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2A@! 2-35)$.6%$!1#6&8!.$61*&-8!

20>! 2.-*$&8!+6*6!(68M!

20^T! 236*$3$*!+$.&9$+!/.-P*#!,61*-.!

20^T@! 236*$3$*!+$.&9$+!/.-P*#!,61*-.!.$1$4*-.!

2B! 2#51-$.5*#.&8!

23^T! 2361$8*63!/.-P*#!,61*-.!

cZ! 2%$'+-!96.&6(3$!/$8$!

@!&%'()*#+,"*-! 2'.&8$!

@$9E! YI,6)&35!0WH!4-35)$.6%$!

@T2! @$+!,3'-.$%1$8*!4.-*$&8!

@WH! @&(-8'13$&1!61&+!

@2H! @$43&16*&-8!4.-*$&8!H!

@=Z! @-'%!%6.1-)6!9&.'%!

@"! @--)!*$)4$.6*'.$!

@";! @$1$4*-.!*5.-%&8$!M&86%$!

@"I2A@! @$9$.%$!*.68%1.&4*6%$I2A@!

=0=! =-+&')!+-+$153!%'34#6*$!

=B?! =*68+6.+!$..-.!-,!)$68!

=<?! =-)6*&1!#54$.)'*6*&-8!

=\A! ='4$.!-4*&)63!(.-*#!P&*#!16*6(-3&*$!.$4.$%%&-8!

=I4#6%$! =58*#$%&%!4#6%$!



! _ZGGG!

54! @6*&-!-,!)6R&)63!,3'-.$%1$81$!*-!1$33!6'*-,3'-.$%1$81$!

==A! =&+$!%16**$.!

%%0WH! =&8/3$I%*.68+$+!0WH!

=ZSD! =&)&68!9&.'%!SD!

"!&%'()*#+,"*-! "#5)&8$!

"HB! ".&%I61$*6*$IB0"H!

">=! ".&%I(',,$.$+!%63&8$!

"B?! "&$C!$R4.$%%&8/!)-8-15*$!

"B?B0! "$*.6)$*#53$*#53$8$+&6)&8$!

"&$! "5.-%&8$!M&86%$!P&*#!&))'8-/3-('3&8I3&M$!68+!B^TI3&M$!+-)6&8!

"^T! ".68%,-.)&8/!/.-P*#!,61*-.!

":=!4-3! ".68%3$%&-8!%58*#$%&%!4-35)$.6%$!

"WT! "')-'.!8$1.-%&%!,61*-.!

*@WH! "-*63!@WH!

"=H! ".&1#-%*6*&8!H!

7! 7.61&3!

7W^! 7.61&3!0WH!/351-%536%$!

7Z! 73*.69&-3$*!

Z0X! Z6.&6(3$!0&9$.%&*5!X-&8&8/!

ZB^T! Z6%1'36.!$8+-*#$3&63!/.-P*#!,61*-.!H!

]!&%'()*#+,"*-! H+$8&8$!-.!*#5)&8$!

Y!&%'()*#+,"*-! 25.&)&+&8$!

!
! !



!

!

!

!

!

%6.0&$#'),$'

'

";<=>?@A<B>;'

!
! !



! C!

"#$!68/&-4-&$*&8!,6)&35!-,!/.-P*#!,61*-.%!68+!"&$!.$1$4*-.%!4365!6!1$8*.63!.-3$!&8!

.$/'36*&-8!-,!96%1'36*'.$!68+!.$4.$%$8*!68!6**.61*&9$!*#$.64$'*&1!*6./$*!+'$!*-!

&89-39$)$8*!&8!&8,36))6*&-8L!68/&-/$8$%&%!68+!35)4#68/&-/$8$%&%N!H8/&-4-&$*&8I

E!JH8/EK!&%!1-8%*&*'*&9$35!$R4.$%%$+!68+!&89-39$+!&8!)6&8*$8681$!-,!9$%%$3!

%*.'1*'.$!68+!&8*$/.&*5L!P#$.$6%!H8/&-4-&$*&8IC!JH8/CK!&%!+586)&16335!.$/'36*$+!

68+!4.-9&+$%!6!M$5!+$%*6(&3&%&8/!%&/863!*-!4-*$8*&6*$!9$%%$3!4$.)$6(&3&*5!68+!

%4.-'*&8/!&8!1-)(&86*&-8!P&*#!Z6%1'36.!B8+-*#$3&63!^.-P*#!T61*-.!H!JZB^TK!6*!

%&*$%!-,!96%1'36.!.$)-+$33&8/!J"#-)6%L!H'/'%*&8!CDD`KN!>-*#!3&/68+%!%#6.$!6!

1-))-8!"&$C!(&8+&8/!%&*$!63*#-'/#!*#$!)$1#68&%)%!.$%4-8%&(3$!,-.!*#$&.!

+&,,$.$8*&63!61*&-8%!6.$!8-*!'8+$.%*--+N!H!3&/68+!*.64!,-.!H8/CL!1-)4.&%&8/!6!

)'*68*!,-.)!-,!"&$C!$1*-+-)6&8!P&*#!*#$!6(&3&*5!*-!(&8+!H8/C!%4$1&,&16335!68+!8-*!

H8/EL!P-'3+!($!68!&+$63!)-3$1'3$!*-!(3-1M!46*#-3-/&16335!$3$96*$+!H8/CN!

!

!

EDE'.;FB>G>BH<B;1&BH'IJI<HK'

'

EDEDE'.;FB>G>BH<B;I'

!

T-'.!)$)($.%!-,!*#$!68/&-4-&$*&8!,6)&35!#69$!($$8!&+$8*&,&$+!*-!+6*$N!H8/E!68+!

H8/C!6.$!*#$!)-%*!P&+$35!%*'+&$+L!P#&3%*!H8/F!68+!H8/S!6.$!)-'%$!68+!#')68!

-.*#-3-/%!.$%4$1*&9$35N!"#$!%*.'1*'.$!-,!*#$!%$1.$*$+!bDM06!/351-4.-*$&8!&%!#&/#35!

1-8%$.9$+!($*P$$8!633!/.-'4!)$)($.%!68+!1-)4-%$+!-,!68!WI*$.)&863!

%'4$.13'%*$.&8/!+-)6&8L!6!1-&3$+!1-&3!#-)-I+&)$.&%6*&-8!+-)6&8L!6!%#-.*!3&8M$.!

68+!6!16.(-R5I*$.)&863!.$1$4*-.!(&8+&8/!,&(.&8-/$8I.$36*$+!+-)6&8!JT@$0K!

%$O'$81$!J2.-1-4&-!$*!63N!E```L!>6.*-8L!"k9$*M-96!a!W&M-3-9!CDDgK!JT&/'.$!ENEKN!!



! F!

! !

!"#$%&'()(*'+,#"-.-"&/,0'1'2"&'%&3&.4-%0)'!"#$%&'"()*&+,&%-(*../-0,&'1+(%2)/.&,(
-0,/"0/,$(23(&1+*242*$'1-(&1)(5*$(,$"$402,-6(!0,/"0/,$-(&)&40$)(3,2%(7&,021($0(&.6(
899:6(((
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! S!

\9$.633!*#$.$!&%!fgm!6)&8-!61&+!&+$8*&*5!($*P$$8!H8/E!68+!H8/C!T@$0!%$O'$81$%!

68+!bEm!&8!*#$&.!%4$1&,&1!AI*$.)&863!.$1$4*-.I(&8+&8/!4-.*&-8%!J069&%!$*!63N!E``fL!

?6&%-84&$..$!$*!63N!E``bKN!!

!

EDEDL'&BH'=HAHG<>=I'

!

"&$!J"5.-%&8$!M&86%$!P&*#!G))'8-/3-('3&8I3&M$!68+!B^TI3&M$!+-)6&8K!.$1$4*-.%!

6.$!*54$IE!*.68%)$)(.68$!4.-*$&8%!J069&%!$*!63N!E``fL!?6&%-84&$..$!$*!63N!E``bL!

='.&!$*!63N!E``fKN!"#$.$!6.$!*P-!,6)&35!)$)($.%L!"&$E!68+!"&$CL!P#&1#!%#6.$!bfm!

6)&8-!61&+!&+$8*&*5!-9$.633!('*!-835!FFm!&8!*#$!$R*.61$33'36.!3&/68+I(&8+&8/!

+-)6&8!J=1#8'.1#L!@&%6'!E``FKN!"#$!$R*.61$33'36.!4-.*&-8L!,.-)!*#$!6)&8-!

*$.)&8'%L!&%!1-)4-%$+!-,!*P-!&))'8-/3-('3&8!3--4%L!*#.$$!B^TI3&M$!+-)6&8%L!6!

*#&.+!&))'8-/3-('3&8!3--4!68+!*#.$$!,&(.-8$1*&8!*54$IGGG!+-)6&8%N!"#$!

&8*.61$33'36.!+-)6&8!1-8*6&8%!6!*5.-%&8$!M&86%$!+-)6&8L!P#&1#!&%!%43&*!(5!6!M&86%$!

&8%$.*!%$O'$81$L!68+!,-33-P$+!(5!*#$!16.(-R5I*$.)&8'%!*6&3!J0')-8*!$*!63N!E``CL!

>6.*-8!$*!63N!CDDfL!=6*-!$*!63N!E``gL!26.*68$8!$*!63N!E``fK!JT&/'.$!ENEKN!!

!

EDEDN'.;FB>G>BH<B;1&BH'B;<H=OA<B>;I'

!

:&/68+I.$1$4*-.!&8*$.61*&-8%!-,!*#$!H8/I"&$!,6)&35!6.$!%#-P8!&8!T&/'.$!ENC6N!!

!

W-!%4$1&,&1!"&$EI61*&96*&8/!3&/68+!-.!46*#P65!#6%!($$8!4.-9$8N!A-89$.%$35L!*#$!

.-3$!-,!"&$C!&%!P$33!+-1')$8*$+N!H8/&-4-&$*&8%!EIS!633!&8*$.61*!P&*#!"&$C!

J?6&%-84&$..$!$*!63N!E``bL!069&%!$*!63N!E``fL!Z63$8k'$36!$*!63N!E```KN!T'81*&-863!

68635%$%!&8+&16*$!*#6*!*#$!&8&*&63!CED!WI*$.)&863!.$%&+'$%!-,!"&$C!$1*-+-)6&8L!-.!!



! g!

! !
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!
!
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!
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!
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!
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!"#$%&'()*+',-#"./."&0-12"&'3"#4-51%&6&/7.%'8987&:8)''
#$%&'()$*+&,+&-&./()0.1*
4;  ,-#"./."&0-' 3"#4-51%&6&/7.%' "-7&%460.-8)* 20$3'&./&4* 567(.48+&$&,/0+*

6./&+($)0.-* (+&* -%09.* :0+* /%&* (.760,06&).* 7+09/%* :($/0+-1* !"#$%!$#&'(
)*+,-.)*/0((

<;  =&#$340.-'.>'4-#"./."&0-12"&' "-7&%460.-8)*;%&* 6./&+($)0.*0:*<.7=*(.4*<.7>*
96/%*;6&*+&$&,/0+-*(.4*,0--6?5&*&@&$/-*0:*ABCD*(+&*-%09.1'

<*

E*



! f!

G/E!68+!G/C!+-)6&8%L!6.$!%',,&1&$8*!,-.!H8/E!(&8+&8/!J?61+-863+!$*!63N!CDDfKN!

A.5%*63!%*.'1*'.$!68635%&%!-,!*#$!H8/CI"&$C!&8*$.61*&-8!.$9$63$+!*#6*!*#$!G/C!

+-)6&8!&%!*#$!-835!46.*!-,!"&$C!*-!1-8*61*!H8/C!+'.&8/!(&8+&8/!J>6.*-8!$*!63N!CDDfK!

JT&/'.$!ENFKN!

!

"#$!%*.'1*'.$!-,!*#$!H8/CI"&$C!1-)43$R!%'//$%*%!4-*$8*&63!)-3$1'36.!)$1#68&%)%!

.$%4-8%&(3$!,-.!3&/68+n.$1$4*-.!(&8+&8/!J>6.*-8L!"k9$*M-96!a!W&M-3-9!CDDgL!>6.*-8!

$*!63N!CDDfL!?61+-863+!$*!63N!CDDfKN!"#$%$!)$1#68&%)%!68+!*#$!.-3$%!-,!6)&8-!61&+%!

6*!68+!,368M&8/!*#$!(&8+&8/!&8*$.,61$!#69$!8-*!($$8!*$%*$+!*-!+6*$N!=$O'$81$!

#-)-3-/5!($*P$$8!H8/E!68+!H8/C!68+!*#$!6(&3&*5!-,!H8/C!*-!1-)4$*&*&9$35!

68*6/-8&%$!H8/EI"&$C!(&8+&8/!JT&$+3$.!$*!63N!CDDFL!?6&%-84&$..$!$*!63N!E``bK!

%'44-.*!*#$!*#$-.5!*#6*!(-*#!3&/68+%!(&8+!*-!"&$C!&8!6!%&)&36.!)688$.N!\,!*#&.*$$8!

H8/C!.$%&+'$%!*#6*!1-8*61*!*#$!"&$C!G/C!+-)6&8!611-.+&8/!*-!1.5%*63!%*.'1*'.$!

68635%&%L!%&R!6.$!1-8%$.9$+!68+!-835!*#.$$!#69$!%&/8&,&168*35!+&,,$.$8*!4.-4$.*&$%!

($*P$$8!H8/E!68+!H8/C!J>6.*-8!$*!63N!CDDfKN!

!

"#$!)6Q-.&*5!-,!4'(3&%#$+!%*'+&$%!$%*&)6*$!%&)&36.!(&8+&8/!6,,&8&*&$%!-,!H8/E!68+!

H8/C!,-.!"&$C!.$1$4*-.!,%26,+4#N!G))-(&3&%$+!4.-*$&8!6%%65%!68+!%'.,61$!436%)-8!

.$%-8681$!4.-+'1$+!+&%%-1&6*&-8!1-8%*68*%!J!"K!-,!FNb8?!68+!F8?!.$%4$1*&9$35!,-.!

(-*#!3&/68+%!J069&%!$*!63N!E``fL!?6&%-84&$..$!$*!63N!E``bKN!A-89$.%$35!6!)-.$!

.$1$8*!B:G=H!(6%$+!%*'+5!.$4-.*$+!*#6*!H8/C!#6%!*P$8*5!*&)$%!3-P$.!6,,&8&*5!*#68!

H8/E!JY'68!$*!63N!CDD`KN!!

!

"#$!%*-1#&-)$*.5!-,!68/&-4-&$*&8I"&$C!(&8+&8/!&%!EnE!J>6.*-8L!"k9$*M-96!a!W&M-3-9!

CDDgL!>6.*-8!$*!63N!CDDfL!069&%!$*!63N!CDDFKN!<-P$9$.!3&/68+!-3&/-)$.&%6*&-8!&%!!



! b!

! !
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Tie2 
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!"#$%&'()*+',%-./01'./%$2/$%&'34'56#789"&7':"6;"6#' "6/&%02<36)' !""#$%&'%($)*+,#"'&)
$%&#-%#&() +.) /012345(2) 650,501) 50%(&.'-(7) 8+,(""(,) +0) 9:;) '--($$5+0) 2<=>7)
!0%(&'-?01)&($5,#($)'&()-+"+#&(,)6"'-@)'0,)"'6(""(,)A!"#$%&'()*+,$-%./$)B)A;'&%+0)
(%)'"7)2CCDB7)))



! e!

$%%$8*&63!,-.!.$1$4*-.!61*&96*&-8L!P#&1#!4.-1$$+%!9&6!.$1$4*-.!+&)$.&%6*&-8!68+!

6'*-4#-%4#-.536*&-8!*-!61*&96*$!96.&-'%!&8*.61$33'36.!%&/8633&8/!46*#P65%N!W6*&9$!

H8/E!$R&%*%!6%!6!)&R*'.$!-,!*.&IL!*$*.6I!68+!4$8*6I!#-)-I-3&/-)$.%!68+!)'%*!

4.$%$8*!6%!6!*$*.6)$.!-.!#&/#$.!-.+$.!-3&/-)$.!*-!61*&96*$!"&$C!JA#-!$*!63N!CDDSL!

;&)!$*!63N!CDDgKN!W6*&9$!H8/C!4.&)6.&35!$R&%*%!6%!6!+&%'3,&+$I3&8M$+!+&)$.!J;&)!$*!

63N!CDDgL!;&)!$*!63N!CDD`L!2.-1-4&-!$*!63N!E```KL!68+!&86(&3&*5!*-!,-.)!#&/#$.!-.+$.!

)'3*&)$.%!)65!3&)&*!&*%!6(&3&*5!*-!61*&96*$!"&$C!.$1$4*-.!J>.&8+3$L!=6#6.&8$8!a!

H3&*63-!CDDfKN!

!

EDEDM'.;FB>G>BH<B;1&BH'P@;A<B>;'

!

"#$!"&$C!.$1$4*-.!68+!&*%!3&/68+%L!H8/E!68+!H8/CL!6.$!1.'1&63!,-.!(3--+!9$%%$3!

,-.)6*&-8!68+!)6&8*$8681$!J069&%!$*!63N!E``fL!?6&%-84&$..$!$*!63N!E``bL!0')-8*!$*!

63N!E``SL!=6*-!$*!63N!E``FKN!".68%/$8&1!)-'%$!)-+$3%!+$)-8%*.6*$!*#$!

+$9$3-4)$8*63!.-3$%!-,!H8/I"&$!,6)&35!)$)($.%N!"&$C!-.!H8/E!+$,&1&$815!

4.$1&4&*6*$%!9$%%$3!.$)-+$33&8/!+$,$1*%!68+!$)(.5-8&1!3$*#63&*5!J=6*-!$*!63N!E``gL!

='.&!$*!63N!E``fKL!P#$.$6%!H8/C!-9$.$R4.$%%&-8!4.-+'1$%!6!%&)&36.!4#$8-*54$!

J?6&%-84&$..$!$*!63N!E``bKN!H8/C!+$,&1&$815!#-P$9$.!4.-+'1$%!%$9$.$!96%1'36.!68+!

35)4#6*&1!+$,$1*%!68+!&)46&.%!*#$!&8,36))6*-.5!.$%4-8%$!J?6&%-84&$..$!$*!63N!

E``bL!^63$!$*!63N!CDDCK!68+!M8-1M-'*!-,!*#$!-.4#68!"&$E!.$1$4*-.!63%-!/$8$.6*$%!

%$9$.$!-$+$)6!68+!#6$)-..#6/$!J=6*-!$*!63N!E``gKN!

!

"#$!$,,$1*%!-,!H8/I"&$!%&/8633&8/!6.$!63%-!%&/8&,&168*!&8!)6*'.$!96%1'36*'.$N!"&$C!&%!

1-8%*&*'*&9$35!$R4.$%%$+!&8!$8+-*#$3&63!1$33%L!#6$)6*-4-&$*&1!%*$)!1$33%!68+!6!%'(I

4-4'36*&-8!-,!)-8-15*$%!J0')-8*!$*!63N!E``CL!=6*-!$*!63N!E``gL!0$!263)6!$*!63N!



! `!

CDDgKN!]#$8!61*&96*$+!&*%!+-P8%*.$6)!46*#P65%!&8,3'$81$!1$33!)&/.6*&-8L!%'.9&963!

68+!15*-%M$3$*63!-./68&%6*&-8!J>.&8+3$L!=6#6.&8$8!a!H3&*63-!CDDfKN!=46*&63!

-.&$8*6*&-8!-,!*#$!.$1$4*-.!&%!.$3$968*!&8!+$*$.)&8&8/!*#$!1-8*$R*I+$4$8+$8*!$,,$1*!

J=6#6.&8$8!$*!63N!CDDeKN!!

!

H8/E!&%!1-8*&8'-'%35!$R4.$%%$+!(5!4$.&I96%1'36.!1$33%!68+!61*&96*$%!"&$C!&8!6!

46.61.&8$!,6%#&-8!*-!&8+'1$!.$1$4*-.!-3&/-)$.&%6*&-8!68+!6'*-4#-%4#-.536*&-8!

J='.&!$*!63N!E``fL!069&%!$*!63N!E``fKN!G*!&%!6!4-*$8*!&8#&(&*-.!-,!96%1'36.!3$6M6/$L!

&8,36))6*&-8L!68+!.$/.$%%&-8!+'$!*-!1$33!Q'81*&-8!%*6(&3&%6*&-8!68+!%'.9&963!$,,$1*%!

-,!+-P8%*.$6)!%&/8633&8/!46*#P65%!JX-8$%!CDDFL!2$*$.%!$*!63N!CDDSKN!

!

G8!1-8*.6%*!H8/C!&%!+586)&16335!.$/'36*$+!68+!,'81*&-8%!6%!6!1-8*$R*!+$4$8+$8*!

68*6/-8&%*!-,!H8/E!J?6&%-84&$..$!$*!63N!E``bKN!G8,36))6*-.5!68+!-*#$.!61*&96*-.%!

%*&)'36*$!&*%!.64&+!.$3$6%$!,.-)!$8+-*#$3&63!1$33%L!P#$.$!&*!(&8+%!('*!,6&3%!*-!
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!
!
!
! Reference Cell line Gene bp n tbp G M M Rate 

s!

Arakawa04 !V- AIDR VJ 476 95 45,220 84 133 0.36 " 10-4 

Schoetz06 !V- AIDR VJ 500 376 188,000 100 592 0.31 " 10-4 

Blagodatski09 !V- AIDR1 GFP 723 250 180,750 100 224 0.12 " 10-4 

t!
Sale01 XRCC2/3- V# 427 191 81,557 60 131 0.27 " 10-4 

Arakawa04 XRCC3- VJ 476 94 44,744 92 55 0.14 " 10-4 

!

!
!
! !
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.!H!&*&/6!1'8F$4!*+!8'&/&5*1%!*F%$4C$(!
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1$33!%'.,61$!4.-*$&8!$R4.$%%&-8!3$9$3%!('*!168!63%-!.$3$6%$!,.-)!*#$!1$33!)$)(.68$!

68+!681#-.!-8*-!8$&/#(-'.&8/!1$33%!JA#-'!$*!63N!E```KL!8$/6*&8/!*#$&.!'%$,'38$%%!&8!

6!+&.$1*$+!$9-3'*&-8!1-8*$R*N!!

!

EDRDN'-T@>=HIAH;AH'.A<BVO<H?'%HTT'3>=<B;F'

!

"#$!1-)(&86*&-8!-,!,3-P!15*-)$*.5!68+!THA=!-,,$.%!6!#&/#!*#.-'/#4'*L!.-('%*!

)$*#-+!-,!%1.$$8&8/!68+!%$3$1*&8/!1$33!%'.,61$!+&%4365$+!4.-*$&8%!,-.!+&,,$.$8*&63!



! Fg!

3&/68+!(&8+&8/!1#6.61*$.&%*&1%N!"#$!3&(.6.5!-,!1$33%!&%!&81'(6*$+!&8!%-3'*&-8!P&*#!

,3'-.$%1$8*35!36($33$+!3&/68+!*-!4$.,-.)!U-8!1$33V!(&8+&8/!6%%65%N!"#$!1-81'..$8*!

'%$!-,!6!,3'-.$%1$8*!4.-*$&8!$R4.$%%&-8!*6/!68+!*P-I1#688$3!,3-P!15*-)$*.5!633-P%!

8-.)63&%6*&-8!-,!3&/68+!(&8+&8/!6%!6!,'81*&-8!-,!4.-*$&8!$R4.$%%&-8!4$.!1$33N!

0$%&.6(3$!1$33%!168!($!.$1-9$.$+!(5!THA=!*-!4$.)&*!0WH!$R*.61*&-8!-.!,'.*#$.!

1'3*'.$!&8!*#$!16%$!-,!U&8!1$33V!)'*6/$8$%&%N!G)4.-9$+!6,,&8&*5!%&8/3$!1#6&8!T9!

68*&(-+&$%!68+!"I1$33!.$1$4*-.%!#69$!($$8!4.-+'1$+!'%&8/!*#&%!)$*#-+!&8!782(#),!

68+!5$6%*!J06'/#$.*5!$*!63N!E``eL!>-+$.L!]&**.'4!E``bL!;&$M$!$*!63N!E```KN!

!

]#$8!*#$!&8*$8*&-8!&%!*-!)-+&,5!*#$!(&8+&8/!6,,&8&*5!-,!68!$R&%*&8/!&8*$.61*&-8!*#$!

*6./$*!1$33!,.$O'$815!&8!)'*6/$8&1!3&(.6.&$%!&%!3-P!68+!+$)68+%!6!#&/#35!%$8%&*&9$!

68+!%4$1&,&1!%1.$$8&8/!6%%65N!"#$!&%%'$%!46.*&1'36.!*-!,3-P!15*-)$*.&1!%1.$$8&8/!

&813'+$!%&/863!*-!8-&%$!68+!%&/863!*-!(61M/.-'8+!.6*&-%!68+!%4$1&,&1!%-.*&8/!

46.6)$*$.%N!W-&%$!-11'.%!+'$!*-!%*6&8&8/!&8!8-8I9&6(3$!1$33%!68+!8-8I%4$1&,&1!

.$6/$8*!(&8+&8/!68+!168!($!1-8*.-33$+!$R4$.&)$8*6335N!"#$!1#-&1$!-,!(&8+&8/!6%%65!

68+!/6*&8/!.$/&)$!6.$!+$4$8+$8*!-8!*#$!1#6.61*$.&%*&1%!-,!*#$!(&8+&8/!&8*$.61*&-8!

68+!*#$!+$%&.$+!$9-3'*&-86.5!-'*1-)$!J06'/#$.*5L!G9$.%-8!a!^$-./&-'!CDDDL!

:-,(3-)!$*!63N!CDDbKN!G8!9&$P!-,!*#$!4.&81&43$%!-,!$9-3'*&-8!4.$9&-'%35!-'*3&8$+L!

)'3*&43$!.-'8+%!-,!3-P!%*.&8/$815!%$3$1*&-8!6.$!-,*$8!.$O'&.$+!*-!$8.&1#!*#$!

,.$O'$815!-,!*6./$*!1$33%!68+!)6R&)&%$!4-4'36*&-8!+&9$.%&*5!4.&-.!*-!&8*.-+'1*&-8!

-,!#&/#!4'.&*5!1-8+&*&-8%N!

!

"#$!4.&81&463!)$*#-+%!-,!THA=I(6%$+!%1.$$8&8/!,-.!(&8+&8/!&8*$.61*&-8%!6.$!(6%$+!

-8!M&8$*&1!68+!$O'&3&(.&')!46.6)$*$.%!J:-,(3-)!$*!63N!CDDbKN!"#$!$O'&3&(.&')!

1-8%*68*!J!"K!,-.!$61#!&8*$.61*&-8!&%!+$4$8+$8*!-8!*#$!6%%-1&6*&-8!68+!+&%%-1&6*&-8!



! Ff!

.6*$%N!H%%-1&6*&-8!*$8+%!*-!($!.64&+!68+!&%!*#$.$,-.$!+&,,&1'3*!68+!&)4.61*&163!*-!

