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“Nothing in biology makes sense except in the light of evolution” (Theodosius 
Dobzhansky). 
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What determines the fitness of a mutant making a new chemical? 
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What molecular properties are subject to selection? 
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“Metabolomics is a relatively new discipline and techniques for high-throughput 
metabolic profiling are still under development. No single technique is suitable 
for the analysis of all different types of molecule, so a mixture of techniques is 
used. Methods such as gas chromatography, high-pressure liquid 
chromatography and capillary electrophoresis are used to separate metabolites 
according to various chemical and physical properties. The molecules are then 
identified using methods such as mass spectrometry” (Wellcome Foundation) 

h'6>8! +'8! +8<C!C8+*G%>%C8! 6:! D*:'6%9*G>N! <8&89+(! 6+! 6:!C6:>8*/697! +%!&>*6C! +'*+! 6+! 6:!*!
98W! /6:&65>6980! ;'8! &%9&85+! %D! *9*>N:697! +'8! &'8C6&*>! &%C5%:6+6%9! %D! %<7*96:C:!
:+<8+&'8:!G*&A!*+! >8*:+!#22!N8*<:0!$8+*G%>%C6&:!6:!<8*>>N!>6++>8!C%<8!+'*9!+'8!/<8::697!
K5! %D! *! 5<8U6%K:>N! K9D*:'6%9*G>8! *<8*! %D! <8:8*<&'! 69! *! C%/8<9! &>%*AX0! E>8*<>N! +'8!
<898W8/!69+8<8:+!69!+'8!&'8C6&*>!&%C5%:6+6%9!%D!5>*9+:!*9/!C6&<%G8:!6:!+%!G8!W8>&%C8/!
GK+!+'8<8!988/:!+%!G8!*!&*K+6%9!*:!+%!8^*&+>N!W'*+!:K&'!*9!*55<%*&'!&*9!/8>6U8<0!

;'8<8!*<8!+W%!`K8:+6%9:!+'*+!988/!+%!G8!*9:W8<8/R!

"! S%W!8*:N!W6>>!6+!G8!+%!&%C5>8+8!*!DK>>!*9*>N:6:!%D!*!7898+6&*>>N!C*965K>*+8/!5>*9+!
%<!C6&<%G8t!!

"! S%W! &*9! +'*+! 69D%<C*+6%9! 69D%<C! K:! *G%K+! +'8! <6:A! +'*+! +'8! 5>*9+! 5<8:89+:! +%!
%<7*96:C:!+'*+!69+8<*&+!W6+'!6+!-'KC*9:!*9/!%+'8<!%<7*96:C:!6D!5>*9+!%<!C6&<%G8!
6:!7<%W9!69!*9!%589!:N:+8C10!

The challenge of conducting a complete chemical analysis 
B!&'8C6:+!*:A8/!+%!*9*>N:8!*!:*C5>8!W6>>!9%<C*>>N!*:A!+W%!`K8:+6%9:R!

"! h'6&'!&'8C6&*>:!/%!N%K!W*9+!+%!C8*:K<8t!

"! B+!W'*+!>8U8>!%D!:89:6+6U6+N!/%!N%K!W*9+!+'8!*9*>N:6:!+%!G8!&%9/K&+8/t!!

L%<! +'8%<8+6&*>! <8*:%9:! +'8<8! &*9! G8! 9%! :6C5>8! *9:W8<:! +%! +'8:8! `K8:+6%9:! '89&8!
698U6+*G>N!*9!8>8C89+!%D!,K/78C89+!>K<A:!G898*+'!+'8!:KG,8&+!%D!C8+*G%>%C6&:0!!

The primary metabolites.!;'8!8*:68:+!+N58:!%D!&'8C6&*>:!+%!G8!*9*>N:8/!*<8!+'%:8!+'*+!
%&&K<!69!'67'8:+!&%9&89+<*+6%9!*9/!W'6&'!*<8!&%CC%9!+%!C%:+!%<7*96:C:!"!+'8!5<6C*<N!
C8+*G%>6+8:!:K&'!*:!:6C5>8!:K7*<:(!*C69%!*&6/:(!&%CC%9!>656/:(!+'8!&%CC%9!96+<%789!
&%C5%K9/:!*9/!C*9N!5'%:5'%<N>*+8/!&%C5%K9/:0!S%W8U8<(! 6+! 6:!+%!G8!8^58&+8/!+'*+!
C*9N!:6796D6&*9+!&'*978:!69!5<6C*<N!C8+*G%>6:C!W6>>!'*U8!*><8*/N!<8U8*>8/!+'8C:8>U8:!
GN! &'*978:! +%! +'8! /8U8>%5C89+! %<! C%<5'%>%7N! %D! +'8! %<7*96:C! G8&*K:8! 6+! 6:!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Xh8!*<8!&K<<89+>N!69!+'8![omics\!8<*!%D!G6%>%7N(!*9!8<*!+'*+!'*:!*55<%^6C*+8>N!&%"69&6/8/!W6+'!+'8!7<8*+!8<*!%D!branding!

*9/!W'8<8!added value!6:!*::%&6*+8/!W6+'!9*C8:!<*+'8<!+'*9!:KG:+*9&80!!

!"#$%%&'()*+#,+-.%+/#(,%"%($%+012')%(%-'$*3+4"5(*)%('$+!65(-*+7+8'*9+:**%**;%(-0++ #Z



! "!#k!"! !

