r�e�a�.� �D�r�.� �K�o�d�a�m�a� �w�o�r�k�e�d� �i�n� �b�o�t�h� �a�r�e�a�s�.

�T�h�e� �f�o�l�l�o�w�i�n�g� �a�r�e� �C�R�F�’�s� �n�o�t�a�b�l�e� �a�c�t�i�v�i�t�i�e�s� �i�n� �2�0�1��.� 
�1�.� � �T�h�e� �C�o�m�m�o�n� �F�a�c�i�l�i�t�i�e�s� �b�u�i�l�d�i�n�g� �I� �w�a�s� �r�e�p�a�i�r�e�d�,� �t�h�e�r�e�f�o�r�e� 
�t�h�e� �r�a�d�i�a�t�i�o�n� �c�o�n�t�r�o�l�l�e�d� �a�r�e�a� �o�f� �t�h�e� �M�y�o�d�a�i�j�i�-�A�r�e�a� �w�a�s� 
�c�l�o�s�e�d� �f�r�o�m� �A�p�r�i�l� �2�0�1�� �a�n�d� �r�e�-�o�p�e�n�e�d� �o�n� �J�u�l�y� �1��t�h� �2�0�1��.

�(�F�i�g�u�r�e� �1�A�,� �1�B�,� �1�C�)
�2�.� � �A�l�o�n�g� �w�i�t�h� �t�h�e� �r�e�-�o�p�e�n�i�n�g� �o�f� �t�h�e� �M�y�o�d�a�i�j�i�-�A�r�e�a�,� �t�h�e� 
�f�o�l�l�o�w�i�n�g� �a�r�e�a�s� �w�e�r�e� �c�l�o�s�e�d�.

�2�-�1� � �T�h�e� �r�a�d�i�o�i�s�o�t�o�p�e� �h�a�n�d�l�i�n�g� �r�o�o�m�s� �a�t� �t�h�e� �N�I�P�S� �b�u�i�l�d�i�n�g� 
�f�o�r� �a�n�i�m�a�l� �e�x�p�e�r�i�m�e�n�t�s� �a�n�d� �g�e�n�e�-�r�e�c�o�m�b�i�n�a�t�i�o�n� 
�e�x�p�e�r�i�m�e�n�t�s� �u�s�i�n�g� �r�a�d�i�o�i�s�o�t�o�p�e�s�.

�2�-�2� � �T�h�e� �s�e�c�o�n�d� �r�a�d�i�o�a�c�t�i�v�e� �w�a�s�t�e� �s�t�o�r�a�g�e� �r�o�o�m� �a�t� �t�h�e� �N�I�B�B� 
�b�u�i�l�d�i�n�g�.

� �T�h�e� �n�u�m�b�e�r� �o�f� �r�e�g�i�s�t�r�a�n�t�s� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �u�s�e�r�s� �f�r�o�m� 
�J�a�n�u�a�r�y� �2�0�1�� �t�o� �D�e�c�e�m�b�e�r� �2�0�1�� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �1�.� 
�U�s�e�r�s� �a�n�d� �v�i�s�i�t�o�r�s� �c�o�u�n�t�e�d� �b�y� �t�h�e� �a�c�c�e�s�s� �c�o�n�t�r�o�l� �s�y�s�t�e�m� �o�f� 
�t�h�e� �c�o�n�t�r�o�l�l�e�d� �a�r�e�a�s� �n�u�m�b�e�r�e�d� ��,��2�0� �d�u�r�i�n�g� �t�h�i�s� �p�e�r�i�o�d�.� �T�h�e� 
�r�a�d�i�o�i�s�o�t�o�p�e� �h�a�n�d�l�i�n�g� �r�o�o�m�s�’� �u�s�e�r�s� �a�n�d� �v�i�s�i�t�o�r�s� �c�o�u�n�t�e�d� �b�y� 

�r�e�c�o�r�d� �s�h�e�e�t� �n�u�m�b�e�r�e�d� �5�5��.� �T�h�e� �n�u�m�b�e�r�s� �f�o�r� �e�a�c�h� �a�r�e�a� �a�r�e� 
�s�h�o�w�n� �i�n� �T�a�b�l�e� �2�.� �T�h�e� �a�n�n�u�a�l� �c�h�a�n�g�e�s� �o�f� �r�e�g�i�s�t�r�a�n�t�s� �a�n�d� �t�h�e� 
�n�u�m�b�e�r� �o�f� �t�o�t�a�l�s� �p�e�r� �f�i�s�c�a�l� �y�e�a�r� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.� �T�h�e� 
�b�a�l�a�n�c�e� �o�f� �r�a�d�i�o�i�s�o�t�o�p�e�s� �r�e�c�e�i�v�e�d� �a�n�d� �u�s�e�d� �a�t� �t�h�e� �C�R�F� �i�s� 
�s�h�o�w�n� �i�n� �T�a�b�l�e� ��.� �T�h�e� �t�r�a�i�n�i�n�g� �c�o�u�r�s�e�s� �o�n� �r�a�d�i�o�i�s�o�t�o�p�e� 
�h�a�n�d�l�i�n�g� �w�e�r�e� �g�i�v�e�n� �a�s� �i�n� �T�a�b�l�e� ��.� 

�T�a�b�l�e� �1�.� �N�u�m�b�e�r�s� �o�f� �r�e�g�i�s�t�r�a�n�t�s� �a�n�d� �u�s�e�r�s� �a�t� �M�y�o�d�a�i�j�i�-�A�r�e�a� �a�n�d� �Y�a�m�a�t�e�-
�A�r�e�a� �i�n� �2�0�1��.

�T�a�b�l�e� �2�.� �U�s�e�r�s� �a�n�d� �v�i�s�i�t�o�r�s� �w�h�o� �e�n�t�e�r�e�d� �e�a�c�h� �c�o�n�t�r�o�l�l�e�d� �a�r�e�a� �a�n�d� 
�r�a�d�i�o�i�s�o�t�o�p�e� �h�a�n�d�l�i�n�g� �r�o�o�m� �i�n� �2�0�1��.

�F�i�g�u�r�e� �2�.� �A�n�n�u�a�l� �c�h�a�n�g�e�s� �i�n� �n�u�m�b�e�r� �o�f� �r�e�g�i�s�t�r�a�n�t�s� �a�n�d� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� 
�d�a�y�s� �p�e�r� �f�i�s�c�a�l� �y�e�a�r�.

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

�T�a�b�l�e� ��.� �T�r�a�i�n�i�n�g� �c�o�u�r�s�e�s� �f�o�r� �r�a�d�i�a�t�i�o�n� �w�o�r�k�e�r�s� �i�n� �2�0�1��.

Head Associate Professor
+A6(%(� 0itsuyasu .2'A0A� RyuMi

Technical Staff: MATSUDA, Yoshimi 
 (Radiation Protection Supervisor)
 SAWADA, Kaoru 
 (Radiation Protection Supervisor)
 IINUMA, Hideko
Technical Assistant: ITO, Takayo
 KAMIYA, Kiyomi
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�F�i�g�u�r�e� �1�.� �T�h�e� �C�R�F�’�s� �n�o�t�a�b�l�e� �a�c�t�i�v�i�t�i�e�s� �i�n� �2�0�1��.� �T�h�e� �M�y�o�d�a�i�j�i�-�a�r�e�a� �w�a�s� 
�r�e�p�a�i�r�e�d�.
�A�,� �A�’�� �T�h�e� �r�a�d�i�o�i�s�o�t�o�p�e� �l�a�b�o�r�a�t�o�r�y� �(�A�� �b�e�f�o�r�e�,� �A�’�� �a�f�t�e�r�)� 
�B�,� �B�’�� �T�h�e� �e�x�h�a�u�s�t� �f�a�c�i�l�i�t�y� �(�B�� �b�e�f�o�r�e�,� �B�’�� �a�f�t�e�r�)
�C�,� �C�’�� �T�h�e� �d�r�a�i�n�a�g�e� �f�a�c�i�l�i�t�y� �(�C�� �b�e�f�o�r�e�,� �C�’�� �a�f�t�e�r�)

A

A·

B

B·

&

&·
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�I�n� �o�r�d�e�r� �t�o� �f�u�l�f�i�l�l� �t�w�o� �g�o�a�l�s�,� �t�o� �e�n�c�o�u�r�a�g�e� �c�u�t�t�i�n�g�-�e�d�g�e� 
�a�c�a�d�e�m�i�c� �r�e�s�e�a�r�c�h� �i�n� �t�h�e� �f�i�e�l�d� �o�f� �n�a�t�u�r�a�l� �s�c�i�e�n�c�e�s� �t�h�r�o�u�g�h� 
�i�n�t�e�r�n�a�t�i�o�n�a�l� �j�o�i�n�t� �r�e�s�e�a�r�c�h�,� �a�n�d� �t�o� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� 
�e�n�h�a�n�c�e�m�e�n�t� �o�f� �r�e�s�e�a�r�c�h� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �u�n�i�v�e�r�s�i�t�i�e�s� �e�t�c�.� �i�n� 
�J�a�p�a�n� �u�s�i�n�g� �t�h�e� �w�o�r�l�d�’�s� �m�o�s�t� �a�d�v�a�n�c�e�d� �r�e�s�e�a�r�c�h� �e�n�v�i�r�o�n�m�e�n�t� 
�f�o�r� �j�o�i�n�t� �u�t�i�l�i�z�a�t�i�o�n� �a�n�d� �j�o�i�n�t� �r�e�s�e�a�r�c�h�,� �N�I�N�S� �s�t�a�r�t�e�d� �i�n� �2�0�1�� �a� 
�r�e�s�e�a�r�c�h� �e�n�h�a�n�c�e�m�e�n�t� �p�r�o�j�e�c�t� �w�i�t�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�o�u�r� 
�a�p�p�r�o�a�c�h�e�s�� �1�)� �S�u�p�p�o�r�t� �f�o�r� �t�h�e� �p�r�o�m�o�t�i�o�n� �o�f� �i�n�t�e�r�n�a�t�i�o�n�a�l� 
�a�d�v�a�n�c�e�d� �r�e�s�e�a�r�c�h�,� �2�)� �S�u�p�p�o�r�t� �f�o�r� �t�h�e� �p�r�o�m�o�t�i�o�n� �o�f� �j�o�i�n�t� 
�u�t�i�l�i�z�a�t�i�o�n� �a�n�d� �j�o�i�n�t� �r�e�s�e�a�r�c�h� �i�n� �J�a�p�a�n�,� ��)� �D�i�s�s�e�m�i�n�a�t�i�o�n� �o�f� 
�i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �e�n�h�a�n�c�e�m�e�n�t� �o�f� �p�u�b�l�i�c� �r�e�l�a�t�i�o�n�s� �i�n� �J�a�p�a�n� 
�a�n�d� �a�b�r�o�a�d�,� ��)� �S�u�p�p�o�r�t� �f�o�r� �r�e�s�e�a�r�c�h�e�r�s�,� �e�s�p�e�c�i�a�l�l�y� �y�o�u�n�g�,� 
�f�e�m�a�l�e� �o�r� �f�o�r�e�i�g�n� �r�e�s�e�a�r�c�h�e�r�s�.
�T�h�e� �R�e�s�e�a�r�c�h� �E�n�h�a�n�c�e�m�e�n�t� �S�t�r�a�t�e�g�y� �O�f�f�i�c�e� �i�s� �a�i�m�e�d� �a�t� 
�s�u�p�p�o�r�t�i�n�g� �r�e�s�e�a�r�c�h�e�r�s� �s�o� �t�h�a�t� �N�I�B�B� �i�m�p�r�o�v�e�s� �i�t�s� �a�b�i�l�i�t�y� �a�s� �a� 
�c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� �i�n�s�t�i�t�u�t�i�o�n�,� �a�n�d� �w�a�s� �r�e�s�t�r�u�c�t�u�r�e�d� �i�n� 
�2�0�1�� �f�r�o�m� �t�h�e� �f�o�r�m�e�r� �S�t�r�a�t�e�g�i�c� �P�l�a�n�n�i�n�g� �D�e�p�a�r�t�m�e�n�t�,� �t�h�e� 
�O�f�f�i�c�e� �o�f� �P�u�b�l�i�c� �R�e�l�a�t�i�o�n�s�,� �a�n�d� �t�h�e� �O�f�f�i�c�e� �o�f� �I�n�t�e�r�n�a�t�i�o�n�a�l� 
�C�o�o�p�e�r�a�t�i�o�n� �w�h�i�c�h� �e�x�i�s�t�e�d� �f�r�o�m� �2�0�0�5�.� �T�h�e� �O�f�f�i�c�e�’�s� �a�c�t�i�v�i�t�i�e�s� 
�a�r�e� �m�a�i�n�l�y� �c�a�r�r�i�e�d� �o�u�t� �b�y� �U�R�A�s� �(�U�n�i�v�e�r�s�i�t�y� �R�e�s�e�a�r�c�h� 
�A�d�m�i�n�i�s�t�r�a�t�o�r�s�)� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �a�d�v�i�c�e� �o�f� �t�h�e� �g�r�o�u�p� �a�d�v�i�s�e�r� 
�c�h�o�s�e�n� �f�r�o�m� �N�I�B�B�’�s� �p�r�o�f�e�s�s�o�r�s� �a�n�d� �i�n� �c�l�o�s�e� �c�o�l�l�a�b�o�r�a�t�i�o�n� 
�w�i�t�h� �t�h�e� �N�I�N�S�’�s� �R�e�s�e�a�r�c�h� �E�n�h�a�n�c�e�m�e�n�t� �P�r�o�m�o�t�i�o�n� 
+�e�a�d�q�u�a�r�t�e�r�s�.
� 

Associate Professor: KODAMA, Ryuji
Group Adviser: YOSHIDA, Shosei

(YDOXDWLRQ�DQG�,QIRUPDWLRQ�*URXS

�T�h�i�s� �g�r�o�u�p� �s�e�r�v�e�s� �a�s� �a� �c�e�n�t�r�a�l� �o�f�f�i�c�e� �f�o�r� �a�s�s�i�s�t�i�n�g� �t�h�e� 
�D�i�r�e�c�t�o�r� �G�e�n�e�r�a�l� �i�n� �p�r�e�p�a�r�i�n�g� �f�o�r� �N�I�B�B�’�s� �e�v�a�l�u�a�t�i�o�n� 
�p�r�o�c�e�d�u�r�e� �a�n�d� �i�n� �p�l�a�n�n�i�n�g� �l�o�n�g�-�r�a�n�g�e� �s�t�r�a�t�e�g�i�e�s� �f�o�r� �t�h�e� 
�i�n�s�t�i�t�u�t�e�.� 

The main activities of the group
1) Management of external evaluation processes
�N�I�B�B� �a�s�k�s� �n�o�n�-�N�I�B�B� �m�e�m�b�e�r�s� �o�f� �t�h�e� �A�d�v�i�s�o�r�y� �C�o�m�m�i�t�t�e�e� 
�f�o�r� �P�r�o�g�r�a�m�m�i�n�g� �a�n�d� �M�a�n�a�g�e�m�e�n�t� �t�o� �a�n�s�w�e�r� �a� �q�u�e�s�t�i�o�n�n�a�i�r�e� 
�o�n� �r�e�s�e�a�r�c�h� �a�c�h�i�e�v�e�m�e�n�t�s� �a�n�d� �c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� 
�a�c�t�i�v�i�t�i�e�s� �o�f� �t�h�e� �i�n�s�t�i�t�u�t�e�.� �S�e�v�e�r�a�l� �o�f� �t�h�e� �m�e�m�b�e�r�s� �a�r�e� �f�u�r�t�h�e�r� 
�i�n�v�i�t�e�d� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �a� �m�e�e�t�i�n�g� �f�o�r� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e�s�e� 
�a�c�t�i�v�i�t�i�e�s� �a�n�d� �f�o�r� �p�r�o�p�o�s�i�n�g� �f�u�t�u�r�e� �d�i�r�e�c�t�i�o�n�s� �f�o�r� �t�h�e� �i�n�s�t�i�t�u�t�e�.� 
�T�h�i�s� �g�r�o�u�p� �m�a�n�a�g�e�s� �t�h�e�s�e� �p�r�o�c�e�s�s�e�s�.

