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?&'4*%*($+)!
*

>?*@'A/5%'2*!#2'0?*A50;'%B*/C2/*/C$*D5%9*#%$($0/$)*'0*/C'(*/C$('(* '(*B,*5D0?*)$(A%'+'07*

%$($2%AC*A5B#6$/$)*+$/D$$0*EA/5+$%*FGHG*20)*I"7"(/*FGHJ*"0)$%*/C$*("#$%&'('50*5;*

K%5;$((5%*.'%(/$0*12%&$,*20)*L%M*!2(9'2*:'(9"#M*NC$%$* '0;5%B2/'50*C2(*+$$0*)$%'&$)*

;%5B*5/C$%* (5"%A$(*5%* '0* A5662+5%2/'50?* >* A50;'%B* /C2/* /C'(* C2(*+$$0* '0)'A2/$)* '0* /C$*

/C$('(M*I66*/$O/*D2(*D%'//$0*+,*B$*20)*/C5($*#2%/(*DC'AC*C2&$*2##$2%$)*'0*#"+6'A2/'50*

C2&$*+$$0*'0)'A2/$)*+,*A'/2/'50M*

*

*

* * * * * * * * * * * *

@'A/5%'2*!#2'0* * * * * * L2/$* *
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$$! ",1(%*'(!
!
P"/2/'50(*'0*!""#$*2%$*2*A5BB50*A2"($*5;*K2%9'0(50Q(*)'($2($*RKLSM*!""#$*$0A5)$(*6$"A'0$T

%'AC*%$#$2/*9'02($*F*R8UU.FS?*2*UE4E*#%5/$'0M* >/*C2(*20*$0V,B2/'A*A5%$*A50('(/'07*5;*2*U2(*5;*

A5B#6$O* #%5/$'0(* RU5AS* W<K2($* )5B2'0* 20)* 9'02($* )5B2'0?* ("%%5"0)$)* +,* #%5/$'0T#%5/$'0*

'0/$%2A/'50*%$7'50(M*K2/C57$0'A*8UU.F*B"/2/'50(*B5)';,*2A/'&'/,* '0*/C$($*$0V,B2/'A*)5B2'0(?*

+"/*C5D*/C'(*6$2)(*/5*0$"%5)$7$0$%2/'50*'(*(/'66*/5*+$*$6"A')2/$)M**

*

E0$*5;*/C$*;$D*A50;'%B$)*8UU.F* '0/$%2A/5%(* '(* /"+"6'0?* /C$*B2'0*A50(/'/"$0/*5;*B'A%5/"+"6$(*

RP<(S* 20)* #2%/* 5;* /C$* A,/5(9$6$/26* 0$/D5%9M* L'($2($TA2"('07* B"/2/'50(* '0* 8UU.F* 26/$%* /C'(*

0$/D5%9?* %$)"A'07* 0$"%'/$* 5"/7%5D/C* 20)* 6$2)'07* /5* 2AA"B"62/'50* 5;* C,#$%#C5(#C5%,62/$)*

P<T2((5A'2/$)* #%5/$'0* RPIKS* /2"M*P$20DC'6$* AC207$(* '0* #5(/T/%20(62/'5026*B5)';'A2/'50(* 5;*

/"+"6'0*20)*PIK(*26/$%* /C$*),02B'A* '0(/2+'6'/,*5;*P<(?* 6$2)'07* /5*2+$%%20/*2O5026* /%20(#5%/?*

(,02#/'A*),(;"0A/'50*20)*2O5026*)$7$0$%2/'50M*

*

>* '0&$(/'72/$)* /C$*8UU.FT/"+"6'0* '0/$%2A/'50M*3('07*,$2(/* /D5TC,+%')* >*)$B50(/%2/$)* /C2/* /C$*

'0/$%2A/'50*'(*A50;$%%$)*+,*/C$*8UU.F*U5A*)5B2'0*20)*/C$*4T/$%B'0"(*5;*/C$*XT/"+"6'0*'(5;5%B(*

<3::?* <3::J* 20)* <3::YM* <C$* '0/$%2A/'50* %$Z"'%$(* 8,([YF* 20)* I62[YJ* 20)* '(* +65A9$)* '0*

'(5;5%B(* $O#%$(('07* 2* ($%'0$* 2/* /C$($* #5('/'50(M* <C'(* ('/$* '(* 50* /C$* 6"B'026* ;2A$* 5;* P<*

#%5/5;'+%'6(?* A65($* /5* /C$* #2A6'/2O$6* +'0)'07* ('/$* 20)*!T/"+"6'0* 8,(JG* 2A$/,62/'50* ('/$?* +5/C* 5;*

DC'AC*2%$* '0&56&$)* '0*P<*(/2+'6'/,M*<C'(* 65A2/'50* '(*#55%6,*2AA$(('+6$*D'/C'0*B2/"%$?*(/2+'6'($)*

P<(*+"/*$O#5($)*'0*),02B'A*P<*#5#"62/'50(M*450('(/$0/*D'/C*/C'(*;'0)'07?*$0)57$05"(*8UU.F*

65A2/$)*/5*),02B'A*7%5D/C*A50$*P<(*'0*!1T!\]\*A$66(M*E&$%$O#%$(('50*20)*905A9T5"/*(/")'$(*'0*

1^.*A$66(*20)*B5"($*$B+%,50'A*;'+%5+62(/(*(C5D$)*/C2/*8UU.F*'(*2((5A'2/$)*D'/C*%$)"A$)*!T

/"+"6'0*2A$/,62/'50M*

*

<C$($* %$("6/(*)$B50(/%2/$* /C$* (#$A';'A'/,*5;* /C$* 8UU.FT/"+"6'0* '0/$%2A/'50?* ("77$(/'07* 8UU.F*

)'(/%'+"/'50* 2/* /C$* A,/5(9$6$/50* '(* )$/$%B'0$)* +,* /C$* /"+"6'0* A5B#5('/'50* 20)* B2,* &2%,*

+$/D$$0* A$66* /,#$(M* 4C207$(* '0* P<* 2A$/,62/'50* '0* /C$* #%$($0A$* 5;* )'($2($TA2"('07* 8UU.F*

B"/2/'50(*A5"6)*A50/%'+"/$*/5*#2/C57$0'A*B$AC20'(B(?*D'/C*26/$%$)*P<*(/2+'6'/,*'B#6'A2/$)*'0*

KL*0$"%5)$7$0$%2/'50M*

*

I(*B"/2/'50(*2;;$A/'07* /C$*XT/"+"6'0*4T/$%B'026* %$(')"$(* A5"6)*)'(%"#/* /C$* 8UU.F* '0/$%2A/'50*

D'/C5"/* A5B#%5B'('07* P<* '0/$7%2/'50?* 2* A5C5%/* 5;* 62/$T50($/* ;2B'6'26* KL* A2($(* D2(* 26(5*

(A%$$0$)*;5%*B"/2/'50(*D'/C'0*/C$*A,/5(9$6$/50M*

! !



 3 

$$$! "'0)+-4&#;&:&)(1!
_'%(/*/5*B,*("#$%&'(5%(-*.'%(/$0*12%&$,*20)*!2(9'2*:'(9"#*;5%*,5"%*C$6#?*("##5%/*20)*#2/'$0A$*

2(*>*A5B#6$/$)*/C'(*KCL?*;5%*7'&'07*B$*/C$*5##5%/"0'/,?*$0A5"%27'07*B$*DC$0*'/*D2(*266*75'07*

D%507*20)*("##5%/'07*B$*/C%5"7C5"/*/C$*62(/*;5"%*,$2%(?*>*/C209*,5"M*

*

_=%*B$'0$*L$"/(AC$0*_%$"0)$*"0)*.566$7$0-*L209$* V"B*!/$;;'* .6$'0B'AC2$6?* .2/C%'0*12"($%?*

462")'2* !AC"6/$?*P2O* !AC"+2AC* "0)* I00$*N'0/$%?* )'$* C2/* 266$(*B'/* ^)$6B"/* "0)*W$)"6)* ;=%*

B$'0*L$"/(AC$*$%96`%/$M*K%5;$((5%*<C5B2(*W2(($%*"0)*L20'$62*:$%7*C2/*B'AC*7$Ca%/*"0)*+$%'$/*

"+$%*)'$*W$0$/'(AC$*!"AC$M*I"AC*!2%2C*8$AC0$%?*4C%'(*N'6C$6B?*.2/C%'0*K$/$%(M*b'$B20)*('0)*

B$C%*&$%%"A9/?*'BB$%*B'/*(#2ß*"0)*7$#6`09$6c*30)?*720V*962%?*266$*P$0(AC$0*'0*4$W2<*"0)*)'$*

1$%/'$?* )'$* 'BB$%* ;%$"0)6'AC* "0)* 7=/'7* D2%$0M* ^0)6'AC* !/$662* I&%2B')5"?* )'$* D"0)$%+2%(/$*

P'/+$D5C0$%'0?*.aAC'0?*Na%/$%+"AC*"0)*!B2%/'$*'0*L$"/(AC620)c*

*

:2A9*'0*/C$*3.?*$05%B5"(*/C209(*75*/5*L20*:$%D'A9*;5%*($%$0$6,*/2A96'07*2*A50(/20/*(/%$2B*5;*

Z"$(/'50(?*2(*D$66*2(*d500,*b'O50TI+$66*;5%*62/$T0'7C/*,$2(/*AC2/(*20)*B$72*$O#$%'B$0/(e*/$2B*

8UU.Fc*.$$#*"#*/C$*755)*D5%9*2;/$%*>* 6$2&$c*E+&'5"(6,*2*+'7*/C209(*75$(*/5*B,*5/C$%*;%'$0)(*

20)*D5%9B2/$(-*@'A9,*d2B$(?*!2%2C*U2B()$0?*42%56'0$*I0)$%(50?*d$00';$%*W'66?*P2%'20*:620A2*

U2B'%$V?* @$%50'A2* 8$'0(/$%?* KC'6'##* N$(AC$?* KC'6* 8507?* .'B* N27$%?* !'B50$* W%2005?* 82"%2*

_$)$6$?*82"%2*K$66$7%'0'?*I6$O*K$#6$%?*!5#C'$*8$2A5A9*20)*b2/2(C2*f"$%$(C'?*2(*D$66*2(*/C$*%$(/*

5;*/C$*(/")$0/(*20)*#5(/T)5A(*5;*/C$*#C2%B2A,*)$#2%/B$0/M*\5"*2%$*266*+%'66'20/*20)*B2)$*B,*

KCL*(5*B"AC*$2('$%*20)*B5%$*;"0c*

*

!#$A'26*2A905D6$)7$B$0/(*26(5*75*/5*U5+*12%&$,*;5%*/C$*$O/%2*("##5%/*20)*2)&'A$*20)*:$%02%)*

82D*20)*U5(2*!20AC5*;5%*,5"%*$OA$66$0/*D5%9*DC'AC*D2(*/C$*+2('(*5;*$&$%,/C'07*>*)')M*<C209(*

/5*/C$*348*!AC556*5;*KC2%B2A,*20)*/C$*30'&$%('/,*5;*<=+'07$0*;5%*;"0)'07*/C$*KCL?*26507*D'/C*

W"2%20/5%(*5;*:%2'0*;5%*/C$*/%2&$6*7%20/*$02+6'07*B$*/5*2//$0)*/C$*N5%6)*K2%9'0(50Q(*4507%$((*

'0*4202)2M*

*

>* D5"6)* 6'9$* /5* /C209* 266* B,* ;%'$0)(* 20)*B,* ;2B'6,-* P"B?* L2)?* U5+$%/2* 20)* !"('$* 20)* /C$*

L20'$6(* ;5%* 2//$B#/'07* /5*"0)$%(/20)*20)*26D2,(*+$'07* ("##5%/'&$g* $(#$A'266,*P"B* ;5%* ,5"%*

#%55;%$2)'07*20)*B5/'&2/'5026*(#$$AC$(M*

*

_'026*/C209(*75*/5*L5BM*\5"*#2/'$0/6,*C$6#$)*B$*/C%5"7C*^OA$6*/20/%"B(?*B'(($)*#620$*#20'A(*

20)*1"62*155#*5+($(('50(*'0*W$%B20,?*2(*D$66*2(*)'6'7$0/6,*%$2)'07*2*/C$('(*50*2*/5#'A*5;*DC'AC*

,5"*905D*05/C'07M*<C209*,5"*(5*&$%,*B"ACM* *
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@*,4&!+8!A+)(&)(1!
'* * L$A62%2/'50* * * * * * * * H*
''* * I+(/%2A/* * * * * * * * F*
'''* * IA905D6$)7$B$0/(* * * * * * * [*
'&* * 8'(/*5;*;'7"%$(* * * * * * * * h*
&* * 8'(/*5;*/2+6$(* * * * * * * * HF*
&'* * 8'(/*5;*2++%$&'2/'50(* * * * * * * HJ*

BC!! ! D)(%+#5'($+)!! ! ! ! ! ! BE!
! ! ! ! ! ! !!!!!!!!!! ! ! ! ! !

BCB! ! /*%0$)1+)21!?$1&*1&! ! ! ! ! ! BF!

HMHMH* * K2/C5657,** * * * * * * * Hi*
HMHMF* * !,B#/5B(* * * * * ** * * FG*
HMHM[* * 42"($(*** * * * * * * * FG*
HMHM[MH* * * ^0&'%50B$0/26*%'(9*;2A/5%(* * * * * FG*
HMHM[MF* * * K%5/$A/'&$*;2A/5%(* * * * * * FH*
HMHM[M[* * * W$0$/'A** * * * * * * FH*
HMHMJ* * <%$2/B$0/* * * * * * * * FH*
* * * * * * * * * * * *

BC7!! ! G&)&($'1!+8!/?! ! ! ! ! ! ! 77!

HMFMH* * I"/5(5B26*)5B'020/** * * * * * * F[*
HMFMHMH* * * %&'()*+("#,-./) ) ) ) ) ) FJ*
HMFMHMF* * * !""#$)*+("#0/) ) ) ) ) ) ) FJ*
HMFMHM[* * * 1+%23)*+("#,4/) ) ) ) ) ) F]*
HMFMHMJ* * * 30A50;'%B$)*7$0$(* * * * * * F]*
HMFMF* * I"/5(5B26*%$A$(('&$) ) ) ) ) ) ) FY)
HMFMFMH))) ^EKL*20)*/C$*B'/5#C27,*#2/CD2,)*+("#$5)+("#65)+("#4) )
) ) 20))+("#,3/) ) ) ) ) ) ) ) Fj)
HMFMFMF* ) ) (7+,2($)*+("#8/)) ) ) ) ) ) Fj)
HMFMFM[* ) ) +!($96)*+("#,./! ! ! ! ! ! Fi)
HMFM[* * U'(9*65A'!! ! ! ! ! ! ! ! Fi*
HMFM[MH* ) ) 9:() ) ) ) ) ) ) ) Fi)
HMFM[MF* ) ) ;(+7) ) ) ) ) ) ) ) Fi*
HMFMJ* * I))'/'5026*65A2/'50(* * * * * * * Fh!
! ! ! ! ! ! ! ! ! ! ! !

BCH!! ! I&5'$)&6%$'.!%&3&*(!0$)*1&!7!JIKKL7M! ! ! ! 7N!

HM[MH* * 8UU.F*T*!/%"A/"%$*! ! ! ! ! ! ! Fh!
HM[MHMH* * * U5A4EU*/20)$B*W<K2($*)5B2'0* * * * [G*
HM[MHMF*** .'02($*)5B2'0* * * * * * * * [F*
HM[MHM[*** b50T$0V,B2/'A*)5B2'0(** * * * * * []*
HM[MHMJ*** 8UU.F*2"/5%$7"62/'50*! ! ! ! ! ! ! []*
HM[MF* * 8UU.F*T*^O#%$(('50*20)*;"0A/'50!! ! ! ! ! [Y*
HM[M[* * 8UU.F*T*!'7026'07*#2/CD2,(*! ! ! ! ! ! [i*
HM[MJ* * 8UU.F*20)*/C$*A,/5(9$6$/50! * * * * * [h*
HM[MJMH*** * P'A%5/"+"6$(*RP<(S** * * * * * [h*
HM[MJMHMH** * * PIK(* * * * * * * [h*
HM[MJMHMF** * * <"+"6'0** * * * * * [h*
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HM[MJMHM[* * * <"+"6'0*e*P<(** * * * * * JG*
HM[MJMHMJ* * * <"+"6'0*e*A$0/%5(5B$* * * * * JF*
HM[MJMHM]* * * <"+"6'0*'0*)'($2($* * * * * JF*
HM[MJMF* * * P<(*20)*KL* * * * * * * J[*
HM[MJM[* * * P<(*20)*8UU.F** * * * * * J[*
* * * * * * * * * * * *

BCO!! ! @.&1$1!*$:1! ! ! ! ! ! ! ! OH!
HMJMH* * 1,#5/C$('(* * * * * * * * JJ*
HMJMF* * I'B(* * * * * * * * * JJ*
HMJM[* * E+k$A/'&$(* * * * * * * * JJ*
!

7C!! ! P*(&%$*41!*)#!P&(.+#1!! ! ! ! OQ!
! ! ! ! ! ! ! ! ! ! ! !

7CB* * G&)&%*($+)!+8!34*1:$#!'+)1(%5'(1** * * * OR*

FMHMH* * K4U*R#56,B$%2($*AC2'0*%$2A/'50S* * * * * JY*
FMHMHMH* * * K62(B')*A50(/%"A/(*20)*#%'B$%(* * * * * Jj*
FMHMF* * ^6$A/%5#C5%$('(*20)*7$6*$O/%2A/'50** * * * * Jh*
FMHM[* * U$(/%'A/'50*)'7$(/*5;*/C$*#"%';'$)*K4U*#%5)"A/* * * * ]G*
FMHMJ* * KC$056*AC65%5;5%B*$O/%2A/'50*20)*6'72/'50* * * * ]H*
FMHM]* * 45B#$/$0/*<=)>?@A*A$66*#%$#2%2/'50*20)*/%20(;5%B2/'50* * * ]H*
FMHMY* * 85DTZ"20/'/,*#62(B')*LbI*'(562/'50*RP'0'#%$#S* * * * ]F*
FMHMj* * I026,('(*20)*($Z"$0A'07* * * * * * ]F*
FMHMi* * 82%7$TZ"20/'/,*#62(B')*LbI*'(562/'50*RP2O'#%$#S* * * ][*
FMHMh* * !'/$T)'%$A/$)*B"/27$0$('(* * * * * * ]J*
* * * * * * * * * * * *

7C7! ! S&*1(!(-+6.<,%$#! ! ! ! ! ! ! !QR!

FMFMH* * !$B'TZ"20/'/2/'&$*,$2(/*/D5TC,+%')* * * * * ]i*
FMFMHMH* * * 8JG*A$66*6'0$*B2'0/$020A$* * * * * ]i*
FMFMHMF* * * K%$#2%'07*20)*#62/'07*/C$*,$2(/* * * * * ]h*
FMFMHM[* * * <C$*XT7262A/5(')2($*2((2,* * * * * ]h*
FMFMF* * f"20/'/2/'&$*,$2(/*/D5TC,+%')* * * * * * YG*
FMFMFMH* * * 4$66*#%$#2%2/'50** * * * * * YG*
FMFMFMF* * * f"20/';'A2/'50*20)*2026,('(* * * * * YG*
* * * * * * * * * * * *

7CH! ! P*::*4$*)!'&44!'54(5%&! ! !! ! ! ! RB!

FM[MH* * 4$66*6'0$*B2'0/$020A$* * * * * * * YH*
FM[MF* * 4$66*($$)'07*20)*/%20(;$A/'50* * * * * * YH*
FM[M[* * K%5/$'0*$O/%2A/'50* * * * * * * YF*
FM[MJ* * >BB"05#%$A'#'/2/'50* * * * * * * Y[*
FM[MJMH* * K%5/$'0*'BB"05#%$A'#'/2/'50* * * * * * Y[*
FM[MJMF* * * :%2);5%)*2((2,* * * * * * * YJ*
FM[M]* * >BB"05A,/5AC$B'(/%,* * * * * * * YJ*
FM[M]MH* * * K56,TLT6,('0$*A5&$%(6'#*A52/** * * * * YJ*
FM[M]MF* * * 4$66*($$)'07*20)*!1T!\]\*A$66*)';;$%$0/'2/'50* * * YJ*
FM[M]M[* * * _'O2/'50** * * * * * * Y]*
FM[M]MJ* * * I0/'+5),*62+$66'07* * * * * * Y]*
FM[M]M]* * * P'A%5(A5#,* * * * * * * YY*
* * * * * * * * * * * *

7CO! ! /%+(&$)!*)*4<1$1! ! ! ! ! ! ! RR!
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FMJMH* * !2B#6$*#%$#2%2/'50*20)*$6$A/%5#C5%$('(** * * * YY*
FMJMF* * K@L_*B$B+%20$*/%20(;$%* * * * * * Yj*
FMJM[* * :65A9'07*20)*20/'+5),*'0A"+2/'50* * * * * Yj*
FMJMJ* * 4C$B'6"B'0$(A$0A$*)$/$A/'50* * * * * * Yi*
FMJM]* * P56$A"62%*B5)$6'07* * * * * * * Yh*
* * * * * * * * * * * *

7CQ* * TG>!1&U5&)'$);!*)#!*)*4<1$1! ! ! ! ! EV!

FM]MH* * !"+k$A/(* * * * * * * * jG*
FM]MHMH* * * _2B'6,*#$)'7%$$(*20)*A6'0'A26*)2/2* * * * jG*
FM]MF* * !E8'L*($Z"$0A'07* * * * * * * j[*
FM]MFMH* * * LbI*$O/%2A/'50*20)*Z"20/';'A2/'50* * * * jJ*
FM]MFMF* * * 8'+%2%,*#%$#2%2/'50?*2B#6';'A2/'50*20)*$0%'ACB$0/* * jJ*
FM]MFM[* * * !$Z"$0A'07* * * * * * * j]*
FM]MFMJ* * * L2/2*#%5A$(('07** * * * * * j]*
FM]M[* * 4C2'0T/$%B'02/'50*($Z"$0A'07* * * * * * jY*
FM]M[MH* * * K%'B$%*)$('70* * * * * * * jY*
FM]M[MF* * * K4U*20)*#"%';'A2/'50* * * * * * jj*
FM]M[M[* * * 4C2'0*/$%B'02/'50*K4U*20)*($Z"$0A'07* * * * ji*
FM]MJ* * 8'0927$*2026,('(** * * * * * * ji*
FM]MJMH* * * L2/2*#%$#2%2/'50* * * * * * jh*
FM]MJMF* * * 8'0927$*2026,('(** * * * * * jh*
FM]M]* * !E8'L*)2/2*2026,('(* * * * * * * jh*
FM]M]MH* * * @2%'20/*($6$A/'50* * * * * * jh*
FM]M]MHMH* * * K%'B2%,*;'6/$%'07*(/27$(* * * * * iG*
FM]M]MHMF* * * 4,/5(9$6$/26*#%5/$'0(* * * * * iH*
FM]M]MHM[* * * .05D0*0$"%5)$7$0$%2/'&$*7$0$(* * * iH*
FM]M]MHMJ* * * 8'0927$*2026,('(** * * * * iH*
FM]M]MHM]* * * !b*$O#%$(('50* * * * * * iH*
FM]M]MHMY* * * L5#2B'0$*#%5A$(('07*7$0$(* * * * iF*
FM]M]MHMj* * * 46'0'A26*)2/2* * * * * * iF*
FM]M]MHMi* * * P"6/'#6$*5AA"%%$0A$(*D'/C'0*/C$*A5C5%/* * * iF*
FM]M]MF* * * >0/$7%2/'&$*7$05B'A(*&'$D$%* * * * * iF*
FM]M]M[* * * :'5'0;5%B2/'A*%$(5"%A$(** * * * * iJ*
FM]M]M[MH* * * K2/C57$0'A'/,*#%$)'A/'50*(5;/D2%$* * * iJ*
!

HC! ! K&154(1! ! ! ! ! ! ! ! FF!
! ! ! ! ! ! ! ! ! ! ! !

HCB! ! A.*%*'(&%$1*($+)!+8!IKKL76(5,54$)!,$)#$);W!@5,54$)! FF!

[MHMH** * <C$*/"+"6'0T8UU.F*+'0)'07*('/$-*(/2%/'07*#5'0/** * * * ih*
[MHMF* * 8UU.F*)5$(*05/*+'0)*2))'/'5026*B$B+$%(*5;*/C$*/"+"6'0*** *
* * ("#$%;2B'6,* * * * * * * * ih*
[MHM[* * 8UU.F*)5$(*05/*+'0)*2A/'0TX*5%*2A/'0TlH*&'2*/C$*U5A4EU*)5B2'0*** hF*
[MHMJ* * <3::Y*26(5*+'0)(*8UU.F** * * * * * h[*
[MHM]* * <C$*)'&$%7$0/*4T/$%B'0"(*'(*05/*0$A$((2%,*/5*/C$*'0/$%2A/'50* * h]*
[MHMY* * >)$0/';'A2/'50*5;*(#$A';'A*%$(')"$(*%$Z"'%$)*;5%*8UU.FT/"+"6'0** *
* * +'0)'07** * * * * * * * hY*
[MHMj* * 450($%&2/'50*5;*/C$*'0/$%2A/'50*('/$*/C%5"7C5"/*$&56"/'50* * hi*
[MHMi* * K5(/T/%20(62/'5026*B5)';'A2/'50(*B2,*B5)"62/$*/C$*8UU.FT* *
* * /"+"6'0*2((5A'2/'50* * * * * * * hh*
[MHMh* * <3::Y*K%5[FG*(/%5076,*;2A'6'/2/$(*/C$*8UU.FT/"+"6'0*'0/$%2A/'50*** HGJ*
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[MHMHG* * <"+"6'0*A5B#6$O$(*#%$A6")$*(#$A';'A*A5T'BB"05#%$A'#'/2/'50* * HGj*
[MHMHH* * L'(A"(('50* * * * * * * * HHG*
[MHMHHMH* * !#$A';'A'/,*5;*/C$*8UU.FT/"+"6'0*'0/$%2A/'50* * * HHG*
[MHMHHMF* * >0/$%2A/'50*%$Z"'%$B$0/(* * * * * HHH*
* * * * * * * * * * * *

HC7! ! A.*%*'(&%$1*($+)!+8!IKKL76(5,54$)!,$)#$);W!IKKL7!! BBO!
[MFMH* * <C$*/"+"6'0T8UU.F*'0/$%2A/'50*'(*B$)'2/$)*+,*/C$*bT/$%B'0"(*5;*/C$**
* * U5A*)5B2'0* * * * * * * * HH]*
[MFMF** * <C$*/"+"6'0T8UU.H*'0/$%2A/'50*(C5D(*('B'62%'/'$(*/5*/C$*/"+"6'0T* *
* * 8UU.F*'0/$%2A/'50* * * * * * * HHY*
[MFM[** * I620'0$*+65A9*(A20*/5*)$/$%B'0$*/C$*U5A*)5B2'0*2B'05*2A')** *
* * %$(')"$(*%$Z"'%$)*;5%*/C$*'0/$%2A/'50*D'/C*/"+"6'0* * * HHi*
[MFMJ** * L'(A"(('50* * * * * * * * HFJ*
* * * * * * * * * * * *

HCH! ! IKKL7!*)#!P@!1(*,$4$(<! ! ! ! ! ! B7N!

[M[MH* * 8UU.F*65A26'($(*/5*),02B'A*7%5D/C*A50$*P<(* * * * H[G*
[M[MF* * 8UU.F*%$)"A$(*mT/"+"6'0*2A$/,62/'50* * * * * H[F*
[M[M[* * <3::H*5%*<3::[*5&$%$O#%$(('50*'0A%$2($(*/C$*#%5#5%/'50*5;** *
* * 2A$/,62/$)*/"+"6'0** * * * * * * H[J*
[M[MJ* * <C$*8UU.F*bT/$%B'0"(*$;;$A/(*/C$*AC207$(*'0*2A$/,62/'50* * H[]*
[M[M]* * :65A9'07*/C$*#2A6'/2O$6*+'0)'07*('/$*#%$&$0/(*8UU.F*+'0)'07*/"+"6'0HJj*
[M[MY* * 8UU.F*%$)"A$(*P<*2A$/,62/'50*'0*#2A6'/2O$6*/%$2/$)*A$66*6'0$(** * H[i*
[M[Mj* * L'(A"(('50* * * * * * * * HJG*
[M[MjMH* * * <C$*('/$*5;*/C$*8UU.FT/"+"6'0*'0/$%2A/'50*D'/C'0*A$66*7%5D/C**
* * * A50$(* * * * * * * * HJG*
[M[MjMF* * * I*%56$*;5%*8UU.F*'0*P<*(/2+'6'/,* * * * * HJH*
* * * * * * * * * * * *

HCO!! ! @.&!$#&)($8$'*($+)!+8!)+X&4!/?6*11+'$*(&#!X*%$*)(1!$)!!
! ! 8*:$4$*4Y!4*(&6+)1&(!/?* ! ! ! ! ! BOE!
!

[MJMH* * 8'0927$*2026,('(*%$&$26$)*("77$(/'&$*KL*65A'** * * * HJi*
[MJMF* * @2%'20/*($6$A/'50*20)*($7%$72/'50*2026,('(** * * * HJh*
[MJMFMH* * * '(B+%$)) ) ) ) ) ) ) H][*
[MJMFMF* * * <"''6) ) ) ) ) ) ) ) H]J*
[MJMFM[* * * CD'(,) ) ) ) ) ) ) ) H]Y*
[MJMFMJ* * * CEB.) ) ) ) ) ) ) ) H]j*
[MJMFM]* * * %<E6!) ) ) ) ) ) ) ) H]h*
[MJMFMY* * * %7#.) ) ) ) ) ) ) ) HYH)
[MJM[* * L'(A"(('50* * * * * * * * HYF*
[MJM[MH* * * ^O5B$*20)*0$O/*7$0$%2/'50*($Z"$0A'07* * * * HYF*
[MJM[MHMH* * * P$AC20'A26*6'B'/2/'50(* * * * * HYF*
[MJM[MHMF* * * >0;5%B2/'A*6'B'/2/'50(* * * * * HYF*
[MJM[MHM[* * * K%$)'A/'5026*6'B'/2/'50(* * * * * HY[*
[MJM[MF* * * 45B#2%'(50*5;*2##%52AC$(** * * * * HYJ*
[MJM[M[* * * !$6$A/'50*+'2(* * * * * * * HY]*
[MJM[MJ* * * K"/2/'&$*#2/C57$0'A*&2%'20/(* * * * * HY]*
* * * * * * * * *

OC! ! Z$)*4!?$1'511$+)! ! ! ! ! ! BRE!
! ! ! ! ! ! ! ! ! ! ! !

OCB! ! @.&!IKKL76(5,54$)!$)(&%*'($+)!1$(&1! ! ! ! BRF!
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!
! ! ! ! ! ! ! ! ! ! ! !

OC7! ! IKKL7!%&#5'&1!:$'%+(5,54&!*'&(<4*($+)* * * BEV*
! ! ! ! ! ! ! ! ! ! ! !

OCH! ! D#&)($8$'*($+)!+8!)+X&4!/?6'*51$);!X*%$*)(1! ! ! BEB
! ! ! ! ! ! ! ! ! ! ! !

OCO! ! Z5(5%&!-+%0!! ! * * * * * BEB
! ! ! ! ! ! ! ! ! !
JMJMH* * I))'/'5026*8UU.FTA,/5(9$6$/26*("+(/%2/$(* * * * HjH*
JMJMF* * <C$*%56$*5;*8UU.H*20)*/C$*bT/$%B'0"(* * * * * HjF*
JMJM[* * U$(A"'07*/C$*!FFG$*905A9T5"/*20)*WFGHh!*P^_*A$66(* * * HjF*
JMJM[* * _"0A/'5026*AC2%2A/$%'V2/'50*5;*05&$6*KL*&2%'20/(** * * HjF*
! ! ! ! ! ! ! ! ! ! ! !

OCQ! ! A+)'451$+)1!! ! ! ! ! ! ! BEH!
*

QC! ! K&8&%&)'&1! ! ! ! ! ! ! BEO!
! ! ! ! ! ! ! ! ! ! ! !

QCB! ! [&,!%&1+5%'&1* * * * * * * BNE*
*

RC!! ! "33&)#$'&1! ! ! ! ! ! ! BNF!
! ! ! ! ! ! ! ! ! ! ! !

RCB! ! A.*$)6(&%:$)*($+)!1&U5&)'$);!3%$:&%1! ! ! BNN
! ! ! ! ! ! ! ! ! ! ! !

RC7! ! G&)&1!$)'45#&#!$)!(.&!A&;*(!3*)&4!*)#!/?\*1&! * 7VB
! ! ! ! ! ! ! ! ! ! ! !
YMFMH* * 4$72/*b$"%5)$7$0$%2/'50*#20$6** * * * * FGH*
YMFMF* * KL:2($*7$0$(*D'/C*26/$%$)*!b*$O#%$(('50*'0*KL*#2/'$0/(** * FGF
! ! ! ! ! ! ! ! ! ! ! !

RCH!! ! =*%$*)(1!'.&'0&#!8+%!1&;%&;*($+)!-$(.!/?! ! ! 7VR!

! !
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$X! I$1(!+8!8$;5%&1!
* * * * * * * * * * * *

D)(%+#5'($+)! ! ! ! ! ! ! ! ! ! !
!
Z$;5%&!BC*!AC$B2/'A*)'27%2B*5;*/C$*$;;$A/*5;*)5#2B'0$%7'A*/%20(B'(('50*65((*;%5B*/C$*
* !bA*'0*/C$*)'%$A/*20)*'0)'%$A/*#2/CD2,(*5;*+2(26*72076'2*B5/5%*A'%A"'/(* Hh*

Z$;5%&!7M*<C$*(/%"A/"%$*5;*8UU.FM* * * * * * * [G*

Z$;5%&!HC*15B5657,*B5)$6*5;*/C$*U5A4EU*)5B2'0*)'B$%M* * * * [F*

Z$;5%&!OC*15B5657,*B5)$6*5;*/C$*8UU.F*9'02($*)5B2'0M* * * * * [[*

Z$;5%&!QC*<C$*4T/$%B'026*/2'6*#%5/%"('50(*5;*/"+"6'0M* * * * * JH*

* * * * * * * * * * * *

P*(&%$*41!*)#!P&(.+#1!! ! ! ! ! ! ! ! !
!
Z$;5%&!RC**<C$*,$2(/*/D5TC,+%')*(,(/$BM* * * * * * * ]i*

Z$;5%&!EC*<C$*#$)'7%$$(*5;*/C$*KL*A5C5%/M* * * * * * jF*

Z$;5%&!FC*<C$*/C$5%,*5;*!E8'L*($Z"$0A'07M* * * * * * j[*

Z$;5%&!NC*!E8'L*($Z"$0A'07*$B"6('50*K4U*20)*$0%'ACB$0/M* * * * j]*

Z$;5%&!BVC*I0*2005/2/$)*$O2B#6$*5;*20*>W@*LbI*($Z"$0A$*2(*%$2)*+,*/C$*!E8'LJ*
* #62/;5%BM* * * * * * * * * i[*

Z$;5%&!BBC*I*#'#$6'0$*)'27%2B*5;*/C$*KL*A5C5%/*!bK*2026,('(M* * * * ij*

* * * * * * * * * * * *

K&154(1!HCB! ! ! ! ! ! ! ! ! ! ! !
!
Z$;5%&!B7C*450($%&2/'50*+$/D$$0*)';;$%$0/*/"+"6'0*'(5;5%B(M* * * * hG*

Z$;5%&!BHC*<C$*8UU.F*U5A4EU*)5B2'0*)5$(*05/*'0/$%2A/*D'/C*m?*n?*o*20)*l*/"+"6'0** *
* '(5;5%B(M* * * * * * * * * hF*

Z$;5%&!BOC*b5*'0/$%2A/'50*5AA"%(*+$/D$$0*2A/'0(*20)*8UU.FM* * * * h[*

Z$;5%&!BQC*<C$*U5A4EU*/20)$B*)5B2'0*20)*;"66*6$07/C*8UU.F*'0/$%2A/*D'/C*<3::?*
* <3::J*20)*<3::Y*4T/$%B'0'M* * * * * * hJ*

Z$;5%&!BRC*<C$*8UU.F*U5A4EUT/"+"6'0*'0/$%2A/'50*)5$(*05/*%$Z"'%$*/C$*$O/%$B$*4T
* /$%B'0'*5;*/"+"6'0*'(5;5%B(M** * * * * * h]*

Z$;5%&!BEC*<C$*/"+"6'0*I62[YJ*%$(')"$*'(*%$Z"'%$)*;5%*/C$*8UU.FT/"+"6'0*'0/$%2A/'50M* hY*

Z$;5%&!BFC*XT/"+"6'0*($Z"$0A$*26'70B$0/*5;*/C$*[YJ*%$(')"$*A50;$%%'07*/C$*8UU.F*
* '0/$%2A/'50M* * * * * * * * hj*

Z$;5%&!BNC*8,([YF*'(*%$Z"'%$)*;5%*/C$*U5A4EUT/"+"6'0*'0/$%2A/'50M* * * hj*

Z$;5%&!7VC*<C$*#5('/'&$*AC2%7$*2/*8,([YF*'(*'B#5%/20/*;5%*/C$*'0/$%2A/'50*+$/D$$0*8UU.F**
* 20)*+5/C*<3::*20)*<3::JM** * * * * * hi*
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Z$;5%&!7BC*P"6/'#6$*($Z"$0A$*26'70B$0/*(C5D'07*A50($%&2/'50*5;*<3::J*2B'05*2A')*
* ($Z"$0A$(M** * * * * * * * hh*

Z$;5%&!77C*P"/2/'50(*B'B'A9'07*#5(/T/%20(62/'5026*#C5(#C5%,62/'50*2/*I62[YJ*+65A9$)*/C$*
* '0/$%2A/'50*D'/C*<3::*20)*<3::JM* * * * * * HGG*

Z$;5%&!7HC*:65A9'07*#5(/T/%20(62/'026*B5)';'A2/'50*2/*8,([YF*)5$(*05/*2;;$A/*/C$*/"+"6'0T*
* 8UU.F*'0/$%2A/'50M* * * * * * * * HGH*

Z$;5%&!7OC*<C$*XT/"+"6'0*[YF*20)*[YJ*%$(')"$(*A50/%56*/C$*A50;5%B2/'50*5;*/C$*8UU.F*
* +'0)'07*('/$M*** * * * * * * * HG[*

Z$;5%&!7QM*<C$*U5A4EUT<3::Y*'0/$%2A/'50*'(*(/%5076,*;2A'6'/2/$)*+,*50$*5;*/C%$$*%$(')"$(M*HGJ*

Z$;5%&!7RC*K%5[FG*(/%5076,*;2A'6'/2/$(*/C$*<3::YT8UU.F*U5A4EU*)5B2'0*'0/$%2A/'50M* HGY*

Z$;5%&!7EC*8UU.F*'BB"05#%$A'#'/2/$(*D'/C*266*/"+"6'0*'(5;5%B(*'0*1^.*A$66(M* * HGi*

Z$;5%&!7FC*<"+"6'0*'(5;5%B(*'BB"05#%$A'#'/2/$*'0*A5B#6$O$(M* * * * HGh*

* * * * * * * * * * * *

K&154(1!HC7! ! ! ! ! ! ! ! ! ! ! !
!
Z$;5%&!7NC*U5A*)5B2'0*)'&'('50*;%27B$0/(*02%%5DT)5D0*/C$*/"+"6'0T'0/$%2A/'50*%$7'50*5;**
* /C$*U5A*)5B2'0M* * * * * * * * HH]*

Z$;5%&!HVC*<C$*XT/"+"6'0T8UU.F*'0/$%2A/'50*'(*B$)'2/$)*+,*/C$*;'%(/*/C'%)*5;*/C$*U5A
* )5B2'0M* * * * * * * * * HHY*

Z$;5%&!HBC*<C$*8UU.H*'0/$%2A/'50*D'/C*<3::?*<3::J*20)*<3::Y*'(*A50;$%%$)*+,*/C$**
* (2B$*%$(')"$(*2(*/C$*8UU.FTXT/"+"6'0*'0/$%2A/'50M* * * * HHj*

Z$;5%&!H7C**I620'0$*+65A9*(A20*5;*/C$*8UU.F*U5AT/"+"6'0*'0/$%2A/'50*('/$M**** * HHh*

Z$;5%&!HHC*<C$*$Z"'&26$0/*65A2/'50*5;*/C$*8UU.F*U5A4EU*2620'0$*+65A9(*'0*/C$*U5A5*
* C5B5657,*B5)$6*D'/C*'0/$%026*20)*$O/$%026*%$(')"$(*'0)'A2/$)M* * HFG*

Z$;5%&!HOC*I6'70B$0/*5;*/C$*<3::JTU5A4EU*2620'0$*,$2(/*/D5TC,+%')*'0/$%2A/'50*
* %$("6/(*D'/C*/C$*8UU.H*20)*8UU.F*($Z"$0A$(M* * * * HFH*

Z$;5%&!HQC*<C$*#%5#5($)*('/$*5;*/C$*8UU.F*U5A4EUTXT/"+"6'0*'0/$%2A/'50M** * HFF*

Z$;5%&!HRC*<C$*#%5#5($)*8UU.F*U5A4EU*%$(')"$(*'0&56&$)*'0*/C$*XT/"+"6'0*'0/$%2A/'50M* HF[*

Z$;5%&!HEC*b$72/'&$6,*AC2%7$)*%$(')"$(*5;*/C$*/"+"6'0*A50(/%"A/*(C5D*A5B#2%2+6$*
* #5('/'50(*/5*/C$*U5A*2%7'0'0$(M* * * * * * HFJ*

* * * * * * * * * * * *

K&154(1!HCH! ! ! ! ! ! ! ! ! ! ! !
!
Z$;5%&!HFC*<C$*XT/"+"6'0*8,([YF*8UU.F*+'0)'07*('/$*'(*0$2%*/D5*('/$(*5;*P<*(/2+'6'(2/'50M* H[G*

Z$;5%&!HNC*8UU.F*65A26'($(*#%$;$%$0/'266,*/5*7%5D/C*A50$(M* * * * H[H*

Z$;5%&!OVC*!FFG$*$O#%$(('50*A5%%$62/$(*'0&$%($6,*D'/C*/"+"6'0*2A$/,62/'50M** * H[F*

Z$;5%&!OBC*!FFG$*905A9T5"/*P^_*A$66(*%$&$26*)%2B2/'A*B5%#C5657'A26*AC207$(M* * H[[*
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Z$;5%&!O7C*<C$*#%5#5%/'50*5;*2A$/,62/$)*/"+"6'0*&2%'$(*D'/C*/"+"6'0*'(5;5%B*
* 5&$%$O#%$(($)M* * * * * * * * H[J*

Z$;5%&!OHC*<C$*8UU.F*bT/$%B'0"(*B$)'2/$(*%$)"A$)*mT/"+"6'0*2A$/,62/'50*'0*1^.*A$66(M* H[]*

Z$;5%&!OOC*L';;$%$0A$(*+$/D$$0*mT*20)*XT/"+"6'0!'0*/C$*#2A6'/2O$6p8UU.F*+'0)'07**('/$M* H[Y*

Z$;5%&!OQC*<"+"6'0T8UU.F*+'0)'07*%$Z"'%$(*2AA$((*/5*/C$*#2A6'/2O$6*+'0)'07*('/$M* * H[j*

Z$;5%&!ORC*P5)$6(*)$%'&$)*;%5B*#2A6'/2O$6T+5"0)*20)*"0+5"0)*/"+"6'0*A%,(/26*(/%"A/"%$(*
* 26/$%*/C$*/"+"6'0*A50;'7"%2/'50*2/*/C$*8UU.F*+'0)'07*('/$M* * * H[i*

Z$;5%&!OEC*I*#%$6'B'02%,*A50A$0/%2/'50*7%2)'$0/*'0)'A2/$(*(/%507*2A$/,62/'50*'0*/C$*
* #%$($0A$*5;*HG*0P*#2A6'/2O$6* * * * * * H[h*

Z$;5%&!OFC*8UU.F*%$)"A$(*#2A6'/2O$6T'0)"A$)*2A$/,62/'50*'0*1^.*A$66(M* * * H[h*

* * * * * * * * * * * *

K&154(1!HCO! ! ! ! ! ! ! ! ! ! ! !
*
Z$;5%&!ONC*8'0927$*2026,('(*%$("6/(M* * * * * * * HJh*
Z$;5%&!QVC*I0*$O2B#6$*5;*%$7'50(*5;*/C$*$O5B$*D'/C5"/*A5&$%27$M* * * H]G*
Z$;5%&!QBC*<C$*'(B+%$*![FY*B"/2/'50M* * * * * * * H][*
Z$;5%&!Q7C*<C$*<"''6*UjJJN*B"/2/'50M** * * * * * H]J*
Z$;5%&!QHC*<C$*CD'(,*8H[J_*B"/2/'50M* * * * * * * H]Y*

Z$;5%&!QOC*<C$*CEB.*UHFj4*B"/2/'50M* * * * * * * H]j*

Z$;5%&!QQC*15B5657,*B5)$6*5;*/C$*_qLJ*D'6)T/,#$*20)*&2%'20/*D'/C'0*/C$*4i*A,(/$'0$T%'AC*
* *******bT/$%B'026*)5B2'0M** * * * * * * H]i*

Z$;5%&!QRC*<C$*%<E6!*>hHYP*20)*WHGH]U*B"/2/'50(M** * * * * H]h*

Z$;5%&!QEC*<C$*%7#.*<[][I*B"/2/'50M*! ! ! ! ! ! ! HYH!

! !
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X! I$1(!+8!(*,4&1!
* * * * * * * * * * * *

D)(%+#5'($+)! ! ! ! ! ! ! ! ! ! !
!
@*,4&!BC*W$0$/'A*65A2/'50(*6'09$)*/5*KL*/C%5"7C*6'0927$*20)*2((5A'2/'50*(/")'$(M* * F[*

@*,4&!7C*I*("BB2%,*5;*AC2%2A/$%'(/'A(*5;*A50;'%B$)*2"/5(5B26*)5B'020/*KL*A2($(M* FJ*

@*,4&!HC*I*("BB2%,*5;*AC2%2A/$%'(/'A(*5;*$2%6,T50($/?*%$A$(('&$*KL*A2($(M** * FY*

@*,4&!OC*<C$*C"B20*/"+"6'0*7$0$(*2(*;5"0)*'0*/C$*13WE*7$0$*05B$0A62/"%$*A5BB'//$$*
* )2/2+2($M* * * * * * * * * JG*

* * * * * * * * * * * *

P*(&%$*41!*)#!P&(.+#1!! ! ! ! ! ! ! ! !
!
@*,4&!QC*K%5/$'0*A50($0("(*($Z"$0A$(M* * * * * * * Jj*

@*,4&!RC*<,#'A26*K4U*#2%2B$/$%(M* * * * * * * Jj*

@*,4&!EC*8UU.F*20)*8UU.H*A50(/%"A/*'0;5%B2/'50M* * * * * Ji*

@*,4&!FC*4,/5(9$6$/26*A50(/%"A/*'0;5%B2/'50M* * * * * * Jh*

@*,4&!NC*!$Z"$0A'07*#%'B$%(M* * * * * * * * ][*

@*,4&!BVC*!'/$T)'%$A/$)*B"/27$0$('(*#%'B$%(M* * * * * * ]]*

@*,4&!BBC*K%'B$%(*"($)*'0*/C$*8UU.F*U5A4EU*2620'0$*(A20M* * * * ]Y*

@*,4&!B7C*<,#'A26*$O#$%'B$0/26*A50)'/'50(*;5%*/%20(;$A/'50*5;*HG*AB*20)*Y*AB**
* )'(C$(M* * * * * * * * * * YF*

@*,4&!BHC*<C$*#%'B2%,*20/'+5)'$(*"($)*'0*'BB"05;6"5%$(A$0A$M* * * * Y]*

@*,4&!BOC*<C$*#%'B2%,*20/'+5)'$(*"($)*'0*N$(/$%0*+65//'07M* * * * Yi*

@*,4&!BQM*<C$*KL:*(/%"A/"%$(*"($)*'0*B56$A"62%*B5)$66'07*;'7"%$(M* * * Yh*

@*,4&!BRM*I*)$(A%'#/'50*5;*/C$*A5C5%/*"($)*'0*6'0927$*2026,('(M* * * * jG*

@*,4&!BEC*<C$*A6'0'A26*)2/2*;5%*$2AC*5;*/C$*KL*;2B'6'$(M* * * * * jH*

@*,4&!BFC*<C$*2B#6';'A2/'50*K4U*A50)'/'50(M** * * * * * jj*

@*,4&!BNC*<C$*AC2'0*/$%B'02/'50*($Z"$0A'07*A50)'/'50(M* * * * * ji*

@*,4&!7VC*U$)"A/'50*'0*#5/$0/'26*#2/C57$0'A*!bK(*;5665D'07*$2AC*#%'B2%,*;'6/$%'07*(/27$M* iG*

@*,4&!7BC*L2/2+2($(*20)*6'/$%2/"%$*B'0'07*(5;/D2%$*"($)*/5*($6$A/*&2%'20/(*;5%**
* ;"%/C$%*2026,('(M** * * * * * * * iJ*

@*,4&!77C*!5;/D2%$*#%$)'A/'07*!bK*#2/C57$0'A'/,*"($)*2(*#2%/*5;*/C$*KL*&2%'20/** *
* ')$0/';'A2/'50*#%5A$((M* * * * * * * * i]*
*
*
*
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* * * * * * * * * * * *

K&154(1!HCB! ! ! ! ! ! ! ! ! ! ! !
!
@*,4&!7HC*U5A*>K*/"+"6'0*'0/$%2A/5%(M* * * * * * * hH*

@*,4&!7OC*<C$*%$(')"$(*'0&56&$)*'0*/C$*8UU.FT/"+"6'0*'0/$%2A/'50M* * * HGj*

* * * * * * * * * * * *

K&154(1!HCO! ! ! ! ! ! ! ! ! ! ! !
!
@*,4&!7QC*<C$*#$%A$0/27$*5;*'0)$O*#2/'$0/*$O5B$(*D'/C*65D*($Z"$0A$*A5&$%27$M*** H]G*

@*,4&!7RC*<C$*#"/2/'&$*#2/C57$0'A*&2%'20/(*D'/C*($7%$72/'50*2026,('(*20)*#%$)'A/$)*
* #2/C57$0'A'/,*%$("6/(M** * * * * * * * H]F*

*

* *
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X$! I$1(!+8!*,,%&X$*($+)1!
[TI<* * [T2B'05TH?F?JT/%'2V56$*
IIE* * I7$*2/*50($/*
IL* * IA/'&2/'50*)5B2'0*
I62* * I620'0$*
I09* * I09,%'0T%'AC*%$#$2/(*
I%;WIKH* ILKT%'+5(,62/'50*;2A/5%*W<K2($T2A/'&2/'07*#%5/$'0*H*
I%CW^_j* UC5*7"20'0$*0"A6$5/')$*$OAC207$*;2A/5%*j*
I%B* * I%B2)'665*%$#$2/(*
I<KH[IF* I<K2($*/,#$*H[IF*
:L* * :'0)'07*)5B2'0*
:Lb_* * :50$T)$%'&$)*0$"%5/%5#C'A*;2A/5%*
'=)HIJAKLM) 'N@?F?OALM)HIJAKLM)
4ILK!F** 426A'"BT)$#$0)$0/*($A%$/'50*2A/'&2/5%*F*
ALbI* * 45B#6$B$0/2%,*LbI*
4C%* * 4C%5B5(5B$*
48* * 4$66*6,(2/$*
45T>K* * 45T'BB"05#%$A'#'/2/'50*
4EU* * 4T/$%B'026*5;*U5A*
4KUW* * 4C65%5#C$056*%$)TXTLT7262A/5#,%205(')$*
LHU*RrS*** L5#2B'0$*%$A$#/5%*H*R#2/CD2,*2A/'&2/$)*+,*)5#2B'0$S**
LFU*RTS*** L5#2B'0$*%$A$#/5%*F*R#2/CD2,*'0C'+'/$)*+,*)5#2B'0$S**
L4* * L'($2($*A2"('07*
)b<K(* * FQ)$5O,0"A6$5/')$*/%'#C5(#C2/$(*
))b<K(** Fs[s)')$5O,0"A6$5/')$*/%'#C5(#C2/2($(*
)1FE* * L$'50'($)*D2/$%*
LP^P* * L"6+$AA5Q(*B5)';'$)*$276$*B$)'"B*
LP_* * b?bT)'B$/C,6;5%B')$*
LP<H* * L'&26$0/*B$/26*/%20(#5%/$%*H*
^:* * ^6"/'50*+";;$%*
^:4* * ^"%5#$20*+%2'0*A5"0A'6*
<=)>?@A) ) <P>NIFA>NAQ)>?@A)
^>_JWH* * ^"92%,5/'A*/%20(62/'50*'0'/'2/'50*;2A/5%*J*72BB2?*H*
^EKL* * ^2%6,T50($/*K2%9'0(50Q(*)'($2($*
^UU4Y* * ^OA'('50*%$#2'%*A%5((TA5B#6$B$0/'07*7%5"#*Y*#%5/$'0*
^UP* * ^V%'0TU2)'O'0TP5$('0*
^@!* * ^O5B$*&2%'20/*($%&$%*
_2(8* * _2(*8'720)*
_ILL* * _2(T2((5A'2/$)*)$2/CT)5B2'0*
_:tEj* * _*+5O*#%5/$'0*j*
_34IH* * _"A5(')2($?*26#C2T8T*H?*/'(("$*$0V,B$*
_qLJ* * _%'VV6$)*;2B'6,*%$A$#/5%*J*
WIL* * WT#%5/$'0*2A/'&2/$)*+,*0"A6$5/')$T)$#$0)20/*)'B$%'(2/'50*
WI_* * W65+26*266$6$*;%$Z"$0A,*
WIK* * W<K2($T2A/'&2/'07*#%5/$'0*
W:I* * W6"A5A$%$+%5(')2($*
WLK* * W"205('0$*)'#C5(#C2/$*
W^_* * W"205('0$*$OAC207$*;2A/5%*
W>W\_F** W%+HG*'0/$%2A/'07*W\K*#%5/$'0*F*
WK$** * W65+"(*#266')"(*$O/$%02*
WK'** * W65+"(*#266')"(*'0/$%02*
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W<K* * W"205('0$*/%'#C5(#C2/$*
WNI!* * W$05B$TD')$*2((5A'2/'50*(/")'$(*
1:!!* * 1209(*+2620A$)*(26/*(56"/'50*
1LI4Y* * 1'(/50$*)$2A$/,62($*Y*
1^.Fh[** 1"B20*$B+%,50'A*9')0$,*Fh[*
1UK* * 15%($%2)'(C*#$%5O')2($*
1<UIF* * 1/%I*($%'0$*#$#/')2($*F*
1Wb4* * 1"B20*7$0$*05B$0A62/"%$*A5BB'//$$*
18EL* * P2O'B"B*C$/$%57$0$'/,*6572%'/CB*5;*/C$*5))(*
>W@* * >0/$7%2/$)*7$05B$*&'$D$%*
>8TY* * >0/$%6$"9'0*Y*
>K* * >BB"05#%$A'#'/2/'50*
>KLW4* * >0/$%02/'26*K2%9'0(50Q(*)'($2($*7$05B'A(*A50(5%/'"B*
db.* * ATk"0*bT/$%B'026*9'02($*
8:* * 8"%'2*:$%/%20'**
8L* * 8'0927$*)'($Z"'6'+%'"B*
8'IA* * 8'/C'"B*2A$/2/$*
8EKL* * 82/$T50($/*K2%9'0(50Q(*)'($2($*
8UU* * 8$"A'0$T%'AC*%$#$2/*
8UU.H* * 8$"A'0$T%'AC*%$#$2/*#%5/$'0*9'02($*H*
8UU.F* * 8$"A'0$T%'AC*%$#$2/*#%5/$'0*9'02($*F*
PIK* * P'A%5/"+"6$T2((5A'2/$)*#%5/$'0**
PIK.* * P'/57$0T2((5A'2/$)*#%5/$'0*9'02($*
P^4THj** mT/"+"6'0*8,(JG*2A$/,6/%20(;$%2($*
P^_* * P5"($*$B+%,50'A*;'+%5+62(/*
P^U8>b** P"6/'#5'0/*$07'0$*;5%*%2#')*6'9$6'C55)*'0;$%$0A$*
P8.* * P'O$)T6'0$27$*9'02($(*
PEK!* * [TRbTB5%#C56'05S*#%5#20$("6#C50'A*2A')*
P<* * P'A%5/"+"6$*
P<2* * P"/2/'50*<2(/$%*
b_I<H* * b"A6$2%*;2A/5%*5;*2A/'&2/$)*<TA$66(*H*
b_9:* * b"A6$2%*;2A/5%*92##2T6'7C/TAC2'0T$0C20A$%*5;*2A/'&2/$)*:*A$66(**
bW!* * b$O/*7$0$%2/'50*($Z"$0A'07*
bK8* * b50T#2%2B$/%'A*6'0927$*
b!* * b"/%'/'5026*($6$A/'50*
b<T[* * b$"%5/%5#C'0T[*
EP>P* * E06'0$*P$0)$6'20*'0C$%'/20A$*'0*B20*
KIU.* * K2%9'0(50Q(*)'($2($*7$0$*65A"(*
K:!* * KC5(#C2/$*+";;$%$)*(26'0$*
K:!<* * KC5(#C2/$*+";;$%$)*(26'0$*A50/2'0'07*GMHu*<D$$0TFG*
K4U* * K56,B$%2($*AC2'0*%$2A/'50*
KL* * K2%9'0(50Q(*)'($2($*
KL:* * K%5/$'0*)2/2+2($*
K^W* * K'6"$/C,6$0$T76,A56*
K>b.H* * KC5(#C2/2($*20)*/$0('0TC5B5657T'0)"A$)*#"/2/'&$*9'02($*H*
K8IFWY** KC5(#C56'#2($*IFTWY*
K@L_* * K56,&'0,6)'$0$*;6"5%')$*
U5A* * U2(*5;*A5B#6$O*#%5/$'0(*
UE!* * U$2A/'&$*5O,7$0*(#$A'$(*
!L!TKIW^* !5)'"B*)5)$A,6*("6#C2/$T#56,2A%,62B')$*7$6*$6$A/%5#C5%$('(*
!^qY8* * !$'V"%$T%$62/$)*Y*C5B5657*RB5"($ST6'9$*



 16 

!>_<* * !5%/(*'0/56$%20/*;%5B*/56$%20/*
!>U<F* * !'%/"'0F*
!b* * !"+(/20/'2*0'7%2*
!bA* * !"+(/20'2*0'7%2*#2%(*A5B#2A/2*
!b%* * !"+(/20/'2*0'7%2*#2%(*%$/'A"62/2*
!bK* * !'076$*0"A6$5/')$*#56,B5%#C'(B*
!E8'L* * !$Z"$0A'07*+,*56'750"A6$5/')$*)$/$A/'50*
!<.J* * !$%'0$p/C%$50'0$*9'02($*J*
!<b* * !"+/C262B'A*0"A6$"(*
!@F4* * !,02#/'A*&$('A6$*76,A5#%5/$'0*F4*
<I^* * <%'(T2A$/2/$*$/C,$0$)'2B'0$/$/%2T2A$/'A*2A')*
<4* * <%20(;5%B2/'50*A50/%56**
<B* * K%'B$%*B$6/'07*/$B#$%2/"%$*
<b_Tm* * <"B5%*0$A%5('(*;2A/5%*26#C2* *
<3:* * <"+"6'0M*_5665D$)*+,*26#C2*0"B$%'A26*'0)'A2/5%*/5*'0)'A2/$*'(5;5%B*
3I!* * 3#(/%$2B*2A/'&2/'50*('/$*
3418H* * 3+'Z"'/'0*A2%+5O,6T/$%B'026*$(/$%2($*8H*
@K![]* * @2A"562%*#%5/$'0*(5%/'07*[]*
N<444F* N$66A5B$*<%"(/*A2($*A50/%56*A50(5%/'2*F*
tT726* * ]T+%5B5TJTAC65%5T[T'0)56,6TXTLT7262A/5#,%205(')$*
\KL* * \$2(/*$O/%2A/p#$#/50$p)$O/%5($*
* *

! !
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BC!D)(%+#5'($+)!

 !
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!"!! ! !"#$%&'(&)'*+%',"',!!
K2%9'0(50Q(* )'($2($* RKLS* '(* 2* #%57%$(('&$* 0$"%5)$7$0$%2/'&$* )'(5%)$%* 5;* /C$* A$0/%26* 0$%&5"(*

(,(/$B?*AC2%2A/$%'($)*+,*65((*5;*B5&$B$0/*A50/%56*)"$*/5*)$2/C*5;*)5#2B'0$%7'A*0$"%50(M*>/*'(*

/C$*($A50)*B5(/*A5BB50*0$"%5)$7$0$%2/'&$*)'(5%)$%*2;/$%*I6VC$'B$%Q(*)'($2($M*IAA5%)'07*/5*

/C$*^"%5#$20*:%2'0*45"0A'6*/C$%$*2%$*5&$%*YM[*B'66'50*(";;$%$%(*D5%6)D')$?*D'/C*HMF*B'66'50*5;*

/C$($*'0*^"%5#$*R^:4*KL*;2A/*(C$$/?*FGHHSM*>0A')$0A$*'(*7$0)$%?*$/C0'A'/,*20)*27$*%$62/$)M*P$0*

2%$*HM]*/'B$(*B5%$*6'9$6,*/5*)$&$65#*/C$*)'($2($*/C20*D5B$0*20)*/C$*2&$%27$*27$*5;*50($/*'(*

/D5*,$2%(*$2%6'$%*RN55/$0*$/*26M?*FGGJg*122OB2*$/*26M?*FGGYS?*#5(('+6,*)"$*/5*2*#%5/$A/'&$*$;;$A/*

5;*$(/%57$0*R:$C6*$/*26M?*FGGGg*8'"*20)*L"6V$0?*FGGjg*U2750$($*$/*26M?*FGGYg*8,50(*$/*26M?*Hhhig*

)$*U''9*$/*26M?*FGGGg*@20*L$0*^$)$0*$/*26M?*FGG[SM* 

*

KL* '(* /C$* B5(/* A5BB50* 5;* /C$* K2%9'0(50'(B(M* <C$* 5/C$%(* 2%$* 905D0* 2(* v2/,#'A26* KLv* 5%*

vK2%9'0(50Q(* #6"(Q* )'($2($(M* <C$,* (C5D* ('B'62%* (,B#/5B(* 20)* A6'0'A26* ;$2/"%$(* /5* A62(('A26* KL*

+"/*D'/C*2))'/'5026* ;$2/"%$(*DC'AC*)5*05/* %$(#50)*/5*)5#2B'0$%7'A* /C$%2#'$(M*<C$($* '0A6")$*

B"6/'#6$* (,(/$B(* 2/%5#C,?* #%57%$(('&$* ("#%20"A6$2%* #26(,* 20)* A5%/'A5+2(26* )$7$0$%2/'50M* I66*

K2%9'0(50'(B(* 2%$* A5BB506,* A50(')$%$)* /5* +$* 2* (#$A/%"B* 5;* )'(5%)$%(?* D'/C* ($&$%'/,* 20)*

(,B#/5B(*)';;$%'07*+$/D$$0*A2($(*R85,T^076'(C*20)*_$6)B20?*FGGJg*L"77$%*$/*26M?*FGHJSM**

BCBCB!! /*(.+4+;<!!
KL* '(* AC2%2A/$%'($)* +,* )$7$0$%2/'50* 5;* )5#2B'0$%7'A* 0$"%50(* '0* /C$* ("+(/20/'2* 0'7%2* R!bS?*

5;/$0*2AA5B#20'$)*+,*),(/%5#C'A*0$"%'/$(*20)*8$D,*+5)'$(M*<C$*!b*'(*#2%/*5;*/C$*+2(26*72076'2*

0$/D5%9?*'0&56&$)*'0*B5&$B$0/*A50/%56?*B55)*20)*%$D2%)M*>/*A50('(/(*5;*/D5*%$7'50(?*/C$*#2%(*

A5B#2A/2* R!bAS* 20)* /C$*#2%(* %$/'A"62/2* R!b%SM*L$7$0$%2/'50* '0* KL*#%$)5B'020/6,* 2;;$A/(* /C$*

!bAg*5&$%*hGu*5;*A$66(* '0*/C$*&$0/%26*!bA*20)*]Gu*'0*/C$*)5%(26*!bA*2%$*65(/* '0*KL*#2/'$0/(*'0*

/C$*;'%(/*)$A2)$M*<C'(*A5B#2%$(*/5*2*FTju*65((*$O#$%'$0A$)*2(*#2%/*5;*/C$*05%B26*27'07*#%5A$((*

R_$2%06$,*20)*8$$(?*HhhHSM**

*

<C$*!bA*#%5&')$(*)5#2B'0$%7'A*'0#"/*/5*/C$*(/%'2/"B?*$02+6'07*;'0$*B5/5%*A50/%56*+,*2)k"(/'07*

/C$*6$&$6(*5;*'0C'+'/'50*;%5B*/C$*+2(26*72076'2*&'2*)'%$A/*20)*'0)'%$A/*#2/CD2,(M*30)$%*05%B26*

A50)'/'50(?*/C$*)'%$A/*#2/CD2,*)$A%$2($(*'0C'+'/'50*;%5B*/C$*/C262B"(*/5*/C$*A5%/$O?*6$2)'07*/5*

20* '0A%$2($* '0*B5/5%*2A/'&'/,M*P$20DC'6$* /C$* '0)'%$A/*#2/CD2,*)$A%$2($(*$OA'/2/5%,* /C262B'A*

'0#"/*/5*/C$*A5%/$O?*)$A%$2('07*B5/5%*2A/'&'/,M*L5#2B'0$*C2(*20*$OA'/2/5%,*2;;$A/*50*/C$*)'%$A/*

#2/CD2,* R&'2* )5#2B'0$* H* %$A$#/5%(S* 20)* 20* '0C'+'/5%,* 2;;$A/* 50* /C$* '0)'%$A/* #2/CD2,* R&'2*

)5#2B'0$* F* %$A$#/5%(Sg* 'M$M* )5#2B'0$%7'A* '0#"/(* '0A%$2($* B5/5%* 2A/'&'/,M* 4C56'0$%7'A*
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'0/$%0$"%50(* #%5k$A/'07* ;%5B* /C$* A5%/$O* C2&$* /C$* 5##5('/$* $;;$A/M* <C$($* 0$"%5/%20(B'//$%(*

20)* #2/CD2,(* 2A/'07* '0* (,0$%7,* $02+6$* A50/%566$)?* (/$2),* B5&$B$0/(* R_'7"%$* HISM*N'/C5"/*

)5#2B'0$?* %$)"A$)* 2A/'&'/,* '0* /C$* )'%$A/* #2/CD2,* 20)* '0A%$2($)* 2A/'&'/,* '0* /C$* '0)'%$A/*

#2/CD2,* '(* A5B+'0$)* D'/C* 2* 62A9* 5;* 5##5('/'50* /5* AC56'0$%7'A* '0/$%0$"%50(?* 6$2)'07* /5* 20*

5&$%266*%$)"A/'50*'0*B5/5%*A50/%56*R_'7"%$*H:S*RL$8507?*HhhGg*W"%')'*$/*26M?*FGHFSM*

*

Z$;5%&!BC!>'.&:*($'!#$*;%*:!+8!(.&!&88&'(!+8!#+3*:$)&%;$'!(%*)1:$11$+)!4+11!8%+:!(.&!>T'!$)!
(.&! #$%&'(! *)#! $)#$%&'(! 3*(.-*<1! +8! ,*1*4! ;*);4$*! :+(+%! '$%'5$(1M*"C* b5%B26* B5/5%* A'%A"'/*
2A/'&'/,M* 450(A'5"(*B5&$B$0/* '(* A50/%566$)* &'2* '0#"/* ;%5B* /C$* )'%$A/* 20)* '0)'%$A/* #2/CD2,(*
+$/D$$0* /C$* (/%'2/"B* 20)* /C$* /C262B"(M* \C* I6/$%$)* B5/5%* A'%A"'/* 2A/'&'/,* '0* KL* #2/'$0/(*
;5665D'07* )$A%$2($)* )5#2B'0$%7'A* '0#"/(M* >0A%$2($)* 2A/'&'/,* '(* '0)'A2/$)* +,* 62%7$%* 2%%5D(?*
)$A%$2($)* 2A/'&'/,* +,* (B266$%* 2%%5D(M* I))'/'5026* '0/$%A500$A/'50(* C2&$* +$$0* #"%#5($6,*
5B'//$)*;%5B*/C'(*)'27%2B*/5*$0("%$*A62%'/,M*IA%50,B(-*LHU*RrS*)5#2B'0$*%$A$#/5%*H*R#2/CD2,*
2A/'&2/$)*+,*)5#2B'0$S?*LFU*RTS*)5#2B'0$*%$A$#/5%*F*R#2/CD2,*'0C'+'/$)*+,*)5#2B'0$S?*WK$*T*
765+"(*#266')"(*$O/$%02?*WK'*T*765+"(*#266')"(*'0/$%02?*!bA*T*("+(/20/'2*0'7%2*#2%(*A5B#2A/2?*!b%*
T*("+(/20/'2*0'7%2*#2%(*%$/'A"62/$?*!<b*T*("+/C262B'A*0"A6$"(M**
*

15D$&$%*)$7$0$%2/'50*'(*05/*2(*('B#6$*2(*)$#'A/$)*C$%$?*D'/C*6$('50'07*5;*/C$*!bA*#%5)"A'07*

)$;'A'/(*'0*6$2%0'07*20)*B$B5%,*+"/*05/*B5/5%*'B#2'%B$0/(*20)*05*8$D,*+5)'$(*RL2*4"0C2*$/*

26M?* FGGFg* :%272* $/* 26M?* FGHJSM* :%2'0* 2"/5#('$(* A5B#2%'07* '0)'&')"26(* D'/C* 20)* D'/C5"/* KL*

')$0/';'$)*!b*#2/C5657,*2(*/C$*/C'%)*(/27$*'0*2*('OT(/27$*#2//$%0*5;*)$7$0$%2/'50*DC'AC*+$7'0(*

'0* /C$* B$)"662* 5+65072/2* 20)* 56;2A/5%,* %$7'50(* /C$0* #%57%$(($(* /5* /C$* B')+%2'0* 20)* !b?*

$&$0/"266,*'0A5%#5%2/'07*/C$*0$5A5%/$O*20)*#%$;%50/26*65+$(*R:%229*$/*26M?*FGG[SM**

*

8$D,*+5)'$(*2%$*'0(56"+6$*#%5/$'0*277%$72/$(*D'/C'0*27'07*20)*)'($2($)*0$"%50(M*<C$,*A50('(/*

5;* 2* )$0($*!T(,0"A6$'0* A5%$* ("%%5"0)$)* +,* 2* C265* 5;* ;'+%'6(* 20)* 2))'/'5026* #%5/$'0(* ("AC* 2(*

"+'Z"'/'0?* /"+"6'0?* B'A%5/"+"6$T2((5A'2/$)* #%5/$'0(* RPIK(S?* A$66* (/%$((* #%5/$'0(?* $0V,B$(?*

(,02#/'A*&$('A6$*#%5/$'0(*20)*;2//,*2A')(*R!#'6620/'0'*$/*26M?*HhhjSM*8$D,*0$"%'/$(*2%$*$65072/$)?*

(#'0)6$T6'9$*(/%"A/"%$(*/C2/*26(5*A50/2'0*!T(,0"A6$'0*R!#'6620/'*$/*26M?*Hhhjg*:%229*$/*26M?*HhhJSM*

<C$,*2%$*05/*KL*(#$A';'A?*5AA"%%'07* '0*5/C$%*)'(5%)$%(*2(*D$66*2(*#2%/*5;*05%B26*27'07?*DC$%$*

/C$,*A20*+$*#%$($0/*;5%*)$A2)$(*D'/C5"/*2;;$A/'07*A$66*("%&'&26M*>/*'(*"0A6$2%*';*8$D,*+5)'$(*2%$*2*
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A2"($*5;*/C$*)'($2($*5%*2*#%5/$A/'&$*B$AC20'(B*+,*/C$*A$66*/5*($Z"$(/$%*/5O'A*#%5/$'0(*R:%229*

20)*:%229*HhhGg*:%229*$/*26M?*HhhJg*I6'B*$/*26M?*FGGFSM**

*

<C$%$*2%$*B20,* /5O'A* '0("6/(*20)*B$AC20'(B(* 'B#6'A2/$)* '0*KL*#2/C57$0$('(?* '0A6")'07*8$D,*

+5)'$(?* 26/$%$)* B$/26* C5B$5(/2('(?* 5O')2/'&$* (/%$((?* B'/5AC50)%'26* ),(;"0A/'50* 20)*

0$"%5'0;62BB2/'50*R%$&'$D$)*+,*<566$(50*20)*_207?*FGH[SM*<C$*AC266$07$*;5%*%$($2%AC$%(*'(*/5*

')$0/';,* DC'AC* #2/CD2,(* A2"($* 0$"%5)$7$0$%2/'50* 20)* DC'AC* 2%$* /%'77$%$)* 2(* #2%/* 5;* /C$*

)$7$0$%2/'&$*#%5A$((M*

BCBC7!! ><:3(+:1!
<C$* A62(('A26* B5/5%* (,B#/5B(* '0A6")$* %$(/'07* /%$B5%?* +%2),9'0$('2?* %'7')'/,* 20)* #5(/"%26*

'0(/2+'6'/,M*<C$,*%$("6/*;%5B*)2B27$*/5*B5/5%*#2/CD2,*A50/%56*R;'7"%$*HS*R%$&'$D$)*'0*.5%AV,0*

20)* W"%$&'AC?* FGHGg* K2%9'0(50?* HiHjS* 20)* +$A5B$* 2##2%$0/* 506,* DC$0* YGTiGu* 5;*

)5#2B'0$%7'A*0$"%50(*C2&$*)'$)* R:$%0C$'B$%*$/*26M?*Hhj[g*4C$07*$/*26M?*FGHGSM* *15D$&$%?*2(*

B$0/'50$)*#%$&'5"(6,?*6$('50(*'0*KL*#2/'$0/(Q*;5665D*2*(#$A';'A*#2//$%0*'0*DC'AC*B5/5%*)$A6'0$*

5AA"%(* '0* /C$* /C'%)* (/27$M* <C$%$;5%$* #%$B5/5%* ($0(5%,?* 2"/505B'A* 20)* 0$"%5#(,AC'2/%'A*

(,B#/5B(* #%$A$)$* A2%)'026* B5/5%* )$A6'0$M* <C$($* '0A6")$* %$)"A$)* A570'/'&$* ;"0A/'50?*

'0(5B0'2?*'B#5/$0A$?*'0A50/'0$0A$?*)$#%$(('50?*2#2/C,?*62A9*5;*'B#"6($*A50/%56*20)*)$6"('50(*

R<5)5%5&2*$/* 26M?* FGHJSM*W$0)$%*2;;$A/(* /C$*B20';$(/2/'50*5;* /C$*)'($2($?*D'/C* ;$B26$(*B5%$*

6'9$6,* /5* $O#$%'$0A$* $B5/'5026* )'(/"%+20A$(* 20)* 6$&5)5#2T'0)"A$)* ),(9'0$('2* 20)*B26$(* 20*

'0A%$2($)*%'(9*5;*(6$$#*)'(/"%+20A$(*20)*($&$%$*B5/5%*;$2/"%$(*R8,50(*$/*26M?*HhhiSM**

BCBCH!! !A*51&1!!
>/* '(* 05/* ,$/* 905D0* DC2/* /C$* $O2A/* #2/C5657'A26* B$AC20'(B(* +$C'0)* KL* 2%$?* 2(* jGTh]u* 5;*

)'($2($*(";;$%$%(*$OC'+'/*05*')$0/';'2+6$*7$0$/'A*A2"($*R4559(50*$/*26M?*FGG]SM*P$0)$6'20*;5%B(*

5;* KL* #%5&')$* '0('7C/(* '0/5* /C$*B56$A"62%*B$AC20'(B(* '0&56&$)?* 2AA$6$%2/'07* "0)$%(/20)'07*

20)*/C$*')$0/';'A2/'50*5;*0$D*/C$%2#$"/'A*/2%7$/(*;5%*+5/C*')'5#2/C'A*20)*;2B'6'26*KLM*15D$&$%?*

/C$($*7$0$(*)5*05/*26D2,(*(C5D*A5B#6$/$*#$0$/%20A$?*B$20'07*7$0$/'A*#%$)'(#5('/'50*/5D2%)*

/C$*)'($2($* 26(5* %$Z"'%$(* $0&'%50B$0/26?* $#'7$0$/'A* ;2A/5%(* 5%* 2))'/'5026* 7$0$/'A* %'(9* ;2A/5%(*

;5%*/C$*'660$((*/5*)$&$65#*R%$&'$D$)*+,*8$(27$*20)*:%'A$?*FGGhSM*

BCBCHCB!! ])X$%+):&)(*4!K$10!8*'(+%1!
I7$*20)*($O*2%$*/C$*B2'0*KL*%'(9*;2A/5%(?*D'/C*506,*]u*5;*A2($(*5AA"%%'07*+$;5%$*/C$*27$*5;*YG*

R@20*L$0*^$)$0*$/*26M?*FGG[g*U$$&$*$/*26M?*FGHJSM*>0)'&')"26(*D'/C*5&$%*FG*,$2%(*5;*5AA"#2/'5026*

$O#5("%$*/5*A$%/2'0*B$/26(?* '0A6")'07*A5##$%*20)*B20720$($?*C2&$*"#*/5*/$0;56)*C'7C$%*5))(*

5;*)$&$65#'07*KL*RW5%$66*$/*26M?*HhhjSM*P$20DC'6$*%"%26*6'&'07*20)*#$(/'A')$(*C2&$*+$$0*(C5D0*
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/5*#62,*2*A2"(2/'&$*%56$*'0*KL?*%$("6/'07*'0*2*HM[T[*/'B$(*'0A%$2($)*6'9$6'C55)*5;*)$&$65#'07*/C$*

)'($2($* R<200$%* $/* 26M?* FGHHg* 45(/$665* $/* 26M?* FGGhg* K%',2)2%(C'* $/* 26M?* FGGGSM* K$(/'A')$(* 2%$*

/C5"7C/* /5* '0C'+'/* A5B#6$O* >?* #2%/* 5;* /C$* B'/5AC50)%'26* $6$A/%50* /%20(;$%* AC2'0?* 6$2)'07* /5*

B'/5AC50)%'26*),(;"0A/'50*20)*5O')2/'&$*(/%$((?*2(*D$66*2(* '0A%$2('07*!T(,0"A6$'0*277%$72/'50*

R<200$%* $/* 26M?* FGHHg* 45(/$665* $/* 26M?* FGGhg* K%',2)2%(C'* $/* 26M?* FGGGg* FGGHg* !'6&2* $/* 26M?* FGH[SM*

_'0266,?*+5/C*0"B+$%*5;*+%2'0*'0k"%'$(*20)*/'B$*(#$0/*"0A50(A'5"(*2%$*2((5A'2/$)*D'/C*20*"#/5*

)5"+6$* KL* %'(9?* #5(('+6,* )"$* /5* /C$* 2A/'&2/'50* 5;* 6507T/$%B* '0;62BB2/5%,* A2(A2)$(* 5%*

B'/5AC50)%'26*),(;"0A/'50*RW56)B20*$/*26M?*FGGYSM**

BCBCHC7!! /%+(&'($X&!8*'(+%1!
>/* '(* D$66* )5A"B$0/$)* /C2/* A2;;$'0$* 20)* 0'A5/'0$* A50("B#/'50* '0&$%($6,* %$62/$* /5* %'(9* 5;* KL*

RW%20)'0$//'*$/*26M?*HhhJg*1$66$0+%20)*$/*26M?*HhhYg*b$;V7$%*$/*26M?*HhYig*d'B$0$VTd'B$0$0$V*$/*

26M?*HhhFSM*15D$&$%?* %$A$0/*(/")'$(*C2&$* ;5"0)*/C$($*$;;$A/(*2%$*266$6$*(#$A';'A?*D'/C*0'A5/'0$*

'0/29$*2A/"266,*A2"('07*2*FGGu* '0A%$2($)*%'(9* '0* /C5($*D'/C*%2%$*C5B5V,75"(*(,02#/'A*&$('A6$*

76,A5#%5/$'0* FA) *%1$'/* 266$6$(* +"/* 2* ]Yu* %'(9* %$)"A/'50* '0*B5(/* '0)'&')"26(* R1'66T:"%0(* $/* 26M?*

FGH[SM* !'B'62%6,?* '0* A2;;$'0$* 0$"%5#%5/$A/'50?*B'/57$0T2A/'&2/$)* #%5/$'0* 9'02($* HG) *;(+#,R/*

266$6$(*#%5&')$*2*GTiGu*'0A%$2($*'0*#%5/$A/'50*R450;$%$0A$*#%$($0/2/'50?*12,)$C*K2,2B'?*NK4*

FGH[SM*^O$%A'($* '(*2((5A'2/$)*D'/C*+5/C*2*)$A%$2($)*%'(9*5;*KL*20)*2B$6'5%2/'50*5;*(,B#/5B(*

2;/$%*50($/*5;*KL*Rt"*$/*26M?*FGHGg*<C2A9$%*$/*26M?*FGGig*4'"AA'*$/*26M?*FGH[g*_'(C$%*$/*26M?*FGH[SM*

L'$/*A20*26(5*+$*#%5/$A/'&$g*2*P$)'/$%%20$20*)'$/*C26&$(*/C$*%'(9*5;*KL*RW25*$/*26M?*FGGjg*!C$0*

20)*d'?*FGH[SM*

BCBCHCH!! G&)&($'!

