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%+$(,&+-. $* Ĝ;"W*!<KI=!K%02$'!C<Y_b;! h'! 5O('$&'#! ,!PGm! (2$&%&,.! $,/'! +5$!4%*'! 9,&%-0!"PF!

$'*'%&'#!_7"NJ1!13!*'..(!*54),$'#!/5!5-.6!7Gm!+5$!/95('!9,&%-0!$'*'%&'#!_7"JMN!13!*'..(;!"PG!

H-/'$'(/%-0.6=!O5/9!0$52)(!5+!4%*'!.5(/!(%4%.,$!S'%09/!#2$%-0!/9'!+%$(/!#,6(!5+!%-+'*/%5-!^K%02$'!"PL!

Cfb;!892(=!52$!$'(2./(!#'45-(/$,/'!/9,/!/9'!/$,-(+'$!5+!,(!+'S!,(! 7;"W' !_7"NJ1 !13!*'..(!*5-+'$(!"PP!

)$5/'*/%5-!*54),$'#!/5!_7"JMN!13!*'..(! #2$%-0!.'/9,.!!1*%+$(,&+-.$!%-+'*/%5-;!!"PT!

85!'&,.2,/'!.5-0!/'$4!)$5/'*/%5-=!S'!)2$%+%'#!-,[&'!5$!4'45$6!13!*'..(!"7!S''\(!,+/'$!"PU!

)$%4,$6!'Z)5(2$'!^h"7JMN!5$!h"7NJ1b!,-#!/$,-(+'$$'#!/9'4!)$%5$!/5!.'/9,.!%-+'*/%5-!S%/9!!1*"TW!

%+$(,&+-.$;!B'4,$\,O.6=!S'!5O('$&'#!,!(%4%.,$!(%0-%+%*,-/!$'#2*/%5-!%-!O,*/'$%,.!*52-/(!%-!/9'!"T" !

.2-0(! ,-#! ().''-! 5+! 4%*'! 9,&%-0! $'*'%&'#! h"7NJ1! 13! *'..( =! ,(! *'..(! +$54!7"! #,6(! )5(/ Y!"T7!

)$%4,$6!'Z)5(2$'!̂K%02$'!CKb;!89'$'+5$'=!13!*'..(!$'/,%-!4'45$6!5+!,!)$%45!!1*%+$(,&+-.$!"TC!

%-+'*/%5-=!,-#!4,%-/,%-!/9'!,O%.%/6!/5!)$5/'*/!,0,%-(/!.'/9,.!*9,..'-0'=!+5$!,/!.',(/!"7!S''\(;!"TF!

85!,(('((!/9'!()'*%+%*%/6!5+!/9'!5O('$&'#!4'45$6!)$5)'$/%'(=!S'!)'$+5$4'#!/9'!(,4'!"TG!

/$,-(+'$!45#'.!,(!#'(*$%O'#!%-!K%02$'!CD=!,-#!%-+'*/'#!$'*%)%'-/!4%*'!S%/9!,!.'/9,.!#5('!5+!/9'!"TL!

9'/'$5.5052(! O,*/'$%24!0-)"$#-.* ,&+&'7"&8$+$)* "̂ ;"W*&<KI=! %-/$,&'-52(.6b;! A$0,-(! S'$'!"TP!

*5..'*/'#!FW!952$(!)5(/Y%-+'*/%5-!+5$!O,*/'$%,.!'-24'$,/%5-!̂ K%02$'!CRb;!A2$!$'(2./(!(95S'#!-5!"TT!

#%++'$'-*'(! %-! O,*/'$%,.! *52-/(! %-! /9'! ().''-! 5+! %-+'*/'#! 4%*'! O'/S''-! /9'! /S5! *5-#%/%5-(;!"TU!

N2$)$%(%-0.6! S'! *52-/'#! 9%09'$! -24O'$(! 5+! O,*/'$%,! %-! /9'! .%&'$! 5+! 4%*'! 9,&%-0! $'*'%&'#!"UW!

_7"NJ1!13!*'..(!/9,-!_7"JMN!13!*'..(;!892(=! -+*/-/&=!!1*%+$(,&+-.$!4'45$6!13!*'..(!,$'!"U"!