2)  Editing of the Annual Report (in collaboration with the 
Public Relations Group) 

�T�h�i�s� �g�r�o�u�p� �e�d�i�t�s� �t�h�e� �a�n�n�u�a�l� �r�e�p�o�r�t� �(�t�h�i�s� �p�r�i�n�t�)� �w�h�i�c�h� 
�s�u�m�m�a�r�i�z�e�s� �t�h�e� �a�n�n�u�a�l� �a�c�t�i�v�i�t�i�e�s� �o�f� �l�a�b�o�r�a�t�o�r�i�e�s� �a�n�d� �f�a�c�i�l�i�t�i�e�s� 
�a�n�d� �i�s� �u�s�e�d� �i�n� �t�h�e� �e�v�a�l�u�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� �o�f� �t�h�e� �i�n�s�t�i�t�u�t�e�.� 

3)  Assistance in budget requests and long-range planning 
of the institute

�T�h�i�s� �g�r�o�u�p� �a�l�s�o� �a�s�s�i�s�t�s� �t�h�e� �D�i�r�e�c�t�o�r� �G�e�n�e�r�a�l� �i�n� �p�r�e�p�a�r�i�n�g� 
�l�o�n�g�-�r�a�n�g�e� �p�l�a�n�s� �f�o�r� �b�u�i�l�d�i�n�g� �t�h�e� �m�o�s�t� �a�d�v�a�n�c�e�d� �r�e�s�e�a�r�c�h� 
�f�a�c�i�l�i�t�i�e�s�,� �a�n�d� �i�n� �b�u�d�g�e�t� �r�e�q�u�e�s�t�s� �t�o� �t�h�e� �g�o�v�e�r�n�m�e�n�t� �t�o� �r�e�a�l�i�z�e� 
�a�n�d� �i�m�p�l�e�m�e�n�t� �t�h�e�s�e� �p�l�a�n�s�.

4)  Assistance in making the plans and reports of the 
institute

�I�n� �a�d�d�i�t�i�o�n� �w�e� �a�s�s�i�s�t� �i�n� �d�r�a�f�t�i�n�g� �N�I�B�B�’�s� �M�e�d�i�u�m�-�t�e�r�m� 
�G�o�a�l�s� �a�n�d� �P�l�a�n�s� �(�f�o�r� �a� �s�i�x�-�y�e�a�r�-�p�e�r�i�o�d�)�,� �a�n�d� �i�n� �i�n�s�t�i�t�u�t�i�n�g� 
�A�n�n�u�a�l� �P�l�a�n�s� �t�o� �i�m�p�l�e�m�e�n�t� �t�h�e�m�.� �T�h�e� �d�e�p�a�r�t�m�e�n�t� �a�l�s�o� �a�s�s�i�s�t�s� 
�i�n� �p�r�e�p�a�r�i�n�g� �B�u�s�i�n�e�s�s� �a�n�d� �P�e�r�f�o�r�m�a�n�c�e� �R�e�p�o�r�t�s� �f�o�r� �t�h�e� 
�e�x�t�e�r�n�a�l� �e�v�a�l�u�a�t�i�o�n� �o�n� �w�h�e�t�h�e�r� �w�e� �a�r�e� �m�e�e�t�i�n�g� �t�h�e� �g�o�a�l�s� �s�e�t� 
�b�o�t�h� �a�n�n�u�a�l�l�y� �a�n�d� �f�o�r� �t�h�e� �m�e�d�i�u�m�-�t�e�r�m�.

Specially Appointed Assistant Professor (URA):
 KURATA, Tomoko
Technical Assistant:  OTA, Kyoko
 KAWAGUCHI, Colin
 BAN, Misato
Group Adviser:  FUJIMORI, Toshihiko
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�T�h�i�s� �g�r�o�u�p�,� �i�n� �o�r�d�e�r� �t�o� �p�u�b�l�i�c�i�z�e� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f� �N�I�B�B� �t�o� 
�t�h�e� �w�i�d�e�s�t� �a�u�d�i�e�n�c�e�,� �a�c�t�i�v�e�l�y� �f�a�c�i�l�i�t�a�t�e�s� �c�o�m�m�u�n�i�c�a�t�i�o�n� 
�b�e�t�w�e�e�n� �N�I�B�B� �a�n�d� �t�h�e� �p�u�b�l�i�c�,� �s�c�h�o�o�l� �t�e�a�c�h�e�r�s�,� �a�n�d� �t�h�e� 
�i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�m�m�u�n�i�t�y� �o�f� �s�c�i�e�n�t�i�f�i�c� �r�e�s�e�a�r�c�h�e�r�s�.

The main activities of the group in 2014
1) Press releases
�T�h�e� �g�r�o�u�p� �s�e�n�d�s� �n�e�w�s� �o�n� �s�c�i�e�n�t�i�f�i�c� �a�c�h�i�e�v�e�m�e�n�t�s� �t�o� 
�n�e�w�s�p�a�p�e�r� �a�n�d� �m�a�g�a�z�i�n�e� �r�e�p�o�r�t�e�r�s� �v�i�a� �l�e�a�f�l�e�t�s�,� �e�-�m�a�i�l�s� �a�n�d� 
�w�e�b� �p�a�g�e�s�.� �W�e� �a�l�s�o� �a�r�r�a�n�g�e� �p�r�e�s�s� �c�o�n�f�e�r�e�n�c�e�s� �f�o�r� �s�o�m�e� 
�r�e�l�e�a�s�e�s�.

2) Updating and maintenance of the NIBB web page 

3)  Editing of publications, production of posters and 
leaflets 

�P�u�b�l�i�c�a�t�i�o�n� �o�f� ´�N�I�B�B� �N�e�w�sµ� �(�I�n�t�r�a�-�i�n�s�t�i�t�u�t�i�o�n�a�l� �n�e�w�s�l�e�t�t�e�r�,� 
�i�n� �J�a�p�a�n�e�s�e�)�,� ´�N�I�B�B� �E�n�g�l�i�s�h� �N�e�w�sµ� �(�I�n�t�r�a�-�i�n�s�t�i�t�u�t�i�o�n�a�l� 
�n�e�w�s�l�e�t�t�e�r�,� �i�n� �E�n�g�l�i�s�h�)�.� �P�u�b�l�i�c�a�t�i�o�n� �o�f� �l�e�a�f�l�e�t�s� �i�n�t�r�o�d�u�c�i�n�g� �t�h�e� 
�i�n�d�i�v�i�d�u�a�l� �r�e�s�e�a�r�c�h�e�r�s� �o�f� �N�I�B�B� �(�i�n� �J�a�p�a�n�e�s�e�)�.� �D�e�s�i�g�n� �a�n�d� 
�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �p�o�s�t�e�r�s� �o�f� �N�I�B�B� �e�v�e�n�t�s�.

4) Producing Videos
�C�r�e�a�t�i�o�n� �o�f� �v�i�d�e�o�s� �i�n�t�r�o�d�u�c�i�n�g� �N�I�B�B� �a�n�d� �i�n�t�e�r�v�i�e�w�s� �w�i�t�h� 
�r�e�s�e�a�r�c�h�e�r�s� �t�h�a�t� �a�r�e� �p�u�b�l�i�s�h�e�d� �o�n� �t�h�e� �w�e�b�.

5) Organization of scientific outreach programs
�O�r�g�a�n�i�z�i�n�g� �t�h�e� �S�u�m�m�e�r� �P�r�o�g�r�a�m� �f�o�r� �u�n�i�v�e�r�s�i�t�y� �s�t�u�d�e�n�t�s�,� 
�a�n�d� �c�o�o�r�d�i�n�a�t�i�n�g� �s�p�e�c�i�a�l� �c�l�a�s�s�e�s� �f�o�r� �m�i�d�d�l�e� �s�c�h�o�o�l� �s�t�u�d�e�n�t�s�.
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�N�I�B�B� �h�a�s� �a� �m�i�s�s�i�o�n� �t�o� �c�o�n�t�i�n�u�a�l�l�y� �e�x�p�l�o�r�e� �t�h�e� �l�e�a�d�i�n�g�-�e�d�g�e� 
�o�f� �b�i�o�l�o�g�y� �a�n�d� �f�o�r�m� �r�e�s�e�a�r�c�h� �c�o�m�m�u�n�i�t�i�e�s� �t�h�a�t� �l�i�n�k� �J�a�p�a�n� �t�o� 
�t�h�e� �w�o�r�l�d�.� �F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� �N�I�B�B� �h�o�l�d�s� �s�c�i�e�n�t�i�f�i�c� �m�e�e�t�i�n�g�s� 
�i�n�c�l�u�d�i�n�g� ´�N�I�B�B� �C�o�n�f�e�r�e�n�c�e�sµ� �a�n�d� ´�O�k�a�z�a�k�i� �B�i�o�l�o�g�y� 
�C�o�n�f�e�r�e�n�c�e�s� �(�O�B�C�)µ�,� �a�n�d� �e�d�u�c�a�t�i�o�n�a�l� �p�r�o�g�r�a�m�s� �s�u�c�h� �a�s� 
´�N�I�B�B� �I�n�t�e�r�n�a�t�i�o�n�a�l� �P�r�a�c�t�i�c�a�l� �C�o�u�r�s�e�sµ�.� �F�u�r�t�h�e�r�,� �N�I�B�B� �i�s� 
�t�i�g�h�t�l�y� �i�n�t�e�r�a�c�t�i�n�g� �w�i�t�h� �t�h�e� �E�u�r�o�p�e�a�n� �M�o�l�e�c�u�l�a�r� �B�i�o�l�o�g�y� 
�L�a�b�o�r�a�t�o�r�y� �(�E�M�B�L�,� �E�u�r�o�p�e�a�n� �m�e�m�b�e�r� �s�t�a�t�e�s�)�,� �t�h�e� �M�a�x� 
�P�l�a�n�c�k� �I�n�s�t�i�t�u�t�e� �f�o�r� �P�l�a�n�t� �B�r�e�e�d�i�n�g� �R�e�s�e�a�r�c�h� �(�M�P�I�P=�,� 
�G�e�r�m�a�n�y�)�,� �a�n�d� �t�h�e� �T�e�m�a�s�e�k� �L�i�f�e� �S�c�i�e�n�c�e�s� �L�a�b�o�r�a�t�o�r�y� �(�T�L�L�,� 
�S�i�n�g�a�p�o�r�e�)� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �c�o�o�p�e�r�a�t�i�v�e� �a�g�r�e�e�m�e�n�t�s�,� �t�h�r�o�u�g�h� 
�e�x�c�h�a�n�g�i�n�g� �p�e�o�p�l�e� �a�n�d� �t�e�c�h�n�i�q�u�e�s� �a�n�d� �j�o�i�n�t�l�y� �h�o�l�d�i�n�g� 
�s�c�i�e�n�t�i�f�i�c� �m�e�e�t�i�n�g�s�.� �N�I�B�B� �i�s� �a�l�s�o� �c�o�n�d�u�c�t�i�n�g� �t�h�e� ´�N�I�B�B� 
�I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�l�l�a�b�o�r�a�t�i�v�e� �R�e�s�e�a�r�c�h� �I�n�i�t�i�a�t�i�v�eµ� �t�o� �p�r�o�m�o�t�e� 
�h�i�g�h�-�l�e�v�e�l� �i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�l�l�a�b�o�r�a�t�i�o�n�s� �b�e�t�w�e�e�n� �f�a�c�u�l�t�y� 
�m�e�m�b�e�r�s� �o�f� �N�I�B�B� �a�n�d� �r�e�s�e�a�r�c�h�e�r�s� �a�r�o�u�n�d� �t�h�e� �w�o�r�l�d�.� 
�T�h�i�s� �g�r�o�u�p� �s�u�p�p�o�r�t�s� �a�n�d� �c�o�o�r�d�i�n�a�t�e�s� �N�I�B�B�’�s� �a�c�t�i�v�i�t�i�e�s� 
�r�e�l�a�t�e�d� �t�o� �i�n�t�e�r�n�a�t�i�o�n�a�l� �r�e�s�e�a�r�c�h� �c�o�l�l�a�b�o�r�a�t�i�o�n�s�,� �t�h�r�o�u�g�h� 
�o�r�g�a�n�i�z�i�n�g� �t�h�e� �a�b�o�v�e�-�m�e�n�t�i�o�n�e�d� �v�a�r�i�o�u�s� �t�y�p�e�s� �o�f� 
�i�n�t�e�r�n�a�t�i�o�n�a�l� �s�c�i�e�n�t�i�f�i�c� �m�e�e�t�i�n�g�s� �a�n�d� �t�e�c�h�n�i�c�a�l� �c�o�u�r�s�e�s�,� 
�c�o�o�r�d�i�n�a�t�i�o�n� �o�f� �d�i�s�p�a�t�c�h�i�n�g� �N�I�B�B�’�s� �r�e�s�e�a�r�c�h�e�r�s� �t�o� 
�i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�n�f�e�r�e�n�c�e�s�,� �a�n�d� �s�u�p�p�o�r�t� �o�f� �r�e�s�e�a�r�c�h�e�r�s� �v�i�s�i�t�i�n�g� 
�f�r�o�m� �t�h�e� �i�n�s�t�i�t�u�t�e�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�.� �T�h�i�s� �g�r�o�u�p� �a�l�s�o� 
�s�u�p�p�o�r�t�s� �N�I�B�B�’�s� �i�n�t�e�r�n�s� �v�i�s�i�t�i�n�g� �f�r�o�m� �f�o�r�e�i�g�n� �c�o�u�n�t�r�i�e�s�,� �a�n�d� 
�t�h�e� �d�i�s�p�a�t�c�h�i�n�g� �o�f� �g�r�a�d�u�a�t�e� �s�t�u�d�e�n�t�s� �o�f� �S�O�K�E�N�D�A�I� �(�t�h�e� 
�G�r�a�d�u�a�t�e� �U�n�i�v�e�r�s�i�t�y� �f�o�r� �A�d�v�a�n�c�e�d� �S�t�u�d�i�e�s�)� �t�o� �i�n�t�e�r�n�a�t�i�o�n�a�l� 
�c�o�n�f�e�r�e�n�c�e�s�,� �w�h�i�c�h� �a�i�m� �t�o� �n�u�r�t�u�r�e� �t�h�e� �n�e�x�t� �g�e�n�e�r�a�t�i�o�n� �o�f� 
�r�e�s�e�a�r�c�h�e�r�s� �i�n� �b�i�o�l�o�g�y�.
� 

The main activities of the group in 2014
1)  Coordination of international conferences and the 

International Practical Course
�T�h�i�s� �g�r�o�u�p� �c�o�o�r�d�i�n�a�t�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �i�n�t�e�r�n�a�t�i�o�n�a�l� 
�c�o�n�f�e�r�e�n�c�e� �a�n�d� �t�h�e� �I�n�t�e�r�n�a�t�i�o�n�a�l� �P�r�a�c�t�i�c�a�l� �C�o�u�r�s�e� �h�o�s�t�e�d� �b�y� 
�N�I�B�B�� 
�T�h�e� ��t�h� �N�I�B�B� �I�n�t�e�r�n�a�t�i�o�n�a�l� �P�r�a�c�t�i�c�a�l� �C�o�u�r�s�e� �a�n�d� �t�h�e� ��r�d� 
�N�I�B�B�-�T�L�L�-�D�B�S��N�U�S� �J�o�i�n�t� �I�n�t�e�r�n�a�t�i�o�n�a�l� �P�r�a�c�t�i�c�a�l� �C�o�u�r�s�e� 
´�E�x�p�e�r�i�m�e�n�t�a�l� �T�e�c�h�n�i�q�u�e�s� �u�s�i�n�g� �M�e�d�a�k�a� �a�n�d� Xenopus� ²� �T�h�e� 
�M�e�r�i�t�s� �o�f� �u�s�i�n�g� �b�o�t�h� ²µ� �O�k�a�z�a�k�i�,� �J�a�p�a�n�,� �S�e�p�t�e�m�b�e�r� 
�2�2�-�O�c�t�o�b�e�r� �1�,� �2�0�1�� �(�p�.� ���)
�T�h�e� ��2�n�d� �N�I�B�B� �C�o�n�f�e�r�e�n�c�e� ´�F�o�r�c�e� �i�n� �D�e�v�e�l�o�p�m�e�n�tµ� 
�O�k�a�z�a�k�i�,� �J�a�p�a�n�,� �N�o�v�e�m�b�e�r� �1��-�1��,� �2�0�1�� �(�p�.� ��1�)