&)4.-9$!'4-8!P&*#&8!*#$!3&)&*%!-,!,%26,+4#!+$*$1*&-8N!=$3$1*&-8!(6%$+!-8!%3-P$.!

+&%%-1&6*&-8!.6*$!&%!6!)-.$!61#&$96(3$!-4*&-8N!H3*$.86*&9$35!68!$O'&3&(.&')!%1.$$8!

168!($!4$.,-.)$+L!&8!P#&1#!3&/68+!(&8+&8/!&%!+$*$1*$+!6*!%'(I+&%%-1&6*&-8!1-8%*68*!

1-81$8*.6*&-8%!&8!#&/#$.!6,,&8&*5!)'*68*%!JT&/'.$!ENfKN!!

!

BO'&3&(.&')!%1.$$8%!6.$!/$8$.6335!'*&3&%$+!P#$8!!"!&%!&8!$R1$%%!-,!ED8?!P#$.$!*#$!

3&/68+!&81'(6*&-8!9-3')$!.$O'&.$+!*-!4.$9$8*!3&/68+!+$43$*&-8!&%!4.61*&163L!

P#$.$6%!M&8$*&1!%$3$1*&-8!&%!46.*&1'36.35!%$8%&*&9$!,-.!3-P$.!!"2&8*$.61*&-8%!J>-+$.L!

]&**.'4!E``eKN!"#$.$,-.$!*#$!(6%$3&8$!(&8+&8/!46.6)$*$.%!)'%*!,&.%*!($!

$%*6(3&%#$+!($,-.$!+$1&+&8/!-8!6!%$3$1*&-8!.$/&)$N!

'

'

EDZ'#O<B>;OTH'O;?'SJG><SHIHI'

!

0&.$1*$+!$9-3'*&-8!&%!-8$!-,!*#$!)-%*!4-P$.,'3!644.-61#$%!,-.!)68&4'36*&8/!68+!

1.$6*&8/!8-9$3!4.-*$&8!,'81*&-8%N!<-P$9$.!*#$!)$*#-+!.$O'&.$%!)'3*&43$!.-'8+%!-,!

)'*6/$8$%&%L!$R4.$%%&-8!68+!%$3$1*&-8!68+!*#&%!&%!(-*#!36(-.&-'%!68+!-,*$8!+&,,&1'3*!

*-!4$.,-.)N!T'.*#$.)-.$L!*#$.$!6.$!3&)&*$+!-4*&-8%!,-.!+&.$1*$+!$9-3'*&-8!-,!

4.-*$&8%!*#6*!.$O'&.$!*#$!4-%*I*.68%36*&-863!)-+&,&16*&-8%!,-'8+!&8!9$.*$(.6*$%N!G8!

*#$-.5!&*!%#-'3+!($!4-%%&(3$!*-!1-)(&8$!/$8$!+&9$.%&,&16*&-8!61*&9&*5!-,!>!1$33%!P&*#!

1$33!%'.,61$!+&%4365!*-!$%*6(3&%#!6!,61&3$!)$*#-+!,-.!+&.$1*$+!$9-3'*&-8!-,!(&8+&8/!

4.-*$&8%N!"#&%!%*'+5!%$$M%!*-!*$%*!P#$*#$.!1-)(&8&8/!%-)6*&1!#54$.)'*6*&-8I

+.&9$8!+&9$.%&,&16*&-8!-,!68!$R-/$8-'%!/$8$!1-'43$+!P&*#!%'.,61$!+&%4365!&8!6!!

! !



! Fb!

! !

!"#$%&'()*+',-%&&.".#'/&01234'52%'6".3".#'78."09)''
!"#$%&'"()$*)$+$,-&'.,(./(0.,1"$223(45,65,7(&++&8+9(
7:  ;".&<-' 4-%&&.".#)' :2;.)$+"$,-12&4$22$6( 257&,6( 5+( 4.;,6( &-( $<"$++( -.( 0.,1"$223(

)$"$*-.)( *)5.)( -.( 65++."5&'.,( 5,( -#$( *)$+$,"$( ./( ;,2&4$22$6( 257&,69( =)57#-$+-(
"$22+()$*)$+$,-(#57#$)(&>,5-8(+$".,6&)8(-.(*).2.,7$6(65++."5&'.,()&-$(?!"#@9'

6:  =>$"?"6%"$/' 4-%&&.".#)( :2;.)$+"$,-12&4$22$6( 257&,6( 5+( 4.;,6( &-( +;41!$(
".,"$,-)&'.,( -.( 0.,1"$223( )$"$*-.)9( =)57#-$+-( "$22+( )$*)$+$,-( #57#$)( &>,5-8(
+$".,6&)8(-.(2.A$)(65++."5&'.,(".,+-&,-9'

Cell-surface anchored receptor 

Fluorescent-labelled-ligand 

Non-fluorescent-ligand 

Transgene 

 

 

B(

=(
=5,65,7(&>,5-8(



! Fe!

#54$.)'*6*&8/!1$33!3&8$!168!($!'%$+!*-!$9-39$!"&$C!$1*-+-)6&8!68+!1#68/$!&*%!

(&8+&8/!%4$1&,&1&*5N!!

!

G,!%'11$%%,'3!*#&%!644.-61#!P-'3+!&+$6335!633-P!6!%&8/3$!*.68%,$1*&-8!-,!P&3+I*54$!

*6./$*!4.-*$&8!&8*-!*#$!#54$.)'*6*&8/!>!1$33!3&8$!P#$.$!&*!P-'3+!3-163&%$!*-!*#$!G/!

3-1'%!(5!.$1-)(&86*&-8N!=*6(3$!*.68%,$1*68*%!P-'3+!*#$8!($!/.-P8!633-P&8/!=<?!*-!

+&9$.%&,5!*#$!%$O'$81$L!/$8$.6*&8/!1$33%!$61#!P&*#!)'3*&43$!1-4&$%!-,!6!%4$1&,&1!

)'*68*!,-.)!-,!*#$!4.-*$&8!-8!*#$&.!%'.,61$N!A$33%!P&*#!*#$!+$%&.$+!(&8+&8/!

4.-4$.*&$%!P-'3+!*#$8!($!%$3$1*$+!,.-)!*#$!4-4'36*&-8!(5!&81'(6*&-8!'8+$.!

%$3$1*&9$!(&8+&8/!1-8+&*&-8%!P&*#!,3'-.$%1$8*35I36($33$+!(&8+&8/!46.*8$.!68+!

.$1-9$.5!'%&8/!THA=N!"#$!%$3$1*$+!1$33%!P-'3+!*#$8!($!1'3*'.$+!*-!&8+'1$!,'.*#$.!

)'*6*&-8%N!A513$%!-,!)'*6/$8$%&%L!(&8+&8/!68+!%$3$1*&-8!P-'3+!($!.$4$6*$+!

&*$.6*&9$35!'8*&3!)'*68*%!P&*#!+$%&.$+!(&8+&8/!1#6.61*$.&%*&1%!6.$!+$.&9$+N!!

!

G8!-.+$.!*-!($/&8!$%*6(3&%#&8/!*#&%!)$*#-+L!*#$.$,-.$L!*#&%!%*'+5!%$$M%!*-!*$%*!*#$!

,-33-P&8/!#54-*#$%$%n!

EN =-)6*&1!#54$.)'*6*&-8!168!($!'*&3&%$+!*-!/$8$.6*$!6!)'*68*!"&$C!

$1*-+-)6&8!3&(.6.5!&8!6!9$.*$(.6*$!1$33!3&8$N!

CN "&$C!1$33!%'.,61$!+&%4365!P&33!4$.)&*!+&%1.&)&86*&-8!-,!,'81*&-8!9&6!U-8I1$33V!

,3'-.$%1$8*!68/&-4-&$*&8!(&8+&8/!6%%65%N!

FN "&$C!$1*-+-)6&8!168!($!$9-39$+!U&8I1$33V!,-.!68/&-4-&$*&8!(&8+&8/!4.-4$.*&$%!
9&6!THA=I(6%$+!&*$.6*&9$!%$3$1*&-8N!

!

!



! F`!

!

!

!

!

!

%6.0&$#'&8)'

'

5O<H=BOTI'['5H<S>?I'

!
! !



! SD!

LDE'/H;H=OT'=HOFH;<I'

!

"#$!)6Q-.&*5!-,!.$6/$8*%!P$.$!-,!68635*&163!/.6+$!68+!%'443&$+!(5!=&/)6IH3+.&1#!

J2--3$L!7;K!-.!T&%1#$.!=1&$8*&,&1!J:-'/#(-.-'/#L!7;K!'83$%%!-*#$.P&%$!%*6*$+N!

BR4$.&)$8*%!P$.$!1-8+'1*$+!6*!.--)!*$)4$.6*'.$!J@"K!$R1$4*!P#$.$!&8+&16*$+N!

"&%%'$!1'3*'.$!436%*&1%!P$.$!-(*6&8$+!,.-)!W7WA!J0$8)6.MKN!

'

LDEDE'2@PPH=I'

!

=-3'*&-8%!P$.$!4.$46.$+!P&*#!++<C\!68+!4<!P6%!6+Q'%*$+!P&*#!E?!W6\<!a!E?!

<A3N!!

!

Er!"HBn!SD)?!".&%I61$*6*$L!E)?!B0"H!

fr!0WH!3-6+&8/!(',,$.n!DNCgm!(.-)-4#$8-3!(3'$L!SDm!Pi9!%'1.-%$!&8!P6*$.!

"B!(',,$.n!ED)?!".&%I<A3L!E)?!B0"H!J4<!bNgK!

B>!(',,$.n!ED)?!".&%I<A3!J4<!eNgK!

@W6%$I,.$$!<C\n!DNEm!0&$*#53!45.-16.(-86*$!J0B2AK!

Cr!%6)43$!(',,$.I0""n!gD)?!".&%!J4<!fNeKL!EDm!/351$.-3L!Cm!=0=L!DNEm!

(.-)-4#$8-3!(3'$L!g)?!B0"HL!EDD)?!0""!

:5%&%!(',,$.n!gD)?!".&%I<A3!J4<!bNSKL!gD)?!W6A3L!E)?!W6TL!E)?!B^"HL!E)?!W6!

\.*#-9686+6*$L!Em!".&*-8_IEDDL!1-)43$*$!4.-*$6%$!&8#&(&*-.!1-1M*6&3!

@'88&8/!(',,$.n!CNg)?!".&%!J4<!eNFKL!E`C)?!/351&8$L!DNDEm!W6!0-+$153!='34#6*$!

J=0=K!

".68%,$.!(',,$.n!Cg)?!".&%I<A3!J4<eNFKL!E`C)?!/351&8$L!CDm!)$*#68-3!

">=I"_IEDDn!gD)?!".&%L!EgD)?!W6A3L!DNEm!".&*-8_IEDD!



! SE!

>3-1M&8/!(',,$.n!gm!8-8I,6*!+.&$+!)&3M!&8!">=I"_IEDD!

0$9$3-4$.n!E`ev?!4IA-')6.&1!61&+!&8!0?=\L!ENCg)?!:')&8-3!JgI6)&8-ICLFI

+&#5+.-IELSI4*#636k&8$+&-8$K!&8!0?=\L!EnFFFF!<C\CL!DNE?!".&%I<A3!J4<!eNgK!

2>=n!ESD)?!W6A3L!CNb)?!;A3L!ED)?!W6C<2\SL!ENe)?!;<C2\S!J4<!bNSK!

!

LDEDL'5H?BO'

!

?$+&6!P$.$!4.$46.$+!'8+$.!%*$.&3$!1-8+&*&-8%!-.!6'*-1369$+!6*!ECDwA!,-.!CD!)&8!6*!

EgI3(i&8CN!

!

:>n!Em!".54*-8$L!DNgm!Y$6%*!BR*.61*L!CDD)?!W6A3!J4<!bNSK!

:>!H/6.n!Em!".54*-8$L!DNgm!Y$6%*!BR*.61*L!CDD)?!W6A3L!Cm!H/6.!J4<!bNSK!

=\An!Cm!".54*-8$L!DNgm!Y$6%*!BR*.61*L!ED)?!W6A3L!CNg)?!;A3L!ED)?!?/A3CL!

ED)?!?/=\SL!CD)?!/3'1-%$!

A-)43$*$!0"SDn!0?B?!TEC!J:-8k6!ECIbE`TKL!EDm!,-$*63!163,!%$.6!JTA=KL!Em!

A#&1M$8!%$.6L!EDDx?!uI)$.164*-$*#68-3!

A-)43$*$!H34#6I?B?n!H34#6I?B?L!C)?!:I/3'*6)&8$L!EDm!TA=!

=$.')I,.$$!H34#6I?B?n!H34#6?B?L!C)?!:I/3'*6)&8$!

'

LDEDN'%>KKH=ABOT'7B<I'

!

>G\"Hyh!0WH!2-35)$.6%$!J>&-3&8$q!:-8+-8L!7;K!

T&88k5)$%!2#'%&-8h!<&/#!T&+$3&*5!0WH!2-35)$.6%$!JWB>q!<&*1#&8L!7;K!

H)(&-8j!@B"@\%1.&4*j!JG89&*.-/$8q!26&%3$5L!7;K!

yGHO'&1Mj!^$3!BR*.61*&-8!;&*!Jy&6/$8q!A.6P3$5L!7;K!



! SC!

^$8$.6*&-8!A64*'.$!A-3')8!;&*!Jy&6/$8q!A.6P3$5L!7;K!

@W$6%5j!?&8&!;&*!Jy&6/$8q!A.6P3$5L!7;K!

yGH4.$4j!=4&8!?&8&4.$4!;&*!Jy&6/$8q!A.6P3$5L!7;K!

B8+-T.$$!236%)&+!?6R&!;&*!Jy&6/$8q!A.6P3$5L!7;K!

410WHhFNE!0&.$1*&-863!"\2\j!BR4.$%%&-8!;&*!JG89&*.-/$8q!26&%3$5L!7;K!

"\2\j!"H!A3-8&8/j!;&*!T-.!=$O'$81&8/!JG89&*.-/$8q!26&%3$5L!7;K!

:&4-,$1*6)&8$hCDDD!*.68,$1*&-8!.$6/$8*!JG89&*.-/$8q!26&%3$5L!7;K!

:&/#*8&8/!:&8Mj!>&-*&8!JG88-96!>&-%1&$81$%q!A6)(.&+/$L!7;K!

!

!

LDL'0=HGO=O<B>;'['I<>=OFH'>P'GTOIKB?'!,.'

'

LDLDE'&=O;IP>=KO<B>;'>P'9*E'A>KGH<H;<'AHTTI'

'

A-)4$*$8*!1$33%!P$.$!*#6P$+!-8!&1$!68+!/$8*35!)&R$+!P&*#!EDICD8/!436%)&+!0WHN!

"#$!%'%4$8%&-8!P6%!&8&*&6335!&81'(6*$+!-8!&1$!,-.!FD!)&8'*$%L!,-33-P$+!(5!6!SCwA!

#$6*!%#-1M!,-.!`D!%$1-8+%!68+!%'(%$O'$8*!&81'(6*&-8!-8!&1$!,-.!C!)&8'*$%N!gDDv3!

:>!(.-*#!P6%!6++$+!68+!*#$!1'3*'.$!&81'(6*$+!6*!FbwA!,-.!E!#-'.!P&*#!CCg.4)!

%#6M&8/N!>$*P$$8!ED!68+!EDD!4$.1$8*!-,!$61#!1'3*'.$!P6%!%4.$6+!-8!:>!6/6.!436*$%L!

P#&1#!1-8*6&8$+!*#$!644.-4.&6*$!%$3$1*&9$!68*&(&-*&1N!"#$!436*$%!P$.$!&81'(6*$+!

-9$.8&/#*!6*!FbwA!&8!gm!A\CN!

'

' '



! SF!

LDLDL'0TOIKB?'!,.'G=HGO=O<B>;:'5B;BG=HG'

!

H!%&8/3$!1-3-85!P6%!&8-1'36*$+!&8*-!gIED)3!-,!:>!)$+&')!1-8*6&8&8/!gDx/i)3!

6)4&1&33&8!68+!/.-P8!6*!Fb°A!P&*#!CCg.4)!%#6M&8/!,-.!ECIEf!#-'.%N!A$33%!P$.$!

4$33$*$+!(5!1$8*.&,'/6*&-8!6*!fDDD/!,-.!ED!)&8'*$%!68+!*#$!%'4$.86*68*!+&%16.+$+N!

?&8&4.$4!P6%!16..&$+!-'*!6%!4$.!*#$!)68',61*'.$.V%!&8%*.'1*&-8%!Jy&6/$8KN!0WH!

P6%!.$%'%4$8+$+!&8!B>!(',,$.!-.!%*$.&3$!P6*$.L!+$4$8+&8/!-8!+-P8%*.$6)!

6443&16*&-8L!68+!6%%$%%$+!(5!6(%-.(681$!68+i-.!6/6.-%$!/$3!$3$1*.-4#-.$%&%N!

236%)&+!P6%!%*-.$+!6*!dCDwAN!

!

LDLDN'0TOIKB?'!,.'G=HGO=O<B>;:'5O]BG=HG'

'

H!%&8/3$!1-3-85!P6%!&8-1'36*$+!&8*-!C)3!-,!:>!)$+&')!1-8*6&8&8/!gDx/i)3!

6)4&1&33&8!68+!/.-P8!6*!Fb°A!P&*#!CCg.4)!%#6M&8/!,-.!fIe!#-'.%N!gDDx3!-,!*#$!

%*6.*$.!1'3*'.$!P6%!*#$8!&8-1'36*$+!&8*-!EDD)3!:>!)$+&')!1-8*6&8&8/!gDx/i)3!

6)4&1&33&8!68+!/.-P8!6*!Fb°A!P&*#!CCg.4)!%#6M&8/!,-.!ECIEf!#-'.%N!A$33%!P$.$!

1-33$1*$+!(5!1$8*.&,'/6*&-8!6*!fDDD/!,-.!ED!)&8'*$%!68+!*#$!%'4$.86*68*!+&%16.+$+N!

?6R&4.$4!P6%!16..&$+!-'*!6%!4$.!*#$!)68',61*'.$.V%!&8%*.'1*&-8%!Jy&6/$8KN!0WH!

P6%!.$%'%4$8+$+!&8!"B!(',,$.!68+!6%%$%%$+!(5!6(%-.(681$!68+i-.!6/6.-%$!/$3!

$3$1*.-4#-.$%&%N!236%)&+!P6%!%*-.$+!6*!dCDwAN!

'

LDLDM'!,.'['#,.'^@O;<BPBAO<B>;:'O_I>=_O;AH'

!!

H(%-.(681$!6*!\0CfD!a!\0CeD!P6%!+$*$.)&8$+!'%&8/!6!=#&)6+k'!7ZIEfDE!7ZI

Z&%&(3$!%4$1*.-4#-*-)$*$.N!\8$!'8&*!-,!-4*&163!+$8%&*5!P6%!4.$%')$+!$O'63!*-!



! SS!

gDx/i)3!+%0WH!68+!SDx/i)3!*@WHN!\0CfDn!\0CeD!.6*&-!P6%!'*&3&%$+!*-!$%*&)6*$!

4'.&*5N!

'

LDLDR'.FO=>IH'FHT'HTHA<=>GS>=HIBI'

'

"#$! 644.-4.&6*$!)6%%! -,! 6/6.-%$! J?$3,-.+L! A#$3%P-.*#L!7;K!P6%!+&%%-39$+! &8! Er!

"HB!(',,$.!(5!#$6*&8/N!EnCgDDD!$*#&+&')!(.-)&+$!P6%!6++$+!P#$8!&*!#6+!1--3$+!

*-! 644.-R&)6*$35! gDwA! 68+! &*! P6%! 4-'.$+! &8*-! 6! /$3! *.65! P&*#! 1-)(N! ]#$8!

%-3&+&,&$+L!*#$!/$3!P6%!&))$.%$+!&8!Er!"HB!(',,$.!P&*#&8!68!$3$1*.-4#-.$%&%!*68MN!

0WH!%6)43$%!P$.$!)&R$+!P&*#!DNC!9-3')$%!fr!3-6+&8/!(',,$.!68+!3-6+$+!&8*-!*#$!

P$33%L! P&*#! EDv3! 0WH! 36++$.! J".61MG*! EM(! 23'%L! G89&*.-/$8! -.! <54$.36++$.! GZL!

>&-3&8$K! 6%! 6! .$,$.$81$N! ^$3%! P$.$! .$%-39$+! 6*! EDDpECDZ! '8*&3! 644.-4.&6*$!

%$46.6*&-8! -,! (68+%! P6%! 61#&$9$+N! G)6/$%! P$.$! 164*'.$+! -8! 6! ?'3*&)6/$! 3&/#*!

16(&8$*!JT3-P/$8L!=#$8%*-8$L!7;KN!

'

LDLDZ'0@=BPBAO<B>;'>P'!,.:'FHT'H]<=OA<B>;'

!

0WH!P6%!.$%-39$+!-8!6/6.-%$!/$3!P&*#!EngDDDD!$*#&+&')!(.-)&+$N!0WH!(68+%!

P$.$!$R1&%$+!'8+$.!(.&$,!7Z!9&%'63&%6*&-8L!$R1$4*!P#$8!*#$!,-33-P&8/!6443&16*&-8!

P6%!3&/6*&-8N!G8!*#&%!16%$!0WH!P6%!.$%-39$+!-8!436&8!6/6.-%$!/$3!P&*#!-8$!$R*.6!

U/'&+$!368$V!-,!0WHL!,-33-P$+!(5!3-8/&*'+&863!+&9&%&-8!-,!*#$!/$3!*-!&81-.4-.6*$!*#$!

36++$.!68+!U/'&+$!368$V!&8!-8$!46.*!68+!*#$!4'.&,&16*&-8!%6)43$%!-8!*#$!-*#$.N!"#$!

/'&+$!%$/)$8*!P6%!%*6&8$+!P&*#!En!EDDDD!$*#&+&')!(.-)&+$!,-.!Eg!)&8'*$%!68+!

*#$!0WH!(68+!&8!*#$!/'&+$!368$!$R1&%$+!'8+$.!7Z!9&%'63&%6*&-8N!"#$!/'&+$!%$/)$8*!

P6%!*#$8!.$63&/8$+!P&*#!*#$!.$)6&8&8/!'8%*6&8$+!/$3!68+!.$O'&.$+!0WH!(68+%!



! Sg!

P$.$!$R1&%$+!(5!1-..$36*&-8!-,!4-%&*&-8!P&*#!*#$!/'&+$!368$N!2'.&,&16*&-8!P6%!

4$.,-.)$+!6%!4$.!*#$!)68',61*'.$.V%!/'&+$3&8$%!Jy&6/$8KN!0WH!P6%!.$%'%4$8+$+!&8!

B>!(',,$.!-.!%*$.&3$!P6*$.L!+$4$8+&8/!-8!+-P8%*.$6)!6443&16*&-8L!68+!6%%$%%$+!(5!

6(%-.(681$!68+i-.!6/6.-%$!/$3!$3$1*.-4#-.$%&%N!

!

LDLDU'0@=BPBAO<B>;'>P'!,.:'AST>=>P>=K'GSH;>T'H]<=OA<B>;'

'

H8! $O'63! 9-3')$! -,! 2#$8-3IA#3-.-,-.)IG%-6)53! 631-#-3! P6%! 6++$+! *-! *#$! 0WH!

%6)43$!68+!9-.*$R$+!*-!4.-+'1$!68!$)'3%&-8N!T-33-P&8/!1$8*.&,'/6*&-8!6*!ECDDD/!

,-.!Eg!%$1-8+%L!*#$!6O'$-'%!4#6%$!P6%!4&4$**$+!&8*-!6!13$68!*'($N!H8!$O'63!9-3')$!

-,!1#3-.-,-.)!P6%! *#$8!6++$+! *-! *#$!6O'$-'%!4#6%$!68+!9-.*$R$+! *-!4.-+'1$!68!

$)'3%&-8N!T-33-P&8/!1$8*.&,'/6*&-8!6*!ECDDD/! ,-.!Eg! %$1-8+%L! *#$!6O'$-'%!4#6%$!

P6%!6/6&8!4&4$**$+!*-!6!13$68!*'($!68+!,'.*#$.!*.$6*$+!(5!$*#68-3!4.$1&4&*6*&-8N!

'

LDLDQ'0@=BPBAO<B>;'>P'!,.:'H<SO;>T'G=HABGB<O<B>;'

!

CNg!9-3')$%!-,!EDDm!$*#68-3!68+!DNE!9-3')$%!-,!F?!%-+&')!61$*6*$!4<gNC!P$.$!

6++$+!*-!*#$!0WH!%6)43$N!T-33-P&8/!&81'(6*&-8!6*!dCDwA!-9$.8&/#*L!*#$!0WH!P6%!

1-33$1*$+! (5! 1$8*.&,'/6*&-8! 6*! EFSDD/L! SwA! ,-.! CD!)&8'*$%N! "#$! %'4$.86*68*!P6%!

.$)-9$+! 68+! *#$! 4$33$*! P6%! P6%#$+! P&*#! bDm! $*#68-3N! H,*$.! 1$8*.&,'/6*&-8! 6*!

EFDDD.4)L! SwA! ,-.! 6! ,'.*#$.! g! )&8'*$%L! *#$! %'4$.86*68*! P6%! .$)-9$+! 68+! *#$!

4$33$*!6&.I+.&$+!,-.!6!,$P!)&8'*$%N!0WH!P6%!.$%'%4$8+$+!&8!68!644.-4.&6*$!9-3')$!

-,!%*$.&3$!P6*$.N!!!

!

' '



! Sf!

LDLDW'/TJAH=>T'I<>A`I''

'

>61*$.&63!1'3*'.$%!P$.$!4.-46/6*$+!,-.!ECIEf!#-'.%!,-33-P&8/!&8-1'36*&-8!-,!6!

%&8/3$!1-3-85!&8*-!:>!)$+&')!1-8*6&8&8/!*#$!644.-4.&6*$!%$3$1*&9$!68*&(&-*&1N!

^351$.-3!%*-1M%!P$.$!1.$6*$+!'%&8/!6!)&R!-,!egDx3!1'3*'.$!68+!EgDx3!%*$.&3$!``m!

/351$.-3!&8!1.5-9&63%N!"#$!9&63%!P$.$!%864I,.-k$8!&8!3&O'&+!8&*.-/$8!4.&-.!*-!%*-.6/$!

6*!deD°AN!

!

!

LDN'0%#'['%T>;B;F''

!

LDNDE'0%#:'GTOIKB?'!,.'

'

2A@!P6%!1-8+'1*$+!P&*#!>G\"Hy!0WH!4-35)$.6%$!J>&-3&8$K!&8!*#$!16%$!-,!

68635*&163!6443&16*&-8%!-.!#&/#I,&+$3&*5!2#'%&-8!0WH!4-35)$.6%$!JT&88k5)$%K!,-.!

13-8&8/!68+!%$O'$81&8/N!H!)6%*$.!)&R!P6%!4.$46.$+!68+!+&%*.&('*$+!&8*-!*#&8I

P633$+!0W6%$I,.$$!*'($%!,-33-P$+!(5!6++&*&-8!-,!0WH!68+!6!)&8$.63!-&3!-9$.365N!

