
� �������	��
�� 

� � � � ��� �����������

����� �"!$#�%'&)(�*,+.-0/214365879725;:=<>:@?A:2B8CD�E�F:AB8GIHKJL�FHD:>�F:NMO<,GE�F58P;PQJLRS:>MTGVUTJ>P8GEB8GFMWMTGF?AJ'X
?ACY7ZRSC	J[PQJ>UWRTGFUWCNBQJ>� \K]^]>_8`aB8:^P�:[587bCDMWPcCYUTGF?dCD7ZRT:eHY:^78B8:LRTRS:978CYf^�FG"g2RhJLRTG"ij7;GERSG
BQJlk�CD:^7QJLUTB	m"B8�FCY?nJ>7oGE7oHD58G�MWG�B8GF?d:^MORSUSJK<LJ4�pJ4P�:^MWMTGFq;GF�FGrRhstB8G�UTGEMT:^�r<^CYUTCuP8UW:^q8�FCY?AG
HD:^?vq8GF7QJ'RS:^UWGwHD:>7	RTCDHD7;GFHhx8CtB8G�GE78f^CDf>78CDUWGpJ4f^CY78CYRTGFHKJ,y
kaz{GF7;HDUTCYB8GFq;GF�F?dCD7ZRTC|HD:>?AP8�ECDMWMSJ}MWRTUT5;RWRS58UTJ}B8CDf>�FG)CYMTMWCDUTG <2Gr<^CD7ZRTG 3~GF�jUTGEMT58�rRhJLRT:

B8GVP�:2Hhx8CvMWCD?dP8�FGEHDG�:^P�CDUSJL�DGF:>78G���?45;RSJ>�DGE:^78G��F:2HKJ>�EG�`8RSJ>f^�FG�`QHD:^P;GFC>`cGF78HY:^�F�FJ>?dCD7ZRSG�`8UTG�X
HD:^?vq8GF7QJL�DGF:>78G0�aJ>P8P8�EGFHDJLRSCuJ6MWCD��58CD7;�DCvGE78GF�YGpJ>�EG�B8G�� ��mvy�g,GwRTUSJLRWRhJ4B8G�5;7	P;UT:2HDCDMWMT:
q8GF:>�F:^f^GEHD:4P�CDUO��CYRWRhJ>?dCD7ZRSCtJ>78J>�F:^f>:lJ>��P8UT:2HDCYMTMW:n?AJLRSCY?nJLRTGFHY:4Hhx8Ct:>RTRTGFCD7;Cv�V�.�u��`8GF�
UTGEMT58�rRhJLRT:6B8CD�E��z�J>P8P8�EGFHKJL�DGF:>78C B8G�5878Jl��587;�DGF:>78C�HDJ>�FHY:^�pJLq8GF�ECu�9J>B�5;7|J>UWf^:^?dCD7ZRS:l��`
HD:^?dCNHY:^?4q8GE7QJ>�DGE:^78CAB8G���5878�YGF:^7;G�MWCD?dP8�FGEHDG�CnqQJ>MTGE�pJ>UWG�`��pJ|B8Gr<^CYUTMTGrRhs~MORhJ[78CD��?A:'X
B8:NGE7~HD58G��pJd7QJLRS5;USJnP8UW:,HYCDB8CL�j7;:^79J>f^f^GE5878f^CY78B8:AC4MT:>RWRSUTJ>CD78B;:8`w?AJARhJLf^�FGFJ>78B8:dC
GF78HY:^�F�FJ>78B8:;`,HY:^7�HDJ>78HYCD�F�FJ>�DGE:^78GcCtGE78MTCYUT�YGF:^78G�y
� 5;CDMWRSJ�:^MWMTCYUW<LJ>�DGE:^78CL`VJ>MWMTGECD?dCAJL�F�pJNP�:^MWMTGFq;GF�FGrRhsnB;G�MTGF7ZRTCYRSGE�D�DJ>UTClGF�a�)�jm�CAB;G

?nJL78GFP�:^�pJLUT�F:)GF7nHY:^78B8GE�DGE:^78G�B8G��pJ>q�:^USJ'RS:^UWGF:8`^x8JvMT58f>f^CDUWGERS:���z{GFB8CDJtHhx;C :^f^78G�HD:>?AP852X
RhJ>�YGF:^7;C�Pc:>RTCDMWMTC�CDMTMWCDUWC�CY�cCYRWRS5QJ'RhJ"PQJ>UORSCD7;B8:jB8J�MWCD��58CD7;�DC�B;G�� �jm�`'Hhx;C�HY:,B8Gr�QHKJL78:
587�z{GF7;��:>UT?AJ>�DGE:^78C"GF7;GF�DGFJ>�FCL`^CjJ>P8P8�EGFHKJL78B8:�J>BnCYMTMTCj:^P�CDUSJL�DGF:>78G�58MT5QJL�FGQB8G�GF78f>CDf^78CYUTGFJ
f^CD7;CYRSGEHKJ;y
ij7QJ4HY:^MSJ4GE?AP�:^UWRSJ>7ZRSC�Hhx8C HYGwxQJ>7;78:4GF7;MTCDf>7QJLRS:vGwf^UTJ>78B8G��F:^f>GFHDG�B8CYf^�FGcJ>787;G�z��^ 

3 Hhx8C GE��HKJ>�EHD:^�E:vJ>5,RS:^?AJLRSGEHD:t3 587QJ�HD:^MTJ4CDMTMWCD78�YGpJ>�E?ACY7ZRSC)MWCD?dP8�FGEHDCLy�k�Jv?nJLHDHhx8GE7QJ
B8G�¡¢58UWGF78f£�0<^CYB8G�GF��PQJ>UTJ>f^UTJL��:[¤,y��Z�¥?ACY?A:^UWGF�Y�KJ��ECnGE7;��:^UT?AJ>�YGF:^78G�MW:>RTRT:~��:^UT?AJ�B;G
MTCY�25;CD78�YC~B8G"�FC¦RTRTCDUTC@MW5§587¨7QJ>MWRTUT:8`�C@�FC@?nJL78GFP�:^�pJ|JLRTRTUSJK<^CYUTMT:©MTCY?AP8�EGFHYG�:^P�CDUSJ=X
�DGE:^78G�J>P;P8�FGEHKJLRTCuMTCDHY:^78B8:A587	?ACYHDHKJL78GFMW?A:lB8G�HY:^7ZRSUT:>�F�F:6B;CDMTHYUTGrRTRS:dBQJl587QJlMWRTUTGF7;fZJ
�Q78GrRhJ;yj��7[?A:2B8:nMWGF?dGF�EC>`Q587[HY:^?AP;5;RSCYU)?dCD?d:^UTGE�D�KJd�FC�GF7;��:^UW?nJL�DGF:>78G�MT:LRTRS:A��:^UT?AJ
B8G�MTCY��58CD78�YCnB8G��YCDUW:�C6587;:8`�Cd�EC6CD�FJ>qc:>USJnRSUTJ>?dGERSCv�FC6:^P�CDUTJ>�DGE:^78GIHhx8ClGE�IHhx8GFP9B8CY�
P8UT:2HDCYMTMW:^UTCl36GF7[f>USJ>B8:oB;GIHD:^?dP8GECDUTCLyv��79f^CY78CDUTJ>�FCL`�PcCYUuHD:^MORSUW58GFUWC6587QJo?nJLHDHhx8GE7QJ

]



\   �������	��
��
������������
������������ �

5878Gr<^CYUTMSJL�FC>`,HDGE:,3jHKJ>PQJLHDCuB8GcHKJ>�EHD:^�FJ>UTCj�258J>�FMWGpJ>MWGcHY:^MSJ4P�:^MTMTJ4CDMWMTCDUWC¥HKJ>�EHD:^�FJLRhJ;`2MT:>�F:
B858C	HD:>MTC	MT:^78:e<^CYUSJ>?dCD7ZRSC�GF78B;GFMTP�CD7;MSJ>q8GE�FG��N587§?dCYRT:,B;:eP�CDUdGF?d?AJ>fZJ>�Y�DGF78J>UTCA�FC
GF7,��:^UT?AJ>�DGE:^78G�CuPc:2Hhx8C¥MTCY?AP;�FGFHYG�:^P�CDUTJ>�DGE:^78GwP�CDU CY�pJ>q�:^USJLUT�FCLy
k�J¥?d:^�ECDHD:>�pJjB;GQ� �jm 3 5878:¥B8CYG8P8G"!dHY:^?dPQJLRTRTG;MW58P8P�:^UWRTG8B8GQGF7,��:^UT?AJ>�DGE:^78CL`LHhx8C

BQJ�?AGE�FGpJLUTB8G'B8G,J>7878G��FCaHYCD�F�E58�FCa58MTJ>78:jPcCYU�GE?A?AJ>fZJ>�Y�DGE7QJ>UTCVG$#�P8UT:^f>CYRTRTG&%IB8CD�E�pJ�<2GERhJ,`LC
xQJ)5;7QJ)P8UW:^P8UTGECYRSs�<^CYUSJ>?dCD7ZRTC�GF?dPc:>UWRhJL7�RTCaBQJ)5874P;587ZRS:uB8G�<2GFMWRSJjHY:^?AP;5;RhJ>�YGF:^78J>�FCL�
3¥587QJ6MTCY��58CD78�DJA��:^UW?nJLRSJ4BQJ6B858C¥MWRTUTGE78f^x8C'# HY:^?dP8�FCY?ACY7�RSJ>UTG(%hy
���I� ��m*)�:^?dP85;RSGE78fNP�:^UWRSJNJ>�E�pJ6��:^UT?45;�pJ>�YGF:^78CtB8G�725;:=<>ClMWRSUW5;RTRT58UTC6B8JLRSG��.P�CDU

CDMWCD?dP8GF:;`Z78CD�E�pJ ?AJ>HDHhx8GE7QJuB8GQ¡¢58UTGE78f8`Z587dB8:^P8P;GF:u7QJ>MORSUW:�HY:^7AUWCD�FJ>�DGE:^78G;B;GQHD:^?dP8�FC�X
?dCD7ZRhJ>UWGFC¦Rhs�RSUTJ��EC�HYCD�E�FC�HD:>UTUTGEMTP�:^78B8CY7ZRSG0��C�7�58: <,G�?d:,B;CD�F�EG>B8G�HDJ>�FHY:^�pJ>q;GF�FGrRhs;yw�vz�J>�ERTUSJ
PQJ>UORSC��FCv?d:^�ECDHD:>�FC¥B8GI�)�jm�HY:,B8Gr�QHKJL78:N587~7;:>RS:N�EGF78f>5QJ>f^f^GE:��.¡,+ GF7,X g,x�5.-dC>`w<>CDB8G
�)C¦�Q78GF�YGF:^7;C¥¤,yr\  >_���Hhx;C>`8<2GpJ�RTUSJ>MWB858�YGF:^78G���<^CYB8G�PQJLUSJ>f^UTJL��:l¤,y0/Z��`8HKJ>UTJLRTRTCDUWGF�D�DJv587QJ
HD�FJ>MTMWC¥B8G�GF78MWGFCY?AGcHD:^?dP85;RSJ>�DGE:^7QJ>�E?ACY7�RTC)587;GE<^CYUTMTJ>�FG��0<^CDB;G�¡�CY:^UTCY?nJA¤,yr\  $1^��y
k�z�GEB8CKJNqQJLMTClB8CD�I� �jm�)�:^?dP85;RTGF78fN36��58CY�F�FJNB8GIPQJ>MWMSJ>UWClBQJ>GI?dGFHYUT:2Hhx8GFP8M)J>�F�EC

?d:^�FCYHD:^�ECnB8G"�)�jmvy�2¥�EG�: <�<,G"�EGF?dGERTG�B8G�?dGF78GFJLRS58UWGF�Y�KJ>�YGF:^78CdHhx8C@MTG�xQJ>7878:9HY:^7£�FC
JLRWRS5QJ>�EG�RSCYHD78:^�E:^f^GEC�GE7;��:^UT?AJLRTGFHhx8CuMWP8GF78f>:^78:oJ>�E�pJ6B8UTJ>MWRTGFHKJdGF787;:=<LJ>�YGF:^7;C�Hhx8CvPc:^UORhJ
�FC)HD:^?dPc:>78CD7ZRSGwB8G�qQJ>MWCuB8CD��HY:^?AP;5;RSCYU Jl�EGE<>CD�F�E:v?d:^�FCYHD:^�FJ>UTCL`,C¥B85;CuUTCDHYCD7ZRSG�?AJ>78G�X
��CDMORhJ>�YGF:^7;GcB8G���58CDMORhJ4RSCY78B8CY78�KJ4MW:^78:6GF�43�*.5>/Q+�*2&�#�%'&)(�*2+.-0/21jCuJ>P8P;587ZRS:6GF��� �"!
#�%'&)(�*2+�-0/21>y
��7oUTCDJ>�ERSsvf^Gps�78CDf^�EGwJL7878GIz61>  7 GFHhxQJLUTB98QC;:278?AJ>7=<�MWPcCYHD58�">6MT58�E�pJvP�:^MTMWGFq8GE�FGrRhsuB8G

5;RTGF�FGE�D�DJ>UTCt?A:>�FCDHY:^�FC�HD:^?dC4MORSUT5;?ACY7�RT:oB8GIHDJ>�FHY:^�F:8y?)�:>7e?AJ>f^f>GF:^UWG¢B;CYRTRSJ>f^�EG�`�78CDf^�EG
J>787;G�z6@^ lMTGFJA)�xQJ>UT�ECDM�B�CY7878CYRWRDC Hhx;C E�GEHhxQJ>CY��)�:^78USJLBGFj��:^UW?458�FJ>UT:^7;:6P8UT:^P�:^MORSC¥B8G
?d:,B8CY�F�EG,B8G;HKJ>�EHD:^�E:u?A:^�ECDHY:^�pJ>UWG�y��)GQUWCDHYCD7ZRSCv�.78: <>CD?4q8UWC�z�]>_8`^<>CDB8GQP8J>USJ>f>USJL��:6\^y6H^�V3
MWRSJLRhJ4MWPcCYUTGE?ACY7�RSJLRhJ4�FJvUTCDJ>�FCj�.JLRTRTGFq8GE�FGERSsuB8GwRhJL�FG�HD:^?dP85;RSJ>�DGE:^78G�`2UTCYMSJ6P�:^MTMWGFq8GE�FC)B8J>G
f^UTJ>78B8G�MW<2GE�F58P8P;G2B;CD�F�FJ"q8GF:^�E:^f^GFJ�?A:^�ECDHY:^�pJ>UWC�C�B8J>�F�FJ HDJ>PQJ>HYGERSs�B8G2P8UW:,B85;UTUTC���5QJ>7ZRSGrRhs
CD7;:^UT?dG�B8G�?d:^�FCYHD:^�EC)B8G��)�jm B8G�587QJlMTP�CDHYGE�QHDJ6MTCD��58CY78�KJACtB;GF?dCD78MWGF:^78CLy
I 587�z{GFB8CDJ�UWGE<^:>�F58�YGF:^7QJLUTGpJ,`�Hhx8CnUTJ>P8P8UWCDMWCD7ZRhJ|5;7�z�GE7Z<^CDUWMTGE:^78CdB8G�RSCD7;B8CD78�DJ;�6BQJ

HDGEUTHDJlHYGF78��5QJL7�RDz JL7878G�MTG�HYCDUTHDJdB;G�HD:^?dP8UTCY78B8CYUTCt�pJ4MWRTUT5;RWRS58UTJdC¥GE��HD:^?dP�:^UWRSJ>?ACY7ZRS:
B8CY�I� ��m JLRTRTUSJK<^CYUTMW:o?A:2B8CD�E�FG�HY:^?dP85;RhJL�DGF:>7QJ>�FG���UTGEHD:^UWB8GpJ>?d:dPcCYU)CDMWCD?dP8GF:n�F:nMO<2GrX
�F5;P8Pc:dB8CYG¢P;UT:2HDCDMWMTG¢MWRT:,HDJ>MWRTGFHDG�CtB8CYG�?dCYRT:,B8G�MORhJLRTGFMORSGFHYG�PcCYU UTGFMW:^�E<>CDUWC�P8UW:^q8�ECD?dG�B8G
f^CY78CYRTGFHKJtCDBNCYP8GFB;CD?dGF:^�E:^f^GpJ^�¦`>GE7Z<^CDHYC GF�KJe%MLONQP¦*RL&5TS4#�%'&)(�*2+�-0/21>`�C)GE7nPQJLUWRSGEHD:^�FJ>UTC"GE�
� �"! #�%'&)(�*,+.-0/21>`^P8UW:,HYCDMTMTJ <>JLUTGpJL?ACY7�RTC��FC�q8GF:>?A:^�ECDHY:^�FCL`LC"MO��UT5;RWRhJ �pJj�F:^UW: 7QJLRT58USJ
P�:^�FGE?ACYUTGFHDJ�P�CDU"5;RTGF�EGF�D�DJ>UT�EC)HY:^?ACu5;78GERSslB;G�?ACY?A:^UWGpJ;y
U�V�WYXGWMZM[]\_^Y`ab^dcde�fhg�iQjOkmlnf0opiQjOf&qQgMcTr4WtsuWtv�w6x0yT[]z|{,[~}dW0cYV�[~w0^M�Y��x�}$ct���;�D���b�;�YcT�~�;�Y��W
�D� WmsuWm�K[]^Y^Y[]{�{pc=�T�M�����Y�]ln�q~�b�QgTiQ��f&���uq�����qb�,��kmj�ibj"f&qbg���i�l����pf&�� ¡cm¢£^	{�[]z�^MaQ{pc_¤tW_¥��Y[]�;z|[]{~W

X¦�_\m§�w�¨]§~ct©dªtcY�;«;¬D�£�b	«YcT�~�;�;�mW
®~¯°W � �;^Yz±a�}$c,²�g³�;�n�nfµ´�g¶��lnfhgT�]f �T·0���¸��qbl�i¶�qQ·0�±�]km·0iQl��±qb�,��kmj��]lnc � �;`�`4¹Y^Yw�¨]ab{|w6��^M§º��»={��Y[

¼ � ¯°ct©t½dcM;�b��O	��«McM�~�;�;¬YW



���&�����,��� ���'��� �����u� ����� \^\

���¥�.J'RTRS:£Hhx8CeG)��CY78:^?dCD78GuGE7�RTCDUW78G¥J>�F�EC~HDCY�F�E58�FCb��HD:^P8GFJ>UTC~RSJ>f^�EGpJ>UWC|C9GF78HY:^�F�FJ>UTC
MWRTUTGF7;f^x8C4B8GV� �jm �)Pc:>MTMSJL78:oCDMWMTCDUWClHD:^?dP85;RSJ>�DGE:^78G¢MT58f^f>CDUTGEMTHYC4Hhx8Cl�pJl<,GrRhJNMORSCDMWMSJ
Pc:>MTMSJ6HY:^78MTGEMWRTCDUTC¥GE7o587QJ6MTCYUTGFCuB;G�HD:^?dP8�ECDMTMWCuHD:^?dP85;RSJ>�DGE:^78G�y��¨MWGFHYHD:^?dCu�pJv<2GERSJ43
5878:oB8CYG���CY78:^?dCD78G¢7QJLRT58USJ>�EG�P;GO!~HY:^?AP;�FCDMWMTG¢Pc:LRSUTCY?A?d:nf>CD78CYUSJ>�EGF�D�DJ>UTC¥�.J>HYCD78B8:o�FJ
HD:^7;f^CYRWRS58UTJAHhx8Ct��z{GF7ZRSCYUT:dHD:^MW?A:dMTGFJ6GF��P8UW:,B8:LRTRS:dB8G�HY:^?AP;5;RhJ>�YGF:^7;G�y�k¢JlB8Gr�wCYUTCD7;�KJ
RSUTJ��FCdB8Gr<^CDUWMTCd��:^UT?dClB8G�?AJLRTCDUTGFJoPc:>RTUTCYq8qcCA��58GF78B;G�UWG	�QC¦RTRTCDUTCdMT:>�F:�<LJ>UWGaf^USJ>B;G�B;G
HD:^?dP8�ECDMTMWGERSs�HY:^?AP;5;RhJ>�YGF:^78J>�FCL��BQJ>��HKJL:^MIJ>�E�pJ"?AJLRSCYUTGpJ"GE78:^UTf^J>78GFHDJ;`=BQJ>�E��z{GF78:^UWfZJ>78GEHD:
J>�F��z�:>UTfZJ>7;GFHD:;`���z{GF7ZRSCYUSJ[CY<>:^�F58�YGF:^7;C�B8CY�F��z�587;GE<^CYUTMW:©P�:>RSUWCDq8q�C@CDMWMTCDUWC~587QJ9MWRT:^UTGFJeB;G
MTCY?AP8UWC¥HDUTCYMTHYCD7ZRSC�HD:^?dP8�FCYMTMWGERhs4B;G�HD:^?dP85;RSJ>�DGE:^78C>y


��
 ����������������� ������� �"!

