
� ��� � �����	��
������� ��� � 
�������� 
�������
��  ���!���"$# %
&'�)(*�!�+� 
,�-���!� . ���/�!�0# 
$��1 � �2�����43��5
$�

� 
��������6���

798;:=< >0?9@ ACBED*8�F-GIHKJ-GMLON�>QPRHK:=F�>0S4T9>0F�DUGVL)WXF�?YPRHZP\[]P^G`_
a LbG'J]GVL\HKD\c T9>0F�DUGVL)deG'?fGg>hLiD*8 >jF�J @OGMk`G'SK:0lm< G'FnPoTpGIF	P^GVL'_

q >sr/:0Lt>QPR:0Lbu :jv$w >QPR8]G'< >QPRHKD'>0S�x�HK:=SK:jyjun_
z A�{ ACx|:I} x6_

a L^G'J]GVLiHKDRc�_�w @ ~��'�j�n~g�*�'~=���0A
��� ���g�p�s�������=�=��� � ���=� � ~ v�:jL)< GI?^?\>sy=G'?R��_

v�>�}4� ��� ���g���h�+�����`�j�=�-_
G'< >0HKS���PR:=< ?R��F�DVH�v�D�L^v5A�yn:�k/A 8	PbPil����`���)�9� A�S�G'D�r�A�F�DVH�v�D�L^v5A y	:Ikm��¡MPi:=< ?R�

{¢D�PR:0rCGVL � � _;~=�=�=�

£�¤j¥§¦�¨ª©U«b¦
¬|�®°¯§±²¯X³Y®µ´�¶¸·U±²¯§±¹´�º»³f±°±°¼�´§³fºh¼�½�¾À¿f®µÁÂ³YÃ°¼Ä¿b½|Ã²¶�¯§¿f®°�ÃÅ¿Æ±²Ã²·UÇ�ÉÈf¯�Ê

½�¯�Ã°¼�´+±²t±²ÃÅ¯XÁÂ±§Ë0ÌÍ½�¾Î¿f®µÁÏ³YÃ²¼�¿b½�Ã²¶�¯§¿f®°fÐ�¾À¿b·U½UÇ�¯XÇ�ÑR4Ò]º»³f·UÇ�¯EÓt¶U³f½U½�¿b½
¼�½,Ã²¶�¯�ÔXÕ5Öb×*ØÙ±§Ð�¶U³f±�¶U³fÇÏ³f½Ï¯X½�¿f®µÁÂ¿b·U±	¼»ÁÛÚM³f´�Ã+¿b½Â´�¿bÁÏÁ�·U½U¼»´�³YÃ°¼Ä¿b½U±
¯§½�Èb¼»½�¯�¯§®µ¼�½�È�³f½UÇo´�¿bÁÛÚM·�Ã²¯�®�±°´§¼Ä¯X½U´�¯X±§Ë�Ót¶U³f½U½�¿b½o¾Î¿b·U½UÇO³�Ü]³�)ÃÅ¿
ÁÛ¯X³f±°·�®°¯�¼�½�¾À¿f®µÁÏ³YÃ²¼Ä¿b½�Ë0Ý9¯�·U±²¯�Ã²¶U¼»±	ÁÂ¯X³f±°·�®°¯mÃÅ¿�ÚU®°¯X´�¼»±²¯§º��´�¶U³Y®µ³f´�Ê
ÃÅ¯§®µ¼ÄÞ§¯ÛÃ²¶�¯Â±²¯XßR·�¯§½U´�¯Â´�¿b½U±²¯�®°à�³YÃ²¼�¿b½o³YÃ4½R·U´�º�¯§¼»´áÊ�³f´§¼�Ç9ÑM¼�½UÇU¼»½�È�±°¼ÄÃ²¯§±§Ë
â ¶�¯n®°¯§±°·Uº�Ã²¼�½�È�ÁÂ¯�Ã°¶�¿tÇU±Q´�¿bÁÛÚMº�¯�Ã²¯§º��®°¯�ÚMº»³f´�¯nÃ°¶�¯+·U±²¯+¿f¾nãÅ´�¿b½U±²¯X½U±°·U±
±²¯§ßR·�¯X½U´�¯§±°ä*ÐV³f½UÇÉÃ²¶�¯§®°¯�¾À¿f®°¯4ÚU®°¿�àt¼»Ç�¯�Ñg¯�Ã²ÃÅ¯§®�ÁÛ¿tÇ�¯Xº�±�¾Î¿f®CÁÂ¿bºÄ¯X´�·Uº»³Y®
ÑM¼Ä¿bºÄ¿fÈb¼»±²Ã²±§ËhåC½æ¯�ç�´�¯X±°±j¿f¾�±²¯XßR·�¯§½U´�¯è´�¿b½U±²¯§®°à5³YÃ°¼Ä¿b½�³YÃhÑM³f´�Ã²¯�®µ¼�¿fÚM¶U³YÈf¯
â¹é ÚU®°¿bÁÂ¿fÃÅ¯§®µ±�³f½UÇ2³YÃ;ê�ÚMº�³f±°ÁÏ¼�ÇÏÌÍ½U´§ë ®°¯§Úg¯§³YÃ°±�ºÄ¯XÇ2·U±EÃ²¿ÛÚU®°¯§ÇU¼»´�Ã
Ã²¶�¯�¯�ç�¼»±²ÃÅ¯X½U´�¯�¿f¾�ÚU®°¿fÃÅ¯X¼�½U±èÃ°¶U³YÃEÑM¼�½UÇÂÃ²¶�¯¹ë�ì¹å�Ë*ÌÍ½$³f½�¿fÃ²¶�¯§®]³YÚUÚMº�¼ Ê
´�³YÃ°¼Ä¿b½�¿f¾*¼»½�¾Î¿f®µÁÏ³YÃ²¼�¿b½�Ã²¶�¯§¿f®°fÐ�Ã°¶�¯�ÜE¿b½UÇ�¯§®°¾À·UºbíMÇ�¯Xº�¼ÄÃîC¿f¾�Ã²¯§º�¯�ÚM¶�¿b½�¯
´�¿bÁÏÁ�·U½U¼�´§³YÃ²¼Ä¿b½U±�³f½UÇ)´�¿bÁÂÚM³f´�ÃæÇU¼�±²ï�ð�Ò]ëæñ¹Á�·U±°¼�´�´§³f½)Ñg¯,ÃÅ®µ³f´�¯§Ç