5<8/6&+*G>8! +'*+!C%:+! &'*978:! +%! +'8!5<6C*<N!C8+*G%>6:C!%D! *9!%<7*96:C!W6>>! <8/K&8!
+'8!7<%W+'!<*+8!%D!+'8!%<7*96:C0!S%W8U8<(!8U89!:K&'!/<*C*+6&!&'*978:!C67'+!G8!'*</!
+%! 69+8<5<8+! G8&*K:8! +'8! 5>*:+6&6+N! %D! 5>*9+! /8U8>%5C89+!W6>>! 89*G>8! *! :C*>>! >%&*>6:8/!
&'*978! +%! G8! 5<%5*7*+8/! 69+%! *! >*<78<! %98:! *:! *! <8:K>+! %D! *>+8<9*+6U8! /8U8>%5C89+*>!
5*+'W*N:! %589697! K5! D%<! +'8! W'%>8! 5>*9+0! S%W8U8<(! G8&*K:8! :%! CK&'! %D! 5<6C*<N!
C8+*G%>6:C!6:!:'*<8/!GN!5>*9+:(!6+!6:!9%+!K9<8*>6:+6&!+%!8^58&+!+'*+!C8+'%/:!W6>>!G8&%C8!
*U*6>*G>8! +'*+! &*9! <%K+698>N(!*9/! >*<78>N!*K+%C*+6&*>>N(! <85%<+! +'8!&%9&89+<*+6%9!%D! +'8!
:8U8<*>!'K9/<8/:!%D!5<6C*<N!C8+*G%>6+8:!69!*!:*C5>80!;'8!:89:6+6U6+N!%D!+'8!*9*>N:6:!%D!
+'8! 5<6C*<N!C8+*G%>6+8:!W6>>! *>:%! G8! <8>*+6U8>N! 8*:N! +%! ,K/78! G8&*K:8!C*9N! %D! +'8:8!
&%C5%K9/:! %&&K<! *+! <8>*+6U8>N! '67'! &%9&89+<*+6%9:! *9/! W8! '*U8! *! >*<78! G%/N! %D!
69D%<C*+6%9! *U*6>*G>8! *:! +%! +'8! &%9&89+<*+6%9:! +'*+! '*U8! *><8*/N! G889! <85%<+8/0!
J6A8W6:8! +'8<8! 6:! *! &%9:6/8<*G>8! G%/N! %D! 69D%<C*+6%9! *U*6>*G>8! +%! ,K/78! +'8! 8DD8&+! %D!
&'*97697! +'8! &%9&89+<*+6%9:! C67'+! G8! %9! +'8! C8+*G%>6&! W8>>! G8697! %D! +'8! %<7*96:C0!
S%W8U8<(!G8&*K:8!/6DD8<89+!%<7*9:(!%<! 69/88/!/6DD8<89+!&8>>:(!*+!/6DD8<89+! +6C8:(!K9/8<!
/6DD8<89+!&%9/6+6%9:!W6>>!'*U8!U8<N!/6DD8<89+!C8+*G%>6+8!&%9&89+<*+6%9:(!+'8<8!&*9!G8!9%!
K96U8<:*>![C8+*G%>6&!*9*>N:6:\!D%<!8U89!*!:697>8!%<7*96:C0!;'K:!+'8!+%%>:!+'*+!D*&6>6+*+8!
+'8!*9*>N:6:!W6>>!988/!:89:6G>8!*9/!&%9:6/8<8/!K:8!W6+'!+'8!>6C6+*+6%9:!*9/!K9&8<+*69+N!
%D!+'8!*9*>N:6:!76U89!:%C8!5<%C6989&80!!

Natural Products (Secondary Metabolites).! ;'8:8! &'8C6&*>:! W6>>! 698U6+*G>N! G8! CK&'!
'*</8<! +%! *9*>N:8! G8&*K:8! 8U8<N! 5>*9+! *9/!C6&<%G6*>! :58&68:! W6>>! 5%::8::! *! K96`K8!
:58&+<KC! %D! &'8C6&*>:0! S89&8! K9>6A8! +'8! C8+'%/%>%768:! G8697! /8U8>%58/! D%<! +'8!
*9*>N:6:! %D! 5<6C*<N! C8+*G%>6+8:(! +'8! :58&6D6&! C8+'%/%>%768:! 988/8/! D%<! *! +'%<%K7'!
*9*>N:6:!%D!+'8!_*+K<*>!=<%/K&+!&%C5%:6+6%9!%D!%98!5>*9+!:58&68:!C67'+!G8!%9>N!K:8DK>!
D%<! +'*+! :58&68:! *9/! 6+:! &>%:8! <8>*+6U8:0! LK<+'8<C%<8(! G8&*K:8! _*+K<*>! =<%/K&+!
C8+*G%>6:C! 6:! 5<8/6&+*G>N! K95<8/6&+*G>8(! *9! %<7*96:C! 8^5<8::697! *9! 8^%+6&! 7898!
&%/697! D%<! *9! 89bNC8! 69U%>U8/! 69! *! _*+K<*>! =<%/K&+! G6%:N9+'8+6&! 5*+'W*N(!C67'+! G8!
5<%/K&697!:8U8<*>!K9A9%W9!98W!:+<K&+K<8:0!J%%A697!D%<!K9A9%W9:! 6:!*!&'*>>8978!*9/!
/8+8<C69697! +'8!:+<K&+K<8:!%D! +'8:8!98W!&'8C6&*>:! 6:!*!8U89!7<8*+8<!&'*>>89780!;'K:!
W'6>:+! +'8!C8+*G%>%C6&!*9*>N:6:! %D! 5<6C*<N!C8+*G%>6+8:!C67'+! G8! GK6>+! %9! *! /*+*G*:8!
W6+'! H222! A9%W9! 5<6C*<N! C8+*G%>6+8:(! *! C8+*G%>%C6&! *9*>N:6:! %D! _*+K<*>! =<%/K&+:!
C67'+!988/!*!/*+*G*:8!H22"H222! D%>/! >*<78<! "!W6+'! +'8!C*,%<6+N!%D! +'*+!/*+*!&K<<89+>N!
K9*U*6>*G>80!!

What can we deduce from the analytical data? 
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Nutritional study: 
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Immunological consequences  
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Conclusions of the 2005 paper: 
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F_B!*9/!M$!F_B!W8<8!D%K9/!69!C6&<%%<7*96:C:!%D!+'8!69+8:+698!*9/!69!:*>6U*!-$8<&8<!
8+! *>0! Hllkp! E%7'>*9! #22#10! .^58<6C89+*>! <8:8*<&'8:! 69! C6&8! :'%W8/! +'*+! 6978:+8/!
D%<8679!F_B!&*9!58<:6:+! 69!D<*7C89+8/!D%<C!69!+'8!7*:+<%69+8:+69*>!+<*&+(!5898+<*+8!+'8!
69+8:+69*>!W*>>(!*9/!<8*&'!+'8!9K&>86!%D!>8KA%&N+8:(!:5>889!*9/!>6U8<!&8>>:!-]&'KGG8<+!8+!
*>0! HllY10! Q9! *9%+'8<! <8:8*<&'! %D! ]&'KGG8<+! 8+! *>0! -Hllk1! +'8! 5>*:C6/! &%9+*69697! +'8!
7898! D%<! +'8!7<889! D>K%<8:&89+!5<%+869! -5.ML="EH1!%<!G*&+8<6%5'*78!$HX!F_B!W8<8!
D8/!+%!5<879*9+!C6&80!L%<8679!F_B(!%<*>>N!6978:+8/!GN!5<879*9+!C6&8(!W*:!/6:&%U8<8/!
69! G>%%/! ->8KA%&N+8:1(! :5>889(! >6U8<(! '8*<+(! G<*69(! +8:+8:! *9/! %+'8<! %<7*9:! %D! D%8+K:8:!
*9/! 98WG%<9! *96C*>:0! ;'8! *K+'%<:! &%9:6/8<8/! +'*+!C*+8<9*>>N! 6978:+8/! D%<8679!F_B!
&%K>/! G8! 5%+89+6*>! CK+*789:! D%<! +'8! /8U8>%5697! D8+K:0! B+! +'8! :*C8! +6C8! d<*A8! *9/!

!"#$%%&'()*+#,+-.%+/#(,%"%($%+012')%(%-'$*3+4"5(*)%('$+!65(-*+7+8'*9+:**%**;%(-0++ YH



! "!Y#!"! !

