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�A�B�S�R�A�C�T� 
� 
T �h�e� �p�l �e�i �o�t �r �o�p�i �c� �t �r �a�n�s�f �o�r �m �e�r � �( �t �r�f �) � �g�e�n�e� �o�f � �C�o�l �l �i �n�s�i �a� �h�e�t �e�r�o�p�h�y�l �l �a� �B�u�i �s�t �. �, � �2�N�=�1�4�, � 
�( �S�c�r �o�p�h�u�l �a�r �i �a�c�e�a�e�) �, � �m�o�d�i �f �i �e�s� �a�l �l � �f�l �o�r �a�l � �p�a�r �t �s� �r �e�n�d�e�r �i �n�g� �t �h�e� �f �l�o�w�e�r � �s�t �e�r �i �l �e�. � � �A� �d�o�m �i �n�a�n�t � 
�a�c�t �i �v�a�t �o�r � �( �A�c�t �) � �g�e�n�e�, � �l �i �n�k�e�d� �w�i �t �h� �t �r�f �, � �a�n�d� �a�n� �a�c�t �i �v�e� �t �r �a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t � �( �T �e�la�) � �a�r �e� 
�r �e�q�u�i �r�e�d� �f �o�r � �t �h�e� �e�x�p�r �e�s�s�i �o�n� �o�f � �m �a�r �o�o�n� �p�i �g�m �e�n�t �a�t �i �o�n�, � �a�s� �w�e�l �l � �a�s� �s�e�p�a�l �o�i �d� �t �e�x�t �u�r �e� �o�f � �l �e�a�v�e�s�, � 
�a�n�d� �g�r�e�e�n� �l �e�a�f � �f�o�r �m �a�t �i �o�n� �i �n� �o�r�a�n�g�e� �( �v�a�o�) � �p�l �a�n�t �s – all a�s�s�o�c�i �a�t �e�d� �w�i �t �h� �t �h�e� �t �r �a�n�s�f �o�r �m �e�d� �t �r �a�i �t �.� 
 
 

�I �N�T�R�O �D�U�C�T�I �O �N� 
� 
D�u�r �i �n�g� �t �h�e� �v�e�g�e�t �a�t �i �v�e� �g�r �o�w�t �h�, � �C�o�l �l �i �n�s�i �a� �h�e�t �e�r�o�p�h�y�l �l �a�,� �B�u�i �s�t �. � � �( �S �c�r �o�p�h�u�l �a�r �i �a�c�e�a�e�) � �p�l �a�n�t �s � 
�d�e�v�e�l �o�p� �f �i �v�e� �t �o� �e�i �g�h�t �e�e�n� �p�a�i �r �s� �o�f � �l �e�a�v�e�s�. � � �T �h�e� �b�a�s�a�l � �a�n�d� �m �e�d�i �a�l � �a�r �e�a�s� �o�f � �c�o�t �y�l �e�d�o�n�s� �a�n�d � 
�j �u�v�e�n�i �l �e� �l �e�a�v�e�s� �o�f � �m �o�s�t � �o�f � �t �h�e� �r �e�d�- �s�t �e�m �m �e�d� �p�l �a�n�t �s� �e�x�h�i �b�i �t � �t �r �a�n�s�i �e�n�t � �m �a�r �o�o�n� �p�a�t �c�h�e�s � 
�( �F�i �g�. �1�) �.� � �T �h�e� �t �r�a�n�s�i �t �i �o�n� �t �o� �t �h�e� �r �e�p�r �o�d�u�c�t �i �v�e� �p�h�a�s�e� �i �s� �d�i �s�p�l �a�y�e�d� �b�y� �a�n� �i �n�c�r �e�a�s�e� �i �n� �t �h�e� 
�n�u�m �b�e�r � �o�f� �l �e�a�v�e�s� �f �r �o�m � �t �w�o� �t �o� �t �h�r �e�e�,� �f �o�u�r �,� �o�r � �f �i �v�e� �a�t � �t �h�e� �l �o�w�e�r �m �o�s�t � �w�h�o�r �l � �o�f � �i �n�f�l �o�r �e�s�c�e�n�c�e�. � 
� �T �h�e� �r �e�s�t � �o�f � �v�e�r �t �i �c�i �l �l �a�t �e� �i �n�f �l �o�r �e�s�c�e�n�c�e� �i �s� �c�o�m �p�o�s�e�d� �o�f � �t �r�i �m �e�r �o�u�s�, � �t �e�t �r �a�m �e�r �o�u�s� �t �o� �a�s� �h�i �g�h� �a�s � 
�h�e�p�t �a�m �e�r �o�u�s� �w�h�o�r �l �s� �o�f� �b�r�a�c�t �s� �e�a�c�h� �s�u�b�t �e�n�d�e�d� �b�y� �a� �f�l �o�w�e�r � �(� G�o�r �šič, 197�4�) �.� � �T �h�e� �w�i �l�d�- �t �y�p�e� 
�p�e�n�t �a�m �e�r �o�u�s�, � �z�y�g�o�m �o�r�p�h�i �c� �f �l�o�w�e�r �s� �( �F �i �g�.�2�) � �h�a�v�e� �a� �w�h�i �t �e�, � �t �w�o�- �l �o�b�e�d� �u�p�p�e�r � �l �i �p� �(�w�i �t �h� 
�m �a�r �o�o�n� �d�o�t �t �i �n�g�)� �a�n�d� �a� �v�i �o�l �e�t � �l �o�w�e�r � �l �i �p� �h�a�v�i �n�g� �t �w�o� �s�i �d�e� �l �o�b�e�s� �a�n�d� �a� �l �o�n�g�i �t �u�d�i �n�a�l �l �y� �f �o�l �d�e�d � 
�m �i �d�d�l �e� �l �o�b�e� �( �k�e�e�l �) � �h�a�r �b�o�r �i �n�g� �f �o�u�r � �d�i �d�y�n�a�m �o�u�s� �s�t �a�m �e�n�s� �a�n�d� �a� �t �w�o�- �c�a�r �p�e�l �l �a�t �e� �p�i �s�t �i �l � 
�( �A�b�r�a�m �s� �a�n�d� �F �e�r �r�i �s�, � �1�9�6�0�)�. � 
 

�M �A�T�E�R�I �A�L�S� �A�N�D� �M �E�T �H�O �D�S� 
� 
A�m �o�n�g� �t �h�e� �p�r�o�g�e�n�y� �o�f � �1�4�4� �p�l �a�n�t �s� �o�f � �s�i �x� �s�e�l �f �- �f�e�r �t �i �l �i �z�e�d� �a�n�d� �i �n�t �e�r�c�r �o�s�s�e�d� �s�i �b�l �i �n�g� �p�l �a�n�t �s � 
�( �c�u�l �t �u�r�e� �h�9�0�1�1�1�) �, � �g�r �o�w�n� �i �n� �t �h�e� �g�r�e�e�n�h�o�u�s�e� �f �o�r � �t �h�e� �p�u�r �p�o�s�e� �o�f � �o�n�g�o�i �n�g� �s�t �u�d�y� �o�f� �g�e�n�e�t �i �c � 
�v�a�r �i �a�t �i �o�n� �i �n� �t �h�e� �s�p�e�c�i �e�s�, � �e�i �g�h�t � �m �u�t �a�n�t � �p�l �a�n�t �s� �a�p�p�e�a�r �e�d� �h�a�v�i �n�g� �t �h�e� �f �o�l �l �o�w�i �n�g� �u�n�u�s�u�a�l � 
�f �e�a�t �u�r �e�s�: 1�)� �l �e�a�v�e�s� �o�f � �t �h�e� �f �o�u�r �t�h� �a�n�d� �h�i �g�h�e�r � �s�t �e�m � �n�o�d�e�s� �h�a�d� �a� �m �a�r�o�o�n� �c�o�l �o�r �e�d� �a�d�a�x�i �a�l � �s�i �d�e � 
�o�f � �t �h�e� �b�l �a�d�e� �( �F �i�g�. �3�) �;� �2�) � �t �h�e� �f �o�u�r �t�h�, � �f �i�f �t �h�, � �a�n�d� �s�i �x�t �h� �n�o�d�e� �h�a�d� �f �o�u�r � �(�i �n�s�t �e�a�d� �o�f � �t �h�e� �u�s�u�a�l � �t �w�o�) � 
�b�r �a�n�c�h�e�s� �c�a�r �r �y�i �n�g� �f �i �v�e� �t �o� �s�i �x� �p�a�i �r �s� �o�f � �t �i �g�h�t �l �y� �p�a�c�k�e�d� �s�e�p�a�l �o�i �d� �l �e�a�v�e�s�, � �o�r � �h�a�v�i �n�g� f �i �v�e� �t �o� �s�i �x � 
�p�a�i �r �s� �o�f � �s�e�p�a�l �o�i �d� �l �e�a�v�e�s� �a�n�d� �t �e�r �m �i �n�a�l � “i �n�c�o�m �p�l �e�t �e� �f �l �o�w�e�r �s��” c�o�m �p�o�s�e�d� �o�f � �f �i �v�e� �s�e�p�a�l �o�i �d� �a�n�d� 
�f �i �v�e� �p�e�t �a�l �o�i �d� �b�r �a�c�t �s� �( �t �w�o� �o�r� �m �o�r �e� �o�f � �t �h�e� �l�a�t �t �e�r � �w�i �t �h� �m �a�r�o�o�n� �d�o�t �s�) �, � �f �o�u�r � �s�t �a�m �i �n�o�i �d� �b�r �a�c�t �s�, � 
�a�n�d� �n�o� �p�i �s�t �i �l �; � �3�) � �t �h�e� �b�r �a�n�c�h�e�s� �( �t �w�o� �p�e�r � �n�o�d�e�) � �a�t � �t �h�e� �s�e�v�e�n�t �h� �a�n�d� �e�i �g�h�t �h� �n�o�d�e� �h�a�d� �f �o�u�r � �o�r � 
�f �i �v�e� �p�a�i �r �s� �o�f � �s�e�p�a�l �o�i �d� �l �e�a�v�e�s� �a�n�d� �a� �t �e�r �m �i �n�a�l � “i �n�c�o�m �p�l �e�t �e� �f �l �o�w�e�r ��”; � �a�n�d� �4�) � �t �h�e� �s�e�p�a�l �o�i �d� 
�l �e�a�v�e�s� �o�f � �t �h�e� �n�i �n�t �h� �a�n�d� �t �h�e� �h�i �g�h�e�r � �n�o�d�e�s� �o�f � �t �h�e� �m �a�i �n� �s�t �e�m � �w�e�r �e� �c�o�m �p�r �e�s�s�e�d� �i �n�t �o� �a� “c�o�n�e�-
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�l �i �k�e��” �s�t �r �u�c�t �u�r �e� �w�i �t �h� “i �n�c�o�m �p�l �e�t �e� �f �l �o�w�e�r �s”�� �( �F �i �g�. � �4�) �.� � �T �h�e�s�e� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �p�l �a�n�t �s � 
�a�p�p�e�a�r �e�d� �s�t �u�n�t �e�d�, � �r �e�a�c�h�i �n�g� �a�b�o�u�t � �o�n�e�- �t �h�i �r �d� �s�i �z�e� �( �1�5�c�m �) � �o�f � �t �h�e� �w�i �l �d�- �t �y�p�e� �s�i �b�l �i �n�g� �p�l �a�n�t �s�, � 
�a�n�d� �w�e�r �e�, � �e�x�c�e�p�t � �o�n�e�, � �s�t �e�r �i �l �e�. � � �T �h�e� �f �e�r �t �i �l �e� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �m �u�t �a�n�t � �h�a�d�, � �i �n� �a�d�d�i �t �i �o�n� �t �o� 
�m �o�s�t � �f �e�a�t �u�r�e�s� �d�e�s�c�r �i �b�e�d� �a�b�o�v�e�, � �o�n� �t �h�e� �b�r�a�n�c�h�e�s� �o�f � �t �h�e� �s�i �x�t �h� �n�o�d�e� �n�o�r �m �a�l � �f�l �o�w�e�r �s� �a�n�d� �f �u�l �l �y� 
�d�e�v�e�l �o�p�e�d�, � �b�u�t � �t �r �a�n�s�f �o�r �m �e�d�,� �s�t �e�r �i �l �e� �f �l �o�w�e�r �s� �i �n� �t �h�e� �u�p�p�e�r � �p�a�r �t � �o�f � �t �h�e� �f �l �o�w�e�r �i �n�g� �s�t �a�l �k � 
�( �F�i �g�. �5�) �.� � �I �n� �s�u�b�s�e�q�u�e�n�t � �c�u�l �t �u�r �e�s� �o�f � �s�e�l �f �- �f�e�r �t �i �l �i �z�e�d� �t �r �a�n�s�f �o�r �m �e�d� �(�t �r�f �) � �m �u�t �a�n�t �s� �t �h�e� �m �a�j �o�r�i �t �y� �o�f� 
�t �r �a�n�s�f �o�r �m�e�d� �p�l �a�n�t �s� �d�e�v�e�l �o�p�e�d� �w�i �l �d�- �t �y�p�e� �r �e�v�e�r �t �a�n�t � �(�t �r�f+�= � �t �r�f �r �)� �f �l�o�w�e�r �s� �o�n� �t �h�e� �l�o�w�e�r � �a�n�d� �t �h�e� 
�t �r �a�n�s�f �o�r �m�e�d� �( �t �r�f �) � �f �l �o�w�e�r �s� �o�n� �t �h�e� �u�p�p�e�r � �b�r �a�n�c�h�e�s� �( �F �i�g�. �6�) �.� � �T �h�e�s�e� �t �r �a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r �s� 
�d�r �a�s�t �i �c�a�l �l �y� �d�i �f �f �e�r �e�d� �f �r�o�m � �t �h�e� �w�i �l �d�- �t �y�p�e� �f �l �o�w�e�r �s� �b�y� �h�a�v�i �n�g� �a� �s�o�f �t �, � �p�a�p�e�r �y� �c�a�l �y�x�, � �m �o�r �e� 
�i �n�t �e�n�s�e�l �y� �c�o�l �o�r �e�d� �( �o�f �t �e�n� �p�a�t �c�h�y�) � cor �o�l �l �a� �w�i �t �h� �a� �h�a�l �f �-�o�p�e�n� �k�e�e�l �, � �f �o�u�r � �s�h�o�r �t � �s�t �e�r �i �l �e� �s�t �a�m �e�n�s�, � 
�a�n�d� �a� �s�h�o�r �t � �s�t �e�r �i �l �e� �p�i�s�t �i �l �. � 
 
�T �o� �e�s�t �a�b�l �i �s�h� �t �h�e� �g�e�n�e�t �i �c� �b�a�s�i �s� �a�n�d� �t �h�e� �m �o�d�e� �o�f � �i �n�h�e�r �i �t �a�n�c�e� �o�f � �t �r�a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �t �r �a�i �t �,� �t �h�e� 
�f �e�r �t�i �l �e� �m �u�t �a�n�t �s� �w�e�r �e� �s�e�l �f �- �f�e�r �t �i �l �i �z�e�d� �a�n�d� �h�y�b�r�i �d�i �z�e�d� �w�i �t �h� �t �h�e� �w�i �l �d�- �t�y�p�e� �( �T �r�f �) � �p�l �a�n�t �s�. � � �T�h�e� 
�r �e�s�u�l �t �s� �o�f � �t �h�e�s�e� �i �n�v�e�s�t �i �g�a�t �i �o�n�s� �a�r �e� �r �e�p�o�r �t �e�d� �b�e�l �o�w�. � � �T�h�e� �c�u�l �t �i �v�a�t �i �o�n� �o�f � �C�o�l �l �i �n�s�i �a� �p�l �a�n�t �s� �a�n�d� 
�h�y�b�r �i �d�i�z�a�t �i �o�n� �m �e�t �h�o�d�s� �h�a�v�e� �b�e�e�n� �d�e�s�c�r �i �b�e�d� �i �n� �a�n� �e�a�r �l �i �e�r� �p�a�p�e�r � �(� G�o�r�šič, � �1�9�9�4�) �.� � 
 

