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%3+1,0%:$015 (8209 ( %3 ( :-2;%3: ( $35 ( %3 ( ,0$0%23$-7"B9$,1 (8$601-%$) (H/- ( -1,/&0,(
-1+1$&15(09$0(091(#/0$0%23(<-1F/1367($35(091(,B160-/#(2<(#/0$0%23,(+$-7($0(
5%<<1-130(69-2#2,2#$&(B2,%0%23,)(=0(%,($&,2(3201;2-097(09$0(61-0$%3(#/0$0%23$&(
920 ( ,B20, ( ;1-1 ( 51016015 ( 23&7 ( $0 ( B$-0%6/&$- ( 69-2#2,2#$& ( B2,%0%23, ( $35(
1,B16%$&&7 ( %3 ( :-2;%3: ( 8$601-%$) ( E9/,? ( %0 ( ,11#, ( B&$/,%8&1 ( 09$0 ( -1:%23$&(
5%<<1-1361, ( %3 ( 69-2#2,2#1(,0-/60/-1 ($35 (2-:$3%D$0%23 ( %3I/1361 (#/0$:13%6(
B-261,,1,(%3(:-2;%3:(8$601-%$(#2-1(,0-23:&7(09$3(B-1+%2/,&7($,,/#15)(>0(091(
,$#1(0%#1?(,%361(091(#/0$30,(6230%3/15(02($66/#/&$01(%3(,0$-+%3:(B2B/&$0%23,(
2<(AD(C&$%0.?(,2#1(61&&,(62/&5(,0%&&(:-2;(,&2;&7($35(-1B&%6$01(091%-(69-2#2,2#1(
/351-(091(,0$-+$0%23(6235%0%23,)(J1+1-091&1,,?(%0(%,($&,2(B2,,%8&1(09$0(#/0$0%23,(
%3(091(69-2#2,2#1(2< (AD(C&$%0.( ,0$0%23$-7"B9$,1(61&&,(9$+1(#$%3&7(266/--15(
5/-%3:(091(62/-,1(2<(KJ>(-1B$%-(,73091,%,)(E91(<$60(09$0(#/0$0%23(<-1F/1367(
$35(,B160-/#(2<(#/0$0%23,(+$-7($6-2,,(091(8$601-%$&(69-2#2,2#1(62/&5(B&$7(
$3(%#B2-0$30(-2&1(%3(5%+1-:1361(2<(8$601-%$&(B2B/&$0%23,(%3(3$0/-1)(K1B135%3:(
23 ( 091 ( &26$0%23 ( 2< ( 091 ( B20130%$& ( 0$-:10 ( :131, ( %3 ( 091 ( 69-2#2,2#1 ( ,2#1(
#/0$0%23$&(B$09;$7,(#$7(B-1+$%&(2+1-(091(2091-,(%3(091(1+2&/0%23(2<(8$601-%$)

*5@38H;2I12=23/9
E9%, (;2-* (;$, ( ,/BB2-015 ( 87 (!,023%$3 (L6%1361 (M2/35$0%23 (:-$30, (NONP(

QRST? ( NUVW ( QXET ($35 (NYZ[ ( Q\=T? ( 87 ( </35%3: (2< (E$-:1015 (X1,1$-69 (]-2@160(
LMUV[UUOV,U[(02(RS(<-2#(!,023%$3(R%3%,0-7(2<(X1,1$-69($35(!5/6$0%23?($35(

=(UV
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(-./012!34!50673809:!515879;12!0;!<0-=.9;09!

,059;-92!'9.>1:9?0@0.2

!"#$%&'(&)*'+,"-*.$/0&123&)*'$"+,2'4'5*".6&70$18$1.&91528.&:2*;"/.*$06&
<1821.6&=*$,812*1
!"#$%&'()*+$,-.&$/%0%,12-#3*/+,*&4

54,+%.1 ( 63 ( #%0)67%$& ( #.#7)$8.1 ( %8 ( 9%4:,$8%$ ( 14$)4.+ ( %8 ( .$)&; ( <=>?%.1@(
-6&+.8"$-.(63(#.#7)$8.(7%6.8.)-.4%01@(A:.8(;6,8-().1.$)0:.)1 (9*(B)%8%,1(
$8+(C*(D$+E%$,1F$1(0$#.(7$0F(3)6#(G6106A(96#68616/(H8%/.)1%4;(46(I%&8%,1(
H8%/.)1%4; ( $8+ ( 7)6,-:4 ( 4:.%) ( %+.$1 ( 68 (#.#7)$8. ( 4)$81J6)4 ( $8+ ( 7$04.)%$&(
.8.)-.4%01*(K:.(#614(3$#6,1().1,&41(63(4:$4(J.)%6+($).(J$J.)1(3)6#(J)63*(9*(
B)%8%,1(10%.84%L0(-)6,J(68(4:.(.8.)-.4%01(63(MNO(4)$81J6)4(+,)%8-(J)60.11.1(63(
7$04.)%6J:$-.(%83.04%68@(7$04.)%$&(068P,-$4%68($8+(-.8.4%0(4)$8136)#$4%68*(
G.0:$8%1#1(63(7$04.)%6J:$-.(%83.04%68($).(14%&&($(:64(46J%0(86A$+$;1@(4:.(

J.)%6+(63($84%7%64%0().1%14$80.(%8(7$04.)%$*(Q8%4%$4%68(63(7$04.)%6J:$-.(%83.04%68(
).R,%).1 ( 4:. ( +.&%/.); ( 63( /%)$&( -.86#.( 4:)6,-:( .8/.&6J. ( %846 ( 4:. ( :614(
0;46J&$1#*(K:.(/%)$&(8,0&.%0($0%+(J.8.4)$4%68(/$)%.1(3)6#(+1MNS(%8P.04%68(46(
+1SNO(.84);(%81%+.(J:$-.(8,0&.60$J1%+($34.)(4:.(.8+60;461%1"&%F.(./.841*(KA6(
10%.84%L0 ( -)6,J1 ( $4 ( I;4$,4$1 ( G$-8,1 ( H8%/.)1%4; ( TD$,8$1U ( $8+ ( I%&8%,1(
H8%/.)1%4; ( %8 ( 06&&$76)$4%68 (A%4: ( 06&&.$-,.1 ( 3)6# (H8%/.)1%4; ( 63 (V.&1%8F% ( $8+(
WNS5(TB%3"1,)"C/.44.@(X)$80.U($).(A6)F%8-(68(4:%1(J)67&.#*(
Y8. ( 63 ( 4:. (#$%8 ( ).$1681 ( 63 ( $84%7%64%01 ( ).1%14$80. ( %8& #$8; ( J$4:6-.8%0(

7$04.)%$(%1(#,&4%+),-().1%14$80.(TGMSU(.3Z,[(J,#J1*(Q4(%1(63(0),0%$&(%#J6)4$80.(
46(+./.&6J()$J%+(#.4:6+1(46(./$&,$4.(4:.($04%/%4;(63(4:.1.(J,#J1@(46(.14%#$4.(
4:.%)(.3L0%.80;(%8(0&%8%0$&(%16&$4.1($8+(46(+./.&6J(#.$81(36)(6/.)06#%8-(63(4:%1(
J)67&.#*(\6&;0$4%68%0($84%#%0)67%$& (J.J4%+.1($).($8( %#J6)4$84 (06#J68.84(63(
4:.(%88$4.(+.3.81.(63($&&(1J.0%.1(63(&%3.*(K:.1.(06#J6,8+1($).($04%/.($-$%814($(
7)6$+()$8-.(63(7$04.)%$&(14)$%81@(%80&,+%8-($84%7%64%0().1%14$84(%16&$4.1@($8+($).(
1;8.)-%14%0(A%4:(068/.84%68$&($84%7%64%01*(K:%1($8+(.$)&%.)(#.84%68.+(46J%01(A%&&(
7.(+%10,11.+(%8(4:.(&.04,).(68(14,+%.1(63(#%0)67%$&(#.#7)$8.1(%8(9%4:,$8%$*

Q(?]
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-./012/34!53676!.8!9,"(),:0;1.<0<!7==2;7>?!7;!531>0473!