2)  Support for dispatching researchers to international 
conferences 

�T�h�i�s� �g�r�o�u�p� �s�u�p�p�o�r�t�e�d� �s�e�n�d�i�n�g� �N�I�B�B� �r�e�s�e�a�r�c�h�e�r�s� �t�o� �t�h�e� 
�f�o�l�l�o�w�i�n�g� �e�v�e�n�t�s� �(�r�e�l�a�t�e�d� �t�o� �t�h�e� �i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�o�p�e�r�a�t�i�v�e� 
�a�g�r�e�e�m�e�n�t�s�)�
�T�h�e� �5�t�h� �N�I�B�B�-�M�P�I�P=�-�T�L�L� �J�o�i�n�t� �S�y�m�p�o�s�i�u�m� ´+�O�R�I=�O�N�S� 
�I�N� �P�L�A�N�T� �B�I�O�L�O�G�Yµ� �M�a�x� �P�l�a�n�c�k� �I�n�s�t�i�t�u�t�e� �f�o�r� �P�l�a�n�t� 
�B�r�e�e�d�i�n�g� �R�e�s�e�a�r�c�h�,� �C�o�l�o�g�n�e�,� �G�e�r�m�a�n�y�,� �N�o�v�e�m�b�e�r� �2��-�2��,� 
�2�0�1�� �(�p�.� ��2�)
�E�M�B�O� �W�o�r�k�s�h�o�p� ´�W�n�t� �S�i�g�n�a�l�i�n�g� � �S�t�e�m� �C�e�l�l�s �,� 
�D�e�v�e�l�o�p�m�e�n�t�,� �D�i�s�e�a�s�eµ� �B�r�o�o�m�e�,� �A�u�s�t�r�a�l�i�a�,� �O�c�t�o�b�e�r�,� ��-��,� 

�2�0�1�
�E�M�B�O� �C�o�n�f�e�r�e�n�c�e� ´�S�t�e�m� �C�e�l�l�s� �i�n� �C�a�n�c�e�r� �a�n�d� �R�e�g�e�n�e�r�a�t�i�v�e� 
�M�e�d�i�c�i�n�eµ� �E�M�B�L�,� +�e�i�d�e�l�b�e�r�g�,� �G�e�r�m�a�n�y�,� �O�c�t�o�b�e�r�,� ��-�1�2�,� 
�2�0�1�
�N�I�B�B� �I�n�v�e�s�t�i�g�a�t�o�r�s�’� �l�a�b� �v�i�s�i�t�s� �t�o� �E�M�B�L�,� +�e�i�d�e�l�b�e�r�g

3) Support of education related programs
�T�h�i�s� �g�r�o�u�p� �s�u�p�p�o�r�t�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�t�u�d�e�n�t�-�r�e�l�a�t�e�d� 
�a�c�t�i�v�i�t�i�e�s� �o�f� �N�I�B�B�
�N�I�B�B� �I�n�t�e�r�n�s�h�i�p� �P�r�o�g�r�a�m� �2�0�1�� �(�p�.� ���)

Specially Appointed Associate Professor (URA): 
 SHIGENOBU, Shuji
 KAMEI, Yasuhiro
Technical Assistant: ICHIKAWA, Mariko
 ICHIKAWA, Chiaki
Group Adviser: YOSHIDA, Shosei
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�S�p�e�c�i�a�l�l�y� �a�p�p�o�i�n�t�e�d� �a�s�s�o�c�i�a�t�e� �p�r�o�f�e�s�s�o�r�s� �o�f� �t�h�i�s� �g�r�o�u�p� �a�l�s�o� 
�b�e�l�o�n�g� �t�o� �N�I�B�B� �c�o�r�e� �r�e�s�e�a�r�c�h� �f�a�c�i�l�i�t�i�e�s� �a�n�d� �a�r�e� �r�e�s�p�o�n�s�i�b�l�e� 
�f�o�r� �m�a�n�a�g�i�n�g� �c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s� �a�n�d� �p�r�a�c�t�i�c�a�l� 
�c�o�u�r�s�e�s� �u�s�i�n�g� �t�h�e�i�r� �a�c�a�d�e�m�i�c� �b�a�c�k�g�r�o�u�n�d�,� �k�n�o�w�l�e�d�g�e�,� �a�n�d� 
�s�p�e�c�i�a�l�t�i�e�s�.� �B�a�s�e�d� �o�n� �t�h�e�s�e� �e�x�p�e�r�i�e�n�c�e�s�,� �t�h�i�s� �g�r�o�u�p� �e�x�p�l�o�r�e�s� 
�f�u�r�t�h�e�r� �p�r�o�m�o�t�i�o�n� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �e�x�c�h�a�n�g�e� �a�n�d� �c�o�l�l�a�b�o�r�a�t�i�o�n� 
�a�m�o�n�g� �u�n�i�v�e�r�s�i�t�i�e�s� �a�n�d� �i�n�s�t�i�t�u�t�e�s�,� �b�o�t�h� �a�c�a�d�e�m�i�c� �a�n�d� 
�i�n�d�u�s�t�r�i�a�l�,� �a�n�d� �s�u�p�p�o�r�t�s� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �d�i�s�s�e�m�i�n�a�t�i�o�n� 
�o�f� �n�e�w� �e�x�p�e�r�i�m�e�n�t�a�l� �e�q�u�i�p�m�e�n�t� �a�n�d� �m�e�t�h�o�d�s�.
�I�n� �2�0�1��,� �t�h�i�s� �g�r�o�u�p� �h�o�s�t�e�d� �o�r� �m�a�n�a�g�e�d� �a� �t�o�t�a�l� �o�f� ��� 
�c�o�l�l�a�b�o�r�a�t�i�o�n� �p�r�o�j�e�c�t�s�.� �T�h�r�o�u�g�h� �t�h�e�s�e� �c�o�l�l�a�b�o�r�a�t�i�o�n� �p�r�o�j�e�c�t�s�,� 
�s�e�v�e�r�a�l� �r�e�s�e�a�r�c�h� �p�a�p�e�r�s� �w�e�r�e� �p�u�b�l�i�s�h�e�d�.� �A� �n�o�t�e�w�o�r�t�h�y� 
�a�c�h�i�e�v�e�m�e�n�t� �w�a�s� �t�h�e� �s�t�u�d�y� �o�f� �a� �n�e�u�r�a�l� �m�e�c�h�a�n�i�s�m� �r�e�l�a�t�e�d� �t�o� 
�s�o�c�i�a�l� �f�a�m�i�l�i�a�r�i�t�y� �u�s�i�n�g� �m�e�d�a�k�a�,� �p�u�b�l�i�s�h�e�d� �i�n� �S�c�i�e�n�c�e� �b�y� �D�r�.� 
�T�a�k�e�u�c�h�i� �o�f� �t�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �T�o�k�y�o�.� �T�h�e� �N�I�B�B� 
�C�o�l�l�a�b�o�r�a�t�i�v�e� �R�e�s�e�a�r�c�h� �G�r�o�u�p� �s�u�p�p�o�r�t�e�d� �m�u�t�a�n�t� �s�c�r�e�e�n�i�n�g�,� 
�l�a�s�e�r� �c�e�l�l� �a�b�l�a�t�i�o�n�,� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �t�r�a�n�s�g�e�n�i�c� �l�i�n�e�s� �a�n�d� 
�d�i�s�c�u�s�s�i�o�n�s� �t�h�r�o�u�g�h� �t�h�e� �P�r�i�o�r�i�t�y� �C�o�l�l�a�b�o�r�a�t�i�v�e� �R�e�s�e�a�r�c�h� 
�P�r�o�j�e�c�t� �f�r�o�m� �2�0�1�0� �t�o� �2�0�1��.

�� �O�k�u�y�a�m�a�,� �T�.�,� �Y�o�k�o�i�,� �S�.�,� �A�b�e�,� +�.�,� �I�s�o�e�,� �Y�.�,� �S�u�e�h�i�r�o�,� �Y�.�,� �I�m�a�d�a�,� +�.�,� 
�T�a�n�a�k�a�,� �M�.�,� �K�a�w�a�s�a�k�i�,� �T�.�,� �Y�u�b�a�,� �S�.�,� �T�a�n�i�g�u�c�h�i�,� �Y�.�,� �K�a�m�e�i�,� �Y�.�,� �O�k�u�b�o�,� 
�K�.�,� �S�h�i�m�a�d�a�,� �A�.�,� �N�a�r�u�s�e�,� �K�.�,� �T�a�k�e�d�a�,� +�.�,� �O�k�a�,� �Y�.�,� �K�u�b�o�,� �T�.�,� �a�n�d� 
�T�a�k�e�u�c�h�i�,� +�.� �(�2�0�1��)�.� �A� �n�e�u�r�a�l� �m�e�c�h�a�n�i�s�m� �u�n�d�e�r�l�y�i�n�g� �m�a�t�i�n�g� 
�p�r�e�f�e�r�e�n�c�e�s� �f�o�r� �f�a�m�i�l�i�a�r� �i�n�d�i�v�i�d�u�a�l�s� �i�n� �m�e�d�a�k�a� �f�i�s�h�.� �S�c�i�e�n�c�e� 343�,� ��1�-���.

Group Adviser:  TAKADA, Shinji
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�T�h�i�s� �g�r�o�u�p� �s�u�p�p�o�r�t�s� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� 
�e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �f�e�m�a�l�e� �r�e�s�e�a�r�c�h�e�r�s� �i�n� �b�o�t�h� �r�e�s�e�a�r�c�h� �a�n�d� 
�d�a�i�l�y� �l�i�f�e�.� �T�h�i�s� �i�n�c�l�u�d�e�s� �o�u�r� �r�e�s�e�a�r�c�h� �s�u�p�p�o�r�t� �s�y�s�t�e�m� �f�o�r� �t�h�e� 
�p�e�r�i�o�d� �o�f� �c�h�i�l�d�b�i�r�t�h� �a�n�d� �c�h�i�l�d�c�a�r�e�,� �e�t�c�.�,� �a�i�m�i�n�g� �a�t� �p�r�o�m�o�t�i�n�g� 
�t�h�e� �e�m�p�l�o�y�m�e�n�t� �o�f� �f�e�m�a�l�e� �r�e�s�e�a�r�c�h�e�r�s�.
�I�n� �2�0�1��,� �t�h�i�s� �g�r�o�u�p� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �m�a�n�a�g�e�m�e�n�t� �o�f� �t�h�e� 
�r�e�s�e�a�r�c�h� �s�u�p�p�o�r�t� �s�y�s�t�e�m� �f�o�r� �t�h�e� �p�e�r�i�o�d� �o�f� �c�h�i�l�d�b�i�r�t�h� �a�n�d� 
�c�h�i�l�d�c�a�r�e�.� �T�h�i�s� �g�r�o�u�p� �o�r�g�a�n�i�z�e�d� �a�n� �e�n�l�i�g�h�t�e�n�m�e�n�t� �l�e�c�t�u�r�e� �f�o�r� 
�g�e�n�d�e�r� �e�q�u�a�l�i�t�y� �p�r�o�m�o�t�i�o�n� �i�n� �c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �o�t�h�e�r� 
�i�n�s�t�i�t�u�t�e�s� �o�f� �N�I�N�S�.� 

Specially Appointed Assistant Professor (URA): 
 TATEMATSU, Kiyoshi
Technical Assistant: TAKAHASHI, Ritsue
 SANJO, Kazuko
Group Adviser: UENO, Naoto

,QWHUQDWLRQDO�&RRSHUDWLRQ�*URXS



��0

�T�h�e� �T�e�c�h�n�i�c�a�l� �D�i�v�i�s�i�o�n� �i�s� �a� �s�u�p�p�o�r�t� �o�r�g�a�n�i�z�a�t�i�o�n� �f�o�r� 
�r�e�s�e�a�r�c�h�e�r�s� �a�n�d� �r�e�s�e�a�r�c�h� �o�r�g�a�n�i�z�a�t�i�o�n�s� �w�i�t�h�i�n� �N�I�B�B�.� �T�h�e� 
�T�e�c�h�n�i�c�a�l� �D�i�v�i�s�i�o�n� �d�e�v�e�l�o�p�s� �a�n�d� �p�r�o�m�o�t�e�s� �t�h�e� �i�n�s�t�i�t�u�t�e�’�s� 
�r�e�s�e�a�r�c�h� �a�c�t�i�v�i�t�i�e�s� �a�n�d� �m�a�i�n�t�a�i�n�s� �t�h�e� �r�e�s�e�a�r�c�h� �f�u�n�c�t�i�o�n�s� �o�f� �t�h�e� 
�i�n�s�t�i�t�u�t�e�.
�T�h�e� �T�e�c�h�n�i�c�a�l� �D�i�v�i�s�i�o�n� �i�s� �o�r�g�a�n�i�z�e�d� �i�n�t�o� �t�w�o� �g�r�o�u�p�s�� �t�h�e� 
�C�o�m�m�o�n� �F�a�c�i�l�i�t�y� �G�r�o�u�p�,� �w�h�i�c�h� �s�u�p�p�o�r�t�s� �a�n�d� �m�a�i�n�t�a�i�n�s� �t�h�e� 
�i�n�s�t�i�t�u�t�e�’�s� �c�o�m�m�o�n� �r�e�s�e�a�r�c�h� �f�a�c�i�l�i�t�i�e�s�,� �a�n�d� �t�h�e� �R�e�s�e�a�r�c�h� 
�S�u�p�p�o�r�t� �G�r�o�u�p�,� �w�h�i�c�h� �a�s�s�i�s�t�s� �r�e�s�e�a�r�c�h� �a�c�t�i�v�i�t�i�e�s� �a�s� �d�e�s�c�r�i�b�e�d� 
�i�n� �t�h�e� �r�e�p�o�r�t�s� �o�f� �i�n�d�i�v�i�d�u�a�l� �r�e�s�e�a�r�c�h� �d�i�v�i�s�i�o�n�s�.

