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0#123-!@.J! D3-8#9&#'5!%299-%%!3*&-%!'(!8-%#15-8!%;>?4%.......................................................LU!
!
0#123-!@.L! 75;#+#&#'5!'(!<7=B6!3-G,#9*&#'5!#5!&3*5%829-8!A2G)6!)!9-,,%..........................U6!
!
0#123-!@.U! W'HG-&#&#"-!9-,,!13'K&;!923"-%!'(!3-G3-%-5&*&#"-!G'&-5&!!
! %;>?4%!(3'H!&;-!&-%&!%-&................................................................................................U:!
! &



! /###!

&
!
!
!
!

&

-.,+&'(&3##2%4."+.'*,&
!
`-! ! Y#++%!(3--!-5-31F!

6VJ! ! 6BH-&;F,BJB5#&3'#%*&'#9!*5;F83#8-!

6VL! ! 6BH-&;F,BLB5#&3'#%*&'#9!*5;F83#8-!

47IA! ! 49T2#3-8!#HH25-!8-(#9#-59F!%F583'H-!

W4! ! W*G%#8!G3'&-#5!

9I?4!! ! 9'HG,-H-5&*3F!I?4!

WV=! ! 9F&'H-1*,'"#32%!

IVEV!! I2,+-99'a%!H'8#(#-8!E*1,-a%!H-8#2H!

I?4! ! 8-'/F3#+'529,-#9!*9#8!

8?)D! ! 8-'/F529,-'&#8-!&3#G;'%G;*&-!

IVA[! ! 8#H-&;F,!%2,('/#8-!

I))!! ! 8#&;3#'&3-#&',!

EI)4!! ! -&;F,-5-8#*H#5-&-&3**9-&#9!*9#8!

E$7A4! ! E5SFH-B,#5P-8!#HH25'%'3+-5&!*%%*F!

!"#$%&%'#! $*&#5!-/G3-%%#'5!H-*5#51!-/&3*9&-8!(3'H!"#3#'5%!

04WA! ! 0,2'3-%9-59-B*9&#"*&-8!9-,,!%'3&#51!

0WA! ! (-&*,!9*,(!%-32H!

Y*1! ! Y3'2GB%G-9#(#9!*5&#1-5!

Y0D! ! Y3--5!(,2'3-%9-5&!G3'&-#5!



! /#"!

<EDEA!! ?B:B;F83'/F-&;F,G#G-3*S#5-B?bB:B-&;*5-%2,('5#9!*9#8!

<7=!! ! <2H*5!#HH25'8-(#9#-59F!"#32%!

%(#$%.&'## $*&#5!-/G3-%%#'5!H-*5#51!#5!*!&-%&!&2+-!

%(#$%&%'## $*&#5!-/G3-%%#'5!H-*5#51!#5%#8-!"#3#'5%!

7>EA! ! 75&-35*,!3#+'%'H*,!-5&3F!%#&-!

P9*,! ! P#,'9*,'3#-!

c[49! ! G'&*%%#2H!*9-&*&-!

$-2! ! $-29#5-!

$?4! ! ,'9P-8!529,-#9!*9#8!

V[7! ! H2,&#G,#9#&F!'(!#5(-9&#'5!

H>?4!!! H-%%-51-3!>?4!

/! ! 52H+-3!'(!529,-'&#8-%!#5!*5!>?4!

?EI! ! G3'G3#-&*3F!(,2'3-%9-5&!8F-!

?V74! ! ?BH-&;F,#%*&'#9!*5;F83#8-!

?V>!! ! 529,-*3!H*15-&#9!3-%'5*59-!

??! ! 5-*3-%&!5-#1;+'3!

5&!! ! 529,-'&#8-!

?)D! !! 529,-'&#8-!&3#G;'%G;*&-!

0# # R#1![!5'&*&#'5Q!&;-!3-%G'5%-!'(!*5!*,1'3#&;H!&'!9;*51-%!#5!#5G2&!%#S-# !

D;-! ! D;-5F,*,*5#5-!

D7! ! G3'&-*%-!#5;#+#&'3!

D',! ! G3-923%'3!G',FG3'&-#5!('3!3-&3'"#3*,!-5SFH-%!

DD=!! ! G'%#&#"-!G3-8#9&#"-!"*,2-!



! /"!

&# # D-*3%'5!G3'829&BH'H-5&!9'33-,*&#'5!9'-((#9#-5&!

>7AW! ! >?4B#5829-8!%#,-59#51!9'HG,-/!

>?4!! ! 3#+'529,-#9!*9#8!

>?4#! ! >?4!#5&-3(-3-59-!

3>?4! ! 3#+'%'H*,!>?4!

A<4DE!! A-,-9&#"-!:bB<F83'/F,!49F,*&#'5!*5*,FS-8!+F!D3#H-3!E/&-5%#'5!

%;>?4!! %;'3&!;*#3G#5!>?4!

%#>?4! ! %;'3&!#5&-3(-3#51!>?4!

)E!! ! 6O!HV!)3#%!\G<!L.M]Q!6!HV!EI)4!

)3#%!! ! &3#%\;F83'/FH-&;F,]*H#5'H-&;*5-!

&>?4!! ! &3*5%(-3!>?4!

=7W! ! G3'G3#-&*3F!(,2'3-%9-5&!8F-!

!



! 6!

&
&
&
&
&
&
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!

7?)>[IdW)7[?!

565 7*+2'819+.'*&

! 75(-96&#'5!K#&;!;2H*5!#HH25'8-(#9#-59F!"#32%!\<7=]!#%!*!H*e'3!G2+,#9!;-*,&;!

9'59-35.!!<7=!#%!*!G'%#&#"-B%-5%-!>?4!3-&3'"#32%!&;*&!#5(-9&%!9-,,%!'(!&;-!#HH25-!%F%&-H!

%29;!*%!)!;-,G-3!9-,,%!*58!H*93'G;*1-%.!!d,&#H*&-,FQ!&;-!8-%&329&#'5!'(!&;-%-!9-,,%!

3-58-3%!&;-!;'%&!%2%9-G&#+,-!&'!52H-3'2%!#5(-9&#'5%!&;*&!*!;-*,&;F!#HH25-!%F%&-H!

K'2,8!%2GG3-%%.!!);-%-!*3-!&-3H-8!'GG'3&25#%&#9!#5(-9&#'5%!*58!*3-!&;-!9,#5#9*,!

;*,,H*3P%!'(!*9T2#3-8!#HH25-!8-(#9#-59F!%F583'H-!\47IA].!!I23#51!,*&-5&!<7=!

#5(-9&#'5Q!*!9'GF!'(!&;-!"#3*,!1-5'H-!#%!#59'3G'3*&-8!#5&'!&;-!1-5'H#9!I?4!'(!#5(-9&-8!

#HH25-!9-,,%.!!V#&#1*&#51!&;-!8#%-*%-!G3'13-%%#'5!&'!47IA!&;-3-('3-!3-T2#3-%!,#(-,'51!

&3-*&H-5&!K#&;!*5&#3-&3'"#3*,!8321%Q!*58!&;-3-!3-H*#5%!*!5--8!('3!5-K!9,*%%-%!'(!

*5&#3-&3'"#3*,!H-8#9*&#'5%.!4,,!9233-5&!&;-3*G-2&#9!*GG3'*9;-%!&*31-&!G3'9-%%-%!9329#*,!

&'!&;-!"#3*,!3-G,#9*&#'5!9F9,-.!

! );-!3-G,#9*&#'5!9F9,-!+-1#5%!K;-5!*5!<7=!"#3#'5!3-9'15#S-%!&*31-&!;'%&!9-,,%!"#*!

+#58#51!'(!1,F9'G3'&-#5%!'5!&;-!"#3*,!-5"-,'G-!K#&;!;'%&!9-,,!3-9-G&'3%.!!);#%!+#58#51!

-"-5&!&3#11-3%!&;-!(2%#'5!'(!"#3*,!*58!;'%&!9-,,!G,*%H*!H-H+3*5-%!*,,'K#51!-5&3F!'(!"#3*,!

9'5&-5&%!#5&'!&;-!;'%&!9-,,.!!);-!"#3*,!9'5&-5&%!9'5&*#5!&K'!9'G#-%!'(!&;-!"#3*,!1-5'H-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
D'3&#'5%!'(!&;#%!9;*G&-3!;*"-!+--5!G2+,#%;-8!#5!$'KQ!f.).!*58!X--P%Q!c.V.!1!.2'34*!
:O6O.!*+g6MOB6MU.!



! :!

G*9P*1-8!K#&;!%&329&23*,!G3'&-#5%!H*&3#/Q!9*G%#8Q!*58!529,-'9*G%#8Q!*58!"#3*,!-5SFH-%!

3-"-3%-!&3*5%93#G&*%-Q!#5&-13*%-Q!*58!G3'&-*%-.!!);#%!G*9P*1-!#%!259'*&-8!&'!3-,-*%-!&;-!

>?4!1-5'H-!*58!"#3*,!-5SFH-%.!!!);-!>?4!1-5'H-!#%!2%-8!*%!*!&-HG,*&-!('3!3-"-3%-!

&3*5%93#G&#'5!#5&'!9I?4!+F!&;-!"#3*,!3-"-3%-!&3*5%93#G&*%-.!!0',,'K#51!&3*5%G'3&!&'!&;-!

529,-2%Q!&;-!8'2+,-B%&3*58-8!I?4!G3'829&!#%!#5&-13*&-8!#5&'!&;-!;'%&!9-,,!1-5'H-!+F!

&;-!"#3*,!#5&-13*%-!-5SFH-.!![59-!#5&-13*&-8Q!(2,,B,-51&;!"#3*,!>?4!9*5!+-!1-5-3*&-8!+F!

&;-!;'%&!&3*5%93#G&#'5*,!H*9;#5-3F.!!);#%!>?4!9*5!(259&#'5!*%!1-5'H#9!>?4Q!H>?4!('3!

Y*1!*58!Y*1BD',Q!'3!%G,#9-8!&'!('3H!%2+1-5'H#9!H>?4.!!);-%-!"#3*,!H>?4%!*3-!

&3*5%,*&-8!+F!;'%&!3#+'%'H-%!*58!&;-!3-%2,&#51!G3-923%'3!G3'&-#5%!*3-!*%%-H+,-8!

&'1-&;-3!K#&;!&K'!9'G#-%!'(!&;-!>?4!1-5'H-.!!);#%!*%%-H+,F!+28%!'2&!'(!&;-!;'%&!9-,,Q!

&*P#51!G*3&!'(!&;-!9-,,!H-H+3*5-!*%!#&%!-5"-,'G-.!!D3-923%'3!G3'&-#5%!K#&;#5!&;#%!

#HH*&23-!"#3*,!G*3&#9,-!&;-5!258-31'!G3'&-',F&#9!9,-*"*1-!"#*!&;-!*9&#'5!'(!&;-!"#3*,!

G3'&-*%-!-5SFH-!&'!1-5-3*&-!&;-!H*&23-Q!#5(-9&#'2%!G*3&#9,-.!

56: !;%&<7=&>?3&",&"&+"20%+&('2&"*+.2%+2'4.2"$,&

! 75!G3#59#G,-Q!-*9;!%&-G!'(!&;#%!3-G,#9*&#'5!9F9,-!9'2,8!+-!*!&*31-&!('3!*5&#3-&3'"#3*,!

