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ä åtæ ç è é ê-ëmìAí-ëmìtî ï#ð�ñàò�æ�ëmì ó»ë¢ô õ´ð�æKö�÷tæ�ì+ò�øÔù ÷tô«æ7ô ï�úkë¢ð�ô ñ^õ ô�ëûò�æ7ô ü ñ^ð ý^ý ê�úàô«æ ï#ú^ë£ð�ô ú3ï�úàð�ò0þ
ä ÿ ñ ñ���æ7ð�ø£ú3ï�ï-ëmìtî ó9ë£ô ô�ëÔò�æ7ô ô«æ7ï�ú3ð�ú`ò�æ7í êFù ýký ê�ú3ôhæ ï�úkë¢ð�ô úàð�æ õ´ñ�÷�ìtí ëmì ò�åAæ � � �����
	 ñkð�ë£î+ë³ì
ñ^õ ��åtð�ñ�� ñkôhñ�� úkø ð�æ7ï-ø³ë�0ú`ò�ë¢ñ�ì�þ � ì�øûù ñ�ìtæ ñkõ ò�åtæKô«æ ô�ëûò�æKô ë¢ô ê�ñ�÷�ìtí ê¶ù ó9ë£ô ú¥ò ú ò�ë�� æ�� ô«ñ
ò�åtæ ô�ò�ð�÷��Ìò�÷tð�æ ë£ô ú � ñ+ø£æ���÷�ø£úàð �²ë£ï����-ñ^ï ò�åAú¥ò �0ñ+÷#ø¢í í-ë£ð�æ��Sò úkøûò�æKð�ìtú`ò�ë���æ �-ð�ëmìAî ñ^õ ð�æ7ï-ø³ë�0ú¥ò�ë£ñ+ì
�0ñ�� ï-ø¢æ���æKô ëmì ñ^ï�ïOñ^ô�ëÔò�æ í-ë£ð�æ��Ìò�ë£ñ+ìtôSþ é øûò�æ7ð�ìtú¥ò�ë
�+æ�øûù��9ò�åtæ �²ë¢ï����-ñ^ï �Gñ�÷�ø¢í ð�æ7ï�ð�æ7ô«æ\ì+ò ï#úàð�ò ñkõ
úkì ñ�ì��cñ� ô:ÿ ëÔò!��å õ´ñ^ð ð�æ7ï-ø³ë�0ú¥ò�ë£ñ+ì�þ#" æ��0úk÷tô«æ ò�åtæ�ù �0ú^ì ê�æ ÷tôhæKí ò�ñ �0ð�æ7ú`ò�æ ï�ð�æ���ë¢ô«æ ô�ÿ ëÔò$��åtæ7í
ô�ò�ú¥ò�æKô%�&� ñ+ø£æ���÷�ø¢ú3ð �²ë£ï����-ñ^ï�ô �0ñ�÷�ø¢í ê�æ ÷tô«æ7í ú3ô ò�åtæ ê�ú3ô�ë£ô ñkõ�ú ìtñ��+æ�ø'� ñ+ø£æ���÷�ø£úàð �0ñ�� ï-÷�ò�æ7ðPþ
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�����y�t����� � �3�
��� ���#�������V��� ������� � �$�V������� �B 
�t¡¢�a�¢���¢£ �V���V¤���¥¢¦#��� ¦#¤��§�¨�¦#¤���§¢�

©6ª «¢¬® ¯ ° ±²«�³� ª

¦#��� ��� ´ µ ��¤¤¶�O·®´��¸´��!�¸���y��¹���º �y�
�¸�S¨Q�t§������
»®� ¼ ½ ¾ �¢���¢º¢���¢£ §¢�t���¸����� µ ·¢���O· ��� ¿6�¢�Bµ � �V� �����¢º ¼ ½ ¾
´��¢º ��� ���9����¤
����º �� À ´��;Á �t���V��¨Â�y§�������»®� �t������À �¢���®´Ã�¸����� �ÄÁ3�G�¸��À � Å>��ÆÇ��ÈQ� ´�º¢º¢���V�����+É9�
� ´�¡��V���t��£�¡¢¤�´Ã�¸���
�
�¸� �%µ � §¢�t��À ���¸��� ´��¢º ´��$�V�
��´Ã�V��� ���¸·¢��� §¢�y��À ���V���t� ÅÊ�3ÉË�ÃÆÇ�²Ì ·¢��� ÍÏÎBÐOÑ�Ò!ÓSÔÇÐOÑ�ÔÖÕ ÐO×�Ø>Ô ���¢����¡¢�;�¸���y� ´
�t��O· �6¡��V�y�
�V�����®´�¤ÙÀ ��º¢��¡¢À É¢�¸·¢� �6¡¢À ����� ���Ï¦#��� À ��¤����¡¢¤���� ���¢���t�J´��t��� �k�t��À �a�Ú´��t¤�Á ¹����t� �V� ���3ÉË������¨
����ÉË����� º¢��À ���t�Û§����'����¤�¤fÅÝÜ�ÆÇ��Þ/�Ä�V��À ´Ã�V���#���®�V·¢� ��¡¢À �����'����¦Û���ß�t�
�¸���à��� �¸·¢� Í á+ÐO×�ØKÔ&£����¢��À � �®´��t��º ���
�V·¢� ´J�����¸´�£�� ���â�@���yÀ ´Ã�V����� �� ¦#��#�t�
�¸���#£������ ´ �y��À ��¤u´��ã��¡¢À ������É����¢º¢���J´Ã�V���¢£ �¸·®´Ã�'À ���G�/¦Û���#À ��¤�����¡¢¤����
´��t� �����;�¸�t��¤�¤���¢£ £����¢�!�¸��� �GÁ��G�¸��À � �¸·¢�t��¡¢£�·¢��¡�� �¸·¢� £����¢��À � ÅÊ�Jä�åÃÆÇ�

ÈQ���k���yÀ ´Ã�¸����� ´��®´�¤
Á3�y��� ���æ¦Û��� �¢���¢º¢���¢£ �t�
�¸��� ´��¢º �¸·¢���� �t¡¢�y�t��¡¢�¢º¢���¢£ �y��ç�¡¢���¢����� ·®´�� �y�!���J´�¤���º §¢�y�S¨
�3���¡¢�t¤
Á ¡a�¢��º¢���9�V�
»®��º �t���V��� ´�ºLè¸´������;� �V� ¿��¢�%µ � ���¢��� ÅÊ�%ÆÇ��Ì � ���¢�y���G����º �V·®´Ã� §®´���t� ���ß¦#��� �t�
�¸��� ´��t�
���é�V��� �t��§®´��V´Ã�V��º �;Á ê ��� ��� �®´��t��� ��� À ´��9Á £����a�!�¸��� �ÄÁ3�G�¸��À � ÅÊ�3ÉËëÃÆÇ��ì ·¢���y� ¦Û���w�t�
�¸��� ���é�V��� �%�����t¤u´�§
�V·¢� �¢���¢º¢���¢£ �y�
�V��� ���/���¸·¢��� §¢�t���¸����¢� ��� �¢���¤���£����Ú´�¤¤
Á �t��£��¢�
»��Ú´��;� §¢¤�´������ �t¡¢�O· ´�� �V·¢� í ��� �t�
�¸� ���ïî
Õ�ðÖð Å>�B�ÃÆÇÉfñ�ÔóòSÉ�ô®Óyñ�ÉCôõñLÑ ´��¢º �V·¢�wöàÎ §¢�t��À ���¸��� ÷kº®´Ã�^´ �¢���ø�y·¢�Bµ ��ùn��ìß� ¡¢�¢º¢���y�G�^´��¢º �¸·¢� �y��£��¢�
»®�J´��¢���
��� �¸·¢���y� §®´����t� µø� �y��¡¢£�·9� �¸� º¢�!�¸���yÀ ���¢� µ ·¢�$�V·¢��� ¦Û��� �¢���¢º¢� ������§����¸´Ã�V�
����¤
Á ��� ´��;�O´�£����¢���G�¸���J´�¤¤
Á
´Ã� �V·¢� ´�ºLè¸´������;� �t���V�����ÙÈÂ� �V·¢��� �Ä�V¡¢º�Á µ � �t·¢�%µ �V·®´Ã� ��� ´��Ä�V�
»®����´�¤#¼ ½ ¾ �����¢�G�¸�t¡¢�$�V��É\�%�����t¤u´�§¢§¢���¢£
¦#��� �t���V��� ê ��� ��� �®´��t� §®´����y� ´�§®´��G� �J´��¢�¢��� ��� ����¡¢�¢º �y��À ¡¢¤��^´��¢����¡¢�t¤
Á ´��¢º �¸·¢���t�$�@���y� ´��$� ´�� ´
À ��¤�����¡¢¤�´��wú®��§�¨ûú®��§+�

¼ ½ ¾ �t��§¢¤����J´Ã�V����� �Ä�^´��Ä�V� ´Ã� å�Ü¢�Ë  À ���¡��¸��� ��� �¸·¢� �����t��¡¢¤�´�� Í áæÐO×�ØKÔ ü ¨O�L� �O·¢�y��À ���t��À � ´�� ´ ¤�����¡¢�
�J´�¤¤���º ×ÃÓSÔ�ý Å>����É
���LÆÇ� þ ��º¢���y���$�¸�����®´�¤ �t��§¢¤���Ú´Ã�V���� �Ä�^´��Ä�V���¢£ ´Ã� ×�ÓSÔsý Å>�B��É
�JÜ�Æ �� ����À §¢¤��!�¸��º �� �V·¢�
ÿ �����������
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���X�,� �#����� �*�X�o���B� ���>�H� � �6� �>�,�B����� �p��� �.���,�B� �B�*�B� � �L�:��E� � �X���#�#�6�2�����B� �#� ���X�V�a�����X��� �B� �����
� ���>� ���*�>���X�#���O� ���#�.� ���#����� �2� � �,� �p�a� �#� ¡£¢�¤�¥��§¦ �*����� �*�X¨����X���a� � �>�#©>�a�,� �ª�@«2�E�O� � �B���*�X�+¬B�a� �����2�
�����X�,� �>�*� �#��©g�X� � ��� �� �
� � ®��#� �*�H���X� �B� ���>�*� �_�g���*� �>���>�+� � �X���B�a� ���*�X�X�#�*�X� � �V�^�
� �X�a� �
� � �>�¯�����
� ���>� �*�H���X�a�±° � �*�±��� �����2� �����X�*� �*� �p�a� �>�,� ���>� �V�B����� �*��� ���H�~�>���X�o�±�*� �B�

² ³�´�µ·¶s¸�³c¹�º ³c» ¼ ² µ�´_½ ¾ ¼ º

¿�ÀfÁ�ÂuÀfÃÅÄBÀ Æ�ÃuÆ�Ç{ÈuÉ!ÊiÉ ËÍÌ:ÎÐÏsÌÆ�Ñ É

� �a���#�k� �+�f�Ò���X� ���*�B�B�p�g� � � �X�*� ���,�a� �Ó�B� ���>�����#����� �*�X¨����X���a�X� �>��� �#�§�Ó�B�*� �2�p�#�B� �!�>�#�X���k�2�p�#�B��� �L��Ô\Õ
Ö �B� ��«2�E�£®����o���,�X�Å�×�X�,� �B�X���a�p�2���X� �>�§�p�B� �2�����!�>�#�H� �Ø�,�B� �p�6� Ù �a��Ú �g��© ���2�.� ���,�#��� � �X�#�#�k� �>��� ¦ Û ÜJÝ
�*�X�,�#�§� ���*�B�B���>� �a��®����Ò�����X� �#�§�Ó�B�*� �2�p�#�B� ��� �6¬>�>�#�k�>���#� �£� ���*�p��Þàßoß� � � �á�#�X�X���á���a� �Ó�X�+���á�B��¬�ßBâ �p�B� �ãß��

ä ÀOÉ!ÊÓÏVÃ ÎÐå æ ÊçÉ è�ÊçÃÅéÅÊçÃuÏ À�ê`Ë0À�Ì£ÊçÑ ÀfÃìë\É

í �f�������R����� � Û � � �X�B���.�>�#���#��� �Ò���,�B��� ®��#� �*� �p�a� �,�a���>�p�2���X� ��� �o� �g��� î ���>�*� ���>�#�,� � �X�*� ���a�,�#�B���a�
��� �*�X�#�X�^�p�#��� �Ó�*�B� �p��� � �B�+�ï�Ø�,�a¨����a��� ���g�,�X�ð�2�c�!�>�.� ��B�,� �����o� �#� �p��� ®h�#�0�,�a¨����a���X� �#�B�B� �á��E�Bñ ���a�,�
� �X�*� �p���a� � �X�*�B�X� � � ��� ����� �p�>� � �,�a¨����X���X� �,��� �{���X� ��� �o� �B� î ���>�*� ���>�#�,� ��� �X�o� ���>�*�#��� �����
ò óàôïõ÷ö�ø.ùiú ¬g�>�#�±�a� �Ó�B� ¬g�>�,�#�B��� �.���B�#�X�X�a� õ Û �>���>Þï����� �a�B���,�a���,��� �,�a¨����a���X� �>� �p��� �!�>�*�H� � �f�±�a� � �
���*�X� � �>� ñ ñ ñ Ù õ Ù ßBû ú ñ û � � � � ñ ñ ñ Ù � õ Ù ßBû ú û � � � � ���#�.� ��� üý�X�*� �Ø�,�B� �����2� �>� ����� �#�B�B�
� ÖBÖ �E� ñ ��� « �>��� �+�p�*�B���B� � �X�B���*�X�+¬B�X� þ î ��B�,� �����B��� �>�,� �������X�*�#�����a��� ú ®h� ¬B� ��ÿO���p� ���>�,�a� � �a�,�
�>�����X� ��� ����� �a����� ���>�*�X� �B� ����� ���2�����p�>�ý�*�X¨����X���a�X� �>�*�B����� �p��� �f¤�� ���*�6ÿ§�#� �>�ý�>��� � �X���k�>��,� �p�a�
�Ó�B� ����� ��¬B�a�,�k�>� �B� �B�#�#�B���ï�g��� ����� �*�X¨����X���a�X� �>�*�B����� �^¤�� ��ÿO���X�*���>� �>��� ���,�6ÿ ��� �>� �*� �p�a� � �a�,�
���*�X� �Ó�B� ����� ��¬B�a�,�k�>� î �B���#�B� �á��E�§ñ ��� � Û � � � �X�*� � �>��� �,�a�H�Í�X�B� ���#�X� �X���~�>�Ò� õ ®����|�����§�f� ú � í � �p�a�
�*�X���>���2�p�a� ��� Ö�� ���>�*�X�0� �X�*� �X�*�6�2���X� �+�.�>�+�p�#��� � � �p� �p��� �o� ���>�*� �*�X���>���2�p�a� � Û � �>��� ���������#�6�£�p�#���
����� �X�X�����p�>� ��¬B�X�*�k�>� �,�a�B���B����� � 	�
 � Ü �,� ��� � �>� �>�#�*� �#���,�a�Ò���X� �>��� ����� � Û � � �>� Ð�>��©>�a� ���
� �.¡o� Ü �,� ���X� õ ®��#�����B� ú ��� �#�#�B�B� � �X�*� �+�O�������X�*���a�X� � � ��� ���#�>����� �B� �p��� ���ð�X��� �>��� �B�X� �����,�����X�
õ � ���#�B�B� �¯���>� �ï° �#�#�,�B��¬f���#�#�>��� � �c¦ í � ú ��ñÅ� �a���,���*� �����B�*�B���B� �>�����!�>�#�������Å�����R� � �a�,� ���6�2���X� �p�
� «��ãû �Ó�B� ��« � �����§���X�a���>��� �,�#��� � � �a�O�B�#�a� �p� �*�O�B� ���X� ��X�p�£�p���*�>��ñ ��� �>�����!�>�#�X� ���*�O�����R��� � �a�,�
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Æ Ç È É6Ê ËHÌ Í�Ë�ÎXÏ Ð�Ñ&Ò+Ó(Î�Ô+Õ�Ò É�Ö+× Ï É�Ø,Ò ÙiÓMÉ�ÚZÑMÛ Î�Ö+Ø Ï Ü�Ó,Ü Ú�Î�Æ Ý+Û Ö+Ü�× É�Ö+× ÑMÒ+Ü Æ Û�Þ Ï É�Ø Ë ÎYÉ�×+Ü�× Î�Ö
É ßXà Æ á â Ü"ãKÉ�Ó(Û Ö ä\Ü�ã+ÒKÉ�Ó,Î�Ø(ÜLåæ Ê áçÐÂè�é êVë Æ Ü"Ó(Ø,ÒKÉ�Æ ì]ÒKÉ�Ó(Æ É�Ú�ÛDÉ é Û Î�ÑMÜ"ÚuÒ�íPîxÏ É�Ø,Ò+Ü�× Ï Û@Ñ&Ò ï�à Æ Ë
Î�Ù Í�áµé Ê Ý+Ô[ð^Ü�Ó"î¶Ú�Î0Ö6Ñ�É�Û Ö+Û�Ö+Õ ñ�à�à Æ Ç È É6ÊÁË É�Ö+× Ü�Ë Ô[ÑMÜ"× Ï Û@Ñ&Ò É ßXà�ànÐvÆ Ë ñ�à�ànÐBò�à�à�à Æ Ç È É6Ê Ë
Õ�Ó&É�×+Û�Ü"ÖYÑ Î�Ù�Í�áµé Ê Ý+Ô[ð^Ü"Ó�Ì»Í�Ó&É�Ú$Ñ&Û Î�Ö+Ø Ï Ü"Ó(Ü É�ÖKÉ�Ë�ó\ô�Ü"× ÝYó ä~õ äYÐvÜ�Ë Ü"Ú$Ñ&Ó(Î�ã+Ò+Î�Ó,Ü�Ø,Û�Ø"Ì