.U89:%9!-#22Y1!*9*>Nb697!+'8!+8:+6:!69!C6&8!*:!*!:89:6+6U8!G6%C%96+%<!%D!5%+89+6*>!+%^6&(!
/6/9q+! D69/!987*+6U8!8DD8&+:! %D! +<*9:7896&! :%NG8*9!/68+! %9! D8+*>(! 5%:+9*+*>(! 5KG8<+*>! %<!
*/K>+!+8:+6&K>*<!/8U8>%5C89+0!!

;'8<8!6:!*!>*&A!%D!69U8:+67*+6%9:!%9!+'8!69D>K89&8!%D!M$!&<%5:!%9!C*CC*>:(!8:58&6*>>N!
%9!+'86<! <85<%/K&+6U8! DK9&+6%90!;'8<8D%<8(!W8!/8&6/8/!+%!K9/8<+*A8!*!:+K/N!+%!:88!+'8!
8DD8&+!%D!+'8!C%:+!&%CC%9>N!K:8/!M$!&<%5!%9!+'8!G6<+'!<*+8(!C%<+*>6+N!*9/!W867'+!7*69!
%D!<*+!5K5:(!6D!+'8!D8C*>8:!W8<8!D8/!/68+:!:K55>8C89+8/!W6+'!@%K9/K5!@8*/N!:%N*0!!

J5-%"'56*+5(&+J%-.#&*++

Diets and dietary components:  
@%K9/K5"@8*/N! -@@1! :%N*! -Y20X0#! >6981!W*:! K:8/! 69! 8^58<6C89+:0! ]69&8!W8! '*/! 9%!
*&&8::!+%!+'8!8^*&+!5*<89+! >698(!W8!G%K7'+!*!+<*/6+6%9*>!-+<*/01!:%N*!U*<68+N!-B<&%9!]a!
lH"XX2(!BF$(!+'8!_8+'8<>*9/:1(!W'6&'!'*/!*!:6C6>*<!&%C5%:6+6%9!*9/!9K+<6+6%9*>!U*>K8!
+%!+'8!@@!:%N*0!

;'8!:%N*!D>%K<!W*:!5<85*<8/!D<%C!+'8:8!U*<68+68:!GN!7<69/697!+'8!<*W!W'%>8!:%N*!G8*9!
:88/:!C6^!W6+'!W*+8<!-Y2!C>1! +%!D%<C!*!5*:+80!]+*9/*</! >*G%<*+%<N!D%%/!W*:!%G+*698/!
D<%C!$%:&%W(!@K::6*0!!!

Animals:  
h6:+*<! <*+:! D<%C!-]+%>G%U*N(!@K::6*1!W8<8!K:8/! 69! +'8!8^58<6C89+0!;'8!*96C*>:!W8<8!
G<%K7'+!K5!+%!:8^K*>!C*+K<6+N!%9!>*G%<*+%<N!<*+!D88/0!h'89!+'86<!W867'+!<8*&'8/!*G%K+!
Hk2! "! #22! 7(! +'8! D8C*>8! <*+:! W8<8! /6U6/8/! 69+%! X! 7<%K5:(! *9/! '%K:8/! 69! 7<%K5:! -X!
<*+V&*781(!*9/!A85+!K9/8<!9%<C*>!>*G%<*+%<N!&%9/6+6%9:0!!

;'8!D88/697!:&'8C8!W*:!*:!D%>>%W:0!L8C*>8:!69!8U8<N!&*78!/*6>N!<8&86U8/!/<N!58>>8+:!
D<%C!*!:58&6*>!&%9+*698<!5>*&8/!%9!+'8!+%5!%D!+'86<!&*780!;'%:8!<*+:!<8&86U697!:%N*!D>%K<!
:K55>8C89+(! W8<8! 76U89! +'8! :%N*! D>%K<! 69! *! :C*>>! &%9+*698<! 5>*&8/! 69:6/8! +'86<! &*78!
-#27!^!Y2!C>!W*+8<1!D%<!+'<88!<*+:!*9/(!:%!I!"!Z7!D>%K<!D%<!8*&'!<*+!8U8<N!/*N0!

Experimental protocol:  
T98! 7<%K5! %D! D8C*>8! <*+:! %D! Hk2! "! #22! 7! W867'+! W*:! *>>%&*+8/! +%! +'8! 8^58<6C89+*>!
7<%K5(!*9/!<8&86U8/!D>%K<V<*+V/*N!5<85*<8/!D<%C!@%K9/K5"@8*/N!:%N*(!*//8/!+%!+'8!<*+!
D88/! D%<! +W%!W88A:0! B9%+'8<! 7<%K5! D8C*>8:!W8<8! *>>%&*+8/! +%! +'8! &%9+<%>! 7<%K5(! GK+!
+'86<! /68+!W*:! :K55>8C89+8/!W6+'! +'8! :*C8!*C%K9+! %D! :%N*! D>%K<(! 5<85*<8/! D<%C! +'8!
+<*/0!:%N*0!h8!*>:%!69+<%/K&8/!*!5%:6+6U8!&%9+<%>!7<%K5(!W'6&'!'*/!9%+!G889!8^5%:8/!+%!
:%N*! D>%K<0!;'8<8D%<8! D8C*>8:!'*U8!%9>N!7%+! +'8!:+*9/*</! >*G%<*+%<N! D88/!W6+'%K+!*9N!
:K55>8C89+*+6%9(! *>+'%K7'! 6+! 6:! *&A9%W>8/78/! +'*+! +'8! 898<7N! *9/!5<%+869! &%9+89+! %D!
+'6:!/68+!W*:!>8::!+'*9!69!+'8!%+'8<!+W%!7<%K5:0!BD+8<!+W%!W88A:!%9!+'8!/68+:!*>>!7<%K5:!
%D! X! D8C*>8:!W8<8!C*+8/!W6+'! +W%! '8*>+'N!C*>8:! %D! +'8! :*C8! *78(!W'%! '*U8! 98U8<!
G889!8^5%:8/!+%!:%N*!D>%K<!:K55>8C89+:0!L6<:+!%98!+'*9!+'8!%+'8<!C*>8!W*:!5K+!69+%!+'8!
&*78!D%<!X!/*N:0!Q9!%</8<!+%!*U%6/!69D8&+6%9!%D!D8C*>8:(!+'8!:58<C!&%K9+!*9/!`K*>6+N!'*:!
9%+! G889! /8+8<C698/0!h8! &*<<68/! %9!W6+'! D88/697! +'8! <8:58&+6U8! /68+:! +%! *>>! D8C*>8:!

!"#$%%&'()*+#,+-.%+/#(,%"%($%+012')%(%-'$*3+4"5(*)%('$+!65(-*+7+8'*9+:**%**;%(-0++ Y#



! "!YX!"! !

