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