���2�8MTGFHY:LX�q;GF:^�E:^f^:"GF7;f^�FCYMTC$#^J>?ACYM�% JLRTMT:^74C�GF�Zq8GE:,Hhx;GF?dGFHD:�J>?dCDUWGFHDJ>78:�8�UTJ>78HYGFM¸)�UTGEH'&
78CD��\ ]$1L�l<2GF7;MTCDUW:nGE���j:^q�CD��P�CDUjJ <>CDUjGF78B8Gr<2GFB85QJ'RS:l�pJlMWRTUT5;RWRS58UTJAB8CY���)�jm)(���58CDMORhJ
MTHY:^PcCYUWRSJ¨3eMWRhJ'RhJb��:>UWRSCY?ACY7ZRSCeGFMTP;GFUSJ'RhJ BQJ>�u�EGFq8UW: #*% xQJLR	GFM	�FGr��C,+ ¡"x8C.-ax$:2MTG�X
HKJ>��m)MWPcCYHYR6:L��RSx8Cnk�GE<2GF78f )�CD�E�&%S`�78CY����5QJL�FC>`�PcCYU�<2GFCAB8CD�aRS5,RTRS:	RSCY:^UTGEHhx8C>`/��U]+ GF7
g,Hhx8UW:,B8GE78f^CYUjJK<>CY<LJdP;UTCY<2GEMWRS:d587QJ6MORSUT5,RTRS5;USJlPc:^�EGF?dCDUWGFHKJtPcCYU GF��� ��mvy

8VGFf>58USJN\^yr\^��g�RSUT5,RTRS5;USJ4�QMTGEHKJlB8G�7��jm Ct� �jm �|2tJ>UWUTC¦RTR'0?2uUTGEMTxQJ>?21�\Y143p�



\=¤ �������	��
��
������������
������������ �

���V�)�jm ��J>HYGFB8:AB8CD:^MWMTGEUTGFq�:^7�58HY�FCDGEHD:���3t587�(Q%ML -0& N�SS%'`8��:^UW?nJLRT:AB8JA587QJdHKJLRTCD7QJ
B8G"&n%'/w%'& N�S�-¢Hhx8GpJ>?AJLRTG��RNh%����¦-£S�-��¦%'/Q*¦P�LONh%'+.-��>-0`�Hhx8CdxQJ>787;:	RTUTClHD:^?dP�:^78CD7ZRTG��u5878:
� *¡PQP��¡N�Sh%'`;587~1TS�* (Z(Q%�	K%��
	K%MS�-�Ph%'`;C¥587QJ��Q5��mN�5 � %'+�5>+±5d��<>CDB8G�8VGEf^58UTJN\^yE\ �¦yk�:��Y58HDHhx8CYUT:6B8CY��B8CD:^MWMTGEUTGFq�:^7�58HY�FCD:LRSGFB;C"MTG�Hhx8GpJL?nJ�RNh%����¦-£S�-��¦%��¦-�%¥��BQJ¥HD58G�P8UWCD7,X
B8CAGF�a78:^?dCnJL78Hhx8CnGE��� �jm �tCnx8J|CDMTJLRTRSJ>?ACY7ZRSCnHYGF78��58CnJLRS:>?AG�B8G�HKJLUTq�:^78GF:;`�Hhx8C
7�58?dCDUTGFJ>?d: BQJ����2J�����MTCDHY:^78B8:�587QJu78:>RSJtHY:^7Z<^CY78�DGE:^78C>ya�jCD7ZRSUW:��FJ¥MORSUW5;RTRT58USJuB8CY�rX
�F:��D58HYHhx8CDUW:6RSUT: <2GpJL?A:�587	1TS�*=(Z(Q%A%����¦-��TS¦-£LON�����|��HD:>�F�FCYfZJLRT:vHD:>��� ��� HKJLUTq�:^78GF:;`2GE�
f^UW58P8P�:	��:^MO��:^UTGEHD: ���v�¥�ECDfZJ'RS:	J>��� � � HKJLUTq�:^78GF:;`¢Cd�pJ@qQJ>MWCNJ>�Y:>RhJ'RhJ	JLRTRSJ>HDHDJLRhJ�J>�
� � � HKJ>UWqc:^7;GF:8y
¡�UTJv�FCj��5QJLRTRTUT:�qQJ>MTGwJ>�D:LRhJLRTC)B8CY�w� ��m B8GEMWRSGE78f^58GFJ>?d:t�ECjB;58Cj(�-£S�-0/KNaBQJ>�E�FC�B858C

(�-£S�-0&6-��>-0/KN¦`=UTGFMWPcC¦RTRTGE<LJ>?dCD7ZRSC�5��RN¦/Q-0/ 5�� �@��C"1>*.5>/Q-0/ 5)�"!	�¦`.P¦-0+�%��¦-0/ 5)�"#4��C�+�-0&6-0/ 5
� $v�¦y��"7�58HD�ECD:>RTGFB8G¢MTG¢B8Gr�wCYUTCD7;�DGpJL78:nMW:^�F:APcCYU)�FCt�F:>UT:dqQJ>MTG�`c?d:>RTGE<^:APcCYU)HY58G�MWPcCYMTMW:
58MWCDUTCY?A:dqQJ>MWC¥HD:^?dCuMTGE78:^78GE?A:4B;G�725;HD�FCY:>RSGEB8C>y
�jCY�F�pJ 8VGEf^58UTJN\^y ¤2`Q�F:l�D58HYHhx8CDUW:NB8G�:^f>78G�7�58HD�ECD:>RTGFB8C¥3¥��58CD�E��z�J>MWRSJl<>CDUWRTGFHDJ>�FCuHhx8C

xQJ~�FJ�qQJ>MWC@J>�D:LRhJLRSJ|GF7}HYGF?AJ;`�J>�E��z�J>�ERTCD�Y�KJ@B8CD�%� � XtJLRT:^?d:|B8G�HKJ>UWqc:^7;GF:8`ICnGF�&� � X
JLRT:^?A:�B8G�HKJ>UWqc:^7;GF:|GE7}qQJ>MWMT:8`�B;:=<>C@J>P8P85;7�RT:~RSUW:=<2GFJ>?A:	GF��f^UW58P8P�:|��:^MW��:>UTGFHY: ���pJ
7�58?dCDUSJL�DGF:>78CvB8CYf^�FG�JLRT:^?AG¢B8G�HKJ>UWqc:^7;GF:n3vGF7ZRSCYMSJNGF7|:^UTB8GE78CvP;UT:^f^UWCDMWMTGE<>:oBQJ>�E��z�J>�ERT:
<^CYUTMW:nGF�cqQJ>MWMT:���y
��7�58HY�FCD:LRSGFB;G�MTG�P�:^MTMW:^78:d�FCYfZJ>UTCjRSUSJl�F:>UT:6GF7oB;58C�?d:2B8GwB8Gr<^CYUTMTG��
\^y ��������X f^UT5;P8Pc:£��:^MO��:^UTGEHD:§B;G�587 725;HD�FCY:>RSGEB8CeMTGt�FCDf^J§J>�'�(�{X�f^UW58P8P�:§:^MWMTGFB;UTGF�EC
B8Gu5;7 J>�rRSUW: 725;HD�FCY:>RSGEB8C~��:^UW?nJ>7;B8: 587 �ECDfZJL?AC~HY: <>JL�FCD7ZRTCeHhx;C©MWGuHhx8GpJ>?AJ
	K%��
	K%��>-�N��¦+nN�S�-�Ph%v��<^CYB8G�8VGFf>58USJN\^y ¤^��y
)�:^M*)�MWG�<2GFCY78C4Jd��:^UT?AJ>UTCt587QJAMTCD��58CY78�KJoB8G¢qQJ>MWGVHY:^78MTCYHD5;RTGE<>C>`�Hhx8CvB8GFHYGpJ>?d:
�E5878fZJ,+ MWCl��:>UT?AJLRhJnB8J-+ 7�58HY�FCY:>RSGEB8G�y����VRSCYUT?dGF78C�%ML -r12%'/Q*¡P�LONh%'+.-��RN): %ML -r12%
GE78B8GFHDJvMWRTUTGE78f^x8C B;G�P8GFHYHD:^�FJv�F5;78f^x8CY�D�KJ,`8HD:^7-+~�Q7;:AJN\K ^ ;y/. f^f^Gc3uPc:>MTMTGEq8GF�EC
MWHDUTGr<^CYUTCo587QJ[MWCD��58CD7;�KJ©B;G"� �jm MW5£587 ��:^f^�FGE:|B8G�HKJ>UORhJ;`aGF7Z<2GpJLUT�pJ�J>B 587QJ
B8GrRTRSJdMWPcCYHDGpJL�FGF�Y�KJLRSJ6CvUTGEHDC¦<^CDUWC>`cGF7	Pc:2Hhx8G�f^GF:>UT78G�`Q587QJAP;UT: <^C¦RTRhJAHD:^7ZRSCY78CD7ZRTC
HYGFUTHDJ���021�3�?d:^�ECDHD:>�FC�B8GQ� ��mv`LRT5;RTRTCt�.: ��5QJLMTG0�¢HD:^7ZRSCY78CD7ZRTGQ�pJ)MWCD��58CD7;�KJ¥B8CDMWGrX
B8CYUSJLRSJ;��GF7o��58CYMWRT:n?d:,B8:;`;:^f^f>G�MTG�P�:^MTMW:^78:l?AJ>78CDf>f^GpJ>UWC GF7o?d:2B8:6C54dHDGECD7ZRSC
MWCD��58CD7;�DC �F587;f^x8C�JL78Hhx8Cu\  ^ j725;HD�FCY:>RSGEB8Gw�.�FC�?d:^�FCYHD:^�EC�<>CD78f^:>78:uMTP�CDB8GrRSC��EGF:>�,X
�EGF�D�DJLRSC"CjJ>P8P8J>GF:^7;:�HY:^?AC 5878J�?AJ>MTMWCDUTCY�F�FJ¥q;GpJ>78HDJtCjJ>?d:^UW�.JuMW58����:>78B8:tB8CD�E�pJ
P8UW: <^CYRWRhJZ��y
� 58CYMWRS:jRSGFP�:�B8G,HY:^78HDJLRSCY7QJ>�DGE:^78C�BQs J>B�:^f^78G�MORSUTGE78fZJ�5874MT5;: 7QJLRT58USJ>�EC %MS¦-�N¦/76
+�5>& N¦/Q+ %'�¢PQJ>UW�FGFJ>?A:jB8GQB8GEUTCD�YGF:^7;C8� � � � � P�CDUa5878J¥MORSUWGF78fZJuHY:^?AC"��58CY�F�FJ B8CD�E�pJ
8VGEf^58UTJA\^y ¤,`;GE7NHD5;G�J4MTGE78GFMORSUSJ�UTGF?AJ>78C��FGEqcCYUT:�GF��f^UT58P;Pc:4��:^MO��:^UTGEHD:4C J4B8CDMORSUSJ
GE��f^UT58P;Pc:�:^MTMWGFB8UWGF�FCL`�CAB8G�B8GFUWCD�DGE:^78C�(� � ����P�CDUv5;7QJ|MWRTUTGE78fZJ@UTGFq8J>�ERSJLRhJoUTG�X
MWPcC¦RTRS:vJ���58CY�F�pJuB8CY�F�FJ¥�Qf>58USJ;`�Hhx8Cj��58GF78B;GcMW58�F�FJ¥MWGF78GEMWRTUSJ¥xQJ��EGFq�CDUT:¥GE�Qf^UT58P;Pc:



���&�����,��� ���'��� �����u� ����� \ �

:^MWMTGFB;UTGF�ECvClMT5;�F�pJAB8CDMORSUSJ@GF��f^UT5;P8Pc:N��:>MW��:^UWGFHD:;y � 5QJ>7;B8:@78:^79MTP�CDHYGE�QHDJLRS:8`�MWG
GF7ZRTCD78B8CvHhx8C6587QJnMORSUWGF78fZJAxQJnB8GEUTCD�YGF:^7;C ��� � ���p`wMWCDHY:^78B8:@587QJAHD:^7Z<^CY78�DGE:^78C
58MW5QJ>�FC¥GE7oq8GF:^�E:^f^GFJ�?d:^�FCYHD:^�FJ>UTCLy

8VGEf^58UTJN\^y ¤2��g2RSUW5;RTRT58USJlB8CYG�725;HD�FCY:>RSGEB8G

¤,y�k�Jdq8J>MTC�B8G�587|7�58HY�FCD:LRSGFB;CtGE7ZRSCDUTJ>f^GEMTHDC¥HY:^7|�FJdqQJLMTCtB8G�587~J>�rRSUW:d7�58HY�FCY:>RSGEB8C
RSUTJ>?dGERSC)�FCDf^J>?ACuHhx;GF?dGFHDGw?A:^�rRS:6B8CYqc:>�FG�`,Hhx8CtMTG�Hhx8GpJL?nJ>7;: LON�1$5>&6-V-��TSh%T1RN¦/w%'y
� 58CDMORS:oRSGEPc:AB8GI�ECDfZJ>?dC�J <�<2GFCY78C6CDMWHD�E58MTGr<>JL?ACY7�RTCvRSUTJNHD:^P;P8GFC4B;GVqQJ>MWG�Ph%'& 6
( LON¦& N¦/Q+�5TS¦-0`�: <�<^CDUW: RSUTJem C	¡u`a:^P8P858UWC	RTUSJ ) C�2l`�C@RhJL�FC@P8UTGE78HDGEP8GF:[B;G
J>P8P8J>GpJ>?dCD7ZRT:6MTG�Hhx8GFJ>?AJ�Ph%'&)( LON¦& N¦/Q+±5TS�-�N¦+ � �>-��°5>+ � %'/76�#ºS�-�P��'yI¡�UTJ6�pJ4m C
�pJA¡ MWG�<>CD78f^:>78:	JA��:^UT?AJ>UWCvB858Cv�FCDf^J>?AG¢GFB;UT:^f^CY78:8`�?ACY7ZRSUTCv�pJ ) C4�FJ 2�MWG
�FCYfZJ>78:�P8G"!vMT:>�FGFB8J>?ACY7ZRSCaHD:^7�RSUTC��FCYfZJ>?dGZGFB8UW:^f^CD7;:8����58CDMORhJ B8Gr�wCYUTCD7;�KJjx8J)587
f^UTJ>78B8CtPcCYMT:A78CD�E�pJ6��:^UT?AJ>�DGE:^78CuB8CY���Q�pJ>?dCD7ZRT:AB8G¢� ��mvy���7|UWCKJ>�rRhslG¢�ECDfZJL?AG
GFB;UT:^f^CY78:nMW:^78:nRTUT:^P;Pc:NB;CDq�:^�FG�P�CDUjRTCD78CYUTC6JLMTMTGECD?dCvB85;C4MTGE78f^:^�EG�725;HD�FCY:>RSGEB8G�`



\K_ �������	��
��
������������
������������ �

?AJ GF�,�F:^UW: CY�cCYRWRS:tHD58?45;�pJLRTGE<^:)MT5dB8GE<>CDUTMWC HD:^P8P;GFC"B8G8q8J>MTGQHY:^?AP;�FCD?dCD7ZRSJ>UTG2GF7
5878JA?d:^�FCYHD:^�FJ4B8G¢� �jm�78C��.Jl587|�ECDfZJL?AC¥MWRSJ>q8GE�FC>y�m¢<�<2GFCY78Cv587wz�GE7�RTCDUTJ>�DGE:^78C
B8G�RTGFP�:©HY:,:>PcCYUSJLRTGE<^:;`�78CY� MTCD7;MT:}Hhx8C�3�B;CDq�:^�FC@��z{CD7;CDUTf>GpJ[B8G �FCYfZJ>?dCoHD:^GE7,X
<>:^�ERSJdGE7|HDGFJ>MTHY5878:AB8CDG¢P8587ZRSG¢B8G¢HD:^7ZRSJLRTRT:8`�?nJl��z{GF7ZRSCYUSJ>�YGF:^7;CtHY:^?dP8�FCYMTMTGr<LJd3
MORhJ>q8GE�FGE�D�KJ'RhJvBQJL��MTGE?458�ERSJ>78CY:4<^CDUWGE�QHDJ>UTMWG�B8CD��MWGFMWRTCD?AJ6B8G��FCYfZJ>?dGwB8CYqc:>�FG�y
g,G�<2GFCY78C J¥��:^UT?AJ>UTC��pJtHD�FJ>MTMWGFHKJtB8:^P8P;GpJ�CY�FGEHKJ¥B8CD�c� �jm �258J>78B8:4MWGw587;GFMTHY:^78:
B85;CoMTCD��58CY78�DC	B8G�725;HD�FCY:>RSGEB8G�CoGE��UWGFMW58�ERSJ>7ZRSCNB8:>P8P8GF:��Q�pJ>?dCD7ZRT:~MTG"JK<�<^:>�Ff^C
JLRWRS:^UW78:lJ>B	587�J>MTMWCn�0<^CYB8G�8VGFf^5;USJN\^y��Z�¦y

20 Å

Nitrogenous 
Base

34 Å

Major
Groove

Minor 
Groove

Central Axis

Sugar−Phosphate
Backbone

5´ C
3´ OH

3´ 0H
C 5´

5´

3´

3´

5´

8VGEf^58USJN\>y �;�8�):^P8P8GFJ6CD�FGEHKJ4B8CY��� �jm
����P8UT:2HDCYMTMW:dHhx;C 5878GEMTHDC)B858C MWGF78f^:>�FC�MTCD��58CY78�DC¥B8Gw� �jm <>J�MT:>RWRS:4GE��7;:^?ACjB8G
5>/Q/KNp5TL -0/214CDBe3lqQJ>MWGF�pJLUTC678CY�F��z{GF?dP8�ECD?dCD7ZRhJ>�YGF:^7;C�B8CYf^�FGIJ>�Ff^:>UTGERT?AG�B8CY��� �jm
)�:^?dP85;RTGF78f;y



���&�����,��� ���'��� �����u� ����� \Y1

ij7eJ>MWPcC¦RTRS:@?d:^�ERT:NGF?dP�:^UWRSJ>7ZRSCv3lHhx8Cl5878J@MWCD��58CY78�KJ��§MTG�587;GFMTHYClJ>�F�FJnMT58J@HY:^?6X
P8�FCY?ACY7ZRhJ>UWC �.: <�<^CYUT:bJ}��58CD�E�pJ©J <>CD7ZRSC9�EC|UTGEMTP�CYRWRSGE<>C~qQJ>MWG)HY:^?AP;�FCD?dCD7ZRSJ>UTGp�6MWC[C
MT:^�E:�MWCA��58CYMWRSJ|xQJ�B;GFUTCY�DGE:^78C��.B8C¦RTRSJ|J>78Hhx;Cd(Q%ML&5TS�-0+ � � :^P;Pc:^MORhJ (�PcCYU�CYMTCY?AP8GE:8`¢MTC
��� m�¡"¡�)2um�2�JL�F�F:>USJ4MTG�J>P8P8J>GpJ6HD:>7 ��� )�¡�)2um)m�¡¥y�g,Ct78CtB8CDB85;HDC4Hhx8C�587
�Q�pJL?ACY7�RT:6B8CD�E�pJ4B8:>P8P8GpJ6CY�FGFHDJ4MTG�MW78:,B8JdBQJ���cJ��(��C¥��z�J>�ERTUT:4B8J���wJ���Fy

8VGFf>58USJN\^y{_8� . UTGECD7ZRhJL�DGF:>78CuJ>7ZRSGEPQJ>UTJ>�F�ECD�pJtB8CD�E�FC MORSUWGF78f^x;CtHY:^?dP8�FCY?ACY7�RSJ>UTG
��7�HY:^78HY�F58MWGF:^78C¥JLq8q8GpJL?A:4RTUTCtJ>MTP�CYRWRSG�CYMTMWCD78�YGpJ>�EG�78CD�E�pJ4MWRTUT5;RWRS58UTJdB;CD��� ��mv�
\^y�k�J��D-£L -0/KNp5TS�-0+ � `L78CDHYCDMTMTJ>UTGFJuPcCYU�587QJ UTGEP8UT:2B858�YGF:^7;C�C54dHYGFCD7ZRTC"B8CD�E�pJj?d:^�ECDHD:>�pJ;y



\m/ �������	��
��
������������
������������ �

¤,y�k�J Ph%'&)( LON¦& N¦/Q+±5TS�-�N¦+ � `ZHhx8C��.JtJK<�<^CD7;GFUTCj��z�J>7878CDJ>�FGE78fuC>`2HD:>?AC"<^CYB8UTCY?A:o�.P�CDU
CYMTCD?dP8GE:�78CY�F��z�CYMTP�CDUTGE?ACY7ZRS:¥B8G�m"B8�FCY?nJL7�`�PQJ>U�\^y�H>�¦`�UTCDJ>�FGE�D�KJuC 4AHYGFCY7�RTCD?dCD7ZRSC
5878JlMWCD�ECYRTRTGE<2GERSs4HD:^7;HKJLRTCD7QJLRTGE<LJ4RSUTJlMORSUWGF78f^x;C>y

�;y�k�zO5>/Q+�- (.5TS~5TL£LON�L -��¦&n%'`ZHhx8C)�.JK<>:^UTGEMTHDC)�pJ¥MWRSUW5;RTRT58USJ�MTGF?d?dCYRSUWGFHDJtB8CY�F�FJt?d:^�FCYHD:^�FJ
Cu�ECuUTCKJL�DGF:>78G�CD7;�DGF?AJLRTGFHhx8CuB8G�GE?AP�:^UORhJ>78�DJ���:^78B8J>?ACY7ZRhJ>�ECuPcCYU"�pJ4<2GERhJ,y


 ��� � ��� ��������� � ����� � ! 	�
��  ���������

m)7;B8GpJ>?d:¥B85878��58C Jt<^CYB8CDUWC>`8GE7AHY:^78HYUTCYRT:8`;GQ<LJ>7ZRhJLf^f^G�78CD�G#��.JLUTC HKJ>�EHD:^�EG&%�HD:^�c� ��mvy

��������������� �"!#�$�&%'�(�&�)��� y
g,CYHD:^7;B8:�m"B;�FCD?AJ>7 1�¤ 3Q587lGEPc:>RTCYRTGFHD:uHY:^?dP85;RSCYUa� �jm CYMTCDf>58C�J>P8P8UW:^MTMWGF?AJLRSG�X
<LJ>?dCD7ZRSC �+*-,/. ��0 1�3 :>PcCYUSJ>�YGF:^78G;J>�8MWCDHD:>78B8:8`2��58GF78B;G83"HDGEUTHKJ �&01, 0 020 0 0 0)<^:^�rRSC
P8G"!o<^CD�E:,HYCuB8CD��P8G"!o<^CD�E:,HYCuB8CDf>�FG�JLRWRS5QJL�FG�MW58PcCYUTHY:^?AP;5;RSCYUTMDy
i�7nHKJL�FHD:>�F:tPcCYU�GE����5QJL�FC�587NHD:>?AP85,RSCDU�UTGEHhx8GFCYB8C�HDCD7ZRT:4?AGE�pJ¥J>787;G�GE��� �jm �F:
�.JNGE7e5;7©?dCDMWC+36���IMWCDf^UWCYRS:	MWRSJoGF79587e78:>RSC¦<^:^�EC54 %768%9�(�����(��:<;=� yt����� �jm�35878J¥?d:^�ECDHD:>�pJjMORhJ>q;GF�FCL`^Hhx8C P85G>¥CYMTMTCYUTC RSUTJLRTRSJLRhJ GE76?A:^�rRSG2?A:2B8G,f^Gps)q�CD7d78:>RTG
GE7 �pJLqc:^UTJLRS:>UTGF:	CnP;5G>[CDMWMTCDUWCoB858P8�EGFHDJLRhJ|CYMTP�:^78CY78�DGFJ>�F?dCD7ZRSCL`I��58CDMORS:9UTCY78B8C
P�:^MTMWGFq8GE�FG�GF7ZRTCDUTCYMTMTJ>7ZRSGIHY:^?AP;5;RhJ>�YGF:^7;G�HY:^7[587[CD7;:^UT?dC4PQJ>UTJ>�F�ECD�EGFMT?d:8`Q?d:^�ERT:
MW58PcCYUTGE:^UTC¥J6��58CD�E�F:6��:^UW78GERT:6BQJ>f^�EG�JLRWRS5QJ>�EGwHY:^?AP;5;RSCYUTMDy