-5/!,O.'!/5!)$5/'*/!$'*%)%'-/!4%*'!+$54!01*,&+&'7"&8$+$)*%-+'*/%5-=!#'45-(/$,/%-0!,!()'*%+%*%/6!"U7!

%-!/9'%$!$'()5-('!/5!!1*%+$(,&+-.$;!850'/9'$=!/9'('!#,/,!(95S!/9,/!4'45$6!13!*'..(!)$5/'*/!"UC!

4%*'!2)5-!('*5-#,$6! -+*/-/&!%-+'*/%5-=!S%/9!()'*%+%*!,-#!.5-0Y/'$4!)$5)'$/%'(;!"UF!

!"UG!

C+*#%0#"*2-*:-8"0%-8%3"/#%3-.9-8%8*+9-56-0%$$,-",-1D5! -"23%@%23%2#-"UL!

!"UP!

.CC-BY 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted January 27, 2023. ; https://doi.org/10.1101/2023.01.26.525815doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.26.525815
http://creativecommons.org/licenses/by/4.0/


! U!

M'*,2('! _7"NJ1! 13! *'..( ! (95S'#! 9%09'$! 'Z)$'((%5-! 5+! HK1! ! 2)5-! ('*5-#,$6!"UT!

(/%42.,/%5-!-+*/-"#&*̂K%02$'!" Mb=!S'! 96)5/9'(%X'#!/9,/!HK1! !)$5#2*/%5-!O6!4'45$6!13!*'..(!"UU!

-+*/-/&!*52.#!O'!,-!%4)5$/,-/!+,*/5$!+5$!)$5/'*/ %-0!4%*'!,0,%-(/!.'/9,.!%-+'*/%5-;!I (%-0!<_FG;"!7WW!

,-#!<_FG;7!*5-0'-%*!4%*'=!S'!*54),$'#!%-/$,*'..2.,$!HK1! !'Z)$'((%5-!O'/S''-! /$,-(+'$$'#!7W"!

,-#! '-#50'-52(!13! *'..(!%-!O5/9!0$52)(!5+!4%*'!$'*'%&%-0!_7"JMN!5$!_7"NJ1!13! *'..(!7W7!

K̂%02$'!FDb;! I)5-! .'/9,.!%-+'*/%5-!S%/9!NJ1=!HK1! !'Z)$'((%5-!O6!13!*'..(!%-*$',('#! ,/!FW!7WC!

952$(!%-!/9'!.2-0(!,/!']2,.!.'&'.(!O'/S''-!'-#50'-52(!,-#!/$,- (+'$$'#!*'..(!%-!/9'!(,4'!452(';!7WF!

M2/! (2$)$%(%-0.6=!O5/9! '-#50'-52(! ,-#! /$,-(+'$$'#!13!*'..(!%-!4%*'!$'*'%&%-0!_7"NJ1!13!7WG!

*'..(!'Z)$'(('#!.5S'$!.'&'.(!5+!HK1 ! "/9,- !/95('!9,&%-0!$'*'%&'#!_7"JMN!13!*'..(;!H-!,##%/%5-=!7WL!

/5/,.!.2-0!HK1! !.'&'.(!(95S'#!-5!#%++'$'-*'!O'/S''-! )$5/'*/'#!4%*' !,-#!*5-/$5.!4%*'! K̂%02$'!7WP!

FMb;!89'$'+5$'=!4'45$6!13!*'..(!,$'!-5/!)$5#2*%-0!45$' !HK1! !2)5-!('*5-#,$6!(/%42.,/%5-!-+*7WT!

/-/&1!7WU!

85!+2$/9'$!,##$'((! /9' !$5.'! 5+! HK1! "%-! )$5/'*/%5-=! S'! /$,-(+'$$'#! h8! -,%&'! 5$! h8!7"W!

4 '45$6!13!*'..(!%-/5!HK1! !$'*')/5$ !#'+%*%'-/!4%*'!^H+-0$!3A=!K%02$'!F<b;!A-'!#,6!,+/'$!/9'!7"" !

/$,-(+'$=!S'!%-+'*/'#!H+-0$!3A!$'*%)%'-/!4%*'!S%/9!/9'!(,4'!.'/9,.!#5('!5+!NJ1!,(!%-!K%02$'!CD!7"7!