ö ÷>øiùCúYûtøiü+ý ö ÷ÿþ ùCø � ÷�� � � � � ���tþ	����
 �X÷  � �

� Ö Î�Ó,×+Ü�Ó Ñ&Î Ô+Ö+×+Ü�Ó(ØBÑ�É�Ö+× Ñ&Ò+Ü Ø(Ü���Ô+Ü"Ö+Ú�Ü Ë�Î0Õ�Î ÙiÎ�Ó Í�Û�Ø Ý+Û Ö+×+Û�Ö+Õ Ø,Û�ÑMÜ"Ø ��ï��Hî�Ï Ü Ú�Î�Ö+ØBÑMÓ,Ô+Ú$Ñ&Ü�× ÑMÒ+Ó,Ü�Ü
×+Û Æ Ü"Ö+Ø(Û Î�ÖKÉ�Ë Æ ÎC×+Ü"Ë Ø Î�Ù Í�Û Ø�ÐÂõ È ë Ý+Û Ö+×+Û Ö+Õ+Ì�� Ò+Ü Æ ÎC×+Ü"Ë�Ø Î�Ù Í�Û�Ø Û Ö6Ñ&Ü�Ó&É�Ú$Ñ&Û Ö+Õ Ï Û�ÑMÒ õ È ë Ï Ü"Ó(Ü
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êVÒ6Ñ,ÑMã��! " �Ï Ï Ï Ì�Ó(Ú"Ø(ÝxÌ�Î�Ó,Õ' pãL×+Ý� í Ü�ÖYÑMÓBó ß)(»É Ì

� Ö Í�Û Ø�ÐÂõ È ë Æ ÎC×+Ü"Ë�Ø Ý+Ô+Û Ë�Ñ Ý6ó Ü�É�Ó,Ë�Û Ü"Ó Ï Î�Ó*#�Ü�Ó(Ø Ü�Û�ÑMÒ+Ü"Ó é¶Ð ÙiÎ�Ó,Æ õ È ë Ï Û�ÑMÒ Ö+Î ãKÉ�Ó{Ñ&Û�Ú"Ô+ËDÉ�Ó ÝKÉ�Ø(Ü
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Õ�Û:��Ü"Ø É ×+Ü$Ñ�É�Û Ë�Ü"× Æ Î\×+Ü�ËtÙiÎ0Ó Ñ&Ò+Ü Ø(Ü���Ô+Ü"Ö+Ú�Ü Ú�Î�Ö+Ø,Ü�Ó;��ÉpÑMÛ Î�Ö ÉzÑ Í�Û Ø Ø,Û�ÑMÜ"Ø�îxÏ Ü Ô+Ø(Ü"× Ñ&Ò+Û�Ø Û Ö[ÙiÎ�Ó,Æ ÉzÑ&Û Î�Ö
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< É Ø,Û�Ö+Õ�Ë Ü Í°Û Ø Ò+Î�Æ Î\×+Û�Æ Ü�Ó Ý+Û Ö+×+Û Ö+Õ ÑMÎ Ñ&Ò+Ü Ú�Î�Ö+Ø,Ü�Ö+Ø(Ô+Ø Ø,Ü)��Ô+Ü�Ö+Ú"Ü É�Ø ×+ÜZÑMÜ"Ó(Æ Û Ö+Ü�× Ý6ó Ñ&Ò+Ü Ë Î�Õ�Î
êrÍ°Û Õ+Ì+ñ�ë í�Ì

< ÑbÏ Î Í°Û Ø�Ò+Î�Æ ÎC×+Û Æ Ü�Ó,ØtÝ+Û Ö+×+Û�Ö+Õ ÑMÎ ÑvÏ Î Í°Û Ø�Ø,Û�ÑMÜ�Ø]Ø,ãKÉ�Ú�Ü�× ß�ß ÝKÉ�Ø(Ü ãKÉ�Û Ó(Ø]É�ãKÉ�ÓBÑaÎ�Ö õ È ë ê¦Í�Û Õ+Ì�ñ�é íPÌ
< ÑbÏ Î Í�Û�ØºÒ+Î�Æ Î\×+Û Æ Ü"Ó(Ø]Ý+Û Ö+×+Û�Ö+Õ Ñ&Î ÑbÏÁÎ Í�Û�Ø�Ø(Û�ÑMÜ"Ø�Ø(ãKÉ�Ú"Ü�× 3 ÝKÉ�Ø,Ü ãKÉ�Û Ó,Ø É�ãKÉ�Ó{ÑÁÎ�Ö õ È ë êrÍ�Û Õ+Ì�ñ6Ê íPÌ
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ä�ß���ÔAä/Û Ø2åVÖOØ ß�é Ø2å4ß;Ó ïIÖ�Ó*Ô ØXå4Ô�Û � ß�ä�ä�ï(æ�è ÕÔtØ2Ô ê�æ�× Ú4ß;é4Ù4ß�é4à ß�é Ø2å4Ô è Ö_ó*æ�× à�×7æ@æ_ò�Ô Ó*ß�é4ïAÔ ÖOê�Ø2ÔA× Ö�é Ü�Ü
ÚVÖ�Ó7Ô Ó7å4ß<ê�Ø Ø2å4Ô Ó7ÔAî$ç4ÔAé4ï(Ô ä�æ�à�æ Ó*å4æ�� Ó ØXåVÖOØ Ø2å4Ô Õ4×7ÔAÙ4æ�è ß�éVÖ�éYØ . ÖOØ / 	 ïAæ�×7×*Ô(Ó*Õxæ�é4Ù4Ó ØXæ ØXå4Ô . ÖOØ
0 � Ö�é4Ù ØXå4Ô 1 ÖOØ / � ïAæ�×7×*Ô(Ó*Õxæ�é4Ù4ÓiØXæ Ø2å4Ô 1 ÖOØ 0 	 Ý�×*Ô(Ù Ö�×*×7æ�� Óuß�é ÞÂß�à4á
2�â,á
1Wæ�è ÕxÔtØ2ß<Ø2ß�æ�é ÚÔ�Ø(� ÔAÔ(é ì ÞÂß�à

