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

!

!

"#!"#$$!

% & ' $ & ! ( ) $ $ & * & ! + # , - . ! / 0 ! 1 2 3 ) , 0 ! 1 4 5 ! 6 + 7 ! 8 % !

!

9,:;:<=!9&,>! !"#$%
&'()*%+,)-'(./+*%()01'/),%(+00.-)2%+-,%13)%
.45*.0+1.'-2%'6%(./+*%,.()/2.17%.-%13)/+5)81.0%
21/+1)9.)2%+9+.-21%:)5+1.1.2%;%<./82%.-6)01.'-!
!

=55*.0+1.'-%6'/%+%!"#$%&$'&($)*+,$-.%&.',&/%$'$-.%&0-$+'-+1&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
?@33:&$0!A&B#,<>&;<!)3!C&0:D:;&!
%
>85)/(.2'/2?%%
@/%A*)+-'/%B+/-)2%B>0CD%EF;GD%G3@%
G/'6)22'/%G+8*%H*)-)/4+-%EF;GD%IF;G+13D%@G3.*%
G/'6)22'/%&.0'*)%J.1K4+--D%E>0D%G3@%

@/%;3/.21+L)*%H)**7%
EBB>%M:'-2ND%B=%
O)**0'4)%P/821%F)2)+/03%I)**'Q%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



! $!

1&/+2#%+0.(

%&!&'(!)(*+,,+,*!-.!/0!12'+34!5!6+7(!.8+(,9!&--:!/(!57+9(!5,9!75+94!!

;<'+7!6+33!)(!&-&5330!9+..(8(,&!&-!7&=90+,*!.-8!0-=8!>(9+?53!1(*8((4!-8!(@(,!0-=8!
2'07+?+5,A7!(B5/7C!!<'-7(!58(!3+:(!)(+,*!D=&!+,!&'(!7&58&+,*!)3-?:7!-.!5,!E30/D+?!
76+//+,*!D--3!5,9!&-39!0-=!6+33!'5@(!&-!76+/!&'(!3(,*&'!-.!5!/585&'-,!57!.57&!57!
0-=!?5,!)(.-8(!0-=!?5,!*(&!-=&C!!%!12'+3!+7!3+:(!)(+,*!98-DD(9!+,!&'(!/+993(!-.!&'(!
-?(5,!6+&'!,-!+9(5!-.!6'(8(!&'(!7'-8(!+7!5,9!)(+,*!&-39!&-!.+,9!+&CF!!

G-8&=,5&(30!H!'5@(!'59!7(@(853!*=+9+,*!3+*'&7!&-!'(3D!/(!,5@+*5&(!&'(7(!0(587C!!>0!
7=D(8@+7-8!I33+(!J58,(7!+7!+,7D+85&+-,53!57!5!6-/5,4!5!?3+,+?+5,!7?+(,&+7&!5,9!
(,(8*(&+?!?0?3+7&!5,9!/-=,&5+,((8C!!K'(!'57!)(?-/(!5!.8+(,9!H!6+33!@53=(!.-8!3+.(4!
6'-!'57!*(,(8-=730!7'58(9!'(8!&+/(4!'(8!+,&(33(?&!5,9!'(8!+88(@(8(,&!6+&!6+&'!
/(C!!E,(!950!H!'-D(!&-!?-,@+,?(!'(8!&'5&!59@(8)7!'5@(!5!D35?(!+,!7?+(,&+.+?!
3+&(85&=8(L!25=3!M3(,(8/5,!'57!)((,!56(N+,7D+8+,*!57!/0!?-N7=D(8@+7-8C!!O+7!
?5D5?+&0!&-!?-,?(D&=53+7(!+,?8(9+)30!?-/D3(B!+9(57!5,9!8(9=?(!&'(/!&-!-,(!
7+/D3(!7(,&(,?(!-8!9+5*85/!+7!5/5P+,*C!!H!6+33!,(@(8!.-8*(&!25=3A7!8-?:!7-3+9!
7=DD-8&!+,!.5?(!-.!(@(80&'+,*!.8-/!@+75!D8-)3(/7!&-!.8((P(8!/(3&!9-6,7C!!O(!537-!
'57!&'(!=,=7=53!*+.&!-.!/5,5*+,*!&-!)(!(@(806'(8(!5&!-,?(4!6'+37&!5DD(58+,*!&-!
'5@(!533!&'(!&+/(!+,!&'(!6-839C!!H!5/!0(&!&-!'(58!'+/!750!'(!+7!&--!)=70!-8!85+7(!'+7!
@-+?(L!

H!&'5,:!/0!?-33(5*=(7!5&!&'(!Q-',!R59?3+..(!O-7D+&53S!18!Q-',!O533+9504!R(7(58?'!
,=87(7!T+PP+(!K&5..-89!5,9!1(,+7(!EA1-,,(334!57!6(33!57!&'(!M3(,(8/5,!5,9!
J58,(7!*8-=D4!(7D(?+5330!<-,0!J8-6,4!T(-!K6593+,*!5,9!%))0!O588+7-,C!!%&!&'(!
UH>>4!>5-!K53+-!:+,930!7'58(9!75/D3(7!5,9!'(8!(BD(8&+7(!-,!9(,98+&+?!?(337!
6+&'!/(C!!H!537-!&'5,:!&'(!D5&+(,&7!5,9!@-3=,&((87!6'-!'5@(!&5:(,!D58&!+,!&'(7(!
7&=9+(7S!,-,(!-.!&'+7!6-8:!6-=39!'5@(!)((,!D-77+)3(!6+&'-=&!&'(+8!*--9!6+33C!

<'(!D(-D3(!H!'5@(!/(&!5,9!?3-7(!.8+(,97!H!'5@(!/59(!6'+3(!+,!EB.-89!'5@(!/59(!
/0!12'+3!(BD(8+(,?(!5!V-0C!H!'5@(!)((,!(7D(?+5330!3=?:0!&-!'5@(!/(&!5,9!/588+(9!
&'(!/-7&!658/4!*(,(8-=7!'(58&(9!5,9!/=3&+N&53(,&(9!/5,N!Q50C!!!O+7!(,&'=7+57/4!
-D&+/+7/!5,9!6+33+,*,(77!&-!'(3D!+,!6'5&(@(8!650!D-77+)3(!'5@(!)((,!
+,@53=5)3(4!(7D(?+5330!9=8+,*!&'(!7((/+,*30!(,93(77!68+&(!=D!D(8+-9C!!<'(7(!&85+&7!
58(!?3(5830!7'58(9!)0!/0!/-&'(8N+,N356!Q-!6'-!9+9!,-&!'(7+&5&(!&-!*+@(!=D!'(8!
'-3+950!&+/(!&'+7!K=//(84!&-!-..(8!'(8!577+7&5,?(C!

>5:+,*!&'(!&85,7+&+-,!.8-/!?3+,+?+5,!&-!?3+,+?+5,N7?+(,&+7&!'57!)((,!?'533(,*+,*4!
)=&!=3&+/5&(30!(B?+&+,*!5,9!8(6589+,*C!!H!3--:!.-86589!&-!?-,&+,=+,*!/0!W=(7&!+,!
7(58?'!-.!&'(!7'-8(!+,!&'(!0(587!5'(59C!!!

!

! !



! X!

34-%'#2%(

506&,(#/&.06+'#,(6&2%0'&/(6#22+.&-(#./(%"&(+7$,+2#%+0.-(08(6+'#,(/+6&'-+%9(
+.(%"&'#$&:%+2(-%'#%&;+&-(#;#+.-%(<&$#%+%+-(!(=+':-(+.8&2%+0.>(

Dr Christabel Kelly, Keble College 
Submitted for DPhil. in Biomedical and Clinical Sciences, Trinity Term 2013 

O(D5&+&+7!Y!@+8=7!ZOY[\!+7!5!/5V-8!*3-)53!D5&'-*(,!(7&+/5&(9!&-!+,.(?&!-@(8!]^"!
/+33+-,!D(-D3(!6-8396+9(C!!%!8(?(,&!7&=90!'57!7'-6,!&'5&!@5??+,5&+-,!6+&'!
59(,-@+853!@(?&-874!)57(9!-,!858(!'=/5,!5,9!7+/+5,!7(8-&0D(7!(,?-9+,*!&'(!
,-,N7&8=?&=853!Z_K\!D8-&(+,7!-.!OY[4!+,9=?(7!'+*'30!D-&(,&4!/=3&+N7D(?+.+?!5,9!
9=85)3(!<!?(33!8(7D-,7(7!+,!'(53&'0!'=/5,!@-3=,&((87C!!H,!&'+7!&'(7+7!H!577(77!&'(!
75.(&0!5,9!+//=,-*(,+?+&0!-.!&'(7(!@5??+,(7!ZY'%9X`_K/=&!5,9!%9aN_K/=&\4!
.-8!&'(!.+87&!&+/(!+,!OY[!+,.(?&(9!D5&+(,&7C!!<'+7!6-8:!537-!(BD3-8(7!6'(&'(8!
@5??+,(N+,9=?(9!<!?(33!8(7D-,7(7!&58*(&!!"#$!$%!?+8?=35&+,*!OY[!5,&+*(,7!5,9!
?-//-,!,5&=85330!-??=88+,*!(D+&-D(!@58+5,&7C!!!

25&+(,&7!6+&'!&8(5&/(,&!,5+@(!?'8-,+?!*(,-&0D(!]!OY[!+,.(?&+-,!6(8(!@5??+,5&(9!
Z+C/C\!6+&'!Y'%9XN_K/=&!5,9!%9aN_K/=&!+,!5!'(&(8-3-*-=7!D8+/(!)--7&!
7?'(9=3(4!(+&'(8!6+&'!-8!6+&'-=&!?=88(,&!HG_!5,9!8+)5@+8+,!ZHG_bRJ[\C!!!ID+&-D(N
7D(?+.+?!<!?(33!8(7D-,7(7!6(8(!9(.+,(9!)0!.+,(!/5DD+,*!=7+,*!OY[!D(D&+9(7C!!
Y+8?=35&+,*!@+853!*(,-/+?!7(W=(,?(!657!9(&(8/+,(9!+,!@5??+,5&(9!D5&+(,&7!5&!
)57(3+,(!5,9!5&!5,0!D-+,&!-.!@+853!8(35D7(C!!Y8-77N8(5?&+@+&0!-.!@5??+,(N+,9=?(9!<!
?(33!8(7D-,7(7!657!9(&(8/+,(9!+,!<!?(33!5775074!=7+,*!D(D&+9(7!?-88(7D-,9+,*!&-!
)-&'!?+8?=35&+,*!'-7&!@+8=7!5,9!?-//-,!D-D=35&+-,!OY[!(D+&-D(!@58+5,&7C!!!%,!+,!
@+&8-!9(,98+&+?!?(33!b<!?(33!D8+/+,*!/-9(3!657!=7(9!&-!+9(,&+.0!D-77+)3(!
?5,9+95&(7!.-8!5!?8-77N8(5?&+@(!@5??+,(!+//=,-*(,!5&!&'(!/-7&!
+//=,-9-/+,5,&!(D+&-D(4!_KX]c"aC!

XX!D5&+(,&7!6(8(!@5??+,5&(9C!![5??+,5&+-,!657!6(33!&-3(85&(9C!!%&!&'(!'+*'(7&!
@5??+,(!9-7(!Z$Cd!B!]"]"@D\!@5??+,(N+,9=?(9!<!?(33!8(7D-,7(7!6(8(!9(&(?&5)3(!+,!
]]b$"!D5&+(,&7!8(?(+@+,*!?-,?=88(,&!HG_bRJ[!5,9!$bc!D5&+(,&7!8(?(+@+,*!
@5??+,5&+-,!53-,(C!!H,!&-&53!]c!5,&+*(,+?!&58*(&7!6(8(!+9(,&+.+(94!$!-.!6'+?'!'5@(!
,-&!D8(@+-=730!)((,!9(7?8+)(9C!!O-6(@(84!<!?(33!8(7D-,7(7!6(8(!-.!3-6(8!
/5*,+&=9(!5,9!/-8(!,588-630!.-?=7(9!&'5,!&'-7(!-)7(8@(9!+,!'(53&'0!
@-3=,&((87!@5??+,5&(9!6+&'!&'(!75/(!8(*+/(,C!!!

%,5307+7!-.!@+853!7(W=(,?(!7'-6(9!&'5&!+,!/5,0!?57(7!@5??+,(N+,9=?(9!<!?(337!9+9!
,-&!&58*(&!&'(!?+8?=35&+,*!@+8=7C!!%&!&'(!/-7&!+//=,-9-/+,5,&!(D+&-D(!Z_KX]c"a\4!
<!?(337!+,9=?(9!)0!@5??+,5&+-,!.5+3(9!&-!&58*(&!?-//-,!?+8?=35&+,*!*(,-&0D(!]!
OY[!@58+5,&7C!!%,!!"#$!&'%!/-9(3!7=**(7&(9!&'5&!+,!-89(8!&-!&58*(&!533!*(,-&0D(!]!
7(W=(,?(7!5&!&'+7!(D+&-D(4!+&!6-=39!)(!,(?(77580!&-!+,7(8&!)-&'!5!*(,-&0D(!]5!5,9!
])!@(87+-,!-.!&'+7!(D+&-D(!+,&-!5!@5??+,(!+//=,-*(,C!!!

[5??+,5&+-,!6+&'!59(,-@+853!@(?&-87!+,9=?(7!<!?(33!8(7D-,7(7!+,!D5&+(,&7!6+&'!
?'8-,+?!OY[!+,.(?&+-,4!'-6(@(8!+//=,(!8(7D-,7(7!58(!5&&(,=5&(9!?-/D58(9!
6+&'!'(53&'0!@-3=,&((87C!!e3&+/5&(30!5!7=??(77.=3!&'(85D(=&+?!-8!D8-D'035?&+?!
@5??+,(!7&85&(*0!6+33!8(30!-,!+,9=?+,*!8(7D-,7(7!&'5&!&58*(&!?-,7(8@(9!-8!?8-77N
8(5?&+@(!(D+&-D(7C!



! c!

9#'$&!)3!();<&;<.!

?! @.%'0/:2%+0.A(<&$#%+%+-(!(=+':-(#./(%"&('#%+0.#,&(80'(6#22+.#%+0.(>>>>>>>>>(??!
?>?! <&$#%+%+-(!(=+':-(@.8&2%+0.(+-(#(-+;.+8+2#.%(;,04#,($'04,&7(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(??!
?>B! C"#%(+-(%"&(.#%:'#,("+-%0'9(08(<!=(+.8&2%+0.D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?B!
?>E! C"#%(+-(%"&(2:''&.%(%'&#%7&.%(80'(<!=(+.8&2%+0.D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?F!
?>F! G%':2%:'&(#./(8:.2%+0.(08(<!=(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?H!
]CcC]! <'(!OY[!*(,-/(!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]#!
]CcC$! [58+5)+3+&0!-.!&'(!OY[!*(,-/(!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]f!

?>)! C"#%(+-(%"&(+..#%&(+77:.&('&-$0.-&(%0(<!=(+.8&2%+0.D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(BI!
]CdC]! 28-9=?&+-,!-.!H,&(8.(8-,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!$]!
]CdC$! H,&(8.(8-,!K+*,53+,*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!$c!
]CdCX! H//=,-/-9=35&-80!(..(?&7!-.!<0D(!H!HG_7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!$a!
]CdCc! %,&+N[+853!(..(?&7!-.!<0D(!H!HG_7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!$a!
]CdCd! OY[!7=)@(8&7!&'(!+,,5&(!+//=,(!8(7D-,7(!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!$^!
]CdCa! 2-30/-8D'+7/7!+,!+,,5&(!+//=,(!*(,(7!58(!577-?+5&(9!6+&'!&'(!-=&?-/(!-.!
OY[!+,.(?&+-,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!$f!

?>J! C"#%(+-(%"&('0,&(08(K(2&,,-(+.(<!=(+.8&2%+0.D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(EI!
?>H! C"#%(+-(%"&('0,&(08(<!=(-$&2+8+2(#.%+40/+&-(+.(<!=(+.8&2%+0.D(>>>>>>>>>>>>>>>>>>>>>>>(EB!
?>L! <!=(-:46&'%-(%"&(#/#$%+6&(+77:.&('&-$0.-&(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(EE!
]C#C]! R5&+-,53(!.-8!5!<'(85D(=&+?!<!?(33!@5??+,(!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!Xa!
]C#C$! R(W=+8(/(,&7!-.!5,!+9(53!OY[!<!?(33!@5??+,(!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!X#!

?>M! <!=(6#22+.&(-%'#%&;+&-(%0(/#%&(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(EL!
]CfC]! 2(D&+9(!5,9!28-&(+,!)57(9!@5??+,(7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!Xf!
]CfC$! 1_%!5,9!@(?&-8!@5??+,(7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!c$!
]CfCX! <'(!OY[![5??+,(!28-*85/!+,!EB.-894!eM!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!cX!

?>?I! <!=IIBK=A(%"&'#$&:%+2(6#22+.#%+0.(+.(N&.0%9$&(?(<!=(+.8&2%+0.(>>>>>>>>>>>>(FF!
]C]"C]! K&=90!E@(8@+(6!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!cc!
]C]"C$! <'(!H//=,-*(,g!_K/=&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!cd!
]C]"CX! %9(,-@+8=7(7!57!@(?&-87!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!c^!
]C]"Cc! R5&+-,53(!.-8!&'(!EB.-89!&'(85D(=&+?!<!?(33!&8+53!9(7+*,g!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!d]!
]C]"Cd! R-=&(!-.!+,V(?&+-,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!dc!
]C]"Ca! 1-7(!-.!Y'%9X!5,9!%9a!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!dc!
]C]"C^! 2-&(,&+53!K5.(&0!R+7:7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!da!

?>??! 3+7-(08(%"+-(O0'P(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(JI!
B! *#%&'+#,-(#./(*&%"0/-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(J?!
B>?! =#22+.#%+0.(08($#%+&.%-(O+%"(2"'0.+2(<!=(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(J?!
$C]C]! 25&+(,&!(,8-3/(,&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!a]!

B>B! =#22+.&-(3/JQ5G7:%(#./(!"3/EQ5G7:%(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(JE!
B>E! <&#,%"9(=0,:.%&&'-(8'07(0%"&'(6#22+.&(%'+#,-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(JE!
B>F! G#8&%9A(!,#--+8+2#%+0.(08(#/6&'-&(&6&.%-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(JF!
B>)! !&,,(<#./,+.;(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(JJ!
$CdC]! J3--9!K(D585&+-,!5,9!2J>Y!H7-35&+-,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!aa!
$CdC$! 2357/5!H7-35&+-,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!aa!
$CdCX! 28(D585&+-,!-.!R]"g!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!a^!
$CdCc! Y(33!?-=,&+,*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!a^!
$CdCd! Y(33!28(7(8@5&+-,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!a^!
$CdCa! Y(33!<'56+,*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!a^!

B>J! R&$%+/&-(#./(3.%+;&.-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(JL!
B>H! S6#,:#%+0.(08(@T5Q! ($'0/:2+.;(2&,,-(80,,0O+.;(<!=($&$%+/&(-%+7:,#%+0.U(49(
@T5Q! (SV@G$0%(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(JL!
$C^C]! Y1#h!1(D3(&+-,!HG_N!ITHKD-&!%7750!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!af!
$C^C$! 1(.+,+&+-,!-.!5!D-7+&+@(!HG_N!!ITH7D-&!8(7D-,7(!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!af!



! d!

$C^CX! H9(,&+.0+,*!<!?(33!(D+&-D(7!&'8-=*'!D(D&+9(!/5DD+,*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ ]!
B>L! R0$:,#%+0.(6#'+#%+0.(#%(P&9(&$+%0$&-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(H?!
B>M! @.%'#2&,,:,#'(!9%0P+.&(G%#+.+.;(W@!GX(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(H?!
$CfC]! i5&+,*!K&85&(*0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ $!

B>?I! <V3(!,#--(@(R&.%#7&'(G%#+.+.;(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(HE!
B>??! R'0,+8&'#%+0.(3--#9-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(H)!
B>?B! G&Y:&.2+.;(08(#:%0,0;0:-(6+':-(+.($#%+&.%-(O+%"(<!=(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(H)!
$C]$C]! R_%!(B&85?&+-,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ d!
$C]$C$! 2YR!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ d!
$C]$CX! IB&85?&+-,!-.!2YR!D8-9=?&7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ #!
$C]$Cc! 1+8(?&!K(W=(,?+,*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ #!

B>?E! 5&:%'#,+-+.;(3.%+40/+&-(%0(3/&.06+'#,(=&2%0'-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(HL!
B>?F! @VBLZ(;&.0%9$+.;(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(HM!
B>?)! R'+7+.;(.#[6&(K(2&,,-(:-+.;(70.029%&(/&'+6&/(/&./'+%+2(2&,,-(>>>>>>>>>>>>>>>>>>>>(HM!
$C]dC]! i(,(85&+-,!-.!+//5&=8(!1(,98+&+?!Y(337!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ f!
$C]dC$! >5&=85&+-,!-.!H//5&=8(!9(,98+&+?!?(337!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!#"!
$C]dCX! <!?(33!7&+/=35&+-,!)0!5=&-3-*-=7!1Y7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!#"!
$C]dCc! R(7&+/=35&+-,!-.!?(33!3+,(7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!#"!
$C]dCd! 2'(,-&0D+?!%,5307+7!-.!1(,98+&+?!Y(337!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!#]!
$C]dCa! 2(D&+9(7!5,9!&(&85/(87!.-8!1Y!(BD(8+/(,&7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!#]!

B>?J! G%#%+-%+2#,(3.#,9-+-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(L?!
B>?H! T:./+.;(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(LB!
B>?L! C0'P(/0.&(49(0%"&'-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(LB!

E! @-(%"&'#$&:%+2(6#22+.#%+0.(-#8&(#./(+77:.0;&.+2D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(LE!
E>?! 3+7-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(LE!
E>B! Z#2P;'0:./(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(LE!
E>E! \:&-%+0.-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(LF!
E>F! S.'0,,7&.%(#./(2,+.+2#,(20:'-&(08($#%+&.%-(+.(<!=IIBK=(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(LF!
XCcC]! <8(5&/(,&!E=&?-/(7!+,!%8/!%!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!##!

E>)! @-(%"&'#$&:%+2(6#22+.#%+0.(+.(<!=IIBK=(-#8&D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(M?!
XCdC]! Y'5,*(7!+,!%T<!.-33-6+,*!@5??+,5&+-,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!fd!

E>J! ]+.&%+2-(08(K(2&,,('&-$0.-&-(+.($#%+&.%-('&2&+6+.;(,0O(W)E?IL6$X(#./(
7&/+:7(W)E?IM6$X(/0-&(6#22+.#%+0.(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(MH!
E>H! K(2&,,('&-$0.-&-(+.($#%+&.%-('&2&+6+.;("+;"(/0-&(6#22+.#%+0.(WB>)E?I?I6$X(
#./(20.2:''&.%(@T5^_Z=(%"&'#$9(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(MM!
XC^C]! U'5&!+7!&'(!-D&+/53!@5??+,(!8(*+/(,j!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]"X!

E>L! 3.%+6&2%0'(@77:.+%9(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?IH!
XC#C]! %,&+@(?&-8!%,&+)-9+(7!5&!)57(3+,(!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]"#!
XC#C$! %,&+@(?&-8!5,&+)-9+(7!.-33-6+,*!@5??+,5&+-,!6+&'!Y'%9Xb%9a!CCCCCCCCCCCCCCCCCCCCCC!]"f!
XC#CX! %,&+@(?&-8!<!?(33!8(7D-,7(7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]]$!
XC#Cc! 1-!)57(3+,(!OY[!7D(?+.+?!<!?(337!D8(9+?&!8(7D-,7(!&-!@5??+,5&+-,j!CCCCCCCCCCCCCCC!]]d!

E>M! *#$$+.;(08($&$%+/&(-$&2+8+2(K(2&,,('&-$0.-&-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(??H!
XCfC]! J8(59&'!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]]^!
XCfC$! H9(,&+.0+,*!&'(!-D&+/53!(D+&-D(!&58*(&7!-.!@5??+,(N+,9=?(9!<!?(337!CCCCCCCCCCCCCC!]]f!
XCfCX! $!,-@(3!(D+&-D(7!58(!+9(,&+.+(9!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]$$!

E>?I! C"#%(+-(%"&(&88&2%(08(6#22+.#%+0.(0.(6+'#,(,0#/D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?BF!
E>??! C"#%(+-(%"&(Y:#,+%9(08(K(2&,,-($'0/:2&/(49(6#22+.#%+0.D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?BJ!
XC]]C]! 28-3+.(85&+@(!Y5D5?+&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]$a!
XC]]C$! H,&85?(33=358!Y0&-:+,(!K&5+,+,*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]$^!
XC]]CX! 2'(,-&0D+,*!@5??+,(N+,9=?(9!<!?(337!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]$#!

E>?B! 1+-2:--+0.(08(G#8&%9(#./(@77:.0;&.+2+%9>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?E?!
E>?E! ]&9(R0+.%-(V&#'.&/^G:77#'9('&-:,%-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?FB!



! a!

F! C"#%(+-(%"&(+7$#2%(08(2+'2:,#%+.;(6+'#,(-&Y:&.2&(0.(6#22+.&Q+./:2&/(K(
2&,,('&-$0.-&-(+.(<!=D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?FE!
F>?! 3+7(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?FE!
F>B! Z#2P;'0:./(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?FE!
F>E! \:&-%+0.-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?FF!
F>F! 10&-(7+-7#%2"(4&%O&&.(6+':-(#./(+77:.0;&.(W+>&>(6#22+.#%+0.(O+%"(#(
.06&,(#.%+;&.X($'&/+2%(K(2&,,('&-$0.-&(%0(6#22+.#%+0.D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?FF!
cCcC]! U'5&!+7!&'(!@+853!7(W=(,?(!-.!D5&+(,&7!6'-!8(7D-,9!&-!@5??+,5&+-,!6+&'!
Y'%9XN_K/=&!5,9!%9aN_K/=&j!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]cc!
cCcC$! U'5&!+7!&'(!@+853!7(W=(,?(!+,!D5&+(,&7!6'-!9-!,-&!8(7D-,9!&-!&'(85D(=&+?!<!
?(33!@5??+,5&+-,j!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]c^!

F>)! <0O(6#'+#4,&(+-(%"&(<!=(;&.07&(#%(-+%&-(20''&-$0./+.;(%0(
+77:.0/07+.#.%(K(2&,,(&$+%0$&-D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?)B!
cCdC]! [58+5)3(!<!?(33!ID+&-D(7!H9(,&+.+(9!+,!OY[""$<[!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]dX!
cCdC$! Y-,7(8@(9!<!?(33!ID+&-D(7!+9(,&+.+(9!+,!K&=90!OY[""$<[!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]dd!

F>J! 10(K(2&,,-(+./:2&/(49(6#22+.#%+0.(%#';&%(2+'2:,#%+.;(#:%0,0;0:-(6+':-(+.(
$#%+&.%-(O+%"(2"'0.+2(<!=D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?)H!
F>H! 10(K(2&,,-(+./:2&/(49(6#22+.#%+0.('&20;.+-&(20770.(6+'#,(6#'+#.%-(#%(K(
2&,,(&$+%0$&(-+%&-D(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?J?!
F>L! T:.2%+0.#,(#.#,9-+-(08(K(2&,,-(O"+2"('&20;.+-&(<!=(-&Y:&.2&(6#'+#.%-(#%(
&$+%0$&(5GE?IHE(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?JL!
F>M! 1+-2:--+0.(08(6+'#,(6#'+#%+0.(#./(K(2&,,('&-$0.-&-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?HE!
F>?I! ]&9(R0+.%-(V&#'.&/^(G:77#'9('&-:,%-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?LB!

)! @/&.%+89+.;(%"&(+/&#,(#.%+;&.A(S$+%0$&(5GE?FIJ(+.(/&$%"(>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?LE!
)>?! 3+7-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?LE!
)>B! Z#2P;'0:./(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?LE!
)>E! \:&-%+0.-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?L)!
)>F! 1&-+;.+.;(#(7&%"0/(%0(%&-%(2#./+/#%&(6#22+.&(#.%+;&.-(+.(6+%'0(:-+.;(%"&(
*&,#.Q3(70/&,(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?L)!
dCcC]! K5/D3(!7(3(?&+-,!5,9!&(&85/(8!&(7&+,*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]#a!
dCcC$! i8-6+,*!>-,-?0&(!1(8+@(9!1(,98+&+?!Y(337!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]##!
dCcC]! >-,-?0&(!9(8+@(9!9(,98+&+?!?(337!?5,!D8+/(!5=&-3-*-=7!,5k@(!<!?(33!
D-D=35&+-,7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]f$!

)>)! !#.(!"#$!%&'($'+7+.;($'0/:2&(<!=(-$&2+8+2(K(2&,,-(O"+2"('&20;.+-&(%"&(70-%(
20770.(<!=(-&Y:&.2&(6#'+#.%-(#%(&$+%0$&(5GE?FIJD(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?ME!
dCdC]! R(.+,+,*!&'(!/(&'-9!.-8!!"#$!&'%!D8+/+,*!-.!OY[!7D(?+.+?!<!?(337!CCCCCCCCCCCCCCCCCCC!]fc!
dCdC$! R(7=3&7!.8-/!&'(!D+3-&!(BD(8+/(,&g!&'(8(!+7!5!@58+5,&!-.!(D+&-D(!_KX]c"a!
6'+?'!D8+/(7!)8-5930!?8-77N8(5?&+@(!<!?(337C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]f#!
dCdCX! H7!D(D&+9(!fdY!ZMT[%Ti[_%[\!&'(!)(7&!?5,9+95&(!.-8!5,!_KX]c"a!?-,&5+,+,*!
@5??+,(!+//=,-*(,j!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!$"]!
dCdCc! G=,?&+-,53!8(?-*,+&+-,!-.!9+..(8(,&!7(W=(,?(!@58+5,&7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!$"a!

)>J! 1+-2:--+0.(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(B?E!
)>H! ]&9($0+.%-^(G:77#'9(08('&-:,%-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(BBB!

J! !0.2,:/+.;(_&7#'P-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(BBE!

H! Z+4,+0;'#$"9(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(BEJ!
3$$&./+`(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(B)L!
!

! !



! ^!

344'&6+#%+0.-(

!

!
! !

!" !#$%"&'(
!') *+,-#.!'/#&0%1+2.)
!')345,+$ 6/78%9-$%&# '/:/9$%0/ ;+,-# -'/#&0%1+2 /#9&'%#< -# %,,+#&</#

1/71/2/#$%#< $;/ #&#32$1+9$+1-8 1/<%&# &: $;/ *=> </#&,/? @%$; -
,+$-$%&#.%#.$;/.64!.7&8(,/1-2/A.

!B !'0/12/./0/#$
!C= !#$%</#.71/2/#$%#<.9/88
D5! D&0%#/.2/1+,.-8"+,%#
=E =8+2$/1.&:.'%::/1/#$%-$%&#
=;!'F =;%,7-#G//.!'/#&0%1+2.F
=;!'F345,+$ 6/78%9-$%&# '/:/9$%0/ =;%,7-#G// !'/#&0%1+2 /#9&'%#< -#

%,,+#&</# 1/71/2/#$%#< $;/ #&#32$1+9$+1-8 1/<%&# &: $;/ *=>
</#&,/?.@%$;.-.,+$-$%&#.%#.$;/.64!.7&8(,/1-2/A.

=&#! =&#9-0-8%#.!
E= E/#'1%$%9.=/88
EH5I E%,/$;(8.2+8:&J%'/
BKL57&$ B#G(,/.K%#M/'.L,,+#&57&$
N!=5 N8+&1/29/#9/3-9$%0-$/'.9/88.2&1$/1
ND= N+88.D8&&'.=&+#$
N=5 N&/$-8.9-8:.2/1+,
*D> */7-$%$%2.D.>%1+2
*=> */7-$%$%2.=.>%1+2
*L> *+,-#.L,,+#&'/:%9%/#9(.>%1+2
*K! *+,-#.K/+M&9($/.!#$%</#
L=5 L#$1-9/88+8-1.9($&M%#/.2$-%#%#<
LN4 L#$/1:/1&#
LN43O L#$/1:/1&#.-87;-
LN4P6D> C/<(8-$/'.L#$/1:/1&#.-#'.1%"-0%1%#
LN4QF L#$/1:/1&#.K-,"'-.F
LH L#$1-,+29+8-1
L>ER L#$1-0/#&+2.'1+<.+2/1
KC5 K%7&7&8(2-99;-1%'/
H5H H/#.@;&.;-0/.2/J.@%$;.,/#
H>! H&'%:%/'.>-99%#%-.!#M-1-
#!" 4/+$1-8%2%#<.-#$%"&'(
4S 4-$+1-8.M%88/1.9/88
CD5 C;&27;-$-2/."+::/1.2-8%#/
C=6 C&8(,/1-2/.9;-%#.1/-9$%&#
CBT3LN4- C/<(8-$/'.L#$/1:/1&#.!87;-
7:+ 78-U+/.:&1,%#<.+#%$2
CH! C;&1"-8.VW3,(1%2$-$/.VF3-9/$-$/
C$ 7-$%/#$
6D> 6%"-0%1%#
5!B 5/1%&+2.!'0/12/.B0/#$
5N= 57&$.:&1,%#<.9&8&#%/2
5>6 5+2$-%#/'.>%1&8&<%9-8.6/27&#2/
07 >%1+2.C-1$%98/2



! #!

K#4,&(08(T+;:'&-!
T+;:'&(?Q?(5#%:'#,(<+-%0'9(08(<!=(@.8&2%+0.(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?E!
T+;:'&(?QB(G2"&7#%+2('&$'&-&.%#%+0.(08(%"&(<!=(;&.07&(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?M!
T+;:'&(?QE(K9$&(@(#./(@@@(+.%&'8&'0.-(#'&(+./:2&/(6+#(B(7#+.($#%"O#9-(+.('&-$0.-&(%0(<!=>((

<!=(+.%&'8&'&-(O+%"(@.%&'8&'0.($'0/:2%+0.>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(BE!
T+;:'&(?QF(K"&(-+;.#,+.;($#%"O#9-(08(@.%&'8&'0.-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(B)!
T+;:'&(?Q)(a//-(_#%+0(08('+-P(8#2%0'-(#--02+#%&/(O+%"(<!=(%'&#%7&.%(8#+,:'&(>>>>>>>>>>>>>>>>>>>>>>>>>(EI!
T+;:'&(?QJ(R"9,0;&.&%+2(%'&&(08(":7#.(#./(2"+7$#.b&&(#/&.06+':-&-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(FL!
T+;:'&(?QH(=#22+.#%+0.(08(*#2#Y:&-(:-+.;(!"3/EQ5G7:%(#./(3/JQ5G7:%(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>()E!
T+;:'&(?QL(=#22+.#%+0.(O+%"(#("&%&'0,0;0:-($'+7&^400-%('&;+7&.(+.("&#,%"9(60,:.%&&'-(

8'07(-%:/9(<!=II?>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>()F!
T+;:'&(BQ?(Z#2P;'0:./(@T5Q!  SV@G$0%('&-$0.-&(%0(1*Ga(+.($#%+&.%-(O+%"(2"'0.+2(<!=(>>>>>(HI!
T+;:'&(BQB>(N#%+.;(-%'#%&;9(80'(@.%'#2&,,:,#'(29%0P+.&(-%#+.+.;(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(HE!
T+;:'&(BQE(N#%+.;(-%'#%&;9(80'($&.%#7&'(-%#+.+.;(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(HF!
T+;:'&(EQ?(R#%+&.%(&.'0,,7&.%(+.(-%:/9(<!=IIBK=(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(LH!
T+;:'&(EQB(G=_('#%&-(#220'/+.;(%0(@VBLZ(;&.0%9$&(+.($#%+&.%-(+.(G%:/9(<!=IIBK=(>>>>>>>>>>>>>(LM!
T+;:'&(EQE(V02#,(#/6&'-&(&6&.%-(W3S-X($0--+4,9U($'04#4,9(0'(/&8+.+%&,9(#--02+#%&/(O+%"(

6#22+.#%+0.(O+%"(!"3/EQ5G7:%>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(MB!
T+;:'&(EQF(V02#,(#/6&'-&(&6&.%-(W3S-X($0--+4,9U($'04#4,9(0'(/&8+.+%&,9(#--02+#%&/(O+%"(

6#22+.#%+0.(O+%"(3/JQ5G7:%>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(MB!
T+;:'&(EQ)(G9-%&7+2(#/6&'-&(&6&.%-(W3S-X($0--+4,9U($'04#4,9(0'(/&8+.+%&,9(#--02+#%&/(O+%"(

6#22+.#%+0.(80,,0O+.;(!"3/EQ5G7:%(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(MF!
T+;:'&(EQJ(G9-%&7+2(#/6&'-&(&6&.%-(W3S-X($0--+4,9U($'04#4,9(0'(/&8+.+%&,9(#--02+#%&/(O+%"(

6#22+.#%+0.(80,,0O+.;(3/JQ5G7:%(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(M)!
T+;:'&(EQH(!"#.;&-(+.(3VK(+.('&,#%+0.(%0(+77:.&('&-$0.-&-(#./(06&'(%+7&(+.(%O0(

+./+6+/:#,-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(MH!
T+;:'&(EQL(*#;.+%:/&(#./(P+.&%+2-(08(K(2&,,('&-$0.-&-(#8%&'(,0O(#./(7&/+:7(/0-&(

6#22+.#%+0.(O+%"(!"3/EQ5G7:%(W$'+7&X(#./(3/JQ5G7:%(W400-%X>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(MM!
T+;:'&(EQM(@.2'&#-&(+.(7#;.+%:/&(08(K(2&,,('&-$0.-&-(7&#-:'&/(49(@T5!QSV@G$0%(+.($#%+&.%-(

6#22+.#%&/(O+%"(!"3/EQ5G7:%(W$'+7&XU(3/JQ5G7:%(W400-%XU(O"+,&(0.(20.2:''&.%(
@T5"^_Z=(%"&'#$9>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?II!

T+;:'&(EQ?I(K(2&,,('&-$0.-&-(%0(<!=(50.Q-%':2%:'#,($'0%&+.-U(/:'+.;(%'&#%7&.%(O+%"(
@T5^_Z=(+.(20.%'0,(#'7(08(<!=IIBK=(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?I?!

T+;:'&(EQ??(*#;.+%:/&(#./(P+.&%+2-(08(<!=(-$&2+8+2(K(2&,,('&-$0.-&-(#8%&'("+;"(/0-&(
6#22+.#%+0.((O+%"(!"3/EQ5G7:%(W$'+7&X(#./(3/JQ5G7:%(W400-%X>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?IB!

T+;:'&(EQ?B(!07$#'+-0.(08(K(2&,,('&-$0.-&-(%0(&#',9(6&'-:-(,#%&(6#22+.#%+0.(#./(-+.;,&(
6&'-:-(/0:4,&($'+7+.;(6#22+.#%+0.(O+%"(!"3/EQ5G7:%^5G7:%(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?IF!

T+;:'&(EQ?E(*#;.+%:/&(#./(P+.&%+2-(08(K(2&,,('&-$0.-&-(%0(<!=(#.%+;&.-(#8%&'(-+.;,&(#./(
/0:4,&($'+7+.;(6#22+.#%+0.(O+%"(!"3/EQ5G7:%^3/JQ5G7:%>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?IH!

T+;:'&(EQ?F(V&6&,-(08(#.%+6&2%0'(#.%+40/+&-($'+0'(%0(6#22+.#%+0.(+.(-+.;,&($'+7&(207$#'&/(
O+%"(/0:4,&($'+7&(#'7-(+.($#%+&.%-('&2&+6+.;(20.2:''&.%(%'&#%7&.%(O+%"(RSN"Q
@T5^_Z=(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?IL!

T+;:'&(EQ?)(@./:2%+0.(08(#.%+6&2%0'(#.%+40/+&-($0-%($'+7+.;(6#22+.#%+0.(O+%"(!"3/EQ
5G7:%(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(??I!

T+;:'&(EQ?J(@./:2%+0.(08(#.%+6&2%0'(#.%+40/+&-($0-%(400-%+.;(6#22+.#%+0.(O+%"(3/JQ5G7:%
(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(???!

T+;:'&(EQ?H(!0''&,#%+0.(4&%O&&.(#.%+6&2%0'(+77:.+%9(#./(+77:.0;&.+2+%9(08(%"&(<!=(
+77:.0;&.(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(??B!

T+;:'&(EQ?L(3.%+Q6&2%0'(K(2&,,-(80,,0O+.;(6#22+.#%+0.(+.(3'7(3(#./(+.("&#,%"9(60,:.%&&'-
(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(??F!

T+;:'&(EQ?M(K(2&,,('&-$0.-&-(%0(%"&(#/&.06+'#,("&`0.(+.($#%+&.%-(O+%"(2"'0.+2(<!=(
207$#'&/(O+%"("&#,%"9(60,:.%&&'-U(6#22+.#%&/(O+%"(!"3/EQ5G7:%(#./(3/JQ5G7:%>
(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(??)!

T+;:'&(EQBI(!0''&,#%+0.(4&%O&&.(4#-&,+.&U($&#P($'+7&(#./($&#P(400-%(K(2&,,('&-$0.-&-(%0(
6#22+.#%+0.(+.(3'7-(3(#./(Z>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(??J!

T+;:'&(EQB?(Z'&#/%"(08(K(2&,,('&-$0.-&-(80,,0O+.;(6#22+.#%+0.(O+%"("+;"(/0-&(!"3/EQ
5G7:%^3/JQ5G7:%>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(??L!



! f!

T+;:'&(EQBB(S$+%0$&-(%#';&%&/(49(6#22+.&Q+./:2&/(K(2&,,-U(+.($#%+&.%-(6#22+.#%&/(O+%"(
!"3/EQ5G7:%(#./(3/JQ5G7:%>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?BI!

T+;:'&(EQBE(@/&.%+8+2#%+0.(08(.06&,(&$+%0$&-((5GFZ?LM?Q?LMM(W3V==N==!3X(#./(5G)ZBLIFQBL?FU(
WVK_1RKKRV3_X>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?BB!

T+;:'&(EQBF(S88&2%(08(6#22+.#%+0.(O+%"(!"3/EQ5G7:%^3/JQ5G7:%(0.(6+'#,(,0#/-(+.(3'7(ZE
(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?B)!

T+;:'&(EQB)(R'0,+8&'#%+6&('&-$0.-&(%0("+;"(/0-&(6#22+.#%+0.(O+%"(!"3/EQ5G7:%^3/JQ
5G7:%(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?BH!

T+;:'&(EQBJ(@!G('&-$0.-&-(#8%&'("+;"(/0-&(400-%+.;(6#22+.#%+0.(O+%"(3/JQ5G7:%(+.(
$#%+&.%-(+.(3'7(3(#./(3'7(Z(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?BL!

T+;:'&(EQBH(R"&.0%9$&(08($&.%#7&'($0-+%+6&(<!=(-$&2+8+2(K(2&,,-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?EI!
T+;:'&(FQ?((K"&(/&;'&&(08(6#'+#4+,+%9(+.(;&.0%9$&(?(<!=(-&Y:&.2&-(#%(#($0$:,#%+0.(,&6&,(?)B!
T+;:'&(FQB(=#'+#4,&(K(2&,,(&$+%0$&-(+/&.%+8+&/(+.(-%:/9(<!=IIBK=(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?)F!
T+;:'&(FQE(K(2&,,(&$+%0$&-(+/&.%+8+&/(+.(G%:/9(<!=IIBK=(O+%"($'&/07+.#.%(;&.0%9$&(?#(0'(

?4(-&Y:&.2&(6#'+#.%-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?))!
T+;:'&(FQF(!0.-&'6&/(K(2&,,(&$+%0$&-(+/&.%+8+&/(+.(-%:/9(<!=IIBK=(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?)H!
T+;:'&(FQ)(K(2&,,('&-$0.-&-(%0($&$%+/&-(20''&-$0./+.;(%0(%"&(6#22+.&(-&Y:&.2&(#./("0-%(

6+':-(-&Y:&.2&(#%(+77:.0;&.+2(&$+%0$&-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?)M!
T+;:'&(FQJ(<!=(-$&2+8+2(K(2&,,-(+/&.%+8+&/(49($&.%#7&'(-%#+.+.;(+.($#%+&.%-(O+%"(2"'0.+2(

<!=(6#22+.#%&/(O+%"(!"3/EQ5G7:%($'+7&^3/JQ5G7:%(400-%>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?J?!
T+;:'&(FQH(!'0--Q'&#2%+6+%9(08(K(2&,,-(%0($&$%+/&-(20''&-$0./+.;(%0(20770.(6#'+#.%-(#%(

&$+%0$&(5GE?IHE(+.("&#,%"9(60,:.%&&'-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?JB!
T+;:'&(FQL(!'0--Q'&#2%+6+%9(08(6#22+.&Q+./:2&/(K(2&,,-(%0($&$%+/&-(20''&-$0./+.;(%0(

/+88&'&.%(6+'#,(-&Y:&.2&-(#%(5GE?FIJ(+.("&#,%"9(60,:.%&&'-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?J)!
T+;:'&(FQM(!'0--Q'&#2%+6+%9(08(K(2&,,-(%0($&$%+/&-(20''&-$0./+.;(%0(20770.(6#'+#.%-(#%(

&$+%0$&(5GE?FFJ(W3K13V*KNcX(+.("&#,%"9(60,:.%&&'-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?JJ!
T+;:'&(FQ?I(K(2&,,(2'0--Q'&#2%+6+%9(#%(E(&$+%0$&-(+.("&#,%"9(60,:.%&&'-U(:-+.;(/+88&'&.%(

$&$%+/&(20.2&.%'#%+0.-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?JL!
T+;:'&(FQ??(!07$#'+-0.(08(&$+%0$&(-$&2+8+2(K(2&,,('&-$0.-&-(%0(%O0(6#'+#.%-(08(&$+%0$&(

5GE?IHE(80,,0O+.;(6#22+.#%+0.(08(%O0("&#,%"9(60,:.%&&'-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?JM!
T+;:'&(FQ?B(R"&.0%9$+2(207$#'+-0.(08(6#22+.&Q+./:2&/(!1Ld(2&,,-U(-%#+.&/(O+%"(%O0(

6&'-+0.-(08($&.%#7&'(5GE?IHE(+.("&#,%"9(60,:.%&&'->(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?HI!
T+;:'&(FQ?E>(!07$#'#%+6&(@!G(08(6#22+.&Q+./:2&/(2&,,-(+.("&#,%"9(60,:.%&&'-U(-%+7:,#%&/(

O+%"($&$%+/&-(20''&-$0./+.;(%0(W+X(%"&(6#22+.&(+77:.0;&.(W%0$($#.&,X(0'(W++X(%"&(
70-%(20770.(6#'+#.%(<!=(-&Y:&.2&(W40%%07($#.&,X>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?HB!

T+;:'&(FQ?F(R:%#%+6&(70/&,(08(K(2&,,('&-$0.-&-(%0(%"&'#$&:%+2(6#22+.#%+0.(>>>>>>>>>>>>>>>>>>>>>>>>>(?HJ!
T+;:'&()Q?(G2"&7#(80'(!"#$!%&'($'+7+.;(08(.#[6&(K(2&,,-(:-+.;(/+88&'&.%(<!=(-&Y:&.2&(

6#'+#.%-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?LF!
T+;:'&()QB(_&$'&-&.%#%+6&(T3!-($,0%-(08(<V3Q3B(3.%+40/9(-%#+.+.;(0.(O"0,&(4,00/(>>>>>>>>(?LH!
T+;:'&()QE(_&$'&-&.%#%+6&(*&,#.Q3($&.%#7&'(-%#+.+.;(+.("&#,%"9(:.-%+7:,#%&/(<V3Q3B(

$0-+%+6&(-#7$,&-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?LL!
T+;:'&()QF(R:'+%9(08(70.029%&(+-0,#%+0.(8'07(<V3Q3B(+./+6+/:#,-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?LM!
T+;:'&()Q)((1&./'+%+2(!&,,(/&6&,0$7&.%A('&$'&-&.%#%+6&(T3!G($,0%-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?MI!
T+;:'&()QJ(1&./'+%+2(!&,,(/&6&,0$7&.%(06&'(%+7&(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?MB!
T+;:'&()QH(R'+7+.;(08(*&,#.Q3(-$&2+8+2(K(2&,,-(8'07(.#[6&($'&2:'-0'-U(:-+.;(#.(+.(6+%'0(

$'+7+.;(70/&,(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?ME!
T+;:'&()QL(1#9(BI($&.%#7&'(-%#+.+.;(08(K(2&,,(,+.&-($'+7&/(49(<!=($&$%+/&-(+.(E("&#,%"9(

+./+6+/:#,->(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?M)!
T+;:'&()QM(_&-%+7:,#%+0.(O+%"(8'0b&.(#:%0,0;0:-(8&&/&'(2&,,-(O#-(:.-:22&--8:,(#%($'+7+.;(

<!=(-$&2+8+2(K(2&,,-(#%(1#9(BL>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?MJ!
T+;:'&()Q?I(1&6&,0$7&.%(08(<!=(-$&2+8+2(K(2&,,-U($'+7&/(+.(6+%'0U(+.(60,:.%&&'(1!F(>>>>>>>>(?MH!
T+;:'&()Q??((V0--(08(<!=(-$&2+8+2(K(2&,,-(#8%&'(%'9+.;(#(.&O(7&%"0/(08(#//+.;(#:%0,0;0:-(

8&&/&'(2&,,-(%0($'+7&/(.#[6&(K(2&,,->(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?ML!
T+;:'&()Q?B(K"&(e.+6&'-#,(;&.0%9$&(?(<!=(&$+%0$&D((R&.%#7&'(-%#+.+.;(08(K(2&,,(,+.&-(

$'+7&/(O+%"(6#'+#.%-(08($&$%+/&(M)3(W]VGNVN@53=X>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(BII!
T+;:'&()Q?E(R'0;'&--(08(<!=(-$&2+8+2(K(2&,,(,+.&(2:,%:'&(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(BI?!
T+;:'&()Q?F(*#;.+%:/&(#./(!'0--Q'&#2%+6+%9(08(K(2&,,('&-$0.-&-($'+7&/(O+%"(<!=(-$&2+8+2(

$&$%+/&-(+.("&#,%"9(<V3Q3B($0-+%+6&(60,:.%&&'-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(BIE!



! ]"!

T+;:'&()Q?)(!&,,(,+.&-($'+7&/(O+%"($&$%+/&(]V=3VN=53=(WM)!X(/0(.0%($'0/:2&(:.+6&'-#,,9(
'&20;.+-&/(<!=(-$&2+8+2(K(2&,,-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(BIF!

T+;:'&()Q?J(R#%%&'.-(08(2'0--Q'&#2%+6+%9(+.(K(2&,,-($'+7&/(49(]VGNVN@53=(WM)3X(>>>>>>>>>>>>>(BI)!
T+;:'&()Q?H(_&$'&-&.%#%+6&((@!G(-%#+.+.;(+.((#(2&,,(,+.&($'+7&/(O+%"($&$%+/&(M)!(

W]V=3VN=53=X(8'07("&#,%"9(60,:.%&&'(1!)(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(BIJ!
T+;:'&()Q?L(T:.2%+0.#,(2'0--Q'&#2%+6+%9(08(2&,,(,+.&-($'+7&/(O+%"(]V=3VN=53=(WM)!X(+.(B(

"&#,%"9(60,:.%&&'-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(BIL!
T+;:'&()Q?M(T:.2%+0.#,(2'0--Q'&#2%+6+%9(08(2&,,(,+.&-($'+7&/(O+%"(]V=3VN@53=(WM)ZX(#./(

]VGNVNV53=(WM)<X(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(B?I!
T+;:'&()QBI(T:.2%+0.#,(2'0--Q'&#2%+6+%9(08(2&,,(,+.&-($'+7&/(O+%"(]VGNVN@53=(WM)3X(>>>>>(B?B!
(

V+-%(08(K#4,&-!
K#4,&(?Q?(K&'7+.0,0;9(:-&/(%0(/&8+.&(6+'0,0;+2#,('&-$0.-&(%0(%"&'#$9(80'(<!=(>>>>>>>>>>>>>>>>>>>>(?)!
K#4,&(?QB(_&-$0.-&('#%&-(%0(R'0%&#-&(@."4+%0'-(402&$%'+6+'(#./(%&,#$'&6+'(+.(/+88&'&.%(

$#%+&.%(;'0:$-(+.8&2%&/(O+%"(<!=(;&.0%9$&(?(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?J!
K#4,&(?QE(K"&(a`80'/(<!=(=#22+.&(G%:/+&-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(FF!
K#4,&(?QF(<!=II?(G%:/9(/&-+;.(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(FF!
K#4,&(?Q)(a6&'6+&O(08(G%:/9(N'0:$-(+.(<!=IIBK=(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(F)!
K#4,&(?QJ(Z,00/(60,:7&-(%#P&.(/:'+.;(%"&(-%:/9($&'+0/U($&'($#%+&.%(;'0:$(+.(<!=IIBK=()J!
K#4,&(BQ?(@.2,:-+0.(#./(&`2,:-+0.(2'+%&'+#(80'(<!=IIBK=(%"&'#$&:%+2(6#22+.#%+0.(%'+#,(>>>>(JB!
K#4,&(BQB(G%:/9(1&-+;.(<!=IIBK=(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(JE!
K#4,&(BQE(G2#,&(80'(#--&--+.;(%"&(-&6&'+%9(08(3S-(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(J)!
K#4,&(BQF(N:+/&,+.&-(80'(#--&--+.;(%"&('&,#%+0.-"+$(08(6#22+.&(#/7+.+-%'#%+0.(%0(#.(

3/6&'-&(S6&.%(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(JJ!
K#4,&(BQ)(R#.&,-(08(3.%+40/+&-(%0(2"#'#2%&'+-&(<V3dIBI?($&.%#7&'($0-+%+6&(K(2&,,-(>>>>>>>>>>(HF!
K#4,&(BQJ(R'+7&'-(#./(R!_(20./+%+0.-(80'(6+'#,(-&Y:&.2+.;(08($#%+&.%-(+.(<!=IIBK=>(>>>>>>>(HH!
K#4,&(EQ?(R#%+&.%-(O+%"/'#O.(0'(,0-%(%0(80,,0O(:$(+.(<!=IIBK=(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(LJ!
K#4,&(EQB(R#%+&.%-(O"0(-%0$$&/(%'&#%7&.%(O+%"(@T5^_Z=(&#',9(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(LL!
K#4,&(EQE(!"#'#2%&'+-%+2-(08($#%+&.%-(&.'0,,&/(+.(<!=IIBK=(3'7-(3(#./(Z(>>>>>>>>>>>>>>>>>>>>>>>>>>>>(MI!
K#4,&(EQF(!"#'#2%&'+-%+2-(08($#%+&.%-(O+%"(2"'0.+2(<!=(+.8&2%+0.(+.(20.%'0,(20"0'%(>>>>>>>>>>>>>(M?!
K#4,&(EQ)(*#$$+.;(08(K(2&,,(%#';&%-(8'07($#%+&.%-(+.(G%:/9(<!=IIBK=U(O"0("#6&(7#/&(K(

2&,,('&-$0.-&-(80,,0O+.;(6#22+.#%+0.(O+%"(!"3/EQ5G7:%(W$'+7&X(^3/J5GQ7:%(W400-%\C
(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?B?!

K#4,&(FQ?(<!=(-&Y:&.2&(#%(7#$$&/(K(2&,,(&$+%0$&-(+.($#%+&.%-(O"0("#6&('&-$0./&/(%0(
6#22+.#%+0.(O+%"(!"3/EQ5G7:%^3/JQ5G7:%>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?FJ!

K#4,&(FQB(!+'2:,#%+.;(<!=(-&Y:&.2&(#%(+77:.0;&.+2(K(2&,,(&$+%0$&(49(<V3(%9$&U(+.($#%+&.%-(
6#22+.#%&/(O+%"(!"3/EQ5G7:%(W$'+7&X(3/JQ5G7:%(W400-%X>((>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?FM!

K#4,&(FQE(!+'2:,#%+.;(<!=(-&Y:&.2&(#%(+77:.0;&.+2(K(2&,,(&$+%0$&-U(.0.Q<V3(7#%2"&/U(+.(
$#%+&.%-(6#22+.#%&/(O+%"(!"3/EQ5G7:%(W$'+7&X(3/JQ5G7:%(W400-%X>(>>>>>>>>>>>>>>>>>>>>>>>>>>(?)I!

K#4,&()Q?(=#'+#.%-(08(5GE?FIJ(:-&/(80'(K(2&,,($'+7+.;(#./(%"&+'('&,#%+6&(8'&Y:&.29(+.(
;&.0%9$&(?>(>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>(?ME!