,-#!*5..'*/'#!5$0,-(!,/!FW!952$(!)5(/Y%-+'*/%5-;!M6!*54),$%-0!O5/9!h8!,-#!H+-0$!3A!4%*'!7"C!

9,&%-0!$'*'%&'#!-,[&'!13!*'..(!S'!#%#!-5/!#'/'*/! (%0-%+%*,-/!#%++'$'-*'(!%-!O,*/'$%,.!*52-/(=!7"F!

$'*$2%/4'-/!5+!-'2/$5)9%.(!5$!,*/%&,/%5-!5+!13!*'..(!%-!/9'!.2-0(!,/!FW!952$(!K̂%02$'!F_ b;!89' (' !7"G!

$'(2./(! (200'(/! /9,/! HK1! ! (%0-,.%-0! %(! -5/! )$5/'*/%&'! #2$%-0! ',$.6! /%4'(! 5+! NJ1! %-+'*/%5-;!7"L!

H4)5$/,-/.6=!S'!(/%..!+52-#!,!$'#2*/%5-!%-!O,*/'$%,.!-24O'$(!%-!/9'!().''-!,-#!.2-0(!5+!H+-0$!3A!7"P!

$'*%)%'-/!4%*'!9,&%-0!$'*'%&'#!h8!_7"NJ1!13!*'..(!*54),$'#!/5 !H+-0$!3A!$'*%)%'-/!4%*'!7"T!

9,&%-0!$'*'%&'#!h8!_7"JMN!13!*'..(!^K%02$'!F<b;!N/$%\%-0.6=!/9'('!#,/,! (200'(/ !/9,/! HK1! !7"U!

(%0-,.%-0!%(!-5/!-'*'((,$6!+5$!/9'!)$5/'*/%5-!5+!4%*'!9,&%-0!$'*'%&'#!4'45$6!13!*'..(;!!77W!

!77"!

C+*#%0#"*2-*:-8"0%-/@@%/+,-#*-.%-/2-"2#+"2,"0-56-0%$$-@+*@%+#9--777!

.CC-BY 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted January 27, 2023. ; https://doi.org/10.1101/2023.01.26.525815doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.26.525815
http://creativecommons.org/licenses/by/4.0/


! "W!

-77C!

85!,(('(( !/9'! )$5/'*/%&'!+2-*/%5-(!5+!4'45$6!13!*'..(=!S'!,-,.6X'#!/9'!%--,/'!%442-'!77F!

$'()5-('!%-!/9'!.2-0(!5+!$'*%)%'-/!4%*';!I(%-0!/9'! /$,-(+'$!45#'.!#'(*$%O'#!%-!K%02$'!CD=!S'!77G!

%-+'*/'#!$'*%)%'-/!4%*'!S%/9!,!.'/9,.!#5('!5+!!1*%+$(,&+-.$! "̂ ;"W)&<KIb!,-#!*5..'*/'#!5$0,-(!77L!

,/!7F!,-#!FW!952$(!)5(/Y%-+'*/%5-;!h%/9!/9%(!%-+'*/%5-!)$5/5*5.=!O,*/'$%,!,$'!#'/'*/,O.'!%-!/9'!77P!

MDcK!,-#!.2-0(!,-#!#%(('4%-,/'!/5!/9'!O.55#(/$',4!,-#!().''-!O6! 7F!952$(!K̂%02$'!CMb;!h'!77T!

+%$(/!*54),$'#!%--,/'!%442-'!*'..!$'*$2%/4'-/!%-!/9'!.2-0(!,-#!MDcK!5+!%-+'*/'#!4%*'!9,&%-0!77U!

$'*'%&'#!-,[&'!5$!4'45$6!13!*'..(!̂ K%02$'!GDYM=!+2..!0,/%-0!(/$,/'06!%-!K%02$'!NFDb;!D./95209!7CW!

S'!5O('$&'#!,!$5O2(/!$'*$2%/4'-/!5+!-'2/$5)9%.(!,/!7F!952$(!%-!/9'!.2-0( !,-#! MDcK!5+!%-+'*/'#!7C"!

