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5U=/' jgc$ g$
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5U=6' ckK$ g$

5U=8' `kH$ g$

5U=7' ^^^$ 7'
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5U=<' `Nj$ g$
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5U//' ^KN$ g$
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5U?%?KN"%-&N-K' [("MN-R-K?N-LM' F"R"%"MK"'

OF\]/' SGN-U577434 ,#9?243@4AB+;4) Mg.jb$
H$]5XW$*7"%(?$

$Y07,6$DDD$
=)]5XW^H$ X,0%<%1'#>$-0&45?%$KgHN$

OF\]4' =YUMZ`kgg^H$ ,#9?24*@4CC;D4) g.jj$
K$]5XW$*7"%(?-$

Y07,6D$
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L+=$#)#"#?&$<(?*(?8$

;%1&70$H$)(S#$
P7)#J$#&$%)4.$HjjN$

1F,' SGN-U579928 ,#9?24;@33C*A4) g.jc$ G,B(?#$0#-67?-#$;%1&70$ G5PK$ $

54E4' ^-MK'

R-M."%P/'
SGN-U569960 ,#9?243@34E3E4) Mg.jc$ K$+KEK$*7"%(?-$ RPK$ E(1'0($-0&45?%$KgH^$

54E4' ^-MK'

R-M."%P6'
SGN-U572337 ,#9?24+@4EBEC4) Mg.jc$ K$+KEK$*7"%(?-$ RGQHK$)(S#$

='%'$-0&45?%&KgHN$

5(\'-SJ$#&$%)4.$Kgg^$
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(?&#0%1&(7?-4$Q'(-$0#60#-#?&%&(7?$(-$<%-#*$7?$&I7$%)870(&'"-$;70$60(70(&(\(?8$%?*$'(8')(8'&(?8$&'#$;%1&$&'%&$&'#$?7*#$

-(\#$(-$607670&(7?%)$&7$&'#(0$("670&%?1#.$#484$&'#$G-G$',<4$$

1'

3'
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&'#$]Q4$/(%"#&#0$7;$ (?;#1&(7?$I%-$"#%-,0#*$^$%?*$k$
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()&(','-',`3!i%.!)&<#&$'&4!(,.)((!.)('(,#&$)*!,.)#,1)&,(!(0$<!#(!,)15).#,0.)!1%706#,'%&!
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!f<)!()$%&7!#55.%#$<!7)-)6%5)7!'&!,<)!,'1)!$%0.()!%2!1`!S<Y!:%.;!:#(!R#()7!

%&! 2%.:#.7!4)&),'$!($.))&'&4!%2!#&![QM!,%1#,%!10,#&,!$%66)$,'%&3!M$.))&'&4!,<)! ^jdI!

[QM!Q'$.%_f%1!5%506#,'%&! 5).1',,)7! ,<)! 2'&7'&4! %2! ()-).#6!10,#&,(! 5.%70$'&4! 2.0',(!

)&.'$<)7!'&!I(I3!f<)()!I(I|!10,#&,(!:).)!,<)&!0()7!#(!&):!56#&,!1#,).'#6(!,%!7'($%-).!

)6)1)&,(! '&-%6-)7! '&! ,<)! .)406#,'%&! %2! I(I! 1),#R%6'(13! i%.! %&)! %2! ,<)! B! ()6)$,)7!

10,#&,(*! &#1)6`! :2.DEH7*! #&7! ,<#&;(! ,%! #&! jgM_1#55'&4! (,.#,)4`*! :)! :).)! #R6)! ,%!

'7)&,'2`! ,<)! $#0(#6!10,#,'%&*! #,! ,<)! &0$6)%,'7)! .)(%60,'%&3! !=',<'&! #! sT>i?! ()4.)4#&,!

5%506#,'%&! 2.%1!:2.DEH7*! ,:%! R06;(! '&$607'&4! AA! 56#&,(! 7'(56#`'&4! ,<)! I(I|! #&7!=f!

5<)&%,`5)(! :).)! ()/0)&$)7! :',<! #! 7)5,<! $6%()! ,%! @C\! $%-).#4)! %2! ,%1#,%! 4)&%1)3!

i'&#66`*! ,<)! $#0(#6! 10,#,'%&! :#(! '7)&,'2')7! #&7! (<%:&! ,%! '&70$)! #! (,%5! $%7%&! '&! #!

SIM}"H]!5.%,)'&3!f<)!20&$,'%&!%2!,<)!SIM}"H]!5.%,)'&(!.)1#'&(!0&$6)#.*!#6,<%04<!,<)!

"H]!7%1#'&!'(!:)66!$<#.#$,).'()7!#(!R)'&4!'&-%6-)7!'&!6'4<,!('4&#66'&4*!1%.)!5.)$'()6`!'&!

,<)!R60)!6'4<,!.)(5%&()!XT<.'(,')!#4'5</F'?DDGZ3!l('&4!#!7%0R6)_<`R.'7!($.))&'&4*!H40.#!#4'

5</F! X?DDGZ! .)-)#6)7! #! 5%(('R6)! '&,).#$,'%&! %2! ,<)!V"5M%$,:@%@' 4D5<%515! <%1%6%4! %2! %0.!

SIM}"H]! 5.%,)'&! :',<! ]fT?*! #! ;)`! )&K`1)! %2! ,<)! I(I! R'%(`&,<)('(! 5#,<:#`3!

^&,).)(,'&46`*! ,<)! RQP2! 4)&)! )U5.)(('%&! #55)#.(! ,%! R)! (,.%&46`! .)406#,)7! R`! 6'4<,!

('4&#66'&4! Xf#R#,#! #4' 5</F! ?DD?h! Y%:76)! #4' 5</F! ?DDFh! Q�66)._Q%06J! ?DDGZ3! T%&2%$#6!

'1#4'&4! )U5).'1)&,(! <#-)! (<%:&! ,<#,! ,<)! ]fT?! 5.%,)'&! $#&! R)! 6%$#,)7! '&! R%,<! ,<)!

$`,%56#(1!#&7!,<)!&0$6)0(*! ,<#&;(! ,%! ,<)!5.)()&$)!%2!#!j0$6)0(!"%$#6'K#,'%&!M)/0)&$)!

Xj"MZ! XQ�66)._Q%06J! ?DDGZ3! j)-).,<)6)((*! ,<)! ('4&'2'$#,'%&! #&7! $%&()/0)&$)(! %2! ,<'(!

7'22).)&,'#6!6%$#6'K#,'%&!:',<'&!,<)!$)66!'(!(,'66!0&;&%:&3!^&!$%&,.#(,*!%0.!Y<UVYd>0R!7%)(!

&%,! $%&,#'&! #&`! j"M! %.! ,.#&(1)1R.#&)! 7%1#'&*! (044)(,'&4! #&! )U$60('-)! $`,%56#(1'$!

6%$#6'K#,'%&!%2!,<)!5.%,)'&3!i0.,<).1%.)*!#&#6`('(!%2!,<)!Y<UVYd>0R!)U5.)(('%&!.)-)#6)7!#!

<'4<).! )U5.)(('%&! '&! 6%:! 6'4<,! $%&7','%&(3! ^,! '(! ,)15,'&4! ,%!1#;)! ,<)! <`5%,<)('(! ,<#,!

M6SIM}"H]!5.%,)'&!'(!#R6)!,%!'&,).#$,!:',<!M6ggS?*!<%1%6%4!,%!I,]fT?*!,<0(!6)#7'&4!,%!!

>DG!



!



!

,<)! .)70$,'%&! %2! ,<)! I(I! R'%(`&,<)('(! 260U! )',<).! X'Z! R`! '&70$'&4! #! $<#&4)! %2! M6ggS?!

6%$#,'%&!'&!)',<).!,<)!$`,%56#(1!%.!,<)!&0$6)0(!%.*!X''Z!R`!($#-)&4'&4!M6ggS?*!.)(06,'&4!'&!

,<)!(055.)(('%&!%2! ',(!)&K`1#,'$!#$,'-',`3!f%!'&-)(,'4#,)!,<'(!<`5%,<)('(!#&7!,%!'7)&,'2`!

,<)! ,#.4),! 5.%,)'&! %2! ,<)! M6SIM}"H]! 5.%,)'&*! #! $%66#R%.#,'-)! 5.%V)$,! :',<! Q#,'#(!

w0.R.'44)&!#,!,<)!l&'-).(',`!%2!i.)'R0.4!Xg).1#&`Z!<#(!R))&!(),!053!f<'(!4.%05!<#(!#&!

)U$)66)&,! )U5).,'()! '&! 1#11#6'#&! #&7! 56#&,! (`&,<),'$! ('4&#66'&4*! )(5)$'#66`! %2! 6'4<,_

.)(5%&('-)!(`(,)1(3!f<)`!<#-)!7)-)6%5)7!1%6)$06#.!,%%6(!,%!#&#6`()!$)6606#.!5.%$)(()(!

#,! ,<)! (5#,'%_,)15%.#6! 6)-)6! #(! :)66! #(! .)406#,'%&! &),:%.;(! %2! 4)&)! )U5.)(('%&! #&7!

('4&#66'&4!XT#R)66%!#4'5</F!?D>AZ3!!

!

f<)! ,<'.7! 5#.,! %2! ,<'(! 5.%(5)$,'-)! :%.;! :'66! R)! ,<)! $%&,'&0#,'%&! '&! ,<)!

'7)&,'2'$#,'%&! %2! ,<)! $#0(#6! 10,#,'%&! R`! jgM_1#55'&4! (,.#,)4`! 2%.! ,<)! %,<).! I(I|!

10,#&,(3! I$,0#66`*! ,<)! $06,0.)! %2! BDD! 56#&,(! $%..)(5%&7'&4! ,%! ,<)! sT>i?! ()4.)4#&,!

5%506#,'%&!2%.!,<)!:2`+\H.2!10,#&,!<#(!R))&!5).2%.1)7*!,<)!.)7!.'5)!2.0',(!<#.-)(,)7*!

#&7!,<)!2'&#6!I(I!#((#`!'(!56#&&)73!f<)!&)U,!(,)5!:'66!R)!,<)!$%&(,',0,'%&!%2!,<)!I(I|!#&7!

=f!R06;(!0('&4!,<)!(#1)!&01R).!%2!56#&,(!#&7!()/0)&$'&4!7)5,<!XAD\Z!#&7!(#1)!R'%_

'&2%.1#,'$! ,%%6(3! d)1#.;#R6`*! #66)6'$! ,)(,(! $%&2'.1)7! ,<)! )U'(,)&$)! %2! 7'(,'&$,! 6%$'!

R),:))&!#66! ,<)! ()6)$,)7!I(I|!10,#&,(*! #&7!1%.)%-).*! #(! 2%.! ,<)!:2.DEH7!10,#&,*! ,<)!

I(I!$%&,)&,!%2!,<)!2.0',(!%2!,<)!:2`+\H.2!'(!(,.%&46`!7)5)&7)&,!%&!,<)!6'4<,!'..#7'#&$)3!!

!

s)('7)(! R)'&4! #! 5%:).206! ,%%6! ,%! (,07`! ,<)! 1)$<#&'(1(! '&-%6-)7! '&! I(I!