�T�e�c�h�n�i�c�a�l� �s�t�a�f�f� �m�e�m�b�e�r�s� �c�o�n�t�i�n�u�a�l�l�y� �p�a�r�t�i�c�i�p�a�t�e�,� �t�h�r�o�u�g�h� �t�h�e� 
�D�i�v�i�s�i�o�n�,� �i�n� �s�e�l�f�-�i�m�p�r�o�v�e�m�e�n�t� �a�n�d� �e�d�u�c�a�t�i�o�n�a�l� �a�c�t�i�v�i�t�i�e�s� �t�o� 
�i�n�c�r�e�a�s�e� �t�h�e�i�r� �c�a�p�a�b�i�l�i�t�i�e�s� �a�n�d� �e�x�p�e�r�t�i�s�e� �i�n� �t�e�c�h�n�i�c�a�l� �a�r�e�a�s�.� 
�G�e�n�e�r�a�l�l�y�,� �t�e�c�h�n�i�c�a�l� �s�t�a�f�f� �m�e�m�b�e�r�s� �a�r�e� �a�t�t�a�c�h�e�d� �t�o� �s�p�e�c�i�f�i�c� 
�d�i�v�i�s�i�o�n�s� �s�o� �t�h�a�t� �t�h�e�y� �m�a�y� �c�o�n�t�r�i�b�u�t�e� �t�h�e�i�r� �s�p�e�c�i�a�l� �b�i�o�l�o�g�i�c�a�l� 
�a�n�d� �b�i�o�p�h�y�s�i�c�a�l� �k�n�o�w�l�e�d�g�e� �a�n�d� �t�e�c�h�n�i�q�u�e�s� �t�o� �v�a�r�i�o�u�s� 
�r�e�s�e�a�r�c�h� �a�c�t�i�v�i�t�i�e�s�.
�T�h�e� �T�e�c�h�n�i�c�a�l� �D�i�v�i�s�i�o�n� �h�o�s�t�s� �a�n� �a�n�n�u�a�l� �m�e�e�t�i�n�g� �f�o�r� 
�t�e�c�h�n�i�c�a�l� �e�n�g�i�n�e�e�r�s� �w�h�o� �w�o�r�k� �i�n� �v�a�r�i�o�u�s� �f�i�e�l�d�s� �o�f� �b�i�o�l�o�g�y� �a�t� 
�u�n�i�v�e�r�s�i�t�i�e�s� �a�n�d� �r�e�s�e�a�r�c�h� �i�n�s�t�i�t�u�t�e�s� �t�h�r�o�u�g�h�o�u�t� �J�a�p�a�n�.� �A�t� �t�h�i�s� 
�m�e�e�t�i�n�g�,� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �p�r�e�s�e�n�t� �t�h�e�i�r� �o�w�n� �a�c�t�i�v�i�t�i�e�s� �a�n�d� 
�d�i�s�c�u�s�s� �t�e�c�h�n�i�c�a�l� �p�r�o�b�l�e�m�s�.� �T�h�e� �p�r�o�c�e�e�d�i�n�g�s� �a�r�e� �p�u�b�l�i�s�h�e�d� 
�a�f�t�e�r� �e�a�c�h� �m�e�e�t�i�n�g�.
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Head
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 Chief:  MIWA, Tomoki

● NIBB Core Research Facilities
 Unit Chief: KONDO, Maki
  MORI, Tomoko
 Subunit Chief: MAKINO, Yumiko
  YAMAGUCHI, Katsushi
 Technical Staff: NISHIDE, Hiroyo 
  NAKAMURA, Takanori
  TANIGUCHI- SAIDA, Misako
  UCHIKAWA Tamaki
  BINO, Takahiro
 Technical Assistant: ICHIKAWA, Chiaki
  NISHIMURA, Noriko
  ICHIKAWA, Mariko
  ISHIKAWA, Azusa
  OKA, Naomi
  SHIBATA, Emiko

● NIBB Bioresource Center
 Subunit Chief: HAYASHI, Kohji
  MOROOKA, Naoki
 Technical Staff: NOGUCHI, Yuji
 Technical Assistant: TAKAGI, Yukari
  SUZUKI, Keiko
  SUZUKI, Kohta

● Disposal of Waste Matter Facility
 Unit Chief: MATSUDA, Yoshimi

● Center for Radioisotope Facilities
 Unit Chief: MATSUDA, Yoshimi
 Subunit Chief: SAWADA, Kaoru
 Technical Staff: IINUMA, Hideko
 Technical Assistant: ITO, Takayo

● Developmental Biology
 Technical Staff: TAKAGI, Chiyo 
  UTSUMI, Hideko
  OKA, Sanae
  NODA, Chiyo
  MIZUGUCHI, Hiroko

● Neurobiology
 Unit Chief: OHSAWA, Sonoko
 Subunit Chief: TAKEUCHI, Yasushi

● Evolutionary Biology and Biodiversity
 Unit Chief: FUKADA-TANAKA, Sachiko
 Subunit Chief: KABEYA, Yukiko 

● Environmental Biology
 Unit Chief: MIZUTANI, Takeshi
 Technical Assistant: INABA, Kayo

 Secretary:  TSUZUKI, Shihoko
  KATAOKA, Yukari
  UNO, Satoko
  MIYATA, Haruko
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�F�o�r� �t�h�e� �p�a�s�t� ��0� �y�e�a�r�s�,� �i�n� �t�h�e� �f�i�e�l�d� �o�f� �d�e�v�e�l�o�p�m�e�n�t�a�l� �b�i�o�l�o�g�y�,� 
�t�h�e� �p�r�i�m�a�r�y� �f�o�c�u�s� �h�a�s� �b�e�e�n� �o�n� �e�l�u�c�i�d�a�t�i�n�g� �t�h�e� �r�o�l�e� �o�f� �g�e�n�e�s� 
�o�n� �d�e�v�e�l�o�p�m�e�n�t�a�l� �r�e�g�u�l�a�t�i�o�n�,� �w�i�t�h� �b�i�o�l�o�g�i�s�t�s� �p�o�u�r�i�n�g� �t�h�e� 
�b�u�l�k� �o�f� �t�h�e�i�r� �t�i�m�e� �a�n�d� �e�f�f�o�r�t� �i�n�t�o� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �g�e�n�e�s�,� 
�p�r�o�t�e�i�n�s�,� �a�n�d� �t�h�e�i�r� �s�i�g�n�a�l� �t�r�a�n�s�d�u�c�t�i�o�n� �s�y�s�t�e�m�s�,� �t�h�a�t� �f�o�r�m�s� �t�h�e� 
�c�e�n�t�r�a�l� �d�o�g�m�a�.� �I�t� �i�s� �i�n�d�i�s�p�u�t�a�b�l�e� �t�h�a�t� �g�e�n�e�s� �a�n�d� �p�r�o�t�e�i�n�s� �a�r�e� 
�a�b�s�o�l�u�t�e�l�y� �r�e�q�u�i�r�e�d� �c�o�m�p�o�n�e�n�t�s� �e�x�e�r�t�i�n�g� �f�u�n�d�a�m�e�n�t�a�l� 
�b�i�o�l�o�g�i�c�a�l� �a�c�t�i�o�n�s�,� �h�o�w�e�v�e�r�,� �i�n� �r�e�c�e�n�t� �y�e�a�r�s� �n�e�w� �l�i�g�h�t� �h�a�s� 
�b�e�e�n� �s�h�e�d� �o�n� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �p�h�y�s�i�c�a�l� �f�o�r�c�e�s� �g�e�n�e�r�a�t�e�d� �b�y� 
�t�h�e� �s�h�a�p�e�-�c�h�a�n�g�e� �a�n�d� �m�o�v�e�m�e�n�t� �o�f� �c�e�l�l�s� �a�n�d� �t�i�s�s�u�e�s�,� �a�s� �w�e�l�l� 
�a�s� �t�h�e� �r�e�s�p�o�n�s�e�s� �o�f� �c�e�l�l�s� �a�n�d� �t�i�s�s�u�e�s� �t�o� �s�u�c�h� �f�o�r�c�e�s� �i�n� 
�d�e�v�e�l�o�p�m�e�n�t�a�l� �p�r�o�c�e�s�s�e�s� �m�a�k�i�n�g� �e�l�u�c�i�d�a�t�i�o�n� �o�f� �t�h�e�s�e� 
�p�h�y�s�i�c�a�l� �f�o�r�c�e�s� �a� �r�i�s�i�n�g� �h�o�t�-�t�o�p�i�c� �i�n� �t�h�e� �b�i�o�l�o�g�i�c�a�l� �s�c�i�e�n�c�e�s�.� 
�I�n� �o�r�d�e�r� �t�o� �c�a�p�i�t�a�l�i�z�e� �o�n� �t�h�i�s� �o�p�p�o�r�t�u�n�i�t�y�,� �t�h�e� ��2�n�d� �N�I�B�B� 
�C�o�n�f�e�r�e�n�c�e� ´�F�o�r�c�e� �i�n� �D�e�v�e�l�o�p�m�e�n�tµ� �w�a�s� �p�l�a�n�n�e�d� �a�s� �a�n� 
�i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�n�v�e�n�t�i�o�n�.� �T�h�e� �m�e�e�t�i�n�g� �w�a�s� �h�e�l�d� �a�t� �t�h�e� 
�O�k�a�z�a�k�i� �C�o�n�f�e�r�e�n�c�e� �C�e�n�t�e�r� �f�r�o�m� �N�o�v�e�m�b�e�r� �1��t�h� �t�o� �t�h�e� �1��t�h� 
�o�f� �2�0�1��.� �W�i�t�h� �t�h�r�e�e� �k�e�y�n�o�t�e� �s�p�e�a�k�e�r�s�,� �2�1� �l�e�c�t�u�r�e�s� �b�y� �i�n�v�i�t�e�d� 
�r�e�s�e�a�r�c�h�e�r�s�,� �S�i�x� �s�e�s�s�i�o�n�s� �i�n�c�l�u�d�i�n�g� �s�e�v�e�n� �s�h�o�r�t� �t�a�l�k�s�,� �a�n�d� ��� 
�p�o�s�t�e�r� �p�r�e�s�e�n�t�a�t�i�o�n�s�� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �p�a�r�t�i�c�i�p�a�n�t�s� �w�a�s� 
�o�v�e�r� �1��0� �p�e�o�p�l�e�.� �T�h�e� �M�e�c�a�n�o�b�i�o�l�o�g�y� �f�i�e�l�d� �h�a�s� �a�l�r�e�a�d�y� 
�e�x�i�s�t�e�d� �f�o�r� �a� �l�o�n�g� �t�i�m�e�,� �h�o�w�e�v�e�r�,� �r�a�t�h�e�r� �t�h�a�n� �c�u�l�t�u�r�e�d� �c�e�l�l�s�,� 
�t�h�e� �e�f�f�e�c�t�s� �o�f� �f�o�r�c�e� �o�n� �m�u�l�t�i�c�e�l�l�u�l�a�r� �s�y�s�t�e�m�s�,� �e�s�p�e�c�i�a�l�l�y� 
�d�y�n�a�m�i�c�s� �o�f� �c�e�l�l�s� �a�n�d� �t�i�s�s�u�e�s� �w�h�i�c�h� �a�l�t�e�r� �t�h�e� �p�h�y�s�i�c�a�l� 
�e�n�v�i�r�o�n�m�e�n�t� �o�f� �t�h�e� �e�m�b�r�y�o� �a�n�d� �h�o�w� �t�h�i�s� �i�m�p�a�c�t�s� 
�m�o�r�p�h�o�g�e�n�e�s�i�s� �w�a�s� �t�h�e� �m�a�i�n� �t�h�e�m�e� �o�f� �t�h�i�s� �c�o�n�f�e�r�e�n�c�e�.� �W�e� 
�a�r�e� �e�x�t�r�e�m�e�l�y� �g�r�a�t�e�f�u�l� �t�h�a�t� �t�o�p�-�c�l�a�s�s� �r�e�s�e�a�r�c�h�e�r�s� �f�r�o�m� �a�r�o�u�n�d� 
�t�h�e� �w�o�r�l�d� �w�e�r�e� �w�i�l�l�i�n�g� �t�o� �g�a�t�h�e�r� �i�n� �O�k�a�z�a�k�i� �d�u�r�i�n�g� �t�h�e�i�r� �t�i�g�h�t� 

�s�c�h�e�d�u�l�e�s�.� �T�h�i�s� �m�e�e�t�i�n�g�,� �b�y� �b�r�i�n�g�i�n�g� �r�e�n�o�w�n�e�d� �r�e�s�e�a�r�c�h�e�r�s� 
�t�o�g�e�t�h�e�r�,� �m�a�d�e� �i�t� �p�o�s�s�i�b�l�e� �t�o� �d�e�e�p�l�y� �e�x�p�l�o�r�e� �t�h�e� �t�h�e�m�e� �o�f� �t�h�e� 
�c�o�n�f�e�r�e�n�c�e�,� �a�n�d� �w�e� �b�e�l�i�e�v�e� �t�h�i�s� �w�i�l�l� �b�e� �s�e�e�n� �a�s� �a�n� �e�p�o�c�h�-
�m�a�k�i�n�g� �m�e�e�t�i�n�g� �f�o�r� �t�h�e� �f�u�t�u�r�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�i�s� �f�i�e�l�d�.� �I�n� 
�a�d�d�i�t�i�o�n�,� �w�i�t�h� �s�o� �m�a�n�y� �y�o�u�n�g� �r�e�s�e�a�r�c�h�e�r�s� �f�r�o�m� �h�o�m�e� �a�n�d� 
�a�b�r�o�a�d� �w�h�o� �p�a�r�t�i�c�i�p�a�t�e�d� �i�n� �t�h�e� �p�o�s�t�e�r� �p�r�e�s�e�n�t�a�t�i�o�n�s� �a�n�d� 
�d�i�s�c�u�s�s�i�o�n�s� �I� �f�e�e�l� �t�h�a�t� �t�h�i�s� �s�p�e�c�i�f�i�c� �a�r�e�a� �i�s� �g�r�o�w�i�n�g� 
�e�x�p�o�n�e�n�t�i�a�l�l�y�.� �W�e� �a�r�e� �c�o�n�f�i�d�e�n�t� �t�h�a�t� �t�h�e�s�e� �c�o�n�n�e�c�t�i�o�n�s� �w�i�l�l� 
�b�e�c�o�m�e� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �o�f� �f�u�t�u�r�e� �c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� �a�n�d� 
�i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�o�p�e�r�a�t�i�o�n�.
�T�h�e� �c�o�n�f�e�r�e�n�c�e� �w�a�s� �p�o�s�s�i�b�l�e� �b�e�c�a�u�s�e� �o�f� �t�h�r�e�e� �r�e�s�e�a�r�c�h� 
�g�r�o�u�p�s�,� �a�l�l� �o�f� �w�h�i�c�h� �a�r�e� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �G�r�a�n�t�-�i�n�-�A�i�d� �f�o�r� 
�S�c�i�e�n�t�i�f�i�c� �R�e�s�e�a�r�c�h� �o�n� �I�n�n�o�v�a�t�i�v�e� �A�r�e�a�s� �(�M�E;�T�,� �J�a�p�a�n�)�� 
´�F�r�o�m� �m�o�l�e�c�u�l�e�s� �a�n�d� �c�e�l�l�s� �t�o� �o�r�g�a�n�s�� �t�r�a�n�s�-�h�i�e�r�a�r�c�h�i�c�a�l� �l�o�g�i�c� 
�f�o�r� �h�i�g�h�e�r�-�o�r�d�e�r� �p�a�t�t�e�r�n� �a�n�d� �s�t�r�u�c�t�u�r�e�sµ� �(�P�r�o�j�e�c�t� �l�e�a�d�e�r�� 
+�i�r�o�y�u�k�i� �T�a�k�e�d�a�)�,� � ´�C�r�o�s�s�-�t�a�l�k� �b�e�t�w�e�e�n� �m�o�v�i�n�g� �c�e�l�l�s� �a�n�d� 
�m�i�c�r�o�e�n�v�i�r�o�n�m�e�n�t� �a�s� �a� �b�a�s�i�s� �o�f� 
�e�m�e�r�g�i�n�g� �o�r�d�e�r� �i�n� �m�u�l�t�i�c�e�l�l�u�l�a�r� 
�s�y�s�t�e�m�sµ� �(�P�r�o�j�e�c�t� �l�e�a�d�e�r�� �T�a�k�a�k�i� 
�M�i�y�a�t�a�,� �N�a�g�o�y�a� �U�n�i�v�e�r�s�i�t�y�)�,� �a�n�d� 
´�C�e �l �l � �c�o�m�m�u�n �i �t �y � �i �n � �e �a �r �l �y� 
�m�a�m�m�a�l�i�a�n� �d�e�v�e�l�o�p�m�e�n�tµ� �(�P�r�o�j�e�c�t� 
�l�e�a�d�e�r�� �T�o�s�h�i�h�i�k�o� �F�u�j�i�m�o�r�i�)�,� �I� 
�w�o�u�l�d� �l�i�k�e� �t�o� �e�x�p�r�e�s�s� �m�y� �g�r�a�t�i�t�u�d�e� 
�f�o�r� �t�h�e�i�r� �g�e�n�e�r�o�u�s� �s�u�p�p�o�r�t� �f�o�r� �t�h�i�s� 
�m�e�e�t�i�n�g�.