�jCY�;UTGEMT:^�r<^CYUTC�5;74P8UT:>q8�FCY?nJ�B8G,HDJ>?d?AGE78GZxQJ>?dGF�rRS:^78GFJ>78G�`Km"B8�FCY?nJL74xQJ)HY:^78B8:>RWRS:
587ACDMTP�CDUWGF?dCD7ZRS:�GF7d587n<>:^�F58?dC PQJ>UWGcJL�F�pJuHYGF78��5QJ>7ZRTCDMTGE?nJ¥PQJ>UORSC�B8G�587nHY58HDHhx8GFJ>GF7;:8`
CNGE��MWGFMWRTCD?AJ~xQJ|P�CDUW?ACYMTMT:9B8G�HD:^7;HKJLRTCD7QJ>UWCoHDGEUTHKJ � 0 1�> J>UTHhx;G�B8G�5;7 f^USJL��:|GF7}587
MT:>�F:@MTCYHD:^78B;:93 I Hhx;GpJ>UW:	Hhx;CdRT5;RTRT:���58CYMWRS:|J>HD��58GEMWRSJ	f^UTJ>78B8ClUWGF�FC¦<LJ>78�KJNP�CDU¥P8UW:LX
q8�ECD?dGwP�CDU �F:^UW:67QJLRT58USJ6B8CYHD:^?dPc:>78GFq8GE�FG�GF7@MT:LRTRS:>P8UT:^q;�FCD?dG�`2Hhx8CtUTGEHhx8GFCYB8:^78:6:^P�CDUTJ'X
�DGE:^78G�CY�FCY?ACY7�RSJ>UTG�C¥RSCY?AP;G�B8G�UTGEMT:^�E58�DGE:^78C RSUTJ6�F:^UW:dHY:^7;��UW:^7ZRhJ>q8GE�FGa��PcCYU CDMTCY?AP;GF:d�pJ
�.JLRWRS:^UWGF�D�DJ>�DGE:^78C B;G�587	GF7ZRSCYUT:���y
k�J}?nJ>f>f^GF:^UdPQJ>UORSC~B;CDG)�.J>?d:^MWGjP8UW:^q8�ECD?dGjHY:^?AP;5;RhJ>�YGF:^78J>�F?dCD7ZRSC©-0/Q+|S~5>+.+±5��D-£L -

�.��58CY�F�EG�Hhx;CNHD:^7 G�?d:,B8CY�F�EGIB8G�HY:^?dP85;RhJL�DGF:>78CAHY:^7Z<^CY78�DGE:^7QJ>�EG�MW:^78:[UTGEMT:^�r<2GFq8GE�FG��RN 6
+nN�S¦&6-0/Q-��¦+.-�Pp5>& N¦/Q+nN�GE7@587�RTCD?dPc:l78:^7@P�:^�FGE78:^?dGpJ>�ECjUWGFMWPcC¦RTRS:dJ>�E�pJvB;GF?dCD78MWGF:^78CuB;CD�
P8UW:^q8�FCY?nJ,`L<^CYB8GQ�)C¦�Q78GE�DGF:>78C ¤,yr\=¤�H^��MTG,UTGFMW:^�E<>:^78: HY:^7l�pJ�UTGFHYCDUWHKJ CDMTJ>58MORSGE<LJ B8G2RS5;RWRSC
�FC�MT:^�E58�DGE:^78G�`LC"��z{GF78MW:^UT?d:^7ZRhJLq8GF�EC�B;G 4dHD:^�rRhs)MORhJu78CY�;�.JLRTRT:uHhx8C"RhJ>�EC�UTGEHDCYUTHKJ 3�RTUT:^P;Pc:
<LJ>MWRSJvP�CDU���z JLRWRS5QJL�FC"RSCYHD78:^�E:^f^GFJ;yV��7Z<^CYHDC¥�pJtB8CD7;MTGERSs4B8G�GF7;��:^UW?nJL�DGF:>78GQHhx8C¥J>q8q;GpJ>?d:
78CY�F�FCjMWRTUTGF7;f^x8C)B;G�� ��mv`8B8GcHD58GcUTGE58MTHYGpJ>?d:vHY:^7N�.J>HDGE�FGrRhs¥J4HD:^MORSUW58GFUW78C ?d:^�ERTCjHY:^P8GFCL`



�����.���R���°�G�?�?� �����u� ����� �
 � �?������� � \YH

C"MT:^P;USJLRWRS5;RWRS:u��z{CD7;:^UT?dC�HKJLPQJ>HDGrRhs)B;G8HKJ>�EHD:^�E: PQJ>UTJ>�F�ECD�E:jB8G,RhJ>�EG;MWRTUTGE78f^x8C�UWCD78B;C"Pc:^M X
MTGEq8GF�EC)587QJ6UWGFHDCYUTHDJlCYMSJ>5;MWRSGr<LJlB;CD�F�EC)MW:^�F58�YGF:^7;GwGF7NRTCD?dP8G��EGF78CDJ>UTG�HD:^7@�FJ4B8GF?dCD78MWGF:^7;C
B8CD��P;UT:^q8�ECD?AJ@�.HY:^7ZRSUT:dG�RSCY?AP;G�CDMWPc:^7;CD78�YGpJ>�EG�B8CD��HDJ>�FHY:^�F:6MWCD��58CY78�DGFJ>�FCK�¦y

� # �); 4 %2�<� ������% !#�$���
	 � 68;=%�� ��������
k�JnHD:>?APQJ'RTRSCY�D�DJNB8CD�V� �jm�HY:^?dC4HD:^7ZRTCD78GrRS:^UWCvB8G�BQJLRSG�xQJnB8CY�F��z�GE78HDUWCDB8GEq8GF�EC>y
ij78Jn?A:>�FCtB8GV�)�jm�HY:^7ZRSGFCY78C��70 0�, . � 0����l�.Hhx;C434GF��7�58?dCDUW:NB8GVm�<^:>fZJ>B8UW:��
?d:^78:^?dCDUWG���qQJ>MTG,B8G8�)�jmu�VC�GF�2PcCYMT:u?dCDB8GE: B8G;5;7QJ HD:^P;P8GpJ)B;G8qQJ>MWG;3"J>P;P8UT:^M X
MTGE?nJ'RSGE<LJ>?dCD7ZRTC /$1L nBQJ>�rRS:^7�`wPcCYUWRhJL7�RT:[\6f^USJL?A?d:nB8GV� �jm HY:^7ZRSGECD78C6HYGFUTHDJ
��0 � 1�q8P �O\¥q8P�� 5878JdHY:^P8P8GFJlB;G�qQJ>MWG�HD:^?dP8�FCY?ACY7ZRhJ>UWG0�¦y
g,GEHDHD:>?AC�HDG8MW:^78:u_ qQJLMTG8B8G;� �jm�`^:^f^7;G,qQJLMTC"HD:2B8Gr�QHKJu¤)q;GERSM"�.P�CDUTHhx��"PcCYUIPc:'X
RSCYUT�EC�B8GEMWRSGE78f^58CYUTC�HD:^76�EGFMORSC�B8G,�YCDUW:uC�5878:)x8:uq8GFMW:^f^78:jB8G2B858C�HYGE��UTCK�¦`L?nJ�Pc:^M X
MTGFJ>?d:6J>78Hhx8CuB;GFUTC)Hhx8Cu587QJ4HY:^P8P8GFJ4B8GwqQJLMTG�HY:^?AP;�FCD?dCD7ZRSJ>UTG�HD:2B8GE�8HKJ6¤vq8GrRSMY`
P�CDUTHhx��>`�JK<>CD78B8:o5;7QJnB8CY�F�FC¥B85;CvqQJ>MWG�`��pJlHD:^7;:^MTHYCD78�DJNB8CD�E�pJlHD:^?dP8�FCY?ACY7ZRhJ>UWC
78:^7�J>f^f>GF5878f>CuJ>�FHY587QJ6GF7,��:^UT?AJ>�DGE:^78CLy
� J|��58CYMWRTG�P8UTCYMT58P;Pc:^MORSG�MTCDf>58CNHhx8C~\Af^USJL?A?d:�B;G�� ��m HD:>7�RTGFCY78CNJ>P;P8UT:^M X
MTGE?nJ'RSGE<LJ>?dCD7ZRTC , . � 0�� 1 q8GrRSMD`c?ACY7ZRSUTCvHD:^7~�EC�RTCDHD7;:^�F:^f>GFCtHD:^7Z<^CY78�DGE:^7QJ>�EG�MWG
P�:^MTMW:^78: GF?d?AJ>fZJ>�Y�DGF78J>UTC	J>�jP8GO! ��0��oq8GERTMNPcCYUNf^UTJ>?A?d:8`"��58GE78B8G)GE�)�)�jm
P�:>RSCY78�DGFJ>�F?dCD7ZRSC@xQJe587QJ HDJ>PQJ>HYGERSseB8G�HD:>7�RTCD78GE?ACY7ZRS: B8JLRSG , . ��021 � <>:^�ERTC
MT5;PcCYUTGF:>UTCoJ~��58CY�F�pJ�B8CD�E��z�JLRTRT5QJ>�FClRSCYHD78:>�F:^f^GFJ;y[��7;�.JLRWRSG�`IPc:>MTMTGFJ>?d:~HKJ>�EHD:^�FJ>UTC
Hhx8CN�ECn?d:^�FCYHD:^�EClB8G�� ��m xQJ>7;78:~587QJ~B;CD78MWGERhs�B�z�GE7;��:^UW?nJ>�YGF:^7;CdB;G�HYGFUTHDJ[¤
q8GrRSM)P�CDU)7QJ>78:^?dCYRTUT:AHD58q�:8`wHY:^7ZRSUW:[\4q8GER)PcCYU���0 1 �S78?��uB8CD�E��z�JLRTRT5QJ>�FCuRTCDHD7;:LX
�F:>f^GpJ;y -�USJLRTGFHKJL?ACY7�RTC>`c587[MT:^�E:Nf^UTJ>?A?d:nB;GI� ��mv`�Hhx8C6MWCDHYHD:@:,HYHD58P�CDUWCDq8q�C
587~<>:^�F58?dCvB;GV587~HYCD7ZRSGE?AC¦RSUW:NHD58q�:8`�P;5G>NGF?d?AJ>fZJ>�Y�DGF78J>UTC¥�FC�GF7;��:>UT?AJ>�DGE:^78G
HD:>7�RTCD7�5;RTCAGE7eHYGFUWHKJoHDGE78��5QJ>7ZRhJo?dGF�FGFJ>UTB;G¢B;G4)�� 3���7;�.JLRWRSG�`�J>MTMW58?ACY78B8:	Hhx8CdG
B8GEMTHhx8C¦RTRSGaP8G"!©f>UT:^MWMTG�GF7eHD:>?A?dCDUWHDGF:oHY:^7ZRSCY78fZJ>78:�HDGEUTHKJ�1�2uq¨�.HDGE:,3 � . ��0 �
q$:�RSCDMY`�Hhx8CoHY:^UTUWGFMWPc:^7;B8C@J � .�� . ��0 � q8GERTMh��Co��58GE78B8G���z{GF7;��:^UW?nJL�DGF:>78CAB;G
,5. ��0 1�� q8P�`QMWG�xQJlHhx8C>�

\tf>USJ>?d?A:l�)�jm � ��0�� 1
, . ��0 1��

� �(070 0 0 070 0 0 070 0 0 0 B8GEMTHhx8C¦RTRTG! 
I MORhJLRT:	MORSGE?nJLRT:oHhx8CdPc:2Hhx8G�f^UTJ>?A?dG¢B8Ga� �jm�P�:^MTMW:^78:	HD:^7ZRTCD78CYUTCdP8GO!9GF72X
��:^UW?nJ>�YGF:^7;CuB8G���5QJL7�RSJn78CtHD:^7ZRTCD78fZJL78:oJ>��?d:^?ACY7ZRS:lRS5;RWRSCv�EC¥?ACY?A:^UWGFCuB8CYG
HD:>?AP85,RSCDUWM MT58�E�pJvRSCYUTUTJ;y

�jCDG��pJK<^:>UTG 1 ¤�`��,`¢\  ;`K1> 43Vf^�EG¢J>5;RS:>UTG�`�P�CDU):>f^78G¢f^USJ>?d?d:8`QHKJ>�EHD:^�FJ>78:d587QJnHY:^?6X
PQJLRWRSCD�Y�KJ£B�z{GF7;��:^UW?nJL�DGF:>78C|B8:>P8P8GpJ}UWGFMWPcC¦RTRS:£J ��58CY�F�pJ JLP8PcCY7QJ <,GEMWRSJ;`jGE7 ��5QJ>7ZRS:



\m@ �������	��
��
������������
������������ �

HD:>78MTGEB8CDUTJ>78: MWGF78f>:^�FCoMORSUTGE78f^x8C	B8G�� ��mv`a��58GF78B;Gj78CY� HKJ>�EHD:^�E:9RT5;RTRTC��EC@qQJ>MTG�P8UWC¦X
MTCY7ZRSG <>JL7878:}JeHD:2B8GE�8HKJ>UWC�CYMSJLRWRhJ>?dCD7ZRSC|¤eq;GERSMYy � 58CDMORS: �E:^UT:©J>P8P;UT:2HDHDGE:©7;:^7§3
GF7Z<>CDUT:>MTGF?dGF�EC>`aGF7¨��5QJ>7ZRS:©:^f^f^G CDMWGFMORS:^78:©B8CD�E�FCoRSCYHD78GEHhx8C|B;G�HYUTGEMWRhJL�F�FGE�D�DJ>�DGE:^78CNHhx8C
GF?dP�CDB8GEMTHD:>78:���z JLP8PQJ>GFJ>?ACY7ZRS:	B8CD�E�FCdMWRSUWGF78f>x8CnHY:^?AP;�FCD?dCD7ZRSJ>UTG�J>78Hhx;C@J�RSCY?AP�CDUTJ'X
RS5;USJ J>?vq8GFCY7�RTC>`>RT5;RTRSJK<,GFJ J>q8q;GpJ>?d:jP;UTCY��CYUTGrRS:)�.J>UWC�5876HDJ>�FHY:^�F:�UTGEB8GF?dCD78MWGF:^78JLRS:8`=Hhx8C
HD:>78MTGEB8CDUWG��FJdUWCKJ>�EC�GE7;��:^UT?AJ>�YGF:^78CuHY:^7ZRSCY725,RhJNGF7�587QJd?A:^�ECDHY:^�pJ6B8G�� �jm�MTCD7;�KJNJ>��X
HD5;7|GF7ZRTCDUW<>CD7ZRS:ACDMORSCDUW78:8y k�C¥HDGr��UTC¥:>RTRTCD7�5;RTCvMT:>78:AHY:^?4587;�25;Cv?d:^�ERT:6GF7ZRSCYUTCDMWMSJ>7ZRTG��
J>78Hhx;C�MTC�UTGF5;MTHDGEMTMWGF?d:)J>Bv5;RSGE�FGF�Y�KJ>UWCaMT:^�E:)GF��\  �� B;G2RSJ>�FC�HD:^7ZRTCD7�5;RS:uGE7;��:^UW?nJLRTGE<>:�:LRWX
RSCYUTUWCD?d?A:�HD:^?v5878��58C�5;7�z�CY78:^UW?AC�J <LJ>7;�KJ>?dCD7ZRS:jUTGEMTP�CYRTRT: J>�E�pJ�RSCYHD78:>�F:^f^GFJjJ'RTRS58J>�FCLy
�vz�J>�ERTUSJ	PQJ>UWRTC>`I��z�CYMTMWCDUTCnHD:^?dCnMWGpJ>?d:|B8GEPcCY78B8CABQJ>�F��z�GE7;��:^UW?nJ>�YGF:^7;C4HD:^7ZRTCD7�5;RhJ~7;CDG
f^CY78G�B8CD��7;:^MWRTUT:�� �jm�`�Hhx8CA:2HDHY58PQJ>7;:�MW:^�F:@GF��\  �� B;CD�F�FJN?A:>�FCDHY:^�pJ~�.B8C¦RTRhJN(.5TS�+�N
Ph%��>- ��Pp5>/Q+nNT�¦y
7�GEHDCYUTHhx8C�78CD��HDJ>?AP�: B8CD�2� ��m )�:>?AP85,RSGF7;f�MORhJ>7;78:)GE78BQJ>fZJL78B8: MT58�E�pJ"P�:^MTMWGFq8GE�FGrX

RhsuB8G;HD:2B8GE�QHDJ>UTCL`�J>HDHY58?458�FJ>UTCL`Z?nJL78GFP�:^�pJLUTC�C�UWCDHY58PcCYUSJ>UWC GF7;��:^UW?nJL�DGF:>78G,q;GF:^�E:^f^GFHhx;C
GF7dMTCY��58CD78�YCuB8G�� �jm�y -¢CDU�CDMTCY?AP;GF:�101> 43c��:^UW78GFMWHDC�G�B8CYRWRhJ>f^�EGQB8G�5878:4MORS58B;GF:tHhx8C xQJ
HD:>GF7Z<^:^�rRS:t�pJtP8UT:^f>CYRTRSJ>�DGE:^78CL`,�FJtHY:^MWRTUT58�YGF:^78CjC)�FJ�MTP�CDUWGF?dCD7ZRhJL�DGF:>78CjB;Gc5878J�f^UTJ>78B8C
qQJ>MWC¦X BQJLRSG�P�CDU4GE��HY:^7ZRSCY78GF?dCD7ZRS:|CNGF�aUTGEP8UTGEMWRTGF78:	B8G�GE7;��:^UW?nJ>�YGF:^7;GIB8CD7ZRTUT:[MTCY��58CD7,X
�DCnB8G�qQJLMTG�7�58HY�FCY:>RSGEB8GFHhx8CAB8G�?A:^�ECDHY:^�FCAJ>UWRTGE�QHYGpJ>�EGIB8G�� �jm�y � 58CDMORSCoqQJLMTG�B;G�BQJLRTG
HD:>78MTGEMWRS:>78:©GE7£587§f^UTJ>78B8C@GE78MTGECD?dCoB8G MTGF7;f^:^�FCoMORSUWGF78f^x;C	B;Gj�)�jm �.�EGFq�CDUTCoGE7¨MW:LX
�F5;�DGF:>78C6:|GE?A?d:^q8GE�FGF�Y�KJLRTC�MW5}MW��CYUTC¦RTRSCL`V�FJ>MWRTUTC6<^C¦RSUT:>MTC>`V:|Hhx8GEP8Mh�uHhx8CnHY:^7ZRSCY78f^:^78:
587QJ4P8J>UWRTGFHD:>�pJ>UWCjMWCD��58CD7;�KJ6B8G�qQJLMTG�`2HD:>78MTGEMWRSCY7ZRSCuGF7nMT:>RWRS:^MORSUTGE78f^x8C)B8GwHY58GwHYGpJ>MWHD587QJ
�.J~PQJ>UORSC@B8G�5;7¨P8UWCDB8C¦RSCYUT?dGF7QJLRT:[GF78MWGFCY?ACLy}k�z�CYMTP�CDUWGF?dCD7ZRS:9P8UWCY<^CYB8C	587¨GE78MTGECD?dC
B8G�MW��CYUTCYRWRSCN?dCYRSJ>�F�EGFHhx8CL`�B8G�HY58G�HDGpJLMTHD5;7QJ|xQJ~J'RTRhJLHDHKJ'RSCn?d:^�rRSClHD:^P;GFCnB;G�5878J�HDCYUOX
RhJ@MTCY��58CD78�DJ;y -�CYUvUTCYHD58P�CDUTJ>UTCA587 B8JLRS:	GF79RhJ>�EC # �FGEq8UTCYUTGFJM%h`w<2GECD78Cd5;RSGE�FGE�D�KJ'RhJN587QJ
RSCYHD78GEHKJ|Hhx;CNMTG�Hhx8GpJL?nJ 8,m�)"g ��8V�F58:>UTCDMWHDCY78HDCNm"H¦RSGr<>J'RSCDB )�CD�F��g,:>UWRSGE78f���`VHhx8CNMW:LX
MWRSJ>78�YGpJ>�E?ACY7�RTClMTCDP8J>USJ|�EClMW��CDUWCYRWRSCnHhx;CNHD:^7ZRTCD78f^:>78:|GE��B8JLRS:�BQJ>�F�EClJ>�ERTUTC���RTUSJ>?dGERTC
MWRTUTGE78f^x8C)�858:^UTCYMTHYCD7ZRSGIHY:^?dP8�FCY?ACY7�RSJ>UTG�JN��58CD�E�FC�Hhx8C6HD:2B8GE�8HKJ>78:oGE��B8JLRS:���`wMWCDf^58GrRhJ
BQJ>�E��z�J>?dP8�FGr�QHKJ>�YGF:^7;C�B;CD��BQJLRT:lPcCYU �.JK<>:^UTGEUT78CuGE��UTCYHD58P�CDUW:8y

������: 4 %968; ��� � ��� 6�� ��� ���&� y
-¢:>RSCY78�DGFJ>�F?dCD7ZRSCL`�G�HY:^?AP;5;RSCYUTM)?d:^�ECDHD:>�pJ>UWGwxQJ>7;78:N587�z{C54dHYGFCD7;�KJNCD7;CDUTf>CYRSGEHKJ
MORSUSJL:^UTB8GE7QJ>UWGpJ;y"��7~�EGF78CDJdB;G�?AJ>MTMWGF?AJ;`�587	�W:^5;�FCt3vMT5 4AHYGFCY7�RTC4P�CDU)HY:^?dP8GFCYUTC
HYGFUTHDJ�, .,��0 1 � UWCKJ>�YGF:^78G;B8GQ�FGEfZJ>MTG���<>CDB8G�PQJ>UTJ>f^UTJL��:l\^y�1>�¦yIi�7QJ¥HD:^MTJ¥RSJ>7ZRS:tP8GO!
78:LRSCY<>:^�FC"MWC PcCY78MTGFJ>?A:)Hhx8C �pJ MTCYHD:^7;BQJt�ECDf^f>C�B8CD�E�pJ)RTCDUT?d:2B8GF7QJL?AGEHKJjP;UTCY<>CDB8C
Hhx8C�MTG2Pc:^MWMSJ>7;: HD:^?dP8GECDUTC�J>��?nJLMTMTGE?A:%��
 .���0 1 �I:^P�CDUSJL�DGF:>78G�GFUTUWCY<>CDUTMWGFq8GE�FGZP�CDU
�W:^5;�FC>`�J6RSCY?AP�CDUTJLRS5;USJdJ>?4q8GECD7ZRSCLy 2¥�EG�CDMWGFMORSCD7ZRTG�MW58PcCYUTHY:^?AP;5;RSCYUTM)CYMTCYf^58:^78:
��0��v:^P�CDUTJ>�DGE:^78GaPcCYU��W:>58�FCL`V��58GF7;B8Ga��z{C54dHDGECD78�DJ|CD78CYUTf^C¦RSGEHKJ�B;G�587©GFP�:>RSC¦RSGEHD:



�����R��� ����� ��� ��� ��� �����'���?
����	��� ������� \ ]

HD:>?AP85,RSCDU¢� ��m¨MTJ>UTCYq8q�C � 0 1�� <>:^�ERTC�?nJ>f>f^GF:^UWC �.P�CDUWHhx��a<^CDUWUTCYq8qcCYUT: CYMTCYf^58GERTC
,5. ��0 1 � :^P�CDUTJ>�DGE:^78G�P�CDU �W:^58�EC ��y


���� � ��� 	 ��
 � ��� � � � � � ��
 � � � � � � � !

