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Figure 2: Characterization of SmuCas9
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WP_002641950.1 [Simonsiella muelleri] 100% 

WP_085365262.1 [Neisseria dentiae]                     71%
WP_066076886.1 [Bergeriella denitri!cans] 70%  
WP_085358855.1 [Neisseria dumasiana] 70% 
WP_054599015.1 [Neisseria sp. 74A18] 70% 
WP_085355450.1 [Neisseria dumasiana] 70% 
WP_007341035.1 [Neisseria bacilliformis] 65% 
WP_049256670.1 [Neisseria bacilliformis]            65% 
WP_054618016.1 [Neisseria sp. 83E34] 66% 
WP_067593048.1 [Eikenella sp. NML02-A-017] 63% 
WP_049229472.1 [Neisseria lactamica]                 63% 
WP_101126884.1 [Neisseria meningitidis] 63% 
WP_101116244.1 [Neisseria meningitidis] 63% 
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2D: PAM assay with Bde sgRNA

;;;
;5

+

;<
/3

=>
;?

;;;
;5

5
;;;

;5
@

;;;
;5

?

2F: SmuCas9 cleaves NNNNCX PAMs in vitro

2 min 5 min

15 min

A9.
/3

=>
;?

;-.
/3

=>
;?

!

!$

!$$

!$$$

!$$$$

!$$$$$

56
.7

8.
9/

B
.7

93
/

15 min

Reads in PAM assay

Figure 2: Characterization of SmuCas9

! " !" #$
$

%$
&$

'$

($

)$

*$

!$$

+,- ./01,234

56
.7

8.
9/

0:
4

!"#$%&'!(

)*#$%&'!(

WP_002641950.1 [Simonsiella muelleri] 100% 

WP_085365262.1 [Neisseria dentiae]                     71%
WP_066076886.1 [Bergeriella denitri!cans] 70%  
WP_085358855.1 [Neisseria dumasiana] 70% 
WP_054599015.1 [Neisseria sp. 74A18] 70% 
WP_085355450.1 [Neisseria dumasiana] 70% 
WP_007341035.1 [Neisseria bacilliformis] 65% 
WP_049256670.1 [Neisseria bacilliformis]            65% 
WP_054618016.1 [Neisseria sp. 83E34] 66% 
WP_067593048.1 [Eikenella sp. NML02-A-017] 63% 
WP_049229472.1 [Neisseria lactamica]                 63% 
WP_101126884.1 [Neisseria meningitidis] 63% 
WP_101116244.1 [Neisseria meningitidis] 63% 

2A: introduction to Bde sgRNA 2B: kinetics od Bde sgRNA vs Nme sgRNA

2D: PAM assay with Bde sgRNA

;;;
;5

+

;<
/3

=>
;?

;;;
;5

5
;;;

;5
@

;;;
;5

?

2F: SmuCas9 cleaves NNNNCX PAMs in vitro

2 min 5 min

15 min

A9.
/3

=>
;?

;-.
/3

=>
;?

!

!$

!$$

!$$$

!$$$$

!$$$$$
56

.7
8.

9/
B

.7
93

/

15 min

Reads in PAM assay
Figure 2: Characterization of SmuCas9

! " !" #$
$

%$
&$

'$

($

)$

*$

!$$

+,- ./01,234

56
.7

8.
9/

0:
4

!"#$%&'!(

)*#$%&'!(

WP_002641950.1 [Simonsiella muelleri] 100% 

WP_085365262.1 [Neisseria dentiae]                     71%
WP_066076886.1 [Bergeriella denitri!cans] 70%  
WP_085358855.1 [Neisseria dumasiana] 70% 
WP_054599015.1 [Neisseria sp. 74A18] 70% 
WP_085355450.1 [Neisseria dumasiana] 70% 
WP_007341035.1 [Neisseria bacilliformis] 65% 
WP_049256670.1 [Neisseria bacilliformis]            65% 
WP_054618016.1 [Neisseria sp. 83E34] 66% 
WP_067593048.1 [Eikenella sp. NML02-A-017] 63% 
WP_049229472.1 [Neisseria lactamica]                 63% 
WP_101126884.1 [Neisseria meningitidis] 63% 
WP_101116244.1 [Neisseria meningitidis] 63% 

2A: introduction to Bde sgRNA 2B: kinetics od Bde sgRNA vs Nme sgRNA

2D: PAM assay with Bde sgRNA

;;;
;5

+

;<
/3

=>
;?

;;;
;5

5
;;;

;5
@

;;;
;5

?

2F: SmuCas9 cleaves NNNNCX PAMs in vitro

2 min 5 min

15 min

A9.
/3

=>
;?

;-.
/3

=>
;?

!

!$

!$$

!$$$

!$$$$

!$$$$$

56
.7

8.
9/

B
.7

93
/

15 min

Reads in PAM assay

; !

>
!

# !

x!

x!

x! x!
x!

x!

x!



! kj !

!

!

.$!)0*)!)/0!'6"4")?!$7!B%3#'*+!)$!(40'E0!*")0*!U")/!2R#2!=;F*!.-*/."#&G!U0!

&017$1%0-!.-*/."#&!(40'E':0!$,!*36*)1')0!U")/!2R#;G!2 R#8G!2R##!',-!2 R#.!=;F*W!

H0!3*0-!*)',-'1-!($,(0,)1')"$,*!$7!#'*+!aiQ,Fb!E*!)'1:0)!aOQ,Fb!)/')!U0!3*0-!

&10E"$3*4?!7$1!$31!$)/01!.-*/."#&!*)3-"0*G!'*!/":/!($,(0,)1')"$,*!%'?!%'*A!&$)0,)"'4!

&107010,(0!aC":310!iWj#bW!./0!10*34)*!*3::0*)!)/')!B%3#'*+!"*!('&'640!$7!077"("0,)4?!

(40'E",:!2 R#2!=;F*!.-*/."#&!3*",:!)/0!*:K2;!71$%!@$#,$#.$441*8$-8#.5.'1-)*',-!(',!

60!3*0-!)$!)0*)!B%3#'*+!",!%'%%'4"',!:0,$%0!0-")",:W!*

*

*

*

*

*

*

*

*

*

*

*

*

*



! kh!

*

!

IYBYN.O($%+(.()A,A$*.&A,9.,9(."9:<:",(<AC().3:-H.%<,9%'%*-.

.$!)0*)!)/0!'6"4")?!$7!)/0!(/'1'()01"@0-!#'*+*!",!0-")",:!)/0!/3%',!:0,$%0G!U0!

(4$,0-!0'(/!#'*+!71$%!6'()01"'4!:<2;!",)$!'!%'%%'4"',!0Y&10**"$,!&4'*%"-!

&10E"$3*4?!3*0-!7$1!2%0#'*+!a($,)'",",:!2MB*!',-!'&&1$&1"')0!&1$%$)$1*bW!L$U0E01G!

)1',*70()"$,!$7!)/0*0!",)$!L9lS+i.!(044*!*/$U0-!)/')!'44!#'*+!$1)/$4$:*!U010!

0Y&10**0-!&$$14?!a,$)!*/$U,bG!&$**"64?!-30!)$!)/0!7'()!)/')!)/0?!'10!,$)!($-$,!

$&)"%"@0-!7$1!%'%%'4"',!(044*W!

B0E01'4!*)3-"0*!/'E0!3*0-!'!1"6$,3(40$&1$)0",!aK2=b!($,*"*)",:!$7!10($%6",',)!

#'*+!',-!)/0!*:K2;!",)$!(044*!7$1!1$63*)!:0,$%0!0-")",:G!("1(3%E0,)",:!)/0!,00-!7$1!

0Y&10**"$,!71$%!'!&4'*%"-W!H0!(4$,0-!)/0*0!#'*+*!'4$,:!U")/!2MB*!",)$!'!6'()01"'4!

0Y&10**"$,!E0()$1G!10($%6",',)4?!0Y&10**0-!',-!&31"7"0-!)/0%W!H0!040()1$&$1')0-!

L9lS+i.!(044*!U")/!'!&107$1%0-!K2=!($%&40Y!$7!0'(/!#'*+!'4$,:!U")/!.-*/."#&*

)1',*(1"60-!*:K2;*W!H0!-0*":,0-!')!40'*)!)U$ !*:K2;*!7$1!0'(/!$1)/$4$:!)$!'(($3,)!7$1!

)/0!&$**"6"4")?!$7!'!,$,73,()"$,'4!*:K2;G!)'1:0)",:!*0E01'4!4$("!)/1$3:/$3)!)/0!:0,$%0!

U")/!)/0!'&&1$&1"')0!=;F*!a)'640!iWObW!#$,*"-01",:!)/')!B%3#'*+[*!=;F!"*!&$)0,)"'44?!

$,4?!O!,3(40$)"-0!4$,:G!U0!-0*":,0-!OQ!:3"-0*!)$!)0*)!*0E01'4!($%6",')"$,*W!kS!/$31*!

'7)01!040()1$&$1')"$,G!U0!"*$4')0-!:<2;!71$%!(044*G!'%&4"7"0-!)/0!)'1:0)!4$(3*!',-!

&017$1%0-!.5<9!','4?*"*W!J31!10*34)*!*/$U0-!)/')!L&'#'*+!077"("0,)4?!",-3(0-!",-04*!

')!)U$!$7!)/0!7$31!*")0*!)0*)0-W!H/"40!U0!/'-!",")"'44?!&$*)34')0-!)/')!")*!=;F!U'*!

"-0,)"('4!)$!)/')!$7!2%0#'*+!a2 R8;..bG!U0!$,4?!$6*01E0-!0-")",:!')!2 R8;.. .W!



! kk!

L$U0E01G!%$10!('10734!','4?*"*!"*!10I3"10-!',-!%$10!*")0*!%3*)!60!)0*)0-!)$!($,7"1%!

)/"*!$6*01E')"$,W!B%3#'*+!U'*!73,()"$,'4!')!S!$7!)/0!OQ!*")0*!)0*)0-G!'460")!')!'!E01?!4$U!

077"("0,(?!$7!OcOWjrW!H0!'))1"63)0!)/"*!4$U!077"("0,(?!)$!)/0!4'(A!$7!'!($:,')0!*:K2;W!

L$U0E01G!U0!-"-!,$)!-0)0()!",-04*!6?!l4'#'*+!',-!>$0#'*+G!*3::0*)",:!)/0?!'10!,$)!

'()"E0!",!$31!0Y&01"%0,)'4!*0)3&W!l4'#'*+[*!4$U!077"("0,(?!($34-!60!'))1"63)0-!)$!&$$1!

'()"E")?!')!)0%&01')310*!3*0-!)$!:1$U!%'%%'4"',!(044*W!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



! k` !

!

!

!"#$ % &'()*% +",-$.%/,'.'*/"($, % 012 % 345.56-%789%

:#)+:; % !!"#$% +<<+<<++<<+1=+<+<<+=1+1+% +<=+<+11% >%

:#)+*? % !!"#$% <1111+<1=11+11=++==+<<+=% 1=++<+11% >%

:#)+:@ % !!"#$% ===1=1<1+<<=+<==1=11== % <<1+<<+1% >%

:#)+:A % &'() % 1+<1<<+=<<+<=+==11+1<==+111<<+1% +111<<+1% >%

:#)+:B % &'() % +<1<<+=<<+<=+==11+1<==+11<<+1<% 111<<+1<% ;CB%

:#)+:D % &'( ) % =1=1<111+<1<<+=<<+<=+==11+1<==+% 11+1<==+% >%

:#)+:E % &'() % <<==<+++==<=1=1<111+<1<<+=<<+<=% <+=<<+<=% ; %

:#)+:F % &'() % =++<1=<=+=+<<==<+++==<=1=1<111% =1=1<111% >%

:#)+:G % &'() % ++<<1<=1==<1==+=1+++=+<+<=<<111% +<=<<111% >%

:#)+:;> % &'() % 1++<<1<=1==<1==+=1+++=+<+<=<<11% <+<=<<11% >%

H/"+:; % (*+,-$.// % ==1<1==1=+<=<<1=1==<<==+% ==+==1+++% @B%

H/"+*:? % ,011% =<+==1++1<+=+=+==+1=1===% 1==+=1++1% >%

H/"+:@% !!"#$% +++=<<+==1<1<<<<=++<+<<% +=+==1++<% >%

H/"+:A % &'() % +1==+++1<<=+1++<<1<=1==<% 1==+=1+++% ?A%

I'$+:;% !!"#$% ===1=1<1+<<=+<==1=11= =% <<1+<<+1% >%

I'$+:?% &'() % 1++<<1<=1==<1==+=1+++=+<+<=<<11% <+<=<<11% >%

I'$+:@% &'() % 1+<1<<+=<<+<=+==11+1<==+11"((."% +111<<+1% >%

JK"+:;% !!"#$% +1+<<11==++11=<1111=1=% 1====1% >%

JK"+:?% !!"#$% <++==<1=====+===1===11== % =====1% >%
1:G'(.IY=.4A-,.%D.-A,(-.,:<*(,().GJ.(:"9.3:-H.%<,9%'%*.

!

!

!

!

!

!

!



! k+!

!

;4)/$3:/!L&'#'*+[*!=;F!"*!104')"E04?!4$,:G!)/"*!($34-!$7701!/":/01!'((31'(?!')!

*")0*!)/')!'10!)'1:0)'640W!./0!077"("0,)!0-")",:!6?!L&'#'*+!'44$U0-!3*!)$!)0*)!)/0!'6"4")?!

$7!'44!&10E"$3*4?!-"*($E010-!;(1*!",!&10E0,)",:!:0,$%0!0-")",:!6?!L&'#'*+W!>'*0-!$,!

$31!.-*/."#&!10*34)*!",!C":310!SWjG!U0!0Y&0()0-!'44!)?&0!55c#!;(1*!)$!",/"6")!L&'#'*+!

:0,$%0!0-")",:W!.$!'--10**!)/"*!I30*)"$,G!U0!-04"E010-!'!&107$1%0-!K2=!($%&40Y!$7!

L&'#'*+G!*:K2;G!',-!0'(/!;(1!)$!L9lS+i.!(044*!6?!040()1$&$1')"$ ,W!./0,G!U0!

($,7"1%0-!:0,$%0!0-")",:!",/"6")"$,!3*",:!.5<9!aC":310!iWjbW!;(1*!-"*&4'?0-!

E'1"')"$,*!",!'()"E")"0*!0E0,!U")/!K2=!-04"E01?G!*3::0*)",:!-"77010,(0*!",!&1$)0",!

*)'6"4")?G!$77c1')0G!$1!$)/01!",)1",*"(!&1$&01)"0*W!J7!,$)0G!/$U0E01G!;(155#OG!;(155#S!',-!

;(155#R!0Y/"6")0-!*)1$,:!",/"6")$1?!&$)0,(?!':'",*)!L&'#'*+!",!L9lS+i.!(044*!',-!

(',!60!3*0-!'*!$77c*U")(/0*!7$1!L&'#'*+!:0,$%0!0-")",:W!

!

!



! `Q!

!

7A*@<(.IYN>.O($%+(.()A,A$*.&A,9.T;:3:-H.A$.,9(.;<(-($"(.%D.!"<-..
.
5,-04*!arb!$7!0-")",:!077"("0,("0*!%0'*310-!6?!.5<9!','4?*"*!3&$,!K2=!-04"E01?!$7!
L&'#'*+c*:K2;!',-!0'(/!;(1!",)$!L9lS+i.!(044*W!;(155;R!U'*!3*0-!'*!'!,0:')"E0!
($,)1$4G!U/"(/!"*!*&0("7"(!)$!)?&0!55c;!#K5B=K!*?*)0%*!aK'3(/*$"*14:G!SQOkb!',-!U$34-!
,$)!60!0Y&0()0-!)$!",/"6")!)?&0!55c#!*?*)0%*W!
!

!

!

!

!

!

!

!

!

0 10 20 30 40

No sgRNA
No Acr

AcrIIA4 Lmo

AcrIIC1 Nme

AcrIIC1 Boe

AcrIIC2 Nme

AcrIIC3 Nme

AcrIIC4 Hpa

AcrIIC5 Smu

Hpa NTS4-B data

Lesions (%)



! `O!

IYI.UA-"@--A%$.

5,!)/"*!(/'&)01G!U0!(/'1'()01"@0-!($%&'()!#'*+!$1)/$4$:*!',-!)0*)0-!)/0%!7$1!

:0,$%0!0-")",:!'&&4"(')"$,*W!5,*)0'-!$7!'!1',-$%!'&&1$'(/G!U0!3*0-!;(1!&1$)0",*!'*!

",-"(')$1*!7$1!#'*+!$1)/$4$:*!)/')!/'E0!/":/01!'()"E")"0*W!5,!7'()G!U/"40!'44!#'*+*!U$1A0-!

.-*/."#&!',-!-0%$,*)1')0-!'!U"-0!-"E01*")?!$7!=;F!10($:,")"$,G!$,4?!$,0!aL&'#'*+b!

73,()"$,*!",!/3%',!(044*W!./"*!"*!",!4",0!U")/!&10E"$3*!077$1)*!)$!(/'1'()01"@0!,0U!#'*+!

*?*)0%*!7$1!:0,$%0!0-")",:!aK',*$"*14:G!SQOjbG!*3::0*)",:!)/')!,$)!0E01?!'()"E0!#'*+!

$1)/$4$:!"*!73,()"$,'4!",!/3%',!(044*W!5)!"*!(3110,)4?!,$)!&$**"640!)$!&10-"()!U/0)/01!'!

,$E04!#'*+!U"44!60!73,()"$,'4!7$1!0-")",:!",!/3%',!(044*!$1!,$)G!',-!'4)/$3:/!$31!;(1c

-"10()0-!'&&1$'(/!?"04-0-!#'*+*!)/')! 73,()"$,0-!.-*/."#&G!%$*)!U010!3,*3((0**734!7$1!

0-")",:!",!L9lS+i.!(044*W!!

./0!*/$1)!=;F!$7!B%3#'*+!',-!)/0!,$,c@01$G!'460")!E01?!4$U!0-")",:!%'A0*!")!

$7!",)010*)!7$1!73)310!077$1)*W!H0!/?&$)/0*"@0!)/')!)/0!4$U!0-")",:!077"("0,(?!(',!60!

'))1"63)0-!)$!)/0!>-0!*:K2;[*!4$'-",:P'77",")?!7$1!B%3#'*+W!B0I30,(",:!$7!%$10!

!.2&-).$441*:0,$%0*!%'?!%'A0!&$**"640!)$!7",-!'!(4$*04?c104')0-!$1)/$4$:!)/')!/'16$1*!

)/0!1":/)!*:K2;!7$1!B%3#'*+W!

L&'#'*+[*!2 R82...!=;F!"*G!)$!$31!A,$U40-:0G!)/0!4$,:0*)!=;F!$7!',?!#'*+!

10&$1)0-!7$1!:0,$%0!0-")",:!aj!,3(40$)"-0*!4$,:bW!<0*&")0!)/0!7'()!)/')!)/0!4$,:!=;F!

4"%")*!)/0!,3%601!$7!)'1:0)'640!*")0*!",!)/0!/3%',!:0,$%0!a0E0,!%$10!*$!)/',!7$1!$)/01!

($%&'()!#'*+*bG!")!%'?!)'1:0)!*3(/!*")0*!U")/!E01?!/":/!'((31'(?G!*"%"4'1!)$!)/0!0Y)10%0!

'((31'(?!)/')!/'*!600,!-$(3%0,)0-!7$1!2%0#'*+W!!

!



! `S!

IYK.M:,(<A:'-.:$).+(,9%)->.

=4'*%"-*!',-!($,*)13()!(4$,",:!

C$1!:0,$%0!0-")",:!0Y&01"%0,)*G!&4'*%"-*!0Y&10**",:!2%0#'*+G!B&?#'*+!',-!)/0"1!

10*&0()"E0!*:K2;*!)'1:0)",:!)/0!<.Bi!*")0G!'*!U044!'*!&4'*%"-*!0Y&10**",:!;(19S!

a;--:0,0!m`jhkkbG!;(1 55#O>$0!a;--:0,0!m`jhk`b!',-!;(1 55#O2%0!a;--:0,0!

m`jhk+bG!U010!&10E"$3*4?!-0*(1"60-!a='U43A!0)!'4WGSQOh'G!SQOh6bW!;(155;R!0Y&10**",:!

&4'*%"-!a;--:0,0!m`h`RSb!U'*!-0*(1"60-!&10E"$3*4?!aK'3(/!0)!'4WG!SQOkbW!./0!

#]0#'*+c0Y&10**",:!&4'*%"-!a=XRQRb!U'*!'(I3"10-!71$%!;--:0,0!amh`ii`bW!C$1!

#]0#'*+!*:K2;!0Y&10**"$,G!)/0!&364"*/0-!*:K2;!*0I30,(0!al"%!0)!'4WG!SQOkb!U'*!

*?,)/0*"@0-!'*!'!:>4$(A!a5<.bG!',-!U'*!3*0-!)$!10&4'(0!)/0!2%0#'*+!*:K2;!('**0))0!

",!&MlJWOc&31$!&4'*%"-oa='U43A!0)!'4WG!SQOh6b^!;--:0,0!m`jkOjp!6?!8"6*$,!

;**0%64?W!./0!10*34)",:!&4'*%"-!a&9VBhkhb!($,)'",*!)/0!#]0#'*+!*:K2;!('**0))0!U")/!

>73;5!*")0*!)/')!(',!60!3*0-!)$!",*01)!',?!*&'(01!$7!",)010*)W!20Y)G!)U$!&10E"$3*4?!

E'4"-')0-!:3"-0!*0I30,(0*!o)'1:0)",:!)/0!;;ZBO!4$(3*!a.BS!',-!.Bh^!al"%!0)!'4WG!

SQOkbp!U010!",*01)0-!",)$!)/0!#]0#'*+!*:K2;!0Y&10**"$,!($,*)13()G!?"04-",:!&4'*%"-*!

&9VBhkk!',-!&9VBhk`G!10*&0()"E04?W!

L9lS+i.!040()1$&$1')"$,!',-!",-04!','4?*"*!

L&'#'*+!U'*!-04"E010-!",)$!L9lS+i.!(044*!'*!K2=!($%&40Y!3*",:!20$,!

040()1$&$1')"$,!*?*)0%W!S3M!$7!=31"7"0-!L&'#'*+!&1$)0",!oOQ3Fp!U'*!($%&40Y0-!U")/!

O3M!$7!iWiD:P3M!:K2;W!H/0,!;(1!"*!)0*)0-G!S3M!$7!&31"7"0-!;(1!&1$)0",*!ojQ3Fp!U'*!

'--0-W!940()1$&$1')"$,!&'1'%0)01*!aE$4)':0G!U"-)/G!,3%601!$7!&34*0*b!U010!OOjQ!ZG!SQ!

%*G!



! `i !

S!&34*0*W!940()1$&$1')0-!(044*!U010!&4')0-!",!SRcU044!&4')0!',-!",(36')0-!7$1!R`!/$31*!

607$10!(044*!U010!/'1E0*)0-!',-!:<2;!U'*!0Y)1'()0-W!5,-04!','4?*"*!U'*!&017$1%0-!6?!

.5<9W!

!

=31"7"(')"$,!$7!#'*+!

hYL"*c#'*+\*:K2;!U'*!0Y&10**0-!",!I:*'&4.!K$*0))'!a<9ibW!#044*!U010!:1$U,!",!

.011"7"(!>1$)/!a.>b!%0-"3%!')!ik!~#!)$!',!$&)"('4!-0,*")?!aJ<hQQ!,%bW!=1$)0",!

0Y&10**"$,!U'*!",-3(0-!6?!)/0!'--")"$,!$7!O!%F!5=.8!7$1!Oh!/!')!Oh!~#W!#044*!U010!

4?*0-!6?!*$,"(')"$,!",!jQ!%F!.1"*!&L!kWjG!jQQ!%F!2'#4G!SQ!%F!"%"-'@$40G!QWj!%F!

<..!',-!jr!:4?(01$4!*3&&40%0,)0-!U")/!QWj!%F!=FBCG!4?*$@?%0!',-!&1$)0'*0!

",/"6")$1!($(A)'"4!aB":%'bW!#4'1"7"0-!4?*')0*!U010!6$3,-!",!6')(/!)$!2"c2.;!':'1$*0!

at"':0,bG!',-!6$3,-!&1$)0",!U'*!043)0-!U")/!iQQ!%F!"%"-'@$40W!=31"7"0-!#'*+\*:K2;!

U'*!-"'4?@0-!",)$!SQ!%F!L9=9B!&L!kWjG!SjQ!%F!2'#4G!jr!:4?(01$4G!O!%F!<..!',-!

O!%F!=FBCb!7$1!&1$)0",!",)01'()"$,!0Y&01"%0,)*W!!

!

N-*/."#&!<2;!(40'E':0!

2%0#'*+!*:K2;!-01"E0-!71$%!*&'(01!Sj!a_/',:!0)!'4WG!SQOjb!U'*!:0,01')0-!6?!.-*/."#&!

.k!)1',*(1"&)"$,!a9&"(0,)10bW!2%0#'*+!ajQQ!,Fb!U'*!",(36')0-!U")/!&31"7"0-G!

10($%6",',)!',)"c#K5B=K!&1$)0",!",!(40'E':0!637701!oSQ!%F!L9=9BclJL!a&L!kWjbG!

OjQ!%F!l#4G!OQr!:4?(01$4G!O!%F!<..G!',-!OQ!%F!F:#4Sp!7$1!OQ!%",3)0*W!20Y)G!

*:K2;!aO\OG!jQQ!,Fb!U'*!'--0-!',-!)/0!%"Y)310!U'*!",(36')0-!7$1!',$)/01!Oj!

%",3)0*W!=4'*%"-!($,)'",",:!)/0!)'1:0)!&1$)$*&'(01!Sj!a&9VBjhQb!U'*!4",0'1"@0-!6?!



! `R!

B('5!-":0*)"$,W!M",0'1"@0-!&4'*%"-!U'*!'--0-!)$!)/0!#'*+P*:K2;!($%&40Y!')!fj!,F!

7",'4!($,(0,)1')"$,W!./0!10'()"$,*!U010!",(36')0-!')!ik!~#!7$1!iQ!%",3)0*!',-!

E"*3'4"@0-!'7)01!040()1$&/$10*"*!",!'!Or!':'1$*0POY.;9!:04W!

!

N-*/."#&!=;F!-0)01%",')"$,!

;!4"61'1?!$7!'!&1$)$*&'(01!U")/!1',-$%"@0-!=;F!*0I30,(0*!U'*!:0,01')0-!3*",:!

$E014'&&",:!=#K*G!U")/!)/0!7$1U'1-!&1"%01!($,)'",",:!)/0!OQc,)!1',-$%"@0-!*0I30,(0!

74',A",:!)/0!&1$)$*&'(01W!./0!4"61'1?!U'*!*36]0()0-!)$!.-*/."#&!(40'E':0!6?!&31"7"0-!

10($%6",',)!L&'#'*+!$1!B%3#'*+!&1$)0",*!'*!U044!'*!.-*/."#&c)1',*(1"60-!*:K2;*W!

>1"074?G!iQQy,F!#'*+\*:K2;!($%&40Y!U'*!3*0-!)$!(40'E0!iQQ!,F!)'1:0)!71':%0,)!",!

O}!10'()"$,!637701!a29>37701!iWOb!')!ik~#!7$1!hQ!%",W!./0!10'()"$,!%"Y)310!U'*!)/0,!

)10')0-!U")/!OyD!&1$)0",'*0!l!a29>b!')!jQ~#!7$1!OQ!%",!',-!13,!$,!'!Rr!':'1$*0!:04!

U")/!O}!.;9W!./0!*0:%0,)!$7!'!:04!U/010!)/0!(40'E':0!&1$-3()*!U010!0Y&0()0-!)$!60!

U'*!&31"7"0-!',-!*36]0()0-!)$!4"61'1?!&10&'1')"$,!'*!-0*(1"60-!&10E"$3*4?!a_/',:*$"*14:G!

SQOSbW!./0!4"61'1?!U'*!*0I30,(0-!3*",:!)/0!5443%",'!20Y)B0IjQQ!*0I30,(",:!&4')7$1%!

',-!','4?@0-!U")/!(3*)$%!*(1"&)*W!

!

!

!

.

.

.



! `j !

3T!E152.K>.8+(B3:-H.:-.:."%+;:",L.:""@<:,(.3:-H.&A,9.:.)A$@"'(%,A)(.E!M.

RWO!5,)1$-3()"$,\!

;*!%0,)"$,0-!&10E"$3*4?G!.-*/./&!'&&4"(')"$,*!$7!*$%0!#'*+*!'10!/",-010-!6?!

4'1:0!*"@0G!$77c)'1:0)!0-")",:G!$1!($%&40Y!=;F*!)/')!10*)1"()!)/0!-0,*")?!$7!10($:,")"$,!

*0I30,(0*!",!)'1:0)!<2;W!J31!077$1)*!",!(/'&)01!i!?"04-0-!*0E01'4!($%&'()!#'*+!

$1)/$4$:*!U")/!,$E04!=;F*G!63)!%$*)!U010!3,'640!)$!0Y0(3)0!077"("0,)!:0,$%0!0-")",:!

",!%'%%'4"',!(044*G!$1!/'-!4$,:!=;F*G!$1!6$)/W!

H0!($,)",30-!$31!*0'1(/!7$1!',!"-0'4!#'*+!$1)/$4$:!7$1!*",:40c;;Z!-04"E01?!

3*",:!',!0E$43)"$,'1?!'&&1$'(/W!=;F!%3)')"$,*!$7)0,!0,'640!&/':0*!)$!0*('&0!71$%!

)?&0!55!"%%3,")?!a='0@c9*&",$*$"*14:G!SQOjbG!&4'(",:!)/0*0!*?*)0%*!3,-01!*040()"E0!

&10**310!,$)!$,4?!)$!'(I3"10!,0U!#K5B=K!*&'(01*G!63)!'4*$!)$!0E$4E0!,0U!=;F!

*&0("7"(")"0*W!5,!'--")"$,G!'*!*/$U,!",!(/'&)01!SG!*$%0!&/':0*!',-!F89*!0Y&10**!;(1!

&1$)0",*!)/')!",/"6")!#'*+G!*$%0)"%0*!6?!=5<!",)01'()"$,*!)/')!($34-!($,701!*040()"E0!

&10**310!7$1!=5<!E'1"')"$,!a='U43AG!<'E"-*$,!',-!F'YU044G!SQO`^!B/",*$"*14:G!SQOk^!

<$,:*$"*14:G!SQOkbW!#'*+!=5<*!(',!0E$4E0!*3(/!)/')!(4$*04?!104')0-!$1)/$4$:*!10($:,"@0!

-"*)",()!=;F*G!'*!"443*)1')0-!10(0,)4?!",!)U$!*&0("0*!$7!A$&>1'.44()*aL'11",:)$,!0)!'4WG!

SQOkb:!!

H0!0Y&4$")0-!,')31'4!E'1"')"$,!",!)/0!=;Fc",)01'()",:!-$%'",*!a=5<*b!$7!

(4$*04?!104')0-!#'*+*!)$!"-0,)"7?!'!($%&'()!$1)/$4$:!71$%!7$.))$#.1*2$-.-,.".8.)G!

2%0S#'*+G!)/')!10($:,"@0*!'!*"%&40!-",3(40$)"-0!=;F!a2R##b!)/')!&1$E"-0*!7$1!/":/!

)'1:0)!*")0!-0,*")?W!;44c",c$,0!;;Z!-04"E01?!$7!2%0S#'*+!U")/!'!:3"-0!K2;!)'1:0)",:!



! `h !

=(*A+!",!'-34)!%$3*0!4"E01!&1$-3(0*!077"("0,)!:0,$%0!0-")",:!',-!10-3(0-!*013%!

(/$40*)01$4!U")/!0Y(0&)"$,'44?!/":/!*&0("7"(")?W!H0!731)/01!0Y&',-!$31!*",:40c;;Z!

*?*)0%!)$!&10c"%&4',)0-!@?:$)0*!7$1!*)10'%4",0-!:0,01')"$,!$7!:0,$%0c0-")0-!%"(0W!

C",'44?G!U0!*/$U!)/0!(1?*)'4!*)13()310!$7!2%0S#'*+!',-!)/0!%0(/',"*%!$7!=;F!

10($:,")"$,W!

!

!

!

!

!

!

!

!

!

!

!



! `k !

KYB.250R410..

KYBY=.3'%-('J.<(':,().%<,9%'%*-.%D.8+(3:-H.<("%*$AC(.)ADD(<($,.E!M-..

H0!',-!$)/01*!/'E0!*/$U,!)/')!2%0#'*+!"*!',!077"("0,)!',-!'((31')0!#'*+!7$1!

:0,$%0!0-")",:!'&&4"(')"$,*W!8"E0,!)/')!,3%01$3*!7:*2$-.-.,.".8.)**)1'",*!'10!

*0I30,(0-G!U0!*$3:/)!(4$*04?!104')0-!2%0#'*+!$1)/$4$:*!U")/!-"E01:0,)!=5<*W!H0!

7$(3*0-!$,!#'*+*!U")/!•`Qr!$E01'44!"-0,)")?!)$!)/')!$7!*)1'",!`QOi!a_/',:*$"*14:G!SQOibG!

U/"(/!U0!U"44!/010'7)01!10701!)$!'*!2%0O#'*+W!;4":,%0,)*!10E0'40-!)/100!(4'-0*!$7!

$1)/$4$:*G!0'(/!U")/!•+`r!"-0,)")?!",!)/0!2c)01%",'4!f`SQ!'%",$!'("-!a''b!10*"-30*G!

U/"(/!",(43-0!'44!10:"$,*!$7!)/0!&1$)0",!$)/01!)/',!)/0!=5<!aC":310!RWO;bW!;44!$7!)/0*0!

#'*+*!'10!OGQk`TOGQ`S!''!",!40,:)/W!./0!7"1*)!(4'-0!a:1$3&!Ob!",(43-0*!$1)/$4$:*!",!

U/"(/!)/0!•+`r!''!*0I30,(0!"-0,)")?!U")/!2%0Oc#'*+!0Y)0,-*!)/1$3:/!)/0!=5<W!5,!

($,)1'*)G!)/0!$)/01!:1$3&*!/'-!=5<*!)/')!U010!*":,"7"(',)4?!-"E01:0,)!71$%!)/')!$7!

2%0Oc!#'*+G!U")/!:1$3&!S!',-!:1$3&!i!$1)/$4$:*!'E01':",:!jSr!',-!`hr!=5<!

*0I30,(0!"-0,)")?!U")/!2%0O#'*+G!10*&0()"E04?!aC":310!RWO>bW!H0!*040()0-!$,0!

%0,",:$($(('4!*)1'",!71$%!0'(/!:1$3& !‚<0OORRR!71$%!:1$3&!S!',-!+`QQS!71$%!:1$3&!

i‚!7$1!-0)'"40-!','4?*"*G!',-!U0!10701!)$!)/0"1!#'*+!$1)/$4$:*!'*!2%0S#'*+!aOGQ`S!''b!

',-!2%0i#'*+!aOGQ`O!''bG!10*&0()"E04?!a*00!;&&0,-"Y!7$1!*0I30,(0*bW!./0!#K5B=Kc

#'**4$("!71$%!)/0*0!)U$!*)1'",*!aC":310!RWO!#b!/'E0!10&0')!*0I30,(0*!',-!*&'(01!40,:)/*!

"-0,)"('4!)$!)/$*0!$7!*)1'",!`QOiG!*3::0*)",:!)/')!)/0"1!%')310!(1K2;*!'4*$!/'E0!SRc,)!

:3"-0!*0I30,(0*!',-!SRc,)!10&0')!*0I30,(0*!a_/',:!0)!'4WG!SQOibW!B"%"4'14?G!)/0!

)1'(1K2;!*0I30,(0*!$7!<0OORRR!',-!+`QQS!U010!OQQr!"-0,)"('4!)$!)/0!`QOi!)1'(1K2;!

aC":310!RWO#bW!./0*0!$6*01E')"$,*!"%&4?!)/')!)/0!*'%0!*:K2;!*0I30,(0!*('77$4-!(',!



! `` !

:3"-0!'44!)/100!#'*+*!',-!U0!U"44!4"A04?!,$)!0,($3,)01!&1$640%*!10:'1-",:!*:K2;!

&10-"()"$,!*00,!",!(/'&)01!iW!!

.$!)0*)!U/0)/01!)/0*0!#'*+!$1)/$4$:*!/'E0!-"*)",()!=;F*G!U0!10&4'(0-!)/0!=5<!

$7!2%0O#'*+!U")/!)/')!$7!0")/01!2%0S#'*+!$1!2%0i#'*+!',-!3*0-!)/0*0!10($%6",',)!

(/"%01'*!7$1!.-*/."#&*=;F!"-0,)"7"(')"$,!-0*(1"60-!",!(/'&)01!iW!./0!0Y&0()0-!2R8;..!

($,*0,*3*!U'*!10($E010-!7$1!2%0O#'*+G!E'4"-')",:!$31!U$1A74$U!aC":310!RWS;bW!./0!

=5<c*U'&&0-!-01"E')"E0*!*)1$,:4?!&1070110-!'!#!",!)/0!j)/!&$*")"$,!aC":310!RWS>bG!63)!

$)/01!=;F!,3(40$)"-0*!($34-!,$)!60!($,7"-0,)4?!'**":,0-!-30!)$!)/0!4$U!(40'E':0!

077"("0,("0*!$7!)/0!(/"%01"(!&1$)0",*!3,-01!)/0!($,-")"$,*!3*0-!aC":310!RWS#bW!.$!731)/01!

10*$4E0!)/0!=;F*G!U0!10&0')0-!)/0!.-*/."#&*'**'?!63)!$,!'!kc,)!1',-$%"@0-!4"61'1?!

&$**0**",:!',!",E'1"',)!#!')!)/0!j )/! =;F!&$*")"$,!a2222#222bW!./"*!*)1')0:?!

?"04-0-!'!%3(/!/":/01!(40'E':0!077"("0,(?!aC":310!RWS#bG!',-!)/0!10*34)*!",-"(')0-!)/')!

)/0!2%0S#'*+!',-!2%0i#'*+!=5<*!10($:,"@0!2222##a'b!',-!2222#;;;!=;F*G!

10*&0()"E04?!aC":310!RWS<bW!C",'44?G!U0!10&0')0-!$31!)0*)*!3*",:!)/0!7344c40,:)/!

2%0S#'*+!U")/!)/0!2222#222!<2;!&$$4G!',-!':'",!U0!10($E010-!'!2222##a'b!

($,*0,*3*!aC":310!RWS<bG!)/$3:/!U")/!%$10!077"("0,)!(40'E':0!aC":310!RWS#bW!./0*0!-')'!

*3::0*)!)/')!$,0!$1!%$10!$7!)/0!Oj!''!(/',:0*!",!2%0S#'*+!a104')"E0!)$!2%0O#'*+b!

$3)*"-0!$7!)/0!=5<!*3&&$1)!077"("0,)!'()"E")?!aC":310!RWS#bW!>0('3*0!)/0!Sc!)$!ic

,3(40$)"-0!=;F!$7!2%0S#'*+!'77$1-*!'!/":/01!-0,*")?!$7!&$)0,)"'4!)'1:0)!*")0*!)/',!)/0!

&10E"$3*4?!-0*(1"60-!($%&'()!#'*+!$1)/$4$:*G!U0!*040()0-!")!7$1!731)/01!','4?*0*W!!



! `+!

!

!

.

.

; !

>!

# !



! +Q!

7A*@<(.KY=.19<((."'%-('J.<(':,().*+!,,+'!-#.+"!"/!&!0!,.3:-H-.9:Z(.)A-,A$",.E?U- .
a;b!D,1$$)0-!&/?4$:0,0)"(!)100!$7!%0,",:$($(('4!#'*+!$1)/$4$:*W!81$3&*!O!a6430bG!S!
a$1',:0bG!',-!i!a:100,b!/'E0!=5<*!U")/!•+`rG!jSrG!',-!`hr!"-0,)")?!)$!2%0O#'*+G!
10*&0()"E04?W!./100!10&10*0,)')"E0!#'*+!$1)/$4$:*!a$,0!71$%!0'(/!:1$3&b!a2%0O#'*+G!
2%0S#'*+G!',-!2%0i#'*+b!'10!",-"(')0-W!
a>b!B(/0%')"(!*/$U",:!%3)')0-!10*"-30*!a$1',:0!*&/010*b!60)U00,!2%0S#'*+!a407)b!
',-!2%0i#'*+!a1":/)b!%'&&0-!$,)$!)/0!&10-"()0-!*)13()310!$7!2%0O#'*+G!10E0'4",:!)/0!
(43*)01!$7!%3)')"$,*!",!)/0!=5<!a64'(AbW!
a#b!B(/0%')"(!*/$U",:!)/0!#K5B=Kc#'*!4$("!$7!)/0!*)1'",*!0,($-",:!)/0!)/100!#'*+!
$1)/$4$:*!a2%0O#'*+G!2%0S#'*+G!',-!2%0i#'*+b!71$%!a;bW!=01(0,)!"-0,)")"0*!$7!0'(/!
#K5B=Kc#'*!($%&$,0,)!U")/!2W!%0,",:")"-"*!`QOi!a0,($-",:!2%0O#'*+b!'10!*/$U,W!
>430!',-!10-!'11$U*!-0,$)0!&10c(1K2;!',-!)1'(1K2;!)1',*(1"&)"$,!",")"')"$,!*")0*G!
10*&0()"E04?W!
.

!

!

!

!

!

!

!



! +O!

!

!

!

; !

>!

< ! 9!

# !

.1'

,*70

()"$

,*!

',-!

%'

%%

'4"'

,!

:0,

$%0!

0-")

",:! !

L3

%',!

($-

$, c

$&)"

%"@

0-!

2%

0S#

'*+!

U'*!

(4$,

0-!

>!

.1'

,*70

()"$

,*!

',-!

%'

%%

'4"'

,!

:0,

$%0!

0-")

",:! !

L3

%',!

($-

$, c

$&)"

%"@

0-!

2%

0S#

'*+!

U'*!

(4$,

0-!



! +S!

7A*@<(.KYB!19<((."'%-('J.<(':,().3:-H-#<("%*$AC(.)ADD(<($,#E!M-.
a;b!B0I30,(0!4$:$*!10*34)",:!71$%!.-*/."#&!=;F!-"*($E01?!10E0'4!)/0!0,1"(/%0,)!$7!'!
2 R8;..!=;F!7$1!2%0O#'*+G!($,*"*)0,)!U")/!")*!&10E"$3*4?!0*)'64"*/0-!*&0("7"(")?W!
a>b!B0I30,(0!4$:$*!",-"(')0!)/')!2%0O#'*+!U")/!")*!=5<!*U'&&0-!U")/!)/')!$7!
2%0S#'*+!a407)b!$1!2%0i#'*+!a1":/)b!10I3"10*!'!#!')!=;F!&$*")"$,!jW!./0!10%'",",:!
,3(40$)"-0*!U010!,$)!-0)01%",0-!U")/!/":/!($,7"-0,(0!-30!)$!)/0!%$-0*)!(40'E':0!
077"("0,(?!$7!)/0!=5<c*U'&&0-!&1$)0",!(/"%01'*!a*00!7":310!RW<b!
a#b!2$1%'4"@0-!10'-!($3,)*!ar!$7!)$)'4!10'-*b!71$%!(40'E0-!<2;*!71$%!)/0!.-*/."#&!
'**'?*!7$1!",)'()!2%0O#'*+!a:10?bG!7$1!(/"%01'*!U")/!2%0O#'*+[*!=5<!*U'&&0-!U")/!
)/$*0!$7!2%0S#'*+!',-!2%0i#'*+!a%"Y0-!($4$1*bG!',-!7$1!7344c40,:)/!2%0S#'*+!
a$1',:0bG!'10!&4$))0-W!./0!10-3(0-!,$1%'4"@0-!10'-!($3,)*!",-"(')0!4$U01!(40'E':0!
077"("0,("0*!",!)/0!(/"%01'*W!!
a<b.B0I30,(0!4$:$*!71$%!)/0!.-*/."#&!=;F!-"*($E01?!'**'?!$,!',!2222#222!=;F!
&$$4!6?!2%0O#'*+!U")/!")*!=5<!*U'&&0-!U")/!)/$*0!$7!2%0S#'*+!a407)b!$1!2%0i#'*+!
a1":/)bW!
a9b!B0I30,(0!4$:$!71$%!)/0!.-*/."#&!=;F!-"*($E01?!$,!',!2222#222!=;F!3*",:!
7344c40,:)/!2%0S#'*+.

!

!

!

!

!

!

!

!

.



! +i !

KYBYB.8+(B3:-H.()A,A$*.:,.8K33.E!M-.A$.9@+:$."(''-..

.$!)0*)!)/0!077"('(?!$7!2%0S#'*+!",!/3%',!:0,$%0!0-")",:G!U0!(4$,0-!7344c

40,:)/!a,$)!=5<c*U'&&0-bG!/3%',c($-$,c$&)"%"@0-!2%0S#'*+!",)$!'!%'%%'4"',!

0Y&10**"$,!&4'*%"-G!U")/!)/0!*'%0!'&&0,-0-!,3(40'1!4$('4"@')"$,!*":,'4*!a2MB*b!',-!

4",A01*!E'4"-')0-!&10E"$3*4?!7$1!2%0O#'*+!",!(/'&)01*!S!',-!i!a;%1',"*$"*14:G!SQO`'bW!

C$1!$31!",")"'4!)0*)*G!U0!3*0-!'!%$-"7"0-G!743$10*(0,(0c6'*0-!.1'77"(!M":/)!K0&$1)01!

a#01)$*$"*14:G!SQOObW!./"*!10&$1)01!($,*"*)*!$7!'!-"*13&)0-!8C=!7$44$U0-!6?!',!$3)c$7c

71'%0!.S;!&0&)"-0!',-!%#/011?!('**0))0W!H/0,!<2;!-$3640c*)1',-!610'A*!a<B>*b!'10!

",)1$-3(0-!",!)/0!61$A0,c8C=!('**0))0G!'!*36*0)!$7!,$,c/$%$4$:$3*!0,-!]$",",:!

a2L9Vb!10&'"1!0E0,)*!40'E0!zOc71'%0*/"7)0-!",-04*G!&4'(",:!%#/011?!",!71'%0!',-!

?"04-",:!10-!743$10*(0,(0!)/')!(',!60!0'*"4?!I3',)"7"0-!6?!74$U!(?)$%0)1?!aC":310!RWi;bW!

oL$%$4$:?c-"10()0-!10&'"1!aL<Kb!$3)($%0*!(',!'4*$!60!*($10-!*"%34)',0$3*4?!6?!

",(43-",:!'!<2;!-$,$1!)/')!10*)$10*!)/0!73,()"$,'4!8C=!*0I30,(0G!?"04-",:!:100,!

743$10*(0,(0!a#01)$!0)!'4WG!SQOObWp!>0('3*0!*$%0!",-04*!-$!,$)!",)1$-3(0!'!zO!

71'%0*/"7)G!)/0!743$10*(0,(0!10'-$3)!:0,01'44?!&1$E"-0*!',!3,-010*)"%')0!$7!)/0!)130!

0-")",:!077"("0,(?W!2$,0)/040**G!)/0!*&00-G!*"%&4"(")?G!',-!4$U!($*)!$7!)/0!'**'?!%'A0*!

")!3*0734!'*!',!",")"'4G!*0%"cI3',)")')"E0!%0'*310!$7!:0,$%0!0-")",:!",!L9lS+i.!(044*!

('11?",:!'!*",:40!.MKSWQ!4$(3*!",($1&$1')0-!E"'!40,)"E0()$1W.

C$1!$31!",")"'4!)0*)*G!U0!)1',*"0,)4?!($c)1',*70()0-!2%0S#'*+!&4'*%"-!U")/!$,0!

$7!7"7)00,!*:K2;!&4'*%"-*!('11?",:!*&'(01*!)/')!)'1:0)!.MKSWQ!*")0*!U")/!2R##!=;F*W!

2$!L<K!-$,$1!U'*!",(43-0-G!*$!$,4?!2L9Vc6'*0-!0-")",:!a%#/011?b!U'*!*($10-W!F$*)!



! +R!

*:K2;*!U010!",!8Si!7$1%')!a"W0W!'!j[c)01%",'4!8!)$!7'("4")')0!)1',*(1"&)"$,G!7$44$U0-!6?!

'!Si,)!:3"-0!*0I30,(0pG!'*!3*0-!1$3)",04?!7$1!2%0O#'*+!a561'/0"%*$"*14:G!SQO`6bW!2$!

*:K2;!',-!',!*:K2;!)'1:0)",:!',!2R8;..!=;F!U010!3*0-!'*!,0:')"E0!($,)1$4*G!',-!

B&?#'*+z*:K2;!',-!2%0O#'*+z*:K2;!($c)1',*70()"$,*!a)'1:0)",:!288!',-!

2 R8;..!&1$)$*&'(01*G!10*&0()"E04?b!U010!",(43-0-!'*!&$*")"E0!($,)1$4*W!9-")",:!6?!

B&?#'*+!',-!2%0O#'*+!U'*!10'-"4?!-0)0()'640!afS`r!',-!OQr!%#/011?G!

10*&0()"E04?b!aC":310!RWi>bW!C$1!2%0S#'*+G!'44!Oj!*:K2;*!)'1:0)",:!*")0*!U")/!2R##!

=;F*!U010!73,()"$,'4G!)/$3:/!)$!E'1"$3*!0Y)0,)*!1',:",:!71$%!Rr!)$!SQr!%#/011?W!

./0*0!7"7)00,!*")0*!",(43-0!0Y'%&40*!U")/!0'(/!$7!)/0!7$31!&$**"640!,3(40$)"-0*!",!)/0!

k)/!=;F!&$*")"$,!a'7)01!)/0!##!-",3(40$)"-0bG!",-"(')",:!)/')!)/0!*4":/)!&107010,(0!7$1!