ò



óUôÄõ°öX÷�ø°ùÄúoø²û¢ütýUþfÿUÿ�ûbÿ����Û÷µýUþfÿUÿ�öXù�÷§þ��Mþf÷§ôÄø�ú ø°ý�ö�ûfõ°ö��	��
 ý�öXÿ õ°öXó�
ö�õµô��fö§ó��Îûfõ��Ûûbù�ö§÷��Uù�þYõ��MôÄûbùÄû��fú��Rø°ýUô��	ø²ý�ö§ûfõ°ö�� ö���Mù�þfô�ÿ��	ø²ý�ö�����õ��Uõµô����
ô�ÿ ���Uõ°öX÷§ô��°ôÄûbÿ|û��!�Âþfÿ\ú"�ÂûbùÄöX÷��Uù�þYõCö��föXÿ\ø#���%$mý�õ°û&� �bý ÷�ûbÿUÿ�öX÷�ø°ôÄûbÿ��
' ôÄø²ýeø°ý�öÆüRöX÷�ûbÿUó)(hþ ' û��*$mý�ö§õ+�Âûtó�útÿUþ��Âô»÷,�¹þfÿUó.-|þ/� ' öXù�ù0�1�32¹ö4��Ûûbÿ��'ø²ýUô5�Cþ����Uõ°ûbþf÷�ý¸þfù��²ûÆýUþ��Cô5�6�Mù»ô�÷§þYø²ôÄûbÿ��7�ÀûfõCø²ý�ö�ó�ö��fö§ù�û��8�ÛöXÿ\ø
û��0ø²ö§÷�ýUÿ�ûbùÄû��fú�þYømø²ý�ö%�Ûûbù�ö§÷��Uù�þYõ�ù�ö,�föXù9�;:

<>=@?3A4=@?/BCEDFBHGJIKBMLN?/OQP@LSRHC*ITRHO,=@UNV@?/WYX@?/WZO/CZUN[\?QW]IKBMLN?/OQP@LSRHC*UNV A4?/C�RHOQA4UNBMV@W
[ D P@WZUNV@^ A4=@?_ITR`A4=@?/IaR`A4UNO/WbBHG6UcVdG0BCZITR`A4UNBMV A�=@?QBCED egfih�jlknm opBC"O/BV qM?�r
V@UN?QV@O/?Mhts>=�R�qM?FX@Ucq8UcX@?/XuA�=@?vA�=@?QBCEDwUNV A4BTA�=@CZ?/?xLN?QqM?QLNW/hty%=@UcO�= RHCZ?vO�=�R`C,R`Ozr
A4?/CZUN{/?QX.[ D|A�=@?QW4?}A4B~@UNOQW��

� � ?QqM?/L!�dm]�8?Q��P@?/V@O/? � B^BMW��;~�R`AZA�?QC4V@W%UNV�^?QV@?QA4UNO}WZ?/��P@?QV@O/?/W/m

� � ?QqM?/L��m]�wRHO,=@UNV@?x��RH~�RHOQUcA�D\��?QV@?/CZ^?QA4UNOQW3BHG�IaRHO/CZBI"BLN?QO/P@LN?QW�m

� � ?QqM?/L]fimx<�=@?T�8?/O/BMV@X � R�y}���wRl�iy�?QLNL���W���?/IKBMV RHV@X A4=@?bLNUcIKUcA4W�BMG
OQBIK~@PdA4?/CZW/m