$74@7;7A26!(7B6;?6

!"#$%$&$'()*(+%)$',-").)/01(2%."%&#(3"%4'5#%$01(657%,%&")(81(2%."%&#1(9:;<==>?1 (
9%$-&7"%7
!"#$%&'()%*)+,)-%./0&/

1$2/34%$&(5%46)3)(7.$2/34%89:$;3)<(9485%=3($(6.%>6%/86)($+=(=3$=&,(/:43$/(/8(
.$2/34%$& ( 9896&$/%8+)0 ( ?8 ( )645%53 ( %+ ( :8)/%&3 ( 3+5%48+#3+/)@ ( .$2/34%$ ( :$53(
=353&893= ( $ ( #6&/%/6=3 ( 8A ( $+/%5%4$& ( =3A3+)3 ( ),)/3#)0 ( B&6)/343= ( 43;6&$4&,(
%+/34)9$23= ( ):84/ ( 9$&%+=48#%2 ( 4393$/) ( 7BCDEFC<@ ( /8;3/:34 ( G%/: ( BCDEFC"
$))82%$/3=(;3+3)(7,7#<(28+)/%/6/3($+($=$9/%53(#%248.%$&(%##6+3(),)/3#(G:%2:(
9485%=3)($2>6%43=(43)%)/$+23($;$%+)/(5%46)3)($+=(9&$)#%=)0(?:3(BCDEFCHB$)(
),)/3#(:%I$2*)():84/(A4$;#3+/)(8A(%+5$)%53(JKL(7)9$234)<($+=()6.)3>63+/&,(
6)3)(/:3#($)(/3#9&$/3)(/8(;3+34$/3()932%M2()#$&& (CKL(#8&326&3)(724CKL<(
G:%2: ( 28#.%+3 ( G%/: ( B$) ( 948/3%+) ( %+/8 ( 3AA32/84 ( 28#9&3N3) ( /:$/ ( /4%;;34(
=3;4$=$/%8+ ( 8A ( A843%;+ ( +62&3%2 ( $2%=@ ( /:343., ( 94353+/%+; ( 948&%A34$/%8+ ( $+=(
9489$;$/%8+(8A( %+5$)%53(;3+3/%2(3&3#3+/)0 (BCDEFCHB$)(),)/3#)(:$53(.33+(
2$/3;84%O3=(%+/8(/:433(#$%+(/,93)(G:%2:(=%AA34(.,(/:3()/462/64$&(84;$+%O$/%8+(
$+= ( A6+2/%8+7)< ( 8A ( +62&38948/3%+ ( 28#9&3N3) ( %+58&53= ( %+ ( 24CKL"#3=%$/3=(
)%&3+2%+;(8A(A843%;+(+62&3%2($2%=)0(?:3(@$5'A$),),,&#($-'5B)A-%.&#(JPBBQQRS(
#8=3&(84;$+%)#(28+/$%+)(/:433(=%AA343+/(BCDEFC(),)/3#)0(T3(:$53(%=3+/%M3=(
3AA32/84(28#9&3N3)($+=(#8&326&$4(#32:$+%)#)(%+58&53=(%+(/:3(%+5$=%+;(JKL(
)%&3+2%+;(.,(/:3(BCDEFCUHB$)($+=(BCDEFCVHB$)(),)/3#)(8A(@C$-'5B)A-%.&#0(
D+ ( /:3 (BCDEFCUHB$) ( ),)/3# (24CKL) ($43 ( %+284984$/3= ( %+/8 ( $ (#6&/%)6.6+%/(
3AA32/84(28#9&3N@(G:%2:(.%+=)(/8(/:3(/$4;3/(JKL($+=(/4%;;34)(=3;4$=$/%8+(.,(
/:3()%;+$/643(B$)V(948/3%+0 (T3(:$53(3)/$.&%):3=( /:$/ ( %+ ( /:3(BCDEFCVHB$)(
),)/3#@($(28#9&3N(28#94%)3=(8A($()%+;&3(B$)W(948/3%+($+=(24CKL(9485%=3)(
BCDEFC"3+28=3=(%##6+%/,0(E3>63+23()932%M2%/,(8A(/:3(B$)W"24CKL(28#9&3N(
%)(=%2/$/3=(.,(/:3(24CKL(G:%&3(JKL(2&3$5$;3(%)(3N326/3=(.,(/G8(=%)/%+2/($2/%53(
)%/3)(7C65B($+=(XKX<(8A(B$)W(948/3%+0(?:3()%#9&3(#8=6&$4(84;$+%O$/%8+(8A(/:3(
B$)W"24CKL(28#9&3N@(G:343()932%M2%/,(A84(JKL(/$4;3/)(%)(3+28=3=(.,($()#$&&(
24CKL($+=(/:3(2&3$5$;3(#$2:%+34,(28+)%)/)(8A($()%+;&3(B$)(948/3%+@(9485%=3)(
$ ( 534)$/%&3 ( 9&$/A84# ( A84 ( /:3 ( 3+;%+334%+; ( 8A ( 6+%534)$& ( CKL";6%=3= ( JKL(
3+=8+62&3$)3)0(D+=33=@(.,($&/34%+;(/:3(CKL()3>63+23(G%/:%+(/:3(B$)W"24CKL(
28#9&3N@(948;4$##$.&3(3+=8+62&3$)3)(2$+(.3(=3)%;+3=(.8/:(A84(%"(4%$5)($+=(
%"(4%4)($99&%2$/%8+)0(?:3)3(M+=%+;)(9$53(/:3(G$,(A84(/:3(=353&89#3+/(8A(+853&(
#8&326&$4(/88&)(A84(CKL"=%432/3=(JKL()64;34,0

E33($&)8'(P$)%6+$)@(P0@(1$44$+;86@(C0@(X845$/:@(F0@(E%*)+,)(Y0 (DEF@1(E39/3#.34(UZ@(
USRU@(58&0(RSW@(VW@(!UZQW"!UZ[\

D(SV
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-./012.34!3536737.18!71!719./!10:38./!;14<=87;!385!17>=0!
?10@;!1?!;70=;;!A!@=/>38.;@;!385!3664./37.18;!

BCDC!B=.6.=6=0

!"#$%&'"(&)*(+,%-('"(&$.)/,-&"01(-.-234)5".'1-.&6)7"(&%")8-%)*(+,%-('"(&$. )
9":"$%01);)<=>4)?"%'-:"%:&%$::")@A4)BCD@E)F",#6,24)G"%'$(3
!"#$%&'()*+#$,,-)*%.%*.*+/012-3*

+=EF105;G!$3$.4$4%5,6(#*7)$,%8#86(84+*886(85&9*,486(#*#:+$,*(&%.%38

;$,< (5+=$,%7 (85&9*,48 ($&85 (>,5?,($8 (.54*,4%$& ( *,9%+5,#*,4$& (.5&&04$,48(
807)($8(#5,5$+5#$4%7(75#.50,38(@*-=-(AB!C($,3(.)*,5&8D6 (("$&>$,5&8($,3(
4*+.*,%5&8($+*(>,5?,(45(:*(*E4+*#*&<(45E%7(,54(5,&<(45()0#$,86($,%#$&8($,3(
.&$,48 ( :04 ( $&85 ( 45 ( #%7+55+=$,%8#8 ( 4)$4 ( $+* ( 7$.$:&* ( 45 ( 3*=+$3* ( 4)*#-(
B)*+*15+*6 ( *,9%+5,#*,48 ( 75,4$#%,$4*3 ( ?%4) ( )%=) ( 75,7*,4+$4%5,8 ( 51 ( 807)(
75#.50,38(7$,,54(:*(*11*74%9*&<(:%5+*#*3%$4*3(30*(45(4)*(%,)%:%45+<(*11*748(51(
4)*(.5&&04$,48(5,(4)*(#%7+5:%54$-(
F, ( $33%4%5,6 ( 4)* ( 45E%7%4< ( 51 ( 5+=$,%7 ( 85&9*,48 ( .&$<8 ( $ ( +5&* ( %, ( 4)*(