',!;!10*"-30!$6*01E0-!.-*/."#&!aC":310!RWO>b!-$0*!,$)!10740()!'!=;F!10I3"10%0,)!7$1!

0-")",:!'&&4"(')"$,*!",!/3%',!(044*W!./0!2R8;..!=;F!($,)1$4!?"04-0-!%#/011?!*":,'4!

*"%"4'1!)$!,$c*:K2;!($,)1$4!aC":310!RWi>bW!!

.$!-0)01%",0!U/0)/01!6$)/!#!10*"-30*!",!)/0!2R##!=;F!'10!"%&$1)',)!7$1!

0-")",:G!U0!'4*$!)0*)0-!'!*01"0*!$7!2R<#!a<!ƒ!;G!.G!8b!',-!2 R#<!=;F!*")0*!",!.MKSWQ!

10&$1)01!(044*!aC":310!RWi#!',-!RWi<bW!H0!7$3,-!,$!-0)0()'640!0-")",:!')!',?!$7!)/0*0!

*")0*G!&1$E"-",:!',!",")"'4!",-"(')"$,!)/')!6$)/!#!10*"-30*!$7!)/0!2R##!=;F!($,*0,*3*!

'10!10I3"10-!7$1!077"("0,)!2%0S#'*+!'()"E")?W!!

.$!731)/01!($11$6$1')0!)/0!-",3(40$)"-0!=;FG!U0!)$$A!'-E',)':0!$7!',!08C=!

A,$(Ac$3)!10&$1)01!*?*)0%W!.'1:0)",:!*")0*!U")/",!)/0!08C=!JKC!",!L9lS+i.!(044*!

a*)'64?!0Y&10**",:!08C=b!10*34)*!",!4$**!$7!08C=!U/"(/!(',!60!*($10-!6?!74$U!



! +j !

(?)$%0)1?W!H0!040()1$&$1')0-!'!&4'*%"-!0Y&10**",:!2%0S#'*+!'4$,:!U")/!*:K2;*!

)'1:0)",:!Oh!2 R##!*")0*!)/1$3:/$3)!)/0!08C=!JKCW!!;44!2R##!)'1:0)0-!*")0*!*/$U0-!

10-3(0-!08C=!0Y&10**"$,!($%&'10-!)$!,$!*:K2;!($,)1$4G!($,7"1%",:!)/')!2%0S#'*+!

10($:,"@0*!'!-",3(40$)"-0!=;F!",!%'%%'4"',!(044*!aC":310!RWi9bW!

!

!

!

!

!

!

!

!

!

!



! +h!

!

!

!

!" #" $"

%&'()*%+
! " #$%%
! " &&$%
! " &&$#
! " &&$%
! " &&&&
! " &&&%
! " &&&$
! " &&##
! " &&#%
! " &&#%
! " &&%#
! " &&%%
! " &&%&
! " &&%&
! " &&%$
! " &&%$

%,-!./(0 '! " #$%%
123./(0 ''''!##

,.4-553'6'789

:;)<5-'#

+

%
&'()

*%
+ =#

$
=#

#
=#

!
=#

"
=!

0

"

>

!"

!>

#"

12/?-5'@-A)B4

,.4
-5

53
'6

'7
89

C

.

DEF#0$G
'G@*'#H"'.-II(

G5/A(;-AB'B5/A(J-?B;&A

./(0'6'()*%+'

K

EL-AB('789

" > !" !> #" #>

%&'()*%+

,.4-553

=:M ''

%,-#./(0 NG

%,-#./(0 K!O+

%,-#./(0 D>PP+

.I-/L/)-'(;B-'
Q;(B/A?-'7R29

OS

$#

%,-#./(0

%,-#./(0 K!O+

%,-#./(0 D>PP+

!"#$%&'()
* +

,

!"#
$%

&!'
! (

)'*
! (

)'+
! (

)',
! (

)'(
! (

)-*
! (

)-+
! (

)-,
! (

)-(
! (

).*
! (

).+
! (

).,
! (

).(

/

0

*/

*0

+/

1)
23

44
5#

6#
78

9

! (
))

!"#
$%

&!' -+
,

-+
+ ++ -+

/
-*: -*;

/

0

*/

*0

+/

+0

<=>?34#@3A%B2

-
!"#

$%
&!'

! (
))'

)
! (

')..

! (
')-

)
! (

')-
-

! (
-)-

'
! (

.)-
.

! (
.)'-

/

0

*/

*0

+/

1)
23

44
5#

6#
78

9

1)
23

44
5#

6#
78

9

.

/ */ +/ ,/ (/ 0/

!"#$%&!'
! ( ))')
! ( ))*)
! ( ))**
! ( ))**
! ( ))**
! ( ))**
! ( ))**
! ( ))*+
! ( ))*+
! ( ))*+
! ( ))+'
! ( ))+'
! ( ))+*
! ( ))+*
! ( ))+*
! ( ))++

-CDE#?3FF$#789

0 */ *0 +/ +0

!"!""#$$!$!!##!$$ $"#!$#!
!$#""#$$!$!!##!$$ $"#!$#!
!$!$ "#$$!$!!##!$$ $"#!$#!
!$!" $#$$!$!!##!$$ $"#!$#!
!$!""!$$!$!!##!$$ $"#!$#!
!$!""# " $!$!!##!$$ $"#!$#!
!$!""# $"!$!!##!$$ $"#!$#!
!$!""#$$ #$!!##!$$ $"#!$#!
!$!""#$$! "!!##!$$ $"#!$#!
!$!""#$$!$ #!##!$$ $"#!$#!
!$!""#$$!$! ###!$$$ "#!$#!
!$!""#$$!$!! !#!$$$ "#!$#!
!$!""#$$!$!!# !!$$$ "#!$#!
!$!""#$$!$!!## #$$$"#!$#!
!$!""#$$!$!!##! " $$"#!$#!
!$!""#$$!$!!##! $" $"#!$#!
!$!""#$$!$!!##!$ $""#!$#!
!$!""#$$!$!!##!$$$ $#!$#!
!$!""#$$!$!!##!$$ $"!!$#!
!$!""#$$!$!!##!$$ $"##$#!
!$!""#$$!$!!##!$$ $"#!"#!
!$!""#$$!$!!##!$$ $"#!$!!
!$!""#$$!$!!##!$$ $"#!$##
!$!""#$$!$!!##!$$ $"#!$#!

%&'()*%"

1)23445#6#789

!"#$%&'()
* +

,

!"#
$%

&!'
! (

)'*
! (

)'+
! (

)',
! (

)'(
! (

)-*
! (

)-+
! (

)-,
! (

)-(
! (

).*
! (

).+
! (

).,
! (

).(

/

0

*/

*0

+/

1)
23

44
5#

6#
78

9

! (
))

!"#
$%

&!' -+
,

-+
+ ++ -+

/
-*: -*;

/

0

*/

*0

+/

+0

<=>?34#@3A%B2

-
!"#

$%
&!'

! (
))'

)
! (

')..

! (
')-

)
! (

')-
-

! (
-)-

'
! (

.)-
.

! (
.)'-

/

0

*/

*0

+/
1)

23
44

5#
6#

78
9

1)
23

44
5#

6#
78

9

.

/ */ +/ ,/ (/ 0/

!"#$%&!'
! ( ))')
! ( ))*)
! ( ))**
! ( ))**
! ( ))**
! ( ))**
! ( ))**
! ( ))*+
! ( ))*+
! ( ))*+
! ( ))+'
! ( ))+'
! ( ))+*
! ( ))+*
! ( ))+*
! ( ))++

-CDE#?3FF$#789

0 */ *0 +/ +0

!"!""#$$!$!!##!$$ $"#!$#!
!$#""#$$!$!!##!$$ $"#!$#!
!$!$ "#$$!$!!##!$$ $"#!$#!
!$!" $#$$!$!!##!$$ $"#!$#!
!$!""!$$!$!!##!$$ $"#!$#!
!$!""# " $!$!!##!$$ $"#!$#!
!$!""# $"!$!!##!$$ $"#!$#!
!$!""#$$ #$!!##!$$ $"#!$#!
!$!""#$$! "!!##!$$ $"#!$#!
!$!""#$$!$ #!##!$$ $"#!$#!
!$!""#$$!$! ###!$$$ "#!$#!
!$!""#$$!$!! !#!$$$ "#!$#!
!$!""#$$!$!!# !!$$$ "#!$#!
!$!""#$$!$!!## #$$$"#!$#!
!$!""#$$!$!!##! " $$"#!$#!
!$!""#$$!$!!##! $" $"#!$#!
!$!""#$$!$!!##!$ $""#!$#!
!$!""#$$!$!!##!$$$ $#!$#!
!$!""#$$!$!!##!$$ $"!!$#!
!$!""#$$!$!!##!$$ $"##$#!
!$!""#$$!$!!##!$$ $"#!"#!
!$!""#$$!$!!##!$$ $"#!$!!
!$!""#$$!$!!##!$$ $"#!$##
!$!""#$$!$!!##!$$ $"#!$#!

%&'()*%"

1)23445#6#789

# ! < !

9!

!



! +k!

7A*@<(.KYI.39:<:",(<AC:,A%$.%D.8+(B3:-H.A$.+:++:'A:$."(''-!
a;b!B(/0%')"(!-0&"()",:!)1',*"0,)!)1',*70()"$,!',-!0-")",:!$7!L9lS+i.!.MKSWQ!(044*G!
U")/!%#/011?z!(044*!-0)0()0-!6?!74$U!(?)$%0)1?!kS!/$31*!'7)01!)1',*70()"$,W!!
a>b!2%0S#'*+!0-")",:!$7!)/0!.MKSWQ!10&$1)01W!B")0*!U")/!2R##!=;F*!U010!)'1:0)0-!
U")/!E'1?",:!077"("0,("0*G!U/"40!,$!2%0S#'*+!)'1:0)",:!U'*!$6*01E0-!')!',!2R8;..!
=;F!$1!",!)/0!'6*0,(0!$7!*:K2;W!B&?#'*+!a)'1:0)",:!'!&10E"$3*4?!E'4"-')0-!*")0!U")/!
',!288!=;Fb!',-!2%0O#'*+!a)'1:0)",:!2 R8;..b!U010!3*0-!'*!&$*")"E0!($,)1$4*W!!
a#b.2%0S#'*+!)'1:0)",:!')!2 R#<!*")0*!",!.MKSWQG!U")/!0-")",:!0*)"%')0-!6'*0-!$,!
%#/011?z!(044*W!C$31!*")0*!7$1!0'(/!,$,c#!,3(40$)"-0!')!)/0!)0*)0-!&$*")"$,!a2R#;G!
2 R#.!',-!2 R#8b!U010!0Y'%",0-G!',-!',!2 R##!*")0!U'*!3*0-!'*!'!&$*")"E0!($,)1$4W..
a<b.2%0S#'*+!)'1:0)",:!')!2 R<#!*")0*!",!.MKSWQ!o*"%"4'1!)$!a#bpW!!
a9b!.'1:0)",:!*")0*!U")/",!)/0!08C=!JKC!",!L9lS+i.!(044*!a*)'64?!0Y&10**",:!08C=b!
10*34)*!",!4$**!$7!08C=W!940()1$&$1')"$,!$7!*:K2;*!)'1:0)",:!Oh!2R##!*")0*!)/1$3:/$3)!
)/0!08C=!JKC!U'*!3*0-!)$!-0)01%",0!2%0S#'*+!077"("0,(?W!!;44!2R##!)'1:0)0-!*")0*!
*/$U0-!10-3(0-!08C=!0Y&10**"$,!($%&'10-!)$!,$!*:K2;!($,)1$4G!($,7"1%",:!)/')!
2%0S#'*+!10($:,"@0*!'!-",3(40$)"-0!=;F!",!%'%%'4"',!(044*!
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



! +`!

!

!

!

!

!" #" $"

%&'()*%+
! " #$%%
! " &&$%
! " &&$#
! " &&$%
! " &&&&
! " &&&%
! " &&&$
! " &&##
! " &&#%
! " &&#%
! " &&%#
! " &&%%
! " &&%&
! " &&%&
! " &&%$
! " &&%$

%,-!./(0 '! " #$%%
123./(0 ''''!##

,.4-553'6'789

:;)<5-'#

+

%
&'()

*%
+ =#

$
=#

#
=#

!
=#

"
=!

0

"

>

!"

!>

#"

12/?-5'@-A)B4

,.4
-5

53
'6

'7
89

C

.

DEF#0$G
'G@*'#H"'.-II(

G5/A(;-AB'B5/A(J-?B;&A

./(0'6'()*%+'

K

EL-AB('789

" > !" !> #" #>

%&'()*%+

,.4-553

=:M ''

%,-#./(0 NG

%,-#./(0 K!O+

%,-#./(0 D>PP+

.I-/L/)-'(;B-'
Q;(B/A?-'7R29

OS

$#

%,-#./(0

%,-#./(0 K!O+

%,-#./(0 D>PP+

!"#$%&'()
* +

,

!"#
$%

&!'
! (

)'*
! (

)'+
! (

)',
! (

)'(
! (

)-*
! (

)-+
! (

)-,
! (

)-(
! (

).*
! (

).+
! (

).,
! (

).(

/

0

*/

*0

+/

1)
23

44
5#

6#
78

9

! (
))

!"#
$%

&!' -+
,

-+
+ ++ -+

/
-*: -*;

/

0

*/

*0

+/

+0

<=>?34#@3A%B2

-
!"#

$%
&!'

! (
))'

)
! (

')..

! (
')-

)
! (

')-
-

! (
-)-

'
! (

.)-
.

! (
.)'-

/

0

*/

*0

+/

1)
23

44
5#

6#
78

9

1)
23

44
5#

6#
78

9

.

/ */ +/ ,/ (/ 0/

!"#$%&!'
! ( ))')
! ( ))*)
! ( ))**
! ( ))**
! ( ))**
! ( ))**
! ( ))**
! ( ))*+
! ( ))*+
! ( ))*+
! ( ))+'
! ( ))+'
! ( ))+*
! ( ))+*
! ( ))+*
! ( ))++

-CDE#?3FF$#789

0 */ *0 +/ +0

!"!""#$$!$!!##!$$ $"#!$#!
!$#""#$$!$!!##!$$ $"#!$#!
!$!$ "#$$!$!!##!$$ $"#!$#!
!$!" $#$$!$!!##!$$ $"#!$#!
!$!""!$$!$!!##!$$ $"#!$#!
!$!""# " $!$!!##!$$ $"#!$#!
!$!""# $"!$!!##!$$ $"#!$#!
!$!""#$$ #$!!##!$$ $"#!$#!
!$!""#$$! "!!##!$$ $"#!$#!
!$!""#$$!$ #!##!$$ $"#!$#!
!$!""#$$!$! ###!$$$ "#!$#!
!$!""#$$!$!! !#!$$$ "#!$#!
!$!""#$$!$!!# !!$$$ "#!$#!
!$!""#$$!$!!## #$$$"#!$#!
!$!""#$$!$!!##! " $$"#!$#!
!$!""#$$!$!!##! $" $"#!$#!
!$!""#$$!$!!##!$ $""#!$#!
!$!""#$$!$!!##!$$$ $#!$#!
!$!""#$$!$!!##!$$ $"!!$#!
!$!""#$$!$!!##!$$ $"##$#!
!$!""#$$!$!!##!$$ $"#!"#!
!$!""#$$!$!!##!$$ $"#!$!!
!$!""#$$!$!!##!$$ $"#!$##
!$!""#$$!$!!##!$$ $"#!$#!

%&'()*%"

1)23445#6#789

!" #" $"

%&'()*%+
! " #$%%
! " &&$%
! " &&$#
! " &&$%
! " &&&&
! " &&&%
! " &&&$
! " &&##
! " &&#%
! " &&#%
! " &&%#
! " &&%%
! " &&%&
! " &&%&
! " &&%$
! " &&%$

%,-!./(0 '! " #$%%
123./(0 ''''!##

,.4-553'6'789

:;)<5-'#

+

%
&'()

*%
+ =#

$
=#

#
=#

!
=#

"
=!

0

"

>

!"

!>

#"

12/?-5'@-A)B4

,.4
-5

53
'6

'7
89

C

.

DEF#0$G
'G@*'#H"'.-II(

G5/A(;-AB'B5/A(J-?B;&A

./(0'6'()*%+'

K

EL-AB('789

" > !" !> #" #>

%&'()*%+

,.4-553

=:M ''

%,-#./(0 NG

%,-#./(0 K!O+

%,-#./(0 D>PP+

.I-/L/)-'(;B-'
Q;(B/A?-'7R29

OS

$#

%,-#./(0

%,-#./(0 K!O+

%,-#./(0 D>PP+

; !

>!

# !



! ++!

7A*@<(.KYK.7@<,9(<."9:<:",(<AC:,A%$.%D.8+(B3:-H.:$).A,-.:;;'A":,A%$.@-A$*.142..
a;b!./0!0770()!$7!*&'(01!40,:)/!$,!)/0!077"("0,(?!$7!2%0S#'*+!0-")",:W!;,!*:K2;!
)'1:0)",:!'!*",:40!.MKSWQ!*")0G!U")/!*&'(01!40,:)/*!E'1?",:!71$%!SR!)$!SQ!,)*!a",(43-",:!
)/0!j[c)01%",'4!8!10I3"10-!6?!)/0!Dh!&1$%$)01bG!",-"(')0!)/')!/":/0*)!0-")",:!
077"("0,("0*!'10!$6)'",0-!U")/!SScSR!,)!*&'(01*W!
a>b.2%0S#'*+!)'1:0)",:!077"("0,(?!"*!-"77010,)"'44?!*0,*")"E0!)$!*",:40c,3(40$)"-0!
%"*%')(/0*!",!)/0!*00-!10:"$,!$7!)/0!*:K2;W!<')'!*/$U!)/0!0770()*!$7!U'4A",:!*",:40c
,3(40$)"-0!*:K2;!%"*%')(/0*!'4$,:!)/0!Sic,)!*&'(01!",!'!.MKSWQ!)'1:0)!*")0W!
a#b.;,!2%0S#'*+!-3'4!,"(A'*0!(',!60!3*0-!",!)',-0%!)$!:0,01')0!2L9V c!',-!L<Kc
6'*0-!0-")*!",!.MKSWQW!2%0S#'*+c!',-!*:K2;c0Y&10**",:!&4'*%"-*G!'4$,:!U")/!',!
`QQc6&!-*<2;!-$,$1!7$1!/$%$4$:$3*!10&'"1G!U010!040()1$&$1')0-!",)$!L9lS+i.!
.MKSWQ!(044*G!',-!6$)/!2L9V!a%#/011?zb!',-!L<K!a8C=zb!$3)($%0*!U010!*($10-!6?!
74$U!(?)$%0)1?W!L2L!,"(A'*0G!2%0S#'*+<Oh; ^!K3E#!,"(A'*0G!2%0S#'*+Lj` `; W!
#40'E':0!*")0*!iS!6&!',-!hR!6&!'&'1)!U010!)'1:0)0-!3*",:!0")/01!,"(A'*0W!./0!L2L!
,"(A'*0!a2%0S#'*+<Oh; b!?"04-0-!077"("0,)!0-")",:G!&'1)"(34'14?!U")/!)/0!(40'E':0!*")0*!
)/')!U010!*0&'1')0-!6?!iS!6&G!U/010'*!)/0!K3E#!,"(A'*0!a2%0S#'*+Lj``; b!U'*!,$)!
0770()"E0W!H"4-)?&0!2%0S#'*+!U'*!3*0-!'*!'!($,)1$4W!!

!

!

!

!

!

!

!

!

!



! OQQ!

./0!40,:)/!$7!)/0!*&'(01!",!)/0!(1K2;!-"7701*!'%$,:!#'*+!$1)/$4$:*!',-!(',!

'770()!$,c!E*W!$77c)'1:0)!'()"E")?!a#/$*$"*14:G!SQOi^!C3*$"*14:G!SQORbW!B&?#'*+[*!$&)"%'4!

*&'(01!40,:)/!"*!SQ!,)*G!U")/!)13,(')"$,*!-$U,!)$!Ok!,)*!)$401')0-!aC3*$"*14:G!SQORbW!5,!

($,)1'*)G!2%0O#'*+!&10701*!SRc,)!*&'(01*!U")/!)13,(')"$,*!-$U,!)$!O`cSQ!,)*!)$401')0-!

aM00G!#1'-"(A!',-!>'$G!SQOh^!;%1',"*$"*14:G!SQO`6bW!.$!)0*)!)/0!*&'(01!40,:)/!

10I3"10%0,)*!7$1!2%0S#'*+G!U0!(10')0-!:3"-0!K2;!&4'*%"-*!0'(/!)'1:0)",:!'!*",:40!

.MKSWQ!*")0G!63)!U")/!E'1?",:!*&'(01!40,:)/*!aC":310!RWR;bW!H0!$6*01E0-!($%&'1'640!

'()"E")"0*!U")/!8SiG!8SS!',-!8SO!:3"-0*G!63)!*":,"7"(',)4?!-0(10'*0-!'()"E")?!3&$,!

731)/01!)13,(')"$,!)$!8SQ!',-!8O+!40,:)/*!aC":310!RWR;bW!!./0*0!10*34)*!E'4"-')0!

2%0S#'*+!'*!'!:0,$%0!0-")",:!&4')7$1%G!U")/!SScSR!,)!:3"-0!*0I30,(0*G!')!2R##!

=;F!*")0*!",!L9lS+i.!(044*W!!

B)3-"0*!",!&10E"$3*4?!(/'1'()01"@0-!#'*+*!/'E0!"-0,)"7"0-!'!*&0("7"(!10:"$,!

&1$Y"%'4!)$!)/0!=;F!U/010!#'*+!'()"E")?!"*!/":/4?!*0,*")"E0!)$!*0I30,(0!%"*%')(/0*W!

./"*!`!)$!OSc,)!10:"$,!"*!A,$U,!'*!)/0!*00-!*0I30,(0!',-!/'*!600,!$6*01E0-!'%$,:!'44!

#'*+*!(/'1'()01"@0-!)$!-')0!a8$1*A"G!Z$:04!',-!<$3-,'G!SQOkbW.$!-0)01%",0!U/0)/01!

2%0S#'*+!'4*$!&$**0**0*!'!*00-!*0I30,(0G!U0!&017$1%0-!'!*01"0*!$7!)1',*"0,)!

)1',*70()"$,*!0'(/!)'1:0)",:!)/0!*'%0!4$(3*!",!.MKSWQG!63)!U")/!'!*",:40c,3(40$)"-0!

%"*%')(/!')!-"77010,)!&$*")"$,*!$7!)/0!:3"-0!aC":310!RWR>bW!H0!$6*01E0-!'!*":,"7"(',)!

-0(10'*0!",!)/0!,3%601!$7!%#/011?c&$*")"E0!(044*!7$1!%"*%')(/0*!",!)/0!7"1*)!OQcOS!,)*!

&1$Y"%'4!)$!)/0!=;FG!*3::0*)",:!)/')!2%0S#'*+!&$**0**0*!'!*00-!*0I30,(0!",!)/"*!

10:"$,W!!



! OQO!

;*!-0*(1"60-!&10E"$3*4?G!#'*+!0,@?%0*!3*0!)/0"1!L2L!',-!K3E#!-$%'",*!)$!

(40'E0!)/0!:3"-0c($%&40%0,)'1?!',-!,$,c($%&40%0,)'1?!*)1',-!$7!)/0!)'1:0)!<2;G!

10*&0()"E04?W!B&?#'*+!,"(A'*0*!a,#'*+*bG!",!U/"(/!0")/01!)/0!L2L!$1!K3E#!-$%'",!"*!

%3)')"$,'44?!",'()"E')0-G!/'E0!600,!3*0-!)$!",-3(0!/$%$4$:?c-"10()0-!10&'"1!aL<Kb!

',-!)$!"%&1$E0!:0,$%0!0-")",:!*&0("7"(")?!E"'!<B>!",-3()"$,!6?!-3'4!,"(A'*0*W!.$!)0*)!

)/0!077"('(?!$7!2%0S#'*+!'*!'!,"(A'*0G!U0!(10')0-!2%0S#'*+<Oh;!aL2L!,"(A'*0b!

',-!2%0S#'*+Lj``;!aK3E#!,"(A'*0bG!U/"(/!&$**0**!'4',",0!%3)')"$,*!",!(')'4?)"(!

10*"-30*!$7!)/0!K3E#!',-!L2L!-$%'",*G!10*&0()"E04?!a9*E04)*$"*14:G!SQOi^!_/',:*$"*14:G!

SQOibW!H0!)/0,!3*0-!.MKSWQ!(044*G!'4$,:!U")/!'!8C=!-$,$1!-*<2;G!)$!-0)01%",0!

U/0)/01!2%0S#'*+c",-3(0-!,"(A*!(',!",-3(0!&10("*0!0-")*!E"'!L<KW!H0!3*0-!)'1:0)!

*")0*!U")/",!.MKSWQ!)$!)0*)!)/0!73,()"$,'4")?!$7!0'(/!,"(A'*0!3*",:!:3"-0*!)'1:0)",:!

(40'E':0!*")0*!*&'(0-!iS!6&!',-!hR!6&!'&'1)!aC":310!RWR#bW!H"4-)?&0!2%0S#'*+!

)'1:0)",:!'!*",:40!*")0!*/$U0-!077"("0,)!0-")",:G!U")/!6$)/!2L9V!',-!L<K!'*!$3)($%0*!

$7!10&'"1W!C$1!,"(A'*0*G!(40'E':0!*")0*!iS!6&!',-!hR!6&!'&'1)!*/$U0-!0-")",:!3*",:!)/0!

2%0S#'*+<Oh;!aL2L!,"(A'*0bG!63)!,0")/01!)'1:0)!&'"1!U$1A0-!U")/!

2%0S#'*+Lj``;W!./0*0!10*34)*!*3::0*)!)/')!2%0S#'*+!L2L!,"(A'*0!(',!60!3*0-!7$1!

077"("0,)!:0,$%0!0-")",:G!'*!4$,:!'*!)/0!*")0*!'10!",!(4$*0!&1$Y"%")?W!!

H0!,0Y)!)0*)0-!2%0S#'*+[*!'6"4")?!)$!73,()"$,!",!-"77010,)!%'%%'4"',!(044!

4",0*W!;*!',!",")"'4!)0*)G!U0!)'1:0)0-!RQ!-"77010,)!*")0*!aS+!U")/!'!2R##!=;FG!',-!OO!

*")0*!U")/!'!2 R#<!=;Fb!a;&&0,-"Y!Sb!)/1$3:/$3)!)/0!/3%',!:0,$%0!",!L9lS+i.!

(044*!3*",:!)1',*"0,)!)1',*70()"$,*W!kSc/$31*!&$*)!)1',*70()"$,G!(044*!U010!/'1E0*)0-G!

7$44$U0-!6?!:0,$%"(!<2;!0Y)1'()"$,!',-!*040()"E0!'%&4"7"(')"$,!$7!)/0!)'1:0)0-!4$(3*W!



! OQS!

H0!3*0-!.5<9!)$!%0'*310!",-04!077"("0,(?!')!0'(/!4$(3*!a*00!C":310!OWj^!>1",A%',!0)!

'4G!SQORbW!2%0S#'*+!0-")",:!U'*!-0)0()'640!')!%$*)!$7!)/0*0!*")0*G!0E0,!)/$3:/!

077"("0,("0*!E'1"0-!-0&0,-",:!$,!)/0!)'1:0)!*0I30,(0!a;&&0,-"Y!SbW!OR!*")0*!U")/!2R##!

=;F*!U010!','4?@0-!",!)1"&4"(')0G!',-!($,*"*)0,)!0-")",:!U'*!$6*01E0-!aC":310!RWj;bW!

5,!'--")"$,G!0-")",:!077"("0,(?!($34-!60!"%&1$E0-!*":,"7"(',)4?!6?!",(10'*",:!)/0!

I3',)")?!$7!)/0!2%0S#'*+!&4'*%"-!-04"E010-!aC":310!RWj>bW!

H0!,0Y)!)0*)0-!)/0!'6"4")?!$7!2%0S#'*+!)$!73,()"$,!",!%$3*0!L0&'Och!(044*!

a/0&')$%'c-01"E0-bW!C$1!L0&'Och!(044*G!'!*",:40!&4'*%"-!0,($-",:!6$)/!2%0S#'*+!',-!

',!*:K2;!a)'1:0)",:!0")/01!K$*'Sh!$1!=(*A+b!U'*!)1',*"0,)4?!)1',*70()0-!',-!",-04*!

U010!%0'*310-!'7)01!kS!/1*W!9-")",:!U'*!10'-"4?!$6*01E0-!')!6$)/!*")0*!aC":310!RWh;G!

407)bW!H0!'4*$!)0*)0-!2%0S#'*+[*!73,()"$,'4")?!U/0,!*)'64?!0Y&10**0-!",!/3%',!

403A0%"'!ljhS!(044*W!.$!)/"*!0,-G!U0!(10')0-!'!40,)"E"1'4!($,*)13()!0Y&10**",:!

2%0S#'*+!',-!)1',*-3(0-!(044*!)$!*)'64?!0Y&10**!2%0S#'*+!3,-01!)/0!($,)1$4!$7!)/0!

BCCZ!&1$%$)01W!./"*!*)'640!(044!4",0!-"-!,$)!*/$U!',?!E"*"640!-"77010,(0*!U")/!10*&0()!

)$!:1$U)/!',-!%$1&/$4$:?!",!($%&'1"*$,!)$!3,)1',*-3(0-!(044*G!*3::0*)",:!)/')!

2%0S#'*+!"*!,$)!)$Y"(!U/0,!*)'64?!0Y&10**0-W!./0*0!(044*!U010!)1',*"0,)4?!

040()1$&$1')0-!U")/!&4'*%"-*!0Y&10**",:!*:K2;*!',-!','4?@0-!6?!.5<9!'7)01!kS!/$31*!

)$!%0'*310!",-04!077"("0,("0*W!H0!$6*01E0-!077"("0,)!a•jQrb!0-")",:!')!'44!)/100!*")0*!

)0*)0-G!E'4"-')",:!2%0S#'*+[*!'6"4")?!)$!73,()"$,!3&$,!40,)"E"1'4!-04"E01?!",!ljhS!(044*!

aC":310!RWh;G!1":/)bW!!

!



! OQi!

!

!

!

!

!

7A*@<(.KYN.O($%+(.()A,A$*.:,.($)%*($%@-.-A,(-.A$.T5WBHI1."(''-!
a;b.2%0S#'*+!:0,$%0!0-")",:!$7!0,-$:0,$3*!/3%',!*")0*!",!L9lS+i.!(044*!
7$44$U",:!)1',*"0,)!)1',*70()"$,!$7!2%0S#'*+c!',-!*:K2;c0Y&10**",:!&4'*%"-*W!RQ!
*")0*!U010!*(100,0-!",")"'44?!a.'640!BOb^!)/0!OR!*")0*!*/$U,!a*040()0-!)$!",(43-0!
10&10*0,)')"E0*!$7!E'1?",:!0-")",:!077"("0,("0*G!'*!%0'*310-!6?!.5<9b!U010!)/0,!10c
','4?@0-!",!)1"&4"(')0W!;,!2%0O#'*+!)'1:0)!*")0!aU")/!',!2R8;..!=;Fb!U'*!3*0-!'*!'!
,0:')"E0!($,)1$4W!!
a>b.5,(10'*",:!)/0!-$*0!$7!040()1$&$1')0-!2%0S#'*+!&4'*%"-!ajQQ!,:G!E*W!SQQ!,:!",!
C":310!i;b!"%&1$E0*!0-")",:!077"("0,(?!')!)U$!*")0*!a.BOh!',-!.BhbW!<')'!&1$E"-0-!",!
?044$U!'10!10c3*0-!71$%!C":310!i;W.
 

 

!

!"#$%&'(
)

*+
',#

-*)
-+

,./
0'

12
,3

4
56

70
56

89

/:

8:

0:

56
0

; <

56
89

=>
?&

@
,'A

B
C

/:

8:

0:

D:

56
70

56
0

'''EF!.
''''-*1'?&@"G&%H

'''''''IJ0/
'K&>L"G"%.@'L%.>,?$2L"+>

'''''''E&M.7N0
''''''5%.>,"&>L'L%.>,O&2L"+>

*+
',#

-*)

*+
',#

-*)

=>?&@,'ABC

! "! #! $! %
!

&!

*56JD'A* 8P) 55C
567('A* 8<<<<C
567:'A* 8<<5 )C
5677'A* 8<<)<C

56J'A* 8<<5 )C
5608'A* 8<<))C
567:'A* 8<<))C
56J:'A* 8<<P)C
56J7'A* 8<<))C
56/:'A* 8<<<5C
560'A* 8<<))C

5670'A* 8<<5<C
56/J'A* 8<<5<C

'56J4'A* 8<<)PC
5689'A* 8<<PPC

!"#$%

&'()*+,--

).//

%#%

$%()0

%%!1+

=>
?&

@
,'A

B
C

&

"!

"&

#!

!"#$%&'()

*+
',#

-*.

,#
-*.

/
,#

-*.
0

1+
23

',#
-*.

4

04

54

64

74

/44

89
:&

;,'
<=

>

?23&%'"9:&;,
@)0':&;&2"+9,#-*. /

,#-*.'0

. 1

4

04

54

64

74

A(6 A(/6

89
:&

;,'
<=

>

/B4'9#'*C&0DE,F

)44'9#'*C&0DE,F

A(B
F

B

/4

/B

04

0B

A(6
A(/6

'''GHI0F)A
''''''''-* J ':&;"K&%L

*+
',#

-*.

D M

A(5
N

A(/6A(6

*+
',#

-*.

!

"#

"!

89
:&

;,'
<=

89
:&

;,'
<=

>

'''''8O-F4
''''''''-* J ':&;"K&%L

!"#
$%

&'()
*+

#

"#

$#

%#

&#

!#
'()

*+
,-

+.
/(

.0
12

.3
.4

+5
5-

.6
7+

*.
(6

8-
9

:;<
.

)6
(=

*6
5.

>?
@

H

; !

>!



! OQR!

!

!

!

!

!

!

!

!

!

!

!

!

!

7A*@<(.KYP.5)A,A$*.GJ.8+(B3:-H.A$.)ADD(<($,."(''-.:$).ZA:.)ADD(<($,.)('AZ(<J.
+(,9%)-.
a;b!M07)!&',04\!.1',*"0,)!)1',*70()"$,!$7!'!*",:40!&4'*%"-!0Y&10**",:!6$)/!2%0S#'*+!
',-!*:K2;!a)'1:0)",:!)/0!D')OT !',-!=&)1PU!4$("b!0,'640*!0-")",:!",!L0&'Och!%$3*0!
(044*G!'*!-0)0()0-!6?!.5<9W!K":/)!&',04\!940()1$&$1')"$,!$7!*:K2;!&4'*%"-*!",)$!ljhS!
(044*!*)'64?!0Y&10**",:!2%0S#'*+!71$%!'!40,)"E0()$1!10*34)*!",!077"("0,)!",-04!
7$1%')"$,W!
a>G!#!',-!<b!2%0S#'*+!(',!60!040()1$&$1')0-!'*!',!K2=!($%&40Y!)$!",-3(0!:0,$%0!
0-")",:W!RQ!&"($%$40*!#'*+!'4$,:!U")/!jQ!&"($%$40*!$7!*:K2;*!)'1:0)",:!)/100!
-"77010,)!4$("!U010!040()1$&$1')0-!",)$!(044*W!5,-04*!U010!%0'*310-!'7)01!kS/!3*",:!
.5<9W!5,!a#b!`Q!&"($%$40*!#'*+!'4$,:!U")/!OQQ!&"($%$40*!U010!3*0-W!
;44!10*34)*!10&10*0,)!i!",-0&0,-0,)!6"$4$:"('4!10&4"(')0*G!',-!011$1!6'1*!10&10*0,)!*W0W%W!!

!

!"#$%&'()

*+
',#

-*.

,#
-*.

/
,#

-*.
0

1+
23

',#
-*.

4

04

54

64

74

/44

89
:&

;,'
<=

>

?23&%'"9:&;,
@)0':&;&2"+9,#-*. /

,#-*.'0

. 1

4

04

54

64

74

A(6 A(/6

89
:&

;,'
<=

>

/B4'9#'*C&0DE,F

)44'9#'*C&0DE,F

A(B
F

B

/4

/B

04

0B

A(6
A(/6

'''GHI0F)A
''''''''-* J ':&;"K&%L

*+
',#

-*.

D M

A(5
N

A(/6A(6

*+
',#

-*.

!

"#

"!

89
:&

;,'
<=

89
:&

;,'
<=

>
'''''8O-F4
''''''''-* J ':&;"K&%L

!"#
$%

&'()
*+

#

"#

$#

%#

&#

!#

'()
*+

,-
+.

/(
.0

12
.3

.4
+5

5-
.6

7+
*.

(6
8-

9
:;<

.
)6

(=
*6

5.
>?

@

H

!"#$%&'(
)

*+
',#

-*)
-+

,./
0'

12
,3

4
56

70
56

89

/:

8:

0:

56
0

; <

56
89

=>
?&

@
,'A

B
C

/:

8:

0:

D:

56
70

56
0

'''EF!.
''''-*1'?&@"G&%H

'''''''IJ0/
'K&>L"G"%.@'L%.>,?$2L"+>

'''''''E&M.7N0
''''''5%.>,"&>L'L%.>,O&2L"+>

*+
',#

-*)

*+
',#

-*)

=>?&@,'ABC

! "! #! $! %
!

&!

*56JD'A* 8P) 55C
567('A* 8<<<<C
567:'A* 8<<5 )C
5677'A* 8<<)<C

56J'A* 8<<5 )C
5608'A* 8<<))C
567:'A* 8<<))C
56J:'A* 8<<P)C
56J7'A* 8<<))C
56/:'A* 8<<<5C
560'A* 8<<))C

5670'A* 8<<5<C
56/J'A* 8<<5<C

'56J4'A* 8<<)PC
5689'A* 8<<PPC

!"#$%

&'()*+,--

).//

%#%

$%()0

%%!1+

=>
?&

@
,'A

B
C

&

"!

"&

#!

>! # ! < !

!"#$%&'(
)

*+
',#

-*)
-+

,./
0'

12
,3

4
56

70
56

89

/:

8:

0:

56
0

; <

56
89

=>
?&

@
,'A

B
C

/:

8:

0:

D:

56
70

56
0

'''EF!.
''''-*1'?&@"G&%H

'''''''IJ0/
'K&>L"G"%.@'L%.>,?$2L"+>

'''''''E&M.7N0
''''''5%.>,"&>L'L%.>,O&2L"+>

*+
',#

-*)

*+
',#

-*)

=>?&@,'ABC

! "! #! $! %
!

&!

*56JD'A* 8P) 55C
567('A* 8<<<<C
567:'A* 8<<5 )C
5677'A* 8<<)<C

56J'A* 8<<5 )C
5608'A* 8<<))C
567:'A* 8<<))C
56J:'A* 8<<P)C
56J7'A* 8<<))C
56/:'A* 8<<<5C
560'A* 8<<))C

5670'A* 8<<5<C
56/J'A* 8<<5<C

'56J4'A* 8<<)PC
5689'A* 8<<PPC

!"#$%

&'()*+,--

).//

%#%

$%()0

%%!1+

=>
?&

@
,'A

B
C

&

"!

"&

#!

!"#$%&'(
)

*+
',#

-*)
-+

,./
0'

12
,3

4
56

70
56

89

/:

8:

0:

56
0

; <

56
89

=>
?&

@
,'A

B
C

/:

8:

0:

D:

56
70

56
0

'''EF!.
''''-*1'?&@"G&%H

'''''''IJ0/
'K&>L"G"%.@'L%.>,?$2L"+>

'''''''E&M.7N0
''''''5%.>,"&>L'L%.>,O&2L"+>

*+
',#

-*)

*+
',#

-*)

=>?&@,'ABC

! "! #! $! %
!

&!

*56JD'A* 8P) 55C
567('A* 8<<<<C
567:'A* 8<<5 )C
5677'A* 8<<)<C

56J'A* 8<<5 )C
5608'A* 8<<))C
567:'A* 8<<))C
56J:'A* 8<<P)C
56J7'A* 8<<))C
56/:'A* 8<<<5C
560'A* 8<<))C

5670'A* 8<<5<C
56/J'A* 8<<5<C

'56J4'A* 8<<)PC
5689'A* 8<<PPC

!"#$%

&'()*+,--

).//

%#%

$%()0

%%!1+

=>
?&

@
,'A

B
C

&

"!

"&

#!

; !



! OQj!

K"6$,3(40$&1$)0",!aK2=b!-04"E01?!$7!#'*+!',-!")*!*:K2;!"*!'4*$!3*0734!7$1!

*$%0!:0,$%0!0-")",:!'&&4"(')"$,*G!',-!)/0!:10')01!)1',*"0,(0!$7!#'*+[*!&10*0,(0!(',!

%","%"@0!$77c)'1:0)!0-")",:!a_31"**$"*14:G!SQOjbW!F$10$E01G!*$%0!(044!)?&0*!a0W:W!(01)'",!

"%%3,0!(044*b!'10!10('4(")1',)!)$!<2;!)1',*70()"$,c6'*0-!0-")",:!aB(/3%',,*$"*14:G!

SQOjbW!.$!)0*)!U/0)/01!2%0S#'*+!"*!73,()"$,'4!6?!K2=!-04"E01?G!U0!(4$,0-!hYL"*c

)'::0-!2%0S#'*+!a73*0-!)$!)/100!2MB*b!",)$!'!6'()01"'4!0Y&10**"$,!($,*)13()!',-!

&31"7"0-!)/0!10($%6",',)!&1$)0",G!U/"(/!U0!)/0,!4$'-0-!U")/!.k!K2;!&$4?%01'*0c

)1',*(1"60-!*:K2;*!)'1:0)",:!)/100!&10E"$3*4?!E'4"-')0-!*")0*W!940()1$&$1')"$,!$7!)/0!

2%0S#'*+\*:K2;!($%&40Y!",-3(0-!*3((0**734!0-")",:!')!0'(/!$7!)/0!)/100!)'1:0)!*")0*!

",!L9lS+i.!(044*G!'*!-0)0()0-!6?!.5<9!aC":310!RWh>bW!.$!)0*)!7$1!0-")",:!",!(044*!)/')!

'10!",)1",*"('44?!3,10(0&)"E0!)$!<2;G!U0!3*0-!K2=!040()1$&$1')"$,*!)$!)'1:0)!*0E01'4!

E'4"-')0-!*")0*!",!&1"%'1?!/3%',!-01%'4!7"61$64'*)*!'-34)!(044*!aL<C'b!',-!5FK+Q!43,:!

7"61$64'*)*W!H0!$6*01E0-!0-")",:!')!'44!*")0*!)'1:0)0-!aC":310!RWh#!',-!<bG!*3::0*)",:!

)/')!2%0S#'*+!K2=!($%&40Y!(',!60!3*0-!7$1!0-")",:!",!&1"%'1?!',-!-"77"(34)c)$c

)1',*70()!(044*W!#$440()"E04?!)/0*0!10*34)*!",-"(')0!)/')!2%0S#'*+!(',!60!-04"E010-!

0770()"E04?!E"'!&4'*%"-!$1!40,)"E"13*G!$1!'*!',!K2=!($%&40YG!",!%34)"&40!(044!)?&0*W!

!

!

!

!



! OQh!

KYBYI.0(Z(<:'.!"<.D:+A'A(-.":$.G(.@-().:-.%DDF-&A,"9(-.D%<.8+(B3:-H.

.$!-')0G!7"E0!7'%"4"0*!$7!;(1*!71$%!-"E01*0!6'()01"'4!*&0("0*!/'E0!600,!*/$U,!)$!

",/"6")!2%0O#'*+!.-*/."#&!',-!",!/3%',!(044*!aM00*$"*14:G!SQO`^!='U43A*$"*14:G!SQOhb!

#$,*"-01",:!)/0!/":/!*0I30,(0!"-0,)")?!60)U00,!2%0O#'*+!',-!2%0S#'*+G!U0!

10'*$,0-!)/')!')!40'*)!*$%0!$7!)/0*0!;(1 !7'%"4"0*!*/$34-!",/"6")!2%0S#'*+W!.$!)0*)!)/"*G!

U0!0Y&10**0-!',-!&31"7"0-!'44!7"E0!7'%"4"0*!$7!10($%6",',)!;(1 *G!',-!)0*)0-!

2%0S#'*+[*!'6"4")?!)$!(40'E0!'!)'1:0)!.-*/."#&!",!)/0!&10*0,(0!$7!'!%0%601!$7!0'(/!

7'%"4?!aOQ\O!;(1\#'*+!%$4'1!1')"$bW!H0!3*0-!',!",/"6")$1!7$1!)/0!)?&0!5c9!#K5B=K!

*?*)0%!",!9W!($4"!a;(19Sb!a='U43A!0)!'4WG!SQORb!'*!'!,0:')"E0!($,)1$4G!U/"40!2%0O#'*+!

a='U43A!0)!'4WG!SQOhb!U'*!3*0-!'*!'!&$*")"E0!($,)1$4W!;*!0Y&0()0-G!'44!j!7'%"4"0*!

",/"6")0-!2%0O#'*+G!U/"40!;(19S!7'"40-!)$!-$!*$!aC":310!RWh;G!)$&bW!;(155#O2%0G!

;(1 55#S2%0G!;(155#i2%0G!',-!;(1 55#RL&' !($%&40)04?!",/"6")0-!2%0S#'*+W!B)1"A",:4?G!

/$U0E01G!;(155#jB%3!a)/0!%$*)!&$)0,)!$7!)/0!2%0O#'*+!",/"6")$1*b!-"-!,$)!",/"6")!

2%0S#'*+!.-*/."#&!0E0,!')!'!OQc7$4-!%$4'1!0Y(0**G!*3::0*)",:!)/')!")!4"A04?!",/"6")*!

2%0O#'*+!6?!",)01'()",:!U")/!")*!=5<!aC":310!RWh;G!%"--40bW!.$!731)/01!)0*)!)/"*G!U0!

&017$1%0-!)/0!*'%0!.-*/."#&!(40'E':0!'**'?!$,!)/0!2%0O#'*+P2%0S#'*+!(/"%01'!

o2%0O#'*+!U")/!)/0!=5<!$7!2%0S#'*+!aC":310!RWS>bW!<30!)$!)/0!10-3(0-!'()"E")?!$7!

)/"*!/?61"-G!U0!3*0-!'!fiQY!/":/01!($,(0,)1')"$,!$7!#'*+!)$! '(/"0E0!'!*"%"4'1!(40'E':0!

077"("0,(?!U/"40!%'",)'",",:!)/0!OQ\O!;(1 \#'*+!%$4'1!1')"$W!H0!$6*01E0-!,$!",/"6")"$,!

6?!;(1 55#jB%3!$,!)/"*!&1$)0",!(/"%01'!aC":310!RWh;G!6$))$%bG!&1$E"-",:!731)/01!

0E"-0,(0!)/')!;(1 55#jB%3!4"A04?!",)01'()*!U")/!)/0!=5<!$7!2%0O#'*+W!K0:'1-40**!$7!)/0!



! OQk!

%0(/',"*)"(!6'*"*!7$1!)/0!-"77010,)"'4!",/"6")"$,!6?!;(1 55#jB%3G!$31!10*34)*!",-"(')0!)/')!

2%0S#'*+!"*!*36]0()!)$!",/"6")"$,!6?!)/0!$)/01!7$31!)?&0!55c#!;(1 !7'%"4"0*W!!

>'*0-!$,!$31!.-*/."#&!-')'G!U0!/?&$)/0*"@0-!)/')!;(155#O2%0G!;(155#S2%0G!

;(1 55#i2%0G!',-!;(1 55#RL&' !($34-!60!3*0-!'*!$77c*U")(/0*!7$1!2%0S#'*+!:0,$%0!

0-")",:W!.$!)0*)!)/"*G!U0!&017$1%0-!2%0S#'*+P*:K2;!&4'*%"-!)1',*70()"$,*!",!

L9lS+i.!(044*!a)'1:0)",:!.BOhb!",!)/0!&10*0,(0!$1!'6*0,(0!$7!;(1 !0Y&10**"$,!

&4'*%"-*W!H0!($c)1',*70()0-!OjQ!,:!$7!0'(/!&4'*%"-G!'*!%$*)!;(1*!",/"6")0-!2%0O#'*+!

')!)/$*0!&4'*%"-!1')"$*!a='U43A!0)!'4WG!SQOhbW!;*!0Y&0()0-G!;(1 55#O2%0G!;(155#S2%0G!

;(1 55#i2%0!',-!;(1 55#RL&' !",/"6")0-!2%0S#'*+!:0,$%0!0-")",:G!U/"40!;(155#jB%3!/'-!

,$!0770()!aC":310!RWk>bW!H0!$6*01E0-!($%&40)0!",/"6")"$,!6?!;(1 55#i2%0!',-!

;(1 55#RL&' G!*3::0*)",:!)/')!)/0?!/'E0!/":/!&$)0,(?!':'",*)!2%0S#'*+!($%&'10-!)$!

;(1 55#O2%0!',-!;(1 55#S2%0W!.$!731)/01!($%&'10!)/0!&$)0,(?!$7!;(155#O2%0!',-!

;(1 55#RL&' G!U0!10&0')0-!)/0!0Y&01"%0,)*!')!E'1"$3*!1')"$*!$7!;(1 !&4'*%"-!)$!#'*+!

&4'*%"-!aC":310!RWk#bW!H0!$6*01E0!)/')!)/0!;(155#RL&'!&4'*%"-!"*!0*&0("'44?!&$)0,)!