� 5QJ>78B8:£Gj�FCDf^J>?AG RSUTJ B858C[MWRTUTGE78f^x8C~B;Gu� �jm�xQJL7878: �F5;:^f^: �.MW:>RTRT: HD:^7;B8GF�YGF:^78G
GFB8CDJ>�FGp�VMSJ>P;P8GpJ>?d:vHhx;C �FC�qQJ>MWGc:^P;Pc:^MORSCjMT:^78:vHD:^?dP8�FCY?ACY7ZRhJ>UWG�`���58GF78B;GcqQJLMWRhJtHD:^7;:LX
MTHYCDUT7;Ct5;7QJvP�CDU"JK<^CYUTC¥��z�J>�rRSUSJ,`2P�CDUWHhx��u�pJtHD:^?dP8�ECD?dCD7ZRhJ>UWGFC¦Rhs�B;G % JLRSMW:^7,X])�UWGFH'&dBQJ
587eMTGF7;f^:^�F:N�8�pJ>?dCD7ZRS:@B8Ga�)�jm�HDGaP�CDUT?dCYRWRSC6B8G�:LRTRSCY78CDUW78Cd5878:	B8:^P8P8GE:8y � 58CDMORS:
��CD78:>?ACY78:63uHDUW58HDGFJ>�FCj78CD�E�FC)5;�ERSGE?ACjB858C �.J>MWGwB8CY��MTCYf^58CY7�RTC¥MTHhx8CY?nJ6f^CY78CDUTJ>�FC B;G�587
J>�Ff>:^UTGrRS?d:4� ��mvy
� JLRT:|587}P;UT:^q8�ECD?AJ;`¢�pJoRSGFP;GFHKJo?dCYRT:,B8:>�F:^f^GFJNB8CD��� ��m )�:^?dP85;RTGF78f	MTG�JK<2<LJ>�ECAB;G
RSUWC¥�.JLMTG��
\^y # � ! �� �&%
)�:^78MWGFMORSC�78CY�,RTUSJ>B85;UTUTCL`>HY:^76587QJj��5;78�DGE:^78C�:>P8Pc:>UWRS5;7QJ;`>��z�GEMWRSJ>78�KJ�B8CD�,P8UT:>q8�FC�X
?AJ GF76587d?458�rRSGF7;MTGFCY?AC)�.P�CDU��FJ B8CY�878GF�YGF:^78C�<>CDB8G�PQJLUSJ>f^UTJL��:4\^y61^�VB8G;MWRSUWGF78f>x8C
� ��mvy

¤,y � 4 � 6 %�� ����� �/;=�)�����&� ��%968�
g,G�RTUSJLRWRhJlB8G�:^P�CDUSJL�DGF:>78G�GF7@P8UW:=<>CYRWRhJAHhx;C�P8UW:,HYCDMWMSJ>78:AG�BQJLRSG�GE7@B8GF?dCD78MWGF:^7;C
?d:^�FCYHD:^�FJ>UTCLy � 58CYMWRSJd�.J>MWCtHY:^78MWGFMWRTC�7;CD���.JK<^:^UWGFUTC¥�ECtHY:^78B8GE�DGE:^78G�Hhx8C�PcCYUT?dCYROX
RS:>78:oJ>�E�FCt?A:^�ECDHY:^�FC¥B8GV� �jm�B;GVUTCDJ>f^GEUTC�RTUSJnB;GV�F:>UT:8`�GF7~?d:2B8:nBQJA:>RTRTCD78CYUTC
587QJ�P8UT: <^C¦RTRSJvHD:^7nMWRSUWGF78f>x8C)HY:,B8Gr�QHKJL7�RTG�587NGF7;MTGFCY?AC�B8G�Pc:LRSCD7;�DGpJL�FGQMT:>�F58�YGF:^78G
B8CY�QP8UT:^q;�FCD?AJ6��f^CD78CYUSJ>�E?ACY7ZRSC":>RWRSCD7�5;RTC PcCYUº# J>7878CDJ>�FGE78ft%�C�# �EGFfZJL�DGF:>78C�%�BQJL�F�FC
MWRTUTGE78f^x8CuGE78GF�YGpJ>�EGcHY:,B8Gr�QHKJL7�RTG�G�BQJLRTG�`2<^CDB;G¢P8J>USJ>f>USJL��:o\^y614P8587ZRS:n¤^��y

�;y�� : �<68%�� ��� ��� !���� 68�(:�� � � %7� �
g,Ga58MTJ>78:	B8CDGaP8UW:>RS:2HD:^�E�FG�PcCYU�CYMWRSUTJ>UTUWCAGE�IUTGEMT58�rRhJLRT:©�.GF7[��:^UW?nJo?d:^�FCYHD:^�FJ>UTCK�¦�
78CY�F�pJt?AGEMTHYCD�pJt:>RTRTCD7�5;RSJ478CD�E�pJt�.JLMTC P8UWCDHYCDB8CY7�RTC¥MTG�MWCDPQJ>UTJ>78:6�EC)MT:>�F58�YGF:^78G�B8CY�
P8UW:^q8�FCY?nJ4��# MORSUWGF78f^x;C�q858:^7;C�%O�VB8J>�F�EC�78:^7lMW:^�F58�YGF:^7;G��O# MWRTUTGE78f^x8C�7;:^7lq858:^78Cb%O��`
C¥MTG�CYMWRSUTJ>f^f^:>78:8y

g,:^78:lMORhJLRTG�P8UT:^P�:^MORSG�J>�Ef^:^UWGERS?dGc� �jm P�CDU"��z{CDMWPQJ>78MWGF:^7;CtB;CDG�B8C¦RSCDUW?AGE7QJ>7ZRSGwMTGF?vqc:LX
�FGEHDG��Y`�P�CDUl�FJ9HY:^7878CYMTMWGF:^78C	B8CYG"f^USJL�¨C@GF��P;UT:^q8�ECD?AJ[B8CD�E�F:[�KJLGF78:958MTJ>78B8:©�pJ[P8UT:'X
� ¥ºW��d[~[�{�[�cm¯°W��m¨±����abz|{���c_V�W�� w6x0x6w6a�`§]cYr�W����_�m}$cm¤tW��Yabx6[]`�cYsuWmV�¹YyMw0^dcde¶iQ�±�±fh�Q�]· ���Yibl|iQ·h·6��·

���! �±qb�,��kmj�ibj"f&qbg#"���$��MiQgY�nf&qbg q����n�Q�&%±qQ· f&�����]j£��ln��fhgTibgMj"�±cM�Q{|��r�¢�¯ ¼ � �'�K��z)(m§��M�+* �;^'r�, ¼
yMa;§�[p}�¨]��`-*Y¹m{�[]z±§]cmX z|w6^M¨�[]{|�;^dcY;�b���;�YcT�~�;���YW



¤>  �������	��
��
������������
������������ �

f^UTJ>?A?AJ>�YGF:^78C)B8GF7QJL?AGEHKJ��¦`�PcCYUjGE��P8UT:^q;�FCD?AJ6B8CD�E�pJ6HD:>�F:^UTJ>�DGE:^78CuB8CY�F�FCuMORSUTJ>B8C�� `�P�CDU
�pJ4?d:^�rRSGFP;�FGFHDJ>�DGE:^78C B8G�?AJLRSUWGFHYG���C¥P�CDU ��z�J>B8B8GE�DGE:^78C��¦y
��7~PQJ>MWMSJLRT:NHDG¢MT:>78:NMWRSJLRSG¢J>7;Hhx8C?# P;UT:^f^UTJ>?d?AG�?d:^�ECDHD:>�pJ>UWG&%)PcCYU)�pJlUT:LRTRS5;USJAB;CD�

����gb��� JLRSJ���78HDU]:,P,RSGF:>7}g2RSJ>78BQJLUTB9B8CD�Vf^: <^CDUW78:	B8CDf^�EGag2RSJLRSGVij78GrRSG0��y����a� ��g[HDG�X
��USJA?ACYMTMSJLf^f^G¢B8Gº/>_oq;GERSMjC458MTJNHhx8GpJK<2GVB8Gº1T/nq8GrRSM(�UT:^?dP�CDUTC�GF������g~MTGFf>78GE�QHDJAHhx8C
BQJLRSJ~587QJ[HD:>P8P8GpJ£�0RSCYMWRS:eMTHYUTGrRTRS:;`IRSCDMORS:eHDGr��USJLRT:��¦`IP�:^MWMTGpJL?A:~RTUT: <LJ>UTCo5878J9Hhx;GpJK<^C
Hhx8C@RSUTJ>B858HYC|GF��RSCDMORS:©MTHDUWGERWRS:eGF7b�25;CD�F�E:9HDGE��UTJLRS:;y¨m��wUW:^7ZRhJ>UWC�GE�"P8UT:^q;�FCD?AJ[HD:^7¨G
?dCYRS:2B8G"HY:^7Z<^CD7;�DGF:>7QJ>�FG UWGFHhx8GECDB8C	587QJeUTGFHYCDUWHKJ©CYMSJ>5;MWRSGr<LJ JLRWRSUSJK<>CDUTMW:©RT5;RTRTC|�FC ,��
	
Hhx8GFJ <2G¢����gc`�Hhx8CtHD:^7�587�RTCD?dPc:d?ACYB8GF:dB8G�\  > ;y  > ^ d:>PcCYUSJ>�YGF:^78G�JL��MTCDHY:^78B8:nHD:^?6X
P�:^UWRSJ©\  ;y� ^ ^ 	J>787;G�B8G��pJK<>:^UT:}�.:^f^f>G�JLq8q8GpJL?A:	MT58P�CDUWHD:^?dP85;RTCDU�MTP�CDHDGFJ>�FGE�D�DJLRSG�Hhx8C
GF7Z<>CDHDC)UTGFCYMTHY:^78:4JLBNCDMTJ>?AGE7QJ>UWCj��z�GE7�RTCDUW:�MWPQJ>�DGE:4B8CY�F�FC Hhx8GFJK<,G�GF7dRSCY?AP8G�USJLf^GF:^7;CY<^:>�FG�`
CY<2GEB8CD7ZRSCY?ACY7ZRSC4UWGFMTP�CYRWRS:nJd<^CY7ZRKz�J>7878G¢�.JAf^�EG�J'RTRS58J>�FG�MWGFMWRTCD?dG�HDUTGrRTRT:^f^USJ'�QHDG�B8C¦<^:^78:
78CYHDCDMWMSJ>UWGpJ>?dCD7ZRTCNJK<^CYUTCNHhx8GFJK<,G�P8GO!©�F587;f^x8C+3 �¦y@��7Z<^CYHDCoMWG�3nMORSGE?nJLRT:@Hhx8C>`�58MTJ>78B8:
�pJlHD:>?AP85,RhJ>�YGF:^78Ct?d:^�FCYHD:^�FJ>UTCL`8GF�¢����g�P�:>RSUWCDq8q�CvCYMTMWCDUTCvUT:>RWRS:nGE7|HYGFUTHDJA_A?ACYMTG�B8G
�pJK<>:^UT:¥B8GQ�FJ>qc:>USJLRT:^UTGE:)C�J>P8P8UW:^MTMWGF?AJLRSGr<LJ>?ACY7ZRSC�qQJLMWRSCYUTCYq8qcC�587df^USJL?A?d:uB8G�� ��mvy
�jCYG�HDJ>P8GrRS:^�EG;MT5;HDHDCYMTMWGE<2G�<>CDUWUSJ>787;:vP8UW:^Pc:>MWRSG�`ZHD:^7d?AJ>f^f^GE:^UTG,B8CYRWRhJ>f^�EG�`ZJL�Ff^:^UWGERT?AG

� ��m Hhx;C�UWGFMT:>�E<^:>78:6GFMORhJ>78�YC¥B8G�g,m�¡���<^CYB8G¢�)CY�878GF�YGF:^78C�¤,yr\ �Z¤>�¦y


 �
� � �� ��� ��� � ��� � � ! � 
�� � 
 ���#���������

����?d:,B;CD�F�E:|P8UWCY<LJ>�ECD7ZRSCoGE7 q8GF:^�E:^f^GFJ	?d:^�FCYHD:^�FJ>UTCd3o�FCYfZJLRT:9J>B 587�z�J>7QJ>�E:^f^GFJ	RSUTJ[�pJ
MTCY��58CD78�DJAB8CY��� �jm C¥587oRSCYMWRT:AMWHDUTGrRTRT:dGE7@587	J>�E�.J>q�CYRT:lJ6_d�ECYRWRSCDUWC>`8C¥��58CYMWRhJl?dC¦X
RhJ'��:^USJ �EGF78f^5;GFMWRTGFHDJj3 MWRSJLRhJuCDMORSUWCD?AJ>?ACY7ZRSC"��UT5;RWRS58:>MSJ;`�HD:>?AC�RTCDMWRTGF?d:^78GFJ>78:)RTCDUT?dGF7;G
��5QJ>�EGG# RSUTJ>MTHYUTGF�YGF:^7;C�%h`T# RSUSJLB858�DGE:^78Cb%h`T# HY:,B8GEHDC�f^CD7;CYRSGEHD:t%S`$#�?ACYMTMTJ>f^f^GE:�f^CY78CYRTGFHY:t%�CYRTH>y
g,58�"�Q78GEUTC@B8CYf^�FG J>7;78Guz6/> ;`�HY:^7§�FJ9B;CDHDGr��USJ>�YGF:^7;CoB8G 587§HY:,B8GEHDC@5878Gr<^CYUTMSJL�FC@B8G

HD:>UTUTGEMTP�:^78B8CY78�KJ RTUSJuJ>?dGF78:^J>HDGEB8G�C�RSUTGEP8�FC¦RTRTC�B8G87�58HY�FCD:LRSGFB;G�`>C"HY:^7l�pJ B8CY�F58HYGFBQJL�DGF:>78C
B8G�MTGEMWRSCY?AG�B8GjUTCDf>:^�pJ>�YGF:^7;C	HY:^?4587;C~PcCYUnf^UW58P8P8GjB8G)f>CD78GjJ>B J>�YGF:^7;C|HD:2:^UWB8GF7QJ'RhJ
�.:>PcCYUT:^78Gp�¦`a��z{:^UWfZJ>78GE�D�KJL�DGF:>78CnB8CY�"f^CD7;:^?nJ9J>P;PQJ>UTGr<LJ~HD:^?dP8UTCY78MTGEq8GF�ECNC@�F:^f>GFHKJ,y ���
� ��m <^CY78GE<LJ¥<,GEMWRT:vHD:>?AC 587N78J>MWRTUT:LX P8UT:^f>USJ>?d?nJ HY:^7ZRSCY78CD7ZRSC)GFMWRTUT58�YGF:^7;G�`ZMT:>UWRhJtB8G
# P;UT:^f^C¦RTRT:t%�B8CD�E��z{:^UTf^J>78GFMW?A:;`_#�MTHYUTGERWRS:t%�GE7vRSCYUT?dGF78G�GE7�RTCD�E�FGFf>GFq8GE�FG'MTGpJ)J)�FGr<^CD�E�F:��FCYMTMTGEHKJ>�EC

���,WY��ab¹Y`�cmr�WY�=�;^Y[]�Rc��¸kmgtgMfhg	´��b�QgTiQ��f&���Tl|q�´bl�iQ����fhg_´�iQ· ´;qblnfhjh�m�4�4qQg?i �!�� ��qb�,��kmj��]lnc
�D{��'r¸¢�¯ ¼ � � �K��z)(_§|�Y� *���^�r�, ¼ yMa;§�[p}�¨]��`-*Y¹m{�[]z±§]cmX z|w6^M¨�[]{|�;^dc$�]t���±�]��mct�p���;�YW

� ,uWº¤��;^Y�;§�(QaYc ��W���abz�x"c  ��qb·0�±��km·6iQl³�±qQ���Tkmj£iQjOf&qQg q�� jh�M� l|qpi�� �±qQ·0qblnfhg	´ �Tl�q+%]·0����c�D{|�
r¸¢�¯ ¼ � � �=�;z�(m§|�Y�+* �;^�r!, ¼ yMa�§|[~}'¨��;` *M¹m{|[~z�§~cmX¦z�w0^M¨][�{���^dcd�~;�b���D¬b�Yct�~�;���YW

� ¤MW��¸x6w! ;[]zpc#"¦qQ���Tkmj£iQjOf&qQg° ¡fhj(� �!�� "G�iQjOlnf $���km· j"f ��· f&�±iQjOf&qQgtcR�D{|��r�¢�¯ ¼ � � �=�;z�(m§|�Y�+*���^
r�, ¼ yMa;§�[p}�¨]��`-*Y¹m{�[]z±§]cmX¦z�w6^M¨�[]{|��^Rct�%$;�Q���Q;�McM�p�����MW

&~ZKW_v�¹Ma�z|^Mw0[~z|wOc � W	�Ka�^M¨�z��b»h{pc(' ���ºq���i��Yqblnf0opqQgMj£iQ·d�±�Yibfhg'l���i;��jOf&qQg���qbl ���! � %�iQ�]����i��;�QfhjOf&qQgtc
�D{��'r¸¢�¯ ¼ � � �K��z)(_§|�Y� *���^�r�, ¼ yMa;§�[p}�¨]��`-*Y¹m{�[]z±§]cmX z|w6^M¨�[]{|�;^dcM�Q	�Q����¬b�Mct�p���;�YW



�����R��� ��� ���u��� � �'���'��� �
�� � �,��� ��� ��� � ¤,\

Hhx8C�f^USJ>?d?AJLRSGEHKJ>�EC>y¢g,:^7;:tMORhJLRTGQHD:^MORSUW58GERTGQJ>�Ff>:^UTGrRS?dG,P�CDU��FJ¥UWGFHYCDUTHDJ¥J>5;RS:>?nJLRTGF�Y�KJLRSJ
B8Gt# P8J>UT:^�ECVMWGFf^78Gr�QHKJ'RSGE<>C�%S` qQJ>MSJ'RSGZMT5;�F�pJ�B8CYRTCDUT?dGF78J>�DGE:^78CIB8CY�F�FJ���UTCD��58CY78�KJ HD:>7�HY58GZ587
BQJLRT:N:^�FGEf^:^7�58HY�FCD:LRSGFB;CuMTGVP;UTCDMWCD7ZRhJoGE7|587QJNMWCD��58CY78�KJoBQJLRSJ;`�C4MT58�E�pJdMTGFf>78GE�QHDJLRSGr<2GERhs
:A?dCD7;:8`8BQJ>��P;587ZRS:dB8G�<2GFMWRSJdMORhJLRTGFMORSGFHY:8`;B;CD�F�E:lMTHD:>MWRhJL?ACY7�RT:AB;G�RhJ>�EC ��UTCD��58CY78�KJdBQJ
��58CD�E�pJoP8UTC¦<2GFMWRSJo78CD�aHKJLMT:	B8GI587QJ@B8GEMWRSUWGFq85;�DGF:>78C6P858UTJ>?ACY7ZRSClHKJ>MW5QJ>�EC6B8CDf^�EGIMWRTCDMWMTG
7�58HD�ECD:>RTGFB8G�y
m MWHD:^7Z<>:^�Ff^CYUTC¥��58CDMORS:A�258J>B8UT:d:>RWRSGF?dGFMORSGEHD:o��qQJ>MTJLRS:lMT:>P8USJLRWRS5;RWRS:lMT5;�F�F:6MORS58B;GF:

B8CDG�?dCD78:�CY<^:>�F5;RTG�f>CD78:^?dG�P8UT:2HKJLUTGF:LRSGFHYG0��MW:^78:v<>CD7�5;RTC 78CDf>�FG�J>7878G�z6H> �7�58: <>C HD:^7;:LX
MTHYCD78�YC>`;UWCDMWCjP�:^MTMWGFq8GE�FG8B8J>�F�EC�7�58: <^CjRTCDHY78GFHhx8C�B8G�HD�E:^7QJ>f>f^GF: ?d:^�ECDHD:>�pJ>UWC�C BQJ>�F�FJ �F:^UW:
J>P8P8�EGFHDJ>�DGE:^78CAJ>�F�E:�MORS58B8GE:~B8CYG�P8GO! CY<^:>�F5;RTG�f^CY78:^?dG�CY58HKJ>UWGF:>RTGFHYG�y�k¢J�MWRSCYMTMTJeGE7QJLRWX
RSCYMSJAMWHD:^P�CDUORhJdB8CD�E�pJ6MWRTUT5;RWRS58UTJAB8GEMTHD:>7�RTGF7�5QJdB8CDG�f^CY78G��.CtB8CD�E�pJ4��CDB8CY�FC¥RSUTJ>MTHYUTGF�YGF:^7;C
C6MT58HYHDCYMTMTGr<LJ	CYMTHDGEMTMWGF:^78ClB8CYf^�FG�GF7ZRSUW:^78G	�u78CD�E��z07j��mu��P�:^78C6P;UT:^q8�ECD?dG�7;CDG�HD:>7;��UT:^7ZRTG
B8CD�E��z{GFB8CDJ�B;G,587vP8UT:^f>USJ>?d?nJ"GE7vHhx8GFJ>USJ�HD:^UWUTGFMWPc:>78B8CD7;�KJ)HY:^74�FCa��5878�YGF:^7;G2HY:,B;GE�QHDJLRSCLy
m�HYGO>lMTG¢J>f>f^GF587;f^:^78:l�FC¥7�58: <^CvJ>HD��58GEMTGE�DGF:>78G�HDGEUTHKJl�pJ6P�:^MTMWGFq8GE�FGrRhsvB8G�RTUSJ>MWPc:^MWGF�YGF:^78G
CuUTGFJ>UTUTJ>78f^GFJ>?ACY7ZRSGQf^CY78:^?dGFHDG�`,Hhx;CuUTCD7;B8:^78:lGF?dP�:^MTMWGFq8GE�FC HD:^7;MTGFB;CDUSJLUTCuGF�c� ��m J>�F�FJ
MWRTUTCDf>5QJNB8GV5;7[B8CDP�:^MTGrRS:oMORhJLRTGFHD:nB8GVGE7;��:^UT?AJ>�YGF:^78G�`8C6?d:^MWRTUSJ>78:AHD:^?dC4CYMTMT:@MORSCDMWMT:
MTGFJlMW:>RTRT:^P�:^MWRT:AJ6HY:^7ZRSGF7�5QJlB8GE7QJ>?dGFHKJ,y
I 78:>RS:@BQJ@B8Gr<^CDUWMTGaJ>7;78G�GF7;�.J'RTRSG�`�Hhx8Cd�pJo?d:^�FCYHD:^�FJnB8Ga� ��m HY:^UTUWGFMTP�:^78B;ClJ>�F�FJ

