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b\E9Ec* ,'66/242"#2&* 0)#3* :%7)"2* (./-* ,2$'4* bQ_nG* 7^7c* ."&* ;2"#.45()"* bP_*

µ;^4/c=* 972$5* S* #%* T* &.5,* TOTBJQ* (2//,* 02$2* ,':('/#'$2&G* 2",'$)";* "%#* #%* $2.(3*

(%"-/'2"(2=* +%$* &)--2$2"#).#)%"G* 6$2.&)6%(5#2,*02$2* ,':('/#'$2&* )"* &)--2$2"#* ('/#'$2*

6/.#2,*$2,62(#)72*#%*2.(3*2?62$)42"#*."&*;$%0"*#%*(%"-/'2"(2=*]2//,*02$2*('/#'$2&*-%$*

."*.&&)#)%"./*YW*3%'$,*.-#2$*$2.(3)";*(%"-/'2"(2*."&*#32"*)"&'(2&*#%*&)--2$2"#).#2*:5*

2?6%,)";*#324*#%*."*.&)6%;2")(*)"&'(#)%"*42&)'4*b#3),*#)42*6%)"#*0.,*&2,);".#2&*.,*

&.5* _c=* O3),*42&).* (%",),#,* %-* #32* ;$%0#3*42&).* b\E9EG* 10% FBS) ,'66/242"#2&*

0)#3 Q=_*µE*&2?.42#3.,%"2G*_=SP*4E*!KEfG*Q=VY*µE*)",'/)"*."&*P*µE*O$%;/)#.a%"2=*

Z"* &.5* S* #32* )"&'(#)%"*42&)'4*0.,* $26/.(2&* :5* .&)6%(5#2* &)--2$2"#).#)%"*42&)'4*

(%",),#)";* %-* ;$%0#3* 42&)'4* (%46/242"#2&* 0)#3* Q=VY* µE* )",'/)"* ."&* P* µE*

O$%;/)#.a%"2=* M-#2$* S* &.5,* 2?6%,2&* #%* .&)6%(5#2* &)--2$2"#).#)%"* 42&).G* (2//,* 02$2*

2?6%,2&*#%*"%$4./*;$%0#3*42&).*."&*2?(3.";2&*272$5*%#32$*&.5*-%$*#32*&'$.#)%"*%-*

#32*2?62$)42"#=*



E.#2$)./,*."&*42#3%&,*

 

QV*

-!*.,=@>7R@;7.

K%#3* ,':(%"-/'2"#* 6$2.&)6%(5#2,* btW_n* (%"-/'2"(5c* ."&* .&)6%(5#2,* .#* &.5* P* %-*

&)--2$2"#).#)%"* 02$2* ,#.$72&* -%$* QW* 3* )"* \E9E* ,'66/242"#2&* 0)#3* :%7)"2* ,2$'4*

./:'4)"*bKLMG*QnG*02);3#^7%/'42c=*M-#2$*(2//,*02$2*,5"(3$%")a2&*:5*,#.$7.#)%"*#325*

02$2*#$2.#2&*0)#3*S__*"E*L4%%#32"2&*.;%"),#*bLMHc*%$*(%"#$%/*723)(/2*-%$*SY*."&*YW*

3%'$,=*



E.#2$)./,*."&*42#3%&,*

 

QW*

J2?.->RED@.E=@E>=>768;.*

J2?21.4@>B@;7C.>;<.C8DQ768;C.

9#35/2"2&).4)"2#2#$..(2#)(*.()&*b9\OMc* L);4.*

E.;"2,)'4*(3/%$)&2*bE;]/Sc* L);4.*

[KL*Qf* L);4.*

[32"5/42#35/,'/-%"5/-/'%$)&*b[EL+c* Sigma*

[%#.,,)'4*(3/%$)&2*bF]/c* E2$(1*

[$%#2)".,2*!"3):)#%$*!]*SPf* H9*82./#3(.$2*

L%&)'4*(3/%$)&2*b>.]/c* L);4.*

L%&)'4*&2%?5(3%/.#2* L);4.*

Sodium dodecyl sulfate (L\Lc* L);4.*

L'($%,2* L);4.*

O$),* H2$:'*

.

.

. -789a. 06;>D.98;9@;7=>768;. N(.b.1U.RD.

-8DQ768;.!c. Q*E*O$),*8]/*68*V=U* Q_*4E*O$),*8]/*68*V=U* QP_*u/*
* Q*E*F]/* Q_*4E*F]/* QP_*u/*
* Q*E*E;]/S* QP*4E*E;]/S* SSP*u/*
-8DQ768;./. S*E*L'($%,2* S*E*L'($%,2* *
-8DQ768;."c. S*E*L'($%,2* _=SP*E*L'($%,2* QWVP*u/*
* Q*E*O$),*8]/*68*V=U* Q_*4E*O$),*8]/*68*V=U* QP_*u/*
* Q*E*E;]/S* Q=P?Q_BY*E*E;]/S* S=SP*u/*
-8DQ768;.)c. S*E*L'($%,2* _=SP*E*L'($%,2* QWVP*u/*
* Q*E*O$),*8]/*68*V=U* Q_*4E*O$),*8]/*68*V=U* QP_*u/*
* _=P*E*9\OMB>.Z8*68*W* Q_*4E*9\OMB>.Z8*68*

W*
T__*u/*

* * * *
* * * *
* * * *
* * * *
* -789a. 06;>D.98;9@;7=>768;* N(b?UT.RD.

43L!.KQ\\@=* Q*E*O$),B8]/*68*V=U* P_*4E*O$),B8]/*68*V=U* QS=P*4/*
* P*E*>.]/* QP_*4E*>.]/* V=P*4/*
* _=P*E*9\OM* Q*4E*9\OM* _=P*4/*
* Q_n*L%&)'4*&2%?5(3%/.#2* Qn*L%&)'4*

&2%?5(3%/.#2*
S=P*;*

* S_n*L\L* _=Qn*L\L* Q=SP*4/*
* _=Q*E*[EL+* Q*4E*[EL+* [$)%$*#%*',2*
* [$%#2)".,2*!"3):)#%$*!]*SPf* * [$)%$*#%*',2*
*

v*,%/'#)%",*.$2*6$26.$2&*-$2,3/5*%"*#32*&.5*%-*',2*-$%4*,#%(1*,%/'#)%",*



E.#2$)./,*."&*42#3%&,*

 

QX*

J2?2?.L=89@<Q=@.

J2?2?21*+6789:8;<=6>.6C8D>768;.\8=.E=87@8R69.>;>DGC6C*

O32*6$26.$.#)%"*,#.$#2&*-$%4*.*(2//* /.52$*%-*#$2.#2&*TOTBJQ*.&)6%(5#2,=*!442&).#2/5*

.-#2$* (2//,* 02$2* #.12"* %'#* %-* #32* )"(':.#%$* #325* 02$2* 6/.(2&* %"* )(2* #%* 6$272"#*

&2;$.&.#)%"*%-*6$%#2)",=*O32*(2//,*02$2*0.,32&*0)#3*)(2*(%/&*[KL*#%*;2#*$)&*%-*.//*#32*

42&).=* O32"* Q*4/* 356%#%")(* ,%/'#)%"* M*0.,* .&&2&* #%* #32* (2//* /.52$* ."&* (2//,*02$2*

#3%$%';3/5* ,($.62&* %-* #32* -/.,1G* 3%4%;2")a2&* 0)#3* ."* 9662"&%$-* [Q___* ."&*

#$.",-2$$2&*#%*.*QP*4/*#':2=*O%*2",'$2*,'--)()2"#*5)2/&*%-* ),%/.#2&*4)#%(3%"&$).G* #0%*

QP_*(4S*-/.,1,*02$2*6%%/2&*#%;2#32$*.#*#3),*,#26*#%*$26$2,2"#*%"2*:)%/%;)(./*,.46/2=*

>2?#* #%* ,02//* #32* (2//,G* #325*02$2* )"(':.#2&*%"* )(2* -%$*QP*4)"'#2,=* Q^V#3* %-* 7%/'42*

,%/'#)%"* K* 0.,* .&&2&* #%* #32* (2//* ,',62",)%"G* ,3%$#/5* 7%$#2?2&G* )"(':.#2&* ."%#32$*

4)"'#2*%"*)(2*."&*#32"*6.,,2&*Q_*#)42,*#3$%';3*.*HSP*"22&/2=*O3),*3%4%;2".#2*#32"*

0.,*(2"#$)-';2&*.#*QS__*;*-%$*P*4)"'#2,*.#*Yw]*#%*;2#*$)&*%-*'":$%12"*(2//G*&2:$),*."&*

"'(/2)* bK2(14."* ]%'/#2$* M//2;$.* fBQSA* ]2"#$)-';2c=* O32* ,'62$".#."#* .-#2$* #3),* /%0*

,622&* (2"#$)-';.#)%"* ,#26* #32"*0.,* (2"#$)-';2&* .#* W___* ;* -%$* Q_*4)"'#2,* .#* Yw]* #%*

62//2#* #32* 4)#%(3%"&$).* bO32$4%* L()2"#)-)(* L%$7.//* A]Ul* ]2"#$)-';2c=* O32*

4)#%(3%"&$)./* 62//2#*0.,* $2,',62"&2&* )"* ,%/'#)%"* ]* ."&* /%0* ,622&* ."&* 3);3* ,622&*

(2"#$)-';.#)%"* ,#26,* 02$2* $262.#2&* .,* ,#.#2&* :2-%$2=* M"%#32$* 0.,3* ,#26* 0.,*

62$-%$42&*:5*$2,',62"&)";* #32*4)#%(3%"&$)./*62//2#* )"*,%/'#)%"*\=*M;.)"* /%0*,622&*

."&* 3);3* ,622&* (2"#$)-';.#)%"* ,#26,* 02$2* $262.#2&* .,* ,#.#2&* :2-%$2=* O32* -)"./*

4)#%(3%"&$)./*62//2#*0.,*2)#32$* ,3%(1* -$%a2"* )"* /)`')&*")#$%;2"*."&* ,#%$2&*.#* BW_w]*

'"#)/*',2*%$*)",#."#."2%',*6$%(2,,2&*.,*42"#)%"2&*)"*T=T=Q=S=*

.

J2?2?2?*&@C7@=;.KD87.C>RED@C*

M,* (2//,* 02$2* #.12"* %'#* %-* #32* )"(':.#%$G* #325* 02$2* )442&).#2/5* 6/.(2&* %"* )(2* #%*

6$272"#*6$%#2)"*&2;$.&.#)%"=*>2?#*(2//,*02$2*0.,32&*#0%*#)42,*0)#3*)(2*(%/&*[KL*."&*

,($.62&* 0)#3* A![M* :'--2$* bQ__* µ/^02//c* ."&* )",#."#."2%',* ,".6* -$%a2"* )"* /)`')&*

")#$%;2"* ."&* ,#%$2&* %"* BW_w]=* O32* "2?#* &.5* /5,.#2,* 02$2* #3.02&* '"&2$* (%",#."#*

$%//)";*-%$*Q*3%'$*.#*Yw]G*#32"*(2"#$)-';2&*-'//*,622&*-%$*T_*4)"'#2,*.#*Yw]G*."&*-)".//5*

,'62$".#."#,*02$2*#$.",-2$$2&*#%*.*"20*#':2=*[$%#2)"*(%"(2"#$.#)%"*0.,*&2#2$4)"2&*

',)";* #32* K$.&-%$&* 42#3%&* ."&* ,.46/2,* 02$2* 2)#32$* )",#."#/5* 6$%(2,,2&* %$* .;.)"*

,".6*-$%a2"*)"*/)`')&*")#$%;2"*."&*,#%$2&*%"*BW_w]*'"#)/*',2=*



E.#2$)./,*."&*42#3%&,*

 

S_*

J2J.L=87@8R69.>;>DGC6C.

J2J21.1)Z*@'"d+-+-..

!"* #32* Q\B[MH9* .66$%.(3* 6$%#2)",* .$2* ,26.$.#2&* ,%/2/5* :5* #32)$* 4%/2('/.$* 4.,,=*

O32$2-%$2* 6$%#2)",* 4',#* :2* ,%/':)/),2&* -)$,#* ."&* #32"* .$2* /%.&2&* %"#%* #32* Q\B;2/=*

\'$)";* #32* Q\B;2/* ,26.$.#)%"* ."5* $24.)")";* /5,),* :'--2$* &2$)72&* &2#2$;2"#,* .$2*

2--)()2"#/5* $24%72&* -$%4* #32* ,.46/2,=* O3),* ),* ($'()./* :2(.',2* &2#2$;2"#,* b2=;=* L\Lc*

)%")a2* 02//* ."&* .$2* )"* 3';2* 2?(2,,* $2/.#)72* #%* #32* 6$%#2)",=* [$%#2)"* :."&,* )"* #32*

:%##%4*6.$#*%-*#32*Q\B;2/*.$2*('#*%'#*."&*#$56#)(*)"B;2/*&);2,#)%"*%-*6$%#2)",*),*(.$$)2&*

%'#=* 9/'#2&* 626#)&2,* -$%4* %"2* ,)";/2* :."&* .$2* ,26.$.#2&* :5* "."%B-/%0* /)`')&B

(3$%4.#%;$.635* b"."%BJ]c* ."&* #32"* )&2"#)-)2&* :5* #."&24* 4.,,* ,62(#$%42#$)(*

bELELc*."./5,),=*

*

J2J2121.4@>B@;7C.>;<.C8DQ768;C.

QGYB\)#3)%B\GJ*#3$2)#%/*b\OOcG*3);3*6'$)#5* H2$:'*

TBdbTB(3%/.4)&%6$%65/c&)42#35/.44%")%eBQB6$%6."2,'/-%".#2*

b]8M[Lc*

H2$:'*

M()&)(*.()&* @=O=*K.12$*

M($5/*M4)&2*bMMc* H2$:'*

M44%")'4*62$,'/-.#2*bM[Lc* L);4.*

\2%?5(3%/.#2* L);4.*

+%$4./&235&2* E2$(1*

E2#3."%/* L);4.*

>G>G>gG>gBO2#$.42#35/2#35/2"&).4)"2*bO9E9\c* L);4.*

[$%#2.,2*)"3):)#%$,*Q__f* A%(32*

L)/72$*")#$.#2* L);4.*

L%&)'4*(.$:%".#2* E2$(1*

L%&)'4*&%&2(5/*,'/-.#2*bL\Lc* H2$:'*

L%&)'4*#3)%,'/-.#2* E2$(1*

O3)%'$2.* L);4.*

O$),* H2$:'*

C$2.* H2$:'*

*

*



E.#2$)./,*."&*42#3%&,*

 

SQ*

*

. -789a. 06;>D.98;9@;7=>768;. N(.b.?T.RD.

'GC6C./Q\\@=. [%0&2$* W*E*C$2.* *
* [%0&2$* S*E*O3)%'$2.* *
* [%0&2$* Yn*]8M[L* *
* [%0&2$* UP*4E*\OO* *
* Q_n*&2%?5(3%/.#2* Qn*&2%?5(3%/.#2* +$2,3*
* [$%#2.,2*)"3):)#%$,*Q__f* [$%#2.,2*)"3):)#%$,*Qf* +$2,3*
.

J2J212?.L=89@<Q=@.

+6789:8;<=6>D.E=87@6;.C8DQK6D6C>768;.

O32* -)"./* 4)#%(3%"&$)./* 62//2#G* %:#.)"2&* .-#2$* #32* &)--2$2"#)./* (2"#$)-';.#)%"*

6$%(2&'$2G*0.,*$2,',62"&2&*)"*.*7%/'42*%-*/5,),*:'--2$*.66$%6$).#2*-%$*#32*,)a2*%-*#32*

62//2#=*!"*;2"2$./*)#*),*&2,)$.:/2*#%*1226*#32*7%/'42*/%0G*"%#*&)/'#)";*#32*4)#%(3%"&$).*

#%%*4'(3=*L)"(2*'$2.*),*6.$#*%-*#32*/5,),*:'--2$*)#*0.,*)46%$#."#*#3.#*.//*-'$#32$*,#26,*

02$2*(.$$)2&*%'#*.#*$%%4*#2462$.#'$2G*:2(.',2*.#*/%02$*#2462$.#'$2*#32$2*),*#32*$),1*

#3.#*6$%#2)",*4);3#*)$$272$,):/2*6$2()6)#.#2=*Z"2*,3%'/&*./,%*#.12*(.$2*"%#*#%*32.#*#32*

/5,),* :'--2$* :2(.',2* (.$:.45/.#)%"* 4);3#* %(('$* #%* .4)"%* .()&* ;$%'6,* %-* 6$%#2)",=*

Z"(2* #32*4)#%(3%"&$)./* 62//2#*0.,* $2,',62"&2&* )"* /5,),* :'--2$G* #32* ,',62",)%"*0.,*

)"(':.#2&* .#* $%%4* #2462$.#'$2* -%$* .#* /2.,#* T_* 4)"'#2,* '"&2$* (%",#."#* ,3.1)";=*

+%//%0)";* #3),* )"(':.#)%"*,.46/2,*02$2*(2"#$)-';2&* -%$*Q*3%'$*.#*SP=___*;*.#* $%%4*

#2462$.#'$2=* O32* ,'62$".#."#* b)=2=* 4)#%(3%"&$)./* 6$%#2)"* /5,.#2c* 0.,* ,':<2(#2&* #%*

6$%#2)"*(%"(2"#$.#)%"*&2#2$4)".#)%"*',)";*#32*K$.&-%$&*42#3%&=**

*

1).-:87BQ;.*@D.