KL*D2(*6507*/C5"7C/*/5*+$*20*$0/'%$6,*(#5%2)'A*)'($2($M*L$(#'/$*B$0/'50(*'0*/C$*6'/$%2/"%$*2(*

;2%*+2A9*2(*/C$*HF/C*A$0/"%,*:4*20)*d2B$(*K2%9'0(50Q(*($B'026*HiHj*$((2,*RK2%9'0(50?*HiHjS?*'/*

D2(* 05/* "0/'6* HhhJ* /C2/* 2* ;2B'6'26* A5B#50$0/* /5* KL* D2(* )$(A%'+$)* RK2,2B'* $/* 26?* HhhJg*

82VV2%'0'* $/* 26?* HhhJSM* <C$* ;'%(/* 7$0$* ')$0/';'$)* D2(* %&'(?* A5)'07* ;5%* !T(,0"A6$'0*

RK56,B$%5#5"65(* $/* 26?* HhhjSM* !'0A$* /C$0?*B20,* 7$0$/'A* 6'09(* /5* KL* C2&$* +$$0* ;5"0)M*N'/C*

)5B'020/*7$0$(?*%$A$(('&$*7$0$(?*%'(9*;2A/5%(*20)*&2%,'07*6$&$6(*5;*#$0$/%20A$?*C$%'/2+6$*KL*'(*

A5B#6$OM*<C'(*'(*)'(A"(($)*;"%/C$%*'0*($A/'50*HMFM*

BCBCO!! @%&*(:&)(!
KL* '(* A"%%$0/6,* '0A"%2+6$?*D'/C*506,*#266'2/'&$* /%$2/B$0/(*2&2'62+6$M*<C'(* '(*"06'9$6,* /5* AC207$*

"0/'6* "0)$%(/20)'07* 5;* /C$* B$AC20'(B(* +$C'0)* /C$* )'($2($* 'B#%5&$(M* <%$2/B$0/(* 2'B* /5*

'0A%$2($*)5#2B'0$* 6$&$6(* '0* /C$*+%2'0?* %$)"A$*/C$*$;;$A/*5;*)5#2B'0$*5&$%652)* '0* /C$*%$(/*5;*

/C$* +5),* 20)* /%$2/* /C$* 2AA5B#20,'07* 050TB5/5%* (,B#/5B(M* 8$&5)5#2* C2(* +$$0* /C$* B2'0*
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/%$2/B$0/*('0A$*/C$*HhYG(M*>/*'(*2*)5#2B'0$*#%$A"%(5%?*"($)*2(*)5#2B'0$*'(*"02+6$*/5*A%5((*/C$*

+655)T+%2'0*+2%%'$%M*!')$T$;;$A/(*5;*/C$($*)%"7(*R("AC*2(*),(9'0$('2(*20)*A5B#"6('50(S*2%$*26(5*

/%$2/$)*RK2%9'0(50Q(*(5A'$/,*vL%"7*/%$2/B$0/(*;5%*KLQ*FGHF*+5596$/SM*L$$#*+%2'0*(/'B"62/'50*'(*

'0A%$2('076,* "($)* '0* A2($(* DC'AC* A2005/* +$* A50/%566$)* +,* B$)'A2/'50* 5%* '0* #2/'$0/(* /C2/*

$O#$%'$0A$* ($&$%$* (')$T$;;$A/(M* K2/'$0/(* DC5* "0)$%D$0/* )$$#* +%2'0* (/'B"62/'50* ;5"0)*

('70';'A20/* 'B#%5&$B$0/(* '0* Z"26'/,* 5;* 6';$?* D'/C* 2* jGu* %$)"A/'50* '0* ),(9'0$('2(* 20)* 2* YGu*

)$A%$2($* '0* 8T)5#2*)5($* R.6$'0$%T_'(B20*$/* 26M?* FGGYSM* <C$%$* '(* 26(5*5075'07* '0&$(/B$0/* 20)*

A6'0'A26* /%'26(* '0/5*/C$*#5(('+'6'/'$(*5;* /%$2/B$0/*"('07*7$0$*/C$%2#,M*I*%$A$0/*#%$6'B'02%,*/%'26*

'0/%5)"A'07* /C%$$*$0V,B$(* '0&56&$)* '0*)5#2B'0$*(,0/C$('(* /5* /C$*(/%'2/"B*;5"0)*266*#2/'$0/(*

$O#$%'$0A$)* #$%('(/$0/* 'B#%5&$B$0/(* '0* B5/5%* A50/%56?* D'/C5"/* ),(9'0$('2(* 5%* 'BB"0$*

%$(#50($(*RK26;'*$/*26?*FGHJg*A6'0'A26*/%'26*b4<GGYFj]iiSM**

!"#! ! !"#"$%&'()*(+,!!
I6/C5"7C* /C$* ($6$A/'&$* )$7$0$%2/'50* 5;* )5#2B'0$%7'A* 0$"%50(* 20)* /C$* $O2A/* #2/C5657'A26*

B$AC20'(B(*+$C'0)*KL*2%$*"0905D0?*7$0$/'A*2026,($(*20)*7$05B$TD')$*2((5A'2/'50*(/")'$(*

RWNI!S*C2&$*')$0/';'$)*B"6/'#6$*7$0$(*20)*%$7'50(*5;*/C$*7$05B$*/C2/*2%$*6'09$)*D'/C*KLM*<C$*

KL* 65A'* $2AC* C2&$* 2* vKIU.Q* ')$0/';'$%?* 2AA5%)'07* /5* /C$* 5%)$%* '0*DC'AC* /C$,*D$%$* ')$0/';'$)M*

<C$%$* 2%$* A"%%$0/6,* Hi* 2AA$#/$)* 65A'* R/2+6$* HS* 26/C5"7C* /C$* 7$0$(* 2((5A'2/$)*D'/C* /C$($* 65A'*

C2&$*05/*266*+$$0*')$0/';'$)*5%*A50;'%B$)M**

* *
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PARK 
Locus 

Approved     
Symbol 

Protein Location Inheritance Initial study 

PARK1/4 SNCA !-synuclein, 4q21.3-q22 D Polymeropoulos, 1996 

PARK2 PARK2 parkin 6q25.2-q27 R Matsumine, 1997 

PARK3 PARK3 ? 2p13 D Gasser, 1998 

PARK5 UCHL1 ubiquitin carboxyl-
terminal esterase L1 

4p13 D Leroy, 1998 

PARK6 PINK1 PTEN-induced 
kinase 1 

1p36.12 R Valente, 2001 

PARK7 PARK7 DJ-1 1p36.23 R van Duijn, 2001 

PARK8 LRRK2 leucine-rich repeat 
kinase 2 

12q12 D Funayama, 2002 

PARK9 ATP13A2 ATPase type 13A2 1p36 R Hampshire, 2001 

PARK10 PARK10 ? 1p32 R Hicks, 2002 

PARK11 PARK11  ? 2q36-q37 D Pankratz, 2003b 

PARK12 PARK12 ? Xq21-q25 X Pankratz, 2003a 

PARK13 HTRA2 HtrA Serine 
Peptidase 2 

2p13.1 D Strauss, 2005 

PARK14 PLA2G6 phospholipase A2, 
Group VI 

22q13.1 R Paisan-Ruiz, 2009 

PARK15 FBXO7 F-box protein 7 22q12.3 R Shojaee, 2008 

PARK16 PARK16  ? 1q32 ? Satake, 2009 

PARK 17 VPS35 vacuolar protein 
sorting 35 homolog 

16q12 D Vilarino-Guell, 2011 

PARK18 EIF4G1 eukaryotic 
translation initiation 
factor 4 gamma, 1 

3q27.1 D Chartier-Harlin, 2011 

@*,4&! BC! G&)&($'! 4+'*($+)1! 4$)0&#! (+! /?! (.%+5;.! 4$)0*;&! *)#! *11+'$*($+)! 1(5#$&1M* <C$*
vK2%9'0(50Q(*7$0$*;2B'6,Q*2(*)$/$%B'0$)*+,*/C$*1"B20*7$0$*5%720'(2/'50*7$0$*05B$0A62/"%$*
A5BB'//$$* R1WP4SM* 85A'* '0* +56)* C2&$* +$$0* '0)$#$0)$0/6,* A50;'%B$)* ('0A$* /C$,* D$%$* ;'%(/*
%$#5%/$)?* /C5($* 05/* '0* +56)* 2%$* A"%%$0/6,* "0A50;'%B$)* R.6$'0* 20)* N$(/$0+$%7$%* FGHFSM*
>0C$%'/20A$* B5)$(* 2%$* )5B'020/* RLS?* %$A$(('&$* RUS?* tT6'09$)* RtS* 5%* "0905D0* RwSM* 1Wb4*
)2/2+2($?*1WP4M* 
*

<C$*&2%'$/,*5;*#%5/$'0(*$0A5)$)*+,*/C$($*7$0$(*C2(*'B#%5&$)*5"%*"0)$%(/20)'07*5;*/C$*A2"(26*

#2/C57$0'A* B$AC20'(B(* 5;* /C$* )'($2($?* '0)'A2/'07* B"6/'#6$* #2/CD2,(* /C2/* A50/%'+"/$* /5*

#2/C57$0'A'/,* '0* KLM* <C$($* '0A6")$* 6,(5(5B26* ;"0A/'50* RI<KH[IF?* W:IS?* 6'#')* +'5(,0/C$('(*

RK8IFWYS?* #%5/$'0* /%20(62/'50* R^>_JWH?* 8UU.FS?* &$('A6$* /%2;;'A9'07* R@K![]?* 8UU.FS?*

"+'Z"'/'02/'50* R3418H?* K2%9'0?* _:tEjS?* B'/5AC50)%'26* ;"0A/'50* RK2%9'0?* K>b.H?* LdH?* _:tEj?*

1<UIFS*20)*2"/5#C27,*R8UU.FSM**

*

>0C$%'/20A$*A20*;5665D*20*2"/5(5B26*)5B'020/*5%*%$A$(('&$*#2//$%0*20)*/C$*/,#$*5;*'0C$%'/20A$*

5;/$0*26/$%(*/C$*27$*5;*50($/?*/C$*(#$$)*5;*#%57%$(('50*20)*)'($2($*($&$%'/,M*

BC7CB!! "5(+1+:*4!#+:$)*)(!
@2%'20/(* 5;* %&'(5) !""#$) 20)) 1+%23* C2&$* +$$0* ;5"0)* /5* A2"($* KL* ;5665D'07* )5B'020/*

'0C$%'/20A$* '0* B"6/'#6$* ;2B'6'$(* R%$&'$D$)* '0* L2AC($6* 20)* _2%%$%* FGHGg* KC'6(/%xB* 20)* <5;/?*

FGHHg*!/%2"((*$/*26M?*FGG]g*@'62%'05TW"$66*$/*26M?*FGHHg*q'B#%'AC*$/*26M?*FGHHSM*<C$*AC2%2A/$%'(/'A(*
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2((5A'2/$)*D'/C* A50;'%B$)* 7$0$(* A2"('07* 62/$T50($/* KL*2%$* ("BB2%'($)* '0* /2+6$* F*DC'6$* /C$*

"0A50;'%B$)*7$0$(*2%$*)'(A"(($)*+%'$;6,*+$65D*R($A/'50*HMFMHMJSM*

*

/"KL!
I+'51!

G&)&!
)*:&!

Z%&U5&)'<!
68*:$4$*4!

Z%&U5&)'<!
613+%*#$'!

""^! T+C!+8!:5(*($+)1!
$#&)($8$&#!

?$1&*1&!8&*(5%&1!

!"#$%&'( %&'() Fu* yHu* [GTJG* J?* #6"(* )"#6'A2/'50(*
r*/%'#6'A2/'50*

U2#')* #%57%$(('50?* 8$D,*
+5)'$(?* A570'/'&$* 20)*
2"/505B'A*AC207$(*

!"#$)( !""#$) FTJGu*
R#5#"62/'50*
)$#$0)$0/S*

HTFu* ]GTYG* zJG* "0A50;'%B$)?* j*
A50;'%B$)?* F* %'(9*
&2%'20/(*

!65D* #%57%$(('50?* {* 8$D,*
+5)'$(* 20)* 0$"%5;'+%'662%,*
/2076$(*

!"#$*+( 1+%23) yHu* yHu* |]G* H* 4"%%$0/6,*6'//6$*)2/2*

@*,4&! 7C! "! 15::*%<! +8! '.*%*'(&%$1($'1! +8! '+)8$%:&#! *5(+1+:*4! #+:$)*)(! /?! '*1&1C* <C$*
;%$Z"$0A,* '0* C$%'/2+6$* 20)* (#5%2)'A* A2($(?* "("26* 27$* 5;* 50($/* RIIES?* 0"B+$%* 5;* #2/C57$0'A*
B"/2/'50(* A"%%$0/6,* ')$0/';'$)* 20)* 20,* 2))'/'5026* ;$2/"%$(* 2((5A'2/$)* D'/C* /C$* )'($2($*
#C$05/,#$* R.6$'0*20)*N$(/$0+$%7$%*FGHFg*:$%7*$/*26M?*FGG]g*IC0*$/*26M?*FGGig*K"(ACB200*$/*
26M?*FGGh?*EP>P*#27$(?*2AA$(($)*HJGJHJSM*
*

BC7CBCB! ,-."(J/"KLB_OM!
%&'(*D2(* /C$* ;'%(/* 7$0$* '0*DC'AC* KLTA2"('07*B"/2/'50(*D$%$* ;5"0)* RK56,B$%5#5"65(* $/* 26M?*

HhhjSM* >/*$0A5)$(*/C$*#%5/$'0*!T(,0"A6$'0?*/C$*B2k5%*A5B#50$0/*5;*8$D,*+5)'$(*R:2+2*$/*26M?*

HhhiSM*82/$%?*)'($2($TA2"('07*)"#6'A2/'50(*20)*/%'#6'A2/'50(*D$%$*26(5*')$0/';'$)?*)$B50(/%2/'07*

/C2/* '0A%$2($)* #%5/$'0* )5($* '(* #2/C57$0'A* R!'076$/50* $/* 26M?* FGG[SM* b2/'&$6,* (56"+6$* 20)*

"0;56)$)?*!T(,0"A6$'0*2)5#/(*2*($A50)2%,*(/%"A/"%$*506,*DC$0*+5"0)*/5*'0/$%2A/'50*#2%/0$%(M*

K2/C57$0'A* %&'(* B"/2/'50(* A2"($* 20* '0A%$2($)* /$0)$0A,* 5;* /C$* #%5/$'0* /5* ;5%B* (/2+6$?*

'0(56"+6$*XT(C$$/(*DC'AC*277%$72/$*'0/5*/5O'A*56'75B$%(*20)*;'+%'6(M*>/*'(*05/*905D0*';*;'+%'6(*20)*

8$D,* +5)'$(* 2%$* /C$B($6&$(* /5O'A* 5%* 20* 2//$B#/* +,* /C$* A$66* /5* ($Z"$(/$%* )2B27'07* (#$A'$(?*

/C$%$+,*%$)"A'07*/5O'A'/,M*!T(,0"A6$'0* '(*D')$6,*$O#%$(($)*/C%5"7C5"/*/C$*+%2'0*20)*$0%'AC$)*

2/* #%$T(,02#/'A* /$%B'026(M* >/(* %56$* '(* "0AC2%2A/$%'($)* +"/* '/* '(* /C5"7C/* /5* +$* '0&56&$)* '0*

0$"%5/%20(B'//$%*%$6$2($*R.6$'0*20)*N$(/$0+$%7$%*FGHFg*:$9%'(*$/*26M?*FGHGSM*
*

BC7CBC7! IKKL7!J/"KLFM!
P"/2/'50(* '0* 6$"A'0$T%'AC* %$#$2/* 9'02($* F* R!""#$/5) (5B$/'B$(* %$;$%%$)* /5* 2(* vL2%)2%'0Q?* 2%$*

%$62/'&$6,*A5BB50?*A2"('07*"#/5*Fu*5;*')'5#2/C'A*RKI)S?T?S*KL*A2($(M*P"/2/'50(*2%$*'0C$%'/$)*

)5B'020/6,*D'/C* '0A5B#6$/$* #$0$/%20A$* R82/5"%$66$* $/* 26M?* FGGiSM* >/* '(* 2* 62%7$?*B"6/'T)5B2'0*

#%5/$'0* 20)* 5&$%* JG* #"/2/'&$6,* #2/C57$0'A* B"/2/'50(* C2&$* +$$0* 65A2/$)?* ($&$0* 5;* DC'AC*

A50&'0A'076,*($7%$72/$*D'/C*/C$*)'($2($*R;'7"%$*F?*($A/'50*HM[MHS*R8$(27$*20)*:%'A$?*FGGhSM*<C$*

B5(/*A5BB50?*/C$)!""#$*WFGHh!*B"/20/?* '(* 'B#6'A2/$)*'0*HGTJGu*5;*b5%/C*I;%'A20*I%2+*20)*

I(C9$02V'* d$D'(C*KL*A2($(?* /C5"7C* '(* %2%$%* '0*^"%5#$20*20)*I('20*#5#"62/'50(* REV$6'"(*$/*26?*

FGGYSM*<C$%$*2%$*('O*2))'/'5026*A2"(2/'&$*B"/2/'50(*20)*/D5*%'(9*&2%'20/(M*RI2(6,*$/*26M?*FGHGSM*
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N'/C* /C$* $OA$#/'50* 5;* 50$* %'(9* &2%'20/?* /C$($* B"/2/'50(* 2%$* 266* 65A2/$)* '0* /C$* $0V,B2/'A*

U5A4EU*20)*.'02($*)5B2'0(M**

*

8UU.F* '(* 5;* #2%/'A"62%* '0/$%$(/* 2(* ;2B'6'26* ;5%B(* 5;* /C$* )'($2($* %$("6/'07* ;%5B* B"/2/'50(* '0*

!""#$*#%$($0/*D'/C*/C$*(2B$*62/$T50($/*A6'0'A26*#C$05/,#$*2(*')'5#2/C'A*KL*R1$26,*$/*26M?*FGGiS*

20)* '/* '(* C5#$)* /C2/* "0)$%(/20)'07* /C$* AC207$(*B$)'2/$)* +,* !""#$*B"/2/'50(*B2,* #%5&')$*

A6"$(*/5*/C$*"0)$%6,'07*A2"($(*5;*')'5#2/C'A*KLM**

*

8UU.F*'(*)'(A"(($)*'0*)$/2'6*'0*($A/'50*HM[M*
*

BC7CBCH! =/>HQ!J/"KLBEM!
@2A"562%* #%5/$'0* (5%/'07* []* R1+%23S* 7$0$* $0A5)$(* 2* ("+"0'/* 5;* /C$* %$/%5B$%* A5B#6$O?* 2*

#%5/$'0* A5B#6$O* '0&56&$)* '0* %$/%57%2)$* /%20(#5%/* 5;* %$A$#/5%(* ;%5B* $0)5(5B$(* /5* /C$*

$0)5#62(B'A*%$/'A"6"B*RK5#5;;*$/*26M?*FGGjSM*<C$*@K![]*#%5/$'0*+'0)(*(#$A';'A*A2%75* '0A6")'07*

/C$*D0/* ('70266'07* %$A$#/5%*D0/6$((?* )'&26$0/*B$/26* /%20(#5%/$%* H* RLP<HS* 20)* /C$* 6,(5(5B26*

#%5/$2($*A2/C$#('0*L*R:$6$092,2*$/*26M?*FGGig*<2+"AC'*$/*26M?*FGHGg*_566$/*$/*26M?*FGHJSM*P"/2/$)*

@K![]* B2,* 26/$%* +'0)'07* 2;;'0'/,* /5* /C$($* '0/$%2A/'50* #2%/0$%(M* >B#2'%$)* D0/6$((* /%20(#5%/*

D5"6)*'0C'+'/*D0/*('70266'07?*905D0*/5*+$*'B#5%/20/*'0*)$&$65#B$0/*5;*)5#2B'0$*0$"%50(*20)*

'B#2'%$)*'0*KL*RL$07*$/*26M?*FGH[g*:$%D'A9*20)*12%&$,?*FGHF+S? !T(,0"A6$'0*)$7%2)2/'50*A5"6)*

+$*)'(%"#/$)*+,*B'(65A26'($)*A2/C$#('0*L*R_566$//*$/*26M?*FGHJS*20)*'0C'+'/$)*%$A,A6'07*5;*LP<H*

D5"6)* 26/$%* '%50* /%20(#5%/* R<2+"AC'* $/* 26M?* FGHGSM* I0,* 5;* /C$($* &2%'2/'50(* A5"6)* 6$2)* /5*

0$"%5)$7$0$%2/'50*'0*KLM*
*

BC7CBCO! `)'+)8$%:&#!;&)&1!

<C$%$*2%$*($&$%26*7$0$(*D'/C'0*/C$*%'(9* 65A'* '0*DC'AC*#"/2/'&$*A2"(2/'&$*B"/2/'50(*C2&$*+$$0*

;5"0)?*+"/*/C$*#2/C57$0'A'/,*5;*/C$*#%5/$'0(*/C$,*$0A5)$*'(*05/*A50;'%B$)M*3+'Z"'/'0*A2%+5O,6T

/$%B'026* $(/$%2($* 8H* R3418HS* )$T"+'Z"'/'02/$(* #%5/$'0(* +$;5%$* 2((5A'2/'07* D'/C* /C$*

"+'Z"'/'02($* B505B$%(?* #%$&$0/'07* /C$'%* )$7%2)2/'50M* K5(('+6$* #2/C57$0'A* B$AC20'(B(* 2%$*

%$)"A$)*6'72($*2A/'&'/,*5%*A50;$%%26*5;*2*05&$6*20/'5O')20/*%56$*R8'"*$/*26M?*FGGFg*42%B'0$*:$6'0*$/*

26M?*FGGjg*.,%2/V'*$/*26M?*FGGiSM*^"92%,5/'A*/%20(62/'50*'0'/'2/'50*;2A/5%*JW*R^>_JWHS*;5%B(*#2%/*5;*

2*%$A%"'/B$0/*A5B#6$O?* ;2A'6'/2/'07*BUbI*/%20(;$%*/5* '0'/'2/$*#%5/$'0*(,0/C$('(M*:,*#%$&$0/'07*

;5%B2/'50*5;* /C$* /%20(62/'50* '0'/'2/'50*A5B#6$O?*#2/C57$0'A*B"/2/'50(*B2,* %$)"A$* /C$* (/%$((*

%$(#50($*5;*A$66(* R4C2%/'$%T12%6'0$*$/*26M?*FGHHSM*1<UI*($%'0$*#$#/')2($*F* R1<UIFS?* 6'9$*K>b.H*

R6'09$)*/5*2"/5(5B26*%$A$(('&$*KLS?*'(*'0&56&$)*'0*B'/5AC50)%'26*Z"26'/,*A50/%56*20)*#2/C57$0'A*

B"/2/'50(*D5"6)*+$*$O#$A/$)*/5*26/$%*)2B27$)*B'/5AC50)%'26*#%5/$56,('(*RP5'(5'*$/*26M?*FGGhSM*
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WU:HG*>0/$%2A/'07*W\_*K%5/$'0*F*R9U9VC$S*C2(*+$$0*')$0/';'$)*2(*+("#,,?*26/C5"7C*;5665DT"#*

(/")'$(*C2&$*05/*+$$0*2+6$* /5* A50;'%B*2*KLTW>W\_F* 6'09M* >/* %$7"62/$(* /%,#('0* 9'02($* %$A$#/5%*

('70266'07*R82"/'$%*$/*26M?*FGGig*8$(27$*$/*26M?*FGHGg*:%2(*$/*26M?*FGGhSM**

BC7C7!! "5(+1+:*4!%&'&11$X&!
<C$%$*2%$*B"6/'#6$*%$A$(('&$*;5%B(*5;*KLM*P5(/*%$("6/*'0*65((*5;*;"0A/'50*)"$*/5*20*'02A/'&$*5%*

2+($0/* #%5/$'0* 20)* A2"($* 20* $2%6,* )'($2($* 50($/* R^EKLSM* >0/$%$(/'076,?* B20,* 5;* /C$($* 2%$*

'0&56&$)* '0*B'/5AC50)%'26* ;"0A/'50?*B29'07* /C'(*2* 6'9$6,*)'($2($*B$AC20'(B*;5%*^EKLM*K2%9'0?*

K>b.H?*LdH*20)*_:tEj*2%$*266* 6'09$)* /5*B'/5AC50)%'26* (/%$((* %$(#50($(* R:"%AC$66*$/*26M?*FGH[g*

d$0)%2AC* $/* 26M?* FGGhg* >%%AC$%* $/* 26M?* FGHGSM* K5(/TB5%/$B* $O2B'02/'50(* 5;* KL* #2/'$0/(* 5;/$0*

%$&$26* 26/$%$)* B'/5AC50)%'26* B5%#C5657,?* 26/C5"7C* 272'0?* '/* '(* 05/* A6$2%* ';* /C'(* )2B27$* '(*

A2"(2/'&$*5%*2*A50($Z"$0A$*5;*/C$*)'($2($M*^EKL*'(*&$%,*)';;$%$0/*/5*')'5#2/C'A*KL?*05/*506,*'0*

27$*2/*50($/*RIIES*+"/*D'/C*2))'/'5026*;$2/"%$(*/5*/C$*A2%)'026*50$(*)$(A%'+$)*2+5&$?*("AC*2(*

#(,AC'2/%'A*(,B#/5B(*20)*72V$*#26(,*R!AC"6/$*20)*W2(($%?*FGHGg*.6$'0*20)*N$(/$0+$%7$%*FGHFg*

8$(27$*20)*:%'A$?*FGHFSM**

*

<C$* AC2%2A/$%'(/'A(* 2((5A'2/$)* D'/C* $2AC* A50;'%B$)* $2%6,T50($/* 7$0$* 'B#6'A2/$)* '0* KL* 2%$*

("BB2%'($)*'0*/2+6$*[M*

/"KL!
4+'51!

T*:&! 8%&U5&)'<!
68*:$4$*4!!

8%&U5&)'<!
613+%*#$'!!

""^! T+C!+8!:5(*($+)1!
$#&)($8$&#!

"##$($+)*4!#$1&*1&!
8&*(5%&1!

!"#$%( +("#$)
R#2%9'0S)

jju* FGu* 4C'6)C55)*e*
JG(*

zHGG*B"/2/'50(?*
)$6$/'50(?*
)"#6'A2/'50(*

b5*8:(M*!65D*
#%57%$(('50*

!"#$/( +U&#,) HTH]u* HTJu* [G(TJG(* z]G*B"/2/'50(*20)*
)$6$/'50(*

!65D*#%57%$(('50*

!"#$+( +("#4)
RLdTHS*

Hu* yHu* FG(T[G(* J* +%2),)2A/,6,?*
#(,AC'2/%'A*(,B#/5B(?*
(C5%/*(/2/"%$*

!"#$0( (7+,2($) yHu* yHu* <$$027$* j* L$B$0/'2*
("#%20"A6$2%*72V$*
#26(,M*I77%$(('&$*
50($/*

!"#$*'( +!($96) yHu* yHu* <$$027$TFG(* Y* L,(/50'2?*)$B$0/'2?*
;%50/5/$B#5%26*
2/%5#C,*

!"#$*1( C:WX4) yHu* yHu* 4C'6)C55)*T*
/$$027$*

J* K,%2B')26*(,(/$B*
'0&56&$B$0/*

@*,4&! HC! "! 15::*%<! +8! '.*%*'(&%$1($'1! +8! &*%4<6+)1&(Y! %&'&11$X&! /?! '*1&1C* <C$* ;%$Z"$0A,* '0*
C$%'/2+6$* 20)* (#5%2)'A* A2($(?* "("26* 27$* 5;* 50($/* RIIES?* 0"B+$%* 5;* #2/C57$0'A* B"/2/'50(*
A"%%$0/6,* ')$0/';'$)* 20)* 20,* 2))'/'5026* ;$2/"%$(* 2((5A'2/$)* D'/C* /C$* )'($2($* #C$05/,#$*
R!AC"6/$* 20)* W2(($%?* FGHGg* .6$'0* 20)* N$(/$0+$%7$%* FGHFg* 8$(27$* 20)* :%'A$?* FGHFg* E06'0$*
P$0)$6'20*>0C$%'/20A$*'0*P20*REP>PS*#27$(?*2AA$(($)*HJGJHJSM*

!

BC7C7CB!! ]^/?!*)#!(.&!:$(+3.*;<!3*(.-*<!2!"#$%3(!"#$/3(!"#$+(
( ( *)#!!"#$*14!
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!$&$%26* 5;* /C$* #%5/$'0(* 6'09$)* D'/C* ^EKL* 2%$* '0&56&$)* '0* 0$"%5#%5/$A/'50* 20)* B'/5#C27,*

'0'/'2/'50-*#2%9'0*R+("#$S?*K>b.H*R+("#6S?*LdTH*R+("#4S*20)*_:tEj*R+("#,3SM**

*

30)$%* 05%B26* A50)'/'50(?* /C$* ($%'0$p/C%$50'0$* 9'02($* K>b.H* '(* %2#')6,* )$7%2)$)* 2/*

B'/5AC50)%'2*R8'0*20)*.207?*FGGiSM*L2B27$)*B'/5AC50)%'2*"0)$%75*B$B+%20$*)$#562%'(2/'50*

DC'AC* '0C'+'/(* K>b.H* )$7%2)2/'50M* <C$* ("+($Z"$0/* 2AA"B"62/'50* 5;* K>b.H* 6$2)(* /5* #2%9'0*

%$A%"'/B$0/* /5* /C$* B'/5AC50)%'2* 20)* #C5(#C5%,62/'50* RP2/(")2* $/* 26M?* FGHG2g* FGHG+g*

.50)2#266'* $/* 26M?* FGHFSM* U$A%"'/B$0/* '(* B$)'2/$)* +,* 20* ^[* "+'Z"'/'0* 6'72($* A5B#6$O* /C2/*

A50/2'0(* /C$* KLT'B#6'A2/$)* _:tEj* R:"%AC$66* $/* 26M?* FGH[SM* K2%9'0?* 26(5* 20* ^[* "+'Z"'/'0* 6'72($?*

/C$0* A2/26,($(* #56,"+'Z"'/'02/'50* 5;* ("+(/%2/$(?* '0A6")'07*B'/5;"('0(* 20)* &56/27$T)$#$0)20/*

20'50*AC200$6(*DC'AC*$02+6$*2#5#/5/'A*;2A/5%(*/5*$0/$%*/C$*5%720$66$?*/%'77$%'07*B'/5AC50)%'26*

;%27B$0/2/'50*20)*B'/5#C27,*RW62"($%*$/*26M?*FGHHg*q'&'20'*20)*NC'6/D5%/C?*FGHGg*W$77*$/*26M?*

FGHGg* <("k'B5/5* 20)* !C'B'V"?* FGGFSM* E&$%$O#%$(('50* 5;* K>b.H* 5%* #2%9'0* '(* 0$"%5#%5/$A/'&$?*

(C'$6)'07* 0$"%50(* ;%5B* '0("6/(* '0A6")'07* !T(,0"A6$'0* /5O'A'/,?* #%5/$2(5B26* ),(;"0A/'50* 20)*

5O')2/'&$*(/%$((*R_$20,*20)*K26620A9?*FGG[g*<5))*20)*!/2&$6$,?*FGGiSM*

*

LdTH* '(* 20* 20/'5O')20/?* #%5/$A/'07* 272'0(/* %$2A/'&$* 5O,7$0* (#$A'$(* RUE!ST'0)"A$)* 5O')2/'&$*

(/%$((*+,*2"/5T5O')2/'50*2/* (#$A';'A* A,(/$'0$* %$(')"$(* R>%%AC$%*$/*26M?*FGHGg*I%'72*$/*26M?*FGH[SM*

b5/*506,*)5$(* /C$*C'7C* %2/$*5;*I<K*B$/2+56'(B*A5B#2%$)* /5* /C$* %$(/*5;* /C$*+5),*B$20* /C$*

+%2'0* '(*#2%/'A"62%6,*&"60$%2+6$*/5*(/%$((?*+"/*)5#2B'0$*B$/2+56'(B*%$6$2($(*UE!?*%$("6/'07*'0*

'0A%$2($)*$O#5("%$*5;*0'7%26*)5#2B'0$*0$"%50(*R!#'02*20)*45C$0?*HhihSM*I(*D$66*2(*%$7"62/'07*

$O#%$(('50*5;*7$0$(*'0&56&$)*'0*)5#2B'0$*(,0/C$('(*/5*#%5/$A/*0$"%50(*;%5B*)2B27$*'0)"A$)*

+,*$OA$((*)5#2B'0$*5O')2/'50*R>(C'92D2*$/*26M?*FGGhg*FGHFS?*LdTH*26(5*B2'0/2'0(*B'/5AC50)%'26*

A5B#6$O* >* ;"0A/'50*)"%'07* 5O')2/'&$* (/%$((?* #%5/$A/'07* 272'0(/*B'/5#C27,* RN229* $/* 26M?* FGGhg*

P"66$//*$/*26M?*FGHHg*12,2(C'*$/*26M?*FGGhSM**

BC7C7C7! "@/BH"7!J/"KLNM!!
P"/2/'50(* '0* I<K2($?* /,#$* H[IF* R(7+,2($S* 6$2)* /5* .";5%TU29$+* (,0)%5B$?* 2* #2%9'0(50'(B*

2((5A'2/$)* D'/C* )$B$0/'2* 20)* ("#%20"A6$2%* 72V$* #26(,M* I<KH[IF* '(* 2* 6,(5(5B26* B$B+%20$*

#%5/$'0?* '0&56&$)* '0* C$2&,* B$/26* '50* B$B+%20$* /%20(#5%/* R!ACB')/* $/* 26M?* FGGhSM* I<KH[IF*

%$7"62/$(*0$"%5026*'0/$7%'/,*20)*#%5/$A/(*272'0(/*B'/5AC50)%'26*;%27B$0/2/'50g*2*#5(('+6$*6'09*

/5*5/C$%*#2/C57$0'A*B$AC20'(B(*2((5A'2/$)*D'/C*^EKLM*>0)$$)?*'/*'(*)%2B2/'A266,*"#%$7"62/$)*

'0*/C$*%$B2'0'07*)5#2B'0$*0$"%50(*5;*KL*+%2'0(*RU2B'%$V*$/*26M?*FGGYg*U2B50$/*$/*26M?*FGHFSM**

BC7C7CH! /I"7GR!J/"KLBOM!
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KC5(#C56'#2($*IF?*7%5"#*@>*R+!($96S*$0A5)$(*'K8IFT@>?*2*A26A'"B*'0)$#$0)$0/*#C5(#C56'#2($?*

'B#5%/20/*;5%*B2'0/2'0'07*B$B+%20$*'0/$7%'/,*+,*%$7"62/'07*#C5(#C2/'),6AC56'0$?*2*B2k5%*A$66*

B$B+%20$* A5B#50$0/M* >0* 2))'/'50* /5* KL?*+!($96*B"/2/'50(* 2%$* 26(5* 'B#6'A2/$)* '0* '0;20/'6$*

0$"%52O5026*),(/%5#C,*20)*0$"%5)$7$0$%2/'50*D'/C*+%2'0*'%50*2AA"B"62/'50?*+5/C*)'(5%)$%(*'0*

DC'AC* AC207$(* '0* '%50* C5B$5(/2('(* '(* 'B#6'A2/$)* RP5%720* $/* 26M?* FGGYg* W%$75%,* $/* 26M?* FGGhg*

.C2/$$+* $/* 26M?* FGGYSM*P2/$5(* 20)* A566$27"$(* RFGGiS* ')$0/';'$)* '%50* +"'6)T"#* 2(* 20* 5O')2/'&$*

(/%$((* /%'77$%?* 6$2)'07* /5*#C5(#C2/'),6AC56'0$*+%$29)5D0M* >/* '(*#5(('+6$* /C2/*B"/2/$)* 'K8IFT@>*

'0C'+'/(* 2* #%5/$A/'&$* %$(#50($* /5* %$)"A$)* B$B+%20$* '0/$7%'/,* '0* /C$* #%$($0A$* 5;* 5O')2/'&$*

(/%$((M*

BC7CH!! K$10!4+'$!
KL* %2%$6,* (C5D(* B5057$0$/'A* '0C$%'/20A$* R.6$'0* 20)* N$(/$0+$%7$%?* FGHFSM* 45B#6$O*

'0/$%2A/'50(*+$/D$$0*7$0$/'A(*20)*/C$*$0&'%50B$0/*2%$*2+6$*/5*'B#2A/*50*+5/C*/C$*#%$($0A$*

20)* #%57%$(('50* 5;* /C$* )'($2($M* P"6/'#6$* %'(9* 7$0$(* C2&$* +$$0* ')$0/';'$)* "('07* WNI!M* <C'(*

#5D$%;"6* /556*"($(* 62%7$*A5C5%/(*5;*#$5#6$*/5*)$/$A/* 65D*#$0$/%20A$*266$6$(*DC'AC*A2005/*+$*

)$/$A/$)* D'/C'0* ;2B'6'$(M* 450;'%B$)* %'(9T$0C20A'07* 7$0$(* '0A6")$* %&'(5) !""#$5) ;(+7) 20)*

9:(M**

BC7CHCB! 56"!

P"/2/'50(* '0* /C$* 6,(5(5B26* $0V,B$* 76"A5A$%$+%5(')2($* RW:IS* A2"($* W2"AC$%* )'($2($?* 2*

76,A56'#')*(/5%27$*)'(5%)$%M*9:(*D2(*')$0/';'$)*2(*2*KL*%'(9*7$0$*2;/$%*/C$*'0A%$2($)*%2/$*5;*KL*

'0* (";;$%$%(*20)* %$62/'&$(*5;*W2"AC$%*#2/'$0/(*D2(* (#5//$)*+,*#C,('A'20(* RW59$%TI6#20*$/*26M?*

FGGJSM* <C$%$* '(* 2* [T;56)* C'7C$%* %'(9* 5;* KL* '0* W2"AC$%* #2/'$0/(* RP2/2* $/* 26M?* FGGiSM*P"/2/$)*

;5%B(*5;*/C$*W:I*#%5/$'0*B2,*%$)"A$*6,(5(5B26*;"0A/'50-*'B#2'%'07*)$7%2)2/'50*5;*!T(,0"A6$'0*

5%* 76"A5A$%$+%5(')$?* 26/$%'07* /C$* A5B#5('/'50* 5;* B$B+%20$(* 20)* 6$2)'07* /5* A,/5(56'A*

277%$72/'50* 5;* !T(,0"A6$'0* R:%5A9B200* $/* 26M?* FGHFg* P2VV"66'* $/* 26M?* FGHHg* b'AC56(* $/* 26M?*

FGGh+SM**

BC7CHC7! 7"!8!

;(+7* $0A5)$(* <2"?* 2* B'A%5/"+"6$* 2((5A'2/$)* #%5/$'0* RPIKS* '0&56&$)* '0* B2'0/2'0'07* /C$*

5%720'V2/'50*20)*'0/$7%'/,*5;*/C$*A,/5(9$6$/50M*;(+7*%'(9*&2%'20/(*;5%*KL*C2&$*+$$0*'0)$0/';'$)*

+,* WNI!M* RK2(/5%* $/* 26M?* FGGHg* 1$26,* $/* 26M?* FGGJSM* <2"* '(* 05/* 506,* 'B#6'A2/$)* '0* KL?* +"/*

'0A6"('50(* 2%$* 26(5* ;5"0)* '0* B"6/'#6$* 0$"%5)$7$0$%2/'&$* )'($2($(* 20)* /2"5#2/C'$(* '0A6")'07*

I6VC$'B$%Q(*)'($2($?* (#5%2)'A* A5%/'A5+2(26*)$7$0$%2/'50?*#%57%$(('&$* ("#%20"A6$2%*#26(,?* 20)*

K'A9s(* )'($2($* R%$&'$D$)* +,* 8$$* $/* 26M?* FGGHSM* 1,#$%#C5(#C5%,62/$)* ;5%B(* 5;* /C$* #%5/$'0*

277%$72/$* /5* ;5%B* 0$"%5;'+%'662%,* /2076$(* 6$2)'07* /5* )$(/2+'6'(2/'50* 5;* B'A%5/"+"6$(* RP<(S*
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R1277$%/,*$/*26M?*FGHHg*L"92*$/*26M?*FGGYg*I650(5*$/*26M?*HhhYg* 8'0)D266*$/*26M?*HhiJSM*W"5*20)*

A566$27"$(*(C5D$)*/C2/*!T(,0"A6$'0* '(*2+6$* /5*($$)*/2"* ;'+%'6'(2/'50?*DC'6$*5/C$%*(/")'$(*C2&$*

;5"0)* /C$* A50&$%($* 26(5* /%"$?*D'/C* /2"* 2+6$* /5* $0C20A$*!T(,0"A6$'0* 277%$72/'50* RW"5*$/* 26M?*

FGH[g*:2)'526*$/*26M?*FGHHS?*("77$(/'07*/C$%$*B2,*+$*2*/5O'A*;$$)+2A9*655#M**

BC7CO!! "##$($+)*4!4+'*($+)1!
<C$%$*2%$*B20,*2))'/'5026*7$0$(*'B#6'A2/$)*'0*KLM*15D$&$%*/C$'%*'0A')$0A$*'(*(5*%2%$*/C2/*/C$,*

2%$*)';;'A"6/*/5*)$/$A/*20)*A50;'%BM*>0/$%02/'5026*A50(5%/'2*'0A6")'07*/C$*vN$66A5B$*/%"(/*A2($*

A50/%56* A50(5%/'2* FQ* R!22)* $/* 26M?* FGHFg* N<444F* (/")'$(S* 20)* /C$* v>0/$%02/'5026* K2%9'0(50Q(*

L'($2($* 7$05B'A(* A50(5%/'"BQ* R>0/$%02/'5026* K2%9'0(50s(* L'($2($* W$05B'A(* 450(5%/'"B*

R>KLW4S*$/*26M?*FGHHS*A566$A/*7$0$/'A*)2/2*;%5B*62%7$*7%5"#(*5;*'0)'&')"26(*DC'AC*2%$*/C$0*/$(/$)*

+,*WNI!*;5%*2((5A'2/'50*D'/C*KL?*D'/C*/C$*2'B*5;*')$0/';,'07*0$D*%'(9*;2A/5%(M*<C$($*)2/2*C2&$*

+$$0*A5B+'0$)*'0/5*/C$*#"+6'A6,*2&2'62+6$*vKLW$0$Q*)2/2+2($*R8'66*$/*26M?*FGHFS?*A50/2'0'07*5&$%*

[GGG*&2%'20/(*'0*hGG*7$0$(*DC'AC*B2,*+$*'0&56&$)*'0*KL*)$&$65#B$0/M*15D$&$%?*)$(#'/$*/C'(*

'0/$%02/'5026* $;;5%/* /5* ')$0/';,* 0$D* A2"(2/'&$* ;2A/5%(* ;5%* /C$* )'($2($?* jGTh]u*5;* KL*#2/'$0/(*

$OC'+'/*05*')$0/';'2+6$*7$0$/'A*A2"($*R4559(50*$/*26M?*FGG]g*8$(27$*20)*:%'A$?*FGHFSM**

*

!"#$! ! !"#$%&"6!"#$%!&'&()%*"+(,&%-%.!""#$!!!
8UU.F* '(* 2* 62%7$?* FiG* .L2?* "+'Z"'/'5"(6,* $O#%$(($)* #%5/$'0* $0A5)$)* +,* !""#$M* ^O#%$(('50* '(*

C'7C$(/*'0*/C$*9')0$,(*20)*6"07(?*65D*/C%5"7C5"/*B5(/*+%2'0*%$7'50(*+"/*(6'7C/6,*C'7C$%*'0*/C$*

#"/2B$0*20)*!b* Rq'B#%'AC*$/*26M?* FGGJg*1'72(C'*$/*26M?* FGGjSM* 8UU.F*C2(*2*#2%2657"$?* 8UU.HM*

<C'(* '(* 26(5* D')$6,* $O#%$(($)* 20)* C2(* 20* 26B5(/* ')$0/'A26* )5B2'0* 5%720'V2/'50?* D'/C* jGu*

('B'62%'/,*/5*8UU.F* '0*/C$*U5A?*4EU*20)*.'02($*)5B2'0(*20)*Jiu*('B'62%'/,*5&$%266* R<2,B20(?*

FGHFSM*L';;$%$0A$(*#%$)5B'02/$*'0*/C$*(C5%/$%*bT/$%B'0"(?*C5D$&$%*7$0$/'A*2026,($(*5;*!""#,*

C2&$*05/*')$0/';'$)*2*%56$*'0*KL*R12"72%&566*$/*26M?*FGGjS*20)*A$66"62%*$O#%$(('50*5;*$Z"'&26$0/*

#2/C57$0'A) !""#$)B"/2/'50(* )5* 05/* (C5D* /C$* (2B$* /5O'A'/,* DC$0* '0/%5)"A$)* '0/5* !""#,*

RW%$77'5*$/*26M?*FGGjSM*

BCHCB!! !IKKL7!6!>(%5'(5%&!!
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<C$* 8UU.F* #%5/$'0* '(* A5B#5($)* 5;* ($&$%26* )'(/'0A/* )5B2'0(M* I* A2/26,/'A* A5%$* 5;* U5A4EU* 20)*

9'02($*)5B2'0(*'(*("%%5"0)$)*+,*(/%"A/"%26*20)*#%5/$'0T#%5/$'0*'0/$%2A/'50*B5/';(*5;*2%B2)'665?*

209,%'0?*6$"A'0$T%'AC*20)*NLJG*%$#$2/(*R($$*;'7"%$*FSM*>/*$O'(/(*02/'&$6,*2(*2*)'B$%*R!$0*$/*26M?*

FGGhSM*E&$%*JG*B"/2/'50(*6'09'07*!""#$*/5*KL*C2&$*+$$0*#"+6'(C$)?*+"/*506,*j*2%$*A50;'%B$)*

2(*#2/C57$0'A*D'/C*/D5*$(/2+6'(C$)*%'(9*;2A/5%(*20)*50$*#%5/$A/'&$*&2%'20/*R;'7"%$*FS*RP2/2*$/*

26M?*FGGYg*_"*$/*26M?*FGH[g*4C$0*$/*26M?*FGHHg*8$(27$*$/*26M?*FGGhSM**

Z$;5%&! 7C! @.&! 1(%5'(5%&! +8! IKKL7C* !AC$B2/'A* )'27%2B* 5;* /C$* 8UU.F* ;"0A/'5026* )5B2'0(-*
I%B2)'665*%$#$2/(*RI%BS?*I09,%'0T%'AC*%$#$2/(*RI09S?*8$"A'0$T%'AC*%$#$2/(*R8UUS?*U2(*5;*A5B#6$O*
#%5/$'0(* RU5AS?* 4T/$%B'026* 5;* U5A* R4EUS?* .'02($* )5B2'0* 20)* 2* NLJG* )5B2'0M* K2/C57$0'A*
B"/2/'50(*;5"0)*'0*$2AC*)5B2'0*2%$*6'(/$)*2+5&$*'0*%$)?*%'(9*;2A/5%(*'0*5%207$*20)*2*#%5/$A/'&$*
&2%'20/*'0*7%$$0M*IB'05*2A')*%$(')"$(*2/*)5B2'0*+5"0)2%'$(*2%$*62+$66$)M*
*

BCHCBCB! K+'A^K!(*)#&:!G@/*1&!#+:*$)!
<C$* U2(* 5;* A5B#6$O* #%5/$'0(* RU5AS* )5B2'0* '(* 2* W<K2($M* >/* '(* 26D2,(* $O#%$(($)* D'/C* 2*

("+($Z"$0/* 4T/$%B'026* 5;* U5A* R4EUS* )5B2'0* DC'AC* '(* /C5"7C/* /5* ;2A'6'/2/$* )'B$%'(2/'50*

RW5//C2%/*$/*26M?*FGGig*!$0*$/*26M?*FGGhSM*<C'(*U5A4EU*/20)$B*)5B2'0*'0)'A2/$(*8UU.F*'(*#2%/*5;*

/C$*UE4E* ("+;2B'6,*5;*U2(TW<K2($*#%5/$'0(* R8$D'(?* FGGhg* <2,B20(?* FGHFg*:5(7%22;* 20)*@20*

122(/$%/?* FGG[S?* 266* B$B+$%(* 5;* DC'AC* A50/2'0* +5/C* /C$* U5A* 20)* 4EU* )5B2'0(?* 5;/$0*

2AA5B#20'$)*+,*2*9'02($*20)p5%*2*NLJG*)5B2'0M*<C$'%*)"26*$0V,B2/'A*;"0A/'50*20)*#%5/$'0T

#%5/$'0*'0/$%2A/'50*('/$(*("77$(/*'0&56&$B$0/*'0*('70266'07*A2(A2)$*B5)"62/'50*R8$D'(?*FGGhSM**

*
42050'A26* (B266* W<K2($(?* ("AC* 2(* /C5($* '0* /C$* U2(* ("#$%;2B'6,?* 2A/* 2(* 2* vB56$A"62%* (D'/ACQ?*

A,A6'07* +$/D$$0* 2* WLKT+5"0)* R'02A/'&$S* 20)* W<KT+5"0)* R2A/'&$S?* A50;5%B2/'50M* <C$* 2A/'&$*

;5%B* 5;* 2* W<K2($* ('7026(* /5* )5D0(/%$2B* $;;$A/5%(?* 2A/'&2/'07* ('70266'07* A2(A2)$(* R<2,B20(?*

FGHFSM* L"$* /5* /C$'%* C'7C* 7"205('0$* 0"A6$5/')$* 2;;'0'/,?* /C$($* A50&$0/'5026* (B266* W<K2($(*

%$Z"'%$* 2AA$((5%,* W^_(* R7"20'0$* 0"A6$5/')$* $OAC207$* ;2A/5%(S* 20)* WIK(* RW<K2($* 2A/'&2/'07*

#%5/$'0(S* /5* A2/26,($* /C$* WLKpW<K* $OAC207$M* !5B$* $&')$0A$* #5'0/(* /5* #"/2/'&$* 8UU.FT

'0/$%2A/'07* WIK(* 20)* W^_(g* ("Y9<C45) ("Y9<C8* 20)* ("Y9<C,$* 2%$* "#%$7"62/$)* '0* 8UU.F*

905A9)5D0*0$"%5+62(/5B2*A$66(*R12$+'7*$/*26M?*FGHGSM*<C$($*$0A5)$*UC5TW^_(?*D'/C*UC5TW^_j*

2A/'&2/'07*8UU.F*W<K2($*2A/'&'/,?*/C5"7C*/C$*'0/$%2A/'50*5AA"%(*D'/C*+5/C*D'6)T/,#$*20)*W<KT

+'0)'07*)$;'A'$0/*B"/20/(*R12$+'7*$/*26M?*FGHGSM*I6(5?*ILKT%'+5(,62/'50*;2A/5%*W<K2($T2A/'&2/'07*

Arm LRR Ank Roc COR Kinase WD40 1 

660 872 1319 1515 1845 2138 2498 

2527 

G2385R 
G2019S 
I2020T 

Y1699C 
R1628P 

R1398H 
N1437H 

R1441C/G/H 
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#%5/$'0* H* RI%;WIKHS* +'0)(* 8UU.F* 20)* $0C20A$(* 8UU.F* W<K* C,)%56,('(?* '0A%$2('07* 9'02($*

2A/'&'/,M* !"%#%'('076,* /C$* '0/$%2A/'50* 5AA"%(* &'2* /C$*NLJG* 20)* 9'02($* )5B2'0(* R!/2;2* $/* 26M?*

FGHFg*t'507*$/*26M?*FGHFSM*<C$($*)2/2*("77$(/*/C2/*/C$*8UU.F*U5A*)5B2'0*'(*05/*2*/,#'A26*(B266*

W<K2($M**

*

I0*26/$%02/'&$*#%5#5(26* '(* /C2/* /C$*8UU.F*U5A4EU*/20)$B*)5B2'0*2A/(*2(*2*WIL*RW*#%5/$'0(*

2A/'&2/$)*+,*0"A6$5/')$T)$#$0)20/*)'B$%'(2/'50SM*WIL(*2%$*05/*%$7"62/$)*+,*WIK(*20)*W^_(?*

$;;$A/'07* W<K2($* 2A/'&'/,* +,* )'B$%'(2/'50* RW2(#$%* $/* 26M?* FGGhSM* WIL(* C2&$* 2* 65D* 7"205('0$*

0"A6$5/')$* 2;;'0'/,?* /C$%$;5%$* /C$* '0&56&$B$0/* 5;* WIK(* 20)* W^_(* 2%$* 05/* %$Z"'%$)M* >0(/$2)?*

/C$($*#%5/$'0(*"0)$%75*0"A6$5/')$T)$#$0)$0/*)'B$%'(2/'50?*D'/C*7"205('0$*0"A6$5/')$*+'0)'07*

+%'07'07*/C$*$;;$A/5%*%$7'50(*'0/5*#%5O'B'/,*20)*2(($B+6'07*/C$*2A/'&$*('/$*RW2(#$%*$/*26M?*FGGhg*

N'//'07C5;$%*20)*@$//$%?*FGHHSM**

*

4$66"62%* 8UU.F* #%$)5B'020/6,* $O'(/(* '0* 2* )'B$%'A* W<KT+5"0)* v2A/'&$Q* (/2/$* R>/5* $/* 26M?* FGGjg*

W%$77'5* $/* 26M?* FGGig* !$0* $/* 26M?* FGGhS?* C5D$&$%* )'B$%'(2/'50* C2(* 05/* +$$0* #%5&$0* /5* +$*

7"205('0$* 0"A6$5/')$T)$#$0)$0/* R:'5(2* $/* 26M?* FGH[g* <2,B20(* $/* 26M?* FGHHS* 20)* 26/C5"7C*

A%,(/26'(2/'50* 5;* /C$* '=) HIJAKLM) U5A5* U5A4EU* C5B5657"$* )5$(* ("##5%/* 4EUTB$)'2/$)*

)'B$%'(2/'50* R;'7"%$*[S?* /C'(*C2(*05/* ,$/*+$$0* (C5D0* ;5%* 8UU.F* '/($6;* RW5//C2%)/*$/* 26M?* FGGig*

L$07* $/* 26M?* FGGiSM* ^6"A')2/'50* 5;* /C$* B$AC20'(B* '(* C'0)$%$)* +,* /C$* 65D* 6$&$6(* 5;* '0/%'0('A*

W<K2($*2A/'&'/,*R>/5*$/*26M?*FGGjg*t'507*$/*26M?*FGHGSM*

 

<C$%$*2%$*($&$%26*A50;'%B$)*#2/C57$0'A*B"/2/'50(*65A2/$)*D'/C'0*/C$*U5A4EU*/20)$B*)5B2'0g*

UHJJH4?* UHJJHW?* UHJJH1*20)*bHJ[j1* '0* /C$*U5A* )5B2'0?* 20)* \HYhh4* 20)* /C$*UHYFiK* %'(9*

&2%'20/* '0* /C$* 4EU* )5B2'0* R;'7"%$* FSM* ^2AC* 5;* /C$($* 65A2/$(* /5* /C$* C,)%5#C5+'A* '0/$%2A/'50*

%$7'50*+$/D$$0*/C$*U5A*20)*4EU*)5B2'0(* R;'7"%$*[SM*<,%HYhh* '(* ;"66,*A50($%&$)*20)* ;5%B(*2*

C,)%57$0*+50)*D'/C*/C$*0$2%+,*U5A*)5B2'0*I(0HJ[j*%$(')"$?*DC$%$2(*B"/2/'50(*'0*I%7HJJH*

26/$%* /C$* AC2%7$* 5%* %$B5&$* /C$* 26'#C2/'A* (')$TAC2'0?* 26/$%'07* /C$* '0/$%2A/'50* (/%$07/C* 20)*

(/%"A/"%26*(/2+'6'/,*+$/D$$0*/C$*/D5*%$7'50(*RW5//C2%)/*$/*26M?*FGGig*L20'$6(*$/*26M?*FGHHSM*<C"(*

'/*'(*#5(/"62/$)*/C2/*26/$%$)*U5AT4EU*#5('/'50'07*%$)"A$(*'0/%2TU5A4EU*)'B$%'(2/'50?*6$2)'07*/5*

%$)"A$)*W<K2($*;"0A/'50*RL20'$6(*$/*26M?*FGHHg*P2/2*$/*26M?*FGGYg*W%$77'5*20)*4559(50?*FGGhg*8'*

$/*26M?*FGGjSM*I6/C5"7C*8UU.FT'0)"A$)*0$"%5)$7$0$%2/'50*C2(*+$$0*("77$(/$)*/5*+$*B$)'2/$)*

+,* /C$* 9'02($* )5B2'0?* /5O'A'/,* '0* ,$2(/* C2(* +$$0* (C5D0* /5* +$*B$)'2/$)* +,* W<K2($* 2A/'&'/,*

Rt'507*$/*26M?*FGHGS*2(* '0)'A2/$)*+,*%$)"A$)*7%5D/C*A5B#2%$)*D'/C*A50/%56(M*P$20DC'6$?* /C$*

#%5/$A/'&$*UH[hi1*B"/2/'50*26(5*$O/$0)(*'0/5*/C'(*C,)%5#C5+'A*A6$;/*+$/D$$0*/C$*U5A*20)*4EU*
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)5B2'0(?*DC$%$*'/*'(*65A2/$)*'0*/C$*v(D'/AC*>>Q*%$7'50M*>/*'(*2/*2*('/$*A50(')$%$)*A%'/'A26*;5%*W<K2($*

2A/'&'/,*'0*B20,*(B266*W<K2($(*R<('92*20)*P55%$*FGHFS*20)*B2,*;2A'6'/2/$*W<K2($*;"0A/'50M*

Z$;5%&!HC!a+:+4+;<!:+#&4!+8!(.&!K+'A^K!#+:*$)!#$:&%C*"C*15B5657,*B5)$6*5;*/C$*U5A4EU*
("%;2A$?* )$B50(/%2/'07* /C$* #%$)'A/$)* )'B$%* (/%"A/"%$* 5;* 8UU.F* ;"0A/'50'07* 2(* 2* WT#%5/$'0*
2A/'&2/$)* +,* 0"A6$5/')$T)$#$0)20/* )'B$%'(2/'50* RWILSM* \C* U'++50* B5)$6* 5;* /C$* '0/$%026*
(/%"A/"%$* D'/C* /C$* $Z"'&26$0/* 65A2/'50* 5;* /C$* U5A* 20)* 4EU* I(0HJ[j?* I%7HJJH* 20)* <,%HYhh*
#2/C57$0'A*B"/2/'50*('/$(*20)*/C$*#%5/$A/'&$*UH[hi*('/$*C'7C6'7C/$)?*266*5;*DC'AC*A6"(/$%*/5*/C$*
U5AT4EU* '0/$%;2A$M*P5)$66$)*"('07*'=) HIJAKLM*U2+*U5A4EU*(/%"A/"%$?*#"+6'A6,*2&2'62+6$* ;%5B*
/C$*K%5/$'0*L2/2*:209*RB5)$6*[LK3S*RW5//C2%)/*$/*26M?*FGGiSM*
*

U5A4EU*)5B2'0* '0/$%2A/5%(?* ')$0/';'$)*+,*,$2(/*/D5TC,+%')*(A%$$0(*20)*;"%/C$%*AC2%2A/$%'($)*

/5*)2/$?*'0A6")$*)'(C$&$66$)*#%5/$'0(*HT[*R!20AC5*$/*26M?*FGGhS?*/"+"6'0(*RW'662%)50?*FGGhg*82D*$/*

26M?*FGHJS*20)*(02#'0*R\"0*$/*26M?*FGH[SM*I(*%$7"62/5%(*5;*D0/*('70266'07?*)'(C$&$66$)*#%5/$'0(*2%$*

'0&56&$)*'0*)'&$%($*('70266'07*#2/CD2,(*'0A6")'07*(,02#/'A*;5%B2/'50*20)*#62(/'A'/,?*P<*(/2+'6'/,*

20)*)'2+$/$(* ("(A$#/'+'6'/,* RI&'62*$/*26M?*FGHGg*W%20/*$/*26M?*FGGYg*:$%D'A9*20)*12%&$,*FGHF+g*

4'20'* $/* 26M?* FGGJSM*N0/* ('70266'07*B5)"62/'50* '(* 2* A5B#$66'07* #2/C57$0$('(* A20)')2/$?* +$'07*

26%$2),*6'09$)*D'/C*I6VC$'B$%Q(*)'($2($*0$"%5)$7$0$%2/'50M*8UU.F*C2(*+$$0*(C5D0*/5*%$7"62/$*

A2050'A26*D0/*('70266'07*20)?*'B#5%/20/6,?*!FFG$*B"/20/(*%$)"A$*/C$*2+'6'/,*5;*8%%9F*/5*'0A%$2($*

D0/*('70266'07*2A/'&'/,*R:$%D'A9*20)*12%&$,?*FGHF+SM*<C$*8UU.F*U5A*)5B2'0*C2(*+$$0*(C5D0*/5*

'0/$%2A/*D'/C*P<(*'0*2*W<K2($*'0)$#$0)$0/*;2(C'50*RW'662%)50?*FGGhg*W20)C'*$/*26M?*FGGig*82D*

$/*26M?*FGHJSM*<C'(* '(*)'(A"(($)* 62/$%* '0* ($A/'50*HM[MJM*<C$*U5A*)5B2'0*C2(*26(5*+$$0* ;5"0)* /5*

%$7"62/$* 0$"%5/%20(B'//$%* %$6$2($* &'2* 20* '0/$%2A/'50*D'/C* !02#'0* '0* 2*B200$%* "02;;$A/$)* +,*

#2/C57$0'A*B"/2/'50(*R\"0*$/*26M?*FGH[SM*

*

_5%* %$2(50(* 5;* A62%'/,* 20)* +$A2"($* /C$,* 506,* $O'(/* /57$/C$%?* /C$* U5A* 20)* 4EU* )5B2'0(* D'66*

("+($Z"$0/6,* +$* %$;$%%$)* /5* 2(* 50$* vU5A4EUQ* )5B2'0?* $OA$#/* DC$%$* '/* '(* 'B#5%/20/* /5*

$B#C2('($*DC'AC*%$7'50*5;*/C$*U5A4EU*)5B2'0*'(*+$'07*%$;$%%$)*/5?*'0*DC'AC*A2($*/C$,*D'66*+$*

($#2%2/$6,*02B$)M*
*

Arg1441 Asn1437 
Tyr1699 

COR 2 A B 

Arg1398 
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BCHCBC7!! L$)*1&!#+:*$)!

:2($)* 50* #%5/$'0* C5B5657"$(?* /C$* 9'02($* )5B2'0* 2##$2%(* /5* +$* %$62/$)* /5* P8.* RB'O$)T

6'0$27$T9'02($(SM*P8.(*2%$*'0&56&$)*'0*#%57%2BB$)*A$66*)$2/C*&'2*/C$*db.*20)*ATk"0*2#5#/5('(*

%$7"62/'50*#2/CD2,*RW2665*20)*d5C0(50?*FGGFg*N$(/*$/*26M?*FGG]SM*<C$,*A50/2'0*/D5*65+$(*6'09$)*

+,*2*C'07$*%$7'50*20)*;6$O'+6$*2A/'&2/'50*655#M**KC5(#C5%,62/'50*5;*/C$*2A/'&2/'50*655#*/%'77$%(*

/C$*AC207$*+$/D$$0*/C$*v2A/'&$Q*20)*v'02A/'&$Q*A50;5%B2/'50(?*26/$%'07*("+(/%2/$*2AA$(('+'6'/,M*

I<K*20)*("+(/%2/$(*+'0)*+$/D$$0*/C$*65+$(*'0*/C$*2A/'&$*('/$*R8"V50T<5%5*$/*26M?*FGGjSM*<C$($*

;$2/"%$(*2%$*&'('+6$*'0*;'7"%$*J?*2*C5B5657,*B5)$6*5;*/C$*8UU.F*9'02($*)5B2'0M*

*

<C$%$*2%$* /D5*#2/C57$0'A*B"/2/'50(* '0* /C'(*)5B2'0g*WFGHh!*20)* >FGFG<M*WFGHh!* '(* /C$*506,*

!""#$*B"/2/'50*/5*A2"($*2*%$#%5)"A'+6$*'0A%$2($*'0*9'02($*2A/'&'/,M*>/*D2(*26(5*(C5D0*/5*%$("6/*

'0*/2"*#5('/'&$* '0A6"('50(*20)*)$A%$2($)*0$"%'/$* 6$07/C* AS)TAHF?* RW%$77'5*$/*26M?*FGGYg*d26$$6*$/*

26M?* FGGjg* 8"V50T<5%5* $/* 26M?* FGGjg* N$(/* $/* 26M?* FGG]g* FGGjS?* DC'6$* D5%9* 50* !FFG$* WFGHh!*

/%20(7$0'A* B'A$* ("77$(/(* '0A%$2($)* 2A/'&2/'50* 5;* /C$* P..JTdb.TATd"0* #2/CD2,?* 6$2)'07* /5*

(#$A';'A* )$7$0$%2/'50* 5;* )5#2B'0$%7'A* 0$"%50(* '0* /C$* !bA* R4C$0* $/* 26M?* FGHF2SM* P$20DC'6$*

>FGFG<*D2(*;5"0)*/5*B5)$(/6,*$0C20A$*ASZTAHF?*9'02($*2A/'&'/,*+,*(5B$*7%5"#(*RW65$90$%*$/*26M?*

FGGYg*W%$77'5* $/* 26M?* FGGYS* +"/* /C$* 5##5('/$?* 5%* 05* $;;$A/?*D2(* ($$0*+,* 5/C$%(* Rd26$$6* $/* 26M?*

FGGjg*I020)*$/*26M?*FGGhSM*:5/C*B"/2/'50(*2%$*65A2/$)*+$/D$$0*/C$*/D5*65+$(g*W6,FGHh*'0*/C$*

C'07$* %$7'50?* 'BB$)'2/$6,* ;5665D$)* +,* >6$FGFG* '0* /C$* ;6$O'+6$* 2A/'&2/'50* 655#M* WFGHh!* 20)*

>FGFG<*C2&$*+$$0*#%$)'A/$)*/5*;5%B*2))'/'5026*C,)%57$0*+50)(?*(/2+'6'('07*/C$*2A/'&2/'50*655#*

'0* 20* 2A/'&$* A50;5%B2/'50?* DC'6$* /C$* !""#$* WFGHh!*B"/2/'50* 26(5* '0/%5)"A$(* 20* 2))'/'5026*

2"/5#C5(#C5%,62/'50*('/$*RW'6(+2AC*$/*26M?*FGHFg*U2,*$/*26M?*FGHJg*8"V50T<5%5*$/*26M?*FGGjSM**

Z$;5%&! OC! a+:+4+;<! :+#&4! +8! (.&! IKKL7! 0$)*1&! #+:*$)C* "C* <C$* '02A/'&$* 9'02($* )5B2'0*
("%;2A$?* )$B50(/%2/'07* /C$* $O/$%026* $Z"'&26$0/* 65A2/'50* 5;* /C$* #2/C57$0'A* KL*B"/2/'50(M*\C*

A B 

Gly2019 
Ile2020 
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U'++50*B5)$6*5;*/C$*'0/$%026*(/%"A/"%$*D'/C*/C$*$Z"'&26$0/*65A2/'50*5;*/C$*#2/C57$0'A*WFGHh!*
20)* >FGFG<* B"/2/'50(* C'7C6'7C/$)* '0* %$)* 20)* 5%207$* %$(#$A/'&$6,M* P5)$66$)* "('07) B=)
KLPALKILM*U5A5J*9'02($*(/%"A/"%$?*#"+6'A6,*2&2'62+6$*;%5B*/C$*K%5/$'0*L2/2*:209*B5)$6*J_GW*
RW'6(+2AC*$/*26M?*FGHFSM*
*

4"%%$0/6,* /C$* 506,* A50;'%B$)* ("+(/%2/$* 5;* /C$* 8UU.F* 9'02($* '(* A50(')$%$)* /5* +$* /C$* 8UU.F*

#%5/$'0?*A50/2'0'07*B"6/'#6$*2"/5#C5(#C5%,62/'50*('/$(M*15D$&$%?*9'02($*2A/'&'/,* '0*+5/C*D'6)T

/,#$* 8UU.F* 20)*B"/20/* 8UU.F* 2%$* &$%,* 65DM* <C'(*B2,* +$* )"$* /5* /C$* 2+($0A$* 5;* 'B#5%/20/*

A5;2A/5%(?*5%*B'(('07*AC2#$%50$(*/C2/*$0("%$*8UU.F*'(*A5%%$A/6,*;56)$)?*%$("6/'07*'0*65D*6$&$6(*

5;*;"0A/'5026*8UU.FM*I6/$%02/$6,*/C'(*B2,*+$*)"$*/5*/C$*62A9*5;*7$0"'0$*("+(/%2/$(*RW%$77'5*20)*

4559(50?*FGGhg*P2/2*$/*26M?*FGGYg*N$(/*$/*26M?*FGG]g*W65$90$%*$/*26M?*FGGYg*W"5*$/*26M?*FGGjSM**

*

<C$*9'02($*)5B2'0*C2(*+$$0*/C$*;5A"(*5;*B"AC*5;*/C$*'0/$%$(/*'0*8UU.F*2;/$%*'/*D2(*(C5D0*/C2/*

#2/C57$0'A*KL*B"/20/(*26/$%*9'02($*2A/'&'/,*R4C$0*$/*26M?*FGHF+g)N$(/*$/*26M?*FGG]g*!B'/C*$/*26M?*

FGGYSM*I%/';'A'266,*%$)"A'07*5%*+65A9'07*8UU.F*9'02($*2A/'&'/,*A50A5%)20/6,*%$)"A$)*/C$*/5O'A'/,*

5;* /C$* #2/C57$0'A* B"/2/'50(* RW%$77'5* $/* 26M?* FGGYg* W%$77'5* 20)* !'076$/50?* FGGjSM*

KC2%B2A5657'A26* '0C'+'/'50* 5;* /C$* 8UU.F* 9'02($* )5B2'0* '(* /C$%$;5%$* A50(')$%$)* 2* #62"('+6$*

B$/C5)*5;* /%$2/'07*KLM* ^2%6,* 8UU.F*9'02($*)5B2'0* '0C'+'/5%(*D$%$*050T(#$A';'A*5%*"02+6$* /5*

A%5((*/C$*+655)T+%2'0T+2%%'$%?*/C5"7C*%$A$0/*'0C'+'/5%(*("AC*2(*1WTHGTHGFTGH*20)*Wb^jhH]THi*

A20*A%5((*/C$*+655)T+%2'0T+2%%'$%*20)*2%$*C'7C6,*($6$A/'&$?*D'/C*6'B'/$)*5;;T/2%7$/*$;;$A/(*R4C$0*

$/*26M?*FGHF+g*4C5'*$/*26M?*FGHF2g*^(/%2)2*$/*26M?*FGHFSM*<C$,*D$%$*/C$*;'%(/*'0C'+'/5%(*/5*'0)"A$*

$0)57$05"(*8UU.F*)$#C5(#C5%,62/'50*2/*!$%hHG*20)*!$%h[]* '0* /%20(7$0'A*B5"($*+%2'0(*20)*

2%$* A"%%$0/6,* '0* #%$TA6'0'A26* /%'26(* '0* #%'B2/$(* R^(/%2)2* $/* 26M?* FGHFg* .2&2027C* $/* 26M?* FGH[SM*

15D$&$%?* 8UU.F* '(* 26(5* C'7C6,* $O#%$(($)* '0* 6"07(* 20)* 9')0$,(M* >0)$$)?* /C$* (/%507$(/*

)$7$0$%2/'&$* #C$05/,#$* '0* !FFG$* 905A9T5"/* B'A$* )$&$65#(* '0* /C$($* 5%720(M* <C$* 2B+'7"5"(*

;"0A/'50*5;*8UU.F*2(*D$66*2(*C'7C*$O#%$(('50*5"/(')$*/C$*4b!*B29$(*'/*"0A6$2%*';*8UU.F*9'02($*

'0C'+'/5%(* 2%$* 2* &'2+6$* A6'0'A26* #%5(#$A/?* /C5"7C* '0/$%$(/'076,* (5B$* C2&$* (C5D0* 2* 7%$2/$%*

2;;'0'/,*;5%*/C$*!""#$*WFGHh!*B"/20/M*<C'(*#5/$0/'26*;5%*($6$A/'&'/,* '0/'B2/$(*/C2/*/C$*B"/20/*

8UU.F* (#$A'$(* A5"6)* +$* #%$;$%$0/'266,* /2%7$/$)* Rb'AC56(* $/* 26M?* FGGh2g* U$'AC6'07* 20)* U'))6$?*

FGGhSM*

*

>0/%'7"'076,?*/%$2/B$0/*5;*!""#$*5&$%$O#%$(('07*1^.*A$66(*D'/C*/C$*1THH]F*050T($6$A/'&$*8UU.F*

9'02($*'0C'+'/5%*05/*506,*)$#C5(#C5%,62/$)*8UU.F*%$(')"$(*!$%hHG*20)*!$%h[]?*+"/*'/*A2"($)*2*

%$65A2/'50*5;* /C$*#%5/$'0* ;%5B*2*)';;"($* A,/5#62(B'A*)'(/%'+"/'50* /5* /C$*P<(?* ("77$(/'07*50$*

%56$*5;*2"/5#C5(#C5%,62/'50*B2,*+$*/5*B$)'2/$*8UU.F*A$66"62%*65A2/'50*RLV2BA5*$/*26M?*FGHGSM*

.$//*20)*A566$27"$(*RFGHFS*D$%$*"02+6$*/5*%$#$2/*/C'(*%$("6/*20)*'/*C2(*05/*+$$0*%$#5%/$)*D'/C*
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B5%$* (#$A';'A* 9'02($* '0C'+'/5%(* +"/* )$B50(/%2/$(* 2* #5(('+6$* 9'02($TB$)'2/$)*B$AC20'(B* /5*

A50/%56*A$66"62%*8UU.F*65A2/'50*Rb'AC56(*$/*26M?*FGHGSM**

*

<C$*'0/$%#62,*+$/D$$0*/C$*U5A4EU*20)*9'02($*)5B2'0(*'(*)$(A%'+$)*'0*($A/'50*HM[MHMJM**

BCHCBCH!! T+)6&)b<:*($'!#+:*$)1!!
<C$* bT/$%B'0"(* 5;* 8UU.F* A50/2'0(* H[* 2%B2)'665* %$#$2/(* #%$A$)'07* j* 209,%'0* %$#$2/(M* <C$($*

%$#$2/(*2%$*"("266,*;5"0)*'0*A,/5(9$6$/26*#%5/$'0(?*/%20(A%'#/'50*;2A/5%(*20)*('70266'07*#%5/$'0(*

RP5(2&'*$/*26M?*FGGJg*P'66(*$/*26M?*FGHFSM*_5665D'07*/C$($*2%$*/C$*HJ* 6$"A'0$T%'AC*%$#$2/(*R8UUS*

;5%*DC'AC*/C$*#%5/$'0* '(*02B$)M*<C$,*2(($B+6$* '0*20*2%ACT6'9$* ;5%B2/'50*5;*XT(/%20)(*20)*!T

C$6'A$(* 20)* 2%$* 5;/$0* '0&56&$)* '0* #%5/$'0* '0/$%2A/'50(?* B$)'2/'07* )'&$%($* A$66"62%* ;"0A/'50(*

R@20A%2$0$0+%5$A9*$/*26M?*FGHFg*.5+$*20)*.2k2&2?*FGGHSM*P'66(*20)*A566$27"$(*RFGHFS*#%5#5($*

/C2/* /C'(* %$7'50* 2A/(* 2(* 2* ;6$O'+6$* v(56$05')QT6'9$* (/%"A/"%$?* 2+6$* /5* 20AC5%* /C$* #%5/$'0* /5*

B$B+%20$(?*+'0)*A,/5(9$6$/26*#%5/$'0(*20)*2(T,$/T"0')$0/';'$)*;"0A/'5026*6'720)(M*

*

<C$*NLJG*)5B2'0*C2(*2*A'%A"62%*jT+62)$)*#%5#$66$%T6'9$*(/%"A/"%$?*DC'AC*2A/(*2(*2*("%;2A$*;5%*

#%5/$'0*5%*6'#')*'0/$%2A/'50(M*>/* '(*50$*5;*/C$*B5(/*A5BB50*#%5/$'0*)5B2'0(*20)*B2,*#%5&')$*

/C$* 65A2/'50* ;5%* '0/$%2A/'50(* D'/C* A$66"62%* 20)* 5%720$66$* B$B+%20$(* RP2/2* $/* 26M?* FGGYS?* '0*

2))'/'50*/5*#62,'07*20*2"/5%$7"62/5%,*%56$*D'/C'0*8UU.F*R($$*($A/'50*HM[MHMJSM*

*

<C$*8UU*20)*NLJG*%$7'50(*2%$*C'7C6,*#5('/'&$6,*AC2%7$)?*#%5&')'07*("%;2A$(*/5*+'0)*0$72/'&$6,*

AC2%7$)*(/%"A/"%$(*("AC*2(*0"A6$'A*2A')(*20)*#C5(#C56'#')(M*<C'(*AC2%7$*'(*05/*;5"0)*'0*8UU.H*

20)*("77$(/(*20*2%$2*5;*A6$2%*)'&$%7$0A$*+$/D$$0*/C$*/D5*#%5/$'0(*RP2/2*$/*26M?*FGGYSM*<C$%$*

2%$* #"/2/'&$* #2/C57$0'A* KL* B"/2/'50(* '0* $2AC* )5B2'0* +"/* /C$* 506,* A50;'%B$)* ('/$* '(* /C$*

WF[i]U* %'(9* ;2A/5%*50* /C$* ("%;2A$*5;* /C$*NLJG*)5B2'0* R<20*$/*26M?*FGGYS?* /C$* 62%7$*2%7'0'0$*

(')$TAC2'0* 20)* #5('/'&$* AC2%7$* #5(('+6,* C'0)$%'07* /C$* #%5/$'0T#%5/$'0* '0/$%2A/'50(M* <C'(* '(*

)'(A"(($)*;"%/C$%*'0*($A/'50*HMFM*

*

>/* C2(* +$$0* #%5#5($)* /C2/* /C$($* 050T$0V,B2/'A* )5B2'0(* A5B+'0$* /5*B29$* 8UU.F* 2* A$0/%26*

('70266'07*C"+?*'0*DC'AC*/C$*5"/$%*#%5/$'0*+'0)'07*)5B2'0(*#%5&')$*2*("%;2A$*;5%*("+(/%2/$(*20)*

/C$'%*#2%/0$%(* /5*+'0)?* ;2A'6'/2/'07*2AA$((* /5* /C$*A2/26,/'A*)5B2'0(M*b5/*506,*)5*/C$*&2%'$/,*5;*

#%5/$'0T#%5/$'0* '0/$%2A/'50*)5B2'0(* $02+6$* 8UU.F* /5*#62,* 2* %56$* '0*B20,*)';;$%$0/* ('70266'07*

A2(A2)$(?*+"/*/C$,*26(5*%$7"62/$*/C$*$0V,B2/'A*)5B2'0(M**

BCHCBCO!! IKKL7!*5(+%&;54*($+)!!
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>0*2))'/'50*/5*8UU.F*2"/5%$7"62/'50*5AA"%%'07*+$/D$$0*/C$*$0V,B2/'A*)5B2'0(?*'/*26(5*C2##$0(*

+$/D$$0*%$7'50(*/C%5"7C5"/*/C$*#%5/$'0M**

*

<C$* B2k5%'/,* 5;* 2"/5#C5(#C5%,62/'50* ('/$(* 2%$* 65A2/$)* 0$2%* /C$* W<K2($* 0"A6$5/')$* +'0)'07*

#5A9$/M* 8UU.F* A50/2'0'07* /C$* WFGHh!* B"/2/'50?* 2* 9'02($* 2A/'&'/,* $0C20A$%?* 26(5* $0C20A$(*

2"/5#C5(#C5%,62/'50* A5B#2%$)* D'/C* D'6)T/,#$* 8UU.F?* ("77$(/'07* /C2/* /C$* 9'02($* )5B2'0*

2;;$A/(*W<KTWLK* C,)%56,('(M* 450&$%($6,?*B"/2/'50(* 26/$%'07*W<K* +'0)'07* 26/$%* 9'02($* 2A/'&'/,M*

P"/2/'07*2"/5#C5(#C5%,62/'50* ('/$(*#%$&$0/(*W<K*+'0)'07*20)* 6$2)(* /5*2* %$)"A/'50* '0*9'02($*

2A/'&'/,*DC$%$2(*/C$*+'0)'07*5;*"0C,)%56,(2+6$*W<K*202657"$(*'0A%$2($(*9'02($*2A/'&'/,*RN$(/*

$/*26M?*FGG]g*FGGjg*!B'/C*$/*26M?*FGGYg*N$++$%*$/*26M?*FGHHSM*<C$%$;5%$*0$'/C$%*)5B2'0*A6$2%6,*

;"0A/'50(*"#(/%$2BM*>0(/$2)*/C$%$*($$B(*/5*+$*'0/%'0('A*%$7"62/'50*+$/D$$0*/C$*/D5?*D'/C*$2AC*

'0;6"$0A'07*/C$*5/C$%M*

*

>0*2))'/'50*/5*%$7"62/'50*+$/D$$0*/C$*$0V,B2/'A*)5B2'0(?*/C$*;"66T6$07/C*#%5/$'0*26(5*2;;$A/(*

/C$* A2/26,/'A* )5B2'0* 5"/#"/(M* W<K2($* 2A/'&'/,* '(* %$)"A$)* '0* /C$* ;"66T6$07/C* 8UU.F* #%5/$'0*

A5B#2%$)*/5*/C$*U5A*)5B2'0*2650$*'0*<=)>?@A*20)*B2BB26'20*A$66(*RL$07*$/*26M?*FGGig*8'*$/*26M?*

FGGjSM*P$20DC'6$* 8UU.F*D'/C* 20* bT/$%B'026* /%"0A2/'50* C2(* '0A%$2($)* 2"/5#C5(#C5%,62/'50?*

DC'6$* /C$* 8UU.F* A$0/%26* A2/26,/'A*)5B2'0(* RU5A4EUT.'02($S*D$%$* (/2+6$*+"/*)')*05/*"0)$%75*

2"/5#C5(#C5%,62/'50*'0*/C$*2+($0A$*5;*/C$*4T/$%B'0"(*Rd26$$6*$/*26M?*FGGjg*W%$77'5*$/*26M?*FGGig*

FGGhg* d5%7$0($0* $/* 26M?* FGGhSM* <C$* NLJG* )5B2'0* #62,(* 20* '0/$%$(/'07* %56$g* d5%7$0($0* 20)*

A566$27"$(* RFGGhS* ;5"0)* /C2/* /C$* 65((* 5;* /C$* 8UU.F* NLJG* )5B2'0* 05/* 506,* 2+%572/$)*

2"/5#C5(#C5%,62/'50* +"/* 26(5* 266* KL* B"/2/'50T'0)"A$)* 0$"%5/5O'A'/,* '0* V$+%2;'(C?* DC'6$*

>2AA2%'05* 20)* A566$27$(* RFGGjS* (C5D$)* /C2/* 8UU.FT"NLJG* B"/20/(* %$)"A$* )5D0(/%$2B*

A2(#2($*2A/'&2/'50*+,* 905D0*#2/C57$0'A* 8UU.F*B"/20/(* '0* !1T!\]\* A$66(M*I))'/'50266,* '/*D2(*

(C5D0*/C2/*/C$*8UU.F*WF[i]!*B"/2/'50*)$A%$2($(*9'02($*2A/'&'/,*20)*2"/5#C5(#C5%,62/'50*'0*

&'&5*RU")$095*$/*26M?*FGHGSM*<C$%$;5%$*8UU.F*A2/26,/'A*2A/'&'/,*'(*B5)"62/$)*+,*+5/C*/C$*bT*20)*

4T/$%B'0'M*

BCHC7!! IKKL7!6!]c3%&11$+)!*)#!85)'($+)!!
!""#$*$O#%$(('50*'(*7%$2/$(/*'0*/C$*6"07(*20)*9')0$,(*+"/*26(5*5AA"%(*'0*/C$*+%2'0M*^O#%$(('50*'0*

B5"($* 20)* %2/* +%2'0(* '(* C'7C$(/* '0* /C$* (/%'2/"B?* A5%/$O* 20)* C'##5A2B#"(* +"/* D$29* '0* /C$*

C,#5/C262B"(?*56;2A/5%,*+"6+*20)*!b*R<2,B20(*$/*26M?*FGGYSM*I))'/'5026*(/")'$(*5;*/C$*B"%'0$*

+%2'0*)$B50(/%2/$*!FFG$*$O#%$(('50* '0*0$"%50(*R#2%/'A"62%6,*)5#2B'0$%7'AS?*20)*B5%$*D$296,*

'0*B'A%576'2*20)*2(/%5A,/$(M*N'/C'0*B"%'0$*A$66(*'/*'(*65A2/$)*+5/C*'0*/C$*A,/5#62(B*20)*2/*P<(*

20)*B$B+%20$(*RW'$($%/*$/*26M?*FGH[g*W26/$%*$/*26M?*FGGYg P'965((,*$/*26M?*FGGYSM*>0/$%$(/'076,?*'0*
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1^.* A$66(* 20)* C"B20* 6,B#C5+62(/(* /C$*B$B+%20$T+5"0)* 8UU.F* C2(* '0A%$2($)* )'B$%'V2/'50*

6$&$6(?*9'02($*2A/'&'/,*20)*W<K*+'0)'07*+"/*%$)"A$)*6$&$6(*5;*#C5(#C5%,62/'50*DC$0*A5B#2%$)*

D'/C* A,/5(56'A* 8UU.F?* 272'0* ("77$(/'07* %$7'5026* )'&$%7$0/* ;"0A/'5026* $;;$A/(* R:$%7$%* $/* 26M?*

FGHGg*8'*$/*26M?*FGHHg*!$0*$/*26M?*FGGhg*q'B#%'AC*$/*26M?*FGGJSM!!

!

8UU.F* '(* 'B#6'A2/$)* '0* B20,* +'5657'A26* ;"0A/'50(* 5;* /C$* A$66?* '0A6")'07* #%5/$'0* )$7%2)2/'50?*

(,02#/'A*/%20(B'(('50?*'0;62BB2/5%,*%$(#50($*20)*A,/5(9$6$/26*'0/$7%'/,M*L,(%$7"62/'50*5;*20,*

5;*/C$($*A5"6)*6$2)*/5*A$66"62%*),(;"0A/'50*20)*/%'77$%*)$7$0$%2/'50M*

!