4%*'=!S'!+52-#! (%4%.,$! )'$*'-/,0'(! ,-#! -24O'$(!5+! -'2/$5)9%.(!O'/S''-! /9'! /S5!0$52)(!5+!7C7!

$'*%)%'-/!4%*';!h'!5O('$&'#!/9'!(,4'!$'#2*/%5-!%-!/9'!)'$*'-/,0'( !,-#!-24O'$(!5+!,.&'5.,$!7CC!

4,*$5)9,0'(!%-! /9'!.2-0(!,-#!MDcK! 5+!%-+'*/'#!4%*'!9,&%-0!$'*'%&'#!'%/9'$!-,%&'!5$!4'45$6!7CF!

13!*'..(;!N2$)$%(%-0.6=!S'!#5!-5/!5O('$&'!,!(%0-%+%*,-/!$'*$2%/4'-/!5$!%-*$',('!%-!5/9'$!%--,/'!7CG!

%442-'! *'..! /6)'(! ^%-/'$(/%/%,.! 4,*$5)9,0'(=! '5(%-5)9%.(=! #'-#$%/%*! *'..(=! 45-5*6/'(! 5$! 13!7CL!

*'..(b!%-!/9'!.2-0(!5+!'%/9'$!0$52)!5+!%-+'*/'#!4%*'!*54),$'#!/5!2-%-+'*/'#;!-7CP!

h'!-'Z/! '&,.2,/'#!%--,/'!%442-'!*'..!,*/%&,/%5-!%-!/9'!.2-0 (!5+!$'*%)%'-/!4%*'!,/!FW!7CT!

952$(! )5(/Y%-+'*/%5-;! D./95209! -'2/$5)9%.(! ,-#! 13! *'..(! 2)$'02.,/'# ! <_LU! *54),$'#! /5!7CU!

2-%-+'*/'#!,-%4,.(=!S'!#%#!-5/!#'/'*/!,-6!#%++'$'-*'!O'/S''-!4%*'!9,&%-0!$'*'%&'#!-,[&'!5$!7FW!

4'45$6!13!*'..(!^ K%02$'!G<b;!D##%/%5-,..6=!%-!-'2/$5)9%.(=!S'!#%#!-5/!5O('$&'!,-!%-*$',('!%-!7F"!

/9'! %-/'-(%/6! 5+! <_""O! 'Z)$'((%5-! ^:KHb! 5$!%-! /9'! )'$*'-/,0'! 5+! BAN( ! *'..(! *54),$'#! /5!7F7!

2-%-+'*/'#!*'..(!^K%02$'!NFMb;!K2$/9'$45$'=!%-/'$(/%/%,.!4,*$5)9,0'(!9,#!/9'!(,4'!&,.2'(!5+!7FC!

<_TL( !*'..(! ,-#!%-/'-(%/6!5+! :E<HH! 'Z)$'((%5-!O'/S''-!4%*'!9,&%-0!$'*'%&'#!_7"JMN!5$!7FF!

_7"NJ1!13!*'..(!^ K%02$'!G<!,-#! NFMb;!89'$'+5$'=!,.5-0(%#'!-5!#%++'$'-/%,.!%--,/'!%442-'!7FG!

*'..! $'*$2%/4'-/=! S'! #%#! -5/! #'/'*/! ,-! %-*$',('! %-! %442-'! *'..! ,*/%&,/%5-! %-! /9'! .2-0(! 5+!7FL!

.CC-BY 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted January 27, 2023. ; https://doi.org/10.1101/2023.01.26.525815doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.26.525815
http://creativecommons.org/licenses/by/4.0/


! "" !

)$5/'*/'#!4%*';!89'('!$'(2./(!%-#%*,/'!/9,/!/9'!)$5/'*/%5-!)$5&%#'#!O6!4'45$6!13!*'..(!%(!-5/!7FP!

/9$5209!'-9,-*'#!$'*$2%/4'-/! 5$!,*/%&,/%5-!5+!%-+.,44,/5$6!*'..(;!7FT!

85!+2$/9'$!%-&'(/%0,/'!/9'!4'*9,-%(4(!5+!)$5/'*/%5-!4'#%,/'#!O6!4'45$6!13!*'..(=!S'!7FU!