12URR.X.>R8Q;7.\8=.?.

B@DC[.

/8778R.*@D.X1?e[. -7>9a6;B.*@D.XPe[.

8SZ* T*4/* QT=S*4/*
T_n*MM^K),BMM* T*4/* S=Y*4/*
S*E*O$),*68*W=W* Q=P*4/* B*
Q*E*O$),*68*U=W* B* S=T*4/*
S_n*L\L* TV*µ/* X_ µ/*
O9E9\* S=W µ/* QW µ/*
Q_n*M[L* TY µ/* X_ µ/*
.

Q\*,3%#;'"*;2/,*02$2*6%'$2&*#32*&.5*:2-%$2*#32*$'"*#%*2",'$2*6$%62$*6%/542$)a.#)%"=*

Z"*&.5*%-*',2*;2/,*02$2*6$2B2`')/):$.#2&*0)#3*W_*D%/#,*-%$*Q_*4)"'#2,=*L.46/2,*02$2*

&)/'#2&*#%*Q__BQP_*µ;*."&*4)?2&*0)#3*J.244/)*:'--2$G*32.#2&*-%$*P*4)"'#2,*.#*XPw]*



E.#2$)./,*."&*42#3%&,*

 

SS*

."&*#32"*/%.&2&*%"*#%*#32*;2/=*L#.(1)";*;2/,*02$2*$'"")";*.#*(%",#."#*W_*D*-%$*.:%'#*S*

3%'$,=*N32"*,.46/2,*$2.(32&*#32*:%##%4*;2/* #32*7%/#.;2*0.,* )"($2.,2&*#%*(%",#."#*

Q__*D*-%$*."%#32$*QPBT_*4)"=*

.

-6DW@=.;67=>7@.C7>6;6;B.

06^. P_n*42#3."%/^Q_n*.(2#)(*.()&*
&>C:. P_n*42#3."%/*
-@;C676f@. _=_Sn*>.SLSZTvP8SZ*
-7>6;. _=Qn*M;>ZT*
)@W@D8E. Tn>.S]ZT^_GPn8]8Z*
-78Ed-78=@. Qn*.(2#)(*.()&*
46;C@d&>C:. &&8SZ*
*

!442&).#2/5* .-#2$* 2/2(#$%63%$2,),* 0.,* -)"),32&* ;2/,* 02$2* -)?2&* -%$* .#* /2.,#* Q* 3%'$*

b#56)(.//5* %72$* ");3#c* )"* P_n*42#3."%/^Q_n* .(2#)(* .()&* .#* Yw]=* O%* ;2#* $)&* %--* #32*

.(2#)(*.()&*;2/,*02$2*0.,32&*0)#3*P_n*42#3."%/*-%$*Q_*4)"'#2,G*-%//%02&*:5*."%#32$*

#0%* 0.,3* ,#26,* 0)#3* &&8SZ* -%$* P* 4)"'#2,* 2.(3=* >2?#* ;2/,* 02$2* ,2",)#)a2&* -%$* T_*

,2(%"&,*0)#3*_=_Sn*>.SLSZTvP8SZG* #32"* $)",2&* #0%* #)42,*0)#3*&&8SZG* :2-%$2* #325*

02$2*,#.)"2&*0)#3*,)/72$*")#$.#2=*H2/,*02$2*,#.)"2&*)"*.*_=Qn*M;>ZT*,%/'#)%"*-%$*S*?*P*

4)"'#2,=* M-#2$* ,#.)")";* ;2/,* 02$2* $)",2&* .;.)"* #0%* #)42,* 0)#3* &&8SZ=* N)#3* Tn*

>.S]ZT^_=Pn*8]8Z*;2/,*02$2*&272/%62&=*O3),*$2.(#)%"*0.,*,#%662&*0)#3*Qn*.(2#)(*

.()&=*+)".//5*;2/,*02$2*0.,32&* #0%* #)42,*0)#3*&&8SZ*."&*,(.""2&=* !-*;2/,*02$2*"%#*

)442&).#2/5*',2&*#325*02$2*,#%$2&*)"*Qn*.(2#)(*.()&*.#*Yw]=*

.

J2J2?.+>CC.CE@97=8R@7=G.>;>DGC6C.

!"*E.,,*,62(#$%42#$5*bELc*4%/2('/2,*.$2*."./5,2&*:5*42.,'$)";*#32*4.,,2,*%-*)%",=*

O32$2-%$2*)%",*.$2*;2"2$.#2&*-$%4*2)#32$*)"%$;.")(*%$*%$;.")(*(%46%'"&,G*03)(3*.$2*

#32"* ,26.$.#2&* :5* #32)$*4.,,B#%B(3.$;2* $.#)%* b4^ac=* !%",* .$2* &2#2(#2&* `'./)#.#)72/5*

."&*`'."#)#.#)72/5*:5*#32)$*$2,62(#)72*4^a*."&*.:'"&."(2=*

EL* (%",),#,* )"* 6$)"()6/2* %-* T* (%46%"2"#,m* ."* )%"* ,%'$(2G* ."* ."./5,2$* ."&* ."* )%"*

&2#2(#%$=* O32* ,.46/2* ),* 2)#32$* &)$2(#/5* )"#$%&'(2&* )"#%* #32* )%"* ,%'$(2* %$* )"#%* .*

(3$%4.#%;$.63)(* ,5,#24* #3.#* ),* 6/.(2&* '6,#$2.4* %-* #32* )%"* ,%'$(2=* 9/2(#$%,6$.5*

)%")a.#)%"*b9L!c*."&*4.#$)?B.,,),#2&*/.,2$*&2,%$6#)%"^)%")a.#)%"*bEMJ\!c*.$2*#32*#0%*

4.<%$*)%"*,%'$(2,*',2&=*!"*%'$*,#'&)2,*02*',2&*9L!=*82$2*#32*,.46/2*),*&),,%/72&*)"*.*

6%/.$G* 7%/.#)/2* ,%/72"#* ,'(3* .,* .(2#%")#$)/2* ."&* ,':,2`'2"#/5* )"<2(#2&* )"#%* .* 42#./*
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ST*

(.6)//.$5=*M#*#32*2"&*%-*#32*(.6)//.$5*.*3);3*7%/#.;2*),*.66/)2&*(.',)";*#32*&),62$,)%"*%-*

#32*,.46/2*)"#%*."*.2$%,%/*%-*3);3/5*(3.$;2&*&$%6/2#,=*\'2*#%*#32*27.6%$.#)%"*%-*#32*

,%/72"#G* #32* &$%6/2#,* :2(%42* ,4.//2$* ."&* (3.$;2* &2",)#5* )"($2.,2,=* M"./5#2* )%",*

&2,%$:)";* -$%4* #32* &$%6/2#* ,'$-.(2* 6$%&'(2* &2,%/7.#2&* )%",G* 03)(3* #32"* 2"#2$* #32*

4.,,*,62(#$%42#2$=*O32$2*.$2* #3$22*4.)"* #562,*%-*4.,,*,62(#$%42#2$,m*i'.&$'6%/2*

ELG* O)42*Z-* +/);3#* bOZ+c*EL* ."&*i'.&$'6%/2* )%"* #$.6,=* O32,2*4.,,* ,62(#$%42#2$,*

&)--2$*)"*3%0*#325*&2#2$4)"2*#32*4.,,B#%B(3.$;2*$.#)%=*+'$#32$4%$2G*)#*),*6%,,):/2*#%*

(%4:)"2*#32,2*."./5,2$,G*$2-2$$2&*#%*.,*#."&24*4.,,*,62(#$%42#$5*bEL^ELc=*!"*%'$*

,#'&5*02*',2&*#."&24*EL^EL*#%*."./5,2*%'$*:)%/%;)(./*,.46/2,=*!"*#32*&2#2(#%$*#32*

('$$2"#*%-*#32*)%",*),*4%")#%$2&G*.46/)-)2&*."&*#$.",4)##2&*#%*#32*&.#.*,5,#24=*O32$2*

#32*4.,,*,62(#$.*.$2*$2(%$&2&G*."&*4^a*7./'2,*.$2*6/%##2&*.;.)",#*#32)$*)"#2",)#)2,=*

.

J2J2?21.4@>B@;7C.>;<.C8DQ768;C.

SGSGSB#$)-/'%$%2#3."%/*bO+9c* L);4.*

M(2#)(*.()&*b8M(c* @=O=*K.12$*

M(2#)(*.()&*b8M(c*Q__n*L'6$.6'$* DNA*!"#2$".#)%"./*

M(2#%")#$)/2*bM]>c* +/'1.*

M(2#%")#$)/2*bM]>c*8[J]*;$.&2* DNA*!"#2$".#)%"./*

M44%")'4*K)(.$:%".#2* +/'1.*

\)#3)%#3$2)#%/*b\OOc* H2$:'*

+%$4)(*M()&*b+Mc* E2$(1*

+%$4)(*M()&*b+Mc*XWBQ__n*L'6$.6'$* DNA*!"#2$".#)%"./*

!%&%.(2#.4)&2*b!MMc* L);4.*

E2#3."%/** L);4.*

[%#.,,)'4*32?.(5."%-2$$.#2*bFT+2b]>cUc* L);4.*

L%&)'4*#3)%,'/-.#2*b>.SLSZTc* E2$(1*

O$56,)"* [$%42;.*

*

*

*

*
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SY*

* . 06;>D.98;9@;7=>768;.

)@C7>6;6;B.C8DQ768;. * QP*4E*FT+2b]>cU*
* * P_*4E*>.SLSZT*
! * )"*&&8SZ*
&>C:.C8DQ768;. * P_n*E2#3."%/*
* * Q_n*8M(*
* * )"*&&8SZ*
EA.;@Q7=>D6f6;B.C8DQ768;. * P_*4E*>8Y8]ZT*
. ( )"*&&8SZ*
4@<Q96;B.C8DQ768;. * Q_4E*\OO*

)"*P_*4E*>8Y8]ZT*
!DaGD>768;.C8DQ768;*
*

* Q_=S*4;*!MM^4/**
)"*P_*4E*>8Y8]ZT*

)6B@C768;.KQ\\@=*
*

* QP*";^µ/*O$56,)"*
)"*P_4E*>8Y8]ZT*

(DQ768;.KQ\\@=. * Sn*+%$4)(*M()&*
* * P_n*M]>*
* * YWn*&&8SZ*

..

J2J2?2?.L=89@<Q=@*

3;ZB@D.7=GE769.<6B@C768;.

L#.)"2&*;2/,*02$2*6'#*%"*#32*H2/*\Z]*Q___*N3)#2*J);3#*L%'$(2*."&*2.(3*/."2*0.,*('#*

)"#%*PBQ_*;2/*,/)(2,=*H2/*6)2(2,*02$2*2)#32$*)442&).#2/5*6$%(2,,2&*%$*#325*02$2*,#%$2&*

.#* Yw]* )"* Q=P*4/* 9662"&%$-* #':2,* -)//2&*0)#3* Qn* .(2#)(* .()&=* O$56#)(* &);2,#)%"*0.,*

62$-%$42&*'"&2$* .* (/2."* 12$.#)"B-$22* /.4)".$* -/%0=*H2/B6)2(2,*02$2*&2,#.)"2&*0)#3*

&2,#.)")";*,%/'#)%"*'"&2$*(%",#."#*,3.1)";*-%//%02&*:5*."*)"#2",)72*0.,3*,#26*0)#3*

P_n*42#3."%/*Q_n*.(2#)(*.()&*%72$*");3#=*O32*68*%-*;2/B6)2(2,*0.,*"2'#$./)a2&*#32*

"2?#* &.5* 0)#3* P_* 4E* >8Y8]ZT* ."&* ,':,2`'2"#/5* ;2/B6)2(2,* 02$2* &$)2&* 0)#3*

.(2#%")#$)/2*bM]>c=*>2?#G*6$%#2)",*02$2*$2&'(2&*0)#3*Q_*4E*\OO*)"*P_*4E*>8Y8]ZT*

.#*PUw]*-%$*U_*4)"'#2,*."&*./15/.#2&*0)#3*P_*4E*!MM*)"*P_*4E*>8Y8]ZT*)"*#32*&.$1*

-%$* S_* 4)"'#2,=* K2#022"* #32,2* #0%* ,#26,* ;2/* 6)2(2,* 02$2* &$)2&* 0)#3* M]>=* M-#2$*

./15/.#)%"*#32*68*%-*;2/B6)2(2,*0.,*"2'#$./)a2&*0)#3*P_*4E*>8Y8]ZT*."&*#32"*&$)2&*

0)#3*M]>=*\$5*;2/B6)2(2,*02$2*$235&$.#2&*)"*S_*µ/*&);2,#)%"*:'-*-2$*-%$*T_*4)"'#2,*%"*

)(2=*H2/B6)2(2,*02$2*(%72$2&*0)#3*SP*4E*>8Y8]ZT*."&*)"(':.#2&*.#*TVw]*%72$*");3#=*

O32*"2?#*&.5*#':2,*02$2*(2"#$)-';2&*."&*#32*,'62$".#."#*0.,*#$.",-2$$2&*#%*.*_=P*4/*

(/2.$*7)20*,".6*(.6*#':2=*H2/B6)2(2,*02$2*(%72$2&*0)#3*Pn*-%$4)(*.()&*P_n*M]>*."&*

'/#$.,%")(.#2&*.#*QU_*N*-%$*Q_*4)"'#2,*bDNA*C/#$.,%")(*]/2."2$c=*M;.)"*#':2,*02$2*

(2"#$)-';2&*."&*#32*,'62$".#."#*0.,*#$.",-2$$2&*#%*.*-$2,3*_=P*4/*(/2.$*7)20*,".6*(.6*
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SP*

#':2=*O3),*2/'#)%"*6$%(2&'$2*0.,*$262.#2&*."%#32$*#)42=*+)".//5*#32*626#)&2*,%/'#)%"*

0.,*(%"(2"#$.#2&*)"*.*7.(''4*(2"#$)-';2*#%*.*#%#./*7%/'42*%-*.:%'#*S_*µ/=*

.

L=87@6;.6<@;76\69>768;.>;<.6;7@=E=@7>768;.X+>CC.CE@97=8R@7=G[.

+%$* 6$%#2)"* )&2"#)-)(.#)%"* 02* ',2&* ."* C/#)E.#2* [/',* "."%* 8[J]* ,5,#24* b\)%"2?G*

M4,#2$&.4G* O32* >2#32$/."&,c* (%'6/2&* #%* #32* D2/%,* !%"BO$.6* 4.,,* ,62(#$%42#2$*

bO32$4%*+),32$*L()2"#)-)(G*K$242"G*H2$4."5c=*

O$56#)(*&);2,#,*-$%4*2.(3*/."2*%-*#32*Q\BH2/*02$2*/%.&2&*%"*.*]QW*#$.6*(%/'4"*0)#3*

_=Qn* O+9=* L26.$.#)%"* %"* .* "."%* ]QW* (%/'4"* 0.,* 62$-%$42&* :5* .66/5)";* ."*

.(2#%")#$)/2*;$.&)2"#*(%46%,2&*:5*4)?)";*#32*-%//%0)";*4%:)/2*63.,2,m*Mm*XPn*0.#2$G*

Pn*M]>G*_=Qn*+Mx*Km*V_n*0.#2$G*QPn*M]>G*QPn*E2Z8G*_=Qn*+MG*]m*Q_n*O+9G*W_n*

M]>G*Q_n*E2Z8G*_=_Wn*+M=*\'$)";*#32*-)$,#*Q_*4)"*%-*#32*,26.$.#)%"*#32*.4%'"#*%-*K*

0.,*)"($2.,2&*-$%4*Pn*K*#%*QPn*K=*M#*W*4)"'#2,*.-#2$*#32*)"<2(#)%"*#32*#$.6*(%/'4"*),*

,0)#(32&*)"B/)"2*0)#3*#32*,26.$.#)%"*(%/'4"=*+$%4*Q_*#%*VP*4)"'#2,*#32*.4%'"#*%-*K*

0.,*)"($2.,2&*#%*Q__n=*L':,2`'2"#/5G*#32*]*0.,*)"($2.,2&*-$%4*_n*#%*Q__n*%72$*#32*

"2?#*S_*4)"'#2,*b-$%4*VP*#%*XP*4)"'#2,cG*."&*#32*.4%'"#*%-*K*$2&'(2&*#%*_n=*>2?#G*

#32*(%/'4"*0.,*0.,32&*-%$*Q_*4)"'#2,*0)#3*Q__n*]G*."&*#32"*2`')/):$.#2&*0)#3*XPn*

