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

AgroParisTech 
UMR 1272 Physiologie de l’Insecte, Signalisation et Communication 

Route de Saint-Cyr, 78026 Versailles Cedex 
$

$

 

 

 

 

 

 

 

 

 

 

 

 

 

!
!
!
!
!
!
!
!
!
!
!

présentée et soutenue publiquement par 

 
Nicolas GLASER 

 
Le 05 septembre 2013 

 
Contribution des sens chimiques à l’adaptation à l’environnement : une 

étude transcriptomique chez la noctuelle Sesamia nonagrioides 
(Lepidoptera : Noctuidae)  

 $

Doctorat ParisTech 
 

T H È S E 
pour obtenir le grade de docteur délivré par 

 

L’Institut des Sciences et Industries  
du Vivant et de l’Environnement 

(AgroParisTech) 
Spécialité : Biologie des organismes 

Directeur de thèse : Emmanuelle JACQUIN-JOLY  
Co-encadrement de la thèse : Paul-André CALATAYUD $

Jury  
Mme. Christine BALY, Dr., 
Neurobiologie de l'Olfaction et Modelisation en Imagerie (NOeMI), UR1197, Biologie de l'Olfaction et 
Biosenseurs (BOB), Bat. Biotechnologies, Domaine de Vilvert, F-78350 Jouy-en-Josas   Rapporteur 
M. Angel GUERRERO, Pr,  
Chemical Ecology Unit Department of Biological Chemistry and Molecular Modeling ,IQAC, CSIC , 
Jordi Girona 18-26, 08034-Barcelona         Rapporteur 
Mme. Myriam Harry, Pr,  
Université Paris-Sud 11, 91405 Orsay Cedex        Examinateur 
Mme. Juliette RAVAUX, Dr. 
Université Pierre et Marie Curie, équipe AMEX, UMR 7138 systématique, adaptation et évolution   Examinateur 
M. Frédéric MARION-POLL, Pr.  
Physiologie de l’Insecte Signalisation et Communication, INRA, Versailles    Examinateur 
Mme. Emmanuelle JACQUIN-JOLY, Dr.,  
Physiologie de l’Insecte Signalisation et Communication, INRA, Versailles     Encadrant 
M. Paul-André CALATAYUD, Dr., 
IRD, UR 072, ICIPE, NSBB Project, PO Box 30772-00100,Nairobi, Kenya    Encadrant 

 
 
 
 



!"

"

"!#$%&!%&!'$(!()*+!,!
!"#$%$&''("#$#)'*$+&##("#$,$*)-*"$./*"##"0$$1"$'"$23&-4&/#$+&#$54-$&-$6(7-*$6"$5"**"$*89#"0$%$&'#$:&$
;"$+&4&/##&/*$#/$2)'<=$>&/#$5"#$');74"-?$;)/#$)'*$(*($*49#$4/58"#$"'$"?+(4/"'5"#$"*$5"**"$4/58"##"$
*/"'*$&-?$');74"-#"#$+"4#)''"#$@-/$A$)'*$+&4*/5/+(#$&-$*4&."4#$6"$6/#5-##/)'#$"*$&-*4"0$B*$5"$#)'*$
*)-*"#$ 5"#$ +"4#)''"#$ @-"$ C"$ .&/#$ 4";"45/"4$ ,$ +4(#"'*0$ 1"$ +4(5/#"$ +&4$ &.&'5"$ @-"$ 23)464"$ '3&$ +&#$
63/;+)4*&'5"$/5/$D5"-?$@-/$)'*$.-$;)'$7-4"&-$+"-."'*$*(;)/<'"4$6-$E&/*$@-"$5"**"$49<2"$#3&++2/@-"$
+)-4$+4"#@-"$*)-*$&."5$;)/=F0$
!"+"'6&'*G$/2$;"$+&4&/*$*)-*$6"$;H;"$C-#*"$6"$5);;"'5"4$+&4$2"#$<4&'6#$/'/*/&*"-4#$6"$5"$+4)C"*0$1"$
4";"45/"$ 63&7)46$ >A4/&;$ I&44A$ @-/$ &$ 2&'5($ 23JKL$ &6&+*&'*84)+$ "*$ &/'#/$ +"4;/#$ 6"$ E/'&'5"4$ 5"$
+4)C"*0$ B*$ 7/"'$ "'*"'6-G$ ;"#$ +2-#$ <4&'6#$ "*$ +2-#$ 58&2"-4"-?$ 4";"45/";"'*#$ .)'*$ ,$ ;"#$ M$ 58"E#G$
B;;&'-"22"$ 1&5@-/'N1)2A$ "*$ O&-2NJ'64($ !&2&*&A-6$ @-/$ ;3)'*$ *)-#$ 2"#$ 6"-?$ "'5&64(G$ #)-*"'-G$
#-++)4*(G$"'5)-4&<(G$&/6(=$D2&$ 2/#*"$"#*$*4)+$ 2)'<-"$PF$+"'6&'*$5"#$%$&''("#0$1"$4";"45/"$63&-*&'*$
+2-#$B;;&G$@-/$&$4(-##/$,$#3&EE4&'58/4$6"$#)'$4Q2"$6"$6/4"5*4/5"$6"$*89#"$D;-2*/+2/($+&4$M$&."5$B4R&'F$
"'$+2-#$6"$#"#$E)'5*/)'#$"*$4"#+)'#&7/2/*(#$#-++2(;"'*&/4"#$"'$*&'*$@-"$6/4"5*4/5"$&6C)/'*"$63-'/*(G$
;&/#$ C3/'#/#*"$ (<&2";"'*$ $ +)-4$ O&-2$ @-/$ &$ 4(-##/$ ,$ *)-C)-4#$ H*4"$ 6/#+)'/72"$;&2<4($ 2"#$;/22/"4#$ 6"$
S/2);9*4"#$ ')-#$ #(+&4&'*0$ T3&/22"-4#G$ *&$ 7)''"$ 8-;"-4$ "*$ *)'$ "'*8)-#/&#;"$ ;3)'*$ (')4;(;"'*$
;&'@-(#$&+49#$*)'$6(+&4*0$$
>"#$+"'#("#$.)'*$;&/'*"'&'*$."4#$M$+"4#)''"#$@-/$)'*$(*($+4(#"'*"#$6-$6(7-*$,$2&$E/'$D)-$+4"#@-"F0$
1"$+"'#"$,$B4R&'$@-/$;3&$&7&'6)''($7/"'$*4)+$*Q*$;&/#$&$(*($;)'$U$5);+&<')'$6"$5"22-2"$V$DW-/$
53"#*$6-$+2&</&*$6"$*"#$+4)+4"#$4";"45/";"'*#F$69#$2"$+4";/"4$C)-40$K)-#$&.)'#$+&4*&<($X;Y$+"'6&'*$
6"$');74"-?$;)/#$"*$ C3&/$ "-$7"&-5)-+$6"$+2&/#/4$,$6/#5-*"4$&."5$ *)/G$+&4*&<"4$6"#$;)'-;"'*#$6"$
;-#/@-"G$6"#$>)'&5)G$58&'*"4$2"$4"*)-4$6"$Z[)4G$#3"?*&#/"4$6".&'*$!4);G$4(+(*"4$2&$58)4(<4&+8/"$6"$
Z&'<$K&;$\*A2"$#-4$-'$*4&C"*$;(;)4&72"$]"4#&/22"#NZ/EG$"*5=$^&$6"-?/9;"$+"4#)''"$D*)-C)-4#$+&#$
63)464"$6"$+4(E(4"'5"$PFG$53"#*$>1$PPP$_"'$)-/G$*-$.&#$+&#$*3"'$*/4"4$5);;"$:&$PPP$13&/$"-$*49#$+"-4$,$*&$
#)-*"'&'5"G$@-&'6$C3&/$4(&2/#($@-3/2$(*&/*$+)##/72"$@-"$*-$'"$#)/#$+2-#$,$]"4#&/22"#=$>&/#$E/'&2";"'*$
*-$ "#$ 4"."'-"G$ ,$;)'$<4&'6$ #)-2&<";"'*G$ "*$ *-$ &#$ 4"+4/#$ *&$ +2&5"$6"$ 5)N+/2)*"0$ 1"$ *"$ 4";"45/"$ 6"$
;3&.)/4$ (5)-*($ 6(72&*(4"4G$ &-$ E/'&2$ +"'6&'*$ 6"#$ 8"-4"#G$ #-4$ 2&$ <('(&2)</"$ 6"#$ #"/<'"-4#$ \/*8G$ 2&$
#/<'/E/5&*/)'$ +4)E)'6"$ 6"$ 2"-4$ 6)5*4/'"G$ #-4$;"#$ "?+2)/*#$ &-?$ C"-?$ ./6()$ "*$;"#$ 6/."4#"#$ ('/<;"#$
/'E)4;&*/@-"#$D"*$8-;&/'"#F0$1"$*"$4";"45/"$6"$*&$+&*/"'5"$"*$6"$*&$*)2(4&'5"G$6"$*)'$#)-*/"'$6&'#$
2"#$ ;);"'*#$ 6/EE/5/2"#0$ K)#$ *4&C"*#$ ]"4#&/22"#NO&4/#$ "*$ *"#$ 5)'#"/2#$ &./#(#$ ;"$ ;&'@-"4)'*$
(')4;(;"'*0$$
1"$4";"45/"$&-##/$B2)6/"$+)-4$#&$5);+&<'/"$&-##/$7/"'$2)4#$6"#$+&-#"#$5&E($@-"$2)4#$6"#$6/##"5*/)'#$
6"$ 58"'/22"#G$+)-4$;3&.)/4$ (<&2";"'*$ #-++)4*($"*$ #)-*"'-G$ C"$ #&/#$@-"$ 53"#*$+&#$ 4/"'$&."5$;&$ C)/"$
@-)*/6/"''"G$;&$7)''"$8-;"-4$2(<"'6&/4"$"*$C3"'$+&##"=$>"45/$(<&2";"'*$,$K/5)$D')'$+&#$;)/$PFG$2"$
<"#*/)''&/4"$6"$58)5$P$13&/$+&##($(<&2";"'*$6"$*49#$7)'#$;);"'*#$"'$*&$5);+&<'/"0$B'E/'$6-$*";+#$
6"$ *&$ C"-'"##"$+-/#@-"$ *3"#$ -'$O&+&$;&/'*"'&'*$P$ B*$ C3"'$+4)E/*"$ 6-$ 5)-+$+)-4$ 4";"45/"4$ *)-*"$ 2&$
C)A"-#"$7&'6"$@-/$23&55);+&<'"$`$a&7/"'G$!A4/2$D;"45/$+)-4$2"#$E/<-/"4#FG$K)')=$$
T3-'$+)/'*$6"$.-"$+2-#$+4)E"##/)''"2$;&/#$+&#$+2-#$6(#&<4(&72"G$ C"$ 4";"45/"$ 2"$+"4#)''"2$6"$Ob\!G$
')*&;;"'*$>/58"2$&."5$@-/$C3&/$"-$6"$');74"-#"#$6/#5-##/)'#$/'*(4"##&'*"#$"*$(<&2";"'*$a4"6$@-/$
;3&$E&/*$23/;;"'#"$+2&/#/4$63&55"+*"4$6"$E&/4"$+&4*/"$6"$;)'$C-4A0$>"45/$(<&2";"'*$,$>&4/"$;)'$+4)E$
+&4*/5-2/"4$ 6"$ 52)'&<"$ "*$ ,$ *)-*$ 5"-?$ @-/$ ;3)'*$ &++)4*($ 2"-4$ &/6"$ 2)4#$ 6"$ 5"#$ %$ &'#G$ C"$ +"'#"$ ,$
!84/#*"22"G$ b#&7"22"G$ !)4/''"$ "*$ &-##/$ ,$ B2/#&7"*8$ "*$ c&;('&$ +)-4$ 5"$ @-"$ C3&++"22"$ 2"#$ +&+"4&##"#$
&6;/'/#*4&*/."#0$d'$/;;"'#"$;"45/$,$_4/</**"$+)-4$#)'$&/6"$"*$+)-4$;3&.)/4$5)'#&54($(')4;(;"'*$
6"$*";+#$+)-4$2"#$\O>B$"*$&."5$@-/$ C3&/$+4/#$7"&-5)-+$6"$+2&/#/4$,$*4&.&/22"40$>"45/$(<&2";"'*$B'($
+)-4$;3&.)/4$(<&2";"'*$&/6($+)-4$2"#$&'&2A#"#0$
1"$ 4";"45/"$(<&2";"'*$ ^/#&$@-/$ 5)'*/'-"$(*)''";"'*$,$;"$+&42"4$&2)4#$@-3)'$'"$ #3"#*$ 5)*)A($@-"$
+"'6&'*$;&$;&-.&/#"$+(4/)6"0$>&/#$)-/$P$1"$#-/#$-'$7&47&4"$/'5-2*"$P$



#"

"

>"45/$ (<&2";"'*$ J64/"'$ +)-4$ 5"$ #(C)-4$ /')-72/&72"$ ,$ K&+2"#$ "*$ 5"#$ ;);"'*#$ /'&.)-&72"#$ 6"$
ZJ>BL$PPP$1"$'3)-72/"$+&#$J4*8-4G$@-/$"#*$&44/.($7/"'$*&46$"*$&$+&4*&<($;)'$7-4"&-$@-"2@-"#$;)/#G$C"$
*"$#)-8&/*"$7)''"$58&'5"$+)-4$2&$#-/*"0$1"$.&/#$E/'/4$5"**"$+4";/94"$+&4*/"$"'$4";"45/&'*$5"-?$@-"$C"$
'3&/$+&#$5/*(#$+2-#$8&-*$`$J2"?&'64"G$J'*)/'"G$J2"?&'64&G$J2/5"G$J2"##/&G$>)-*&[G$J2/G$_"**AG$J64/"'$^0G$
*)-#$2"#$K/5)$@-/$4"#*"'*G$2"#$O&4/#/"'#$@-"$C"$'3&/$+&#$.-$7"&-5)-+G$W2/./"4000$_4"E$-'$<4&'6$;"45/$,$
*)-#$2"#$<"'#$6"$Ob\!$@-/$;3)'*$&/6($"*$)'*$+4/#$2&$+"/'"$6"$;"$5)''&/*4"0$
^&$6"-?/9;"$+&4*/"$5)'5"4'"$;&/'*"'&'*$2"#$<"'#$6"$2&$+&4*/"$^BZ\$bLT$Zba$b!bOB0$1"$5);;"'5"$+&4$
4";"45/"4$2"$<4&'6$58"E$1"&'Na4&':)/#$\/2.&/'G$@-/$;3&$&55-"/22/$6&'#$#)'$-'/*($;&/#$(<&2";"'*$+)-4$
#&$7)''"$8-;"-4$"*$#)'$(5)-*"0$>"45/$(<&2";"'*$J''/"$+)-4$;3&.)/4$#&-.($-'$');74"$/'5&25-2&72"$
6"$E)/#0$1"$4";"45/"$(<&2";"'*$_4-')$^"$L-$+)-4$#)'$/;+2/5&*/)'$6&'#$2"$+4)C"*G$')*&;;"'*$+)-4$2"#$
#(#&;/"#$6-$e"'A&$"*$&."5$$2-/$2"$+"4#)''"2$6"$23b!bOB$,$K&/4)7/0$1"$4";"45/"$!2&/4"$+)-4$;3&.)/4$&/6($
"*$<-/6($+)-4$;"#$&'&2A#"#$6"$@O!L0$>"45/$,$a(4/&2$"*$K/5)2&#$ 1)2A$+)-4$ 2"#$(2".&<"#$,$Z/E0$>"45/$
(<&2";"'*$a2)4/&'"$+)-4$A$&.)/4$+&4*/5/+($2)4#$6"#$+(4/)6"#$6/EE/5/2"#$6"$;&/'*/"'$6"#$+)+-2&*/)'#0$1"$
4";"45/"$ &-##/$ 2"#$ 58"458"-4#$ 6"$ Z/E$ &."5$ @-/$ C3&/$ "-$ 23)55&#/)'$ 63/'*(4&</4$`$ ^&-4"G$ \*(+8&'"G$
a4&':)/#G$_&#*/"'$ D+)-4$ 2"#$6/##"5*/)'#$6"$ 5"4."&-?$PF=$B*$ (<&2";"'*$;"45/$,$ *)-*$ 2"$+"4#)''"2$6-$
^BZ\$@-/$;3&$+"4;/#$6"$+&##"4$5"#$%$&'#$6&'#$6"$7)''"#$5)'6/*/)'#0$$
1"$ ;"$ 6)/#$ 6"$ 4";"45/"4$ (<&2";"'*$ B4/5S$ !&;+&'$ "*$ #)'$ #*&</&/4"$ J27&'$ +)-4$ 2"#$ 5)22"5*"#$ 6"$
58"'/22"#$ ,$ f)-2)-#"G$ "*$ #+(5/&2";"'*$ J27&'$ @-/$ 23&$ E&/*$ &."5$ <"'*/22"##"$ 6&'#$ -'$ ;);"'*$
"?*4H;";"'*$6/EE/5/2"0$$
d'$ /;;"'#"$;"45/$ ,$ e&*8ANJ''$e)4&2"S$ @-/$ &$ )4<&'/#($ 23-'/."4#/*($ 63(*($ ,$K&+2"#$ "*$ &$ E&/*$ 6"$ 5"$
#(C)-4$-'$;);"'*$&-##/$"'4/58/##&'*$63-'$+)/'*$6"$.-"$#5/"'*/E/@-"$@-3/')-72/&72"0$$
1"$ 4";"45/"$ (<&2";"'*$ 2"#$ ;";74"#$ 6"$ ;)'$ 5);/*($ 6"$ *89#"$ @-/$ ;3)'*$ <-/6($ "*$ 5)'#"/22(0$ B*$
#+(5/&2";"'*$a&74/5"$;)'$;"'*)4$7/)/'E)G$@-/$;3&$7"&-5)-+$&/6(G$7"&-5)-+$&++4/#$"*$@-/$;3&$#&-.($
6"#$ #";&/'"#$ 63&##";72&<"#0$ 13"'$ +4)E/*"$ +)-4$ 4";"45/"4$ J-4)4"G$ +&4*/"$ )-*4"N;&'58"G$ @-/$ ;3&$
(')4;(;"'*$&/6($+)-4$2"#$&'&2A#"#$b22-;/'&0$$
1"$ 4";"45/"$;"#$+&4"'*#$ "*$;"#$ E494"#$ +)-4$ 2"-4$ #)-*/"'$ "*$ 2"-4#$ "'5)-4&<";"'*#0$>"45/$;&$ 1-C-$
+)-4$&.)/4$(*($,$;"#$5Q*(#$*)-*$5"$*";+#G$;H;"$#/$C3&/$5&##($*&$.)/*-4"$&."5$-'$+/(*)'=$$
>&/'*"'&'*$ C"$ E/'/#$ "'$ &64"##&'*$;"#$ #/'594"#$ 4";"45/";"'*#$ &-?$;";74"#$ 6"$;)'$ C-4A$ @-/$ )'*$
&55"+*($63(.&2-"4$;)'$*4&.&/2$"*$#+(5/&2";"'*$;"#$4&++)4*"-4#G$,$@-/$C"$.&/#$;)')+)2/#"4$-'$+"-$6"$
*";+#$5"*$(*(=$$
>"45/$&-##/$2"#$#(#&;/"#$+)-4$;3&.)/4$&++4/#$@-"$4/"'$'3(*&/*$C&;&/#$<&<'($P$B*$+&46)'$#/$C3"'$)-72/"0$
! !



$"

"

!

! !



%"

"

!

! !



"

&"

"

$

!"#$%&'%#&())*%+"($",-#&.$000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000$g!

"#$%&'()$*&#!+,#,%-./!000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000!1!

23-4*$%/!5!6!"#$%&'()$*&#!7*8.*&9%-43*:(/!00000000000000000000000000000000000000000000000000000000000000!5;!

b0! J'*84)+/#&*/)'$)-$&5*/)'$6"$238);;"$#-4$2"#$;/2/"-?$'&*-4"2#$000000000000000000000000000000000000000000000000000000000000$hi!
!'! -.'%/)&!*%0(.'(&!1!2/*%3%.4'%/)&!*(&!2%5%(67!)4'60(5&!8888888888888888888888888888888888888888888888888888888888888888888888888888888888888!9:!
#'! -.'%/)&!%)*%0(.'(&!1!.$4);(2()'&!;5/<467!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!9=!

bb0! !);;-'/5&*/)'$58/;/@-"$58"[$2"#$/'#"5*"#$000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000$hj!
!'! >(&!2/5?.65(&!&(2%/.$%2%@6(&!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!9A!

-8! >(&!2/5?.65(&!455?5/.$%2%@6(&!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!9B!
48! >(&!./2C/&?&!D/54'%5&!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!9B!
<8! >(&!./2C/&?&!)/)!D/54'%5&!8888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!EF!

G8! >(&!C$?0/2/)(&!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!EE!
48! H%33?0()'&!'IC(&!*(!C$?0/2/)(&!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!EE!
<8! G%/&I)'$J&(!*(&!C$?0/2/)(&!&(76(55(&!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!EK!

%8! LI)'$J&(!*(&!4.%*(&!;04&!8888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!EK!
%%8! H?&4'604&(&!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!EK!
%%%8! LI)'$J&(!*6!;0/6C(2()'!3/).'%/))(5!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!E:!
%D8! M0/*6.'%/)!*N6)!2?54);(!C$?0/2/)45!&C?.%3%@6(!8888888888888888888888888888888888888888888888888888888888888888888888888888!E=!

#'! O0;4)%&4'%/)!;?)?045(!*6!&I&'J2(!.$%2%/&()&/0%(5!8888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!EP!
-8! LI&'J2(&!.$%2%/&()&/0%(5&!C?0%C$?0%@6(!('!.()'045!88888888888888888888888888888888888888888888888888888888888888888888888888888888888!EP!
G8! >(&!C0%).%C467!'IC(&!*(!&()&%55(&!.$%2%/0?.(C'0%.(&!88888888888888888888888888888888888888888888888888888888888888888888888888888888888!EA!

bbb0! >(5&'/#;"#$;)2(5-2&/4"#$6"$2&$58/;/)4(5"+*/)'$000000000000000000000000000000000000000000000000000000000000000000000000000000000$%k!
!'! Q/*(!*(!!3/).'%/))(2()'!*(&!&()&%55(&!/534.'%D(&!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!RF!
('! Q?.4)%&2(&!;?)?0467!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!RF!
G8! >(&!C0/'?%)(&!*(!5%4%&/)!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!RE!

48! >(&!"!/*/04)'S<%)*%);!C0/'(%)&!,!/6!OGM!8888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!RE!
<8! >(&!"!.$(2/&()&/0I!C0/'(%)&!,!/6!TLM!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!RK!

T8! >(&!0?.(C'(60&!/534.'%3&!('!%/)/'0/C%@6(&!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!R:!
48! >(&!0?.(C'(60&!/534.'%3&!*(!'IC(!OU!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!R:!
<8! >(&!0?.(C'(60&!%/)/'0/C%@6(&!VWUX!8888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!KF!

H8! >(&!46'0(&!4.'(60&!*(!54!0?.(C'%/)!/534.'%D(!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!K9!
48! L()&/0I!Y(60/)!Q(2<04)(!M0/'(%)!/6!LYQM!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888!K9!
<8! O*/04)'!H(;04*%);!Z)[I2(!VOHZX!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!KE!

#'! Q/*(!*(!3/).'%/))(2()'!*(&!&()&%55(&!;6&'4'%D(&!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!KR!
('! Q?.4)%&2(&!;?)?0467!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!KR!
)'! >(&!0?.(C'(60&!;6&'4'%3&!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!KK!

b]0! B.)2-*/)'$6"#$<9'"#$58/;/)#"'#)4/"2#$000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000$li!
!'! ZD/56'%/)!*(&!;J)(&!./*4)'!C/60!5(&!OU!('!\U!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!K=!
#'! ZD/56'%/)!*(&!;J)(&!./*4)'!C/60!5(&!OGM!('!TLM!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!KA!
$'! >N(7(2C5(!*(!H0/&/C$%54!&(.$(55%4!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!KB!

]0! O4(#"'*&*/)'$6-$;)692"$63(*-6"$\"#&;/&$')'&<4/)/6"#G$2&$')5*-"22"$6-$;&m#$000000000000000000000000000000000000$ih!
!'! L'4'6'!'47/)/2%@6(!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!:9!
#'! M54)'(&!$]'(&!('!*%&'0%<6'%/)!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!:E!
$'! G%/5/;%(!('!*?D(5/CC(2()'!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!:R!
%'! Q/I()&!*(!56'(!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!:K!
&'! Z'4'!*(&!./))4%&&4).(&!&60!54!./226)%.4'%/)!.$%2%/&()&/0%(55(!*(!\"#&;/&$')'&<4/)/6"#!88888888888888888888888888!:=!

-8! L?2%/.$%2%@6(&!4.'%3&!&60!5(!./2C/0'(2()'!*(!L(&42%4!)/)4;0%/%*(&!88888888888888888888888888888888888888888888888888888!:=!

<=>>?"@A!



"

*"

"

48! M$?0/2/)(!&(76(55(!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!:=!
<8! G%/&I)'$J&(!*(!54!C$?0/2/)(!&(76(55(!*(!L8!)/)4;0%/%*(&!8888888888888888888888888888888888888888888888888888888888888888888!:A!
.8! -55?5/.$%2%@6(&!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!:B!

G8! ^6(!./))4%'S/)!*(&!2?.4)%&2(&!C$I&%/5/;%@6(&!('!2/5?.654%0(&!*(!54!0?.(C'%/)!.$%2%/&()&/0%(55(!.$([!L8!
)/)4;0%/%*(&!_!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!=9!
T8! L/6.$(&!6'%5%&?(&!1!/0%;%)(!('!5%()&!;?)?'%@6(&!8888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!=E!

]b0! W7C"5*/E#$6"$2&$*89#"$00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000$X%!
!'! M0(2%(0!/<`(.'%3!1!W*()'%3%(0!6)!2/*J5(!*N?'6*(!4*4C'?!8888888888888888888888888888888888888888888888888888888888888888888888888888888888!=R!
#'! H(67%J2(!/<`(.'%3!1!.6265(0!*(&!*/))?(&!2/5?.654%0(&!&60!5(!2/*J5(!L8!)/)4;0%/%*(&!C40!5N?'4<5%&&(2()'!
*N6)!'04)&.0%C'/2(!*(!0?3?0().(!1!8888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!=:!
$'! #0/%&%J2(!/<`(.'%3!1!W*()'%3%(0!5(&!;J)(&!.$%2%/&()&/0%(5&!*(!L8!)/)4;0%/%*(&!C40!5N(7C5/%'4'%/)!
<%/%)3/024'%@6(!*6!'04)&.0%C'/2(!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!=:!
%'! ^64'0%J2(!/<`(.'%3!1!W*()'%3%(0!*(&!;J)(&!*/)'!5N(7C0(&&%/)!(&'!*%33?0()'(!()'0(!&/6.$(&!./55(.'?(&!&60!
C54)'(&!&46D4;(&!('!&/6.$(&!./55(.'?(&!&60!C54)'(&!.65'%D?(&a!43%)!*(!2(''0(!()!?D%*().(!*(&!;J)(&!.4)*%*4'&!
%2C5%@6?&!*4)&!5N4*4C'4'%/)!*(!5N%)&(.'(8!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!==!