<>=@UcW ~�RH~\?/C UNW R [@C4Uc?QG ^P@UcX@? A4B ~�RH~\?QC4W ~@CZ?/WZ?/V A4?/X ?QLNWZ?Qy%=@?QC4?Hm
�8?/? G9A4~�����&G9A�~�m�V@OQUcG0O/CEG�m�^B�q@��~@P@[���X@?QLNUNL�R ��OQB&qM?/C/m�~@WuG0BC R LcUNWEA�BHG"C4?�G0?/CZ?/V@O/?QW
RHV@X = A4A4~�����&y>y>y�m�LN?/OQ[�m�V@O/UcG0OQCZG�m�^MB&q@�i�QA�BMIKW���~�RH~\?QC��lV�RHV@B8f e��Hk G0BMC R CZ?zr
q8UN?�y}m  ¡A�=@?QC UcVdG0BCZITR`A4UNBMV UNW R�qHR`UNLSR`[@LN? BV A4=@? y]BCZLNX y%UcX@? y�?Q[ R�A
= AZA�~����M�ly>y�y}m�LN?QO/[�m�V@O/U¢G0O/CEG�m�^B&q@�8�/A4BIKW��im ��UNWZO/P@WZW4UcBV@WFBMG%A�=@?QW4?|A�BM~@UNO/WFRHCZ?
=@?/LcX£BMV£A�=@?�UNV A4?/CZV@?QA%V@?�y%WZ^CZBP@~u[@UcBV@?QA�m�UNVdG0B�r�A�=@?QBCEDm

¤ ¥ ¦¡§K¦�¨ ©.ª «¬¦6¬®_¦6¯�°%¦ ¥ ±b²b±K³>´ µ_¶�·�·;¦6¸�¯�³ ¹�¯
²b¦�¯_¦¡·º¹�° ³�¦�)®_¦�¯�°%¦6³%ª

» ?/V@?QA4UNO�?z�¼~@CZ?/WZWZUNBV.UcW>P@WZP�RHLNL¢DaO/BMV A�CZBLcLN?/X)[ D|~@CZBMA4?/UcV@W3RHV@X�BMA4=@?/C�ITRHOQC4B�r
IKBMLN?/OQP@LN?/WF½/¾+C4?QO/B^MV@UN{/?QC4WZ¿8À%A4=�R`A�[@UcV@XÁA�B)W4~\?QO/UcÂpOxW4?Q��P@?/V@O/?QWÃBMV �6Ä�Å BMC

Æ�Ç�ÈlÉËÊºÌ�ÍzÌHÎEÏZÐiÑ�Î+Ï�ÊÒÉËÓ�ÔFÕ Ö�×ØÖZÙÚÓ�ÛtÜnÏnÉËÎEÊÝÜ�ÎzÖZÞ�Þ�Ùl×ßÜnÎ�à�á�â�â�â�ã�ä#Ü%ÖZålÐ�æJÍ�Ê;Ìlçlè&éËÉËÊÒÈlÎEêxÉØÔ
ë Ö#ì�×@ídÌ&ÏnÎZÊÒÎEÔQÜnÎZê]ÉgÜîÍ�Ü�ÜnÈlÎïí9Ô�Û5Ó�Ïnð�Í�ÜnÉ�ä+Ê�ÊÒÎEÊnÊÒÉËÓ�Ô�Ó�ÛHÜnÈlÎñÇiÏnÉËÎEÊÝÜ�Î�ò\Ó�Ô�Û5ÎEÏnÎ+Ô�ä+ÎJÓ�Ô�ò\ÈlÎ+ðóÉ�ä+Ízé
ô Ñ�Ó�éØç�ÜnÉËÓ�Ô Ð&í9õ7öH÷�È�ø�ÊÒÉ�ä+Ê�Ó�ÛdÜnÈlÎ�ã!ÏnÉËù�ÉØÔ�ÍzÔlê ô Ñ�Ó�éËç�Ü�ÉØÓ�ÔÚÓ�Ûpú8É�Û5ÎzÐò\ø�ÏnÉØé8÷pÓ�Ô&Ô�ÍzðóÌHÎEÏnç&ð�Í
û Î+ðóÓ�ÏnÉ�Ízéc×pÇ¼ÏnÉØÎZÊÝÜnÎ�Ð�í�Ü�ÍzéËøzÐ`ü�ÎEÌ�ÜnÎEð7èHÎEÏþý�ÿ��lÐÖZÞ�Þ���×

f



    --------- +++++++++
    9876543210123456789
    ...................
  1 GTATCACCGCCAGTGGTAT
  2 ATACCACTGGCGGTGATAC
  3 TCAACACCGCCAGAGATAA
  4 TTATCTCTGGCGGTGTTGA
  5 TTATCACCGCAGATGGTTA
  6 TAACCATCTGCGGTGATAA
  7 CTATCACCGCAAGGGATAA
  8 TTATCCCTTGCGGTGATAG
  9 CTAACACCGTGCGTGTTGA
 10 TCAACACGCACGGTGTTAG
 11 TTACCTCTGGCGGTGATAA
 12 TTATCACCGCCAGAGGTAA

12 Lambda cI and cro binding sites
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Pattern at T7 RNA polymerase binding sites
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Pattern required by T7 RNA polymerase to function
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