M*."&*Pn*K*-%$*QP*4)"'#2,= 

[26#)&2,* 2/'#2&* -$%4* #32* "."%* ,26.$.#)%"* (%/'4"* 02$2* &2#2(#2&* 0)#3* :%#3* CD*

&2#2(#)%"*.#*SQY*"4*."&*EL^EL*&2#2(#)%"*:5*"."%*9L!*)"*6%,)#)72*4%&2=*+%$*#32*EL*

&2#2(#)%"*%-*626#)&2,G*%"2*EL* -'//* ,(."*0.,* -%//%02&*:5*Q_*EL^EL*,(.",*%-* #32* #2"*

4%,#* )"#2",)72* 6$2('$,%$* ,);"./,=* \.#.:.,2* ,2.$(3)";* %-* #32*EL* &.#.* %:#.)"2&*0.,*

62$-%$42&*0)#3*E.,(%#*S=T=_S*bE.#$)?*L()2"(2G*J%"&%"G*CFc=*K$)2-/5G*."*EL^EL*)%",*

,2.$(3* 0.,* 62$-%$42&* 0)#3* (.$:.4)&%42#35/.#)%"* %"* (5,#2)"2* .,* .* -)?2&*

4%&)-)(.#)%"G*."&*%?)&.#)%"*%"*42#3)%")"2G*63%,63%$5/.#)%"*%"*,2$)"2G*#3$2%")"2G*%$*

#5$%,)"2* .,* 7.$).:/2* 4%&)-)(.#)%",=* E%"%),%#%6)(* 4.,,2,* 02$2* ,2.$(32&* 0)#3)"*

'"$2,#$)(#2&* 6$%#2)"* 4.,,2,* -%$* #$56#)(* 626#)&2,=* O32* 626#)&2* 4.,,* #%/2$."(2* 0.,*

y_=W*\.* ."&* #32* -$.;42"#*4.,,* #%/2$."(2* y_=P*\.=* O32*4.?)4./* "'4:2$* %-*4),,2&*

(/2.7.;2,*0.,*,2#*#%*S=*O32*4)")4'4*)%"*,(%$2*-%$*626#)&2*)&2"#)-)(.#)%",*)"*E.,(%#*

0.,* ,2#* #%* S_=* L(.--%/&* T=_* b[$%#2%42* L%-#0.$2* !"(=G* [%$#/."&G* ZAG* CLMx*

000=6$%#2%42,%-#0.$2=(%4c* 0.,* ',2&* #%* )46$%72* 7),'./)a.#)%"G* ,2",)#)7)#5G* ."&*

7./)&)#5*%-*$2,'/#,=*O32*,%-#0.$2*6.(1.;2*72$)-)2,*626#)&2* )&2"#)-)(.#)%",*.,,);"2&*:5*

E.,(%#* ',)";* #32* fzO."&24* &.#.:.,2* ,2.$(3)";* 6$%;$.4=* L(.--%/&* #32"*



E.#2$)./,*."&*42#3%&,*

 

SU*

6$%:.:)/),#)(.//5* 7./)&.#2,* #32,2* 626#)&2* )&2"#)-)(.#)%",* ',)";* [26#)&2[$%632#G* ."&*

&2$)72,* (%$$2,6%"&)";* 6$%#2)"* 6$%:.:)/)#)2,* ',)";* [$%#2)"[$%632#=* N2* -'$#32$*

6$%(2,,2&*.//*%'$*4.,,*&.#.*0)#3*#32*L(.--%/&*,%-#0.$2*#%%/*#%*7./)&.#2*EL^EL*:.,2&*

626#)&2* ."&* 6$%#2)"* )&2"#)-)(.#)%",=* Z"/5* 6$%#2)",* (%"#.)")";* .#* /2.,#* S* )&2"#)-)2&*

626#)&2,*0)#3*."*)&2"#)-)(.#)%"*6$%:.:)/)#5*{XPn*02$2*.((26#2&=*[$%#2)",*#3.#*(%'/&*

"%#*'".4:);'%',/5*:2* )&2"#)-)2&*:5*.'#%4.#2&*EL^EL*."./5,),*./%"2*j*2=;=*:2(.',2*

#325*(%"#.)"2&*,)4)/.$*626#)&2,*j*02$2*4."'.//5*72$)-)2&=*N)#3*#32,2*,#$)";2"#*&.#.*

-)/#2$)";*($)#2$).*02*0."#2&*#%*$2.(3*.*-./,2*&),(%72$5*$.#2*b+\Ac*%-*.*4.?)4'4*%-*Sn*

%"* #32* 6$%#2)"* /272/=* O32* 4%&)-)2&* 6$%#2)"* /),#* 0.,* )"#2$6$2#2&* 0)#3* #32* \.7)&*

:)%)"-%$4.#)(,* &.#.:.,2* ."&* -'$#32$* (%46.$2&* 0)#3* #32* E)#%].$#.* &.#.:.,2*

b000=:$%.&)",#)#'#2=%$;^6':,^E)#%].$#.c* ."&* #32* HZ* .""%#.#)%"* &.#.:.,2*

b000=;2"2%"#%/%;5=%$;c*#%*2?(/'&2*.//*"%"B4)#%(3%"&$)./*6$%#2)",*-$%4*#32*/),#*."&*

%:#.)"*.*4)#%(3%"&$)./*6$%#2)"*/),#=*

L)"(2* ."./5,),* %-* &)--2$2"#).//5* 2?6$2,,2&* 6$%#2)",* 4.5* "%#* ./0.5,* /2.&* #%* #32*

;2"2$.#)%"*%-*.*/),#*%-*6$%#2)",*0)#3*.*'")-5)";*."&*(/2.$*:)%/%;)(./*#3242G*02*."./5,2&*

%'$* 6$%#2%4)(* &.#.,2#* :5* ;2"2* ,2#* 2"$)(342"#* ."./5,),* bHL9Mx*

000=:$%.&)",#)#'#2=%$;^;,2.cQQT=* O%* 62$-%$4* #32* HL9M* ."./5,),* 02* ($2.#2&* .* /),#*

2"(%46.,,)";* #32* "'4:2$* %-* '")`'2* 626#)&2,* bJQc* ."&* .* /),#* 2"(%46.,,)";* #32*

"'4:2$* %-* '")`'2* ,62(#$.* bJSc* %:#.)"2&* -$%4*4.,,* ,62(#$%42#$5=* C,)";* HL9M* #32*

/),#,*02$2*,2.$(32&*.;.)",#*.*6$)%$)*&2-)"2&*;2"2*,2#,=*N2*(%46.$2&*%'$*/),#,*0)#3*.*

(5#%;2"2#)(*,2#* b]QcG*.* -'"(#)%"./*,2#* b]Sc*."&*HZ*(.#2;%$5*,2#* b]Pc=*O32*6'$6%,2*%-*

HL9M*),*#%*&2-)"2*)-*424:2$,*%-*.*(2$#.)"*;2"2*,2#*.$2*6$)4.$)/5*-%'"&*.#*#32*#%6*%$*#32*

:%##%4*%-*.*$."12&*/),#*%$*)-*#325*.$2*$."&%4/5*&),#$):'#2&*#3$%';3%'#*#32*/),#=*O32*,%B

(.//2&*2"$)(342"#*,(%$2*b9Lc*),*#32*42.,'$2*032#32$*.*;2"2*,2#*),*%72$$26$2,2"#2&*.#*

#32*#%6*%$*#32*:%##%4*%-*#32*$."12&*/),#=*O32*,#.#),#)(./*,);")-)(."(2*b"%4)"./*6*7./'2c*

%-*#32*9L*),*2,#)4.#2&*:5*."*246)$)(./*632"%#562B:.,2&*62$4'#.#)%"*#2,#*6$%(2&'$2=*

+%$*%'$*."./5,),*02*',2&*.*"'4:2$*%-*Q___*62$4'#.#)%",=*H2"2*,2#,*/.$;2$*#3."*P__*

."&*;2"2*,2#,*,4.//2$*#3."*P*;2"2,*02$2*2?(/'&2&*-$%4*%'$*."./5,),=*
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SV*

J2O.&@C7@=;./D87*

!"* #3),* #2(3")`'2* 6$%#2)",* .$2* ,26.$.#2&* .((%$&)";* #%* #32)$* 4.,,* :5* L\LB[MH9*

b,%&)'4* &%&2(5/* ,'/63.#2B6%/5.($5/.4)&2* ;2/* 2/2(#$%63%$2,),cG* ."&* ,':,2`'2"#/5*

#$.",-2$$2&*%"#%*.*,'66%$#*424:$."2*,'(3*.,*6%/57)"5/)&2"2*-/'%$)&2*b[D\+c=*O32$2*

6$%#2)",*,#)(1*#%*#32*,'$-.(2*&'2*#%*35&$%63%:)(*)"#2$.(#)%",=*N)#3*#32*',2*%-*,62()-)(*

."#):%&)2,*6$%#2)"*:."&,*%"*#32*424:$."2*(."*:2*7),'./),2&=*O32*[D\+*424:$."2*),*

)"(':.#2&* 0)#3* #32* 6$)4.$5* ."#):%&5* 03)(3* ),* ,62()-)(* -%$* .* (2$#.)"* 26)#%62=* M*

,2(%"&.$5*."#):%&5*$2(%;")a2,*."&*:)"&,*#32*+(B6.$#*%-*#32*6$)4.$5*."#):%&5G*."&*),*

(%"<';.#2&* #%* ."* 2"a542* b#56)(.//5* 3%$,2* $.&),3* 62$%?)&),2G* 8A[c=* M&&)#)%"* %-* ."*

8A[B,':,#$.#2* 7),'./)a2,* #32* 6$%#2)"* :."&,G* 03)(3* .$2* &2#2(#2&* :5* .*

(324)/'4)"2,(2"(2*,(.""2$,=**

**

J2O21.4@>B@;7C.>;<.C8DQ768;C.

QGYB\)#3)%B\GJ*#3$2)#%/G*3);3*6'$)#5*b\OOc* H2$:'*

SBE2$(.6#%*9#3."%/*b"BE9c* L);4.*

T_n*M($5/.4)&2^K),*L%/'#)%"*SXmQ*bTGTn*]c* K)%BA.&*

M44%")'4*62$,'/-.#2*bM[Lc* L);4.*

K%7)"2*L2$'4*M/:'4)"G*-.##5*.()&*-$22*bKLMc* [MM*

K$%4632"%/:/'2*bK[Kc* L);4.*

H/5(2$%/*XX=Wn* +/'1.*

H/5()"2* H2$:'*

E2#3."%/** L);4.*

>G>G>gG>gBO2#$.42#35/2#35/2"&).4)"2*bO9E9\c* L);4.*

[.;2A'/2$*[/',*[$2,#.)"2&*[$%#2)"*J.&&2$* +2$42"#.,*

[3%,L#%6*[3%,63.#.,2*!"3):)#%$*]%(1#.)/*#.:/2#,* A%(32*

[$%#2.,2*!"3):)#%$,*Q__f* H9*82./#3(.$2*

L%&)'4*&%&2(5/*,'/-.#2*bL\Lc* H2$:'*

L'62$L);"./*N2,#*+24#%*F)#* O32$4%*L()2"#)-)(*

L'62$L);"./*N2,#*[)(%*F)#* O32$4%*L()2"#)-)(*

O$),* H2$:'*

O022"*S_* L);4.*

.

.
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SW*

. -789a. 06;>D.98;9@;7=>768;. N(.b.].RD.

Og.'>@RRD6.KQ\\@=c. Q*E* U_*4E*O$),*68*UGW* S=Y*4/*
. * Sn*L\L* _=W*;*
. * Q_n*H/5(2$%/* Y*4/*
. _=Qn* _=__QSn*K[K* _=W*4/*
. Y*E* Q__*4E*\OO* .&&*6$)%$*#%*',2*
. v,#%$2*Q*4/*./)`'%#,*.#*BS_w]* *

. *
*

* *

. -789a* 06;>D.98;9@;7=>768;* N(b1TT.RD*
1Tg.4Q;;6;B.KQ\\@=. * _=SP*E*O$),* T_=T*;*
. * S*E*H/5()"* QP_*;*
. S_n*L\L* Qn*L\L* P_*4/*
. *

*
* *

. -789a* 06;>D.98;9@;7=>768;* N(b.1.D*
1Tg.,=>;C\@=.

KQ\\@=.

* SP_*4E*O$),* T_=T;*

. * Q=XSE*H/5()"2* QYY=Q;*

. M&&*Q_n*42#3."%/*#%*Qf*,%/'#)%"*."&*,#%$2*.#*Yw]*

. * *
*

*

. -789a* 06;>D.98;9@;7=>768;* N(b.1.D*
1T^.,/-.EA.I2U. * O$),* QS=Q;*
. * >.]/* WV=U;*
. M&&*_=Sn*O022"*S_*#%*Qf*,%/'#)%"* *

. * * *

. * * *

. -789a* 06;>D.98;9@;7=>768;* N(.b.1TT.RD*
-7=6EE6;B.KQ\\@=. S_n*L\L* Sn*L\L* Q_*4/*
. * Q__*4E*"E9* _=V*4/*
. * UP=S*4E*O$),*68*UGW* U=SP*4/*
.

.

L=6R>=G.!;76K8<G. Je./-!.6;.,/-Z,. .

"BM(#)"* QmQ____* L);4.*
]./"2?)"* QmP___* L);4.*
]%46/2?*D* QmQ___* 4)#%*,()2"(2*
8),#%"2*8T* QmS___* ]2//*,);"./)";*
JME[S* QmS___* .:(.4*
.

.

-@98;<>=G.!;76K8<G. Je./-!.6;.,/-Z,. .

M"#)B4%',2* QmY___* .

M"#)B$.::)#* QmY___* .

.

.
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SX*

J2O2?.L=89@<Q=@*

-)-Z*@D.

H2/,* 02$2* 6%'$2&* )"* #32* %$&2$* )"&)(.#2&* )"* #32* #.:/2* :2/%0=* !-* ;2/,* 02$2* "%#* ',2&*

)442&).#2/5* #325*02$2*0$.662&* )"*.*6/.,#)(* -%)/* #%;2#32$*0)#3*.*6)2(2*%-*02#*6.62$*

."&*,#%$2&*.#*Yw]*-%$*.*-20*&.5,=*

*

1.RR./8778R.*@D.X?.*@DCh.1T.RD[. . 1.RR.-7>9a6;B.*@D.X?.*@DCh.U.RD[.

* Wn* QSn* * * Un*
Q=*&&8SZ* PGT*4/* Y*4/* * Q=*&&8SZ* TGT*4/*
S=*T_n*MM^K),MM* SGV*4/* Y*4/* * S=*T_n*MM^K),MM* QG_*4/*
T=*S*E*O$),*68*WGW* QGX*4/* QGX*4/* * T=*S*E*O$),*68*UGW* USP*µ/*
Y=*S_n*L\L* P_*µ/* P_*µ/* * Y=*S_n*L\L* SP*µ/*
P=*O9E9\* Q_*µ/* Q_*µ/* * P=*O9E9\* P*µ/*
U=*Q_n*M[L* Q__*µ/* Q__*µ/* * U=*Q_n*M[L* P_*µ/*
*

-)-ZL!*(.

[$%#2)"*,.46/2,*)"*J.244/)*:'--2$*02$2*:%)/2&*-%$*P*4)"'#2,*.#*XPw]*."&*6/.(2&*%"*

)(2*'"#)/*#325*02$2*/%.&2&*%"#%*#32*;2/=*[$%#2)"*/.&&2$*."&*,.46/2,*02$2*/%.&2&*)"#%*

#32*02//,*."&*;2/,*02$2*$'"")";*.#*(%",#."#*U_*D*'"#)/*,.46/2,*$2.(32&*#32*:%$&2$*%-*

:%##%4* ."&* ,#.(1)";* ;2/G* (%"#)"')";* 0)#3* (%",#."#* QS_* D* '"#)/* #32*4);$.#)%"* -$%"#*

"2.$/5*$2.(32&*#32*2"&*%-*#32*;2/=*

*

&@7.E=87@6;.7=>;C\@=.