]bb0! >(*8)6)2)</"#$0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000$Xj!
!'! Z5(D4;(!8888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!=A!
#'! L?@6()b4;(!$46'!*?<%'!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!=B!

-8! L?@6()b4;(!K:K!888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!=B!
G8! L?@6()b4;(!W5562%)4!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!PR!

$'! G%/%)3/024'%@6(!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!PP!
-8! -&&(2<54;(!8888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!PP!
G8! -))/'4'%/)!88888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!PP!
T8! U(.$(0.$(!*(!)/6D(467!;J)(&!.$%2%/&()&/0%(5&!8888888888888888888888888888888888888888888888888888888888888888888888888888888888888888!PA!

23-4*$%/!""!6!A$-8.*BB/C/#$!'(!$%-#B)%*4$&C/!)3*C*&B/#B&%*/.!/$!*'/#$*D*)-$*&#!'/!

9E#/B!)-#'*'-$B!F!.-!)3*C*&%,)/4$*&#!)3/G!./!D&%/(%!'/B!$*9/BH!/%#(0"(&-,-(1*","'%#
!00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000!I1!

23-4*$%/!"""!6!AJ4%/BB*&#!'*DD,%/#$*/../!'/B!$%-#B)%*4$&C/B!)3*C*&B/#B&%*/.B!'/!'/(J!

4&4(.-$*&#B!'(!D&%/(%!'/!$*9/B!/%#(0"(&-,-(1*","'%#!00000000000000000000000000000000000000000!5K5!

23-4*$%/!"L0!M*B)(BB*&#!9,#,%-./!/$!4/%B4/)$*N/B!0000000000000000000000000000000000000000000000000!5OI!

b0! d'$2(+/6)+*94"$`$;)692"$63(*-6"$&6&+*($n$00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000$hlj!

bb0! O)-4@-)/$-'$*4&'#54/+*);"$6"$4(E(4"'5"$"*$5);;"'*$&$*3/2$(*($)7*"'-$n$000000000000000000000000000000000000000000$hik!

bbb0! >"*8)6)2)</"$`$LKJ#"@$."4#-#$oJ44&A$00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000$hi%!

b]0! J'&2A#"$5);+&4&*/."$6"$23"?+4"##/)'$6"#$<9'"#$"'*4"$2"#$6"-?$+)+-2&*/)'#$+&4$LKJ#"@$000000000000000000$hiX!

]0! BEE"*$+2&'*"G$"EE"*$<()<4&+8/@-"$)-$2"#$6"-?$n$00000000000000000000000000000000000000000000000000000000000000000000000000000000000$hXM!

2&#).(B*&#!+,#,%-./!0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000!5PQ!

?RRASA!5!000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000!5PT!

@,D,%/#)/B!8*8.*&9%-43*:(/B!6!00000000000000000000000000000000000000000000000000000000000000000000000000000!5P1!
!

! !



"

+"

"

!

U*B$/!'/B!-88%/N*-$*&#B!6!!

!

TLM! ! T$(2/L()&/0I!M0/'(%)!

.c-! ! 99S.%&!D4.?)I5!4.?'4'(!

ZL#! ! Z7C0(&&(*!L(@6().(!#4;!

\U! ! \6&'4'/0I!U(.(C'/0!

\#M! ! \6&'4'/0I!#04)&C/0'!M0/'(%)!

dZe! ! d624)!Z2<0I/)%.!e%*)(I!

WU! ! W/)/'0/C%.!U(.(C'/0!

YUO! ! Y(60/)(!*(!U(.(C'(60!O534.'%3!

OGM! ! O*/04)'!G%)*%);!M0/'(%)!

OHZ! ! O*/04)'!H(;04*%);!Z)[I2(!

OU! ! O*/04)'!U(.(C'/0!

OU./! ! T/S0(.(C'/0!

MGM! ! M$(0/2/)(!G%)*%);!M0/'(%)!

MHZ! ! M$(0/2/)(!H(;04*%);!Z)[I2(!

MU! ! M$(0/2/)(!U(.(C'/0!

UY-&(@! UY-!&(@6().%);!

LYQM! ! L()&/0I!Y(60/)!Q(2<04)(!M0/'(%)!

#-\LT!!! #$(!J')+8"2"#!\()/2(!L(@6().%);!T/)&/0'%62"
! "



"

,"

"

! !



"

-"

"

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

!

!

!

!

!

!

!

!

!

!

!

!

! !



"

!."

"

! !



"

!!"

"

T(!'04D4%5!*(!'$J&(!&N%)&.0%'!*4)&!6)!C0/`('!C56&!540;(!*6!C0/;0422(!-YU!"!&%7%J2(!(7'%).'%/)!,!1!5(!

C0/`('! "!-H-M#-Y#dUOM!,! .//0*/))?! C40! QI0%42! d400I! *6! 54</04'/%0(! >Z\L! VTYULa! \%3S&60f

gD(''(X8!T(!C0/`('!-YU!&N%)'?0(&&(!h! 5N4*4C'4'%/)!*(&! %)&(.'(&!467!4)'$0/C/&I&'J2(&8!L/)!/<`(.'%3!

(&'! *N?D456(0! 5N%2C4.'! *(! 5N4)'$0/C%&4'%/)! &60! *(&! %)&(.'(&! @6%! /)'! (67S2i2(&! 6)! %2C4.'! &60!

5N$/22(8! W5! C(6'! &N4;%0! *N%)&(.'(&! 04D4;(60&! *(! .65'60(&! /6! *N%)&(.'(&! D(.'(60&! *(! 2454*%(&!

C404&%'4%0(&8! H4)&! 5(! .4*0(! *(! .(! C0/`('a! *%33?0()'&!2/*J5(&! &/)'! 6'%5%&?&!1! *(&! %)&(.'(&! '0/C%.467!

*/)'!54!)/.'6(55(!\"#&;/&$')'&<4/)/6"#!>(3(<D0(!V>(C%*/C'(04a!Y/.'6%*4(Xa! 54!'(%;)(!*(!54!C/22(!

*(! '(00(! V6)! 46'0(! 5?C%*/C'J0(Xa! *(&! C6)4%&(&! $?24'/C$4;(&! *(! 54! &/6&S342%55(! *(&! f4/&*);/'&"!

4%)&%!@6(! 54!*0/&/C$%5(8! >N4*4C'4'%/)!h!6)!)/6D(46!2%5%(6a!('!()!C40'%.65%(0!4)'$0/C%&?a!C(6'!i'0(!

./00?5?(! h! *(&! 2/*%3%.4'%/)&! .$([! 5N%)&(.'(! *N/0*0(! D40%?!1! *(&! 2/*%3%.4'%/)&! *4)&! 5(&!

./2C/0'(2()'&a! *(&! 2/*%3%.4'%/)&! *(&! 3/).'%/)&! <%/5/;%@6(&a! ./22(! C40! (7(2C5(! *(&!

2/*%3%.4'%/)&!*4)&!5(!&I&'J2(!*%;(&'%3!V()!.4&!*(!)/6D(5!45%2()'X!/6!*4)&!5(&!&I&'J2(&!&()&/0%(5&8!

H4)&!5(!.4*0(!*(!2/)!C0/`('!*(!'$J&(a!)/6&!)/6&!&/22(&!3/.45%&?&!&60!5N?'6*(!*(!54!./)'0%<6'%/)!*6!

&I&'J2(! .$%2%/&()&/0%(5! h! 5N4*4C'4'%/)! h! 6)! ()D%0/))(2()'! 4)'$0/C%&?! .$([! \0$ ')'&<4/)/6"#8! Z)!

(33('a!5N/534.'%/)!('!54!;6&'4'%/)!&/)'!*(&!&()&!(&&()'%(5&!C/60!54!D%(!*(!5N%)&(.'(!C6%&@6(!.(&!&()&!56%!

C(02(''()'!*(!'0/6D(0!*(!@6/%!&(!)/600%0!VC0%).%C45(2()'!C/60!54!540D(Xa!*(!'0/6D(0!6)!C40'()4%0(!

C/60!54!0(C0/*6.'%/)!('!*(!'0/6D(0!6)!&%'(!*N/D%C/&%'%/)!VC/60!5(&!!4*65'(&X8!-%)&%a!*(&!2/*%3%.4'%/)&!

*4)&!5(!&I&'J2(!.$%2%/&()&/0%(5!C(6D()'!()'04%)(0!*(&!2/*%3%.4'%/)&!*4)&!54!C(0.(C'%/)!*6!2%5%(6a!

('!*/).!./)'0%<6(0!h!*(&!C0?3?0().(&8!W)D(0&(2()'a!5N4*4C'4'%/)!h!6)!)/6D(46!2%5%(6!C(6'!4D/%0!*(&!

./)&?@6().(&!&60! 5(! &I&'J2(!.$%2%/&()&/0%(58!T(!&I&'J2(!(&'!()!(33('!C54&'%@6(!('!2/*654<5(a!('!

.(.%! 46! ./60&! *(! 54! D%(! *N6)! %)*%D%*6! VC40! (7(2C5(! *(&! &60S! /6! &/6&S(7C0(&&%/)! *(! ;J)(&!

.$%2%/&()&/0%(5&! &/)'! /<&(0D?(&! 4C0J&! 6)! `(6)(! C0/5/);?a! 4C0J&! 5N4../6C5(2()'a! 4C0J&! 6)(!

(7C?0%().(!/534.'%D(+8Xa!24%&!46&&%!h!C56&!5/);!'(02(!1!*(&!'04.(&!*(!*6C5%.4'%/)a!C&(6*/;?)%&4'%/)a!

C(0'(&!('!;4%)&!*(!;J)(&!.$%2%/&()&/0%(5&! &/)'! '0J&! 30?@6(22()'!/<&(0D?&!.$([! 5(&! %)&(.'(&8!T(&!

./)&'4'&!%556&'0()'!54!.4C4.%'?!*N4*4C'4'%/)!h!5N()D%0/))(2()'!.$%2%@6(8!

!

!>(!2/*J5(!\0$ ')'&<4/)/6"#! 4! ?'?! .$/%&%! .40! %5! (7%&'(!*(&!C/C654'%/)&! &46D4;(&!('!*(&!C/C654'%/)&!

4)'$0/C%&?(&a!.(&!*(0)%J0(&!4I4)'!*?0%D?!*(&!C0(2%J0(&a!/3304)'!4%)&%!5N/CC/0'6)%'?!*N4</0*(0!5N(33('!

*(!5N4)'$0/C%&4'%/)8!T(''(!)/.'6(55(!3/0(6&(!*(&!;042%)?(&!&(04%'!/0%;%)4%0(!()!C40'%(!*N-30%@6(!*(!

5NZ&'8!TN(&'!6)!%2C/0'4)'!04D4;(60!*(&!.65'60(&!*(!24j&!()!Z60/C(!2?*%'(004)?())(8!Z)!0(D4).$(a!

()!-30%@6(!*(! 5NZ&'a!('!)/'422()'!46!e()I4a!\0$')'&<4/)/6"#!)N4''4@6(!@64&%2()'!C4&! 5(!24j&!Z)!

(33('a!(55(!(&'!0('0/6D?(!C0%).%C45(2()'!&60!*(&!;042%)?(&!&46D4;(&!('!*(&!'IC$4.?(&8!



"

!#"

"

Z)! '%04)'! 4D4)'4;(! *(&! )/6D(55(&! '(.$)/5/;%(&! *(! &?@6()b4;(! $46'S*?<%'a! )/6&! 4D/)&! .$/%&%! 6)(!

4CC0/.$(!'04)&.0%C'/2%@6(!4D(.!C/60!/<`(.'%3&!1!

!S! *N?'4<5%0! 6)! '04)&.0%C'/2(! *(! 0?3?0().(! *(! \0$ ')'&<4/)/6"#a! C(02(''4)'! *N%*()'%3%(0! 5(&! ;J)(&!

.$%2%/&()&/0%(5&!*(!.(''(!(&CJ.(8!\0k.(!467!/6'%5&!<%/%)3/024'%@6(&!('!467!*/))?(&!*?`h!(7%&'4)'(&!

.$([!*N46'0(&!5?C%*/C'J0(&a!%5!(&'!C/&&%<5(!*N%*()'%3%(0!*(&!;J)(&!.4)*%*4'&!*(!0?.(C'(60&!/534.'%3&!/6!

;6&'4'%3&!('!*(!C0/'?%)(&!*(!5%4%&/)&a!C0%).%C467!4.'(60&!*6!&I&'J2(!.$%2%/&()&/0%(5!l!

S!*(!./2C40(0!5(&!)%D(467!*N(7C0(&&%/)!*(!;J)(&!()'0(!5(&!*(67!C/C654'%/)&8!\0k.(!46!&?@6()b4;(!

W5562%)4a! %5! (&'! C/&&%<5(! *N%*()'%3%(0! 5(&! ;J)(&! *%33?0()'%(55(2()'! (7C0%2?&! ()'0(! 5(&! *(67!

C/C654'%/)&8!>(!'04)&.0%C'/2(!*(!0?3?0().(!C(02('!45/0&!*N%*()'%3%(0!.(&!;J)(&8!

!

>(&! 0?&65'4'&!*(! .(''(!?'6*(!./)&'%'6()'!)/)! &(65(2()'!6)(! 0(&&/60.(!*(! ./55(.'%/)!*(! '04)&.0%'&!

?'4<5%(! &60! .(''(! (&CJ.(a!24%&! ./)&'%'6()'! ?;45(2()'! 6)! C0(2%(0! C4&! D(0&! 54! ./2C0?$()&%/)! *(&!

2?.4)%&2(&!2/5?.654%0(&!C(02(''4)'!h!6)!%)&(.'(!*(!&N4*4C'(0!h!6)!)/6D(5!()D%0/))(2()'8!

!

-C0J&! 6)(! %)'0/*6.'%/)! <%<5%/;04C$%@6(! &60! 5N4)'$0/C%&4'%/)! ('! &60! 54! C0?&()'4'%/)! *(&!

./))4%&&4).(&! 4.'6(55(&! &60! 5(! &I&'J2(! .$%2%/&()&/0%(5! *(&! %)&(.'(&a! 5(&! /<`(.'%3&! *?'4%55?&! &(0/)'!

C0?&()'?&!('! 5(!2/*J5(!6'%5%&?!&(04!*?.0%'8!>(&!'(.$)%@6(&!6'%5%&?(&a!()!C40'%.65%(0! 5(&!2?'$/*(&!*(!

&?@6()b4;(! $46'S*?<%'! &(0/)'! *?'4%55?(&! VT$4C%'0(! 9X8! M6%&! 5(&! 0?&65'4'&! &(0/)'! (7C/&?&! &/6&! 54!

3/02(!*(!*(67!.$4C%'0(&8!>(!.$4C%'0(!E!C0?&()'(04! 5N?'4<5%&&(2()'!*6!'04)&.0%C'/2(!*(!0?3?0().(!

*(!\0$')'&<4/)/6"#$!('!54!*(&.0%C'%/)!*(&!;J)(&!.$%2%/&()&/0%(5&!*(!.(''(!(&CJ.(a!&/6&!54!3/02(!*N6)!

40'%.5(!*?`h!C6<5%?8!>(!.$4C%'0(!R!C0?&()'(04!5N4CC0/.$(!UY-&(@!2()?(!C/60!./2C40(0!5N(7C0(&&%/)!

*(&! '04)&.0%C'/2(&! *(&! *(67! C/C654'%/)&a! &/6&! 54! 3/02(! *N6)! 40'%.5(! C0i'! h! &/62(''0(8! Z)3%)a! 5(!

.$4C%'0(!K!C0?&()'(04!6)(!*%&.6&&%/)!;?)?045(!&60!5(&!0?&65'4'&!('!5(&!C(0&C(.'%D(&!@6N%5&!4CC/0'()'8!

!

! !



"

!$"

"

01-2*$%/!3!4!"#$%&'()$*&#!5*6.*&7%-21*8(/!

" "



"

!%"

"

" "



"

!&"

"

"
"0 ?#$3%&4*B-$*&#!&(!-)$*&#!'/!.V3&CC/!B(%!./B!C*.*/(J!#-$(%/.B!

39 !?)$*&#B!'*%/)$/B!6!C&'*D*)-$*&#B!'/B!C*.*/(J!#-$(%/.B!

!

>(&!*?<6'&!*(!5N4.'%/)!*(!5N$/22(!&60!5(&!2%5%(67!)4'60(5&!0(2/)'()'!46!Y?/5%'$%@6(!V9FFFF!h!AFFF!

4)&! 4D4)'! m8ST8X! 5/0&! *(! 5N4CC40%'%/)! *(! 5N4;0%.65'60(! VL6'Ia! EF9FX8! T(&! )/6D(55(&! C04'%@6(&! /)'!

()'04n)?!'0J&!04C%*(2()'!*(!)/2<0(6&(&!2/*%3%.4'%/)&!*(&!2%5%(67!)4'60(5&8!T(55(&S.%!/)'!C(02%&!5(!

C4&&4;(!*(&!?./&I&'J2(&!)4'60(5&!./2C5(7(&!467!C56&! &%2C5(&!./22(! 5(&!4;0/?./&I&'J2(&! V-YU!

-H-M#-Y#dUOMa!EFFBX8!Q4%&!&%!5o6'%5%&4'%/)!*(&!'(00(&!(&'!*(D()6(!6)!34.'(60!.5?!*(!5o?./)/2%(!('!

*(&!4D4)'4;(&! &/.%467!*(&! &/.%?'?&!$624%)(&a!*6!2/%)&!h! ./60'! '(02(a!(55(! ./)'0%<6(!*(!C56&!()!

C56&! h! 54! *?;04*4'%/)! *(&! &(0D%.(&! ?./&I&'?2%@6(&! C40! 6)(! (7'%).'%/)! 4..06(! *(&! (&CJ.(&a! ()!

C40'%.65%(0! .(55(&! @6%! ?'4%()'! 5%?(&! ?'0/%'(2()'! 46! 3/).'%/))(2()'! h! 5/);! '(02(!*(&! ?./&I&'J2(&!

)4'60(5&!V-YU!-H-M#-Y#dUOMa!EFFBX8!

W5! (&'! */).! *(! C56&! ()! C56&! 4*2%&! @6(! 5N4)'$0/C%&4'%/)! 4! 433(.'?! 5(&! ?./&I&'J2(&! )4'60(5&! ()!

0?*6%&4)'! 54! <%/*%D(0&%'?a! ()! 2/*%3%4)'! 5(! C4I&4;(! ('! ()! C/5564)'! 5o()D%0/))(2()'! 4D(.! *(&!

7?)/<%/'%@6(&!V-YU!-H-M#-Y#dUOMa!EFFBX8!>4!0?*6.'%/)!*(!54!*%D(0&%'?!*(&!&I&'J2(&!?./5/;%@6(&a!

@6%! 5(&! 0()*! 2/%)&! ().5%)&! h! 34%0(! 34.(! 467! (&CJ.(&! ()D4$%&&4)'(&! Vp4D45('4! 4)*! d65D(Ia! EFFKXa!

C(0'60<(! 54!C/55%)%&4'%/)! Ve5(%)!('!458a!EFFRX!('!4334%<5%'! 54! 0?;654'%/)!*(&!C/C654'%/)&!*(!04D4;(60&!

C40! 5(&! ())(2%&! )4'60(5&! VM(03(.'/! ('! 458a! EFFK!l! #&.$40)'q(! ('! 458a! EFF:!l! #I5%4)4q%&! ('! 458a! EFFPX8!

#/6&!.(&!C0/.?*?&!0()*()'!5(&!4;0/?./&I&'J2(&!V()!C40'%.65%(0!5(&!2/)/.65'60(&X!2/%)&!0?&%5%()'&8!

W5&! &/)'! ()! ;?)?045! C56&! &()&%<5(&! 467!2454*%(&! ('! 3/)'! C403/%&! 34.(! h! *N%2C/0'4)'(&! 4''4@6(&! *(!

04D4;(60&! VM54)'! 4)*! r0(6*()<(0;(0a! EFF:X8! -6&&%a! 5N%)'0/*6.'%/)! 4..%*()'(55(! *(! 04D4;(60&!

(7/'%@6(&a! *4)&! 6)! ./)'(7'(! *(! 2/)*%45%&4'%/)! *(&! ?.$4);(&! ./22(0.%467a! .46&(! *%D(0&!

C0/<5J2(&8!

>N4)'$0/C%&4'%/)! &(! .404.'?0%&(! C40! 6)(! %)'()&%3%.4'%/)! *(! 54! C0(&&%/)! &60! 5(&! [/)(&! 5(&! C56&!

34D/04<5(&! h! 5N4;0%.65'60(a! 4D(.! C/60! ./0/554%0(! 6)(! 4..()'64'%/)! *(! 54! *%&C40%'%/)! /6! *(! 54!

304;2()'4'%/)! *(&! $4<%'4'&a! ('! 5N4<4)*/)! *(&! [/)(&! 5(&! 2/%)&! 34D/04<5(&! VQ/04)a! EFF=X8! >(&!

./)&?@6().(&! &60! 5(! 3/).'%/))(2()'! *(&! ?./&I&'J2(&! V)/'422()'! 54! C0/*6.'%/)!*(!*()0?(&X! ('!

&60! 54!<%/*%D(0&%'?!&/)'!*/).!'0J&! %2C/0'4)'(&!./22(!2()'%/))?(&!C0?.?*(22()'a!24%&!)(!&/)'!

'/6'(3/%&!C4&!%*()'%@6(&!*N6)!C/%)'!*6!;5/<(!h!5N46'0(!Vd/6;$'/)!('!458a!EFF9!l!Q.T40'Ia!EFF9X8!H(!



"

!*"

"

C56&a! 5N4)'$0/C%&4'%/)! 46;2()'(! 5(&! 0%&@6(&! *o(7'%).'%/)! *(&! C/C654'%/)&! *N/0;4)%&2(&! D%D4)'&! ()!

04%&/)!*(&!(33('&!./2<%)?&!*(!54!0?*6.'%/)!*(!54!'4%55(!*(!5(60&!C/C654'%/)&!('!*(!5N46;2()'4'%/)!*(&!

0%&@6(&!*(!5(60&!%&/5(2()'&!V-YU!-H-M#-Y#dUOMa!EFFBX8!>4!0?*6.'%/)!*(&!)%D(467!*(!3567!;?)%@6(!

()'0(! C/C654'%/)&! 0?&%*6(55(&! C(6'! ()'04n)(0! 6)(! *%2%)6'%/)! *(! 54! D40%4<%5%'?! ;?)?'%@6(! ('! 6)(!

46;2()'4'%/)!*(&! 0%&@6(&!*(! ./)&4);6%)%'?a! ('! C40! ./)&?@6()'a! 6)(! 0?*6.'%/)!*6! &6..J&!*(! 5(60!

&60D%(!('!*(!5(60!0(C0/*6.'%/)!Vs%55%!('!458a!EFFPX8!!

>N4)'$0/C%&4'%/)!C(6'!i'0(!46&&%!6)(!3/0.(!2/'0%.(!24`(60(!C/60!54!&?5(.'%/)!)4'60(55(!()!4;%&&4)'!

&60! *(&! '04%'&! C$?)/'IC%@6(&! 0?&65'4)'! *(! .$4);(2()'&! ?D/56'%3&! ('! ?'4)'! 4&&/.%?&! h! *(&!

?D?)(2()'&! *(! &C?.%4'%/)! ('! *(! 04*%4'%/)&! 4*4C'4'%D(&! V-YU! -H-M#-Y#dUOMa! EFFBX8! >(&!

C/C654'%/)&! *N/0;4)%&2(&! D%D4)'&! C(6D()'! ?D%'(0! 5(60! *?.5%)! 34.(! h! *(&! .$4);(2()'&!

()D%0/))(2()'467! &(5/)! '0/%&! 34b/)&1! ()! ?'4)'! C54&'%@6(&a! ()! &(! *?C54b4)'! /6! ?D/564)'! Vm4.q&/)!

4)*!OD(0C(.qa! EFFFXa! ()!@6(5@6(! &/0'(!()! &o4*4C'4)'8! T(''(!*%D(0&%'?!2/*%3%?(t0()/6D(5?(!4!*(&!

(33('&!C0/3/)*&!&60! 54!./2C/&%'%/)!('! 54!&'06.'60(!;?)?'%@6(&!*(&!C/C654'%/)&a!*(&!(&CJ.(&!('!*(&!

./226)46'?&!V-D%&(a!9BBAl!d(u%''a!EFFFX8!

!

:9 ?)$*&#B!*#'*%/)$/B!6!)3-#9/C/#$B!9.&8-(J!

!

W5! (7%&'(! 6)! ./)&()&6&! C/60! 4*2(''0(! @6(! 5(&! (33('&! *(! 5N4.'%D%'?! $624%)(! V4;0%.65'60(a!

%)*6&'0%45%&4'%/)a! 60<4)%&4'%/)a+X! &(! '04*6%&()'! h! 5/);! '(02(! C40! 6)(! 46;2()'4'%/)! *(&!

'(2C?04'60(&! ('! @6(! .(! 0?.$4633(2()'! ;5/<45! (&'! ()! ;04)*(! C40'%(! 5%?! 467! ?2%&&%/)&! *(! TOE! ('!

46'0(&! ;4[! h! (33('!*(! &(00(! VTdKa!YEOa+X! Vd/6;$'/)!('! 458a! EFF9X8! >4! '(2C?04'60(!2/I())(!*(! 54!

&6034.(!*6!;5/<(!4!46;2()'?!*N()D%0/)!FaAvT!46!./60&!*6!*(0)%(0!&%J.5(!('!*(!Fa=vT!46!./60&!*(&!RF!

*(0)%J0(&! 4))?(&8! H4)&! &/)! '0/%&%J2(! 04CC/0'a! 5(! \0/6C(! *o(7C(0'&! W)'(0;/6D(0)(2()'45! &60!

5oZD/56'%/)!*6!T5%24'!V\WZTtWMTTX!C0?D/%'!@6(!5(!0?.$4633(2()'!C54)?'4%0(!&(!C/60&6%D04!46!./60&!*6!

E9J2(!&%J.5(! Vd/6;$'/)!('!458a!EFF9X8! >(&!$IC/'$J&(&! 0('()6(&!('! 5(&!2/*J5(&!6'%5%&?&!()D%&4;()'!