�R�E�S�U�L �T �S� 
� 
P �l�a�n �t � �M�a�t �u �r�a�t �i �o�n � �a�n �d � �T�r�a�n �s�f �o�r�m �a�t �i �o�n � �L�e�v�e�l �s� �i �n � �T�r�a�n �s�f �o�r�m �e�d � �M�u �t �a�n �t�s� 
�T �h�e� �t �r �a�n�s�f �o�r �m �e�d� �(�t �r�f �) � �m �u�t �a�n�t � �( �h�9�2�4�7�- �1�)�, � �f �r �o�m � �w�h�i �c�h� �t �h�e� �b�u�l �k� �o�f � �t �h�e� �t �r�a�n�s�f �o�r �m �e�d� �o�f �f�s�p�r �i �n�g� 
�o�f � �t �h�i �s� �i �n�v�e�s�t �i �g�a�t �i �o�n� �a�r �e� �d�e�r �i �v�e�d�, � �h�a�d� �t �h�e� �f �o�l �l �o�w�i �n�g� �m �a�t �u�r�e� �c�o�n�f �i �g�u�r �a�t �i �o�n�: � �o�n�e� �o�f � �t �h�e� �t �w�o� 
�b�r �a�n�c�h�e�s� �a�t � �t �h�e� �s�i �x�t �h� �s�t �e�m � �n�o�d�e� �b�o�r �e� �a�t � �i �t �s� �t �h�i �r �d� �a�n�d� �a�l �l � �h�i �g�h�e�r � �n�o�d�e�s� �o�n�l �y� �n�o�r �m �a�l � �f �l �o�w�e�r �s�, � 
�t �h�e� �o�t �h�e�r � �h�a�d� �a�t � �i �t �s� �t �h�i �r �d� �n�o�d�e� �n�o�r �m �a�l � �f �l �o�w�e�r �s� �a�n�d� �t �r �a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r �s� �a�t � �a�l �l � �r �e�m �a�i �n�i �n�g � 
�n�o�d�e�s�; � �t �w�o� �b�r �a�n�c�h�e�s� �o�f � �t �h�e� �s�e�v�e�n�t �h� �s�t �e�m � �n�o�d�e� �c�a�r �r �i �e�d� �a�t � �t �h�e�i �r � �t �h�i �r�d� �a�n�d� �a�l �l � �h�i �g�h�e�r � �n�o�d�e�s � 
�o�n�l �y� �t �r�a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r �s�; � �a�t � �t �h�e� �e�i �g�h�t �h� �a�n�d� �a�l �l � �h�i �g�h�e�r � �n�o�d�e�s� �o�f � �t �h�e� �m �a�i �n� �s�t �e�m � �t �h�e�r �e� �w�e�r �e � 
�o�n�l �y� �t �r �a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r�s�. � � �T �h�e� �r �e�p�r �o�d�u�c�t �i �v�e� �m �a�t �u�r �i �t�y� �( �f �l �o�w�e�r � �f �o�r�m �a�t �i �o�n�) � �i �n� �t �h�i �s� �p�l �a�n�t �, � 
�h�a�v�i �n�g� �s�e�v�e�n� �p�a�i �r �s� �o�f � �v�e�g�e�t �a�t �i �v�e� �l �e�a�v�e�s�, � �h�a�s� �b�e�e�n� �r �e�a�c�h�e�d� �a�t � �t �h�e� �e�i �g�h�t �h� �n�o�d�e� �o�n� �t �h�e� �m �a�i �n� 
�s�t �e�m �, � �a�t � �t �h�e� �n�i �n�t �h� �n�o�d�e� �( �6�+�3�) � �o�n� �b�r �a�n�c�h�e�s� �o�f � �t �h�e� �s�i �x�t �h� �s�t �e�m � �n�o�d�e�, � �a�n�d� �t �h�e� �t �e�n�t �h� �n�o�d�e � 
�( �7�+�3�) � �o�n� �t �h�e� �b�r �a�n�c�h�e�s� �o�f � �t �h�e� �s�e�v�e�n�t �h� �n�o�d�e�. � � �T �h�e� �c�h�a�n�g�e� �f �r �o�m � �n�o�r �m �a�l � �t �o� �t �r �a�n�s�f �o�r �m �e�d� 
�f �l �o�w�e�r �s� �o�c�c�u�r �r �e�d� �o�n� �t�h�e� �m �a�i �n� �s�t �e�m � �a�p�p�a�r �e�n�t �l �y� �a�t � �t �h�e� �e�i �g�h�t �h� �n�o�d�e�, � �b�u�t � �a�t � �t �h�e� �t �e�n�t �h� �n�o�d�e� 
�( �6�+�4�,� �7�+�3�) � �o�n� �t �h�e� �b�r �a�n�c�h�e�s� �( �f �o�r� �m �o�r �e� �o�n� �m �a�t �u�r�a�t �i �o�n� �s�e�e� �b�e�l �o�w�) �.� 
� 
C�r �o�s�s�e�s� �b�e�t �w�e�e�n� �w�i �l �d�- �t �y�p�e� �(�T �r�f �/ �T �r�f �) � �p�l �a�n�t �s� �a�n�d� �t �h�e� �t �r�a�n�s�f �o�r �m �e�d� �( �t �r�f �/ �t �r�f �, � �h�9�2�4�7�- �1�) � �p�o�l �l �e�n� 
�p�l �a�n�t � �p�r �o�d�u�c�e�d� �w�i �l �d�- �t �y�p�e� �F �1� �o�f �f �s�p�r �i �n�g�. � � �A�m �o�n�g� �t �h�e� �p�r �o�g�e�n�y� �o�f � �7�0� �o�f �f �s�p�r �i �n�g�, � �o�f � �t �h�e� �s�e�l �f �-
�f �e�r �t�i �l �i �z�e�d� �h�y�b�r �i �d�s� �( �T�r�f �/ �t �r�f �) �, � �n�o�t � �o�n�e� �t �r �a�n�s�f �o�r �m �e�d� �(�t �r�f �) � �p�l �a�n�t � �r �e�a�p�p�e�a�r �e�d�. � � �A� �s�e�l �f �- �f �e�r �t �i �l �i�z�e�d � 
�w�i �l �d�- �t �y�p�e� �( �T �r�f �/ �t �r�f �) � �s�i �b�l �i �n�g� �p�l �a�n�t � �o�f � �t �h�e� �h�9�2�4�7�- �1� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �m �u�t �a�n�t � �p�r �o�d�u�c�e�d� �1�6�2 � 
�w�i �l �d�- �t �y�p�e� �a�n�d� �t �w�o� �t �r �a�n�s�f �o�r �m �e�d� �p�l �a�n�t �s� �( �c�u�l �t �u�r �e� �h�9�3�8�4�) �.� � �F �i �v�e� �w�i �l �d�- �t �y�p�e� �s�i �b�l �i �n�g�s� �o�f � �c�u�l �t �u�r �e � 
�h�9�2�4�7� �c�r �o�s�s�e�d� �w�i �t �h� �t �h�e� �h�9�2�4�7�- �1� �t �r �a�n�s�f �o�r �m �e�d� �m �u�t �a�n�t � �p�r �o�d�u�c�e�d� �a� �t �o�t �a�l � �o�f � �9�2� �p�l �a�n�t �s� �o�f � 
�w�h�i �c�h� �8�8� �w�e�r �e� �w�i �l �d�-�t �y�p�e� �a�n�d� �f�o�u�r � �w�e�r �e� �t �r �a�n�s�f �o�r �m �e�d� �p�l�a�n�t �s� �( �c�u�l �t �u�r �e�s� �h�9�3�8�5�- �8�9�)�. � 
� 
O�n� �t �h�e� �b�a�s�i �s� �o�f � �t �h�e�s�e� �p�r �e�l �i �m �i �n�a�r �y� �o�b�s�e�r �v�a�t �i �o�n�s� �i �t � �c�a�n� �b�e� �c�o�n�c�l �u�d�e�d� �t �h�a�t � �t �h�e� �t �r �a�n�s�f �o�r �m �e�d� 
�( �t �r�f �) � �i �s� �a� �r �e�c�e�s�s�i �v�e� �t �r �a�i �t �, � �a�n�d� �i�t � �i �s� �n�o�t � �i �n�h�e�r �i �t �e�d� �a�s� �a� �m �o�n�o�g�e�n�i �c�, � �n�o�r � �a� �s�i �m �p�l �e� �b�i �- �,� �o�r � �t�r �i �-
�g�e�n�i �c� �t �r �a�i �t �, � �b�u�t � �c�o�n�d�i �t �i �o�n�e�d� �b�y� �a�n� �i �n�t �r �i �c�a�t �e� �i �n�t �e�r �a�c�t �i �o�n� �o�f � �t �h�r �e�e� �o�r � �m �o�r �e� �g�e�n�e�t �i �c� �f �a�c�t �o�r �s� �o�r � 
�b�y� �a�n� �e�p�i �g�e�n�e�t �i �c� �m �e�c�h�a�n�i �s�m � �i �n�t �e�r �f�e�r �i �n�g� �w�i �t �h� �n�o�r �m �a�l � �d�e�v�e�l �o�p�m �e�n�t � �o�f � �f�l �o�w�e�r �s� �i �n� �C�. � 
�h�e�t �e�r�o�p�h�y�l �l �a�. � 
� 
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S �e�e�d�s� �( �l �a�b�e�l �e�d� �t �r�f6�) � �o�b�t �a�i �n�e�d� �f �r �o�m � �s�e�l �f �- �f �e�r �t �i �l�i �z�e�d� �f �l �o�w�e�r �s� �o�f � �t �h�e� �b�r �a�n�c�h� �a�t � �t �h�e� �s�i �x�t �h� �s�t �e�m � 
�n�o�d�e� �o�f � �t �h�e� �h�9�2�4�7�- �1� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �p�l �a�n�t �, � �w�h�e�n� �s�o�w�n�, � �g�a�v�e� �r �i �s�e� �t �o� �t �e�n� �w�i �l �d�- �t �y�p�e� �g�r �e�e�n�-
�l �e�a�v�e�d� �p�l �a�n�t �s� �a�n�d� �f �o�u�r � �m �a�r �o�o�n�- �l �e�a�v�e�d� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �p�l�a�n�t �s� �( �c�u�l �t �u�r �e�s� �h�9�3�8�2�, �3�) �.� � �T �h�e� 
�w�i �l �d�- �t �y�p�e� �s�i �b�l �i �n�g�s� �b�e�g�a�n� �t �o� �f �o�r �m � �f�l �o�w�e�r �s� �o�n� �t �h�e� �m �a�i �n� �s�t �e�m � �a�t � �t �h�e� �n�i �n�t�h� �t �o� �t �w�e�l �f �t �h� �n�o�d�e�, � 
�a�n�d� �t �h�e� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �m �u�t �a�n�t �s� �a�t � �t �h�e� �e�l �e�v�e�n�t �h� �t �o� �t �w�e�l �f �t �h� �n�o�d�e�, � �e�x�c�e�p�t � �o�n�e� �p�l �a�n�t � �w�h�o�s�e � 
�m �a�i �n� �s�t �e�m � �w�a�s� �t �e�r �m �i �n�a�t �e�d� �b�y� �a� “c�o�n�e” o�f � �s�e�p�a�l �o�i �d� �b�r �a�c�t �s�. � � �T �h�e� �f �l �o�w�e�r � �f �o�r �m �a�t �i �o�n� �o�n� �t �h�e � 
�p�r �i �m�a�r �y� �a�n�d� �s�e�c�o�n�d�a�r �y� �b�r �a�n�c�h�e�s� �o�f � �t �r �a�n�s�f �o�r �m �e�d� �(�t �r�f �) � �p�l �a�n�t �s� �s�t �a�r �t �e�d� �a�t � �a� �h�i �g�h�e�r � �t �o�t �a�l � 
�n�u�m �b�e�r � �o�f � �n�o�d�e�s� �t �h�a�n� �o�n� �t �h�e� �s�t �e�m � �( �c�o�n�f �e�r � �F �i�g�. �7�) �:� �o�n� �t �h�e� �p�r �i �m �a�r�y� �b�r �a�n�c�h�e�s� �o�f � �t �h�e� �n�i �n�t �h� 
�s�t �e�m � �n�o�d�e� �a�t � �t �h�e� �14th �o�r � �15th n�o�d�e� �( �9�+�5�, � �9�+�6�) �, � �o�n� �b�r �a�n�c�h�e�s� �o�f � �t �h�e� �10th s�t �e�m � �n�o�d�e� �a�g�a�i �n� �a�t � 
�t �h�e� �14th �o�r � �15th n�o�d�e� �( �1�0�+�4�, � �1�0�+�5�) �, � �a�n�d� �o�n� �b�r �a�n�c�h�e�s� �o�f � �t �h�e� �e�l �e�v�e�n�t �h� �s�t �e�m � �n�o�d�e� �a�t � �t �h�e � 
�t �w�e�l �f �t �h� �n�o�d�e� �( �1�1�+�1�)�. � � �O�n� �t �h�e� �s�e�c�o�n�d�a�r �y� �a�n�d� �t �e�r �t �i �a�r �y� �b�r �a�n�c�h�e�s� �t �h�e� �t �o�t �a�l � �n�u�m �b�e�r � �o�f � �n�o�d�e�s� �a�t � 
�w�h�i �c�h� �t �h�e� �f �l �o�w�e�r �s� �a�p�p�e�a�r �e�d� �a�d�d� �u�p� �t �o� �t �h�e� �v�a�l �u�e�s� �1�4� �t �o� �1�8�.� � �I �n� �C�. � �h�e�t �e�r�o�p�h�y�l �l �a� �p�l �a�n�t �s�, � 
�a�p�p�a�r �e�n�t �l �y�, � �t �h�e� �m �a�i �n� �s�t �e�m � �m �a�t �u�r �e�s� �a�t � �t �h�e� �s�a�m �e� �o�r � �a� �l �o�w�e�r � �n�o�d�e� �n�u�m �b�e�r � �( �1�2�) � �t �h�a�n� �t �h�e � 
�b�r �a�n�c�h�e�s�. � � �T �h�e� �p�l �e�i �o�t �r �o�p�i�c� �t �r �a�n�s�f �o�r �m �e�r � �( �t�r�f �) � �g�e�n�e�, � �t �h�e�n�, � �d�o�e�s� �n�o�t � �i �n�t �e�r �f �e�r�e� �w�i �t �h� �t �h�e� �p�l �a�n�t � 
�m �a�t �u�r �a�t �i �o�n� �p�r �o�c�e�s�s�, � �b�u�t � �w�i �t �h� �t �h�e� �p�h�y�s�i �o�l �o�g�i �c�a�l � �( �p�i �g�m �e�n�t � �s�y�n�t �h�e�s�i �s�) � �a�n�d� �m �o�r �p�h�o�l �o�g�i �c�a�l � 
�( �l �e�a�f � �t �e�x�t �u�r �e�)� �t �r �a�n�s�f �o�r �m �a�t �i �o�n� �o�f � �v�e�g�e�t �a�t �i �v�e� �o�r �g�a�n�s� �( �l �e�a�v�e�s�) � �t �o� �t �h�e� �r �e�p�r �o�d�u�c�t �i �v�e� �s�t �r �u�c�t �u�r �e�s � 
�( �b�r�a�c�t �s� �a�n�d� �f �l �o�r�a�l � �p�a�r �t �s�) �.� 
 
�D�i �s�c�o�l �o�r�a�t �i �o�n � �o�f� �L�e�a�v�e�s� �i �n � �T�r�a�n �s�f �o�r�m �e�d � �M�u �t �a�n �t �s� 
�T �h�e� �e�a�r �l �i �e�s�t � �s�i �g�n� �t �h�a�t � �a� �p�l �a�n�t � �i �s� �a� �t �r �a�n�s�f �o�r �m �e�d� �(�t �r�f �) � �m�u�t �a�n�t � �i �s� �t �h�e� �a�p�p�e�a�r �a�n�c�e� �o�f � �a� 
�c�o�n�s�p�i �c�u�o�u�s� �m �a�r �o�o�n� �p�i �g�m �e�n�t �a�t �i �o�n� �o�f � �l �e�a�v�e�s�, � �w�h�i �c�h� �m �a�y� �o�c�c�u�r � �a�s� �e�a�r �l �y� �a�s� �t �h�e� �s�e�c�o�n�d � 
�n�o�d�e� �( �F �i �g�.�8�) �, � �m �i �d�d�l �e� �( �4th a�n�d� �6th n�o�d�e�, � �F �i �g�. �3�) �,� �o�r � �i �n� �l �a�t �e� �v�e�g�e�t �a�t �i �v�e� �p�h�a�s�e� �( �11th n�o�d�e�, � 
�F �i �g�.�9�) �,� �o�r � �w�h�e�n� �t �h�e� �p�l �a�n�t � �i �s� �a�l �r �e�a�d�y� �i �n� �t �h�e� �r �e�p�r �o�d�u�c�t �i �v�e� �p�h�a�s�e� �( �F �i �g�.�1�0�) �. � � �T �h�e� �p�i �g�m �e�n�t � �i �s� 
�f �o�r�m �e�d� �o�n�l �y� �i �n� �t �h�e� �c�e�l �l �s� �o�f � �t �h�e� �u�p�p�e�r � �e�p�i �d�e�r �m �i �s�; � �t �h�e� �c�o�n�c�e�n�t �r �a�t �i �o�n� �v�a�r �i �e�s� �f �r �o�m � �c�e�l �l � �t �o� �c�e�l �l � 
�a�n�d� �s�o�m �e� �c�e�l �l �s� �a�r �e� �c�o�l �o�r �l �e�s�s�. � � �A�f �t �e�r � �t �h�e� �o�n�s�e�t � �o�f � �p�i �g�m �e�n�t �a�t �i �o�n�,� �t �h�e� �i �n�t �e�n�s�i �t �y� �a�s� �w�e�l �l � �a�s� �t �h�e � 
�n�u�m �b�e�r � �o�f� �p�i �g�m �e�n�t �e�d� �c�e�l �l �s� �p�e�r � �u�n�i �t � �a�r �e�a� �i �n�c�r �e�a�s�e� �f �o�r � �s�e�v�e�r �a�l � �n�e�w�l �y� �f �o�r �m �e�d� �l �e�a�f � �p�a�i �r �s�. � � �A�s � 
�t �h�e� �r �e�p�r �o�d�u�c�t �i �v�e� �m �a�t �u�r�i �t �y� �a�p�p�r �o�a�c�h�e�s�, � �t �h�e� �l �e�a�v�e�s� �a�r �e� �g�r �a�d�u�a�l �l �y� �r �e�d�u�c�e�d� �t �o� �b�r �a�c�t �s� �o�f � 
�i �n�f �l�o�r �e�s�c�e�n�c�e�, � �a�n�d� �t �h�e� �m �a�r �o�o�n� �c�o�l �o�r � �f �a�d�e�s�. � � �W�i �t �h� �i �n�b�r �e�e�d�i �n�g� �o�f � �t �r�a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �p�l �a�n�t �s � 
�t �h�e� �i �n�t �e�n�s�i �t �y� �o�f� �m �a�r �o�o�n� �p�i �g�m�e�n�t �a�t �i �o�n� �i �n�c�r �e�a�s�e�d�, � �s�u�p�p�o�r �t �i �n�g� �t �h�e� �v�i �e�w� �t�h�a�t � �m �a�r �o�o�n� 
�c�o�l �o�r �a�t �i �o�n� �m �a�y� �b�e� �a� �p�o�l �y�g�e�n�i �c� �o�r� �m �u�l �t�i �p�l �e� �a�l �l �e�l �i �c� �t �r�a�i �t �.� � �T�h�o�s�e� �r �e�d�- �s�t �e�m �m �e�d� �v�i �o�l �e�t � �(�W �) � �a�n�d � 
�g�r �e�e�n�- � �o�r� �r �e�d�- �t �i �n�g�e�- �s�t �e�m �m �e�d� �w�h�i �t �e� �( �w�) � �f�l �o�w�e�r �i �n�g� �( �H�i �o�r �t �h�,� �1�9�3�0�) � �t�r �a�n�s�f �o�r �m �e�d� �m �u�t �a�n�t �s� �t �h�a�t � 
�e�x�h�i �b�i �t �e�d� �n�o� �m �a�r �o�o�n� �p�i �g�m �e�n�t �a�t �i �o�n� �a�p�p�a�r �e�n�t �l �y� �l �a�c�k�e�d� �s�o�m �e� �g�e�n�e�t �i �c� �f �a�c�t �o�r � �n�e�c�e�s�s�a�r �y� �f �o�r � 
�s�y�n�t �h�e�s�i �s� �o�f � �t �h�e� �p�i �g�m �e�n�t �; � �t �h�e�s�e� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �p�l �a�n�t �s� �w�e�r �e� �n�e�v�e�r �t �h�e�l �e�s�s� �r �e�c�o�g�n�i �z�a�b�l �e� �i �n � 
�t �h�e� �y�o�u�n�g� �a�s� �w�e�l �l � �a�s� �m �a�t �u�r �e� �s�t �a�g�e� �b�y� �t �h�e� �m�o�d�i �f �i �e�d�, � �s�e�p�a�l �- �l �i �k�e� �t �e�x�t �u�r �e� �o�f� �l �e�a�v�e�s� �( �F �i �g�.�4�) �.� 
 