:%54*7),5&5=%7$&(.+53074%5,(51(G,*(7)*#%7$&8(%,(?)5&*(7*&&(:%54+$,815+#$4%5,8(
H,* (#$I5+ ( .+5:&*# (51 ( 8077*8810& ( $..&%7$4%5,8 ( 51 ( :%54+$,815+#$4%5,8 ( 08%,=(
&%9%,=(:$74*+%$($8(:%57$4$&<848(%8(4)*()%=)(45E%7%4<(51(.54*,4%$&(80:84+$4*8($,3(
.+530748- (J%,*(7)*#%7$&8 (514*,(8)5?()<3+5.)5:%7%4< (9*+<(7&58*( 45( 4)58*(51(
:%5&5=%7$&(#*#:+$,*8-(J5+(4)$4(+*$85,(807)(80:84$,7*8()$9*(45E%7(*11*748(5,(
4)*(7*&&(#*#:+$,*8($,3(3%840+:(4)*%+(10,74%5,%,=6(&*$3(45(=+5?4)(%,)%:%4%5,(5+(
*9*,(7*&&(3*$4)-(B)*8*(1$748(&%#%4(4)*(*75,5#%7($..&%7$4%5,(15+(:%54*7),5&5=%7$&(
8<,4)*8*8(51($(:+5$3*+(+$,=*(51(G,*(7)*#%7$&8-(H,*(.588%:&*(85&04%5,(51(4)%8(
.+5:&*#(750&3(:*(4)*($..&%7$4%5,(51 (1*+#*,4$4%5,(8<84*#8(?%4)( 4?5(.)$8*8-(
K*+*:<6($,(5+=$,%7(85&9*,4(%8($33*3($8($(8*75,3(.)$8*(?)%7)(10,74%5,8($8($(
>%,3 ( 51 ( +*8*+95%+ ( 15+ ( .54*,4%$& ( 80:84+$4*8 ( $,3L5+ ( .+530748 ( ?%4)%, ( $(
:%54+$,815+#$4%5, ( .+57*88- (K5?*9*+6 ( $..&%7$:&* ( 85&9*,48 ( $+* (514*, ( 45E%7 ( 45(
.54*,4%$&(:%57$4$&<848(4)*#8*&9*8-
M(85&04%5,( 15+ ( 4)%8(.+5:&*#(%8( 4)*($..&%7$4%5,(51 (85"7$&&*3(85&9*,4"45&*+$,4(

:$74*+%$6 ( 514*, ( :*&5,=%,= ( 45 ( 4)* ( =*,*+$ (?:"HI-'-($:4 )91-I-0-00H: ) $(I)
J%&1%-K$0&"%L( B)*8* ( :$74*+%$ ( $+* ( $:&* ( 45 ( $3$.4 ( 45 ( 80.*+8$40+$4*3(
75,7*,4+$4%5,8 ( 51 ( #$,< ( 45E%7 ( 85&9*,48 ( $,3 ( *,9%+5,#*,4$& ( .5&&04$,486(
+*8.*74%9*&<- ( F, ( 4)* ( &$84 ( 4?5 (3*7$3*86 (#$,< ($44*#.48 ()$9* (:**, (#$3* ( 45(
*&07%3$4*($,3(7)$+$74*+%8*(4)*(7*&&0&$+(#*7)$,%8#8(51(4)*8*(:$74*+%$(*,$:&%,=(
4)*#(45($3$.4(45(807)()$2$+3508(75,3%4%5,8-
B)* (#%7+5:*8 ( +*8.5,3 ( 45 ( 807) ( 84+*88 (?%4) ( $ ( 7$87$3* ( 51 (#*7)$,%8#86(

?)*+*:<(#584(51(4)*8*($3$.4%9*(+*8.5,8*8(45(45E%7(5+=$,%7(75#.50,38($+*(
75,,*74*3(?%4)(7)$,=*8(%,(4)*(75#.58%4%5,(51(4)*(7<45.&$8#%7(#*#:+$,*-(B)*(
#$I5+ ($3$.4%9*( +*8.5,8*(#*7)$,%8#8(51 (:$74*+%$ ( 45 ($3$.4 ( 45 ( 45E%7 (5+=$,%7(
75#.50,38(?%&&(:*(.+*8*,4*3-

F(NO
F(NO
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-./01234.5!.6!789!:3.;.<3=1;!9669=74!.6!>36692957!7?094!.6!
43;@92!515.01273=;94!15>!515.0.2.A4!43;3=1!7.!:1=79231!15>!
49;9=79>!35@9279:2179!409=394

*B!+182AC!!DB!E.5>1295F.C!"B!+A2@97C!*B!+GF3595C!HB!H.273/92C!"B!E;35.@1C!
+B!+149/974C!IB!$3J1C!KB!+1512:3FC!+B!LA<154.5C!$B!*2A.J1C!HB!(387/G9C!+B!
+M5534C!*B!"@14F

!"#$%&"'()&*#$#+#,(%-(./,0$1"'(2/3*$1*("&4(5$%6/3*$1*7(89"4,,0$"(#,,(:;7 (
<"''$&&(=:>=?7(@*#%&$"
!"#$%&'($))*+,$-./0,12+**

+9?N.2>4O(345(6$)78$&%9:(*;7<7=%;7&7>?:(#%;.71%$&(@;.**)%)>:()$)7@%&A*.:(
;7&&$.>7&

B%&A*. ( $)9 ( @%&%;$ ( )$)7C$.<%;&*@ ( D64@E ( $.* ( /@*9 ( %) ( $ (>.7F%)> ( )/#1*. ( 7G(
;7##*.;%$&(C.79/;<@+(6$)7C7.7/@(@%&%;$(C$.<%;&*@(D4@E(-$A*(>.*$<(C7<*)<%$&(G7.(
$(A$.%*<?(7G(9%$>)7@<%;($)9(<-*.$C*/<%;($CC&%;$<%7)@(%)(#*9%;%)*($)9()$)7@%&A*.(
%@($&.*$9?(F%9*&?(/@*9(%)(A$.%7/@(1$;<*.%;%9$&(#$<*.%$&@($)9(;7$<%)>@+(37.(17<-(
C$.<%;&*(<?C*@(<-*(*;7<7=%;7&7>%;$&(%)G7.#$<%7)(%@(A*.?(@;$.;*+(
H*(@</9%*9(<-*(<7=%;(*GG*;<(7G(I(B%JI( 4@(D9%GG*.*)<(C7.7@%<%*@:(BBK(LMNNN(

#IO>E($)9(P(K>(64(C.*C$.$<%7)@'()7)";7$<*9(K>:(484"K>($)9(C.7<*%)";7$<*9(
K>(D;7&&$.>7&E ( <7(1$;<*.%$:( %);&/9%)>(Q.$#D"E (A$BC$%( D*1/,C$7 (@*1/,C$1/$"(1%'$7 (
2*,+4%0%&"*( E+%C,*1,&*7 (2F (6+#$4"7 (2F (",C+G$&%*"( ($)9(Q.$#DRE (5"1$''+*(
*+B#$'$* ($)9( H#"6/3'%1%11+* ( "+C,+* ($@ ( F*&& ( $@ ( <7 ( 9$C-)%9@: ( $&>$* ( $)9(
C.7<7S7$+ (B7&/1&* ( @%&A*. ( $)9 ( @%&%;$ ( @$&<@ (F*.* ( /@*9 ($@ ( %7)%; ( ;7)<.7&@+ (T-*(
C$.<%;&*(-?9.79?)$#%;(@%S*($)9(S"C7<*)<%$&(F*.*(#*$@/.*9(/@%)>(U$&A*.)(VB+(
8$.%7/@ ( 7=%9$<%A* ( @<.*@@ ( DJBE ( @*)@%<%A* (@F ( 1%'$( #/<$)<@ ( D97)$<*9 ( 1? (4.7G+(
W$#*@(X#&$?:(YBKE(F*.*(/@*9(G7.(C-*)7<?C%; (C.72&%)>(7G ( <-*(.7&*(7G(JB(%)(
71@*.A*9(<7=%;(*GG*;<@+(T-*(C.*&%#%)$.?(9$<$(@-7F(<-$<(<7(1$;<*.%$(<-*(B%JI(4@(
F*.*()7<(<7=%;'(#%)%#$&(%)-%1%<7.?(;7);*)<.$<%7):(UXZ:($G<*.([(-(*=C7@/.*(<7(4@(
*=;**9*9(MNNN(#>O&+(B%JI( 4@(F*.*($&@7(\/%<*(-$.#&*@@(<7($\/$<%;(@C*;%*@'(
!Z]N(G7.(;./@<$;*$)@(^(MNNN(#>O&($)9(G7.($&>$*(!Z]N_5P"MN`(#>O&+(J)(<-*(
;7)<.$.?:(484"@%&A*.($)9(;7&&$.>7&(D1/<()7<(/);7$<*9(K>(64@E(F*.*(.*#$.,$1&?(
#7.*(<7=%;(<-$)(@</9%*9(@%&%;$(4@+(T-*(UXZ(7G(484"K>($)9(;7&&$.>7&(G7.(9%GG*.*)<(
1$;<*.%$(A$.%*9(G.7#(]"MNN(#>(K>O&($)9(<-*.*(F$@()7(;&*$.(9%GG*.*);*(1*<F**)(
<7=%;(*GG*;<@(<7(Q.$#(C7@%<%A*($)9()*>$<%A*(1$;<*.%$+(T-*(#7@<(.*#$.,$1&*(F$@(
<-*(-%>-($)<%#%;.71%$&(C7<*);?(7G(;7&&$.>7&(<7 (2F(",C+G$&%*"'(UXZ_MN(#>(K>O&(
DL]"G7&9 ( &7F*. ( <-$) ( G7. (@F ( 1%'$E ( $)9 ( ;7#C$.$1&* ( <7 ( <7=%; ( *GG*;< ( 7G (K>"%7)@(
@-7F%)>(-%>-(1%7$A$%&$1%&%<? (7G (K>( %)(;7&&$.>7&+ (T-*(;7$<*9(@%&A*. (64@(F*.*(
*@C*;%$&&?(<7=%;(<7(;./@<$;*$)@'(I["[a(-(bZ]N_N+NI(#>(K>O&+(T-*(I-(!Z]N(7G(
484"K>($)9(;7&&$.>7&(<7(C.7<7S7$(F$@(PN"5N(#>(K>O&+(Z7#1%)%)>($)$&?@%@(F%<-(
.*;7#1%)$)< ( @*)@7. (1$;<*.%$ ( c@*)@%)>d ( @%&A*. ( %7)@: ($)$&?<%;$& ( ;-*#%@<.? ($)9(
@%&A*.( %7)(@*&*;<%A*(*&*;<.79*(DXB!E(F*(@-7F*9(<-$<(#7@<(C.71$1&?(<-*(<7=%;(
*GG*;<(7G()$)7@%&A*.(%@(;7))*;<*9(F%<-(%<@(@7&/1%&%<?:($F,F(#$)%G*@<*9(I$"(K>"%7)@+(
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*G!H/E5I;