C/60! 5(&! .()'! C0/.$4%)(&! 4))?(&! 6)(! 46;2()'4'%/)! *(! 9aA! h! :aAvT8! >(&!2/*J5(&! 5(&! C56&! 0?.()'&!

C0?D/%()'!2i2(!*(&!46;2()'4'%/)&!C56&!%2C/0'4)'(&!VG54%0!('!458a!EFF=l!>/D(5/.qa!EFFPX8!>(!.5%24'!

;5/<45! *(! 54! #(00(! 4a! *(! '/6&! '(2C&a! ./))6!*(&! 45'(0)4).(&!*(!C$4&(&!*(! 0?.$4633(2()'!C6%&! *(!

0(30/%*%&&(2()'a! 24%&! .(! @6%! .404.'?0%&(! 5(! .$4);(2()'! ;5/<45! 4.'6(5a! .N(&'! &4! 04C%*%'?! ('! &/)!

42C5%'6*(8! >(! 0?.$4633(2()'! .5%24'%@6(! *(D04%'! &(! '04*6%0(! C40! 6)(! C(0'60<4'%/)! *6! 0?;%2(! *(&!



"

!+"

"

C56%(&!4D(.!6)(!46;2()'4'%/)!*(!54!30?@6().(!*(&!?D?)(2()'&!(7'0i2(&!1!45'(0)4).(!*(!C?0%/*(&!

'0J&!C56D%(6&(&!/6!'0J&!&J.$(&8!

W5! (&'! %)*?)%4<5(! @6(! 5(&! %)&(.'(&! 0?C/)*()'! 467! .$4);(2()'&! ;5/<467a! @6o%5! &o4;%&&(! *(!

2/*%3%.4'%/)&! 4)'$0/C%@6(&! *%0(.'(&! *(&! 2%5%(67! ./22(! )/6&! 5N4D/)&! *?.0%'! C0?.?*(22()'!

V*(&'06.'%/)!('!304;2()'4'%/)!*(&!2%5%(67!C(6!/6!C4&!4)'$0/C%&?&Xa!/6!*(&!./)&?@6().(&!%)*%0(.'(&!

*(&! 4.'%D%'?&! $624%)(&! V0?.$4633(2()'! ('! 46;2()'4'%/)!*(! 54! '()(60! ()!TOE! 4'2/&C$?0%@6(X8! >(!

./)'(7'(! ;?)?045! 4.'6(5! (&'! 240@6?! C40! 54! 0(./))4%&&4).(! C40! 54! ./226)46'?! &.%()'%3%@6(! *o6)!

0?.$4633(2()'!*o/0%;%)(!4)'$0/C%@6(!&60!'/6&!5(&!./)'%)()'&a!h!5o(7.(C'%/)!*(!5o-)'40.'%@6(a!('!C40!

54! 2%&(! ()! ?D%*().(a! C/60! 5(&! ./)'%)()'&! C/60! 5(&@6(5&! %5! I! 4! &633%&422()'! *(! */))?(&a! *(!

.$4);(2()'&! 46! )%D(46! *(&! &I&'J2(&! C$I&%@6(&! ('! <%/5/;%@6(&! @6%! C(6D()'! 56%! i'0(! 4''0%<6?&!

VU/&()[u(%;!('!458a!EFFAX8!

H4)&!.(!./)'(7'(a!C56&%(60&!C6<5%.4'%/)&!/)'!2%&!5o4..()'!&60!5(&!./)&?@6().(&!*6!0?.$4633(2()'!('!

*(! 5o4..0/%&&(2()'! *(&! '()(60&! ()! .40</)(! 4'2/&C$?0%@6(! &60! 5(&! %)&(.'(&! C$I'/C$4;(&8! W5! (&'!

%)'?0(&&4)'! *(! )/'(0! @6(! 5(! 0(;%&'0(! 3/&&%5(! C(6'! )/6&! 3/60)%0! 6)! ?5?2()'! *(! ./2C404%&/)!

C40'%.65%J0(2()'! %)'?0(&&4)'! VT6004)/!('! 458a! EFFAX8! Z)!(33('a! 5o(742()!*(! 3(6%55(&! 3/&&%5(&! %)*%@6(!

@6(! 54!@64)'%'?! ('! 54! *%D(0&%'?!*(&!*/224;(&!*o%)&(.'(&!/..4&%/))?&! 467! 3(6%55(&!*o4);%/&C(02(&!

&/)'!./00?5?(&!C/&%'%D(2()'!4D(.!5(&!356.'64'%/)&!*(&!'(2C?04'60(&!C()*4)'!54!C?0%/*(!4554)'!*(!54!

3%)!*6!M45?/.J)(!46!*?<6'!*(!5NZ/.J)(8!T(''(!C?0%/*(!4!?'?!240@6?(!C40!6)!<06'45!C%.!'$(02%@6(!h!

54!5%2%'(!M45?/.J)(SZ/.J)(a!%5!I!4!::aA!Q48!T(!247%262!'$(02%@6(a!./2C404<5(!*4)&!&/)!42C5(60!

46!.$4);(2()'!4.'6(5a!*?./654%'!*N6)!C%.!'04)&%'/%0(!*(!C0(&&%/)!C40'%(55(!*(!TOE8!>o4..0/%&&(2()'!

*6! TOE! 46;2()'(! 5(! 04'%/! TtY! *(&! C54)'(&a! 0?*6%&4)'! 4%)&%! 54! @645%'?! )6'0%'%/))(55(! C/60! 5(&!

C$I'/C$4;(&! VH(>6.%4!('!458a!EFFAl!d42%5'/)!('!458a!EFF:Xa!()!(7C/&4)'!6)(!.65'60(!*(!&/`4!h!6)(!

4'2/&C$J0(! ()0%.$%(! ()! TOE! /)'! 2/)'0?! @6(! 5o4..0/%&&(2()'! *(! 54! '()(60! ()! TOE! ()'04n)(! 6)!

*/6<5(2()'! *(&! */224;(&! 3/5%4%0(&! .46&?&! C40! *(&! ./5?/C'J0(&! C$I'/C$4;(&! .40! .(&! %)&(.'(&!

C0?3J0()'! &(! )/600%0! *(! 3(6%55(&! h! 3/0'(! '()(60! ()! TOE! *6(! h! 6)(! 46;2()'4'%/)! *(! 54! '()(60! ()!

&6.0(8!H(!C56&a!Vp4D454!('!458a!EFFAX!2/)'0()'!@6(!5o4..0/%&&(2()'!*(&!'()(60&!()!TOE!0?C0%2(!.$([!

5(! &/`4! 5o(7C0(&&%/)! *(! ;J)(&! *(! *?3()&(8! L%! /)! C(6'! &N4''()*0(! h! 6)(! 46;2()'4'%/)! *(&! *?;k'&!

*N%)&(.'(&!*4)&!6)!./)'(7'(!*N4..0/%&&(2()'!*(&!'(2C?04'60(&!('!*(!54!'()(60!()!TOEa!5(&!(33('&!*(!

.(&! 34.'(60&! &60! 54! *%D(0&%'?! ('! 5N4</)*4).(! *(&! %)&(.'(&! &/)'! %).(0'4%)&8! T6004)/! ('! 450! VEFFAX!

*?*6%&()'!*(!5N4)45I&(!*(&!*/))?(&!3/&&%5(&!6)(!'()*4).(!h!5N4..0/%&&(2()'!*(!54!*%D(0&%'?!('!*(!54!

*()&%'?! *(! C/C654'%/)&! *(&! %)&(.'(&! C$I'/C$4;(&! 4D(.! 5N46;2()'4'%/)! *(! 54! '(2C?04'60(8! Z)!

0(D4).$(a!5(&!'04D467!*(!VH(6'&.$!('!458a!EFFAX!%)*%@6()'!@6N6)!0?.$4633(2()'a!2i2(!*N42C5%'6*(!



"

!,"

"

34%<5(a! *4)&! 54! [/)(! %)'(0'0/C%.45(a! 4604! *(&! ./)&?@6().(&! *?5?'J0(&! C40'%.65%J0(2()'! &60! 5(&!

%)&(.'(&!'0/C%.467!.40!.(67S.%!/)'!6)(!C56&!34%<5(!'/5?04).(!'$(02%@6(!@6(!5(&!%)&(.'(&!D%D4)'!h!*(&!

54'%'6*(&!C56&!;04)*(&8!T(&!46'(60&!./).56()'!2i2(!h!*(&!0%&@6(&!*N(7'%).'%/)!C56&!?5(D?&!C/60!5(&!

%)&(.'(&! '0/C%.467! @6(! C/60! 5(&! %)&(.'(&! *(&! C4I&! '(2C?0?&8! Z)! 0(D4).$(a! .(0'4%)(&! (&CJ.(&!

*N%)&(.'(&!C0?&()'4)'!6)(!45'(0)4'%D(!*N$4<%'4'!/w!5(&!./)*%'%/)&!.5%24'%@6(&!&(0/)'!C56&!34D/04<5(&!

C/600/)'! &(! 24%)'()%08! -%)&%a! 5(! C0/.(&&6&! *N?'4<5%&&(2()'! *4)&! 5(&! $4<%'4'%/)&! $624%)(&! *(!

.(0'4%)(&! (&CJ.(&! *(! D(.'(60&! 0%&@6(! *(! &N42C5%3%(0! ('! *(! ./)*6%0(! h! 5N?2(0;().(! *(! 2454*%(&!

C404&%'4%0(&!*4)&!*(&![/)(&!`6&@6N45/0&!?C40;)?(&8!

!

""0 2&CC(#*)-$*&#!)3*C*:(/!)3/G!./B!*#B/)$/B!

!

39 U/B!C&.,)(./B!B/C*&)3*C*:(/B!

!

>(&! %)&(.'(&! ./226)%@6()'!()'0(!(67!('!4D(.! 5(60!()D%0/))(2()'!C40! 5N%)'(02?*%4%0(!*(! &%;)467!

.$%2%@6(&!/6!&?2%/.$%2%@6(&8!T(&!&?2%/.$%2%@6(&!&/)'!.54&&?&!()!*%33?0()'(&!.4'?;/0%(&!&(5/)!5(60!

)4'60(a!5(60&!(33('&!('!54!)4'60(!*6!<?)?3%.%4%0(!VD/%0!Q(0.%(0!('!458!xEF9Ry!C/60!C56&!*(!*?'4%5&X8!W5&!

C(6D()'! %)'(0D()%0! *4)&! 54! ./226)%.4'%/)! %)'04&C?.%3%@6(! VD%4! 5(&! C$?0/2/)(&X! Ve405&/)! 4)*!

>6&.$(0a! 9B:BX! /6! %)'(0&C?.%3%@6(! VD%4! 5(&! 455?5/.$%2%@6(&XVs$%''4q(0a! 9BP9X8! >(&! C$?0/2/)(&!

4;%&&()'!*%0(.'(2()'!&60! 5(!./2C/0'(2()'! VC$?0/2/)(&! %).%'4'0%.(&!/6!*(!*?.5().$(2()'X!('t/6!

*(! 24)%J0(! *%33?0?(! &60! 54! C$I&%/5/;%(! VC$?0/2/)(&! 2/*%3%.4'0%.(&! /6! *N%)*6.'%/)X8! ^64)'! 467!

455?5/.$%2%@6(&a! %5&!C(6D()'!i'0(!<?)?3%@6(&!h! 5N?2(''(60!V/)!C405(!*N455/2/)(&Xa!/6!46!0?.(C'(60!

V/)! C405(! 45/0&! *(! q4%0/2/)(&X8! >N?'6*(! *(! .(&! &6<&'4).(&! (&'! 4.'6(55(2()'! ()! C5(%)! (&&/0a!

)/'422()'!*4)&!5(&!0(54'%/)&!C54)'(&S%)&(.'(&8!

>(&!2/5?.65(&! %2C5%@6?(&! C(6D()'! i'0(! D/54'%5(&! /6!)/)! D/54'%5(&8! >(&! ./2C/&?&! D/54'%5&! &/)'! *(&!

C0/*6%'&!C/6D4)'!&(!*%&C(0&(0!*4)&!5N4%0!C40!*%336&%/)!h!C40'%0!*N6)(![/)(!*N?2%&&%/)!VD/%0!#$%?0I!('!

458!xEF9R4y!C/60!C56&!*(!*?'4%5&X8!T(!&/)'!*(&!./2C/&?&!.40</)?&!@6%!C4&&()'!&C/)'4)?2()'!h!5N?'4'!

;4[(67! &/6&! *(&! ./)*%'%/)&! *(! C0(&&%/)! 4'2/&C$?0%@6(! ('! *(! '(2C?04'60(! 42<%4)'(8! W5&! &/)'!

;?)?045(2()'! ./2C/&?&! *(! =! h! EF! 4'/2(&! *(! .40</)(! VC403/%&! 6)! C(6! C56&! &(5/)! 5(60! )4'60(X8!

L(65(&! 5(&! &6<&'4).(&! 4I4)'! 6)(! 24&&(! 2/5?.654%0(! ;?)?045(2()'! ./2C0%&(! ()'0(! 9FF! ('! EFF!

H45'/)&! &/)'! D/54'%5(&8! >(&! D/54'%5&! C(02(''()'! ()! ;?)?045! 5N4''04.'%/)t54! 0(./))4%&&4).(! *N6)!



"

!-"

"

./);?)J0(! /6! *(! 54! C54)'(! $]'(! h! 5/);6(! ('! h! ./60'(! *%&'4).(8! >(&! ./2C/&?&! *(! 34%<5(! C/%*&!

2/5?.654%0(!/)'!'()*4).(!h!&(!D/54'%5%&(0!5(&!C0(2%(0&!('!&/)'!&/6D()'!%2C5%@6?&!*4)&!5N4''04.'%/)!h!

*%&'4).(! *(&! %)&(.'(&! D(0&! 54! C54)'(! $]'(! VG(0)4I&a! 9BBKX!l! 45/0&! @6(! 5(&! ./2C/&?&! h! C/%*&!

2/5?.654%0(!C56&!?5(D?!%)'(0D%())()'!h!./60'(!*%&'4).(8!-6!./)'4.'!*N6)!./);?)J0(!/6!*(!54!C54)'(!

$]'(a!5(&!2/5?.65(&!)/)SD/54'%5(&!C0())()'!5(!0(54%8!Z)!;?)?045a!5(&!./2C/&?&!D/54'%5&!&/)'!*?'(.'?&!

C40! 5(! &I&'J2(! /534.'%3! '4)*%&! @6(! 5(&! ./2C/&?&! )/)! D/54'%5&! 5(! &/)'! C40! 5(! &I&'J2(! ;6&'4'%38! >(&!

C40'%(&!@6%!&6%D()'!C0()*0/)'!5N(7(2C5(!*(&!5?C%*/C'J0(&8!

!

?0 U/B!C&.,)(./B!-..,.&)3*C*:(/B!

-9 ;/<!)&=2&<,<!>&.-$*.<!

M56&%(60&! *%[4%)(&! *(! 2%55%(0&! *(! ./2C/&?&! D/54'%5&! &/)'! 4.'6(55(2()'! ./))6&a! */)'! 6)(! ;04)*(!

24`/0%'?!(&'!%&&6(!*(!'0/%&!;04)*(&!D/%(&!*(!<%/&I)'$J&(!Ve)6*&()!('!458a!EFF=X1!

f! 5(&! '(0CJ)(&!1! *?0%D?&! *N6)%'?&! %&/C0J)(! h! :! .40</)(&! Vr%;8! 94X8! O)! *%&'%);6(! *(&!

2/)/'(0CJ)(&! V2/5?.65(&! ()! T9FXa! *(&! &(&@6%'(0CJ)(&! V2/5?.65(&! ()! T9:X! ('! *(&! *%'(0CJ)(&!

V2/5?.65(&! ()! TEFXa! .(&! *(0)%(0&! ?'4)'! C(6! D/54'%5&8! H(! )/&! `/60&a! C56&%(60&!2%55%(0&! *(! '(0CJ)(&!

)4'60(5&!&/)'!./))6&a!C402%!5(&@6(5&!@6(5@6(&!2/5?.65(&!30?@6()'(&!./22(!5NzSC%)J)(a!{SC%)J)(a!

5(! C(00%55J)(a! 5(! 5%)45/5a! 5(! 5%2/)J)(! C/60! 5(&! 2/)/'(0CJ)(&a! ('! 5(! {S.40I/C$I55J)(a! 5N/.%2J)(a! 5(!

;(024.0J)(!C/60!5(&!&(&@6%'(0CJ)(&!l!!

f! 5(&!./2C/&?&!40/24'%@6(&!1!2/5?.65(&!./2C/&?(&!*N6)!.I.5(!<()[?)%@6(!Vr%;8!9<X8!M402%!5(&!

C56&!./))6(&a!/)!I!'0/6D(!54!D4)%55%)(!V/*(60!*(!D4)%55(X!/6!5(!.I)4245*($I*(!V/*(60!*(!.4))(55(X8!

T(''(!D/%(!*(!<%/&I)'$J&(!(&'!46&&%!h!5N/0%;%)(!*(!./2C/&?&!C56&!./2C5(7(&!('!)/)!D/54'%5&!./22(!54!

5%;)%)(!/6!5(&!354D/)/j*(&!l!

f! 5(&! *?0%D?&! *N4.%*(&! ;04&! Vr%;8! 9.X! /6! ./2C/&?&! 45%C$4'%@6(&!1! .$4n)(! *N$I*0/.40</)(&!

'(02%)?(! C40! 6)! ./2C/&?! .40</7I54'(8! >(&! C0/.(&&6&! *N/7I*4'%/)&! &6..(&&%D(&! *N4.%*(&! ;04&!

./)*6%&()'!h!54!3/024'%/)!*(!*?0%D?&!*N4.%*(&!;04&!D/54'%5&8!T(&!./2C/&?&!&/)'!'0J&!./226)&!*4)&!

5(&! /*(60&! *(! 3(6%55(&! V/6! "!;0(()S5(43!,! D/54'%5(&X! ('! ./00(&C/)*()'a! C40! (7(2C5(a! h! 5N$?7?)/5a!

5N6)*(.4)(a!5(!'0%*?.4)(!/6!5(!C()'4*?.4)(+!

!



"

#."

"

!

!

!! ! ! ! ! ! ! ! ! !

!! ! !

!!!!!!|)%'?!%&/C0J)(! ! ! G()[J)(! ! ! !!!!!-.%*(!;04&!

!

W*9(%/!50!r/0265(!.$%2%@6(!*N6)(!6)%'?!%&/C0J)(!V-Xa!*6!<()[J)(!VGX!('!*N6)!4.%*(!;04&!&4'60?!VTX8!

Y/'/)&!@6(! 5(&! D/54'%5&! %2C5%@6()'! C0%).%C45(2()'! 5(&! 4*65'(&! VC4C%55/)&X! *(!C40'! 5(60! %2C/0'4)'(!

.4C4.%'?!*(!*?C54.(2()'8!Q4%&!5(&!.$()%55(&a!@6%!C40!5(60&!*?C54.(2()'&!*N6)(!C54)'(!h!5N46'0(a!&/)'!

46&&%! .4C4<5(&! *(! *?'(.'(0! h! *%&'4).(! 5N/*(60! *(! 5(60! C54)'(! $]'(! C/60! &NI! *%0%;(08!T(&! .$()%55(&!

C/&&J*()'! ?;45(2()'! *(&! 4)'())(&a! .(0'(&! C56&! ./60'(&! ('! <(46./6C! 2/%)&! 0%.$(&! ()! &()&%55(&!

/534.'%D(&a!.4C4<5(&!*(!*?'(.'(0!*(&!D/54'%5&!V.3!}!WWW898-!*(!.(!.$4C%'0(X8!

!

69 ;/<!)&=2&<,<!#&#!>&.-$*.<!

>/0&@6(!5N%)&(.'(!&(!'0/6D(!&60!54!&6034.(!*(!54!C54)'(a!%5!(&'!()!./)'4.'!4D(.!*(&!&'%265%!C$I&%@6(&!('!

.$%2%@6(&! &/6D()'! ?'0/%'(2()'! 4&&/.%?&! VD/%0! T454'4I6*! ('! 458! xEF9R4y! C/60! C56&! *(! *?'4%5&X8!

T(0'4%)&!.404.'J0(&!&/)'!%)*%&&/.%4<5(&a!./22(!54!./2C/&%'%/)!.$%2%@6(!*(&!.%0(&!?C%.6'%.654%0(&!('!

54!C0?&().(!*(!'0%.$/2(&8!>(&!%)3/024'%/)&!.$%2%@6(&!3/60)%(&!C40!6)(!C54)'(!&/)'!C0?C/)*?04)'(&a!

C40! (7(2C5(a! *4)&! 5(! .$/%7! *6! &%'(! *(! C/)'(! VL'~*5(0a! EFFEX8! Z55(&! ./2C5J'()'! 5(&! %)3/024'%/)&!

C$I&%@6(&! C/60! 3/02(0! *4)&! 5(! &I&'J2(! )(0D(67! .()'045! 5N%24;(! &()&/0%(55(! *N6)(! C54)'(! $]'(!

0(.$(0.$?(!C40!5N%)&(.'(!VH('$%(0a!9BAEl!L.$//)$/D()!('!458a!EFF:l!L'~*5(0a!EFFEX8!H(!C56&a!H('$%(0!

V9BAEX! 4! *?2/)'0?! 54! 0(./))4%&&4).(! *(&! C54)'(&! ;0k.(! 467! "! '/q()! &'%265%! ,! *?'(.'?&! C40! 5(&!

&()&%55(&a! ('! .N(&'! 5N?@6%5%<0(! ()'0(! 5(&! (33('&! C/&%'%3&! ('! )?;4'%3&! @6%! *?'(02%)(! 54! C0?3?0().(! *(!

5N%)&(.'(8!

?! 7! 2!



"

#!"

"

>4!.6'%.65(!D?;?'45(!4D(.!&(&!.404.'?0%&'%@6(&!C$I&%./S.$%2%@6(&!(&'!./)&%*?0?(!./22(!54!*(0)%J0(!

?'4C(!46!./60&!*(!54@6(55(!5N%)&(.'(!(&'!()!./)'4.'!4D(.!*(&!&'%265%!@6%!56%!C(02(''()'!*N4..(C'(0!/6!

*(! 0(36&(0! 54!C54)'(!C/60!C/)*0(!('t/6!&(!)/600%0! VL.$//)$/D()!('!458a!EFF:X8!L.$?24'%@6(2()'a!

(55(! (&'! ./2C/&?(! *(! 5%C%*(&! &/56<5(&! /6! .%0(&a! ('! *N6)(!24'0%.(! *(! .6'%)(! @6%! (&'! 6)! C/5I2J0(!

5%C%*%@6(! %)&/56<5(8! M402%! 5(&! .%0(&a! /)! *%&'%);6(! 5(&! .%0(&! ?C%.6'%.654%0(&! ('! %)'04.6'%.654%0(&! ()!

3/).'%/)!*(!5(60!D/%(!*(!<%/&I)'$J&(a!5(60!5/.45%&4'%/)!*4)&!54!.6'%.65(a!5(60!./2C/&%'%/)!.$%2%@6(!('!

5(60!/0;4)%&4'%/)! &'06.'60(55(8! >(&! .%0(&!?C%.6'%.654%0(&! &/)'! .(55(&!@6%! ./)&'%'6()'! 54!C40'%(! 54!C56&!

&6C(03%.%(55(!*(&!.6'%.65(&!('!@6%!&/)'!()!./)'4.'!4D(.!5N%)&(.'(!5/0&@6N%5!4''(00%'!('t/6!&(!*?C54.(!&60!

54! C54)'(8! W5! &N4;%'! *N6)! 3%52! 42/0C$(! *6@6(5! ?2(0;()'! *(&! &'06.'60(&! .0%&'455%)(&! ./)&'%'6?(&!

(7.56&%D(2()'!*(!./2C/&?&!45%C$4'%@6(&!1!45.4)(&a!45.//5&a!45*?$I*(&a!4.%*(&!;04&!('!45qI5!4.?'4'(&8!

T(''(!./2C/&%'%/)!5(&!*%33?0().%(!*(&!.%0(&!%)'04.6'%.654%0(&a!@6%!./)'%())()'!@64)'!h!(55(&!6)(!3/0'(!

24`/0%'?!*(!'0%'(0C?)/j*(&!('!@6(5@6(&!./2C/&?&!45%C$4'%@6(&8!

W5! (7%&'(! 46&&%! *(&! 2?'4</5%'(&! *(! &6034.(8! T(67S.%! C(6D()'! i'0(! %&&6&! *6! 2?'4</5%&2(! C0%24%0(!

./22(! &(./)*4%0(8! T(&! 2?'4</5%'(&! C(6D()'! i'0(! %2C5%@6?&! *4)&! 5(&! 2?.4)%&2(&! *(!

0(./))4%&&4).(!*(!54!C54)'(!('!C(6D()'!*/))(0!h!5N%)&(.'(a!C40!5(60&!C0/C/0'%/)&!h!54!&6034.(!*(!54!

C54)'(a! *(&! %)3/024'%/)&! '0J&! &C?.%3%@6(&! ('! &'4<5(&8! -%)&%! C40! (7(2C5(a! 5(&! &6.0(&! 45.//5&! ('! 5(&!

&6.0(&! &/56<5(&! C40'%.%C()'! 467!2?.4)%&2(&! *(! 0(./))4%&&4).(! ('! *N4..(C'4'%/)! *(! 54! C54)'(! C40!

</)!)/2<0(!*N%)&(.'(&!C/60!C/)*0(!VD/%0!T454'4I6*!('!458!xEF9R4y!C/60!C56&!*(!*?'4%5&X8!

d/02%&! 5(&! ./2C/&?&! C0?&()'&! h! 54! &6034.(! *(! 54! C54)'(a! .(67! C0?&()'&! *4)&! 5(&! '%&&6&! *(! .(55(S.%!

`/6()'!6)! 0]5(!C0?C/)*?04)'!*4)&! 5N4..(C'4'%/)!*(&! .$()%55(&!C/60! 54! ./5/)%&4'%/)!*(! 54!C54)'(!('!

C/60! 5(60! *?D(5/CC(2()'8! >(&! C54)'(&! &6C?0%(60(&! &(! .404.'?0%&()'! C40! 5N(7%&'().(! *N6)!

2?'4</5%&2(! C0%24%0(! ('! &(./)*4%0(8! >(! C0(2%(0! 4&&60(! 5(&! C0/.(&&6&! C$I&%/5/;%@6(&! *(! <4&(!

./226)&!h!'/6'(&! 5(&!C54)'(&!&6C?0%(60(&!('! 5(&!./2C/&?&! %&&6&!*(!.(!2?'4</5%&2(!&/)'!&/6D()'!