':'",*)!2%0S#'*+W!.$:0)/01G!)/0*0!-')'!*3::0*)!)/')!*0E01'4! ;(1 !&1$)0",*!(',!60!3*0-!

'*!$77c*U")(/0*!7$1!2%0S#'*+c6'*0-!'&&4"(')"$,*W!



! OQ!̀

!

!
!
!
!
!
!
!
!
!
!
!
!

!
!
!
!

!
!

!
!

7A*@<(.KY_.8+(B3:-H.A-.A$9AGA,().GJ.:.-@G-(,.%D.!"<-!
a;b.N-*/."#&!(40'E':0!'**'?!$7!2%0O#'*+!',-!2%0S#'*+!",!)/0!&10*0,(0!$7!7"E0!
&10E"$3*4?!(/'1'()01"@0-!',)"c#K5B=K!&1$)0",*!aOQ\O!1')"$!$7!;(1\#'*+bW!.$&\!;44!7"E0!
&10E"$3*4?!(/'1'()01"@0-!)?&0!55c#!;(1!7'%"4"0*!",/"6")0-!2%0O#'*+G!'*!0Y&0()0-W!
F"--40\!2%0S#'*+!",/"6")"$,!%"11$1*!)/')!$7!2%0O#'*+G!0Y(0&)!7$1!)/0!4'(A!$7!
",/"6")"$,!6?!;(155#j !2( W!>$))$%G!N-*/."#&!(40'E':0!6?!)/0!2%0O#'*+c2%0S#'*+=5<!
(/"%01'!",!)/0!&10*0,(0!$7!&10E"$3*4?!(/'1'()01"@0-!;(1!&1$)0",*W!
a>b!!80,$%0!0-")",:!",!)/0!&10*0,(0!$7!)/0!7"E0!&10E"$3*4?!-0*(1"60-!',)"c#K5B=K!
7'%"4"0*W!!
a#b!;(1!",/"6")"$,!$7!2%0S#'*+!"*!-$*0c-0&0,-0,)!U")/!-"*)",()!'&&'10,)!&$)0,("0*W!
2%0S#'*+!"*!7344?!",/"6")0-!6?!;(155#O2%0!',-!;(155#RL&'!')!S\O!',-!O\O!%'**!
1')"$*!$7!($)1',*70()0-!;(1!',-!2%0S#'*+!&4'*%"-*G!10*&0()"E04?W!!

!"#$%&'()*+,-
)!"#.%&'(/01

!"#
$%

&
$%

&'(

$%
&))*

( !"#

$%
&)

)*+
!"#

$%
&)

)*,
$%

&
$%

&)
)*-

'"(

!"#
./0

!$

$%
&)

)*1
!"#

%2#&3#4

5+678#)9:

Nme2 PID 

Nme1Cas9

!"#$%&'(
)

*+
'),

%
),%

-.

),%
//0

. !"#

),%
//0

1 !"#

),%
//0

( $%
&

),%
//0

2 '"(

*+
'3

#4
*)

),%
//0

5 !"#

*6&10738

09&7:&;

*+
' )

,% 1<
(

1<
.

1<
1
1=

2<
1

.<
1

1<
(

1<
.

1<
1'

1=
2<

1

5

>

8

1.

12

1?

),%//0 1 !"# ),%//0 ( $%&

0

*6&.0738

1@

.@

5@

(@

/A
;&

93
'B

C
D

*+
'),

%
),%

-.

),%
//0

. !"#

),%
//0

1 !"#

),%
//0

( $%
&

),%
//0

2 '"(

),%
//0

5 !"#

09&7:&;

E

/A
;&

93
'B

C
D

!"#$%&'()*+,-
)!"#.%&'(/01

!"#
$%

&
$%

&'(

$%
&))*

( !"#

$%
&)

)*+
!"#

$%
&)

)*,
$%

&
$%

&)
)*-

'"(

!"#
./0

!$

$%
&)

)*1
!"#

%2#&3#4

5+678#)9:

Nme2 PID 

Nme1Cas9

!"#$%&'(
)

*+
'),

%
),%

-.

),%
//0

. !"#

),%
//0

1 !"#

),%
//0

( $%
&

),%
//0

2 '"(

*+
'3

#4
*)

),%
//0

5 !"#

*6&10738

09&7:&;

*+
' )

,% 1<
(

1<
.

1<
1
1=

2<
1

.<
1

1<
(

1<
.

1<
1'

1=
2<

1

5

>

8

1.

12

1?

),%//0 1 !"# ),%//0 ( $%&

0

*6&.0738

1@

.@

5@

(@

/A
;&

93
'B

C
D

*+
'),

%
),%

-.

),%
//0

. !"#

),%
//0

1 !"#

),%
//0

( $%
&

),%
//0

2 '"(

),%
//0

5 !"#

09&7:&;

E

/A
;&

93
'B

C
D

; !



! OQ+!

KYBYK.8+(B3:-H.A-.9J;(<F:""@<:,(.A$.+:++:'A:$."(''-.

;*!-"*(3**0-!&10E"$3*4?G!2%0O#'*+!-0%$,*)1')0*!10%'1A'640!0-")",:!7"-04")?!",!

(044*!',-!%$3*0!%$-04*G!',-!)/0!*"%"4'1")?!$7!2%0S#'*+!)$!2%0O#'*+!$E01!%$*)!$7!")*!

40,:)/!*3::0*)*!)/')!")!%'?!4"A0U"*0!60!/?&01c'((31')0W!L$U0E01G!)/0!/":/01!,3%601!$7!

*")0*!*'%&40-!",!)/0!:0,$%0!'*!'!10*34)!$7!)/0!-",3(40$)"-0!=;F!($34-!(10')0!%$10!

$&&$1)3,")"0*!7$1!2%0S#'*+!$77c)'1:0)",:!",!($%&'1"*$,!U")/!2%0O#'*+!',-!")*!40**!

710I30,)4?!0,($3,)010-!Rc,3(40$)"-0!=;FW!.$!'**0**!)/0!$77c)'1:0)!&1$7"40!$7!

2%0S#'*+G!U0!3*0-!8D5<9c*0I!a:0,$%0cU"-0G!3,6"'*0-!"-0,)"7"(')"$,!$7!-$3640c

*)1',-0-!610'A*!0,'640-!6?!*0I30,(",:b!)$!"-0,)"7?!&$)0,)"'4!$77c)'1:0)!*")0*!0%&"1"('44?G!

",!',!3,6"'*0-!7'*/"$,!a.*'"*$"*14:G!SQORbW!9E0,!)/0!60*)!$77c)'1:0)!&10-"()"$,!'4:$1")/%*!

'10!&1$,0!)$!7'4*0!,0:')"E0*G!,0(0**")')",:!0%&"1"('4!)'1:0)!*")0!&1$7"4",:!%0)/$-*!a.*'"!

',-!V$3,:G!SQOhbW!8D5<9c*0I!104"0*!$,!)/0!",($1&$1')"$,!$7!-$3640c*)1',-0-!

$4":$-0$Y?,3(40$)"-0*!a-*J<2*b!",)$!<2;!-$3640c*)1',-0-!610'A!*")0*!)/1$3:/$3)!)/0!

:0,$%0W!./0*0!",*01)"$,!*")0*!'10!)/0,!-0)0()0-!6?!'%&4"7"(')"$,!',-!/":/c)/1$3:/&3)!

*0I30,(",:W!!

>0('3*0!B&?#'*+!"*!6?!7'1!)/0!60*)c(/'1'()01"@0-!#'*+!$1)/$4$:G!")!"*!3*0734!7$1!

%34)"&40Y0-!'&&4"(')"$,*!U")/!$)/01!#'*+*G!',-!'*!'!60,(/%'1A!7$1!)/0"1!0-")",:!

&1$&01)"0*!aV"',:!',-!<$3-,'G!SQOkbW!H0!(4$,0-!B&?#'*+!',-!2%0S#'*+!",)$!"-0,)"('4!

&4'*%"-!6'(A6$,0*G!U")/!)/0!*'%0!D.K*G!4",A01*G!2MB*G!',-!&1$%$)01*G!7$1!&'1'4404!

)1',*"0,)!)1',*70()"$,*!a'4$,:!U")/!*"%"4'14?!%')(/0-!*:K2;c0Y&10**",:!&4'*%"-*b!",)$!

L9lS+i.!(044*W!C"1*)G!U0!($,7"1%0-!)/')!)/0!:3"-0*!7$1!B&?#'*+!',-!2%0S#'*+!'10!



! OOQ!

$1)/$:$,'4G!"W0W!)/')!2%0S#'*+!*:K2;*!-$!,$)!-"10()!0-")",:!6?!B&?#'*+G!',-!E"(0!

E01*'!aC":310!RW`#bG!'*!0Y&0()0-!6'*0-!$,!0'14"01!10*34)*!U")/!2%0O#'*+!aC$,7'1'*$"*

14:G!SQORbW20Y)G!)$!0,'640!)/0!3*0!$7!B&?#'*+!'*!'!60,(/%'1A!7$1!8D5<9c*0IG!U0!)$$A!

'-E',)':0!$7!)/0!7'()!)/')!B&?#'*+!',-!2%0S#'*+!/'E0!,$, c$E014'&&",:!=;F*!',-!

(',!)/0107$10!&$)0,)"'44?!0-")!',?!-3'4!*")0!a<Bb!74',A0-!6?!'!j[c2882##ci[!*0I30,(0G!

U/"(/!*"%34)',0$3*4?!7347"44*!)/0!=;F!10I3"10%0,)*!$7!6$)/!aC":310!RW`;bW!./"*!

0,'640*!*"-0c6?c*"-0!($%&'1"*$,*!$7!$77c)'1:0)",:!U")/!:3"-0*!)/')!0-")!)/0!0Y'()!*'%0!

$,c)'1:0)!*")0!aC":310!RW`;bW!H0!)'1:0)0-!S`!<B*!')!%34)"&40!4$("!)/1$3:/$3)!)/0!

:0,$%0!3*",:!&4'*%"-*!0Y&10**",:!0'(/!#'*+!',-!)/0"1!10*&0()"E0!*:K2;*W!!kS!/$31*!

'7)01!&4'*%"-!-04"E01?G!U0!&017$1%0-!.5<9!','4?*"*!$,!)/0!*")0*!)'1:0)0-!6?!0'(/!

,3(40'*0W!2%0S#'*+!",-3(0-!",-04*!')!O+!*")0*G!'460")!')!4$U!077"("0,("0*!avjrb!')!)/100!

$7!)/0%G!U/"40!B&?#'*+!",-3(0-!",-04*!')!Si!$7!)/0!*")0*!aC":310!RW`>G!407)bW!H/"40!

B&?#'*+!"*!3*3'44?!%$10!077"("0,)G!6$)/!0,@?%0*!/'E0!*"%"4'1!077"("0,("0*!')!%$*)!*")0*!

aC":310!RW`>G!1":/)bW!!

C$1!8D5<9c*0IG!U0!*040()0-!<BSG!<BR!',-!<Bh!)$!*'%&40!$77c)'1:0)!(40'E':0!

U")/!2%0S#'*+!:3"-0*!)/')!-"10()!$,c)'1:0)!0-")",:!'*!077"("0,)4?G!40**!077"("0,)4?G!$1!

%$10!077"("0,)4?!)/',!)/0!($110*&$,-",:!B&?#'*+!:3"-0*G!10*&0()"E04?!aC":310!RW+;bW!5,!

'--")"$,!)$!)/0!)/100!-3'4!*")0*G!U0!'--0-!$,0!$7!)/0!%$*)!077"("0,)4?!0-")0-!2%0S#'*+!

)'1:0)!*")0*!a.BhG!U")/!iQcjQr!",-04!077"("0,(?!-0&0,-",:!$,!)/0!(044!)?&0^!*00!C":310!

RWj!',-!RWhbG!'4$,:!U")/!)/0!%$3*0!=(*A+!',-!K$*'Sh!2%0S#'*+!*")0*!aC":310!RWh;bW!

H0!&017$1%0-!&4'*%"-!)1',*70()"$,*!$7!0'(/!#'*+!'4$,:!U")/!)/0"1!($:,')0!*:K2;*!

',-!)/0!-*J<2*G!',-!&10&'10-!8D5<9c*0I!4"61'1"0*W!8D5<9c*0I!','4?*"*!a.*'"*$"*14:G!



! OOO!

SQOR^!_/3*$"*14:G!SQOkb!10E0'40-!077"("0,)!$,c)'1:0)!0-")",:!7$1!6$)/!#'*+!$1)/$4$:*!

aC":310!RW+>bG!U")/!104')"E0!077"("0,("0*!a'*!10740()0-!6?!8D5<9c*0I!10'-!($3,)*b!)/')!

'10!*"%"4'1!)$!)/$*0!$6*01E0-!6?!.5<9W!C$1!$77c)'1:0)!"-0,)"7"(')"$,G!)/0!','4?*"*!

10E0'40-!)/')!)/0!<BSG!<BRG!',-!<Bh!B&?#'*+!*:K2;*!'&&0'10-!)$!-"10()!0-")",:!')!+iG!

OQG!',-!OO`!(',-"-')0!$77c)'1:0)!*")0*G!10*&0()"E04?G!",!)/0!,$1%'4!1',:0!$7!$77c)'1:0)*!

U/0,!&4'*%"-c6'*0-!B&?#'*+!0-")",:!"*!','4?@0-!6?!8D5<9c*0I!aC3*$"*14:G!SQORbW!5,!

*)1"A",:!($,)1'*)G!)/0!<BSG!<BRG!',-!<Bh!2%0S#'*+!*:K2;*!'&&0'10-!)$!-"10()!0-")",:!

')!OG!QG!',-!O!$77c)'1:0)!*")0*G!10*&0()"E04?!aC":310!RW+#bW!H/0,!($%&'10-!)$!)/0!

8D5<9c*0I!10'-!($3,)*!7$1!)/0!B&?#'*+!$77c)'1:0)*!aC":310!RW+<bG!)/$*0!$7!2%0S#'*+!

U010!E01?!4$U!aC":310!RW+9bG!731)/01!*3::0*)",:!)/')!2%0S#'*+!"*!/":/4?!*&0("7"(W!

2%0S#'*+!8D5<9c*0I!','4?*0*!U")/!)/0!.BhG!=(*A+G!',-!K$*'Sh!?"04-0-!*"%"4'1!

10*34)*!aQG!QG!',-!O!$77c)'1:0)!*")0*G!10*&0()"E04?G!U")/!'!%$-0*)!10'-!($3,)!7$1!)/0!

K$*'ShcJ.O!$77c)'1:0)!*")0b!aC":310!RW+#!',-!9bW!!!

!

!

!

!



! OOS!

!

!

!

!

!

!

!

!

!

7A*@<(.KY`.3%+;:<A$*.,9(.(DDA"A($"A(-.%D.8+(B3:-H.:$).0;J3:-H!
a;b!B(/0%')"(!-0&"()",:!-3'4!*")0*!a<B*b!)'1:0)'640!6?!6$)/!B&?#'*+!',-!2%0S#'*+!!
a>b!2%0S#'*+!',-!B&?#'*+!077"("0,("0*!E'1?!6'*0-!$,!)/0!4$(3*!',-!)'1:0)!*")0W!>$Yc
',-cU/"*A01!&4$)*!",-"(')0!0-")",:!077"("0,("0*!')!S`!-3'4!*")0*!6?!2%0S#'*+!',-!
B&?#'*+!a407)bW!./0!*")0*!)/')!*/$U0-!,$!0-")",:!U010!0Y(43-0-!71$%!)/0!','4?*"*W!
K04')"E0!077"("0,("0*!$7!2%0S#'*+!',-!B&?#'*+!*/$U!)/')!2%0S#'*+!"*G!$,!'E01':0G!
40**!077"("0,)!)/',!B&?#'*+!a1":/)bW!9-")",:!077"("0,("0*!6?!6$)/!#'*+!$1)/$4$:*!')!'44!S`!
*")0*!U010!",(43-0-!",!)/0!','4?*"*!$7!104')"E0!077"("0,("0*!$,!)/0!1":/)W!!
a#b!2%0S#'*+!',-!B&?#'*+!:3"-0*!'10!$1)/$:$,'4W!

!

!"#$%&'($)*+",)-'&%-).'&/)01%23"-4)"(*)5673"-4

Figure 5
A

!

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

"

D

0

01

011

23
-%

45
67

8

95
+:

;<

.!0
=;

>%
?

.!0
=!

"@

.!?
=;

>%
?

.!?
=!

"@

.!A
=;

>%
?

.!A
=!

"@

.!B
=;

>%
?

.!B
=!

"@

.!C
=;

>%
?

.!C
=!

"@

.!D
=;

>%
?

.!D
=!

"@

E$5
FG

:(5
#?

D

1

C1

011

0C1

;H
>I

%
)&

('&
(''

9,
#)

+%
,&

5J
,%

5

#

$%

& #& #

##'

& & #

()*+,-./01. 23).1-./01.

.!?
=;

>%
?

.!?
=!

"@

.!B
=;

>%
?

.!B
=!

"@

.!D
=;

>%
?

.!D
=!

"@ *!D

! " " " " " " " " " " " " " " " " " "
#" " "

" " "

" " "

" "" ! !
" " "" " "" " "" " "" " "" " ""#$%

$%

&%

&% !

#

!

#

"

"

"

" ""#

! " " "

" " "" " "" " "" " "" " "" " ""#" "#$%
4)+5-./01-6478-9:2

'
'

"

7;< =*1>

'

#

; !

>!

!"#$ !"%$ !"&$

'()
#$

*+
,'-

"./
$"

+,
'-

'()
#$

*+
,'-

"./
$*

+,
'-

!

"#

"!

$%
&

'()
*+

,-

'()#01*2 "./01*2

A
Figure S5

C

B

!"#
3'(

)#
!"#

3"
./

!"%
3'(

)#
!"%

3"
./

!"&
3'(

)#
!"&

3"
./

"#

"##

"###

.'/
&

*0
12

3'

456718+)7$8)19*

E
'()#01*2$:56718+)7$;*$:<<6718+)7*$=0,>"?,"))@A

# "# 4# 5# 6# !#

!"#$%&"&' "&&&&&"&&&&'&&&%"&&"&%&&&%
!"($&"%"%&&"&"&"&&&&'&&&""&&'&'&&&"
!")$&"%&&"&&&"&"%&&&'&&&%"&&""&&&'&
!"*$""%"&"&&&"%"&&&&'&&&%"&&&&""&'%

!+$%"%"%"&&&"&"&&&&'&&&%"&&&"%"&&%

!"($&'&'&'&'&'&'&'&'%'&'&'&'&'&&&&
!")$&"&&&"&'&'&'&'&'%'&'&'&'&&"&&&
!"*$&'&'&'&'&&&'&'&'%'&'&'&&&&&&&&

!+$&"&'&"&'&&&'&'&'%'&'&'&'&%"&&"

$%&'() *+, -

704!

7068

!"#
34

'

!"#
34

BC

!"&
34

'

!"&
34

BC

!"#
$3

45

!"#
$3

4B
C

"#

"##

"###

"####

.'/
&

*0
12

3'

'()#01*2$:56718+ )7$;*$:<<6718+)7$,)19 *

"#

"##

"### "./01*2$:56718+ )7$;*$:<<6718+)7$,)19 *
D

9:;

%%

D%E

C#
#%

%FG
CCDE

# !



! OOi!

.$!E'4"-')0!)/0!$77c)'1:0)!*")0*!-0)0()0-!6?!8D5<9c*0IG!U0!&017$1%0-!)'1:0)0-!

-00&!*0I30,(",:!)$!%0'*310!",-04!7$1%')"$,!')!)/0!)$&!$77c)'1:0)!4$("!7$44$U",:!

8D5<9c*0Ic",-0&0,-0,)!0-")",:!a"W0W!U")/$3)!($c)1',*70()"$,!$7!)/0!-*J<2bW!H/"40!

B&?#'*+!*/$U0-!($,*"-01'640!0-")",:!')!%$*)!$77c)'1:0)!*")0*!)0*)0-!a",!*$%0!",*)',(0*G!

%$10!077"("0,)!)/',!)/')!')!)/0!($110*&$,-",:!$, c)'1:0)!*")0bG!2%0S#'*+!0Y/"6")0-!,$!

-0)0()'640!",-04*!')!)/0!4$,0!<BS!',-!<Bh!(',-"-')0!$77 c)'1:0)!*")0*!aC":310!RWOQ;bW!

H")/!)/0!K$*'Sh!*:K2;G!2%0S#'*+!",-3(0-!fOr!0-")",:!')!)/0!K$*'Sh cJ.O!*")0!",!

L0&'Och!(044*G!($%&'10-!)$!fiQr!$,c)'1:0)!0-")",:!aC":310!RWOQ;bW!5)!"*!,$)0U$1)/?!

)/')!)/"*!$77c)'1:0)!*")0!/'*!'!($,*0,*3*!2%0S#'*+!=;F!a;#.###.b!U")/!$,4?!i!

%"*%')(/0*!')!)/0!=;Fc-"*)'4!0,-!$7!)/0!:3"-0c($%&40%0,)'1?!10:"$,!a"W0W!$3)*"-0!$7!

)/0!*00-b!aC":310!RWOQ>bW!./0*0!-')'!*3&&$1)!',-!10",7$1(0!$31!8D5<9c*0I!10*34)*!

",-"(')",:!'!/":/!-0:100!$7!'((31'(?!7$1!2%0S#'*+!:0,$%0!0-")",:!",!%'%%'4"',!

(044*W!

!

!

!

!

!

!



! OOR!

!

!

!

!

!

!

!

!

!

!

; !

!"#$ !"%$ !"&$

'()
#$

*+
,'-

"./
$"

+,
'-

'()
#$

*+
,'-

"./
$*

+,
'-

!

"#

"!

$%
&

'()
*+

,-

'()#01*2 "./01*2

A
Figure S5

C

B

!"#
3'(

)#
!"#

3"
./

!"%
3'(

)#
!"%

3"
./

!"&
3'(

)#
!"&

3"
./

"#

"##

"###
.'/

&
*0

12
3'

456718+)7$8)19*

E
'()#01*2$:56718+)7$;*$:<<6718+)7*$=0,>"?,"))@A

# "# 4# 5# 6# !#

!"#$%&"&' "&&&&&"&&&&'&&&%"&&"&%&&&%
!"($&"%"%&&"&"&"&&&&'&&&""&&'&'&&&"
!")$&"%&&"&&&"&"%&&&'&&&%"&&""&&&'&
!"*$""%"&"&&&"%"&&&&'&&&%"&&&&""&'%

!+$%"%"%"&&&"&"&&&&'&&&%"&&&"%"&&%

!"($&'&'&'&'&'&'&'&'%'&'&'&'&'&&&&
!")$&"&&&"&'&'&'&'&'%'&'&'&'&&"&&&
!"*$&'&'&'&'&&&'&'&'%'&'&'&&&&&&&&

!+$&"&'&"&'&&&'&'&'%'&'&'&'&%"&&"

$%&'() *+, -

704!

7068

!"#
34

'

!"#
34

BC

!"&
34

'

!"&
34

BC

!"#
$3

45

!"#
$3

4B
C

"#

"##

"###

"####

.'/
&

*0
12

3'

'()#01*2$:56718+ )7$;*$:<<6718+)7$,)19 *

"#

"##

"### "./01*2$:56718+ )7$;*$:<<6718+)7$,)19 *
D

9:;

%%

D%E

C#
#%

%FG
CCDE

>!

!"#$ !"%$ !"&$

'()
#$

*+
,'-

"./
$"

+,
'-

'()
#$

*+
,'-

"./
$*

+,
'-

!

"#

"!

$%
&

'()
*+

,-

'()#01*2 "./01*2

A
Figure S5

C

B

!"#
3'(

)#
!"#

3"
./

!"%
3'(

)#
!"%

3"
./

!"&
3'(

)#
!"&

3"
./

"#

"##

"###

.'/
&

*0
12

3'

456718+)7$8)19*

E
'()#01*2$:56718+)7$;*$:<<6718+)7*$=0,>"?,"))@A

# "# 4# 5# 6# !#

!"#$%&"&' "&&&&&"&&&&'&&&%"&&"&%&&&%
!"($&"%"%&&"&"&"&&&&'&&&""&&'&'&&&"
!")$&"%&&"&&&"&"%&&&'&&&%"&&""&&&'&
!"*$""%"&"&&&"%"&&&&'&&&%"&&&&""&'%

!+$%"%"%"&&&"&"&&&&'&&&%"&&&"%"&&%

!"($&'&'&'&'&'&'&'&'%'&'&'&'&'&&&&
!")$&"&&&"&'&'&'&'&'%'&'&'&'&&"&&&
!"*$&'&'&'&'&&&'&'&'%'&'&'&&&&&&&&

!+$&"&'&"&'&&&'&'&'%'&'&'&'&%"&&"

$%&'() *+, -

704!

7068

!"#
34

'

!"#
34

BC

!"&
34

'

!"&
34

BC

!"#
$3

45

!"#
$3

4B
C

"#

"##

"###

"####

.'/
&

*0
12

3'

'()#01*2$:56718+ )7$;*$:<<6718+)7$,)19 *

"#

"##

"### "./01*2$:56718+ )7$;*$:<<6718+)7$,)19 *
D

9:;

%%

D%E

C#
#%

%FG
CCDE

#!

< ! 9!

!



! OOj!

7A*@<(.KYH.8+(B3:-H.A-.9A*9'J.:""@<:,(.A$.9@+:$."(''-!
a;b!<BSG!<BR!',-!<Bh!U010!*040()0-!7$1!8D5<9cB0I!','4?*"*!'*!2%0S#'*+!U'*!
0I3'44?!077"("0,)G!40**!077"("0,)!',-!%$10!077"("0,)!)/',!B&?#'*+G!10*&0()"E04?G!')!
)/0*0!*")0*W!
a>b.2%0S#'*+!',-!B&?#'*+!0Y/"6")!($%&'1'640!$,c)'1:0)!0-")",:!077"("0,("0*!'*!
'**0**0-!6?!8D5<9c*0IW!>'1*!",-"(')0!$,c)'1:0)!10'-!($3,)*!71$%!8D5<9cB0I!')!)/0!
)/100!-3'4!*")0*!)'1:0)0-!6?!0'(/!$1)/$4$:W!J1',:0!6'1*!10&10*0,)!2%0S#'*+!',-!64'(A!
6'1*!10&10*0,)!B&?#'*+W.
a#b!23%601*!$7!$77c)'1:0)!*")0*!-0)0()0-!6?!8D5<9cB0I!7$1!0'(/!,3(40'*0!')!
",-"E"-3'4!)'1:0)!*")0*!'10!*/$U,W!5,!'--")"$,!)$!-3'4!*")0*G!U0!','4?@0-!.Bh!a60('3*0!
$7!")*!/":/!$,c)'1:0)!0-")",:!077"("0,(?b!',-! D')OT!',-! =&)1PU!*")0*!",!%$3*0!L0&'Oc
h!(044*!a)$!%0'*310!'((31'(?!",!',$)/01!(044!)?&0bW.
a#b.B&?#'*+[*!$,c)'1:0)!E*W!$77c)'1:0)!10'-!($3,)*!7$1!0'(/!*")0W!J1',:0!6'1*!10&10*0,)!
)/0!$,c)'1:0)!10'-*!U/"40!64'(A!6'1*!10&10*0,)!$77c)'1:0)*W..
a<b.2%0S#'*+[*.$,c)'1:0)!E*W!$77c)'1:0)!10'-*!7$1!0'(/!*")0W!!
!

!

!

!

!

!

!

!

!

!



! OOh!

.$!731)/01!($11$6$1')0!$31!8D5<9cB0I!10*34)*G!U0!3*0-!#K5B=K*00A!a_/3*$"*

14:G!SQORb!)$!($%&3)')"$,'44?!&10-"()!&$)0,)"'4!$77c)'1:0)!*")0*!7$1!)U$!$7!$31!%$*)!'()"E0!

2%0S#'*+!*:K2;*!a)'1:0)",:!.BSj!',-!.BRkG!6$)/!$7!U/"(/!'10!'4*$!",!Z98C; bW!H0!

*040()0-!)/100!a.BSjb!$1!7$31!a.BRkb!$7!)/0!%$*)!(4$*04?!%')(/0-!&10-"()0-!*")0*G!7"E0!

U")/!2 R##!=;F*!',-!)U$!U")/!2R#;!=;F*^!0'(/!/'-!Scj!%"*%')(/0*G!%$*)4?!",!

)/0"1!=;Fc-"*)'4G!,$,c*00-!10:"$,*!aC":310!RWOQ#bW!H0!)/0,!($%&'10-!$,c!E*W!$77c

)'1:0)!0-")",:!a'7)01!2%0S#'*+z*:K2;!&4'*%"-!)1',*70()"$,*! ",)$!L9lS+i.!(044*b!6?!

)'1:0)0-!'%&4"7"(')"$,!$7!0'(/!4$(3*G!7$44$U0-!6?!.5<9!','4?*"*W!#$,*"*)0,)4?G!,$!

",-04*!($34-!60!-0)0()0-!')!)/$*0!$77c)'1:0)!*")0*!7$1!0")/01!*:K2;!6?!.5<9G!U/"40!

077"("0,)!$,c)'1:0)!0-")",:!U'*!10'-"4?!-0)0()0-!",!<2;!71$%!)/0!*'%0!&$&34')"$,*!$7!

(044*W!.'A0,!)$:0)/01G!$31!-')'!",-"(')0!)/')!2%0S#'*+!"*!'!,')31'44?!/?&01c'((31')0!

:0,$%0!0-")",:!&4')7$1%!",!%'%%'4"',!(044*W!

!

!

.



! OOk!

.

.

.

.

.

.

.

7A*@<(.KY=a.U((; F-(]@($"A$*.:$).32?0E20((#."%$DA<+.8+(B3:-Hb-.:""@<:"J!
a;b!.'1:0)0-!-00&!*0I30,(",:!)$!-0)0()!",-04*!",!0-")0-!(044*!($,7"1%*!)/0!/":/!
2%0S#'*+!'((31'(?!",-"(')0-!6?! 8D5<9 c*0IW!!
a>b!B0I30,(0!7$1!)/0!E'4"-')0-!$77c)'1:0)!*")0!$7!)/0!=&)1PU!:3"-0G!*/$U",:!)/0!=;F!
10:"$,!a3,-014",0-bG!)/0!($,*0,*3*!##!=;F!-",3(40$)"-0!a6$4-bG!',-!)/100!
%"*%')(/0*!",!)/0!=;F c-"*)'4!&$1)"$,!$7!)/0!*&'(01!a10-bW!
a#b!>'1!:1'&/*!*/$U",:!",-04!077"("0,("0*!a%0'*310-!6?!.5<9b!')!&$)0,)"'4!$77c)'1:0)!
*")0*!&10-"()0-!6?!#K5B=KB00AW!J,c!',-!$77c)'1:0)!*")0!*0I30,(0*!'10!*/$U,!$,!)/0!407)G!
U")/!)/0!=;F!10:"$,!3,-014",0-!',-!*:K2;!%"*%')(/0*!',-!,$,c($,*0,*3*!=;F!
,3(40$)"-0*!:"E0,!",!10-W!

!"#$ !"%$ !"&$

'()
#$

*+
,'-

"./
$"

+,
'-

'()
#$

*+
,'-

"./
$*

+,
'-

!

"#

"!

$%
&

'()
*+

,-

'()#01*2 "./01*2

A
Figure S5

C

B

!"#
3'(

)#
!"#

3"
./

!"%
3'(

)#
!"%

3"
./

!"&
3'(

)#
!"&

3"
./

"#

"##

"###

.'/
&

*0
12

3'

456718+)7$8)19*

E
'()#01*2$:56718+)7$;*$:<<6718+)7*$=0,>"?,"))@A

# "# 4# 5# 6# !#

!"#$%&"&' "&&&&&"&&&&'&&&%"&&"&%&&&%
!"($&"%"%&&"&"&"&&&&'&&&""&&'&'&&&"
!")$&"%&&"&&&"&"%&&&'&&&%"&&""&&&'&
!"*$""%"&"&&&"%"&&&&'&&&%"&&&&""&'%

!+$%"%"%"&&&"&"&&&&'&&&%"&&&"%"&&%

!"($&'&'&'&'&'&'&'&'%'&'&'&'&'&&&&
!")$&"&&&"&'&'&'&'&'%'&'&'&'&&"&&&
!"*$&'&'&'&'&&&'&'&'%'&'&'&&&&&&&&

!+$&"&'&"&'&&&'&'&'%'&'&'&'&%"&&"

$%&'() *+, -

704!

7068

!"#
34

'

!"#
34

BC

!"&
34

'

!"&
34

BC

!"#
$3

45

!"#
$3

4B
C

"#

"##

"###

"####

.'/
&

*0
12

3'

'()#01*2$:56718+ )7$;*$:<<6718+)7$,)19 *

"#

"##

"### "./01*2$:56718+ )7$;*$:<<6718+)7$,)19 *
D

9:;

%%

D%E

C#
#%

%FG
CCDE

; !

>!

# !



! OO!̀

KYBYN.8+(B3:-H.A-.D@$",A%$:'.!"#$!$%.:$).(Q.ZAZ%.GJ.:''FA$F%$(.!!S.)('AZ(<J.

./0!($%&'()!*"@0G!*%'44!=;FG!',-!/":/!7"-04")?!$7!2%0S#'*+!$7701!%']$1!

'-E',)':0*!7$1!.-*/./&!:0,$%0!0-")",:!3*",:!;;ZW!.$!)0*)!U/0)/01!0770()"E0!2%0S#'*+!

:0,$%0!0-")",:!(',!60!'(/"0E0-!E"'!*",:40c;;Z!-04"E01?G!U0!(4$,0-!2%0S#'*+!U")/!

")*!*:K2;!',-!)/0"1!&1$%$)01*!aDO'!',-!DhG!10*&0()"E04?b!",)$!',!;;Z!E0()$1!

6'(A6$,0!aRWOO;bW!H0!)/0,!&'(A':0-!)/"*!'44c",c$,0!;;ZW*:K2;W2%0S#'*+!",)$!'!

/0&')$)1$&"(!;;Z`!('&*"-!)$!)'1:0)!)U$!:0,0*!",!)/0!%$3*0!4"E01\!K$*'Sh!a'!($%%$,4?!

3*0-!*'70!/'16$1!4$(3*!7$1!)1',*:0,0!",*01)"$,b!'*!'!,0:')"E0!($,)1$4!aC1"0-1"(/!',-!

B$1"',$G!O++ObG!',-!=(*A+G!'!%']$1!10:34')$1!$7!("1(34')",:!(/$40*)01$4!/$%0$*)'*"*!'*!'!

&/0,$)?&"(!)'1:0)!aK'*/"-*$"*14:G!SQQjbW!B'3#'*+c!$1!2%0O#'*+c",-3(0-!",-04*!",!

=(*A+!",!)/0!%$3*0!4"E01!10*34)*!",!10-3(0-!(/$40*)01$4!40E04*G!&1$E"-",:!'!3*0734!',-!

0'*?c)$c*($10!.-*/./&!60,(/%'1A!7$1!,0U!0-")",:!&4')7$1%*!aK',*$"*14:G!SQOj^!561'/0"%*

$"*14:G!SQO`6bW!./0!2%0S#'*+!:3"-0*!U010!)/0!*'%0!'*!)/$*0!3*0-!'6$E0!aC":310!RWh;b^!

60('3*0!K$*'ShcJ.O!U'*!)/0!$,4?!2%0S#'*+!$77c)'1:0)!*")0!)/')!U0!U010!'640!)$!

E'4"-')0!",!(34)310-!%'%%'4"',!(044*!aC":310!RWOQ;!',-!>bG!)/0!K$*'Sh!:3"-0!'4*$!

&1$E"-0-!3*!U")/!',!$&&$1)3,")?!)$!'**0**!$,c!E*W!$77c)'1:0)!0-")",:!.-*/./&W!!

./0!)'"4!E0",*!$7!)U$!:1$3&*!$7!%"(0!a,!ƒ!jb!U010!",]0()0-!U")/!R!Y!OQOO!

;;Z`W*:K2;W2%0S#'*+!:0,$%0!($&"0*!a8#*b!)'1:0)",:!0")/01!=(*A+!$1!K$*'ShW!

B013%!U'*!($440()0-!')!QG!OR!',-!S`!-'?*!&$*)c",]0()"$,!7$1!(/$40*)01$4!40E04!

%0'*310%0,)W!F"(0!U010!*'(1"7"(0-!')!S`!-'?*!&$*)c",]0()"$,!',-!4"E01!)"**30*!U010!

/'1E0*)0-!aC":310!RWOO;bW!.'1:0)0-!-00&!*0I30,(",:!$7!0'(/!4$(3*!10E0'40-!fi`r!',-!



! OO+!

fRhr!",-04!",-3()"$,!')!)/0!=(*A+!',-!K$*'Sh!0-")",:!*")0*G!10*&0()"E04?G!",!)/0!4"E01!

aC":310!RWOO>bW!>0('3*0!/0&')$(?)0*!($,*)")3)0!$,4?!hjckQr!$7!)$)'4!(04434'1!($,)0,)!",!

)/0!'-34)!4"E01!aK'(',044"!',-!K0/01%',,G!SQQhbG!2%0S#'*+!;;Zc",-3(0-!/0&')$(?)0!

0-")",:!077"("0,("0*!U")/!*:=(*A+!',-!*:K$*'!U010!'&&1$Y"%')04?!jRcj`r!',-!hhckOrG!

10*&0()"E04?W!H0!-0)0()0-!$,4?!SWSjr!4"E01!",-04*!$E01'44!aficiWjr!",!/0&')$(?)0*b!')!

)/0!K$*'ShcJ.O!$77c)'1:0)!*")0!aC":310!RWOO>bG!($%&'1'640!)$!)/0!Or!0-")",:!)/')!U0!

$6*01E0-!')!)/"*!*")0!",!)1',*70()0-!L0&'Och!(044*!aC":310!RWh;bW!;)!6$)/!OR!',-!S`!-'?*!

&$*)c",]0()"$,G!=(*A+!0-")",:!U'*!'(($%&',"0-!6?!'!fRRr!10-3()"$,!",!*013%!

(/$40*)01$4!40E04*G!U/010'*!%"(0!)10')0-!U")/!)/0!*:K$*'Shc0Y&10**",:!;;Z!

%'",)'",0-!,$1%'4!40E04!$7!(/$40*)01$4!)/1$3:/$3)!)/0!*)3-?!aC":310!RWOO#bW!./0!fRRr!

10-3()"$,!",!*013%!(/$40*)01$4!",!)/0!2%0S#'*+P*:=(*A+!;;Zc)10')0-!%"(0!($%&'10*!

U044!U")/!)/0!fRQr!10-3()"$,!10&$1)0-!U")/!B'3#'*+!'44c",c$,0!;;Z!U/0,!)'1:0)",:!

)/0!*'%0!:0,0!aK',!0)!'4WG!SQOjbW!H0!,0Y)!&017$1%0-!H0*)01,!64$))",:!3*",:!',!',)"c

=#Bl+!',)"6$-?!)$!0*)"%')0!=#Bl+!&1$)0",!40E04*!",!)/0!4"E01*!$7!%"(0!)10')0-!U")/!

*:=(*A+!',-!*:K$*'ShW!M"E01!=#Bl+!U'*!604$U!)/0!-0)0()"$,!4"%")!",!%"(0!)10')0-!

U")/!*:=(*A+G!U/010'*!*:K$*'Shc)10')0-!%"(0!0Y/"6")0-!,$1%'4!40E04*!$7!=#Bl+!

aC":310!RWOO<bW!C",'44?G!/0%')$Y?4",!',-!0$*",!aLq9b!*)'",",:!',-!/"*)$4$:?!10E0'40-!

,$!*":,*!$7!)$Y"(")?!$1!)"**30!-'%':0!",!0")/01!:1$3&!'7)01!2%0S#'*+!0Y&10**"$,!

aC":310!RWOO9bW!./0*0!-')'!E'4"-')0!2%0S#'*+!'*!'!/":/4?!0770()"E0!:0,$%0!0-")",:!

*?*)0%!.-*/./&G!",(43-",:!U/0,!-04"E010-!6?!*",:40!c;;Z!E0()$1*W!



! OSQ!

!

!

!"#$%&'()
*

+
,#!"#$-),#%&#'.

,#!"#$-),#%&#'.

/*012

03(4.
5678$%&9

:

%
;0

3(
4.< !

9!



! OSO!

7A*@<(.KY==.!''FA$F%$(.!!S.)('AZ(<J.%D.8+(B3:-H.!"#$!$%!
a;b.H$1A74$U!7$1!-04"E01?!$7!;;Z`W*:K2;W2%0S#'*+!)$!4$U01!(/$40*)01$4!40E04*!",!
%"(0!6?!)'1:0)",:!D')OTW!.$&\!*(/0%')"(!$7!)/0!'44c",c$,0!;;Z!E0()$1!0Y&10**",:!
2%0S#'*+!',-!)/0!*:K2;!a",-"E"-3'4!:0,$%0!040%0,)*!,$)!)$!*('40bW!>8LG!6$E",0!
:1$U)/!/$1%$,0!&$4?a;b!*")0^!L;G!0&")$&0!)':^!2MBG!,3(40'1!4$('4"@')"$,!*0I30,(0^!/G!
/3%',c($-$,c$&)"%"@0-W!>$))$%\!."%04",0!7$1!;;Z`W*:K2;W2%0S#'*+!)'"4cE0",!
",]0()"$,*!aR!Y!OQOO!8#*bG!7$44$U0-!6?!(/$40*)01$4!%0'*310%0,)*!')!-'?!OR!',-!",-04G!
/"*)$4$:?!',-!(/$40*)01$4!','4?*0*!')!-'?!S`!&$*)c",]0()"$,W..
a>b..5<9!','4?*"*!)$!%0'*310!",-04*!",!<2;!0Y)1'()0-!71$%!4"E01*!$7!%"(0!",]0()0-!
U")/!;;Z`W2%0S#'*+z*:K2;!)'1:0)",:!D')OT !',-!=&)1PU!a($,)1$4b!4$("W!!5,-04!
077"("0,("0*!')!)/0!4$,0!$77c)'1:0)!*")0!"-0,)"7"0-!6?!8D5<9c*0I!7$1!)/0*0!)U$!*:K2;*!
aK$*'Sh„J.Ob!U010!'4*$!'**0**0-!6?!.5<9W..
a#b.K0-3(0-!*013%!(/$40*)01$4!40E04*!",!%"(0!",]0()0-!U")/!)/0!D')OTc)'1:0)",:!:3"-0!
($%&'10-!)$!)/0!=&)1PUc)'1:0)",:!($,)1$4*W.D.E'430*!'10!('4(34')0-!6?!3,&'"10-!)U$c
)'"40-!)c)0*)W!!
a<b.H0*)01,!64$))",:!3*",:!',)"c=#Bl+!',)"6$-?!10E0'4*!*)1$,:4?!10-3(0-!40E04*!$7!
=#Bl+!",!)/0!4"E01*!$7!%"(0!)10')0-!U")/!*:D')OTG!($%&'10-!)$!%"(0!)10')0-!U")/!
*:=&)1PU:*S,:!$7!10($%6",',)!=#Bl+!U'*!3*0-!'*!'!%$6"4")?!*)',-'1-!a407)c%$*)!4',0bG!
',-!'!(1$**c10'()",:!6',-!",!)/0!4"E01!*'%&40*!"*!",-"(')0-!6?!',!'*)01"*AW!8;=<L!U'*!
3*0-!'*!4$'-",:!($,)1$4!a6$))$%!&',04bW!!
a9b!Lq9!*)'",",:!71$%!4"E01*!$7!%"(0!",]0()0-!U")/!;;Z̀W2%0S#'*+z*:=&)1PU!a407)b!
$1!;;Z`W2%0S#'*+z*:D')OT !a1":/)b!E0()$1*W!B('40!6'1*G!Sj!3%W.

!

!

!

!

!

!

!



! OSS!

;;Z!E0()$1*!/'E0!10(0,)4?!600,!3*0-!7$1!)/0!:0,01')"$,!$7!:0,$%0c0-")0-!%"(0G!

U")/$3)!)/0!,00-!7$1!%"(1$",]0()"$,!$1!040()1$&$1')"$,G!*"%&4?!6?!*$'A",:!)/0!@?:$)0*!",!

(34)310!%0-"3%!($,)'",",:!;;Z!E0()$1a*bG!7$44$U0-!6?!10"%&4',)')"$,!",)$!

&*03-$&10:,',)!70%'40*!aN$$,*$"*14:G!SQO`bW!9-")",:!U'*!$6)'",0-!&10E"$3*4?!U")/!'!

-3'4c;;Z!*?*)0%!",!U/"(/!B&?#'*+!',-!")*!*:K2;!U010!-04"E010-!",!*0&'1')0!E0()$1*!

aN$$,!0)!'4WG!SQO`bW!.$!)0*)!U/0)/01!2%0S#'*+!($34-!0,'640!'((31')0!',-!077"("0,)!

0-")",:!",!%$3*0!@?:$)0*!U")/!',!'44c",c$,0!;;Z!-04"E01?!*?*)0%G!U0!)'1:0)0-!

.?1$*",'*0!a.?1bG!6"c'4404"(!",'()"E')"$,!$7!U/"(/!-"*13&)*!%04',",!&1$-3()"$,G!10*34)",:!

",!'46",$!&3&*!aN$A$?'%'*$"*14:G!O++QbW!H0!7"1*)!E'4"-')0-!',!077"("0,)!.?1!*:K2;!

aU/"(/!(40'E0*!)/0!.?1!4$(3*!$,4?!Ok!6&!71$%!)/0!*")0!$7!)/0!(4'**"(!'46",$!%3)')"$,b!",!

L0&'Och!(044*!6?!)1',*"0,)!)1',*70()"$,*!aC":310!RWOS;bW!20Y)G!U0!",(36')0-!

#jk>MPh2V!@?:$)0*!7$1!jch!/$31*!",!(34)310!%0-"3%!($,)'",",:!iYOQ+!$1!iYOQ̀!8#*!$7!

',!'44c",c$,0!;;Zh!E0()$1!0Y&10**",:!2%0S#'*+!'4$,:!U")/!)/0!.?1!*:K2;W!;7)01!

$E01,":/)!(34)310!",!710*/!%0-"'G!)/$*0!@?:$)0*!)/')!'-E',(0-!)$!)/0!)U$c(044!*)':0!U010!

)1',*70110-!)$!)/0!$E"-3()!$7!&*03-$&10:,',)!10("&"0,)*!',-!'44$U0-!)$!-0E04$&!)$!)01%!

aC":310!RWOS>bW!#$')!($4$1!','4?*"*!$7!&3&*!10E0'40-!%"(0!)/')!U010!'46",$G!(/",(/"44'!

a",-"(')",:!'!/?&$%$1&/"(!'44040!$7!.?1$*",'*0bG!$1!)/')!/'-!E'1"0:')0-!($')!($4$1!

($%&$*0-!$7!'46",$!',-!(/",(/"44'!*&$)*!63)!4'(A",:!64'(A!&":%0,)')"$,!aC":310!RWOS#bW!

./0*0!10*34)*!*3::0*)!'!/":/!710I30,(?!$7!6"'4404"(!%3)')"$,*!*",(0!)/0!&10*0,(0!$7!'!

U"4-c)?&0!.?1$*",'*0!'44040!*/$34-!10,-01!64'(A!&":%0,)')"$,W!;!)$)'4!$7!7"E0!&3&*!

aOQrb!U010!6$1,!71$%!)/0!iYOQ+!8#*!0Y&01"%0,)W!;44!$7!)/0%!('11"0-!",-04*^!

&/0,$)?&"('44?G!)U$!U010!'46",$G!$,0!U'*!(/",(/"44'G!',-!)U$!/'-!E'1"0:')0-!



! OSi!

&":%0,)')"$,G!",-"(')",:!%$*'"("*%W!C1$%!)/0!iYOQ` !8#*!0Y&01"%0,)G!U0!$6)'",0-!R!

&3&*!aORrbG!)U$!$7!U/"(/!-"0-!')!6"1)/G!&10E0,)",:!($')!($4$1!$1!:0,$%0!','4?*"*W!#$')!

($4$1!','4?*"*!$7!)/0!10%'",",:!)U$!&3&*!10E0'40-!$,0!(/",(/"44'!',-!$,0!%$*'"(!&3&W!

./0*0!10*34)*!",-"(')0!)/')!*",:40c;;Z!-04"E01?!$7!2%0S#'*+!',-!")*!:3"-0!(',!60!3*0-!

)$!:0,01')0!%3)')"$,*!",!%$3*0!@?:$)0*!U")/$3)!%"(1$",]0()"$,!$1!040()1$&$1')"$,W!.$!

%0'*310!$,c)'1:0)!",-04!7$1%')"$,!",!)/0!.?1!:0,0G!U0!"*$4')0-!<2;!71$%!)/0!)'"4*!$7!

0'(/!%$3*0G!'%&4"7"0-!)/0!4$(3*G!',-!&017$1%0-!.5<9!','4?*"*W!H0!7$3,-!)/')!'44!%"(0!

/'-!/":/!40E04*!$7!$,c)'1:0)!0-")",:!6?!2%0S#'*+G!E'1?",:!71$%!`Rr!)$!OQQr!a.'640!

RWObW!F$*)!40*"$,*!",!'46",$!%$3*0!+cO!U010!0")/01!'!Oc!$1!'!Rc6&!-040)"$,!aC":310!

RWOS<bG!*3::0*)",:!0")/01!%$*'"("*%!$1!)1',*c/0)01$@?:$*")?W!;46",$!%$3*0!+cS!

0Y/"6")0-!'!3,"7$1%!Sc6&!-040)"$,!aC":310!RWOS<bW!H0!(',,$)!($,(43-0!)/')!)/010!U'*!

,$!%$*'"("*%!",!%$3*0!+cSG!$1!)/')!'--")"$,'4!'44040*!U010!'6*0,)!71$%!%$3*0!+cOG!