#$$0106#,'%&!#&7!#!(%0.$)!%2!#66)6)(!2%.!56#&,!R.))7'&4*!,<)![QM!Q'$.%_f%1!5%506#,'%&!

:'66!R)!#&!%.'4'&#6!:#`!,%!)U56%.)!,<)!/0)(,'%&!#R%0,!#!5%(('R6)!6'&;!R),:))&!I(I!6)-)6!

'&!,<)!2.0',!#&7!,<)!'&$'7)&$)!%2!2.0',!5#.,<)&%$#.5`3!f#;)&!#(!#!:<%6)e!>Z!,<)!.%6)!%2!I(I!

#(!#!$%_2#$,%.!2%.!,<)!<%.1%&)!R'%(`&,<)('(!XM1'.&%22!>CCEh!S#(,%.'!#4'5</F!?DD@h!g#66')!#4'

5</F! ?D>@Z*! ?Z! ()-).#6! (,07')(! (<%:'&4! ,<#,! <%.1%&#6! ,.)#,1)&,(! .)(06,! '&! R%,<!

5#.,<)&%$#.5`!#&7!<'4<).!I(I!2.0',!$%&,)&,!XM<#&104#-)60!>CE>h!Q#.,'&)66'!#4'5</F!?DDCh!

f(#&';6'7'(! #4' 5</F' ?D>AZ*! @Z! (,07')(! 7)1%&(,.#,'&4! 5#.,<)&%$#.5'$! 5<)&%,`5)(!

#((%$'#,)7!:',<!<'4<).!I(I!$%&,)&,!.)(06,'&4!)',<).!2.%1!,<)!%-)._)U5.)(('%&!%2!4)&)(!%2!

,<)!I(I!5#,<:#`!%.!#(!(<%:&!'&! ,<)!5.)()&,!7#,#!%R,#'&)7! '&! ,<)!S>FTB_@!#&7!S>CIE!

2#1'6')(*!1#;)(!',!-).`!)U$','&4!,%!#77.)((!,<'(!2#($'&#,'&4!/0)(,'%&!Xs066)`!#4'5</F!?D>?Z3!!
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S.0"#*:0#,$)0.-*

[U5).'1)&,(!:).)! 5).2%.1)7! %&! #! 7:#.2! 7),).1'&#,)! ,%1#,%! $06,'-#.! $-3!Q'$.%_f%1*!

:<'$<!:#(!%.'4'&#66`!R.)7!2%.!<%1)!4#.7)&'&4!50.5%()(3!f<'(!,%1#,%!56#&,!7'(56#`(!,:%!

.)$)(('-)!10,#,'%&(! XQ)'((&).! ),! #63*! >CCFh! Y#&! ),! #63*! ?DDFh! T#15%(! ),! #63*! ?D>DZ3! I,!

^jdI!s%.7)#0U!Xi.#&$)Z*!#!<'4<6`_10,#4)&'K)7![QM!X),<`6!1),<#&)(062%&#,)Z!$%66)$,'%&!

<#(!R))&!7)-)6%5)7!%&!Q'$.%_f%1!#(!5.)-'%0(6`!7)($.'R)7! Xd%,<#&!#&7!T#0(()!?DDFh!

o0(,!),!#63*!?D>@Z3!Y0.'&4!,<)!)U5).'1)&,(*!,<.))!4)&),'$!R#$;4.%0&7!<#-)!R))&!0()7!#&7!

#&#6`()7e!

_ f,82!HQ;*!56#&,(e!Q'$.%_f%1!5#.)&,!

_ 030! *-4,1?*2! (4! 030P! 56#&,(U! f<)! ($.))&! %2! ,<)! [QM! 10,#&,! $%66)$,'%&!

#66%:)7! '(%6#,'&4! ()-).#6! 10,#&,(! 7'(56#`'&4! #&! '&$.)#()! %2! I(I! $%&,)&,! '&!

2.0',(3! f<)()! 10,#&,(! #.)! $#66)7! :.\+_H..F' U.\P=H7F' U._HVEF' :2`+\H.2! #&7!

:2.DEH73!

_ 030! 8*33*-*2!(4!030$!56#&,(e!f:%!10,#&,(!7'(56#`'&4!#!;&%$;%0,!10,#,'%&!

%&!,<)!Y<XXU2!4)&)!XMgj_lBFCGDDZ!)&$%7'&4!gYS_"_4#6#$,%()!5<%(5<%.`6#()!

:).)!'7)&,'2')7!0('&4!f^""^jg!#55.%#$<!'&!,<)![QM!10,#&,!$%66)$,'%&3!f<)()!

,:%!10,#&,(!#.)!.)(5)$,'-)6`!&#1)7!++:2H.!#&7!++:2H23!!

!

!

<1 2$%]#9*(%"&)#)%"-**

S6#&,!:).)! 4.%:&! '&! #! 4.))&<%0()! 0&7).! >A<! 6'4<,}>D<! 7#.;*!:',<! #! ,)15).#,0.)!

R),:))&!>G�T!,%!?G�T!#&7!EDn!,%!GDn!%2!.)6#,'-)!<01'7',`3!S6#&,(!:).)!:#,).)7!,:'$)!

#! :));! :',<! #! (%60,'%&! >! X5<! B*G*! %6'4%! )6)1)&,(*! @*B1Q! 9jH@*! >1Q! 9?MHA*! ?1Q!

9p?SHA*!E1Q!T#XjH@Z?!#&7!?1Q!Q4MHAZ!0&,'6!2'.(,!,<)!2.0',!(),!%&!,<)!2'.(,!,.0((*!,<)&!

:',<! #! (%60,'%&! ?! X5p! B*G*! %6'4%! )6)1)&,(*! A1Q!9jH@*! >*B!1Q!9?MHA*! >*B1Q!9p?SHA*!

A1Q!T#XjH@Z?*!>*B1Q!Q4MHAZ!0&,'6!2.0',(!.'5)3!i6%:).(!:).)!.)406#.6`!-'R.#,)7!,%!!

,-.)%"'940$5#60#-#?&%&(7?$7;$&'#$",&%&(7?-$(?$&'#$=)YY:K$8#?#4$:0#*(1&#*$-(\#$7;$&'#$17*(?8$

/UG$-#[,#?1#$(-$(?*(1%&#*$7?$&'#$0(8'&$7;$&'#$8#?#4$9),#$<7B#-$0#60#-#?&$&'#$#B7?-4$X?71SM

7,&$",&%&(7?-$%0#$(?*(1%&#*$<J$0#*$&0(%?8)#-4$

>>?!
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! ! ! ! ! ! ! !

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !

! ! ! ! ! ! ! !
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1
/
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1
4
'

1
4
'

1
8
'

O>'

3'
1'

,-.)%"'96i$=10##?(?8$7;$&'#$A!=$&7"%&7$",&%?&$17))#1&(7?4$12$:'7&7$7;$&'#$:Hk$1,)&,0#$N$I##S-$

%;&#0$-7I(?84$A%1'$<)%1S$6)%&#$17?&%(?-$`^$6)%?&-.$&'#$I'7)#$&%<)#$17?&%(?-$K^$<)%1S$6)%&#-.$ (?$

&7&%)$HKjc$6)%?&-$6#0$&%<)#4$32$=1'#"%$7;$&'#$6)%?&$67-(&(7?(?84$G07,?*$Hgg$;%"()(#-$I#0#$-7I?$

6#0$1,)&,0#.$I'(1'$%0#$?,"<#0#*$G$&7$E$I(&'$GH.GK.$GN$&7$GHK4$$P70$#%1'$;%"()J$HK$6)%?&-$I#0#$

-7I?$ %?*$ ?,"<#0#*$ %-$ GHMH.$ GHMK.$ GHMN$ &7$ GHMHK4$ P70$ #B%"6)#.$ 6)%?&$ 1(01)#$ (?$ 0#*$ '%-$ %-$ %$

?%"#i$:HkGHMH4$



!

)&(0.)!%5,'1#6!()62_5%66'&#,'%&!#&7!,<).)2%.)!&%.1#6!2.0',!7)-)6%51)&,3!M))7(!:).)!

$%66)$,)7! ,<)&! ,<%.%04<6`! :#(<)7! 0('&4! ,#5! :#,).*! 7.')7! 0&7).! #'.! 26%:! #&7! 2'&#66`!

(,%.)7!#,!A�T!:',<!#!7)('$$#&,!0&,'6!0()3!!

!

;1 LK7,$):,"#-*

' ' ' %/'[NY'9-4514'&,<<#&4%,1'@&"##1%1+'

@8&-'!)&'*4,&83!

Q0,#&,(!#22)$,)7! '&!I(I!$%&,)&,!:).)! '(%6#,)7! 2.%1!,<)![QM!10,#&,! ,%1#,%! XY,<51-9'

<O&,:#"@%&-9Z! $%66)$,'%&! 4)&).#,)7! '&! ,<)! 1'&'#,0.)! Q'$.%_f%1! $06,'-#.! #,! ^jdI!

s%.7)#0U!XidIjT[Z3!

./8'/4*U!

BDD! [QM! 10,#&,! 2#1'6')(! :).)! 0()73! ! >?! 56#&,(! :).)! (%:&! 5).! 2#1'6')(! #&7! 2'&#66`!

#.%0&7! EDDD! 56#&,(!:).)! $06,0.)7! XC%+-"#'E7Z3! f<)! BDD! 2#1'6')(! $%..)(5%&7)7! ,%! 2'-)!

$06,0.)(! $#..')7! %0,! #&7! (5.)#7! %0,! 70.'&4! E!1%&,<(! '&! `)#.! ?D>?3! f<)! 2#1'6`! &#1)!

(,#.,)7! :',<! S>F*! S>G*! S>C*! S?D! #&7! S?>! #&7! ,<)&! #! &01R).)7! 6),,).! :<'$<!

$%..)(5%&7)7! ,%! ["^MI! 56#,)! 2%.1#,! 2.%1!I>! ,%!p>?! XCE! '&! ,%,#6! 5).! 56#,)Z3! i%.! )#$<!

$06,0.)!=f! :).)! .#&7%1'()7! #(! (<%:&! '2! ,<)! 2'40.)! R)6%:3! f<)! $06,0.)! 7)&(',`! :#(!

#.%0&7!?@D!56#&,(!5).!(/0#.)!1),).3!I$$%.7'&4!,%!,<)!('K)!%2!,<'(!5%506#,'%&!S>F*!S>G!

#&7!S>C!:).)!(%:&!'&!o0&)!?D>?!:<'6)!S?D!#&7!S?>!:).)!(%:&!o06`!?D>?!'&!%.7).!,%!

(<'2,! ,<)! <#.-)(,! %2! .)7! .'5)! 2.0',(3! Y0.'&4! ,<)! $06,0.)*! ,<)! 2'.(,! 1#,0.)! 6)#-)(! :).)!

.)1%-)7! #,! ,:%! 5).'%7(! V0(,! #2,).! ,<)! 26%:).'&4! (,#4)h! ,<'(! :#(! 7%&)! ,%! 5.)-)&,! #&`!