30)$%* 05%B26* A50)'/'50(* 8UU.F* %$7"62/$(* 2"/5#C27,?* '0)"A'07* '0A%$2($)* 2"/5#C275(5B$*

#%5)"A/'50* RW5B$VT!"272* 20)* 1'6;'9$%?* FGHFSM* <C$($* 2"/5#C275(5B$(* ;"($* D'/C* 6,(5(5B$(*

DC$%$*/C$'%*A50/$0/(*2%$*)$7%2)$)M*P'A$*D'/C*/C$*!FFG$*WFGHh!*B"/2/'50*;$2/"%$*2"/5#C27'A*

20)* B'/5AC50)%'26* 2+05%B26'/'$(?* D'/C* 20* 2AA"B"62/'50* 5;* 2"/5#C27'A* &2A"56$(?* (D566$0*

6,(5(5B$(?* B"6/'&$('A"62%* +5)'$(* 20)* )'(/$0)$)* B'/5AC50)%'2?* 2AA5B#20'$)* +,*

C,#$%#C5(#C5%,62/$)* /2"* RP2A8$5)* $/* 26M?* FGGYg* U2B50$/* $/* 26?* FGHHSM* KL* +%2'0(* (C5D*

'B#2'%B$0/(* '0* 6,(5(5B26* B$B+%20$* (/2+'6'/,?* 6,(5(5B$* 2A')';'A2/'50?* 6,(5(5B26* $0V,B$*

#%5A$(('07?* ("+(/%2/$* )$7%2)2/'50* 20)* A6$2%20A$* 5;* 2"/5#C275(5B$(* RL$C2,* $/* 26M?* FGH[SM*

<C$($*'B#2'%B$0/(?*;"%/C$%*'B#$)$)*+,*/%2;;'A9'07*)$;$A/(?*B2,*6$2)*/5*2AA"B"62/'50*5;*;2"6/,*

5%720$66$(*20)*/5O'A*#%5/$'0(*R("AC*2(*mT(,0"A6$'0S?*A2"('07*0$"%5)$7$0$%2/'50M**
*

!,02#/'A*AC207$(*2%$*26(5*2((5A'2/$)*D'/C*!""#$*B"/2/'50(M*!"#Z,*905A95"/*'0*'=)I@I[QSP*6$2)(*

/5* AC207$)* (,02#/'A* &$('A6$* 65A2/'50* '0* )$0)%'/$(* R!2927"AC'Tb292(C'B$?* FGGjS* DC'6$*P2//2*

20)* A566$27"$(* ("77$(/* 8UU.F* %$7"62/$(* (,02#/'A* &$('A6$* ;"0A/'50* +,* #C5(#C5%,62/'50* 5;*

^0)5#C'66'0*I?*&'/26*;5%*(,02#/'A*B$B+%20$*A"%&2/"%$*20)*;'(('50*RP2//2*$/*26M?*FGHFg*W"'AC$/*$/*

26M?* FGGFSM*I0* '02+'6'/,* /5* %$6$2($* (,02#/'A* &$('A6$(*B2,*$O#62'0*DC,*!FFG$* UHJJH4* /%20(7$0'A*

B'A$*;$2/"%$*%$)"A$)*A5%/'A26*A2/$AC562B'0$(*20)*(,02#/'A*),(;"0A/'50*RU2B50$/*$/*26M?*FGHHSM**

*

I))'/'50266,?*WNI!*C2&$*6'09$))!""#$*&2%'20/(*D'/C*4%5C0Q(*)'($2($*20)*6$#%5(,*R:2%%$//*$/*26M?*

FGGig*qC207*$/*26M?*FGGhSM*<C$($*)'($2($(*266* (C2%$*20* '0;62BB2/5%,*#C$05/,#$?* '0)'A2/'07*20*

'0&56&$B$0/* 5;* 8UU.F* '0* 'BB"0$* %$(#50($M* 8UU.F* %$7"62/$(* ($&$%26* #%5/$'0(* '0&56&$)* '0*

B5)"62/'50*5;* 'BB"0$* %$(#50($?* '0A6")'07* /C$* /%20(A%'#/'50* ;2A/5%*b_I<H* R0"A6$2%* ;2A/5%* 5;*

2A/'&2/$)* <TA$66(S?* '0/$%;$%50T#* 20)* 0"A6$2%* ;2A/5%* 92##2T6'7C/TAC2'0T$0C20A$%* 5;* 2A/'&2/$)* :*

A$66(*Rb_$:S?*("77$(/'07*2*%56$*5%AC$(/%2/'07*'BB"0$*%$(#50($*A2(A2)$(*RP5$C6$*$/*26M?*FGHFg*

W%$77'5*$/*26M?*FGHFSM*

*

_'0266,?*8UU.F* '(* 6'09$)*/5*A,/5(9$6$/50*;"0A/'50M*I((5A'2/'50(*D'/C*_T2A/'0?* /C$*B5(/*),02B'A*
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;5%B* 5;* B'A%5;'62B$0/?* 20)* #C5(#C5%,62/'50* 5;* 2A/'0T2((5A'2/$)* ^UP* R$V%'0T%2)'O'0TB5$('0S*

#%5/$'0(?*DC'AC*20AC5%*B'A%5;'62B$0/(* /5* /C$*A$66*B$B+%20$?*D$%$* '0A%$2($)*+,* /C$*WFGHh!*

B"/2/'50?*6$2)'07*/5*)'(%"#/$)*0$"%'/$*5"/7%5D/C*'0*!FFG$*WFGHh!*/%20(7$0'A*B'A$*RP$'O0$%*$/*

26M?* FGHHg* K2%'('2)5"* $/* 26M?* FGGhg* K2%'('2)5"* 20)* 42'?* FGHGg* U2B50$/* FGHHg*P2A6$5)* $/* 26M?*

FGGYSM* <C$* B"/2/'50* 26(5* 6$2)(* /5* /2"* C,#$%#C5(#C5%,62/'50?* ;"%/C$%* )$(/2+'6'('07*P<(* 20)*

/C$%$;5%$* A$66"62%* /%20(#5%/* RK2%'('2)5"* 20)*42'?* FGHGg*P$6%5($* $/* 26M?* FGHGSM*P$20DC'6$* /C$*

65((*5;*8UU.F*;"0A/'50*6$2)(*/5*'0A%$2($)*0$"%'/$* 6$07/C*20)*+%20AC'07*'0*%2/*#%'B2%,*0$"%50*

A"6/"%$(* 20)* %$)"A$)* /2"* #C5(#C5%,62/'50* RP2A6$5)* $/* 26M?* FGGYg* W'662%)50* FGGhSM* <C'(*

'0/$%2A/'50*'(*)'(A"(($)*;"%/C$%*'0*($A/'50*HM[MJM*

BCHCH!! IKKL7!6!>$;)*44$);!3*(.-*<1!
>/*'(*#5(('+6$*;5%*2*('076$*#%5/$'0*/5*+$*'B#6'A2/$)*'0*(5*B20,*;"0A/'50(*&'2*"#(/%$2B*%$7"62/'50*

5;* B"6/'#6$* ('70266'07* #2/CD2,(M* <C'(* A5"6)* +$* ;2A'6'/2/$)* +,* /C$* &2%'5"(* #%5/$'0T#%5/$'0*

'0/$%2A/'50*)5B2'0(*20)*+,*2*65A2/'50*)$#$0)$0/*)'&$%7$0A$*'0*;"0A/'50?*2(*("77$(/$)*+,*/C$*

)$#C5(#C5%,62/'50TB$)'2/$)*%$65A2/'50*/5*P<(*)$(A%'+$)*'0*($A/'50*HM[MHMFM*>0)$$)?*8UU.F*C2(*

26%$2),*+$$0*6'09$)*/5*B"6/'#6$*('70266'07*A2(A2)$(*'0A6")'07*B'/57$0T2A/'&2/$)*9'02($*RPIK.S*

#2/CD2,(?* /"B5%* 0$A%5('(* ;2A/5%T!* R<b_T!Sp_2(* 6'720)* R_2(8S* 20)* D0/* ('70266'07M* PIK.*

#2/CD2,(* (C5D* '0A%$2($)* 2A/'&2/'50* '0* KL* +%2'0(M* <C$,* )'%$A/*B"6/'#6$* A$66"62%* #%5A$(($(* '0*

%$(#50($*/5*$O/$%026*(/'B"6'?* '0A6")'07*#%56';$%2/'50?*2#5#/5('(?*A$66*)'&'('50*20)*'0;62BB2/'50*

R:$%D'A9*20)*12%&$,?*FGHHg*_$%%$%*$/*26M?*FGGHSM*!FFG$*WFGHh!*/%20(7$0'A*B'A$*C2&$*'0A%$2($)*

2A/'&2/'50*5;*/C$*P..JTdb.TATd"0*#2/CD2,*R2*PIK.*#2/CD2,S?*6$2)'07*/5*(#$A';'A*)$7$0$%2/'50*

5;*)5#2B'0$%7'A*0$"%50(*'0*/C$*!bA*R4C$0*$/*26M?*FGHF2SM*<b_T!*20)*_2(8*('70266'07*2%$*#2%/*5;*

20*2#5#/5/'A*#2/CD2,?*/%'77$%'07*A$66*)$2/C*20)*0$"%5)$7$0$%2/'50M*15*20)*A566$27"$(*RFGGhS*

;5"0)* /C2/* #2/C57$0'A* B"/20/(* (/%$07/C$0$)* 8UU.F* 2((5A'2/'50* D'/C* _ILL* R_2(T2((5A'2/$)*

#%5/$'0*D'/C*)$2/C*)5B2'0SM*P$20DC'6$?*8UU.F*6'09(*B$B+%20$*20)*A,/5(56'A*A5B#50$0/(*5;*

D0/* ('70266'07* 20)* A2050'A26* D0/* ('70266'07* 2A/'&'/,* '(* %$)"A$)* +,* #2/C57$0'A* B"/2/'50(*

R:$%D'A9* 20)* 12%&$,?* FGHF2SM* I(* B$0/'50$)* #%$&'5"(6,?* D0/* ('70266'07* '(* '0&56&$)* '0*

)5#2B'0$%7'A*)$&$65#B$0/?*(,02#/'A*;5%B2/'50*20)*#62(/'A'/,?*P<*(/2+'6'/,*20)*26(5*'B#6'A2/$)*

'0*I6VC$'B$%Q(*)'($2($*R!20AC5*$/*26?*FGGhg*P'0*$/*26M?*FGHHg*:$%D'A9*20)*12%&$,?*FGHHSM**
*

<C$($*)2/2*("##5%/*2*%56$*;5%*8UU.F*2(*20*"#(/%$2B*B5)"62/5%*5;*($&$%26*('70266'07*A2(A2)$(*

DC'AC*A5"6)* 6$2)*/5*/C$*2A/'&2/'50*5;* /C$*B"6/'#6$*)5D0(/%$2B*0$/D5%9(* '0*DC'AC*8UU.F*C2(*

+$$0* 'B#6'A2/$)M*!B266* ('70266'07* 'B#2'%B$0/(*A2"($)*+,*8UU.F*B"/20/(*A5B+'0$)*D'/C*27$T

%$62/$)* )$A6'0$* '0* 2+'6'/,* 5;* )5#2B'0$%7'A* A$66(* /5* B2'0/2'0* A$66"62%* C5B$5(/2('(* 20)*

;"0A/'50'07* 2O5026* /%20(#5%/* "0)$%* ("(/2'0$)* #%$(("%$* ;%5B* 5O')2/'&$* (/%$((?* '(* 2* #62"('+6$*
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#2/C57$0'A*B$AC20'(B*;5%*/C$*0$"%5)$7$0$%2/'50*5+($%&$)*'0*KL*#2/'$0/(M*

BCHCO!! IKKL7!*)#!(.&!'<(+10&4&(+)!

BCHCOCB!! P$'%+(5,54&1!!

P'A%5/"+"6$(*RP<(S*2%$*2*0$/D5%9*5;*/"+"6'0*#56,B$%(*DC'AC?*26507*D'/C*2A/'0*B'A%5;'62B$0/(*

20)*'0/$%B$)'2/$*;'62B$0/(?*;5%B*/C$*A,/5(9$6$/50M*>0*2))'/'50*/5*#%5&')'07*(/%"A/"%26*("##5%/*

/5*A$66(?*/C$,*2%$*%$Z"'%$)*;5%*#%5/$'0*/%20(#5%/?*A$66*)'&'('50?*A$66*('70266'07?*A$66*B'7%2/'50*20)*

/C$*(/%"A/"%$*5;*A'6'2*20)*;627$662M*<C$,*2%$*#562%'($)?*D'/C*/C$*B'0"(*$0)*/5D2%)*/C$*A$66*+5),*

20)*/C$*#6"(*$0)*/5D2%)*/C$*2O50*/'#*R8aD$*$/*26M?*FGGHSM*

*

P<(*2%$*2+6$*/5*%2#')6,*$65072/$*20)*(C%'09?*20)*26(5*/5*v/%$2)B'66Q?*DC$%$*)'B$%(*2%$*2))$)*/5*

50$*$0)*20)*%$B5&$)*;%5B*/C$*5/C$%M*<C'(* '(*905D0*2(*v),02B'A*'0(/2+'6'/,Q*20)*'(* 'B#5%/20/*

+5/C* ;5%* AC%5B5(5B$* 26'70B$0/* )"%'07* B'/5('(* 20)* ;5%* %$2A/'07* /5* 7"')20A$* A"$(* )"%'07*

0$"%26*)$&$65#B$0/*R8aD$*$/*26M?*FGGHSM**

*

P<*2%%207$B$0/(*)';;$%*+$/D$$0*A$66*/,#$(*20)*D'/C'0*A$66(M*NC'6$*P<(*'0*/C$*B2k5%'/,*5;*A$66T

/,#$(*2%$*),02B'A?*'0*0$"%50(*/C$,*2%$*A2##$)*20)*(/2+'6'($)*+,*PIK(*RL$CB$6/*20)*126#2'0?*

FGG]g* !20AC$V* $/* 26M?* FGGGSM* N'/C'0* 0$"%50(?* 2O5026* P<(* 2%$* A50/'0"5"(?* #2%266$6* 20)*

"0'0/$%%"#/$)*+"0)6$(*DC$%$2(*)$0)%'/'A*P<*2%%207$B$0/(*2%$*20/'#2%266$6?*'0/$%%"#/$)*20)*5;*

B'O$)*#562%'/,*R4%2))5A9*$/*26M?*FGHF+SM**

BCHCOCBCB!! P"/1!

PIK(*2%$*)$;'0$)*+,*/C$'%*)'%$A/*'0/$%2A/'50*D'/C*P<(M*<C$'%*;"0A/'50(*'0A6")$*(/2+'6'(2/'50*20)*

)$(/2+'6'(2/'50* 5;*P<(?* A%5((T6'09'07* +$/D$$0* ;'62B$0/(* 20)*B$)'2/'07*P<* '0/$%2A/'50(* D'/C*

5/C$%*#%5/$'0(*RE6B(/$)*HhiYg*4C$0*$/*26M?*HhhFg*d209$*20)*:"6'09('?*FGHHSM**

*

45BB50*$O2B#6$(*'0A6")$*/,#$*>*20)*/,#$*>>*PIK(M*<,#$*>*RPIKHI*20)*PIKH:S*;5%B*+%')7$(*

+$/D$$0*P<(*/5*B5)"62/$*(#2A'07M*<,#$*>>*RPIKF?*PIKJ*20)*/2"S*(/2+'6'($*P<(M*PIKF*20)*/2"*

2%$*#%$)5B'020/6,* 0$"%5026?*D'/C*PIKF*2((5A'2/$)*D'/C*)$0)%'/'A*P<(* 20)* /2"* 2O5026*P<(?*

DC$%$2(*;(+.* '(* "+'Z"'/5"(6,*$O#%$(($)* R.5('9* 20)*_'0AC?* Hhijg* d209$*20)*.0$"(($6?* FGHGSM*

<C$*+'0)'07*5;*/C$($*PIK(*/5*P<(*'(*%$7"62/$)*+,*P<T2;;'0'/,T%$7"62/'07*9'02($(*DC'AC*)$/2AC*

PIK(* ;%5B* P<(* +,* #C5(#C5%,62/'50* RL%$D$(?* Hhhjg* L%$D$(* $/* 26M?* FGGJS?* %$7"62/'07* P<*

(/2+'6'/,M* I))'/'5026*PIK(* +'0)* /5* /C$*P<* #6"(* $0)* RA62(#(S?* ($&$%* R(#2(/'0* 20)* 92/20'0S* 20)*

)$(/2+'6'($*RA2/2(/%5#C'0S*P<(*RqC207*$/*26M?*FGHHSM*4C20*20)*A566$27"$(*%$A$0/6,*%$#5%/$)*20*

'0/$%2A/'50*+$/D$$0*/C$*8UU.F*9'02($*)5B2'0*20)*PIKH:*'0*,$2(/*/D5TC,+%')*(/")'$(*R4C20*$/*

26M?*FGHJSM*
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!

BCHCOCBC7!! @5,54$)!!

P<(* 2%$* A5B#5($)* 5;* !T* 20)* XT/"+"6'0* )'B$%(?* DC'6$* %T?* &T?* 20)* #T* /"+"6'0* '(5;5%B(* 2%$*

'0&56&$)* '0* P<* ;5%B2/'50* 20)* 5%720'(2/'50* '0* /C$* A$0/%5(5B$* RL"/AC$%?* FGGHg* :%,20* 20)*

N'6(50?*HhjHSM*

*

<C$%$* C2(* +$$0* 05* (#$A';'A* 02B'07* A50&$0/'50* %$72%)'07* /"+"6'0* '(5;5%B(* 20)* 2(* ("AC?* '/* '(*

5;/$0* "0A6$2%* DC'AC* '(5;5%B* '(* +$'07* %$;$%%$)* /5* D'/C'0* #2#$%(M* <5* 2&5')* A50;"('50* 20)*

'0A50('(/$0A'$(*'0*02B'07?*/C'(*/C$('(*%$;$%(*/5*+5/C*/C$*7$0$*20)*/C$*#%5/$'0*#%5)"A/*"('07*/C$*

13WE*7$0$*05B$0A62/"%$*A5BB'//$$*R1Wb4S*7$0$*02B$(M*

*

IAA5%)'07*/5*/C$*1Wb4?*/C$*)';;$%$0/*C"B20*/"+"6'0*7$0$(*2%$*6'(/$)*'0*/C$*/2+6$*+$65D-*

! ! ' ! % ! & ! # !
7D:(,(* 7D::) 7D:B,* 7D:<,* 7D:9,*
7D:(,:* 7D::,) )* )* 7D:9$*
7D:(,'* 7D::$() * * *
7D:(2B* 7D::$:) * * *
7D:(2<* 7D::$'-.:) * * *
7D:(.(* 7D::2) * * *
7D:(0* 7D::.) * * *
* 7D::6) * * *

@*,4&! OC! @.&! .5:*)! (5,54$)! ;&)&1! *1! 8+5)#! $)! (.&! a`G^! ;&)&! )+:&)'4*(5%&! '+::$((&&!
#*(*,*1&C* <C$%$* 2%$* 26(5* 2))'/'5026* #"/2/'&$* 7$0$(?* #($")57$0$(* 20)* 7$0$(* ;5%* /"+"6'0T6'9$*
#%5/$'0(*05/*6'(/$)*C$%$M*1Wb4*L2/2+2($?*13WE*W$0$*b5B$0A62/"%$*45BB'//$$*R1Wb4SM*

!

<"+"6'0* '(5;5%B(* (C5D* )'(A%$/$* $O#%$(('50M* <C$%$* '(* C'7C* $O#%$(('50* 5;* <3::FI?* <3::F:?*

<3::[* 20)* <3::J* '0* /C$* +%2'0g* <3::[* '(* 2* 0$"%50T(#$A';'A* '(5;5%B* 20)* 5;/$0* "($)* 2(* 2*

0$"%5026*B2%9$%*R:"%75,0$*$/*26M?*HhiiS?*DC'6$*<3::J*'(*26(5*;5"0)*'0*A'6'2%,*(/%"A/"%$(*RU2;;*$/*

26M?* HhhjSM* <3::?* <3::F4*20)*<3::Y*2%$*"+'Z"'/5"(6,* $O#%$(($)M* <3::*20)*<3::F4*2%$* /C$*

B2k5%*XT/"+"6'0*'(5;5%B(*5"/(')$*/C$*+%2'0M*<3::Y*$O#%$(('50*'(*A50('(/$0/6,*5;*2*65D*6$&$6*+"/*

'0A6")$(* /C$* !b?* DC'6$* <3::H* '(* $O#%$(($)* 506,* '0* 6$"95A,/$(* 20)* C$B2/5#5'$/'A* /'(("$*

R!"66'&20*$/*26M?*HhiYg*N207*$/*26M?*HhiYg*46$&$620)?*Hhijg*85#2/2*20)*46$&$620)?*Hhijg*:20$%k$$*

20)*.2(B262?*Hhhig*@$%)'$%TK'02%)*$/*26M?*FGG]g*8$20)%5TW2%A'2*$/*26M?*FGHGg*420/"/'T42(/$6&$/%'*

$/*26M?*FGGjSM*

BCHCOCBCH! @5,54$)!6!P@1!!

P<(* 2%$* A5B#5($)* 5;* 26/$%02/'07* )'B$%(* 5;* !T* 20)* XT/"+"6'0?* DC'AC* 2((5A'2/$* /5* ;5%B*

#%5/5;'62B$0/(* R85#2/2* 20)* 46$&$620)?* HhijSM* 82/$%26* A500$A/'50(* +$/D$$0* /C$($* ;'62B$0/(*

;5%B* /C$*P<M*I6/C5"7C*P<(*#%$)5B'020/6,* A50/2'0*H[*#%5/5;'62B$0/(?* /C$,* A20*+$*)';;$%$0/*

('V$(* 20)* C2&$* )';;$%$0/* (/%"A/"%$(?* )$#$0)'07* 50* DC$/C$%* '0/%2T#%5/5;'62B$0/* +50)(* ;5%B*
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+$/D$$0*!T!?*XTX*/"+"6'0(*RB5%$*(/2+6$S*5%*!TX*/"+"6'0(*R#%50$*/5*)$(/2+'6'(2/'50S*R.2/("9'*$/*

26M?*FGHJg*!'%2k"))'0*$/*26M?*FGHJSM*
*

1"B20(*C2&$*j*!T*20)*i*XT/"+"6'0*'(5;5%B(*20)*B$B+$%(*5;*$2AC*7%5"#*2%$*26B5(/*')$0/'A26M*

^OA$#/'07* /C$* )'&$%($* 4T/$%B'026* /2'6?* !T/"+"6'0* '(5;5%B(* 2%$* hju* A50($%&$)* 20)* XT/"+"6'0*

'(5;5%B(*h]uM*<C$*4T/$%B'0'*&2%,*;%5B*HG*2B'05*2A')(*'0*!T/"+"6'0*"#*/5*FG*2B'05*2A')(*'0*XT

/"+"6'0*20)*2%$*/C$*('/$*5;*B5(/*/"+"6'0*#5(/T/%20(62/'5026*B5)';'A2/'50(*Rd209$*20)*.0$"(($6?*

FGHGSM* <C$,* A50/2'0*B20,* 2(#2%/'A* 2A')* 20)* 76"/2B'A* 2A')* %$(')"$(?* %$("6/'07* '0* 2* 0$72/'&$6,*

AC2%7$)*P<*("%;2A$M*P56$A"62%*),02B'A(*B5)$66'07*#%$)'A/(* /C2/* /C$* /"+"6'0*4T/$%B'026* /2'6(*

A20*B5&$*+$/D$$0*/C$*#%5/%")'07*v"#T(/2/$Q*20)*/C$*#%5(/%2/$*v)5D0T(/2/$Q?* '0*DC'AC*/C$*/2'6*

'0/$%2A/(*D'/C*20*2)k2A$0/*/"+"6'0*C$/$%5T'(5;5%B*R;'7"%$*]S*R_%$$)B20*$/*26M?*FGHHg*4%2))5A9*

$/*26M?*FGHF+SM**

Z$;5%&! QC! @.&! A6(&%:$)*4! (*$4! 3%+(%51$+)1! +8! (5,54$)C* "! <3:IHI* 20)* <3::[* )'B$%* D'/C*
#%5k$A/'07*4T/$%B'0'*R<3::[*%$(')"$(*I62JFiT8,(J]G?*<3:IHI*%$(')"$(*@26JJGT<,%J]HS*'0*/C$'%*
v"#T(/2/$QM*\C*<"+"6'0*)'B$%*D'/C*4T/$%B'0'*'0*/C$'%*v)5D0T(/2/$Q*AC*P<*($A/'50*(C5D'07*B"6/'#6$*
4T/$%B'026*/2'6(* '0*/C$*"#T(/2/$M*_'7"%$*2)k"(/$)*;%5B*4%2))5A9*$/*26M?*FGHF2*20)*FGHF+*RK85!*
5#$0*2AA$((SM*
*

P<(* "0)$%75* B20,* #5(/T/%20(62/'5026* B5)';'A2/'50(?* /C$* B2k5%'/,* 5;* DC'AC* 5AA"%* 50* /C$* 4T

/$%B'0"(M*b$D6,*#56,B$%'($)*P<(*2%$*/,%5('02/$)*RN$+(/$%*$/*26M?*Hhij2S?*!T/"+"6'0(*5;*(/2+6$*

P<(*5;/$0*C2&$*/C$*;'026*/,%5('0$*%$(')"$*'%%$&$%('+6,*A6$2&$)*R)$/,%5('02/'50S*RN$+(/$%*$/*26M?*

Hhij2g* Hhij+g* HhhGSM* W6,A,62/'50* 20)* &2%,'07* 6$&$6(* 5;* #56,76"/2B,62/'50* e* "#* /5* FG* 2B,6*

7%5"#(*e*2%$*'B#5%/20/*;5%*PIKTP<*'0/$%2A/'50(*RI")$+$%/*$/*26M?*Hhh[g*:5"AC$%*$/*26M?*HhhJg*

82%AC$%*$/*26M?*HhhYg*U5($0+2"B?*FGGGg*:500$/*$/*26M?*FGGHg*!'%2k"))'0*$/*26M?*FGHJSM*15D$&$%*

/C$%$*'(*50$*$OA$#/'50*/5*/C'(*4T/$%B'0"(*#5(/T/%20(62/'5026*B5)';'A2/'50*C5/T(#5/M*!/2+6$*P<(*

2%$* 26(5* 2A$/,62/$)* 50* /C$* 6"B$026*!T/"+"6'0* 8JG* %$(')"$* R8Q1$%02"6/* 20)* U5($0+2"B*Hhi]g*

!AC"6V$*$/*26M?*HhijSM*
*

<C$* v/"+"6'0* A5)$Q* C,#5/C$('(* ("77$(/(* /C2/* A5B+'02/'50(* 5;* /"+"6'0* '(5;5%B* 20)* #5(/T

!-tubulin  

"-tubulin 

A 

C-terminal  
tails 

‘Up-state’ ‘Down-state’ 

B C 

protofilament 

Microtubule  
section 
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/%20(62/'5026*B5)';'A2/'50(*5;*P<(*A20*7$0$%2/$*2*(,(/$B*5;*$0A5)'07*'0;5%B2/'50*R@$%C$,*20)*

W2$%/'7* FGGjg* 12BB50)* $/* 26M?* FGGig* FGHGg* d209$* 20)* .0$"(($6?* FGHGSM* <C'(* #%5#5($(* /C2/*

/"+"6'0* '(5;5%B(*20)p5%*#5(/T/%20(62/'5026*B5)';'A2/'50(*05/*506,*26/$%*P<*),02B'A(*+"/*26(5*

DC$0*20)*DC$%$*PIKTP<* '0/$%2A/'50(*5AA"%M* _5%*$O2B#6$?* <3::[*C2(* 6507*+$$0*2((5A'2/$)*

D'/C*/2O56*AC$B5/C$%2#,*%$('(/20A$*'0*/"B5%(*RL$%%,*$/*26M?*HhhjSM*P$20DC'6$*'0)'&')"26(*DC5*

02/"%266,*$O#%$((*C'7C$%*7D::6)6$&$6(*C2&$*%$)"A$)*P<*(/2+'6'/,*26507*D'/C*%$)"A$)*#,%5#/5('(*

R'0;62BB2/5%,* #%57%2BB$)* A$66* )$2/CS* R!26'02(* $/* 26M?* FGHJg* :2//2AC2%,2* 20)* 42+%26* FGGJg*

FGGhSM* I* %$A$0/* #2#$%* $6$720/6,* ')$0/';'$)* B"6/'#6$* B5/5%T#%5/$'0* AC2%2A/$%'(/'A(* DC'AC* 2%$*

75&$%0$)*+,*/"+"6'0*'(5;5%B*20)*#5(/T/%20(62/'5026*B5)';'A2/'50?*'0A6")'07*'0A%$2($)*9'0$('0TH*

B5/'6'/,* 50* #56,76"/2B,62/$)* <3::[* 20)* 2* %$Z"'%$B$0/* ;5%* )$/,%5('02/$)* !T/"+"6'0* ;5%*

9'0$('0TF*/%20(#5%/*R!'%2k"))'0*$/*26M?*FGHJSM*_'0266,?*/C$*PIKH:?*PIKF*20)*/2"*2;;'0'/,*;5%*P<(*

'(* 7%$2/$(/* '0* %$7'50(* D'/C* /"+"6'0* #56,76"/2B,62/'50* 5;* HT[* "0'/(?* DC$%$2(* PIKHI* 2;;'0'/,*

'0A%$2($(*D'/C*'0A%$2('07*#56,76"/2B,62/'50*R:5"AC$%*$/*26M?*HhhJg*82%AC$%*$/*26M?*HhhYg*:500$/*

$/* 26M?* FGGHSM* <C$($* )2/2* $B#C2('($* /C$* C'7C6,* A5B#6$O* 20)* ),02B'A* %$7"62/'50* 5;* P<(* 5;*

DC'AC*8UU.F*#62,(*2*#2%/M**

BCHCOCBCO! @5,54$)!6!'&)(%+1+:&!

<C$*%T?*&T?*20)*#T*/"+"6'0*'(5;5%B(*)5*05/*)'B$%'($*/5*;5%B*P<(?*'0(/$2)*#62,'07*'B#5%/20/*%56$(*

'0*P<*;5%B2/'50*20)*5%720'(2/'50M*<C$,*65A26'($*/5*/C$*A$0/%5(5B$*DC$%$*/C$,*2%$*'0&56&$)*'0*

/C$*2(($B+6,*20)*;"0A/'50*5;*A$0/%'56$(*20)*+2(26*+5)'$(M*<C'(*'(*/C$*B2'0*5%720'('07*A$0/%$*5;*

P<(* 20)* A$66* A,A6$* #%57%$(('50M* %T/"+"6'0* '(* ;5"0)* 2/* +2(26* +5)'$(* 20)* '0&56&$)* '0*

(#$%B2/57$0$('(* RL"/AC$%?*FGGHg*!B%V92*$/*26M?*FGGGSM &T/"+"6'0* '(*A500$A/$)*/5*A$0/%5(5B26*

B2/"%2/'50*65A26'(2/'50?*2((5A'2/'07*'0'/'266,*D'/C*/C$*56)$%*A$0/%5(5B$*5;*2*0$D6,*)'&')$)*#2'%?*

/C$0* 62/$%* D'/C* +5/C* R4C207* 20)* !/$2%0(* FGGGg* 4C207* $/* 26M?* FGGFSM* * #T/"+"6'0* ;5%B(* 2* P<*

0"A6$2/'50*+2($*2(*#2%/*5;*/C$*P<T5%720'('07*A$0/%$*RL"/AC$%?*FGGHSM*

BCHCOCBCQ!! @5,54$)!$)!#$1&*1&!

<C$*v/"+"6'05#2/C'$(Q*2%$*"0("%#%'('076,*A2"($)*+,*)$;$A/(*'0*0$"%5026*B'7%2/'50?*2O50*7%5D/C*

20)* 7"')20A$M* <C$,* '0&56&$* B"6/'#6$* /"+"6'0* '(5;5%B(* ("AC* 2(* <3:IHI?* <3::?* <3::FI?*

<3::F:?*<3::[?*<3::J*20)*<3:WH*R."B2%*$/*26M?*FGHGg*1'9'/2*$/*26M?*FGHJg*.$2,(*$/*26M?*FGGjg*

:%$"((* $/* 26M?* FGHFg* 4"(C'50* $/* 26M?* FGHJg* d276'0* $/* 26M?* FGGhg* K5'%'$%* $/* 26M?* FGHGg* FGH[g*

1$%(C$(50*$/*26M?*FGHFg*!'B50(*$/*26M?*FGH[SM*P"/2/'50(*C2&$*+$$0*6'09$)*D'/C*B26;5%B2/'50(*'0*

)$&$65#B$0/?*'0A6")'07*6'(($0A$#C26,?*#56,B'A%57,%'2*20)*B'A%5A$#C26,M*<C$($*)$&$65#B$0/26*

#C$05/,#$(* 2%$* 2AA5B#20'$)* +,* )'&$%($* 2((5A'2/$)* )$;$A/(* '0A6")'07* '0/$66$A/"26* )'(2+'6'/,?*

6207"27$*)';;'A"6/'$(?*5#/'A*2/%5#C,*20)*$#'6$#(,M**

*
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<C'(* 62%7$* &2%'2/'50* '0* #C$05/,#$(* C'7C6'7C/(* /C$* A5B#6$O* %56$(?* $O#%$(('50* #2//$%0(* 20)*

A$66"62%*)'(/%'+"/'50*5;*/"+"6'0M*I6/C5"7C*)$B50(/%2+6,*A%"A'26*;5%*A5%%$A/*0$"%5)$&$65#B$0/?*2*

;"0A/'50'07*A,/5(9$6$/26*0$/D5%9*'(*26(5*%$Z"'%$)*)"%'07*2)"6/C55)M*>B#2'%$)*2O5026*/%20(#5%/*

C2(*+$$0*6'09$)*/5*)$7$0$%2/'&$*)'(5%)$%(*'0A6")'07*I6VC$'B$%Q(*)'($2($*20)*5/C$%*/2"5#2/C'$(*

RC,#$%#C5(#C5%,62/'50* 5;* /2"S?* 1"0/'07/50Q(* )'($2($* R'B#2'%$)* &$('A"62%* /%20(#5%/S* 20)*

2B,5/%5#C'A*62/$%26*(A6$%5('(*R65((*5;*9'0$('0*B5/5%(S?*'0*2))'/'50*/5*KL*R)'(A"(($)*'0*HM[MJMFSM*
*

<C$*)$A6'0$*'0*P<*(/2+'6'/,*20)*26/$%$)*PIKTP<*2((5A'2/'50*'0*/C$($*)'($2($(*#%$&$0/(*#%$A'($*

/%2;;'A9'07?*B2'0/$020A$*5;*A$66*(/%"A/"%$*20)*(,02#($*;5%B2/'50M*<C$* 6507*2O50(*5;*0$"%5026*

A$66(*B29$* /C$B*#2%/'A"62%6,* &"60$%2+6$* /5* )$;$A/(* '0* /C$* A,/5(9$6$/26* 0$/D5%9* 20)* 'B#2'%$)*

#%5/$'0*/%20(#5%/*RPAP"%%2,?*FGGGg*P5%;'0'*$/*26M?*FGGhg*K2%'('2)5"*20)*42'*FGHGSM**

BCHCOC7! P@1!*)#!/?!
I(* B$0/'50$)* #%$&'5"(6,?* KL* '(* AC2%2A/$%'($)* +,* #%57%$(('&$* )$7$0$%2/'50* 5;* )5#2B'0$*

0$"%50(*'0*/C$*!bM*<C$*!b*5;*KL*#2/'$0/(*(C5D*26/$%$)*$O#%$(('50*5;*($&$%26*7$0$(*'0&56&$)*'0*

P<T)$#$0)$0/*/%20(#5%/?*'0/$%$(/'076,*'0A6")'07*/C$*/"+"6'0*7$0$(*7D::$5)7D:B,5)7D:9,*20)*

7D:9$* RW%"0+62//*$/*26M?*FGGJg*b5"%$))'0$*$/*26M?*FGG]g*420/"/'T42(/$6&$/%'*$/*26M?* FGGjSM*<C$*

P<*)$#56,B$%'('07*#$(/'A')$*U5/$050$*D2(*('70';'A20/6,*B5%$*/5O'A*/5*B')+%2'0*)5#2B'0$%7'A*

0$"%50(*/C20*/5*5/C$%*/,#$(*5;*0$"%50*RU$0*$/*26M?*FGG]S*20)*6507T/$%B*$O#5("%$*/5*%5/$050$*

A2"($(*KLT6'9$* 65A5B5/5%*#%5+6$B(* '0*%2/(*R:$/2%+$/*$/*26M?*FGGGSM*<C"(* '/* '(*&'/26*/C2/*/C$*P<*

0$/D5%9* +$*B2'0/2'0$)M* !B266* AC207$(* '0* (/2+'6'/,* A5"6)* C2&$* 6507T/$%B* %2B';'A2/'50(?* D'/C*

'0A%$2($)*&"60$%2+'6'/,*'0*0$"%50(*20)*#2%/'A"62%6,*)5#2B'0$%7'A*0$"%50(M**

BCHCOCH! P@1!*)#!IKKL7!

<C$%$*2%$*($&$%26*6'0$(*5;*$&')$0A$*'B#6'A2/'07*8UU.F*'0&56&$B$0/*D'/C*P<*;"0A/'50M*<C$*U5A*

)5B2'0*5;* 8UU.F* '0/$%2A/(*D'/C* /C$*4T/$%B'0"(*5;* XT/"+"6'0* RW20)C'* $/* 26M?* FGGig* 82D*$/* 26M?*

FGHJSM* I))'/'50266,?* 8UU.F* A565A26'($(* D'/C* XT/"+"6'0* '0* 1^.* A$66(* RW65$90$%* $/* 26M?* FGGYg*

W'662%)50?* FGGhSM* 42$(2%* 20)* A566$27"$(* ;5"0)* /C2/* '0A"+2/'07* 8UU.F*D'/C*P<(* '0* 2* A$66T;%$$*

2((2,* 6$2)(* /5* 20* '0A%$2($* '0* 8UU.F* W<K2($* 2A/'&'/,* 20)* /C2/* )$(/2+'6'(2/'50* 5;* P<(* D2(*

2((5A'2/$)* D'/C* %$)"A$)* 9'02($* 2A/'&'/,* R42$(2%* $/* 26M?* FGH[S* ("77$(/'07* 20* '0;6"$0A$* 5;*P<*

+'0)'07*50*8UU.F*;"0A/'50M*
*

<C$($* )2/2* ("77$(/* /C$%$* B2,* +$* 2* #2/C57$0'A* 6'09* +$/D$$0* 8UU.F* 20)* P<* (/2+'6'/,* 20)*

'0/$7%'/,?*2;;$A/'07*0$"%5026*&'2+'6'/,*20)*A50/%'+"/'07*/5*/C$*)$&$65#B$0/*5;*KLM*
!

!"!!! ! !!"#$#!!"#$!!
K2/C57$0'A*!""#$*B"/2/'50(*C2&$*+$$0*')$0/';'$)* '0*+5/C*;2B'6'26*20)*(#5%2)'A*KL?*A2"('07*2*



 44 

)'($2($* 50($/* 5;* ('B'62%* 27$* 20)* )"%2/'50* 2(* ')'5#2/C'A* ;5%B(* 5;* /C$* )'($2($M* 8UU.F* 20)*

)5D0(/%$2B*#2/CD2,(* 2%$* /C$%$;5%$* 2//%2A/'&$* /C$%2#$"/'A* /2%7$/(M* I6/C5"7C* /C$* 8UU.F*U5A*

)5B2'0*C2(*+$$0*(C5D0*/5*'0/$%2A/*D'/C*/"+"6'0?*/C$*%56$*5;*/C'(*8UU.FT/"+"6'0*2((5A'2/'50*'(*2(*

,$/*"0905D0M*15D$&$%?*A,/5(9$6$/26*26/$%2/'50(*C2&$*+$$0*5+($%&$)*'0*KL*B5)$6(*C2%+5"%'07*

!""#$*B"/2/'50(?*D'/C*#2/C57$0'A*!""#$*B"/2/'50*$O#%$(('50*%$)"A'07*0$"%'/$*5"/7%5D/C*20)*

#%5B5/'07*/C$*2AA"B"62/'50*5;*C,#$%#C5(#C5%,62/$)*/2"M*

BCOCB!a<3+(.&1$1!
<C2/*05&$6*'0('7C/*'0/5*/C$*;"0A/'5026*%$6$&20A$*5;*/C$*8UU.FT/"+"6'0*2((5A'2/'50*A20*+$*72'0$)*

+,*)$6'0$2/'50*5;*/C$*('/$(*5;*'0/$%2A/'50*+$/D$$0*/C$*/D5*#%5/$'0(M*

BCOC7!"$:1!
• <5*AC2%2A/$%'($*/C$*8UU.F*2((5A'2/'50*D'/C*/"+"6'0*

• <5*')$0/';,*20)*B5)$6*/C$*'0/$%2A/'50*('/$*'0*+5/C*/"+"6'0*20)*8UU.F*

• <5*72'0*"0)$%(/20)'07*5;*/C$*;"0A/'50*5;*8UU.F*2/*/C$*A,/5(9$6$/50M*

• <5*($2%AC*;5%*A,/5(9$6$/26T%$62/$)*#%5/$'0*B"/2/'50(*'0*2*A5C5%/*5;*KL*#2/'$0/(*D'/C*05*

905D0*#2/C57$0'A*KL*B"/2/'50(M*

BCOCH!^,d&'($X&1!
• <5*"($*,$2(/*/D5TC,+%')*/5*/$(/*;5%*20*2((5A'2/'50*+$/D$$0*8UU.F*20)*/"+"6'0*'(5;5%B(*

D'/C*26/$%$)*$O#%$(('50*6$&$6(*'0*/C$*KL*!bM*

• <5*"($* ,$2(/* /D5TC,+%')* /5* '(562/$* /C$* (#$A';'A* %$(')"$(* A50;$%%'07* /C$*2((5A'2/'50* '0*

$2AC*#%5/$'0-*

o :,*2620'0$*(A200'07*/C$*8UU.F*U5A*)5B2'0*

o :,* /$(/'07* ;5%*2((5A'2/'50*+$/D$$0* /C$*8UU.F*C5B5657"$*8UU.H*20)* /"+"6'0?*

20)* A5B#2%'07* ($Z"$0A$(* /5* ')$0/';,* A50($%&$)p)';;$%%'07* ('/$(* +$/D$$0* /C$*

/D5*20)*"('07*/C'(*/5*'0;5%B*/C$*')$0/';'A2/'50*5;*'0/$%2A/'50*('/$(M*

o :,* A5B#2%'07* C'7C6,* C5B56575"(* /"+"6'0* ($Z"$0A$(* /5* ')$0/';,* #5/$0/'26*

%$(')"$(*DC'AC*)';;$%*+$/D$$0*'0/$%2A/'07*20)*050T'0/$%2A/'07*'(5;5%B(*

o :,* B"/2/'07* /C$* '0)'&')"26* %$(')"$(* #%$)'A/$)* 2+5&$* /5* '0/%5)"A$p#%$&$0/*

2((5A'2/'50(*

• <5*"($*;%$$6,T2&2'62+6$*/"+"6'0*20)*8UU.F*C5B5657"$*B5)$6(*/5*B5)$6*/C$*'0/$%2A/'50*

('/$(*%$&$26$)*+,*,$2(/*/D5TC,+%')M*

• <5* "($* 2* A,/5(9$6$/50T(#$A';'A* ;'O2/'50* /$AC0'Z"$* 20)* A50;5A26* 'B27'07* /5* ')$0/';,*

DC$%$*8UU.F*+'0)(*P<(*'0*&'/%5M*

• <5* "($* 'BB"05A,/5AC$B'A26* /$AC0'Z"$(?* 20/'+5)'$(* (#$A';'A* /5* #5(/T/%20(62/'5026*

B5)';'A2/'50*5;*P<(*20)*27$0/(*26/$%'07*P<*(/2+'6'/,*/5*)$/$%B'0$*/C$*%56$*5;*8UU.F*2/*

P<(*'0*&'/%5?*'0;5%B$)*+,*/C$*('/$*5;*/C$*'0/$%2A/'50*')$0/';'$)*#%$&'5"(6,M*

• <5*"($*bW!*20)*AC2'0T/$%B'02/'50* ($Z"$0A'07* /5* ')$0/';,*05&$6*B"/2/'50(* '0* ;2B'6'26*

KL*#2/'$0/*LbIM*
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7C!P*(&%$*41!*)#!P&(.+#1*

!

 !
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!"#$! ! !"#"$%&'(#)(*)+,%-.'/)0(#-&$10&-)!
<5* A%$2/$* #62(B')* A50(/%"A/(?* /C$* A5B#6$B$0/2%,* LbI* RALbIS* ($Z"$0A$* 5;* '0/$%$(/* D2(*

2B#6';'$)*+,*#56,B$%2($*AC2'0*%$2A/'50*RK4US*20)*'0($%/$)*'0/5*/C$*)$('%$)*&$A/5%M*<C$*#62(B')*

A50(/%"A/* D2(* A650$)* +,* /%20(;5%B2/'50* '0/5* <=) >?@A* A5B#$/$0/* A$66(?* 7%5D0* 5&$%0'7C/* 20)*

$O/%2A/$)*;5665D'07*A$66*6,('(M*I;/$%*#"%';'A2/'50?*/C$*ALbI*D2(*($Z"$0A$)*/5*A50;'%B*'/*D2(*'0T

;%2B$M**

*

I66*+'5AC$B'A26*%$27$0/(*2%$*;%5B*!'7B2*"06$((*5/C$%D'($*(/2/$)*

7CBCB!! /+4<:&%*1&!'.*$)!%&*'($+)!J/AKM!!
K4U*$02+6$(*/C$*($6$A/'50*20)*2B#6';'A2/'50*5;*%$7'50(*5;*ALbIM*<C'(*#%5A$((*"($(*/$B#$%2/"%$*

AC207$* /5* 200$26* ;5%D2%)* 20)* %$&$%($* #%'B$%(* /5* (#$A';'A* ALbI* ($Z"$0A$(* 20)* 2B#6';,* /C$*

;%27B$0/* +$/D$$0M* _'%(/* /C$* ALbI* '(* )$02/"%$)* "('07* C'7C* /$B#$%2/"%$?* +%$29'07* /C$*

C,)%57$0* +50)(* +$/D$$0* A5B#6$B$0/2%,* +2($* #2'%(* 20)* ($#2%2/'07* /C$* /D5* (/%20)(* '0/5*

('076$*ALbI*(/%20)(M*<C$($*2%$*/C$0*"($)*2(*2*/$B#62/$*;5%*/C$*LbI*#56,B$%2($M*85D$%'07*/C$*

/$B#$%2/"%$* /5* ]}4* +$65D* /C$* #%'B$%* <B* RB$6/'07* /$B#$%2/"%$S* 200$26(* /C$* #%'B$%(* /5* /C$*

/$B#62/$*ALbIM*>;*/C$*/$B#$%2/"%$*'(*/55*65D?*050T(#$A';'A*+'0)'07*A20*5AA"%?*/55*C'7C*20)*/C$*

#%'B$%(* )5* 05/* +'0)M* <C$* /$B#$%2/"%$* '(* /C$0* %2'($)* /5* /C$* 5#/'B26* /$B#$%2/"%$* ;5%* /C$*

#56,B$%2($?* DC'AC* $O/$0)(* /C$* 0"A6$5/')$* ($Z"$0A$* ;%5B* /C$* [Q* $0)* 5;* /C$* #%'B$%?*

A5B#6$B$0/2%,*/5*/C$*/$B#62/$*ALbIM**

*

K%'B$%(*D$%$*)$('70$)*"('07*b4:>*7$0$*A50($0("(*($Z"$0A$(*'0*/2+6$*]?*D'/C*/C$*2))'/'50*5;*

%$(/%'A/'50*$0V,B$*A"/*('/$(M*<C$($*$02+6$)*/C$*LbI*;%27B$0/*/5*+$*)'7$(/$)*20)*'0($%/$)*'0/5*

2* &$A/5%*B"6/'#6$* A650'07* ('/$M* <C$* /$B#62/$* ALbI*D2(*$'/C$%*C"B20*+%2'0* ALbI*5%*#62(B')*

A50(/%"A/(M*<C$*#%'B$%(*20)*%$(/%'A/'50*$0V,B$(*"($)*2%$*6'(/$)*'0*($A/'50*FMHMHMHM*

* *
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*

G&)&! A+)1&)151!>&U5&)'&! G&)&! A+)1&)151!>&U5&)'&!

9##$%( bP~Hhi]ji* 8:66%.( bP~GGYGii*

9##$*( bP~GFJY]FM[* 8:66;( bP~GGYGiY*

8:6"*"( bP~GGYGGhMF* 8:66'( bP~GGYGij*

8:6"*6( bP~GGYGiFMF* 8:66/( bP~G[F]F]*

8:6"*.( bP~G[FjGJM[* 8:6<*( bP~GHYFYHM[*

8:6"'"( bP~GGYGGG* 8:6=*( bP~GHYFYFMJ*

8:66( bP~HjiGHJ* 8:65*( bP~GGHGjG*

8:66*( bP~G[Gjj[M[* 8:65%( bP~GHYJ[jMF*

8:66%"( bP~GGHGYh* ".86( bP~GGHHGHM[*

8:66%6( bP~HjiGHF* ".85*( bP~GGHYHJMF*

@*,4&! QC! /%+(&$)! '+)1&)151! 1&U5&)'&1C* <C$($* 2%$* /C$* ($Z"$0A$(* "($)* ;5%* LbI* A50(/%"A/* )$('70* 20)*
($Z"$0A$*26'70B$0/M*!$Z"$0A$(*2%$*2&2'62+6$*;%5B*/C$*b4:>*D$+('/$*C//#-ppDDDM0A+'M06BM0'CM75&p7$0$pM*
*

<C$*6,5#C'6'($)*#%'B$%(*D$%$*)'((56&$)*'0*)$'50'($)*D2/$%*R)1FES?*"('07*/C$*&56"B$*'0)'A2/$)*

+,*/C$*B20";2A/"%$%*(,0/C$('(*%$#5%/?*/5*2*;'026*A50A$0/%2/'50*5;*HGG*#B56p�6M**

*

<C$*K4U*A50)'/'50(*D$%$*2(*)$(A%'+$)*+,*/C$*B20";2A/"%$%M**I*(/20)2%)*%$2A/'50*A5B+'0$)*FF*

�6*5;*IAA"K%'B$*+\]*RFF*3pB6*H=)G?KQGQFQISPAP)/C$%B5(/2+6$*LbI*#56,B$%2($*'0*A5B#6$O*D'/C*

20/'T.EL*20/'+5)'$(?*YY*BP*<%'(T!EJ*R#1*iMJS?*[GMi*BP*Rb1JSF!EJ?*HH*BP*.46?*HMH*BP*P7!EJ?*

[[G*ÄP*)b<K(?)IAA"K%'B$*#%5/$'0(?*(/2+'6'($%(T>0&'/%57$0S?*HG*#P*;5%D2%)*20)*%$&$%($*#%'B$%(*

20)**ALbI?*/5/266'07*F]*�6M**

*

<C$*(/20)2%)*K4U*($//'07(*2%$*(C5D0*'0*/2+6$*Y?*+$65D-*

>(*;&! @&:3&%*(5%&!! @$:&! A<'4&1!

B! h]}4* ]*B'0"/$(* H*

7!
h]}4* [G*($A50)(*

F]*YG}4* [G*($A50)(*

Yi}4* F*B'0p9'65+2($*

@*,4&!RC!@<3$'*4!/AK!3*%*:&(&%1C!

7CBCBCB! /4*1:$#!'+)1(%5'(1!*)#!3%$:&%1!
<C$* #%'B$%(* "($)* /5* 2B#6';,* ALbI* 20)* /C$* %$(/%'A/'50* $0V,B$* ('/$(* '0A5%#5%2/$)* 2%$* 6'(/$)*

+$65DM*<2+6$*j*A50/2'0(*8UU.H*20)*8UU.F*A50(/%"A/(*DC'6$*/2+6$*i*6'(/(*/C$*A,/5(9$6$/26*#%5/$'0*

A50(/%"A/(M*

* *
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*

Vecto
r 

cDNA 
Insert 

Primer 
direction 

Primer (5’-3’) Restriction 
site 

pDS 8UU.F* _5%D2%)*
U$&$%($*

CAGCCCGGGCCATGGCTAGTGGCAGCTGTCAG 
ATTCTCGAGTTACTCAACAGATGTTCGTCTCA 

tB2>*
tC5>T!26>*

pDS 8UU.F*
U5A4EU*

_5%D2%)*
U$&$%($*

TCCCCCGGGAATGGGGAAATTAAGCAAAATATGGG 
AGCGTCGACTCATTCCAACTCATCATTATTC 

tB2>*
!26>*

pDS 8UU.H*
U5A4EU*

_5%D2%)*
U$&$%($*

GCTCCCGGGACTGGGCAACCTCTGGCAGCTG 
GTCCTCGAGTCACTCCAGCTTGCTGTTCTCCAGG 

tB2>*
tC5>*

pACT
2 

8UU.F*
U5A4EU*

_5%D2%)*
U$&$%($*

AAAGGATCCTGCCTTATAACCGAATGAAACTTA 
CCTCTCGAGTCATGGATTTACTAAGAGATCTCC 

:2B1>*
tC5>*

pACT
2 

8UU.F*
U5A4EU*HT[*

_5%D2%)*
U$&$%($*

AAAGGATCCTGCCTTATAACCGAATGAAACTTA 
TTCGTCGACCTATGCAAAATCCCACACATTTAGG 

:2B1>*
!26>*

pACT
2 

8UU.F*
U5A4EU*FT]*

_5%D2%)*
U$&$%($*

ACTCCATGGTCCAAATAAGAGACAAAAG 
CTTTGTCGACCTACTCATCAGAAACATCCAAAT 

bA5>*
!26>*

pACT
2 

8UU.F*
U5A4EU*JTY*

_5%D2%)*
U$&$%($*

CTTCCATGGCCCCTGTGATTCTCCGTTGG 
AACGTCGACCTATCGGATCTTGAAATTAAGGC 

bA5>*
!26>*

pRK5 B,A*8UU.F** _5%D2%)*
*
U$&$%($*

AGCGGATCCGCCACCATGGAGCAAAAGCTCATTTCTG
AGGAAGATCTCATGGCTAGTGGCAGCTGTCAG 
ATTCTCGAGTTACTCAACAGATGTTCGTCTCATTTT 

:2B1>*
*
tC5>*

pRK5 B,A*8UU.F*
bT/$%B'0"(*

_5%D2%)*
*
U$&$%($*

AGCGGATCCGCCACCATGGAGCAAAAGCTCATTTCTG
AGGAAGATCTCATGGCTAGTGGCAGCTGTCAG 
ATCGTCGACTTAGCTTAATTTCCCCATTTC 

:2B1>*
*
!26>*

pRK5 B,A*8UU.F*
U5A4EU*

_5%D2%)*
*
U$&$%($*

TCTGGATCCGCCACCATGGAGCAAAAGCTCATTTCTG
AGGAAGATCTCATGGGGAAATTAAGCAAAATA 
AGCGTCGACTCATTCCAACTCATCATTATTC 

:2B1>*
*
!26>*

@*,4&!EC!IKKL7!*)#!IKKLB!'+)1(%5'(!$)8+%:*($+)C!<C$*A50($0("(*($Z"$0A$(*20)*#%'B$%(*"($)*
/5*A650$*8UU.H*20)*8UU.F*A50(/%"A/(?*'0A5%#5%2/'07*;"66T6$07/C?*'0)'&')"26*)5B2'0(*20)*
)$6$/'50*A50(/%"A/(M!
!

Vector cDNA Insert Primer 
direction 

Primer (5’-3’) Restriction 
site 

pACT2 I4<:* _5%D2%)*
U$&$%($*

GCCGGATCCCCATGGATGATGATATCGCCG 
ATACTCGAGGTAGAATCATTTGCGGTGGAC 

:2B1>*
tC5>*

pACT2 I4<WH* _5%D2%)*
U$&$%($*

TGCGGATCCCAATGGAAGAAGAGATCGCCG 
TGACTCGAGTTAGAAGCATTTGCGGTGGAC 

:2B1>*
tC5>*

pACT2 4T<3:IHI* _5%D2%)*
U$&$%($*

GCTGGATCCTGTACCGTGGTGACGTGGTTC 
CAGCTCGAGCTTCCCTGTAAAAGCAGCACC 

:2B1>*
tC5>*

pACT2 4T<3:IH:* _5%D2%)*
U$&$%($*

GCTGGATCCTGTACCGTGGTGACGTGGTTC 
TGGCTCGAGGACATGCTGCAGGGCCAAAAG 

:2B1>*
tC5>*

pACT2 4T<3:IH4* _5%D2%)*
U$&$%($*

GCTGGATCCTATACCGTGGTGACGTGGTTC 
CCACTCGAGAGGAGTGTAAAAGTACAGCAC 

:2B1>*
tC5>*

pACT2 4T<3:IJI* _5%D2%)*
U$&$%($*

GCTGGATCCTGTACCGTGGAGATGTGGTGC 
GCACTCGAGATAGTGAATAGGCTCCAGGCA 

:2B1>*
tC5>*

pACT2 4T<3::* _5%D2%)*
U$&$%($*

CTGAGATCTTCCGTGGTCGGATGTCCATGA 
GAACTCGAGAGTTGAGTAAGACGGCTAAGG 

:76>>*
tC5>*

pACT2 4T<3::H* _5%D2%)*
U$&$%($*

CCTGGATCCTCCGGGGCAAGATGTCCACCA 
CTACTCGAGAACTGTTCTGTAAGCGACTCC 

:2B1>*
tC5>*

pACT2 4T<3::FI* _5%D2%)*
U$&$%($*

CTGAGATCTTCCGGGGCCGCATGTCCATGA 
GAACTCGAGTAAGGATGCACGATTGATCTG 

:76>>*
tC5>*

pACT2 4T<3::F:* _5%D2%)*
U$&$%($*

CTGAGATCTTCCGGGGCCGCATGTCCATGA 
TCCCTCGAGGCTTTCCCTAACCCGTCTCGC 

:76>>*
tC5>*

pACT2 4T<3::F4* _5%D2%)*
U$&$%($*

CCGAGATCTTCAGGGGCCGCATGTCCATGA 
TGGCTCGAGATAAAGAGTTCACACTGCTTC 

:76>>*
tC5>*

pACT2 4T<3::[* _5%D2%)*
U$&$%($*

CCAAGATCTTCCGGGGCCGCATGTCCATGA 
CGGGTCGACCCTGCCTCTCACTCCAGCTGC 

:76>>*
!26>*

pACT2 C-TUBB4 
A430 

Forward 
Reverse*

CCGAGATCTTCCGGGGCCGCATGTCCATGA 
GCCCTCGAGGGCCGTGGCGTCCTGGTACTG 

:76>>T:2B1>*
tC5>*
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truncation*

pACT2 4T<3::Y* _5%D2%)*
U$&$%($*

CCAAGATCTTCCGCGGGCCCATGTCCATGA 
GGACTCGAGGTGTTGTAGGATCTGAGTTGG 

:76>>T:2B1>*
tC5>*

pACT2 C-TUBB6 
A430 
truncation 

Forward 
Reverse 

CCAAGATCTTCCGCGGGCCCATGTCCATGA 
CCCCTCGAGGGCGGTGGCATCCTGGTACTG 

:76>>T:2B1>*
tC5>*
*

pACT2 <3:LH* _5%D2%)*
U$&$%($*

TGTGGATCCGCATGTCAATTGTAACAGTGC 
TGTCTCGAGTCAGAGATTACAGTAACTGGC 

:2B1>*
tC5>*

pACT2 4T<3:LH* _5%D2%)*
U$&$%($*

TTAGGATCCCCATTGCTAACTTGGTCATTC 
TGTCTCGAGTCAGAGATTACAGTAACTGGC 

:2B1>*
tC5>*

pACT2 <3:^H* _5%D2%)*
U$&$%($*

GGCGGATCCCCATGACCCAGTCGGTGG 
GAGGGTTCTCGAGTCACATAGCTATGC 

:2B1>*
tC5>*

pACT2 4T<3:^H* _5%D2%)*
U$&$%($*

GTGGGATCCTGGTTAGAGGAAATGTAC 
GAGGGTTCTCGAGTCACATAGCTATGC 

:2B1>*
tC5>*

pACT2 <3:WH* _5%D2%)*
U$&$%($*

CCTGAATTCCGATGCCGAGGGAAATCATCA 
TGTCTCGAGGGACTCACTGCTCCTGG 

^A5U>*
tC5>*

pACT2 4T<3:WH* _5%D2%)*
U$&$%($*

TCCGAATTCTCATCCAGGGAGAGGTG 
TGTCTCGAGGGACTCACTGCTCCTGG 

^A5U>*
tC5>*

pACT2 <3:WF* _5%D2%)*
U$&$%($*

TCTCCATGGCGATGCCCCGGGAGATCATC 
GGAAGATCTGGGAGGGAAATCACTGCTCC 

bA5>*
:76>>T:2B1>*

pACT2 4T<3:WF* _5%D2%)*
U$&$%($*

CTCCCATGGATCCAGGGAGAGGTGGACCC 
GGAAGATCTGGGAGGGAAATCACTGCTCC 

bA5>*
:76>>T:2B1>*

pRK5 _8IWT<3::* _5%D2%)*
*
U$&$%($*

CCAGAATTCGCCACCATGGACTACAAGGACGA
TGACGATAAGATGAGGGAAATCGTGCACATG 
TGACTCGAGTGAGGTGATGGGGGCTCTGCC 

^A5U>*
*
tC5>*

pRK5 _8IWT4T
<3::H*

_5%D2%)*
U$&$%($*

GCCGGATCCTTCCGGGGCAAGATGTCCACC 
TCTCCTAGGGTTAATGTCCCTTATCTTCTG 

:2B1>*
I&%>>*

pRK5 _8IWT<3::H* _5%D2%)*
U$&$%($*

AGAGGATCCATGCGTGAAATTGTCCATATT 
TCTCCTAGGGTTAATGTCCCTTATCTTCTG 

:2B1>*
I&%>>*

pRK5 _8IWT
<3::FI*

_5%D2%)*
*
U$&$%($*

ACCGAATTCGCCACCATGGACTACAAGGACGA
TGACGATAAGATGCGCGAGATCGTGCACATC 
CTACTCGAGCACGATTGATCTGAGAAGTTT 

^A5U>*
*
tC5>*

pRK5 _8IWT
<3::F:*

_5%D2%)*
*
U$&$%($*

ACCGAATTCGCCACCATGGACTACAAGGACGA
TGACGATAAGATGCGCGAGATCGTGCACATC 
CTACTCGAGCACGATTGATCTGAGAAGTTT 

^A5U>*
*
tC5>*

pRK5 _8IWT
<3::F4*

_5%D2%)*
*
U$&$%($*

ACCGAATTCGCCACCATGGACTACAAGGACGA
TGACGATAAGATGCGCGAGATCGTGCACATC 
CTACTCGAGCACGATTGATCTGAGAAGTTT 

^A5U>*
*
tC5>*

pRK5 _8IWT<3::J* _5%D2%)*
*
U$&$%($*

GCTGAATTCGCCACCATGGACTACAAGGACGA
TGACGATAAGATGCGGGAGATCGTGCACCTG 
TCGAAGCTTCAGGTGGGAAGCGATGGGAGC 

^A5U>*
*
1'0)>>>*

pRK5 _8IWT<3::Y* _5%D2%)*
U$&$%($*

GCGGGATCCATGAGGGAGATCGTGCACATC 
CTCGAATTCGACTATCCATCGATCTCCTCT 

:2B1>*
^A5U>*

@*,4&! FC! A<(+10&4&(*4! '+)1(%5'(! $)8+%:*($+)C! K%'B$%* 56'750"A6$5/')$(* "($)* '0* /C$* A650'07* 5;*
#62(B')*A50(/%"A/(C*4T*'0)'A2/$(*4*/$%B'0"(M*K%5/$'0*'(*;"66T6$07/C*"06$((*'0)'A2/$)M*
*

7CBC7!! ]4&'(%+3.+%&1$1!*)#!;&4!&c(%*'($+)!!
K5(/* K4U?* /C$* ('V$* 5;* /C$* ALbI* ;%27B$0/* D2(* A50;'%B$)* +,* 272%5($* 7$6* 26$A/%5#C5%$('(*

26507(')$*2*#%5/$'0*62))$%M*>;*A5%%$A/?*/C$*K4U*+20)*D2(*$O/%2A/$)*20)*#"%';'$)M**

*
L$#$0)'07* 50* /C$* ('V$?* K4U* #%5)"A/(* D$%$* %"0* 50* 2* HTFu* RDp&S* 272%5($* 7$6* A5B#5($)* 5;*

36/%2K3U^*$6$A/%5#C5%$('(*7%2)$*272%5($* R>0&'/%57$0S* '0*H*O*<I^*+";;$%* RJG*BP*<%'(T+2($?*FG*

BP* 2A$/'A* 2A')?* H*BP* ^L<I?* #1* iSM* <C$* (56"/'50* D2(* C$2/$)* 2/* YGG*N* ;5%* F*B'0"/$(* 20)*

2665D$)*/5*A556*+$;5%$*HG*�6*5;*!\:U*!2;$*LbI*W$6*!/2'0*R>0&'/%57$0S*D2(*2))$)M*<C'(*),$*+'0)(*
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/C$* B'05%* 7%55&$* 5;* )5"+6$* (/%20)$)* LbI?* 2+(5%+(* +6"$* ;6"5%$(A$0/* 6'7C/* 20)* $B'/(* 7%$$0*

6'7C/?* $02+6'07* &'("26'(2/'50* 5;* /C$* K4U* #%5)"A/M* <C$* (56"/'50* D2(* 2))$)* /5* 2* 7$6* ;%2B$?*

A50/2'0'07*2*A5B+*/5*;5%B*/C$*D$66(?*20)*2665D$)*/5*($/*;5%*[G*B'0"/$(M*

*
<C$*(2B#6$(*D$%$*A5B+'0$)*D'/C*2*652)'07*+";;$%*RGMF]u*RDp&S*+%5B5#C$056*+6"$?*JGu*RDp&S*

("A%5($S* 20)* %"0* 26507(')$* 2* H* 9+*B56$A"62%*D$'7C/*B2%9$%* R>0&'/%57$0S* 2/* HGG* @* ;5%* [GTJ]*

B'0"/$(M* I0* >07$0'"(* [* +'5T'B27'07* (,(/$B* 20)*W$0$(02#* (5;/D2%$* R!,07$0$S*D$%$* "($)* /5*

&'("26'($*/C$*ALbIM*I*("AA$((;"6*K4U*%$&$26$)*2*+20)*2/*/C$*$O#$A/$)*B56$A"62%*D$'7C/M*<C'(*

+20)*D2(* $OA'($)* ;%5B* /C$* 7$6* "('07* 2* (A26#$6* 20)* 2* !2;$* >B27$%* +6"$* 6'7C/* /%20('66"B'02/5%*

R>0&'/%57$0SM**

*
<C$*7$6*;%27B$0/*A50/2'0'07*/C$*K4U*#%5)"A/*D2(*#"%';'$)*"('07*/C$*f'2Z"'A9*7$6*$O/%2A/'50*9'/*

Rf'27$0S* 2AA5%)'07* /5* /C$* B20";2A/"%$%(* '0(/%"A/'50(M* :%'$;6,-* /C$* 272%5($* D2(* )'((56&$)* '0*

/C%$$*7$6*&56"B$(*5;*+";;$%*fW*RC'7C*(26/*(56"+'6'(2/'50*20)*+'0)'07*+";;$%S*;5%*HG*B'0"/$(*2/*

]G}4M* E0$* 7$6* &56"B$* 5;* '(5#%5#2056* D2(* 2))$)* /5* #%$A'#'/2/$* /C$* LbI* 20)* /C$* (56"/'50*

2##6'$)* /5*2*f'2f"'A9* (#'0*A56"B0*B2/%'OM*<C$*LbI*+5"0)* /C$*A56"B0*)"%'07*A$0/%';"72/'50*

RHYHGG* O* 7* ;5%* H* B'0"/$S* 20)* %$(')"26* 272%5($* 20)* 'B#"%'/'$(* D$%$* %$B5&$)* )"%'07* /C$*

("+($Z"$0/*A$0/%';"72/'50(*D'/C*]GG*�6*+";;$%*fW*20)*j]G*�6*+";;$%*K^*$/C2056*D2(CM*I*;'026*

(#'0* $0("%$)* 266* $/C2056* D2(* %$B5&$)* +$;5%$* /C$* ALbI* D2(* $6"/$)* '0* F]* �6* 5;* ^:* R$6"/'50*

+";;$%S*)"%'07*2*;'026*A$0/%';"72/'50*(/$#M*

7CBCH!! K&1(%$'($+)!#$;&1(!+8!(.&!35%$8$&#!/AK!3%+#5'(!
U$(/%'A/'50* $0)50"A6$2($(*D$%$* "($)* /5* '0($%/* /C$* 2B#6';'$)* ALbI* '0/5* /C$* %$6$&20/* &$A/5%M*

<C$,*2%$* 6'(/$)* '0* /2+6$(*j*20)*i?*26507(')$*/C$'%* %$(#$A/'&$*#%'B$%(M*<C$($* vA"/Q* /C$*ALbI*2/*

(#$A';'A* ('/$(* '0($%/$)* '0/5* /C$* #%'B$%* 20)* /C$* &$A/5%*B"6/'#6$* A650'07* ('/$?* 6$2&'07* $O#5($)*

A5B#2/'+6$*$0)(M**

*

I*(/20)2%)*)'7$(/*'0A6")$)*F]*�6*5;*#"%';'$)*K4U*#%5)"A/?*H*�6*5;*$2AC*%$(/%'A/'50*$0V,B$?*[*�6*

5;* $0V,B$* +";;$%* R)$/$%B'0$)* +,* /C$* $0V,B$(* "($)S?* /5/266'07* [G* �6M* <5* F* �6* 5;* GM]* �7p�6*

A650'07*&$A/5%?*H*�6*5;*$2AC*%$(/%'A/'50*$0V,B$?*F*�6*$0V,B$*+";;$%*20)*HJ*�6*)1FE*D$%$*2))$)?*

/5/266'07*FG*�6M*<C$*/"+$(*D$%$*'0A"+2/$)*2/*[j}4*;5%*F*C5"%(M*

!

7CBCO!! /.&)+4!'.4+%+8+%:!&c(%*'($+)!*)#!4$;*($+)!
KC$056*AC65%5;5%B*$O/%2A/'50*'(*"($)*/5*#"%';,*/C$*ALbIp&$A/5%M*I*LbI*6'72($*/C$0*200$26(*/C$*

v(/'A9,*$0)(Q*5;*/C$*'0($%/*20)*&$A/5%*+,*A2/26,('07*/C$*;5%B2/'50*5;*2*A5&26$0/*+50)*+$/D$$0*
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/C$*]Q*#C5(#C2/$*20)*[Q*C,)%5O,6*7%5"#(*5;*/C$*'0($%/*20)*&$A/5%*LbI?*;5%B'07*2*%$A5B+'020/*

&$A/5%M*

*

)1FE*D2(*2))$)*/5*/C$*)'7$(/(*/5*2*/5/26*5;*HGG*�6M*HGG*�6*#C$056*AC65%5;5%B*'(52B,6*26A5C56*

R>0&'/%57$0S* D2(* /C$0* 2))$)?* )'&')'07* /C$* )'7$(/(* '0/5* 2Z"$5"(* RLbIS* 20)* 5%720'A* #C2($(*

R$0V,B$(?* +";;$%(* 20)* 'B#"%'/'$(SM* _5665D'07* 2* HG* B'0"/$* A$0/%';"72/'50* 2/* HYHGG* O* 7?* /C$*

"##$%* 2Z"$5"(* #C2($* D2(* 2))$)* /5* 0$D* /"+$(* A50/2'0'07* F]G* �6* hYu* $/C2056?* HG* �6* [P*

(5)'"B*2A$/2/$*20)*H*�6*FG*�7p�6*76,A57$0M*<C'(*B'O/"%$*#%$A'#'/2/$)*/C$*LbIM*<C$*/"+$(*D$%$*

B'O$)*20)*9$#/*50*)%,*'A$*;5%*[G*B'0"/$(M*I;/$%*2*HG*B'0"/$*A$0/%';"72/'50*2/*HYHGG*O*7?*/C$*

("#$%02/20/*D2(*)'(A2%)$)*20)* /C$*#$66$/(*D2(C$)* '0*F]G*�6* iGu*$/C2056M*I;/$%*$0("%'07*266*

/C$*$/C2056*D2(*%$B5&$)?*/C$*&$A/5%*D2(*$6"/$)*'0*]G*�6*^:*20)*/C$*'0($%/*$6"/$)*'0*HJ*�6*^:M**

*
j*�6*5;*'0($%/*20)*H*�6*5;*&$A/5%*D$%$*A5B+'0$)*D'/C*H*�6*5;*6'72/'50*+";;$%*RFGG*BP*<%'(T146?*

]G* BP*P746?* ]G* BP* )'/C'5/C%$'/56?* ]GG* �7pB6* :!IT>0&'/%57$0S* 20)* H* �6* 5;* <J* LbI* 6'72($*

R>0&'/%57$0SM*<C$*(56"/'50*D2(*'0A"+2/$)*5&$%0'7C/*2/*J}4M*

7CBCQ!! A+:3&(&)(!'&44!3%&3*%*($+)!*)#!(%*)18+%:*($+)!
<=>?@A) A$66(* 2%$* )$(A%'+$)* 2(* A5B#$/$0/* DC$0* A26A'"B* AC65%')$* 20)* C$2/* (C5A9* $02+6$(* 2*

/%20('$0/*LbI*"#/29$M**<C$*A26A'"B*AC65%')$*0$"/%26'($(*/C$*%$#"6('50*+$/D$$0*/C$*0$72/'&$6,*

AC2%7$)*LbI*20)*A$66*B$B+%20$?*DC'6$*/C$*C$2/*(C5A9*'0)"A$(*2*/C$%B26*7%2)'$0/?* '0)"A/'07*

/C$*#62(B')*LbI*'0/5*/C$*A$66M*<C'(*'(*"/'6'($)*/5*'0($%/*/C$*%$A5B+'020/*&$A/5%*'0/5*<=>?@A)A$66(M*

<C$*&$A/5%* A50/2'0(*20*20/'+'5/'A* %$('(/20A$*7$0$?* A50;$%%'07* %$('(/20A$*50* /C5($* A$66(*DC'AC*

C2&$*+$$0*/%20(;5%B$)M*<C$*A$66(*2%$*7%5D0*50*20*20/'+'5/'A*($6$A/'50*#62/$*5&$%0'7C/?*;5%B'07*

A5650'$(M**

*

E0$* !C5/* <5#* HG* <=) >?@A* A$66(* R>0&'/%57$0S* D$%$* /C2D$)* 20)* (/%$29$)* 50* 8"%'2T:$%/%20'* R8:T

>0&'/%57$0S*272%*#62/$(*20)*'0A"+2/$)*2/*[j}4*5&$%0'7C/M*I*('076$*A5650,*D2(*2))$)*/5*FM]B6*8:*

B$)'"B* 20)* (C29$0* 5&$%0'7C/* 2/* [j}4M* <C'(* A"6/"%$* D2(* /C$0* /%20(;$%%$)* /5* FGGB6* 8:* 20)*

(C29$0* 2/* [j}4* "0/'6* 20* ELYGG* 5;* GMh]* I3* D2(* %$2AC$)M* <C$* A"6/"%$* D2(* A$0/%';"7$)* ;5%* ]*

B'0"/$(*2/*J}4*20)*/C$*#$66$/*%$("(#$0)$)*'0*HG*B6*iG*BP*4246Fp]G*BP*P746F*(56"/'50*/C%'A$M*

_5665D'07*2* ;'026* A$0/%';"7$* (/$#?* /C$*A$66(*D$%$* ("(#$0)$)* '0*]M]*B6*GMH*P*4246F*20)*]M]*B6*

]Gu*76,A$%56*20)*;%5V$0*'0*6'Z"')*0'/%57$0*+$;5%$*6507T/$%B*(/5%27$*2/*TiG}4M*

*
<5*/%20(;5%B*/C$*A5B#$/$0/*A$66(?*]*�6*5;* %$A5B+'020/*&$A/5%*D$%$*A5B+'0$)*D'/C*HGG*�6*5;*

A5B#$/$0/*A$66(*20)*'0A"+2/$)*50*'A$M*I*J]*($A50)*C$2/*(C5A9*2/*JF}4*#$%B'//$)*/C$*&$A/5%*/5*

$0/$%* /C$* A$66(* +$;5%$* /C$* A$66(*D$%$* %$/"%0$)* /5* 'A$* ;5%* F*B'0"/$(M* <C$* +2A/$%'2*D$%$* /C$0*
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A5B+'0$)* D'/C* F]G* �6* #%$C$2/$)* 8:* B$)'"B* 20)* '0A"+2/$)* ;5%* H* C5"%* 2/* [j}4?* $02+6'07*

$O#%$(('50*5;*/C$*20/'+'5/'A*%$('(/20A$*7$0$?*+$;5%$*/%20(;$%%26*/5*20*272%*#62/$*A50/2'0'07*/C$*

2##%5#%'2/$*($6$A/'&$*20/'+'5/'A*20)*20*5&$%0'7C/*'0A"+2/'50*2/*[j}4M*

7CBCR!! I+-6U5*)($(<!34*1:$#!?T"!&c(%*'($+)!J:$)$3%&3M!
I*('076$*A5650,*D2(* v#'A9$)Q*20)*7%5D0*5&$%0'7C/* '0*2* (B266T(A26$*5&$%0'7C/*+2A/$%'26* A"6/"%$*

+$;5%$*+$'07*6,($)*/5*$O/%2A/*/C$*#62(B')*LbIM*<C$*#62(B')*$O/%2A/'50?*5%*vB'0'#%$#Q*'0&56&$)*

6,('07*/C$*A$66*"('07*2*(/%5076,*26926'0$*+";;$%?*%$6$2('07*/C$*#62(B')*LbI?*($6$A/'&$6,*+'0)'07*'/*

/5*2*(#'0*A56"B0*('6'A2*B$B+%20$*/C$0*$6"/'07*/C$*#"%';'$)*#62(B')*LbIM*

*

I0* '0)'&')"26* +2A/$%'26* A5650,* ;%5B*20* 272%* #62/$*D2(* 2))$)* /5* [B6* 5;* ($6$A/'&$* 8:*B$)'"B*

A50/2'0'07*HGG*Ä7pB6*2B#'A'66'0*5%*]G*Ä7pB6*9205B,A'0*R)$#$0)'07*50*/C$*20/'+'5/'A*%$('(/20A$*

5;*/C$*#62(B')SM*<C'(*D2(*(C29$0*2/*[j}4*5&$%0'7C/M*<C$*#62(B')*LbI*D2(*$O/%2A/$)*;%5B*/C$*

+2A/$%'2* "('07* 2*f>I#%$#*B'0'#%$#* 9'/* Rf'27$0S* 2AA5%)'07* /5* /C$*B20";2A/"%$%(* '0(/%"A/'50(M*

:%'$;6,-* F* B6* 5;* /C$* A"6/"%$* D2(* A$0/%';"7$)* 2/* HYHGG* O* 7* ;5%* [* B'0"/$(* 20)* /C$* #$66$/*

%$("(#$0)$)*'0*F]G*�6*%$("(#$0('50*+";;$%*KH*RHG*BP*^L<I?*HGG*�7pB6*Ub2($*I?*]G*BP*<%'(T

146?*#1*iMGS*/C$0*A5B+'0$)*D'/C*F]G*Ä6*6,('(*+";;$%*KF*RFGG*BP*b2E1?*Hu*!L!S?*;5665D$)*+,*

[]G* �6* 0$"/%26'(2/'50* +";;$%* b[* R[P* 41[4EF.?* #1* ]M]SM* I;/$%* B'O'07?* /C$* (56"/'50(* D$%$*

A$0/%';"7$)* ;5%*HG*B'0"/$(*2/*HYHGG*O*7M*<C$*("#$%02/20/*D2(*)$A20/$)* '0/5*2*f>I#%$#*(#'0*

A56"B0?*D2(C$)*D'/C* j]G* �6* +";;$%* K^?* %$(')"26*D2(C* +";;$%* %$B5&$)* 20)* /C$* %$A5B+'020/*

&$A/5%*$6"/$)*'0/5*2*A6$20*B'A%5A$0/%';"7$*/"+$*D'/C*]G*�6*^:M*

7CBCE!! ")*4<1$1!*)#!1&U5&)'$);!
I*;'026*)'2705(/'A*)'7$(/*"('07*/C$*2##%5#%'2/$*%$(/%'A/'50*$0V,B$(*A50;'%B$)*/C2/*/C$*#62(B')*

LbI* A50/2'0$)* /C$* A5%%$A/T('V$)* '0($%/M* !$Z"$0A'07* 5;* /C'(* LbI* /C$0* A50;'%B$)* /C2/* /C$*

($Z"$0A$*D2(*A5%%$A/*20)*'0T;%2B$M*

*

_5%* /C$* )'2705(/'A* )'7$(/?* ]* �6* 5;*B'0'#%$#* #%5)"A/*D2(* 2))$)* /5* [* �6* )1FE?* GM]* �6* 5;* $2AC*

%$(/%'A/'50*$0V,B$*20)*H*�6*5;*/C$*2##%5#%'2/$*$0V,B$*+";;$%M*_5665D'07*2*HM]*C5"%*'0A"+2/'50?*

/C$* (56"/'50* D2(* %"0* 50* 20* 272%5($* 7$6* 20)* /C$* ('V$* )$/$A/$)* 2(* )$(A%'+$)* #%$&'5"(6,M* <C$*

A50A$0/%2/'50* 5;* B'0'#%$#(* D'/C* /C$* A5%%$A/* ('V$)* '0($%/* D2(* A50;'%B$)* "('07* 2* 0205)%5#*

(#$A/%5#C5/5B$/$%* R<C$%B5* !A'$0/';'AS* 20)* [G* �6* 5;* FG* 07p�6* #62(B')* LbI* D2(* ($0/* ;5%*

($Z"$0A'07M*

*

!$Z"$0A'07*5;* /C$*LbI*D2(*#$%;5%B$)*+,*LbI*!$Z"$0A'07*Å* !$%&'A$(* RPU4KK3?*4566$7$*5;*
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8';$* !A'$0A$(?*30'&$%('/,* 5;*L"0)$$?* !A5/620)?* RDDDM)02($ZMA5M"9S* "('07*I##6'$)*:'5(,(/$B(*

:'7TL,$*&$%('50*[MH*50*20*I##6'$)*:'5(,(/$B(*B5)$6*[j[G*2"/5B2/$)*A2#'662%,*LbI*($Z"$0A$%*

RDDDM)02($ZMA5M"9SM*<C$*($Z"$0A'07*#%'B$%(*2%$*6'(/$)*'0*/2+6$*hM*

*

Vector Direction Primer name Primer 
pACT2 _5%D2%)* W26J*IL* AATACCACTACAATGGATGATGTAT 

 U$&$%($* #I4<F*U$&* GAGGTTACATGGCCAAGAT  

pDS _5%D2%)* 8$OI* CAGCAGAGCTTCACCATTGAAGGG 

 U$&$%($* #L!*U$&* CGGAATTAGCTTGGCTGCAAG 

pRK5 _5%D2%)* !KY* CAGCGAGCTCTAGCATTTAGG 

 U$&$%($* #U.]*U$&* GGACAAACCACAACTAGAATGC 

@*,4&!NC!>&U5&)'$);!3%$:&%1C*<C$*#%'B$%(*"($)*/5*($Z"$0A$*#62(B')*LbIM*<C$,*2%$*0"A6$5/')$*
($Z"$0A$(*2)k2A$0/*/5*/C$*B"6/'#6$*A650'07*('/$M**
*

<C$* ($Z"$0A$(* D$%$* A5B#2%$)* D'/C* %$;$%$0A$* ($Z"$0A$(* "('07* !$Z"$0AC$%Ç* R&$%('50* ]MG*

($Z"$0A$*2026,('(*(5;/D2%$?*W$0$*45)$(*45%#5%2/'50?*C//#-ppDDDM7$0$A5)$(MA5BSM*

7CBCF!! I*%;&6U5*)($(<!34*1:$#!?T"!&c(%*'($+)!J:*c$3%&3M!
<C$*f>I#%$#*B2O'#%$#*9'/*Rf'27$0S*D2(*"($)*/5*#%5)"A$*62%7$TZ"20/'/,*LbI*(/5A9(*5;*#62(B')*

A50(/%"A/(*A50/2'0'07*/C$*A5%%$A/*'0($%/?*;5665D'07*B20";2A/"%$%(*'0(/%"A/'50(M*:%'$;6,-*FGG*�6*5;*

/C$*(B266T(A26$*5&$%0'7C/*A"6/"%$*D2(*2))$)*/5*2*;62(9*A50/2'0'07*FGG*B6*8:pFGG*�6*20/'+'5/'A*

RA50A$0/%2/'50(*2(*)$(A%'+$)* '0*($A/'50*FMHMjS*20)*(C29$0*2/*[j}4*5&$%0'7C/M*<C$*A"6/"%$*D2(*

A$0/%';"7$)*2/*J}4?*FiiG*O*7* ;5%*H]*B'0"/$(M*<C$*#$66$/*D2(*%$("(#$0)$)* '0*HG*B6*#%$TAC'66$)*

+";;$%*KH*R]G*BP*<%'(T146*#1*iMG?*HG*BP*^L<I?*HGG*µ7pB6*Ub2($*IS?*HG*B6*6,('(*+";;$%*KF*RFGG*

BP*b2E1?* Hu* RDp&S* !L!S* 20)* HG*B6* 0$"/%26'(2/'50* +";;$%* K[* R[*BP*41[4EF.* #1* ]M]SM* <C$*

6,(2/$*D2(* '0A"+2/$)* ;5%* HG*B'0"/$(* '0* 2*f>I;'6/$%* A2%/%')7$* /5* 2665D* /C$*LbI* 20)* +2A/$%'26*

)$+%'(*/5*($#2%2/$*DC'6$*/C$*1'!#$$)*B2O'*/'#*D2(*$Z"'6'+%2/$)*'0*HG*B6*+";;$%*f:<*Rj]G*BP*

b246?*]G*BP*PEK!*#1*jMG?*H]u*R&p&S*'(5#%5#2056?*GMH]u*R&p&S*<%'/50*tTHGGSM*<C$*LbI*(56"/'50*

;%5B* /C$* 6,(2/$*D2(*2))$)* /5* /C$*B2O'* /'#?*DC$%$* /C$*LbI*+5"0)* /5* /C$* %$('0*+$;5%$*+$'07*

D2(C$)*+,*YG*B6*+";;$%*f4*RHMG*P*b246?*]G*BP*PEK!*R#1*jMGS?*H]u*R&p&S* '(5#%5#2056SM*<C$*

LbI* D2(* $6"/$)* '0* H]* B6* +";;$%* f_* RHMF]* P* b246?* ]G* BP* <%'(T146* R#1* iM]S?* H]u* R&p&S*

'(5#%5#2056S* 20)* #%$A'#'/2/$)* D'/C* HGM]B6* '(5#%5#2056M* I;/$%* 2* ]*B'0"/$* '0A"+2/'50?* '/* D2(*

#5"%$)* '0/5*2*[GB6* (,%'07$*20)*#"(C$)* /C%5"7C*2*f>I#%$A'#'/2/5%*B2O'*B5)"6$?*+'0)'07* /C$*

LbI*/5*/C$*#%$A'#'/2/5%M*_5665D'07*2*jGu*$/C2056*D2(C*20)*/D5*#6"07$%*'0($%/'50(*/5*A6$2%*/C$*

$/C2056*;%5B*/C$*B2O'*B5)"6$?*/C$*LbI*$6"/$)*D'/C*[GG*�6*^:M*

7CBCN!! >$(&6#$%&'(&#!:5(*;&)&1$1!
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!'/$T)'%$A/$)* B"/27$0$('(* '(* /C$* 26/$%2/'50* 5;* 2* (#$A';'A* %$(')"$* 5%* %$7'50* D'/C'0* 2* A'%A"62%*

#62(B')*ALbI*($Z"$0A$*"('07*2*(/20)2%)*K4U*#%5/5A56M*I*#2'%*5;*;5%D2%)*20)*%$&$%($*#%'B$%(?*

')$0/'A26*/5*/C$*/$B#62/$*($Z"$0A$*$OA$#/*2/*/C$*A5)50R(S*"0)$%75'07*B"/27$0$('(*200$26*/5*

/C$*ALbI*($Z"$0A$*20)*2%$*2B#6';'$)*"('07*K4UM*<C$*#56,B$%2($*$O/$0)(*/C$*($Z"$0A$*;%5B*

/C$*#%'B$%(?*'0A5%#5%2/'07*/C$*AC207$)*%$(')"$(*'0/5*/C$*0$D*LbI*($Z"$0A$M*

*

<C$*B"/27$0$('(*K4U*($/T"#*D2(*2(*)$(A%'+$)*"0)$%*($A/'50*FMHMH?*+"/*D'/C*2*65D$%*200$26'07*

/$B#$%2/"%$*2(*/C$*<B*D2(*%$)"A$)*)"$*/5*/C$*'0/%5)"A/'50*5;*"0#2'%$)*0"A6$5/')$(M*<C'(*D2(*

/,#'A266,*]G}4?*/C5"7C*A5"6)*+$*2(*65D*2(*[]}4*)"%'07*B"/27$0$('(*5;*B"6/'#6$*%$(')"$(?*("AC*2(*

/C$*8UU.F*U5A4EU*2620'0$*+65A9*(A20M*

*

_5665D'07* /C$* K4U* %$2A/'50?* /C$* /$B#62/$* ALbI* D2(* )'7$(/$)* "('07* L#0H* Rb$D* ^07620)*

:'562+(SM* <C'(* ($6$A/'&$6,* )'7$(/(* B$/C,62/$)* LbIM* I(* B$/C,62/'50* 5AA"%(* AS) TAT??* 506,* /C$*

/$B#62/$*ALbI*DC'AC*D2(*#%$&'5"(6,*2B#6';'$)*"('07*+2A/$%'26*A5B#$/$0/*A$66(*D2(*)'7$(/$)?*

#%$&$0/'07*/C$*"0B"/2/$)*/$B#62/$*LbI*+$'07*/%20(;5%B$)M**

*

H*�6*5;*L#0H*D2(*2))$)*/5*/C$*K4U*#%5)"A/*20)*'0A"+2/$)*2/*[j}4*;5%*F*C5"%(M*<C$*#%$($0A$*5;*

2*#62(B')*2/*/C$*A5%%$A/*('V$*D2(*A50;'%B$)*'0*20*272%5($*7$6*R)$(A%'+$)*'0*($A/'50*FMHMFS*

<C$*B"/27$0$('(*#%'B$%(*"($)*2%$*6'(/$)*+$65D-*

* *
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*

Vector Gene variant Primer 
direction 

Primer (5’-3’) 

pACT2 4T<3:IHI*":hTHG*655#* _5%D2%)*
U$&$%($*

AACTACCAGCCTCCCGCCAAGGTGCAGCGT 
ACGCTGCACCTTGGCGGGAGGCTGGTAGTT 

pACT2 4T<3::*I[YJL* _5%D2%)*
U$&$%($*

GGCCTCAAGATGGACGTCACCTTCATT 
AATGAAGGTGACGTCCATCTTGAGGCC 

pACT2 4T<3::*I[YJ^* _5%D2%)*
U$&$%($*

GGCCTCAAGATGGAAGTCACCTTCATT 
AATGAAGGTGACTTCCATCTTGAGGCC 

pACT2 4T<3::*I[YJ!* _5%D2%)*
U$&$%($*

GGCCTCAAGATGTCAGTCACCTTCATT 
AATGAAGGTGACTGACATCTTGAGGCC 

pACT2 4T<3::*.[YF!* _5%D2%)*
U$&$%($*

CCTCGTGGCCTCTCGATGGCAGTCACC 
GGTGACTGCCATCGAGAGGCCACGAGG 

pACT2 4T<3::T.[YFU* _5%D2%)*
U$&$%($*

CCTCGTGGCCTCAGGATGGCAGTCACC 
GGTGACTGCCATCCTGAGGCCACGAGG 

pACT2 4T<3::H*![YF.* _5%D2%)*
U$&$%($*

CCCCGGGGGCTGAAGATGGCCGCCACC 
GGTGGCGGCCATCTTCAGCCCCCGGGG 

pACT2 4T<3::H*![YFU* _5%D2%)*
U$&$%($*

CCCCGGGGGCTGAGGATGGCCGCCACC 
GGTGGCGGCCATCCTCAGCCCCCGGGG 

pACT2 4T<3::H*b[jH!* _5%D2%)*
U$&$%($*

TTCATTGGCAACAGCACGGCCATCCAA 
TTGGATGGCCGTGCTGTTGCCAATGAA 

pACT2 4T<3::J*I[YJL* _5%D2%)*
U$&$%($*

GGCCTGAAGATGGACGCGACCTTCATC 
GATGAAGGTCGCGTCCATCTTCAGGCC 

pACT2 4T<3::J*I[YJ^* _5%D2%)*
U$&$%($*

GGCCTGAAGATGGAAGCGACCTTCATC 
GATGAAGGTCGCTTCCATCTTCAGGCC 

pACT2 4T<3::J*I[YJ!* _5%D2%)*
U$&$%($*

GGCCTGAAGATGTCCGCGACCTTCATC 
GATGAAGGTCGCGGACATCTTCAGGCC 

pACT2 4T<3::J*.[YF!* _5%D2%)*
U$&$%($*

CCCCGCGGCCTGTCGATGGCCGCGACC 
GGTCGCGGCCATCGACAGGCCGCGGGG 

pACT2 4T<3::JT.[YFU* _5%D2%)*
U$&$%($*

CCCCGCGGCCTGAGGATGGCCGCGACC 
GGTCGCGGCCATCCTCAGGCCGCGGGG 

pACT2 4T<3::J*:hTHG*655#*'0($%/* _5%D2%)*
*
U$&$%($*

GTGCGACATCCCGCCCACTGTGGTGCC 
TGGTGGAGACCTGCGCGGCCTGAAGATG 
CATCTTCAGGCCGCGCAGGTCTCCACC 
AGGCACCACAGTGGGCGGGATGTCGCAC 

pACT2 4T<3::Y*I[YJL* _5%D2%)*
U$&$%($*

GGCCTGAAGATGGACTCCACCTTCATC 
GATGAAGGTGGAGTCCATCTTCAGGCC 

pACT2 4T<3::Y*I[YJ^* _5%D2%)*
U$&$%($*

GGCCTGAAGATGGAATCCACCTTCATC 
GATGAAGGTGGATTCCATCTTCAGGCC 

pACT2 4T<3::Y*I[YJ!* _5%D2%)*
U$&$%($*

GGCCTGAAGATGTCCTCCACCTTCATC 
GATGAAGGTGGAGGACATCTTCAGGCC 

pACT2 4T<3::Y*![Y]I* _5%D2%)*
U$&$%($*

CTGAAGATGGCCGCCACCTTCATCGGC 
GCCGATGAAGGTGGCGGCCATCTTCAG 

pACT2 4T<3::Y*_[hi\* _5%D2%)*
U$&$%($*

TTCCTGCACTGGTACACGGGTGAGGGC 
GCCCTCACCCGTGTACCAGTGCAGGAA 

pACT2 4T<3::Y*K[FGU* _5%D2%)*
U$&$%($*

GATCTTCCGCGGGCGCATGTCCATGAAG 
CTTCATGGACATGCGCCCGCGGAAGATC 

pACT2 4T<3::Y*:hTHG*655#*'0($%/* _5%D2%)*
*
U$&$%($*

GTGCGACATCCCGCCCACTGTGGTGCCT 
GGTGGAGACCTGCGCGGCCTGAAGATG 
CATCTTCAGGCCGCGCAGGTCTCCACCA 
GGCACCACAGTGGGCGGGATGTCGCAC 

pACT2 4T<3::Y*.[YF!* _5%D2%)*
U$&$%($*

CCCCGCGGCCTGTCGATGGCCTCCACC 
GGTGGAGGCCATCGACAGGCCGCGGGG 

pACT2 4T<3::YT.[YFU* _5%D2%)*
U$&$%($*

CCCCGCGGCCTGAGGATGGCCTCCACC 
GGTGGAGGCCATCCTCAGGCCGCGGGG 

@*,4&!BVC!>$(&6#$%&'(&#!:5(*;&)&1$1!3%$:&%1C!
*

*
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I0*2620'0$*+65A9*(A20*D2(*#$%;5%B$)?*'0*DC'AC*+65A9(*5;*;'&$*2B'05*2A')(*D$%$*%$#62A$)*D'/C*

2620'0$(?* ($Z"$0/'266,* /C%5"7C5"/* /C$* %$7'50*5;* '0/$%$(/*D'/C'0* /C$*U5A4EU*)5B2'0M*<C'(* '(*2*

A5BB50* /$AC0'Z"$* /5* ')$0/';,* %$7'50(* '0&56&$)* '0* #%5/$'0T#%5/$'0* '0/$%2A/'50(M* <C$* #%'B$%(*

"($)*2%$*6'(/$)*'0*/2+6$*HHM*

*

3?>!IKKL7!K+'A^K!
*4*)$)&!1'*)!
%&1$#5&1!