&;-3*G-2&#9%.!!W233-5&,F!*"*#,*+,-!8321%!&*31-&!93#&#9*,!G3'&-#5%!#5"',"-8!#5!('23!'(!&;-%-!

%&*1-%.!!);3--!'(!&;-%-!9,*%%-%!'(!8321%!&*31-&!&;-!&;3--!"#3*,!-5SFH-%!\3-"-3%-!

&3*5%93#G&*%-Q!G3'&-*%-Q!*58!#5&-13*%-]Q!K;#,-!&;-!('23&;!&*31-&%!G3'&-#5%!#5"',"-8!#5!

(2%#'5!'(!"#32%!*58!;'%&!9-,,!H-H+3*5-%.!!<'K-"-3Q!5'!-/#%&#51!8321%!&*31-&!&;-!<7=!

>?4Q!K;#9;!#%!*!9-5&3*,!G,*F-3!#5!H*5F!%&*1-%!'(!&;-!3-G,#9*&#'5!9F9,-.!!);-!;#1;!

H2&*&#'5!3*&-!'(!<7=!G'%-%!%G-9#*,!9;*,,-51-%!('3!&;-!8-"-,'GH-5&!'(!*5&#3-&3'"#3*,!

H-8#9*&#'5%.!!?-"-3&;-,-%%Q!&;-!3-,*&#"-,F!%;'3&!,-51&;!'(!&;-!<7=!1-5'H-!\^N:OO!



! @!

529,-'&#8-%]!H-*5%!&;*&!&;-!-%%-5&#*,Q!-"',2&#'5*3#,F!%&*+,-Q!3-G,#9*&#'5!#5('3H*&#'5!

-59'8-8!K#&;#5!&;-!1-5'H-!H2%&!+-!3-,*&#"-,F!8-5%-,F!G*9P-8.!!

56@ A+219+12%B#",%8&+"20%+.*0&'(&<7=B5&>?3&

! 75!G3#59#G,-Q!&;-!3-12,*3!+*%-BG*#3#51!G3'G-3&#-%!'(!>?4!H*P-!8-%#15#51!

',#1'529,-'&#8-!#5;#+#&'3%!9'59-G&2*,,F!%&3*#1;&('3K*38Q!*%!'5-!%#HG,F!2%-%!&;-!3-"-3%-!

9'HG,-H-5&!'(!&*31-&!%-T2-59-%.!!<'K-"-3Q!>?4!(',8%!#5&'!%-9'58*3F!*58!;#1;-3!'38-3!

%&329&23-%!&;*&!*3-!93#&#9*,!('3!9*33F#51!'2&!&;-#3!(259&#'5%.!!);-%-!%&329&23-%!9*5!3-829-!

&;-!*99-%%#+#,#&F!'(!9'HG'5-5&!%-T2-59-%!&'K*38%!',#1'529,-'&#8-!+#58#51.!!

488#&#'5*,,FQ!&;3--B8#H-5%#'5*,!%&329&23*,!H'&#(%!3-G3-%-5&!*5!*88#&#'5*,!*"-52-!('3!

&;-3*G-2&#9!3-9'15#&#'5!+-F'58!&;-!,#5-*3!G3#H*3F!%-T2-59-.!!I-&*#,-8!P5'K,-81-!'(!

>?4!%&329&23-!#%!9'5%-T2-5&,F!93#&#9*,!('3!8-"-,'G#51!>?4B8#3-9&-8!#5;#+#&'3%!'(!<7=B6.!!

56C A<3DEB8.2%9+%8&>?3&,%9'*8"2F&,+219+12%&G2%8.9+.'*&

56C65 !;%&>?3&,%9'*8"2F&,+219+12%&G2%8.9+.'*&G2'#$%H&
!

I-&-3H#5#51!&;-!9'HG,-&-!&;3--B8#H-5%#'5*,!\&-3H-8!&;-!&-3&#*3F]!%&329&23-!#%!

&;-!2,&#H*&-!1'*,!('3!H*5F!>?4%.!!<'K-"-3Q!'5,F!,#H#&-8!%-&%!'(!>?4%!*3-!9*58#8*&-%!('3!

9233-5&!;#1;B3-%',2&#'5!93F%&*,,'13*G;F!*58!?V>!*GG3'*9;-%.!!4!%#HG,-3!G3'+,-H!#%!&'!

8-&-3H#5-!&;-!+*%-BG*#3#51!G*&&-35!\&-3H-8!&;-!%-9'58*3F!%&329&23-]!'(!*5!>?4.!!

A-9'58*3F!%&329&23-!8-&-3H#5*&#'5Q!#58-G-58-5&!'(!;#1;-3!'38-3!%&329&23*,!

#5('3H*&#'5Q!#%!G'%%#+,-!+-9*2%-!&;-!;F83'1-5!+'58#51!*58!%&*9P#51!#5&-3*9&#'5%!&;*&!

9',,-9&#"-,F!('3H!%-9'58*3F!%&329&23-!*3-!2%2*,,F!%&3'51-3!&;*5!&-3&#*3F!#5&-3*9&#'5%!\6B

C]Q!*58!+-9*2%-!>?4!(',8#51!#%!'(&-5!;#-3*39;#9*,!\MQJ]Q!K#&;!H*5F!%-9'58*3F!%&329&23*,!

H'&#(%!('3H#51!G3#'3!&'!&-3&#*3F!9'5&*9&%.!!488#&#'5*,,FQ!P5'K,-81-!'(!&;-!%-9'58*3F!



! C!

%&329&23-!13-*&,F!3-%&3#9&%!G'%%#+,-!&;3--B8#H-5%#'5*,!9'5('3H*&#'5%!*58!(*9#,#&*&-%!

&-3&#*3F!%&329&23-!G3-8#9&#'5!\LBN].!!V'3-'"-3Q!*!%2+%-&!'(!>?4!(259&#'5%!H*F!8-G-58!

H'3-!8#3-9&,F!'5!%-9'58*3F!%&329&23*,!H'&#(%!&;*5!'5!1,'+*,!(',8%.!

75%#1;&!#5&'!&;-!%-9'58*3F!%&329&23-!9*5!+-!1,-*5-8!2%#51!9'HG2&-3B+*%-8!

G3-8#9&#'5%!G-3('3H-8!2%#51!&;-!%-T2-59-!*,'5-Q!'3!#5!9'H+#5*&#'5!K#&;!%-T2-59-!

*,#15H-5&!#5('3H*&#'5!'3!-/G-3#H-5&*,!8*&*.!!A-T2-59-B+*%-8!(',8#51!1-5-3*,,F!

#59,28-%!&K'!H*#5!-,-H-5&%g!*5!-5-31F!(259&#'5!+*%-8!'5!-/G-3#H-5&*,,F!8-3#"-8!

&;-3H'8F5*H#9!G*3*H-&-3%Q!*58!*5!*,1'3#&;H!&;*&!-/G,'3-%!&;-!9'5('3H*&#'5*,!%G*9-!

*"*#,*+,-!&'!&;-!>?4!*58!3*5P%!9'HG2&-8!%&329&23-%.!!V'%&!-5-31F!(259&#'5%!2%-!&;-!

)235-3!!.#5,*!\6OQ66]!%-&!'(!5-*3-%&!5-#1;+'3!G*3*H-&-3%Q!8-3#"-8!(3'H!'G&#9*,!H-,&#51!

-/G-3#H-5&%.!!4!%2HH*3F!'(!&;-%-!G*3*H-&-3%!#%!*"*#,*+,-!*&!&;-!?-*3-%&B?-#1;+'3!

I*&*+*%-!\6:].!!E/G,'3#51!9'5('3H*&#'5*,!%G*9-!#%!9;*,,-51#51!+-9*2%-!'(!&;-!"*%&!

52H+-3!'(!G'%%#+,-!%-9'58*3F!%&329&23-%Q!K;#9;!#%!-%&#H*&-8!&'!%9*,-!-/G'5-5&#*,,F!*%!

^6.U/Q!K;-3-!/!#%!&;-!52H+-3!'(!529,-'&#8-%!#5!&;-!>?4!\6@].!!);#%!H-*5%!&;*&!*!h+32&-!

('39-i!*GG3'*9;!&;*&!%*HG,-%!-"-3F!G'%%#+,-!9'5('3H*&#'5!#%!#HG'%%#+,-!+'&;!(3'H!*!

9'HG2&*&#'5*,!%&*58G'#5&!*58!(3'H!&;-!G-3%G-9&#"-!'(!-((#9#-5&!>?4!(',8#51!%(#$%$'.!!

W'5%-T2-5&,FQ!&;-!#5&3#5%#9!&;-3H'8F5*H#9%!*58!P#5-&#9%!'(!>?4!(',8#51!H2%&!9'5%G#3-!

&'!3-%&3#9&!&;-!(',8#51!G*&;K*F!&'!*!5*33'K!%2+%-&!'(!&;-%-!%&329&23-%Q!'5,F!'5-!\'3!

G-3;*G%!*!(-K]!'(!K;#9;!#%!,#P-,F!&'!8'H#5*&-!&;-!-T2#,#+3#2H!-5%-H+,-.!!E%G-9#*,,F!('3!

%;'3&!>?4%Q!&;-3H'8F5*H#9!9'5%#8-3*&#'5%!*3-!,#P-,F!G*3*H'25&!*58!&;2%!&;-!%&329&23-!

K#&;!&;-!,'K-%&!(3--!-5-31F!#%!&;-!+#','1#9*,,F!*9&#"-!'5-.!

56C6: IF*"H.9&G2'02"HH.*0&"$0'2.+;H,&('2&>?3&,%9'*8"2F&,+219+12%&G2%8.9+.'*&
!

D3'13*H%!+*%-8!'5!&;-!j2P-3!8F5*H#9!G3'13*HH#51!*,1'3#&;H!\6CQ6M]!*3-!



! M!

K#8-,F!2%-8!&'!%-*39;!('3!&;-!H#5#H2H!(3--!-5-31F!%&329&23-!\6JB::].!!);-%-!

*,1'3#&;H%!*3-!8-&-3H#5#%&#9Q!H-*5#51!&;*&!1#"-5!*!8-(#5-8!%-&!'(!-5-31F!32,-%Q!&;-F!

*,K*F%!(#58!&;-!,'K-%&!(3--!-5-31F!%&329&23-.!!);-!j2P-3!*,1'3#&;H!%9*,-%!*%!0\/@]!#5!

&#H-Q!K;-3-!/!#%!&;-!52H+-3!'(!529,-'&#8-%!#5!&;-!%-T2-59-.!!);#%!H-*5%!&;*&!8'2+,#51!

&;-!%-T2-59-!,-51&;!3-T2#3-%!-#1;&!&#H-%!*%!H29;!&#H-!&'!G3-8#9&!&;-!%&329&23-.!!