�(�N�a�o�t�o� �U�e�n�o�)
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�T�h�e� �s�y�m�p�o�s�i�a� �j�o�i�n�t�l�y� �c�o�n�d�u�c�t�e�d� �b�y� �t�h�e� �N�a�t�i�o�n�a�l� �I�n�s�t�i�t�u�t�e� �f�o�r� 
�B�a�s�i�c� �B�i�o�l�o�g�y� �(�N�I�B�B�)�,� �t�h�e� �M�a�x� �P�l�a�n�c�k� �I�n�s�t�i�t�u�t�e� �f�o�r� �P�l�a�n�t� 
�B�r�e�e�d�i�n�g� �R�e�s�e�a�r�c�h� �(�M�P�I�P=�)� �a�n�d� �t�h�e� �T�e�m�a�s�e�k� �L�i�f�e� �S�c�i�e�n�c�e� 
�L�a�b�o�r�a�t�o�r�y� �h�a�v�e� �b�e�e�n� �h�e�l�d� �f�o�u�r� �t�i�m�e�s� �s�i�n�c�e� �2�0�0��.� 
�A�c�c�o�r�d�i�n�g�l�y�,� �t�h�e� �5�t�h� �N�I�B�B�-�M�P�I�P=�-�T�L�L� �j�o�i�n�t� �s�y�m�p�o�s�i�u�m� 
�t�i�t�l�e�d� ´+�o�r�i�z�o�n�s� �i�n� �P�l�a�n�t� �B�i�o�l�o�g�yµ� �w�a�s� �h�e�l�d� �f�r�o�m� �N�o�v�e�m�b�e�r� 
�2��r�d� �t�o� �N�o�v�e�m�b�e�r� �2��t�h� �2�0�1��,� �a�t� �t�h�e� �M�a�x� �P�l�a�n�c�k� �I�n�s�t�i�t�u�t�e� �f�o�r� 
�P�l�a�n�t� �B�r�e�e�d�i�n�g� �R�e�s�e�a�r�c�h�,� �C�o�l�o�g�n�e�,� �G�e�r�m�a�n�y� �w�i�t�h� 
�r�e�s�e�a�r�c�h�e�r�s� �g�a�t�h�e�r�e�d� �f�r�o�m� �E�u�r�o�p�e�,� �S�i�n�g�a�p�o�r�e�,� �t�h�e� �U�S�A� �a�n�d� 
�J�a�p�a�n�.� �I�n� �t�h�e� �j�o�i�n�t� �s�y�m�p�o�s�i�u�m�,� �1�� �r�e�s�e�a�r�c�h�e�r�s� �f�r�o�m� �J�a�p�a�n� 
�p�a�r�t�i�c�i�p�a�t�e�d�,� �a�n�d� �a�b�o�u�t� ��0� �f�r�o�m� �G�e�r�m�a�n�y�,� �S�w�i�t�z�e�r�l�a�n�d�,� �t�h�e� 
�U�S�A� �a�n�d� �S�i�n�g�a�p�o�r�e�.� �T�h�e� �o�r�a�l� �p�r�e�s�e�n�t�a�t�i�o�n�s� �c�o�n�d�u�c�t�e�d� �i�n� �t�h�e� 
�s�y�m�p�o�s�i�u�m� �w�e�r�e� �c�o�m�p�r�i�s�e�d� �o�f� �1�� �m�e�m�b�e�r�s� �o�f� �M�P�I�P=�,� �� 
�f�r�o�m� �E�u�r�o�p�e�,� �1� �f�r�o�m� �t�h�e� �U�S�A�,� �� �f�r�o�m� �T�L�L�,� �1� �f�r�o�m� �N�I�B�B� 
�a�n�d� �� �f�r�o�m� �J�a�p�a�n�’�s� �o�t�h�e�r� �u�n�i�v�e�r�s�i�t�i�e�s�.� �A�t� �t�h�i�s� �s�y�m�p�o�s�i�u�m� �o�n�e� 
�o�f� �t�h�e� �m�a�j�o�r� �a�c�a�d�e�m�i�c� �t�r�e�n�d�s� �i�n� �p�l�a�n�t� �s�c�i�e�n�c�e�,� �i�.�e�.�,� �i�n� �a�d�d�i�t�i�o�n� 
�t�o� �r�e�s�e�a�r�c�h� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y�,� �p�e�r�f�o�r�m�i�n�g� �r�e�s�e�a�r�c�h� �t�h�a�t� 
�c�o�n�s�i�d�e�r�s� �e�c�o�l�o�g�y� �a�n�d� �e�v�o�l�u�t�i�o�n� �u�n�d�e�r� �t�h�e� �d�i�v�e�r�g�e�n�t� 
�e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �f�o�u�n�d� �i�n� �n�a�t�u�r�e�,� �r�e�a�l�l�y� �s�t�o�o�d� �o�u�t�.� 
�T�h�e� �r�i�s�e� �o�f� �y�o�u�n�g� �r�e�s�e�a�r�c�h�e�r�s� �w�h�o� �h�a�v�e� �s�t�a�r�t�e�d� �t�a�k�i�n�g� 

�l�e�a�d�i�n�g� �r�o�l�e�s� �i�n� �t�h�e� �p�l�a�n�t� �s�c�i�e�n�c�e� �c�o�m�m�u�n�i�t�y� �w�a�s� �a�l�s�o� 
�n�o�t�i�c�e�a�b�l�e� �w�i�t�h� �m�a�n�y� �p�r�e�s�e�n�t�a�t�i�o�n�s� �a�n�d� �p�r�o�a�c�t�i�v�e� �d�i�s�c�u�s�s�i�o�n�s� 
�f�r�o�m� �y�o�u�n�g� �s�c�i�e�n�t�i�s�t�s�.� �F�o�r� �m�a�n�y� �o�f� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �i�t� �w�a�s� 
�a�l�s�o� �a� �w�o�n�d�e�r�f�u�l� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �s�t�a�r�t� �n�e�w� �i�n�t�e�r�n�a�t�i�o�n�a�l� 
�c�o�l�l�a�b�o�r�a�t�i�o�n�s�.� �F�i�n�a�l�l�y� �N�I�B�B� �c�o�n�c�l�u�d�e�d� �t�h�e� �p�r�o�c�e�e�d�i�n�g�s� �w�i�t�h� 
�a� �r�e�v�i�e�w� �o�f� �t�h�e� �c�o�n�f�e�r�e�n�c�e�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �o�n�e�s� �p�r�e�v�i�o�u�s�l�y� 
�h�e�l�d�,� �a�n�d� �t�h�e� �a�n�n�o�u�n�c�e�m�e�n�t� �o�f� �o�u�r� �f�u�t�u�r�e� �d�i�r�e�c�t�i�o�n�s� �a�s� �w�e� 
�s�t�e�p� �f�o�r�w�a�r�d�.
�S�o�m�e� �J�a�p�a�n�e�s�e� �p�a�r�t�i�c�i�p�a�n�t�s� 
�a �l �s�o � �h�a�d � �m�e�e�t �i�n�g�s � �w�i �t�h� 
�r�e�s�e�a�r�c�h�e�r�s� �i�n� �M�P�I�P=� �a�b�o�u�t� 
�c�o�l�l�a�b�o�r�a�t�i�v�e� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�s� 
�b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �t�h�e� �s�y�m�p�o�s�i�u�m� 
�a�n�d� �i�n� �t�h�e� �a�f�t�e�r�n�o�o�n� �o�f� �t�h�e� �f�i�r�s�t� 
�d�a�y�. � �I �n � �a�d�d �i �t �i �o�n �, � �s�o�m�e� 
�p�a�r�t�i�c�i�p�a�n�t�s� �v�i�s�i�t�e�d� �o�t�h�e�r� 
�u�n�i�v�e�r�s�i�t�i�e�s� �i�n� �G�e�r�m�a�n�y� �t�o� 
�h�a�v�e � �d �i �s �c�u�s �s �i�o�n�s � �a�b�o�u �t� 
�i�n�d�i�v�i�d�u�a�l� �c�o�l�l�a�b�o�r�a�t�i�o�n�s�.

� �(�M�i�t�s�u�y�a�s�u� +�a�s�e�b�e�)
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■��P�e�r�i�o�d�� �S�e�p�t�e�m�b�e�r� �2�2� �(�M�o�n�)� �-� 
�O�c�t�o�b�e�r� �1� �(�W�e�d�)�,� �2�0�1�

■��P�a�r�t�i�c�i�p�a�n�t�s�� �1�� �(�� �f�r�o�m� 
�G�e�r�m�a�n�y�,� �2� �f�r�o�m� �T�a�i�w�a�n�,� �o�n�e� 
�e�a�c�h� �f�r�o�m� +�o�n�g� �K�o�n�g�,� �I�n�d�i�a�,� 
�I�n�d�o�n�e�s�i�a�,� �B�a�n�g�l�a�d�e�s�h�,� �a�n�d� 
�U�S�A�,� �� �f�r�o�m� �J�a�p�a�n�)
■�9�e�n�u�e�� �N�a�t�i�o�n�a�l� �I�n�s�t�i�t�u�t�e� �f�o�r� 
�B�a�s�i�c� �B�i�o�l�o�g�y�,� �J�a�p�a�n
■��L�e�c�t�u�r�e�r�s�� 
�D�r�.� �T�o�s�h�i�n�o�r�i� +�A�Y�A�S+�I� �(�T�o�t�t�o�r�i� �U�n�i�v�.�)
�D�r�.� �Y�a�s�u�h�i�r�o� �K�A�M�E�I� �(�N�I�B�B�)
�D�r�.� �K�e�i� �M�I�Y�A�M�O�T�O� �(�W�e�l�l�c�o�m�e� �T�r�u�s�t��C�a�n�c�e�r� �R�e�s�e�a�r�c�h� 
�U�K� �G�u�r�d�o�n� �I�n�s�t�i�t�u�t�e�)
�D�r�.� +�a�j�i�m�e� �O�G�I�N�O� �(�N�a�g�a�h�a�m�a� �I�n�s�t�i�t�u�t�e� �o�f� �B�i�o�-�S�c�i�e�n�c�e� 
�a�n�d� �T�e�c�h�n�o�l�o�g�y�)
�D�r�.� +�i�d�e�a�k�i� �T�A�K�E�U�C+�I� �(�U�n�i�v�.� �o�f� �T�o�k�y�o�)
�D�r�.� �T�h�o�m�a�s� �T+�U�M�B�E�R�G�E�R� �(+�e�i�d�e�l�b�e�r�g� �U�n�i�v�.�)
�D�r�.� �C�h�r�i�s�t�o�p�h� �W�I�N�K�L�E�R� �(�N�a�t�i�o�n�a�l� �U�n�i�v�.� �o�f� �S�i�n�g�a�p�o�r�e�)
�D�r�.� +�i�t�o�s�h�i� �Y�O�K�O�Y�A�M�A� �(�T�o�h�o�k�u� �U�n�i�v�.�)
�D�r�.� �T�a�k�a�s�h�i� �Y�O�S+�I�M�U�R�A� �(�N�a�g�o�y�a� �U�n�i�v�.��N�I�B�B�)

■��C�o�u�r�s�e� �S�t�a�f�f�
�D�r�.� �S�a�t�o�s�h�i� �A�N�S�A�I�,� �D�r�.� �S�h�i�n�-�i�c�h�i� �C+�I�S�A�D�A�,� �D�r�.� +�i�d�e�k�i� 
+�A�N�A�D�A�,� �D�r�. � �Y�a�s�u�h�i�r�o� �K�A�M�E�I�,� �D�r�. � �A�k�i�h�i�k�o� 
�K�A�S+�I�W�A�G�I�,� �D�r�.� �K�e�i�k�o� �K�A�S+�I�W�A�G�I�,� �D�r�.� �A�i�k�o� 
�K�A�W�A�S�U�M�I�,� �D�r�.� �M�a�s�a�t�o� �K�I�N�O�S+�I�T�A�,� �D�r�.� �K�e�i� 
�M�I�Y�A�M�O�T�O�,� �D�r�.� �K�i�y�o�s�h�i� �N�A�R�U�S�E�,� �D�r�.� �S�h�i�g�e�n�o�r�i� 
�N�O�N�A�K�A�,� �D�r�.� �T�e�t�s�u�s�h�i� �S�A�K�U�M�A�,� �D�r�.� �T�a�k�a�o� �S�A�S�A�D�O�,� 
�D�r�.� �K�e�n�-�i�c�h�i� �T�.� �S�U=�U�K�I�,� �D�r�.� �Y�u�s�u�k�e� �T�A�K�E+�A�N�A�,� �D�r�.� 
�M�a�r�t�a� �T�E�P�E�R�E�K�,� �D�r�.� �T�h�o�m�a�s� �T+�U�M�B�E�R�G�E�R�,� �D�r�.� 
+�i�t�o�s�h�i� �Y�O�K�O�Y�A�M�A� 

■��C�o�n�t�e�n�t�s� �o�f� �t�h�e� �c�o�u�r�s�e�� 
�G�e�n�e� �k�n�o�c�k�-�o�u�t� �u�s�i�n�g� �T�A�L�E�N� �i�n� Xenopus�,� �G�e�n�e� �k�n�o�c�k�-
�o�u�t� �u�s�i�n�g� �C�R�I�S�P�R��C�A�S�� �s�y�s�t�e�m� �i�n� �m�e�d�a�k�a�,� �G�e�n�e� �k�n�o�c�k�-
�i�n� �u�s�i�n�g� �C�R�I�S�P�R��C�A�S�� �s�y�s�t�e�m� �i�n� �m�e�d�a�k�a�,� in vitro 
�f�e�r�t�i�l�i�z�a�t�i�o�n� �o�f� �e�g�g�s� �a�n�d� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �e�m�b�r�y�o�s�,� �L�o�c�a�l� 
�g�e�n�e� �i�n�d�u�c�t�i�o�n� �w�i�t�h� �t�h�e� �i�n�f�r�a�r�e�d� �l�a�s�e�r�-�e�v�o�k�e�d� �g�e�n�e� 
�o�p�e�r�a�t�o�r� �(�I�R�-�L�E�G�O�)� �m�e�t�h�o�d�,� �L�i�v�e� �i�m�a�g�i�n�g� �b�y� �2�-�p�h�o�t�o�n� 
�m�i�c�r�o�s�c�o�p�y� �a�n�d� �D�i�g�i�t�a�l� �S�c�a�n�i�n�g� �L�i�g�h�t�-�s�h�e�e�t� �M�i�c�r�o�s�c�o�p�y� 
�(�D�S�L�M�)�,� �C�r�y�o�p�r�e�s�e�r�v�a�t�i�o�n� �o�f� �s�p�e�r�m� �a�n�d� �a�r�t�i�f�i�c�i�a�l� 
�i�n�s�e�m�i�n�a�t�i�o�n� �f�o�r� �M�e�d�a�k�a