/K<697!C*+697!*9/!5<879*9&N0!i5%9!/8>6U8<N(!*>>!D8C*>8:!W8<8!+<*9:D8<<8/!+%!69/6U6/K*>!
&*78:(!*9/!+'8!*C%K9+!%D!:%N*!:K55>8C89+!W*:!69&<8*:8/!GN!*9!*//6+6%9*>!7!D%<!8U8<N!
5K5! G%<90! J*G! D88/! *9/! W*+8<! W*:! *U*6>*G>8! D%<! *>>! *96C*>:! ad libitum! /K<697! +'8!
8^58<6C89+*>! 58<6%/0! h'89! <*+! 5K5:! %5898/! +'86<! 8N8:! *9/! &%K>/! D88/! +'8C:8>U8:!
-D<%C!HX"HY!/*N:!%D!*781(!+'8!/*6>N!/%:8!%D!:%N*!:K55>8C89+!W*:!69&<8*:8/!+6>>!#!"!X7!
D%<!8U8<N!5K5(!*>+'%K7'!*>>! <*+:!'*/! D<88!*55<%*&'! +%! +'8!:%N*0!B>>! <*+:!*+8! +'86<!:%N*!
5%<+6%9:!W8>>0!BD+8<! D696:'697!%D!8^58<6C89+:!%<7*9:!%D!:%C8!5K5:!W8<8!+*A89!%K+!*9/!
W867'8/0!

Statistical analysis:  
;'8!>8U8>!%D!C%<+*>6+N!W*:!*9*>Nb8/!GN!+'8!%98"W*N!B_TfB(!K:697!%D!_8WC*9")8K>:!
+8:+!D%<!:'*<8!/6:+<6GK+6%90!;'8!5K5q:!W867'+!*9/!6+:!/6:+<6GK+6%9!W8<8!&'8&A8/!GN!$*99"
h'6+98N!+8:+!*9/!E'6":`K*<8!69!]+*+]%D+!]+*+6:+6&*!U302!$K>+6>697K*!-@K::6*10!

8%*L6-*+

�K*9+6+*+6U8!*9*>N:6:!%D!@@!:%N*!GN!K:697!+'8![E=Y"J.E"@;"=E@\!&%9:+<K&+!&%9D6<C8/!
+'8! 5<8:89&8! %D! 7898+6&!C%/6D6&*+6%9! 69! H22u!%D! +'8! D>%K<0! Q9! +'8! +<*/6+6%9*>(! 9%9"M$!
:%N*! D>%K<! %9>N! +<*&8:! -202k�! 202Yu1! %D! +'8! :*C8! &%9:+<K&+!W*:! 5<8:89+(!C%:+! >6A8>N!
<8:K>+697!D<%C!&<%::"&%9+*C69*+6%90!!

dN!+'8!89/!%D!+'8!8^58<6C89+(!D<%C!+'8!HI!D8C*>8:!69&>K/8/!69!+'8!8^58<6C89+(!HH!7*U8!
G6<+'!*9/!5<%/K&8/!*! +%+*>!%D!H##! <*+!5K5:0!;'8!Y! <*+:!W'%!G8&*C8!5<879*9+! D<%C!3!
D8C*>8:! %9! +'8! 5%:6+6U8! &%9+<%>! /68+! 7*U8! G6<+'! +%! YY! 5K5:! -*9! *U8<*78! %D! HH!
5K5:VD8C*>81(! W'6>8! +'8! D%K<! D8C*>8:(! D<%C! +'8! :6^! %9! M$! :%N*! D>%K<! :K55>8C89+8/!
7<%K5:!7*U8!G6<+'!+%!YI!-HH0X!5K5:VD8C*>81(!*9/!X!D<%C!+<*/6+6%9*>!:%N*!7<%K5!"!XX!5K5:!
-HH!5K5:VD8C*>810!

]K55>8C89+*+6%9!%D!+'8!/68+!%D!+'8!D8C*>8:!W6+'!M$!:%N*!>8/!+%!+'8!/8*+'!%D!#I!5K5:(!
%K+! %D! +'8! YI! G%<9! GN! +'8! 89/! %D! +'8! +'6</! W88A! %D! >*&+*+6%9(! W'6>8! /K<697! +'8! :*C8!
58<6%/! %9! +'8! +<*/6+6%9*>! :%N*! :K55>8C89+8/! /68+:! %9>N! X! 5K5:! /68/! D<%C! XX0! ;'8!
C%<+*>6+N! 69!+'8!5%:6+6U8!&%9+<%>!7<%K5!W*:!*>:%!X(!GK+! D<%C!+'8! >*<78<!9KCG8<!%D!5K5:!
G%<9(!*:!6+!:889!69!;*G>8!H0!!

S67'! 5K5! C%<+*>6+N! W*:! 7898<*>>N! &'*<*&+8<6:+6&! D%<! D8C*>8:! D8/! +'8! M$! :%N*! D>%K<!
-;*G>8!#10!

BC%97!+'8!5K5:!D<%C!+'8!D8C*>8:!D8/!+'8!5%:6+6U8!&%9+<%>!/68+(!#!5K5:!/68/!/K<697!+'8!
D6<:+! W88A(! *9/! H! /K<697! +'8! :8&%9/! W88A! *D+8<! /8>6U8<N0! B>>! 5K5:! D<%C! D8C*>8:! D8/!
+<*/6+6%9*>!:%N*!D>%K<!/68/!/K<697!+'8!D6<:+!W88A!*D+8<!G6<+'0!S%W8U8<(!5K5:!D<%C!D8C*>8:!
D8/! +'8! M$! :%N*! D>%K<! :K55>8C89+8/! /68+! A85+! /N697! /K<697! >*&+*+6%9! 58<6%/! *:! 6+! 6:!
8U6/89+!D<%C!;*G>8!X0!

Q9! +W%! W88A:! *D+8<! +'86<! G6<+'! +'8! W867'+! %D! 5K5:! -W6+'! ].1! D<%C! +'8! M$! :%N*!
:K55>8C89+8/! 7<%K5!W*:! >8::! -#X0lI7!�! H0I! 71! +'*9! +'*+! %D! +'8! 5K5:! %D! +'8! 5%:6+6U8!
&%9+<%>!7<%K5!-X202X7!�!H0H!7p!5y2022I1(!%<!D<%C!+'8!+<*/6+6%9*>!:%N*!D>%K<!:K55>8C89+8/!
7<%K5!-#Z0H!7!�!20l!7p!5y!20H10!]69&8!+'8!9KCG8<!%D!:K<U6U697!5K5:!W8<8!:%!/6DD8<89+(!

!"#$%%&'()*+#,+-.%+/#(,%"%($%+012')%(%-'$*3+4"5(*)%('$+!65(-*+7+8'*9+:**%**;%(-0++ YX



! "!YY!"! !