+%$*#32*6$%#2)"*#$.",-2$*02*',2&*[D\+*424:$."2,=*[D\+*424:$."2,*02$2*.(#)7.#2&*

:5*,%.1)";*#324*)"*Q__n*42#3."%/*-%$*T_*,2(%"&,G*0.,32&*-%$*S*4)"'#2,*)"*&),#)//2&*

0.#2$G* ."&* -)".//5* 2`')/):$.#2&* )"* #$.",-2$* :'--2$* -%$* .#* /2.,#* T* 4)"'#2,=* [$%#2)"*

#$.",-2$*0.,*#32"*(.$$)2&*%'#*.#*Yw]*.#*.*(%",#."#*7%/#.;2*%-*S_*D%/#,*-%$*Q_*4)"'#2,G*

P_*D%/#,*-%$*Q_*4)"'#2,*."&*Q__*D%/#,*-%$*%"2*3%'$=*

*

3RRQ;8<@7@9768;*

+%//%0)";*#32*6$%#2)"*#$.",-2$*424:$."2,*02$2*:/%(12&*2)#32$*)"*Pn*KLM*%$*Pn*4)/1*

,%/'#)%"*)"*OKL^O022"*S_*bOKLBOc*-%$*Q*3%'$*.#*$%%4*#2462$.#'$2=*>2?#G*:/%#,*02$2*

)"(':.#2&*0)#3* 6$)4.$5* ."#):%&5* ,%/'#)%"* %72$* ");3#* .#* Yw]=* O32* "2?#* &.5* 6$)4.$5*

."#):%&5*,%/'#)%"*0.,*#.12"*%--*."&*,#%$2&*.#*BS_w]*-%$*-'$#32$*',.;2=*O32*424:$."2*

0.,* 0.,32&* T* #)42,* 0)#3* OKLBO* -%$* Q_* 4)"'#2,* .#* $%%4* #2462$.#'$2* ."&* #32"*

)"(':.#2&*0)#3* ,2(%"&.$5*."#):%&5*,%/'#)%"* -%$*Q*3%'$*.#* $%%4*#2462$.#'$2=*M;.)"*
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T_*

#32* 424:$."2* 0.,* 0.,32&* T* #)42,* 0)#3* OKLBO* .,* 42"#)%"2&* .:%72=* +%$*

(324)/'4)"2,(2"(2B)44'"%&2#2(#)%"* #32* 424:$."2* 0.,* )"(':.#2&* -%$*

.66$%?)4.#2/5* Q* 4)"'#2* 0)#3* #32* L'62$L);"./* N2,#* +24#%* ."&* [)(%* F)#,* b[)2$(2c=*

]324)/'4)"2,(2"(2*,);"./,*02$2*&2#2(#2&*',)";*.*K)%BA.&*!4.;2$*b]324)\%(*fALc=*
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TQ*

J2U.VQ>;767>76W@.=@>D.76R@.L"4.XYZL"4[*

[$)4.$)/5*#3),*#2(3")`'2*),*',2&*#%*42.,'$2*4A>M*/272/,*%-*$2,62(#)72*#.$;2#*;2"2,=*

!"*%'$*(.,2*02*./,%*',2&*)#*#%*42.,'$2*#32*.4%'"#*%-*4)#%(3%"&$)./*\>M*b4#\>Mc=*!-*

4A>M* /272/,* .$2* #%* :2* &2#2(#2&* #32"* #32*4A>M* ),* #$.",($):2&* -)$,#* )"#%* (\>M=*O32*

\>M*),*#32"*.46/)-)2&*0)#3*.*[]A*$2.(#)%"G*%"/5*#3.#*#32*[]A*6$%&'(#,*.$2*&2#2(#2&*)"*

$2./* #)42=* O32$2* .$2* ,272$./*42#3%&,* .7.)/.:/2* #%* &2#2(#* []A* 6$%&'(#,=*N2* ',2* #32*

-/'%$%;2")(*&52*LhKA*H$22"G*03)(3*24)#,*.*,#$%";*-/'%$2,(2"#*,);"./*032"*)#*:)"&,*#%*

&,\>M=**

*

J2U21.4@>B@;7C.>;<.C8DQ768;C.

9#35/2"2&).4)"2#2#$..(2#)(*.()& (9\OMc* L);4.*

8);3*(.6.()#5*(\>M*$272$,2*#$.",($)6#)%"*F)#* M66/)2&*K)%,5,#24,*

)O.`*LhKA*H$22"*L'62$4)?*0)#3*AZf* K)%*A.&*

L%&)'4*]3/%$)&2*b>.]/c* L);4.*

[KL*Qf* L);4.*

62`HZJ\*O%#./*A>M*F)#* [9iJMK*

[$%#2)".,2*F* A%(32*

L%&)'4*&%&2(5/*,'/-.#2*bL\Lc* H2$:'*

O$),* H2$:'*

*

J2U2?.L=89@<Q=@..

4$!.3C8D>768;.

O%#./* A>M* 0.,* ),%/.#2&* ',)";* #32* p62`HZJ\* O%#./* A>M* F)#p* .((%$&)";* #%* #32*

4."'-.(#'$2$g,*)",#$'(#)%",=*K$)2-/5G*(2//,*02$2*0.,32&*0)#3*Qf*[KL*."&*#32"*Y__*µ/*

%-*A>M*J5,),*K'--2$*O*0.,*2`'.//5*.&&2&*#%*#32*(2//*/.52$=*]2//*/5,.#2,*02$2*2)#32$*,".6*

-$%a2"* )"* /)`')&* ")#$%;2"* ."&* ,#%$2&* .#* BW_w]* %$* )442&).#2/5* 6$%(2,,2&=* +%$* A>M*

),%/.#)%"*#32*/5,.#2*0.,*-)$,#*/%.&2&*#%*.*\>M*A24%7)";*]%/'4"G*03)(3*0.,*6/.(2&*)"*

.*S*4/*(%//2(#)%"*#':2G*."&*(2"#$)-';2&*.#*QS=___*;*-%$*Q*4)"'#2*.#*$%%4*#2462$.#'$2=*

O32*-/%0*#3$%';3*0.,*(%//2(#2&*."&*4)?2&*0)#3*."*2`'./*7%/'42*%-*V_n*2#3."%/=*O32*

,.46/2*0.,*/%.&2&*%"*.*[2$-2(#K)"&*A>M*]%/'4"*6/.(2&*)"*.*S*4/*(%//2(#)%"*#':2G*."&*

(2"#$)-';2&* 0)#3* Q_=___* ;* -%$* Q* 4)"'#2* .#* $%%4* #2462$.#'$2=* +/%0* #3$%';3* 0.,*

&),(.$&2&*."&*#32*(%/'4"*0.,*/%.&2&*0)#3*P__*µ/*A>M*0.,3*:'--2$*Q*."&*(2"#$)-';2&*

0)#3*Q_=___*;*-%$*QP*,2(%"&,*.#*$%%4*#2462$.#'$2=*+/%0*#3$%';3*0.,*.;.)"*&),(.$&2&*
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TS*

."&*#32*(%/'4"*0.,*/%.&2&*0)#3*A>M*0.,3*:'--2$*S*."&*(2"#$)-';2&*.,*42"#)%"2&*)"*

#32*0.,3* ,#26* :2-%$2=* O3),* 0.,3* ,#26*0.,* $262.#2&* ."%#32$* #)42=* O32"* #32* 246#5*

(%/'4"*0.,* (2"#$)-';2&*.#*Q_=___*;* -%$*S*4)"'#2,* .#* $%%4* #2462$.#'$2* -%$*&$5)";=*

A>M*0.,*2/'#2&*0)#3*P_BQ__*µ/*,#2$)/2*A>.,2B-$22*&&8SZ*:5*(2"#$)-';.#)%"*.#*P=___*;*

-%$*Q*4)"'#2*.#*$%%4*#2462$.#'$2*."&*,':,2`'2"#/5*,#%$2&*.#*BW_w]=*

*

)$!.3C8D>768;.

. -789a. 06;>D.98;9@;7=>768;. N(.b.?U.RD.

)$!.3C8D>768;.. Q__*4E*O$),*8]/*68*W=P* Q_*4E*O$),*8]/*68*W=P* S=P*4/*
/Q\\@=. _=P*E*9\OM* P*4E*9\OM* _=SP*4/*
. Q_n*L\L* _GSn*L\L* _=P*4/*
. P*E*>.]/* S__*4E*>.]/* Q*4/*
. S_*4;^4/*[$%#2)".,2*F* _=Q*4;^4/*[$%#2)".,2*F* _=QSP*4/*
. &&8SZ* * ST=QSP*4/*
*

]2//,*02$2*0.,32&*0)#3*Qf*[KLG*#32"*\>M*),%/.#)%"*:'--2$*0.,*.&&2&*&)$2(#/5*#%*#32*

(2//*4%"%/.52$*bT__*µ/^SYB02//c*."&*)"(':.#2&*.#*TVw]*-%$*.#*/2.,#*SBT*3%'$,*%$*%72$*

");3#=* J5,.#2,* 02$2* #$.",-2$$2&* #%* 9662"&%$-* #':2,* ."&* )"(':.#2&* .#* XXw]* -%$* Q_*

4)"'#2,* #%* 32.#* )".(#)7.#2* #32* [$%#2)".,2* F=* M"* 2`'./* 7%/'42* %-* ),%6$%6."%/* 0.,*

.&&2&* #%* #32* /5,.#2* ."&* )"(':.#2&* -%$* Q_BS_* 4)"'#2,* .#* $%%4* #2462$.#'$2* '"&2$*

(%",#."#* ,3.1)";* #%* 6$2()6)#.#2* #32* \>M=* O%* 62//2#* #32* 6$2()6)#.#2G* ,.46/2,* 02$2*

(2"#$)-';2&*.#*Q_=___*$64*-%$*Q_*4)"'#2,*.#*Yw]=*O32*L'62$".#."#*0.,*&),(.$&2&G*#32*

62//2#*.)$*&$)2&*."&*#32"*-)".//5*$2,',62"&2&*)"*."*.66$%6$).#2*7%/'42*%-*O9*bQ_*4E*

O$),*8]/G*_=Q*4E*9\OMx*68*V=Pc=**

*

9)$!.-G;7:@C6C.

+%$*$272$,2*#$.",($)6#)%"*%-*A>M*,.46/2,G*02*',2&*#32*p3);3*(.6.()#5*(\>M*$272$,2*

#$.",($)6#)%"* 1)#q* -$%4* M66/)2&* K)%,5,#24,=* L5"#32,),* %-* (\>M* 0.,* (.$$)2&* %'#*

.((%$&)";*#%*#32*4."'-.(#'$2g,*)",#$'(#)%",=*!"*:$)2-G*02*Q_*u/*%-*#%#./*A>M*b)=2=*Q__*";*

A>Mc*02$2*4)?2&*0)#3*Q_*u/*%-*#32*$272$,2*#$.",($)6#)%"*4.,#2$*4)?=*

"8RE8;@;7. N8DQR@d=@>9768;.XiD[.

Q_f*AO*K'--2$* S=_*
SPf*&>O[*E)?*bQ__*4Ec* _=W*
Q_f*AO*A."&%4*[$)42$,* S=_*
E'/#)L($):2*A272$,2*O$.",($)6#.,2* Q=_*
>'(/2.,2B-$22*8SZ* Y=S*
,%,!'. 1T2T.

**
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TT*

O':2,*02$2*(/%,2&*."&*:$)2-/5*(2"#$)-';2&*#%*;2#*$)&*%-*."5*.)$*:'::/2,G*."&*6/.(2&*%"*

)(2*'"#)/*:2)";*/%.&2&*)"#%*#32*#32$4./*(5(/2$*b9662"&%$-*E.,#2$(5(/2$*6$%*Lc=*

+%$*$272$,2*#$.",($)6#)%"*#32*-%//%0)";*(5(/)";*6$%;$.4*0.,*',2&m*

*

. -7@E.1. -7@E.?. -7@E.J. -7@E.O.

O2462$.#'$2*bw]c* SP* TV* WP* Y*
O)42* Q_4)"* QS_4)"* P,2(* |*

*

YZL"4.

`B[]A*0.,*62$-%$42&*',)";*#32*)O.`*LhKA*H$22"*L'62$4)?*0)#3*#32*]Q___*O32$4./*

]5(/2$*]+fXUOE*A2./*O)42*L5,#24*bK)%A.&c*."&*#32*-%//%0)";*,2##)";,m*

*

*
*

[%,#B.46/)-)(.#)%"* 42/#)";* ('$72* ."./5,),* 0.,* 62$-%$42&* #%* 4.12* ,'$2* #3.#* "%*

'",62()-)(*6$%&'(#,*02$2*.46/)-)2&=*>%"2B#246/.#2*(%"#$%/,*b>O]c*02$2*)"(/'&2&*#%*

2",'$2* #3.#* "%* 6$)42$* &)42$,*02$2* .46/)-)2&=* A2,'/#)";* &.#.*02$2* 27./'.#2&* ',)";*

#32*(%46.$.#)72*]#*42#3%&*b./,%*1"%0"*.,*&2/#.*&2/#.*]#*42#3%&c=*O3$2,3%/&*(5(/2,*

b]#B7./'2,c* %-* .//* ,.46/2,*02$2*"%$4./)a2&* #%* #32*3%',21226)";* ;2"2*A6/6_^M$6* #%*

%:#.)"*%]#*7./'2,*b}*]#*;2"2*%-*)"#2$2,#*B*]#*M$6c=*O%*(%46.$2*#32*2--2(#*%-*#$2.#42"#*

0)#3* '"#$2.#2&* (%"#$%/*%%]#* 7./'2,* b}*%]#* #$2.#42"#* B*%]#* (%"#$%/c*02$2* (./('/.#2&*

-)$,#G* -%//%02&*:5* #32* (./('/.#)%"*%-*SB%%]#* 7./'2,* #%*%:#.)"* -%/&*2?6$2,,)%"* /272/,=* +%$*

4#\>M^;\>M*$.#)%*2?62$)42"#,*;>\C+DQ*0.,*',2&*.,*#32*2"&%;2"%',*3%',212262$*

-%$*"%$4./)a.#)%"=*[$)42$,*',2&*.$2*,3%0"*:2/%0=.

.

.

.



E.#2$)./,*."&*42#3%&,*

 

TY*

.

.

.

Gene symbol Alias  Sequence (5’-3’) 
Rplp0 Arp forward GCCAATAAGGTGCCAGCTGCTG 
  reverse GAGGTCTTCTCGGGTCCTAG 
Gli1  forward AGTGCCATGCCGCAGCAG 
  reverse CATCTCCACGCCGCTGTC 
Mfn1  forward ]MM]]MM]OH]OO]]OHMHOH 
  reverse ]]MH]OHMOOMM]MHO]OO]M]M] 
Mfn2  forward OMOMMHMM]HMH]OH]M]]H] 
  reverse HO]OH]MHOHMM]OHH]MMOH 
Fis1  forward H]MM]OM]]HH]O]MMHHMMOMOH 
  reverse OOMO]MMO]MHH]HOO]]MH]O] 
Dctn2  forward OOH]M]MMHMH]OHHMHHMM] 
  reverse MM]OOHO]HOMHH]MH]HOOH 
Dnm1l  forward ]OO]OHMH]OMOH]HHOHHOH 
  reverse O]]M]MHMOO]OMMHHOO]H]] 
Nrf1  forward O]H]O]MO]]MHHOOHHOM]*
  reverse OHHOOHH]MHOO]OHMMH]MO] 
Tfam mtTFA forward H]]OHHHHO]OOHO]OHOMO 
  reverse OOOHHHOMH]OHOO]OHOHH 
Ndufv1  forward* ]OO]]]]M]OHH]]O]MMH*
  reverse* ]]MMMM]]]MHOHMO]]MH]*
ND2 mtND2 forward* MHHHMO]]]M]OH]M]MOMH*
  reverse* ]O]]O]MOH]]]]OMOHMMM*
*
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TP*

J2P.0D8F.9G78R@7=G.

+/%0*(5#%42#$5*),*.*#2(3")`'2*',2&*#%*."./5,2*(2$#.)"*6$%62$#)2,*%-*.*(2//*6%6'/.#)%"=*

+%$*."./5,),*(2//,*6.,,*#32*&2#2(#)%"*'")#*.,*,)";/2*(2//,=*Z"2*6$%62$#5*%-*.*(2//*#3.#*),*

42.,'$2&* 0)#3* -/%0* (5#%42#$5* ),* #32* /);3#* ,(.##2$G* 03)(3* $2,'/#,* %-* .* /.,2$* :2.4*

($%,,)";*.*,)";/2*(2//=*O32*/);3#*,(.##2$*#3.#*),*&2#2(#2&*./4%,#*)"*#32*/)"2*%-*#32*/.,2$*

:2.4*),*#32*,%B(.//2&*-%$0.$&*,(.##2$*b+L]c*#3.#*6$%7)&2,*)"-%$4.#)%"*.:%'#*#32*,)a2*

%-* #32* (2//=* M"%#32$* 6$%62$#5* #3.#* (."* :2* &2$)72&* -$%4* #32* /);3#* ,(.##2$* ),* #32*

;$."'/.$)#5*%-*.*(2//=*O3),*)"-%$4.#)%"*),*;)72"*:5*#32*,%B(.//2&*,)&2*,(.##2$*bLL]cG*#3.#*

),* #32* ,(.##2$2&* /);3#* $2(%$&2&* )"* .* X_w* .";/2* #%* #32* %$);)"./* /.,2$* :2.4=*M&&)#)%"./*

)"-%$4.#)%"* .:%'#* .* (2//* 6%6'/.#)%"* (."* :2* %:#.)"2&* :5* /.:2//)";* #32* (2//,* 0)#3*

-/'%$2,(2"(2*4.$12$,=* \262"&)";* %"* #32* -/%0* (5#%42#2$* ',2&G* &)--2$2"#* -/'%$2,(2"#*

4.$12$,* (."* :2* ',2&* #%* ."./5,2* .* (2//* 6%6'/.#)%"=* O56)(.//5G*4%"%(/%"./* ."#):%&)2,*
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(%"#2"#*."&*A>M*2?6$2,,)%"*%-*6.$#)('/.$*;2"2,* )46%$#."#* -%$*4)#%(3%"&$)./* -',)%"*

."&*-),,)%"=*+)".//5G*#%*/%%1*-%$*&)--2$2"(2,*)"*4)#%(3%"&$)./*,3.62*."&*'/#$.*,#$'(#'$2*

2/2(#$%"*4)($%,(%65*0.,*.66/)2&=**

*

O21.+6789:8;<=6>D.L=87@8R69C*

O32*4)#%(3%"&$)./*6$%#2%42*%-*LMH*#$2.#2&*TOTBJQ*4.#'$2*.&)6%(5#2,*0.,*."./5,2&*

.,*&26)(#2&*)"*+);'$2*W=**

*
06BQ=@.S*L(324.#)(*6$2,2"#.#)%"*%-*#32*6$%#2%4)(,*.66$%.(3.E.#'$2*TOTBJQ*.&)6%(5#2,*02$2*
,#)4'/.#2&*-%$*YW*3%'$,*0)#3*LMH=*M*($'&2*4)#%(3%"&$)./*-$.(#)%"*0.,*),%/.#2&*:5*&)--2$2"#)./*

(2"#$)-';.#)%"*."&*-'$#32$*,':<2(#2&*#%*Q\BH2/,=*972$5*,.46/2*0.,*&)7)&2&*)"#%*P*/."2,*."&*)"B;2/*
&);2,#2&G*."./5,2&*:5*J]^ELEL=*A2,'/#,*02$2*)"#2$6$2#2&*0)#3*L(.--%/&G*\.7)&*:)%)"-%$4.#)(,*&.#.:.,2*

."&*HL9M=.