�S�e�g�r�e�g�a�t �i �o�n � �i �n � �P �r�o�g�e�n �i �e�s� �o�f � �S�e�l �f �e�d � �a�n �d� �I�n �t �e�r�c�r�o�s�s�e�d � �T�r�a�n �s�f �o�r�m �e�d � �M�u �t �a�n �t�s� 
�T �h�e� �c�o�n�f �i�g�u�r �a�t �i �o�n� �o�f � �t �h�e� �o�f�f �s�p�r �i �n�g� �o�f � �s�e�l �f �- �f�e�r �t �i �l �i �z�e�d� �a�n�d� �i �n�t �e�r �c�r �o�s�s�e�d� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � 
�p�l �a�n�t �s� �w�e�r �e� �b�a�s�i �c�a�l �l �y� �o�f � �f �o�u�r � �t �y�p�e�s�: � �1�) � �p�l �a�n�t �s� �h�a�v�i �n�g� �o�n� �t �h�e� �m �a�i �n� �s�t �e�m � �n�o�r �m �a�l � �f �l �o�w�e�r �s� �i �n� 
�t �h�e� �l �o�w�e�r �m �o�s�t � �w�h�o�r �l�s� �o�f � �i �n�f �l �o�r�e�s�c�e�n�c�e� �a�n�d� �t �r �a�n�s�f �o�r �m �e�d� �f�l �o�w�e�r �s� �i �n� �t �h�e� �u�p�p�e�r � �p�a�r �t � 
�( �o�c�c�a�s�i �o�n�a�l �l �y� �a� �p�l �a�n�t � �h�a�d� �a� �n�o�r �m �a�l � �f �l �o�w�e�r � �i �n� �t �h�e� �m �i �d�d�l �e� �o�f � �t �r�a�n�s�f �o�r �m �e�d� �i �n�f �l �o�r �e�s�c�e�n�c�e�) �; � �2�) � 
�t �r �a�n�s�f �o�r �m�e�d� �p�l �a�n�t �s� �h�a�v�i �n�g� �o�n� �t �h�e� �m �a�i �n� �s�t �e�m � �a�n�d� �t �h�e� �u�p�p�e�r �m �o�s�t � �b�r �a�n�c�h�e�s� �o�n�l �y � 
�t �r �a�n�s�f �o�r �m�e�d� �f �l �o�w�e�r �s� �a�n�d� �n�o�r �m �a�l � �f �l �o�w�e�r �s� �o�n� �t �h�e� �l �o�w�e�r � �b�r �a�n�c�h�e�s�; � �3�) � �p�l �a�n�t �s� �h�a�v�i �n�g� �n�o � 
�f �e�r �t�i �l �e� �f �l �o�w�e�r �s� �b�e�c�a�u�s�e� �a�) � �t �h�e�y� �p�r�o�d�u�c�e�d� �o�n�l �y� �t �r�a�n�s�f �o�r �m �e�d� �f�l �o�w�e�r �s� �o�n� �t �h�e� �m �a�i �n� �s�t �e�m � �a�n�d� 
�n�o� �b�r �a�n�c�h�e�s�, � �b�) � �p�r�o�d�u�c�e�d� �o�n� �t �h�e� �m �a�i �n� �s�t �e�m � �a�n�d� �a�l �l � �b�r �a�n�c�h�e�s� �o�n�l �y� �t �r �a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r�s � 
�a�n�d� �c�) � �p�r �o�d�u�c�e�d� �o�n�l �y� “i�n�c�o�m �p�l �e�t �e� �f �l �o�w�e�r�s” �i �n� “c�o�n�e�s” o�n� �t �h�e� �m�a�i �n� �s�t �e�m � �a�n�d� �b�r�a�n�c�h�e�s�; � �4�) � 
�p�l �a�n�t �s� �w�i �t �h� �g�r �e�e�n� �l �e�a�v�e�s� �a�n�d� �w�i �l �d�- �t�y�p�e� �f �e�r �t �i�l �e� �f �l �o�w�e�r �s� �o�n�l �y�.� 
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�A� �c�o�r �r �e�l �a�t �i �o�n� �h�a�s� �b�e�e�n� �o�b�s�e�r �v�e�d� �b�e�t �w�e�e�n� �t �h�e� �l �e�v�e�l � �( �n�o�d�e�) � �o�f � �a�p�p�e�a�r �a�n�c�e� �o�f � �t �h�e� �f �i �r �s�t � 
�m �a�r �o�o�n� �l �e�a�f � �p�a�i �r� �a�n�d� �t �h�e� �n�o�d�e� �n�u�m �b�e�r � �a�t � �w�h�i �c�h� �t �h�e� �b�r �a�n�c�h�e�s� �w�i �t �h� �t �r �a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r �s� 
�d�e�v�e�l �o�p�e�d�. � � �B�r �a�n�c�h�e�s� �t �h�a�t � �c�a�r �r �i �e�d� �o�n�l �y� �t �r �a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r �s� �d�e�v�e�l �o�p�e�d� �( �g�e�n�e�r �a�l �l �y�) � �a�t � �o�n�e � 
�t �o� �t �h�r�e�e� �n�o�d�e�s� �b�e�n�e�a�t �h� �t �h�e� �l �o�w�e�r �m �o�s�t � �n�o�d�e� �w�i �t �h� �m �a�r �o�o�n� �l �e�a�v�e�s�, � �e�. �g�.�, � �a� �p�l �a�n�t � �h�a�v�i �n�g� �t�h�e � 
�l �o�w�e�r �m �o�s�t � �m �a�r �o�o�n� �l �e�a�v�e�s� �a�t � �t �h�e� �f �i �f �t �h� �s�t �e�m � �n�o�d�e� �h�a�d� �t �r �a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r �s� �o�n� �t �h�e� �b�r �a�n�c�h�e�s � 
�o�f � �t �h�e� �t �h�i �r�d� �a�n�d� �a�l �l � �h�i �g�h�e�r � �n�o�d�e�s – s�u�c�h� �a� �p�l �a�n�t � �h�a�d� �n�o�r�m �a�l � �f�l �o�w�e�r �s� �o�n� �t �h�e� �b�r �a�n�c�h�e�s� �( �i �f � 
�a�n�y�) � �a�t � �t �h�e� �s�e�c�o�n�d�, � �f �i �r�s�t �, � �a�n�d�/ �o�r � �t �h�e� �c�o�t �y�l �e�d�o�n�o�u�s� �n�o�d�e� �( �s�e�e�d� �c�o�l �l �e�c�t �e�d� �f �r �o�m � �s�u�c�h� �a� �p�l �a�n�t � 
�w�a�s� �l �a�b�e�l �e�d� �t �r�f �2� �a�n�d� �s�e�e�d� �o�f � �a�l �l � �f�e�r �t �i �l �e� �b�r �a�n�c�h�e�s� �w�e�r �e� �c�l �u�m �p�e�d� �t �o�g�e�t �h�e�r �) �.� 
 
�T �h�e� �s�e�g�r �e�g�a�t �i �o�n� �d�a�t �a� �o�f � �s�e�l �f �i �n�g�s� �a�n�d� �i �n�t �e�r�c�r �o�s�s�e�s� �o�f� �t �r�a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �p�l �a�n�t �s� �( �T �a�b�l �e� �1�)� 
�d�i �s�p�l �a�y�e�d� �a� �c�o�r �r �e�l �a�t �i �o�n�: � �p�r �o�g�e�n�i �e�s� �g�r �o�w�n� �f �r �o�m � �s�e�e�d�s� �c�o�l �l �e�c�t �e�d� �o�n� �t �h�e� �b�r �a�n�c�h�e�s� �a�t � �h�i �g�h�e�r � 
�s�t �e�m � �n�o�d�e�s� �p�r �o�d�u�c�e�d� �l �a�r �g�e�r � �n�u�m �b�e�r � �o�f � �w�i �l �d�- �t �y�p�e� �g�r �e�e�n� �( �r �e�v�e�r �t �a�n�t �, � �t �r�fr �) � �p�l �a�n�t �s� �t �h�a�n � 
�p�r �o�g�e�n�i �e�s� �d�e�r �i �v�e�d� �f �r �o�m � �s�e�e�d�s� �c�o�l �l �e�c�t �e�d� �o�n� �b�r �a�n�c�h�e�s� �a�t � �t �h�e� �l �o�w�e�r � �s�t �e�m � �n�o�d�e�s�, � �a�n�d� �v�i �c�e � 
�v�e�r �s�a�, � �t �h�e� �l�o�w�e�r � �o�n� �t �h�e� �s�t �e�m � �t �h�e� �s�e�e�d� �w�a�s� �c�o�l �l �e�c�t �e�d� �t �h�e� �h�i �g�h�e�r � �w�a�s� �t �h�e� �n�u�m �b�e�r � �o�f � 
�t �r �a�n�s�f �o�r �m�e�d� �( �t �r�f �) � �m �a�r �o�o�n�- �l �e�a�v�e�d� �p�l �a�n�t �s�, � �a�n�d� �t �h�e� �l �o�w�e�r � �t �h�e� �n�u�m �b�e�r� �o�f � �g�r �e�e�n�- �l �e�a�v�e�d� 
�( �r�e�v�e�r �t �a�n�t �, � ��t �r�fr) � �p�l �a�n�t �s� �i �n� �t �h�e� �p�r �o�g�e�n�y�. � 
 
�T �h�e� �t �r �a�n�s�f �o�r �m �e�d� �(�t �r�f �) � �c�l �a�s�s�e�s� �( �o�f � �n�o�n�-�s�e�g�r �e�g�a�t �i �n�g� �a�s� �w�e�l �l � �a�s� �t �r�fr � �v�s�. � �t �r�f � � �s�e�g�r �e�g�a�t �i �n�g� 
�c�u�l �t �u�r �e�s�) � �w�e�r �e� �a�l �w�a�y�s� �a� �m �i �x�t �u�r �e� �o�f � �i �n�d�i �v�i �d�u�a�l �s� �r �e�g�a�r �d�i �n�g� �t �h�e� �l �e�v�e�l � �( �n�o�d�e� �n�u�m �b�e�r �) � �a�t � 
�w�h�i �c�h� �t �h�e� �s�h�i �f �t � �f �r�o�m � �w�i �l �d� �t �y�p�e� �( �t �r�fr)� �t �o� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �f �l �o�w�e�r �s� �a�p�p�e�a�r �e�d�. � � �S �e�l �f �i �n�g�s� �a�n�d� 
�i �n�t �e�r �c�r�o�s�s�e�s� �o�f � �p�l �a�n�t �s� �w�i �t �h� �t �r �a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r �s� �o�n� �l �o�w�e�r � �b�r �a�n�c�h�e�s� �(1st-5th �n�o�d�e�) � �p�r �o�d�u�c�e�d� 
�a� �h�i �g�h�e�r � �n�u�m �b�e�r � �o�f � �o�f �f �s�p�r �i �n�g� �h�a�v�i �n�g� �t �h�e� �t �r �a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r �s� �o�n� �l �o�w�e�r � �b�r �a�n�c�h�e�s� �t �h�a�n � 
�s�e�l �f �i �n�g�s� �a�n�d� �i �n�t �e�r �c�r �o�s�s�e�s� �o�f � �p�l �a�n�t �s� �c�a�r �r �y�i �n�g� �t �r �a�n�s�f �o�r �m �e�d� �f�l �o�w�e�r �s� �o�n� �b�r �a�n�c�h�e�s� �a�t � �t �h�e� �6th-10th 
( �o�r� �h�i �g�h�e�r �) � �n�o�d�e�, � �w�h�o�s�e� �p�r �o�g�e�n�i �e�s�, � �g�e�n�e�r �a�l �l �y�, � �c�o�n�t �a�i �n�e�d� �a� �g�r �e�a�t �e�r � �n�u�m �b�e�r � �o�f � �p�l �a�n�t �s� �w�i �t �h � 
�t �r �a�n�s�f �o�r �m�e�d� �f �l �o�w�e�r �s� �i �n� �t �h�e� �u�p�p�e�r � �b�r�a�n�c�h�e�s�. � �T �r �a�n�s�f �o�r �m �e�d� �c�l �a�s�s�e�s�, � �w�h�o�s�e� �m �e�m �b�e�r �s� �w�o�u�l �d � 
�a�l �l � �e�x�h�i �b�i �t � �t�h�e� �s�h�i �f �t � �f �r �o�m � �n�o�r �m �a�l � �t �o� �t �r�a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r �s� �o�n� �b�r�a�n�c�h�e�s� �o�f � �t �h�e� �s�a�m �e� �s�t �e�m � 
�n�o�d�e�, � �h�a�v�e� �n�o�t � �b�e�e�n� �o�b�s�e�r �v�e�d�. � � 
 
�S�e�g�r�e�g�a�t �i �o�n � �i �n � �P �r�o�g�e�n �i �e�s� �o�f � �S�e�l �f �e�d � �a�n �d� �I�n �t �e�r�c�r�o�s�s�e�d � �R�e�v�e�r�t �a�n �t � �P�l �a�n �t �s� 
�P �r�o�g�e�n�i �e�s� �o�f � �t �h�e� �s�e�l �f �- �f�e�r �t �i �l �i �z�e�d� �a�n�d� �i �n�t �e�r �c�r �o�s�s�e�d� �w�i �l �d�- �t �y�p�e� �g�r �e�e�n� �( �r �e�v�e�r �t �a�n�t �,� �t �r�fr �) � �p�l �a�n�t �s � 
�w�e�r �e� �o�f � �f �i �v�e� �s�e�g�r �e�g�a�t �i �o�n� �t �y�p�e�s� �( �T �a�b�l �e� �2�) �: � �1�) � �p�r �o�g�e�n�i �e�s� �c�o�m �p�o�s�e�d� �e�n�t �i �r �e�l �y� �o�f � �r �e�v�e�r �t �a�n�t � �( �t �r�fr 
�) � �p�l �a�n�t �s�; � �2�) � �p�r �o�g�e�n�i �e�s� �s�e�g�r �e�g�a�t �i �n�g� �f �o�r � �g�r �e�e�n�- �l �e�a�v�e�d� �( �t �r�fr)� �a�n�d� �m �a�r �o�o�n�- �l �e�a�v�e�d� �t �r �a�n�s�f �o�r �m �e�d� 
�( �t �r�f �) � �p�l �a�n�t �s� �i �n� �e�x�c�e�e�d�i �n�g�l �y� �s�k�e�w�e�d� �r �a�t �i �o�s� �f �a�v�o�r �i �n�g� �r �e�v�e�r �t �a�n�t � �( �t �r�fr)� �t �y�p�e�; � �3�) � �p�r �o�g�e�n�i �e�s� �n�o�t � 
�s�i �g�n�i �f �i �c�a�n�t �l �y� �d�e�v�i �a�t �i �n�g� �f �r �o�m � �a� �3�: �1� �r �a�t �i �o� �f �o�r � �r �e�v�e�r �t �a�n�t � �( �t �r�fr) � �v�s�. � �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �t �y�p�e�; � �4�) � 
�p�r �o�g�e�n�i �e�s� �a�p�p�r �o�a�c�h�i �n�g� �a� �1�: �1� �r �a�t �i �o� �f �o�r� �r �e�v�e�r �t �a�n�t � �( �t �r�fr �) � �v�s�.� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �t�y�p�e�; � �a�n�d� �5�) � 
�p�r �o�g�e�n�i �e�s� �i �n� �w�h�i �c�h� �t�h�e� �t �r �a�n�s�f �o�r �m �e�d� �(�t �r�f �) � �p�l �a�n�t �s� �o�u�t �n�u�m �b�e�r �e�d� �t�h�e� �r �e�v�e�r �t �a�n�t � �(�t �r�fr) � �t �y�p�e�.� � 
�M�e�m �b�e�r �s� �o�f � �t �h�e� �t �r �a�n�s�f �o�r �m �e�d� �(�t �r�f �) � �c�l �a�s�s�e�s� �v�a�r �i �e�d� �a�s� �i �n� �c�u�l �t �u�r�e�s� �o�f � �s�e�l �f �i �n�g�s� �o�f � �t �r �a�n�s�f �o�r �m �e�d� 
�p�l �a�n�t �s�. � � �T �h�e� �r �e�v�e�r �t �a�n�t �s� �( �t �r�fr) � �w�e�r �e� �p�h�e�n�o�t �y�p�i �c�a�l �l �y� �i �d�e�n�t �i �c�a�l � �w�i �t �h� �T �r�f � �w�i �l �d�- �t �y�p�e� �p�l �a�n�t �s�, � �b�u�t � 
�t �h�e� �t �r�fr �a�l �l �e�l �e�s� �d�i �d� �n�o�t � �b�e�h�a�v�e� �a�s� �d�o�m �i �n�a�n�t � �T �r�f � �g�e�n�e�s� �i �n� �s�e�l �f �i �n�g�s� �a�n�d� �c�r �o�s�s�e�s� �w�i �t �h� 
�t �r �a�n�s�f �o�r �m�e�d� �( �t �r�f �) � �p�l �a�n�t �s�; � �t �h�e�r �e�f �o�r�e� �t �h�e� ��t�r�fr � �g�e�n�e�s� �c�a�n�n�o�t � �b�e� �c�o�n�s�i �d�e�r �e�d� �s�t �a�b�l �e� �T �r�f � �g�e�n�e�s�. � 
 
�S�e�g�r�e�g�a�t �i �o�n � �i �n � �P �r�o�g�e�n �i �e�s� �o�f � �C�r�o�s�s�e�s� �B�e�t �w�e�e�n � �R�e�v�e�r�t �a�n �t� �a�n �d � �T�r�a�n �s�f �o�r�m �e�d � �P�l �a�n �t �s� 
�I �n� �c�r �o�s�s�e�s� �b�e�t �w�e�e�n� �r �e�v�e�r �t �a�n�t � �( ��t �r�fr �) � �a�n�d� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �m �u�t �a�n�t �s� �t �h�e� �r �e�v�e�r �t �a�n�t � �p�l �a�n�t �s� �w�e�r �e � 
�u�s�e�d� �p�r �e�d�o�m �i �n�a�n�t �l �y� �a�s� �m �a�t �e�r �n�a�l � �p�a�r �e�n�t �s� �f �o�r � �a� �s�i �m �p�l �e� �r �e�a�s�o�n� �o�f � �h�a�v�i �n�g� �m �a�n�y� �m �o�r �e� �f �e�r �t �i �l �e� 
�f �l �o�w�e�r �s� �( �a�s�s�u�r �i �n�g� �h�i �g�h�e�r � �y�i �e�l �d�) � �t �h�a�n� �t �h�e� �t �r �a�n�s�f �o�r �m �e�d� �p�l �a�n�t �s�, � �w�h�i �c�h� �o�f �t �e�n� �h�a�d� �a� �v�e�r �y � 
�l �i �m �i �t�e�d� �n�u�m �b�e�r � �o�f � �n�o�r �m �a�l � �f �l �o�w�e�r �s�, � �a�n�d� �w�e�r �e� �t �h�e�r �e�f �o�r �e� �u�s�e�d� �p�r �i �m �a�r �i �l �y� �a�s� �p�o�l �l �e�n� �p�a�r �e�n�t �s � 
�( �T�a�b�l �e� �3�) �.� � �I�n� �s�p�i �t �e� �o�f� �e�n�o�r �m �o�u�s� �v�a�r �i �a�t �i �o�n� �i �n� �g�e�n�o�m �i �c� �m�a�k�e� �u�p� �o�f � �r �e�v�e�r �t �a�n�t � �(�t �r�fr �) � �p�l �a�n�t �s�, � 
�a�s� �d�e�m �o�n�s�t �r �a�t �e�d� �b�y� �g�r �e�a�t � �f �l �u�c�t �u�a�t �i �o�n�s� �i �n� �s�e�g�r �e�g�a�t �i �o�n� �r�a�t �i �o�s� �o�f � �t �h�e�i �r� �s�e�l �f �i �n�g�s� �( �c�o�n�f �e�r� �T �a�b�l �e� 
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�2�) �,� �t �h�e� �s�e�g�r �e�g�a�t �i �o�n� �d�a�t �a� �o�f � �p�r �o�g�e�n�i �e�s� �o�f � ��t �r�fr �x� �t �r�f � �a�n�d� �t �r�f � �x� �t �r�fr � �c�r �o�s�s�e�s� �d�i �d� �i �n�d�i �c�a�t �e� �a� 
�r �e�g�u�l �a�r �i�t �y� �i �n� �o�b�t �a�i �n�i �n�g� �h�i �g�h�e�r � �p�r �o�p�o�r �t �i�o�n� �o�f � �r �e�v�e�r �t �a�n�t �s� �( ��t �r�fr �) � �i �n� �c�r �o�s�s�e�s� �w�h�o�s�e� �t �r �a�n�s�f �o�r �m �e�d� 
�( �t �r�f �) � �p�a�r �e�n�t � �( �f�e�m �a�l �e� �o�r � �m�a�l �e�) � �b�o�r �e� �t�h�e� �t �r �a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r �s� �a�t � �a� �h�i �g�h�e�r � �l �e�v�e�l � �(�n�o�d�e�) � �o�n� �t �h�e� 
�s�t �e�m �, � �a�n�d� �t �h�e� �r �e�v�e�r �s�e�, � �t �h�e� �l �o�w�e�r � �o�n� �t �h�e� �s�t �e�m � �w�a�s� �t �h�e� �p�o�s�i �t �i �o�n� �o�f � �t �h�e� �b�r �a�n�c�h� �w�i �t �h � 
�t �r �a�n�s�f �o�r �m�e�d� �f �l �o�w�e�r �s� �i �n� �t �h�e� �t �r �a�n�s�f �o�r �m �e�d� �p�a�r �e�n�t � �( �f �e�m �a�l �e� �o�r � �m �a�l �e�) �, � �t �h�e� �h�i �g�h�e�r � �w�a�s� �t �h�e � 
�p�r �o�p�o�r�t �i �o�n� �o�f � �t �r�a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �o�f�f �s�p�r �i �n�g� �i �n� �t �h�e� �p�r �o�g�e�n�y� �o�f � �t�h�e� �c�r �o�s�s�. � � �T �h�e� � “t �r�f ��N � 
�p�h�e�n�o�t �y�p�e�s”�� �o�f � �p�a�r �e�n�t �s� �o�f � �i �n�d�i�v�i �d�u�a�l �s� �c�r �o�s�s�e�d� �g�a�v�e� �s�o�m �e� �i �n�f �o�r�m �a�t �i �o�n� �o�n� �t �h�e�i �r� �g�e�n�e�t �i �c � 
�b�a�c�k�g�r �o�u�n�d�, � �b�u�t � �i �t� �w�a�s� �i �n�c�o�m �p�l �e�t �e�, � �s�i �n�c�e� �t �h�e�i �r � �s�i �b�l �i �n�g�s� �o�f �t �e�n� �c�o�u�l �d� �n�o�t � �b�e� �g�e�n�e�t �i �c�a�l �l �y � 
�t �e�s�t �e�d� �b�e�c�a�u�s�e� �o�f � �t �h�e�i �r � �s�t �e�r �i �l �i �t �y�.� 
 
