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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� 
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�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� 
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�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� 
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�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� 
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�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� 
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