60('3*0!$,4?!)'"4!*'%&40*!U010!*0I30,(0-!',-!$)/01!)"**30*!($34-!/'E0!-"*)",()!40*"$,*W!

;,'4?*"*!$7!)'"4!<2;!71$%!(/",(/"44'!%"(0!10E0'40-!)/0!&10*0,(0!$7!",c71'%0!%3)')"$,*!

)/')!'10!&$)0,)"'44?!)/0!('3*0!$7!)/0!(/",(/"44'!($')!($4$1W!./0!4"%")0-!%3)')"$,'4!

($%&40Y")?!*3::0*)*!)/')!0-")",:!$((3110-!0'14?!-31",:!0%61?$,"(!-0E04$&%0,)!",!)/0*0!

%"(0W!./0*0!10*34)*!&1$E"-0!'!*)10'%4",0-!1$3)0!)$U'1-!%'%%'4"',!%3)':0,0*"*!

)/1$3:/!)/0!'&&4"(')"$,!$7!'!*",:40!;;Z!E0()$1G!",!)/"*!('*0!-04"E01",:!6$)/!2%0S#'*+!

',-!")*!*:K2;W!!



! OSR!

!

!

!

!

!

!

!

>! !

#
!

< !



! OSj!

7A*@<(.KY=B.+1#$!$%.*($%+(.()A,A$*.&A,9.8+(B3:-H!
a;b!.U$!*")0*!",!E+#G!0'(/!U")/!2 R##!=;F*G!U010!)0*)0-!7$1!0-")",:!",!L0&'Och!(044*W!
./0!*:E+#P*:3"-0!0Y/"6")0-!/":/01!0-")",:!077"("0,(?!',-!U'*!*040()0-!7$1!731)/01!
)0*)",:W!a>b!B0E0,!%"(0!*31E"E0-!&$*)c,')'4!-0E04$&%0,)G!',-!0'(/!0Y/"6")0-!($')!($4$1!
&/0,$)?&0*!'*!U044!'*!$,c)'1:0)!0-")",:G!'*!'**'?0-!6?!.5<9W!!
a>b!;46",$!a407)b!',-!4":/)!:1'?!$1!E'1"0:')0-!a%"--40b!%"(0!:0,01')0-!6?!)10')%0,)!$7!
@?:$)0*!U")/!i!}!OQ+!8#*G!',-!4":/)!:1'?!$1!E'1"0:')0-!%"(0!a1":/)b!U")/!i!}!OQ`!8#*G!
$7!;;ZhW2%0S#'*+\*:.?1W!
a#b!5,-04!*&0()1'!71$%!)'"4!<2;!$7!0'(/!0-")0-!%$3*0!'*!U044!'*!',!3,0-")0-!
#jk>MPh2V!%$3*0G!'*!",-"(')0-!6?!.5<9!','4?*"*W!977"("0,("0*!$7!",*01)"$,*!a&$*")"E0b!
',-!-040)"$,*!a,0:')"E0b!$7!E'1"$3*!*"@0*!'10!",-"(')0-W!

!

!

!

!

!

!

!

!

!

!

!



! OSh!

!

!

!

1:G'(.KY=.6@,"%+(-.%D.(Q.ZAZ%.8+(B3:-H.)('AZ(<J.A$.+%@-(.CJ*%,(-.
a;b!B3%%'1?!$7!2%0S#'*+W*:E+#!*",:40c;;Z!0Y!E"E$!E+#!0-")",:!0Y&01"%0,)*!')!)U$!
;;Z!-$*0*W!
a>b!B0E0,!%"(0!*31E"E0-!&$*)c,')'4!-0E04$&%0,)G!',-!0'(/!0Y/"6")0-!($')!($4$1!
&/0,$)?&0*!'*!U044!'*!$,c)'1:0)!0-")",:G!'*!'**'?0-!6?!.5<9W.

.

.

.

.

.

; !

> !



! OSk!

KYBYP.19(.-,<@",@<(.%D.8+(B3:-H.<(Z(:'-.,9(.+("9:$A-+.%D.E!M.<("%*$A,A%$.

./0!(1?*)'4!*)13()310!$7!2%0O#'*+!$1)/$4$:!U'*!10*$4E0-!6?!N',4"!H',:[*!:1$3&W!

;4)/$3:/!)/0!*)13()310*!',-!",)01'()"$,*!$7!)/0!2 c)01%",'4!`SQ!'%",$!'("-*!$7!

2%0S#'*+!*/$34-!60!/":/4?!*"%"4'1!)$!)/$*0!$7!2%0O#'*+!a-30!)$!)/0"1!•+`r!"-0,)")?!

",!)/0*0!10:"$,*bG!)/0!=5<!$7!)/0!)U$!$1)/$4$:*!'10!7'1!%$10!-"E01:0,)G!10*34)",:!",!)/0"1!

-"*)",()!=;F!*&0("7"(")"0*W!.$!",E0*)":')0!)/0!%$40(34'1!%0(/',"*%!$7!2%0S#'*+!

=;F!10($:,")"$,G!",!($44'6$1')"$,!U")/!N',4"!H',:[*!4'6G!U0!-0)01%",0-!)/0!(1?*)'4!

*)13()310!$7!2%0S#'*+!",!($%&40Y!U")/!'!*:K2;G!)$:0)/01!U")/!'!&'1)"'44?!-3&40Y0-!

)'1:0)!<2;!($,)'",",:!'!2 R##!=;F!*0I30,(0!aC":310!RWOi;bW!-2%0S#'*+!U'*!3*0-!

)$!&10E0,)!<2;!(40'E':0W!H0!*$4E0-!)/0!($c(1?*)'4!*)13()310*!U")/!)U$!-"*)",()!

-*<2;*!U")/!'!($%&40)0!&1$)$*&'(01!",!)/0!.BG!63)!U")/!0")/01!,$!&1$)$*&'(01!$1!'!jc

,3(40$)"-0!&1$)$*&'(01!",!)/0!2.BW!./0*0!*)13()310*!U010!*$4E0-!')!iWS!{!',-!SW+i!{!

10*$43)"$,G!10*&0()"E04?W!5,!6$)/!<2;c6$3,-!2%0S#'*+!($%&40Y0*G!)/0!L2L!-$%'",!

"*!($%&40)04?!-"*$1-010-!aC":310!RWOi;bW!8"E0,!)/')!)/0*0!)U$!*)13()310*!'10!*"%"4'1!

$E01'44G!',-!)/')!)/0!4'))01!/'*!/":/01!10*$43)"$,!',-!60))01!040()1$,!-0,*")?G!$31!

-"*(3**"$,!"*!4"%")0-!)$!)/0!*)13()310!$7!2%0S#'*+c*:K2;!",!($%&40Y!U")/!<2;!

($,)'",",:!'!jc,3(40$)"-0!&1$)$*&'(01!",!)/0!2.BW!J,4?!)U$!2.B!&1$)$*&'(01!

,3(40$)"-0*!'10!$6*01E0-G!U/"40!)/0!$)/01!)/100!'10!-"*$1-010-W!./0!-*<2;!"*!

&$*")"$,0-!",!)/0!(407)!7$1%0-!6?!)/0!=5<W!5,!)/0!=;F!10:"$,G!)/0!*"-0c(/'",!$7!

;*&OQS`!'((0&)*!'!/?-1$:0,!6$,-!71$%!)/0!0Y$(?(4"(!'%",$!:1$3&!$7!#acjbn!$7!)/0!2.B!

aC":310!RWOi>bW!.!$1!8!10*"-30*!",!)/"*!&$*")"$,!U$34-!&10*0,)!'!A0)$!$Y?:0,!)/')!(',,$)!

'()!'!/?-1$:0,!6$,-!-$,$1W!5,!'--")"$,G!"7!'-0,",0!U010!)$!10&4'(0!(?)$*",0G!)/0!-"*)',(0!



! OS!̀

60)U00,!)/0!*"-0c(/'",!$7!;*&OQS`!',-!)/0!0Y$(?(4"(!c2LS!:1$3&!U$34-!60!)$$!:10')!)$!

7$1%!'!7'E$1'640!/?-1$:0,!6$,-W!./0*0!$6*01E')"$,*!)/0107$10!0Y&4'",!)/0!*)1$,:!

10I3"10%0,)!7$1!'!#!')!)/')!&$*")"$,G!*00,!",!C":310!RWi!5,!($,)1'*)!)$!2.B!10($:,")"$,!

$7!#acjbnG!)/0!*"-0c(/'",!$7!;1:OQii!7$1%*!'!&'"1!$7!/?-1$:0,!6$,-*!U")/!)/0!6'*0!$7!

8achb!$,!)/0!.BG!",-"(')",:!)/')!2%0S#'*+!a4"A0!2%0O#'*+b!3*0*!6$)/!)/0!.B!',-!)/0!

2.B! 7$1!=;F!10($:,")"$,W!./0!$)/01!,3(40$)"-0*!U")/",!)/0!-3&40Y!-*<2;!/'E0!,$!

6'*0!($,)'()*!U")/!2%0S#'*+W!

.$!)0*)!)/0!"%&$1)',(0!$7!)/0!'&&'10,)!2%0S#'*+!=;F c",)01'()",:!10*"-30*!

;*&OQS`!',-!;1:OQiiG!'*!U044!'*!'!,0":/6$1",:!10*"-30!a;*,OQiOb!'*!'!,0:')"E0!

($,)1$4G! U0! %3)')0-! 0'(/! )$! '4',",0! ',- ! 0Y'%",0-! 0-")",:! 077"("0,("0*! ",!

)1',*"0,)4?)1',*70()0-! L9lS+i.(044*W! ./0! ;*&OQS`;4'! ',-! ;1:OQii;4'! %3)')"$,*!

($%&40)04?!'6$4"*/0-! 2%0S#'*+! 0-")",:G! U/010'*! )/0! ;*,OQiO;4'! %3)')"$,! /'-! ,$!

0770()!aC":310*!RWOi#bW!./0*0!10*34)*!($,7"1%!)/0!"%&$1)',(0!$7!)/0!(1?*)'44$:1'&/"('44?!

"%&4"(')0-!;*&OQS`!',-!;1:OQii!",)01'()"$,*!",!=;F!10($:,")"$,!',-!10E0'4!)/0!6'*"*!

7$1!-"77010,)"'4!=;F!10($:,")"$,!6?!2%0O#'*+!',-!2%0S#'*+!

**

!

!

!



! OS+!

!

7A*@<(.KY=I.19(.-,<@",@<(.%D.8+(B3:-H.<(Z(:'-.,9(.+("9:$A-+.%D.E!M.
<("%*$A,A%$!
a;b!./0!$E01'44!*)13()310!$7!)/0!2%0S#'*+c*:K2;c-*<2;!($%&40Y!",!'!&10c(')'4?)"(!
*)')0W!
a>b!<0)'"40-!E"0U!$7!)/0!",)01'()"$,!60)U00,!)/0!=5!-$%'",!$7!2%0S#'*+!',-!)/0!jwc
2R##ciw!=;F!*0I30,(0W!
a#b!9-")",:!077"("0,(?!$7!U"4-c)?&0!',-!%3)',)!2%0S#'*+!')!S!:0,$%"(!*")0*!",!
L9lS+i.!(044*W!

.

#
!



! OiQ!

KYBY_.2:;A)'J.(Z%'ZA$*.E?U-.:<(.$%,.'A+A,().,%.*2#.+"!"/!&!0!,..

C",'44?G!U0!U$,-010-!"7!)/0!1'&"-4?!0E$4E",:!=5<*!($34-!60!7$3,-!",!$)/01!

6'()01"'4!(4'-0*!71$%!U/"(/!#'*+*!7$1!:0,$%0!0-")",:!/'-!600,!-01"E0-W!L'0%$&/"43*!

*&0("0*!'10!",!)/0!8'%%'&1$)0$6'()01"'!(4'**!$7!6'()01"'!',-!(',!('3*0!10*&"1')$1?!)1'()!

",70()"$,*W!F',?!L'0%$&/"43*!*)1'",*!'10!*0I30,(0-G!',-!*",(0!U0!'410'-?!0*)'64"*/0-!

L&'#'*+!71$%!01$2&%3.4()*%1#1.-54($-61$!7$1!:0,$%0!0-")",:G!U0!7$(3*0-!$,!$)/01!

(4$*04?!104')0-!L'0%$&/"43*!*&0("0*W!H0!7$3,-!#'*+*!71$%!*0E01'4!01$2&%3.4()*

.-54($-61$!aL",#'*+b!*&0("0*!U010!+ir!"-0,)"('4!)$!)/')!$7!L&'#'*+G!U")/!=5<*!)/')!

U010!$,4?!kkr!"-0,)"('4G!*3::0*)",:!)/')!)/0*0!#'*+*!%'?!/'E0!0E$4E0-!-"77010,)!=;F!

10($:,")"$,*W!

.$!",E0*)":')0!U/0)/01!)/0!L",#'*+!$1)/$4$:!10($:,"@0-!'!-"*)",()!=;FG!U0!

10&4'(0-!)/0!=5<!$7!L&'#'*+!U")/!)/')!$7!L",#'*+!',-!3*0-!)/0*0!10($%6",',)!

(/"%01'*!7$1!.-*/."#&*=;F!"-0,)"7"(')"$,!*"%"4'1!)$!iW!5,!($,)1'*)!)$!L&'#'*+[*!

2 R8;...G!L",#'*+!10($:,"@0*!',!2 R8;;;!=;FG!U/"(/!($11$6$1')0*!$31!/?&$)/0*"*!

)/')!)/0!/":/!-"E01*")?!7$3,-!",!)/0!=5<!10*34)0-!",!3,"I30!=;F!10($:,")"$,W!./0*0!

10*34)*!*3::0*)!)/')!-"E01:0,)!=5<*!'10!4"A04?!)$!60!U"-0*&10'-!",!6'()01"'4!*&0("0*W!!

!



! OiO!

!

7A*@<(.KY=K.2:;A)'J.(Z%'ZA$*.E?U-.D%@$).A$.3-+.%45!6),.-;("A(-!
a;b!<$%'",!'1(/")310!$7!L",#'*+!',-!")*!/$%$4$:?!U")/!L&'#'*+W!2$)"(0!)/0!/":/4?!
-"E01:0,)!#c)01%",'4!=5<!
a>b!N-*/."#&!=;F!-"*($E01?!'**'?!$,!L&'#'*+!a407)b!',-!L",#'*+[*!=5<!*U'&&0-!$,)$!
L&'#'*+!a1":/)b!

!

!

!"#$%&'()*+&*$,-./012.3",.4).5+6,%.$,.+78)9.3&"%)2

!"#$%&'()*+&*$,-./012.3",.4).5+6,%.$,.+78)9.3&"%)2

;
!

>
!

!



! OiS!

KYI.U?03R00?68.

;4)/$3:/!($%&'()!#'*+!$1)/$4$:*!/'E0!600,!&10E"$3*4?!E'4"-')0-!7$1!:0,$%0!

0-")",:G!",(43-",:!E"'!*",:40c;;Z!-04"E01?G!)/0"1!4$,:01!=;F*!/'E0!10*)1"()0-!

)/01'&03)"(!-0E04$&%0,)!-30!)$!)'1:0)!*")0!710I30,("0*!)/')!'10!4$U01!)/',!)/')!$7!)/0!

%$10!U"-04?!'-$&)0-!B&?#'*+W!5,!'--")"$,G!B'3#'*+!',-!")*!llL!E'1"',)!U")/!104'Y0-!

=;F!10I3"10%0,)*!'10!&1$,0!)$!$77c)'1:0)!0-")",:!U")/!*$%0!*:K2;*!al40",*)"E01*$"*

14:G!SQOjbW!./0*0!4"%")')"$,*!'10!0Y'(016')0-!U")/!)'1:0)!4$("!)/')!10I3"10!0-")",:!U")/",!

'!,'11$U!*0I30,(0!U",-$UG!$1!)/')!10I3"10!&10("*0!*0:%0,)'4!-040)"$,W!H0!/'E0!

"-0,)"7"0-!2%0S#'*+!'*!'!($%&'()!',-!/":/4?!'((31')0!#'*+!U")/!'!40**!10*)1"()"E0!

-",3(40$)"-0!=;F!7$1!:0,$%0!0-")",:!6?!;;Z!-04"E01?!.-*/./&W!./0!-0E04$&%0,)!$7!

2%0S#'*+!:10')4?!0Y&',-*!)/0!:0,$%"(!*($&0!$7!.-*/./&!0-")",:G!0*&0("'44?!E"'!E"1'4!

E0()$1!-04"E01?W!./0!2%0S#'*+!'44c",c$,0!;;Z!-04"E01?!&4')7$1%!0*)'64"*/0-!",!)/"*!

*)3-?!(',!",!&1",("&40!60!3*0-!)$!)'1:0)!'*!U"-0!'!1',:0!$7!*")0*!'*!B&?#'*+!a-30!)$!)/0!

"-0,)"('4!-0,*")"0*!$7!$&)"%'4!2R##!',-!288!=;F*bG!63)!U")/$3)!)/0!,00-!)$!-04"E01!

)U$!*0&'1')0!E0()$1*!)$!)/0!*'%0!)'1:0)!(044*W!./0!'E'"4'6"4")?!$7!'!(')'4?)"('44?!-0'-!

E01*"$,!$7!2%0S#'*+!a-2%0S#'*+b!'4*$!&1$%"*0*!)$!0Y&',-!)/0!*($&0!$7!'&&4"(')"$,*!

*3(/!'*!#K5B=K"G!#K5B=K'G!6'*0!0-")",:G!',-!104')0-!'&&1$'(/0*!a<$%",:30@G!M"%!

',-!t"G!SQOh^!l$%$1*$"*14:G!SQOhb!F$10$E01G!2%0S#'*+[*!/?&01c'((31'(?!0,'640*!

&10("*0!0-")",:!$7!)'1:0)!:0,0*G!&$)0,)"'44?!'%04"$1')",:!*'70)?!"**30*!10*34)",:!71$%!$77c

)'1:0)!'()"E")"0*W!=01/'&*!($3,)01",)3")"E04?G!)/0!/":/01!)'1:0)!*")0!-0,*")?!$7!2%0S#'*+!

a($%&'10-!)$!)/')!$7!2%0O#'*+b!-$0*!,$)!40'-!)$!'!104')"E0!",(10'*0!",!$77c)'1:0)!

0-")",:!7$1!)/0!7$1%01W!B"%"4'1!10*34)*!/'E0!600,!10&$1)0-!10(0,)4?!U")/!B&?#'*+!



! Oii !

E'1"',)*!0E$4E0-!)$!/'E0!*/$1)01!=;F*!aL3!0)!'4WG!SQO`bW!.?&0!55c#!#'*+!$1)/$4$:*!'10!

:0,01'44?!*4$U01!,3(40'*0*!.-*/."#&!)/',!B&?#'*+!aF'!0)!'4WG!SQOj^!F"1!0)!'4WG!SQO`b^!

",)010*)",:4?G!0,@?%$4$:"('4!&1",("&40*!",-"(')0!)/')!'!10-3(0-!'&&'10,)!A(')!aU")/",!

4"%")*b!(',!"%&1$E0!$,c!E*W!$77c)'1:0)!*&0("7"(")?!7$1!K2;c:3"-0-!,3(40'*0*!a>"*'1"'!0)!

'4WG!SQOkbW!

./0!-"*($E01?!$7!2%0S#'*+!',-!2%0i#'*+!/",:0-!$,!3,0Y&4$10-!#'*+*!)/')!

'10!/":/4?!104')0-!a$3)*"-0!$7!)/0!=5<b!)$!',!$1)/$4$:!)/')!U'*!&10E"$3*4?!E'4"-')0-!7$1!

/3%',!:0,$%0!0-")",:!a9*E04)!0)!'4WG!SQOi^!L$3!0)!'4WG!SQOi^!M00!0)!'4WG!SQOh^!;%1',"!0)!

'4WG!SQO`bW!./0!104')0-,0**!$7!2%0S#'*+!',-!2%0i#'*+!)$!2%0O#'*+!61$3:/)!',!

'--0-!60,07")G!,'%04?!)/')!)/0?!3*0!)/0!0Y'()!*'%0!*:K2;!*('77$4-G!("1(3%E0,)",:!)/0!

,00-!)$!"-0,)"7?!',-!E'4"-')0!73,()"$,'4!)1'(1K2;!*0I30,(0*!7$1!0'(/W!5,!)/0!($,)0Y)!$7!

,')31'4!#K5B=K!"%%3,")?G!)/0!'((0401')0-!0E$43)"$,!$7!,$E04!=;F!*&0("7"(")"0*!($34-!

10740()!*040()"E0!&10**310!)$!10*)$10!)'1:0)",:!$7!&/':0*!',-!F89*!)/')!/'E0!0*('&0-!

",)017010,(0!)/1$3:/!=;F!%3)')"$,*!a<0E0'3!0)!'4WG!SQQ`^!='0@c9*&",$!0)!'4WG!SQOjbW!

J31!$6*01E')"$,!)/')!;(1 55#jB%3!",/"6")*!2%0O#'*+!63)!,$)!2%0S#'*+!*3::0*)*!'!

*0($,-G!,$,c%3)3'44?c0Y(43*"E0!6'*"*!7$1!'((0401')0-!=5<!E'1"')"$,G!,'%04?!0E'*"$,!$7!

',)"c#K5B=K!",/"6")"$,W!H0!'4*$!*&0(34')0!)/')!'((0401')0-!E'1"'6"4")?!%'?!,$)!60!

10*)1"()0-!)$!=5<*G!&01/'&*!10*34)",:!71$%!*040()"E0!&10**310*!)$!0E'-0!',)"c#K5B=K*!

)/')!6",-!$)/01!#'*+!-$%'",*W!#'*+!",/"6")$1*!*3(/!'*!;(1 55#O!)/')!6",-!%$10!

($,*01E0-!10:"$,*!$7!#'*+!4"A04?!&10*0,)!70U01!1$3)0*!)$U'1-!%3)')"$,'4!0*('&0!',-!

)/0107$10!0Y/"6")!'!61$'-01!",/"6")$1?!*&0()13%!aL'11",:)$,!0)!'4WG!SQOk'bW!H/')0E01!)/0!

*$31(0*!$7!*040()"E0!&10**310!-1"E",:!;(1!',-!#'*+!($c0E$43)"$,G!)/0!'E'"4'6"4")?!$7!



! OiR!

E'4"-')0-!",/"6")$1*!$7!2%0S#'*+!a0W:W!;(155#OcRb!&1$E"-0*!$&&$1)3,")"0*!7$1!'--")"$,'4!

40E04*!$7!($,)1$4!$E01!")*!'()"E")"0*W!!

./0!'&&1$'(/!3*0-!",!)/"*!*)3-?(',!60!"%&40%0,)0-!04*0U/010G!0*&0("'44?!U")/!

6'()01"'4!*&0("0*!)/')!'10!U044c*'%&40-!')!)/0!40E04!$7!:0,$%0!*0I30,(0W!./"*!'&&1$'(/!

($34-!'4*$!60!'&&4"0-!)$!$)/01!#K5B=Kc#'*!0770()$1!&1$)0",*!*3(/!'*!#'*OS!',-!#'*Oi!

)/')!/'E0!'4*$!600,!-0E04$&0-!7$1!:0,$%0!$1!)1',*(1"&)$%0!0,:",001",:!',-!$)/01!

'&&4"(')"$,*W!./"*!*)1')0:?!($34-!60!0*&0("'44?!($%&044",:!U")/!#'*!&1$)0",*!)/')!'10!

(4$*04?!104')0-!)$!$1)/$4$:*!U")/!&1$E0,!077"('(?!",!/0)01$4$:$3*!($,)0Y)*!a0W:W!",!

03A'1?$)"(!(044*bG!'*!U'*!)/0!('*0!7$1!2%0O#'*+W!./0!'&&4"(')"$,!$7!)/"*!'&&1$'(/!)$!

%0,",:$($(('4!#'*+!$1)/$4$:*!?"04-0-!'!,0U!:0,$%0!0-")",:!& 4')7$1%G!2%0S#'*+G!

U")/!'!3,"I30!($%6",')"$,!$7!(/'1'()01"*)"(*!a($%&'()!*"@0G!-",3(40$)"-0!=;FG!/?&01c

'((31'(?G!*",:40c;;Z!-04"E01'6"4")?G!',-!;(1!*3*(0&)"6"4")?b!)/')!&1$%"*0!)$!'((0401')0!

)/0!-0E04$&%0,)!$7!:0,$%0!0-")",:!)$$4*!7$1!6$)/!:0,01'4!',-!)/01'&03)"(!'&&4"(')"$,*W!

.

.

.

.

.

.

.

.

.

.

.



! Oij !

KYK.M:,(<A:'-.:$).+(,9%)-.

<"*($E01?!$7!#'*+!$1)/$4$:*!U")/!-"77010,)"'44?!-"E01:0-!=5<*!

2%0O#'*+!&0&)"-0!*0I30,(0!U'*!3*0-!'*!'!I301?!",!>M;B.!*0'1(/0*!)$!7",-!'44!#'*+!

$1)/$4$:*!",!7$.))$#.1*2$-.-,.".8.)!*&0("0*W!J1)/$4$:*!U")/!•`Qr!"-0,)")?!)$!

2%0O#'*+!U010!*040()0-!7$1!)/0!10%'",-01!$7!)/"*!*)3-?W!./0!=5<*!U010!)/0,!'4":,0-!

U")/!)/')!$7!2%0O#'*+!a10*"-30*!`SQcOQ`Sb!3*",:!#43*)'4HS!',-!)/$*0!U")/!(43*)01*!$7!

%3)')"$,*!",!)/0!=5<!U010!*040()0-!7$1!731)/01!','4?*"*W!;,!3,1$$)0-!&/?4$:0,0)"(!)100!

$7!2%0#'*+!$1)/$4$:*!U'*!($,*)13()0-!3*",:!C":.100!

a/))&\PP)100W6"$W0-W'(W3AP*$7)U'10P7":)100PbW!

!

=31"7"(')"$,!$7!#'*+!',-!;(1 !$1)/$4$:*!

=31"7"(')"$,!U'*!&017$1%0-!'*!-0*(1"60-!",!&10E"$3*!(/'&)01*W!>1"074?G!K$*0))'!a<9ib!

(044*!($,)'",",:!)/0!10*&0()"E0!#'*+!&4'*%"-*!U010!:1$U,!')!ik~#!)$!',!J< hQQ!$7!QWh!

',-!&1$)0",!0Y&10**"$,!U'*!",-3(0-!6?!O%F!5=.8!7$1!Oh!/1!')!O`~#W!#044*!U010!

/'1E0*)0-!',-!4?*0-!6?!*$,"(')"$,!",!4?*"*!637701!ojQ!%F!.1"*cL#4!a&L!kWjbG!jQQ!%F!

2'#4G!j!%F!"%"-'@$40G!O!%F!<..p!*3&&40%0,)0-!U")/!O!%:P%M!M?*$@?%0!',-!

&1$)0'*0!",/"6")$1!($(A)'"4!aB":%'bW!./0!4?*')0!U'*!)/0,!13,!)/1$3:/!'!2"Szc2.;!

':'1$*0!($43%,!at"':0,bG!',-!)/0!6$3,-!&1$)0",!U'*!043)0-!U")/!iQQ!%F!"%"-'@$40!

',-!-"'4?@0-!",)$!*)$1':0!637701!oSQ!%F!L9=9Bc2'JL!a&L!kWjbG!SjQ!%F!2'#4G!

O!%F!<..pW!C$1!;(1!&1$)0",*G!hYL"*c)'::0-!&1$)0",*!U010!0Y&10**0-!",!I:*'&4.!*)1'",!

>MSO!K$*0))'!a<9ibW!#044*!U010!:1$U,!')!ik!¡#!)$!',!$&)"('4!-0,*")?!aJ< hQQb!$7!QWh!",!

'!*/'A",:!",(36')$1W!./0!6'()01"'4!(34)310*!U010!($$40-!)$!O`~#G!',-!&1$)0",!0Y&10**"$,!

U'*!",-3(0-!6?!'--",:!O!%F!5=.8!7$1!$E01,":/)!0Y&10**"$,W!./0!,0Y)!-'?G!(044*!U010!

/'1E0*)0-!',-!10*3*&0,-0-!",!4?*"*!637701!*3&&40%0,)0-!U")/!O!%:P%M!M?*$@?%0!',-!

&1$)0'*0!",/"6")$1!($(A)'"4!aB":%'b!',-!&1$)0",!U'*!&31"7"0-!3*",:!)/0!*'%0!&1$)$($4!'*!

7$1!#'*+W!./0!hYL"*!)':!U'*!10%$E0-!6?!",(36')"$,!$7!)/0!10*",c6$3,-!&1$)0",!U")/!

.$6'(($!9)(/!Z"13*!a.9Zb!&1$)0'*0!$E01,":/)!')!R~#!)$!"*$4')0!3,)'::0-! ;(1 *W!!

!

!



! Oih!

.1',*70()"$,*!',-!%'%%'4"',!:0,$%0!0-")",:!!

L3%',!($-$,c$&)"%"@0-!2%0S#'*+!U'*!(4$,0-!6?!8"6*$,!;**0%64?!",)$!)/0!&#<0*)S!

&4'*%"-!6'(A6$,0!&10E"$3*4?!3*0-!7$1!2%0O#'*+!',-!B&?#'*+!0Y&10**"$,!a;%1',"*$"*

14:G!SQO`'^!='U43A*$"*14:G!SQOhbW!.1',*70()"$,!$7!L9lS+i.!',-!L9lS+i.c.MKSWQ!

(044*!U'*!&017$1%0-!'*!&10E"$3*4?!-0*(1"60-!a;%1',"*$"*14:G!SQO`'bW!C$1!L0&'Och!

)1',*70()"$,*G!M"&$70()'%",0!M.X!U'*!3*0-!)$!)1',*70()!jQQ,:!$7!'44c",c$,0!

;;ZW*:K2;W2%0S#'*+!&4'*%"-!",!SRcU044!&4')0*!afOQj !(044*PU044bG!3*",:!(044*!)/')!

/'-!600,!(34)310-!SR!/$31*!607$10!)1',*70()"$,W!C$1!ljhS!(044*!*)'64?!0Y&10**",:!

2%0S#'*+!-04"E010-!E"'!40,)"E0()$1!a*00!604$UbG!jQGQQQ!T!OjQGQQQ!(044*!U010!

040()1$&$1')0-!U")/!jQQ!,:!*:K2;!&4'*%"-!3*",:!OQ!•M!20$,!)"&*W!!

!

M0,)"E"1'4!)1',*-3()"$,!$7!ljhS!(044*!)$!*)'64?!0Y&10**!2%0S#'*+!

ljhS!(044*!*)'64?!0Y&10**",:!2%0S#'*+!U010!:0,01')0-!'*!&10E"$3*4?!-0*(1"60-!7$1!

2%0O#'*+!a;%1',"*$"*14:G!SQO`'bW!C$1!40,)"E"13*!&1$-3()"$,G!)/0!40,)"E"1'4!E0()$1!U'*!

($c)1',*70()0-!",)$!L9lS+i.!(044*!'4$,:!U")/!)/0!&'(A':",:!&4'*%"-*!a;--:0,0!OSShQ!

q!OSSj+b!",!hcU044!&4')0*!3*",:!.1',*5.cM.O!)1',*70()"$,!10':0,)!aF"13*!>"$bW!;7)01!SR!

/$31*G!(34)310!%0-"'!U'*!'*&"1')0-!71$%!)/0!)1',*70()0-!(044*!',-!10&4'(0-!U")/!O!%M!$7!

710*/!<F9FW!./0!,0Y)!-'?G!)/0!*3&01,')',)!($,)'",",:!)/0!E"13*!U'*!($440()0-!',-!

7"4)010-!)/1$3:/!'!QWRj!•%!7"4)01W!OQ!3M!$7!)/0!3,-"43)0-!*3&01,')',)!'4$,:!U")/!SWj!3:!

$7!=$4?610,0!U'*!3*0-!)$!)1',*-3(0!fOQh!ljhS!(044*!",!hcU044!&4')0*W!./0!)1',*-3(0-!

(044*!U010!*040()0-!3*",:!%0-"'!*3&&40%0,)0-!U")/!SWj!•:P%M!&31$%?(",W!!

!

K2=!<04"E01?!7$1!%'%%'4"',!:0,$%0!0-")",:!

C$1!K2=!0Y&01"%0,)*G!)/0!20$,!040()1$&$1')"$,!*?*)0%!U'*!3*0-!0Y'()4?!'*!-0*(1"60-!

a;%1',"*$"*14:G!SQO`'bW!>1"074?G!RQ!&"($%$40*!$7!iY2MBc2%0S#'*+!'4$,:!U")/!jQ!

&"($%$40*!$7!.kc)1',*(1"60-!*:K2;!U'*!'**0%640-!",!637701!K!',-!040()1$&$1')0-!

3*",:!OQ!•M!20$,!)"&*W!;7)01!040()1$&$1')"$,G!(044*!U010!&4')0-!",!&10cU'1%0-!SRcU044!

&4')0*!($,)'",",:!)/0!'&&1$&1"')0!(34)310!%0-"'!U")/$3)!',)"6"$)"(*W!940()1$&$1')"$,!



! Oik!

&'1'%0)01*!aE$4)':0G!U"-)/G!,3%601!$7!&34*0*b!U010!OOjQ!ZG!SQ!%*G!S!&34*0*!7$1!

L9lS+i.!(044*^!OQQQ!ZG!jQ!%*G!O!&34*0!7$1!ljhS!(044*W!

!

8D5<9c*0I!!

8D5<9c*0I!0Y&01"%0,)*!U010!&017$1%0-!'*!-0*(1"60-!&10E"$3*4?!a.*'"*$"*14:G!SQORbG!

U")/!%",$1!%$-"7"(')"$,*!a>$43A6'*"*$"*14:G!SQOjbW!>1"074?G!L9lS+i.!(044*!U010!

)1',*70()0-!U")/!SQQ!,:!$7!#'*+!&4'*%"-G!SQQ!,:!$7!*:K2;!&4'*%"-G!',-!kWj!&%$4!$7!

',,0'40-!8D5<9c*0I!$4":$,3(40$)"-0*!3*",:!=$4?70()!at"':0,bW!;4)01,')"E04?G!L0&'Och!

(044*!U010!)1',*70()0-!'*!-0*(1"60-!'6$E0W!80,$%"(!<2;!U'*!0Y)1'()0-!U")/!'!<20'*?!

>4$$-!',-!."**30!A")!at"':0,b!kS!/!'7)01!)1',*70()"$,!'(($1-",:!)$!)/0!%',37'()3101[*!

&1$)$($4W!M"61'1?!&10&'1')"$,!',-!*0I30,(",:!U010!&017$1%0-!0Y'()4?!'*!-0*(1"60-!

&10E"$3*4?!a>$43A6'*"*$"*14:G!SQOjbW!C$1!','4?*"*G!'44!*0I30,(0*!U")/!3&!)$!)0,!

%"*%')(/0*!U")/!)/0!)'1:0)!*")0G!'*!U044!'*!'!#!",!)/0!7"7)/!=;F!&$*")"$,!a2R#2bG!U010!

($,*"-010-!&$)0,)"'4!$77c)'1:0)!*")0*W!<')'!U010!','4?@0-!3*",:!)/0!>"$($,-3()$1!

&'(A':0!8D5<9*0I!E01*"$,!OWOWOk!a_/3*$"*14:G!SQOkbW!

.'1:0)0-!-00&!*0I30,(",:!',-!','4?*"*! !

H0!3*0-!)'1:0)0-!-00&!*0I30,(",:!)$!($,7"1%!)/0!10*34)*!$7!8D5<9c*0I!',-!)$!%0'*310!

",-04!1')0*!U")/!%'Y"%'4!'((31'(?W!H0!3*0-!)U$c*)0&!=#K!'%&4"7"(')"$,!)$!&1$-3(0!

<2;!71':%0,)*!7$1!0'(/!$,c!',-!$77c)'1:0)!*")0W!C$1!B&?#'*+!0-")",:!')!<BS!',-!<BhG!

U0!*040()0-!)/0!)$&!$77c)'1:0)!*")0*!6'*0-!$,!8D5<9c*0I!10'-!($3,)*W!C$1!B&?#'*+!

0-")",:!')!<BRG!70U01!(',-"-')0!$77c)'1:0)!*")0*!U010!"-0,)"7"0-!6?!8D5<9c*0IG!',-!$,4?!

)/$*0!U")/!288!a<BR„J.OG!<BR„J.iG!<BR„J.hb!$1!28#!a<BR„J.Sb!=;F*!U010!

0Y'%",0-!6?!*0I30,(",:W!5,!)/0!7"1*)!*)0&G!U0!3*0-!4$(3*c*&0("7"(!&1"%01*!60'1",:!

3,"E01*'4!$E01/',:*!U")/!0,-*!($%&40%0,)'1?!)$!)/0!'-'&)01*W!5,!)/0!7"1*)!*)0&G!SY!=#K!

%'*)01!%"Y!a29>b!U'*!3*0-!)$!:0,01')0!71':%0,)*!60'1",:!)/0!$E01/',:*W!5,!)/0!*0($,-!

*)0&G!)/0!&31"7"0-!=#K!&1$-3()*!U010!'%&4"7"0-!U")/!'!3,"E01*'4!7$1U'1-!&1"%01!',-!

",-0Y0-!10E01*0!&1"%01*W!C344c*"@0!&1$-3()*!afSjQ!6&b!U010!:04c&31"7"0-!',-!*0I30,(0-!

$,!',!5443%",'!F"B0I!",!&'"10-c0,-!%$-0W!F"B0I!-')'!','4?*"*!U'*!&017$1%0-!'*!

&10E"$3*4?!-0*(1"60-!a561'/0"%*$"*14:G!SQO`'^!=",044$*$"*14:G!SQOhbW!



! Oi` !

J77c)'1:0)!','4?*"*!3*",:!#K5B=K*00A!!

84$6'4!$77c)'1:0)!&10-"()"$,*!7$1!.BSj!',-!.BRk!U010!&017$1%0-!3*",:!)/0!

>"$($,-3()$1!&'(A':0!#K5B=K*00AW!F",$1!(/',:0*!U010!%'-0!)$!'(($%%$-')0!

(/'1'()01"*)"(*!$7!2%0S#'*+!,$)!*/'10-!U")/!B&?#'*+W!B&0("7"('44?G!U0!3*0-!)/0!

7$44$U",:!(/',:0*!)$\*:K2;W*"@0!ƒ!SRG*=;F!ƒ!…2222##…G!=;FW*"@0!ƒ!hG!

K2;W=;FW&'))01,!ƒ!…2222#2…G!',-!(',-"-')0!$77c)'1:0)!*")0*!U")/!70U01!)/',!h!

%"*%')(/0*!U010!($440()0-W!./0!)$&!&$)0,)"'4!$77c)'1:0)!*")0*!6'*0-!$,!)/0!,3%601*!',-!

&$*")"$,*!$7!%"*%')(/0*!U010!*040()0-W!80,$%"(!<2;!71$%!(044*!)'1:0)0-!6?!0'(/!

10*&0()"E0!*:K2;!U'*!3*0-!)$!'%&4"7?!0'(/!(',-"-')0!$77c)'1:0)!4$(3*!',-!)/0,!

','4?@0-!6?!.5<9W!

!

F$3*0!*)1'",*!',-!0%61?$!($440()"$,!

;44!',"%'4!0Y&01"%0,)*!U010!($,-3()0-!3,-01!)/0!:3"-',(0!$7!)/0!5,*)")3)"$,'4!;,"%'4!

#'10!',-!D*0!#$%%"))00!a5;#D#b!$7!)/0!D,"E01*")?!$7!F'**'(/3*0))*!F0-"('4!B(/$$4W!

#jk>MPh2V!aB)$(A!2$W!QQjiQRb!

%"(0!U010!$6)'",0-!71$%!./0!V'(A*$,!M'6$1')$1?W!;44!',"%'4*!U010!%'",)'",0-!",!'!OS!

/!4":/)!(?(40W!./0!%"--40!$7!)/0!4":/)!(?(40!$7!)/0!-'?!U/0,!'!%')",:!&43:!U'*!$6*01E0-!

U'*!($,*"-010-!0%61?$,"(!-'?!QWj!a9QWjb!$7!:0*)')"$,W!_?:$)0*!U010!($440()0-!')!9QWj!

6?!)0'1",:!)/0!'%&344'!U")/!7$1(0&*!',-!",(36')"$,!",!FS!%0-"3%!($,)'",",:!

/?'431$,"-'*0!)$!10%$E0!(3%343*!(044*W!

!

N-*/./&!;;Z`W2%0S#'*+z*:K2;!-04"E01?!',-!4"E01!)"**30!&1$(0**",:!

C$1!)/0!;;Z`!E0()$1!",]0()"$,*G!`cU00Ac$4-!70%'40!#jk>MPh2V!%"(0!U010!",]0()0-!

U")/!R!YOQOO!:0,$%0!($&"0*!&01!%$3*0!E"'!)'"4!E0",G!U")/!)/0!*:K2;!)'1:0)",:!'!

E'4"-')0-!*")0!",!0")/01!D')OT*$1!=&)1PUW!F"(0!U010!*'(1"7"(0-!S`!-'?*!'7)01!E0()$1!

'-%","*)1')"$,!',-!4"E01!)"**30*!U010!($440()0-!7$1!','4?*"*W!M"E01!)"**30*!U010!7"Y0-!",!

Rr!7$1%'4",!$E01,":/)G!0%60--0-!",!&'1'77",G!*0()"$,0-!',-!*)'",0-!U")/!/0%')$Y?4",!

',-!0$*",!aLq9bW!>4$$-!U'*!-1'U,!71$%!)/0!7'("'4!E0",!')!QG!OR!',-!S`!-'?*!&$*)!

",]0()"$,G!',-!*013%!U'*!"*$4')0-!3*",:!'!*013%!*0&'1')$1!a><G!#')W!2$W!ihj+hkb!',-!



! Oi+!

*)$10-!')!c`Q~#!3,)"4!'**'?W!B013%!(/$40*)01$4!40E04!U'*!%0'*310-!3*",:!)/0!5,7",")?†!

($4$1"%0)1"(!0,-&$",)!'**'?!a./01%$cB("0,)"7"(b!7$44$U",:!)/0!%',37'()3101[*!&1$)$($4!

',-!'*!&10E"$3*4?!-0*(1"60-!a561'/0"%*$"*14:G!SQO`'bW!C$1!)/0!',)"c=#Bl+!H0*)01,!64$)G!

RQ!€:!$7!&1$)0",!71$%!)"**30!$1!S!,:!$7!K0($%6",',)!F$3*0!=#Bl+!=1$)0",!aKq<!

B?*)0%*G!+Sj`cB9cQSQb!U010!4$'-0-!$,)$!'!F","=KJ.9;2‡!.8X†!=10('*)!804!

a>"$cK'-bW!./0!*0&'1')0-!6',-*!U010!)1',*70110-!$,)$!'!=Z<C!%0%61',0!',-!64$(A0-!

U")/!jr!>4$(A",:c81'-0!>4$(A01!*$43)"$,!a>"$cK'-b!7$1!S!/$31*!')!1$$%!)0%&01')310W!

20Y)G!)/0!%0%61',0!U'*!",(36')0-!U")/!1'66")!',)"c8;=<L!a;6('%!'6+R`jG!O\SGQQQb!

$1!:$')!',)"c=#Bl+!aKq<!B?*)0%*!;Ci+`jG!O\RQQb!',)"6$-"0*!$E01,":/)W!F0%61',0*!

U010!U'*/0-!",!.>B.!',-!",(36')0-!U")/!/$1*01'-"*/!&01$Y"-'*0!aLK=b c($,]3:')0-!

:$')!',)"c1'66")!a>"$cK'-!OkQhjOjG!O\RGQQQbG!',-!-$,A0?!',)"c:$')!aKq<!B?*)0%*!

L;COQ+G!O\SGQQQb!*0($,-'1?!',)"6$-"0*!7$1!S!/$31*!')!1$$%!)0%&01')310W!./0!

%0%61',0*!U010!U'*/0-!':'",!",!.>B.!',-!E"*3'4"@0-!3*",:!#4'1")?†!U0*)01,!9#M!

*36*)1')0!a>"$cK'-b!3*",:!',!Fij;!XJF;.!=1$(0**$1!al$-'AbW!

!

9Y!E"E$!;;ZhW2%0S#'*+!-04"E01?!",!%$3*0!@?:$)0*!

_?:$)0*!U010!",(36')0-!",!Oj!34!-1$&*!$7!lBJF!a=$)'**"3%cB3&&40%0,)0-!B"%&40Y!

J&)"%"@0-!F0-"3%G!F"44"&$10G!#')W!2$W!FKcOQhc<b!($,)'",",:!iYOQ+!$1!iYOQ̀!8#*!$7!

;;ZhW2%0S#'*+W*:E+#!E0()$1!7$1!jch!/!aR!@?:$)0*!",!0'(/!-1$&bW!;7)01!",(36')"$,G!

@?:$)0*!U010!1",*0-!",!FS!',-!)1',*70110-!)$!710*/!lBJF!7$1!$E01,":/)!(34)310W!./0!

,0Y)!-'?G!)/0!0%61?$*!)/')!'-E',(0-!)$!Sc(044!*)':0!U010!)1',*70110-!",)$!)/0!$E"-3()!$7!

&*03-$&10:,',)!10("&"0,)*!',-!'44$U0-!)$!-0E04$&!)$!)01%W!

!

!

!

!

!



! ORQ!

3T!E152.N>.19(<:;(@,A".O($%+(.5)A,A$*.D%<.!+J%,<%;9A".4:,(<:'.0"'(<%-A-.

NY=.?$,<%)@",A%$.

;%?$)1$&/"(!4')01'4!*(401$*"*!a;MBb!"*!'!-06"4")')",:!%$)$1!,031$,!-"*0'*0!

'770()",:!i!",!OQQGQQQ!'-34)*!",!)/0!D,")0-!B)')0*W!5)!"*!&1$:10**"E0G!U")/!$,4?!fjQr!$7!

&')"0,)*!*31E"E",:!•iQ!%$,)/*!'7)01!*?%&)$%*!0%01:0!a.'?4$1G!>1$U,!',-!#40E04',-G!

SQOh^!_'10"*$"*14:G!SQOjbW!;4)/$3:/!;MB!(',!%',"70*)!",!-"77010,)!U'?*G!%$*)!&')"0,)*!

0Y&01"0,(0!%$)$1!,031$,!-?*73,()"$,G!]$",)!*3643Y')"$,G!',-!%3*(40!4$**!a_'10"*$"*14:G!

SQOj^!l"01,',*$"*14:G!SQOObW!./010!"*!(3110,)4?!,$!(310!7$1!;MBG!',-!$,4?!)U$!C<;c

'&&1$E0-!-13:*!'10!'E'"4'640!7$1!%',':",:!*?%&)$%*W!;4)/$3:/!)/0*0!-13:*!/'E0!

(01)'",4?!/04&0-!*37701",:!&')"0,)*G!)/0"1!0770()!$,!&1$4$,:",:!*31E"E'4!"*!%$-01')0!a"W0W!'!

70U!%$,)/*b!a=0)1$E!0)!'4WG!SQOkbW!;4)01,')"E0!)/01'&03)"(!*)1')0:"0*!)/')!)'1:0)!

3,-014?",:!('3*0*!$7!)/"*!-"*0'*0!%'?!60!%$10!0770()"E0!')!&10E0,)",:!;MB!&1$:10**"$,W!

;4)/$3:/!)/0!('3*0!$7!%$*)!;MB!('*0*!"*!3,A,$U,!a)01%0-!d*&$1'-"(ebG!fOQr!

$7!('*0*!'10!",/01")0-!a)01%0-!d7'%"4"'4ebW!F$10$E01G!%3)')"$,*!",!fSQ!:0,0*!/'E0!600,!

'**$("')0-!U")/!6$)/!;MB!7$1%*!a.'?4$1G!>1$U,!',-!#40E04',-G!SQOhbW!;%$,:!)/0*0!

:0,0*G!%3)')"$,*!",!<TV=HWP!'(($3,)!7$1!)/0!%']$1")?!$7!7'%"4"'4!;MB!('*0*!',-!fjr!

$7!*&$1'-"(!;MB!('*0*W!B&0("7"('44?G!)/0!",)1$,"(!8888##!10&0')!0Y&',*"$,!",!

<TV=HWP!"*!7$3,-!",!*$%0!;MB!&')"0,)*G!U")/!-"*0'*0!*0E01")?!-"10()4?!($1104')",:!U")/!

)/0!,3%601!$7!10&0')*!aL'03*401G!<$,,044?!',-!K$)/*)0",G!SQOhbW!9E"-0,(0!/'*!*/$U,!

)/')!)/"*!10&0')!0Y&',*"$,!10-3(0*!40E04*!$7!#+JKCkSG!*3::0*)",:!)/')!

/'&4$",*377"("0,(?!)1"::01*!;MB!aB/"*$"*14:G!SQO`bW!L$U0E01G!$)/01*!/'E0!$6*01E0-!)/')!

10&0')c0Y&',-0-!<TV=HWP!K2;!)1',*(1"&)*!7$1%!,3(40'1!7$("G!&01)316",:!,$1%'4!



! ORO!

,3(40'1!&1$(0**0*!a_3*$"*14:G!SQOi^!=0)01**$"*14:G!SQOjbW!C",'44?G!(044!(34)310!-')'!*3::0*)!

)/')!'6,$1%'4!&1$)0",!)1',*4')"$,!('3*0-!6?!)/0!10&0')!0Y&',*"$,G!A,$U,!'**10&0')c

'**$("')0-!,$,c;.8!aK;2b!)1',*4')"$,G!&1$-3(0*!)$Y"(!-"&0&)"-0*!)/')!7$1%!'::10:')0* !

aC10"6'3%!',-!.'?4$1G!SQOkbW!;4)/$3:/!)/0!0Y'()!%0(/',"*%!3,-014?",:!)/0!#+JKCkS!