5#,<%4)&!5.%R6)1!1#'&6`!70)!,%!,<)!<'4<!7)&(',`!%2!56#&,!$06,0.)!,<#,!#-%'7(!#!4%%7!#'.!

26%:3!!!

E&);8,-FU!

f%!$%66)$,!,<)!(#156)(*!,<.))!2.0',(!#,!,<)!.)7!.'5)!(,#4)!<#-)!R))&!5%%6)7!2%.!)#$<!56#&,!

#&7!(&#5!2.%K)&!'&!6'/0'7!&',.%4)&!R)2%.)!(,%.)7!#,!_GD�T3!f<)!.)7!.'5)!(,#4)!:#(!$<%()&!

0('&4!-'(0#6!)(,'1#,'%&3!f<)!I(I!#((#`!%2! ,<)!:<%6)!BDD!10,#&,(! 2#1'6')(!:#(!$#..')7!

%0,!R),:))&!j%-)1R).!#&7!o#&0#.`3!I2,).!<#.-)(,'&4!,<)!2.0',(*!56#&,(!:).)!$0,!R#$;!,%!

4),!#!&):!4.%:,<3!I$$%.7'&4!,%!,<)!.)(06,(!%2!,<)!I(I!#((#`(*!,<)!56#&,(!7'(56#`'&4!I(I|!

#&7!I(I_!5<)&%,`5)(!:).)!,<)&!;)5,!#&7!.)_5%,,)7!'&!>"!5%,3!I66!,<)!.)(,!%2!,<)!$06,0.)!

:#(!7)(,.%`)73!f<'(!()$%&7!4.%:,<!#66%:)7!<#.-)(,'&4!#!()$%&7!(),!%2!.)7!.'5)!2.0',(!%&!

,<)!(#1)!56#&,!'&!%.7).!,%!5).2%.1!#!()$%&7!I(I!#((#`!#&7!$%&2'.1!,<)!2'.(,!5<)&%,`5)!

%R().-)73!f<'(!$%&2'.1#,'%&!:#(!$#..')7!%0,!70.'&4!(5.'&4!?D>@3!!

>>@!



!

!

' ' '



!

' %%/'81&-M54%,1',C'<#5G#@'%1':"#@#1&#',C'V@V'@,<-4%,1'

IO;*4,)*-'!3*'',-FU!

Q'$.%_f%1!56#&,(!:).)!4.%:,<!'&!@DD1"!5%,(3!H&$)!.)#$<)7!,<)!z2%0._6)#-)(!(,#4)8*!,<)!

6)#-)(! :).)! <#.-)(,)7! #&7! ,<)! 5),'%6)! :#(! R)-)6! $0,! '&! %.7).! ,%! '&$.)#()! :#,).!

$%&,#$,}(0.2#$)3!H&6`!%&)!6)#2!:#(!<#.-)(,)7!5).!56#&,!,%!5.)-)&,!#&`!(,.)((!)22)$,!70)!

,%!,<)!$0,3!s)2%.)!(,#.,'&4!,<)!)U5).'1)&,*!,<)!<#.-)(,)7_6)#-)(!:).)!(%#;)7!'&!#!QM>}A!

(%60,'%&! 70.'&4! ?Ap! '&('7)! #! 4.%:,<! $<#1R).! X,)15).#,0.)e! ??�T_! 7#`}>G�T_! &'4<,h!

5<%,%5).'%7e! >Ep_7#`(}Gp_&'4<,h! 6'4<,! '&,)&(',`! >BD! 1'$.%[! 1_?! ()$_>Z3! f<).)#2,).*!

6)#-)(!:).)!'&$0R#,)7!'&!#!(%60,'%&!%2!#($%.R#,)!X>D1QZ!'&!QM>}A!!%.!'&!QM>}A!X$%&,.%6Z!

70.'&4!@D1'&*!>p*!?p!%.!Ep!0&7).!6'4<,!(0556')7!R`!#!(%7'01!6#153!f<)!<)#,!5.%70$)7!

R`!,<)!(%7'01!6#15!:#(!)&%04<!,%!'&70$)!)-#5%,.#&(5'.#,'%&!%2!,<)!6)#-)(!#&7!,<)&!,%!

'&70$)!#R(%.5,'%&!%2!,<)!(%60,'%&3!f%!5.)-)&,!<)#,!(,.)((*!#!2#&!:#(!0()7!,%!<%1%4)&'K)!

,<)! #1R')&,! ,)15).#,0.)3! f<)! '&$0R#,'%&! -)(()6(! :).)! R6#$;! )55)&7%.2! ?16! ,0R)(! '&!

%.7).!,%!5.%,)$,!I(I!2.%1!6'4<,!7)4.#7#,'%&3!!

!

E&);8,-FU!

I&#6`('(!:#(!5).2%.1)7!:<)&!6)#-)(!<#-)!R))&!<#.-)(,)7!'&!,<)!4.))&<%0()!Xf�HZ*!?Ap!

#2,).! .)$%-).`! '&! ,<)! 4.%:,<! $<#1R).! Xf�?ApZ! #&7! ,<)&! '&! ,<)! ,'1)! $%0.()! %2! ,<)!

'&$0R#,'%&! '&! I(I! %.! QM>}A!(%60,'%&! 2.%1! f�@D! 1'&! ,%! f�! EpZ3! i%.! )#$<! ,'1)*! ,<.))!

(#156)(!:).)!$%66)$,)7h!%&)!6)#2!$%..)(5%&7(!,%!%&)!(#156)!.)(06,'&4!'&!,<.))!R'%6%4'$#6!

.)56'$#,)(!2%.!)#$<!,'1)3!H&6`!,<)!6)#26),(!:).)!(&#5!2.%K)&!'&!6'/0'7!&',.%4)&!#&7!(,%.)7!

#,!_GD�T3!f<)()!(#156)!:).)!0()7!2%.!I(I!#((#`(!#&7!4)&)!)U5.)(('%&!#&#6`('(3!

!

!

!

!

!

!

!

!

!

!

!

>>A!



!



!

' %%%/'>%+D4'#T:,@-"#',C'<#5G#@'

@8&-'!)&'*4,&83U!!

f<'(! (,07`!:#(! 5).2%.1)7!%&! ,<)! 7:#.2!Q'$.%_f%1! ,%1#,%! $06,'-#.*!:',<! ,:%! 4)&),'$!

R#$;4.%0&7(e!!=f!X$%&,.%6Z!#&7!++:2H2!10,#&,3!

!

IO;*4,)*-'!3*'',-FU!

Q'$.%_f%1! 56#&,(! :).)! 4.%:&! '&! @DD1"! 5%,(3! f<'(! )U5).'1)&,! :#(! 5).2%.1)7! '&!

(011).!?D>@!70.'&4!#!7#`!%2!$6)#.!(;`!'&!%.7).!,%!<#-)!<%1%4)&%0(!#&7!$%&(,#&,!<'4<!

6'4<,! '&,)&(',`3! I,! E<! #1*! ,<)! 56#&,(! #,! ,<)! z2%0._6)#-)(! (,#4)8! #.)! 7'(5#,$<)7! '&! ,<.))!

7'22).)&,!$%&7','%&(!%2!6'4<,!'&,)&(',')(e!!

_! ! ! !.(-'4(8e!f<)!56#&,(!(,#`!'&!,<)!4.))&<%0()!:<).)!6'4<,!#&7!,)15).#,0.)!#.)!!!!!!!

$%&,.%66)7!R`!,<)!$6'1#,'$!5.%4.#1!(),!2%.!,<)!4.))&!<%0()3!

_ %(B! 8,F?'e! f<)!56#&,(! #.)! 0&7).! R6#$;!&),*!:<'$<! .)70$)(! R`! FDn! ,<)! 6'4<,!

'&,)&(',`3!

_ c,F?$8,F?'U!f<)!56#&,(!#.)!56#$)7!%0,('7)!%2!,<)!4.))&<%0()3!Y0.'&4!,<)!7#`*!

,<)!,)15).#,0.)!#,!,<)!K)&',<!:#(!#.%0&7!?C�T3!

f%!5.)-)&,! %-).6#55'&4!%2! ,<)! 6)#-)(*! #! .)(5)$,#R6)!7'(,#&$)!:#(!1#'&,#'&)7!R),:))&!

56#&,(3!Y0.'&4!,<)!7#`*!6)#-)(!<#-)!R))&!<#.-)(,)7!#,!Ep*!>Dp*!>Ap*!>Gp!#&7!?Ap3!!

!

E&);8,-FU!

i%.!)#$<!,'1)*!,<.))!6)#-)(!:).)!<#.-)(,)7*!,<)!6)#26),!:#(!(&#5!2.%K)&!'&!6'/0'7!&',.%4)&!

#&7!(,%.)7!#,!_GD�T3!H&6`!%&)!6)#2!<#(!R))&!<#.-)(,)7!5).!56#&,!,%!5.)-)&,!(,.)((!)22)$,!

70)!,%!,<)!$0,,'&43!^&!,<)()!(#156)(*!I(I!$%&,)&,!#&7!4)&)!)U5.)(('%&!:).)!#&#6`()73!

!

%G/'U,@4D5"G#@4'515<O@%@'

@8&-'!)&'*4,&83!

f<)!(,07`!:#(!5).2%.1)7!%&!,<)!7:#.2!Q'$.%_f%1!,%1#,%!$06,'-#.*!:',<! ,<.))!4)&),'$!

R#$;4.%0&7(e!=f!X$%&,.%6Z*!I(I|!XS>FTB_@*!:.\+_H..!#&7!:2`+\H.2!10,#&,(Z!#&7!I(I_!

X++:2H.!#&7!++:2H2!10,#&,(Z3!

!

.?,88,-F!,->/4QU!!

f<'(! )U5).'1)&,! <#(! R))&! 5).2%.1)7! '&! ,<)! 2.#1)! %2! ,<)! THMf! MfQ! 5.%4.#1! 70.'&4!

(5.'&4!?D>A!'&!,<)!j%#1!I6;#&!6#R%.#,%.`!#,!,<)!I4.'$06,0.#6!d)()#.$<!H.4#&'K#,'%&!!

>>B!



!

,-.)%"'98i$K_k_M*(1')707*('J*07;),70#-1#(?$*(%1#&%&#4$12$$+'#"(1%)$-&0,1&,0#$32$P),70#-1#?&$-6#1&0,"$

I(&'$(?$<)#,$#B1(&%&(7?$2λ�^jg?"3$%?*$0#*$#"(--(7?$2λ�`Kg?"3$-6#1&0%4$

1' 3'



!

]%6$#&'!T)&,).!X^(.#�6Z3!I!1'&'101!%2!>B!'11#,0.)!4.))&!2.0',(!:).)!<#.-)(,)7!2%.!)#$<!

56#&,(!#&7!(,%.)7!#,!?�T!'&!,<)!7#.;!'&!#!$%67!$<#1R).!70.'&4!B!:));(!#&7!,<)&!R#$;!,%!

.%%1!,)15).#,0.)!2%.!,:%!:));(3!

!