"#$!.$61*&-8!1-)4-8$8*%L!4.&)$.%!68+!1513$%!6.$!%4$1&,&$+!&8!H44$8+&R!CNEN!2A@!

4.-+'1*%!P$.$!68635%$+!(5!6/6.-%$!/$3!$3$1*.-4#-.$%&%N!

!

LDNDL'!B=HA<B>;OT'&)0)'AT>;B;F'

'

2A@!4.&)$.%!P$.$!+$%&/8$+!*-!6)43&,5!*#$!.$O'&.$+!4.-+'1*L!&81-.4-.6*&8/!*#$!

.$O'&.$+!gV!AHAA!%$O'$81$!,-.!13-8&8/!68+!1-8%&+$.&8/!&8I,.6)$!436%)&+!

*.68%1.&4*&-8N!2A@!P6%!4$.,-.)$+!'%&8/!4.--,.$6+&8/!4-35)$.6%$!68+!*#$!4.-+'1*!



! Sb!

P6%!/$3I4'.&,&$+!J%$1*&-8!CNCNfKN!"#$!13-8&8/!.$61*&-8!P6%!4$.,-.)$+!6%!4$.!*#$!

)68',61*'.$.V%!&8%*.'1*&-8%!J410WHh!FNE!0&.$1*&-863!"\2\j!BR4.$%%&-8!;&*KD'Cv3!

2A@!4.-+'1*!P6%!*54&16335!6++$+!*-!Ev3!"\2\j!9$1*-.L!Ev3!%63*!%-3'*&-8!68+!Cv3!

%*$.&3$!<C\!68+!&81'(6*$+!6*!@"!,-.!Eg!)&8'*$%N!Cv3!-,!13-8&8/!.$61*&-8!P6%!

*.68%,-.)$+!&8*-!"\2ED!1$33%!J%$$!($3-PKN'

'

LDNDLDE'%T>;B;F'>P'&BHL$%!'B;<>'GA!,.'kNDE!l(R16BI1&)0)f'

!

"&$CBA0!P6%!6)43&,&$+!,.-)!436%)&+!0WH!1-8*6&8&8/!,'33I3$8/*#!#')68!"&$C!

.$1$4*-.!J0.!<!=&8/#L!78&9$.%&*5!-,!:$&1$%*$.K!P&*#!4.&)$.%!"&$C,P+!68+!"&$C.$9L!

P#&1#!63%-!&81-.4-.6*$+!.$%*.&1*&-8!%&*$%!JH44$8+&R!FNEKN!"#$!.$61*&-8!1-8+&*&-8%!

6.$!%4$1&,&$+!&8!H44$8+&R!CNEN!"#$!4.-+'1*!P6%!13-8$+!6%!+$%1.&($+!6(-9$!*-!1.$6*$!

4"&$CI"\2\N!

!

LDNDLDL'%T>;B;F'>P'AHTT'I@=POAH'?BIGTOJ'IJI<HK'X%3!Y'B;<>'GA!,.'kNDE!l(R1

6BI1&)0)f'

!

"#$!*.68%)$)(.68$!+-)6&8!-,!20^T!.$1$4*-.!P6%!6)43&,&$+!,.-)!436%)&+!0WH!

1-8*6&8&8/!,'33I3$8/*#!#')68!20^Tu!.$1$4*-.!J2.-,!W!>.&8+3$L!78&9$.%&*5!-,!

:$&1$%*$.K!P&*#!4.&)$.%!20^T@,P+!a!20^T@.$9L!P#&1#!63%-!&81-.4-.6*$+!

.$%*.&1*&-8!%&*$%L!6!3&8M$.!68+!*#$!T:H^I$&4*-4$!JH44$8+&R!FNEKN!2A@!1-8+&*&-8%!6.$!

%4$1&,&$+!&8!H44$8+&R!CNEN!"#$!4.-+'1*!P6%!13-8$+!6%!+$%1.&($+!6(-9$!*-!1.$6*$!

4A=0I"\2\N!

'

' '



! Se!

LDNDN'&=O;IP>=KO<B>;'>P'&)0E\'ASHKBAOTTJ'A>KGH<H;<'AHTTI'X";VB<=>FH;Y'

'

Z&63%!-,!"\2ED!1$33%!P$.$!*#6P$+!-8!&1$!68+!/$8*35!)&R$+!P&*#!CIgv3!13-8&8/!

.$61*&-8N!T-33-P&8/!&81'(6*&-8!-8!&1$!,-.!FD!)&8'*$%L!*#$!1$33%!P$.$!#$6*I%#-1M$+!

6*!SCwA!,-.!fD!%$1-8+%!68+!&))$+&6*$35!*.68%,$..$+!*-!&1$!,-.!C!)&8'*$%N!CgDv3!@"!

=\A!)$+&')!P6%!6++$+!,-33-P$+!(5!&81'(6*&-8!6*!FbwA!,-.!E!#-'.!P&*#!CCg.4)!

%#6M&8/N!fDIEDDm!-,!$61#!1'3*'.$!P6%!%4.$6+!-8!:>!6/6.!436*$%L!P#&1#!1-8*6&8$+!

*#$!644.-4.&6*$!%$3$1*&9$!68*&(&-*&1N!"#$!436*$%!P$.$!&81'(6*$+!-9$.8&/#*!6*!FbwA!

gm!A\C!68+!1-3-8&$%!P$.$!68635%$+!(5!436%)&+!)&8&4.$4!Jy&6/$8KL!.$%*.&1*&-8!

68635%&%!68+!%$O'$81&8/N!

'

LDNDM'#HI<=BA<B>;'?BFHI<B>;'>P'!,.'

!

@$%*.&1*&-8!$8k5)$%!P$.$!-(*6&8$+!,.-)!@-1#$!H443&$+!=1&$81$%L!7;N!@$61*&-8%!

1-)4.&%$+!EIC7!$61#!$8k5)$!4$.!Ev/!0WH!68+!Er!(',,$.L!)6+$!'4!P&*#!++<C\!*-!

/&9$!6!,&863!.$61*&-8!9-3')$!-,!6*!3$6%*!ECNgv3!4$.!Ev/!0WHN!H33!.$61*&-8%!P$.$!

&81'(6*$+!6*!FbwAL!,-.!C!#-'.%!&8!+&6/8-%*&1!%*'+&$%!68+!,-.!Ef!#-'.%!P#$8!*#$!

+-P8%*.$6)!6443&16*&-8!P6%!13-8&8/!-.!*.68%,$1*&-8N!

! !



! S`!

B8k5)$J%K! >',,$.!

>/3GG! ?!

B1-@G! <!

<&8+GGG! >!

W-*G! <!

_(6G! <!

>/3GGiW#$G! ?!

B1-@GiB1-@Z! >!

W#$Gi_(6G! H!
'

LDNDR'!,.'['#,.'^@O;<BPBAO<B>;:'OFO=>IH'FHT'

'

Ev3!4'.&,&$+!9$1*-.!a!&8%$.*!P$.$!.$%-39$+!-8!Em!6/6.-%$!/$3!P&*#!*#.$$!+&,,$.$8*!

.$,$.$81$!O'68*&*&$%!-,!0WH!36++$.N!"#$!O'68*&*5!-,!9$1*-.!68+!&8%$.*!P6%!

$%*&)6*$+!&8!1-)46.&%-8!P&*#!*#$!&8*$8%&*5!-,!36++$.!(68+%N!"#$!)-36.!

1-81$8*.6*&-8!P6%!*#$8!1631'36*$+!611-.+&8/!*-!)-3$1'36.!P$&/#*N!

'

LDNDZ'*BFO<B>;'>P'!,.'

'

"#$!.$61*&-8!1-8%&%*$+!-,!6!FnE!)-36.!.6*&-!-,!4'.&,&$+!&8%$.*!*-!9$1*-.L!Er!3&/6%$!

(',,$.L!Ev3!"S!0WH!3&/6%$!J@-1#$!H443&$+!=1&$81$KL!)6+$!'4!*-!FDv3!*-*63!9-3')$!

P&*#!++<C\N!"#$!.$61*&-8!P6%!&81'(6*$+!,-.!Ef!#-'.%!6*!ewA!,-33-P$+!(5!#$6*!

&861*&96*&-8!6*!fgwA!,-.!ED!)&8'*$%N!H!4.-4-.*&-8!P6%!*#$8!*.68%,-.)$+!&8*-!_:ED!

/-3+!'3*.61-)4$*$8*!1$33%!J=*.6*6/$8$K!J%$$!($3-PKN!

'

' '



! gD!

LDNDZDE'%T>;B;F'>P'G&BHL$%!1%3!1&)0)'

!

2A@!-,!*#$!1$33!%'.,61$!+&%4365!JA=0K!%$/)$8*!P6%!4$.,-.)$+!P&*#!4.--,.$6+&8/!

4-35)$.6%$!J2#'%&-8L!T&88k5)$%K!6%!4.$9&-'%35!+$%1.&($+!68+!*#$!(3'8*I$8+$+!

4.-+'1*!P6%!/$3I4'.&,&$+N!"#$!gV!$8+!-,!*#$!2A@!4.-+'1*!P6%!1'*!P&*#!B1-@G!68+!

6/6&8!/$3I4'.&,&$+N!4"&$CI"\2\!P6%!+&/$%*$+!P&*#!B1-@G!68+!B1-@ZN!"#$!A=0!

%$/)$8*!P6%!*#$8!3&/6*$+!&8*-!4"&$CI"\2\N!".68%,-.)$+!1-3-8&$%!P$.$!6%%$%%$+!

(5!1-3-85!2A@L!.$%*.&1*&-8!+&/$%*&-8!-,!)&8&4.$4!0WHL!%$O'$81&8/!68+!4.-*$&8!

$R4.$%%&-8!,-33-P&8/!*.68%,$1*&-8N!

!

LDNDZDL'%T>;B;F'>P'G&BHL$%!1%3!16JGH=K@<L'

!

W#$G!68+!>/3GG!P$.$!'%$+!*-!+&/$%*!(-*#!4"&$CBA0IA=0I"\2\!68+!H8/CIH=^2@I

4<54$.)'*C!J0.!=!=#6.)6L!78&9$.%&*5!-,!:$&1$%*$.KN!!"#$!"&$CBA0IA=0!&8%$.*!68+!

*#$!-4$8!4<54$.)'*C!9$1*-.!P$.$!/$3I4'.&,&$+!P&*#-'*!$R4-%'.$!*-!$*#&+&')!

(.-)&+$!-.!7Z!3&/#*N!"#$!&8%$.*!68+!9$1*-.!P$.$!3&/6*$+!68+!*.68%,-.)$+N!A-3-8&$%!

P$.$!6%%$%%$+!(5!1-3-85!2A@L!.$%*.&1*&-8!+&/$%*&-8!-,!)&8&4.$4!0WH!68+!4.-*$&8!

$R4.$%%&-8!,-33-P&8/!*.68%,$1*&-8N!

!

LDNDU'&=O;IP>=KO<B>;'>P'9*E\'F>T?'@T<=OA>KGH<H;<'AHTTI'X3<=O<OFH;HY'

'

73*.61-)4$*$8*!1$33%!P$.$!*#6P$+!-8!&1$!68+!gDv3!63&O'-*%!P$.$!*.68%,$..$+!*-!

4.$I1#&33$+!ES)3!T631-8!*'($%N!Cv3!uI)$.164*-$*#68-3!P6%!6++$+!*-!$61#!63&O'-*L!

,-33-P$+!(5!6!ED!)&8'*$!&81'(6*&-8!-8!&1$!P&*#!4$.&-+&1!%P&.3&8/N!CIgv3!3&/6*&-8!

.$61*&-8!P6%!6++$+!,-33-P$+!(5!&81'(6*&-8!-8!&1$!,-.!FD!)&8'*$%N!"'($%!P$.$!#$6*I



! gE!

%#-1M$+!6*!SCwA!,-.!FD!%$1-8+%L!,-33-P$+!(5!&81'(6*&-8!-8!&1$!,-.!C!)&8'*$%N!gDDv3!

SCwA!=\A!)$+&')!P6%!6++$+!*-!$61#!*'($!,-33-P$+!(5!&81'(6*&-8!6*!FbwA!,-.!E!
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M8;0#+M3P$*+3,+$0,$'QR$*+#*8+8G,A5$(%)$:8;$*#+L,+M#-$8;$-#;/+3I#-$3A$
>565S5$ (,;3GH#$ *!3#><%'?%&'?!@(@$ /C,A#;$ *+,-./#$ 8$ JTTUI*$ *+,-./0V$
:"#+#8;$ *!3#><%'?!@(@$ *+,-./#;$ 8$ JWUUI*$ *+,-./05$ !"#$ *,;3G,A$ ,L$
M,C#/.C8+$;3N#$M8+O#+;$8+#$3A-3/80#-5$'
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! eg!

! !

Tie2-PDGFR-TOPO 
 -NheI/BglII 

5kb 
4kb 
 
 
2kb 

1.65kb 
 
 
1kb 
0.9kb 

!"#$%&'()*+',&%"-./012'13'456&789:;9<:;5=>='.?12"2#)'
.@  A&BC%".012' D"#&BC' 13' 41B"0E&' .?12&)!"#$#%&'%!()*!+,-! .#/'-0'.!+#01!

)1'2!3!4/522!,-!.'-6&#7'.!#$!-'689$!:;<;=;!%>#':?@(A>BCB!#-!6D0!7E!)1'2!
,0! %9-#89$! F<F! ,$.! 4/522! ,0! %9-#89$! G:;! 4/522! ,5-9! 6D0-! 01'! ?69H2!
.#/'-0'.! @I(! #$-'&0! ,0! %9-#89$! :JKL! /#M#$/! .#/'-89$! %&9.D60! -#N'-! 9O!
F:P7%L!GK<Q7%L!,$.!=;KR7! #$!%>#':?@(A@I(A>BCB;!>1'!%&9.D60-!+'&'!
&'-95M'.! 7E! '5'60&9%19&'-#-! 9$! ,! GS! ,/,&9-'! /'5;! >1'! %9-#89$! 9O!
T95'6D5,&!-#N'!T,&R'&-!,&'!#$.#6,0'.;!!

9'



! ef!

H!*.68%,-.)6*&-8!$,,&1&$815!-,!FDm!P6%!.$1-.+$+!,-.!_:IED!'3*.61-)4$*$8*!1$33%!

'%&8/!DNDE8/!47AEe!436%)&+!6%!4$.!*#$!)68',61*'.$.V%!/'&+$3&8$%N!?-+&,&16*&-8!-,!

*#$!8')($.!-,!1$33%!'%$+!68+!#$6*!%#-1M!*&)$!+&+!8-*!#69$!685!%&/8&,&168*!$,,$1*!-8!

$,,&1&$815N!

!

:&/6*&-8!$,,&1&$815!P6%!6%%$%%$+!(5!*$%*&8/!6!96.&$*5!-,!1-8+&*&-8%!68+!9&%'63&%&8/!

*#$!1-)43$*$+!.$61*&-8!(5!6/6.-%$!/$3!$3$1*.-4#-.$%&%N!\,!*#-%$!*$%*$+L!-4*&)63!

46.6)$*$.%!1-)4.&%$+!ewA!&81'(6*&-8L!FnE!)-36.!.6*&-!-,!&8%$.*!*-!9$1*-.L!E!'8&*!-,!

3&/6%$!68+!69-&+681$!-,!0WH!$R4-%'.$!*-!$*#&+&')!(.-)&+$!68+!7Z!3&/#*!JT&/'.$!

FNeKN!

!

:&/6*&-8!-,!4<54$.)'*C!68+!*#$!"&$CBA0IA=0!&8%$.*!P6%!61#&$9$+!'%&8/!*#$!

4.-*-1-3!-'*3&8$+!&8!%$1*&-8%!CNFNfN!"#$!4.-+'1*!P6%!68635%$+!(5!1-3-85!2A@!

J%$1*&-8!CNFNeq!H44$8+&R!CNEK!JT&/'.$!FN`6K!68+!.$%*.&1*&-8!-,!*#$!2A@I4-%&*&9$!

436%)&+%!P&*#!W#$Gi>/3GG!J%$1*&-8!CNFNSK!5&$3+&8/!*#$!$R4$1*$+!.$%*.&1*&-8!

,.6/)$8*%!JT&/'.$!FN`(KN!

'

NDEDR'$]G=HIIB>;'>P'AHTT1I@=POAH'?BIGTOJH?'&BHL$%!'B;'6$7LWN'AHTTI'

'

G8!-.+$.!*-!1-8,&.)!1-..$1*!*.68%36*&-8!-,!*#$!1#&)$.&1!"&$CBA0!/$8$L!4-%&*&9$35!

%1.$$8$+!4"&$CBA0IA=0I<54$.)'*C!P6%!*.68%&$8*35!*.68%,$1*$+!&8*-!<B;C`F!1$33%!

(5!3&4-,$1*&-8!6%!-'*3&8$+!&8!%$1*&-8!CNSNCN!]#-3$!1$33!35%6*$!P6%!%'(Q$1*$+!*-!=0=I

2H^B!68+!]$%*$.8!(3-**&8/!,-33-P$+!(5!&))'8-(3-**&8/!P&*#!68*&IT:H^!68*&(-+5!

J%$1*&-8!CNgKN!BR4.$%%&-8!-,!*#$!T:H^I*6//$+!1-8%*.'1*!P6%!1-8,&.)$+!JT&/'.$!

FNEDKN!



! eb!

' '

!"#$%&'()*+',-./"01.23'24'5"#1.23)!"#$#%&'%!()*!+,-!.#/'-0'.!+#01!)1'2!3!
4/522! ,-! .'-6&#7'.! #$! -'689$! :;<;=;! 2$-'&0! ,$.! >'609&!+'&'! /'5! %?&#@'.! ,$.!
A?,$8@'.! 7B! ,/,&9-'! /'5! '5'60&9%19&'-#-! ,/,#$-0! C$9+$! A?,$88'-! 9D!
E95'6?5,&!+'#/10!E,&C'&;!F',689$-!+'&'!,559+'.! 09!%&96''.! D9&!GH!19?&-!
%&#9&!09!>#-?,5#-,89$!9D!%&9.?60-!7B!,/,&9-'!/'5!'5'60&9%19&'-#-;!I1'!%9-#89$!
9D!E95'6?5,&! -#J'!E,&C'&-!,&'! #$.#6,0'.;!I1'!69E%9-#89$!,$.! 0'E%'&,0?&'!
9D!5#/,89$!&',689$-!#-!#$.#6,0'.!#$!01'!5'/'$.K!
!"#  $%&'%()*+(%,-.,/"0)1-2,(%)31-2,
!""#  45'-6+(%,-.,7"0%6*%7,89:,*-,%*;"7"+&,<(-&"7%,'("-(,*-,/"0)1-2,
!"""#  =-/)(,"26%(*,*-,>%3*-(,()1-,"2,/"0)1-2,(%)31-2,
!">#  9+&<%(,-.,+2"*6,-.,/"0)6%,"2,/"0)1-2,(%)31-2,

12kb 
 
 
3kb 
 
2kb 

1.65kb 
 

1kb 

(i)  Temp (°C) 
(ii)  EtBr exposure 
(iii)  Insert:vector 
(iv)  No. IU enzyme 

14         14         14           8           8           8           8 
  +           !           +           +           !           +           ! 
3:1        3:1        1:1        3:1        3:1        1:1        1:1 
  3           1           3           3           1           3           1      
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!"#$%&'()*+',&%"-./012'13'45"&6789:8;9:<=4&%>$?6'.@12"2#)'
/A  81@12=' B8C' 13' 41D"0E&' .@12&)! "#$%&%'!()*! +,-.$-/,0! )*! 0,*1-&2,0! &%!

34546434! 7%0&8&09)#! 1$#$%&,*! (,-,! &%$19#):,0! &%:$! )#&;9$:*! $.! <"=!

/)*:,-/&>!+-&$-!:$!?@A!+-,+)-)B$%4!<"=!()*!+,-.$-/,0!)*!0,*1-&2,0!

&%! 3454C4! <$*&B8,! 1#$%,*! +-$091,! )! DEF62+! +-$091:4! GH,! +$*&B$%! $.!

/$#,19#)-!*&I,!/)-J,-*!)-,!&%0&1):,04!!

FA  C&D?%".012' G"#&D?' 13' 41D"0E&' .@12&)!K&%&+-,+!?@A!()*! 0&',*:,0!(&:H!

@H,7! L! M'#77! )*! 0,*1-&2,0! &%! *,1B$%! 3454F4! GH,! DE562+! G&,3N"?O"P?!

&%*,-:! &*!,>1&*,0!.-$/!:H,!8,1:$-! &%!+$*&B8,!1#$%,*4!GH,!+-$091:*!(,-,!

-,*$#8,0! 2Q! ,#,1:-$+H$-,*&*! $%! )! DR! )')-$*,! ',#4! GH,! +$*&B$%! $.!

/$#,19#)-!*&I,!/)-J,-*!)-,!&%0&1):,04!'

H'

I'



! e`!

' '

!"#$%&'()*+,'-./%&00"12'13'4"&5'61207%$67'"2'8-95:('6&;;0)'!"#$%&'()**+',)-)'
.-/0+1)(.)2' ,3.4' 563)$"7897:89!;5)-<=.$' /+' 2)+(-3>)2' 30' +)(?@0' $ABA$A'
C4@*)' ()**' *;+/.)' ,/+' 5-)5/-)2' 1-@<' .-/0+1)(.)2' /02' =0.-/0+1)(.)2' ()**+D'
/02'+=>E)(.)2'.@':8:9FGH"'/02'C)+.)-0'>*@I0J'/+'2)+(-3>)2'30'+)(?@0'$AKA'
L<<=0@>*@.' /0/*;+3+' ,/+' 5)-1@-<)2' ,3.4' /0?9MNGH'<@0@(*@0/*' /0?>@2;A'
64)'5@+3?@0'@1'<@*)(=*/-',)3J4.'</-O)-+'/-)'3023(/.)2A''
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Non-specific band 

Tie2 fusion protein 



! `D!

NDL'%HTT1I@=POAH'?BIGTOJH?'&BHL$%!'AO;'_H'B;<HF=O<H?'B;<>'<SH'=HO==O;FH?'"F'

T>A@I'>P'<SH'!&M\'gh(1'."!#'%TMj'AHTT'FH;>KH'

!

G8!-.+$.!*-!4.-+'1$!68!-4*&)63!%5%*$)!,-.!U&8I1$33V!)'*6/$8$%&%!-,!"&$CBA0!&*!P6%!

8$1$%%6.5!*-!&8*$/.6*$!6!%&8/3$!1-45!-,!*#$!"&$CBA0IA=0!/$8$!&8*-!*#$!.$6..68/$+!

G/!3-1'%!-,!68!UcZI!HG0@!A3SV!0"SD!1$33N!

!!

NDLDE')G<BKBIO<B>;'>P'GO=OKH<H=I'P>='I<O_TH'<O=FH<H?'<=O;IPHA<B>;'

'

B3$1*.-4-.6*&-8!'%'6335!&8*.-+'1$%!6!%&8/3$!1-45!-,!*#$!/$8$!6*!6!%&8/3$!%&*$N!!

B3$1*.-4-.6*&-8!46.6)$*$.%!,-.!%*6(3$!*.68%,$1*&-8!-,!0"SD!1$33%!#69$!($$8!

4.$9&-'%35!+$%1.&($+!J>'$.%*$++$L!"6M$+6!E``EL!o&))$.)688!$*!63N!CDDCL!

=6.&(6%6ML!H.6M6P6!CDDfKN!G8!4<54$.)'*C!.$/&-8%!-,!#-)-3-/5!,368M!*#$!/$8$%!-,!

&8*$.$%*L!4.-)-*&8/!*6./$*$+!&8*$/.6*&-8N!G8!*#$!6(%$81$!-,!6!.$6+&35!611$%%&(3$!

4<54$.)'*CI,3'-.$%1$8*!4.-*$&8!9$1*-.L!8-8I*6./$*$+!*.68%&$8*!*.68%,$1*&-8!-,!

$^T2!P6%!&8&*&6335!'%$+!*-!$R43-.$!$3$1*.-4-.6*&-8!46.6)$*$.%N!!

!

@=Z!4.-)-*$.I+.&9$8!$^T2!436%)&+!P6%!-(*6&8$+!,.-)!0.!=!=#6.)6!J78&9$.%&*5!-,!

:$&1$%*$.KN!A-8+&*&-8%!4.-+'1&8/!#&/#$%*!*.68%,$1*&-8!$,,&1&$815!68+!1$33!9&6(&3&*5L!

6%!6%%$%%$+!(5!,3'-.$%1$8*!)&1.-%1-45!-,!*.68%&$8*35!*.68%,$1*$+!1$33%!-8!6!

#6$)-15*-)$*$.L!P$.$!69-&+681$!-,!P6%#$%L!.$%'%4$8%&-8!&8!2>=!6%!

$3$1*.-4-.6*&-8!(',,$.!68+!#&/#$.!0WH!1-81$8*.6*&-8N!A-8+&*&-8%!*#6*!#6+!8-!

%&/8&,&168*!$,,$1*!&813'+$+!4.$I!68+!4-%*I$3$1*.-4-.6*&-8!&81'(6*&-8%!68+!

$3$1*.-4-.6*&-8!9-3*6/$!J"6(3$!FNEKN!

'



! "#!

!
!
!
!"#$%& '()$*+,$-.,& /012&3456& !7.89#5+&376& :;.$9<-,=)>#9-.,& & ()?/-/#8&3@6& AB;&+C*?+$$-.,&3@6&

D& ;E(& F& GHH& I& & JH& KH&
I& ;E(& F& GHH& I& & LH& MK&
D& ;E(& F& GHH& D& & JK& JH&
D& ;E(& F& KKH& I& & NH& FH&
D& ;E(& O& GHH& I& & KK& MK&
D& (+?)P<Q?++&P+R-)P& F& GHH& I& & SH& SH&
I& (+?)P<Q?++&P+R-)P& F& GHH& I& & LH& SH&
D& T.P*8+9+&P+R-)P& F& GHH& I& & SH& MK&

!
!"#$%&'()*&+,-$./"01.2&.3&%$%40/.-./"01.2&-"/"5%0%/6&3./&0/"263%401.2&.3&7!89&4%$$6(&T+88$&U+?+&9?#,$Q+=9+R&#$&*+?&9%+&=.,R-9-.,$&$+9&.)9&-,&
,.9+$&>+8.UV&;+?=+,9#5+&.Q&=+88$&$)?/-/-,5W&#,R&*+?=+,9#5+&.Q&8-/+&=+88$&+C*?+$$-,5&AB;&#9&LF&%.)?$&-$&$%.U,V&
&
!"#$%&'
O&X&OHJ&0YFH&=+88$&U+?+&%#?/+$9+R&>Z&=+,9?-Q)5#9-.,&#9&LHH5&K&P-,)9+$V&&
!"#$%&$9+*[&=+88$&U+?+&?+$)$*+,R+R&-,&OP8&;E(&#,R&=+,9?-Q)5+R&#9&LHH5&O&P-,)9+V&&
'()$*+,$-.,[&=+88$&U+?+&$)$*+,R+R&-,&LHH\8&;E(&.?&P+R-)P&#$&$9#9+RV&&
/012[&$9#9+R&])#,9-9Z&2LJH[2LNH&^OVN&012&#RR+R&9.&=+88$V&
!_8+=9?.*.?#9-.,[&FPP&=)/+99+&#9&$9#9+R&/.89#5+W&LK4B&=#*#=-9#,=+V&&
:;.$9<-,=)>#9-.,[&-,=)>#9+R&-,&=)/+99+&OH&P-,)9+$&F`T&Q.88.U-,5&+8+=9?.*.?#9-.,V&&
T+88$&U+?+&?+$)$*+,R+R&-,&OHP8&=.P*8+9+&P+R-)P&#,R&-,=)>#9+R&Q.?&LF&%?$&*?-.?&9.&P-=?.$=.*ZV&&
&

!