�T�h�e� ��t�h� �N�I�B�B� �I�n�t�e�r�n�a�t�i�o�n�a�l� �P�r�a�c�t�i�c�a�l� �C�o�u�r�s�e� 	� �T�h�e� ��r�d� 
�N�I�B�B�-�T�L�L�-�D�B�S� �� �N�U�S� �J�o�i�n�t� �I�n�t�e�r�n�a�t�i�o�n�a�l� �P�r�a�c�t�i�c�a�l� �C�o�u�r�s�e� 
´�E�x�p�e�r�i�m�e�n�t�a�l� �T�e�c�h�n�i�q�u�e�s� �u�s�i�n�g� �M�e�d�a�k�a� �a�n�d� Xenopus� �-� �T�h�e� 
�M�e�r�i�t�s� �o�f� �u�s�i�n�g� �b�o�t�h� �-µ� �w�a�s� �h�e�l�d� �f�r�o�m� �S�e�p�t�e�m�b�e�r� �2�2� �t�o� 
�O�c�t�o�b�e�r� �1�s�t� �2�0�1��.� �1�� �p�a�r�t�i�c�i�p�a�n�t�s� �f�r�o�m� �T�a�i�w�a�n�,� +�o�n�g� �K�o�n�g�,� 
�I�n�d�i�a�,� �I�n�d�o�n�e�s�i�a�,� �B�a�n�g�l�a�d�e�s�h�,� �G�e�r�m�a�n�y�,� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�,� 
�a�n�d� �J�a�p�a�n� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�r�o�m� �a�m�o�n�g� �t�h�e� �2�� �a�p�p�l�i�c�a�n�t�s�.� 
�U�n�i�q�u�e� �F�e�a�t�u�r�e�s� �o�f� �t�h�i�s� �N�I�B�B� �I�n�t�e�r�n�a�t�i�o�n�a�l� �P�r�a�c�t�i�c�a�l� 
�C�o�u�r�s�e� �w�e�r�e� �t�r�a�i�n�i�n�g� �w�i�t�h� �m�e�d�a�k�a� �a�n�d� �z�e�b�r�a�f�i�s�h�,� �a�n�d� 
�c�o�n�c�u�r�r�e�n�t�l�y� �t�r�a�i�n�i�n�g� �w�i�t�h� Xenopus�.� �T�h�r�o�u�g�h� �t�h�e�s�e� 
�w�o�r�k�s�h�o�p�s� �i�m�p�o�r�t�a�n�t� �c�o�n�n�e�c�t�i�o�n�s� �w�e�r�e� �m�a�d�e� �b�e�t�w�e�e�n� �t�h�e� 
�t�w�o� �c�o�m�m�u�n�i�t�i�e�s� �o�f� �s�m�a�l�l� �f�i�s�h� �a�n�d� Xenopus� �r�e�s�e�a�r�c�h�e�r�s�.� �T�h�e� 
�c�o�u�r�s�e� �w�a�s� �p�l�a�n�n�e�d� �w�i�t�h� �t�h�e� �i�n�t�e�n�t�i�o�n� �t�h�a�t� �p�a�r�t�i�c�i�p�a�n�t�s� 
�s�h�o�u�l�d� �e�x�p�e�r�i�e�n�c�e� �r�e�s�e�a�r�c�h� �u�s�i�n�g� �a� �v�a�r�i�e�t�y� �o�f� �e�x�p�e�r�i�m�e�n�t�a�l� 
�s�y�s�t�e�m�s�.
�I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �m�a�i�n� �p�r�o�j�e�c�t� �a�i�m�s�,� �t�h�e�r�e� �w�a�s� �a�l�s�o� �t�h�e� �s�u�b�-
�a�i�m� �o�f� �d�i�s�p�l�a�y�i�n�g� �t�h�e� �r�a�p�i�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �g�e�n�o�m�e� �e�d�i�t�i�n�g� 
�t�e�c�h�n�o�l�o�g�y� �(�s�u�c�h� �a�s� �m�u�t�a�n�t�s� �c�r�e�a�t�e�d� �b�y� �T�A�L�E�N� �a�n�d� 
�C�R�I�S�R�P�R�-�C�A�S��)�,� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �i�n� Xenopus� �a�n�d� �s�m�a�l�l� 
�f�i�s�h�.� �I�n� �r�e�s�p�o�n�s�e� �t�o� �t�h�e�s�e� �c�h�a�n�g�e�s� �i�n� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �t�h�e� 
�r�e�s�e�a�r�c�h� �e�n�v�i�r�o�n�m�e�n�t� �p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �u�s�e� �b�o�t�h� 
�m�e�d�a�k�a� �a�n�d� Xenopus� �n�o�t� �o�n�l�y� �i�n� �l�i�v�e�-�i�m�a�g�i�n�g� �a�n�d� �t�r�a�i�n�i�n�g� �i�n� 
�i�m�p�o�r�t�a�n�t� �s�p�e�r�m� �f�r�e�e�z�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s� �f�o�r� �l�o�n�g�-�t�e�r�m� �s�t�o�r�a�g�e� 
�o�f� �m�u�t�a�n�t�s�,� �b�u�t� �a�l�s�o� �i�n� �t�h�e� �T�A�L�E�N� �� �C�R�I�S�R�P�R�-�C�A�S�� 
�g�e�n�o�m�e� �e�d�i�t�i�n�g� �s�y�s�t�e�m� �t�o� �p�r�o�d�u�c�e� �k�n�o�c�k�-�o�u�t� �a�n�d� �k�n�o�c�k�-�i�n� 
�m�u�t�a�n�t�s�,� �a�n�d� �t�h�e� �g�e�n�e� �i�n�d�u�c�t�i�o�n� �s�y�s�t�e�m� �b�y� �I�R�-�L�E�G�O�.� �T�h�e� 
�r�e�s�u�l�t�s� �o�f� �t�h�e� �q�u�e�s�t�i�o�n�n�a�i�r�e� �s�h�o�w� �t�h�e� �c�o�u�r�s�e� �w�a�s� �v�e�r�y� �p�o�p�u�l�a�r� 
�t�o� �t�h�o�s�e� �w�h�o� �p�a�r�t�i�c�i�p�a�t�e�d�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �s�t�a�n�d�a�r�d� �t�r�a�i�n�i�n�g� 
�s�c�h�e�d�u�l�e�,� �o�n� �e�v�e�r�y� �d�a�y� �e�x�c�e�p�t� �S�u�n�d�a�y� �a�n�d� �o�n� �t�h�e� �l�a�s�t� �d�a�y�,� 
�d�i�s�t�i�n�g�u�i�s�h�e�d� �i�n�v�i�t�e�d� �r�e�s�e�a�r�c�h�e�r�s� �i�n� �t�h�e� �f�i�e�l�d� �c�o�n�d�u�c�t�e�d� 
�s�e�m�i�n�a�r�s� �f�o�r� �p�a�r�t�i�c�i�p�a�n�t�s�.� �T�h�e� �s�e�m�i�n�a�r�s� �w�e�r�e� �e�x�t�r�e�m�e�l�y� 
�i�n�t�e�r�e�s�t�i�n�g� �b�e�c�a�u�s�e� �o�f� �b�o�t�h� �t�h�e� �c�u�t�t�i�n�g²�e�d�g�e� �r�e�s�e�a�r�c�h� �u�s�i�n�g� 
�s�m�a�l�l� �f�i�s�h� �a�n�d� �a�m�p�h�i�b�i�a�n�s�,� �a�n�d� �t�h�e� �r�e�s�e�a�r�c�h� �u�s�i�n�g� �m�u�l�t�i�p�l�e� 
�m�o�d�e�l� �o�r�g�a�n�i�s�m�s� �c�o�n�c�u�r�r�e�n�t�l�y�.
�I� �w�a�n�t� �t�o� �t�a�k�e� �t�h�i�s� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �d�e�d�i�c�a�t�e� �a� �b�i�g� �t�h�a�n�k� �y�o�u� �t�o� 
�t�h�e� �s�t�a�f�f� �o�f� �t�h�e� �O�f�f�i�c�e� �o�f� �I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�o�p�e�r�a�t�i�o�n�.� �I� �w�o�u�l�d� 
�a�l�s�o� �l�i�k�e� �t�o� �t�h�a�n�k� �t�h�e� �r�e�s�e�a�r�c�h� �g�r�o�u�p�s� �t�h�a�t� �w�e�r�e� �c�o�-�s�p�o�n�s�o�r�s� 
�o�f� �t�h�e� �c�o�u�r�s�e�� �N�a�t�i�o�n�a�l� �B�i�o�R�e�s�o�u�r�c�e� �P�r�o�j�e�c�t�s� �(�N�B�R�P�)� 
�M�e�d�a�k�a�,� �N�B�R�P� Xenopus �, � ´�M�o�l�e�c�u�l�a�r� �M�e�c�h�a�n�i�s�m�s� 
�U�n�d�e�r�l�y�i�n�g� �R�e�c�o�n�s�t�r�u�c�t�i�o�n� �o�f� ��D� �S�t�r�u�c�t�u�r�e�s� �d�u�r�i�n�g� 
�R�e�g�e�n�e�r�a�t�i�o�nµ� �(�s�u�p�p�o�r�t�e�d� �b�y� �M�E;�T�,� �J�a�p�a�n�)�,� �a�n�d� ´�E�n�h�a�n�c�i�n�g� 
�A�p�p�l�i�c�a�t�i�o�n� �o�f� �I�n�n�o�v�a�t�i�v�e� �O�p�t�i�c�a�l� �S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y� 
�b�y� �M�a�k�i�n�g� �U�l�t�i�m�a�t�e� �U�s�e� �o�f� �A�d�v�a�n�c�e�d� �L�i�g�h�t� �S�o�u�r�c�e�sµ� 
�(�s�u�p�p�o�r�t�e�d� �b�y� �C�R�E�S�T��J�S�T�,� �J�a�p�a�n�)�.� �F�i�n�a�l�l�y� �I� �w�o�u�l�d� �l�i�k�e� �t�o� 
�t�h�a�n�k� �t�h�e� �s�t�a�f�f� �i�n� �t�h�e� �I�n�s�t�i�t�u�t�e� �f�o�r� �A�m�p�h�i�b�i�a�n� �B�i�o�l�o�g�y�,� 
+�i�r�o�s�h�i�m�a� �U�n�i�v�e�r�s�i�t�y�,� �t�h�e� �L�a�b�o�r�a�t�o�r�y� �o�f� �B�i�o�R�e�s�o�u�r�c�e�s�,� 
�N�I�B�B�,� �a�n�d� �t�h�e� �S�p�e�c�t�r�o�g�r�a�p�h�y� �a�n�d� �B�i�o�i�m�a�g�i�n�g� �F�a�c�i�l�i�t�y�,� 
�N�I�B�B�,� �w�h�o�s�e� �p�r�e�p�a�r�a�t�i�o�n�s� �m�a�d�e� �t�h�i�s� �t�r�a�i�n�i�n�g� �c�o�u�r�s�e� 
�p�o�s�s�i�b�l�e�.

�(�K�i�y�o�s�h�i� �N�a�r�u�s�e�)

7KH��WK�1,BB�,QWHUQDWLRQDO�3UDFWLFDO�&RXUVH��
7KH��UG�1,BB�7//�'B6�186�-RLQW�,QWHUQDWLRQDO�3UDFWLFDO�&RXUVH�
�([SHULPHQWDO�7HFKQLTXHV�XVLQJ�0HGDND�DQG�Xenopus���7KH�0HULWV�RI�XVLQJ�ERWK���



��

7KH��WK�BLR�,PDJLQJ�)RUXP�´'LUHFWLRQV�RI�)XWXUH�BLR�
,PDJLQJµ�DQG�WKH�´0HHWLQJ�IRU�WKH�)XWXUH�3ODQ�RI�BLR�,PDJLQJ�
1HWZRUN�DPRQJ�8QLYHUVLWLHV�DQG�,QVWLWXWHV�LQ�-DSDQµ

�T�h�e� ��t�h� �B�i�o�-�I�m�a�g�i�n�g� �F�o�r�u�m� �w�a�s� �h�e�l�d� �o�n� �t�h�e� �t�h�e�m�e� �o�f� 
´�D�i�r�e�c�t�i�o�n�s� �o�f� �F�u�t�u�r�e� �B�i�o�-�I�m�a�g�i�n�g�,µ� �a�n�d� �w�a�s� �i�m�m�e�d�i�a�t�e�l�y� 
�f�o�l�l�o�w�e�d�,� � �w�i�t�h� �t�h�e� �s�a�m�e� �p�a�r�t�i�c�i�p�a�n�t�s�,� �b�y� �t�h�e� ´�M�e�e�t�i�n�g� �f�o�r� 
�t�h�e� �F�u�t�u�r�e� �P�l�a�n� �o�f� �B�i�o�-�I�m�a�g�i�n�g� �N�e�t�w�o�r�k� �a�m�o�n�g� �U�n�i�v�e�r�s�i�t�i�e�s� 
�a�n�d� �I�n�s�t�i�t�u�t�e�s� �i�n� �J�a�p�a�nµ�,� �w�h�i�c�h� �w�a�s� �p�l�a�n�n�e�d� �b�y� �t�h�e� 
�D�e�p�a�r�t�m�e�n�t� �o�f� �I�m�a�g�i�n�g� �S�c�i�e�n�c�e�,� �C�e�n�t�e�r� �f�o�r� �N�o�v�e�l� �S�c�i�e�n�c�e� 
�I�n�i�t�i�a�t�i�v�e�,� �N�I�N�S�.� 
�B�o�t�h� �t�h�e� �f�o�r�u�m� �a�n�d� �t�h�e� �m�e�e�t�i�n�g� �w�e�r�e� �m�a�n�a�g�e�d� �b�y� �t�h�e� 
�C�o�l�l�a�b�o�r�a�t�i�v�e� �R�e�s�e�a�r�c�h� �G�r�o�u�p�,� �R�e�s�e�a�r�c�h� �E�n�h�a�n�c�e�m�e�n�t� 
�S�t�r�a�t�e�g�y� �O�f�f�i�c�e�,� �N�I�B�B�.� �T�h�e� �f�o�r�u�m� �a�n�d� �t�h�e� �m�e�e�t�i�n�g� �w�e�r�e� 
�s�e�a�m�l�e�s�s�l�y� �p�l�a�n�n�e�d� �b�y� �t�h�e� �s�a�m�e� �o�r�g�a�n�i�z�e�r�s� �w�h�o� �u�n�d�e�r�t�o�o�k� 
�d�e�t�a�i�l�e�d� �d�i�s�c�u�s�s�i�o�n�s� �p�r�i�o�r� �t�o� �t�h�e� �e�v�e�n�t�s�.� �T�h�e� �a�i�m� �o�f� �t�h�e� �f�o�r�u�m� 
�w�a�s� �t�o� �p�r�o�m�o�t�e� �t�h�e� �e�x�c�h�a�n�g�e� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �n�e�w�e�s�t� 
�t�e�c�h�n�o�l�o�g�i�e�s� �o�f� �o�b�t�a�i�n�i�n�g� �a�n�d� �a�n�a�l�y�z�i�n�g� �b�i�o�l�o�g�i�c�a�l� �i�m�a�g�e�s�,� 
�a�n�d� �t�h�a�t� �o�f� �t�h�e� �m�e�e�t�i�n�g� �w�a�s� �t�o� �g�r�a�s�p� �t�h�e� �p�r�e�s�e�n�t� �s�i�t�u�a�t�i�o�n� �o�f� 
�v�a�r�i�o�u�s� �i�m�a�g�i�n�g� �f�a�c�i�l�i�t�i�e�s� �i�n� �J�a�p�a�n� �a�n�d� �t�o� �d�i�s�c�u�s�s� �t�h�e� 
�c�o�l�l�a�b�o�r�a�t�i�o�n�s� �o�f� �t�h�e�s�e� �f�a�c�i�l�i�t�i�e�s� �a�n�d� �t�h�e� �f�u�t�u�r�e� �d�i�r�e�c�t�i�o�n�s� �o�f� 
�b�i�o�-�i�m�a�g�i�n�g�,� �w�i�t�h� �t�h�e� �p�r�o�s�p�e�c�t� �o�f� �p�r�o�m�o�t�i�n�g� �c�o�l�l�a�b�o�r�a�t�i�v�e� 
�u�s�e� �o�f� �t�h�e� �S�p�e�c�t�r�o�s�c�o�p�y� �a�n�d� �B�i�o�i�m�a�g�i�n�g� �F�a�c�i�l�i�t�y�,� �N�I�B�B�.
�T�h�e� �F�o�r�u�m� �w�e�l�c�o�m�e�d� �n�i�n�e�t�y� �p�a�r�t�i�c�i�p�a�n�t�s� �a�n�d� �i�n�c�l�u�d�e�d� �n�i�n�e� 
�l�e�c�t�u�r�e�s� �o�n� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �b�i�o�-�i�m�a�g�e� �a�c�q�u�i�s�i�t�i�o�n� �m�e�t�h�o�d�s�,� 
�r�a�n�g�i�n�g� �f�r�o�m� �t�h�e� �n�e�w�e�s�t� �t�e�c�h�n�i�q�u�e�s� �o�f� �e�l�e�c�t�r�o�n� �a�n�d� �o�p�t�i�c�a�l� 
�m�i�c�r�o�s�c�o�p�y� � �t�o� �m�a�c�r�o� �b�i�o�-�i�m�a�g�i�n�g� �m�e�t�h�o�d�s� �s�u�c�h� �a�s� �P�E�T� �a�n�d� 
�M�R�I�,� �a�n�d� �a�l�s�o� �o�n� �t�h�e� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �m�e�t�h�o�d�s� �(�B�i�o�-�I�m�a�g�e� 
�I�n�f�o�r�m�a�t�i�c�s�)� �o�f� �a�c�q�u�i�r�e�d� �i�m�a�g�e�s�.� � �T�h�e�s�e� �l�e�c�t�u�r�e�s� �w�e�r�e� �a� �p�a�r�t� 
�o�f� �t�h�e� �i�m�a�g�i�n�g� �f�a�c�i�l�i�t�i�e�s�’� �i�n�t�r�o�d�u�c�t�i�o�n� �t�o� �t�h�e� �l�a�t�e�r� �m�e�e�t�i�n�g� 
�d�u�r�i�n�g� �w�h�i�c�h� �t�h�e�y� �s�e�r�v�e�d� �a�s� �m�a�t�e�r�i�a�l�s� �o�f� �d�i�s�c�u�s�s�i�o�n�.� �T�h�e� 
�m�e�e�t�i�n�g� �s�t�a�r�t�e�d� �w�i�t�h� �s�e�l�f�-�i�n�t�r�o�d�u�c�t�i�o�n�s� �b�y� �t�h�e� �t�w�e�n�t�y� 
�i�m�a�g�i�n�g� �f�a�c�i�l�i�t�i�e�s� �o�n� �t�h�e�i�r� �m�i�s�s�i�o�n�s�,� �p�r�e�s�e�n�t� �s�t�a�t�u�s�,� �p�r�o�b�l�e�m�s� 
�a�n�d� �p�r�o�s�p�e�c�t�s� �f�o�r� �c�o�l�l�a�b�o�r�a�t�i�o�n�.� �D�r�.� �K�o�t�a� �M�i�u�r�a� �o�f� �t�h�e� 