K#4,&()QB(_&,#%+6&($0-+%+0.-(08(#7+.0(#2+/(/+88&'&.2&-(4&%O&&.(6#'+#.%-(08(5GE?FIJ(>>>>>>>>(B?)!



!"#$%&'(?(( ( ( ( ( ( ( (((((((((((((((((((((((((((((((((@.%'0/:2%+0.(

!

! ]]!

5 F;<,)0@D<:);G!H&B#<:<:.!(!I:,@.!#;0!<J&!,#<:);#$&!3),!
K#DD:;#<:);!

5L5 H&B#<:<:.!(!I:,@.!F;3&D<:);!:.!#!.:*;:3:D#;<!*$)'#$!B,)'$&>!

O(D5&+&+7!Y!@+8=7!+7!5!/5V-8!*3-)53!D5&'-*(,4!+,.(?&+,*!5DD8-B+/5&(30!]#"!/+33+-,!

D(-D3(!6-839!6+9(4!6+&'!XNc!/+33+-,!D(-D3(!,(630!+,.(?&(9!(@(80!0(58!

Z>='3)(8*(8!(&!53C!$""f\!H,!&'(!eM4!D8(@53(,?(!+7!5DD8-B+/5&(30!"Cdl!-.!&'(!

D-D=35&+-,4!7+/+358!&-!%=7&853+54!_-8&'(8,!I=8-D(!5,9!Y5,5954!53&'-=*'!+,!7-/(!

+//+*85,&!?-//=,+&+(7!+,!&'(!eM!+&!+7!?-,7+9(85)30!'+*'(8C!!G-8!(B5/D3(4!+,!5!

8(?(,&!7&=90!-.!+//+*85,&7!)-8,!+,!25:+7&5,4!5DD8-B+/5&(30!$l!-.!D(-D3(!6(8(!

+,.(?&(9!6+&'!?'8-,+?!OY[!ZY-7&(3354!$""#\C!!<'+7!8(.3(?&7!5!'+*'(8!D8(@53(,?(!+,!

9(@(3-D+,*!?-=,&8+(7!5?8-77!&'(!*3-)(4!6+&'!.+*=8(7!)(&6((,!dl!5,9!]"l!

8(D-8&(9!+,!%.8+?54!T5&+,!%/(8+?5!5,9!Y(,&853!5,9!K-=&'NI57&!%7+5!ZK'(D5894!
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5,&+@+853!&'(85D+(7!5,9!?-/D3(B!&8(5&/(,&7!.-8!?'8-,+?!3+@(8!9+7(57(!7=?'!57!

&85,7D35,&5&+-,C!!G=8&'(8/-8(4!+&!+7!3+:(30!&'5&!&'(!&8=(!D8(@53(,?(!-.!+,.(?&+-,!+7!
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[58+5)+3+&0!-.!&'(!OY[!*(,-/(\C!!i(,-&0D(7!@580!+,!9+7&8+)=&+-,!)(&6((,!

*(-*85D'+?53!58(57!5,9!5/-,*7&!8+7:!*8-=D7!5,9!58(!.=8&'(8!9+@+9(9!+,&-!-@(8!

]""!7=)&0D(7!Z]54!)4!?!(&?\!!ZK+//-,97!(&!53C!$""d\C!!H,!I=8-D(!*(,-&0D(!]5!5,9!
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&'(!9+7?-@(80!-.!&'(!@+8=7!+,!]f#fC!!<'+7!'57!?5=7(9!,-&5)3(!-=&)8(5:7!.-33-6+,*!
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?5=7(!-.!(,9!7&5*(!3+@(8!9+7(57(!5,9!3+@(8!&85,7D35,&5&+-,4!9(7D+&(!&'(!D8-@+7+-,!
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Z+++\ Y0?3-D'+3+,!+,'+)+&-87!ZG3+7+5:!(&!53C!$"]]\C!!!!
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*(,-&0D(!$bX!+,.(?&(9!D5&+(,&74!9(/-,7&85&(9!5!f^l!5,9!dal!K[R!85&(!+,!
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G35@+@+8+95(4!5,9!*(,=7!O(D5?+@+8=7C!!OY[!@+8+-,7!(B+7&!+,!&'(!+,.(?&(9!'-7&!57!

3+D-@+853!D58&+?3(7!+,!577-?+5&+-,!6+&'!3-6!5,9!@(80!3-6!9(,7+&0!3+D-D8-&(+,7!ZT1T!

5,9![T1T\!Z%,98(!(&!53C!$""$\C!!<'(0!*5+,!(,&80!+,&-!'-7&!?(337!)0!)-&'!9+8(?&!

@+853!+,.(?&+-,!-.!&58*(&!?(337!5,9!)0!?(33!&-!?(33!&85,7/+77+-,!Z<+/D(!(&!53C!$""#\C!!

Y(33!(,&80!8(?(D&-87!+,?3=9(!&'(!T1T!8(?(D&-84!KRJ]4!Y1#]4!?35=9+,!5,9!-??3=9+,!

ZK?'((3!(&!53C!$"]X\C!![+853!D58&+?3(7!58(!&'(,!&5:(,!=D!)0!(,9-?0&-7+7!+,&-!&'(!

'-7&!?(337!6'(8(!@+8=7!=,?-5&7!5,9!=7(7!&'(!'-7&!/5?'+,(80!5,9!+&7!-6,!(,P0/(7!

&-!8(D3+?5&(C!!R_%!8(D3+?5&+-,!&5:(7!D35?(!=,9(8!&'(!+,.3=(,?(!-.!&'(!OY[!R_%!

D-30/(857(!+,!577-?+5&+-,!6+&'!&'(!(,9-D357/+?!8(&+?=3=/C!!!

<'+7!D8-?(77!3(,97!+&7(3.!&-!+,&(8@(,&+-,!)0!&'(85D(=&+?!5*(,&7!5&!/=3&+D3(!3(@(37C!!

G+87&30!?(33!(,&80!?5,!)(!)3-?:(9!=7+,*!5,&+)-9+(74!7=?'!57!Y1#]!-8!KRJ]!
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!

! ]#!

5,&+)-9+(7!Z>(=3(/5,!(&!53C!$""#\C!!1%%7!?5,!537-!+,&(8.(8(!6+&'!&'(!(,P0/(7!

=7(9!)0!OY[!7=?'!57!D-30/(857(!+,'+)+&-87!5,9!D8-&(57(!+,'+)+&-87!Z7((!7(?&+-,!

]CX!D]c\C!!H&!+7!537-!D-77+)3(!&-!9+78=D&!&'(!D8-&(+,7!6'+?'!58(!,(?(77580!.-8!@+853!

8(D3+?5&+-,!7=?'!57!?0?3-D'+3+,!+,'+)+&-874!'-6(@(8!&8+537!6+&'!&'(7(!'5@(!)((,!

9+7?-,&+,=(9!9=(!&-!75.(&0!?-,?(8,7!+,?3=9+,*!5!.5&53!?57(!-.!D5,?8(5&+&+7!

ZO-D:+,7!5,9!i533504!$"]$\C!!G+,5330!<!?(33!&'(85D+(7!7=?'!57!5!<!?(33!@5??+,(!?5,!

)(!=7(9!&-!&58*(&!@+85330!+,.(?&(9!?(337C!

5LPL5 9J&!H(I!*&;)>&!
!

OY[!'57!5!fCa:)!3-,*!*(,-/(!+7!?-,&5+,(9!6+&'+,!5,!+?-75'(9853!?5D7+94!5,9!

?-,7+7&7!-.!5,!-D(,!8(59+,*!.85/(4!.35,:(9!)0!&6-!=,N&85,735&(9!8(*+-,7!Ze<R\!

ZG+*=8(!]N$\C!!H&!(,?-9(7!5!X"]]!5/+,-!5?+9!Z5C5C\!D-30D8-&(+,!?-,&5+,+,*!

7&8=?&=853!5,9!,-,N7&8=?&=853!8(*=35&-80!D8-&(+,74!6'+?'!+7!?3(5@(9!+,&-!]"!@+853!

D8-&(+,7!=7+,*!D8-&(57(7C!!<'(7(!58(!&'(!7&8=?&=853!D8-&(+,7!Z?-8(4!I]4!I$4!D^\!5,9!

&'(!,-,N7&8=?&=853!D8-&(+,7!Z_K$4!_KX!_Kc%bJ4!_Kd%bJ\!ZR((9!5,9!R+?(!$"""\C!!!

<'(!7&8=?&=853!8(*+-,!?-/D8+7(7!?-8(!D8-&(+,7!(,?-9+,*!&'(!@+853!?5D7+94!5,9!&6-!

*30?-D8-&(+,7!I]!5,9!I$4!6'+?'!.-8/!'(&(8-9+/(87!5&!&'(!7=8.5?(!-.!&'(!@+853!

(,@(3-D(C!!<'(0!58(!+/D-8&5,&!+,!.5?+3+&5&+,*!?(33!(,&80!)0!)+,9+,*!?(33!8(?(D&-87C!!

<'(!OY[!(,@(3-D(!+7!&'(!&58*(&!-.!&'(!'-7&!5,&+)-90!8(7D-,7(4!5,9!+&!/50!)(!+,!

8(7D-,7(!&-!&'+7!&'5&!I$!+7!&'(!/-7&!@58+5)3(!8(*+-,!-.!&'(!OY[!*(,-/(!Z28(,&-(!

(&!53C!$"]]\C!<'(!357&!7&8=?&=853!D8-&(+,!+7!5!7/533!+-,!?'5,(3!9(7+*,5&(9!D^4!

&'-=*'&!&-!)(!(77(,&+53!.-8!@+853!D58&+?3(!577(/)30!5,9!8(3(57(!.-8/5&+-,4!

53&'-=*'!+&7!D8(?+7(!.=,?&+-,!8(/5+,7!5!7=)V(?&!-.!-,*-+,*!8(7(58?'C!!

!



!"#$%&'(?(( ( ( ( ( ( ( (((((((((((((((((((((((((((((((((@.%'0/:2%+0.(

!

! ]f!

!

!

<'(!,-,N7&8=?&=853!D8-&(+,7!_KXN_KdJ!?-,&5+,!(3(/(,&7!+/D-8&5,&!.-8!@+853!

8(D3+?5&+-,!5,9!5=&-N?3(5@5*(!-.!D8-&(+,7C!!<'(8(!58(!&6-!D8-&(57(7S!5!?07&+,(!

D8-&(57(!Z_K$N_KX\!5,9!5!7(8+,(!D8-&(57(!.-8/(9!)0!&'(!_N&(8/+,53!-.!_KX!5,9!5!

?-.5?&-8!Z_Kc%\C!!<'(7(!58(!8(7D-,7+)3(!.-8!?3(5@+,*!&'(!8(/5+,9(8!-.!&'(!,-,N

7&8=?&=853!D8-&(+,7C!!_KX!537-!?-,&5+,7!5!@+853!'(3+?57(!6'+?'!.5?+3+&5&(7!R_%!

D8-?(77+,*C!!OY[!537-!8(W=+8(7!5,!R_%!D-30/(857(!.-8!8(D3+?5&+-,4!6'+?'!+7!

(,?-9(9!)0!_KdJC!!<'(8(!58(!&6-!7(*/(,&7!6'+?'!'5@(!5,!=,9(&(8/+,(9!8-3(!+,!

@+853!8(D3+?5&+-,!Z_KcJ4!_Kd%\C!!H&!+7!D-77+)3(!&'5&!_Kd%!+7!+/D-8&5,&!.-8!

+,&(8.(8-,!7(,7+&+@+&04!?-,&5+,+,*!5!;+,&(8.(8-,!9(&(8/+,+,*!8(*+-,F4!/=&5&+-,7!+,!

6'+?'!'57!)((,!577-?+5&(9!6+&'!8(7D-,7(!&-!HG_bRJ[!&'(85D0!+,!/5,0!Q5D5,(7(!

7&=9+(7!ZM-'57'+!(&!53C!$""aS!s(,!(&!53C!$""#\C!!!

5LPLM I#,:#':$:<=!)3!<J&!H(I!*&;)>&!

<'(!OY[!*(,-/(!D+?&=8(9!+,!G+*=8(!]N$!+7!'=*(30!@58+5)3(C!!H&!+7!9+@+9(9!+,&-!

*(,-&0D(74!6'+?'!'5@(!5,!+9(,&+?53!?-/D3(/(,&!-.!*(,(7!-.!7+/+358!-8!+9(,&+?53!

7+P(!?-,&5+,(9!6+&'+,!&'(!-D(,!8(59+,*!.85/(C!!O-6(@(8!&'(8(!+7!?-,7+9(85)3(!

9+@(8*(,?(!+,!*(,-/+?!7(W=(,?(7!)-&'!6+&'+,!5,9!)(&6((,!&'(!*(,-&0D(7C!!

T+;:'&(?QB(G2"&7#%+2('&$'&-&.%#%+0.(08(%"&(<!=(;&.07&(

!

!
<'(!358*(!)35?:!8(?&5,*3(!8(D8(7(,&7!&'(!X"]]!5/+,-!5?+9!3-,*!OY[!D-30D8-&(+,C!!I5?'!7(?&+-,!-.!
&'(!*(,-/(!+7!+,9+?5&(9!)0!5!9+..(8(,&!?-3-=84!6+&'!&'(!?-88(7D-,9+,*!35)(3!5)-@(!(5?'!D8-&(+,C!!
28-&(+,7!58(!9856,!&-!7?53(C!!K&8=?&=853!D8-&(+,7!Z?-8(4!I]4!I$!5,9!D^\!5,9!,-,N7&8=?&=853!
D8-&(+,7!Z_K$4!_KX4!_Kc%bJ4!_Kd%bJ\!58(!7'-6,C!!e<Rt=,&85,735&(9!8(*+-,C!

CoreCore E1 E2 p7 NS2 NS3 NS4A NS5A NS5B

Stuctural

NS4B

3'UTR5'UTR

Non-Stuctural
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!

! $"!

i(,-&0D(7!9+..(8!)0!X]!NXXl!5&!&'(!,=?3(-&+9(!3(@(34!5,9!?5,!)(!.=8&'(8!9+@+9(9!

+,&-!7=)&0D(7!6'+?'!9+..(8!)0!$"N$dl!ZK+//-,97!(&!53C!$""d\C!U+&'+,!&'(!OY[!

*(,-/(!+&7(3.4!9+..(8(,&!7(*/(,&7!'5@(!9+..(8(,&!3(@(37!-.!7(W=(,?(!'-/-3-*0C!!

<'(!dA!e<R!(,9!5,9!&'(!&(8/+,53!ff!)57(7!.-8!&'(!XA!e<R!(,9!58(!&'(!/-7&!

+,@58+5,&!7(?&+-,74!5,9!58(!.8(W=(,&30!=7(9!+,!?3+,+?53!577507!.-8!OY[!*(,-&0D+,*4!

6'+3(!&'(!?-8(!D8-&(+,!+7!&'(!,(B&!/-7&!?-,7(8@(9!ZK+//-,97!(&!53C!$""d\C!!<'(!

(,@(3-D(!D8-&(+,7!5,9!_K$!D8-&(57(!58(!&'(!/-7&!@58+5)3(!8(*+-,74!6+&'!&'(!_KXN

_Kd!D8-&(+,7!)(+,*!8(35&+@(30!?-,7(8@(9C!!!

<'(!'+*'!@58+5)+3+&0!-.!OY[!+7!+,!D58&!9=(!&-!&'(!_KdJ!R_%!D-30/(857(4!6'+?'!

35?:7!D8--.!8(59+,*!?5D5?+&0C!!<'+74!?-/)+,(9!6+&'!5!'+*'!8(D3+?5&+-,!85&(!-.!=D!&-!

]"!]$!@+8+-,7!D(8!950!Z_(=/5,,!(&!53C!]ff#\!8(7=3&7!+,!5!'(&(8-*(,-=7!*8-=D!-.!

8(35&(9!)=&!9+7&+,?&!@+853!7&85+,7!6+&'+,!&'(!75/(!D5&+(,&4!:,-6,!57!W=57+N7D(?+(7C!!

G=8&'(8/-8(4!+,!?-=,&8+(7!6'(8(!H[1e!+7!&'(!D8(9-/+,5,&!/-9(!-.!&85,7/+77+-,4!

-,*-+,*!8+7:!)('5@+-=8!?5,!8(7=3&!+,!7=D(8+,.(?&+-,!.8-/!9+..(8(,&!@+853!7-=8?(74!

D8-9=?+,*!5!?-/D3(B!@+853!/+3+(=!+,!(5?'!+,9+@+9=53C!!%,0!@5??+,5&+-,!7&85&(*04!

6'(&'(8!&'5&!)(!D8-D'035?&+?!-8!&'(85D(=&+?4!/=7&!(+&'(8!)(!5)3(!&-!?-/)5&!

/=3&+D3(!9+@(8*(,&!@+853!7&85+,7!7+/=3&5,(-=730!-8!533-6!.-8!&'(!D8-@+7+-,!-.!

9+..(8(,&!@5??+,(7!.-8!9+..(8(,&!D-D=35&+-,7C!

5LR NJ#<!:.!<J&!:;;#<&!:>>@;&!,&.B);.&!<)!H(I!:;3&D<:);O!!

E,?(!OY[!'57!)8(5?'(9!&'(!(D+&'(3+53!)588+(84!+&!+7!+//(9+5&(30!?-,.8-,&(9!6+&'!5!

'-7&!-.!+,,5&(!+//=,(!9(.(,7(7!+,?3=9+,*!D'5*-?0&(7!Z/5?8-D'5*(7!5,9!

,(=&8-D'+37\4!9(,98+&+?!?(3374!,5&=853!:+33(8!Z_M\!?(337!5,9!?+8?=35&+,*!D8-&(+,7!

7=?'!57!?-/D3(/(,&!5,9!9(.(,7+,7C!!<'(7(!5+/!&-!?-,&8-3!@+85(/+5!+,!&'(!.+87&!

'-=87!&-!9507!-.!+,.(?&+-,!=,&+3!&'(!595D&+@(!+//=,(!8(7D-,7(!+7!+,9=?(9C!
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!

! $]!

<'(!+,&(8.(8-,!ZHG_\!.5/+30!+7!&'(!:(0!5,&+N@+853!?0&-:+,(!707&(/!(/D3-0(9!)0!&'(!

+,.(?&(9!'-7&!5,9!+7!537-!=7(94!+,!&'(!.-8/!-.!(B-*(,-=7!HG_r4!.-8!OY[!&8(5&/(,&!

Z7((!D5*(!]c4!U'5&!+7!&'(!?=88(,&!&8(5&/(,&!.-8!OY[!+,.(?&+-,j\C!!!<'+7!.5/+30!-.!

?0&-:+,(7!.-8/7!D58&!-.!&'(!Y3577!HH!?0&-:+,(!*8-=D!5,9!?-,7+7&7!-.!&'8((!&0D(7!-.!

+,&(8.(8-,7g!<0D(!H4!HH!5,9!HHHC!!<0D(!H!HG_7!+,?3=9(!HG_"!5,9!HG_u4!<0D(!HH!HG_!+7!

HG_!!5,9!<0D(!HHH!HG_7!?-,7+7&!-.!HG_#]4!HG_#$4!5,9!HG_#X4!6'+?'!58(!537-!?533(9!

HT$f4!HT$#%!5,9!HT$#J!8(7D(?&+@(30C!!%!.-=8&'!<0D(!HHH!HG_!'57!537-!V=7&!)((,!

9(7?8+)(9!&'+7!0(584!:,-6,!57!HG_#c!Z28-:=,+,5NE377-,!(&!53C!$"]X\C!!!!

5LRL5 +,)0@D<:);!)3!F;<&,3&,);!
!

M,-63(9*(!-.!&'(!D8(?+7(!/(?'5,+7/7!-.!HG_!+,9=?&+-,!5,9!H,&(8.(8-,!

7&+/=35&(9!*(,(!ZHKi\!5?&+@5&+-,!?-,&+,=(7!&-!(@-3@(C!!Y=88(,&!=,9(87&5,9+,*!+7!

&'5&!'-7&!?(337!9(&(?&!@+853!R_%!&'8-=*'!&6-!/5+,!D5&'65074!-=&3+,(9!+,!G+*=8(!

]NX!ZH6575:+!5,9!>(9P'+&-@!$""cS!s-,(05/5!5,9!G=V+&5!$""^\C!!<'+7!8(7=3&7!+,!

&'(!D8-9=?&+-,!-.!<0D(!H!5,9!D8-)5)30!<0D(!HHH!+,&(8.(8-,74!53&'-=*'!/=?'!3(77!+7!

:,-6,!5)-=&!&'(!35&&(8C!

Z+\ !9%0-0,+2(R#%"O#9g!Y07&-7-3+?!?57D57(!8(?8=+&(/(,&!9-/5+,!ZY%R1\!

?-,&5+,+,*!D8-&(+,7!Z+,?3=9+,*!8(&+,-+?!5?+9!+,9=?+)3(!*(,(NH!ZRHiNH\!

5,9!/(35,-/5!9+..(8(,&+5&+-,!5,&+*(,!d!Z>1%d\\!9(&(?&!25&'-*(,!

%77-?+5&(9!>-3(?=358!25&&(8,7!Z2%>27\!+,!&'(!OY[!dA!5,9!XA!e<R7C!!

<'(7(!)+,9!/+&-?'-,98+53!5,&+@+853!7+*,53+,*!D8-&(+,!Z>%[K!-8!Y589+.\!

6'+?'!8(?8=+&7!:+,57(7!&-!RHiNHC!!<'+7!8(7=3&7!+,!5?&+@5&+-,!-.!_G$%!5,9!

+,&(8.(8-,!8(*=35&-80!.5?&-8!X!ZHRGNX\C!!E,?(!D'-7D'-8035&(94!HRGNX!

&85,73-?5&(7!&-!&'(!,=?3(=7!6'(8(!+&!D8-/-&(7!&85,7?8+D&+-,!-.!<0D(!H!
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!

! $$!

HG_74!H,&(8.(8-,!K&+/=35&(9!i(,(7!ZHKi7\4!+,!D58&+?=358!HKida!5,9!

HKi]d!5,9!?'(/-:+,(!3+*5,9!d!ZYYTd\C!!

Z++\ S./0-07#,(K0,,QV+P&(_&2&$%0'(WKV_X(R#%"O#9g!28-9=?&7!-.!@+853!

8(D3+?5&+-,!7=?'!57!97R_%!58(!9(&(?&(9!@+5!&'(!(,9-7-/53!8(?(D&-8!

<TRX4!6'+?'!+,+&+5&(7!5!9-6,7&8(5/!7+*,53+,*!?57?59(!/(9+5&(9!)0!

&'(!595D&-8!D8-&(+,!<RHGC!!!
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!

! $X!

T+;:'&(?QE(K9$&(@(#./(@@@(+.%&'8&'0.-(#'&(+./:2&/(6+#(B(7#+.($#%"O#9-(+.('&-$0.-&(%0(<!=>((<!=(
+.%&'8&'&-(O+%"(@.%&'8&'0.($'0/:2%+0.>((

!

!
OY[!)+,97!&-!?(33!(,&80!8(?(D&-87!-,!'(D5&-?0&(7!7=?'!57!?35=9+,4!-??3=9+,4!Y1#]!5,9!
K?5@(,*(8!8(?(D&-8!&0D(!J]!ZKRJN]\C!!28-9=?&7!-.!OY[!8(D3+?5&+-,!-8!5D-D&-7(9!?(337!58(!
537-!(,9-?&0-7(9C!!E,?(!+,7+9(!&'(!?(334!OY[!+7!9(&(?&(9!@+5!(+&'(8!]C!<'(!Y0&-7-3+?!
D5&'650!-8!$C!<'(!I,9-7-/53!<-33!T+:(!R(?(D&-8!Z<TR\!25&'650C!!!
!9%0-0,+2($#%"O#9A(R_%!5,9!D8-9=?&7!-.!@+853!8(D3+?5&+-,!58(!9(&(?&(9!)0!&'(!?0&-7-3+?!
D8-&(+,7!8(&+,-+?!5?+9!+,9=?+)3(!*(,(NH!ZRHiNH\!5,9!/(35,-/5!9+..(8(,&+5&+-,!5,&+*(,!d!
Z>1%d\C!!<'(7(!)+,9!/+&-?'-,98+53!5,&+@+853!7+*,53+,*!D8-&(+,!Z>%[K!-8!Y589+.\!6'+?'!
8(?8=+&7!:+,57(7!&-!5?&+@5&(!_G$%!!5,9!+,&(8.(8-,!8(7D-,7(!.5?&-8!X!ZHRGNX\C!(S./0-07#,(
KV_($#%"O#9A(<TRX!9(&(?&7!9-=)3(!7&85,9(9!R_%4!<TR^!7+,*3(!7&85,9(9!R_%!5,9!<TRf!
=,/(&'035&(9!1_%!6+&'!YDi!/-&+.7C!!<'+7!+,+&+5&(7!9-6,7&8(5/!7+*,53+,*!@+5!<RHG!Z<-33N
HT!]!8(?(D&-8!9-/5+,N?-,&5+,+,*N595D&-8!+,9=?+,*!HG_%\4!>01##!5,9!-&'(8!:+,57(7C!!
J-&'!D5&'6507!3(59+,*!&-!5?&+@5&+-,!-.!_G$%!5,9!HRGNX!6'+?'!&85,73-?5&(!&-!&'(!,=?3(=7!
5,9!D8-/-&(!HG_!*(,(!&85,7?8+D&+-,C!!!
OY[!5&&(/D&7!&-!D8(@(,&!HG_!D8-9=?&+-,!@+5!X!/(?'5,+7/7g!]C!<'(!OY[!D8-&(57(!?3(5@(7!
595D&-8!D8-&(+,7!7=?'!57!>%[74!,(?(77580!.-8!9-6,7&8(5/!7+*,533+,*C!$C_KXbc%!?3(5@(7!
&'(!D8-/-&-8!HRG4!8(,9(8+,*!+&!+,?5D5)3(!-.!&85,73-?5&+,*!&-!&'(!,=?3(=7!.-8!+,&(8.(8-,!
*(,(!&85,7?8+D&+-,!XC!OY[!+,'+)+&7!&85,735&+-,!-.!,(630!&85,7?8+)(9!HG_7!&'8-=*'!
5?&+@5&+-,!-.!28-&(+,!M+,57(!R!Z2MR\C!
!
!

U'+37&!HG_r!?5,!)(!D8-9=?(9!)0!533!,=?3(5&(9!?(3374!HG_v!+7!&0D+?5330!-,30!

D8-9=?(9!)0!30/D'-+9!9(8+@(9!?(337!7=?'!57!_M!?(337!5,9!<!?(337C!!HG_#!+7!537-!

D8-9=?(9!)0!-,30!5!3+/+&(9!*8-=D!-.!?(33!&0D(7!ZY-??+5!(&!53C!$""c\C!2357/5?0&-+9!

9(,98+&+?!?(337!58(!&'(!/5+,!D8-9=?(7!-.!HG_#4!'-6(@(8!/5?8-D'5*(74!/-,-?0&(!

9(8+@(9!1Y7!5,9!'(D5&-?0&(7!'5@(!533!)((,!7'-6,!&-!D8-9=?(!HG_#C!!

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

'-.,/*0%12%3"4562%788-,/*02%'9:6%

!"#$%$

!"
#$
&$

!"#$'$

6% ;%

()*+$ !#,-.$
/012+3+$

4-56$$
,#-%$,#-&$

,-47$

<+=>=?=+%=@%10?A+@A+=0%BA0A!%

,-48$

,-46$

C+.D>A0?!%=@%&'(%DA0=>A%

#,9:,.$(;)<$

#0=>+>?2@$$
AB21+@2C>1$

6%

;%

E%
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!

! $c!

H,&(8(7&+,*304!/5?8-D'5*(!D8-9=?&+-,!-.!HG_#!+7!/58:(930!(,'5,?(9!)0!D8(N

?=3&=8+,*!&'(7(!?(337!6+&'!HG_"!N(@+9(,?(!-.!+,&(8D350!)(&6((,!&'(!&6-!D5&'6507!

Z%,:!(&!53C!$""aS!U-3:!(&!53C!$""#\C!!!

5LRLM F;<&,3&,);!Q:*;#$:;*!
!

%33!?3577!HH!?0&-:+,(7!58(!7&8=?&=85330!8(35&(94!6+&'!5!7'58(9!"N'(3+?53!D5&&(8,4!5,9!

7+*,53!&'8-=*'!8(35&(9!'(&(8-9+/(8+?!&85,7/(/)85,(!D8-&(+,!8(?(D&-87C!

O-6(@(84!)+-3-*+?53!5?&+@+&0!=3&+/5&(30!9(D(,97!-,!&'(!8(?(D&-8!?0&-D357/+?!

9-/5+,74!6'+?'!58(!,-&!8(35&(94!5,9!&'(7(!/50!&8+**(8!-@(835DD+,*!)=&!9+..(8(,&!

)+-3-*+?53!.=,?&+-,7C!<'+74!+,!599+&+-,!&-!&'(!D5&&(8,!-.!8(?(D&-8!9+7&8+)=&+-,!

5/-,*7&!9+..(8(,&!?(33!&0D(7!/(5,7!&'5&!&'(!9+..(8(,&!+,&(8.(8-,7!ZHG_7\!58(!

.=,?&+-,5330!9+7&+,?&4!53&'-=*'!?3(5830!&'(+8!D8-D(8&+(74!(7D(?+5330!&'-7(!-.!<0D(!H!

5,9!<0D(!HHH!HG_7!-@(835DC!!H,!D58&+?=3584!)-&'!58(!D8-9=?(9!+,!8(7D-,7(!&-!@+853!

+,.(?&+-,!5,9!'5@(!5,&+N@+853!5,9!+//=,-/-9=35&-80!D8-D(8&+(7C!

%33!?3577!HH!?0&-:+,(7!7+*,53!&'8-=*'!&'(!7+*,53!&85,79=?(87!5,9!5?&+@5&-87!-.!

&85,7?8+D&+-,!ZK<%<7\!5,9!V5,=7!&08-7+,(!:+,57(7!ZQ%M\!57!7'-6,!+,!G+*=8(!]NcC!

O-6(@(84!6+&'+,!&'+7!7+*,53+,*!?57?59(!&'(8(!58(!7=)&3(!9+..(8(,?(7!)(&6((,!&'(!

+,&(8.(8-,7!&'5&!58(!,-&!.=330!=,9(87&--9C!%33!?3577!HH!?0&-:+,(7!5DD(58!&-!5?&+@5&(!

K<%<]!5,9!K<%<X!5,9!)+,9!&-!HG_N*5//5!5?&+@5&(9!7+&(7!Zi%K\!&-!@58+-=7!

(B&(,&7!+,!&'(!?(33!,=?3(=74!8(7=3&+,*!+,!&'(!&85,7?8+D&+-,!-.!+,&(8.(8-,!7&+/=35&(9!

*(,(7!ZHKi7\C!O-6(@(84!+,!599+&+-,4!<0D(!H!HG_7!5,9!HG_#7!537-!5?&+@5&(!

+,&(8.(8-,!7&+/=35&(9!8(7D-,7(!(3(/(,&7!ZHKRI\!&'8-=*'!&'(!5?&+@5&+-,!-.!K<%<$!

+,!577-?+5&+-,!6+&'!K<%<]!5,9!HRGf4!6'+?'!5*5+,!8(7=3&7!+,!&'(!D8-9=?&+-,!-.!

+,&(8.(8-,!7&+/=35&(9!*(,(7!ZG+*=8(!]Nc\!Z1=/-=&+(8!(&!53C!$""cS!R(,5=39!(&!53C!

$""X\C!!
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!

! $d!

T+;:'&(?QF(K"&(-+;.#,+.;($#%"O#9-(08(@.%&'8&'0.-(
 

 
1(,98+&+?!Y(337!Z1Y7\!/5:(!<0D(!H!5,9!HHH!HG_7C!<!?(337!5,9!_5&=853!M+33(8!Z_M\!
?(337!/5:(!<0D(!HH!HG_C!!HG_7!)+,9!&'(+8!7D(?+.+?!8(?(D&-8!ZR]\4!3(59+,*!&-!5!
?-,.-8/5&+-,!?'5,*(!5,9!8(?8=+&/(,&!-.!&'(!7(?-,9!8(?(D&-8!?'5+,C!!Q5:]!5,9!
<0:!$!&85,7D'-D'08-35&(!&'(!8(?(D&-8!?'5+,7!5,9!.-8/!D'-7D'0835&(9!&08-7+,(!
D(D&+9(7!-,!&'(!8(?(D&-8!?'5+,!Z2\C!!K<%<!D8-&(+,7!)+,9!5,9!58(!D'-7D'-8035&(9C!!
<'(0!?5,!&'(,!.-8/!'-/-!-8!'(&(8-9+/(87!5,9!/+*85&(!&-!&'(!,=?3(=7!&-!)+,9!
*(,(!8(*=35&-80!(3(/(,&7!Zi5//5!%?&+@5&(9!K(W=(,?(7!-8!i%K\C!!H,!&'(!?57(!-.!
<0D(!H!5,9!<0D(!HHH!HG_7!&'(0!?5,!537-!)+,9!H,&(8.(8-,!R(*=35&-80!G5?&-8!f!ZHRGf\!
+,!&'(!?0&-D357/!5,9!&'(,!/+*85&(!&-!&'(!,=?3(=7!&-!)+,9!H,&(8.(8-,!K&+/=35&(9!
R(*=35&-80!I3(/(,&7!ZHKRI7\!&-!8(*=35&(!*(,(!&85,7?8+D&+-,C!
 
 

e3&+/5&(30!&'(!+,&(8.(8-,7!D8-9=?(!&'(+8!7D(?+.+?!(..(?&7!&'8-=*'!&'(!7&+/=35&+-,!

-.!7D(?+.+?!HKi7C!!>+?8-58850!(BD(8+/(,&7!'5@(!7'-6,!&'5&!'=,98(97!-.!HKi7!58(!

D8-9=?(9!+,!8(7D-,7(!&-!HG_!7&+/=35&+-,!5,9!&'(!.=33!7D(?&8=/!-.!&'(7(!*(,(7!.-8!

&'(!9+..(8(,&!+,&(8.(8-,!&0D(7!'57!,-&!)((,!9(.+,(9C!G-8!5!9+7?=77+-,!-.!&'(!

9+..(8(,?(7!)(&6((,!<0D(!H!5,9!<0D(!HHH!HG_7!7((!5!8(@+(6!)0!M(330!YC!(&!53C4!$"]]C!!!

G-8!&'(!D=8D-7(7!-.!&'+7!D8-V(?&4!&'(!,(B&!7(?&+-,!-=&3+,(7!&'(!)(&&(8!

!"#$

%&'($

%')*$

!"#$%

%')+$

%'),$

-$

%')$./0123456$7585$4938.:9;</=8$

>$:522$$
)#$:522$$
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-$
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DE$
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&'"%
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!

! $a!

?'585?&(8+7(9!9-6,7&8(5/!(..(?&7!-.!<0D(!H!HG_7C!!>5,0!-.!&'(!(..(?&-8!*(,(7!5,9!

&58*(&7!'-6(@(84!8(/5+,!&'(!7=)V(?&7!-.!5?&+@(!8(7(58?'C!

5LRL6 F>>@;)>)0@$#<),=!&33&D<.!)3!9=B&!F!F"?.!

<0D(!H!HG_7!(,'5,?(!&'(!D8-3+.(85&+-,!5,9!/5&=85&+-,!-.!9(,98+&+?!?(3374!5,9!

+,?8(57(!(BD8(77+-,!-.!OT%NHH!5,9!&'(!?-N7&+/=35&-80!/-3(?=3(7!Y1#"!5,9!Y1#a!

ZT=.&!(&!53C!]ff#\C!!<'+7!+7!+/D-8&5,&4!,-&!-,30!.-8!5,&+*(,!D8(7(,&5&+-,!+,!&'(!

+,,5&(!+//=,(!707&(/4!)=&!537-!.-8!&'(!8-3(!-.!1Y7!57!D8+/+,*!5*(,&7!-.!<!?(337!+,!

&'(!595D&+@(!+//=,(!707&(/C!!<0D(!H!HG_7!.=8&'(8!(,'5,?(!<!?(33!D8+/+,*!)0!

.5?+3+&5&+,*!5!D8-?(77!:,-6,!57!w?8-77ND8+/+,*A4!6'(8(!Y1#h!<!?(337!?5,!)(!D8+/(9!

5*5+,7&!(B-*(,-=7!5,&+*(,7!ZT(!J-,!(&!53C!$""X\C!!_-8/53304!(B-*(,-=7!5,&+*(,7!

58(!D8(7(,&(9!-,!OT%!Y3577!HH!/-3(?=3(7!5,9!7&+/=35&(!Y1ch!<!?(33!8(7D-,7(7C!!

O-6(@(8!9(,98+&+?!?(3374!6+&'!&'(!8+*'&!?-N7&+/=35&+-,4!?5,!D8-?(77!&'(7(!

(,9-?0&-7(9!5,&+*(,7!7-!&'5&!&'(0!(,&(8!&'(!?0&-7-3+?!5,&+*(,!D8(7(,&5&+-,!

D5&'650!5,9!58(!D8(7(,&(9!-,!OT%NY3577!H!/-3(?=3(74!&'(8()0!7&+/=35&+,*!Y1#h!

<!?(337C!!

HG_r!537-!?5=7(7!=D8(*=35&+-,!-.!OT%NH!/-3(?=3(7!ZIDD(87-,!(&!53C!]ff$\!5,9!

=D8(*=35&(7!_M!?(33!.=,?&+-,!ZJ-3+&'-!(&!53C!$""^\C!!

5LRLP S;<:TI:,#$!&33&D<.!)3!9=B&!F!F"?.!

<0D(!H!+,&(8.(8-,7!537-!'5@(!9+8(?&!5,&+@+853!(..(?&7!+,@-3@+,*!5!,=/)(8!-.!

9+..(8(,&!9-6,7&8(5/!7+*,53+,*!D5&'65074!9(7?8+)(9!)(3-6C!!

Z+\ @GNQ?)C!<'+7!D8-/+,(,&!HKi!+7!5!=)+W=+&+,!'-/-3-*=(4!6'+?'!)+,97!&-!

5,9!5?&+@5&(7!5!358*(!,=/)(8!-.!(..(?&-8!D8-&(+,7!ZT-()!5,9!O5574!

]ff$\C!!<'(8(!58(!-@(8!]d#!&58*(&!D8-&(+,7!+9(,&+.+(9!&'=7!.58C!!<'(7(!
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!

! $^!

+,?3=9(!7+*,53+,*!?-/D-,(,&7!-.!&'(!HG_!D5&'650!3+:(!Q%M]!5,9!RHiNH4!

3(59+,*!&-!5!D-7+&+@(!.((9)5?:!3--D!5,9!.=8&'(8!+,9=?&+-,!-.!&'(!HG_!

707&(/C!!<'(0!537-!+,?3=9(!5,&+@+853!(..(?&-8!D8-&(+,7!7=?'!57!>B%4!2MR!

5,9!R_%7(T!Zq'5-!(&!53C!$""d\C!!H/D-8&5,&304!5?&+@5&+-,!)0!HKiN]d!+7!

8(@(87+)3(4!5,9!?5,!)(!)3-?:(9!-8!+,'+)+&(9!)0!?(8&5+,!@+8=7(7!57!

9+7?=77(9!.=8&'(8!)(3-6C!

Z++\ R]_g!<'+7!+7!5!?-,7&+&=&+@(30!(BD8(77(9!(,P0/(4!6'+?'!+7!.=8&'(8!

+,9=?(9!)0!<0D(!H!HG_7!5,9!5?&+@5&(9!)0!@+853!R_%C!!H&!+,'+)+&7!

&85,735&+-,!-.!?(33=358!5,9!@+853!D8-&(+,7!Z+,?3=9+,*!OY[!D8-&(+,7\4!

&'8-=*'!&'(!+,5?&+@5&+-,!-.!(=:580-&+?!&85,735&+-,!+,+&+5&+-,!.5?&-8!$r!

ZK593(8!(&!53C!$""#\C!!

Z+++\ a3Gg!T+:(!2MR4!&'+7!+7!?-,7&+&=&+@(30!(BD8(77(9!+,!533!?(3374!5,9!+7!

=D8(*=35&(9!)0!&0D(!H!HG_7C!!H&!+7!5?&+@5&(9!)0!@+853!R_%4!5,9!&'(,!)+,97!

&-!R_%7(T!5,9!?3(5@(7!@+853!5,9!?(33=358!R_%!!

Z+@\ *`QNKR#-&-g!!<'(7(!58(!3-?5&(9!,(58!&'(!7/--&'!(,9-D357/+?!

8(&+?=3=/!+,!&'(!?0&-D357/!5,9!&85D!@+853!?-/D-,(,&7!&-!D8(@(,&!

8(D3+?5&+-,!5,9!&85,7?8+D&+-,!Z%??-35!(&!53C!$""$\C!!

5LRLR H(I!.@'K&,<.!<J&!:;;#<&!:>>@;&!,&.B);.&!

%7!9(7?8+)(9!5)-@(4!5,!(..(?&+@(!+,,5&(!5,&+N@+853!8(7D-,7(!?(,&8(7!58-=,9!&'(!

?5D5?+&0!-.!+//=,(!?(337!&-!D8-9=?(!+,&(8.(8-,7C!!H&!+7!&'(8(.-8(!,-!7=8D8+7(!&'5&!

OY[!'57!9(@(3-D(9!5!/08+59!-.!7&85&(*+(7!&-!(@59(!'-7&!+,&(8.(8-,!8(7D-,7(74!

)-&'!)0!+,'+)+&+,*!HG_!D8-9=?&+-,!5,9!)0!+,&(8.(8+,*!6+&'!+&7!9-6,7&8(5/!(..(?&7C!!
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!

! $#!

@."+4+%+0.(08(@T5($'0/:2%+0.!

OY[!D8(@(,&7!&'(!D8-9=?&+-,!-.!<0D(!H!HG_7!@+5!&'8((!6(33!?'585?&(8+7(9!

D5&'65074!7'-6,!+,!G+*=8(!]NX4!D$XC!G+87&304!&'(!7(8+,(!D8-&(57(!_KXbc%!?3(5@(7!

&'(!595D&-8!D8-&(+,7!<RHG!5,9!>%[74!,(?(77580!.-8!9-6,7&8(5/!7+*,53+,*!@+5!

HRGX!5,9!_Gxy!.-8!HG_r!D8-9=?&+-,!ZT+!(&!53C!$""dS!>(035,!(&!53C!$""d\C!!H&!'57!

537-!)((,!7'-6,!+,!OY[!+,.(?&(9!O='^!YdJ$NX!?(3374!&'5&!_KXbc%!?3(5@(7!HRGNX!

+&7(3.4!D8(@(,&+,*!,=?3(58!&85,73-?5&+-,!-.!&'+7!?8+&+?53!D8-/-&-8!ZG-0!(&!53C!$""X\C!

H,&(8(7&+,*304!6'(,!&'(7(!?(337!58(!&8(5&(9!6+&'!HG_"$)4!&'+7!D5&'650!+7!8(7&-8(94!

+33=7&85&+,*!5!D-&(,&+53!/(?'5,+7/!.-8!&'(!&'(85D(=&+?!(..(?&!-.!(B-*(,-=7!HG_"!

+,!D5&+(,&7C!!!R(?(,&30!&85,735&+-,!7+3(,?+,*!@+5!(,'5,?(9!2MR!5?&+@+&0!'57!537-!

)((,!9(7?8+)(9!Z%8,5=9!(&!53C!$"]"\C!!<'+7!*8-=D!9(/-,7&85&(9!&'5&!6'+37&!OY[!

+,.(?&+-,!-.!O='^C$d!?(337!9(?8(57(9!HG_%!/R_%!D8-9=?&+-,!57!9(7?8+)(9!5)-@(4!

&'(8(!657!5!*8(5&(8!9(?8(57(!+,!&85,735&+-,4!D-+,&+,*!&-!5!,-@(3!/(?'5,+7/!-.!

&85,735&+-,53!7+3(,?+,*!+,!OY[A7!.+*'&!5*5+,7&!+,&(8.(8-,7C!

@.%&'8&'&.2&(O+%"(%"&(#2%+0.-(08(@.%&'8&'0.(

OY[!+7!537-!5)3(!&-!+,&(8.(8(!6+&'!&'(!9-6,7&8(5/!7+*,53+,*!-.!HG_74!&'(!,-8/53!

7(W=(,?(!-.!6'+?'!+7!-=&3+,(9!+,!G+*=8(!]Nc4!D$dC!!

Z+\ GK3K?g!OY[!?-8(!D8-&(+,!?5,!)+,9!K<%<]!5,9!7=)7(W=(,&30!+,'+)+&!

9-6,7&8(5/!HG_!7+*,53+,*!ZT+,!(&!53C!$""a\C!!K<%<]!+7!537-!+,'+)+&(9!

&'8-=*'!OY[!+,9=?(9!=D8(*=35&+-,!-.!D8-&(+,!D'-7D'5&57($%!Z22$%\4!

6'+?'!+7!5,!(,P0/(!6+&'!:(0!8-3(7!+,!?(33!'-/(-7&57+7!Z1=-,*!(&!53C!

$""c\C!!!!OY[!?-8(!D8-&(+,!.=8&'(8!+,&(8.(8(7!6+&'!&'+7!)0!)+,9+,*!
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!

! $f!

K<%<]!5,9!K<%<!$C!!<'+7!D8(@(,&7!,=?3(58!&85,73-?5&+-,!-.!&'(7(!

?8+&+?53!7+*,53+,*!/-3(?=3(7!Z>z3(,!(&!53C!$""c\C!!

Z++\ R]_g!_Kd%!)+,97!+,&(8.(8-,!+,9=?(9!2MR!5,9!D8(@(,&7!+&7!5?&+@5&+-,!

)0!97R_%!Z2.3=*'()(8!(&!53C!$""$\C!!<'(!OY[!I$!D8-&(+,!537-!+,'+)+&7!

2MR!)0!/(5,7!-.!5,!7'58(9!7(W=(,?(!6+&'!D58&!-.!2MR!5,9!-,(!-.!+&7!

9-6,7&8(5/!&58*(&74!&'(!&85,735&+-,!+,+&+5&-8!(HG$"!C!!<'+7!)3-?:7!

2MRA7!+,'+)+&-80!(..(?&!-,!?(33!*8-6&'!5,9!D8-&(+,!D8-9=?&+-,!Z<503-8!

(&!53C!]fff\C!!

Z+++\ a3Gg!<'(8(!+7!+,9+8(?&!(@+(,?(!&'5&!_Kd%!)+,97!E%K!5,9!+,'+)+&7!+&7!

5?&+-,!Z<5*=?'+!(&!53C!$""c\4!

5LRLU !+)$=>),BJ:.>.!:;!:;;#<&!:>>@;&!*&;&.!#,&!#..)D:#<&0!V:<J!<J&!)@<D)>&!
)3!H(I!:;3&D<:);!!

!

O+7&-8+?53304!/-7&!-.!&'(!7?+(,&+.+?!?-//=,+&0A7!(..-8&7!&-!=,9(87&5,9!&'(!OY[N

HG_!+,&(8D350!'5@(!.-?=7(9!-,!<0D(!H!+,&(8.(8-,7C!!O-6(@(8!8(?(,&304!<0D(!HHH!

+,&(8.(8-,7!'5@(!?8(5&(9!5!7&-8/!+,!&'(!OY[!58(,5!9=(!&-!8(7(58?'!=7+,*!*(,-/(!

6+9(!577-?+5&+-,!7&=9+(74!6'+?'!9+7?-@(8(9!5!7&8+:+,*!577-?+5&+-,!)(&6((,!

7D-,&5,(-=7!?3(585,?(!-.!OY[!+,.(?&+-,!5,9!7+,*3(!,=?3(-&+9(!D-30/-8D'+7/7!

ZK_27\!3+,:(9!&-!&'(!*(,(!(,?-9+,*!HG_#X!ZR5=?'!(&!53C!$"]"\C!!<'(!75/(!

577-?+5&+-,!657!7((,!6+&'!&8(5&/(,&!8(7D-,7(!ZK[R\!)0!c!*8-=D7!+,!?3-7(!

7=??(77+-,!Zi(!(&!53C!$""fS!R5=?'!(&!53C!$"]"S!K=DD+5'!(&!53C!$""fS!<5,5:5!(&!53C!

$""f\4!9(/-,7&85&+,*!&'5&!&'(!HG_#!D5&'650!D3507!5!:(0!8-3(!+,!&'(!8(7D-,7(!&-!

HG_"!57!6(33!57!+,!,5&=853!'-7&!+//=,+&0C!!H,9((94!+,!&'(!7&=90!)0!i(!5,9!-&'(874!

&'+7!577-?+5&+-,!657!7&8-,*(8!&'5,!5,0!D8(@+-=730!+9(,&+.+(9!D8(9+?&-8!-.!

8(7D-,7(!7=?'!57!*(,9(84!)57(3+,(!@+853!3-59!5,9!9(*8((!-.!.+)8-7+7!Z7((!G+*=8(!
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! X"!

]Nd\C!!<'(!/(?'5,+7/!)('+,9!'-6!?'5,*(7!+,!&'(7(!K_27!8(7=3&!+,!9+..(8(,&!

+//=,-3-*+?53!-=&?-/(7!+7!=,?3(584!53&'-=*'!6-8:!V=7&!8(?(,&30!D8(7(,&(9!

7=**(7&7!&'(!:(0!/50!3+(!+,!5!,(630!9+7?-@(8(9!/(/)(8!-.!&'+7!?0&-:+,(!.5/+30!

?533(9!HG_#c4!&'(!.-?=7!-.!/=?'!-,*-+,*!8(7(58?'!(,9(5@-=8!Z28-:=,+,5NE377-,!

(&!53C!$"]X\C!!!

T+;:'&(?Q)(a//-(_#%+0(08('+-P(8#2%0'-(#--02+#%&/(O+%"(<!=(%'&#%7&.%(8#+,:'&((

!
Risk factors for HCV treatment failure with IFN/RBV are listed on the y axis, IFN#3 linked single 
nucleotide polymorphisms (rs12979860, rs12980275 and rs809917) are shown with the corresponding 
authors from published genome wide association studies Ge et al 2009; Tanaka et al. 2009; Rauch et al. 
2010; Suppiah et al. 2009.  *Derived from Rauch et al. 2010. Adapted from Kelly C et al. 2011.   

5LU NJ#<!:.!<J&!,)$&!)3!9!D&$$.!:;!H(I!:;3&D<:);O!!

O=/5,!5,9!5,+/53!7&=9+(7!7=**(7&!&'5&!5!:(0!9(&(8/+,5,&!-.!@+853!?3(585,?(!+,!

5?=&(!OY[!+,.(?&+-,!+7!5!)8-59!5,9!8-)=7&!<!?(33!8(7D-,7(!!ZY--D(8!(&!53C!]fffS!

T(?',(8!(&!53C!$"""S!_(=/5,,NO5(.(3+,!(&!53C!$"]"S!<'+//(!(&!53C!$""]\C!!H,!

?'+/D5,P((!/-9(374!9(D3(&+-,!-.!Y1#h!<!?(337!5)8-*5&(7!D8-&(?&+@(!+//=,+&0!

.8-/!D8(@+-=7!OY[!+,.(?&+-,4!6'+3(!Y1ch!9(D3(&+-,!D8(@(,&7!(..(?&+@(!

9(@(3-D/(,&!-.!Y1#h!8(7D-,7(74!8(7=3&+,*!+,!@+853!D(87+7&(,?(!Zi85:-=+!(&!53C!

$""X\C!!!H,!'=/5,74!&'(!+/D-8&5,?(!-.!OT%!&0D(!'57!)((,!9(/-,7&85&(9!+,!7+,*3(!

7-=8?(!-=&)8(5:!7&=9+(7C!!H,!&'(7(!7&=9+(74!6-/(,!6(8(!+,.(?&(9!6+&'!&'(!75/(!

0.1 10 10
01

Male vs Female*

HCV viral load >800,000*

Advanced vs minimal Fibrosis*

Genotype 1/4 vs 2/3*

Suppiah rs8099917

Rauch rs8099917

Tanaka rs12980275

 Ge rs12979860

Odds Ratio of treatment failure (log10)
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! X]!

+,-?=3=/!-.!OY[!.8-/!?-,&5/+,5&(9!5,&+N1!+//=,-*3-)=3+,C!!%DD8-B+/5&(30!'53.!

-.!&'(!6-/(,!9(@(3-D(9!D(87+7&(,&!+,.(?&+-,!6'+37&!&'(!8(/5+,9(8!?3(58(9!&'(!

@+8=7!7D-,&5,(-=7304!6+&'!OT%N%{"X4!J{$^!5,9!Y6{"]!-??=88+,*!/-8(!.8(W=(,&30!

+,!7D-,&5,(-=7!?3(58(87!ZXfCdl4!]cl!5,9!fCXl!8(7D(?&+@(30\!&'5,!&'-7(!6'-!

9(@(3-D(9!?'8-,+?!+,.(?&+-,!Z]fC]|4!$C]l!5,9!]Ccl!8(7D(?&+@(30S!Dn"C""d\!

Z>?M+(8,5,!(&!53C!$""c\C!!!

E&'(8!-)7(8@5&+-,53!7&=9+(7!9(/-,7&85&(!5!&(/D-853!8(35&+-,7'+D!)(&6((,!&'(!

5DD(585,?(!-.!Y1#h!<!?(337!5,9!&'(!?-,&8-3!-.!@+85(/+5!+,!'=/5,!5,9!?'+/D5,P((!

7=)V(?&7!ZK'-=:80!(&!53C!$""cS!<'+//(!(&!53C!$""]\C!!H,!d!7=)V(?&7!6'-!9(@(3-D(9!

OY[!+,.(?&+-,!.-33-6+,*!5!,((93(7&+?:!+,V=804!X!7=)V(?&7!/-=,&(9!5!9(&(?&5)3(!<!

?(33!8(7D-,7(C!!H,!&'(7(!+,9+@+9=5374!5!9(?8(57(!+,!@+853!3-59!657!:+,(&+?5330!

577-?+5&(9!6+&'!&'(!5DD(585,?(!-.!<!?(33!8(7D-,7(74!6+&'!&'(!-,(!D(87-,!6'-!

7D-,&5,(-=730!?3(58(9!&'(!@+8=7!7'-6+,*!&'(!/-7&!@+*-8-=7!Y1#h!8(7D-,7(7!5&!

&'(!&+/(!-.!@+853!?3(585,?(!Z<'+//(!(&!53C!$""]\C!!!

H,!?-,&857&4!&'(!'533/58:!-.!?'8-,+?!OY[!+,.(?&+-,!+7!5!,588-630!.-?=7(94!

.=,?&+-,5330!+/D5+8(9!<!?(33!8(7D-,7(4!9(7D+&(!&'(!D8(7(,?(!-.!?+8?=35&+,*!5,&+*(,!

ZT(?',(84!i8=(,(8!(&!53C!$"""S!>+7753(!(&!53C!$"]$\C!!G=8&'(8/-8(4!&'-7(!<!?(337!

6'+?'!?5,!)(!9(&(?&(9!58(!-.&(,!.=,?&+-,5330!+/D5+8(94!6+&'!'+*'!3(@(37!-.!

(B'5=7&+-,!/58:(87!3+:(!21N]7!ZR59P+(6+?P!(&!53C!$""#\4!3-6!3(@(37!-.!Y1]$^!

Ze8)5,+!(&!53C!$""a\!5,9!D--8!(..(?&-8!.=,?&+-,4!9(/-,7&85&(9!)0!9-6,8(*=35&(9!

5?&+@5&+-,!/58:(87!7=?'!57!OT%N1R!5,9!Y1X#!ZT(?',(8!(&!53C!$"""\C!!H,9((9!

/-=7(!/-9(37!-.!?'8-,+?!@+853!+,.(?&+-,!6+&'!30/D'-?0&+?!?'-8+-/(,*+&+7!@+8=7!

ZTY>[\!7=**(7&!&'5&!?-,7&5,&!5,&+*(,+?!7&+/=35&+-,!/50!+/D5+8!<!?(33!.=,?&+-,!)0!

3(59+,*!&-!5!7&5&(!-.!.=,?&+-,53!(B'5=7&+-,!-8!5,(8*0!ZU'(8804!J35&&/5,!5,9!
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! X$!

%'/(9!$""dS!s-=,*)3--9!(&!53C!$"]]\C!!!<'(7(!7&=9+(7!537-!7=**(7&(9!&'5&!+&!

/+*'&!)(!D-77+)3(!&-!8(7?=(!<!?(33!8(7D-,7(7!=,9(8!?(8&5+,!?-,9+&+-,7C!!U'(,!