! "#!

!"#"#$%&'()*$&'+,*&*-$&+'./0*1&23.$

$

$%&'#()*+),*+-.$'/012#!345!6&7'4/&5'8!9125&8'!478!48:4;'72!29!%&'#()*+),*!

478!51//9178&7<!=90969<915!/'<&975!3&2=!>92?!29!$/9092'!&72'</42&97!9@!2='!

8'5&/'8!;9752/1;2!AB&<1/'!CDEE4FD!%='!6&7'4/&5'8!G';29/!345!2/475@';2'8!&729!*%HI!

JKL+!M?*N!)6HO!;'665!P.!'6';2/9$9/42&97!3&2=!;975&8'/42&97!9@!2='!4P9G'!$4/40'2'/5!

478!45!8'5;/&P'8!&7!5';2&97!#DHDHD!M@2'/!#H!=91/5!9@!;1621/'Q!$1/90.;&7!345!488'8!

478!2='!;'665!3'/'!46&R192'8!&729!"S+3'66!$642'5!42!6&0&2&7<!8&612&97!29!'74P6'!

&59642&97!9@!5&7<6'!524P6.!2/475@';2'8!;697'5D!M$$/9T&042'6.!2'7!84.5!@96693&7<!

2/475@';2&97Q!;9697&'5!3'/'!G&5&P6'!42!47!4G'/4<'!;97;'72/42&97!9@!IDU!;9697&'5!$'/!

3'66D!V'665!;9724&7&7<!5&7<6'!;9697&'5!3'/'!$&;W'8!478!</937!1$!$/9</'55&G'6.!&729!

UI;0#!@645W5D!!

!

%9246!N>M!478!3=96'!;'66!6.542'!3'/'!$/'$4/'8!@/90!4$$4/'726.!2/475@';2'8!;'665Q!

/'@'//'8!29!45!%&'#+*%HIQ!29!;97@&/0!'T$/'55&97!9@!2='!%&'#()*+),*!;9752/1;2!P.!

N%+X)N!9@!%&'#()*!478!P.!,*,+XMY(!478!V'52'/7!&00179P6922&7<!3&2=!472&+

BZMY!8'2';2&97!/'5$';2&G'6.!A5';2&975!#D[!\!#DSF!AB&<1/'!CDE#FD!

$

!"#"!$4+'./0*1&*-$42*#567$2.&*,+'&*/$2.&3$&8*$9,$)31:/$

$

%4/<'2'8!&72'</42&97!&729!2='!?<!69;15!&5!'7;91/4<'8!P.!2='!/'<&975!9@!=90969<.!97!

'&2='/!5&8'!9@!2='!24/<'2!<'7'!&7!$-.$'/012#D!?7!9/8'/!29!'T40&7'!2='!5&2'!9@!

<'790&;!&72'</42&97Q!<'790&;!*>M!345!'T2/4;2'8!@/90!%&'#+*%HI!;697'5!MQ!]!\!)!

478!X)N!@9/!;9//';2!&72'</42&97!345!$'/@9/0'8!15&7<!2='!;978&2&975!5$';&@&'8!&7!

M$$'78&T!#DED!%='!@9/34/8!$/&0'/!AYVB38F!477'465!:152!1$52/'40!9@!2='!



! "#!

! !

pTie2ECD-CSD-Hypermut2 
11012bp 

!"#$%&' ()**+' ,-%#&.&/' "0.&#%-120' 23' 4,"&567897:89;<4&%=$.5' "0.2' .>&'
8,?@'A#'B2C$D)'
-E  ,"&567897:89;<4&%=$.5' 4B-D="/)! "#$%&'(! &$)! (*)'+,-.! /*.'0-%! 01! 2.!

#0+3%!40&0#0.5!6+0#03/*(!)'-78!$-(!%'9*!01! #'-*$/'%$,0-!10/!9/$-%1*+,0-!
6:0928;!

FE  :C>&=-1C'/"-#%-='23' A#' B2C$D'-0/'=&C>-0"D='23' .-%#&.&/' "0.&#%-120)!
<4$(*(! $/*$%! '(*-,15! /*.'0-%! 01! 40&0#0.5! =*9>**-! 3-/*$//$-.*(! $-(!
/*$//$-.*(! 2.! #0+'! $-(! )?5)*/&39@;! "/'&*/! )$'/! "AB*C! D! "EF>(!
$&)#'G'*%!$!AHI=)!%*.&*-9!01!94*!3-/*$//$-.*(!$##*#*!0-#5;!"/'&*/!)$'/!
JKF>(!D!JKB*C!$&)#'L*%!MMNH=)!%*.&*-9!01!'-9*./$9*(!)?5)*/&39@;'

G'

Targeted integration 

H'

Rearranged Ig 

pTie2ECD-CSD- 
Hypermut2 

Unrearranged Ig 
"EF>(!

pBluescript Tie2 construct puroR 

OP!
2.!#'.49!
)0#5!Q!

2.!#'.49!
)/0! RSTU!

OP!
2.!#'.49!
)0#5!Q!

2.!#'.49!
)/0! RSTU!"AB*C!

VTW!

VTW!

VTW!
Tie2 construct puroR OP!

2.!#'.49!
)0#5!Q!RSTU!

JKB*C! JKF>(!



! "#!

! !

Non-specific band 

Tie2 fusion protein 75kDa 
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!"#$%&' ()*+,' -./01&' .%/234&5672' 74' 8"&+9:;<:-;' 5723.%$5.' "2' ;8=>' 5&113)!
"#$%! &'(()! *'+'! ),-.(/! ,+-0)1'&,'2! *3,4! 5#3'678"98:"9;/5'+<=,6! -)!
2')&+3.'2!30!)'&>?0!6@$@$@!'
/?  @8<A:@' 74' 8"&+)' #?,-(! ABC!*-)! 'D,+-&,'2! -02! )=.E'&,'2! ,?! A#9F8A! -)!

2')&+3.'2! 30! )'&>?0! 6@G@! #4'! HI$6.5! 5+?2=&,! *-)! +')?(J'2! ./!
'('&,+?54?+')3)!?0!HK!-L-+?)'!L'(!-02!J3)=-(3)'2!./!MN!3((=<30->?0!-)!
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'-0)$-)0(!%G!,-'!',&41(!'-03&/(/!AH8!53F!31'%!,&G1)(&$(!5)-3-,%&!/,'-0,2)-,%&!!
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 244   P   G   F   M   G   R   T   C   E   K   A   C   E   L   H   T   F   G   R   T   C   K   E   R   C   S   G    
           G                                                       R                                   C  
                   3 
               33  A3 333     333   3 33   33  3   3                                                       C 
 811  CAA GAG GGA TGC AAG TCT TAT GTG TTC TGT CTC CCT GAC CCC TAT GGG TGT TCC TGT GCC ACA GGC TGG AAG GGT CTG CAG  
 271   Q   E   G   C   K   S   Y   V   F   C   L   P   D   P   Y   G   C   S   C   A   T   G   W   K   G   L   Q    
                   Y                                                                                       P 
                                                                C                                                                            
 892  TGC AAT GAA GCA TGC CAC CCT GGT TTT TAC GGG CCA GAT TGT AAG CTT AGG TGC AGC TGC AAC AAT GGG GAG ATG TGT GAT  
 298   C   N   E   A   C   H   P   G   F   Y   G   P   D   C   K   L   R   C   S   C   N   N   G   E   M   C   D    
                                                               N                                                                                 
                                20 
 973  CGC TTC CAA GGA TGT CTC TGC TCT CCA GGA TGG CAG GGG CTC CAG TGT GAG AGA GAA GGC ATA CCG AGG ATG ACC CCA AAG  
 325   R   F   Q   G   C   L   C   S   P   G   W   Q   G   L   Q   C   E   R   E   G   I   P   R   M   T   P   K                                                                      
                                                                                       1 
                                                                                       G  
 1054 ATA GTG GAT TTG CCA GAT CAT ATA GAA GTA AAC AGT GGT AAA TTT AAT CCC ATT TGC AAA GCT TCT GGC TGG CCG CTA CCT  
 352   I   V   D   L   P   D   H   I   E   V   N   S   G   K   F   N   P   I   C   K   A   S   G   W   P   L   P 
                                                                                       G  
                                                            A  
 1135 ACT AAT GAA GAA ATG ACC CTG GTG AAG CCG GAT GGG ACA GTG CTC CAT CCA AAA GAC TTT AAC CAT ACG GAT CAT TTC TCA  
 379   T   N   E   E   M   T   L   V   K   P   D   G   T   V   L   H   P   K   D   F   N   H   T   D   H   F   S  
                                                           V     
                                                                               A                        C 
 1216 GTA GCC ATA TTC ACC ATC CAC CGG ATC CTC CCC CCT GAC TCA GGA GTT TGG GTC TGC AGT GTG AAC ACA GTG GCT GGG ATG  
 406   V   A   I   F   T   I   H   R   I   L   P   P   D   S   G   V   W   V   C   S   V   N   T   V   A   G   M  
                                                                               Y                       A  
 
 1297 GTG GAA AAG CCC TTC AAC ATT TCT GTT  
 433   V   E   K   P   F   N   I   S   V 



! "##!

$%&%!'(!)*%!+,-!./01!2%33!34&%!4&!5&')*%6!7)89:!;.65<5=5>!?564@575<!A!B8%67)%99%!

CDD#E!;F4$86%!#G"DEG!H6%78I4&$!I%5&!$%&%65)4'&!)4I%!)'!@%!C"GDJ!*'867!4&!23'&%!B>!

)*%!I8)5)4'&!65)%!47!C!K!"D-L!I8)5)4'&7!M%6!@M!M%6!$%&%65)4'&G!N*%6%('6%!=*%&!)*%!

3'&$%6!9'8@34&$!)4I%!47!2'&749%6%9!)*%!I8)5)4'&!(6%O8%&2:!47!74P!)4I%7!3'=%6!)*5&!

)*5)!'(!)*%!34)%65)86%G!

!

N*%!947)64@8)4'&!'(!I8)5)4'&7!47!@6'593:!4&!5$6%%I%&)!=4)*!M6%Q4'87!'@7%6Q5)4'&7!

;N5@3%!#GREG!S"GRT!'(!I8)5)4'&7!'2286!5)!UVW!@57%!M5467!57!2'IM56%9!=4)*!SLGJT!4&!

)*%!M8@347*%9!+,-!./01!2%33!34&%!34)%65)86%!;.65<5=5>!?564@575<!A!B8%67)%99%!CDD#>!

?2*'%)X!%)!53G!CDDL>!B35$'95)7<4!%)!53G!CDDSEG!Y'=%Q%6!#RGZT!'(!I8)5)4'&7!56%!

)65&74)4'&7>!57!2'IM56%9!=4)*!5!I%5&!'(!R#GCT!(6'I!)*%!5@'Q%!M6%Q4'87!6%M'6)7G!

N*46)%%&!I8)5)4'&7!'2286!5)!)*%!8&9%634&%9!@57%!=4)*4&!1U[\]\1W[!*')7M')7>!

5&9!5&!5994)4'&53!7%Q%&!=4)*4&!)*%!0U[\]\1WY!I')4(G!N*6%%!I8)5)4'&7!56%!&')!

3'25)%9!=4)*4&!2'&Q%&)4'&53!*')7M')!M'74)4'&7>!53)*'8$*!)='!'(!)*%7%!56%!N!)'!W!

I8)5)4'&7!=*%6%!)*:I4&%!47!3'25)%9!=4)*4&!5!('86-&823%')49%!*')7M')!I')4(G!F4$86%!

#G""!9%M42)7!M'4&)!I8)5)4'&7!6%35)4Q%!)'!*')7M')!947)64@8)4'&G!

!

.3)*'8$*!)*%!(6%O8%&2:!'(!U!)'!W!I8)5)4'&7!47!74$&4(425&)3:!3'=%6!)*5&!)*%!

M8@347*%9!(6%O8%&2:!5)!#T!Q%6787!C#T>!)*%!%3%Q5)%9!3%Q%3!'(!W!)'!U!I8)5)4'&!5)!

ZCT!2'IM56%9!=4)*!)*%!34)%65)86%!I%5&!'(!CST!:4%397!5!2'IM565@3%!)')53!('6!

UVW]WVU!)65&7Q%674'&7G!/&!)')53!)*%6%!56%!('86)%%&!I8)5)4'&7!5)!\1WY!Q%6787!74P!

I8)5)4'&7!5)!0U[\>!5&9!)*47!5MM56%&)!M6%(%6%&2%!('6!)*%!2'94&$!7)65&9!I5:!*5Q%!

7<%=%9!)*%!95)5G!!

!



! "#$!

! !

!"#$%&' ()*+,' -."/0'1$023./4' 5&%' 4&6$&/7&)'!"#$%&!'() *#++,)-#.#) */+0/.#1)
23.)4"4#)53406,)-"06)7#."31"*)89:)0.#;05#40<) =41">"1/;+) .;4135)*37"#,)32)

06#)!"#$?@&)A#4#)-#.#),#B/#4*#1)>";)C!%9@C);41)!:)*+34"4A);,)1#,*."D#1)"4)
,#*E34) $<F) G!HI(J<) !6#) 4/5D#.) 32) 5/0;E34,) 7#.) !"#$?@&) ,#B/#4*#) ",)

A.;76#1);A;"4,0)06;0).#*3.1#1)23.)06#)KL)A#4#);M#.),"N)-##O,)32)*/+0/.#)"4);)
,"5"+;.) *#++) +"4#) G:.;O;-;P) Q;."D;,;O)R)S/#.,0#11#) $(('J<) S306) 2.#B/#4*"#,)

;.#)#N7.#,,#1);,);)7#.*#40;A#)32)030;+)4/5D#.)32),#B/#4*#,)#N;5"4#1<)



! "#$!

!
!
!
!
!
!
!
!
!
!

!
!
!
!

   TO:  

   A G C T  

F
R

O
M

: 

A 

0 

0.0158 

0.0152 

 

0 

0.0190 

0.0114 

0 

0 

0.0014 

0 

0.0017 

0.0024 

Actual 

!V- AIDR * 

All *§ 

G 

0.2609 

0.4317 

0.4184 

0.2174 

0.1220 

0.1421 

 

0.0435 

0.2407 

0.2300 

0 

0.0455 

0.0463 

Actual 

!V- AIDR * 

All *§ 

C 

0.6522 

0.5355 

0.5484 

0 

0.0729 

0.0758 

0.5217 

0.2863 

0.3025 

 

0.1304 

0.1970 

0.1701 

Actual 

!V- AIDR * 

All *§ 

T 

0.0870 

0.0174 

0.0146 

0 

0.0108 

0.0109 

0 

0.0006 

0.0001 

0.0870 

0.0037 

0.0036 

 

Actual 

!V- AIDR * 

All *§ 

!
!
!
!
!
! !

!"#$%&'()*&+#,%-.%/&012"2345& 6-%71%589& 35&!3%:;<!'=&8%$$,(&!"#$%&!'()*#++,)-#.#)
*/+0/.#1)23.)4"4#)53406,)-"06)7#."31"*)89:)0.#;05#40<)=41">"1/;+).;4135)*37"#,)32)
06#) !"#$?@&) A#4#) -#.#) ,#B/#4*#1) >";) C!%9@C) ;41) !:) *+34"4A) ;,) 1#,*."D#1) "4)
,#*0"34) $<E<) !6#) 2.#B/#4*F) 32)#;*6)5/0;0"34) 7#.5/0;0"34) ",) ,0;0#1) GH:*0/;+IJ<) !6#)
+"0#.;0/.#)2.#B/#4*"#,);.#);+,3)0;D/+;0#1);,);).#2#.#4*#)GHKL%):=&C)MI)N)H:++)MOIP),##)
!;D+#)'<QJ<)!.;4,"0"34,);.#),6;1#1<)



! "#$!

! !

!"#$%&'()**+',-.&%/&0'1$23&450&'0"/&%."67' "1'8"&9:;<)'!"#$%&'#() "*$"*+*,-#./,)/0)1&2*"+&-3)/0),4'(*&') #'&1) +*54*,'*6)7!89:97;8)#,1)
<!89:97;=) %/-+$/-+) #"*) >#"?*16) @%*) ,4>A*") $/&,-) >4-#./,+) #,1) 1*(*./,+) &+) 54#,.B*1) /,) -%*) $/+&.2*) #C&+6) @"4,'#./,) +&D,&B*+)
>4-#./,)-/)$"*>#-4"*)+-/$)'/1/,6)7*(#./,)/0)@&*E)1/>#&,+)-/)-%*)+*54*,'*)&+)+%/F,6)G%/F,)>#D,&B*1)/2*"(*#06 

0

5

10
10

15

20

Point mutation
Deletion
Hotspot
Truncation

Nucleotide position

N
um

be
r o

f o
cc

ur
re

nc
es

                   Ig1                                         Ig2                        EGF1             EGF2             EGF3                            Ig3 

 

1323 

 



! "#$!

! !

442 

 

883 

 



! "#$!

%&'(!)*(+,-'.,(/!011!23404,*(+!,(!4&'!567%!(*2'()1043.'!89*/*:,(;!5,0:!<==#>;!

4&'!2*+4!?.'@3'(41A!*))3..,(/!23404,*(+;!,(!-'+)'(-,(/!*.-'.;!*))3.!B,4&,(!C6DC;!

D6EC;!D6DC!0(-!C6ED!2*4,?+F!D&'!G5H!I*+,4,*(!,+!*))3I,'-!JA!0-'(,(';!/30(,('!0(-!

4&A2,('!,(!0!.04,*!*?!""K<KL!.'+I')4,M'1A;!0(-!4&'!*))3..'()'!*?!)A4*+,('!M'.+3+!

4&A2,('!04!G7H!,+!0II.*N,204'1A!'@301!8$K"">F!C!I044'.(!,+!*J+'.M'-!*(!0(01A+,+!*?!

4&'!4B*!2*+4!?.'@3'(4!23404,*(+K!6!4*!E!4.0(+M'.+,*(+!0.'!2*.'!?.'@3'(41A!?10(O'-!

JA!0-'(,('!0+!*II*+'-!4*!/30(,('!,(!4&'!PH!I*+,4,*(!8""K">!0(-!4&A2,('!.04&'.!4&0(!

)A4*+,('!,(!4&'!QH!I*+,4,*(!8$KQ>;!B&'.'0+!4&'!PH!(',/&J*3.!,+!1,O'1A!4*!J'!4&A2,('!,(!

I.'?'.'()'!4*!0-'(,('!8RK<>!0(-!4&'!QH!(',/&J*3.!)A4*+,('!.04&'.!4&0(!4&A2,('!

8RK<>!,(!6!4*!C!23404,*(+!8S,/3.'!#F"<>F!

!

T*4&!+,(/1'!0(-!2314,I1'!(3)1'*4,-'!-'1'4,*(+!B'.'!*J+'.M'-F!U?!4&'!+,(/1'!

(3)1'*4,-'!,(),-'(4+;!E$$Q;!0!%9E7!2*4,?;!B0+!4&'!2*+4!?.'@3'(41A!'()*3(4'.'-;!

?*11*B'-!JA!EP<$;!0!%9EV!&*4+I*4F!D&'!(*(W&*4+I*4!6"L<!B0+!-'1'4'-!*(!4B*!

*))0+,*(+!0(-!E"""P;!0!%9E7!2*4,?;!B0+!-'1'4'-!,(!*('!+'@3'()'F!X314,I1'!

(3)1'*4,-'!-'1'4,*(+!*))3..'-!J'4B''(!(3)1'*4,-'+!Y"Y!0(-!Y#P!I.*-3),(/!0!

?.02'+&,?4F!D&'!-'(+,4A!*?!&*4+I*4+!B,4&,(!4&,+!+'@3'()'!,+!=F=L!I'.!J0+'!I0,.;!0+!

)*2I0.'-!B,4&!0(!0M'.0/'!D,'<ZE5!?.'@3'()A!*?!=F""!I'.!J0+'!I0,.F!D&'!&*4+I*4+!

0.'!(*4!1*)04'-!04!4&'!20./,(+!*?!4&'!-'1'4'-!+')4,*(F!

!

D&'!2*+4!PH!/'('4,)!2*-,?,)04,*(!,+!0!-'1'4,*(!*?!6"L<;!0(-!4&'!2*+4!PH!I*,(4!

23404,*(!*))3..'-!04!E#$RF![*,(4!23404,*(+!0.'!-,+4.,J34'-!4&.*3/&*34!4&'!D,'<!

-*20,(+;!4*4011,(/!?*3.!,(!\/Q;!4&.''!,(!\/<!0(-!Z6S";!4B*!,(!Z6S<!0(-!*('!,(!Z6SQF!

D&.''!*?!4&'!23404,*(+!0.'!1*)04'-!04!.'+,-3'+!J'1,'M'-!4*!J'!,(M*1M'-!,(!

,(4'.-*20,(!,(4'.0)4,*(+!0(-!*('!,+!1*)04'-!04!0!.'+,-3'!,(M*1M'-!,(!0(/,*I*,'4,(!



! "#$!

! !

!"#$%&' ()*+,' -$./&012&3' 3$%%0$42"4#' 5$671043)' !"#$%&!'() *#++,) -#.#)
*/+0/.#1) 23.) 4"4#)53406,)-"06) 7#."31"*)89:) 0.#;05#40<) =41">"1/;+) .;4135)

*37"#,) 32) 06#) !"#$?@&) A#4#)-#.#) ,#B/#4*#1) >";) C!%9@C) ;41) !:) *+34"4A) ;,)

1#,*."D#1) "4) ,#*E34) $<F) G!HI(J<) !6#) D;,#,) +3*;0#1) "55#1";0#+K) /7,0.#;5)

;41) 13-4,0.#;5) 32) #;*6) 5/0;E34) ;.#) A.;76#1) "4) 0#.5,) 32) 4/5D#.) 32)

3**/..#4*#,<):++)LC@M)5/0;E34,);.#).#7.#,#40#1)"4)06#)&NOL)*34,#4,/,<)))

!"#$%&' ()*8,' ' 9:&.6' 0;' <%".=036714' >' 04' #%0?6=' 0;' <"&+@A<(B' .&//3)) !"#$%
&!'() *#++,) -#.#) */+0/.#1) -"06) >;.K"4A) *34*#40.;E34,) 32) !P:) >";) 06#)

.#2##1"4A)5#0631);41)*3/40#1)34);)6;#53*K035#0#.);0)"40#.>;+,<)&;0;)2.35)

;),"4A+#)#Q7#."5#40)",),63-4)03).#7.#,#40)030;+)737/+;E34),"R#)G!HSJ<'

Data 1

0 50 100 150
0

10

20

30

40

0

2.5

5

7.5

10

TSA concentration (nM)

Time (hrs)

To
ta

l c
el

ls
 (x

 1
06 )



! "#"!

$%&'%&()!*+!,-.!/.0.&,..&!'%++.1.&,!23%&,!45,6,%3&/!3$/.10.'7!+%0.!61.!/%8.&,!6&'!

3&.!%&/.1,/!6!21.46,51.!/,32!93'3&)!:-1..!45,6,%3&/7!;"<"=7!:>>#?!6&'!;@A>=7!

61.!1.86,%0.8B!&.5,168)!:-.!1.46%&%&(!.%(-,!61.!8%C.8B!,3!213'59.!431.!/%(&%+%96&,!

9-6&(./D!E"FF?G!H"AAIG!J>>KLG!:>#MNG!J>AKLG!O>MFEG!P@">QG!JK>KL)!!

!

!

"#"!$%&'(')*&'+,!+-!(.&*/0,0)')!

!

R-%8/,!;SI!69,%0%,B!T%,-%&!,-.!I:KU!VWXY!;SIN!J8KZ!9.88!8%&.!%/!/5++%9%.&,!,3!45,6,.!

:%.>[JI7!,-.!45,6,%3&!+1.\5.&9B!3$/.10.'!%/!/5$/,6&,%688B!83T.1!,-6&!,-6,!

1.231,.'!%&!,-.!8%,.16,51.)!:-.1.+31.!/,16,.(%./!T.1.!%&0./,%(6,.'!,3!23,.&,%6,.!

?H]!$B!.8.06,%3&!3+!;SI!.^21.//%3&!8.0.8/!6&'!65(4.&,6,%3&!3+!.^%/,%&(!;SI!

69,%0%,B!%&!,-.!VWXY!;SIN!J8KZ!9.88!8%&.)!

!

"#"#1!23'45+)&*&',!6!',!&50!72"8!9:;<!6=7>!?@"A!40@@!@',0!

!

:?;!%/!1.231,.'!,3!.&-6&9.!,-.!69,%3&!3+!;SI!$B!%42130%&(!,-.!699.//%$%8%,B!3+!

//IQ;)!R33!!"#$%&!5/.'!"U&]!:?;!+31!A>!-351/!,3!.8%9%,!6!>)#Y+38'!%&91.6/.!%&!

45,6,%3&!16,.!T%,-35,!%4269,%&(!3&!9.88!0%6$%8%,B!_R337!]61,%&!`!?9-61++!>UU@a7!

6&'!?.3!!"#$%&!5/.'!52!,3!<)>A&]!:?;!+31!/%^!T..C/!,3!.8%9%,!6!/%(&%+%96&,!%&91.6/.!%&!

(.&.!93&0.1/%3&!.0.&,/!_?.3!.,!68)!>UU#a)!S&!31'.1!,3!'.,.14%&.!6&!6221321%6,.!

8.0.8!3+!:?;!+31!WXY!;SIN!J8K!I:KU!9.88/7!,-.!%&+85.&9.!3+!:?;!3&!9.88!(13T,-!T6/!

6//.//.')!

!



! "#$!

"!%!"&'!()*+,!-./01.!2)+$3425&!-+..6!7+8+!-9.:98+,!)0!"&(.!-/(;.+:+!425&!

(+,)9(!7):<!&=#>?@(.!;98/(A-)0!10,!B+:7++0!&!10,!"&0C!2DE=!C+,)9(!716!

-<10?+,!1;;8/*)(1:+.A!+F+8A!5G!</986!16!8+H9)8+,!10,!-+..!09(B+86!7+8+!

,+:+8()0+,!BA!-/90:)0?!1:!)0:+8F1.6=!E!-/0-+0:81:)/0!/I!#0C!2DE!716!:<+!