10&0')!0Y&',*"$,!",!;MB!"*!3,(40'1G!'44!)/100!&1$(0**0*!4"A04?!($,)1"63)0!)$!-"*0'*0!

&1$:10**"$,W!!

94"%",')",:!)/0!",)1$,"(!8888##!10&0')!0Y&',*"$,!",!<TV=HWP!')!)/0!<2;!

40E04!%'?!60!'!&1$%"*",:!)/01'&03)"(!'&&1$'(/!7$1!<TV=HWPc'**$("')0-!;MBW!;;Z!

-04"E01?!$7!#K5B=Kc#'*+!U")/!)U$!*:K2;*!)'1:0)",:!)/0!74',A",:!10:"$,!"*!'!E"'640!

'&&1$'(/W!L$U0E01G!)/0!10*)1"()"E0!=;F*!$7!*%'44!#'*+!$1)/$4$:*!/",-01!(40'E':0!(4$*0!

)$!)/0!0Y&',-0-!10&0')*!aC":310!jWObW!;,!",'6"4")?!)$!(40'E0!(4$*0!)$!)/0!10&0')*!40'-*!)$!

0Y("*"$,!$7!74',A",:!0Y$,*G!U/"(/!%'?!"%&'"1!)/0!'()"E")?!$1!0Y&10**"$,!$7!#+JKCkSW!

9Y("*"$,!$7!)/0!<TV=HWP!10&0')!0Y&',*"$,!3*",:!)/0!/?&01c'((31')0!2%0S#'*+!%'?!

60!'!%$10!(4","('44?c1040E',)!'&&1$'(/!7$1!;MB!)10')%0,)W!C"1*)4?G!")*!*%'44!*"@0!0,'640*!

&'(A':",:!",)$!',!'44c",c$,0!;;Z!E0()$1G!0E0,!U")/!)U$!:K2;*W!B0($,-4?G!)/0!4$(')"$,!

$7!2%0S#'*+!=;F!*")0*!",!)/0!)'1:0)!",)1$,!0,'640*!&10("*0!0Y("*"$,!$7!10&0')*!U")/$3)!

610'(/",:!)/0!74',A",:!0Y$,*!aC": 310!jWO;bW!

!

!

!

!

!



! ORS!

NYB.2(-@',->.

NYBY=.S:'A):,A$*.*@A)(-.,9:,.(DDA"A($,'J.(Q"A-(.,9(.3H627_B.<(;(:,-.

977"("0,)!)'1:0)",:!6?!)U$!:K2;*!74',A",:!)/0!10&0')!0Y&',*"$,!"*!(1")"('4!)$!)/0!

*3((0**!$7!)/0!-040)"$,!'&&1$'(/W!.$!)/"*!0,-G!U0!-0*":,0-!*"Y!*:K2;*!)'1:0)",:!U)!

#+JKCkS!",!L9lS+i.!(044*W!;4)/$3:/!U"4-c)?&0!#+JKCkS!-$0*!,$)!&$**0**!

0Y&',-0-!10&0')*G!)/0!74',A",:!*0I30,(0!"*!"-0,)"('4!',-!73,()"$,'4!*:K2;*!*/$34-!

U$1A!$,!0Y&',-0-!#+JKCkSW!H0!(4$,0-!0'(/!(',-"-')0!*:K2;!",)$!'!D hc-1"E0,!

&4'*%"-!',-!)1',*"0,)4?!)1',*70()0-!)/0%G!'4$,:!U")/!'!&4'*%"-!0Y&10**",:!2%0S#'*+G!

",)$!L9lS+i.!(044*W!H0!/'1E0*)0-!(044*!'7)01!kS!/$31*G!0Y)1'()0-!:0,$%"(!<2;G!',-!

%0'*310-!",-04*!3*",:!.5<9W!H/"40!'44!*")0*!U010!0-")0-G!)/0!%$*)!077"("0,)!*:K2;*!

)'1:0)0-!.BS!',-!.Bh!$,!0")/01!0,-!$7!)/0!10&0')*!aC":310!jWO>bW!20Y)G!U0!)1',*70()0-!

6$)/!&4'*%"-*!0Y&10**",:!0'(/!*:K2;!'4$,:!U")/!2%0S#'*+!)$!)0*)!7$1!)/0!0Y("*"$,!

077"("0,(?W!J31!10*34)*!*/$U0-!)/')!)/0!10&0')*!U010!0Y("*0-!",!jir!$7!(044*G!*3::0*)",:!

2%0S#'*+!(',!077"("0,)4?!04"%",')0!)/0!10&0')*!aC":310!jWO#bW!./0*0!)U$!*:K2;*!U"44!

60!3*0-!7$1!)/0!10%'",-01!$7!)/"*!*)3-?W!

!

!

! !



! ORi!

!

!

7A*@<(.NY=!5DDA"A($,.()A,A$*.:,.-A,(-.D':$#A$*.,9(.<(;(:,-.GJ.8+(B3:-HY!!

a;b!B"Y!*")0*!)'1:0)0-!6?!2%0S#'*+!74',A",:!)/0!10&0')!0Y&',*"$,W!a>b!9'(/!*")0!"*!
)'1:0)0-!",!L9lS+i.!(044*!6?!)1',*"0,)!)1',*70()"$, !'4$,:!U")/!'!&4'*%"-!0Y&10**"$,!
2%0S#'*+W!5,-04*!%0'*310-!6?!.5<9!arb!'10!*/$U,!7$1!0'(/!*")0W!a#b!5,-04!*&0()13%!
71$%!.BS!',-!.Bh!($)1',*70()"$,*!",!L9lS+i.!(044*!%0'*310-!6?!.5<9W!./0!10-!6'1!
*":,"7"0*!)/0!0Y&0()0-!0Y("*"$,!$7!10&0')*W!

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

!"#$%&

%'%'%'(((((((((((((((((((((((((((((((((((((((%%%%%(((((((((((((((((((((((((((((((((((((((((((('%'%'

)*+ )*,

)*&

)*-
)*.

)*/

!"#

$

#$

%$

&$

'$

()* + , -%.! /01 23451.6437.892%(/:)

;5
<2

=:
.>

?@

!"% !"& !"' !"A !"B

01)1)00221)120020)1010101)2000011000011%333%000011000010)00)1000010001110000010001110000

1020211))020)11)1201010102)111100111100%333%11110011110121120111101110001111101110001111

-."/0$*1&234
5$60$*1&234

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

!"#$%&

%'%'%'(((((((((((((((((((((((((((((((((((((((%%%%%(((((((((((((((((((((((((((((((((((((((((((('%'%'

)*+ )*,

)*&

)*-
)*.

)*/

!"#

$

#$

%$

&$

'$

()* + , -%.! /01 23451.6437.892%(/:)

;5
<2

=:
.>

?@

!"% !"& !"' !"A !"B

01)1)00221)120020)1010101)2000011000011%333%000011000010)00)1000010001110000010001110000

1020211))020)11)1201010102)111100111100%333%11110011110121120111101110001111101110001111

CA$ C'' C&D C&% C%B C%$ C#' CD C% ' #$
$

#$

%$

&$

;5<2=.=EF/34E5

;5
<

2=
:.>

?@

Exact block deletion

B) Excision of the repeats in HEK293Ts with TS2 and TS6

Total indels = 59%
Repeat excision = 53%

A) Validating guides

Repeat excision

!"#$%$&'(&)(*+,+-.%(/$.0(12+34-%5($'(6!73589%

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

!"#$%&

%'%'%'(((((((((((((((((((((((((((((((((((((((%%%%%(((((((((((((((((((((((((((((((((((((((((((('%'%'

)*+ )*,

)*&

)*-
)*.

)*/

!"#

$

#$

%$

&$

'$

()* + , -%.! /01 23451.6437.892%(/:)

;5
<2

=:
.>

?@

!"% !"& !"' !"A !"B

01)1)00221)120020)1010101)2000011000011%333%000011000010)00)1000010001110000010001110000

1020211))020)11)1201010102)111100111100%333%11110011110121120111101110001111101110001111

-."/0$*1&234
5$60$*1&234!"#"$%&'(#$)*+,)

!"#$%&

%'%'%'(((((((((((((((((((((((((((((((((((((((%%%%%(((((((((((((((((((((((((((((((((((((((((((('%'%'

)*+ )*,

)*&

)*-
)*.

)*/

!"#

$

#$

%$

&$

'$

()* + , -%.! /01 23451.6437.892%(/:)

;5
<2

=:
.>

?@

!"% !"& !"' !"A !"B

01)1)00221)120020)1010101)2000011000011%333%000011000010)00)1000010001110000010001110000

1020211))020)11)1201010102)111100111100%333%11110011110121120111101110001111101110001111

-."/0$*1&234
5$60$*1&234

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

!"#$%&

%'%'%'(((((((((((((((((((((((((((((((((((((((%%%%%(((((((((((((((((((((((((((((((((((((((((((('%'%'

)*+ )*,

)*&

)*-
)*.

)*/

!"#

$

#$

%$

&$

'$

()* + , -%.! /01 23451.6437.892%(/:)

;5
<2

=:
.>

?@

!"% !"& !"' !"A !"B

01)1)00221)120020)1010101)2000011000011%333%000011000010)00)1000010001110000010001110000

1020211))020)11)1201010102)111100111100%333%11110011110121120111101110001111101110001111

-."/0$*1&234
5$60$*1&234

; !

>!

# !



! ORR!

NYBYB.S:'A):,A%$.%D.)@:'F*28!.-A$*'(.!!S.D%<.(Q"A-A$*.3H627_B.<(;(:,-.

#4$,",:!)U$!*:K2;*!'4$,:!U")/!2%0S#'*+!",)$!'!*",:40!;;Z!E0()$1!"*!"%&01')"E0!)$!

)/0!*3((0**!$7!$31!-040)"$,!*)1')0:?W!J31!4'6!/'*!,$U!-0E04$&0-!'!%$10!($%&'()!;;Z!

6'(A6$,0!)/')!'44$U*!7$1!)/0!0Y&10**"$,!$7!)U$!*:K2;*!'4$,:!U")/!)/0"1!10*&0()"E0!Dh!

&1$%$)01*W!./"*!6'(A6$,0!"*!3,-01!jQQQ!,)!",!40,:)/!U/"(/!%'A0*!")!"-0'4!7$1!&'(A':",:!

aC":310!jWS;bW!H0!(4$,0-!$31!)$&!)U$!:3"-0*!",)$!)/"*!E0()$1!',-!)1',*"0,)4?!)1',*70()0-!

L9lS+i.!(044*W!;*!'!($,)1$4G!U0!)1',*70()0-!)/0!i!&4'*%"-*!",-"E"-3'44?!)$!($%&'10!

0Y("*"$,!40E04*W!kS!/$31*!'7)01!)1',*70()"$,G!U0!"*$4')0-!:<2;!71$%!0'(/!*'%&40!',-!

','4?@0-!)/0!",-04!*&0()13%!3*",:!.5<9W!J310!-')'!*3::0*)!)/')!)/0!-3'4c*:K2;!;;Z!

*?*)0%!"*!'4%$*)!'*!077"("0,)!",!0Y("*",:!10&0')*!'*!)/0!)/100!&4'*%"-*!*0&'1')04?!60",:!

",)1$-3(0-!aC":310!jWS>bW!

!

!

!

!

!

!

!

!

!

!

!



! ORj!

!

!

!

!

!

7A*@<(.NYB.S:'A):,A%$.%D.)@:'F-*28!.:''FA$F%$(.!!S.D%<.(Q"A-A$*.3H627_B.
<(;(:,-.
a;b!;44c",c$,0c;;Z!E0()$1!($,*"*)",:!$7!)U$!*:K2;*!',-!2%0S#'*+W!9'(/!*:K2;!"*!
-1"E0,!6?!'!Dh!&1$%$)01G!',-!#'*+!"*!-1"E0,!6?!)/0!DO'!&1$%$)01W!!
a>b!#$%&'1"*$,!",!*0:%0,)'4!-040)"$,!"W0W!0Y("*"$,!$7!)/0!10&0')*!',-!$)/01!",-04*!
60)U00,!)/0!'44c",c$,0!;;Z!E0()$1!',-!*0&'1')0!&4'*%"-*W!!
.
!

!

.

0 20 40 60 80

Separate plasmids

All-in-one AAV plasmid

Nme2 Cas9 2 guides in all-in-one AAV

Editing events (%)

Other indels

Segmental deletion

; !

>!



! ORh!

NYBYI>.!.-,<:,(*J.D%<.c"%'':;-A$*d.,9(.<(;(:,-.@-A$*.:.-A$*'(.*@A)(.28!.

H/"40!)/0!-3'4!:3"-0!*)1')0:?!3*",:!2%0S#'*+!"*!/":/4?!&1$%"*",:G!)/010!'10!

($,(01,*!10:'1-",:!077"('(?!',-!)/0!3,&10-"()'640!,')310!$7!10&'"1!$3)($%0*W!H/"40!

*(100,",:!7$1!077"("0,)!2%0S#'*+!*:K2;*!)'1:0)",:!)/0!74',A",:!10:"$,*!$7!)/0!10&0')G!

U0!,$)"(0-!'!&0(34"'1!",-04!&'))01,!'**$("')0-!U")/!.BiW!<0*&")0!")*!4$U!077"("0,(?G!)/0!

0-")",:!0E0,)*!'44!10*34)0-!",!-040)"$,*!",!hc,3(40$)"-0!",)01E'4*!aU")/!f!h!$1!OS,)!

-040)"$,*bW!5,!$)/01!U$1-*G!)'1:0)",:!U")/",!)/0!10&0')*!10*34)*!",!'!d($44'&*0e!$7!)/0!

10&0')!$,!")*047G!10*34)",:!",!",(10%0,)'4G!hc,3(40$)"-0!-040)"$,*!a,$)!*/$U,bW!./"*!"*!",!

($,)1'*)!)$!'4%$*)!'44!$)/01!10&'"1!$3)($%0*G!U/010!",-04*!7$44$U!'!1',-$%!)1']0()$1?!

-$%",')0-!6?!*%'44!",*01)"$,*!',-!-040)"$,*!al$*"(A"G!.$%601:!',-!>1'-40?G!SQO`bW!

./"*!($34-!60!",!&'1)!-30!)$!)/0!&10*0,(0!$7!10&0')*!40'-",:!)$!10&'"1!6?!)/0!

%"(1$/$%$4$:?c%0-"')0-!0,-!]$",",:!&')/U'?!a5?01*$"*14:G!SQO+bW!F"(1$/$%$4$:?c

%0-"')0-!0,-!]$",",:!"*!',!'4)01,')"E0!7$1%!$7!)/0!2L9V!&')/U'?!)/')!3*0*!

%"(1$/$%$4$:$3*!*0I30,(0*!-31",:!)/0!'4":,%0,)!$7!0,-*!60",:!]$",0-!)/')!10*34)*!",!

&10("*0!-040)"$,*W!

.$!7",-!$3)!"7!)/"*!&/0,$%0,$,!U'*!3,"I30!)$!)/"*!*")0!',-P$1!)$!2%0S#'*+G!U0!

3*0-!B&?#'*+!',-!)'1:0)0-!*"Y!*")0*!U")/",!)/0!10&0')*!')!0")/01!0,-!$7!)/0!8888##!

10&0')*W!./0*0!*")0*!10($:,"@0!288!=;F*!U")/",!)/0!10&0')*G!63)!)/0!($%&40%0,)'1")?!

0Y)0,-*!",)$!)/0!74',A",:!10:"$,G!)/3*!&1$E"-",:!'!3,"I30!d/',-40e!)$!&1$E"-0!

*&0("7"(")?W!H0!(4$,0-!0'(/!:3"-0!",)$!'!Dhc-1"E0,!&4'*%"-!',-!($c)1',*70()0-!

L9lS+i.!(044*!'4$,:!U")/!'!&4'*%"-!0Y&10**",:!B&?#'*+!3,-01!)/0!#FZ!&1$%$)$1W!kS!

/$31*!&$*)!)1',*70()"$,G!(044*!U010!"*$4')0-!',-!",-04*!U010!%0'*310-!3*",:!.5<9W!



! ORk!

H/"40!,$)!0E01?!(40'E':0!U")/",!)/0!10&0')*!10*34)0-!",!'!($44'&*0G!*$%0!40-!)$!077"("0,)!

($44'&*0!')!)/0!0Y&0()0-!hc,)!",)01E'4*W!J7!,$)0G!B&?.Bi!10*34)0-!077"("0,)4?!',-!

($,*"*)0,)4?!",!($44'&*0!aC":310!jWi#bW!

5)!"*!"%&$1)',)!)$!,$)0!)/')!U/"40!)/"*!7",-",:!U'11',)*!73)310!",E0*)":')"$,G!")!"*!

&$**"640!)/')!",!)/0!('*0!$7!0Y)0,-0-!10&0')*G!)/0!($44'&*0!*)1')0:?!%'?!,$)!U$1AW!C$1!

0Y'%&40G!")!%'?!60!)/0!('*0!)/')!)/0!)/100!10&0')*!",!/0'4)/?!%'%%'4"',!(044*!10*34)*!",!

)/0!%"(1$/$%$4$:?c%0-"')0-!0,-!]$",",:!&')/U'?G!63)!)/"*!%'?!,$)!60!)/0!('*0!U/0,!

%$10!10&0')*!'10!&10*0,)W!20E01)/040**G!&1$$7c$7c($,(0&)!0Y&01"%0,)*!$,!0Y&',-0-!

10&0')*!U"44!',*U01!)/0*0!I30*)"$,*W!!

!

!

!

!

!



! OR!̀

!

!

!

7A*@<(.NYIY.1(-,A$*.,9(."%'':;-(.-,<:,(*J.@-A$*.0;J3:-H!
a;b!B(/0%')"(!$7!*")0*!)'1:0)0-!6?!B&?#'*+G!74',A",:!0'(/!0,-!$7!)/0!10&0')*W!
a>b!K0&'"1!$3)($%0!71$%!7"E0!*")0*!)'1:0)0-!U")/!B&?#'*+W!J1',:0!',-!:100,!*":,"7?!
($44'&*0!U/"40!'44!$)/01!",-04*!'10!",!64'(AW!
a#b!5,-04!*&0()13%!$7!.BO!a*/$U,!'*!',!0Y'%&40b!($%&'10-!)$!.BiG!U/"(/!"*!)/0!*")0!
U")/!10&'"1!$3)($%0*!0,)"104?!10*34)",:!",!($44'&*0W!
!

!"#$%&"'#&(&")*"$"+&*'),$(- ./01"2$3425*&6"78)'&8"3&++("$9&":9&&*"$*8"&$(;"'5")8&*')<;

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

!"#$%&

%'%'%'(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((('%'%'

)*+ )*,

!"# $ %&'( ) *+, -./0,(1/. 2(345!*6"

-.).)--//.)./--/-).-.-.-.)/----..----..----..----.-)--).----.---...-----.---...----

.-/-/..))-/-)..)./-.-.-.-/)....--....--....--....-./../-....-...---.....-...---....

-./ -.0 -.1 -.
.
-.2 -3 -4 -5 -6 -7 -/ -0 -1 -. 2 . 1 0

2

7

.2

.7
89.

+):" ;&#,*+%+,)

<
):

"
;*

&=
>

?

3

0

-./ -.0 -.1 -.
.
-.2 -3 -4 -5 -6 -7 -/ -0 -1 -. 2 . 1 0

2

.2

12

02
890

+):" ;&#,*+%+,)

17

6@7

A";"%+,)* <)*"B%+,)*A";"%+,)* <)*"B%+,)*

; !

>!

# !



! OR+!

NYBYK.6$*%A$*.:$).D@,@<(.(Q;(<A+($,-.

./0!&104"%",'1?!*)3-"0*!&10*0,)0-!/010!/'E0!&'E0-!)/0!U'?!)$!)1',*4')0!)/0*0!

7",-",:*!)$!)/0!($,)0Y)!$7!;MB!-"*0'*0!%$-04*W!C$1!)/0!-3'4!:3"-0!;;Z!'&&1$'(/G!U0!

U"44!)'A0!'-E',)':0!$7!($1)"('4!,031$,*!71$%!0%61?$*!0Y&10**",:!#+>;#!o6'()01"'4!

'1)"7"("'4!(/1$%$*$%0!($,)'",",:!&'1)*!$7!/3%',!#+JKCkS!:0,0!U")/!fjQQ!10&0')*!

a=0)01**$"*14:G!SQOjbp!',-!U"44!",70()!)/0%!U")/!;;Z+W2%0S#'*+!'4$,:!U")/!6$)/!

*:K2;*W!./0!0%61?$*!U"44!60!9Oh!$77*&1",:!71$%!#+>;#!/$%$@?:$3*!&'10,)*!',-!

U"44!&$**0**!)/0!0Y&',-0-!10&0')*W!=1"%'1?!($1)"('4!,031$,*!'10!0'*"4?!(34)310-!',-!'10!

"-0'4!7$1!)0*)",:!)/0!70'*"6"4")?!$7!$31!'&&1$'(/!",!'!,031$,'4!(044!)?&0W!C$1!)/0!($44'&*0!

'&&1$'(/G!)/0!,0Y)!*)0&!"*!)$!)0*)!)/0!077"("0,(?!$7!($44'&*0!$,!0Y&',-0-!10&0')*W!!

./0!(04434'1!&/0,$)?&0*!$7!#+JKCkSc104')0-!;MB!",(43-",:!K2;!',-!

-"&0&)"-0!7$("!*/$34-!60!'%04"$1')0-!"7!$31!'&&1$'(/0*!'10!*3((0**734W!H0!U"44!3*0!

K2;!743$10*(0,(0!",!*")3!/?61"-"@')"$,!aK2;cC5BLb!)$!($%&'10!)/0!7$1%')"$,!$7!

,3(40'1!7$("!",!)10')0-!E*!($,)1$4!%"(0W!<"&0&)"-0*!&1$-3(0-!71$%!K;2!)1',*4')"$,!7$1%!

)$Y"(!(?)$&4'*%"(!',-!,3(40'1!'::10:')0*!",!(044*!U")/!0Y&',-0-!10&0')*W!;%$,:!)/0!*"Y!

-"&0&)"-0*!7$1%0-!",!;MB!&')/$4$:?G!*0,*")"E0!1'66")!%$,$(4$,'4!',)"6$-"0*!':'",*)!

&$4?!:4?(",0c&1$4",0!a=$4?c8=b!-"&0&)"-0*!/'E0!600,!-0E04$&0-!',-!3*0-!7$1!-0)0()",:!

=$4?c8=!",!&')"0,)!*'%&40*W!.$!I3',)"7?!=$4?c8=!40E04*!",!)10')0-!E*W!($,)1$4!:1$3&*G!

U0!U"44!0%&4$?!'!*',-U"(/!"%%3,$'**'?!3*",:!)/0!F0*$!B('40!<"*($E01?!&4')7$1%G!',!

9M5B;c6'*0-!'&&1$'(/!7$1!-0)0()",:!-"&0&)"-0*!a;*/*$"*14:G!SQOibW!57!0")/01!'&&1$'(/!"*!

*3((0**734G!U0!0Y&0()!)/')!=$4?c8=!I3',)")"0*!U"44!60!*":,"7"(',)4?!4$U01!",!(044*!U/010!

#+JKCkS!10&0')*!U010!0Y("*0-W!



! OjQ!

NYI.UA-"@--A%$.

;MB!"*!'!&1$:10**"E0!%$)$1!,031$,!-"*0'*0!",!U/"(/!)/0!'E01':0!*31E"E'4!1')0!

71$%!$,*0)!"*!ScR!?0'1*G!',-!$,4?!OQr!$7!",-"E"-3'4*!4"E0!&'*)!OQ!?0'1*W!./010!"*!

(3110,)4?!,$!(310!7$1!;MBG!',-!'E'"4'640!%0-"(')"$,*!-$!,$)!*":,"7"(',)4?!&1$4$,:!

*31E"E'4W!F3)')"$,*!*3(/!'*!)/0!10&0')c0Y&',*"$,!",!#+JKCkS!34)"%')04?!40'-!)$!

,031$,'4!-0')/G!-0(10'*0-!%3*(40!%'**G!',-!4$**!$7!%$)$1!($,)1$4W!80,0!0-")",:!

'&&1$'(/0*!)/')!04"%",')0!;MB c('3*",:!%3)')"$,*!%'?!&10E0,)!-"*0'*0!&1$:10**"$,!',-!

"%&1$E0!)/0!I3'4")?!$7!4"70!$7!*$%0!&')"0,)*W!!

J31!&104"%",'1?!*)3-"0*!-0%$,*)1')0!#K5B=Kc#'*+[*!&$)0,)"'4!7$1!)/0!)10')%0,)!

$7!;MB!('3*0-!6?!#+JKCkS!10&0')!0Y&',*"$,W!./0!,0Y)!*)0&!U"44!60!)$!",)1$-3(0!)/0!

2%0S#'*+!-3'4!*:K2;!;;Z+!E0()$1!",)$!#+>;#!,0$,')0*!E"'!7'("'4!E0",!",]0()"$,W !

./0!:$'4!"*!)$!$7701!/$&0!7$1!;MB!&')"0,)*!',-!)$!:0)!(4$*01!)$!)/0!34)"%')0!)10')%0,)!7$1!

)/"*!-"*$1-01W!

5,!'--")"$,!)$!;MBG!04"%",')",:!10&0')!0Y&',*"$,*!(',!'4*$!$7701!)/01'&03)"(!

'-E',)':0*!)$!$)/01!10&0')c'**$("')0-!-"*0'*0*W!./010!'10!')!40'*)!RQ!-"77010,)!-"*$1-01*!

'**$("')0-!U")/!10&0')!0Y&',*"$,*G!%$*)!$7!U/"(/!'770()!)/0!(0,)1'4!,01E$3*!*?*)0%!

a='34*$,G!SQO`bW!H0!0,E"*"$,!)/')!$31!*",:40c;;Z!(',!60!'&&4"0-!)$!%',?!$7!)/0*0!

-"*$1-01*!'*!',!.-*/./&!)/01'&03)"(!%0)/$-W!!!

.

.

.

.



! OjO!

NYK.M:,(<A:'-.:$).+(,9%)-.

=4'*%"-*!3*0-!",!)/"*!(/'&)01!

2%0S#'*+!&4'*%"-*!U010!3*0-!71$%!(/'&)01!RW!C$1!)/0!'44c",c$,0!;;Z!&4'*%"-!

)'1:0)",:!)/0!74',A",:!10:"$,!$7!#+JKCkSG!',,0'40-!$4":$*!U010!*0I30,)"'44?!(4$,0-!

",)$!&4'*%"-!&9VBOQ+hW!B&?#'*+!40,)"!&4'*%"-!U'*!$6)'",0-!71$%!;--:0,0!am`hORjbW!

;,,0'40-!$4":$*!U010!4":')0-!'7)01!>*%65!-":0*)"$,W!!

!

.1',*70()"$,*!$7!L9lS+i.!(044*!!

.1',*70()"$,!$7!L9lS+i.!',-!L9lS+i.c.MKSWQ!(044*!U'*!&017$1%0-!'*!&10E"$3*4?!

-0*(1"60-!",!(/'&)01!RW!C$1!)/0!0Y&01"%0,)*!U")/!*0&'1')0!&4'*%"-*G!SQQ,:!$7!#'*+!

&4'*%"-!',-!SQQ,:!$7!*:K2;!&4'*%"-!U010!3*0-W!C$1!B&?#'*+!40,)"E"1'4!($,*)13()*G!

iQQ!,:!$7!)/0!&4'*%"-!U'*!3*0-W!.$!%0'*310!",-04*!",!'44!(044*!kS!/1!'7)01!)1',*70()"$,*G!

(044*!U010!/'1E0*)0-!',-!:0,$%"(!<2;!U'*!0Y)1'()0-!3*",:!)/0!<2'0*?!>4$$-!',-!

."**30!A")!at"':0,bW!./0!)'1:0)0-!4$(3*!U'*!'%&4"7"0-!6?!=#KG!B',:01c*0I30,(0-!

a80,0U"@bG!',-!','4?@0-!6?!.5<9!a>1",A%',*$"*14:G!SQORb!3*",:!)/0!<0*A)$&!80,0)"(*!

U06c6'*0-!",)017'(0!a/))&\PP)"-0W-0*A:0,W($%bW!

!

!

!

!

!

!

!

!

!



! OjS!

39:;,(<.P>.3%$"'@-A%$-.:$).D@,@<(.)A<(",A%$-Y.

PY=Y.19(.D@,@<(.%D.3:-H.%<,9%'%*-.:$).,9(A<.A$9AGA,%<-.

./010!'10!(3110,)4?!)/$3*',-*!$7!*0I30,(0-!#'*+!$1)/$4$:*!",!)/0!&364"(!

-')'6'*0G!$7!U/"(/!$,4?!'6$3)!'!-$@0,!/'E0!600,!('107344?!(/'1'()01"@0-G!',-!'!/',-734!

3*0-!7$1!:0,$%0!0-")",:W!H")/!)/0!(3110,)!&'(0!$7!*0I30,(",:!&4')7$1%*G!',-!)/0!10(0,)!

0Y&4$*"$,!",!%"(1$6"$%0!',-!%0)':0,$%"(!*0I30,(",:G!)/010!U"44!60!)/$3*',-*!%$10!

*0I30,(0-!U")/",!)/0!($%",:!-0('-0*W! !9'(/!#'*+!$1)/$4$:!($%0*!U")/!'!3,"I30!*0)!$7!

70')310*G!',-!6?!(/'1'()01"@",:!%$10!',-!%$10!#'*+*G!U0!'10!4"A04?!)$!3,($E01!#'*+*!

U")/!-0*"10-!70')310*W!C$1!0Y'%&40G!l4'#'*+!71$%!)/0!*317'(0!$7!'!%'1",0!%"(1$'4:'0!

/'*!'!3,"I30G!28888;!=;F!',-!"*!%$*)!077"("0,)!')!4$U01!)0%&01')310*G!U/"(/!($34-!

0,'640!077"("0,)!:0,$%0!0-")",:!",!('*0*!U/010!0Y&01"%0,)*!,00-!)$!60!&017$1%0-!')!

1$$%!)0%&01')310*!$1!604$UW!B3(/!3,"I30!70')310*!U"44!0,($31':0!10*0'1(/01*!)$!

(/'1'()01"@0!%',?!%$10!#'*+!$1)/$4$:*W!!

./0!1')0c4"%")",:!*)0&!",!(/'1'()01"@",:!#'*+!$1)/$4$:*!"*!-0)01%",",:!)/0!=;FG!

',-!73)310!*)3-"0*!*/$34-!7$(3*!$,!*)10'%4",",:!)/0!=;F!"-0,)"7"(')"$,!&1$(0**W!./0!.-*

/."#&!=;F!"-0,)"7"(')"$,!*)1')0:?!3*0-!",!$31!*)3-"0*!"*!/":/4?!*0,*")"E0!',-!"-0,)"7"0*!

($%&40Y!=;F*W!20E01)/040**G!")!10I3"10*!)/')!'()"E0!&1$)0",!"*!*3((0**7344?!&31"7"0-!',-!

)/0!*:K2;!"*!($110()4?!&10-"()0-!a>1",01*$"*14:G!SQORbW!./0!*)3-?!$7!#'*+!-"E01*")?!U"44!

60!7'("4")')0-!6?!)/0!-"*($E01?!$7!/":/c)/1$3:/&3)!=;F!"-0,)"7"(')"$,!*)1')0:"0*W!

;4)01,')"E04?G!U")/!)/0!:1$U)/!$7!'1)"7"("'4!",)044":0,(0!',-!$31!($,)",30-!&1$:10**!",!

3,-01*)',-",:!$7!&1$)0",\<2;!",)01'()"$,*G!$,0!(',!0,E"*':0!)/0!&$**"6"4")?!$7!

&10-"()",:!=;F*!*$404?!6'*0-!$,!)/0!=5<!&0&)"-0!*0I30,(0W!2$,0)/040**G!'*!%$10!',-!



! Oji !

%$10!&/':0!',-!$)/01!F89!*0I30,(0*!60($%0!'E'"4'640G!U0!'10!%$10!4"A04?!)$!60!'640!

)$!&10-"()!=;F*!7$1!'!#'*+!$7!",)010*)W!C$1!0Y'%&40G!)/0!=;F!7$1!L&'#'*+!

a2R8;...b!($34-!60!&10-"()0-!6'*0-!$,!)U$!/")*!",!&/':0*!)/')!",70()! 01$2&%3.4()!

*&0("0*W!H/"40!)/"*!"*!(3110,)4?!,$)!&$**"640!U")/!%$*)!#'*+*G!)/0!*31:0!",!*0I30,(",:!

U"44!%'A0!)/"*!&$**"640!",!)/0!,0'1!73)310W!

5,!'--")"$,!)$!#'*+!-"E01*")?G!;(1!-"E01*")?!10%'",*!)$!60!7344?!'&&10("')0-W!

C3)310!*)3-"0*!U"44!)'A0!'-E',)':0!$7!%0)':0,$%0*!)$!3,($E01!,0U!;(1*!",!'!/":/c

)/1$3:/&3)!7'*/"$,W!5,!7'()G!'!10(0,)!*)3-?!)$$A!'-E',)':0!$7!'!*?*)0%')"(!

6"$",7$1%')"(*!&"&04",0!)$!10E0'4!-$@0,*!$7!&3)')"E0!;(1*!",!-"E01*0!&/?4'!aH'))01**$"*

14:G!SQO`bW!B"%"4'1!)$!#'*+G!)/0!&1$%"*0!$7!;(1!'&&4"(')"$,*!%3*)!,$)!60!$E01*)')0-G!',-!

U0!%3*)!60!('3)"$3*!607$10!"%&40%0,)",:!;(1*W!!

!

.

.

.

.

.

.

.

.

.

.



! OjR!

PYB.19(.D@,@<(.%D.32?0E2.*($%+(.($*A$((<A$*.

./0!#K5B=K!:0,$%0!0-")",:!)$$46$Y!/'*!600,!0Y&',-",:!7$1!)/0!&'*)!-0('-0W!

#4","('4!'&&4"(')"$,*!$7!#K5B=K!U"44!($,)",30!)$!:1$U!',-!)/0!",,$E')"$,!$7!,0U!

)0(/,$4$:"0*!U"44!($,)",30!)$!"%&1$E0!$31!3,-01*)',-",:!$7!6"$4$:?!',-!%0-"(",0W!

H/"40!#'*+!($,)",30*!)$!60!)/0!%$*)!U"-04?!3*0-!#K5B=K!0,@?%0G!$)/01!#K5B=K!

,3(40'*0*!/'E0!600,!",)1$-3(0-!$E01!)/0!&'*)!j!?0'1*!)/')!$7701!($%&40%0,)'1?!70')310*!

)$!#'*+W!C$1!0Y'%&40G!)/0!-"*($E01?!$7!#'*OS!',-!#'*Oi!,3(40'*0*!/'*!0Y&',-0-!)/0!

#K5B=K!)$$46$Y!aB/%'A$E*$"*14:G!SQOk'bW!#'*OS!"*!'!<2;!,3(40'*0!4"A0!#'*+G!63)!")!

10($:,"@0*!%$10!;.!1"(/!=;F*G!/'*!)/0!'6"4")?!)$!&1$(0**!")*!$U,!:3"-0!K2;!aU/"(/!

0,'640!%34)"&40Y",:b!',-!(10')0*!<2;!(3)*!U")/!$E01/',:* !a_0)*(/0*$"*14:G!SQOjbW!

#'*Oi!"*!',$)/01!0770()$1!,3(40'*0!63)!",*)0'-!$7!<2;G!")!"*!',!K2; c:3"-0-!K2;!

(3))01!a9'*)cB040)*A?*$"*14:G!SQOh^!;63-'??0/*$"*14:G!SQOh^!;63-'??0/*$"*14:G!SQOkbW!

#'*Oi!/'*!600,!3*0-!7$1!K2;!0-")",:!',-!A,$(A-$U,!",!/3%',!(044*W!5)!'4*$! 0Y/"6")*!

($44')01'4!K2;!*/10--",:G!"W0W!")!(40'E0*!$)/01!K2;*!",!'--")"$,!)$!)/0!)'1:0)!K2;!$,(0!

'()"E')0-G!U/"(/!/'*!%'-0!")!'!&$U01734!-"':,$*)"(!)$$4!a8$$)0,601:*$"*14:G!SQO`bW!

D,-$36)0-4?G!%$10!#K5B=K!)$$4*!U"44!60!'--0-!",!)/0!,0'1!73)310G!',-!%$10!',-!%$10!

U"44!,0'1!(4","('4!',-!-"':,$*)"(!'&&4"(')"$,*W!!

L$U0E01G!")!"*!"%&$1)',)!)$!,$)!$E01*)')0!)/0!&1$%"*0!$7!#K5B=K!)$$4*W!L"*)$1?!

)044*!3*!)/')!*3(/!610'A)/1$3:/*G!U/"40!&$U01734G!$7)0,!(10')0!'!631*)!$7!/$&0!'%$,:!

*("0,)"*)*!',-!)/0!&364"(G!63)!")!)'A0*!-0('-0*!)$!10'4"@0!)/0!($%&40Y")?!',-!,3',(0*W!C$1!

0Y'%&40G!)/0!-"*($E01?!$7!K2;!",)017010,(0!)$!*"40,(0!K2;*!'&&0'10-!)$!60!)/0!%':"(!

63440)!",!)/0!0'14?!SQQQ*W!L$U0E01G!")!)$$A!(4$*0!)$!)U$!-0('-0*!7$1!)/0!7"1*)!K2;"!-13:!



! Ojj !

)$!60!'&&1$E0-!6?!)/0!C<;W!#K5B=K!/'*!(01)'",4?!10E$43)"$,"@0-!6"$%0-"('4!*("0,(0*G!

63)!")*!73)310!(4","('4!"%&40%0,)')"$,!%3*)!60!)'A0,!$,0!*)0&!')!'!)"%0W!2%0S#'*+!"*!,$!

0Y(0&)"$,G!',-!604$U!U0!-0*(1"60!73)310!*)0&*!)/')!U"44!0,*310!)/')!2%0S#'*+!(',!60!

*'704?!',-!077"("0,)4?!3*0-W!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



! Ojh!

PYBY=.19(.D@,@<(.%D.8+(B3:-H.

2%0S#'*+!"*!'!&$U01734!:0,$%0!0-")",:!)$$4!)/')!U"44!*)10'%4",0!%',?!:0,$%0!

0-")",:!'&&4"(')"$,*W!J31!&1$$7c$7c($,(0&)!.-*/./&*-04"E01?!$7!'!*",:40c;;Z!2%0S#'*+!

E0()$1!%0',*!)/')!")!(',!,$U!60!3*0-!7$1!)/01'&03)"(!&31&$*0*W!./0!'6"4")?!$7!

2%0S#'*+!)$!&10("*04?!0-")!)/0!:0,0!$7!",)010*)!"*!$7!&'1'%$3,)!"%&$1)',(0!",!

)/01'&03)"(!'&&4"(')"$,*G!U/010!)/0!"-0'4!,3%601!$7!$77c)'1:0)*!"*!@01$W!L$U0E01G!)/010!

'10!*0E01'4!I30*)"$,*!)/')!(',!60!'--10**0-!",!73)310!*)3-"0*!)$!"%&1$E0!2%0S#'*+[*!

'&&4"(')"$,*G!*$%0!$7!U/"(/!'10!$3)4",0-!604$U!

./0!*'70)?!$7!2%0S#'*+!%3*)!60!",E0*)":')0-!",!-0)'"4W!#$,*"-01",:!)/')!

7$.))$#.1!*&0("0*!'10!/3%',!($%%0,*'4*P&')/$:0,*G!)/0!&10*0,(0!$7!',)"6$-"0*!':'",*)!

2%0S#'*+!"*!'!&$**"6"4")?W!C31)/01%$10G!U/"40!U0!/'E0!*)3-"0-!)/0!*&0("7"(")?!$7!

2%0S#'*+!$E01!'!%$,)/c4$,:!&01"$-!",!%$3*0!%$-04*G!4$,:01!*)3-"0*!'10!,00-0-!)$!

0,*310!*'70)?!",!)/0!4$,:!)01%W!5,!'--")"$,!)$!'((31'(?G!(40'E':0!077"("0,(?!"*!',$)/01!

70')310!$7!',!"-0'4!#'*+W!J31!($%&'1"*$,!$7!2%0S#'*+!',-!B&?#'*+!*3::0*)*!)/')!

B&?#'*+!"*!%$10!077"("0,)!",!$31!*/$1)c)01%G!)1',*70()"$,c6'*0-!0Y&01"%0,)*W!H/"40!

",(10'*0-!077"("0,(?!%'?!($%0!')!',!'((31'(?!($*)G!")!%'?!60!&$**"640!)$!0,:",001!

2%0S#'*+!E'1"',)*!U")/!/":/01!'()"E")?!)/')!10)'",!)/0"1!'((31'(?W! !

./0!-0E04$&%0,)!$7!7344?!%$-"7"0-!(1K2;*!',-!)1'(1K2;!a($,)'",",:!,$!Swc

JL!:1$3&*b!U"44!*":,"7"(',)4?!0,/',(0!2%0S#'*+!'&&4"(')"$,*W!F$-"7"0-!K2;*!/'E0!

600,!-0E04$&0-!7$1!K2;"!',-!7$1!B&?#'*+!:0,$%0!0-")",:G!',-!",!6$)/!('*0*!/'E0!

",(10'*0-!)/0!*)'6"4")?!$7!)/0!K2;!',-!")*!077"('(?! .-*/./&!aF"1*$"*14:G!SQO`'^!l/E$1$E'!

',-!H'))*G!SQOk^!L0,-04*$"*14:G!SQOjbW!#/0%"('4!%$-"7"(')"$,*!*3(/!'*!SwcJc%0)/?4G!



! Ojk!

&/$*&/$1$)/"$')0!',-!743$1$!K2;!/'E0!&10E"$3*4?!600,!3*0-!)$!*?,)/0*"@0!:3"-0!K2;*!

7$1!B&?#'*+!U")/!*3&01"$1!077"('(?!',-!0E0,!"%&1$E0-!*&0("7"(")?W!./0!-0E04$&%0,)!$7!

*3(/!%$-"7"0-!K2;*!7$1!2%0S#'*+!U"44!0,'640!.-*/./&!-04"E01?!$7!K2=!($%&40Y!U")/!

)/0!&$**"6"4")?!$7!&1$4$,:0-!0Y&10**"$,W!./0!%$-"7"0-!K2;!'4*$!($34-!'%04"$1')0!'!

&$)0,)"'4!"%%3,0!10*&$,*0W!./0!(1?*)'4!*)13()310!$7!2%0S#'*+!(',!60!3*0-!)$!",)1$-3(0!

%$-"7"(')"$,*!",!'!*)13()310c:3"-0-!%',,01W!!

#'*+c6'*0-!'&&4"(')"$,*!0Y)0,-!60?$,-!")*!:0,$%0!0-")",:!('&'6"4")"0*W!H/"40!

U0!-0%$,*)1')0-!)/')!2%0S#'*+!(',!60!3*0-!'*!'!,"(A'*0G!)/010!'10!'&&4"(')"$,*!)/')!

)'A0!'-E',)':0!$7!#'*+[*!'6"4")?!)$!:3"-0!$)/01!&1$)0",*!)$!'!:"E0,!:0,$%"(!4$(3*W!C$1!

0Y'%&40G!$31!4'6!/'*!73*0-!-B&?#'*+!)$!',!0,:",0010-!'*($16')0!&01$Y"-'*0!a;=9XSb!

7$1!*&')"'44?!10*)1"()0-!0,@?%')"(!)'::",:!$7!&1$)0",*!'**$("')0-!U")/!'!4$(3*!$7!",)010*)!

a8'$!0)!'4W!SQO`bW!!J,0!(',!0,E"*"$,!)/0!3*0!$7!2%0S#'*+c;&0YS!73*"$,!)$!)'A0!

'-E',)':0!$7!)/0!/":/01!'((31'(?!$7!2%0S#'*+G!&01/'&*!$7701",:!'!/":/01!*":,'4!)$!

,$"*0!1')"$W!J)/01!0Y'%&40*!",(43-0!73*",:!)1',*(1"&)"$,'4!'()"E')$1*P10&10**$1*G!L<K!

0770()$1*!7$1!"%&1$E0-!/$%$4$:?!10&'"1G!',-!6'*0!0-")$1*W!!

5,!)/"*!)/0*"*G!U0!&10*0,)!,0U!#'*+!$1)/$4$:*!',-!;(1*!)$!"%&1$E0!0Y"*)",:!

:0,$%0!0-")",:!)$$4*W!./0!*"%&4"(")?!$7!#'*+*!*3(/!2%0S#'*+!%'A0!")!0'*"01!)/',!0E01!

)$!%',"&34')0!)/0!/3%',!:0,$%0W!L$U0E01G!$31!A,$U40-:0!($,(01,",:!)/0!*/$1)c!',-!

4$,:c)01%!$3)($%0*!$7!#'*+!0Y&10**"$,!"*!0Y)10%04?!4"%")0-W!#$,*0I30,)4?G!3,)"4!

&104"%",'1?!',"%'4!*)3-"0*!/'E0!600,!($%&40)0-G!")!"*!3,0I3"E$('44?!-',:01$3*!)$!)0*)!

)/0*0!*?*)0%*!",!/3%',*W!.'A0,!)$:0)/01G!'4)/$3:/!#K5B=K!"*!'!&$U01734!)$$4G!U0!%3*)!

0Y01("*0!0Y)10%0!('3)"$,!",!"%&40%0,)",:!")W!



! Oj` !

!EE58U?e..

!;;($)AQ.=>.?$D%<+:,A%$.<(':,().,%.:$,AF32?0E2-.:$).3:-H-.A$."9:;,(<-.B.:$).I!

!
23(40$)"-0!*0I30,(0!!

aj[ ! i[ b!
;%",$!'("-!*0I30,(0!a2 ! #b!

;(159S!

;.88##;;.;##.;.#.#;.#8;#####8#;; ;;;#;;#8;#;!
;#.##88#8;8#8#..#;#88..8;#8#.8.#8;#;..;#;8#!
#8##8#8;;8;8#8#;8###;;#;8;..#..88#8;88;;..#!
8;888##.#8.;.;##8.8;;;##8888;8;8.;;#88;;8.
88#;.8..##;88##.;##;##;##.8#;#88#;#.;;##8#;
#88;8;#8;##8..88#.;.##8...#;.8.;;.88;;# .#.8
; !

F;2.NM5<=Kl22<2B89K
C.Z<;Z< 5.;;;lB;;tt5
M899C98MZNK9.8!
9B28B8FCt;NLLML8.2
K.9..Z8N!=CLZF9M !
!

;(155#O@&$!

;.88##;;88;88.#..#;;8#.8;;8##88;8#.88.8;#8.
;#;;888#.8#888.888###.88##.8#;.#;;88;.88#8;
8;.#;.#8;##.8;##.;#8.8#8.8;##.888#;.#8;88;8
.;#8;.8;;;;#..#8;#88##.88;8##88;8;.#;.#.;..
;#8;#8.#8 .#8##.#8#;88#8.8#;;88;;8.88##.;##8
#.;.8;;8;8;.888#8;;..#;##..#88##.#.8#;8#. 8#
.888;;..#;;#8.#;.8.;; !
!

F;l9ZClMl=9MZ.Nl8#8
H;M;#5l<8955<M.NZK<M
8599N<92C<8M9 !
=955NN<ZZ;Bt;#l9Z;N
KN99F89C.C8M#B#H9C2
ZF !

;(155#O72$ !

;.88##;;.;;;;#..;.;;;;..88;;;;;;.8##888.;.8 !
;.88#. 8#88.#...8.#..8#88##;...#.8;;;;.8;;8# !
.;.#;;;8..;;8.;...8#8#8;#;...8.##.8;..;#8;.!
88#8;.8;.;;;8#.8;88;..88#.8;8;.8888;;#88;#
; !
8##8#8.#;;;8#;8##8#.#..8;;;.88;8#;8.;#8#;.; !
.;#8.#88..88.;.88##.#;.8..888;8...8..8;;#.; !
.8; !

F;2l.Nl58l2;8N<8#8
M#M;;5B929;5lZ lNMK<5
#=<N<8<<l;9<HMKH8.
<BKZl;;;M9F9tN;N.B
Z8F;B#H9CZ9M !

;(155#S72$ !

;.88##;8#;;;;;#;;.;....#;;#;;8.;.##;;#;;..; !
..#;#88#8;;8#8#888888;8;;.8;#8;;...8.88.8#; !
.;#8#8#.;###8#8;..#..88#8#88;;;.#....8;#8;# !
;;...#;#888#8;;;.8##.8#;;;;##.8..;;#8888;;.!
.888;#;;;.#88 #8;;## 8#8##8##..8#..;.8;..#;#8 !
8#..88...8.88#...#.8;#..#;.#;.8..88;#;;#;;# !
;;8##8;;;;;#;.88;88;..88#..888#;;..;;;;8##
8##.8#8;.#8;;.#8#88#88;.8;...8;.8#.8;;.8;;8
;.8#88#88;...88;888#.888;.8;..8; !

F;Bl225C2lN=.55L89;K
892<9CZZL.KN=KCM;Kl
BC<<2C.89F=;l=Z289M
8t589=KKM;N<BKM8MHM
B<C5FM<22l=l2F9<HM
8tMl;;#<K5;;<<MFM29
<;;<M98H<< !

;(155#i 72$ !