?-"-3&;-,-%%Q!'5!H'8-35!9'HG2&-3%Q!&;-!&#H-!&'!H*P-!*!G3-8#9&#'5!#%!3-*%'5*+,F!(*%&.!!
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3-,*&#'5%;#G!+-&K--5!A<4DE!3-*9&#"#&#-%!*58!&;-!8-3#"-8!!!!"#$%!&-3H!;*%!&;-!-((-9&!'(!
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529,-'&#8-%!&-58!&'!+-!3-*9&#"-!&'K*38%!A<4DE!3-*1-5&%Q!K;-3-*%!529,-'&#8-%!#5!+*%-B

G*#3-8!'3!'&;-3K#%-!9'5%&3*#5-8!9'5('3H*&#'5%!&-58!&'!+-!253-*9&#"-.!!);#%!%&329&23-B

%-,-9&#"-!3-*9&#"#&F!G*&&-35!G3'"#8-%!529,-'&#8-B3-%',2&#'5!#5('3H*&#'5!*+'2&!>?4!!
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!
,-./01(+2)!W'5"-5&#'5*,!\6O]!*58!A<4DEB8#3-9&-8!\6C]!H'8-,%!'(!&;-!(3*H-%;#(&!
8'H*#5.!!?29,-'&#8-%!*3-!9','3-8!+F!!"#$%&%'#A<4DE!3-*9&#"#&#-%!*58!*3-!52H+-3-8!
*99'38#51!&'!&;-!?$CB@!1-5'H-.!!



! @O!

%-9'58*3F!%&329&23-!*58!#%!5'&!,#H#&-8!+F!&;-!%#S-!'(!&;-!>?4!258-3!%&28F!\6M].!!A<4DE!

3-*9&#"#&#-%!9*5!+-!#59'3G'3*&-8!#5&'!&;-!&;-3H'8F5*H#9%B+*%-8!9'HG2&-3!(',8#51!

*,1'3#&;H!>?4%&329&23-!\6J]!&'!'+&*#5!;#1;,F!*9923*&-!>?4!%-9'58*3F!%&329&23-!H'8-,%!

\6L].!

);-!A<4DEB8#3-9&-8!H'8-,!'(!&;-!(3*H-%;#(&!8'H*#5!#59,28-%!*!&'&*,!'(!('23!H*#5!

;-,#9-%!\0#1.!:.6].!![5-!'(!&;-%-!;-,#9-%!#%!-T2#"*,-5&!&'!&;-!2GG-3!%&-H!'(!&;-!!

9'5"-5&#'5*,!&K'B;-,#/!H'8-,.!!45!*88#&#'5*,!;-,#/!#5"',"-%!3-(',8#51!'(!&;-!,'K-3!%&-H!

'(!&;-!9'5"-5&#'5*,!H'8-,.!!X-!&-3H!&;-%-!*,&-35*&#"-!+*%-BG*#3#51%!&;-!*,&-35*&-!,'K-3!

%&-H.!!A<4DE!8*&*!*,%'!%2GG'3&!&;-!('3H*&#'5!'(!&K'!*88#&#'5*,!;-,#9-%!&;*&!(*,,!'2&%#8-!

&;-!8'H*#5!&3*8#&#'5*,,F!#8-5&#(#-8!*%!&;-!(3*H-%;#(&!-,-H-5&.!!);-%-!#59,28-!*!;-,#/!&;*&!

%-T2-%&-3%!H'%&!'(!&;-!%,#GG-3F!%-T2-59-!#5!+*%-BG*#3#51!#5&-3*9&#'5%Q!*58!*!6OB5&!

*59;'3#51!;-,#/!&;*&!9'HG,-&-%!&;-!6CO!5&!8'H*#5!\0#1.!:.6].!!!!

Y#"-5!&;-!93#&#9*,!3',-!>?4!%&329&23-!G,*F%!#5!3-12,*&#51!(3*H-%;#(&#51Q!K-!%'21;&!

&'!9'5(#3H!&;-!-/#%&-59-!'(!;-,#9-%!G3'G'%-8!+F!A<4DE!*58!&'!*%P!K;-&;-3!&;-!A<4DEB

8#3-9&-8!H'8-,!9'2,8!+-!3-9'59#,-8!K#&;!&;-!9'5"-5&#'5*,!&K'B;-,#/!H'8-,.!![23!

%&3*&-1F!&*P-%!*8"*5&*1-!'(!&;-!;#1;!+#58#51!*((#5#&#-%!'(!,'9P-8!529,-#9!*9#8!\$?4]B

9'5&*#5#51!',#1'529,-'&#8-%!&'!>?4!\6UQ6N]Q!#5!'38-3!&'!%-,-9&#"-,F!+#58!*58!&;-3-+F!

8#%32G&!%G-9#(#9!;-,#9-%!#5!&;-!A<4DEB8#3-9&-8!(3*H-%;#(&!H'8-,.!!X-!H'5#&'3-8!&;-!

3-%2,&#51!%&329&23*,!9;*51-%!+F!A<4DE.!!7(!&;-!&*31-&-8!;-,#9-%!K-3-!G3-%-5&Q!K-!

-/G-9&-8!&;*&!+#58#51!'(!$?4%!&'!'5-!%&3*58!'(!&;-!;-,#/!K'2,8!8#%G,*9-!529,-'&#8-%!'5!

&;-!G*3&5-3!%&3*58.!!>-,-*%-8!(3'H!&;-#3!5*&#"-!+*%-BG*#3#51!#5&-3*9&#'5%Q!K-!*5&#9#G*&-8!

&;*&!&;-!3-%2,&#51!A<4DE!3-*9&#"#&#-%!'(!&;-!8#%G,*9-8!G*3&5-3!%&3*58!K'2,8!#593-*%-.!



! @6!

);3'21;'2&!&;#%!%&28F!K-!2%-8!(2,,!,-51&;!1-5'H#9!>?4!-/&3*9&-8!(3'H!

*2&;-5&#9!<7=B6!"#3#'5%Q!*,,'K#51!2%!&'!G3'+-!(3*H-%;#(&!8'H*#5!%&329&23-%!#5!&;-#3!

9'HG,-&-!%-T2-59-!9'5&-/&.!![23!3-%2,&%!8-H'5%&3*&-8!A<4DE!3-*9&#"#&F!9;*51-%!

#5829-8!+F!$?4!+#58#51!&;*&!%&3'51,F!%2GG'3&!&;-!A<4DEB8#3-9&-8!(3*H-%;#(&!H'8-,.!!

d5-/G-9&-8,FQ!&;-%-!-/G-3#H-5&%!*,%'!3-"-*,-8!&;-!*+#,#&F!'(!&;#%!8'H*#5!&'!*8'G&!&;-!

9'5"-5&#'5*,!&K'B;-,#/!H'8-,!2G'5!8#%32G&#'5!'(!%G-9#(#9!;-,#9-%!#5!&;-!8'H*#5.!!

75&-3G3-&#51!$?4!+#58#51!*58!%2+%-T2-5&!8#%32G&#'5!*%!*!3'21;!*GG3'/#H*&#'5!'(!

3#+'%'H*,!25K#58#51!'(!&;-!(3*H-%;#(&!8'H*#5Q!K-!%G-92,*&-!&;*&!&;-!8#((-3-5&!

%&329&23*,!%&*&-%!#5829-8!+F!;-,#/!25K#58#51!9'2,8!;*"-!+#','1#9*,!(259&#'5%!823#51!&;-!

(3*H-%;#(&!G3'9-%%.!!);#%!#5&-3G3-&*&#'5!K'2,8!G3-%-3"-!*!3',-!('3!&;-!9'5"-5&#'5*,!&K'B

;-,#/!H'8-,!*%!&;-!(3*H-%;#(&!8'H*#5!#%!25K'258!823#51!&3*5%,*&#'5.!!!

X-!*,%'!#5"-%&#1*&-8!&;-!3-,*&#"-!%&*+#,#&F!*58!9'5%-3"*&#'5!'(!&;-!(3*H-%;#(&!

8'H*#5!;-,#9-%!+-&K--5!&K'!8#%&#59&!+#','1#9*,!%&*&-%!+F!G-3('3H#51!A<4DE!#5!&;-!

G3-%-59-!'(!('3H*H#8-!8-5*&23*5&!*58!#5!&;-!9'5&-/&!'(!&;-!G*9P*1-8!>?4!#5%#8-!"#3#'5!

G*3&#9,-%.!!X-!('258!&;*&!&;-!(3*H-%;#(&!8'H*#5!#%!'31*5#S-8!#5&'!;#1;,F!%&329&23-8Q!

#5"*3#*5&!;-,#9-%!K#&;!#5&-3"-5#51!%-T2-59-%!9*G*+,-!'(!('3H#51!"*3F#51!8-13--%!'(!

%&329&23-!#5!8#((-3-5&!-5"#3'5H-5&%.!!);-%-!3-%2,&%!G3'"#8-!*5!-/G-3#H-5&*,,FB

%2GG'3&-8!(3*H-K'3P!('3!(23&;-3!#5"-%&#1*&#'5!'(!&;-!%&329&23*,!8F5*H#9%!*58!(259&#'5!

'(!&;#%!#HG'3&*5&!3-12,*&'3F!8'H*#5.!

!



! @:!

:6: >%,1$+,&

:6:65 P'+;&*"+.4%$F&%J+2"9+%8&!"#$%&%'&"*8&;%"+B8%*"+12%8&>?3,&"8'G+&,.H.$"2&,+219+12%,&
.*&+;%&(2"H%,;.(+&2%0.'*6&

!
! X-!#5#&#*,,F!*&&-HG&-8!&'!+#58!$?4%!&'!%-T2-59-%!#5!(',8-8!(2,,B,-51&;!1-5'H#9!

>?4!-/&3*9&-8!(3'H!<7=B6!"#3#'5%.!!!<'K-"-3Q!*88#&#'5!'(!$?4%!8#3-9&-8!*1*#5%&!&;-!

*59;'3#51!;-,#/!(*#,-8!&'!G3'829-!8-&-9&*+,-!A<4DE!3-*9&#"#&F!#593-*%-%!*&!&;-!G*3&5-3!

%&3*58.!!)K'!G'%%#+,-!-/G,*5*&#'5%!('3!&;#%!#5#&#*,!3-%2,&!*3-g!\%]!&;-!G3-('3H-8Q!&*31-&-8!

;-,#/!K*%!&''!%&*+,-!&'!+-!8#%32G&-8!+F!$?4!+#58#51Q!'3!\%%]!#5*9923*9#-%!#5!'23!H'8-,!

H-*5&!&;*&!&;-!G3'G'%-8!;-,#/!K*%!*9&2*,,F!5'&!G3-%-5&.!!)'!8-&-3H#5-!#(!*!;#1;,F!%&*+,-!

;-,#/!K*%!&;-!9*2%-Q!K-!#5&3'829-8!*!;-*&#51!%&-G!K;-3-!K-!(#3%&!;-*&-8!&;-!<7=B6!>?4!

*&!NMyW!('3!M!H#5!#5!&;-!G3-%-59-!'(!$?4Q!%5*G!9'',-8!'5!#9-Q!*58!#592+*&-8!#5!*!(',8#51!

+2((-3.!!);-!1'*,!'(!&;#%!;-*&#51!%&-G!K*%!&'!8-5*&23-!;-,#9-%!*58!*,,'K!&;-!$?4!&'!'2&B

9'HG-&-!5*&#"-!+*%-!G*#3!G*3&5-3%.!!X-!('258!&;*&!A<4DE!3-*9&#"#&#-%!'5!&;-!G*3&5-3!

%&3*58!8#8!#593-*%-!2G'5!*88#&#'5!'(!$?4!2%#51!&;#%!G3'9-823-.!!);#%!8-H'5%&3*&-%!&;*&!

*59;'3#51!;-,#/!%&*+#,#&FQ!3*&;-3!&;*5!*5!#59'33-9&!H'8-,Q!K*%!&;-!%'239-!'(!'23!#5#&#*,!