�R�e�v�e�r�s�i �o�n � �o�f � �O �r�a�n �g�e� �L�e�a�f � �V�a�r�i �e�g�a�t �i �o�n � �i �n � �T�r�a�n �s�f �o�r�m�e�d � �M�u �t �a�n�t �s� 
�T �h�e� �o�r �a�n�g�e� �v�a�r �i �e�g�a�t �i �o�n� �( �v�a�o�) � �i �s� �a� �m �u�t �i �p�l �e�- �a�l �l �e�l �i�c� �l �o�c�u�s� �c�o�m �p�r �i �s�i �n�g� �s�e�v�e�n� �a�l �l �e�l �e�s� �( � G�o�r�šič 
�a�n�d� �K�e�r �b�y�, � �1�9�9�6�; � � G�o�r �šič, � �2�0�0�0�) �; � �t �w�o� �o�f � �t �h�e� �r �e�c�e�s�s�i �v�e� �a�l �l �e�l �e�s� �w�e�r �e� �u�s�e�d� �i �n� �t �h�i �s � 
�i �n�v�e�s�t �i �g�a�t �i �o�n – v�a�o� �p�r �o�d�u�c�i �n�g� �p�u�r �e� �o�r �a�n�g�e� �l �e�a�v�e�s� �( �F�i �g�s�. �1�1�, �1�2�)� �a�n�d� �r �e�v�e�r �t �a�n�t � �v�a�o�R� �( �w�h�o�s�e� 
�r �e�v�e�r �s�i �o�n� �o�c�c�u�r �s� �d�u�r �i �n�g� �e�m �b�r �y�o�g�e�n�e�s�i �s�) � �p�r �o�d�u�c�i �n�g� �o�r�a�n�g�e� �a�n�d� �g�r �e�e�n� �s�e�c�t �o�r �e�d� �l �e�a�v�e�s � 
�( �F�i �g�s�. �1�3�, �1�4�,�1�5�) �.� � �I �n� �c�u�l �t �u�r �e�s� �s�e�g�r �e�g�a�t �i �n�g� �f �o�r � �t �r �a�n�s�f �o�r �m �e�d� �( �t �r��f) � �a�n�d� �o�r�a�n�g�e� �l �e�a�f � �v�a�r �i �e�g�a�t �i �o�n� 
�( �v�a�o�) � �m �u�t �a�n�t �s� �a�l �l � �t �r �a�n�s�f �o�r �m �e�d� �p�l �a�n�t �s�, � �w�h�i �c�h� �w�e�r �e� �p�u�r �e� �o�r �a�n�g�e� �( �v�a�o�/ �v�a�o�) � �a�t � �e�m �e�r �g�e�n�c�e�, � 
�b�e�g�a�n� �t �o� �e�x�h�i �b�i �t � �g�r �e�e�n� �s�e�c�t �o�r �e�d� �o�r � �e�n�t �i �r �e�l �y� �g�r �e�e�n� �l �e�a�v�e�s� �a�t � �t �h�e�i �r � �2nd, 3rd, 4th, �o�r � �a�t � �a�n�y� �o�t �h�e�r � 
�o�f � �t �h�e� �r �e�m �a�i �n�i �n�g� �n�o�d�e�s� �( �F �i �g�. �1�1�)�. � � �I �n� �s�o�m �e� �o�r �a�n�g�e� �t �r �a�n�s�f �o�r �m �e�d� �d�o�u�b�l �e� �m �u�t �a�n�t �s� �( �v�a�o�/ �v�a�o � 
�t �r�f �/ �t �r�f �) �, � �t �h�e� �p�a�i �r � �o�f � �l �e�a�v�e�s� �i �n� �w�h�i �c�h� �t �h�e� �v�a�o� �r�e�v�e�r �s�i �o�n� �t �o� �v�a�o�t� � �s�t �a�r �t �e�d� �w�a�s� �l �i �g�h�t � �g�r �e�e�n�, � �b�u�t � 
�l �e�a�v�e�s� �o�f � �t �h�e� �n�e�x�t � �p�a�i �r � �u�p� �t �h�e� �s�t �e�m � �w�e�r �e� �d�a�r �k� �g�r �e�e�n� �(�F �i �g�. �1�2�)�. � � �T �h�e� �r �e�v�e�r �t �a�n�t � �o�r�a�n�g�e � 
�v�a�r �i �e�g�a�t �e�d� �p�l �a�n�t �s� �( �v�a�o�R�) �,� �c�h�a�r �a�c�t �e�r �i �z�e�d� �b�y� �o�r�a�n�g�e� �a�n�d� �g�r�e�e�n� �s�e�c�t �o�r �e�d� �l �e�a�v�e�s� �( �F �i �g�.�1�3�, � �g�r �e�e�n� 
�m �a�y� �b�e� �l �a�r �g�e� �s�e�c�t �o�r �s – or �t �i �n�y� �s�p�e�c�k�s�, � �F �i �g�.�1�4�) � �h�a�v�i �n�g� �t �h�e� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �/ �t �r�f �) � �g�e�n�o�t �y�p�e�,� 
�e�x�h�i �b�i �t �e�d� �a� �d�r �a�s�t �i �c� �i �n�c�r �e�a�s�e� �i �n� �t �h�e� �a�r �e�a� �o�f � �g�r �e�e�n� �o�n� �l �e�a�v�e�s� �s�t �a�r �t �i �n�g� �a�t � �t �h�e� 2nd, 3rd, 4th, or� �a�n�y� 
�h�i �g�h�e�r � �s�t �e�m � �n�o�d�e� �( �F �i �g�. �1�4�)�, � �o�r � �e�x�h�i �b�i �t �e�d� �e�n�t �i �r �e�l �y� �g�r �e�e�n� �l �e�a�v�e�s� �f �r �o�m � �a� �s�p�e�c�i �f �i �c� �n�o�d�e � 
�u�p�w�a�r �d�s� �( �F �i �g�.�1�5�) �. � � �T�h�e� �i �n�c�r �e�a�s�e� �i �n� �t �h�e� �a�m �o�u�n�t � �o�f � �g�r �e�e�n� �i �n� �t �h�e� �l �e�a�v�e�s� �o�f � �t �r�f �/ �t �r�f � �v�a�o�R�/ �v�a�o�R � 
�d�o�u�b�l �e� �m �u�t �a�n�t �s� �m �a�y� �n�o�t � �h�a�v�e� �b�e�e�n� �a� �r �e�f�l �e�c�t �i �o�n� �o�f � �a�n� �u�p�g�r�a�d�e�d� �e�n�h�a�n�c�e�m �e�n�t � �o�f � �t �h�e� �v�a�o�R � 
�a�l �l �e�l �i �c� �a�c�t �i �o�n�, � �b�u�t � �a� �r �e�s�u�l �t � �o�f� �t �h�e� �o�p�e�r �a�t �i �o�n� �o�f� �a� �d�i �f�f �e�r �e�n�t � �f�o�r �m � �o�f� �a� �r �e�v�e�r �t �a�n�t � �v�a�o�t�R� �a�l �l �e�l �e� �i �n � 
�w�h�o�s�e� �o�r �i �g�i �n� �t �h�e� �t �r�f � �g�e�n�e� �w�a�s� �a� �p�a�r �t �i �c�i �p�a�n�t �. � 
 
�I �n� �c�o�m �b�i �n�e�d� �p�r �o�g�e�n�i �e�s� �o�f � �s�e�l �f �- �f �e�r �t �i �l�i �z�e�d� �a�n�d� �i �n�t �e�r �c�r �o�s�s�e�d� �V �a�o�/ �v�a�o� �a�n�d� �V �a�o�/ �v�a�o�R � 
�h�e�t �e�r �o�z�y�g�o�t �e�s� �o�f � �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �/ �t �r�f �) � �s�t �o�c�k�, � �6�5�1� �p�l �a�n�t �s� �w�e�r �e� �o�b�t �a�i �n�e�d� �f �r �o�m � �w�h�i �c�h� �4�1�2 � 
�w�e�r �e� �( �v�a�o�+�- �t �r�f- �A �c�t �)� �m �a�r �o�o�n� �g�r �e�e�n� �a�n�d� �t �r �a�n�s�f �o�r �m �e�d�, � �9�0� �w�e�r �e� �( �v�a�o�+�- ��t �r�fr- �a�c�t �) � �p�u�r �e� �g�r �e�e�n � 
�w�i �t �h� �n�o�r�m �a�l � �f �l �o�w�e�r �s�,� �4�7� �p�l �a�n�t �s� �w�e�r �e� �( ��v�a�o�t- �t �r�f- �A�c�t �o�r � �v�a�o�t�R�- �t �r�f ��- �A �c�t �) � �m �a�r �o�o�n� �p�u�r �e� �o�r �a�n�g�e – 
or �m �a�r �o�o�n� �o�r �a�n�g�e� �g�r �e�e�n� �s�e�c�t �o�r �e�d� �a�t � �t �h�e� �b�a�s�e�, � �a�n�d� �m �a�r �o�o�n� �e�x�t �e�n�d�e�d� �g�r �e�e�n� �s�e�c�t �o�r �e�d� �t �o� �a�l �l � 
�g�r �e�e�n – or �m �a�r �o�o�n� �a�l �l � �g�r �e�e�n� �a�b�o�v�e� �w�i �t �h� �t �r �a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r �s�, � �a�n�d� �1�0�2� �w�e�r �e� �( �v�a�o�- �t �r�f ��r �- �a�c�t � 
�o�r � �v�a�o�R�- �t �r�fr ��- �a�c�t �) � �p�u�r�e� �o�r �a�n�g�e – or �o�r �a�n�g�e� �g�r �e�e�n� �v�a�r �i �e�g�a�t �e�d� �w�i �t �h� �n�o�r �m�a�l � �f �l �o�w�e�r �s�. � � �I �f � �t �h�e� �v�a�o� 
�a�n�d� �t �r�f � �g�e�n�e�s� �w�e�r �e� �i �n�d�e�p�e�n�d�e�n�t �, � �t �h�e� �e�x�p�e�c�t �e�d� �n�u�m �b�e�r � �o�f � �i�n�d�i �v�i �d�u�a�l �s� �i �n� �t �h�e� �f �o�u�r � �c�l �a�s�s�e�s � 
�w�o�u�l �d� �b�e� �9� �( �3�6�6�. �1�9�) � �: � �3� �( �1�2�2�. �0�6�)� �: � �3� �( �1�2�2�. �0�6�) � �: � �1� �( �4�0�.�6�9�) � �r �e�s�p�e�c�t �i �v�e�l �y�. � � �D�e�v�i �a�t �i �o�n�s� �f �r �o�m � 
�t �h�e�s�e� �e�x�p�e�c�t �e�d� �n�u�m �b�e�r �s� �i �n�d�i �c�a�t �e� �a� �t �r �a�n�s�- �a�r �r �a�n�g�e�m �e�n�t � �( �r �e�p�u�l �s�i �o�n�) � �o�f � �v�a�o�- �t�r�f � �a�n�d� �a � 
�d�o�m �i �n�a�n�t � �f�a�c�t �o�r � �( �A�c�t �) � �p�a�r�t �i �c�i �p�a�t �i �n�g� �i �n� �a�c�t �i �v�a�t �i �o�n� �o�f� �v�a�o� �a�n�d� �t�r�f � �g�e�n�e�s� �( �V �a�o� �t �r�f � �a�c�t � �/ � �v�a�o� �t�r�f � 
�A �c�t �,� �V�a�o� �t �r�f � �a�c�t � �/ � �v�a�o�R� �t �r�f � �A �c�t �)�. � 
 
�F �o�r�m�a�t �i �o�n � �o�f � �A�c�t �i �n �o�m �o�r�p �h�i �c� �T�r�a�n �s�f �o�r�m �e�d � �F�l �o�w�e�r�s� 
�O�n�e� �o�f � �t �h�e� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �m �u�t �a�n�t �s� �h�a�d� �u�n�u�s�u�a�l � �p�e�n�t �a�m �e�r �o�u�s� �a�c�t �i �n�o�m �o�r �p�h�i �c� �f �l �o�w�e�r �s � 
�( �F�i �g�. � �1�6�)�. � � �T�h�e� �i �m �m �e�d�i �a�t �e� �a�n�c�e�s�t �o�r �s� �o�f � �t �h�i �s� �p�l �a�n�t � �(�h�9�3�2�0�7�- �1�3�) � �c�a�r �r �i �e�d� �t�h�e� �s�u�p�e�r �f �l �o�w�e�r � 
�g�e�n�e� �( �s�f �; � � G�o�r �šič, � �1�9�9�4�) �, � �w�h�i �c�h� �m �o�d�i �f �i �e�s� �t �e�r �m �i �n�a�l �l �y� �l �o�c�a�t �e�d� �f �l �o�w�e�r �s� �i �n�t �o� �a�c�t �i �n�o�m �o�r �p�h�i �c � 
�f �l �o�w�e�r �s� �c�o�m �p�o�s�e�d� �o�f � �k�e�e�l �s� �o�n�l �y�; � �t �h�e� �s�a�m �e� �t �y�p�e� �o�f � �k�e�e�l � �f �l �o�w�e�r � �i�n� �l �a�t �e�r �a�l � �p�o�s�i �t �i �o�n� �i �s � 
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�p�r �o�d�u�c�e�d� �b�y� �w�h�i �t �e� �f �l �e�c�k� �( �W �f �) � �m �u�t �a�n�t � �( � G�o�r �šič, � �1�9�5�7�) � �a�f �t �e�r � �a�n� �i �n�b�r �e�e�d�i �n�g� �f �o�r � �a�t � �l �e�a�s�t � �f �i �v�e � 
�g�e�n�e�r �a�t �i �o�n�s� �( �F �i �g�. � �1�7�) �.� � �K�e�e�l �s� �o�f � �t �h�e� �k�e�e�l � �f �l �o�w�e�r �s�, � �a�s� �w�e�l �l � �a�s� �k�e�e�l �s� �o�f � �t �h�e� �w�i �l �d�- �t �y�p�e � 
�z�y�g�o�m �o�r �p�h�i �c� �f �l �o�w�e�r �s�, � �a�r �e� �c�h�a�n�g�e�d� �i �n�t �o� �t �h�e� �s�i �d�e� �l �o�b�e�s� �b�y� �t �h�e� �k�e�e�l �l �e�s�s� �g�e�n�e� �( �k�l �p�; � � G�o�r �šič, � 
�1�9�9�4�) �,� �w�h�i �c�h� �o�p�e�n�s� �t �h�e� �k�e�e�l � �a�n�d� �e�n�a�b�l �e�s� �t �h�e� “3�- �s�i �d�e�- �l �o�b�e�d”�� �l �o�w�e�r � �l �i �p� �t �o� �e�x�h�i �b�i �t � �t �h�e � 
�p�h�e�n�o�t �y�p�e� �o�f � �g�e�n�e�s� �( �l �i �k�e� �c�a�r �m �i �n�e�, � �K�n�; � �H�i �o�r �t �h�, � �1�9�3�0�) � �n�o�r�m �a�l �l �y� �a�f �f �e�c�t �i �n�g� �o�n�l �y� �t �h�e� �u�p�p�e�r � 
�l �i �p�,� �t �o� �b�e� �e�x�p�r �e�s�s�e�d� �i �n� �t �h�e� �l �o�w�e�r � �l �i �p� �a�s� �w�e�l �l � �( �s�u�c�h� �f �l �o�w�e�r � �i �s� �p�i �c�t �u�r �e�d� �i �n� �F �i�g�. � �6�; � �t �r�fr �-�k�lp�- �K�n�) �. � � 
�T �h�u�s�, � �t �h�e� �p�l �a�n�t � �w�i �t �h� �t �h�e� �u�n�u�s�u�a�l � �n�e�a�r �l �y� �w�h�i �t �e� �( �n�o�n�- �c�a�r �m �i �n�e�,� �k�n�) � �a�c�t �i �n�o�m �o�r �p�h�i �c� �f �l �o�w�e�r �s� 
�( �F�i �g�. � �1�6�) � �h�a�d� �t �h�i �s� �g�e�n�o�t �y�p�e�: � �t �r�f �/ �t �r�f � �s�f �/ �s�f � �k�l �p�/ �k�l �p� �k�n�/ �k�n Act/-�. � � �S �i �m �i �l�a�r � �k�e�e�l � �f �l �o�w�e�r �s� �w�e�r �e � 
�o�b�s�e�r �v�e�d� �i �n� �C�. � �v�e�r�n�a� �N�u�t �t �. �,� �b�l �u�e�- �e�y�e�d� �M�a�r �y� �( �F �i �g�.� �1�9�) �,� �a� �n�a�t �i �v�e� �M�i �d�w�e�s�t �e�r �n� �s�p�e�c�i �e�s�, � 
�w�h�o�s�e� �l �e�a�v�e�s� �a�n�d� �f �l �o�w�e�r �s – like i �n� �C�. � �h�e�t �e�r�o�p�h�y�l �l �a� �p�l �a�n�t �s – may �o�r� �m �a�y� �n�o�t � �e�x�h�i �b�i �t� 
�m �a�r �o�o�n� �p�i �g�m �e�n�t �a�t �i �o�n� �(�F �i �g�.� �1�8�,�1�9�) �. � 
 