*(&!)6'0%2()'&!467!%)&(.'(&8!>(!*(67%J2(!)N(&'!C4&!./226)!h!'/6'(&!5(&!C54)'(&!('!5(&!./2C/&?&!

*(!.(!2?'4</5%&2(!)(!&/)'!C4&!./)&%*?0?&!./22(!*(&!)6'0%2()'&!467!%)&(.'(&!C/6D4)'!2i2(!i'0(!

'/7%@6(&!VD/%0!T454'4I6*!('!458!xEF9R4y!C/60!C56&!*(!*?'4%5&X8!

!

!



"

##"

"

70 U/B!43,%&C&#/B!!

!

>(&!C$?0/2/)(&!C(6D()'! i'0(! D/54'%5(&! VC(0b6(&!C40! 5(&! 0?.(C'(60&! /534.'%3&Xa! /6! 4;%0! C40! ./)'4.'!

V./2C/&?&! .6'%.654%0(&! *(&! %)&(.'(&! C40! (7(2C5(a! C(0b6&! C40! 5(&! 0?.(C'(60&! ;6&'4'%3&! .$([! 5(&!

%)&(.'(&!&/.%467!x(8;8a!3/602%&a!4<(%55(&yX8!T$([!5(&!5?C%*/C'J0(&a!(55(&!&/)'!5(!C56&!&/6D()'!D/54'%5(&a!

C/6D4)'!i'0(!'04)&C/0'?(&!('!*?'(.'?(&!h!C56&%(60&!q%5/2J'0(&8!

-9 ?*@@,%/#$<!$A2/<!'/!21,%&=&#/<!

>(!'(02(!*(!C$?0/2/)(!(&'! %&&6!*(&!2/'&!;0(.&!"!+8"4"/'!,a! '04)&C/0'(0!('!"!8)4;&/"'!,a!(7.%'(08!

|)(!C$?0/2/)(!(&'!*/).!6)(!&6<&'4).(!C0/*6%'(!('!?2%&(!C40!6)!%)*%D%*6!('!*/)'!54!C(0.(C'%/)!C40!

*N46'0(&!%)*%D%*6&!*(!54!2i2(!(&CJ.(!%)*6%'!.$([!.(&!*(0)%(0&!6)(!2/*%3%.4'%/)!C$I&%/5/;%@6(!('t/6!

./2C/0'(2()'45(!Ve405&/)!4)*!>6&.$(0a!9B:BX8!Z)!9AB9a!5N()'/2/5/;%&'(!304)b4%&!m(4)Sd()0%!r4<0(!

&6CC/&4%'! 5N%2C5%.4'%/)! *(! ./2C/&?&! /*/04)'&! %)'(0D()4)'! 5/0&! *(! 54! 0(C0/*6.'%/)! .$([! 5(! ;04)*!

C4/)! *(! )6%'a! \&*-4'/&$ +A4/$ V>(C%*/C'(04!1! L4'60)%%*4(X8!Q4%&! 5N%*()'%3%.4'%/)! *6! C0(2%(0! ./2C/&?!

C$?0/2/)45a! 5(!</2<Iq/5a!.$([!5(!C4C%55/)!*6!D(0!h!&/%(!_);7A?$;)4/!V>(C%*/C'(04!1!G/2<I.%*4(X!

)(!&60D%()'!@6N()!9B:B!;0k.(!467!'04D467!*(!G6'()4)*'!&60!*(&!(7'04%'&!*(!:FF!FFF!4<*/2()&!*(!

3(2(55(&!VG6'()4)*'!('!458a!9B:BX8!TN(&'!C40!4%55(60&!.(''(!2i2(!4))?(!@6N4!?'?!*/))?(!54!C0(2%J0(!

*?3%)%'%/)! *(! 54! C$?0/2/)(! C40! e405&/)! 4)*! >6&.$(0! Ve405&/)! 4)*! >6&.$(0a! 9B:BX8! H(C6%&a! /)!

*?)/2<0(! C56&! *(! 9! =FF! ./2C/&?&! C$?0/2/)467! %*()'%3%?&! .$([! 5(&! 5?C%*/C'J0(&a! ()! C40'%.65%(0!

C402%! 5(&! 04D4;(60&! *(! .65'60(&! Vuuu8C$(0/<4&(8./2X8! T(''(! ./))4%&&4).(! *(&! ./2C/&?&!

C$?0/2/)467!4!C(02%&!5(!*?D(5/CC(2()'!*(!)/6D(55(&!2?'$/*(&!*(!56''(!./)'0(!5(&!04D4;(60&!*(!

.65'60(!'(55(&!@6(!5(!C%?;(4;(!('!54!./)36&%/)!&(76(55(8!!

>(&! C$?0/2/)(&! &/)'! .54&&%3%?(&! ()! 3/).'%/)! *(! 5(60! 0]5(8! O)! *%&'%);6(a! C40! (7(2C5(! 5(&!

C$?0/2/)(&!*N4;0?;4'%/)a!5(&!C$?0/2/)(&!*N45402(!('!5(&!C$?0/2/)(&!&(76(55(&8!>(&!C$?0/2/)(&!

&(76(55(&!&/)'! 5(&!C56&!?'6*%?(&!('! 5(&!C56&!304CC4)'(&!*6!C/%)'!*(!D6(!*6!./2C/0'(2()'!@6N(55(&!

();()*0()'8!

!

!

!

!

!

!
W*9(%/! X0! r(2(55(! *(! _);7A?$ ;)4/! ()! *N4CC(5! Vh! ;46.$(X! ('! D6(! *(! &4! ;54)*(!

C$?0/2/)45(!(7'06*?(!Vh!*0/%'(X!VC$/'/&!*(!e4%&&5%);!('!e4)[4q%X8!

A B 



"

#$"

"

Z55(&! &/)'! 5(! C56&! &/6D()'! ./)&'%'6?(&! *N6)! 2?54);(! *(! ./2C/&?&! /*/04)'&8! M/60! 6)(! (&CJ.(!

*/))?(a! .(! 2?54);(! (&'! (7'0i2(2()'! &C?.%3%@6(8! T(''(! &C?.%3%.%'?! 0?&65'(! *(! 54! )4'60(! *(&!

./2C/&?&!.$%2%@6(&!*(!54!!C$?0/2/)(!4%)&%!@6(!*(!5(60!C0/C/0'%/)!*4)&!.(!2?54);(a!24%&!46&&%!*6!

0I'$2(!*(!5%<?04'%/)!*6!</6@6('!C$?0/2/)458!>4!C0/*6.'%/)!*(!C$?0/2/)(!C(6'!0?&65'(0!*(!*(67!

2?.4)%&2(&a!&/%'!6)(!.4C'60(!*(!.(0'4%)&!./2C/&?&!*(!C54)'(&!C40!5N%)&(.'(a!&/%'!6)(!&I)'$J&(!6"$

').)$VU(**I!4)*!\6(00(0/a!EFFKX8!T$([!*(!)/2<0(67!C4C%55/)&!*(!)6%'a!./22(!5(&!)/.'6(55(&a! 5(&!

C$?0/2/)(&!&(76(55(&!?2%&(&!C40! 5(&! 3(2(55(&!&/)'!<%/&I)'$('%&?(&!6"$').)!46!&(%)!*N6)(!;54)*(!

&%'6?(!h!()'0(! 5(!AJ2(!('! 5(!BJ2(!&(;2()'!4<*/2%)45!C40!*(&!.(5565(&!?C%'$?5%45(&8!T(''(!;54)*(!(&'!

(7'06*?(!C40!C0(&&%/)!$?2/5I2C$4'%@6(!5/0&@6(!54!3(2(55(!(&'!()!4CC(5!VH6)q(5<562!('!458a!9BAP!l!

W;5(&%4&! ('! 458a! 9BBBX! Vr%;8! EX8! W5! (&'! h! )/'(0! @6(! .(''(! ;54)*(! (&'! ()! ?'0/%'(! 4&&/.%4'%/)! 4D(.!

5N/D%C/&%'(60a!/0;4)(!*(!C/)'(!*(&!3(2(55(&8!

!

>N?2%&&%/)!*(!54!C$?0/2/)(!&(76(55(!C40!54!3(2(55(!4!5%(6!5/0&!*N6)(!C?0%/*(!.0%'%@6(!*6!)I.'$?2J0(!

@6%!(&'!&C?.%3%@6(!*(!5N(&CJ.(8!T(''(!C?0%/*(!*N?2%&&%/)!./00(&C/)*!0%;/60(6&(2()'!h!54!C?0%/*(!*(!

0?C/)&(!./2C/0'(2()'45(!247%245(!*6!2k5(!*(!54!2i2(!(&CJ.(!VH6)q(5<562!('!458a!9BAP!l!U/&?)a!

EFFE!l! U434(5%a! EFF:X! .(! @6%! 34D/0%&(! 5(&! .$4).(&! *N4../6C5(2()'8! >/0&! *(! 5N?2%&&%/)! *(! 54!

C$?0/2/)(a!.(55(S.%!&(!C0/C4;(!*4)&!5(!2%5%(6!4?0%()!&/6&!54!3/02(!*N6)!C4)4.$(!C$?0/2/)458!>(&!

./2C/&?&! C$?0/2/)467! 6)(! 3/%&! C(0b6&! C40! 5(! 2k5(! ?5%.%'()'! .$([! .(! *(0)%(0! 6)(! 0?C/)&(!

./2C/0'(2()'45(! &C?.%3%@6(! *N4''04.'%/)8! T(''(! 0?C/)&(! (&'! .404.'?0%&?(! C40! ! 6)! D/5! ()! [%;[4;! h!

'04D(0&!.(!C4)4.$(! `6&@6Nh! 54! &/60.(!*N?2%&&%/)a!.(.%!C(02('!46!2k5(!*(!*?3%)%0!./)&'422()'!&4!

C/&%'%/)! 0(54'%D(! C40! 04CC/0'! 46! 2(&&4;(! /*/04)'! Vr%;8! RX8! >(! '(2C&! *(! 0?4.'%/)! *(&! 2k5(&! (&'!

(7'0i2(2()'! 04C%*(a! *(! 5N/0*0(! *N6)(! *(2%S&(./)*(! VG4q(0! 4)*! c/;'a! 9BAAX8! T(''(! 04C%*%'?!

*N%)'?;04'%/)!('!*(! '04%'(2()'!*(&! %)3/024'%/)&!/534.'%D(&!*?2/)'0(!@6(! 5(!&I&'J2(!*(!0?.(C'%/)!

/534.'%D(!(&'!(7'0i2(2()'!*I)42%@6(a!&C?.%3%@6(!('!&()&%<5(!Ve4%&&5%);a!EFFKX8!

!

W*9(%/!;0!<)3,C-!'V(#!N&.!/#!G*9G-9!'V(#!CY./!

%/C&#$-#$!(#!4-#-)3/!'/!43,%&C&#/0!>(!
2k5(!'04D(0&(!C56&%(60&!3/%&!5(!C4)4.$(a!.(!@6%!

56%!C(02('!*N(7'04C/5(0!./)&'422()'!54!
C/&%'%/)!*(!54!&/60.(!*(!C$?0/2/)(8!

VHN4C0J&!e4%&&5%);!xEFFKyX8!
!



"

#%"

"

69 5*&<A#$1B</!'/<!21,%&=&#/<!</C(/../<!

!

>(&! ./2C/&?&! C$?0/2/)467! 0()./)'0?&! .$([! 5(&! 5?C%*/C'J0(&! )/.'60)(&! &/)'! ;?)?045(2()'!

./)&'%'6?&! *N6)(! .$4n)(! $I*0/.40</)?(! &%2C5(! V9E! h! 9A! .40</)(&Xa! C/0'4)'! 6)(! /6! C56&%(60&!

%)&4'604'%/)&! ('! 6)! ;0/6C(! 3/).'%/))(5! /7I;?)?! V45.//5a! 45*?$I*(a! (&'(0! /6! ?C/7I*(X! V#424q%a!

9BA:X8!>4!<%/&I)'$J&(!*(&!./2C/&4)'&!*(!54!C$?0/2/)(!*?<6'(!C40!54!C0/*6.'%/)!*N4.%*(&!;04&8!T(&!

4.%*(&!;04&!&/)'!()&6%'(!2/*%3%?&!C40!C56&%(60&!0?4.'%/)&!()[I24'%@6(&!`6&@6N467!./2C/&?&!3%)467!

VQ6�/[! ('! 458a! EFFAX8! T(&! *%D(0&(&! 2/*%3%.4'%/)&! *(! .$4%)(! .40</)?(! 3/)'! %)'(0D()%0! C56&%(60&!

;0/6C(&!*N()[I2(&!()!3/).'%/)!*(&!?'4C(&!*(!54!<%/&I)'$J&(8!

!

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

>(&! C0%).%C45(&! ()[I2(&! *(! .(''(! ?'4C(! &/)'! 5(&! 4.('I5ST/-! .40</7I54&(&! ('! 5(&! 4.%*(&! ;04&!

&I)'$?'4&(&8!Z55(&!C(02(''()'!54!C0/*6.'%/)!*(!5N4.%*(!C452%'%@6(!VT9=X!('!*(!5N4.%*(!&'?40%@6(!VT9AX!

VG`/&'4*!4)*!U/(5/3&a!9BAK!l! m60()q4!('!458a! 9BB9!l! 9BBK!l! #4);!('!458a! 9BABX8!T(&!*(67!4.%*(&!;04&!

&/)'! ()&6%'(! 2/*%3%?&! C40! *(&! *?&4'604&(&a! *(&! ()[I2(&! *(! 04../60.%&&(2()'! *(! .$4%)(! ('! *(&!

()[I2(&!*(!3/).'%/))45%&4'%/)8!

!

!!" 12)-&30-)*)+

>(&! *?&4'604&(&! &/)'! 5(&! ()[I2(&! C(02(''4)'! 54! 3/024'%/)! *(&! */6<5(&! 5%4%&/)&! &60! 54! .$4%)(!

.40</)?(! *(&! 4.%*(&! ;04&! C0?.60&(60&8! |)(! ;04)*(! D40%?'?! *(! .(&! ()[I2(&! 4! ?'?! .404.'?0%&?(!

./22(!?'4)'!%2C5%@6?(!*4)&!54!<%/&I)'$J&(!*(!54!C$?0/2/)(!&(76(55(!*(!)/.'6(55(&!3(2(55(&8!T(&!

*?&4'604&(&! &/)'! *(! C56&%(60&! 'IC(&! &(5/)! 54! C/&%'%/)! *(! 54! */6<5(! 5%4%&/)! @6N(55(&! 3/02()'!1! Ä:!

Vr/&'(0!4)*!U/(5/3&a!9BB=Xa!ÄB!VQ40'%)([!('!458a!9BBFXa!Ä9F!Vr/&'(0!4)*!U/(5/3&a!9BAAXa!Ä99!VG`/&'4*!

4)*!U/(5/3&a!9BARXa!4)*!Ä9K!Vp$4/!('!458a!9BBFX!Vr%;!KX8!



"

#&"

"

!!!" #$%&'()*+,3+/0435*6*%&+74%.&!4%%*8+

^64)*!54!.$4%)(!.40</)?(!*6!C0?.60&(60!*(!C$?0/2/)(!4!54!'4%55(!('!5(&!*/6<5(&!5%4%&/)&!4*?@64'(&a!

5N(7'0?2%'?!.40</)I5(!(&'!2/*%3%?(!C/60! 3/02(0! 5(!;0/6C(2()'! 3/).'%/))(5! Vr%;8!KX8! >(&!./2C/&?&!

C$?0/2/)467!0()./)'0?&!.$([!5(&!5?C%*/C'J0(&!('!()!C40'%.65%(0!5(&!)/.'6(55(&!&/)'!24`/0%'4%0(2()'!

*(&! 4.?'4'(&! *N(&'(0&a! *(&! 45.//5&! ('! *(&! 45*?$I*(&8! M/60! C0/*6%0(! .(&! ./2C/&?&a! 5(&! ()[I2(&!

%2C5%@6?(&! &(04%()'!*(&!4.%*(!;04&! 0?*6.'4&(&!('!*(&!45*?$I*(! 0?*6.'4&(&!C(02(''4)'! 5(!C4&&4;(!

*N6)!C0?.60&(60!4.I5!;04&!h!6)!45*?$I*(!C6%&!h!6)!45.//5!VQ/0&(!4)*!Q(%;$()a!9BAPX8!T(C()*4)'!5(&!

45*?$I*(&!C(6D()'!?;45(2()'!i'0(!C0/*6%'&!C40!/7I*4'%/)!*(&!45.//5&8!Z)3%)a! 5(&!4.?'4'(&!&(04%()'!

C0/*6%'&!C40!4.?'I54'%/)!*N45.//5&!V%)'(0D()'%/)!*N4.?'I5!'04)&3?04&(X8!

!

!

!

W*9(%/!O0! "..(B$%-$*&#!'/! .-!9%-#'/!N-%*,$,!'/!4%,)(%B/(%B! *#B-$(%,B!4&(N-#$!Z$%/!4%&'(*$B!

4-%!.V-)$*&#!)&C8*#,/!'/B!',B-$(%-B/B!/$!'/B!/#G[C/B!'/!%-))&(%)*BB/C/#$!'/!)3-*#/0!T(&!
C0?.60&(60&!C(6D()'!()&6%'(!i'0(!2/*%3%?&!*(!24)%J0(!h!3/02(0!5(&!./2C/&?&!C$?0/2/)467!
%)&4'60?&! V5(&! 35J.$(&!C/%)'4)'! D(0&! 5(!<4&! %)*%@6()'!*(&! 04../60.%&&(2()'&!*(! .$4%)(!*(!E!
.40</)(&X8!T$4.6)(!*(&!2/5?.65(&!C0?&()'?(&!%.%a!6)(!3/%&!5(!;0/6C(2()'!4.I5ST/-!2/*%3%?a!
C(6'!3/02(0!6)!4.?'4'(!*N(&'(0a!6)!45*?$I*(!/6!6)!45.//5a!*?`h!%*()'%3%?&!./22(!./2C/&?&!
C$?0/2/)467!V*N4C0J&!m60()q4!xEFFKXy8!
!



"

#*"

"

!9" :04,3.&!4%+,;3%+628-%/*+5'20464%-8+)52.!7!<3*+

!

T/22(!.%'?!.%S*(&&6&a!54!C$?0/2/)(!&(76(55(!(&'!&C?.%3%@6(!*N6)(!(&CJ.(!*/))?(a!.(.%!./)'0%<64)'!

h!5N%&/5(2()'!0(C0/*6.'(608!

T(''(! &C?.%3%.%'?! 0?&65'(!)/)! &(65(2()'!*(! 54!)4'60(!*(&! ./2C/&?&! .$%2%@6(&!*(! 54! !C$?0/2/)(a!

24%&!46&&%!*(!5(60!C0/C/0'%/)!*4)&!.(!2?54);(8!>N?'4<5%&&(2()'!*(!.(&!04'%/&!C0?.%&!()'0(!./2C/&?&!

0?&65'(!*(&!C0/C0%?'?&!%)'0%)&J@6(&!*(&!()[I2(&!%2C5%@6?(&!*4)&!5(60!<%/&I)'$J&(!Vm60()q4a!EFFRl!

m60()q4! 4)*! U/(5/3&a! 9BBRX8! -%)&%a! ()! 3/).'%/)! *(! 54! &C?.%3%.%'?! *(! &6<&'04'! *N6)(! *?&4'604&(a! 5(&!

C0/*6%'&!&(0/)'!*%33?0()'&!./22(!%556&'0?!()!3%;60(!:8!

!

!
!

!

&I)'$J&(!*(&!

4.%*(&!;04&!

9A1!T/-!

9=1!T/-!

9K1!T/-!

9E1!T/-!

Ä99S9K1!T/-!

ÄBS9E1!T/-!

Ä99S9K1!T/-!

ÄBS9E1!T/-!

ÄPS9F1!T/-!

Ä99S9A1!T/-!

ÄBS9=1!T/-!

ÄPS9K1!T/-!

Ä:S9E1!T/-!

+ 

-2C 

-2C 

-2C 

-2C 

-2C 

-2C -2C -2C 

Ä99S9E1!T/-!

!11 Désaturases 

!11 Désaturases 

!11 Désaturases 

!11 Désaturases 

Réductase 
HSCo

A CH3(CH2)nCH=CH(CH2)nCH2OH 

Acetyl Transférase 

CH3(CH2)nCH=CH(CH2)nC

H2 

Aldéhydes CH3(CH2)nCH=CH(CH2)nCH2OCOC

H3 

Acetate Ester 

Acetate Esterase 

H2O 

Alcools 

ACETYL-CoA 

Alcool Oxydase 

O2 

CH3(CH2)nCH=CH(CH2)nH 

NADPH2

O2 

CO2 
Hydrocarbones 

CH3(CH2)nC=C(CH2)nH 

O 

Epoxydes 

W*9(%/!Q0!L&*/!'/!8*&B[#$3EB/!'/B!43,%&C&#/B!'/B!.,4*'&4$E%/B0!>4!C0(2%J0(!;04)*(!
?'4C(! &(04%'! 54! C0/*6.'%/)! *N45.//5&! %)&4'60?&! @6%! C(02(''0/)'! *(! 3/02(0a! ;0k.(! 467!
()[I2(&! 4*?@64'(&a! 5(&! (&'(0&! ('! 5(&! 45*?$I*(&! V*N4C0J&!Q4&! ('! 458! xEFFFy! ('! U/(5/3&!
x9BB:yX8!
!



"

#+"

"

:9 =%9-#*B-$*&#!9,#,%-./!'(!B[B$EC/!)3*C*&B/#B&%*/.!

!

?0 <[B$EC/B!)3*C*&B/#B&%*/.B!4,%*43,%*:(/!/$!)/#$%-.!

!

>4!.$%2%/0?.(C'%/)!0?&65'(!*N6)(!*?'(.'%/)!C?0%C$?0%@6(!*(&!&%;)467!('!*(!5(60!%)'?;04'%/)!*4)&!5(!

&I&'J2(! )(0D(67! .()'0458! >(&! &'06.'60(&! &()&/0%(55(&! C?0%C$?0%@6(&! 4&&604)'! 5N/534.'%/)! ('! 54!

;6&'4'%/)!.$([! 5(&! 5?C%*/C'J0(&!&/)'!;?)?045(2()'!&%'6?(&!&60! 5(&!4)'())(&a! 5(&!C4''(&a! 5(&!C%J.(&!

<6..45(&! VC56&!/6!2/%)&!4'0/C$%?(&!&(5/)! 5(&!(&CJ.(&X!('! 5N/0;4)(!*(!C/)'(!.$([! 5(&!4*65'(&!45/0&!

@6N%5&! &/)'! C0?&()'&! &60! 5(&! 4)'())(&! ('! 5(&! C%J.(&! <6..45(&! .$([! 5(&! 540D(&! V.$()%55(&X8! >N6)%'?!

&()&/0%(55(!(&'!54!&()&%55(8!T(55(S.%!4!C/60!3/).'%/)!*(!*?'(.'(0!54!C0?&().(!*(!./2C/&?&!.$%2%@6(&!

()!&6&C()&%/)!*4)&!5N4%0!/6!h!54!&6034.(!V/6!h!5N%)'?0%(60X!*N6)!&6<&'04'!VD/%0!T454'4I6*!('!458!xEF9R<y!

C/60! C56&! *(! *?'4%5&X8! M/60! .(! 34%0(a! 5(&!2/5?.65(&! */%D()'! C?)?'0(0! h! 5N%)'?0%(60! *(! 54! &()&%55(! ('!

4..?*(0! 467! 2(2<04)(&! )(0D(6&(&8! >(&! &()&%55(&! &(! *%&'%);6()'! *(&! 2?.4)/0?.(C'(60&! C40! 54!

C0?&().(!*(!C/0(&!46!'04D(0&!*(! 5(60!C40/%8!>(&!&()&%55(&!/534.'%D(&!C/&&J*()'!*(!)/2<0(67!C/0(&!

*%&&?2%)?&! &60! 5(60! &6034.(! 45/0&! @6(! 5(&! ;6&'4'%D(&! )(! C/&&J*()'! @6N6)! C/0(! '(02%)45! /6! 6)(!

./60/))(!*(!C/0(&!h!5(60!(7'0?2%'?!Vr%;8!=X8!

"

W*9(%/!P0!c6(&!&.$?24'%@6(&!V&(.'%/)&!5/);%'6*%)45(&!('!'04)&D(0&45(&X!*N6)(!&()&%55(!/534.'%D(!V-X!('!
;6&'4'%D(!VGX!V*N4C0J&!L.$//)$/D()!('!458!xEFF:yX8!

!



"

#,"

"

|)(! &()&%55(! ;6&'4'%D(! ./)'%()'! ;?)?045(2()'! K! h! :! )(60/)(&! .$%2%/0?.(C'(60&! ('! 9! )(60/)(!

2?.4)/0?.(C'(608! |)(! &()&%55(! /534.'%D(! C(6'a! @64)'! h! (55(a! ./2C0()*0(! `6&@6oh! 9RF! .(5565(&!

)(0D(6&(&!.$([!5(&!3/602%&!24%&!.$([!5(&!5?C%*/C'J0(&!$?'?0/.J0(&!(55(!./)'%()'!5(!C56&!&/6D()'!9!h!

K!)(60/)(&!.$%2%/0?.(C'(60&!VD/%0!T454'4I6*!('!450!xEF9R<y!C/60!C56&!*(!*?'4%5&X8!H4)&!5(&!*(67!.4&a!

5(&! *()*0%'(&! *(&! )(60/)(&! .$%2%/0?.(C'(60&! &N%)&J0()'! *4)&! 5(! ./0C&! *(! 54! &()&%55(! `6&@6Nh! &/)!

(7'0?2%'?8! H(&! C0/'?%)(&! 0?.(C'0%.(&! 4&&/.%?(&! h! 54! 2(2<04)(! *(&! *()*0%'(&! 0?4;%&&()'! 467!

2/5?.65(&!('!%)*6%&()'!6)(!%2C65&%/)!)(0D(6&(8!T(&!%2C65&%/)&!&/)'!()&6%'(!'04)&2%&(&!5(!5/);!*(!

5N47/)(!*6!)(60/)(!.$%2%/&()&/0%(5!D(0&!5(!C0(2%(0!0(54%!&I)4C'%@6(!/w!D4!4D/%0!5%(6!5N%)'?;04'%/)!*6!

&%;)458!>(&!)(60/)(&!*(!0?.(C'(60&!/534.'%3&!VYUOX!./)D(0;()'!D(0&!5(&!5/<(&!4)'())4%0(&!46!)%D(46!

*(! &'06.'60(&! 2/0C$/S3/).'%/))(55(&! *N%)'?;04'%/)! *(&! %)3/024'%/)&! /534.'%D(&! 4CC(5?(&! 5(&!

;5/2?065(&8!T$4@6(!;5/2?065(!)(!0(b/%'!@6(!5(&!%)3/024'%/)&!/534.'%D(&!()!C0/D()4).(!*N6)!2i2(!