MWRTUT5;RWRS58UTJ£GE78B8Gr<,GEB85QJLRSJ©BQJ.% JLRTMT:^7 C )�UWGFH'&§MW:^�F: GE7 ?dCDB8GFJ;` ?ACY7�RTUTC~MWC[78C[B8G�X
MTHY:^MWRSJ��F:2HKJL�F?dCD7ZRSC�GF79B8GFP�CD7;B8CD78�DJ�BQJL�IRSGFP�:oB8G�MWCD��58CD7;�KJ;ynk¢J@B8:^P;P8GpJNCY�FGFHDJoP85G>
GF7;�.J'RTRSG8J>MTMW58?ACYUTC �F:2HKJL�F?dCD7ZRSC�HY:^7;��:^UW?nJL�DGF:>78G8B8Gr<^CDUWMTCv�.HY:^?AP�:^UORhJ>7ZRSG�`ZJ>BlCDMWCD?dP8GF:;`
GF��UWCDMORSUTGE78f^GE?ACY7�RT:9B8G"5878:eB8CDG B85;C	MW:^�FHhx;G�`�:©�FJ9P;UTCDMWCD78�DJ B8G"HY58UW<LJLRT58UTC@B8CY�F��z�J>M X
MTCL`�?AJ>f^f>GF:^UWC :l?AGE78:^UTC��8CDMTMWGFq8GE�FGrRhsvC¦RSH>y �¦`�MW58MTHYCYRTRTGFq8GE�FG�B;G¢CYMTMWCDUTCtUTGEHD:^7;:^MTHYGF5;RTCtHY:^7
?nJLf^f^GF:>UTCN:e?AGE78:^UWC�J�4A7;GERhs[BQJLG"B8GE<>CDUTMWG��.J'RTRS:>UTG�P8UW:>RSCYGFHYG�Hhx;C�MTJ>P8P8GFJ>?A:9CYMTMTCYUTC
GF?dP8�FGEHKJLRTG�78CDG�P8UW:,HYCDMTMWG�B8G�UTCYf^:^�FJ>�DGE:^78C>y

.uf>f^G�MSJ>P8P;GpJ>?d:lHhx8Cv�FJlMORSUW5;RTRT58USJdB8CDG¢f^CD7;:^?AG�J'RTRS58J>�FG�3�HD:^�E�FCYfZJLRhJ6J'RTRSUTJK<^CDUWMT:
?A:>�ERSCYP8�FGEHDGaCY<>CD7ZRSG�`�P;587ZRSGE��:>UT?dG�:[CYMWRSCYMTG��.?v5;RhJ>�YGF:^7;G�P85;7�RTGE��:^UW?AG�`I?AJ~J>78Hhx8C@B8C�X
�FCY�DGF:>78G�`�GF7Z<^CYUTMTGE:^78G�` J>?AP;�FGE�8HKJ>�YGF:^78Gp�¦`�J>G�f^CD7;:^?AG B8CYf^�FG :^UWfZJ>78GEMT?dG Hhx8C~�FG xQJL7878:
P8UTCYHDCYB85;RSG�7;CD�wHY:^UTMW:6B8CD�E��z{CY<>:^�F58�YGF:^7;C>y � 58CYMWRSGc<,GE78HD:>�FG�GF7 �Q5;CD78�DJ>78:6�pJ�MWRSCYMTMTJlHY:^?6X
Pc:>MTGF�YGF:^7;C�?dCDB;GpJ"GF7¥7�58HD�ECD:>RTGFB8G�`=Hhx8C�78CY�F�EC�CD�pJLqc:^UTJ>�DGE:^78G^MORhJLRTGFMORSGFHhx;C�7;:^7vP85.>jCYMTMTCYUTC
RSUTJLRTRSJLRhJ6HD:>?ACu5878J6<LJ>UWGpJ>q;GF�FCjGF78CYMTMWCD78�YGpJ>�ECuUTGFMWPcC¦RTRT:AJL�F�pJ4��5QJL�FCu78:^UW?nJL�FGF�Y�KJ>UWC>y

g;J>P8P8GFJ>?d:~Hhx8C>`a78CY�F�ECnUTCYf^GF:>78G�HY:,B8Gr�QHKJL7�RTG�P�CDU4P;UT:>RTCDGF7;C>`��FC # PQJ>UW:^�FCb%lRSUW:=<LJLRTC
MTHDJ>78B8CY78B8:	�FGF7;CKJ>UW?ACY7�RTC4�pJNMWCD��58CY78�KJ	MT:^78:@GE7[HD:^UWUTGFMWPc:>78B8CD7;�KJoq8GF5;78GE<>:,HDJNHD:^79GF�
�F:^UW: MTGFf>78GE�QHDJLRS:"��587;�DGF:>7QJ>�FCL`=HD:^M*)8Hhx8C�587tGFP�:>RTCYRSGEHD:"<^:2HKJLqc:^�FJ>UTGE:"78CaPcCYUT?dCYRWRSCDUWCDq8q�C


 � a9¨��m}mw��t¨]a�}m[]x6x6[ *Yz��b{�[]w6^Y[ ^Y[��x6w�[~¹M¨]a�z|w6�b{�w�¨��;`�w0^M¨]w6a9^Y[]x�^_¹M¨�x6[]� }m[]x6x0[ ¨�[~x0x6¹Yx6[³¨��;^ x6a
{�z�a;§|¨]z|w �]w6��^Y['}mw,¹Y^ta §|[��	¹Y[~^ �~a }mw�r�, ¼ §|¹ ¹Y^Ma }mw,V , ¼�� a�*Ma�z�{�w0z�[�}Yabx6x6a�;[]^Y[~z|w�¨]a §�[��	¹Y[]^m�
�pa���������������������� ��!���! a�x6¨]¹Y^Y[ §���{�{|�	§�{�z|w6^�;�Y["���$#�%�%�%�#&��!�c}m[�{|{|[ fhgtj"l|qbgMfhc  �[~^���;^Y� [p§|¨]w6§�§|[³[p}
[~x0w6`�w0^Mab{|[;cYx0[�a�xµ{�z|['���$#�%�%�%�#(��!�cM}m[]{�{�[��n�]qQgtfhc  �[~^���;^Y��{|z±a�§�¨�z�wµ{|{|[�W



¤^¤ �������	��
��
������������
������������ �

�pJdB8CDHY:,B;GE�QHDJ>�DGE:^78CtMTCD7;�KJ@J>?4q8GEf^58GrRhs;`Q?AJA78:>7|<2GV34JL�FHD5;7QJnCY<2GEB8CD78�DJNHhx8C4HYGO>nMWGpJ
<^CYUT:)J>��B8GZ��58:^UTG�B8GZRSJ>�FG^UWCDf^GE:^78G�y¢mj78�DG�`LGE7�f>CD78CYUSJ>�EC>`>5;78:)MORSCDMWMT:)RTUSJLRWRS:�B8G2� �jmbP85G>
J>MWMT58?dCDUWC6MTGFf>78GE�QHDJLRSG���5878�YGF:^78J>�FG¢B8GE<>CDUWMTG ��C6Jn<^:^�rRSC6JL78Hhx8C6:^P8P�:^MORSG�`wPcCYU CDMWCD?dP8GF:
JLRWRSGE<LJ>�YGF:^7;Cv:@q8�F:2HDHY:oB8CD�E�pJARTUSJ>MWHDUWGF�DGE:^78CK�)GF7[B8GEPcCY78B8CD7;�KJoBQJ>�IHY:^7ZRSCYMWRS:	78:^7eMT:>�F:
78CY�F�FCuGE?A?dCDB;GpJLRTC)<2GFHDGE7QJ>78�YC>`�?AJAJ>7;Hhx8CvJdB8GFMORhJ>7;�KJ;`QGE7;�.JLRTRTG��pJ6?d:^�FCYHD:^�FJ4B8G¢� �jm
3"GF76f>USJ>B8:¥B8G;UTGFP;GFCDf^J>UTMWG;78CY�F�F:)MTPQJ>�YGF:¥GF76?d:2B8:uBQJuUTCDJ>�FGE�D�KJLUTC�P85;7�RTGQB8G8GE7�RTCDUTJ>�DGE:^78C
RSUTJ6MTGERTG��FGE78CKJLUT?dCD7ZRSC ?d:^�rRS:6B8GEMWRhJL7�RTG�y
-�:^MWMTGFJ>?A:6B;GFUTC)Hhx8Cu�pJ4?d:^�FCYHD:^�FJtB;G�� �jm JLP8PQJ>UWCuHDCDUORhJ>?dCD7ZRTCu�FGF7;CKJ>UWC)78CY��MT58:

P8UW:,HYCDMTMW:~B8G�UTCYP8�FGEHKJ>�YGF:^78CL`�?AJ@GF7 f>CD78CYUSJ>�ECnxQJ	587QJ9#�B8CD78MWGERSs��FGE78CKJLUTClB�z{GF7;��:^UW?nJ=X
�DGE:^78Cb%uUTCY�pJLRTGE<LJ>?dCD7ZRSCjqQJ>MWMSJ 1�\K_ 3�y
� JeRT5;RTRT:©HYGO>9MTC�78C@B8CDB;58HDC�Hhx8C|GE��?A:2B8CY�F�F:[HY:^78MWGFMWRTCD7ZRSC�GF7£587¨�FGF7;f^5QJ>f^f>GF:8`

GF7ZRTCDMT:@HY:^?ACl?45;�ERSGE78MTGECD?dCvB8G�MORSUWGF78f^x;C>`�MT5©587eJ>�E�.JLqcC¦RS:oB8G���5QJLRWRSUW:��ECYRTRTCDUWC>`�78:^7
3v<LJ>�EGFB8:APcCYU 5878:oMORS58B8GE:oHhx8C6UTGEf^5QJ>UWBQJn�FJnMWRTUT5;RWRS58UTJNB8CD�V� �jm C4�EC4�FCYf^f^G¢Hhx8C678C
:^UWfZJ>78GE�D�KJL78:6GF��HY:^7ZRSCY725,RS:nGE7;��:^UW?nJLRTGE<>:8y
¡�5,RTRhJK<2GpJ"RhJL�FC�?d:,B8CY�F�E:�UTGEMT58�rRhJ�P�CDUW��C¦RTRSJ>?ACY7ZRSCaHKJ>�E�KJ>7ZRTC�P�CDU�f^�EG^MTHY:^P8GZB8CY�2� �jm

)�:^?dP85;RTGF78f8`LGF74��5QJL7�RT:¥G;P8UWGF78HYGFPQJ>�EGZ�.JLRTRT:^UTG2Hhx8C"�F:)GF7Z<LJ>�FGEBQJ>78:�MT:^7;:tP;UT:^P8UWGF:j�25;CD�F�EG
Hhx8C47;CDf^�EG�CYMTP�CDUTGE?ACY7ZRSG¢MTGVHYCDUWHKJNB8G�UTGFB;58UTUWCvJ>�¢?dGF78GE?A:8���FC�MWRSUWGF78f>x8CvB8G�� ��m�HD:^7
HD5;G=# MTGwHKJ>�EHD:^�FJM%)<>CD78f>:^78: L -0/KNp5TS¦- ��� 5>+nN�GF��P;GO!@Pc:>MTMTGEq8GF�EC>y��7;�.JLRWRSG�`�5878:}B;CDf^�EGjJLHDHD:>UTf^GE?ACY7�RTG"P8GO!¨GF?dPc:>UWRhJL7�RTG�B8G�587 J>�Ef^:^UWGERS?d:[� ��m 3
�pJ@?dGF78GE?AGE�D�KJL�DGF:>78C4B8CY�F�FC # MORSUW5;RTRT58UTCAMTCDHY:^78BQJLUTGFCb%h`�:=<�<>CDUT:[B;CDG�UWGFP8GECDfZJL?ACY7�RTGI78CY�rX
�F:�MTPQJL�DGF:|Hhx8Co�FCAMWRSUWGF78f>x8CnB8G�� �jm GF7}7QJ'RS58UTJ�RSCY78B8:^78:9JLB JK<^CDUWCe�.P�CDUv�.JK<>:^UTGEUTC
GV��CY78:^?dCD78GIB;GIHKJLRSJ>�FGEMTG¢�FC6?d:^�FCYHD:^�EC�RTGFP8GEHKJ>?dCD7ZRSC�MTG �RN
	K%MS�&A5>/w%'`wGE7[?A:2B8:oBQJoGE7,X
MWRSJ>58UTJ>UTCN�ECDfZJL?AGaMT:>�F:~HY:^7 ?A:>�FCDHY:^�FC # HY:^?dPQJLRSGEq8GF�EG&%S`�HDGF:23NJK<>CD7ZRSG"5878J|��:^UT?AJ�Hhx8C
HD:>?4qQJ>HYGpJ�P�CDUO��CYRWRhJ>?dCD7ZRSC)J>�F�FJu�F:^UW:��¦y�-�CDU�CDMTCY?AP;GF:478CY�F��z�CYMTP�CDUTGE?ACY7ZRS:tB8CDMWHDUTGrRTRT:4GF7
101>  3�`¢<>CD78f>:^78:|MWGF7ZRSC¦RSGE�D�KJ'RSCdMWRSUWGF78f>x8CdJ <>CD7ZRSG�MT:>�F:@mv`¸)�Cl¡u`�PcCYUTHhx83AMTGa3l78:>RSJLRS:
Hhx8C"�FJ)P8UTCYMTCY78�KJ¥B8G¡2 P8UT: <>:,HDJ¥5;7678:>RSC¦<^:^�EC J>58?dCD7ZRS:uB;CD�F�FJjMORSUT5,RTRS5;USJuMTCYHD:^78B8J>UTGFJ;y
-�CYUuPc:>RTCDUjHD:2B8GE�QHDJ>UTC��FC4MWCD��58CY78�DClB8GV� �jm�HY:^?dC4MWRTUTGF7;f^x8CvB;GV587[�EGF78f^58J>f^f^GE:

MTCYUW<>:^78:o_NMWGF?4q�:^�FG�`8GF7���5QJ>7ZRS:	¤AMW:^78:N7;CDHDCYMTMTJ>UTGIP�CDU���:^UT?AJ>UWC�C 4AHYGFCY7�RTCD?dCD7ZRSCv�FC
PQJ>UW:^�FCtB8G¢587~�EGF78f^58J>f^f^GE:dC�f^�FG¢J>�rRSUWG¢B;58CvMWCDf^58:>78:oBQJ>�E�pJlHD:^?dP8�FCY?ACY7ZRhJ>UWGFCYRSs|��78:^7
P�:^MTMW:^78:6CDMWMTCYUTC¥f^�FGcMWRTCDMTMWG�B858C P�CDUWHhx��¥GF���FCYfZJ>?dCjRSUTJ4�pJ°) C �FJ°2 3uP8G"!n��:^UORSC>`;C GF7
PQJ>UORSGEHD:^�FJ>UTCj3tB;GE<^CYUTMW:8`QBQJl�25;CD�F�E:4RSUTJl�FJ6¡ C¥�pJ4m �¦y
-�CYUWRhJL7�RT:8`�MTC"HY:^78MTGEB8CDUWGpJ>?d: �EC"MWRSUWGF78f>x8C�B8GQ�)�jm P8UTGr<^C"B8G;Pc:^�FJ>UTGrRhs;`'3"7QJLRT58USJL�FC

?dCYRTRTCDUW�FC GE7	UWCD�FJ>�DGE:^78CuHD:>7	G��EGF78f>5QJ>f^f^G���:^UW?nJ>�EGI�0<^CYB8G�HKJ>P8GrRS:^�E:d¤^�¦y
-�GO!§P;UTCDHYGFMTJ>?ACY7ZRSC>`�<,GECD78C	HD:>78MTGEB8CDUTJLRS:©587 J>�r�.J>q�CYRS:�� � ����*���*�� *	��
�`�MT5

HD5;GI�|))`¡2t�aCl��mv`2¡���MTG�B8GEHD:^78:vHD:^P8P;GFC)B;GcMWGF?4q�:^�FG�Ph%'&)( LON¦& N¦/Q+�5TS�-0`�C)MT5���v��<>CDB8G
�)C¦�Q78GF�YGF:^7;Ca¤,y��Z�wMTG^B;CY�Q78GEMTHYC�5;7QJ�(Q%ML&5TS¦-0+ � 78CD�>?A:2B8:"MTCYf^58CY7�RTC>�¢�pJ�MORSCYMTMSJ MTCY��58CD78�DJ
J>MWMT58?dC�B85;C�MTGEf^78GE�8HKJLRTG2B;GE<^CYUTMWG;GF7vUTCD�FJ>�DGE:^78C�J>���.JLRTRT:)Hhx8C"JLq8q8GpJ��pJ�B8GFUWCD�DGE:^78C ��� � �(�
:^P8P;58UTC%�(� � ���0y��j58C)MWGF78f^:>�FC MWRTUTGF7;f^x8C�HD:^?dP8�FCY?ACY7ZRhJ>UWGQHD:^7N:>UTGFCY7ZRhJ>�YGF:^78C :^P;Pc:^MORhJ



�����d� 
� � ��� �K��
 �����º���,�����,������� ��� � ¤>�

MTG2HD:^7;f^GF587;f^:^78:�PcCYU¢��:>UT?AJ>UTCa�pJ �2%h(Z(�-�5�N�L -�Pp5�GE7v587�P8UT:2HDCYMTMT:)Hhx8GpJ>?AJLRT: 5>/Q/KNp5TL -0/21>`
GF��P;UT:2HDCDMWMT:dGF7Z<^CYUTMW:nMTG�Hhx;GpJ>?AJN& N�L +�-0/21>y
�):^q8q8GFJ>?d:uHD:^?45;78��58C"RSCD7;CDUaHD:^7ZRT:tB;CD�F�EC�P8UWGF78HYGFPQJ>�EG,B;GE�cCDUTCY78�DC�RTUSJu�FC�MWRSUWGF78f>x8C

B8G �  C¥�25;CD�F�ECuB8G�� ��m�GE7oP8UT: <>CYRTRSJ;�
g � � i �a��� � �)���)�jm g,¡ 7�� �'2�� �
?d:^q8GE�FG �QMTMWC
GE�F�FCYf^f^GEq8GF�EG �FCDf>f^GFq8GE�FG
B8:>P8P8GFC MTGF7;f^:^�FC
B8C¦��:^UT?AJ>q8GE�FG 78:^7	B8CY��:^UW?nJLq8GF�EG
E�5;�ERSGE78MTGECD?dG k�GE78f^5QJLf^f^G

m)78B;GpJ>?d:~J|<>CDB8CYUTC@HD:^?dCNJL�FHD5;78CNB8G��25;CDMWRTCoB8GE�cCDUWCD78�YCoMTGFJ>78:~MW58PcCYUSJ>q;GF�FG�f^UTJ>�DGEC
J>�F�FJvq8GE:>RSCYHD78:^�E:^f^GFJ;y


���� �  � ��� �/� 
�� � 
 ���� � 
 ��� � ��� ���

��76��58CDMORhJuMTCY�DGF:>78C�B8CYMTHDUWGE<2GpJL?A:j�FC�:>PcCYUSJ>�YGF:^78G�HY:^76HD58G,�FC�MWRSUWGF78f>x8C�B8G,� �jm <>CD78f>:LX
78:�#�P8UT:2HDCYMTMSJ'RSC�%�GE7v�FJ>qc:>USJLRT:^UTGE:8y��jCY�F�FJ�78:>MWRSUTJ)MTHhx;CD?AJLRSGE�D�KJL�DGF:>78C�MWG2RTUSJLRWRhJ�B8G�:^PcC�X
USJ>�YGF:^7;G�B;CY�Q78GrRSC MW5o587~&6*RL +�-0/ �¦-�N¦& N�B8GwMORSUTGE78f^x8CjMT58�E��z�JL�.J>q�CYRT:�� � ����*���* � * � 
�y
ij7 ; � ��� ��� :<���2; � 3l587¨-0/ �¦-�N¦& N
	D*.5>/Q+�- ��Pp5>+�%'`¢:=<�<>CDUT:�587 GE78MTGECD?dC6B8CD�IRTGFP�:

� � ����'*-,�� *���� *<0<0<0 
�`QGF7oHY58G�B8G�:^f>78G�CD�ECD?dCD7ZRS:lMTG�HY:^78:^MWHDC¥GF�w725;?ACYUT:dB8G�HD:>P8GFCLy
ij7	?458�ERTGF78MWGFCY?AC�� � ����'*-,�� *����8*�0<0<0 
vMWG�P85G>l<^CDB;CDUTCvJ>78Hhx8C¥HY:^?AC¥5878J6��5;7,X

�DGE:^78Cv���n`�Hhx8C4JLB|:^f^7;G¢CY�FCY?ACY7�RT:nJLMTMT:2HDGFJAGE��UTCD�FJLRSGr<^:d7�58?ACYUT:AB8G�HD:^P8GECN��78CD�¢HKJLMT:
UTGEPc:^UORhJLRT:[���o���2� � �7*����o���¦� � ,2*����o���Y� ���2*<0<0<0S�¦`I:>P8P858UWCNHD:^?dCn5;7QJ~MWRTUTGF7;fZJ
HD:^?d?45;RSJLRSGr<LJ;`;B8: <>C��FJ4MWRSUWGF78f^Jl3¥5878JdHY:^78HKJ'RSCD78J>�DGE:^78C¥B8CDf>�FG�CD�ECD?dCD7ZRSGwB8G�HD58G¢J>P2X
P8587ZRS:d78:^7	HD:>7�RSJd�FJ4B8GFMWPc:>MTGF�YGF:^7;C>y
k�Cuq;GF:LX :^PcCYUSJ>�YGF:^7;G�Hhx;CuMTCDf>58:^78:8`;CuJ>�ERTUTCuJL78HD:^UTJ;`,<>CD78f>:^78:l58MSJ'RSC P�CDU"MWHDUTGr<^CYUTC