(1*)(9(!:/.+81:+,!7):</9:!6)?0)I)-10:!?8/7:<!188+6:!JK)?98+!5="LM=!

!

2)+$3425&!-./0+!N!716!-9.:98+,!)0!#0C!2DE!I/8!1!;+8)/,!/I!:<8++!(/0:<6=!2)+$OP4!

716!6+H9+0-+,!16!;8+F)/96.A!,+6-8)B+,!/0!:<8++!6+;181:+!/--16)/06!J6+-:)/0!$='M=!

QI!1!:/:1.!/I!:<)8:A!)0,+;+0,+0:!-./0+6!+*1()0+,R!:<+!(1S/8):A!;8/,9-+,!18:+I1-:=!QI!

I/98!1;;18+0:.A!1--981:+!6+H9+0-+6R!:7/!7+8+!7).,3:A;+R!/0+!-/0:1)0+,!1!6)0?.+!

,+.+:)/0!10,!/0+!-/0:1)0+,!1!6+?(+0:!/I!(9.:);.+!B16+!,+.+:)/06=!T<).6:!:<+!6(1..!

09(B+8!/I!6+H9+0-+6!/B:1)0+,!)6!)01,+H91:+R!):!)6!90.)U+.A!:<1:!2DE!6:)(9.1:+6!

)0-8+16+,!DVC!B16+,!/0!:<+!-/(;18)6/0!/I!:<+6+!6+H9+0-+6!7):<!:<+!L3(/0:<!

-9.:98+!6+H9+0-+6!/B:1)0+,!)0!6+-:)/0!5=L=L=!!

!

!"!"#$%&'(&)*+),$-.'$,&(/0)$1.12&('*)&)3$&'(1,-)4&+.1$.-$567(1$89:$+1&.$;+)#$

<=:$&'(1,-)4&)3$>?@2$89:A$=0!B$:;!C$4)00,$

!

T<).6:!):!)6!1,F10:1?+/96!:/!<1F+!:<+!1B).):A!:/!+*-)6+!EW4!I8/(!:<+!?+0/(+R!:<+!

I./*+,!EW43?;:!-/06:89-:!1;;+186!:/!<1F+!1!,+?8++!/I!)06:1B).):A!)0!XY3!EW4Z!P.5!

425&=!28106I+-:)/0!/I!EW4!)0:/!2)+$3425&!I/8!9B)H9):/96!+*;8+66)/0!6</9.,!

+.+F1:+!EW4!+*;8+66)/0!.+F+.6=!!

!

27/!F18)10:6!/I!F+-:/8!;ZV"$#R!-/0:1)0)0?!K[E\3:1??+,!<9(10!EW4!/0!10!+OK"]!

;8/(/:+8R!7+8+!1!U)0,!?)I:!I8/(!D1.+!"#!$%&!JCZPR!^0)F+86):A!/I!P1(B8),?+M=!



! "#$!

%&'()*+,-./(!/*!+.-0+&!1+,-/&!.(-/!%.+234%56!,7/(+)!)0/879!.:;&/1+!,/()-.-8-.1+!

<=4!+>;&+))./(!'(9!;&+1+(-!:8-'-./(!/*!-0+!<=4!?+(+!.-)+7*@!'-!-0+!+>;+()+!/*!A+.(?!

8('A7+!-/!+>,.)+!<=4!*&/:!-0+!?+(/:+!/(!9+:'(9B!C+7+,-./(!/*!)-'A7+!-&'()*+,-'(-)!

.)!1.'!;8&/:D,.(!.(!1+,-/&!E"FGH@!'(9!0D?&/:D,.(!I!/&!;8&/:D,.(!.(!1+,-/&!

E"FH6!J<;;+(9.>!5B"KB!!

!

L/(*.&:'-./(!/*!<=4!+>;&+))./(!M')!',0.+1+9!AD!-&'().+(-!-&'()*+,-./(!/*!;7'):.9)!

E"FGH!'(9!E"FH6!.(-/!NOP2Q$!,+77)!J)+,-./(!2B5B2K!*/77/M+9!AD!C4C3R<SO!/*!

M0/7+!,+77!7D)'-+)!'-!25!0/8&)!'(9!)8A)+T8+(-!U+)-+&(!.::8(/A7/--.(?!*/&!VW<S!

'(9!<=4!J)+,-./(!2B#KB!R7'):.9!E"FGH!';;+'&+9!-/!?.1+!;&+*+&'A7+!0)<=4!

+>;&+))./(!7+1+7)!.(!'!).(?7+!+>;+&.:+(-!JV.?8&+!5B"5KB!

!

"#"#$#%!&'()*+',-.!/010,2-*.!-.!3-0$45672)8./90,20:!63";!,011/!

!

48+!-/!+>.)-.(?!;8&/:D,.(!&+).)-'(,+!.(!-0+!%.+234%56!,7/(+)@!'!X.77!,8&1+!M')!

;+&*/&:+9!M.-0!'!:.>+9!,7/('7!;/;87'-./(!/*!,+77)!-/!+('A7+!0D?&/:D,.(!I3A')+9!

)+7+,-./(B!%D;.,'7!,/(,+(-&'-./()!8)+9!*/&!)+7+,-./(!.(!4%56!,+77)!&'(?+!*&/:!6B#!-/!

2!:?Y:7B!L+77)!M+&+!,87-8&+9!.(!-0+!;&+)+(,+!/*!;8&/:D,.(@!M.-0/8-!;'))'?.(?!/&!

,0'(?+!/*!:+9.8:@!-/!).:87'-+!,/(9.-./()!8)+9!98&.(?!)+7+,-./(B!6B5:?Y:7!

0D?&/:D,.(!I!M')!)8**.,.+(-!-/!X.77!'77!,+77)!AD!"25!0/8&)!9+);.-+!.(.-.'7!?&/M-0@!'(9!

6BF:?Y:7!M')!)8**.,.+(-!-/!;&+1+(-!).?(.*.,'(-!?&/M-0!JV.?8&+!5B"#KB!ND?&/:D,.(!I!

.)!'7X'7.(+!'(9!',-.1.-D!.)!9+;+(9+(-!/(!;N@!A8-!-0+&+!M+&+!(/!'91+&)+!'**+,-)!/(!

,+77!?&/M-0!M.-0!-0+!;N!;&/98,+9!AD!8;!-/!":?Y:7!,/(,+(-&'-./(!0D?&/:D,.(!

J9'-'!(/-!)0/M(KB!Z(!-0+!A').)!/*!0D?&/:D,.(!'(9!;N!+>;+&.:+(-)@!0D?&/:D,.(!

,/(,+(-&'-./()!/*!A+-M++(!6B#!'(9!6BG!:?Y:7!M+&+!8)+9!*/&!)+7+,-./(B!



! "#$!

! !
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Non-specific bands      

!"#$%&' ()*(+' ,-.%&//"01' 02' 3%41/2&53&6' .78*9:' ;<=' "1' 8,>9?@' 5&AA/)!
"#$%&'()**+!,)-)!.-/0+1)0.*2!.-/0+3)(.)4!,1.5!.,6!7/-1/0.+!63!89":%;<!=:>?@!
/04! =:>@A<! 71/! *1863)(B60! /+! 4)+(-1C)4! 10! %DED%D! F56*)! ()**! *2+/.)! ,/+!
8-)8/-)4!/G)-!%E!56H-+!/04!+HCI)(.)4!.6!JKJLMNO#!/04!F)+.)-0!C*6P0Q!/+!
4)+(-1C)4!10!+)(B60!%D;!R!S:TD!UVVH06C*6.!/0/*2+1+!,/+!8)-36-V)4!,1.5!/0BL
NUWKN! 86*2(*60/*! /0BC642D! X5)! 86+1B60! 63! V6*)(H*/-! ,)1Q5.! V/-Y)-+! /-)!
1041(/.)4D!!

!"#$%&'()*:+''8B#%0CB5"1'D'E"AA'5$%F&'"1'G"&9H=G(I'5&AA/)!X1)%LKXEA!()**+!,)-)!
(H*.H-)4! ,1.5! 7/-210Q! (60()0.-/B60+! 63! 52Q-6V2(10! Z! ,1.56H.! (5/0Q)! 63!
V)41HV! /04! ()**+! ,)-)! (6H0.)4! 60! /! 5/)V6(2.6V).)-! /.! 10.)-7/*+! R!S:TD!
X6./*!868H*/B60!+1[)!1+!-)8-)+)0.)4D'



! "##!

$%&'()$*+!,-./&0!12!3!4!5!6&7&!879/0:&,8&;!6%8<!=+!9/;!#+>?!&8<9/.-!@7&,%@%898&;!

A"BC+!@-90D%;!90!@&7!@EF-%0<&;!,./;%8%./0!G0&,8%./!'H*H#IH!J&-&,8%./!690!

@&7:.7D&;!6%8<!+H#D?KD-!<L?7.DL,%/!9/;!M97%98%./!%/!,&--!;&/0%8L!8.!9--.6!:.7!

?7.68<H!1:8&7!8&/!;9L02!,.-./%&0!<9;!9@@&97&;!:.7!,-./&!5!%/!F.8<!8<&!=+>?!9/;!

#+>?!879/0:&,8%./0!98!9!;&/0%8L!.:!9@@7.N%D98&-L!:.E7!,.-./%&0!@&7!6&--H!5-./&0!1!

9/;!3!;%;!/.8!@7.;E,&!9/L!,.-./%&0!98!'C!;9L0H!!

!

5-./&!5!,.-./%&0!6&7&!@%,O&;!9/;!0EF,-./&;!8.!@7.;E,&!0%/?-&!,-./9-!@.@E-98%./0H!

$<&%7!?7.68<!798&!%/!<L?7.DL,%/!690!98!D.08!9!8<%7;!.:!8<98!@7&M%.E0-L!

&N@&7%&/,&;!6%8<!@E7.DL,%/!0&-&,8%./H!PN@7&00%./!.:!1Q)!690!/.8!;&8&,89F-&!%/!

6<.-&!,&--!-L098&0!./!900&00D&/8!FL!J)J(R1SP!9/;!T&08&7/!%DDE/.F-.88%/?!6%8<!

9/8%(UV1S!@7.F%/?!GU%?E7&!*H"BIH!$<&7&:.7&!<L?7.DL,%/!;.&0!/.8!@7.;E,&!,-&9/!

0&-&,8%./!%/!$%&'()$*+H!

!

!"!"#"#$%&'()(*'(+$,-./0.$.0+1+2(&3$(&$4(0#5678'.-&9:0+'0;$74!<$+0229$

!

10!@E7.DL,%/(D&;%98&;!0&-&,8%./!%0!0E,,&00:E-!%/!$%&'()$*+!9/!9-8&7/98%M&!

9@@7.9,<!690!8.!E8%-%0&!@-90D%;!A"BWC!:.7!1Q)!879/0:&,8%./H!$<&!@E7.DL,%/!

7&0%089/,&!?&/&!%0!:-9/O&;!FL!-.NR!0%8&0!%/!@XL@&7DE8'2!&/9F-%/?!&N,%0%./!.:!8<&!

%/8&?798&;!:.7D!:7.D!8<&!$%&'()$*+!?&/.D&!M%9!57&!7&,.DF%/90&!%/;E,8%./!9/;!

8<&7&:.7&!9/8%F%.8%,!D97O&7!7&,L,-%/?!:.7!A"BWC!0&-&,8%./H!Q/!9;;%8%./!??1Q)!6.E-;!

9-0.!F&!&N,%0&;H!!

!

5-./&0!12!3!9/;!5!6&7&!,E-8E7&;!%/!@7.?7&00%M&-L!<%?<&7!,./,&/8798%./0!.:!*(YX$H!

5&--!;&98<!690!%/,.D@-&8&!./!0EF0&ZE&/8!&N@.0E7&!8.!@E7.DL,%/!9/;!8<&7&:.7&!! !



! "#$!

! !
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!"#$%&'()*+,'-%./"0#'1.%'234'"0'567*89:;*+<=:>%?0@1&A>&B'C"&8:4C(=)!"#$%&!
"! '(&)*+',-! .&##/! 0&1&! 213%/4&.2&5! 0(26! .(1.7#31! 89:;)<*=;>?-! @(3!

&#&.21$8$13A$%! 3%5! /&#&.2&5! 0(26! 6BC1$DB.(%! EF! G6$#&! .&##! #B/32&! 03/!

81&831&5! 41$D!&D&1C(%C!.$#$%(&/H!3%5!/7IJ&.2&5!2$!K+K*LMNO!3%5!G&/2&1%!

I#$P%C!3/!5&/.1(I&5!(%!/&.A$%!)F<F!QDD7%$I#$2!3%3#B/(/!03/!8&14$1D&5!0(26!

3%A*RSMN!D$%$.#$%3#! 3%AI$5BF! '6&! 8$/(A$%! $4! D$#&.7#31! 0&(C62! D31T&1/!

31&!(%5(.32&5F!!



! "#$!

%&'()*+,+-!./%!0123*2415!/%!*&6),+15!,+!%1(6,*+!7898:!6*!,%*)/61!0&2*4;(,+<

%1+%,6,=1!(1))%8!>!%12,1%!*3!?"@$A!0)/%4,5!62/+%31(6,*+%!./%!0123*2415!,+!6B1%1!

%&'()*+1%!.,6B!4/+,0&)/6,*+!*3!1)1(62*0*2/6,*+!(*+5,6,*+%!C%1(6,*+!7898#D8!!

!

E)*+1%!.121!21(*=1215!32*4!6.*!62/+%31(6,*+%F!*+1!,+!%&'()*+1!>"!/+5!*+1!,+!

%&'()*+1!G7F!.B,(B!B/5!&6,),%15!5,33121+6!(*+5,6,*+%8!H,+-)1!(*)*+,1%!.121!

1I0/+515!02,*2!6*!0210/2/6,*+!*3!.B*)1!(1))!);%/61!/+5!J1%612+!,44&+*')*66,+-!

3*2!>KL!/+5!MN>O!10,6*01!C%1(6,*+!78#D8!PB121!./%!+*!5161(6/')1!MN>O<>KL!

1I021%%,*+!,+!1,6B12!62/+%31(6,*+!/+5!&+1I01(615);!+*!P,17!1I021%%,*+!./%!%11+!,+!

%&'()*+1!>"!CM,-&21!98"$D8!P,17!,%!+*6!(*+6/,+15!.,6B,+!/!3)*I15!(/%%1661!,+!

0Q;0124&67!/+5!%B*&)5!+*6!'1!/331(615!';!9<RQP8!SI021%%,*+!*3!P,17!./%!

(*+3,2415!6*!'1!021%1+6!,+!/))!9<RQP<621/615!G<%&'()*+1%!/+5!/'%1+6!,+!/))!><

%&')(*+1%!*+!/%%1%%41+6!*3!.B*)1!(1))!);%/61!';!HLH<T>OS!/+5!J1%612+!

,44&+*')*66,+-!.,6B!/+6,<MN>O!CM,-&21!98"AD8!!!!!

!

P2/+%31(6,*+!*3!0UQ"7#!=1(6*2!./%!/'/+5*+15!/%!/!%62/61-;!5&1!6*!6B1!/',),6;!6*!

%1)1(6!/+6,',*6,(<21%,%6/+6!(*)*+,1%!6B/6!5*!+*6!1I021%%!6B1!-1+1!*3!,+6121%6!/+5!6B1!

(*40),(/6,*+%!1I012,1+(15!,+!&%,+-!0&2*4;(,+!*2!B;-2*4;(,+!/%!%1)1(6,*+!6**)%8!!

!

"#"#$!%&'()*!+,+-&'./*&*0!&.'+12*3&4,+!,2!567'+!89:!4+&,!;4*<=>:-

&.'+12*3&*0!:;"?!3*))1!

!

>%!,6!./%!+*6!0*%%,')1!6*!62/+%31(6!0UQ"7#!,+6*!P,17<LP9VF!()*+,+-!*3!B&4/+!>KL!

,+6*!0SM@WX#<Q,%<PRTRY!./%!&+5126/Z1+8!PB,%!0124,6%!%1)1(6,*+!.,6B!6B1!

')/%6,(,5,+!21%,%6/+(1!(/%%1661F!210*2615!6*!-,=1!()1/+!/+5!2/0,5!%1)1(6,*+!,+!LP9V!! !



! "#$!

! !

!"#$%&' ()*+,' -%./"0#' 1.%' 234' "0' 567*89:;*<+=:>%?0@1&A>&B' C"&8:4C(D)!
"#$%&'()! *! +(,! -! ./)012.34! %)&&5! 6)7)! 87+(59)%8),! 6/8:! %/7%#&+7! ;<=>0?1

@>ABC! D/+! )&)%87';'7+E'(! +(,! 5)&)%8),! 6/8:! ;#7'FG%/(H! I:'&)! %)&&! &G5+8)!

6+5! ;7);+7),! 97'F! )F)7J/(J! %'&'(/)5K! +(,! 5#$L)%8),! 8'! "2"1M*NO! +(,!

I)58)7(! $&'P(J! +5! ,)5%7/$),! /(! 5)%E'(! 0H?H! QFF#('$&'8! +(+&G5/5! 6+5!

;)79'7F),!6/8:! +(E1RS*N!F'('%&'(+&! +(E$',GH! .:)! ;'5/E'(! '9!F'&)%#&+7!

6)/J:8!F+7T)75!+7)!/(,/%+8),H!!

?E  F$/AG.0&'2)'B44U&!%)&&!5#5;)(5/'(V!0?4W!)&)%87';'7+E'(H!!
/E  F$/GA.0&'H)'?44U&!%)&&!5#5;)(5/'(V!XA4W!)&)%87';'7+E'(H!
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! "#$!

! !
75kDa 
 
50kDa 

Tie2 

  A1       A2       A3                    B1       B2        B3 
  

AID!                                         AID! 
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!"#$%&'()*+,'-%./"0#'1.%'2"&3'"0'(4562'7%&87&9'2"&34:2(;'<$/=>.0&<)!"#$%&!'!
(%)! *! +,&-./+01! 2&##3! 4&5&! 65&(6&)! 4,67! 0.78)5$986(:$9,;&%! <=>+?! (%)!
3@A2@#6@5&)! ;$5!B@5$:82,%! 3&%3,CD,68E!F7$#&! 2&##! #83(6&!4(3!B5&B(5&)! ;5$:!
5&3@#C%G! 3@A2#$%&3! <'HIJ! (%)! *HIJ?! (%)! 3@AK&26&)! 6$! L/L.M'NO! (%)!
F&36&5%! A#$P%G! (3! )&325,A&)! ,%! 3&2C$%! -EQE! R::@%$A#$6! (%(#83,3! 4(3!
B&5;$5:&)!4,67! (%C.ST'N!:$%$2#$%(#! (%CA$)8E! +7&! B$3,C$%! $;!:$#&2@#(5!
4&,G76!:(5U&53!(5&!,%),2(6&)E!

!"#$%&' ()*?,' @&%"A=8B.0' .1' C$D80' EF:' -GH)' M"V! 4(3! B&5;$5:&)! (3!
)&325,A&)! ,%! 3&2C$%!-EJEH! W!'BB&%),9!-EHE!+7&!X1HAB!B5$)@26!4(3! 5&3$#D&)!
A8!&#&265$B7$5&3,3!$%!HE-Y!(G(5$3&!G&#!(%)!D,3@(#,3&)!A8!Z[!,##@:,%(C$%!(3!
)&325,A&)! ,%! 3&2C$%! -E-EQE! +7&! B$3,C$%! $;! :$#&2@#(5! 3,\&! :(5U&53! (5&!
,%),2(6&)E!!
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! "#$!

%&''(!)*+'&!,$$#-.!+/0!1+2/3+2/(!+14'252%+326/!65!789!:;!3<&!=>?"@!4A6163&A!

)744&/02B!CD"-D!EA21&A(!F&A&!0&(2G/&0!36!+14'25;!<H1+/!789!5A61!4'+(120!

4IJ",K?L"#MN.!+/0!EOI!F+(!4&A56A1&0!F23<!4A665?A&+02/G!46';1&A+(&!+(!

(4&%252&0!2/!744&/02B!,D"!)>2GHA&!CD"P-D!Q<&!4A60H%3!F+(!%'6/&0!H(2/G!3<&!Q7!

1&3<60!)(&%326/!,D#DR-!36!%A&+3&!4789?QSES:'+(3A!:;!Q&6/%<23!TH+1%<23!

)U/2V&A(23;!65!W&2%&(3&A-D!

!

QA+/(5&%326/!65!GG789?46(232V&!%'6/&!X!%&''(!F+(!4&A56A1&0!2/!%6/YH/%326/!F23<!

Q&6/%<23!TH+1%<23!)U/2V&A(23;!65!W&2%&(3&A-!H(2/G!3<&!(3+/0+A0!(3+:'&!/6/?

3+AG&3&0!3A+/(5&%326/!1&3<60!6H3'2/&0!2/!(&%326/!,DCDK!+/0!,$ZG[1'!:'+(32%202/!

(&'&%326/D!O6'6/2&(!+44&+A&0!+3!+!0&/(23;!65!+44A6B21+3&';!$D,!4&A!F&''!+53&A!3&/!

0+;(!65!(&'&%32V&!4A&((HA&D!\&''(!%6/3+2/2/G!(2/G'&!%6'6/2&(!F&A&!(&'&%3&0!56A!

&B4+/(26/D!

!

"#"#"!$%&'(&)*'&++,-.!-/!0123.!456!,.!7,&89:6(;'3.+/&<;&=!67">!<&??+!

!

Q6!%6/52A1!(H%%&((5H'!3A+/(5&%326/!65!4789?QSES:'+(3A!+/0!+((&((!789!&B4A&((26/!

'&V&'!A&'+32V&!36!Q2&,?9QC$.!F<6'&!%&''!';(+3&!F+(!4A&4+A&0!5A61!(&V&/!(&4+A+3&!

<(789?9QC$!%'6/&(!+/0!(H:Y&%3&0!36!*9*?E7]=!+/0!\&(3&A/!:'6332/GD!O'6/&!X!

Q2&,?9QC$!%&''(!+/0!789?/&G+32V&!(H:%'6/&?X!Q2&,?9QC$!%&''(!F&A&!2/%'H0&0!+(!

%6/3A6'(D!T23A6%&''H'6(&!1&1:A+/&(!F&A&!52A(3!4A6:&0!F23<!+/32?789!+/32:60;!4A26A!

36!(3A2442/G!+/0!A&?4A6:2/G!56A!!?3H:H'2/!+(!+!'6+02/G!%6/3A6'!)(&%326/!,DK-D!789!

&B4A&((26/!A+/G&0!5A61!&^H+'!36!"$$?321&(!<2G<&A!3<+/!'&V&'(!2/!Q2&,?9QC$!%'6/&!

X!%&''(!)>2GHA&!CD,$-D!83!F+(!/63!46((2:'&!36!+((&((!3<&!&55&%3!65!789!&B4A&((26/!6/!

1H3+326/!A+3&!F23<2/!3<&!321&!%6/(3A+2/3(!65!3<2(!(3H0;D!



! "#"!

! !

!"#$%&' ()*+,' -%./"0#' 1.%' 234' "0' 2345/6789%59%7081&:9&;' <"&*54<(+)! "#$%&! '!
()&*+,(-.! /&##0! 1&2&! 324%05&/3&6! 1)37! /)2/8#42! 9:;,+(<=<>#4032! >?!

&#&/32$9$24@$%A!B7$#&! /&##! #?043&!140! 92&942&6! 52$C!D! E! D.F! /&##0! $5! &4/7!

&C&2G)%G! /$#$%?H! 4%6! 08>I&/3&6! 3$! J,J+=:KL! 4%6! B&03&2%! >#$M%G! 40!

6&0/2)>&6! )%! 0&/@$%! *ANA! ;CC8%$>#$3! 4%4#?0)0! 140! 9&25$2C&6! 1)37! 4%@+

:;",:! 9$#?/#$%4#! 4%@>$6?! 4%6! 4%@+O+38>8#)%! C$%$/#$%4#! 4%@>$6?A! (7&!

9$0)@$%!$5!C$#&/8#42!1&)G73!C42P&20!42&!)%6)/43&6A!Q&#4@R&!<9@/4#!,&%0)3?!

S<,T!140! /4#/8#43&6! 40! 4! 24@$! $5! :;,! 3$! O+38>8#)%! $9@/4#! 6&%0)3?! 5$2! &4/7!

/8#382&!4%6!6&3&2C)%&6!>?!;C4G&U!4%4#?0)0!$5!%$%+0438243&6!V#C0!S!WDTA!

50kDa 
 
 

25kDa 

20kDa 

!-tubulin 
 
 
 
 

AID 

           0.76    1.85    2.21   78.13   0.74    4.42    3.13    1.84 

   B-I       B-II       B-III      B-IV     B-V     B-VI     B-VII 
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! "#$!

!"#$%##"&'(

!

%&'!()*)!+,'-'.*'(!/.!*&/-!0&)+*',!/.1'-*/2)*'!*&'!03.-*,40*/3.!35!)!0'6678)-'(!

94*).*!6/8,),:!/.!;&/0&!*3!03.(40*!(/,'0*'(!+,3*'/.!'1364*/3.<!!

!

%&'!=>7!?@AB!A%CD!0'66!6/.'!&)-!+,'1/34-6:!8''.!4*/6/-'(!)-!)!1'&/06'!53,!'1364*/3.!

35!5643,'-0'.*!+,3*'/.-!E?,)F);)!'*!)6<!$DDGH!I6)23()*-F/!'*!)6<!$DDJK<!%&'!+4,+3-'!

35!*&/-!0&)+*',!;)-!*3!'L+63,'!*&'!0&),)0*',/-*/0-!35!*&'!-:-*'9H!).(!*3!-*4(:!*&'!

*&'3,'*/0)6!).(!)0*4)6!94*)*/3.!(/-*,/84*/3.!/.!%/'$MNA!)-!)!8)-/-!53,!'1364*/3.<!?-!

)!+,'04,-3,H!%/'$MNA!;)-!/.*'2,)*'(!/.*3!*&'!,'),,).2'(!@2!6304-!35!*&'!=>7!?@AB!

A%CD!0'66!6/.'!/.!3,(',!*3!9)L/9/-'!94*)*/3.!5,'O4'.0:!EI6)23()*-F/!'*!)6<!$DDJK<!!

!

%&'!-03+'!35!PQR!/-!+),*/)66:!('+'.('.*!3.!*&'!2'.'!35!/.*','-*!EI6339H!?,.36(!

$DDJH!B39',3H!?,.36(!$DDJK<!S&/6-*!*&'!2'.'*/0!-'O4'.0'!/-!5/L'(H!).!)--'--9'.*!

35!*&'!-'O4'.0'!/.!O4'-*/3.!)553,(-!-39'!/.-/2&*!/.*3!*&'!6/F'6:!-400'--!35!PQR!)-!)!

9'*&3(!35!2'.'*/0!(/1',-/5/0)*/3.<!@.!3,(',!*3!)--'--!*&/-!*&'!%/'$MNA!-'O4'.0'!

;)-!'L+63,'(!;/*&!,'5','.0'!*3!'L/-*/.2!6/*',)*4,'<!!

!