'IC(!*(!YUO!0?C/)*4)'!h!6)!/6!*(&!./2C/&?&!C40'%.65%(0&8!M40!./)&?@6()'a!6)(!.40'(!*N4.'%D4'%/)!

C?0%C$?0%@6(! ./00(&C/)*! 6)(! .40'(! *N4.'%D4'%/)! *(&! ;5/2?065(&! *6! 5/<(! 4)'())4%0(8M/60! 5(&!

&()&%55(&! ;6&'4'%D(&a! 5(&! %2C65&%/)&! )(0D(6&(&! ./)D(0;()'! D(0&! *(! )/2<0(67! .()'0(&! )(0D(67!

*%33?0()'&!()!3/).'%/)!*(!5(60!C/&%'%/)!1! 5(&!C/0'(S;4);5%/)&!&/6&SÅ&/C$4;%()&!5/0&@6N(55(!&/)'!&60!

5(&! 4)'())(&! /6! 5(! C0/</&.%&a! 5(&! ;4);5%/)&! '$/04.%@6(&! ('! 4<*/2%)467! 5/0&@6N(55(&! &/)'! &60! 5(&!

C4''(&!('!5o/D%C/&%'(60!VQ%'.$(55!('!458a!9BBB!l!L'/.q(0a!9BBKX8!!

"
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The stemborer Sesamia nonagrioides displays significant geographic differences in ecological 

preferences that may be congruent with patterns of molecular variation and transcriptome 

differential expression. In this study, we used RNAseq to compare the expression of the 

transcriptome of chemsensory organs from individuals of this species from two geographical 

populations, one collected in Kenya on Typha and one collected in France on cultivated 

maize. Different tissues were investigated: larvae antennae and maxillary palps, female adult 

antennae and ovipositors, all these organs harboring chemosensory functions. The 

transcriptome changes between the two populations were investigated and resulted in 6,550, 

281 and 324 differentially expressed transcripts for the larval tissues, the female antennae and 

the ovipositors, respectively. These transcripts encompass genes uniquely expressed in one of 

the two populations as well as genes up- or down-regulated between the two populations. All 

of the differentially expressed transcripts were analyzed using Gene Ontology Annotation. In 

all the three tissues, we evidenced differential expression of a variety of virus proteins, 

cytochrome P450 and chemosensory genes, among which numerous binding proteins and 

candidate odorant-degrading enzymes. These results contribute to an in-depth study of the 

candidate genes involved in the adaptation to a new environment. 
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Introduction 

 

The stemborer Sesamia nonagrioides is one of the major pests of cultivated maize in 

Mediterranean Europe [1-3]. The Palearctic population has been shown to originate by natural 

colonization from East and West Africa and is the progeny of the cross between these two 

African populations [4]. Previous works on the African and European populations had shown 

that their genetic divergence was low, while they were reproductively isolated in natura and 

specialized on different host plants [4]. In East Africa, S. nonagrioides populations are hardly 

ever found in crops and they are not considered as pests [4]. Although the African and 

European populations exhibit a geographic and ecologic differentiation and that the relative 

contribution of isolation by the distance or by the host-plant may both contribute to 

colonization, their occurrence gives the opportunity to approach the mechanisms of host-plant 

adaptation, and specifically to crop adaptation, as a first step to understand the shift from 

natural ecosystems to anthroposystems.  

Here, we compared two S. nonagrioides populations, one collected in France on maize 

and one collected in Kenya (East Africa) on Typha. We focused our study on organs involved 

in olfaction, since this sense plays a crucial role in ecological adaptation, allowing the 

exploitation of a given resource and guiding chemosensory preferences for food (larvae and 

adult stages), for a mate (adults) and for oviposition sites (mated females). Changes in 

olfactory sensitivity can be driven by subtle mutations in key genes [5], gene gains and losses 

[6-8], and/or variation in gene expression [9, 10]. This last possibility has been investigated 

here, via a RNAseq approach. 

In insect, the odorant recognition depends on the activation of a specific set of proteins 

expressed in the olfactory organs that consist of the antennae (adults and larvae) and the 

maxillary palps (larvae), some chemosensory sensilla being also found on the ovipositor. 

Important protein families are the secreted odorant-binding proteins (OBPs) and 

chemosensory proteins (CSPs), the membrane bound olfactory receptors (ORs) and ionotropic 

receptors (IRs), and the odorant-degrading enzymes (ODEs). The OBPs are proposed to bind 

volatile ligands and to transport them to the membrane of the olfactory receptor neurons 

(ORNs) [11, 12]. They may also act as a first filter in odor discrimination by specific binding 

with the odorant molecule [13]. CSPs are also found in abundance in insect chemosensory 

organs but their role is still unclear. Although some exhibit binding activity towards odorants 

and pheromones [14, 15], they may participate in other physiological processes beyond 

chemoreception [16, 17]. Volatile receptors consist of two families of receptors, the ORs and 
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the IRs [18]. ORs and IRs are located in the dendritic membrane of ORNs and their activation 

upon ligand binding leads to the generation of an electrical signal that is transmitted to the 

brain [19, 20]. Numerous enzymes are found in antennae and, depending on their catalytic 

activities, they have been proposed to be involved in olfactory signal termination, via 

transformation of the odorant molecules, and/or in xenobiotic degradation [11]. ODEs ensure 

a fast deactivation of the receptors and thus may be important in the dynamic and the 

sensitivity of the response. ODEs from different families have been described as expressed in 

the insect chemosensory organs, among which esterases [21], cytochrome P450 [22] and 

glutathione-S-transferase (GST) [23]. 

We have recently established the chemosensory transcriptome of S. nonagrioides and 

annotated numerous genes from all OBP, CSP, OR, IR and ODE families [24]. This 

transcriptome was assembled from 454 and Illumina reads obtained from two of the S. 

nonagrioides populations described upper: a Paleartic population collected on cultivated 

maize (France) and an East African population (Kenya) collected on Typha. In particular, we 

sequenced individual libraries prepared from antennae and maxillary palps from larvae 

(driving feeding behavior), female adult antennae (driving female host preference) and female 

adult ovipositors (possibly driving oviposition site preference), these last being known to 

express some chemosensory genes [25]. Here, we used these RNAseq data to performe a 

comparative analysis of the chemosensory transcriptome expression depending on these 

specific natural environments. RNAs were collected after having reared the two populations 

in the laboratory for two generations, in order to uniquely reveal genetically controlled 

differential expressions.  

We evidenced both uniquely expressed genes in one population and up- or down-

regulated genes between the two populations, as possible molecular signatures associated with 

host-plant adaptation. Among them, we identified numerous chemosensory genes, such as 

candidates OBPs, CSPs and ODEs. Our results provide insights into the relationship between 

populations collected in different geographic areas and found on different host-plants, and 

expression of chemosensory genes. They suggest that adaptation to a new environment 

(incuding a new cultivated host-plant) is associated with up or down-regulation of critical 

chemosensory genes. This study constitutes a first step in the understanding of the 

mechanisms of regulation involved in adaptive processus at population levels. 
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Material and Methods 

 

Sampling of natural populations 

S. nonagrioides individual larvae were collected on Typha domingensis (Monocot, 

Typhaceae) in Makindu (Eastern Kenya, 170 km from Nairobi, 1°29NS, 37°16NE, 1978 m a.s.l) 

(denominated thereafter as the Kenyan population) several times a year in 2011-2012, and on 

Zea mays (Monocot, Poaceae) in Rieumes (Southwest of France, 40 km from Toulouse, 

43°22NN, 1°11NE, 300 m a.s.l.) (denominated thereafter as the French population) during 

winters 2011-2012.  

 

Insect rearing 

To eliminate local effects (temperature, humidity...), possible stress effects (shipping) and to 

focus on genetic variations, the two populations of S. nonagrioides caterpillars collected in the 

wild were reared in the laboratory for two generations before tissue collection. Insects were 

reared on a modified artificial diet from Poitout & Bues [26], containing agar, maize flour, 

wheat germ, dried yeast and a mixture of vitamins and antibiotics. The insects were kept in a 

controlled chamber at 24.4 ± 0.7°C, 54.4 ± 5.8% relative humidity (means ± SD) and an 

L16:D8 reversed photoperiod.  

 

Tissue collection and RNA preparation 

Antennae and maxillary palps were dissected from 4th instar larvae antennae from the French 

and the Kenyan populations in the middle of the scotophase. Three biological replicates 

consisted of two tissue collections performed in 2011 and one in 2012. For both populations, 

adult antennae and ovipositors were dissected from 1 to 2-day-old naïve females in the third 

hour of the scotophase. Only one biological replicate for each population could be performed 

for the adult tissues collected in 2012, due to problems encountered during insect pupation in 

2011. All dissected organs were immediately frozen in liquid nitrogen, and stored at –80°C 

until extraction. Total RNAs were extracted from each tissue as described [24] using TRIzol® 

Reagent (Invitrogen, Carlsbad, CA, USA). Six libraries from larvae antennae and palps (2 

populations, three replicates each), female ovipositors (2 populations, one replicate each) and 

female antennae (2 populations, one replicate each) were independently used as templates for 

Illumina sequencing as described (one channel for the four adult libraries, one channel for the 
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six larvae libraries, single read 51 pb lenght, HighSeq2000; GATC Biotech) [24]. RNAseq 

data have been deposited in LepidoDB (http://www.inra.fr/lepidodb/sesamia_nonagrioides), a 

centralized bioinformatic resource for the genomics of lepidopteran pests [27].  
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RESULTS 

 

Transcriptome profiling of the caterpillar chemosensory organs  

For each contig of S. nonagrioides transcriptome, the number of short reads aligned in the six 

larval libraries was counted and differential expression between conditions was tested. 

Euclidian distances between data sets revealed no difference between replicates and a 

clusterization between French and Kenyan samples (Figure 2), indicating a strong 

differenciation of transcriptome according to the populations. Overall, out of 42,962 contigs 

used in the analysis, we identified 6,550 (15.2%) differentially expressed contigs between the 

larval chemosensory organs of the French and the Kenyan populations of S. nonagrioides 

(Table 1, Supplementary information S1) (p-values FDR < 0.01). In the French population, 

4,786 contigs (11.1%) were up-regulated, among which 796 were exclusively expressed in 

this population and 3,990 were overexpressed with fold change (FC) values from 2.9 to 3,648. 

In the Kenyan population, 1,764 contigs (4.1%) were up-regulated, among which 485 were 

exclusively expressed in this population, and 1,279 were up-regulated (FC from 3.6 to 826). 

Among these 6,550 contigs, 4,386 (67 %) have no hit or hits with hypothetical proteins of 

unknown function. Among the contigs enriched in the French larvae chemosensory organs, 

the most represented GO terms were binding and catalytic activity (molecular function, level 

2), cellular and metabolic processes (biological process, level 2), and cell and organelle 

(cellular component, level 2) (Supplementary information S2A). A similar representation was 

obtained with the Kenyan larvae chemosensory organs (Supplementary information S2B). 

Considering the up-regulated contigs in the French population, the best p-value (1,18E-62) 

was obtained for a contig whose best blast hit corresponded to a virus polyprotein encoding 

gene (Snon_454_Illumina_rep_c1, fold change 2003,3). A variety of other contigs similar to 

virus popypeptide encoding genes were found to be exclusively expressed or highly up-

regulated (more than 1000x) in the larval chemosensory organs of the French population 

(Supplementary information S1). Among the transcripts exclusively expressed in the larval 

chemosensory organs of the French population, we also evidenced some GSTs and CSPs. 

Considering the up-regulated contigs in the Kenyan population, the best p-value (8,25E-23) 
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was obtained for a contig whose best blast hit corresponded to a CSP encoding gene 

(Snon_454_Illumina_rep_c48752, fold change 261,5). Among the transcripts identified 

exclusively in the larval chemosensory organs of the Kenyan population, a gene similar to a 

diazepam-binding inhibitor was identified. Another highly up-regulated sequence (626.9x) 

was similar to an antimicrobial peptide encoding gene (Supplementary information S1). 

Among other contigs, we found 16 contigs related to P450s, 10 to GSTs and one to esterase 

enriched in the French population, and 10 P450s, 10 GSTs and 4 esterases in the Kenyan 

population. Focusing more precisely on olfactory genes, SnonGOBP2, OBP3, CSP9, CSP11, 

CSP16 and CXE5 were up-regulated in the larval chemosensory organs of the French 

population, whereas CSP2, CSP4 and CSP18 were up-regulated in the Kenyan population 

(Table 2). 

 

Transcriptome profiling of the female antennae  

Correlations between populations were equal to 0.39, indicating large transcriptomic 

differences between the French and the Kenyan populations (Figure 3A). Out of 43,298 

contigs used in the analysis, we identified 281 (0.6%) differentially expressed contigs 

between female antennae from French and Kenyan populations by appling a cutoff of 0.01 

FDR (Table 1, Supplementary information S3). 125 contigs (2.9%) were up-regulated in 

French population, with FC values from 14.9 to infinite, while 156 contigs (3.6%) were up-

regulated in Kenyan population (FC from 15.9 to infinite). Infinite indicated that the 

corresponding contig was expressed in only one of the two populations. Among these 281 

regulated contigs, 108 (38 %) had no hit or hits with hypothetical proteins of unknown 

function. As observed for larvae, among the contigs enriched in both the French and the 

Kenyan antennae, the most represented GO terms were binding and catalytic activity 

(molecular function, level 2), metabolic and cellular processes (biological process, level 2), 

cell and organelle (cellular component, level 2) (Supplementary information S4A,B). 

Considering the up-regulated contigs in the French and the Kenyan populations, the best p-

values (7,44E-15 and 1,1E-17, respectively) were obtained for contigs whose best blast hit 

corresponded to virus polyprotein encoding genes (Snon_454_Illumina_rep_c2, fold change 

704.56 and Snon_454_Illumina_rep_c131, fold change 4228,2, respectively). 14 contigs were 

found to be only expressed in the antennae of the French population, among which contigs 

similar to OBP/CSP encoding genes. Other highly up-regulated sequences (more than 1000x) 

consisted of contigs similar to diapausine precursor, vacuolar H[+] ATPase G-subunit, 

DUF233 and chemosensory protein encoding genes (Supplementary information S3). 27 
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contigs were found to be only expressed in the antennae of the Kenyan population, among 

which a contig similar to a diazepam-binding inhibitor encoding gene. Other highly up-

regulated sequences (more than 1000x) consisted of contigs similar to bacteria/virus protein 

and OBP/CSP encoding genes (Supplementary information S3). Among other contigs, we 

found one P450 and four GSTs enriched in the French population, and four P450s and one 

GST in the Kenyan population. Focusing more precisely on olfactory genes, SnonPBP1, 

GOBP2 and OR14 were up-regulated in the female antennae of the French population, 

whereas SnonPBP2 and CSP2 were up-regulated in the Kenyan population (Table 2).  

 

Transcriptome profiling of the ovipositors  

Large transcriptomic differences between French and Kenyan populations were observed 

(Figure 3B). Out of 42,215 contigs used in this analysis, we identified 324 differentially 

expressed contigs (0.7%) between female antennae from French and Kenyan populations, by 

applying a cutoff of 0.01 FDR (Table 1, Supplementary information S5). 156 contigs were up-

regulated in French population, with FC values from 16.5 to infinite, while 168 contigs were 

up-regulated in Kenyan population (FC from 19.2 to infinite). 164 (50 %)  regulated contigs 

have no hit or hits with hypothetical proteins of unknown function. Among the contigs 

enriched in the French ovipositors, the most represented GO terms were binding and catalytic 

activity (molecular function, level 2), cellular and metabolic processess (biological process, 

level 2), cell and organelle (cellular component, level 2) (Supplementary information S6A). A 

similar representation was obtained with the Kenyan ovipositors (Supplementary information 

S6B). Considering the up-regulated contigs in the French population, the best p-value (4,38E-

15) was obtained for a contig without any blast hit. The best p-value obtained for a contig 

with a hit was 1,66E-12 (OBP encoding gene, Snon_454_Illumina_rep_c2369, fold change 

1278,4). 22 contigs were found to be only expressed in the ovipositors of the French 

population, among which a gene similar to an antennal esterase encoding gene 

(Supplementary information S5). Other highly up-regulated sequences (more than 1000x) 

consisted of contigs with no hit on NR and one similar to an OBP encoding gene 

(Supplementary information S5). Considering the up-regulated contigs in the Kenyan 

population, the best p-value (2,62E-13) was obtained for a contig whose best blast hit 

corresponded to a muscle LIM protein encoding gene (Snon_454_Illumina_rep_c6237, fold 

change 774,4). 21 contigs were found to be only expressed in the ovipositors of the Kenyan 

population, among which a gene similar to a diazepam-binding inhibitor encoding gene. Other 

highly up-regulated sequences (more than 1000x) consisted of genes with no hit and one 
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similar to a dehydrecdysone 3b-reductase encoding gene (Table 2). Among other interesting 

contigs, we found a P450 enriched in the Kenyan population.  

 

 

 

DISCUSSION 

 

The S. nonagrioides reference transcriptome that we previously established [24] was used to 

map short Illumina reads obtained from chemosensory organs of larvae (antennae and 

maxillary palps) and of adult females (antennae and ovipositors) obtained from the two 

populations collected in different places on different host-plants. Both larvae and adult tissues 

were investigated in this study, since they are supposed to provide complementary 

information in the analysis of adaptation factors, because adult females select oviposition sites 

and larvae use the resources.  

 

Evidences for contigs uniquely expressed in one population as well as contigs regulated 

between the two populations 

A high number of contigs were expressed in only one of the two populations. Currently, we 

miss genomic data to investigate whether the corresponding genes are indeed not expressed or 

present as pseudogenes in the genome in one population, or alternatively recently duplicated 

in the other population. A much higher number of differentially expressed genes were 

observed in the larval tissues than in the adult tissues. This may be due to a better statistic 

resolution in the analyses of larval tissues since the dispersion was estimated based on three 

replicates, instead of only one for the adult tissue analyses. Alternatively, it has to be noticed 

that when dissecting larval antennae and maxillary palps (very small in larvae), we collected 

at the same time muscles, hemolymphe and maybe other tissues from the mouth part. Thus the 

transcriptome may be much more diverse than that obtained from female adult tissues, 

although the GO profiles of the different tissues were quite similar. Another explanation may 

reside in the different ecology and life span of larvae and adults, which result in different 

environment exposure conditions. Whereas larvae eat grow and accumulate energy during 

three to four weeks, adults from this species only live for five to six days and do not feed, 

their proboscis being atrophied. Interestingly, 65% of the differentially expressed genes in the 

larval tissues were more highly expressed in the French population than in the Kenyan one, 

possibly suggesting that the larvae from France had a higher transcriptional activity than the 
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ones from Kenya. On the contrary, similar percentages of differentially expressed genes were 

found between the two populations in the adult tissues.  

 

 

 

Virus and P450 as possible signatures of anthropisation 

In all the tissues examined, and especially in the larval tissues, we evidenced differential 

expression of a variety of virus proteins and cytochrome P450. This may reflect different 

virus contamination profiles according to the geographical area and different responses to 

xenobiotic expositions. P450s are involved in the metabolization of xenobiotic substances 

such as drugs and other toxic chemicals, and have also been proposed to act as ODEs in 

several insect species [22, 34]. Since the two populations were reared in the laboratory in 

identical conditions for two generations before tissue preparation, the differential expression 

of a variety of P450s between the two S. nonagrioides populations may thus reflect genetic 

adaptation to both anthropization (eating cultivated plants enriched in insecticides/pesticides 

may results in P450 over-expression) and host-plant (necessity to detect different olfactory 

cues from the host or plant volatiles in different ratios, necessity to express different P450s to 

detoxify different plant secondary compounds). 

 

Differential expression of numerous chemosensory genes 

Looking at the chemoreception genes, in all tissues examined, we found most regulation in 

candidate genes involved in perireceptor events, namely the OBPs, CSPs, and ODEs, as 

possible signatures of adaptation to a new environment. Only one OR (SnonOR14) was found 

as differentially expressed in the caterpillar chemosensory organs between the two 

populations (Table 2). OR expression modulation related to olfactory plasticity has been 

previously described in the mosquito Anopheles gambiae: AgOR1 was down-regulated after a 

blood meal [9]. However, this observation reflects plasticity and not genetic adaptation. For 

adult tissues, it is possible that, due to our lack of biological repetition, we may have miss 

modulated OR genes. In addition, SnonOR14 was annotated previously as a candidate 

pheromone receptor and not as a plant odorant receptor, since it groups in the pheromone 

receptor clade in the phylogeny we constructed [24]. In view of our results, it could be 

hypothesized that adaptation to a new environment is related to differences in olfactory 

sensitivity that may result from an increased access of the selected odorants to the receptor 

(OBP/CSP action) and/or from a better odorant clearance close to the ORs (ODE action), 
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rather than by regulating OR expression. In these conditions, ORNs would be able to detect 

odorants in different concentrations. Interestingly, such modulation at the perireceptor events, 

and not at the receptor level, has been evidenced previously, according to circadian rhythm 

[35], olfactory experience [36] or feeding status (Poivet E., personal communication), 

although these differences were not genetic. 

 

Differential expression of genes involved in pheromone detection 

Among the OBPs differentially expressed between the two populations, we found two 

pheromone-binding proteins (PBPs), SnonPBP1 and SnonPBP2 (Table 2). SnonPBP1 was 

enriched in the adult antennae of the French population whereas SnonPBP2 was enriched in 

that of the Kenyan population. Moth PBPs constitute a subclass of insect OBPs proposed to 

specifically bind pheromone components and to bring them to the receptors. Both in vitro [37-

39] and in vivo [40, 41] functional studies have demonstrated that these PBPs selectively bind 

different pheromone components and it has been proposed that they act as a first filter in 

pheromone discrimination. One thus expects a correlation between the PBP expression levels 

and the pheromone component ratios. Differential expression of PBPs in the two populations 

of S. nonagrioides suggests that females present slight variations in their pheromone 

component ratio, which remains to be verified. It has to be pointed out that, in our study, we 

investigated female antennae and not male antennae since our objective was to highlight 

genes putatively involved in host plant sensing. Now, in view of our findings, investigation of 

PBP expression levels in male antennae in the two populations would be necessary to 

complement these observations. In accordance with PBP differential expression, and as 

mentioned above, the single OR found to be differentially expressed could be classified as a 

sex pheromone receptor. Surprisingly, this OR was found to be expressed in larval tissues, 

whereas pheromone receptors have been previously described as exclusively expressed in 

adults [42-45]. Recently, we demonstrated that larvae from another noctuid species, the cotton 

leafworm Spodoptera littoralis, were attracted to a sex pheromone source, and we 

hypothesized that this pheromone cue could be used to enhance food detection [46]. These 

observations let suggest that the larvae may express pheromone receptors. However, among 

the four andidate pheromone receptors described in S. littoralis [47], none were found to be 

expressed in larvae [45, 46]. Here, the discovery of a candidate pheromone receptor expressed 

in the larvae chemosensory organs brings new insights in the understanding of this surprising 

phenomenon. 
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Conclusion 

Herbivore adaptation to a new environment depends in part on the differential expression of 

entire suites of the genes involved in a variety of process. A previous molecular study on one 

nuclear and two mitochondrial genes of S. nonagrioides showed that (i) the African 

populations expanded during the last interglacial, crossed the Sahara and mixed in North 

Africa where fixation of the East mitochondrial genome occurred, (ii) the species then 

colonized Europe, and (iii) the time to the ancestor of the Palearctic population was about 108 

000 years [4]. Here, we evidenced that chemosensory genes are differentially expressed in 

two populations of S. nonagrioides originating from different host-plants in different 

geographical areas (one Paleartic population and one East African population). Together, our 

results suggest that host-plant and/or environment adaptation is associated in part with de 

novo expression and up or down-regulation of critical chemosensory genes, allowing the 

Paleartic S. nonagrioides population to be adapted to a new geographical area with different 

host plants.  
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FIGURE LEGENDS 

 

Figure 1. 

Empirical (dot) and fitted (curve) dispersion values plotted against mean expression 

strength. A: larval samples. B: adult samples. 

 

Figure 2. 

Euclidean distances between the transcriptomes of the French and the Kenyan 

populations of Sesamia nonagrioides (larval chemosensory organs). 

Heatmap showing the Euclidean distances between the French (F) and Kenyan (K) larval 

chemosensory organ samples as calculated from mapped libraries after variance-stabilizing 

transformation of the count data (Kenyan1,2,3; French1,2,3 represent the 3 biological 

replicates for each populations). 

 

Figure 3. 

Correlation plots between antennae (A) and ovipositors (B) from the French and Kenyan 

populations designed after a median normalization between samples. 
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:P8!!
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9E8! M(5/&%! Ma! p$/6! mma! G4)! >Ma! T45D(55/! Q8! L/56<5(! C0/'(%)&! %)! %)&(.'! .$(2%.45!
./226)%.4'%/)8!T(55!Q/5!>%3(!L.%8!EFF=l!=R1!9=:ASP=8!!

9R8! >(45! sL8! M0/'(%)&! '$4'! 24q(! &()&(8! W)1! G5/2@6%&'! \ma! c/;'! U\a! (*%'/0&8! W)&(.'!
M$(0/2/)(! G%/.$(2%&'0I! 4)*!Q/5(.6540! G%/5/;I1! Z5&(D%(0! -.4*(2%.! M0(&&l! EFFR8! C8!
KKPSP=8!

9K8! m4.@6%)Sm/5I! Za! c/;'! U\a! r04)./%&! QTa! Y4;)4)S>(! Q(%55/60! M8! r6).'%/)45! 4)*!
(7C0(&&%/)! C4''(0)! 4)45I&%&! /3! .$(2/&()&/0I! C0/'(%)&! (7C0(&&(*! %)! 4)'())4(! 4)*!
C$(0/2/)45!;54)*!/3!>&;"#*4&$74&##/5&"8!T$(2!L()&(&8!EFF9l!E=1!ARRSKK8!

9:8! G0%4)*! >a! Lu4&*%C4)! Ya! Y(&C/65/6&! Ta! G([%040*! ca! G5/)! ra! d6('! mTa! ('! 458!
T$404.'(0%[4'%/)!/3! 4! .$(2/&()&/0I!C0/'(%)! V-LMR.X! 30/2!$/)(I<((! V-C%&!2(55%3(04!
>8X!4&!4!<0//*!C$(0/2/)(!.400%(08!Z60!m!G%/.$(28!EFFEl!E=B1!K:A=SB=8!!