!"#$%&'()"*+,%&-$+,+."$&/,+01)%+(2&34%5+("$&!+$%4,#&%()11(&678&9+:"8&;"(0+"8&;<&= &
6>>?
!"#$%&'($)*$+,$&-./01*)$.%2%+&3(

+;JC54IAB!,&--.1*)/$#(%24/5*%-216($2*%#%5)-,%$&()/1%1*$25/6(('("532$4.4..#%&
"#)1#%8&@%.31)+.3+"&.4$+8&A$1B%+1$$"&5,1#C4,+"18&!%1#*4C4,"%&"1)#:+,4%" !

K?L;D82F;A!
7)/2.1 ( -4 ( $2*%#%5)-,%$& ( )/1%1*$25/6 ( )/8-)*/. ( ,9 ( !:)-8/$2 ( $2*%,%-*%5(

;/1%1*$25/ ( <:)3/%&&$25/ ( 2/*=-)> ( ?!;@<"A/*B ( ./8/2. ( -2 ( 8$*C-D/2 ( *98/6(
$2*%#%5)-,%$& ( 1:,1*$25/ ( $2. ( D/-D)$8C%5 ( )/D%-2+ ( EC%&/ ( $2 ( %25)/$1/ ( -4(
$2*%#%5)-,%$&")/1%1*$25/ ($#-2D (F)$#(2/D$*%3/1 ( ?FAB ( %1 (-,1/)3/. ( %2 (#$29(
!:)-8/$2(5-:2*)%/1(%25&:.%2D(G$*3%$6()/1%1*$25/()$*/1(-4(F)$#(8-1%*%3/(?FHB(
,$5*/)%$ ( ,/5$#/ ( 1*$,%&%I%2D+ ( J2 ( !KL@<7 ( ./M2%*%-21 ( -4 ( 1:15/8*%,&/ ( $2.(
)/1%1*$2*(#%5)--)D$2%1#1(*C/(>/9(8C)$1/(%1(NO,9($(&/3/&(-4($2*%#%5)-,%$&($5*%3%*9OO(
$2. ( .%44/)/25/ ( %2 ( ,)/$>8-%2* ( 3$&:/1 ( 5$2 ( %2P:/25/ ( *C/ ( %2*/)8)/*$*%-2 ( -4(
%2.%3%.:$&()/1:&*1($2.()/1%1*$25/()$*/1(-4(*C/(5-:2*)9+
M;8.5IA+!
@&& (8)%#$)9 ( %23$1%3/ ( %1-&$*/1 ( -4 ('D"#)1#%8 & @D.4$+8 & A$D & 5,1#C4,+"16(

!%D"1)#:+,4%" &4)-# ( ,&--. ( $2. ( &%Q:-) ( ( 1$#8&/1 ( 4)-# ( RR ( #%5)-,%-&-D%5$&(
&$,-)$*-)%/1(-4(G$*3%$&=/)/(1:,S/5*/.(*-(:2%M/.()/1%1*$25/(./*/5*%-2(8)-*-5-&(
,$1/. ( -2 ( !@;<"A/*& ( )/5-#/2.$*%-21 ( 4)-# ( TUUV ( W ( TURR+ ( @2*%#%5)-,%$&(
1:15/8*%,%&%*9(=$1(/3$&:$*/.($5-).%2D(($5*:$&(LG<J(1*$2.$)*+(
,;A9E8A+(
X)-#(TUUV(*-(TURT6(TYZ[(%1-&$*/1(=/)/(./*/5*/.(%2(,&--.($2.(&%Q:-)+(@#-2D(

*C/#(RUY\(?YR6Z]B(=/)/('D"#)1#%8&?(2^B6(\YY(?TR6_]B(@D.4$+6(T[[(?RR6R]B(A$D&
5,1#C4,+"16(ZY(?`6[]B (!%D"1)#:+,4%"6(``T(?R`6`]B (@,(1)4.4..#%&%55D( $2.(
TU\?_6T]B('+&5,1#C4,+"1+(?2^(ZYUB(a/*C%5%&&%2()/1%1*$2*('D&"#)1#%(8)-8-)*%-2(
%2(8-1%*%3/(,&--.(1$#8&/1( (./5)/$1/.(4)-#(R_6V]?(2^R[TB( %2(TUUV(*-(Z6Z]
?(2^RV[B(%2(TURR+L-2*)$)9()/1%1*$25/($D$%21*(JJJ(D/2/)$*%-2(5/4$&-18-)%21(4-)(
@D.4$+(%25/)/$1*(4)-#(V](%2(TUUV(*-(R[](%2(TURR6(A$D5,1#C4,+"1((4)-#(`V\(*-(
`_]+(XP:-)Q:%2-&-2/()/1%1*$25/(%25)/$1/.(4-)(@D.4$+(4)-#(RU](%2(TUUV(*-(R[](
%2(TURR($2.($55-).%2D&9(4-)(A$D5,1##C4,+"1(4)-#(TV](*-(`_]+(@#%2-D&%5-1%./(
)/1%1*$25/ (-4 (@D.4$+( %25)/$1/. ( 4)-#( (\]( %2 (TUUV ( *- ( RR]( %2 (TURR ($2. ( 4-)(
A$D5,1#C4,+"1(4)-#(T\](*-(`Y]+(J2(-8-1%*/()/1%1*$25/(-4(!%D&"1)#:+,4%"(%2($&&(
$2*%,%-*%5(D)-:81(5-2*%2:-:1&9(./5)/$1/.(4-)(L/4*$I%.%#(``]%2(TUUV(*-(T\](%2(
TURR6(4-)(P:-)Q:%2-&-21($2.($#%2-D&%5-1%./1(4)-#(``](*-((T\]+(L$),$8/2/#(
)/1%1*$25/(-4($&&(*/1*/.(F)$#(2/D$*%3/1()/#$%2.(bR]+(
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!"#$%&'"(&)*+),**-)$(-).(/0%*('"(&$1)230"(3"45)!0/040*()*+)603%*70*1*895)
:;<;)=*>)?@5),ABCCCDE)F(0/"%40&9)*+)G"140(H05),0(1$(-
!"#$%&'()$%*$+,$-))$.,/&*%0)%+1