�D�I �S�C�U�S�S�I �O �N� 
� 
T �h�e� �e�x�t �r �e�m �e�l �y� �v�a�r �i �a�b�l �e� �t �r �a�i �t � �o�f � �m �a�r �o�o�n� �p�a�t �c�h�e�s� �o�n� �c�o�t �y�l �e�d�o�n�s� �a�n�d� �l �e�a�v�e�s� �( �F �i �g�. � �1�) � �i �s� 
�c�o�n�t �r �o�l �l �e�d� �b�y� �M �p� �g�e�n�e�s� �w�h�i �c�h�, � �i �n� �t �h�e� �w�i �l �d�- �t �y�p�e� �p�l �a�n�t �s�, � �b�e�c�o�m �e� �s�i �l �e�n�c�e�d� �a�t � �t �h�e� �e�n�d� �o�f � �t �h�e � 
�j �u�v�e�n�i �l �e� �p�h�a�s�e�. � � �T �h�e� �m �a�r �o�o�n� �p�i �g�m �e�n�t �a�t �i �o�n� �s�h�o�w�s� �u�p� �i �n� �t �h�e� �r �e�p�r �o�d�u�c�t �i �v�e�l �y� �m �a�t �u�r �e� �p�l �a�n�t �s� 
�a�s� �g�r �e�a�t �l �y� �v�a�r �i �a�b�l �e� �m �a�r �o�o�n� �m �a�r �k�i �n�g�s� �o�n� �t �h�e� �p�e�t �a�l �s� �o�f � �t�h�e� �f �l �o�w�e�r �s’ �u�p�p�e�r � �l �i �p� �(�F �i �g�s�. � �2�,�1�6�; � � 
G�o�r �šič, � �1�9�9�4�)�: � �d�o�t �t �e�d� �m �o�u�t �h� �( �M�d�) �, � �c�r�o�s�s� �l �i �n�e� �( �U�c�) �,� �d�o�t �t �e�d� �( �U�d�) �,� �a�n�d� �m �a�r �o�o�n� �r �i�n�g� �( �U�r�) �. � � 
�T �r�a�n�s�f �o�r �m �e�r � �( �t �r�f �) � �g�e�n�e�, � �a�p�p�a�r �e�n�t �l �y�,� �b�r �e�a�k�s� �t �h�e� �s�i �l �e�n�c�i �n�g� �o�f � �t �h�e� �M �p� �g�e�n�e�s�, � �a�n�d� �v�e�g�e�t �a�t �i �v�e � 
�l �e�a�v�e�s� �c�o�n�t �i �n�u�e� �t �o� �e�x�h�i �b�i �t � �m �a�r �o�o�n� �p�i �g�m �e�n�t �a�t �i �o�n� �a�l �l � �t �h�e� �w�a�y� �u�p� �t �o� �t �h�e� �m �o�d�i �f �i �e�d� �p�e�t �a�l �o�i �d � 
�b�r �a�c�t �s� �o�f � � “i�n�c�o�m �p�l �e�t �e� �f �l �o�w�e�r �s�. ��” � �T �h�e� �r �e�c�e�s�s�i �v�e� �o�r �a�n�g�e� �v�a�r �i �e�g�a�t �i �o�n� �(�v�a�o�) � �g�e�n�e�, � �i�n� �c�o�n�t �r �a�s�t � 
�t �o� �d�o�m �i �n�a�n�t � �M �p� �g�e�n�e�s�, � �i �s� �r �e�v�e�r �t �e�d� �t �o� �v�a�o�t� �( �i �n� �p�r �e�s�e�n�c�e� �o�f � �t �h�e� �t �r�f � �g�e�n�e�) � �p�r �o�d�u�c�i �n�g� �n�o�r �m �a�l � 
�c�h�l �o�r �o�p�l �a�s�t �s� �r �e�n�d�e�r �i �n�g� �t �h�e� �l �e�a�v�e�s� �g�r �e�e�n�. � � �A�p�p�e�a�r �a�n�c�e� �o�f � �t �h�e� �f �e�r�t �i �l �e� �w�i �l �d�- �t �y�p�e� �p�l �a�n�t �s� 
�a�m �o�n�g� �t �h�e� �o�f �f �s�p�r �i �n�g� �o�f� �s�e�l �f �- �f �e�r �t �i �l�i �z�e�d� �t �r �a�n�s�f �o�r �m �e�d� �m �u�t �a�n�t �s�, � �d�e�m �o�n�s�t �r �a�t �e�s� �t �h�a�t � �t �h�e� �t �r�f � �g�e�n�e � 
�i �t �s�e�l �f � �i�s� �r �e�v�e�r �s�i �b�l �e� �( �t �r�f �r �)�. � 
 
�T �h�e� �u�n�u�s�u�a�l � �b�e�h�a�v�i �o�r � �o�f � �M �p�, � �v�a�o�, � �a�n�d� �t �r�f � �g�e�n�e�s�, � �a�n�d� �t �h�e� �i �r �r �e�g�u�l �a�r � �s�e�g�r �e�g�a�t �i �o�n� �p�a�t �t �e�r �n� �i �n � 
�p�r �o�g�e�n�i �e�s� �o�f � �t �h�e� �s�e�l �f �- �f �e�r�t �i �l �i �z�e�d� �a�n�d� �i �n�t�e�r �- �c�r �o�s�s�e�d� �t �r �a�n�s�f �o�r �m �e�d� �(�t �r�f �) � �m �u�t �a�n�t �s� �(�T �a�b�l �e�s� �1�, �2�,�3�) � 
�c�a�n� �b�e� �a�d�e�q�u�a�t �e�l �y� �e�x�p�l �a�i �n�e�d� �a�s�s�u�m �i �n�g� �t �h�e� �o�p�e�r �a�t �i �o�n� �o�f � �t �w�o� �g�e�n�e�t �i �c� �f �a�c�t �o�r �s� �f �a�c�i �l �i �t �a�t �i �n�g� �t �h�e � 
�r �e�a�c�t �i �v�a�t �i �o�n� �o�f � �t �h�e�s�e� �g�e�n�e�s�: � �1�) � �a� �d�o�m �i �n�a�n�t � �a�c�t �i �v�a�t �o�r � �( �A �c�t �)� �w�h�i �c�h� �i �s� �l �i �n�k�e�d� �w�i �t �h� �v�a�o�- �t �r�f � 
�g�r �o�u�p�,� �a�n�d� �2�) � �a� �t �r �a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t � �( �T �e�l �) � �w�h�i �c�h� �i �s� �i �n�d�e�p�e�n�d�e�n�t � �o�f � �t �h�e� �g�r �o�u�p� �( �K�u�n�z�e�, � �e�t � 
�a�l �. �,� �1�9�9�7�) �.� � �H�o�w�e�v�e�r �, � �i �f � �t �h�e� �A �c�t � �a�n�d� �a� �s�t �a�b�l �e� �t �r �a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t � �T �e�l � �w�o�u�l �d� �b�e� �t �h�e� �s�o�l �e � 
�a�u�t �o�n�o�m �o�u�s� �a�g�e�n�t �s�, � �f �a�c�i �l �i �t �a�t �i �n�g� �t �h�e� �v�a�o� �a�n�d� �t �r�f � �r �e�a�c�t �i �v�a�t �i �o�n� �p�r �o�c�e�s�s�, � �s�t �a�b�l �e� �a�n�d � 
�p�r �e�d�i �c�t �a�b�l �e� �s�e�g�r �e�g�a�t �i �o�n� �r�a�t �i �o�s� �s�h�o�u�l �d� �b�e� �o�b�t �a�i �n�e�d� �i �n� �g�e�n�e�t �i �c� �t �e�s�t �i �n�g�. � � �I �n�s�t �e�a�d�, � �t �h�e� 
�p�r �o�p�o�r�t �i �o�n� �o�f� �m �a�r �o�o�n�- �l�e�a�v�e�d� �t �r �a�n�s�f �o�r �m �e�d� �( �t�r�f �) � �p�l �a�n�t �s� �v�e�r �s�u�s� �g�r �e�e�n�- �l �e�a�v�e�d� �r �e�v�e�r �t �a�n�t � �(�t �r�f �r �) � 
�p�l �a�n�t �s� �i �n� �t �e�s�t � �p�r �o�g�e�n�i �e�s� �a�p�p�e�a�r �s� �t �o� �b�e� �i �n�f �l �u�e�n�c�e�d� �b�y� �t �h�e� �n�o�d�a�l � �( �s�t �e�m �) � �p�o�s�i �t �i �o�n� �o�f � �t �h�e � 
�b�r �a�n�c�h� �f�r �o�m � �w�h�i �c�h� �t �h�e� �s�e�e�d� �o�f � �t �h�e� �t �e�s�t �e�d� �p�l �a�n�t �s� �h�a�s� �b�e�e�n� �c�o�l �l �e�c�t �e�d�. � � �I �t � �s�e�e�m �s�, � �t �h�a�t � �t �h�e� 
�t �r �a�n�s�p�o�s�a�b�l �e� �( �T �e�l �) � �e�l �e�m �e�n�t � �( �p�l �a�y�i �n�g� �a� �r �o�l �e� �i �n� �v�a�o� �a�n�d� �t �r�f � �g�e�n�e� �r �e�v�e�r �s�i �o�n�) � �b�e�h�a�v�e�s � 
�d�i �f �f�e�r �e�n�t �l �y� �w�h�e�n� �i �n�h�e�r �i �t �e�d� �(�t �r �a�n�s�m �i �t �t �e�d�) � �f �r�o�m � �t �h�e� �l �o�w�e�r � �(�j �u�v�e�n�i �l �e�) �, � �m�i �d�d�l �e�, � �o�r� �u�p�p�e�r � 
�( �m �a�t �u�r�e�) � �p�a�r �t � �o�f � �t �h�e� �p�l �a�n�t �, � �s�u�g�g�e�s�t �i �n�g�, � �t �h�a�t � �t �h�e� �t �r �a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t � �c�h�a�n�g�e�s� �a�s� �t �h�e� �p�l �a�n�t � 
�g�r �o�w�s�. � 
 
�I �n� �c�o�r �n� �( �Z�e�a� �m�a�y�s�; � �P �h�o�e�t �i �g�, � �1�9�9�0�) � �t �h�e� �S�p�m� �t �r �a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t � �e�x�i �s�t �s� �i �n� �t �h�r �e�e� �s�t �a�t �e�s�: � �t �h�e � 
�a�c�t �i �v�e� �h�e�r �i �t �a�b�l �e� �s�t �a�t �e�, � �t �h�e� �i �n�a�c�t �i �v�e� �h�e�r �i �t �a�b�l �e� �s�t �a�t �e�, � �a�n�d� �l �a�b�i �l �e� �p�r �o�g�r�a�m �m �a�b�l �e� �s�t �a�t �e�. � � �T �h�e� 
�p�r �o�g�r�a�m �m �a�b�l �e� �e�l �e�m �e�n�t �s�, � �t �h�a�t � �c�a�n� �s�h�i �f �t � �t �o� �t �h�e� �s�t �a�b�l �e� �a�c�t �i �v�e� �o�r� �s�t �a�b�l �e� �i �n�a�c�t �i �v�e� �s�t �a�t �e�, � �a�r �e � 
�p�r �o�g�r�e�s�s�i �v�e�l �y� �i �m �e�t �h�y�l �a�t �e�d� �a�s� �t �h�e� �p�l �a�n�t � �g�r �o�w�s – their t �r �a�n�s�c�r �i �p�t �i �o�n� �l �e�v�e�l � �i �s� �i �n�f �l �u�e�n�c�e�d� �b�y � 
�t �h�e� �m �e�t �h�y�l �a�t �i �o�n� �s�t �a�t �u�s� �( �l �o�w� �w�h�e�n� �h�i �g�h�l �y� �m�e�t �h�y�l �a�t �e�d�, � �a�n�d� �h�i �g�h� �w�h�e�n� �m �e�t �h�y�l �a�t �i �o�n� �i �s � 
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�d�e�c�r �e�a�s�e�d�) � �a�n�d� �t �h�e�i �r � �p�o�s�i �t �i �o�n� �i �n� �t �h�e� �s�h�o�o�t �. � � �I �n� �t �h�e� �p�r �e�s�e�n�c�e� �o�f � �t �h�e� �a�c�t �i �v�e� �S�p�m�a� �( �w�h�o�s�e � 
�c�y�t �o�s�i �n�e� �i �n� �D�N�A� �o�f � �t �h�e� �t �r �a�n�s�c�r �i �p�t �i �o�n� �s�t �a�r �t � �s�i �t �e� �a�t � �t �h�e� � 5’ end � i �s� �m �e�t �h�y�l �a�t �e�d�) � �t �h�e� �m �u�t �a�t �o�r � 
�( �M�u�) � �g�e�n�e� �g�e�t �s� �m �e�t �h�y�l �a�t �e�d� �a�n�d� �t �h�e� �h�c�f �1�0�6� �( �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� �g�e�n�e�, � 
�p�r �o�d�u�c�i �n�g� �p�a�l �e�- �g�r�e�e�n� �l �e�a�v�e�s�) � �l �o�c�a�t �e�d� �i �n� �t �h�e� �n�e�i �g�h�b�o�r �h�o�o�d� �o�f� �M �u� �r�e�g�a�i �n�s� �t �h�e� �c�a�p�a�c�i �t �y� �t �o � 
�p�r �o�d�u�c�e� �n�o�r �m �a�l � �c�h�l �o�r �o�p�h�y�l �l�, � �w�h�i �c�h� �r �e�s�u�l �t �s� �i �n� �t �h�e� �l �e�a�v�e�s� �e�x�h�i �b�i �t �i �n�g� �d�a�r �k� �g�r �e�e�n� �s�e�c�t �o�r �s� �o�r � 
�b�e�c�o�m �i �n�g� �e�n�t �i �r �e�l �y� �g�r�e�e�n�. � � �T�h�i �s� �v�i �s�i �b�l �e� �c�h�a�n�g�e� �i �n� �c�o�r �n� �l �e�a�f � �c�o�l �o�r �a�t �i �o�n� �i �s� �a� �r �e�f �l�e�c�t �i �o�n� �o�f � �t �h�e� 
�D�N�A� �m �e�t �h�y�l �a�t �i �o�n� �s�t �a�t �u�s� �o�f � �t �h�e� �M �u� �- � �h�c�f �1�0�6� �s�e�g�m �e�n�t �.�  
� 
�I �n� �C�. � �h�e�t �e�r�o�p�h�y�l �l �a� �s�e�v�e�r �a�l � �g�e�n�e�s� �b�e�h�a�v�e� �a�s� �t �h�e� �h�c�f �1�0�6� �o�f� �c�o�r �n�.� � �I�n� �t �r �a�n�s�f �o�r �m�e�d� �( �t �r�f �) � 
�m �u�t �a�n�t �s� �t �h�e� �s�i �l �e�n�c�i �n�g� �o�f � �M �p� �g�e�n�e�s� �i �s� �b�r �o�k�e�n� �a�n�d� �t �h�e� �l �e�a�v�e�s�, � �b�e�y�o�n�d� �j �u�v�e�n�i �l �e� �p�h�a�s�e�, � 
�e�x�h�i �b�i �t � �m �a�r �o�o�n� �c�o�l �o�r�a�t �i �o�n�; � �i �n� �o�r �a�n�g�e� �(�v�a�o�, � �v�a�o�R�) � �p�l �a�n�t �s� �o�f � �t �r�f �/ �t �r�f � �s�t �o�c�k�, � �t �h�e� �n�o�r�m �a�l � 
�c�h�l �o�r �o�p�l �a�s�t �s� �f �o�r �m� �a�n�d� �g�r �e�e�n� �s�e�c�t �o�r �e�d� �o�r � �e�n�t �i �r �e�l �y� �g�r�e�e�n� �l �e�a�v�e�s� �a�r �e� �p�r �o�d�u�c�e�d�. � � �T �h�e� 
�t �r �a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t � �( �T �e�l �) � �o�f � �C�. � �h�e�t �e�r�o�p�h�y�l �l �a�, � �i �n�v�o�l �v�e�d� �i �n� �t �h�e� �r �e�a�c�t �i �v�a�t �i �o�n� �o�f � �t �h�e�s�e� �g�e�n�e�s�, � 
�e�x�i �s�t �s� �i �n� �a�t � �l �e�a�s�t � �t �w�o� �s�t �a�t �e�s�: � �t �h�e� �a�c�t �i �v�e� �( �T �e�l ��a�) � �a�n�d� �t �h�e� �n�o�n�f �u�n�c�t �i �o�n�a�l � �( �T �e�ln�) � �f �o�r�m �. � � �S �i �n�c�e� �t �o� 
�d�a�t �e�, � �i �n� �p�r �o�g�e�n�i �e�s� �o�f � �t �h�e� �s�e�l �f �- �f �e�r �t �i�l �i �z�e�d� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �p�l �a�n�t �s�, � �n�e�i �t �h�e�r � �s�t �a�b�l �e� �h�e�r �i �t �a�b�l �e� 
�m �a�r �o�o�n�-�l �e�a�v�e�d� �( �t �r�f �/ �t �r�f �) � �n�o�r � �s�t �a�b�l �e� �h�e�r �i �t �a�b�l �e� �g�r �e�e�n�- �l �e�a�v�e�d� �( �t �r�f �r �/ �t �r�f �r �)� �s�t �r �a�i �n�s� �h�a�v�e � 
�m �a�t �e�r �i �a�l �i �z�e�d�, � �i �t � �i �s� �l �i �k�e�l �y�, � �t �h�a�t � �i �n� �t �h�e� �m �e�r �i �s�t �e�m �a�t �i �c� �( �s�p�o�r �o�g�e�n�o�u�s�) � �t �i �s�s�u�e� �o�f � �t �h�e� �a�p�e�x�, � �t �h�e � 
�t �r �a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t � �s�t �a�y�s� �i �n� �t �h�e� �n�o�n�f�u�n�c�t �i �o�n�a�l � �( �T �e�l �n�) � �s�t �a�t �e�. � � �I�n� �m �i �t �o�t �i �c�a�l �l �y� �d�i�v�i �d�i �n�g� �a�n�d� 
�d�i �f �f�e�r �e�n�t �i �a�t �i �n�g� �c�e�l �l �s� �o�f � �t �h�e� �s�o�m �a�, � �h�o�w�e�v�e�r �, � �t �h�e� �T �e�l �n� �c�o�n�v�e�r �t �s� �i �n� �v�a�r �i �a�b�l �e� �f �r �e�q�u�e�n�c�i �e�s � 
�( �d�e�p�e�n�d�i �n�g� �o�n� �t �h�e� �d�e�v�e�l �o�p�m �e�n�t �a�l � �l �e�v�e�l � �o�f � �s�p�e�c�i �f �i �c� �s�e�c�t �i �o�n� �o�f � �t �h�e� �g�r �o�w�i �n�g� �p�l �a�n�t �) � �t �o� �t �h�e� 
�a�c�t �i �v�e� �( �T�e�l �a�) � �f�o�r �m �.� � 
 