/%$:&%!
#$%&'($+)!

/%$:&%!JQ26H2M!

B! BH7F6BHH7! _5%D2%)*
U$&$%($*

CAACAGCGATTAAAAGCTGCAGCTGCAGCTAACCGAATGAAACTT 
AAGTTTCATTCGGTTAGCTGCAGCTGCAGCTTTTAATCGCTGTTG*

7! BHHH6BHHE! _5%D2%)*
U$&$%($*

AAGGCTGTGCCTTATGCTGCAGCTGCAGCTATGATTGTGGGAAAT 
ATTTCCCACAATCATAGCTGCAGCTGCAGCATAAGGCACAGCCTT*

H! BHHF6BHO7! _5%D2%)*
U$&$%($*

AACCGAATGAAACTTGCTGCAGCTGCAGCTACTGGGAGTGGTAAA 
TTTACCACTCCCAGTAGCTGCAGCTGCAGCAAGTTTCATTCGGTT 

O! BHOH6BHOE! _5%D2%)*
U$&$%($*

ATGATTGTGGGAAATGCTGCAGCTGCAGCTACCACCTTATTGCAG 
CTGCAATAAGGTGGTAGCTGCAGCTGCAGCATTTCCCACAATCAT 

Q! BHOF6BHQ7! _5%D2%)*
U$&$%($*

ACTGGGAGTGGTAAAGCTGCAGCTGCAGCTCAATTAATGAAAACC 
GGTTTTCATTAATTGAGCTGCAGCTGCAGCTTTACCACTCCCAGT 

R! BHQH6BHQE! _5%D2%)*
U$&$%($*

ACCACCTTATTGCAGGCTGCAGCTGCAGCTAAGAAATCAGATCTT 
AAGATCTGATTTCTTAGCTGCAGCTGCAGCCTGCAATAAGGTGGT 

E! BHQF6BHR7! _5%D2%)*
U$&$%($*

CAATTAATGAAAACCGCTGCAGCTGCAGCTGGAATGCAAAGTGCC 
GGCACTTTGCATTCCAGCTGCAGCTGCAGCGGTTTTCATTAATTG 

F! BHRH6BHRE! _5%D2%)*
U$&$%($*

AAGAAATCAGATCTTGCTGCAGCTGCAGCTACAGTTGGCATAGAT 
ATCTATGCCAACTGTAGCTGCAGCTGCAGCAAGATCTGATTTCTT*

N! BHRF6BHE7! _5%D2%)*
U$&$%($*

GGAATGCAAAGTGCCGCTGCAGCTGCAGCTGTGAAAGACTGGCCT 
AGGCCAGTCTTTCACAGCTGCAGCTGCAGCGGCACTTTGCATTCC*

BV! BHEH6BHEE! _5%D2%)*
U$&$%($*

ACAGTTGGCATAGATGCTGCAGCTGCAGCTATCCAAATAAGAGAC 
GTCTCTTATTTGGATAGCTGCAGCTGCAGCATCTATGCCAACTGT*

BB! BHEF6BHF7! _5%D2%)*
U$&$%($*

GTGAAAGACTGGCCTGCTGCAGCTGCAGCTAAAAGAAAGAGAGAT 
ATCTCTCTTTCTTTTAGCTGCAGCTGCAGCAGGCCAGTCTTTCAC*

B7! BHFH6BHFE! _5%D2%)*
U$&$%($*

ATCCAAATAAGAGACGCTGCAGCTGCAGCTCTCGTCCTAAATGTG 
CACATTTAGGACGAGAGCTGCAGCTGCAGCGTCTCTTATTTGGAT*

BH! BHFF6BHN7! _5%D2%)*
U$&$%($*

AAAAGAAAGAGAGATGCTGCAGCTGCAGCTTGGGATTTTGCAGGT 
ACCTGCAAAATCCCAAGCTGCAGCTGCAGCATCTCTCTTTCTTTT*

BO! BHNH6BHNE! _5%D2%)*
U$&$%($*

CTCGTCCTAAATGTGGCTGCAGCTGCAGCTCGTGAGGAATTCTAT 
ATAGAATTCCTCACGAGCTGCAGCTGCAGCCACATTTAGGACGAG*

BQ! BHNF6BOV7! _5%D2%)*
U$&$%($*

TGGGATTTTGCAGGTGCTGCAGCTGCAGCTAGTACTCATCCCCAT 
ATGGGGATGAGTACTAGCTGCAGCTGCAGCACCTGCAAAATCCCA*

@*,4&!BBC!/%$:&%1!51&#!$)!(.&!IKKL7!K+'A^K!*4*)$)&!1'*)C!

!

!"!! ! !"#$%&%'(6!"#$%&!
<C$*,$2(/*/D5TC,+%')*2((2,*)$/$A/(*#%5/$'0T#%5/$'0*'0/$%2A/'50(M*>/*'(*2*(,(/$B*/C2/*A20*+$*"($)*

/5* (A%$$0* 6'+%2%'$(* ;5%* '0/$%2A/5%(* /5* 905D0* #%5/$'0(* 20)* )5$(* 05/* %$Z"'%$* /C$* ;"66T6$07/C*

#%5/$'0?*/C"(*'/*A20*+$*"($)*;5%*;"0A/'5026*AC2%2A/$%'(2/'50*5;*("+)5B2'0(*5%* ')$0/';'A2/'50*5;*

%$(')"$(*A%"A'26*/5*'0/$%2A/'50(M*<C$*"($*5;*2*%$#5%/$%*7$0$*(,(/$B*$02+6$(*)$/$A/'50*5;*D$29*

5%*/%20('$0/* '0/$%2A/'50(*DC'AC*B2,*05/*5/C$%D'($*+$*)$/$A/2+6$*R_'$6)(*20)*!507?*Hhihg*@20*

4%'$9'07$*20)*:$,2$%/*HhhhSM*

*
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<%20(A%'#/'50*5;*2*7$0$*'(*'0'/'2/$)*;5665D'07*2A/'&2/'50*5;*20*"#(/%$2B*2A/'&2/'50*('/$*R3I!S*+,*

2* /%20(A%'#/'50* ;2A/5%M* <%20(A%'#/'50* ;2A/5%(* A5B#%'($* 20* 2A/'&2/'50* )5B2'0* 20)* 2* +'0)'07*

)5B2'0*20)*+5/C*B"(/*+$*#%$($0/*/5*'0'/'2/$*/%20(A%'#/'50?*C5D$&$%*(5B$*2%$*'0/$%AC207$2+6$M*

<C$* %=) >IFITAPAQI* W26J* +'0)'07* )5B2'0* A5B+'0$)*D'/C* 20*<=) >?@A) 8$OI* 2A/'&2/'50* )5B2'0* 2%$*

2+6$*/5*'0'/'2/$*/%20(A%'#/'50*5;*/C$*!Q>E*7$0$M*<C'(*<=)>?@A)7$0$*C2(*+$$0*'0($%/$)*'0/5*/C$*,$2(/*

LbI* 'BB$)'2/$6,* 2;/$%* /C$* W26J* #%5B5/5%* 20)* '(* "($)* 2(* 2* %$#5%/$%* 7$0$M* >/* $0A5)$(* XT

7262A/5(')2($?* 20* $0V,B$* /C2/* A6$2&$(* tT726* '0/5* 7262A/5($* 20)* ]T+%5B5TJTAC65%5T[T

C,)%5O,'0)56$*DC'AC*%2#')6,*5O')'($(*'0/5*/C$*+6"$?*'0(56"+6$*]?]sT)'+%5B5TJ?JsT)'AC65%5T'0)'75M*

\$2(/* A5650'$(* '0A"+2/$)* '0* 2* (56"/'50* A50/2'0'07* tT726* D'66* /"%0* +6"$* ';* !Q>E) /%20(A%'#/'50*

5AA"%(M*

*

>0*2))'/'50*/5*/C'(?*2*($A50)*%$#5%/$%*7$0$*"0)$%*A50/%56*5;*/C$*W26J*#%5B5/5%* '(*"($)g*YU%2M*

<C'(* $0A5)$(* 'B')2V56$* 76,A$%56T#C5(#C2/$* )$C,)%2/2($?* DC'AC* A2/26,($(* /C$* ('O/C* (/$#* '0*

C'(/')'0$* +'5(,0/C$('(?* 20* $(($0/'26* 2B'05* 2A')M* 15D$&$%* $O#%$(('50* 5;* YU%2* '(* 6$29,?* (5B$*

+2A97%5"0)*2A/'&2/'50*5AA"%(M*<C"(*/C$*'0C'+'/5%*[T2B'05TH?F?JT/%'2V56$*R[TI<S*'(*26(5*"($)M*<C$*

2B5"0/* &2%'$(* )$#$0)'07* 50* /C$* (/%2'0* 20)* '(* +2620A$)g* /55*B"AC* C')$(* D$29* '0/$%2A/'50(*

DC$%$2(*/55*6'//6$*6$2)(*/5*;26($*#5('/'&$(M*

*
\$2(/* /D5TC,+%')* $O#$%'B$0/(* ;"($* 50$* #%5/$'0* 5;* '0/$%$(/* /5* /C$* 8$OI* +'0)'07* )5B2'0* R/C$*

v+2'/QS*20)*/C$*5/C$%*/5*/C$*W26J*2A/'&2/'50*)5B2'0*R/C$*v#%$,QSM*>;*/C$($*/D5*#%5/$'0(*'0/$%2A/?*

/C$,*+%'07* /C$*+'0)'07*20)*2A/'&2/'50*)5B2'0(* '0/5*A65($*#%5O'B'/,?* '0'/'2/'07* /%20(A%'#/'50*5;*

/C$*%$#5%/$%*7$0$(*R;'7"%$*YSM*^2AC*'0/$%2A/'50*'(*/$(/$)*/D'A$*#$%*$O#$%'B$0/M*<C$*/%20(;$A/'50*

A50/%56* R<4S*#62/$(* A50/2'0*C'(/')'0$g*7%5D/C*5AA"%(*50*266*#62/$(*+"/*506,* '0/$%2A/5%(* AC207$*

A565"%* '0* /C$* tT726* 2((2,M* b"/%'/'5026* ($6$A/'50* Rb!S* #62/$(* )5* 05/* A50/2'0* C'(/')'0$?* 7%5D/C*

5AA"%(*506,*';*/C$)YU%2*7$0$*'(*$O#%$(($)?*'M$M*/C$*#%5/$'0(*'0/$%2A/M*<C$*,$2(/*'(*"0)$%*7%$2/$%*

#%$(("%$*+"/*/C'(*A20* 6$2)*/5*A6$2%$%*%$("6/(*2(*/C$*,$2(/* '(* ;5%A$)*/5*$O#%$((*$05"7C*YU%2* /5*

("%&'&$M*

*

>0*($B'TZ"20/'/2/'&$*$O#$%'B$0/(?*/C$*A565"%*AC207$*'(*05/*B$2("%$)*+"/*2*&'("26*A5B#2%'(50*

A20* '0)'A2/$*)';;$%$0A$(* '0*+'0)'07*(/%$07/CM* >0*Z"20/'/2/'&$*,$2(/* /D5TC,+%')?*A565"%*AC207$?*

20)*/C$%$;5%$*'0/$%2A/'50*(/%$07/C?*'(*B$2("%$)M*

!



 58 

Z$;5%&!RC!!@.&!<&*1(!(-+6.<,%$#!1<1(&:C*"C*<C$*#%5/$'0*5;*'0/$%$(/*'(*;"($)*/5*/C$*LbI*+'0)'07*
)5B2'0* R:LSM* <C$* #5/$0/'26* '0/$%2A/5%* '(* ;"($)* /5* /C$*IL* 2A/'&2/'50* )5B2'0* RILSM* >;* /C$* /D5*
#%5/$'0(*5;*'0/$%$(/*+'0)?*/C$*2A/'&2/'50*)5B2'0*'(*+5"7C/*'0/5*#%5O'B'/,*5;*/C$*#%5B5/$%*20)*2*
#56,B$%2($* '(* %$A%"'/$)?* 6$2)'07* /5* /%20(A%'#/'50* 5;* /C$* %$#5%/$%* 7$0$(M* \C* >;* /C$,* )5* 05/*
2((5A'2/$?*/%20(A%'#/'50*'(*05/*'0'/'2/$)C!

7C7CB!! >&:$6U5*)($(*($X&!<&*1(!(-+6.<,%$#!
8JG* ,$2(/*D2(* "($)M* <C'(* (/%2'0* 5;*%=) >IFITAPAQI) '(*B'(('07* ;"0A/'5026* 7$0$(* $0A5)'07* 6$"A'0$*

R!<D$S* 20)* /%,#/5#C20* R7"+,SM* <C$* !<D$) 20)* 7"+,* 7$0$(* 2%$* $2AC* $0A5)$)* +,* 2* )';;$%$0/*

&$A/5%?* 50$* 50* /C$* +2'/* 20)* 50$* 50* /C$* #%$,g* 506,* ,$2(/* A$66(* ("AA$((;"66,* /%20(;5%B$)*D'/C*

+5/C*&$A/5%(*2%$*2+6$*/5*7%5D*50*/%20(;5%B2/'50*A50/%56*#62/$(*62A9'07*6$"A'0$*20)*/%,#/5#C20*

RT8<SM* NC$%$* 7%5D/C* 5AA"%%(?* +5/C* /%20(;5%B20/(* C2&$* +$$0* ("AA$((;"66,* '0($%/$)* '0/5* /C$*

,$2(/M*b"/%'/'5026*($6$A/'50*#62/$(*26(5*62A9*C'(/')'0$*Re8<1S*2(*)$(A%'+$)*2+5&$M*

*

45650'$(*D$%$*7%5D0*20)* /%20(;$%%$)* /5* ;'6/$%*#2#$%?* ;%$$V$T;%2A/"%$)* '0* 6'Z"')*0'/%57$0* /C$0*

/$(/$)* ;5%*XT7262A/5(')2($* 2A/'&'/,M* 4565"%* AC207$*5;* /C$* A5650'$(* ;%5B*DC'/$* /5*+6"$?*DC$%$*

/C$*0$72/'&$*A50/%56(*D$%$*(/'66*"0AC207$)?*'0)'A2/$)*20*'0/$%2A/'50M*

*

U$A5B+'020/* #L!* 20)* #I4<F* #62(B')(*D$%$* A50(/%"A/$)* A50/2'0'07* &2%'5"(* 8UU.F* )5B2'0(*

20)* /"+"6'0* 4T/$%B'0'* R($$* /2+6$* i* ;5%* /C$* A,/5(9$6$/26* A50(/%"A/* #%'B$%* 6'(/SM* 8UU.F* U5A4EU*

)5B2'0*ALbI*D2(*A650$)* '0/5* /C$*+2'/*&$A/5%*#L!?*DC'AC*A50/2'0(* /C$*!I](* 20)*7"+,* 7$0$(*

DC'6$*/"+"6'0*ALbI*D2(*A650$)*'0/5*/C$*#%$,*&$A/5%*#I4<F?*DC'AC*'0A6")$(*/C$*9(!.*20)*!<D$*

7$0$(M*

7C7CBCB! IOV!'&44!4$)&!:*$)(&)*)'&!
I* ;%5V$0* (/5A9*5;* 8JG* ,$2(/* R9$#/* 2/* TiG}4S*D2(* /C2D$)*20)* (/%$29$)*50/5* ;%$(C* 272%* #62/$(*

"('07*20*'005A"62/'50*655#M*<C$*272%*#62/$(*D$%$*B2)$*"('07*\KL*272%*B$)'"B*RFu*RDp&S*272%?*

Hu* RDp&S* ,$2(/* $O/%2A/?* Fu* RDp&S* #$#/50$* 20)* Fu* RDp&S* )$O/%5($T4650/$ACS?* ("##6$B$0/$)*

D'/C*GMJ*BP*2)$0'0$M*<C$*#62/$(*D$%$*'0A"+2/$)*2/*[G}4*;5%*[*)2,(?*"0/'6*/C$%$*D$%$*'0)'&')"26*

,$2(/*A5650'$(*5;*2##%5O'B2/$6,*F*BB*'0*)'2B$/$%M*<C$*#62/$(*D$%$*/C$0*($26$)*20)*(/5%$)*2/*

J}4M* I* ('076$* A5650,* 5;* ,$2(/* D2(* %$T(/%$29$)* 50A$* #$%* ;5%/0'7C/* 50/5* 2* ;%$(C* \KLp2)$0'0$*

#62/$M**
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7C7CBC7! /%&3*%$);!*)#!34*($);!(.&!<&*1(!
<C$*,$2(/*/D5TC,+%')*#%5/5A56*'(*+2($)*50*/C$*5%'7'026*B$/C5)*)$(A%'+$)*+,*W'$/V*$/*26*RW'$/V*

$/* 26M?* Hhh]SM* I* ('076$* 8JG* ,$2(/* A5650,* D2(* (C29$0* 2/* [G}4* 5&$%0'7C/* '0* HGG* B6* \KLM* <C$*

;5665D'07*B5%0'07*$05"7C*,$2(/*D2(*/%20(;$%%$)*/5*2*;%$(C*\KLp2)$0'0$*A"6/"%$*RHG*B6*,$2(/*

#$%* /%20(;5%B2/'50S* /5*7'&$*20*ELYGG*5;*GMF]*I3M*<C'(*D2(*7%5D0*2/*[G}4*"0/'6* '/* %$2AC$)*20*

ELYGG* 5;* GMY* I3?* 'M$M?* 7%5D/C* D2(* 5AA"%%'07* $O#50$0/'266,M* <C$* ,$2(/* D2(* C2%&$(/$)* +,*

A$0/%';"72/'50*2/*HYFGO*7*;5%*[*B'0"/$(*20)*/C$*#$66$/(*%$("(#$0)$)*'0/5*2*('076$*("(#$0('50*'0*

F]* B6* )1FEM* <C'(* D2(* A$0/%';"7$)* '0* /C$* (2B$* D2,* 20)* ;5665D$)* +,* /D5*

%$("(#$0('50pA$0/%';"72/'50(* '0* F]* B6* HO* 8'/C'"B* IA$/2/$p<%'(T^L<I* R8'I4p<^S* RHG* BP* <%'(T

148?*H*BP*^L<I?*HGG*BP*8'I4SM*_'0266,* /C$*#$66$/*D2(* %$("(#$0)$)* '0*8'I4p<^*2/*Hu*5;* /C$*

5%'7'026*\KLp2)$0'0$*A"6/"%$*&56"B$?*7'&'07*2*A$66*)$0('/,*5;*2##%5O'B2/$6,*HOHGh*A$66(pB6M*HGG*

�6*5;*/C$*,$2(/*("(#$0('50*D2(*A5B+'0$)*D'/C*H*�7*5;*+2'/?*H*�7*5;*#%$,*20)*]*�7*C$%%'07*(#$%B*

A2%%'$%*LbIM*<C$*C$%%'07*(#$%B*C2)*#%$&'5"(6,*+$$0*)$02/"%$)*+,*+5'6'07*2/*hh}4*;5%*]*B'0"/$(*

20)*A556'07*/5*J}4*;5%*]*B'0"/$(?*/D'A$*'0*("AA$(('50M*b$O/?*YGG*�6*5;*#56,$/C,6$0$*76,A56*RK^WS*

'0*8'I4p<^*(56"/'50*R]Gu*R&p&S*K^W?*HO*8'I4?*HO*<^S*D2(*2))$)M*K^W*2A/$)*2(*2*(#2A$%?*;5%A'07*

/C$*LbI*20)*,$2(/*A$66(*'0/5*A65($*#%5O'B'/,M*<C$*(56"/'50(*D$%$*(C29$0*;5%*[G*B'0"/$(*2/*[G}4*

+$;5%$*2*FG*B'0"/$*C$2/*(C5A9*$02+6$)*/C$*LbI*/5*A%5((*/C$*A$66*B$B+%20$(M*<C$*,$2(/*D2(*

#$66$/$)* +,* 2* (C5%/* A$0/%';"72/'50?* /C$* K^Wp8'I4p<^* %$B5&$)* 20)* /C$* #$66$/* %$("(#$0)$)* '0*

HGG*�6*)1FEM*YG*�6*5;* /C'(*,$2(/*(56"/'50*D2(*#62/$)*50*b!*#62/$(* RJYMj*7p8*B'0'B26*($6$A/'&$*

)%5#T5"/*+2($?*GMYF*7p8* T6$"A'0$pT/%,#/5#C20pTC'(/')'0$*)%5#5"/* ("##6$B$0/T4650/$ACS?* JG*�6*

50/5* <4* #62/$(* RJYMj* 7p8* B'0'B26* ($6$A/'&$* )%5#T5"/* +2($?* GMYJ* 7p8* T6$"A'0$pT/%,#/5#C20*

)%5#5"/* ("##6$B$0/?* 4650/$ACSM* <C$* #62/$(* D$%$* '0A"+2/$)* 2/* [G}4* "0/'6* /C$* ,$2(/* (C5D$)*

(";;'A'$0/*7%5D/C?*"("266,*[*)2,(*;5%*/C$*<4*#62/$(*20)*]*)2,(*;5%*/C$*b!*#62/$(M**

7C7CBCH! @.&!96;*4*'(+1$#*1&!*11*<!
W%5D/C* 50* 266* <4* #62/$(* '0)'A2/$)* /C2/* +5/C* /C$* +2'/* 20)* #%$,* A50(/%"A/(* D$%$* ("AA$((;"66,*

/%20(;5%B$)* '0/5* /C$*,$2(/* A$66(M*NC$0* /C$%$*D2(* (";;'A'$0/*7%5D/C?* /C$*,$2(/* A5650'$(*D$%$*

/%20(;$%%$)*/5*2*A'%A6$*5;*]JTNC2/B20*;'6/$%*#2#$%*R_'(C$%S*20)*;%$$V$T;%2A/"%$)*/D'A$*'0*6'Z"')*

0'/%57$0*/5*;5%A$*5#$0*/C$*A$66(*20)*%$6$2($*XT7262A/5(')2($M*tT726*(56"/'50*D2(*#%$#2%$)*20)*

(/5%$)*D%2##$)* '0* /'0* ;5'6* /5* #%5/$A/* '/* ;%5B* 6'7C/* $O#5("%$M* ^2AC* #62/$* %$Z"'%$)* F*B6* tT726*

(56"/'50* RF* B7* tT726* R]T:%5B5TJTAC65%5T[T'0)56,6T:TLT7262A/5#,%205(')$S?* FG* �6* b?bT

)'B$/C,6;5%B2)'0$?*F*B6*qT+";;$%*RYG*BP*b2F1KEJ?*JG*BP*b21FKEJM1FE?*HG*BP*.46*20)*GMH*

BP* P7!EJMj1FES* 20)* ]MJ* �6* XTB$%A2#/5$/C2056SM* <C$* ;'6/$%T#2#$%p,$2(/* A5650'$(* D$%$*

'0A"+2/$)*2/*[j}4*'0*tT726*(56"/'50*"0/'6*/C$*,$2(/*A5650'$(*C2)*/"%0$)*+6"$?*/C$0*6$;/*/5*)%,*'0*2*

;"B$*C55)M*
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7C7C7!! e5*)($(*($X&!<&*1(!(-+6.<,%$#!
f"20/'/2/'&$*,$2(/*/D5TC,+%')*"($(*AC65%5#C$056*%$)TXTLT7262A/5#,%205(')$*R4KUWS*C,)%56,('(?*

205/C$%* XT7262A/5(')2($* ("+(/%2/$?* /5* B$2("%$* /C$* '0/$0('/,* 5;* #%5/$'0T#%5/$'0* '0/$%2A/'50(M*

<C$* %2/$* 2/* DC'AC* 4KUW* C,)%56,('(* /"%0(* /C$* (56"/'50* ;%5B* ,$665D* /5* %$)* '0)'A2/$(* 82Aq*

$O#%$(('50g*B$20'07*A565"%*AC207$*'(*#%5#5%/'502/$*/5*'0/$%2A/'50*(/%$07/CM*

7C7C7CB! A&44!3%&3*%*($+)!
<C$* #%5/5A56* '(* 2)2#/$)* ;%5B* /C2/* )$(A%'+$)* +,* U2B2B55%/C,* 20)* A566$27"$(* RHhhjSM* <C$*

,$2(/* D2(* /%20(;5%B$)* 20)* #62/$)* 2(* )$(A%'+$)* "0)$%* ($A/'50* FMFMH?* $OA$#/'07* /C2/* 506,* <4*

272%*#62/$(*D$%$*B2)$M*I*('076$*A5650,*D2(*(C29$0*5&$%0'7C/*'0*HG*B6*($6$A/'&$*B$)'"B*RFYMj*

7p8*B'0'B26*!L*+2($?*GMYJ*e6$"A'0$pe/%,#/5#C20*)%5#T5"/*("##6$B$0/*20)*GMJ*BP*2)$0'0$SM*

<C$*0$O/*B5%0'07* /C$*ELYGG* 5;* $2AC* ("(#$0('50*D2(*B$2("%$)* 20)* /C$* ,$2(/* /%20(;$%%$)* /5*

HGB6*;%$(C*B$)'"B*D'/C*20*ELYGG*5;*GMF]*I3M*<C'(*D2(*7%5D0*"0/'6*/C$*A50A$0/%2/'50*%$2AC$)*

GMJTGMY* I3?*DC$0* /C$* (56"/'50(*D$%$* #$66$/$)* +,* 2* [*B'0"/$* A$0/%';"72/'50* 2/* HYFG* O* 7* 20)*

%$("(#$0)$)* '0* H*B6* %$("(#$0('50*+";;$%M* <C'(* A50/2'0$)*]G*B6* qT+";;$%* R2(*#%$&'5"(6,S?* 50$*

A5B#6$/$*B'0'*#%5/$2($*'0C'+'/5%*A5A9/2'6*/2+6$/*20)*JG*BP*XTB$%A2#/5$/C2056M*U$("(#$0)$)*

,$2(/*D2(*/C$0*2))$)*/5*%$("(#$0('50*+";;$%*/5*2*;'026*ELYGG*5;*GMG[]*I3*'0*H*B6*+";;$%M*HF*�6*

GMHu*!L!*RDp&S*20)*H]*�6*hhu*AC65%5;5%B*D$%$*2))$)*/5*$2AC*/"+$*20)*/C$*(56"/'50(*(C29$0*

2/*[G}4*;5%*H]*B'0"/$(M*<C$*!L!*20)*AC65%5;5%B*+%59$*)5D0*/C$*A$66*D266(*20)*#$%B$2+'6'($)*

/C$*A$66(*/5*%$6$2($*/C$*XT7262A/5(')2($M*HG*�6*4KUW*D2(*2))$)*/5*$2AC*/"+$?*(C29$0*D$66*20)*

FGG*�6*2))$)*'0*/%'#6'A2/$*/5*2*hY*D$66*;62/T+5//5B$)*/%20(#2%$0/*#62/$M**

7C7C7C7! e5*)($8$'*($+)!*)#!*)*4<1$1!
<C$*2+(5%+20A$*2/*EL]JG* RA565"%* '0/$0('/,?* '0)'A2/'07* '0/$%2A/'50* (/%$07/CS*20)*ELYFG* R5#/'A26*

)$0('/,?* '0)'A2/'07* 0"B+$%* 5;* ,$2(/* A$66(S* 5;* $2AC* D$66* D$%$* B$2("%$)* "('07* 2* P"6/'(920*

P38<>!E_<*FFG@*B'A%5#62/$*#C5/5B$/$%*R82+(,(/$B(SM*I;/$%*)'&')'07*/C$*EL]JG*+,*/C$*ELYFG?*

("+/%2A/'07*/C$*0$72/'&$*A50/%56(*R,$2(/*/%20(;5%B$)*D'/C*/C$*+2'/*+"/*20*$B#/,*#%$,*&$A/5%S?*

72&$* /C$* (2B#6$* '0/$%2A/'50* (/%$07/C* #$%* "0'/* 5;* ,$2(/* A$66(M* <C$* 8UU.FTB"/20/* '0/$%2A/'50*

(/%$07/C*D2(*/C$0*$O#%$(($)*2(*2*#$%A$0/27$*5;*/C$*8UU.FTD'6)T/,#$*'0/$%2A/'50*(/%$07/C*20)*

('70';'A20A$*2(($(($)*"('07*$'/C$%*/C$*/D5T(2B#6$*$Z"26*&2%'20A$*5%*#2'%$)*!/")$0/Q(*#2'%$)*/T

/$(/* ;5%* (/2/'(/'A26* ('70';'A20A$M Combined data from a minimum of three independent 

experiments was used. p values are indicated (*, p < 0.05; **, p < 0.01; ***, p<0.001). Error 

bars represent the standard error of the mean (SEM).*

!"#! !"##"$%"&'()$$'(*$+*,)!!
1"B20* $B+%,50'A* 9')0$,* Fh[* R1^.Fh[S* 20)* C"B20* 0$"%5+62(/5B2* !1T!\]\* A$66(* D$%$*
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#"%AC2($)* ;%5B* /C$* ^"%5#$20* A566$A/'50* 5;* A$66* A"6/"%$(M* <C$* !1T!\]\* A$66(* 5&$%$O#%$(('07*

8UU.F*D$%$*2*7';/*;%5B*d$20TP2%A*<2,B20(*R.3*8$"&$0S*20)*B2)$*+,*6$0/'&'%26*/%20()"A/'50?*

DC'6$*/C$*!FFG$*905A9*5"/*20)*D'6)T/,#$*B5"($*$B+%,50'A*;'+%5+62(/(*RP^_(S*D$%$*2*7';/*;%5B*

1"2'+'0*42'*Rb>1SM*They were derived from the dorsal skin of postnatal day 0 (P0) Lrrk2 wild-

type or knock-out mouse pups and immortalised by transduction using the SV40 T antigen. <C$*

1^.* 20)* P^_* A$66(* D$%$* A"6/"%$)* '0* L"6+$AA5Q(* B5)';'$)* $276$* B$)'"B* RLP^PS* RJM]7p8*

76"A5($?*8T76"/2B'0$?*#,%"&2/$*R>0&'/%57$0SS*("##6$B$0/$)*D'/C*HGu*R&p&S*;5$/26*+5&'0$*($%"B*

R_:!TKIIS*20)*Hu*R&p&S*#$0'A'66'0T(/%$#/5B,A'0*RHGGGG3pB6*#$0'A'66'0?*HGB7pB6*(/%$#/5B,A'0?*

>0&'/%57$0M*<C'(*D'66*C$0A$;5%/C*+$*%$;$%%$)*/5*2(*LP^PrSM*<C$*!1T!\]\*A$66(*D$%$*A"6/"%$)*'0*

DMEM supplemented with 1x non-essential amino acids (Gibco), 15% (v/v) FBS and 1% (v/v) 

gentamycin.*I66* A$66*C20)6'07*5AA"%%$)* '0*2*A62((* >>* 62B'02%* ;65D*C55)*"('07*(/$%'6$* /$AC0'Z"$M*

4$66(*D$%$*'0A"+2/$)*2/*]u*4EF?*[j}4*'0*2*!20,5*4EF*'0A"+2/5%M*

7CHCB!! A&44!4$)&!:*$)(&)*)'&!
I66* A$66* 6'0$(*D$%$* A"6/"%$)* '0* j]* ABF* ;62(9(M*NC$0* /C$* A$66(*D$%$* ;"66,* A50;6"$0/?* /C$,*D$%$*

#2((27$)?* "("266,* $&$%,* jF*C5"%(M* <C$*B$)'"B*D2(* %$B5&$)* 20)* /C$* A$66(*D2(C$)* '0* HG*B6*

1:!!* +$;5%$* /C$* 2))'/'50* 5;* ]GG* �6* /%,#('0p^L<IM* <C$* $0V,B$* /%,#('0* A6$2&$(* /C$* #$#/')$*

+50)(?* A2"('07* A$66(* /5* )'((5A'2/$* ;%5B* /C$* ;62(9* DC$%$2(* /C$* A26A'"BpB270$('"B* AC$62/5%*

^L<I* '0C'+'/(* A$66* 2)C$('50M* I;/$%* $0("%'07* 266* A$66(* D$%$* A5&$%$)?* /C$,* D$%$* 6$;/* ;5%* 2* ;$D*

B'0"/$(* /5* )$/2AC* ;%5B* /C$* +2($* 5;* /C$* ;62(9M* hM]B6* 5;* /C$* 2##%5#%'2/$* B$)'"B* D2(* /C$0*

2))$)* /5* 0$"/%26'($* /C$* /%,#('0M* <C$* A$66(* D$%$* )'6"/$)* H-[* R!1T!\]\* 20)*P^_* A$66(S* 5%* H-HG*

R1^.*A$66(S*'0/5*2*0$D*;62(9*D'/C*;%$(C*B$)'"BM**

7CHC7!! A&44!1&&#$);!*)#!(%*)18&'($+)!
4$66(*D$%$*)$/2AC$)*2(*)$(A%'+$)*"0)$%*($A/'50*FM[MHM*<C$,*D$%$*/C$0*A$0/%';"7$)*2/*HJG*O*7*

;5%*FM]*B'0"/$(M*<C$*%$("6/'07*#$66$/*D2(*%$("(#$0)$)*'0*H*B6*5;*B$)'"B?*HG*�6*5;*DC'AC*D2(*

;"%/C$%*)'6"/$)*HGT;56)M*I*A5&$%*(6'#*D2(*#62A$)*50*/C$*b$"+2"$%*C2$B5A,/5B$/$%*R12D9(6$,S*

20)*HG*�6*5;*/C$*)'6"/$)*A$66*("(#$0('50*D2(*652)$)*'0/5*/C$*(#2A$*+$/D$$0*/C$*A5&$%*(6'#*20)*

C2$B5A,/5B$/$%M*<C$*A$66(*'0*2*H*BBF*(Z"2%$*D$%$*A5"0/$)*20)*B"6/'#6'$)*+,*HG]*/5*2AA5"0/*

;5%* /C$* )'6"/'50* (/$#(M* HG* AB* A"6/"%$* )'(C$(* D$%$* ($$)$)* D'/C* F* O* HGY* A$66(* R"($)* '0*

'BB"05#%$A'#'/2/'50(SM*4$66(*D$%$*($$)$)*2(*'0*/2+6$*HFM*

*

Dish size Cells 
seeded 

DNA 
transfected 

Fugene OptiMEM 

10 cm  F*O*HGY* i*�7* HY*�6* JGG*�6*
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6 cm  jMF*O*HG]* F*�7* J*�6* HGG*�6*

@*,4&!B7C!@<3$'*4!&c3&%$:&)(*4!'+)#$($+)1!8+%!(%*)18&'($+)!+8!BV!':!*)#!R!':!#$1.&1C!

*

L'(C$(* D$%$* /%20(;$A/$)* DC$0* A$66* A50;6"$0A,* %$2AC$)* YGTjGuM* _"7$0$* 1L* /%20(;$A/'50*

%$27$0/* RK%5B$72S* D2(* "($)* /5* /%20('$0/6,* /%20(;$A/* /C$* A$66(M* <C'(* '(* 2* 050T6'#5(5B26*

/%20(;$A/'50* %$27$0/* DC'AC* A5B#6$O$(* D'/C* /C$* #62(B')* /5* ;5%B*B'A$66$(* DC'AC* /%20(#5%/* '/*

2A%5((*A$66*B$B+%20$(M*<C$*/%20(;$A/$)*LbI*'(*/C$0*$O#%$(($)*+,*/C$*A$66M**

*

^'7C/*�7*LbI*D2(*/%20(;$A/$)*'0/5*HG*AB*)'(C$(M*_5%*A5T/%20(;$A/'50(?*/C'(*D2(*(#6'/*+$/D$$0*

/C$*#62(B')(M*8UU.F* '(*)';;'A"6/* /5*/%20(;$A/*)"$*/5* '/(* 62%7$*('V$?* /C$%$;5%$*]*�7*5;* /C$*8UU.F*

A50(/%"A/*D2(*A5T/%20(;$A/$)*D'/C*[*�7*5;*/C$*/"+"6'0*A50(/%"A/M*<C$*LbI*D2(*)'6"/$)*'0*YGG*�6*

E#/'P^P* %$)"A$)* ($%"B* B$)'"B* R>0&'/%57$0S?* /C$0* F* �6* _"7$0$* /%20(;$A/'50* %$27$0/* D2(*

2))$)*#$%*H*�7*LbI*2(*#$%*/C$*B20";2A/"%$%(*'0(/%"A/'50(*R/2+6$*HFSM*

*

<C$* LbIT_"7$0$TE#/'P^P* B'O/"%$* D2(* '0A"+2/$)* ;5%* H]* B'0"/$(* /5* 2665D* LbI-;"7$0$*

A5B#6$O$(* /5* ;5%B?* /C$0* 7$0/6,* 2))$)* /5* /C$* #62/$* 20)* B'O$)* D$66M* <C$* #62/$(* D$%$* /C$0*

%$/"%0$)*/5*/C$*'0A"+2/5%M**

7CHCH!! /%+(&$)!&c(%*'($+)!
4$66(*D$%$*C2%&$(/$)*FJTJi*C5"%(*#5(/* /%20(;$A/'50M*<C$*B$)'"B*D2(* %$B5&$)*20)* /C$*A$66(*

D2(C$)* /D'A$* D'/C* FB6* 'A$TA56)* #C5(#C2/$* +";;$%$)* (26'0$* RK:!S* /5* %$B5&$* 20,* %$B2'0'07*

B$)'"BM*YGG*�6*5;*6,('(*+";;$%*R1^.*A$66(-*H]G*BP*b246?*]G*BP*<%'(T#1*jM]?*]BP*^L<IT#1*iMG?*

GMF]u*R&p&S*bKTJG*20)*A5B#6$/$*B'0'*#%5/$2($*'0C'+'/5%*A5A9/2'6*RH*/2+6$/*#$%*HGB6S?*P^_*A$66(-*

R100 mM NaCl, 50 mM Tris, pH 7.5, 1% (v/v) Triton X-100, 1! complete protease inhibitor 

mixture (Roche), and 1! Halt phosphatase inhibitor mixture (Pierce)) D2(*2))$)*/5*$2AC*#62/$M*

4$66(*D$%$*)$/2AC$)*"('07*2*#%$TAC'66$)*A$66*(A%2#$%*20)*/C$,*D$%$*/%20(;$%%$)*/5*2*#%$TAC'66$)*

$##$0)5%;* /"+$* 20)* 9$#/* 50* 'A$* ;5%* FG*B'0"/$(M* I* HG*B'0"/$?* HYHGG* O* 7* A$0/%';"7$* 2/* J}4*

#$66$/$)*/C$*A$66*)$+%'(*20)*/C$*6,(2/$*D2(*/%20(;$%%$)*/5*2*;%$(C*$##$0)5%;*/"+$M**

 !
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7CHCO!! D::5)+3%&'$3$(*($+)!!
>BB"05#%$A'#'/2/'50(* R>K(S* #"%';,* /2%7$/* #%5/$'0(* ;%5B* A$66* C5B57$02/$(* "('07* (#$A';'A*

20/'+5)'$(M* ^6$A/%5#C5%$/'A* ($#2%2/'50?* /%20(;$%* /5* 2*B$B+%20$* 20)*#%5+'07*D'/C* 20/'+5)'$(*

$02+6$(*/C$($*#%5/$'0(*/5*+$*')$0/';'$)M*45T>K(*;"%/C$%*')$0/';,*#%5/$'0(*DC'AC*+5"0)*/C$*/2%7$/*

#%5/$'0*20)*D$%$*$O/%2A/$)*20)*#"%';'$)*26507(')$M*:5/C*/C5($*'0/$%2A/'07*)'%$A/6,*20)*2(*#2%/*

5;*2*A5B#6$O*2%$*'BB"05#%$A'#'/2/$)M*

*

450(/%"A/(* /5* +$* /%20(;$A/$)* A50/2'0$)* 2* _8IW* 5%* B,A* ($Z"$0A$* /27* /5* 2')*

'BB"05#%$A'#'/2/'50* 20)* )$/$A/'50* 5;* /C$* #%5/$'0(M* :$2)(* D'/C* #"%';'$)* B"%'0$* >7WH*

B505A65026* 20/'+5)'$(* A5&26$0/6,* 2//2AC$)* /5* /C$* _8IWT/27* Rb\.bbbb.S* 5;* /C$* /%20(;$A/$)*

#%5/$'0M* K%5/$'0(* 05/* 2//2AC$)* /5* /C$* +$2)(* D$%$* %$B5&$)* 20)* /C$* /2%7$/* #%5/$'0* 20)*

'0/$%2A/5%(*)'((5A'2/$)*;%5B*/C$*+$2)(*+$;5%$*)$/$A/'50*+,*N$(/$%0*+65/M*

*

_'%(/* /C$*A$66(*D$%$*C2%&$(/$)*2(*)$(A%'+$)* '0*($A/'50*FM[M[M*]G*�6*5;*A$66* 6,(2/$*D2(* %$B5&$)*

20)*(/5%$)?* /5*+$*%"0*50*/C$*7$6*26507(')$*/C$* 'BB"05#%$A'#'/2/$)*#%5/$'0(M*<C$*%$(/*5;* /C$*

6,(2/$*D2(*"($)*;5%*/C$*>KM*

*

7CHCOCB! /%+(&$)!$::5)+3%&'$3$(*($+)!!
<5*#%$#2%$* /C$*20/'T_8IW*PF*2;;'0'/,*7$6*+$2)(?*JG*�6*5;*7$6* R#$%*#62/$S*D2(*D2(C$)* '0*D2(C*

+";;$%*RH]G*BP*b246?*]G*BP*<%'(T#1*jM]?*]BP*^L<IT#1*iMG?*GMG]u*R&p&S*bKTJGSM*H*B6*K:!*D2(*

2))$)*20)*/C$*B'O/"%$*#62A$)*50*2*/"%0'07*)'(9*2/*J}4*;5%*]*B'0"/$(M*I;/$%*2*[*B'0"/$?*HYHGG*O*

7*A$0/%';"72/'50?*/C$*("#$%02/20/*D2(*%$B5&$)*20)*%$#62A$)*D'/C*;%$(C*D2(C*+";;$%M*<C'(*D2(*

%$#$2/$)* /D'A$M* _5665D'07* /C$* ;'026* A$0/%';"72/'50* 20)* ("#$%02/20/* %$B5&26* (/$#?* A$66* 6,(2/$*

A50/2'0'07*jGG*�7*5;*#%5/$'0*D2(*2))$)*/5* /C$*+$2)(M*<C$,*D$%$*/C$0*B'O$)*5&$%0'7C/*50*2*

/"%0'07* )'(9* 2/* J}4M* <C$* 0$O/* )2,* /C$* +$2)(*D$%$* A$0/%';"7$)* 20)*D2(C$)* /C%'A$*D'/C*D2(C*

+";;$%* R2(* )$(A%'+$)* #%$&'5"(6,SM* <C$* _8IWT/277$)* #%5/$'0(* D$%$* /C$0* )'((5A'2/$)* ;%5B* /C$*

+$2)(*+,*A5B#$/'/'&$*$6"/'50*D'/C*[O*_8IW*#$#/')$M*HGG*�6*5;*H]G07p�6*#$#/')$*D2(*2))$)*/5*

/C$*+$2)(* 20)* /C$*B'O/"%$*D2(* (C29$0* 2/* %55B* /$B#$%2/"%$* ;5%* [G*B'0"/$(M*I;/$%* 2* ;'026* H*

B'0"/$?* HYHGG* O* 7* A$0/%';"7$?* /C$* ("#$%02/20/* A566$A/$)* 20)* /C$* #%5/$'0* A50A$0/%2/'50*

)$/$%B'0$)*&'2*2*:%2);5%)*2((2,M*

 !
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7CHCOC7! \%*#8+%#!"11*<!
:%2);5%)*2((2,(*)$/$%B'0$*#%5/$'0* A50A$0/%2/'50* '0*2* (2B#6$*+,* A5B#2%'07* /C$*ELYGG*5;* /C$*

(2B#6$*272'0(/*/C2/*5;*2*(/20)2%)*A"%&$*R:%2);5%)?*HhjYSM*<C$*+%5D0*:%2);5%)*%$27$0/*AC207$(*

/5*+6"$*DC$0*+5"0)*/5*#%5/$'0*)"$*/5*2*AC207$*'0*#1M**

*

HG*�6*A50A$0/%2/'50(*5;*+5&'0$*($%"B*26+"B'0*Rb$D*^07620)*:'562+(S?*%207'07*;%5B*GMHB7pB6*

/5*HB7pB6?*D$%$*)'6"/$)*'0*6,('(*+";;$%*/5*#65/*/C$*(/20)2%)*A"%&$M*P$20DC'6$*H*�6*5;*$2AC*A$66*

6,(2/$*D2(*)'6"/$)*HGT;56)* '0* 6,('(* +";;$%M* hhG*�6* 5;*f"'A9(/2%/* :%2);5%)*),$* %$27$0/* R:'5%2)S*

D2(* 2))$)* /5* $2AC* /"+$* 20)* '0A"+2/$)* ;5%* H]* B'0"/$(* 2D2,* ;%5B* 6'7C/* $O#5("%$M* <C$* A$66*

6,(2/$*ELYGG(*D$%$*/C$0*A5B#2%$)*272'0(/*/C$*($%"B*26+"B'0*)'6"/'50(M*

*

E0$*/C$*A50A$0/%2/'50(*D$%$*')$0/';'$)?*2##%5O'B2/$6,*$Z"26*#%5/$'0*2B5"0/(*D$%$*%"0*50*20*

!L!TKIW^*7$6?*D'/C*/C$'%*%$(#$A/'&$*A$66*6,(2/$(?*2(*)$(A%'+$)*'0*($A/'50*FMJM*

7CHCQ!! D::5)+'<(+'.&:$1(%<!

7CHCQCB! /+4<6?64<1$)&!'+X&%14$3!'+*(!
K%'5%*/5*+$7'00'07*/C$*)';;$%$0/'2/'50*#%5A$((?*A5&$%(6'#(*D$%$*2"/5A62&$)*20)*A52/$)*D'/C*HO*

K56,TLT6,('0$M*<C'(*A52/'07*#%5&')$)*2*"0';5%B*#5('/'&$*AC2%7$*2A%5((*/C$*+2($*5;*/C$*A5&$%(6'#*

DC'AC*$02+6$)*/C$*A$66(*/5*2//2AC*20)*7%5DM*

*

K%$T2"/5A62&$)*A5&$%(6'#(*D$%$*2))$)*/5*$2AC*D$66*5;*2*YTD$66*#62/$M*<C$,*D$%$*/C$0*A52/$)*'0*

|]GG*�6*GMH*�7p�6*#56,TLT6,('0$*R$05"7C*/5*A5&$%*/C$*A5&$%(6'#S*20)*6$;/*;5%*H*C5"%M*<C$*#56,TLT

6,('0$*D2(*%$B5&$)*20)*/C$*A5&$%(6'#(*D2(C$)*/D'A$*'0*(/$%'6$*D2/$%*20)*6$;/*'0*/C$*C55)*DC'6$*

/C$*D2/$%*$&2#5%2/$)M*

7CHCQC7! A&44!1&&#$);!*)#!>a6>SQS!#$88&%&)($*($+)!
P^_*20)*!1T!\]\* A$66(*D$%$*)$/2AC$)*2(* '0* ($A/'50*FM[MH*20)*)'6"/$)* '0*LP^Pr* RMEF) and 

differentiation medium (SH-SY5Y-DMEM containing 1x non-essential amino acids, 5% (v/v) 

FBS, 1% (v/v) gentamycin and 10 µM retinoic acid) to a total of 2 x 105 cells per well in 2 ml 

me)'"BM*<C$*A$66*("(#$0('50*D2(*2))$)*/5*/C$*D$66(*A50/2'0'07*/C$*#%$TA52/$)*A5&$%(6'#(M*<C$*

!1T!\]\*)';;$%$0/'2/'50*/559*#62A$*5&$%*]*)2,(?*D'/C*/C$*B$)'2*%$#62A$)*$&$%,*F*)2,(M*<C$*P^_*

A$66(*D$%$*6,($)p;'O$)*;5665D'07*2*FJ*C5"%*'0A"+2/'50M*

 !
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7CHCQCH! Z$c*($+)!
<C'(* B$/C5)* 5;* ;'O2/'50* D2(* 5#/'B'V$)* ;5%* &'("26'(2/'50* 5;* /C$* A,/5(9$6$/50* 20)* 2((5A'2/$)*

#%5/$'0(*R4'20'*20)*!26'02(?*FGGjSM*_'%(/*/C$*B$)'"B*D2(*%$B5&$)*20)*/D5*Z"'A9*D2(C$(*B2)$*

"('07* K:!M* _'O2/'50* (56"/'50* R[u* RDp&S* ;5%B26)$C,)$?* GMFu* R&p&S* 76"/2%26)$C,)$?* GMFu* R&p&S*

<%'/50* O* HGG?* HGBP* ^W<IS* D2(* 2))$)* /5* $2AC* D$66* 20)* /C$* A$66(* '0A"+2/$)* 2/* [j}4* ;5%* HG*

B'0"/$(M**

*
I;/$%*+$'07*D2(C$)*/D'A$*'0*K:!*R]*B'0"/$(*$2ACS?*/C$*A$66(*D$%$*Z"$0AC$)*D'/C*]G*BP*b1J46*

'0* K:!* ;5%* HG* B'0"/$(* /5* 0$"/%26'($* /C$* ;5%B26)$C,)$M* <C$* A$66(* 272'0* "0)$%D$0/* /D5* K:!*

D2(C$(*+$;5%$*#$%B$2+'6'(2/'50*+,*'0A"+2/'50*'0*GMHu*<%'/50*tTHGG*'0*K:!*;5%*HG*B'0"/$(M*<C'(*

2665D$)*/C$*20/'+5)'$(*/5*#$0$/%2/$*/C$*A$66*B$B+%20$M*I;/$%*/D5*B5%$*K:!*D2(C$(?*/C$*A$66(*

D$%$*+65A9$)*'0*Hu*RDp&S*:!I*'0*K:!*20)*D2(C$)*272'0M*

7CHCQCO! ")($,+#<!4*,&44$);!
K%'B2%,*20/'+5)'$(*D$%$*)'6"/$)*/5* /C$*A50A$0/%2/'50(*("77$(/$)*+,* /C$*B20";2A/"%$%* R/2+6$*

H[S*'0*Hu*:!I*RDp&SpK:!M*<C$*A$66(*D$%$*'0A"+2/$)*'0*HGG*�6*5;*/C$*%$6$&20/*#%'B2%,*20/'+5)'$(*

R($$*/2+6$*H[*;5%*20/'+5)'$(*20)*)'6"/'50(S*;5%*F*C5"%(*2/*%55B*/$B#$%2/"%$M**

*

Antibody Supplier Host Dilution 
LRRK2 ^#'/5B'A(*

b$"%5B2+*bH[hpY*

U2++'/*

P5"($*

H-HGG*

H-]G*

Acetylated 
tubulin  

4$66*('70266'07*

!'7B2*YHHT:H*

U2++'/*

P5"($*

H-HGG*

H-HGG*

@*,4&! BHC! @.&! 3%$:*%<! *)($,+#$&1! 51&#! $)! D::5)+845+%&1'&)'&C* >BB"05T/277$)* ($A50)2%,*
20/'+5)'$(*%2'($)*272'0(/*/C$*%$6$&20/*C5(/*R>0&'/%57$0S*26507*D'/C*#C2665')'0*R_T2A/'0S*20)*LIK>*
R0"A6$'S*D$%$*26(5*"($)*'0*A$66*62+$66'07M*
*

<C$* (56"/'50(*D$%$* 2))$)* /5* 2* (C$$/* 5;* K2%2;'6B?* 50/5*DC'AC* /C$* A5&$%(6'#(*D$%$* "#/"%0$)M*

I;/$%* /C$* '0A"+2/'50?* A5&$%(6'#(*D$%$* %$/"%0$)* /5* /C$*YTD$66* #62/$* 20)*D2(C$)* /D'A$* '0*K:!M*

b$O/*/C$*A$66(*D$%$*'0A"+2/$)*'0*HGG*�6*5;*($A50)2%,*20/'+5)'$(?*272'0*+$'07*5&$%/"%0$)*50/5*

K2%2;'6BM*<C$*26$O2*Jii?*26$O2*]JY?*26$O2*Y[[*20)*#C2665')'0*A50k"72/$)*($A50)2%,*20/'+5)'$(*

R>0&'/%57$0S*D$%$* )'6"/$)* '0* Hu* :!I* H-YGG?* #C2665')'0* H-JG?* $0("%'07* /C2/* $2AC*B2/AC$)* /C$*

#%'B2%,*20/'+5),*(#$A'$(*20)*C2)*2*)';;$%$0/*2((5A'2/$)*;6"5%5#C5%$M*<C$,*D$%$*'0A"+2/$)*;5%*

H*C5"%*2/*%55B*/$B#$%2/"%$*'0*/C$*)2%9M*<C$*A5&$%(6'#(*D$%$*272'0*%$/"%0$)*/5*/C$*Y*D$66*#62/$*

20)* #%5/$A/$)* ;%5B* 6'7C/* $O#5("%$M* <C$* A$66(*D$%$*D2(C$)* ;5"%* /'B$(* '0* K:!* +$;5%$* [GG0P*

LIK>*R>0&'/%57$0S*D2(*2))$)*/5*/C$*D$66(M*LIK>*+'0)(*(/%5076,*/5*/C$*B'05%*7%55&$*5;*LbI*20)*

'(* /C"(*"($)*2(*2*0"A6$2%* (/2'0M*<C$*#62/$*D2(* '0A"+2/$)* ;5%*HG*B'0"/$(*+$;5%$*2* ;'026*[*K:!*

D2(C$(*D$%$*#$%;5%B$)M**
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7CHCQCQ! P$'%+1'+3<!
W6,A$%56*k$66,*D2(*'0A"+2/$)*2/*YGf4*/5*%$)"A$*/C$*&'(A5('/,?*/C$0*i*�6*D2(*2))$)*/5*2*62+$66$)*

B'A%5(A5#$*(6')$M*<C$*A5&$%(6'#*D2(*/"%0$)?*A$66(*)5D0?*50/5*/C$*k$66,M*<C$($*(6')$(*D$%$*9$#/*

'0*/C$*)2%9*5&$%0'7C/*2/*%55B*/$B#$%2/"%$*/C$0*2/*Jf4*6507*/$%BM*>B27$(*D$%$*A2#/"%$)*"('07*

2*8!P*jHG*P^<I*A50;5A26*B'A%5(A5#$?*D'/C*2*K620TI#5AC%5B2/*Y[OpHMJ* 6$0(* Rq$'((SM*<C$*Jii*

0B?* ]J[* 0B* 20)* Y[[* 0B* 6'7C/* $B'//$)* +,* /C$* 2%750* 20)* C$6'"Bp0$50* 62($%(* $OA'/$)* /C$*

($A50)2%,*20/'+5),*;6"5%5#C5%$(?*DC'AC*/C$0*;6"5%$(A$)*2/*/C$'%*(#$A';'A*D2&$6$07/CM*<C'(*6'7C/*

D2(*A2#/"%$)*20)*%$A5%)$)*+,*2*A5B#"/$%*R_"k'/("SM*_6"5%$(A$0A$*$B'//$)*;5665D'07*$OA'/2/'50*

+,* $2AC* 62($%* D2(* )$/$A/$)* ($#2%2/$6,* "('07* /C$*B"6/'/%2A9* ;"0A/'50M* >B27$(*D$%$* 2026,($)*

"('07*q^b*(5;/D2%$M*

!

!"#! ! !"#$%&'(!"!#$%&%'!
K%5/$'0(* D$%$* ($#2%2/$)* +,* /C$'%* B56$A"62%* D$'7C/* "('07* !5)'"B* )5)$A,6* ("6#C2/$T*

#56,2A%,62B')$*7$6*$6$A/%5#C5%$('(*R!L!TKIW^SM*<C$,*D$%$*/C$0*/%20(;$%%$)*50/5*2*B$B+%20$*

20)*+5"0)*+,*(#$A';'A*#%'B2%,*20/'+5)'$(*DC'AC*D$%$* '0*/"%0*+5"0)*+,*($A50)2%,*20/'+5)'$(*

D'/C*AC$B'6"B'0$(A$0/*/27(M*

7COCB!! >*:34&!3%&3*%*($+)!*)#!&4&'(%+3.+%&1$1!
K%5/$'0*A50A$0/%2/'50(*D$%$*)$/$%B'0$)*+,*:%2);5%)*I((2,*R($A/'50*FM[MJMFSM*I##%5O'B2/$6,*FG*

�7*5;*#%5/$'0*D2(*A5B+'0$)*D'/C*JO*6'/C'"B*)5)$A,6*("6#C2/$?*(2B#6$*652)'07*+";;$%*RHGY*BP*

<%'(T146?*HJH*BP*<%'(*+2($?*Fu*8L!?*HGu*76,A$%56?*G?]H*BP*^L<I?*GMFF*BP*455B2(('$*+6"$*WT

F]G?* GMHj]* BP* #C$056* %$)?* #1iT>0&'/%57$0S* 20)* HGO* b"KIW^* %$)"A'07* 27$0/* R]GG* BP*

)'/C'5/C%$'/56SM* <C$* 8L!* (2B#6$* +";;$%* 6'0$2%'($)* /C$* #%5/$'0(* +,* )$02/"%'07* ($A50)2%,* 20)*

/$%/'2%,*#%5/$'0* (/%"A/"%$(*20)*+5"0)* /C$* 6$07/C*5;* /C$*#%5/$'0?* 'B#2%/'07*2*0$72/'&$*AC2%7$*

#%5#5%/'5026*/5*/C$*('V$M*<C'(*(2B#6$*B'O*D2(*/C$0*C$2/$)*/5*hh}4*;5%*HG*B'0"/$(*/5*#%5B5/$*

)$02/"%2/'50M*P$20DC'6$* /C$*7$6*2##2%2/"(*D2(*#%$#2%$)-*HG*D$66*5%*FG*D$66*JTHFu*#%$TA2(/*

:'(T<%'(* 7$6(* R>0&'/%57$0S*D$%$* 652)$)* '0/5*$'/C$%* 20*tA$66* ("%$65A9*B'0'* A$66* 5%* tA$66* ("%$65A9*

B')'*A$66*R+5/C*>0&'/%57$0S*+";;$%*A5%$M*<C$*'00$%*A5%$*D2(*;'66$)*D'/C*HO*PEK!*%"00'07*+";;$%*

RFG*0P*PEK!*#1*jMG?*i*BP*(5)'"B*2A$/2/$?*H*BP*^L<I*#1*iMGT>0&'/%57$0S*20)*20/'5O')20/*

2))$)*R]GG*�6*/5*/C$*B'0'*A$66?*H*B6*/5*/C$*B')'*A$66SM*<C'(*B2'0/2'0$)*/C$*#%5/$'0*)$02/"%2/'50*

)"%'07* /C$* $6$A/%5#C5%$('(M* <C$* 5"/$%* AC2B+$%* D2(* /C$0* 26(5* ;'66$)* D'/C* HO* PEK!* %"00'07*

+";;$%*20)*/C$*(2B#6$(*652)$)*'0/5*/C$*7$6?*26507(')$*]*�6*5;*%2'0+5D*B56$A"62%*D$'7C/*B2%9$%*

RIB$%(C2B* +'5(A'$0A$(SM* I* A50(/20/* &56/27$* 5;* H]G@* D2(* 2##6'$)* 2A%5((* /C$* /209* ;5%* hG*

B'0"/$(?*"0/'6*/C$*62))$%*C2)*%"0*/C$*6$07/C*5;*/C$*/209M*
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7COC7!! /=?Z!:&:,%*)&!(%*)18&%!
<C$*#%5/$'0(*D$%$*0$O/*/%20(;$%%$)*50/5*2*GMJ]*�B*#5%$*C,)%5#C5+'A*#56,&'0,6)'$0$*;6"5%')$*

RK@L_S* B$B+%20$* RIB$%(C2B* :'5(A'$0A$(SM* K@L_* +'0)(* #%5/$'0(* 050T(#$A';'A266,* 20)* '(*

%$('(/20/*/5*(56&$0/?*/C"(*'/*A20*+$*%$#$2/$)6,*(/%'##$)*20)*%$T#%5+$)M*

*

^'7C/*#'$A$(*5;*NC2/B20*[PP*#2#$%*D$%$* A"/* /5* /C$* ('V$*5;* /C$*7$6* 20)* (529$)* '0* /%20(;$%*

+";;$%*RF]*BP*<%'VB2*+2($?*HhF*BP*76,A'0$?*FGu*R&p&S*B$/C2056SM*_5"%*5;*/C$($*D$%$*#62A$)*

50*/C$*205)$*#62/;5%B*5;*/C$*/%20(T+65/*($B'T)%,*/%20(;$%*A$66*R:'5%2)S*20)*;5"%*9$#/*2(')$*/5*

#62A$* 50* /5#M* <C$* K@L_* B$B+%20$* D2(* /C$0* v2A/'&2/$)Q* +,* 'BB$%('50* '0* B$/C2056M* <C'(*

$02+6$)* /C$* C,)%5#C5+'A* B$B+%20$* /5* +$* D$//$)M* <C$* B$B+%20$* D2(* 0$O/* '0A"+2/$)* '0*

D2/$%* ;5%*H*B'0"/$* /5*$6"/$* /C$*B$/C2056* 20)*$Z"'6'+%2/$)* '0* /%20(;$%*+";;$%M* <C'(*D2(* /C$0*

#62A$)*50* /5#*5;* /C$*+65//'07*#2#$%*20)*/C$*7$6* %$B5&$)* ;%5B*/C$*A2(($//$?* /%'BB$)*/5*('V$*

20)*#62A$)*50*/5#*5;*/C$*B$B+%20$M*<C$*;'026*#'$A$(*5;*+65//'07*#2#$%*D$%$*2))$)*/5*/C$*/5#*

5;*/C$*#'6$*20)*/C$*(/2A9*D2(*%566$)*5&$%*/5*%$B5&$*20,*2'%*+"++6$(M*<C$*A2/C5)$*#62/;5%B*D2(*

#62A$)*50*/5#*20)*/C$*/%20(;$%*%"0*2/*FG*@*;5%*H*C5"%M**

7COCH!! \4+'0$);!*)#!*)($,+#<!$)'5,*($+)!
I;/$%* /%20(;$%* 5;* /C$* #%5/$'0(?* /C$* B$B+%20$* D2(* +65A9$)* '0* ]u* RDp&S* 050T;2/* )%'$)* B'69*

RP2%&$6SpK:!* ;5%*50$*C5"%*D'/C*7$0/6$* %5A9'07M* <C'(* (/$#*2//2AC$)*#%5/$'0(* ;%5B* /C$*B'69* /5*

/C$*2%$2(*5;*/C$*B$B+%20$*05/*+5"0)*+,*#%5/$'0(?*%$)"A'07*050T(#$A';'A*20/'+5),*+'0)'07M*<C$*

B$B+%20$*D2(*/C$0*'0A"+2/$)*'0*#%'B2%,*20/'+5),*(56"/'50*2/*J}4*5&$%0'7C/M*<C$*20/'+5)'$(*

"($)* 20)* /C$'%* 2##%5#%'2/$* )'6"/'50(* 2%$* (C5D0* '0* /2+6$* HJM* <C$* B$B+%20$* ("+($Z"$0/6,*

"0)$%D$0/* /C%$$* HG*B'0"/$*D2(C$(* '0* K:!* A50/2'0'07* GMHu* R&p&S* /D$$0* RK:!T<S?* +$;5%$* /C$*

($A50)2%,* 20/'+5),* '0A"+2/'50M* <C$* ($A50)2%,* 20/'+5),* D2(* A50k"72/$)* /5* C5%($%2)'(C*

#$%5O')2($*R1UKT!20/2*4%"V*+'5/$AC05657,S*20)*%2'($)*272'0(/*/C$*C5(/*(#$A'$(*5;*/C$*#%'B2%,*

20/'+5),M*<C'(*D2(*)'6"/$)*H-FGGG* '0*]u*B'69* RDp&SpK:!*20)*%5A9$)*2/*%55B*/$B#$%2/"%$* ;5%*

50$*C5"%M*<C$*B$B+%20$*D2(*/C$0*D2(C$)*'0*K:!T<*2(*)$(A%'+$)*#%$&'5"(6,M*

*

P$B+%20$(*D$%$*#%5+$)*;'%(/*;5%*2A$/,6*/"+"6'0?*'0A"+2/$)*;5%*[G*B'0*'0*(/%'##'07*+";;$%*RHM]u*

RDp&S* 76,A'0$?* Hu* <D$$0* FG* 20)* Hu* !L!?* 2)k"(/$)* /5* #1* FMFS?* 20)* /C$0* %$T#%5+$)* ;5%* /5/26*

/"+"6'0M**

*

*

*
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Antibody Supplier Host Dilution 
Myc !'7B2* U2++'/* H-FGGG*

FLAG !'7B2* U2++'/* H-F]GG*

Acetylated tubulin (611-
B1) 

!'7B2* P5"($* H-FGGG*

!/" tubulin K'$%A$* U2++'/* H-FGGG*

Actin (AC-15) !'7B2* P5"($* H-FGGG*

@*,4&!BOC!@.&!3%$:*%<!*)($,+#$&1!51&#!$)![&1(&%)!\4+(($);C*1UKT/277$)*($A50)2%,*20/'+5)'$(*
%2'($)*272'0(/*/C$*%$6$&20/*C5(/*D$%$*("+($Z"$0/6,*"($)*;5%*AC$B'6"B'0$(A$0A$*)$/$A/'50M**

!

7COCO!! A.&:$45:$)&1'&)'&!#&(&'($+)!!
<C$*20/'+5)'$(*D$%$*)$/$A/$)*&'2* /C$*1UKT+5"0)*($A50)2%,*20/'+5),M*<C'(*$0V,B$*A2/26,($(*

/C$*5O')2/'50*5;* 6"B'056*/5*[T2B'05#C/C262/$*'0*/C$*#%$($0A$*5;*C,)%57$0*#$%5O')$?*$B'//'07*

6'7C/*2/*JFi*0BM**

*

<C$*B$B+%20$*D2(*'0A"+2/$)*'0*!"#$%!'7026*D$(/*#'A5*AC$B'6"B'0$(A$0A$*("+(/%2/$*RK'$%A$S*

A50/2'0'07* 6"B'056* 20)* (/2+6$* #$%5O')$* +";;$%M* <C$* 6'7C/* $B'//$)* D2(* #%5#5%/'502/$* /5* /C$*

2B5"0/*5;*($A50)2%,*20/'+5),M*I*("'/2+6$*2B5"0/*5;*$2AC*("+(/%2/$*D2(*A5B+'0$)*20)*2))$)*

/5* 2* #'$A$* 5;* 46'07;'6B* 50/5* DC'AC* /C$* B$B+%20$* D2(* 5&$%/"%0$)M* _5665D'07* 2* F* B'0"/$*

'0A"+2/'50?*/C$*B$B+%20$*D2(*7$0/6,*+65//$)*50*2+(5%+$0/*#2#$%?*D%2##$)*'0*;%$(C*A6'07T;'6B*

20)* #62A$)* '0/5* /C$* W$0$W05B$* AC$B'6"B'0$(A$0A$* +'5'B27'07* (,(/$B* R!,07$0$SM* I;/$%* 2*

("'/2+6$* $O#5("%$* /'B$* R;%5B* FG* ($A50)(* /5* FG* B'0"/$(S?* #'O$6* '0/$0('/,* D2(* Z"20/';'$)M*

>B27'07* 20)* Z"20/';'A2/'50* "($)* W$0$/556(* (5;/D2%$* R!,07$0$SM* <"+"6'0* 2A$/,62/'50* D2(*

A26A"62/$)*2(*2*#%5#5%/'50*5;*/5/26*/"+"6'0M*!/2/'(/'A26*2026,($(*D$%$*#$%;5%B$)*2(*)$(A%'+$)*'0*

$2AC*;'7"%$M*

*

!

* !
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7COCQ!! P+4&'54*%!P+#&44$);!*)#!1&U5&)'&!*4$;):&)(!
<C$*B56$A"62%*B5)$6(*"($)*;%$$6,*2&2'62+6$*#%5/$'0*(/%"A/"%$(*;%5B*/C$*#%5/$'0*)2/2+2($*RKL:S*

R/2+6$*H]SM**

*
/%+(&$)! /?\!:+#&4!)5:,&%! >+5%'&! ^%$;$)*4!%&8&%&)'&!
g69!(5,54$)!#$:&%!
J3*'4$(*c&4!5),+5)#M!

H<3:* %=)P>F?\Q) b5726$(*$/*26M?*Hhhi*

g69!(5,54$)!#$:&%!
J3*'4$(*c&4!,+5)#M!

Hd__* :=)HQLFLP) 8aD$*$/*26M?*FGGH*

K*,!K+'A^K! [LK3* '=)HIJAKALM) W5//C2%)/*$/*26M?*FGGi*
K+'+O!0$)*1&! J_GW* B=)KLPALKIALM) W'6(+2AC*$/*26M?*FGHF*

@*,4&!BQC!@.&!/?\!1(%5'(5%&1!51&#! $)!:+4&'54*%!:+#&44$);! 8$;5%&1C!<C$($*2%$*2&2'62+6$*;%5B*
/C$*KL:*D$+('/$*RC//#-ppDDDM%A(+M5%7p#)+pC5B$pC5B$M)5SM!
*
<C$($*B5)$6(*D$%$*&'("26'($)*20)*B20'#"62/$)*"('07*4C'B$%2*RK$//$%($0*$/*26M?*FGGJSM*IB'05*

2A')*("+(/'/"/'50(*D$%$*B2)$*+,*/C$*vU5/2B$%Q*;"0A/'50?*DC'AC*"($(*/C$*L"0+%2A9*+2A9+50$T

)$#$0)$0/*%5/2B$%*6'+%2%,*RL"0+%2A9?*FGGFS*/5*($6$A/*/C$*5#/'50*D'/C*/C$*C'7C$(/*#%5+2+'6'/,*

+2($)* 50* 65D$(/* A62(C* (A5%$* 20)* C'7C$(/* 0"B+$%* 5;* C,)%57$0* +50)(M* 1,)%57$0* +50)*

#%$)'A/'50*D2(* #$%;5%B$)* +,* /C$* v_'0)*1* :50)Q* ;"0A/'50* "('07* /C$* )$;2"6/* /56$%20A$* A%'/$%'2*

RGMJ*207(/%5B(?*FGMG*)$7%$$(SM**

*

<C$* mTX* /"+"6'0* )'B$%* B5)$6* +2($)* 50* #%5/$'0* A%,(/266'(2/'50* '0* /C$* 2+($0A$* 5;* #2A6'/2O$6*

RH<3:S* D2(* "($)* '0* /C$* B2k5%'/,* 5;* /"+"6'0* B5)$6(* 2(* +5"0)* #2A6'/2O$6* 26/$%$)* /C$* ("%;2A$*

A50;5%B2/'50* '0* /C$* %$7'50* ("%%5"0)'07* /C$* #2A6'/2O$6* +'0)'07* ('/$M* <C'(* '0A6")$)* /C$* 8UU.F*

+'0)'07*('/$M*<C$*B5)$6*"($)*'0*$2AC*;'7"%$*'(*(/2/$)*'0*/C$*6$7$0)*+$0$2/CM*

*

!$Z"$0A$(*D$%$*26'70$)*"('07*/C$*:8I!<*b4:>*($Z"$0A$*26'70B$0/*/556*RI6/(AC"6*$/*26M?*HhhGS*

20)*$O#5%/$)*/5*4C'B$%2*;5%*&'("26'(2/'50*RK$//$%($0*$/*26M?*FGGJSM*4565"%(*2AA5%)*/5*(/20)2%)*

483!<I8*2B'05*2A')*#C,('A5AC$B'A26*#%5#$%/,*7%5"#'07(g*%$)*'0)'A2/$(*(B266*20)*C,)%5#C5+'A?*

+6"$*'0)'A2/$(*2A')'AM**

*

450($%&2/'50*+$/D$$0*%$(')"$(*'(*'0)'A2/$)*+,*2*(,B+56*2+5&$*/C$*7%5"#'07-*É*'0)'A2/$(*('076$*

A50($%&$)* %$(')"$?* -* '0)'A2/$(* A50($%&2/'50* +$/D$$0* 7%5"#(*D'/C* (/%5076,* ('B'62%* #%5#$%/'$(*

R(A5%'07*z*GM]* '0* /C$*W500$/*KIP*F]G*B2/%'OS?* M* '0)'A2/$(*A50($%&2/'50*+$/D$$0*7%5"#(*D'/C*

D$296,*('B'62%*#%5#$%/'$(*R(A5%'07*Ñy*GM]*'0*/C$*W500$/*KIP*F]G*B2/%'OSM*

* !
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!"#! ! !"#$%&"'"()$*+'%,"-."'/*'&%0!123%)'4%)')56,*,!
7CQCB!! >5,d&'(1!
K2%9'0(50Q(* )'($2($* #2/'$0/(* 5;* K%5;$((5%* <C5B2(* W2(($%* R1$%/'$* >0(/'/"/$?* 30'&$%('/,* 5;*

<=+'07$0*20)*/C$*8")D'7TP2O'B'6'20(T30'&$%('/,?*P=0AC$0S*20)*K%5;$((5%*I6$O'(*:%'A$*R4$0/%$*

)$* U$AC$%ACÖ* )$* 6Q>0(/'/"/* )"* 4$%&$2"* $/* )$* 62* P5$66$* ^#'0'$%$?* K2%'(S* D$%$* 7$0$/'A266,*

(A%$$0$)*;5%*905D0*#2/C57$0'A*!bK(*20)*)$6$/'50(*'0*K2%9'0?*K>b.H?*LdH*20)*8UU.FM*!A%$$0'07*

;5%*B"/2/'50(*'0*2))'/'5026*905D0*KLT%$62/$)*7$0$(*D2(*A5B#6$/$)*62/$%M*

*

_%5B*/C'(*(A%$$0'07?*2*A5C5%/*5;*FY! 62/$T50($/?*#%5+2+6$*2"/5(5B26*)5B'020/*KL*'0)$O*A2($(*

D'/C5"/* 905D0* B"/2/'50(* '0* /C$* 7$0$(* B$0/'50$)* 2+5&$* D$%$* %$A%"'/$)?* 26507* D'/C* /C$'%*

;2B'6'$(M*<C$*A5C5%/*'(*)$(A%'+$)*'0*/2+6$*HYM**

*

";&!*(!+)1&(!J<&*%1M! ]]MY*{*HJMF**

>&c!%*($+!JP*4&_Z&:*4&M! H-H*

>*:34&1!!6!(+(*4! H[i*

!!!!!!!!!!!!!!!!!6!*88&'(&#! jH*

!!!!!!!!!!!!!!!!!6!5)*88&'(&#! FH*

!!!!!!!!!!!!!!!!!6!*(!%$10! JY*

!
!
@*,4&!BRC!"!#&1'%$3($+)!+8!(.&!'+.+%(!51&#!$)!4$)0*;&!*)*4<1$1M*FY*;2B'6'$(*D'/C*62/$T50($/*KL?*
%$A%"'/$)*'0*+5/C*_%20A$*20)*W$%B20,M*
*
<C$*FY*;2B'6'$(*"0)$%D$0/*2*6'0927$*2026,('(?*/C$0*/C$*H[*'0)$O*A2($(*5;*W$%B20*+2A97%5"0)*

D$%$*$O5B$*($Z"$0A$)*20)*/C$'%*LbI*(A%$$0$)*;5%*#2/C57$0'A*&2%'20/(M*>0'/'26*(A%$$0'07*D2(*

;5%*A,/5(9$6$/26*B"/2/'50(*+"/*/C$0*$O/$0)$)*/5*5/C$%*6'9$6,*KL*A20)')2/$(M*450;'%B2/'50*20)*

($7%$72/'50*2026,($(*D$%$*#$%;5%B$)*"('07*/%2)'/'5026*AC2'0T/$%B'02/'50*($Z"$0A'07M*

*

7CQCBCB! Z*:$4<!3&#$;%&&1!*)#!'4$)$'*4!#*(*!!
<C$*#$)'7%$$(*5;* /C$*H[* ;2B'6'$(* %$A%"'/$)* '0*W$%B20,*2%$*(C5D0* '0* /2+6$*HjM*<C$*#%5+20)(?*

B2%9$)*D'/C*20*2%%5D?*D$%$*$O5B$*($Z"$0A$)*+,*!E8'L*($Z"$0A'07M**

*

<C$*A6'0'A26*)2/2*("BB2%,*'0*;'7"%$*j*(C5D*RDC$%$*905D0S*/C$*B$20*27$*5;*)'($2($*50($/*20)*

&2%'20A$*;%5B*/C$*B$20*'0*$2AC*;2B'6,?*2(*D$66*2(*20,*2((5A'2/$)*)'(5%)$%(M*<C$($*#2%2B$/$%(*

D$%$* "($)* 2(* #2%/* 5;* /C$* 7$0$* ($6$A/'50* #%5A$((M* <C'(* '(* )$(A%'+$)* ;"%/C$%* "0)$%* ($A/'50*

FM]MJMHM**
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*
*

Z*:$4<! P&*)!
""^!