]2,-/%+%'#!('.'*/'#!*6/5\%-'(!,-#!*9'45\%-'(! %-!.2-0!(2)'$-,/,-/(!O6!fcHND! K̂%02$'!G_!,/!FW!7GW!

952$(=!K%02$'!NF<!,/!7F!952$(b;!<59'$'-/!S %/9!52$!5O('$&,/%5-!/9,/!%--,/'!%442-'!*'..(!,$'!-5/!7G"!

$'*$2%/'#!,-#!,*/%&,/'#!/5!9%09'$!.'&'.(!O6!4'45$6!13!*'..(=!S'!#%#!-5/!#'/'*/!,-!%-*$',('!5+!7G7!

)$5Y%-+.,44,/5$6!*6/5\%-'(!%-!/9'!.2-0(!5+!4%*'!9,&%-0!$'*'%&'#!_7"NJ1!13!*'..(;!H-!+,*/=!7GC!

S'! (95S'#! ,! (%0-%+%*,/%5-! $'#2*/%5-! 5+!<p<c " ! )$5#2*/%5-! %-! /9'! .2-0(!5+! )$5/'*/'#! 4%*'!7GF!

K̂%02$'!G_b;!!7GG!

H-! ,##%/%5-! /5! *6/5\%-'(n*9'45\%-'(! (%0-,.%-0=! S'! ,.(5! (/2#%'#! $'.',('! 5+! *6/5/5Z%*!7GL!

45.'*2.'(! -+*/-/&!O6!*54),$%-0!R$,-X64'!M!)$5#2*/%5-!%-!/9'!.2-0(!5+!%-+'*/'#!4%*'!9,&%-0!7GP!

)$'&%52(.6!$'*'%&'#!_7"JMN!5$!_7"NJ1!13!*'..(!^(*9'4'!%-! K%02$'!CDb;!H4)5$/,-/.6=!fcHND!7GT!

5-! .2-0!(2)'$-,/,-/(! (95S'#!,-!%-*$',('!5+!R$,-X64'!M!,/!FW!952$(!)5(/ Y%-+'*/%5-!%-!4%*'!7GU!

9,&%-0!$'*'%&'#!_7"NJ1!13!*'..(!*54),$'#!/5!*5-/$5. ! K̂%02$'!Gf b=!S9%*9!S,(!-5/!5O('$&'#!7LW!

,/!7F!952$(!)5(/Y%-+'*/%5-!̂K%02$'!NF_ b;!H-/'$'(/%-0.6=!/9'!#'*$',('!%-!O,*/'$%,.!-24O'$(!%-!4%*'!7L"!

9,&%-0!$'*'%&'#!_7"NJ1!13!*'..(! %(!#'/'*/,O.'!,/!FW9=!-5/!,/!7F9! K̂%02$'!CMb;!K2$/9'$45$'=!7L7!

S'!,.(5!+52-#!/9'!(,4'!%-*$',('!5+!R$,-X64'!M!)$5#2*/%5-!%-!/9'!.2-0(!5+!4%*'!9,&%-0!$'*'%&'#!7LC!

.5-0!/'$4!4'45$6!13!*'..(!^h'"7NJ1!13(=! K%02$'!GKb;!89'$'+5$'=!/$,-(+'$$%-0!4'45$6!13!7LF!

*'..(!%-#2*'#! ,!0$',/'$! )$5#2*/%5-!5+!R$,-X64'!M!%-! /9'! .2-0(!5+!%-+'*/'#!4%*';!892(=!52$!7LG!

$'(2./(!5)'-!/9'!)5((%O%.%/6!/9,/!*6/5/5Z%*!+2-*/%5-(!5+!4'45$6!13!*'..(!*52.#!O'!%4)5$/,-/!+5$!7LL!

/9'!)$5/'*/%5-!5+!4%*'!2)5-!('*5-#,$6!.'/9,.! !1*%+$(,&+-.$!%-+'*/%5-;!!7LP!

!7LT!

E9#*#*F"0-@+*#%"2,-/+%-(@+%G($/#%3-.9 -8%8*+9-56-0%$$,-/23-"8@*+#/2#-:*+-@+*#%0#"*2-*:-7LU!