�A�d�v�a�n�c�e�d� �L�i�g�h�t� �M�i�c�r�o�s�c�o�p�y� �F�a�c�i�l�i�t�y�,� �E�M�B�L� +�e�i�d�e�l�b�e�r�g� �w�a�s� 
�i�n�v�i�t�e�d� �t�o� �r�e�p�o�r�t� �t�h�e� �p�r�e�s�e�n�t� �s�t�a�t�u�s� �a�n�d� �t�h�e� �f�u�t�u�r�e� �d�i�r�e�c�t�i�o�n�s� 
�o�f� �t�h�e� �n�e�t�w�o�r�k� �o�f� �b�i�o�-�i�m�a�g�i�n�g� �f�a�c�i�l�i�t�i�e�s� �i�n� �E�u�r�o�p�e�.� �F�u�r�t�h�e�r� 
�d�i�s�c�u�s�s�i�o�n�s� �r�e�s�u�l�t�e�d� �i�n� �c�o�m�m�o�n� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�n� �t�h�e� �p�r�e�s�e�n�t� 
�s�t�a�t�u�s� �a�n�d� �p�r�o�b�l�e�m�s� �o�f� �i�m�a�g�i�n�g� �f�a�c�i�l�i�t�i�e�s� �a�n�d� �a�s� �t�h�e� �f�i�r�s�t� �s�t�e�p� 
�o�f� �t�h�e� �c�o�l�l�a�b�o�r�a�t�i�o�n� �w�e� �a�g�r�e�e�d� �t�o� �o�p�e�n� �a� �p�o�r�t�a�l� �w�e�b� �s�i�t�e� �o�f� 
�b�i�o�-�i�m�a�g�i�n�g� �f�a�c�i�l�i�t�i�e�s� �a�n�d� �t�o� �c�o�n�t�i�n�u�e� �t�o� �h�o�l�d� �s�i�m�i�l�a�r� 
�m�e�e�t�i�n�g�s� �t�o� �p�r�o�m�o�t�e� �f�o�r�m�a�t�i�o�n� �o�f� �n�e�t�w�o�r�k�s� �i�n� �t�h�e� �i�m�a�g�i�n�g� 
�s�c�i�e�n�c�e� �f�i�e�l�d� �t�h�r�o�u�g�h� �t�h�e� �c�o�l�l�a�b�o�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�e�c�t�r�o�s�c�o�p�y� 
�a�n�d� �B�i�o�i�m�a�g�i�n�g� �F�a�c�i�l�i�t�y� �a�n�d� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �I�m�a�g�i�n�g� 
�S�c�i�e�n�c�e�.
�T�h�e� �o�r�g�a�n�i�z�e�r�s� �a�p�p�r�e�c�i�a�t�e� �t�h�e� �p�r�e�c�i�o�u�s� �i�n�f�o�r�m�a�t�i�o�n� �b�r�o�u�g�h�t� 
�b�y� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s�,� �a�n�d� �t�h�e� �S�p�e�c�t�r�o�s�c�o�p�y� �a�n�d� �B�i�o�i�m�a�g�i�n�g� 
�F�a�c�i�l�i�t�y� �b�e�n�e�f�i�t�t�e�d� �m�u�c�h� �i�n� �e�n�h�a�n�c�i�n�g� �c�o�l�l�a�b�o�r�a�t�i�v�e� 
�p�r�o�g�r�a�m�s� �a�n�d� �p�r�e�p�a�r�i�n�g� �f�o�r� �i�m�p�r�o�v�e�m�e�n�t� �o�f� �i�t�s� �e�q�u�i�p�m�e�n�t�.� 
�T�h�e� �f�o�r�u�m� �a�n�d� �t�h�e� �m�e�e�t�i�n�g� �s�e�r�v�e�d� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� 
�p�r�o�m�o�t�i�n�g� �N�I�N�S� �a�s� �a� �h�u�b� �o�f� �t�h�e� �w�o�r�l�d�w�i�d�e� �s�c�i�e�n�t�i�f�i�c� 
�c�o�m�m�u�n�i�t�y� �w�o�r�k�i�n�g� �i�n� �t�h�e� �f�i�e�l�d� �o�f� �i�m�a�g�i�n�g� �s�c�i�e�n�c�e�.
�(�Y�a�s�u�h�i�r�o� �K�a�m�e�i�)
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7KH�1,BB�*HQRPH�
,QIRUPDWLFV�7UDLQLQJ�
&RXUVH

´,QWURGXFWLRQ�WR�51A�VHT���IURP�WKH�
EDVLFV�RI�1*6�WR�GH�QRYR�DQDO\VHVµ

´,QWURGXFWLRQ�WR�1H[W�JHQHUDWLRQ�
'1A�6HTXHQFH�'DWD�AQDO\VLVµ

■��O�r�g�a�n�i�z�e�r�� �D�r�.� �S�h�u�j�i� �S�h�i�g�e�n�o�b�u� �(�N�I�B�B� �C�o�r�e� 
�R�e�s�e�a�r�c�h� �F�a�c�i�l�i�t�i�e�s�)
■��L�e�c�t�u�r�e�r�s�� �D�r�.� �S�h�u�j�i� �S�h�i�g�e�n�o�b�u�,� �D�r�.� �M�a�s�a�n�a�o� �S�a�t�o�,� 
�D�r�.� �I�k�u�o� �U�c�h�i�y�a�m�a�,� �D�r�.� �K�a�t�s�u�s�h�i� �Y�a�m�a�g�u�c�h�i�,� �D�r�.� 
�T�a�r�o� �M�a�e�d�a� 
■��P�a�r�t�i�c�i�p�a�n�t�s�� �2�0� �(�i�n�c�l�u�d�i�n�g� �2� �f�r�o�m� �N�I�B�B�)
■��P�r�o�g�r�a�m�� 
�1�.� �O�v�e�r�v�i�e�w�� �T�r�a�n�s�c�r�i�p�t�o�m�e� �d�a�t�a� �a�n�a�l�y�s�i�s
�2�.� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �s�t�a�t�i�s�t�i�c�s
��.� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� ´�Rµ
��.� �B�a�s�i�c� �f�o�r�m�a�t� �a�n�d� �t�o�o�l�s� �o�f� �N�G�S
�5�.� �R�N�A�-�s�e�q� �1�� �B�a�s�i�c�s
��.� �R�N�A�-�s�e�q� �2�� �G�e�n�o�m�e�-�b�a�s�e�d� �a�n�a�l�y�s�i�s
��.� �R�N�A�-�s�e�q� ��� �d�e� �n�o�v�o� �a�s�s�e�m�b�l�y
��.� �M�u�l�t�i�v�a�r�i�a�t�e� �s�t�a�t�i�s�t�i�c�s
��.� �P�r�a�c�t�i�c�a�l� �e�x�e�r�c�i�s�e�s

■��O�r�g�a�n�i�z�e�r�� �D�r�.� �S�h�u�j�i� �S�h�i�g�e�n�o�b�u� �(�N�I�B�B� �C�o�r�e� 
�R�e�s�e�a�r�c�h� �F�a�c�i�l�i�t�i�e�s�)
■��L�e�c�t�u�r�e�r�s�� �D�r�.� �S�h�u�j�i� �S�h�i�g�e�n�o�b�u�,� �D�r�.� �I�k�u�o� 
�U�c�h�i�y�a�m�a�,� �D�r�.� �M�a�s�a�n�a�o� �S�a�t�o�,� �D�r�.� �K�a�t�s�u�s�h�i� 
�Y�a�m�a�g�u�c�h�i�,� �M�s�.� +�i�r�o�y�o� �N�i�s�h�i�d�e�,� �D�r�.� �T�a�r�o� �M�a�e�d�a
■��P�a�r�t�i�c�i�p�a�n�t�s�� �2�2� �(�i�n�c�l�u�d�i�n�g� �� �f�r�o�m� �N�I�B�B�)� 
■��P�r�o�g�r�a�m�� � 
�1�.� �O�v�e�r�v�i�e�w
�2�.� �U�N�I;� �f�o�r� �b�e�g�i�n�n�e�r�s
��.� �N�G�S� �b�a�s�i�c� �d�a�t�a� �f�o�r�m�a�t�s
��.� �N�G�S� �b�a�s�i�c� �t�o�o�l�s� 
�5�.� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �s�t�a�t�i�s�t�i�c�s
��.� �B�a�s�i�c�s� �o�f� �R�N�A�-�s�e�q
��.� �R�S�A�-�s�e�q� �g�e�n�o�m�e� �b�a�s�e
��.� �M�u�l�t�i�v�a�r�i�a�t�e� �s�t�a�t�i�s�t�i�c�s
��.� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� ´�Rµ
�1�0�.� �R�N�A�-�s�e�q� �d�e� �n�o�v�o
�1�1�.� �P�r�a�c�t�i�c�a�l� �e�x�e�r�c�i�s�e�s

�N�I�B�B� �o�r�g�a�n�i�z�e�s� �a� �s�e�r�i�e�s� �o�f� �t�r�a�i�n�i�n�g� �c�o�u�r�s�e�s� �o�n� �u�p�-�t�o�-�d�a�t�e� 
�r�e�s�e�a�r�c�h� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �r�e�s�e�a�r�c�h�e�r�s� �f�r�o�m� �m�a�i�n�l�y� �J�a�p�a�n�e�s�e� 
�u�n�i�v�e�r�s�i�t�i�e�s� �a�n�d� �i�n�s�t�i�t�u�t�i�o�n�s�.� �I�n� �2�0�1�� �w�e� �h�e�l�d� �t�w�o� �o�f� �t�h�e�s�e� 
�t�r�a�i�n�i�n�g� �c�o�u�r�s�e�s� �o�n� �G�e�n�o�m�e� �I�n�f�o�r�m�a�t�i�c�s�.� �T�h�e� �t�w�o�-�d�a�y� 
�p�r�o�g�r�a�m�s� �o�f�f�e�r� �l�e�c�t�u�r�e�s� �a�n�d� �h�a�n�d�s�-�o�n� �t�u�t�o�r�i�a�l�s� �t�o� �i�n�t�r�o�d�u�c�e� 
�b�a�s�i�c� �k�n�o�w�l�e�d�g�e� �a�n�d� �s�k�i�l�l�s� �t�o� �d�e�a�l� �w�i�t�h� �g�e�n�o�m�i�c� �s�c�a�l�e� �l�a�r�g�e� 
�d�a�t�a� �s�u�c�h� �a�s� �t�h�o�s�e� �o�b�t�a�i�n�e�d� �b�y� �n�e�x�t�-�g�e�n�e�r�a�t�i�o�n� �s�e�q�u�e�n�c�i�n�g� 
�(�N�G�S�)�.� �T�h�e� �p�r�o�g�r�a�m�s� �a�r�e� �s�p�e�c�i�a�l�l�y� �d�e�s�i�g�n�e�d� �f�o�r� �b�i�o�l�o�g�i�s�t�s� 
�w�h�o� �a�r�e� �n�o�t� �f�a�m�i�l�i�a�r� �w�i�t�h� �b�i�o�i�n�f�o�r�m�a�t�i�c�s�.

6eptember �� �7Ku� ��� �Fri�� 2��4

'ecember �� �:ed� ��2 �Fri�� 2��4

6eptember �� �7Ku� �2� �Fri�� 2���

7KH��QG�1,BB�
BLRLPDJH�AQDO\VLV�
7UDLQLQJ�&RXUVH

■��O�r�g�a�n�i�z�e�r�s�� �D�r�.� �Y�o�s�h�i�t�a�k�a� �K�i�m�o�r�i�,� �D�r�.� �K�a�g�a�y�a�k�i� 
�K�a�t�o�,� �D�r�.� �Y�a�s�u�h�i�r�o� �K�a�m�e�i�,� �D�r�.� �S�h�i�g�e�n�o�r�i� �N�o�n�a�k�a�,� 
�D�r�.� �T�a�k�a�s�h�i� �M�u�r�a�t�a�,� �D�r�.� +�i�r�o�s�h�i� �K�o�y�a�m�a
■��S�u�p�e�r�v�i�s�o�r�s�� �D�r�.� �N�a�o�t�o� �U�e�n�o�,� �D�r�.� �T�o�s�h�i�h�i�k�o� 
�F�u�j�i�m�o�r�i
■��P�a�r�t�i�c�i�p�a�n�t�s�� �2�1� �(�i�n�c�l�u�d�i�n�g� �2� �f�r�o�m� �N�I�B�B�)
■��P�r�o�g�r�a�m�
�-� � �B�a�s�i�s� �o�f� �i�m�a�g�e� �d�a�t�a� �p�r�o�c�e�s�s�i�n�g� �a�n�d� �a�n�a�l�y�s�i�s� 
�(�l�e�c�t�u�r�e� �a�n�d� �p�r�a�c�t�i�c�e�)

�-� � �U�s�a�g�e� �o�f� �I�m�a�g�e�J� �s�o�f�t�w�a�r�e� �a�n�d� �i�t�s� �m�a�c�r�o�s� �(�l�e�c�t�u�r�e� 
�a�n�d� �p�r�a�c�t�i�c�e�)

�-� � 4�u�a�n�t�i�t�a�t�i�v�e� �a�n�a�l�y�s�i�s� �o�f� �i�m�a�g�e�s� �(�l�e�c�t�u�r�e� �a�n�d� 
�p�r�a�c�t�i�c�e�)

�-� � �S�e�l�e�c�t�i�o�n� �o�f� �m�i�c�r�o�s�c�o�p�e�s� �a�n�d� �i�m�p�o�r�t�a�n�t� �p�o�i�n�t�s� �i�n� 
�o�b�t�a�i�n�i�n�g� �i�m�a�g�e�s� �(�l�e�c�t�u�r�e�)