>(C!?&XC!
""^!

"11+'$*(&#!
#$1+%#&%1!

B! jGM[* YMG[* T*

7! Y]M[* iMJF* <,#$*F*
)'2+$/$(?*
#(5%'2('(*

H! ]]M]* JMh]* T*

O! ][M]* YM[Y* T*

Q! ]jM]* YM[Y* T*

R! ]]* jMGj* T*

E! T* T* T*

F! T* T* T*

N! T* T* T*

BV! jHM]* YM[Y* T*

BB! Jj* JMFJ* T*

B7! ]]* HGM[* T*

BH! ]]Mj** HHMGi** T*

@*,4&!BEC!@.&!'4$)$'*4!#*(*!8+%!&*'.!+8!(.&!/?!8*:$4$&1C*<C$%$*'(*05*'0;5%B2/'50*%$72%)'07*27$*
5;*50($/*RIIES*;5%*;2B'6'$(*jThM**
*
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*

72 
7
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Z$;5%&!EC!@.&!3&#$;%&&1!+8!(.&!/?!'+.+%(C*I7$*5;*)'($2($*50($/*RIIES?*DC$%$*905D0?*'(*(/2/$)*
+$0$2/C*/C$*2;;$A/$)*'0)'&')"26*20)*#%5+20)(*2%$*'0)'A2/$)*D'/C*20*2%%5DM*K$)'7%$$(*B2)$**
"('07*4$W2<*#$)'7%$$*)$('70$%*RFGHJSM*

7CQC7!! >^I$?!1&U5&)'$);!
<C$*$O5B$(*D$%$*($Z"$0A$)*+,*!E8'L*R!$Z"$0A'07*+,*E6'750"A6$5/')$*8'72/'50*20)*L$/$A/'50S*

2/* 4$W2<* R4$0/%$* ;5%*W$05B'A(* 20)* <%20(A%'#/5B'A(S* '0* <=+'07$0?*W$%B20,M* I0*5&$%&'$D*5;*

/C$*#%'0A'#6$(*+$C'0)*/C$*($Z"$0A'07*20)*/C$*B$/C5)*'(*7'&$0*+$65D-**

*

!E8'L* ($Z"$0A'07* "($(* 2* )'T+2($* #2'%(* (,(/$BM* <C$%$* 2%$* ('O/$$0* #5(('+6$* #2'%'07(* 5;* /C$*

2)$0'0$?* /C,B'0$?* A,/5('0$* 20)* 7"20'0$* +2($(M* ^2AC* '(* #2%/* 5;* 2* #%5+$* D'/C* 50$* 5;* ;5"%*

;6"5%$(A$0A$* /27(* R($$* ;'7"%$* iISM* >;* /C$* ;'%(/* +2($* '(* 905D0?* '/* '(* #5(('+6$* /5* )$/$%B'0$* /C$*

($A50)*+2($*+,*/C$*A565"%M*<C$*#%5+$(*A50/2'0*]*+2($(M*:2($(*H*20)*F*B2/AC*/C$*LbI*;%27B$0/*

20)*+2($(*[*/5*]*2%$*)$7$0$%2/$M**

*

IB#6';'$)*LbI* ;%27B$0/(*2%$*2//2AC$)* /5*2* (6')$*DC$%$* /C$*)'T+2($*#%5+$(*A5B#$/$* /5*+'0)*

/C$*LbIM*<C$*($Z"$0A$*$O/$0('50*(/2%/(*;%5B*2*905D0*#%'B$%M*<C$%$*2%$*]*%$2)(g*'0*$2AC?*/C$*

#%'B$%*'(*5;;($/*+,*50$*+2($g*/C$%$;5%$*$&$%,*("+($Z"$0/*+2($*'0*/C$*($Z"$0A$*'(*)$/$A/$)*+,*

/D5*)';;$%$0/*(/2%/'07*#%'B$%(*R;'7"%$*i:SM*K56,B5%#C'(B(*B"(/*+$*#%$($0/*'0*+5/C*($Z"$0A'07*

%$2)(*/5*+$*A50(')$%$)*&26')M*

Z$;5%&!FC! @.&! (.&+%<!+8! >^I$?! 1&U5&)'$);C*"M*<C$*;6"5%$(A$0/*/27*+2($T#2'%*#5(('+'6'/'$(M*<C$*
;'026* +2($* 5;* /C$* #%'B$%* '(* 26D2,(* 2* /C%$50'0$?* 2665D'07* /C$* ($Z"$0A$* /5* +$* /%2A9$)* +,* /C$*
A565"%*#2//$%0*(/2%/'07*D'/C*2*v<QM*\C!L'+2($*#%5+$*20)*#%'B$%*+'0)'07M*^2AC*#%5+$*A50/2'0(*]*
+2($(* ;5665D$)*+,*2* ;6"5%$(A$0/* /27g* /C$* ;'%(/* /D5*+2($(*+'0)*/C$*LbI*;%27B$0/?* /C$* /C'%)* /5*
;';/C*2%$*)$7$0$%2/$M*^2AC*%$2)*(/2%/(*D'/C*2*0$D*"0'&$%(26*($Z"$0A'07*#%'B$%?*5;;($/*+,*50$*
+2($M*E&$%*/C$*]*%$2)(*$2AC*+2($*'(*')$0/';'$)*+,*/D5*)';;$%$0/*"0'&$%(26*($Z"$0A'07*#%'B$%(M*

!

* !

di-base probe primer 



 74 

7CQC7CB! ?T"!&c(%*'($+)!*)#!U5*)($8$'*($+)!!
[T]*B6*5;*#2/'$0/*+655)*D2(*/29$0*20)*(/5%$)*2/*J}4M*<C$*f'27$0*LbI*+655)*P')'pP2O'*9'/*D2(*

"($)* /5* $O/%2A/* /C$* LbI?* ;5665D'07* /C$*B20";2A/"%$%* %$A5BB$0)$)* #%5/5A56M* <C'(* '0&56&$)*

6,('07*/C$*A$66(?*)$02/"%'07*/C$*#%5/$'0(?*+'0)'07*/C$*LbI*/5*2*A56"B0*/C$0*$6"/'07*/C$*LbIM**

7CQC7C7! I$,%*%<!3%&3*%*($+)Y!*:34$8$'*($+)!*)#!&)%$'.:&)(!
<C$*LbI*D2(* (C$2%$)* '0/5* ;%27B$0/(* +,* (50'A2/'50M* _%27B$0/(* 5;* HiGTHhG+#*D$%$* ($6$A/$)*

"('07* /C$* IPK"%$* tK* 9'/* R:$A9B20* 45"6/$%SM* <C'(* 9'/* D2(* "($)* /5* ($6$A/'&$6,* +'0)* LbI*

;%27B$0/(*5;*(#$A';'A*6$07/C*/5*#2%2B270$/'A*+$2)(*+,*2)k"(/'07*/C$*+$2)-LbI*%2/'5*20)*/C"(*

/C$*AC2%7$*#$%*B56$A"6$M*

*

<C$* LbI* 6$07/C* D2(* 2026,($)* ;5%* A50;'%B2/'50* /C2/* /C$* A5%%$A/* 6$07/C* LbI* D2(* $O/%2A/$)?*

+$;5%$* 20,* ]s* 20)* [Q* 5&$%C207(* D$%$* s;'66$)s* /5* A%$2/$* +6"0/T$0)$)* ;%27B$0/(M* ^2AC* LbI*

;%27B$0/* /C$0* C2)* 20* 2)$0'0$* 2//2AC$)* /5* /C$* [sT$0)* /5* #%5)"A$* 20* vIQ* 5&$%C207* ;5%* >I*

2)2#/$%*6'72/'50?*20)*2*KH*2)2#/5%*2//2AC$)*/5*/C$*]s*$0)M*<C$*2)2#/5%(*D$%$*FG*+#*6507*20)*

#%5&')$)*905D0*$0)(?*DC'AC*D$%$*+5"0)*+,*2B#6';'A2/'50*#%'B$%(*20)*/C$*/$B#62/$*+$/D$$0*

2B#6';'$)*+,*K4UM*

*

<2%7$/*$0%'ACB$0/*/C$0*$0("%$)*506,*/C$*A5)'07*LbI*5;*'0/$%$(/*D2(*;"%/C$%*2026,($)M*>0*/C'(*

#%5A$((?*/C$*LbI*D2(*+5"0)*/5*2*+'5/'0TA5"#6$)*!"%$!$6$A/*RI7'6$0/S*UbI*#%5+$*6'+%2%,*R+2'/(Sg*

HGG* +#* (/%$/AC$(* 5;* $O5B$* ($Z"$0A$M* <C$($* UbITLbI* A5B#6$O$(* D$%$* /C$0* 20AC5%$)* /5*

!/%$#/2&')'0* A52/$)* B270$/'A* +$2)(* &'2* /C$* +'5/'0* /27* 20)* 2* B270$/* "($)* /5* ($#2%2/$* /C$*

/2%7$/*LbI* ($Z"$0A$(* ;%5B* /C$* %$B2'0)$%M* <C$*LbI*D2(* /C$0*)$/2AC$)* ;%5B* /C$*+2'/(* 20)*

+$2)(M**

*

b$O/?*+2%A5)$(*;5%*')$0/';'A2/'50*20)*KF*2)2#/5%(*D$%$*2//2AC$)*;5%*"($*'0*2*62/$%*#"%';'A2/'50*

(/$#M* KH* +$2)(* +5"0)* /C$* KH* #%'B$%(* #%$&'5"(6,* 2//2AC$)* /5* /C$* LbIM* <C'(* LbITKH* +$2)*

B'O/"%$*D2(* /C$0*(/'%%$)* '0*D'/C*5'6*)%5#6$/(?*$0("%'07* /C$*B2k5%'/,*5;*5'6*)%5#6$/(*A50/2'0$)*

50$*LbI*;%27B$0/*20)*50$*+$2)M*P"6/'#6$*;%27B$0/(*#$%*5'6*)%5#6$/*%$("6/*'0*#55%*($Z"$0A'07*

%$("6/(M*^2AC*LbIT+$2)*A5B#6$O*/C$0*"0)$%D$0/*20*$B"6('50*K4U?*DC$%$*B"6/'#6$*A5#'$(*5;*

/C$*;%27B$0/*D$%$*A%$2/$)?*+5"0)*/5*/C$*+$2)*D'/C'0*/C$*5'6*)%5#6$/*R;'7"%$*hISM*
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!
!

!
Z$;5%&! NC! >^I$?! 1&U5&)'$);! &:541$+)! /AK! *)#! &)%$'.:&)(C! "C* I0* '0)'&')"26* KH* +$2)* D'/C*
2//2AC$)*LbIT2)2#/5%* A5B#6$O* "0)$%75'07* $B"6('50*K4UM* <C$* /$B#62/$*LbI*20)* '0)'&')"26*
2)2#/5%(*2%$*(C5D0M*<C$*KHTA52/$)*+$2)*+'0)(*/C$*A5B#6$B$0/2%,*KH*2)2#/5%*2//2AC$)*/5*/C$*
/$B#62/$* LbIM* <C$* ('076$* /$B#62/$* LbI* ($Z"$0A$* '(* 2B#6';'$)* +,* $B"6('50* K4UM* \C* K5(/T
$B"6('50*K4UM*<C$*KHTA5"#6$)*+$2)(*D'/C*2B#6';'$)*#%5)"A/*2//2AC$)*2%$*+5"0)*/5*KF*A5"#6$)*
+$2)(*20)*($#2%2/$)*;%5B*"0T+5"0)*+$2)(*+,*2*76,A$%56*7%2)'$0/M*
*

:"/2056* +%59$* )5D0* /C$* 5'6* )%5#6$/(?* /C$0* /C$* KH* +$2)(* D'/C* /$B#62/$(* 2//2AC$)* D$%$*

A2#/"%$)* "('07* KF* $0%'ACB$0/* #56,(/,%$0$* +$2)(* R;'7"%$* h:S?* DC'6$* /C5($* D'/C5"/* D$%$*

%$B5&$)M*_'0266,* /C$*LbI*D2(*)$/2AC$)* ;%5B*/C$*+$2)(*20)*+5"0)*/5* /C$*762((*("%;2A$*5;*2*

;65D*AC'#*+,*2*;'026*6'09$%*2//2AC$)*/5*/C$*[s*$0)*5;*/C$*LbIM**

7CQC7CH! >&U5&)'$);!
<C$* ($Z"$0A'07* 5AA"%%$)* '0* A,A6$(?* 2(* )$(A%'+$)* 2+5&$* "0)$%* ($A/'50* FM]MFM* _5%* $2AC* %$2)*

6$07/C*5;*j]+#?*H]*6'72/'50*A,A6$(*5AA"%%$)*#$%*#%'B$%M*I;/$%*$2AC*($/*5;*A,A6$(?*2*0$D*#%'B$%*

D2(* "($)?* +'0)'07* 50$* 0"A6$5/')$* $2%6'$%* /C20* /C$* #%$&'5"(* #%'B$%M* <C$($* D$%$* )$('702/$)*

v30'&$%(26*K%'B$%(*IT^QM**

7CQC7CO! ?*(*!3%+'&11$);!
<C$* ($Z"$0A$(* D$%$* /C$0* A5B#"/$)* 20)* 26'70$)* /5* /C$* A5%%$A/* %$7'50* 5;* /C$* 7$05B$M* * I66*

($Z"$0A$(*'0'/'266,*"0)$%D$0/*20*$%%5%*A5%%$A/'50*(/$#*"('07*/C$*!E8'L*2AA"%2A,*$0C20A$B$0/*

/556M*<C'(*A5%%$A/$)*B'(B2/AC$(*#%$($0/*506,*'0*65D*Z"26'/,*%$2)(?* '0A%$2('07*%$2)*6$07/C*20)*

%$)"A'07* /C$* $%%5%* %2/$M* <C$* %$2)(*D$%$* /C$0*B2##$)* /5* /C$*34!4* C7Hh* %$;$%$0A$* 7$05B$*

"('07* 8';$(A5#$* R($Z"$0A$(* HTHGS* 20)* :'5(A5#$* R($Z"$0A$(* HHTH[S* B2##'07* (5;/D2%$* ;%5B*

I##6'$)*:'5(,(/$B(M*<C$($*#%57%2B(*B2##$)*/C$*%$2)(*"('07*2*C2(C*/2+6$*2675%'/CB?*'0*DC'AC*

+5/C*/C$*%$2)(*20)*/C$*%$;$%$0A$*($Z"$0A$*D$%$*7'&$0*2*"0'Z"$*($Z"$0A$M*<C$*2675%'/CB*/C$0*

B2/AC$)*/C$($*2/*B"6/'#6$*+2($(*/5*;'0)*/C$*A5%%$A/*26'70B$0/M*NC$0*($&$%26*B2##'07*#5'0/(*

26'70$)?*/C$*($Z"$0A$*D2(*$O/$0)$)M**

A B 
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*

I;/$%* /C$* %$2)(*D$%$*B2##$)?* /C$* ($Z"$0A$*D2(* A5B#2%$)* /5* /C$* %$;$%$0A$*7$05B$* R34!4*

17HhSM*<C$*(5;/D2%$*)$/$A/$)*!bK(?*'0($%/'50(p)$6$/'50(*20)*A5#,*0"B+$%*&2%'20/(*+,*2026,('(*

5;*/C$*)'A565"%*A266?*Z"26'/,*20)*65A2/'50?*'0*20*2//$B#/*/5*%$B5&$*;26($*#5('/'&$(M*<D5*)';;$%$0/*

vA266'07Q* (/$#(* /5* )$/$A/* #56,B5%#C'(B(* D$%$* "($)?* $2AC* D'/C* (6'7C/6,* )';;$%$0/* A%'/$%'2?* /5*

#%$&$0/*!bK(*+$'07*B'(($)M*_'0266,*7$05B'A*2005/2/'50(*D$%$*2))$)M*<C$*266$6$*;%$Z"$0A,*D2(*

2005/2/$)* 2AA5%)'07* /5* )+!bKH[j* 20)* /C$* ^O5B$* @2%'20/* !$%&$%* R^@!S?* /C$* A62((* 5;* &2%'20/*

)$/$A/$)*"('07*bW!T!bKC!NC$%$*/C$%$*D2(*B5%$*/C20*50$*/%20(A%'#/*5;*2*7$0$*2&2'62+6$?*/C$*

#%57%2B* ($6$A/$)* /C$* B5(/* )$6$/$%'5"(* 5#/'50?* ("AC* 2(* 2* 050T(,050,B5"(* &2%'20/* 5&$%* 2*

(,050,B5"(*50$M*

7CQC7!! A.*$)!(&%:$)*($+)!1&U5&)'$);!J>*);&%!1&U5&)'$);M!
4C2'0*/$%B'02/'50*($Z"$0A'07*D2(*"($)*2(*20*'0)$#$0)$0/*B$/C5)*/5*&$%';,*!bK(*')$0/';'$)*+,*

/C$*bW!M* >/*D2(* /C$* ;'%(/*2"/5B2/$)*($Z"$0A'07*B$/C5)*20)* '(* /C$%$;5%$* /C5"7C/*5;*2(* s_'%(/*

7$0$%2/'50*($Z"$0A'07s*R!207$%*$/*26M?*HhjjSM*>/*D2(*"($)*/5*($Z"$0A$*/C$*;'%(/*C"B20*7$05B$*

RHhhGTFGGHSM* >/* "($(* 2* (/20)2%)* K4U* %$2A/'50* '0/5* DC'AC* ;6"5%$(A$0/6,* 62+$66$)*

Fs[s)')$5O,0"A6$5/')$* /%'#C5(#C2/2($(* R))b<K(S* 2%$* '0A5%#5%2/$)* '0/5* /C$* K4U* #%5)"A/* 2/*

%20)5BM* <C$($* 62A9* 2* [sC,)%5O,6* 7%5"#?* /C"(* /C$'%* '0A5%#5%2/'50* '0/5* /C$* ($Z"$0A$*#%$&$0/(*

;"%/C$%*$65072/'50M*E&$%*B20,*A,A6$(?*$&$%,*+2($*'0*/C$*AC2'0*D'66*+$A5B$*2*/$%B'02/'50*('/$M*

_5665D'07*('V$*($#2%2/'50?*$OA'/2/'50*D'/C*20*I%750*62($%*2665D(*/C$*($Z"$0A$*/5*+$*%$2)M*<C'(*

B$/C5)* 2665D(* /C$* ($Z"$0A'07* 5;* "#* /5* FGGG* 0"A6$5/')$(* 2/* 2* /'B$M* >/* '(* 05/* A5(/* 5%* /'B$T

$;;$A/'&$*/5*($Z"$0A$*2*DC56$*7$05B$*+,*/C'(*B$/C5)*+"/*'/*'(*(/'66*A5BB506,*"($)*'0*(B266$%*

($Z"$0A$*&$%';'A2/'50M**

7CQC7CB! /%$:&%!#&1$;)!!
K%'B$%(* D$%$* )$('70$)* /5* C2&$* 2* <B* 5;* Yh}4* e* jG}4* 20)* 6$07/C* FGTFY* +#* "('07* vK%'B$%[Q*

R30/$%7%2(($%* $/* 26M?* FGGjSM* <C$,* D$%$* A50;'%B$)* /5* +$* (#$A';'A* 506,* /5* 50$* +'0)'07* ('/$*

/C%5"7C5"/*/C$*DC56$*7$05B$*"('07*/C$*b4:>*+2('A* 65A26*26'70B$0/*/556* v:8I<Q* R.$0/?*FGGFSM*

<C$,*D$%$*/C$0*AC$A9$)*'0*/C$*^0($B+6*7$05B$*+%5D($%*R_6'A$9*$/*26M?*FGH[S*/5*$0("%$*/C$%$*

D$%$*05*905D0*#56,B5%#C'(B(*D'/C'0*/C$*#%'B$%(?*DC'AC*B'7C/*2;;$A/*+'0)'07*(#$A';'A'/,M*

*

K%'B$%(*D$%$*5%)$%$)*;%5B*P$/2+'50*20)*#%$#2%$)*2(*)$(A%'+$)*'0*($A/'50*FMHMHM*<C$*#%'B$%(*

2%$*6'(/$)*'0*I##$0)'O*HM!

!

7CQC7C7! /AK!*)#!35%$8$'*($+)!!
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<C$* #%'0A'#6$* 5;* K4U* '(* )$(A%'+$)* '0* ($A/'50* FMHMHM* <C$* #%'B$%(* 20)* K4U* /$B#$%2/"%$(*D$%$*

AC$A9$)* +,* 2* /$(/* K4U* "('07* (#2%$* LbIM* <C$* K4U* D2(* /C$0* %$#$2/$)* D'/C* /C$* LbI* 5;* /C$*

#2/'$0/*"0)$%*'0&$(/'72/'50M*

*

<C$*A50/$0/(*5;*2*(/20)2%)*FG�6*%$2A/'50*D$%$-**J*�6*]O*W%$$0*W5<2Z*%$2A/'50*+";;$%*RK%5B$72*

Pi[G:S*GMJ*�6*)b<K(* R<C$%B5(A'$0/';'A*UGHiHS*HMF*�6*B270$('"B*AC65%')$*(56"/'50* RK%5B$72*

I[]HHS*H[M]�6*)1FE?*GMH*�6*W5<2Z*LbI*K56,B$%2($*RK%5B$72*Pi[G:S*GMi*�6*#%'B$%*RGMJ*�6*5;*

]#7p�6*;5%D2%)*20)*GMJ*�6*%$&$%($S*LbI*RHG#7p�6SM*

*

<C$*;5665D'07*K4U*#%57%2B*R/2+6$*HiS*D2(*%"0*50*20*I:>*hY$%*;2(/*A,A6$%M*

*

>(*;&! @&:3&%*(5%&!JfAM! @$:&! A<'4&1!

B! hJ* ]*B'0"/$(* H*

7!
hJ* [G*($A50)(*

[]*YG* [G*($A50)(*

jF* [G*($A50)(*

H! jF* HG*B'0"/$(* H*

!

@*,4&!BFC!@.&!*:34$8$'*($+)!/AK!'+)#$($+)1C!!

*

<C$*#%5)"A/*D2(*652)$)*'0/5*2*7$6*20)*%"0*26507(')$*2*W$0$U"6$%*_$%B$0/2(*H.+*62))$%*2/*hG@*

;5%*J]*B'0"/$(*'0*2*HTFu*<I^pGMGG]u*$/C')'"B*+%5B')$*7$6M*NC$%$*+20)(*5;*/C$*$O#$A/$)*('V$*

D$%$*#%$($0/*506,*'0*/C$*#%5+$*620$?*/C$*K4U*D2(*A50(')$%$)*("AA$((;"6M*

*

K$66$/'07*/C$*LbI*20)*%$B5&'07*/C$*%$B2'0'07*(56"/'50*A50/2'0'07*/C$*D2(/$*#%5)"A/(*#"%';'$)*

/C$* #%5)"A/M* F]* B6* 5;* hYu* ^/E1?* Fu* [P* (5)'"B* 2A$/2/$* R#1* JMiS* D2(* 2))$)* /5* /C$* K4U*

#%5)"A/M*_5665D'07*2*J]*B'0"/$*A$0/%';"7$*2/*HYFG*O*7*/C$*A50/$0/(*D$%$*;6'##$)*50/5*2*/'(("$*

/C$0*%$TA$0/%';"7$)*/D'A$*D'/C*HGG*�6*jGu*$/C2056*;5%*H]*B'0"/$(M*

*

I*;'026*A$0/%';"72/'50*(/$#*/5*%$B5&$*266*$/C2056*D2(*#$%;5%B$)*2/*]G*O*7*;5%*H*B'0?*D'/C*/C$*

#62/$*"#(')$*)5D0M*<C$*#$66$/*D2(*/C$0*)'((56&$)*'0*H]*B6*)1FE*20)*(C29$0*;5%*H]*B'0M*

!

* !
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7CQC7CH! A.*$)!(&%:$)*($+)!/AK!*)#!1&U5&)'$);!
<C$*#"%';'$)*K4U*#%5)"A/(*D$%$* /C$0*#%$#2%$)* ;5%* ($Z"$0A'07M*<C$*($Z"$0A'07*B'O* '0A6")$)*

HM]*�6*:'7*L,$*/$%B'02/5%*@[MH*R)b<K(?*))b<K(?*+";;$%*20)*<2Z*LbI*#56,B$%2($?*P746F?*<%'(T

148*+";;$%*#1*hMGTI##6'$)*:'5(,(/$B(S?* H*�6* ]O* ($Z"$0A'07*+";;$%* RI##6'$)*:'5(,(/$B(S?* J*�6*

K4U*#%5)"A/?*GM]*�6*#%'B$%*R$'/C$%*;5%D2%)*5%*%$&$%($S?*[*�6*)1FEM*<C$*A50)'/'50(*"($)*;5%*/C$*

K4U*2%$*)$/2'6$)*'0*/2+6$*HhM*

*

>(*;&! @&:3&%*(5%&!JfAM! @$:&! A<'4&1!

B! h]* H*B'0"/$(* H*

7!
h]* HG*($A50)(*

[G*
YG* J*B'0"/$(*

@*,4&!BNC!@.&!'.*$)!(&%:$)*($+)!1&U5&)'$);!'+)#$($+)1C!

*

<C$*#%5)"A/(*D$%$*A6$20$)*2(*)$(A%'+$)*2+5&$?*+$;5%$*+$'07*652)$)*D'/C*1'L'*;5%B2B')$*'0/5*
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7CQCOC7! D)(&;%*($X&!G&)+:$'1!=$&-&%!JDG=M!
!A%$$0'07* 5;* /C$* %$)"A$)* &2%'20/* 6'(/(* 5AA"%%$)* "('07* /C$* >0/$7%2/'&$*W$05B'A(*@'$D$%* R>W@S*

&'("26'(2/'50*/556*RU5+'0(50*$/*26M?*FGHH*>0/$7%2/'&$*W$05B'A(*@'$D$%?*b2/"%$*:'5/$AC05657,SM*

<C'(* $02+6$)*B"6/'#6$* $O5B$(* /5*+$* &'$D$)*20)* A5B#2%$)* R;'7"%$*HGSM* ^2AC* '0)$O* ($Z"$0A$*

D2(* A5B#2%$)* D'/C* /D5* A50/%56* $O5B$(M* <5* %$)"A$* /'B$* '0&$(/$)* '0* ;26($* #5('/'&$(?* $2AC*

&2%'20/* D2(* %$Z"'%$)* /5* B$$/* (#$A';'A* A50/%56(* +$;5%$* +$'07* '0A6")$)* '0* /C$* 6'(/* ;5%*

A50(')$%2/'50*5;*A50;'%B2/'50*"('07*AC2'0T/$%B'02/'50*($Z"$0A'07M*<C$($*D$%$-**

• <C$*&2%'20/*D2(*05/*#%$($0/*'0*$'/C$%*5;*/C$*A50/%56*$O5B$(*

• <C$*65A2/'50*D2(*A5&$%$)*+,*2*B'0'B"B*5;*/$0*($Z"$0A$*%$2)(ÉM**
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• <C$*&2%'20/*D2(*#%$($0/*'0*5&$%*[Gu*5;*/C$*%$2)(*

• <C$*&2%'20/*)')*05/*(C5D*/C$*(2B$*&2%'20/-D'6)T/,#$*%$2)*(/%"A/"%$*2(*205/C$%*D'/C'0*]*

+2($(*R/C'(*'0)'A2/$(*20*2%/$;2A/SM*

*

ÉNC$%$* /C$%$*D$%$* 6$((* /C20* HG* ($Z"$0A$* %$2)(?* /C$* &2%'20/* )')* 05/* 0$$)* /5* +$* #%$($0/* '0*

5&$%* [Gu* 5;* /C$* %$2)(?* '0(/$2)* '/* D2(* C'7C6'7C/$)* 2(* 2* 65D* %$2)* &2%'20/* 20)* 9$#/* '0* /C$*

($6$A/'50* #%5A$((M* <C'(* '(* +$A2"($* /C$* 266$6$* /5* +$* ($Z"$0A$)* )"%'07* $2AC* %$2)* '(* AC5($0* 2/*

%20)5B*20)*(5*20*"0$&$0*($6$A/'50*A5"6)*#%$&$0/*2*C$/$%5V,75"(*&2%'20/*B$$/'07*/C$*[Gu*5;*

%$2)(*A%'/$%'50M*

Z$;5%&!BVC!")!*))+(*(&#!&c*:34&!+8!*)!DG=!?T"!1&U5&)'&!*1!%&*#!,<!(.&!>^I$?O!34*(8+%:C*
"C* <C$* (/%"A/"%$* 5%* /C$* AC%5B5(5B$* '(* )$#'A/$)?* D'/C* 2* %$)* +2%* '0)'A2/'07* /C$* #2%/'A"62%*
65A2/'50*5;*/C$*A"%%$0/*7$0$?*26507*D'/C*/C$*0"B$%'A26* 65A2/'50* '0*/C$*($2%AC*+2%M*<C$*('V$*5;*
/C$* %$7'50* (C5D0* '(* ]F* +#M* <C$* '0)'&')"26* 7%$,* 6'0$(* '0* $2AC* 5;* /C$* /C%$$* 2026,($(* (C5D* 2*
A5B#%$(($)*&'$D*5;*('076$*%$2)(*5;*/C$*($Z"$0A$M*<C$($*2%$*A5B+'0$)*/5*7'&$*/C$*0"A6$5/')$*
2/* $2AC* #5('/'50* 5&$%* B20,* %$2)(M* NC$0* 2* )';;$%$0/* 0"A6$5/')$* /5* /C$* %$;$%$0A$* ($Z"$0A$*
5AA"%(?* /C$* #5('/'50* '(* C'7C6'7C/$)* +,* /C$* #%57%2B* "('07* /C$* A565"%* 2(('70$)* /5* $2AC*
0"A6$5/')$-* /C,B'0$?* 7"20'0$?* A,/5('0$?* 2)$0'0$M* :5/C* /C$* #%5/$'0* 20)* 0"A6$5/')$* %$;$%$0A$*
($Z"$0A$(* 2%$* &'('+6$* 2/* /C$* +5//5B* 5;* /C$* 'B27$* 20)* %$(/'07* /C$* A"%(5%* 5&$%* 2* #2%/'A"62%*
2B'05* 2A')* #%5&')$(* ;"%/C$%* '0;5%B2/'50* 2+5"/* /C$* /%20(A%'#/* 20)* #%$A'($* 65A2/'50M* >0* /C'(*
$O2B#6$* /C$*#2/'$0/* '(*C$/$%5V,75"(* ;5%*2)$0'0$*2/* AC%*H]*#5('/'50*J]?YYH?YiF* '0* /C$*WI<P*
7$0$g*DC$%$2(*$2AC*5;*/C$*A50/%56*LbI*($Z"$0A$(*2%$*C5B5V,75"(*;5%*/C$*/C,B'0$*;5"0)*'0*
/C$*%$;$%$0A$*($Z"$0A$M*\C*I0*"0A5B#%$(($)*&'$D*5;*/C$*%$2)(M**

* !

A 
B 
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7CQCOCH! \$+$)8+%:*($'!%&1+5%'&1!!
<C$%$*2%$*B20,*506'0$*/556(*/C2/*2%$*"($;"6* '0*2026,('07*/C$* 62%7$*&56"B$*5;*)2/2*A%$2/$)*+,*

bW!M* @2%'20/* 20)* )'($2($* )2/2+2($(* A5662/$* '0;5%B2/'50* 2+5"/* 905D0* &2%'20/(?* #%$)'A/'50*

(5;/D2%$*"($(*2675%'/CB(*/5*2026,($*/C$*#C$05/,#'A*$;;$A/*5;*20*2B'05*2A')*AC207$?*6'/$%2/"%$*

B'0'07*(5;/D2%$*$02+6$(*Z"'A9*2AA$((*/5*%$6$&20/*'0;5%B2/'50M*I;/$%*;'6/$%'07?*266*&2%'20/(*D$%$*

AC$A9$)* "('07* /C$($* %$(5"%A$(* 2(* 2* ;'026* &26')2/'50* (/$#* +$;5%$* A50;'%B2/'50* +,* AC2'0T

/$%B'02/'50*($Z"$0A'07M*<C$*%$(5"%A$(*2%$*6'(/$)*'0*/2+6$*FH*D'/C*2*+%'$;*)$(A%'#/'50M*

*

?*(*,*1&!)*:&! Z5)'($+)! K&8&%&)'&!
^)4$)&!P&)#&4$*)!
$).&%$(*)'&!$)!:*)!
J^PDPM!

L2/2+2($*6'(/'07*905D0*C$%'/2+6$*)'($2($(*20)*/C$'%*
A6'0'A26*AC2%2A/$%'(/'A(?*(/%"A/"%$?*B2##'07*20)*
;"0A/'50*5;*/C$*7$0$(*'0&56&$)?*26507*D'/C*
A2"(2/'&$*266$6'A*&2%'20/(M**

RPA."('A9Tb2/C20(*
>0(/'/"/$*5;*W$0$/'A*
P$)'A'0$S**

]c+:&!X*%$*)(!
1&%X&%!J]=>M!

L2/2+2($*A5B#%'('07*905D0*266$6'A*&2%'20/(*
'0A6")'07*/C$'%*;%$Z"$0A,*'0*5&$%*FGG?GGG*
'0)'&')"26(M*I*A2"/'5"(*2##%52AC*/5*/C'(*)2/2*B$20/*
/C$*'0A6"('50*5;*&2%'20/(*D'/C*2*;%$Z"$0A,*5;*"0)$%*
GM]u?*+2($)*50*2*7$0$%26*'0A')$0A$*5;*K2%9'0(50s(*
)'($2($*5;*GMFu*5;*/C$*#5#"62/'50M*

Rb18:>*WE*^O5B$*
!$Z"$0A'07*
K%5k$A/g*@20*)$0*
^$)$0*$/*26M?*FGG[S*

a5:*)!;&)&!
:5(*($+)!#*(*,*1&!
JaGP?M!!
6*'*#&:$'!*''&11!

L2/2+2($*5;*905D0?*C$%'/2+6$*#2/C57$0'A*
B"/2/'50(?*1WPL*'(*"#)2/$)*%$7"62%6,*;%5B*5&$%*
F]G*k5"%026(M*<C$*2A2)$B'A*2AA$((*A50/2'0(*)2/2*50*
hjjhj*&2%'20/(*R2(*5;*HhMGFMFGH[SM*

R!/$0(50*$/*26M?*
FGG[S*

TA\D!1$);4&!
)5'4&+($#&!
3+4<:+%3.$1:!
#*(*,*1&!J#,>T/M!

L2/2+2($*A50/2'0'07*266*905D0*!bK(?*/C$'%*A6'0'A26*
('70';'A20A$*DC$%$*905D0?*20)*6'09(*/5*%$6$&20/*
k5"%026*2%/'A6$(M*:"'6)*H[j*R_$+*FGH[S*'0A6")$(*5&$%*
Hij?GGG?GGG*15B5*(2#'$0*!bK(M*

R!C$%%,*$/*26M?*FGGHS*

G&)&!#$1($44&%! ^O/%2A/(*'0;5%B2/'50*2+5"/*7$0$(*'0*2*65A2/'50*5%*
6'(/*;%5B*B"6/'#6$*"($%*(#$A';'$)*65A2/'50(?*'0A6")'07*
(,050,B(?*EP>P?*.^WW*#2/CD2,(?*'0/$%2A/'50(?*
#%5/$'0*)5B2'0(?*;2B'6'$(*20)*#2%2657(*

R!$$65D*$/*26M?*
FGGiSM*

@*,4&! 7BC! ?*(*,*1&1! *)#! 4$(&%*(5%&! :$)$);! 1+8(-*%&! 51&#! (+! 1&4&'(! X*%$*)(1! 8+%! 85%(.&%!
*)*4<1$1C!
*

7CQCOCHCB! /*(.+;&)$'$(<!3%&#$'($+)!1+8(-*%&!!
<C$%$*2%$*B20,*#2/C57$0'A'/,*#%$)'A/'50*#%57%2B(*2&2'62+6$*50*/C$*>0/$%0$/M*<C$,*/29$*50$*5;*

/D5* ;5%B(?* 2* A50(/%2'0/* +2($)* #%$)'A/5%* 5%* /%2'0$)* A62((';'$%M* 450(/%2'0/* +2($)* #%$)'A/'50*

(5;/D2%$* A62((';'$(* &2%'20/(* 2AA5%)'07* /5* 2* #%'0A'#6$?* ("AC* 2(* $&56"/'502%,* A50($%&2/'50?* 20)*

/$0)*/5*#%5&')$*('B#6$*'0/$%#%$/2/'50*/C2/*'(*"02;;$A/$)*+,*A50/2B'02/$)*)2/2M*15D$&$%*/C$,*

506,*B5)$6*2* ;'0'/$*0"B+$%*5;* ;2A/5%(M*<%2'0$)*A62((';'$%(* ')$0/';,*A5B+'02/'50(*5;*#5/$0/'266,*

%$6$&20/* #%5#$%/'$(* /5* )$&$65#* #%$)'A/'50(M* <C$,* 2%$* 2+6$* /5* '0/$7%2/$* '0;5%B2/'50* ;%5B*

)';;$%$0/*(5"%A$(*20)*+$*2)2#/$)*;5%*)';;$%$0/*/2(9(M*K%57%2B(*DC'AC*2%$*2+6$*/5*5;;$%*)';;$%$0/*
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2026,('(* 2##%52AC$(?*#$%;5%B*)';;$%'07* /2(9(* R("AC*2(*B5)$66'07* AC207$(* '0*2* (#6'A$* ('/$S?* 2%$*

%$7"62%6,* "#)2/$)* 20)* C2&$* +$$0* A'/$)* '0*B20,* )';;$%$0/* %$($2%AC* #2#$%(* D$%$* ($6$A/$)M* I*

A5B#2%'(50*5;*/C$*2AA"%2A,*5;*$2AC*5;*/C$*#%57%2B(*'0*FFGG*/$(/*A2($(*;5"0)*266*D$%$*A5%%$A/*

'0* +$/D$$0* i[Miu* RK%5&$20S* 20)* iiu* RP"/2/'50* /2(/$%S* 5;* A2($(* R!ACD2%V* $/* 26M?* FGHJSM* I*

("BB2%,*5;*/C$*#%57%2B(*20)*/C$'%*#%$)'A/'50*B$/C5)(*2%$*6'(/$)*'0*/2+6$*FFM**

*

/%+;%*:! @<3&! /%&#$'($+)!:&(.+#! K&8&%&)'&!
P5(*($+)!(*1(&%!!
6X&%1$+)!7!

<%2'0$)*
A62((';'$%*

>0A5%#5%2/$(*'0;5%B2/'50*;%5B*B"6/'#6$*
)2/2+2($(*2(*D$66*2(*$O/$%026*2026,('(*/556(*
/5*#%5&')$*'0;5%B2/'50*50*AC207$(*'0*%$7'50(*
5;*A50($%&2/'50?*(#6'A$*('/$*$;;$A/(?*
#56,2)$0,62/'50?*.5V29*($Z"$0A$?*#%5/$'0*
;$2/"%$(?*6$07/C*20)*BUbI*/%20(A%'#/'50*
AC207$(M*I026,($(*5;*/C$($*;$2/"%$(*2%$*
A5B+'0$)*/5*#%$)'A/*6'9$6,*#2/C57$0'A'/,*5;*
&2%'20/(M*>(*2+6$*/5*2026,($*&2%'20/(*'0*A5)'07*
20)*050TA5)'07*%$7'50(?*2(*D$66*2(*
'0($%/'50(p)$6$/'50(?*(/5#*A5)50*20)*(#6'A$*
('/$*AC207$(M*

!ACD2%V*$/*26M?*
FGHGM*

/+4<:+%3.$1:!
3.&)+(<3$);!!
6X&%1$+)!7CBCV!
J/+4</.&)7M!!!

<%2'0$)*
A62((';'$%*

I026,($(*B"6/'#6$*($Z"$0A$*20)*(/%"A/"%26*
#%5#$%/'$(*5;*/C$*B"/20/*20)*D'6)T/,#$*
266$6$(*/5*#%$)'A/*;"0A/'5026*('70';'A20A$M*
E"/#"/*'(*A62((';'$)*'0/5*1"B@2%*20)*1"BL'&*
#%$)'A/'50(M*<C$*1"B@2%*B5)$6*/%2'0$)*;5%*
P$0)$6'20*)'($2($(*D'/C*)%2(/'A*$;;$A/(M*<C$*
1"BL'&*B5)$6*'(*/%2'0$)*;5%*%2%$*266$6$(*
DC'AC*B2,*+$*'0&56&$)*'0*A5B#6$O*
#C$05/,#$(?*DC$%$*2*65D$%*/C%$(C56)*'(*"($)*
/5*#%$)'A/*)2B27'07*&2%'20/(M*K56,#C$0F*
2026,($(*A5)'07*!bK(*506,M*

I)VC"+$'*$/*
26M?*FGHGM*

>+%(1!$)(+4&%*)(!
8%+:!(+4&%*)(!
J>DZ@M!
!

450(/%2'0/*
+2($)*
#%$)'A/5%*

3($(*($Z"$0A$*C5B5657,*+$/D$$0*('B'62%*
#%5/$'0(*20)*/C%5"7C5"/*$&56"/'50*/5*#%$)'A/*
;"0A/'5026*('70';'A20A$M*>/*2026,($(*A5)'07*
!bK(*506,*+"/*A20*#%$)'A/*#2/C57$0'A'/,*
2A%5((*B"6/'#6$*(#$A'$(M*
*

."B2%*$/*26M?*
FGGhM*

/%+(&$)!X*%$*($+)!
&88&'(!*)*4<b&%!!
6X&%1$+)!BCB!
J/%+X&*)M!

450(/%2'0/*
+2($)*
#%$)'A/5%*

I6(5*"($(*($Z"$0A$*C5B5657,*/5*A5B#2%$*
N<*20)*B"/2/$)*($Z"$0A$(M*>/*'(*2+6$*/5*
2026,($*!bK(?*'0)$6(*20)*B"6/'#6$*2B'05*2A')*
("+(/'/"/'50(M*

4C5'*$/*26M?*
FGHF+M*

P5(*($+)!
3%&#$'(+%!!
6X&%1$+)!BC7!!
JP5(/%&#M!

<%2'0$)*
A62((';'$%*

b5/*506,*A62((';'$(*("+(/'/"/'50(*+"/*#%$)'A/(*
/C$*B56$A"62%*A2"($*5;*)$6$/$%'5"(*
("+(/'/"/'50(M*:2($)*50*/C$*!>_<*B$/C5)*+"/*
2))'/'50266,*2026,($(*AC207$(*'0*HJ**
(/%"A/"%26*20)*;"0A/'5026*#%5#$%/'$(?*("AC*2(*
26/$%2/'50*5;*2*#5(/T/%20(62/'5026*
B5)';'A2/'50*('/$*5%*72'0*5;*C$6'A26*
#%5#$0('/,M*>/*2026,($(*A5)'07*!bK(M*

8'*$/*26M?*FGGhM*
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@*,4&!77C!>+8(-*%&!3%&#$'($);!>T/!3*(.+;&)$'$(<!51&#!*1!3*%(!+8!(.&!/?!X*%$*)(!$#&)($8$'*($+)!
3%+'&11C!
*

@2%'20/(* D$%$* %"0* /C%5"7C* /C$* v+"69* 2026,('(Q* 5#/'50(* 5;* /C$($* #%57%2B(* 2AA5%)'07* /5* /C$*

B$/C5)*)$(A%'+$)*50*/C$'%*D$+('/$(?*D'/C*/C$*$OA$#/'50*5;*P"/#%$)?*DC'AC*D2(*"($)*506,*/5*

2026,($* /C$* ;'026* ;'6/$%$)* &2%'20/(M* <$0* &2%'20/(* 5;* )';;$%$0/* #%$)'A/$)* 5"/A5B$(* D$%$*

A50;'%B$)*+,*C20)*50*$2AC*5;*/C$*D$+('/$(*2(*2*Z"26'/,*A50/%56*B$2("%$M*

*

E0A$* 2* 6'(/* 5;* !bK(*D2(* ')$0/';'$)*+,* /C$*B$/C5)(* 2+5&$?* $2AC*D2(* AC$A9$)* &'("266,* '0* >W@?*

"('07* /C$* A%'/$%'2* )$(A%'+$)* 2+5&$?* +$;5%$* /C$'%* $O#%$(('50* 20)* %56$* D'/C'0* /C$* A$66* D2(*

%$($2%AC$)M*<C$*B5(/*6'9$6,*A20)')2/$*!bK(*D$%$*A50;'%B$)*+,*AC2'0T/$%B'02/'50*($Z"$0A'07*

+5/C* /C$* '0)$O*#2/'$0/*20)* /C$*2&2'62+6$*LbI* ;%5B*;2B'6,*B$B+$%(* /5*)$/$%B'0$* ';* /C$*!bK*

($7%$72/$)*D'/C*/C$*)'($2($M**

*

<C$*2026,('(*B$/C5)(*2%$*("BB2%'($)*'0*;'7"%$*HHM*

* *
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*

!
*

Z$;5%&!BBC!"!3$3&4$)&!#$*;%*:!+8!(.&!/?!'+.+%(!>T/!*)*4<1$1C!<C$*'0'/'26*62%7$*A20)')2/$*!bK*
6'(/*D2(*%$)"A$)*+,*%$B5&26*5;*2%/$;2A/(?*050TA5)'07*20)*050T(,050,B5"(*!bK(*+$;5%$*+$'07*
;'6/$%$)* +,* (/%2/$7'A* ($6$A/'50* A%'/$%'2M* 8'9$6,* !bK(* D$%$* AC$A9$)* '0* +5/C* /C$* #%5+20)* 20)*
;2B'6,*B$B+$%(*;5%*($7%$72/'50*D'/C*/C$*)'($2($M*bL*Ñ*0$"%5)$7$0$%2/'&$M*
* *

START 
Large PD 
candidate  
SNP list 

Changed SN expression 

known ND genes 

Related to  
cytoskeleton 

Strategic PD  
selection 
criteria 

Common, non-coding and 
likely artefact SNPs 

removed 

Linkage analysis 

Dopamine processing 

Clinical data 

Visual check for 
SOLiD artefacts 

Confirmation of 
SNP by Sanger 

sequencing 

Segregation analysis of 
SNP using family DNA 

END 

Literature review  
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HC!K&154(1!
!
!
!
!
!
!
!

HCB! A.*%*'(&%$1*($+)!+8!IKKL76(5,54$)!,$)#$);W!
@5,54$)* !
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HCBCB!! @.&!(5,54$)6IKKL7!,$)#$);!1$(&W!1(*%($);!3+$)(!
4C2%2A/$%'(2/'50*5;* /C$* 8UU.FT/"+"6'0* 2((5A'2/'50*D2(*+$7"0*#%$&'5"(6,*+,*U5(2* !20AC5*20)*

:$%02%)* 82DM* I* ,$2(/* /D5TC,+%')* 6'+%2%,* (A%$$0* /$(/'07* ;5%* '0/$%2A/'50(* +$/D$$0* 2* 8UU.F*

U5A4EU* +2'/* 20)* 2* C"B20* DC56$T+%2'0* ALbI* 6'+%2%,?* %$&$26$)* /C$* 8UU.F* U5A4EU* )5B2'0*

'0/$%2A/(*D'/C*/C$*<3::J*4T/$%B'0"(* RKC$[Hj*e*I62JJJS* R!20AC5*$/*26?*FGGhSM*<C$* '0/$%2A/'50*

D2(*&$%';'$)*'0*A5T>K*2((2,(*20)*<3::?*2*($A50)*XT/"+"6'0*'(5;5%B?*D2(*26(5*(C5D0*/5*'0/$%2A/*

R82D*$/*26M?*FGHJSM*

>0*$2AC*A2($?*/C$*U5A*)5B2'0*+5"0)*XT/"+"6'0*B5%$*(/%5076,*/C20*/C$*U5A4EU*/20)$B*)5B2'0?*

DC'6$* /C$%$*D2(*05* '0/$%2A/'50*+$/D$$0* /"+"6'0*20)* /C$*4EU*)5B2'0M* >0/%5)"A'07*2*.H[JjI*

B"/2/'50*#%$&$0/'07*7"20'0$*0"A6$5/')$*+'0)'07*5;*/C$*8UU.F*U5A*W<K2($*)5B2'0*R<2,B20(*$/*

26M?*FGHHS?*#%$&$0/$)*/C$*'0/$%2A/'50*20)*D$29$0$)*)'B$%'(2/'50*R82D*$/*26M?*FGHJSM!!

!

HCBC7!! IKKL7!#+&1!)+(!,$)#!*##$($+)*4!:&:,&%1!+8!(.&!!
! ! (5,54$)!153&%8*:$4<*
*
<C$%$*2%$*5&$%*FH*C"B20*/"+"6'0* '(5;5%B(?*/C$*B5(/*A5BB50*5;*DC'AC*2%$*/C$*($&$0*mT*20)*

$'7C/* XT/"+"6'0* '(5;5%B(?* (C2%'07* JHu* C5B5657,M* L'B$%(* 5;* mT* 20)* XT/"+"6'0* ;5%B* P<(M*

I))'/'5026*B$B+$%(*5;*/C$*/"+"6'0*("#$%;2B'6,*2%$*'0&56&$)*'0*5%720'(2/'50*5;*/C$*P<(*2/*/C$*

A$0/%5(5B$M*lT/"+"6'0* ;5%B(*2*+2($* ;5%*P<*0"A6$2/'50*20)*5%'$0/2/'50?*nT*20)*oT/"+"6'0(*2%$*

'0&56&$)*'0*/C$*2(($B+6,*20)*;"0A/'50*5;*A$0/%'56$(*20)*+2(26*+5)'$(M*RE296$,?*FGGGg*>0A620*20)*

b5726$(?* FGGHg* L"/AC$%?* FGGH?* U5((* FGH[SM* I* %55/$)* #C,657%2B* )$B50(/%2/$(* /C$* ($#2%2/$*

/"+"6'0* ;2B'6'$(?* ("77$(/(* oT/"+"6'0* '(* B5(/* ('B'62%* /5* mT20)* XT/"+"6'0(* 5;* /C$* A$0/%5(5B26*

/"+"6'0(*20)*(C5D(*/C2/*/C$*B$7292%,5A,/$*20)*#62/$6$/*(#$A';'A*<3::H*'(*)'&$%7$0/*;%5B*/C$*

5/C$%*XT/"+"6'0* '(5;5%B(* R;'7"%$*HFISM*I*($Z"$0A$*26'70B$0/*5;* /"+"6'0*4T/$%B'0'* '(* (C5D0* '0*

;'7"%$*HF:?*A50/2'0'07*2*%$#%$($0/2/'&$*mT*20)*XT/"+"6'0*)"$*/5*/C$*C'7C*A50($%&2/'50*+$/D$$0*

'(5;5%B(M* >/* '(* #5(('+6$* /5* ($$* %$7'50(* 5;* 2B'05* 2A')(* A50/2'0'07* ('B'62%* #C,('A5AC$B'A26*

#%5#$%/'$(?*26/C5"7C*/C$%$*2%$*;$D*C'7C6,*A50($%&$)*%$(')"$(*2A%5((*/C$* '(5;5%B(M*I66*#%5/$'0*

($Z"$0A$*26'70B$0/(*D$%$*#$%;5%B$)*"('07*/C$*b4:>*+2('A*65A26*26'70B$0/*($2%AC*/556*R:8I!<S*

RI6/(AC"6*$/*26M?*HhhGSM***

*
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Z$;5%&! B7C! A+)1&%X*($+)! ,&(-&&)! #$88&%&)(! (5,54$)! $1+8+%:1C! "C! U55/$)* #C,657%2B* 5;* ;"66T
6$07/C*/"+"6'0*#%5/$'0*($Z"$0A$(*)$B50(/%2/$(*7%5"#'07*5;*;2B'6'$(*20)*('B'62%'/,*5;*'(5;5%B(M*
!$Z"$0A$*26'70$)*"('07*b4:>*:8I!<*#%5/$'0*26'70B$0/*/556*RI6/(AC"6*$/*26M?*HhhGSM*KC,657$0$/'A*
)'(/20A$(*20)*/%$$*A26A"62/$)*"('07*#C,657$0,M;%*RL$%$$#$%*$/*26M?*FGGiS*\C*P"6/'#6$*($Z"$0A$*
26'70B$0/*5;*%$#%$($0/2/'&$*/"+"6'0*4T/$%B'0'*(C5D(*A50($%&$)*2B'05*2A')(*+$/D$$0*'(5;5%B*
/,#$(M***
*
P2((*(#$A/%5B$/%'A*2026,('(*5;*W!<T/277$)*U5A*)5B2'0*'BB"05#%$A'#'/2/$(*;%5B*DC56$*+%2'0*

6,(2/$(* 20)* 1^.Fh[* A$66(* ')$0/';'$)* B"6/'#6$* 2))'/'5026* mT* 20)* XT/"+"6'0T8UU.F* '0/$%2A/5%(*

R/2+6$*F[S*R82D*$/*26M?*FGHJSM*<C$%$;5%$*($B'TZ"20/'/2/'&$*,$2(/T/D5*C,+%')*2((2,(*D$%$*"($)*/5*

)$/$%B'0$*';*20,*2))'/'5026*/"+"6'0*'(5;5%B(*+'0)*)'%$A/6,*/5*8UU.FM*L"$*/5*/C$*C'7C*C5B5657,*

+$/D$$0*mT*20)*XT/"+"6'0(?*'/*D2(*C,#5/C$('($)*/C2/*20*'0/$%2A/'50*D'/C*8UU.F*D5"6)*5AA"%*'0*

/C$*(2B$*%$7'50*'0*+5/C*mT*20)*XT/"+"6'0(M**

* *

TUBG1 
TUBG2 

TUBD1 
TUBE1 

TUBA4A 
TUBA1B 

TUBA1A 
TUBA1C 

!-tubulins"

#,$,%-tubulins"

TUBB1 
TUBB2A 

TUBB2B 

TUBB 

TUBB4 
TUBB2C 

TUBB3 
TUBB6 

&-tubulins"

TUBB4 
TUBA1A 

TUBD1 
TUBE1 
TUBG1 
TUBG2 

TUBB4 
TUBA1A 

TUBD1 
TUBE1 
TUBG1 
TUBG2 

TUBB4 
TUBA1A 

TUBD1 
TUBE1 
TUBG1 
TUBG2 

317 
319 
348 
350 
324 

362 
367 
390 
393 
372 

406 
416 
434 
438 
416 

361 
366 
389 
392 
371 
 

405 
415 
433 
437 
415 

444 
451 
453 
475 
451 
436 

A 

B 
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*
*
!
!
!
!
!
!
!

!

@*,4&! 7HC*K+'! D/! (5,54$)! $)(&%*'(+%1C*P2((* (#$A/%5B$/%,*5;*2*W!<TU5A*)5B2'0* >K* ;%5B*+%2'0*
20)* 1^.Fh[* 6,(2/$(* ')$0/';'$)* B"6/'#6$* mT* 20)* X* /"+"6'0(* 2(* 8UU.F* '0/$%2A/5%(* R82D* $/* 26M?*
FGH[SM**

<C$*4T/$%B'0'*5;* /C$*<3:IH*20)*<3:IJI*mT/"+"6'0* '(5;5%B(* R/2+6$*F[S* R"('07* /C$*$Z"'&26$0/*

%$(')"$(*/5*XT/"+"6'0S*D$%$*A650$)*'0/5*,$2(/*/D5TC,+%')*&$A/5%(M**

<C$* A$0/%5(5B$* '(* /C$*P<* 5%720'('07* A$0/%$* 20)* 26(5* 2((5A'2/$(* D'/C* 7567'* A'(/$%026* (/2A9(?*

)'(%"#/'50*5;*DC'AC*C2(*+$$0*)$(A%'+$)*;5665D'07*#2A6'/2O$6*/%$2/B$0/*RN$C620)*$/*26M?*Hhi[S*

+"/*26(5*'0*8UU.FT5&$%$O#%$(('07*B'A$*R8'0*$/*26M?*FGGhSM*L'(%"#/$)*7567'*A5"6)*26(5*6$2)*/5*/C$*

'B#2'%$)* &$('A6$* /%2;;'A9'07* 2((5A'2/$)* D'/C* P<* ),(;"0A/'50M* _5%* /C'(* %$2(50* /C$* /"+"6'0(*

2((5A'2/$)*D'/C*/C$*A$0/%5(5B$*R<3:LH?*<3:^H?*<3:WH*20)*<3:WFS*D$%$*26(5*/$(/$)* ;5%*20*

'0/$%2A/'50*D'/C*/C$*8UU.F*U5A4EU*)5B2'0M**

b5* '0/$%2A/'50(* +$/D$$0* 20,* 2))'/'5026* /"+"6'0* '(5;5%B(* 20)* U5A4EU* 5%* ;"66T6$07/C* 8UU.F*

D$%$*5+($%&$)*'0*5"%*(,(/$B*R;'7"%$*H[SM***

<C$*D$29$%*'0/$%2A/'50*D'/C*;"66*6$07/C*8UU.F*20)*/C$*8UU.F*U5A4EU*)5B2'0?*A5B#2%$)*D'/C*

/C$*U5A4EUTU5A4EU*2((5A'2/'50*B2,*+$*)"$*/5*#%5+6$B(*$O#%$(('07*62%7$%*#%5/$'0(*D'/C'0*/C$*

,$2(/?*/C$*7%$2/$%*)'(/20A$*+$/D$$0*/C$*2A/'&2/'50*)5B2'0*20)*/C$*+'0)'07*)5B2'0*D'/C'0*/C$*

A$66* 0"A6$"(* 5%* '/*B2,* %$62/$* /5* /5O'A'/,* 5;* 8UU.F* %$7'50(* /5* /C$* ,$2(/M* t'507* 20)* A566$27"$(*

RFGHGS* ;5"0)* '0A%$2($)* /5O'A'/,* '0*U5AT4EUT9'02($* 20)*U5AT4EUT9'02($T4T/$%B'026* A50(/%"A/(*

A5B#2%$)*D'/C*/C$*W<K2($*5%*9'02($*2650$?*("##5%/'07*'0/$%2A/'50*+$/D$$0*/C$*)5B2'0(M*

*

\%*$)!
!
!

a]L7NH!

@`\"BJ"_\_AM! <3:IHRIp:p4S*

@`\"O"! *

@`\\! <3::*

@`\\7J"_AM! *

@`\\H! <3::[*

@`\\O! <3::J*

! *
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Z$;5%&!BHC!@.&!IKKL7!K+'A^K!#+:*$)!#+&1!)+(!$)(&%*'(!-$(.!! ,% ,& !+%!# !(5,54$)!$1+8+%:1C*"C*
8UU.F* ;"66* 6$07/C* 5%* /C$* 8UU.F* U5A4EU* )5B2'0* )5* 05/* '0/$%2A/* D'/C* mT/"+"6'0* R<3:IHI?*
<3:IH:?*<3:IH4*5%*<3:IJIS*'0*($B'TZ"20/'/2/'&$*\<1M*\C*8UU.F*;"66*6$07/C*5%*U5A4EU*)5B2'0*
)5* 05/* '0/$%2A/* D'/C* ;"66T6$07/C* 5%* 4T/$%B'0'* 5;* <3:LH?* <3:^?* <3:WH?* <3:WFM* :5/C*
/%20(;5%B2/'50*A50/%56*20)*0"/%'/'5026*($6$A/'50*#62/$(*2%$*(C5D0?*%$#%$($0/2/'&$*5;*[*($#2%2/$*
$O#$%'B$0/(M*

!
HCBCH!! IKKL7!#+&1!)+(!,$)#!*'($)69!+%!*'($)6kB!X$*!(.&!!
! ! K+'A^K!#+:*$)!
!
8UU.F* C2(* +$$0* 6'09$)* /5* /C$* 2A/'0* A,/5(9$6$/50* &'2* IU1W^_j?* B5$('0* 20)* B5%#C5657'A26*

AC207$(* A2"($)* +,* #2/C57$0'A*B"/20/(M* IU1W^_j* %$7"62/$(* 2A/'0* #56,B$%'(2/'50?*B5$('0* '(*

'0&56&$)*'0*20AC5%'07*/C$*2A/'0*A,/5(9$6$/50*/5*/C$*#62(B2*B$B+%20$*20)*A$66(*$O#%$(('07*/C$*

WFGHh!*8UU.F*B"/20/*A50/2'0*(B266$%*0$"%'/$(*Rd26$$6*$/*26M?*FGGjg*12$+'7*$/*26M?*FGHGg*N'00$%*

TUBA1A  TUBA1B TUBA1C TUBA4A 

LRRK2 
RocCOR 

Empty 
prey TC NS 

LRRK2 

empty 
bait 

TUBA1A  TUBA1B TUBA1C TUBA4A Empty 
prey 

A 

TC 

LRRK2 
RocCOR 

C-TUBD1  TUBD1 C-TUBE1 TUBE1 C-TUBG1 TUBG1 C-TUBG2 TUBG2 
empty 
prey 

LRRK2 

empty 
bait 

LRRK2 

empty 
bait 

NS 

LRRK2 
RocCOR 

C-TUBD1  TUBD1 C-TUBE1 TUBE1 C-TUBG1 TUBG1 C-TUBG2 TUBG2 

LRRK2 
RocCOR 

empty 
prey 

LRRK2 
RocCOR 

B 
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$/*26M?*FGHHSM*I))'/'50266,*P$'O0$%*20)*A566$27"$(*)$/$A/$)*2*)'%$A/*'0/$%2A/'50*+$/D$$0*8UU.F*

20)*_T2A/'0*RP$'O0$%*$/*26M?*FGHHSM*

_5%*/C'(*%$2(50*D$*/$(/$)*;5%*2*)'%$A/*'0/$%2A/'50*+$/D$$0*8UU.F*20)*0$"%50266,*$O#%$(($)*XT

2A/'0* RI4<:S*20)*lHT2A/'0* RI4<WHSM*b$'/C$%*D2(* ;5"0)* /5*+'0)* /C$* 8UU.F*U5A4EU*)5B2'0*5%*

;"66T6$07/C*8UU.F*R;'7"%$*HJSM**

Z$;5%&!BOC!T+!$)(&%*'($+)!+''5%1!,&(-&&)!*'($)1!*)#!IKKL7C!_"66*6$07/C*I4<:*20)*I4<WH*)5*
05/*'0/$%2A/*D'/C*;"66*6$07/C*8UU.F?*U5A4EU*)5B2'0(*'0*($B'TZ"20/'/2/'&$*,$2(/*/D5TC,+%')*
*2((2,(M**:5/C*/%20(;5%B2/'50*A50/%56*20)*0"/%'/'5026*($6$A/'50*#62/$(*2%$*(C5D0?*
%$#%$($0/2/'&$*5;*[*($#2%2/$*$O#$%'B$0/(M*

!
HCBCO! ! @`\\R!*41+!,$)#1!IKKL7!

I6'70B$0/*5;*/C$*XT/"+"6'0*'(5;5%B(*)$B50(/%2/$(*C'7C*($Z"$0A$*C5B5657,?*D'/C*&'%/"266,*

')$0/'A26*2B'05*2A')*($Z"$0A$(*"0/'6*/C$*4T/$%B'026*/2'6*R;'7"%$*H]ISM*<C$%$;5%$*'0/$%2A/'50*

+$/D$$0*266*$'7C/*C"B20*XT/"+"6'0*'(5;5%B(*20)*8UU.F*D$%$*/$(/$)M*:$(')$(*<3::*20)*<3::J*

2(*%$#5%/$)*#%$&'5"(6,?*<3::Y*D2(*26(5*;5"0)*/5*'0/$%2A/*D'/C*/C$*8UU.F*U5A4EU*)5B2'0*

R;'7"%$*H]:SM*_"%/C$%B5%$?*/C$*'0/$%2A/'50(*D$%$*($$0*D'/C*/C$*;"66*6$07/C*8UU.F*#%5/$'0*50*/C$*

/%20(;5%B2/'5026*A50/%56*R<4S*#62/$(M*<C$*62A9*5;*'0/$%2A/'50*50*/C$*0"/%'/'5026*($6$A/'50*#62/$(*

B2,*+$*2//%'+"/$)*/5*/C$*A5B+'02/'50*5;*20*2))'/'5026*($6$A/'50*#%$(("%$*20)*/C$*62%7$*('V$*5;*

/C$*8UU.F*#%5/$'0*+$'07*/5O'A*/5*/C$*,$2(/*A$66(M*

!
!
!
!
!

empty 
prey 

ACTB ACTG1 

empty 
bait 

TC 

LRRK2 

LRRK2 
RocCOR 

empty 
prey 

ACTB ACTG1 

empty 
bait 

NS 

LRRK2 

LRRK2 
RocCOR 

LRRK2 
RocCOR LRRK2 

RocCOR 
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Z$;5%&!BQC!@.&!K+'A^K!(*)#&:!#+:*$)!*)#!8544! 4&);(.!IKKL7! $)(&%*'(!-$(.!@`\\Y!@`\\O!
*)#!@`\\R!A6(&%:$)$C!"C*P"6/'#6$*($Z"$0A$*26'70B$0/*5;*/C$*C'7C6,*A50($%&$)*XT/"+"6'0*4T
/$%B'0'*)$B50(/%2/$(*;$D*)';;$%$0A$(*'0*2B'05*2A')*($Z"$0A$*+$/D$$0*/C$*'(5;5%B(?*$OA$#/*
2/* /C$*$O/%$B$*4T/$%B'026* /2'6C! \C* _"66T6$07/C* 8UU.F*20)* /C$*U5A4EU*)5B2'0* '0/$%2A/*D'/C*
<3::?* <3::J* 20)* <3::YM* <C$%$* '(* 05* '0/$%2A/'50* +$/D$$0* 8UU.F* 20)* <3::H?* <3::F* 5%*
<3::[M* :5/C* /%20(;5%B2/'50* A50/%56* 20)* 0"/%'/'5026* ($6$A/'50* #62/$(* 2%$* (C5D0?*
%$#%$($0/2/'&$*5;*[*($#2%2/$*$O#$%'B$0/(M*

TUBB 
TUBB1 

TUBB2A 
TUBB2B 
TUBB2C 

TUBB3 
TUBB4 
TUBB6 

TUBB 
TUBB1 

TUBB2A 
TUBB2B 
TUBB2C 

TUBB3 
TUBB4 
TUBB6 

TUBB 
TUBB1 

TUBB2A 
TUBB2B 
TUBB2C 

TUBB3 
TUBB4 
TUBB6 

317 

367 

417 

366 

416 

444 
451 
445 
 
 
440 
444 
446 

A 

NS 

LRRK2 

empty 
bait 

LRRK2 
RocCOR 

TUBB  TUBB1 TUBB2A TUBB2B TUBB2C TUBB3 TUBB4 TUBB6 empty 
prey 

LRRK2 
RocCOR 

TUBB  TUBB1 TUBB2A TUBB2B TUBB2C TUBB3 TUBB4 TUBB6 
TC 

LRRK2 

empty 
bait 

empty 
prey 

B 
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HCBCQ!! @.&! #$X&%;&)(! A6(&%:$)51! $1! )+(! )&'&11*%<! (+! (.&!
! ! $)(&%*'($+)!
<C$* ;'026* FG* 2B'05* 2A')(* 2%$* /C$*B5(/* &2%'2+6$* %$7'50* +$/D$$0* XT/"+"6'0* '(5;5%B(* R;'7"%$*

HYIS?*#%5k$A/'07*;%5B*/C$*("%;2A$*5;*/C$*P<(*20)*2A/'07*2(*2*('/$*/5*DC'AC*PIK(*20)*B5/5%*

#%5/$'0(*2%$*2+6$*/5*+'0)*R;'7"%$*HY:S*R!$%%205*$/*26M?*HhiJg*12BB50)*$/*26M?*FGGig*!9'0'5/'(*

$/*26M?*FGGJg*8$;$&%$*$/*26M?*FGHHSM*>/*'(*2*%$7'50*D'/C*2*(/%507*0$72/'&$*AC2%7$*)"$*/5*/C$*C'7C*

#%5#5%/'50*5;*2(#2%/'A*20)*76"/2B'A*2A')* %$(')"$(* R;'7"%$*HYISM*1,#5/C$('('07* /C2/* /C'(* ('/$*

D2(* 6'9$6,* /5* +$* '0&56&$)* '0* /C$* '0/$%2A/'50* +$/D$$0* XT/"+"6'0* 20)* 8UU.F?* 4T/$%B'026*

)$6$/'50* A50(/%"A/(*D$%$* /$(/$)* ;5%* 20* '0/$%2A/'50*D'/C* /C$* 8UU.F*U5A4EU*)5B2'0M* <C$($*

A50(/%"A/(*$0)$)*2/*/C$*C'7C6,*A50($%&$)*2620'0$*%$(')"$*#%$A$)'07*/C$*&2%'2+6$*/2'6*RKC$[Hj*

e*I62J[GSM*<C$*)$6$/'50(*)')*05/*2+56'(C*5%*2##$2%*/5*2;;$A/*/C$*(/%$07/C*5;*/C$*2((5A'2/'50*

R;'7"%$* HY4S?* ("77$(/'07* /C2/* /C$* 8UU.F* '0/$%2A/'50* ('/$* '0* /"+"6'0* '(* 05/* /C$* 4T/$%B'026*

#%5k$A/'50*;%5B*/C$*P<*("%;2A$M*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

**

Z$;5%&!BRC!@.&!IKKL7!K+'A^K6(5,54$)! $)(&%*'($+)!#+&1!)+(!%&U5$%&!(.&!&c(%&:&!A6(&%:$)$!
+8! (5,54$)! $1+8+%:1C! "M* I* B"6/'#6$* ($Z"$0A$* 26'70B$0/* C'7C6'7C/(* /C$* C'7C6,* &2%'2+6$?*
0$72/'&$6,*AC2%7$)*;'026*HJTFH*2B'05*2A')*/2'6*5;*XT/"+"6'0M*\M*<"+"6'0*)'B$%*D'/C*#%5k$A/'07*
4T/$%B'0'M* :6"$* +5O* '0)'A2/$(* /%"0A2/$)* XT/"+"6'0* %$7'50M* >B27$* /29$0* ;%5B* '0/%5)"A/'50*
;'7"%$* ]M* AC* <%"0A2/'50* 5;* <3::J* 20)* <3::Y* 2/* I62J[G* %$B5&'07* /C$* 4T/$%B'026* %$7'50*
'0)'A2/$)* '0*I*20)*:*)5$(*05/*2;;$A/* /C$* '0/$%2A/'50*D'/C* /C$*8UU.F*U5A4EU*)5B2'0M*:5/C*
/%20(;5%B2/'50* A50/%56* 20)* 0"/%'/'5026* ($6$A/'50* #62/$(* 2%$* (C5D0?* %$#%$($0/2/'&$* 5;* [*
($#2%2/$*$O#$%'B$0/(M*

!-tubulin  

"-tubulin 

C-terminal  
tails 

TUBB 
TUBB1 

TUBB2A 
TUBB2B 
TUBB2C 

TUBB3 
TUBB4 
TUBB6 

444 
451 
445 
 
 
450 
444 
446 

427 

A B 

empty 
prey 

TUBB4 TUBB6 TUBB4 
F317-A430 

LRRK2 
RocCOR 

empty 
bait 

TC 
TUBB6 

F317-A430 

empty 
prey 

TUBB4 TUBB6 TUBB4 
F317-A430 

LRRK2 
RocCOR 

empty 
bait 

NS 
TUBB6 

F317-A430 

C 
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HCBCR!! D#&)($8$'*($+)!+8!13&'$8$'!%&1$#5&1!%&U5$%&#!8+%!!
! ! IKKL76(5,54$)!,$)#$);*
>/*C2)*+$$0*(C5D0*+,*2*;$665D*KCL*(/")$0/*'0*/C$*62+5%2/5%,*/C2/*/C$*#%$($0A$*5;*20*2620'0$*

2/*#5('/'50*[YJ*D2(*%$Z"'%$)*;5%*/C$*'0/$%2A/'50*5;*<3::*20)*<3::J*D'/C*8UU.FM*

>0/$%$(/'076,?*'0/%5)"A/'50*5;*I62[YJ*R![YJIS*/5*/C$*<3::F*20)*<3::[*'(5;5%B(*DC'AC*)5*05/*

'0/$%2A/*D'/C*8UU.F*$02+6$)*20*'0/$%2A/'50*R;'7"%$*HjS?*DC$%$2(*/C$*%$A'#%5A26*I[YJ!*

("+(/'/"/'50(*'0*<3::*20)*<3::J*#%$&$0/$)*/C$*'0/$%2A/'50*D'/C*8UU.F*R82D*$/*26M?*FGHJSM*

15D$&$%?*/C$*<3::Ye8UU.F*'0/$%2A/'50*'(*B2'0/2'0$)*'0*/C$*#%$($0A$*5;*/C$*<3::Y*I[YJ!*

B"/2/'50M**<C'(*'(*)'(A"(($)*'0*($A/'50*[MHMhM**

!
Z$;5%&!BEC!@.&!(5,54$)!"4*HRO!%&1$#5&!$1!%&U5$%&#!8+%!(.&!IKKL76(5,54$)!$)(&%*'($+)C*"C*<C$*
I[YJ!*B"/2/'50*'0*<3::*20)*<3::J*2+56'(C$(*/C$*'0/$%2A/'50*D'/C*8UU.F*U5A4EU?*DC$%$2(*
/C$*%$A'#%5A26*![YJI*B"/2/'50*'0*<3::F*20)*<3::[*$02+6$(*/C$*8UU.FT/"+"6'0*'0/$%2A/'50*/5*
5AA"%M* <C$* '0/$%2A/'50* D'/C* <3::Y* '(* B2'0/2'0$)M* :5/C* /%20(;5%B2/'50* A50/%56* 20)*
0"/%'/'5026*($6$A/'50*#62/$(*2%$*(C5D0?*%$#%$($0/2/'&$*5;*[*($#2%2/$*$O#$%'B$0/(M*
*
!$Z"$0A$*26'70B$0/*5;*/C$*XT/"+"6'0*'(5;5%B(*'0)'A2/$(*/C$*I62[YJ*%$(')"$*'(*26(5*#%$($0/*'0*

/C$*<3::H*'(5;5%B*R;'7"%$*HiS?*DC'AC*)5$(0Q/*'0/$%2A/*D'/C*8UU.F*R;'7"%$*H]SM*

LRRK2 
RocCOR 

TUBB  TUBB2A TUBB2B TUBB2C TUBB3 TUBB4 TUBB6 

LRRK2 
RocCOR 

364 
Mutant 

empty 
bait 

empty 
prey 

TC 

LRRK2 
RocCOR 

LRRK2 
RocCOR 

364 
Mutant 

empty 
bait 

NS 
TUBB  TUBB2A TUBB2B TUBB2C TUBB3 TUBB4 TUBB6 empty 

prey 
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Z$;5%&! BFC! 96(5,54$)! 1&U5&)'&! *4$;):&)(! +8! (.&! HRO! %&1$#5&! '+)8&%%$);! (.&! IKKL7!
$)(&%*'($+)C*P"6/'#6$*($Z"$0A$*26'70B$0/*5;*XT/"+"6'0*'(5;5B(*'0)'A2/$)*2*($%'0$*2/*#5('/'50*
[YJ*'0*050T8UU.F*'0/$%2A/5%(*<3::F*20)*<3::[*D'/C*20*2620'0$*'0*'0/$%2A/5%(*<3::?*<3::J*
20)*<3::YM*<3::H*26(5*C2(*20*2620'0$*2/*#5('/'50*[YJ*+"/*)5$(*05/*'0/$%2A/*D'/C*8UU.FM*<C$*
[YJ*%$(')"$(*2%$*C'7C6'7C/$)M*
*
<C2/*20*2620'0$*2/*#5('/'50*[YJ*A5"6)*A50;$%*'0/$%2A/'50*'0*266*/"+"6'0*'(5;5%B(*$OA$#/*<3::H*

("77$(/$)*/C2/*20*2))'/'5026*2B'05*2A')*B'7C/*+$* '0C'+'/'07*/C$* '0/$%2A/'50* '0*/C'(* '(5;5%BM*

<D5*0$2%+,*%$(')"$(*D$%$* ')$0/';'$)*2(*)';;$%'07*506,* '0*<3::H?*!$%[YF*20)*I(#[jH*R;'7"%$*

Hh:SM**I66*5/C$%*XT/"+"6'0*'(5;5%B(*C2&$*2*8,([YF*20)*20*!$%[jH*%$(#$A/'&$6,M*L$B50(/%2/'07*

/C$* %$Z"'%$B$0/* ;5%* 2* 6,('0$* 2/* #5('/'50* [YF?* 2* ![YF.* 2B'05* 2A')* ("+(/'/"/'50* '0* <3::H*

2665D$)*8UU.F*/5*+'0)?*DC$%$2(*/C$*b[jH!*B"/2/'50*D2(*05/*2+6$*/5*A50;$%*20*'0/$%2A/'50*

R;'7"%$* HhISM* <C"(* /C$* +'0)'07* 5;* 8UU.F* /5* XT/"+"6'0* %$Z"'%$(* /D5* 0$2%* 2)k2A$0/* %$(')"$(?*

8,([YF* 20)* I62[YJM* >0/$%$(/'076,?* /C$* 2620'0$* 2/* #5('/'50* [YJ* '(* A50($%&$)* '0* ! T/"+"6'0*

R;'7"%$* HF:S?* 26/C5"7C* /C$,* )5* 05/* C2&$* /C$* 2AA5B#20,'07* 6,('0$?* '0(/$2)* /C$%$* '(* 20*

"0AC2%7$)*76"/2B'0$M*<C$*/"+"6'0*'(5;5%B(*/C2/*2%$*05/*#2%/*5;*P<(*266*C2&$*2*($%'0$*2/*/C'(*

65A2/'50*R_'7"%$*HF:SM**

Z$;5%&!BNC!I<1HR7!$1!%&U5$%&#!8+%!(.&!K+'A^K6(5,54$)!$)(&%*'($+)C*"C*!"+(/'/"/'07*2*6,('0$*;5%*
/C$* ($%'0$* '0* /C$* <3::H* ($Z"$0A$* 2/* #5('/'50* [YF* A50;$%(* '0/$%2A/'50* D'/C* /C$* 8UU.F*
U5A4EU*)5B2'0M* !"+(/'/"/'07* ($%'0$* ;5%* 2(#2%27'0$* 2/* [jH*)')* 05/* ;2A'6'/2/$* 20* '0/$%2A/'50*
D'/C* 8UU.FM* :5/C* /%20(;5%B2/'50* A50/%56* 20)* 0"/%'/'5026* ($6$A/'50* #62/$(* 2%$* (C5D0?*
%$#%$($0/2/'&$* 5;* [* ($#2%2/$* $O#$%'B$0/(M*\C* P"6/'#6$* ($Z"$0A$* 26'70B$0/* 5;* /C$* /"+"6'0*
'(5;5%B(*(C5D'07*!$%[YF*20)*I(0[jH*/D5*%$(')"$(*)';;$%'07*506,*'0*<3::H?*2)k2A$0/*/5*/C$*
I62[YJ*#"/2/'&$*'0/$%2A/'50*('/$M*

TUBB 
TUBB1 

TUBB2A 
TUBB2B 
TUBB2C 

TUBB3 
TUBB4 
TUBB6 

357 396 

TUBB1 TUBB1 
N371S 

TUBB1 
S362K 

LRRK2 
RocCOR 

empty 
bait 

empty 
prey 

TUBB1 TUBB1 
N371S 

TUBB1 
S362K 

LRRK2 
RocCOR 

empty 
bait 

empty 
prey 

A 
TC NS 

B 
TUBB 

TUBB1 
TUBB4 
TUBB6 

347 376 
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*
450;'%B'07* /C2/* 8,([YF* '(* '0&56&$)* '0* /C$* /"+"6'0T8UU.F* '0/$%2A/'50?* %$A'#%5A26* .[YF!*

B"/2/'50(* '0* +5/C* <3::* 20)* <3::J* %$)"A$)* /C$* (/%$07/C* 5;* /C$* '0/$%2A/'50?* B5(/*

('70';'A20/6,*'0*<3::*DC$%$*'/*D2(*26B5(/*2+56'(C$)?*+"/*26(5*'0*<3::J*DC$%$*'/*D2(*%$)"A$)*

+,*2##%5O'B2/$6,*C26;*R;'7"%$*FGSM**

!
Z$;5%&!7VC!@.&!3+1$($X&!'.*%;&!*(! I<1HR7! $1! $:3+%(*)(! 8+%! (.&! $)(&%*'($+)!,&(-&&)!IKKL7!
*)#!,+(.!@`\\!*)#!@`\\OM*"C*U$#62A'07*8,([YF*D'/C*!$%[YF*#%$&$0/(*/C$*8UU.F*'0/$%2A/'50*
D'/C*<3::*+"/*05/*<3::JM*:5/C*/%20(;5%B2/'50*A50/%56*20)*0"/%'/'5026*($6$A/'50*#62/$(*2%$*
(C5D0?* %$#%$($0/2/'&$* 5;* [* ($#2%2/$* $O#$%'B$0/(* \C* f"20/'/2/'&$* ,$2(/* /D5TC,+%')*
)$B50(/%2/$(* /C$* (/%$07/C* 5;* /C$* '0/$%2A/'50* +$/D$$0* /"+"6'0* 20)* /C$* 8UU.F* U5A4EU*
)5B2'0* '(* %$)"A$)*+,* 2##%5O'B2/$6,*C26;* '0* <3::J*.[YF!*B"/20/(* 20)*26B5(/* A5B#6$/$6,*
+65A9$)*'0*<3::*.[YF!*B"/20/(?*%$62/'&$*/5*/C$*D'6)/,#$*#%5/$'0(M*!/2/'(/'A26*('70';'A20A$*D2(*
)$/$%B'0$)*"('07*2*#2'%$)*/D5T/2'6$)*(/")$0/(Q*/T/$(/?*0Ñ[*#$%*$O#$%'B$0/(?*[*$O#$%'B$0/(?*É*
KyGMG]?*ÉÉKyGMGH?*$%%5%*Ñ*!^PM*
*

HCBCE!! A+)1&%X*($+)!+8!(.&!$)(&%*'($+)!1$(&!(.%+5;.+5(!!
! ! &X+45($+)!
<"+"6'0*#%5/$'0(*2%$*C'7C6,*A50($%&$)*/C%5"7C5"/*$&56"/'50*R;'7"%$*FHSM*IA%5((*HJ*)';;$%$0/*

(#$A'$(?*'0A6")'07*#620/(?*B2BB26(*20)*;'(C?*/C$*<3::J*8,(eP$/eI62*8UU.F*'0/$%2A/'50*('/$*

20)* ("%%5"0)'07* ($Z"$0A$* '(* 26B5(/* ')$0/'A26M* >0*2))'/'50?* 2* 8UU.F*#%5/$'0* '(* $O#%$(($)* '0*

$2AC*5;*/C$($*(#$A'$(*Rb4:>*7$0$*)2/2+2($?*($2%AC*v8UU.FQ?*I#%'6*FGHJS?*D'/C*/C$*$OA$#/'50*

5;*/C$*#620/*I%2+')5#('(*/C26'202?*DC'AC*$O#%$(($(*2*8UU.*#%5/$'0*#2%2657"$?*8K.*R!AC6a76*$/*

26M?*FGHFSM!!

!

!"#

!"$

!"%

!"&

'

'"#

( ()* $ $)*

TUBB4TUBB TUBB
K362S

empty 
prey

TUBB4
K362S

LRRK2
RocCOR

empty 
bait

TUBB4TUBB TUBB
K362S

empty 
prey

TUBB4
K362S

LRRK2
RocCOR

empty 
bait

TC

NS

+

,
-.
/0
12

.
3
4-
5
46
76

89:
-9:
;<
=>
0;
9/
:

??

?