2Ø2å4ÔAÓ*Ô ß�éEØXÔ(×*éVÖ�ä�ä/Û ×*ÔAÙ4ç4é4ÙVÖ�éEØ ÕVÖOØ7ØXÔ(×*é4Ó ÿ3, � � æ�ç4ä�Ù Ö�ä�ä;æ�� ÞÂß;Ó ØXæ ï åVÖ�é4à�Ô Ø2å4Ô Õæ�ß�éEØ ÖOØ � å4ß�ï å Ø2å4Ô
! " ã ß;Ó ÚÔ(éYØIá54�Ô(×*åVÖ�Õ4Ó Ø2å4ß;Ó ß�Ó ß�è Õxæ�×KØ�Ö�éEØ ê�æ�× ß�éYò�ÔA×7Ó*ß�æ�é�á

6 é ïAæ�éEØX×2Ö�ÓKØ Ø2æ Ø2å4Ô Ü�Ü ÚVÖ�Ó7Ô Ó7ÕVÖ�ïAß�é4à Ù4ÔAÓ7ïA×7ß;ÚxÔAÙ ÖlÚæ_ò�Ô�ðxß;é ÚVÖ�ïtØ2ÔA×7ß;æ�Õ4å�Ölà�Ô 4 Ü 7�8:9�ðVÚVÖ�ïtØ2ÔA×7ß�æ�Õ4åVÖ�à�Ô
7�8;9Vð=< > 7@?BAC8 DFE�G HI8:9 Ó7ß<Ø2ÔAÓ(ðÂÖ�é4Ù ß�é ØXå4Ô à�ÔAé4æ�è Ô Ó*ïIÖ�é Ý�Þ�ß�à4á�Ü�â,ðµÕVÖ�ß;×7Ó æ�ê Þ�ß�Ó Ó7ß/ØXÔ(Ó Ö�×7Ô æ�Ú4Ó*Ô(×Kò�Ô(Ù
ÖOØ Ó7ÕVÖ�ïAß�é4à�Ó æ�ê 	 ÚVÖ�Ó*Ô(ÓAá � å4ß�Ó � æ�ç4ä�Ù Õ4ä`Ö�ïAÔ ØXå4Ô Þ�ß�Ó Ù4ß;è ÔA×7Ó ÜJ22�K Ö�ÕVÖl×KØ æ�é  ¥ëL! " ã ÝM�%$K /
�%$K ÕxÔA× Ø2ç4×*é N 	 ÚVÖ�Ó*Ô(Ó�O+Ü�$QP&% ÚVÖ�Ó7ÔAÓ ÕÔ(× Ø2ç4×*é R ÜJ22SKfâfá4ã ê�ØXÔ(× Ö 	 ÚVÖ�Ó7Ô Ó7å4ß<ê�Ø�ð@Ø2å4Ô Ó*Ô(îkç4Ô(é4ïAÔ ä�æ�à�æ
Ó7å4æT� Ó ØXåVÖOØ Ø2å4Ô Õ4×7ÔAÙ4æ�è ß�éVÖ�éYØ . ÖOØ / 	 � æ�ç4ä�Ù è ÖOØ2ï å Ø2å4Ô ã UB� U²à
U²ï æ�ê�Ø2å4Ô è ß�é4æ�× à�×7æ@æ_ò�Ô æ�é Ø2å4Ô
æ�Õ4Õæ�Ó7ß/ØXÔ ê�Ö�ïAÔ æ�ê�Ø2å�Ô ! " ã ÖOØ ïAæ+æ�×*Ù4ß�éVÖOØ2Ô $&ð-� å4ß�ä;Ô ØXå4Ô 1 UB� ÖOØ / � � æ�ç4ä�Ù è ÖOØ2ï å Ø2å4Ô � U1 ÖOØ 0 �
Ö�é4Ù ØXå4Ô ã U. ÖOØ / � � æ�ç4ä�Ù è ÖOØXï å Ø2å4Ô . U²ã ÖOØ 0 � Ýpà�×7ÔAÔ(é Ö�×7×*æ�� Ó ß�é Þ�ß�à4áV2�âfáW� å4ß�Ó Ö�ä�ä�æT� Ó ê�æ�×
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XZY�[ \I]^_^a`�b�`dc�`�X(e XfYhg�X XfY�[ X(i ] \�j_]�XZ[�`�k�^ b�`�k�l g�X XfY�[ ^Zg�m [ Xf`�m [�nQi Y�`�o@Y m `�pY-X g�c�^a] b5[ `dm \I]jqXrg�ksX
XZ] XZY�[ tvu�k�o�Xf`�]k ]�twXZY�[�^a[ j_[xp`d]k�^xy

z ] `�ks{|[�^}Xf`�p-g�XZ[ XfY�[ ox]k�^_[x~
u�[xk�o�[x^ ]�tWX(i�] ��`�^�m ]c�[�oxu�cd[x^�b�`�k�l�`�k�p Xf] k�[�g�j_b-e ^a`�XZ[�^xnsi [ ox]k�^qXZj_u�o�Xf[xl
� l�`�m [�k�^a`�]khg�c m ]�l�[�c�^ �M��`�p�y �s� y�� [ tv]u�k�l XZYhg�X X(i ] ��`�^ \�ja]�Xf[x`�k�^ bI]u�k�l XZ] ^a`�XZ[�^ ^a[�\hg�jZg�Xf[xl � ��`�p

�b-e �� bhg�^_[ \hg�`�j_^ m `dp|YsX ^}Xfja]k�pc�e `�ksXZ[�ja\5[�k�[�XfjZg�Xf[SyW�(k ox]ksXZjfgS^qX�n�g � bhg�^a[ \hg�`�j ^_[x\hg�jZg�Xf`�]k m `�pY-X
]k�c�e YhgF{[ g m `�k�`�m g�cw{Sg�k l�[�j � g|g�cd^ t�]j_ox[ ox]kQ�h`�o�X b5[�X#i [�[�k XZY�[ X(i�] o�[xksXZjfg�c � Y�[�c�`�o�[x^�y z Y�`�^
m `�pYsX b5[ g�o�ox]m m ]�lhg�Xf[xl tv]j b-e �h[���`�b�`�cd`�X(e ]�t�XfY�[ � � � �#\�ja]�Xf[x`dk o�]m \�c�[���nWp`�{|[�k XZYhg�X XZY�[�ja[ `�^
^a]m [ u�k�o�[�j}Xrg�`dk-X(e g�^ XZ] Y�]�i ��`�^ b�`�k�l�^ � � � y z Y�[ m ]�l�[�c�^ ^au�pp[�^}X XZYhg�X ����#bhg�^a[ ^_[x\hg�jfgBXf[�l ��`�^
m ]c�[�o�u�c�[x^�i ]u�c�l ox]m \I[�XZ[ tv]j�b�`�k�l�`dk�p b�uQX XZYhg�X g ���#bhg�^a[ ^a[�\hgSjfg�XZ`d]|k m `�pYsX�g�cdc�]�i ^a`dm u�c�X@g�k�[x]u�^
b�`�k�l�`dk�p�y