A2,'/#,*

 

YY*

\)--2$2"#).#2&*TOTBJQ*(2//,*%-*&.5*P*02$2* ,#.$72&* -%$*QW*3%'$,*."&* ,':<2(#2&* #%*YW*

3%'$,* %-* LMH* #$2.#42"#=* E)#%(3%"&$)./* 6$%#2)",* 02$2* ),%/.#2&* .,* &2,($):2&* )"* #32*

E.#2$)./,*."&*E2#3%&,*,2(#)%"=*Q\BH2/*2/2(#$%63%$2,),*0.,*62$-%$42&*."&*,26.$.#2&*

6$%#2)",*02$2*)"B;2/*&);2,#2&*:5*#32*6$%#2.,2*O$56,)"=**

[26#)&2,* 02$2* ,26.$.#2&* :5* "."%-/%0* J]* ."&* )&2"#)-)2&* :5* ELEL* -$.;42"#.#)%"*

."./5,),=* L62(#$./* (%'"#)";* 0.,* 62$-%$42&* #%* &2#2$4)"2* #32* $2/.#)72* 6$%#2)"*

.:'"&."(2*)"*#$2.#2&*."&*'"#$2.#2&*,.46/2,=*N2*',2&*#32*L(.--%/&*D)202$*#%*4%&)-5*

#32* 6$%#2)"* /),#* ."&* )"#2$6$2#2&* #32* /),#*0)#3* \.7)&G* .* -$22* :)%)"-%$4.#)(,* &.#.:.,2=*

+'$#32$4%$2*02*62$-%$42&*.*;2"2*,2#*2"$)(342"#*."./5,),*bHL9Mc*0)#3*#32*%:#.)"2&*

6$%#2)"*/),#=*

*

O2121.)6\\@=@;76>D.9@;7=6\QB>768;.G6@D<@<.8;DG.>.9=Q<@.R6789:8;<=6>D.\=>9768;.

O%*(%46.$2*4)#%(3%"&$)./*6$%#2%42,*:2#022"*#$2.#2&*."&*'"#$2.#2&*.&)6%(5#2,*02*

&)&* "%#* )"#2"&* #%* %:#.)"* 3);3/5* 6'$2* 4)#%(3%"&$).=* A.#32$* %'$* ;%./* 0.,* #%* ),%/.#2*

($'&2*4)#%(3%"&$).*."&*62$-%$4*.*HZB#2$4*6%,#*3%(*2?(/',)%"*."./5,),=*

M,* ,3%0"* )"* +);'$2* X* %'$* ),%/.#2&* ($'&2*4)#%(3%"&$)./* -$.(#)%"*0.,* (%"#.4)".#2&*

0)#3*,%42*2"&%6/.,4.#)(*$2#)('/'4*b9Ac*."&*/5,%,%42,*:'#*"%#*0)#3*(%46%"2"#,*%-*

(5#%,%/* %$* "'(/2',=* >272$#32/2,,G* 4)#%(3%"&$)./* 6$%#2)",* 02$2* 2"$)(32&* )"* #32*

4)#%(3%"&$)./*-$.(#)%"=**
.

06BQ=@.]*]$'&2*4)#%(3%"&$)./*
b]Ec*),%/.#)%"m*N2,#2$"*:/%#,*
,3%0)";*#32*2"$)(342"#*%-*(2$#.)"*
(2//*(%46.$#42"#,*%-*&)--2$2"#*
),%/.#)%"*./)`'%#,=*!#*(."*:2*(/2.$/5*
6%)"#2&*%'#*#3.#*#3),*),%/.#)%"*
6$%(2&'$2*$2,'/#,*)"*($'&2*
4)#%(3%"&$).*(%"#.4)".#2&*0)#3*
%#32$*%$;."2//2,*,'(3*.,*
/5,%,%42,*."&*2"&%6/.,4.#)(*
$2#)('/'4=**

*

*

O212?.)@E7:.>;<.98W@=>B@.8\.7:@.J,JZ'1.R6789:8;<=6>D.E=87@8R@.

O32*Q\BH2J]^ELEL*.66$%.(3*0.,*62$-%$42&*)"*`'.&$'6/)(.#2,=*Z"/5*6$%#2)",*0)#3*

."*)&2"#)-)(.#)%"*6$%:.:)/)#5*{XPn*."&*.#*/2.,#*S*'")`'2*626#)&2,*02$2*$2#.)"2&*)"*#32*

6$%#2)"* /),#=* M-#2$* #32,2* ,#$)";2"#* &.#.* -)/#2$)";* ($)#2$).*02$2* .66/)2&*02*%:#.)"2&* .*

-)"./*6$%#2)"*/),#*0)#3*.*#%#./*%-*Y_W*6$%#2)",*0)#3*.*-./,2*&),(%72$5*$.#2*b+\Ac*%-*_=Qn*



A2,'/#,*

 

YP*

.#* 6$%#2)"* /272/* ."&* _=Wn* .#* #32* '")`'2* 626#)&2* /272/=* O%* .,,2,,* #32*4)#%(3%"&$)./*

6'$)#5* %-* %'$* ,.46/2,* 02* (%46.$2&* %'$* 6$%#2)"* /),#* 0)#3* 6':/)(* &.#.:.,2,m* #32*

E)#%].$#.* &.#.:.,2* b000=:$%.&)",#)#'#2=%$;^6':,^E)#%].$#.c* ."&* #32* HZ*

.""%#.#)%"*&.#.:.,2*b000=;2"2%"#%/%;5=%$;c=*Z72$/.6,*%-*%'$*6$%#2)"*/),#*0)#3*#32,2*

#0%* &.#.:.,2,* .$2* &26)(#2&* .,* D2""B&).;$.4,* )"* +);'$2* Q_* M* r* K=* +$%4* %'$* Y_W*

6$%#2)",* SYY* 6$%#2)",* .$2* .,,);"2&* #%* 4)#%(3%"&$).* .((%$&)";* #%* #32* E)#%].$#.*

&.#.:.,2* ."&* SVU* 6$%#2)",* .((%$&)";* #%* #32* HZ* .""%#.#)%"* &.#.:.,2=* O3),*

(%$$2,6%"&2&* #%* .* 6'$)#5* %-* $.";)";* -$%4* PX=Wn* #%* UV=Un* )"* %'$* ),%/.#)%"=* E.)"*

(%"#.4)".#)%",* (%46$),2&* 9A* 6$%#2)",* b.,* ,3%0"* :5*N2,#2$"* :/%#* +);=* Xc* :'#* ./,%*

6$%#2)",*-$%4*#32*"'(/2',G*H%/;)*.66.$.#',*."&*#32*6/.,4.*424:$."2*b+);'$2*Q_*]c=*

M-#2$*(%46.$),%"*0)#3*#32,2*#0%*&.#.:.,2,*02*;2"2$.#2&*.*4)#%(3%"&$)./*6$%#2)"*/),#*

2"(%46.,,)";*SVV*6$%#2)",*bO.:/2*YBQc=*

 

06BQ=@.1T*D2""*&).;$.4,*,3%0)";*#32*"'4:2$*%-*,3.$2&*6$%#2)",*:2#022"*%'$*($'&2*4)#%(3%"&$)./*
-$.(#)%",*."&*#32*b.c*E)#%].$#.*&.#.,2#*bQ_XW*;2"2,^6$%#2)",c*."&*#32*b:c*HZ*.""%#.#)%"*&.#.:.,2*j*
HZm___PVTX*4)#%(3%"&$)%"*bQPQS*;2"2,^6$%#2)",c=*b(c*[)2*(3.$#*,3%0)";*#32*&),#$):'#)%"*%-*)&2"#)-)2&*

6$%#2)",*.((%$&)";*#%*H2"2*%"#%/%;5*#2$4,*bHZ*#2$4,c*-$%4*#32*>]K!*&.#.:.,2*

*

*

*
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YU*

,>KD@.OZ1.j.+6789:8;<=6>D.E=87@6;C.<@7@97@<*
* L=87@6;.X?II[* *@;@.;>R@* R8D2.+>CC.

ka)>l*
+>^2.

Q;6YQ@.

E@E76<@C*
Q* C[+_YUP*6$%#2)"*]P%$-TT*3%4%/%;* QQQ__S_H_XA)1* PQ*1\.* S*
S* C"(3.$.(#2$)a2&*6$%#2)"*F!MM_PUY*3%4%/%;* QT___Q_+_TA)1* SQT*1\.* SX*
T* [$%#2)"*i!JQ* SYQ__QPES_A)1* QT*1\.* T*
Y* C"(3.$.(#2$)a2&*6$%#2)"*]QW%$-QX*3%4%/%;* YXTTY_T+_PA)1* TS*1\.* S*
P* O$.",424:$."2*6$%#2)"*]X%$-YU*3%4%/%;* P_TTYQY\_SA)1* QV*1\.* T*
U* C[+_VUP*6$%#2)"*]Q_%$-PW*3%4%/%;* PVT_YUXEQ_A)1* SY*1\.* P*
V* C"(3.$.(#2$)a2&*6$%#2)"*]S%$-YV*3%4%/%;G*

4)#%(3%"&$)./* XYT__QU8_WA)1* TT*1\.* S*
W* M/."5/B#A>M*,5"#32#.,2G*4)#%(3%"&$)./* M.$,S* Q_V*1\.* S*
X* M,6.$#.#2*.4)"%#$.",-2$.,2G*4)#%(3%"&$)./* M:(&T* YV*1\.* QU*
Q_* TB12#%.(5/B]%M*#3)%/.,2*MG*62$%?),%4./* M(..QM* YY*1\.* Q_*
QQ* TB12#%.(5/B]%M*#3)%/.,2G*4)#%(3%"&$)./* M(..S* YS*1\.* QW*
QS* MO[B:)"&)";*(.,,2##2*,':B-.4)/5*\*424:2$*T* M(.&X* VP*1\.* S*
QT* M(5/B]%M*&235&$%;2".,2*-.4)/5*424:2$*XG*

4)#%(3%"&$)./* M(.&/* UX*1\.* W*
QY* J%";B(3.)"*,62()-)(*.(5/B]%M*&235&$%;2".,2G*

4)#%(3%"&$)./* M(.&4* YW*1\.* QX*
QP* E2&)'4B(3.)"*,62()-)(*.(5/B]%M*&235&$%;2".,2G*

4)#%(3%"&$)./* M(.&,* YU*1\.* SP*
QU* M(5/B]%MB:)"&)";*6$%#2)"* M(.&,:* Q_*1\.* Y*
QV* L3%$#B(3.)"*,62()-)(*.(5/B]%M*&235&$%;2".,2G*

4)#%(3%"&$)./* M(.&7/* YP*1\.* QT*
QW* M(2#5/B]%M*.(2#5/#$.",-2$.,2G*4)#%(3%"&$)./* M(.#Q* YP*1\.* QP*
QX* M(5/B]%M*&2,.#'$.,2*Q* M(%S* YQ*1\.* P*
S_* L3%$#^:$."(32&*(3.)"*,62()-)(*.(5/B]%M*

&235&$%;2".,2G*4)#%(3%"&$)./* M(%#QT* YW*1\.* Q_*
SQ* M(%")#.#2*35&$.#.,2G*4)#%(3%"&$)./* M(%#S* WP*1\.* YS*
SS* M(5/B(%2"a542*M*#3)%2,#2$.,2*SG*4)#%(3%"&$)./* M(%#X* P_*1\.* P*
ST* M(5/B(%2"a542*M*#3)%2,#2$.,2*XG*4)#%(3%"&$)./* M(,-S* PQ*1\.* S*
SY* M(5/B]%M*,5"#32#.,2*-.4)/5*424:2$*SG*

4)#%(3%"&$)./* M(,/Q* UW*1\.* X*
SP* 85&$%?5.()&B%?%.()&*#$.",35&$%;2".,2G*

4)#%(3%"&$)./* M&3-2Q* P_*1\.* W*
SU* M\[^MO[*#$.",/%(.,2*S* M-;TJS* TT*1\.* SP*
SV* M+HTB/)12*6$%#2)"*S* M)-4Q* X_*1\.* V*
SW* M&2"5/.#2*1)".,2*SG*4)#%(3%"&$)./* M1S* SU*1\.* QY*
SX* HO[mME[*63%,63%#$.",-2$.,2G*4)#%(3%"&$)./* M1T* SP*1\.* X*
T_* \2/#.BQB65$$%/)"2BPB(.$:%?5/.#2*,5"#3.,2* M/&3QWMQ* WV*1\.* QS*
TQ* M6%6#%,),B)"&'()";*-.(#%$*QG*4)#%(3%"&$)./* M/&3QJS* UV*1\.* QW*
TS* \2/#.BQB65$$%/)"2BPB(.$:%?5/.#2*&235&$%;2".,2* M/&3S* US*1\.* X*
TT* [$%:.:/2*Q_B-%$45/#2#$.35&$%-%/.#2*

&235&$%;2".,2*MJ\8QJS* M/&3YMQ* Q_S*1\.* T*
TY* E2#35/4./%".#2B,24)./&235&2*&235&$%;2".,2*

d.(5/.#)";eG*4)#%(3%"&$)./* M/&3UMQ* PW*1\.* SU*
TP* M6%/)6%6$%#2)"*Z* M6%%/* SY*1\.* T*
TU* MO[.,2*-.4)/5*MMM*&%4.)"B(%"#.)")";*6$%#2)"*T* M#.&TM* UV*1\.* P*
TV* MO[*,5"#3.,2*,':'")#*./63.G*4)#%(3%"&$)./* M#6PMQ* U_*1\.* YQ*
TW* MO[*,5"#3.,2*,':'")#*:2#.G*4)#%(3%"&$)./* M#6PK* PU*1\.* SW*
TX* MO[*,5"#3.,2*,':'")#*;.44.G*4)#%(3%"&$)./* M#6P]Q* TT*1\.* QT*
Y_* MO[*,5"#3.,2*,':'")#*&2/#.G*4)#%(3%"&$)./* M#6P\* QW*1\.* P*
YQ* MO[*,5"#3.,2*,':'")#*:G*4)#%(3%"&$)./* M#6P+Q* SX*1\.* QS*
YS* MO[*,5"#3.,2*,':'")#*&G*4)#%(3%"&$)./* M#6P8* QX*1\.* QQ*
YT* MO[*,5"#3.,2B(%'6/)";*-.(#%$*UG*4)#%(3%"&$)./* M#6P@* QS*1\.* S*
YY* MO[*,5"#3.,2*,':'")#*-G*4)#%(3%"&$)./* M#6P@S* Q_*1\.* T*
YP* MO[*,5"#3.,2*,':'")#*2G*4)#%(3%"&$)./* M#6P!* W*1\.* U*
YU* MO[*,5"#3.,2*,':'")#*;G*4)#%(3%"&$)./* M#6PJ* QQ*1\.* U*



A2,'/#,*

 

YV*

YV* MO[*,5"#3.,2*,':'")#*ZG*4)#%(3%"&$)./* M#6PZ* ST*1\.* QX*
YW* MO[*,5"#3.,2*6$%#2)"*W** M#6W* W*1\.* S*
YX* MO[*,5"#3.,2*4)#%(3%"&$)./*+Q*(%46/2?*.,,24:/5*

-.(#%$*S* M#6.-S* TT*1\.* T*
P_* K$."(32&B(3.)"B.4)"%B.()&*.4)"%#$.",-2$.,2G*

4)#%(3%"&$)./* K(.#S* YY*1\.* QU*
PQ* SB%?%),%7./2$.#2*&235&$%;2".,2*,':'")#*./63.G*

4)#%(3%"&$)./* K(1&3.* P_*1\.* QS*
PS* SB%?%),%7./2$.#2*&235&$%;2".,2*,':'")#*:2#.G*

4)#%(3%"&$)./* K(1&3:* YT*1\.* Q_*
PT* K(/BSB/)12*6$%#2)"*QT* K(/SJQT* YV*1\.* V*
PY* D./.(5(/%7)$*35&$%/.,2* K63/* TT*1\.* U*
PP* K$.)"*6$%#2)"*YY* K$6YY* QY*1\.* P*
PU* K$.)"*6$%#2)"*YYB/)12*6$%#2)"** K$6YYJ* QS*1\.* P*
PV* C[+_PXW*6$%#2)"*]W%$-WS*3%4%/%;* ]_T___UFQQA)1* SY*1\.* S*
PW* ]%46/242"#*(%46%"2"#*Q*i*,':(%46%"2"#B