(

TUBB TUBB
K362S

TUBB4
K362S

TUBB4
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Z$;5%&!7BC!P54($34&!1&U5&)'&!*4$;):&)(!1.+-$);!'+)1&%X*($+)!+8!@`\\O!*:$)+!*'$#!
1&U5&)'&1M*<C$*C'7C6,*A50($%&$)*%$7'50*A50/2'0'07*/C$*8UU.F*'0/$%2A/'50*%$(')"$(*8,([YF*
20)*I62[YJ*'(*5"/6'0$)M*U$#%$($0/2/'&$(*(C5D0*;%5B*^"92%,5/2*2%$-*1(?*Y?M?)PQJAISP^);M5)
;LP)MLP>L@QFAP^)(H5)(FQOAK?JPAP)HNQ@AQSQ^)WH5)WIS?JLP)*PA@LFQSQ/)HF?JA>Q@AP^)Y[5)
YIHIF?>IJNQ@LP)[@QOIF^);@5);_?HAP)@L>A\L[LP^)X?5)XF>ASLP)?F>Q^)<I5)<@IJNQSHL@LP)IK`QFKAA^)W@5)
WIS?JLP)@QITAP^)%N5)%QF>?JNA@LP)NQFFAPAA^)XFK5)XK?OISLP)F?PMQFLP)KATIF[ISP^)BS5)BQP_JLP)
S?TIM>A>HLP^)<H5)<>NAS?JP)HI@\QAFA^)BF5)BQSA?)FIFA?=)!
*

HCBCF!! /+1(6(%*)14*($+)*4!:+#$8$'*($+)1!:*<!:+#54*(&!(.&!
! ! IKKL76!(5,54$)!*11+'$*($+)!
!
KC5(#C5('/$* '(* 2* )2/2+2($* 6'(/'07* 2B'05* 2A')(* #5(/T/%20(62/'50266,* B5)';'$)* 2AA5%)'07* /5*

B2((T(#$A/%5B$/%,* 5%* ('/$T(#$A';'A* B$/C5)(* R("AC* 2(* B5)';'A2/'50* (#$A';'A* 20/'+5)'$(S*

R15%0+$A9* $/* 26M?* FGHFSM* <C$* )2/2+2($* 6'(/(* XT/"+"6'0* 8,([YF* 20)* !$%[YJ* 2(* %$(')"$(*

"0)$%75'07*B5)';'A2/'50M* 8,([YF* '(*"+'Z"'/'02/$)* '0*266*5;* /C$*XT/"+"6'0* '(5;5%B(M*!$%[YJ* '(*

#C5(#C5%,62/$)*'0*C"B20*<3::[M*<5*)$/$%B'0$*DC$/C$%*$'/C$%*5;*/C$($*B5)';'A2/'50(*B'7C/*

'0;6"$0A$* /C$* 2((5A'2/'50* D'/C* 8UU.F?* D$* '0/%5)"A$)* B"/2/'50(* B'B'A9'07* /C$* )';;$%$0/*

(/2/$(M*KC5(#C5B'B$/'A*B"/2/'50(*D$%$*'0/%5)"A$)*'0/5*<3::*20)*<3::J*RI[YJL?*I[YJ^SM*

<C$($* 2A')'A* 2B'05* 2A')(* B'B'A* /C$* 62%7$%* (')$AC2'0* 20)* 0$72/'&$* AC2%7$* 5;* 2*

#C5(#C5%,62/$)* ($%'0$* %$(')"$M* :5/C*B"/2/'50(* 2+56'(C$)* /C$* '0/$%2A/'50*D'/C* 8UU.F* '0* 2*

('B'62%* B200$%* /5* /C$* I[YJ!*B"/2/'50* R_'7"%$* HjS?* ("77$(/'07* #C5(#C5%,62/'50* 5;* !$%[YJ*

B2,* +$* '0&56&$)* '0* #%$&$0/'07* 8UU.F* +'0)'07* /5* P<(M* <3::Y* A50/'0"$)* /5* '0/$%2A/* D'/C*

8UU.F?* DC$/C$%* I62[YJ*D2(*B"/2/$)* /5* 2* ($%'0$* 5%* 50$* 5;* /C$* #C5(#C5B'B$/'A* %$(')"$(*

R_'7"%$*FFSM*<C$* '0/$%2A/'50*+$/D$$0*<3::Y*20)*/C$*8UU.F*U5A4EU*)5B2'0* '(*)'(A"(($)* '0*

($A/'50*[MHMhM!
*!

Hs 
Mm 

At 
Xt 
Hg 
Ml 
Oo 
Ee 
Xl 
Sh 

Ord 
Dn 
Et 
Dr 
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!
Z$;5%&! 77C!P5(*($+)1!:$:$'0$);! 3+1(6(%*)14*($+)*4! 3.+13.+%<4*($+)! *(! "HRO! ,4+'0&#! (.&!
$)(&%*'($+)!-$(.!@`\\!*)#!@`\\OC*KC5(#C5B'B$/'A*2(#2%/'A*2A')*20)*76"/2B'A*2A')*%$(')"$(*
2/*[YJ*+65A9*/C$*'0/$%2A/'50*+$/D$$0*/"+"6'0*20)*/C$*8UU.F*U5A4EU*)5B2'0?*('B'62%6,*/5*/C$*
I[YJ!*B"/20/M*<C$*B"/2/'50(*C2&$*05*$;;$A/*50*/C$*'0/$%2A/'50*+$/D$$0*8UU.F*20)*<3::YM*
:5/C*/%20(;5%B2/'50*A50/%56*20)*0"/%'/'5026*($6$A/'50*#62/$(*2%$*(C5D0?*%$#%$($0/2/'&$*5;*[*
($#2%2/$*$O#$%'B$0/(M*
*
U$#62A'07* 8,([YF* D'/C* 20* 2%7'0'0$* %$(')"$* B2'0/2'0$)* /C$* 62%7$?* #5('/'&$6,* AC2%7$)* (')$T

AC2'0* DC'6$* #%$&$0/'07* /C$* ('/$* +$'07* 2* /2%7$/* ;5%* #5(/T/%20(62/'5026* "+'Z"'/'02/'50M* <C'(*

B"/2/'50*B2'0/2'0$)*/C$*'0/$%2A/'50*'0*<3::*.[YFU?*<3::J*.[YFU*20)*<3::H*![YFU*R;'7"%$*

F[IS* D'/C5"/* ($$B'07* /5* 2;;$A/* +'0)'07* (/%$07/C?* 'B#6,'07* /C2/* '/* '(* /C$* AC2%7$* 20)*

#%5B'0$0/* 65A2/'50*5;* /C$*[YF* %$(')"$* /C2/* A50;$%(* +'0)'07*D'/C* 8UU.FM*15D$&$%* /C'(* '(* 2*

050T#C,('5657'A26*%$("6/*20)*'(*506,*("77$(/'&$M*

TUBB TUBB 
A364S 

TUBB 
A364D 

TUBB 
A364E 

TUBB4 TUBB4 
A364S 

TUBB4 
A364D 

TUBB4 
A364E 

TUBB6 TUBB6 
A364S 

TUBB6 
A364D 

TUBB6 
A364E 

Empty 
Prey 

Empty  
Bait 

LRRK2 
RocCOR 

TUBB TUBB 
A364S 

TUBB 
A364D 

TUBB 
A364E 

TUBB4 TUBB4 
A364S 

TUBB4 
A364D 

TUBB4 
A364E 

TUBB6 TUBB6 
A364S 

TUBB6 
A364D 

TUBB6 
A364E 

Empty 
Prey 

Empty  
Bait 

LRRK2 
RocCOR 

TC 

NS 
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!
Z$;5%&! 7HC! \4+'0$);! 3+1(6(%*)14*($)*4!:+#$8$'*($+)! *(! I<1HR7! #+&1! )+(! *88&'(! (.&! (5,54$)6
IKKL7! $)(&%*'($+)C!"M*>0/%5)"A'07*/C$*('B'62%6,*AC2%7$)*20)*('V$)*2%7'0'0$*2/*[YF*B2'0/2'0(*
/C$* '0/$%2A/'50*+$/D$$0*8UU.F*20)*<3::?*<3::J*20)*<3::HM*:5/C* /%20(;5%B2/'50*A50/%56*
20)*0"/%'/'5026* ($6$A/'50*#62/$(* 2%$* (C5D0?* %$#%$($0/2/'&$*5;* [* ($#2%2/$*$O#$%'B$0/(M*\6]M*
P5)$66'07*5;* /C$*B"/2/'50*50*/C$* /"+"6'0*(/%"A/"%$*20)*("%;2A$C! \YAC* 8,([YF*#%5k$A/(* ;%5B*
/C$*("%;2A$*5;* /C$*B56$A"6$M*\C* !')$*&'$D*5;* /C$*("%;2A$*#%5k$A/'50?*D'/C* /C$* ;5"%* %$(')"$(*
'0&56&$)*'0*/C$*'0/$%2A/'50*C'7C6'7C/$)C! !AC*<"+"6'0*("%;2A$*D'/C*/C$*8,([YF*(')$TAC2'0*R%$)S*
2)k2A$0/* /5* /C$*I%7[FG* R+6"$S* '0)'A2/'07* /C$* 8UU.F* +'0)'07* ('/$M! ?Y]C* I%7[YF* #%5k$A/(* '0* 2*
('B'62%*B200$%*;%5B*/C$*("%;2A$*5;*/C$*B56$A"6$M*?C*!')$*&'$D*5;*/C$*I%7[YF*#%5k$A/'50?*D'/C*
/C$*;5"%*%$(')"$(*'0&56&$)*'0*/C$*'0/$%2A/'50*C'7C6'7C/$)C!!]C*<"+"6'0*("%;2A$*D'/C*/C$*I%7[YF*
(')$TAC2'0*R%$)S*2)k2A$0/*/5*/C$*I%7[FG*R+6"$S*'0)'A2/'07*('B'62%*2AA$(('+'6'/,*/5*8UU.FM*

B C 

Alanine 
364 

Arginine 
320 

Lysine 
362 

Arginine 
318 

Arginine 
362 

D E 

TUBB4 TUBB 

LRRK2 
RocCOR 

empty 
bait 

TUBB 
K362R 

empty 
prey 

LRRK2 
RocCOR 

empty 
bait 

TUBB4 
K362R 

TUBB1 
S362R 

TUBB1 

TUBB4 TUBB TUBB 
K362R 

empty 
prey 

TUBB4 
K362R 

TUBB1 
S362R 

TUBB1 

TC 

NS 

A 
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<C$*A%,(/26*(/%"A/"%$*5;*mpXT/"+"6'0*C$/$%5)'B$%(*C2(*+$$0*%$(56&$)*/5*2*C'7C*%$(56"/'50M*N$*

D$%$* 2+6$* /5* "($* B56$A"62%* B5)$66'07* )$%'&$)* ;%5B* /C'(* A%,(/26* (/%"A/"%$* /5* ;"%/C$%*

AC2%2A/$%'($* /C$* #%5#5($)* 8UU.F* '0/$%2A/'50* ('/$* 50* XT/"+"6'0* 2(* '0(')$* /C$* P<* 6"B$0M*

30("%#%'('076,?* /C$* 62%7$?* #5('/'&$6,* AC2%7$)* (')$* AC2'0* 5;* .[YF* '(* $O#5($)* 2/* /C$* #%5/$'0*

("%;2A$?* #%5k$A/'07* 2D2,* ;%5B* /C$*#%5/$'0* A5%$M* <C'(* '(* A50('(/$0/*D'/C*+5/C* /C$*#%5#5($)*

%56$*2(*#2%/*5;*2*)5A9'07*('/$* ;5%*8UU.F*20)*/C$* 62A9*5;*20* '0/$%2A/'50*+$/D$$0*8UU.F*20)*

<3::H?*DC'AC*A50/2'0(*2*($%'0$*2/*#5('/'50*[YF*R_'7"%$*FJ?4T^SM* >/* '(* 'B#5%/20/*/5*05/$*/C2/*

8,([YF*'(*65A2/$)*0$2%*/5*/C$*P<*#2A6'/2O$6*+'0)'07*('/$*R_'7"%$*FH?*I*20)*:SM*K2A6'/2O$6*2A/(*/5*

(/2+'6'($*P<(*20)* '(*"($)*2(* 2* AC$B5/C$%2#,* /%$2/B$0/* '0* A20A$%M* <C'(*+'0)'07* ('/$* '(* 26(5*

65A2/$)*50*/C$*6"B'026*("%;2A$*5;*P<(M*

!"%#%'('076,?* /C$* 9$,* /"+"6'0*I62[YJ* %$(')"$* '(* 05/* $O#5($)*2/* /C$* ("%;2A$?* '0(/$2)* 65A2/$)*

+$0$2/C* 8,([YF* 2(* #2%/* 5;* 20* '0/$%026* XT(C$$/M* <5* )$/$%B'0$*DC$/C$%* /C$* #%$($0A$* 5;* 20*

2620'0$*5%*R(6'7C/6,*62%7$%S*($%'0$*26/$%$)*/C$*("%;2A$*/5#5657,*20)*/C"(*'0C'+'/$)*+'0)'07*D'/C*

8UU.F?* #%$)'A/'50* 5;* /C$* '0/$%026* C,)%57$0* +50)(*D2(* #$%;5%B$)M* <C'(* #%$)'A/$)* /C2/* /C$*

C,)%5O,6*7%5"#*5;*!$%[YJ*D5"6)*;5%B*2*C,)%57$0*+50)*D'/C*/C$*+2A9+50$*5;*I%7[Hi*'0*/C$*

0$'7C+5"%'07*XT(C$$/*(/%20)*R_'7"%$*FJ4S?*DC$%$2(*I62[YJ*D5"6)*05/*;5%B*2*C,)%57$0*+50)*

R_'7"%$*FJLSM*>/*($$B(*%$2(502+6$*/5*#%5#5($*/C2/*/C$*#%$($0A$*5;*/C'(*C,)%57$0*+50)*D5"6)*

(/2+'6'($* /C$* XT(C$$/?* %$("6/'07* '0* 2* 65((* 5;* ;6$O'+'6'/,* 2/* /C$* #%5/$'0* ("%;2A$M* <C'(* (#2/'26*

A50(/%2'0/* A5"6)* %$)"A$*5%* 26/$%* /C$* 2AA$(('+'6'/,* 5;* /C$* ("%;2A$* 8,([YF* '0* /"+"6'0* '(5;5%B(*

/C2/*)5*05/*+'0)*8UU.FM*<C$%$;5%$?*/C$*0$A$((2%,*("%;2A$*/5#5657,?*'0A6")'07*/C$*#5('/'50*5;*

8,([YF?*)$#$0)(*50*DC$/C$%*/C$*2B'05*2A')*2/*#5('/'50*[YJ*'(*2*($%'0$*5%*20*2620'0$M**
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*
Z$;5%&! 7OC! @.&! 96(5,54$)! HR7! *)#! HRO! %&1$#5&1! '+)(%+4! (.&! '+)8+%:*($+)! +8! (.&! IKKL7!
,$)#$);! 1$(&C* *"C*P5)$66'07* (C5D(* 8,([YF* R%$)S* $O/$0)'07* ;%5B* /C$* ("%;2A$* 5;* /C$* /"+"6'0*
)'B$%?*50*/C$* 6"B'026*P<*("%;2A$M*<C$*2)k2A$0/*#2A6'/2O$6*+'0)'07*%$7'50* '(* '0)'A2/$)?*D'/C*
#2A6'/2O$6*'0*#"%#6$M*\C*P270';'A2/'50*5;*/C$*2%$2*B2%9$)*'0*IM*A6]M*P5)$66'07*5;*/C$*)';;$%$0/*
/"+"6'0* (/%"A/"%$(* 5;* 8UU.F* +'0)$%(* 20)* 050T+'0)$%(M* AC* !$%[YJ* '(* #%$)'A/$)* /5* ;5%B* 20*
'0/$%026* C,)%57$0* +50)*D'/C* /C$* +2A9+50$* 5;* /C$* 0$'7C+5"%'07* I%7[Hi* %$(')"$* '0* <3::F*
20)*<3::[*'(5;5%B(C!?C*I62[YJ*'(*05/*#%$)'A/$)*/5*;5%B*2*C,)%57$0*+50)*D'/C*0$'7C+5"%'07*
%$(')"$(?* 2665D'07* ;5%* '0A%$2($)* ("%;2A$* ;6$O'+'6'/,* '0* <3::* 20)* <3::J* '(5;5%B(M* ]C* <C$*
(C5%/$%?*"0AC207$)*("%;2A$*!$%[YF*(')$*AC2'0*)5$(*05/* ;2A'6'/2/$* 8UU.F*)5A9'07* /5*<3::H?*
)$(#'/$*/C$*;6$O'+'6'/,*5;*/C$*('/$*A50;$%%$)*+,*/C$*'0/$%026*I62[YJM*I*20)*:*"($*/C$*KL:Hd__*
B56$A"6$*)$%'&$)* ;%5B* /C$* A%,(/26* (/%"A/"%$*5;*+5&'0$*mpX*)'B$%(*+5"0)* /5*#2A6'/2O$6M*4T^*
"($)*/C$*KL:H<3:*/"+"6'0*B5)$6*)$%'&$)*;%5B*/C$*A%,(/26*(/%"A/"%$*5;*mpX*)'B$%(*05/*+5"0)*
/5*#2A6'/2O$6*Rb5726$(*$/*26M?*HhhiSM**
* *

Arginine 
320 

Lysine 
362 

Arginine 
318 

Serine 
364 

Serine 
362 

Alanine 
364 

No interaction 
(TUBB2, TUBB3) 

Interaction 
(TUBB, TUBB4) 

No interaction 
(TUBB1) 

C D E 

Paclitaxel 

Lysine 
362 

!-tubulin "-tubulin 

A 

B 
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*

HCBCN!! @`\\R!/%+H7V!1(%+);4<!8*'$4$(*(&1!(.&!IKKL76!
! ! (5,54$)!$)(&%*'($+)!!
<C$*<3::Y*I[YJ!*5%*#C5(#C5B'B$/'A*I[YJL*20)*I[YJ^*B"/20/(*)')*05/*2+56'(C*/C$*8UU.FT

/"+"6'0* '0/$%2A/'50* R;'7"%$*FFS?*DC$%$2(*<3::p<3::J*I[YJ!?*I[YJL*20)*I[YJ^*)')*2+56'(C*

/C$*'0/$%2A/'50*D'/C*8UU.FM*I*($Z"$0A$*A5B#2%'(50*%$&$26$)*/C2/*<3::Y*'(*26B5(/*')$0/'A26*

/5*<3::[* RDC'AC*)5$(0Q/* '0/$%2A/*D'/C* 8UU.FS*D'/C* /C$*$OA$#/'50*5;* ;5"%*2B'05*2A')(*20)*

/C$*$O/%$B$*4T/$%B'026*/2'6*R;'7"%$*F]ISM*<%"0A2/'50*5;*/C$*4T/$%B'026*/2'6*)')*05/*2+56'(C*/C$*

'0/$%2A/'50* +$/D$$0* 8UU.F* 20)* /"+"6'0* R;'7"%$* HYSM* P"/2/'50* 5;* /C$* %$B2'0'07* ('/$(* /C2/*

)';;$%*+$/D$$0*<3::[*20)*<3::Y*RK[FGU?*![iY<*20)*_[hi\S*26(5*)')*05/*#%$&$0/*+'0)'07*/5*

8UU.F*R;'7"%$*F]:SM*

*

*

!
Z$;5%&!7QC!@.&!K+'A^K6@`\\R! $)(&%*'($+)! $1!1(%+);4<!8*'$4$(*(&#!,<!+)&!+8!(.%&&!%&1$#5&1M*
"C* !$Z"$0A$* 26'70B$0/* 5;* <3::Y* 20)* <3::[* %$&$26$)* ;5"%* )';;$%$0A$(* '0* /C$* 2B'05* 2A')*
($Z"$0A$?* 2/* 6$2(/* 50$* 5;* DC'AC* A50;$%(* /C$* <3::YT8UU.F* 2((5A'2/'50-* K%5[FG?* !$%[iY?*
KC$[hi* 20)* /C$* 4T/$%B'026* /2'6M* \C* P"/27$0$('(* 5;* $2AC* 5;* /C$* ('/$(* )')* 05/* 26/$%* /C$*
'0/$%2A/'50M* :5/C* /%20(;5%B2/'50* A50/%56* 20)* 0"/%'/'5026* ($6$A/'50* #62/$(* 2%$* (C5D0?*
%$#%$($0/2/'&$*5;*[*($#2%2/$*$O#$%'B$0/(M*
*
* *

450 
446 

317 TUBB3 
TUBB6 

TUBB3 
TUBB6 

TUBB3 
TUBB6 

TUBB3 
TUBB6 

357 

397 

437 

356 

396 

436 

A 

LRRK2 
RocCOR 

empty 
bait 

TUBB6  TUBB6  
S386T 

TUBB6 
F398Y 

empty 
prey 

TUBB6 
P320R 

TC 

LRRK2 
RocCOR 

empty 
bait 

TUBB6  TUBB6  
S386T 

TUBB6 
F398Y 

empty 
prey 

TUBB6 
P320R 

NS 

B 
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^O2B'02/'50*5;* /C$($*('/$(* '0*2*B56$A"62%*B5)$6*5;* /"+"6'0*("%;2A$*/5#5657,* '0)'A2/$)*/C2/*

/C$* 2B'05* 2A')* (')$TAC2'0* 2/* #5('/'50* [FG* 26(5* $O/$0)(* ;%5B* /C$* ("%;2A$* 5;* /C$* /"+"6'0*

B56$A"6$?*+$'07* 65A2/$)*2;/$%*I%7[Hi*50* /C$*XT(C$$/* (/%20)*0$'7C+5"%'07* /C$*[YJ* %$(')"$M*

I%7[Hi* D2(* #%$&'5"(6,* ')$0/';'$)* 2(* ;5%B'07* 2* C,)%57$0* +50)* D'/C* !$%[YJ* '0* /C$* /"+"6'0*

'(5;5%B(* DC'AC* )5* 05/* '0/$%2A/* D'/C* 8UU.FM* >0* 266* /"+"6'0* '(5;5%B(* $OA$#/'07* <3::Y?* /C$*

2B'05*2A')*2/*#5('/'50*[FG*'(*20*2%7'0'0$*5%*2*6,('0$*R;'7"%$*H]ISM*<C$($*2B'05*2A')(*#%5k$A/*

62%7$?* #5('/'&$6,* AC2%7$)* (')$TAC2'0(* '0/5* /C$*P<* 6"B$0M* :,* A50/%2(/?* <3::Y* C2(* 2* (B266?*

"0AC2%7$)*#%56'0$*2/*/C'(*65A2/'50*R;'7"%$*FY?*:*20)*LSM*1,#5/C$('('07*/C2/*/C$*#%56'0$*(')$T

AC2'0*B'7C/*;2A'6'/2/$*/C$* '0/$%2A/'50?*)5"+6$*B"/20/(*5;*K[FGU*20)*.[YF!?*20)*K[FGU*20)*

I[YJ!*D$%$*B2)$?*B'B'A9'07*/C$*<3::Fp<3::[*20)*<3::H*($Z"$0A$(*%$(#$A/'&$6,M*<C$($*

)5"+6$*B"/20/(*#%$&$0/$)*/C$*2((5A'2/'50*D'/C*/C$*8UU.F*U5A4EU*)5B2'0*R;'7"%$*FYISM**

<C$%$;5%$*/C$*%$2(50*/C$*'0/$%026*C,)%57$0*+50)*)5$(*05/*C'0)$%*/C$*8UU.FT<3::Y*I[YJ!*

'0/$%2A/'50* R;'7"%$* FFS?* '(* 6'9$6,* )"$* /5* /C$* 26/$%$)* AC2%7$* 5%* (')$TAC2'0* ('V$* 5;* K%5[FG*

R<3::YS* A5B#2%$)* /5* I%7[FG* R<3::* 20)* <3::JS* R;'7"%$* FY* :* 20)* LSM* <C$* '0A%$2($)*

2AA$(('+'6'/,* /5* 8UU.F* 5;* 8,([YF?* '0* /C$* #%$($0A$* 5;* K%5[FG?* '(* #2%/'A"62%6,* 2##2%$0/*DC$0*

A5B#2%'07*#%5/$'0*("%;2A$(*5;*<3::p<3::J*20)*<3::Y*B5)$6(*R;'7"%$*FY?*4*20)*^SM*>0*<3::*

20)*<3::J?*/C$*62%7$%*I%7[FG*(')$TAC2'0*C2B#$%(*2AA$((*/5*8,([YF?*C$0A$*/C$*%$Z"'%$B$0/*

;5%*("%;2A$*;6$O'+'6'/,*#%5&')$)*+,*I62[YJM**

*
*
!
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!
Z$;5%&! 7RC! /%+H7V! 1(%+);4<! 8*'$4$(*(&1! (.&! @`\\R6IKKL7! K+'A^K! #+:*$)! $)(&%*'(+)C! "C*
>0/%5)"A'07*)5"+6$*B"/2/'50(*5;*K[FGU*20)*I[YJ!*5%*K[FGU*20)*.[YF!*+65A9$)*/C$*<3::YT
8UU.F* U5A4EU* )5B2'0* '0/$%2A/'50M* :5/C* /%20(;5%B2/'50* A50/%56* 20)* 0"/%'/'5026* ($6$A/'50*
#62/$(* 2%$* (C5D0?* %$#%$($0/2/'&$* 5;* [* ($#2%2/$* $O#$%'B$0/(M* ]C* !/%"A/"%$* B5)$6(* 5;* /C$*
<3::?*<3::J*20)*<3::Y* '(5;5%B(M*\Y?C* <"+"6'0*B5)$6(*D'/C* /C$* ;5"%* %$(')"$(* '0&56&$)* '0*
+'0)'07*/5*/C$*8UU.F*U5A4EU*)5B2'0*C'7C6'7C/$)M*<C$*7%$$0*+5O*$B#C2('($(*/C2/*/C$%$*'(*05*
'0C'+'/5%,* '0/$%026* C,)%57$0* +50)* '0* /C$($* %$(')"$(M* AY]C! <C$* #%5/$'0* ("%;2A$?* D'/C* /C$*
/"+"6'0* I%7[FG* 20)* 8,([YF* %$(')"$(* ')$0/';'$)M* \C* >0* <3::* 20)* <3::J?* I%7[FG* #%5/%")$(*
#2%266$6*/5*/C$*8,([YF*('/$*5;*/C$*/"+"6'0T8UU.F*'0/$%2A/'50M*AC*I*("%;2A$*&'$D*5;*;'7"%$*:M*?C*
<C$* <3::Y* K%5[FG* %$(')"$* ;2A'6'/2/$(* '0A%$2($)* 2AA$(('+'6'/,* 5;* /C$* 8,([YF* /"+"6'0T8UU.F*
'0/$%2A/'50*('/$M*]C*I*("%;2A$*&'$D*5;*;'7"%$*L*$B#C2('($(*/C$*'0A%$2($)*2AA$((*/5*/C$*8,([YF*
%$(')"$M*P5)$66'07*"($)*/C$*KL:H<3:*B56$A"6$M*
*
*
* *

Proline 
320 

Arginine 
320 

Lysine 
362 

Alanine 
364 

Arginine 
320 

Lysine 
362 

Arginine 
318 

TUBB  
TUBB4 

Proline 
320 TUBB6 

B C 

D E 

TUBB6  TUBB6 
P320R & 
K362S 

TUBB6 
P320R & 
A364S 

empty 
prey 

LRRK2 
RocCOR 

empty 
bait 

TUBB6  TUBB6 
P320R & 
K362S 

TUBB6 
P320R & 
A364S 

empty 
prey 

LRRK2 
RocCOR 

empty 
bait 

TC NS 

A 
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<C$*%$(')"$(*'0&56&$)*'0*/C$*'0/$%2A/'50*2%$*%$A2##$)*'0*/2+6$*FJ-*
*

! \$)#1!IKKL7! HBF! H7V! HR7! HRO!
@`\\! \$(! U* U* .* I*
@`\\B! b5* U* .É* !* I*
@`\\7"! b5* U* U* .* !*
@`\\7\! b5* U* U* .* !*
@`\\7A! b5* U* U* .* !*
@`\\H! b5* U* U* .* !*
@`\\O! \$(* U* U* .* I*
@`\\R! \$(* U* K* .* I*

!
@*,4&! 7OC! @.&! %&1$#5&1! $)X+4X&#! $)! (.&! IKKL76(5,54$)! $)(&%*'($+)C* !$%[YF*20)*!$%[YJ*2%$*
'0C'+'/5%,* /5* /C$* '0/$%2A/'50* D'/C* 8UU.FM* K%5[FG* '(* #$%B'(('&$* DC$%$2(* I%7[FG* '(* (6'7C/6,*
'0C'+'/5%,M*É8,([FG*'(*26(5*6'9$6,*/5*D$296,*'0C'+'/*/C$*'0/$%2A/'50*)"$*/5*('B'62%'/'$(*D'/C*/C$*
2%7'0'0$*%$(')"$M*<C$*I%7[Hi*+2A9+50$*'(*/C$*('/$*5;*20*'0/$%026*C,)%57$0*+50)*D'/C*!$%[YJ*
+"/*)5$(*05/*)'%$A/6,*'0;6"$0A$*/C$*'0/$%2A/'50M*
*

>0*("BB2%,-*50*/C$*("%;2A$*5;*/C$*XT/"+"6'0*#%5/$'0?*/C$*#%$($0A$*5;*8,([YF*'(*20*2+(56"/$*

%$Z"'%$B$0/* /5* +'0)'07* 8UU.F?* K%5[FG* '(* #$%B'(('&$* /5* 8UU.F* +'0)'07?*DC$%$2(* I%7[FG* '(*

(6'7C/6,* '0C'+'/5%,M* >0/$%0266,?* /C$* I62[YJ* %$(')"$* '(* #$%B'(('&$* 5;* /C$* 2((5A'2/'50?* 2665D'07*

;6$O'+'6'/,* '0*/C$*("%;2A$* 655#(*A50/2'0'07*/C$*8,([YF*20)*I%7[FG*%$(')"$(*+"/*/C$*!$%[YJ*'(*

'0C'+'/5%,?* (#2/'266,* A50(/%2'0'07* /C$* ("%;2A$* 8,([YF* 20)* I%7[FG* %$(')"$(* &'2* 20* '0/$%026*

C,)%57$0*+50)*/5*/C$*0$'7C+5"%'07*I%7[Hi*%$(')"$?*+65A9'07*/C$*2((5A'2/'50*D'/C*8UU.FM*

!
HCBCBV! @5,54$)!'+:34&c&1!3%&'45#&!13&'$8$'!'+6D/1!
I(* )'(A"(($)* #%$&'5"(6,?* 8UU.F* U5A4EU* 'BB"05#%$A'#'/2/$(* D'/C* +5/C* mT* 20)* XT/"+"6'0(M*

_'7"%$*Fj*(C5D(*A5T>K*5;*B,AT8UU.F*D'/C*2*&2%'$/,*5;*;627T/277$)*/"+"6'0*'(5;5%B(?*'0A6")'07*

/C5($* ')$0/';'$)* 2(* '0/$%2A/5%(* R<3::J?* <3::YS* 20)* /C5($* (C5D0* 05/* /5* '0/$%2A/* R<3::H?*

<3::[SM**

*
!
!
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!
Z$;5%&!7EC!IKKL7!$::5)+3%&'$3$(*(&!-$(.!*44!(5,54$)!$1+8+%:1!$)!a]L!'&441C*>K*5;*8UU.F*D'/C*
;627T/277$)*<3::H?*<3::[?*<3::J*20)*<3::YM*<C$($*C2&$*+$$0*(C5D0*'0*,$2(/*/5*+$*2*B'O*
5;*8UU.F*'0/$%2A/5%(*20)*050T'0/$%2A/5%(*,$/*8UU.F*'BB"05#%$A'#'/2/$(*D'/C*$&$%,*'(5;5%BM**
*
_5665D'07* /C$* ("77$(/'50* /C2/* /"+"6'0(* 'BB"05#%$A'#'/2/$* '0* #%5/$'0* A5B#6$O$(?* 1^.* A$66(*

D$%$* /%20(;$A/$)* D'/C* ;627T/277$)* <3::H* R;"66T6$07/C* 20)* 4T/$%B'0"(S* 20)* #%5+$)* D'/C*

20/'+5)'$(*(#$A';'A*/5*5/C$%*/"+"6'0(*R;'7"%$*FiSM**

*
*
*
*
*
*

FLAG-TUBB1 

FLAG-TUBB3 

FLAG-TUBB4 

FLAG-TUBB6 

FLAG 

Myc-LRRK2 

Myc 

+ - - - - 
+ - - - - 

+ - - - - 
+ - - - - 

+ - - - - 

+ - - - - 
+ - - - - 

+ - - - - 
+ - - - - 

+ - - - - 
+ + + + + 
- - - - - 

- - - - - 
+ + + + + 

Myc 

Actin 

Tubulin 

Myc 

Tubulin 

Actin 

Lysate 

IP 

225 

52 

38 

225 

52 

38 
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*
Z$;5%&!7FC!@5,54$)!$1+8+%:1!$::5)+3%&'$3$(*(&!$)!'+:34&c&1C*1^.*A$66(*/%20(;$A/$)*D'/C*;"66*
6$07/C* 20)* 4T/$%B'026* ;627T<3::H* 'BB"05#%$A'#'/2/$)* D'/C* $0)57$05"(* <3::J* 20)*
2A$/,62/$)*mT/"+"6'0M*48*e*A$66*6,(2/$?*>K*e*'BB"05#%$A'#'/2/'50?*4T/$%B*e*4T/$%B'026?*_8*e*;"66*
6$07/CM*
*
*
<C$* 'BB"05#%$A'#'/2/$*A50/2'0$)*$0)57$05"(*<3::J*20)*2A$/,62/$)*mT/"+"6'0* '0*2))'/'50*

/5* /C$* /%20(;$A/$)* _627T<3::HM* <C"(* '/* ($$B(* 6'9$6,* /C2/* /C$* A5T>K* 5;* 8UU.F* D'/C* /"+"6'0*

'(5;5%B(*DC'AC*D$*C2&$*(C5D0*2%$*05/*)'%$A/*8UU.F*'0/$%2A/5%(* '0*,$2(/* '(*)"$*/5*B"6/'#6$*

/"+"6'0*'(5;5%B(*'BB"05#%$A'#'/2/'07*'0*2*#%5/$'0*A5B#6$O*D'/C*8UU.FM*<C$%$;5%$*'/*D2(*05/*

#5(('+6$*/5*&26')2/$*/C$*(#$A';'A*%$(')"$(*A50;$%%'07*/C$*2((5A'2/'50*'0*,$2(/*D'/C*ASZTAHF?*A$66*

(/")'$(M*

*
* *

N-FLAG TUBB1 FL 

N-FLAG TUBB1 C-term 

FLAG 

TUBB4  
CL IP CL IP CL IP 

Acetylated  
!-tubulin  

Actin 

Flag 

Flag 

+ - + - - - 

- + - + - - 

- - - - + + 

52   

52   

52   

52   
17   
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HCBCBB! ?$1'511$+)!
!
HCBCBBCB! >3&'$8$'$(<!+8!(.&!IKKL76(5,54$)!$)(&%*'($+)!
<C$*)2/2*)$(A%'+$)* '0* /C'(* /C$('(*A50;'%B*/C$*%$#5%/$)*2((5A'2/'50*+$/D$$0*/C$*8UU.F*U5A*

)5B2'0*20)*/"+"6'0M*K%$&'5"(*(/")'$(*')$0/';'$)*A5T>K*5;*/"+"6'0*D'/C*/C$*8UU.F*U5A*)5B2'0*

'0*#%'B2%,*C'##5A2B#26*0$"%50(*RW65$90$%*$/*26M?*FGGYS?*/C2/*/"+"6'0*20)*8UU.F*A565A26'($*'0*

1^.Fh[* A$66(* RW20)C'* $/* 26M?* FGGiS* 20)* 8UU.F* #%$;$%$0/'266,* #C5(#C5%,62/$(* XT/"+"6'0* '0*

B5"($*+%2'0*RW'662%)50?*FGGhSM**

*

<C'(*/C$('(*)$(A%'+$(*05&$6*$&')$0A$*/C2/*/C$*8UU.FT/"+"6'0*'0/$%2A/'50*'(*)'%$A/*20)*(#$A';'A*

/5* /C%$$* 0$"%50266,* $O#%$(($)* XT/"+"6'0* '(5;5%B(M* <C$* 8UU.F* U5A* )5B2'0* +'0)(* 506,* XT

/"+"6'0* '(5;5%B(* <3::?* <3::J* 20)* <3::Y?* /C$%$* '(* 05* '0/$%2A/'50* D'/C* /C$* 2))'/'5026*

A5BB50*XT/"+"6'0* '(5;5%B(*<3::H?*<3::FI?*<3::F:?*<3::F4*20)*<3::[M*b$'/C$%*D2(*20*

'0/$%2A/'50* )$/$A/$)* +$/D$$0* /C$* 8UU.F* U5A* )5B2'0* 20)* C"B20* me/"+"6'0* '(5;5%B(*

R<3:IHI?*<3:IH:?*<3:IH4?*<3:IJIS?*P<T5%720'('07*/"+"6'0*'(5;5%B(*R<3:WH*20)*<3:WFS?*

A$0/%5(5B26*/"+"6'0(*R<3:LH*20)*<3:^HS*5%*0$"%50266,*$O#%$(($)*2A/'0*'(5;5%B(*RI4<:*20)*

I4<WHSM* <C'(* )$B50(/%2/$(* /C$* (#$A';'A'/,* 5;* /C$* '0/$%2A/'50M* 15D$&$%* P$'O0$%* 20)*

A566$27"$(* )$/$A/$)* _T2A/'0* '0* 8UU.F* 'BB"05#%$A'#'/2/$* RP$'O0$%* $/* 26M?* FGHHSM* P"6/'#6$*

#%5/$'0(*A50/2'0'07*NLJG*)5B2'0(*2%$*905D0*/5*'0/$%2A/*)'%$A/6,*D'/C*2A/'0*'0A6")'07*I>KH?*

4EUEHI* 20)* 4EUE[* R>')2* 20)* \2C2%2?* Hhhhg* )$* 15(/5(?* Hhhhg* U5($0/%$/$%* $/* 26M?* FGGjSM*

<C$%$;5%$* 20* '0/$%2A/'50* +$/D$$0* 8UU.F* 20)* _T2A/'0* B'7C/* +$* B$)'2/$)* +,* /C$* NLJG*

)5B2'0M*

*

U$#5%/(*/C2/*8UU.F*+'0)(*+5/C*mT*20)*XT/"+"6'0(*RW20)'*$/*26M?*FGGig*.$//*$/*26M?*FGHHS*A20*+$*

$O#62'0$)*+,*/C$*>K*5;*/"+"6'0*'0*A5B#6$O$(?*$'/C$%*+,*)'%$A/*2((5A'2/'50*5%*&'2*PIK(?*A2"('07*

/C$* )$/$A/'50* 5;* '0)'%$A/* 2((5A'2/'50(M* _5665D'07* /%20(;$A/'50* 5;* ;627T<3::H* '0/5*1^.* A$66(?*

(#$A';'A*20/'+5)'$(*)$/$A/$)*<3:IHI*20)*<3::J*'0*/C$*'BB"05#%$A'#'/2/$M*<C'(*$O#62'0(*/C$*

'BB"05#%$A'#'/2/'50*5;*8UU.F*D'/C*XT/"+"6'0*'(5;5%B(*05/*;5"0)*/5*'0/$%2A/*'0*,$2(/?*("AC*2(*

/C$*8UU.F*U5AT<3::F4*2((5A'2/'50*)$(A%'+$)*+,*W'662%)50*RFGGhSM*>K(*'0)'A2/$*DC'AC*#%5/$'0(*

;"0A/'50*/57$/C$%*+"/*05/*DC$/C$%*5%*05/*/C$*'0/$%2A/'50*'(*)'%$A/?*DC$%$2(*,$2(/*/D5TC,+%')*

'(*2*B5%$*%$6'2+6$*(,(/$B*;5%*#%5&')'07*$&')$0A$*/C2/*20*'0/$%2A/'50*'(*)'%$A/M*<C$*'0/$%2A/'50*

5AA"%(* '0* /C$* A$66* 0"A6$"(?* DC'AC* '(* 05/* "("266,* /C$* $0)57$05"(* '0/$%2A/'50* ('/$?*B$20'07*

2AA$((5%,* 20)* '0/$%B$)'2%,* #%5/$'0(* 2%$* 05/* #%$($0/?* /C"(* ;5%* /%20(A%'#/'50* 5;* %$#5%/$%*

7$0$(* /5* 5AA"%?* /C$* '0/$%2A/'50* B"(/* +$* )'%$A/M* \$2(/* /D5TC,+%')* 26(5* $02+6$(* /C$*
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A5B#2%'(50* 5;* '0/$%2A/'50* (/%$07/C* +$/D$$0* #%5/$'0(* '0* DC'AC* 2* ('076$* %$(')"$* C2(* +$$0*

B"/2/$)M* <C'(* '(* "06'9$* 2* A$66* (,(/$B* DC$%$* /C$* 2((5A'2/'50(* 5AA"%* '0* /C$'%* $0)57$05"(*

A5B#2%/B$0/*26507(')$*/C$'%*'0/$%B$)'2%,*#%5/$'0(?*B$20'07*#%5/$'0(*2%$*5;/$0*$O/%2A/$)*'0*

2* A5B#6$OM* <C$* ,$2(/* %$#5%/$%* (,(/$B* 26(5* )$/$A/(* /%20('$0/* '0/$%2A/'50(* DC'AC* A2005/*

26D2,(*+$*A2#/"%$)* '0*B2BB26'20*A$66* (,(/$B(?*("AC*2(* /C5($*B$)'2/'07*#5(/T/%20(62/'5026*

B5)';'A2/'50(M*<C$%$;5%$*>K(*20)*,$2(/*2((2,(*2%$*5;/$0*"($)*'0*A50k"0A/'50M*

*

I(*)$(A%'+$)*'0*/C$*'0/%5)"A/'50?*+5/C*!""#$*20)*/"+"6'0*$O#%$(('50*6$&$6(*&2%,*'0*)';;$%$0/*

A$66* /,#$(*20)*/'(("$(M*!""#$*$O#%$(('50* 6$&$6(*AC207$* 6'//6$*)"%'07*)$&$65#B$0/*20)*27'07*

R:'(9"#*$/*26M?*FGGjg*N$(/$%6"0)*$/*26M?*FGGiS?*DC$%$2(*/"+"6'0*6$&$6(*20)*'(5;5%B*$O#%$(('50*

AC207$*("+(/20/'266,* R8$$*$/*26M?*FGG]g* d'207*$/*26M?*HhhFg*15;;B20*$/*26M?*Hhiig*8$D'(*$/*26M?*

Hhi]g*:50)*$/* 26M?* HhiJSM*30;5%/"02/$6,* /C$* %$("6/(* 5+/2'0$)*+,*)';;$%$0/* '0&$(/'72/5%(* 2%$*

05/*A50('(/$0/?*6'9$6,*)"$*/5*/C$*"($*5;*)';;$%$0/*A$66*/,#$(*20)*"0A6$2%*/"+"6'0*05B$0A62/"%$M*

15D$&$%?*D'/C'0*5"%* 62+?*2*ZK4U*"('07*;5$/26*20)*2)"6/*+%2'0*%$&$26$)*<3::*20)*<3::[*2(*

/C$*)5B'020/* '(5;5%B(* '0*;5$/26*+%2'0(?*DC$%$2(*<3::J*D2(*/C$*B5(/*2+"0)20/* '(5;5%B*'0*

/C$*2)"6/*+%2'0*R:$%02%)*82DT"0#"+6'(C$)*)2/2SM*<C$%$;5%$*/C$*)'(/%'+"/'50*5;*8UU.F*2/*P<(*

A5"6)* +$* )$/$%B'0$)* +,* /C$* XT/"+"6'0* A5B#5('/'50* D'/C'0* /C$* P<(?* 905D0* /5* 26/$%*

/C%5"7C5"/* )$&$65#B$0/* +"/* D'/C* '(5;5%B(* DC'AC* '0/$%2A/* D'/C* 8UU.F* A50('(/$0/6,*

$O#%$(($)M* <C'(* A5"6)* $O#62'0* )';;$%$0A$(* +$/D$$0* 8UU.FTA,/5(9$6$/26* 2((5A'2/'50(* D'/C'0*

)';;$%$0/*%$7'50(*20)*A$66(M**

!

HCBCBBC7! D)(&%*'($+)!%&U5$%&:&)(1!

<C$* XT/"+"6'0* '(5;5%B(* (C2%$* hFuThju* ')$0/'/,*D'/C* /C$* 4T/$%B'0"(* 5;* <3::J?* $OA$#/* /C$*

B$7292%,5A,/$* 20)* #62/$6$/* (#$A';'A* <3::H* DC'AC* (C2%$(* jju* ')$0/'/,M* <C'(* A50($%&2/'50*

$02+6$)*/C$*')$0/';'A2/'50*5;*'0)'&')"26*('/$(*'0&56&$)*'0*/C$*'0/$%2A/'50M**

*

^OA$#/'07* /C$* 6$((* A50($%&$)*<3::H?* XT/"+"6'0* '(5;5%B(*DC'AC*)5*05/* '0/$%2A/*D'/C* 8UU.F*

C2&$* 2* ($%'0$* 2/* #5('/'50* [YJ?* DC'6$* /C5($* DC'AC* )5* '0/$%2A/* C2&$* 20* 2620'0$M* I0* I[YJ!*

B"/2/'50*+65A9$)* /C$* '0/$%2A/'50* '0*<3::*20)*<3::J*20)*2*![YJI*B"/2/'50* ;2A'6'/2/$)*20*

'0/$%2A/'50*D'/C* /C$*<3::F*20)*<3::[* '(5;5%B(M* !$%'0$*20)*2620'0$*2%$*+5/C* (B266* 2B'05*

2A')(?* C5D$&$%* /C$* ($%'0$*C2(* 20* 2))'/'5026* C,)%5O,6* 7%5"#?* A50;$%%'07* /C$* 2+'6'/,* /5* ;5%B*

C,)%57$0*+50)(M*!$%'0$(*2%$*26(5*2*A5BB50*('/$*5;*#C5(#C5%,62/'50?*5;/$0*"($)*/5*%$7"62/$*

#%5/$'0T#%5/$'0* '0/$%2A/'50(* 20)* 2(* 2* (D'/AC* '0* ('70266'07* A2(A2)$(M* _5665D'07*

#C5(#C5%,62/'50?* /C$*2))'/'50*5;* 2*#C5(#C5%,6* 7%5"#* '0A%$2($(* /C$* ('V$*5;* /C$* %$(')"$*20)*
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A50;$%(* 2* 0$72/'&$* AC2%7$M* >0'/'266,* #5(/"62/'07* /C2/* #C5(#C5%,62/'50T)$#$0)$0/* '0C'+'/'50*

A5"6)*B$)'2/$*/C$*'0/$%2A/'50?*'/*D2(*)$B50(/%2/$)*/C2/*/C$*#C5(#C5B'B$/'A*I[YJLpI[YJ^*

B"/2/'50(* '0C'+'/* 8UU.F* +'0)'07* '0* +5/C* <3::* 20)* <3::J?* +"/* 05/* <3::YM* <C'(* D2(*

("##5%/$)* +,* ;"0A/'5026* $&')$0A$* ;%5B* /C$* 506'0$* #%5/$'0* #C5(#C5%,62/'50* )2/2+2($*

KC5(#C5('/$?* DC'AC* ')$0/';'$)* <3::[* !$%[YJ* 2(* 2* #C5(#C5%,62/'50* ('/$* '0* /D5* A20A$%* A$66*

6'0$(M*15D$&$%*/C'(*/C$5%,*D2(*("+($Z"$0/6,*26/$%$)*;5665D'07*#%5/$'0*B5)$66'07M*

*

^O2B'02/'50*5;*/"+"6'0*%$(')"$*[YJ*'0*/C$*;%$$6,*2&2'62+6$*#5%A'0$*/"+"6'0*(/%"A/"%$*KL:H<3:*

')$0/';'$)*/C$*('/$*("%%5"0)'07*%$(')"$*[YJ*2(*+$'07*'0*/C$*P<*6"B$0*20)*/C$*2B'05*2A')*2/*

[YJ?* 2(* #2%/* 5;* 20* '0/$%026* XT(C$$/M* I(* /C$* %$(')"$* '(* '0/$%026?* '/* '(* "06'9$6,* /5* +$*

#C5(#C5%,62/$)M* >/* '(* /C$%$;5%$*#%5+2+6$* /C2/* /C$* '0A%$2($)* ('V$* 20)* AC2%7$* '0/%5)"A$)*+,*

/C$* #C5(#C5B'B$/'A* B"/2/'50(* )'(%"#/$)* /C$* '0/$%026* #%5/$'0* (/%"A/"%$* #%$&$0/'07* /C$*

'0/$%2A/'50* 5AA"%%'07M* <C$* B56$A"62%* B5)$6* #%$)'A/$)* /C$* ;5%B2/'50* 5;* 2* C,)%57$0* +50)*

+$/D$$0* /C$* !$%[YJ* C,)%5O,6* 7%5"#* 20)* 0$'7C+5"%'07* I%7[Hi* +2A9+50$?* DC'AC* D2(* 05/*

#%$($0/*+$/D$$0*I62[YJ*20)*I%7[HiM*I(*/C$($*%$(')"$(*2%$*'0*A65($*#%5O'B'/,*/5*/C$*("%;2A$*

5;*/C$*#%5/$'0*'0*2)k2A$0/*XT(C$$/*(/%20)(?*'/*($$B(*6'9$6,*/C2/*/C$*;5%B2/'50*5;*2*C,)%57$0*

+50)* (#2/'266,* A50(/%2'0(* /C$* (/%"A/"%$?* B2'0/2'0'07* 2* #%5O'B'/,* +$/D$$0* /C$* ("%;2A$*

%$(')"$(*DC'AC*#%$&$0/(*8UU.F*+'0)'07M*>0*/C$*#%$($0A$*5;*I62[YJ?*/C$%$*'(*;6$O'+'6'/,*D'/C'0*

/C$* 655#(* A50/2'0'07* /C$* 8,([YF* 20)* I%7[FG* %$(')"$(?* $02+6'07* /C$* '0/$%2A/'50* +$/D$$0*

/"+"6'0*20)*8UU.FM*

*

<3::H* C2(* 20* 2620'0$* 2/* #5('/'50* [YJ* +"/* )5$(* 05/* +'0)* 8UU.FM* <C$*B"/2/'50* 5;* 0$2%+,*

%$(')"$(*)';;$%'07*506,*'0*<3::H*%$&$26$)*/C$*0$2%T2)k2A$0/*[YF*%$(')"$*D2(*26(5*'B#5%/20/*

/5* /C$* '0/$%2A/'50M* <C'(* '(* 2* A50($%&$)* 6,('0$* '0* 266* '(5;5%B(* $OA$#/* <3::H?* DC$%$* '/* '(* 2*

($%'0$M*I*![YF.*B"/2/'50*;2A'6'/2/$)*/C$*2((5A'2/'50*+$/D$$0*<3::H*20)*/C$*8UU.F*U5A4EU*

)5B2'0M*450&$%($6,*2*.[YF!*B"/2/'50*+65A9$)*/C$*8UU.F*'0/$%2A/'50*D'/C*<3::*20)*C26&$)*

/C$* '0/$%2A/'50* (/%$07/C*+$/D$$0* 8UU.F*20)*<3::JM* <C"(* %$(')"$(* 8,([YF*20)*I62[YJ*2%$*

%$Z"'%$)*;5%*/C$*8UU.F*U5A4EUT/"+"6'0*'0/$%2A/'50M**

*

<5*)$/$%B'0$*';*/C$*'0/$%2A/'50*%$Z"'%$)*/C$*#5('/'&$*AC2%7$*5;*/C$*6,('0$*%$(')"$*5%*DC$/C$%*

/C$*'0/$%2A/'50*B'7C/*+$*"+'Z"'/'02/'50T)$#$0)20/?*20*2%7'0'0$*B"/2/'50*D2(*'0/%5)"A$)*2/*

#5('/'50*[YFM*I%7'0'0$*C2(*2*('B'62%6,*62%7$*(')$TAC2'0*20)*0$72/'&$*AC2%7$*/5*6,('0$?*+"/*)5$(*

05/* "0)$%75* #5(/T/%20(62/'5026* "+'Z"'/'02/'50M* .[YFU* B2'0/2'0$)* /C$* <3::T* 20)* <3::JT

8UU.F*'0/$%2A/'50*20)*<3::H*![YFUT8UU.F*26(5*;2A'6'/2/$)*20*2((5A'2/'50M*<C'(*("77$(/(*/C2/*
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/C$* '0/$%2A/'50* '0* /C'(* %$7'50* '(* AC2%7$* )$#$0)20/M* 15D$&$%?* /C$* KC5(#C5('/$* )2/2+2($*

A50/2'0(*5&$%*HFG*B2((*(#$A/%5B$/%,*(/")'$(*DC'AC*C2&$*)$/$A/$)*"+'Z"'/'02/'50*5;*8,([YF*

2A%5((*$&$%,*XT/"+"6'0*'(5;5%B*'0*C"B20?*B5"($*20)*%2/?*/C$%$;5%$*"+'Z"'/'02/'50*5;*8,([YF*

%$(')"$(*B2,*+$*2*B$AC20'(B*+,*DC'AC*2))'/'5026?*),02B'A*%$7"62/'50*5;*/C$*8UU.FT/"+"6'0*

'0/$%2A/'50* A5"6)* 5AA"%M* <C'(* D5"6)* 2665D* %2#')* +65A9'07* 5%* $02+6'07* 5;* /C$* 2((5A'2/'50* '0*

%$(#50($*/5*/%'77$%(*D'/C'0*/C$*A$66?*05/*k"(/*+,*/"+"6'0*'(5;5%B*$O#%$(('50M*

*

450/%2(/'076,?* DC$%$* I[YJ!* 20)* .[YF!* +65A9$)* /C$* '0/$%2A/'50* +$/D$$0* 8UU.FT<3::* 20)*

8UU.FT<3::J?*/C$*8UU.FT<3::Y*'0/$%2A/'50*D2(*B2'0/2'0$)M*_"%/C$%*(/%"A/"%$*2026,('(*20)*

)5"+6$TB"/2/'50* /$(/'07* %$&$26$)* /C2/* /C$* '0/$%2A/'50*D2(* (/%5076,* ;2A'6'/2/$)*+,*2*K%5[FG*

%$(')"$M* b$'/C$%* 5;* /C$* <3::Y* K[FGUp.[YF!* 20)* K[FGUpI[YJ!* B"/20/(* '0/$%2A/$)* D'/C*

8UU.F*U5A4EUM*<C$*(B266*#%56'0$*(')$AC2'0*$02+6$(* '0A%$2($)*2AA$((*/5*/C$*8,([YF*%$(')"$*

;5%* 8UU.F*A5B#2%$)*D'/C* /C$*I%7[FG*5;* /C$*5/C$%* /"+"6'0* '(5;5%B(M*<C$%$;5%$* /C$* ("%;2A$*

(#2/'26* ;6$O'+'6'/,*B5)"62/$)*+,* /C$* '0/$%026*C,)%57$0*+50)*+$/D$$0*I62[YJ*20)*I%7[Hi* '(*

05/*('70';'A20/*'0*/C$*8UU.FT<3::Y*'0/$%2A/'50?*$O#62'0'07*DC,*/C$*'0/$%2A/'50*'(*B2'0/2'0$)*

D'/C*<3::Y*I[YJ!M*I))'/'50266,?*/C$*#%$($0A$*5;*I%7[FG?*2*($A50)*0$72/'&$6,*AC2%7$)*(')$T

AC2'0* A65($* /5* /C$* 8,([YF?*B2,* '0/%5)"A$*2* (6'7C/* %$#"6('50*5;* 8UU.F*+,*<3::*20)*<3::JM*

<C'(* )5$(* 05/* 5AA"%*D'/C* /C$* "0AC2%7$)* K%5[FG* %$(')"$* 5;* <3::Y?* ;"%/C$%* ;2A'6'/2/'07* /C$*

'0/$%2A/'50*D'/C*8UU.FM**

*

>/*'(*05/$D5%/C,*/C2/*/C$*lT/"+"6'0(*C2&$*20*UT@T!*B5/';?*'0*/C$*(2B$*%$7'50*2(*/C$*'T/"+"6'0*

.TPT!p.TPTI*B5/';(*DC'AC*A50/%56* /C$* '0/$%2A/'50*D'/C*8UU.FM*<C$($*2B'05*2A')(*2%$*&$%,*

('B'62%T'/* D5"6)* +$* '0/$%$(/'07* /5* ($$* ';* B"/27$0$('(* 5;* /C$* UT@TI* B5/';* '0/%5)"A$)* 20*

'0/$%2A/'50* D'/C* U5A4EUM* <C5"7C* /C'(* '(* 05/* ;"0A/'50266,* %$6$&20/?* ';* 20* '0/$%2A/'50* D'/C*

8UU.F*D2(* '0/%5)"A$)* /C$0* ;"%/C$%* ($Z"$0A$* A5B#2%'(50* +$/D$$0* /C$*'(* 20)* #(/"+"6'0(*

B'7C/*%$&$26*2))'/'5026*%$(')"$(*'0&56&$)*'0*/C'(*8UU.FT/"+"6'0*2((5A'2/'50M*

*

12&'07*AC2%2A/$%'($)* /C$* '0/$%2A/'50* ('/$* '0* /"+"6'0?* /C$*0$O/* AC2#/$%*2))%$(($(* /C$* ('/$*5;*

/C$*'0/$%2A/'50*'0*8UU.FM*

*

*
* *
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HC!K&154(1!
!
!
!
!
!
!
!
!

HC7! A.*%*'(&%$1*($+)!+8!IKKL76(5,54$)!,$)#$);W!
IKKL7!

* !
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>0*5%)$%*/5*;"%/C$%*AC2%2A/$%'($*/C$*8UU.FT/"+"6'0*'0/$%2A/'50?*/C$*+'0)'07*('/$*D'/C'0*8UU.F*

D2(* '0&$(/'72/$)* 0$O/M* <C'(*D2(* )50$* "('07*B"6/'#6$* ('B"6/20$5"(* 2##%52AC$(-* )'&'('50* 5;*

/C$* 8UU.F*U5A4EU*)5B2'0* '0/5* /C%$$* /%"0A2/$)* A50(/%"A/(?* 20*2620'0$*+65A9* (A20*20)* /C$*

#2%266$6* '0&$(/'72/'50* 5;* /C$* '0/$%2A/'50* D'/C* /C$* C5B56575"(* 8UU.H* U5A4EU* /20)$B*

)5B2'0M*

HC7CB!! @.&!(5,54$)6IKKL7!$)(&%*'($+)!$1!:&#$*(&#!,<!(.&!
! ! T6(&%:$)51!+8!(.&!K+'!#+:*$)!!

<C$* 8UU.F* U5A* )5B2'0* D2(* )'&')$)* '0/5* /C%$$* 5&$%62##'07* ;%27B$0/(* 2/* ('/$(* 65A2/$)*

+$/D$$0*(/%"A/"%266,*'B#5%/20/*%$7'50(*'0*/C$*'=)HIJAKLM*U5A5*B56$A"62%*B5)$6*R;'7"%$*FhSM***

Z$;5%&!7NC!K+'!#+:*$)!#$X$1$+)! 8%*;:&)(1!)*%%+-6#+-)!(.&! (5,54$)6$)(&%*'($+)! %&;$+)!+8!
(.&! K+'! #+:*$)C! "M* !AC$B2/'A* 5;* /C$* [* 5&$%62##'07* U5A* ;%27B$0/(* "($)* /5* ')$0/';,* /C$*
/"+"6'0TU5A* '0/$%2A/'50* %$7'50M*\M*P5)$66'07* 5;* /C$* U5A* /%"0A2/'50* %$7'50(?* )$B50(/%2/'07*
/C%$$*)'(/'0A/*%$7'50(*5;*/C$*U5A*)5B2'0*'0*KL:[LK<?*'=)HIJAKLM*U5A5*8UU.F*C5B5657M*<C$*
A565"%(*"($)*2AA5%)*/5*/C$*%$7'50(*B2%9$)*'0*IM*

^2AC* 5;* /C$* /C%$$* XT/"+"6'0* '(5;5%B(* #%$&'5"(6,* ')$0/';'$)* 2(* '0/$%2A/'07* D'/C* 8UU.F*

A50/'0"$)*/5*'0/$%2A/*D'/C*/C$*;'%(/*/C'%)*5;*/C$*#%5/$'0*R;'7"%$*[GS?*%$&$26'07*/C$*'0/$%2A/'50*

('/$* '(*+$/D$$0*2B'05*2A')(*H[Fi*20)*HJGGM*<C$,*)')*05/* '0/$%2A/*D'/C*$'/C$%*5;* /C$*5/C$%*

%$7'50(M* <C$* '0/$%2A/'50* D'/C* U5A4EU* D2(*B2'0/2'0$)* D'/C* %$7'50(* H[FiTHJGG* 20)* HJJ[T

H]H]?* /C5"7C* D$29$0$)* '0* /C$* 62//$%?* ("77$(/'07* (/%"A/"%26* '0/$7%'/,* D2(* B2'0/2'0$)M* >0*

%$7'50* H[jYTHJY[?* /C$* 2((5A'2/'50* 05* 6507$%* 5AA"%%$)M* <C$($* /%"0A2/'50* B2,* C2&$* 65(/*

(/%"A/"%26* '0/$7%'/,*5%*+$*"0'0&56&$)*'0*)'B$%'(2/'50M*15D$&$%*2(*/C$*/%"0A2/'50R(S*;2'6$)*/5*

3 

Roc division fragments 

1328 1515 1376 1463 1400 1443 

1 3 

LRRK2 protein residues 

1 

A 

B 
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'0/$%2A/* A50&'0A'076,* D'/C* /C$* ;"66T6$07/C* U5A4EU* )5B2'0?* '/* '(* 26(5* #5(('+6$* /C2/* /C$*

/%"0A2/$)*#%5/$'0(*D$%$*05/*$O#%$(($)M*

Z$;5%&! HVC! @.&! 96(5,54$)6IKKL7! $)(&%*'($+)! $1! :&#$*(&#! ,<! (.&! 8$%1(! (.$%#! +8! (.&! K+'!
#+:*$)C*<3::?*<3::J*20)*<3::Y*A50/'0"$*/5*'0/$%2A/*D'/C*U5A*;%27B$0/*H*R8UU.F*%$(')"$(*
H[FiTHJGGS* +"/* 05/* F* R8UU.F* %$(')"$(* H[jYTHJY[S* 5%* [* R8UU.F* %$(')"$(* HJJ[TH]H]SM* U5A*
/%"0A2/'50(* H* 20)* [* A50/'0"$* /5* '0/$%2A/*D'/C* '0/2A/* U5A4EUM* :5/C* /%20(;5%B2/'50* A50/%56*
20)*0"/%'/'5026*($6$A/'50*#62/$(*2%$*(C5D0?*%$#%$($0/2/'&$*5;*[*($#2%2/$*$O#$%'B$0/(M*

HC7C7!! @.&!(5,54$)6IKKLB!$)(&%*'($+)!1.+-1!1$:$4*%$($&1!(+!
! ! (.&!(5,54$)6IKKL7!$)(&%*'($+)!

<3::?* <3::J* 20)* <3::Y* 26(5* '0/$%2A/* D'/C* /C$* 8UU.H* U5A4EU* )5B2'0?* DC$%$2(* <3::H?*

<3::F*20)*<3::[*)5*05/* R;'7"%$*[HISM*I(*D'/C* 8UU.F?* /C$*2((5A'2/'50* '(* A50;$%%$)*+,* /C$*

8,([YF*20)*I62[YJ*%$(')"$(M**

<C$*8UU.H*U5A4EU*20)*8UU.F*U5A*/%"0A2/'50*%$("6/(*("77$(/$)*/C2/*/C$* '0/$%2A/'50*5AA"%(*

2/*2*('/$* R5%*('/$(S*A50($%&$)* '0* /C$*8UU.H*20)*8UU.F*U5A*)5B2'0(?*+$/D$$0*8UU.F*2B'05*

2A')(* H[Fi* 20)* HJGG* R;'7"%$* [H:S?* 5;* DC'AC* /C$%$* 2%$* F[* ')$0/'A26* %$(')"$(* 20)* H[* C'7C6,*

A50($%&$)*%$(')"$(M*I0*2620'0$*+65A9*(A20*D'/C'0*/C'(*%$7'50*D2(*"($)*/5*')$0/';,*2*(#$A';'A*

'0/$%2A/'50*('/$M*

LRRK2 
Roc 

LRRK2 
Roc 1 

LRRK2 
Roc 2 

Empty 
bait 

LRRK2 
Roc 3 

LRRK2 
Roc 

LRRK2 
Roc 1 

LRRK2 
Roc 2 

Empty 
bait 

LRRK2 
Roc 3 

LRRK2 
RocCOR LRRK2 

RocCOR 

TUBB  TUBB4 TUBB6 
empty 
prey 

LRRK2 
RocCOR TUBB  TUBB4 TUBB6 

empty 
prey 

LRRK2 
RocCOR 

TC NS 
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Z$;5%&!HBC!@.&!IKKLB!$)(&%*'($+)!-$(.!@`\\Y!@`\\O!*)#!@`\\R!$1!'+)8&%%&#!,<!(.&!1*:&!
%&1$#5&1!*1! (.&!IKKL7696(5,54$)! $)(&%*'($+)C!"C*<3::?*<3::J*20)*<3::Y*'0/$%2A/*D'/C*/C$*
8UU.H*U5A4EU*)5B2'0M*\M*<C$*'0/$%2A/'50*'(*B$)'2/$)*+,*/C$*%$(')"$(*2/*XT/"+"6'0!#5('/'50*
[YF*20)*[YJ?*2(*')$0/';'$)*#%$&'5"(6,M*:5/C*/%20(;5%B2/'50*A50/%56*20)*0"/%'/'5026*($6$A/'50*
#62/$(*2%$* (C5D0?* %$#%$($0/2/'&$*5;*[* ($#2%2/$*$O#$%'B$0/(M! AC*I6'70B$0/*5;* /C$* %$7'50* '0*
DC'AC* /C$* '0/$%2A/'50* 5AA"%(* R;'7"%$* [GS* '0* +5/C* 8UU.H* 20)* 8UU.F* (C5D(* FY* A50($%&$)*
%$(')"$(*+$/D$$0*/C$*/D5*#%5/$'0(M*!

LRRK2 
LRRK1 

LRRK2 
LRRK1 

629 
1328 1368 

669 

1369 
670 

1404 
706 

C 

TUBB TUBB 
A364S 

TUBB1 TUBB1 
S362K 

TUBB4 TUBB4 
A364S 

TUBB6 TUBB6 
P320R 
A364S 

Empty  
prey 

LRRK1  
RocCOR 

Empty 
Bait 

LRRK1  
RocCOR 

Empty 
Bait 

TUBB TUBB 
A364S 

TUBB1 TUBB1 
S362K 

TUBB4 TUBB4 
A364S 

TUBB6 TUBB6 
P320R 
A364S 

Empty  
prey 

TC 

NS 

B 

LRRK1 
RocCOR 

empty 
bait 

TUBB  TUBB1 TUBB2A TUBB2B TUBB2B TUBB3 TUBB4 TUBB6 Empty 
prey 

LRRK1 
RocCOR 

empty 
bait 

TUBB  TUBB1 TUBB2A TUBB2B TUBB2B TUBB3 TUBB4 TUBB6 Empty 
prey 

TC 

NS 

A 
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HC7CH!! "4*)$)&! ,4+'0! 1'*)! (+! #&(&%:$)&! (.&! K+'! #+:*$)!
! ! *:$)+!*'$#!%&1$#5&1!%&U5$%&#!8+%!(.&!$)(&%*'($+)!!
! ! -$(.!(5,54$)!

!$Z"$0/'26* +65A9(* 5;* ;'&$* 2B'05* 2A')(* /C%5"7C5"/* /C$* %$7'50* #%$&'5"(6,* ')$0/';'$)* 2(* /C$*

/"+"6'0T8UU.F* '0/$%2A/'50* ('/$* D$%$* %$#62A$)* D'/C* 2620'0$* %$(')"$(?* /C"(* '0C'+'/'07* 5%*

'B#$)'07*'0/$%2A/'50(*5AA"%%'07*'0&56&'07*/C$($*%$(')"$(M*<C$*(A20*'0A6")$)*8UU.F*%$(')"$(*

H[Fi*/5*HJGF?*'0A5%#5%2/'07*/C$*%$(')"$(*#%$($0/*'0*/C$*U5A*/%"0A2/'50*H*DC'AC*B2'0/2'0$)*

20*'0/$%2A/'50*D'/C*XT/"+"6'0* '(5;5%B(M*15D$&$%*/C$*B"/2/'50(*D$%$*'0/%5)"A$)*D'/C'0*/C$*

;"66*8UU.F*U5A4EU*)5B2'0*/5*B'0'B'($*)'(%"#/'50*/5*/C$*%$(/*5;*/C$*(/%"A/"%$M*<C$*%$(')"$(*

%$#62A$)* '0* $2AC* 2620'0$* +65A9* 2%$* '0)'A2/$)* '0* ;'7"%$* [FI?* 26507(')$* /C$'%* 26'70$)* 8UU.H*

A5"0/$%#2%/(M*<C$*%$("6/(*5;*/C$*2620'0$*+65A9*(A20*2%$*(C5D0*'0*;'7"%$*[F:M*

*

*
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! !
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9 
13

28
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R
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R
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>0*/C$*2620'0$*(A20?*/C$*#%$($0A$*5%*2+($0A$*5;*2*XT/"+"6'0T8UU.F*'0/$%2A/'50*D2(*A50('(/$0/*

D'/C* /C$* U5A4EU* )'B$%'(2/'50* '0* /C$* B2k5%'/,* 5;* A2($(M* <C$* 65((* 5;* '0/$%2A/'50* B'7C/*

A5%%$62/$*D'/C*%$7'50(*5;*(/%"A/"%26*('70';'A20A$*/5*/C$*#%5/$'0*/$%/'2%,*(/%"A/"%$*5%*B'7C/*+$*

%$Z"'%$)*;5%*)'B$%'(2/'50?*'0*/"%0*%$Z"'%$)*;5%*/C$*'0/$%2A/'50*+$/D$$0*8UU.F*20)*/"+"6'0M*

*

>0* 5%)$%* /5* )$/$%B'0$* DC'AC* ('/$(* D$%$* 6'9$6,* /5* +$* (/%"A/"%266,* %$6$&20/?* /C$* '0/$%026* 5%*

$O/$%026* 65A2/'50*5;* U5A4EU* /%"0A2/'50* H* %$(')"$(*D$%$* $O2B'0$)* '0* /C$*4=) HIJAKLM)U5A5*

(/%"A/"%$* R;'7"%$* [[SM* <C$*'=) HIJAKLM* U5A5* ($Z"$0A$* 20)* /C$* C"B20* 8UU.F* ($Z"$0A$* 2%$*

26'70$)* +$0$2/CM* <C$($* '0)'A2/$* 2* C'7C* )$7%$$* 5;* A50($%&2/'50?* #2%/'A"62%6,* '0* '0/$%026*

%$(')"$(*20)*/C5($*'0&56&$)*'0*mTC$6'A$(*("AC*2(*8$"H[]G*20)*8$"H[]H*RI620'0$*+65A9*]SM*

*

Z$;5%&! HHC! ! @.&! &U5$X*4&)(! 4+'*($+)! +8! (.&! IKKL7! K+'A^K! *4*)$)&! ,4+'01! $)! (.&! K+'+!
.+:+4+;<!:+#&4! -$(.! $)(&%)*4! *)#! &c(&%)*4! %&1$#5&1! $)#$'*(&#C! "C! <C$*'=) HIJAKLM)U5A5*
)'B$%*D'/C* '0/$%026* 20)* $O/$%026* %$(')"$(* '0)'A2/$)* '0* /C$* $Z"'&26$0/* %$7'50* /5* /C$* 8UU.F*
U5A*;%27B$0/*H*R%$(')"$(*H[FiTHJGG?*;'7"%$*FhSM*>0/$%026*2B'05*2A')(*2%$*B2%9$)*'0*5%207$?*
/C5($*2/* /C$*("%;2A$*2%$*B2%9$)* '0*+6"$M*U5A4EU*I* T* '0/$%026* %'++50*(/%"A/"%$*(C5D0*D'/C*
("%;2A$* 5&$%62,* 2/* [Gu* /%20(#2%$0A,M* U5A4EU* :* ("%;2A$* '0)'A2/$)* 506,M*P5)$66$)* "('07*'=)
HIJAKLM)U5A5*KL:[LK<C! *\C*<C$*%$(')"$(*%$#62A$)*+,*2620'0$*+65A9(*'0*8UU.F*U5A4EU?*D'/C*
'=) HIJAKLM) U5A5* 26'70B$0/M* >0/$%026* %$(')"$(* '0* /C$* U5A5* #%5/$'0* 20)* /C$'%* 26'70$)*
$Z"'&26$0/(*D'/C*8UU.F*2%$*B2%9$)*'0*5%207$?*$O/$%026*%$(')"$(*B2%9$)*'0*+6"$M*!

COR A 

Roc fragment 1 
Internal residues 
External residues 

COR B 

Roc A Roc B 

A 

B 

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

#-./01%
2-!/3!%%

4"5#!%%
627#/%%

57/84%%
3!789%%

:8;8#%%
85-8#%

::!!6%%
:;!!#%

6!5#:%%
6!782%

##;9!%%
:<90#%

856;-%&'(=%
2;6:3%,)>%

!""#$%%&'$)%%
"*+*%%%,,>%%

!/!4/%%
6!<3<%%

767"....9%%
.47#8!249%

:/879%%
8!4//%

/#9?0%%
:#6-0%%

#"#"9%%
92!#2%%

"22<1%&,@$%
62753%>$'%

?9<-8%%
?9<88%%

&$%&&% &'% &,% &>%

$% '% ,% >% (% =% )%

&@%A%

&%
%B%B%%%%%CBC%%%%CCBC%%%%CBB%%%BCBBC%%BBC%%%%%%%% %%BC%%%

%%BC%%%%B%%%%%%CC%%% BBB%B%%%%B%%%%B%%B%%%%C%C% %C%C%%%
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I620'0$* +65A9(* %$#62A'07* #%$)5B'020/6,* '0/$%026* 5%* '0&56&'07* 2%AC'/$A/"%266,* 'B#5%/20/*

'0/$%026*%$(')"$(*)'(%"#/*/C$*(/%"A/"%$*#%$&$0/'07*/C$*2((5A'2/'50*5;*8UU.F*D'/C*/"+"6'0?*2(*

D$66* 2(* 8UU.F* )'B$%'(2/'50* R;'7"%$* [JSM* <C'(* A20* +$* ($$0*D'/C* /C$* 8UU.F* U5A4EU*#%5/$'0(*

A50/2'0'07* 2620'0$* +65A9(* [* R8UU.F* %$(')"$(* H[[iTH[JFS* 20)* H[THJ* R8UU.F* %$(')"$(* H[iiT

H[hjS?* '0*DC'AC* /C$* 2B'05* 2A')(*D$%$* 266* '0/$%026M* <C$%$*D2(* 26(5* 05* '0/$%2A/'50* +$/D$$0*

/"+"6'0*20)*8UU.F*U5A4EU*#%5/$'0(*A50/2'0'07*2620'0$*+65A9(*]*20)*Y*R%$(')"$(*H[JiTH[]jSM*

<C$($* #%5/$'0(* A50/2'0* 6$"A'0$* %$(')"$(?* (/%"A/"%266,* '0&56&$)* '0* αTC$6'A$(M* 15D$&$%* /C$*

'0/$%2A/'50*D2(*B2'0/2'0$)*+$/D$$0*/"+"6'0*20)*8UU.F*U5A4EU*2620'0$*+65A9*H]?* '0*DC'AC*

/C$*2B'05*2A')(*2%$*266*#%$)'A/$)*/5*+$*65A2/$)*'0/$%0266,*R%$(')"$(*HJhiTHJGFSM*

8UU.F*U5A4EU*#%5/$'0(*A50/2'0'07*2620'0$*+65A9(*H?*j*20)*i*R8UU.F*%$(')"$(*H[FiTH[[F*20)*

H[]iTH[YjS*2%$*#%$)'A/$)*/5*%$#62A$*506,*$O/$%026*%$(')"$(M*:5/C*/C$*'0/$%2A/'50*D'/C*/"+"6'0*

20)*U5A4EU*2%$*B2'0/2'0$)?*/C"(*/C$($*65A2/'50(*2%$*"06'9$6,*/5*+$*/C$*('/$*+,*DC'AC*8UU.F*

U5A4EU*+'0)(*/"+"6'0M*

Z$;5%&! HOC! "4$;):&)(! +8! (.&! @`\\O6K+'A^K! *4*)$)&! <&*1(! (-+6.<,%$#! $)(&%*'($+)! %&154(1!
-$(.!(.&!IKKLB!*)#!IKKL7!1&U5&)'&1C*<C$*<3::JTU5A4EU*2620'0$*,$2(/*/D5TC,+%')*%$("6/(*
(C5D0* '0* ;'7"%$* [[* 26'70$)*D'/C* /C$* %$(#$A/'&$* 8UU.F* U5A4EU* ($Z"$0A$(M* <C$* $Z"'&26$0/*
8UU.H* ($Z"$0A$* '(* 26(5* 26'70$)* /5* 8UU.F?* D'/C* /C$* '0/$%026* 20)* $O/$%026* %$(')"$(* 2(*
#%$)'A/$)* +,* /C$* '=) HIJAKLM* U5A5* ($Z"$0A$* B5)$6* 26(5* '0)'A2/$)g* '0/$%026* %$(')"$(* 2%$*
B2%9$)*'0*5%207$?*$O/$%026*%$(')"$(*B2%9$)*'0*+6"$M**

* *

!""#$%%&'()%%
!""#&%%%(*+%%

#,-./%
#,0#1%%

2"3#!%%
#!3#3%%

34-52%%
44-5.%%

6575#%%
."85#%

66!!8%%
76!!0%

8!3#6%%
4!865%

##79!%%
",.8-%

5387,%&'(*%
-:50,%((;%

!""#$%%&'$)%%
!""#&%%%($;%%

!-!<<<<2-%%
#-07-0=2-%%

484"9%%
!8<".%

6-549%%
6<<4"%%

-#9>.%%
66#>0%%%

#"#"9%%
,57",%

"00=/%&?+$%
.,73,%*+(%

>9=,5%%
>9455%%

12 11 13 14 15 

2 3 4 5 6 7 8 

10 9 

1 

@@%%% %%@@A%%%A@@@%% %%%@@%%%A@@@A%%%@%%%%%% %%%%@%%%

A@%@% %%%@%%% @@A%@%%%%%%%A%%%%@%%%@%%@% %@%%%%%@@%

A%%%A%

External amino acids 
Internal amino acids 

TUBB4 

Alanine block 

TUBB4 

Alanine block 
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E0$* %$7'50* ($$B$)* /5* )';;$%* +$/D$$0* /C$* /D5* ($/(* 5;* %$("6/(M* K%5/$'0(* D'/C* /C$* 2620'0$*

+65A9(*HG?*HH?*20)*HF*R8UU.F*%$(')"$(*H[jFTH[iiS*(C5D*$Z"'&26$0/*)'B$%'(2/'50*(/%$07/C*/5*

/C$*D'6)T/,#$*U5A4EU*#%5/$'0?*C5D$&$%*/C$*'0/$%2A/'50*D'/C*/"+"6'0*2##$2%(*D$29$%*R;'7"%$*

[FS?*#2%/'A"62%6,*/C$*2((5A'2/'50*D'/C*+65A9*HHM*<C$($*2%$*/C$*506,*%$(')"$(*#%$($0/'07*2*A6$2%*

)';;$%$0A$* '0* /C$* 8UU.F* U5A4EUT/"+"6'0* '0/$%2A/'50* (/%$07/C* D'/C* B2'0/2'0$)* 8UU.F*

)'B$%'(2/'50M*<C$%$;5%$*'/*'(*6'9$6,*/C2/*/C'(*'(*/C$*65A2/'50*5;*/C$*'0/$%2A/'50*('/$M*<C'(*%$7'50*

'(*'0)'A2/$)*'0*;'7"%$*[]M*>/*'(*2*#%5B'0$0/*#%5k$A/'50*;%5B*/C$*("%;2A$*5;*/C$*U5A*)5B2'0M**

!

Z$;5%&! HQC! @.&! 3%+3+1&#! 1$(&! +8! (.&! IKKL7! K+'A^K696(5,54$)! $)(&%*'($+)C! "C! <C$* 8UU.F*
U5A4EU*)5B2'0*)'B$%*D'/C*/C$*('/$*5;*2620'0$*+65A9(*HGTHF*'0)'A2/$)*R%$(')"$(*H[j[TH[ijSM*
:65A9*HG*'(*6'7C/*#"%#6$?*+65A9*HH*B$)'"B*#"%#6$*20)*+65A9*HF*'(*B27$0/2?*2(*(C5D0*'0*4M*\C!I*
hG}*#'&5/*5;*/C$*;'7"%$*%$&$26(*/C$*;"66*$O/$0/*5;*/C$*('/$?*26507*D'/C*/C$*A5B#2%2+6$*65A2/'50*
50* /C$* ($A50)* U5A4EU* )5B2'0* D'/C'0* /C$* )'B$%M! AC! I6'70B$0/* 5;* /C$* 8UU.H* 20)* 8UU.F*
($Z"$0A$(*D'/C'0*/C$($*2620'0$*+65A9(?*D'/C*/C$*A50($%&$)*%$(')"$(*C'7C6'7C/$)M*!

*
<C$%$*2%$*;5"%*A50($%&$)*%$(')"$(*+$/D$$0*8UU.H*20)*8UU.F*'0*/C'(*H]*2B'05*2A')*(#20M*<C$*

;'%(/* '(* '0/$%026* R<%#H[jYS* 20)* '/* ($$B(* 6'9$6,* /C2/* /C$* %$2(50* ;5%* 2* %$)"A$)* '0/$%2A/'50*

(/%$07/C*+$/D$$0*/"+"6'0*20)*2620'0$*+65A9*HG*R%$(')"$(*H[j[TH[jjS*'(*+$A2"($*/C$*26/$%$)*

(/%"A/"%$*)'(#62A$)*/C$*#%5B'0$0/*%$(')"$(*5;*+65A9(*HH*20)*HF*R%$(')"$(*H[jiTH[ijSM*I(*/C$*

COR A COR B 

Roc A Roc B 

A 

Roc A Roc B 

B 
!""#$%%&'('%%
!""#&%%%)('%%

*+*",%%
!+-".%

&&%
/0%0%

#"#",%%
123"1%

&$%
%%%0%%%

4#,5.%%
66#57%%%

&8%
%%%0%%%

C 

COR A COR B 

Roc A Roc B 
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'0/$%2A/'50*D2(* 05/* +65A9$)?* +"/* ('B#6,*D$29$0$)?* '/* '(* $O#$A/$)* /C2/* /C$* '0/$%2A/'50* ('/$*

(#20(*B5%$*/C20*50$*%$7'50M**

<C$%$*2%$*/C%$$*2B'05*2A')(*A50($%&$)*+$/D$$0*8UU.H*20)*8UU.F* '0*/C'(*%$7'50-*W6"H[jh?*

I%7H[iH* 20)*I%7H[iYM* <C"(* '/* '(* #%5#5($)* /C2/* /C$($* %$(')"$(* A50;$%* /C$* '0/$%2A/'50*D'/C*

<3::JM*<C$*('/$(*2%$*'0)'A2/$)*'0*;'7"%$*[YM*

*

Z$;5%&!HRC!@.&!3%+3+1&#!IKKL7!K+'A^K!%&1$#5&1! $)X+4X&#! $)!(.&!96(5,54$)! $)(&%*'($+)C!"C!
<C$* %$(')"$(* 20/'A'#2/$)* /5* +$* '0&56&$)* '0* /C$* 2((5A'2/'50*+$/D$$0* 8UU.F*U5A4EU*20)*XT
/"+"6'0*2%$*'0)'A2/$)*'0*(C2)$(*5;*#"%#6$M!<C$*%$(')"$(*;%5B*+65A9*HH*2%$*B$)'"B*#"%#6$*20)*
/C$*%$(')"$*;%5B*+65A9*HF*'(*B27$0/2?*2(*"($)*#%$&'5"(6,*'0*;'7"%$*[]4M!\C!I*A65($T"#*&'$D*5;*
/C$*%$7'50*C'7C6'7C/$)*'0*I?*D'/C*/C$*%$(')"$(*A50($%&$)*+$/D$$0*8UU.H*20)*8UU.F*B2%9$)M*

*
<C$* %$(')"$(* ')$0/';'$)* C$%$* 2(* 'B#5%/20/* ;5%* /C$* 8UU.FTXT/"+"6'0* '0/$%2A/'50* 2%$*

#%$)5B'020/6,* #5('/'&$6,* AC2%7$)* R8,([YF* '0* /"+"6'0?* I%7H[iY* 20)* I%7H[iH* '0* 8UU.F*

U5A4EUS?*("77$(/'07*/C$*'0/$%2A/'50*B2,*+$*B$)'2/$)*5%*(/2+'6'($)*+,*AC2%7$M*<C$%$;5%$*/C$*

65A2/'50*5;*A5%%$(#50)'07*+2('A*%$(')"$(*D2(*'0&$(/'72/$)M*>0/$%$(/'076,*/C$%$*2%$*/D5*+2('A*

%$(')"$(* '0* A65($* #%5O'B'/,* /5* 8,([YF*D'/C'0* /C$* /"+"6'0* 4T/$%B'026* A50(/%"A/?* W6"[F]* 20)*

I(#[]j*R;'7"%$*[jSM*<C$($*2B'05*2A')(*'0*/"+"6'0*2%$*('/"2/$)*'0*2*('B'62%*5%'$0/2/'50*/5*/C$*

2%7'0'0$* %$(')"$(* ')$0/';'$)* '0* 8UU.F* 20)* 8UU.H?* 2(* B5)$66$)* 50* /C$* '=) HIJAKLM) U5A5*

#%5/$'0M*<C"(*'/*'(*#5(('+6$*/C2/*/C$($*0$72/'&$6,*AC2%7$)*/"+"6'0*%$(')"$(*2((5A'2/$*D'/C*/C$*

#5('/'&$6,*AC2%7$)*U5A4EU*%$(')"$(*/5*5%'$0/*/C$*'0/$%2A/'50*+$/D$$0*/"+"6'0*20)*8UU.FM**

A 

B 

Glutamine 
1379 

Arginine 
1381 

Arginine 
1386 
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Z$;5%&!HEC!T&;*($X&4<!'.*%;&#!%&1$#5&1!+8!(.&!(5,54$)!'+)1(%5'(!1.+-!'+:3*%*,4&!3+1$($+)1!
(+!(.&!K+'!*%;$)$)&1C*<C$*+2('A*%$(')"$(*0$2%*8,([YF*5;*/C$*XT/"+"6'0*A50(/%"A/*2%$*'0)'A2/$)*
'0*+6"$M*<C'(*B2,*+$*%$6$&20/*/5*/C$*2((5A'2/'50*D'/C*/C$*8UU.F*U5A4EU*2%7'0'0$(*("77$(/$)*
/5*;2A'6'/2/$*/C$*8UU.FT*X*e/"+"6'0*2((5A'2/'50M**
*

HC7CO!! ?$1'511$+)!