R4*)*/3.-!&)1'!)!+,'(/6'0*/3.!53,!.406'3*/('!T&3*-+3*-U<!%&'!+,/.0/+)6!&3*-+3*!

.406'3*/('-!3004+:!3.'!O4),*',!35!*&'!%/'$MNA!)9/.3!)0/(!-'O4'.0'H!;&',')-!3.6:!

$"V!35!*&'!@2!,'2/3.!-0,''.'(!8:!?,)F);)!!"#$%&!03.*)/.-!94*)86'!&3*-+3*!,'-/(4'-!!

E?,)F);)H!P),/8)-)F!W!I4',-*'(('!$DDCK<!X/1'.!*&)*!*&'!@2!2'.'!&)-!'1361'(!)-!)!

94*)86'!,'2/3.H!*&'!-'O4'.0'!031',)2'!/.!%/'$MNA!-&346(!8'!-)*/-5)0*3,:<!

Y,'-49/.2!*&)*!CZV!35!94*)*/3.-!9):!3004,!34*-/('!35!*&'-'!&3*-+3*-!)*!,).(39H!

).(!9)/.6:!)*!X[N!8)-'!+)/,-!E?,)F);)H!P),/8)-)F!W!I4',-*'(('!$DDCKH!)!*3*)6!35!



! "#$!

%&'!()!*+,!-.,/012!3,45,67,!3897,!.3!8(*,6*.9::;!7(<,=,>?!@,35:*.6A!9B.6(!97.>!

>.<,=3.*;!.3!6(*!.6).6.*,C!D5*!7(63.>,=.6A!*+9*!*+,!-.,/E96A.(8(.,*.6!.6*,=97*.(6!

9:=,9>;!+93!+.A+!9)).6.*;!,F*,63.<,!B5*9A,6,3.3!.3!:.G,:;!*(!>.3=58*!)567*.(6!

9:*(A,*+,=?!!

!

25=.6A!HIJ!*+,!.6.*.9:!"KL!D93,3!>(M63*=,9B!()!*+,!8=(B(*,=!9=,!7(63.>,=,>!*(!

D,!6(6EB5*9D:,!N@9>9!,*!9:?!"%%OPC!96>!*+,=,)(=,!9!3.A6.).796*!8(=*.(6!()!*+,!QA"!

>(B9.6!()!-.,/012!.3!56:.G,:;!*(!D,!B5*9*,>?!R:*+(5A+!B5*9*.(63!:(79*,>!(5*3.>,!

97*.<,!3.*,3!796!B(>.);!8=(*,.6!97*.<.*;!NH+.B(*(+6(!,*!9:?!/&&"C!H8.::,=!,*!9:?!"%%%PC!

*+,!D.6>.6A!>(B9.6C!QA/!.6!*+.3!793,C!.3!:.G,:;!*(!D,!*+,!B(3*!7=.*.79:!=,A.(6!NJ(=:,;C!

S9T:953G93!/&&LP!96>!3+(5:>!9**=97*!B9F.B9:!HIJ!97*.<.*;?!-+,=,)(=,!HIJ!.3!9!

=,93(69D:,!B,7+96.3B!D;!M+.7+!*(!8=(>57,!9!B5*96*!:.D=9=;!)(=!B(>5:9*.6A!

-.,/012!)567*.(6?!

!

-.,/E2-U&!7,::3!M,=,!75:*5=,>!)(=!9!*(*9:!()!6.6,!B(6*+3!M.*+(5*!3,:,7*.(6!

8=,335=,!.6!(=>,=!*(!A,6,=9*,!9!B5*96*!:.D=9=;?!-+,=,!9=,!3,<,=9:!),9*5=,3!.6!*+,!

(D3,=<,>!89**,=6!()!8(.6*!B5*9*.(6!.6!*+,3,!7,::3!*+9*!>.)),=!)=(B!8=,<.(53!=,8(=*3!!

NR=9G9M9C!H9=.D939G!V!W5,=3*,>>,!/&&UC!H7+(,*T!,*!9:?!/&&#C!W:9A(>9*3G.!,*!9:?!

/&&%P!!>,38.*,!9!A,6,=9:!7(6A=5,67;?!KO'!()!B5*9*.(63!9=,!3.*59*,>!.6!B5*9D:,!

+(*38(*!8(3.*.(63!93!7(B89=,>!M.*+!LL'!(D3,=<,>!D;!R=9G9M9!!"#$%&!NR=9G9M9C!

H9=.D939G!V!W5,=3*,>>,!/&&UP?!-+,=,!.3!9889=,6*!D.93!)(=!*+,!6(6E7(>.6A!3*=96>C!

96>!9!*=963.*.(6!)=,45,67;!*+9*!988=(97+,3!*+9*!()!*+,!W!7,::!=9*+,=!*+96!

+;8,=B5*9*.6A!7,::!:.6,3?!-+,!B(3*!LX!8(.6*!B5*9*.(6!.3!:(79*,>!988=(F.B9*,:;!L&&!

D93,3!>(M63*=,9B!()!*+,!@HY!8=(B(*,=C!7(63.>,=9D:;!)5=*+,=!>(M63*=,9B!*+96!

*+,!.6.*.9:!"KL!6(6EB5*9D:,!D93,3!9**=.D5*,>!*(!*+,!*=963.*.(6!8(.6*!D,*M,,6!*+,!



! "#$!

%&%'%('%&)!(&*!+,-&)('%&)!.-/01!-.!'2+!'/(&13/%4'%-&!5655,+!%&!4/+7%-61!/+4-/'1!

89(*(!+'!(,:!";;<=:!>2+!5(1+1!,-3('+*!%00+*%('+,?!641'/+(0!(&*!*-@&1'/+(0!-.!

'2+!06'('+*!5(1+!*-!2-@+7+/!3-04,?!@%'2!4/+7%-61!-51+/7('%-&1!89-)-A%&!+'!(,:!

BCC"=D!(&*!.6/'2+/0-/+!(!4(''+/&!%1!-51+/7+*!@2+&!'2+!/+16,'%&)!06'('%-&!%1!

1'6*%+*!%&!/+,('%-&!'-!&+%)25-6/%&)!&63,+-'%*+1:!!

!

>2+!4/%&3%4(,!4-%&'!-.!*%..+/+&3+!%&!)+&+'%3!0-*%.%3('%-&!-51+/7+*!%&!>%+BEF>$C!

3+,,1!%1!'2('!&63,+-'%*+!*+,+'%-&1!@+/+!4/+7(,+&'!%&!;<G!-.!>%+BHIF!1+J6+&3+1!

'+1'+*!(.'+/!;!0-&'21!-.!3+,,!36,'6/+D!3-04(/+*!@%'2!&-!1%)&%.%3(&'!%&3%*+&3+!-.!

*+,+'%-&1!%&!'2+!,%'+/('6/+!8K/(L(@(D!M(/%5(1(L!N!O6+/1'+**+!BCC$D!M32-+'A!+'!(,:!

BCC#D!O,()-*('1L%!+'!(,:!BCC;=:!P'!2(1!5++&!16))+1'+*!'2('!(*Q(3+&'!*+-R?3?'-1%&+!

*+(0%&('%-&1!0(?!/+16,'!%&!*+,+'%-&1!*+4+&*%&)!-&!'2+!(3'%-&!-.!FSK!/+4(%/!

0+32(&%101!8T(&)D!T(5,!BCCU=:!T2%,1'!'2/++!-.!.-6/!1%&),+!&63,+-'%*+!*+,+'%-&1!

*%*!-336/!('!2-'4-'1D!06,'%4,+!&63,+-'%*+!*+,+'%-&1!*%*!&-'!-336/!%&!(!4(/'%36,(/,?!

2-'14-'!*+&1+!(/+(!-.!>%+BHIF:!P'!%1!4-11%5,+!'2('!'2+!14+3%.%3!3,-&(,!4-46,('%-&!-.!

VWE!KPF9!F>$C!6'%,%1+*!%&!'2%1!1'6*?!2(1!(!4/+*%,+3'%-&!.-/!*+,+'%-&1!(&*!-'2+/!

3,-&(,!4-46,('%-&1!-.!VWE!KPF9!F>$C!12-6,*!5+!'+1'+*!.-/!3-04(/%1-&:!>2+!2%)2!

4/+7(,+&3+!-.!*+,+'%-&1!%1!(!0(Q-/!3-&3+/&D!(1!'2+!./(0+12%.'!+..+3'!@-6,*!/+&*+/!

;<G!-.!>%+BHIF!1+J6+&3+1!%&(3'%7+!%&!'2%1!3-2-/':!M+,+3'%-&!-.!>%+BEF>$C!3+,,1!'2('!

(3'%7+,?!5%&*!(&)%-4-%+'%&1!@-6,*!2-@+7+/!*%13(/*!3+,,1!2(/5-6/%&)!&63,+-'%*+!

*+,+'%-&1:!

!

T2%,1'!32(&)+1!'-!4/-'+%&!5%&*%&)!(..%&%'%+1!(/+!0(*+!%&!10(,,!1'+41!(&*!-&,?!

C:C"G!-.!1%&),+!06'('%-&1!(/+!4/+*%3'+*!'-!5+!5+&+.%3%(,!8O,--0D!K/&-,*!BCC;=D!'2+!

06'('%-&!/('+!061'!5+!16..%3%+&'!'-!+R4+*%+&',?!4/-*63+!(!06'(&'!,%5/(/?!.-/!



! "#$!

%&'()*(%!(+,-.*&,/!0/%!(/1.'(!*20*!3',4'(11&+(!5.*0*&,/1!0/%!32(/,*63&)0-!

)20/4(1!)0/!,)).'!7(*8((/!',./%1!,9!&*('0*&+(!1(-()*&,/:!;2(!5(0/!5.*0*&,/!

9'(<.(/)6!,9!=:>!3('!;&(?@AB!1(<.(/)(!&/!*2(!CD5,/*2!)(--!).-*.'(!&1!&%(0-!01!0!

1*0'*&/4!3,&/*!9,'!5.*0/*!-&7'0'6!1)'((/&/4E!7.*!*2(!*&5(!*0F(/!*,!4(/('0*(!*2&1!

-&7'0'6!&1!90'!9',5!&%(0-:!!

!

;2(!)0-).-0*(%!5.*0*&,/!'0*(!&1!1&4/&9&)0/*-6!-,8('!*20/!*20*!,9!*2(!-&*('0*.'(E!

30'*&).-0'-6!82(/!),/1&%('(%!&/!*('51!,9!'(0-!*&5(!01!,33,1(%!*,!4(/('0*&,/!*&5(:!

;2(!4(/('0*&,/!*&5(!,9!;&(?DB;G=!)(--1!&1!-,/4('!*20/!8,.-%!7(!(H3()*(%!0)),'%&/4!

*,!3'(+&,.1!'(3,'*1!IJ&531,/E!J0-(!?==KE!J(,!(*!0-:!?==LM:!N0/&3.-0*&,/!,9!*2(!)(--!

4(/,5(!0/%!2&42!).-*.'(!%(/1&*6!)'(0*(%!76!*2(!301104&/4!5(*2,%!0'(!-&F(-6!*,!

20+(!1-,8(%!%,.7-&/4!*&5(!IJ&531,/E!J0-(!?==KE!O0F05.'0!(*!0-:!?="=ME!0-*2,.42!

)(--1!8('(!50&/*0&/(%!0*!0!2&42('!).-*.'(!*(53('0*.'(!*,!),./*('0)*!*2&1!&/!30'*:!

P,8(+('!*&5(!13(/*!&/!*2(!Q"!0/%!Q?RN!3201(1!&1!5,'(!)'&*&)0-!*20/!*2(!J!3201(!9,'!

JPN!0/%!3,*(/*&0--6!,99('1!0/!&53',+(%!5.*0*&,/!'0*(!IS0/4E!S07-!?==$M:!

T-*2,.42!5.*0*&,/!'0*(1!0'(!,9*(/!'(3,'*(%!01!0!9./)*&,/!,9!4(/('0*&,/!*&5(E!

)2',/,-,4&)0-!*&5(!&1!*2(!5,1*!)'&*&)0-!9./)*&,/!82(/!),/1&%('&/4!9(01&7&-&*6!,9!*2(!

5(*2,%!&/!50/.90)*.'(!,9!0!5.*0/*!-&7'0'6!0/%!*2('(9,'(!&*!801!/()(110'6!*,!

&/+(1*&40*(!*2(!)20'0)*('&1*&)1!,9!*2(!UVD!TWBX!B;G=!)(--!-&/(:!

!

@/%,4(/,.1!TWB!&1!'(3-0)(%!76!0!9-,H(%!TWBDWX@JD43*!)011(**(!&/!UVD!TWBX!B;G=:!

;2(!3',3,1(%!0%+0/*04(!,9!TWB!),/*',-!'(-&(1!,/!*2(!07&-&*6!,9!GD26%',H6*05,H&9(/!

IGDYP;M!*,!1.))(119.--6!0/%!)-(0/-6!(H)&1(!TWB!9',5!*2(!4(/,5(!82(/!1(-()*&,/!&1!

),53-(*(:!GDYP;!7&/%1!*,!*2(!5.*0*(%!,(1*',4(/!'()(3*,'!8&*2!7(*8((/!*(/!0/%!

,/(!2./%'(%!*&5(1!5,'(!099&/&*6!*20/!*05,H&9(/!IZ20/4!(*!0-:!"CC#M!0/%!



! "##!

$%&$'&()*(+%&,!%-!".&/!(%!"..&/!*)'!)'0%)('1!(%!'2$+,'!-3%2'1!$*,,'((',!45!67!

8%9),!:;9'3%<=!>$8*)'&4')?!@..7AB!C8'&!(8+,!<*,!(',('1!+&!D+'@EFD6.=!*(!3'*,(!

"G/!6EHID!<*,!)'J9+)'1!(%!)'3+*435!*&1!0)%K0(35!'2$+,'!LMFB!D8'!$%&$'&()*(+%&!

)'J9+)'1!-%)!N)'!)'$%K4+&*,'!+&19$(+%&!*3,%!O*)+'1!4'(<''&!'20')+K'&(,=!<8+$8!

K*5!4'!19'!(%!0%%)!,%394+3+(5!%-!6EHID!+&!*J9'%9,!,%39(+%&!*&1!$%&,'J9'&(!

O*)+*(+%&!+&!$%&$'&()*(+%&B!D',(+&?!%-!+&1+O+19*3!K9(*&(!$'33,!+,!&%(!0)*$(+$*3!49(!

0%093*(+%&!*,,*5!(%!*,,',,!'2$+,+%&!%-!LMF!+,!*1O+,*43'B!

!

L3(8%9?8!L)*P*<*!!"#$%&!*3391'!(%!K+&+K*3!9&1',+)'1!'2$+,+%&!%-!LMF!:L)*P*<*!'(!

*3B!@..7A=!LMF!'20)',,+%&!<*,!9&+&('&(+%&*335!3%,(!-)%K!*!<8%3'!0%093*(+%&!%-!

$93(9)'1!$'33,!+&!(8+,!,(915B!FQL!<*,!8*)O',('1!-)%K!*00)%2+K*('35!@..=...!$'33,!

(%!$%&-+)K!LMF!'2$+,+%&!*,!$%K0*)'1!<+(8!R..!$'33,!9(+3+,'1!45!L)*P*<*!!"#$%&!!

:L)*P*<*=!S%15?+&!T!;9'),('11'!@.."A=!'2$391+&?!(8'!0%,,+4+3+(5!%-!*,,*5!

,'&,+(+O+(5!*,!*!$%&()+49(%)!(%!(8'!%4,')O*(+%&!%-!LMF!3%,,B!S'*P*?'!%-!(8'!N)'E3%2U!

,5,('K!+,!*!)'$%?&+,'1!08'&%K'&%&=!*3(8%9?8!/')N)'/')!+,!K%)'!)'3+*43'!(8*&!(8'!

,+&?3'!8%)K%&'E4+&1+&?!1%K*+&!1')+O'1!N)'/')!:V8*&?!'(!*3B!"WW#AB!/UL!,'3'$(+%&!

%-!LMFE?0(!0%,+(+O'!$'33,!+,!$')(*+&35!',,'&(+*3!-%)!0%093*(+%&!K*+&('&*&$'B!

!

/9(*(+%&!)*('!,''K,!(%!)'3*('!(%!LMF!'20)',,+%&!:/*)(+&=!>$8*)--!@..@AB!LMF!

()*&,$)+0(+%&!+,!,(+K93*('1!45!(8'!'2%?'&%9,!XE*$(+&!0)%K%(')!+&!YZE!LMF[!FD6.=!

<8+$8!*33'?'135!0)%19$',!0)'-')*43'!LMF!'20)',,+%&!3'O'3,!%O')!'&1%?'&%9,!LMF!

:L)*P*<*!'(!*3B!@..7AB!I%<'O')!(8'!'20)',,+%&!3'O'3!%-!LMF!<*,!%4,')O'1!(%!O*)5!

4'(<''&!1+--')'&(!$3%&*3!0%093*(+%&,!%-!D+'@EFD6.!$'33,!1',0+('!(8'!-*$(!(8*(!(8'!

YZE!LMF[!N36!FD6.!$'33!3+&'!<*,!0)%19$'1!-)%K!*!,+&?3'!$3%&*3!0%093*(+%&!-%33%<+&?!

()*&,-'$(+%&!%-!(8'!-3%2'1!LMF!$*,,'(('!*&1!/')N)'/')B!D8'!%4,')O'1!O*)+*(+%&!



! "#$!

%&'()!*+!+,-(./0+)!*1!%2.03+4!/0!/0)/5/)'.(!%+((4!-6/&6!7&!8/+9!76.04:+%7/&0;!

/0%(')/03!<'7.7/&0!&:!=>?!&6!/74!6+3'(.7&61!+(+<+074!&6!*.%@36&'0)!A6+!

6+%&<*/0.4+!.%7/5/71B!82+!+::+%7!&:!)/::+6/03!=>?!+,-6+44/&0!(+5+(4!&0!72+!76.043+0+!

<'7.7/&0!6.7+!2.4!0&7!*++0!:&6<.((1!)&%'<+07+)!.0)!.!:.6!36+.7+6!C'.07/71!&:!

4+C'+0%/03!D&'()!*+!6+C'/6+)!7&!6+.%2!.!)+:/0/7/5+!%&0%('4/&0B!!

!

>7!/4!0&7!@0&D0!:6&<!72+!).7.!-6+4+07+)!D2+72+6!72+!<'7.7/&0!6.7+!6+<./04!

+C'/5&%.(!726&'32&'7;!&6!D2+72+6!72+6+!/4!.!76+0)!&:!/0%6+<+07.(!6+)'%7/&0!/0!

:6+C'+0%1!&5+6!7/<+!4/</(.6!7&!.!-.77+60!-6+5/&'4(1!&*4+65+)!/0!E.<&4!%+((4!
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&%*-%0'C!!

!
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!"!:6&4+&6!+,4*!"G*H!IJ<8&6D!K)++639!"LLMND!4*8!%&6+4)*'7!*<+!;<6!)*+&64%+)<*(!
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<::',78T!";CZ4'.-8+,!";D;!%&'1'!234!,+!784.'1,3=0'!7866'1',.'!8,!E/3,-8->!+6!%8'"!
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%&'()!*+,'(-!./!0*12+,3.0-!0*&2!-3+!*+,.)'+!45$6!*+,'(-./7!./!1!,+72+/-!-31-!.,!

8&,,.9(:!-&&!,3&*-!-&!9./)!-&!-3+!1/-.9&):!,';;+,,0'((:<!

!

"#"#$!%&'(&)*+),!-.!/),0!)-)12+)3+),!4-4(567+-)!
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=3+!>/7"?/&/?9./)./7!=.+"!@AB!8*&)';-!%1,!8*+81*+)!0&*!,+C'+/;./7!1,!

)+,;*.9+)!8*+D.&',(:!E,+;-.&/,!F<G<"!H!"<$I<!J0!G"!,+C'+/;+,!&9-1./+)6!G#!

;&/-1./+)!1!)+(+-.&/<!=3+!*+21././7!-%&!,+C'+/;+,!;&/-1./+)!8&./-!2'-1-.&/,6!
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2'-1/-6!>4F$M<!=3+!12./&!1;.),!1(1/./+!1/)!D1(./+!1*+!/&-!,.7/.0.;1/-(:!).00+*+/-!

./!,.N+6!,-*';-'*+!&*!,.)+!;31./!1/)!-3+*+0&*+!-3+!,'9,-.-'-.&/!.,!-3+&*+-.;1((:!
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0+01234.+)!+)!4&'!6O"Q#6)L!;.24':!3K.9=!4+4322.)*!#$7AN!+;!4&'!0+01234.+)!RD.*1:'!

67"#S7!

!

<LL'/.34'2C!3;4':!4&'!;.:94!9+:4!.4!839!)+4'/!4&34!300:+K.L34'2C!#$N!+;!9+:4'/!?'229!

8':'!.)!;3?4!2C9'/7!<)!91-9'T1')4!:+1)/9!0:+0./.1L!.+/./'!839!3//'/!4+!4&'!;.)32!
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!"#$%&' ()**+' ,-".."/0' .1&23%4' /5' 6$/%&.2&03' %&4#&03.)' !"#$% &'())(*+% ()% ,*-*./&0%
1/&&+2% 34% &'())(*+% ()% ,*-*./&0% 5-.&2% 3"% &'())(*+% ()% ,*-*./&0% /&06% 7&8&,9*+% 5:%
5;+0<;))%=-8&/)%()%)>;0&0%1/&:6%!/*'%"+?(8/*1&+%!-.*/&),&+,&%@<&,8/;%A(&B&/6%'



! "#$!

%&'()%*+,!-./0123456!78.95951:!(9;<5!8=.8!8=<!95989.>!7328!7<></8<6!35>?!@:AB!3C!

8=<!D3D4>.8935!8=<!54E-<2!3C!/<>>7!95;3>;<6!/34>6!-<!79159C9/.58:!!

!

F4-7<G4<58!73287!95;3>;951!7<></8935!3C!/<>>7!H98=!53!.DD.2<58!'51"!-956951!

/.D.-9>98?!2<74>8<6!95!.88.95E<58!3C!6<57<!D3D4>.89357!H98=!>3H<2!8=.5!.;<2.1<!

'51"!-956951!.56!.!D2312<779;<>?!6</2<.7<6!D23D328935!3C!/3ED><8<>?!4578.95<6!

/<>>7:!I3!.DD.2<58!9ED23;<E<58!H.7!7<<5!-<8H<<5!8=<!7</356!.56!8=926!7328<6!

D3D4>.89357:!J</2<.7<6!'51"!-956951!H.7!/35C92E<6!-?!C>3H!/?83E<82?!.77.?!95!

H=9/=!'51"!-956<27!K7</8935!L:L:"M!.56!8=926!7328<6!'51"!535)-956<27!H<2<!-3456!

83!@:L5N!-93895?>.8<6!'51"!D2932!83!.589)%&'()%*+,!.56!782<D8.;9695)O)PQ!78.95951!

K%9142<!L:"$M:!

!

!"#"$%&'()'*+,*-%./%0.1'2%3//,*,45%6*-$%7,*8'29%

!

(<53E9/!JI'!H.7!<R82./8<6!C23E!8=<!7328<6!>3H!.CC9598?!'51"!-956951!D3D4>.8935!

.56!P,O!3C!8=<!#$"$-D!+9<"!1<5<!.56!.6S395951!/<>>!742C./<!697D>.?!K,FJM!63E.95!

H.7!D<2C32E<6!456<2!8=<!/356989357!7D</9C9<6!95!'DD<569R!":#T7</8935!":A:!+=<!

P,O!D2364/8!H.7!D2<D.2<6!C32!7<G4<5/951!.7!6<7/29-<6!D2<;9347>?!K7</89357!U:$:"!

V!":AM:!!

!

+<5!3C!<><;<5!7<G4<5/<7!3-8.95<6!/358.95<6!.!D3958!E48.8935!,UWA+X!H=9/=!97!

>3/.8<6!H98=95!.5!O(YZTZO,Y!E389C!95!8=<!*1"!63E.95!.56!D2364/<7!.!79159C9/.58!

E48.8935!H98=95!.!053H5!'51"!-956951!2<7964<X!P#AAF!K%9142<!L:"UM:!*5!.6698935!

35<!3C!8=<!7<G4<5/<7!/35/422<58>?!/358.95<6!.!E48.8935!95!8=<!PJ(%O!

82.57E<E-2.5<!63E.95X!H=9/=!82.57>.8<7!83!PL"WF:!'>8=341=!8=97!97!.>73!.!! !



! "#$!

! !

!"#$%&'()*+,'-./"01&02'34' 536&%'/70"28'-0#*'9"0:&%;)!"#$!%&'(')*+!,)(-./')0')(!
1%12+*3%)! *)0! 4%&5$0! +%6$&! *7)'58! ,)(-./')0')(! 1%12+*3%)! 6*4! /%2)0! 5%!
$92'+'/&'2:! 6'5#! /'%3)8+*5$0! ,)(-! 1&'%&! 5%! +*/$++')(! 6'5#! *)3.;<,=.;>"?! *)0!
45$15*@'0').A.BC!*5!DE?!F!GHIJ!?%)5%2&!1+%54!%K!HLMLLL!N$++4!*&$!4#%6)J!'
/<  =%"#"0/5'-0#*'9"0:"0#'>3>$5/?30)'LJO)P!,)(-J'
9<  @3%2&:'536&%'/70"28'-0#*'9"0:&%;)'-O)P!,)(-J'
A<  @3%2&:'536&%'/70"28'-0#*'9"0:&%;)'LJO)P!,)(-J'
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! "#$!

! !

!"#$%&' ()*+,' -%./"0&1233' "4' "05./5&6' "0' 70#*' 8"06"0#)! "#$! %&''(! )*+),-*,./! 0)!
1.)0,./$2! 3-! -#$! 4/56"0$! 7053/268$9$1-.8! 0/-$8:39$;! %&''! 9./-39-)! <*7,17$! 4/5=!
8$)02*$)!0/97*20/5!%>?=@!A>B?!3/2!A>B'!C)#.D/!3)!).702!70/$)E;!4/5=!0)!9.7.*8$2!+7*$!
3/2!"0$=!0)!9.7.*8$2!8$2;!%&''!0)!)#.D/!0/!58$$/;!F.2$77$2!./!%GH!399$))0./!=IAB!
CH38-./!$-!37;!=JJ'E;!'



! "#$!

%&'(&)&*+(,!-.,+,&/(!&,!0&0!(/,!+11+23(,45!+6/4&%7!8&3"9:;!3<123%%&/(=!>(3!/)!,73!

343?3(!%3@.3(*3%!+113+230!,/!63!A&40B,513=!!

!

!

"#$!%&'&()*+,!+-!.*/.&0!1--*,*)2!3,/4!5*,6*,/!(&''7!!

!

873!/2&'&(+4!/6C3*,&?3!/)!12/0.*&('!+!-.,+(,!)/2-!/)!8&3"9:;!,7+,!123)323(,&+445!

6&(0%!D('"!+(0!(/,!D('#!*/.40!63!+*7&3?30!?&+!0&))323(,!2/.,3%=!873!/1,&/(!/)!