( SS%mPQN �>* SDN¦`ZHhx8C UTGEHDC¦<^:^78:¥HY:^?AC"GE78P85;Ra5;7QJuP8UT: <^C¦RTRSJtHY:^7ZRSCD7;CD7ZRSC�MWRTUTGF7;f^x8C"B8GQ�)�jm
CvUWCDMWRTGERT58GFMWHD:^78:AHD:^?dCv:>5;RSP85,R 587QJdUTGEMTP�:^MWRSJnJL�cCDUW?nJLRTGE<LJl:n78CYfZJLRSGr<LJ;`�:N587�z{GF78MWGFC�X
?AClB8GaP8UW: <^CYRWRSCLyoij7QJ@P8UW:,HYCDB858UTJ�PQJLUWRSClHY:^7 GE�I?458�rRSGF7;MTGFCY?ACvB8CD�E�FClMWRTUTGF7;f^x8ClHhx8C
USJ>P;P8UTCYMTCD7ZRSJ>78:	GVBQJLRTGIB8CY�IP8UT:>q8�FCY?nJnMWCDHY:^78B8:@��5QJ>�EHhx8C6HD:2B8GE�8HKJ;y�ij7QJNHY:^?dP85;RhJ=X
�DGE:^78CvHY:^78MWGFMWRTCvGE7|587QJAMTCD��58CY78�KJNB;G�P8UW: <^CYRWRSC6HY:^7ZRSCD7;CD7ZRSG�MWRSUWGF78f>x8CvB8G�� ��m 1�¤L_ 3�y
)�GpJ>MWHD5878J):^P�CDUSJL�DGF:>78CaCD�FCY?ACY7ZRhJ>UWC�J>MWMT58?dC�5;7vGF7;MTGFCY?ACaGE78GF�YGpJ>�ECIB8G2:^�FGEf^:^7�58HD�ECD:>RTGFB8G�y



¤L_ �������	��
��
������������
������������ �

\^y�� � ��� ��� �.: J N�S�1RNT�
)�:^7;MTGFMORSC 78CY��<>CDUWMSJ>UWC)GQHD:>7�RTCD7�5;RTGcB8GQP;GO!dP8UT: <^C¦RTRTC)GF7l5878JtMWGF78f^:>�pJuP8UT: <>CYRTRSJ;y
8Q:^UW?nJ>�E?ACY7ZRSC>`=BQJ'RSG � 1 C � � ?v58�ERTGF78MWGFCD?dG�`DHD:^74��58CYMWRSJ :^PcCYUSJ>�YGF:^7;C�MTG2:>RWRSGFCY78C

� � � 1 * � � � � � 1 � � �
B8: <>C � B8CD78:LRhJl��z{5878GF:>78C B8G�?45;�ERSGE78MTGECD?dGcCYB�3¥: <�<2GpJ>?dCD7ZRSCtJ>MWMT:2HDGFJLRSGr<>J,y
k�Cl?A:>�FCDHY:^�FC�B8Ga� ��m MW:^78:o��USJ>f>GF�FG�C6<>JL7878:@?nJL78CDf^f>GpJLRTC4HD:^7eB8CY�FGFHDJLRSCY�D�DJ;`
78CY�)UWGE<^CYUTMTJ>UTC~: ?dGFMWHDCY�pJ>UWC�GE�jHY:^7ZRSCD7�5;RT: B8CD�E�FC�P8UT: <^C¦RTRTC[MTG UWGFMTHhx;GpJ©Hhx;C[�FC
��:^UW�DCt<,GE78HD:>�pJ>UWG�Pc:^MWMSJ>7;:n��USJ>?d?dCD7ZRhJ>UWC��EC�MORSUWGF78f^x;C>y���7~��58CDMORhJN:^P�CDUTJ>�DGE:^78C
q8GEMT:^f>7QJ}J>78Hhx;C[MWRhJLUTC9JLRWRSCD7ZRTG J>�E�pJ©��5QJL7�RTGERSs}B8G � ��m$Hhx8C[P85G>£UWGF?AJ>78CDUWC
78CY�F��z�587;: : ��z�J>�rRSUT:jHD:^7ZRTCD78GrRS:^UWC>`ZC�P85.> �.J>UIP�CDUTB;CDUTC"GE7;��:^UW?nJ>�YGF:^7;GZGF?dPc:^UORhJ>7ZRTG
P�CDU"G�78:>MWRSUWG�MTHY:^P8G�y

¤,y�� � � %2� � 6 %�� ��� � ��� ����� %2� � 6 %�� ��� � �����	�#68��!#� ����%�� ����������
$� � %�� ��� ���
���ECDfZJL?AG�GEB8UT:^f>CD78:lRSUTJA�FCtqQJ>MWG�HY:^?dP8�FCY?ACY7�RSJ>UTG�MW:^78:N?d:^�rRS:lP8GO!�B8CDq�:^�EG¢B;CDG
�ECDfZJ>?dGw��:^MO��:,B;GFCDMORSCYUTGFHYG�RSUSJdG�725;HD�FCY:>RSGEB8G�HD:^7;MTCDHY5;RSGr<2GVB8CY7�RTUT:N5;7QJAMORSUTGE78fZJ;`�C
��58CYMWRS:oHYG�P�CDUW?AC¦RTRTCvB8G¢MTCYPQJ>USJLUTC4B85;CvMWRTUTGE78f^x8C�B8GV�)�jm�MWCD78�DJNMTP�CD�D�DJ>UTCv�FC
MWGF78f^:>�FCuPQJ>UORSG�y"k�JdRSCYHD78GEHKJdMWRhJL78BQJ>UWB|HD:>78MTGEMWRSCt78CY��P�:^UWRSJ>UTCt�pJ4RTCD?dPcCYUSJLRT58USJ
B8CY�F�FJ)P8UT: <>CYRTRSJ�J ���� ��� ����))`ZGF76?d:,B;:uBQJ ��:^UT78GEUTC"��z�CY78CDUWf^GpJ)7;CDHDCYMTMTJ>UTGFJtP�CDU
MWPcCY�D�KJLUTCuGw�ECDfZJL?AG�GFB;UT:^f^CY78:8`,C GF��P8UT:2HDCYMTMW:dHhx;C �.J4MTCDP8J>USJ>UWCuGwB85;C)�Q�pJL?ACY7�RTG
MWG�Hhx8GpJ>?AJ-�RN¦/ 5>+.* S~5 � -�%'/KN�:�& N�L +.-0/21>y
���8P;UT:2HDCDMWMT:tGF7Z<^CYUTMW:�MWG8Hhx8GpJL?nJ S�-0/ 5>+.* S~5 � -�%'/KN¦`^qQJLMWRhJ¥UTGFJ>q8qQJLMTMSJLUTC��FJ)RSCD?dP�C¦XUTJLRS58UTJvJ � 0�� � � 0��))`2C J>MWPcC¦RTRhJLUTC)Hhx;C �FC�qQJ>MWGcHY:^?AP;�FCD?dCD7ZRSJ>UTGQMWGcUWGERSUW: <,GE78:
GE7	MW:^�F5;�DGF:>78C>`�P�CDU"<^CYB8CDUWC4587QJl7�58: <>Jd��:^UT?AJ>�DGE:^78C B;CD�F�FJ6B8:^P8P8GFJdCY�FGEHKJ	��<>CDB8G
8VGEf^58UTJn\^y61^�¦y � 58CYMWRS:AP8UT:2HDCYMTMW:AMWG�Hhx8GpJ>?AJ6J>78Hhx;C 5>/Q/KNp5TL -0/21>y
k�zr-��	S¦-��>- ��� 5 � -�%'/KN�B8CDf^�EG;JLHDGFB;G;7�58HD�ECDGEHDG;UWCD78B;C"Pc:^MWMTGEq8GF�EC�RSUW: <>JLUTC�5878J MTP�CDHDGr�QHKJMWCD��58CD7;�KJnB8G¢� ��m�:³7j��m�7;CD�F��z�GE7ZRSCDUW:6�Q�pJ>?dCD7ZRT:8y"g2��UW5;RTRSJA�FJlHY:^?dP8�FCY?ACY7,X
RSJ>UTGECYRhsAB8G�% JLRSMW:^7,X])�UWGFH'&�B8CDGI7�58HY�FCY:>RSGEB8G�`�5;78CD78B;:	MWGF78f>:^�FC4:oP8J>UT�YGpJ>�E?ACY7�RTC
B8:>P8P8GFCuMORSUWGF78f^x;CuB8G�� �jm P�CDU"��:^UW?nJ>UWC ?d:^�FCYHD:^�EC B8G�B8:^P;P8GFCuMORSUTGE78f^x8CLy
��7£�FC¦RTRTCDUSJ'RS58UTJ|H>z{3@587bJ>q858MW:eB;G��FGE78f^5QJ>f>f^GF:	78CD��HD:^78MWGFB8CYUSJ>UWC@J>7878CDJ>�FGE78f~C
GEq8UTGEB8GF�Y�KJ>�YGF:^78CjHD:^?dCuMTGE78:^78GE?AG��V�FJlB;GE�cCDUTCY78�KJl3¥Hhx8Ct78CD��P8UWGF?d:6HKJ>MW:A�ECuB858C
MORSUTGE78f^x8CjMTGwJ>P8PQJ>GFJ>78:�GF7ART5;RTRSJv�pJt�F:^UW:v�E5878f^x8CY�D�DJ;`;78CY�wMWCDHD:>78B8:lMT:^�E:vGE7n587QJ
PQJLUWRSCLy
k�J L -r1$5 � -�%'/KN6MTG CYMTCDf>58C~J>MWMTGECD?dC|J>�E��z{GFq8UWGFB8GE�D�DJ>�DGE:^78CnP�CDUdHhx8GE58B8CDUWC|�EC #�78GFH�XHhx8GEC�%4Hhx8CnMW:^78:	UTGF?AJ>MORSC4B8:>Pc:	Hhx8CdMTGaMT:^7;:�HY:^78f^GE587ZRSClB858Cd:@P8GO!eMWRTUTGF7;f^x8C



�����d� 
� � ��� �K��
 �����º���,�����,������� ��� � ¤�1

Jn��:^UW?nJ>UWCv5878J@?d:^�ECDHD:>�pJ;�"�FJnMT5QJ@J>HYHD58UTJLRSCY�D�DJ@36?d:^�rRS:NJL�ERhJAMTCDq;qcCY78Cl78:^7
P�CDUW��C¦RTRSJ;yak�z�:^P�CDUTJ>�DGE:^78CjHD:^78MWGFMORSC 78CY�c�.J>U�J>f^GEUTCj��z{CD78�YGF?AJ ��� � %':�� `�Hhx8CuUWCKJ>�EGF�¦X�KJ�GF�Q�FCYfZJ>?dC���:>MW��:2B8GFCYMWRSCYUTGEHD:¥RSUSJtf^UT5;P8Pc:�:^MTMWGFB8UWGF�EC�Cjf^UT5;P8Pc:���:^MW��:^UWGFHY:�B8CY�F�EC
MWRTUTGE78f^x8CuHY:^78HKJ'RSCD78JLRSCtB8:^P�:l��z�J>7878CDJ>�FGE78f8y

SSTRAND HYBRIDIZATION
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Ligase Joins 5’ phosphate
to 3’ hydroxyl

  ´́   ´́
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RRESTRICTION ENDONUCLEASES

EcoRI

HindIII

AluII

HaeIII

− OH 3´

5´ P −

− P
 5´

3´ O
H −

8VGFf>58USJN\^y6H,� ��78B8:>725;HD�FCDJ>MTG
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7�58?dCDUT:oB;GV7�58HD�ECD:>RTGFB8G�HD:^7;MTCDHY5;RSGr<2G0�jB8CY�F�ECvMWRTUTGE78f^x8CLyvg2GVqQJ>MTJNMT58���.JLRTRT:NHhx8C
�FC)?A:^�ECDHY:^�FC�B8G�� ��m MT:^7;:6HKJ>UWGFHKJ'RSC 78CYfZJLRTGE<LJ>?dCD7ZRSCL`;Cu��58GF7;B8G�`2Pc:>MWRSCuGE7o587
HKJL?AP�:�CY�FC¦RTRSUWGFHY:8`¢RTCD78B;:^78:~J	?AGEf^USJLUTC4<^CYUTMW:[��z{CD�FC¦RTRTUT:2B8:@Pc:^MWGERTGE<^:;y���MTMTCY7,X
B8:@�pJNHDJ>UTGEHKJoP8UW:^Pc:>UT�DGE:^7QJ>�EC4J>�E�pJn�E5878f^x;CD�D�DJ	B;CD�F�FJnMWRTUTGE78fZJ;`�J>7;Hhx8Cl�pJn��:^UW�KJ
CD�ECYRWRSUTGEHKJnHhx;C6�FCvMWPc:>MWRhJNUWGFMW58�ERSJAP8UW:^Pc:>UT�DGE:^7QJ>�ECvJnRSJ>�FC��F587;f^x8CD�Y�KJ;`wC4��58GF78B;G
��USJL?A?dCD7ZRSG�B8Gw� �jm B8Gw�F5878f>x8CD�Y�KJ4B8Gr<^CDUWMSJ4<2GpJ>f>f^GpJ>7;:�HY:^7@�pJvMORSCDMWMSJ4<^CY�F:2HDG�X
Rhsd<^CDUWMT:oGE��P�:^�F:APc:>MTGERTGE<>:8y -¢CDU ��58CYMWRT:	?d:>RTGE<^:l<^CY78f^:^7;:N�.JLRTRTCv?458: <>CDUTC6GE7
587QJ4�FJ>MWRTUSJvB;Gwf^CY��`2GF7N?d:,B;:vHhx8Cu��z JLRWRSUWGERS:tMTGFJv?AJ>f^f^GE:^UTC�PcCYU��FCjMWRTUTGF7;f^x8C P8G"!
�F5;78f^x8CuHhx8Ct��58GF7;B8G�MTG�?45;:=<>:^78:lP8G"!	�ECD7ZRhJL?ACY7�RTC¥B8G���58CD�E�FCuP8G"!	HY:^UWRTC>y
g,G�<>CDUTMTJ©5878JeMW:^�F58�YGF:^7;CoHKJ>�EBQJ[B8G"f^CD�"GE7£587¨HY:^7ZRSCY78GERT:^UTC@UTC¦RTRSJ>78f^:^�FJ>UTCoB;G
P8�FJ>MWRTGFHKJA:N<^CYRTUT:@C4MWGV�.JnUSJ'�wUWCDB8BQJLUTC (�B85;USJ>7ZRSC6��58CYMWRSJo�.JLMTC6MTG�GF78MWCDUWGFMTHYC6587
# P�CYRWRSGE78C�% �E5878f^:¥587n�pJLRT:tB;CD��HD:^7ZRTCD78GrRS:^UWCjGE7A?d:,B;:�Hhx8CL`;UWGF?458: <>CD78B8:tGF�QP�CYROX
RSGE78C|B;:^Pc: GF� USJL�cUTCYB8BQJ>?dCD7ZRT:8` MTG)HYUTCYGF78:}B;CDG #�Pc:>�D�DC¦RTRTG&%	78CY�)f^CY��y ��7 RSJ>�FG
P�:^�D�YCYRTRTGwMWGwUTGr<^CYUTMSJL78:6��5QJ>7ZRSGrRhsvB8GcMWRTUTGFf>x8C)B8Gw� �jm B8Gw�E5878f^x8CY�D�DJ4B8GE<>CDUTMTJ4C
MTGVJLRTRTGE<LJl587~HKJL?AP�:NCD�ECYRWRSUTGEHD:dHhx8Cv<LJnBQJL���FJLRS:d<,GEHDGE78:NJ>G¢P�:^�D�YCYRTRTGVJA�25;CD�F�E:
:^P8P�:^MORS:8`�MTG�J>MWPcC¦RTRhJdHhx8Cv�EC�MORSUWGF78f^x;C�P8G"!�HY:^UWRTCvJLUTUTGr<2GF78:dBQJ>�E��z�J>�ERTUSJvPQJLUWRSC�C
MTG�B;GFMSJ'RTRSGr<LJ4GF��HDJ>?AP�:6CD�ECYRWRSUTGEHD:	�0<^CDB;G¸8�GFf^58UTJN\^y0@Z�¦y
m �25;CDMWRT:NP8587ZRT:8`I�.JK<^CD7;B8:N5;RTGF�FGE�D�DJLRS:6PQJLUWRSGEHD:^�FJ>UTGwUTCKJLf^CD7ZRSGp��GF�F�E58?dGF7QJ>7;B8:4GF�
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f^CY��HY:^7 587QJ~�E58HDCA58�ERTUSJK<2GF:^�ECYRWRhJ@3NPc:>MTMTGEq8GF�ECd<>CDB8CYUTC@��z{GF7;MTGFCY?AClB8CY�F�ECn?d:^�FC�X
HY:^�FC¥B8G¢� ��m�Hhx8C�xQJ>787;:A�FJdMORSCDMWMSJn�E5878f^x;CD�D�DJ;��JLP8PQJ>GE:^78:lMT5�587QJAP�CD�E�FGEHD:^�FJ
HY:^?ACAqQJ>78B;CoJ>B}5878J~HDCDUORhJ~B8GEMWRSJ>78�KJ�BQJ>��Pc:^�Y�DC¦RTRS:;y9� J|��58CDMORhJ[B8GEMWRhJL78�KJ
MWG�P85G>lUTGEMSJ>�EGFUTC)J>�F�FJv�F5;78f^x8CY�D�KJ (Q:dP;GO!@MTCY?AP8�EGFHYCD?dCD7ZRSCL`8B8G�MW:^�FGrRS:6GF7o5;78:AB;CDG
P�:^�D�YCYRWRSG�MWG�?dCYRTRT:^78:~B;CD�F�ECNMWRTUTGE78f^x8CNB;G��F5;78f^x8CY�D�KJ~7;:>RhJ;`�GE7 ?A:2B8:�Hhx8C@�pJ
�E:^UT:uB8GEMTP�:^MTGE�DGE:^78C��Q7QJL�FC"78CY��f>CD�8�.J>HYHDGpJuBQJ¥?AJ>UTHDJLRS:^UWC"PcCYUa�FC�J>�ERTUTC"MORSUTGE78f^x8CL`
��58CY�F�FCuB;G�HD58G�MWG�<,5;:^�FCu?dGFMW58UTCu�FJ4�F5878f>x8CD�Y�KJ;y

Buffer
Gel

Electrode

Electrode

Samples

Faster

Slower

Separazione dei frammenti di  DNA

8VGEf^58USJA\^y6@,� 2¥CY�rX�CY�FC¦RTRSUW:>��:^UWCDMTG

k�J@MTHDCY�ERSJ	B8CY��RSGFP�:@B8Gaf^CD��3dHDUW58HDGFJ>�FC6P�CDUt��z{C54dHYGFCD7;�KJ@B8CD�E��z{:^PcCYUSJ>�YGF:^7;C>yd�)G
MW:^�FGrRS:@MTGa58MTJ>78:~��z�5 1$5TSS%��¦-�%vCAGE��(Q%ML �T5RP�S �tL&5>&6&6-��RN¦�tGF��P;UTGF?d:@PcCYUv?dGFMW58USJ>UWC
f^UW:^MTMWG¢��UTJ>?d?ACY7�RTG��.�F5;78f^x8G¢P8GO!|B8Gº1L ^ Z�¦`�GF�¢MTCYHD:^7;B8:8`�Hhx8CvxQJN587QJn?AJ>f^f>GF:^UWC
P�:^UT:>MTGERSsoCd��58GE78B8Ga3dP8GO!eC54dHDGECD7ZRSCL`V3dGF78B;GFHKJ'RS:@MT:^P;USJLRWRS5;RWRS:	PcCYU�?dGFMW58USJ>UWC
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P8GEHDHD:>�FGc��UTJ>?d?ACY7�RTG�y I HD:>78MTGEf^�FGFJLRS:���z{58MT:6B8Gw587@f^CD� #�B8CD78JLRS58UTJ>7ZRSCb%h`8Hhx8C¥HYGF:23
MTG�J>HYHD:^UWfZJdB;G���5QJ>7;B8:N:^�rRSUTCtJ>�E�FCuMWGF78f^:>�FC¥MWRTUTGF7;f^x8CtMT:^78:AP8UTCYMTCY7�RTGVMORSUT5,RTRS5;UTC
P8G"!eHY:^?dP8�FCYMTMTCdB8Ga� ��mv`��pJNHY58Ga?A:>q8GF�EGERhsd78CD�af^CY��78:^7eB8GFP�CD7;B8ClMT:^�E:	B8J>�F�FJ
�F5;78f^x8CY�D�KJ��.HY:^?dCuUTGFHhx;GFCDB;Cu��z{:^PcCYUSJ>�YGF:^7;C ��?AJlJ>78Hhx8C¥BQJ>�E�pJv��:^UW?nJ,y
g,GEHDHD:>?ACj�FC MORSUTGE78f^x8C)MT:^78:6GE78HD:>�F:^UWC>`2P8UTGE?nJtB8G�CDMWMTCYUTC¥GF?d?ACYUTMWCj78CY��f^CY�c<^CY7,X
f^:^7;:u?nJ>UWHKJLRTC>y��):^P�:u��z{CD�ECYRTRTUT:>��:>UTCDMWG,P�:^MWMT:^78:¥CYMTMTCYUTC UTCYHD58P�CDUTJLRSCL�VG8P�CD�Y�DG8B;G
f^CY�wHD:>7�RTCD78CY7ZRSG��FCjMWRTUTGF7;f^x8C MWG�HD:^7;f^CD�FJ>78:478CY�F��z J>�Y:>RS:��FGE�25;GFB8:8`�P�:^GwMWG�MTHY:^78f^C�X
�pJL78:)C�MTG���UT58�E�pJ>78:jJLRWRSUSJK<>CDUTMW:u587v�Q�rRSUW:)MTP�CDHYGpJ>�EC>`LB8: <^C�UWGF?AJ>78f^:^7;:)JLRWRhJ>HYHKJLRTC
MT:>�F:l�FCuMORSUTGE78f^x8CuB;G�� �jm�y