+5.E16=>F!23$045$67/8%$9(:$&7%6(;/$9(&$)/*9(#4&/6-&$8(7/6,0%<-/*

=0(#3(7$&)(= (>%&& (?8/*/07( 7,/(8/*/$86,(40(63$045$67/8%$(640@-67/@( %0( 7,/(
A84-?(4B(C84B+(D$$8%0$(;%E40/0($7(7,/(F0%E/8*%73(4B(G/&*%0)%+(H,/(A84-?(,$*($(
&40A ( 78$@%7%40 ( %0 ( *7-@3%0A ( 7,/ ( 7$I404#3 ( $0@ ( ?,3*%4&4A3 ( 4B ( 63$045$67/8%$&(
*78$%0*(%*4&$7/@(B84#(7,/(J%00%*,(&$)/*($0@(7,/(:$&7%6(;/$+(H,/(A84-?(>$*(7,/(
18*7(74(6,$8$67/8%K/(7,/(63$045$67/8%$&(74I%0*($0@(7,/%8(?84@-6/8*(%0(7,/(:$&7%6(
;/$+(L&*4(7,/(/64&4A3(4B(7,/($<-$7%6(#%6845/*9(%06&-@%0A(63$045$67/8%$9(,$*(
5//0 (*7-@%/@ ( %0 ( 7,/*/ (/0E%840#/07*+ ( =0 ( 8/6/07 ( 3/$8* ( 7,/ (/#?,$*%* (4B ( 7,/(
8/*/$86,(,$*(5//0(/*?/6%$&&3(40(*7-@3%0A(5%4$67%E/(64#?4-0@*(?84@-6/@(53(
63$045$67/8%$+ (23$045$67/8%$ ($8/ ($ ( 8%6, (*4-86/ (4B (0$7-8$& (?84@-67* (4B (/+A+(
?,$8#$6/-7%6$&(%07/8/*7($0@(>/(,$E/(@%*64E/8/@(0-#/84-*(0/>(8%54*4#$&($0@(
0408%54*4#$&(?/?7%@/*+(H,/(@%*64E/83(4B (0/>(5%4$67%E/(#/7$54&%7/*( %*(@40/(
-*%0A($(64#5%0$7%40(4B(#$**(*?/6784#/783($0@(A/04#/(#%0%0A+(H,84-A,(7,/(
-*/(4B(>,4&/"A/04#/(*/<-/06/*(>/(,$E/(@%*64E/8/@(0/>(B$#%&%/*(4B(?847/$*/ (
%0,%5%748* ($0@($07%B-0A$& (?/?7%@/*($*(>/&& ($* (0/>(/0K3#$7%6 (#$6,%0/83 ( B48(
#$)%0A(636&%6(?/?7%@/*+
=0(4-8(8/6/07(/64&4A%6$&(*7-@%/*9(>/(,$E/($??&%/@(0/>(#4&/6-&$8(7/6,0%<-/*(

B48 ( @/7/67%40 (4B ( /+A+ ( 74I%6 ( 63$045$67/8%$& ( *78$%0*+ (M/ (@/E/&4?/@ (#4&/6-&$8(
@/7/67%40(#/7,4@*(B48(#%68463*7%0(N'39O9(04@-&$8%0(N(-$O($0@($0$74I%0"$(N$($O(
*307,/7$*/(A/0/*(74(@/7/67($0@(%@/07%B3(,/?$7474I%0"($0@($0$74I%0"?84@-6%0A(
63$045$67/8%$( %0(/0E%840#/07$& (*$#?&/*+(C2P9(<-$07%7$7%E/"C2P($*(>/&& ($*(
#%684$88$3(#/7,4@*(>/8/(@/E/&4?/@+(L&*49(>/($8/( %07/8/*7/@(%0(7,/($)%0/7/(
@%BB/8/07%$7%40 ($0@ (A/8#%0$7%40 ( %0 ( 1&$#/074-* ( 63$045$67/8%$+ (H,/*/ ( 8/*7%0A(
6/&&* ($8/( &%)/&3 ( 74 (?&$3 ($0( %#?487$07 ( 84&/ ( %0( 7,/ ( &%B/ (636&/ (4B (63$045$67/8%$&(
5&44#*+ ( M/ ( >$07 ( 74 ( -*/ ( ?847/4#%6* ( $0@ ( 78$0*68%?74#%6* ( 7/6,0%<-/* ( %0(
64#5%0$7%40(>%7,(>,4&/"A/04#/($0$&3*%*(74(8/E/$&(7,/(6/&&-&$8(6,$0A/*(@-8%0A(
7,/(6/&&(@%BB/8/07%$7%40+
M/(64&&$548$7/ (>%@/&3 (>%7, (547, (J%00%*, ($0@ ( %07/80$7%40$& ( *6%/07%*7* ($0@(

>/&64#/(6407$67*(B84#(?/4?&/(%07/8/*7/@(%0(0/>(%0%7%$7%E/*+(Q48/(%0B48#$7%40(
40(7,/(8/*/$86,(640@-67/@(%0(4-8(A84-?(6$0(5/(8/$@(B84#(7,/(B4&&4>%0A(>/5(
?$A/*'
,77?'RR>>>+5%46/07/8+,/&*%0)%+1RA84-?*R*%E40/0R

=(ST
=(ST

http://www.biocenter.helsinki.fi/groups/sivonen/
mailto:kaisa.haukka@helsinki.fi


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

!"#$



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

'--.!/012.3-4-!50641147890252!.41:0;-!09<1458=019!1<!
7-1/01>17068>!.416-22-2!1<!-84=3!64?2=!
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!""#"$%&'(%)*#+$,$)+%&#%$'-+$#./#0('*)'1#2',-(-3-$#
!"#$%&'(#)*+$,%-$.$$*$/.--,0

+-CD14;2E(1))2(-)**)3-*%$&(4%5326)*)7(8)5#%954%5&58:7(#)-6$;58);37(
3<&26$-)(*)1<9)*3

!=%3-);9) (5> ( &%>) ( %; ( 1))2 ()$*-6 (9*<3- ( $?<%>)*3 (6$3 (4)); (<;1)* ( %;-);3%.)(
3-<1%)3, (@9%);-%09 ( *)$35;3 ( >5* ( 3-<1:%;8 (1))2 (4%5326)*)3 ($*) ( 95;;)9-)1 ( -5(
).5&<-%5; (5> ( &%>) ($;1();)*8)-%9 (#)96$;%3#3(5> (1))2 (#%9*55*8$;%3#3, (!$*-6(
9*<3- (#%9*55*8$;%3#3 ( $*) ( $4&) ( -5 ( <-%&%A) ( );)*8: ( >5*# ( *59B ( $;1 ( 8)58$3)3(
-6*5<86(*)15=(2*59)33)3,(C6%96(#%9*55*8$;%3#3(15#%;$-)($;1(D6$-($*)(-6)%*(
><;9-%5;3(6$3(4));(3-<1%)1(95;3%1)*$4&:(%;(5<*(2*5+)9-3,(
E6)*)(6$3(4));(>5<;1(-6$-( &%.%;8(#%9*55*8%;3#3()=%3-($&#53-().)*:D6)*)(

D6)*)(-6)*)(%3(D$-)*($.$%&$4&)($;1(3<%-$4&)(-)#2)*$-<*)(-5(3<225*-(&%>),(F<*(
3-<1%)3 ( 1)#5;3-*$-) ( -6) ( 8*$1<$& ( 1)9*)$3) ( %; ( -6) ( 9)&& ( ;<#4)* ( 5>(
#%9*55*8$;%3#3 ( 15D;D$*13 ( %; ( -6) ( )$*-6 ( 9*<3- ( $?<%>)*3, ( G%86 ( 2*)33<*)7(
%;9*)$3)(%;(3$&%;%-:($;1(%;9*)$3)(%;(-)#2)*$-<*)(3)&)9-(-6)(3<*.%.%;8(#%9*54%$&(
95##<;%-%)3,(
F<* ( 3-<1%)3 ( 1)#5;3-*$-) ( -6) ( 96$;8)3 ( %; ( #%9*54%$& ( 95##<;%-%)3 ( $;1(

%;9*)$3%;8 ( ;<#4)* ( 5> ( #)-6$;58);3 ( $;1 ( 3<&26$-) ( *)1<9%;8 ( 4$9-)*%$(
15D;D$*13(%;(-6)()$*-6(9*<3-($?<%>)*3,(H)3)$*96(?<)3-%5;3($*)($&35(95;;)9-)1(
-5(-6)(3$>)-:(5>(-6)(0;$&(1%3253$&(5>(6%86(*$1%5$9-%.)(D$3-)3(%;(-6)(4)1*59B(5>(
I%;&$;1($;1(4%595**53%5;(5>(9522)*,
@).)*$&(45*)65&)3($;1(>*$9-<*)(A5;)3($-(3).)*$&(1)2-63(6$3(4));(3-<1%)1(-5(