+'8! W867'! /6:+<6GK+6%9! %D! +'8! 5K5:! W8<8! &%C5*<8/! 69! ;*G>8! Y0! L<%C! +'8! /*+*! 6+! 6:!
8U6/89+(! +'*+! X3u! %D! +'8! 5K5:! D<%C! +'8!M$! :%N*! 7<%K5! W867'8/! >8::! +'*9! #2! 7(! 69!
&%C5*<6:%9!W6+'! +'8!3u!69! +'8!5%:6+6U8!&%9+<%>!7<%K5(!*9/!W6+'! +'8!30Zu!D%K9/! 69! +'8!
+<*/6+6%9*>! :%N*! :K55>8C89+8/! /68+! 7<%K5! -;*G>8! Y10! ]+K/N! %D! 5K5q:! %<7*9:! C*::!
:'%W8/!+'*+!+'8!%<7*9:!%D!:C*>>!5K5:!D<%C!M$!7<%K5!W8<8!+69N!69!&%C5*<6:%9!W6+'!+'8!
:*C8!%D!%+'8<!7<%K5:!8^&85+!+'8!G<*69!C*::!-;*G>8!I10!;'6:!D*&+!69/6&*+8/!+'*+!+'8!5K5:!
D<%C!+'8!M$!7<%K5!W8<8!+'8!:*C8!*78!*:!%+'8<:(!GK+!&'*978:!W8<8!%&&K<<8/!W6+'!+'8!
/8U8>%5C89+!%D! 69+8<9*>! %<7*9:0!]>67'+!987*+6U8!8DD8&+!W*:! D%K9/! 69! +'8!7<%K5(!W'6&'!
<8&86U8/!+'8!+<*/6+6%9*>!:%N*(!GK+!+'6:!8DD8&+!W*:!9%+!:6796D6&*9+0!_%!>8+'*>6+N!%D!D8C*>8:!
*9/!:K<U6U8/!N%K97!5K5:!8*+697!+'8!M$!:%N*!D>%K<!:K55>8C89+8/!/68+!W*:!%G:8<U8/0!

S'*$L**'#(+

;'8! <85<%/K&+6U8! G8'*U6%K<! %D! D8C*>8! <*+:! D8/! %9! :+*9/*</! >*G%<*+%<N! D88/!
:K55>8C89+8/! W6+'! :%N*! D>%K<! 5<85*<8/! D<%C! 86+'8<! 7898+6&*>>N! C%/6D68/! -@@1! %<!
+<*/6+6%9*>! :%NG8*9! :88/:! W*:! :+K/68/! +%! :88! +'8! 8DD8&+! %D! +'8! /68+! %9! 5<879*9&N(!
>*&+*+6%9!*9/!+'8!7<%W+'!%D!+'8!<*+!5K5:0!]69&8!6+!6:!W8>>!8:+*G>6:'8/(!+'*+!<*W!:%NG8*9!
&%9+*69:!*!9KCG8<!%D!*9+6"9K+<689+:!-:K&'!*:!+'8!>8&+69:(!+<N5:69!69'6G6+%<:(!8+&0!-=K:b+*6!
8+!*>0!Hllk1(!*9/!*>:%!D8C*>8!'%<C%98">6A8!:KG:+*9&8:(!6+!W*:!+'%K7'+!+%!G8!98&8::*<N!
+%!&%C5*<8!+'8:8!/*+*!*>:%!W6+'!+'%:8!D<%C!*!5%:6+6U8!&%9+<%>!7<%K5!W'89!*96C*>:!W8<8!
9%+!8^5%:8/!+%!*9N!:%N*!D>%K<!:K55>8C89+*+6%90!!

Q9!%</8<! +%!K9/8<:+*9/! +'8!C8&'*96:C!'%W! +'6:!W6/8>N!&%9:KC8/!M$!&<%5!8^8<+:! 6+:!
69D>K89&8!%9!+'8!<85<%/K&+6U8!58<D%<C*9&8!%D!C*CC*>:!*9/!+'86<!%DD:5<697(!6+!W%K>/!G8!
98&8::*<N!+%!58<D%<C!&%C5>8^!<8:8*<&'8:(!69&>K/697!'6:+%>%76&*>(!7898+6&!*9/!8CG<N%"
+%^6&%>%76&*>! 69U8:+67*+6%9:0! S%W8U8<(! W8! '*/! +%! <8:+<6&+! %K<! 8^58<6C89+:! %9>N! D%<! *!
:'%<+! +6C8":5*9(! *9/! :+*<+697! +%! D88/! +'8! D8C*>8! <*+:! +W%! W88A:! G8D%<8! C*+6970!
S%W8U8<(! K9>6A8! +'8! 8^58<6C89+:! %D! d<*A8! *9/!.U89:%9! -#22Y1(!W'%! :+*<+8/! +%! D88/!
5<879*9+!C6&8(!69!%K<!8^58<6C89+:!+'8!/68+:!:K55>8C89+8/!W6+'!M$!%<!+<*/6+6%9*>!:%N*!
D>%K<:!W8<8!*><8*/N!76U89! +%! +'8! D8C*>8! <*+:!#!W88A:!G8D%<8!C*+697!*><8*/N(!*9/!W8!
&%9+69K8/!+%!+<8*+!+'8C!W6+'!+'86<!<8:58&+6U8!/68+!K9+6>!+'8!5K5:!W8<8!W8*98/0!!

i5%9! /8>6U8<N(! U8<N! K98^58&+8/>N! *! U8<N! '67'! <*+8! %D! 5K5! C%<+*>6+N! -�! II(3u1! W*:!
%G:8<U8/! 69! *C%97! 5K5:! D<%C! D8C*>8:(! W'%:8! /68+! W*:! :K55>8C89+8/! W6+'! +'8!
@%K9/K5!@8*/N! :%N*! D>%K<! 69! &%C5*<6:%9! W6+'! +'8! 5K5:! %D! G%+'! +'8! 5%:6+6U8! &%9+<%>!
-3(k!u1!*9/!+'8!+<*/6+6%9*>!:%N*!D>%K<!:K55>8C89+8/!-lu1!7<%K5:0!B>:%(!69!+'6:!7<%K5!+'8!
5K5:!&%9+69K8/!+%!/68!%U8<!+'8!58<6%/!%D!>*&+*+6%9(!W'6&'!%&&K<<8/!%9>N!69!+'8!M$!:%N*!
D8/!7<%K50!B+!+'8!:*C8!+6C8(!+'8!W867'+:!%D!+'8!:K<U6U697!<*+!5K5:!W8<8!*>:%!>%W8<0!Q+!6:!
+'8! C%<8! :K<5<6:697(! :69&8! +'8! 5K5:! W8<8! :C*>>8<(! *G%K+! '*>D(! +'8<8D%<8! C%<8! ! C6>A!
:'%K>/!'*U8!G889!*U*6>*G>8!D%<!+'8!69/6U6/K*>!5K5:0!;'8N!:'%K>/!'*U8!*!G8++8<!&'*9&8!
+%!7<%W!%5+6C*>>N(!K9>8::!+'8!*C%K9+(!*9/V%<!+'8!`K*>6+N!%D!+'8!C6>A!W8<8!9%+!*DD8&+8/!GN!
&%9:KC697!+'8!M$!:%N*!D>%K<0!