1,y�� � 4 %96 %�� ��� � �
�jCYG 78:^MWRTUTG�J>�Ef^:^UTGrRS?dG�JLq8q8GpJL?A:9q8GEMT:^f^7;:©B8G"5;7§?dCYRS:2B8:eHhx8C|HYG PcCYUT?dCYRTRSJ
B8G¢CDMORSUSJLUTUTCtRS5;RWRSC��FCtMWRSUWGF78f>x8C�HY:^7ZRSCY78CD7ZRSG�587QJnB8JLRhJdMT:>RWRS:^MORSUTGE78fZJ;y�� J'RSCvGE7
GF7;P85;R�587QJ|P8UW: <^CYRWRhJ~¡ CYB}587QJ|MORSUWGF78fZJ��[�.G�y�CLy�587 :^�FGEf^:@�pJ�HY58G�MTCD��58CY78�KJ
B8G¢qQJ>MWGVHD:>UTUTGEMTP�:^78B8C�J>�E�pJlMWRSUWGF78f^J��=�¦`c587QJARTCDHD7;GFHKJAB8G�MWCDPQJLUSJ>�YGF:^78Ct��:^UT7;GFMTHYC
HD:>?AC@:^5;RTP85;RdB858C	P8UW:=<>CYRWRSC � 1 C�� � `�B;G�HY58G"�pJ[P8UWGF?AJ[HD:^7ZRSGECD78CoRT5;RTRTC��ECMTCY��58CD78�YC�B;Gw¡ Hhx8C¥xQJ>7878:��uHD:>?AC MW:>RTRT:^MWRTUTGE78fZJvCu�FJvMTCYHD:^78B8Jl�EC UTGE?nJL78CD7ZRSG
��RT5;RTRTCv�EC�MWCD��58CD7;�DClB8G¢¡ Hhx8C478:^7�HD:^7ZRTCD78f^:>78:��vHD:^?dCvMW:>RTRT:^MWRTUTGE78fZJZ��y')�G">
HD:>UTUTGEMTP�:^78B8C¥J6�.J>UWCu�pJ4B8Gr�wCYUTCD7;�KJlB8G�B858C¥?458�rRSGE78MTGECD?dG�y

��JZ�98VGE�ERSUTJ>f^f^GE:
� 58CDMORhJ4RSCYHD78GEHKJ6J>f>GFMTHYC MT5;�F�FC)MTGF7;f^:^�FCjMWRTUTGF7;f^x8C B8G�� �jm ���25;GF78B8GwCY<^CY7,X
RS58J>�F?dCD7ZRSC63dP8UWCY<2GFMORS:|5;7 P8UWGF?d:	P8J>MTMW:|B8GaB8CY7QJLRS5;USJ>�YGF:^78CK� (�HD:^78MWGFMORSC
78CY�F��z�J>78HY:^USJLUTCv?d:^�rRSCtMWRSUWGF78f>x8C4B8GVRTGFP�: � ��MTC �§36�FJnMT:LRTRS:>MWRSUWGF78f^JnHhx8C
<^:>f^�FGFJ>?A: MTCD�ECD�YGF:^7QJLUTC �NJLB 5;7 MW58P8P�:^UWRT:¨?AJ>f^78C¦RSGEHD: :£<^CYRTUT:^MW:8` MW58�
��5QJ>�EC)<2GFCD7;C)<^CYUTMSJ'RhJ;`QHY:^7o�pJvB;:=<25;RSJ6HKJ>5;RTCD�FJ;`,�FJvMT:>�F58�YGF:^78C)HD:^7ZRSCY7�5;RhJ
78CY�F�pJuP8UW: <^CYRWRhJv¡uy2k�C�MT:>RWRS:^MORSUTGE78f^x8C �9MTG�JLRTRSJ>HDHDJ>78:vJ>�F�EC"�F:^UW:tHY:^?dP8�FC�X
?dCD7ZRhJ>UWG�J>78HY:^USJLRTCtJ>���Q�ERTUT:8`QCt�FCuMORSUWGF78f^x;C�78:>7�HY:^7ZRSCD7;CD7ZRSG � PQJ>MTMTJ>78:
JLRWRSUSJK<>CDUTMW:vGE�;�Q�ERTUT:8yIg,GQ�FGEqcCYUSJ GE7AMW:^�F58�YGF:^7;C"GF�8HY:^7ZRSCD7�5;RT:4B8CY�8�Q�ERTUT:¥CjGE7
587�z�J>�rRSUSJuP8UW: <^CYRWRhJo��Hhx8C�MSJ>UTs�� � ��GE�QUTCYMWRS:;yak�C MORSUTGE78f^x8C�Hhx8CjMTG�MT:^7;:4JLROXRhJLHDHKJ'RSC�JL�2�Q�rRSUW:6�.B;:^Pc:)587QJ)B8CY7QJLRT58USJ>�YGF:^7;C ��<LJ>7;78: 78CY�F�pJ P8UW:=<>CYRWRhJ � 1 y¡�J>�E<>:^�ERSJd<^CY78f^:^7;:	5;MSJLRTGVHD:>?ACv�8�ERSUWGV�ECv?dCD?4q8UTJ>78C4UWCDMWGF78:^MWC>y � 58CDMORS:
P8UW:,HYCDB8GE?ACY7�RT:63¥HD:^78HYCYRWRS5QJ>�E?ACY7ZRSC¥MTCY?AP8�EGFHYC>`8?AJ4:^UT?AJ>G�MW58P�CDUSJ'RS:8y

�.q��om%4d78GrRhs4q8GE:>RSGE7QJ�X�JK<2GFB8GE7QJ��LMORSUTCYP;RhJK<2GFB;GF7QJ
-�CYU"J>58?dCD7ZRSJ>UTC C <>CD�E:,HYGF�D�DJ>UTC)�pJ�HDJ>PQJ>HYGERSsvB8G�J>7;78CKJ>�EGF78f�B8GwB;58CuMWRTUTGF72X
f^x8C HY:^?AP;�FCD?dCD7ZRSJ>UTG8MWGQMW��UW5;RTRSJt�FJu��:>UT�KJ¥JLRWRSUTJLRTRTGE<LJ Hhx8C�MTG�MW<2GF�E58P8PQJ RTUSJ
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�FJeq;GF:>RTGF7QJ[C|��z JK<2GFB;GF7QJb�.: J>78Hhx8C��pJ9MWRTUTCDP,RhJK<2GFB8GE7QJZ�6HD:^MWPQJ>UTf>CD78B8:©B8G
��58CYMWRTC�B85;C�MW:^MWRSJ>78�DC¥�ECuMWRSUWGF78f>x8C¥B8CDMORSGF78JLRSCtJ>�E��z�J>7878CDJ>�FGE78f8y
��CDG�P;UTGF?dG�CDMWPcCYUTGF?dCD7ZRTGwMTGcGF?d?ACYUTf^C¦<LJ�GF7n587QJ4MT:>�F58�YGF:^78CjB8G��)�jm q8GE:LX
RTGF7QJ'RS:u587dMT58P;Pc:^UORS:¥MT:>�FGFB;:uMT5dHD58GQCYUSJ>78:¥MORhJLRTCjJL78HD:^UTJLRSC"�EC"MWRTUTGF7;f^x8C �
HY:^MTP8J>UTMWC�B8G2JK<2GFB8GE7QJ;`=C�MWG2J>MTP�CYRWRhJK<LJ�Hhx8C�JK<2<>CD78GEMTMWC���z�J>787;CKJ>�EGF78f"B8CYMTGEB8C¦X
UTJLRS:�P8UTGE?nJuB8G�P�:^UWRSJ>Ua��58:^UTGQ��58CYMWRT:6MT58P8P�:^UORS:vHY:^7n�ECjB;:^P8P8GECjMORSUTGE78f^x8CLy
� 58CYMWRSJlRTCDHD7;GFHKJ,`Q58MSJLRSJ6PcCYU�CYMTCY?AP8GE:6BQJdk�GEP;RS:>7o78CD��MW58:ACYMTP�CDUWGF?dCD7ZRS:
�0<^CYB8G�PQJ>USJLf^USJL��:l�,yE\=��`Q3¥MT:^f^f>CYRTRSJlJlRTUT:^P8P;G�CDUWUT:^UWG�`8C¥MT:>P8USJLRWRS5;RWRS:l78:^7
3jJ>HYHDCYRWRhJ>q;GF�FC"�FJu�258J>7ZRSGERSstUWCD�FJLRSGr<>J B;G�MORSUWGF78f^x;C�Hhx;C)UTGECDMWHDC�J�#�PcCYMTHDJ>UTCb%hy
��7@PQJLUWRSC)�25;CDMWRT:AP;UT:^q8�ECD?AJv3uB8: <25;RS:lJL�F�pJ�B8GFMWHDUTCYPQJ>78�DJ4RSUSJ�� �tCDB�� ��`
7;CD� MTCY78MT:©Hhx8C��FJ[�258J>7ZRSGERSseB;G"MWRSUWGF78f>x8C@MT5§5;7QJeMW58P�CDUW�8HDGFC	78:^7bP85G>
CYMTMWCDUTC6HY:^7;��UW:^7ZRhJ>q8GE�FC¥HD:>7~��58CD�E�pJlGF7|5;7~HD:^7ZRTCD78GrRS:^UWC�RSUWGFB8GE?ACY78MTGE:^7QJ>�EC>`
GE7;�.JLRWRSG�`�HY:^?ACA3AMORhJLRT:~HKJL�FHD:>�pJLRT:	GE7�1{�>_ 3�` �KHY? �4HD:^7ZRTGFCD7;CNJ>�aP8G"! ��0 1 �
MORSUWGF78f^x;C>`8CuBQJL��HKJ>�EHD:^�E:4Hhx8CtJ>q8q;GpJ>?d:v�.JLRWRS:6GF7oP;UTCDHYCDB8CY78�KJ|�.PQJLUT�pJL78B8:
B;CD�F�FJ[HD:^?dPQJLRWRSCD�Y�KJeB8G"GF7;��:>?nJ>�YGF:^7;CNB8CD��� ��mu�6MTG P85G>©B8CDB;58UTUWC�Hhx8C
�DHD?���HY:^7ZRSGFCY78C�HDGFUWHKJ���0 1 ��:^�FGEf^:^7�58HD�ECD:>RTGFB8G�y�¡�UTJtG8<LJ>UWG8RSCY7�RSJLRSGr<2G�B;GQMT5,X
P�CDUTJ>UTC���58CDMORS:NP8UW:^q8�ECD?AJdUWGFHD:>UTB8GFJ>?A:6��58CY�F�E:AB8G 10H 3�`cGE���258J>�FCtB8CDMWHDUWGE<^C
5;7©?AJ>HDHhx;GF7QJ>UWGF:NHhx;CdMWCDPQJLUSJ@�FC4MORSUTGE78f^x8C6P�CDUtJ(4d78GrRhsn�.J>HYCD78B;:^�FC6PQJLMOX
MTJ>UTC JLRTRTUSJK<^CYUTMT:l587of>CD�wGE7NHD5;GwMT:>78:6GF?d?ACYUTMWCj�EC)MT:LRTRS:>MWRSUWGF78f>x8C �a`,RhJL�FC
P8J>MTMTJ>f^f^GE:d3¥f^5;GFBQJLRT:6BQJ6587	MT:>�QMORSGEHKJLRT:lRTCDUW?A:^UWCDf^:>�pJLRT:^UTCLy
i��ERTGF?AJ>?ACY7ZRSC>`�GE7 10/>  3�`,MTGc3 58MSJ'RhJ4�pJ�MTCDf>58CD7ZRSCuRTCDHD7;GFHKJ,�I78CD�E�pJtMT:^�E58�DGE:LX
7;C6HD:^7[�ECv?d:^�FCYHD:^�EC�B8CY7QJLRT58USJLRTC4MTGV?AC¦RTRS:>78:NMWRTUTGE78f^x8C �bq8GF:LRSGF78JLRSCtGF7
f>USJ>74��5QJL7�RTGERSs;`^MTG;J>MTP�CYRWRhJ)Hhx;C J <�<>CD78fZJu��z J>7;78CKJ>�EGF78f�C�B;:^Pc:)MTG8JLf^f^GF5;7,X
f>:^78:@B8CD�E�FC4MO��CDUWCYRTRTC6?AC¦RhJ>�E�FGEHhx8CvHY:^MTPQJLUTMTClB8GVMWRSUWCDP;RSJK<,GEB8GF78J;y4¡¢5;RTRTC6�FC
B;:^P8P8GEC�MORSUWGF78f^x;C�q;GF:>RTGF7QJLRTCt�.��58GE78B8GQ��58CD�E�FC HD:>7�RTCD78CY7ZRSG��pJuHD:^P;P8GpJ �$* ���
MWGtJLRTRSJ>HDHhx8CYUSJ>7;78:§JL�F�FC|MW��CDUWCYRWRSCePcCYU@<2GFJ£B;CD�uP�:>RSCYUTCeJLRTRTUSJLRWRSGr<^: B8CY�rX
�FJ	MORSUWCDP;RSJ <2GEB8GF7QJ	78CDGaHY:^7;��UT:>7�RTG�B;CD�F�FJoq8GF:>RTGF7QJ,ynm ��58CYMWRT:~P8587ZRS:�HD:^7
5;7©?AJ>f^78C¦RSC6MWG�MTCDP8J>USJ>7;:��EC6MW��CDUWCYRWRSC��.Cl�FC6B;:^P8P8GEC6MWRSUWGF78f>x8ClJLRTRSJ>HDHDJ'X
RTC �6BQJ>� UTCYMWRT:8`�C	qQJ>MWRSJ©P8UW:,HYCDB8CYUTC|J>�F�FJ~B8CD7QJ'RS58UTJ>�DGE:^78C	PcCYUnJK<^CYUTC��FC
MORSUWGF78f^x;C)B8CYMTGFB;CDUSJ'RSC>y�k�z{C54dHDGECD78�DJ4B8Gc��58CYMWRT:d?dCYRT:,B;:v3 � � � � �N`,PcCYUOX
Hhx��tGE� � , � � ��B;CD�F�EC)MORSUTGE78f^x8C)HD:^7ZRSCY78CD7ZRTG �©�Q78GEMTHD:>78:678CD�E�pJvP;UT: <^C¦RTRhJ
MWqQJ>f^�EGpJLRSJ@� � � �¦y

/;y � ; 4 ���� �&%�� �������
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P�:^�FGE?ACYUSJ>MWGQHD:^?dGF7;HDGpJtJ>BoJL�F�F5;78fZJ>UWCjGE��P;UTGF?dCDU�J>f^f>GF5878f>CD78B8:vJ>Bo5878:4J>BN5878:
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B85;UTUTCAHD:^7 587QJ|MWHDCD�rRhJ|:>P8Pc:>UWRS5;78CAB;CD�F�ECAMWCD��58CY78�DC@CnB;CD�F�FJ	�E:^UT:	�F5;78f^x8CY�D�KJ
1µ/^  3�y

H,y�� %968�&%7� ��6 %
��J^� )�x;CD?dGF�F5;?AGE78CDMWHDCD7;�KJ;` �858:^UTCYMTHYCD78�DJ

g2G�# RSGF7;f^:^78:t%6�FCdB8:^P8P8GECnMORSUTGE78f^x8CdB8G�� �jm HD:^7}P8J>UWRTGFHD:>�pJ>UWG�UTCKJLf^CD7ZRSG��
P�CDU"CYMTCY?AP8GE:4HD:>��q8UT:>?458UT:vB8G�CYRTGFB8GE:vHhx8C¥UWGFMT5;�ERhJ �Q58:^UWCDMWHDCD7ZRTC�MW:>RTRT:6�pJ
�E58HDC¥58�rRSUTJ <2GE:^�FC¦RTRhJ,y

��q�� 7�J>B8GE:ZJLRWRSGE<2GrRhs
g2G8JLRWRhJ>HYHKJ>78:)B8CDG,?nJ>UWHKJLRT:^UTG�UTJ>B8GF:^JLRTRTGE<2G�J>�F�EC�CYMWRTUTCD?dGERSsjB8CY�F�EC�?d:^�FCYHD:^�EC
B;G�� �jm�`QHhx8C�HY:^M")IUWGFMW58�ERSJ>78:6USJLB8GF:ZJ'RTRSGr<^CLy



�����d� 
� � ��� �K��
 �����º���,�����,������� ��� � �$H

POLYMERASE 
CHAIN 

REACTION

8VGEf^58USJN\>yE\^\>�8¡�CYHD78GEHKJ -4)�7

@;y�� ��� �(��%�� ��� � ��� 	 �): 	 � 68�(��%�� �������
k�C6?AC¦RSx$:2�pJ>MWGVMW:^78:oCD7;�DGF?dGVHhx;C6�pJn7QJ'RS58UTJN58MSJ@J>MWMTGFCY?AC4J>f^�FG¢CD7;�DGF?dGVB;GVUTC�X
MWRTUTGE�DGF:>78C>yoi�7 qQJ'RTRSCYUTGE:	5;MSJ|f^�EGICD7;�DGF?dG�B8G�UTCYMWRSUWGF�YGF:^78ClP�CDU¥�.J>UTCdJ	PcCY�D�DG�GF�
� ��m B8CDG;<2GEUT58MIGE7Z<>JLMT:^UWG�`^��58GE78B8G8JK<>CDUTC 587lf^UTJ>74<LJ>UTGECYRSs)B8G8CY78�DGE?AG2B8G8UWCDMWRTUTG�X
�DGE:^78Cj�F:vP�:^UORhJvJ�Pc:>RTCDUWMTGwB;GE��CD7;B8CDUWC)BQJv5;7QJ4f^USJL7n<LJ>UTGECYRhstB8G�<,GEUT58M�GF7Z<LJ>MT:>UTG�`
?AJn78CD�E�F:AMWRSCYMTMW:@RTCD?dPc:nB8CY<>CdP;UT:>RTCDf^f^CYUTC4GE��P;UT:^P8UWGF:n� �jm BQJL�F��z�JLRWRhJ>HYHD:nB;G
RhJL�FGICY78�DGE?AG�� 78C # ?d:,B;GE�QHDJM%4�EC6MTCY�25;CD78�YCNHhx8CdHD:^UWUTGFMWPc:>78B8:^78:	J>�VMTGERT:@B8G�UTG�X



��@ �������	��
��
������������
������������ �

HY:^78:^MWHDGF?dCD7ZRT:8y/-�CYU"�.J>U���58CDMORS:d5;RSGE�FGE�D�KJt�pJv?dCYRTx$:,�FJ>MTGwHhx8C¥xQJ4�F:4MORSCYMTMT:dMTGrRS:
B8G�UTGEHD:^78:>MTHDGE?ACY7ZRS:NB8CY�F��z�CY78�DGE?nJlB8GVUWCDMORSUTGE�DGE:^78C>`w�pJn��5QJ>�EC>`wJ>f^f^GE5878f^CY78B8:N587
f^UW58P8P�:l?AC¦RSGF�EGFHY:4J>B@587@7�58HD�ECD:>RTGFB8CuB;CD��MTGrRS:8`;�F:6P8UW:>RSCYf^f^CuBQJ>�E��z�JLRTRSJ>HDHY:4B8CY�rX
��z�CY78�DGE?nJtB8G�UTCYMWRTUTGF�YGF:^7;C HD:^UWUTGEMTP�:^78B8CY7�RTC>ya��7@�pJ>q�:^UTJLRS:^UWGF:tMTG�5,RSGF�EGF�Y�KJ���58CYMWRSJ
MORSCDMWMSJoRSCYHD78GEHKJoB8CD��q8JLRTRTCDUTGE:8`�B8C¦RTRSJe& N¦+.-£L&5 � -�%'/KN¦`�P�CDU¥J>�rRSCDUTJ>UTCv�FC6?d:^�FCYHD:^�ECB8G�� �jm�y
k�J �RN
	K%��
	K%MS�-£L&5 � -�%'/KN¦`=RS:^f^�EGFCY78B8:�GF�2f^UT58P;Pc:)��:>MW��:^UWGFHD:)BQJ>�F�EC�CYMWRTUTCD?dGERSs � � B8CD�E�pJ
?d:^�FCYHD:^�FJ;`wGE?AP�CDB;GFMTHYC4Hhx8Cd� )�MWG�Pc:>MTMSJo��:^UW?nJ>UWC4587e�FCYfZJ>?dCv��:^MW��:2B8GECDMWRTCDUWGFHD:;y
� 58CYMWRhJ P;UT:2HDCDB;58USJ)<2GFCY78C�C¦�wC¦RTRS58JLRhJ)RTUSJ>?dGERTC���z J>�YGF:^7;C�B8CY�F��z�CY78�DGE?nJ 	K%��
	;5>+±5��¦-
5TLOPp5TL -0/ 5>y
k�J�P;UT:2HDCDB;58USJvGE7Z<^CDUWMSJ;`;�pJ�	K%��
	K%MS¦-£L&5 � -�%'/KN¦`�HY:^78MTGEMWRTC)78CY�wUTGEP8UTGEMWRTGF78:tB8CD��f^UW58P,XP�:|��:^MO��:^UTGEHD:£�.J>B :^P�CDUSJ~B;CD�F��z�CY78�DGE?nJ �'-0/ 5��¦-r�¦`�CARhJ>�r<^:^�rRhJ	<2GECD78CoC¦�wC¦RTRS58JLRhJ
78CYf^�FG JL�Ff^:^UWGERT?AG�MT:^�E:©P�CDUlfZJLUSJ>7ZRSGEUTC@GF�"UWCDHY58PcCYUT:©B8CDG f^UW58P8P8G"��:^MO��:^UTGEHDG�Hhx8C
P�:^MTMW:^78:lCDMWMTCYUTMTG¢MWRSJ>HDHDJLRSG�7;CDG�<LJ>UTG�?AJ>78CYf^f^GFJ>?ACY7ZRSG�B8CD��� ��m 1µ/^ 43�y