z Y�[x^_[ `�l�[�g�^ g�ja[ ^au�\�\5]j}Xf[xl bse XfY�[ \�j_[xcd`�m `�khg�jqe ]b�^_[xjq{Sg�Xf`�]k XZYhg�X ^qe�ksXZY�[�XZ`�o � � � o�]k-Xrg�`dk�`�k�p
[�`�XZY�[�j XZY�[ ���:� \�ja]F�Q`�m g�cV]j m [xl�`�g�c ��`�^ ^_`�XZ[�^ g�ja[ bI]u�k�l b-e ��`�^ `�k [�c�[�o�Xfja]\�Y�]j_[�Xf`�o m ]b�`dc�`�X(e p[�c
^aY�`�t:X g�^a^fgFe�^ ¡+¢¤£¥y¦� Y�[�k XZY�[�^a[ ]T{|[�jac�g�\�\�`�k�p ^_`�Xf[x^ i [xj_[ Xf]p[�XfY�[xj ]k XZY�[ ^fgSm [ tvjZg�pm [�k-X i `�XfY g
^a\hg�o�`�k�p ]�t �� bhg�^a[�^ ]k�c�e ]|k�[ bhg�k�l ^aY�`�t:X i g�^ ]b�^a[�j}{[�l�n�^au�pp[�^}Xf`�k�p XZYhg�X ]k�c�e ]k�[ ]�t§XfY�[ ^_`�Xf[x^
oFgSk b5[ bI]u�k�l g�X g XZ`dm [�y z ] XZ[�^}X i Y�[�XZY�[�j XZY�`d^ `d^ XfY�[ oFg�^a[ j_[x~
u�`�ja[�^ u�^_`�k�p Y�`�pY o�]k�o�[xk-XfjZg�Xf`�]k�^
]�t���`�^ g�k�l ^qXZj_]|k�p ��`�^ ^a`�Xf[x^ Xf] [xk�^_u�ja[ XfYhg�X b5]�XZY ^a`�Xf[�^ i ]u�c�l bI[ b5]u�k�l `�t¦XfYhgBX i [�ja[ \5]^a^_`�b�c�[�y

¨ ©«ª�¬ ¯® ¬¤°¦© ª�©�±²®M³r´µI¶ ·§©s¬¤¸;¬T¸²I¹ ¶ »º¦©�±

z ] l�[�Xf[xj_m `�k�[ i Y�[�XZY�[�j ]�{[�jac¼g�\�\�`dk�p ��`d^ ^a`�XZ[�^ oFgSk b5[ ^_`�m u�c�Xrg�k�[�]u�^ac�e b5]u�k�l b-e ��`�^xn
i [ ^}e«k-XZY�[��
^a`d½x[�l ^a[�c�t��#o�]m \�c�[�m [�k-Xrg�jqe � � � ]|cd`�p]^¦i `�XfY ^}Xfja]k�p ��`�^�^_`�Xf[x^�XfYhg�X§]�{[�jac¼g�\ bse [�`�XZY�[�j)� ]j �� bhg�^_[
\hg�`�j_^ �M��`�p�y�¾-gQn+b � ]j=XZYhg�X�i [xj_[ ^a[�\hg�jZg�XZ[�l b-e ¿ � bhgS^_[ \hg�`�ja^ �²��`�p�y¾o � g�k�l XZ[�^}Xf[xl XZY�[�`�j�\�ja]\5[xjqXZ`d[x^ � ��`�p

¾b-e p[xc'^aY�`�t;XFy-� [x`�XZY�[�j�XfY�[ �|� k�]j=XZY�[ � ]�{[�jac¼g�\�\�`�k�p ^_`�Xf[x^�^aY�]�i [�l g l�]u�b�c�e-�#^_Y�`�t;XZ[�l bhg�k�l�n[�{[�k g�X
g�k [���XZj_[xm [xc�e Y�`�pY ��`�^@ÀS� � � jfg�XZ`�] g�k�l i `�XZY [���o�[x\QXf`�]khg�c�c�e ^}Xfja]k�p �LÁ �J¿ b�`�XZ^ � ��`d^§b�`�k�l�`dk�p ^_`�Xf[x^
�²��`�p�y
¢ � n
^au�pp[�^}Xf`�k�p XZYhg�X ]k�c�e ]k�[ ��`d^�m ]|cd[xo�u�c�[ ox]u�c�l b�`�k�l Xf] [Fg�orY � � � t�jfg�pm [xksX�y z Y�[ � � � � ��`�p

¢tvjZg�pm [�k-X)i `�XZY X(i ] ��`�^)^a`�Xf[x^�^_[x\hg�jfg�XZ[�l bse ¿ � bhg�^a[ \hg�`�j_^)l�`�l l�]u�b�c�[ ^_Y�`�t:X �M��`�p�y
¢ � n
l�[�m ]k�^}XfjZg�Xq�

��Â
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Ñ�Ã�Í ÒFÈ�Ä Ò�ÏaËFÈ�ÆZË È Ì¼È�Ð�Ð�Ë�Ï Ê�Û�Ò�ÊÓ Î�Ì�Ë�Ü�Ë�Í ÊÄ Ä�ÊÄ«Ý(ÍaÎ5ËxÒ�Ã�ÞhÒ Í_Ëxß
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Ô�ËxÄ�Ò�ËxÍ�ÚQÉ Ë Ð�ÃdÍaÒ�Ê�Ù-Ý
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0 �54 Ú6� 78�
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ÆZÇhÈ�Æ Ñ�Ã�Í ÍaÃ�ÆZË�Í È�Î�Î5Ë�È�Ï È�Æ ÆfÇ�Ã�Í Í_ÎhÈSÒ�Ã�Ä�Å Ó Ë�ÏaË�Ì�Õ Ö5ËxÒFÈ�Ô�ÍaË Ê�Û�ÆfÇ�Ë Ã�ÄsÆZË�ÏaÄhÈ�Ì¦ÏaË�Ð�Ô�Ä�ÐhÈ�Ä�Ò�Õ Ê�Û�ÆZÇ�Ë ÍaÃ�ÆZË�×
A ÒFÈ�Ä�Ä�Ã�Ä�Å É Ã�ÆZÇ ÆZÇ�Ë Ñ�Ã�Í É Ë�Ã�ÅÇsÆ Ó È�ÆZÏ_Ã Ü È�Ì�Í_Ê ÏaË�ÙË�È�Ì�Í Æ(É Ê Í}ÆfÏaÊÄ�Å Ñ�ÃdÍ Í_Ã�ÆZË�Í Î�ÏaË�Ù�ÃdÊÔ�ÍaÌ�Õ Ã�Ð�Ë�Ä-ÆfÃ�ÞhË�Ð
Ã�Ä �#��B9 È�Æ ÒxÊ«ÊÏaÐ�Ã�Ä'ÈBÆfËxÍ �SâC� È�Ä�Ð � ê � È�Ì�ÆfÇ�Ê|Ô�ÅÇ Ê|Ä�Ì�Õ ÊÄ�Ë É È�Í ÆZÇ�ÊÔ�ÅÇ-Æ ÆfÊ ÖIË Ö5ÊÔ�Ä�Ð à+áD�FE�á�!�ã¥×
ÑhÊ«Ê�ÆZÎ�Ï_Ã�ÄsÆZÃ�Ä�Å ÐhÈ�ÆrÈ Û�Ï_ÊÓ ÆZÇ�Ï_ËxË Ð�ÃHG�Ë�ÏaË�Ä-Æ ÅÏ_ÊÔ�Î�Í Í_Ç�Ê�É Î�Ï_Ê�ÆZË�Ò�ÆfÃ�ÊÄ Ò�Ê�ÙËxÏ_Ã�Ä�Å ÊÄ�Ë�ÚWÆfÇ�Ë Ê�ÆZÇ�Ë�Ï È�Ä�Ð
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a) Overlap 11