#(-!8*&C&F*!&33&QU!!

i.0',(! #.)! (%#;)7! '&! >D1"! %2! 7%0R6)! 7'(,'66#,)7! :#,).3! I2,).! ><%0.! ,<)! )6)$,.'$#6!

$%&70$,'-',`!:#(!1)#(0.)7!0('&4!#!$%&70$,'1),).!p^!CG@>>!Xp#&&#!^&(,.01)&,(Z3!

!

W/-F/3!,-(1/8&',(-U!!

f:%! 20&40(! (,.#'&(! :).)! 0()7e! P,<<#4,4"%&D-9' &,&&,$#@! #&7! 3,4"O4%@' &%1#"#53! f<)!

$06,'-#,'%&!%2! ,<)! 20&4'!:#(! $#..')7!%0,!%&!5%,#,%!7)U,.%()!1)7'#! XSYIZ! '156)1)&,)7!

:',<! $<6%.#15<)&'$%6! XD*?B4}"Z! #,! .%%1! ,)15).#,0.)3! =<)&! 4.%:,<! '(! %5,'101*!

$%&'7'#!:).)!<#.-)(,)7!R`!5%0.'&4!'&,%!,<)!S),.'!7'(<)(!>D16!%2!(,).'6)!:#,).!#&7!4)&,6`!

7'(5).('&4!:',<!#!(1#66!(,).'6)!.#;)3!f<)!(%60,'%&!:#(!&)U,!2'6,).)7!:',<!$<))()!$6%,<!#&7!

,<)! $%&$)&,.#,'%&!:#(!#7V0(,)7!#,!>DE! (5%.)(}1"3!f<)! '&%$06#,'%&!:#(! $#..')7!%0,!%&!

.)7! .'5)! 2.0',(! #&7! '&! ,<)! $#()! %2! 3/' &%1#"#5! %&,%! 6)#-)(3! ^&! %.7).! ,%! #$$)6).#,)! ,<)!

'&2)$,'%&*!2.0',!#&7!6)#-)(!:).)!5.)-'%0(6`!($.#,$<)7!#&7!#!7.%5!%2!%1,&-<-9':#(!6#`)7!

7%:&3!Y0.'&4!,<)!)U5).'1)&,#,'%&!,%!5.)-)&,!7)('$$#,'%&*!2.0',!#&7!6)#-)(!:).)!(,%.)7!

'&! R%U! $%&,#'&'&4! #! (<)),! %2!=<#,1#&! (#,0.#,)7!:',<!:#,).3! [-).`! 7#`*! ,<)! '&2)$,'%&!

#.)#!:#(!$<)$;)7!0&,'6!,<)!2.0',!%.!6)#-)(!#.)!,%,#66`!'&2)$,)73!

!

A.W!3'&,-,-FU!!

f<)! $)66_5).1)#&,! ?+*F+_7'$<6%.%7'<`7.%260%.)($)'&! 7'#$),#,)! Xp?YTi_YIZ! '(! #!

$<)1'$#66`!.)70$)7!2%.1!%2!260%.)($)'&!0()7!#(!#&!'&7'$#,%.!2%.!.)#$,'-)!%U`4)&!(5)$')(!

'&! 6'-'&4! $)66(3! l5%&! $6)#-#4)! %2! ,<)! #$),#,)! 4.%05(! R`! '&,.#$)6606#.! )(,).#()(! #&7!

%U'7#,'%&*! ,<)! &%&_260%.)($)&,! p?YTi_YI! '(! $%&-).,)7! ,%! ,<)! <'4<6`! 260%.)($)&,! ?+F+_

7'$<6%.%260%.)($)'&!XYTiZ!XC%+-"#'E;Z3!

>>E!
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!

!

!

!

,-.)%"'97i$ D?$a(>7$D"%8(?8$=J-&#"$70$DaD=4$12$:(1&,0#$7;$&'#$DaD=$T,"(?%$TQ$;07"$+%)(6#0$

T(;#$-1(#?1#4$32$+7"67?#?&-$7;$&'#$DaD=4$$

1' 3'



!

!

^&! ,<'(! (,07`! ,<)! dHM! (,07`! :#(! .)#6'()7! %&! 2.0',! (6'$)(! #2,).! :%0&7'&4! #&7! 6)#-)(!

'&%$06#,)7! :',<! 3,4"O4%@' &%1#"#53! ^&! ,<#,! #'1*! 2.0',(! (6'7)(! #&7! 6)#-)(! :).)! '&$0R#,)7!

70.'&4! >B! 1'&! '&! #! (%60,'%&! %2! YTi! X?DµQZ! #&7! ,<)&! :#(<)7! ,:'$)! :',<! 7%0R6)!

7'(,'66#,)7!:#,).3!f<'(!(,#'&'&4!&))7(!,%!R)!5).2%.1)7!'&!,<)!7#.;!,%!5.)-)&,!#6,).#,'%&!

%2! ,<)!YTi_)1'(('%&!(,#R'6',`3!I2,).!(,#'&'&4*! 260%.)($)&$)!:#(!%R().-)7!0('&4!$%&2%$#6!

'1#4'&4!X2.0',!(6'$)(Z!%.!#&!^&!]'-%!^1#4'&4!M`(,)1!X'&2)$,)7!6)#-)(Z3!

!

#-!7,+(!#)&F,-F!EQ3'*)!!(4!#7#EU!!

^]^M!"01'&#!"f!2.%1!T#6'5).!"'2)!M$')&$)!'(!#!,%%6(),!2%.!&%&_'&-#('-)!%1'G%G,! '1#4'&4!

XC%+-"#'E=Z3!^,!$#&!R)!0()7!2%.!,<)!:'7)(,!.#&4)!%2!#556'$#,'%&(!:',<!,<)!<'4<)(,!6)-)6!%2!

'&,)&(',`!2%.!R'%601'&)($)&$)*!260%.)($)&$)!,<.%04<50,!?Y!%.!,%1%4.#5<'$!'1#4'&43!f<)!

(`(,)1! '&$607)(! #! <'4<6`! ()&(','-)! TYY! $#1).#*! 6'4<,_,'4<,! '1#4'&4! $<#1R).! #&7!

$%156),)!#0,%1#,'%&3! ^,!:#(!)/0'55)7!:',<!2'6,).(!,<#,!$#&!R)!0()7!,%! '1#4)!.)5%.,).(!

,<#,! )1',! 2.%1! 4.))&! ,%! &)#._^&2.#d)73! ! Y#,#! #&#6`('(! :#(! 5).2%.1)7! %&! #! ()5#.#,)!

$%150,).! :%.;(,#,'%&*! 0('&4! "'-'&4! ^1#4)! A3D! (%2,:#.)*! :<'$<! `')67(! <'4<_/0#6',`*!

.)5.%70$'R6)*! /0#&,',#,'-)! .)(06,(! '&$%.5%.#,'&4! '&(,.01)&,! $#6'R.#,'%&*! R#$;4.%0&7!

(0R,.#$,'%&!#&7!,<)!'1#4)!#64%.',<1(3!

^&! ,<'(!(,07`! ^]^M!:#(!0()7! 2'.(,6`! ,%!)-#60#,)! ,<)!5).%U'7#,'%&!%2!1)1R.#&)! 6'5'7(3! ^&!

,<#,! #'1*! ,<)! R'%601'&)($)&$)! %2! 2.0',(! :#(! #&#6`()7! 0('&4! #! zYM! .)78! )1'(('%&! 2'6,).!

XBFB_EBD&1Z3! M)$%&76`*! ^]^M! :#(! 0()7! ,%! #&#6`()! dHM! $%&,)&,! #2,).! YTi! (,#'&'&4! %2!

6)#-)(! '&2)$,)7! R`! 3,4"O4%@' &%1#"#5/! f%! 1)#(0.)! YTi! 260%.)($)&$)! #! $%1R'&#,'%&! %2!

AEB&1!)U$',#,'%&!2'6,).!#&7!T`B3B!)1'(('%&!2'6,).!:',<!>D!()$%&7(!%2!)U5%(0.)!:#(!0()73!!
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Molecular biology analysis 

!

!

!

!

!

!
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!



!

<1 +DB*,K#$0(#)%"*

!

i%.!)U,.#$,'&4!#&7!<#&76'&4!%2!djI*!#66!(%60,'%&(!#.)!,.)#,)7!:',<!Y[ST!X7'),<`6!

5`.%$#.R%&#,)*! M'41#Z!D*>n!X-}-Z!%.!5.)5#.)7!:',<!Y[ST_,.)#,)7!:#,).3!I77','%&#66`*!

1#,).'#6(! '(! $6)#&)7! :',<! $<6%.%2%.1*! .'&()7! :',<! ),<#&%6! >DDn! #&7! (,).'6'K)7! R`!

#0,%$6#-'&4!2%.!?D1'&!#,!>?D�T3!!

f<)!,%,#6!djI!)U,.#$,'%&!:#(!5).2%.1)7!2.%1!>DD12!%2!2.)(<!5%:7).!,%!:<'$<!'(!

#77)7! >1"! %2! f.'_d)#4)&,! XM'41#Z3! f<)! .)(06,'&4!1'U,0.)!:#(! -%.,)U)7! %&)!1'&0,)!

#&7!$)&,.'204)7!2%.!>D!1'&0,)(!#.!>?*DDD4!#,!A�T3!f<)!(05).&#,#&,!:#(!,.#&(2)..)7!,%!#!

$6)#&!,0R)!#&7!6)2,!#,!.%%1!,)15).#,0.)!2%.!B!1'&0,)(3!?DDµ"!%2!$<6%.%2%.1!#.)!#77)7*!

-%.,)U)7! %&)!1'&0,)! #&7! 6)2,! #&%,<).! B!1'&0,)(! #,! .%%1! ,)15).#,0.)3! f<)! ,0R)(! #.)!

,<)&! $)&,.'204)7! >B!1'&0,)(! #,! >?*DDD4! #,! A�T3! f:%! 5<#()(! 2%.1*! ,<)! #/0)%0(! 5<#()!

X055).Z! $%&,#'&'&4! ,<)! djI! :#(! .)$%-).)7! XADDµ"Z3! I2,).! #77','%&! %2! ADDµ"! %2!

'(%5.%5#&%6*!,0R)(!#.)!'&-).,)7!()-).#6!,'1)(!,%!1'U!4)&,6`!,<)!(%60,'%&*!#&7!6)2,!#,!.%%1!

,)15).#,0.)!2%.!>D!1'&0,)(3!f<)!djI!:).)!5.)$'5',#,)7!#&7!.)$%-).`!R`!$)&,.'204#,'%&*!

>W!1'&0,)(!#,!>?*DDD4!#,!A�T3!f<)!(05).&#,#&,!'(!.)1%-)7!#&7!,<)!5)66),!'(!:#(<)7!:',<!

),<#&%6!FDn_p?D!Y[ST3!I2,).! .)1%-)! ,<)! ),<#&%6*! ,<)!5)66),! '(! #'._7.')7!R)2%.)!R)'&4!

,#;)&!05!'&!@Dµ"!%2!:#,)._Y[ST3!!

! f<)! /0#6',`! %2! djI! :#(! #&#6`()7! R`! )6)$,.%5<%.)('(! %&! #4#.! 4)6! >*Bn! X5}-Z!