3-<1:();1)#%9(4)1*59B($?<%>)*(#%9*54%$&(95##<;%-%)3,(@2)9%$&()#26$3%3(6$3(
4)); ( 2<- ( -5 ( 3-<1: ( -6) (#%9*54%$& ( 1%.)*3%-%)3 ( 5> ( F<-5B<#2< ( 1))2 ( 45*)65&)(
JK,LB#(1))2M(&59$-)1(%;(!$3-)*;(I%;&$;1(3%;9)(KNNO7(-6)(45*)65&)(6$3(4));(
1*%&&)1 (1<*%;8 (KNNP"KNNL, (E6) (F<-5B<#2< (1))2 (45*)65&) ( %3 ( $; ( %;-)*)3-%;8(
3$#2&%;8(3%-)(>5*(8)5#%9*54%5&58:(*)3)$*967(-6)($8)(5>(-6)(D$-)*(%3()=2)9-)1(-5 (
4)(3).)*$&(4%&&%5;3(5>(:)$*3(5&1($;1(-6)(8$3)3(3<96($3(#)-6$;)($;1(6:1*58);(
$*)().5&.%;8(>*5#(-6)()$*-6(9*<3-(>*$9-<*)3(%;-5($%*,

*6F91D>-;7-5-9=2
Q))2(45*)65&)(*)3)$*96(-)$#(%;(I%;&$;1($-(REE(JE)96;%9$&(*)3)$*96(9);-*)(

5> ( I%;&$;1M ( $;1 (SET ( JS)5&58%9$& ( 3<*.): ( 5> ( I%;&$;1M ( $;1 (U$&-5 (V;%.)*3%-:(
JW5#2<-%;8(39%);9)M( %3($9B;5D&)18)1($3(D)&& ($3(Q))2(9$*45;(543)*.$-5*:(
QWF7(>5*(><;1%;8($;1(95&&$45*$-%;8($9%-%.%-%)3(5>(Q))2(X%>)($;1(Q))2(!;)*8:(
;)-D5*B,

Y(NZ
Y(NZ
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!"#$%$&$'()*(+,)-)./(0"1(+02$3(4,%'",'#5(6"%7'2#%$/()*(802$&5(9:(;0"'<&%#'(4$5 (
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9:<,%?&?*< ( $0@ ( @%22)B)0-%$-%?0 ( ?2 ( <)$,-+ ( !M-B$>)&&.&$B ( $>%@%A>$-%?0 ( &)$@, ( -?(
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3)%5%*$,04(-)3#(AA==B(#%:)39%$&(:3&&0:,%3*(KM"9$,:602L/ (N%:)39%$& ($:,%E%,8(3-(
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-)$5#0*,(2;0:%G:(-3)(H/*($I/*033J@"&$)(0@"C$2($44%,%3*$&&8(-31*4($-,0)(>?(:8:&02(
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6-+*,78%+6(*@(OHJ(1%&2(3%)245($+2(NP(>?#$+(%4*&$,-4(37 (T%7"QA;C()-/-$&-2(
,>$,(,>-(#*4, (KB*R#R2)4( 6-+*,78-4(1-)-(4*?)9-(48-9%E90(=1*(6-+*,78-4(GOR(
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-4,$3&%4>(9&*+$&(9*#8&-V-4(GWW4L(1>-)-$4(*,>-)(OS(%4*&$,-4(1-)-(6)*?8-2(%+,*(
+-1(WW40(=1*(1%&2(3%)24(<=4(9*?&2(+*,(3-($44%6+-2(,*($(48-9%E9(WW40(T+-(WW(
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4-,$.%3 (D$6/)($.*(34D(#$.1-)(D%/;( /-))( &)$2)67 (6/$-3;&)66(4-,$.%3(54/$/4(
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.%&$27
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$2.(1@*(8?*4*26*(,7()$?%,04($#89(4056&$44*4(FH[MS(\][S([99S([9MS(:;<G(%2(
5$61*?%$ ( =*2,#* (3$4 ( 1*41*. ( 04%2= (#0&1%8&*R ( ^9A- ( ;2&B ( 1@* ( :;< ( $#89(
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M$&47%#0*7%62(0330)*%$&&8(/'P%&'*(#0$3170#0)*3($70(=078(G706%30($)5(0$3%07(*4(
6$778(41*(%)(64#G$7%34)(:%*;(4*;07(#0*;453(61770)*&8(1305(%)(3*15%03(4-(34&%5(
3*$*0(-07#0)*$*%4)(G74603303/

$4G:0E7-;H-2-:8/
<;%3(%)=03*%9$*%4)(:$3(P)$)6%$&&8(31GG47*05(*;7419;(*;0(97$)*(!<YZBZI(4-(

!3*4)%$)([6%0)60(Y41)5$*%4)2(*;7419;(*;0(97$)*([YDBCDDZD3D\(4-(!3*4)%$)(
?%)%3*78(4-(!516$*%4)($)5(]030$76;2(*;7419;(*;0(G74+06*(E/I/D^DB/BB"DDB\($)5(
H8(*;0(!174G0$)(]09%4)$&(_0=0&4G#0)*(Y1)5(G74+06*(!`IZZZC/
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H.<I0/8:J!2%.0$+3($*$45.6%1(745#4*8$8%.*3(+85$93(+$9:;+83(<.0944:

=+$04 (.7 ( $*$45.6%1 ( 745#4*8$8%.* ( >5.14++ ( 8. ( >5.:;14 ( 54*49$6&4 ( 4*450?(
641.#4+(#.54(9%:4+>54$:(%*(!;5.>4$*(=*%.*($*:($&+.(%*(@$8A%$,(B11.5:%*0(8.(
@$8A%$* ( 2%.0$+ (B++.1%$8%.* ( %* ( 8<4 (#%: ( .7 ( ?4$5 ( CDEC ( 8<454 ( $54 ( FG ( 6%.0$+(
+8$8%.*+(%*(.>45$8%.*(%*(@$8A%$,(@$504(>$58(.7(6%.#$++(;+4:($+($(+;6+85$84(7.5(
6%.0$+(>5.:;18%.*(%+(4*450?(15.>+3(#$%*&?(#$%H4($*:(05$++(+%&$04,(I*(8<4(+$#4(
8%#43($11.5:%*0(8.(&$84+8(54*49$6&4(4*450?(>.&%1?(854*:+(%*(!=3(1;&8%A$8%.*(.7(
4*450? (15.>+ (+<.;&: (*.8 (1.#>484 (9%8< ( 7..:(>5.:;18%.*( 7.5 ($5$6&4 ( &$*:, (J.(
54>&$14 ( 4*450? ( 15.>+ (9%8< ( .8<45 ( 6%.#$++ ( 8<$8 ( 9.;&: ( 04*45$84 ( 4K;%A$&4*8(
6%.0$+($#.;*83(54+4$51<(.*($A$%&$6&4(6%.#$++(6%.1<4#%1$&(#48<$*4(>.84*8%$&(
L2MNO(%+(*44:4:,((((
I*(8<%+(+8;:?(6%.1<4#%1$&(#48<$*4(>.84*8%$&(.7(8<544(&.1$&(6%.#$++(8?>4+(<$+(

644*(+8;:%4:,(P$>4(+85$9($*:(:41%:;.;+(8544(+$9(:;+8(9454(+4&4184:($+(8<4?(
$54(1.##.*(9$+84(%*($05%1;&8;54($*:(9..:">5.14++%*0(%*:;+85?(54+>418%A4&?,(
Q.0944:(%+($*(%*A$+%A4(>&$*8(+>41%4+(%*(@$8A%$(8<$8(<$+(8..-(.A45(&$504($54$+(
.7( &$*:,(Q.0944:(<$+(<%0<(6%.#$++(?%4&:(8<;+(<$+(>.84*8%$&(8.(64(;+4:(7.5(
6%.0$+(>5.:;18%.*,(
R;5%*0 ( 8<4 (+8;:? ($A45$04 (6%.1<4#%1$& (#48<$*4 (>.84*8%$& ( 7.5 ( 5$>4 (+85$93(

:41%:;.;+ ( 8544 ( +$9 ( :;+8 ( $*: ( <.0944: ( 6%.#$++ (9454 ( :4845#%*4:, ( 2$81<(
745#4*8$8%.*( %*(+#$&& (A.&;#4(0&$++(54$18.5+(9$+(1$55%4:(.;8, (2MN(7.5(5$>4(
+85$9(9$+(CSTUF(&V-0"E(JW($*:(CXEUF(&V-0("E(YW,(2MN(7.5(+$9(:;+8(9$+(SGEUEG(
&V-0("E(JW($*:(GETUEZ(&V-0("E(YW,(2MN(7.5(<.0944:(9$+([STUCT(&V-0("E(JW($*:(
SEFUFF(&V-0("E(YW,(

$3@,0I9.8;.5.,6:
J<%+ ( +8;:? ( 9$+ ( +;>>.584: ( 6? ( !PR\ ( >5.)418 ( ]^49 ( 841<*.&.0? ( 7.5 ( 6%."