#5*+#,#&F!&'!8-&-9&!A<4DE!3-*9&#"#&F!9;*51-%!\A-9&#'5!:.:.:].!!!

! )'!G3'G-3,F!#5&-3G3-&!A<4DE!3-*9&#"#&F!9;*51-%!(',,'K#51!;-*&!8-5*&23*&#'5!*58!

$?4!+#58#51!#5!&;-!(3*H-%;#(&!-,-H-5&!3-1#'5!K-!H2%&!*%%2H-!&;*&!>?4!(',8#51!

(',,'K#51!;-*&!8-5*&23*&#'5!3-%2,&%!#5!*!5*&#"-B,#P-!9'5('3H*&#'5.!!)'!&-%&!&;#%!

*%%2HG&#'5Q!K-!G-3('3H-8!A<4DE!'5!+'&;!-/&3*9&-8Q!5*&#"-,F!(',8-8!!"#$%&%'#>?4!*58!

&;#%!%*H-!>?4!(',,'K#51!;-*&!8-5*&23*&#'5!*58!3-(',8#51.!!X-!('258!&;*&!A<4DE!

3-*9&#"#&#-%!('3!&;-!1-5'H-!3-1#'5!5-*3!&;-!(3*H-%;#(&!-,-H-5&!*3-!;#1;,F!%#H#,*3!#5!+'&;!

!"#$%&%'#*58!3-(',8-8!>?4%!\0#1.!:.:4].!!4!9'HG*3#%'5!'(!3-*9&#"#&#-%!(3'H!*!,*31-3!^LOO!!
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(
,-./01(+2+!03*H-%;#(&!8'H*#5!3-*9&#"#&#-%!'(!-/&3*9&-8!!"#$%&%'#>?4!*58!3-(',8-8!;-*&!
8-5*&23-8!>?4!2%#51!&;3--!8#((-3-5&!A<4DE!3-*1-5&%.!
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! @M!

5&!3-1#'5!-59'HG*%%#51!&;-!(3*H-%;#(&!-,-H-5&!3-"-*,%!H'3-!%#15#(#9*5&!3-*9&#"#&F!

8#((-3-59-%!+-&K--5!!"#$%&%'#*58!3-(',8-8!>?4!\&#t!O.LM]Q!+2&!&;-!'"-3*,,!G3'(#,-!#%!

,*31-,F!&;-!%*H-!\0#1.!:.@].!!!

)'!(23&;-3!G3'+-!&;-!8#((-3-59-%!+-&K--5!!"#$%&%'#*58!3-(',8-8!>?4Q!K-!

G-3('3H-8!A<4DE!3-*9&#'5%!'5!-*9;!>?4!%&*&-!2%#51!&K'!*,&-35*&#"-!A<4DE!3-*1-5&%Q!

6VJ!*58!?V74.!!X;#,-!&;-%-!-,-9&3'G;#,-%!*3-!%#H#,*3!&'!&;-!9233-5&,F!2%-8!%&*58*38!

A<4DE!3-*1-5&!6VL!\:O]Q!&;-%-!3-*1-5&%!-/;#+#&!%2+&,-!3-*9&#"#&F!8#((-3-59-%!&;*&!*3-!

%-5%#&#"-!&'!8#((-3-5&!,'9*,!%&329&23*,!%&*&-%!*58!&#H-%9*,-%.!!75!G*3&#92,*3Q!&;-!6VJ!

3-*1-5&!;*%!*5!-5;*59-8!*+#,#&F!&'!-51*1-!#5!rBr!%&*9P#51!#5&-3*9&#'5%!*58!8#%G,*F%!

#593-*%-8!3-*9&#"#&F!&'K*38%!529,-'&#8-%!K;-3-!'5-!%#8-!'(!&;-!529,-'+*%-!%&*9P%!K#&;!*!

5-#1;+'3#51!529,-'&#8-!*58!&;-!'&;-3!%#8-!#%!*"*#,*+,-!('3!%&*9P#51!K#&;!&;-!3-*1-5&!

\:6].!!);-!?V74!3-*1-5&!3-*9&%!'5!*!%,'K-3!&#H-!%9*,-!&;*5!6VJ!*58!6VL!*58!9*5!

&;-3-('3-!8-&-9&!529,-'&#8-%!258-31'#51!%,'K!9'5('3H*&#'5*,!8F5*H#9%!\::].!!);-%-!

3-*9&#"#&F!8#((-3-59-%!9*5!+-!2%-8!&'!G3'"#8-!*!%&329&23*,!(#51-3G3#5&!'(!*5!>?4Q!*58!K-!

9*5!9'HG*3-!&;-!&K'!(#51-3G3#5&%!&'!1*21-!&;-#3!%#H#,*3#&F.!!>-*9&#"#&F!G3'(#,-%!('3!*,,!

&;3--!3-*1-5&%!*3-!%#H#,*3!*&!&;-!(3*H-%;#(&!8'H*#5!\0#1.!:.:]Q!*,&;'21;!*&!&;-!529,-'&#8-!

,-"-,Q!%'H-!"*3#*+#,#&F!#%!*GG*3-5&.!!D*#3K#%-!,#5-*3!9'33-,*&#'5!9'-((#9#-5&%!('3!&;-!6CO!

5&!A<4DEB8#3-9&-8!!"#$%&%'#(3*H-%;#(&!8'H*#5!*3-!O.UO!+-&K--5!6VL!*58!6VJQ!O.N6!

+-&K--5!6VL!*58!?V74Q!*58!O.L@!+-&K--5!6VJ!*58!?V74.!!75!9'5&3*%&Q!3-*9&#"#&F!

G3'(#,-%!+-&K--5!!"#$%&%'#*58!3-(',8-8!>?4%!('3!-*9;!3-*1-5&!*3-!H29;!H'3-!%#H#,*3Q!

K#&;!,#5-*3!9'33-,*&#'5!9'-((#9#-5&%!'(!O.NCQ!O.NCQ!*58!O.NJ!('3!6VLQ!6VJQ!*58!?V74Q!

3-%G-9&#"-,F.!!);#%!;#1;!%#H#,*3#&F!+-&K--5!A<4DE!3-*9&#"#&#-%!'(!!"#$%&%'#*58!3-(',8-8!

>?4!*%!3-G'3&-8!+F!&;3--!8#((-3-5&!3-*1-5&%!%&3'51,F!%211-%&%!&;*&!&;-!%&329&23-%!'(!!
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%3451(+2)!$?4B9'5&*#5#51!I?4!',#1'529,-'&#8-!%-T2-59-%!*58!&*31-&!>?4!+#58#51!%#&-%.!!
$?4!529,-'&#8-%!*3-!258-3,#5-8.!!!
!

$%"! $%"!&'()'*+'! ,-./'0!&'()'*+'! 1'/23*!43)*5!
6! )"3!),,!)! 7"""7"887! 69:;<696=!
=! )!333333!!& ""888888"7! 69=><69?@!
?! Q!))!!))!& "77""77"A! 6B@@<6B>9!
;! !),Q"3Q3"! 88A88A"7"! 69C@<69@9!
B! !))33)3Q)& 7A878877"! 6BC:<6BC@!
9! Q)!Q!!QQ)& 7AA""A"7A! 69>C<6C:B!



! @L!

&;-%-!&K'!%&*&-%!*3-!-/&3-H-,F!%#H#,*3.!!X-!9'59,28-!&;*&!&;-!3-(',8-8!(3*H-%;#(&!

8'H*#5!*8'G&%!-%%-5&#*,,F!&;-!%*H-!9'5('3H*&#'5!*%!&;-!H'3-!+#','1#9*,,F!3-,-"*5&!!"#

$%&%'#%&*&-.!!);#%!*,,'K%!2%!&'!2%-!;-*&!8-5*&23*&#'5!&'!G3'H'&-!$?4!8#%32G&#'5!'(!%&*+,-!

;-,#9-%!K;#,-!H*#5&*#5#51!*!5*&#"-B,#P-!(',8.!

:6:6: -?3&#.*8.*0&%JG%2.H%*+,&,1GG'2+&+;%&A<3DEB8.2%9+%8&(2"H%,;.(+&H'8%$&

! X-!8-%#15-8!NB!*58!6OB5&!$?4!',#1'529,-'&#8-%!&'!+#58!&'!*58!8#%32G&!-*9;!'(!

&;-!@!;-,#9-%!25#T2-!&'!&;-!A<4DEB8#3-9&-8!(3*H-%;#(&!H'8-,!\0#1.!:.6!*58!)*+,-!:.6].!!

X-!8-%#15-8!'5-!$?4!('3!-*9;!;-,#/!%&3*58!('3!*!&'&*,!'(!&K'!$?4%!G-3!;-,#/.!!7(!&;-!

&*31-&-8!;-,#/!-/#%&-8!*58!#(!$?4!+#58#51!K*%!*+,-!&'!'2&B9'HG-&-!5*&#"-!;-,#9*,!!

+*%-BG*#3#51Q!K-!-/G-9&-8!&'!(#58!#593-*%-8!A<4DE!3-*9&#"#&F!*&!&;-!%&3*58!

9'HG,-H-5&*3F!&'!&;-!$?4B+'258!%&3*58.!!!

);-!3-%2,&%!'(!&;-!%#/!$?4!+#58#51!-/G-3#H-5&%!&*31-&#51!&;-!&;3--!;-,#9-%!

25#T2-!&'!&;-!A<4DEB8#3-9&-8!(3*H-%;#(&!H'8-,!*3-!%;'K5!#5!0#1.!:.C.!!);-!G*3&5-3!

%&3*58!-/G-9&-8!&'!+-!3-,-*%-8!(3'H!+*%-BG*#3#51!+F!$?4!+#58#51!#%!;#1;,#1;&-8!#5!13-F.!!

75!*,,!%#/!9*%-%Q!A<4DE!3-*9&#"#&F!#593-*%-%!#5!*&!,-*%&!%'H-!529,-'&#8-%!'(!&;-!G*3&5-3!

%&3*58.!!);-%-!3-%2,&%!%&3'51,F!%2GG'3&!&;-!('3H*&#'5!'(!&;-%-!&;3--!;-,#9-%!#5!&;-!(2,,B

,-51&;!<7=!>?4.!!!

:6:6@ -?3&#.*8.*0&9"*&,K.+9;&+;%&A<3DEB8.2%9+%8&"$+%2*"+%&$'K%2&,+%H&+'&+;%&
9'*4%*+.'*"$&$'K%2&,+%H6&&

!
! 4,&;'21;!*!1-5-3*,!#593-*%-!#5!3-*9&#"#&F!*,K*F%!'9923%!*&!&;-!G*3&5-3!%&3*58!

2G'5!$?4!+#58#51Q!H'%&!$?4%!*,%'!#5829-!*88#&#'5*,!A<4DE!3-*9&#"#&F!9;*51-%!#5!'&;-3!

3-1#'5%!'(!&;-!(3*H-%;#(&!8'H*#5.!!0'3!-/*HG,-Q!K;#,-!$?4!@!#%!8-%#15-8!&'!8#%32G&!&;-!! !