; .88##..#;;;#8#8#.;..;.#..#;#..#...#;;#88#. !
..8;;;;;8...#.#8;;#.8;;;;;#8##8##..8##;;;;. !
#;.#;;.8#.#8;8...##;.#;.#8;#8;;.;#..8;8;8## !
;;;8;#;##;;#8#;.#8#..8;#88.#;8.;##8#8#...#. !
.8..#;;#8;#8 ;;.#8###8#;;.8;##8;;...#.88#;;; !
;#..;;;8##...8##8;;;8..8#;##88;;.#;8#;.#8;# !
8#;.888;;;..8;;8;;;8#8;;.;#8.##8##.8##88.88 !
;;#8#;888;...#..;8#88#;8##;;#88#;;;8;8;....!
.;;;;...;; !

F;ClK;55C.BC28C9lZBK
.9lKKM;l552;KZB55<9NM
K;l<.2;BM<8tNK;CMC2
<9B=;F.9C M;lMl;C;9B
#. 85B5<;H9599B9NZKM=Z
9KK<CM;;;28l95Cl5 !
!

;(155#R0%1!

;.8;;8;.#;##;8#;8#;;#..#8#8;##;..8#8;##;8#8
;8;;#...8#8;;8#.8;8#8.8#.8##8;;;;;##;##8.8;
8##8;.#;;888.#.8..#;;;;8#8#88..8;;#;8...;8#
;8#8#8#8.8;#..#...;;8;;#8;8;;#.;#;8#;;;8;8#
.88#88;;;;8..#;;#;;;8;;8#88.8;;#8; 88#88..8
;;;;8#.8#;;;;;8#8;.#8;.#.88#88;;;;;#;888#;
..#;;...!

Fl5.BB2C;.5;.B92C;lM
BZM=l2LK9=5l8MClB;Z9
tCBB;K<CCl292NBl9M;9
lC2l9;Z29;Z9lMtl;5<
M;9lt85tC!

;(155#j !2( !

;.8;;#;;#;8#;.#;;8..##;#8.8;8#.;#8;#88.;##8
#8#8.8#8#.8...;;#;##;;88;8#;88#88;;;;;.;#.8
##.88..8;88;;;..;;#8;.8;8;.8;;#88#.;.;;8#8.
;;;;8#.888;88;;;;8#.8#8.8;88;;;;#.8#8#8;8#
8.8#;88;#.888..8;8;;8;;#.;#;##;8#;8#.;.;8#8
;##.8..#;;#;.#.8#8;8;..8;;8.8;8#;8#8#888.#;
;#.88..;;8;.#8;#;;#;##8;88.88;#8;...#8..8;;
;;#.8#.;.88#...;###.88;88;#8;.#.88;88;;..#;
;#;;88#8; ;;#;8.;##.8#;;;;;....;.8#88;8.8#8;
;;;# !

F22B5lCLZBN <8.;K;MC
2.l9t;9lN#MZ9952<9F
28NlKlBH99lMK992#;B
Zt<HZ9l2N.BBNB<MC25
#959ZBB;8tMZl5<2.9Z<
<CZ92#N8C.M9<<M99C2
l;ltNMtlCN;9#92 !



! Oj+!

L&'#'*+!

;.88;;;;.;;;;;#..;;;..;.;.##..88.#.#8;##..88
.;.#8##.#.8..88#.888#.8.88..8;;;..8;#8;;;;;
8;8;;.##.#.8#8...;;..8;.8..88.8.;#8.;#...#8;
;#8;8#;8;;8.8###;;;;#;88.8;;;8##..8#8#...#.
#8##8...;8###8#.##8#.#8.#8;..;;#.#;;#8.#8#8.
.8#.#8.#.8;;;;;;8#;;;;#8;#..#.;;;;.#;8 ;;;;.
;.##.;..;.##;#.8;.8;;#8.#..##.#;.#;;8...88#;
8#.;#8.8.#8;;88.#.;8;.#;.;;;#.;8;;#8##;;8;;
.888#.8#.8.8..;..;#;...;;..;;8#;##8.88..;...
;.#.#;8#8.;;;;;.8;;;8.;;;;8#8;;;;.;;;8;8#.
;88.8#8..;..;;8#88.8.;8;#;;.;;.#;.;;;..;#.8
#;8#;;8#.;#;.;.#8#.#8##;8#;8;;#..8# #8.;;;;;
;;...8;88.#8;;8;;88.#;.;.##8.;;##;;#;;88#8#
#.;.;#.#;#;#8...;8##8;#.;8 ;#..;#.#8##8;;;.88
;;#.##.#..#.#.#8.#;;#;;#;#...88.;;.##;..#8#.
.#;8;;;;;..;..;8;;;;...8;##8#;#....;;.8.88#
;;;;;##.8##..;.#.88.8;;8#.;....;;;;;.8#.#88.
;;;.8.;#....8;;8;.8;;.;.;;88#; 8#.;;8;;#;#..
;..##8#;8;;#8....8...88;.;;#8;;;..;;;.;;...;
#8.;..#;;8;;;;.88#.. ;8;8#8.8#...;;;.8;.;;.8
;;#8...;8#;..;;.88;8#;;##..;.8;#;;;;;.;8;..
;..#.;..#;#;;8.;#8#.#;;.;..;;;;..;.#.8;.8;88
#;;.#...;;;88##.##8..;..##88.8;88;.;;;;;88#
#;..8;;;#.;;;8#;8.;#.8;.88 ;;;.8;;;8##.;.#;#
#;;;..#8.;;;8.;..88;;88.;;.;;##.;;;;8#.8;;.
888#;8;;..;;;88#;;;.##;;#;..;..;8;.8;;;..88
.;#88#;....#;..;.;.;;;;#.8;.8;;8;.;.#;8#8#..
;#..;8#;88;;;;#.#.#.#;8##.8.;..;;;.8##..;..8
8;;;;.#..;8....8;.;;;...;.##;;..;.###..;;;8#
...;.;.;;;#..#.;##;.. ;;.8#;;#;;88;#.;#8#.;.8
;.8;88#..8.#8.8;;;...;.88#8;.#;..;.88.;;;;;
;;#;8;;8;;;;##;.#;#..#..;##;#;8;..##;8#.8;.
8;;;.##8.;;.##.8.88....;#8;;#;#.#;#8#;;8#.#
8.;;;8.8;..;;.88#8.;8.8;8;..;.;.88..#8##;8#
.#8.;..#;.;..8;;;#888;#8;8;;8..88#;;;.#..;#
;;;8;.#8.#8.8;;#.;8;;;;;#8.#;88;;8;;;;.#8.
;;;#;8#8.8;;;;#8#;;.#;;88;;...;;;8;8.;#..##
#.#;....8# .88.8;8##.;;;8##;;;8;#;....;;;;;.
8#8;#...;.;;;#;8#;;;;.8#;;;;.8...;.;..##88#
;;;##.;.#8;;..8#;##8...;..;8;;;;;88#.;.8.;8
;;8.#8;.#;#8##..8##8....###8.;#..888;.8;.;8.
..#;;#;;.;;;8.;# .88.8#..8#.;;.8;;;;.#;;;;#;
;;88#;;...;;####....8;;.88#..8;.88.;;;#;.;;
#;8#8;; #8#.88;8;8#8..#;;;8#;..;8..8;;;##;8.
8#;..###..;.8#8;;;;;;#;;#8#;.##.;;8##;;;;;#
..8;.8;;;;888#...;..8;;#8.;;...;;;.8;.;#8#8
#.;#8..8#.#8...#..;.8.;;....;..8#;8;.;;.;.8#
;#..;;#;88.8;;88;;;;#8;;;;8.;...8#..##;;#88
8#;;;..;##8#...;#..#8.;8##8..8888;..;8#;;;;.
#;# 888;;8;#;;.8;##8##;.#;#8##..;8;.8##8..8.
88..8#..8#.#;;##8.#8##;.8#;8#;;;;;;.#;#;#8.
...8..#8....8;;8#.88.8;.8.;..#;#.88.8;;#8;;.
;8;.#8.8;;;#;88.8;;;..;..##;..;#;#..###.;#.#
#;.88#;; .....#;;;#;;8;;8..8;;;.##8;;.....;8.
8;.;;.##.;;;#.88;;#.;8;;;;.;8;..8##88;.#8.#
#;#;;8##;;.#;.8;;...8.##;;##.#.8...8.;.#.#8;
;.8##;;#;#8#;;;;.8;##88.#;;88;#;#;.88;;;##
8.8;;;.#;8#8;;;#8.#.#;;.8;;888;.;;8#8.8;..;
;;;.8##;#.#;#.;;;..;;;;..;;;;8;...;8;;..8;.
88.;;;.#8.8;;#8.8;;;;;8;.#...;.8;.;#...;;;;
8#.#8.#.;8;88#....;;.8;.8;.##.8#.;;;8#8...8#
.8;;##....;.;;;;;;;88.8888#.;..8..;;;.#;8.;
#8;8.;8;;#;;;.;#;;;;;.#.88#8.;..;8.##8.8;88
88;;.88.8.#8#88;.;;.8##.#;;.88.8;8;8.88;.8.
;..#;#.;;;88.88;;;;.;...##..8.8##;;...;.;##.
8 8#;;8.#8#.;;888;;....;##.;;.;;;8#;8#;;#;#;
;.;.;;;8;.8;88;;8;..888;;8.8;.88;.; ;#.#.8#;
;#...#;;;....#;..;#;###;;;.8;#..;8.;;;;..;8.
#;#.;;;;;8;;;;##;....;88..;#...;;.88;#..;;.#
8.8##;#;88.;;.;.;8;.;..;;;8;;#;.8;...;8;.;;

F92l2M2N5M8M<M85;BZ
8H;ZZ95<9l92=MKM5<Z
8ZK.C9K;9Z=l.89BM;MB
KKM;KB;KKM.tKKZ;KMl
l;lKMMlB925MMB.<9KM=
LtZHtMKZ98M<LlM9Kt
9H;;ZMMLM5lLK8NMBtK
l29BlB92l9M8;MMB8Z<
22LlMMtt; .NKB=;9M;Z
llC9Z998L5K2tt8;N.L
.CBKM<MM;9F9MMCBKttL
C82=C;B9lMM92M.;MMF
Htl=;MB89;5MlFM8l#.
C9<9Nl;;l2.NB;9KCZH
5.lM22MK5t928M9K;M2<
29KM;MF9t=N<l2KMCNB
tZKB5MlMB<9;5Cl8MKNB
89<ll;59.l;ZMF9Fl;
NLt5KlZM9822Ml;9H;9
Ml;2=.MM<958.;CBMNl.
<9<5B;NM;8lMBt=ZM2;
MM92MBC<lC5tMBMl;MNl
MM=MFtt8MKN<9;#K95N
8<LN8ll.992LLCM=t5=
;<95K2=ZZMK.M.t;KlZ5
28ZZKMN8B=;K5L 59.8K9
Z8lBNl<KK9M9lKt992K
ltK92;5l9Cl9NC=LC;89
=l;l<5MlFKMNltt2;l
#MNB8l=59MLKMM9l8NZ9
Z<L;M=CBK.H<<BC22lZ
MZM;292t2l82M.=C9HM
<8lL2B9KHK;Cl;MZ9.B
;C=N;lltK5MBtlM<9l8
C59K2M2<.KNZ;KCM#2C5
;<2FLM.898lKlZC;B2
8t5.;MMKBKH8M;lBK9<
2<KLL;M<;ZZZ;#B.Z;
Fttl5.KCZKC9;8<ZC.8
9K5<K9.8955=MLC=.=HtC
Clt9Z95K5CB<2=lM9M92K
M=<K=t;2L9CZt=MCZBK
F=.KlF.8t8LF9.ZlB;
lKM2985BZ5lF=M.lMlMl
<M9MFZ2K9K9l<MN<.Ml
;KM9;C2<<=;l;C;9=C5l
l88;5ZlBZKZ9t5tlB8Z
MZK9828Z;<2;BFZKZ<
ZC.l88l NCMZ=5N.HtZ;
l85M=2l;;.tNl<99<H9
ZF<2B;.ClCBML=2<MZl
MZ.lll.5M8NC28M2K;.
825<5l9L <M<lBl8lt85C
98Z85lM;MBC9lNtZ<9M
8l25KM#l=BlKt=ZK !



! OhQ!

;.#;;;;888;;;#;;88.;.....8;;88.8..88.;.. ;;;
..;8###...##..#8;;;;;.;.#;;8.#8;.8;;#..88;;;
;;;.;..#8...;.8.;;;##;;8.;;;#8 ##;;##.8..#8..
;;!

B%3#'*+!

;.8;.8;.88;;;;;...#;#.;.8.;..888...88;...888
.;.#8##.#.8.8888.888#.8##;..8;;;..8;#;;88;;
;##8;;;#;.#;;.#88...;..88;..8#88.8. #;8;;#;.
..8;;#8.8#;8;;8.;###;;;;#;88#8;..#.#..8##;;
;8#.#8##8.8;;8##;8;;8.;#.# 8##8...;;..#8#;8;
#8..#8#;.#8#..;..;#8...;;;;#8...;..8;;;#8.8;
;;....#;88#;8##.8;;;#8...;;;8;#..;##;;.#;;.
8#..88#;;..8#8.8..;;;88#..88;.;8.#88..8;;.8
;;.;.8;;.888#88##8....;..8#;...8 8.8;;8#;.#8#
88..;...;.#8#;;#8#;;;;8#8;;;.8;8#8;;;#;8;#;
8#;;;.#.8;;;.888#;8;.. ;#.88#;88.8.88#88;;;;
.#;##;;#....;#;;#;;8;;#;;.;.#8.;#;##;8##8;;
..;8#;#.#;;;;;;...8.8;;;#;....#8#;;.;;;88.8
8#8;..;.8#;#;#;#...#;;##8...88;...8#;;8##8;;
..8#;...;..8...#;;;;;#;;#8.8 ;;..;88#;;.##;..
#;#..#;##;8;;..88;;#88#;;8..8;.8;...8..8;.8
;#8#;8#8#;8.8#...; #;;88.8;.8#8;....8;;;;.8.
.888.#;..8.888...8;;##.8;;#;;..#;;;8#;8#8;;
;;;#;#;..#;8.8##8;;#8....;...88..8;#;;;;#.#;
;.;;.#..#8#;..#;;8;##;;88#;;;8;;#8.8#8..;;#
.8##8;.8;8#8.;##;;;..8..88;#8;8##..;.;;;;;;
;8.;;;..8;#..;#8#;#;;8..#8#;;;..;..;;8#..8##
.#;;;#.8#.;... ..;;;88...8#8..;.8;...88;;#;.8
;#;;;;;;8#;8;;;;#;8.;#8..8;.88;;;.8;;;.##.
;.#;#;;#;.##8##;;;#;..88;;;;;.#;88...8;;;;#
;8;;.88#;;;8.;..8##;#8#;8##.8;;;....;8;.8#;
;..88#;#88#8....##;.. .;.;;;;##8;.8;;8;.;...#
8#;.8;;..;;;;;#8.8#;88#.8##.8;;;;#8.;..8;;.
8;;..;#.8;;;;;#;.#;;....8;.88;..#;..#;;..;.#
8..8;#.8#;..;#8#;;;;....8###..8;.88;;#;;88#.
;##8..;.8;.8;;8#8.8.;###;;;...;#88.;;.#;.#;.
.#;88#;8#..8#;;#;;8;;.#;;;8#;;.....8##;#;.;
..##8;..8;.8;.8 .##8;;;.##.8.88.8..##8.;#...8
;###;;8#;;8;;;;8.88.8;;.8#8;..;..#8.#88.;.8
8..#8##;8#.#8.8.8#;.;..8;8;.88#8#8.8;;..888
.;;8.#.;;;.#;8;##8.8;##8;;..8;;;;;#;;#;;#;;
;;;;;.;;;;;;8;;#8.8;;;;#8#;8.#8##;;;..#;;;
8;;8;...###.8;....8.888#8;;###;8;888;;;8;.;
....8;;;;.8#8 ...8.;.8;;#;;#;;#;#88#;;;.8...
8.;..#888.#;.8;.;..8;.;..;;.#8;..8;;.8;;;;;
88.. ;.8..8;;;..8;##;.8###.8##;....#;#88;#..8
88;.8;.;8.#;;;;.;;.;;;8....88.;#..88#;8#8;;
;;##;;;;.;;;#8#;;.#;;;#8##.8;.8;;.;...88;#8
8.8#;;;#;;.;8##;;#8..88#..8;;...#;;8#8#8.8.
;#;;;#..8. #;.....#..;#88.;;;;;;#;;#8#;..#;;.
.;8##;;;..;8;#8;.8;;;##8;;;;;88;.....;8;;#8
#;;.#.;;;.8;.;#8#88.;.;..8#.#8....;.8.8.#;;.
..8.##;;8;;;;...;.;...8;#;88.;;;88;;;;#8.#.
.8.....8#;.#;;;#88#88;;.8;##8#;;#;..8;8;;;.
..;.8888...8;8;;;;8.##8.8;;8;#;;#8;##8##;.#
;.8#.# ..8;.8#8;..8.88.88#8.8..##;#.8#..#.;.8
#;;#;;;;;;.;;##;;;8#;...#;;#8##;.8;;;8# ;..8
;;.;.8.88;.;##8;;;#888#8;;8.;;;;...#8.;..##
;#;8##..888;......##8.#;88;;8.8;.8;..#8.8.8.
.#;8#8;##;;##8.8.8;;8;...88.;8;;;;;..8.#88#
.#8.###8;;8#...8#;.8;#;;#8.;;#8##...;...8.#.
#8#8.8#;##;;;.#8#;;;;.8.#8888#;;888#;...88;
;;##;.#;;;.#.8#;;;;;88#.8.#.8;;8;;; ;#;8.;.8
8..;;;;;;##;..;;##;#;..8;;;..;;;;8;.;..##;8

FFF9lCLNZM8M<M85;B
Z8H;;595<l9.9.B58MM<
#8ZK.C9K;9Z=l.8<BM;
l;KK9;KB.KKM5KKKBLKM
MKMlKMMlK95CKt=9.Cl<
M=52;HtMKZl8M<BKM29
N9H;;ZMMLMZlLK8NMB
tKlB9FB9.<BlB9F8KMM
;8Z;92LtMMtt9tNK.=;
9M;MllCZlLCK2l88<N
;L.C2KM<Mt;9MLMMCtl
tK9M82=C.B=9M9KtZ<<M
MF.tKB;Mt8<;5MlFM8L
#8C9=9tCl;;l2.CB;9KC
5HM.lM22MK5t<t8l9K;
M.;<9K.lMM<9=NllBlM
.N;tZKlMMBM=t.;5Cl8M
KN<M9L<ll;92B.MF9F
lBNL25Kt.M9lB8Ml.9H
tB5;.t=95M<;58.;CB5Nl
.<9<5BL9Ml.#KM=92ZM2
9MMl252C<8C5tMBM.;MK
l5M=MF9t8NKN<9;#.t5
N82LLB8BMtt9BltCM=L5
=5<<ZK2=ZZCK.M.t;Kl
ZZ2;55KKN8B=;KZL59F;
K9M8l BlB<K<K59ltttl
2ll9K92;Z;lCl9<C=<C
Z89=K8l<5MlFKMN9ttL
8l#MNB8L<5<52KM29l8
NZ95<L ;M=CBK.H<<Bt2
2lZMZM8B92t2lK2t.=<
9NM<8;22BtKHM9Ct;K
Zt.#LCBN8lltK5tM;lM
<<9.9l8CM9K2M2<.KN5
;KCF#tCZt92MNM.8l8
lKMZC;B288F.;.MK2M
H8MKlZK9<2<KLL;M<;
5ZZ;#B.;BFttl5.l;Ct
KL9B59NZ<.9.89ZlCK5=
t=H<CCKt9ZF5KZCB<t=
#9<MZ9lMB;K=9;ML<2Z
.=MCZBK;=2KlFB8t8LM
9.5lB;lKMB992BFZll =M
..MlMl<5=95Z8N=BK9=tM
N;;Ml.KM9.L<<<=5l;C
;l=CNl=2l289M8;MZKB
ZKZl8Zt2.8ZFZL<8l
85;<2;.FZKZ<ZN.l;8
l2NMZ=ZNZHtZ;t85M=
2K;Z.B8lB9;<H<M5<9B
C9ClCBMBK8<MZ9F5B2l8
K5C8NN28M<K;28B585K9
L<M9lB l8l<8ZLKZ8Zl
.;.;C2lNLZ<=M8l95LK
#BB9=K=.Ml5lBll !



! OhO!

;;;.#8.;88#.;###8;8.#8.8;;##.#;;..8.;.8##8#
;..8;;;;#;#8...;8;;;#8#;.8;.8;.8;###;;..;;;
8##...8##;;;###....;#;;;###;;.;;;;;.88.8;; ..
88888#8..88..#8;.#88.8#8.8.8;;;88.8.;#;;;;.
;#888.8.;;.88..#;.8;.88#;;;88#;. .8##8;.;;.8
##;#;;.88..#8.8..8;.8.#.;.;##;;;8#888#;;;;;
..;##..8..##.8.8.;.8...88#;88.88#.#;;88;;...
.8##;;;.#888#88..;#..#.88#;;;;8.8;;8#;8;..8
88;...;;..8;.8;;;8....8;;...;;;....#8# .8.#.#
8.8888;...;8.88;;;.8;..;8#;;.;;;88;;8;;....
.88..;..;#;;.888..;8;.#8.8#; ;;.88;;8.;..888
;..#8.8;;#;.8;...88;;;;8.##;;;88;;;;8;.88.8
..#;.#8.8..88#8.8;;;;##8##;##8#;..#;;#;;;.;
##;#8..8;###;#..88.;;;8;;;..#;.#88.8..#;.#.8
;;##;#8####;#;..;;;;;.#;;;.##;;8;; ;.;;!

>$0#'*+ !

;.8;;#;;.;;.8;#;.#####;;8#.;#;8;.;#.....#;#
;;;#8##.8;....8.###.#;.8;.##.;;8;..#.;;;;;;;
8;8;..8;..;.8.8;..88...;8;#;..88#;.;8#8;8.;.
.888.888#88.8#.;8#;#.;8;.8;88;;8;.;;;##8;.;
8#8#..;..8;.#8.88;8.8;8;.. ;...8;.;;88#88;;;
#.;;;;;;88.8;#.#.#.#.#...88##;8;#8.;#88#.;8
8888#;8#88#8.#88; ..88.;8;#8.8.#;;8#8;#..8;#
..;8#.#88#;8;#...;;..8;8#;#8888.#..8#;;##;;
;.8;##..;;.;;.;;.##88;.88.;;.8;....8.88##;;.
;88##.8;.;;.8#.##.88.;;.;#88.;.888;#..;#8.8
.#;;;88.#.;8;##;.;;8#.; ;;;.#.#;.8;;.888#88#
88.;#....;#;...;;..;;8#8;;8;888.;.#.8.#;#;;
88#;;;;8#8;88#8;;;8#;8;.8;88;8;#.88.;;;#..
..;8#;88.;#;8#;8;;;;##;.;;;;;;#.;8#.;;.88.;
;#.;#;8;;#;###8#;8;8..;8#.8.#;;#;##...8#.;;
88;8.#.88.#8;;.;;8;;;##;;8#;88.;8#.;.#;8#;.
;#;...#..;888;;8;##.;# ;;;;;8;;#..#;8.#;#.#.
..8;;;;##;;#8.;;..#.;;;;;###;.;#8#;;;.8;;;#
;#..8;;;;88##...8;.8;#.;#..;;#8.88#;;;;;##.
8#;..8.#;8;.8;.8#;..;#..;;;;.88.8888##..8.;#
#..#8;;8;#88;8;;;;;#8.8#;8##;;;8##;##.;.;#8
8#;8;;;8;...;##.88#..;#.;;8#.88#.;;.#..;;;;
.#;.#;#;;;#88.8.;.#.#8;8;8..;;#;##.8;;8;8#8
;8;#;;;#.;;;;8;8..;##....8;8..8;#;;8##..;#;
....#.#;;8.;#8.;;;;##..;88...88;.8;;;;.;8.#8
#...;;...;8#8;8..;#;;;;8#;;8;;;;;;;8#;;8;;
;;;#;;8#;;8;.;#;#;;;;;8;;;;;;#8;;8;#.8.;;.
.;;;8;#8#.8;;;;;8;;;##..#;.88;8.8.;;8.##.;.
#;.8#.;.;#8.;;88#8 #.;88;;;8;#;..;8;..#;8;8.
888;88#;;.#;;;;;#;;.##;8;#..;#..8;...8;..88
.;#8;#8...;#8;...;.;;;;#.8;.;;;8#.;.##8.;;;
8;;#.;;;;;8.#;.#.;.#.##.8;;8##;..;;.8###..#;
8;;;;;...;;8....;#.;;8.....;#;.8...#.#.#;;;;
.8;..;;8;;;;.#;.8##8.;.#..8;;8;;88#;.8;8;.;
.8;.8;88##.8#; ;;8;88...;.88.;8.#;..;.88#;;.
;8#;#.#;;;88#..#.;;;;#;;.....8##8##.;.88;.;
8#8;;8;;;;.8.;..;;;.8;.8.;;..#8#;;###88.88.
88#;#8.8##8..;8.#;;;#8#8#;;;8.;;.#;;.8##;..
;..;8;#8#.;.88.;8.##8;##;;;8..;..;.#8;;;#88
8;#8;8;...;88.;;;.#;...#;;8;;;8;;;;8;;;..;;
;8;.#;.#;;;;88;;;;.#8#;;.#;;;;;#.;8#.8#.#;;
8;88;;..#8;;;;;#8;...88.8.;.#;##;;;.88.88.8
;.# .8#..;;;;.8#8.#...;#8;8#;8#;;#;;88#;;;.8
#..8.;.;8#88;;#8;#.;.;8;8..8;;.#;;#.#..;8;#
;;;88#.;.8..8;8;..8;##;.8#;#.8##;...;8.#8.;#
8.888;.8;#;8....;;#;;#;;;8.;#..8.;;.888;.#.
8;;;;.#;8;;.;;;88.;;.;8;;####..;.8;;.;#..;8
;#88;8;8#;.8;.;8.8#8#8#.88#;;;#;.;.8.;8#8..
;8..;;.88..#;;;.;.8.#..;...;;;8;;;#;8#8#..8.
.8;#.;;;8;8;..;;;8;;8;.8;;.88;;;8#8#8;;;.#
..;;.8;.;#.#8#.;.;..8#8;...;...8#8.8;#...;..;
;88#;;;...;#.;..;;;;;8#;8#;;;8;8;;.;;#8.8#.
#;#.;#8;;.88.#8;8.8;#..#;#.;..8;8;88##8#.88
88;..;8#.;;;8;.#8.8;;8#.;;#8#.#8.#;.#;.8#.;
.88;.8##8.;8.#8.88#8.8.;#.;#8##..#;...;..#;8

F222<5=t;.<.CBt.=<C
Z=L<=l5Mll95<NZ58M<58
5;B58H;ZM;M<99<l=5;M5
<K8ZKMC<l;9.ll8<BMB
M;KK.;K8tKKK58KKZlK
M<M;Kt.M59L8ZMt=2<M
222=<82<CZ;2K=<2;=
82.ZH<MKZl8M<LlMlB
L9H ;;ZMMLM5lKK8NMBt
8lB9;l;<99.8lMM;8.;
92LllM;282NK.=;9M;Z
2.C;l9B8K5K2t;8BNtL
.CMK9<Mtl9MtBMC92tK2
Bl2=N;29.M9l;C<<NM.
Htl=;MB<<;MMlFZ8=#
.C9<89lK;;l;.N.;9KC
.HM.lM;2Ml55.28ZBK9M
.=99K<lMl9M=C9M.BM.CB
tZKl.M8M<92BKC2M;BN
lBlllBll2lt<.tl9l.
l.Z5l<;9l9.CF9#lBNL
;5Kl;M8l.M <B9H9;5l2
2=<MM<M58..C.5Nl.<l;5
Kl9MlBLMB=9;52;Mtl2M
BC.lCMLZBMlF5ll5F=NM
998FKN<9;#l9ZN8BLN
82B.tKMMltCM==F<B99
2ZM2<Z5K2=ZZ;K;ZBt.
KlZ52;55KKN8B=.lZ559.
8K<M8lBCt9Kl95l<Ltl
92K2tlM;;t99C9lKC8Z
B=288<MMlFKMN9ttt8
l#MNB8..59M2tMM<l8N
Z95<L;M=CBK.H<<BC22
lZMZF8B92t2l82K .=N
9NM<89L<B;KHt.NZ;M
Z28B2FBNMlltKMM.l95
l9<9Hl;K2M2<.KN5;5N
MK<C5l;2MMMlBBl922ZM
..28KZ.BMMK8KH8M;l<
K9;2;KLL;F<;ZZZ;#.
.=BC5tK5.2NFlKl9;29K
M9..<=Z.89ZlKZLC=l=
H<8CKB9ZM;B5CK92=t99
5=;N KlMZM<tNM<Z<B5l=
MCZBKF=KKZZ.898L9;.
5KB;lKMl98MB.ZllB52<
MBlB<M9KCZ2l<K9=lCN
t5Ml<KM9.592MZ2;M29B
l2.<99;t5l2lM29Zl9;
=ZLlM22L8F=.8=5ZlB5K
MMZ.=lB8Z85Kl8Z;228
lFZKZ<5Cll89BCN8Z=5
N;HtZ;l85M=2l8Z2Bl
lB92<H9MF<9B;9CtCB#



! OhS!

#8#;.#;##;;#.;.;.8;;;#8.;;;8;88#.;;#8;8#8.#
..8;8;##;##8;.##;8.#;#888.8;;8..;;;#8;8.8#;
....##.;;;##;.888;#88....;8;.#;8;88.;..;8#8;
8 .;.....;8;8;;;;.##.#;88;88;8;.####8##.;#;8
;;;;..;8....;8;.#;;.;...88;.8.;8;.. #.;..;;;#
#;..;..#8.#.#8#8;;.8##.;8;;8;8.88.;;##88.8;
8888#;.8;;8#;;#.;..#8;.#.8#.;;;;8;#.#;;;8;8
88;#.#;8#;#;8..;;;;;;.#;;..;;.8;...8.#.;;8.
#.8;.#..8;8;88..#8..;;.;;;8;.#888;;##;;;; ..
..;##;;;....8;;88;.#8.#..8;;;#.;..8;;;;...;8
..;;.8#.#.;;;.8;8.#.;;;;;.;#88; .8;;8;;8#.#;
;;.;;;;;;.;;;#..;;.8;;8..;;;8;;8#;###8.8#;.
;;;..8;;.;;.#;.88.;.8##.;#;88.##;;.;8.;;;8.
##;..#88..8..;8..;#.##;;;;.#;88;8.;88.;..;8;
;;;8888.;8#.;;.;;.88.;;8;.88.#;888.88 ;#;.#.
..;;;;;;88.8;8.##....;.88.8..##.;...;.8#8.88
#;88.;8#.;;8888;.;..8##.;;. ;;;88.8.#;;.;8.;
;;;;8.#88;;;;.8;..888;8#..;.88;.8;;.#;8#.8;
8...#;;....#..8....;;;;;.8;...8;..;;;;..8.8##
#;;;;#.88.8;.#;#;.#..#88..;..;#8.;88#...8;.;
8;8;.;8;#8;;8....;#;#.88#;;;;#;.8;.;;888..#
.;#8;;.88;8;888;8;.;;;.#.88.;#8...#8;..#;8.
;.#;#;;#;;.88#;;;88;;; ..;.#;;8.8#8;8;..8;#8
.##.#88##;.;#;;.;;#.8;;8.;;;;#;.8;;;;;;88..
88;....;8.;;;.#8;8#;;8;;;;;;8;..8; !

Cl2<M5l5Z=l.8<L5C8NN
Z8C<K<KKBC.M;lL<l8B
.2898<lB8 .CKCB5..F;l
955l#95<ZM8L.5.9ZlL9l
KM<CBlBBlll<!

l4'#'*+!

;.888.88.......##;.;#;8 8..88#;#.;8;.88.88#;.
;8#;.#....88#.888##;...;.8#8#..8;##8#;;#88;8
;;##..8.8;.#.#;..8;#88#;;.8.8#..#....###8;#8
8#8;..88.8#..#8;;#;8;;888;;;;;#8#;8.8#;#8;
;;;;##;;.8;.#8#;;8#;8#.#;88# .8;;;;;;;.;.8.8
;;..#...8##.#;8;....#;888..;.;;.#8.8;;;;88##
###8#;8;.8.##.8;;. ;##.#;##...#;88#.8#888#8;
;.8#.#.88;.#88#;;8.#;8...;8##8;;..8#;;#8.;.
;.8##..#;.;.88#;;;;#;.#8888#.#..#.8##;.##88;
.8.#.8;;8;.8;88;8;..8#.;;;8;888;8#88#;;...#
;.##8##...8###88;#;#;88. ;#;8;.8#.88;;#8;.#.
8#.#8.;#;.;#8888;;..8#...88#88;.;8;;;;88#;;
;#;;.#8;;;8.#.88;#;;8;#;#;;#;;;;;.##88;.#;
8#;;;#;;88.;;#;;;8#888.8;.8##.;..#.#;..;.##
;#.##88.....;;.#8;;#;88;;...8;#;;8;..;.8#..8
#.#;8.#;8#....#;#8;#8;;#.8;#.#;88;;;;;;.#;;
.8#.#.#;;;8;;;..#.8.....#8;;#8.8;;;#;;.;;#;#
#8;;;##8888.;#.8...;.;.;.#8;;;;#8;;#8.#88;.
;##;;;;#.#;8 ##8##.8...#;;#.8;;;#8.;...;.8;8
8;88.#;;.;;##..#88;.#8;.;#.8#.8;888;;.##8.;
..#.;;##...;..8;;#888;.#..#.8;.#8;.#;8..;;.8
8#;88.8.#;#8#..88#;;8;;;;;#;##;;88;8.....8;
;;#.8;;888.;;;8;.;;;#.#.;.#..88;;;;;;;8;#;#
.#..8.#;..;;;###.;.###...8;#.8.#.##.888;#;88
;#8##8..#.88888;#;8;.888#;8;8;.8.#;8;8#;8#
;8#;88;.8;8..8#.#8;.;..#.88#8;#.8...888;.8;
.;#;#8#8#8#;.;.#8#8..8;;;;;;#.8..8;;#.8#;;.
8;.8.8#.88#8#8#8#;;..#..8#88.8##;#..##..#888
8.;.88#8#8;..88#8#..#.8#8;###8#8;8;..;.#8;.
8.8#.88;;8#;;;.;...8#.#.8#.;#;8;;8#;8##;.8.
.88#88 8...;;;88;;#888#;;.;..#8;88888;...8#.
.####8.#.8##8.;..;#88.8;;;..#.888.;;.#;.8..;
8....;8#8;#;;.8#.88.;8#;8##..##..;.#;88;;;;
;8.8..#888#8#;..##;;;.;.88.88..#;##8.8#.#.#;
.##;8#..#8888;..88.;;;.;8#;.#;.#;;;;;;.;.88
8##;###;#.#;8;..#;.#.88;;#.8888#888;;#.8.##
;. 8.#.8;;#;88;;#8#8;.8;.;..#;8;;;;##;;#8;;;
;.;;.#8#;;88..;;.8;.8..;..#8#;;#;;8#..8.8;;
;;;.8;88;;;;;###;;.#8;.##;;##..;.##8#.;.;;;
#.8.888;;#88#;;;;;88#;##.8.;.#.;#;8#8888;#;
;.;.;;88; ..;#.8;.#.8...88#8#;.##;#;#;.8.88;.
#;.8.8#.8###.88.#.8.;;##.8#8;#8;#888#.88#. ;
;#;;88.88...8.;#88#.;#.8##;;.#.8..#;;888#;;
#;;.;#;##8#;.8;.8#...#.##88#8#;8;888#.;.8;#
.888#.8#;;.##.8#8.#888.;8;#;88;.8;..##;8#.;

F88CC=NKM;M<885;BC8
H;5N;M<K289=#<M5<82
ZMMC=.;58;B2KK9lKB;K
l.2<KltMKMll5#9CC;B <
Ct8N2K9l;=;<ZM2.B=C
KMK;2;M<KtZBM;9MtK5
#MLF;lLK8BB;5KFB9<9
95;l98;;5BB;C;K.tZtF
M9KB;K.N89MMHK59l;2
2KlB8t<..l5K5Blt82l
;8<;NBLN=MKCM59t9C<l
5FM;tB;CL<9M.t9l52;M
l95MCC9K9.5.=l=8N#MN5
92 9KK5=lMBKMCtMlK5N99
Z22MK5<.;985K5M.C59K<
MM5<tMF;8Z.M8ll2.l9
CMlMl8l<lMNM8ll<.M Z
5l=N=C<#MM8t<;ZM8<K
H;9FB9ttt<9MM<5M;.Z
H<<.K;L5;MllMM2#2<
ZM;K;5M;Z=M=B8N8;58;
B;.K955<ZM9;25#B;.9;;
FM;8Ml9K;5C98<MM=KM=
NN895M82LZBCB<2;8BBM
=Nt9lZC8K5=2FZZLK;M
5tMK8MZ2B55llN8==.t5L
M9M8K9MBFB9t9K<<5tl.
2922KlZ2<Z5K2lMZl29
9l=2KB2M5KNlMH9Ktl8
.#5NB8<25K5.<MC8;B.L Z
<LZM=HBZ.#<<8M;2lZ
Z#.;.;2MCl822.=L<;C
B8;98N<H;;5MKKZ<KF5
=;FlHKC.;<;M9lC9<9
2;8BCB;K;F2<2KN5;lM
FKCNMBB5#Ktt<5ZZB28K
5.B2M2K;H8M<lCCZ<LB
955t9t58l8l8KBlK;<LK
LLCZ<;Z;588Z.K8F5tl
5t.9;8K Z9K98;929CCKK
ZC;=M9==ZK<M9lKZM;MM
ttFK=ZNl22Lllt8tML
M9.K2855<8=<KL8NN52K
ZKll5. <M=2M9lM2;MK59
t.5=<M<9ZZlBK9KMl;5l



! Ohi!

.8;;8.88#88...;#;8##8;.8##..88;;;;;...8;;8;

.8;;;; .8##88..#;....##8#.;8;8##;.8;;.8;#;;#
#8#.;.;.#8#;;;8..8;.8#88..#.;...;.#8.#8; ...8
##88#;8#;88;.;..8.#8...#;;;.88##8.;..;##;8#
;;#..8;;##888##.8888.#..8;.;;;......8.#8;.#;
..##8;;;.#;.;#;88;;#;8;..88#;;888;;;;88##8
;.#;;;;#888#.8;.#;##88#;.#;....8..8;.8#88..8
#; ;.#88#88#8.#;###8888;;.8;.##;8;;;;..#;8;#
#8;;8##888#8#8.88;;;888;888;8##8;8;; .8;;..
...##8.#888.#...8#8##.#.88;;##;##88..#8#8;##
..8;;;;;;888....88#...;..8#;;#;8;.8#8.##.8..
.;#;;;;;.;;##;#;;8;;;#;8888#;;..8#;.#.88;;
;###8.;;.88#;..;.#8;#888##.8;#;88#;#88#.;..
;.;.#;;.#8#8..#8.;;;;;8;.#;#;8;.#..###;;.#..
8;8;;8#.8;;#8#8#.#;8;;..8;;#;8;#; ;..##88;.#
..8;.8;;8..8.#;;;.##;8;8;8#8.#.8;;88#;;.#;;
;;#;88;;.;8;;;;#.8..888;;8#88###8;8#.;;;..
;#.;;8#8;;;;.#;;#;88#;;.#8.#8;8;;#;;#;;;##
#;;;8;;;.#;##8;.;#88.88.....;;;8.#8#8#888; #
#.8.;.#...#.8#888#88.8#;;;#8;;.;.8.#;...;.;;
;#8#8;8;;;#.8;.#8.8###8#;#;.8#8; ..8.888.;;.
#8;##.#88...88..;.8.#.#888.;;.;;.#;;#88;..8;
#....;##88;;.#8#88.;##88;;;;..888#.88#;8.8.
;.#;8##;#.;.8;;8##;.;;;#8;;8;#;8;;;;8;.8##.
.8..#;.;##.8;8;8#;;;;;;8;#8.#;;.8;;..8 ;.#..
#.#8#.8...;;88;.8;##..8.;8;;;.88;..8.##8;.;8
8.8;8888;#8#888;.#...;.;;88. #8##;;;...;##;;
888.;;;;.8;.88.#8.####8.##..8;.8###8#;.8.#;
;##8;.888#8.#;88;##..88.88#;8;88.#.8888....
;..8#8;.8##;;88#;#8.;;;;.#;;;#;;8;.;;;;#88
8;;;;;.#;.;.88;;;.#;;8.#8#..;#;;.;8!

.8592#H9;;K;lMMB92t
t;5Z922l=l95.<.ZZClZ
;K<MNMB;88;29NZ5NlK
9lM5Z=;L;5Z82K=KC8NZ
B822tK5<CNK2K8.8lM8
Ht#5BLN9;529<Kl<;MC5
=9Bll<Z29M5CBMCl<<MZ
9F<#=589 8.K<MNlZ;lC
.l8lFFZZ=ZM<;KFB.<
8Kt<M88K8M8CN#<;l;
Kl5lt<l.8l55HlBBKMtx !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



! OhR!

*:K2;!*0I30,(0*!3*0-!",!(/'&)01!i!U")/!)/0!7$44$U",:!7$1%')\! !

B&'(01!T!(1K2;!T!M",A01!T)1'(1K2;!

!

<"*G% *-L!1%

!#$<"*G%

N24GTTGTAGCTCCCTTTCTCATTTCGGAAA 
CGAAATGAGAACCGTTGCTACAATAAGGCCG 
TCTGAAAAGATGTGCCGCAACGCTCTGCCCC 
TTAAAGCTTCTGCTTTAAGGGGCATCGTTTA 

I'$<"*G%

N24GTTGTAGTTCCCCATTCCACTCTGTAGTGCTATAATGAAA 
GTTGTAGCACTACAGAGTGGAATCCGTTACTACAATAAAAGAA 
TTACTTGTGAAGCCCTGCCCCTATTAGCATCTGCTATTAGGGG 
CATCTTCTTTTCTAC 

JK"<"*G%

N24GTTACGGCTTCCCTGCTAATCGATGAAA 
ATCGATTAGCAGGGATCAAGAGTCGTAATAA 
GTATTTATTACGCAAAATGGGGTGCTTACGG 
GCACCCCTTCTTCGTTTGTAAATGGATGTGT 
TATTAGTCGCGCCTA 

H/"<"*G%

N24GTTGTAGCTCCCTTTTTCATTTCGCAGAAA 
TGCGAAATGAAAAACGTTGTTACAATAAGAGAA 
AAGATTTCTCGCAAAGCTCTGTCCCTTGAAATG 
TAAGTTTCAAGGGACATCTTT 

I4$<"*G%

N24GTTGTAGCTCCCTCTCTCATCTCGTAGTGGAAA 
CACTACGAGATGAGAGCCGTTGCTACAATAAGGCCG 
TCTGAAAAGACGCGCCGCGACGTAAAATACTTTATG 
TATGAGCCCCTGTTTGAGTTTTCTTAAACAGGGGCA 
TCGTCTT 

!

=4'*%"-*!3*0-!",!(/'&)01!i\!

