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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�)�.

Publication List
〔Original papers〕

�� �G�o�t�o�-�Y�a�m�a�d�a�,� �S�.�,� �M�a�n�o�,� �S�.�,� �N�a�k�a�m�o�r�i�,� �C�.�,� �K�o�n�d�o�,� �M�.�,� �Y�a�m�a�w�a�k�i�,� �R�.�,� 
�K�a�t�o�,� �A�.�,� �a�n�d� �N�i�s�h�i�m�u�r�a�,� �M�.� �(�2�0�1��)�.� �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� �p�r�o�t�e�a�s�e� �2� �m�o�d�u�l�a�t�e� �t�h�e� �p�e�r�o�x�i�s�o�m�a�l� �t�r�a�n�s�i�t�i�o�n� �a�n�d� �d�e�g�r�a�d�a�t�i�o�n� 
�w�i�t�h� �a�u�t�o�p�h�a�g�y�.� �P�l�a�n�t� �C�e�l�l� �P�h�y�s�i�o�l�.� 55�,� ���2�-����.

�� �M�a�n�o�,� �S�.�,� �N�a�k�a�m�u�r�a�,� �T�.�,� �K�o�n�d�o�,� �M�.�,� �M�i�w�a�,� �T�.�,� �N�i�s�h�i�k�a�w�a�,� �S�.�,� �M�i�m�u�r�a�,� 
�T�.�,� �N�a�g�a�t�a�n�i�,� �A�.�,� �a�n�d� �N�i�s�h�i�m�u�r�a�,� �M�.� �(�2�0�1��)�.� �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��)� �u�p�d�a�t�e� �2�0�1��� �i�n�t�e�g�r�a�t�i�n�g� �e�l�e�c�t�r�o�n� �m�i�c�r�o�g�r�a�p�h�s� 
�a�n�d� �n�e�w� �o�p�t�i�o�n�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�.� �P�l�a�n�t� �C�e�l�l� �P�h�y�s�i�o�l�.� 55�,� �e�1�.

�� �S�h�i�b�a�t�a�,� �M�.�,� �O�i�k�a�w�a�,� �K�.�,� �M�a�n�o�,� �S�.�,� �a�n�d� �N�i�s�h�i�m�u�r�a�,� �M�.� �(�2�0�1��)�.� 
�M�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� �n�u�m�b�e�r� �o�f� �p�e�r�o�x�i�s�o�m�e�s�.� �B�i�o�-�P�r�o�t�o�c�.� 4�,� �e�1�2���.

�� �Y�o�s�h�i�m�o�t�o�,� �K�.�,� �S�h�i�b�a�t�a�,� �M�.�,� �K�o�n�d�o�,� �M�.�,� �O�i�k�a�w�a�,� �K�.�,� �S�a�t�o�,� �M�.�,� �T�o�y�o�o�k�a�,� 
�K�.� �S�h�i�r�a�s�u�,� �K�.� �N�i�s�h�i�m�u�r�a�,� �M�.�,� �a�n�d� �O�h�s�u�m�i�,� �Y�.� �(�2�0�1��)�.� � �O�r�g�a�n�-�s�p�e�c�i�f�i�c� 
�q�u�a�l�i�t�y� �c�o�n�t�r�o�l� �o�f� �p�l�a�n�t� �p�e�r�o�x�i�s�o�m�e�s� �i�s� �m�e�d�i�a�t�e�d� �b�y� �a�u�t�o�p�h�a�g�y�.� �J�.� �C�e�l�l� 
�S�c�i�.� 127�,� �1�1��1�-�1�1���.

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

�� �M�o�t�o�m�u�r�a�,� �K�.�,� �L�e�,� 4�.�T�.�,� +�a�m�a�d�a�,� �T�.�,� �K�u�t�s�u�n�a�,� �N�.�,� �M�a�n�o�,� �S�.�,� �N�i�s�h�i�m�u�r�a�,� 
�M�.�,� �a�n�d� �W�a�t�a�n�a�b�e�,� �Y�.� �D�i�f�f�u�s�e� �D�C�P�2� �a�c�c�u�m�u�l�a�t�e�s� �i�n� �D�C�P�1� �f�o�c�i� �u�n�d�e�r� 
�h�e�a�t� �s�t�r�e�s�s� �i�n� Arabidopsis thaliana�.� �P�l�a�n�t� �C�e�l�l� �P�h�y�s�i�o�l�.� �2�0�1�� �O�c�t� �2�2�.

〔Review articles〕

�� �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��)�.� �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��.

�� �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��)�.� �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�����.� 

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

�� �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�,� ����-����.

&HOO�BLRORJ\
National ,nstitute Ior %asic %iology