TY>[!+,.(?&(9!/+?(!6(8(!@5??+,5&(9!6+&'!5!8(?-/)+,5,&!@5??+,+5!@+8=74!&'-7(!

6+&'!3-6(8!@+853!3-597!8(7D-,9(9!)(&&(8!&-!@5??+,5&+-,!&'5,!&'-7(!6+&'!'+*'!@+853!

3-5974!7=**(7&+,*!&'5&!5&&(/D&7!&-!+,9=?(!-8!8(?-@(8!<!?(337!+,!?'8-,+?!OY[!

+,.(?&+-,!/50!)(!)(7&!D(8.-8/(9!+,!&'(!?-,&(B&!-.!5!3-6!@+853!3-59!ZU'(8804!

J35&&/5,!5,9!%'/(94!$""d\C!!

5LW NJ#<!:.!<J&!,)$&!)3!H(I!.B&D:3:D!#;<:')0:&.!:;!H(I!:;3&D<:);O!
!!

%,&+)-9+(7!58(!?3(5830!5,!+/D-8&5,&!?-/D-,(,&!-.!&'(!595D&+@(!'-7&!+//=,(!

8(7D-,7(4!5,9!+.!+,9=?(9!(..(?&+@(30!?-=39!8(7=3&!+,!7&(8+3+7+,*!+//=,+&0!&-!OY[C!!

<'+7!+7!5,!59@5,&5*(!-@(8!5!<!?(33!@5??+,(4!6'+?'!?5,!-,30!&58*(&!?(337!6'+?'!'5@(!

538(590!)((,!+,.(?&(9C!!%,&+)-9+(7!'5@(!537-!)((,!7'-6,!+,!7-/(!+,9+@+9=537!&-!

?-88(35&(!6+&'!@+853!?3(585,?(!+,!5?=&(!+,.(?&+-,4!5,9!&-!98+@(!7(3(?&+-,!D8(77=8(!

+,!&'(!'0D(8@58+5)3(!I$!8(*+-,!Z1-69!(&!53C!$""f\C!!!

K&=9+(7!+,!?'+/D5,P((7!7'-6!&'5&!+&!+7!D-77+)3(!&-!*(,(85&(!,(=&853+7+,*!OY[!

5,&+)-9+(74!6'+?'!58(!?8-77N8(5?&+@(!&-!-&'(8!*(,-&0D(7!!"#$!&'%!Z>(=,+(8!(&!53C!

$"]]\C!O-6(@(8!'=/5,!95&5!7=**(7&7!&'5&!7=?'!5,&+)-9+(7!?5,!-,30!)(!*(,(85&(9!

+,!5!/+,-8+&0!-.!'(53&'0!@-3=,&((87!ZT56!(&!53C!$"]X\C!!G=8&'(8/-8(4!I]!5,9!I$!

D8-&(+,7!58(!&(?',+?5330!9+..+?=3&!&-!D8-9=?(!+,!358*(!W=5,&+&+(7!ZD(87-,53!

?-88(7D-,9(,?(!18!%,&-,(335!G-3*-8+\C!!!%&&(/D&7!5&!&'(85D(=&+?!5,&+)-90!)57(9!

@5??+,5&+-,!+,!&'(!D-7&!3+@(8!&85,7D35,&!?-,&(B&!'5@(!)((,!9+75DD-+,&+,*4!

8(7=3&+,*!+,!7/5334!&85,7+(,&!8(9=?&+-,7!+,!@+853!3-59!Z3(77!&'5,!3-*]"\!Zi53=,!(&!53C!

$""^\C!!
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! XX!

_-,&'(3(774!53&'-=*'!?-,@(,&+-,53!?+8?=35&+,*!5,&+)-9+(7!&-!OY[!58(!8(59+30!

9(&(?&5)3(!6+&'+,!]NX!/-,&'7!-.!+,.(?&+-,4!&'(+8!D8(7(,?(!+,!'+*'!&+&8(7!9=8+,*!

?'8-,+?!+,.(?&+-,!9(/-,7&85&(7!&'(0!'5@(!5!3+/+&(9!5)+3+&0!&-!D8(@(,&!-8!

(3+/+,5&(!?'8-,+?!9+7(57(!ZJ58&-7?'!(&!53C!$""X\C!<'+7!+7!+,!?-,&857&!&-!/5,0!-&'(8!

@+8=7(7!6'(8(!@5??+,(N+,9=?(9!5,&+)-9+(7!D8-@+9(!357&+,*!7&(8+3+7+,*!+//=,+&04!

.-8!(B5/D3(!+,!&'(!?57(7!-.!O(D5&+&+7!J![+8=74!>(573(7!@+8=7!-8!(@(,!&'(!R_%!@+8=7!

R=)(335!@+8=7C!

H,!-89(8!&-!)(!7=??(77.=34!+&!+7!3+:(30!&'5&!(..(?&+@(!5,&+)-90!)57(9!+//=,+&0!&-!

OY[!6+33!'+,*(!=D-,!&'(!+9(,&+.+?5&+-,!-.!)8-5930!,(=&853+7+,*!5,&+)-9+(7C!!

%3&'-=*'!&'(8(!+7!/=?'!7&+33!&-!(BD3-8(!-,!&'+7!7=)V(?&4!5!?-,7(8@(9!5,&+)-90!

&58*(&!'57!)((,!+9(,&+.+(9!+,!&'(!'0D(8@58+5)3(!8(*+-,C!!%,&+)-9+(7!&-!&'+7!8(*+-,!

'5@(!8(7=3&(9!+,!D8-&(?&+-,!.8-/!?'8-,+?!OY[!+,.(?&+-,!+,!?'+/(8+?!/-=7(!

/-9(37!ZT56!(&!53C!$""#\C!!!

H,!&'(!?57(!-.!OY[!+&!+7!D35=7+)3(!&'5&!5!@5??+,(!6'+?'!9-(7!,-&!+,9=?(!5,&+)-9+(7!

?-=39!)(!(..(?&+@(!5*5+,7&!OY[C!!H,!'+*'!8+7:!?-'-8&74!<!?(33!8(7D-,7(7!&-!OY[!'5@(!

)((,!9(&(?&(9!+,!&'(!5)7(,?(!-.!7(8-?-,@(87+-,!Z2-7&!(&!53C!$""c!5,9!

%)9(365'5)!(&!53C!$"]$\C!!G=8&'(8/-8(4!7&=9+(7!+,!?'+/D5,P((7!D8-@+9(!(@+9(,?(!

&'5&!<!?(337!?5,!)(!+,9=?(9!5,9!D8-@+9(!D8-&(?&+-,!.8-/!?'8-,+?!OY[!+,.(?&+-,!

6+&'-=&!+,9=?+,*!OY[!5,&+)-9+(7!ZG-3*-8+!(&!53C!$""a\C!!<'=74!53&'-=*'!+9(5330!

)-&'!5,&+)-90!5,9!<!?(33!8(7D-,7(7!6-=39!)(!+,9=?(9!&'8-=*'!@5??+,5&+-,4!&'+7!

/50!,-&!)(!5!D8(N8(W=+7+&(!.-8!7=??(77C!

5LX H(I!.@'K&,<.!<J&!#0#B<:K&!:>>@;&!,&.B);.&!
!!

R(57-,7!.-8!&'(!6(5:!5,9!D--830!.-?=7(9!<!?(33!8(7D-,7(!-)7(8@(9!+,!OY[!

+,.(?&+-,!+,?3=9(!'-7&!.5?&-87!5,9!+,&8+,7+?!D8-D(8&+(7!-.!OY[!+&7(3.C!!%,!5?&+@(!
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! Xc!

+//=,(!8(7D-,7(!537-!8(3+(7!-,!&'(!'-7&A7!5)+3+&0!&-!9(&(?&!&'(!D8(7(,?(!-.!

D5&'-*(,+?!/5&(8+53!5,9!&58*(&!5DD8-D8+5&(!@+85330!+,.(?&(9!?(337C!!OY[!+7!5!

'(D5&-&8-D+?!@+8=7!53&'-=*'!&'(!D8(?+7(!/(?'5,+7/!6'+?'!?5=7(7!3+@(8!'-/+,*!+7!

,-&!?3(58C!!<'(!3+@(8!+&7(3.!+7!5,!+//=,-&-3(85,&!-8*5,4!)(+,*!-,(!-.!&'(!.(6!

-8*5,7!+,!&'(!)-90!6'+?'!9-(7!,-&!8(W=+8(!OT%!&+77=(!/5&?'+,*!.-8!

&85,7D35,&5&+-,!Z2-3+!(&!53C!]ff#\4!&'=7!-,?(!'(D5&-?0&(7!58(!+,.(?&(94!&'+7!

8(35&+@(30!+//=,(!W=+(7?(,&!(,@+8-,/(,&!/50!D(8/+&!OY[!&-!(7&5)3+7'!?'8-,+?!

+,.(?&+-,C!!G=8&'(8/-8(4!+&!'57!)((,!7=**(7&(9!&'5&!5,&+*(,!D8(7(,&5&+-,!)0!,-,N

D8-.(77+-,53!%2Y7!7=?'!57!'(D5&-?0&(7!/50!3(59!&-!9(.(?&+@(!5?&+@5&+-,!-.!&'(!

595D&+@(!+//=,(!8(7D-,7(!Zq+,:(8,5*(3!]ffa\C!!<'+7!'57!)((,!7'-6,!6+&'!-&'(8!

?'8-,+?!'=/5,!@+8=7(74!.-8!(B5/D3(!'=/5,!D5D+33-/5!@+8=74!6'+?'!6'(,!

7(W=(7&(8(9!+,!:(85&+,-?0&(7!.5+37!&-!5?&+@5&(!5,!(..(?&+@(!<!?(33!8(7D-,7(!=,&+3!

5,&+*(,7!58(!8(3(57(9!.8-/!307(9!?(337!5,9!&5:(,!=D!)0!D8-.(77+-,53!%2YK!Z<+,93(!

5,9!G85P(8!]ffc\C!!%3&'-=*'!@+853!5,&+*(,7!58(!(BD8(77(9!-,!&'(!7=8.5?(!-.!

'(D5&-?0&(7!-,!Y3577!H!/-3(?=3(74!&'(!35?:!-.!Y1ch!5?&+@5&+-,!Z&'8-=*'!&'(!D5=?+&0!

-.!OT%!Y3577!HH!D8(7(,&+,*!?(337\!5,9!&'(!35?:!-.!?-N7&+/=35&+-,!.8-/!%2Y74!/50!

D58&+5330!5??-=,&!.-8!&'(!6(5:!8(7D-,7(7C!!!

OY[!'57!537-!9(@(3-D(9!&'(!?5D5?+&0!&-!'+9(!.8-/!+//=,(!?(337!@+5!9+8(?&!?(33!&-!

?(33!&85,7.(8!6+&'+,!&'(!3+@(8!Z<+/D(!(&!53C!$""#\!5,9!)0!/57:+,*!D-&(,&+53!

5,&+)-90!&58*(&7!)0!*30?-7035&+,*!(,@(3-D(!D8-&(+,7!-,!&'(!7=8.5?(!-.!@+853!

D58&+?3(7!ZO(33(!(&!53C!$""^S!i8(/+-,!5,9!Y(8,0!$""d\C!!!

I@(,!+.!5!<!?(33!-8!5,&+)-90!8(7D-,7(!+7!&8+**(8(94!.+,9+,*!5,!(..(?&+@(4!9=85)3(!

&58*(&!+,!5!85D+930!/=&5&+,*!@+8=7!+7!5!9+..+?=3&!&57:C!!%7!9(7?8+)(9!D8(@+-=7304!&'+7!

85D+930!/=&5&+,*!@+8=7!8(7=3&7!+,!5!7658/!-.!9+@(8*(,&!W=57+7D(?+(7!)(+,*!
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! Xd!

7+/=35&5,(-=730!D8(7(,&!+,!&'(!'-7&C!!!<'(7(!W=57+7D(?+(7!58(!98+@(,!)0!+//=,(!

D8(77=8(4!6+&'!/=&5&+-,7!+,!&'(!OY[!@+853!7(W=(,?(!53/-7&!]^!&+/(7!/-8(!3+:(30!

&-!-??=8!6+&'+,!5!<!?(33!(D+&-D(!8(*+-,!&'5,!6+&'-=&!ZY-B!(&!53C!$""d\C!!!K-/(!-.!

&'(7(4!7=?'!57!/=&5&+-,7!5&!&'(!OT%NJ$^!(D+&-D(!%R>HT><OG4!?-/(!5&!5!?-7&!&-!

@+853!.+&,(774!-8!D8-9=?(!@58+5,&7!6'+?'!58(!?8-77N8(?-*,+7(9!)0!<!?(337!Z15P(8&!(&!

53C!$""f\C!!O-6(@(8!-&'(87!533-6!@+853!(7?5D(!&'8-=*'!5!@58+(&0!-.!D-&(,&+53!

/(?'5,+7/74!+,?3=9+,*!Z+\!9(?8(57(9!8(?-*,+&+-,!)0!<!?(337!-.!(+&'(8!&'(!(D+&-D(!

-8!+&7!.35,:+,*!8(*+-,!Z++\!9(?8(57(9!5,&+*(,!)+,9+,*!Z+++\!+/D5+8(9!5,&+*(,!

D8-?(77+,*!-8!D8(7(,&5&+-,C!

_(@(8&'(3(774!&'(8(!+7!?3(5830!/-8(!5&!D350!'(8(!&'5,!7+/D30!&'(!@+8=7A!5)+3+&0!&-!

'+9(!-8!(7?5D(!.8-/!&'(!595D&+@(!+//=,(!707&(/C!!!H&!'57!)((,!7'-6,!+,!

?'+/D5,P((!/-9(37!&'5&!Y1ch!(D+&-D(7!58(!/-8(!'+*'30!?-,7(8@(9!&'5,!Y1#h!

(D+&-D(7!5,9!858(30!(7?5D(!ZG=33(8!(&!53C!$"]"\C!!H,!&'+7!6-8:4!6'+37&!^dl!-.!Y1#h!

(D+&-D(7!7'-6(9!(@+9(,?(!-.!(7?5D(!-@(8!5!.-=8!0(58!D(8+-94!-,30!]#l!-.!Y1ch!

(D+&-D(7!9+9C!!G=8&'(8/-8(4!9(7D+&(!-,*-+,*!@+853!7(W=(,?(!@58+5&+-,4!<!?(337!&(,9!

,-&!&-!9(@(3-D!,(6!(D+&-D(!7D(?+.+?+&+(7!5.&(8!&'(!.+87&!a!/-,&'7!-.!+,.(?&+-,!

ZJ=8:(!5,9!Y-B!$"]"\C!!I@(,!6'(,!<!?(337!58(!+,9=?(94!&'(0!&(,9!&-!)(!D--830!

.=,?&+-,534!57!9(7?8+)(9!5)-@(!ZDX]\C!<!8(*=35&-80!?(337!58(!(,8+?'(9!+,!&'(!3+@(87!

-.!D5&+(,&7!6+&'!?'8-,+?!OY[!5,9!?5,!5?&+@(30!7=DD8(77!Y1ch!5,9!Y1#h!<!?(337!

ZU589!(&!53C!$""^\C!!<'(!35?:!-.!.=,?&+-,53!<!?(337!+/D3+(7!&'5&!.=,?&+-,53!<!?(33!

9(@(3-D/(,&!+7!588(7&(9!6+&'+,!&'(!.+87&!0(58!-.!OY[!+,.(?&+-,!6'+?'!)(*7!&'(!

W=(7&+-,g!Y5,!<!?(337!)(!+,9=?(9!9(!,-@-4!-8!(B+7&+,*!8(7D-,7(7!8(?-@(8(94!

&'8-=*'!&'(85D(=&+?!@5??+,5&+-,!-.!?'8-,+?5330!+,.(?&(9!+,9+@+9=537j!
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!

! Xa!

5LXL5 /#<:);#$&!3),!#!9J&,#B&@<:D!9!D&$$!K#DD:;&!

15&5!.8-/!'=/5,!5,9!?'+/D5,P((!7&=9+(7!7=**(7&!&'5&!+,9=?+,*!D8-&(?&+@(!

Z53&'-=*'!,-&!7&(8+3+7+,*\!+//=,+&0!+7!5!8(53+7&+?!*-53!+,!&'(!&8(5&/(,&!5,9!

D8(@(,&+-,!-.!?'8-,+?!OY[!+,.(?&+-,C!!ID+9(/+-3-*+?53!7&=9+(7!'5@(!7'-6,!&'5&!+,!

?-'-8&7!-.!+,V(?&+,*!98=*!=7(874!+,9+@+9=537!'5@(!3-,*!D(8+-97!-.!5@+85(/+5!

9(7D+&(!-,*-+,*!8+7:!)('5@+-=8!Z[+335,-!(&!53C!]fff\!5,9!5,5307+7!-.!5,!OY[!

/-,-N+,.(?&(9!?-'-8&!9(/-,7&85&(9!&'5&!+,9+@+9=537!6+&'!D8(@+-=730!

9-?=/(,&(9!+,.(?&+-,!6(8(!]$!&+/(7!/-8(!3+:(30!&-!7D-,&5,(-=730!?3(58!&'(!@+8=7!

6'(,!8(N+,.(?&(9!Z>('&5!(&!53C!$""$\C!%!@5??+,5&+-,!7&85&(*04!6'+?'!/+/+?7!&'(7(!

,5&=853!5,&+@+853!8(7D-,7(74!?-=39!D8-@+9(!D8-&(?&+-,!.8-/!?'8-,+?!9+7(57(!5,9!

?-=39!(,'5,?(!8(7D-,7(7!&-!&8(5&/(,&!-8!8(9=?(!@+853!3-59!)(.-8(!&8(5&/(,&4!

6'+?'!6-=39!D8-@(!5!/5V-8!)(,(.+&!&-!D5&+(,&7C!!

S6+/&.2&(08(K(2&,,(+77:.0;&.+2+%9(+.("&#,%"9(60,:.%&&'-(

R(?(,&!6-8:!)0!J58,(7!5,9!-&'(87!'57!9(/-,7&85&(9!&'5&!@+*-8-=7!

D-30.=,?&+-,53!<!?(33!8(7D-,7(7!?5,!)(!*(,(85&(9!+,!'(53&'0!@-3=,&((874!

@5??+,5&(9!6+&'!59(,-@+853!@(?&-87!(BD8(77+,*!D8-&(+,7!.8-/!&'(!,-,N7&8=?&=853!

OY[!*(,-/(4!_KXN_Kd!Z_K/=&\!ZJ58,(7!(&!53C!$"]$\C!!H,!&'+7!2'57(!H!7&=90!Z?533(9!

OY[""]\4!'(53&'0!@-3=,&((87!6(8(!@5??+,5&(9!6+&'!(7?535&+,*!9-7(7!-.!&6-!

8(D3+?5&+-,!9(.+?+(,&!59(,-@+853!@(?&-87g!'=/5,!59(,-@+8=7!a!Z%9a\!5,9!

?'+/D5,P((!59(,-@+8=7!X!ZY'%9X\C!!J-&'!@(?&-87!6(8(!75.(!=D!&-!5!/5B+/53!9-7(!

-.!^Cd}]"]"@D4!5,9!D8+/(9!5,9!)--7&(9!D-30.=,?&+-,534!9=85)3(!Y1ch!5,9!Y1#h!<!

?(33!8(7D-,7(7C!!<'(7(!D8-9=?(9!HTN$4!HG_!!5,9!<_G"!5,9!8(?-*,+7(9!5!)8-59!

85,*(!-.!<!?(33!(D+&-D(7C!![5??+,(N+,9=?(9!<!?(337!6(8(!9(&(?&5)3(!=D!&-!c#!6((:7!

.-33-6+,*!@5??+,5&+-,!5,9!8(&5+,(9!D8-3+.(85&+@(!?5D5?+&04!D(8.-8+,4!*85,P0/(!%!
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! X^!

5,9!J!D8-9=?&+-,C!!<'(!/5*,+&=9(!5,9!W=53+&0!-.!&'(!<!?(337!+,9=?(9!657!+,!

/58:(9!?-,&857&!&-!&'-7(!<!?(337!9(7?8+)(9!+,!?'8-,+?!+,.(?&+-,C!!H.!7=?'!D-&(,&!<!

?(33!8(7D-,7(7!?-=39!)(!+,9=?(9!+,!D5&+(,&7!6+&'!?'8-,+?!OY[!+,.(?&+-,4!+&!+7!

D-77+)3(!&'5&!&'(85D(=&+?!@5??+,5&+-,!?-=39!3-6(8!@+853!3-59!5,9!+/D8-@(!

8(7D-,7(!&-!&'(85D0C!!!

<'(!7?+(,&+.+?!85&+-,53(!.-8!5!&'(85D(=&+?!<!?(33!@5??+,(!?5,!)(!7=//58+7(9!)0!&'(!

.-33-6+,*g!

Z+\ %,!(..(?&+@(!5,&+NOY[!<!?(33!8(7D-,7(!?5,!?-,&8-3!5,9!+,9=?(!

7D-,&5,(-=7!8(7-3=&+-,!-.!5?=&(!OY[!+,.(?&+-,C!!<'+7!-)7(8@5&+-,!

7=**(7&7!&'5&!<!?(337!/50!)(!5!@53+9!&'(85D(=&+?!/(?'5,+7/!.-8!&'(!

&8(5&/(,&!-.!OY[C!

Z++\ %9/+,+7&(8+,*!5,&+*(,!&-!5!D(8+D'(853!7+&(!Z/=7?3(\!+,!5!,-@(3!.-8/4!

7=?'!57!@+5!5,!59(,-@+853!@(?&-84!?-=39!533-6!<!?(33!D8+/+,*!-=&7+9(!&'(!

3+@(8!5,9!537-!D8(@(,&!&'(!OY[!/(9+5&(9!7=DD8(77+-,!-.!<!?(33!

8(7D-,7(7!

Z+++\ %,+/53!/-9(37!-.!?'8-,+?!@+853!+,.(?&+-,!7=**(7&!&'5&!59/+,+7&(8+,*!5!

&'(85D(=&+?!@5??+,(!+,!&'(!?-,&(B&!-.!5!3-6!@+853!3-59!/50!*(,(85&(!<!

?(33!8(7D-,7(7!/-8(!(..(?&+@(30!&'5,!6'(,!@+853!3-597!58(!'+*'C!!O(,?(!

@5??+,5&+-,7!6+33!)(!59/+,+7&(8(9!)-&'!53-,(!5,9!6+&'!HG_r!&'(85D0!!

Z+@\ <'(!.5?&!&'5&!=,3+:(!OH[4!OY[!?5,!)(!?3(58(9!(+&'(8!7D-,&5,(-=730!-8!

6+&'!(B-*(,-=7!HG_bRJ[!&'(85D0!7=**(7&7!&'5&!OY[!/50!)(!/-8(!

5/(,5)3(!&-!+//=,-N&'(85D(=&+?7!&'5,!7-/(!-&'(8!?'8-,+?!@+853!

+,.(?&+-,7C!!!!
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! X#!

Z@\ 15&5!.8-/!'(53&'0!@-3=,&((87!+,9+?5&(7!&'5&!@+*-8-=7!5,&+NOY[!7D(?+.+?!

<!?(33!8(7D-,7(7!?5,!)(!*(,(85&(9!&'8-=*'!@5??+,5&+-,C!

5LXLM /&Y@:,&>&;<.!)3!#;!:0&#$!H(I!9!D&$$!K#DD:;&!

Z+\ G#8&g!&'(!@5??+,(!/=7&!)(!6(33!&-3(85&(94!6+&'!/+,+/53!3-?53!5,9!

707&(/+?!59@(87(!(@(,&74!(7D(?+5330!+.!59/+,+7&(8(9!&-!D5&+(,&7!6+&'!

D8(N(B+7&+,*!3+@(8!9+7(57(C!

Z++\ @77:.0;&.+2A(%)+3+&0!&-!*(,(85&(!3-,*N357&+,*!'+*'!W=53+&0!<!?(337!

6+&'!D8-3+.(85&+@(!5,9!:+33+,*!?5D5?+&0C!!

Z+++\ !'0--Q'&#2%+6+%9(#;#+.-%(/+88&'&.%(<!=(6+'#,(6#'+#.%-g!%)+3+&0!&-!

*(,(85&(!OY[!7D(?+.+?!8(7D-,7(7!&-!5!358*(!85,*(!-.!?+8?=35&+,*!OY[!

@+853!7=)&0D(7!5,9!W=57+7D(?+(74!+9(5330!5?8-77!/=3&+D3(!*(,-&0D(7C!

Z+@\ 3$$,+2#4,&(%0(#(;,04#,($0$:,#%+0.A(I..(?&+@(!+,!D-D=35&+-,7!6+&'!

/=3&+D3(!9+..(8(,&!OT%!&0D(7C!!I57+30!59/+,+7&(8(9!5,9!7&-8(9!6+&'!

(+&'(8!,-!?-39!?'5+,!8(W=+8(9!-8!7&5)+3+&0!+,!&'(!.5?(!-.!5,!+,?-,7+7&(,&!

?-39!?'5+,C!!

5LZ H(I!K#DD:;&!.<,#<&*:&.!<)!0#<&!

%!@58+(&0!-.!OY[!@5??+,5&+-,!7&85&(*+(7!'5@(!)((,!(@53=5&(9!-@(8!&'(!D57&!9(?59(!

+,!5,+/53!5,9!'=/5,!7&=9+(7C!>-7&!-.!&'(7(!@5??+,5&+-,!7&85&(*+(7!'5@(!)((,!6(33!

&-3(85&(94!53&'-=*'!&'(0!'5@(!)((,!&(7&(9!-,30!+,!7/533!*8-=D7!5,9!.(6!'5@(!

D8-9=?(9!?-,@+,?+,*!(@+9(,?(!-.!+//=,-*(,+?+&0C!<'(!/5V-8!@5??+,(!7&85&(*+(7!

+,!'=/5,!?3+,+?53!7&=9+(7!58(!7=//58+7(9!)(3-6C!!
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! Xf!

=#22+.&(K9$&( 1&-2'+$%+0.( 3/6#.%#;&-( 1+-#/6#.%#;&-(
(
_&2074+.#.%(
R'0%&+.(

!
OY[!D8-&(+,!+7!?3-,(9!
+,&-!)5?&(8+54!0(57&!-8!
/5//53+5,!?(337!5,9!
+,V(?&(9!

!
N!?5,!?-/)+,(!
5,&+*(,7!-.!+,&(8(7&!
+,&-!-,(!+//=,-*(,!
N!&(?',+?5330!7+/D3(!

!
N!D8(9-/+,5,&30!
7&+/=35&(!Y1ch!<!?(33!
5,9!5,&+)-90!
8(7D-,7(7!85&'(8!&'5,!
Y1#h!<!?(337!
N!D--830!+//=,-*(,+?!

R&$%+/&( 2(D&+9(74!-.&(,!6+&'!
59V=@5,&74!58(!
+,V(?&(9!+,!(/=37+-,!

N!D8-9=?(!&58*(&(9!
+//=,(!8(7D-,7(7!&-!
8(3(@5,&!5,&+*(,7!
N!(570!&-!577(77!
+//=,(!8(7D-,7(7!
!

N!7D(?+.+?!&-!?(8&5+,!
OT%!&0D(7!!
N!D--830!+//=,-*(,+?!

153( %!D357/+9!?-,&5+,+,*!
&'(!*(,(!-.!+,&(8(7&!+7!
+,V(?&(9!5,9!&5:(,!=D!
)0!?(337!6'+?'!&'(,!
(BD8(77!OY[!5,&+*(,7C!

N!?5,!(BD8(77!6'-3(!
*(,-/(4!&'=7!)8-59!
85,*(!-.!5,&+*(,+?!
&58*(&7!
!

N!D--830!+//=,-*(,+?!
6+&'-=&!59V=@5,&!
/(&'-97!

=+'#,(=&2%0'( %&&(,=5&(9!@+8=7(7!
3+:(!59(,-@+8=7(7!-8!
>[%!@+8=7(7!?5880!
OY[!*(,(7!5,9!
&85,79=?(!?(337!6'+?'!
(BD8(77!OY[!5,&+*(,7!

N!7&8-,*!D8+/+,*!5,9!
)--7&+,*!D-&(,&+53!-.!
Y1ch!5,9!Y1#h!<!?(337!

N!H//=,(!8(7D-,7(7!
&-!@(?&-87!/50!3+/+&!
+//=,-*(,+?+&0!
N!75.(&0!?-,?(8,7!
5)-=&!3+@(!@+8=7!

5LZL5 +&B<:0&!#;0!+,)<&:;!'#.&0!K#DD:;&.!

<'(!/5V-8+&0!-.!OY[!@5??+,(!7&=9+(7!'5@(!'+7&-8+?5330!=7(9!D(D&+9(!-8!

8(?-/)+,5,&!D8-&(+,!5DD8-5?'(7!&-!*(,(85&(!<!?(33!-8!5,&+)-90!8(7D-,7(7C!!<'(7(!

'5@(!D8(9-/+,5,&30!=7(9!5,&+*(,7!.8-/!&'(!(,@(3-D(!-8!?-8(!8(*+-,C!!!

2(D&+9(!)57(9!@5??+,(7!9+8(?&30!D8(7(,&!5,&+*(,!-,!OT%!/-3(?=3(7!&-!+,9=?(!<!

?(33!8(7D-,7(7C!E,(!3+/+&5&+-,!-.!&'+7!&(?',+W=(!+7!&'5&!7=?'!@5??+,(7!?-,&5+,!-,30!

5!3+/+&(9!8(D(8&-+8(!-.!5,&+*(,74!&'=7!8(7D-,7(7!)8-59!(,-=*'!.-8!D8-&(?&+-,!/50!

,-&!)(!*(,(85&(9C!!G=8&'(8/-8(4!53&'-=*'!6(5:!<!?(33!8(7D-,7(7!5,9!5,&+)-9+(7!

'5@(!)((,!+,9=?(9!=7+,*!&'+7!5DD8-5?'4!7+,*3(!D(D&+9(7!/=7&!*(,(85330!)(!OT%!

/5&?'(9!.-8!<!?(33!D8(7(,&5&+-,4!/5:+,*!&'+7!5DD8-5?'!9+..+?=3&!&-!+,7&+&=&(!5&!5!

D-D=35&+-,!3(@(3C!!!
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!

! c"!

3.%+;&.-(8'07(%"&(<!=(&.6&,0$&(

<'(!.+87&!&'(85D(=&+?!@5??+,(!&8+53!.-8!OY[!=7(9!D(D&+9(7!.8-/!&'(!I]!8(*+-,!-.!

&'(!@+8=7C!!<'(8(!657!+,+&+5330!5!7=**(7&+-,!-.!5,!+/D8-@(/(,&!+,!3+@(8!'+7&-3-*0!

5,9!%T<!+,!D5&+(,&7!'-6(@(84!&'+7!657!,-&!)-8,!-=&!+,!.=8&'(8!6-8:!5,9!&'+7!

@5??+,(!657!9+7?-,&+,=(9!Z_(@(,7!(&!53C!$""X\C!!!U'+37&!&'(!(,@(3-D(!8(*+-,!+7!5,!

5&&85?&+@(!5,&+*(,+?!&58*(&4!7+,?(!+&!&'(!&58*(&!.-8!5,&+)-90!8(7D-,7(74!&'(!

3+/+&5&+-,7!-.!&'(!'-7&!'=/-853!8(7D-,7(!&-!?-,&8-3!OY[!+,.(?&+-,4!+,!

?-/)+,5&+-,!6+&'!&'(!@58+5)+3+&0!-.!&'+7!8(*+-,4!7=**(7&!&'5&!(,@(3-D(!5,&+*(,7!

/50!'5@(!3+/+&(9!(..+?5?0!Z7((!]C^4!;U'5&!+7!&'(!8-3(!-.!OY[!7D(?+.+?!5,&+)-9+(7!+,!

OY[!+,.(?&+-,j()!DX$\C!!!!

O-6(@(8!8(?(,&304!95&5!8(D-8&(9!.8-/!5!V-+,&!@(,&=8(!6+&'!+,9=7&80!Z_-@58&+7\!

5,9!/=3&+D3(!5?59(/+?!7+&(74!7=**(7&!&'5&!+&!/50!)(!D-77+)3(!&-!*(,(85&(!)8-5930!

,(=&853+7+,*!5,&+)-9+(7!+,!'=/5,74!53)(+&!-,30!+,!5!7/533!,=/)(8!-.!+,9+@+9=537!

ZT56!(&!53C!$"]X\C!!H,!&'+7!7&=90!-.!@5??+,5&+-,!6+&'!(,@(3-D(!*30?-D8-&(+,7!.8-/!

5!*(,-&0D(!]5!@+8=74!db]X!@5??+,5&(9!@-3=,&((87!'59!7=..+?+(,&!5,&+)-90!&+&8(7!&-!

,(=&853+7(!d"l!@+8=7!+,!!"#$!&'%!?(33!?=3&=8(!577507!ZT56!(&!53!$"]X\C!!G-8!&'(!.+87&!

&+/(4!&'+7!*8-=D!7'-6(9!&'5&!7(8=/!*(,(85&(9!)0!*(,-&0D(!]5!*30?-D8-&(+,7!

?-=39!,(=&853+7(!@+8=7!.8-/!-&'(8!*(,-&0D(7C!!G=8&'(8!7&=9+(7!58(!D35,,(9!6+&'!

&'+7!@5??+,(C!!

3.%+;&.-(8'07(%"&(20'&('&;+0.(

E&'(8!D(D&+9(!@5??+,(7!'5@(!+,?3=9(9!?-8(!D(D&+9(7C!!<'(!?-8(!8(*+-,!+7!'+*'30!

?-,7(8@(9!.8-/!5!7(W=(,?(!D(87D(?&+@(!5,9!&'=7!D-&(,&+5330!+//=,-*(,+?!

5?8-77!5!)8-59!85,*(!-.!*(,-&0D(7C!!O-6(@(84!/-7&!:,-6,!(D+&-D(7!+,!&'+7!8(*+-,!
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! c]!

58(!Y1ch!8(7D-,7(74!6+&'!.(6!Y1#h!8(7D-,7(7!+9(,&+.+(9C!!Y-8(!8(7D-,7(7!'5@(!

537-!)((,!+9(,&+.+(9!+,!/5,0!D5&+(,&7!6+&'!?'8-,+?!+,.(?&+-,!+,!&'(!5)7(,?(!-.!

@+853!?-,&8-3!ZK(//-!(&!53C!$""d\4!7=**(7&+,*!&'5&!&'(!.=,?&+-,53!7+*,+.+?5,?(!-.!

&'(7(!8(7D-,7(7!/50!)(!3+/+&(9C!!%!Q5D5,(7(!7&=90!9(7+*,(9!5!@5??+,(!D8-*85/!

)57(9!-,!5!?-,7(8@(9!8(*+-,!-.!&'(!?-8(!D8-&(+,!Zs=&5,+!(&!53C!$""f\C!!HG_v!

8(7D-,7(7!6(8(!/(57=8(9!)0!ITHK%!7-!58(!9+..+?=3&!&-!?-/D58(!&-!-&'(8!7&=9+(7!

6'+?'!'5@(!&859+&+-,5330!=7(9!HG_vNITHKD-&!577507C!!_-,(&'(3(774!]^b$a!D5&+(,&7!

9(@(3-D(9!9(&(?&5)3(!HG_v!3(@(37!)0!ITHK%!?-/D58(9!6+&'!]]!D5&+(,&7!5&!

)57(3+,(!Z85,*(!"N^#"!D*b/34!,-!)5?:*8-=,9!7=)&85?&(9\C!!E,30!$!D5&+(,&7!'59!5!

9(?8(57(!+,!@+853!3-59!-.!]!3-*!9=8+,*!&'(!]$!6((:7!@5??+,5&+-,!.-33-6!=D!D(8+-9C!

%,-&'(8!D(D&+9(!)57(9!@5??+,(4!?533(9!HYc]4!=7(9!d!D(D&+9(7!7(3(?&(9!.8-/!?-8(4!

_KX!5,9!_Kc!+,!OT%N%$!D-7+&+@(!OY[!+,.(?&(9!D5&+(,&7!ZM359(!(&!53C!$"]$\C!!<'+7!

@5??+,(!657!6(33!&-3(85&(9!)=&!8(7=3&(9!+,!-,30!5!D(5:!/(9+5,!HG_Nv!ITHKD-&!
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!"#$%&'()*+,-.(/0#$1&'()*+2334*+
#$1&'()*+,-.(/0!"#$%&'()*+2334*+



!"#$%&'(?(( ( ( ( ( ( ( (((((((((((((((((((((((((((((((((@.%'0/:2%+0.(

!
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T+;:'&(?QL(=#22+.#%+0.(O+%"(#("&%&'0,0;0:-($'+7&^400-%('&;+7&.(+.("&#,%"9(60,:.%&&'-(8'07(-%:/9(
<!=II?>(((

!

!
#X!O(53&'0!@-3=,&((87!8(?(+@(9!D8+/+,*!@5??+,5&+-,!6+&'!Y'%9XN_K/=&!Z8(9\!-8!%9aN_K/=&!
ZD=8D3(\!.-33-6(9!)0!'(&(8-3-*-=7!)--7&+,*!@5??+,5&+-,>((4X![-3=,&((87!8(?(+@(9!5!7+,*3(!D8+/(!
Z8(9\!-8!9-=)3(!D8+/(!ZD=8D3(\!@5??+,5&+-,!6+&'!Y'%9XN_K/=&4!.-33-6(9!)0!)--7&+,*!6+&'!%9aN
_K/=&C!!i8-=D!/(5,7!58(!7'-6,!6+&'!7C(C/CC!!15&5!595D&(9!.8-/!7&=90!OY[""]!ZJ58,(7!(&!53C!
$"]$\!6+&'!?-88(7D-,9+,*!5=&'-8A7!D(8/+77+-,C!

5L5\LR /)@<&!)3!:;]&D<:);!

H,&85/=7?=358!+,V(?&+-,!657!?'-7(,!57!&'(!8-=&(!-.!@5??+,(!59/+,+7&85&+-,C!!T-?53!

5,9!707&(/+?!7+9(!(..(?&7!=7+,*!&'+7!/(&'-9!-.!@5??+,5&+-,!6(8(!6(33!&-3(85&(9!)0!

'(53&'0!@-3=,&((87!+,!OY[""]4!7=DD-8&+,*!+&7!?-,&+,=5&+-,!+,&-!OY[""$<[C!!H&!+7!

577=/(9!&'5&!,-!?-N+,.(?&+-,!6+&'!6+39!&0D(!59(,-@+8=7(7!?-=39!-??=8!5&!&'+7!7+&(!

Z7((!D5*(!df!R+7:7!&-!&'(!?-//=,+&0\C!!<'+7!+7!537-!5!?-,@(,&+-,53!5,9!.5/+3+58!

/(&'-9!-.!@5??+,(!59/+,+7&85&+-,!.-8!?3+,+?+5,7!5,9!D5&+(,&7C!!!

5L5\LU A).&!)3!(JS06!#;0!S0U!

K&=9+(7!-.!5?=&(!OY[!+,.(?&+-,!7=**(7&!&'5&!&'(!7&8-,*(8!5,9!)8-59(8!&'(!<!?(33!

8(7D-,7(4!&'(!/-8(!3+:(30!+&!+7!&'5&!5?=&(!OY[!+,.(?&+-,!6+33!8(7=3&!+,!?3(585,?(!

ZKD595!(&!53C!$""cS!G-3*-8+!(&!53C!$""a\C!!!<'(8(.-8(!&'(!/5*,+&=9(4!)8(59&'!5,9!
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Ad6 2.5 x1010 prime (gp 9)

ChAd3 2.5x1010 prime (gp 10)
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! dd!

D(8'5D7!9=85&+-,!-.!<!?(33!8(7D-,7(!?5,!)(!?-,7+9(8(9!57!+//=,(!?-88(35&(7!.-8!

D8-&(?&+-,!5*5+,7&!?'8-,+?!OY[!+,.(?&+-,C!!!

<'(!,(?(77580!5,9!7=..+?+(,&!9-7(!&-!5?'+(@(!<!?(33!8(7D-,7(7!+,!OY[""$<[!657!

9(&(8/+,(9!=7+,*!95&5!.8-/!)-&'!,-,N'=/5,!D8+/5&(!5,9!'=/5,!7&=9+(7C!!U'(,!

8'(7=7!/5?5W=(7!6(8(!+,V(?&(9!6+&'!59(,-@+853!@(?&-87!?-,&5+,+,*!&'(!_K/=&!

5,&+*(,!5&!9-7(7!-.!]"#N]"]]!@D4!!533!5,+/537!8(?(+@+,*!]"]"!@D!-8!'+*'(8!D8-9=?(9!

5!<!?(33!8(7D-,7(C!![5??+,5&+-,!6+&'!&'(!3-6(8!9-7(!Z]"#!@D\!657!3(77!(..+?+(,&4!

6+&'!-,30!c!-=&!-.!d!/5?5W=(7!8(7D-,9+,*!ZY5D-,(4!>(-35!(&!53C!$""a\C!!!<'(8(!+7!

537-!5!358*(!)-90!-.!75.(&0!5,9!+//=,-*(,+?+&0!95&5!.8-/!OY[""]4!6'(8(!

'(53&'0!D(-D3(!6(8(!@5??+,5&(9!6+&'!&'(!75/(!@5??+,(7!D8-D-7(9!.-8!OY[""$<[C!!

<'(!9-7(!85,*(!&(7&(9!+,!OY[""]!+,?3=9(9!533!9-7(7!D8-D-7(9!.-8!OY[""$<[!Zd!

}!]"#4!d!}!]"f!5,9!$Cd!}!]"]"!@D\4!57!6(33!57!5,!599+&+-,53!(B&85!'+*'!9-7(!Z^Cd!}!

]"]"!@D\!Z<5)3(!]Nc!Dcc\C!!<'+7!7&=90!9(/-,7&85&(9!&'5&!@5??+,5&+-,!657!6(33!

&-3(85&(9!5&!533!9-7(74!53&'-=*'!59@(87(!(@(,&7!6(8(!/-8(!?-//-,!57!9-7(!

+,?8(57(9C!!%&!$Cd!}!]"]"!@D!533!+,9+@+9=537!/-=,&(9!<!?(33!8(7D-,7(7!'-6(@(8!

&'(8(!5DD(58(9!&-!)(!5!?(+3+,*!(..(?&!-,!&'(!/5*,+&=9(!-.!<!?(337!6'+?'!?-=39!)(!

+,9=?(94!6'(8(!,-!+,?8(57(9!+//=,-*(,+?+&0!657!-)7(8@(9!6+&'!&'(!(B&85!'+*'!

9-7(!^Cd!}!]"]"!@DC!!!<'+7!7=**(7&(9!&'5&!6'+3(!&'(!3-6(8!9-7(7!6-=39!)(!

,(?(77580!.-8!577(77/(,&!-.!75.(&04!&'(!-D&+/53!9-7(!.-8!OY[""$<[!6-=39!)(!$Cd!

}!]"]"!@DC!!<'(!358*(7&!,=/)(87!-.!D5&+(,&7!6(8(!'(,?(!(,8-33(9!+,!&'-7(!*8-=D7!

&-!-)&5+,!&'(!/-7&!8(3(@5,&!75.(&0!5,9!(..+?5?0!95&5C!!
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5L5\LW +)<&;<:#$!Q#3&<=!/:.-.!

23243F32 @$1G1&9)&9#+&$',$8$,;.%&

%3&'-=*'!&'(8(!+7!5!?-,7+9(85)3(!5/-=,&!-.!75.(&0!95&5!8(*589+,*!@5??+,5&+-,!

6+&'!Y'%9XN_K/=&b%9a!)--7&!+,!'(53&'0!@-3=,&((874!&'(7(!@5??+,(7!'5@(!,(@(8!

)((,!59/+,+7&(8(9!&-!D5&+(,&7!6+&'!?-,?=88(,&!OY[!+,.(?&+-,C!!%99+&+-,53304!7-/(!

-.!&'(7(!D5&+(,&7!.5?(!&'(!599+&+-,53!?-/D3+?5&+-,!-.!?-,?=88(,&!&'(85D0!6+&'!

HG_bRJ[!6'+?'!'5@(!&'(+8!-6,!7+9(!(..(?&!D8-.+3(7C!!K5.(&0!+7!&'(8(.-8(!5!D8+/580!

(,9D-+,&!+,!&'+7!7&=90C!

R",&40%079g!<'(!@-3=/(!-.!)3--9!9856,!&'8-=*'-=&!&'(!7&=90!7'-=39!,-&!

?-/D8-/+7(!D5&+(,&7C!!H&!+7!3(77!&'5,!&'(!8(?-//(,9!5/-=,&!5??(D&5)3(!@+5!

)3--9!9-,5&+-,7!+,!&'(!eM!!6'+?'!+7!]d$^/3b0(58!.-8!6-/(,!-8!]##"/3b0(58!.-8!

/(,!Z'&&Dgbb666C)3--9C?-C=:b*+@+,*N)3--9b.5W7b!5??(77(9!$fbdb]X\C!!!H,!%8/!%!

-.!&'(!7&=90!D5&+(,&7!6+33!)(!&8(5&(9!6+&'!HG_bRJ[!?-,?=88(,&304!5,9!?5,!9(@(3-D!

5,5(/+5!6'+3(!&5:+,*!8+)5@+8+,C!!<'+7!6+33!)(!/-,+&-8(9!?3-7(304!5,9!&'(!9-7(!-.!

8+)5@+8+,!59V=7&(9!5??-89+,*30C!![-3=/(7!-.!)3--9!9856,!+,!(5?'!*8-=D!58(!

-=&3+,(9!)(3-6!Z<5)3(!]Na\C!!!H&!+7!D-77+)3(!&'5&!@(,(D=,?&=8(!/50!)(!?'533(,*+,*!

+,!7-/(!+,9+@+9=5374!D58&+?=35830!&'-7(!6+&'!5!'+7&-80!-.!H[!98=*!=7(!ZH[1e\C!

K#4,&(?QJ(Z,00/(60,:7&-(%#P&.(/:'+.;(%"&(-%:/9($&'+0/U($&'($#%+&.%(;'0:$(+.(<!=IIBK=(

N'0:$( K0%#,(4,00/(60,:7&(W7,X( K+7&($&'+0/(
3?Q3E( ]]$X! ]#!/-,&'7!
3F( ]$]c! ]#!/-,&'7!
3)( ]$^X! ]#!/-,&'7!
3J( ]$^$! ]#!/-,&'7!
Z?QZE( ]$"#! f!/-,&'7!

!
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! d^!

T-?53!8(5?&+-,7!&-!/-7&!@5??+,5&+-,7!58(!?-//-,!9=(!&-!3-?53!+//=,(!

8(7D-,7(7C!!<'(7(!+,?3=9(!(80&'(/54!3-?53!D5+,4!+&?'!5,9!76(33+,*C!!J57(9!-,!&'(!

75.(&0!95&5!.8-/!&'(!D8(?(9+,*!OY[""]!&8+534!6'(8(!&'(!75/(!@5??+,(7!5&!&'(!

75/(!9-7(!'5@(!)((,!59/+,+7&(8(9!&-!'(53&'0!@-3=,&((874!+&!+7!3+:(30!&'5&!3-?53!

8(5?&+-,7!6+33!)(!/+39!+,!7(@(8+&0!5,9!-.!7'-8&!9=85&+-,!ZJ58,(7!(&!53C!$"]$\C!!!

K07&(/+?!8(7D-,7(7!&-!@5??+,5&+-,!7=?'!57!58&'853*+54!/053*+5!5,9!.((3+,*!

.(@(8+7'!58(!537-!3+:(304!'-6(@(8!5*5+,!+&!+7!D-77+)3(!&-!D8(9+?&!&'5&!&'(7(!6+33!)(!

/+39!-8!/-9(85&(4!57!+,!OY[""]C!!!<'-7(!D5&+(,&7!8(?(+@+,*!?-,?=88(,&!HG_bRJ[!

Z%8/!%\!/50!537-!7=..(8!.8-/!&'(7(!7+9(!(..(?&7!57!5!?-,7(W=(,?(7!-.!HG_!

&8(5&/(,&4!&'=7!&'(!(..(?&!-.!&'(7(!599+&+-,53!70/D&-/7!/50!)(!/-8(!

)=89(,7-/(!+,!&'+7!*8-=DC!%,0!@5??+,(!537-!?588+(7!&'(!8+7:!-.!*(,(853+7(9!

+//=,(!/(9+5&(9!8(5?&+-,7!7=?'!57!i=+335+,NJ588z!70,98-/(4!5!9(/0(3+,5&+,*!

D-30,(=8-D5&'0!6'+?'!?5,!8(7=3&!+,!D585307+7!-8!9(5&'C!!%33(8*0!-8!5,5D'035B+7!&-!

&'(!@5??+,(!-8!&-!7=)7&5,?(7!=7(9!+,!+&7!?-/D-7+&+-,!?-=39!537-!-??=84!53&'-=*'!

&'+7!+7!5!858(!?-/D3+?5&+-,!-.!@5??+,5&+-,!5,9!533!@5??+,(7!58(!59/+,+7&(8(9!+,!

'-7D+&53!)0!59(W=5&(30!&85+,(9!?3+,+?53!7&5..C!!!

<'(8(!(B+7&7!5!&'(-8(&+?53!D-77+)+3+&0!&'5&!<!?(337!*(,(85&(9!)0!@5??+,5&+-,!?-=39!

&58*(&!OY[!+,.(?&(9!'(D5&-?0&(74!?5=7(!'(D5&-?0&(!9(5&'!5,9!=3&+/5&(304!+.!

7(@(8(4!'(D5&+?!,(?8-7+7!5,9!3+@(8!.5+3=8(C!!!<'+7!6-=39!)(!8(.3(?&(9!)-&'!+,!5!

?3+,+?53!9(&(8+-85&+-,!5,9!+,!5!8+7(!-.!3+@(8!(,P0/(74!+,!D58&+?=358!%35,+,(!

<85,75/+,57(!Z%T<\C!!<'+7!+7!?58(.=330!/-,+&-8(9!9=8+,*!&'(!7&=90!5,9!

D58&+?+D5,&7!(B?3=9(9!.8-/!@5??+,5&+-,!+,!&'(!D8(7(,?(!-.!D8(N(B+7&+,*!3+@(8!

+,.35//5&+-,!+.!%T<!5,9!)+3+8=)+,!58(!85+7(9S!oX!eDD(8!3+/+&(9!-.!,-8/53!ZeT_\!

5,9!o$eT_!8(7D(?&+@(30C!!!
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! d#!

<'(8(!+7!7&8-,*!(@+9(,?(!&'5&!,5&=853!<!?(33!/(9+5&(9!+//=,(!8(7D-,7(7!&-!OY[!

+,.(?&+-,!9-!,-&!8(7=3&!+,!&'(!5)-@(!7?(,58+-4!(@(,!6'(8(!OY[!+7!7D-,&5,(-=730!

w?3(58(9A!)0!&'(!+//=,(!707&(/C!!H,!5?=&(!+,.(?&+-,4!&'(8(!+7!=7=5330!5,!(3(@5&+-,!

+,!3+@(8!(,P0/(7!.8-/!)57(3+,(4!'-6(@(8!&'+7!858(30!8(7=3&7!+,!.=3/+,5,&!3+@(8!

.5+3=8(4!D8-)5)30!)(?5=7(!-,30!5!/+,-8+&0!-.!'(D5&-?0&(7!58(!+,.(?&(9!6+&'!OY[4!

(7&+/5&(9!5&!^N$"l!ZT+5,*!(&!53C!$""f\C!!H&!'57!)((,!7'-6,!+,!7&=9+(7!-.!5?=&(!

+,.(?&+-,!&'5&!53&'-=*'!%T<!8+7(7!5.&(8!OY[!+,.(?&+-,!Z&-!5!/(5,!3(@(3!-.!!Xa"!

Heb/34!f!&+/(7!&'(!eT_\!+&!9-(7!,-&!?-88(35&(!6+&'!OY[!@+853!3-59!-8!@+853!

D(87+7&(,?(!ZY-B!(&!53C!$""d\C!!G=8&'(8/-8(4!&'+7!75/(!*8-=D!7'-6(9!&'5&!+&!+7!

D-77+)3(!&-!7D-,&5,(-=730!?3(58!OY[!6+&'-=&!5!7+*,+.+?5,&!8+7(!+,!%T<!5&!533C!!!

K&=9+(7!.8-/!,-,N'=/5,!D8+/5&(7!.=8&'(8!7=DD-8&!&'(!?-,?(D&!&'5&!OY[N7D(?+.+?!

<!?(33!8(7D-,7(7!?5,!?-,&8-3!OY[!@+85(/+5!6+&'-=&!'(D5&-&-B+?+&0C!!cbd!

?'+/D5,P((7!@5??+,5&(9!6+&'!5,!OY[!?5,9+95&(!@5??+,(!9(@(3-D(9!OY[!7D(?+.+?!

<!?(33!8(7D-,7(7!6'+?'!6(8(!577-?+5&(9!6+&'!D8-&(?&+-,!.8-/!5?=&(!@+85(/+5!

ZG-3*-8+!(&!53C!$""a\C!!<'(7(!?'+/D5,P((7!9+9!,-&!9(@(3-D!5!8+7(!+,!%T<!6'(,!

?'533(,*(9!6+&'!OY[4!'-6(@(8!&'(!=,@5??+,5&(9!?-,&8-3!58/!9+9C!!<'+7!7(&&+,*!+7!

73+*'&30!9+..(8(,&!&-!&'5&!+,!7&=90!OY[""$<[4!6'(8(!D5&+(,&7!58(!+,.(?&(9!6+&'!

OY[!.+87&4!&'(,!@5??+,5&(94!'-6(@(8!7=**(7&7!&'5&!@+853!?-,&8-3!+7!D-77+)3(!

6+&'-=&!7+*,+.+?5,&!3+@(8!+,.35//5&+-,C!!!<'(8(!+7!'-6(@(84!(@+9(,?(!&'5&!)+3+8=)+,!

3(@(3!+7!3+,:(9!&-!7D-,&5,(-=7!?3(585,?(!5,9!&'5&!%T<!.358(7!?5,!?-88(35&(!6+&'!

@+853!?3(585,?(!+,!7-/(!+,9+@+9=537!Z<'-/7-,!(&!53C!$"]]\C!!<'(8(.-8(!/-,+&-8+,*!

%T<!3(@(37!+7!5,!+/D-8&5,&!D58&!-.!5,0!&'(85D(=&+?!OY[!&8+53C!

H&!+7!,-&(6-8&'0!&'5&!&'(8(!'5@(!)((,!&6-!7(@(8(!?-/D3+?5&+-,7!.8-/!D8(@+-=7!

59(,-@+853!@(?&-8!7&=9+(7C!!E,(!-.!&'(7(!+,@-3@(9!=7+,*!59(,-@+8=7(7!57!*(,(!
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&85,7.(8!@('+?3(7!&-!?=8(!5!/(&5)-3+?!9(.(?&!Z-8,+&'+,(!&85,7?58)5/0357(!

9(.+?+(,?0\!5,9!&85*+?5330!8(7=3&(9!+,!5!.5&53+&0!9=(!&-!5,!5?=&(!+,.35//5&-80!

8(7D-,7(!5,9!/=3&+N-8*5,!.5+3=8(!ZR5D(8!(&!53C!$""$\C!!H,!&'+7!7&=90!'-6(@(84!&'(!

@(?&-87!6(8(!+,V(?&(9!9+8(?&30!+,&-!&'(!'(D5&+?!58&(80!Z85&'(8!&'5,!H>\!5&!/=?'!

'+*'(8!9-7(7!&'5,!&'-7(!D8-D-7(9!'(8(!Z=D!&-!a!}]"]]b:*\C!!!

<'(!7(?-,9!7(8+-=7!?-/D3+?5&+-,!58-7(!.8-/!&'(!K<I2!&8+534!6'+?'!577(77(9!&'(!

(..(?&+@(,(77!-.!5,!%9d!)57(9!OH[!@5??+,(C!!H,!&'+7!7&=904!@5??+,5&(9!+,9+@+9=537!

6+&'!%9d!,%)7!6(8(!+,+&+5330!.-=,9!&-!)(!5&!5!7&5&+7&+?5330!'+*'(8!8+7:!-.!

?-,&85?&+,*!OH[!&'5,!&'-7(!6'-!'59!,-&!)((,!@5??+,5&(9C!!%3&'-=*'!&'(!8(57-,7!

.-8!&'+7!58(!7&+33!=,?3(584!-,(!(BD35,5&+-,!D8-D-7(9!5&!&'(!&+/(4!657!&'5&!&'-7(!