TK<!/*+*!*>>%W!K:!+%!:58&K>*+8!*9/!5<8:KC8!+'*+!+'8!987*+6U8!8DD8&+!%D!M$!:%N*!%9!+'8!
98WG%<9! 5K5:! &%K>/! G8! C8/6*+8/! GN! :8U8<*>! 5%::6G>8! D*&+%<:0! L6<:+>N(! 6+! &*9! G8! +'8!
<8:K>+!%D!+<*9:D%<C*+6%9(!*9/!69:8<+6%9!%D!+'8!D%<8679!7898:(!W'6&'!&%K>/!89+8<! 69+%!+'8!

!"#$%%&'()*+#,+-.%+/#(,%"%($%+012')%(%-'$*3+4"5(*)%('$+!65(-*+7+8'*9+:**%**;%(-0++ YY



! "!YI!"! !

:8^K*>V:+8C!&8>>:(!%<V*9/!69+%!&8>>:!%D!+'8!D8+K:(!*:!6+!W*:!%G:8<U8/!GN!]&'KGG8<+!8+!*>0!
-Hllk10! Q9! +'86<! 8^58<6C89+:! +'8! 5>*:C6/! &%9+*69697! +'8! 7<889! D>K%<8:&89+! 5<%+869!
-5.ML="EH1! 7898(! %<! +'8! G*&+8<6%5'*78! $HX! F_B! W*:! D8/! +%! 5<879*9+! C6&80! ;'8!
5<8:89&8!%D!+'8!D%<8679!F_B!W*:!/8+8&+8/!69!+'8!&8>>:!%D!+'8!C6&8!69!G%+'!&*:8:0!B>:%(!
+'8!69:+*G6>6+N!%D!7898!&%9:+<K&+:!W*:!/8:&<6G8/!D%<!M$":%N*!-h69/8>:!8+!*>0!#22H1!*9/!
<6&8! -m*97! 8+! *>0! #22I10! ]8&%9/>N(! 987*+6U8! 8DD8&+! &%K>/! G8! <8:K>+! %D! +'8! '67'>N!
CK+*7896&! 9*+K<8! %D! +'8! M$! +<*9:D%<C*+6%9! 5<%&8::! *:! 6>>K:+<*+8/! GN! h6>:%9! 8+! *>0!
-#22I10!L69*>>N(!+'8!987*+6U8!8DD8&+!%D!M$!:%N*!&%K>/!G8!C8/6*+8/!GN!+'8!*&&KCK>*+6%9!
%D! @%K9/K5! <8:6/K8:! 69! M$! :%N*0! S%W8U8<(! 9%!C%<+*>6+N! W*:! %G:8<U8/! W6+'! D8C*>8!
<*+:(!9%<!W6+'!+'8!N%K97!5K5:!:K<U6U8/(!*>+'%K7'!+'8N!*>:%!G87*9!+%!8*+!+'8!M$!:%N*(!6+!
W*:!:K55%:8/!+'*+!+'8!8DD8&+!&%K>/!G8!C8/6*+8/!GN!+'8!+W%!D6<:+!D*&+%<:0!!

8%,%"%($%*+
d<*A8!FM!*9/!.U89:%9!F=! -#22Y1R!B! 7898<*+6%9*>! :+K/N!%D! 7>N5'%:*+8"+%>8<*9+! :%NG8*9:!%9!

C%K:8! D8+*>(! 5%:+9*+*>(! 5KG8<+*>! *9/! */K>+! +8:+6&K>*<! /8U8>%5C89+0! L%%/!
E'8C6:+<N!*9/!;%^6&%>%7N!Y#R!#l"X30!!

E%7'>*9!B!-#22#1R!M$!&<%5!F_B!D%K9/!69!'KC*9!7K+!GK7:0!_8W]&689+6:+0!#22#0!

.<C*A%U*! Qf! -#22I1R! E%9&>K:6%9! +%! +'8! <85%<+! *G%K+! D88/697! %D! <*+:! GN! 7898+6&*>>N! C%/6D68/!
5%+*+%8:!@K::8+!dK<G*9A!B7<*<6*9!@K::6*!#22IR!3#"3Y0!

.W89!]h(!=K:b+*6!B!-Hlll1R!.DD8&+!%D!/68+:!&%9+*69697!7898+6&*>>N!C%/6D68/!5%+*+%8:!8^5<8::697!
M*>*9+'K:!96U*>6:!>8&+69!%9!<*+!:C*>>!69+8:+6980!J*9&8+!XIY!-lHkZ10!

S%! $h! *9/! ;*558:8<! d! -HllZ1R! =%+89+6*>! &%9+<6GK+6%9:! %D! '%<6b%9+*>! 7898! +<*9:D8<! +%! +'8!
+<*9:G%K9/*<N!C%U8C89+!%D!>6U697!C%/6D68/!%<7*96:C:!<8:K>+697!D<%C!C%/8<9!
G6%+8&'9%>%7N0! Q9! ;<*9:G%K9/*<N! $%U8C89+! %D! J6U697! $%/6D68/! T<7*96:C:!
@8:K>+697! D<%C!$%/8<9!d6%+8&'9%>%7NR! Q::K8:!*9/!T55%<+K96+68:! D%<!=%>6&N"
$*A8<:! -)0a0! $K>%97%N(! 8/01! Q9+8<9*+6%9*>! B&*/8CN! %D! +'8! .9U6<%9C89+(!
]W6+b8<>*9/R!HZH"HlX0!!

)Kb98+&%U! ff(! )K>6A%U! B$(! $6+<%'69! QB! *9/! E6/89/*CG*8U! fF! -#22Y1R! M898+6&*>>N! C%/6D68/!
%<7*96:C:!*9/!G6%>%76&*>!:*D8+N0!.&%:!#22YR!X"3Y0!

$*>*+8:+*! $(! d6776%78<*! $(! $*9K*>6! .(! @%&&'6! $dJ(! d*>/8>>6! d(! M*bb*98>>6! M! -#22X1R! L698!
:+<K&+K<*>! *9*>N:8:! %D! 5*9&<8*+6&! *&69*<! &8>>! 9K&>86! D<%C! C6&8! D8/! %9! M$!
:%NG8*90!.K<0!a0!S6:+%&'8C0!YZR!XkI"Xkk0!

$*>*+8:+*! $(! E*5%<*>%9N! E(! M*U*K/*9! ](! @%&&'6! $dJ(! ;6G8<6! E(! M*bb*98>>6! M! -#22#1R!
i>+<*:+<K&+K<*>(! C%<5'%C8+<6&*>! *9/! 6CCK9%&N+%&'8C6&*>! *9*>N:6:! %D!
'85*+%&N+8! 9K&>86! D<%C! C6&8! D8/! %9! 7898+6&*>>N! C%/6D68/! :%NG8*90! E8>>!
]+<K&+0!LK9&+0!#ZR!HZX"Hk20!!