1'4.#,'&4! '&! fI[! D*B\! ! XfI[! BD\*! f.'(_#$),#,)! ?Q*! [YfI! BD1Q*! 5p! G*DZ3! f<)!

$%&$)&,.#,'%&!:#(!)(,'1#,)7!0('&4!j#&%]0)!(`(,)1!Xg[!p)#6,<$#.)Z!#&7! ,<)!.#,'%&!%2!

#R(%.R#&$)!I?ED}?GD!#&7!I?ED}?@D!:).)!$<)$;)73!f<)!5%(('R6)!$%&,#1'&#,'%&!%2!djI!:',<!

4)&%1'$! YjI! :#(! $%&,.%66)7! R`! STd! 0('&4! 5.'1).(! (5)$'2'$! %2! VPQ8Z[! 4)&)3! ^2!

$%&,#1'&#,'%&!:).)!7),)$,)7*!)6'1'&#,'%&!:#(!5).2%.1)7!:',<!#!f0.R%!Yj#()!,.)#,1)&,!

#$$%.7'&4!,<)!1#&02#$,0.).+(!5.%,%$%63!

!

;1 +,3,$-,*#$0"-($)7#)%"*

f<)! (`&,<)('(! %2! $%156)1)&,#.`! YjI! X$YjIZ! '(! 5).2%.1)7! :',<! .)-).()!

,.#&($.'5,#()! 'M$.'5,!#$$%.7'&4!,%! ,<)!1#&02#$,0.).+(!5.%,%$%6! Xs'%_d#7Z! 2.%1!>µ4!%2!

,%,#6! djI3! djI! '(!1'U)7!:',<! >µ"! 'M$.'5,! .)-).()! ,.#&($.'5,#()! #&7! Aµ"! %2! B\! 'M$.'5,!

.)#$,'%&! 1'U! ,%! ?Dµ"! %2! 2'&#6! -%601)3! s)2%.)! (,#.,! .),.%,.#&($.'5,'%&! djI! :).)!

'&$0R#,)7!#,!FB�T!B!1'&0,)!%2!#!:#`!,%!6'&)#.'K)7!',3!f<)!(,#R'6'K#,'%&!%2!djI}.#&7%1!!

>>C!



!



!

5.'1).! (,.0$,0.)! '(! %R,#'&)7! #2,).! B!1'&0,)! #,! ?B�T*! ,<)&! $YjI!:#(! (`&,<)('(!

70.'&4! @D! 1'&0,)(! #,! A?�T3! I! 2'&#6! (,)5! %2! B1'&0,)(! #,! GB�T! #66%:! ,%! 7)&#,0.)7! ,<)!

.)-).()!,.#&($.'5,#()!R)2%.)!$YjI!0()3!f<)!$YjI!/0#6',`!:#(!$<)$;!#(!5.)-'%0(6`!:',<!

STd!%&!VPQ8Z[!4)&)3!

!

?1 +,0.*6):,*SI+*^+6>SI+_*

f<)!df_STd!:#(!5).2%.1)7!'&!%.7).!,%!)-#60#,)!,<)!,.#&($.'5,(!#$$0106#,'%&!%2!

,<)!>B!$#&7'7#,)(!4)&)(!'&!,<)!7'22).)&,!)U5).'1)&,(3!f<)!STd!#156'2'$#,'%&!'(!.)#6'K)7!

'&! ,<)! 5.)()&$)! %2! M�sd! g.))&*! #! 260%.)($)&,! '&,).$#6#,'&4! #4)&,! %2! YjI*! :<'$<! $#&!

7),)$,! ,<)! 5.)()&$)}#$$0106#,'%&! %2! 7%0R6)_(,.#&7)7! &0$6)'$! #$'7(! '&! ,<)! .)#$,'%&!
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i0.,<).1%.)*!,<)!20('%&!$0.-)(!#.)!0()7!,%!$<)$;!,<)!(`&,<)('(!%2!#!('&46)!STd!5.%70$,!

#&7!,<0(!,<)!5.'1).(!(5)$'2'$',`3!^&!,<)!@-::<#9#145<'$545'E!#(!(<%:!,<)!6'(,!%2!,<)!5.'1).!

0()7*!:<'$<!7'(56#`!#&!)22'$')&`!$%15.'()!R),:))&!GGn!#&7!>DDn3!

! f<)! .)(06,(!:).)! 5.%$)(()7! #&7! (,#&7#.7'K)7! #$$%.7'&4! ,<)! zg)j%.18!1),<%7!

XQ#&0#6!-).('%&!>3A*!?DD@!>D!j%-)1R).Z3!f<)!.#:!.)(06,(!#.)!,<)!#-).#4)!%2!T,!-#60)(!

X(#156)! T,Z! #&7! ,<)! T,! (,#&7#.7! 7)-'#,'%&(! XMY! (#156)! T,Z3! i%.! )#$<! )U5).'1)&,#6!

$%&7','%&!,<)!.)6#,'-)!/0#&,',`!%2!,.#&($.'5,(!X~Z!'(!7),).1'&)7!R`!,<)!2%66%:'&4!2%.106#e!

~�[!X1'&!T,_(#156)!T,Z!:<).)![! '(! ,<)!)22'$')&$`!%2!#156'2'$#,'%&!X)(,'1#,)7!#,!>DDn*!

[�?Z! #&7! 1'&! T,! '(! ,<)! 6%:).! T,! -#60)3! f<)&! ,<)! (,#&7#.7! 7)-'#,'%&! %2! ,<)! .)6#,'-)!

#1%0&,!X~!MYZ! '(!$#6$06#,)7!0('&4! 2%.106#e! !MY!~!�!~!\! 6&[3MY!(#156)!T,3!f<)!.)6#,'-)!

#1%0&,(!%2!,<)!(#156)(!#.)!!,<)&!&%.1#6'K)7!X/&%.1Z!2.%1!,<)!.)6#,'-)!#1%0&,(!%2!,<)!

$%&(,',0,'-)! 4)&)(*! '&! ,<'(! $#()! )&7%4)&! 4)&)(! %2! VPQ8Z[! #&7! #8!;V! #$$%.7'&4! ,<)!

2%.106#e!~j%.1!�!~}X4)%1),.'$!1)#&! X~!VPQ8Z['|!~!#8C;5ZZ3! f<)! (,#&7#.7!7)-'#,'%&!
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Y,<-4%,1@?!

ANLKQ'&L@)N-LM'HµXI' =' /=' 4=' 6=' 8=' 9='

>51'9b'HµXI' Kgg$ Hjg$ Hbg$ Hkg$ Hcg$ H^g$

+7?1#?&0%&(7?$2?"7)#-3$$$$$$$$$g$$$$$$$$$$`.g`$$$$$$$$Hg.H$$$$$$H`.H`$$$$$$Kg.K$$$$$$Ng.`$

,-.)%"'99i$=&%?*%0*$1,0>#4$G4$+7?1#?&0%&(7?$7;$&'#$-(B$67(?&-$17?-&(&,&(?8$&'#$-&%?*%0*$

1,0>#$$$94$5#60#-#?&%&(7?$7;$&'#$-&%?*%0*$1,0>#4$

12'

32'

A,'?,('?4*,'(8!ZAHH]!

T%&$)&,.#,'%&e!B1Q!

M%6-)&,e!5<%(5<#,)!R022).!
D*AQ!5pe!F*A!!

!

H4,1?8(4(&1*',1!&1,2!ZH.0]!

T%&$)&,.#,'%&e!En!

M%6-)&,e!YY=!

!

L$*'?Q8)&8*,),2*!ZLIG]!
T%&$)&,.#,'%&e!D*Bn!

M%6-)&,e!YY=!!!

!

N*&F*-'!_!
An!R[R$2,;Q4,2,8!X:}-Z!!

M%6-)&,e!),<#&%6!FDn!!

!

.(8(/4!4*&F*-'!
S.%5%.,'%&e!

?*?16!I!!!D*G16!s!

!

!N*&F*-'!0!!
@>n!cY@=\!X:}-Z!!

A*En!H.0!X:}-Z!!

D*En!W*.%Y!X:}-Z!

M%6-)&,e!YY=!!!!!
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B-(%$40#,*0--05**

*

f<)! #($%.R#,)! XI(IZ! #((#`!:#(! 5).2%.1)7! #$$%.7'&4! ,<)!1),<%7! 7)($.'R)7! R`!

M,)-)&(! #4' 5</F! X?DDEZ3! ^&! ,<'(! (,07`*! %&6`! ,<)! #($%.R#,)! ,%,#6! :#(! )((#`)7! '&! %.7).! ,%!

)(,'1#,)!,<)!5%%6!%2!I(I!'&!,<)!(#156)(!(,07')73!!

f%! )-#60#,)! ,%,#6! I(I! $%&,)&,*! >DD14! X2.0',(Z! %.! @D14! X6)#-)(Z! %2! 2.)(<! 5%:).!

5.)-'%0(6`! (,%;)7! #,! _GD�T! :).)! )U,.#$,)7! 0('&4! ADDµ"! %2! f.'$<6%.%#$),'$! #$'7! En!

XfTIZ3! I2,).! -%.,)U)7*! (#156)(! :).)! $)&,.'204)7! ?B! 1'&0,)(! #,! >?! DDD4! #,! A�T3! f<)!

(05).&#,#&,! :#(! .)$%-).)7! #&7! .)#7`! ,%! #((#`3! f<)! )&,'.)! )U,.#$,'%&! (,)5! &))7(! ,%!

5.)2%.1!%&!'$)!,%!5.)-)&,!I(I!7)4.#7#,'%&3!

^&!%.7).!,%!)(,'1#,)!,%,#6!I(I!$%&,)&,! '&!,<)!(05).&#,#&,*!#!(,#&7#.7!$0.-)!:#(!

.)#6'K)73!I! $%&$)&,.#,)! (%60,'%&!%2! (%7'01_"_#($%.R#,)! X>!14}1"Z!:#(!7'60,)7! '&!fTI!

En!#$$%.7'&4!,<)! C%+-"#'EE/!f<'(!.#&4)!#66%:!,%!%R,#'&! 6'&)#.!(,#&7#.7!$0.-)!$%15.'()!

R),:))&!D!#&7!>!%2!YHBBD&13!!

i%.! )#$<! (#156)*! R'%6%4'$! ,.'56'$#,)(! :).)! #&#6`()73! ?Dµ"! %2! (05).&#,#&,! X%.!

(,#&7#.7Z!:).)!7)5%()7!'&!CE!:)66!56#,)!["^MI!#&7!?Dµ"!%2!7',<'%,<.)',%6! !XYffZ!B1Q!

#.)! #77)7! ,%! .)70$)7! ,<)! %U'7'K)7!I(I3! S6#,)!:#(! &)U,! '&$0R#,)7! ?D!1'&0,)(! #,! @F�T!

0&7).!4)&,6)!(,'..'&43!f<)&*!>Dµ"!%2!j_),<`61#6)'1'7)!Xj[QZ!D*Bn!X:}-Z!#.)!#77','%&#63!