0

0.5

1.0

1.5

2.0

2.5

0

0.5

1.0

1.5

2.0

2.5

1560 1580 1600 1620 1640 1660 1680 1700 1720

LNA 2

LNA 1

Expected LNA-induced reactivity increase
Reactivity changes reflecting switch to conventional lower stem

SHAPE Reactivity

0.7

0.3

0

Flexible: likely single stranded

Constrained: likely base-paired

U A

1560
G G A A A A A G C

G C
G C
C G
U A
G C
U A
U A 1700G C
G C

A
A
A1580 U

G
U A
G C
G C
A
A
A
G
G1590 C
A U
A U
G C 1680G U
A U

C
A

C

G

C

G

AAAUG

U

A

U

A

U

A

U

G

U

A

U

U

A

1630

U

A

GUA
C

G

U

A

G

C

AG
A1620 GA G C U A G A A

G
A
U G
C G
U A 1670G C
G C
C1650 G
C G
U A
U A
C G
C G
C G
A

C AA
1660

G
A
A
U
U

A G
A
G
C

A
G

1690
A

G
A
G

C A C

1710
C A G A A G A G A

U A

1560
G G A A A A A G C

G C
G C
C G
U A
G C
U A
U A 1700G C
G C

A
A
A1580 U

G
U A
G C
G C
A
A
A
G
G1590 C
A U
A U
G C 1680G U
A UC

A
C

G

C

G

AAAUG

U

A

U

A

U

A

U

G

U

A

U

U

1610

A

U

A

GUA
C

G

U

A

G

C

AG
A1620 GA

G C U A G AA
G
A
U G
C G
U A 1670G C
G C
C1650 G
C G
U A
U A
C G
C G
C G
AC AA 1660

G
A
A
U
U

A
G

A
G
C

A
G

1690
A

G
A
G

C A C

1710
C A G A A G A G A

LNA 1

LNA 2

SH
A

PE
 re

ac
tiv

ity
SH

A
PE

 re
ac

tiv
ity

A

B

Predicted LNA-induced changes
 new basepair
 broken basepair

No data

No LNA
With LNA

Figure 2.4 (A) and (B) Frameshift region SHAPE reactivities and predicted secondary 
structure models for HIV-1 RNA bound to LNAs targeting the slippery sequence helix.
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Figure 2.4 (C) and (D) Frameshift region SHAPE reactivities and predicted secondary 
structure models for HIV-1 RNA bound to LNAs targeting the SHAPE-directed alternate 
lower stem.
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! M6!

!
(
,-./01(+27!!D3'G'%-8!H'8-,!('3!(3*H-%;#(&!8'H*#5!25K#58#51!823#51!&3*5%,*&#'5.!!4!D7B
#5829-8!WB&'Bd!H2&*&#'5!\3-8]!93-*&-%!*!G'&-5&#*,!%-9'58*3F!%,#GG-3F!%-T2-59-.!

! "

# $

!
!
!
!
"
!
!

#$%&'&()

*+,-&.$+/0-)1$2

*13).+43)0
1&5).0'3)(

61$77).80')9:)+,)0-)1$2

!77).0'3)(

!

1&5).0'3)(

Potential secondary 
slippery sequence



! M:!

,'K-3!%&-H!\0#1.!:.UW].!!);-!3#+'%'H-!H2%&!&;-5!25K#58!&;-!"-3F!%&*+,-!2GG-3!%&-H!*58!

%K#&9;!3-*8#51!(3*H-%.!4&!&;#%!G'#5&Q!*,,!(3*H-%;#(&!8'H*#5!;-,#9-%!K#,,!;*"-!+--5!

25K'258.!!<'K-"-3Q!&;-!;#1;!%&*+#,#&F!'(!&;-!*59;'3#51!;-,#/!3*#%-%!&;-!G'%%#+#,#&F!'(!#&%!

3-5*&23*&#'5!*(&-3!&;-!3#+'%'H-!;*%!&3*5%,*&-8!&;3'21;!#&.!!);-!3#+'%'H-!K'2,8!&;-5!

-59'25&-3!&;-!*59;'3#51!;-,#/!('3!*!%-9'58!&#H-!+-('3-!-/#&#51!&;-!(3*H-%;#(&!8'H*#5!

\0#1.!:.UI].!!!!

! 75&3#12#51,FQ!*!ddddWdd!%-T2-59-!\529,-'&#8-%!6JLJB6JU:]!,#-%!e2%&!2G%&3-*H!

(3'H!&;#%!G'&-5&#*,!%-9'58!-59'25&-3!K#&;!&;-!*59;'3#51!;-,#/!\0#1.!:.UI].!!75!"#32%-%!

3-%#%&*5&!&'!G3'&-*%-!#5;#+#&'3%!\D7]Q!&;#%!W6JUO!#%!(3-T2-5&,F!H2&*&-8!&'!dQ!3-%2,&#51!#5!

*!ddddddd!\0#1.!:.UIQ!3-8!W!!!d]!%-T2-59-!&;*&!3-%-H+,-%!&;-!%&*58*38!dddddd4!

%,#GG-3F!%-T2-59-!*&!529,-'&#8-%!6J@6B6J@L!\:U].!!);#%!3-%2,&%!#5!*!9,-*"*1-!%#&-!$-2!&'!

D;-!H2&*&#'5!*&!&;-!G3'&-#5!,-"-,!K;#9;!H*F!#593-*%-!9,-*"*1-!-((#9#-59F!*58!-5;*59-!!

&;-!1-5-3*&#'5!'(!(259&#'5*,!G3'&-*%-.!!488#&#'5*,,FQ!I'F'5!!.#5,*!\:N]!;FG'&;-%#S-8!&;*&!

&;#%!%#&-!9'2,8!*,%'!*9&!*%!*!%-9'58*3F!%,#GG-3F!%-T2-59-!&;*&!#593-*%-%!&;-!'"-3*,,!

*H'25&!'(!(3*H-%;#(&#51Q!&;-3-+F!#593-*%#51!&;-!3-,*&#"-!*H'25&!'(!G3'&-*%-!&'!

9'HG-5%*&-!('3!3-829-8!D7B#5829-8!G3'&-*%-!*9&#"#&F.!!X;-5!&;-!%&*58*38!%,#GG-3F!

%-T2-59-!K*%!#5*9&#"*&-8!+F!H2&*&#'5Q!&;-!H2&*5&!%-9'58*3F!%,#GG-3F!%#&-Q!+2&!5'&!&;-!

K#,8B&FG-Q!K*%!*+,-!&'!%&#H2,*&-!(3*H-%;#(&#51!#5!%(#$%.&'#&3*5%,*&#'5!*%%*F%.!!

023&;-3H'3-Q!I'F'5!!.#5,*#\:N]!('258!-"#8-59-!('3!(3*H-%;#(&#51!(3'H!&;#%!%-9'58*3F!

%#&-!#5!"#32%B-/G3-%%#51!9-,,%.!!X;#,-!&;-%-!%(#$%.&'#3-%2,&%!;*"-!%2+%-T2-5&,F!+--5!

9'5(#3H-8!#58-G-58-5&,FQ!5'!-"#8-59-!('3!(3*H-%;#(&#51!(3'H!&;#%!%-9'58*3F!%#&-!#5!9-,,!

92,&23-!K*%!8-&-9&-8!\@O].!!<'K-"-3Q!&;-%-!-/G-3#H-5&%#2%-8!<7=!%-T2-59-%!&;*&!K-3-!

%;'3&-3!&;*5!&;-!6CO!5&!8'H*#5!8-%93#+-8!;-3-!*58!&;-3-('3-!9'2,8!5'&!('3H!&;-!



! M@!

*59;'3#51!;-,#/.!!75!(2&23-Q!#&!K'2,8!+-!#5&-3-%&#51!&'!*%P!#(Q!#5!&;-!9'5&-/&!'(!&;-!

9'HG,-&-!8'H*#5Q!(3*H-%;#(&#51!9*5!+-!-5;*59-8!+F!&;-!D7B#5829-8!%-9'58*3F!%,#GG-3F!

%-T2-59-!K#&;!&;-!*59;'3#51!;-,#/!*9&#51!*%!*!%-9'58*3F!(3*H-%;#(&!%&#H2,*&'3F!%&-H.!

75!9'59,2%#'5Q!&;#%!%&28F!9'5(#3H%!P-F!%&329&23-!-,-H-5&%!%G-9#(#9!&'!&;-!A<4DEB

8#3-9&-8!(3*H-%;#(&!H'8-,.!!X-!*,%'!8-H'5%&3*&-!&;*&!&;#%!H'8-,!;*%!&;-!*+#,#&F!&'!

%K#&9;!+-&K--5!&;-!A<4DEB8#3-9&-8!H'8-,!*58!&;-!9'5"-5&#'5*,,F!*99-G&-8!&K'B;-,#/!

H'8-,.!!X-!;FG'&;-%#S-!&;*&!&;#%!%K#&9;!,#P-,F!'9923%!*%!&;-!3#+'%'H-!25K#58%!&;-!

(3*H-%;#(&!-,-H-5&Q!*,&;'21;!&;-!(259&#'5*,!%#15#(#9*59-!'(!&;#%!%K#&9;!K#,,!5--8!&'!+-!

*%%-%%-8!#5!(2&23-!K'3P.!!);#%!K'3P!258-3%9'3-%!&;-!#5(,2-59-!'(!1,'+*,!%-T2-59-!

9'5&-/&!'5!&;#%!#HG'3&*5&!3-12,*&'3F!8'H*#5!*58!#HG,#-%!&;*&Q!*&!*!H#5#H2HQ!*,,!6CO!

529,-'&#8-%!'(!&;-!8'H*#5!%;'2,8!+-!2%-8!K;-5!%&28F#51!(3*H-%;#(&#51!#5!<7=B6.!

:6C T%+;'8,&

:6C65 <7=B5&4.2.'*&G2'819+.'*&
!

<7=B6!"#3#'5!G*3&#9,-%!K-3-!G3-G*3-8!*%!8-%93#+-8!G3-"#'2%,F!\6CQ:M].!R3#-(,FQ!

<7=B6!%&3*#5!?$CB@!\13'2G!VQ!%2+&FG-!R]!K*%!2%-8!&'!#5(-9&!*!5'5B<'81P#5a%!)!9-,,!

,FHG;'H*!9-,,!,#5-!\@6].!!=#3#'5%!K-3-!G23#(#-8!+F!%2+&#,#%#5!8#1-%&#'5!*58!

9-5&3#(21*&#'5!&;3'21;!*!:Ol!\KZ"]!%293'%-!92%;#'5!*%!G3-"#'2%,F!8-%93#+-8!\@:].!!

:6C6: EJ+2"9+.'*&'(&>?3&0%*'H%,&(2'H&4.2.'*,&
!

A2+&#,#%#5B&3-*&-8!"#3#'5%!K-3-!,F%-8!+F!#592+*&#'5!#5!*!"#3#'5!,F%#%!+2((-3!\MO!

HV!)3#%!G<!L.MQ!6O!HV!EI)4Q!6l!AIAQ!6OO!HV!?*W,Q!6O!HV!I))Q!6M!z$!:O!H1ZH$!

D3'&-#5*%-!c]!('3!@O!H#5!*&!3''H!&-HG-3*&23-.!!);-!8#1-%&!K*%!-/&3*9&-8!('23!&#H-%!

K#&;!G;-5',Z9;,'3'('3HZ#%'*HF,!*,9';',Q!(',,'K-8!+F!('23!-/&3*9&#'5%!K#&;!G23-!



! MC!

9;,'3'('3H.!!);-!*T2-'2%!,*F-3!K*%!+3'21;&!&'!*!?*W,!9'59-5&3*&#'5!'(!@OO!HVQ!