:)"&)";*6$%#2)"G*4)#%(3%"&$)./* ]Qi:6* TQ*1\.* T*
PX* ].$:%")(*."35&$.,2*PKG*4)#%(3%"&$)./* ].$PK* TV*1\.* T*
U_* ].#./.,2* ].#* U_*1\.* QU*
UQ* ].72%/)"BQ* ].7Q* SQ*1\.* U*
US* ].$:%"5/*$2&'(#.,2*d>M\[8e*S* ]:$S* SU*1\.* Q_*
UT* ].$:%"5/*$2&'(#.,2*-.4)/5*424:2$*Y* ]:$Y* SP*1\.* Y*
UY* ]%)/2&B(%)/B32/)?B(%)/2&B(%)/B32/)?*&%4.)"B

(%"#.)")";*6$%#2)"*SG*4)#%(3%"&$)./* ]3(3&S* QU*1\.* T*
UP* ]%)/2&B(%)/B32/)?B(%)/2&B(%)/B32/)?*&%4.)"B

(%"#.)")";*6$%#2)"*TG*4)#%(3%"&$)./* ]3(3&T* SU*1\.* QV*
UU* ]\HL8*)$%"B,'/-'$*&%4.)"B(%"#.)")";*6$%#2)"*Q* ]),&Q* QS*1\.* T*
UV* ['#.#)72*MO[B&262"&2"#*]/6*6$%#2.,2*6$%#2%/5#)(*

,':'")#G*4)#%(3%"&$)./* ]/66* T_*1\.* P*
UW* MO[B&262"&2"#*]/6*6$%#2.,2*MO[B:)"&)";*,':'")#*

(/6fB/)12G*4)#%(3%"&$)./* ]/6?* UX*1\.* S*
UX* ]/.#3$)"*32.75*(3.)"*Q* ]/#(* QXS*1\.* T*
V_* ])#$.#2*/5.,2*,':'")#*:2#.B/)12*6$%#2)"G*

4)#%(3%"&$)./* ]/5:/* TW*1\.* V*
VQ* ].#2(3%/*ZB42#35/#$.",-2$.,2*&%4.)"B(%"#.)")";*

6$%#2)"*Q* ]%4#&Q* SX*1\.* Y*
VS* C:)`')"%"2*:)%,5"#32,),*6$%#2)"*]ZiXG*

4)#%(3%"&$)./* ]%`X* TP*1\.* V*
VT* ]5#%(3$%42*(*%?)&.,2*,':'")#*S* ]%?S* SU*1\.* U*
VY* ]5#%(3$%42*(*%?)&.,2*,':'")#*Y*),%-%$4*QG*

4)#%(3%"&$)./* ]%?Y!Q* S_*1\.* V*
VP* ]5#%(3$%42*(*%?)&.,2*,':'")#*PMG*4)#%(3%"&$)./* ]%?PM* QU*1\.* W*
VU* ]5#%(3$%42*(*%?)&.,2*,':'")#*PKG*4)#%(3%"&$)./* ]%?PK* QY*1\.* T*
VV* ]5#%(3$%42*(*%?)&.,2*,':'")#*UMQG*4)#%(3%"&$)./* ]%?UMQ* QS*1\.* T*
VW* ]5#%(3$%42*(*%?)&.,2*,':'")#*UKQ* ]%?UKQ* Q_*1\.* T*
VX* ]5#%(3$%42*(*%?)&.,2*,':'")#*VMSG*4)#%(3%"&$)./* ]%?VMS* X*1\.* S*
W_* ].$")#)"2*ZB6./4)#%5/#$.",-2$.,2*SG*4)#%(3%"&$)./* ]6#S* VY*1\.* SQ*
WQ* ].$")#)"2*ZB.(2#5/#$.",-2$.,2* ]$.#* VQ*1\.* QU*
WS* ].$&)%/)6)"*,5"#3.,2* ]$/,Q* TT*1\.* S*
WT* ])#$.#2*,5"#3.,2G*4)#%(3%"&$)./* ],* PS*1\.* SS*
WY* ].#326,)"*K* ]#,:* TV*1\.* Y*
WP* ].#326,)"*\* ]#,&* YP*1\.* T*
WU* ]5#%(3$%42*:P* ]5:P* QP*1\.* V*
WV* ]5#%(3$%42*:P*#562*K* ]5:PK* QU*1\.* U*
WW* >M\8B(5#%(3$%42*:P*$2&'(#.,2*T* ]5:PAT* TY*1\.* X*
WX* ]5#%(3$%42*(QG*3242*6$%#2)"G*4)#%(3%"&$)./* ]5(Q* TP*1\.* X*
X_* ]5#%(3$%42*(G*,%4.#)(* ]5(,* QS*1\.* QQ*
XQ* 9LQ*6$%#2)"*3%4%/%;G*4)#%(3%"&$)./* \Q_@3'WQ9* SW*1\.* W*
XS* D2$5*/%";B(3.)"*,62()-)(*.(5/B]%M*&235&$%;2".,2G*

4)#%(3%"&$)./* \:)* VQ*1\.* TT*



A2,'/#,*

 

YW*

XT* J)6%.4)&2*.(5/#$.",-2$.,2*(%46%"2"#*%-*
:$."(32&B(3.)"*./63.B12#%*.()&*&235&$%;2".,2*
(%46/2?G*4)#%(3%"&$)./* \:#* PT*1\.* QQ*

XY* TGSB#$.",B2"%5/B]%M*),%42$.,2G*4)#%(3%"&$)./* \()* TS*1\.* X*
XP* SGYB&)2"%5/B]%M*$2&'(#.,2G*4)#%(3%"&$)./* \2($Q* TU*1\.* Q_*
XU* \235&$%;2".,2^$2&'(#.,2*L\A*-.4)/5*424:2$*Y* \3$,Y* T_*1\.* T*
XV* \)35&$%/)6%5//5,)"2B$2,)&'2*.(2#5/#$.",-2$.,2*

(%46%"2"#*%-*65$'7.#2*&235&$%;2".,2*(%46/2?G*
4)#%(3%"&$)./* \/.#* UW*1\.* Q_*

XW* \)35&$%/)6%5/*&235&$%;2".,2G*4)#%(3%"&$)./* \/&* PY*1\.* SS*
XX* \)35&$%/)6%5//5,)"2B$2,)&'2*,'(()"5/#$.",-2$.,2*

(%46%"2"#*%-*SB%?%;/'#.$.#2*&235&$%;2".,2*
(%46/2?G*4)#%(3%"&$)./* \/,#* YX*1\.* V*

Q__* \".@*3%4%/%;*,':-.4)/5*M*424:2$*TG*
4)#%(3%"&$)./* \".<.T* PS*1\.* T*

Q_Q* \2/#.bTGPcB\2/#.bSGYcB&)2"%5/B]%M*),%42$.,2G*
4)#%(3%"&$)./* 9(3Q* TU*1\.* V*

Q_S* 9"%5/B]%M*35&$.#.,2*&%4.)"B(%"#.)")";*6$%#2)"*SG*
4)#%(3%"&$)./* 9(3&(S* TS*1\.* Y*

Q_T* 9"%5/B]%M*35&$.#.,2G*4)#%(3%"&$)./* 9(3,Q* TQ*1\.* QP*
Q_Y* 9/2(#$%"*#$.",-2$*-/.7%6$%#2)"*,':'")#*./63.G*

4)#%(3%"&$)./* 9#-.* TP*1\.* ST*
Q_P* 9/2(#$%"*#$.",-2$*-/.7%6$%#2)"*,':'")#*:2#.* 9#-:* SW*1\.* S_*
Q_U* 9/2(#$%"*#$.",-2$*-/.7%6$%#2)"B':)`')"%"2*

%?)&%$2&'(#.,2G*4)#%(3%"&$)./* 9#-&3* UW*1\.* X*
Q_V* [$%#2)"*+MEQUSM* +.4QUSM* QW*1\.* T*
Q_W* A2;'/.#%$*%-*4)($%#':'/2*&5".4)(,*6$%#2)"*Q* +.4WSK* TP*1\.* T*
Q_X* +.##5*.()&*,5"#3.,2* +.,"* SVS*1\.* QP*
QQ_* +.$"2,5/*65$%63%,63.#2*,5"#3.,2* +&6,* YQ*1\.* S*
QQQ* +'4.$.#2*35&$.#.,2G*4)#%(3%"&$)./* +3Q* PY*1\.* QU*
QQS* [$%#2)"*>)6L".6*3%4%/%;*S* H:.,* TT*1\.* P*
QQT* H/'#.$5/B]%M*&235&$%;2".,2G*4)#%(3%"&$)./* H(&3* YX*1\.* S*
QQY* 9/%";.#)%"*-.(#%$*HG*4)#%(3%"&$)./* H-4Q* WY*1\.* X*
QQP* H$%0#3*3%$4%"2B)"&'():/2*#$.",424:$."2*

6$%#2)"* H3)#4* TV*1\.* S*
QQU* H/'#.$2&%?)"B$2/.#2&*6$%#2)"*PG*4)#%(3%"&$)./* H/$?P* QU*1\.* Y*
QQV* H/'#.4.#2*&235&$%;2".,2*QG*4)#%(3%"&$)./* H/'&Q* UQ*1\.* SY*
QQW* M,6.$#.#2*.4)"%#$.",-2$.,2G*4)#%(3%"&$)./* H%#S* YV*1\.* X*
QQX* H/5(2$%/BTB63%,63.#2*&235&$%;2".,2*d>M\leG*

(5#%6/.,4)(* H6&Q* TW*1\.* T*
QS_* H/5(2$%/BTB63%,63.#2*&235&$%;2".,2G*

4)#%(3%"&$)./* H6&S* WQ*1\.* QS*
QSQ* H$69*6$%#2)"*3%4%/%;*QG*4)#%(3%"&$)./* H$62/Q* SY*1\.* QT*
QSS* E./25/.(2#%.(2#.#2*),%42$.,2* H,#aQ* SY*1\.* S*
QST* 9,#$.&)%/*QVB:2#.B&235&$%;2".,2*W* 8SBF2U* SV*1\.* Y*
QSY* 85&$%?5.(5/B(%2"a542*M*&235&$%;2".,2G*

4)#%(3%"&$)./* 8.&3* TY*1\.* QX*
QSP* O$)-'"(#)%"./*2"a542*,':'")#*./63.G*4)#%(3%"&$)./* 8.&3.* WT*1\.* YY*
QSU* O$)-'"(#)%"./*2"a542*,':'")#*:2#.G*4)#%(3%"&$)./* 8.&3:* PQ*1\.* SP*
QSV* 8./%.()&*&23./%;2".,2B/)12*35&$%/.,2*&%4.)"B

(%"#.)")";*6$%#2)"*T* 8&3&T* SW*1\.* Y*
QSW* 8242B:)"&)";*6$%#2)"*Q* 82:6Q* SQ*1\.* T*
QSX* TB35&$%?5),%:'#5$.#2*&235&$%;2".,2G*

4)#%(3%"&$)./* 8):.&3* TP*1\.* QX*
QT_* TB35&$%?5),%:'#5$5/B]%M*35&$%/.,2G*

4)#%(3%"&$)./* 8):(3* YT*1\.* QP*
QTQ* 8),#)&)"2*#$).&*"'(/2%#)&2B:)"&)";*6$%#2)"*SG*

4)#%(3%"&$)./* 8)"#S* QV*1\.* T*
QTS* 82?%1)".,2BQ* 81Q* Q_W*1\.* T*
QTT* 82?%1)".,2BS* 81S* Q_T*1\.* TY*
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YX*

QTY* 85&$%?542#35/;/'#.$5/B]%M*/5.,2G*4)#%(3%"&$)./* 84;(/* TY*1\.* S*
QTP* A):%"'(/2.,2*CFQQY* 8$,6QS* QY*1\.* T*
QTU* TB35&$%?5.(5/B]%M*&235&$%;2".,2*#562BS* 8,&QVKQ_* SV*1\.* QT*
QTV* [2$%?),%4./*4'/#)-'"(#)%"./*2"a542*#562*S* 8,&QVKY* VX*1\.* QT*
QTW* 85&$%?5,#2$%)&*&235&$%;2".,2B/)12*6$%#2)"*S* 8,&/S* PY*1\.* Y*
QTX* L#$2,,BV_*6$%#2)"G*4)#%(3%"&$)./* 8,6.X* VY*1\.* TV*
QY_* U_*1\.*32.#*,3%(1*6$%#2)"G*4)#%(3%"&$)./* 8,6&Q* UQ*1\.* YW*
QYQ* Q_*1\.*32.#*,3%(1*6$%#2)"G*4)#%(3%"&$)./* 8,62Q* QQ*1\.* QQ*
QYS* L2$)"2*6$%#2.,2*8OAMSG*4)#%(3%"&$)./* 8#$.S* YX*1\.* S*
QYT* !,%/2'(5/B#A>M*,5"#32#.,2G*4)#%(3%"&$)./* !.$,S* QQT*1\.* S_*
QYY* !,%()#$.#2*&235&$%;2".,2*d>M\[eG*4)#%(3%"&$)./* !&3S* PQ*1\.* QU*
QYP* !,%()#$.#2*&235&$%;2".,2*d>M\e*,':'")#*./63.G*

4)#%(3%"&$)./* !&3TM* Y_*1\.* SQ*
QYU* !,%()#$.#2*&235&$%;2".,2*d>M\e*,':'")#*;.44.G*

4)#%(3%"&$)./* !&3TH* Å* QS*
QYV* E)#%(3%"&$)./*)""2$*424:$."2*6$%#2)"* !44#* WY*1\.* YU*
QYW* !,%(3%$),4.#.,2*&%4.)"B(%"#.)")";*6$%#2)"*SMG*

4)#%(3%"&$)./* !,%(SM* SS*1\.* V*
QYX* !,%7./2$5/B]%M*&235&$%;2".,2G*4)#%(3%"&$)./* !7&* YU*1\.* QT*
QP_* M/&235&2*&235&$%;2".,2G*4)#%(3%"&$)./* J.6T* PV*1\.* S_*
QPQ* [$%:.:/2*/2'(5/B#A>M*,5"#32#.,2G*4)#%(3%"&$)./* J.$,S* Q_Q*1\.* T*
QPS* JB/.(#.#2*&235&$%;2".,2*M*(3.)"* J&3.* TU*1\.* S*
QPT* J9OEQ*."&*9+B3."&*&%4.)"B(%"#.)")";*6$%#2)"*QG*

4)#%(3%"&$)./* J2#4Q* WT*1\.* S_*
QPY* J%"*6$%#2.,2*3%4%/%;G*4)#%(3%"&$)./* J%"6Q* Q_U*1\.* TU*
QPP* J5,%63%,63%/)6)&*.(5/#$.",-2$.,2*P* J$66$(* PU*1\.* YQ*
QPU* M(5/B6$%#2)"*#3)%2,#2$.,2*Q* J56/.Q* SP*1\.* S*
QPV* EM]AZ*&%4.)"B(%"#.)")";*6$%#2)"*Q* E.($%&Q* TP*1\.* T*
QPW* E24:$."2*6$)4.$5*.4)"2*%?)&.,2* E.%.* WP*1\.* Y*
QPX* 9T*':)`')#)"B6$%#2)"*/);.,2*EMA]8P* E.$(3P* TQ*1\.* U*
QU_* E2#35/($%#%"%5/B]%M*(.$:%?5/.,2*,':'")#*./63.G*

4)#%(3%"&$)./* E(((Q* VX*1\.* QS*
QUQ* E2#35/($%#%"%5/B]%M*(.$:%?5/.,2*:2#.*(3.)"G*

4)#%(3%"&$)./* E(((S* UQ*1\.* Q_*
QUS* E./.#2*&235&$%;2".,2G*(5#%6/.,4)(* E&3Q* TV*1\.* T*
QUT* E./.#2*&235&$%;2".,2G*4)#%(3%"&$)./* E&3S* TU*1\.* T_*
QUY* O$.",BSB2"%5/B]%M*$2&'(#.,2G*4)#%(3%"&$)./* E2($* Y_*1\.* P*
QUP* E)($%,%4./*;/'#.#3)%"2*LB#$.",-2$.,2*Q* E;,#Q* QW*1\.* U*
QUU* ]%:b!c5$)")(*.()&*.G(B&).4)&2*.&2"%,5/#$.",-2$.,2G*

4)#%(3%"&$)./* E4.:* SU*1\.* S*
QUV* EZL]*&%4.)"B(%"#.)")";*6$%#2)"*SG*4)#%(3%"&$)./* E%,(S* TW*1\.* W*
QUW* TB42$(.6#%65$'7.#2*,'/-'$#$.",-2$.,2* E6,#* TT*1\.* W*
QUX* TXL*$):%,%4./*6$%#2)"*JQ_G*4)#%(3%"&$)./* E$6/Q_* SX*1\.* S*
QV_* TXL*$):%,%4./*6$%#2)"*JQSG*4)#%(3%"&$)./* E$6/QS* SS*1\.* T*
QVQ* SWL*$):%,%4./*6$%#2)"*LTUG*4)#%(3%"&$)./* E$6,TU* QQ*1\.* S*
QVS* E)#%(3%"&$)./*(.$$)2$*3%4%/%;*S* E#(3S* TT*1\.* V*
QVT* E2#.?)"BQ* E#?Q* TU*1\.* S*
QVY* E2#.?)"BS* E#?S* T_*1\.* QQ*
QVP* E2#35/4./%"5/B]%M*4'#.,2G*4)#%(3%"&$)./* E'#* WT*1\.* QT*
QVU* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*./63.*