$8<&8<!F)(!]&%++!)=(!d<K&8"a%'9:%9!hB(!M>%U8<!JB!*9/!L>69+!Sa!-Hlll1R!L*+8!%D!D<88!F_B!*9/!
+<*9:D%<C*+6%9!%D!%<*>!G*&+8<6KC!]+<85+%&%&&K:!7%</%966!FJH!5>*:C6/!F_B!69!
'KC*9!:*>6U*0!B55>68/!*9/!.9U6<%9C89+*>!$6&<%G6%>%7N!3IR!3"H20!!

=K:b+*6! B! -Hllk1R! @85%<+! %D! =<%,8&+! E%%</69*+%<! %9! /*+*! 5<%/K&8/! *+! +'8! @%W8++! @8:8*<&'!
Q9:+6+K+80!]TB.LF!D>8^6G>8!LK9/!=<%,8&+!@T!kHk0!##!T&+%G8<!Hllk0!

=K:b+*6! B! -#22H1R! M898+6&*>>N! $%/6D68/! L%%/:R! B<8! ;'8N! *! @6:A! +%! SKC*9VB96C*>! S8*>+'0!
d6%+8&'9%>%7NR!7898+6&*>>N!C%/6D68/!%<7*96:C:0!#22H0!!

]&'KGG8<+!@(!J8++C*99!E!*9/!F%8<D>8<!h!-HllY1R!Q978:+8/!D%<8679!-5'*78!$HX1!F_B!:K<U6U8:!
+<*9:689+>N! 69!+'8!7*:+<%69+8:+69*>! +<*&+!*9/!89+8<:!+'8!G>%%/!:+<8*C!%D!C6&80!
$%>8&K>8:0!M898:!*9/!M898+6&:!#Y#0!YlI"I2Y0!!
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! "!Y3!"! !

]&'KGG8<+!@(!S%'>W87!i(!@89b!F!*9/!F%8<D>8<!h!-Hllk1R!T9!+'8!D*+8!%D!%<*>>N!6978:+8/!D%<8679!
F_B! 69! C6&8R! &'<%C%:%C*>! *::%&6*+6%9! *9/! 5>*&89+*>! +<*9:C6::6%9! 69! +'8!
D8+K:0!$%>8&K>8:0!M898:!*9/!M898+6&:!#IlR!I3l"IZ30!!

;<**U6A! ;! -Hlll1R! ;%%! .*<>N!$*N! d8! ;%%! J*+80! .&%>%76&*>! @6:A:! B::%&6*+8/!W6+'! +'8!i:8! %D!
_*A8/! F_B! *:! *! d6%>%76&*>! ;%%>! D%<! @8:8*<&'(! =<%/K&+6%9! *9/! ;'8<*5N!
-_%<W876*910!@85%<+! D%<! +'8!F6<8&+%<*+8!D%<!_*+K<8!@8:8*<&'!;K97*:>8++*!#(!
Z22I!;<%9/'86C0!.97>6:'!+<*9:>*+6%9(!Hlll0!

m*97!J(!F697!a(!g'*97!E(!a6*!a(!h897!S(!J6K!h(!g'*97!F!-#22I1R!.:+6C*+697!+'8!&%5N!9KCG8<!%D!
+<*9:7898:!69!+<*9:D%<C8/!<6&8!GN!<8*>"+6C8!`K*9+6+*+6U8!=E@0!=>*9+!E8>>!@850!
#X(!H2"HHR!ZIl"Z3X0!

f8&&'6%!J(!E6:+8<9*!d(!$*>*+8:+*!$(!$*<+69!;.(!d6776%78<*!d!-#22X1R!i>+<*:+<K&+K<*>!*9*>N:6:!%D!
+8:+8:!D<%C!C6&8!D8/!%9!7898+6&*>>N!C%/6D68/!:%NG8*90!.K<0!a0!S6:+%&'8C0!YkR!
YYl"YIX0!!

h6>:%9! B(! J*+'*C! a(! ]+869G<8&'8<! @! -#22Y1R! M89%C8! ]&<*CG>697! n! $N+'! %<! @8*>6+Nt!
;<*9:D%<C*+6%9!"!Q9/K&8/!$K+*+6%9:! 69! ;<*9:7896&! E<%5! =>*9+:0! .&%_8^K:(!
#22Y(!XI50!

h69/8>:!=(!;*U8<968<:!Q(!F856&A8<!B(!f*9!d%&A:+*8>8!.(!F8!J%%:8!$!-#22H1R!E'*<*&+8<6:*+6%9!%D!
+'8!@%K9/K5!@8*/N!:%NG8*9!69:8<+0!.K<0!L%%/!@8:0!;8&'9%>0!#XHR!H2ZnHH#0!

h%<>/!]&689+6:+:!]+*+8C89+0!]K55>8C89+*<N!Q9D%<C*+6%9!%D!+'8!S*b*</:!%D!M898+6&!.976988<697!
d6%+8&'9%>%7N0!;'6</!h%<>/!_8+W%<A0!#2220!

:$9(#R6%&)%;%(-*C+

Q!*C!U8<N!+'*9ADK>!+%!F<0!]K:*9!=K:b+*6!*9/!F<0!B<5*/!=K:b+*6!D%<!U*>K*G>8!<8C*<A:!*9/!
&%CC89+:0!

!

!
45W6%+PC+J#"-56'-V+#,+"5-+2L2*+WV+-.%+%(&+#,+-.%+Z"&+R%%9+#,+65$-5-'#(a+b$#;25"%&+-#+-.%+OJ+
*#V5+,6#L"+*L226%;%(-%&+)"#L2+

O"#L2*+ TL;W%"+#,+2L2*+W#"(+ TL;W%"+#,+&%5&+2L2*+ S%5&+2L2*c-#-56+W#"(+
^d_+

!#*'-'=%+$#(-"#6+ YY! X!
-5�2(222HHk1x!

30k!u!

4"5&?+A#V5+ XX! X!
-5�2(222H2X1x!

l!u!

OJ+*#V5+ YI! #I! II03!u!

!
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! "!YZ!"! !

45W6%+QC+TL;W%"+"5-+2L2*+&'%&+,"#;+-.%+6'--%"+#,+'(&'='&L56+,%;56%*+#(+-.%+OJ+*#V5+,6#L"+
*L226%;%(-%&+&'%-++

F%;56%*+ TL;W%"+#,+(%RW#"(+
"5-*+

TL;W%"+#,+2L2*+
&'%&+

TL;W%"+#,+&%5&+
2L2*cW#"(+^+d_++

L8C*>8!_%0!H! HH! Z! 3Y!u!
L8C*>8!_%0!#! k! Y! I2!u!
L8C*>8!_%0!X! HX! 3! Y3!u!
L8C*>8!_%0!Y! HX! k! 3#!u!