C�o�d�i �n�g� �g�e�n�e�s� �a�r �e�, � �g�e�n�e�r �a�l �l �y�,� �s�i �l �e�n�c�e�d� �w�h�e�n� �t �h�e�i �r � �D�N�A� �g�a�i �n�s� �t �h�e� �m �e�t �h�y�l � �g�r�o�u�p�s�, � �w�h�e�r �e�a�s � 
�t �h�e� �t �r �a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t �s� �a�r �e� �a�c�t �i �v�a�t �e�d� �b�y� �d�e�m �e�t �h�y�l �a�t �i �o�n� �( �M�a�r �t �i �e�n�s�s�e�n� �e�t � �a�l �. �, � �2�0�0�1�) �. � � 
�W�h�e�n� �D�N�A� �o�f � �t �h�e� �a�c�t �i �v�a�t �o�r � �( �A �c�t �)� �g�e�n�e� �g�e�t �s� �m �e�t �h�y�l �a�t �e�d�, � �i �n�v�o�l �v�i �n�g� �t�h�e� �a�c�t �i �v�e� �t �r �a�n�s�p�o�s�a�b�l �e � 
�e�l �e�m �e�n�t � �( �T �e�l ��a�) �,� �t �h�e� �v�a�o� �a�n�d� �t �r�f � �g�e�n�e�s�, � �l �o�c�a�t �e�d� �i �n� �A �c�t's� �n�e�i �g�h�b�o�r �h�o�o�d�, � �a�r�e� �a�f �f �e�c�t �e�d�: � �v�a�o � 
�r �e�v�e�r �t �s� �t �o� �v�a�o�t� �a�n�d� �n�o�r �m �a�l � �c�h�l �o�r �o�p�l �a�s�t �s� �a�r �e� �p�r �o�d�u�c�e�d�; � �t �h�e� �t �r�f � �i �n�i �t �i �a�t �e�s� �t �h�e� �o�n�t �o�g�e�n�e�t �i �c � 
�p�r �o�c�e�s�s�e�s� �o�f � �v�e�g�e�t �a�t �i �v�e� �t �o� �r �e�p�r �o�d�u�c�t �i �v�e� �t �r�a�n�s�f �o�r �m �a�t �i �o�n�,� �t �h�e� �s�i �l �e�n�c�i �n�g� �o�f � �M�p� �g�e�n�e�s� �s�t �o�p�s�, � 
�t �h�e� �s�y�n�t �h�e�s�i �s� �o�f � �m �a�r�o�o�n� �p�i �g�m �e�n�t � �r �e�s�u�m �e�s�, � �l �e�a�v�e�s� �a�c�q�u�i �r �e� �a� �s�e�p�a�l �o�i �d� �t �e�x�t �u�r �e�, � �a�n�d� �t �h�e� �p�l �a�n�t � 
�b�e�c�o�m �e�s� �a� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �m �u�t �a�n�t � �w�i �t �h� �m �a�r �o�o�n� �c�o�l �o�r �e�d� �l �e�a�v�e�s� �( �o�r � �g�r �e�e�n� �l �e�a�v�e�s� �i �n � 
�o�r �a�n�g�e� �p�l�a�n�t �s�) � �a�n�d� �s�t �e�r �i �l �e� �t �r �a�n�s�f �o�r �m �e�d� �f�l �o�w�e�r �s�. � 
� 
T �h�e� �m�e�c�h�a�n�i �s�m �s�, � �t �u�r�n�i �n�g� �t �h�e�s�e� �r �e�a�c�t �i �v�a�t �i �o�n�s� �o�n� �a�n�d� �o�f �f�, � �i�n�c�l �u�d�e� �t �h�e� �r �e�g�u�l �a�t �o�r �y� �g�e�n�e�s� 
�w�h�i �c�h� �c�o�n�t �r �o�l � �t �h�e� �d�e�v�e�l �o�p�m �e�n�t �a�l � �p�h�a�s�e� �c�h�a�n�g�e� �( �P�h�o�e�t �i �g�, � �1�9�9�0�) �,� �t �h�e� �m �e�t �h�y�l �a�t �i �o�n� �a�n�d � 
�d�e�m �e�t �h�y�l �a�t �i �o�n� �o�f � �D�N�A� �( �M�a�r �t �i �e�n�s�s�e�n� �e�t � �a�l �. �, � �2�0�0�1�) �,� �o�r � �t �h�e� �e�p�i �g�e�n�e�t �i �c� �p�a�t �h�w�a�y�s�, � �s�u�c�h� �a�s � 
�s�i �l �e�n�c�i �n�g� �b�y� �m�i �c�r �o�R�N�A� �a�n�d� �i �n�t �e�r �f�e�r �e�n�c�e� �R�N�A�s� �( �R�N�A�i �; � �H�a�n�n�o�n�,� �2�0�0�3�)�. � � � 
 