<?:5.04*(>5.:;18%.*($*:(+4>$5$8%.*(%*($*$45.6%1(:%04+8%.*(>5.14++_3(1.*85$18(
*;#645'((CDED`DFCG`CRN`C,E,E,E,`ED`BNIB`YIBB`EFC,
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%?!%1.8<,57<01! !@!!A!+?!B<8,/,1@A!C?!)<D591E/71@A!+?!B<31,41F
!"#$%&'()*+),-*&*.(/)01-2345-'()*+)6#'2-#/)74*12#&8#),&289):/);-.#/)6#'2-#/)6<=
!>?@
AB15'-'%'3)*+)C*&-8)C'#'3)DE(5-$5/)01-2345-'()*+)6#'2-#/)731.#4#.#)5'433')?/);-.#/ )
6#'2-#/)6<=!F@G
!"#$%&'(&$)#$*&$)+%,-.%/$01#$%&*/-#

G/HI58;2J!#234$,25($,$2+-6%/(7%1283%-,5(8)683+$3285(%,4%6%3-+8

94%8 ( 83)7: ( 2;$#%,28 ( 6%-1$8 ( 8)683+$32 ( 8$#<&28 ( 3$=2, ( >+-# ( 3?- ( 6%-1$8(
>2+#2,32+8 ( %, ( @$3.%$* ( A-34 ( 6%-1$8 ( <&$,38 ( <2+>-+# ( %72,3%/$& ( 1$8 ( <+-7)/3%-,(
32/4,-&-1%28*(B2.2+$&(8)683+$32($,7(%,4%6%3-+($88288#2,38(?2+2(7-,2(3-(822(
342%+( %,C)2,/2(-,(#234$,2(<+-7)/3%-,($,7(3-( %#<+-.2(#234$,2(D)$,3%3$3%.2(
$,7(D)$&%3$3%.2($,$&:8%,1(#234-78*(
9?-(7%>>2+2,3(#234-78(?2+2()827(3-(%,/)6$32(8$#<&28*(942:(?2+2(%,/)6$327(

%,(82+)#(6-33&28($,7(%,(6%-+2$/3-+(3283(8:832#(?42+2(1$8(8$#<&28(?2+2(3$=2,*(
E$8 ( 8$#<&28 ( ?2+2 ( $,$&:827 ( ?%34 ( 1$8 ( #$88 ( 8<2/3+-#232+ ( 3- ( 7232+#%,2(
#234$,2(/-,/2,3+$3%-,8($>32+(2;3+$(8)683+$32(F1&)/-825(GHI(J(KIL($77%3%-,($,7(
<4:8%/$&(/-,7%3%-,(/4$,128(->(>2+#2,3$3%-,(<+-/288*(M77%3%-,$&(8)683+$328(7%7(
,-3 ( 4$.2 ( %72,3%/$& ( %,C)2,/2 (-, (#234$,2 (<+-7)/3%-, ( %, (7%>>2+2,3 ( %,/)6$3%-,(
/-,7%3%-,8* ( N3 ( ?$8 ( -682+.27 ( 34$3 ( %, ( 2;$#<&28 ( %,/)6$327 ( -.2+ ( -<3%#)#(
32#<2+$3)+2(FOPQGL(->(#234$,-12,%/(6$/32+%$5($>32+(1&)/-82($77%3%-,(#234$,2(
1$8 (/-,/2,3+$3%-, ( %,/+2$827 (6)3 ( /$+6-, (7%-;%72( $,7 (4:7+-12, (1$8( #%;3)+2(
72/+2$827(%3*
( M8 ( <-32,3%$& ( %,4%6%3-+ ( 3- ( #234$,2 ( <+-7)/%,1 ( 6$/32+%$ ( $##-,%$ ( ?$8(

-682+.27*(N,(34%8(+282$+/4(7232+#%,27($##-,%$(/-,/2,3+$3%-,(?$8($6-)3(IR(
3%#28(&-?2+(34$,(342-+23%/$&5(8-(%3(7%7(,-3(4$.2(%,4%6%3-+:(%,C)2,/2(-,(#234$,2(
1$8(<+-7)/3%-,*((
S%/+--+1$,%8#8 ( ?2+2 ( /)&3%.$327 ( %, ( $2+-6%/ ( $,7 ( $,$2+-6%/ ( #27%$ ( $,7(

%,/)6$327 ( %, ( .$+%-)8 ( 2,.%+-,#2,38 ( T ( &$#%,$+ ( C-? ( 6-;5 ( $,$2+-6%/ ( U$+ ( $,7(
/-,3+-&&27 ($3#-8<42+2 (/4$#62+* (A$/32+%$ ( %72,3%V/$3%-, (?$8 (<2+>-+#27 (?%34(
G+:83$&9S( NW(=%38*(B2.2+$&(#%/+--+1$,%8#8(?2+2(%72,3%V27("(3?- (,#$-&&%5 )8<<*(
$,7(3?-(6#$'*H#$-&&%5)8<<*(6)3(34282(12,2+$(7-(,-3(<+-.%72(),2D)%.-/$&(.%2?(
$6-)3(6$/32+%$(&%.%,1(%,(6%-1$8(>2+#2,32+*(X-,2(->(#234$,-12,%/(6$/32+%$(?2+2(
/)&3%.$327(%,($,$2+-6%/(#27%$(<2+4$<8(->(342%+(4%14(82,8%3%.%3:(3-(342(-;:12,*(
942%+($682,/2(?$8(<+-.27(<2+>-+#%,1(342(1$8(#$88(8<2/3+-#23+:(+28)&38*(Y-+(
#-+2 ( <+2/%82 (#234$,2 ( 1$8 ( $,$&:8%8 ( 6-34 ( %,/)6$3%-, (#234-78 ( ,227 ( 3- ( 62(
-<3%#%Z27($8(?2&&($8(#%/+--+1$,%8#(/)&3%.$3%-,(%,($,$2+-6%/(2,.%+-,#2,3*(

H(II

mailto:lauma.laurinovica@gmail.com


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

$,-./01234252.67
!"#$%&'()%&*$%$+,,'(-./%01%-".%2*-#'3*4%5.$.*(6"%7('8(*9%#3%:3.(8.-#6;%

<3.%=('9%+$%>?;%?*+(#3'@#6*A%-"*3)$%-'%B#6('0#*4%C-(*#3%D'44.6-#'3%'=%?*-@#*E%
?*0'(*-'(1%'=%F1/('8.3%:3.(81%B*-.(#*4$%'=%G3$-#-+-.%'=%C'4#/%C-*-.%7"1$#6$%
*3/%?*#9'3#$%H.)*0$'3$%I%.38#3..(%'=%G3$-#-+-.%'=%C'4#/%C-*-.%7"1$#6$;%

<%JJ



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

,-./$.0!1-./2342.125!1-.62.676!8.9!6:84.8:;-.!8.8<=>23!
?-3!-@:;A;>8:;-.!-?!B;-1C2A;18<!.2:D-3E6!
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!"#$%&'()*+),-+*./#'0*-)12$3-*&*40256)7#'80#)9-082.50'()*+):4.0$%&'%.26)702&#)02&# )
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!"#$%&'()*%&+,+-$&%./$0+1*#$%&,23#

4536%0*(07#8)5(39(#$-:)#$-%2$&(#3.)&+(39(8%32:)#%2$&(0)-635;+(.)#$0.+(
%#<53=).($0$&>+%+($0.(3<-%#%/$-%30($<<53$2:)+, (?%0)-%2(#3.)&+(7+7$&&>($5)(
)@<5)++).($+(+>+-)#+(39(030&%0)$5(.%99)5)0-%$& ()A7$-%30+,(B:)%5 (3<-%#%/$-%30(
39-)0 ( %+ (<)5935#). (7+%0* (*&38$& ( +-32:$+-%2 (3<-%#%/$-%30 (#)-:3.+ ( -:$- (0)).(
+%*0%C2$0-(23#<7-$-%30$&(<36)5($0.(-%#),
D ( +39-6$5) ( -33& (A*-8:-( E666,8%3+>+-)#+,&=F230=$0G ( %+ ( .)=)&3<). ( -3(

$0$&>/)(+-$-%+-%2$&(<53<)5-%)+(39 (230=)5*)02)(.>0$#%2+(935(3<-%#%/$-%30(570+(
6%-:(<$5-%27&$5(3<-%#%/$-%30(#)-:3.H(#3.)&H(+39-6$5)(-33&H(+)-(39(3<-%#%/$-%30(
#)-:3.(<$5$#)-)5+($0.(07#8)5(39($.I7+-$8&)(<$5$#)-)5+(39(-:)(#3.)&,(B:)(
230=)5*)02)(275=)+(2$0(8)(035#$&%/).($7-3#$-%2$&&>(-3()0$8&)(23#<$5%+30(39(
.%99)5)0-(#)-:3.+($0.(#3.)&+(%0(-:)(+$#)(+2$&),(
A*-8:-( 2$0 ( 8) ( 7+). ( 6%-: ( +39-6$5) ( -33& (A*B%--2.)