E&(3,&*!%*233(&('!A+%!3<*4.030!0.3!,/!+%%+5!&(+**.2+*5=!873!*/-143<&,5!&(?/4?30!

A&,7!0.+4!4&'+(0!6&(0&('!+%%+5%!+4%/!23@.&23%!).2,732!*7+2+*,32&%+,&/(=!873!

23-+&(&('!/1,&/(%!/)!3@.&4&62&.-!%*233(&('!&(*4.03!%3@.3(,&+4!%343*,&/(!/)!

0&))32&('!+('&/1/&3,&(!6&(0&('!+))&(&,&3%F!%,+2,&('!A&,7!3&,732!230.*30!D('#!+))&(&,5!

/2!&-12/?30!D('"!+))&(&,5=!G&?3(!,7+,!D('#!+(0!D('"!+23!,7/.'7,!,/!6&(0!8&3"!&(!+!

%&-&4+2!-+((32F!&,!%33-%!4&E345!,7+,!,73!-+C/2&,5!/)!-.,+,&/(%!0343,32&/.%!,/!D('#!

6&(0&('!A/.40!63!3@.+445!0343,32&/.%!,/!D('"!6&(0&('F!*23+,&('!+!?325!%-+44!

-.,+(,!1//4!&(!A7&*7!,/!%343*,!123%32?30!D('"!6&(0&('=!87323)/23!%343*,&/(!)/2!

&-12/?30!D('"!6&(0&('!&%!+!23+%/(+643!&(&,&+4!,+2'3,=!

!

"#$#8!%+0)*,/!-+0!.*/.&0!1--*,*)2!3,/4!5*,6*,/!

!

D(!D('"!*/(*3(,2+,&/(!/)!H=I(J!A+%!03,32-&(30!,/!63!%.&,+643!)/2!,73!3+245!

2/.(0%!/)!3@.&4&62&.-!%/2,&('!K%3*,&/(!I=L=#M=!N3,,&('!/)!%/2,!A&(0/A%!)/2!7&'73%,!

6&(032%!,//E!+**/.(,!/)!D('"!6&(0&('!234+,&?3!,/!8&3"!3<123%%&/(!43?34%!KO&'.23!

I="IM=!P2/1&0&.-!&/0&03!A+%!(/,!.%30!,/!*/()&2-!*344!?&+6&4&,5!+%!&,%!3-&%%&/(!

%13*,2.-!*2/%%3%!A&,7!,7+,!/)!175*/325,72&(!+(0!,7323)/23!03%&230!*344%=!



! "#$!

! !

!"#$%&'()*(+',-%./#'0-%'1"#1&%'23/"45'6/#*'7"/8&%9)'!"#$#!"%#&'(()#*'+'#,-./0#1-#
'2.3(3,+3.4#*315#"67/8#,3-9/:(;1'0#</=>#?3+-+#1-#(;,'((3/=#*315#;/9@AB<C@ADEF#;/0#
)1+'?1;G303/@H@IJ6#E5'#)1+-/=')1#,3/03/=K#(-*')1#'L?+'))3/=#&'(()#*'+'#)-+1'0#G3;#>@
*;:#?.+31:#;)#?'+#)5;0'0#*3/0-*)#3/#0-1#?(-1)6##
2:  !"%94'9-%4)'
7:  ,&;-/8'9-%4)'
;:  <1"%8'9-%4)'
8:  !-$%41'9-%4)'
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! "#$!

%&'!()*"+,-).-)*!/0/1234-0)!.'5'20/'.!-)!6787"!93:!,01).!40!;%!<76)=!

,-04-)>234'.!()*"!/?-0?!40!3)4-+@A(B+@C%D!3).!:4?'/435-.-)+;+EF!:43-)-)*!34!8GD7!

@0?!')?-H&I')4J!4&'!-)-4-32!?01).!:'2'H4'.!4&'!40/!##7KL!0M!()*"!,-).'?:7!C)!4&'!

:'H0).!3).!4&-?.!?01).:!3!/1?-4>!:4?34'*>!93:!'I/20>'.J!:'2'H4-)*!"L!3).!#L!0M!

4&'!/0/1234-0)!?':/'H4-5'2>7!C)!4&'!M01?4&!?01).!4&'!()*"!H0)H')4?34-0)!93:!

?'.1H'.!40!<7"6)=!3).!4&'!40/!#7NL!93:!:'2'H4'.7!

!

B?3.132!'I'?*')H'!0M!3!.-:4-)H4!/0/1234-0)!9-4&!209'?!%-'"!'O/?'::-0)!3).!&-*&!

()*"!,-).-)*!93:!3H&-'5'.!P@-*1?'!67"QR7!

!

!"#"$%&'()'*+,*-%./%0,-0'1%2//,*,34%5*-$%6,*7'18%

!

B')0I-H!ST(!'O4?3H4-0)J!ED;!3).!:'U1')H-)*!0M!4&'!#68",/!%-'"FDS+DVS!*')'!-)!

4&'!:0?4'.!&-*&!3MM-)-4>!()*"!,-).-)*!/0/1234-0)!93:!/'?M0?I'.!3:!.':H?-,'.!

/?'5-01:2>7!!

!

WM!:-O!:'U1')H':!0,43-)'.J!M-5'!H0)43-)'.!3!:-)*2'!I1434-0)!-)!4&'!@A(B!/'/4-.'7!!

%&'!/0-)4!I1434-0)!0HH1??'.!34!3)!;BXYZY;DX!&04:/04!3).!H0)5'?4'.!4&'!

4'?I-)32!?':-.1'!M?0I!2>:-)'!40!3:/3?3*-)'7!C4!-:!2-['2>!4&34!4&'!I3\0?-4>!0M!H'22:!-)!

4&'!&-*&'?!()*"!,-).'?!:0?4!9-).09!?'/?':')4!3,)0?I32!@A(B!.'4'H4-0)!?34&'?!

4&3)!3)>!-I/?05'I')4!-)!()*"!,-).-)*!?'234-5'!40!%-'"!'O/?'::-0)7!%&'!:-O4&!

:'U1')H'!H0)43-)'.!3!/0-)4!I1434-0)!9-4&-)!4&'!FB@"!.0I3-)J!BK]#(J!9&-H&!-:!

20H34'.!34!3!SBXYZY;D^!I04-M7!%&'!?':124-)*!I1434-0)J!D"Q8XJ!-:!/04')4-322>!

:-*)-M-H3)4!-)!3!H0)M0?I34-0)32!H0)4'O4!3:!-4!-:!20H34'.!H20:'!40!?':-.1':!4&34!3?'!

-)5025'.!-)!-)4'?.0I3-)!-)4'?3H4-0):7!!



! "#$!

! !

!"#$%&'()*+,'-./"01&02'34'5"#5&%'/60"27'-0#*'8"09&%:)!"#$!%&'(')*+!,)(-./')0')(!
1%12+*3%)! *)0! 4%&5$0! #'(#$&! *6)'57! ,)(-./')0')(! 1%12+*3%)! 8*4! /%2)0! 5%!

$92'+'/&'2:!8'5#!;<=)>!/'%3)7+*5$0!,)(-!1&'%&!5%!+*/$++')(!8'5#!*)3.?@,A.?B"C!*)0!

45$15*D'0').E.FG!*5!HIC!J!KLM<!C%)5%2&!1+%54!%N!L;O;;;!P$++4!*&$!4#%8)<!'
/;'<%"#"0/='-0#*'8"09"0#'>3>$=/?30)'
8;'@3%2&9'5"#5&%'/60"27'-0#*'8"09&%:)'
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! ""#!

$%&'(%)*&!+,'%)-.!/(+!-,%!0,-%)-1&2!21&!%,!%3&!3).3!4',4,'%),-!,5!6789!:1%(-%+!

(-2!(-%)0)4(%&2!;,/!5'&<1&-0=!,5!-&/!:1%(%),-+>!!!

!

!

!"#$%##"&'(

(

?3&!(@,*&!2(%(!);;1+%'(%&!1%);)+(%),-!,5!0&;;!+1'5(0&!2)+4;(=!)-!+0'&&-)-.!(!:1%(-%!

4',%&)-!;)@'('=!%,!4&':)%!+&;&0%),-!,5!2)+0'&%&!:1%(-%!43&-,%=4&+>!

!

?3&!,').)-(;!:,%)*(%),-!5,'!2&*&;,4)-.!%3)+!:&%3,2!/(+!)-!.&-&'(%),-!,5!*(')(-%+!

,5!?)&"!&0%,2,:()-!/)%3!3).3&'!(55)-)%=!5,'!(-.),4,)&%)-+!.&-&'(;;=A!(-2!%,!0'&(%&!(!

*(')(-%!/)%3!):4',*&2!8-."!(55)-)%=!@1%!;&++&'!8-.B!@)-2)-.!0(4(@);)%=>!8;%3,1.3!

8-.B!(-2!8-."!(44&('!%,!@)-2!?)&"!)-!(!+):);('!:(--&'A!%3&!0,:4;&C)%)&+!,5!%3)+!

)-%&'(0%),-!(-2!2)55&'&-0&+!)-!0,-+&<1&-%!+).-(;;)-.!('&!-,%!1-2&'+%,,2>!?3&'&5,'&!

2)'&0%&2!&*,;1%),-!+3,1;2!0(''=!:,'&!+100&++!%3(-!'(%),-(;;=!2&+).-&2!:1%(%),-+!

)-!:(-)41;(%),-!,5!%3)+!)-%&'5(0&>!

!

D3);+%!%3&!&*,;1%),-!,5!4',%&)-+!5,'!-,*&;!51-0%),-+!)+!0,-+)2&'&2!%3&!:,+%!2)55)01;%!

%(+E!)-!4',%&)-!&-.)-&&')-.A!):4',*&:&-%!,-!(!-(%1'(;;=!3).3!(55)-)%=!)-%&'(0%),-!

-,-&%3&;&++!'&<1)'&+!+&'),1+!4'&0)+),->!?3&!1+&!,5!5;,/!0=%,:&%'=!%,!<1(-%)5=!%3&!

/);2F%=4&!)-%&'(0%),-!@&%/&&-!(-.),4,)&%)-+!(-2!0&;;!+1'5(0&!2)+4;(=&2!?)&"!

&0%,2,:()-!=)&;2&2!2)++,0)(%),-!0,-+%(-%+!)-!%3&!'&.),-!,5!B-GA!(!'&;(%)*&;=!3).3!

(55)-)%=!+0&-('),!H+&0%),-!I>JK>!$%!)+!%3&'&5,'&!0'10)(;!%3(%!%3&!+0'&&-)-.!(-2!

+&;&0%),-!:&%3,2+!&:4;,=&2!('&!',@1+%>!

!



! ""#!

$%&&!'()*+,%!-.'/&+0!+1-!23$4!5+6%!'(,,%''*(&&0!7%1%)+8%-!+18.9:-.%'!;.85!

.</):6%-!*%<8:<:&+)!9.1-.17!+**.1.8.%'!=>:-%)?!@.-%&*:)8!A!B.88)(/!"CCCDE!

F(9&.'5%-!-+8+!'(77%'8'!85+8!+!G.1%8.,!+''+0!;:(&-!9%!<:'8!'(,,%''*(&!.1!:98+.1.17!

H.%"!<(8+18'!;.85!5.75%)!+17.:/:.%8.1!9.1-.17!+**.1.80!=>:-%)?!B.88)(/!#IIJDE!

H5%)%*:)%!85%!.1.8.+&!+//):+,5!;+'!8:!-%'.71!+!-.',).<.1+8.6%!+''+0!9+'%-!:1!85%!

-.'':,.+8.:1!)+8%!:*!85%!+17.:/:.%8.1KH.%"!.18%)+,8.:1E!L8!;+'!1:8!/:''.9&%!8:!:98+.1!

+10!/&+('.9&%!%'8.<+8.:1!:*!85%!317#!-.'':,.+8.:1!)+8%?!+1-!85%!317"!-.'':,.+8.:1!

)+8%!,:(&-!1:8!9%!+,,()+8%&0!<%+'()%-!;.85.1!85%!,:1'8)+.18'!:*!+6+.&+9&%!)%+7%18'E!!

!

388%</8'!8:!9.:8.10&+8%!317#!8:!.</):6%!317#!9.1-.17!+''+0'!;%)%!,:</&.,+8%-!90!

/::)!0.%&-!+1-!/:''.9&%!.</().8.%'E!3-M('8<%18'!8:!85%!+,,%/8%-!/):8:,:&!*:)!

-.'':,.+8.:1!)+8%!-%8%)<.1+8.:1!-.-!1:8!/):-(,%!,:1'.'8%18!:)!)%&.+9&%!-+8+!.1!85%!

,+'%!:*!317"E!H5%!6+).+9&%!:&.7:<%).'+8.:1!'8+8%'!:*!)%,:<9.1+18!+17.:/:.%8.1'!

,:<9.1%-!;.85!<(&8.6+&%1,0!:*!'8)%/8+6.-.1!.1!85%!,+'%!:*!317"!+1-!'(9:/8.<+&!

+**.1.80!:*!85%!N.'K8+7K+18.9:-0!.18%)+,8.:1!;.85!317#!,)%+8%-!/+)8.,(&+)!-.**.,(&8.%'!

.1!85%!&:7.'8.,'!:*!G.1%8.,!',)%%1.17E!O17.1%%).17!:*!*&(:)%',%18K8+77%-!+17.:/:.%8.1!

<:1:<%)'!;:(&-!)%6:&(8.:1.'%!',)%%1.17!.1!85.'!)%7+)-E!!

!

H5%!+&8%)1+8.6%!+//):+,5!:*!%P(.&.9).(<!',)%%1.17!;+'!-%',).9%-!*:)!+''+0!:*!

.18%)+,8.:1'!;.85!-.'':,.+8.:1!,:1'8+18'!+'!&:;!+'!#1@!=Q.%G%!%8!+&E!#IIRDE!H5%!

:/8.<+&!317"!,:1,%18)+8.:1!*:)!('%!.1!85.'!<%85:-!;+'!.1.8.+&&0!%'8.<+8%-!9+'%-!:1!

<+85%<+8.,+&!<:-%&'!+1-!6%).*.%-!90!*&:;!,08:<%8)0E!3!,:1,%18)+8.:1!:*!CES1@!

317"!)%P(.)%-!+1!+,5.%6+9&%!.1,(9+8.:1!6:&(<%!:*!"<&!/%)!<.&&.:1!,%&&'E!

OT/%).<%18+&!-%8%)<.1+8.:1!:*!85%!1(<9%)!:*!H.%"!<:&%,(&%'!%T/)%''%-!:1!%+,5!



! """!

#$%&!'())!*+,-.'(!/.0!.))12!345*!61)+/(!31!7(!,(8+'(89!:658530!(--('3*!1-!,(.;(<3*!

4.6(!85/5<5*4(8!*5;<5-5'.<'(!5<!345*!'1<3(=39!!

!

><!1,8(,!31!*',((<!-1,!85--(,(<35.)!:<;?!.<8!:<;"!75<85<;!'4.,.'3(,5*35'*!.!

'1/@(35356(!8+.)!*',((<!21+)8!7(!58(.)9!:''+,.3(!(*35/.3(*!1-!34(!'1/@(35356(!

5<457531,0!'1<'(<3,.351<!1-!:<;"!6(,*+*!:<;?!2(,(!.'45(6(89!A=@(,5/(<3*!31!

'1/@.,(!34(!35/(!'1+,*(!1-!34(!5<3(,.'351<!7(32((<!34(!321!)5;.<8*!2(,(!
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+(!8.+.-9&,.<!%&''()&*+&(,!(1!=,3>!?*'!,(+!9.*':-*@;.!?&+2!*!A&'5+*3!@*'.8!

;*@.;;&,3!*44-(*)2!*,8!*,!*++.94+!+(!-.)+&1B!+2&'!@B!@&(+&,B;*+&(,!(1!=,3>!8&8!,(+!

B&.;8!*!4-(8:)+!(1!+2.!,.).''*-B!4:-&+B<!=;+2(:32!*,!*44-(C&9*+&(,!(1!+2.!&,&+&*;!

8&''()&*+&(,!(1!=,3"!?*'!3*&,.8!8.'4&+.!*!2&32!;.7.;!(1!*44*-.,+!-.'&8:*;!@&,8&,3D!

+2.(-.+&)*;!&94-(7.9.,+'!+(!+2.!9.+2(8(;(3B!9.-.;B!)(,1:'.8!+2.!4&)+:-.<!

E:;+&7*;.,)B!(1!@(+2!;&3*,8!*,8!;*@.;;&,3!*3.,+!).-+*&,;B!)(,+-&@:+.8!+(!+2&'!

4-.8&)*9.,+D!&,!+2*+!8&''()&*+&(,!(1!*!;&3*,8!1-(9!+2.!-.).4+(-5@&,8&,3!'&+.!9*B!

,(+!+-*,';*+.!&,+(!;(''!(1!+2.!1;:(-.').,+!9*-F.-!&1!+2*+!9*-F.-!?.-.!@(:,8!+(!

(+2.-!;&3*,8'<!62.!;.7.;!(1!*)):-*)B!-.G:&-.8!+(!9.*':-.!!"##!)(:;8!,(+!@.!*)2&.7.8!

?&+2!+2.!*7*&;*@;.!-.*3.,+'<!!

!

62.-.!&'!3.,.-*;!*3-..9.,+!+2*+!F&,.+&)5@*'.8!')-..,&,3!*''*B'!*-.!9(-.!'.,'&+&7.!

1(-!2&32!*11&,&+B!&,+.-*)+&(,'!/!$!H!>,E0D!?2.-.*'!.G:&;&@-&:9!')-..,'!*-.!).-+*&,;B!

9(-.!*44-(4-&*+.!1(-!&,+.-*)+&(,'!?&+2!!$!3-.*+.-!+2*,!>I,E<!62.!9.+2(8!(1!

')-..,&,3!&,+.-*)+&(,'!(1!&,+.-9.8&*+.!*11&,&+&.'!&'!9(-.!8.@*+*@;.<!%:.!+(!

8&11&):;+&.'!.,)(:,+.-.8!?&+2!9.*':-.9.,+!(1!!"##D!F&,.+&)!')-..,&,3!?*'!,(+!*!

7&*@;.!(4+&(,!&,!4-(7&8&,3!*!'.,'&+&7.!(-!'4.)&1&)!')-..,&,3!*''*B!1(-!+2.!

*,3&(4(&.+&,56&."!&,+.-*)+&(,<!

!

JG:&;&@-&:9!@&,8&,3!?*'!+2.-.1(-.!4:-':.8!*'!*!')-..,&,3!9.+2(8<!62.!*7&8&+B!*,8!

7*-&*@;.!(;&3(9.-&'*+&(,!&'':.'!'2(:;8!*11.)+!*;;!).;;'!.G:*;;B!&,!+2.!.G:&;&@-&:9!

9(8.;!*,8!+2.!)(,'.G:.,).!&'!+2.-.1(-.!,.3;&3&@;.<!JG:&;&@-&:9!')-..,&,3!

8.9*,8'!+2*+!+2.!;&3*,8!&'!:'.8!*+!*!)(,).,+-*+&(,!@.;(?!&+'!!$<!=,!*44-(4-&*+.!

)(,).,+-*+&(,!?*'!8.+.-9&,.8!@B!9.*,'!(1!9*+2.9*+&)*;!9(8.;'!*,8!



! "#$!

%&'%()*%+,-.!,%/,)+01!2/,)*-,)3+!34!)*'(35%*%+,/!)+!-+0)3'3)%,)+!6)+7)+0!8-/!

93+/%(5-,)5%!)+!,:)/!'(39%//!7;%!,3!'(%<%&)/,)+0!:)0:!-44)+),=!34!,:%!8).7<,='%!

)+,%(-9,)3+1!>3+/%?;%+,.=!,:%!(-,)3!34!*-&)*-.!,3!6-9@0(3;+7!4.;3(%/9%+9%!8-/!+3,!

)7%-.!-+7!-.,%(+-,)5%!4.;3(3':3(%/!93;.7!6%!%&'.3(%7!,3!)*'(35%!,:)/1!!!!

!!

A:%!93*'%,),)5%!%?;).)6();*!6%,8%%+!B+0C!5%(/;/!B+0"!=)%.7%7!93+/)/,%+,!(%/;.,/1!

D38%5%(!,:%!.)@%.):337!34!-77%7!93*'.%&),)%/!)+!,:%!7=+-*)9!6%,8%%+!,:%!,83!

.)0-+7/!-+7!A)%"!*%-+,!,:-,!-!/%+/),)5%!-+7!/9(%%+)+0!*%,:37!93;.7!+3,!6%!

93+4)7%+,.=!7%/)0+%71!

!

E)*),-,)3+/!34!/9(%%+)+0!*%,:373.30=!-(%!,:%!*3/,!/)0+)4)9-+,!36/,-9.%!,3!,:%!

/;99%//!34!7)(%9,%7!%53.;,)3+F!63,:!)+!,:)/!/,;7=!-+7!)+!0%+%(-.1!A:%!)7%-.!*37%.!43(!

/9(%%+)+0!34!,:%!-+0)3'3)%,)+<A)%"!)+,%(-9,)3+!83;.7!93+/)/,!34!4.;3(3':3(%!

93+G;0-,%7<*3+3*%()9!-+0)3'3%),)+/!)+!-!@)+%,)9!7)/'.-9%*%+,!-//-=F!-+7!

%+0)+%%()+0!34!/;9:!*3.%9;.%/!/:3;.7!6%!93+/)7%(%7!43(!4;,;(%!83(@1!

!

!

"#$!%&'()*+',!'-!,./!0+.1!23.,'*42.5!64!789:;6<5.=!+*.><*+&.!5.(.?*+',!!

!

A:%(%!)/!*;9:!7%6-,%!93+9%(+)+0!,:%!6%/,!8-=!,3!93+7;9,!7)(%9,%7!%53.;,)3+1!A:%!

'(%*)/%!34!,:%!,%9:+)?;%!)/!,:-,!),!*)*)9/!+-,;(-.!%53.;,)3+!35%(!-!/:3(,%(!

,)*%/9-.%F!)+!(-+73*.=!*;,-,)+0!-!0%+%!-+7!/%.%9,)+0!,:%!6%/,!5-()-+,!43(!-!0)5%+!

';('3/%1!H:)./,!),!)/!'3//)6.%!,3!%&'%()*%+,-..=!-99%.%(-,%!,:%!)+),)-.!*;,-,)3+!

'(39%//F!-!:)0:!*;,-,)3+!(-,%!73%/!+3,!+%9%//-().=!93((%.-,%!8),:!)*'(35%7!

':%+3,='%/!7;%!,3!,:%!'(%7).%9,)3+!43(!7%.%,%()3;/!*;,-,)3+/1!I+!-77),)3+F!,:%!



! "#$!

%&'()**!'+!,-)&.-,/)!*(&))0,01!.02!*)3)(-,'0!,*!+.&!+&'4!0.-5&.36!1,/)0!-7.-!,-!,*!

1)0)&.338!'038!-7)!-'%!%)&+'&4,01!*)(-,'0!'+!-7)!3,9&.&8!-7.-!,*!*)3)(-)2!.02!-7,*!

3,4,-*!-7)!%''3!'+!/.&,.-,'0!*,10,+,(.0-38:!

!

;-52,)*!'+!+,-0)**!3.02*(.%)*!.02!0)5-&.3!2&,+-!,0!%&'-),0!)/'35-,'0!*511)*-!-7.-!

-7)&)!.&)!4.08!&'5-)*!98!<7,(7!.!%&'-),0!(.0!9)!)/'3/)2!+'&!.!1,/)0!+50(-,'0!.02!

)=%)&,)0()!,0!)0>84)!*-52,)*!*511)*-*!-7.-!45-.-,'0*!'5-*,2)!-7)!.(-,/)!*,-)!(.0!

,0+35)0()!9,02,01!(.%.9,3,-8!?@3''46!A&0'32!"BBC6!@)&*7-),06!D'32,0!E!F.<+,G!

"BB$6!H'4)&'6!A&0'32!"BBC6!;7,4'-'70'!)-!.3:!"BBI6!;%,33)&!)-!.3:!ICCCJ:!F7)!

4.K'&,-8!'+!F,)"!)(-'2'4.,0!<.*!*)3)(-)2!+'&!)/'35-,'0!.*!'%%'*)2!-'!-7)!*%)(,+,(!

L1"!9,02,01!2'4.,0!-'!)=%.02!)/'35-,'0.&8!%'-)0-,.3:!F7)!45-.-,'0!&.-)!,0!-7,*!

)=%)&,4)0-.3!*8*-)4!2,2!0'-!%)&4,-!).&38!%'%53.-,'0!*(&))0,016!95-!,0!.22,-,'0!-7)!

,2).!-7.-!-7)!%'%53.-,'0!4.8!0)5-&.338!2&,+-!<.*!-7'517-!-'!)07.0()!-7)!%&'*%)(-!

'+!)%,*-.*,*!.02!,4%&'/)!2,/)&*,-8:!!

!

F7)!2,*('/)&8!'+!.!7,17!%&)/.3)0()!'+!2)3)-,'0*!,0!-7)!CM4'0-7!(53-5&)2!%'%53.-,'0!

0)()**,-.-)2!.0!,0,-,.3!%.00,01!&'502!,0!'&2)&!-'!*)%.&.-)!9,02,01!.02!0'0M9,02,01!

%'%53.-,'0*:!L-!<.*!0'-!*5&%&,*,01!-'!2,*('/)&!-7.-!-7)!0'0M9,02)&*!('0-.,0)2!

453-,%3)!2)3)-,'0*!.02!F,)"!)=%&)**,'0!3)/)3*!<)&)!/)&8!3'<:!L-!<.*!7'<)/)&!

2,*.%%',0-,01!-'!2,*('/)&!.!3'<!45-.-,'0!+&)N5)0(8!,0!-7)!9,02,01!%'%53.-,'06!.02!

-7,*!*'4)<7.-!3,4,-)2!-7)!%'-)0-,.3!'+!-7)!*-528!98!&)25(,01!-7)!-.&1)-!()33!

+&)N5)0(8!+5&-7)&!.02!('0*)N5)0-38!%3.(,01!4'&)!)4%7.*,*!'0!-7)!('4%)-)0()!'+!

-7)!9,02,01!.**.8:!F7)!%&)/.3)0()!'+!2)3)-,'0*!,0!()33*!*59K)(-)2!-'!%&'3'01)2!

(53-5&)!('532!9)!%'-)0-,.338!./',2.93)!,0!+5-5&)!*-52,)*!98!,0-)&4,--)0-38!*'&-,01!

+'&!F,)"!)=%&)**,'0:!!



! "#$!

!

%&'('!)*!+!,(+-.)-+/!/)0).!.1!.&'!2304'(!15!-'//*!.&+.!-+2!4'!*-(''2'6!+26!.&'('51('!

.&'!0+7)030!6)8'(*).9!-+221.!4'!.'*.'6:!;0,(18'0'2.!15!-'//!8)+4)/).9!63()2<!.&'!

*.+)2)2<!,(1-'**!=13/6!,+(.)+//9!+66('**!.&)*!)**3'>!.&13<&!)2!,(+-.)-'!0+9!4'!

