
��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�
�

�

�

�

�
�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

� �

�

�

�

�� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

� �

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

��

�

�

�

�

�
�

�

�

�

�

��

�

��

�

�

�

�

�

�

� ��

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

� �
�

�

�

�

�
�

�

�

� �

�

�
�

�

�

�

�

�

�

��

�

�

� �

��

� �
�

�

�

�
�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

� �

�

�

��

�

�

�

� �

�

�
�

�

�� �

�

�

�

�

�

�

�

�

�

�

�

�� �

� �

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

��

��

�

�

�

�

�

�

�

� �

� �

�

�

�

�

�

�

�

�

�

�

�

� ���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

� �

�

�

�

�

�

��

�

�

�

�

�

� �

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�

�

�

�

�� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

��

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

� ��

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

� ��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�
�

�
�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

���

�

�

�

�

�

� �

�
�

�

�� �

�
�

�

�

�

� �

�

�

�

�

�

�
�

�

�� �

�

��

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

� �

�

�

�

��

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

� �

�

�

�

� ��

�

�

�
�

�

� �

�

�

�

�

�

��

�

� �

�

�

�

�

�

�

�

�

�

�

� �

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

��

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

��

���

�

�

�

�

�

�

��

� �

�

�

�

�

�

�

�
�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

� � �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

��

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�� �

��

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

��

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �
� � �

�
�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�
�

��

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

��
��

�

�

�

�

�

�
�

�

�

�

�

�

�

�

��
�

��

�

��

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

��

�

�

�

�

�

�

�

�

�

�

�

��

�

��

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

��

�

�

�

��

�
�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

��

�

�� �

�

�

��

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

� �

� �

�

�

�

�

�

�

�

�

����

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

��

�

�

�

��

�
�

�

�

��

�

�

�

�

�

�

�
�

�
�

� �

�

�

�

�

�

�

�

�

�

�

�

�

��
�

�

�

�

�

�

�

�

�

�

�

�

�� � �

�

�

�

�

�

�

�

�
�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

� �

�

�

��

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

� ���

�

� �

�

�

�

�

�

�

�

�

��

�

�

��

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� � �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� ��

�

� ��

�

�

�

�

�

�

�
��

�

�

� �

�

�

�

�

�

��

�

�

�
�

�

�

�

�

�

�

��

�

�

�

� �

��
�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�
�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

���

��

�

�

�

� �

��

�

�

�
�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

� �

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

� �

� �

�

�

� �

�

�

��

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

� �
�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

��

��

�
�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

� ��

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

� ��

�

�

�

�

�

� �

�

�

�

�
�

� �
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�
�

�

��

�

�

�

�

�

�

�

�

�

�
�

�

�

�
�

�

�

� ��

� �

�

��
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�
�

�

�

�

�

�

�

�
�

�� �

�

�

�

��

�

� � ��

�

��

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

�

� �

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�
�

��

�

�

� ��

�

�

�

�

�

�

�

�
�

�
�

�

�

�

�

�

�

�

�

�

�

�

��

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

� ��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� ���

�
�

�

�

�

�
�

�

�

�

�

�

�

�

���

�

�

�

�

�

�

�

�

�

�

�

�

�

��
� �

�

�

�
�

�

�

�

�

� �

�

�

� �

� �

�

�

�

�

�

�

�

�
� �

�

�
�

�

�

�
��

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�� �

�

�

�

�

� �

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

� �

�
�

�
�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�

�

�

�

�

� �

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�
�

� �

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

� �

�

�
�

�

�

� �

�
�

�

�

�

�

�
�
��

�
�

��

�

�

�

�

�

�

�

�
�

�

� � �

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

� �

�

�

�

� �

�

�
�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�
�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