I2,).!%&)!1'&0,)!#,!.%%1!,)15).#,0.)*!GDµ"!%2!$%6%0.!.)#4)&,!:#(!#77)7!#&7!'&$0R#,)7!

AD!1'&0,)(!#,!@F�T3!!f<)!.)70$,'%&!%2!,<)!i)@|!$%&,#'&)7!'&!,<)!.)#4)&,!R`!I(I!:'66!6)#7!

,%!,<)!2%.1#,'%&!%2!i)?|*!:<'$<!.)#$,!:',<!7'5`.'7'6!,<#,!'&70$)!#55#.','%&!%2!.)7!$%6%0.!

5.%5%.,'%&#6! ,%! I(I! $%&$)&,.#,'%&3! f<)! '&,)&(',`! %2! $%6%.#,'%&! :#(! 7),).1'&)7! R`!

6)$,0.)! %2! ,<)! #R(%.R#&$)! #,! BBD&1!0('&4! #!Q06,'($#&!I($)&,! 6)$,%.! Xf<).1%Z! XC%+-"#'

EEZ3!!

f<)!$%&$)&,.#,'%&!%2!I(I!'(!)U5.)(()7!'&!&1%6)(3143i=_>3!f<'(!$#6$06#,'%&!,#;)(!

'&,%!#$$%0&,!%2!,<)!/0#&,',`!%2!2.)(<!5%:7).*!,<)!-%601)!%2!(05).&#,#&,*!,<)!-%601)!%2!

fTI!*!,<)!YH!#&7!,<)!$%)22'$')&,!%2!,<)!(,#&7#.7!$0.-)e!!

ZZZA=!O!&]$5]T!3/;*4-&'&-'!O!H.0]T!:4*3?!;(B2*4]!
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Genomic analysis 
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2,",$0.*7)7,.)",*8%$*D2@>:077)"A*0"0.5-)-*

f<)!jgM!1#55'&4!2%.!,<)!S?>pE_@!10,#&,!:#(!5).2%.1)7!#(!7)($.'R)7!'&!,<)!2'40.)!3!!
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,-.)%"'9;i$L>#0>(#I$7;$ &'#$<(7(?;70"%&(1$I70S;)7I$,-#*$;70$ &'#$UY=M"%66(?8$%?%)J-(-4$P(0-&)J.$ &'#$]Q$%?*$

",&%?&$<,)S-$I#0#$-#[,#?1#*$<J$U#B&$8#?#0%&(7?$=#[,#?1(?84$Q'#$7,&6,&$;()#-$I#0#$(?*#6#?*#?&)J$%)(8?(?8$

7?$ &'#$ K4`g$ E#(?\$ >#0-(7?$ 0#;#0#?1#$ 8#?7"#4$ G;&#0$ %)(8?(?8.$ >%0(%?&-$ *#&#1&(7?$ I%-$ 6#0;70"#*$ ,-(?8$

84@0++5/4$Q',-.$a+P$ ;()#-$I#0#$607*,1#*$ ;70$#%1'$<,)S4$Q'#$&I7$a+P$ ;()#-$I#0#$17"6%0#*$&7$ ;(?*$17""7?$

%?*$?7?M17""7?$=U:-$<%-#*$7?$&'#$67-(&(7?.$%?*$&7$#-&("%&#$&'#(0$%))#)(1$;0#[,#?1(#-$(?$&'#$]Q$%?*$",&%?&$

<,)S-4$ D?$ &'#$ 1%-#$ 7;$ %$ 0#1#--(>#$",&%&(7?$ 2#484$7UDFTHR3.$ &'#$ #B6#1&#*$ ;0#[,#?1J$ (?$",&%?&$ <,)S$ (-$ %<7,&$

Hgg�$I'()#$(?$]Q$<,)S$&'#$#B6#1&#*$;0#[,#?1J$(-$%<7,&$NN�4$=7.$7?)J$y17""7?$=U:z$&%<)#$(-$-&,*(#*4$G"7?8$

&'#".$&'#$=U:-$*(-6)%J(?8$%$0#%*$*#6&'$17"60(-#-$<#&I##?$Hg$%?*$Hgg$I#0#$-#)#1&#*4$ D?$70*#0$&7$0#"7>#$

=U:-$*,#$&7$?%&,0%)$67)J"706'(-"$<#&I##?$!(107MQ7"$%?*$E#(?\$70$-#[,#?1(?8$<%1S807,?*$?7(-#.$&'#$=U:-$

I#0#$17"6%0#*$&7$&'#$7?#-$60#-#?&$ (?$&'#$]Q$!(107MQ7".$%?*$%)-7$7&'#0-$A!=$",&%?&-$-#[,#?1#*$(?$&'#$

)%<70%&70J4$ P(?%))J.$ 7?)J$ =U:-$ -'7I(?8$ &'#$ ;0#[,#?1(#-$ #B6#1&#*$ (?$ &'#$ 1%-#$ 7;$ %$ 0#1#--(>#$",&%&(7?$I#0#$

-#)#1&#*4$$!*&S.-9&[&<(+(*B+.@40(A&7(7-5(*-&\&S.--*&[&J(50-./&0+&(2-*0(B9&A4;/45&@;040(+*$
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6&(%) !"8(%"),%FG%>2%)HBI!;IJ) K22%''8#>)>G(L%")

1FRPc,/' Q+GQG+Y+QY+G++Q++Q+Q$ =YUMZ`kjjKb$

1F,PcF/' QYGYYYQYG+GQYGQY+QQY$ $

15>Pc,/' YYG+Q+QYYQYGQYYQYQQGY$ =YUMZ`kj`^k$

15>PcF/' ++YQQ+GY+GYQGYQYYQY$ $

$EXE2/Pc,/' Y++QG+GGGYYQQY++QQ+G$ =YUMZ`k`K`g$

$EXE2/PcF/' QY+GYQGGYYYYGYQQYGY+$ $

$^[C2/Pc,/' GQ+QQQQ+++GQGYYQYYGQ+G$ =YUMZ`bgjNN$

$^[C2/PcF/' Q++QQ+GYGQYQ+GGGY+GGYG$ $

$^[C24Pc,/' GG+GYYQY+Q++QQYQGQ++Q+$ =YUMZ`cbbcj$

$^[C24PcF/' +GQGGGYYGYGG+QQ+YYYGGG$ $

$^[C26Pc,/' Q+GYGGG+GGGGY+QG+GQQY+QGG$ =YUMZ`ckH`j$

$^[C26PcF/' Q+GYGGG+GGGGY+QG+GQQY+QGG$ $

54E42/Pc,/' ++GGQQ+Q++GGG+++QGG++$ =YUMZ`cjjcg$

54E42/PcF/' GY+QQ+GGQ+YG+GQ+YGYGG$ $

54E426Pc,/' +QQGQ++Q+QQGYYG+QQYY+QGYGG$ =YUMZ`kKNNk$

54E426PcF/' GGGYGGGQ++YGQ+GGQQGGYYQGGG$ $

JF,2/Pc,/' +++G+G++GGGG++GGGG+QG$ =YUMZ`b^k`c$

JF,2/PcF/' +GGYGGQQY+G++G++G+G+$ $

"-,8Pc,/' GYQYYG+YGQQQYYGGYYGGY$ =YUMZ`kbgkH$

"-,8PcF/' Y+Q++Q+YGQQG+YG+YQQY$ '

E$L_2/Pc,/'
Q+Y+QGGG+GGYGG+GQYGQYGG$ =YUMZ`bH^NH$

E$L_2/PcF/'
QQYQQQ+QQYGQQ+QQQG+G+QG++G$ $

ZMQ2/Pc,/'
++YQ+YYYQ+GGGQGGYGGG$ =YUMZ`bHKkk$

ZMQ2/PcF/'
Y+GYGQ+GG++YG+GGGQ+G$ $

>@?!



!

ZMQ24Pc,/'
GYYQQQQQ+GYGQYGGQY+GYGY$ =YUMZ`kjckc$

ZMQ24PcF/'
GGG+GYG+GY+QYG++GYGG+G$ $

ZMQ26Pc,/'
G+YG+YQQ+GGGQQQ++GYQY$ =YUMZ`kg`cK$

ZMQ26PcF/'
QYQ+++G+GGGGG+Q+G+GGQ+$ $

ZMQ28Pc,/'
YYYGGQG+Q++GGYY+GG+G$ =YUMZ`kgggj$

ZMQ28PcF/'
QYGY++GQYGQYGY++G+QG$ $

OF\]2/Pc,/'
QYGG++QYGGGQ+G+GQQQYG+G$ =YUMZ`kk^N^$

OF\]2/PcF/'
QQY+G+GGGG+QQG+QQ++QY+Q$ $

OF\]24Pc,/'
QQY+GY+GQQGYQGY+GQ+GYY$ =YUMZ`kgg^H$

OF\]24PcF/'
YYG++GGY+GQYQYYQQQQ+$ $

!

!

!

!

!

A)TT@"#"MN?@' (?N?' 90$ =#&-$ 7;$ 5QM:+5$ 60("#0-$ ,-#*$ &7$ %"6)(;J$ 1%?*(*%&#-$ 8#?#-$ %?*$ 0#;#0#?1#-$

8#?#-$I(&'$&'#$1700#-67?*(?8$%11#--(7?$?,"<#0$
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A)TT@"#"MN?@'(?N?';0'B)N@-M"'LR'!-K%LP>L#'>[XX[VW'T@?NRL%#2'=##*-$I#0#$",&%8#?(\#*$&I7$&("#-$I(&'$

g4`$70$H4g�$A!=4$Q7$%>7(*$%"<(8,(&(#-$1%,-#*$<J$1'("#0(-"$7;$",&%?&$6)%?&-$(?$&'#$!H$8#?#0%&(7?.$6)%?&-$

I#0#$-#);M;#0&()(\#*4$Q'#$!K$6078#?J$7;$Hg$-##*-$6#0$ )(?#$I%-$,-#*$ ;70$ -10##?(?84$Q'#$/UG$677)$%?*$!N$
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FL)&&"?)_'!5d' *LM"&' 5!d' 1(?#&' :2' H4==7I2'eQT$ %?%)J-(-$ 7;$ ;0,(&$ %?&(7B(*%?&-$ (?$ &7"%&7$

,-(?8$TJ176#0-(17?$6#??#))(($(?&0780#--(7?$)(?#-4$:F-+.?&$775?&S-*-0?$///i$HNjc�H^gb$$

$

F)&UNLM'C2*d' AL#&&-KU' [2Jd' F-M.@"%' Cd' AU"M'l2*2' H4=/=I2']5XW$&0%?-10(6&(7?$ ;%1&70-4$:.-*2/&

O54*0&8A(?$/7i$K^k�K`b$

$

A?Q?-' >d' \?.?`?' >d' \?&?U?%?'!d' A`?%Ne' >Jd' 5U%-&N-"' *!d' 3%-..&'OFd'O?(?'!d' BQ?(?' \2'

H4==/I2$ G0%<(*76-(-$ ?6'H$ %?*$ ?6)Hi$ <),#$ )(8'&$ 0#1#6&70-$ &'%&$ "#*(%&#$ <7&'$

6'7&7&076(-"$%?*$1')7076)%-&$0#)71%&(7?4$O.+A?&"405&$A42?&8A(?$Z=G$G<0$cjcjMcjk^$

'

A?&?Q-PA"Q-#LNL']d'>?Q-'Vd'B$?+?&U-'>d'1LML'!d'!?N&)#LNL',d'A?Q)%?-'Vd'A)e)Q-'Ed'E-%?-'

!]d'VLi-'!d'A?-NL'\d'"N'?@2'H4==7I2$+770*(?%&#*$%1M$&(>%&(7?$7;$"#&%<7)(1$6%&'I%J-$;70$

%?&(7B(*%?&-$ %?*$ *#;#?1#$ 17"67,?*-$ <J$ V%-"7?%&#-$ %?*$ &'#(0$ 07)#-$ (?$ -&0#--$

&7)#0%?1#$(?$G0%<(*76-(-4$O54*0&]$880$c`N�ccb$$

$

A?Q?#LNL' Ad' ,)i-Q?`?' ]d' J&?Q?'!22' H4=/6I2$G?%)J-(-$7;$G-170<(1$G1(*$9(7-J?&'#-(-$Z-(?8$%$

=(?8)#$ Q0%?-(#?&$ Y#?#$ AB60#--(7?$ =J-&#"$ (?$ Q7"%&7$ P0,(&$ :07&76)%-&4$ <(+/A(?&

<(+0-AF*+5?&<(+AF-@$;;2N30$ckNMck`$

'

>B@!