<C$* ('/$* 5;* /C$* '0/$%2A/'50* +$/D$$0* /C$* 8UU.F* U5A4EU* )5B2'0* 20)* XT/"+"6'0* C2(* +$$0*

')$0/';'$)*'0*+5/C*XT/"+"6'0*20)*8UU.FM**

<C$* )'&'('50* 5;* /C$* U5A* )5B2'0* '0/5* 5&$%62##'07* /C'%)(* %$&$26$)* /C2/* /C$* 2((5A'2/'50*D'/C*

/"+"6'0*5AA"%%$)*+$/D$$0*2B'05*2A')*%$(')"$(*H[Fi*20)*HJGG?*D'/C*20*'0/$%2A/'50*(/%$07/C*

'0)'(/'07"'(C2+6$*/5*/C$*;"66*U5A*)5B2'0M* >B#5%/20/6,?*)'B$%'(2/'50*D'/C*;"66T6$07/C*U5A4EU*

D2(* %$/2'0$)* D'/C* /C'(* /%"0A2/$)* A50(/%"A/?* ("77$(/'07* /C2/* (/%"A/"%26* '0/$7%'/,* D2(*

B2'0/2'0$)M* <C'(* D2(* 26(5* /%"$* 5;* /C$* U5A* /%"0A2/'50* #%5/$'0* [* RHJJ[TH]H]S?* /C5"7C* /C$*

'0/$%2A/'50*(/%$07/C*D2(*%$)"A$)M*15D$&$%*/C$*A$0/%26*/%"0A2/'50*#%5/$'0*F*RH[jYTHJY]S*)')*

05/*'0/$%2A/*D'/C*/C$*U5A4EU*)5B2'0M*<C'(*B2,*+$*)"$*/5*/C$*2+($0A$*5;*%$7'50(*0$A$((2%,*

/5*/C$*'0/$%2A/'50*5%*+$A2"($*/C$*/$%/'2%,*(/%"A/"%$*D2(*05/*%$/2'0$)M*P5)$66'07*5;*/C$*/C%$$*

;%27B$0/(* )$B50(/%2/$(* /C2/* /C'(* ($A50)* /%"0A2/'50* '(* /C$* 6$2(/* A5B#2A/* 5;* /C$* /C%$$?*

("##5%/'07*/C$*/C$5%,*5;*2*65((*5;*(/%"A/"%26*'0/$7%'/,M*

<C$* U5A* )5B2'0* A50(/%"A/* H* R8UU.F* %$(')"$(* H[FiTHJGGS* '0A6")$(* B"6/'#6$* %$(')"$(*

A50($%&$)* +$/D$$0* 8UU.F* 20)* /C$* C5B5657"$* 8UU.HM* IAA5%)'07* /5* /C$* b4:>* +2('A* 65A26*

26'70B$0/*/556*RI6/(AC"6*$/*26M?*HhhGS?*8UU.HT8UU.F*A50($%&2/'50*'(*[]u*'0*/C'(*%$7'50M*8UU.H*

Lysine 
362 

Glutamic acid 
325 

Aspartic acid 
357 

!-tubulin "-tubulin 
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'(*(C5%/$%*/C20*8UU.F?*D'/C*2*('B'62%*)5B2'0*(/%"A/"%$*'0*$0V,B2/'A*)5B2'0(*20)*6$"A'0$T%'AC*

20)*209,%'0*%$#$2/(?*+"/*62A9'07*2%B2)'665*%$#$2/(*20)*2*NLJG*)5B2'0M**

L"$* /5* /C$* A50($%&2/'50* +$/D$$0* 8UU.H* 20)* 8UU.F?* 2* /"+"6'0T8UU.H* U5A4EU* )5B2'0*

2((5A'2/'50*D2(* /$(/$)M* U$,0'$%(* 20)* A566$27"$(* #%$&'5"(6,* %$#5%/$)* /C2/* +5/C* 8UU.H* 20)*

8UU.F*#%5/$'0(*'0/$%2A/*D'/C*/"+"6'0*;5665D'07*B2((T(#$A/%5B$/%,*5;*!1!\T]\*A$66(*RU$,0'$%(*

$/*26M?*FGHJSM*>0/$%$(/'076,?*/C$*2((5A'2/'50*D'/C*8UU.H*D2(*6'B'/$)*/5*/C$*<3::?*<3::J*20)*

<3::Y* /"+"6'0* '(5;5%B(* 20)* %$Z"'%$)* /"+"6'0* I62[YJ* 20)* 8,([YF* %$(')"$(?* 2(* )$(A%'+$)*

#%$&'5"(6,*'0*%$72%)*/5*/C$*/"+"6'0T8UU.F*'0/$%2A/'50M*<C'(*'B#6'A2/$)*/C$*F[*;"66,*A50($%&$)*

%$(')"$(*20)*HJ*($B'TA50($%&$)*%$(')"$(*+$/D$$0*8UU.H*20)*8UU.F* '0* /C$*U5A* /%"0A2/'50*

#%5/$'0(*2(*#5(('+6,*A50/%'+"/'07*/5*#%5/$'0T#%5/$'0*'0/$%2A/'50M**

!""#,*20)*!""#$* (C5D*)';;$%$0/'26*$O#%$(('50*+5/C* /C%5"7C5"/*)$&$65#B$0/*20)*(#2/'266,*

RN$(/$%6"0)*$/*26M?*RFGGiSg*q$AC$6*$/*26M?*FGHGSM*!""#,*D2(*;5"0)*/5*+$*$&$06,*)'(/%'+"/$)*2/*

65D*6$&$6(*/C%5"7C5"/*/C$*+%2'0*RN$(/$%6"0)*$/*26M?*FGGig*+"/*8UU.F*(C5D(*%$7'5026*)'(#2%'/,*

RW26/$%* $/* 26M?* FGGYg*P$6%5($* $/* 26M?* FGGYg* !'B50T!20AC$V* $/* 26M?* FGGYg* :'(9"#* $/* 26M?* FGGjg*

1'72(C'*$/*26M?*FGGjg*N$(/$%6"0)*$/*26M?*FGGig*q$AC$6*$/*26M?*FGHGSM*>/* '(*#5(('+6$*/5*(#$A"62/$*

/C2/* 26/C5"7C* +5/C* 8UU.H* 20)* 8UU.F* +'0)* /"+"6'0?* /C$'%* %56$* 2(* (A2;;56)'07* (/%"A/"%$(*

;2A'6'/2/$(*/C$*2((5A'2/'50*5;*)'(/'0A/*#%5/$'0(*D'/C*/C$*A,/5(9$6$/50*2/*)';;$%$0/*/'B$*#5'0/(*

20)*'0*)';;$%$0/*A$66*#5#"62/'50(*)"$*/5*/C$*(#2/'26*20)*/$B#5%26*&2%'20A$(*'0*$O#%$(('50M*

<C$*/"+"6'0*'0/$%2A/'50*('/$*'0*%$(')"$(*H[FiTHJGG*D2(*/C$0*)$;'0$)*;"%/C$%*D'/C*20*2620'0$*

+65A9*(A20M*!$Z"$0A$(*5;*]*2B'05*2A')(*D$%$*%$#62A$)*+,*2620'0$(?*20*"0%$2A/'&$*2B'05*2A')*

D'/C* 2* (B266* (')$* AC2'0?*B$20'07* '0C'+'/'50* 5;* 2((5A'2/'50(*D'/C* 20* '0/$%2A/'50* ('/$*D'/C'0*

/C$($* ]* 2B'05* 2A')(M* <C'(* A50('(/$0/6,* %$&$26$)* /C2/* /C$* #%5/$'0* A50/2'0'07* /C$* 2620'0$*

%$(')"$*B"/2/'50(* D5"6)* $'/C$%* 2((5A'2/$* D'/C* +5/C* U5A4EU* 20)* /"+"6'0?* 5%* 0$'/C$%M* <C'(*

("77$(/(* /C2/* $'/C$%* U5A4EU* )'B$%'(2/'50* '(* %$Z"'%$)* '0* 5%)$%* ;5%* /C$* 8UU.FT/"+"6'0*

'0/$%2A/'50* /5* 5AA"%?* 5%* /C$* %$(')"$(* %$#62A$)* +,* 2620'0$* 2%$* 'B#5%/20/* ;5%* +5/C* U5A4EU*

)'B$%'(2/'50*20)*/C$*8UU.FT/"+"6'0*'0/$%2A/'50?*+"/*/C$*/D5*'0/$%2A/'50(*2%$*'0)$#$0)$0/*5;*

$2AC*5/C$%M*>/*'(*6'9$6,*/C2/*8UU.F*)'B$%'(2/'50*'(*0$A$((2%,*;5%*/C$*8UU.FT/"+"6'0*'0/$%2A/'50*
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2(* /C$%$* '(* 05* '0(/20A$* 5;* 20* '0/$%2A/'50*D'/C* /"+"6'0* '0* /C$* 2+($0A$* 5;* )'B$%'(2/'50M* <C'(*

B2,*+$*B$)'2/$)*+,*(/%"A/"%26*26/$%2/'50(*+$/D$$0*/C$*B505B$%'A*20)*)'B$%'A*;5%B(*5;*/C$*

8UU.F*U5A4EU*)5B2'0M*

<C$%$*D2(*2*#2%/'26*A5%%$62/'50*+$/D$$0*DC$/C$%*/C$*2620'0$*+65A9*D2(*'0/$%026*5%*$O/$%026*

/5* /C$* #%5/$'0* (/%"A/"%$* R2AA5%)'07* /5* /C$* '=) HIJAKLM) 8UU.F* C5B5657S* 20)* DC$/C$%* /C$*

2((5A'2/'50*5;*/C$*B"/2/$)*U5A4EU*D'/C*/C$*U5A4EU*)5B2'0*20)*/"+"6'0*D$%$*B2'0/2'0$)M*

IB'05*2A')(* 65A2/$)*D'/C'0*/C$*#%5/$'0*2%$* 6'9$6,*/5*C2&$*2*(/%"A/"%26* %56$?*B2'0/2'0'07*/C$*

("%;2A$* B5%#C5657,* %$Z"'%$)* /5* ;2A'6'/2/$* )'B$%'(2/'50* 20)* #%5/$'0T#%5/$'0* '0/$%2A/'50(M*

_5"%*#%5/$'0(*A50/2'0'07*2620'0$*+65A9(*/C2/*%$#62A$)*'0/$%026*%$(')"$(*05*6507$%*'0/$%2A/$)*

D'/C*8UU.F*U5A4EU*5%*/"+"6'0*R2620'0$*+65A9(*FT[?*%$(')"$(*H[[[TH[JF*20)*H[THJ?*%$(')"$(*

H[iiTH[hjSM*<C$*(/%"A/"%26*'B#5%/20A$*5;*/C$($*%$7'50(*'(*(C5D0*+,*/C$*A50($%&2/'50*5;*HF*

%$(')"$(* 2A%5((* 8UU.F?* 8UU.H* 20)* '=) HIJAKLM* U5A4EU* C$%$* RH[[]TH[[j?* H[[hTJH?* H[ih?*

H[hH?* H[h[TH[h]?* H[hjSM* <C$%$;5%$* '/* '(* #%$)'A/$)* /C2/* #%5/$'0(* A50/2'0'07* /C$($* 2620'0$*

+65A9(*D$%$*"02+6$*/5*)'B$%'($*A5%%$A/6,?*'0C'+'/'07*/C$*2((5A'2/'50*D'/C*/"+"6'0*20)*8UU.FM*

I6/$%02/$6,?*B"/2/'50*5;*/C$*'0/$%026*2620'0$*+65A9*H]*R%$(')"$(*H[hiTHJGJS*)')*05/*#%$&$0/*

/C$* 2((5A'2/'50* 5;* /C$* B"/2/$)* U5A4EU* #%5/$'0* D'/C* U5A4EU* 5%* /"+"6'0M* b50$* 5;* /C$*

%$(')"$(*'0*/C'(*%$7'50*2%$*A50($%&$)*2A%5((*8UU.H?*8UU.F*5%*'=)HIJAKLM)U5A5*20)*506,*/C$*

;'%(/* %$(')"$* '(*#2%/*5;* /C$*5%'7'026*U5A* /%"0A2/'50M*<C$%$;5%$* /C$*('/$*5;* /C$($*B"/2/'50(* '(*

6'9$6,*/5*+$*2D2,*;%5B*/C$*A5%$*'0/$%2A/'50*%$7'50*20)*20,*(/%"A/"%26*AC207$(*%$("6/'07*;%5B*

/C$*2620'0$(*B2,*05/*C2&$*'B#2A/$)*/C$*2((5A'2/'50(*"0)$%*'0&$(/'72/'50M*

<C$*B"/2/'50*5;*%$(')"$(* 65A2/$)*50*/C$*#%5/$'0*("%;2A$* '(* 6$((* 6'9$6,*/5*A2"($*D')$T(#%$2)*

AC207$(?* "06$((* /C$* %$(')"$(* 2%$* 65A2/$)* D'/C'0* /C$* '0/$%2A/'50* ('/$* 5;* '0/$%$(/M* <C$*

'0/$%2A/'50*D2(*B2'0/2'0$)*D'/C*#%5/$'0(*A50/2'0'07*2620'0$*+65A9(*jTi*R%$(')"$(*H[]iTH[YjS*

R#%$)'A/$)* /5* +$* 50* /C$* U5A4EU* ("%;2A$* +,* /C$* 4M* /$#')"B* C5B5657* B5)$6S* 20)* +5/C*

U5A4EU* 20)* /"+"6'0M* 15D$&$%?* /C$* 2((5A'2/'50* D'/C* +5/C* 8UU.F* 20)* /"+"6'0* D2(* 65(/* '0*

U5A4EU* #%5/$'0(* A50/2'0'07* 2620'0$* +65A9(* JTY* R%$(')"$(* H[J[TH[]jS?* )$(#'/$* /C$*

#%$)5B'020/6,*$O/$%026* 65A2/'50*5;* /C$($* %$(')"$(M* <C$*!""#$* .H[JjI*B"/2/'50* '0*2620'0$*
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+65A9*J*C2(*+$$0*(C5D0*#%$&'5"(6,*/5*5+(/%"A/*/C$*'0/$%2A/'50*D'/C*/"+"6'0*R<2,B20(*$/*26M?*

FGHHg*82D*$/*26M?*FGHJS?*$'/C$%*+,*+65A9'07*W<K2($*2A/'&'/,*5%*+,*(/%"A/"%26*26/$%2/'50*6$2)'07*

/5* 2* 65((* 5;* )'B$%'(2/'50M*P$20DC'6$* /C$* 6$"A'0$* %$(')"$(* '0* +65A9(* ]* 20)* Y* 2%$* $(($0/'26*

%$(')"$(*D'/C'0*26#C2TC$6'A$(* R8$"H[]G?* 8$"*H[]H*20)* 8$"*H[]JSM*I6/C5"7C* /C$*B2k5%'/,*5;*

%$(')"$(* '0* /C$($* +65A9(* 2%$* $O/$%026?* '0A5%%$A/6,* ;5%B$)* 26#C2* C$6'A$(* 2%$* 26(5* 6'9$6,* /5*

5+(/%"A/*)'B$%'(2/'50*20)*/C$*2((5A'2/'50*D'/C*/"+"6'0M**

<C$* U5A4EU* #%5/$'0* A50/2'0'07* $O/$%026* 2620'0$* +65A9* h* R%$(')"$(* H[YiTH[jFS* )5$(* 05/*

'0/$%2A/* D'/C* 8UU.F* U5A4EU* 5%* /"+"6'0M* <C'(* %$7'50* A50/2'0(* /D5* %$(')"$(?* <C%H[Yi* 20)*

>(5H[jH?*DC'AC*2%$* A50($%&$)* '0* 8UU.H?* 8UU.F*20)*'=) HIJAKLM)U5A5M* <C$%$;5%$* /C'(* ('/$* '(*

26(5* 6'9$6,* /5* +$* (/%"A/"%266,* 'B#5%/20/?* #$%C2#(* /5* )'B$%'(2/'50* 5%* /C$* #%5/$'0* /$%/'2%,*

(/%"A/"%$*2(*/C$*U5A4EU*)5B2'0*AC207$(*5%'$0/2/'50*+$/D$$0*W<KT+5"0)*20)*WLKT+5"0)M*

_'0266,?* /C$%$* '(* 50$* %$7'50* '0* DC'AC* #%5/$'0(* A50/2'0'07* /C$* 2620'0$* B"/2/'50(* C2)* 20*

26/$%$)*2((5A'2/'50*+$/D$$0*U5A4EU*20)* /"+"6'0?* ("77$(/'07* /C2/* /C'(* %$7'50* '(* /C$* ('/$*5;*

/C$*/"+"6'0T8UU.F*U5A4EU*)5B2'0* '0/$%2A/'50M* >0*#%5/$'0(*A50/2'0'07*2620'0$*+65A9(*HG?*HH*

20)* HF* R%$(')"$(* H[j[TH[ijS?* /C$* '0/$%2A/'50* D'/C* /"+"6'0* D2(* D$29$0$)* DC'6$* U5A4EU*

)'B$%'(2/'50* (/%$07/C*B2'0/2'0$)M*P5)$66'07* 65A2/$)* /C'(* #"/2/'&$* '0/$%2A/'50* %$7'50* 2D2,*

;%5B* /C$* )'B$%'(2/'50* ('/$?* 50* 2* (6'7C/* #%5/%"('50* 5;* /C$* U5A* )5B2'0M* I620'0$* +65A9* HG*

2##$2%$)*05/*/5*+$*2(*#%5B'0$0/6,*$O#5($)*2(*/C$*5/C$%*/D5*20)*'/*'(*#5(('+6$*/C2/*(/%"A/"%26*

AC207$(*'0*/C'(*%$7'50*D$29$0$)*/C$*'0/$%2A/'50*)"$*/5*/C$*A65($*#%5O'B'/,*/5*/C$*'0/$%2A/'50*

('/$M**

N'/C'0*/C'(*')$0/';'$)*'0/$%2A/'50*($Z"$0A$*RH[j[TH[iiS?*/C$%$*2%$*/C%$$*A50($%&$)*%$(')"$(*

+$/D$$0*8UU.H*20)*8UU.F-*W6"H[jh?*I%7H[iH*20)*I%7H[iYM*I(*/C$*'0/$%2A/'50*D2(*05/*;"66,*

+65A9$)*+,*20,*5;*/C$*2620'0$*+65A9*B"/20/(?*'/*'(*6'9$6,*/C2/*/C$*'0/$%2A/'50*('/$*5&$%62#(*/C$*

+5"0)2%'$(*5;*/C$*2620'0$*+65A9(M*I*;5665DT"#*$O#$%'B$0/*D5"6)*+$*/5*/$(/*)5"+6$*20)*/%'#6$*

B"/20/(*5;*W6"H[jh?*I%7H[iH*20)*I%7H[iY*/5*)$/$%B'0$*/C$* 'B#5%/20A$*5;* /C$($*%$(')"$(*

;"%/C$%M**
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<C$*8UU.FT/"+"6'0*'0/$%2A/'50*%$Z"'%$(*2*#5('/'&$6,*AC2%7$)*6,('0$*%$(')"$*'0*/"+"6'0*20)*/D5*

5;* /C$* /C%$$* ('/$(* ')$0/';'$)* '0* /C$* U5A4EU* )5B2'0(* 2%$* 26(5* #5('/'&$6,* AC2%7$)* 2%7'0'0$(M*

<C"(*'/*'(*6'9$6,*/C2/*/C$($*%$(')"$(*2((5A'2/$*D'/C*A5%%$(#50)'07*0$72/'&$6,*AC2%7$)*%$(')"$(*

'0*/C$*A5%%$(#50)'07*#%5/$'0?*'0*/C$*#%5O'B'/,*5;*/C$*/"+"6'0*8,([YF*+'0)'07*('/$M*<C$*B5)$6*

5;*/C$*'0/$%2A/'50*%$7'50*'0*/"+"6'0*%$&$26$)*/D5*+2('A*%$(')"$(*0$2%*/"+"6'0*8,([YF-*W6"[F]*

20)* I(#[]jM* <C$,* 2%$* 5%'$0/$)* '0* 2* ('B'62%* B200$%* /5* /C$* 8UU.F* U5A4EU* I%7H[iH* 20)*

I%7H[iY* %$(')"$(?* ("##5%/'07* /C$* $&')$0A$* /C2/* /C$($* %$(')"$(* 2%$* '0&56&$)* '0* /C$* 8UU.F*

U5A4EUT/"+"6'0*2((5A'2/'50M*<C$* ;'026*8UU.F*%$(')"$*#%5#5($)*/5*+$* '0&56&$)* '0* /C$*8UU.F*

U5A4EUT/"+"6'0* 2((5A'2/'50* '(* W6"H[jhM* W6"/2B'0$* %$(')"$(* 2%$* 5;/$0* '0&56&$)* '0* #%5/$'0*

+'0)'07g*/C$,*'0/$%2A/*D'/C*5/C$%*2B'05*2A')(*D'/C*#562%*(')$TAC2'0(M**

P"AC* 5;* /C$* D5%9* '0A6")$)* C$%$* %$6'$(* 50* /C$* 2AA"%2A,* 5;* /C$* '=) HIJAKLM* U5A5* 8UU.F*

C5B5657* B5)$6M* <C$* A5%%$62/'50* +$/D$$0* /C$* #%$)'A/$)* U5A5* (/%"A/"%$* 20)* /C$* 8UU.F*

$O#$%'B$0/26* %$("6/(* ("77$(/(* /C2/* /C$* 5%720'(2/'50* 5;* /C'(* B5)$6* '(* A5%%$A/M* <C$%$* '(* 20*

26/$%02/'&$*B5)$6?* '0*DC'AC* /C$*U5A*20)*4EU*)5B2'0(* '0/$%6'09*D'/C*50$*205/C$%* RL$07*$/*

26M?* FGGiS* 20)* 2* %$T2026,($)* &$%('50* '0* DC'AC* $O/$0)$)* ;6209'07* +5"0)2%'$(* '0/%5)"A$)* 2*

C,)%5#C5+'A*#2/AC?*5%'$0/'07*/C$*)5B2'0*'0*2*('B'62%*D2,*/5*/C$*'=)HIJAKLM*U5A5*B5)$6*R8'25*

$/*26?*FGHJSM*<C'(*(/%"A/"%$*'(*B'(('07*($&$%26*%$7'50(?*'0A6")'07*/C$*#"/2/'&$*/"+"6'0*+'0)'07*

('/$*RH[jhTH[iYS?*("77$(/'07*/C$,*2%$*%$7'50(*5;*C'7C*;6$O'+'6'/,M*I(*/C$*%$7'50*5;* '0/$%$(/*/5*

/C$* '0/$%2A/'50*A5"6)*05/*+$*&'("26'($)*D'/C* /C'(* (/%"A/"%$?* 2026,($(*"('07* /C'(*B5)$6*D$%$*

05/*#"%("$)M**

<C'(*'(*/C$*;'%(/*D5%9*/5*')$0/';,*2*(#$A';'A*#%5/$'0*'0/$%2A/'50*%$7'50*D'/C'0*/C$*U5A*)5B2'0?*

2(*D$66*2(*%$7'50(*'B#5%/20/*;5%*8UU.F*)'B$%'(2/'50M*>/*'(*05/*905D0*';*/C'(*('/$*'(*(#$A';'A*/5*

/"+"6'0(* 5%* 2* A5BB50* '0/$%2A/'50* 65A2/'50* +$/D$$0* 8UU.F* 20)* 2((5A'2/$)* #%5/$'0(M* <C$*

#%$($0A$*5;*20*'0/$%2A/'50*('/$*50*$2AC*U5A*)5B2'0*D'/C'0*/C$*8UU.F*)'B$%*B2,*+$*#2%/*5;*

/C$*#%5A$((*+,*DC'AC*8UU.F*B5)"62/$(*/C$*(/2+'6'/,*5;*B'A%5/"+"6$(?*2(*)'(A"(($)*'0*AC2#/$%*

[M[M*

* *



 129 

HC!K&154(1!
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!

!

!

!

!

HCH! IKKL7!*)#!P@!1(*,$4$(<!
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I(*B$0/'50$)*#%$&'5"(6,?*/C$*#%5O'B'/,*5;*/C$*U5A4EUT/"+"6'0*'0/$%2A/'50*20)*/C$*#2A6'/2O$6T

/"+"6'0*+'0)'07*('/$*("77$(/$)*2*%56$*;5%*8UU.F*'0*P<*(/2+'6'/,*R;'7"%$*[iSM**

K2A6'/2O$6* '(*2*A20A$%*AC$B5/C$%2#,*/%$2/B$0/?*)$%'&$)* ;%5B*/C$*+2%9*5;* /C$*N$(/$%0*\$D*

/%$$M* >/* +'0)(* /"+"6'0(* '0* 2* (/5'AC'5B$/%'A* %2/'5* '0(')$* /C$* P<* 6"B$0?* #%5B5/'07*

#56,B$%'(2/'50* '0/5* (/2+6$* P<(* 20)* +65A9'07* )'(2(($B+6,* RK2%0$((* 20)* 15%5D'/V?* HhiHg*

.'07(/50?*HhhJSM**

I6(5*("##5%/'07*/C$*C,#5/C$('(*5;*2*%56$*;5%*8UU.F*'0*P<*(/2+'6'/,* '(*/C$*#%$($0A$*5;*/C$*mT

/"+"6'0*8,(JG*2A$/,62/'50*('/$*A65($*/5*/C$*8UU.F*+'0)'07*('/$*50*XT/"+"6'0M*IA$/,62/'50*5AA"%(*

2/*mT/"+"6'0*8,(JG*'0*(/2+6$*P<(*20)*(/%$07/C$0(*'0/$%#%5/5;'+%'6* '0/$%2A/'50(M*302A$/,62/$)*

P<(*2%$*/C$%$;5%$*B5%$*;6$O'+6$*20)*),02B'A*RK'#$%05*$/*26M?*Hhij?*d209$*20)*:"6'0(9'?*FGHHg*

4"$&2*$/*26M?*FGHFSM*

Z$;5%&! HFC! @.&! 96(5,54$)! I<1HR7! IKKL7! ,$)#$);! 1$(&! $1! )&*%! (-+! 1$(&1! $:3+%(*)(! 8+%! P@!
1(*,$4$1*($+)C! "C* XT/"+"6'0* 8,([YF* '(* 50* 2* ('B'62%* #620$* /5* +5/C* /C$* (/2+'6'('07* #2A6'/2O$6*
+'0)'07* ('/$* 20)* mT/"+"6'0* 8,(JG* 2A$/,62/'50* ('/$?* 2* B2%9$%* ;5%* (/2+6$* P<(M* <C$,* 2%$* 266*
65A2/$)*'0(')$*/C$*P<*6"B$0M*\C*I*A65($T"#*&'$D*5;*/C$*%$7'50*'0)'A2/$)*'0*IM**

HCHCB!! IKKL7!4+'*4$1&1!(+!#<)*:$'!;%+-(.!'+)&!P@1!

<C$*#%$)'A/$)*6"B'026*+'0)'07*('/$*5;*8UU.F*'(* 6'9$6,*/5*+$*#55%6,*2AA$(('+6$*/5*/C$*FiG*.L2*

8UU.FM*<C"(*/C$*$O#$A/2/'50*/C2/*8UU.F*'(*'0/$%2A/'07*D'/C*),02B'A*P<(*5%*#%5/5;'+%'6(*D2(*

!-tubulin "-tubulin 

A 

Paclitaxel 

Lysine 
362 

Lysine 
40 

B 
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$O#65%$)M* L,02B'A* P<(* C2&$* '0A%$2($)* ;6$O'+'6'/,* '0* /C$* '0/$%T#%5/5;'+%'6* A500$A/'50(?*

/C$%$;5%$*'B#%5&$)*6"B'026*2AA$(('+'6'/,*/5*62%7$*#%5/$'0(*("AC*2(*8UU.FM**

3('07*2*;'O2/'50*/$AC0'Z"$*(#$A';'A*/5*A,/5(9$6$/26*(/%"A/"%$(?*D$*D$%$*2+6$*/5*)$/$A/*8UU.F*

'0*!1T!\]\*0$"%'/$*7%5D/C*A50$(M*8$&$6(*)$A6'0$)*26507*/C$*2O50*/5D2%)*/C$*A$66*+5),*R;'7"%$*

[hS* '0* +5/C* D'6)T/,#$* A$66(* $O#%$(('07* $0)57$05"(* !""#$* 6$&$6(* 20)* '0* A$66(* (/2+6,*

5&$%$O#%$(('07*8UU.FM**

Z$;5%&!HNC!IKKL7!4+'*4$1&1!3%&8&%&)($*44<!(+!;%+-(.!'+)&1C!8UU.F*65A26'($(*#%$;$%$0/'266,*/5*
7%5D/C* A50$(* '0* +5/C* (/2+6,* 5&$%$O#%$(('07* R"6?S* 20)*D'6)T/,#$* RZ6aS* !1T!\]\*0$"%'/$(M* I*
A,/5(9$6$/26*(#$A';'A*;'O2/'50*B$/C5)*%$&$26$)*(/2+6,*5&$%$O#%$(($)*8UU.F*20)*$0)57$05"(*
8UU.F* 65A26'($)* /5* 7%5D/C* A50$(* '0* !1T!\]\* 0$"%'/$(* D'/C* 2((5A'2/'50* )$A6'0'07* 26507* /C$*
2O50* R\* 20)* ZSM* 8UU.F* 'B27$)* "('07* ^#'/5B'A(* 8UU.F* 20/'+5),* R)$/2'6(* '0* P2/$%'26(* 20)*
P$/C5)(SM*!A26$*+2%(*FG μB?*ITL*'B27$)*+,*@$%50'A2*8$'0(/$%M**

!/2+6$*P<(*2%$*;5"0)*#%$)5B'020/6,*'0*/C$*v4Q*RA$0/%26S*V50$*5;*/C$*7%5D/C*A50$?*/C$*('/$*5;*

/C$* /%20('/'50* +$/D$$0* (/2+6$* 20)* ),02B'A* P<(?* DC$%$2(* /C$* vKQ* R#$%'#C$%26S* V50$* '(*

A5B#5($)*5;* 2A/'0* ;'62B$0/(* 20)*B5%$*),02B'A* R/,%5('02/$)S*P<(M* <C$*)$/$A/'50*5;* 5&$%T

$O#%$(($)* 8UU.F* '0* /C$* v4TV50$Q?* R82D* $/* 26M?* FGH[S?* ("##5%/(* /C$* 05/'50* /C2/* 8UU.F*

2((5A'2/$(*D'/C*),02B'A*P<(?*'0*2*%$7'50*DC$%$*/C$*P<*6"B$0*'(*B5%$*2AA$(('+6$M*

!

!

!

Merge Tubulin LRRK2 F-actin 

Tubulin Merge 

E F G H 
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HCHC7!! IKKL7!%&#5'&1!g6(5,54$)!*'&(<4*($+)!

I(* B$0/'50$)* #%$&'5"(6,?* P<(* "0)$%75* 2A$/,62/'50* 20)* )$2A$/,62/'50* 2/* %$(')"$* 8,(JG?*

65A2/$)* '0* /C$*P<* 6"B$0M*L"$* /5* /C$* A65($* #%5O'B'/,* 5;* /C'(* 65A2/'50* '0*mT/"+"6'0* 20)* /C$*

8UU.FTXT/"+"6'0*+'0)'07*('/$?*A5B+'0$)*D'/C*/C$*8UU.F*2((5A'2/'50*D'/C*/C$*),02B'A*7%5D/C*

A50$?*2*;"0A/'5026*A500$A/'50*+$/D$$0*8UU.F*20)*2A$/,62/'50*D2(*0$O/*'0&$(/'72/$)M**

I0* 20/'+5),* (#$A';'A* ;5%* 2A$/,62/$)* mT/"+"6'0* 8,(JG* %$&$26$)* 2* )%2B2/'A* )';;$%$0A$* '0*

2A$/,62/'50* +$/D$$0* !FFG$* 905A9T5"/*P^_(* 20)* /C$'%* D'6)T/,#$* A5"0/$%#2%/(M* !FFG$* 905A9T

5"/(*)'(#62,$)*2*(/%'9'07*'0A%$2($*'0*/"+"6'0*2A$/,62/'50*R;'7"%$*JGSM**

Z$;5%&!OVC!9>>?%!&c3%&11$+)!'+%%&4*(&1!$)X&%1&4<!-$(.!(5,54$)!*'&(<4*($+)C*N$(/$%0*+65//'07*
)$B50(/%2/$(* 2A$/,62/'50* 5;* mT/"+"6'0* 8,(JG* '(* (/%5076,* '0A%$2($)* '0* !FFG$* 905A9T5"/* R.ES*
P^_*A$66(?*A5B#2%$)*D'/C*D'6)T/,#$*RN<S*A$66(*R;%5B*L20'$6*:$%D'A9SM***

<C'(*'0&$%($*A5%%$62/'50*+$/D$$0*8UU.F*20)*2A$/,62/'50*5;*mT/"+"6'0*8,(JG*D2(*A50;'%B$)*'0*

'BB"05;6"5%$(A$0A$* (/")'$(* A5B#2%'07* D'6)T/,#$* 20)* !FFG$* 905A9T5"/* P^_* A$66(M* I* A6$2%*

'0A%$2($*'0*2A$/,62/$)*/"+"6'0*D2(*(C5D0*'0*/C$*905A9T5"/*P^_*A$66*6'0$*R;'7"%$*JHSM*b5/*506,*

D2(*2*)%2B2/'A* '0A%$2($*'0*2A$/,62/'50*($$0*'0*/C$*!FFG$*905A9T5"/*A$66(?*+"/*B5%#C5657'A26*

AC207$(*D$%$* 26(5* &'('+6$-* AC207$(* '0* /C$*P<* 20)* 2A/'0* A,/5(9$6$/50* (/%"A/"%$* '0A6")$)* 2*

%$)"A/'50* '0* _T2A/'0* (/%$((* ;'+%$(?* 20* '0A%$2($* '0* ;'65#5)'2* 20)* '0A%$2($)* A$66* 2)C$('50M* >0*

2))'/'50?* /C$%$* D2(* 2* %$)"A/'50* '0* 0"A6$2%* )$0('/,?* 20* 2##2%$0/* 65((* 5;* #562%'/,* 20)* 20*

'0A%$2($*'0*A$66*20)*0"A6$"(*('V$M*

*

 
*
!

!

LRRK2 

Acetylated !–tubulin  

Tubulin  

225 
50 
50 

KO WT 
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!

Z$;5%&!OBC!9>>?%!0)+'06+5(!P]Z!'&441!%&X&*4!#%*:*($'!:+%3.+4+;$'*4!'.*);&1C*FGO*B270';'$)*
R"6lS*20)*Y[O*B270';'$)*RL6@S*D'6)T/,#$*RN<S*R"6]Y!L6^S*20)*!FFG$*905A9T5"/*R.ES*RZ6lY!/6@SM*
!FFG$*905A9T5"/*P^_*A$66(*(C5D'07*'0A%$2($)*2A$/,62/$)*/"+"6'0*'0*/C$*905A9T5"/*A$66(*2(*D$66*
2(* B5%#C5657'A26* AC207$(* '0A6")'07* AC207$(* '0* /C$* ('V$* 20)* )$0('/,* 5;* 0"A6$'?* 2* 65((* 5;*
#562%'/,*20)*26/$%$)*(/%$((*;'+%$?*;'65#5)'2*20)*A$66*2)C$('50M*<C$*(A26$*+2%(*2%$*HGG*μB*RFGO*
V55BS*20)*FG*P*RY[O*V55BSM**

W
T 

K
O

 

W
T 

K
O
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HCHCH!!!!!!!!@5,54$)!$1+8+%:!+X&%&c3%&11$+)!#$88&%&)(4<!*4(&%1!(.&!
! !!!!!!!3%+3+%($+)!+8!*'&(<4*(&#!(5,54$)!!

I;/$%* )$/$A/'07* '(5;5%BT(#$A';'A* )';;$%$0A$(* '0* /C$* 8UU.FT/"+"6'0* '0/$%2A/'50* '0* ,$2(/?*

2A$/,62/'50* 6$&$6(*D$%$*A5B#2%$)* '0* /C$*#%$($0A$*5;*5&$%$O#%$(($)* /"+"6'0* '(5;5%B(M*4$66(*

5&$%$O#%$(('07* /"+"6'0* '(5;5%B(* /C2/* )5* 05/* '0/$%2A/* )'%$A/6,* D'/C* 8UU.F* R<3::H* 20)*

<3::[S?* $OC'+'/* 20* '0A%$2($)*#%5#5%/'50*5;* 2A$/,62/$)* /"+"6'0* A5B#2%$)*D'/C*$0)57$05"(*

6$&$6(*R;'7"%$*JFSM*450&$%($6,?*5&$%$O#%$(('50*5;*/"+"6'0*'(5;5%B(*/C2/*)5*'0/$%2A/*D'/C*8UU.F*

R<3::J*20)*<3::YS*)5*05/*26/$%*/C$*#%5#5%/'50*5;*2A$/,62/'50M**

!
Z$;5%&! O7C! @.&! 3%+3+%($+)! +8! *'&(<4*(&#! (5,54$)! X*%$&1! -$(.! (.&! (5,54$)! $1+8+%:!
+X&%&c3%&11&#C! "C* N$(/$%0* +65/* (C5D'07* '0A%$2($)* 2A$/,62/$)* /"+"6'0* 2(* 2* #%5#5%/'50* 5;*
/5/26*/"+"6'0*'0*1^.*A$66(*5&$%$O#%$(('07*<3::H*20)*<3::[M*\C*<C$*#%5#5%/'50*5;*2A$/,62/$)*
/"+"6'0* '(* '0A%$2($)* +,* ]GTiGu* '0* A$66(* 5&$%$O#%$(('07* <3::H* 20)* <3::[* R05* 8UU.F*
'0/$%2A/'50S* A5B#2%$)* D'/C* <3::J* 20)* <3::Y* R8UU.F* '0/$%2A/'50SM* !/2/'(/'A26* ('70';'A20A$*
D2(*)$/$%B'0$)*"('07*2*/D5*(2B#6$*$Z"26*&2%'20A$*<T/$(/?*0Ñ[?*É*#yGMG]?*^%%5%*+2%(*Ñ*!LM*
*

HCHCO!! @.&!IKKL7!T6(&%:$)51!&88&'(1!(.&!'.*);&1!$)!!
! ! *'&(<4*($+)!

N$(/$%0* +65/(* /5* )$/$%B'0$* ';* 26/$%$)* 2A$/,62/'50* A5"6)* +$* 2//%'+"/$)* /5* 2* ('076$* 8UU.F*

%$7'50*("%#%'('076,*("77$(/*/C2/*'/*'(*/C$*%$7'50*#%'5%*/5*U5A4EU*$;;$A/'07*/C$*AC207$(*R;'7"%$*

J[SM*<C'(*'0A6")$(*/C$*bT/$%B'026*8UU?*2%B2)'665*%$#$2/*20)*209,%'0*)5B2'0(M*

!

!

!

!"

!#$"

%"

%#$"

&"

&#$"

'(
)*
"

'(
)*
+,-
..
%"

'(
)*
+,-
..
/"

'(
)*
+,-
..
0"

'(
)*
+,-
..
1"

!"
#$
%&
'$
#(

)$*
+*

&,-
)'
.)'

)/
#0
"#
-$
'1
#)
23
))

$2
$'
&)$
*+

*&
,-
)0#

&'
45
#)
$2
)#
-(

21
#-
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Z$;5%&! OHC! @.&! IKKL7! T6(&%:$)51!
:&#$*(&1! %&#5'&#! g6(5,54$)! *'&(<4*($+)! $)! a]L! '&441C! "C*N$(/$%0* +65/* )$B50(/%2/'07* /C$*
%$)"A/'50*'0*2A$/,62/'50*%$62/$(*/5*/C$*%$7'50*5;*8UU.F*#%'5%*/5*U5A4EU?*'0A5%#5%2/'07*/C$*bT
/$%B'0"(?*6$"A'0$*%'AC*%$#$2/?*209,%'0*20)*2%B2)'665*%$#$2/*)5B2'0(C!\C*<C$*8UU.F*%$)"A/'50*
'0* 2A$/,62/'50* '(* ;2A'6'/2/$)* +,* /C$* bT/$%B'0"(* R'0A5%#5%2/'07* /C$* $0/'%$* %$7'50* #%'5%* /5*
U5A4EUS?*DC'AC*%$)"A$(*/C$*#%5#5%/'50*5;*2A$/,62/$)*/"+"6'0*/5*2*('B'62%*6$&$6*2(*;"66T6$07/C*
8UU.FM* !/2/'(/'A26* ('70';'A20A$* D2(* )$/$%B'0$)* "('07* 2* #2'%$)* <T/$(/?* 0ÑY?* ÉÉ* #yGMGH?* ÉÉÉ*
#yGMGGH?*$%%5%*Ñ!LM**

HCHCQ!! \4+'0$);!(.&!3*'4$(*c&4!,$)#$);!1$(&!3%&X&)(1!IKKL7!
! ! ,$)#$);!(5,54$)!

I6'70B$0/*5;*mT*20)*XT/"+"6'0*2B'05*2A')*($Z"$0A$(*%$&$26$)*20*$'7C/*2B'05*2A')*'0($%/'50*

'0* /C$* mT/"+"6'0* !hT!HG* 655#* R;'7"%$* JJISM* <C'(* 655#* (#20(* /C$* $Z"'&26$0/* %$7'50* 5;* /C$* XT

/"+"6'0T#2A6'/2O$6* +'0)'07* ('/$* R;'7"%$* JJ:SM* >/* 26(5* %$&$26$)* /C2/* mT/"+"6'0* C2(* 20* 2620'0$*

%$(')"$*2/*[jJ?*$Z"'&26$0/*/5*/C$*I62[YJ*%$(')"$*'0*XT/"+"6'0*'(5;5%B(*/C2/*+'0)*8UU.FM**

!

!

!

!

!

Myc 

Tubulin 

Actin 

LR
R

K
2 

N
-te

rm
in

us
 

R
oc

C
O

R
 

K
in

as
e 

W
D

40
 

M
yc

 

A 

!"

#!"

$!"

%!"

&!"

'!!"

'#!"

'$!"

'%!"

()
*"

+,
,-
#"

./
012
34
56
7"

,8
9*
:,
"

-45
;71
"

<=
$!
"

** *** 

B 

31 

52 
52 

150 
225 

52 

76 

52 
38 
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Z$;5%&! OOC!?$88&%&)'&1! ,&(-&&)!g6! *)#!96(5,54$)! $)! (.&! 3*'4$(*c&4_IKKL7!,$)#$);! 1$(&C!"C*
I6'70B$0/*5;*/C$*mT*20)*XT/"+"6'0(*)$B50(/%2/$(*20*'0($%/*'0*mT/"+"6'0*$Z"'&26$0/*/5*/C$*XT
/"+"6'0T#2A6'/2O$6*+'0)'07*('/$?*'BB$)'2/$6,*#%'5%*/5*%$(')"$(*'0&56&$)*'0*/C$*XT/"+"6'0T8UU.F*
2((5A'2/'50* 20)* %$&$26(* 20* I62[jJ?* $Z"'&26$0/* /5* /C$* XT/"+"6'0* I62[YJ* %$Z"'%$)* ;5%* /C$*
'0/$%2A/'50*D'/C*8UU.FM*\C*<C$*#2A6'/2O$6*+'0)'07*('/$*'0*XT/"+"6'0M*mT/"+"6'0*C2(*20*i*2B'05*
2A')*'0($%/'50*'0*/C$*$Z"'&26$0/*65A2/'50?*'0)'A2/$)*'0*#"%#6$M!

1,#5/C$('('07*/C2/*/C$*JGu*('B'62%'/,*+$/D$$0*mT*20)*XT/"+"6'0(*B2,*B$20*/C2/*2S*D'/C5"/*

/C$* :hT:HG* 655#?* mT/"+"6'0* A5"6)* '0/$%2A/* D'/C* 8UU.F* U5A4EU* 20)* /C2/* +S* 8UU.F* B2,*

A5B#$/$*D'/C*#2A6'/2O$6*5%*%$Z"'%$*2AA$((*/5*/C$*#2A6'/2O$6T+'0)'07*('/$*'0*'0/$%2A/'07*D'/C*XT

/"+"6'0?* %$A'#%5A26*B"/2/'50(*D$%$*B2)$g* /C$* 655#* $O/$0('50*D2(* 2))$)* /5* XT/"+"6'0* 20)*

%$B5&$)*;%5B*mT/"+"6'0M***

L$6$/'50* 5;* /C$* $O/$0('50* '0* <3:IHI* )')* 05/* ;2A'6'/2/$* 20* 2((5A'2/'50* R;'7"%$* J]SM* <C$*

)$6$/'50* 5;* /C$* '0($%/'50* '(* 05/* (";;'A'$0/* /5* ;2A'6'/2/$* 2* 8UU.FTmT/"+"6'0* '0/$%2A/'50?*

)$B50(/%2/'07* /C2/* 2))'/'5026* %$(')"$(* 2%$* 'B#5%/20/* ;5%* /C$* XT/"+"6'0TU5A4EU* )5B2'0*

'0/$%2A/'50M* 15D$&$%?* '0($%/'07* '/* '0/5* <3::J* 20)* <3::Y* #%$&$0/$)* /C$'%* '0/$%2A/'50*D'/C*

Paclitaxel 
amino acid  

insertion 

!-tubulin "-tubulin 

A 

B 
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/C$*U5A4EU*)5B2'0?*(C5D'07*/C$*#%$($0A$*5;*/C$*:hT:HG*655#*$O/$0('50*'(*'0C'+'/5%,*/5*/C$*

'0/$%2A/'50* D'/C* 8UU.FM* <C'(* B2,* '0)'A2/$* /C2/* /C$* /"+"6'0T8UU.F* '0/$%2A/'50* +65A9(* /C'(*

%$7'50*20)*'(*'0C'+'/5%,*/5*#2A6'/2O$6*+'0)'07*20)*&'A$T&$%(2M***

!

Z$;5%&!OQC!@5,54$)6IKKL7!,$)#$);!%&U5$%&1!*''&11!(+!(.&!3*'4$(*c&4!,$)#$);!1$(&C!L$6$/'50*5;*
/C$*:hTHG*655#*'0*mT/"+"6'0*Rà:hT:HG*655#S*)5$(*05/*;2A'6'/2/$*20*'0/$%2A/'50*D'/C*/C$*8UU.F*
U5A4EU* )5B2'0M* >0($%/'50* 5;* /C$* 655#* '0/5* XT/"+"6'0* R>0(* :hT:HG* 655#S* #%$&$0/(* /C$*
'0/$%2A/'50*+$/D$$0*/"+"6'0*20)*/C$*8UU.F*U5A4EU*)5B2'0M*<*:5/C*/%20(;5%B2/'50*A50/%56*
20)* 0"/%'/'5026* ($6$A/'50* #62/$(* 2%$* (C5D0?* 'B27$(* %$#%$($0/2/'&$* 5;* [* ($#2%2/$*
$O#$%'B$0/(M*

K2A6'/2O$6T+5"0)*/"+"6'0*26/$%(*/C$*/"+"6'0*A%,(/26*(/%"A/"%$*R;'7"%$*JYS*'0*/C$*8UU.F*+'0)'07*

%$7'50?*D'/C* /C$* #2%266$6* I%7[FG* 20)* 8,([YF* #%5k$A/'50(* 05* 6507$%* $O/$0)'07* '0* 2* #2%266$6?*

26'70$)*B200$%M*>0(/$2)?*/C$,*#%5k$A/*2D2,*;%5B*$2AC*5/C$%*'0*)';;$%$0/*#620$(M*<C$%$;5%$*'/*

'(*#5(('+6$*/C2/*8UU.F*)5$(0Q/*+'0)*2A%5((*/C$*#2A6'/2O$6*+'0)'07*('/$?*+"/*/C2/*/C$*(/%"A/"%$*

5;*#2A6'/2O$6*+5"0)*P<(*'(*AC207$)*'0*2*B200$%*'0C'+'/5%,*/5*/C$*8UU.FT/"+"6'0*'0/$%2A/'50M*

!

TUBA1A  TUBA1A 
!B9-B10 

loop 

TUBB4 

LRRK2 
RocCOR 

Empty 
bait 

TUBB4  
Ins B9-

B10 loop 

TUBB6 TUBB6  
Ins B9-

B10 loop 

Empty 
prey TC 

TUBA1A  TUBA1A 
!B9-B10 

loop 

LRRK2 
RocCOR 

Empty 
bait 

TUBB4 TUBB4  
Ins B9-

B10 loop 

TUBB6 TUBB6  
Ins B9-

B10 loop 

Empty 
prey NS 
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Z$;5%&!ORC!P+#&41!#&%$X&#! 8%+:!3*'4$(*c&46,+5)#!*)#!5),+5)#! (5,54$)! '%<1(*4! 1(%5'(5%&1!
*4(&%!(.&!(5,54$)!'+)8$;5%*($+)!*(!(.&!IKKL7!,$)#$);!1$(&C*"C*U$(')"$(*%$6$&20/*/5*/C$*8UU.FT
/"+"6'0*'0/$%2A/'50*"('07*KL:*B5)$6*H<3:*)$%'&$)*;%5B*/C$*A%,(/26*(/%"A/"%$*5;*#5%A'0$*mpX*
)'B$%(*"0+5"0)*/5*#2A6'/2O$6*RP5)$6*"($)*'0*#%$&'5"(*;'7"%$(SM*\C*<C$*(2B$*%$(')"$(*'0*KL:*
B5)$6* Hd__* )$%'&$)* ;%5B* /C$* A%,(/26* (/%"A/"%$* 5;* +5&'0$* mpX* /"+"6'0* )'B$%(* +5"0)* /5*
#2A6'/2O$6M*

!

HCHCR!! IKKL7!%&#5'&1!P@!*'&(<4*($+)!$)!3*'4$(*c&4!(%&*(&#!
! ! '&44!4$)&1!!

<5*($$*';*/C$*("77$(/'50*/C2/*8UU.F*'(*"02+6$*/5*+'0)*/"+"6'0*';*/C$*#2A6'/2O$6*+'0)'07*('/$*'(*

+65A9$)*A5"6)*+$*&26')2/$)?*#2A6'/2O$6T/%$2/$)*1^.*A$66(*D$%$*/%20(;$A/$)*D'/C*8UU.FM**

I*#%$6'B'02%,*+65/* (C5D$)*7%5D/C*5;* A$66(* '0*B$)'2*A50/2'0'07*HG*0P*#2A6'/2O$6* '0)"A$)*2*

(/%507*'0A%$2($*'0*2A$/,62/$)*mT/"+"6'0*R;'7"%$*JjSM**

*

*

*

*

*

!

Arginine 
320 Lysine 

362 

Arginine 
318 

Serine 
364 

A B 
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!

!

Z$;5%&! OEC! "! 3%&4$:$)*%<! '+)'&)(%*($+)! ;%*#$&)(! $)#$'*(&1! 1(%+);! *'&(<4*($+)! $)! (.&!
3%&1&)'&! +8! BV)P! 3*'4$(*c&4C! I*N$(/$%0* +65/* 5;!1^.* A$66(* '0A"+2/$)* '0*B$)'2* A50/2'0'07*
#2A6'/2O$6*;5%*FJ*C5"%(*)$B50(/%2/$*2*A6$2%*'0A%$2($*'0*2A$/,62/$)*/"+"6'0*;5665D'07*2*HG*0P*
#2A6'/2O$6*'0A"+2/'50M!

*

1^.* A$66(* 7%5D0* '0* G* 5%* HG* 0P* #2A6'/2O$6* %$&$26$)* 2* A6$2%* '0A%$2($* '0* /C$* #%5#5%/'50* 5;*

2A$/,62/$)* /"+"6'0* '0* /C$* #%$($0A$* 5;* #2A6'/2O$6?* DC'AC*D2(* %$)"A$)* +,* 5&$%$O#%$(('50* 5;*

8UU.FM**

*

Z$;5%&!OFC! IKKL7! %&#5'&1!3*'4$(*c&46$)#5'&#!*'&(<4*($+)! $)!a]L! '&441M*"C*N$(/$%0*+65//'07*
%$&$26(* '0A%$2($)* 2A$/,62/'50* '0* /C$* #%$($0A$* 5;* HG0P* #2A6'/2O$6* '(* %$)"A$)* +,* 8UU.F*
5&$%$O#%$(('50M* \C* >0* A$66(* 7%5D0* '0* /C$* #%$($0A$* 20)* 2+($0A$* 5;* HG0P* #2A6'/2O$6?* /C$*
#%5#5%/'50*5;*2A$/,62/$)*/"+"6'0*)$A6'0$)*'0*/C$*#%$($0A$*5;*5&$%$O#%$(($)*8UU.FM*!/2/'(/'A26*
('70';'A20A$*D2(*)$/$%B'0$)*"('07*2*#2'%$)*/T/$(/?*0Ñ[?*?*ÉÉ*#yGMGH?*$%%5%*+2%(*Ñ*!^PM*
*
* *

10
0 

nm
 

10
 

1 10
0 

pm
 

1 10
 

0 0.
1 

Pan-tubulin 

Acetylated alpha tubulin 

Actin 

Paclitaxel 
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HCHCE!! ?$1'511$+)!

HCHCECB!!!!!!!!!@.&!1$(&!+8!(.&!IKKL76(5,54$)!$)(&%*'($+)!-$(.$)!'&44!;%+-(.!

! !!!!!!!!!!!'+)&1!

<C'(*/C$('(*')$0/';'$)*/C$*65A2/'50*5;*/C$*'0/$%2A/'50*('/$*+$/D$$0*8UU.F*20)*P<(*50*/C$*P<*

6"B'026* ("%;2A$?* 2* %$7'50* 6'9$6,* /5* +$* #55%6,* 2AA$(('+6$* /5* /C$* 62%7$* 8UU.F* #%5/$'0M* <C'(*

("77$(/$)*/C2/*/C$*2((5A'2/'50*D2(*6'9$6,*/5*5AA"%*$'/C$%*D'/C*/"+"6'0*)'B$%(p#%5/5;'62B$0/(?*

#%'5%* /5* '0A5%#5%2/'50* '0/5* (/2+6$* B'A%5/"+"6$(?* 5%* 2/* /C$* B'A%5/"+"6$* r$0)?* D'/C'0* /C$*

7%5D/C* A50$M* W2%&265&* 20)* A566$27"$(* RFGGYS* )$(A%'+$)* /C$* #%$($0A$* 5;* j* 0P* #2%/'A6$(*

D'/C'0*P<(?*'0A6")'07*(5B$*D'/C*)"26*2((5A'2/'50(M*<C$,*#%$)'A/*/C2/*2*#%5/$'0*5;*/C'(*('V$*'(*

6'9$6,*/5*+$*2/*6$2(/*FGG*.L2?*DC'AC*A5"6)*'0A6")$*/C$*FiG*.L2*8UU.FM*<C$%$*'(*(5B$*)'(#2%'/,*

C5D$&$%?* D'/C* 2* )';;$%$0/* (/"),* ')$0/';,'07* /C$* 2&$%27$* '0/$%026* P<* )'2B$/$%* 2(*

2##%5O'B2/$6,* $Z"'&26$0/* /5* /C%$$* /"+"6'0* B505B$%(* R4"$&2* $/* 26M?* FGHFSM* I6/C5"7C* /C$*

A%,(/26*(/%"A/"%$*5;*8UU.F*C2(*05/*+$$0*%$(56&$)?*2/*FiG*.L2?*/C$*#%5/$'0* '(*;2%* 62%7$%*/C20*

/C$*A5B#2A/*]G*.L2*5;*/"+"6'0*20)*'(*/C"(*"06'9$6,*/5*;'/*D'/C'0*P<(?*05/*D'/C(/20)'07*/C2/*'/*

'(*$O#$A/$)*/5*)'B$%'($M*<C$*#2%/'A6$(*D'/C'0*/C$*P<(*D$%$*05/*')$0/';'$)*2/*/C$*P<*7%5D/C*

A50$(?*+"/*D'/C'0*/C$*2O5026* 6"B$0*RW2%&265&*$/*26M?*FGGYSM* >/*C2(*#%$&'5"(6,*+$$0*%$#5%/$)*

/C2/*/2"*B2,*2((5A'2/$*D'/CT20)*(/2+'6'($TP<(* '0/$%0266,?*2(*D$66*2(*$O/$%0266,*20)*'(*/C"(*2*

6'9$6,*A20)')2/$*;5%*/C$*#2%/'A6$(*')$0/';'$)*RP29%')$(*$/*26M?*FGGJSM*

P<(* '0*/C$*A$0/%26*7%5D/C*A50$*%$7'50*)5*05/*;5665D*/C$*(/%'A/*+"0)6$*;5%B2/'50*5;*P<(* '0*

2O50(?* /C$* (/%"A/"%$* '(* $62(/'A* )"$* /5* /C$* %$Z"'%$B$0/* ;5%* ),02B'A* '0(/2+'6'/,M* <C$,* 2%$*

)$;2(A'A"62/$)* '0/5* ('076$* /"+"6$(* DC'AC* ;5665D* 05* (/%'A/* #2//$%0M* <C$,* B2,* +$* (/%2'7C/?*

A%559$)?* ;5%B* 655#(* 5%* +$0)(?* %$B2'0* '0* /C$* 4* )5B2'0* 5%* $O/$0)* 5"/* '0/5* /C$* K* )5B2'0*

R<20929* 20)* .'%(AC0$%?* HhhHSM* >0)$$)?* "('07* 2* A,/5(9$6$/26T(#$A';'A* ;'O2/'50* /$AC0'Z"$?* /C'(*

/C$('(*%$&$26(*/C2/*/C$*8UU.F*2((5A'2/'50*D'/C*P<(* '(*#%$)5B'020/6,* 65A2/$)*2/*/C$*7%5D/C*

A50$?*D'/C*(5B$*2((5A'2/'50*26507*/C$*(/2+6$*2O50(M*<C"(*/C$*62A9*5;*%$7"62/$)*(/%"A/"%$*20)*

D$29$%* '0/$%#%5/5;'+%'6* '0/$%2A/'50(* '0* /C'(* %$7'50* 2%$* 6'9$6,* /5* ;2A'6'/2/$* 2* 6$((* (/%"A/"%$)*

6"B'026* %$7'50?* 2665D'07* 8UU.F* /5* +'0)M* I6/$%02/$6,?* '/* '(* #5(('+6$* /C2/* 8UU.F* #62,(* 2*
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(/%"A/"%26*%56$*'0*B2'0/2'0'07*/C'(*'0A%$2($)*6"B'026*(#2A$?*+,*(#200'07*/C$*P<*6"B$0M*^2AC*

U5A4EU*)5B2'0*D'/C'0* /C$* 8UU.F*)'B$%* A5"6)* /C$0*2((5A'2/$*D'/C* 2* /"+"6'0*B505B$%*50*

)';;$%$0/*P<*;'62B$0/(M**

HCHCEC7! ! "!%+4&!8+%!IKKL7!$)!P@!1(*,$4$(<!

I(*B$0/'50$)*#%$&'5"(6,?* /C$* ('/$*5;* /C$*8UU.FT/"+"6'0* '0/$%2A/'50* '(* '0* /C$*&'A'0'/,*5;* /D5*

('/$(* 'B#5%/20/* ;5%* P<* (/2+'6'/,-* /C$* #2A6'/2O$6* +'0)'07* ('/$* 20)* /C$* mT/"+"6'0* 8,(JG* P<*

2A$/,62/'50*('/$M*<C'(*#%5O'B'/,*("77$(/$)*/C$*#5(('+'6'/,*/C2/*/C$*%56$*5;*8UU.F*2/*P<(*A5"6)*

+$*/5*B5)"62/$*(/2+'6'/,M**

45B#2%'07* 6$&$6(* 5;* 2A$/,62/$)* /"+"6'0* '0* D'6)T/,#$* 20)* 905A9T5"/* P^_* A$66(* %$&$26$)* 2*

)%2B2/'A*%$)"A/'50*'0*2A$/,62/$)*/"+"6'0*'0*/C$*D'6)T/,#$*A$66(*A5B#2%$)*/5*/C$*!FFG$*905A9T

5"/(?* +5/C* '0* N$(/$%0* +65//'07* 20)* '0* 'BB"05C'(/5AC$B'A26* (/")'$(M* I))'/'50266,?*

B5%#C5657'A26* AC207$(* D$%$* ($$0?* D'/C* A,/5(9$6$/26* 26/$%2/'50(?* 2* 65((* 5;* #562%'/,* 20)*

'0A%$2($)* A$66* 2)C$('50M* >/* D5"6)* +$* '0/$%$(/'07* /5* $O2B'0$* 2))'/'5026* B2%9$%(* 5;*

A,/5(9$6$/26*(/2+'6'/,*+$/D$$0*!FFG$*D'6)T/,#$*20)*905A9T5"/*P^_*A$66(M*<C$($*D5"6)*'0A6")$*

/,%5('02/$)* /"+"6'0?* 76,A5(,62/$)* /"+"6'0?* PIK(* R'0A6")'07* /2"* 20)* PIKH:?* ')$0/';'$)* 2(*

8UU.F*'0/$%2A/5%(*R.2D292B'*$/*26M?*FGHFg*4C20*$/*26M?*FGHJSS?*WT2A/'0*20)*_T2A/'0?*'0*5%)$%*/5*

)$/$%B'0$*C5D*5/C$%*A,/5(9$6$/26*;$2/"%$(*2%$*2;;$A/$)*'0*/C$*2+($0A$*5;*8UU.FM**

*

<C$*#C$05/,#'A*AC207$*')$0/';'$)*+$/D$$0*!FFG$*905A9T5"/*20)*D'6)T/,#$*P^_*A$66(*'(*('B'62%*

/5* D$66T905D0* $;;$A/(* 5;* /C$* (B266* W<K2($(* UC5?* U2A* 20)* A)AJF* 50* !D'((T[<[* ;'+%5+62(/(?*

#2%/'A"62%6,* /C$* AC207$(* '0* ;'65#5)'2* 20)* 2)C$('50* A5B#6$O$(* R1266?* HhhiS?* ("77$(/'07* /C$*

U5A4EU*W<K2($*)5B2'0*B$)'2/$(*/C$*$;;$A/(*5;*8UU.F*50*/C$*A,/5(9$6$/50M*I(*)'(A"(($)*'0*

($A/'50* HM[M[?* 8UU.F* C2(* +$$0* 6'09$)* D'/C* B"6/'#6$* ('70266'07* #2/CD2,(?* '0A6")'07* PIK.?*

<b_T!,*db.*20)*N0/M*<C$*(B266*W<K2($(*RUC5?*U2A*20)*A)AJFS*C2&$*26(5*+$$0*6'09$)*/5*/C$($*

A2(A2)$(*R4C$0*$/*26M?*FGHF2g*1266?*Hhhi?*N5kA'29T!/5/C2%)*$/*26M?*Hhhig*12+2(*20)*1$*FGGYS*

DC'AC*C2&$*B20,*%56$(?*'0A6")'07*2A/'0*A,/5(9$6$/50*%$B5)$66'07?*A$66*#562%'/,*%$7"62/'50?*A$66*
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2)C$('50*20)*%$7"62/'50*5;*P<*),02B'A(*RN5k2A9T!/5/C2%)*$/*26M?*Hhhig*P$VV2A2##2*$/*26M?*

FGHFg*12+2(*$/*26M?*FGGYg*I9',2B2*20)*.2D2(29'?*FGGYg*4'20'*$/*26M?*FGGJSM**

>0/$%$(/'076,?* '/* C2(* +$$0* %$#5%/$)* /C2/* 5&$%T$O#%$(('50* 5;* /C$* (B266* W<K2($* U2AH* %$(A"$(*

8UU.F*WFGHh!*B"/20/T'0)"A$)*%$)"A$)*0$"%'/$*6$07/C?*DC$%$*A)AJF*20)*UC5I*C2)*05*$;;$A/*

R4C20*$/*26M?*FGHHS*("77$(/'07*/C2/*U2AH*'(*2*)5D0(/%$2B*/2%7$/*5;*8UU.F?*5%*/C2/*/C$,*D5%9*

'0*/20)$B?*20/2750'(/'A266,*%$7"62/'07*A,/5(9$6$/26*),02B'A(M**

*

<C$*5&$%$O#%$(('50*5;*)';;$%$0/*XT/"+"6'0* '(5;5%B(*%$&$26$)*20*$;;$A/*50*/C$*#%5#5%/'50*5;*

2A$/,62/$)* /"+"6'0* D'/C'0* A$66(?* A50('(/$0/* D'/C* +5/C* /C$* XT/"+"6'0T8UU.F* '0/$%2A/'50* 20)*

26/$%2/'50(* '0*P<*(/2+'6'/,*#%$&'5"(6,*5+($%&$)M*4$66(*5&$%$O#%$(('07* /C$*XT/"+"6'0* '(5;5%B(*

DC'AC*)5*05/*'0/$%2A/*D'/C*8UU.F*R<3::H?*<3::[S*)$B50(/%2/$)*20*'0A%$2($)*#%5#5%/'50*5;*

2A$/,62/$)*/"+"6'0?*"06'9$*A$66(*5&$%$O#%$(('07*/"+"6'0*'(5;5%B(*DC'AC*)5*'0/$%2A/*D'/C*8UU.F*

R<3::J?*<3::YSM*E06,*/"+"6'0*D2(*5&$%$O#%$(($)*'0*/C$($*A$66(?*'0)'A2/'07*/C2/*/C$($*$;;$A/(*

2%$* B$)'2/$)* +,* $0)57$05"(* 8UU.F* 20)* ("##5%/'07* /C$* /C$5%,* /C2/* #2%/'A"62%* /"+"6'0*

'(5;5%B(*2%$*$O#%$(($)*/5*A50/%56*/C$*8UU.FTP<*'0/$%2A/'50*20)*/C"(*P<*(/2+'6'/,M*I6/C5"7C*

D$* D$%$* "02+6$* /5* A5T>K* 8UU.F* D'/C* (#$A';'A* /"+"6'0* '(5;5%B(* /5* ("##5%/* /C$* ;'0)'07(*

')$0/';'$)*'0*,$2(/*/D5TC,+%')*$O#$%'B$0/(*RAC2#/$%*[MH?*;'7"%$*FjS?*/C'(*%$("6/*("77$(/(*/C2/*

/C$* ,$2(/* 8UU.FT/"+"6'0* '0/$%2A/'50* %$("6/(* 2%$* /%20(;$%%2+6$* /5* B2BB26'20* A$66(M* I(* 20*

$O/$0('50*/5*/C'(*$O#$%'B$0/?*'/*D5"6)*+$*"($;"6*/5*/%20(;$A/*/C$*/"+"6'0*'(5;5%B(*'0/5*+5/C*

D'6)T/,#$*20)*905A9T5"/*P^_*A$66(*/5*A50;'%B*/C$*$;;$A/*'(*B$)'2/$)*+,*8UU.FM**

*

>0*;"%/C$%*("##5%/*5;*2*%56$*;5%*/C$*8UU.FT/"+"6'0*2((5A'2/'50*'0*P<*(/2+'6'/,?*<3::Y*A50/$0/*

C2(* #%$&'5"(6,* +$$0* 2((5A'2/$)* D'/C* %$)"A$)* (/2+'6'/,* '0* P<(M* >0)'&')"26(* 02/"%266,*

$O#%$(('07*C'7C$%*6$&$6(*5;*7D::6*C2&$*%$)"A$)*P<*(/2+'6'/,*20)*%$)"A$)*'0;62BB2/5%,*A$66*

)$2/C* R!26'02(* $/* 26M?* FGHJS*DC'6$* UbI'T'0)"A$)* '0C'+'/'50* 5;*7D::6* $O#%$(('50* %$("6/$)* '0*

C'7C6,*2A$/,62/$)?*C,#$%(/2+6$*P<(*DC'AC*'0C'+'/$)*A$66*#%56';$%2/'50M*<C'(*'0)'A2/$(*/C2/*/C$*

"+'Z"'/5"(* 65D*7D::6* $O#%$(('50* /C%5"7C5"/* /C$*+5),* '(* &'/26* /5*P<* ;"0A/'50?* #%$&$0/'07*
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/C$* A$66(* +$A5B'07* 5&$%6,* (/2+6$* R:C2//2AC2%,2* $/* 26M?* FGGiSM* <C$* )2/2* #%$($0/$)* C$%$*

("77$(/(*/C'(*B2,*+$*%$62/$)*/5*20*'0/$%2A/'50*D'/C*8UU.FM*

*

NC$/C$%* /C$* %$)"A$)* P<* 2A$/,62/'50* '0* /C$* #%$($0A$* 5;* 8UU.F* '(* A2"($)* +,* )$A%$2($)*

2A$/,62/'50?*'0A%$2($)*)$T2A$/,62/'50*5%*2*A5B+'02/'50*5;*/C$*/D5?*C2(*05/*+$$0*)$;'0$)M*<C$*

$0V,B$(*'0&56&$)*'0*/C$($*#%5A$(($(*2%$*mT/"+"6'0*8,(JG*2A$/,6/%20(;$%2($*RP^4THjS?*DC'AC*

A2/26,($(* 2A$/,62/'50* 20)* /C$* /"+"6'0* )$2A$/,62/'07* $0V,B$(* ('%/"'0F* R!>U<FS* 20)* C'(/50$*

)$2A$/,62($* Y* R1LI4YS* R42(/%5T42(/%5* $/* 26M?* FGHFg* b5%/C* $/* 26M?* FGG[SM* >/* '(* #5(('+6$* /C2/*

8UU.F*26/$%(* /C$*2A/'&'/,*5;* /C$($*$0V,B$(M*I6/$%02/$6,* /C$* 62%7$*('V$*5;* 8UU.F*B2,*('B#6,*

+65A9*2AA$((*/5*/C$*8,(JG*('/$M*I6/C5"7C*'/*'(*05/*A6$2%*C5D*8UU.F*26/$%(*2A$/,62/'50*2/*P<(?*'/*

'(* A6$2%* /C2/* /C$* 8UU.FT/"+"6'0* '0/$%2A/'50* 2;;$A/(*P<* 2A$/,62/'50?* #%5B5/'07* %$)"A$)*P<*

(/2+'6'(2/'50M**

*

P$20DC'6$?* '/* D2(* ("%#%'('07* /5* )$/$A/* /C2/* /C$* 8UU.F* %$7'50* B$)'2/'07* /C$* AC207$(* '0*

2A$/,62/'50*'(*05/*/C$*XT/"+"6'0T'0/$%2A/'07*U5A4EU*)5B2'0M*>0(/$2)?*'/*'(*B$)'2/$)*+,*/C$*bT

/$%B'026*%$7'50(*('/"2/$)*#%'5%*/5*/C$*U5A4EU*)5B2'0M**<C$%$*'(*6$((*)2/2*2&2'62+6$*50*/C$($*

)5B2'0(?*C5D$&$%*/C$,*C2&$*+$$0*6'09$)*D'/C*8UU.F*;"0A/'50*20)*(/%"A/"%$M*W5//C2%)/*20)*

A566$27"$(*RFGGiS*#5(/"62/$*/C2/*8UU.F*)'B$%'(2/'50*'(*/%'77$%$)*+,*2*)5B2'0*5/C$%*/C20*/C$*

U5A4EU*)5B2'0?*("AC*2(*/C$*8UU*)5B2'0M*<C$*8UU*)5B2'0*D2(*26(5*;5"0)*/5*'0/$%2A/*)'%$A/6,*

D'/C*/C$*U5A*)5B2'0*'0*2*,$2(/*/D5TC,+%')*(A%$$0*RW%$77'5*$/*26M?*FGGiSM*<C"(?*'/*'(*#5(('+6$*

/C2/* /C$* 5&$%$O#%$(($)* 8UU.F* bT/$%B'0"(* A5"6)* )'B$%'($* D'/C* $0)57$05"(* 8UU.F* /5*

B$)'2/$* /C$* AC207$(* '0* 2A$/,62/'50M* <C$* 8UU.F* bT/$%B'026* )5B2'0(* B2,* #C,('A266,* +65A9*

2A$/,62/'50*D'/C'0*/C$*A$66(*2(*/C$*U5A4EU*)5B2'0*2650$*'(*05/*62%7$*$05"7CM**

*

I))'/'50266,?*/%"0A2/$)*8UU.F*DC'AC*62A9(*20*bT/$%B'0"(*C2(*'0A%$2($)*2"/5#C5(#C5%,62/'50*

2A/'&'/,* RW%$77'5*$/* 26M?* FGGiS?* )$B50(/%2/'07* 20* '0/$%&$0/'50*+$/D$$0* /C'(* %$7'50*20)* /C$*

A2/26,/'A* 8UU.F*)5B2'0(M*I6/$%$)*8UU.F*2"/5#C5(#C5%,62/'50*A5"6)*A50/%56* /C$*2((5A'2/'50*

D'/C* P<(* 5%* 26/$%02/$6,?* /C$* bT/$%B'0"(* B2,* B$)'2/$* %$)"A$)* 2A$/,62/'50* &'2* $0V,B$*

2A/'&'/,*2(*B$0/'50$)*#%$&'5"(6,?*D'/C5"/*2*)'%$A/*P<*2((5A'2/'50M**

*
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>/* D5"6)* +$* '0/$%$(/'07* /5* ')$0/';,* ';* 8UU.H* '(* 26(5* '0&56&$)* '0* 2A$/,62/'50M* <C$* %$("6/(*

)$(A%'+$)* 2+5&$* ("77$(/* /C$* bT/$%B'026* )5B2'0(* 2%$* '0&56&$)* '0* /C$* 2+'6'/,* 5;* 8UU.F* /5*

%$)"A$* 2A$/,62/'50M* <C$* 8UU.H* bT/$%B'0"(* '(* #2%/'A"62%6,* )'&$%7$0/* ;%5B* /C$* 8UU.F* bT

/$%B'0"(?* +$'07* B"AC* (C5%/$%?* D'/C* %$)"A$)* 0"B+$%(* 5;* 8UU(?* 2))'/'5026* 209,%'0T%'AC*

%$#$2/(* 20)* 05* 2%B2)'665* %$#$2/(* R<2,65%* $/* 26M?* FGGjg* W'6(+2AC* 20)* .5%/C56/?* FGHJSM* I(*

)$(A%'+$)* '0* %$("6/(* ($A/'50*[MF?* $O#%$(('50*5;*!FFG,* 20)*!FFG$* )';;$%(* /C%5"7C5"/* %2/* +%2'0*

)$&$65#B$0/*20)*'0/5*2)"6/C55)M*I(*8UU.H*'(*05/*6'09$)*D'/C*KL*20)*0$'/C$%*2%$*#2/C57$0'A*

!""#$)B"/2/'50(* '0/%5)"A$)* '0/5* !""#,* #2/C57$0'A* RW%$77'5* $/* 26M?* FGGjS?* /C$* 2+'6'/,* /5*

'0C'+'/* /"+"6'0* 2A$/,62/'50* 20)* 26/$%* P<* (/2+'6'/,* A5"6)* +$* 2* A6$2%* #5'0/* 5;* )'&$%7$0A$*

+$/D$$0*/C$*/D5*#%5/$'0(M*

*

I/* /C$* P<* 6"B'026* ("%;2A$?* DC$%$* /C$* U5A4EUTXT/"+"6'0* '0/$%2A/'50* 5AA"%(?* mT/"+"6'0*

'(5;5%B(*A50/2'0*2* A5B#2%2+6$*XT/"+"6'0*#2A6'/2O$6T+'0)'07* ('/$*+65A9$)*+,*20*$'7C/*2B'05*

2A')*'0($%/'50?*%$;$%%$)*/5*2(*/C$*:hT:HG*655#*R8aD$*$/*26M?*FGGHS*20)*20*2620'0$*2/*/C$*('/$*

$Z"'&26$0/*/5*XT/"+"6'0*I62[YJM*U$B5&26*5;*/C$*655#*)')*05/*$02+6$*20*'0/$%2A/'50*+$/D$$0*

<3:IHI*20)*8UU.FM*>0*/C$*2026575"(*65A2/'50*5;*/C$*'B#5%/20/*XT/"+"6'0*8,([YF*%$(')"$?*mT

/"+"6'0*C2(*2*76"/2B'0$* %$(')"$M*<C'(*C2(*2* ('B'62%6,* 62%7$* (')$TAC2'0*+"/* '(*"0AC2%7$)*20)*

B2,* /C"(* +$* '0C'+'/5%,* /5* /C$* 2((5A'2/'50?* 5%* 2))'/'5026* (/%"A/"%26* )';;$%$0A$(* +$/D$$0* mT*

20)*XT/"+"6'0(*A5"6)*#%$&$0/*+'0)'07*D'/C*8UU.FM*15D$&$%?*/C$*'0/%5)"A/'50*5;*/C$*:hT:HG*

655#*'0/5*<3::J*20)*<3::Y*)')*#%$&$0/*/C$*2((5A'2/'50*D'/C*8UU.F?*("77$(/'07*/C2/*8UU.F*

%$Z"'%$(*2AA$((*/5*/C$*#2A6'/2O$6*+'0)'07*('/$*'0*5%)$%*/5*2((5A'2/$*D'/C*P<(M*

*

>/* '(* 20/'A'#2/$)* /C2/* /C$* 6"B$0* 5;* 7%5D/C* A50$(* '(* 05/* /C$* 506,* 65A2/'50* DC$%$* 8UU.F*

2((5A'2/$(*D'/C* /C$* A,/5(9$6$/50g* 2))'/'5026* A,/5(9$6$/26* 8UU.F* +'0)'07* #2%/0$%(* '0A6")'07*

/2"* 20)* PIKH:* R.2D292B'$* $/* 26M?* FGHFg* 4C20* $/* 26M?* FGHJS* 20)* 2* 8UU.F* NLJGT2A/'0*

2((5A'2/'50*B'7C/*A50;$%*2))'/'5026*;"0A/'50(*5;*8UU.F*2/*/C$*A,/5(9$6$/50M*P20,*#%5/5A56(*

%5"/'0$6,*(/2+'6'($*B'A%5/"+"6$(*"('07*#2A6'/2O$6*+$;5%$* 6559'07*2/*A,/5(9$6$/26*2((5A'2/'50(M*

450A$0/%2/'50(* 5;* "#* /5* HGG0P?* 2* ('B'62%* B270'/")$* /5* /C$* HG0P* "($)* C$%$* D$%$* 26(5*

>0A6")$)* ;5%* /$(/'07* /C$*P<* 2((5A'2/'50*D'/C* 8UU.F* R\&50* $/* 26M?* Hhhhg* I%026* $/* 26M?* Hhh]g*
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:%2+20)$%* $/* 26M?* HhiH2?* HhiH+g*W'662%)50?* FGGhg* .$//* $/* 26M?* FGHFSM* I(* #2A6'/2O$6* C2(* +$$0*

;5"0)* /5* +'0)* /"+"6'0*D'/C* 2* H-H* (/5'AC'5B$/%,?* '/* '(* #5(('+6$* /C2/* /C$* #2A6'/2O$6T(/2+'6'($)*

P<(*2%$*05/*2+6$*/5*+'0)*8UU.F*'0*/C$*(2B$*B200$%*2(*"0/%$2/$)*P<(M*>0*/C$($*(/")'$(?*/C$*

26/$%02/'&$*B$20(* 5;* 2((5A'2/'50* +$/D$$0* 8UU.F* 20)* /C$* A,/5(9$6$/26* 0$/D5%9*B2,* (C5D*

'0A%$2($)*#%5B'0$0A$M* <C'(?* 5%* /C$* (#$A';'A* A,/5(9$6$/26* ;'O2/'50*B$/C5)?*B2,*$O#62'0*DC,*

/C$*('70';'A20/*#%$($0A$*5;*8UU.F*2/*/C$*7%5D/C*A50$*)$/$A/$)*C$%$*'0*!1T!\]\*A$66(*C2(*05/*

+$$0*#%$&'5"(6,*)$(A%'+$)M**

*

>0*5%)$%*/5*/$(/*DC$/C$%*8UU.F*A50/'0"$(*/5*2((5A'2/$*D'/C*P<(*'0*/C$*#%$($0A$*5;*#2A6'/2O$6?*

A$66(* D$%$* ($$)$)* '0* B$)'2* A50/2'0'07* HG0P* #2A6'/2O$6M* FJ* C5"%(* 62/$%* /C$($* A$66(* D$%$*

/%20(;$A/$)* D'/C* 8UU.FM* >0* /C'(* A2($?* /C$* P<T#2A6'/2O$6* 2((5A'2/'50* D5"6)* 26%$2),* C2&$*

;5%B$)?*,$/*8UU.F*D2(*(/'66*2+6$*/5*'0)"A$*2*%$)"A/'50*'0*/C$*#%5#5%/'50*5;*2A$/,62/$)*/"+"6'0*

D'/C'0* /C$*A$66(M* <C'(*B2,*+$*)"$* /5* 8UU.F* %$)"A'07*2A$/,62/'50*05/* ('B#6,*+,*+'0)'07* /C$*

P<(?*'0(/$2)*+$'07*'0&56&$)*'0*$0V,B$*2A/'&2/'50*5%*%$A%"'/B$0/*2(*B$0/'50$)*#%$&'5"(6,?*5%*

8UU.F* 5"/A5B#$/'07* #2A6'/2O$6* 2(* /C$* A$66(* A50/'0"$)* /5* 7%5D* 20)* )'&')$M* I6/$%02/$6,* /C$*

),02B'A* P<* (/%"A/"%$* 2/* 7%5D/C* A50$(* B2,* %$("6/* '0* (6'7C/6,* )'(/5%/$)* /"+"6'0*

A50;5%B2/'50(g*'0C'+'/5%,*/5*/C$*#2A6'/2O$6*2((5A'2/'50*RDC'AC*5AA"%(*D'/C'0*2*#5A9$/S*+"/*05/*

/5*8UU.F*)5A9'07*2/*/C$*$O#5($)*8,([YF*%$(')"$?*B$20'07*/C2/*8UU.F*A50/'0"$(*/5*+$*2+6$*

/5*+'0)*'0*/C$*),02B'A*7%5D/C*A50$*'0*/C$*2+($0A$*5;*#2A6'/2O$6M*>/*'(*5;*'0/$%$(/*/C2/?*'0*1^.*

A$66(?* 8UU.F*)5$(*05/*C2&$* /C$*)%2B2/'A*$;;$A/*50*2A$/,62/'50* '0* /C$*2+($0A$*5;*#2A6'/2O$6M*

<C'(*B2,*%$62/$*/5*2*%$)"A$)*'002/$*P<*(/2+'6'/,*D'/C'0*1^.*A$66(*A5B#2%$)*/5*P^_*A$66(*+"/*

/C$*6$&$6(*5;*/"+"6'0*2A$/,62/'50*'0*1^.*20)*P^_*A$66(*(C5"6)*+$*)'%$A/6,*A5B#2%$)M*

*

>0* ("##5%/*5;* 20* '0A%$2($)*2A$/,62/'50*20)*P<*(/2+'6'/,* '0* /C$*2+($0A$*5;* 8UU.F?*0$"%5026*

A"6/"%$(* 7%5D0* ;%5B* !FFG$* 905A9T5"/* B'A$* )$&$65#* ('70';'A20/6,* 6507$%* 0$"%'/$(?* D'/C*

'0A%$2($)*+%20AC'07?* /C20*A"6/"%$(*7%5D0*;%5B*/C$'%*D'6)T/,#$* 6'//$%B2/$(* RP2A8$5)*$/*26M?*

FGGYg*K2%'('2)5"*$/*26M?*FGGhg*L`AC($6*$/*26M?*FGHGSM**

IA$/,62/'50* 5AA"%(* 50* 6507T6'&$)?* )$#56,B$%'(2/'50* %$('(/20/?* P<(* D'/C* (65D* ),02B'A(*

RK'#$%05*$/*26M?*Hhij?*!AC"6V$*$/*26M?*Hhij*20)*N$+(/$%*20)*:5%'(,?*HhihS?*D'/C*/C$*$0V,B$*
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P^4THj*)';;"('07* 26507* /C$*P<* ;%5B*$2AC* $0)M* R!V,9* $/* 26M?* FGHJSM*15D$&$%* /C'(* )5$(* 05/*

C2##$0* /5* 266* P<(?* /C$%$* '(* 2* #%5A$((* +,* DC'AC* (#$A';'A* P<(* +$A5B$* (/2+'6'($)* '0* /C'(*

B200$%M*>/*'(*#5(('+6$*/C2/*/C$*#%$($0A$*5;*2*6"B$026*8UU.FTP<*2((5A'2/'50*'0C'+'/(*)';;"('50*

5;*P^4THj?*#%$&$0/'07*2A$/,62/'50*5;*mT/"+"6'0*.JG*'0*/C2/*P<M*

I))'/'50266,?* +5/C* 5&$%$O#%$(('50* 5;* %5)$0/* 8%%9F* 20)* $O#%$(('50* 5;* !FFG$* A50/2'0'07*

#2/C57$0'A*B"/2/'50(*A2"($*20*2AA"B"62/'50*5;*#C5(#C5%,62/$)*/2"*RP2A6$5)*$/*26M?*FGGYg*8'*

$/*26M?*FGGhg*8'0*$/*26M?*FGHG?*P$6%5($*$/*26M?*FGHGS?*DC'6$*!FFG$*905A9T5"/*B'A$*C2&$*%$)"A$)*

/2"*#C5(#C5%,62/'50*RW'662%)50?*FGGhSM*KC5(#C5%,62/$)*/2"*)$/2AC$(*;%5B*P<(?*)$(/2+'6'('07*

/C$B*20)* '0A%$2('07* /C$'%*),02B'A* ;6$O'+'6'/,M* <C$* %$)"A$)*#C5(#C5%,62/'50*5;* /2"* '0*!FFG$*

905A9T5"/*B'A$*D5"6)* 26(5* A50/%'+"/$* /5*P<* (/2+'6'(2/'50M* <C$%$;5%$* /C$* %56$* ;5%* 8UU.F* '0*

P<*(/2+'6'/,*)$(A%'+$)*C$%$*'(*D')$6,*("##5%/$)*+,*A"%%$0/*6'/$%2/"%$*20)*'0/%5)"A$(*2*05&$6*

;"0A/'50*;5%*8UU.FM*15D$&$%*'/*'(*05/$)*/C2/*2(*05/*266*KL*(";;$%$%(*)$&$65#*/2076$(?*/C'(*)5$(*

05/* ;"66,* $O#62'0* 50($/* 5;* /C$* )'($2($M* >/* C2(* +$$0* ("77$(/$)* /C2/* 8UU.F* '(* 2+6$* /5* )'%$A/*

/5O'A'/,* /C%5"7C*+5/C* /2"*20)*26#C2T(,0"A6$'0?* 20)* ($$B'076,*D'/C5"/*)$#5('/'50*5;*$'/C$%*

#%5/$'0?*/C5"7C*/C$*B$AC20'(B(*2%$*05/*;"66,*"0)$%(/55)*R<2,B20(*20)*4559(50?*FGHGSM*

I(* B$0/'50$)* '0* ($A/'50* HM[MJMF?* /C$* )$#56,B$%'('07* 27$0/* %5/$050$* '(* ('70';'A20/6,* B5%$*

/5O'A* /5* !b* 0$"%50(* /C20* '0* 5/C$%* +%2'0* %$7'50(* RU$0* $/* 26M?* FGG]SM* <C$* 8UU.F* UHJJH4?*

UHJJHW* 20)* UHJJH1* B"/2/'50(* C2&$* 266* +$$0* ;5"0)* /5* )'(%"#/* /C$* 2((5A'2/'50* +$/D$$0*

8UU.F*20)* /"+"6'0?*D'/C* /C$*UHJJH4*B"/2/'50*$0C20A'07* /C$*2((5A'2/'50* (/%$07/C*20)* /C$*

5/C$%(*%$)"A'07*'/*R82D*$/*26M?*FGHJSM*<C$%$;5%$*'/*'(*#2%/'A"62%6,*'B#5%/20/*/5*/C$*&"60$%2+6$*

A$66(* '0* /C$* !b* /C2/* P<* ;"0A/'50* 20)* C5B$5(/2('(* '(* B2'0/2'0$)M* <C'(* '0)'A2/$(* /C2/*

26/$%2/'50(*'0*P<*(/2+'6'/,*A2"($)*+,*AC207$(*'0*8UU.F*A5"6)*A50/%'+"/$*/5*/C$*#2/C57$0$('(*

5;*KLM**

>/*'(*'B#5%/20/*;5%*;"/"%$*(/")'$(*/5*')$0/';,*/C$*$O2A/*B$AC20'(B(*+,*DC'AC*8UU.F*B$)'2/$(*

26/$%2/'50(*'0*P<*(/2+'6'/,M*<C'(*B2,*$&$0/"266,*+$*/C$*+2('(*5;*2*05&$6*/C$%2#$"/'A*2##%52AC*

;5%*KL*(";;$%$%(M*
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 HC!K&154(1!
!
!
!
!
!
!
!
!
!