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

�G�e�r�m� �c�e�l�l� �d�e�f�i�c�i�e�n�t� �g�o�n�a�d�s� �d�e�v�e�l�o�p� �a� �t�e�s�t�i�s�-�l�i�k�e� �s�t�r�u�c�t�u�r�e�.
�I�n� �m�e�d�a�k�a� �t�h�e� �s�e�x�-�d�e�t�e�r�m�i�n�i�n�g� �g�e�n�e� dmY/dmrt1y� �h�a�s� �b�e�e�n� 
�i�d�e�n�t�i�f�i�e�d�.� �M�y� �s�t�u�d�i�e�s� �w�e�r�e� �m�a�i�n�l�y� �f�o�c�u�s�e�d� �o�n� �G�e�n�o�t�y�p�i�c� 
�S�e�x� �D�e�t�e�r�m�i�n�a�t�i�o�n� �(�G�S�D�)�,� �a�n�d� �t�w�o� �i�m�p�o�r�t�a�n�t� �g�e�n�e�s� SDiG� 
�a�n�d� figla�.� �A�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �I� �h�a�d� �t�o� �d�i�s�s�e�c�t� 
�M�e�d�a�k�a� �l�a�r�v�a� �t�o� �e�x�t�r�a�c�t� �g�o�n�a�d�s� �w�h�i�c�h� �w�a�s� �a� �v�e�r�y� �i�n�t�e�r�e�s�t�i�n�g� 
�a�c�t�i�v�i�t�y�.� �I� �e�n�j�o�y�e�d� �c�o�l�l�e�c�t�i�n�g� �f�i�s�h� �e�g�g�s� �a�t� �M�y�o�d�a�i�j�i�.� 
�P�e�r�f�o�r�m�i�n�g� �m�i�c�r�o� �s�u�r�g�e�r�y� �w�a�s� �w�h�e�r�e� �I� �u�s�e�d� �m�y� �s�k�i�l�l�s� �a�s� �a� 
�m�e�d�i�c�a�l� �s�t�u�d�e�n�t� �w�h�o� �h�a�d� �a�s�s�i�s�t�e�d� �i�n� �s�u�r�g�e�r�y� �a�t� �a� �h�o�s�p�i�t�a�l�.� �I�t� 
�w�a�s� �a�l�s�o� �a�n� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �e�x�c�h�a�n�g�e� �k�n�o�w�l�e�d�g�e� �w�i�t�h� �t�h�e� 
�P�h�D� �s�t�u�d�e�n�t�s� �a�t� �t�h�e� �l�a�b�.� �T�h�e�r�e�f�o�r�e�,� �m�y� �o�v�e�r�a�l�l� �e�x�p�e�r�i�e�n�c�e� 
�w�a�s� �i�n�v�a�l�u�a�b�l�e�.� �I� �c�e�r�t�a�i�n�l�y� �h�a�d� �a� �v�e�r�y� �u�s�e�f�u�l� �t�i�m�e� �w�i�t�h� 
�P�r�o�f�e�s�s�o�r� �T�a�n�a�k�a� �a�n�d� �h�i�s� �t�e�a�m�.
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�I�I�N�U�M�A�,� +�i�d�e�k�o

�I�K�A�M�I�,� �K�a�n�a�k�o

�I�M�A�I�,� �A�k�i�h�i�r�o

�I�M�A�I�,� �A�k�i�k�o

�I�M�A�I=�U�M�I�,� �T�a�e�k�o

�I�M�O�T�O�,� �E�i�k�o

�I�N�A�B�A�,� �K�a�y�o

�I�N�A�D�A�,� �K�a�n�a

�I�N�A�D�A�,� �Y�o�s�u�k�e

�I�S+�I�B�A�S+�I�,� �T�o�m�o�k�o

�I�S+�I�J�I�M�A�,� +�a�n�n�o�s�u�k�e

�I�S+�I�K�A�W�A�,� �A�z�u�s�a

�I�S+�I�K�A�W�A�,� +�i�r�o�e

�I�S+�I�K�A�W�A�,� �M�a�s�a�k�i

�I�S+�I�N�E�,� �N�a�o�m�i� 

�I�S+�I=�A�K�A�,� �M�i�h�o

�I�S�O�S+�I�M�A�,� �Y�o�s�h�i�k�o

�I�T�O�,� �K�a�z�u�y�o

�I�T�O�,� �T�a�k�a�y�o

�I�T�O�,� �T�o�m�o�a�k�i

�I�T�O�,� �Y�u�k�i�k�o

�I�W�A�S�E�,� �E�t�s�u�k�o� 

�J�O+=�U�K�A�,� �K�a�t�s�u�k�i
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�K�A�B�E�Y�A�,� �Y�u�k�i�k�o

�K�A�D�O�W�A�K�I�,� �T�a�m�a�k�a

�K�A�J�I�K�A�W�A�,� �I�k�u�m�i

�K�A�J�I�U�R�A�-�K�O�B�A�Y�A�S+�I�,� +�i�r�o�k�o

�K�A�K�I�T�A�,� �M�i�t�s�u�r�u

�K�A�M�A�D�A�,� �K�o�n�o�m�i

�K�A�M�A�D�A�,� �Y�o�s�h�i�a�k�i

�K�A�M�E�I�,� �Y�a�s�u�h�i�r�o

�K�A�M�E�M�I=�U�,� �C�h�i�z�u�r�u

�K�A�M�E�T�A�N�I�,� �Y�o�s�h�i�k�o� 

�K�A�M�I�D�A�,� �C�h�i�h�a�r�u

�K�A�M�I�G�A�K�I�,� �A�k�a�n�e

�K�A�M�I�Y�A�,� �K�i�y�o�m�i

�K�A�M�R�A�N�I�,� �Y�o�u�s�e�f� �Y�a�r�i

�K�A�N�A�I�,� �M�a�s�a�t�a�k�e

�K�A�N�E�K�O�,� +�i�r�o�y�o

�K�A�T�A�O�K�A�,� �Y�u�k�a�r�i

�K�A�T�A�Y�A�M�A�,� �K�a�o�r�i

�K�A�T�O�,� �A�z�u�s�a

�K�A�T�O�,� �D�a�i�s�u�k�e

�K�A�T�O�,� +�i�r�o�k�i

�K�A�T�O�,� �K�a�g�a�y�a�k�i

�K�A�T�O�,� �K�y�o�k�o

�K�A�W�A�G�U�C+�I�,� �C�o�l�i�n

�K�A�W�A�G�U�C+�I�,� �M�a�s�a�y�o�s�h�i

�K�A�W�A�M�O�T�O�,� �Y�u�r�i

�K�A�W�A�S+�I�M�A�,� �T�a�k�e�s�h�i

�K�I�K�U�C+�I�,� �M�a�r�i�k�o

�K�I�M�O�R�I�,� �Y�o�s�h�i�t�a�k�a

�K�I�M�U�R�A�,� �T�e�t�s�u�a�k�i

�K�I�N�O�S+�I�T�A�,� �C�h�i�e

�K�I�N�O�S+�I�T�A�,� �N�o�r�i�y�u�k�i

�K�I�S+�I�M�O�T�O�,� �M�a�r�i�k�o

�K�I�T�A�D�A�T�E�,� �Y�u

�K�O�B�A�Y�A�K�A�W�A�,� �S�a�t�o�r�u

�K�O�B�A�Y�A�S+�I�,� �S�a�t�o�r�u

�K�O�B�A�Y�A�S+�I�,� �T�o�m�o�k�o

�K�O�B�A�Y�A�S+�I�,� �Y�u�k�i

�K�O�D�A�M�A�,� �A�k�i�k�o

�K�O�D�A�M�A�,� �R�y�u�j�i

�K�O+�S+�I�M�A�,� �S�h�i�r�o

�K�O�I�K�E�,� �C�h�i�e�k�o

�K�O�I�K�E�,� �Y�u�k�a�r�i

�K�O�J�I�M�A�,� �Y�o�k�o

�K�O�M�I�N�E�,� �Y�u�r�i�k�o

�K�O�N�,� �Y�a�y�o�i

�K�O�N�D�O�,� �M�a�k�i

�K�O�N�D�O�,� �M�a�s�a�s�h�i

�K�O�N�D�O�,� �S�h�i�g�e�r�u

�K�O�N�I�S+�I�,� �M�i�e

�K�O�S+�I�M�I=�U�,� �S�h�i�z�u�k�a

�K�O�S�U�G�E�,� �K�o�t�a�r�o

�K�O�T�A�N�I�,� �K�e�i�k�o

�K�O�Y�A�M�A�,� +�i�r�o�s�h�i

�K�U�B�O�K�I�,� �Y�u�k�o

�K�U�B�O�Y�A�M�A�,� �K�a�z�u�y�a

�K�U�M�E�,� �S�h�o�e�n

�K�U�R�A�T�A�,� �T�o�m�o�k�o

�K�U�R�U�M�I=�A�K�A�,� +�i�t�o�s�h�i

�L�I�,� �C�h�e�n

�L�I�N�,� �C�h�i�a�-+�a�o

�L�I�U�,� �M�e�n�g

�M�A�E�D�A�,� �T�a�r�o

�M�A�K�I�N�O�,� �Y�u�m�i�k�o

�M�A�N�O�,� +�i�r�o�a�k�i

�M�A�N�O�,� �S�h�o�j�i� 

�M�A�R�U�Y�A�M�A�,� �A�y�u�m�i

�M�A�R�U�Y�A�M�A�,� �S�h�i�n�-�i�c�h�i�r�o

�M�A�S�A�M�I=�U�,� �Y�o�s�h�i�t�o

�M�A�S�U�O�K�A�,� �T�o�m�o�k�o

�M�A�T�S�U�B�A�Y�A�S+�I�,� �N�a�o�m�i

�M�A�T�S�U�B�A�Y�A�S+�I�,� �Y�o�s�h�i�k�a�t�s�u

�M�A�T�S�U�D�A�,� �C�h�i�s�a�t�o

�M�A�T�S�U�D�A�,� �T�a�k�a�s�h�i

�M�A�T�S�U�D�A�,� �Y�o�s�h�i�m�i

�M�A�T�S�U�M�O�T�O�,� �M�a�s�a�h�i�t�o

�M�A�T�S�U�M�O�T�O�,� �M�i�w�a�k�o

�M�A�T�S�U�M�U�R�A�,� �K�u�n�i�h�i�r�o

�M�A�T�S�U�O�K�A�,� +�i�k�a�r�u

�M�A�T�S�U=�A�K�I�,� �M�a�s�a�n�o�r�i

�M�A�T�S�U=�A�K�I�,� �Y�o�k�o

�M�I�I�,� �Y�u�s�u�k�e

�M�I�N�A�G�A�W�A�,� �J�u�n

�M�I�U�R�A�,� �S�e�i�k�o

�M�I�W�A�,� �T�o�m�o�k�i

�M�I�Y�A�G�A�W�A�,� �S�h�i�n�i�c�h�i

�M�I�Y�A�G�I�,� �A�s�u�k�a

�M�I�Y�A�K�A�W�A� �(�O�K�A�M�O�T�O�)�,� �M�i�s�a�t�o

�M�I�Y�A�K�A�W�A�,� +�i�t�o�s�h�i

�M�I�Y�A�K�E�,� �S�a�t�o�k�o

�M�I�Y�A�N�A�R�I�,� �Y�u�s�u�k�e

�M�I�Y�A�T�A�,� +�a�r�u�k�o

�M�I=�U�G�U�C+�I�,� +�i�r�o�k�o

�M�I=�U�T�A�N�I�,� �T�a�k�e�s�h�i

�M�I=�U�T�A�N�I�,� �Y�o�s�h�i�y�u�k�i

�M�O�R�I�,� �A�s�u�k�a

�M�O�R�I�,� �T�o�m�o�k�o

�M�O�R�I�S+�I�T�A�,� �M�i�o

�M�O�R�I�T�A�,� �J�u�n�k�o

�M�O�R�I�T�A�,� �S�h�u�n�p�e�i

�M�O�R�O�O�K�A�,� �N�a�o�k�i

�M�U�R�A�K�A�M�I�,� �M�i�c�h�i�y�o
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�M�U�R�A�T�A�,� �T�a�k�a�s�h�i

�N�A�G�A�E�,� �M�i�w�a

�N�A�K�A�G�A�M�I�,� �Y�u�k�i

�N�A�K�A�I�,� �A�t�s�u�s�h�i

�N�A�K�A�M�O�T�O�,� �M�a�s�a�t�o�s�h�i

�N�A�K�A�M�U�R�A�,� �R�y�o�k�o

�N�A�K�A�M�U�R�A�,� �T�a�k�a�n�o�r�i

�N�A�K�A�M�U�R�A�,� �T�o�h�r�u

�N�A�K�A�M�U�R�A�,� �Y�o�s�h�i�a�k�i

�N�A�K�A�N�I�S+�I�,� �N�o�r�i�e

�N�A�K�A�T�S�U�K�A�S�A�,� �M�a�n�a

�N�A�K�A�Y�A�M�A�,� �K�e�i

�N�A�K�A�Y�A�S�U�,� �T�o�m�o�h�i�r�o

�N�A�R�U�S�E�,� �K�i�y�o�s�h�i

�N�E�G�I�S+�I�,� �T�a�k�e�f�u�m�i

�N�I�S+�I�,� �T�a�y�o

�N�I�S+�I�D�A�,� +�a�n�n�a

�N�I�S+�I�D�E�,� +�i�r�o�y�o

�N�I�S+�I�M�U�R�A�,� �M�i�k�i�o

�N�I�S+�I�M�U�R�A�,� �N�o�r�i�k�o

�N�I�S+�I�M�U�R�A�,� �T�o�s�h�i�y�a

�N�I�S+�I�T�A�N�I�,� �K�a�z�u�h�i�k�o

�N�I�T�O�,� �K�a�z�u�m�a�s�a

�N�O�D�A�,� �C�h�i�y�o

�N�O�D�A�,� �M�a�s�a�h�a�r�u

�N�O�G�U�C+�I�,� �Y�u�j�i

�N�O�M�U�R�A�,� �K�e�n�g�o

�N�O�N�A�K�A�,� �S�h�i�g�e�n�o�r�i

�N�O�N�A�M�I�,� �Y�u�t�a

�N�O�S�E�,� �A�k�i�n�a�o

�N�O=�U�,� �R�y�o

�O�G�A�W�A�-�O+�N�I�S+�I�,� �M�a�r�i

�O�G�A�W�A�,� �K�o�t�a

�O�G�A�W�A�,� �Y�u�k�o

�O�G�I�N�O�,� �Y�u�k�i�k�o

�O+�A�R�A�,� �Y�u�y�a

�O+�A�S+�I�,� �R�i�e

�O+�K�U�B�O�,� �F�u�k�i

�O+�N�I�S+�I�,� �N�o�r�i�k�a�z�u

�O+�N�O�,� �K�a�o�r�u

�O+�S�A�W�A�,� �S�o�n�o�k�o

�O+�T�A�,� �K�u�n�i�h�i�r�o

�O+�T�S�U�K�A�,� �M�a�s�a�n�a�r�i

�O�K�A�,� �N�a�o�m�i

�O�K�A�,� �S�a�n�a�e

�O�K�A�D�A�,� �K�a�z�u�n�o�r�i

�O�K�A�M�O�T�O�,� �S�a�t�o�r�u

�O�K�U�B�O�,� �M�a�s�a�y�o

�O�K�U�Y�A�M�A�,� �T�e�r�u�h�i�r�o

�O�M�O�R�I�,� �A�k�i�k�o
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From Higashi Okazaki Station to Each Area
Turn left (south) at the ticket barrier and exit the station.
The Institute is a 7-minute walk up the hill
(Myodaiji-area) or 20-minute walk (Yamate-area).

From Tokyo
Take the Tokaido Shinkansen and get off at Toyohashi, change to
the Meitetsu Line and get off at Higashi Okazaki Station
(approximately 20 minutes from Toyohashi).

From Osaka
Take the Tokaido Shinkansen and get off at Nagoya, change to
the Meitetsu Line and get off at Higashi Okazaki Station
(approximately 30 minutes from Nagoya). 

From Central Japan International Airport
Get on the Meitetsu bus bound for JR Okazaki Station and
get off at Higashi Okazaki Station
(approximately one hour from the airport). Alternatively,
take the Meitetsu Line for Nagoya and change at Jingu-mae Station to
a Toyohashi-bound train and get off at Higashi Okazaki Station
(approximately 70 minutes from the airport).

By car
Take the Tomei Expressway to the Okazaki Exit. 
Turn left at the City Hall S. signal 
(approximately 10 minutes from the Exit).

Access

City Hall
City Hall

City Hall S.
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