@-3=,&((87!6'-!'59!D8(@+-=730!)((,!(BD-7(9!&-!%9d4!'59!'+*'(8!3(@(37!-.!@(?&-8!

7D(?+.+?!<!?(3374!&'=7!D8-@+9+,*!/-8(!D-&(,&+53!<!?(337!.-8!OH[!&-!+,.(?&!

ZJ=?')+,9(8!(&!53C!$""#\C!!<'+7!+7!W=+&(!9+..(8(,&!&-!OY[4!6'(8(!<!?(337!58(!,-&!5!

&58*(&!-.!+,.(?&+-,C!!G=8&'(8/-8(4!+,!&'(!D8-D-7(9!/-9(3!-.!OY[""$<[4!D5&+(,&7!

58(!538(590!+,.(?&(9!6+&'!OY[4!53&'-=*'!&'+7!?-,7+9(85&+-,!+7!+/D-8&5,&!&-!

?-,7+9(8!6'(,!@5??+,5&+,*!'(53&'0!@-3=,&((87C!!!

23243F3B @$1G1&9)&9#+&-)**;'$9H&

K'-=39!&'+7!6-8:!3(59!&-!5!7=??(77.=3!&'(85D(=&+?!-8!D8-D'035?&+?!OY[!@5??+,(!

&'(8(!58(!?-,7+9(85)3(!)(,(.+&7!&-!?-//=,+&0!'(53&'!57!6(33!57!9(?8(57(9!?-7&7!
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I@(,&!,-&!8(59+30!D8-9=?(9!)0!?3+,+?53!7&5&(4!(,@+8-,/(,&53!-8!
-&'(8!+,&(8@(,&+-,7!0'!
K+/+358!D5&&(8,!-.!8(7D-,7(!&-!&'5&!7((,!6+&'!-&'(8!@5??+,(7!

R'04#4,&( R(57-,5)3(!&(/D-853!8(35&+-,7'+D!&-!7&=90!D8-9=?&!#./!
I@(,&!,-&!8(59+30!D8-9=?(9!)0!?3+,+?53!7&5&(4!(,@+8-,/(,&53!-8!
-&'(8!+,&(8@(,&+-,7(0'!
M,-6,!D5&&(8,!-.!8(7D-,7(!&-!&'5&!7((,!6+&'!-&'(8!@5??+,(7!

1&8+.+%&( R(57-,5)3(!&(/D-853!8(35&+-,7'+D!&-!7&=90!D8-9=?&!#./!
I@(,&!,-&!8(59+30!D8-9=?(9!)0!?3+,+?53!7&5&(4!(,@+8-,/(,&53!-8!
-&'(8!+,&(8@(,&+-,7!#./!
M,-6,!D5&&(8,!-.!8(7D-,7(!&-!&'5&!7((,!6+&'!-&'(8!@5??+,(7!

!

MLR (&$$!H#;0$:;*!

MLRL5 ^$))0!Q&B#,#<:);!#;0!+^C(!F.)$#<:);!

2J>Y!6(8(!7(D585&(9!@+5!9(,7+&0!*859+(,&!7(D585&+-,C!!U'-3(!)3--9!657!350(8(9!

-,&-!30/D'-D8(D!5,9!?(,&8+.=*(9!Z$$""8D/!.-8!$c/+,7!6+&'-=&!)85:(\C!!<'(!

)=..0!350(8!657!8(/-@(9!5,9!&85,7.(88(9!&-!R2>HC!Y(337!6(8(!657'(9!)0!

?(,&8+.=*5&+-,!5&!]#""8D/!.-8!]"/+,=&(74!&'(,!5&!]a""!8D/!.-8!^!/+,=&(74!

8(7=7D(,9+,*!+,!R]"!(5?'!&+/(C!!

MLRLM +$#.>#!F.)$#<:);!

U'-3(!)3--9!.8-/!5,!I&'03(9+5/+,(&(&855?(&+?!5?+9!

ZI1<%\!&=)(!657!?(,&8+.=*(9!Z$$""8D/!}]"/+,=&(7\C!!K=D(8,5&5,&!ZD357/5\!

657!57D+85&(9!5,9!7&-8(9!5&!N$"�YC!



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

!

! a^!

MLRL6 +,&B#,#<:);!)3!/5\G!

<'(!.-33-6+,*!8(5*(,&7!6(8(!599(9!&-!R2>H!/(9+=/!Zi+)?-JRT!]]#^dN"fX\!&-!5!

.+,53!?-,?(,&85&+-,!57!3+7&(9g!G(&53!)-@+,(!7(8=/!ZGYK\!ZO0Y3-,(!KOX""^"C"X\!

]g]"4!$""!/>!TN*3=&5/+,(!Zi+)?-JRT!$d"X"N"#]\!]g]""!5,9!]""!Ä!D(,+?+33+,N

7&8(D&-/0?+,!7-3=&+-,!Zi+)?-JRT!]d]c"N]$$\!]g]""C!

MLRLP (&$$!D)@;<:;*!

Y(337!6(8(!?-=,&(9!=7+,*!5!i=5@5!2(87-,53!Y(33!%,5307(8!ZY5&53-*=(!,-C!"]""N

]cX"4!i=5@5!<(?',-3-*+(7!H,?4!Y53+.-8,+5\C!<'(!/5?'+,(!657!?53+)85&(9!95+30!

5??-89+,*!&-!/5,=.5?&=8(8A7!+,7&8=?&+-,7!=7+,*!i=5@5!?'(?:!)(597!Zi=5@5!c$""N

""^"!5,9!i=5@5!Y'(?:!1+3=(,&!Zi=5@5!]!c$""N""d"\C!!Y(337!6(8(!&'(,!?-=,&(9!

=7+,*!i=5@5![+5Y-=,&!Zi=5@5!]!c"""N""c"\!5&!]g$"!5,9!5,5307(9!=7+,*!i=5@5!

Y0&-K-.&!K-.&658(4![(87+-,!$C]Cd!Zi=5@5!"d""N]"X"\C!

MLRLR (&$$!+,&.&,K#<:);!

Y(337!6(8(!?80-D8(7(8@(9!+,!3+W=+9!,+&8-*(,!+,!]!/3!53+W=-&7!5&!]"N]$!}!]"a!

?(337b/3!+,!.8((P+,*!/(9+=/!Z1>KE!$"l!5,9!R2>H!#"l\!5,9!GYK!+,!(W=53!D58&7!

&-!5!.+,53!?-,?(,&85&+-,!-.!]"N]$!}]"a!?(337b/3C!]/3!53+W=-&7!6(8(!7&-8(9!+,!5!;>8!

G8((P0F!5,9!:(D&!5&!N#"!.-8!$NX!95074!)(.-8(!)(+,*!&85,7.(88(9!&-!3+W=+9!,+&8-*(,!

7&-85*(C!!!!!

MLRLU (&$$!9J#V:;*!

Y(337!6(8(!658/(9!+,!5!65&(8!)5&'!5&!X^ÅY!.-8!]d7(?-,97!=,&+3!D58&+5330!&'56(9C!!

U58/(9!&'56+,*!/(9+=/!ZR2>H!f/34!Y<T!]/34!1_%7(!]""Ç3!D(8!75/D3(\!657!

&'(,!599(9!*859=53304!&-!5!&-&53!@-3=/(!-.!]"/37C!!<'(!75/D3(!657!?(,&8+.=*(9!

5,9!8(7=7D(,9(9!+,!R]"C!
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! a#!

MLU +&B<:0&.!#;0!S;<:*&;.!

HG_N! ITHKD-&!577507!6(8(!D(8.-8/(9!=7+,*!5!7(&!-.!cfc!-@(835DD+,*!D(D&+9(7!

7D5,,+,*!&'(!OY[!*(,-/(!-.!OY[!*(,-&0D(!]J!7&85+,!JM!)57(9!-,!7(W=(,?(!

5??(77+-,!,=/)(8!>d#XXd4!7=DD3+(9!)0!JIH!R(7-=8?(7!5,9!3+7&(9!+,!&'(!%DD(,9+B!

D$d#C!!<'(7(!6(8(!9+@+9(9!+,&-!D--37!6+&'!a!D--37!ZGN>\!8(D8(7(,&+,*!&'(!-D(,!

8(59+,*!.85/(!.8-/!_KXN_KdJ!Z/(5,!#$S!85,*(!^X!&-!]]$!D(D&+9(7!D(8!D--3\C!!!!

MLW _K#$@#<:);!)3!F"?T! !B,)0@D:;*!D&$$.!3)$$)V:;*!H(I!B&B<:0&!.<:>@$#<:);[!

'=!F"?T! !_`FQB)<!!

HG_N! ITHKD-&!577507!6(8(!D(8.-8/(9!5??-89+,*!&-!/5,=.5?&=8(8!+,7&8=?&+-,7!

Z>5)&(?'\!-,!.8(7'30!+7-35&(9!2J>Y!-8!&'56(9!2J>Y!8(7&(9!-@(8,+*'&C!>+33+D-8(!

%H2!D35&(7!6(8(!?-5&(9!6+&'!]""Ç3!-.!5,&+N'=/5,!HG_N!!5,&+)-90!5&!dÇ*b/3!+,!

2JK!-@(8,+*'&!5&!cÅYC!!!%,&+)-90!657!657'(9!-..!6+&'!2JK4!5,9!D35&(7!)3-?:(9!

6+&'!R]"!Z$""Ç3b6(33\!5,9!8(7&(9!5&!X^ÅY!.-8!$!'-=87C!!Y(337!6(8(!D35&(9!5&!$!}!

]"d!2J>Yb6(33!+,!&'(!D35&(!+,!9=D3+?5&(!-8!&8+D3+?5&(!Z9(D(,9+,*!-,!?(33!

,=/)(87\C!!<'(7(!6(8(!?-N?=3&=8(9!6+&'!OY[!7D(?+.+?!D(D&+9(7!+,!-@(835DD+,*!

D--37!Z7((!7(?&+-,!$Ca!5,9!%DD(,9+B!.-8!5!.=33!3+7&!-.!D(D&+9(7\!-@(8,+*'&!5&!5!.+,53!

?-,?(,&85&+-,!-.!XÇ*b/3C!!H,&(8,53!?-,&8-37!6(8(g!1>KE!Z,(*5&+@(!?-,&8-3\!5,9!

&6-!D-7+&+@(!?-,&8-37g!Y-,?5@53+,!%!5,9!GIY!Z/+B(9!OT%!?3577!HN8(7&8+?&(9!

D(D&+9(7!.8-/!+,.3=(,P54!ID7&(+,NJ588!@+8=74!5,9!Y>[\C!!235&(7!6(8(!657'(9!^!

&+/(7!6+&'!2JKb<6((,!657'!)=..(8!=7+,*!5!D35&(!657'(8!5,9!)3-&&(9!980!5.&(8!

(5?'!657'C!!d"Ç3b6(33!-.!)+-&+,035&(9!/-=7(!5,&+N'=/5,!HG_N!!9+3=&(9!&-!

"CdÇ*b/3!+,!2JK!657!599(9!5,9!D35&(7!+,?=)5&(9!5&!8--/!&(/D(85&=8(!.-8!$Nc!

'-=87C!!235&(7!6(8(!657'(9!6+&'!2JKb<6((,!657'!)=..(8!c!&+/(74!&'(,!d"!Ç3!-.!

53:53+,(!D'-7D'5&57(!5,&+)+-&+,!5,&+)-90!599(9!Z9+3=&(9!]g^d"!+,!"Cdl!JK%b2JK\!
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5,9!D35&(7!3(.&!&-!+,?=)5&(!.-8!$!'-=87C!!235&(7!6(8(!657'(9!5!.=8&'(8!c!&+/(7!6+&'!

2JKb<6((,!657'!)=..(84!&'(,!d"Ç3!-.!JYH2b_J<!7-3=&+-,!599(9!&-!(5?'!6(33C!!

I5?'!D35&(!657!&'(,!+,?=)5&(9!5&!8--/!&(/D(85&=8(!.-8!]d!/+,=&(74!5,9!D35&(7!

8+,7(9!5*5+,C!!235&(7!6(8(!3(.&!&-!980!-@(8,+*'&!5&!8--/!&(/D(85&=8(C!!235&(7!6(8(!

8(59!/5,=5330!=7+,*!5,!ITHKD-&!8(59(8C!<-&53!_K!8(7D-,7(!657!?53?=35&(9!)0!

7=//+,*!&'(!/(5,!8(7D-,7(7!&-!D--37!GN>!5,9!7=)&85?&+,*!&'(!/(5,!1>KE!

8(7D-,7(C!!%!D-7+&+@(!8(7D-,7(!657!9(.+,(9!57!5!7=//(9!<!?(33!8(7D-,7(!&-!_K!

D8-&(+,7!*8(5&(8!&'5,!Xf!KGeb]"a2J>Y!Z7((!$C^C$\C!!!e,3(77!7D(?+.+(94!533!

D(D&+9(7!6(8(!=7(9!5&!5!.+,53!?-,?(,&85&+-,!-.!XÇ*b/3C!

MLWL5 (AXa!A&B$&<:);!F"?T!_`FQB)<!S..#=!

H,!-89(8!&-!9(&(8/+,(!6'(&'(8!,-@(3!(D+&-D(7!6(8(!Y1#h!-8!Y1ch!8(7&8+?&(94!

Y1#h!9(D3(&+-,!HG_N! ITHKD-&7!6(8(!D(8.-8/(9!+,!7(3(?&(9!D5&+(,&7C!d"Ç3!-.!

Y1#h!)(597!D(8!d}]"a2J>Y!6(8(!657'(9!&'8((!&+/(7!+,!X/37!-.!2JKb$lGYK!&-!

8(/-@(!7-9+=/!5P+9(C!2J>Y!6(8(!8(7=7D(,9(9!+,!$/3!?'+33(9!2JKb$lGYK!5,9!

+,?=)5&(9!6+&'!D8(D58(9!)(597!5&!cÅY!.-8!$"/+,7C!!<'(!7-3=&+-,!657!D35?(9!+,!&'(!

10,53!/5*,(&!5,9!3+W=+9!8(/-@(9C!<'(!D8-?(9=8(!657!8(D(5&(9!=7+,*!5!7(?-,9!

&=)(!6+&'!.8(7'!)(597C!<'(!Y1#h!9(D3(&(9!?(33!7=7D(,7+-,!657!D35&(9!.-8!5,!

ITHKD-&!57750!57!9(7?8+)(9!D8(@+-=730!Z7(?&+-,!$C^\C!!

MLWLM A&3:;:<:);!)3!#!B).:<:K&!F"?T! !_`F.B)<!,&.B);.&!

%!D(D&+9(!D--3!657!9(.+,(9!57!wD-7+&+@(A!+.!!

Z+\!+&!?-,&5+,(9!ÉXfKGeb]"a2J>Y!#./!

Z++\!657!ÉX!&+/(7!&'(!)5?:*8-=,9!3(@(3!Z/(57=8(9!+,!1>KE\!
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<'+7!?=&N-..!657!9(&(8/+,(9!)57(9!-,!&'(!/(5,!h!X!7&5,9589!9(@+5&+-,7!-.!

)5?:*8-=,9!HG_N! ITHKD-&!8(7D-,7(7!+,!d#!D5&+(,&7!6+&'!?'8-,+?!OY[4!/(57=8(9!

+,!&'(!J58,(7!*8-=D4!=7+,*!&'(!75/(!D8-&-?-3C!

T+;:'&(BQ?(Z#2P;'0:./(@T5Q!  SV@G$0%('&-$0.-&(%0(1*Ga(+.($#%+&.%-(O+%"(2"'0.+2(<!=(

!

!
>5*,+&=9(!-.!HG_N! ITHKD-&!8(7D-,7(7!&-!1>KE!+,!d#!D5&+(,&7!6+&'!?'8-,+?!OY[!
+,.(?&+-,4!,-&!-,!&8(5&/(,&C!!%77507!D(8.-8/(9!)0!8(7(58?'!577+7&5,&7!5&!&'(!J58,(7!35)C!
!

2-7+&+@(!D--37!6(8(!&'(,!7=//(9!5,9!&'(!/(5,!)5?:*8-=,9!.8-/!1>KE!6(337!+,!

&8+D3+?5&(!657!7=)&85?&(9!&-!*+@(!5!&-&53!7=//(9!_K!8(7D-,7(C!

%!@5??+,(!8(35&(9!<!?(33!8(7D-,7(!657!9(.+,(9!57!5!D-7+&+@(!D--3!6'+?'!657!(+&'(8!!

Z+\ ,(6!Z+C(C!,-&!D8(7(,&!+,!&'(!7?8((,+,*!ITHKD-&7!D(8.-8/(9!D8+-8!&-!

@5??+,5&+-,\!-8!!

Z++\ 6'+?'!8(D8(7(,&(9!5,!+,?8(57(!+,!8(7D-,7(!-.!oX"l!.8-/!5!D8(N

(B+7&+,*!D-7+&+@(!8(7D-,7(C!

!

DMSO
0

20

40

60

80

100

IF
N
! 

SF
C

/1
06  

PB
M

C

Number of values

Minimum
25% Percentile
Median
75% Percentile
Maximum

1% Percentile
99% Percentile

Mean
Std. Deviation

DMSO
58

0.0
3.000
7.000
13.00
42.00

0.0
42.00

9.724
9.580

mean+3s.d.=39
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%!D5&+(,&!6'-!8(7D-,9(9!&-!@5??+,5&+-,!657!9(.+,(9!57!5,0!+,9+@+9=53!6+&'!5!

D-7+&+@(!HG_N! ITHKD-&!8(7D-,7(!D-7&!@5??+,5&+-,4!6'+?'!657!(+&'(8!

Z+\ 5!,(6!<!?(33!8(7D-,7(!

Z++\ 5,!+,?8(57(!+,!&'(!/5*,+&=9(!-.!<!?(33!8(7D-,7(!)0!ÉX"l!.8-/!

)57(3+,(4!-??=88+,*!6+&'+,!$!6((:7!-.!@5??+,5&+-,C!!

MLWL6 F0&;<:3=:;*!9!D&$$!&B:<)B&.!<J,)@*J!B&B<:0&!>#BB:;*!

U'(8(!D-77+)3(4!&'(!+,9+@+9=53!D(D&+9(!&-!6'+?'!<!?(337!8(7D-,9(9!657!+9(,&+.+(9!

&'8-=*'!9(?-,@-3=&+-,!-.!D(D&+9(!D--37C!!2-7+&+@(!D(D&+9(!D--37!6(8(!9+@+9(9!

+,&-!/+,+D--37!-.!5DD8-B+/5&(30!]"!D(D&+9(7!(5?'4!&'(,!&'(7(!6(8(!/5DD(9!&-!

7+,*3(!]d!5/+,-!5?+9!3-,*!D(D&+9(7!5,9!7/533(8!-D&+/53!3(,*&'!D(D&+9(7!6'(8(!

D-77+)3(C!!

MLX +)B@$#<:);!K#,:#<:);!#<!-&=!&B:<)B&.!
!

<-!9(&(8/+,(!&'(!@58+5)+3+&0!5&!5!D-D=35&+-,!3(@(3!-.!+//=,-9-/+,5,&!<!?(33!

(D+&-D(7!+,!8(7D-,7(!&-!@5??+,5&+-,4!533!5@5+35)3(!*(,-&0D(!]!7(W=(,?(7!.-8!5!

*+@(,!8(*+-,!-.!&'(!OY[!*(,-/(!6(8(!9-6,3-59(9!.8-/!T-7!%35/-7!95&5)57(!

Z'&&Dgbb'?@C35,3C*-@b?-,&(,&b+,9(B\C!!<'(!/(9+5,!,=/)(8!-.!7(W=(,?(7!5,5307(9!

657!$"""!Z85,*(!]]X]NX#fa\C!!K+,*3(!@58+5,&7!6+&'!5!D8(@53(,?(!-.!odl!6(8(!

+9(,&+.+(9!5&!(5?'!(D+&-D(C!H,?-/D3(&(!7(W=(,?(7!5,9!,-,N*(,-&0D(!]5!-8!])!

7(W=(,?(7!6(8(!(B?3=9(9C!!

MLZ F;<,#D&$$@$#,!(=<)-:;&!Q<#:;:;*!bF(Qc!

G8(7'!-8!&'56(9!2J>Y!Z8(7&(9!-@(8,+*'&\!6(8(!D35&(9!+,&-!fa!6(33!D35&(7!5&!]!

}]"a!?(337b]""Ç3!5,9!7&+/=35&(9!6+&'!(+&'(8!Z+\!7+,*3(!D(D&+9(7!6'(8(!&'(!&58*(&!

(D+&-D(!'59!)((,!+9(,&+.+(9!5&!]Ç*b/34!Z-)&5+,(9!.8-/!JIH!8(7-=8?(7!5,9!
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28-+//=,(!2&0!T&9\!-8!Z++\!D--37!-.!D(D&+9(7!ZGhit_KXbc4!H!h!Th!>t_Kd%bJ\C!!

<'(8(!6(8(!$!?-,&8-3!D--37g!Z+\!D-7+&+@(!?-,&8-3!2>%!ZD'-8)-3!]$N/08+7&5&(!]XN

5?(&5&(\b+-,-/0?+,!5&!d"",*b/3!5,9!Z++\!=,7&+/=35&(9!?(337!6+&'!9+/(&'03!

7=3.-B+9(!Z1>KE\!5&!d,*b/3C!%,&+)-90!Y1]"^5!2IY0dCd!657!599(9!5&!&+/(!"4!

&'(,!$!'-=87!35&(8!)8(.(39+,!%!657!599(9!5&!]"Ç*b/3!5,9!?(337!+,?=)5&(9!

-@(8,+*'&!5&!X^�YC!!Y(337!6(8(!&'(,!7&5+,(9!6+&'!3+@(b9(59!5,&+)-904!.+B(9!5,9!

D(8/(5)+3+7(9!Z2(8/!)=..(8!J1\!5,9!7&5+,(9!6+&'!&'(!.-33-6+,*!D5,(3!-.!

5,&+)-9+(7!+,!D(8/!)=..(8!.-8!X"/+,=&(7!+,!958:,(77g!Y1XN2E!Z25?+.+?!E85,*(\!

Z]gd"\4!Y1cN!~9-&a"d!Z]g$""\4!Y1#N2J!Z25?+.+?!J3=(\!Z]g$""\4!HG_N%3(B5G3=-8^""!

Z]gd"\4!HT$N%2Y!Z533-D'0?-?05,+,\!Z]g$d\4!<_G"-2I!ZD'0?-(80&'8+,\NY0^!Z]g$d\4 

and either >H2N]%N2I!Z]g]""\!Z+.!7+,*3(!D(D&+9(\!-8!HT]^N2I!Z]g$d\!Z+.!D--3(9!

D(D&+9(7\C!%,&+)-9+(7!6(8(!-)&5+,(9!.8-/!J(?&-,!1+?:7-,!K?+(,?(7!5,9!

H,@+&8-*(,C!Y-/D(,75&+-,!)(597!ZJ1\!6(8(!7&5+,(9!6+&'!$Ç3!-.!&'(!8(3(@5,&!

5,&+)-90!5)-@(4!5,9!8=,!-,!&'(!950!-.!.3-6!?0&-/(&80!-,!5!J1!TKRHH!/5?'+,(C!!

G3-6Q-!7-.&658(!Z<8((7&58\!@C!fCdC$!657!=7(9!&-!5,5307(!8(7=3&7C!!

MLZL5 7#<:;*!Q<,#<&*=!

K5/D3(7!6(8(!*5&(9!7(W=(,&+5330!+,!G3-6!Q-4!57!9(/-,7&85&(9!)(3-6!+,!5!
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/,30-0T*!*+40:;6*+-!F30+)!2+-0YQCKNa!62)+*-0:!8*273!>P0<-*+0!(0,-*:!KbLYLXLY

&LKAB!!=;*!+*)2-0T*!542:-0,+!123!54,c*+!5,4!<2-*4!F3*B!!$662-F4*!CQ3!1*4*!

)*+*42-*7!8.!:F<-F40+)!6,+,:.-*3!5,4!N!72.3!2-!XLLSLLL:*<<3@6<!0+!M!1*<<!/<2-*3!

>Q,3-24!Q2-!D,B!bXKMA!0+!Q*<<)*+0]!CQ!6*70F6S!3F//<*6*+-*7!10-;!9;KL!>KLdAS!

$%N!>KLLL$^@6<A!2+7!HPYQ`W!>'LL$^@6<A!>I*/4,-*:;!EWYUCQAB!!!!!!!
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!
!

! "#!

!"#$"! %&'()&'*+,-+.-/00&'()1-21,2)*'*3-31445-

$%!&'(!)*!+,--.!/,0,!1'230,&!4(!'&&5%6!789!:#%6;1-!!<9561'*!=0>1!?!@>-5!

#AABCADEF!!G,&5'!/'.!.3HH-,1,%2,&!/52I!=0,.I!JI:#*!K7)!'%&!LGM@9NF!!8'0'--,-!

2>!2I5.!+,--.!/,0,!5%+34'2,&!/52I!H,H25&,!<=5%'-!+>%+,%20'25>%!:#O6;1-*!#F#:PQ!

RG9$E*!H0>&3+5%6!A!&5==,0,%2!H,H25&,!.H,+5=5+!R@!-5%,.F!!SD!I>30.!-'2,0!+,--.!/,0,!

I'0T,.2,&!'.!1'230,!R@.!'%&!3.,&!=>0!U!+,--!.2513-'25>%F!!

!"#$"6 7-3144-5'*0(4&'*+,-89-&('+4+:+(5-;<5-

$%!&'(!D*!2I,!%,6'25T,!8CG@!=0'+25>%!<=>-->/5%6!1>%>+(2,!.,H'0'25>%!>%!&'(!:E!

/'.!2I'/,&!'%&!0,.2,&!5%!J8GK!'2!SPV@!=>0!SMA!I>30.F!!G'230,*!H,H25&,!H3-.,&!

R@.!/,0,!I'0T,.2,&*!/'.I,&!'%&!0,H-'2,&!5%!W)!/,--!H-'2,.!<@>.2'0!@>0%5%6E!'2!

WA#*###!+,--.;1-;/,--F!!X32>->6>3.!8C@G.!/,0,!'&&,&!'2!:BW#!<R@B8CG@E!<:!1-!

>=!AY:#D!+,--.;1-;/,--EF!!@,--.!/,0,!5%+34'2,&!5%!+>1H-,2,!U!+,--!1,&531!<JI:#!

Z!:WFA1G![?8?9!<K%T520>6,%E!ZA#OG!WMG,0+'H2>,2I'%>-!!<9561'MX-&05+IEF!!$%!

&'(!:#*!K7W!<:##K\;1-*!J>+I,) '%&!K7P!<A%6;1-*!J!'%&!RE!/,0,!'&&,&F!!N0,.I!

1,&5'!'%&!+(2>]5%,.!/,0,!'&&,&!,T,0(!WMS!&'(.!3%25-!I'0T,.25%6F!

!"#$"= >15'*0(4&'*+,-+.-3144-4*,15-

PM^!&'(.!'=2,0!H0515%6*!H,H25&,!/'.!'&&,&!2>!+3-230,&!+,--!-5%,.!'2!<:#O6;1-EF!N>0!

2I,!.34.,_3,%2!0,.2513-'25>%.!+,--!-5%,.!/,0,!I'0T,.2,&!'%&!0,H-'2,&!5%!D!/,--!

H-'2,.!5%!:1-!>=!U!+,--!1,&531F!!N0>`,%!'32>->6>3.!8CG@!/,0,!2I'/,&!'%&!

H3-.,&!/52I!H,H25&,!=>0!S!I>30.!'2!SPV@!2I,%!'&&,&!2>!H-'2,.!'2!:a:#P;1-;/,--F!
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!

!

! "#!

!"#$"$ %&'()*+,-./0(12+3-3/)4/5'(67-*-./8'223/

$%&!'%&()*+'&!),!-../*01&!/(2!./*01&!2&(21-*-3!3&445!6/5!/55&55&2!05-(7!

501,/3&!5*/-(5!6-*%!*%&!,)44)6-(7!/(*-8)2+!'/(&49!

1.%+20/3(!0,04'( *#'5&'( 60.6&.%'#%+0.(
17!8!39( :-;&<=&/2! #9>?!

7:( @=#/! #9>?!

7&'!7!3;<;( @="A! #9#??!

7:!39( @="?! #9>?!

='+,,+#.%(>+0,&%(
?)@(

@="B!! #9>?!

>;AA( @=#C! #9>?!

17!( D:EFF! #9>?!

!

G/.'4&5!6&1&!10(!)(!/!HE@GI0/(*!./3%-(&!/(2!/(/4+5&2!05-(7!J4)6K)!;LMAM#M!

!"#$"9 %',*-6'3/1(6/*'*71:'73/4)7/58/';,'7-:'(*3/

E44!'&'*-2&5!/(2!*&*1/.&15!6&1&!5+(*%&5-5&2!8+!N1)-..0(&O!PQ,)12M!!N&'*-2&5!

6&1&!2-55)4;&2!-(!=GHP!*%&(!2-40*&2!-(!R%#?M!

!"#9 <*1*-3*-.12/0(12+3-3/

=/*/!6/5!/550.&2!*)!%/;&!/!()(ST/055-/(!2-5*1-80*-)(O!5)!()(S'/1/.&*1-3!*&5*5!

6&1&!05&2!*%1)07%)0*M!!J)1!3).'/1-5)(!6-*%-(!/(!-(2-;-20/4!/!'/-1&2!*&5*!6/5!

05&2!UV-43)Q)(!./*3%&2!'/-15!5-7(&2!1/(W!*&5*XM!!!J)1!3).'/1-5)(!8&*6&&(!

71)0'5!/(!0('/-1&2!*&5*!6/5!05&2!UH/((SV%-*(&+XM!!J)1!3)11&4/*-)(!8&*6&&(!*6)!

;/1-/84&5O!/!G'&/1./(Y5!1!*&5*!6/5!05&2M!Z!*/-4&2!'!;/40&5!6&1&!05&2!*%1)07%)0*O!

/(2!/!'!;/40&![?M?>!3)(5-2&1&2!5-7(-,-3/(*M!!!N1-5.!U;M!>M?2!,)1!H/3X!6/5!05&2!

*%1)07%)0*M!
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!
!

! "#!

$%&'(!)*+,,#-+!./0!/1!230456/%721/8!/1'!'40957:%764!0/;4%(!0%&'(!%<&0!0/=:84!

07>4!9<2041!3/04'!21!0&;;79741%!1&=3450!%2!/882.!'4%45=71/%721!2;!0/;4%(!/1'!

:522;!2;!92194:%!2;!7==&12?41797%(@!5/%<45!%</1!%2!23%/71!0%/%70%79/8!07?17;79/194A!!!

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

*<570%/348!B488(!./0!;&1'4'!3(!-<4!C48892=4!-5&0%@!DBA!

$%&'(!)*+,,#-+!./0!;&1'4'!3(!%<4!E4'79/8!F404/59<!*2&1978!DB!%<52&?<!/1!

4G:457=41%/8!=4'79714!/./5'A!!HIJ!F402&5940!:5267'4'!%<4!:4:%7'40!&04'A!

!"#, -./0+(.'1+23+.451/6+
!

JKLMN!IOJ$:2%!/00/(0!:45;25=4'!/%!0%&'(!:52%2928!%7=4:271%0@!&071?!:2284'!

:4:%7'40@!.454!:45;25=4'!3(!5404/59<!/0070%/1%0!-21(!H52.1@!O42!$./'871?!/1'!

F/9<48!-2.1041'!71!%<4!B84145=/1!/1'!H/5140!?52&:A!!-<404!.454!:45;25=4'!

&071?!0%/1'/5'!2:45/%71?!:5294'&540!/1'!:5267'4'!'/%/!&04'!71!K7?&54!PM"@!

K7?&54!PMQ@!K7?&54!PMR,@!K7?&54!PMRR@!K7?&54!PMR#@!K7?&54!PMRP@!K7?&54!PMR"@!

K7?&54!PMRQ@!K7?&54!PM#,A!

S5287;45/%721!/00/(0!.454!:45;25=4'!3(!-21(!H52.1A!

JO#"H!/00/(0!.454!:45;25=4'!3(!F/9<48!-2.1041'A!

L4&%5/87071?!/1%732'(!/00/(0!.454!:45;25=4'!3(!TU/7520A!

*87179/8!9/54!2;!:/%741%0!71!%<4!0%&'(!./0!:5267'4'!3(!%<4!987179/8!%4/=!/%!%<4!V2<1!

F/'987;;4!)20:7%/8W!D1764507%(!2;!TG;25'X!Y5!I8874!H/5140!Z9210&8%/1%[@!Y5!V/14!

*288745!Z9210&8%/1%[@!Y5!*<570%/348!B488(!Z987179/8!5404/59<!;4882.[@!Y5!V2<1!

)/887'/(!Z987179/8!5404/59<!;4882.[@!E0!O7>>74!$%/;;25'!Z1&504[@!E0!Y41704!

T\Y211488!Z1&504[A!!
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!

! "#!

! "#$%&'()*'+%,-$.)--,/)%,0/$#)1'$)/2$,33+/04'/,-5$$

!67 8,3#$

$%!&'()*(+&!+,&!-(.&+/!(01!233*0%4&0252+/!%.!6,71#89:3*+!(01!71;89:3*+!20!

<(+2&0+-!=2+,!5,>%025!?6@!!

!69 :)-;4(0+/2$

$,&-&!'(5520&-!,('&!0&'&>!A&.%>&!A&&0!*-&1!20!<(+2&0+-!=2+,!5,>%025!?6@!

20.&5+2%0B!+,&>&.%>&!+,&!3%-+!23<%>+(0+!202+2()!<>23(>/!%*+5%3&!3&(-*>&!%.!+,2-!

-+*1/!=(-!-(.&+/C!!7)+,%*4,!+,&!21&0+25()!'(5520&!>&423&0!=(-!=&))!+%)&>(+&1!20!

,&()+,/!'%)*0+&&>-B!1&-5>2A&1!A/!D(>0&-!(01!%+,&>-B!<(+2&0+-!=2+,!5,>%025!?6@!

A>204!(!*02E*&!-&+!%.!5%3%>A212+2&-!(01!(!12..&>&0+!233*0%)%425()!32)2&*B!=,&>&!

+,&/!,('&!3&3%>/!$!5&))!<%<*)(+2%0-!+%!<>&'2%*-!(01!5%05*>>&0+!'2>()!E*(-28

-<&52&-!(01!<%+&0+2())/!123202-,&1!,&<(+25!>&-&>'&!FD(>0&-!&+!()C!GHIGJC!!K(+2&0+-!

20!7>3!7!%.!+,2-!-+*1/!()-%!>&5&2'&1!5%05*>>&0+!LM9NOD@B!=,25,!5(>>/!(!

-2402.25(0+!-21&!&..&5+!<>%.2)&!%.!+,&2>!%=0!(01!3(/!20.)*&05&!+%)&>(A2)2+/!%.!

(1'&>-&!&'&0+-!(--%52(+&1!=2+,!'(5520(+2%0!!FM>2&1!&+!()C!GHHGJC!!$,&!.2>-+!-&5+2%0!

%.!+,2-!5,(<+&>!%*+)20&-!+,&!&0>%))3&0+!<>%5&--!.%>!&(5,!-+*1/!4>%*<!(01!

(0()/-&-!+,&!)%5()!(01!-/-+&325!(1'&>-&!&'&0+-!<%--2A)/!>&)(+&1!+%!'(5520(+2%0B!

1&+&>320&1!(-!1&-5>2A&1!20!!"#$%&"'()"*+)!$#,-+()./0)120!(A%'&/!!!

$,&!-&5%01!P&/!%*+5%3&!.>%3!+,&!-+*1/!=(-!233*0%4&0252+/B!3&(-*>&1!,&>&!

*-204!(!>(04&!%.!$!5&))!(--(/-Q!LM98R!STL:<%+!(--(/-B!<>%)2.&>(+2%0!(--(/-B!

<&0+(3&>!-+(20-!(01!L6:C!!$,&!&..&5+!%.!'(5520(+2%0!20!+,>&&!12..&>&0+!5%0+&U+-!

=(-!(--&--&1Q!F2J!!'(5520(+2%0!=2+,!5%05*>>&0+!LM9NOD@!'&>-*-!'(5520(+2%0!

()%0&B!F22J!'(5520(+2%0!=2+,!(!,24,!'&>-*-!)%=!'2>()!)%(1!(01!F222J!1%*A)&!<>23204!
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!

! "#!

$%&&'(%)'*(!&*+,%-./!0')1!2'(34.!,-'+'(35!!6!&.44!-.2,*(2.2!'(!%!&*()-*4!&*1*-)!

-.&.'$'(3!789:;<=!%4*(.!>0')1*?)!$%&&'(%)'*(@!0%2!?2./!A*-!&*+,%-'2*(B!3'$.(!

)1.!&*(A4'&)'(3!-.,*-)2!'(!)1.!4').-%)?-.!-.3%-/'(3!)1.!.AA.&)!*A!789!*(!6!&.44!

-.2,*(2.2!>2..!!"#$%&'(#)%"*+,-@5!61.!2)?/C!0%2!(*)!/.2'3(./!)*!21*0!%!

/'AA.-.(&.!'(!$'-%4!&4.%-%(&.!0')1!789:;<=!)-.%)+.()!>D=;@!E.)0..(!,%)'.()2!

01*!+%/.!%!6!&.44!-.2,*(2.!)*!$%&&'(%)'*(!%(/!)1*2.!01*!/'/!(*)B!1*0.$.-!$'-%4!

4*%/2!0.-.!A*44*0./!*$.-!)'+.!'(!%44!,%)'.()25!!!

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

>'@ F%(!6!&.442!E.!2%A.4C!'(/?&./!*-!-.&*$.-./!'(!,%)'.()2!0')1!&1-*('&!GF=!

'(A.&)'*(H!

>''@ I1%)!'2!)1.!,1.(*)C,.!%(/!A?(&)'*(%4')C!*A!6!&.442!/.).&)./!%A).-!

$%&&'(%)'*(!0')1!F1J/KL9D+?)!%(/!J/ML9D+?)H!

>'''@ 72!'++?(*3.('&')C!.(1%(&./!EC!$%&&'(%)'*(!%A).-!$'-%4!2?,,-.22'*(!

0')1!789H!!

>'$@ I1%)!'2!)1.!.AA.&)!*A!$%&&'(%)'*(!*(!$'-%4!4*%/H!

!", -*.)//0%*'+1*2+3/(*(31/+3)$.&%+)4+51'(%*'&+(*+67899:;8+
!

!N%)'.()2!0')1!&1-*('&!GF=!0.-.!'/.()'A'./!'(!*?),%)'.()!&4'('&2!%(/!.(-*44./!%2!

/.2&-'E./!'(!)1.!2.&)'*(!./#0$)/12*/"&*.0#3%&24!!O(.!3-*?,!0')1!PQ!,%)'.()2B!01*!

-.&.'$./!789:;<=!)-.%)+.()!%4*(.B!0%2!-.&-?')./!%2!%!&*()-*4!)*!&*+,%-.!)1.!

.AA.&)!*A!789:;<=!%4*(.!*(!6!&.44!-.2,*(2.25!!61.'-!&1%-%&).-'2)'&2!%-.!21*0(!'(!

6%E4.!KL#5!!61.!*)1.-!,%)'.()2!0.-.!2)-%)'A'./!)*!)1.!)0*!$%&&'(%)'*(!%-+2!*A!)1.!

2)?/CB!&*(&?--.()!)-.%)+.()!>J-+!J@!%(/!(*(L)-.%)+.()!>J-+!<@B!%&&*-/'(3!)*!

,1C2'&'%(!%(/!,%)'.()!,-.A.-.(&.5!!!J!2&1.+%!*A!)1.!.(-*44+.()!,-*&.22!A*-!

$%&&'(%)./!,%)'.()2!'2!21*0(!'(!8'3?-.!KLP5!!!
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! "#!

!$%!&'&()*!+,!-(&./%&0!1/2/!/%2'))/3!.%!4250!4!(%3!6*!'7!18'5!+9!8(3!0(5-)/0!

(:(.)(;)/!7'2!7.%()!.55<%')'=>!(%()>0.0!?@+!-(&./%&0!.%!425!4!(%3!"!-(&./%&0!.%!

425!6AB!!#!-(&./%&0!1/2/!1.&832(1%!72'5!&8/!0&<3>!(%3!@!-(&./%&0!1/2/!)'0&!&'!

7'))'1!<-C!9!(7&/2!0D2//%.%=!?-(&./%&!9E"A!(%3!9!(&!&8/!7.%()!&2.()!:.0.&!?-(&./%&!

9EEA!?F(;)/!+G9AB!!H7!&8/!-(&./%&0!18'!1.&832/1*!-(&./%&!EE@GE@9!.%!425!49!8(3!

(!2(08!).I/)>!2/)(&/3!&'!-2.5.%=!:(DD.%(&.'%!(%3!1(0!2/-)(D/3!.%!'23/2!&'!

/0&(;).08!&8(&!.&!1(0!0(7/!&'!-2'D//3!&'!&8/!%/J&!3'0/!=2'<-!.%!425!4@B!!K(&./%&!

EE@GE+9!.%!425!4@!1.&832/1!3</!&'!0&2/00!2/)(&/3!&'!:/%/0/D&.'%B!!H%/!7<2&8/2!

-(&./%&!?EE@GEL#*!425!4LA!1.&832/1!)(&/!.%!&8/!0&<3>!(7&/2!3/:/)'-.%=!

&8>2'&'J.D'0.0!2/)(&/3!&'!$MNOP6Q!&8/2(->*!8'1/:/2!1(0!.%D)<3/3!.%!

.55<%')'=>!(%()>0.0*!(0!&8.0!-(&./%&!D'%&.%</3!&'!-2':.3/!0(5-)/0!7'2!

.55<%')'=>!<-!<%&.)!1//I!+@!'7!$MNOP6Q!&2/(&5/%&!(%3!8(3!D'5-)/&/3!&8/!

:(DD.%(&.'%!-2'&'D')B!!!

R8(2(D&/2.0&.D0!'7!&8/!/%2'))/3!:(DD.%(&/3!-(&./%&0!(2/!'<&).%/3!.%!F(;)/!+G+B!!4))!

-(&./%&0!1/2/!'7!R(<D(0.(%!'2.=.%B!!F8/!5/3.(%!(=/!(&!/%2'))5/%&!'7!-(&./%&0!18'!

2/D/.:/3!(&!)/(0&!'%/!:(DD.%(&.'%!1(0!L+!>/(20!?2(%=/!@"G,9AB!!@9!?,9BSTA!1/2/!

.%7/D&/3!1.&8!=/%'&>-/!9(*!99!?+@BLTA!1.&8!=/%'&>-/!9;!(%3!@!?EBE,TA!8(3!(%!

.%3/&/25.%(&/!=/%'&>-/!9!0<;&>-/B!!F8/!5(U'2.&>!'7!-(&./%&0!?SLTA!1/2/!5()/B!
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! "#!

.#;<&()=>(?#%9&2%@(A9%"3'#A2(7'(<7@%(%7(07<<7A(6$(92(*!+,,-.+(

?#%9&2%( B'5( C&&D(
A9%"3'#A2(

E&#@72( +#::92#%972@(
'&:&9F&3(

42:<63&3(92(
955627<781(
#2#<1@9@(

->(

!
!
$%! %&!

!'()*!+,))-./0!123!4,!
5(66-7(4-,7!

8*$19!
:;!%<"5+=!
+>-?3!

@!

-)( $%! %%! A(4-374!6*,-63! @,73! @!
)-( $%! %B! A0)6*,4-6!3+-),13! @,73! @!

)>(

!
$B!

BB!
!C-DD-62/40!E-4*!
5373)364-,7!!

8*$19!
:;!%<F5+=!
+>-?3!

@!

>,,(
!
$9! #<!

G,)4!4,!D,//,E!2+!(4!
HI#<!

$//! J!

GH(

!
!
$&! 9B!

K,//,E-7L!
6,?+/-6(4-,7)!D>,?!
MK@N'OPQ!!

$//! J!

>,I(

!
!
$;! %!

!K(-/31!4,!(44371!(70!
D2>4*3>!5-)-4)!(D43>!
)6>337-7L!!

@,73! @!

!



!

! "#!

!"#$%&'()*'+,-"&.-'&.%/001&.-'".'2-$34'567889:7'
!

!

$%!&'()*+(!,-./!0%!'+1!%!&'()*+(!,-./!02!3*-*!3)(41-'3+!,.55.3)+6!&-)/)+6!7'88)+'().+9!!2!&'()*+(:!,-./!0%!'+1!%!&'()*+(!,-./!0;!3)(41-*3!&-).-!(.!-*8*)7)+6!
'+<!7'88)+'().+:9!!=!>)(41-'3+!5'(*!)+!(4*!:(?1<!,.55.3)+6!8./&5)8'().+:!,-./!@ABCDEF!(-*'(/*+(9!!@//?+.5.6<!:'/&5*:!'7')5'G)5*!?&!?+()5!H>I2!:.!)+85?1*1!)+!
,)+'5!'+'5<:):9!!

Total: 36 patients enrolled 

     A1 n=2 
5 enrolled 
3 withdrawn+ 

    2/2 
completed 
treatment 

     2  
available for 
immunology 
analysis 

     A2 n=2 
2 enrolled 
1 withdrawn+ 

     1/1 
completed 
treatment 

       1  
available for 
immunology 
analysis 

     A3 n=6 
 6 enrolled 
 

     5/6 
completed 
treatment 

      6  
available for 
immunology 
analysis 

  A4 n=6 
 6 enrolled 
 

     4/6 
completed 
treatment 

      6  
available for 
immunology 
analysis 

     A5 n=4 
 5 enrolled 
1 withdrawn§ 

     2/4 
completed 
treatment 

     4 
available for 
immunology 
analysis 

     A6 n=4 
 4 enrolled 

     4/4 
completed 
treatment 

     4 
available for 
immunology 
analysis 

     B1 n=2 
2 enrolled 

   2/2  
received all 
vaccinations 

    2 
available for 
immunology 
analysis 

     B2 n=2 
  2 enrolled 

    2/2 
received all 
vaccinations 

     2 
available for 
immunology 
analysis 

     B3 n=4 
    4 enrolled 

     4/4 
received all 
vaccinations 

     4 
available for 
immunology 
analysis 

    2/5 
received all 
vaccinations 

     1/2 
received all 
vaccinations 

     6/6 
received all 
vaccinations 

     6/6 
received all 
vaccinations 

     4/5 
received all 
vaccinations 

     4/4 
received all 
vaccinations 
 

     1 
withdrawn* 

Total Arm B available for immunology  
analysis = 8 

Total Arm A available for immunoloy analysis = 23 

   of those  
vaccinated 
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!

! ""!

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

#$!%&'!()*(+$(,-!.&'(,!/0!+1202+&1!()*(32(0+(!$4&$!0/$!&11!*&$2(0$'!20!536!5!%/71,!

+/6*1($(!$4(3&*89!!:7$!/;!<=!*&$2(0$'!%4/!+/6*1($(,!$4(!>&++20&$2/0!*3/$/+/1!20!

536!5-!?!'$/**(,!$3(&$6(0$!(&318!&'!,($&21(,!20!@&.1(!=A<!.(1/%9!!BCD!3('71$'!

%(3(!&>&21&.1(!;/3!<<E<=!*&$2(0$'9!!D('71$'!;/3!/0(!*&$2(0$!FGG<AHGGI!%4/!%&'!

1/'$!$/!;/11/%!7*!&$!%((J!K"!%(3(!0/$!&>&21&.1(!9!!DCD-!LCD!&0,!BCD!3&$('!%(3(!

=M9?N-!O?9<N!&0,!?O9?N!3('*(+$2>(18!F&'!,(;20(,!20!@&.1(!HAH!*H?I-!+/6*&3&.1(!

$/!$4(!$3(&$6(0$!3('*/0'(!3&$('!20!$4(!*7.12'4(,!12$(3&$73(!;/3!P(0/$8*(!H!

20;(+$2/0!FQ32(,!($!&19!<GG<I9!!@42'!%&'!+/6*&3&.1(!$/!$4(!+/0$3/1!&36!%4(3(!DCD-!

LCD!&0,!BCD!3&$('!%(3(!<?N-!OMN!&0,!?"N!3('*(+$2>(189!!!@4(3(!%&'!&!42P4(3!

$3(&$6(0$!,2'+/0$207&$2/0!3&$(!20!$4(!+/0$3/1!&36-!%4(3(!?EH<!*&$2(0$'!,2,!0/$!

+/6*1($(!K"!%((J'!/;!$4(3&*8!F@&.1(!=AK!*RHI9!

:;!$4(!HG!*&$2(0$'!20!536!5!/;!STCGG<@C!%4/!,2,!0/$!&+42(>(!&0!BCD-!/018!H!4&,!

>23/1/P2+&1!.3(&J$43/7P4!%421(!/0!$4(3&*8!F*&$2(0$!GG<AHGHI9!!H!*&$2(0$!%4/!

'$/**(,!$3(&$6(0$!&;$(3!/018!HO!%((J'!FGG<AGK?I!3(1&*'(,!"!%((J'!1&$(39!!@4(!

3(6&20,(3!/;!$4('(!*&$2(0$'!3(1&*'(,!&;$(3!$4(!(0,!/;!$3(&$6(0$-!,('*2$(!

+/6*1($20P!K"!%((J'!/;!$4(3&*89!!

.#;<&()=-(>#%9&2%?(@"7(?%7$$&3(%'&#%5&2%(@9%"(4ABCDE+(&#'<1(

>#%9&2%( F'5( G&&H(
?%7$$&3(
%"&'#$1(

D&#?72(

,,-=,)I( 5=! =G! U(7$3/*(02&!&0,!3(+733(0$!20;(+$2/0'!
,,-=J,J( 5K! <K! C23/1/P2+&1!.3(&J$43/7P4!/0!$3(&$6(0$!
,,-=,KL( 5K! HO! @483/$/)2+/'2'!
,,-=,LL( 5?! <K! B/+2&1!3(&'/0'!
,,-=,LI( 5?! <KV! B(>(3(!3&'4!
V!'$/**(,!32.&>2320!&$!%((J!HR!
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!

! "R!

@4(3(!%&'!0/!'$&$2'$2+&118!'2P02;2+&0$!,2;;(3(0+(!20!$3(&$6(0$!/7$+/6(!.($%((0!

*&$2(0$'!+&33820P!$4(!#W<"X!32'J!&11(1(!FY@!/3!YYI!&0,!$4/'(!4/6/Z8P/7'!;/3!$4(!

*3/$(+$2>(!&11(1(!FBCD!3&$('!/;!?GN!>(3'7'!O=N!3('*(+$2>(18-!*[0'!.8!Q2'4(3\'!

()&+$!$('$I!FQ2P73(!=A<I9!!@4(3(!%(3(!4/%(>(3!/018!O!/7$!/;!$4(!<=!$3(&$(,!

*&$2(0$'!%2$4!BCD!3('71$'-!%4/!+&332(,!$4(!32'J!&11(1(!&0,!$4(3(!%(3(!0/!

4/6/Z8P/$('!FYYI!F@&.1(!=A=I9!

A986'&()=-(/+D('#%&?(#::7'3928(%7(4M-NE(8&27%1$&(92($#%9&2%?(92(/%631(*!+,,-.+(

!

!

BCD!F'7'$&20(,!>23/1/P2+&1!3('*/0'(I!3&$('!20!<=!*&$2(0$'!3(+(2>20P!#QUEDXC!$4(3&*8!&0,!
>&++20&$2/0!F536!5!;3/6!'$7,8!STCGG<@CI9!!#W<"X!'$&$7'!2'!'4/%0-!.&'(,!/0!BU]!3'"GRRRHM!
%4(3(!Y!2'!$4(!32'J!&11(1(!&0,!@!2'!&''/+2&$(,!%2$4!STC!+1(&3&0+(9!!

!

Virological response to IFN/RBV therapy

N
u

m
b

er
 o

f p
at

ie
n

ts

SVR NonSVR
0

5

10

15
TT
G allelep=ns

p=ns



!"#$%&'()(( ( ( ( ( ( *!+,,-.+(/#0&%1(#23(4556278&29:9%1(

!

! RG!

.#;<&()=)(!"#'#:%&'9?%9:?(70($#%9&2%?(&2'7<<&3(92(*!+,,-.+(F'5?(F(#23(E(

!
^[!;2.3/'2'!%&'!,($(3620(,!$43/7P4!42'$/1/P8!F#'4&J!'+/3(I!/3!0/0A20>&'2>(!6($4/,'!
F;2.3/'+&0IV9!!#'4&J!'+/3(!3&0P('!;3/6!GAO!%4(3(!O[+2334/'2'9!!_`[!%2$4,3&%0!0&[!0/$!
&**12+&.1(9!U,[0/$!,/0(9!!a[]$!GK?!+(&'(,!$3(&$6(0$!&$!%((J!HO!,7(!$/!$483/$/)2+/'2'-!$4(0!%&'!
3($3(&$(,!&$!&!1&$(3!$26(*/20$9!D('71$'!4(3(!&3(!.&'(,!/0!$4(!;23'$!$3(&$6(0$!+/73'(9!!#W<"X!'$&$7'!
2'!.&'(,!/0!BU]!3'"GRRRHM!%4(3(!Y!2'!$4(!32'J!&11(1(!&0,!@!2'!&''/+2&$(,!%2$4!STC!+1(&3&0+(9!!
DCD[!70,($(+$&.1(!>23&1!1/&,!&;$(3!K!%((J'!/;!$3(&$6(0$9!LCD[!70,($(+$&.1(!>23&1!1/&,!&;$(3!H<!
%((J'!/;!$3(&$6(0$9!!BCD[!70,($(+$&.1(!>23&1!1/&,!O!6/0$4'!*/'$!(0,!/;!$3(&$6(0$9!

!

!

!

!"#$%&# '()*+ ,%- ./% 0123
4*5#6+%

7$5()4$43
,8)(%93333333333333

.:;3 ;(%"#<%&#3
=*("#$)&3
>?%%@4A

B"4%C$&%3
2$("C3C)"D3
>EFG<CA

H2H I2H ,2H E:JKB

!" #$ % &$ '( $ )* +, )-&./0$*1 2 2 '3 '(
"! #$ % )1 '( $ )4 +, ."15* 2 2 '3 '(
"* #$ % &) $ ! )* )5 $-&)0$*1 6 2 2 77
"$ #$ 8 1& $3 ! "5 +, $-450$*1 2 2 '3 '(
!* #$ % &1 $3 ) "5 )5 $&44& 2 2 2 77
") #" % )" $9 ! 14 )5 $$-!0$*1 2 2 2 77
!$ #" % !1 $3 " &1 +, 1-!/0$*1 6 6 '3 77
". #! 8 !! $ " $5 )5 """"5 2 2 2 :7
"5 #! % &5 $3 " $)) )5 )-$)0$*1 6 6 6 77
!1 #! 8 !" $9/ '( $1 !* 4$44 2 2 2 77
$** #! % ") $9 .-&; &) )5 $-!$0$*1 6 2 '( ::
)5 #! % &! $3 ) 5) )5 "-4!0$*1 6 6 6 77
&* #! % &* $3 $ )" )5 .1$"") 6 6 6 :7
!4 #) % !$ $9 $ ." )5 $$-&0$*1 6 2 2 :7
$*$ #) % )! $3 1; .$ ") $-540$*1 6 6 6 :7
$*" #) % !* $9 L $&$ )5 &5)111 6 2 2 :7
)& #) 8 !& $3 " .) +,< !)!$1! 6 '( '3 77
$*1 #) % )) $3 &-); "1 )5 !-*50$*1 6 6 6 77
&) #) % )) $3 * )) )5 5")5!* 6 6 6 :7
!. #& % !& $9 ! $$! )5 $*-"0$*1 2 2 2 77
!5 #& % "5 $9 "= 14 )5 1!$1*1 2 2 2 77
&& #& % !& $3 $ .1 ") !455)" 2 2 2 77
$*5 #& % !1 $3 )-5; '( +, 44!1$& '( '( '( 77
&1 #& 8 1$ $9 ) !1 ") !$*"& 2 2 2 77
)* #1 % !4 $9 " "1 )5 "-)&0$*1 6 6 6 77
)! #1 % &) $3 " .. )5 $$-1&0$*1 6 2 2 77
$*! #1 % !1 $9 .-!; &4 )5 !11.5 2 2 2 77
"& #1 % )! $3 " &1 )5 5-)*0$*1 6 2 6 77
!) >$ % && $3 $ )$ 6# 4-*!0$*1 6# 6# 6# 77
"4 >$ 8 )4 $3 $ ). 6# !4")!5 6# 6# 6# 77
!& >" 8 && $3 $ !& 6# 5!$1&. 6# 6# 6# :7
)) >" 8 !! $9 $ &$ 6# $-140$*1 6# 6# 6# 77
)1 >! % &! $3 $ $*$ 6# "-.4?$*1 6# 6# 6# :7
&$ >! 8 )! $3 $ .1 6# $-1&0$*1 6# 6# 6# 77
&" >! % &4 $3 ! )1 6# "-&&0$*1 6# 6# 6# :7
&! >! % )4 $3 " !$ 6# !515 6# 6# 6# 77
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!