                                                                                                   *         *10       *         *20       *         *30       *         *40
 5’ t a t t c t t t g c t c a a a a t t t g a t c a a a t t t t g a g c a a a g a a t a 3’
 3’ a t a a g a a a c g a g t t t t a a a c t a g t t t a a a a c t c g t t t c t t a t 5’

              t t t g c t c a a a a t t t g a t c a a a Fis 18.1 bits
                                    t t t g a t c a a a t t t t g a g c a a a Fis 18.1 bits
b) Overlap 7

                                                                                           *         *10       *         *20       *         *30       *
 5’ a g g c t t t t g c t c a a a g t t t a a a c t t t g a g c a a a a g c c t 3’
 3’ t c c g a a a a c g a g t t t c a a a t t t g a a a c t c g t t t t c g g a 5’

              t t t g c t c a a a g t t t a a a c t t t Fis 12.7 bits
                            a a a g t t t a a a c t t t g a g c a a a Fis 12.7 bits
c) Separated 23

                                                                                                                                   *         *10       *         *20       *         *30       *         *40       *         *50       *
 5’ g g a a t t c t t t g c t c a a a a t t t g a t c a g g a t c c t g a t c a a a t t t t g a g c a a a g a a t t c c 3’
 3’ c c t t a a g a a a c g a g t t t t a a a c t a g t c c t a g g a c t a g t t t a a a a c t c g t t t c t t a a g g 5’
      [- - - - - - - - - ] EcoRI                                 [- - - - - - - - - ] BamHI                                 [- - - - - - - - - ] EcoRI

                  t t t g c t c a a a a t t t g a t c a g g Fis 15.0 bits
                                                                c c t g a t c a a a t t t t g a g c a a a Fis 15.0 bits
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R S�TVU�WTYX�Z\[G]^TYX _`Z�abaZ�]cT�aed�WfTQaS�g8h i jAk aTYl'm�TYi�[�Tnh d�o�p�TYWarqsg1dt]^Z�i�u jvT�o�gwh TLdx[�S afT�o�y{z|[Yg } U�o�TY} TYiA]<d�WIk
~ � � aTYl'm�TYi�[�T �6�8�����#�)���Ni d h d�o�p�TYW��O]cS�T � TYW�]cZ�[Ld�o�u WfT�TYi jvg�� } d�Wfp'a ]^S�T ��TYWg jsd�afT g�y�]^S�T j�Z\i�X�Z�i�u
afZ�]cT���R S�T jvgL� dxo\afg afS�g8h a ]^S�T � TYW�]cZ\[�d�o�af[Ld�o�T��bh Z�]^S ]^S�T m�U�U�TYW TYX�u T jvT�Z�i�u d�] � � j�Z�]^a d�i�X ]cS�T
o�g8h T�W�TYX�u T j�T�Z�i�u d�] � � j�Z�]ca��1R S�T S�TYZ\u�SA]ngxy�TLd�[�S o�T�]]cT�WQZ�a�X�T�]cT�Wf} Z\i�TYX y*Wg } ]cS�T j�Z�]��xd�o�m�T Z�i ]cS�T
Z�i�X�Z���Z�X�msd�osZ\i�y�g W} d�]cZ\g�i h T�Z�u S1] } d�]cWZ5� �!��� ���8�����#�)��� TYu1d�]^Z�� T h TYZ\u�SA]ca d�WT WfT�U�WTYaTYiA]cT�X j1k X�W^dLh Z\i�u
]cS�T o�T�]f]^T�W m�U�afZ�X�T�z|X�gwh i d�i�X U�o�d�[YZ�i�u Z�] j�T�o�g8h ]cS�T �YT�Wfg j�Z�] o�T���T�o)��Reg Z�i�X�Z�[Ld�]cT U�WfT�X�Z�[G]^T�X WfT�o�d�]cZ���T
g WfZ\TYiA]<d�]cZ\g i�aY�e]^S�T UvTLd�pMa g�y aZ�i�T h dL� TYa [�g WfWTYaU�g i�X ]^g h S�T�WfT _�Z�a h g m�o�X j�Z\i�X Z�i1]^g ]^S�T } d8�fg W
u WfgOg8� Tx��R S�WfT�T ~ � � a h T�WfT X�TYaZ�u i�TYX���T�d�[�S SsdL�OZ�i�u ]Nh g _�Z�a afZ�]^TYa aUsd�[YT�X � � ��  d�i�X �x� jsd�afT�a
d�Usd�WI]L�Q~ TYaZ�u i X�T�]<d�Z\o�a d�WT u Z�� TYi Z�i ¡ d�]^TYWZ�d�o�a d�i�X ¡ TG]^S�g�X�a���R S�T ]cg�]<d�o aI]^WfT�i�u�]cS g�y d afZ�]cT Z�a
]cS�T am�} g�y ]^S�T Z�i�y*g�W} d�]^Z�g i h TYZ\u S1]ca y*g W TLdx[�S jsd�afT���R S�T �8¢�£�� j�Z�] _�Z�a aZ�]cT�a d�WT �¤�¦¥ a�]<d�i�Xsd�WX
X�T���Z�d�]^Z�g i�aVS�Z\u S�TYW�]^Ssd�i ]^S�T dL� TYW^dxu T _�Z�a�afZ�]cT Z�i isdt]^m�Wcd�o$afT�lMm�T�i�[YT�a �!�����'���)�AR S�T �§��£�  d�i�X �§��£¨� j�Z�]
afZ�]cT�a dxWT � �¨© d�i�X ���!¥ aI]�d�i�Xsd�WfX X�TG�OZ�d�]cZ�g i�a d�jvgw��T dL� TYW^dxu T ª*WfT�afU�T�[G]^Z�� TYo�k�«��
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¬�/®1¯v°�¯�± ²8³O5´µ/¶¸· ¹?ºM/»�¶ ¼^½ ¾�¼�¿I5À ¼CÁt¶?¹ »�²8¿ Â8Â Ã8ÁMÄ Å ³�Ã8¹N¼ ¾OÃ86¿ ²GÆ8¼�¿I´5ÃL¾M¾O5Á1® Ã8ÁMÄ Ç8È ³�Ãw¹N¼ ¾OÃ8/¿ ¹N¼�¾�ÃL¿IÃL¶N¼CÄ
¬�5¹�¹?6¶N¼C¹�¯
É�Ê�Ë�Ì Í�Ê�Î�Ï�ËYÐ Î1Ñ�Ê�Ò�Î�ÓrÒ�Î�ËYÔÏLÊxÓÒ�Î�Õ Ë�Ð Î�ËYÏ�Î1Ñ^ÔcÊ�Ñ^Ò�Ð Î�Ó�Ð�Ös×�Ò�ÓÙØ�ÔfÐ�Ñ^ÏYÒ\Î�Ú�Û�Ï�Õ Ò�Î�Î�Ò�Î�Õ Ü Ò�ÑcÌ Î�Ð ×`Ò�ÓYÚ#×`Ò�ÓbÝ�Ò\Í�Þ�ÑcÏ�Ý
ß Ñ^Ð à�á�Ú#Ï�ÑcË�â�ã Ì�Ï ß ä�ß Ý�Ò�Í�Þ�Ñ^Ò�Ð Î Ü Ê�ÓåÊ�Ñ�æ æ�ç ç Î$è ×�Ò�Ó�â#ã Ì�Ò�Ó�Ë�Ð Î�ËYÏ�Î1Ñ^ÔcÊ�ÑcÒ\Ð Î Ü Ê�Ó�Ë�Ì�Ð ÓfÏ�Î Ò�Î1Ñ^ÏYÎAÑcÒ�Ð ÎsÊ�Í�Í�é
ÓfÐ ÑcÌsÊ�Ñ Ü Ò�Ñ^Ì ÑcÌ�Ï ß Î$è Ð�Ö ê ë ì Þ�ÓÏYÝ Ò\Î ÑcÌ�Ò�Ó ÏCí�ØvÏ�ÔÒ�î Ï�Î1Ñ�Ú�Ñ^Ì�Ï Ø�ÔfÐ�Ñ^ÏYÒ�Î$ïxê ë ì ÔcÊ�ÑcÒ\Ð Ü Ê�Ó æ8ðñÖ*Ð Í�Ý
Ì�Ò�Õ Ì�Ï�Ô�ÑcÌòÊxÎ ÑcÌsÊ�ÑQÎ�Ï�Ï�Ý�ÏYÝ ÑcÐ ÓIÑ^ÔfÐ Î�Õ Í�é ÓfÌ�Ò�Ö%Ñnê ë ì ËYÐ Î1Ñ�Ê�Ò�Î�Ò�Î�Õ ÑcÌ�Ï ó�â¨ô Û�Ò�ÑåÜ Ò�Í\ÝOðñÑNé�Ø�Ï õ�ö%÷ Ý�Ò�ÓIÑ�Ê�Ís×�Ò�Ó
ÓfÒ�ÑcÏ ø!æxô�ù)â$ã Ì�Ï ÓÏYú'Þ�ÏYÎ�Ë�ÏYÓ Ê�ÔÏ Õ Ò�û ÏYÎ Ò�Î ×�Ò\Õ�â�á�â�è Ê�Ôfü�Ï�Ô Í�Ê�Î�Ï�Ó ý�è þ ËYÐ ÎAÑ<Ê�Ò�Î ß ç Î�Õ Ð�ÖQÛ�Ò\ÐxÑ^Ò�Î1éOÍ�Ê�ÑcÏ�Ý
ÿ�� ß�� á � ö%÷���� Ý�Ò�Õ Ï�ÓIÑ^ÏYÝ ê ë ì Ó�Ñ<Ê�Î�ÝsÊ�ÔfÝ�Ó ý
	ÙÒ�Ö*Ï ãeÏYË�Ì�Î�Ð Í�Ð Õ Ò�Ï�ÓYÚ��NÎ�Ëxâ�þCâ��Ò���ÏYÓ Ê�ÔÏ Ò�Î�Ý�Ò\Ë�Ê�Ñ^ÏYÝ Ò�Î Û�Ø�â
ã Ì�Ï Í\Ð8Ü ÏYÓ�Ñ ÛsÊ�Î�Ý Ò�Î î Ð Ó�Ñ Í�Ê�Î�Ï�Ó Ð�Ö Ñ^Ì�Ï �sÕ Þ�ÔÏ Ò�Ó ÓfÒ�Î�Õ Í\ÏCðNÓIÑcÔ^Ê�Î�Ý�ÏYÝ Ð Í�Ò\Õ Ð�Î'Þ�ËYÍ\ÏYÐ�Ñ^Ò�Ý�Ï ê ë ì â �NÎ
ÑcÌ�Ï ����ÏYØsÊ�Ô^Ê�ÑcÏ�Ý æ���� ÏCí�Ø�ÏYÔÒ�î Ï�Î1Ñ�Ú�Ê�Ñ Ì�Ò�Õ Ì Ë�Ð�Î�ËYÏ�Î1ÑcÔ^Ê�ÑcÒ\Ð�Î�Ó�Ú�×�Ò�Ó Ø�ÔÐ�ÑcÏ�Ò�Î�Ó Ê�ÔÏ Ê�Ø�ØsÊ�ÔfÏ�Î1Ñ^Í�é Ê�Û�Í�Ï Ñ^Ð
ËLÊxØ"ÑcÞ�ÔfÏ ÑcÌ�Ï ÓfÒ�Î�Õ Í\ÏCðNÓIÑcÔ^Ê�Î�Ý�ÏYÝ ê ë ì Ü Ì�Ï�Î Ò�Ñ ÌsÊ�Ó Ö*Ð Í�Ý�ÏYÝ Ò�ÎAÑcÐ Ê ÌsÊ�Ò�ÔfØ�Ò\Î�âbã Ì�Ò�Ó Ø�ÔÐ�Ý�Þ�Ë�ÏYÓ Ê Ö¸Ê�Ò�Î1Ñ
ÛsÊ�Î�Ý Î�ÏLÊ�Ô ÑcÌ�Ï ß ç ç Û�Ø î Ê�ÔüxÏ�Ô�â
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R2