!



!

A"MN"%d'A2':2d'EL%S?Nd'F2'*2d'j',L%$)&d'O2'F2'H/G<<I2$e,%?&(&%&(>#$>%0(%&(7?$7;$&7&%)$6'#?7)-$(?$$$$

;0#-'$"%0S#&$&7"%&7#-$%&$&'0##$-&%8#-$7;$"%&,0(&J4$]+;.*45&+B&J++2&8A(-*A-$760$cNj�

c^g$

'

AU?M#).?S"@)' \2W2d' F?M.?&`?#-'W2' H/G94I'Q0J6&76'%?$%?*$ (?*7)#$ 17"67,?*-$ (?$<%?%?%$

7>%0(#-4&"40;.-&/G80$kk`Mkkc$$

AU?%#?' Wd' V?)N-+?@' 3Cd' V?)N-+?@' 1F2' H4==GI2' =##*)(?8$ #"#08#?1#$ %?*$ -,0>(>%)$ (?$

E(**4@+@;@& 04@454$ ,?*#0$ >%0J(?8$ "(107M'%<(&%&$ 17?*(&(7?-i$ 17?-#0>%&(7?$

("6)(1%&(7?-4$:.+7(A45&-A+5+)9&7='HHI0$KgHMKgj$

AU?%L#'!2d'O-@@"#LN'52d'>UL#T&LM'*2'J2'H/GG8I2'+'())(?8$(?V,0J$(?*,1#-$)(M$6(*$6'%-#$1'%?8#-$

(?$"#"<0%?#-$7;$&7"%&7$;0,(&4$O54*0&OF9/(+5+)9&/=7'HHI0$Ng`�Ngb$

A#-%MLRR'V2'H/GG9I4$Q'#$;,?1&(7?$%?*$"#&%<7)(-"$7;$%-170<(1$%1(*$(?$6)%?&-4$$**45/&+B&<+04*9&

;<0$ccHMccj$

A#-%MLRR' Vd' C?@@?MK?' *J2' H/GG9I4$ G-170<%&#$ "#&%<7)(-"$ (?$ 0#)%&(7?$ &7$ 7B(*%&(>#$ -&0#--4$

<(+AF-@(A45&8+A(-09&:.4*/4A0(+*&480$^kKM^kb$

A#-%MLRR'V2' H4===?I4$G-170<%&#$<(7-J?&'#-(-$%?*$;,?1&(7?$(?$6'7&7607&#1&(7?4$OF(5+/+7F(A45&

:.4*/4A0(+*/&+B&0F-&#+945&8+A(-09&+B&Y+*2+*&<&<(+5+)(A45&8A(-*A-/&6770$H^``MH^c^$

A#-%MLRR'V2'H4===$I4$G-170<(1$%1(*i$"#&%<7)(-"$%?*$;,?1&(7?-$7;$%$",)&(M;%1#&&#*$"7)#1,)#4$

E;..-*0&Z7(*(+*&(*&O54*0&<(+5+)9&60$KKjMKN`$

A#-%MLRR'Vd'OU""@"%'WX2' H4===I4$G-170<(1$%1(*$ (?$6)%?&-i$9(7-J?&'#-(-$%?*$;,?1&(7?4$E.(0(A45&

#-'(-^/&(*&O54*0&8A(-*A-/%&/G0$KckMKjg$

A#-%MLRR'V2' H4=//I4$a(&%"(?$+i$&'#$"#&%<7)(-"$%?*$;,?1&(7?-$7;$%-170<(1$%1(*$(?$6)%?&4$$2'?&

<+0?&#-/?&7G0$HgkMHkk$

AN"S"M&'!12'H/G<9I4$D?'#0(&%?1#$7;$&7"%&7$;0,(&$[,%)(&J$17"67?#?&-4$O54*0&<.--2(*)&#-'(-^/&

80$KkNMNHH$

AU"`R"@N'F2X' H4===I2'+7?-,"#0$ ;0(#?*)J$-6#1(;(1%&(7?-$ ;70$%$8)7<%)$"%0S#&6)%1#4$J++2&$;/0?$

740$NHH�NH^$

'

A-"M(LM"&' Jd' !"#$%&'& ()$P!"#"$% &'(% )*+,-$P!"#$%&% #% '(% )#*#+% ,(% '-%.% /0-1#% 2% 3455567%

9(7-J?&'#-(-$7;$%-170<(1$%1(*$(?$S(*?#J$<#%?4$TMY%)%1&7?7M$8M)%1&7?#$*#'J*078#?%-#$(-$

%?$(?&0(?-(1$607&#(?$)71%&#*$%&$&'#$"(&7M$1'7?*0(%)$(??#0$"#"<0%?#4$O54*0&OF9/(+5$/4=0$

jgk�jHK$$

$

AN"S"M&'Fd'3)%"N'!d'W?%KU"%+'5d'5?%%"N"%L']d'5?)&&"'!2$2Kggc34$Q#1'?([,#$;70$0%6(*.$-"%))M

-1%)#$ %?%)J-(-$ 7;$ >(&%"(?$ +$ )#>#)-$ (?$ ;0,(&$ %?*$ %66)(1%&(7?$ &7$ %$ &7"%&7$ ",&%?&$

17))#1&(7?4$]?&$).(A?&J++2&EF-@?$780'cH`jMcHc`$

'

>BA!



!



!

AN"S"M&'Fd'3)%"N'!d':)RR"'Cd'W?%KU"%+'5d'3?@("N'Cd'FLNU?M'5d'5?)&&"'!2'H4==;I2$+%?*(*%&#$$$$

8#?#-$%?*$[,%?&(&%&(>#$&0%(&$)71($%;;#1&(?8$;0,(&$%-170<(1$%1(*$17?&#?&$(?$&'0##$&7"%&7$

676,)%&(7?-4$O54*0&OF9/(+5?$/860'Hj^NMHj`N$

AN"S"M&'Fd'C?."':d'WL)$@"'3d'W?%KU"%+'5d'^?#-%':d'5?)&&"'!2'H4==<I2$>L#?NL'R%)-N'?&KL%$-K'

?K-('KLMN"MN'-&'@-MQ"('`-NU'#LML("U+(%L?&KL%$?N"'%"()KN?&"'?KN-S-N+'?M('NL@"%?MK"'

NL'KU-@@-M.'&N%"&&4&O54*0%&E-55&4*2&6*'(.+*@-*0$6/0'HgbcMHgjc$

AN)%."LM'3Jd'A-T"'E*d'3?%%':C'*%d'5L%$"NN'*>d'!?%N-M"e'*Wd'!?&LM'FC2'H/GG<I2$Q'#$;%&#$7;$&'#$

7B(*(\(?8$&J07-J)$0%*(1%)$(?$&'#$60#-#?1#$7;$8),&%&'(7?#$%?*$%-170<%&#4$D"6)(1%&(7?-$;70$

&'#$0%*(1%)$-(?S$'J67&'#-(-4$]+;.*45&+B&<(+5+)(A45&EF-@(/0.9'4;60$NgHHc�NgHKH$

'

A)e?'OCd'1S-@?' 51d' 5?%%)NU"%&' \d' \)@Q?%M-' Ad' WL..-M' ,Xd' XL%"MK"'12' H4=/=I2'AB6)70(?8$ &'#$

("6%1&$7;$I7,?*(?8$%?*$V%-"7?%&#-$7?$%-170<%&#$"#&%<7)(-"4$O54*0&OF9/(+5+)9&4*2&

<(+AF-@(/0.9$8<i$NNk�N`g$

'

!"#$%#& '(& )*$+,#-.& /(& 01-2+345& 6(& '.#$7& )8& 9:;;<=8$ P%1()(&%&#*$ 8),17-#$ %?*$

*#'J*07%-170<%&#$&0%?-670&$(?$6)%?&$"(&71'7?*0(%4$$.AF&<(+AF-@&<(+7F9/&84<0$kN�bg$$

$

>?$?N?'\d'>?Q?LQ?'>d'J&?Q?'!2'H4==4I4$Y#?#$#B60#--(7?$7;$%-170<(1$%1(*M0#)%&#*$#?\J"#-$(?$

&7<%1174$OF90+AF-@(/0.9&9/0$cNHMcN`$

>?Q?U?#?'Z2'H/GG6I4$5#8,)%&(7?$7;$6#07B(*%-#M*#6#?*#?&$7B(*%&(7?$7;$6'#?7)(1-$<J$%-170<(1$

%1(*i$ *(;;#0#?&$ #;;#1&-$ 7;$ %-170<(1$ %1(*$ 7?$ &'#$ 7B(*%&(7?$ 7;$ 17?(;#0J)$ %)17'7)$ <J$ &'#$

%676)%-&(1$-7),<)#$%?*$1#))$I%))M<7,?*$6#07B(*%-#-$;07"$#6(17&J)-$7;$a(8?%$%?8,)%0(-4$

O54*0&4*2&E-55&OF9/(+5+)9&680$bgjMbHk$

>"(LM"' Xd' E?MKLKQ' Fd' 1@$"%-ML' Ad' E?)TN' Ad' Y-L@?' F2' H4==8I4$ T7?8M*(-&%?1#$ &0%?-670&$ 7;$ TM$

%-170<(1$%1(*$(?$67&%&74$<3E&O54*0&<(+5+)9&80$Hc$

>"@"&-M&Q-'1d'VL`?Q'*d'A#L@-Q'3d':)$L`&Q?'1d'AQ%e+T-"K'V2'H4==<I2$A;;#1&$7;$-7()$-%)(?(&J$7?$