! RH!

.#;<&()=K(!"#'#:%&'9?%9:?(70($#%9&2%?(@9%"(:"'729:(*!+(920&:%972(92(:72%'7<(:7"7'%(

0,[!0/$!,/0(!DCD[!D&*2,!C23/1/P2+&1!D('*/0'(!F>23&1!1/&,b?G#cE61!&$!_J!KI9!LCD[!L&318!
C23/1/P2+&1!D('*/0'(!F70,($(+$&.1(!>23&1!1/&,!&$!_J!H<I9!BCD[!B7'$&20(,!C23/1/P2+&1!D('*/0'(!
F70,($(+$&.1(!>23&1!1/&,!O!6/0$4'!;/11/%20P!$3(&$6(0$!+/6*1($2/0I9!Q2.3/'2'!'+/3(!,($(3620(,!.8!
12>(3!.2/*'8!*32/3!$/!'$&3$!/;!$3(&$6(0$!V#W<"X!P(0/$8*(!.&'(,!/0!BU]!3'"GRRRHM!@[*3/$(+$2>(!
&11(1(!Y[32'J!&11(1(!

!

!"4 51,)6'&(7'.)2/,8(//2+()20+,2+,9:;<<=%;,1(>'?,
,

C&++20&$2/0!%&'!%(11!$/1(3&$(,9!!5!,/'(!('+&1&$2/0!'$3&$(P8!/;!./$4!$4(!*32620P!

>(+$/3!FT45,=I!&0,!$4(!.//'$20P!>(+$/3!F5,OI!%&'!7'(,!F1/%!?!d!HG">*-!6(,276!

?!d!HGR!>*!&0,!42P4!<9?!d!HGHG>*I9!!e21,!1/+&1!&0,!'8'$(62+!(;;(+$'!%(3(!

+/0'2'$(0$!%2$4!$4/'(!3(*/3$(,!20!*3(>2/7'!&,(0/>23&1!>(+$/3!$32&1'9!Q2P73(!=A=!

&0,!Q2P73(!=AK!,($&21!1/+&1!&,>(3'(!(>(0$'!;/11/%20P!>&++20&$2/09!!@4(!6/'$!

+/66/0!&,>(3'(!(>(0$!%&'!1/+&12'(,!*&20!;/11/%20P!>&++20&$2/0!20!?ON!&0,!<RN!

/;!*&$2(0$'!3(+(2>20P!T45,=AUB67$!*326(!&0,!5,OAUB67$!.//'$!3('*(+$2>(189!!

@42'!%&'!621,!20!&11!.7$!/0(!20,2>2,7&1!%4/!3(*/3$(,!6/,(3&$(!,2'+/6;/3$9!!W/+&1!

*&20!%&'!6/3(!+/66/0!&'!T45,=!,/'(!20+3(&'(,-!%2$4!==N!/;!*&$2(0$'!

3(*/3$20P!*&20!;/11/%20P!1/%!/3!6(,276!,/'(!*32620P!>&++20&$2/0!+/6*&3(,!

%2$4!OON!;/11/%20P!42P4!,/'(!>&++20&$2/0!FQ2P73(!=A=.I9!!!!

!

Patient Sex Age Fibrosis 
score

Treatment 
Duration 
(weeks)

Baseline 
Viral load 

IU/ml

RVR EVR Treatment 
Outcome

IL28B CMV 
+ve at 
screen

FEC 
+ve at 
screen

001 M 54 2/6 12 1.19x106 N N NVR GT N Y
002 M 42 1/6 48 3.12x106 N Y SVR GT Y Y
003 F 48 2/6 48 1.53x106 N Y SVR TT Y Y
004 F 42 3/6 48 531000 Y Y SVR TT nd nd
005 M 46 2/6 48 334000 Y Y SVR TT nd nd
006 M 68 2/6 12 156000 N Y SVR TT Y Y
007 M 44 2/6 12 9.77x106 N N NVR TT N Y
008 F 41 1/6 48 5.57x106 N Y SVR TT N Y
009 M 30 nd 48 1.34x106 N Y NVR TT Y N
010 F 50 3/6 22 838000 N N NVR GT Y Y
011 M 46 4/6 14 32261 N N NVR GT Y N
012 M 43 3/6 48 17784 Y Y SVR GT Y N
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!

! R<!

A986'&()=)(M7:#<(#3O&'?&(&O&2%?(PFQ?R($7??9;<1S($'7;#;<1(7'(3&0929%&<1(#??7:9#%&3(@9%"(O#::92#%972(
@9%"(!"F3)=B/56%T(((

!
@/$&1!076.(3!/;!>&++20('!P2>(0!20!(&+4!P3/7*!2'!20!.3&+J($'9!!#R!1/+&1!5L'!.8!'(>(32$89!!;R!
+/6*&32'/0!/;!5L'!&;$(3!1/%(3!,/'(!F?!d!HG">*-!&0,!?!d!HGR!>*I!&0,!42P4!,/'(!F<9?!d!HGHG>*I9!!:R!
+/6*&32'/0!/;!*&$2(0$'!3(+(2>20P!+/0+733(0$!#QUEDXC!$4(3&*8!FY3/7*!5I!%2$4!$4/'(!3(+(2>20P!
>&++20&$2/0!&1/0(!FY3/7*!XI9!
!

A986'&()=K(M7:#<(#3O&'?&(&O&2%?(PFQ?R($7??9;<1S($'7;#;<1(7'(3&0929%&<1(#??7:9#%&3(@9%"(O#::92#%972(
@9%"(F3I=B/56%T(((

!

!
@/$&1!076.(3!/;!>&++20('!P2>(0!20!(&+4!P3/7*!2'!20!.3&+J($'9!!#R!1/+&1!5L'!.8!'(>(32$89!!;R!
+/6*&32'/0!/;!5L'!&;$(3!1/%(3!,/'(!F?!d!HG">*-!&0,!?!d!HGR!>*I!&0,!42P4!,/'(!F<9?!d!HGHG>*I9!!:R!
+/6*&32'/0!/;!*&$2(0$'!3(+(2>20P!+/0+733(0$!#QUEDXC!$4(3&*8!FY3/7*!5I!%2$4!$4/'(!3(+(2>20P!
>&++20&$2/0!&1/0(!FY3/7*!XI9!!
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!

! R=!

B8'$(62+!&,>(3'(!(>(0$'!;/11/%20P!>&++20&$2/0!&3(!,($&21(,!20!Q2P73(!=A?!&0,!

Q2P73(!=AO9!!@4('(!%(3(!P(0(3&118!621,!20!0&$73(9!!e&1&2'(-!;&$2P7(!&0,!4(&,&+4(!

%(3(!$4(!6/'$!+/66/0!'8'$(62+!&,>(3'(!(>(0$'!;/11/%20P!T45,=!*32620P-!

*3('(0$!20!<RN-!=KN!&0,!=ON!/;!*&$2(0$'!3('*(+$2>(189!!@4('(!%(3(!1(''!+/66/0!

;/11/%20P!.//'$20P!%2$4!5,OAUB67$-!.(20P!3(*/3$(,!&;$(3!H=N-!HON!&0,!HON!/;!

>&++20&$2/0'!3('*(+$2>(189!!5!3&'4!%&'!3(*/3$(,!20!RN!/;!20,2>2,7&1'!;/11/%20P!

T45,=!>&++20&$2/0!&0,!%&'!6/,(3&$(!20!'(>(32$8!20!/0(!+&'(-!+&7'20P!$4(!*&$2(0$!

$/!.(!%2$4,3&%0!;3/6!$4(!'$7,8!F*&$2(0$!GG<AG<HI9!!@4('(!&11!/++733(,!20!

*&$2(0$'!/0!+/0+733(0$!#QUEDXC!$4(3&*89!!U/!3&'4('!%(3(!3(*/3$(,!;/11/%20P!

5,OAUB67$!>&++20&$2/09!!!!

:>(3&11-!&1$4/7P4!$4(3(!%&'!0/!'$&$2'$2+&118!'2P02;2+&0$!,2;;(3(0+(!.($%((0!$4(!

076.(3!/;!&,>(3'(!(>(0$'!.($%((0!536'!5!&0,!X-!$4(3(!%&'!&!$3(0,!$/%&3,'!

6/3(!&,>(3'(!(>(0$'!20!536!5-!6&08!/;!%42+4!%(3(!&1'/!+/66/0!'2,(!(;;(+$'!/;!

#QUEDXC9!!#!$32(,!$/!&++/70$!;/3!$4(!(;;(+$!/;!+/0+733(0$!#QUEDXC!.8!/018!

3(+/3,20P!&0!20+3(&'(!20!'86*$/6'!;3/6!&!*3(A>&++20(!.&'(120(-!4/%(>(3!P2>(0!

$4(!/0P/20P!7'(!/;!#QUEDXC!20!536!5!*&$2(0$'!2$!2'!,2;;2+71$!$/!+1(&318!&$$32.7$(!

$4(!+&7'(!/;!'/6(!&,>(3'(!(>(0$'!$/!>&++20&$2/09!!!

B8'$(62+!&,>(3'(!(>(0$'!%(3(!*3(,/620&0$18!621,9!!!B8'$(62+!5L'!+1&''(,!&'!

6/,(3&$(!;/11/%20P!T45,=!>&++20&$2/0!%(3(!&3$43&1P2&-!,2&334/(&-!,(*3(''2/0-!

;((120P!;(>(32'4!&0,!4(&,&+4(!20!'(*&3&$(!20,2>2,7&1'9!!e/,(3&$(!5L'!;/11/%20P!

5,O!>&++20&$2/0!%(3(!P(0(3&12'(,!*3732$7'-!'/3(!$43/&$-!&.,/620&1!*&20-!J0((!

'%(1120P!&0,!&!'2P02;2+&0$18!3&2'(,!5W@!20!/0(!20,2>2,7&19!!T4&0P('!20!5W@!&3(!

,2'+7''(,!;73$4(3!20!$4(!;/11/%20P!'(+$2/09!

@4(3(!%(3(!0/!'(32/7'!&,>(3'(!(>(0$'!&''/+2&$(,!%2$4!>&++20&$2/09!
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!

! RK!

A986'&()=L(/1?%&59:(#3O&'?&(&O&2%?(PFQ?R($7??9;<1S($'7;#;<1(7'(3&0929%&<1(#??7:9#%&3(@9%"(
O#::92#%972(07<<7@928(!"F3)=B/56%(((

!

!
@/$&1!076.(3!/;!>&++20('!P2>(0!20!(&+4!P3/7*!2'!20!.3&+J($'9!!#R!'8'$(62+!5L'!.8!'(>(32$89!!;R!5L'!
&;$(3!1/%!,/'(!F?!d!HG">*-!6(,276!?!d!HGR!>*I!&0,!42P4!,/'(!F<9?!d!HGHG>*I9!!:R!+/6*&32'/0!/;!
*&$2(0$'!3(+(2>20P!+/0+733(0$!#QUEDXC!$4(3&*8!FY3/7*!5I!%2$4!$4/'(!3(+(2>20P!>&++20&$2/0!&1/0(!
FY3/7*!XI9!!:$4(3!5L'!;/11/%20P!T45,=!>&++20&$2/0!%(3(f!+/7P4-!,38!'J20-!2$+48!(8('-!0/0A
'*(+2;2+&118!70%(11!&0,!&.0/36&1!+1/$$20P!*&3&6($(3'9!!!

!
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!

! R?!

(

A986'&()=I(/1?%&59:(#3O&'?&(&O&2%?(PFQ?R($7??9;<1S($'7;#;<1(7'(3&0929%&<1(#??7:9#%&3(@9%"(
O#::92#%972(07<<7@928(F3I=B/56%(((

!
@/$&1!076.(3!/;!>&++20('!P2>(0!20!(&+4!P3/7*!2'!20!.3&+J($'9!!#R!'8'$(62+!5L'!.8!'(>(32$89!!;R!5L'!
&;$(3!1/%!,/'(!F?!d!HG">*-!6(,276!?!d!HGR!>*I!&0,!42P4!,/'(!F<9?!d!HGHG>*I9!!:R!+/6*&32'/0!/;!
*&$2(0$'!3(+(2>20P!+/0+733(0$!#QUEDXC!$4(3&*8!FY3/7*!5I!%2$4!$4/'(!3(+(2>20P!>&++20&$2/0!&1/0(!
FY3/7*!XI99!!:$4(3!5L'!;/11/%20P!5,O!>&++20&$2/0!%(3(f!'6&11!&3(&!/;!;&+2&1!4&23!1/''-!
48*/$483/2,2'6-!6/0/&3$432$2'-!;((120P!'4&J8-!6/7$4!71+(3'-!3&2'(,!.1//,!'7P&3'-!'/3(!$43/&$-!
+/0'$2*&$2/0!&0,!&.0/36&1!51J&120(!]4/'*4&$&'(9!

!

!"4"$ :6(+@'1,2+,3A%,>0BB0C2+@,8(//2+()20+,

#!+1/'(18!6/02$/3(,!5W@!1(>(1'-!&'!&!'733/P&$(!6&3J(3!/;!12>(3!20;1&66&$2/0-!20!&11!

*&$2(0$'9!!#0!$4(!P3/7*!3(+(2>20P!>&++20&$2/0!&1/0(!F536!XI!$4(3(!%(3(!0/!0(%!

(1(>&$2/0'!20!5W@!*/''2.18!/3!*3/.&.18!3(1&$(,!$/!>&++20&$2/09!!@42'!%&'!,(;20(,!

&'!&08!(1(>&$2/0!20!5W@!&./>(!$4(!7**(3!1262$(,!/;!0/36&1-!%42+4!/++733(,!

%2$420!"!%((J'!/;!>&++20&$2/0!&0,!%&'!g=GN!42P4(3!$4&0!&!*3(A>&++20(!5W@!

1(>(19!!@42'!,(;202$2/0!%&'!+4/'(0!&'!/0(!%42+4!%/71,!+&*$73(!$4(!1&3P('$!076.(3!

/;!*/$(0$2&118!3(1&$(,!+4&0P('!20!5W@!%421'$!$&J20P!20$/!&++/70$!0/36&1!
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!

! RO!

;17+$7&$2/0'!20!5W@!1(>(1'9!!#0!$4(!P3/7*!3(+(2>20P!+/0+733(0$!#QUEDXC!$4(3&*8!

$4(3(!%&'!/0(!$3&0'2(0$!;1&3(!20!5W@!20!*&$2(0$!GG<AG="!%4(3(!5W@!*(&J(,!&$!

==R!#cE61-!HH!%((J'!&;$(3!.//'$20P!>&++20&$2/0!FQ2P73(!=AM.I9!!@42'!%&'!0/$!

&''/+2&$(,!%2$4!$4(!3(&**(&3&0+(!/;!&!*/'2$2>(!STC!>23&1!1/&,!F>23/1/P2+&1!

.3(&J$43/7P4I9!!5!12>(3!.2/*'8!&$!$4(!(0,!/;!$3(&$6(0$!F<=E?EHHI!3(>(&1(,!0/0A

'*(+2;2+!20;1&66&$2/0!&0,!5W@!3($730(,!$/!.&'(120(!1(>(1'!%2$420!O!%((J'9!!

#!$4(3(;/3(!()&620(,!$4(!3(1&$2/0'42*!.($%((0!5W@!&0,!26670/P(02+2$8!&0,!

;/70,!0/!&''/+2&$2/0!%2$4!+4&0P(!20!5W@!&0,!26670(!3('*/0'('!FQ2P73(!=AM&I!

3[AG9G"!*[0'I9!!#0,((,-!5W@'!20!$4(!$%/!20,2>2,7&1'!%2$4!$4(!'$3/0P('$!26670(!

3('*/0'('!FGG<AG<M!&0,!GG<AG=RI!(2$4(3!,(+3(&'(,!/3!'$&8(,!$4(!'&6(!;/11/%20P!

>&++20&$2/0!F,&$&!0/$!'4/%0I9!
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!

! RM!

A986'&()=U(!"#28&?(92(FM.(92('&<#%972(%7(95562&('&?$72?&?(#23(7O&'(%95&(92(%@7(9239O936#<?(

!

!
#R!T4&0P(!20!5W@!;3/6!*/'$!>&++20&$2/0!$/!'+3((020P!2'!'4/%0!20!*&$2(0$'!3(+(2>20P!42P4!,/'(!
>&++20&$2/0!20!536'!5!&0,!X9!!@42'!2'!+/33(1&$(,!%2$4!26670/P(02+2$8!3(*3('(0$(,!.8!*(&J!#QUhA
LW#B*/$9!!;R!@4(!J20($2+'!/;!5W@!/>(3!$26(!20!*&$2(0$!G="!20!3(1&$2/0!$/!>&++20&$2/0!2'!'4/%09!

!

!"D E2+')2/1,0>,%,/'BB,&'170+1'1,2+,7()2'+)1,&'/'282+@,B0C,F4G$<H87I,(+J,
*'J2.*,F4G$<K87I,J01',8(//2+()20+,

!

Q23'$!$4(!26670/P(02+2$8!/;!4($(3/1/P/7'!&,(0/>23&1!>&++20&$2/0!%&'!&''(''(,!

7'20P!('+&1&$20P!,/'('!/;!T45,=!F*32620P!>(+$/3I!&0,!5,O!F.//'$20P!>(+$/3I!20!
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!

! R"!

*&$2(0$'!3(+(2>20P!+/0+733(0$!$3(&$6(0$!%2$4!#QUEDXC!F536!5I!&0,!20!$4/'(!

3(+(2>20P!>&++20&$2/0!&1/0(!F536!XI9!!#0!$4(!1/%!&0,!6(,276!,/'(!P3/7*'!20!536!

5-!>&++20('!%(3(!&,6202'$(3(,!HG!%((J'!&*&3$!;/11/%20P!&!<!/3!HK!%((J!1(&,!20!

%2$4!#QUEDXC!&$!?!d!HG">*!F5HI!&0,!?!d!HGR>*!F5<I9!!#0!$4(!1/%!&0,!6(,276!,/'(!

P3/7*'!20!536!X-!*&$2(0$'!3(+(2>(,!*326(E.//'$!>&++20('!HG!%((J'!&*&3$-!&$!

?dHG">*!FXHI!&0,!?!d!HGR>*!FX<I!F'((!!"#$%&"'()"*+)!$#,-+(I9!

#QUA!!LW#B*/$!'$7,2('!,(6/0'$3&$(,!$4&$!1/%!&0,!6(,276!,/'(!>&++20&$2/0'!

%(3(!*//318!26670/P(02+!FQ2P73(!=A"&I9!!#0!$4(!=!*&$2(0$'!%4/!+/6*1($(,!$4(!

>&++20&$2/0!*3/$/+/1-!/018!<!4&,!,($(+$&.1(!*/'2$2>(!@!+(11!3('*/0'('-!4/%(>(3!

$4('(!%(3(!%(&J!FGAO"!BQTEHGO]XeTI!&0,!,2,!0/$!'4/%!&08!$(6*/3&1!

3(1&$2/0'42*!%2$4!>&++20&$2/09!!

#0!*&$2(0$'!3(+(2>20P!>&++20&$2/0!&1/0(!F536'!XH!&0,!X<I-!<!20,2>2,7&1'!F*&$2(0$'!

G=K!&0,!GKKI!6&,(!'6&11!0/0A'7'$&20(,!@!+(11!3('*/0'('!$/!$4(!UB!*3/$(20'!

+/0$&20(,!%2$420!$4(!STC!>&++20(!26670/P(0-!<!%((J'!;/11/%20P!>&++20&$2/0!

F3&0P(!?MAHG<!BQTEHGO]XeTI!FQ2P73(!=A".I9!!S/%(>(3!/>(3&11-!3('*/0'('!%(3(!

3(,7+(,!+/6*&3(,!%2$4!$4/'(!20,7+(,!20!4(&1$48!>/170$((3'!*326(,!%2$4!$42'!

3(P26(0!20!&!*3(>2/7'!'$7,8!FSTCGGHI-!%4(3(!H!/7$!/;!K!20,2>2,7&1'!3('*/0,(,!

$/!1/%!,/'(!*32620P!&0,!=!/7$!/;!;/73!20,2>2,7&1'!3('*/0,(,!$/!6(,276!,/'(!

*32620P!F6(&0-!RG?9?i!3&0P(!HG!$/!=<<MI!FX&30('!($!&19!<GH<I9!



!"#$%&'()(( ( ( ( ( ( *!+,,-.+(/#0&%1(#23(4556278&29:9%1(

!

! RR!

A986'&()=N(V#829%63&(#23(H92&%9:?(70(.(:&<<('&?$72?&?(#0%&'(<7@(#23(5&3965(37?&(O#::92#%972(@9%"(
!"F3)=B/56%(P$'95&R(#23(F3I=B/56%(P;77?%RT!!(
!

!
j20($2+'!/;!()!>2>/!#QUA!!LW#B*/$!3('*/0'('!/>(3!$26(!.8!20,2>2,7&1-!;3/6!*&$2(0$'!>&++20&$(,!
%2$4!T45,=AUB67$!*326(!&0,!5,OAUB67$!!F,/'(!('+&1&$2/0!?kHG"!$/!?kHGR!>*E61I!20!*&$2(0$'!
3(+(2>20P!#I!+/0+733(0$!#QUEDXC!$4(3&*8!F536'!5H-!5<I!!F*&$2(0$'!<G-!=G-!=H-!<KI!&0,!;R!
>&++20&$2/0!&1/0(!F536'!XH-!X<I!F*&$2(0$'!G<R-!G=K-!GKK-!G=?I9!!]&$2(0$!=H!%2$4,3(%!&;$(3!%((J!
HO!/;!$4(!$32&19!!@!+(11!3('*/0'('!3(*3('(0$!'766(,!3('*/0'('!$/!*(*$2,(!*//1'!+/0$&2020P!$4(!UB!
*3/$(20'9!!@4(!6202676!>&17(!'4/%0!2'!HGBQTEHGO]XeT9!!
!

!"L %,/'BB,&'170+1'1,2+,7()2'+)1,&'/'282+@,62@6,J01',8(//2+()20+,F="4G$<$<87I,
(+J,/0+/.&&'+),5MNOPQ;,)6'&(7R,

!

U()$-!*&$2(0$'!%(3(!>&++20&$(,!%2$4!&!42P4!,/'(!4($(3/1/P/7'!*326(E.//'$!

3(P26(0!F<9?dHGHG>*I!%2$4!F536!5=A5OI!/3!%2$4/7$!F536!X=I!+/0+733(0$!]LYA

#QU"EDXC9!!536'!5=-!5K!&0,!X=!3(+(2>(,!&!'20P1(!*32620P!>&++20&$2/0!%2$4!

T45,=AUB67$!;/11/%(,!.8!.//'$20P!>&++20&$2/0!%2$4!5,OAUB67$!HG!%((J'!1&$(39!!

536'!5?!&0,!5O!3(+(2>(,!$%/!*32620P!>&++20&$2/0'!K!%((J'!&*&3$-!;/11/%(,!.8!

.//'$20P!>&++20&$2/0!HG!%((J'!1&$(39!!!

#0!536!5-!@!+(11'!'*(+2;2+!;/3!STC!&0$2P(0'!%(3(!,($(+$(,!.8!#QUA!!LW#B*/$!!20!

HHE<G!*&$2(0$'!%4/!3(+(2>(,!42P4!,/'(!>&++20&$2/0-!/;!%4/6!O!,(>(1/*(,!0(%!

3('*/0'('!0/$!,($(+$(,!*32/3!$/!>&++20&$2/0-!=!6&,(!0(%!@!+(11!3('*/0'('!&'!%(11!

&'!&7P6(0$20P!*3(A()2'$20P!3('*/0'('!&0,!<!20+3(&'(,!*3(A()2'$20P!3('*/0'('!

/0189!!5!@!+(11!3('*/0'(!$/!>&++20&$2/0!%&'!,(;20(,!F&'!,('+32.(,!20!!"#$%&"'()"*+)
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!

! HGG!

!$#,-+(.).8f!

!&0!#QUA!!LW#B*/$!3('*/0'(!g!=R!BQcEHGO!]XeT!%42+4!%&'!(2$4(3f!

F2I!&0!20+3(&'(!20!&!*3(A()2'$20P!3('*/0'(!.8!l=GN!7'(!

F22I!&!0(%!@!+(11!3('*/0'(!0/$!,($(+$(,!*32/3!$/!>&++20&$2/09!!!

:>(3&11-!&;$(3!.//'$20P!$4(3(!%&'!&!'$&$2'$2+&118!'2P02;2+&0$!20,7+$2/0!/;!@!+(11!

3('*/0'('!&;$(3!.//'$20P!+/6*&3(,!%2$4!.&'(120(!F6(,2&0!*(&J!.//'$!MO!

BQTEHGO!]XeTi!3&0P(!GA<R?=I!!F*[G9GG<I!FQ2P73(!=ARI9!!

A986'&()=W(42:'&#?&(92(5#829%63&(70(.(:&<<('&?$72?&?(5&#?6'&3(;1(4AB!=QM4/$7%(92($#%9&2%?(
O#::92#%&3(@9%"(!"F3)=B/56%(P$'95&RS(F3I=B/56%(P;77?%RS(@"9<&(72(:72:6''&2%(4AB"CDE+(%"&'#$1T(

!

!
](&J!#QU!mLW#B*/$!3('*/0'('!;/11/%20P!*32620P!&0,!.//'$20P!>&++20&$2/0!&3(!'4/%09!!D('*/0'('!
/0!$4(!8!&)2'!3(*3('(0$!'766(,!3('*/0'('!$/!*/'2$2>(!*//1'!3(*3('(0$20P!$4(!UB!*3/$(20'!20!$4(!
>&++20(!26670/P(09!#0,2>2,7&1!*&$2(0$'!&3(!3(*3('(0$(,9!!e(,2&0!>&17('[!4/32Z/0$&1!.&39!536!
5=f!]326(!%J!HKE.//'$!_J!<Ki!536!5Kf!]326(!_J!<E!X//'$!_J!H<i!536!5?f!]326(!_J!HK!&0,!
_J!H"E!.//'$!_J!<"i!536!5Of!]326(!_J!<-!_J!OE!.//'$!_J!HO!/;!$3(&$6(0$9!*!>&17('!
,($(3620(,!.8!_21+/)/0!6&$+4(,A*&23'!'2P0(,!3&0J!$('$9!!
!
!

U()$!@!+(11!3('*/0'('!20!*&$2(0$'!3(+(2>20P!#QUEDXC!$3(&$6(0$!&1/0(-!%2$4/7$!

>&++20&$2/0-!%(3(!&''(''(,9!!@4(3(!%&'!0/!'$&$2'$2+&118!'2P02;2+&0$!20+3(&'(!20!

*(&J!#QUA!!LW#B*/$!3('*/0'(!;3/6!'+3((020P!F*[0'!Q2P73(!=AHGI-!%2$4!$4(!42P4('$!

3('*/0'(!3(+/3,(,!&$!&08!$26(!*/20$!,7320P!$3(&$6(0$!.(20P!M<!BQTEHGO!]XeT!

%2$4!&!6(,2&0!/;!H?!BQTEHGO!]XeT!F3&0P(!GAM<I9!
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!

! HGH!

A986'&()=J,(.(:&<<('&?$72?&?(%7(*!+(B72=?%'6:%6'#<($'7%&92?S(36'928(%'&#%5&2%(@9%"(4ABCDE+(92(
:72%'7<(#'5(70(*!+,,-.+(

!
](&J!#QU!mLW#B*/$!3('*/0'('!&$!&08!$26(*/20$!,7320P!$3(&$6(0$!%2$4!#QUEDXC!20!
*&$2(0$'!0/$!3(+(2>20P!>&++20&$2/09!!D('*/0'('!/0!$4(!8!&)2'!3(*3('(0$!'766(,!
3('*/0'('!$/!*/'2$2>(!*//1'!3(*3('(0$20P!$4(!UB!*3/$(20'!20!$4(!>&++20(!26670/P(09!
#0,2>2,7&1!*&$2(0$'!&3(!3(*3('(0$(,9!!e(,2&0!>&17('[!4/32Z/0$&1!.&39!*!>&17('!
,($(3620(,!.8!_21+/)/0!6&$+4(,A*&23'!'2P0(,!3&0J!$('$-!.&'(,!/0!O!*&$2(0$'!;/3!%4/6!
'+3((020P!'&6*1('!F*3(A$3(&$6(0$I!%(3(!&>&21&.1(9!F*&$2(0$'!GGH-!GGO9!GG"-!GGR-!GHG-!
GHH-!GH<I!!
!

@4(!J20($2+'!/;!@!+(11!3('*/0'('!20!>&++20&$(,!*&$2(0$'!%&'!0()$!&''(''(,9!!@4(3(!

%&'!&!$(6*/3&1!3(1&$2/0'42*!.($%((0!>&++20&$2/0!&0,!,(>(1/*6(0$!/;!@!+(11!

3('*/0'('-!%2$4!*(&J!#QU!!*3/,7+$2/0!,($(+$(,!<!$/!K!%((J'!;/11/%20P!

>&++20&$2/0!20!$4(!6&n/32$8!/;!*&$2(0$'!FQ2P73(!=AHHI9!!!@4(3(!%&'!0/!'$&$2'$2+&118!

'2P02;2+&0$!,2;;(3(0+(!20!BCD!3&$('!20!&36'!5=A5O!.($%((0!>&++20(!3('*/0,(3'!

&0,!0/0A3('*/0,(3'!FKER!>&++20(!3('*/0,(3'!&+42(>(,!BCD!+/6*&3(,!%2$4!OEHG!

0/0A3('*/0,(3'!Q2'4(3\'!()&+$!$('$!*[0'I-!&1$4/7P4!$4(!'$7,8!%&'!0/$!*/%(3(,!$/!

&,,3(''!$42'9!!!!

56/0P'$!*&$2(0$'!0/$!/0!$3(&$6(0$!F536!X=I!<EK!*&$2(0$'!6&,(!@!+(11!3('*/0'('!

;/11/%20P!>&++20&$2/0-!4/%(>(3!3('*/0'('!%(3(!1/%(3!$4&0!20!536!5!FQ2P73(!

=AHH(I9!!@4(!6(,2&0!*/'$!*326(!3('*/0'(!%&'!MO!BQTEHGO]XeTi!3&0P(!GAK=?-!

&0,!6(,2&0!*/'$!.//'$!3('*/0'(!H<H!BQTEHGO]XeTi!3&0P(!GA=RG9!!@4('(!%(3(!

0/$!'$&$2'$2+&118!'2P02;2+&0$18!20+3(&'(,!;3/6!&!.&'(120(!6(,2&0!/;!G!

Screening Peak (any timepoint)
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!

! HG<!

BQTEHGO]XeTi!3&0P(!GAHR<9!!!@4(!J20($2+'!/;!@!+(11!3('*/0'('!.8!20,2>2,7&1!

*&$2(0$'!2'!'4/%0!20!Q2P73(!=AHH9!

A986'&()=JJ(V#829%63&(#23(H92&%9:?(70(*!+(?$&:909:(.(:&<<('&?$72?&?(#0%&'("98"(37?&(O#::92#%972((@9%"(
!"F3)=B/56%(P$'95&R(#23(F3I=B/56%(P;77?%RT(((

!

!
j20($2+'!/;!()A>2>/!#QUA!!LW#B*/$!3('*/0'('!/>(3!$26(-!.8!20,2>2,7&1-!20!*&$2(0$'!3(+(2>20P!&IA,I!
+/0+733(0$!]LYA#QU"EDXC!$4(3&*8!&0,!(I!>&++20&$2/0!&1/0(9!!#R!536!5=!;R!536!5K!:R(536!5?!3R!
536!5O!&R!536!X=9!D('*/0'('!'4/%0!&3(!'766(,!3('*/0'('!$/!UB!*(*$2,(!*//1'!F'((!e&$(32&1'!
&0,!e($4/,'I9!V*&$2(0$!3(1&*'(,!&0,!,(>(1/*(,!&!0(%!#QUA!!LW#B*/$!3('*/0'(!0/$!&$$32.7$(,!$/!
>&++20&$2/09!
!
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!

! HG=!

!"L"$ S6(),21,)6',07)2*(B,8(//2+',&'@2*'+?,,
!

@4(3(!%(3(!$43((!,2;;(3(0$!>&++20&$2/0!'$3&$(P2('!&''(''(,!20!$42'!'$7,8i!

>&++20&$2/0!%2$4!/3!%2$4/7$!+/0+733(0$!&0$2>23&1!$4(3&*8-!>&++20&$2/0!20!*&$2(0$'!

%2$4!&!1/%!>23&1!1/&,!F/0!#QUEDXCI!>(3'7'!$4/'(!%2$4!&!42P4!>23&1!1/&,!&0,!;20&118-!

'20P1(!*326(!>(3'7'!,/7.1(!*326(!>&++20&$2/09!!!

!"#"$"$ %&'()*&+*,--'+.)/012345).6'-789):;87*.)&+)<7**:+')-'(8&+('(=)
)

#$!2'!*/''2.1(!$4&$!#QU!$4(3&*8!+/71,!2042.2$!@!+(11!3('*/0'('!&0,!$4(3(;/3(!26*&23!

>&++20(!26670/P(02+2$89!!@/!()*1/3(!$42'-!&!'6&11!P3/7*!/;!K!*&$2(0$'!F536!X=I!

3(+(2>(,!42P4!,/'(!>&++20&$2/0!%2$4/7$!+/0+733(0$!#QUEDXC9!!5'!,(6/0'$3&$(,!

20!Q2P73(!=AHH(-!$4(3(!%(3(!/018!<!*&$2(0$'!%4/!6/70$(,!&!>&++20(!3('*/0'(!&0,!

$42'!,2,!0/$!4&>(!&!+1(&3!J20($2+!3(1&$2/0'42*!$/!>&++20&$2/09!!:0(!/;!$4('(-!

F*&$2(0$!GG<AG?=I!&1'/!4&,!&0!707'7&118!42P4!.&'(120(!@!+(11!3('*/0'(-!4/%(>(3!

,2,!6&J(!&!3('*/0'(!$/!0(%!*(*$2,(!*//1!&;$(3!>&++20&$2/0!F'((!@&.1(!=A?!*H<HI9!!

51$4/7P4!2$!2'!,2;;2+71$!$/!,23(+$18!+/6*&3(!@!+(11!3('*/0'('!20!536!5!&0,!536!X!

'$&$2'$2+&118!,7(!$/!$4(!'6&11!'&6*1(!'2Z(!20!536!X-!$4(3(!%&'!0/!20,2+&$2/0!$4&$!

&0!#QU!;3((!>&++20&$2/0!3(P26(!%/71,!.//'$!@!+(11!3('*/0'('9!!!@4(!6(,2&0!*(&J!

.//'$!3('*/0'('!%(3(!'2621&3!.($%((0!$4(!536'!FH<H!BQTEHGO!]XeT!20!536!X!

+/6*&3(,!%2$4!MO!BQTEHGO!]XeT!20!536!5I!.7$!$4(3(!%(3(!0/!42P4!6&P02$7,(!

3('*/0'('!&'!'((0!20!+(3$&20!20,2>2,7&1'!20!536!5!F;/3!()&6*1(!*&$2(0$'!G<M!&0,!

G=RI9!!

@4(!/$4(3!>&32&.1(!*3('(0$!20!536!X!%&'!$4&$!/;!/0P/20P!>23&(62&!&$!$4(!$26(!/;!

>&++20&$2/0f!&$!*32620P!$4(!6(,2&0!>23&1!1/&,!%&'!H9<<dHGO!+/*2('E61!&0,!&$!

.//'$20P!<9GO!dHGO+/*2('E619!!@4(!(;;(+$!/;!>&++20&$2/0!20!$4(!+/0$()$!/;!>23&(62&!

2'!()*1/3(,!;73$4(3!20!$4(!;/11/%20P!&0&18'2'9!!



!"#$%&'()(( ( ( ( ( ( *!+,,-.+(/#0&%1(#23(4556278&29:9%1(

!

! HGK!

!"#"$"> /()<7**:+7.:+?):+).6')*&+.'@.)&A)7)B&C)<:-7B)B&7D)E'..'-).67+)<7**:+7.:+?)
C:.6)7)6:?6)<:-7B)B&7D=)

!

e/7'(!6/,(1'!/;!WTeC!20;(+$2/0!4&>(!'4/%0!$4&$!$4(3&*(7$2+!>&++20&$2/0!&;$(3!&!

*(32/,!/;!>23&1!'7**3(''2/0!2'!6/3(!(;;2+&+2/7'!$4&0!>&++20&$20P!%4(0!>23&1!1/&,!

2'!42P4!F_4(338-!X1&$$6&0!&0,!546(,-!<GG?I9!!@4(3(;/3(!#!+/6*&3(,!>&++20&$2/0!

%2$4!&!1/%!>23&1!1/&,!&;$(3!HK!%((J'!/;!#QUEDXC!$4(3&*8!F536'!5=!&0,!5?I!%2$4!

>&++20&$2/0!P2>(0!&;$(3!<!%((J'!/;!#QUEDXC!$3(&$6(0$!F536'!5K!&0,!5OI9!!Q/3!

+1&32$8!#!%211!3(;(3!$/!$4('(!$%/!P3/7*'!&'!$4(!1&$(!&0,!(&318!>&++20&$2/0!P3/7*'!

;3/6!$42'!*/20$!/0%&3,'9!!

A986'&()=J-(!75$#'9?72(70(.(:&<<('&?$72?&?(%7(&#'<1(O&'?6?(<#%&(O#::92#%972(#23(?928<&(O&'?6?(376;<&(
$'95928(O#::92#%972(@9%"(!"F3)=B/56%CB/56%(

!

!
](&J!6&P02$7,(!#QU!ALW#B*/$!3('*/0'('!$/!'766(,!UB!*//1'!F'((!e&$(32&1'!&0,!e($4/,'I!&3(!
'4/%0-!.8!20,2>2,7&19!!Y3/7*!6(,2&0'!&3(!'4/%0!F4/32Z/0$&1!.&3'I9!!#I!@!+(11!3('*/0'('!20!P3/7*'!
3(+(2>20P!(&318!>&++20&$2/0!&$!%J!<!/;!#QUEDXC!$3(&$6(0$!F5K!&0,!5OI!&0,!1&$(!>&++20&$2/0!&$!%J!
HK!/;!#QUEDXC!$3(&$6(0$!F5=!&0,!5?I9!;I!@!+(11!3('*/0'('!20!P3/7*'!3(+(2>20P!&!'20P1(!*32620P!
>&++20&$2/0!!F5=!&0,!5KI!+/6*&3(,!%2$4!,/7.1(!*32620P!>&++20&$2/0!F5?!&0,!5OI9!*!>&17('!%(3(!
,($(3620(,!.8!e&00A_2$0(8!F70*&23(,!,&$&I!&0,!_21+/)/0!6&$+4(,A*&23'!'2P0(,!3&0J!$('$!
F*&23(,!,&$&I9!
!

C23&1!1/&,'!%(3(!(;;(+$2>(18!'7**3(''(,!20!$4(!1&$(!>&++20&$2/0!P3/7*9!!5$!$4(!$26(!

/;!*32620P-!REHG!*&$2(0$'!4&,!&0!70,($(+$&.1(!>23&1!1/&,!&0,!&11!4&,!&!0(P&$2>(!

>23&1!1/&,!.8!$4(!$26(!/;!.//'$20P9!!#0!$4(!(&318!>&++20&$2/0!P3/7*-!6(,2&0!>23&1!

1/&,!&$!$4(!$26(!/;!;23'$!*326(!%&'!HH-KKH!#cE61!F3&0P(!GA<KH-HH?I-!&0,!HEHG!
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!

! HG?!

*&$2(0$'!4&,!&!0(P&$2>(!>23&1!1/&,9!!X8!$4(!$26(!/;!.//'$20P!F&$!%((J!H<!20!536!5K!

&0,!%((J!HO!20!536!5OI-!?EHG!*&$2(0$'!4&,!&0!70,($(+$&.1(!>23&1!1/&,-!=EHG!4&,!

&!,($(+$&.1(!.7$!70o7&0$2;2&.1(!>23&1!1/&,!FbH?!#cE61I!&0,!/0(!*&$2(0$!4&,!&!1/%!

1(>(1!/;!RR"!#cE619!!`&$&!%&'!70&>&21&.1(!;/3!/0(!20,2>2,7&1!,7(!$/!$(+402+&1!

,2;;2+71$2('9!!!

B2621&3!076.(3'!/;!*&$2(0$'!6/70$(,!&!>&++20(A20,7+(,!@!+(11!3('*/0'(!20!$4(!

(&318!&0,!1&$(!>&++20&$2/0!P3/7*'f!OEHG!20!$4(!(&318!>&++20&$2/0!&36'-!+/6*&3(,!

%2$4!MEHG!20!$4(!1&$(!>&++20&$2/0!&36'!F*[0'I!FQ2P73(!=AH<&I9!!@4(!42P4('$!

3('*/0'(!%&'!'((0!20!$4(!1&$(!>&++20&$2/0!&36!F<R?=!BQTEHGO!]XeTI-!4/%(>(3!

/>(3&11!$4(3(!%&'!0/!,2;;(3(0+(!20!6&P02$7,(!/;!3('*/0'('!.($%((0!$4('(!$%/!

P3/7*'!FQ2P73(!=AH<&I9!!e(,2&0!*(&J!.//'$!3('*/0'(!%&'!O=!BQTEHGO]XeT!

F3&0P(!GAH?G?I!20!$4(!(&318!>&++20&$2/0!&36'-!+/6*&3(,!%2$4!M=!BQTEHGO]XeT!!

F3&0P(!GA<R?=I!20!$4(!1&$(!>&++20&$2/0!&36'9!!U(2$4(3!P3/7*!'4/%(,!&!'2P02;2+&0$!

20+3(&'(!.($%((0!'+3((020P!&0,!@!+(11!3('*/0'('!&;$(3!*32620P!F,&$&!0/$!'4/%0I!

4/%(>(3!/018!$4(!1&$(!>&++20&$2/0!&36'!'4/%(,!&!'2P02;2+&0$!20+3(&'(!20!@!+(11!

3('*/0'('!.($%((0!*32620P!&0,!.//'$20P9!!5'2,(!;3/6!$42'-!$4(3(!%&'!0/!

,(6/0'$3&.1(!.(0(;2$!$/!>&++20&$2/0!;/11/%20P!&!*3/1/0P(,!*(32/,!/;!>23&1!

'7**3(''2/09!!!

!"#"$"! /()D&,EB')8-:;:+?);&-')'AA'*.:<').67+)(:+?B')8-:;:+?=)
)

#!&1'/!&''(''(,!$4(!(;;(+$!/;!&,6202'$(320P!&!,/7.1(!*326(!>&++20&$2/0!K!%((J'!

&*&3$!F20!536'!5?!&0,!5OI!+/6*&3(,!%2$4!&!'20P1(!*326(!F536'!5=!&0,!5KI9!!KE"!

*&$2(0$'!4&,!*/'2$2>(!@!+(11!3('*/0'('!$/!>&++20&$2/0!20!$4(!,/7.1(!*326(!&36'!

F6(,2&0!=O9?!BQTEHGO!]XeTi!3&0P(!GA=HMI!+/6*&3(,!%2$4!MEH<!20,2>2,7&1'!

3(+(2>20P!'20P1(!*326(!F6(,2&0!HGM!BQTEHGO!]XeTi!3&0P(!HGA<R?=I-!%42+4!%&'!
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!

! HGO!

0/$!'$&$2'$2+&118!'2P02;2+&0$!FQ2'4(3\'!()&+$!$('$I!FQ2P73(!=AH<.I9!!!@4(3(!%&'!0/!

,2;;(3(0+(!20!6&P02$7,(!/;!3('*/0'('!$/!*32620P!.($%((0!$4(!$%/!P3/7*'-!

4/%(>(3!$4(!'20P1(!*326(!&36'!,2,!'4/%!&!'2P02;2+&0$!20+3(&'(!20!*(&J!@!+(11!

3('*/0'('!.($%((0!*32620P!&0,!.//'$20P-!7012J(!$4(!,/7.1(!*326(!&36'9!!@4(3(!

%&'!&1'/!&!$3(0,!$/%&3,'!42P4(3!3('*/0'('!20!$4(!'20P1(!*326(!&36'!&'!2117'$3&$(,!

20!Q2P73(!=AH=!*HGM9!!@4(!$%/!42P4('$!3('*/0'('!%(3(!'((0!20!$4(!'20P1(!*326(!

&36'!F<R?=!&0,!H?G?!BQTEHGO!]XeT!20!536'!5=!&0,!5KI!%4(3(&'!$4(!42P4('$!

3('*/0'(!20!&!'20P1(!20,2>2,7&1!20!$4(!,/7.1(!*326(!&36'!%&'!=HM!BQTEHGO!]XeT!

F536!5OI9!!!
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!

! HGM!

A986'&()=J)(V#829%63&(#23(H92&%9:?(70(.(:&<<('&?$72?&?(%7(*!+(#2%98&2?(#0%&'(?928<&(#23(376;<&(
$'95928(O#::92#%972(@9%"(!"F3)=B/56%CF3I=B/56%T(

!
j20($2+'!/;!()A>2>/!#QUA!!LW#B*/$!3('*/0'('!/>(3!$26(-!.8!20,2>2,7&1!*&$2(0$'!3(+(2>20P!
+/0+733(0$!#QUEDXC!$4(3&*89!!D('*/0'('!'4/%0!&3(!'766(,!3('*/0'('!$/!*/'2$2>(!UB!*(*$2,(!
*//1'!F'((!e&$(32&1'!&0,!e($4/,'I9!B[!'+3((020P9!]][!*3(A*32620P!>&++20&$2/09!#R!B20P1(!]326(!
536'!5=!+1/'(,!'86./1'-!5K!/*(0!'86./1'!;R(`/7.1(!]326(!536'!5?!+1/'(,!'86./1'-!5O!/*(0!
'86./1'9!!!
!!

!"H 3+)28'/)0&,5**.+2)R,
!

:0(!()*1&0&$2/0!;/3!$4(!$3(0,!$/%&3,'!1/%(3!@!+(11!3('*/0'('!20!$4(!,/7.1(!

*326(!&36'!F5?!&0,!5OI!2'!$4&$!3(*(&$!()*/'73(!$/!&,(0/>23&1!>(+$/3'!20,7+('!

&0$2>(+$/3!266702$89!!@42'!%&'!&''(''(,!$43/7P4!6(&'7320P!0(7$3&12'20P!
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!

! HG"!

&0$2./,8!F05.I!$2$3('!&'!%(11!&'!@!+(11!3('*/0'('!$/!5,OAUB67$!&0,!T45,=A

UB67$9!!!

!"H"$ 3+)28'/)0&,3+)2T0J2'1,(),T(1'B2+',

5$!.&'(120(-!$4(3(!%&'!0/!'$&$2'$2+&118!'2P02;2+&0$!,2;;(3(0+(!20!(2$4(3!&0$2A5,O!/3!

&0$2AT45,=!&0$2./,2('!20!$4(!'20P1(!*326(!&36'!+/6*&3(,!%2$4!,/7.1(!*326(!

&36'!FQ2P73(!=AHKI9!!]&$2(0$'!%2$4!&!05.!$2$3(!l<GG!%(3(!()+17,(,!;3/6!'$7,8!

(03/116(0$!FB((!!"#$%&"'()"*+)!$#,-+(I9!!!05.'!%(3(!,($(+$(,!7'20P!&0!&*)/&#%-!

20;(+$2>2$8!&''&8-!*(3;/36(,!.8!:J&23/'-!%42+4!6(&'73('!$4(!&.212$8!/;!

&,(0/>237'('!$/!20;(+$(,!&!+(11!120(!&;$(3!.(20P!20+7.&$(,!%2$4!'(376!;3/6!

>&++20&$(,!*&$2(0$'9!

A986'&()=JK(M&O&<?(70(#2%9O&:%7'(#2%9;739&?($'97'(%7(O#::92#%972(92(?928<&($'95&(:75$#'&3(@9%"(
376;<&($'95&(#'5?(92($#%9&2%?('&:&9O928(:72:6''&2%(%'&#%5&2%(@9%"(>QX"=4ABCDE+(

!

!
X&'(120(!0(7$3&12'20P!&0$2./,8!$2$3('!F05.'I!$/!$4(!*32620P!>(+$/3!T45,=!F#I!&0,!$/!$4(!.//'$20P!
>(+$/3!5,O!F;I!&3(!'4/%0!.8!20,2>2,7&19!!B20P1(!]326(!536'!&3(!5=!&0,!5K-!`/7.1(!]326(!536'!
&3(!5?!&0,!5O9!!Y3/7*!6(,2&0'!&3(!'4/%0!.8!&!4/32Z/0$&1!.&39!!*!>&17('!%(3(!,($(3620(,!7'20P!&!
e&00A_2$0(8!70*&23(,!$A$('$9!!
!
!
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!

! HGR!

!"H"= 3+)28'/)0&,(+)2T0J2'1,>0BB0C2+@,8(//2+()20+,C2)6,:63J!O3JD,
!

!"F">"$ G+.:E&D:'():+D,*'D)E9)8-:;:+?)C:.6)H6GD!)
!

Q/11/%20P!*32620P!>&++20&$2/0-!05.'!%(3(!3(&,218!,($(+$&.1(!0/$!/018!$/!$4(!

4/6/1/P/7'!>(+$/3!T45,=-!.7$!&1'/!$/!$4(!4($(3/1/P/7'!>(+$/3!5,O!FQ2P73(!

=AH?I9!!5;$(3!$4(!;23'$!*32620P!>&++20&$2/0-!$4(3(!%&'!0/!,2;;(3(0+(!20!20,7+$2/0!/;!

&0$2>(+$/3!&0$2./,2('!.($%((0!$4(!'20P1(!&0,!,/7.1(!*326(!&36'9!!S/%(>(3-!

;/11/%20P!$4(!'(+/0,!*32620P!>&++20&$2/0-!1(>(1'!/;!&0$2AT45,=!05.'!%(3(!42P4(3!

20!$4(!,/7.1(!*326(!+/6*&3(,!%2$4!'20P1(!*326(!&36'!F*[G9GH=!Q2P73(!=AH?&I9!!

@42'!,2;;(3(0+(!%&'!6&20$&20(,!&$!$4(!$26(!/;!.//'$20P!FQ2P73(!=AHOI9!

50$2./,2('!$4&$!%(3(!+3/''A3(&+$2>(!%2$4!$4(!4($(3/1/P/7'!>(+$/3!F5,OI!&1'/!

20+3(&'(,!20!'/6(!20,2>2,7&1'!;/11/%20P!*32620P!%2$4!T45,=!FQ2P73(!=AH?.I9!!#0!

$4(!,/7.1(!*326(!&36'-!=!/7$!/;!"!*&$2(0$'!4&,!*/'2$2>(!&0$2A5,O!05.'!F$2$3(!

l<GGI!;/11/%20P!&!'(+/0,!*32620P!>&++20&$2/0!F6(,2&0!HKHi!3&0P(!GAKOG"I-!

+/6*&3(,!%2$4!H!/7$!/;!"!&;$(3!$4(!;23'$!*32620P!>&++20&$2/0!F6(,2&0!MGi!3&0P(!GA

<KK?I!F*[0'I9!!@42'!%&'!'2621&3!$/!$4(!'20P1(!*326(!&36'!%4(3(!/018!H!/7$!/;!H<!

*&$2(0$'!,(>(1/*(,!*/'$!*326(!&0$2A5,O!05.'!F6(,2&0!OGi!3&0P(!G!$/!=?MI9!!!
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!

! HHG!

A986'&()=JL(4236:%972(70(#2%9O&:%7'(#2%9;739&?($7?%($'95928(O#::92#%972(@9%"(!"F3)=B/56%(

!

!
#0,7+$2/0!/;!0(7$3&12'20P!&0$2A>(+$/3!&0$2./,2('!;/11/%20P!*32620P!%2$4!T45,=AUB67$!F<9?!
kHGHG>*I!20!*&$2(0$'!3(+(2>20P!+/0+733(0$!$3(&$6(0$!%2$4!#QUEDXC9!#R!05.'!$/!$4(!4/6/1/P/7'!
*32620P!>(+$/3!FT45,=I-!K!%((J'!*/'$!'20P1(!&0,!,/7.1(!*326(9!;R!05.'!$/!$4(!4($(3/1/P/7'!
.//'$20P!>(+$/3!F5,OI-!K!%((J'!*/'$!'20P1(!&0,!,/7.1(!*326(9!!e(,2&0[4/32Z/0$&1!120(!
!
!

!"F">"> G+.:E&D:'()7.)7+D)7A.'-)E&&(.:+?)
!

T3/''A3(&+$2>(!&0$2./,2('!.($%((0!4($(3/1/P/7'!&,(0/>237'('-!P(0(3&$(,!,7320P!

&!*326(E.//'$!'$3&$(P8!6&8!'2P02;2+&0$18!2042.2$!$4(!@!+(11!3('*/0'('!P(0(3&$(,!

.8!$4(!.//'$20P!>(+$/39!!#!(>&17&$(,!$4(!6&P02$7,(!/;!+3/''A3(&+$2>(!&0$2./,2('!

P(0(3&$(,!20!$4(!'20P1(!&0,!,/7.1(!*326(!&36'!&$!$4(!$26(!/;!.//'$20P!&0,!&1'/!

$4(!1(>(1!/;!05.'!P(0(3&$(,!&;$(3!.//'$20P9!!51$4/7P4!$4(3(!%(3(!6/3(!&0$2A

T45,=!&0$2./,2('!20!$4(!,/7.1(!*326(!&36'!$4&0!20!$4(!'20P1(!*326(!&36'!&$!$4(!

$26(!/;!.//'$20P!F*[G9GG=I!FQ2P73(!=AHO&I-!$4(3(!%&'!0/!'2P02;2+&0$!,2;;(3(0+(!20!

1(>(1'!/;!+3/''A3(&+$2>(!&0$2A5,O!05.'!FQ2P73(!=AHO.I9!!5;$(3!.//'$20P-!05.'!$/!

T45,=!&0,!5,O!./$4!20+3(&'(,!20!$4(!'20P1(!*326(!&36'!F*[G9GG=I-!4/%(>(3!0/$!

20!$4(!,/7.1(!*326(!&36'9!!

!
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!

! HHH!

A986'&()=JI(4236:%972(70(#2%9O&:%7'(#2%9;739&?($7?%(;77?%928(O#::92#%972(@9%"(F3I=B/56%(

!

!
#0,7+$2/0!/;!0(7$3&12'20P!&0$2A>(+$/3!&0$2./,2('!;/11/%20P!.//'$20P!%2$4!5,OAUB67$!F<9?!
dHGHG>*I!20!*&$2(0$'!3(+(2>20P!+/0+733(0$!$3(&$6(0$!%2$4!#QUEDXC9!#R!05.'!$/!$4(!*32620P!>(+$/3!
FT45,=I!&$!$4(!$26(!/;!.//'$20P-!&0,!K!%((J'!*/'$!.//'$20P!20!'20P1(!*326(!&0,!,/7.1(!*326(!
&36'!;R!05.'!$/!$4(!.//'$20P!>(+$/3!F5,OI!&$!$4(!$26(!/;!.//'$20P-!&0,!K!%((J'!*/'$!.//'$20P!20!
'20P1(!*326(!&0,!,/7.1(!*326(!&36'9!!e(,2&0[4/32Z/0$&1!120(!
!
!

#$!2'!*/''2.1(!$4&$!$4(!42P4(3!20,7+$2/0!/;!&0$2>(+$/3!&0$2./,2('!&6/0P'$!$4(!

'20P1(!*326(!&36'!+/71,!3(;1(+$!.($$(3!26670/P(02+2$8!/;!>&++20&$2/0!/>(3&119!!

S/%(>(3!&0$2AT45,=!05.'!+/33(1&$(,!0(P&$2>(18!%2$4!*(&J!#QUA!!LW#B*/$!

3('*/0'('!F3[AG9K"-!*[G9G=I!&0,!&0$2A5,O!05.'!&1'/!$3(0,(,!20!$42'!,23(+$2/0!

&1$4/7P4!,2,!0/$!3(&+4!'2P02;2+&0+(!F3[AG9KK-!*[G9G?I!FQ2P73(!=AHM&!&0,!.I9!!#0!