�T �h�e� �f�i �r �s�t � �p�a�i �r � �o�f � �l �e�a�v�e�s�, � �e�x�h�i �b�i �t �i �n�g� �m �a�r �o�o�n� �p�i �g�m �e�n�t �a�t �i �o�n�,� �m �a�y� �b�e� �o�n�l �y� �h�a�l �f �- �w�a�y� �c�o�l �o�r �e�d� 
�( �F�i �g�s�. � �8�, �9�)�: � �t �h�i �s� �i �s� �b�e�c�a�u�s�e� �t �h�e� �t �e�r �m �i �n�a�l � �p�a�r �t � �o�f� �t �h�e� �l �e�a�v�e�s� �m �a�t �u�r �e�s� �e�a�r �l �i �e�r � �( �P �h�o�e�t �i �g�, � �1�9�9�0�)� - 
the s�i �l �e�n�c�i �n�g� �o�f � �t �h�e� �M �p� �g�e�n�e�s� �i �s� �s�t �i �l �l � �i �n� �p�r �o�g�r �e�s�s�, � �t �h�e�r �e�f �o�r�e� �t �h�e� �t �e�r �m �i �n�a�l � �p�a�r �t � �i �s� �g�r �e�e�n�; � �t �h�e � 
�b�a�s�a�l � �p�a�r �t � �m �a�t �u�r �e�s� �l �a�t �e�r � - the s�i �l �e�n�c�i �n�g� �o�f � �M�p� �g�e�n�e�s� �i �s� �t �e�r �m �i �n�a�t �e�d�, � �t �h�e� �s�y�n�t �h�e�s�i �s� �o�f � �m �a�r �o�o�n� 
�p�i �g�m �e�n�t � �r �e�s�u�m �e�s�, � �t �h�e�r �e�f �o�r �e� �t �h�e� �b�a�s�a�l � �p�a�r �t � �i �s� �m �a�r �o�o�n� �c�o�l �o�r �e�d�. � � �T �h�e� �s�t �a�r �t �i �n�g� �p�o�i �n�t � �o�f � 
�t �r �a�n�s�f �o�r �m�a�t �i �o�n� �w�a�s� �i �n�d�i �c�a�t �e�d� �a�l �s�o� �i �n� �s�o�m �e� �p�l �a�n�t �s� �h�a�v�i �n�g� �f�o�u�r � �(�i �n�s�t �e�a�d� �o�f � �u�s�u�a�l � �t �w�o�) � 
�b�r �a�n�c�h�e�s� �p�e�r � �n�o�d�e�: � �t �h�e� �o�u�t�e�r � �t �w�o� �b�r�a�n�c�h�e�s� �( �f �o�r �m �e�d� �e�a�r �l �i �e�r�) � �c�a�r �r�i �e�d� �n�o�n�- �m �o�d�i �f�i �e�d� �n�o�r �m �a�l � 
�f �e�r �t�i �l �e� �f �l�o�w�e�r �s�, � �t �h�e� �i �n�n�e�r � �t �w�o� �b�r �a�n�c�h�e�s� �( �f �o�r�m �e�d� �l �a�t �e�r �)� �b�o�r�e� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �f �l �o�w�e�r �s�. � 
� 
I �n� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �p�l �a�n�t �s�, � �t �h�e� �c�o�n�v�e�r �s�i �o�n� �o�f � �t �h�e� �n�o�n�f�u�n�c�t �i �o�n�a�l � �t �r�a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t � 
�( �T�e�l �n�) � �t �o� �t �h�e� �a�c�t �i �v�e� �T �e�la� � �f �o�r �m � �a�n�d� �t �h�e� �a�c�c�o�m �p�a�n�y�i �n�g� �m �e�t �h�y�l �a�t �i �o�n� �o�f � �D�N�A� �o�f � �t �h�e� �A�c�t � �a�n�d� 
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�a�d�j �a�c�e�n�t � �v�a�o�- �t �r�f � �l �o�c�i � �m �a�y� �o�c�c�u�r � �a�t � �a�n�y� �l �e�v�e�l � �b�e�t �w�e�e�n� �t �h�e� �2nd a�n�d� �t �h�e� �u�p�p�e�r �m �o�s�t � �n�o�d�e� �o�f � 
�t �h�e� �s�t �e�m � �( �F �i �g�s�. � �3�, �8�- �1�2�, �1�4�-�1�5�) � �a�s� �d�e�m �o�n�s�t �r �a�t �e�d� �b�y� �t �h�e� �a�p�p�e�a�r �a�n�c�e� �o�f � �m �a�r �o�o�n� �p�i �g�m �e�n�t �e�d � 
�l �e�a�v�e�s� �a�t � �t �h�e� �r �e�s�p�e�c�t �i �v�e� �n�o�d�e�s� �a�n�d�, � �l �a�t �e�r �, � �t �h�e� �a�p�p�e�a�r �a�n�c�e� �o�f � �m �o�d�i �f �i �e�d� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � 
�f �l �o�w�e�r �s� �w�h�e�n� �p�l �a�n�t �s� �r �e�a�c�h� �r �e�p�r �o�d�u�c�t �i �v�e� �m �a�t �u�r �i �t �y�.� � �P �r�o�g�e�n�i �e�s� �o�f � �s�e�l �f �- �f �e�r �t �i �l �i �z�e�d� �t �r �a�n�s�f �o�r �m �e�d� 
�( �t �r�f �) � �p�l �a�n�t �s� �s�e�g�r �e�g�a�t �e� �i �n�t �o� �m �a�r �o�o�n�- �l �e�a�v�e�d� �p�l �a�n�t �s� �w�i �t �h� �t �r�a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �f�l �o�w�e�r �s� �a�n�d� �w�i �l �d�-
�t �y�p�e� �g�r �e�e�n�- �l �e�a�v�e�d� �r �e�v�e�r �t �a�n�t � �( �t �r�f �+� �=� �t �r�f ��r �) � �p�l �a�n�t �s� �w�i �t �h� �n�o�r �m �a�l � �f�l �o�w�e�r �s� �i �n� �m �o�s�t � �i �r �r �e�g�u�l �a�r � �r �a�t �i �o�s � 
�( �s�e�e� �T �a�b�l �e� �1�) � �d�u�e� �t �o�: � �1�) � �v�a�r �i �a�b�l �e� �f �r�e�q�u�e�n�c�i �e�s� �o�f � �T �e�l ��n� � �t �o� �T �e�la� �c�o�n�v�e�r �s�i �o�n� �a�n�d� �t �r �a�n�s�c�r �i �p�t �i �o�n�, � 
�a�n�d� �2�) � �p�o�t �e�n�c�y� �(�m �e�t �h�y�l �a�t �i �o�n� �s�t �a�t �u�s�) � �o�f � �g�e�n�e�t �i �c� �f �a�c�t �o�r �s� �r �e�g�u�l �a�t �i �n�g� �d�e�v�e�l �o�p�m �e�n�t �a�l � �p�h�a�s�e � 
�c�h�a�n�g�e�s�, � �w�h�i �c�h� �a�f �f �e�c�t � �t �h�e� �t �r �a�n�s�p�o�s�i �t �i �o�n� �o�f � �t �r �a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t �s�. � � �I �n� �f �l �o�r �a�l � �p�r�i �m �o�r �d�i �a�,� �t �h�e� 
�m �e�t �h�y�l �a�t �e�d� �D�N�A� �o�f� �t �h�e� �A �c�t � �a�n�d� �a�d�j �a�c�e�n�t � �( �v�a�o�, �v�a�o�R�) �- �t �r�f � �s�e�g�m �e�n�t � �i �s� �a�c�t �i �v�a�t �e�d� �a�n�d� �t �h�e� �t �r�f � 
�s�t �a�r �t �s� �d�i �r �e�c�t �i �n�g� �t �h�e� �m �o�r �p�h�o�l �o�g�i �c�a�l � �d�e�v�e�l �o�p�m �e�n�t � �t �o�w�a�r �d�s� �s�t �e�r �i �l �e� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �f�l �o�w�e�r �. � � 
�T �h�e� �w�i �l �d�-�t �y�p�e� �g�r �e�e�n�- �l �e�a�v�e�d� �o�r � �o�r �a�n�g�e�- �l �e�a�v�e�d� �( �v�a�o�, �v�a�o�R�) � �p�l �a�n�t �s� �a�r �e� �t �r�f �/ �t �r�f � �A �c�t �/ �- � �T �e�ln�/ � T �e�ln � 
�i �n�d�i �v�i �d�u�a�l �s�, � �t �h�a�t � �l �a�c�k� �t �h�e� �p�r �o�p�e�r � �g�e�n�e�t �i �c� �m �a�k�e� �u�p� �r �e�q�u�i �r �e�d� �f �o�r � �t �h�e� � T �e�ln � �t �o� � T �e�la � 
�c�o�n�v�e�r �s�i �o�n� �a�n�d� �t �r�a�n�s�c�r �i �p�t �i �o�n�, � �t�h�u�s� �p�r �e�c�l �u�d�i �n�g� �t �h�e� �D�N�A� �m �e�t �h�y�l �a�t �i �o�n� �o�f � �t �h�e� �( �v�a�o�, �v�a�o�R�) �- �t�r�f �-
�A �c�t � �s�e�g�m �e�n�t �, � �t �h�e�r �e�f �o�r�e� �t �h�e� �f�l �o�r �a�l � �p�r�i �m �o�r �d�i �a� �c�o�n�t �i �n�u�e� �t �o� �d�e�v�e�l �o�p� �a�l �o�n�g� �t �h�e� �w�i �l �d�-�t �y�p�e� �p�a�t �h�, � 
�a�n�d� �f �e�r �t �i �l�e� �( �t �r�f �+� �=� �t �r�f �r �) � �f �l �o�w�e�r �s� �f �o�r �m �.� � �I �f � �a�n�y� �s�t �e�p� �o�f � �t �h�e� �p�r�o�c�e�s�s� �l �e�a�d�i �n�g� �t �o� �m �e�t �h�y�l �a�t �i �o�n� �o�f � 
�t �h�e� �v�a�o�- �t �r�f �- �A�c�t � �D�N�A� �s�e�g�m �e�n�t � �i �s� �h�a�m �p�e�r �e�d� �t �o� �a� �l �e�s�s�e�r � �d�e�g�r �e�e� �i �n� �t �h�e� �b�a�s�a�l � �p�a�r �t � �t �h�a�n� �i �n� �t �h�e � 
�m �i �d�d�l �e� �o�r � �u�p�p�e�r� �p�a�r �t �s� �o�f � �t �h�e� �p�l �a�n�t �, � �t �h�e�n�,� �t �h�e� �p�r �o�g�e�n�i �e�s�, � �g�r �o�w�n� �f �r�o�m � �s�e�e�d�s� �g�a�t �h�e�r �e�d� �f �r �o�m � 
�l �o�w�e�r � �b�r �a�n�c�h�e�s� �o�f � �t �h�e� �s�e�l �f �- �f �e�r �t �i �l�i �z�e�d� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �- �A�c�t �/ �t �r�f �- �A �c�t �) � �p�l�a�n�t �s�, � �w�o�u�l �d� �c�o�n�t �a�i �n� �a � 
�h�i �g�h�e�r � �n�u�m �b�e�r � �o�f � �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �a�n�d� �a� �l �o�w�e�r � �n�u�m �b�e�r � �o�f � �r �e�v�e�r �t �a�n�t �s� �( �t �r�f �r �) � �t �h�a�n� �t �h�e � 
�p�r �o�g�e�n�i �e�s� �g�r �o�w�n� �f �r �o�m � �s�e�e�d�s� �c�o�l �l �e�c�t �e�d� �f �r�o�m � �t �h�e� �m �i�d�d�l �e� �o�r� �u�p�p�e�r � �p�a�r �t �s� �o�f � �t�h�e� �p�l �a�n�t �. � � �T�h�a�t � �i �s � 
�a�c�t �u�a�l �l �y� �o�b�s�e�r �v�e�d� �i �n� �a�n�a�l �y�z�i �n�g� �t �e�s�t � �c�u�l �t �u�r �e�s�: � �p�r �o�g�e�n�i �e�s� �g�r �o�w�n� �f �r �o�m � �s�e�e�d�s� �o�f � �s�e�l �f �- �f �e�r �t �i �l �i �z�e�d� 
�t �r �a�n�s�f �o�r �m�e�d� �( �t �r�f �) � �p�l �a�n�t �s�, � �c�o�l �l �e�c�t �e�d� �f �r �o�m� �b�r �a�n�c�h�e�s� �a�t � �t �h�e� �1st to 4th s�t �e�m � �n�o�d�e�s� �( �l �a�b�l �e�d� �t �r�f �1�- �4�) �, � 
�h�a�v�e�, � �g�e�n�e�r �a�l �l �y�, � �a� �h�i �g�h� �n�u�m �b�e�r � �o�f � �m �a�r �o�o�n�- �l �e�a�v�e�d� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �p�l �a�n�t �s� �a�n�d� �l �o�w � 
�n�u�m �b�e�r � �o�f � �g�r�e�e�n�- �l �e�a�v�e�d� �r �e�v�e�r �t �a�n�t � �( �t �r�f �r �) � �p�l �a�n�t �s�; � �s�e�e�d�s� �o�f � �t �h�e� “trf �5�- �8� �p�h�e�n�o�t �y�p�e”�� �p�r �o�d�u�c�e � 
�p�r �o�g�e�n�i �e�s� �i �n� �w�h�i �c�h� �t �h�e� �n�u�m �b�e�r � �o�f � �t �h�e� �w�i �l �d�- �t �y�p�e� �g�r �e�e�n� �r �e�v�e�r �t �a�n�t �s� �(t �r�f �r ��) � �i �s� �r �i �s�i �n�g� �a�n�d� �m �a�y � 
�o�v�e�r �r�i �d�e� �t �h�e� �m �a�r �o�o�n�- �l �e�a�v�e�d� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �t �y�p�e�, � �w�h�i �c�h� �a�c�t �u�a�l �l �y� �h�a�p�p�e�n�s�, � �w�i �t �h� �f �e�w � 
�e�x�c�e�p�t �i �o�n�s�, � �i �n� �p�r �o�g�e�n�i �e�s� �g�r �o�w�n� �f �r �o�m � �s�e�e�d�s� �c�o�l �l �e�c�t �e�d� �f �r �o�m � �c�a�p�s�u�l �e�s� �o�f � �t �h�e� �u�p�p�e�r � �( �t �r�f9�- �o�v�e�r �) � 
�b�r �a�n�c�h�e�s� �a�n�d� �i �n�f�l �o�r �e�s�c�e�n�c�e� �o�f � �t �h�e� �m �a�i �n� �s�t �e�m �. � � � 
� 
T �h�e� �r �e�v�e�r �s�i �o�n� �o�f � �o�r �a�n�g�e�, � �v�a�o�,� �a�n�d� �o�r�a�n�g�e�- �g�r �e�e�n�, � �v�a�o�R�, � �a�l �l �e�l �e�s� �i �n� �t �r�a�n�s�f �o�r �m �e�d� �( �t�r�f �/ �t �r�f �) � 
�m �u�t �a�n�t �s� �i �n� �C�. � �h�e�t �e�r�o�p�h�y�l �l �a� �f �o�l �l�o�w�s� �a� �s�i �m �i �l �a�r � �p�a�t �h� �a�s� �t �h�e� �r �e�v�e�r �s�i �o�n� �o�f � �h�c�f �1�0�6� �g�e�n�e� �i �n� �c�o�r �n� 
�( �P�h�o�e�t �i �g�, � �1�9�9�0�)�. � � �T�h�e� �c�o�m �b�i �n�e�d� �p�r �o�g�e�n�i �e�s� �o�f � �s�e�l �f �e�d� �a�n�d� �i�n�t �e�r �c�r �o�s�s�e�d� �V �a�o�- �t �r�f �- �a�c�t �/ �v�a�o�- �t �r�f �-
�A �c�t � �a�n�d� �V�a�o�- �t �r�f �- �a�c�t �/ �v�a�o�R�- �t �r�f �- �A �c�t � �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �p�l �a�n�t �s� �s�e�g�r �e�g�a�t �e�d� �i �n�t �o� �f�o�u�r � �c�l �a�s�s�e�s� �i �n� �a � 
�r �a�t �i �o� �i �n�d�i �c�a�t �i �n�g� �t �h�e� �v�a�o�- �t �r�f �- �A �c�t � �l �i �n�k�a�g�e� �( �s�e�e� �p�. �5�)�. � � �I�n� �p�r�o�g�e�n�i �e�s� �o�f � �i �n�d�i �v�i �d�u�a�l � �c�u�l �t �u�r �e�s� �o�f � 
�t �h�i �s� �t �e�s�t �, � �n�o� �c�o�n�s�i �s�t �e�n�t � �c�r �o�s�s�i �n�g�- �o�v�e�r � �v�a�l �u�e�s� �c�o�u�l �d� �b�e� �a�s�c�e�r �t �a�i �n�e�d� �b�e�c�a�u�s�e� �t �h�e� �v�a�o� �t �o� �v�a�o�t� � 
�a�n�d� �v�a�o�R� �t �o� �v�a�o�t�R� �r �e�v�e�r �s�i �o�n�s� �r �e�q�u�i �r �e� �D�N�A� �m �e�t �h�y�l �a�t �i �o�n� �o�f � �t �h�e� �( �v�a�o�, �v�a�o�R�) �- �t �r�f �- �A�c�t � �s�e�g�m �e�n�t �, � 
�w�h�i �c�h� �i �s� �f �a�c�i �l �i �t �a�t �e�d� �b�y� �t �h�e� �T �e�la� �t �h�a�t � �i �s� �d�e�r �i �v�e�d� �f �r �o�m � �T �e�l �n� �w�h�o�s�e� �r �a�t �e� �o�f � �t �r �a�n�s�c�r �i �p�t �i �o�n�, � 
�c�o�n�v�e�r �s�i �o�n� �a�n�d� �t �r �a�n�s�p�o�s�i �t �i �o�n� �i �s� �d�e�t �e�r �m �i �n�e�d� �b�y� �t �h�e� �m �e�t �h�y�l �a�t �i �o�n� �s�t �a�t �u�s� �o�f � �g�e�n�e�s� �r �e�g�u�l �a�t �i �n�g � 
�t �h�e� �d�e�v�e�l �o�p�m �e�n�t �a�l � �p�h�a�s�e� �c�h�a�n�g�e�s� �( �t �h�e�s�e� �r �a�t �e�s� �c�h�a�n�g�e� �a�s� �t �h�e� �p�l �a�n�t � �g�r �o�w�s�) �. � � �I�n� �t �h�e� 
�v�a�o�t�t �r�f �A �c�t �/ �v�a�o�t�t �r�f �A �c�t � �a�n�d� �v�a�o�t�R�t �r�f �A �c�t �/ �v�a�o�t�R�t �r�f �A �c�t � �p�l �a�n�t �s� �( �g�r�o�u�p� �4�7� �p�l �a�n�t �s�, � �p�.�5�) � �t �h�e� �v�a�o�t� �a�n�d� 
�v�a�o�t�R� �r �e�v�e�r �s�i �o�n�s� �a�r �e� �o�b�s�e�r �v�a�b�l �e� �( �g�r �e�e�n� �c�o�l �o�r �e�d� �l �e�a�v�e�s� �o�n� �o�r �a�n�g�e� �p�l �a�n�t �s� �b�r �o�u�g�h�t � �a�b�o�u�t � �b�y� 
�a�c�t �i �o�n� �o�f � �v�a�o�t�/ �v�a�o�t� �a�n�d� �v�a�o�t�R�/ �v�a�o�t�R� �g�e�n�o�t �y�p�e�s�) �; � �w�h�e�r �e�a�s� �i �n� �t �h�e� �V �a�o�t �r�f �a�c�t �/ �v�a�o�t�t �r�f �A �c�t � �a�n�d� 
�V �a�o�t�r�f �a�c�t �/ �v�a�o�t�R�t �r�f �A �c�t � �p�l �a�n�t �s� �( �4�1�2� �p�l �a�n�t �s�, � �p�. �5�) � �t �h�e� �a�c�t �i �o�n� �o�f � �t �h�e� �v�a�o�t� �a�n�d� �v�a�o�t�R� �a�l �l �e�l �e�s� �i �s � 
�s�u�p�p�r �e�s�s�e�d� �b�y� �t �h�e� �d�o�m �i �n�a�n�t � �V�a�o� �(�a�l �l � �g�r �e�e�n�) � �a�l �l �e�l �e� �i �n� �a�l �l � �h�e�t �e�r �o�z�y�g�o�u�s� �V �a�o�/�v�a�o�t� �a�n�d � 
�V �a�o�/�v�a�o�t�R� �p�l �a�n�t �s� �o�f � �t �h�i �s� �g�r�o�u�p�. � 
� 
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T �r�a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �p�l �a�n�t �s� �t �h�a�t � �p�r �o�d�u�c�e�, � �u�p�o�n� �s�e�l �f �- �f �e�r �t �i�l �i �z�a�t �i �o�n�, � �o�n�l�y� �t �r �a�n�s�f �o�r �m �e�d� �o�f �f �s�p�r �i �n�g�,� 
�a�r �e� �m �o�s�t � �c�o�m �m �o�n�l �y� �g�r �o�w�n� �f�r �o�m � �s�e�e�d�s� �c�o�l �l �e�c�t �e�d� �f �r �o�m � �b�r �a�n�c�h�e�s� �a�t � �t �h�e� �c�o�t �y�l �e�d�o�n�o�u�s� �a�n�d � 
�t �h�e� �l �o�w�e�r �m �o�s�t � �s�t �e�m � �n�o�d�e�s� �( �t �r�f �1�- �4�) �. � � �T�h�e� �p�o�p�u�l �a�t �i �o�n� �s�i �z�e� �o�f � �t �h�i �r �t �y�- �n�i �n�e� �o�f �f�s�p�r �i �n�g� �o�f � �a� �s�e�l �f �-
�f �e�r �t�i �l �i �z�e�d� �t �r �a�n�s�f �o�r �m �e�d� �p�l �a�n�t � �( �t �h�e� �h�i �g�h�e�s�t � �n�u�m �b�e�r � �r �e�c�o�r �d�e�d�, � �c�u�l �t �u�r �e� �h�9�6�3�0�8�,� �T �a�b�l �e� �1�) � �d�o�e�s � 
�n�o�t � �n�e�c�e�s�s�a�r �i �l �y� �e�s�t �a�b�l �i �s�h� �a� �p�u�r �e� �b�r �e�e�d�i �n�g� �t �r�f �/ �t �r�f � �l �i �n�e�. � � �P �l �a�n�t �s� �t �h�a�t � �b�o�r �e� �o�n�l �y� “in�c�o�m �p�l �e�t �e � 
�f �l �o�w�e�r �s” �i �n� �c�o�n�e�s�� �a�n�d� �p�l �a�n�t �s� �c�a�r �r �y�i �n�g� �o�n�l �y� �t �r �a�n�s�f �o�r �m �e�d� �f �l �o�w�e�r �s� �e�v�e�n� �o�n� �t �h�e� �b�r �a�n�c�h�e�s� �o�f � 
�t �h�e� �c�o�t �y�l �e�d�o�n�o�u�s� �n�o�d�e� �( �f �e�w� �h�a�v�e� �b�e�e�n� �o�b�s�e�r �v�e�d�) � �m �a�y� �h�a�v�e� �b�e�e�n� �g�e�n�e�t �i �c�a�l �l �y� �s�t �a�b�l �e�, � �f �u�l �l �y� 
�t �r �a�n�s�f �o�r �m�e�d� �t �r�f �/ �t �r�f � �A �c�t �/ �A �c�t � �T �e�l �a�/ �- � �i �n�d�i�v�i �d�u�a�l �s�, � �b�u�t � �t �h�i �s� �c�o�u�l �d� �n�o�t � �b�e� �e�x�p�e�r �i �m �e�n�t �a�l �l �y � 
�c�o�n�f �i �r�m �e�d�, � �b�e�c�a�u�s�e� �t �h�e�y� �w�e�r �e� �s�t �e�r �i �l �e�. � � �M�o�s�t � �o�f � �t �h�e� �t �r�a�n�s�f �o�r �m �e�d� �m �u�t �a�n�t �s� �( �t �r�f �) � �f �o�r �m � �s�o�m �e � 
�w�i �l �d�- �t �y�p�e� �f �e�r �t �i �l �e� �f �l �o�w�e�r �s� �o�n� �l �o�w�e�r � �b�r �a�n�c�h�e�s�. � � �I �n� �a� �t�r �a�n�s�f �o�r �m �e�d� �( �t�r�f �) � �p�l �a�n�t � �e�x�h�i �b�i �t �i�n�g� 
�m �a�r �o�o�n� �p�i �g�m �e�n�t �e�d� �l �e�a�v�e�s�, � �a�t �, � �e�. �g�.�, � �t�h�e� �6th s�t �e�m � �n�o�d�e� �a�n�d� �u�p�, � �t �h�e� �T �e�l �n� �t �o� �T �e�l �a� �c�o�n�v�e�r �s�i �o�n�, � 
�t �h�e� �A�c�t � �m �e�t �h�y�l �a�t �i �o�n�,� �a�n�d� �t �h�e� �r�e�a�c�t �i �v�a�t �i �o�n� �o�f � �M�p� �g�e�n�e�s� �o�c�c�u�r �s� �a�t � �t �h�a�t � �p�o�i �n�t � - this p�l�a�n�t � �w�i �l �l � 
�p�r �o�d�u�c�e� �w�i �l �d�-�t �y�p�e� �f �e�r �t �i�l �e� �( �t �r�f �r �) � �f �l �o�w�e�r �s� �o�n� �b�r�a�n�c�h�e�s� �o�f � �4th a�n�d� �l �o�w�e�r � �n�o�d�e�s�, � �a�n�d � 
�t �r �a�n�s�f �o�r �m�e�d� �( �t �r�f �) � �f �l �o�w�e�r �s� �o�n� �t �h�e� �b�r �a�n�c�h�e�s� �o�f � �t �h�e� 5th �a�n�d� �a�l �l � �h�i �g�h�e�r � �n�o�d�e�s�, � �a�n�d� �i �n� �t �h�e � 
�i �n�f �l�o�r �e�s�c�e�n�c�e� �o�f � �t �h�e� �m �a�i �n� �s�t �e�m �. � 
� 
I �n� �p�r�o�g�e�n�i �e�s� �o�f � �c�r �o�s�s�e�s� �b�e�t �w�e�e�n� �t �r �a�n�s�f �o�r �m �e�d� �p�l �a�n�t �s� �( �t �r�f � �x� �t �r�f �) �, � �t �h�e� �p�a�r �e�n�t � �w�i �t �h� �l �o�w�e�r � �s�e�e�d � 
�c�o�l �l �e�c�t �i �o�n� �n�u�m �b�e�r � �( �t �r�f ��N�) � � �s�e�e�m � �t �o� �e�x�e�r �t � �a� �g�r �e�a�t �e�r � �i �n�f �l �u�e�n�c�e� �o�n� �d�e�t �e�r �m �i �n�a�t �i �o�n� �o�f � �t �h�e � 
�t �r �a�n�s�f �o�r �m�a�t �i �o�n� �l �e�v�e�l � �(�e�a�r �l �i �e�s�t � �o�c�c�u�r �r �e�n�c�e� �o�f � �m �a�r �o�o�n� �l�e�a�v�e�s�) � �o�f � �t �h�e� �o�f �f �s�p�r �i �n�g� �t �h�a�n� �t �h�e� 
�p�a�r �e�n�t � �w�i �t �h� �h�i �g�h�e�r � �s�e�e�d� �c�o�l �l �e�c�t �i �o�n� �n�u�m �b�e�r �; � �e�. �g�. � �a� �c�r �o�s�s� �t �r�f2� �x� �t �r�f �6� �w�o�u�l �d� �m �o�s�t � �l �i �k�e�l �y � 
�p�r �o�d�u�c�e� �a� �p�r �o�g�e�n�y� �s�i �m �i �l �a�r� �t �o� �t �h�e� �o�f �f�s�p�r �i �n�g� �o�f � �a� �s�e�l �f �- �f�e�r �t �i �l �i �z�e�d� �t �r�f ��4� �p�l �a�n�t �. � � �S �e�g�r �e�g�a�t �i �o�n� 
�r �a�t �i �o�s� �i �n� �p�r �o�g�e�n�i �e�s� �o�f � �t �h�e� �s�e�l �f �e�d� �a�n�d� �i �n�t �e�r �c�r �o�s�s�e�d� �r �e�v�e�r �t �a�n�t � �( �t �r�f ��r �) � �p�l �a�n�t �s� �w�e�r �e�, � 
�u�n�d�e�r �s�t �a�n�d�a�b�l �y�, � �m �o�s�t � �u�n�p�r �e�d�i �c�t �a�b�l �e – they �w�e�r �e� �g�r �o�w�n� �f �r �o�m � �a� �m �i �x�t �u�r �e� �o�f � �s�e�e�d�s� �c�o�l �l �e�c�t �e�d � 
�f �r�o�m � �a�n�y� �o�r � �a�l �l � �b�r�a�n�c�h�e�s� �( �b�o�t �t �o�m � �t �o� �t �o�p�) � �a�n�d� �i �n�f�l �o�r �e�s�c�e�n�c�e� �o�f � �t �h�e� �m �a�i �n� �s�t �e�m �. � � �U�s�i �n�g� �t �h�e � 
�s�a�m �e� �c�r �i �t �e�r �i �a� �(�d�i �f �f �e�r�e�n�t � �r �a�t �e�s� �o�f � �T�e�ln� �t �o� �T �e�la� �c�o�n�v�e�r �s�i �o�n� �a�n�d� �t �r�a�n�s�c�r �i �p�t �i �o�n� �a�l �o�n�g� �g�r �o�w�i �n�g� 
�s�t �e�m �, � �m �e�t �h�y�l �a�t �i �o�n� �s�t �a�t �u�s� �o�f � �f �a�c�t �o�r �s� �c�o�n�t �r �o�l �l �i �n�g� �d�e�v�e�l �o�p�m �e�n�t �a�l � �p�h�a�s�e� �c�h�a�n�g�e�s�) � �a�p�p�l �i �e�d� �i �n � 
�t �h�e� �a�n�a�l �y�s�e�s� �o�f � �p�r �o�g�e�n�i �e�s� �o�f � �s�e�l �f �e�d� �a�n�d� �i �n�t �e�r �c�r �o�s�s�e�d� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �p�l �a�n�t �s�, � �o�n�e� �c�a�n� 
�m �e�a�n�i �n�g�f �u�l �l �y� �i �n�t �e�r �p�r �e�t � �t�h�e� �s�e�g�r �e�g�a�t �i �o�n� �p�a�t �t �e�r �n� �o�f � t �r�f ��r �s�e�l �f �i �n�g�s� �a�n�d� �i �n�t �e�r �c�r �o�s�s�e�s�. � � �A�l �t �h�o�u�g�h� 
�s�e�v�e�r �a�l � �s�e�l �f �- �f �e�r �t �i �l �i �z�e�d� �r�e�v�e�r �t �a�n�t � �(t �r�f ��r �) � �p�l�a�n�t �s� �p�r �o�d�u�c�e�d� �p�r �o�g�e�n�i �e�s� �c�o�m �p�o�s�e�d� �o�f � �r �e�v�e�r �t �a�n�t � 
�o�f �f�s�p�r �i �n�g� �o�n�l �y� �( �m �a�x�i �m �u�m � �3�3� �i �n� �c�u�l �t �u�r �e�s� �h�9�5�1�3�1� �a�n�d� �h�9�8�3�5�1�, � �T �a�b�l �e� �2�) �, � �n�o� �s�t �a�b�l �e� �p�u�r �e� 
�b�r �e�e�d�i �n�g� � t �r�f ��r/t �r�f ��r �l �i �n�e� �h�a�s� �y�e�t � �b�e�e�n� �e�s�t �a�b�l �i �s�h�e�d�. � � �T �h�e� �h�y�b�r �i�d�i �z�a�t �i �o�n� �o�f � �r �e�v�e�r �t �a�n�t � �a�n�d� 
�t �r �a�n�s�f �o�r �m�e�d� �(t �r�f ��r �x� �t �r�f � �a�n�d� �t �r�f � �x� t �r�f ��r) � �p�l �a�n�t �s� �p�r �o�d�u�c�e�d� �p�r �o�g�e�n�i �e�s� �t �h�a�t � �s�e�g�r �e�g�a�t �e�d� �i �n� �s�i �m �i �l �a�r � 
�m �a�n�n�e�r � �a�s� �p�r �o�g�e�n�i �e�s� �o�f � �s�e�l �f �i �n�g�s� �o�f � �t �h�e� �r �e�v�e�r �t �a�n�t � �(t �r�f ��r �)� �a�n�d� �t �r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �m �u�t �a�n�t �s � 
�t �h�e�m �s�e�l �v�e�s�. � � �T�h�e� �s�p�e�c�i �f �i �c� �e�f �f �e�c�t �s� �t �h�e� �m �e�t �h�y�l �a�t �i �o�n� �h�a�s� �o�n� �D�N�A� �o�f� �t �h�e� �c�o�d�i �n�g� �g�e�n�e�s� �( �t �h�e�y � 
�a�r �e� �s�i �l �e�n�c�e�d� �w�h�e�n� �g�a�i �n�i �n�g� �m �e�t �h�y�l � �g�r �o�u�p�s�) � �v�e�r �s�u�s� �t �h�e� �D�N�A� �o�f � �t �r �a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t �s� �( �t �h�e�y � 
�a�r �e� �a�c�t �i �v�a�t �e�d� �b�y� �d�e�m �e�t �h�y�l �a�t �i �o�n�) � �a�n�d� �t �h�e� �i �n�f �l �u�e�n�c�e� �t �h�e� �d�e�v�e�l �o�p�m �e�n�t �a�l � �p�h�a�s�e� �c�h�a�n�g�e� �h�a�s� �o�n � 
�t �h�e� �T �e�ln� �t �o� �T �e�l �a� �s�h�i �f �t � �a�n�d� �t �h�e� �A �c�t � �m �e�t �h�y�l �a�t �i �o�n� �p�r �o�v�i �d�e�s� �f �o�r � �a� �m �a�n�y� �f �a�c�e�t �e�d� �i �n�t �e�r �p�l �a�y� �i �n � 
�r �e�g�u�l �a�t �i �n�g� �t �h�e� �p�h�e�n�o�t �y�p�i �c� �e�x�p�r �e�s�s�i �o�n� �o�f � �M �p�,� �v�a�o�,� �a�n�d� �t�r�f � �g�e�n�e�s�. � � � � � � � � � 
� 