���

�

�

�

�

�

�

�

�

�

�

��
�

��

�

�

��

�

�

�

�

�
�

�

��

��

�
�

�

�

� �

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

� �

�

�

��

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

� �

�

�

�

��

�

�

��
�

�

� �

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

��

�

��

�

��

�

�

�

��

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�
�

�

�

�

�

�

�

�

�

��

�

��

� � �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

� �

�

�

�

�

�

� �

� ��

�

�

�

�

�

�

� �

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

� �

�

�

�

�

�

�

�

��

�

�

�

�

�

�

��

�

�

�

�
�

� �

�

�

�

�

�

�

�

�

� �

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�� �

�

� �

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�
�

� �

�

�

�

� �

�

� �

�

�

�

��

�

�

� �

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

���

�

�

�

�

��

�

�

� �

�

�

�

�

�

�

�

�

�
�

�

�

��

�

�
�

�

�

�

�

�

�

�

��

�

�

�

�

�
� �

�

�
�

�
�

�
�

�

�

�

�

�

�

�

�

�

�� �

�

�

�

�
��

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

��

�

� �

�

�

�

�

�

�

�

�

�

�

�

�� �

�
�

�

��

� �

�

�

�
�

�

�

�

� �

�

�
�

�

�

�

�

�

�

�

�

�

�

�

� �

�

� �

�

��

�

�

�

�

� �

�

�

�

�

����

�

�

�

�

�

��

�

�

�

�

�

�

� �

�

�

�

�

�
�

�

�

�

�

�

� �

�

�

�

�

� �

� �

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

� �

�

�

�

�

�

�

�

� �

�

�

�

��

�

�

�

�

�

�

�

�

�

�
�
�

��

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

� ��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�
�

�

�

�

�

�

��

�

�

�

�

�

� �

�

� �

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

��

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� ��

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�� �� �

�

�
�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

��

�

�

��

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

��

�

�

�

�

�

��

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� ��

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

� �

� �

�

�

�

�

� �

�

�

�

�

� �

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

��

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

��

�

�

�

�

�

�

�

�

�

�

� �� �

�

�

�

�

��� �

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

� �

�

��

�

� ��

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

��
�

�

�

�

�

�

��
�

��

� �

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�
�

��

��

�

�

�

� �

�

�

�
�

�

��

�

�

�

�

�

�

�

�

�

� � �

�

�

�

�

�

�

�

�

�

� �
�

�

�

�

�

�

��

�

�

�

�

�

��

��

�

�

�

�

�

�

�

�

�

�

�

�

��

�

��

�

�

�
�

��

� �

�

�

�

�

�
�

�����

�

�

�

�

� �

�

�
�

�

�

�

�

�

�

��
� �

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�
� �

�

�

�

�

�

�

�

�

�

�

�� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�
�

�
�

�

�

�

�

� �

�

�

�

�

�

� �

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

��

�

�

�
�

��

�

�
�

��

�

�

�
�

�

�

�

�

�
�

��

�

�

�

� �

�

�

�
�

��

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

��

�

��

�

�

��

�

�

�
�

�

�

�

�

� �

�

�
�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�
�

��

�� ��

�

�

�

�

�

� �

�

�

�

�

��

�

�

� �

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

��

�

�

��

�

�

�

�

�

�

�

�

��

�

�

��

��
�

�

�

�

�

�

�

��

�

�

�

�

��

�
�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�
�

�

��

��

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

��

� �

�

�

�

� �

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�� �

�

�

�

��

�

�

�

�

�

�

�
� �

�

�

�

� �

�

�

�

�

� �

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�
�

�

��

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

��

�

�
�

�

�

�

�

�

�
�

�

�

�

��

�

�

�

�

�

�

�
��

�
�

�

�

�

��

��

�

�

� �

� �

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

��

�

�

� �

�

�

�

��

�

�

�
�

�

�

�

� �

�
�

�

�

�

�

�

�

�

� �

�

�

�

� �

�

�

�

�

�

� �

�

�

�

� ��

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�
�

�

�

�
�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

���

��

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

� ��

�

�

�
�

�

�

�

�

�

�

�

�

�
�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

� � ���

�

�

�

�

�

� �

��
�

�

�

�

�

�

�
�

�

�

� �

�

��

�

�

�

�

�

�

�

�

�

�
�

�
�

� �

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

��

��

�

�

�

�

�

�

�

�

�� �

�

�

�

���

�

�
�

��

�

��

�

�

�

�

�

�

�

�
��

�

�

�

�

�

�

�

� �

�

� �

�

�

�

�

�

�

�

�

�
�
�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

� �

��

�

�

�

�

�

�

�� �

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

��

� ��

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

��

�

�

�

��

�

�

�

�

�

�

�

�

�

�
�

�

� �

�

�

�

�

��

�

� �

�

�

�
�

�

�

�

�

�

�

�

�

��

�

�

�

�

�
�

�

�

�

�

�

� �

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

��

�

�

�

�
�

�

�

�

�

�

��

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �
�
�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�� �

�
�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�
�

�

�

�

�

�

� �

�

�

�

�

�

�

��

�

�

� �

�

�

�

�
� �

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

� ��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

��

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

��

�

�

�

�

� ��

�

� �

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

� �

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

��

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

� ��

�

�

�

�

�

�� ��

�

�

�

�

�
�

�

�

�
�

�

�

�

�

� ��

�

�

��

�

�

�

�

�

�

�

��

�

�

�

�

�
�

�

�

�

�

�

�

�
�

��

�

�
�

��

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�

��

� � ��

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

��

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�
�

�

�

�

�

�

�

�� �

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

��

�
�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

��

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

��

� �

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

��

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�
�

�

��

��

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

� �

�

�

��

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

���

�

�
�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�
�

�

�

�

�

�

�
�

��

�

�

�

�

�

��

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

� �

�

�

�
�

�

�
�

�

�

�

�

�

�
�
�

� �

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

��

� �

�

�

�

�

�

�

�

�

�
�

��

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�� �

�

�

�

�

� �

�

�

� �

�

�

�

�

�

�

�

� �

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

��

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�

�

�

� ��

�
�

�

�

��

� �

�

� �

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

��

�

� ��

�

�

�

�

�

�

�

�

�

�

�

�

�� �

�

�

�

�

�

�

�

�

�

�

�

��

��

�

��

�

�

�

�

�

�

�

�

��

�

�

�
�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�� �

�

�

�

�

�

�

�� ��

�

�

�

�

��

�

�

�

�
�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�
�

�

�

�

�

�

�� �

�

�

���

��

�

�

�

�

�

�� ��

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�

�

��

��

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

� �

�

��

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� ��

�
�

�

�

�

�
�

�

�

�

�
�

��

�

�

�

�

�

�

�

�

� ��

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

��

�

��

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

� �� �

�

�

�

�

�

� � �

�

�

�

�
�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

���

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�� � �

� ��

�

�

� �

�

�

��

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�
�

�

�

�

�
��

�

��

�

�

�

�

�

�
�

�

�

�

� �

��

�

�

�

�

�

�

� �

�

�

�

�

�

� �

�

�

��

��

�

�

�

� �

�

�

�

�

� �

�
�

�

�

�

��

�

�

�

�
�

�

�

��

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

���

�

��

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�
�

� �

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

���

�

�

�
�

��

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

����

�

�

�

�

�

�

�

�

�
��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�
�

�

�

�

�

� �

�

�

�

� ��

��

��

� �

�

�

� ���� ��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�� �

�

�

�

�

�
�

�

�
��

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

� �

�

��

�

�

�

�� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�
�

�

�

�

�

�

�

�

�

�

�

��

�

� � ��

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�
�

�
�

�

�

�

�

�

�

�

�

��

�

�

����

�

� �

�

�

�

�

�

�

�

� �

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�
�
�

�

�

�

�

�

�

��

� �

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

��

�

�

�

�

�

�
�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�
�

�

�

�

�

��

�

�

��

�

�

�

�

�

�

�

�

� �

�

� �

�

�

�

�

�

�

�

��

�

��

�

�

�

�
�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

��

���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�
�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�
�

�

�

�

�

��

��

�

�
� �

�

�

�

�

�

�
�

�
�

�

�

�
�

�

� ��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

� ��

�

�

� �

�

��

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�
�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

� ��

�

�

�

�

�

��

�

�

�

�

�

�

�

�
��

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

���

�

�

�

�

�

�

�

�

�

�

�

�� ��

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

� �

�

�

�

��

�

�

�

�

�

� �

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��� �

� �

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

� ��

�

�

�

�

�

�

�

�� �

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

��

�

�

�

�

�

�

��

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�
�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�
�

�

�

�

�

� �

�

�
�

�

�

�

��

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

� �

�

�

��

�

� �

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

��

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�� �

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�
� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
��

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�
�

�
�

�

�

�

�

�

�

��

� �

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

���

�

�

� �

�

�

�

�

�

��

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�
� �

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�
�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

� ��

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

� �

�

�

�

�

�

�

�

��

�

�

�

�

�

� �

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

���

�

�

�

� �

�

�

�

�

�

� � �

�

�

�

�

��

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

� �

�

�

� �

�

��

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

� �

�

��

��

�

�
�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

� �

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

��

�

�

�
�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

� �
�

�

��

�

�

�

�

�

�
�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�
� �

�

�

�

�

�

�

��

�

�

�

��

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�
�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�

�

�

�
�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

��

�

�

�

�

�

�

�
�

�

�

�

��

�

�

�

�

�

��

�

��

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

� ��

�

�

�
�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

2 4 6 8 10 12

2
4

6
8

10
12

Fig S1

B

C

AAAAACAP-

CIP

AAAAAP-
AAAAAOH-

AAAAACAP-
AAAAAOH-
AAAAAOH-

AAAAA     P-
AAAAAOH-
AAAAA

TAP

ssRNA ligation

AAAAAN8

OH-

5’cap
AAAAACAP-

TAP

AAAAAP-
AAAAAOH-

AAAAAP-
AAAAAP-
AAAAAOH-

ssRNA ligation

AAAAA
AAAAA

N8
N8

5’cap + 5’P
AAAAACAP-
AAAAAP-
AAAAAOH-

ssRNA ligation

N8 AAAAA

5’P

PNK

AAAAAP-
AAAAAOH-

AAAAAP-
AAAAAP-

ssRNA ligation

AAAAA
AAAAA

N8
N8

neg. control

Chemical 
fragmentation

Total RNA AAAAACAP-

Terminator
(5’-3’ exo)