Name 
Insert 
description Backbone purpose 

AE51 HpaCas9     pMSCG7 Bacterial expression  

AE52 SmuCas9    pMSCG7 Bacterial expression  

AE53 KlaCas9    pMSCG7 Bacterial expression  

AE54 BoeCas9 pMSCG7 Bacterial expression 

AE65 Geo_sgRNA  pLKO sgRNA Cassette  

AE55 Hpa_sgRNA pLKO sgRNA Cassette  

AE56 Kla_sgRNA pLKO sgRNA Cassette  

AE58 HpaCas9 pcDest mammalian expression  

AE59 SmuCas9 pcDest  mammalian expression  

AE60 KlaCas9  pcDest mammalian expression  
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# Site 
Name Spacer Seq  PAM Locus Editin

g (%) 

1 TS1 GGTTCTGGGTACTTTTATCTGTCC CCTCCACC AAVS1 ND 

2 TS4 GTCTGCCTAACAGGAGGTGGGGGT TAGACGAA AAVS1 11 

3 TS5 GAATATCAGGAGACTAGGAAGGAG GAGGCCTA AAVS1 15 

4 TS6 GCCTCCCTGCAGGGCTGCTCCC CAGCCCAA LINC01
588 20 

5 TS10 GAGCTAGTCTTCTTCCTCCAACCC GGGCCCTA AAVS1 3.5 

6 TS11 GATCTGTCCCCTCCACCCCACAGT GGGGCCAC AAVS1 9 

7 TS12 GGCCCAAATGAAAGGAGTGAGAGG TGACCCGA AAVS1 10 

8 TS13 GCATCCTCTTGCTTTCTTTGCCTG GACACCCC AAVS1 2 

9 TS16 GGAGTCGCCAGAGGCCGGTGGTGG ATTTCCTC LINC01
588 28 

10 TS17 GCCCAGCGGCCGGATATCAGCTGC CACGCCCG LINC01
588 ND 

11 TS18 GGAAGGGAACATATTACTATTGC TTTCCCTC CYBB 1 

12 TS19 GTGGAGTGGCCTGCTATCAGCTAC CTATCCAA CYBB 6 

13 TS20 GAGGAAGGGAACATATTACTATTG CTTTCCCT CYBB 11.2 

14 TS21 GTGAATTCTCATCAGCTAAAATGC CAAGCCTT CYBB 1 

15 TS25 GCTCACTCACCCACACAGACACAC ACGTCCTC VEGF A 15.6 

16 TS26 GGAAGAATTTCATTCTGTTCTCAG TTTTCCTG CFTR 2 

17 TS27 GCTCAGTTTTCCTGGATTATGCCT GGCACCAT CFTR 4 

18 TS31 GCGTTGGAGCGGGGAGAAGGCCAG GGGTCACT VEGFA 9 

19 TS34 GGGCCGCGGAGATAGCTGCAGGGC GGGGCCCC LINC01
588 ND 

20 TS35 GCCCACCCGGCGGCGCCTCCCTGC AGGGCTGC LINC01
588 ND 

21 TS36 GCGTGGCAGCTGATATCCGGCCGC TGGGCGTC LINC01
588 ND 

22 TS37 GCCGCGGCGCGACGTGGAGCCAGC CCCGCAAA LINC01
588 ND 

23 TS38 GTGCTCCCCAGCCCAAACCGCCGC GGCGCGAC LINC01
588 2 

24 TS41 GTCAGATTGGCTTGCTCGGAATTG CCAGCCAA AGA  3 

25 TS44 GCTGGGTGAATGGAGCGAGCAGCG TCTTCGAG VEGFA 3 

26 TS45 GTCCTGGAGTGACCCCTGGCCTTC TCCCCGCT VEGFA 7.4 

27 TS46 GATCCTGGAGTGACCCCTGGCCTT CTCCCCGC VEGFA 6 

28 TS47 GTGTGTCCCTCTCCCCACCCGTCC CTGTCCGG VEGFA 23.1 

29 TS48 GTTGGAGCGGGGAGAAGGCCAGGG GTCACTCC VEGFA 2 

30 TS49 GCGTTGGAGCGGGGAGAAGGCCAG GGGTCACT VEGFA 4 

31 TS50 GTACCCTCCAATAATTTGGCTGGC AATTCCGA AGA  6 

32 TS51 GATAATTTGGCTGGCAATTCCGAG CAAGCCAA AGA  4.5 

33 TS58 
(DS1) GCAGGGGCCAGGTGTCCTTCTCTG GGGGCCTC VEGFA 5 
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34 TS59 
(DS2) GAATGGCAGGCGGAGGTTGTACTG GGGGCCAG VEGFA 11.5 

35 TS60 
(DS3) GAGTGAGAGAGTGAGAGAGAGACA CGGGCCAG VEGFA 3 

36 TS61 
(DS4) GTGAGCAGGCACCTGTGCCAACAT GGGCCCGC VEGFA 3.5 

37 TS62 
(DS5) GCGTGGGGGCTCCGTGCCCCACGC GGGTCCAT VEGFA 3.4 

38 TS63 
(DS6) GCATGGGCAGGGGCTGGGGTGCAC AGGCCCAG VEGFA 16 

39 TS64 GAAAATTGTGATTTCCAGATCCAC AAGCCCAA FANCJ 7 

40 TS65 GAGCAGAAAAAATTGTGATTTCC AGATCCAC FANCJ ND 

41 TS66 
(DS7) GGCCGCGGAGATAGCTGCAGGGCG GGGCCCCC 

LINC01
588 1 

42 TS67 
(DS8) GGAGGGGCTGGGGCCTGGACTCCT GGGTCCGA AAVS1 ND 

43 TS68 
(DS9) GTCGGGCCCGCACCCGCGCCCGGC AGGGCCAG 

Interg
enic ND 

44 TS69 
(DS10) GCCTGTCCCGCGCTCCCGCCCGGC AGGCCCGG 

Interg
enic 3 

45 TS70 
(DS11) GTCTCTCTCTCTCTCTCTCCAGGC TGGTCCAT 

Interg
enic 3 

46 TS71 
(DS12) GCGCAAAGCTGCATCCACCCCCCG AGGACCAG 

LINC01
588 49 

47 TS72 
(DS13) GACCAGCCCCTCGAAGGCAAGGCC AGGACCTC 

LINC01
588 32 

48 TS73 
(DS14) GGAGTTTTCTCTTAGGCTTCTCTC AGGTCCCC 

LINC01
588 50 

49 TS74 
(DS15) GGGGGCGCATGGCTCCGCCCCGCC GGGACCCC VEGFA 5 

50 TS75 
(DS16) GTTCCCCTTCATTGCGGCGGGCTG CGGGCCAG VEGFA 35 

51 TS76 
(DS17) CATGGAACAAACTGACTGAAGGCG AGGTCCGG 

ARHGEF
9 5 

52 TS77 
(DS18) CCTACAACCCAATCCCCTCCGCCC CGGACCTC 

ARHGEF
9 6 

53 TS78 
(DS19) CCCGCGACAACTCGCGCCAGCTAC GGGGCCTC 

ARHGEF
9 ND 

54 TS79 
(DS20) TGCTTGCGAAGTCCGGCTTCTCTG AGGCCCCG 

ARHGEF
9 ND 

55 TS80 
(DS21) GTGGGCTTGCAGGAGGCAGGTCTG TGGCCCCT LSP1 1 

56 TS81 
(DS22) TATGTTCCAGCTTCCTGGGTCTGC AGGTCCAG LSP1 39 

57 TS82 
(DS23) GATTCCAGCCAGACACCCGCCCCC CGGCCCTG LSP1 10 

58 TS83 
(DS24) GCAACAGGAAGCAACTTCTTAGCC AGGGCCGG LSP1 ND 

59 TS85 
(DS25) CATCCATCGGCGCTTTGGTCGGCA TGGCCCCA FancF ND 

60 TS86 
(DS26) CCGCCGCTCCAGAGCCGTGCGAAT GGGGCCAT FancF ND 

61 TS87 
(DS27) TCTCTCTGCGCCTGCTGGAGAACC GGGCCCTC FancF ND 

62 TS88 
(DS28) GAGGCAAGAGGGCGGCTTTGGGCG GGGTCCAG FancF 33 

63 TS89 GCCCTCATCTCCAATATGGTATGG CGGCCCTT SEC61B 37 

64 TS90 GGCAAGAGCACAAGAGGAAGAGAG AGACCCTC GAPHD 38 

65 TS91 GTTGTTTCTCATTCCACATCATCT TCAGCCAA TOMM20 ND 
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# Name Sequence Purpose 

1 AAVS1_TIDE1_FW TGGCTTAGCACCTCTCCAT TIDE 
analysis 

2 LINC01588_TIDE_FW  AGAGGAGCCTTCTGACTGCTGCAGA TIDE 
analysis 

3 AAVS1_TIDE2_FW TCCGTCTTCCTCCACTCC TIDE 
analysis 

4 NTS55_TIDE_FW TAGAGAACTGGGTAGTGTG TIDE 
analysis 

5 VEGF_TIDE3_FW GTACATGAAGCAACTCCAGTCCCA TIDE 
analysis 

6 hCFTR_TIDE1_FW TGGTGATTATGGGAGAACTGGAGC TIDE 
analysis 

7 AGA_TIDE1_FW GGCATAAGGAAATCGAAGGTC TIDE 
analysis 

8 VEGF_TIDE4_FW ACACGGGCAGCATGGGAATAGTC TIDE 
analysis 

9 VEGF_TIDE5_FW CCTGTGTGGCTTTGCTTTGGTCG TIDE 
analysis 

10 VEGF_TIDE6_FW GGAGGAAGAGTAGCTCGCCGAGG TIDE 
analysis 

11 VEGF_TIDE7_FW AGGGAGAGGGAAGTGTGGGGAAGG TIDE 
analysis 

12 AAVS1_TIDE1_RV AGAACTCAGGACCAACTTATTCTG TIDE 
analysis 

13 LINC01588_TIDE_RV  ATGACAGACACAACCAGAGGGCA TIDE 
analysis 

14 AAVS1_TIDE2_RV TAGGAAGGAGGAGGCCTAAG TIDE 
analysis 

15 NTS55_TIDE_RV CCAATATTGCATGGGATGG TIDE 
analysis 

16 VEGF_TIDE3_RV ATCAAATTCCAGCACCGAGCGC TIDE 
analysis 

17 hCFTR_TIDE1_RV ACCATTGAGGACGTTTGTCTCAC TIDE 
analysis 

18 AGA_TIDE1_RV CATGTCCTCAAGTCAAGAACAAG TIDE 
analysis 

19 VEGF_TIDE4_RV GCTAGGGGAGAGTCCCACTGTCCA TIDE 
analysis 

20 VEGF_TIDE5_RV GTAGGGTGTGATGGGAGGCTAAGC TIDE 
analysis 

21 VEGF_TIDE6_RV AGACCGAGTGGCAGTGACAGCAAG TIDE 
analysis 

22 VEGF_TIDE7_RV GTCTTCCTGCTCTGTGCGCACGAC TIDE 
analysis 

23 RandomPAM_FW 

TAGCGGCCGCTCATGCGCGGCGCATT 
ACCTTTACNNNNNNNNNNGGAT 
CCTCTAGAGTCG 

Protospa
cer with  
randomiz
ed PAM 

24 RandomPAM_RV 

ACAGGAAACAGCTATGACCATGAAAGC 
TTGCATGCCTGCAGGTCGACTCTA 
GAGGATC 

Protospa
cer with  
randomiz
ed PAM 

25 DS2_ON_FW1 
ctacacgacgctcttccgatctCCTGGAGCGTGTACG
TTGG 

Targeted 
Deep Seq 

26 SpyDS2_OT1_FW1 
ctacacgacgctcttccgatctCCTGTGGTCCCAGCT
ACTTG 

Targeted 
Deep Seq 

27 SpyDS2_OT2_FW1 
ctacacgacgctcttccgatctATCTGCGATGTCCTC
GAGG 

Targeted 
Deep Seq 
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28 SpyDS2_OT3_FW1 
ctacacgacgctcttccgatctTGGTGTGCGCCTCTA
ACG 

Targeted 
Deep Seq 

29 SpyDS2_OT4_FW1 
ctacacgacgctcttccgatctGGAGTCTTGCTTTGT
CACTCAGA 

Targeted 
Deep Seq 

30 SpyDS2_OT5_FW1 
ctacacgacgctcttccgatctAGCCTAGACCCAGTC
CCAT 

Targeted 
Deep Seq 

31 SpyDS2_OT6_FW1 
ctacacgacgctcttccgatctGCTGGGCATAGTAGT
GGACT 

Targeted 
Deep Seq 

32 SpyDS2_OT7_FW1 
ctacacgacgctcttccgatctTGGGGAGGCTGAGAC
ACGA 

Targeted 
Deep Seq 

33 SpyDS2_OT8_FW1 
ctacacgacgctcttccgatctCTTGGGAGGCTGAGG
CAAG 

Targeted 
Deep Seq 

34 DS2_ON_RV1 
agacgtgtgctcttccgatctCAGGAGGATGAGAGCC
AGG 

Targeted 
Deep Seq 

35 SpyDS2_OT1_RV1 
agacgtgtgctcttccgatctCAGGGTCTCACTCTAT
CACCCA 

Targeted 
Deep Seq 

36 SpyDS2_OT2_RV1 
agacgtgtgctcttccgatctACTGAATGGGTTGAAC
TTGGC 

Targeted 
Deep Seq 

37 SpyDS2_OT3_RV1 
agacgtgtgctcttccgatctGA GACAGAATCTTGCT
CTGTCTCC 

Targeted 
Deep Seq 

38 SpyDS2_OT4_RV1 
agacgtgtgctcttccgatctTCCCAGCTACTTGGGA
GGC 

Targeted 
Deep Seq 

39 SpyDS2_OT5_RV1 
agacgtgtgctcttccgatctCCTGCCCAAATAGGGA
AGCAG 

Targeted 
Deep Seq 

40 SpyDS2_OT6_RV1 
agacgtgtgctcttccgatctTGGCGCCTTAGTCTCT
GCTAC 

Targeted 
Deep Seq 

41 SpyDS2_OT7_RV1 
agacgtgtgctcttccgatctGCATGAGACACAGTTT
CACTCTG 

Targeted 
Deep Seq 

42 SpyDS2_OT8_RV1 
agacgtgtgctcttccgatctGAGAGAGTCTCACTGC
GTTGC 

Targeted 
Deep Seq 

43 DS4_ON_FW3 
ctacacgacgctcttccgatctTCTCTCACCCACTGG
GCAC 

Targeted 
Deep Seq 

44 DS4_ON_RV3 
agacgtgtgctcttccgatctGCTTCCAGACGAGTGC
AGA 

Targeted 
Deep Seq 

45 SpyDS4_OT1_FW1 

ctacacgacgctcttccgatctAAGTTTTCAAACCAG
AA 
GAACTACGAC 

Targeted 
Deep Seq 

46 SpyDS4_OT2_FW1 
ctacacgacgctcttccgatctCCGGTATAAGTCCTG
GAGCG 

Targeted 
Deep Seq 

47 SpyDS4_OT3_FW1 
ctacacgacgctcttccgatctGCCAGGGAGCAATGG
CAG 

Targeted 
Deep Seq 

48 SpyDS4_OT6_FW1 
ctacacgacgctcttccgatctCCTCGAATTCCACGG
GGTT 

Targeted 
Deep Seq 

49 DS16_ON_FW1 
ctacacgacgctcttccgatctGTTGGTGGGAGGGAA
GTGAG 

Targeted 
Deep Seq 

50 SpyDS6_OT1_FW1 
ctacacgacgctc ttccgatctGATGGCGGTTGTAGC
GGC 

Targeted 
Deep Seq 

51 SpyDS6_OT2_FW1 
ctacacgacgctcttccgatctCACATAAACCTAT  
GTTTCAGCAGA 

Targeted 
Deep Seq 

52 SpyDS6_OT3_FW1 
ctacacgacgctcttccgatctGCTAGTTGGATTGAA
GCAGGGT 

Targeted 
Deep Seq 

53 SpyDS6_OT4_FW1 
ctacacgacgctcttccgatctTT GAGTGCGGCAGCT
TCC 

Targeted 
Deep Seq 

54 SpyDS6_OT6_FW1 
ctacacgacgctcttccgatctATAACCCTCCCAGGC
AAAGTC 

Targeted 
Deep Seq 

55 SpyDS6_OT7_FW1 
ctacacgacgctcttccgatctAGCCTGCACATCTGA
GCTC 

Targeted 
Deep Seq 

56 SpyDS6_OT8_FW1 
ctacacgacgctcttccgatctGGAGCATTGAAGTGC
CTGG 

Targeted 
Deep Seq 

57 DeDS6_ON_RV1 
agacgtgtgctcttccgatctCAGCCTGGGACCACTG
A 

Targeted 
Deep Seq 

58 SpyDS6_OT1_RV1 
agacgtgtgctcttccgatctCATCCTCGACAGTCGC
GG 

Targeted 
Deep Seq 

59 SpyDS6_OT2_RV1 
agacgtgtgctcttccgatctGACTGATCAAGTAGAA  
TACTCATGGG 

Targeted 
Deep Seq 
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60 SpyDS6_OT3_RV1 
agacgtgtgctcttccgatctCCCTGCCAGCACTGAA
GC 

Targeted 
Deep Seq 

61 SpyDS6_OT4_Rv1 
agacgtgtgctcttccgatctGGTTCCTATCTTTCTA  
GACCAGGAGT 

Targeted 
Deep Seq 

62 SpyDS6_OT6_RV1 
agacgtgtgctcttccgatctAGTGTGGAGGGCTCAG
GG 

Targeted 
Deep Seq 

63 SpyDS6_OT7_RV1 
agacgtgtgctcttccgatctGATGGGCAGAGGAAGG
CAA 

Targeted 
Deep Seq 

64 SpyDS6_OT8_RV1 
agacgtgtgctcttccgatctTCACTCTCATGAGCGT
CCCA 

Targeted 
Deep Seq 

65 Nme2DS2_OT1_FW1 
ctacacgacgctcttccgatctAAGGTTCCTTGCGGT
TCGC 

Targeted 
Deep Seq 

66 Nme2DS2_OT1_RV1 
agacgtgtgctcttcc gatctCGCTGCCATTGCTCCC
T 

Targeted 
Deep Seq 

67 Nme2DS6_OT1_FW1 
ctacacgacgctcttccgatctTCTCGCACATTCTTC
ACGTCC 

Targeted 
Deep Seq 

68 Nme2DS6_OT1_RV1 
agacgtgtgctcttccgatctAGGAACCTTCCCGACT
TAGGG 

Targeted 
Deep Seq 

69 Rosa26_ON_FW1 
ctacacgacgctcttccgatctCCCGCCCATCTT CTA
GAAAGAC 

Targeted 
Deep Seq 

70 Rosa26_OT1_FW1 
ctacacgacgctcttccgatctTGCCAGGTGAGGGAC
TGG 

Targeted 
Deep Seq 

71 Rosa26_ON_RV1 
agacgtgtgctcttccgatctTCTGGGAGTTCTCTGC
TGCC 

Targeted 
Deep Seq 

72 Rosa26_OT1_RV1 
agacgtgtgctcttccgatctTGCCCAACCTTAGCAA
GGAG 

Targeted 
Deep Seq 

73 pCSK9_ON_FW2 
ctacacgacgctcttccgatcttaccttggagcaacg
gcg 

Targeted 
Deep Seq 

74 PCSK9_ON_RV2 
agacgtgtgctcttccgatctcccaggacgaggatgg
ag 

Targeted 
Deep Seq 

75 Tyr_500_FW3 GATAGTCACTCCAGGGGTTG 
TIDE 
analysis 

76 Tyr_500_RV3 GTGGTGAACCAATCAGTCCT 
TIDE 
analysis 

77 Sec61b_TIDE_FW CCGGAGGTCTCTACTTCCCAT 
TIDE 
analysis 

78 Sec61b_TIDE_RV  AAATGTCGCCTTCCTCCCAA 
TIDE 
analysis 

79 Gapdh_TIDE_FW TAAAAAGTGCAGGGTCTGGCG 
TIDE 
analysis 

80 Gapdh_TIDE_RV CTAACCAGTCAGCGTCAGAGC 
TIDE 
analysis 

81 Tomm20_TIDE_FW GGATGCCGACTGTGTGTAAAG 
TIDE 
analysis 

82 Tomm20_TIDE_RV CAGCAGCACACCTCACATAT 
TIDE 
analysis 

83 FANCF_TIDE_FW CCAATCAGTACGCAGAGAGTC 
TIDE 
analysis 

84 FANCF_TIDE_RV CCCAGAAGCCAGTGGACTAG 
TIDE 
analysis 

85 DTS3_TIDE_FW GCCCCACAATAAACAGCATC 
TIDE 
analysis 

86 DTS3_TIDE_RV CCCACCCCTATTCCACCTTA 
TIDE 
analysis 

87 DTS7_TIDE_FW  CTCCACCAGGAGTCAGGTCT 
TIDE 
analysis 

88 DTS7_TIDE_RV CAGGGAGCTTTATTATACAAAATGG 
TIDE 
analysis 

.

.

.
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Name 
Insert 
description Backbone purpose 

pAE70 
Nme3Cas9 PID 
on Nme1Cas9 pMCSG7 

Bacterial expression of Nme1Cas9 
with Nme3Cas9 PID  

pAE71 
Nme2Cas9 PID 
on Nme1Cas9 pMCSG7 

Bacterial expression of Nme1Cas9 
with Nme2Cas9 PID  

pAE113 Nme2TLR1 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE114 Nme2TLR2 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE115 Nme2TLR5 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE116 Nme2TLR11 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE117 Nme2TLR12 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE118 Nme2TLR13 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE119 Nme2TLR14 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE120 Nme2TLR15 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE121 Nme2TLR16 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE122 Nme2TLR17 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE123 Nme2TLR18 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE124 Nme2TLR19 pLKO Targeting TLR2.0 w ith Nme2Cas9 

pAE125 Nme2TLR20 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE126 Nme2TLR21 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE149 Nme2TLR22 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE150 Nme2TLR23 pLKO Targeting TLR2.0 with Nme2Cas9  

pAE193 

Nme2TLR13 
with 23nt 
spacer  pLKO Targeting TLR2.0 with Nme2Cas9  

pAE194 

Nme2TLR13 
with 22nt 
spacer pLKO Targeting TLR2.0 with Nme2Cas9  

pAE195 

Nme2TLR13 
with 21nt 
spacer  pLKO Targeting TLR2.0 with Nme2Cas9  

pAE196 

Nme2TLR13 
with 20nt 
spacer pLKO Targeting TLR2.0 with Nme2Ca s9 

pAE197 

Nme2TLR13 
with 19nt 
spacer  pLKO Targeting TLR2.0 with Nme2Cas9  

pAE213 

Nme2TLR21 
with G22 
spacer pLKO Targeting TLR2.0 with Nme2Cas9  

pAE214 

Nme2TLR21 
with G21 
spacer pLKO Targeting TLR2.0 with Nme2Cas9  

pAE215 

Nme2TLR21 
with G20 
spacer pLKO Targeting TLR2.0 with Nme2Cas9  

pAE216 

Nme2TLR21 
with G19 
spacer pLKO Targeting TLR2.0 with Nme2Cas9  
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pAE90 Nme2TS1 pLKO Targeting AAVS1 with Nme2Cas9  

pAE93 Nme2TS4 pLKO Targeting AAVS1 with Nme2Cas9  

pAE94 Nme2TS5 pLKO Targeting AAVS1 with Nme2Cas9  

pAE129 Nme2TS6 pLKO 
Targeting LINC01588 with 
Nme2Cas9 

pAE130 Nme2TS10 pLKO Targeting AAVS1 with Nme2Cas9  

pAE131 Nme2TS11 pLKO Targeting AAVS1 with Nme2Cas9  

pAE132 Nme2TS12 pLKO Targeting AAVS1 with Nme2Cas9  

pAE133 Nme2TS13 pLKO Targeting AAVS1 with Nme2Cas9  

pAE136 Nme2TS16 pLKO 
Targeting LINC01588 with 
Nme2Cas9 

pAE137 Nme2TS17 pLKO 
Targeting LINC01588 with 
Nme2Cas9 

pAE138 Nme2TS18 pLKO Targeting CYBB with Nme2Cas9  

pAE139 Nme2TS19 pLKO Targeting CYBB with Nme2Cas9  

pAE140 Nme2TS20 pLKO Targeting CYBB with Nme2Cas9 

pAE141 Nme2TS21 pLKO Targeting CYBB with Nme2Cas9  

pAE144 Nme2TS25 pLKO Targeting VEGFA with Nme2Cas9  

pAE145 Nme2TS26 pLKO Targeting CFTR with Nme2Cas9  

pAE146 Nme2TS27 pLKO Targeting CFTR with Nme2Cas9  

pAE152 Nme2TS31 pLKO Targeting VEGFA with Nme2Cas9 

pAE153 Nme2TS34 pLKO 
Targeting LINC01588 with 
Nme2Cas9 

pAE154 Nme2TS35 pLKO 
Targeting LINC01588 with 
Nme2Cas9 

pAE155 Nme2TS36 pLKO 
Targeting LINC01588 with 
Nme2Cas9 

pAE156 Nme2TS37 pLKO 
Targeting LINC01588 with 
Nme2Cas9 

pAE157 Nme2TS38 pLKO 
Targeting LINC01588 with 
Nme2Cas9 

pAE159 Nme2TS41 pLKO Targeting AGA with Nme2Cas9 

pAE185 Nme2TS44 pLKO Targeting VEGFA with Nme2Cas9  

pAE186 Nme2TS45 pLKO Targeting VEGFA with Nme2Cas9  

pAE187 Nme2TS46 pLKO Targeting VEGFA with Nme2Cas9  

pAE188 Nme2TS47 pLKO Targeting VEGFA with Nme2Cas9  

pAE189 Nme2TS48 pLKO Targeting VEGFA with Nme2Cas9  

pAE190 Nme2TS49 pLKO Targeting VEGFA with Nme2Cas9  

pAE191 Nme2TS50 pLKO Targeting AGA with Nme2Cas9 

pAE192 Nme2TS51 pLKO Targeting AGA with Nme2Cas9 

pAE232 TS64_FancJ1 pLKO Targeting FANCJ with Nme2Cas9  

pAE233 TS65_FancJ2 pLKO Targeting FANCJ with Nme2Cas9  

pAE200 
Nme2TS58 
(Nme2DS1) pLKO 

Targeting dual site with 
Nme2Cas9 



! Okj!

pAE201 
Nme2TS59 
(Nme2DS2) pLKO 

Targeting dual site with 
Nme2Cas9 

pAE202 
Nme2TS60 
(Nme2DS3) pLKO 

Targeting dual site with 
Nme2Cas9 

pAE203 
Nme2TS61 
(Nme2DS4) pLKO 

Targeting dual site with 
Nme2Cas9 

pAE204 
Nme2TS62 
(Nme2DS5) pLKO 

Targeting dual site with 
Nme2Cas9 

pAE205 
Nme2TS63 
(Nme2DS6) pLKO 

Targeting dual site with 
Nme2Cas9 

pAE207 SpyDS1 pLKO Targeting dual site with SpyCas9  

pAE208 SpyDS2 pLKO Targeting dual site with SpyCas9  

pAE209 SpyDS3 pLKO Targeting dual site with SpyCas9  

pAE210 SpyDS4 pLKO Targeting dual site with SpyCas9  

pAE211 SpyDS5 pLKO Targeting dual site with SpyCas9  

pAE212 SpyDS6 pLKO Targeting dual site with SpyCas9  

pAE169 

hDeCas9 Wt 
in AAV 
backbone AAV 

Nme2Cas9 all- in- one AAV 
expression with sgRNA cassette  

pAE217 

hDeCas9 wt 
in pMSCG7 
backbone pMCSG7 

wildtype Nme2Cas9 for bacterial 
expression 

pAE107 

2xNLS 
Nme2Cas9 
with HA pCdest 

Nme2Cas9 CMV-driven expression 
plasmid  

pAE127 

hDemonCas9 
3X NLS in 
pMSCG7 pMSCG7 

Targeting endogenous loci with 
Nme2Cas9 

pAM172 

hNme2Cas9 4X 
NLS with 
3XHA pCVL 

Lentivector containing UCOE, 
SFFV driven Nme2Cas9 and Puro  

pAM174 

nickase 
hNme2Cas9 
D16A 4X NLS 
with 3XHA pCVL 

Lentivector containing UCOE, 
SFFV driven Nme2Cas9 and Puro  

pAM175 

nickase 
hNme2Cas9 
H588A 4X NLS 
with 3XHA pCVL 

Lentivector containing UCOE, 
SFFV driven Nme2Cas9 and Puro  

pAM177 

dead 
hNme2Cas9 4X 
NLS with 
3XHA pCVL 

Lentivector cont aining UCOE, 
SFFV driven Nme2Cas9 and Puro  

pAE170 TS66 (DS7) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE175 TS67 (DS8) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE257 TS68 (DS9) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE258 TS69 (DS10) pLKO 
Targeting dual  site with 
Nme2Cas9 

pAE262 TS70 (DS11) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE285 TS71 (DS12) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE286 TS72 (DS13) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE287 TS73 (DS14) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE288 TS74 (DS15) pLKO 
Targeting dual site with 
Nme2Cas9 



! Okh!

pAE291 TS75 (DS16) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE299 TS76 (DS17) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE300 TS77 (DS18) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE301 TS78 (DS19) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE302 TS79 (DS20) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE303 TS80 (DS21) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE304 TS81 (DS22) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE305 TS82 (DS23) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE306 TS83 (DS24) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE307 TS85 (DS25) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE308 TS86 (DS26) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE309 TS87 (DS27) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE310 TS88 (DS28) pLKO 
Targeting dual site with 
Nme2Cas9 

pAE178 SpyDS7 pLKO Targeting dual site with SpyCas9  

pAE181 SpyDS8 pLKO Targeting dual site with SpyCas9  

pAE263 SpyDS9 pLKO Targeting dual site with SpyCas9  

pAE264 SpyDS10 pLKO Targeting dual sit e with SpyCas9  

pAE268 SpyDS11 pLKO Targeting dual site with SpyCas9  

pAE312 SpyDS12 pLKO Targeting dual site with SpyCas9  

pAE313 SpyDS13 pLKO Targeting dual site with SpyCas9  

pAE316 SpyDS14 pLKO Targeting dual site with SpyCas9  

pAE318 SpyDS15 pLKO Targeting dual site with SpyCas9  

pAE320 SpyDS16 pLKO Targeting dual site with SpyCas9  

pAE325 SpyDS17 pLKO Targeting dual site with SpyCas9  

pAE326 SpyDS18 pLKO Targeting dual site with SpyCas9  

pAE327 SpyDS19 pLKO Targeting dual site with SpyCas9  

pAE328 SpyDS20 pLKO Targeting dual site with SpyCas9  

pAE329 SpyDS21 pLKO Targeting dual site with SpyCas9  

pAE330 SpyDS22 pLKO Targeting dual site with SpyCas9  

pAE331 SpyDS23 pLKO Targeting dual site with SpyCas9  

pAE332 SpyDS24 pLKO Targeting dual site with SpyCa s9 

pAE333 SpyDS25 pLKO Targeting dual site with SpyCas9  

pAE334 SpyDS26 pLKO Targeting dual site with SpyCas9  

pAE335 SpyDS27 pLKO Targeting dual site with SpyCas9 

pAE336 SpyDS28 pLKO Targeting dual site with SpyCas9  



! Okk!

2575258350.

;63-'??0/G!JW!JWG!8$$)0,601:G!VW!BWG!9**40)@6"(/401G!=WG!L',G!BWG!V$3,:G!VWG!>04',)$G!VW!
VWG!Z01-",0G!ZWG!#$YG!<W!>W!.WG!l044,01G!FW!VWG!K0:0EG!;WG!M',-01G!9W!BWG!Z$?)'*G!<W!CWG!

.",:G!;W!NW!',-!_/',:G!CW!aSQOkb!nK2;!)'1:0)",:!U")/!#K5B=Kc#'*OinG!71"(#$C!
jjQakhkjbG!&&W!S`QcS`RW!

;63-'??0/G!JW!JWG!8$$)0,601:G!VW!BWG!l$,01%',,G!BWG!V$3,:G!VWG!B4'?%'A01G!5W!FWG!#$YG!
<W!>WG!B/%'A$EG!BWG!F'A'1$E'G!lW!BWG!B0%0,$E'G!9WG!F",'A/",G!MWG!B0E01",$EG!lWG!

K0:0EG!;WG!M',-01G!9W!BWG!l$$,",G!9W!ZW!',-!_/',:G!CW!aSQOhb!n#S(S!"*!'!*",:40c
($%&$,0,)!&1$:1'%%'640!K2;c:3"-0-!K2;c)'1:0)",:!#K5B=K!0770()$1nG!!'.$-'$C!

ijiahS++bG!&&W!''7jjkiW!
;:3-04$G!<WG!#'1)01G!BWG!Z04"%"1$E"(G!FWG!<31",:01G!;WG!M0E0*I30G!BWG!K"E0*)G!VWcCWG!

M$0/1G!VWG!F$3(/"1$3-G!FWG!#?1G!<WG!H')01*G!=W!VWG!M'&4',)0G!FWG!F$",0'3G!BWG!8$340)G!
;W!',-!<$?$,G!NW!aSQO+b!nZ01*')"40!',-!1$63*)!:0,$%0!0-")",:!U")/!v0%•B)10&)$($((3*!

)/01%$&/"43*vP0%•!#K5B=KOc#'*+nG!>.&=9./G!&&W!iSOSQ`W!
;%1',"G!2WG!8'$G!XW!<WG!M"3G!=WG!9-1'A"G!;WG!F"1G!;WG!561'/0"%G!KWG!83&)'G!;WG!B'*'A"G!lW!
9WG!H3G!.WG!<$,$/$30G!=W!<WG!B0))40G!;W!LWG!M"0-G!;W!FWG!F(8$E01,G!lWG!C34401G!#W!lWG!

#'%01$,G!=WG!C'@@"$G!.W!8WG!_/3G!MW!VWG!H$470G!BW!;W!',-!B$,)/0"%01G!9W!VW!aSQO`'b!
n2%0#'*+!"*!',!",)1",*"('44?!/":/c7"-04")?!:0,$%0!0-")",:!&4')7$1%nG!>.&=9./G!&&W!

/))&*\PP-$"W$1:POQWOOQOPOkShjQW!
;%1',"G!2WG!8'$G!XW!<WG!M"3G!=WG!9-1'A"G!;WG!F"1G!;WG!561'/0"%G!KWG!83&)'G!;WG!B'*'A"G!lW!
9WG!H3G!.WG!<$,$/$30G!=W!<WG!B0))40G!;W!LWG!M"0-G!;W!FWG!F(8$E01,G!lWG!C34401G!#W!lWG!

#'%01$,G!=WG!C'@@"$G!.W!8WG!_/3G!MW!VWG!H$470G!BW!;W!',-!B$,)/0"%01G!9W!VW!aSQO`6b!
n2%0#'*+!"*!',!",)1",*"('44?!/":/c7"-04")?!:0,$%0c0-")",:!&4')7$1%nG!A$-&2$*@.&4C!

O+aObG!&&W!SORW!
;*/G!=W!9WG!>"0,"0AG!lW!CWG!80,-1$,G!.W!CWG!#'347"04-G!.WG!M",G!HW!MWG!<0]0*3*c
L01,',-0@G!FWG!E',!>4"))01*U"]AG!FW!FWG!V',*0,cH0*)G!lWG!='34G!VW!HWG!i1-G!
K'-0%'A01*G!KWG!>$?4',G!lW!>WG!<"(A*$,G!<W!HW!',-!=0)13(044"G!MW!aSQOib!

nD,($,E0,)"$,'4!)1',*4')"$,!$7!#+JKCkS!8888##!0Y&',*"$,!:0,01')0*!",*$43640!
&$4?&0&)"-0*!*&0("7"(!)$!(+C.<P;MBnG!7$(#&-C!kkaRbG!&&W!hi+cRhW!

>'11',:$3G!KWG!C10%'3YG!#WG!<0E0'3G!LWG!K"(/'1-*G!FWG!>$?'E'4G!=WG!F$",0'3G!BWG!
K$%01$G!<W!;W!',-!L$1E')/G!=W!aSQQkb!n#K5B=K!&1$E"-0*!'(I3"10-!10*"*)',(0!':'",*)!

E"13*0*!",!&1$A'1?$)0*nG!!'.$-'$C!iOjaj`O+bG!&&W!OkQ+cOSW!
>'*:'44G!9W!FWG!8$0))",:G!BW!#WG!8$0(A04G!FW!9WG!8"01*(/G!KW!FWG!K$::0,A'%&G!9WG!

B(/1$(AG!FW!2WG!L'44$1',G!FW!',-!C",,":',G!8W!#W!aSQO`b!n80,0!-1"E0!",/"6")"$,!6?!)/0!
',)"c#K5B=K!&1$)0",*!;(155;S!',-!;(155;R!",!B'((/'1$%?(0*!(010E"*"'0nG!

;.'#&>.&4&,+C!OhRaRbG!&&W!RhRcRkRW!
>01,*G!lW!5W!',-!F3@?(@A'G!2W!aSQOkb!n;;Z\!;,!JE01E"0U!$7!D,',*U010-!t30*)"$,*nG!

0(2*A$-$*E3$#C!S`aRbG!&&W!iQ`ciOiW!
>$43A6'*"G!FW!CWG!83&)'G!;WG!J"A0%3*G!BWG!<011G!;W!8WG!8'1601G!FWG!>1$-*A?G!FW!LWG!

_/3G!MW!VW!',-!H$470G!BW!;W!aSQOjb!n<2;c6",-",:c-$%'",!73*"$,*!0,/',(0!)/0!)'1:0)",:!
1',:0!',-!&10("*"$,!$7!#'*+nG!71":*;$"3&8)C!OSaOSbG!&&W!OOjQchW!



! Ok !̀

>$,-?c<0,$%?G!VWG!<'E"-*$,G!;W!KWG!<$3-,'G!VW!;WG!C",01',G!=W!#WG!F'YU044G!lW!MWG!
F$",0'3G!BWG!=0,:G!XWG!B$,)/0"%01G!9W!VW!',-!H"0-0,/07)G!>W!aSQO`b!n;!D,"7"0-!

K0*$31(0!7$1!.1'(A",:!;,)"c#K5B=K!2'%0*nG!<=N!D=*XC!OG!&&W!iQRciQjW!
>$,-?c<0,$%?G!VWG!='U43AG!;WG!F'YU044G!lW!MW!',-!<'E"-*$,G!;W!KW!aSQOib!

n>'()01"$&/':0!:0,0*!)/')!",'()"E')0!)/0!#K5B=KP#'*!6'()01"'4!"%%3,0!*?*)0%nG!
71"(#$C!R+iakRiSbG!&&W!RS+ciSW!

>1",01G!;W!9WG!<$,$/$30G!=W!<WG!8$%''G!;W!;WG!B0440G!lWG!B4$1'(/G!9W!FWG!2?0G!#W!LWG!
L'31U")@G!KW!9WG!>0"*04G!#W!MWG!F'?G!;W!=W!',-!>'11',:$3G!KW!aSQORb!n83"-0!K2;!

73,()"$,'4!%$-340*!-"10()!#'*+!'()"E")?!',-!$1)/$:$,'4")?nG!;&4*<$44C!jhaSbG!&&W!iiic
ii+W!

>1",A%',G!9W!lWG!#/0,G!.WG!;%0,-$4'G!FW!',-!E',!B)00,*04G!>W!aSQORb!n9'*?!
I3',)")')"E0!'**0**%0,)!$7!:0,$%0!0-")",:!6?!*0I30,(0!)1'(0!-0($%&$*")"$,nG!7('4$.'*

?'.8)*=$):C!RSaSSbG!&&W!0Oh`W!
>1$3,*G!BW!VWG!V$10G!FW!FWG!M3,-:10,G!FWG!H0*)1'G!9W!KWG!B4"]A/3"*G!KW!VWG!B,"]-01*G!;W!=WG!

<"(A%',G!FW!VWG!F'A'1$E'G!lW!BWG!l$$,",G!9W!ZW!',-!E',!-01!J$*)G!VW!aSQQ`b!nB%'44!
#K5B=K!K2;*!:3"-0!',)"E"1'4!-070,*0!",!&1$A'1?$)0*nG!!'.$-'$C!iSOaj`+ObG!&&W!+hQcRW!
>31*)0",G!<WG!L'11",:)$,G!MW!>WG!B)13))G!BW!#WG!=1$6*)G!;W!VWG!;,',)/'1'%',G!lWG!./$%'*G!

>W!#WG!<$3-,'G!VW!;W!',-!>',7"04-G!VW!CW!aSQOkb!n20U!#K5B=Kc#'*!*?*)0%*!71$%!
3,(34)"E')0-!%"(1$60*nG!71"(#$C!jRSakhRQbG!&&W!SikcSROW!

#01)$G!FW!.WG!K?3G!>W!NWG!;,,"*G!VW!9WG!8'1"6$EG!FWG!V'1]$31G!VWG!K'U4",:*G!<W!VW!',-!
B(/'10,601:G!;W!FW!aSQOOb!n.1'(A",:!:0,$%0!0,:",001",:!$3)($%0!')!",-"E"-3'4!<2;!

610'A&$",)*nG!71"*;$"3&8)C!`a`bG!&&W!hkOchW!
#/'140*U$1)/G!#W!.WG!<0*/&',-0G!=W!BWG!<0E01G!<W!=WG!#'%'10,'G!VWG!M0%:'1)G!ZW!.WG!

#1$%01G!FW!lWG!Z'A34*A'*G!#W!;WG!#$44",:U$$-G!FW!;WG!_/',:G!MWG!>$-0G!2W!FWG!
>0/4A0G!FW!;WG!<0]0,0G!>WG!#"0,"0U"(@G!>WG!K$%',$G!KWG!M0*(/G!>W!VWG!8$%0@cJ*&",'G!

2WG!F',)1"G!BWG!='E04c<",3G!FWG!H0",601:G!lW!5W!',-!=$1)03*G!FW!LW!aSQO+b!
n5-0,)"7"(')"$,!$7!&100Y"*)",:!'-'&)"E0!"%%3,")?!)$!#'*+!&1$)0",*!",!/3%',*nG!71"*;$8C!

SjaSbG!&&W!SR+cSjRW!
#/'1&0,)"01G!9WG!K"(/)01G!LWG!E',!-01!J$*)G!VW!',-!H/")0G!FW!CW!aSQOjb!n>"$:0,0*"*!

&')/U'?*!$7!K2;!:3"-0*!",!'1(/'0'4!',-!6'()01"'4!#K5B=K c#'*!'-'&)"E0!"%%3,")?nG!
HI;!*;.'#&>.&4*=$/C!i+aibG!&&W!RS`cROW!

#/0,G!>WG!8"4601)G!MW!;WG!#"%","G!>W!;WG!B(/,")@6'301G!VWG!_/',:G!HWG!M"G!8W!HWG!='1AG!VWG!
>4'(A631,G!9W!LWG!H0"**%',G!VW!BWG!t"G!MW!BW!',-!L3',:G!>W!aSQOib!n<?,'%"(!"%':",:!$7!
:0,$%"(!4$("!",!4"E",:!/3%',!(044*!6?!',!$&)"%"@0-!#K5B=KP#'*!*?*)0%nG!<$44C!OjjakbG!

&&W!ORk+c+OW!
#/0,G!VW!BWG!<':-'*G!NW!BWG!l40",*)"E01G!>W!=WG!H04(/G!FW!FWG!B$3*'G!;W!;WG!L'11",:)$,G!

MW!>WG!B)01,601:G!BW!LWG!V$3,:G!VW!lWG!N"4-"@G!;W!',-!<$3-,'G!VW!;W!aSQOkb!n9,/',(0-!
&1$$710'-",:!:$E01,*!#K5B=Kc#'*+!)'1:0)",:!'((31'(?nG!71"(#$W!

#/$G!BW!HWG!l"%G!BWG!l"%G!VW!FW!',-!l"%G!VW!BW!aSQOib!n.'1:0)0-!:0,$%0!0,:",001",:!",!
/3%',!(044*!U")/!)/0!#'*+!K2;c:3"-0-!0,-$,3(40'*0nG!71"*@.&"$'3-&4C!iOaibG!&&W!SiQc

SW!
#/?4",*A"G!lWG!F'A'1$E'G!lW!BWG!#/'1&0,)"01G!9W!',-!l$$,",G!9W!ZW!aSQORb!

n#4'**"7"(')"$,!',-!0E$43)"$,!$7!)?&0!55!#K5B=Kc#'*!*?*)0%*nG!7('4$.'*?'.8)*=$)C!
RSaOQbG!&&W!hQ+OcOQjW!



! Ok+!

#$,:G!MW!',-!_/',:G!CW!aSQOjb!n80,$%0!0,:",001",:!3*",:!#K5B=Kc#'*+!*?*)0%nG!
;$"3&8)*;&4*@.&4C!OSi+G!&&W!O+kcSOkW!

#?1',$*A"G!<W!aSQOhb!n#K5B=K!:0,0c0-")",:!)0*)0-!",!'!&01*$,!7$1!)/0!7"1*)!)"%0nG!
71"(#$C!ji+akhiQbG!&&W!Rk+W!

<0!#',0E'G!;WG!=$11$G!CWG!>$1)$43**"G!8WG!B$4'G!KWG!M"*]'AG!FWG!>'1@04G!;WG!8"'(('G!FWG!
l'?G!FW!;WG!Z4'/$E"(0AG!lWG!_0,)"4",G!MW!',-!F31$G!;W!CW!aSQO+b!n#$3&4",:!;;Zc

%0-"')0-!&1$%$)0140**!:0,0!)'1:0)",:!)$!B'#'*+!,3(40'*0!)$!077"("0,)4?!($110()!4"E01!
%0)'6$4"(!-"*0'*0*nG!X<N*N-).,3"C!jW!

<04)(/0E'G!9WG!#/?4",*A"G!lWG!B/'1%'G!#W!FWG!8$,@'40*G!lWG!#/'$G!NWG!="1@'-'G!_W!;WG!
9(A01)G!FW!KWG!Z$:04G!VW!',-!#/'1&0,)"01G!9W!aSQOOb!n#K5B=K!K2;!%')31')"$,!6?!)1',*c

0,($-0-!*%'44!K2;!',-!/$*)!7'()$1!K2'*0!555nG!71"(#$C!RkOakiRQbG!&&W!hQSckW!
<",:G!NWG!M"G!LWG!#/0,G!MW!MW!',-!X"0G!lW!aSQOhb!nK0(0,)!;-E',(0*!",!80,$%0!9-")",:!

D*",:!#K5B=KP#'*+nG!H#&-"*D41-"*!'.C!kG!&&W!kQiW!
<$%",:30@G!;W!;WG!M"%G!HW!;W!',-!t"G!MW!BW!aSQOhb!n>0?$,-!0-")",:\!10&31&$*",:!

#K5B=Kc#'*+!7$1!&10("*"$,!:0,$%0!10:34')"$,!',-!",)011$:')"$,nG!71"*=$/*;&4*<$44*
@.&4C!OkaObG!&&W!jcOjW!

<$,:G!83$G!FWG!H',:G!BWG!_/3G!NWG!H',:G!BWG!X"$,:G!_WG!N',:G!VWG!X3G!_W!',-!L3',:G!
_W!aSQOkb!nB)13()31'4!6'*"*!$7!#K5B=KcB&?#'*+!",/"6")"$,!6?!',!',)"c#K5B=K!&1$)0",nG!

71"(#$C!jRhakhj`bG!&&W!RihcRi+W!
<$3-,'G!VW!;W!',-!#/'1&0,)"01G!9W!aSQORb!n80,$%0!0-")",:W!./0!,0U!71$,)"01!$7!:0,$%0!

0,:",001",:!U")/!#K5B=Kc#'*+nG!!'.$-'$C!iRhahSOibG!&&W!OSj`Q+hW!
9'*)cB040)*A?G!;WG!Jn#$,,044G!FW!KWG!l,":/)G!BW!#WG!>31*)0",G!<WG!#')0G!VW!LWG!.]"',G!KW!

',-!<$3-,'G!VW!;W!aSQOhb!n.U$!-"*)",()!K2'*0!'()"E")"0*!$7!#K5B=Kc#S(S!0,'640!
:3"-0cK2;!&1$(0**",:!',-!K2;!-0)0()"$,nG!71"(#$C!ji`akhSRbG!&&W!SkQcSkiW!

9*E04)G!lW!FWG!F'4"G!=WG!>1'77G!VW!MWG!F$$*631,01G!FWG!N'3,:G!BW!VW!',-!#/31(/G!8W!FW!
aSQOib!nJ1)/$:$,'4!#'*+!&1$)0",*!7$1!K2;c:3"-0-!:0,0!10:34')"$,!',-!0-")",:nG!71"*

;$"3&8)C!OQaOObG!&&W!OOOhcSOW!
C$,7'1'G!5WG!M0!K/3,G!;WG!#/?4",*A"G!lWG!F'A'1$E'G!lW!BWG!M0(1"E'",G!;W!MWG!>@-10,:'G!VWG!

l$$,",G!9W!ZW!',-!#/'1&0,)"01G!9W!aSQORb!n=/?4$:0,?!$7!#'*+!-0)01%",0*!73,()"$,'4!
0Y(/',:0'6"4")?!$7!-3'4cK2;!',-!#'*+!'%$,:!$1)/$4$:$3*!)?&0!55!#K5B=Kc#'*!

*?*)0%*nG!7('4$.'*?'.8)*=$)C!RSaRbG!&&W!Sjkkc+QW!
C1',@$*'G!9W!;W!',-!X"'G!NW!aSQOOb!nB)13()31'4!&1",("&40*!U")/",!)/0!/3%',cE"13*!

&1$)0",c&1$)0",!",)01'()"$,!,0)U$1AnG!D#&'*71"4*?'18*!'.*Y*!*?C!OQ`aShbG!&&W!OQji`cRiW!
C10"6'3%G!>W!<W!',-!.'?4$1G!VW!=W!aSQOkb!n./0!K$40!$7!<"&0&)"-0!K0&0')*!",!#+JKCkSc

K04')0-!;MBcC.<nG!H#&-"*;&4*7$(#&)'.C!OQG!&&W!ijW!
C1"0-1"(/G!8W!',-!B$1"',$G!=W!aO++Ob!n=1$%$)01!)1'&*!",!0%61?$,"(!*)0%!(044*\!'!:0,0)"(!
*(100,!)$!"-0,)"7?!',-!%3)')0!-0E04$&%0,)'4!:0,0*!",!%"(0nG!A$-$)*G$/C!ja+bG!&&W!OjOic

SiW!
C3G!NWG!B',-01G!VW!<WG!K0?$,G!<WG!#'*("$G!ZW!FW!',-!V$3,:G!VW!lW!aSQORb!n5%&1$E",:!

#K5B=Kc#'*!,3(40'*0!*&0("7"(")?!3*",:!)13,(')0-!:3"-0!K2;*nG!71"*@.&"$'3-&4C!iSaibG!
&&W!Sk+cS`RW!

8'44':/01G!<W!2W!',-!L'601G!VW!9W!aSQO`b!nK0&'"1!$7!'!B")0cB&0("7"(!<2;!#40'E':0\!J4-c
B(/$$4!M0**$,*!7$1!#'*+cF0-"')0-!80,0!9-")",:nG!?<!*<3$2*@.&4C!OiaSbG!&&W!i+kcRQjW!



! O`Q!

8',)@G!ZW!FWG!V'*",*A"0,0G!2WG!.')'10,A$E'G!JWG!C'@0A'*G!;WG!F'("'*G!ZW!FWG!>"01G!9W!
',-!V'%0*G!;W!;W!aSQOjb!nL":/4?!077"("0,)!#'*+c%0-"')0-!:0,0!-1"E0!7$1!&$&34')"$,!

%$-"7"(')"$,!$7!)/0!%'4'1"'!E0()$1!%$*I3")$!;,$&/040*!*)0&/0,*"nG!D#&'*71"4*?'18*!'.*
Y*!*?C!OOSaR+bG!&&W!9hkihcRiW!

8'*"3,'*G!8WG!>'11',:$3G!KWG!L$1E')/G!=W!',-!B"A*,?*G!ZW!aSQOSb!n#'*+c(1K2;!
1"6$,3(40$&1$)0",!($%&40Y!%0-"')0*!*&0("7"(!<2;!(40'E':0!7$1!'-'&)"E0!"%%3,")?!",!

6'()01"'nG!D#&'*71"4*?'18*!'.*Y*!*?C!OQ+ai+bG!&&W!9Sjk+c`hW!
8'3-044"G!2W!FWG!l$%$1G!;W!#WG!K00*G!LW!;WG!='(A01G!FW!BWG!>'-1',G!;W!LWG!>1?*$,G!<W!5W!

',-!M"3G!<W!KW!aSQOkb!n=1$:1'%%'640!6'*0!0-")",:!$7!;x.!)$!8x#!",!:0,$%"(!<2;!
U")/$3)!<2;!(40'E':0nG!71"(#$C!jjOakh`ObG!&&W!RhRcRkOW!

801%","G!<WG!.*7'*%',G!.WG!_'A/'1$E'G!ZW!ZWG!B]'A*)0G!2WG!M"&",*A"G!FW!',-!Z'**0)@A?G!
NW!aSQO`b!n;!#$%&'1"*$,!$7!.0(/,"I30*!)$!9E'43')0!)/0!9770()"E0,0**!$7!80,$%0!

9-")",:nG!E#$-8)*@.&"$'3-&4C!ihaSbG!&&W!ORkcOj+W!
8$$)0,601:G!VW!BWG!;63-'??0/G!JW!JWG!l044,01G!FW!VWG!V$3,:G!VWG!#$44",*G!VW!VW!',-!_/',:G!

CW!aSQO`b!nF34)"&40Y0-!',-!&$1)'640!,3(40"(!'("-!-0)0()"$,!&4')7$1%!U")/!#'*OiG!
#'*OS'G!',-!#*%hnG!!'.$-'$C!ihQahi`kbG!&&W!Ri+cRRRW!

8$1*A"G!BW!;WG!Z$:04G!VW!',-!<$3-,'G!VW!;W!aSQOkb!nK2;c6'*0-!10($:,")"$,!',-!
)'1:0)",:\!*$U",:!)/0!*00-*!$7!*&0("7"(")?nG!71"*=$/*;&4*<$44*@.&4C!O`aRbG!&&W!SOjcSS`W!
81"**'G!5WG!Z01:,'3-G!8W!',-!=$31(04G!#W!aSQQkb!n#K5B=KC",-01\!'!U06!)$$4!)$!"-0,)"7?!
(43*)010-!10:34'14?!",)01*&'(0-!*/$1)!&'4",-1$%"(!10&0')*nG!7('4$.'*?'.8)*=$)C!ijaH06!

B01E01!"**30bG!&&W!HjSckW!
L''&',"0%"G!9WG!>$)4'G!BWG!=01**$,G!VWG!B(/%"0101G!>W!',-!.'"&'40G!VW!aSQO`b!n#K5B=Kc

#'*+!:0,$%0!0-")",:!",-3(0*!'!&jic%0-"')0-!<2;!-'%':0!10*&$,*0nG!71"*;$8C!SRakbG!
&&W!+Skc+iQW!

L'03*401G!;W!KWG!<$,,044?G!#W!VW!',-!K$)/*)0",G!VW!<W!aSQOhb!n./0!0Y&',-",:!6"$4$:?!$7!
)/0!#+$17kS!,3(40$)"-0!10&0')!0Y&',*"$,!",!,031$-0:0,01')"E0!-"*0'*0nG!71"*=$/*

7$(#&)'.C!OkahbG!&&W!i`ic+jW!
L'11",:)$,G!MW!>WG!='0@c9*&",$G!<WG!B)''/4G!>W!.WG!#/0,G!VW!BWG!F'G!9WG!l?1&"-0*G!2W!#W!

',-!<$3-,'G!VW!;W!aSQOkb!n;!)/01%$*)'640!#'*+!U")/!",(10'*0-!4"70)"%0!",!/3%',!
&4'*%'nG!71"*<&22(-C!`aObG!&&W!ORSRW!