                                                                          *         *190      *         *200      *         *210      *         *220      *         *230
 5’ g t t a t a c a c a a c t c a a a a a c t g a a c a a c a g t t g t t c t t t g g a t a a c 3’
 3’ c a a t a t g t g t t g a g t t t t t g a c t t g t t g t c a a c a a g a a a c c t a t t g 5’
                                             |- - - - - - - - - - - - - - - - - - - - - - - - - - - - - | DNase I footprint ( Messer et al., 1991) 
                           |- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - | DNase I footprint ( Gille et al., 1991) 
         |- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - | DNase I footprint ( Filutowicz et al., 1992) 
                     |- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - | MPE footprint ( Messer et al., 1992) 
                       |- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - | DNase I footprint ( Roth et al., 1994) 
              +               +               +   + + +   + -      DNase I footprint in situ ( Cassler et al., 1999) 
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 DnaA 13.5 bits  a c t g a a c a a c a g t t g t t c t t t Fis 9.1 bits
                  a c a a c t c a a a a a c t g a a c a a c Fis 8.4 bits    t 

t

 t g g a t a a DnaA 12.1 bits

                   <- -   Syn  <- -   Syn                - - >  Syn            - - >  Syn

������� ��� !#"%$&�('&�("%)*$+"-,����.$0/-)21 3 )2/-4 $&�('657$8/�'8':9�5 ;0<>=@?BADCE?BFGCIH $&9�"KJL) MON $I57POQ�57)*R�5 JS/-T(U-5WV@$X�
Y Z\[*]^Z\_^`aZ b�c�dWc c�efZ gheGi�j k Z\_�l c�_^m cO`\`\ZanGnfo�i�_ p qsr�tOu�v w�r-q�x�y{z}| ~^Z ~�i�eGo��\i�_�dWc���b�c�nf~^Z\n ��Z\��i-� d�~^Z
nfZ\[*]^Z\_^`\Z efZ\�^efZ\nfZ\_�d eGZa��o�i�_^n �^efi�d�Za`�d�Z\b ��� ��o�naz^�>i `�c�d�o�i�_^n i�g�� _�c�� nfo�d�Zan c�efZ g�efi�j w�r-q���y�c�_^b ��o�n
g�i i�d��^efo�_�d b�c�dWc c�efZ gheGi�j w�r�q��^����� �D���s�����^���Oxs��r-q��%y{z�| ~^Z c�n@� j j Z�d�eGo�` � _�c�� o�_^b^o�� o�b^]�c��}o�_sg�i�efj c�d�o�i�_
j c�d�efo.� � c�n `aeGZBc�d�Zab gheGi�j ��t Z�����Z\efo�j Z\_�d c������ b^Z\j i�_^n¡d�e�c�d�Zab � _�c�� �^o�_^b^o�_^� nfo�d�Zan w�r-q��¢y{z�� £ �
n@�¤_�d�~^ZanGo�n n@d cOe¡d nGo�d�Zan c�efZ o�_^b^o�`�c�d�Zab ��� ��Za����i-� c�efefi¢� n c�_^b ¥(Y*� _�¦+w§����y{��~^i-� Z���Z\e n@d c�e@d nfo�d�Zan ~�c���Z
c���nGi ��Z\Za_ j c��^�¨Z\b d�i d�~^Z ��ZKg©d8nfo�b^Z i�g8ª�«7¬& w§��v�y{z�l ��]^Z ��i��sZanLj c�eGm dI� i ��o�nnfo�d�Zan8nGZa��c�e�c�d�Z\b ��� r�r
��c�nfZ\naz�� _�c�� nfo®d�Z b^o�efZ\`Kd�o�i�_�c���o�dI� o�n o�_^b^o�`�c�d�Z\b ��� ��ZKdGd�Z\efn d�]^ef_^Z\b nfo�b^ZK� c��¤n o�_ d�~�Z b^o�eGZa`�d�o�i�_ d�~�c�d
� _�c�� �^o�_^b^n w�r-q�y{z
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            *         *10       *         *20       *         *30       *         *40       *         *50       *         *60
 5’ g c t a t c g c g a t a c a c a c t g a c g c g a c t g a a c a a c c g c g t c a g t t t g g a t a c g g t a g g g c g a a 3’
 3’ c g a t a g c g c t a t g t g t g a c t g c g c t g a c t t g t t g g c g c a g t c a a a c c t a t g c c a t c c c g c t t 5’
                                                                                                                       