G3-9#G#&*&-8!#5!LOl!-&;*5',Q!*58!%&'3-8!*&!B:OyW.!!)'!-/&3*9&!&;-!>?4Q!K-!G-,,-&-8!&;#%!

%',2&#'5!+F!9-5&3#(21*&#'5!*&!6CQOOO!3GH!('3!@O!H#5Q!-,2&-8!'((!&;-!-&;*5',!,*F-3Q!*58!

"*922H!83#-8!&;-!G-,,-&!('3!6!H#5.!!X-!&;-5!3-%2%G-58-8!&;-!>?4!G-,,-&!#5!*!%&'3*1-!

+2((-3!\:OO!HV!c[49Q!MO!HV!<EDEA!G<!U]!('3!*!(#5*,!>?4!9'59-5&3*&#'5!'(!*+'2&!COO!

5V.!!);-%-!*,#T2'&%!K-3-!(,*%;!(3'S-5!#5!,#T2#8!?:!*58!%&'3-8!*&!BUOyW.!

:6C6@ /'$8.*0&'(&!"#$%&%'&>?36&
!

0'3!-*9;!3-*9&#'5Q!6!z$!COO!5V!!"#$%&%'#>?4!K*%!3-%2%G-58-8!#5!*!V1:sB

9'5&*#5#51!%&*58*38!(',8#51!+2((-3!\:OO!HV!c[49Q!MO!HV!<EDEA!G<!UQ!@!HV!V1W,:]!&'!

G3'H'&-!&;-!%&*+#,#S*&#'5!'(!5*&#"-B,#P-!#5&-3*9&#'5%!\&'&*,!"',2H-!K*%!:O!z$!G-3!

3-*9&#'5].!!X-!#592+*&-8!&;#%!H#/&23-!*&!@LyW!('3!@O!H#5!*58!&;-5!G3'9--8-8!

#HH-8#*&-,F!&'!&;-!A<4DE!H'8#(#9*&#'5!%&-G!\A-9&#'5!:.C.U].!!

:6C6C /'2H"H.8%&8%*"+12"+.'*&&
!

0'3!&;-!('3H*H#8-!8-5*&23*&#'5!-/G-3#H-5&%Q!6!z$!COO!5V!!"#$%&%'#>?4!K*%!

3-%2%G-58-8!#5!M!z$!(',8#51!+2((-3!*58!#592+*&-8!*&!@LyW!('3!:O!H#5.!!4!('3H*H#8-B

9'5&*#5#51!(',8#51!+2((-3!\JLl!"Z"!8-#'5#S-8!('3H*H#8-Q!:OO!HV!c[49Q!MO!HV!<EDEA!

G<!UQ!@!HV!V1W,:]!K*%!&;-5!9'H+#5-8!K#&;!&;-!*GG3'G3#*&-!*H'25&!'(!%&*58*38!(',8#51!

+2((-3!*58!*88-8!&'!&;-!3-*9&#'5!H#/!&'!'+&*#5!&;-!8-%#3-8!('3H*H#8-!9'59-5&3*&#'5!#5!

*!3-*9&#'5!"',2H-!'(!:O!z$.!!X-!G-3('3H-8!&;-%-!-/G-3#H-5&%!#5!(#5*,!('3H*H#8-!

9'59-5&3*&#'5%!'(!Ol!&'!JOlQ!#5!#593-H-5&%!'(!6Ol.!!X-!#592+*&-8!&;#%!('3H*H#8-B

9'5&*#5#51!H#/&23-!('3!*5!*88#&#'5*,!:O!H#5!*&!@LyW!*58!&;-5!G3'9--8-8!#HH-8#*&-,F!&'!

&;-!A<4DE!H'8#(#9*&#'5!%&-G!\A-9&#'5!:.C.U].!



! MM!

:6C6L -?3&'$.0'*19$%'+.8%&8%,.0*&
!

X-!2%-8!N!*58!6O!5&!$?4!',#1'529,-'&#8-%!\E/#T'5]!&;*&!K-3-!&;-!3-"-3%-!

9'HG,-H-5&%!'(!<7=B6!%-T2-59-%!9'HG3#%#51!;-,#9-%!G3'G'%-8!#5!&;-!A<4DEB8#3-9&-8!

(3*H-%;#(&!H'8-,.!!);-!%G-9#(#9!%-T2-59-%!K-3-!9;'%-5!&'!*"'#8!%-,(B9'HG,-H-5&*3F!

%-T2-59-%!82-!&'!"-3F!%&3'51!$?4B$?4!+#58#51!*((#5#&#-%.!!X-!*,%'!&3#-8!&'!*"'#8!

%&3-&9;-%!'(!@!'3!H'3-!Y%!'3!W%.!!);-%-!9'5%#8-3*&#'5%!3-%2,&-8!#5!$?4!',#1'529,-'&#8-%!

&;*&Q!#5!&;-!9*%-!'(!&;-!6OB5&!*59;'3#51!;-,#/!+'258!H'%&!'(!&;-!&*31-&-8!%&3*58.!!

488#&#'5*,,FQ!K;-5!G'%%#+,-!K-!#59,28-8!(,*5P#51!%#51,-!%&3*58-8!3-1#'5%!*%!G*3&!'(!&;-!

&*31-&-8!%&3*58!&'!(*9#,#&*&-!$?4!+#58#51!&'!%&329&23-8!;-,#9-%.!!$?4!',#1'529,-'&#8-!

%-T2-59-%!*58!+#58#51!%#&-%!*3-!%;'K5!#5!)*+,-!:.6!*58!0#1.!:.6!

:6C6M -?3&#.*8.*0&+'&0%*'H.9&>?3&
!

0'3!-*9;!$?4!+#58#51!-/G-3#H-5&Q!6!z$!COO!5V!-/&3*9&-8!<7=B6!1-5'H#9!>?4!#5!

%&'3*1-!+2((-3!\:OO!HV!c[49Q!MO!HV!<EDEA!G<!U]Q!:!z$!:!zV!$?4Q!C.J!z$!)EQ!*58!6.L!

z$!K*&-3!K-3-!H#/-8!*58!;-*&-8!*&!NMyW!('3!M!H#5Q!*58!&;-5!%5*G!9'',-8!'5!#9-.!!X-!

&;-5!*88-8!N.M!z$!:u!%&'3*1-!+2((-3!*58!6.:!z$!MO!HV!V1W,:!\:O!z$!&'&*,!#5!(',8#51!

+2((-3!9'58#&#'5%]!*58!#592+*&-8!&;#%!H#/&23-!('3!@O!H#5!*&!@LyW!+-('3-!G3'9--8#51!

#HH-8#*&-,F!&'!&;-!A<4DE!H'8#(#9*&#'5!%&-G.!

:6C6N A<3DE&H'8.(.9"+.'*&'(&!"#$%&%'U#-?3B#'1*8U&"*8&('2H"H.8%&8%*"+12%8&>?3&
!

);-!A<4DE!H'8#(#9*&#'5!K*%!G-3('3H-8!+F!*88#51!N!z$!-*9;!'(!&;-!(',8-8!>?4!

H#/&23-!&'!+'&;!6!z$!CO!HV!A<4DE!3-*1-5&!\6VL!('3!%&*58*38!A<4DE!3-*9&#'5%!*58!

6VJ!*58!?V74!('3!8#((-3-5&#*,!A<4DE!3-*9&#'5%]!*58!6!z$!5-*&!IVA[!*%!*!5'B3-*1-5&!

9'5&3',.!!);-!3-*9&#'5!H#/!K*%!#592+*&-8!('3!C!H#5!*&!@LyW.!!X-!&;-5!*88-8!6!z$!MO!HV!



! MJ!

EI)4!*58!G-3('3H-8!*!9,-*5B2G!%&-G!&'!3-H'"-!$?4!',#1'529,-'&#8-%!2%#51!&;-!>?-*%F!

V#5#!c#&!\n#*1-5]!*99'38#51!&'!&;-!H*52(*9&23-3a%!#5%&329&#'5%.!!);-!3-%2,&#51!H#/&23-!

\6OO!z$]!K*%!-&;*5',!G3-9#G#&*&-8!+F!&;-!*88#&#'5!'(!6O!z$!:!V!?*W,!*58!@OO!z$!-&;*5',!

*58!K*%!%&'3-8!*&!BUOyW!25&#,!&;-!G3#H-3!-/&-5%#'5!%&-G.!

:6C6V D2.H%2&%J+%*,.'*&"*8&9"G.$$"2F&%$%9+2'G;'2%,.,&8%+%9+.'*&'(&A<3DE&"8819+&,.+%,&
!

A<4DEBH'8#(#-8!>?4!G-,,-&%!K-3-!3-%2%G-58-8!#5!L!z$!O.M!u!)E!*58!J!z$!O.C!zV!

=7WB,*+-,-8!I?4!G3#H-3!\4GG,#-8!R#'%9#-59-%].!!D3#H-3!-/&-5%#'5!3-*9&#'5%!('3!$?4!

+#58#51!-/G-3#H-5&%!K-3-!G-3('3H-8!2%#51!G3#H-3%!9'HG,-H-5&*3F!&'!529,-'&#8-%!

6LMOB6LL6!\G3#H-3!J.:Q!K#&;!%-T2-59-!4)WYYW)WW)YW))W)Y4Y4YY]!*58!:O@@B:OMC!

\G3#H-3!LQ!K#&;!%-T2-59-!W44))4)Y))Y4W4YY)Y)4YY].!!X-!2%-8!G3#H-3!J.:!('3!

('3H*H#8-!8-5*&23*&#'5!-/G-3#H-5&%!*58!G3#H-3!L!('3!%(#$%&%'#-/G-3#H-5&%.!!75!*88#&#'5!

&'!G3#H-3%!J.:!*58!LQ!G3#H-3%!9'HG,-H-5&*3F!&'!529,-'&#8-%!6M::B6MC@!\G3#H-3!M.MQ!

K#&;!%-T2-59-!))YYW)4)Y)YWWW))W)))YW]!K-3-!*,%'!2%-8!('3!&;-!^LOO!5&!

9'HG*3#%'5!+-&K--5!!"#$%&%'#*58!3-(',8-8!>?4.!!!)'!G3'H'&-!G3#H-3!+#58#51Q!&;#%!

H#/&23-!K*%!;-*&-8!*&!JMyW!('3!M!H#5Q!(',,'K-8!+F!C:yW!('3!:!H#5Q!*58!&;-5!9'',-8!'5!

#9-.!!X-!&;-5!*88-8!L!z$!G3#H-3!-/&-5%#'5!3-*9&#'5!H#/&23-!\C!z$!Mu!(#3%&!%&3*58!+2((-3Q!

6!z$!O.6!V!I))Q!6!z$!6O!HV!-*9;!8?)DQ!6!z$!6OO!d!A2G-3%93#G&!777!3-"-3%-!

&3*5%93#G&*%-Q!75"#&3'1-5].!!);#%!H#/&23-!K*%!#592+*&-8!*&!CMyW!('3!6O!%-9'58%Q!M:yW!('3!

:O!H#5Q!JMyW!('3!M!H#5Q!*58!&;-5!9'',-8!*&!CyW.!!);-!3-%2,&#51!9I?4!G3'829&%!K-3-!

G3-9#G#&*&-8!+F!*88#&#'5!'(!JO!z$!-&;*5',!*58!%&'3-8!*&!BUOyW!('3!*&!,-*%&!@O!H#5.!!X-!