S�U�M �M �A�R�Y� 
� 
T �h�e� �t �r �a�n�s�f �o�r �m �e�r � �( �t �r�f �) � �g�e�n�e� �m �o�d�i �f�y�i �n�g� �a�l �l � �f�l �o�r �a�l � �p�a�r�t �s�, � �r�e�n�d�e�r �i �n�g� �t �h�e� �f�l �o�w�e�r � �s�t �e�r �i �l �e�, � �e�x�e�r �t �s� �a � 
�p�o�w�e�r �f �u�l � �a�c�t �i �v�a�t �i �n�g� �a�n�d� �d�e�a�c�t �i �v�a�t �i �n�g� �i �n�f �l �u�e�n�c�e� �o�n� �a� �f �a�c�t �o�r � �c�o�n�t �r �o�l �l �i �n�g� �m �a�r�o�o�n� 
�p�i �g�m �e�n�t �a�t �i �o�n� �a�n�d� �o�r �a�n�g�e� �v�a�r �i �e�g�a�t �i �o�n� �( �v�a�o�, � �v�a�o�R�) � �g�e�n�e�s� �l �o�c�a�t �e�d� �i �n� �i �t �s� �n�e�i �g�h�b�o�r �h�o�o�d� �o�n� �t �h�e � 
�s�a�m �e� �s�t �r �e�t �c�h� �o�f � �D�N�A�. � � �T �h�e� �a�c�t �i �v�a�t �i �o�n� �o�f � �t �h�e�s�e� �g�e�n�e�s�, � �i �n�c�l �u�d�i �n�g� �t �h�e� �t �r�f � �i �t �s�e�l �f �, � �i �s � 
�c�o�n�d�i �t �i �o�n�e�d� �b�y� �t �h�e� �m �e�t �h�y�l �a�t �i �o�n� �s�t �a�t �u�s� �o�f � �t �h�e� �a�c�t �i �v�a�t �o�r � �(�A �c�t �) � �g�e�n�e�, � �w�h�i �c�h� �i �s� �l �i �n�k�e�d� �w�i �t �h� �t �h�e � 
�v�a�o�- �t �r�f � �g�r �o�u�p�,� �a�n�d� �b�y� �a�n� �i �n�d�e�p�e�n�d�e�n�t � �t �r �a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t � �( �T �e�l �)� �w�h�i �c�h� �s�h�i �f �t �s� �f �r �o�m � �t �h�e� 
�n�o�n�f �u�n�c�t �i �o�n�a�l � �(�T �e�l �n�) � �t �o� �t �h�e� �a�c�t �i �v�e� �( �T �e�l �a�) � �f �o�r�m � �w�i �t �h� �v�a�r �i �a�b�l �e� �f �r�e�q�u�e�n�c�i �e�s�, � �d�e�p�e�n�d�i �n�g� �o�n� �t �h�e � 
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�l �e�v�e�l � �o�f � �t �h�e� �d�e�v�e�l �o�p�m �e�n�t �a�l � �p�h�a�s�e� �i �n� �w�h�i �c�h� �t �h�e� �s�p�e�c�i �f �i �c� �s�e�c�t �i �o�n� �o�f � �t �h�e� �s�h�o�o�t � �h�a�p�p�e�n�s� �t �o� �b�e�. � 
��U�n�e�q�u�a�l � �h�a�m �p�e�r �i �n�g� �o�f� �a�n�y� �s�t �e�p� �i �n� �t �h�e� �p�r �o�c�e�s�s� �o�f � �m �e�t �h�y�l �a�t �i �o�n� �o�f� �D�N�A� �o�f � �t �h�e� �v�a�o�- �t �r�f �- �A�c�t � 
�s�e�g�m �e�n�t � �a�l �o�n�g� �t �h�e� �g�r �o�w�i �n�g� �s�h�o�o�t �, � �m �a�y� �b�e� �t �h�e� �b�a�s�i �s� �f �o�r � �a� �d�i �s�p�r �o�p�o�r �t�i �o�n�a�l � �d�i �s�t �r �i �b�u�t �i �o�n� �o�f � 
�i �n�d�i �v�i �d�u�a�l �s� �i �n� �p�h�e�n�o�t �y�p�i �c� �c�l �a�s�s�e�s� �o�f � �c�u�l �t �u�r �e�s� �g�r �o�w�n� �f �r �o�m � �s�e�e�d�s� �c�o�l �l �e�c�t �e�d� �a�t � �d�i �f �f �e�r �e�n�t � 
�l �e�v�e�l �s� �( �n�o�d�e�s�) � �o�f � �t �h�e� �s�t �e�m – that �i �s� �w�h�y�, � �i �n� �g�e�n�e�t �i �c� �t �e�s�t �i �n�g� �n�e�i �t �h�e�r � �s�t �a�t �i �s�t �i �c�a�l �l �y� �a�c�c�e�p�t �a�b�l �e � 
�t �y�p�i �c�a�l � �s�e�g�r �e�g�a�t �i �o�n� �r �a�t �i �o�s� �f �o�r � �t�r �a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �v�s�. � �r �e�v�e�r �t�a�n�t � �( �t �r�f �r �) � �p�h�e�n�o�t �y�p�i �c� �c�l �a�s�s�e�s�, � �n�o�r � 
�r �e�l �i �a�b�l �e� �c�r �o�s�s�i �n�g�- �o�v�e�r � �v�a�l �u�e�s� �f �o�r � �t �h�e� �g�e�n�e�s� �i �n�v�o�l �v�e�d�, � �c�o�u�l �d� �b�e� �o�b�t �a�i �n�e�d�. � � � 
� 
T �r�a�n�s�c�r �i �p�t �i �o�n� �a�n�d� �c�o�n�v�e�r �s�i �o�n� �o�f � �t �h�e� �n�o�n�f�u�n�c�t �i �o�n�a�l � �t �r�a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t � �( �T �e�l �n�) � �t �o� �t �h�e � 
�a�c�t �i �v�e� �f �o�r�m � � �T�e�l �a�, � �t �h�e� �t �r �a�n�s�p�o�s�i �t �i �o�n� �o�f � �t �h�e� �l�a�t �t �e�r �, � �a�s� �w�e�l �l � �a�s� �t �h�e� �m �e�t �h�y�l �a�t �i �o�n� �o�f � �D�N�A� �o�f � �t �h�e� 
�v�a�o�- �t �r�f �- �A�c�t � �s�e�g�m �e�n�t � �a�p�p�e�a�r � �t �o� �b�e� �a�f �f �e�c�t �e�d� �b�y� �t �h�e� �d�e�v�e�l �o�p�m �e�n�t �a�l � �p�h�a�s�e� �c�h�a�n�g�e�s�, � 
�c�o�n�d�i �t �i �o�n�e�d�, � �a�p�p�a�r �e�n�t �l �y�,� �b�y� �t �h�e� �D�N�A� �m �e�t �h�y�l �a�t �i �o�n� �s�t �a�t �u�s� �o�f � �r �e�g�u�l �a�t �o�r � �g�e�n�e�s�. � � �B�e�c�a�u�s�e� �t �h�e � 
�a�c�t �i �v�e� �t �r �a�n�s�p�o�s�a�b�l �e� �e�l �e�m �e�n�t � ��T �e�l �a�, � �w�h�i �c�h� �p�r �e�d�i �s�p�o�s�e�s� �D�N�A� �m �e�t �h�y�l �a�t �i �o�n� �o�f� �t �h�e� �v�a�o�- �t�r�f �- �A �c�t � 
�s�e�g�m �e�n�t �, � �i �s� �p�r�o�d�u�c�e�d� �f �r �o�m � �n�o�n�f �u�n�c�t �i �o�n�a�l � ��T�e�l �n� �i �n� �m �i �t �o�t �i�c�a�l �l �y� �d�i �v�i �d�i �n�g� �c�e�l �l �s� �o�f� �t �h�e� �s�o�m �a�t �i �c� 
�t �i �s�s�u�e�, � �t �h�e� �v�a�r �i �a�n�t �s – maroon-l �e�a�v�e�d� �a�d�u�l �t � �p�l �a�n�t �s� �( �M �p�) �,� �g�r �e�e�n�- �l �e�a�v�e�d� �o�r �a�n�g�e� �p�l �a�n�t �s � 
�( �v�a�o�t�, �v�a�o�t�R�) �, � �a�n�d� �p�l �a�n�t �s� �w�i �t �h� �t �r�a�n�s�f �o�r �m �e�d� �( �t �r�f �) � �a�s� �w�e�l �l � �a�s� �w�i �l �d�- �t �y�p�e� �r �e�v�e�r �t �a�n�t � �(�t �r�fr �) � �f�l �o�w�e�r �s 
– may �b�e� �r �e�f�e�r �r �e�d� �t�o� �a�s� �h�e�r �i �t �a�b�l �e� �s�o�m �a�- �c�o�n�t �r �o�l�l �e�d� �t �r �a�i �t �s�. � 
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Table 1. Segregation in progenies of self-fertilized and intercrossed maroon-leaved 
transformed (trf) mutants of C. heterophylla. 

 
   
 
Cultures Plant Phenotype 

Parent(s) 
phenotype 

Revertant 
trfr, green 

Transformed 
trf, maroon Total 

h9382,3 h9247-1 trf6 Trf/trf 10 4 14 
h94251 h9382-3 trf12 trf6 20 7 27 
h94256 h9383-9 trf10 trf6 6 9 15 
h95146,7,8 h94252-1 trf5 trf10xtrf12 5 64 69 
h96238,9 h95119-3 trf8 trf7xtrf8 8 3 11 
243 119-6 trf5 “ 23 20 43 
249 h95126-1 trf5 trfrxtrf10 10 15 25 
253 126-15 trf3 “ 5 8 13 
256 126-20 trf3 trfrxtrfr 11 10 21 
265 h95137-7 trf5 “ 2 8 10 
270 137-8 trf13 “ 21 8 29 
271 137-19 trf4 “ 8 16 24 
277 h95141-7 trf4 “ 1 23 24 
281,2,3 h95146-6 trf3 trf5 23 77 100 
284 146-9 trf6 “ 9 10 19 
286 146-11 trf2 “ 3 27 30 
287 146-18 trf3 “ 2 18 20 
288 146-23 trf2 “ 4 24 28 
293 146-31 trf1 “ 0 8 8 
295 146-33 trf5 “ 11 9 20 
299 h95148-13 trf3 “ 12 25 37 
301 148-20 trf4 “ 9 23 32 
305 148-30 trf2 “ 5 48 53 
307 148-32 trfcot* “ 0 11 11 
308 148-46 trf4 “ 0 39 39 
315 h95153-5 trf2 trf10xtrf5 0 9 9 
316 153-7 trf6 “ 9 3 12 
317 153-9 trf7 “ 13 6 19 
h97161 h96302-13 trf3 trfrxtrf2 3 12 15 
163 303-19 trf1 “ 7 17 24 
165 h96305-2 trf2 trf2 0 19 19 
166 305-7 trf3 “ 7 16 23 
170,1 h96306-15 trf1 trf2xtrf2 5 11 16 
177 h96308-24 trf2 trf4 2 23 25 
h98367 h96253-10 trf3 trf3 0 10 10 
387 h96317-9 trf2 trf7 1 10 11 
h94252,3 h9382-3x83-9 trf12xtrf10 trf6 8 9 17 
h96242 h95119-5x119-6 trf12xtrf5 trf7xtrf8 7 16 23 
285 h95146-9x146-6 trf6xtrf3 trf5 5 10 15 
289 146-23x146-6 trf2xtrf3 “ 1 6 7 
292 146-28x146-9 trf2xtrf6 “ 6 33 39 
294 146-31x148-1 trf1xtrf2 “ 0 18 18 
306 h95148-31x148-1 trf2xtrf2 “ 10 27 37 
* cot = cotyledon node  
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Table 2. Segregation in progenies of self-fertilized and intercrossed phenotypically wild-  
 type revertant, trf r, mutants of Collinsia heterophylla. 

 
 

Cultures Plant Phenotype 
Parent(s) 

phenotype 
Revertant 
trfr, green 

Transformed 
trf, maroon Total 

h94152 h9383-5 trfr trf6 12 0 12 
h94258 h9385-8 “ “ 14 0 14 
h95131 h94253-1 “ trf12xtrf10 33 0 33 
h96250 h95126-2 “ trfrxtrf5 21 0 21 
h97179 h96310-17 “ trf10xtrf5 18 0 18 
h98351 h96191-15 “ trfrxtrf4 33 0 33 
Totals 131 0 131 
h95121 h94249-3 trfr trfrxtrf10 28 3 31 
129 250-9 “ trfrxtrf1 56 6 62 
132 253-1x253-12 trfrxtrfr trf10xtrf10 32 4 36 
138 253-12 trfr “ 27 3 30 
h96255 h95126-18 “ trfrxtrf12 20 1 21 
272 137-16 “ trfrxtrfr 20 2 22 
280 141-10 “ “ 20 1 21 
462 376-2 “ “ 40 6 46 
463 376-7 “ “ 27 2 29 
464 376-10 “ “ 46 2 48 
h97169 h96306-12 “ trf2xtrf2 27 1 28 
Totals 343 33 376 
h95127 h94250-1 “ trfrxtrf1 19 6 25 
143 254-4 “ trf7xtrf10 29 11 40 
151 253-2 “ trf10xtrf10 17 3 20 
h96240 h95119-4 “ trf7xtrf7 14 6 20 
252 126-11 “ trfrxtrf12 18 3 21 
262 137-3 “ trfrxtrfr 19 3 22 
267 137-12 “ “ 12 4 16 
269 137-16 “ “ 40 13 53 
273 137-31 “ “ 21 3 24 
310 h95149-3 “ trf10xtrf5 20 3 23 
h97178 h96309-9 “ trfr 18 4 22 
Totals 227 59 286 
h95134 h94253-6x253-14 trfrxtrfr trf10xtrf10 18 11 29 
135 253-9 trfr “ 18 15 33 
137 253-11x253-12 trfrxtrfr “ 11 16 27 
139 253-14 trfr “ 16 15 31 
140 h94254-1x254-3 trfrxtrfr trf5xtrf10 16 15 31 
141 254-1x254-6 “ “ 4 7 11 
142 254-3 trfr “ 19 10 29 
145 254-3 “ “ 27 21 48 
h96240 h95119-7 “ trfrxtrf7 41 20 61 
261 136-24 “ trfr 9 7 16 
h97159 h96301-6x301-7 trfrxtrfr trf4 9 7 16 
160 301-7 trfr “ 9 5 14 
Totals 197 149 346 
h95136 h94253-11 trfr trf10xtrf10 6 21 27 
h96257 253-11 “ “ 19 24 43 
296 h95146-35 “ trf8 7 23 30 
Totals 32 68 100 
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Table 3. Segregation in progenies of self-fertilized green revertant trf r plants and crosses 
  between revertant (trf r) and transformed (trf) mutants of Collinsia heterophylla. 
 
 

Cultures  Plants Phenotypes Parents’ phenotypes 
Revertant 
trf r green 

Transformed 
trf, maroon Total 

h94249 h9382-1x83-9 trfrxtrf10 trf6 6 9 15 
250 82-1x207-13 trfrxtrf4 trf4 13 3 16 
259 85-8x85-7 trfrxtrf10 trf5 11 0 11 
h95122 h94249-3x252-1 trfrxtrf5 trfrxtrf9 trf12xtrf13 4 6 10 
123 249-5x252-1 trfrxtrf5 trfrxtrf9 trf12xtrf13 19 7 26 
124 249-13x250-12 trfrxtrf10 trfrxtrf9 trfrxtrf10 16 10 26 
125,6 249-13x252-1 trfrxtrf5 trfrxtrf9 trf12xtrf13 12 38 50 
128 h94250-4x250-1 trf12xtrfr trfrxtrf4 22 5 27 
130 250-9x250-12 trfrxtrf12 trfrxtrf10 trfrxtrf10 6 1 7 
133 253-6x253-10 trfrxtrf10 trf12xtrf10 trf12xtrf10 12 7 19 
144 254-6x250-12 trfrxtrf12 trf5xtrf10 trfrxtrf10 23 13 36 
150 253-4x253-2 trf12xtrfr trf12xtrf10 trf12xtrf10 15 2 17 
152 254-2x254-6 trf8xtrfr trf5xtrf10 trf5xtrf10 1 6 7 
153 256-7x252-1 trfrxtrf5 trf10 trf12xtrf10 2 27 29 
h96245 h95119-7x119-6 trfrxtrf6 trf7xtrf8 trf7xtrf8 2 7 9 
246 122-9x122-8 trfrxtrf9 trfrxtrf5 trfrxtrf5 6 7 13 
260 136-12x136-15 trf3xtrfr trfr trfrxtrfr 4 15 19 
274 137-31x137-18 trfrxtrf10 trfrxtrfr trfrxtrfr 7 1 8 
302 148-25x146-11 trfrxtrf2 trf5 trf8 5 15 20 
303 148-25x148-30 trfrxtrf2 trf5 trf8 8 20 28 
309 h95149-1 trfr trf10xtrf5 7 3 10 
310 149-3 trfr trf10xtrf5 20 3 23 
314 151-23x268-24 trf13xtrfr trfr trfr 17 0 17 
319 153-10x153-17 trfrxtrf5 trf7xtrf8 trf7xtrf8 25 3 28 
320 153-10x153-26 trfrxtrf8 trf7xtrf8 trf7xtrf8 17 6 23 
321 153-10x153-24 trfrxtrf3 trf7xtrf8 trf7xtrf8 9 8 17 
322 h95153-10x196-21 trfrxtrf4 trf7xtrf8 trfr 12 1 13 
h97179 h96310-17 trfr trf10xtrf10 trf10xtrf5 18 0 18 
h98149 h96237-6x253-9 trfrxtrf10 trf7xtrf5 trf3 10 1 11 
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Figures 1-6. Transformed, trf, mutants of Collinsia heterophylla. 
 
 
Fig. 1. Wild-type with maroon patches on 

juvenile leaves.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Transformed, trf: leaves maroon 

from 4th, 6th node up. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Transformed, trf: sterile transformed 

(trf) flowers.  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Wild-type, normal flowers with 
maroon dots.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Transformed, trf,: “cone” with 

“incomplete flowers.”  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Transformed, trf: branch with trf 

flowers (left), branch with trfr flowers 
(right).  
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Figure 7. Reproductive maturation level and transformation of flowers in transformed 
(trf) mutant (h9383-9) in Collinsia heterophylla. 
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Figures 8-13. Transformed, trf, and orange variegation (vao, vaoR) mutants of Collinsia 
heterophylla. 

 
 
Fig. 8. Transformed, trf: maroon leaves at 

2nd, 3rd nodes up.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Transformed, trf: maroon bracts in 

reproductive phase. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12. Transformed, trf: 2nd node leaf 

orange, vao; 3rd light green, 4th dark green 
(3rd, 4th vaot). 

 
 
 
 
 
 
 
 
 
 

Fig. 9. Transformed, trf: maroon leaves at 
11th node and up.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11. Transformed, trf: orange, vao: from 

3rd node leaf and up green, vaot. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13. Leaves, left to right: maroon, orange 

green vaoR, transformed orange vaot.  
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Figures 14-19. Phenotypes of Collinsia plants: 
Figs. 14-17. C. heterophylla, Figs. 18-19. C. verna. 

 
 
Fig. 14. Transformed, trf: left to right, 4th 

node vaoR, 5th and 6th node leaf pairs vaotR. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 16. Transformed, trf: lateral actinomor-

phic flowers, trf/trf sf/sf klp/klp kn/kn geno-
type. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 18. C. verna: leaves without and with 

maroon patches. 
 
 
 
 
 
 
 
 
 

Fig. 15. Transformed, trf: left to right, 2nd 
node vaoR, 3rd and 4th node and up vaotR. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 17. Left-upper lip: Md, Uc, Ud, Ur; 

middle and right – Wf keel flower forma-
tion. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 19. C. verna flowers: keel fl.; without 

and with maroon.  
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