AAAAAP-
AAAAAOH-

AAAAACAP-
AAAAAP-
AAAAAOH-

Terminator control

PNK

AAAAACAP-

AAAAAP-

ssRNA ligation

AAAAAN8

no library

5PSeq

Number of reads (log2) per 5' end
(biological replicate 1)

N
um

be
r o

f r
ea

ds
 (l

og
2)

 p
er

 5
' e

nd
(b

io
lo

gi
ca

l r
ep

lic
at

e 
2)

D

Capped (5’cap)

OCH3P

BaseBase7-methyl
guanosine P P P

RNA 5’ end

OCH3P

BaseBaseP

RNA 5’ end

OCH3P

BaseBaseOH

RNA 5’ end
Monophosphorylated (5’P) Hydroxylated (5’OH)A

E

0 2 4 6 8 10 12

0
2

4
6

8
10

12

�

�

�

�

�
�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

� �

�
�

�

�

��

�

�

�

�

�

��

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�� �

�

�

�

�

�

�

�

�

�

�

�

��

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�
�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

��

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�
�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

��

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�
� �

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�
�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�
�

�
�

�

�

�

�

�

��

�

�
�

�

�

�

�

�

�

�
�

�

�

�

� �

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

� �

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�� �

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� ��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�
�

�
�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�
� �

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�
�

��

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

��

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
��

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�
�

�

�

�

� �

�
�

�

�

�

�

�
�

�

�

�
�

�
�

�

�

�

�

�

�

� �

�

��

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

��

�

�
�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�

�

�
�

�

�

� �

�

�

�

�

�

�

�

�
� �

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�
�

�

��

�

�
� �

�

�

� �

�
�

�
�

�

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�
�

�
�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

��

�

��

�

��

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�

�

�

�

�
�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

��
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�
�

�
�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�

�
�

�

�

�

�

�

�

�

�

� �

� �

��

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

��

�

�

�

��

�

�

�

�

�

�
�

�

�

��

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�
�

�

�

�
�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

��

�

��

�

�
�

��

�

�

�

�

�

�

�

�

��

�

�

�
�

�

�

�

��
�

�

�

�
�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�
�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�
�

�

�

�

�

�

�

�
�

�

�

�
�

�

� �

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�
�

�
�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�
�

�

�

�

�
�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �
�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�� �

�

� �

�

�

�

�

� �

�

�

�

�
�

�

�
�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�
�

�

�

�

�

�

�

� �

�
�

�
�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

���

�

�

�

�

�

�

�

�
� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

� �

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

� �
�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

� �

�
�

�

� �

�
�

�

�
�

�

�

�

�

�
�

��

�

�

�

�

�

�

�

�

�
�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�

�

�

�

�

�

� �

�

��

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�
�

�

�

�
�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�
�

�

�

�

�

� �
�

�

�

�

�

�

�
�

�

�

�� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

��

�

��
�

�

�

�
�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�
�

�

�

�

�

�

�

�

� �
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�
��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

� �

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

��

��

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�
�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�

�

�

�

�

�

�

��

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

��

�

�

�

��

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�
�

�

�

�

�

�

�

�
�

�

�

� �

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �
�

�
�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�

� �

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�

�

�

�
�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�

�

�

�

��

�

�

�

�

�

�

�

�

� �

�

�
�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

��

�

�

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
��

�

�

�

�

�

�

� � �

�

�

�

�

�

�

�

�

�

�

�

�� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

� �

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�
�

�

�

�

�

�

�

��

�

�

�
�

�

� �

�

�

�

�

��

�

�

�

�

�

�

�

�
�

�

�

�

��

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�

� �

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

��

�

�

�

�
�

�

��

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

� �
�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

��

�
�

�

�
�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�
�

�

�

�

�

�

�

� �
�

�

� �

�
�

�

�

�

�
�

�

�

�
�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�
�

�

�
� �

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

��

� �

�

�

�
��

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

��

�

�

��

�

�

�

�

�

��

�

�

�

�

�

�

��

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�
�

�

�

�

�
�

�

�
��

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

� �

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
��

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

� �

�

�

�

�
�

�

�

�

�

�

�

�

��

�
�

�

�

�

�

�

�

�

�

�

�
�

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

� �

�

�

�

�

��

�

�

�

�

�

�

�

�
� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�
�

�

�
�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�
�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�

�

�
�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�
�

�

�

�

�

�
�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

� �

�

�

�
�

�

�

�

�

�

�

�

�
�

�

�
� �

�

�
� �

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�
��

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

��

�

�

��

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�
��

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

  cor =  0.81

RPM (log2) of each gene in 
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