L0-43,-G!>W!=W!',-!B)'40?G!VW!.W!aSQQSb!n=/?4$:0,?!$7!)/0!:0,3*!B"%$,*"044'!',-!$)/01!
%0%601*!$7!)/0!20"**01"'(0'0nG!N-"*X*!+)"*I/&4*;.'#&>.&4C!jSa=)!RbG!&&W!Oikkc`SW!
L0401G!KWG!B'%'"G!=WG!F$-044G!VW!HWG!H0",01G!#WG!8$4-601:G!8W!HWG!>"A'1-G!<W!',-!

F'11'77","G!MW!;W!aSQOjb!n#'*+!*&0("7"0*!73,()"$,'4!E"1'4!)'1:0)*!-31",:!#K5B=Kc#'*!
'-'&)')"$,nG!71"(#$C!jO+akjRSbG!&&W!O++cSQSW!

L0,-04G!;WG!>'AG!KW!JWG!#4'1AG!VW!.WG!l0,,0-?G!;W!>WG!K?',G!<W!9WG!K$?G!BWG!B)0",704-G!5WG!
M3,*)'-G!>W!<WG!l'"*01G!KW!VWG!H"4A0,*G!;W!>WG!>'((/0))'G!KWG!.*'40,A$G!;WG!<044",:01G!<WG!

>13/,G!MW!',-!=$1)03*G!FW!LW!aSQOjb!n#/0%"('44?!%$-"7"0-!:3"-0!K2;*!0,/',(0!
#K5B=Kc#'*!:0,$%0!0-")",:!",!/3%',!&1"%'1?!(044*nG!71"*@.&"$'3-&4C!iia+bG!&&W!+`jc

+`+W!
L$3G!_WG!_/',:G!NWG!=1$&*$,G!2W!9WG!L$U-0,G!BW!9WG!#/3G!MW!CWG!B$,)/0"%01G!9W!VW!',-!
./$%*$,G!VW!;W!aSQOib!n977"("0,)!:0,$%0!0,:",001",:!",!/3%',!&431"&$)0,)!*)0%!(044*!

3*",:!#'*+!71$%!20"**01"'!%0,",:")"-"*nG!D#&'*71"4*?'18*!'.*Y*!*?C!OOQai+bG!&&W!
OjhRRc+W!



! O`O!

561'/0"%G!KWG!B$,:G!#WctWG!F"1G!;WG!;%1',"G!2WG!X30G!HW!',-!B$,)/0"%01G!9W!VW!aSQO`'b!
n;44c",cJ,0!;-0,$c'**$("')0-!Z"13*!<04"E01?!',-!80,$%0!9-")",:!6?!20"**01"'!

%0,",:")"-"*!#'*+!",!E"E$nG!>.&=9./G!&&W!/))&*\PP-$"W$1:POQWOOQOPS+jQjjW!
561'/0"%G!KWG!B$,:G!#W!tWG!F"1G!;WG!;%1',"G!2WG!X30G!HW!',-!B$,)/0"%01G!9W!VW!aSQO`6b!

n;44c",c$,0!'-0,$c'**$("')0-!E"13*!-04"E01?!',-!:0,$%0!0-")",:!6?!20"**01"'!
%0,",:")"-"*!#'*+!",!E"E$nG!A$-&2$*@.&4C!O+aObG!&&W!OikW!

5*/",$G!NWG!B/",':'U'G!LWG!F'A",$G!lWG!;%0%31'G!FW!',-!2'A')'G!;W!aO+`kb!
n23(40$)"-0!*0I30,(0!$7!)/0!"'&!:0,0G!10*&$,*"640!7$1!'4A'4",0!&/$*&/')'*0!"*$@?%0!
($,E01*"$,!",!9*(/01"(/"'!($4"G!',-!"-0,)"7"(')"$,!$7!)/0!:0,0!&1$-3()nG!X*@1'"$#.&4C!

Oh+aOSbG!&&W!jRS+ciiW!
5?01G!BWG!B310*/G!BWG!83$G!<WG!<'%',G!lWG!#/0,G!VW!#W!VWG!M"3G!=WG!_"0:01G!FWG!M3AG!lWG!
K$*($0G!>W!=WG!F304401G!#WG!l",:G!JW!<WG!9%01*$,G!#W!=WG!V1W!',-!H$470G!BW!;W!aSQO+b!
n=10("*0!)/01'&03)"(!:0,0!($110()"$,!6?!'!*"%&40!,3(40'*0c",-3(0-!-$3640c*)1',-0-!

610'AnG!71"(#$C!jh`akkjibG!&&W!jhOcjhjW!
V'(A*$,G!BW!;WG!F(l0,@"0G!KW!9WG!C':0143,-G!KW!<WG!l"0&01G!BW!2WG!C",01',G!=W!#W!',-!

>1$3,*G!BW!VW!aSQOkb!n#K5B=Kc#'*\!;-'&)",:!)$!(/',:0nG!!'.$-'$C!ijhahiiibW!
V',*0,G!KWG!9%6-0,G!VW!<WG!8''*)1'G!HW!',-!B(/$34*G!MW!FW!aSQQSb!n5-0,)"7"(')"$,!$7!

:0,0*!)/')!'10!'**$("')0-!U")/!<2;!10&0')*!",!&1$A'1?$)0*nG!;&4*;.'#&>.&4C!RiahbG!&&W!
OjhjckjW!

V'*",G!FW!',-!L'601G!VW!9W!aSQOhb!n./0!-0%$(1')"@')"$,!$7!:0,0!0-")",:\!5,*":/)*!71$%!
*")0c*&0("7"(!(40'E':0!',-!-$3640c*)1',-!610'A!10&'"1nG!G7?*=$%1.#*J?2)"KC!RRG!&&W!hcOhW!

V"',:G!CW!',-!<$3-,'G!VW!;W!aSQOkb!n#K5B=Kc#'*+!B)13()310*!',-!F0(/',"*%*nG!?--(*
=$/*@.&%3+)C!RhG!&&W!jQjcjS+W!

V",0AG!FWG!#/?4",*A"G!lWG!C$,7'1'G!5WG!L'301G!FWG!<$3-,'G!VW!;W!',-!#/'1&0,)"01G!9W!
aSQOSb!n;!&1$:1'%%'640!-3'4cK2;c:3"-0-!<2;!0,-$,3(40'*0!",!'-'&)"E0!6'()01"'4!

"%%3,")?nG!!'.$-'$C!iikahQ+hbG!&&W!`OhcSOW!
l00401G!;W!FW!',-!C4$))0G!.W!KW!aSQO+b!nK0($%6",',)!;-0,$c;**$("')0-!Z"13*!80,0!

./01'&?!",!M":/)!$7!M3Y)31,'!a',-!_$4:0,*%'!',-!84?601'b\!H/010!;10!H0G!',-!L$U!
<"-!H0!80)!L010ˆnG!?--(*=$/*Z.#&4C!haObG!&&W!hQOchSOW!

l/E$1$E'G!;W!',-!H'))*G!VW!lW!aSQOkb!n./0!(/0%"('4!0E$43)"$,!$7!$4":$,3(40$)"-0!
)/01'&"0*!$7!(4","('4!3)"4")?nG!71"*@.&"$'3-&4C!ijaibG!&&W!Si`cSR`W!

l"01,',G!FW!#WG!Z3("(G!BWG!#/0'/G!>W!#WG!.31,01G!FW!KWG!9"*0,G!;WG!L'1-"%',G!JWG!
>311044G!VW!KW!',-!_$",:G!FW!#W!aSQOOb!n;%?$)1$&/"(!4')01'4!*(401$*"*nG!F1-'$"C!

ikka+kh+bG!&&W!+RScjjW!
l"%G!9WG!l$$G!.WG!='1AG!BW!HWG!l"%G!<WG!l"%G!lWG!#/$G!LW!NWG!B$,:G!<W!HWG!M00G!lW!VWG!
V3,:G!FW!LWG!l"%G!BWG!l"%G!VW!LWG!l"%G!VW!LW!',-!l"%G!VW!BW!aSQOkb!n5,!E"E$!:0,$%0!

0-")",:!U")/!'!*%'44!#'*+!$1)/$4$:30!-01"E0-!71$%!#'%&?4$6'()01!]0]3,"nG!71"*
<&22(-C!`G!&&W!ORjQQW!

l40", *)"E01G!>W!=WG!=10UG!FW!BWG!.*'"G!BW!tWG!2:3?0,G!2W!.WG!.$&A'1G!ZW!ZWG!_/0,:G!_W!
',-!V$3,:G!VW!lW!aSQOjb!n>1$'-0,",:!)/0!)'1:0)",:!1',:0!$7!B)'&/?4$($((3*!'3103*!

#K5B=Kc#'*+!6?!%$-"7?",:!=;F!10($:,")"$,nG!71"*@.&"$'3-&4C!iiaOSbG!&&W!OS+icOS+`W!
l$%$1G!;W!#WG!l"%G!NW!>WG!='(A01G!FW!BWG!_31"*G!VW!;W!',-!M"3G!<W!KW!aSQOhb!

n=1$:1'%%'640!0-")",:!$7!'!)'1:0)!6'*0!",!:0,$%"(!<2;!U")/$3)!-$3640c*)1',-0-!<2;!
(40'E':0nG!71"(#$C!jiiakhQibG!&&W!RSQcRW!



! O`S!

l$$G!.WG!M3c2:3?0,G!2W!>WG!F'4016'G!;WG!l"%G!9WG!l"%G!<WG!#'&&044'1"G!JWG!#/$G!LW!NWG!
<"(A*$,G!8WG!=$&&40U044G!MW!',-!l"%G!VW!BW!aSQO`b!nC3,()"$,'4!K0*(30!$7!<?*)1$&/",!
<07"("0,(?!",!F"(0!#'3*0-!6?!C1'%0*/"7)!F3)')"$,*!D*",:!#'%&?4$6'()01!]0]3,"!

#'*+nG!;&4*E3$#C!ShahbG!&&W!OjS+cOji`W!
l$$,",G!9W!ZW!',-!F'A'1$E'G!lW!BW!aSQQ+b!n#K5B=Kc#'*\!',!'-'&)"E0!"%%3,")?!*?*)0%!

",!&1$A'1?$)0*nG!HS[[[*@.&4*=$%C!OG!&&W!+jW!
l$$,",G!9W!ZW!',-!F'A'1$E'G!lW!BW!aSQO+b!nJ1":",*!',-!0E$43)"$,!$7!#K5B=Kc#'*!

*?*)0%*nG!D3.4&)*E#1-)*=*!&'*F&-8*@*@.&4*!'.C!ikRaOkkSbG!&&W!SQO`QQ`kW!
l$*"(A"G!FWG!.$%601:G!lW!',-!>1'-40?G!;W!aSQO`b!nK0&'"1!$7!-$3640c*)1',-!610'A*!

",-3(0-!6?!#K5B=Kc#'*+!40'-*!)$!4'1:0!-040)"$,*!',-!($%&40Y!10'11',:0%0,)*nG!71"*
@.&"$'3-&4C!iha`bG!&&W!khjckkOW!

M'1*$,G!FW!LWG!8"4601)G!MW!;WG!H',:G!XWG!M"%G!HW!;WG!H0"**%',G!VW!BW!',-!t"G!MW!BW!
aSQOib!n#K5B=K!",)017010,(0!a#K5B=K"b!7$1!*0I30,(0c*&0("7"(!($,)1$4!$7!:0,0!

0Y&10**"$,nG!71"*D#&"&'C!`aOObG!&&W!SO`Qc+hW!
M'3G!#W!LW!',-!B3/G!NW!aSQOkb!n5,!E"E$!:0,$%0!0-")",:!",!',"%'4*!3*",:!;;Zc#K5B=K!
*?*)0%\!'&&4"(')"$,*!)$!)1',*4')"$,'4!10*0'1(/!$7!/3%',!-"*0'*0nG!HS[[[=$)C!hG!&&W!SOjiW!

M00G!#W!FWG!#1'-"(AG!.W!VW!',-!>'$G!8W!aSQOhb!n./0!20"**01"'!%0,",:")"-"*!#K5B=Kc
#'*+!B?*)0%!9,'640*!B&0("7"(!80,$%0!9-")",:!",!F'%%'4"',!#044*nG!;&4*E3$#C!SRaibG!

&&W!hRjcjRW!
M00G!VWG!F"1G!;WG!9-1'A"G!;WG!8'1("'G!>WG!;%1',"G!2WG!M$3G!LW!9WG!8'",0)-",$EG!5WG!

='U43AG!;WG!561'/0"%G!KWG!8'$G!XW!<WG!M"3G!=WG!<'E"-*$,G!;W!KWG!F'YU044G!lW!MW!',-!
B$,)/0"%01G!9W!VW!aSQO`b!n=$)0,)!#'*+!5,/"6")"$,!",!>'()01"'4!',-!L3%',!#044*!6?!

;(155#R!',-!;(155#j!;,)"c#K5B=K!=1$)0",*nG!;@.&C!+ahbW!
M0*,"AG!9W!;WG!B'%&')/G!KWG!M0E0,0G!LW!>WG!L0,-01*$,G!.W!VWG!F(20"4G!VW!;W!',-!9(A01G!
<W!VW!aSQQOb!n=10-"()"$,!$7!1/$c",-0&0,-0,)!)1',*(1"&)"$,'4!)01%",')$1*!",!9*(/01"(/"'!

($4"nG!7('4$.'*?'.8)*=$)C!S+aOkbG!&&W!ij`ic+RW!
M"',:G!=WG!X3G!NWG!_/',:G!XWG!<",:G!#WG!L3',:G!KWG!_/',:G!_WG!MEG!VWG!X"0G!XWG!#/0,G!NWG!

M"G!NWG!B3,G!NWG!>'"G!NWG!B$,:?',:G!_WG!F'G!HWG!_/$3G!#W!',-!L3',:G!VW!aSQOjb!
n#K5B=KP#'*+c%0-"')0-!:0,0!0-")",:!",!/3%',!)1"&1$,3(40'1!@?:$)0*nG!D#&"$.-*<$44C!

hajbG!&&W!ihicikSW!
M",$G!#W!;WG!L'1&01G!VW!#WG!#'1,0?G!VW!=W!',-!."%4",G!VW!;W!aSQO`b!n<04"E01",:!#K5B=K\!'!

10E"0U!$7!)/0!(/'440,:0*!',-!'&&1$'(/0*nG!G#(,*G$4./C!SjaObG!&&W!OSiRcOSjkW!
M"3G!#WG!_/',:G!MWG!M"3G!LW!',-!#/0,:G!lW!aSQOkb!n<04"E01?!*)1')0:"0*!$7!)/0!#K5B=Kc

#'*+!:0,0c0-")",:!*?*)0%!7$1!)/01'&03)"(!'&&4"(')"$,*nG!X*<&-"#&4*=$4$1)$C!ShhG!&&W!Okc
ShW!

M"3G!XW!BWG!H3G!LWG!l1@"*(/G!FWG!H3G!XWG!81'07G!VWG!F377')G!VWG!L,"*@G!<WG!M"G!#W!LWG!
N3',G!>WG!X3G!#WG!M"G!NWG!Z01*/A$EG!<WG!#'('(0G!;WG!N$3,:G!KW!;W!',-!V'0,"*(/G!KW!

aSQO`b!nK0*(30!$7!C1':"40!X!B?,-1$%0!2031$,*!6?!<2;!F0)/?4')"$,!9-")",:!$7!)/0!
CFKO!80,0nG!<$44C!OkSajbG!&&W!+k+c++S!0hW!

F'G!LWG!F'1)"c83)"0110@G!2WG!='1AG!BW!HWG!H3G!VWG!M00G!NWG!B3@3A"G!lWG!l$*A"G!;WG!V"G!<WG!
L'?'%'G!.WG!;/%0-G!KWG!<'16?G!LWG!Z',!<?A0,G!#WG!M"G!NWG!l',:G!9WG!='1AG!;W!KWG!l"%G!
<WG!l"%G!BW!.WG!8$,:G!VWG!83G!NWG!X3G!XWG!>'))':4"'G!<WG!l1"0:G!BW!;WG!M00G!<W!FWG!H3G!<W!
LWG!H$47G!<W!=WG!L0"),01G!BW!>WG!>04%$,)0G!VW!#W!5WG!;%')$G!=WG!l"%G!VW!BWG!l'34G!BW!',-!



! O`i !

F")'4"&$EG!BW!aSQOkb!n#$110()"$,!$7!'!&')/$:0,"(!:0,0!%3)')"$,!",!/3%',!0%61?$*nG!
71"(#$C!jR`akhh`bG!&&W!ROicRO+W!

F'A'1$E'G!lW!BWG!L'7)G!<W!LWG!>'11',:$3G!KWG!>1$3,*G!BW!VWG!#/'1&0,)"01G!9WG!L$1E')/G!=WG!
F$",0'3G!BWG!F$]"('G!CW!VWG!H$47G!NW!5WG!N'A3,",G!;W!CWG!E',!-01!J$*)G!VW!',-!l$$,",G!9W!

ZW!aSQOOb!n9E$43)"$,!',-!(4'**"7"(')"$,!$7!)/0!#K5B=Kc#'*!*?*)0%*nG!71"*=$/*
;.'#&>.&4C!+ahbG!&&W!RhkckkW!

F'A'1$E'G!lW!BWG!H$47G!NW!5WG!;4A/,6'*/"G!JW!BWG!#$*)'G!CWG!B/'/G!BW!;WG!B'3,-01*G!BW!VWG!
>'11',:$3G!KWG!>1$3,*G!BW!VWG!#/'1&0,)"01G!9WG!L'7)G!<W!LWG!L$1E')/G!=WG!F$",0'3G!BWG!

F$]"('G!CW!VWG!.01,*G!KW!FWG!.01,*G!FW!=WG!H/")0G!FW!CWG!N'A3,",G!;W!CWG!8'110))G!KW!;WG!
E',!-01!J$*)G!VWG!>'(A$70,G!KW!',-!l$$,",G!9W!ZW!aSQOjb!n;,!3&-')0-!0E$43)"$,'1?!

(4'**"7"(')"$,!$7!#K5B=Kc#'*!*?*)0%*nG!71"*=$/*;.'#&>.&4C!OiaOObG!&&W!kSScihW!
F'4"G!=WG!N',:G!MWG!9*E04)G!lW!FWG!;'(/G!VWG!83044G!FWG!<"#'14$G!VW!9WG!2$1E"440G!VW!9W!',-!

#/31(/G!8W!FW!aSQOib!nK2;c:3"-0-!/3%',!:0,$%0!0,:",001",:!E"'!#'*+nG!!'.$-'$C!
ii+ahOSObG!&&W!`SichW!

F'11'77","G!MW!;W!',-!B$,)/0"%01G!9W!VW!aSQQ`b!n#K5B=K!",)017010,(0!4"%")*!/$1"@$,)'4!
:0,0!)1',*701!",!*)'&/?4$($(("!6?!)'1:0)",:!<2;nG!!'.$-'$C!iSSaj+Q+bG!&&W!O`RicjW!

F'1)",$G!;W!.WG!B3@3A"G!FWG!F'1A3*"(G!<W!FWG!_$4$)3A/",G!5WG!K?'4*G!KW!#WG!F$:/"%"G!>WG!
91)4G!LW!#WG!F313E0G!<W!;WG!M00G!>W!',-!L01@$:G!KW!HW!aSQOOb!n./0!:0,$%0!$7!*047c

($%&40%0,)'1?!'-0,$c'**$("')0-!E"1'4!E0()$1*!",(10'*0*!.$44c4"A0!10(0&)$1!+c-0&0,-0,)!
",,')0!"%%3,0!10*&$,*0*!",!)/0!4"E01nG!@4&&8C!OOkaSRbG!&&W!hRj+ch`W!

F"1G!;WG!;4)01%',G!VW!CWG!L'**401G!FW!KWG!<06'(A01G!;W!VWG!L3-:0,*G!9WG!9(/0E011"'G!<WG!
>1$-*A?G!FW!LWG!l/E$1$E'G!;WG!H'))*G!VW!lW!',-!B$,)/0"%01G!9W!VW!aSQO`'b!nL0'E"4?!',-!
7344?!%$-"7"0-!K2;*!:3"-0!077"("0,)!B&?#'*+c%0-"')0-!:0,$%0!0-")",:nG!71"*<&22(-C!

+aObG!&&W!ShROW!
F"1G!;WG!9-1'A"G!;WG!M00G!VW!',-!B$,)/0"%01G!9W!VW!aSQO`6b!n.?&0!55c#!#K5B=Kc#'*+!

>"$4$:?G!F0(/',"*%G!',-!;&&4"(')"$,nG!?<!*<3$2*@.&4C!OiaSbG!&&W!ijkcihjW!
F$]"('G!CW!VWG!<"0@cZ"44'*0,$1G!#WG!8'1("'cF'1)",0@G!VW!',-!B$1"'G!9W!aSQQjb!n5,)01E0,",:!

*0I30,(0*!$7!10:34'14?!*&'(0-!&1$A'1?$)"(!10&0')*!-01"E0!71$%!7$10":,!:0,0)"(!
040%0,)*nG!X*;&4*I/&4C!hQaSbG!&&W!OkRc`SW!

F$1:',G!8W!VWG!L')7344G!8W!CWG!#'*]0,*G!BW!',-!L0,-1"YG!KW!HW!aSQQSb!n>'()01"$&/':0!F3!
:0,$%0!*0I30,(0\!','4?*"*!',-!($%&'1"*$,!U")/!F3c4"A0!&1$&/':0*!",!L'0%$&/"43*G!

20"**01"'!',-!<0",$($((3*nG!X*;&4*@.&4C!iOkaibG!&&W!iikcj+W!
F34401G!FWG!M00G!#W!FWG!8'*"3,'*G!8WG!<'E"*G!.W!LWG!#1'-"(AG!.W!VWG!B"A*,?*G!ZWG!>'$G!8WG!

#')/$%0,G!.W!',-!F3**$4",$G!#W!aSQOhb!nB)10&)$($((3*!)/01%$&/"43*!#K5B=Kc#'*+!
B?*)0%*!9,'640!B&0("7"(!9-")",:!$7!)/0!L3%',!80,$%0nG!;&4*E3$#C!SRaibG!&&W!hihcRRW!

F3*3,313G!lW!aSQOib!n80,$%0!0-")",:!$7!/3%',!&431"&$)0,)!*)0%!(044*!)$!:0,01')0!
/3%',!(04434'1!-"*0'*0!%$-04*nG!G.)*;&8$4*;$'3C!haRbG!&&W!`+hc+QRW!

204*$,G!#W!9WG!L'A"%G!#W!LWG!J3*)01$3)G!<W!8WG!./'A$10G!=W!5WG!F$106G!9W!;WG!#'*)044',$*!
K"E01'G!KW!FWG!F'-/'E',G!BWG!=',G!XWG!K',G!CW!;WG!N',G!HW!XWG!;*$A',G!;WG!_/',:G!CWG!

<3',G!<W!',-!801*6'(/G!#W!;W!aSQOhb!n5,!E"E$!:0,$%0!0-")",:!"%&1$E0*!%3*(40!
73,()"$,!",!'!%$3*0!%$-04!$7!<3(/0,,0!%3*(34'1!-?*)1$&/?nG!!'.$-'$C!ijOahSkObG!&&W!

RQickW!



! O`R!

2"*/"?'%'G!VWG!F"A3,"G!.W!',-!N'*3-'G!KW!aSQOkb!nZ"13*cF0-"')0-!80,$%0!9-")",:!E"'!
L$%$4$:?c<"10()0-!K0&'"1!",!F")$)"(!',-!=$*)%")$)"(!#044*!",!F'%%'4"',!>1'",nG!

7$(#&-C!+haRbG!&&W!kjjckh`!0jW!
2$1*A$EcM'31")*0,G!2W!aSQORb!n#4'**"7"(')"$,G!"-0,)"7"(')"$,G!',-!(4","('4!*":,"7"(',(0!$7!

L'0%$&/"43*!',-!;::10:')"6'()01!*&0("0*!U")/!/$*)!*&0("7"(")?!7$1!/3%',*nG!<4.-*
;.'#&>.&4*=$/C!SkaSbG!&&W!SORcRQW!

J1)/U0",G!;WG!2$$1-01%001G!BW!FWG!H"4*$,G!FW!<WG!M',-1?G!BWG!9,(/0EG!KW!5WG!B/01A01G!
;WG!F3,1$G!FWG!=",-01G!VWG!B'4*%',G!VWG!<044'"10G!8WG!X"'G!>WG!=0)01G!FW!',-!<31$(/01G!<W!

aSQOjb!n;!%0(/',"*%!7$1!)/0!*3&&10**"$,!$7!/$%$4$:$3*!10($%6",')"$,!",!8O!(044*nG!
71"(#$C!jS`akj`SbG!&&W!RSSchW!

='0@c9*&",$G!<WG!B/'1$,G!5WG!F$1$E"(G!HWG!B)'/4G!>WG!./$%'*G!>W!#WG!>'11',:$3G!KW!',-!
>',7"04-G!VW!CW!aSQOjb!n#K5B=K!"%%3,")?!-1"E0*!1'&"-!&/':0!:0,$%0!0E$43)"$,!",!

B)10&)$($((3*!)/01%$&/"43*nG!;@.&C!haSbW!
='34*$,G!LW!aSQO`b!nK0&0')!0Y&',*"$,!-"*0'*0*nG!01-8>*<4.-*7$(#&4C!ORkG!&&W!OQjcOSiW!
='U43AG!;WG!;%1',"G!2WG!_/',:G!NWG!8'1("'G!>WG!L"-'4:$cK0?0*G!NWG!M00G!VWG!9-1'A"G!;WG!

B/'/G!FWG!B$,)/0"%01G!9W!VWG!F'YU044G!lW!MW!',-!<'E"-*$,G!;W!KW!aSQOhb!n2')31'44?!
$((311",:!$77c*U")(/0*!7$1!#K5B=Kc#'*+nG!<$44C!OhkakbG!&&W!O`S+cO`i`!0+W!

='U43AG!;WG!>$,-?c<0,$%?G!VWG!#/03,:G!ZW!LWG!F'YU044G!lW!MW!',-!<'E"-*$,G!;W!KW!
aSQORb!n;!,0U!:1$3&!$7!&/':0!',)"c#K5B=K!:0,0*!",/"6")*!)/0!)?&0!5c9!#K5B=Kc#'*!

*?*)0%!$7!=*03-$%$,'*!'013:",$*'nG!;@.&C!jaSbG!&&W!0QQ`+hW!
='U43AG!;WG!<'E"-*$,G!;W!KW!',-!F'YU044G!lW!MW!aSQO`b!n;,)"c#K5B=K\!-"*($E01?G!

%0(/',"*%!',-!73,()"$,nG!71"*=$/*;.'#&>.&4C!OhaObG!&&W!OScOkW!
=0)01*G!JW!FWG!#'6101'G!8W!.WG!.1',G!LWG!80,-1$,G!.W!CWG!F(l0$,G!VW!9WG!F0))01E"440G!VWG!
H0"**G!;WG!H":/)%',G!2WG!B'4'%0/G!VWG!l"%G!VWG!B3,G!LWG!>$?4',G!lW!>WG!<"(A*$,G!<WG!
l0,,0-?G!_WG!M",G!_WG!_/',:G!NW!VWG!<'3:/1")?G!MWG!V3,:G!#WG!8'$G!CW!>WG!B'&&G!=W!#WG!

L$1E")@G!LW!KWG!>$*($G!<W!;WG!>1$U,G!BW!=WG!-0!V$,:G!=WG!=0)13(044"G!MWG!F304401G!#W!',-!
>1$U,G!KW!LWG!V1W!aSQOjb!nL3%',!#+JKCkS!L0Y',3(40$)"-0!9Y&',*"$,!K0&1$-3(0*!

K2;!C$("!',-!<"&0&)"-0!K0&0')!=1$)0",*!63)!2$)!2031$-0:0,01')"$,!",!>;#!
.1',*:0,"(!F"(0nG!7$(#&-C!``ajbG!&&W!+QSc+Q+W!

=0)1$EG!<WG!F',*7"04-G!#WG!F$3**?G!;W!',-!L01%",0G!JW!aSQOkb!n;MB!#4","('4!.1"'4*!
K0E"0U\!SQ!N0'1*!$7!C'"4310W!;10!H0!;,?!#4$*01!)$!K0:"*)01",:!'!20U!.10')%0,)ˆnG!

H#&-"*?,.-,*7$(#&)'.C!+G!&&W!h`W!
=",044$G!MWG!#',E01G!FW!#WG!L$6',G!FW!<WG!J1A",G!BW!LWG!l$/,G!<W!>WG!>'301G!<W!9W!',-!

N3',G!8W!#W!aSQOhb!n;,'4?@",:!#K5B=K!:0,$%0c0-")",:!0Y&01"%0,)*!U")/!
#K5B=K0**$nG!71":*@.&"$'3-&4:C!iRakbG!&&W!h+jckW!

t"G!MW!BWG!M'1*$,G!FW!LWG!8"4601)G!MW!;WG!<$3-,'G!VW!;WG!H0"**%',G!VW!BWG!;1A",G!;W!=W!
',-!M"%G!HW!;W!aSQOib!nK0&31&$*",:!#K5B=K!'*!',!K2;c:3"-0-!&4')7$1%!7$1!

*0I30,(0c*&0("7"(!($,)1$4!$7!:0,0!0Y&10**"$,nG!<$44C!OjSajbG!&&W!OOkic`iW!
K'(',044"G!ZW!',-!K0/01%',,G!>W!aSQQhb!n./0!4"E01!'*!',!"%%3,$4$:"('4!$1:',nG!

0$%1"&4&,+C!RiaS!B3&&4!ObG!&&W!BjRchSW!
K',G!CW!;WG!#$,:G!MWG!N',G!HW!XWG!B($))G!<W!;WG!8$$)0,601:G!VW!BWG!l1"@G!;W!VWG!_0)*(/0G!
>WG!B/'40%G!JWG!H3G!XWG!F'A'1$E'G!lW!BWG!l$$,",G!9W!ZWG!B/'1&G!=W!;W!',-!_/',:G!CW!

aSQOjb!n5,!E"E$!:0,$%0!0-")",:!3*",:!B)'&/?4$($((3*!'3103*!#'*+nG!71"(#$C!jSQakjRhbG!
&&W!O`hc+OW!



! O`j !

K'*/"-G!BWG!#31)"*G!<W!9WG!8'13)"G!KWG!;,-01*$,G!2W!2WG!>'*/%'A$EG!NWG!L$G!NW!lWG!
L'%%01G!KW!9WG!F$$,G!NW!;W!',-!L$1)$,G!VW!<W!aSQQjb!n<0(10'*0-!&4'*%'!(/$40*)01$4!

',-!/?&01*0,*")"E")?!)$!*)')",*!",!%"(0!4'(A",:!=(*A+nG!D#&'*71"4*?'18*!'.*Y*!*?C!
OQSaOjbG!&&W!jikRc+W!

K'3(/G!>W!VWG!B"4E"*G!FW!KWG!L34)I3"*)G!VW!CWG!H')01*G!#W!BWG!F(810:$1G!FW!VWG!l1$:',G!2W!
VW!',-!>$,-?c<0,$%?G!VW!aSQOkb!n5,/"6")"$,!$7!#K5B=Kc#'*+!U")/!>'()01"$&/':0!

=1$)0",*nG!<$44C!Oh`aOcSbG!&&W!OjQcOj`!0OQW!
K00*G!LW!;W!',-!M"3G!<W!KW!aSQO`b!n>'*0!0-")",:\!&10("*"$,!(/0%"*)1?!$,!)/0!:0,$%0!',-!

)1',*(1"&)$%0!$7!4"E",:!(044*nG!71"*=$/*A$-$"C!O+aOSbG!&&W!kkQck``W!
B'&1','3*A'*G!KWG!8'*"3,'*G!8WG!C10%'3YG!#WG!>'11',:$3G!KWG!L$1E')/G!=W!',-!B"A*,?*G!
ZW!aSQOOb!n./0!B)10&)$($((3*!)/01%$&/"43*!#K5B=KP#'*!*?*)0%!&1$E"-0*!"%%3,")?!",!

9*(/01"(/"'!($4"nG!7('4$.'*?'.8)*=$)C!i+aSObG!&&W!+Skjc`SW!
B(/3%',,G!lWG!M",G!BWG!>$?01G!9WG!B"%0$,$EG!<W!KWG!B361'%',"'%G!FWG!8')0G!KW!9WG!
L'4"631)$,G!8W!9WG!N0G!#W!VWG!>430*)$,0G!VW!;WG!<$3-,'G!VW!;W!',-!F'1*$,G!;W!aSQOjb!

n80,01')"$,!$7!A,$(Ac",!&1"%'1?!/3%',!.!(044*!3*",:!#'*+!1"6$,3(40$&1$)0",*nG!D#&'*
71"4*?'18*!'.*Y*!*?C!OOSaiibG!&&W!OQRikcRSW!

B/"G!NWG!M",G!BWG!B)'')*G!lW!;WG!M"G!NWG!#/',:G!HW!LWG!L3,:G!BW!.WG!L0,-1"(A*G!9WG!
M",'10*G!8W!KWG!H',:G!NWG!B$,G!9W!NWG!H0,G!XWG!l"*401G!lWG!H"4A",*$,G!>WG!F0,0,-0@G!
MWG!B3:'U'1'G!.WG!H$$4U",0G!=WG!L3',:G!FWG!#$U',G!FW!VWG!80G!>WG!l$3)*$-0,-1"*G!2WG!
B',-$1G!lW!=WG!l$%601:G!VWG!Z',:$$1G!ZW!KWG!B0,)/"4A3%'1G!lWG!L0,,0*G!ZWG!B0'/G!#WG!
204*$,G!;W!KWG!#/0,:G!.W!NWG!M00G!BW!VWG!;3:3*)G!=W!KWG!#/0,G!VW!;WG!H"*,"0U*A"G!2WG!

L',*$,cB%")/G!ZWG!>04:'1-G!.W!8WG!_/',:G!;WG!#$6'G!FWG!813,*0"(/G!#WG!H'1-G!FW!9WG!
E',!-0,!>01:G!MW!LWG!='*)01A'%&G!KW!VWG!.1$))"G!<WG!_4$A$E"(G!>W!ZW!',-!5(/"-'G!VW!lW!

aSQO`b!nL'&4$",*377"("0,(?!40'-*!)$!,031$-0:0,01')"$,!",!#+JKCkS!;MBPC.<!/3%',!
",-3(0-!%$)$1!,031$,*nG!71"*;$8C!SRaibG!&&W!iOiciSjW!

B/",G!VWG!V"',:G!CWG!M"3G!VW!VWG!>1'?G!2W!MWG!K'3(/G!>W!VWG!>'"AG!BW!LWG!2$:'40*G!9WG!>$,-?c
<0,$%?G!VWG!#$1,G!VW!9W!',-!<$3-,'G!VW!;W!aSQOkb!n<"*'64",:!#'*+!6?!',!',)"c#K5B=K!

<2;!%"%"(nG!!'.*?8/C!iakbG!&&W!0OkQOhSQW!
B/%'A$EG!BWG!B%'1:$,G!;WG!B($))G!<WG!#$YG!<WG!=?@$(/'G!2WG!N',G!HWG!;63-'??0/G!JW!

JWG!8$$)0,601:G!VW!BWG!F'A'1$E'G!lW!BWG!H$47G!NW!5WG!B0E01",$EG!lWG!_/',:G!CW!',-!
l$$,",G!9W!ZW!aSQOk'b!n<"E01*")?!',-!0E$43)"$,!$7!(4'**!S!#K5B=Kc#'*!*?*)0%*nG!71"*

=$/*;.'#&>.&4C!OjaibG!&&W!Oh+cO`SW!
B/%'A$EG!BW!;WG!B"),"AG!ZWG!F'A'1$E'G!lW!BWG!H$47G!NW!5WG!B0E01",$EG!lW!ZW!',-!l$$,",G!
9W!ZW!aSQOk6b!n./0!#K5B=K!B&'(01!B&'(0!5*!<$%",')0-!6?!B0I30,(0*!71$%!B&0("0*c

B&0("7"(!F$6"4$%0*nG!;@.&C!`ajbW!
B)',40?G!BW!NW!',-!F'YU044G!lW!MW!aSQO`b!n=/':0c9,($-0-!;,)"c#K5B=K!<070,*0*nG!

?--(*=$/*A$-$"C!jSG!&&W!RRjcRhRW!
B)01,601:G!BW!LWG!M'C1',(0G!>WG!l'&4',G!FW!',-!<$3-,'G!VW!;W!aSQOjb!n#$,7$1%')"$,'4!

($,)1$4!$7!<2;!)'1:0)!(40'E':0!6?!#K5B=Kc#'*+nG!71"(#$C!jSkakjkhbG!&&W!OOQciW!
B)01,601:G!BW!LWG!K"(/)01G!LWG!#/'1&0,)"01G!9W!',-!t"%1$,G!DW!aSQOhb!n;-'&)')"$,!",!

#K5B=Kc#'*!B?*)0%*nG!;&4*<$44C!hOahbG!&&W!k+kc`Q`W!
BU"0(/G!MWG!L0"-0,10"(/G!FWG!>',01]00G!;WG!L'6"6G!2WG!M"G!NWG!.1$%60))'G!VWG!B31G!FW!',-!
_/',:G!CW!aSQOjb!n5,!E"E$!",)011$:')"$,!$7!:0,0!73,()"$,!",!)/0!%'%%'4"',!61'",!3*",:!

#K5B=Kc#'*+nG!71"*@.&"$'3-&4C!iiaObG!&&W!OQSchW!



! O`h!

.'?4$1G!VW!=WG!>1$U,G!KW!LWG!V1W!',-!#40E04',-G!<W!HW!aSQOhb!n<0($-",:!;MB\!71$%!
:0,0*!)$!%0(/',"*%nG!71"(#$C!ji+akhS`bG!&&W!O+kcSQhW!

./'E'4",:'%G!;WG!#/0,:G!_WG!8'1("'G!>WG!L3',:G!XWG!B/'/G!FWG!B3,G!HWG!H',:G!FWG!
L'11",:)$,G!MWG!LU',:G!BWG!L"-'4:$cK0?0*G!NWG!B$,)/0"%01G!9W!VWG!<$3-,'G!VWG!<'E"-*$,G!
;W!KWG!F$1'0*G!.W!CWG!H',:G!NW!',-!F'YU044G!lW!MW!aSQO+b!n5,/"6")"$,!$7!#K5B=Kc#'*+!
1"6$,3(40$&1$)0",!($%&40Y!'**0%64?!6?!',)"c#K5B=K!;(155#SnG!71"*<&22(-C!OQaObG!

&&W!S`QhW!
.*'"G!BW!tW!',-!V$3,:G!VW!lW!aSQOhb!n<07",",:!',-!"%&1$E",:!)/0!:0,$%0cU"-0!
*&0("7"(")"0*!$7!#K5B=Kc#'*+!,3(40'*0*nG!71"*=$/*A$-$"C!OkajbG!&&W!iQQcOSW!

.*'"G!BW!tWG!_/0,:G!_WG!2:3?0,G!2W!.WG!M"0601*G!FWG!.$&A'1G!ZW!ZWG!./'&'1G!ZWG!
H?E0A0,*G!2WG!l/'?)01G!#WG!5'71')0G!;W!VWG!M0G!MW!=WG!;1?00G!FW!VW!',-!V$3,:G!VW!lW!

aSQORb!n8D5<9c*0I!0,'640*!:0,$%0cU"-0!&1$7"4",:!$7!$77c)'1:0)!(40'E':0!6?!#K5B=Kc
#'*!,3(40'*0*nG!71":*@.&"$'3-&4:C!iiG!&&W!O`kcO+kW!

.?(A$G!VWG!F?01G!ZW!9W!',-!L*3G!=W!<W!aSQOhb!nF0)/$-*!7$1!J&)"%"@",:!#K5B=Kc#'*+!
80,$%0!9-")",:!B&0("7"(")?nG!;&4*<$44C!hiaibG!&&W!ijjckQW!

E',!L$3)0G!BWG!9A1$)/G!;W!lWG!>1$,"0U*A"G!VW!FWG!#/'6'*G!LWG!;*/6?G!>WG!>$,-?c
<0,$%?G!VWG!8',-$,G!BWG!>$$)*G!FWG!=')01*$,G!BWG!>3(A4",:G!;W!',-!H0*)1'G!9W!KW!aSQOhb!

n./0!-"E01*")?c:0,01')",:!60,07")*!$7!'!&1$A'1?$)"(!'-'&)"E0!"%%3,0!*?*)0%nG!71"(#$C!
jiSakj++bG!&&W!i`jc`W!

H',:G!.WG!>"1*$?G!lWG!L3:/0*G!2W!HWG!l13&(@'AG!lW!FWG!=$*)G!NWG!H0"G!VW!VWG!M',-01G!9W!
BW!',-!B'6')","G!<W!FW!aSQOjb!n5-0,)"7"(')"$,!',-!(/'1'()01"@')"$,!$7!0**0,)"'4!:0,0*!",!

)/0!/3%',!:0,$%0nG!!'.$-'$C!ijQahShRbG!&&W!OQ+hcOQOW!
H'))01*G!lW!9WG!C044%',,G!#WG!>'"G!LW!>WG!K0,G!BW!FW!',-!<$3-,'G!VW!;W!aSQO`b!

nB?*)0%')"(!-"*($E01?!$7!,')31'4!#K5B=Kc#'*OS'!",/"6")$1*nG!!'.$-'$C!ihSahROObG!&&W!
SihcSi+W!

H"0*0G!VWG!./"04G!ZWG!8'1),01G!;WG!B(/%'4]$/',,G!KW!',-!5%/$77G!VW!CW!aSQQ+b!nl"4$,"044'!
4'%",'1"'0!:0,W!,$EWG!*&W!,$EWG!',!'4&/'&1$)0$6'()01"3%!71$%!)/0!%'1",0!%'(1$'4:'!

M'%",'1"'!*'((/'1",'nG!N-"*X*!+)"*I/&4*;.'#&>.&4C!j+a=)!SbG!&&W!ijQchW!
H"440%*G!;WG!8"4/'3*G!LWG!>001G!HWG!F"0)A0G!LWG!804-0164$%G!LW!KWG!>31:/'1-)G!>WG!

Z$":)G!HW!',-!K0"**61$-)G!KW!aSQQSb!n>1'(A"044'!$0-"&$-"*!:0,W!,$EWG!*&W!,$EWG!:1'%c
,0:')"E0G!$Y"-'*0c&$*")"E0!1$-*!)/')!('3*0!0,-$('1-")"*!$7!($))$,c)$&&0-!)'%'1",!

aB':3",3*!$0-"&3*bnG!N-"*X*!+)"*I/&4*;.'#&>.&4C!jSa=)!ObG!&&W!Ok+c`hW!
N'%'-'G!FWG!H')','60G!NWG!8$$)0,601:G!VW!BWG!L"1',$G!LWG!K',G!CW!;WG!2'A',0G!.WG!

5*/")',"G!KWG!_/',:G!CWG!2"*/"%'*3G!LW!',-!2310A"G!JW!aSQOkb!n#1?*)'4!B)13()310!$7!)/0!
F","%'4!#'*+!71$%!#'%&?4$6'()01!]0]3,"!K0E0'4*!)/0!F$40(34'1!<"E01*")?!",!)/0!

#K5B=Kc#'*+!B?*)0%*nG!;&4*<$44C!hjahbG!&&W!OOQ+cOOSO!0iW!
N$A$?'%'G!.WG!B"4E01*"-0*G!<W!HWG!H'?%"10G!lW!8WG!lU$,G!>W!BWG!.'A03(/"G!.W!',-!

JE01600AG!=W!;W!aO++Qb!n#$,*01E0-!(?*)0",0!)$!*01",0!%3)')"$,!",!)?1$*",'*0!"*!
10*&$,*"640!7$1!)/0!(4'**"('4!'46",$!%3)')"$,!",!4'6$1')$1?!%"(0nG!7('4$.'*?'.8)*=$)C!

O`aSRbG!&&W!kS+ic`W!
N$$,G!NWG!H',:G!<WG!.'"G!=W!HW!MWG!K"40?G!VWG!8'$G!8W!',-!K"E01'c=010@G!VW!;W!aSQO`b!

nB)10'%4",0-!0Y!E"E$!',-!",!E"E$!:0,$%0!0-")",:!",!%$3*0!0%61?$*!3*",:!10($%6",',)!
'-0,$c'**$("')0-!E"13*0*nG!71"*<&22(-C!+aObG!&&W!ROSW!



! O`k!

_'"**G!;W!lWG!M"3G!tWG!>$U0,G!8W!=WG!H$,:G!2W!#WG!>'1)40))G!VW!BW!',-!F313E0G!<W!;W!
aSQQSb!n<"77010,)"'4!'()"E')"$,!$7!",,')0!"%%3,0!10*&$,*0*!6?!'-0,$E"13*!',-!'-0,$c

'**$("')0-!E"13*!E0()$1*nG!X*Z.#&4C!kha+bG!&&W!Rj`Qc+QW!
_'10"G!BWG!#'11G!lWG!K0"40?G!MWG!<"'@G!lWG!83011'G!JWG!;4)'%"1',$G!=W!CWG!=':',"G!HWG!

M$-",G!<WG!J1$@($G!8W!',-!#/",0'G!;W!aSQOjb!n;!($%&10/0,*"E0!10E"0U!$7!'%?$)1$&/"(!
4')01'4!*(401$*"*nG!!(#,*7$(#&4*N-"C!hG!&&W!OkOW!

_0)*(/0G!>WG!8$$)0,601:G!VW!BWG!;63-'??0/G!JW!JWG!B4'?%'A01G!5W!FWG!F'A'1$E'G!lW!BWG!
9**40)@6"(/401G!=WG!Z$4@G!BW!9WG!V$3,:G!VWG!E',!-01!J$*)G!VWG!K0:0EG!;WG!l$$,",G!9W!ZW!',-!
_/',:G!CW!aSQOjb!n#&7O!"*!'!*",:40!K2;c:3"-0-!0,-$,3(40'*0!$7!'!(4'**!S!#K5B=Kc#'*!

*?*)0%nG!<$44C!OhiaibG!&&W!kj+ckOW!
_/',:G!NWG!L0"-1"(/G!2WG!;%&'))3G!>W!VWG!83,-01*$,G!#W!HWG!B0"701)G!LW!BWG!B(/$0,G!#WG!
Z$:04G!VW!',-!B$,)/0"%01G!9W!VW!aSQOib!n=1$(0**",:c",-0&0,-0,)!#K5B=K!K2;*!4"%")!

,')31'4!)1',*7$1%')"$,!",!20"**01"'!%0,",:")"-"*nG!;&4*<$44C!jQaRbG!&&W!R``cjQiW!
_/',:G!NWG!K']',G!KWG!B0"701)G!LW!BWG!F$,-1':‰,G!;W!',-!B$,)/0"%01G!9W!VW!aSQOjb!
n<2'*0!L!'()"E")?!$7!7$.))$#.1*2$-.-,.".8.)!#'*+nG!;&4:*<$44C!hQG!&&W!SRScSjjW!

_/',:G!_WG!./031A'37G!HW!9WG!H0,:G!_W!',-!_'%$10G!=W!<W!aSQOSb!nB)1',-c*&0("7"(!
4"61'1"0*!7$1!/":/!)/1$3:/&3)!K2;!*0I30,(",:!aK2;cB0Ib!&10&'10-!U")/$3)!&$4?a;b!

*040()"$,nG!!.4$-'$C!iaObG!&&W!+W!
_/3G!MW!VWG!L$4%0*G!>W!KWG!;1$,",G!2W!',-!>1$-*A?G!FW!LW!aSQORb!n#K5B=K*00A\!'!
6"$($,-3()$1!&'(A':0!)$!"-0,)"7?!)'1:0)c*&0("7"(!:3"-0!K2;*!7$1!#K5B=Kc#'*+!

:0,$%0c0-")",:!*?*)0%*nG!DF&!*V-$C!+a+bG!&&W!0OQ`RSRW!
_/3G!MW!VWG!M'U10,(0G!FWG!83&)'G!;WG!=':Š*G!LWG!l3(3A31'4G!;WG!8'1601G!FW!',-!H$470G!
BW!;W!aSQOkb!n8D5<9*0I\!'!6"$($,-3()$1!&'(A':0!)$!','4?@0!8D5<9cB0I!-')'*0)*!7$1!

#K5B=Kc#'*!,3(40'*0*nG!@;<*A$-&2.')C!O`G!&&W!ik+W!
_3G!.WG!M"3G!NWG!>',0@c#$1$,04G!FWG!K0"-G!.WG!=40),"A$E'G!JWG!M0U"*G!VWG!F"4401G!.W!FWG!
L'1%*G!FW!>WG!C'4(/$$AG!;W!9WG!B361'%$,?G!BW!LWG!J*)1$UG!MW!HWG!K$)/*)0",G!VW!<WG!

.1$,($*$G!VW!#W!',-!K',3%G!MW!=W!aSQOib!nK;2!&1$)0",*!',-!K2;!7$("!71$%!',)"*0,*0!
)1',*(1"&)*!",!#+JKCkS!;MB!',-!71$,)$)0%&$1'4!-0%0,)"'nG!D#&'*71"4*?'18*!'.*Y*!*?C!

OOQajObG!&&W!9R+h`ckkW!
_31"*G!VW!;WG!./$%&*$,G!<W!>WG!B/3G!NWG!83"4",:01G!VW!=WG!>0**0,G!VW!MWG!L3G!VW!LWG!

F'0-01G!FW!MWG!V$3,:G!VW!lWG!#/0,G!_W!NW!',-!M"3G!<W!KW!aSQOjb!n#')"$,"(!4"&"-c%0-"')0-!
-04"E01?!$7!&1$)0",*!0,'640*!077"("0,)!&1$)0",c6'*0-!:0,$%0!0-")",:!",!E")1$!',-!",!E"E$nG!

71"*@.&"$'3-&4C!iiaObG!&&W!kic`QW!
!


