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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
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� �X�a� �
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� �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
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� 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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¬î+÷0òÂê�ÿ'ã	òÂè'ê0ò¾ø�ÿ#ò!���"��÷���í$��ì+ø�ã�ë ï�ç%�>òÆõ þ�è épä&ã
÷�ì�ï�î�è	ä�å ÿ	ï
ï�ì�ê�ä&ådø¸î�è	ã ø#ì�è î�þ�ï�ã�è ï�
_î�þ�è &Pì�ï�î�è	ä�å ð ø¸îQø � ø�å�� ß±þAî�î+÷���� �iö ö ö òÂì�ÿ	ã�í0òÂï�ì�æ'��÷7ê�í$�/á è'åAî�ì2ù
ú�( ø?ò%ß)�>è'è � ø¸î+è'ì�ä¶ø�ç&ã ø�å�ê � è²î+þ�ï
ê�ã 
�ï/ì 
*��ì2î�þ�è	ì ê�è²îQø�ä&ç�ã	òmá

+ ú



 

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�W
TYX�Z\[G]^TYX _`Z�aba
Z�]cT�aed�WfTQa
S�g8h i jAk a
TYl'm�TYi�[�Tnh d�o�p�TYW
arqsg1dt]^Z�i�u jvT�o�gwh TLdx[�S afT�o�y{z|[Yg } U�o�TY} TYiA]<d�WIk
~ � � a
TYl'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 ��TYW
g 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*W
g } ]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�]cW
Z5� �!��� ���8�����#�)��� TYu1d�]^Z�� T h TYZ\u�SA]ca d�W
T WfT�U�W
TYa
TYiA]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 a
Z�i�T h dL� TYa [�g WfW
TYa
U�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�TYa
Z�u i�TYX���T�d�[�S SsdL�OZ�i�u ]Nh g _�Z�a afZ�]^TYa a
Usd�[YT�X � � ��  d�i�X �x� jsd�afT�a
d�Usd�WI]L�Q~ TYa
Z�u i X�T�]<d�Z\o�a d�W
T u Z�� TYi Z�i ¡ d�]^TYW
Z�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 a
m�} 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 a
Z�]cT�a d�W
T �¤�¦¥ a�]<d�i�Xsd�W
X
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 dxW
T � �¨© 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�«��

�A�



¬�­/®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�ËYÔ
ÏLÊxÓ
Ò�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�Ó
ÏYÝ Ò\Î ÑcÌ�Ò�Ó ÏCí�ØvÏ�Ô
Ò�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 Ó
ÏYú'Þ�ÏYÎ�Ë�ÏYÓ Ê�Ô
Ï 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�Ô
Ï 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�Ô
Ï 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�ÏYÔ
Ò�î Ï�Î1Ñ�Ú�Ê�Ñ Ì�Ò�Õ Ì Ë�Ð�Î�ËYÏ�Î1ÑcÔ^Ê�ÑcÒ\Ð�Î�Ó�Ú�×�Ò�Ó Ø�Ô
Ð�ÑcÏ�Ò�Î�Ó Ê�Ô
Ï 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�Ô
Ð�Ý�Þ�Ë�ÏYÓ Ê Ö¸Ê�Ò�Î1Ñ
ÛsÊ�Î�Ý Î�ÏLÊ�Ô ÑcÌ�Ï ß ç ç Û�Ø î Ê�Ô
üxÏ�Ô�â

���



 

                         

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
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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�n
nfo�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
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