+/0$3&'$-!&0$2A>(+$/3!@!+(11'!+/33(1&$(,!'$3/0P18!%2$4!&!6/3(!3/.7'$!@!+(11!

3('*/0'(!$/!$4(!>&++20(!20'(3$!F3[G9R-!*[G9GGGHFQ2P73(!=AHM+I-!3(;1(+$20P!

'$3/0P(3!>&++20(!26670/P(02+2$8!20!$4/'(!*&$2(0$'9!!
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! HH<!

A986'&()=JU(!7''&<#%972(;&%@&&2(#2%9O&:%7'(955629%1(#23(9556278&29:9%1(70(%"&(*!+(9556278&2(

!

!
T/33(1&$2/0!.($%((0!05.'!$/!T45,=!F#I!/3!5,O!F;I!%2$4!*(&J!*/'$!.//'$!>&++20(!3('*/0'('!
F6(&'73(,!.8!#QUA!!LW#B*/$I9!!:R!T/33(1&$2/0!.($%((0!*(&J!&0$2A>(+$/3!@!+(11'!&0,!>&++20(!
3('*/0'('!>2&!#QUA!!LW#B*/$!&$!&08!$26(!*/20$!.8!20,2>2,7&1!20!*&$2(0$'!3(+(2>20P!42P4!,/'(!F<9?!
dHGHG>*I!>&++20&$2/0!&0,!+/0+733(0$!#QUEDXC$4(3&*8!F536'!5=A5OI9!!
!
!

!"H"! 3+)28'/)0&,%,/'BB,&'170+1'1,
!

@4(3(!%&'!0/!'2P02;2+&0$!+/33(1&$2/0!.($%((0!&0$2>(+$/3!@!+(11!3('*/0'('!F$/!

&,(0/>23&1!4()/0!*3/$(20'I!&0,!&0$2ASTC!@!+(11!3('*/0'('!20,7+(,!.8!>&++20&$2/0!

FQ2P73(!=AHM+I-!&'!2117'$3&$(,!.8!$4(!@!+(11!3('*/0'('!+4&3$(,!.8!20,2>2,7&1!20!536!

5!20!Q2P73(!=AH"9!!Q/3!()&6*1(!20!536!5=-!GG<AG=O!%&'!&!>(38!'$3/0P!3('*/0,(3!

$/!$4(!>(+$/3!F*(&J!OGG!BQTEHGO!]XeTI!4/%(>(3!6&,(!&16/'$!0/!3('*/0'(!$/!

$4(!20'(3$!F*(&J!?"!BQTEHGO!]XeTI!FQ2P73(!=AH"&I9!!B2621&318!20!536!5K-!*&$2(0$!
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! HH=!

GG<AHGH!%&'!/0(!/;!$4(!'$3/0P('$!@!+(11!3('*/0,(3'!$/!$4(!>(+$/3-!4/%(>(3!6&,(!

0/!STC!'*(+2;2+!3('*/0'(!F'4/%0!*3(>2/7'18!20!Q2P73(!=AHH&!*HG<I9!!@42'!

'7PP('$'!$4&$!20!'/6(!20,2>2,7&1'!2$!%&'!*/''2.1(!$/!*326(!@!+(11'!$/!/0(!&0$2P(0!

F$4(!4()/0I!.7$!0/$!&0/$4(3!F$4(!STC!26670/P(0I9!!@42'!2'!'7**/3$(,!.8!$4(!

1&3P(3!6&P02$7,(!3('*/0'('!/>(3&11!$/!$4(!4()/0i!$4(!6(,2&0!*(&J!*/'$!*326(!

&0,!*(&J!*/'$!.//'$!@!+(11!3('*/0'('!20!*&$2(0$'!%(3(!<MO!BQTEHGO!]XeT!F3&0P(!

MMAHHR=I!&0,!=?O!BQTEHGO!]XeT!F3&0P(!H==AHRR?I!3('*(+$2>(189!!!@4('(!

3('*/0'('!%(3(!/>(3&11!'2621&3!$/!$4/'(!'((0!20!4(&1$48!>/170$((3'!>&++20&$(,!

%2$4!$42'!3(P26(0!FQ2P73(!=AH"(I9!!51$4/7P4!,&$&!2'!/018!&>&21&.1(!20!?!>/170$((3'-!

$4(3(!%&'!0/!'2P02;2+&0$!,2;;(3(0+(!20!4(&1$48!>/170$((3'\!@!+(11!3('*/0'('!$/!$4(!

4()/0!6(&'73(,!<!%((J'!&;$(3!*32620P!&0,!.//'$20P!F6(,2&0!*/'$!*326(!?M!

BQTEHGO!3&0P(!=GAMGO-!6(,2&0!*/'$!.//'$!H"H!BQTEHGO!3&0P(!RGAKK<I!!&0,!$4&$!

/;!*&$2(0$'!%2$4!+43/02+!STC!F6(,2&0!*/'$!*326(!!!<M?!3&0P(!HGARR?!BQTEHGO-!

6(,2&0!*/'$!.//'$!<R?!BQTEHGO!3&0P(!HH"AO<<!FQ2P73(!=AHRI9!
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! HHK!

A986'&()=JN(F2%9=O&:%7'(.(:&<<?(07<<7@928(O#::92#%972(92(F'5(F(#23(92("&#<%"1(O7<62%&&'?(

!

!
e&P02$7,(!&0,!J20($2+'!/;!@!+(11!3('*/0'('!$/!$4(!4()/0!*3/$(20!+/0$&20(,!%2$420!$4(!&,(0/>23&1!
>(+$/3'!T45,=!&0,!5,O9!!#R=3R(]&$2(0$'!%(3(!>&++20&$(,!%2$4!<9?!k!HGHG>*!T45,=!*326(!
;/11/%(,!.8!5,O!.//'$!20!+/0n70+$2/0!%2$4!#QUEDXC!$4(3&*89!!536'!5=!F&I!5K!F.I!5?!F+I!5O!F,I!
&3(!'4/%09!!&R(S(&1$48!>/170$((3'!;3/6!P3/7*!HG!20!'$7,8!STCGGH!*326(,!%2$4!T45,=AUB67$!
&0,!.//'$(,!%2$4!5,OAUB67$!F<9?!kHGHG>*I!&3(!'4/%0!F,&$&!*3/>2,(,!+/73$('8!/;!`39!L9!X&30('I!

!

0 4 14 16 18 20 22 24 28 30 32 36 40 48 60 72
0

100

200

300

400

500

1,000
2,000
3,000

037
038

Weeks after start of treatment

IF
N
! 

S
F

C
/1

06  
P

B
M

C

055
056

ChAd3 Ad6ChAd3

0 1 2 4 6 8 12 14 16 20 24 36 48 60 72
0

100

200

300

400

500

1,000
2,000
3,000

039
101
102
045
106

Weeks after start of treatment

IF
N
! 

S
F

C
/1

06  
P

B
M

C

054

ChAd3 Ad6

0 1 2 4 6 8 10 16 18 20 24 28 40 48 60 72
0

100

200

300

400

500

1,000
2,000
3,000

040
043
103

Weeks after start of treatment

IF
N
! 

S
F

C
/1

06  
P

B
M

C
025

ChAd3 Ad6ChAd3

a) b)

c) d)

0 2 4 8 10 12 16 36
0

100

200

300

400

500

1,000
2,000
3,000

Weeks after vaccination

IF
N
! 

S
F

C
/1

06  
P

B
M

C

056
058
059
060

ChAd3 Ad6

062

e)

0 4 14 16 18 20 24 26 28 32 36 48 60 72
0

100

200

300

400

500

1,000
2,000
3,000

Weeks after start of treatment

IF
N
! 

S
F

C
/1

06  
P

B
M

C
027
028
036
100

ChAd3 Ad6

048
050



!"#$%&'()(( ( ( ( ( ( *!+,,-.+(/#0&%1(#23(4556278&29:9%1(

!

! HH?!

A986'&()=JW(.(:&<<('&?$72?&?(%7(%"&(#3&27O9'#<("&Y72(92($#%9&2%?(@9%"(:"'729:(*!+(:75$#'&3(@9%"(
"&#<%"1(O7<62%&&'?S(O#::92#%&3(@9%"(!"F3)=B/56%(#23(F3I=B/56%T(

!

!
e&P02$7,(!/;!@!+(11!3('*/0'('!$/!$4(!4()/0!*3/$(20!+/0$&20(,!%2$420!$4(!&,(0/>23&1!>(+$/3'!
T45,=!&0,!5,O-!6(&'73(,!<!%((J'!&;$(3!*32620P!&0,!.//'$20P!>&++20&$2/0'9!!!"'729:(*!+(!
3(;(3'!$/!*&$2(0$'!>&++20&$(,!%2$4!<9?!d!HGHG>*!T45,=!*326(!;/11/%(,!.8!5,O!.//'$!20!
+/0n70+$2/0!%2$4!#QUEDXC!$4(3&*89!]&$2(0$'!;3/6!536'!5=A5O!&3(!20+17,(,9!!*&#<%"1(O7<62%&&'?!
;3/6!P3/7*!HG!20!'$7,8!STCGGH!%(3(!*326(,!%2$4!T45,=AUB67$!&0,!.//'$(,!%2$4!5,OAUB67$!
F<9?!dHGHG>*I9!!]/'$!.//'$!,&$&!;3/6!>/170$((3!GGHAG?"!%&'!0/$!&>&21&.1(9!!:$4(3!>/170$((3'!%(3(!
GGHAG?O-!GGHAGOG-!GGHAGO<I!F;2P73(!,(32>(,!;3/6!,&$&!*3/>2,(,!.8!`39!L9!X&30('I!
!

!"H"# U0,T(1'B2+',9:;,17'/2>2/,%,/'BB1,7&'J2/),&'170+1',)0,8(//2+()20+?,
!

#$!2'!*/''2.1(!$4&$!20,2>2,7&1'!%2$4!*3(A()2'$20P!@!+(11!3('*/0'('!&$!.&'(120(!%211!

.(!6/3(!12J(18!$/!3('*/0,!$/!>&++20&$2/0!(2$4(3!,7(!$/!F2I!&0!20+3(&'(!20!$4/'(!
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*(*$2,('!(&+4-!3(*3('(0$20P!$4(!UB=AUB?!26670/P(0!F*//1'!QEY[UB=-!*//1!S[!
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3('*/0'('!%(3(!2,(0$2;2(,!20!?!/7$!/;!$4(!HH!6&**(,!*&$2(0$'!&0,!20!<?N!/;!&11!

SW5A5<!*/'2$2>(!*&$2(0$'!3(+(2>20P!42P4!,/'(!>&++20&$2/0!F@&.1(!=A?I9!:;!0/$(-!
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A986'&()=-)(43&2%909:#%972(70(27O&<(&$9%7$&?((B/KEJNWJ=JNWW(PFM++X++!FR(#23(B/LE-N,K=-NJKS(
PM.DZ>..>MFDRT(((

!

T/6*&32'/0!/;!#QUhALW#B*/$!3('*/0'('!$/!/*$26&1!1(0P$4!*(*$2,('!20!<!*&$2(0$'!GG<AG?=!F&A.I!
&0,!GG<AG??!F+A,I-!;/11/%20P!>&++20&$2/0!%2$4!T45,=AUB67$E5,OAUB67$9!!#I!6&P02$7,(!/;!
3('*/0'(!&$!=qPE61!$/!*/''2.1(!/*$26&1!*(*$2,('!20!*&$2(0$!GG<AG?=!!;I!#QUhALW#B*/$!3('*/0'('!
$/!'(32&118!,217$(,!*(*$2,('!/0!$4&%(,!+(11'!&$!%((J!<<!20!*&$2(0$!GG<AG?=!!:I!6&P02$7,(!/;!
3('*/0'(!&$!=qPE61!$/!*/''2.1(!/*$26&1!*(*$2,('!20!*&$2(0$!GG<AG??!3I!#QUhALW#B*/$!3('*/0'('!
$/!'(32&118!,217$(,!*(*$2,('!/0!$4&%(,!+(11'!&$!%((J!=M!20!*&$2(0$!GG<AG??9!!
!

!
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!

! H<=!

#0!*&$2(0$'!G?=-!3('*/0'('!%(3(!6&**(,!$/!$4(!*(*$2,(!UBKXH"RMAHRGH-!

WB]Y5WCCYCCT55#9!!@/!,(;20(!$4(!/*$26&1!(*2$/*(-!'(>(0!,2;;(3(0$!*(*$2,('!

%(3(!$32&1(,!FQ2P73(!=A<=&I9!!#$!%&'!0/$!*/''2.1(!$/!,2;;(3(0$2&$(!.($%((0!$4(!

26670/P(02+2$8!/;!$%/!>(3'2/0'!Y5WCCYCCT5!&0,!5WCCYCCT5!70$21!*(*$2,(!

$2$3&$2/0!%&'!*(3;/36(,-!%4(3(!2$!.(+&6(!+1(&3!$4&$!&$!1/%(3-!6/3(!*48'2/1/P2+&1!

+/0+(0$3&$2/0'-!5WCCYCCT5!%&'!$4(!6/'$!12J(18!(*2$/*(!FQ2P73(!=A<=.I9!!!B20+(!

0(2$4(3!$42'!(*2$/*(!0/3!$42'!H?!&620/!&+2,!1/0P!*(*$2,(!4&>(!.((0!,('+32.(,!20!

$4(!+/0$()$!/;!STC!20;(+$2/0!*3(>2/7'18-!#!$('$(,!$42'!*(*$2,(!20!<!/$4(3!SW5A5<!

*/'2$2>(!>/170$((3'!%4/!4&,!&!@!+(11!3('*/0'(!$/!*//1!+/0$&2020P!$42'!*(*$2,(!

F*//1!SI!4/%(>(3!0(2$4(3!6&,(!&!@!+(11!3('*/0'(!$/!$42'!/*$26&1!F,&$&!0/$!

'4/%0I9!!

_4(0!$4(!@!+(11!3('*/0'(!20!*&$2(0$!GG<AG??!%&'!6&**(,!$/!*(*$2,(!UB?X<"GGA

<"HK!DCppW@D`]@@]W5D-!#!;23'$!$('$(,!$4(!/*$26&1!W@D`]@@]W-!%42+4!4&'!

*3(>2/7'18!.((0!,('+32.(,!20!$4(!+/0$()$!/;!+43/02+!STC!20;(+$2/0!F`&8!($!&19!

<GG<I9!!@42'!4/%(>(3!%&'!0(P&$2>(!/0!$%/!/++&'2/0'!FQ2P73(!=A<=+I!'/!#!

*3(+(,(,!$/!$32&1!?!/$4(3!>(3'2/0'9!!W@D`]@@]W5!&**(&3(,!$/!P(0(3&$(!$4(!

'$3/0P('$!@!+(11!3('*/0'('!FH?=!BQTEHGO]XeT!+/6*&3(,!%2$4!$4(!0()$!'$3/0P('$!

>(3'2/0!W@D`]@@]W5D!FHG=!BQTEHGO]XeTI9!!S/%(>(3-!*(*$2,(!$2$3&$2/0!&''&8'!

3(>(&1(,!$4&$!$4(!D!20!$4(!$(3620&1!*/'2$2/0!%&'!26*/3$&0$-!%2$4!42P4(3!

3('*/0'('!&+3/''!$4(!,217$(,!*(*$2,(!3&0P(!%2$4!$4(!1/0P(3!/*$26&1!

W@D`]@@]W5D!FQ2P73(!=A<=,I9!!

!

!
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!

! H<K!

!"$< S6(),21,)6','>>'/),0>,8(//2+()20+,0+,82&(B,B0(J?,

#!0()$!&''(''(,!$4(!(;;(+$!/;!>&++20&$2/0!/0!>23&1!1/&,!20!*&$2(0$'!3(+(2>20P!42P4!

,/'(!>&++20&$2/0!%2$4/7$!+/0+733(0$!#QUEDXC!$4(3&*8!F536!X=I9!!!#0!+1202+&1!

*3&+$2+(!>23&1!1/&,!2'!;3(o7(0$18!6(&'73(,!&'!1/PHG!;/1,!+4&0P(9!!c'20P!$42'-!#!

$3&+J(,!>23&1!1/&,!/>(3!$26(9!!:>(3&11-!$4(3(!%&'!0/!'2P02;2+&0$!+4&0P(!.($%((0!

>23&1!1/&,!6(&'73(,!&$!.//'$20P!&0,!<K!%((J'!1&$(3!F3&0P(!A1/PG9GR!$/!A1/P!G9<R!

*[0'I!FQ2P73(!=A<K&I9!!#!&1'/!()&620(,!>23&1!1/&,'!6(&'73(,!20!#cE61!$/!,($(+$!

'6&11!>&32&$2/0'!20!3(1&$2/0!$/!@!+(11!3('*/0'('9!!]&$2(0$'!GKO!&0,!G?H!4&,!0/!@!

+(11!3('*/0'(!$/!>&++20&$2/0!&0,!0/!+4&0P(!20!>23&1!1/&,9!!S/%(>(3!$4(!$%/!

20,2>2,7&1'!%2$4!#QUAh!LW#B*/$!3('*/0'('!$/!>&++20&$2/0!FG?<!&0,!G?=I!./$4!4&,!

&!'6&11!,(+3(&'(!20!>23&1!1/&,!*/'$!>&++20&$2/0-!&1$4/7P4!$42'!%&'!20!$4(!+/0$()$!/;!

&0!/'+211&$20P!>23&1!1/&,!$43/7P4/7$!$4(!'$7,8!FQ2P73(!=A<K,A(I9!!51$4/7P4!$4(!

+/33(1&$2/0!.($%((0!*/'$!.//'$!+4&0P(!20!>23&1!1/&,!F<!%((J'!&;$(3!.//'$I!&0,!

*/'$!.//'$!#QUhALW#B*/$!3('*/0'(!%&'!0/$!'2P02;2+&0$-!$4(3(!%&'!&!$3(0,!.($%((0!

@!+(11!3('*/0'(!&0,!,(+3(&'(!20!>23&1!1/&,!F3[AH!*[0'!I9!!!
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!

! H<?!

A986'&()=-K(Q00&:%(70(O#::92#%972(@9%"(!"F3)=B/56%CF3I=B/56%(72(O9'#<(<7#3?(92(F'5(E)(
(

(
#I!STC!>23&1!1/&,!F1/PHGI!/>(3!$26(!.8!20,2>2,7&1!FGKO-!G?H-!G?<-!G?=I!20!536!X=-!
3(+(2>20P!>&++20&$2/0!&1/0(!F<9?dHGHG>*I!;R[&R(STC!>23&1!1/&,!F#cE61I!+/6*&3(,!%2$4!
STC!'*(+2;2+!#QUhALW#B*/$!3('*/0'('!.8!20,2>2,7&1!0R(+/33(1&$2/0!.($%((0!+4&0P(!20!
>23&1!1/&,!&0,!#QUhALW#B*/$!3('*/0'('!<!%((J'!&;$(3!.//'$20P!>&++20&$2/0!20!536!X=!
7'20P!B*(&36&0!3!$('$!&0,!<!$&21(,!*!>&17(9!!
!
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!

! H<O!

((

!"$$ S6(),21,)6',X.(B2)R,0>,%,/'BB1,7&0J./'J,TR,8(//2+()20+?,

!"$$"$ Y&0B2>'&()28',:(7(/2)R,

@4(!&.212$8!/;!@!+(11'!$/!*3/12;(3&$(!20!3('*/0'(!$/!3(A()*/'73(!$/!&0$2P(0!2'!

+32$2+&1!$/!$4(!'7++(''!/;!&0!26670(!3('*/0'(!&0,!2'!&!J(8!6&3J(3!/;!@!+(11!

;70+$2/0&1!+&*&+2$89!!c'20P!$4862,20(!*3/12;(3&$2/0!&''&8'-!*3/12;(3&$2>(!

3('*/0'('!%(3(!,($(+$(,!&;$(3!*32620P!>&++20&$2/0!20!/018!KE<H!*&$2(0$'!%2$4!

'&6*1('!&>&21&.1(!;/3!&0&18'2'!+/6*&3(,!%2$4!"EHG!4(&1$48!>/170$((3'!20!'$7,8!

STCGGH!F*[G9GG<!Q2'4(3\'!()&+$!$('$I!FX&30('!($!&19!<GH<I9!!@4(!6(,2&0!

'$2671&$2/0!20,()!FB#I!20!$4('(!K!*&$2(0$'!%&'!K9K!F3&0P(!=AHK9OI!FQ2P73(!=A<?I9!

]3/12;(3&$2>(!3('*/0'('!&;$(3!.//'$20P!%(3(!/018!'12P4$18!'$3/0P(3!$4&0!&;$(3!

*32620P-!%2$4!&!6(,2&0!B#!/;!M9H!20!$4(!K!*&$2(0$'!%4/!3('*/0,(,!$/!.//'$20P!

F3&0P(!=9OA<O9HI9!!:018!<!/;!$4('(!3('*/0,(,!$/!6/3(!$4&0!/0(!*//19!!#0!+/0$3&'$-!

$4(3(!%(3(!3/.7'$!*3/12;(3&$2>(!3('*/0'('!$/!TeC!20!TeC!*/'2$2>(!*&$2(0$'!

F6(,2&0!*/'$!*326(!B#!HM=9Oi!3&0P(!=G9<AHHGK9GI!FQ2P73(!=A<?,I9!!

!!
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!

! H<M!

A986'&()=-L(>'7<90&'#%9O&('&?$72?&(%7("98"(37?&(O#::92#%972(@9%"(!"F3)=B/56%CF3I=B/56%(

!

!
!!!!!!!!!!!!!!!!!
]3/12;(3&$2>(!3('*/0'('!$/!STC!&0$2P(0'-!20!*&$2(0$'!K!%((J'!*/'$!*326(!%2$4!T45,=AUB67$!F#=;I!
&0,!K!%((J'!*/'$!.//'$!%2$4!5,OAUB67$!F:=3I!F<9?dHGHG>*I!*1/$$(,!&'!B$2671&$2/0!#0,()!FB#I9!!B#!
g!=!%&'!,(;20(,!&'!*/'2$2>(9!#I!&0,!:I!20,2>2,7&1!*&$2(0$'!&3(!'4/%0!/0!$4(!)!&)2'9!!D('*/0'('!$/!
*(*$2,(!*//1'!&3(!'4/%0!.8!,2;;(3(0$!+/1/73(,!+/1760'9!;I!&0,!3I!B#!$/!STC!*(*$2,(!*//1'!%&'!
+/6*&3(,!%2$4!3('*/0'('!$/!&!*/'2$2>(!+/0$3/1!F+/0+&0&>2120!5I-!&0,!$/!TeC!*(*$2,('!F![!TeC!
*/'2$2>(!*&$2(0$'-!"[!TeC!0(P&$2>(!*&$2(0$'!,(;20(,!.8!#QUAh!LW#B*/$!&3(!'4/%0I9!!]&$2(0$'!%2$4!
*/'2$2>(!B#'!$/!STC!*(*$2,('!&3(!+/1/73(,!20,2>2,7&118!F*/'$!*326(f!GKG-!G<M-!HGG-!G="I!F*/'$!
.//'$f!HG<-!GKG-!G<M-!G=RI!.&3[6(,2&0!
!

,

!"$$"= 5+)&(/'BB.B(&,:R)0Z2+',[)(2+2+@,,

#!0()$!&''(''(,!+8$/J20(!*3/,7+$2/0!20!./$4!T`K^!&0,!T`"^!@!+(11'!7'20P!

20$3&+(1171&3!+8$/J20(!'$&2020P!F#TBI9!!#02$2&118!#TB!%&'!*(3;/36(,!/0!&11!$45/&/-!

a) b)

c) d)
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!

! H<"!

'&6*1('-!$4(0-!,7(!$/!$4(!1&+J!/;!,($(+$&.1(!3('*/0'('-!%&'!/018!*(3;/36(,!

%4(3(!#QUA!!LW#B*/$!3('*/0'('!%(3(!g!H?G!BQTEHGO!]XeT!*/'$!*326(9!!c'20P!

#TB-!+8$/J20(!'(+3($2/0!.8!T`K^!&0,!/3!T`"^!@!+(11'!+/71,!.(!,($(+$(,!20!GEHG!

*&$2(0$'!*/'$!*326(!>&++20&$2/0!F,&$&!0/$!'4/%0I-!&0,!/018!OEH=!*/'$!.//'$9!!

e/'$!*3/,7+(,!/018!&!'20P1(!+8$/J20(!&0,!%(3(!&$!1/%!;3(o7(0+8!FG9GHN!A!G9<"N!

/;!T`K^!/3!T`"^!@!+(11'I!%2$4!$4(!()+(*$2/0!/;!/0(!*&$2(0$!%4/!3('*/0,(,!$/!

'$2671&$2/0!%2$4!&!'20P1(!*(*$2,(!%2$4!&!>(38!'$3/0P!*3/,7+$2/0!/;!62*Hr!FHN!/;!

T`"^!@!+(11'I!FQ2P73(!=A<OI9!!

!

A986'&()=-I(4!/('&?$72?&?(#0%&'("98"(37?&(;77?%928(O#::92#%972(@9%"(F3I=B/56%(92($#%9&2%?(92(F'5(F(
#23(F'5(E(

!

!
#TB!3('*/0'('!F%2$4!.&+JP3/70,!'7.$3&+$(,I!&;$(3!.//'$20P!>&++20&$2/0!%2$4!T45,=AUB67$E5,OA
UB67$!20!*&$2(0$'!20!536'!5!&0,!X9!!#I!D('*/0'('!$/!'$2671&$2/0!%2$4!*//1(,!*(*$2,('!
3(*3('(0$20P!$4(!UB=AK!3(P2/09!!B20P1(!*(*$2,(!'$2671&$2/0!%&'!&1'/!*(3;/36(,!20!?!20,2>2,7&1'!
FG?G-!G?<-!G?=-!G?K-!G??I!&0,!62*Hr!%&'!&''(''(,!20!$4('(!*&$2(0$'9!;I!D('*/0'('!$/!'$2671&$2/0!
%2$4!*//1(,!*(*$2,('!3(*3('(0$20P!$4(!UB?!3(P2/09!

!

!"$$"! Y6'+0)R72+@,8(//2+'W2+J./'J,%,/'BB1,,
!

U()$!#!7'(,!*(0$&6(3'!$/!()&620(!$4(!*4(0/$8*(!/;!>&++20(!'*(+2;2+!@!+(11'!20!K!

20,2>2,7&1'!&$!$%/!$26(*/20$'f!&;$(3!.//'$!>&++20&$2/0!&0,!&$!$4(!(0,!/;!

$3(&$6(0$!FQ2P73(!=A<MI9!@42'!3(>(&1(,!&!>&++20(!'*(+2;2+!T`"^!@!+(11!*/*71&$2/0!

%42+4!%&'!1/%!20!*(3;/320-!%2$4!20$(36(,2&$(!()*3(''2/0!/;!P3&0Z86(!5!&0,!X!
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!

! H<R!

&;$(3!.//'$20P!F6(,2&0!GN-!?K9=N!&0,!KK9<N!T`"^!+(11'!3('*(+$2>(18I9!!W(>(1'!/;!

&+$2>&$2/0!6&3J(3'!%(3(!&1'/!1/%-!4/%(>(3!%(3(!'2621&3!$/!$4/'(!'((0!20!4(&1$48!

>/170$((3'!%4/!3(+(2>(,!$4('(!>&++20&$2/0'-!%2$4!6(,2&0!*/'$!.//'$!

*(0$&6(3^ET`="^!+(11'!<M9KN!F3&0P(!HM9OAK<9RI!FQ2P73(!=A<M&I!+/6*&3(,!%2$4!

<?N!20!4(&1$48!>/170$((3'!F'((!X&30('!($!&19!<GH<I9!!](0$&6(3^ESW5A`D^!+(11'!

%(3(!H"9HMN!F3&0P(!OAMH9KI!+/6*&3(,!%2$4!HM9??N!20!4(&1$48!20,2>2,7&1'!

FX&30('!($!&19!<GH<I9!:018!&!6(,2&0!/;!<O9"N!F3&0P(!GA=MNI!/;!>&++20(A20,7+(,!

+(11'!,2'*1&8(,!&0!(;;(+$/3!6(6/38!*4(0/$8*(!FTTDMAET`K?D5AI!&;$(3!.//'$20P!

FQ2P73(!=A<M.I-!&1$4/7P4!6&08!+(11'!,2'*1&8(,!$4(!6&3J(3!/;!1/0P!$(36!6(6/38!

T`H<M!&$!$4(!(0,!/;!$3(&$6(0$!F6(,2&0!?GN!3&0P(!<G9?AOG9?I-!'7PP('$20P!20!

'/6(!20,2>2,7&1'!$4(!P(0(3&$2/0!/;!&!1/0P!$(36!6(6/38!*/*71&$2/09!
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!

! H=G!

A986'&()=-U(>"&27%1$&(70($&2%#5&'($7?9%9O&(*!+(?$&:909:(.(:&<<?(

!

!
5+$2>&$2/0!'$&$7'!F#I-!6(6/38!,2;;(3(0$2&$2/0!F;I!&0,!+8$/$/)2+2$8!F:I!/;!*(0$&6(3^!+(11'!
FjWBYWY#U5C!UB=HKGOI!()*3(''20P!$4(!+4&3&+$(32'$2+!/0!)!&)2'!FP&$(,!/0!12>(!T`"^!+(11'I9!!K!
*&$2(0$'!FG<M-!G?G-!G??-!HG=I!3(+(2>20P!+/0+733(0$!]LYA#QUsE32.&>2320!$4(3&*8-!&3(!'4/%0!*/'$!
5,OAUB67$!.//'$!<9?dHGHG>*!F#I!&0,!&$!(0,!/;!$3(&$6(0$!F I9!!!511!3(*3('(0$!0(%!3('*/0'('!*/'$!
>&++20&$2/0!()+(*$!;/3!*&$2(0$!GG<AG<M!%4/!4&,!&0!20+3(&'(!20!&!*3(A()2'$20P!#QUhALW#B*/$!
3('*/0'(!FK?!BQTEHGO]XeT!$/!MK"!BQTEHGO]XeTI9!
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!

! H=H!

!"$= U21/.1120+,0>,[(>')R,(+J,5**.+0@'+2/2)R",,,

@42'!2'!$4(!;23'$!3(*/3$(,!$32&1!/;!$4(3&*(7$2+!>&++20&$2/0!7'20P!&,(0/>23&1!>(+$/3'!

20!*&$2(0$'!%2$4!+43/02+!STC!&0,!$4(!/018!20!,(*$4!+4&3&+$(32'&$2/0!/;!

$4(3&*(7$2+&118!20,7+(,!@!+(11!3('*/0'('!20!+43/02+&118!20;(+$(,!20,2>2,7&1'9!!@4(!

J(8!+/33(1&$('!/;!>&++20(!(;;2+&+8!&''(''(,!4(3(!&3(!$4(!6&P02$7,(!&0,!.3(&,$4!/;!

@!+(11!3('*/0'('!20,7+(,!.8!>&++20&$2/0!&0,!$4(!;70+$2/0&1!+&*&+2$8!/;!$4('(!+(11'!

&'!'4/%0!.8!#TB-!*3/12;(3&$2>(!+&*&+2$8!&0,!@!+(11!*4(0/$8*(9!!!

+#::92#%972(9?(?#0&(

@42'!'$7,8!'4/%'!$4&$!@!+(11'!+&0!.(!'&;(18!20,7+(,!20!*&$2(0$'!%2$4!+43/02+!STC-!

$/!1(>(1'!0/$!*3(>2/7'18!3(*/3$(,!20!/$4(3!$4(3&*(7$2+!STC!>&++20(!$32&1'-!%4(3(!

#QU!ALW#B*/$!3('*/0'('!&3(!$8*2+&118!70,(3!<GG!BQTEHGO]XeT!F51>&3(ZA

W&n/0+4(3(!($!&19!<GGRi!j1&,(!($!&19!<GH<i!S&.(3'($Z(3!($!&19!<GHHI9!!!!

5,>(3'(!(>(0$'!%(3(!P(0(3&118!621,!&0,!,2,!0/$!&;;(+$!$4(!&,6202'$3&$2/0!/;!

;73$4(3!>&++20&$2/0'-!%2$4!$4(!()+(*$2/0!/;!/0(!*&$2(0$!%4/!,(>(1/*(,!&!3&'4!&0,!

%&'!%2$4,3&%0!;3/6!$4(!'$7,89!#6*/3$&0$18!12>(3!26670/*&$4/1/P8!,2,!0/$!

/++73!20!<=E<K!*&$2(0$'!%4/!3(+(2>(,!42P4!,/'(!>&++20&$2/09!!@4(3(!%&'!&!

'2P02;2+&0$!5W@!;1&3(!20!/0(!*&$2(0$-!&1$4/7P4!P2>(0!$4(!1&+J!/;!,($(+$&.1(!@!+(11!

3('*/0'('!20!$42'!*&$2(0$!&$!&08!'$&P(!2$!2'!70+1(&3!%4($4(3!>&++20(A20,7+(,!

26670/*&$4/1/P8!*1&8(,!&!3/1(!20!$42'9!!U/0($4(1(''!&!+/0$32.7$2/0!;3/6!

>&++20&$2/0!+&00/$!.(!371(,!/7$!&0,!6/02$/320P!WQ@'!20!;7$73(!*&$2(0$'!%211!

3(6&20!&0!26*/3$&0$!*&3$!/;!/0P/20P!'$7,2('9!!!

50!26*/3$&0$!+/0;/70,(3!20!$4(!&0&18'2'!/;!&,>(3'(!(>(0$'!%&'!$4(!+/A

&,6202'$3&$2/0!/;!#QUEDXC!20!536!5-!%42+4!./$4!+&338!&!'2P02;2+&0$!'2,(!(;;(+$!
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!

! H=<!

*3/;21(9!!@42'!6(&0'!$4&$!&,>(3'(!(>(0$'!%(3(!12J(18!$/!4&>(!.((0!/>(3('$26&$(,!

20!$42'!'$7,8-!&'!2$!%&'!,2;;2+71$!$/!,2'$20P72'4!.($%((0!5L'!+&7'(,!.8!#QUEDXC!

&0,!$4/'(!+&7'(,!.8!>&++20&$2/09!!@4(!$37(!*3(>&1(0+(!/;!5L'!3(1&$(,!$/!$4('(!

>&++20('!2'!12J(18!$/!.(!1/%(3!$4&0!$4&$!3(*/3$(,!4(3(9!

F2%9O&:%7'(#2%9;739&?(5#1(#00&:%(9556278&29:9%1((

@42'!'$7,8!()*1/3(,!$4(!26670/P(02+2$8!/;!,2;;(3(0$!$4(3&*(7$2+!>&++20&$2/0!

3(P26(0'-!+/0'2,(320P!$4(!(;;(+$!/;!'20P1(!>(3'7'!,/7.1(!*32620P-!+/0+733(0$!

#QUEDXC!$4(3&*8!&0,!>&++20&$2/0!&;$(3!&!*(32/,!/;!>23&1!'7**3(''2/09!!!

5!076.(3!/;!$3(0,'!%(3(!&**&3(0$-!&1$4/7P4!;(%!3(&+4(,!'$&$2'$2+&1!'2P02;2+&0+(-!

12J(18!20!*&3$!,7(!$/!'&6*1(!'2Z(9!!@4(3(!%&'!&!$3(0,!$/%&3,'!%(&J(3!3('*/0'('!

20!$4(!,/7.1(!*326(!&36'!+/6*&3(,!%2$4!'20P1(!*326(!&36'-!%2$4!;(%(3!>&++20(!

3('*/0,(3'!/>(3&11!&0,!0/!42P4!6&P02$7,(!3('*/0,(3'9!!51$4/7P4!$42'!+/71,!4&>(!

.((0!,7(!$/!$4(!'6&11(3!076.(3'!/;!*&$2(0$'!20!$4(!,/7.1(!*326(!536'!F"!

+/6*&3(,!%2$4!H<!20!$4(!'20P1(!*326(!&36'I-!&0$2>(+$/3!266702$8!+/71,!4&>(!

&1'/!*1&8(,!&!3/1(9!!#0!$42'!'$7,8!2$!%&'!$4/7P4$!$4&$!7'20P!4($(3/1/P/7'!>23&1!

>(+$/3'-!20+17,20P!&!3&3(!476&0!&,(0/>237'!5,O!+/71,!+23+76>(0$!$42'!*3/.1(69!!!

@4(3(!2'!&!1/%(3!+/66702$8!*3(>&1(0+(!/;!&0$2A5,O!&0$2./,2('!$4&0!/$4(3!

+/66/018!7'(,!&,(0/>237'('!12J(!5,?!FH<N!+/6*&3(,!%2$4!=?N!3('*(+$2>(18I!

&0,!$4(8!&**(&3!0/$!$/!.(!+3/''A3(&+$2>(!%2$4!5,?!FQ&$$/32!($!&19!<GGOi!T&*/0(!($!

&19!<GGOI9!!B2621&318-!&0$2AT45,=!&0$2./,2('!&3(!70+/66/0!20!476&0'!&0,!%(3(!

$4/7P4$!0/$!$/!.(!+3/''A3(&+$2>(!%2$4!5,O-!6&J20P!$4(6!2,(&1!;/3!&!4($(3/1/P/7'!

>&++20&$2/0!3(P26(09!!S/%(>(3-!$4(!*3/.1(6!/;!+3/''A3(&+$2>(!266702$8!.($%((0!

$4('(!>(+$/3'!%&'!202$2&118!'7PP('$(,!20!4(&1$48!>/170$((3'!P2>(0!$4(!'&6(!

>&++20('!&'!*&$2(0$'!20!$42'!'$7,89!!@4('(!>/170$((3'!4&,!'$3/0P!*32620P!
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!

! H==!

3('*/0'('!%2$4!T4,5,=AUB67$-!.7$!%(&J!.//'$20P!%2$4!5,OAUB67$!FX&30('!($!

&19!<GH<I9!!#0!+43/02+&118!20;(+$(,!*&$2(0$'-!,/7.1(!*32620P!>&++20&$2/0!%2$4!

T45,=!20,7+(,!'2P02;2+&0$18!42P4(3!1(>(1'!/;!&0$2AT45,=!&0$2./,2('!$4&0!'20P1(!

*32620P!&0,!%&'!&1'/!&.1(!$/!20,7+(!+3/''A3(&+$2>(!&0$2A5,O!&0$2./,2('-!

'7PP('$20P!&!,(P3((!/;!+3/''A3(&+$2>2$8!.($%((0!$4(!$%/!>237'('9!!@42'!%&'!0/$!

'((0!20!6/0J(8'!>&++20&$(,!%2$4!T45,=!FB9!T&*/0(-!*(3'/0&1!+/66702+&$2/0I!

%4(3(!.//'$20P!%2$4!4($(3/1/P/7'!5,O!%&'!3/.7'$-!&0,!&0$2A5,O!&0$2./,2('!

%(3(!0/$!,($(+$(,!&;$(3!*32620P9!!!

:0(!()*1&0&$2/0!;/3!$4(!,2;;(3(0+(!.($%((0!476&0!&0,!&026&1!&0$2./,8!

*3/,7+$2/0!2'!$4&$-!7012J(!&026&1'!20!&0!2'/1&$(,!1&./3&$/38!(0>23/06(0$-!476&0'!

&3(!12J(18!$/!4&>(!.((0!20;(+$(,!%2$4!*3(>2/7'!&,(0/>23&1!20;(+$2/0'!;3/6!

671$2*1(!'(3/$8*('9!!@42'!+/71,!3('71$!20!&!671$2*1(!+3/''A3(&+$2>(!&0$2./,2('!

.(20P!*3/,7+(,!7*/0!>&++20&$2/0!%2$4!T45,=-!'/6(!/;!%42+4!%211!0(7$3&12'(!5,O9!!!

Q73$4(36/3(-!%421'$!$4('(!$%/!&,(0/>237'('!&3(!,2'$20+$!'(3/$8*('-!$4(8!&3(!./$4!

%2$420!$4(!P3/7*!T!'7.$8*(!/;!&,(0/>237'('!&0,!&3(!;&2318!+1/'(18!3(1&$(,!%4(0!

+/6*&3(,!/0!&!*481/P(0($2+!$3((!FT/11/+&!($!&19!<GH<I9!!#$!2'!$4(3(;/3(!*/''2.1(!

$4&$!$4(!*3('(0+(!/;!&0$2./,2('-!$/!/0(!/3!$4(!/$4(3!/;!$4('(!&,(0/>237'('!+/71,!

0(7$3&12'(!>23&1!*&3$2+1('!&0,!(;;(+$2>(18!3('71$!20!&!1/%(3!,/'(!/;!>&++20&$2/09!!

@42'!2'!+1(&318!'2P02;2+&0$!P2>(0!$4(!*//3!26670/P(02+2$8!,(6/0'$3&$(,!20!$4(!

1/%!&0,!6(,276!>&++20&$2/0!,/'(!P3/7*'!20!$42'!'$7,89!!Q73$4(3!'$7,2('!&3(!

/0P/20P!%2$420!$4(!j1(0(36&0EX&30('!P3/7*!&''(''20P!$4(!7'(!/;!&1$(30&$2>(!

.//'$20P!>(+$/3'-!'7+4!&'!eC5AUB67$-!%42+4!+/71,!/>(3+/6(!$4(!*3/.1(6!/;!

*/$(0$2&1!+3/''A3(&+$2>2$89!!!
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!

! H=K!

#0!+/0$3&'$-!@!+(11!3('*/0'('!$/!$4(!4()/0!+/6*/0(0$!/;!$4(!>(+$/3!+/33(1&$(,!

*/'2$2>(18!%2$4!26670/P(02+2$8!/;!$4(!20'(3$9!!_421'$!&0$2./,2('!62P4$!0(7$3&12'(!

$4(!>(+$/3-!+(11!6(,2&$(,!266702$8!&**(&3'!$/!.(!&!.2/6&3J(3!/;!(;;(+$2>(!

$3&0',7+$2/0!F&.212$8!$/!$3&0';(3!;/3(2P0!6&$(32&1!20$/!4/'$!+(11'I!/;!$4(!>(+$/3!&0,!

()*3(''2/0!/;!./$4!STC!&0,!>(+$/3!*3/$(20'9!!!

4AB(%"&'#$1(393(27%(92"9;9%(.(:&<<('&?$72?&?(%7(O#::92#%972(

@4(!(;;(+$!/;!+/A&,6202'$3&$2/0!/;!#QU!%&'!&1'/!()*1/3(,!20!$42'!'$7,89!@4(3(!%&'!

0/!'7PP('$2/0!20!$42'!'$7,8!$4&$!#QU!20$(3;(3(,!%2$4!>&++20&$2/0i!20,((,!$4(!

20,2>2,7&1'!%2$4!$4(!42P4('$!@!+(11!3('*/0'('!$/!>&++20&$2/0!%(3(!$4/'(!20!536!5!

/;!$4(!'$7,8-!3(+(2>20P!+/0+733(0$!#QUEDXC9!!51$4/7P4!/018!;/73!*&$2(0$'!

3(+(2>(,!42P4!,/'(!>&++20&$2/0!%2$4/7$!#QUEDXC!$4(3&*8!F536!X=I-!$4(3(!%&'!0/!

'2P02;2+&0$!,2;;(3(0+(!20!6(,2&0!@!+(11!3('*/0'('!.($%((0!536!5!&0,!536!X9!!@42'!

2'!+/0'2'$(0$!%2$4!$4(!1262$(,!,&$&!&>&21&.1(!20!$4(!12$(3&$73(!3(P&3,20P!$4(!(;;(+$!

/;!#QU!/0!>&++20&$2/09!!!

#0!62+(!2$!4&'!.((0!'4/%0!$4&$!(0,/P(0/7'!@8*(!#!#QU!*3/,7+$2/0!;3/6!

&,(0/>23&1!>(+$/3'!$4(6'(1>('!,/('!0/$!26*&+$!/0!&,(0/>23&1!$3&0',7+$2/0!

FS7&3$(!($!&19!<GGOI9!!S76&0!&*)/&/-!,&$&!+/6('!;3/6!&!'6&11!'$7,8!/;!=G!STC!

20;(+$(,!20,2>2,7&1'!%42+4!'4/%(,!$4&$!$4(3(!%&'!0/!,2;;(3(0+(!20!

'(3/+/0>(3'2/0!3&$('!$/!S(*&$2$2'!X!>237'!FSXCI!>&++20&$2/0!.($%((0!$4/'(!

3(+(2>20P!+/0+733(0$!#QUEDXC!$4(3&*8!&0,!$4/'(!3(+(2>20P!>&++20&$2/0!&1/0(!

FL1(;'202/$2'!($!&19!<GGOI9!!#0,((,-!2$!6&8!.(!*/''2.1(!$4&$!.8!'7*3(''20P!>23&1!1/&,-!

#QU!6&8!20,23(+$18!4&>(!&!.(0(;2+2&1!(;;(+$!/0!>&++20(!3('*/0'('9!!!
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!

! H=?!

@/!20>('$2P&$(!$42'-!#!+/6*&3(,!>&++20&$2/0!&;$(3!&!1/0P!*(32/,!/;!>23&1!

'7**3(''2/0!%2$4!#QUEDXC!F536'!5=!&0,!5?I!t1&$(!>&++20&$2/0!P3/7*u!%2$4!

>&++20&$2/0!&,6202'$(3(,!(&318!20!$3(&$6(0$!%2$4!&!42P4(3!>23&1!1/&,!F536'!5K!

&0,!5OI!t(&318!>&++20&$2/0!P3/7*u9!!T/0$3&38!$/!%/3J!20!67320(!6/,(1'!F_4(338-!

546(,!&0,!X1&$$6&0-!<GG?I!$4(3(!%&'!0/!'2P02;2+&0$!,2;;(3(0+(!20!$4(!6&P02$7,(!

/;!@!+(11!3('*/0'('!/3!$4(!076.(3!/;!*&$2(0$'!%4/!6&,(!&!@!+(11!3('*/0'(!

.($%((0!$4(!(&318!&0,!1&$(!>&++20&$2/0!P3/7*'9!!

.(:&<<?(9236:&3(;1(!"F3)=B/56%CF3I=B/56%(#'&(70(8'&#%&'(5#829%63&(%"#2(

92(7%"&'(%"&'#$&6%9:(O#::92&(%'9#<?(

:>(3&11!$4(!STCGG<@C!>&++20&$2/0!'$3&$(P8!20,7+(,!@!+(11'!&$!1(>(1'!0(>(3!.(;/3(!

,('+32.(,!20!*&$2(0$'!%2$4!+43/02+!STC!20;(+$2/0-!&1$4/7P4!2$!2'!,2;;2+71$!$/!

+/6*&3(!3('71$'!;3/6!$32&1'!7'20P!,2;;(3(0$!LW#B*/$!6($4/,/1/P8!&0,!*(*$2,('9!!

@4(!6/'$!'2621&3!>&++20(!3(P26(0!$32&11(,!$/!,&$(!2'!$4(!@YKGKG!$32&1-!7'20P!$4(!

'&6(!*3/$(20'!,(32>(,!;3/6!UB=-!UBK!&0,!UB?X!;3/6!&!H.!STC!2'/1&$(!20!&0!eC5!

>(+$/3!FS&.'(3$Z(3!($!&19!<GHHI9!!#0!$4(!@YKGKG!'$7,8-!$4(!*(&J!#QUhALW#B*/$!

3('*/0'(!%&'!b=GG!BQTEHGO!]XeT-!+/6*&3(,!%2$4!<R?=!BQTEHGO!]XeT!20!

STCGG<@C9!!?EH?!F==NI!/;!*&$2(0$'!6&,(!&!@!+(11!3('*/0'(!20!@YKGKG-!+/6*&3(,!

%2$4!??N!20!536!5!&0,!?GN!20!536!X!/;!STCGG<@C9!!@4(!@YKGKG!P3/7*!4&'!

'20+(!*3('(0$(,!,&$&!'7PP('$20P!26*3/>(,!>23&1!J20($2+'!%2$4!>&++20&$2/0-!

&1$4/7P4!$42'!%&'!0/$!'$&$2'$2+&118!'2P02;2+&0$!F_(,(6(8(3!($!&19!L5BW!<GH=!/3&1!

*3('(0$&$2/0I9!!!!

@!+(11!3('*/0'('!20!./$4!$4('(!'$7,2('!%(3(!*3(,/620&0$18!$/!UB=9!!Q73$4(3!

,(;202$2/0!/;!&0$2P(02+!$&3P($'!%&'!0/$!*(3;/36(,!.8!$4(!@YKGKG!P3/7*-!4/%(>(3!

2$!2'!*/''2.1(!$4&$!$4(!*3(,/620&0$!(*2$/*(!%&'!$4(!'&6(!26670/,/620&0$!UB=!
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! H=O!

(*2$/*(!FUB=HKGO!FjWBYWY#U5CII!2,(0$2;2(,!20!STCGG<@C!&0,!()*1/3(,!;73$4(3!20!$4(!

;/11/%20P!$%/!+4&*$(3'9!!!

](*$2,(!6&**20P!20!STCGG<@C!&1'/!&11/%(,!6(!$/!2,(0$2;8!$%/!0/>(1!(*2$/*('!

&0,!,(6/0'$3&$(,!$4&$!&11!2,(0$2;2(,!(*2$/*('!%(3(!T`"^-!'7PP('$20P!&!3(1&$2>(!

,(;(+$!20!$4(!*3/,7+$2/0!/;!T`K^!4(1*9!!T`K^!@!+(11'!4&>(!.((0!'4/%0!$/!.(!

26*/3$&0$!20!$4(!+1(&3&0+(!/;!&+7$(!STC!F@4266(!($!&19!<GGHI!&0,!1/''!/;!

*3/12;(3&$2>(!+&*&+2$8!4&'!.((0!&''/+2&$(,!%2$4!STC!*(3'2'$(0+(!FY(31&+4!($!&19!

HRRRI9!!@4(!1&+J!/;!T`K^!@!+(11'!,($(+$(,!20!STCGG<@C!+/71,!&1'/!()*1&20!$4(!

,2;;(3(0+('!20!26670(!3('*/0'('!/.'(3>(,!.($%((0!4(&1$48!>/170$((3'!&0,!

*&$2(0$'!%4/!%(3(!>&++20&$(,!20!$42'!'$7,89!!

>#%9&2%?('&?$723&3(<&??(@&<<(%7(O#::92#%972(%"#2("&#<%"1(O7<62%&&'?!!

51$4/7P4!$4(!26670/P(02+2$8!/;!$4('(!>&++20('!+/6*&3('!;&>/73&.18!%2$4!/$4(3!

$4(3&*(7$2+!>&++20('-!$4(!6&P02$7,(!&0,!.3(&,$4!/;!@!+(11!3('*/0'('!20!*&$2(0$'!

%2$4!+43/02+!STC!%(3(!+/0'2,(3&.18!1/%(3!$4&0!$4/'(!/.'(3>(,!20!4(&1$48!

>/170$((3'!;3/6!'$7,8!STCGGH-!%4(3(!HGEHG!20,2>2,7&1'!3('*/0,(,!$/!

>&++20&$2/0!%2$4!$4(!'&6(!3(P26(!FX&30('!($!&19!<GH<I9!!e(,2&0!*(&J!3('*/0'('!

%(3(!&1'/!HG!$26('!%(&J(3!FMO!BQTEHGO]XeT!&0,!H<H!BQTEHGO]XeT!20!STC!

*&$2(0$'!;3/6!536'!5!&0,!X!3('*(+$2>(18!+/6*&3(,!%2$4!H<R<!BQTEHGO]XeT!20!

4(&1$48!>/170$((3'I9!!!

@4(3(!%(3(!4/%(>(3!'/6(!'2621&32$2('!20!@!+(11!*4(0/$8*(!.($%((0!4(&1$48!&0,!

+43/02+&118!20;(+$(,!*&$2(0$'9!!STC!'*(+2;2+!@!+(11'!20+3(&'(,!20!T`H<M!/>(3!$26(!

20!4(&1$48!>/170$((3'!&0,!20!&11!*&$2(0$'!&0&18'(,!()+(*$!/0(-!'7PP('$20P!$4(!

,(>(1/*6(0$!/;!&!1/0P!$(36!6(6/38!*/*71&$2/0!F_4(338!($!&19!<GGOI9!!!X/$4!
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! H=M!

TTDM!&0,!T`K?D5!20+3(&'(,!/>(3!$26(-!'7PP('$20P!&!'42;$!;3/6!&!'6&11!

*3/*/3$2/0!/;!(;;(+$/3!6(6/38!+(11'!FTTDMAET`K?D5AI!$/!&!*3(,/620&0$18!

+(0$3&1!6(6/38!FTTDM^I!/3!$(3620&118!,2;;(3(0$2&$(,!*4(0/$8*(!

F@LeD5IFTTDM^ET`K?D5^I9!!!@4(!'2P02;2+&0+(!/;!$42'!&'!&!+/33(1&$(!;/3!STC!

*3/$(+$2/0!2'!0/$!+1(&3-!4/%(>(3!2$!4&'!.((0!'4/%0!$4&$!@LeD5!+(11'!&3(!&''/+2&$(,!

%2$4!*3/$(+$2/0!20!&+7$(!S#C!20;(+$2/0!FU/3$4;2(1,!($!&19!<GGMI9!!_4($4(3!$4(!'&6(!

2'!$37(!20!STC!3(6&20'!$/!.(!'((09!!!

.(:&<<?(3&%&:%&3(#0%&'(O#::92#%972(92($#%9&2%?(#'&(&Y"#6?%&3(

STC!'*(+2;2+!@!+(11'!,($(+$(,!&;$(3!>&++20&$2/0!,(6/0'$3&$(,!;(&$73('!/;!

()4&7'$2/0!20+17,20P!1/%!6&P02$7,(!#QUh!3('*/0'('-!1/%!1(>(1'!/;!+8$/J20(!

'(+3($2/0!,($(+$(,!>2&!#TB!&0,!*//3!*3/12;(3&$2>(!+&*&+2$89!!T8$/$/)2+2$8-!

6(&'73(,!.8!1(>(1'!/;!P3&0Z86(!5!&0,!P3&0Z86(!X!,($(+$(,!.8!*(0$&6(3!

'$&2020P!%&'!;&3!1/%(3!$4&0!$4&$!/.'(3>(,!20!4(&1$48!>/170$((3'!F6(,2&0!

Y3&0Z86(!5!?K9=N!&0,!Y3&0Z86(!X!KK9<N!20!*&$2(0$'-!+/6*&3(,!%2$4!R=9ON!

&0,!RG9=?N!3('*(+$2>(18!20!4(&1$48!>/170$((3'I9!!:>(3&11-!,('*2$(!'/6(!

'2621&32$2('!$/!4(&1$48!>/170$((3'!20!*4(0/$8*2+!6&3J(3'-!*(0$&6(3!;70+$2/0&1!

&0&18'2'!+1(&318!,(6/0'$3&$(,!&!702o7(!*3/;21(!/;!@!+(11'!,($(+$(,!&;$(3!

>&++20&$2/0!20!+43/02+&118!20;(+$(,!*&$2(0$'!%4(3(!@!+(11'!,2'*1&8!6&08!/;!$4(!

;(&$73('!/;!()4&7'$(,!+(11'9!!#0!()4&7'$(,!@!+(11'-!&!42(3&3+48!/;!+8$/J20(!1/''!4&'!

.((0!,('+32.(,!%4(3(!+8$/J20('!'7+4!&'!#W<!&3(!1/'$!;23'$!&0,!;20&118!#QUh!

'(+3($2/0!2'!1/'$-!+/0'2'$(0$!%2$4!$4(!*&$$(30!/.'(3>(,!20!$42'!'$7,8!F_4(338-!

<GHHI9!!!
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! H="!

G"1(598"%(%"&(.(:&<<?(3&%&:%&3(39?$<#1(0&#%6'&?(70(&Y"#6?%972\(

@4(!3(&'/0'!;/3!@!+(11!()4&7'$2/0!&3(!70,/7.$(,18!+/6*1()!&0,!&3(!,2'+7''(,!20!

$4(!'(+$2/0!6*#%-+78#&-*9!!@4(8!20+17,(!$4(!20$(3*1&8!.($%((0!20$(3+733(0$!

S(*&$2$2'!T!C237'!20;(+$2/0!&0,!$4(!4/'$!26670(!'8'$(6-!&'!%(11!&'!$4(!(;;(+$!/;!

&08!1/0P'$&0,20P!+43/02+!>23&(62&9!!#$!4&'!.((0!()$(0'2>(18!,('+32.(,!20!$4(!

12$(3&$73(!$4&$!@!+(11'!20!+43/02+!STC!&3(!%(&J!&0,!0&33/%18!;/+7''(,!&0,!&3(!

70&.1(!$/!3('*/0,!$/!;73$4(3!&0$2P(02+!'$26717'9!!!