a

  
a
      

                              a c a c  t g a c  g c g a c t g a a c a a c Fis - 11.6 bits
                                                    a c t g a a c a a c c g c g  t c a g  t t t Fis - 12.0 bits
            *         *10       *         *20       *         *30       *         *40       *         *50       *         *60
 5’ g c t a t c g c g a t a c a c a c t g a c g c g a c t g a a c a a c a g t t g t t c t t t g g a t a c g g t a g g g c g a a 3’
 3’ c g a t a g c g c t a t g t g t g a c t g c g c t g a c t t g t t g t c a a c a a g a a a c c t a t g c c a t c c c g c t t 5’
                                                                                                                       

a

  
a
      

                                                    a c t g a a c a a c a g t t g t t c t t t Fis  9.1 bits
                              a c a c  t g a c  g c g a c t g a a c a a c Fis - 11.6 bits
            *         *10       *         *20       *         *30       *         *40       *         *50       *         *60
 5’ g c t a t c g c g a t a c a c a a c t c a a a a a c t g a a c a a c c g c g t c a g t t t g g a t a c g g t a g g g c g a a 3’
 3’ c g a t a g c g c t a t g t g t t g a g t t t t t g a c t t g t t g g c g c a g t c a a a c c t a t g c c a t c c c g c t t 5’
                                                                                                                       

a

  
a
      

                              a c a a c t c a a a a a c t g a a c a a c Fis  8.4 bits
                                                    a c t g a a c a a c c g c g  t c a g  t t t Fis - 12.0 bits
            *         *10       *         *20       *         *30       *         *40       *         *50       *         *60
 5’ g c t a t c g c g a t a c a c a a c t c a a a a a c t g a a c a a c a g t t g t t c t t t g g a t a c g g t a g g g c g a a 3’
 3’ c g a t a g c g c t a t g t g t t g a g t t t t t g a c t t g t t g t c a a c a a g a a a c c t a t g c c a t c c c g c t t 5’
                                                                                                                       

a

  
a
      

                              a c a a c t c a a a a a c t g a a c a a c Fis  8.4 bits
                                                    a c t g a a c a a c a g t t g t t c t t t Fis  9.1 bits
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Ð ÑSÒ Ó\ÔfÕ�Ö�× Ø�Ù Ú Õ�Û�Ü¤ÝßÞIà á�Ó âO×^Ü ã äsÞ â�Þ�Ó\Ü å�Õ�Ô ÔfÕ�Þ�ÓaÔ Ù�æfØ�ã ç è é ê�ë(ì ê�í7ì&îSÑSåïØ�ä�æ ð�â�Õ�æGá^Õ�× Ø�Û�Õ�Ö�Ø�Ô Ú ÓaæGÓ
Ü^Ó\ÔfÕ�Ö�×^Ó\Ü â�×^Ü Ü^ÓaÔGÕ�Ö�×�â�Þ�Ó\Ü ñòñ8ó�ñ�ôõó>ô¨ñ â�×^Ü ô�ô Ú ð^Ó\æfÓ ñ ã ÓBâ�×^Ô ×^Ø ÔGÕ�Þ�Ó ö�Ó\÷Bâ�ä^ÔGÓ ØOÙ Ó\×^Ö�Õ�×^Ó\ÓaæGÓaÜ
ã äsÞWâ�Þ�Õ�Ø�×^Ô ø�á^Õ�×^ù ö�Ø�ú�Ó\Ôaó�Ú Õ�Þ�ð Õ�×sÙhØ�æGã â�Þ�Õ�Ø�× Û�ÓaÔGÔòÞ�ð�â�× û\ÓaæGØ*üòâO×^Ü ô ã ÓBâ�×^ÔòÞ�ð�â�Þ�Þ�ð^Ó\æfÓ Õ�ÔSâ ÷\Ø�ã á^Û�Ó�Þ�Ó
Ú Õ�Û�Ü¤ÝßÞIà¤á¨Ó Ø�æfÕ�Ö�Õ�× åEÕ�Ô ÔGÕ�Þ�Ó ø�Ö�æfÓ\Óa× ö¨Ø�ú�ÓaÔ\ó^Ú Õ�Þ�ð á¨Ø�ÔGÕ�Þ�Õ®ý�Ó Õ�×sÙ�Ø�æfã â�Þ�Õ�Ø�×þü7Ñ åïØ�æ Ó�úÿâ�ã á^Û�ÓOó^ñ�ô ÷aØ�×�ÞWâ�Õ�×^Ô
Ø�×^Û�à Þ�ð^Ó å�Õ�Ô ÔGÕ�Þ�Ó ÷\Û�Ø�ÔfÓ\Ô@Þ Þ�Ø � � Ø�× Þ�ð^Ó æGÕ�Ö�ð�Þ ÔfÕ�Ü^ÓOÑ
� Ñ�� ÓaÛ2ã Ø�ö^Õ�Û�Õ®ÞIà Ôfð^Õ�Ù©ÞSâ�ÔfÔ�â�à Ú Õ®Þ�ð ê�í7ì&î ÔGÕ�Þ�ÓaÔòä^ÔfÕ�×^Ö Þ�ð�Ó Ø�Û�Õ�Ö�Ø�Ô�Ôfð^Ø¢Ú × Õ�× á�âOæ¡ÞòÐ â�ÞSâ ÷\Ø�×^÷aÓ\×�Þ�æ�â�Þ�Õ�Ø�×
Ø�Ù ��� ×	� ÓBâ�÷ ð�Ñ�åEÕ�Ô ÷\Ø�×^÷aÓ\×�Þ�æ�â�Þ�Õ�Ø�×^Ô Ú Ó\æfÓ �só
����ó������só
����� â�×^Ü ������� ×	� Ñ#ä�#ä^×2ö¨Ø�ä^×^Ü Ò � Ð �#ö�
å�Õ�Ô ö�Ø�ä^×^Ü Ò � Ð Ñ ���
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                                                                                                   *         *190      *         *200      *         *210      *         *220      *         *230
 5’ g t t a t a c a c a a c t c a a a a a c t g a a c a a c a g t t g t t c t t t g g a t a a c 3’
 3’ c a a t a t g t g t t g a g t t t t t g a c t t g t t g t c a a c a a g a a a c c t a t t g 5’

                                        a c t g a a c a a c a g t t g t t c t t t Fis 9.1 bits
                  a c a a c t c a a a a a c t g a a c a a c Fis 8.4 bits
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