E666,8%3+>+-)#+,&=F235700)5G ( 935 ( $0$&>+%+ ( 39 ( <$5$&&)& ( 3<-%#%/$-%30 ( 570+ ( 39(
%.)0-%2$&(3<-%#%/$-%30(-$+;(7+%0*(ACD:E,,(B:)(9702-%30$&%->(39(A*-8:-()0$8&)+(
<532)++%0*($0.(=%+7$&%/$-%30(39(230=)5*)02)(.>0$#%2+(39(<$5$&&)&(3<-%#%/$-%30(
570+(-3(.)-)2-(97&C&#)0-(39(230+)0+7+($0.(+-$*0$-%30(25%-)5%$,
J30+)0+7+(25%-)5%30( %+($<<&%).(-3(<$5$&&)& (3<-%#%/$-%30(570+(935( -:)%5()$5&>(

-)5#%0$-%30($++7#%0*(-:$-(-:)(8)+-(=$&7)(39(-:)(38I)2-%=)(9702-%30(%+(5)$2:).,(
K-$*0$-%30(25%-)5%30(%+(.)=)&3<).(-3(-)5#%0$-)(<$5$&&)&(3<-%#%/$-%30(570+(%0(

2$+) ( 39 ( &30* ( +-$*0$-%30 ( 39 ( 570+ ( $- ( .%99)5)0- ( =$&7)+ ( 39 ( 38I)2-%=) ( 9702-%30,(
K-$*0$-%30(%+($0(%0.%2$-35(-:$-(-:)(3<-%#%/$-%30(#)-:3.(.3)+(03-(<)5935#(6)&&(
%0(<$5-%27&$5(3<-%#%/$-%30(-$+;($0.(-:)(3<-%#%/$-%30(#)-:3.(35(%-L+(<$5$#)-)5+(
:$=)(-3(8)(2:$0*).,
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!"#$%&'()*+*,%-*,$.%$/$0%/)*12&,

D,5-10E6F!34$5657(%##*)%&%8$6%*/

9*:$.$35 ( %##*)%&%8$6%*/ ( *; ( <4&&5 ( $<=%4,45 (#*+4 ( $/. (#*+4 ( $>>&%<$6%*/2(
?##*)%&%84. ( 34$565 ( $+4 ( @54. (:%.4&3 (%/ ( ,$+%*@5 ( $+4$57 (#$%/&3 ( %/ ( 6=4 ( ;**.(
%/.@56+37 ( %/ ( )%*64<=/*&*A%<$& ( ;@4& ( >+*.@<6%*/7 ( >=$+#$<4@6%<$& ( $/. ( <=4#%<$&(
%/.@56+%45($5(:4&& ($5( %/($A+%<@&6@+47 (4&4<6+*/%<5($/.(#4.%<%/42 (B4&&5(<$/()4(
%##*)%&%84.()3(.%;;4+4/6(#46=*.5()$54.(*/(>=35%<$&($/.(<=4#%<$&(%/64+$<6%*/5(
)46:44/ ( <4&&5 ( $/. ( <$++%4+52 ( B@++4/6 ( $664#>65 ( ;*+ ( 6=4 ( .4,4&*>#4/6 ( *;(
%##*)%&%8$6%*/(#46=*.5($+4(&%/-4.(:%6=(6=4(%#>+*,4#4/6($/.C*+(<*#)%/$6%*/(*;(
41%56%/A($>>+*$<=452(D=4($>>&%<$6%*/(*;(/$6@+$&($.=45%*/(6*(.%;;4+4/6(5@+;$<45(
A$,4(6=4(>*55%)%&%63(;*+(.4,4&*>#4/6($/.(%#>&4#4/6$6%*/(*;(/4:($>>+*$<=(*;(
34$56(%##*)%&%8$6%*/2(E@+(/4:(#46=*.(*;(34$56(%##*)%&%8$6%*/(<*/5%565(*;(6:*(
56$A45'(FG(%/<@)$6%*/(*;(<4&&5(:%6=(<$++%4+($/.(6=4%+(54.%#4/6$6%*/(*/(%6(:=%<=(%5(
&%/-4. (:%6= (>=35%<$& ( %/64+$<6%*/5 ($/. (HG (56$)%&%8$6%*/ (*; (<4&&5 (*/ ( 6=4 (<$++%4+(
5@+;$<4 ( )3 ( .4=3.+$6%*/ ( 56%#@&$6%/A ( )3 ( 6=%5 (:$3 ( 6=4 ( ;*+#$6%*/ ( *; ( <=4#%<$&(
%/64+$<6%*/5()46:44/(<$++%4+($/.(<4&&52(I4$565(%##*)%&%84.()3(6=%5(#46=*.(<$/(
)4(@54.(%/(<*/6%/@%/A(>+*<45545()4<$@54(%6(:$5(5=*:/(6=$6(%/(6=%5(<$54(<4&&5J(
$.=45%*/(6*(<$++%4+( %5(56$)&4($/.(6%A=62(K%;;4+4/6(<$++%4+5(:4+4(56@.%4.($/.(%6(
:$5(<*/<&@.4.(6=$6(6=4(56+@<6@+4(*;(<$++%4+(5@+;$<4(=$5(%#>*+6$/6(+*&4(;*+(<4&&(
$.=45%*/2(?##*)%&%8$6%*/(*;(<4&&5()3(*@+(/4:(#46=*.($&&*:5(6=4#(4$53(@6%&%84(
/@6+%4/65(;+*#(6=4(#4.%$($/.(#$%/6$%/5(6=4(+4>+*.@<6%*/(*;(<4&&52

$2B=1-;,EG,9,=76!
D=%5(+454$+<=(:$5(5@>>*+64.()3(6=4(!@+*>4$/(B*##%55%*/(L+*M4<6(9NLO"

BD"HPPO"QPRSOT ( UN@&6%;@/<6%*/$& ( L4+<*&$64. ( 9$/*56+@<6@+4. ( B4+$#%<5(
V$)+%<$64.(;+*#(W3.+*13$>$6%64X($/.(!@+*>4$/(Y*<%$&(V*@/.$6%*/2(
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!"#$%$&$'()*(+%,-).%)/)01(2"3(4%)$',5")/)016(7"%8'-#%$1()*(92$8%26(:-)"82/32 (
4/83;(<6(=%026(92$8%2(9>?@ABC
!"#$%&'($)*+,+-./.%*$( (0&1-&2( (

@-8D1,E2F!34+5$&/,+6($17/34/8596(,3/4$)+(:$4;/59<4$3+,6(,34+,,(4+,%,3$*:+

=4+5$&/,+(%,(>+&&(.*/>*(,3/4$)+(:$4;/59<4$3+(%*(9+$,3-(=5+4+(5$,(;++*($(
>%<+ (<+;$3+ ( %? ( %3 ( $:3, ($ ( ,34+,, (84/3+:3$*3 ( $, (>+&& ( @AB- ( C3 ( 5$, ( ;++* (,5/>*(
4+:+*3&96(35$3(34+5$&/,+($::1#1&$3%/*($::/#8$*%+,()4/>35(,8++<(4+<1:3%/*(%*(
:5+#/,3$3(<14%*)()4/>35(1*<+4(*134%+*3(&%#%3$3%/*(@DB-
E/,3(&$;/4$3/49(9+$,3(,34$%*,(8/,,+,,(2$4%/1,($17/34/85%+,6(35$3($4+(1,+<(

$, ( )+*+3%: ( #$4.+4, ( $*< ( +78&/%3+< ( %* ( )+*+3%: ( +*)%*++4%*)- ( F/##/*(
$17/34/85%+, ( $4+ ( G ( 5%,3%<%*+6 ( 14$:%&6 ( &+1:%*+6 ( 34983/85$*6 ( &+,, ( :/##/* ( G(
$<+*%*+($*<(#+35%/*%*+-(H,(,9*35+,%,(/?(35/,+(#+3$;/&%3+,(%*($17/34/85,(%,(
/;,341:3+<6(+73+4*$&(,188&9(/?(35/,+(*134%+*3,(%,(*+:+,,$49(3/(,188/43()4/>35-(
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