@4(!*4(0/6(0/0!/;!@!+(11!()4&7'$2/0!20!$4(!+/0$()$!/;!+43/02+!>23&(62&!%&'!;23'$!

,('+32.(,!20!6/7'(!6/,(1'!/;!WTeC!$%/!,(+&,('!&P/!Fe/'J/*42,2'!($!&19!HRR=I!

&0,!4&'!'20+(!.((0!/.'(3>(,!20!6&08!'$7,2('!/;!+43/02+&118!20;(+$(,!STC!

*&$2(0$'-!%4(3(!STC!'*(+2;2+!T`"^!+(11'!'4/%!26*&23(,!*3/12;(3&$2>(!+&*&+2$8!&0,!

+8$/J20(!'(+3($2/0!FY37(0(3!($!&19!<GGHi!_(,(6(8(3!($!&19!<GG<i!X(0P'4!($!&19!

<GHGI9!!@4('(!+(11'!()*3(''!671$2*1(!2042.2$/38!6/1(+71('!'7+4!&'!@#eA=-!]`AH-!

<XK!&0,!T@W5AK!&0,!.1/+J&,(!/;!/0(-!/3!'(>(3&1!/;!$4('(!6/1(+71('!4&'!.((0!

'4/%0!$/!3('$/3(!@!+(11!;70+$2/0&12$8!&*)/&#%-!FU&J&6/$/!($!&19!<GGRI9!!

#$!2'!1(''!+1(&3!%48!'7+4!&!*3/;21(!'4/71,!&1'/!.(!$4(!+&'(!20!3('*/0'(!$/!

*(32*4(3&118!&,6202'$(3(,!STC!&0$2P(0'!20!$4(!;/36!/;!&!>&++20(9!!@4(3(!&3(!

'(>(3&1!.3/&,!*/''2.212$2('f!F2I!]&$2(0$'!%2$4!+43/02+!STC!4&>(!&!P(0(3&1!3(1&$2>(!

26670(!,(;2+2(0$!'$&$(!20!+/6*&32'/0!%2$4!4(&1$48!>/170$((3'!F22I!@4(3(!()2'$'!

&0!STC!'*(+2;2+!,(;(+$!20!26670(!3('*/0'('!&0,E/3!F222I!$4(!@!+(11'!,($(+$(,!&;$(3!

>&++20&$2/0!&3(!20!;&+$!*3(A()2'$20P!()4&7'$(,!@!+(11'9!!!!!

9&.!:%$)1"#&$*#();&#,)<=>)?$*$%"''@)&AA7*-+$B&8&$*#)
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! H=R!

]&$2(0$'!%2$4!+43/02+!STC!+/71,!$4(/3($2+&118!4&>(!&!P(0(3&118!,(+3(&'(,!

3('*/0'(!$/!20;(+$2/0!%2$4!/$4(3!*&$4/P(0'!,7(!$/!;&+$/3'!'7+4!&'!42P4!@!

3(P71&$/38!+(11'!%42+4!62P4$!2042.2$!26670(!3('*/0'('9!!5'!&!*/*71&$2/0!P3/7*!

20!$4(!cj!$4(8!&3(!&1'/!6/3(!12J(18!$/!.(!'/+2/A(+/0/62+&118!,2'&,>&0$&P(,!&0,!

6&8!.(!6&10/732'4(,!/3!4/6(1(''!%2$4!$4(!*//3!4(&1$4!/7$+/6('!&''/+2&$(,!

%2$4!$42'!P3/7*i!20,((,!'$7,2('!4&>(!'4/%0!$4&$!'1((*!,(*32>&$2/0!2'!&''/+2&$(,!

%2$4!1/%(3!'(3/+/0>(3'2/0!F'5.I!3&$('!&;$(3!SXC!>&++20&$2/0!&0,!1/%(3!&0$2./,8!

$2$3('!&;$(3!S(*&$2$2'!5!>&++20&$2/0!F]3&$4(3!($!&19!<GH<i!W&0P(!($!&19!<GG=I9!!!

]&$2(0$'!%2$4!STC!&3(!&1'/!6/3(!'7'+(*$2.1(!$/!+/6*12+&$2/0'!;3/6!/$4(3!

4(*&$/$3/*2+!>237'('-!.(20P!6/3(!12J(18!$/!,(>(1/*-!;/3!()&6*1(!&!;71620&0$!

4(*&$2$2'!;3/6!20$(3+733(0$!S(*&$2$2'!5!>&++20&$2/0!$4&0!/$4(3!20,2>2,7&1'-!

4/%(>(3!$42'!6&8!.(!$4(!3('71$!/;!&!3/.7'$!26670(!3('*/0'(!0/$!.(20P!$/1(3&$(,!

.8!&!+/6*3/62'(,!12>(3!3&$4(3!$4&0!$4(!+/0'(o7(0+('!/;!26670/'7**3(''2/09!!!!

#0!$4(!S#C!;2(1,-!2$!4&'!.((0!'4/%0!$4&$!S#C!20;(+$(,!20,2>2,7&1'!&3(!1(''!12J(18!$/!

3('*/0,!$/!>&++20&$2/0!;/3!SXC!/3!S5C!F@'(0P!($!&19!<GH=I9!!#0!$4(!+&'(!/;!STC-!

$4(!,&$&!2'!6/3(!1262$(,-!4/%(>(3!'$7,2('!'7PP('$!$4&$!STC!20;(+$(,!*&$2(0$'!&3(!

1(''!12J(18!$/!3('*/0,!$/!SXC!>&++20&$2/0!$4&0!4(&1$48!+/0$3/1'!F_2(,6&00!($!&19!

<GGGI9!!51$4/7P4!$42'!2'!&0!&0$2./,8A6(,2&$(,!>&++20(!3&$4(3!$4&0!&!@!+(11!

>&++20(-!$4(!3('71$'!+/71,!0/0($4(1(''!.(!()$3&*/1&$(,!$/!'7PP('$!$4&$!&!P(0(3&1!

v26670(!,(;(+$\!()2'$'!20!$4(!STC!*/*71&$2/09!!U/0($4(1(''-!$42'!%&'!0/$!

'7**/3$(,!.8!$4(!3('*/0'('!$/!0/0ASTC!&0$2P(0'!20!$42'!$32&1-!%4(3(!3/.7'$!

*3/12;(3&$2>(!3('*/0'('!$/!TeC!&0$2P(0'!%(3(!/.'(3>(,!&0,!@!+(11!3('*/0'('!$/!

$4(!&,(0/>23&1!>(+$/3!%(3(!'2621&3!$/!$4/'(!'((0!20!4(&1$48!+/0$3/1'9!!!
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! HKG!

9&&.)C"#&$*#();&#,)<=>)A"@)+&(1'"@)"*)<=>)(1$8&B&8)+$B&8&#)&*)&AA7*$)%$(1-*($()

!@4(!,2'+3(*&0+8!.($%((0!@!+(11!3('*/0'('!$/!0/0ASTC!&0$2P(0'!F'7+4!&'!TeC!

&0,!&,(0/>23&1!>(+$/3'I!&0,!&0$2ASTC!@!+(11!3('*/0'('!20!+(3$&20!20,2>2,7&1'!

'((6'!$/!'7PP('$!$4(3(!6&8!20,((,!.(!&0!STC!'*(+2;2+!,(;(+$!20!266702$8!20!

'/6(!*(/*1(9!!

@4(!*&$2(0$'!'$7,2(,!4&>(-!.8!,(;202$2/0-!;&21(,!$/!+1(&3!>237'!'*/0$&0(/7'18-!

$4(3(;/3(!6&8!*(34&*'!20$320'2+&118!1&+J!$4(!4/'$!26670(!+4&3&+$(32'$2+'!F;/3!

()&6*1(!SW5!$8*('I!%42+4!%/71,!(0&.1(!&!>2P/3/7'!&0$2ASTC!3('*/0'(9!!#$!4&'!

&1'/!.((0!'7PP('$(,!$4&$!(>(0!&;$(3!>23&1!+1(&3&0+(!%2$4!()/P(0/7'!#QUEDXC!

$3(&$6(0$-!@!+(11'!;3/6!STC!*&$2(0$'!6&8!3(6&20!,8';70+$2/0&1-!26*1820P!'/6(!

J20,!/;!1/0P!$(36!26670/1/P2+&1!3(*3/P3&6620P!/;!+(11!6(,2&$(,!266702$8!

Fe2''&1(!($!&19!<GH<I9!!

9&&&.)D)8$''()+$#$8#$+)"B#$%)/"88&*"#&-*)8-7'+)%$1%$($*#)1%$5$4&(#&*?)D)8$''()

Q20&118!$4(3(!()2'$'!$4(!*/''2.212$8!$4&$!@!+(11'!,($(+$(,!&;$(3!>&++20&$2/0!

3(*3('(0$!*3(A()2'$20P!3('*/0'('-!70,($(+$(,!.8!'+3((020P!LW#B*/$!&''&8'9!!@4(!

+/33(1&$2/0!.($%((0!.&'(120(!@!+(11!3('*/0'('!&0,!*/'$!>&++20(!3('*/0'('!

'7**/3$'!$42'-!&1$4/7P4!$42'!+/71,!'26*18!3(;1(+$!&!*3/*(0'2$8!;/3!>2P/3/7'!+(11!

6(,2&$(,!266702$8!20!$4('(!20,2>2,7&1'9!!B7+4!@!+(11'!+/71,!(2$4(3!.(!F2I!*3(A

()2'$20P!6(6/38!@!+(11'!;3/6!%42+4!+23+71&$20P!>237'!4&'!42$4(3$/!('+&*(,!F,7(!

$/!26670(!*3(''73(I!/3!F22I!1/%!;3(o7(0+8!(;;(+$/3!@!+(11'!%42+4!$&3P($!$4(!

+733(0$!+23+71&$20P!>237'!.7$!+&00/$!.(!,($(+$(,!&$!.&'(120(!,7(!$/!$4(!1/%!

'(0'2$2>2$8!/;!$4(!#QUhALW#B*/$!&''&89!!!
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! HKH!

@4(3(!&3(!&3P76(0$'!&P&20'$!./$4!/;!$4('(!*/''2.212$2('9!!#;!@!+(11'!,($(+$(,!&;$(3!

>&++20&$2/0!3(*3('(0$!*3(A()2'$20P!@!+(11'-!'4/71,!$4(8!0/!1/0P(3!.(!()4&7'$(,!

F'20+(!$4(8!&3(!0/!1/0P(3!'7.n(+$!$/!+43/02+!&0$2P(0!'$2671&$2/0Iw!!Q73$4(36/3(!

$42'!'+(0&32/!,/('!0/$!()*1&20!%48!$4(!J20($2+'!/;!@!+(11!3('*/0'('!,2,!0/$!6/3(!

+1/'(18!6233/3!$4/'(!/;!4(&1$48!>/170$((3'-!%4(3(!*32620P!20,7+(,!>2P/3/7'!@!

+(11!3('*/0'('!&0,!.//'$20P!%&'!%(&JA!20!>&++20&$(,!*&$2(0$'!$4(!/**/'2$(!

'+(0&32/!%&'!/.'(3>(,!%4(3(!*32620P!%&'!%(&J(3!$4&0!.//'$20P9!!#;!/0!$4(!/$4(3!

4&0,-!,($(+$(,!@!+(11'!&3(!1/%!;3(o7(0+8!@!+(11'!&P&20'$!+733(0$!+23+71&$20P!>23&1!

'$3&20'-!'4/71,!$4(8!0/$!4&>(!()(3$(,!&!6/3(!'2P02;2+&0$!(;;(+$!/0!>23&1!1/&,!/3!

BCD!3&$('w!!@42'!.(P'!$4(!o7('$2/0!/;!%4($4(3!@!+(11'!,($(+$(,!&3(!&.1(!$/!$&3P($!

+23+71&$20P!&7$/1/P/7'!>237'!&0,!3(o723('!&!+1/'(3!()&620&$2/0!/;!$4(!(*2$/*('!

$4(8!$&3P($9!!@42'!2'!$4(!'7.n(+$!/;!$4(!;/11/%20P!+4&*$(39!
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 Pt 
No.

A R M I L M T H F

54 V - - - - L - - -

102 - - - V - - - - -
HLA 28 - - - - - - - - -
B27 28B - - - - - - - - -
neg 48 - - - - - - - - -
pts 50 - - - - - - - - -

39 - - ? - - - - - -
101 V - - - - L - - -

45 - - - - - - - - -
37 - - - - - - - - -
38 - - - - - - - - -
55 - - - - - - - ? -
40 - - - - - - - - -
43 - - - - - - - - -

103 - - - V - - - - -
46 - - - - - - - - -
52 - - - - - - - - -
53 - - - - - - - - -
51 - - - - - ? - - -
27 nd
25 nd
36 nd

100 nd
106 nd

56 nd

HLA-
B27 
+ve pts

 Pt No. H S K K K C D E L
45 - - - R - - - - -

HLA-B8 45B - - - R - - - - -
+ve 44 - - - - - - - - -
pts 50 - - - - - - - - -

48 - - - - - - - - -
46 - - - - - - - - -
53 - - R - - - - - -
40 - - - - - - - - -

HLA-B8 40B - - - - - - - - -
neg pts 25 - - - - - - - - -

51 - - - - - - - - -
52 - - - - - - - - -
39 - - - - - - - - -

103 - - - - - - - - -
27 - - - - - - - - -
28 - - - - - - - - -

28B - - - - - - - - -
38 - - - - - - - - -
43 - - - - - - - - -
55 - - - - - - - - -
54 - - - - - - - - -
37 - - - R - - - - -

100 - - - - - - - - -
102 - - - - - - - - -

56 nd
101 nd

36 nd

 Pt No. C V N G V C W T V K L S G L G I N A V A L Y D V V S T L
27 - I - - - - - - - - - V S - - L - - - - - - - - - - K -

HLA-A2 28 - I - - - - - - - - - V A - - - - - - - - - - - - - K -
+ve 28B - I - - - - - - - - - V A - - V - - - - - - - - - - K -
pts 40 - I - - - - - - - - - V A M - V - - - - - - - - - - K -

40B - I - - - - - - - - - V A M - V - - - - - - - - - - K -
103 - I - - - - - - - - - V A - - - - - - - - - - - - - - -
50 - I - - - - - - - - - V A - - V - - - - - - - - - - K -
50B nd
52 - I - - - - - - - - - V A - - V - - - - - - - - - - K -

44 - I S G A - - - - - - V A - - V - - - - - - - - - - - -
46 - I - - - - - - - - - V A - - - - - - - - - - - - - K -
38 - I - - - - - - - Q - - - - - L - - - - - - - - - - - -
36 - I - - - - - - - nd - - - - - - - - -
43 - I - - - - - - - - - V A - - V - - - - - - - - - - K -
25 - I/V - - - - - - - - - V V - - - - - - - - - - - - - R -
55 - I - - - - - - - - - V A - - V - - - - - - E - - - K -

37 - I - - - ? ? - - - - - - - - L - - - - - - - D - - - -

53 - I - - - - - - - - - V T - - V - - - - - - - - - - - -
100 - V - - - - - - - - - - - - - - L - - - - - - - - - - - -
54 - I - - - - - - - - - V A M - V - - - - - - - - - - K -
56 n d nd nd

HLA 48 - I - - - - - - - - - V A - - V - - - - - - - - - - K -
A2 39 - I - - - - - - - - - V A - - - - - - - - - - - - - K -
neg 45 - I - - - - - - - - - V A - - - - - - - - - - - - - K -
pts 45B - I - - - - - - - - - V A - - I/V - - - - - - - - - - K -

51 - I - - - - - - - - - V A - - V - - - - - - - - - - K -
101 - I - - - - - - - nd nd
102 - V - - - - - - - - - - - - - L - - - nd
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Viral sequences at immunogenic epitopes in all 002 patients

Pt 
No. G I N A V A Y Y R G L D V S V V T L T H P I T K Y S V V I V G R I I L Q E F D E M E E C A S H L P Y I L A G Y G A G V A G A L V A

43 - V - - - - - - - - - - - - - - - - - - V - - - C - - - - - - V V - R - - - - - - - - S Q - - - - - - - - - - - - ? - - - - - -
55 - V - - - - - - - - - - - - - I - - - - - V - - - C - - - - - - - V - R - - - - - - - - S Q - - - - n d

103 - - - - - - - - - - - - - - - - - - - - - - - - - C - - - - - - V V - - - - - - - - - - S Q - - - - - - - - - - - - - - - - - - -
28 - - - - - - - - - - - - - - - - - - - - - - - - - C - - - - - - V V - R - - - - - - - - S Q - - - - - - - - - - - - - - - - - - -

28B - V - - - - - - - - - - - - - - - - - - - - - - - C - - - - - - V V - R - - - - - - - - S Q - - - - - - - - - - - - - - - - - - -
52 - V - - - - - - - - - - - - - - - - - - - - - - - C - - - - - - V V - - - - - - - - - - S Q - - - - - - - - - - - - - - - - - - -

106 - V - - - - - - - - - - - - - - - - - - - v - - - C - - - - - - - V - R - - - - - - - - S Q - - - - - - - - - - - - - - - - - - -
25 - - - - - - - - - - - - - - - - - - - - - I/V - - - C - - - - - - V V - R - - - - - - - - S Q - - - - - - - - - - - - - - - - - - -
45 - I - - - - - - - - - - - - - I I - - - - - - - - C - - - - - - - V - R - - - - - - - - S Q - - - - - - - - - - - - - - - - - - -

045B - I/V - - - - - - - - - - - - - I I/L - - - - - - - - C - - ? - - - - V - R - - - - - - - - S Q - - - ? n d
51 - V - - - - - - - - - - - - - I - - - - - V - - - C - - - I - - V V - - - - - - - - K - S Q - - - - n d
54 - V - - - - - - - - - - - - - - - - - - - - - - - C - - - - ? - - V - R - - - - - - - - S Q - - - - n d
27 - L - - - - - - - - - - - - - - - - - - - V - - C - - - - - - V V - R - - - - - - - - S Q - - - - - - - - - - - - - - - - - - -
38 - L - - - - - - - - - - - - - - V - - - - - - - - C - - - - - - V V - - - - - - - - M - del - - - - - - - - - - - - - - - - - - - -
53 n d ? ? ? - - - - - - - C - - - - - ? V V - R - - - - - - - - S Q - - - - n d

101 n d - - - - - - - - - - C - - - - - - - - - R - - - - - - - - S Q - - - - - - - - - - - - - - - - - - -
102 n d - - - - - - V - - - C - - - - - - - V - R - - - - - - - - S Q - - - - - - - - - - - - - - - -
40 - V - - - - - - - - - - - - - - - - - - V - - - C - - - - - - - V - R - - - - - - - - S Q - - - - n d

040B - V - - - - - - - - - - - - - ? - - - - - V - - - C - - - - - - - V - R - - - - - - - - S Q - - - - n d
48 - V - - - - - - - - - - - - - n d n d n d n d
39 - - - - - - - - - - - - - - - n d n d n d - - - - - - - - - - - - - - -
50 - V - - - - - - - - - - - - - n d n d n d - - - - - - - - - - - - - - -
46 - - - - - - - - - - - - - - n d n d n d - - - - - - - - - - - - - - -
36 n d n d n d n d - - - - - - - - - - - - - - -
37 n d n d n d n d - - - - - - - - - - - - - - -
56 n d n d n d n d - - - - - - - - - - - - - - -

100 n d n d n d n d - - - - - - - - - - - - - - -
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$%! Viral sequences at immunogenic epitopes in all 002 patients

Pt 
No. A L V V G V V C A A P N Y S R A L W R V A A E E F Q V G L N Q Y L V G S Q L P L T R D P T T P L A R

28 - - - - - - - - - - - -/Y - K F - - - - - S - - - - R - - - H E - P - - - - - - - - - - - - - - - - -
028B - - - - - - - - - S - - - K F - - - - - S - - - - R - - - H E - P - - - - - - - - - - - - - - - - -

45 - - - - - - - - - - - - - K F - - - - - S - - - - R - - - H E - P - - - - - - - - - - - - - - - - -
045B n d n d n d - - - - - - - - - - -

103 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - V - - - - - - - - - - - - - - - - -
46 - - - - - - - - - - - - - T F - - - - - S - - - - R - - - H - Y P - - - - - - - - - - - - - - - - -
39 - - - - - - - - - - - - - T F - - - - - S - - - - R - - - H D - P - - - - - - - - - - - - - - - - -
38 - - - - - - - - - - - - - T F - - - - - - - - - - L - - - - - - - - - - - - - - - - - - - - - - - -
55 n d - - - - T F - - - - - S - - - - R - - - H D - P - - - - - - - - - - - I - - - - -
56 - - - - - - - - - n d n d - - - - - - - - - - -
43 - - - - - - - - - - - - - T F - - - - - S - - - - S - - - H D - P - - - - - - - - - - - - - - - - -
51 n d - - - - T F - - - - - S - - - - R - - - H - Y P - - - - - - - - - - - - - - - - -
48 n d - - - - T F - - - - - S - - - - R - - - H D - - - - - - - - - - - - - - - - - - -
52 - - - - - - - - - n d n d - - - - - - - - - - -
53 n d - - - - K F - - - - - S - - - - R - - - H E - O - - - - - - - - - - - - - - - - -
54 n d - - - - T F - - - - - S - - - - R - - - H D - P - - - - - - - - - - - - - - - - -
25 - - - - - - - - - - - - - T F - - - - - S - - - - R - - - H D - P - - - - - - - - - - - - - - - - -

106 - - - - - - - - - - - - - T F - - - - - S - - - - R - - - H D - P - - - - - - nd
102 - - - - - - - - - n d n d - - - - - - - - - - -
101 - - - - - - - - - n d n d - - - - - - - - - - -

36 - - - - G/R - - - - n d n d nd
100 - - - - - - - - - n d n d nd

37 - - - - - - - - - n d n d - - - - - - - - - - -
40 n d n d n d - - - - - - - - - - -

040B n d n d n d - - - - - - - - - - -
27 n d n d n d - - - - - - - - - - -
50 n d n d n d - - - - - - - - - - -
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4&771644),+=!4&'(!/4!/0!0(6!6+-!,3!016/0*6+0!I)0(!;@NOPQH:!I(6+!9!'6..4!(/D6!

(/-!/!.,+561!16',D612!7(/46B!!F,I6D61!)0!)4!+,0!8+,I+!(,I!.,+5!9!'6..4!16R&)16!

)+!,1-61!0,!S16',D61TU!)+-66-!16'6+0!-/0/!4&556404!0(/0!9!'6..4!31,*!7/0)6+04!I)0(!

'(1,+)'!FGH!*/2!16*/)+!3&+'0),+/..2!)*7/)16-!6D6+!/3061!4&''6443&.!;@NOPQH!

016/0*6+0!JV)44/.6!60!/.!"$>"LB!!W0(61!,70),+4!-64'1)E6-!E6.,I!)+'.&-6!E.,'8)+5!

165&./0,12!,1!)**&+,4&771644)D6!7/0(I/24:!,1!/--)+5!'20,8)+64!,1!,0(61!+,D6.!

/-X&D/+04!0,!/&5*6+0!)**&+6!1647,+464B!!!!

!"#$%&'()$*"")+,-./$*)-*$*01#-+)#-)+#",2"*)./$1#-+!

Y1,51/**6-!-6/0(!16'670,1!>!JYZ=>L!)4!&7165&./06-!,+!6M(/&406-!9!'6..4:!/+-!

E.,'8/-6!,3!)0:!,1!)04!.)5/+-!YZ>!.)5/+-!JYZ=<>L!',&.-!16D6146!4,*6!,3!0(6!

36/0&164!,3!9!'6..!6M(/&40),+!/+-!6+(/+'6!D/'')+6!)**&+,56+)')02B!;0!(/4!E66+!

4(,I+!E,0(!&')3&3#))+!*)'6!I)0(!<GVH!/+-!&')3&1-#)I)0(!9!'6..4!31,*!FGH!)+36'06-!

7/0)6+04!0(/0!E.,'8)+5!0(6!YZ=>!7/0(I/2!I)0(!YZ=<>!E.,'8/-6!1640,16-!
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!

! "#$!

%&'()*+&,-).+!/,%,/)-0!,12!/0-'3)1+!4+/&+-)'1!-'!5!/+((4!67&8,1)!+-!,(9!"::;<!

=,&8+&!+-!,(9!"::;>9!!5?+!+**+/-).+1+44!'*!-?)4!,%%&',/?!)4!()3+(0!-'!2+%+12!1'-!

'1(0!'1!-?+!4,*+-0!'*!4@/?!)AA@1'A'2@(,-'&0!,B+1-4!)1!?@A,14C!8@-!,(4'!-?+!

/?,&,/-+&)4-)/4!'*!-?+!5!/+((!%'%@(,-)'1!)1!D@+4-)'19!!E-!?,4!8++1!4?'F1!-?,-!GHIJ$!

8('/3,2+!'*!().+&!2+&).+2!5!/+((4!)4!)1+**+/-).+C!%&'8,8(0!2@+!-'!-?+!?)B?+&!(+.+(!'*!

,1-)B+1!+K%'4@&+!,12!-?+&+*'&+!?)B?+&!(+.+(!'*!+K?,@4-)'1!)1!-?+4+!5!/+((4!

6L'8@?)&'!+-!,(9!"::M>9!!!5?)4!,%%&',/?!A,0!-?+&+*'&+!8+!)1+**+/-).+!)1!

('1B4-,12)1B!NOP!)1*+/-)'1!F)-?!?)B?!.)&,(!(',249!!!

=('/3,2+!'*!'-?+&!)1?)8)-'&0!A'(+/@(+4!4@/?!,4!O5JQIR!?,.+!8++1!+K%('&+2!F)-?!

()A)-+2!4@//+449!!S**'&-4!-'!8('/3!O5JQIR!)1!A)/+!4?'F+2!4'A+!+1?,1/+A+1-!'*!

,1-)I-@A'@&!5!/+((!)AA@1)-0C!8@-!1'!)A%&'.+A+1-!'*!5!/+((!*@1/-)'1!)1!/?&'1)/!

.)&,(!)1*+/-)'1!6JOTP>!6=,&8+&!+-!,(9!"::;<!U'-'A,0'&!+-!,(9!$VVV>9!!

=('/3,2+!'*!4'(@8(+!*,/-'&4!)4!,1'-?+&!%'-+1-),(!%,-?F,0!*'&!+1?,1/)1B!

)AA@1'B+1)/)-09!!=('/3)1B!EJ$:!)1!A)/+!?,4!8++1!4?'F1!-'!+1?,1/+!-?+!

)AA@1'B+1)/)-0!'*!,1!'-?+&F)4+!)1+**+/-).+!JOTP!HLQ!.,//)1+!,12!-'!+1?,1/+!

.)&,(!/(+,&,1/+!6=&''34!+-!,(9!"::M>9!!!U@/?!,!4-&,-+B0!+)-?+&!,('1+!'&!)1!

/'A8)1,-)'1!F)-?!'-?+&!)AA@1'A'2@(,-'&0!,B+1-4!/'@(2!8+!,!%'-+1-!

A+/?,1)4A!-'!&+.+&4+!-?+!)1?)8)-'&0!+**+/-4!'*!('1B4-,12)1B!NOP!)1*+/-)'19!

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

O0-'3)1+4!,12!1'.+(!,2W@.,1-4!?,.+!8'-?!8++1!@4+2!-'!,@BA+1-!)AA@1'B+1)/)-0!

)1!.,//)1+!-&),(4!*'&!A,(,&),C!NEPC!N=P!,12!,1-)I/,1/+&!.,//)1+49!!Q2A)1)4-&,-)'1!

'*!+K'B+1'@4!EJ"!?,4!8++1!4?'F1!-'!%&+.+1-!OHMX!5!/+((4!8+/'A)1B!-'(+&)4+2!-'!

,1-)B+14!%&+4+1-+2!)1!-?+!().+&!'*!A)/+C!2+4%)-+!-?+!,84+1/+!'*!/'I4-)A@(,-'&0!
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!

! "#"!

$%&'()&'*!+,(-)./(-!'0!1&2!"34352!!6-/*!(%)&7!8.%9'!81.0/()&1.&:!)*';)&!;%.!

/<7)(/<=!/$$)</0:!0%!-'810%0.%8/(!9/.)*'*!*)(-!1*!>?@!1<7!>A@!B-'.'!0-'!

0%&'.%='</(!'<9/.%<$'<0!%;!0-'!&/9'.!$1:!(%<0./C)0'!0%!6!('&&!1<'.=:2!!>%B'9'.!

0-'!<%<D*8'(/;/(!8.%D/<;&1$$10%.:!';;'(0*!%;!EF"!$1:!&/$/0!0-'!0.1<*&10/%<!%;!0-/*!

B%.G!/<0%!-)$1<*2!!H0-'.!(:0%G/<'*!B/0-!$%.'!&/$/0'7!0/**)'!7/*0./C)0/%<!$1:!

-19'!1!C'00'.!*1;'0:!8.%;/&'2!!I%.!'J1$8&'K!1!*0)7:!17$/</*0'./<=!EIL!#!/<!

(%$C/<10/%<!B/0-!1<!>E@!91((/<'!/<!.-'*)*!$1(1M)'*K!*-%B'7!-/=-'.!&'9'&*!%;!

&%<=D&/9'7!1(0/910'7!ANOP!6!('&&*!+AN43Q1P!1<7!AN#OPR>FSDNTP5!/<!0-'!EIL!#!

=.%)8!(%$81.'7!B/0-!0-'!=.%)8!B-%!.'('/9'7!91((/<10/%<!1&%<'!+U%..%B!'0!1&2!

"34352!!

6-'.'!1&*%!1!&1.='!=.%)8!%;!<%9'&!17V)91<0*!B-/(-!(%<*/*0K!/<!81.0K!%;!91./%)*!

(%$C/<10/%<*!%;!1&)$/<)$K!%/&!1<7!*18%</<!C1*'7!(%$8%)<72!!6-'/.!$'(-1</*$!

%;!1(0/%<!/*K!/<!$1<:!(1*'*K!8%%.&:!)<7'.*0%%7K!C)0!/<!*%$'!(1*'*!0-':!B%.G!C:!

(.'10/<=!1!7'8%0!';;'(0!;%.!1<!17$/</*0'.'7!91((/<'!+W/(-/(-'.%!'0!1&2!"33O52!!,)(-!

17V)91<0*!-19'!C''<!*-%B<!0%!1)=$'<0!/$$)<%='</(/0:!/<!>?@K!>E@!1<7!(1<('.!

/$$)<%0-'.18:!(&/</(1&!0./1&*K!(%$81.'7!B/0-!0-'!17$/</*0.10/%<!%;!91((/<10/%<!

1&%<'!+W/(-/(-'.%!'0!1&2!"33O52!!!!!

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

S<%0-'.!188.%1(-!B-/(-!(%)&7!%9'.(%$'!'J-1)*0/%<!/*!0%!&/<G!0-'!A&1**!EE!

/<91./1<0!(-1/<!0%!1<0/='<!1<7!0-)*!/$8.%9'!'/0-'.!1<0/='<!8.%('**/<=!%.!

8.'*'<010/%<2!!S7'<%9/.1&!9'(0%.!91((/<'*!-19'!C''<!)*'7!0%!7'&/9'.!FAU@!

7'./9'7!1<0/='<*!&/<G'7!0%!0-'!$)./<'!A&1**!EE!/<91./1<0!(-1/<2!!,)(-!91((/<'*!

8.%7)('!-/=-'.!$1=</0)7'!ANXP!1<7!ANOP!6!('&&!.'*8%<*'*!1<7!C.%17'.!6!('&&!

.'*8%<*'*!/<!$/('!(%$81.'7!B/0-!0-'!'M)/91&'<0!91((/<'*!B/0-%)0!0-'!/<91./1<0!



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

!

! "##!

$%&'(!)*+,-.!/.!&,0!"11230!!!4(5&6'&(.!$%&'(!&7/(+5'6&,!5&$$'(/-!/($+7'(8!.%/!*9:!

;<#!=6+./'(-!%&5/!&,-+!>//(!.6'&,,/7!'(!?@6'(/!?+7/,-!&(7!>//(!-%+A(!.+!>/!

-@=/6'+6!.+!;<#!$+(.&'('(8!5&$$'(/-!&,+(/B!A'.%!.%/!=6+7@$.'+(!+C!=+,DC@($.'+(&,!

E!$/,,-!A%'$%!?&F/!4GH"B!E;I!!&(7!4I;"!&(7!6/-@,.!'(!'($6/&-/7!,/5/,-!+C!&(.'8/(!

-=/$'C'$!?/?+6D!=+=@,&.'+(-!)J'FF/,-/(!/.!&,0!"1KK30!!!<@$%!6/-@,.-!A+@,7!

+5/6$+?/!?&(D!+C!.%/!$%&,,/(8/-!+C!.%/6&=/@.'$!5&$$'(&.'+(B!'C!.%/D!$+@,7!>/!

7/?+(-.6&./7!'(!%@?&(-0!!

6030%#%0*+5(*7(%"&(#$$'*#,"(0+(8!9::;<9(

E%'-!-.@7D!%&-!C+$@-/7!+(!-/,/$./7!'??@(/!$+66/,&./-!+C!5&$$'(/!/CC'$&$D!

%+A/5/6!.%/-/!&6/!(+.!$,/&6,D!7/C'(/7!'(!(&.@6&,!%'-.+6D!-.@7'/-0!!;+(/.%/,/--!'.!

'-!$,/&6!C6+?!+@6!7&.&!.%&.!E!$/,,-!'(7@$/7!>D!5&$$'(&.'+(!7+!(+.!.&68/.!$'6$@,&.'(8!

5'6@-B!-+!/CC'$&$D!'-!@(,'F/,D0!!4(!.%'-!-.@7DB!.%/!/CC/$.!+C!4I;!+(!5&$$'(/!6/-=+(-/-!

A&-!(+.!$,/&6B!,'F/,D!7@/!.+!.%/!-?&,,!-&?=,/!-'L/!&(7!,&68/!7/86//!+C!'(./6H

'(7'5'7@&,!5&6'&.'+(0!!E%'-!-.@7D!%&-!&,-+!C+$@-/7!+(!&(&,D-'-!+C!=/6'=%/6&,!>,++7!

-&?=,/-!6&.%/6!.%&(!/M&?'('(8!A%&.!'-!%&==/('(8!'(!.%/!,'5/6!'.-/,CB!7@/!.+!.%/!

/.%'$&,!$+(-'7/6&.'+(-!&(7!'?=6&$.'$&,'.D!+C!+>.&'('(8!,'5/6!>'+=-'/-0!!4.!?&D!>/!

.%&.!.%/!?+-.!6/,/5&(.!$/,,!=+=@,&.'+(-!%&5/!%+?/7!.+!.%/!,'5/6!&(7!&6/!(+.!

7/./$.&>,/!'(!=/6'=%/6&,!>,++7!&.!.%/!.'?/=+'(.-!-&?=,/-!A/6/!.&F/(0!!

N,.%+@8%!&!6&(8/!+C!7'CC/6/(.!&--&D-!A/6/!=/6C+6?/7!'(!.%'-!-.@7DB!'.!A+@,7!%&5/!

>//(!@-/C@,!.+!@(7/6.&F/!?+6/!/M./(-'5/!/='.+=/!?&=='(8!C6+?!.%/!>/8'(('(8!+C!

.%/!-.@7D!&(7!=/6%&=-!.6D!.+!$&=.@6/!,+A!C6/O@/($D!E!$/,,!6/-=+(-/-!A'.%!9PQR!

=/(.&?/6-!+6!6+@.'(/!=/(.&?/6!-.&'(-!&.!F/D!.'?/=+'(.-0!!J+6/!/M./(-'5/!

=%/(+.D='$!'(C+6?&.'+(!A+@,7!&,-+!>//(!@-/C@,B!/'.%/6!.%6+@8%!IN9<!&(&,D-'-!+C!

=/(.&?/6!-.&'('(8!+6!.%6+@8%!(/A!7/.&',/7!./$%('O@/-!-@$%!&-!$D.+?/.6D!
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!

! "#$!

%&'()*&!%+,-!(.!./+*&%0!1&+2&!3//(14!,('-!-5%-64+7-!8!2-//!2&3'32%-'+43%+(6!

9:-1-//!-%!3/;!"<=">;!!!!

?!4+,+/3'!@'(2-44!344-44+6*!2'(44A'-32%+7+%B!(.!C+..-'-6%!4-D)-62-!73'+36%4!3%!

C+..-'-6%!-@+%(@-4!+6!&-3/%&B!7(/)6%--'4!1()/C!3/4(!&37-!@'(7+C-C!)4-.)/!

+6.(',3%+(6!.('!.)%)'-!7322+6-!C-4+*6;!!8&-4-!4-D)-62-!363/B4-4!2()/C!3/4(!&37-!

+62/)C-C!344-44,-6%!(.!./36E+6*!'-*+(640!1&+2&!&37-!F--6!4&(16!+6!%&-!234-!(.!3!

GH$I!+6./)-6J3!-@+%(@-0!%(!3/%-'!8!2-//!'-@-'%(+'-!9G(/-!-%!3/;!"<==>;!

6.%.'&(#$$-0,#%0*+5(*7(%"05(8*'4(

K6-!(.!%&-!,(4%!+,@('%36%!.+6C+6*4!.'(,!%&+4!1('E!+4!%&3%!8!2-//!'-4@(64-4!%(!

73'+3F/-!@3%&(*-64!4&()/C!6(%!F-!'-@('%-C!1+%&()%!3/4(!'-@('%+6*!2(62)''-6%!

@3%&(*-6!4-D)-62-!C3%3;!!8&-!C-%-2%+(6!(.!8!2-//4!3/(6-!C(-4!6(%!+,@/B!7322+6-!

-..+232B0!4+62-!4)2&!8!2-//4!,3B!.3+/!%(!%3'*-%!2+'2)/3%+6*!7+')40!34!C-,(64%'3%-C!+6!

%&+4!%&-4+4;!

L36B!(.!%&-!@'+62+@/-4!+C-6%+.+-C!+6!%&+4!4%)CB!236!F-!3@@/+-C!%(!@'(@&B/32%+2!36C!

%&-'3@-)%+2!7322+6-!C-4+*6!.('!MGN!36C!3/4(!-5%'3@(/3%-C!%(!1('E!(6!

+,,)6(%&-'3@B!.('!(%&-'!7+')4-4!('!-7-6!,3/+*6362+-4;!!?/%&()*&!36!-..-2%+7-!

@'(@&B/32%+2!7322+6-!.('!MON!&34!-5+4%-C!.('!,36B!B-3'40!%&-'-!+4!4%+//!3!4%'(6*!

+6%-'-4%!+6!+,,)6(%&-'3@B!34!3!,-364!(.!2)'+6*!%&-!,36B!2&'(6+23//B!+6.-2%-C!

+6C+7+C)3/4!1('/C1+C-!1&(!'-,3+6!(6!36%+7+'3/!%&-'3@B!.('!%&-!.('-4--3F/-!

.)%)'-;!!MON!+4!3!/-44!73'+3F/-!7+')4!%&36!MGN!%&-'-.('-!4(,-!(.!%&-!+44)-4!3'()6C!

8!2-//!2'(44A'-32%+7+%B!,3B!F-!/-44!@'(F/-,3%+2!.('!36!MON!%&-'3@-)%+2!7322+6-0!

3/%&()*&!%&-'-!,3B!4%+//!F-!@'(F/-,4!'-/3%-C!%(!8!2-//!-5&3)4%+(6!36C!2&'(6+2!

7+'3-,+3;!!P6!%&-!MPN!.+-/C0!%&-!/-44(64!/-3'6-C!3'()6C!7+'3/!73'+3%+(6!36C!8!2-//!
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!

! "#$!

%&'()*'&'!+)!+,&'&!-.&*)/0%1'&'!2-3!0*451&*6&!41+1%&!/-660*&!.&'07*8!!!91+1%&!

/0%-5!/&6+)%!/-660*&!+%0-5'!2-3!6,))'&!*)+!+)!1'&!,&+&%)5)7)1'!-.&*)/0%1'&':!

70/&*!+,&!()+&*+0-5!4)%!6%)'';%&-6+0/&!-*+0<).0&'8!!!=,&!*&>+!?>4)%.!@AB!+%0-5!

C@ABDD#E!F-'!.&'07*&.!1'0*7!-!*&F!<))'+0*7!/&6+)%!CGBHE!+)!)/&%6)2&!+,0'!

(%)<5&2:!-*.!',)F'!(%)20'0*7!%&'15+'!C2-*1'6%0(+!0*!(%&(-%-+0)*E8!

H5+,)17,!+,&!'&-%6,!4)%!+,&!0.&-5!+,&%-(&1+06!/-660*&!2-3!*)+!I&&(!(-6&!F0+,!

)+,&%!4-'+!2)/0*7!+%&-+2&*+!)(+0)*'!4)%!@AB:!-!(%)(,35-6+06!/-660*&!%&2-0*'!

<)+,!-!%&-50'+06!-*.!,07,53!.&'0%-<5&!7)-5!+)!(%&/&*+!+,&!#;J!20550)*!*&F!

0*4&6+0)*'!-*.!+,&0%!'&K1&5-&!-6%)''!+,&!75)<&!&/&%3!3&-%8!!L-%+0615-%!-+!%0'I!

()(15-+0)*'!'16,!-'!2&*!F,)!,-/&!'&>!F0+,!2&*!F,)!-%&!-+!%0'I!)4!6)*61%%&*+!

@MBN@AB!0*4&6+0)*:!)%!MBOP!()(15-+0)*':!F055!<&!0.&-5!7%)1('!0*!F,06,!+)!+%0-5!

+,&'&!/-660*&'!0*!+,&!6)20*7!3&-%'8!!

!!

8!
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! "#$!

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

%&'()*+,+&-!.+/('!0-!1+23+&!1+4+52+-!6+,+!.7&,/-!89+3!:(*2;,+-!67,+9('!%!

6+,97<'-!6+,97<'!%!%9(5-!6+52+57;+52+!=()!.75&7-!(>!+)?!"@A"?!BC(D+>2>2;!E!

F25<;G6<)>2;D(H2I2H!JGE())!:(;D73;(;!K2>,7<>!F25(92+!75!.(57H73L(5;273!%973M!

8M/D>2+3!C(+)>,!E+5(!K754(5;!+>!C2M,!:2;4!7I!N3I(H>273?O!E)232H+)!+3'!F+HH23(!

N99<37)7M/!P!EFN!AQ!RST!R6+/TP!UV@WUV$?!'72PA@?AA"VXEFN?@@@S@GA"?!

%HH7)+-!67))/!%-!Y23M!C<+3M-!%ZZ+,!%)!6+;52-!+3'!6+54!%!6H[2L(3?!"@@"?!BJ,(!

%3>2L25+)!=/3+923!0+92)/!6(9&(5-!6\%-!J<&<)+>(;!]2D2';!+3'!]7H+)2Z(;!>7!>,(!

.977>,!83'7D)+;92H!:(>2H<)<9?O!J,(!^7<53+)!7I!Y27)7M2H+)!E,(92;>5/!"UU!R"_T!

R^<3(!A_TP!"AV"QW"AV#S?!'72PA@?A@U_X`&H?6"@A$_A"@@?!

%)L+5(ZG]+`73H,(5(-!]-![!C!.,7<45/-!Y!a5b-!c!%9+'75GE+d2Z+5(;-!0!C())(-![!

Ye'+5'-!N!a<(55+-!E!=57<23-!^!=<&<2;;73-!8!8!a73Zb)(ZGC75>+-!a!6+5>f3(Z-!^!

6+5+3>(-!1!E23Z+-!6!E+;>())+37;-!+3'!.!=<(d+;GE+55(5+?!"@@Q?!BN99<37M(32H2>/!

7I!ENaYG"#@-!+!J,(5+D(<>2H!=[%!F+HH23(!g5(D+5+>273-!23!CEFGE,5732H+))/!

N3I(H>('!N3'2L2'<+);!23!+!g,+;(!N!E)232H+)!J52+)?O!^7<53+)!7I!F25+)!C(D+>2>2;!A$R#TP!

AS$W$U?!'72PA@?AAAAX`?A#$SG"VQ#?"@@V?@A@SV?\?!

%3'5e-!g-!0!h79<52+3Gg5+'()-!.!=(I75M(;-!6!g(55(>-!^!]!Y(5)+3'-!6!.7'7/(5-!.!g7)-!

E!Y5eH,7>-!a!g+5+3,7;GY+HH+)i-!+3'!F!]7>>(+<?!"@@"?!BE,+5+H>(52Z+>273!7I!]7*G!

+3'!F(5/G]7*G=(3;2>/!C(D+>2>2;!E!F25<;!:[%GE73>+2323M!g+5>2H)(;?O!^7<53+)!7I!

F257)7M/!U$!RA_T!R^<)/TP!$QAQW$Q"V?!

%34-![23+-!C+3;!K(;>-!E,52;>23+!Y+5>,7)'/-!h52;>23+!8524;;73-!%))+3!:!J,79;(3-!

+3'!.j5(3!:!g+)<'+3?!"@@$?!B]+9&'+!N3>(5I(573!RN0[G]+9&'+T-!+!J/D(!NNN!N0[-!N;!

N3'<H('!&/!F25<;(;!+3'!N0[;!+3'!=2;D)+/;!g7>(3>!%3>2L25+)!%H>2L2>/!%M+23;>!.()(H>!

F25<;!N3I(H>273;!23!F2L7?O!^7<53+)!7I!F257)7M/!V@!RQT!R6+/!ATP!_S@AW_S@Q?!

'72PA@?AA"VX^FN?V@?Q?_S@AG_S@Q?"@@$?!

%53+<'-![7k))+-!.>eD,+32(!=+&7-!g+>52H4!6+2))+5'-!%M+>+!Y<'47*;4+-!h+>(523+!N!

h+))2+9D+47<-!g(3()7D(!6+L579+5+-!=79232l<(!a+5H23-!(>!+)?!"@A@?!BC(D+>2>2;!E!

F25<;!E73>57);!N3>(5I(573!g57'<H>273!J,57<M,!gh:!%H>2L+>273?O!!"#$%&'(!S!RSTP!
(A@SUS?!'72PA@?A#UAX`7<53+)?D73(?@@A@SUS?!

!

%;>(G%9eZ+M+-!62M<()-!%3'5(*!^!Y(>>-!0<&+7!K+3M-!=+32)7!:!E+;29257-!^7;(D,!6!

%3>73())7-!=((D+!h!g+>()-!8)+/3(!E!=())-!(>!+)?!"@@_?!Bm<+3>2>+>2L(!%'(37L25<;!

[(<>5+)2Z+>273!%;;+/;!Y+;('!73!>,(!.(H5(>('!%)4+)23(!g,7;D,+>+;(!:(D75>(5!

a(3(P!%DD)2H+>273!23!8D2'(927)7M2H!.><'2(;!+3'!23!>,(!=(;2M3!7I!%'(37L(H>75!

F+HH23(;?O!)*+,-%./-/%01/2,34!AS!R#T!R6+5H,TP!"Q#W#@_?!
'72PA@?A@VQXA@_#@#_@_#""VV$A_U?!

!

Y+H73-!Y5<H(!:-!.><+5>!E!a75'73-!852H!]+*2>Z-!g+>52H4!6+5H())23-!^7,3!6!F2(5)23M-!

.>(I+3!1(<Z(9-!05('!g775'+'-!(>!+)?!"@AA?!BY7H(D5(L25!I75!g5(L27<;)/!J5(+>('!

E,5732H!CEF!a(37>/D(!A!N3I(H>273?O!J,(![(*!83M)+3'!^7<53+)!7I!6('2H23(!#$_!

RA#T!R6+5H,!#ATP!A"@UWA"AU?!'72PA@?A@S$X[8^67+A@@Q_V"?!



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

!

! "#$!

%&'()'*!+&,-).!/*!0!123,!43)''5*!+&6-7!8&92:;9<*!%&2=2,=!>3;*!1&?)9!@!A..-92,*!

A'.),)!B!C3&':)*!D2'72,!1!E'))?&,*!&,7!F&G-!A3?)7H!"IIJH!KF)9<2'-,=!E;,L<-2,!

-,!0M3&;9<)7!N+O!P!N)..9!+;'-,=!N3'2,-L!Q-'&.!R,G)L<-2,HS!T&<;')!U#VW$I$$XY!

JO"ZO$H!

%&',)9*!0*!A!E2.=2'-*!C!N&:2,)*!/!C[&7.-,=*!C!A9<2,*!A!\;'-2]&*!1!8)5)'*!)<!&.H!

"I^"H!KT26).!A7),26-';9_%&9)7!Q&LL-,)9!R,7;L)!%'2&7!&,7!C;9<&-,)7!P!N)..!

F)9:2,9)9!<2!BNQ!-,!8&,HS!CL-),L)!P'&,9.&<-2,&.!8)7-L-,)!U!W^^`X!W1&,;&'5!UXY!

^^`'&^Z^^`'&^H!72-Y^IH^^"Ja9L-<'&,9.?)7H#II#^``H!

%&',)9*!0.)&,2'*!B;;(!N!D).7)'(.2?*!R9.&!B;?:3')59*!T&99)'!C)??2*!B),]!4!

F))9-,]*!8&'L).!D!B!8!%).7*!F),b!A!4!6&,!/-)'*!&,7!@&;.!\.),)'?&,H!"IIVH!

KN)..;.&'!R??;,)!F)9:2,9)9!+;'-,=!B-=3_+29)!R,<)'G)'2,_A.:3&!R,7;L<-2,!

P3)'&:5!G2'!B):&<-<-9!N!Q-';9!R,G)L<-2,HS!P3)!12;',&.!2G!-,G)L<-2;9!7-9)&9)9!

^VVWJXY!O^VZ"OH!

%&'<29L3*!%-'])*!1),9!%;]3*!1)&,_N3'-9<2:3)!8);,-)'*!N3'-9<)..)!D'&,-)'*!F2,&.7!0!

0,=.)*!4-..-&?!N!%.&L][).7)'*!C;c&,,)!d!0?)'92,*!E'&,e2-9_/2-L!N299)<*!&,7!

F2()'<!B!@;'L)..H!"II#H!KR,!Q-<'2!A99&5!G2'!T);<'&.-c-,=!A,<-(275!<2!B):&<-<-9!N!

Q-';9Y!06-7),L)!G2'!%'2&7.5!N2,9)'6)7!T);<'&.-c&<-2,!0:-<2:)9HS!@'2L))7-,=9!2G!

<3)!T&<-2,&.!AL&7)?5!2G!CL-),L)9!2G!<3)!d,-<)7!C<&<)9!2G!A?)'-L&!^II!W"UX!

WT26)?()'!"`XY!^U^VVZ^U"IUH!72-Y^IH^I$#a:,&9H"##`VO^^IIH!

%&99)<<*!C!0*!%!D;)''&*!\!%'&9]5*!0!8-9]269]5*!8!B2;=3<2,*!D!F!\.-?:).*!&,7!F!0!

/&,G2'7H!"II^H!K@'2<)L<-6)!R??;,)!F)9:2,9)!<2!B):&<-<-9!N!Q-';9!-,!

N3-?:&,c))9!F)L3&..),=)7!E2..2[-,=!N.)&'&,L)!2G!@'-?&'5!R,G)L<-2,HS!

B):&<2.2=5!W%&.<-?2')*!87X!##!WJX!W1;,)XY!^U$VZ^UO$H!

72-Y^IH^I`#af3):H"II^H"U#$^H!

%),=9L3*!%)'<'&?*!%-&,L&!C)-=).*!8&'-&,,)!F;3.*!1g'=!P-??*!8&'<-,!\;,<c*!

B;()'<!0!%.;?*!B&,9:)<)'!@-'L3)'*!&,7!F2()'<!P3-??)H!"I^IH!KN2)M:')99-2,!2G!

@+_^*!"%U*!N+^JI!&,7!\/FD^!2,!0M3&;9<)7!BNQ_C:)L-G-L!N+Oh!P!N)..9!R9!/-,])7!

<2!A,<-=),!F)L2=,-<-2,!&,7!P!N)..!+-GG)'),<-&<-2,HS!@/2C!:&<32=),9!JWJXY!

)^IIIVU$H!

%-..)'()L]*!06&*!i;_B2-!\&,=*!/;L5!4&.])'*!B).),!/2L]9<2,)*!C<)G&,-)!

D'&G?;)..)'*!Q-L]-!E.)?-,=*!12,&<3&,!E.-,<*!N3'-9!%!4-..()'=*!%)'<'&?!%),=9L3*!

%-&,L&!C)-=).*!T&'&5&,!F&?&?;'<35*!T-L2.)!>-<c?&,,*!0.)&,2'!1!%&',)9*!

12,&'<3&,!P3)6&,&5&=&?*!A,-93&!%3&=[&,&,-*!A.&97&-'!/)9.-)*!i)!B!j2*!C-?2,!

\2..,()'=)'*!@&;.!%2[,)99*!j.-6)'!+'2=,-<c*!+&6-7!B!A7&?9*!B;()'<!0!%.;?*!

F2()'<!P3-??)*!&,7!@&;.!\.),)'?&,H!"I^IH!KA,&.59-9!2G!N+^J^!0M:')99-2,!2,!

B;?&,!N+Oh!P!N)..9!+)G-,)9!&!+-9<-,L<!E;,L<-2,&.!C;(9)<![-<3!P-99;)_B2?-,=!

@'2:)'<-)9HS!@'2L))7-,=9!2G!<3)!T&<-2,&.!AL&7)?5!2G!CL-),L)9!^I$W$XY!#IIJZ^^H!

72-Y^IH^I$#a:,&9HIV^UO#V^I$!

%2.-<32*!@*!R!Q29.:(2-,-]*!1!P'&:&,-*!&,7!8!C?5<3H!"II$H!KA:2:<29-9!R,7;L)7!(5!

<3)!/5?:32L5<)!0GG)L<2'!82.)L;.)!@)'G2'-,HS!N;''),<!j:-,-2,!-,!R??;,2.2=5!^V!

W#X!W1;,)XY!##VZ#U$H!72-Y^IH^I^JafHL2-H"II$HIUHII$H!



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

!

! "#$!

%&'()*!+,-./!0*!,)/!123.45&62(3!7!8,9:(3;!"<<=;!>?/,65.-(!@AAB)(!C(46&)4(4!

.)!?DB5(!,)/!123&).D!E(6,5.5.4!1!F.3B4!@)G(D5.&);H!I,5B3(!J#K!LM<=#N!L?BOB45!
P$NQ!RJKSR=";!/&.QP<;P<#$T),5B3(<J<MR;!

%3&&:4*!+,-./!0*!?)/3('!7!U((*!E(./.!V94,(44(3*!+&3.,)!%!7D0,-(3)*!,)/!
7.D2,(9!%!?!W9/45&)(;!"<<$;!>@UXP<!%9&D:,/(!Y,D.9.5,5(4!+I?!F,DD.)(X@)/BD(/!Z!

1(99!C(46&)4(4!,)/!V)2,)D(4!19(,3,)D(!&G![(34.45()5!F.3B4!@)G(D5.&);H!Z2(!
\&B3),9!&G!(]6(3.A()5,9!A(/.D.)(!"<=L#NQ!=##SJP;!

%BD2^.)/(3*!_B4,)![*!+(-,)!F!7(23&53,*!?))!+B(33*!+,).(9!8!Y.5`O(3,9/*!C&^.)!
7&OO*!+,-./!U.*![(5(3!%!0.9^(35*!(5!,9;!"<<$;!>VGG.D,Da!?44(44A()5!&G!,!1(99X

7(/.,5(/!@AAB).5a!E@FXP!F,DD.)(!L52(!_5(6!_5B/aNQ!,!+&B^9(X%9.)/*!

C,)/&A.4(/*![9,D(^&X1&)53&99(/*!Z(45X&GX1&)D(65!Z3.,9;H!U,)D(5!#M"!LRK=#N!
LI&-(A^(3!"RNQ!P$$PSP$R#;!/&.QP<;P<PKT_<PJ<XKM#KL<$NKP=RPX#;!

%B3:(*!b(99a![*!,)/!?)/3(,!U!1&];!"<P<;!>E(6,5.5.4!1!F.3B4!V-,4.&)!&G!?/,65.-(!

@AAB)(!C(46&)4(4Q!,!7&/(9!G&3!F.3,9![(34.45()D(;H!@AAB)&9&O.D!C(4(,3D2!JM!LPX

#N!L\B9a!PNQ!"PKS""M;!/&.QP<;P<<MT4P"<"KX<<RX$P="X#;!

1,6&)(*!_5(G,).,*!?)),9.4,!7(&9,*!%3B)&!%3B).!V3D&9(*!?9(44,)/3,!F.5(99.*!7&).D,!