9=8! e%'4<4I4&$%!-Ya!-04%!#a!e6</!#a!Y4'/0%!L8!Q/5(.6540!.5/)%);!/3!.HY-!3/0!C9Fa!4!)/D(5!
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./.q0/4.$X8!W)&(.'!G%/.$(2!Q/5!G%/58!9BBAl!EA1!PA:SBF8!
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9P8! \/);4!>a!>6/4!^a!U%[u4)S65Sd4@4!Qa!d64!QSg8!T5/)%);!4)*!.$404.'(0%[4'%/)!/3!'$0((!
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Figure 2. 

Euclidean distances between the transcriptomes from the French and Kenyan 

populations (larval chemosensory organs) 
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Figure 3 

 

 

 

     Correlation plot of count data sets from the Kenyan versus the French population 
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Populations French Kenyan French Kenyan French Kenyan 
Tissues Larvae 

n°1 
Larvae 

n°2 
Larvae 

n°3 
Larvae 

n°1 
Larvae 

n°2 
Larvae 

n°3 
female 

antennae 
female 

antennae 
female 

ovipositors 
female 

ovipositors 

Nb of raw 
Illumina 
reads 

42747969 43358859 

 

20611819 

 

27503668 

 

34908485 

 
 

21567094 

 

45097179 

 

36430026 

 

58581441 

 

58579062 

Nb of 
processe
d reads 

42745643 

 
43357076 

 
20605140 

 
27499605 

 
34904719 

 
21561270 

 
45094117 

 
34087925 

 
55686597 

 
55688903 

Nb of 
aligned 
reads 

15339732 

 
15441512 

 
6541958 

 
11271232 

 
15010980 

 
9474270 

 
16619473 

 
14694802 

 
23099463 

 
24529902 

 

Nb of 
contigs 
used in 
the 
analyses 

42,962 43,298 42,215 

Nb of 
regulated 
contigs 

6,550 281 324 

Nb of up-
regulated 
contifs 

4,786 1,764 125 156 156 168 

 
Table 1 

Summary of RNAseq data 

  



"

!#+"

"

! 2&#$*9!#-C/!]U/4*'&'8\! W/C-./!

-#$/##-/!

U-%N-.!

)3/C&B/#B&%[!

&%9-#B!

W/C-./!

&N*4&B*$&%B!

& ! W%-#)/! h/#[-! W%-#)/! h/#[-! W%-#)/! h/#[-!

/-,-4567& L)/)îK:KîW5562%)4î.9EE9R! ! ! ! ! ! !

& ! ! ! ! ! ! !

/-,-849:;& L)/)îK:KîW5562%)4î0(Cî.RR:! ! ! ! ! ! !

/-,-49:<& L)/)îK:KîW5562%)4î0(Cî.R9P! ! ! ! ! ! !

/-,-:9:6& L)/)îK:KîW5562%)4î0(Cî.==RR! ! ! ! ! ! !

/-,-:9:;& L)/)îK:KîW5562%)4î0(Cî.KKK! ! ! ! ! ! !

& ! ! ! ! ! ! !

/-,-=/:;& L)/)îK:KîW5562%)4î0(Cî.9FPKB! ! ! ! ! ! !

/-,-=/:<& L)/)îK:KîW5562%)4î0(Cî.:KKA! ! ! ! ! ! !

/-,-=/:7& L)/)îK:KîW5562%)4î0(Cî.=E9! ! ! ! ! ! !

/-,-=/:>& L)/)îK:KîW5562%)4î0(Cî.9BP! ! ! ! ! ! !

/-,-=/:6?& L)/)îK:KîW5562%)4î0(Cî.EBFK! ! ! ! ! ! !

/-,-=/:66& L)/)îK:KîW5562%)4î0(Cî.EF9A! ! ! ! ! ! !

/-,-=/:6@& L)/)îK:KîW5562%)4î0(Cî.=B:A! ! ! ! ! ! !

/-,-=/:6A& L)/)îK:KîW5562%)4î0(Cî.=ABB! ! ! ! ! ! !

/-,-=/:6B& L)/)îK:KîW5562%)4î0(Cî.:F==! ! ! ! ! ! !

& ! ! ! ! ! ! !

/-,-CDE

(F%$GH$*(-#I%*(#%&<& L)/)îK:KîW5562%)4î0(Cî.EA=9R!
! ! ! ! ! !

/-,-CI($$GE(FGH& =,J&

*%'KF$(#%&<& L)/)îK:KîW5562%)4î0(Cî.=FP=!
! ! ! ! ! !

/-,-CI($$GE(FGH& =,J&

*%'KF$(#%&)& L)/)îK:KîW5562%)4î.9:=FK!
! ! ! ! ! !

& ! ! ! ! ! ! !

/-,-=LMN& L)/)îK:KîW5562%)4î0(Cî.EFFB! ! ! ! ! ! !

!

!

Table 2: schematic view of the Sesamia nonagrioides chemosensory contigs previously 

annotated (Glaser et al., 2013) differentially expressed between the two populations (France, 

Kenya) and in the different organs. Blue boxes indicate over-expression in the French 

population; red boxes indicate over-expression in the Kenyan population. OR: olfactory 
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receptor; GOBP: general-odorant binding protein; OBP: odorant-binding protein; PBP: 

pheromone-binding protein; CSP: chemosensory protein; CXE: esterase. 

!

!

 

 

 

 

 

Supplementary information S1: List of contigs differentially expressed in the larval 

chemosensory organs between the French and the Kenyan populations of Sesamia 

nonagrioides (p-value FDR < 0.01). Only contigs with a blast hit and with a fold change > 

500 are presented. Grey lines: contigs enriched in the French population. White lines: contigs 

enriched in the Kenyan population. (Pop Spec: contigs found to be expressed in only one 

population). 
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Supplementary information S2 : Distribution of Sesamia nonagrioides contigs annotated at 

GO level 2 in the larval chemosensory organs of the French (A) and the Kenyan (B) 

populations. 
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Supplementary information S3: List of contigs differentially expressed in female adult 

antennae between the French and the Kenyan populations of Sesamia nonagrioides (p-value 

FDR<0.01). Only contigs with a blast hit are presented. Grey lines: contigs enriched in the 

French population. White lines: contigs enriched in the Kenyan population. (Pop Spec: 

contigs found to be expressed in only one population). 
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Supplementary information S4: Distribution of Sesamia nonagrioides contigs annotated at 

GO level 2 in the female adult antennae of the French (A) and the Kenyan (B) populations. 
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Supplementary information S5: List of contigs differentially expressed in female adult 

ovipositors between the French and the Kenyan populations of Sesamia nonagrioides (p-value 

FDR<0.01). Only contigs with a blast hit are presented. Grey lines: contigs enriched in the 

French population. White lines: contigs enriched in the Kenyan population. (Pop Spec: 

contigs found to be expressed in only one population). 

 

2&#$*9!"M!]U/4*'&'8\! 7/B$!7U?<fS!i*$! AcL-.(/!

W&.'!

23-#9/!
]W%-#)/j!

h/#[-\!

Oc
N-.(/!

L)/)îK:KîW5562%)4î0(Cî.::F:! ;%ï9=KKKA==Fï0(3ïYMîFF99F=PKE89ï.I'/.$0/2(!.!/7%*4&(!C/5IC(C'%*(!c<!xG/2<I7!2/0%y!! RaRKZS=9! M/C!LC(.! Ea9AZSF:!
L)/)îK:KîW5562%)4î0(Cî.ER=FF! ;%ïEPFF9FFE:ï;<ïZr-F=KPR89ï$IC/'$('%.45!C0/'(%)!#.4&\-Eî#TFFBR:A!x#0%</5%62!.4&'4)(62y! BaK9ZSER! M/C!LC(.! RaPFZSFP!
L)/)îK:KîW5562%)4î0(Cî.KBF=:! ;%ïEBF:=EF9Bï0(3ïYMîFF99==AEK89ï2I/3%5%)!%&/3/02!G!xG/2<I7!2/0%y!! Pa:BZSEB! M/C!LC(.! RaR9ZSFA!
L)/)îK:KîW5562%)4î0(Cî.EPRR:! ;%ïR9R:F=EK=ï;<ï-HU=KPFE89ï4)'())45!(&'(04&(!TÑZ:!xLC/*/C'(04!(7%;64y! 9a9BZS9FF! M/C!LC(.! EaKBZSF:!
L)/)îK:KîW5562%)4î0(Cî.=RPF! ;%ïR:P=9EE:Eï;<ïZdm=PAAE89ï$IC/'$('%.45!C0/'(%)!e\Qî9RA9K!xH4)46&!C5(7%CC6&y! RaK9ZSKB! M/C!LC(.! EaA9ZSF:!
L)/)îK:KîW5562%)4î0(Cî.:FRPB! ;%ïR:P=EEF:Bï;<ïZdmPR=P:89ïC6'4'%D(!&(.0('(*!C(C'%*(!RF!xH4)46&!C5(7%CC6&y! KaEEZSEA! M/C!LC(.! :aF9ZSF=!
L)/)îK:KîW5562%)4î0(Cî.ER=B! ;%ïRA:EP::9Rï;<ï-rW:P9=P89ï/*/04)'S<%)*%);!C0/'(%)!9A!xd(5%./D(0C4!402%;(04y! :aAPZSK:! 9EPAaKFFF! 9a=PZS9E!
L)/)îK:KîW5562%)4î0(Cî.99F! ;%ïE9P:BRABï&Cï^B=E|989ïU>9RîLMOrUU(.Y42(1!r655Ç=FL!0%</&/245!C0/'(%)!>9R!! 9a=PZSAF! BP:aPRRR! 9aK9ZS99!
L)/)îK:KîW5562%)4î0(Cî.KE::K! ;%ïR:P=99FB:ï;<ïZdm=PRFB89ï$IC/'$('%.45!C0/'(%)!e\Qî9RBKR!xH4)46&!C5(7%CC6&y! EaE9ZSBK! AAPaEFFF! KaP9ZSFA!
L)/)îK:KîW5562%)4î0(Cî.BKBF! ;%ïK9F9=A9Pï&CïMAR=:989ï->O9î-TU>OU(.Y42(1!r655Ç-)'%2%.0/<%45!C(C'%*(!-5/S9! KaE:ZS9:! ===aKFFF! :aKKZSFP!
L)/)îK:KîW5562%)4î.9AKK=! ;%ïR:P=9:B:=ï;<ïZdm=BBEF89ï$IC/'$('%.45!C0/'(%)!e\Qî9AEAB!xH4)46&!C5(7%CC6&y! 9aF9ZSRE! :=AaFFFF! 9aE9ZSFB!
L)/)îK:KîW5562%)4î0(Cî.EK9BB! ;%ïE9ABA:PKï;<ï--QPPFKF89ï.$(2/&()&/0I!C0/'(%)!E!xd(5%/'$%&!D%0(&.()&y!! EaEPZS:K! :=Ka=FFF! Ea:FZS9F!
L)/)îK:KîW5562%)4î0(Cî.BP:R! ;%ïR:P=FBK:Bï;<ïZdm==K=E89ï$IC/'$('%.45!C0/'(%)!e\QîFAEE9!xH4)46&!C5(7%CC6&y! Pa=AZS99F! :=9a=FFF! EaERZSF=!
L)/)îK:KîW5562%)4î0(Cî.=RB:! ;%ïRAB=9KBR=ï*<`ïG-QEFKPF89ï&%2%54!'/!T\RAERa!C40'%45!xM4C%5%/!C/5I'(&y! 9aBPZSEA! :FKaAFFF! :aEEZSF=!
L)/)îK:KîW5562%)4î0(Cî.RFERE! ;%ïR=:B9BFKFï;<ï-ZÑFPE=P89ïTLM=!xd(5%./D(0C4!402%;(04y! Ka=KZSK=! :FFaE==P! Ra:EZSFB!
L)/)îK:KîW5562%)4î0(Cî.PF::! ;%ïR:P=E:KE:ï;<ïZdmP:AAF89ï$IC/'$('%.45!C0/'(%)!e\QîF=9:F!xH4)46&!C5(7%CC6&y! EaFAZSE:! K=PaEFFF! Ba:RZSF=!
L)/)îK:KîW5562%)4î0(Cî.:9AFB! ;%ïR:P=EAA:Rï;<ïZdmPAFFA89ï$IC/'$('%.45!C0/'(%)!e\QîF==RP!xH4)46&!C5(7%CC6&y! RaRPZS9E! K=KaE==P! RaEFZS99!
L)/)îK:KîW5562%)4î0(Cî.9RR:! ;%ïRFP9BPPEEï;<ïZrYPAAP989ï$IC/'$('%.45!C0/'(%)!Z-WîFEEPB!xd40C(;)4'$/&!&45'4'/0y! Aa=:ZSR:! K=9aE:P9! AaAFZS99!
L)/)îK:KîW5562%)4î0(Cî.R=K! ;%ïRAB=9FB=9ï*<`ïG-Q9BFB989ï'$%/0(*/7%)SE!xM4C%5%/!C/5I'(&y! EaA=ZSKA! KKPaEFFF! 9aRRZSF:!
L)/)îK:KîW5562%)4î0(Cî.AA! ;%ïRAB=9F:RRï*<`ïG-Q9AAPA89ï(5/);4'%/)!34.'/0!9!45C$4!xM4C%5%/!C/5I'(&y! F! RBBa=FFF! 9a:RZS9F!
L)/)îK:KîW5562%)4î0(Cî.:E9B! ;%ïRAB=FARARï*<`ïG-Q9PAF989ï0%</&/245!C0/'(%)!>99!xM4C%5%/!76'$6&y! Ea:AZSPB! RPAaKFFF! Ka:=ZSF:!
L)/)îK:KîW5562%)4î0(Cî.E9KRP! ;%ïRKKE:PA9Kï;<ïZ\s9RB9A89ïL(062!0(&C/)&(!34.'/0S<%)*%);!C0/'(%)!9!xT0%.('656&!;0%&(6&y! KaRKZS9F! RPRa=FFF! :aFFZSF:!
L)/)îK:KîW5562%)4î0(Cî.E:FE! ;%ïRAB=FAAE:ï*<`ïG-Q9AFEK89ï6)q)/u)!6)&(.0('(*!C0/'(%)!xM4C%5%/!76'$6&y! :a=EZSE=! R=BaEFFF! =a9KZSFP!
L)/)îK:KîW5562%)4î0(Cî.EPEPF! ;%ï9PFFK9=EAï0(3ïÑMîFF9AKA::A89ï-#M!&I)'$4&(!4!.$4%)!xT65(7!@6%)@6(34&.%4'6&y!! Pa9BZS9F! R:EaFFFF! Pa=FZSF:!
L)/)îK:KîW5562%)4î0(Cî.E:B! ;%ï9:=P=R=RKï;<ï-G|BK=P=89ï45C$4S'6<65%)!xÑ(&'%4!.)%;062y!! F! REBaB9:A! 9aE9ZS99!
L)/)îK:KîW5562%)4î0(Cî.:FE9=! ;%ïREA=PFAABï;<ï-ZGE=RE989ï4))(7%)!WÑ!xd(5%./D(0C4!402%;(04y! KaP=ZS::! REBaEFFF! 9a:PZSF=!
L)/)îK:KîW5562%)4î0(Cî.99:EP! ;%ïEBF:=F=R=ï0(3ïYMîFF99==PF989ï.6'%.6540!C0/'(%)!UUS9!2/'%3!:=!C0(.60&/0!xG/2<I7!2/0%y!! KaEAZSEA! REKaAFFF! 9aP:ZSF=!
L)/)îK:KîW5562%)4î0(Cî.:APF! ;%ïEA=EP:=Bï;<ï-->AR=BA89ï'04)&54'%/)!(5/);4'%/)!34.'/0!E!xLC/*/C'(04!(7%;64y! F! REFaKFFF! Ra9FZSFB!
L)/)îK:KîW5562%)4î0(Cî.9RRRR! ;%ïR:P=E99:=ï;<ïZdmPRFAA89ï26&.5(S&C(.%3%.!C0/'(%)!RFF!xH4)46&!C5(7%CC6&y! Ra:FZS9:E! R9Aa:=FF! AaEKZSFB!
L)/)îK:KîW5562%)4î0(Cî.9=9AA! ;%ïR:P=EAKABï;<ïZdmPPAFE89ïC6'4'%D(!;5I.(0/5SRSC$/&C$4'(!4.I5'04)&3(04&(!xH4)46&!C5(7%CC6&y! :aF=ZS9F! RFKaAFFF! EaBFZSF=!
L)/)îK:KîW5562%)4î0(Cî.9PR:! ;%ïPR=P9EE:ï;<ï--pAFFKK89ï*%4C46&(!<%/.5/.q!C0/'(%)!xG/2<I7!24)*40%)4y! BaF=ZS:R! EBBaEFFF! RaRPZSF=!
L)/)îK:KîW5562%)4î0(Cî.=K9K! ;%ïBKKP9PRPï;<ï-GrE9FAA89ïC(0%/*!xG/2<I7!2/0%y! Ba9BZSRB! EBEa===P! =aKRZSFB!
L)/)îK:KîW5562%)4î0(Cî.=PEF! ;%ïEKEF9B:=Aï0(3ïÑMîFFEKRFERE89ï26&.5(!5%2!C0/'(%)a!C6'4'%D(!xM(*%.656&!$624)6&!./0C/0%&y!! EaA:ZS9R! EAPaEFFF! Ra:PZSFB!
L)/)îK:KîW5562%)4î0(Cî.9:=PR! ;%ï99KF:9K9:ï0(3ïYMîFF9FKFR9:89ï;56'42I5S'UY-!42%*/'04)&3(04&(!&6<6)%'!G!xG/2<I7!2/0%y!! EaA9ZSBA! EAEaAFFF! Pa:PZSFA!
L)/)îK:KîW5562%)4î0(Cî.:EE9! ;%ïRP9:P99=9ï(2<ïTTrERKE=89ïM0/'(%)!>Z-S9a!%&/3/02!q!xT4()/0$4<*%'%&!(5(;4)&y! :aK9ZS9E! EPBaAPRP! 9aEBZS9F!
L)/)îK:KîW5562%)4î0(Cî.9PAB! ;%ïR:P=E9:ARï;<ïZdmPRRPK89ï$IC/'$('%.45!C0/'(%)!e\Qî9BF:F!xH4)46&!C5(7%CC6&y! KaPAZS:R! EPPa=FFF! Ea:KZSFA!
L)/)îK:KîW5562%)4î0(Cî.R9FA! ;%ï9==F9KFB=ï;<ï-G-:KEPR8EïBF!qH4!$(4'!&$/.q!C0/'(%)!AR!xL(&42%4!)/)4;0%/%*(&y! F! E=RaAFFF! 9aRKZSFP!
L)/)îK:KîW5562%)4î0(Cî.R9P! ;%ïRA:EP::9Rï;<ï-rW:P9=P89ï/*/04)'S<%)*%);!C0/'(%)!9A!xd(5%./D(0C4!402%;(04y! EaF=ZSKB! EKFaPK=P! PaERZS9F!
L)/)îK:KîW5562%)4î0(Cî.R=KK! ;%ïR9EK:9B9Pï;<ï-H^A=FFP89ï*(4'$S4&&/.%4'(*!>WQS/)5I!C0/'(%)!xd(5%./D(0C4!402%;(04y! Pa9BZSB:! EKFa:FFF! Ea9EZS9F!
L)/)îK:KîW5562%)4î0(Cî.E9::! ;%ï99EBAR::Fï0(3ïYMîFF9FR=APB89ï)%20/*!G!C0(.60&/0!xG/2<I7!2/0%y!! 9aA:ZS:=! EKFaRFFF! PaBKZSFB!
L)/)îK:KîW5562%)4î0(Cî.R==9! ;%ïR:P=9::ERï;<ïZdm=BPFB89ï&40./t()*/C54&2%.!0('%.6562!.45.%62!-#M4&(!xH4)46&!C5(7%CC6&y! EaFBZS9EA! EKFaFFFF! Ea=9ZS9F!
L)/)îK:KîW5562%)4î0(Cî.PF:=! ;%ïR:P=E:PE:ï;<ïZdmP=FPK89ï'0/C/)%)!T!xH4)46&!C5(7%CC6&y! 9a::ZSAF! ERPaEREK! 9aFKZS9F!
L)/)îK:KîW5562%)4î.9REB9! ;%ïREAPFFP:Aï0(3ïÑMîFFREK9RP989ïMUZHWT#ZH1!C6'4'%D(!)6.5(4&(!d-UGW9S5%q(!x-.I0'$/&%C$/)!C%&62y! 9aE:ZSAP! ERFa:=FF! KaR=ZS9F!
L)/)îK:KîW5562%)4î0(Cî.EFFK! ;%ïRAB=9:KF:ï*<`ïG-QEF=PP89ï&%2%54!'/!T\9=KAa!C40'%45!xM4C%5%/!C/5I'(&y! AaABZS:P! EE=aPEFF! KaA9ZSFB!
L)/)îK:KîW5562%)4î0(Cî.RABRF! ;%ïEA=EP:=Bï;<ï-->AR=BA89ï'04)&54'%/)!(5/);4'%/)!34.'/0!E!xLC/*/C'(04!(7%;64y! F! E9=a:RRR! Ra:BZSF=!
L)/)îK:KîW5562%)4î0(Cî.P=FR! ;%ï99KF:9K9:ï0(3ïYMîFF9FKFR9:89ï;56'42I5S'UY-!42%*/'04)&3(04&(!&6<6)%'!G!xG/2<I7!2/0%y!! PaKFZS99E! E9Ka=AFF! PaEFZS9F!
L)/)îK:KîW5562%)4î0(Cî.A=FA! ;%ïR:P=FAFF=ï;<ïZdm=:PP=89ïC6'4'%D(!0(&'%)!xH4)46&!C5(7%CC6&y! :a:=ZSRR! E9RaEFFF! AaRFZSFA!
L)/)îK:KîW5562%)4î0(Cî.BAB! ;%ïRARP9PFEï0(3ïYMîBK9BPR89ïUY-!C/5I2(04&(!x|6q6)%(2%!D%06&y!! :a9FZS:A! EF=a9RRR! :aEPZSF=!
L)/)îK:KîW5562%)4î0(Cî.:BEA! ;%ïRAB=99R:Rï*<`ïG-Q9BEAA89ï<.0S4&&/.%4'(*!C0/'(%)a!<4C!xM4C%5%/!C/5I'(&y! KaKBZSE9! EFRaEFFF! 9aEEZSFP!
L)/)îK:KîW5562%)4î0(Cî.KFPB! ;%ïA:PE=EFAï;<ï-GTPB=E:89ï%24;%)45!*%&.!;0/u'$!34.'/0S5%q(!C0/'(%)!xQ42(&'04!<04&&%.4(y! :a9:ZS9K:! EF9a=FFF! 9a9BZSF=!
L)/)îK:KîW5562%)4î0(Cî.E:F9K! ;%ïE=FBFPBBAï;<ï-TÑ:RPBA89ï45*/Sq('/!0(*6.'4&(!xd(5%/'$%&!D%0(&.()&y! EaE:ZS9KA! 9BKaBRRR! Aa9FZSF=!
L)/)îK:KîW5562%)4î0(Cî.:B9F! ;%ïPEPERR=ï;<ï--rKKP9P89ï>KP9ERî93(00%'%)!xQ4)*6.4!&(7'4y! Ra9FZSBP! 9AAaBRRR! Ea9BZSFP!
L)/)îK:KîW5562%)4î0(Cî.EF=F! ;%ï9ARBPBRPEï*<`ïG-\RFPRA89ï'0/C/)%)!#!xM4C%5%/!76'$6&y! 9a=PZS9RK! 9AFaBBK9! 9aR9ZS9F!
L)/)îK:KîW5562%)4î0(Cî.9PFBR! ;%ïR:P=9P:9Kï;<ïZdmPFARA89ï$IC/'$('%.45!C0/'(%)!e\Qî99BEE!xH4)46&!C5(7%CC6&y! KaF9ZSP9! 9PAaFKKK! KaBRZSFA!
L)/)îK:KîW5562%)4î0(Cî.RBRA! ;%ïR:P=EF==Eï;<ïZdmPEPPB89ï$IC/'$('%.45!C0/'(%)!e\QîFE===!xH4)46&!C5(7%CC6&y! Ka=KZS:=! 9=KaAFFF! BaF9ZSFA!
L)/)îK:KîW5562%)4î0(Cî.9FBK! ;%ïEA=EP:=Bï;<ï-->AR=BA89ï'04)&54'%/)!(5/);4'%/)!34.'/0!E!xLC/*/C'(04!(7%;64y! F! 9:EaFAAB! 9a=AZSFP!
L)/)îK:KîW5562%)4î0(Cî.ABAK! ;%ïE=FBFPB9Eï;<ï-TÑ:RP:P89ïH|rERR!C0/'(%)!xd(5%/'$%&!D%0(&.()&y! EaK=ZSKP! 9:9aBEFF! 9aF=ZSFP!
L)/)îK:KîW5562%)4î0(Cî.9KKRK! ;%ïRAB=FB9EBï*<`ïG-Q9A9P=89ïI(55/uS7!xM4C%5%/!76'$6&y! AaFPZSKB! 9:Fa:AK=! RaAAZSFA!
L)/)îK:KîW5562%)4î0(Cî.:FF9F! ;%ï9:AB=E:99ï*<`ïG-rB9P9=89ï.$(2/&()&/0I!C0/'(%)!xM4C%5%/!76'$6&y! KaKAZSRR! 9K:a:FFF! Ka99ZSFP!
L)/)îK:KîW5562%)4î0(Cî.=P=B! ;%ï9ARBPBRP=ï*<`ïG-\RFPKF89ï26&.5(!2I/&%)!$(4DI!.$4%)!xM4C%5%/!76'$6&y! Pa99ZS9FP! 9RAaP9EF! Ba:EZS9F!
L)/)îK:KîW5562%)4î0(Cî.99FBR! ;%ïR:P=EAKABï;<ïZdmPPAFE89ïC6'4'%D(!;5I.(0/5SRSC$/&C$4'(!4.I5'04)&3(04&(!xH4)46&!C5(7%CC6&y! KaEPZSRB! 9RPaEFFF! EaKKZSFA!
L)/)îK:KîW5562%)4î0(Cî.:FRKK! ;%ïR9REKPBPKï;<ï-HU:99:F89ï./<4'/7%)!xd(5%./D(0C4!402%;(04y! EaERZSEK! 9R=aPFFF! =a=AZSFP!
L)/)îK:KîW5562%)4î0(Cî.:BFF! ;%ïR:P=9:=9Fï;<ïZdm=BP:F89ïC6'4'%D(!C/5S5%q(!C0/'(%)!xH4)46&!C5(7%CC6&y! 9aK=ZSRR! 9R:aKFFF! EaKBZSF:!