HCO!!@.&!$#&)($8$'*($+)!+8!)+X&4!/?6*11+'$*(&#!
X*%$*)(1!$)!8*:$4$*4Y!4*(&6+)1&(!/?!

! !
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>0* 2* A5662+5%2/'50* +$/D$$0* /C$* 30'&$%('/,* 5;* <=+'07$0* 20)* /C$* 4$0/%$* )$* U$AC$%ACÖ* )$*

6Q>0(/'/"/*)"*4$%&$2"*$/*)$* 62*P5$66$*^#'0'$%$?*FY* 62/$T50($/?* ;2B'6'26*KL*#2/'$0/(*20)* /C$'%*

;2B'6'$(*D$%$* '0A6")$)* '0* 2* 6'0927$* 2026,('(* /5*)$/$A/* 05&$6* 7$0$(* '0&56&$)* '0* /C$*)'($2($M*

<C$* H[* W$%B20* '0)$O* A2($(* D$%$* /C$0* $O5B$* ($Z"$0A$)M* _5665D'07* $%%5%* %$B5&26?*

'0C$%'/20A$* 2026,('(* 20)* ;%$Z"$0A,* )$/$A/'50?* /C$* %$B2'0'07* &2%'20/(* D$%$* (A%$$0$)* ;5%*

A2"(2/'&$* B"/2/'50(M* <C5($* )$$B$)* #62"('+6,* 6'09$)* /5* KL* D$%$* A50;'%B$)* +,* AC2'0T

/$%B'02/'50*($Z"$0A'07*20)*/C$*;2B'6,*(A%$$0$)*;5%*($7%$72/'50*D'/C*/C$*)'($2($M*

*

HCOCB!! !I$)0*;&!*)*4<1$1!%&X&*4&#!)+X&4!15;;&1($X&!/?!4+'$!!
I* /5/26* 5;* jH* KL* (";;$%$%(* ;%5B* /C$* FY* ;2B'6'$(* D$%$* 2026,($)* +,* I;;,B$/%'O* F]G.* LbI*

B'A%52%%2,M*<C$*B'A%52%%2,*)$/$A/$)*FYFFY[*!bK(?*DC'AC*D2(*%$)"A$)*/5*HiJFF*!bK(*+,*/C$*

%$B5&26*5;*&2%'20/(* '0* 6'0927$*D'/C*$2AC*5/C$%M*<C$($*%$B2'0'07*B2%9$%(*D$%$*"($)* '0* /C$*

6'0927$*2026,('(*+,*462")'2*!AC"6/$*5;*/C$*30'&$%('/,*5;*<=+'07$0M*

*

<C$* 6'0927$*D2(*2026,($)*"('07*+5/C*2*A62(('A*)5B'020/*20)*050T#2%2B$/%'A*B5)$6?*2(* /C$*

B5)$*5;*'0C$%'/20A$*D2(*"06'9$6,*/5*+$*('B#6$*2"/5(5B26*)5B'020/*'0*266*;2B'6'$(M*<C$*A62(('A*

)5B'020/*B5)$6*%$&$26$)*2*B2O'B"B*C$/$%57$0$'/,*6572%'/CB*5;*/C$*5))(*R18ELS*(A5%$*5;*

[MF*2/*[#FHT#F[M*I*("77$(/'&$*(A5%$*5;*FMF*D2(*26(5*5+/2'0$)* '0*%$7'50*Hj#H[*R;'7"%$*JhISM*

<C$*050T#2%2B$/%'A*2026,('(* ')$0/';'$)*20*266$6$*5;* '0/$%$(/* '0*%$7'50*H#[HT#FF*D'/C*2*(A5%$*

5;*FMj*R;'7"%$*Jh:SM**I*(A5%$*5;*[*5%*2+5&$*'(*A50(')$%$)*$&')$0A$*;5%*6'0927$M*

*

<C%$$* 05&$6* ('/$(* 5;* KL* &2%'20A$*D$%$* ')$0/';'$)?* 050$* 5;* DC'AC* 5&$%62#(*D'/C* 905D0* KL*

7$0$(* 5%* 65A'?* /C5"7C* /C$* 4C%5B5(5B$* H* ('/$* '(* A65($* /5* +("#,R* 2/* #[F* R;'7"%$* Jh4SM**

_5665D'07*$O5B$*($Z"$0A'07?*/C'(*)2/2*D2(*"($)*'0*/C$*)$/$A/'50*5;*#5/$0/'266,*#2/C57$0'A*

!bK(M**

*
!
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Z$;5%&!ONC!I$)0*;&!*)*4<1$1!%&154(1C*"C*>0*2*)5B'020/*6'0927$*2026,('(*B5)$6*/C$*18EL*&26"$*
;5%* $2AC* B2%9$%* (C5D(* 2* 6'0927$* #$29* '0* AC%5B5(5B$* [* 20)* 2* ("77$(/'&$* #$29* '0*
AC%5B5(5B$*HjM*I*(A5%$*5;*[*20)*2+5&$*'(*$&')$0A$*;5%*6'0927$M*\C*<C$*A62(('A*)5B'020/*20)*
050T#2%2B$/%'A* 8EL* (A5%$(* RbK8SM* 4C%5B5(5B$* H* (C5D(* 2* bK8* (A5%$* 5;* FMj?* 2* /C'%)*
("77$(/'&$*6'0927$*#$29M*AC*<C$*(#$A';'A*65A2/'50(?*18EL*20)*bK8*(A5%$*;5%*$2AC*65A"(?*26507*
D'/C* /C$* #$%A$0/27$* 5;* ;2B'6'$(* 6'09$)* /5* $2AC* 6'0927$* #$29M* 4C%5B5(5B$(* H?* [* 20)* Hj*
A50/2'0*2*B2%9$%*D'/C*2*6'0927$*(A5%$*5&$%*F*'0*2/*6$2(/*50$*5;*/C$*B5)$6(*20)*+$/D$$0*FYu*
20)*[hu*5;*/C$*FY*;2B'6'$(*A50/2'0*2*B2%9$%* 6'09$)*/5*/C'(* 65A2/'50M*I026,('(*#$%;5%B$)*+,*
462")'2*!AC"6/$!
*
*

HCOC7!! =*%$*)(!1&4&'($+)!*)#!1&;%&;*($+)!*)*4<1$1!
<C$* /2%7$/$)* $O5B$* A2#/"%$* 7$0$%2/$)* 2##%5O'B2/$6,* HFG*B'66'50* jF* +2($* #2'%* %$2)(* #$%*

7$05B$M* 15D$&$%* /C$($* D$%$* 05/* /C$* A5B#6$/$* $O5B$(M* <C$* $O5B$* A5&$%27$* ;5%* $2AC*

'0)$O*($Z"$0A$*'(*(C5D0*'0*/2+6$*F]M* >0*/C%$$*A2($(*/C$%$*D2(*26B5(/*2*/C'%)*5;*/C$*$O5B$*

B'(('07*20)*'0*266*A2($(*5&$%*HGu*D2(*2+($0/M**

* *

Chromosome 
Location      
Position (cM) 
Position (Mb) 
LOD score 
% families linked 
NPL score 

B!

A !

Model!
!  Classic dominant 
!  Non-parametric 

Chr 1! Chr 3! Chr 17!

C !
3 
p21-23 
55-70 
30-47 
3.2 
39 
0.8 

17 
p13 
0-10 
0-3 
2.2 
26 
1.0 

1 
p22-p31 
90-110 
64-86 
1.6 
36 
2.7 
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D)#&c!/*($&)(! #0 reads (%)! #5 reads (%)!
B! HJM[* F[M]*
7! HJMi* F]MG*
H! F[M[* FhMH*
O! F]Mh* [HM[*
Q! F]MY* [HMJ*
R! FjM[* [FMi*
E! [FMj* [iMi*
F! []MG* JGM]*
N! [GMG* []M[*
BV! FJMj* [GMF*
BB! HjMJ* [HMi*
B7! HjMj* [[MG*
BH! HjMj* [FMj*
"X&%*;&!! F[MY* [FMG*

@*,4&! 7QC! @.&! 3&%'&)(*;&! +8! $)#&c! 3*($&)(! &c+:&1! -$(.! 4+-! 1&U5&)'&! '+X&%*;&C! I0*
2&$%27$*0$O/*7$0$%2/'50*($Z"$0A$*'(*B'(('07*A5&$%27$*50*F[u*5;*/C$*$O5B$M*
*
<C$%$* '(* 05* A5&$%27$* '0* 2%$2(* D'/C5"/* &2%'2/'50* +$/D$$0* '(5;5%B(M* <C'(* A20* +$* ($$0* '0*

7D::$(* R;'7"%$* ]GS?* DC$%$* $O50* H* 20)* %$7'50(* 5;* $O50* F* 20)* J* 2%$* $0/'%$6,* B'(('07*

RC'7C6'7C/$)*'0*%$)SM*

*

Z$;5%&!QVC!")!&c*:34&!+8!%&;$+)1!+8!(.&!&c+:&!-$(.+5(!'+X&%*;&C*I0*5&$%&'$D*5;*7D::$(*
'0* >W@* ;5665D'07* !E8'L* ($Z"$0A'07M* <C$%$* 2%$* B"6/'#6$* $O50* %$7'50(* D'/C* 05* 2((5A'2/$)*
%$2)(M*
*
L$(#'/$*/C$($*B'(('07*%$7'50(?*/C$*(5;/D2%$*A266$)*2##%5O'B2/$6,*[G?GGG*!bK(*#$%*7$05B$M*

<C$($*D$%$*A5B+'0$)*20)*;'6/$%$)g*%$)"A'07*[ih?]FH*%2D*!bK(*/5*506,*HF?hjj*!bK(*+$;5%$*2*

;'026* ($6$A/'50* +2($)* 50* &2%'5"(* KLT%$62/$)* A2/$75%'$(M* <C$* (5%/'07* #%5A$((* 20)* A2/$75%'$(*

2%$* $O#62'0$)* ;"%/C$%* '0* ($A/'50* FM]MJMH?* +"/* +%'$;6,?* %2D* !bK(* D$%$* $OA6")$)* +2($)* 50*

#5#"62/'50*;%$Z"$0A,?*'0A5%%$A/*'0C$%'/20A$*#2//$%0*20)*#%$)'A/$)*0$"/%26'/,*2A%5((*B"6/'#6$*

(5;/D2%$* #%57%2B(M* @2%'20/(* D$%$* /C$0* ($6$A/$)* +,* (#$A';'A* A%'/$%'2-* A,/5(9$6$/50T6'09$)*

#%5/$'0(?* 6'0927$*2026,('(*#$29(?*905D0*20)*("(#$A/$)*KL*7$0$(?*A6'0'A26*)2/2?*#2/CD2,(*5%*

Key 

Exon 

Intron 

Sequencing direction 

Reads 
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7$0$* $O#%$(('50* 6'09$)* /5* KL* 20)* 7$0$(*D'/C*B"/2/'50(* '0*B"6/'#6$* #2/'$0/(M* <C$($*D$%$*

%$($2%AC$)*20)*/C5($*)$$B$)*B5(/*'0/$%$(/'07*D$%$*%$T($Z"$0A$)*2(*2*;'026*&26')'/,*AC$A9M*

!$$*2##$0)'O*F*;5%*2*6'(/*5;*/C$*7$0$(*'0A6")$)M*

*

_%5B* /C$($* 2##%52AC$(?* jh* 7$0$(* D$%$* ')$0/';'$)* 20)* A50;'%B$)* +,* AC2'0T/$%B'02/'50*

($Z"$0A'07?* /C$0* 2026,($)* ;5%* ($7%$72/'50* D'/C* /C$* )'($2($M* I* &2%'20/* D2(* A50(')$%$)* /5*

($7%$72/$*';*'/*D2(*#%$($0/*'0*;2B'6,*B$B+$%(*D'/C*KL*20)*2+($0/*'0*B$B+$%(*D'/C5"/*KLM*>;*

2*;2B'6,*B$B+$%*C2)*KL*+"/*05/*/C$*&2%'20/?*/C$*!bK*)')*05/*($7%$72/$M*NC$%$*/C$*!bK*D2(*

#%$($0/*D'/C5"/*/C$*)'($2($?*/C'(*D2(*(/'66*A50(')$%$)*/5*($7%$72/$?*)"$*/5*/C$*#5(('+'6'/,*5;*

'0A5B#6$/$*#$0$/%20A$*5%*/C2/*)'($2($*50($/*C2)*05/*,$/*5AA"%%$)M*

*

<C$*;"66* 6'(/*5;*&2%'20/(*($Z"$0A$)* '(*(C5D0*'0*2##$0)'O*[M*E;*/C$($?*[]*D$%$*A50;'%B$)*+,*

AC2'0T/$%B'02/'50* ($Z"$0A'07* 20)* ($&$0* ($7%$72/$)*D'/C* /C$*)'($2($M* <C$* 7$0$(*D'/C* KLT

($7%$72/'07* B"/2/'50(* D$%$-) '(B+%$5) <"''65) CD'(,5) CEB.5) %<E6!5* 20)) %7#.=* %<E6!*

B"/2/'50(*($7%$72/$)*D'/C*KL*'0*B5%$*/C20*50$*;2B'6,M* *I*/2+"62%*("BB2%,*5;*/C$*%$("6/(?*

'0A6")'07* 2* ($7%$72/'50* 5&$%&'$D* 20)* +'5'0;5%B2/'A* 2026,($(* R/2+6$* FYS* '(* 7'&$0* 5&$%6$2;?*

;5665D$)*+,*%$&'$D*5;*$2AC*5;*/C$*#"/2/'&$*#2/C57$0'A*&2%'20/(-*
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,S))1!
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1%,,0)!

E<HLCN"! 4,LNCGJLFMJ! K<N! G! F! F! F! >D!!
L!
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>)&)1)4%.0,!
+C<FG!

?.&)4#1)@!!
!K<LF!

K<IT!

6* N! +.#/' "4%VV&)@!3#$%&'!4)5)E1.4!N! E<2LFID! +! K<KL! F! F! K! K! >D!!
L!

84.-!>#$!!
L!

8.,,!>#$!
K<MNJ!
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+C<CFF!
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K!

K<IN!

7* C! %(.*0' 6)%V04)!4)&#1)@!G!S.$.&.P!
W$.0,)X+&%Y)!

E<BJLG/! +! +! F! L! K! L! >D!!
L!

84.-!>#$!!
L!

84.-!>#$!!
K<JJJ!

7)014#&!
+L<TNC+L<JJG!

>#$#P%*P!
K<KF!

K<TT!

8* F! %(.*0' 6)%V04)!4)&#1)@!G!S.$.&.P!
W$.0,)X+&%Y)!
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84.-!>#$!!
L!

84.-!>#$!!
K<JJF!
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+C<CMT+G<FCI!

>#$#P%*P!
K!

K<IC!
H.,,!.3!,S))1!

9* J! %12/' 6)4%*)Z1S4).*%*)!Y%*#,)!N! E<?CTC9! 4,LNKKMJGCM! K<L! F! L! L! K! >D!!
L!!

84.-!>#$!!
K<JJJ!

84.-!>#$!!
K<JN!

>)&)1)4%.0,!
+F<MI!

?.&)4#1)@!
K<KM!
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:%;+"*48<*:2"*1=&%&'>"*1%&2(#")'0*>%$'%)&-*?'&2*-"#$"#%&'()*%)%+,-'-*%)/*1$"/'0&"/*1%&2(#")'0'&,*$"-=+&-<!?S)!4)3)4)*5)!*0$-)4!#&&.5#1)@!1.!)#5S!678!-'!
@-678!%,!%*@%5#1)@Q!#&.*P![%1S!1S)!$%*.4!#&&)&)!34)\0)*5'!@)1)4$%*)@!-'!1S)!)O.$)!A#4%#*1!,)4A)4<!?S)!,)P4)P#1%.*!E#11)4*!#*@!*0$-)4!.3!3#$%&'!$)$-)4,!
%,! %*@%5#1)@]! [%1S! 3#$%&'! $)$-)4,! [%1S! 1S)! @%,)#,)! #*@! 678Q! [%1S.01! )%1S)4! #*@! [%1S! 1S)! 678! -01! [%1S.01! 8>! @)*.1)@<! ?S)! E#1S.P)*%5%1'! E4)@%51%.*!
,.31[#4)! 4),0&1,! %*5&0@)! #! A)4-#&! %*@%5#1%.*! .3! 1S)! )OE)51)@! )33)51! .3! 1S)! 678Q! #55.$E#*%)@! -'! *0$)4%5#&! 4#*P),! %*@%5#1%*P! @#$#P%*PZ-)*%P*! A#4%#*1,^!
/0184)@Q!/01#1%.*!?#,1)4Q!8.&'8S)*!_!K+L!W-)*%P*!+!@#$#P%*PX<!6B"?!_!K+L![S)4)!@#$#P%*P!_!`!K<KTQ!1.&)4#1)@!_!aK<KT<!84.A)#*^!`!+F<T!_!@#$#P%*PQ!a+F<T!_!
*)014#&<!RS)4)!1S)4)!%,!#!4#*P)!.3!4),0&1,Q!1S)!$01#1%.*!%,!E4)@%51)@!@%33)4,!-)1[))*!14#*,54%E1,<!D.&.04,!%*@%5#1)![S)1S)4!1S)!678!%,!5.*,%@)4)@!@#$#P%*P!
W4)@X! .4! -)*%P*! WP4))*X<! 9--4)A%#1%.*,^! 4,+4)3)4)*5)! 678!*0$-)4! W@-678!@#1#-#,)XQ!/9"+$%*.4! #&&)&)! 34)\0)*5'! W)O.$)! A#4%#*1! ,)4A)4XQ! :9! b! :04.E)#*!
#*5),14'Q! =Z7! 8>! b! '),Z*.! 8>! ,033)4)4Q! =Z7! 678! b! '),Z*.! E.&'$.4ES%,$! E4),)*1Q!/?#! b!/01#1%.*! 1#,1)4Q! 88! b! 8.&'8S)*Q! @%AZA#4! b! @%33)4)*1! 8.&'8S)*!
@%#P*.,1%5!$.@)&!,',1)$,Q!>D!b!@%,)#,)!5#0,%*PQ!84.-!>#$!b!E4.-#-&'!@#$#P%*PQ!8.,,!>#$!b!E.,,%-&'!@#$#P%*P<!
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!"#"$"%! "#$%&'!

!!!!!"!!
&'(') *+,-./+() 01,2'+./3')

,4-(5')
67/(+)
-,/3)
,4-(5')

8'-9+()
9'2',.'3)

:;+5;-79)
<;'3/,./(5)
<-.4+5'(/,/.=)

"#$%&'! #$%&'()))*(**)! +,(-./#01! 2,34)*5! 36!782%799:;<!
=>?@A97B!

4C*!

)
>/51;') ?%") @4') "#$%&') A!$B) 71.-./+("! 6") 1$7! 3D5:?! 97EF7<+7! AG:H<I7<J,! C") #$A:<K
J7%I:<AJ:;<!97EF7<+:<H!+;<L:%IAJ:;<!;L!J$7!IFJAJ:;<!:<!J$7!:<M78!2AJ:7<J,!1$7!A%%;N9!:<M:+AJ7!
J$7! %7AM! ;%:7<JAJ:;<,! D"! 1$7! LAI:GO! 27M:H%77! N:J$! J$7! I7IP7%! :<Q;GQ7M! :<! J$7! 97H%7HAJ:;<!
A<AGO9:9!IA%R7M,!1$7!:<M78!2AJ:7<J!:9!S!T,!E"!37H%7HAJ:;<!A<AGO9:9,!UAI:GO!I7IP7%9!N:J$!>?!A<M!
J$7!IFJAJ:;<! A%7! L%AI7M! :<! %7MV! N:J$;FJ! >?! ;%! J$7!IFJAJ:;<! :<! H%77<,! 1$7! G7JJ7%! :M7<J:L:7%!
IAJ+$79! J$7! LAI:GO!I7IP7%!IA%R7M! :<! J$7!27M:H%77! =#B,!F"! 36>!9FIIA%OV! :<+GFM:<H! G;+AJ:;<!
A<M!%7A9;<!L;%!36>!:<+GF9:;<!:<!J$7!97G7+J:;<!2%;+799,!
)
"

#!$%&'! 7<+;M79! J$7! 2%;J7:<! S+AG+:FIKM727<M7<J! 97+%7J:;<! A+J:QAJ;%! )TV! N$:+$! %7HFGAJ79!

<7F%;J%;2$:<! %7G7A97V! :<+GFM:<H! @?6U! =P;<7WM7%:Q7M! <7F%;J%;2$:+! LA+J;%B! A<M! 61K4!

=<7F%;J%;2$:<!4B!=3AMARAJA!7J!AG,V!)--&B,!XJ!:9!$:H$GO!782%7997M!:<!J$7!M;2AI:<7%H:+!<7F%;<9!;L!

J$7!36!N$7%7! :J! :<J7%A+J9!N:J$!J$7!M;2AI:<7!%7+72J;%!)V! %7HFGAJ:<H!Q79:+G7! %7G7A97! =3AMARAJA!

A<M!UF%F+$:V!)--*Y!@%F<R!7J!AG,V!)--.Y!@:<MA!7J!AG,V!)--ZB,!

!

#!$%&'!J%A<9+%:2J:;<!NA9!L;F<M!J;!P7!F2%7HFGAJ7M!:<!P;J$!>?!2AJ:7<J!36!=>?@A97K[A<H!7J!AG,V!

)--.B!A<M!())*'!\)-(.3!I:+7V!A++;I2A<:7M!PO!AGJ7%7M!"]^!2$;92$;%OGAJ:;<,!1$797!+$A<H79!

N7%7! %79+F7M!PO! :<$:P:J:;<!;L!5]]^)!R:<A97!A+J:Q:JO! =]7:<$A%MJ!7J!AG,V!)-(4B,!?O9%7HFGAJ:;<!;L!

#!$%&'!IAO!J$7%7L;%7!+;<J%:PFJ7!J;!>?!2AJ$;H7<79:9!M;N<9J%7AI!;L!5]]^)!N$:+$!+;FGM!AG9;!

P7!+AF97M!PO!IFJAJ:;<9!:<!#!$%&'!M:%7+JGOV!G7AM:<H!J;!AGJ7%7M!M;2AI:<7%H:+!A<M!<7F%;J%;2$:<!

J%A<9I:99:;<,!!

A B 

A B 
B 

C D 

Y PD – Y SNP   1 
N PD - N SNP   1 
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!

67J2$;9!2%7M:+J9!J$AJ!37%4)*!:9!A!2$;92$;%OGAJ:;<!9:J7V!F<G:R7!57F4)*!=@G;I!7J!AG,V!(...B,!XJ!:9!

+;<9:M7%7M! A! MAIAH:<H! 36>! :<! 4C*! 2%7M:+J:;<! 2%;H%AI9! A<M! 97H%7HAJ79! LFGGO! F9:<H! J$7! ?6_!

AQA:GAPG7! L%;I! I7IP7%9! ;L! LAI:GO! 4,! `;N7Q7%V! A9! J$7%7! A%7! ;<GO! JN;! ?6_! 9AI2G79V! :J! :9!

:I2;99:PG7! J;!P7!+;<L:M7<J! :<! J$7!97H%7HAJ:;<!%79FGJ9,!1$7!A<AGO9:9! %79FGJ9!A%7!9FIIA%:97M! :<!

L:HF%7!Z(,!

)
!"#"$"$! ()""*!!
!

"!
&'(') *+,-./+() 01,2'+./3')

,4-(5')
67/(+)-,/3)
,4-(5')

8'-9+()9'2',.'3) :;+5;-79)
<;'3/,./(5)
<-.4+5'(/,/.=)

()""*! #$%(-'Z-&4))4.! +,(4(*#01! 2,]&aab! 5:J7%AJF%7!%7Q:7N! *C*!
)
>/51;') ?$") @4') ()""*) 8G##H) 71.-./+("! 6") 1$7! 3D5:?! 97EF7<+7! AG:H<I7<J,! C") #$A:<K
J7%I:<AJ:;<!97EF7<+:<H!+;<L:%IAJ:;<,!1$7!A%%;N9!:<M:+AJ7!J$7!%7AM!;%:7<JAJ:;<,!D"!1$7!LAI:GO!
27M:H%77!N:J$!I7IP7%9!:<Q;GQ7M!:<!J$7!97H%7HAJ:;<!A<AGO9:9!IA%R7M,!1$7!:<M78!2AJ:7<J!:9! S!T,!
E"!37H%7HAJ:;<!A<AGO9:9,!UAI:GO!I7IP7%9!N:J$!>?!A<M!J$7!IFJAJ:;<!A%7!L%AI7M!:<!%7MV!N:J$;FJ!
>?! ;%! J$7! IFJAJ:;<! :<! H%77<! A<M! N:J$;FJ! >?! PFJ! N:J$! J$7! IFJAJ:;<! :<! ;%A<H7,! 1$7! G7JJ7%!

A B 

E B C 

F 

D 

C 

A E B C D F 

D 

SEQUENCING REPORT

- Page 1 -

+49 (0)7071-565440
+49 (0)172-3765181

detlef.boehm@cegat.de

www.cegat.de

print date 10/11/2012software version: SeqPilot 3.5.2

Patient: P-S65-2

Order No: 122710016 (DNA No: S65-2) Sample Src: 

Date of assignment: Assigned by: 

Project: 

Pat.-ID: S65-2 Family ID: 

Gene: ERCC6 MV:
accession number: chromosome:GRCh37:10:50663414:50747584:1
sequence version: chromosome:GRCh37:10:50663414:50747584:1

Result:
Index Location Position Type Nuc Change AA Change Web Ref Mut Ref Mut

Effect
  1 E11 61 (2230) C C -> T (het) R -> W (744)
         

  1) E11 61 (2230) C C -> T (het) R -> W (744)

56
A

T

57
T

A

58
G

C

59
A

T

60
C

G

61
R

C

62
C

G

63
C

G

64
T

A

65
C

G

66
T

A

vs_SEQ_1702D_B04_S65-2_ERCC6_E11R_vspain_2012-10-10_vs.ab1
Location: E11
Direction: reverse
Abs: 208 / 218

  
 result files exon positions abs. positions
E11

vs_SEQ_1702D_B04_S65-2_ERCC6_E11R_vspain_2012-10-10_vs.ab1-20..+20 128..284 / 298..142
  

 E1  Exon 2  E3  E4  Exon 5  Exon 6  Exon 7  Exon 8  Exon 9  Exon 10  Exon 11  E12  Exon 13  E14  E15  E16  Exon 17 

 Exon 18  Exon 19  E20 

 Exon 21 

Comment:

G H 

G H 

Y PD - Y SNP      4 
N PD - N SNP     2 
N PD - Y SNP     2 
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:M7<J:L:7%9!IAJ+$!J$7!LAI:GO!I7IP7%9!IA%R7M!:<!J$7!27M:H%77!=#B,!F"!36>!9FIIA%OV! :<+GFM:<H!
G;+AJ:;<!A<M!%7A9;<!L;%!36>!:<+GF9:;<!:<!J$7!97G7+J:;<!2%;+799,!
"
+)##,"=AG9;!R<;N<!A9!#&-B!7<+;M79!J$7!78+:9:;<!%72A:%!+%;99K+;I2G7I7<J:<H!H%;F2!*!2%;J7:<,!

XJ! :9! :<Q;GQ7M! :<! <F+G7;J:M7! 78+:9:;<! %72A:%! :<! A+J:Q7! H7<79! A<M! :9! J$F9! :I2;%JA<J! L;%! J$7!

7%AM:+AJ:;<!;L!?6_!G79:;<9,!!

!

?AIAH7M! <F+G7A%! A<M! I:J;+$;<M%:AG! ?6_! $AQ7! P77<! M7J7+J7M! :<! >?! P%A:<! 2;9JKI;%J7I9!

=c$A<H! 7J! AG,V! (...Y! #:++;<7! 7J! AG,V! )-(4BV! A<M! 97Q7%AG! %72A:%! 2%;J7:<9! A<M! 2AJ$NAO9! A%7!

:I2G:+AJ7M!:<!>?!2AJ$;H7<79:9!=d722797<!7J!AG,V!)-((Y!`7HM7!7J!AG,V!)-()Y!@;$HAR:!7J!AG,V!)-(-Y!

\7<+7%! 7J! AG,V! )-()Y! #A<FH;Q:! 7J! AG,V! )-(4B,! _! ?6_! %72A:%! <7JN;%R! N:J$! %7MF+7M! LF<+J:;<V!

+;IP:<7M!N:J$!J$7!:<+%7A97M!]D3K:<MF+7M!MAIAH7!:<!M;2AI:<7%H:+!<7F%;<9V!+;FGM!%79FGJ!:<!A<!

A++FIFGAJ:;<!;L!MAIAH7M!?6_!;Q7%!J:I7V!7Q7<JFAGGO!G7AM:<H!J;!M7H7<7%AJ:;<,!

)

1$7!+)##,!]&aab!36>!:9!+;<9:M7%7M!MAIAH:<H!:<!7Q7%O!2%7M:+J:;<!2%;H%AI!F97M,!1%O2J;2$A<!

:9!$OM%;2$;P:+!A<M!J$7%7L;%7!F9FAGGO!AJ!A<!:<J7%<AG!G;+AJ:;<!N:J$:<!A!2%;J7:<V!N$7%7A9!A%H:<:<7!

%79:MF79! A%7! ;LJ7<! ;<! J$7! 2%;J7:<! 9F%LA+7V! N$7%7! J$7O! :I2A%J! A! +$A%H7! A<M! +A<! P7! 2;9JK

J%A<9GAJ:;<AGGO!I;M:L:7M,! XJ! :9! <;J! +G7A%! :L! J$:9! %79:MF7! :9! G;+AJ7M! :<J7%<AGGO! ;%! ;<! J$7! 2%;J7:<!

9F%LA+7V!PFJ! J$:9!QA%:A<J! :<J%;MF+79!A<!AI:<;!A+:M!N:J$!Q7%O!M:LL7%7<J!2%;27%J:79! J;! J$7!N:GMK

JO27!%79:MF7,!1$7!A<AGO9:9!%79FGJ9!A%7!9FIIA%:97M!:<!L:HF%7!Z),!1$7%7!N7%7!A!G;J!;L!PA+RH%;F<M!

HFA<:<7!<F+G7;J:M79!:<!L:HF%7!Z)?V!97EF7<+7!UV!9FHH79J:<H!9AI2G7!+;<JAI:<AJ:;<,!`;N7Q7%!A9!

J$7!%79:MF79!:<Q;GQ7M!N7%7!+OJ;9:<7!A<M!J$OI:<7V!J$797!27AR9!N7%7!:H<;%7M,!

)
)
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4C*!

>/51;')?!")@4')+,"#-)*%!#>)71.-./+("!6")1$7!3D5:?!97EF7<+7!AG:H<I7<J,!C")#$A:<KJ7%I:<AJ:;<!
97EF7<+:<H!+;<L:%IAJ:;<,!1$7!A%%;N9!:<M:+AJ7!J$7!%7AM!;%:7<JAJ:;<,!D"!1$7!LAI:GO!27M:H%77!N:J$!
I7IP7%9! :<Q;GQ7M! :<! J$7! 97H%7HAJ:;<! A<AGO9:9! IA%R7M,! 1$7! :<M78! 2AJ:7<J! :9! S!T,! E"! UAI:GO!
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J$797!36>9!:9!G799!+;II;<!J$A<!>?!=_G+AGAO!7J!AG,V!)-(aB,!`;N7Q7%V!:J!:9!G:R7GO!J$7O!A%7!Q7%O!%A%7!

IFJAJ:;<9! A9V! M792:J7! :<J7<9:Q7! 9JFMO! :<J;! J$7! M:97A97V! J$7! M:97A97K+AF9:<H! QA%:A<J9! :<! J$797!
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+A979!=A<M!IA<O!;J$7%9B!%7IA:<!F<R<;N<,!XJ!:9!J$7%7L;%7!7<+;F%AH:<H!J$AJ!J$7!&+1,(!QA%:A<J9!

N7%7!2%7Q:;F9GO!F<%72;%J7M,!!

!

X<! 97Q7%AG! ;L! J$797! +A979V! J$7! 36>! :9! 2%797<J! <;J! ;<GO! :<! 9FLL7%7%9! PFJ! AG9;! :<! $7AGJ$O! LAI:GO!

I7IP7%9,!1$7!7LL7+J9!;L!27<7J%A<+7!A<M!72:H7<7J:+9!I7A<!J$AJ!A!36>!L;F<M!:<!$7AGJ$O!LAI:GO!

I7IP7%9!:9!<;J!<7+799A%:GO!P7<:H<V!IAR:<H!M7J7%I:<:<H!A!M:97A97K+AF9:<H!AGG7G7!7Q7<!I;%7!;L!

A!+$AGG7<H7,!k<L;%JF<AJ7GOV!J$:9V!A<M!J$7!G;N!S<T!<FIP7%9!:<Q;GQ7M!:<!97Q7%AG!;L!J$7!97H%7HAJ:;<!

A<AGO979V!I7A<!<;<7!;L! J$797! 36>9! +A<! P7! +G7A%GO! +GA997M! A9! 2AJ$;H7<:+!IFJAJ:;<9,! UF%J$7%!

N;%R! :9! %7EF:%7MY! L:%9JGO! J$7! :M7<J:L:+AJ:;<!;L! J$797!H7<79! :<! GA%H7!2;2FGAJ:;<9!;L!>?!2AJ:7<J9V!

PFJ!AG9;!LF<+J:;<AG!9JFM:79!79JAPG:9$:<H!N$7J$7%!J$7!IFJAJ:;<9!ALL7+J!2%;J7:<!:<J7%A+J:;<9!A<M!

+7GG!Q:AP:G:JO,!1$797!N;FGM!+;<L:%I!N$:+$!;L!J$7!QA%:A<J9!A%7!9:I2GO!2;GOI;%2$:9I9!A<M!N$:+$!

=:L!A<OB!A%7!+AF9AJ:Q7!IFJAJ:;<9,!!

!

DL!J$7!2FJAJ:Q7GO!2AJ$;H7<:+!36>9!:M7<J:L:7M!:<!J$:9!+;$;%JV!J$7!<;Q7G!&+1,(!QA%:A<J9!N;FGM!P7!

;L!I;9J! :<J7%79J! L;%! L;GG;NKF2!9JFM:79,!1$7!&+1,(!QA%:A<J9!97H%7HAJ7M! :<!JN;!LAI:G:79!A<M!J$7!

G:<R!P7JN77<!3"c*5!A<M!X5K*!+;<<7+J9!J$7!M:AP7J79V!29;%:A9:9!A<M!>?!9FLL7%7M!PO!LAI:GO!JN;,!

! !
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5]]^)! $A9! P77<! A<! :I2;%JA<J! %797A%+$! L;+F9! 9:<+7! 2AJ$;H7<:+! ())*'! IFJAJ:;<9! N7%7!

:M7<J:L:7M! A9! A! +AF97! ;L! >?! :<! )--a,! 1$:9! :9! <;J! ;<GO! MF7! J;! J$7! LA+J! J$AJ! 2AJ$;H7<:+! ())*'!

IFJAJ:;<9! G7AM! J;!A!M:97A97!2$7<;JO27!Q7%O! 9:I:GA%! J;! J$AJ!;L! J$7! :M:;2AJ$:+!2$7<;JO27V!PFJ!

AG9;!MF7!J;!J$7!GA+R!;L!+GA%:JO!%7HA%M:<H!J$7!%;G7!;L!5]]^)!:<!J$7!+7GG,!?792:J7!J$7!2%797<+7!;L!

JN;!7<eOIAJ:+!M;IA:<9V!J$7!;<GO!+;<Q:<+:<H!5]]^)!9FP9J%AJ7!:M7<J:L:7M!J;!MAJ7!:9!:J97GL,!1$F9V!

F<M7%9JA<M:<H! 5]]^)! LF<+J:;<! PO! J$7! :M7<J:L:+AJ:;<! A<M! +$A%A+J7%:9AJ:;<! ;L! :<J7%A+J:;<!

2A%J<7%9!NA9!2F%9F7M,!

!
_!O7A9J!JN;K$OP%:M!9+%77<!2%7Q:;F9GO!:M7<J:L:7M!IFGJ:2G7!:<J7%A+J;%9!;L!5]]^)V!:<+GFM:<H!1k@@a,!

b:J$:<!J$:9!J$79:9V!F<M7%9JA<M:<H!;L!J$7!5]]^)KJFPFG:<!A99;+:AJ:;<!NA9!%7L:<7M!A<M!A!<7N!%;G7!

L;%! 5]]^)!A9!A!I7M:AJ;%!;L!f1!9JAP:G:JO!NA9! :M7<J:L:7M,!1$:9!2%;Q:M79!<7N! :<9:H$J! :<J;!5]]^)!

LF<+J:;<V!9F22;%J9!7Q:M7<+7!J$AJ!f1!9JAP:G:JO!2GAO9!A<!:I2;%JA<J!%;G7!:<!J$7!2AJ$;H7<79:9!;L!>?!

A<M!IAO!G7AM!J;!<7N!J$7%A27FJ:+!9J%AJ7H:79!L;%!J$7!J%7AJI7<J!;L!>?,!

!

#"%) ) @4')*88Y$M.1X12/()/(.';-,./+()9/.'9)
1$7! :9;L;%I9! A<M! 927+:L:+! 9:J79! :<Q;GQ7M! :<! J$7! :<J7%A+J:;<! P7JN77<! 5]]^)! A<M! JFPFG:<!N7%7!

:M7<J:L:7M!F9:<H!O7A9J!JN;K$OP%:M!7827%:I7<J9,!U;GG;N:<H!;<!L%;I!2%7Q:;F9!%72;%J9!;L!A!5]]^)K

JFPFG:<! :<J7%A+J:;<! =\G;7R<7%! 7J! AG,V! )--*Y! \A<M$:! 7J! AG,V! )--/Y! \:GGA%M;<! 7J! AG,V! )--.BV! A<!

A99;+:AJ:;<! P7JN77<! 5]]^)! A<M! <7F%;<AGGO! 782%7997M! !KV! "KV! #KV! $K! A<M! %KJFPFG:<9! NA9!

:<Q79J:HAJ7M,! 1$7! :<J7%A+J:;<! N:J$! 5]]^)! NA9! 927+:L:+! J;! J$%77! "KJFPFG:<! :9;L;%I9'! 1k@@V!

1k@@a!A<M!1k@@*,!!

!
1FPFG:<! 97EF7<+7!+;I2A%:9;<V!IFJAH7<79:9!A<M!I;G7+FGA%!I;M7GG:<H! LF%J$7%! %7L:<7M! J$7!9:J7!

;L! J$7! :<J7%A+J:;<! N:J$! 5]]^)! J;! "KJFPFG:<! 5O94*)V! A! +$A%H7M! %79:MF7! 2%;J%FM:<H! L%;I! J$7!

GFI7<AG!9F%LA+7!;L!J$7!f1,!1$7!"KJFPFG:<K5]]^)!A99;+:AJ:;<!AG9;!%7EF:%79!A<!:<J7%<AG!AGA<:<7!AJ!

"KJFPFG:<! %79:MF7! 4*a,! 1$:9! F<%7A+J:Q7! AI:<;! A+:MV! 9:JFAJ7M! :II7M:AJ7GO! F<M7%! J$7! 2%;J7:<!

9F%LA+7V!IAR79!<;!A99;+:AJ:;<9!N:J$!<7:H$P;F%:<H!"K9$77J! %79:MF79!A<M! J$F9!27%I:J9! 9F%LA+7!

LG78:P:G:JOV! 7<APG:<H! 5]]^)! J;! M;+R,! "KJFPFG:<! :9;L;%I9! N:J$! A! 37%4*a! M;! <;J! A99;+:AJ7! N:J$!

5]]^)!MF7!J;!A!$OM%;H7<!P;<M!N:J$!J$7!<7A%PO!_%H4)-!%79:MF7V!9:JFAJ7M!:<!A!<7:H$P;F%:<H!"K

9$77J! 9J%A<MV! 92AJ:AGGO! +;<9J%A:<:<H! J$7! 9F%LA+7! %79:MF79! A<M! :<$:P:J:<H! J$7! :<J7%A+J:;<,!

`;N7Q7%! J$:9! M;79! <;J! ;++F%! :<! J$7! 5]]^)K1k@@*! A99;+:AJ:;<,! X<9J7AM! ;L! A! 9F%LA+7! _%H4)-!

%79:MF7! <7A%KAMhA+7<J! J;! J$7! 5O94*)! M;+R:<H! 9:J7V! 1k@@*! $A9! A! >%;4)-! %79:MF7V! N:J$! A<!

A99;+:AJ7M!9IAGGV!F<+$A%H7M!9:M7K+$A:<,!1$:9!LA+:G:JAJ79!J$7!:<J7%A+J:;<!N:J$!5]]^)V!:%%7927+J:Q7!
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;L!J$7!:<J7%<AG!$OM%;H7<!P;<M!MF7!J;!:<+%7A97M!92A+7!:<!J$7!Q:+:<:JO!;L!5O94*)!;<!J$7!JFPFG:<!

9F%LA+7,!

!
_9! 2%7Q:;F9GO! %72;%J7MV! J$7! 5]]^)! ];+! M;IA:<! NA9! 9FLL:+:7<J! J;! +;<L7%! A<! A99;+:AJ:;<! N:J$!

JFPFG:<Cf19! =\A<M$:! 7J! AG,V! )--/Y! \G;7R<7%! 7J! AG,V! )--*B,! 1$7! 9:J7! ;L! J$7! JFPFG:<! A99;+:AJ:;<!

N:J$!5]]^)!NA9!G;+AJ7M!J;!5]]^)!%79:MF79!(4)/K(a--!F9:<H!J%F<+AJ7M!];+!M;IA:<!2%;J7:<9,!_<!

AGA<:<7! PG;+R! 9+A<V! %72GA+:<H! PG;+R9! ;L! L:Q7! +;<97+FJ:Q7! %79:MF79! N:J$! F<%7A+J:Q7! AGA<:<79V!

M7I;<9J%AJ7M! A!N7AR7<:<H! ;L! J$7! A99;+:AJ:;<! P7JN77<! J$7!IFJAJ7M! 5]]^)! ];+#D]! M;IA:<!

A<M! JFPFG:<! N$7<! %79:MF79! (4&4K(4/)! N7%7! %72GA+7M! PO! AGA<:<79,! `;N7Q7%V! 5]]^)!

M:I7%:9AJ:;<!9J%7<HJ$!A227A%7M!F<+$A<H7M!:<!97I:KEFA<J:JAJ:Q7!O7A9J!JN;K$OP%:M!A99AO9,!!

!
_<!A99;+:AJ:;<!P7JN77<!5]]^(!A<M!JFPFG:<!NA9!2%7Q:;F9GO!M7J7+J7M!PO!IA99K927+J%;I7J%OV!PFJ!

<;J! :<Q79J:HAJ7M! =]7O<:7%9! 7J! AG,V! )-(aB,! 1$:9! J$79:9! M7I;<9J%AJ79! J$7! 9AI7! JFPFG:<! %79:MF79!

+;<L7%! J$7! :<J7%A+J:;<! P7JN77<! "KJFPFG:<! A<M! 5]]^(! A9! +;<L7%! J$7! :<J7%A+J:;<! N:J$! 5]]^),!

1$7%7L;%7!%79:MF79!+;<97%Q7M!P7JN77<!5]]^(!A<M!5]]^)!N:J$:<!J$7!J7<!AI:<;!A+:M9!:I2;%JA<J!

L;%! J$7! 2%;J7:<K2%;J7:<! :<J7%A+J:;<!N7%7! +;<9:M7%7M! LF%J$7%,! 1$797! AI:<;! A+:M9!N7%7! 5]]^)!

\GF(4&.V!_%H(4/(!A<M!_%H(4/*!=5]]^(!\GF*/-V!_%H!*/(!A<M!_%H*/*BV!:<+GFM:<H!JN;!2;9:J:Q7GO!

+$A%H7M! A%H:<:<7! %79:MF79,! X<J7%79J:<HGOV! JN;! <7HAJ:Q7GO! +$A%H7M! %79:MF79! N7%7! :M7<J:L:7M!

N:J$:<! J$7! JFPFG:<! 9J%F+JF%7! =\GF4)Z! A<M! _924Z&BV! :<! J$7! Q:+:<:JO! ;L! J$7! 5O94*)! %79:MF7V!

7997<J:AG!L;%!J$7!:<J7%A+J:;<,!1$797!<7HAJ:Q7GO!+$A%H7M!JFPFG:<!%79:MF79!A%7!9:JFAJ7M!:<!A!9:I:GA%!

;%:7<JAJ:;<!J;!J$7!2;9:J:Q7GO!+$A%H7M!5]]^)!_%H(4/(!A<M!_%H(4/*!%79:MF79,!

!
fO!MAJA!AG9;!9FHH79J9!J$AJ!5]]^)!M:I7%:9AJ:;<!:9!<7+799A%O!L;%!J$7!JFPFG:<K5]]^)!:<J7%A+J:;<V!

A9!J$7!A99;+:AJ:;<!P7JN77<!5]]^)!];+#D]!2%;J7:<9!+;<JA:<:<H!AGA<:<7!PG;+R9!A<M!JFPFG:<!NA9!

;<GO!;P97%Q7M!N$7<!];+#D]!M:I7%:9AJ:;<!NA9!IA:<JA:<7M,!

!
1$7! G;+AJ:;<! ;L! J$7! 5]]^)! :<J7%A+J:;<! 9:J7! :<9:M7!f1! ;<! J$7! JFPFG:<! GFI7<AG! 9F%LA+7! 2;97M!

IFGJ:2G7!EF79J:;<9!A9!J;!$;N!J$7!GA%H7!5]]^)!2%;J7:<!NA9!APG7!J;!:<J7%A+J!N:J$:<!f19,!1$:9!NA9!

%7Q7AG7M! PO! :IAH:<H! 3`3[KZ[! +7GG9! L:87M! F9:<H! A! +OJ;9R7G7JAGK927+:L:+! L:8AJ:;<! J7+$<:EF7,! 1$:9!

M7I;<9J%AJ7M!2%7L7%%7M!f1K5]]^)!A99;+:AJ:;<!:<!H%;NJ$K+;<79V!N$7%7!f19!A%7!G799!%7HFGA%!:<!

J$7:%! 9J%F+JF%7V! JFPFG:<! 2%;J;L:GAI7<J9! A%7! G799! J:H$JGO! A99;+:AJ7M! A<M! ;%:7<J7M! :<! IFGJ:2G7!

M:%7+J:;<9!=1A<RAR!A<M!^:%9+$<7%V!(..(B,!1$7%7L;%7!5]]^)!IAO!2GAO!A!%;G7!:<!+;<J%;G!;L!H%;NJ$!

+;<7!MO<AI:+9,!1$:9!G;+AJ:;<!;L!5]]^)!AJ!J$7!H%;NJ$!+;<7!:9!:<!A++;%MA<+7!N:J$!2%7Q:;F9!N;%R!

N$:+$! L;F<M!J$AJ!5]]^)!%7HFGAJ79!<7F%:J7!;FJH%;NJ$V! J$;FH$!Q:A!A+J:<!2;GOI7%:eAJ:;<! =`nP:H!

7J!AG,V!)-(4BV!2;99:PGO!PO!A<!AMM:J:;<AG!:<J7%A+J:;<!P7JN77<!J$7!5]]^)!b?a-!M;IA:<!A<M!A+J:<,!!
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#"$) ) *88Y$);'31,'9)R@)-,'.=2-./+()
[7A9JKJN;!$OP%:M!%7Q7AG7M!J$AJ!J$7!5]]^)KJFPFG:<!A99;+:AJ:;<!;++F%9!:<!+G;97!2%;8:I:JO!J;!JN;!

9:J79! :I2;%JA<J!L;%!f1!9JAP:G:JO,!1$797!A%7!J$7!2A+G:JA87G!P:<M:<H!9:J7!A<M!J$7!!KJFPFG:<!5O9a-!

A+7JOGAJ:;<!9:J7V!+;<9:M7%7M!J;!P7!A!IA%R7%!L;%!f1!9JAP:G:9AJ:;<,!UF%J$7%!N;%R!+;I2A%:<H!N:GMK

JO27!A<M!(GG@'!R<;+RK;FJ!f"U!+7GG9!%7Q7AG7M!J$AJ!J$7%7!:9!A!%7MF+J:;<!:<!JFPFG:<!A+7JOGAJ:;<!:<!

J$7! 2%797<+7! ;L! 5%%R)! A<M! J$:9! NA9! IA:<JA:<7M! :<! `"^! +7GG9! :<! J$7! 2%797<+7! ;L! J$7! f1K

9JAP:G:9:<H!AH7<J!2A+G:JA87G,!

!
(GG@'!R<;+RK;FJ!f"U!+7GG9!%7Q7AG7M!A!M%AIAJ:+!2$7<;JO2:+!+$A<H7!+;I2A%7M!J;!N:GMKJO27!+7GG9V!

:<Q;GQ:<H! <;J! hF9J! f1! A+7JOGAJ:;<! PFJ! AG9;! +7GG! I;%2$;G;HO,! _MM:J:;<AG! AGJ7%AJ:;<9! N7%7! A<!

:<+%7A97!:<!L:G;2;M:A!A<M!+7GGK+7GG!AM$79:;<V!A!G;99!;L!+7GG!2;GA%:JOV!%7MF+7M!UKA+J:<!9J%799!L:P%79V!

A++;I2A<:7M!PO!%7MF+7M!<F+G7A%!M7<9:JO!A<M!:<+%7A97M!+7GG!A<M!<F+G7F9!9:e7,!1$7!2$7<;JO2:+!

+$A<H7!:9!9:I:GA%!J;!J$AJ!977<!N$7<!J$7!9IAGG!\1>A979!]$;V!]A+!A<M!+M+a)!A%7!A+J:QAJ7M!=`AGGV!

(../BV! :<+GFM:<H! A! G;99! ;L! 2;GA%:JOV! %7MF+7M! UKA+J:<! 9J%799! L:P%79! A<M! <F+G7A%! M7<9:JO,! 1$:9! :9!

A++;I2A<:7M!PO!A<! :<+%7A97! :<! L:G;2;M:AV! +7GG! AM$79:;<V! +7GG! A<M!<F+G7F9! 9:e7,!@;J$! J$7! 9IAGG!

\1>A979!A%7!5]]^)!A%7!R<;N<!J;!%7HFGAJ7!+7GG!2AJ$NAO9!N$:+$!I7M:AJ7!+OJ;9R7G7JAG!MO<AI:+9V!

9F+$!A9!N<J!9:H<AGG:<HV!A+J:<!+OJ;9R7G7J;<!%7I;M7GG:<H!A<M!+7GG!AM$79:;<!=`AGGV!(../V!b;h+:ARK

3J;J$A%M!7J!AG,V!(../Y!`APA9!A<M!`7V!)--*Y!@7%N:+R!A<M!`A%Q7OV!)-((Y!U7%%7%!7J!AG,V!)--(Y!#$7<!

7J!AG,V!)-()AY!`;!7J!AG,V!)--.Y!3A<+$;!7J!AGV!)--.Y!f:<!7J!AG,V!)-((B,!1$7%7L;%7!;Q7%782%799:;<!;L!

J$7!9IAGG!\1>A979!A<M!R<;+RK;FJ!;L!(GG@'!$AQ7!9:I:GA%!7LL7+J9!;<!J$7!+7GG,!_9!;Q7%782%799:;<!;L!

]A+(!+A<!%79+F7!<7F%:J7!G7<HJ$!:<!())*'!\)-(.3!+7GG9V!J$7!9IAGG!\1>A979!IAO!A+J!M;N<9J%7AI!

;L!5]]^)V!;%!J$7O!IAO!N;%R!:<!JA<M7I!N:J$!5]]^)!J;!%7HFGAJ7!J$7!2%;+79979,!

!
_+7JOGAJ:;<!;L!oKJFPFG:<!G7AM9!J;!9JAPG7V!9J%F+JF%AGGO!F<:L;%I!f19!PO!2%;I;J:<H!J$7!L;%IAJ:;<!

;L!9AGJ!P%:MH79!P7JN77<!2%;J;L:GAI7<J9!=#F7QA!7J!AG,V!)-()B,!b7!$AQ7!M79+%:P7M!A<!:<+%7A97!:<!

A+7JOGAJ:;<! :<!(GG@'"R<;+RK;FJ! +;I2A%7M!N:J$!N:GMKJO27!f"U!+7GG9,! X<! 9F22;%J!;L! J$:9! L:<M:<HV!

<7F%;<9!L%;I!(GG@'!R<;+RK;FJ!I:+7!M7Q7G;2!G;<H7%!<7F%:J79!=fA+57;M!7J!AG,V!)--*Y!>A%:9:AM;F!

7J!AG,V!)--.B,!1$797!G;<H7%!<7F%:J79!+;FGM!%79FGJ!L%;I!A<!:<+%7A97M!f1!9JAP:G:JO!:<!J$7!AP97<+7!

;L!5]]^)V!2;99:PGO!PO!7<APG:<H!f"#K(&!M:LLF9:;<!A<M!J$7%7L;%7!oKJFPFG:<!^a-!A+7JOGAJ:;<!=3eOR!

7J! AG,V! )-(aB,! 1$:9! :<+%7A97M! 9JAP:G:JO! N;FGM! %7MF+7! MO<AI:+! :<9JAP:G:JO! A<M! J%7AMI:GG:<H!

P7$AQ:;F%9!N:J$:<!J$7!f1V!%79FGJ:<H!:<!G;<H7%!f19!A<M!J$7%7L;%7!<7F%:J79,!!

!
3F%2%:9:<HGO!J$:9!+$A<H7!:<!f1!A+7JOGAJ:;<!:9!I7M:AJ7M!PO!J$7!5]]^)!6KJ7%I:<AG!%7H:;<V!2%:;%!J;!

J$7! JFPFG:<K:<J7%A+J:<H! ];+#D]! M;IA:<,! 1$7%7! A%7! 97Q7%AG! I7+$A<:9I9! PO! N$:+$! J$:9! +;FGM!

;++F%,! XJ! $A9! 2%7Q:;F9GO! P77<! 9FHH79J7M! J$AJ! J$7! 5]]! %7H:;<! A99;+:AJ79! N:J$! J$7! ];+#D]!
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M;IA:<! A<M!IAO! 2%;I;J7! 5]]^)!M:I7%:9AJ:;<! =\;JJ$A%MJ! 7J! AG,V! )--/Y!\%7HH:;! 7J! AG,V! )--/B,!

1$:9!%7H:;<!IAO!P7!P:<M:<H!7<M;H7<;F9!5]]^)V!2$O9:+AGGO!PG;+R:<H!!KJFPFG:<!5O9a-V!;%!:<9J7AM!

AGJ7%:<H!7<eOI7!A+J:Q:JOY!2%;I;J:<H!M7A+7JOGAJ:;<!;%!:<$:P:J:<H!A+7JOGAJ:;<!;L!!KJFPFG:<,!!

!
DQ7%K782%799:;<!;L!"KJFPFG:<! :9;L;%I9!N$:+$!M;!<;J! :<J7%A+J!N:J$!5]]^)! :<!O7A9J!%7Q7AG7M!A<!

:<+%7A97! :<! J$7! 2%;2;%J:;<! ;L! JFPFG:<! A+7JOGAJ:;<V! PFJ! <;! M:LL7%7<+7!NA9! ;P97%Q7M! L;GG;N:<H!

;Q7%782%799:;<!;L!:9;L;%I9!N$:+$!M;!:<J7%A+J!N:J$!5]]^),!XJ!$AM!<;J!P77<!2;99:PG7!J;!+;<L:%I!

J$7!:9;L;%I!927+:L:+!A99;+:AJ:;<!P7JN77<!5]]^)!A<M!"KJFPFG:<!M7J7+J7M!:<!O7A9J!JN;K$OP%:M!PO!

+;KX>V! A9! IFGJ:2G7! JFPFG:<! :9;L;%I9! A99;+:AJ7M! A9! 2A%J! ;L! A! 2%;J7:<! +;I2G78,! `;N7Q7%! J$:9!

AGJ7%7M!A+7JOGAJ:;<!:<!`"^!+7GG9!L;GG;N:<H!JFPFG:<!:9;L;%I!;Q7%782%799:;<!M;79!9F22;%J!J$7!:M7A!

J$AJ! 5]]^)! ALL7+J9! JFPFG:<! A+7JOGAJ:;<! PO! A99;+:AJ:<H! N:J$! 927+:L:+! JFPFG:<! :9;L;%I9! :<!

IAIIAG:A<!9O9J7I9,!

!
f7A<N$:G7V! @$AJJA+$A%OA! A<M! +;GG7AHF79! =)--/B! 2%7Q:;F9GO! M79+%:P7M! A! G:<R! P7JN77<! 9/--,!

782%799:;<!A<M!f1! 9JAP:G:JO,!f19!;L! X<M:Q:MFAG9!N:J$!$:H$7%!9/--,! 782%799:;<! G7Q7G9! A%7! G799!

9JAPG7!A<M!R<;+RKM;N<!;L!9/--,!782%799:;<! G7AM!J;!A<! :<$:P:J:;<!;L!+7GG!2%;G:L7%AJ:;<!MF7!J;!

$O27%9JAPG7!f19,!1$:9!:9!G:R7GO!J;!%7GAJ7!J;!J$7!5]]^)Kf1!A99;+:AJ:;<V!2%;Q:M:<H!LF%J$7%!9F22;%J!

J;!J$7!SJFPFG:<!+;M7T!$O2;J$79:9!A<M!J$7!%;G7!;L!5]]^)!:<!I7M:AJ:<H!f1!9JAP:G:JO,!

!

#"!) )))))))P3'(./J/,-./+() +J) (+N'2) <1.-./N') :EM,-19/(5)
N-;/-(.9)
U:<AGGOV! :<! A! +;$;%J! ;L! (4! LAI:G:79V! X! :M7<J:L:7M! 97Q7<! 36>9! 97H%7HAJ:<H!N:J$! >?,!6;<7! ;L! J$7!

36>9! LFGGO! 97H%7HAJ7MV! :<M:+AJ:<H! 2;99:PG7! :<+;I2G7J7! 27<7J%A<+7,! DL! 2A%J:+FGA%! :<J7%79J! L;%!

L;GG;NKF2! 9JFM:79! A%7! J$7! JN;! <;Q7G! &+1,(! QA%:A<J9V! X.(*f! A<M! \(-(Z]V! L;F<M! :<! 972A%AJ7!

LAI:G:79,!3"c*5!782%799:;<!$A9!P77<!G:<R7M!J;!:<+%7A97M!+:%+FGAJ:<H!X5K*!G7Q7G9V!AG9;!L;F<M!:<!>?!

2AJ:7<J9!=3+AGe;!7J!AG,V!)-(-B,!

!

#"#) ) >1.1;')L+;Z)
1$7%7! A%7! 97Q7%AG! 2;99:P:G:J:79! PO!N$:+$! +;<J:<FAJ:;<! ;L! J$7!N;%R! P7HF<! :<! J$:9! J$79:9! +;FGM!

;++F%V!:<!;%M7%!J;!LF%J$7%!J$7!F<M7%9JA<M:<H!;L!J$7!%;G7!5]]^)!2GAO9!:<!f1!9JAP:G:JO,!!
!

#"#"%)) 633/./+(-2)*88Y$),=.+9Z'2'.-2)91X9.;-.'9)
XJ! :9! G:R7GO! J$AJ! 5]]^)! :<J7%A+J9! N:J$! J$7! +OJ;9R7G7J;<! PO! I;%7! J$A<! ;<7! I7+$A<:9I,!

_99;+:AJ:;<9!P7JN77<!5]]^)!A<M!f_>(@!A<M!JAF!$AQ7!P77<!2%7Q:;F9GO!M79+%:P7M!=#$A<!7J!AG,V!

)-(aY! ^ANARAI:! 7J! AG,V! )-()B,! UF%J$7%! 78AI:<AJ:;<! ;L! J$7! A99;+:AJ:;<! N:J$! AMM:J:;<AG! f1K
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A99;+:AJ7M!2%;J7:<9!9F+$!A9!f_>1V!f_>)V!f_>aV!f1KA99;+:AJ7M!R:<A979!A<M!A!2;99:PG7!5]]^)!

b?a-KUKA+J:<! :<J7%A+J:;<! +;FGM! P7! J79J7M! L;%V! Q:A! O7A9J! JN;K$OP%:M! A<M! +;K

:IIF<;2%7+:2:JAJ:;<V! A9! M79+%:P7M! :<! J$:9! J$79:9,! #;KX>! ;L! JFPFG:<! A<M! 2%;P:<H! L;%! J$7!

+OJ;9R7G7JAG! 2%;J7:<9! ;L! :<J7%79J! :<! 5]]^)! N:GMKJO27! A<M! R<;+RK;FJ! f"U! +7GG9! N;FGM! %7Q7AG!

A99;+:AJ:;<9!N$:+$!;++F%%7M!Q:A!5]]^)!M:%7+JGO!;%!N7%7!LA+:G:JAJ7MC:<$:P:J7M!:<!J$7!2%797<+7!;L!

5]]^),!!
!

#"#"$)) @4');+2')+J)*88Y%)-(3).4')0M.';7/(19)
1$:9!J$79:9!2%;Q:M79!7Q:M7<+7!J$AJ!J$7!5]]^)KI7M:AJ7M!%7MF+J:;<!:<!A+7JOGAJ:;<!:9!LA+:G:JAJ7M!PO!

J$7! 6KJ7%I:<F9! ;L! J$7! 2%;J7:<,! _9! J$:9! :9! J$7! %7H:;<! J$AJ! M:LL7%9! I;9J! P7JN77<! 5]]^(! A<M!

5]]^)V!A!G;H:+AG!+;<J:<FAJ:;<!;L!J$7!2%;h7+J!:9!J;!:<Q79J:HAJ7!N$7J$7%!5]]^(V!N$:+$!AG9;!P:<M9!

"KJFPFG:<V! :9!9:I:GA%GO!:<Q;GQ7M!:<!f1!9JAP:G:JO,!1$:9!N;FGM!P7!M;<7!:<!J$7!9AI7!NAO!A9!5]]^)V!

PO!+%7AJ:<H!A!(GG@0!R<;+RK;FJ!f"U!+7GG! G:<7!A<M!M7J7%I:<:<H!J$7!I;%2$;G;HO!Q7%9F9!N:GMKJO27!

+;<J%;G9V! F9:<H! :IIF<;+OJ;+$7I:9J%O! A<M! N79J7%<! PG;JJ:<H! J;! M7J7%I:<7! J$7! 2%;2;%J:;<! ;L!

A+7JOGAJ:;<!:<!J$7!+7GG!GO9AJ7,!XL!J$7!+$A<H79!:<!A+7JOGAJ:;<!A%7!2%;Q7<!J;!P7!I7M:AJ7M!PO!J$7!6K

J7%I:<F9V!J%F<+AJ7M!5]]^)!A<M!5]]^(!2%;J7:<9V!A9!N7GG!A9!5]]^(!A<M!5]]^)!L%AHI7<J9!I:99:<H!

927+:L:+! %7H:;<9!N;FGM!P7! J%A<9L7+J7M! :<J;! J$7!R<;+RK;FJ!f"U!+7GG9! J;!M7J7%I:<7! J$7!927+:L:+!

%7H:;<9!A99;+:AJ7M!N:J$!J$7!I;%2$;G;H:+AG!+$A<H79,!!
)

#"#"!)) 8'9,1/(5).4')0334')Z(+,ZM+1.)-(3)&$U%QA)RF>),'229)
1$7! <;Q7G! A<M! M%AIAJ:+! +$A<H7! :<! (GG@'! R<;+RK;FJ! f"U! +7GG9! %7Q7AG9! J$AJ! J$7%7! A%7! IA<O!

2$7<;JO2:+!+$A<H79V!P7O;<M!f1!A+7JOGAJ:;<V!N$7<!5]]^)!:9!AP97<J!L%;I!A!+7GG,!1$7!2AJ$NAO9!

A<M! 2%;+79979! PO! N$:+$! 5]]^)! I;MFGAJ79! oKJFPFG:<! A+7JOGAJ:;<! A<M! AMM:J:;<AG! +OJ;9R7G7JAG!

+$A<H79!N;FGM!P7!M7J7%I:<7M!PO!%79+F:<H!J$7!2$7<;JO27!:<!P;J$!(GG@'!R<;+RK;FJ!A<M!\)-(.3!

f"U!+7GG9! =A9! J$7!\)-(.3!IFJAJ:;<! :9!R<;N<!J;!+AF97!+OJ;9R7G7JAG!AGJ7%AJ:;<9B,!1$:9!+;FGM!P7!

:<Q79J:HAJ7M!PO!;Q7%782%799:<H!R:<A97KM7AM!;%!\1>A97!M7L:+:7<J! 5]]^)V! J$7!F97!;L! LF<+J:;<AG!

:<$:P:J;%9!A<M!;Q7%782%799:;<!;L!J%F<+AJ7M!5]]^)!2%;J7:<9!:<!J$7!R<;+RK;FJ!+7GG9!A<M!9JFMO:<H!

J$7!+$A<H7M!+7GG!2$7<;JO279,!!
!

#"#"#)) >1(,./+(-2),4-;-,.';/9-./+()+J)(+N'2):E)N-;/-(.9)
U:<AGGOV! :J!N;FGM!P7! :<J7%79J:<H! J;! +$A%A+J7%:97! J$7!>?!QA%:A<J9!M7J7+J7M! :<! J$7!>?!+;$;%JV! J;!

M7J7%I:<7!:L!A<O!;L!J$7I!A%7!M:97A97!+AF9:<H,!1$:9!+;FGM!P7!M;<7!PO!R<;+R:<H!M;N<!J$7!H7<79"

>?" K>EGF" A<M" >?" K>KF" A<M! 977:<H! :L! J$7O! G7AM! J;! >?KG:R7! 9OI2J;I9,! _MM:J:;<AGGOV! 27%L;%I:<H!

LF<+J:;<AG! 7827%:I7<J9! N$:+$! L:J! J$7! %;G79! ;L! J$797! H7<79! A9! M79+%:P7M! :<M:Q:MFAGGOV! 9F+$! A9!

N$7J$7%! J$7!#!$%&'! 34*)5! QA%:A<J!M:%7+JGO! AGJ7%9! "]^!2$;92$;%OGAJ:;<!;%!N$7J$7%! J$7!.1$2!
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]()&#! IFJAJ:;<! AGJ7%9! N<J! 9:H<AGG:<H! A+J:Q:JOV! N;FGM! 2%;Q:M7! 7Q:M7<+7! L;%! 2AJ$;H7<:+:JO! ;L!

7A+$! QA%:A<J,! XJ!N;FGM! J$7<!P7!2;99:PG7! J;! 97A%+$! L;%! AMM:J:;<AG!IFJAJ:;<9! :<! J$797! H7<79! :<!

GA%H7%!+;$;%J9!;L!92;%AM:+!>?!2AJ:7<J9,!

)

#"?) ) D+(,219/+(9))
?7J7%I:<:<H! J$7! 2%;+79979! PO!N$:+$! 5]]^)!IFJAJ:;<9! G7AM! J;! >?! 2AJ$;G;HO!N:GG! :<L;%I! ;F%!

F<M7%9JA<M:<H! ;L! J$7! 2%;+79979! P7$:<M! LAI:G:AG! A<M! :M:;2AJ$:+! >?,! 1$:9! J$79:9! +;<J%:PFJ79! J;!

+F%%7<J! R<;NG7MH7! PO! :9;GAJ:<H! $;N! A<M! N$7%7! J$7! 5]]^)KJFPFG:<! :<J7%A+J:;<! ;++F%9! A<M!

M7I;<9J%AJ:<H!A!2%7Q:;F9GO!F<%72;%J7M!%;G7!L;%!5]]^)!:<!I7M:AJ:;<!;L!f1!A+7JOGAJ:;<,!

!
1$7!MAJA!:<!J$:9!J$79:9!M7I;<9J%AJ7!J$AJ!J$7!A99;+:AJ:;<!N:J$!5]]^)!:9!927+:L:+!J;!1k@@V!1k@@a!

A<M!1k@@*! :9;L;%I9V! J$7! :<J7%A+J:;<!9:J7! :<!"KJFPFG:<! :9! GFI:<AG!A<M!P:<M:<H!5]]^)!+;<L7%%7M!

PO!J$7!2%797<+7!;L!JFPFG:<!%79:MF79!5O94*)!A<M!_GA4*a!;%!>%;4)-,!1$7!"KJFPFG:<!P:<M:<H!9:J7!:<!

J$7! 5]]^)! ];+! M;IA:<! :<Q;GQ79! %79:MF79! \GF(4&.V! _%H(4/(! A<M! _%H(4/*V! 9:JFAJ7M! :<! A!

2%;J%FM:<HV!A++799:PG7!9:J7,!!

!
_G9;!M79+%:P7M!:9!A!%;PF9J!5]]^)!A99;+:AJ:;<!2%7L7%7<+7!N:J$!MO<AI:+!f19!:<!J$7!H%;NJ$K+;<7!

A<M! A<! :<Q7%97! +;%%7GAJ:;<! P7JN77<! !KJFPFG:<! 5O9a-! A+7JOGAJ:;<! A<M! 5]]^)! 782%799:;<V!

+;<L7%%7M!PO!J$7!6KJ7%I:<F9!;L!5]]^),!X<!`"^!+7GG9!;Q7%782%799:<H!927+:L:+!"KJFPFG:<!:9;L;%I9V!

J$7%7! NA9! A<! :<+%7A97M! 2%;2;%J:;<! ;L! A+7JOGAJ7M! JFPFG:<! :<! +7GG9! ;Q7%782%799:<H! JFPFG:<!

:9;L;%I9! J$AJ! M:M! <;J! A99;+:AJ7! N:J$! 5]]^)! :<! O7A9J! JN;K$OP%:M! A99AO9V! AJJ%:PFJAPG7! J;!

7<M;H7<;F9!5]]^),!!

!
X! $AQ7! AG9;! :M7<J:L:7M! 97Q7%AG! <;Q7G! QA%:A<J9! :<! GAJ7K;<97J! >?! 9FLL7%7%9V! N$:+$! IAO! P7!

2AJ$;H7<:+,!1$7!QA%:A<J9!N7%7!:<!#!$%&'L"+)##,L"./#!0L".1$2L"&+1,8"A<M!&9*2,!DL!2A%J:+FGA%!

:<J7%79J!A%7!J$7!JN;!2%7Q:;F9GO!F<%72;%J7M!&+1,(!36>9!:<!M:LL7%7<J!LAI:G:79,!!

!
X<!9FIIA%OV!X!$AQ7!+$A%A+J7%:97M!J$7!"KJFPFG:<K5]]^)!];+!M;IA:<!A99;+:AJ:;<!A<M!:M7<J:L:7M!A!

<;Q7G!%;G7!L;%!5]]^)!I7M:AJ:<H!f1!A+7JOGAJ:;<,!1$:9!J$79:9!M79+%:P79!A!<7NGO!:M7<J:L:7M!5]]^)!

LF<+J:;<!A<M!2%;Q:M79! LF%J$7%!7Q:M7<+7! J;NA%M9!F<M7%9JA<M:<H!$;N!5]]^)!MO9LF<+J:;<! G7AM9!

J;!<7F%;M7H7<7%AJ:;<!A<M!>?!2AJ$;G;HO,!!

!
UFJF%7! N;%R! J;! J79J! J$7! 7LL7+J9! ;L! 2AJ$;H7<:+! ())*'! IFJAJ:;<9! ;<! f1! LF<+J:;<! N:GG! %7Q7AG!

LF%J$7%!:<9:H$J!:<J;!J$7!+;<J%:PFJ:;<!;L!5]]^)KI7M:AJ7M!f1!9JAP:G:JO!:<!>?!2AJ$;H7<79:9,!

! !
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?")8'J';'(,'9!

! !
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_A9GOV!d,!D,V!l:GA%:p;K\q7GGV!#,V!?A+$97GV!d,!#,V!b7PP7%V!>,!d,V!b79JV!_,!@,V!`AFHA%Q;GGV!^,V!d;$A<97<V!^,!^,V!1;LJV!f,V!6FJJV!d,!\,V!
>AOAI:V!`,V!^A+$7%HF9V!d,!f,V!5:<+;G<V!3,!d,V!U7G:+V!_,V!b:M7%V!#,V!3;J;KD%J;GAeAV!_,!X,V!#;PPV!3,!_,V!b$:J7V!5,!],V!];99V!D,!_,V!A<M!
UA%%7%V!f,!d,!=)-(-B!6;Q7G!2AJ$;H7<:+!5]]^)!2,_9<(a4&`:9!9FP9J:JFJ:;<!:<!LAI:G:AG!>A%R:<9;<m9!M:97A97,!MFK"$>6FGB!$?V!)(Z*K
)(*4!

_P7+A9:9V!\,!],V!#$7%<OV!3,!3,V!#;;R9;<V!b,!D,V!A<M!#A%M;<V!5,!],! =)--)B!f7%G:<KK%A2:M!A<AGO9:9!;L!M7<97!H7<7J:+!IA29!F9:<H!
92A%97!H7<7!LG;N!J%779,!NIE"OA?AE!!UV!.&K(-(!

_Me$FP7:V! X,! _,V! 3+$I:MJV! 3,V! >79$R:<V! 5,V! ]AI7<9ROV! l,! ",V! \7%A9:I;QAV! _,V! @;%RV! >,V! ^;<M%A9$;QV! _,! 3,V! A<M! 3F<OA7QV! 3,! ],!
=)-(-B!_!I7J$;M!A<M!97%Q7%!L;%!2%7M:+J:<H!MAIAH:<H!I:997<97!IFJAJ:;<9,!NIE"MAECFB6!GV!)a/K)a.!

_$<V!1,!@,V!^:IV!3,![,V!^:IV!d,![,V!>A%RV!3,!3,V!577V!?,!3,V!f:<V!`,!d,V!^:IV![,!^,V!^:IV!3,!",V!^:IV!d,!f,V!^:IV!`,!d,V!#$;V!d,V!A<M!d7;<V!@,!
3,!=)--/B!AG2$AK3O<F+G7:<!H7<7!MF2G:+AJ:;<!:9!2%797<J!:<!92;%AM:+!>A%R:<9;<!M:97A97,!NA5GF8FPQ!GUV!a4Ka.!

_R:OAIAV!1,V!A<M!^ANA9AR:V![,!=)--*B!b<J!9:H<AGG:<H!A<M!J$7!A+J:<!+OJ;9R7G7J;<,!:?7FPA?A!$?V!&Z4/K&Zaa!

_G+AGAOV! ],! 6,V! ?:<F%V! 1,V! rF:<<V! 1,V! 3ARA<ARAV! ^,V! 57QOV! D,V!bAJ7%9V! #,V! UA$<V! 3,V! ?;%;Q9R:V! 1,V! #$F<HV!b,! ^,V! >AF+:FG;V!f,V!
6:+$;G9V!b,V!]A<AV!`,!r,V!@AGNA<:V!f,V!@:7%V!5,V!"G9J7:<V!?,V!A<M!c:I%A<V!_,!=)-(aB!#;I2A%:9;<!;L!>A%R:<9;<!]:9R!:<!_9$R7<Ae:!
d7N:9$!>AJ:7<J9!b:J$!\AF+$7%!?:97A97!A<M!\@_!`7J7%;eOH;J79,!R!M!"NA5GF8!G%V!&Z)K&Z&!

_G:IV!f,!_,V!`;99A:<V!f,!3,V!_%:IAV!^,V!1AR7MAV!^,V!XeFI:OAIAV![,V!6ARAIF%AV!f,V!^Ah:V!`,V!3$:<;MAV!1,V!`:9A<AHAV!3,V!A<M!k7MAV!
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#0`:).00'='" ]! _\\#1\\__#___\#1\1__#1!!
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<)+-'" U! ###1\\_\1_\1_\__1__\_#1\#!
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N%#0" ]! 1__1##1\\#_##__#11_##1!!
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)$;" ]! 1#1\___#1\#__\\1\_1__\_!
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&+1,(" ]! 1\1\_\#__1_\\___1\___1\1!
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&+1,(=0" U! \1##1#11\\1#1\\111#_1#!!

&+1,(=0" U! 1__1____\####1\1#\____!!

&+1,(='" ]! \_11##1#_\##__#11#_11#!!
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&T'-0" ]! _\_\\1\\1#_\\__\\1_\\!

&(#,!^" U! \#1\__\_##__\_\\\__\_!!
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&N#!<%" U! \#1#_111#11#111##_\1\#!

&N#!<%" ]! 1\11#_111\#1#111\#11\_!!

&N#O" U! _1_111#_1#\\#\1#__1_\\!!

&N#O" ]! \_\1__\\1#1\\#\__\\1__!!
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_!

&b(+" U! 11_1#1\__\###_#\1__#_\!!
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&9:N'" U! _##_11##\1\_\11#__\#!

&9:N'" ]! 1\_1\1##1\##1#____#1!

&XN+0" U! ##_\_1\_1\1\_\#___#__\1#__
__#_!

&XN+0" ]! #11\#_\_\___\_\##1##1#__#\!

9!#)^" U! 111#111#1\1\\##1\#11!

9!#)^" ]! #1\##1_____11\#111#1\111!

9+*9_" U! 1#_#11#11\#__##\__1#1\1\\_!

9+*9_" ]! \\1\##1\##_##11#_1#11#_\!

9.)'" U! _\#_1\11\\\#1\\_#\1\_1\!

9.)'" ]! ###\#__##1_#1####11#_##!

9M]&.'" U! ###__\1\_1\_1\#1\_\_!

9M]&.'" ]! \1\\1#__\\1#__\\\11\!

9/--^" U! \1\__\\1\\##\1\1\1\_#_1#!
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(! U! &N#!<%" f4&41! [! 6!
(! U! &N#!<%" f4&41! [! 6!
.! f! &N#O" "4Z_! 67F%;M7H7<7%AJ:;<!2A<7G! [! 6!
/! f! &b(+" \)/*b! ?;2AI:<7!2%;+799:<H! [! 6!
.! U! &9*2" 14Z4_! >?!G:<R!=2$;92$;%OGAJ79!UDiD!

J%A<9+%:2J:;<!LA+J;%9B!
!

6! 6!
.! f! &9*2" 14Z4_! [! [!

(-! f! &9:N'" 3Za-X! >?@A97!36!782%799:;<V!
>?!G:<R!="]f!2%;J7:<K5]]^)B!

[! 6!

)! U! 9!#)^" 6aa43! ?:AP7J79C>9;%:A9:9C>?!=JA+$OR:<:<!
%7+72J;%V!7H!9FP9JA<+7!>,!
1A+$OR:<:<9!<7F%;2%;J7+J:Q7,!
3FP9JA<+7!>!%7MF+7M!:<!>?B!
!

6! 6!
)! f! 9!#)^" 6aa43! 6! 6!
)! f! 9!#)^" 6aa43! 6! [!
)! f! 9!#)^" 6aa43! 6! [!
)! f! 9!#)^" 6aa43! [! 6!
)! U! 9!#)^" 6aa43! [! [!
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)! U! 9!#)^" 6aa43! [! [!
)! f! 9!#)^" 6aa43! [! [!
Z! U! 9M]&.'" >)/)5! >?@A97!36!782%799:;<V!

>?!G:<R!="]f!2%;J7:<K5]]^)B!
6! 6!

Z! f! 9M]&.'" >)/)5! 6! 6!
Z! U! 9M]&.'" >)/)5! [! 6!
Z! U! 9M]&.'" >)/)5! [! [!
*! f! 9/--^" "a4(^! #OJ;9R7G7J;<! [! 6!
(-! f! 9/--2!" ]4Z.`! #OJ;9R7G7J;<! [! 6!
/! f! 9/-O0" 54./f! 5:<RAH7!A<AGO9:9!=#$%!(&BV!

#OJ;9R7G7J;<!
[! 6!

)! f! 9X)" "a{Z! ?;2AI:<7!2%;+799:<HV!
>?@A97!36!782%799:;<!

[! [!
)! f! 9X)" ]a-)r! [! [!
Z! U! /-!]" `4-a5! 5:<RAH7!A<AGO9:9!=#$%!4BV!

>?!G:<R!=FP:EF:J:<B!
!

[! [!
)*! f! /-!]" 5.Z3! 6! 6!
)*! f! /-!]" 5.Z3! 6! 6!
)*! f! /-!]" 5.Z3! 6! 6!
)*! f! /-!]" 5.Z3! [! 6!
)*! f! /-!]" 5.Z3! [! 6!
)*! f! /-!]" 5.Z3! [! 6!
(-! U! \!%-" f(&-X! >?@A97!36!782%799:;<V!

67F%;M7H7<7%AJ:;<!2A<7G!
!

6! 6!
(-! U! \!%-" f(&-X! 6! 6!
(-! U! \!%-" f(&-X! [! 6!
(-! f! \!%-" f(&-X! [! [!
(-! f! \!%-" f(&-X! [! [!
)! f! \%&0^-" 6)..43! >?!G:<R!=QA+FG;GA%!9;%J:<HB!

!
[! [!

)! f! \%&0^-" l4/-Z5! [! [!

!
1$7! +$A:<KJ7%I:<AJ:;<! 97EF7<+:<H! %79FGJ9! ;L! 2;J7<J:AGGO! 2AJ$;H7<:+! 36>9,! U;GG;N:<H!
:<:J:AG!+;<L:%IAJ:;<!;L!J$7!36>!:M7<J:L:7M!PO!6\3V!97H%7HAJ:;<!A<AGO979!N7%7!27%L;%I7M!
;<!LAI:GO!I7IP7%9,!_G9;!:<M:+AJ7M!:9!J$7!%7A9;<!J$7!36>!NA9!+;<9:M7%7M,!UCf!â!978!;L!
:<M:Q:MFAGV!#$%!â!+$%;I;9;I7V!^D!â!R<;+RK;FJV!"]!â!!7<M;2GA9I:+!%7J:+FGFI,![C6!â!!O79!
C!<;,!
!

!

!

!
!