&;-5!9-5&3#(21-8!&;#%!-&;*5',!%',2&#'5!*&!6CQOOO!3GH!('3!CM!H#5Q!-,2&-8!'((!&;-!-&;*5',!

,*F-3Q!K*%;-8!#5!LOl!-&;*5',Q!G-,,-&-8Q!*58!&;-5!3-%2%G-58-8!#5!N!z$!('3H*H#8-.!!);-!

9I?4!%',2&#'5!K*%!;-*&-8!*&!NMyW!('3!@!H#5!&'!*#8!#5!8#%%',"#51!&;-!G-,,-&.!!6!z$!'(!*!



! ML!

?EIB,*+-,-8!8#8-'/F9F&'%#5-!%-T2-59#51!,*88-3!%&'9P!K*%!*88-8.!!I#8-'/F!%-T2-59#51!

3-*9&#'5%!\Y-5'H-$*+!V-&;'8%!I-"-,'GH-5&!c#&q!R-9PH*5]!K-3-!G-3('3H-8!2%#51!

G,*%H#8!G?$C@!*58!?EIB,*+-,-8!G3#H-3%.!!45!4GG,#-8!R#'%F%&-H%!@MOO!9*G#,,*3F!
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+'&&'H!G*5-,q!*58!4GG-58#/!:].!

);-!G-39-5&*1-%!'(!%;>?4%!&;*&!*9;#-"-8!*!8-(#5-8!,-"-,!'(!<7=B6!#5;#+#&#'5!

K-3-!9*,92,*&-8!('3!&;-!#5#&#*,!&3*#5#51!%-&!*58!('3!&;-!#58-G-58-5&,F!8-%#15-8!&-%&!

%-T2-59-%!\0#1.!@.J4].!A&3#P#51,FQ!:@!'(!&;-!:J!%;>?4%!\UUl]!%-,-9&-8!+*%-8!'5!'23!

32,-%!3-829-8!<7=B6!G3'829&#'5!+F!*!(*9&'3!'(!:!'3!H'3-.!V'3-'"-3Q!&;#%!%#HG,-!

&;-3H'8F5*H#9%B+*%-8!*GG3'*9;!K*%!-%G-9#*,,F!%299-%%(2,!*&!#8-5&#(F#51!;#1;,F!G'&-5&!

#5;#+#&'3%g!MCl!\6CZ:J]!'(!&;-!8-%#15-8!%;>?4%!#5;#+#&-8!"#3*,!G3'829&#'5!+F!NOl!'3!

13-*&-3!\%--!B:M!P9*,ZH',!8*&*Q!0#1.!@.J4].!!=-3F!%#HG,-!&;-3H'8F5*H#9%B+*%-8!%-,-9&#'5!

32,-%!&;2%!F#-,8-8!*!83*H*&#9!#HG3'"-H-5&!#5!%-,-9&#'5!'(!G'&-5&!%;>?4%!\9'HG*3-!

0#1%.!J4!*58!JR].!

);-!&'&*,!+#58#51!-5-31F!G,*F%!*!H*e'3!3',-!#5!1'"-35#51!%;>?4!#5;#+#&#'5.!

7593-*%#51!&;-!%&3#51-59F!'(!_-&'&*,!(3'H!B:M!&'!B:L!*58!&'!B:N!P9*,ZH',!F#-,8%!*!

H'5'&'5#9!#593-*%-!#5!G3-8#9&#'5!%299-%%!'(!&;-!H'%&!G'&-5&!%;>?4!#5;#+#&'3%!#5!&;-!

&-%&!%-&!\0#1.!@.J4].!4&!&;-!B:N!P9*,ZH',!&;3-%;',8Q!U:l!\NZ66]!'(!8-%#15-8!%;>?4%!

#5;#+#&!"#3*,!G3'829&#'5!+F!NOl!'3!13-*&-3!\0#1.!@.J4].!!75!&;-!<7=B6!1-5'H-Q!'5,F!*+'2&!

:l!'(!6NBH-3%!*3-!+'&;!9'HG,-&-,F!*99-%%#+,-!#5!&;-!6@B529,-'&#8-!'G&#H*,!K#58'K!*58!

+#58!*&!&;-!}!B:N!P9*,ZH',!&;3-%;',8.!

)'!(23&;-3!-"*,2*&-!&;-!#HG'3&*59-!'(!&;-!&*31-&!*99-%%#+#,#&F!32,-Q!K-!*,%'!

*%%*F-8!6J!%;>?4%!&;*&!;*8!&'&*,!+#58#51!-5-31#-%!|!B:M!P9*,ZH',!+2&!8#8!5'&!9'5('3H!

&'!&;-!32,-%!8-"-,'G-8!;-3-!+-9*2%-!&;-F!;*8!5'5S-3'!&*31-&!(',8#51!-5-31#-%!#5!&;-!

'G&#H*,!6@!5&!K#58'K.!![(!&;-%-!%-T2-59-%Q!MJl!\NZ6J]!3-829-!<7=B6!"#3*,!G3'829&#'5!



! UO!

+F!*!(*9&'3!'(!:!'3!H'3-!+2&!'5,F!'5-!'(!&;-!%#/&--5!%;>?4%!\Jl]!3-%2,&-8!#5!;#1;,F!

G'&-5&Q!13-*&-3!&;*5!NOlQ!#5;#+#&#'5!\+,*9P!9',2H5Q!0#1.!@.JW].!!D''3!#5;#+#&#'5!+F!&;-%-!

%-T2-59-%!-HG;*%#S-%!&;-!#HG'3&*59-!'(!*5!*99-%%#+,-!'G&#H*,!&*31-&!K#58'K!('3!

G'&-5&!>?4#BH-8#*&-8!3-G3-%%#'5.!!

@6:6N ,;>?3&2%G2%,,.'*&"*8&+'J.9.+F&.*&;1H"*&!&9%$$,6&&
!

V-*%23#51!%;>?4BH-8#*&-8!#5;#+#&#'5!+F!&;-!:N@)!9-,,!&3*5%(-9&#'5!*%%*F!2%-8!

#5!&;#%!%&28F!;*%!%#15#(#9*5&!*8"*5&*1-%!+-9*2%-!'(!#&%!T2*5&#&*&#"-!*9923*9F.!<'K-"-3Q!

*5!%;>?4B+*%-8!<7=B6!&;-3*G-2&#9!K#,,!5--8!&'!+-!-((-9&#"-!#5!5*&23*,!;'%&!#HH25-!

9-,,%.!X-!&;-3-('3-!2%-8!*!,-5&#"#3*,!"-9&'3!&'!%&*+,F!&3*5%829-!*!;2H*5!)!9-,,!,#5-Q!

A2G)6Q!K#&;!%#51,-!9'G#-%!'(!%-,-9&-8!%;>?4!-/G3-%%#'5!9'5%&329&%!#8-5&#(#-8!#5!'23!&-%&!

%-&.!W-,,%!K-3-!%2+%-T2-5&,F!9;*,,-51-8!K#&;!,'K!*58!;#1;!8'%-%!'(!<7=B6!*58!&;-!

823*+#,#&F!'(!#5;#+#&#'5!K*%!H'5#&'3-8!\0#1.!@.L].!75!*,,!92,&23-%Q!<7=B6!G3'829&#'5!K*%!

-#&;-3!9'HG,-&-,F!#5;#+#&-8!'3!K*%!%#15#(#9*5&,F!8-,*F-8!+F!%;>?4!-/G3-%%#'5Q!K;-3-*%!

<7=B6!3-G,#9*&-8!-((#9#-5&,F!'5!9-,,%!&3*5%829-8!K#&;!&;-!-HG&F!fA6!"-9&'3.!!

4!P-F!9'59-35!('3!&;-3*G-2&#9!%;>?4!2%-!#%!&;-!G'&-5&#*,!('3!%&#H2,*&#51!

25#5&-58-8!'((B&*31-&!*58!9F&'&'/#9!-((-9&%.!!)'!T2*5&#(F!&;-%-!-((-9&%Q!K-!&3*5%829-8!

A2G)6!9-,,%!K#&;!,-5&#"#3*,!9'5%&329&%!-/G3-%%#51!&;#%!%*H-!%-&!'(!%;>?4%!*58!H-*%23-8!

&;-!#HG*9&!'(!,-5&#"#3*,!"-9&'3!#5&-13*&#'5!*58!%;>?4!-/G3-%%#'5!2%#51!*!9'HG-&#&#"-!

9-,,!13'K&;!*%%*F!\@N].!?'!5-1*&#"-!-((-9&!K*%!9*2%-8!+F!#5&-13*&#'5!'(!&;-!-HG&F!

,-5&#"#3*,!"-9&'3Q!*%!'+%-3"-8!G3-"#'2%,F!\@N].![(!&;-!%;>?4!9'5%&329&%!(3'H!'23!&-%&!%-&!

&;*&!K-3-!-"*,2*&-8!\0#1.!@.U]Q!K-!'+%-3"-8!5'!-((-9&%!('3!%;>?4%!6O@@Q!6ULJQ!C@OUQ!

CJ6OQ!*58!U@O:Q!*58!'5,F!H#5#H*,!-((-9&%!'5!A2G)6!9-,,!13'K&;!('3!%;>?4%!U::O!*58!

U::6.![5,F!'5-!%;>?4!\C@UC]!9*2%-8!*!%#15#(#9*5&!3-829&#'5!#5!9-,,!13'K&;!\'(!^C.Ml].!
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,-./01(628=(75;#+#&#'5!'(!<7=B6!3-G,#9*&#'5!#5!&3*5%829-8!A2G)6!)!9-,,%.!W-,,%!K-3-!
&3*5%829-8!K#&;!&;-!-HG&F!fA6!,-5&#"#32%!\5-1*&#"-!9'5&3',]Q!fA6B%;D',6!\*!P5'K5!
-((-9&#"-!#5;#+#&'3]!\J]Q!'3!,-5&#"#3*,!"*3#*5&%!-/G3-%%#51!U!%;>?4%!3*58'H,F!%-,-9&-8!
(3'H!*H'51!&;-!H'%&!G'&-5&!&-%&!%-&!%;>?4%.!W2,&23-%!K#&;!W4BG:C!*H'25&%!*+'"-!*!6!
51ZH,!&;3-%;',8!K-3-!%9'3-8!*%!G'%#&#"-!('3!"#3*,!3-G,#9*&#'5.!);-!9','3!9'8-!#58#9*&-%!
K;-5!"#32%!3-G,#9*&#'5!K*%!*GG*3-5&g!K#&;#5!'5-!K--P!\K;#&-]Q!&K'!K--P%!\,#1;&!13-F]Q!
&;3--!K--P%!\8*3P!13-F]Q!'3!5'!'+%-3"*+,-!3-G,#9*&#'5!('3!2G!&'!:!H'5&;%!\+,*9P].!
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Trial 1 2 3  1  2 3 

JS1 

Pol1 

1033 

1876 

4308 

4384 

4610 

8220 

8221 

8302 

Detection of viral replication
(week(s) post infection)  

No replication detected 

3 
2 
1 

Virus input



! U:!

!

!

!

!

!