"

!%#"

"

L)/)îK:KîW5562%)4î0(Cî.KAAPB! ;%ïRAB=9FPARï*<`ïG-Q9BFFE89ï346!C0/'(%)!xM4C%5%/!C/5I'(&y! =a:FZS9=! 9R9aPFFF! AaB9ZSFP!
L)/)îK:KîW5562%)4î0(Cî.9FRPF! ;%ïB9FAPR:Rï0(3ïÑMîBP:=9=89ïMUZHWT#ZH1!&%2%540!'/!./)&(0D(*!$IC/'$('%.45!C0/'(%)!x#0%</5%62!.4&'4)(62y!! 9aAPZSKK! 9EEaAFFF! =aEAZSF=!
L)/)îK:KîW5562%)4î0(Cî.R9F9! ;%ïR:P=9BKF:ï;<ïZdmP9BB:89ï$IC/'$('%.45!C0/'(%)!e\QîFF=:K!xH4)46&!C5(7%CC6&y! 9aKKZSF=! 99PaKRRR! Ra9EZSFA!
L)/)îK:KîW5562%)4î0(Cî.:=:9! ;%ïR:P=EA:K9ï;<ïZdmPPAR=89ï$IC/'$('%.45!C0/'(%)!e\QîFEPRK!xH4)46&!C5(7%CC6&y! 9aF:ZSRA! 99FaKFFF! =aKBZSF=!
L)/)îK:KîW5562%)4î0(Cî.RK:E! ;%ï99KF:E99=ï0(3ïYMîFF9FKFK:K89ïQ>S*/24%)!./)'4%)%);!&(.0('(*!C0/'(%)!C0(.60&/0!xG/2<I7!2/0%y!! 9a=PZSRP! 99Fa9FFF! RaKBZSF=!
L)/)îK:KîW5562%)4î0(Cî.B=PA! ;%ïR9:RF=KAFï;<ï-H|FRBBK89ï&4C/&%)S5%q(!C0/'(%)!xG/2<I7!2/0%y! 9aA:ZSRR! 9FAa:=FF! 9aRBZSF=!
L)/)îK:KîW5562%)4î0(Cî.:9K! ;%ïRAB=9F=::ï*<`ïG-Q9ABRB89ïC/5I-S<%)*%);!C0/'(%)!xM4C%5%/!C/5I'(&y! RaFBZS9RE! 9F=a:EBP! EaFBZSFA!
L)/)îK:KîW5562%)4î0(Cî.9EEE=! ;%ïPKAKK=:Aï&Cï^B:cRK89ïULKîLMOrUU(.Y42(1!r655ÇKFL!0%</&/245!C0/'(%)!LK!! KaK=ZSBB! 9F9a=FFF! =a9=ZSF:!
L)/)îK:KîW5562%)4î.9P:E:! ;%ïR:P=EK:PFï;<ïZdmP:EBK89ï$IC/'$('%.45!C0/'(%)!e\QîFARFB!xH4)46&!C5(7%CC6&y! 9aFAZS99B! 9F9aKA:P! :a=EZSFP!
L)/)îK:KîW5562%)4î0(Cî.BK=F! ;%ïEA=EP:=Bï;<ï-->AR=BA89ï'04)&54'%/)!(5/);4'%/)!34.'/0!E!xLC/*/C'(04!(7%;64y! =aFRZSB=! 9FFaKAFF! =a=:ZSF:!
L)/)îK:KîW5562%)4î0(Cî.EKKK! ;%ïRAB=9FFB:ï*<`ïG-Q9A=:B89ï6)q)/u)!&(.0('(*!C0/'(%)!xM4C%5%/!76'$6&y! 9aB=ZSKR! BBa=FFF! 9aFFZSFP!
L)/)îK:KîW5562%)4î0(Cî.KBF=K! ;%ïE=FBFPBAAï;<ï-TÑ:RPBR89ïH|rERR!C0/'(%)!xd(5%/'$%&!D%0(&.()&y! 9a:AZSK=! BPaK==P! RaKFZSF:!
L)/)îK:KîW5562%)4î0(Cî.=K:=! ;%ïR:P=9P:9Kï;<ïZdmPFARA89ï$IC/'$('%.45!C0/'(%)!e\Qî99BEE!xH4)46&!C5(7%CC6&y! AaERZS99=! B:a=:P9! 9aA=ZSF:!
L)/)îK:KîW5562%)4î0(Cî.E=A9! ;%ïR:P=FBEE9ï;<ïZdm==R:E89ï$IC/'$('%.45!C0/'(%)!e\QîFREBF!xH4)46&!C5(7%CC6&y! Aa=AZS9E=! APaKFFF! Ra9AZSF=!
L)/)îK:KîW5562%)4î0(Cî.K999! ;%ï9ARBPBE:9ï*<`ïG-\RFPAP89ï$IC/'$('%.45!C0/'(%)!xM4C%5%/!76'$6&y! 9aAKZS9E9! ARa:KEB! KaAKZSF:!
L)/)îK:KîW5562%)4î0(Cî.K9BKR! ;%ïRAB=9FFB:ï*<`ïG-Q9A=:B89ï6)q)/u)!&(.0('(*!C0/'(%)!xM4C%5%/!76'$6&y! EaERZSRR! AEaKFFF! PaFPZSF=!
L)/)îK:KîW5562%)4î.EA::R! ;%ïEB=FF:=KPï0(3ïgMîFFR=EE:KF89ïC/5IC0/'(%)!xL5/u!<((!C4045I&%&!D%06&y!! 9aA9ZS9K! PBaAEEE! Ea9KZSF:!
L)/)îK:KîW5562%)4î.RR:=K! ;%ï99KAKE9ABï*<`ïG-rRE:PB89ïC/5IC0/'(%)!xe4q6;/!D%06&y! 9aRAZS9=! PAaBA9A! Ba=FZSF=!
L)/)îK:KîW5562%)4î0(Cî.:F9:P! ;%ïR:P=9KBB=ï;<ïZdm=BK9A89ï$IC/'$('%.45!C0/'(%)!e\Qî9=RAP!xH4)46&!C5(7%CC6&y! Aa=FZSEK! PPaA==P! Ea:KZSF:!
L)/)îK:KîW5562%)4î0(Cî.PBAR! ;%ïR:P=E:EBRï;<ïZdmP:PAB89ï$IC/'$('%.45!C0/'(%)!e\QîFA:BK!xH4)46&!C5(7%CC6&y! Aa9KZSBE! PRa9ERA! 9aBBZSFP!
L)/)îK:KîW5562%)4î0(Cî.9! ;%ïRF9FPF9PFï;<ï-He:::E=89ïC/5IC0/'(%)!xH(3/02(*!u%);!D%06&y! KaEPZSK=! =KaRBPE! RaEFZSFA!
L)/)îK:KîW5562%)4î0(Cî.E! ;%ï:=9E9AP=ï0(3ïgMî9K:PB989ïC/5IC0/'(%)!xc400/4!*(&'06.'/0!D%06&S9y!! F! =Ra9RKR! RaREZSFA!
L)/)îK:KîW5562%)4î.B==9! ;%ïR:P=EE=FBï;<ïZdmPKFR:89ïC6'4'%D(!C/5S5%q(!C0/'(%)!xH4)46&!C5(7%CC6&y! 9aPEZS=K! :Aa9RRR! :a=PZSF:!
L)/)îK:KîW5562%)4î0(Cî.:FBF! ;%ïR:P=FKEKAï;<ïZdm=K9FA89ï$IC/'$('%.45!C0/'(%)!e\Qî99APP!xH4)46&!C5(7%CC6&y! F! :EaE==P! KaA=ZSF:!
L)/)îK:KîW5562%)4î0(Cî.P:K! ;%ïKFFEEE=Kï;<ï--URPRRK89ï*%4[(C42S<%)*%);!%)$%<%'/0!xd(5%./D(0C4!402%;(04y! 9aAEZSRA! KFa=EEE! :aK9ZSF=!
L)/)îK:KîW5562%)4î0(Cî.P:B9! ;%ïR:P=R9=ABï;<ïZdmPB9:A89ï$IC/'$('%.45!C0/'(%)!e\Qî9:KKB!xH4)46&!C5(7%CC6&y! KaFEZS9=F! KFaRFFF! :aEFZSF:!
L)/)îK:KîW5562%)4î0(Cî.K==R! ;%ïRFP=B:KE:ï;<ï-HYAKBEA89ï4.'%)!xd(5%./D(0C4!402%;(04y! =a=EZSA:! RBaPFK=! AaKPZSFP!
L)/)îK:KîW5562%)4î0(Cî.::E:! ;%ïAKAF9ïC%0ïïLFAKF:$IC/'$('%.45!C0/'(%)!E!S!&%5qu/02!'04)&C/&/)!24;! F! RPaAFKB! RaAFZSF=!
L)/)îK:KîW5562%)4î0(Cî.9FK! ;%ïRAB=FAPA:ï*<`ïG-Q9AFFK89ï6)q)/u)!6)&(.0('(*!C0/'(%)!xM4C%5%/!76'$6&y! 9a:9ZSEE! R:a=P:F! KaPRZSF:!
L)/)îK:KîW5562%)4î0(Cî.9FBAB! ;%ïREAPEKAEPï0(3ïÑMîFFREKAE=E89ïMUZHWT#ZH1!C6'4'%D(!)6.5(4&(!d-UGW9S5%q(!x-.I0'$/&%C$/)!C%&62y! :a9=ZS9R! RKaR:FF! =aF9ZSF:!
L)/)îK:KîW5562%)4î0(Cî.9:P9K! ;%ï9=KK:9:FPï;<ï-Gg:==AA89ï'0/C/)%)!W!x>/7/&'(;(!&'%.'%.45%&y! BaPKZSKF! REa=KBF! EaRRZSF=!
L)/)îK:KîW5562%)4î0(Cî.RR9F! ;%ïR:P=9=RPKï;<ïZdmPF9:A89ï$IC/'$('%.45!C0/'(%)!e\QîFPKFK!xH4)46&!C5(7%CC6&y! 9aRBZS:P! RFaEFE:! =aFFZSF=!
L)/)îK:KîW5562%)4î0(Cî.:BKB! ;%ïEFABPE:KBï;<ï-TWREAR:89ï&(0%)(!C0/'(%)4&(S5%q(!C0/'(%)!9!xd(5%./D(0C4!402%;(04y! 9aPBZSKP! EAaAARR! =aF=ZSF:!
L)/)îK:KîW5562%)4î0(Cî.9AFR! ;%ï99EBAR::Fï0(3ïYMîFF9FR=APB89ï)%20/*!G!C0(.60&/0!xG/2<I7!2/0%y!! :aFPZSPR! EPaEB::! KaFAZSF:!
L)/)îK:KîW5562%)4î0(Cî.AK:R! ;%ïE::F=AAF:ï(2<ïTG-99BBE89ï()*/)6.5(4&(S0(D(0&(!'04)&.0%C'4&(!d2U#ZS(F9!xd(5%./)%6&!2(5C/2()(y! =aA9ZSEK! E:aAAPF! BaE9ZSF=!
L)/)îK:KîW5562%)4î0(Cî.PE9! ;%ïRAB=9FFB:ï*<`ïG-Q9A=:B89ï6)q)/u)!&(.0('(*!C0/'(%)!xM4C%5%/!76'$6&y! EaEBZS:K! E:a:AFA! AaRPZSF=!
L)/)îK:KîW5562%)4î0(Cî.AEF! ;%ï99=PAA9:Fï;<ï-GeEKPPK89ï6)q)/u)!xM%.(4!&%'.$()&%&y! 9aRAZS99! E:a:PEB! EaEBZSF:!
L)/)îK:KîW5562%)4î0(Cî.EFA:F! ;%ïR:ARR=:::ï*<`ï\--::FR989ï6<%@6%'%)!T!xT5/)/0.$%&!&%)()&%&y! RaP:ZSPE! ERaKREK! EaEPZSF:!
L)/)îK:KîW5562%)4î0(Cî.KEK9! ;%ïEPFF9=ARFï;<ïZr-9REP=89ï$IC/'$('%.45!C0/'(%)!#.4&\-Eî#TF9=FEP!x#0%</5%62!.4&'4)(62y! 9aFPZSPP! 9=a:9F=! =a=9ZSF:!
L)/)îK:KîW5562%)4î0(Cî.:=KR! ;%ï9KAEBAPFPï0(3ïYMîFF9FB9AFF89ï6).$404.'(0%[(*!C0/'(%)!>OTPPA:F:!xG/2<I7!2/0%y!! EaKFZS:E! M/C!LC(.! Ka9:ZSF:!
L)/)îK:KîW5562%)4î0(Cî.KK:R! ;%ï9ABERAP9Fï0(3ïÑMîB=BRK98EïMUZHWT#ZH1!&%2%540!'/!-\-MFFB=RASM-!x#0%</5%62!.4&'4)(62y!! AaKBZS=P! M/C!LC(.! PaRRZSF=!
L)/)îK:KîW5562%)4î0(Cî.EPFFB! ;%ï9ABK=R=KRï0(3ïpMîFRF9EKEA89ï$IC/'$('%.45!C0/'(%)!G-TTOMîFKR=P!xG4.'(0/%*(&!./C0/./54!HLQ!9P9R=y!! :aF:ZSE:! M/C!LC(.! Ra9RZS9E!
L)/)îK:KîW5562%)4î0(Cî.RK=! ;%ïEE::AF=PKï;<ï-TYBKKKE89ïC0/'(4&(tUY-S*(C()*()'!UY-!C/5I2(04&(a!C40'%45!xY4&/)%4!D%'0%C())%&!D%06&y! RaBBZSP9! M/C!LC(.! :aBPZSF:!
L)/)îK:KîW5562%)4î0(Cî.EP9! ;%ïRRBBF=AKRï0(3ïgMîFFKPRKRP989ï.I'/.$0/2(!<!xL(&42%4!%)3(0()&y!! :a9PZSPP! M/C!LC(.! Ka=AZSF:!
L)/)îK:KîW5562%)4î0(Cî.ARB=! ;%ïR:P=FRE:Pï;<ïZdm=R=PA89ïG-\!*/24%)S./)'4%)%);!C0/'(%)!L426%!xH4)46&!C5(7%CC6&y! :aE:ZSRA! M/C!LC(.! KaEEZSFA!
L)/)îK:KîW5562%)4î0(Cî.AKPE! ;%ïR:P=F=BBBï;<ïZdm=:R9:89ï$IC/'$('%.45!C0/'(%)!e\Qî9RRPB!xH4)46&!C5(7%CC6&y! 9aE=ZS9B! M/C!LC(.! Pa=KZSF=!
L)/)îK:KîW5562%)4î0(Cî.=P==! ;%ïR:P=9AEP:ï;<ïZdmP9R9P89ï$IC/'$('%.45!C0/'(%)!e\QîFPEAE!xH4)46&!C5(7%CC6&y! 9aRPZSR9! M/C!LC(.! =aEAZSF:!
L)/)îK:KîW5562%)4î0(Cî.B=PR! ;%ïR:P=EFKEBï;<ïZdmPE=EK89ï0%</&/245!C0/'(%)!L9P!xH4)46&!C5(7%CC6&y! EaF=ZSKP! M/C!LC(.! =aKAZSF=!
L)/)îK:KîW5562%)4î0(Cî.9BAK9! ;%ïRAAKAK9ERï(2<ïTTdA:=::89ïC0/'(%)!/3!6)q)/u)!36).'%/)!xQ/*(&'/<4.'(0!240%)6&y! 9a=KZS9K! M/C!LC(.! 9a99ZSF=!
L)/)îK:KîW5562%)4î0(Cî.ARA9! ;%ïRAB=99RAPï*<`ïG-Q9BRF:89ï)%'0/;()!3%74'%/)!C0/'(%)!)%36!xM4C%5%/!C/5I'(&y! RaA=ZS9=! M/C!LC(.! PaB=ZSF=!
L)/)îK:KîW5562%)4î0(Cî.9E==A! ;%ïRAB=99:EEï*<`ïG-Q9BR=P89ï&4C/&%)a!C40'%45!xM4C%5%/!76'$6&y! Aa:AZSPB! M/C!LC(.! 9aRFZSFP!
L)/)îK:KîW5562%)4î0(Cî.BF=A! ;%ïKFFEEE=Kï;<ï--URPRRK89ï*%4[(C42S<%)*%);!%)$%<%'/0!xd(5%./D(0C4!402%;(04y! 9aA9ZSRA! M/C!LC(.! Aa=PZSFP!
L)/)îK:KîW5562%)4î0(Cî.KAAAP! ;%ïKPK:PBK9ï*<`ïG-H9ABPR8Eï=FL!0%</&/245!C0/'(%)!>9R!x-)'$(04(4!I42424%y! 9aEFZS=B! M/C!LC(.! =aAEZSFA!
L)/)îK:KîW5562%)4î0(Cî.99PRA! ;%ïPR=P9EE:ï;<ï--pAFFKK89ï*%4C46&(!<%/.5/.q!C0/'(%)!xG/2<I7!24)*40%)4y! :a9EZS:R! M/C!LC(.! =aEAZSF:!
L)/)îK:KîW5562%)4î.KPR9B! ;%ïPAF:PKRBï;<ï-GG9PEE989ï6)q)/u)!xOC(0/C$'(04!<0624'4!.IC/D%06&!9By! F! M/C!LC(.! EaPEZSF:!
L)/)îK:KîW5562%)4î0(Cî.R:K:A! ;%ï9AKPBFE9ï;<ï-->PRRAP89ï-rKFB9FEî9RS*($I*0(.*I&/)(!R<S0(*6.'4&(!x#0%.$/C56&%4!)%y! Ra9EZS:F! 99BFaARRR! :aARZS9E!
L)/)îK:KîW5562%)4î.EBAFF! ;%ïEKEAF:R:Bï0(3ïÑMîFFEKAK:9F89ï$IC/'$('%.45!C0/'(%)!#L#-îFKFRPF!x#4540/2I.(&!&'%C%'4'6&!-#TT!9F:FFy!! 9a9RZS:E! 9FF=aE:FF! :aFEZSFA!
L)/)îK:KîW5562%)4î0(Cî.9RBR! ;%ïRAB=FARR:ï*<`ïG-Q9PPPB89ï&%2%540!'/!T\9KEFP!xM4C%5%/!76'$6&y!! EaPPZSKA! BBRaP:FF! Ea=9ZS99!
L)/)îK:KîW5562%)4î0(Cî.KAAA=! ;%ïE=FFP:E=ï;<ï--rP9EBF8Eï-rE::B9Bî9.$(2/&()&/0I!C0/'(%)!xQ42(&'04!<04&&%.4(y! 9aBRZS:E! BP:aRKFB! 9aR:ZS9R!
L)/)îK:KîW5562%)4î0(Cî.9R=! ;%ïEE::AF=PKï;<ï-TYBKKKE89ïC0/'(4&(tUY-S*(C()*()'!UY-!C/5I2(04&(a!C40'%45!xY4&/)%4!D%'0%C())%&!D%06&y! F! AF=aFK9P! KaE=ZS9E!
L)/)îK:KîW5562%)4î0(Cî.9RKPE! ;%ï9=FBRE=F=ï0(3ïpMîFEFPBBB=89ï$IC/'$('%.45!C0/'(%)!T>O>ZMîF9KKA!xT5/&'0%*%62!5(C'62!HLQ!P:Ry!! 9aE:ZS9A! PBPa9AP:! 9a:FZS9E!
L)/)îK:KîW5562%)4î0(Cî.=ERP! ;%ïRAB=FBP:9ï*<`ïG-Q9AKAP89ï26&.5(!>WQ!C0/'(%)!xM4C%5%/!76'$6&y!! Ra9AZSKF! PPKaK:R9! Ea=EZS9R!

L)/)îK:KîW5562%)4î0(Cî.R:ERB!
;%ïRF9F9:AAPïC*<ïRQB:ï-T$4%)! -a! T0I&'45! L'06.'60(! O3! -6'/C$4;ISU(54'(*! M0/'(%)! -';A! r0/2! #$(! L%5qu/02!

G/2<I7!Q/0%!! BaF=ZS:A! PRRaP:FF! PaAAZSFP!
L)/)îK:KîW5562%)4î0(Cî.9AEEK! ;%ïRP9=F=B=Fï;<ïZdYB::K:89ï$IC/'$('%.45!C0/'(%)!ZLO\îFKKA9a!C40'%45!xZ&.$(0%.$%4!./5%!Z9F9y! 9aE=ZSKF! PEEa:FFF! AaBAZSFP!
L)/)îK:KîW5562%)4î0(Cî.EKP:P! ;%ïR9RKFR9Aï&Cï^B=E|F89ïU>9R-îLMOrUU(.Y42(1!r655Ç=FL!0%</&/245!C0/'(%)!>9R4!! =a:KZSBB! =BAaP:FF! 9a9BZSF=!
L)/)îK:KîW5562%)4î0(Cî.A:KP! ;%ïR:P=9P:9Kï;<ïZdmPFARA89ï$IC/'$('%.45!C0/'(%)!e\Qî99BEE!xH4)46&!C5(7%CC6&y! 9aFBZSP=! =BFaFFFF! Aa=9ZSFB!
L)/)îK:KîW5562%)4î0(Cî.:R! ;%ïEE::AF=PKï;<ï-TYBKKKE89ïC0/'(4&(tUY-S*(C()*()'!UY-!C/5I2(04&(a!C40'%45!xY4&/)%4!D%'0%C())%&!D%06&y! F! ==FaR:P9! 9aFRZS99!
L)/)îK:KîW5562%)4î0(Cî.:F:RR! ;%ïR9EK:9B9Pï;<ï-H^A=FFP89ï*(4'$S4&&/.%4'(*!>WQS/)5I!C0/'(%)!xd(5%./D(0C4!402%;(04y! 9aKEZSPA! :A=aE:FF! :aFRZSF=!

L)/)îK:KîW5562%)4î0(Cî.ER9:!
;%ïRRBEK9P=:ï0(3ïÑMîFFRRP=AFA89ï0('0/D%06&S0(54'(*! M/5! C/5IC0/'(%)! 30/2! '04)&C/&/)! #Y#! 9SBK! x#0%.$%)(554!

&C%045%&y!! F! :PFaBRP:! :aRFZS9F!
L)/)îK:KîW5562%)4î0(Cî.9ER=E! ;%ïR:P=9BP:Eï;<ïZdmPEEF:89ïC6'4'%D(!LC(.'0%)!<('4!.$4%)!xH4)46&!C5(7%CC6&y! Ra:PZSP=! :=AaFFFF! 9a=KZS9F!
L)/)îK:KîW5562%)4î.K9B::! ;%ïR:P=EP9PBï;<ïZdmP=B:989ïC6'4'%D(!9S4.I5S&)S;5I.(0/5SRSC$/&C$4'(!4.I5'04)&3(04&(!45C$4!xH4)46&!C5(7%CC6&y! Ea=9ZSPK! :=:aFFFF! =aP:ZSF=!
L)/)îK:KîW5562%)4î0(Cî.K:KP! ;%ïK9B9:BAï;<ï--HFBAEF89ï&40./V()*/XC54&2%.!0('%.6562S'IC(!.45.%62!-#M4&(!xd(5%/'$%&!D%0(&.()&y! 9aRPZS9KK! :E=aAP:F! BaERZSFA!
L)/)îK:KîW5562%)4î0(Cî.KAAKK! ;%ïEBF:PR9KBï0(3ïYMîFF99==PEP89ï.6'%.6540!C0/'(%)!UUS9!2/'%3!ER!C0(.60&/0!xG/2<I7!2/0%y!! Ea:KZSKK! K=AaP:FF! EaAKZSF:!
L)/)îK:KîW5562%)4î0(Cî.9KRAB! ;%ïRARRK9EEBï;<ïZWH9BKBK89ï$IC/'$('%.45!C0/'(%)!dQMUZr9FKRîFPF=!xL'0(C'/./..6&!4);%)/&6&!TT|\!RB9:By! EaK9ZS=A! K=KaE=KP! PaKPZS9E!
L)/)îK:KîW5562%)4î0(Cî.ER=AP! ;%ïPAFRRKR9ï(2<ïT-mRFFK=89ï$IC/'$('%.45!C0/'(%)!2;WRAA!xQ4;)('/&C%0%5562!;0IC$%&u45*()&(!QLUS9y! 9aAKZSR9! K:Aa9E:F! RaFBZSFP!
L)/)îK:KîW5562%)4î0(Cî.=A9A! ;%ï9ABERAP9Fï0(3ïÑMîB=BRK98EïMUZHWT#ZH1!&%2%540!'/!-\-MFFB=RASM-!x#0%</5%62!.4&'4)(62y!! BaPBZSAF! KKRaRRRR! EaPRZSFA!
L)/)îK:KîW5562%)4î0(Cî.:RB:! ;%ï==R:AFEAï0(3ïÑMî=E=9BE89ïC/5I6<%@6%'%)!u%'$!R!|<!*/24%)&!xT0IC'/&C/0%*%62!C40D62!W/u4!WWy!! Pa:KZSKB! KRKa9==P! RaEPZSFA!
L)/)îK:KîW5562%)4î0(Cî.9=KE! ;%ï99EBAEBA=ï0(3ïYMîFF9FRPFA=89ï$(2/5%)S%)'(04.'%);!C0/'(%)!xG/2<I7!2/0%y!! 9aERZS=9! KEFaFFFF! =aREZSF:!
L)/)îK:KîW5562%)4î0(Cî.P=P9! ;%ïR:P=R99RKï;<ïZdmPAAF:89ï$IC/'$('%.45!C0/'(%)!e\Qî9RFEK!xH4)46&!C5(7%CC6&y! EaBKZS9K:! K9:a=BKK! 9aRRZS9F!
L)/)îK:KîW5562%)4î0(Cî.KFEK! ;%ï99EBAEBRAï0(3ïYMîFF9FRPFBB89ï.$/0%/)!<SpWM!'04)&.0%C'%/)!34.'/0!xG/2<I7!2/0%y!! 9a:FZSR=! K9Ea:FFF! Pa9AZSF:!
L)/)îK:KîW5562%)4î0(Cî.=9RK! ;%ïR:P=R99RKï;<ïZdmPAAF:89ï$IC/'$('%.45!C0/'(%)!e\Qî9RFEK!xH4)46&!C5(7%CC6&y! 9aEAZS9A! RAAa9E:F! RaP:ZS9F!
L)/)îK:KîW5562%)4î0(Cî.:AE! ;%ïPAFRRKRFï(2<ïT-mRFFK:89ï./)&(0D(*!$IC/'$('%.45!C0/'(%)!xQ4;)('/&C%0%5562!;0IC$%&u45*()&(!QLUS9y! 9aFKZSK9! RAKaAE9K! KaBFZS99!
L)/)îK:KîW5562%)4î0(Cî.R=BK! ;%ï9ARBPBERPï*<`ïG-\RFPAF89ï26&.5(!C0/'(%)!EFS5%q(!C0/'(%)!xM4C%5%/!76'$6&y! Ea:EZSBF! RAKa=9=F! 9aARZS9E!
L)/)îK:KîW5562%)4î0(Cî.RFK:! ;%ï9:PF=KE9Pï;<ï--gE=K:E8Eï$(4'!&$/.q!./;)4'(!PF!C0/'(%)!xL(&42%4!)/)4;0%/%*(&y! F! R:BaF=E:! EaPAZSFA!