!
45W6%+Z?4.%+(L;W%"+#,+&%5&+2L2*+^(L;W%"+5(&+5*+d_+,"#;+-.%+-"%5-;%(-+)"#L2*+5-+
&',,%"%(-+-';%*+5,-%"+W'"-.+

O"#L2*+ P*-+R%%9+ Q(&+R%%9+ Z"&+R%%9+
=%:6+6U8!&%9+<%>! Y0I!u!-#1! #0X!u!-H1! 2!
;<*/0!]%N*! l!u!-X1! 2! 2!
M$!:%N*! XH(H!u!-HY1! HX(Y!u!-31! HH(Hu!-I1!
!
45W6%+@?+D%').+&'*-"'WL-'#(+#,+"5-+2L2*+WV+Q+R%%9*+#,+5)%+#(+&',,%"%(-+&'%-*a+b+e+'(+
$#;25"'*#(+R'-.+OJU)"#L2+

O"#L2C+ 50-40 g 40-30 g 30-20 g 20-10 g 
=%:6+6U8!&%9+<%>! H#0I!u! XZ0I!u! YY!u! 3!u!x!-5y202H1!
;<*/0!:%N*! 2!u! #2!u! ZX0X!u! 30Z!u!x!-5y202I1!
M$!:%N*! 2!u! #X!u! YH!u! X3!u!

!
45W6%+BC+1\5;26%*+#,+5W*#6L-%+=56L%*+#,+#")5(+;5**+'(+2L2*+'(+-."%%+R%%9*+5,-%"+-.%'"+
W'"-.?+F'\5-'#(+'(+,#";56&%.V&%+X?PJ+!KA3+2Y[?Q?+

TT+ K#&V+ f'=%"+ fL()*+ Y%5"-+ G'&(%V*+ A26%%(+ 4%*-%*+ K"5'(+
_#3p!!
&%9+<%>! 3l! X0k2! H0#2! 20XZ! 20YYV20YY! 20I#! 20XYV20XY! P?E[+

_#Zp!!
&%9+<%>! Z#! Y03X! H0II! 20Xk! 20I#V20Y#! 20kH! 20XV20X! P?E+

_#kp!!
M$!:%N*! XI! H0kX! 203! 20Hl! 20#kV20#k! 20#H! 20HXV20HY! P?EX+

_#lp!!
M$!:%N*! X2! H03k! 20I! 20#2! 20HlV20#2! 20Hl! 20HYV20Hk! P?B@+

_X2p!!
+<*/0!:%N*! 3#! Y0#k! 20lI! 20X3! 20XkV20Xk! 20#Y! 20##V20#3! P?[E+

_XHp!!
+<*/0!:%N*! 3X! Y0XI! 20lY! 20Xl! 20Y#V20Y#! 20X#! 20##V20#X! P?EE+

!
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! "!Yk!"! !

J5(L%65+ J565-%*-5C+ :+ &'%-+ W5*%&+ #(+ )%(%-'$566V+ ;#&','%&+
*#VW%5(+5,,%$-*+$%66+,L($-'#(*+'(+;'$%+

_%!/6<8&+!8U6/89&8!'*:!:%!D*<!G889!<85%<+8/!+'*+!7898+6&*>>N!C%/6D68/!-M$1!D%%/!C*N!
*DD8&+!'KC*9!%<!*96C*>!'8*>+'p!'%W8U8<(!+'8!:&689+6D6&!>6+8<*+K<8!69!+'6:!D68>/!&%9:6:+:!%D!
D8W!'8+8<%7898%K:!<85%<+:!&%9&8<9697!/6DD8<89+!5%+89+6*>!<6:A:(!:K&'!*:!*>>8<7N(!D*+8!%D!
+<*9:7896&!F_B!*9/!5<%+869:(!+%^6&!8DD8&+:!-8070!H"3(H#10!Q9!5*<+6&K>*<(!>%97"+8<C!:+K/68:!
%9!+'8!5%::6G>8!8DD8&+:!%9!*96C*>:!%D!*!/68+!69U%>U697!:6796D6&*9+!*C%K9+:!%D!M$!5>*9+:!
*<8!`K6+8!:&*<&80!!

Q9!D*&+(!*9N!5%::6G>8!"!86+'8<!/6<8&+!%<!69/6<8&+(!6CC8/6*+8!%<!&KCK>*+6U8!"!&%9:8`K89&8!
%D!+'8!&%9:KC5+6%9!%D!M$!%<7*96:C:!:'%K>/!G8!+*A89!69+%!&%9:6/8<*+6%9!+%!8U*>K*+8!+'8!
:*D8+N!%D!+<*9:7896&!D%%/0!

Q9! +'8! >67'+!%D! +'6:!*::KC5+6%9(!W8!/8&6/8/! +%!*9*>N:8! +'8!8DD8&+:!%D!*!/68+!&%9+*69697!
M$!:%NG8*9!%9!C%K:8! &8>>:! *9/! +6::K8:p! *&+K*>>N(!C%K:8! 6:! *! :K6+*G>8!*9/!8*:N"+%"
'*9/>8! 8^58<6C89+*>! :58&68:! W6+'! *! <8>*+6U8>N! :'%<+! >6D8:5*9! W'6&'! *>:%! *>>%W:! +%!
5<%58<>N! 8U*>K*+8! 5%::6G>8! &KCK>*+6U8! 8DD8&+:0! B! CK>+6/6:&65>69*<N! *55<%*&'! W*:!
:8>8&+8/! +%! 8U*>K*+8! +'8! <8>*+6%9:'65:! G8+W889! &8>>! :+<K&+K<*>! C%/6D6&*+6%9:! *9/! +'8!
<8:K>+697!DK9&+6%9*>!&'*978:0!!

=<879*9+! ]W6::! C6&8! W8<8! D8/! %9! *! /68+! &%9+*69697! W'8*+(! G*<>8N(! C*6b8(! *>D*>D*(!
:A6CC8/! C6>A(! C698<*>:! *9/! HYu! %D! *! M$! :%NG8*9! -@%K9/K5! @8*/N(! >698! Y2"X"#1!
%G+*698/!GN!+'8!69:8<+6%9!%D!+'8!G*&+8<6*>!E=Y!.=]=]!7898!-I"89%>5N<KUN>:'6A6C*+8"X"
5'%:5'*+8! :N9+'*:8(! D<%C! Agrobacterium sp.! :+<*69! E=Y1! &%9D8<<697! +%>8<*9&8! +%!
7>N5'%:*+8(! 6080! +'8! *&+6U8! 697<8/689+! %D! +'8! '8<G6&6/8! @%K9/K5#! -HH10! Q9! 5*<*>>8>(!
&%9+<%>!C6&8!W8<8!D8/!%9!+'8!:*C8!/68+!&%9+*69697!9%9"M$!:%NG8*90!;'8!>6++8<!W8<8!D8/!
%9!+'8!<8:58&+6U8!5*<89+*>!/68+!*9/!+'8!*96C*>:!W8<8!A6>>8/!*+!+'8!*78!%D!H(!#(!I(!k(!H#(!
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