8"0%-7PW!

!7P"!

.CC-BY 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted January 27, 2023. ; https://doi.org/10.1101/2023.01.26.525815doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.26.525815
http://creativecommons.org/licenses/by/4.0/


! "7!

85!+2$/9'$!%-&'(/%0,/'!,-!2)$'02.,/%5-!5+!*6/5/5Z%*!)$5/'%-(!O6!4'45$6!13!*'..(=!S'!7P7!

(/%42.,/'#! )2$%+%'#! -,[&'! ,-#! 4'45$6! 13! *'..(! -+* /-"#&! S%/9! %-,*/%&,/'#!!1* %+$(,&+-.$1!7PC!

H-/'$'(/%-0.6=!*6/5\%-'(!,.5-'!#%#!-5/!%-#2*'!R$,-X64'!M!5$!J'$+5$%-!'Z)$'((%5-!%-!'%/9'$!-,[&'!7PF!

5$!4'45$6!13!*'..(!^ K%02$'!LDYMb;!E5S'&'$=!,##%/%5-!5+!NJ1!(/%42.,/'#!R$,-X64'!M!,-#!7PG!

J'$+5$%-!'Z)$'((%5-!()'*%+%*,..6!%-!4'45$6!13!*'..(;!H-#''#=!,-!%-*$',('!%-!O5/9!)'$*'-/,0'!5+!7PL!

)5(%/%&'! *'..(! ,-#!%-/'-(%/6!5+! 'Z)$'((%5-!S,(! #'/'*/'#! 2-#'$! /9%(! *5-#%/%5-! ^K%02$'! LDYMb;!7PP!

E5S'&'$=! /9'! %-*2O,/%5-! 5+! 4'45$6! 13! *'..(! S%/9! %-,*/%&,/'#* 01* ,&+&'7"&8$+$)*5$!7PT!

!"#$%"&'&''()*.8.3.'"-.$ !̂ RMNb!#%#!-5/!%-#2*'!,-!%-*$',('!5+!R$,-X64'!M!,-#!J'$+5$%-!̂K%02$'!7PU!

LDYMb=!(2))5$/%-0!5-*'!,0,%-!/9'!()'*%+%*%/6!5+!/9'!$'()5-(';!89'$'+5$'=!13!*'..(!$'()5-#!/5!7TW!

,-#!$'4'4O'$!NJ1!%-!,-!%-/$%-(%*!,-#!()'*%+%*!4,--'$=!O6!$'.',(%-0!*6/5/5Z%*!)$5/'%-(;!7T"!

85! 'Z).5$'!S9'/9'$! 9'%09/'-'#! *6/5/5Z%*!+2-*/%5-!5+!4'45$6!13!*'..(!%(! ,((5*%,/'#!7T7!

S%/9! ')%0'-'/%*!*9,-0'(=!S'! ,(('(('#! /9'!9%(/5-'!4,$\!EC3F4'"! ,((5*%,/'#!S%/9!2)(/$',4!7TC!

$'02.,/5$6!$'0%5-(!5+!8;,6 !0'-'!%-!_7"JMN!,-#!_7"NJ1!13!*'..(; !D./95209!S'!#%#!-5/!$',*9!7TF!

(/,/%(/%*,.!(%0-%+%*,-*'=!S' !(95S'# !,!*5-(%(/'-/!%-*$',('!5+!EC3F4'"!,/! YCF\O!2)(/$',4! 8;,6 !7TG!

0'-'! %-! _7"NJ1! 13! *'..(! *54),$'#! /5! _7"JMN! 13! *'..(! K̂%02$'! NGDb=!S9%*9! S,(!-5/!7TL!
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! 77!
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! 7C!
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! 7F!
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c2-0;|! N#.+)3."-&+.3* K$)$.#'2! 77L! ^_'*'4O'$bQ! PWzT7;!GU"!
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:!~5\56,4,;!7WWU;!{<6/5\%-' YH-#2*'#!:'45$6 Y.%\'!1,/2$,.!3%..'$!<'..(;|! AJF! !"WL!GUT!
^LbQ!"U"Gz"U;!SSS;)-,(; 5$0n*0%n*5-/'-/n+2..n;!GUU!
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"T!^7b;!9//)(Qnn#5%;5$0n"W;"CP"ni52$-,.;)),/;"W"WC7G;!L7W!