(
(
(
(
,-./01(627=!W'HG-&#&#"-!9-,,!13'K&;!923"-%!'(!3-G3-%-5&*&#"-!G'&-5&!%;>?4%!(3'H!&;-!
&-%&!%-&.!A2G)6!)!9-,,%!K-3-!&3*5%829-8!K#&;!,-5&#"#3*,!"-9&'3%!-/G3-%%#51!+'&;!%;>?4!
*58!Y0D!*58!92,&23-8!&'1-&;-3!K#&;!5'5B&3*5%829-8!A2G)6!)!9-,,%.!)'!%9'3-!-((-9&%!
#5829-8!+F!&;-!,-5&#"#3*,!#5&-13*&#'5Q!9-,,%!K-3-!&3*5%829-8!K#&;!&;-!-HG&F!fA6!"-9&'3!
-/G3-%%#51!Y0D!+2&!5'!%;>?4.!04WA!H-*%23-H-5&%!K-3-!2%-8!&'!T2*5&#(F!Y0Ds!*58!
Y0Do!9-,,!G'G2,*&#'5%Q!9'33-%G'58#51!&'!&3*5%829-8!*58!5'5B&3*5%829-8!9-,,%Q!
3-%G-9&#"-,F.!X-!G,'&!Y0DsZY0Do!3*&#'%!\FB*/#%]Q!K;#9;!T2*5&#(F!9-,,!13'K&;!8-(-9&%!
\@N].!W-,,!%*HG,-%!K-3-!'+&*#5-8!&K#9-!K--P,F!8#3-9&,F!+-('3-!9-,,!G*%%*1#51.![5-!
3-G3-%-5&*&#"-!-/G-3#H-5&!'(!&K'!3-G-&#&#'5%!#%!%;'K5.!
! !
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! U@!

75!%2HQ!%;>?4%!#8-5&#(#-8!#5!&;-!T2*5&#&*&#"-!9-,,B+*%-8!*%%*F!2%#51!:N@)!9-,,%!

\0#1.!@.J]!*,%'!#5;#+#&!<7=B6!3-G,#9*&#'5!K;-5!%&*+,F!&3*5%829-8!#5&'!)!9-,,%!\0#1.!@.L]!

*58!1-5-3*,,F!%;'K!5'!'3!H#5#H*,!#HG*#3H-5&!'(!9-,,2,*3!3-G,#9*&#'5!\0#1.!@.U].!

@6:6V D"2+."$&A<3DE&.*('2H"+.'*&.,&,1((.9.%*+&+'&.8%*+.(F&G'+%*+&,;>?3&.*;.#.+'2,6&&&
!

);-!3-T2#3-H-5&!('3!G-3('3H#51!A<4DE!&'!8-"-,'G!*!;#1;B9'5&-5&!%-9'58*3F!

%&329&23-!H'8-,!#%!&;-!-/G-3#H-5&*,!9'%&!'(!&;#%!*GG3'*9;!('3!*9923*&-!%;>?4!8-%#15.!

A<4DE!#%!3*G#8,F!+-9'H#51!-*%#-3!&'!G-3('3H!*58Q!K#&;!9233-5&!H*&23-!&-9;5','1#-%Q!#&!

#%!%&3*#1;&('3K*38!&'!'+&*#5!%&329&23*,!8*&*!('3!^MOO!5&%!\:N].!!X-!&;2%!-"*,2*&-8!

K;-&;-3!'+&*#5#51!G*3&#*,!A<4DE!#5('3H*&#'5!H#1;&!+-!%2((#9#-5&!&'!#8-5&#(F!G'&-5&!

%;>?4!#5;#+#&'3%.!!D3#'3!-/G-3#-59-!-HG;*%#S-%!&;*&!&;-3-!9*5!+-!"-3F!%&3'51!{-58!

-((-9&%{!#5!>?4!(',8#51!%29;!&;*&!#59'33-9&!8-(#5#&#'5!'(!&;-!M!!*58!@!!-58%!'(!*5!>?4!9*5!

9*2%-!,*31-!3-B(',8#51!*&!#5&-35*,!%-T2-59-%.!!X-!&;-3-('3-!2%-8!A<4DE!8*&*!(3'H!&K'!

MOOB5&!3-1#'5%Q!-*9;!(,*5P-8!+F!6QOOO!*88#&#'5*,!529,-'&#8-%!'(!<7=B6!%-T2-59-!#5!'23!

(',8#51!*5*,F%#%.!!)K'!&-%&!3-1#'5%!K-3-!9;'%-5!+*%-8!'5!&;-#3!%G*55#51!&;-!,*31-%&!

52H+-3!'(!%;>?4%!#5!'23!&-%&!%-&.!!X-!(',8-8!-*9;!'(!&;-!&K'!:QMOO!5&!3-1#'5%!\%G*55#51!

529,-'&#8-%!JO6B@6OO!*58!@:O6BMLOO]Q!2%#51!A<4DE!8*&*!('3!'5,F!&;-!9-5&3*,!MOO!

529,-'&#8-%!\6JO6B:6OO!*58!C:OOBCLOO].!!X-!&;-5!9*,92,*&-8!&;-!3-%2,&#51!(3--!

-5-31#-%!_-&*31-&!*58!_-&'&*,!('3!&;-!&-%&!%;>?4%!#5!&;-%-!3-1#'5%.!!);-!-5-31F!"*,2-%!

'+&*#5-8!2%#51!&;-%-!G*3&#*,!(',8%!*3-!%#H#,*3!&'!-5-31#-%!'+&*#5-8!K;-5!2%#51!&;-!

9'HG,-&-!1-5'H-!H'8-,.!!75!9'5&3*%&Q!&;-!%&329&23*,!H'8-,%!'+&*#5-8!K#&;'2&!2%#51!

A<4DE!9'5%&3*#5&%!F#-,8!(3--!-5-31F!"*,2-%!&;*&!*13--!G''3,F!K#&;!&;-!A<4DEB8#3-9&-8!

H'8-,%!\4GG-58#/!@].!!);#%!*5*,F%#%!%211-%&%!&;*&!%;>?4!8-%#15!#%!%#15#(#9*5&,F!

#HG3'"-8!&;3'21;!&;-!#59,2%#'5!'(!G*3&#*,!A<4DE!8*&*!('3!*!,*31-!>?4.!



! UC!

@6@ & I.,91,,.'*&

!
E%%-5&#*,,F!*,,!3-9'15#&#'5!G3'9-%%-%!#5"',"#51!>?4!*3-!93#&#9*,,F!8-G-58-5&!'5!

&;-!258-3,F#51!+*%-!G*#3-8!%-9'58*3F!\*58!;#1;-3B'38-3!&-3&#*3F]!%&329&23-.!);-!9-5&3*,!

3',-!'(!*99-%%#+#,#&F!*&!%#51,-!&*31-&!%#&-%!#%!K-,,!-%&*+,#%;-8!('3!>?4#BH-8#*&-8!

P5'9P8'K5!\6CQ!6JQ!@CB@L].!W'33-%G'58#51,FQ!%#>?4!*58!%;>?4!G3-8#9&#'5!H-&;'8%!!

'(&-5!#59'3G'3*&-!-%&#H*&-%!'(!&*31-&!%#&-!*99-%%#+#,#&F!#5&'!&;-#3!*,1'3#&;H%.!<'K-"-3Q!

&;-!%&329&23-!'(!*!,'51!&*31-&!>?4!#%!1-5-3*,,F!#59'HG,-&-,F!258-3%&''8!5#A&%'&%!*58!&;-!

3-%2,&#51!9'33-,*&#'5%!+-&K--5!G3-8#9&-8!*58!-((-9&#"-!%#Z%;>?4%!*3-!'(&-5!G''3!\)*+,-!

@.6].!Y#"-5!&;#%!8#((#92,&FQ!5-K-3!*,1'3#&;H%!;*"-!&-58-8!&'!+-9'H-!H'3-!9'HG,-/!*58!

H-,8!&;-3H'8F5*H#9!9*,92,*&#'5%!K#&;!%-T2-59-!%#15*&23-!*58!;-23#%&#9!32,-%.!

<'K-"-3Q!&;-%-!32,-%Q!*GG,#-8!&'!%;>?4BH-8#*&-8!#5;#+#&#'5!'(!<7=B6!G3'829&#'5Q!8'!5'&!

9'5%#%&-5&,F!#8-5&#(F!G'&-5&!#5;#+#&'3%.!

75!&;#%!K'3PQ!K-!(#58!&;*&!*5!-/&3-H-,F!%#HG,-!*GG3'*9;Q!#5"',"#51!&;-!

9*,92,*&#'5!'(!'5,F!&K'!%&3*#1;&('3K*38!&;-3H'8F5*H#9!&-3H%Q!%#15#(#9*5&,F!

'2&G-3('3H%!-/#%&#51!*GG3'*9;-%!K;-5!*GG,#-8!&'!#5;#+#&#'5!'(!<7=B6!\)*+,-!@.6].![23!

H'8-,!9'5%#8-3-8!'5,F!&K'!%#HG,-!>?4B>?4!#5&-3*9&#'5%!9-5&3*,!&'!&;-!>7AW!

3#+'529,-'G3'&-#5!H*9;#5-3F!\0#1.!@.6].!A&3'51!#5;#+#&#'5!9'33-,*&-8!K#&;!K-*P!(3--!

-5-31#-%!'(!&*31-&!(',8#51!\&!t!BO.L:]!K#&;#5!*5!'G&#H*,!6@B5&!K#58'K!\0#1.!@.C+Q!13-F!

+*3]!*58!K#&;!%&3'51!&'&*,!+#58#51!-5-31F!\&#R!O.J6].!);-%-!9'33-,*&#'5%!K-3-!H29;!

K-*P-3!K;-5!A<4DE!8*&*!K*%!5'&!2%-8!&'!8#3-9&!9*,92,*&#'5!'(!&;-!&*31-&!<7=B6!>?4!

%-9'58*3F!%&329&23-!H'8-,!\0#1.!@.M!*58!)*+,-!@.6]Q!;#1;,#1;&#51!&;-!3-T2#3-H-5&!('3!*5!

*9923*&-!&*31-&!>?4!%&329&23-!#5!%-,-9&#'5!'(!%;>?4%.!!



! UM!

);-!9'33-,*&#'5!9'-((#9#-5&!('3!'23!&'&*,!+#58#51!-5-31F!H-&3#9!#%!H'8-3*&-,F!

K-*P-3!&;*5!&;*&!('3!&;-!&*31-&!(',8#51!-5-31F!H-&3#9!\~&~#t!O.J6!"-3%2%!O.L:Q!

3-%G-9&#"-,F].!<'K-"-3Q!3-T2#3#51!%&3'51-3!_-&'&*,!#HG3'"-%!&;-!G3-8#9&#'5!%299-%%!3*&-!

('3!%-T2-59-%!9'5&*#5#51!*5!'G&#H*,Q!(2,,F!*99-%%#+,-!&*31-&!K#58'K.!!488#&#'5*,,FQ!

%-T2-59-%!K#&;!%&3'51!_-&'&*,!+2&!,-%%!*99-%%#+,-!'G&#H*,!&*31-&!K#58'K%!K-3-!3*3-,F!

G'&-5&,F!3-G3-%%-8!\0#1.!@.JW].!!);2%Q!*!9'HG,-&-,F!*99-%%#+,-!'G&#H*,!K#58'K!*GG-*3%!

93#&#9*,!('3!-((#9#-5&!3-G3-%%#'5!*58Q!'59-!&;#%!9'58#&#'5!#%!H-&Q!%&3'51!&'&*,!+#58#51!

-5-31F!#HG3'"-%!G3-8#9&#'5!*9923*9#-%.!!
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