%1&(>(&J$ 7;$ %?&(7B(*%?&$ #?\J"#-$ %?*$ 17?&#?&$ 7;$ %-170<(1$ %1(*$ %?*$ 6'#?7)-$ (?$ <#%?$

2:'%-#7),-$>,)8%0(-$T43$O54*0/?&]?&65-@-*0+5$/6i$^gH�^gj$$

>UL#?&' Ed' B).U?#' E*d' O?.&N?RR' 5d' AN"?(' 1:2' H4==6I2' /#;(?(?8$ -#?#-1#?1#$ %?*$ *#%&'4$

]+;.*45&+B&6=7-.(@-*045&<+04*9$78i$HHKk�HHNK$

>UL##?'3CE*d'J.."%#LMN'\d'C"MM-MKQ_'[1!1d'!?)KUP!?M-'3d'YL."@&?M.'Fd'"N'?@2'H/GG<I2$

=#6%0%&#$ V%-"7?%&#M*#6#?*#?&$ %?*$ -%)(1J)%&#M*#6#?*#?&$ *#;#?-#M0#-M$ 67?-#$

6%&'I%J-$(?$G0%<(*76-(-$%0#$#-M$-#?&(%)$;70$0#-(-&%?1#$&7$*(-&(?1&$"(107<(%)$6%&'78#?-4$

O.+A?&"405?&$A42?&8A(?&,8$&G7i$H`Hgk�HH$$

>UL##?d' 32C2E2*2d' J.."%#LMNd' \2d' >-"%"M&d' \2,2!2P*2' ?M(' 3%L"Q?"%Nd' O2,2' H/GGGI2'

5#[,(0#"#?&$ 7;$ ;,?1&(7?%)$ A&'J)#?#MD?-#?-(&(>#$ K$ 8#?#$ ;70$ #;�1(#?&$ 0#-(-&%?1#$ 7;$

G0%<(*76-(-$&7$(?;#1&(7?$<J$97&0J&(-$1(?#0#%4$O54*0&OF9/(+5?$/4/0$HgjNMHHgH$$

>UL#T&LMd'*2J2d'X".."d'F2X2d'?M('3?%$"%d'>2,2'H/G<;I2$Q'#$07)#$7;$;0##$0%*(1%)-$(?$-#?#-1#?1#$

%?*$I7,?*(?84$"-^&OF90+5?$Hg`i$NHkMN^^$

>BB!



!

'



!

>-Q)MLSd']2'!2d'!L@NULRRd'*2d':"'YL&d'F2'52'E2d'3""Q`-@("%d'*2d'Y?M'EL)`"@-M."Md'12d'Y?M'("%'

ELLRNd'*2'*2'*2d'"N'?@2'H4=/6I2'ULUM-"7SJ$8)J17-J)&0%?-;#0%-#H$60#>#?&-$&'#$0#)#%-#$7;$

-"7SJ$%07"%$;07"$&7"%&7$;0,(&4$O54*0&E-55$470$Ngck�Ngkb$

>-@@' 32*d' 5L@$"%N' >d' >L#T?' ' F2' %$) &9M' H4==6?I$ E(8'M&'07,8'6,&$ QDTTDUY$ ;70$ ;,?1&(7?%)$$$$

8#?7"(1-4$3-0F+2/&3+5?&<(+5?$469.$Kg`�KKg$

  $

Till B.J, Reynolds S.H, Greene E.A et al. (2003b) Large-scale discovery of induced 
point mutations with high-throughput TILLING. Genome Res. 13, 524–530. 

'

>L#?NL'W"ML#"'5LM&L%N-)#2' H4=/4I2'Q'#$&7"%&7$8#?7"#$-#[,#?1#$607>(*#-$(?-(8'&-$(?&7$

;)#-'J$;0,(&$#>7),&(7?4$"40;.-$8<70$cN`�c^H$

>LU."' >d' 1@&""QU' Ad' ,"%M-"' 1F2' H4=/8I2$ L?$ &'#$ 0#8,)%&(7?$ %?*$ ;,?1&(7?$ 7;$ -#17?*%0J$

"#&%<7)(-"$*,0(?8$ ;0,(&$*#>#)76"#?&$%?*$ 0(6#?(?84$ ]+;.*45&+B& 6=7-.(@-*045&<+04*9&

97i$^`jj�^cHH$$

>L-SLM"M'C2'!2'12d'EL(."&':2'!2'H4=//I4$G<(7&(1$=&0#--$(?$E%0>#-&#*$P0,(&-$%?*$a#8#&%<)#-.$

G<(7&(1=&0#--$(?$:)%?&-$!#1'%?(-"-$%?*$G*%6&%&(7?-.$#*4$G4$='%?S#0.$G>%()%<)#$;07"i$

'&&6iddIII4(?&#1'76#?417"d<77S-d%<(7&(1M-&0#--M(?M6)%?&-M"#1'%?(-"-M

%?*%*%6&%&(7?-d$%<(7&(1M-&0#--M(?M'%0>#-&#*M$;0,(&-M%?*M>#8#&%<)#-$$

>L-SLM"Md' C2!212' H4==6?I2$ A;;#1&-$ 7;$ =&70%8#$ +7?*(&(7?-$ %?*$ :7-&'%0>#-&$ :071#*,0#-$ 7?$

LB(*%&(>#$=&0#--$(?$P0,(&-$%?*$a#8#&%<)#-4$O+/0F4.'-/0&Z=(240('-&80.-//&(*&V+.0(A;50;.45&

E.+7/.$/4!4$E7*8#-$2A*43.$cjMjg.$P77*$:07*,1&-$:0#--.$D=9U$HM`cgKKM$jcKM^.$U#I$W70S$$

>L-SLM"Md'C2!212'H4==6$I2$:7-&'%0>#-&$Q0#%&"#?&-$&7$+7?&07)$LB(*%&(>#$=&0#--$(?$P0,(&-$%?*$

a#8#&%<)#-4$ D?i$ O+/0F4.'-/0& Z=(240('-& 80.-//& (*& V+.0(A;50;.45& E.+7/.$ /4!4$ E7*8#-.$

2A*43.$KK`MK^c4$P77*$:07*,1&-$:0#--.$D=9U$HM`cgKKMjcKM^.$U#I$W70S$$

>L-SLM"Md' C2!212'j' A`""M"+d'!2' H/GG;I2$/(;;#0#?1#-$ (?$+')7076'J))$ T7--$ %&$ HN�+$ ;70$ QI7$

907117)($ 290%--(1%$ 7)#0%1#%$ T43$ +,)&(>%0-$ G--71(%&#*$ ](&'$ G?&(7B(*%?&$ A?\J"#$

G1&(>(&(#-4$]+;.*45&+B&$).(A;50;.45&4*2&J++2&EF-@(/0.9$892H3i$KgMK^$$

!"#$%&'(&)(%&*+,-%&.(%&/0#$01%&2(&!(%&345678%&9(%&+:;&<+1+=%&<(&>?@AAB(&Q'#$6'J-(7)78(1%)$07)#$7;$

%-170<%&#$%-$6'7&7-J-&#"$DD$#)#1&07?$*7?70i$607&#1&(7?$%8%(?-&$6'7&7(?%1&(>%&(7?$ (?$

'#%&M-&0#--#*$)#%>#-4$O54*0&OF9/(+5?)/790$NbK�NjK4$$

>&?M-Q@-(-&' Wd' :"@-&' 5d' V-QL@L)(?Q-&' Vd' \?N-M?Q-&' Cd' C?&&?#' E25d' 1-S?@?Q-&' W2' H4=/8I2' TM

G-170<(1$ %1(*$ "#&%<7)(-"$ (?$ 6%0&'#?71%06(1$ %?*$ -##*#*$ 1'#00J$ &7"%&7#-4O54*0&

S.+^0F&#-));40$H^HMH`N$

>&)Q?.)KU-'Ed'>LQ)-'>d'!?KQ"Me-"'3d'3"%."%'Z2'Yd'5U"M'D2'^d'O?M.']d'"N'?@2'H/GGGI2$G$;%"()J$

7;$"%""%)(%?$U%vM*#6#?*#?&$TM%-170<(1$%1(*$&0%?-670&#0-4$"40;.-$6GGi$kg�k`$

ZX'E?&&?M'1V:'12'X2'X"UM-M."%d$$H/G79I$]?&<(+5?&EF-@4$KKNMDKN$

>BE!



!



!

Z@Q"%' 3' ?M&' AL#-&&-KU' [J2' H4==8I2$ ]5XW$ 9(7-J?&'#-(-$ 7;$ TM%-170<(1$ %1(*$ (?$ 6)%?&-i$ ?#I$

6%&'I%J-$;70$%?$7)*$%?&(7B(*%?&4E;..?&Z7(+*&O54*0&<(+5?$;2`3i$^jHM$b$

'

Y?@T)"&N?'Y'?M('3LN"@@?'!1'H4==8I2$]5XW$&0%?-10(6&(7?$;%1&70-i$;07"$/UG$<(?*(?8$&7I%0*-$

<(7)78(1%)$;,?1&(7?4$:.-*2/&O54*0&8A(?$G2HK3i$`kNMk$

$

Y?M'\?M'*21d'AU?`'!2Od'W%?MNP:L`NLM'F2>2'H4=/8I2$97&J&0(-$-6#1(#-i$&#)#?&)#--$?#107&076'(1$

&',8-$70$#?*76'J&#-$87?#$078,#$�$3+5-A;54.&O54*0&O40F+5+)9&$/72j3i$j`kMjcH$

'

Y"MQ?N"&U'*'?M('C?%Q'A2O2'H4=/8I2$57)#$7;$TM%-170<%&#$(?$%))#>(%&(?8$%<(7&(1$-&0#--#-$(?$1076$

6)%?&-4$<+04*(A45&80;2(-/$770$Nb$

O?.M"%'5d'A"RQL`'!d'\LTQ?'*2'H4==6I2$+7?-&0,1&(7?$%?*$%66)(1%&(7?$7;$%$"%--$-6#1&0%)$%?*$

0#&#?&(7?$ &("#$ (?*#B$ *%&%<%-#$ 8#?#0%&#*$ ;07"$ 6)%?&$ Y+dADMQLPM!=$ "#&%<7)(&#$

607;()#-4$OF90+AF-@(/0.9&940'bbk�jgg$$

O?M.'Vd',?M.'Od'E?M'Ed'A)-'Vd'X-'3d'!#?8$e4$]4$H4==<I2' ' $L>#0#B60#-M$-(7?$7;$\#%B%?&'(?$

#67B(*%-#$8#?#$#?'%?1#-$&'#$-#?-(&(>(&J$7;$&7"%&7$:=DD$6'7&7(?'(<(&(7?$&7$'(8'$;(8'&$

%?*$1'())(?8$-&0#--4$OF9/(+5+)(4&O54*04.;@)/642$N3i$Nb^�Njc$$

O?M.' Dd' X-' Od' T-c)"%?&' %d' K?L' \d' :"M.' DOd' O"-' V2' H4==GI2$ 5#8,)%&(7?$ 7;$ +L:H?,1)#%0$

)71%)(\%&(7?$ <J$ &'#$ +L:j$ -(8?%)7-7"#$ >(%$ *(0#1&$ (?&#0%1&(7?$ I(&'$ +=UH4$ O54*0& ]?&
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