K'-0=!<,$.!R;=! :,..%\,!3,&%$,/-'=!D-/5-%5!R%0.%5//%!B5/9+2*9(=!D..'-!<9''&'$=!N,$,!E%'-6=!L7"!
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! 7G!

E5(/(!H-+'*/'#!S%/9!:6*5O,*/'$%24!82O'$*2.5(%(;|!N2$*M&(#+.3*&:*B,,(+&3&87!"PP!^"WbQ!L7F!
PWTLzUC;!9//)(Qnn#5%;5$0n"W;FWFUni%442-5.;"PP;"W;PWTL;!L7G!

K'$-,-#'(=!_,-*'.., !:=!B%/,!M'-(5-=!,-#!<6-/9%,!c!M,.#S%-;!"UUG;!{c,*\!5+!,!B5.'!+5$!1,/2$,.!L7L!
3%..'$!<'..(!%-!f,$.6!<5-/$5.!5+!M$2*'..,!DO5$/2(!7CWT!H-+'*/%5-(!%-!:%*';|!B+:$'"-&+*.+>*L7P!
B,,(+-"7 !LC!^"WbQ!FW7UzCC;!L7T!

K5-0=!>'$$6!>;=!<9%9!:%-0!8(,%=!N2#'(9-,!N,9,=!e%*/5$!1%X'/=!Di%/!e,$\%=!,-#!>,*\!_;!M2%+;!L7U!
7W"T;! {N%0.'*YP! f-0,0'4'-/! O6! RMN! • YJ$5/'%-! N2))$'(('(! J6$5)/5/%*! <'..! _',/9! 5+!LCW!
1,/2$,.! 3%..'$!<'..(;|! A#&'$$>-+8)*&:* "2$*J."-&+.3*F'.>$,7*&:* !'-$+'$)*&:* "2$*P+-"$>*LC"!
!"."$)*&:*F,$#-'. !""G!^F"bQ!"WF"Wz"G;!9//)(Qnn#5%;5$0n"W;"WPCn)-,(;"TWF"WT""G;!LC7!

R',$6=! <.,%$! _;=! ,-#! >5(')9! <;! N2-;! 7W"P;! {:'45$6! B'()5-('(! 5+! 1,/2$,.! 3%..'$! <'..(;|!LCC!
!$,-+.#)*-+*B,,(+&3&87;!D*,#'4%*!J$'((;!9//)(Qnn#5%;5$0n"W;"W"Lni;(4%4;7W"P;WT;W"7;!LCF!

R%..'()%'=!N!E=!,-#!H!M,.,\$%(9-,-;!7WWW;!{J,/950'-'(%(!5+!J-'245*5**,.!H-+'*/%5-;|!M1*5$>1*LCG!
5-'#&6-&3!FUQ!"WGPzLP;!SSS;4%*$5O%5.506$'(',$*9;5$0;!LCL!

R5.#4,--=!A.%&'$=!R2$(9,$,-!N!<99,/S,.=!,-#!f&,!:'#%-,;!7WWG;!{<5-/$%O2/%5-!5+!1,/2$,.!LCP!
3%..'$!<'..(!/5!/9'!J,/950'-'(%(!5+!N')/%*!N95*\!H-#2*'#!O6!N/$')/5*5**2(!J650'-'(!%-!LCT!
:%*';|! N2$* M&(#+.3* &:* B+:$'"-&()* G-)$.)$)! "U"Q! "7TWzTL;!LCU!
9//)(Qnn,*,#'4%*;52);*54ni%#n,$/%*.'n"U"nTn"7TWnTGUUFG;!LFW!

R5-X,.'(=!<9$%(/%-'! :;=!<52$/-'6!M;!h%..%,4(=!e'$5-%*,! f;!<,.#'$5-=! :,//9'S!M;!E2,-/'=!LF"!
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f-#(.'6;!7W"7;!{D-/%O,*/'$%,.!B5.'!+5$!1,/2$,.!3%..'$!<'..(!%-!E5(/!_'+'-('!/5!M,*%..2(!LFC!
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