6)55)-3/.!.1!+-&)'8'!<)8'2!.&'!.(+30+!)281/8'6!)2!-'2.()53<+.)12!9'.!.&'!2''6!.1!

=+*&!-'//*!5(''!15!+29!3241326!/+4'/:!?+<2'.)-!*1(.)2<!&+*!4''2!+681-+.'6!+*!+2!

1,.)12!51(!-1263-.)2<!,+22)2<!(1326*!12!/+(<'(!-'//!,1,3/+.)12*!+26!-13/6!4'!

)28'*.)<+.'6!53(.&'(!@A'2.B'/!'.!+/:!C$$$D:!

!

%&'!-&1*'2!+,,(1+-&!51(!'81/3.)12!15!+2!E2<"F4)26)2<!,(1.')2!=+*!.1!)2).)+//9!

*'/'-.!)0,(18'6!E2<"!4)26'(*>!51//1='6!49!*34*'G3'2.!*-(''2)2<!51(!E2<C!4)26)2<!

+55)2).9:!%&'!*.()2<'2-9!15!*'/'-.)12!=+*!<(+63+//9!)2-('+*'6!.&(13<&!E2<"!

-12-'2.(+.)12!+26!,'(-'2.+<'!15!,1,3/+.)12!*'/'-.'6:!%&)*!9)'/6'6!+!,1,3/+.)12!

=).&!)0,(18'6!E2<"!4)26)2<!('/+.)8'!.1!%)'"!'7,('**)12>!9'.!)2).)+/!*'G3'2-)2<!

+5.'(!513(!(1326*!15!*'/'-.)12!('8'+/'6!.&+.!.&'!0+H1().9!15!-'//*!&+(413('6!+!

6'/'.'()13*!IJEK!03.+.)12!+*!1,,1*'6!.1!+!,1*).)8'!%)'"!03.+.)12:!!

!

%&'!13.-10'!15!.&)*!'81/3.)12!*3--'**53//9!6'012*.(+.'*!+!<'21.9,'!.&+.!6)('-./9!

/)2L*!.1!.&'!14*'(8'6!,&'21.9,'>!43.!.&'!,1,3/+.)12!=+*!21.!.+L'2!51(=+(6!51(!

53(.&'(!*'/'-.)12!<)8'2!.&'!(+().9!15!.&'!)0,(18'6!E2<"F4)26)2<!.+(<'.!-'//!+26!/1=!

,(14+4)/).9!15!<'2'(+.)2<!*)<2)5)-+2.!6)8'(*).9!4'.=''2!(1326*!15!*1(.)2<:!

M,.)0)*+.)12!15!.&'!03.+.)12!5('G3'2-9!)*!2'-'**+(9!.1!,(163-'!+2!+,,(1,()+.'!

/)4(+(9!)2!=&)-&!.1!*'+(-&!51(!)0,(18'6!E2<"F4)26)2<!+26N1(!('63-'6!E2<C!

4)26)2<!+55)2).9:!!!

!



! "#$!

%&'!()*+,+-.-/0!*1!2'.'3/-45!67/,4/2!8-/&!)'973'9!+-49-45!,11-4-/0!6,0!+'!5)',/')!

/&,4!2'.'3/-45!-6()*:'9!67/,4/2;!,49!,2!273&!%-'"!8,2!,.2*!':*.:'9!1*)!)'973'9!

<45"!+-49-45=!>:*.7/-*4!*1!,!%-'"?@%#$!(*(7.,/-*4!8-/&!)'973'9!<45"!+-49-45!

,11-4-/0!8,2!,3&-':'9!+0!2'.'3/-45!3'..2!/&,/!9-9!4*/!,((,)'4/.0!+-49!<45"!9'2(-/'!

'A()'22-45!%-'"=!B&'4!3*6(,)'9!8-/&!/&'!742*)/'9!<45"?+-49-45!27+(*(7.,/-*4;!

/&'!':*.:'9!3'..2!'A&-+-/'9!)'973'9!<45"?+-49-45!,11-4-/0=!<!2-45.'!67/,/-*4!

'43*74/')'9!-4!/&'!6,C*)-/0!*1!2*)/'9!3'..2;!DEFFG;!8,2!)'2(*42-+.'!1*)!/&-2!

(&'4*/0(-3,.!3&,45'=!%&'!)'2-97'!-4!H7'2/-*4!-2!I4*84!/*!3*4/,3/!<45"!97)-45!

+-49-45;!/&*75&!-/2!67/,/-*4!9*'2!4*/!,+*.-2&!+-49-45!,./*5'/&')!-4!/&-2!2/790=!!

!

%&'!3*6+-4,/*)-,.!'11'3/!*1!17)/&')!67/,/-*42!1*)!)'973'9!,45-*(*-'/-4!+-49-45!

8*7.9!()*:-9'!72'17.!-42-5&/!-4/*!,45-*(*-'/-4?%-'"!-4/'),3/-*42=!J*8':')!/&'!

,33767.,/-*4!*1!67/,/-*42!+'/8''4!)*7492!*1!2'.'3/-*4!8,2!-4/)-42-3,..0!.-6-/'9!

,49!,!()*.*45'9!(')-*9!*1!37./7)'!+'/8''4!)*7492!8*7.9!+'!4'3'22,)0!/*!,99)'22!

/&-2!-227'=!K*4/),)-.0;!-/!-2!-6(*)/,4/!/*!)'?2*)/!.-+),)-'2!,2!2**4!,2!/&'!9'2-)'9!

(*(7.,/-*4!2-L'!-2!)',3&'9!/*!()':'4/!.*22!*1!'A-2/-45!9-:')2-/0!/&)*75&!3'..!

(,22,5-45=!%&'!-9'4/-1-3,/-*4!*1!,!2-45.'!3*45)7'4/!67/,/-*4!,2!*((*2'9!/*!67./-(.'!

9-11')'4/!67/,/-*42!-4!/&'!2'.'3/'9!3'..2!2755'2/2!/&,/!/&'!67/,/-*4!),/'!-4!%-'"?

@%#$!8,2!/**!.-6-/-45!/*!3*42-9')!17)/&')!-/'),/-:'!2'.'3/-*42=!!

!

%&'!,+-.-/0!/*!-9'4/-10!,!67/,4/!1*)6!*1!%-'">K@!8-/&!9-11')'4/!<45"!+-49-45!

3,(,+-.-/0!+0!23)''4-45!,49!2'.'3/-*4!*1!,!@%#$?+,2'9!.-+),)0!)'()'2'4/2!()**1!*1!

3*43'(/!-4!/&-2!6'/&*9=!M4!*)9')!/*!,3&-':'!/&'!*)-5-4,.!5*,.!*1!3)',/-45!,!1*)6!*1!

%-'">K@!/&,/!()'1')'4/-,..0!+-492!<45"!,49!4*/!<45E;!/&'!67/,/-*4!),/'!,49!

23)''4-45!,22,0!672/!+'!*(/-6-2'9=!J*8':')!/&'!2733'22!-4!':*.:-45!%-'"!1*)!,!



! "#$!

%&'!()&%*+,(&!(-&.&%+&/!)&-&!.011&.+.!+)2+!345!6*789%&/!'9+)!6&::!.0-;26&!

/9.(:2,!9.!2!.09+28:&!2((-*26)!+*!26)9&<&!.06)!2%!*8=&6+9<&>!

!

!

"#$!%&'()*+,&'!

!

?+!9.!9-*%96!,&+!(-&/96+28:&!+)2+!+)9.!+&6)%*:*1,!-&@09-&.!&<*:0+9*%!9%!*-/&-!+*!

26@09-&!+)&!%&6&..2-,!.*()9.+962+9*%!;*-!9+.!*'%!2((:962+9*%!*;!/9-&6+&/!&<*:0+9*%>!

A)&!(-&:979%2-,!'*-B!(-&.&%+&/!9%!+)9.!+)&.9.!/&7*%.+-2+&.!+)2+!+)&!6*789%2+9*%!

*;!<&-+&8-2+&!6&::!82.&/!.*72+96!),(&-70+2+9*%!2%/!6&::!.0-;26&!/9.(:2,!&%28:&.!

/9-&6+&/!&<*:0+9*%!*;!89%/9%1!(-*+&9%.>!A)&!(-*(*.&/!2/<2%+21&.!*;!+)9.!7&+)*/!

*<&-!+-2/9+9*%2:!(-*+&9%!&%19%&&-9%1!+&6)%9@0&.!=0.+9;,!9%<&.+7&%+!9%!9+.!;0+0-&!

/&<&:*(7&%+>!

!

!



!

!

!

!

!""#$%&'#()

!

!



! "#$!

!""#$%&'()*+,(-./(
(
01(-2&3#24(
!

503#( 6#78#$9#(:;(! (<;( !"(=>.1(

!"#$%&'(% CACCGCTAGCATGGACTCTTTAGCCAGCTT )*+,%

!"#$%-#.% GGAATTCTTAACAGAAATGTTGAAGGGCT )$+/%

012&-%&'(% CACCAAGAATTCCCCCGCCGCCGCCGCCGCCATGGACTACAAGGACGACGACGAC
AAGCTGGTGGGCCAGGACACGCAGGA 

33+)%

012&-%-#.% AGATCTTCAGTAACGTGGCTTCTTCTGCC ))+4%

25%&'(% TTTCCGAAAAAAATGACAAAATATT ,6+,%

25%-#.% GGTCAAGCCTTGCCTTGTTGTAGCTTAAATTTTGC )*+7%

0,%&'(% GGGGGATCCAGATCTGTGACCGGTGCAAGTGATAGAAACT 4/+)%

0/%-#.% TACAAAAACCTCCTGCCAGTGCAAGGAGCAGCTGATGGTTTTTACTGTCT 4,+$%

889:1%&'(% AGAAGATCTATGGACAGCCTCTTGATGAAGAGG )3+$%

889:1%-#.% GCAGAATTCTCAAAGTCCCAGAGTTTTAAAGGC )4+;%

<=9:1%&'(% CACCATGGACAGCCTCTTGATGAACCGG )*+,%

<=9:1%-#.% TCAAAGTCCCAAAGTACGAAATGCGTC )7+/%
%

%'>=%#=?"@>?#(%>AABC("D8%?B%?<#%EBC@FG>H%
%

%

%

%
%I%DF@J#C%8F>D"D#%J>=#=%
%I%DF@J#C%AK?B="D#%J>=#=%
%I%?B?>G%DF@J#C%J>=#=! 

Tm

! 

Tm = 69.3+
41(nG + nC )

N
"
650
N

! 

nG

! 

nC

! 

N



! "##!

!"#$%&'()(*+,(-.#*-./(,(-.0#

#

!

"#$%&'(!

)*+*+!
,*)*-!
.*,*,!
.*,*.!

)*+*-!
)*+*)!
)*+*,!
)*-*-!

)*-*)! )*-*,! ,*+*)! ,*,*)! .*,*)! .*.*-!
.*/*-!

! 012!34&5#4! 6&#-! 7890:! 6&#-! 9;! 7.! <<=>8! ?@=>8! 6&#-! 6&#-!
! :#A!34&5#4! 6&#-! 7890:! 7890:! 9;! 7,! <<=>8! ?@=>8! 6&#-! 7890:!

>(&%&BC!
2#(B%D4B%&'(!

6#53!EFGH! I,! I,! I,! I,! I,! I.! IJ! I,! I,!

8D4B%&'(!E5&(H! )! )! )! )! .! )! K*.! )! )!

8#(B%D4B%&'(!
6#53!EFGH! I,! I,! I,! I,! I,! I.! IJ! I,! I,!

8D4B%&'(!E5&(H! +! +! +! K*.! +! +! K*.! K*.! +!

=((#BC&(<!
6#53!EFGH! /K! /.! /K! /K! /J! ..! /K! /K! /K!
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6x His V5 epitope 
CCC TT         AAG GGT 
GGG AAG TGG    TTC CCA 

!"# $%&'#

()*+#,#!-*./,00/#,#12&3+#

CACCGCTAGCATGGACTCTTTA… …AACATTTCTGTTAAGAATTCC 

pTie2ECD-TOPO 
6852bp 

!"#"#$%&'()*)+%(,%-*./0&1%*)2(%34156%7!"#189:;<*=;->?>@%.A3B.==*()%C.42(B#
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pCSD-TOPO 
5727bp 

H
in

dI
II 

A
sp

71
81

 

K
pn

I 

B
am

H
I 

         E
co

R
V

 

B
st

X
I 

N
ot

I 

X
ho

I 

X
ba

I 

A
pa

I 

S
ac

II 

     A
ge

I 

    P
m

eI
 

6x His V5 epitope 
CCC TT         AAG GGT 
GGG AAG TGG    TTC CCA ;<& =>#?&
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6x His V5 epitope 
CCC TTC ACC             
GGG AAG TGG     '3% Stop 

pTie2ECD-TOPO 
6852bp 

CSD PCR product 

EcoRI digest 

Tie2ECD-TOPO 

EcoRI/EcoRV digest 

Ligation 

CACCAAGAATTCCCCCGC… …TACTGAAGATCT 
GTGGTTCTTAAGGGGGCG… …ATGACTTCTAGA 

 

-./0$%&%4(56#7%&%849:%&%;<:80=*+&=>)%,%?@A$$%

GCTAGCATGGAC… …TGTTAAGAATTCC AAGGGTCAAGACAATTCTGCAGATATC 
CGATCGTACCTG… …ACAATTCTTAAGG TTCCCAGTTCTGTTAAGACGTCTATAG 
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6x His V5 epitope 
CCC TTC ACC             
GGG AAG TGG     '3% Stop 
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pAng2-Hypermut2 
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EcoRV 
NheI BglII 

!""#$%&'(')*%+,(--,'('./01&'('2*34%5'('6278'('9:861;,-(;<+'='>?@&&!""'

GCTAGCATGGAC… …TACTGAAGATCT 
CGATCGTACCTG… …ATGACTTCTAGA 

 

A73?+(BCA%5DEF+'
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6x His V5 epitope !"#

$%&'(#

CACCATGGACAGCCTC… …TTGGGACTTTGA 

         T 
  T 

   
   

  A   A 

!"!"#$%&'()*)+%(,%-./%*)0(%123456789*:8;<=<>#



!

!

!

!"!#"$%&'()*+

!



! "#$!

!%&'()*!+,%,*!-./*!0,*!1/23*!4,5,*!6(2*!6,*!0.7892*!:,*!;<.2'/=&*!>,*!+&(&<<2*!;,:,*!
?/@(2(*!A,5,!B!C77.8*!-,:,!"DDE*!FG&<!<HH<@=8!9H!(23.9I9.<=.2JE!(2)!J"!92!=/'9K!
3K9L=&!(2)!(23.93<2<8.8!.2!&/'(2!@9792!@(2@<KF*!!"#$%&'&%(%"&$)*'M97,!NE*!29,!
$*!II,!E"##JE"#O,!

%2)K<92.*!A,*!P9<=8@&*!-,*!-.Q92*!A,*!+('/<7892*!R,*!>3/S<2*!G,>,*!;9Q<K=*!%,*!T&7<2*!
:,*!?.2U*!V,!B!+=(&7*!+,!EOOW*!F679L!@S=9'<=K.@!X/(2=.H.@(=.92!9H!8/KH(@<J
).8I7(S<)!K<@9'Q.2(2=!K<@<I=9K8!92!8=(I&S79@9@@.F*!+,-.%$)#,/0%(*'M97,!"Y*!29,!
$*!II,!NONJWD"*!WD$,!

%K(Z(L(*!V,!B!?/<K8=<))<*!1,:,!"DD$*!F[''/29379Q/7.2!3<2<!@92M<K8.92\!.28.3&=8!
HK9'!Q/K8(7!?!@<778!(2)!=&<!5G$D!@<77!7.2<F*!1%2%3-45%#6"3'78#"5,$('9'"#'-::,$,"3'
40;3,$"6,-#'-:'6)%'<5%&,$"#'<((-$,"6,-#'-:'<#"6-5,(6(*'M97,!""O*!29,!Y*!II,!$#]J
$N$,!

%K(Z(L(*!V,*!V(/8@&.7)*!1,!B!?/<K8=<))<*!1,:,!"DD"*!F;<X/.K<'<2=!9H!=&<!(@=.M(=.92J
.2)/@<)!)<('.2(8<!^%[5_!3<2<!H9K!.''/29379Q/7.2!3<2<!@92M<K8.92F*!=$,%#$%'
>?%@'A-&B*'?CACD*'M97,!"O#*!29,!###]*!II,!EYDEJEYDN,!

%K(Z(L(*!V,*!`/)9*!V,*!?(=K(Z*!a,*!A(7)L<77*!;,?,*!;.<3<K*!:,%,*!C77L(K=*!1,0,!B!
?/<K8=<))<*!1,:,!"DD]*!FRK9=<.2!<M97/=.92!QS!&SI<K'/=(=.92!(2)!8<7<@=.92!.2!
=&<!?!@<77!7.2<!5G$DF*!?0$3%,$'"$,7('&%(%"&$)*'M97,!YN*!29,!E*!II,!<E,!

%K(Z(L(*!V,*!-9)S3.2*!5,!B!?/<K8=<))<*!1,:,!"DDE*!F:/=(2=!79bR!M<@=9K8!H9K!
8<7<@=(Q7<!'(KZ<K!K<@S@7<!(2)!@92).=.92(7!Z29@ZJ9/=8F*!+E!';,-6%$)#-3-F8*'M97,!
E*!II,!W,!

%K(Z(L(*!V,*!+(K.Q(8(Z*!V,!B!?/<K8=<))<*!1,:,!"DD$*!F%@=.M(=.92J.2)/@<)!@S=.).2<!
)<('.2(8<!.2.=.(=<8!.''/29379Q/7.2!3<2<!@92M<K8.92!(2)!&SI<K'/=(=.92!QS!(!
@9''92!.2=<K'<).(=<F*!GH-=';,-3-F8*'M97,!"*!29,!W*!II,!CEWO,!

%b<*!5,5,*!698=<K*!>,0,!B!6<K8&=*!%,;,!EOO]*!F%!8<(K@&!H9K!8.237<!8/Q8=.=/=.928!=&(=!
<7.'.2(=<!<2US'(=.@!H/2@=.92!.2!(!Q(@=<K.(7!K.Q92/@7<(8<F*!+,-$)%5,(6&8*'M97,!
YW*!29,!"D*!II,!WE#WJWENN,!

?(@&7*!1,*!A(K7892*!A,*!PK(SJ+@&9IH<K*!a,*!5<88.23*!:,!B!c78892*!A,!"DDE*!F[2@K<(8<)!
=K(28@K.I=.92!7<M<78!.2)/@<!&.3&<K!'/=(=.92!K(=<8!.2!(!&SI<K'/=(=.23!@<77!7.2<F*!
I-0&#"3'-:',550#-3-F8'>+"36,5-&%*'E7C9'JKLMD*'M97,!ENN*!29,!]*!II,!#D#EJ#D#W,!

?(@&7*!1,!B!0(Q7*!:,!EOON*!F%2!.''/29379Q/7.2!'/=(=9K!=&(=!=(K3<=8!P,A!Q(8<!
I(.K8F*!G&-$%%7,#F('-:'6)%'?"6,-#"3'<$"7%58'-:'=$,%#$%('-:'6)%'N#,6%7'=6"6%('-:'
<5%&,$"*'M97,!OY*!29,!"*!II,!]#EJ]##,!

?(HH<K=*!6,*!G&/K8=92*!P,*!;9@&92J5/@Z*!:,*!-<*!G,*!?K<ZZ<2*!;,!B!:@592(7)*!5,:,!
"DD$*!F%3<JK<7(=<)!@&(23<8!.2!M(8@/7(K!<2)9=&<7.(7!3K9L=&!H(@=9K!)<I<2)<2@S!
(2)!(23.9I9.<=.2JEJ.2)/@<)!I7(8=.@.=S!9H!()/7=!Q799)!M<88<78F*!!,&$03"6,-#'
&%(%"&$)*'M97,!O$*!29,!W*!II,!O]$JOO",!



! "##!

$%&&'()*!+,*!-'./%01%/02%&(./*!$,*!-%3.&)*!4,-,*!25$&.6'*!7,2,!8!9:;;'/<='.>*!2,?,!
"@@A*!B?0('&3./%C!6'C'(.)/!)D!4EF!:/5):GC';!5C%;;!;=.(5H!&'5)3I./%(.)/!D&)3!
;)3%(.5!HJG'&3:(%(.)/!%/6!>'/'!5)/K'&;.)/B*!!"#$%&#'()%$##*)K)C,!L"*!/),!"*!GG,!
#@L0#@M,!

$%&()/*!N,4,*!O<K'(P)K%*!F,!8!9.P)C)K*!F,$,!"@@#*!B1(&:5(:&'!)D!(H'!%/>.)G).'(./0"!
&'5'G()&!I./6./>!6)3%./!%/6!.6'/(.D.5%(.)/!)D!;:&D%5';!./K)CK'6!./!O.'"!
&'5)>/.(.)/B*!+,(&%,&($)-."/0"/*)1/2#'/0)3)45567*)K)C,!LA*!/),!#*!GG,!M"#0MA",!

$%&()/*!N,4,*!O<K'(P)K%0-)I'K*!F,*!2.&%/6%*!Q,R,*!7)C'K*!2,+,*!-%S%;H%/P%&*!7,-,*!
T.3%/'/*!U,R,!8!9.P)C)K*!F,$,!"@@V*!B?&J;(%C!;(&:5(:&';!)D!(H'!O.'"!&'5'G()&!
'5()6)3%./!%/6!(H'!%/>.)G).'(./0"0O.'"!5)3GC'WB*!8',&($)9,(&%,&('#):)
;"#$%&#'()<="#"2>*)K)C,!LA*!/),!V*!GG,!#"X0#A",!

$%;:*!Y,*!?H%:6H:&.*!U,*!4CG'&(*!?,*!F:((*!1,*!-%/>%/%(H*!1,*!Z.*![,*!15H&:3*!U,R,*!2%/.;*!
U,R,!8!4C(*!\,N,!"@@#*!BOH'!4EF!%/(.I)6J!6.K'&;.D.5%(.)/!'/<J3'!.;!&'>:C%('6!IJ!
G&)('./!P./%;'!4!GH);GH)&JC%(.)/B*!8',&($*)K)C,!XAM*!/),!]@V]*!GG,!#@M0#LL,!

$%(';*!1,-,!8!^:%P'*!1,-,!"@@_*!BT.>HCJ!G%&%CC'C!3'%;:&'3'/(;!)D!./('&%5(.)/!P./'(.5!
5)/;(%/(;!=.(H!%!3.5&)D%I&.5%('6!)G()3'5H%/.5%C!6'K.5'B*!?@@#=$0)AB>9=%9)
.$,,$(9*)K)C,!_#*!/),!]*!GG,!]A]@#,!

$'&>'&;*![,!8!T%/%H%/*!F,!"@@M*!B2)6';!)D!&';.;(%/5'!()!%/(.0%/>.)>'/.5!(H'&%GJB*!
8',&($)($C=$D9EF'/%$(*)K)C,!M*!/),!M*!GG,!#_"0V@A,!

$'&;H('./*!1,*![)C6./*!7,!8!O%=D.P*!F,1,!"@@M*!BE/('/;'!/':(&%C!6&.D(;!J.'C6!&)I:;(!%/6!
'K)CK%IC'!5)/;'/;:;!G&)('./;B*!G"&(/'#)"H)!"#$%&#'()I="#"2>*)K)C,!A]_*!/),!#*!GG,!
L@"_0L@XX,!

$C%>)6%(;P.*!4,*!$%(&%P*!+,*!15H3.6C*!1,*!15H)'(<*!Y,*!?%C6='CC*!-,$,*!4&%P%=%*!T,!8!
$:'&;('66'*!U,2,!"@@_*!B4!5.;0%5(./>!6.K'&;.D.5%(.)/!%5(.K%()&!I)(H!/'5';;%&J!
%/6!;:DD.5.'/(!D)&!4EF03'6.%('6!HJG'&3:(%(.)/B*!A."+)2$/$,=%9*)K)C,!#*!/),!L*!GG,!
'L@@@AA",!

$C))3*!U,F,!8!4&/)C6*!\,T,!"@@_*!BE/!(H'!C.>H(!)D!6.&'5('6!'K)C:(.)/`!G%(H=%J;!)D!
%6%G(.K'!G&)('./!'K)C:(.)/B*!A("%$$0=/29)"H),B$)8',="/'#)?%'0$;>)"H)+%=$/%$9)"H)
,B$)J/=,$0)+,',$9)"H)?;$(=%'*)K)C,!L@V!1:GGC!L*!GG,!___#0L@@@@,!

$C))3*!U,F,*!-)3'&)*!R,4,*!Z:*!a,!8!4&/)C6*!\,T,!"@@]*!B9':(&%C!>'/'(.5!6&.D(!5%/!%C('&!
G&)3.;5:):;!G&)('./!D:/5(.)/;*!G)('/(.%CCJ!%.6./>!D:/5(.)/%C!'K)C:(.)/B*!
I="#"2>)0=($%,*)K)C,!"*!GG,!L],!

$)6'&*!Q,O,*!2.6'CD)&(*!7,1,!8!N.((&:G*!7,F,!"@@@*!BF.&'5('6!'K)C:(.)/!)D!%/(.I)6J!
D&%>3'/(;!=.(H!3)/)K%C'/(!D'3()3)C%&!%/(.>'/0I./6./>!%DD./.(JB*!A("%$$0=/29)
"H),B$)8',="/'#)?%'0$;>)"H)+%=$/%$9)"H),B$)J/=,$0)+,',$9)"H)?;$(=%'*)K)C,!_]*!/),!
"@*!GG,!L@]@L0L@]@#,!

$)6'&*!Q,O,!8!N.((&:G*!7,F,!L__M*!BbG(.3%C!;5&''/./>!)D!;:&D%5'06.;GC%J'6!
G)CJG'G(.6'!C.I&%&.';B*!I=",$%B/"#"2>)@("2($99*)K)C,!LX*!/),!L*!GG,!##0V",!



! "#$!

%&'()*!+,-,!.!/011)23*!4,5,!6778*!9:(;<1!<2)=;>(!'0<3?;@!=&)!<>)((A0AB!
>&CD0A;1&)0;?!3&?@3(310'(!?0D);)0(<9*!!"#$%&'()*#&+,-*.*/01'E&?,!6#*!A&,!$*!33,!
##FG##8,!

%&B';A&E0>*!+,*!HB2@(A*!I,J,!.!52C&A1*!5,K,!"LL$*!9M>10E;10&A!&=!-0("!D@!
;AB0&3&0(10AG6!;A'!;AB0&3&0(10AG"!)(<2?1<!0A!1N(0)!)(?(;<(!;A'!)(>(31&)!
0A1()A;?0O;10&A9*!2*$%-".'*3'+&..'4+)&-+&1'E&?,!667*!A&,!J1!68*!33,!F##6GF#$L,!

%&P()<*!J,Q,*!R&)?0>S*!T,M,*!H(D(A*!-,:,*!-&&D0;A*!T,Q,*!-&C?0A<&A*!U,V,*!5;?1&A*!K,V,*!
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