];y 
 ����� %968������%�� ��� ���
k�J HKJLPQJ>HDGrRhs B8G #��FCYf^f^CDUWC�%�USJLP8GFBQJL?ACY7�RTC�RS5;RWRSG8G;725;HD�FCY:>RSGEB8G;B;GQ5876��USJ>?d?ACY7ZRS:
B8G�� �jm UTCY78B8C¥Pc:>MTMTGEq8GF�EC P�CDU CDMWCD?dP8GF:lB8C¦RSCDUW?AGE7QJ>UWCuG�HD:^7ZRT:^UT78G�B;G�587�f>CD78C
Co�FJ|MTCY�25;CD78�DJ©B8G"JL?AGE78:ZJ>HYGFB8G�Hhx8C@CDMWMT:eHD:2B8GE�QHDJ;y E|J9J>78Hhx8C@P�CDU6��5QJ>7ZRS:
UWGFf^5QJLUTBQJ)f>�FG,J>�Ff^:>UTGERT?AGZB;CD�Q� ��m )�:^?AP;5;RSGE78f 3"587QJ HY:^MSJuB8G;f^USJ>7;B8C�5;RTGF�FGrRhs;`
GE7;�.JLRTRTG f^UTJ>�DGEC©JL� �.J>?A:>MT: ;=��� � !�� ! � � % � � � 6 UWGF58MWHDGFJ>?A:bJ£�FCYf^f^CDUWC9�FCMORSUTGE78f^x8CuB;G�� �jm Hhx8CtHD:2B8GE�8HKJ>78:l�FJ4MT:^�E58�DGE:^78CuB8CY��78:^MWRTUT:lP8UW:^q8�FCY?nJ,y
k�z{GFB8CDJ;`8MTCY?AP;�FGFHYC CDB	CD�ECDfZJL7�RTC>`QMWG�P85G>dMTHhx8CY?nJLRTGF�Y�KJ>UWCtHY:^?dCuMTCDf>58C>y
k�JuMTCY�25;CD78�DJ�B8G�� ��m Hhx;C <>:^f^�EGpJ>?d: �FCYf^f^CYUTCt�.B;GQ�F5878f>x8CD�Y�KJ��W�VMTGQGFB;CD7ZRSGr�QHhx8G
HY:^7£587QJ9HD:^UWBQJ[B8G"HD58G"MWG"MSJ[��5QJ>�"3@��z{GF7;GF�DGE:|C@��5QJ>�ECo�pJ|�Q78C ( MT58�E�pJ~HD:>UTBQJ
MWG�B8GEMWRSUWGFq85;GFMTHDJ>78:~Gu# 78:2B8G&%dm�`u))`�26`V¡u`VHhx8CoUSJ>P;P8UTCYMTCD7ZRSJ>78:8`�78CD�E��z{:^UTB;GF78CL`
Ga7�58HD�ECD:>RTGFB8GaB8CY�F�FJ�MTCY��58CD78�DJ;y[g2G�GE?A?AJ>f^GE78GIB8G�JK<^CYUTCo?d:^�ERTGFMTMWGF?dC4HD:>P8GFCdB8G
��58CYMWRhJ�HD:^UWBQJ;`ICAB8G�B;GFMTP�:^UWUTCdB8G�_	��:^UTq;GFHDG����#*���� *���	 *���
¢`�B8G�HD58G�:^f^7�587QJ
RSJ>f^�FGFJdGE7[?A:2B8:NB;GE<^CYUTMW:8�����©RhJLf^�FGFJAMT:>�F:NGI7;:,B8G�mv`��� MT:^�E:NGV7;:,B8G�))`���	
MW:^�F:AG�78:2B8G�2�CYB���
©MW:^�F:AG�78:2B8G¢¡uy . f^78G¢HD:>UTBQJnP;5G>NCDMWMTCYUTC4RhJLf^�FGFJLRhJ6587QJ
MW:^�pJA<>:^�ERSJ;y¶)�:^7[��58CYMWRTG�BQJLRSG�MTG¢<,5;:^�FC4HY:^78:^MWHDCYUTC6�pJAB8GFMWPc:^MWGF�YGF:^78CtB8CYGI78:2B8G
78CY�F�FJ4HD:^UWBQJ	�.: <�<^CDUW:n�FJ4B8GFMWPc:^MWGF�YGF:^78C)B8CDG�7�58HD�ECD:>RTGFB8Gw78CD�E�pJ4MTCY��58CD78�DJZ�¦y
8�J>HYHDGpJL?A:dJ>f^GEUTCL`�7;:^7|B8C¦RSCYUT?dGF78GEMWRSGEHKJ>?dCD7ZRTC>`Q��58CDMORSCv��:>UTq8GEHDG�MT58�E�pJl?A:>�ERSGrRS5,X
B8GE78CdB8G�HY:^UTB;C>`V�Q7 �258J>78B8:[78:>7 MTG�:>RTRTCD78f>:^78:|HY:^UTB;CnB8GaRS5;RWRSCA�FCdPc:^MWMTGEq8GF�EG
�E5878f^x8CY�D�YC£�.P�CDUNCYMTCY?AP8GE:}MTC|�pJ HY:^UTBQJ©3~�F587;fZJ§\  ;` MWG J>MWPcC¦RTRhJe�Q7 ��5QJ>7,X



�����d� 
� � ��� �K��
 �����º���,�����,������� ��� � �^]

B8:	78:^7©HDG�MT:>78:|P�CD�Y�DGa�F587;f^x8G��&*-,�*��7* 
9*��2* �7*���* �7* � *���0Z�¦y�-�:>G�UTJ>HDHY:^f^�EGpJ>?d:8`
MTCYPQJ>UTJLRhJ>?dCD7ZRTC>`QG�P8UW:,B8:LRTRSGwB8G�HDGFJ>MTHY587QJ6��:^UTq;GFHDCuC¥�EG�?AGEMT58UWGpJ>?d:8y
k�J6MTCD��58CY78�KJA3uBQJLRhJ,`878CD�E��z{:^UTB;GF78CL`;BQJ>f>�FGwGE78B8GEHDG�B8CY�F�EC)��:^UTq;GFHDGwHhx8C¥xQJ>7878:lRhJ=X
f^�EGpJLRT:4G�PcCY�D�YG��F5878f>x8G �&*-,�*��7*<0<0�0 * ��UTGEMTP�CYRWRSGE<LJ>?dCD7ZRTC>y

m)7;B8GpJ>?d:uJ <^CYB8CDUWCj�FJ)HD:>?4q8GF78J>�DGE:^78C�B8G;:^PcCYUSJ>�YGF:^7;G;q8GE:^�F:^f>GFHhx8C�Hhx8C CY�cCYRTRT5QJ
��58CDMORS:nJ>�Ff^:>UTGERT?A:;y
m)MWMT58?dGpJL?A:�B8G,J <>CDUWC�587QJ�MT:^�E58�DGE:^78Cu%'&n%T1RN¦/KNp5>`'HYGF:23�HY:^7ZRSCY78CD7ZRSC"P;UTGF7;HDGFP8J>�rX
?dCD7ZRSC�?d:^�ERTCIHD:>P8GFC���CY<^CY7ZRS5QJ>�E?ACY7ZRSCaB8:^P�: 587�z�J>?AP;�FGE�8HKJ>�YGF:^78CK��B;CD�F�FJ�MTGE78f^:^�FJ
MWRTUTGE78fZJ �}Hhx8C¥<^:^f^�EGpJ>?d:vMWCD��58CY78�DGFJ>UTCLy
m)f>f^GF587;f^GpJ>?d:@587QJ|MORSUWGF78fZJ �¨7;:>RhJ;`VPcCYU4CDMWCD?dP8GF:�B8G��E5878f^x8CY�D�DJ[¤> ;`�JL�F��z{C¦X
MWRTUTCY?AGrRhs ����B8G � �.MWGpJ � � � �V��GE7~?A:2B8:AHhx8C6587QJNP�:^�FGE?ACYUSJ>MWG�Pc:>MTMSJoJLf^GFUWC
5;RTGF�FGE�D�DJ>78B8: �~HD:^?dCuP8UTGE?ACYU�C � HD:^?dCuMWRSJ>?AP�:8y
��q8UWGFB8GE�D�DGFJ>?d:d�EC�MORSUWGF78f^x;C � HY:^7~B8CYG � �Q58:>UTCDMWHDCY7�RTGICvMW58B8B8Gr<2GFB8GFJ>?A:l�FJdMW:LX
�F5;�DGF:>78C):>RWRSCY725,RhJ6GF7N_4<LJ>MWHhx8CYRWRSCL`QHhx8C¥GF78B8GEHhx8GpJL?A:tHD:^7@m�`¡26`¡) Cu¡uyQ�jCY�F�FJ
<LJ>MTHhx;CYRTRSJem HYG"MT:^7;:eB;GE<^CYUTMWG"725;HD�FCY:>RSGEB8G�`�5;7QJeP�:^�EGF?dCDUSJLMTGaHhx8C	78:^7bJ>q8q8GFJ
��z�JLRWRSGE<2GrRhs|B8G C��;:>725;HD�FCDJ>MTG�`�C@B8CDG 7�58HY�FCD:LRSGFB;G"m # J>�ERTCDUSJ'RSG&%S�n78CY� ?AC¦RS:2B8:©B;G
g;J>7;f^CDU MT:>78:nB8GEB8CD:>MTMTGE7�58HD�ECD:>RTGFB8Ga��B8B8m �¦`�: <2<>CDUW:N7�58HD�ECD:>RTGFB8GwRSJ>�FG�Hhx;C�GE���F:^UW:
�(�2X . � 3 MORhJLRT:4?d:,B8Gr�QHKJ'RS:vGE7,�(�,X ��`2GF7nf^CD78CYUSJ>�EC)MW:^78:47�58HY�FCD:LRSGFB;GcHhx8GE?AGEHKJ'X
?dCD7ZRSCj?A:2B8GE�8HKJLRTG�7;CD�F�E:��Y58HDHhx;CDUT:lC �L:478CY�cf^UW58P8P�:v��:^MO��:^UTGEHD:vC �L:478CY�F�FJtqQJLMTC
J>�Y:>RhJLRSJ;yVmj7QJ>�E:^fZJ>?dCD7ZRSC�78CD�E�FC"J>�rRSUWC�<LJ>MTHhx8C¦RTRTC>`2HD:^7lGQ7�58HD�ECD:>RTGFB8G,B8B¦26`^B8B¦)
C¥B8B8¡uy
�jCY�F�ECvMTGE78f^:^�EC�<LJ>MWHhx8CYRWRSC6f^CY78CDUWGpJ>?d:N587QJ�-4)�7 ?A:2B8GE�8HKJLRSJ;`cGE7~��5QJ>7ZRS:@��z�C�X
MWRTCD78MWGF:^7;CNB8G �£MTG�q;�F:2HDHKJ	��5QJ>78B8:�<,GECD78CAP8UTCYMT:~5;7 725;HD�FCY:>RSGEB8Cd?A:2B8GE�8HKJLRT:
�.P�CDUWHhx���78:^7dPc:^MWMT:^7;:vJK<�<^CY78GFUWCjGQ�ECDfZJ>?dG,��:>MW��:2B8GFCYMWRSCYUTGEHDG8Hhx8C �.J>787;:tHYUTCYMTHDCYUTC
GF7@�E5878f^x8CY�D�DJd�FJ4725;:=<LJlMWRTUTGF7;fZJZ�¦y
8�J>HDHYGpJ>?d:�587�z{CD�FC¦RTRTUT:>��:^UWCDMWG,HY:^76��5QJLRTRTUT: P�:^�Y�DCYRWRSG,mv`T))`$26`'C�¡u`LGE74HDGFJ>MTHY5878:
B8CYGV��5QJ>�EG�<2GFCY78C4P�:^MWRT:oGF��� �jm�:LRTRSCY7�5;RS:@BQJ>�E�pJ6<LJ>MTHhx8C¦RTRSJ@HY:^UTUWGFMWPc:^7;B8CD7ZRSCL`
B8:^P�:~�FJ�B8CY7QJLRS5;USJ>�YGF:^78CACN�pJ	MTCY�FCD�YGF:^7;CnB8CY�F�FCdMTGE78f^:^�ECAMORSUWGF78f^x;CnHD:>7�RTCD78CY7ZRSG
� �.GE7 ��58CYMWRhJ|�.JLMTCdMTG�MW��UT5,RTRhJ��pJ��Q58:^UWCDMTHYCD78�DJ~B8G ����y�g,CnMW58P8P�:^78GpJL?A:	Hhx8C
�pJ -4)�7�?d:2B8GE�QHDJLRhJ9HD:>?AP8�ECDMWMTGE<LJ>?dCD7ZRTC�MWGjMWGpJ©q;�F:2HDHKJ'RhJ9GF7¨RT5;RTRTGjG P85;7�RTG
P�:^MTMWGFq8GE�FG�` BQJL�F�pJ}B;GFMTP�:^MWGF�DGE:^78C~B;CD�F�EC[MWRTUTGF7;f^x8C9B8CD�E�FC~<LJ>UWGFC~<LJ>MTHhx;CYRTRTC©MW58�F�FJ
�pJLMWRSUTJ�B8CD�E��z{CD�ECYRTRTUT:>��:>UTCDMWGLP�:^MWMTGpJL?A:�UWGFMTJ>�FGEUTCIJL�F�pJ��FC¦RTRS5;USJ¥���.J'RTRhJ�B8J>�F��z�CY�FCYRWRSUW:,B8:
P�:^MTGrRSGE<>:dJA��58CD�E�F:d78CDf^JLRSGr<^:8`QP�CDUWHhx��v�FJd�E5878f^x8CY�D�DJAB8CY�F�FC¥MORSUTGE78f^x8C¥HYUTCDMWHDC4GE7
��58CDMORhJdB8GFUWCD�DGE:^78CK��B8G ��`;Ct��58GE78B8G�J6��58CD�E�pJ6B8G ��y



_Z  �������	��
��
������������
������������ �

E�C¦RS:2B8G�P8G"!£UTCDHYCD7ZRSG B8G��25;CD�F�E:[B8G�g;J>7;f^CDU6MWG J <�<LJ>�Ef^:^78:[B8CY�F�FJ~MWRSCYMTMTJeGEB8CKJ
?AJ458MSJL78:dRTGF78f>CDUTCuGw725;HD�FCY:>RSGEB8G�HY:^7���5QJ'RTRSUW:lB8GE<>CDUTMWG�HD:^�E:^UTG �Q58:^UWCDMTHYCD7ZRSG�`QGF7
?d:,B;:6Hhx8C¥�FCu��5QJLRWRSUT:dqQJ>MWG�Pc:>MTMSJL78:ACYMTMWCDUTCtP8UW:,HYCDMTMTJLRSCtMTGE?458�rRhJ>78CDJ>?dCD7ZRSCLy

DNA 
Sequencing

8VGFf>58USJN\^yr\=¤,�¡E�CYRT:,B8:dB8G¢g;JL78f^CDU

k�z{GF?dP8�FCY?ACY7�RSJ>�DGE:^78CjB8G���58CDMORS:A?AC¦RS:2B8:lUTGFHhx;GFCDB;Cu?A:^�rRhJvHDJ>5;RTCD�pJ,�
� �FJAMWCD��58CD7;�KJoGF78GE�DGFJ>�FCu78:>7~B8CY<>C6CDMWMTCDUWCvRSUW:^P8P�:N�F5;78fZJ;`�CY<>CD7ZRS58J>�F?dCD7ZRSCMWG�B8CY<>C�P;UTGF?AJv��USJL?A?dCD7ZRhJLUTCuCuP�:^G�UTGEHD:^MORSUT5;GFUTCL`



�����d� 
� � ��� �K��
 �����º���,�����,������� ��� � _8\

� HKJL�FHD:>�pJ>UWC��pJjPcCYUTHDCY7ZRS5QJ>�EC�# f^GE58MWRSJM%�B8G87�58HY�FCD:LRSGFB;G8J>�rRSCDUTJLRSG �L?AJ>UTHDJLRSG�Hhx8G�X?dGFHKJL?ACY7�RTC>��MTC 78Cj?AC¦RTRTGpJ>?d:tRTUT:^P;P8GcB;:^Pc:��pJ�-�)�7 78:^7NMWGcRTUT: <LJ>78:4�EC
MTCY��58CD78�YCnP8G"!©�E5878f^x;C>`�MTCd78Cd?AC¦RTRSGFJ>?d:NPc:2Hhx8Ga78:^7eMTGIRTUT: <LJ>78:	�FClMTC�X
��58CD7;�DC6P8G"!~HD:^UORSCL`wGF7Z<>CDHDC65;7[q858:^7~7�58?dCDUW:N�.JK<^:^UWGFMTHYC4�pJl��:^UT?AJ>�YGF:^78C
B8G�MWCD��58CY78�DC4B;GwRS5;RWRSC¥�FCu�E5878f^x;CD�D�YC>`

� RSUW: <>JLUTC¥587QJdPc:^�EGF?dCDUTJ>MTGcHhx8Cv78:>7~J>q8q;GpJdJ>78Hhx8Ct587�z�JLRTRTGE<2GERSs6B8G�C��,:^7�5,XHD�ECKJ>MWG�`,J>�ERTUTGE?ACY7�RTGcP�:>RTUTCDq;qcC)RSJ>f^�EGpJ>UWCjG�7�58HY�FCY:>RSGEB8G�J>�rRSCYUSJLRTGcB85;USJ>7ZRSCu�FJ
�.J>MWCtB;G�Pc:^�EGF?dCDUWGF�D�DJ>�DGE:^78CjGF?dPcCYB8CD78B;:^78C¥��z�J>UTUWCDMORS:��.B8G�MW:^�FGrRS:6MTG�58MTJd�FJ
�uCD78:m+ ��USJ>f^?dCD7ZRTMh�¦y

\  ;y � �(:��&6 ��; ��� %�� ��� ���
I ��z{:^P�CDUTJ>�DGE:^78CaHhx8C>`>HD:^7tRSCDHY78GFHhx;C�Hhx8GFJ>?nJ'RSC���2?2 �£�.�)CD7QJ'RS58UWGF78f�2¥UTJ>B8GFCY7ZR
2uCD� ���FCYHYRSUW:^P8x8:>UTCDMWGFMS�¦`�GF79587QJ@MT:>�F58�YGF:^78C6B;GFMTHYUTGE?AGE7QJNGF���)�jm�GF79UTCY�pJ>�YGF:^7;C
J>�E�pJu��5QJ>7ZRSGrRhsvB8GK2 P8UTCYMTCY7�RTG�y�g,G�qQJ>MTJvMT5;�F�pJ¥UTCYf^:^�FJ>�DGE:^78C P8UTCYHDGEMSJvB8CY�F�FJ¥RTCD?6X
P�CDUSJ'RS58UTJ;`IGF7©��5QJ>7ZRS:[�FJ	RSCY?AP�CDUTJLRS5;USJ�B;G�?dCD�rRSGF7;f�����3AP8UT:>Pc:^UW�DGE:^7QJ>�ECAJL�
7�58?dCDUT:vB8GcHY:^P8P8GEC�)�X�2 B;CD�F�FJ�?d:^�FCYHD:^�FJd�.P�CDUTHhx�� GF���FCYfZJ>?dC')�X�2 3jP8GO!d��:^UWRTC
B8G���58CY�F�F:6m X�¡u`8<>CDB8G�PQJ>UTJ>f^UTJL��:o\^yr\=�¦y

\^\^y � � � ����� � %�� ��� � �
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B8CYG27�58: <2G2P8�pJ>MW?AGEB8G^HLz�3�587QJ�HD:^P8GFJ�B;CD�F�FJ"MWRSUWGF78f^J B;G,�)�jmbGF78GE�DGpJL�FC>` Hhx;C�MTGFJ>?d:
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MTCYPQJ>UTJLRSCdGF7eUTCY�pJ>�YGF:^78ClJL�IRSGFP�:@B8G�MWRTUTGE78fZJ@Hhx8CnJK<>CY<LJ>78:�B8CD7ZRSUW:8ynm ��58CDMORS:
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k�C GFMORhJ>78�YC B8CYG�P8UT:>q8�FCY?AGQ<^CY78f^:^7;:dHY:,B;GE�QHDJLRSCjGF7N?d:^�FCYHD:^�EC>`2f^CD7;CDUSJL�F?dCD7ZRSCj:^�FG�X

f^:^7�58HY�FCY:>RSGEB8G;:¥P8GEHDHD:>�FC�MORSUTGE78f^x8C"B;G�� �jm�`ZMTCDq;qcCY78CjMWGpJ>7;:tP�:^MWMTGFq;GF�FG2MWRTUT5;RWRS58UWC"RSGFP�:
f^UTJL� 1 ¤,\ 3�y � 58CYMWRSC@?d:^�FCYHD:^�ECNMT:>78:9HD:^7ZRSCY7�5;RSC	GF7£587QJ9P8UW:=<>CYRWRhJ;`�Hhx8C	P85G>9CDMWMTC¦X
UTCtB8CYMTHDUWGERWRhJnJLMWRSUTJLRTRSJ>?dCD7ZRSC¥HD:>?ACt587|?v58�ERTGF78MWGFCD?dC B8G¢MWRTUTGE78f^x8C¥Hhx8C�xQJA587�HDCYUWRS:
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PcCYUSJLRT58USJ,`�f^�EG"JLRTRSJ>HDHDJ>?dCD7ZRSG"B8G MO��CDUTC¦RTRTC�?dCYRSJ>�F�EGFHhx8CL`��FJ[MTCDP8J>USJ>�YGF:^7;C�J'RTRSUTJK<^CDUWMT:
HKJ>?dP8GICY�FC¦RTRSUWGFHYGI:o��:^UT�YCdHYCD7ZRSUWGE��58f>x8C>`���z{5878GE:^78C6B8CY�F�EC4P8UT: <>CYRTRTC (I?dCD7ZRTUTCdJ>q8q8GFJ>?d:
CDMWCD?dP8G B8G":^P�CDUSJL�DGF:>78G�Hhx8GE?AGEHhx8C@78CD�E�FCoUTCDJ>�DGE:^78G"Hhx8C�JK<�<^CD7;f^:^78:©HD:^7¨f^�FG�CY78�DGE?AG
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HD:^?dP85;RSJ>�DGE:^78C�GE�2<>:^�F5;?AC�B;G8� ��m P8UTCYMTCD7ZRTCj78CY�F�FJ)P8UT: <>CYRTRSJuMTG8?AJ>7ZRSGECD78C�CDMTP�:^78CY7,X
�DGFJ>�FC�UTGEMTP�CYRTRT:lJ>�F�FJtB;GF?dCD78MWGF:^78CjB8CD�cP8UT:>q8�FCY?nJ (2CuJ>7;Hhx8Cu?A:>�ERSG�J>�Ef^:^UWGERS?dG8P8UW:^P�:^MWRTG
MT58HYHDCYMTMTGr<LJ>?ACY7ZRSC>`¢UTCDJ>�FGE�D�DJ>q8GF�EG�GF7[RSCY?AP�:oPc:>�FGF7;:^?AGFJ>�FCL`��FGF7;CKJ>UWC>`�HY:^MWRSJ>7ZRSC>`�xQJL7878:
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xQJ>?dGF�rRS:^78GFJ>78G�MT5d587df^USJ'��:uHhx8C�J>q8q8GFJtJL�8P8GO!³H> u78:2B8G�`^?ACY7ZRSUTC f^GFs MT5d587lf^USJ'��:tHY:^7
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