L)/)îK:KîW5562%)4î0(Cî.9K=RK!
;%ïERPPFEK::ï0(3ïpMîFK:REBR=89ï>Os! ^|->W#g! MUO#ZWY1! .(55! u455S4&&/.%4'(*! $I*0/54&(! xZ&.$(0%.$%4! &C8!

RîEî:Rr--y!! 9a:9ZS:E! RK:aB9=P! Aa=RZS99!
L)/)îK:KîW5562%)4î0(Cî.:FE9! ;%ïR:P=EARBPï;<ïZdmPPPK989ï$IC/'$('%.45!C0/'(%)!e\QîFB9R9!xH4)46&!C5(7%CC6&y! F! RR:aE:FF! EaFEZS99!
L)/)îK:KîW5562%)4î0(Cî.APAF! ;%ïR:P=EE=R9ï;<ïZdmPKF:P89ï42%)/!4.%*!'04)&C/0'(0!xH4)46&!C5(7%CC6&y! Ka=9ZS9FA! RR9aE:FF! Ka::ZSF=!



"

!%$"

"

L)/)îK:KîW5562%)4î0(Cî.9:RFR! ;%ïR:P=E=BBAï;<ïZdmP=A=989ï$IC/'$('%.45!C0/'(%)!e\Qî9B:F:!xH4)46&!C5(7%CC6&y! 9a::ZSAA! REBa9==P! RaKBZSFP!

L)/)îK:KîW5562%)4î0(Cî.EBKP=!
;%ï9EK:9EF9Eï0(3ïÑMîFF9RKB9RB89ï./)&(0D(*! M54&2/*%62! C0/'(%)a! 6)q)/u)! 36).'%/)! xM54&2/*%62! 345.%C4062!

RHPy!! =aBAZS9A! RE:a=E:F! :aE9ZSF=!
L)/)îK:KîW5562%)4î0(Cî.9E:KA! ;%ïR:P=F:===ï;<ïZdm=KPEA89ï$IC/'$('%.45!C0/'(%)!e\QîE9PPA!xH4)46&!C5(7%CC6&y! 9a9RZSBA! R9RaP:FF! AaP:ZSFA!
L)/)îK:KîW5562%)4î0(Cî.REEP9! ;%ïPAFRRKRFï(2<ïT-mRFFK:89ï./)&(0D(*!$IC/'$('%.45!C0/'(%)!xQ4;)('/&C%0%5562!;0IC$%&u45*()&(!QLUS9y! 9aRPZS9R! R9RaKRP:! AaARZSFA!
L)/)îK:KîW5562%)4î0(Cî.KBE! ;%ïEE::AF=PKï;<ï-TYBKKKE89ïC0/'(4&(tUY-S*(C()*()'!UY-!C/5I2(04&(a!C40'%45!xY4&/)%4!D%'0%C())%&!D%06&y! 9aERZS9KP! R9FaE:FF! Ea=FZSFA!
L)/)îK:KîW5562%)4î0(Cî.:KEE! ;%ïRFP9BPPEEï;<ïZrYPAAP989ï$IC/'$('%.45!C0/'(%)!Z-WîFEEPB!xd40C(;)4'$/&!&45'4'/0y! BaRBZSR9! RFFaARRR! PaKEZSFP!

L)/)îK:KîW5562%)4î0(Cî.E9K:=!
;%ïRB9RKAE=:ï0(3ïÑMîFFRPKAR=A89ïMUZHWT#ZH1! >Os! ^|->W#g! MUO#ZWY1! C/5I6<%@6%'%)S-S5%q(! xQ('4&(%656&!

/..%*()'45%&y! :aP=ZSRR! EAKa:ARR! 9a9PZSF=!
L)/)îK:KîW5562%)4î0(Cî.9=PKP! ;%ïRAB=9K=:=ï*<`ïG-QEFR=F89ïHZ-H!</7!-#MS*(C()*()'!UY-!$(5%.4&(!xM4C%5%/!C/5I'(&y! 9aKRZSRE! E=Aa9E:F! RaEAZSFP!
L)/)îK:KîW5562%)4î0(Cî.9=A=9! ;%ïRAB=9FFB:ï*<`ïG-Q9A=:B89ï6)q)/u)!&(.0('(*!C0/'(%)!xM4C%5%/!76'$6&y! AaPBZSEB! E:AaEFR9! =aFPZS9F!
L)/)îK:KîW5562%)4î0(Cî.PRP:! ;%ïR:P=R99RKï;<ïZdmPAAF:89ï$IC/'$('%.45!C0/'(%)!e\Qî9RFEK!xH4)46&!C5(7%CC6&y! RaK:ZSRE! E:=aBFPB! RaP9ZS9F!
L)/)îK:KîW5562%)4î0(Cî.=9RE! ;%ïR:P=FBEBPï;<ïZdm==RAP89ï$IC/'$('%.45!C0/'(%)!e\QîF:AE9!xH4)46&!C5(7%CC6&y! =aA=ZS9RR! EKBaAB:A! Ea9BZSFB!
L)/)îK:KîW5562%)4î0(Cî.KB9AR! ;%ïRAPB==PK:ï;<ï-re9K9FF89ï&2455!$(4'!&$/.q!C0/'(%)!EE8F!xLC/*/C'(04!5%'604y! PaF9ZSA:! EKBa9==P! RaK:ZSF=!
L)/)îK:KîW5562%)4î0(Cî.KB:A=! ;%ï9EEABKFAKï;<ï-GQ=P=AA89ï.$(2/&()&/0I!C0/'(%)!TLM9!xLC/*/C'(04!(7%;64y! Ba9PZSKA! EEKaRE=B! Ra=BZSFB!
L)/)îK:KîW5562%)4î0(Cî.=PRB! ;%ïRA=PBRBRï;<ï--UE=:9A89ï4)'())45!.I'/.$0/2(!MK:F!TgMB!xQ42(&'04!<04&&%.4(y! EaP9ZS9:B! E9EaB9=P! 9a9AZSF:!
L)/)îK:KîW5562%)4î0(Cî.E=FK=! ;%ïEKEFFBKB9ï0(3ïÑMîFFEKE::9B89ï./)&(0D(*!$IC/'$('%.45!C0/'(%)!xM(*%.656&!$624)6&!./0C/0%&y!! KaPKZS9K! EFPaFARR! 9aK=ZSF:!
L)/)îK:KîW5562%)4î0(Cî.KB9FP! ;%ïRF9FPF9:Kï;<ï-He:::ER89ï&2455!$(4'!&$/.q!C0/'(%)!xLC/*/C'(04!5%'604y! BaBRZSP9! EFRaFFFF! AaAFZSFP!
L)/)îK:KîW5562%)4î0(Cî.R9R=! ;%ïE:=PPR9A=ï0(3ïYMîFF99:PBKA89ï&40./t()*/C54&2%.!0('%.6562!.45.%62!-#M4&(!xG/2<I7!2/0%y!! BaARZSB=! EF9aE:FF! RaKEZSFP!
L)/)îK:KîW5562%)4î0(Cî.KPRP! ;%ïR:P=E=KEFï;<ïZdmP=:9P89ï$IC/'$('%.45!C0/'(%)!e\QîF:PP=!xH4)46&!C5(7%CC6&y! 9a::ZSEB! 9B=a===P! Ea9=ZSF:!
L)/)îK:KîW5562%)4î0(Cî.KB9PF! ;%ï9ABFR9EP=ï;<ï-THPKA9989ï(6q40I/'%.!%)%'%4'%/)!34.'/0!:T!xd(5%./D(0C4!402%;(04y! Ba:9ZSPF! 9BEaB9=P! KaARZSFP!
L)/)îK:KîW5562%)4î0(Cî.:ER! ;%ï:=K=ERE=ï;<ï--cB9KK=89ï$IC/'$('%.45!C0/'(%)!RR!x>/)/2%4!/<5%@64y! RaR:ZSEA! 9AAaE:FF! KaK=ZSFA!
L)/)îK:KîW5562%)4î0(Cî.9=:BP! ;%ï99KF:E99=ï0(3ïYMîFF9FKFK:K89ïQ>S*/24%)!./)'4%)%);!&(.0('(*!C0/'(%)!C0(.60&/0!xG/2<I7!2/0%y!! 9aP:ZSR:! 9A=aFK9P! Ea9BZSFA!
L)/)îK:KîW5562%)4î0(Cî.:FRK9! ;%ïR:P=R99RKï;<ïZdmPAAF:89ï$IC/'$('%.45!C0/'(%)!e\Qî9RFEK!xH4)46&!C5(7%CC6&y! Ka99ZS9A! 9AFaARRR! KaF9ZSF:!
L)/)îK:KîW5562%)4î0(Cî.K9:K! ;%ïR=RAB=F=Aï;<ï-ZsKR99A89ï|HMS;5I./&I5'04)&3(04&(!|\#RRm9!xd(5%./D(0C4!402%;(04y! F! 9AFaARRR! KaF9ZSF:!
L)/)îK:KîW5562%)4î0(Cî.R9EA! ;%ïRRBEKPEERï0(3ïÑMîFFRRP:EK:89ïC6'4'%D(!%)'(;04&(!./0(!*/24%)!C0/'(%)!x#0%.$%)(554!&C%045%&y!! F! 9P=a:FFF! EaPFZSF=!
L)/)îK:KîW5562%)4î0(Cî.RRREK! ;%ïPAFRRKRFï(2<ïT-mRFFK:89ï./)&(0D(*!$IC/'$('%.45!C0/'(%)!xQ4;)('/&C%0%5562!;0IC$%&u45*()&(!QLUS9y! EaE:ZSRE! 9PEa:FFF! RaEKZSF=!
L)/)îK:KîW5562%)4î0(Cî.KBA:9! ;%ïERKEFKF:Bï;<ï-T^B9EPR89ï2I/&%)!$(4DI!.$4%)!D40%4)'!G!xG/2<I7!2/0%y! EaF=ZSP=! 9PFaEP:P! KaPBZS9F!
L)/)îK:KîW5562%)4î0(Cî.:KPF! ;%ïR:P=F==9:ï;<ïZdm=:9RP89ï$IC/'$('%.45!C0/'(%)!e\QîF::9F!xH4)46&!C5(7%CC6&y! Ra9AZSRB! 9=:aARRR! :aKFZSFA!
L)/)îK:KîW5562%)4î0(Cî.BAEP! ;%ïR:P=FP:FBï;<ïZdm=::KA89ïq(''%)!C0/'(%)!xH4)46&!C5(7%CC6&y! 9aAPZSAE! 9KAa:K9P! RaAPZSF=!
L)/)îK:KîW5562%)4î0(Cî.KEKBB! ;%ïR:P=R99RKï;<ïZdmPAAF:89ï$IC/'$('%.45!C0/'(%)!e\Qî9RFEK!xH4)46&!C5(7%CC6&y! 9aB9ZSEP! 9KRaP:FF! KaBBZSF=!
L)/)îK:KîW5562%)4î0(Cî.9B9F9! ;%ï99EBAEPBEï0(3ïYMîFF9FR=ABP89ïgS</7!C0/'(%)!xG/2<I7!2/0%y!! EaK=ZSFA! 9RAaK9=P! Aa=AZSFA!
L)/)îK:KîW5562%)4î0(Cî.R9BA=! ;%ïRKF:9AKE9ï;<ïZ\UKA==E89ïC0(*%.'(*!C0/'(%)!x#0%.$/*(024!0((&(%!^Q=4y! Ka==ZS:=! 9RPaA9E:! EaEBZSFP!
L)/)îK:KîW5562%)4î0(Cî.9RBKB! ;%ïR:P=9KBB=ï;<ïZdm=BK9A89ï$IC/'$('%.45!C0/'(%)!e\Qî9=RAP!xH4)46&!C5(7%CC6&y! KaEEZS::! 9R:aE:FF! 9aFKZSFP!
L)/)îK:KîW5562%)4î0(Cî.9:FFF! ;%ïR:P=9P99Bï;<ïZdmPF:B:89ïMr#-WUZS%)'(04.'%);!34.'/0!9-!xH4)46&!C5(7%CC6&y! 9aB:ZSE:! 9RRaRRRR! AaAPZSF=!
L)/)îK:KîW5562%)4î0(Cî.KA=B! ;%ïRP=FF9RAFï0(3ïpMîFBPPBE:F89ïC6'4'%D(!VQI/&%)!$(4DIS.$4%)X!q%)4&(!x-0'$0/&C%04!&C8!MTT!AFF:y!! =a:PZS99! 9EAaFFFF! BaRBZSFP!
L)/)îK:KîW5562%)4î0(Cî.ER9A=! ;%ïR:P=9EPB=ï;<ïZdm=A9P989ï$IC/'$('%.45!C0/'(%)!e\Qî9E:PR!xH4)46&!C5(7%CC6&y! :aEEZS=A! 9EPa9FER! KaFBZSFA!
L)/)îK:KîW5562%)4î0(Cî.9FB99! ;%ïR:P=EFBF:ï;<ïZdmPEBEK89ï$IC/'$('%.45!C0/'(%)!e\Qî9BRFK!xH4)46&!C5(7%CC6&y! Ea:KZSKK! 9F=aP9AA! 9a9FZSF:!
L)/)îK:KîW5562%)4î0(Cî.9RAK! ;%ï9AE:KRARï;<ï-->==PRB89ï-rK=99KRî9C$(0/2/)(!<%)*%);!C0/'(%)!K!xQ42(&'04!<04&&%.4(y! =aB=ZS:A! 9F:aAFFF! 9aFKZSFP!
L)/)îK:KîW5562%)4î0(Cî.:A=A! ;%ïR:P=E:KE:ï;<ïZdmP:AAF89ï$IC/'$('%.45!C0/'(%)!e\QîF=9:F!xH4)46&!C5(7%CC6&y! PaFRZS=R! BBa9==P! Pa=RZSF:!
L)/)îK:KîW5562%)4î0(Cî.RA9FK! ;%ïEKEAF:R:Bï0(3ïÑMîFFEKAK:9F89ï$IC/'$('%.45!C0/'(%)!#L#-îFKFRPF!x#4540/2I.(&!&'%C%'4'6&!-#TT!9F:FFy!! RaKKZSE:! BAaP:FF! 9a99ZSF:!
L)/)îK:KîW5562%)4î0(Cî.9A9:! ;%ïRA:A9APA9ï0(3ïgMîFF:A::9=A89ï$IC/'$('%.45!C0/'(%)!x>4.'/<4.%556&!.4&(%!>TEsy!! 9aKRZSK:! BEaRA9A! Ea9KZSFA!
L)/)îK:KîW5562%)4î0(Cî.KBRF:! ;%ï9:=AB99:9ï;<ï-G|B=P9R89ï*%4C46&%)!C0(.60&/0!xLC/*/C'(04!5%'604y!! 9aKBZSEF! BFaFAF=! 9aPFZSFP!
L)/)îK:KîW5562%)4î0(Cî.PPP! ;%ï9AKPBFE9ï;<ï-->PRRAP89ï-rKFB9FEî9RS*($I*0(.*I&/)(!R<S0(*6.'4&(!x#0%.$/C56&%4!)%y! KaAAZS99:! A=a=BPA! RaPBZSFA!
L)/)îK:KîW5562%)4î0(Cî.E9! ;%ïRK=9F9EPï0(3ïYMîB9BFEB89ïC/5IC0/'(%)!xZ.'0/C%&!/<5%@64!C%./0)4S5%q(!D%06&y!! F! ARaA:KE! 9aA:ZSFP!

L)/)îK:KîW5562%)4î0(Cî.PRFR!
;%ïRB9RK99BRïMUZHWT#ZH1! UY-S*%0(.'(*! HY-! C/5I2(04&(! 30/2! 2/<%5(! (5(2()'! `/.q(IS5%q(! xQ('4&(%656&!

/..%*()'45%&y! 9a=BZSEB! ARaKFFF! :aAEZSFP!
L)/)îK:KîW5562%)4î0(Cî.RA=F! ;%ïEE:RK==B9ï;<ï-TYA=R=A89ï'0/C/)%)!W!'04)&.0%C'!D40%4)'!-!xG/2<I7!24)*40%)4y! EaKRZS=K! PBaBEA=! RaR9ZSFA!

L)/)îK:KîW5562%)4î.:FAR!
;%ïEB9EE9REBï0(3ïÑMîFFEPRF=PK89ïMUZHWT#ZH1! UZ#U/'04)&C/&/)S5%q(! 342%5I! 2(2<(0! V0('0S9XS5%q(! xL4../;5/&&6&!

q/u45(D&q%%y! F! P:a:K=B! =aRFZSF=!
L)/)îK:KîW5562%)4î0(Cî.EFA=9! ;%ï99=ARR99Pï;<ï-GeEBKP989ïTde9!.$(.qC/%)'S5%q(!C0/'(%)!xd(5%./D(0C4!402%;(04y! Ea9KZS9B! PKaAA=K! RaEBZSF:!
L)/)îK:KîW5562%)4î.9==PK! ;%ïR:P=ERR:Fï;<ïZdmPK:K=89ï$IC/'$('%.45!C0/'(%)!e\QîE9FEK!xH4)46&!C5(7%CC6&y! F! PRaEB::! RaAEZSF:!
L)/)îK:KîW5562%)4î0(Cî.9EE=B! ;%ï:=K=EE:=ï;<ï--cB9K9989ï2I/&%)!9!5%;$'!.$4%)!x>/)/2%4!/<5%@64y!! EaEAZS9R! =Ba=FBK! 9a9RZSF:!
L)/)îK:KîW5562%)4î0(Cî.99F=P! ;%ïEAEFBARBï0(3ïYMîPAFPAR89ï$IC/'$('%.45!C0/'(%)!T#TFFF=:!xT5/&'0%*%62!'('4)%!ZAAy!! KaR:ZS=A! ==aF:F:! 9aEAZSFP!
L)/)îK:KîW5562%)4î0(Cî.B=A9! ;%ï9K:=BF=P:ï;<ï-GMB99AF89ï6)q)/u)!C0/'(%)!xL'0(C'/./..6&!&6%&!BAd-dRRy!! RaEPZS=R! =KaPPEP! 9aK:ZSF=!
L)/)îK:KîW5562%)4î0(Cî.A99P! ;%ï9:=:K=AA=ï0(3ïYMîFF9FRPFEA89ï/0)%'$%)(!*(.40</7I54&(!4)'%[I2(!9!xG/2<I7!2/0%y!! BaARZS=K! =RaR9PR! Ra=:ZSF=!
L)/)îK:KîW5562%)4î0(Cî.9:PB=! ;%ïRAB=9R:RBï*<`ïG-QEF9FA89ï&40./2(0(!5();'$!&$/0'a!C40'%45!xM4C%5%/!76'$6&y! 9aE9ZSRF! =FaKK9E! EaK9ZSF:!
L)/)îK:KîW5562%)4î0(Cî.EBAA! ;%ïR:PKPBAARï0(3ïÑMîFFR=9FEEP89ïg.3=A!xQ(*%.4;/!'06).4'654y!! EaK:ZSKB! ::aKRPB! 9aPBZSFP!
L)/)îK:KîW5562%)4î0(Cî.RRFE! ;%ïRA:EP::9Rï;<ï-rW:P9=P89ï/*/04)'S<%)*%);!C0/'(%)!9A!xd(5%./D(0C4!402%;(04y! EaE=ZSKB! :Ra=A9A! 9aRKZSF=!

L)/)îK:KîW5562%)4î0(Cî.R=PF!
;%ï9ABERKFRRï0(3ïÑMîFF9AFPBPE89ïMUZHWT#ZH1! &%2%540! '/! C0/'(4&(a! 0(D(0&(! '04)&.0%C'4&(a! 0%</)6.5(4&(! da!

%)'(;04&(!x#0%</5%62!.4&'4)(62y! F! :Ra::=:! :aPBZSFP!
L)/)îK:KîW5562%)4î0(Cî.RKPRR! ;%ïR:P=9P99Bï;<ïZdmPF:B:89ïMr#-WUZS%)'(04.'%);!34.'/0!9-!xH4)46&!C5(7%CC6&y! Ra=KZSK9! :EaEFPK! :a=:ZSFP!
L)/)îK:KîW5562%)4î0(Cî.EF! ;%ïRK=9F9EPï0(3ïYMîB9BFEB89ïC/5IC0/'(%)!xZ.'0/C%&!/<5%@64!C%./0)4S5%q(!D%06&y!! F! :9aAFB:! EaR9ZSFP!
L)/)îK:KîW5562%)4î0(Cî.9E:A:! ;%ïR:P=EEFP9ï;<ïZdmPR=AR89ïC6'4'%D(!./CC(0S[%).!&6C(0/7%*(!*%&26'4&(!xH4)46&!C5(7%CC6&y! =aPKZS9FB! :FaPP:B! 9a9PZSF:!
L)/)îK:KîW5562%)4î0(Cî.9F=AK! ;%ïEAEBR9=B9ï0(3ïpMîF=RRP9AE89ï./)&(0D(*!$IC/'$('%.45!C0/'(%)!x>4.'/<4.%556&!`()&()%%!EFAS9y!! 9aEBZSRP! KAa:ABP! Ka:FZSFP!
L)/)îK:KîW5562%)4î0(Cî.RRP=E! ;%ïR:P=EEPF9ï;<ïZdmPK99B89ï*/u)!&I)*0/2(!.(55!4*$(&%/)!2/5(.65(!xH4)46&!C5(7%CC6&y! =aRRZSKK! K=aKRKK! AaFFZSFP!
L)/)îK:KîW5562%)4î0(Cî.RE:E! ;%ïR:P=9PPPBï;<ïZdmPFBAA89ï$IC/'$('%.45!C0/'(%)!e\QîFEAFF!xH4)46&!C5(7%CC6&y! Ea9BZSPK! RPaPKKR! BaFPZSFP!
L)/)îK:KîW5562%)4î0(Cî.9E! ;%ïR:=:=9KP=ï0(3ïÑMîFFR:KBFFP89ïMUZHWT#ZH1!6).$404.'(0%[(*!C0/'(%)!>OT9FFPB9:RP!x\5I.%)(!247y! =aF9ZS=9! RPaE:PF! :aB9ZSFP!
L)/)îK:KîW5562%)4î0(Cî.9PK! ;%ï9ABERB99Kï0(3ïÑMîFF9A9RK9R89ïMUZHWT#ZH1!&%2%540!'/!./C%4S'IC(!C/5IC0/'(%)a!C6'4'%D(!x#0%</5%62!.4&'4)(62y! 9aREZS9EP! RPaFPBB! 9aKPZSF=!
L)/)îK:KîW5562%)4î0(Cî.:FEE! ;%ï9KPAE:K:Rï(2<ïT-YPREKF89ï$IC/'$('%.45!C0/'(%)!cW#WLcîFR:RR=!xc%'%&!D%)%3(04y! 9aBRZSER! R=aFF=9! RaB=ZSF:!
L)/)îK:KîW5562%)4î0(Cî.PFRA! ;%ïR:P=9FBBEï;<ïZdm=PE:A89ï$IC/'$('%.45!C0/'(%)!e\Qî9=FF9!xH4)46&!C5(7%CC6&y! 9aARZS9E9! RKa:KEE! 9aARZSF=!
L)/)îK:KîW5562%)4î0(Cî.KEA:P! ;%ïE=FBFAFEFï;<ï-TÑ:RAFB89ïH|rERR!C0/'(%)!xd(5%/'$%&!D%0(&.()&y! 9aAAZSPK! REa==K:! 9a:KZSF=!
L)/)îK:KîW5562%)4î0(Cî.EEPFK! ;%ïRFFBPRR:Bï0(3ïpMîFP9PE9=F89ï$IC/'$('%.45!C0/'(%)!dQMUZrB::RîFFEKR!xZ&.$(0%.$%4!./5%!QL!EFFS9y!! RaBRZS==! EBa:EBE! BaFBZSF=!
L)/)îK:KîW5562%)4î.RKRF:! ;%ï9RR:BK:9ï*<`ïG-GRRKE989ïC6'4'%D(!&()(&.().(S4&&/.%4'(*!C0/'(%)!xM%&62!&4'%D62y! KaEPZS9:! EAaP=K9! AaBRZSF=!
L)/)îK:KîW5562%)4î0(Cî.=PBP! ;%ï9:RE9P=A:ï0(3ïpMîF9B:9R==89ï./)&(0D(*!$IC/'$('%.45!C0/'(%)!xc%<0%/!.$/5(04(!9:APy!! 9a9AZSRA! EPaAPBE! 9aFPZSF:!
L)/)îK:KîW5562%)4î0(Cî.99:A! ;%ïRE==PFEP=ï0(3ïÑMîFFR9BB9PB89ïMUZHWT#ZH1!6).$404.'(0%[(*!C0/'(%)!eFE-E8=S5%q(!xH4)%/!0(0%/y! 9aA9ZS9=B! EPaEPPA! 9a9BZSF:!
L)/)îK:KîW5562%)4î0(Cî.EA:E! ;%ï99::9:RB:ï;<ï-GmFRKPF89ï./)&(0D(*!$IC/'$('%.45!C0/'(%)!xZ&.$(0%.$%4!./5%!-MZT!O9y! 9aBEZSBR! E=aBRBP! RaBKZSF=!
L)/)îK:KîW5562%)4î0(Cî.K! ;%ïRK=9F9EPï0(3ïYMîB9BFEB89ïC/5IC0/'(%)!xZ.'0/C%&!/<5%@64!C%./0)4S5%q(!D%06&y!! F! E=aRBRB! Aa=BZSF=!
L)/)îK:KîW5562%)4î0(Cî.99PR=! ;%ïR:P=E9PBBï;<ïZdmPR:FA89ï$IC/'$('%.45!C0/'(%)!e\QîFB99E!xH4)46&!C5(7%CC6&y! F! E:aF=K=! 9a=9ZSF:!
L)/)îK:KîW5562%)4î0(Cî.RP9KF! ;%ïEBF:=F=9Fï0(3ïYMîFF99===RP89ï.6'%.6540!C0/'(%)!UUSE!2/'%3!9RR!C0(.60&/0!xG/2<I7!2/0%y!! EaBAZS=K! EFaAAPE! EaKAZSF:!
L)/)îK:KîW5562%)4î.99EFK! ;%ïEPFF9RFR9ï;<ïZr-FBKPB89ï$IC/'$('%.45!C0/'(%)!#.4&\-Eî#TF9FBPR!x#0%</5%62!.4&'4)(62y! F! 9BaEKKR! =aB:ZSF:!

!

 

  



"

!%%"

"

Supplementary information S6: Distribution of Sesamia nonagrioides contigs annotated at 

GO level 2 in the female adult ovipositors of the French (A) and the Kenyan (B) populations. 
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