[(``,)(3,*!U.&)(99&!CBOO(3.*!7,3aXV99()!+,-.(4*!(5!,9;!"<<K;!>?!I&-(9!?/()&-.3B4!
Za6(!K!L?/KNX%,4(/!E(6,5.5.4!1!F.3B4!F(D5&3!Z2,5!W-(3D&A(4![3((].45.)O!?)5.X

?/=!@AAB).5a!,)/!@)/BD(4![&5()5!,)/!%3&,/!1(99B9,3!@AAB)(!C(46&)4(4!.)!
C2(4B4!7,D,cB(4;H!\&B3),9!&G!F.3&9&Oa!$<!LJN!LY(^3B,3aNQ!PK$$SPKRR;!

/&.QP<;PP"$T\F@;$<;J;PK$$XPKRR;"<<K;!

1,6&)(*!_5(G,).,*!@AA,D&9,5,!d,A6,O9.&)(*!?9(44,)/3,!F.5(99.*!7&).D,![(``,)(3,*!

U.4,!b.(345(,/*!\,).)(!%B3)4*!U.&)(99&!CBOO(3.*!(5!,9;!"<<K;!>7&/B9,5.&)!&G!52(!

@AAB)(!C(46&)4(!@)/BD(/!^a!0()(!V9(D53&53,)4G(3!&G!,!E(6,5.5.4!1!F.3B4!+I?!
F,DD.)(!.)!I&)2BA,)![3.A,5(4;H!\&B3),9!&G!@AAB)&9&Oa!L%,95.A&3(*!7/!Q!PR=<N!

PMM!LP<N!LI&-(A^(3!P=NQ!MJK"SMJMP;!

12&&*!e!U*!0!bB&*!C!C,945&)*!?!8(.)(3*!+!12.()*!0!F,)!I(45*!\!E,)*!b!%(3O(3*!b!

Z2B/.BA*!,)/!1!bB&;!PRRJ;!>F,DD.),5.&)!&G!12.A6,)`((4!?O,.)45!@)G(D5.&)!^a!52(!
E(6,5.5.4!1!F.3B4;H![3&D((/.)O4!&G!52(!I,5.&),9!?D,/(Aa!&G!_D.()D(4!&G!52(!f).5(/!

_5,5(4!&G!?A(3.D,!RP!LJN!LY(^3B,3a!P=NQ!P"RJSP"R$;!

19,a5&)*!C(O.),9/!Y*!?)O(9,!C.),9/.*!V-(!V!b,)/a^,*!7.:(!V/',3/*!123.45.,)!

8.99^(3O*![,B9!b9()(3A,)*!,)/!?3-.)/!E![,5(9;!"<<=;!>U.-(3!1(99!U.)(4!G&3!52(!
_5B/a!&G!E(6,5&Da5(!YB)D5.&)4!,)/!@AAB)&9&O.D,9!C(46&)4(;H!U.-(3!

@)5(3),5.&),9!Q!WGG.D.,9!\&B3),9!&G!52(!@)5(3),5.&),9!?44&D.,5.&)!G&3!52(!_5B/a!&G!

52(!U.-(3!"=!L"N!L?63.9NQ!#$RSJ<";!/&.QP<;PPPPTg;PJM$X#"#P;"<<=;<P<PM;];!

1&DD.,*!V9.,),!7*!7,35.),!_(-(3,*!V9(),!0.,D&A.).*!+,).h9(!7&))(3&)*!7,3.,!

V9(),!C(A&9.*!@9::,!\B9:B)()*!7,3.),!1(99,*!C&^(35&!U,)/(*!,)/!0.99(4!f`i;!"<<J;!
>F.3,9!@)G(D5.&)!,)/!Z&99XU.:(!C(D(65&3!?O&).454!@)/BD(!,!+.GG(3()5.,9!V]63(44.&)!

&G!Za6(!@!,)/!U,A^/,!@)5(3G(3&)4!.)!EBA,)![9,4A,Da5&./!,)/!7&)&Da5(X+(3.-(/!
+()/3.5.D!1(994;H!VB3&6(,)!\&B3),9!&G!@AAB)&9&Oa!#J!L#N!L7,3D2NQ!MRKS$<=;!

/&.QP<;P<<"T(g.;"<<#"JKP<;!
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!

! "#$!

%&'()*+*,-!./)+*0'*-!%1'2,*!3&244*5-!/06!7*/0!8)9)244&0:!";;<:!=>*?/52524!%!32+)4!
@05+AB!C&5*052/,!D*'*?5&+4!/06!EF*2+!G2&,&H2'/,!I)0'52&04:J!EF*!7&)+0/,!&K!
L*0*+/,!32+&,&HA!MN!OC5!PQ!OR/AQB!S;NPTS;MU:!6&2BS;:S;$$VW2+:;:MS<U<X;:!

%&,*-!8/W26!Y-!Y/5F,**0!L/,,/HF*+-!G+2H255*!.*Z*+'2*+-!%F+245&?F*+!7!>&,,/06-!
[/A*6!7)0/26-!7/Z*4!C!>206,*A-!Y/5F*+20*!Y!\A00-!*5!/,:!";S":!=R&62K2'/52&0!&K!
5F*!%/+9&]AXE*+Z20/,!I,/0^20H!D*H2&0!&K!/!_02W*+4/,!`0K,)*0a/!@?25&?*!b,5*+4!
%8Uc!EX%*,,!D*?*+5&2+*![*,*'52&0:J!!"#$%&'()**$+,-"#,)+.!#B!<<P:!
6&2BS;:S;#MV0'&ZZ4S<<P:!
!
%&,,&'/-![-!@!G/+0*4-!b!I&,H&+2-!3!bZZ*06&,/-![!%/?&0*-!b!%2+2,,&-!.![2/02-!*5!/,:!
";S":!=3/''20*!3*'5&+4!8*+2W*6!I+&Z!/!./+H*!%&,,*'52&0!&K![2Z2/0!b6*0&W2+)4*4!
`06)'*!C&5*05!%*,,),/+!`ZZ)025A!b'+&44!R),52?,*![?*'2*4:J!['2*0'*!E+/04,/52&0/,!
R*62'20*!U!OSSPQ!O7/0)/+A!UQB!SSP+/"TSSP+/":!
6&2BS;:SS"<V4'25+/04,Z*6:#;;"$"P:!
%&&?*+-![-!b!.!@+2'^4&0-!@!7!b6/Z4-!7!Y/04&?&0-!b!7!\*20*+-!8!d!%F2*0-!R!
>&)HF5&0-!C!C/+F/Z-!/06!%!R!\/,^*+:!S$$$:!=b0/,A424!&K!/![)''*44K),!`ZZ)0*!
D*4?&04*!bH/2045!>*?/52524!%!32+)4:J!`ZZ)025A!S;!OUQ!Ob?+2,QB!U#$TUU$:!

%&]-!b06+*/!.-!E2Z&5FA!R&49+)H*+-!L*&+H!R!./)*+-!8+*e!C/+6&,,-!8/W26!.!
EF&Z/4-!/06![5)/+5!%!D/A:!";;P:!=%&Z?+*F*042W*!b0/,A4*4!&K!%8Mf!E!%*,,!
D*4?&04*4!8)+20H!.&0H25)620/,![5)6A!&K!b')5*!>)Z/0!>*?/52524!%:J!/&0"#)1)23'
45"1#,*)%&6'789!U"!OSQ!O7),A!SQB!S;UTSS":!6&2BS;:S;;"VF*?:";NU$:!
!
%+A45/,-!D!L-!g!L!R'@,W/0*A-!R!b!D&4*0K*,6-!%![!%F)-!b!R/45+/0H*,2-!7!L!>/A-![!.!
G+&6A-!>!b!7/KK*-!g!E!@244/-!/06!%!8/0*,:!S$$U:!=b6Z20245+/52&0!&K!/0!b6*0&W2+)4!
%&05/2020H!5F*!>)Z/0!%IED!'8gb!5&!5F*!D*4?2+/5&+A!E+/'5!&K!`062W26)/,4!e25F!
%A452'!I29+&424:J!!"#$%&':&+&#,-.!M!OSQ!O[*?5*Z9*+QB!U"TPS:!6&2BS;:S;#MV0H;$$UX
U":!
!
8/A-!%F*+A,!.-!L*&+H!R!./)*+-!L+*H&+A!Y!D&99204-!G/+9/+/!R'L&W*+0-!b,A44*!L!
\)+'*,-!D/h*4F!E!L/06F2-!D/AZ&06!E!%F)0H-!/06!G+)'*!8!\/,^*+:!";;":!=G+&/6!
[?*'2K2'25A!&K!32+)4X[?*'2K2'!%8Uf!EX>*,?*+X%*,,!D*4?&04*4!20!D*4&,W*6!>*?/52524!
%!32+)4!`0K*'52&0:J!7&)+0/,!&K!W2+&,&HA!N<O"UQB!S"PMUT$P:!
8/a*+5-!@W/-!%F+245&?F!g*)Z/00X>/*K*,20-![51?F/0*!G+*44/0*,,2-!Y/+*0!
I25aZ/)+2'*-!7),2/!Y&+5-!7i+H!E2ZZ-![)4/0!R'Y2*+0/0-!*5!/,:!";;$:!=.&44!&K!32+/,!
I250*44!/06!%+&44XD*'&H0252&0!9A!%8Mf!E!%*,,4!.2Z25!>%3!@4'/?*!I+&Z!/!
C+&5*'52W*!>.bXG"NTD*45+2'5*6!>)Z/0!`ZZ)0*!D*4?&04*:J!EF*!7&)+0/,!&K!
%,202'/,!`0W*452H/52&0!O7/0)/+A!S"Q:!6&2BS;:SSN"V7%`#<PMN8[S:!
8&e6-!Y2Z9*+,A!b-!8/,*!R!g*54^2-!j2/&X>&0H!\/0H-!b06+*/!.!%&]-!/06![5)/+5!%!
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/4&'3!e=&()!:8b!a'=95!KDD,(&='B&.(!:93&M9495!N0!&(!A&M.!_39;B4.J.4'B&.(!&(!
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<!A&4'3!<39'4'(;9*!V4&)&('B&()!f4.D!'!1&()39!1.,4;9EQ!>9J'B.3.)0!Ta'3B&D.49*!C5U!
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<-9[!C-*2&(1809-;&*+!-(5!,_*;!`180344G!"HHTG!J/-*5)[!L1!-(!O5-423*!F*32&)(!)(!20&!
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%)DD&91&(+!%-*)-((&+!F&2&*!,30-((&1!:3912+!,&(1!C'D0+!O99-(!<-(5*'4!`03B1&(+!
-(5!,-(!F*-M1;--*5!/0*)12&(1&(G!"HIIG!JA(0-(8&5!-(5!>'12-)(&5!/^$b!`!/&99!
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E.'(0!,'B&35!O!E.'(0!M6B&35!C2/((&0!)*=!M6B&35!C2/((&P!"QQRP!SN6(/*)*5!
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%&'()*&+!,+&*!)-!'../+!0.1!234567829'.(!:++:;+!
Peptides     
for: 

NS3-
5b_1b 

    Peptide   
length: 15 

    Peptide  
overlap: 11 

  
Pool F 

 Pep No 1 APITAYSQQTRGLLG     1  to    15 Minipool Fa 
Pep No 2 AYSQQTRGLLGCIIT     5  to    19 Minipool Fa 
Pep No 3 QTRGLLGCIITSLTG     9  to    23 Minipool Fa 
Pep No 4 LLGCIITSLTGRDKN    13  to    27 Minipool Fa 
Pep No 5 IITSLTGRDKNQVEG    17  to    31 Minipool Fa 
Pep No 6 LTGRDKNQVEGEVQV    21  to    35 Minipool Fa 
Pep No 7 DKNQVEGEVQVVSTA    25  to    39 Minipool Fa 
Pep No 8 VEGEVQVVSTATQSF    29  to    43 Minipool Fa 
Pep No 9 VQVVSTATQSFLATC    33  to    47 Minipool Fa 
Pep No 10 STATQSFLATCVNGV    37  to    51 Minipool Fa 
Pep No 11 QSFLATCVNGVCWTV    41  to    55 Minipool Fb 
Pep No 12 ATCVNGVCWTVYHGA    45  to    59 Minipool Fb 
Pep No 13 NGVCWTVYHGAGSKT    49  to    63 Minipool Fb 
Pep No 14 WTVYHGAGSKTLAGP    53  to    67 Minipool Fb 
Pep No 15 HGAGSKTLAGPKGPI    57  to    71 Minipool Fb 
Pep No 16 SKTLAGPKGPITQMY    61  to    75 Minipool Fb 
Pep No 17 AGPKGPITQMYTNVD    65  to    79 Minipool Fb 
Pep No 18 GPITQMYTNVDQDLV    69  to    83 Minipool Fb 
Pep No 19 QMYTNVDQDLVGWQA    73  to    87 Minipool Fb 
Pep No 20 NVDQDLVGWQAPPGA    77  to    91 Minipool Fb 
Pep No 21 DLVGWQAPPGARSLT    81  to    95 Minipool Fc 
Pep No 22 WQAPPGARSLTPCTC    85  to    99 Minipool Fc 
Pep No 23 PGARSLTPCTCGSSD    89  to   103 Minipool Fc 
Pep No 24 SLTPCTCGSSDLYLV    93  to   107 Minipool Fc 
Pep No 25 CTCGSSDLYLVTRHA    97  to   111 Minipool Fc 
Pep No 26 SSDLYLVTRHADVIP   101  to   115 Minipool Fc 
Pep No 27 YLVTRHADVIPVRRR   105  to   119 Minipool Fc 
Pep No 28 RHADVIPVRRRGDSR   109  to   123 Minipool Fc 
Pep No 29 VIPVRRRGDSRGSLL   113  to   127 Minipool Fc 
Pep No 30 RRRGDSRGSLLSPRP   117  to   131 Minipool Fc 
Pep No 31 DSRGSLLSPRPVSYL   121  to   135 Minipool Fd 
Pep No 32 SLLSPRPVSYLKGSS   125  to   139 Minipool Fd 
Pep No 33 PRPVSYLKGSSGGPL   129  to   143 Minipool Fd 
Pep No 34 SYLKGSSGGPLLCPS   133  to   147 Minipool Fd 
Pep No 35 GSSGGPLLCPSGHAV   137  to   151 Minipool Fd 
Pep No 36 GPLLCPSGHAVGIFR   141  to   155 Minipool Fd 
Pep No 37 CPSGHAVGIFRAAVC   145  to   159 Minipool Fd 
Pep No 38 HAVGIFRAAVCTRGV   149  to   163 Minipool Fd 
Pep No 39 IFRAAVCTRGVAKAV   153  to   167 Minipool Fd 
Pep No 40 AVCTRGVAKAVDFVP   157  to   171 Minipool Fd 
Pep No 41 RGVAKAVDFVPVESM   161  to   175 Minipool Fe 
Pep No 42 KAVDFVPVESMETTM   165  to   179 Minipool Fe 
Pep No 43 FVPVESMETTMRSPV   169  to   183 Minipool Fe 
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Pep No 44 ESMETTMRSPVFTDN   173  to   187 Minipool Fe 
Pep No 45 TTMRSPVFTDNSSPP   177  to   191 Minipool Fe 
Pep No 46 SPVFTDNSSPPAVPQ   181  to   195 Minipool Fe 
Pep No 47 TDNSSPPAVPQSFQV   185  to   199 Minipool Fe 
Pep No 48 SPPAVPQSFQVAHLH   189  to   203 Minipool Fe 
Pep No 49 VPQSFQVAHLHAPTG   193  to   207 Minipool Fe 
Pep No 50 FQVAHLHAPTGSGKS   197  to   211 Minipool Fe 
Pep No 51 HLHAPTGSGKSTKVP   201  to   215 Minipool Ff 
Pep No 52 PTGSGKSTKVPAAYA   205  to   219 Minipool Ff 
Pep No 53 GKSTKVPAAYAAQGY   209  to   223 Minipool Ff 
Pep No 54 KVPAAYAAQGYKVLV   213  to   227 Minipool Ff 
Pep No 55 AYAAQGYKVLVLNPS   217  to   231 Minipool Ff 
Pep No 56 QGYKVLVLNPSVAAT   221  to   235 Minipool Ff 
Pep No 57 VLVLNPSVAATLGFG   225  to   239 Minipool Ff 
Pep No 58 NPSVAATLGFGAYMS   229  to   243 Minipool Ff 
Pep No 59 AATLGFGAYMSKAHG   233  to   247 Minipool Ff 
Pep No 60 GFGAYMSKAHGIDPN   237  to   251 Minipool Ff 
Pep No 61 YMSKAHGIDPNIRTG   241  to   255 Minipool Fg 
Pep No 62 AHGIDPNIRTGVRTI   245  to   259 Minipool Fg 
Pep No 63 DPNIRTGVRTITTGA   249  to   263 Minipool Fg 
Pep No 64 RTGVRTITTGAPVTY   253  to   267 Minipool Fg 
Pep No 65 RTITTGAPVTYSTYG   257  to   271 Minipool Fg 
Pep No 66 TGAPVTYSTYGKFLA   261  to   275 Minipool Fg 
Pep No 67 VTYSTYGKFLADGGC   265  to   279 Minipool Fg 
Pep No 68 TYGKFLADGGCSGGA   269  to   283 Minipool Fg 
Pep No 69 FLADGGCSGGAYDII   273  to   287 Minipool Fg 
Pep No 70 GGCSGGAYDIIICDE   277  to   291 Minipool Fg 
Pep No 71 GGAYDIIICDECHST   281  to   295 Minipool Fh 
Pep No 72 DIIICDECHSTDSTT   285  to   299 Minipool Fh 
Pep No 73 CDECHSTDSTTILGI   289  to   303 Minipool Fh 
Pep No 74 HSTDSTTILGIGTVL   293  to   307 Minipool Fh 
Pep No 75 STTILGIGTVLDQAE   297  to   311 Minipool Fh 
Pep No 76 LGIGTVLDQAETAGA   301  to   315 Minipool Fh 
Pep No 77 TVLDQAETAGARLVV   305  to   319 Minipool Fh 

Pep No 78 QAETAGARLVVLATA   309  to   323 
Minipool 
Fh in blue: end of  pool F 

Pep No 79 AGARLVVLATATPPG   313  to   327 
Minipool 
Ga Pool G 

Pep No 80 LVVLATATPPGSVTV   317  to   331 Minipool Ga 
Pep No 81 ATATPPGSVTVPHPN   321  to   335 Minipool Ga 
Pep No 82 PPGSVTVPHPNIEEV   325  to   339 Minipool Ga 
Pep No 83 VTVPHPNIEEVALSN   329  to   343 Minipool Ga 
Pep No 84 HPNIEEVALSNTGEI   333  to   347 Minipool Ga 
Pep No 85 EEVALSNTGEIPFYG   337  to   351 Minipool Ga 
Pep No 86 LSNTGEIPFYGKAIP   341  to   355 Minipool Ga 
Pep No 87 GEIPFYGKAIPIEAI   345  to   359 Minipool Ga 
Pep No 88 FYGKAIPIEAIRGGR   349  to   363 Minipool Ga 
Pep No 89 AIPIEAIRGGRHLIF   353  to   367 Minipool Gb 
Pep No 90 EAIRGGRHLIFCHSK   357  to   371 Minipool Gb 
Pep No 91 GGRHLIFCHSKKKCD   361  to   375 Minipool Gb 
Pep No 92 LIFCHSKKKCDELAA   365  to   379 Minipool Gb 
Pep No 93 HSKKKCDELAAKLSG   369  to   383 Minipool Gb 
Pep No 94 KCDELAAKLSGLGIN   373  to   387 Minipool Gb 
Pep No 95 LAAKLSGLGINAVAY   377  to   391 Minipool Gb 
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Pep No 96 LSGLGINAVAYYRGL   381  to   395 Minipool Gb 
Pep No 97 GINAVAYYRGLDVSV   385  to   399 Minipool Gb 
Pep No 98 VAYYRGLDVSVIPTI   389  to   403 Minipool Gb 
Pep No 99 RGLDVSVIPTIGDVV   393  to   407 Minipool Gc 
Pep No 100 VSVIPTIGDVVVVAT   397  to   411 Minipool Gc 
Pep No 101 PTIGDVVVVATDALM   401  to   415 Minipool Gc 
Pep No 102 DVVVVATDALMTGYT   405  to   419 Minipool Gc 
Pep No 103 VATDALMTGYTGDFD   409  to   423 Minipool Gc 
Pep No 104 ALMTGYTGDFDSVID   413  to   427 Minipool Gc 
Pep No 105 GYTGDFDSVIDCNTC   417  to   431 Minipool Gc 
Pep No 106 DFDSVIDCNTCVTQT   421  to   435 Minipool Gc 
Pep No 107 VIDCNTCVTQTVDFS   425  to   439 Minipool Gc 
Pep No 108 NTCVTQTVDFSLDPT   429  to   443 Minipool Gc 
Pep No 109 TQTVDFSLDPTFTIE   433  to   447 Minipool Gd 
Pep No 110 DFSLDPTFTIETTTV   437  to   451 Minipool Gd 
Pep No 111 DPTFTIETTTVPQDA   441  to   455 Minipool Gd 
Pep No 112 TIETTTVPQDAVSRS   445  to   459 Minipool Gd 
Pep No 113 TTVPQDAVSRSQRRG   449  to   463 Minipool Gd 
Pep No 114 QDAVSRSQRRGRTGR   453  to   467 Minipool Gd 
Pep No 115 SRSQRRGRTGRGRRG   457  to   471 Minipool Gd 
Pep No 116 RRGRTGRGRRGIYRF   461  to   475 Minipool Gd 
Pep No 117 TGRGRRGIYRFVTPG   465  to   479 Minipool Gd 
Pep No 118 RRGIYRFVTPGERPS   469  to   483 Minipool Gd 
Pep No 119 YRFVTPGERPSGMFD   473  to   487 Minipool Ge 
Pep No 120 TPGERPSGMFDSSVL   477  to   491 Minipool Ge 
Pep No 121 RPSGMFDSSVLCECY   481  to   495 Minipool Ge 
Pep No 122 MFDSSVLCECYDAGC   485  to   499 Minipool Ge 
Pep No 123 SVLCECYDAGCAWYE   489  to   503 Minipool Ge 
Pep No 124 ECYDAGCAWYELTPA   493  to   507 Minipool Ge 
Pep No 125 AGCAWYELTPAETSV   497  to   511 Minipool Ge 
Pep No 126 WYELTPAETSVRLRA   501  to   515 Minipool Ge 
Pep No 127 TPAETSVRLRAYLNT   505  to   519 Minipool Ge 
Pep No 128 TSVRLRAYLNTPGLP   509  to   523 Minipool Ge 
Pep No 129 LRAYLNTPGLPVCQD   513  to   527 Minipool Gf 
Pep No 130 LNTPGLPVCQDHLEF   517  to   531 Minipool Gf 
Pep No 131 GLPVCQDHLEFWESV   521  to   535 Minipool Gf 
Pep No 132 CQDHLEFWESVFTGL   525  to   539 Minipool Gf 
Pep No 133 LEFWESVFTGLTHID   529  to   543 Minipool Gf 
Pep No 134 ESVFTGLTHIDAHFL   533  to   547 Minipool Gf 
Pep No 135 TGLTHIDAHFLSQTK   537  to   551 Minipool Gf 
Pep No 136 HIDAHFLSQTKQAGD   541  to   555 Minipool Gf 
Pep No 137 HFLSQTKQAGDNFPY   545  to   559 Minipool Gf 
Pep No 138 QTKQAGDNFPYLVAY   549  to   563 Minipool Gf 
Pep No 139 AGDNFPYLVAYQATV   553  to   567 Minipool Gg 
Pep No 140 FPYLVAYQATVCARA   557  to   571 Minipool Gg 
Pep No 141 VAYQATVCARAQAPP   561  to   575 Minipool Gg 
Pep No 142 ATVCARAQAPPPSWD   565  to   579 Minipool Gg 
Pep No 143 ARAQAPPPSWDQMWK   569  to   583 Minipool Gg 
Pep No 144 APPPSWDQMWKCLIR   573  to   587 Minipool Gg 
Pep No 145 SWDQMWKCLIRLKPT   577  to   591 Minipool Gg 
Pep No 146 MWKCLIRLKPTLHGP   581  to   595 Minipool Gg 
Pep No 147 LIRLKPTLHGPTPLL   585  to   599 Minipool Gg 
Pep No 148 KPTLHGPTPLLYRLG   589  to   603 Minipool Gg 
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Pep No 149 HGPTPLLYRLGAVQN   593  to   607 Minipool Gh 
Pep No 150 PLLYRLGAVQNEVTL   597  to   611 Minipool Gh 
Pep No 151 RLGAVQNEVTLTHPI   601  to   615 Minipool Gh 
Pep No 152 VQNEVTLTHPITKYI   605  to   619 Minipool Gh 
Pep No 153 VTLTHPITKYIMACM   609  to   623 Minipool Gh 
Pep No 154 HPITKYIMACMSADL   613  to   627 Minipool Gh 

Pep No 155 KYIMACMSADLEVVT   617  to   631 
Minipool 
Gh in red: end of NS3 

Pep No 156 ACMSADLEVVTSTWV   621  to   635 
Minipool 
Gh in blue: end of pool G 

Pep No 157 ADLEVVTSTWVLVGG   625  to   639 
Minipool 
Ha Pool H 

Pep No 158 VVTSTWVLVGGVLAA   629  to   643 Minipool Ha 
Pep No 159 TWVLVGGVLAALAAY   633  to   647 Minipool Ha 
Pep No 160 VGGVLAALAAYCLTT   637  to   651 Minipool Ha 
Pep No 161 LAALAAYCLTTGSVV   641  to   655 Minipool Ha 
Pep No 162 AAYCLTTGSVVIVGR   645  to   659 Minipool Ha 
Pep No 163 LTTGSVVIVGRIILS   649  to   663 Minipool Ha 
Pep No 164 SVVIVGRIILSGRPA   653  to   667 Minipool Ha 
Pep No 165 VGRIILSGRPAIVPD   657  to   671 Minipool Ha 
Pep No 166 ILSGRPAIVPDREFL   661  to   675 Minipool Ha 
Pep No 167 RPAIVPDREFLYQEF   665  to   679 Minipool Hb 
Pep No 168 VPDREFLYQEFDEME   669  to   683 Minipool Hb 
Pep No 169 EFLYQEFDEMEECAS   673  to   687 Minipool Hb 
Pep No 170 QEFDEMEECASHLPY   677  to   691 Minipool Hb 
Pep No 171 EMEECASHLPYIEQG   681  to   695 Minipool Hb 
Pep No 172 CASHLPYIEQGMQLA   685  to   699 Minipool Hb 
Pep No 173 LPYIEQGMQLAEQFK   689  to   703 Minipool Hb 
Pep No 174 EQGMQLAEQFKQKAL   693  to   707 Minipool Hb 
Pep No 175 QLAEQFKQKALGLLQ   697  to   711 Minipool Hb 
Pep No 176 QFKQKALGLLQTATK   701  to   715 Minipool Hb 
Pep No 177 KALGLLQTATKQAEA   705  to   719 Minipool Hc 
Pep No 178 LLQTATKQAEAAAPV   709  to   723 Minipool Hc 
Pep No 179 ATKQAEAAAPVVESK   713  to   727 Minipool Hc 
Pep No 180 AEAAAPVVESKWRAL   717  to   731 Minipool Hc 
Pep No 181 APVVESKWRALETFW   721  to   735 Minipool Hc 
Pep No 182 ESKWRALETFWAKHM   725  to   739 Minipool Hc 
Pep No 183 RALETFWAKHMWNFI   729  to   743 Minipool Hc 
Pep No 184 TFWAKHMWNFISGIQ   733  to   747 Minipool Hc 
Pep No 185 KHMWNFISGIQYLAG   737  to   751 Minipool Hc 
Pep No 186 NFISGIQYLAGLSTL   741  to   755 Minipool Hc 
Pep No 187 GIQYLAGLSTLPGNP   745  to   759 Minipool Hd 
Pep No 188 LAGLSTLPGNPAIAS   749  to   763 Minipool Hd 
Pep No 189 STLPGNPAIASLMAF   753  to   767 Minipool Hd 
Pep No 190 GNPAIASLMAFTASI   757  to   771 Minipool Hd 
Pep No 191 IASLMAFTASITSPL   761  to   775 Minipool Hd 
Pep No 192 MAFTASITSPLTTQS   765  to   779 Minipool Hd 
Pep No 193 ASITSPLTTQSTLLF   769  to   783 Minipool Hd 
Pep No 194 SPLTTQSTLLFNILG   773  to   787 Minipool Hd 
Pep No 195 TQSTLLFNILGGWVA   777  to   791 Minipool Hd 
Pep No 196 LLFNILGGWVAAQLA   781  to   795 Minipool Hd 
Pep No 197 ILGGWVAAQLAPPSA   785  to   799 Minipool He 
Pep No 198 WVAAQLAPPSAASAF   789  to   803 Minipool He 
Pep No 199 QLAPPSAASAFVGAG   793  to   807 Minipool He 
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Pep No 200 PSAASAFVGAGIAGA   797  to   811 Minipool He 
Pep No 201 SAFVGAGIAGAAVGS   801  to   815 Minipool He 
Pep No 202 GAGIAGAAVGSIGLG   805  to   819 Minipool He 
Pep No 203 AGAAVGSIGLGKVLV   809  to   823 Minipool He 
Pep No 204 VGSIGLGKVLVDILA   813  to   827 Minipool He 
Pep No 205 GLGKVLVDILAGYGA   817  to   831 Minipool He 
Pep No 206 VLVDILAGYGAGVAG   821  to   835 Minipool He 
Pep No 207 ILAGYGAGVAGALVA   825  to   839 Minipool Hf 
Pep No 208 YGAGVAGALVAFKVM   829  to   843 Minipool Hf 
Pep No 209 VAGALVAFKVMSGEM   833  to   847 Minipool Hf 
Pep No 210 LVAFKVMSGEMPSTE   837  to   851 Minipool Hf 
Pep No 211 KVMSGEMPSTEDLVN   841  to   855 Minipool Hf 
Pep No 212 GEMPSTEDLVNLLPA   845  to   859 Minipool Hf 
Pep No 213 STEDLVNLLPAILSP   849  to   863 Minipool Hf 
Pep No 214 LVNLLPAILSPGALV   853  to   867 Minipool Hf 
Pep No 215 LPAILSPGALVVGVV   857  to   871 Minipool Hf 
Pep No 216 LSPGALVVGVVCAAI   861  to   875 Minipool Hf 
Pep No 217 ALVVGVVCAAILRRH   865  to   879 Minipool Hg 
Pep No 218 GVVCAAILRRHVGPG   869  to   883 Minipool Hg 
Pep No 219 AAILRRHVGPGEGAV   873  to   887 Minipool Hg 
Pep No 220 RRHVGPGEGAVQWMN   877  to   891 Minipool Hg 
Pep No 221 GPGEGAVQWMNRLIA   881  to   895 Minipool Hg 
Pep No 222 GAVQWMNRLIAFASR   885  to   899 Minipool Hg 
Pep No 223 WMNRLIAFASRGNHV   889  to   903 Minipool Hg 
Pep No 224 LIAFASRGNHVSPTH   893  to   907 Minipool Hg 
Pep No 225 ASRGNHVSPTHYVPE   897  to   911 Minipool Hg 
Pep No 226 NHVSPTHYVPESDAA   901  to   915 Minipool Hg 
Pep No 227 PTHYVPESDAAARVT   905  to   919 Minipool Hh 
Pep No 228 VPESDAAARVTQILS   909  to   923 Minipool Hh 
Pep No 229 DAAARVTQILSSLTI   913  to   927 Minipool Hh 
Pep No 230 RVTQILSSLTITQLL   917  to   931 Minipool Hh 
Pep No 231 ILSSLTITQLLKRLH   921  to   935 Minipool Hh 
Pep No 232 LTITQLLKRLHQWIN   925  to   939 Minipool Hh 
Pep No 233 QLLKRLHQWINEDCS   929  to   943 Minipool Hh 
Pep No 234 RLHQWINEDCSTPCS   933  to   947 Minipool Hh 

Pep No 235 WINEDCSTPCSGSWL   937  to   951 
Minipool 
Hh in blue: end of  pool H 

Pep No 236 DCSTPCSGSWLRDVW   941  to   955 
Minipool 
Ia in red: end of NS4 

Pep No 237 PCSGSWLRDVWDWIC   945  to   959 Minipool Ia 
Pep No 238 SWLRDVWDWICTVLT   949  to   963 Minipool Ia 
Pep No 239 DVWDWICTVLTDFKT   953  to   967 Minipool Ia 
Pep No 240 WICTVLTDFKTWLQS   957  to   971 Minipool Ia 
Pep No 241 VLTDFKTWLQSKLLP   961  to   975 Minipool Ia 
Pep No 242 FKTWLQSKLLPQLPG   965  to   979 Minipool Ia 
Pep No 243 LQSKLLPQLPGVPFF   969  to   983 Minipool Ia 
Pep No 244 LLPQLPGVPFFSCQR   973  to   987 Minipool Ia 
Pep No 245 LPGVPFFSCQRGYKG   977  to   991 Minipool Ia 
Pep No 246 PFFSCQRGYKGVWRG   981  to   995 Minipool Ib 
Pep No 247 CQRGYKGVWRGDGIM   985  to   999 Minipool Ib 
Pep No 248 YKGVWRGDGIMQTTC   989  to  1003 Minipool Ib 
Pep No 249 WRGDGIMQTTCPCGA   993  to  1007 Minipool Ib 
Pep No 250 GIMQTTCPCGAQITG   997  to  1011 Minipool Ib 
Pep No 251 TTCPCGAQITGHVKN  1001  to  1015 Minipool Ib 
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Pep No 252 CGAQITGHVKNGSMR  1005  to  1019 Minipool Ib 
Pep No 253 ITGHVKNGSMRIVGP  1009  to  1023 Minipool Ib 
Pep No 254 VKNGSMRIVGPKTCS  1013  to  1027 Minipool Ib 
Pep No 255 SMRIVGPKTCSNTWH  1017  to  1031 Minipool Ib 
Pep No 256 VGPKTCSNTWHGTFP  1021  to  1035 Minipool Ic 
Pep No 257 TCSNTWHGTFPINAY  1025  to  1039 Minipool Ic 
Pep No 258 TWHGTFPINAYTTGP  1029  to  1043 Minipool Ic 
Pep No 259 TFPINAYTTGPCTPS  1033  to  1047 Minipool Ic 
Pep No 260 NAYTTGPCTPSPAPN  1037  to  1051 Minipool Ic 
Pep No 261 TGPCTPSPAPNYSRA  1041  to  1055 Minipool Ic 
Pep No 262 TPSPAPNYSRALWRV  1045  to  1059 Minipool Ic 
Pep No 263 APNYSRALWRVAAEE  1049  to  1063 Minipool Ic 
Pep No 264 SRALWRVAAEEYVEV  1053  to  1067 Minipool Ic 
Pep No 265 WRVAAEEYVEVTRVG  1057  to  1071 Minipool Ic 
Pep No 266 AEEYVEVTRVGDFHY  1061  to  1075 Minipool Id 
Pep No 267 VEVTRVGDFHYVTGM  1065  to  1079 Minipool Id 
Pep No 268 RVGDFHYVTGMTTDN  1069  to  1083 Minipool Id 
Pep No 269 FHYVTGMTTDNVKCP  1073  to  1087 Minipool Id 
Pep No 270 TGMTTDNVKCPCQVP  1077  to  1091 Minipool Id 
Pep No 271 TDNVKCPCQVPAPEF  1081  to  1095 Minipool Id 
Pep No 272 KCPCQVPAPEFFTEV  1085  to  1099 Minipool Id 
Pep No 273 QVPAPEFFTEVDGVR  1089  to  1103 Minipool Id 
Pep No 274 PEFFTEVDGVRLHRY  1093  to  1107 Minipool Id 
Pep No 275 TEVDGVRLHRYAPAC  1097  to  1111 Minipool Id 
Pep No 276 GVRLHRYAPACRPLL  1101  to  1115 Minipool Ie 
Pep No 277 HRYAPACRPLLREEV  1105  to  1119 Minipool Ie 
Pep No 278 PACRPLLREEVTFQV  1109  to  1123 Minipool Ie 
Pep No 279 PLLREEVTFQVGLNQ  1113  to  1127 Minipool Ie 
Pep No 280 EEVTFQVGLNQYLVG  1117  to  1131 Minipool Ie 
Pep No 281 FQVGLNQYLVGSQLP  1121  to  1135 Minipool Ie 
Pep No 282 LNQYLVGSQLPCEPE  1125  to  1139 Minipool Ie 
Pep No 283 LVGSQLPCEPEPDVA  1129  to  1143 Minipool Ie 
Pep No 284 QLPCEPEPDVAVLTS  1133  to  1147 Minipool Ie 
Pep No 285 EPEPDVAVLTSMLTD  1137  to  1151 Minipool Ie 

Pep No 286 DVAVLTSMLTDPSHI  1141  to  1155 
Minipool 
If 

 
Pep No 287 LTSMLTDPSHITAET  1145  to  1159 

Minipool 
If 

 
Pep No 288 LTDPSHITAETAKRR  1149  to  1163 

Minipool 
If 

 
Pep No 289 SHITAETAKRRLARG  1153  to  1167 

Minipool 
If 

 
Pep No 290 AETAKRRLARGSPPS  1157  to  1171 

Minipool 
If 

 
Pep No 291 KRRLARGSPPSLASS  1161  to  1175 

Minipool 
If 

 
Pep No 292 ARGSPPSLASSSASQ  1165  to  1179 

Minipool 
If 

 
Pep No 293 PPSLASSSASQLSAP  1169  to  1183 

Minipool 
If 

 
Pep No 294 ASSSASQLSAPSLKA  1173  to  1187 

Minipool 
If 

 
Pep No 295 ASQLSAPSLKATCTT  1177  to  1191 

Minipool 
If 

 Pep No 296 SAPSLKATCTTHHVS  1181  to  1195 Minipool Ig 
Pep No 297 LKATCTTHHVSPDAD  1185  to  1199 Minipool Ig 



!
!

! "#$!

Pep No 298 CTTHHVSPDADLIEA  1189  to  1203 Minipool Ig 
Pep No 299 HVSPDADLIEANLLW  1193  to  1207 Minipool Ig 
Pep No 300 DADLIEANLLWRQEM  1197  to  1211 Minipool Ig 
Pep No 301 IEANLLWRQEMGGNI  1201  to  1215 Minipool Ig 
Pep No 302 LLWRQEMGGNITRVE  1205  to  1219 Minipool Ig 
Pep No 303 QEMGGNITRVESENK  1209  to  1223 Minipool Ig 
Pep No 304 GNITRVESENKVVVL  1213  to  1227 Minipool Ig 
Pep No 305 RVESENKVVVLDSFD  1217  to  1231 Minipool Ig 
Pep No 306 ENKVVVLDSFDPLRA  1221  to  1235 Minipool Ih 
Pep No 307 VVLDSFDPLRAEEDE  1225  to  1239 Minipool Ih 
Pep No 308 SFDPLRAEEDEREVS  1229  to  1243 Minipool Ih 
Pep No 309 LRAEEDEREVSVPAE  1233  to  1247 Minipool Ih 
Pep No 310 EDEREVSVPAEILRK  1237  to  1251 Minipool Ih 
Pep No 311 EVSVPAEILRKSKKF  1241  to  1255 Minipool Ih 
Pep No 312 PAEILRKSKKFPAAM  1245  to  1259 Minipool Ih 
Pep No 313 LRKSKKFPAAMPIWA  1249  to  1263 Minipool Ih 
Pep No 314 KKFPAAMPIWARPDY  1253  to  1267 Minipool Ih 
Pep No 315 AAMPIWARPDYNPPL  1257  to  1271 Minipool Ih 
Pep No 316 IWARPDYNPPLLESW  1261  to  1275 Minipool Ii 

 Pep No 317 PDYNPPLLESWKDPD  1265  to  1279 Minipool Ii 
 Pep No 318 PPLLESWKDPDYVPP  1269  to  1283 Minipool Ii 
 Pep No 319 ESWKDPDYVPPVVHG  1273  to  1287 Minipool Ii 
 Pep No 320 DPDYVPPVVHGCPLP  1277  to  1291 Minipool Ii 
 Pep No 321 VPPVVHGCPLPPIKA  1281  to  1295 Minipool Ii 
 Pep No 322 VHGCPLPPIKAPPIP  1285  to  1299 Minipool Ii 
 Pep No 323 PLPPIKAPPIPPPRR  1289  to  1303 Minipool Ii 
 Pep No 324 IKAPPIPPPRRKRTV  1293  to  1307 Minipool Ii 
 Pep No 325 PIPPPRRKRTVVLTE  1297  to  1311 Minipool Ii 
 Pep No 326 PRRKRTVVLTESSVS  1301  to  1315 Minipool Ij 
 Pep No 327 RTVVLTESSVSSALA  1305  to  1319 Minipool Ij 
 Pep No 328 LTESSVSSALAELAT  1309  to  1323 Minipool Ij 
 Pep No 329 SVSSALAELATKTFG  1313  to  1327 Minipool Ij 
 Pep No 330 ALAELATKTFGSSES  1317  to  1331 Minipool Ij 
 Pep No 331 LATKTFGSSESSAVD  1321  to  1335 Minipool Ij 
 Pep No 332 TFGSSESSAVDSGTA  1325  to  1339 Minipool Ij 
 Pep No 333 SESSAVDSGTATALP  1329  to  1343 Minipool Ij 
 Pep No 334 AVDSGTATALPDQAS  1333  to  1347 Minipool Ij 
 Pep No 335 GTATALPDQASDDGD  1337  to  1351 Minipool Ij 
 Pep No 336 ALPDQASDDGDKGSD  1341  to  1355 Minipool Ij 
 Pep No 337 QASDDGDKGSDVESY  1345  to  1359 Minipool Ik 

Pep No 338 DGDKGSDVESYSSMP  1349  to  1363 Minipool Ik 
Pep No 339 GSDVESYSSMPPLEG  1353  to  1367 Minipool Ik 
Pep No 340 ESYSSMPPLEGEPGD  1357  to  1371 Minipool Ik 
Pep No 341 SMPPLEGEPGDPDLS  1361  to  1375 Minipool Ik 
Pep No 342 LEGEPGDPDLSDGSW  1365  to  1379 Minipool Ik 
Pep No 343 PGDPDLSDGSWSTVS  1369  to  1383 Minipool Ik 
Pep No 344 DLSDGSWSTVSEEAS  1373  to  1387 Minipool Ik 
Pep No 345 GSWSTVSEEASEDVV  1377  to  1391 Minipool Ik 
Pep No 346 TVSEEASEDVVCCSM  1381  to  1395 Minipool Ik 

Pep No 347 EASEDVVCCSMSYTW  1385  to  1399 Minipool Ik 
in blue: end of 
new pool I 

Pep No 348 DVVCCSMSYTWTGAL  1389  to  1403 Minipool La Pool L 
Pep No 349 CSMSYTWTGALITPC  1393  to  1407 Minipool La 
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Pep No 350 YTWTGALITPCAAEE  1397  to  1411 Minipool La 
Pep No 351 GALITPCAAEESKLP  1401  to  1415 Minipool La 
Pep No 352 TPCAAEESKLPINAL  1405  to  1419 Minipool La 
Pep No 353 AEESKLPINALSNSL  1409  to  1423 Minipool La 
Pep No 354 KLPINALSNSLLRHH  1413  to  1427 Minipool La 
Pep No 355 NALSNSLLRHHNMVY  1417  to  1431 Minipool La 
Pep No 356 NSLLRHHNMVYATTS  1421  to  1435 Minipool La 
Pep No 357 RHHNMVYATTSRSAG  1425  to  1439 Minipool La 
Pep No 358 MVYATTSRSAGLRQK  1429  to  1443 Minipool Lb 
Pep No 359 TTSRSAGLRQKKVTF  1433  to  1447 Minipool Lb 
Pep No 360 SAGLRQKKVTFDRLQ  1437  to  1451 Minipool Lb 
Pep No 361 RQKKVTFDRLQVLDD  1441  to  1455 Minipool Lb 
Pep No 362 VTFDRLQVLDDHYRD  1445  to  1459 Minipool Lb 
Pep No 363 RLQVLDDHYRDVLKE  1449  to  1463 Minipool Lb 
Pep No 364 LDDHYRDVLKEMKAK  1453  to  1467 Minipool Lb 
Pep No 365 YRDVLKEMKAKASTV  1457  to  1471 Minipool Lb 
Pep No 366 LKEMKAKASTVKAKL  1461  to  1475 Minipool Lb 
Pep No 367 KAKASTVKAKLLSVE  1465  to  1479 Minipool Lb 
Pep No 368 STVKAKLLSVEEACK  1469  to  1483 Minipool Lc 
Pep No 369 AKLLSVEEACKLTPP  1473  to  1487 Minipool Lc 
Pep No 370 SVEEACKLTPPHSAK  1477  to  1491 Minipool Lc 
Pep No 371 ACKLTPPHSAKSKFG  1481  to  1495 Minipool Lc 
Pep No 372 TPPHSAKSKFGYGAK  1485  to  1499 Minipool Lc 
Pep No 373 SAKSKFGYGAKDVRN  1489  to  1503 Minipool Lc 
Pep No 374 KFGYGAKDVRNLSSK  1493  to  1507 Minipool Lc 
Pep No 375 GAKDVRNLSSKAVNH  1497  to  1511 Minipool Lc 
Pep No 376 VRNLSSKAVNHIHSV  1501  to  1515 Minipool Lc 
Pep No 377 SSKAVNHIHSVWKDL  1505  to  1519 Minipool Lc 
Pep No 378 VNHIHSVWKDLLEDT  1509  to  1523 Minipool Ld 
Pep No 379 HSVWKDLLEDTVTPI  1513  to  1527 Minipool Ld 
Pep No 380 KDLLEDTVTPIDTTI  1517  to  1531 Minipool Ld 
Pep No 381 EDTVTPIDTTIMAKN  1521  to  1535 Minipool Ld 
Pep No 382 TPIDTTIMAKNEVFC  1525  to  1539 Minipool Ld 
Pep No 383 TTIMAKNEVFCVQPE  1529  to  1543 Minipool Ld 
Pep No 384 AKNEVFCVQPEKGGR  1533  to  1547 Minipool Ld 
Pep No 385 VFCVQPEKGGRKPAR  1537  to  1551 Minipool Ld 
Pep No 386 QPEKGGRKPARLIVF  1541  to  1555 Minipool Ld 
Pep No 387 GGRKPARLIVFPDLG  1545  to  1559 Minipool Ld 
Pep No 388 PARLIVFPDLGVRVC  1549  to  1563 Minipool Le 
Pep No 389 IVFPDLGVRVCEKMA  1553  to  1567 Minipool Le 
Pep No 390 DLGVRVCEKMALYDV  1557  to  1571 Minipool Le 
Pep No 391 RVCEKMALYDVVSTL  1561  to  1575 Minipool Le 
Pep No 392 KMALYDVVSTLPQVV  1565  to  1579 Minipool Le 
Pep No 393 YDVVSTLPQVVMGSS  1569  to  1583 Minipool Le 
Pep No 394 STLPQVVMGSSYGFQ  1573  to  1587 Minipool Le 
Pep No 395 QVVMGSSYGFQYSPG  1577  to  1591 Minipool Le 
Pep No 396 GSSYGFQYSPGQRVE  1581  to  1595 Minipool Le 
Pep No 397 GFQYSPGQRVEFLVN  1585  to  1599 Minipool Le 
Pep No 398 SPGQRVEFLVNTWKS  1589  to  1603 Minipool Le 
Pep No 399 RVEFLVNTWKSKKNP  1593  to  1607 Minipool Lf 
Pep No 400 LVNTWKSKKNPMGFS  1597  to  1611 Minipool Lf 
Pep No 401 WKSKKNPMGFSYDTR  1601  to  1615 Minipool Lf 
Pep No 402 KNPMGFSYDTRCFDS  1605  to  1619 Minipool Lf 
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Pep No 403 GFSYDTRCFDSTVTE  1609  to  1623 Minipool Lf 
Pep No 404 DTRCFDSTVTENDIR  1613  to  1627 Minipool Lf 
Pep No 405 FDSTVTENDIRVEES  1617  to  1631 Minipool Lf 
Pep No 406 VTENDIRVEESIYQC  1621  to  1635 Minipool Lf 
Pep No 407 DIRVEESIYQCCDLA  1625  to  1639 Minipool Lf 
Pep No 408 EESIYQCCDLAPEAR  1629  to  1643 Minipool Lf 
Pep No 409 YQCCDLAPEARQAIK  1633  to  1647 Minipool Lf 
Pep No 410 DLAPEARQAIKSLTE  1637  to  1651 Minipool Lg 
Pep No 411 EARQAIKSLTERLYI  1641  to  1655 Minipool Lg 
Pep No 412 AIKSLTERLYIGGPL  1645  to  1659 Minipool Lg 
Pep No 413 LTERLYIGGPLTNSK  1649  to  1663 Minipool Lg 
Pep No 414 LYIGGPLTNSKGQNC  1653  to  1667 Minipool Lg 
Pep No 415 GPLTNSKGQNCGYRR  1657  to  1671 Minipool Lg 
Pep No 416 NSKGQNCGYRRCRAS  1661  to  1675 Minipool Lg 
Pep No 417 QNCGYRRCRASGVLT  1665  to  1679 Minipool Lg 
Pep No 418 YRRCRASGVLTTSCG  1669  to  1683 Minipool Lg 
Pep No 419 RASGVLTTSCGNTLT  1673  to  1687 Minipool Lg 

Pep No 420 VLTTSCGNTLTCYLK  1677  to  1691 Minipool Lg 
in blue: end of 
pool L 

Pep No 421 SCGNTLTCYLKASAA  1681  to  1695 Minipool Ma Pool M 
Pep No 422 TLTCYLKASAACRAA  1685  to  1699 Minipool Ma 
Pep No 423 YLKASAACRAAKLQD  1689  to  1703 Minipool Ma 
Pep No 424 SAACRAAKLQDCTML  1693  to  1707 Minipool Ma 
Pep No 425 RAAKLQDCTMLVNAA  1697  to  1711 Minipool Ma 
Pep No 426 LQDCTMLVNAAGLVV  1701  to  1715 Minipool Ma 
Pep No 427 TMLVNAAGLVVICES  1705  to  1719 Minipool Ma 
Pep No 428 NAAGLVVICESAGTQ  1709  to  1723 Minipool Ma 
Pep No 429 LVVICESAGTQEDAA  1713  to  1727 Minipool Ma 
Pep No 430 CESAGTQEDAASLRV  1717  to  1731 Minipool Ma 
Pep No 431 GTQEDAASLRVFTEA  1721  to  1735 Minipool Mb 
Pep No 432 DAASLRVFTEAMTRY  1725  to  1739 Minipool Mb 
Pep No 433 LRVFTEAMTRYSAPP  1729  to  1743 Minipool Mb 
Pep No 434 TEAMTRYSAPPGDPP  1733  to  1747 Minipool Mb 
Pep No 435 TRYSAPPGDPPQPEY  1737  to  1751 Minipool Mb 
Pep No 436 APPGDPPQPEYDLEL  1741  to  1755 Minipool Mb 
Pep No 437 DPPQPEYDLELITSC  1745  to  1759 Minipool Mb 
Pep No 438 PEYDLELITSCSSNV  1749  to  1763 Minipool Mb 
Pep No 439 LELITSCSSNVSVAH  1753  to  1767 Minipool Mb 
Pep No 440 TSCSSNVSVAHDASG  1757  to  1771 Minipool Mb 

Pep No 441 SNVSVAHDASGKRVY  1761  to  1775 Minipool Mc 
Pep No 442 VAHDASGKRVYYLTR  1765  to  1779 Minipool Mc 
Pep No 443 ASGKRVYYLTRDPTT  1769  to  1783 Minipool Mc 
Pep No 444 RVYYLTRDPTTPLAR  1773  to  1787 Minipool Mc 
Pep No 445 LTRDPTTPLARAAWE  1777  to  1791 Minipool Mc 
Pep No 446 PTTPLARAAWETARH  1781  to  1795 Minipool Mc 
Pep No 447 LARAAWETARHTPVN  1785  to  1799 Minipool Mc 
Pep No 448 AWETARHTPVNSWLG  1789  to  1803 Minipool Mc 
Pep No 449 ARHTPVNSWLGNIIM  1793  to  1807 Minipool Mc 
Pep No 450 PVNSWLGNIIMYAPT  1797  to  1811 Minipool Mc 
Pep No 451 WLGNIIMYAPTLWAR  1801  to  1815 Minipool Md 
Pep No 452 IIMYAPTLWARMILM  1805  to  1819 Minipool Md 
Pep No 453 APTLWARMILMTHFF  1809  to  1823 Minipool Md 
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Pep No 454 WARMILMTHFFSILL  1813  to  1827 Minipool Md 
Pep No 455 ILMTHFFSILLAQEQ  1817  to  1831 Minipool Md 
Pep No 456 HFFSILLAQEQLEKA  1821  to  1835 Minipool Md 
Pep No 457 ILLAQEQLEKALDCQ  1825  to  1839 Minipool Md 
Pep No 458 QEQLEKALDCQIYGA  1829  to  1843 Minipool Md 
Pep No 459 EKALDCQIYGACYSI  1833  to  1847 Minipool Md 
Pep No 460 DCQIYGACYSIEPLD  1837  to  1851 Minipool Md 
Pep No 461 YGACYSIEPLDLPQI  1841  to  1855 Minipool Md 
Pep No 462 YSIEPLDLPQIIERL  1845  to  1859 Minipool Me 
Pep No 463 PLDLPQIIERLHGLS  1849  to  1863 Minipool Me 
Pep No 464 PQIIERLHGLSAFSL  1853  to  1867 Minipool Me 
Pep No 465 ERLHGLSAFSLHSYS  1857  to  1871 Minipool Me 
Pep No 466 GLSAFSLHSYSPGEI  1861  to  1875 Minipool Me 
Pep No 467 FSLHSYSPGEINRVA  1865  to  1879 Minipool Me 
Pep No 468 SYSPGEINRVASCLR  1869  to  1883 Minipool Me 
Pep No 469 GEINRVASCLRKLGV  1873  to  1887 Minipool Me 
Pep No 470 RVASCLRKLGVPPLR  1877  to  1891 Minipool Me 
Pep No 471 CLRKLGVPPLRVWRH  1881  to  1895 Minipool Me 
Pep No 472 LGVPPLRVWRHRARS  1885  to  1899 Minipool Me 
Pep No 473 PLRVWRHRARSVRAR  1889  to  1903 Minipool Mf 
Pep No 474 WRHRARSVRARLLSQ  1893  to  1907 Minipool Mf 
Pep No 475 ARSVRARLLSQGGRA  1897  to  1911 Minipool Mf 
Pep No 476 RARLLSQGGRAATCG  1901  to  1915 Minipool Mf 
Pep No 477 LSQGGRAATCGKYLF  1905  to  1919 Minipool Mf 
Pep No 478 GRAATCGKYLFNWAV  1909  to  1923 Minipool Mf 
Pep No 479 TCGKYLFNWAVKTKL  1913  to  1927 Minipool Mf 
Pep No 480 YLFNWAVKTKLKLTP  1917  to  1931 Minipool Mf 
Pep No 481 WAVKTKLKLTPIPAA  1921  to  1935 Minipool Mf 
Pep No 482 TKLKLTPIPAASQLD  1925  to  1939 Minipool Mf 
Pep No 483 LTPIPAASQLDLSGW  1929  to  1943 Minipool Mf 
Pep No 484 PAASQLDLSGWFVAG  1933  to  1947 Minipool Mg 
Pep No 485 QLDLSGWFVAGYSGG  1937  to  1951 Minipool Mg 
Pep No 486 SGWFVAGYSGGDIYH  1941  to  1955 Minipool Mg 
Pep No 487 VAGYSGGDIYHSLSR  1945  to  1959 Minipool Mg 
Pep No 488 SGGDIYHSLSRARPR  1949  to  1963 Minipool Mg 
Pep No 489 IYHSLSRARPRWFML  1953  to  1967 Minipool Mg 
Pep No 490 LSRARPRWFMLCLLL  1957  to  1971 Minipool Mg 
Pep No 491 RPRWFMLCLLLLSVG  1961  to  1975 Minipool Mg 
Pep No 492 FMLCLLLLSVGVGIY  1965  to  1979 Minipool Mg 
Pep No 493 LLLLSVGVGIYLLPN  1969  to  1983 Minipool Mg 

Pep No 494 LLLSVGVGIYLLPNR  1970  to  1984 
Minipool 
Mg in blue: end of pool M 
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