,':(%46/2?*,':'")#*Q_G*4)#%(3%"&$)./* >&'-.Q_* YQ*1\.* S*
QVV* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*./63.*

,':(%46/2?*,':'")#*QT* >&'-.QT* QV*1\.* S*
QVW* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*./63.*

,':(%46/2?*,':'")#*Y* >&'-.Y* X*1\.* P*
QVX* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*./63.*

,':(%46/2?*,':'")#*U* >&'-.U* QP*1\.* S*
QW_* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*./63.*

,':(%46/2?*,':'")#*W* >&'-.W* S_*1\.* Y*
QWQ* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*./63.* >&'-.X* YT*1\.* U*
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P_*

,':(%46/2?*,':'")#*XG*4)#%(3%"&$)./*
QWS* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*:2#.*

,':(%46/2?*,':'")#*Q_* >&'-:Q_* SQ*1\.* P*
QWT* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*:2#.*

,':(%46/2?*,':'")#*QQG*4)#%(3%"&$)./* >&'-:QQ* QV*1\.* S*
QWY* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*:2#.*

,':(%46/2?*,':'")#*Y** >&'-:Y* QP*1\.* S*
QWP* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*:2#.*

,':(%46/2?*,':'")#*PG*4)#%(3%"&$)./* >&'-:P* SS*1\.* S*
QWU* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*:2#.*

,':(%46/2?*,':'")#*U* >&'-:U* QU*1\.* T*
QWV* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*:2#.*

,':(%46/2?*,':'")#*WG*4)#%(3%"&$)./* >&'-:W* SS*1\.* S*
QWW* >M\8*&235&$%;2".,2*d':)`')"%"2e*Q*:2#.*

,':(%46/2?*,':'")#*X* >&'-:X* SS*1\.* S*
QWX* >M\8B':)`')"%"2*%?)&%$2&'(#.,2*VP*1\.*,':'")#G*

4)#%(3%"&$)./* >&'-,Q* W_*1\.* V*
QX_* >M\8*&235&$%;2".,2*d':)`')"%"2e*)$%"B,'/-'$*

6$%#2)"*TG*4)#%(3%"&$)./* >&'-,T* T_*1\.* T*
QXQ* >M\8*&235&$%;2".,2*d':)`')"%"2e*)$%"B,'/-'$*

6$%#2)"*VG*4)#%(3%"&$)./* >&'-,V* SP*1\.* S*
QXS* >M\8*&235&$%;2".,2*d':)`')"%"2e*)$%"B,'/-'$*

6$%#2)"*WG*4)#%(3%"&$)./* >&'-,W* SY*1\.* S*
QXT* >M\8*&235&$%;2".,2*d':)`')"%"2e*-/.7%6$%#2)"*SG*

4)#%(3%"&$)./* >&'-7S* SV*1\.* S*
QXY* >+CQ*)$%"B,'/-'$*(/',#2$*,(.--%/&*3%4%/%;G*

4)#%(3%"&$)./* >-'Q* SX*1\.* Y*
QXP* >'(/2%,)&2*&)63%,63.#2*1)".,2*M* >42Q* QV*1\.* S*
QXU* >M\b[c*#$.",35&$%;2".,2G*4)#%(3%"&$)./* >"#* QQY*1\.* Q_*
QXV* Z$")#3)"2*.4)"%#$.",-2$.,2G*4)#%(3%"&$)./* Z.#* YW*1\.* QQ*
QXW* Z]!M*&%4.)"B(%"#.)")";*6$%#2)"*Q* Z().&Q* SW*1\.* Y*
QXX* SB%?%;/'#.$.#2*&235&$%;2".,2G*4)#%(3%"&$)./** Z;&3* QQU*1\.* YP*
S__* \5".4)"B/)12*QS_*1\.*6$%#2)"G*4)#%(3%"&$)./* Z6.Q* QQQ*1\.* QX*
S_Q* L'(()"5/B]%MmTB12#%.()&B(%2"a542*M*#$.",-2$.,2*

QG*4)#%(3%"&$)./* Z?(#Q* PU*1\.* QW*
S_S* [$%6)%"5/B]%M*(.$:%?5/.,2*./63.*(3.)"G*

4)#%(3%"&$)./* [((.* W_*1\.* Y*
S_T* [$%6)%"5/B]%M*(.$:%?5/.,2*:2#.*(3.)"G*

4)#%(3%"&$)./* [((:* PW*1\.* T*
S_Y* [3%,63%2"%/65$'7.#2*(.$:%?51)".,2*dHO[eG*

4)#%(3%"&$)./* [(1S* VQ*1\.* X*
S_P* [5$'7.#2*(.$:%?5/.,2G*4)#%(3%"&$)./* [(?* QT_*1\.* X_*
S_U* [5$'7.#2*&235&$%;2".,2*9Q*(%46%"2"#*,':'")#*

./63.G*,%4.#)(*-%$4G*4)#%(3%"&$)./* [&3.Q* YT*1\.* QX*
S_V* [5$'7.#2*&235&$%;2".,2*9Q*(%46%"2"#*,':'")#*

:2#.G*4)#%(3%"&$)./* [&3:* TX*1\.* QU*
S_W* [5$'7.#2*&235&$%;2".,2*6$%#2)"*f*(%46%"2"#G*

4)#%(3%"&$)./* [&3?* PY*1\.* S*
S_X* [2$%?),%4./*TGSB#$.",B2"%5/B]%M*),%42$.,2* [2()* YT*1\.* P*
SQ_* L2$)"2^#3$2%")"2B6$%#2)"*63%,63.#.,2*[HMEPG*

4)#%(3%"&$)./* [;.4P* TS*1\.* S*
SQQ* [$%3):)#)"** [3:* T_*1\.* SP*
SQS* [$%3):)#)"BS* [3:S* TT*1\.* QX*
SQT* [$2,2`'2"(2*6$%#2.,2G*4)#%(3%"&$)./* [)#$4Q* QQV*1\.* QT*
SQY* E)#%(3%"&$)./B6$%(2,,)";*626#)&.,2*,':'")#*./63.* [46(.* PW*1\.* T*
SQP* E)#%(3%"&$)./B6$%(2,,)";*626#)&.,2*,':'")#*:2#.* [46(:* PP*1\.* P*
SQU* [%/5$):%"'(/2%#)&2*"'(/2%#)&5/#$.",-2$.,2*QG*

4)#%(3%"&$)./* ["6#Q* WU*1\.* S*
SQV* [%/542$.,2*&2/#.B)"#2$.(#)";*6$%#2)"*S* [%/&)6S* YS*1\.* T*
SQW* O3)%$2&%?)"B&262"&2"#*62$%?)&2*$2&'(#.,2G* [$&?T* SW*1\.* QQ*
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PQ*

4)#%(3%"&$)./*
SQX* [2$%?)$2&%?)"BPG*4)#%(3%"&$)./* [$&?P* SS*1\.* X*
SS_* L'/-.#2&*;/5(%6$%#2)"*Q* [,.6* UQ*1\.* T*
SSQ* [$%,#.;/."&)"*9*,5"#3.,2*S* [#;2,S* YT*1\.* V*
SSS* [%/542$.,2*!*."&*#$.",($)6#*$2/2.,2*-.(#%$* [#$-* YY*1\.* V*
SST* [26#)&5/B#A>M*35&$%/.,2*SG*4)#%(3%"&$)./* [#$3S* S_*1\.* U*
SSY* A.,B$2/.#2&*6$%#2)"*A.:BQQK* A.:QQK* SY*1\.* T*
SSP* A.,B$2/.#2&*6$%#2)"*A.:BQK* A.:QK* SS*1\.* Y*
SSU* A2.(#)72*%?5;2"*,62()2,*4%&'/.#%$*Q* A%4%Q* W*1\.* S*
SSV* L%$#)";*."&*.,,24:/5*4.(3)"2$5*(%46%"2"#*P_*

3%4%/%;* L.44P_* PS*1\.* V*
SSW* >%"B,62()-)(*/)6)&B#$.",-2$*6$%#2)"* L(6S* PX*1\.* U*
SSX* L'(()".#2*&235&$%;2".,2*d':)`')"%"2e*

-/.7%6$%#2)"*,':'")#G*4)#%(3%"&$)./* L&3.* VT*1\.* SS*
ST_* L'(()".#2*&235&$%;2".,2*d':)`')"%"2e*)$%"B,'/-'$*

,':'")#G*4)#%(3%"&$)./* L&3:* TS*1\.* V*
STQ* L)&2$%-/2?)"BQ* L-?"Q* TU*1\.* QT*
STS* E)#%(3%"&$)./*&)(.$:%?5/.#2*(.$$)2$* L/(SPMQ_* TS*1\.* S_*
STT* E)#%(3%"&$)./*SB%?%;/'#.$.#2^4./.#2*(.$$)2$*

6$%#2)"* L/(SPMQQ* TY*1\.* W*
STY* ]./()'4B:)"&)";*4)#%(3%"&$)./*(.$$)2$*6$%#2)"*

M$./.$S* L/(SPMQT* VY*1\.* S*
STP* E)#%(3%"&$)./*(.$")#)"2^.(5/(.$")#)"2*(.$$)2$*

6$%#2)"* L/(SPMS_* TT*1\.* T*
STU* E)#%(3%"&$)./*;/'#.4.#2*(.$$)2$*Q* L/(SPMSS* TP*1\.* U*
STV* [3%,63.#2*(.$$)2$*6$%#2)"G*4)#%(3%"&$)./* L/(SPMT* Y_*1\.* QY*
STW* M&)6%"2(#)"* L/(SPMY* SV*1\.* V*
STX* M\[^MO[*#$.",/%(.,2*Q* L/(SPMP* TT*1\.* X*
SY_* L'62$%?)&2*&),4'#.,2*d]'Bk"e* L%&Q* QU*1\.* P*
SYQ* L'62$%?)&2*&),4'#.,2*dE"eG*4)#%(3%"&$)./** L%&S* SP*1\.* U*
SYS* L[Ah*&%4.)"B(%"#.)")";*6$%#2)"*Y* L6$5&Y* ST*1\.* S*
SYT* L'/-)&2m`')"%"2*%?)&%$2&'(#.,2G*4)#%(3%"&$)./* L`$&/* P_*1\.* P*
SYY* L)";/2B,#$."&2&*\>MB:)"&)";*6$%#2)"G*

4)#%(3%"&$)./* L,:6Q* QV*1\.* S*
SYP* L#%4.#)"B/)12*6$%#2)"*S* L#%4/S* TW*1\.* P*
SYU* L'(()"5/B]%M*/);.,2*dM\[B-%$4)";e*,':'")#*:2#.G*

4)#%(3%"&$)./* L'(/.S* P_*1\.* Q_*
SYV* L'(()"5/B]%M*/);.,2*dH\[B-%$4)";e*,':'")#*./63.G*

4)#%(3%"&$)./* L'(/;Q* TU*1\.* X*
SYW* L'(()"5/B]%M*/);.,2*dH\[B-%$4)";e*,':'")#*:2#.G*

4)#%(3%"&$)./* L'(/;S* YV*1\.* W*
SYX* O$.",/.#)%"./*.(#)7.#%$*%-*(5#%(3$%42*(*%?)&.,2*Q* O.(%Q* TS*1\.* T*
SP_* E)#%(3%"&$)./*)46%$#*)""2$*424:$."2*#$.",/%(.,2*

,':'")#*O)4QT* O)44QT* Q_*1\.* S*
SPQ* E)#%(3%"&$)./*)46%$#*)""2$*424:$."2*#$.",/%(.,2*
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TGSB#$.",B2"%5/B]%M*),%42$.,2G*4)#%(3%"&$)./* \()* TS1\.* X*
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:%#3*)"&)(.#%$,*%-*4)#%(3%"&$)./*:)%;2"2,),=*N2*(%'/&*%:,2$72*,3)-#2&*4)#%(3%"&$)./*

&5".4)(,* )"*TOTBJQ*.&)6%(5#2,* #$2.#2&*0)#3*LMH* -%$*YW*3%'$,* (%46.$2&* #%* (%"#$%/*

(2//,=*8%0272$*.*,);")-)(."#*&)--2$2"(2*(%'/&*%"/5*:2*%:,2$72&*)"*#32*-)$,#*2?62$)42"#*

-%$*E-"S* b+%/&* (3.";2m* LMH* YW* 3%'$,m* Q=TS* y* _GSQ^]%"#$%/* Q=__* y* _=_XcG* ,3%0"* )"*

+);'$2* QY=* O3),* ,);")-)(."#* &)--2$2"(2* (%'/&* "%#* :2* $26$%&'(2&* )"* #32* -%//%0)";*

2?62$)42"#,=* O32$2*0.,* ./,%* #32* #2"&2"(5* %-* ."* )"($2.,2&* 2?6$2,,)%"* %-*E-"Q* ."&*

\(#"SG* :'#* #32* -%/&* (3.";2* "272$* $2.(32&* ,);")-)(."(2=* >$-Q* ./,%* ,3%02&* .* "%"B

,);")-)(."#*4)"%$*#$2"&*#%0.$&,*)"($2.,2&*2?6$2,,)%"=*>2?#G*02*62$-%$42&*#32*,.42*

,2#* %-* 2?62$)42"#,* 0)#3* TOTBJQ* 6$2.&)6%(5#2,* ."&* .;.)"* (%'/&* "%#* %:,2$72* ."5*

,);")-)(."#*&)--2$2"(2*b&.#.*"%#*,3%0"c=*

*

*
06BQ=@.1O.E)#%(3%"&$)./*:)%;2"2,),*#.$;2#*;2"2,m.E)#%(3%"&$)./*-',)%"*."&*-),,)%"*;2"2,G*"'(/2.$*

$2,6)$.#%$5*-.(#%$*Q*."&*O-.4*4A>M*02$2*."./5,2&*:5*42.",*%-*`BAOB[]A=*Z"/5*,);")-)(."#*&)--2$2"(2*
0.,*%:,2$72&*-%$*E-"SG*:'#*#3),*&)--2$2"(2*0.,*"%#*62$,),#2"#*#3$%';3%'#*.//*2?62$)42"#,=*E-"Q*}*

4)#%-',)"*QG*E-"S*}*4)#%-',)"*SG*\"4Q/*}*&5".4)"BQB/)12G*+),Q*}*-),,)%"BQG*\(#"S*}*&5".(#)"*SG*>A+Q*}*
"'(/2.$*$2,6)$.#%$5*-.(#%$*QG*O-.4*}*#$.",($)6#)%"*-.(#%$*MG*4)#%(3%"&$)./=*\.#.*.$2*,3%0"*.,*42."*y*
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*
O%* (32(1* )-* #32$2* ),* .* &)--2$2"(2* )"* 4)#%(3%"&$)./* 4.,,* :2#022"* LMHB#$2.#2&*

.&)6%(5#2,* ."&* (%"#$%/* .&)6%(5#2,G* 02* 62$-%$42&* ,#.)")";* 0)#3* E)#%#$.(12$* H$22"*

+E=*['#.#)72*(3.";2,*02$2*)"72,#);.#2&*0)#3*+M]L*."./5,),*."&*(%"-%(./*4)($%,(%65=*

M,*),*,3%0"*)"*+);'$2*QP*K*r*]*"%*,);")-)(."#*&)--2$2"(2*(%'/&*:2*%:,2$72&*:2#022"*

LMHB#$2.#2&* ."&* (%"#$%/* .&)6%(5#2,* .-#2$* YW* 3%'$,* %-* #$2.#42"#=* O32* ,.42*

%:,2$7.#)%"*0.,*4.&2*-%$*TOTBJQ*6$2.&)6%(5#2,*#$2.#2&*-%$*YW*3%'$,*0)#3*LMH*b&.#.*

"%#*,3%0"c=*

*

*

06BQ=@.1U.E)#%#$.(12$*H$22"*+E*+/'%$2,(2"(2*.,*."*)"&)(.#%$*-%$*4)#%(3%"&$)./*4.,,.bMc*
A26$2,2"#.#)%"*%-*+L]^LL]*%-*TOTBJQ*.&)6%(5#2,*."&*;.#)";*%-*(2//,*#%*2?(/'&2*&2:$),*bKc*8),#%;$.4*%-*

#32*+JBQ*]3.""2/*bEOHc*,3%0)";*%"2*$26$2,2"#.#)72*,.46/2*-%$*LMHB#$2.#2&*(2//,*."&*%"2*
$26$2,2"#.#)72*,.46/2*-%$*(%"#$%/*(2//,*b]c*>%*,);")-)(."#*&)--2$2"(2*)"*E)#%#$.(12$*H$22"*-/'%$2,(2"(2*
(%'/&*:2*%:,2$72&*:2#022"*#32*LMHB#$2.#2&*;$%'6*."&*#32*(%"#$%/*;$%'6G*\.#.*.$2*,3%0"*.,*42."*y*

L9EG*"}P*

*

O32* ,.42* ,2#* %-* 2?62$)42"#,* ."./5,2&* 0)#3* (%"-%(./* 4)($%,(%65* (%"-)$42&* %'$*

$2,'/#,*%:#.)"2&*-$%4*+M]L*."./5,),=*+);'$2*QU*,3%0,*#32*4)#%(3%"&$)./*&),#$):'#)%"*

)"* TOTBJQ* .&)6%(5#2,* #$2.#2&* 0)#3* LMH* -%$* YW* 3%'$,=* O32* ,.42* ,#.)")";* b)=2=*

4)#%(3%"&$)./*7%/'42c*0.,*%:#.)"2&*0)#3*(%"#$%/*(2//,*b&.#.*"%#*,3%0"c=*

>2?#G*02*42.,'$2&*4#\>M*."&*;2"%4)(*\>M*b;\>Mc*(%"#2"#*:5*`[]A*#%*%:#.)"*."*

)"&)$2(#*42.,'$242"#* -%$*4)#%(3%"&$)./*4.,,G* ;)72"*:5* #32*4#\>M^;\>M*$.#)%=*M"*

)"($2.,2* )"* 4)#%(3%"&$)./* "'4:2$* 0%'/&* :2* .((%46.")2&* 0)#3* ."* )"($2.,2* )"*

4)#%(3%"&$)./* \>M* (%"#2"#G*03)/2* #32* ;2"%4)(* \>M* (%"#2"#* ,3%'/&* :2* '"(3.";2&=*

O3',G* #3),* )"($2.,2* )"* 4)#%(3%"&$)./* \>M* 0%'/&* :2* $2-/2(#2&* )"* ."* )"($2.,2&*

4#\>M^;\>M*$.#)%=**
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*
06BQ=@.1P*\),#$):'#)%"*%-*4)#%(3%"&$).*)"*TOTBJQ*.&)6%(5#2,m*O32*4)#%(3%"&$).*#.12*'6*4%,#*%-*#32*
(5#%6/.,4)(*,6.(2*%-*."*.&)6%(5#2=*J)6)&*&$%6/2#,*."&*"'(/2',*.$2*(/2.$/5*27)&2"#*.,*#325*.$2*/2-#*%'#*:5*

#32*4)#%(3%"&$)./*42,30%$1*

O%* .46/)-5*4#\>M* ."&* ;\>M*02* ',2&* 6$)42$,* -%$* #32*4)#%(3%"&$)./* ;2"2* >M\8B

':)`')"%"2*%?)&%$2&'(#.,2*(3.)"*S*b4#>\Sc*."&*-%$*#32*"'(/2.$*2"(%&2&*;2"2*>M\8*

&235&$%;2".,2*d':)`')"%"2e*-/.7%6$%#2)"*Q*b;>&'-7Qc=*N2*02$2*.:/2*#%*(%"-)$4*%'$*

$2,'/#,* -$%4*(%"-%(./*4)($%,(%65*."&*#32*+M]L*."./5,),G*,)"(2*02*(%'/&*"%#*,22*."5*

,);")-)(."#*&)--2$2"(2*)"*4#\>M^;\>M*$.#)%,*:2#022"*#32*#0%*;$%'6,*b+);'$2*QV*Mc=*

O%* 4.12* ,'$2* #3.#* #32,2* $.#)%,* .$2* "%#* #32* $2,'/#* %-* ."* '"2?62(#2&* (3.";2* )"* #32*

;2"%4)(*\>M*(%"#2"#*02*&26)(#2&*]#*7./'2,*-$%4*#32*`[]A*)"*+);'$2*QV*K=**

.

06BQ=@.1I.4#\>M^;\>M*$.#)%,*.,*."*)"&)$2(#*42.,'$242"#*-%$*4)#%(3%"&$)./*4.,,.bMc*4#\>M^;\>M*
$.#)%*&)--2$2"(2,*:2#022"*LMHB#$2.#2&*."&*(%"#$%/*.&)6%(5#2,*bKc*]#B7./'2,*%-*4)#%(3%"&$)./*."&*
;2"%4)(*#.$;2#*;2"2,*',2&*#%*2,#.:/),3*#32*4#\>M^;\>M*$.#)%G*\.#.*.$2*,3%0"*.,*42."*y*L9EG*"}Y*
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O%* )"72,#);.#2* #32*4)#%(3%"&$)./*424:$."2* 6%#2"#)./* b~�4c* %-*4.#'$2* .&)6%(5#2,*

#$2.#2&*0)#3*LMH*-%$*YW*3%'$,G*02*',2&*#0%*#2(3")`'2,m*+M]L*."./5,),*."&*(%"-%(./*

4)($%,(%65=* !"*+M]L*."./5,),*02*27./'.#2&* #32* $.#)%*%-* (2//,*0)#3*.*3);3*424:$."2*

6%#2"#)./* b6%6'/.#)%"* ATG* +);'$2* QW* Kc* ."&* (2//,* 0)#3* .* /%0* 424:$."2* 6%#2"#)./*

b6%6'/.#)%"* ASG* +);'$2* QW* Kc=* >%* &)--2$2"(2* )"* #3),* $.#)%* :2#022"* LMHB#$2.#2&* ."&*

(%"#$%/*(2//,*(%'/&*:2*%:,2$72&*b+);'$2*QW*\c=*M,*.*(%"#$%/*-%$*OEA9*,#.)")";*02*',2&*

#32* 6$%#%"%63%$2* +]][G* 03)(3* &2($2.,2,* #32* OEA9* -/'%$2,(2"(2* &'2* #%*

&26%/.$)a.#)%"*%-*#32*4)#%(3%"&$)./*424:$."2*b+);'$2*QW*]c=*

*
06BQ=@.1S.E24:$."2*6%#2"#)./*+M]L*."./5,),*0)#3*OEA9.

bMc*A26$2,2"#.#)%"*%-*+L]^LL]*%-*TOTBJQ*.&)6%(5#2,*."&*;.#)";*%-*(2//,*#%*2?(/'&2*&2:$),*
bKc*M&)6%(5#2,*,#.)"2&*0)#3*OEA9*."&*E)#%#$.(12$*H$22"*+E*,3%0*#0%*6%6'/.#)%",m*%"2*6%6'/.#)%"*

0)#3*3);3*424:$."2*6%#2"#)./*4)#%(3%"&$).*bATc*."&*%"2*0)#3*/%0*424:$."2**
6%#2"#)./*4)#%(3%"&$).*bASc*

b]c*8),#%;$.4*%-*#32*+JBS*(3.""2/*bOEA9c*,3%0)";*#32*"2;.#)72*(%"#$%/*
b\c*A.#)%*%-*/%0*424:$."2*6%#2"#)./*6%6'/.#)%"*AS*#%*3);3*424:$."2*6%#2"#)./*6%6'/.#)%"*AT*),*

,3%0)";*"%*&)--2$2"(2*)"*LMHB#$2.#2&*,.46/2,*
\.#.*.$2*,3%0"*.,*42."*y*L9EG*"}P.

*

+'$#32$4%$2G* 02* 27./'.#2&* #32* $.#)%* %-* OEA9* -/'%$2,(2"(2* #%* E)#%#$.(12$* H$22"*

-/'%$2,(2"(2* :2#022"* #32* #0%* ;$%'6,* b+);'$2* QXc=* L)"(2* E)#%#$.(12$* H$22"* ,#.)",*

4)#%(3%"&$).*)"&262"&2"#*%-*#32*4)#%(3%"&$)./*424:$."2*6%#2"#)./G*)#*),*."*.((26#2&*
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.66$%.(3* #%* "%$4./)a2* 424:$."2* 6%#2"#)./* bOEA9* -/'%$2,(2"(2c* #%* 4)#%(3%"&$)./*

"'4:2$*bE)#%#$.(12$*H$22"*-/'%$2,(2"(2c=**

!"*.*,2#*%-*2?62$)42"#,*02*%:,2$72&*.*,);")-)(."#*&2($2.,2*%-*OEA9*-/'%$2,(2"(2* )"*

LMHB#$2.#2&* (2//,* b+);'$2* QX* KcG* :'#* "%$4./)a2&* #%*E)#%#$.(12$* H$22"* -/'%$2,(2"(2*

#3),*,);")-)(."#*&2($2.,2*.:%/),32,*b+);'$2*QX*]c=*8%0272$G*#32*,);")-)(."#*&2($2.,2*)"*

OEA9*,#.)")";*(%'/&*"%#*:2*$2/).:/5*$26$%&'(2&=*

*
06BQ=@.1]*>%*,);")-)(."#*&)--2$2"(2*)"*424:$."2*6%#2"#)./*,#.#',*(%'/&*:2*%:,2$72&*-%$*LMHB#$2.#2&*
.&)6%(5#2,*bMc*8),#%;$.4*%-*#32*+JBS*(3.""2/*bOEA9c*,3%0)";*%"2*$26$2,2"#.#)72*,.46/2*%-*(%"#$%/*
(2//,*."&*%"2*$26$2,2"#.#)72*,.46/2*%-*LMHB#$2.#2&*(2//,.bKr]c*M*,);")-)(."#*&)--2$2"(2*)"*OEA9*
-/'%$2,(2"(2*(%'/&*:2*%:,2$72&*)"*LMHB#$2.#2&*.&)6%(5#2,=*OEA9^EOH*-/'%$2,(2"(2*$.#)%,*&)&*"%#*

&)--2$=*\.#.*.$2*,3%0"*.,*42."*y*L9EG*"}P*
*

M;.)"G* (%"-%(./* 4)($%,(%65* 0.,* ',2&* #%* 7./)&.#2* %'$* $2,'/#,* %:#.)"2&* -$%4* +M]L*

42.,'$242"#,=* M,* )"* +M]L* ."./5,),* 02* (%'/&* "%#* -)"&* ."5* ,);")-)(."#* &)--2$2"(2*

:2#022"*LMHB#$2.#2&*."&*(%"#$%/*(2//,=*M"*2?246/.$5*LMHB#$2.#2&*(2//*."&*(%"#$%/*(2//*

),*&26)(#2&*)"*+);'$2,*S_*."&*SQG*$2,62(#)72/5=*

*
06BQ=@.?T*E)#%(3%"&$)./*424:$."2*6%#2"#)./*)"*TOTBJQ*.&)6%(5#2,*#$2.#2&*-%$*YW*3%'$,*0)#3*LMH*j*
O32*4.<%$)#5*%-*4)#%(3%"&$).*)"*#32*.&)6%(5#2*j*$2;.$&/2,,*%-*#32$2*,6.#)./*6%,)#)%"*j*,3%0*.*,#$%";*

OEA9*,#.)")";G*$2-/2(#)";*.*3);3*424:$."2*6%#2"#)./=*
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O32*4)#%(3%"&$)./*"2#0%$1*,6$2.&,*%'#*#3$%';3*#32*03%/2*.&)6%(5#2G*#.1)";*'6*4%,#*

%-* #32* ,6.(2* %-* #32* (5#%6/.,4G* %"/5* ,6.$)";* /)6)&* &$%6/2#,* ."&* #32* "'(/2',=* Z-* "%#2G*

#32$2* ),* .* 3%4%a5;%',* &),#$):'#)%"* %-*4)#%(3%"&$).*0)#3* 3);3*424:$."2* 6%#2"#)./*

#3$%';3%'#*#32*(2//G*:%#3*)"*LMHB#$2.#2&*."&*(%"#$%/*(2//,=*

*
06BQ=@.?1*E)#%(3%"&$)./*424:$."2*6%#2"#)./*)"*'"#$2.#2&*TOTBJQ*.&)6%(5#2,.M,*-%$*LMHB#$2.#2&*

.&)6%(5#2,G*4)#%(3%"&$).*,3%0*.*,#$%";*OEA9*,#.)")";*$2;.$&/2,,*%-*#32)$*,6.#)./*6%,)#)%"*)"*(%"#$%/*
.&)6%(5#2,*
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O2U2.$8.9:>;B@.6;.R6789:8;<=6>D.QD7=>ZC7=Q97Q=@.>\7@=.@^E8CQ=@.78.-!*..

*

+)".//5G* 02* .66/)2&* 2/2(#$%"* 4)($%,(%65* #%* #2,#* -%$* &)--2$2"(2,* )"* 4)#%(3%"&$)./*

4%$63%/%;5G*,'(3*.,*,3.62*%-*4)#%(3%"&$).*%$*&2",)#5*%-*#32*4)#%(3%"&$)./*($),#.2G**

4)#%(3%"&$)./* "'4:2$* ."&* &),#$):'#)%"* )"* #32* .&)6%(5#2=* L)"(2* #32$2* 0.,* "%*

,);")-)(."#* &)--2$2"(2* )"*4)#%(3%"&$)./* &),#$):'#)%"* ."&* "'4:2$* )"* LMHB#$2.#2&* ."&*

(%"#$%/* TOTBJQ* .&)6%(5#2,G* 02* (%'/&* (%"-)$4* %'$* -)"&)";,* -$%4* #32* 6$27)%',*

2?62$)42"#,=* O3),* 0.,* #$'2* -%$* SY* 3%'$,* ."&* YW* 3%'$,* %-* LMHB#$2.#2&* .&)6%(5#2,=*

+);'$2*SS* )//',#$.#2,* #32*4)#%(3%"&$)./*&),#$):'#)%"*%:,2$72&* )"*%'$*TOTBJQ* #$2.#2&*

.&)6%(5#2,=*O32*4)#%(3%"&$).*#.12*'6*4%,#*%-*#32*(5#%6/.,4)(*,6.(2=*

*
06BQ=@.??.M"*2?246/.$5*6)(#'$2*,3%0)";*#32*&),#$):'#)%"*%-*4)#%(3%"&$).*b,4.//*&.$1*2/%";.#2&*."&*
$%'"&*,#$'(#'$2,c*)"*.*LMHB#$2.#2&*TOTBJQ*.&)6%(5#2=*O325*#.12*'6*4%,#*%-*#32*(5#%6/.,4)(*,6.(2*

:2,)&2,*-.#*&$%6/2#,*b03)#2*."&*;$25*$%'"&*,#$'(#'$2,c=*?S___*4.;")-)(.#)%".
**

9/2(#$%"*4)($%,(%65* 6)(#'$2,* %-* 3);32$*4.;")-)(.#)%"* &)&* "%#* $272./* ."5* ,);")-)(."#*

&)--2$2"(2,* )"*'/#$.B,#$'(#'$2*,'(3*.,*#32*&2",)#5*%-*#32*4)#%(3%"&$)./*($),#.2*%$*#32*

)""2$*424:$."2*b+);'$2,*ST*MB\c=*

*
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*
06BQ=@.?J.E)#%(3%"&$)./*'/#$.,#$'(#'$2*)"*SY*3%'$,*."&*YW*3%'$,*LMHB#$2.#2&*TOTBJQ*.&)6%(5#2,*

bMc*SY*3%'$,*#$2.#2&*(%"#$%/*TOTBJQ*.&)6%(5#2G*?QS=___*4.;")-)(.#)%"*bKc*SY*3%'$,*LMHB#$2.#2&*TOTB
JQ*.&)6%(5#2G*?QS=___*4.;")-)(.#)%"*b]c*YW*3%'$,*#$2.#2&*(%"#$%/*TOTBJQ*.&)6%(5#2,G*?S_=___*

4.;")-)(.#)%"*b\c*YW*3%'$,*LMHB#$2.#2&*.&)6%(5#2,G*?S_=___*4.;")-)(.#)%"*
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+%(',*%-*%'$*.##2"#)%"*0.,*#32*2,#.:/),342"#*%-*.*4)#%(3%"&$)./*6$%#2%4)(*.66$%.(3*

#3.#*4.12,*)#*6%,,):/2*#%*(%46.$2*#32*4)#%(3%"&$)./*6$%#2%42*%-*LMHB#$2.#2&*TOTBJQ*

4.#'$2*.&)6%(5#2,*#%*'"#$2.#2&*(%"#$%/*(2//,=*!"*%'$*,#'&5*02*&2()&2&*#%*),%/.#2*($'&2*

4)#%(3%"&$)./*-$.(#)%",*."&*2?(/'&2*"%"B4)#%(3%"&$)./*6$%#2)",*-$%4*%'$*6$%#2)"*/),#*

',)";* :)%)"-%$4.#)(,* -)/#2$)";=* O32$2-%$2G* 02* (%46.$2&* %'$* -)"./* 6$%#2)"* /),#G*

2"(%46.,,)";* Y_W* 6$%#2)",* )"* #%#./* bLMH* #$2.#2&* 6/',* '"#$2.#2&* (%"#$%/,cG* 0)#3*

E)#%].$#.* ."&*H2"2*%"#%/%;5* #2$4,=*O3),* .66$%.(3* $2,'/#2&* )"* .*6$%#2)"* /),#*0)#3* .*

#%#./*%-*SVV*4)#%(3%"&$)./*6$%#2)",=* !"*;2"2$./G* #32$2*.$2*#3$22*($'()./* -.(#%$,*#%*;2#*

,.#),-5)";*$2,'/#,* )"*4)#%(3%"&$)./*6$%#2%4)(,=*O32*-)$,#*($'()./* -.(#%$* ),*#32*,#.$#)";*

4.#2$)./=* J%,,2,* 0)//* :2* 4%$2* ,272$2* ."&* 4)#%(3%"&$)./* 6'$)#5* 0)//* ,'--2$* )-* #32*

6$26.$.#)%"* ,#.$#,* 0)#3* ,4.//* .4%'"#,* %-* (2//,=* O3',G* 02* ,#.$#2&* %'$* 6$%#2%4)(*
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