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Quantitative proteogenomics of human pathogens using DIA-MS.
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%/?!T8&G4&*1/=!+08!1/1+1%)!50%&%5+8&1B%+14/'!4G!+08!5)1/15%)!1'4)%+8'Z!IJE !

D101%1/'1#(IJI !

`"a! <F50%&4:%-!oZd!^138&-!@Z!6Z!D&4+84=8/4*15'!1/!*15&4714)4=OY!+%31/=!+08!IJJ !
&1=0+!+F&/!%+!+08!vF/5+14/!4G!=8/4*15'!%/?!T&4+84*15'Z!6#&"$&.7')!"%&B-!IJK !
89-!#AJVn#JKIZ!IJR !

`#a! e%''8&-!^Zd!28&8'-!9Z!2Zd!;)'8/-!XZ!HZd!S8%/-!(Z!.Zd!X158-!<Z!.Zd!$4/=-!9Z!^Zd!IJU !
<&1'+1/''4/-!<Z!6Zd!64++G&8?''4/-!(Zd!oF4T14-!HZd!X%1'%/8/-!<Zd!8+!%)Z!IKV!
f:4)F+14/%&O!T%+0Q%O!+4!1/5&8%'8?!:1&F)8/58!%/?!8T1?8*15!=&4FT!.!IK" !
9+&8T+45455F'!?1'8%'8!?8&1:8?!G&4*!A-J"I!=8/4*8!'8\F8/58'Z!6#&'1*:4";1*IK# !
5'4<1*!'71*=1!151!"%&B-!888-!f "KJRnf"KKJZ!IKA!

`Aa! ;)'8/-!XZ!HZd!$%F51&15%-!SZ!XZd!^%+31/'-!(Z!fZd!c8'38-!(Z!$Zd!6%&51%_2F'+1))4'-!HZ!IKE!
XZd!oF-!CZd!C%/+F-!CZd!908)7F&/8-!9Z!.Zd!c1++1T%)?1-!eZd!<F*%&%'Q%*1-!(Zd!8+!%)Z!IKI !
D4)O*4&T01'*'!1/!&8=F)%+4&!4G!T&4+8%'8!2!`X4T2a!%)+8&!?1'8%'8!IKJ !
T08/4+OT8!%/?!'+&%1/!:1&F)8/58!4G!'8&4+OT8!(A!=&4FT!.!9+&8T+45455F'Z!>1*IKK!
?-@$'"1*A7)1!"%&"-!BCD-!"K"Un"K#UZ!IKR!

`Ea! fF)8&-!CZ!^Zd!XO%/-!DZ!.Zd!(%&+1/-!HZ!(Zd!c1'508++1-!oZ!.Z!(Z9TOL-!%!Se.!IKU!
*8+0O)+&%/'G8&%'8!8/54?8?!4/!%!*8G.!501*8&15!8)8*8/+-!*4?1G18'!+08!IRV!
=8/4*8!4G!9+&8T+45455F'!TO4=8/8'Z!>1*E4'"$#7&;1!"%%I-!8FG-!"VEEn"VIEZ!IR" !

`Ia ! <%/+-!9Zd!.=%&Q%)-!9Zd!D%/504)1-!DZd!D%/504)1-!oZ!M08!9+&8T+45455F'!IR#!
TO4=8/8'!4&T0%/!T&4+81/!+O&4'1/8!T04'T0%+%'8-!9D_DMD-!T4''8''8'!?F%)!IRA!
'T851G151+O!%/?!8''8/+1%)!:1&F)8/58!&8=F)%+4&O!GF/5+14/'Z!H&;1*H7'#&I7&;1!IRE!
"%&E-!/W%n/W%Z!IRI !

`Ja! s%+8'-!CZ!(Zd!9+8&/78&=-!(Z!HZ!fZ!M08!8GG85+'!4G!/4/_'O/4/O*4F'!'1/=)8!IRJ !
/F5)84+1?8!T4)O*4&T01'*'!`/'9eD'a!4/!T&4+81/_T&4+81/!1/+8&%5+14/'Z!>1*IRK!
H&;1*E7&;1!"%&$-!9BD-!AUEUnAUJAZ!IRR!

`Ka! @4&'+*%//-!eZd!9%0%'&%704v%/8-!DZd!9F78&-!2Zd!<F*%&%'Q%*1-!(Zd!;)'8/-!XZ!IRU!
HZd!c)4&8'-!.Zd!(F''8&-!HZ!(Zd!2&8//%/-!XZ!6Zd!908)7F&/8-!9Z!.Z!S1'+1/5+!'1/=)8!IUV!
%*1/4!%51?!&8T)%58*8/+'!1/!+08!54/+&4)!4G!:1&F)8/58!&8=F)%+4&!T&4+81/!IU" !
?1GG8&8/+1%))O!1*T%5+!'+&8T+45455%)!T%+04=8/8'1'Z!6J&!*64"3&,1!"%&&-!K-!IU#!



! #I !

8"VV#A""Z!IUA!
`Ra! e8':1B0'311-!.Z!LZd!<8))8&-!.Zd!<4)38&-!fZd!.878&'4)?-!XZ!.!'+%+1'+15%)!*4?8)!IUE!

G4&!1?8/+1GO1/=!T&4+81/'!7O!+%/?8*!*%''!'T85+&4*8+&OZ!5-4;1*L3$.1!"%%$-!IUI !
KD-!EJEJnEJIRZ!IUJ !

`Ua! <8))8&-!.Zd!e8':1B0'311-!.Z!LZd!<4)38&-!fZd!.878&'4)?-!XZ!f*T1&15%)!'+%+1'+15%)!IUK!
*4? 8)!+4!8'+1*%+8!+08!%55F&%5O!4G!T8T+1?8!1?8/+1G15%+14/'!*%?8!7O!IUR!
(9W(9!%/?!?%+%7%'8!'8%&50Z!5-4;1*L3$.1!"%%"-!K9-!IARAnIAU#Z!IUU!

`"Va! C0%T*%/-!HZ!SZd!644?)8++-!SZ!XZd!(%''8)4/-!CZ!SZ!(F)+1T)8]8?!%/?!?%+%_JVV!
1/?8T8/?8/+!+%/?8*!*%''!'T85+&4*8+&O!G4&!=)47%)!T&4+84*8!T&4G1)1/=Z!JV" !
H4))*!%$'"#&.*M$N!"%&B-!OO-!EI#nEKVZ!JV#!

`""a ! DF&:1/8-!9Zd!fTT8)-!HZ_MZd!s1-!fZ!CZd!644?)8++-!SZ!XZ!904+=F/!54))1'14/_1/?F58?!JVA!
?1''451%+14/!4G!T8T+1?8'!F'1/=!%!+1*8!4G!G)1=0+!*%''!%/%)OB8&Z!6#&"$&.7')!JVE!
"%%$-!O-!REKnRIVZ!JVI !

`"#a! X%*4'-!.Z!.Zd!s%/=-!@Zd!X4'8/-!$Z!fZd!s%4-!kZ!M%/?8*!T%&%))8)!G&%=*8/+%+14/!JVJ!
4G!T8T+1?8'!G4&!*%''!'T85+&4*8+&OZ!5-4;1*L3$.1!"%%H-!KF-!JAU"nJAUKZ!JVK!

`"Aa! 91):%-!HZ!CZd!S8//O-!XZd!S4&'508)-!CZ!.Zd!64&8/'+81/-!(Zd!<%''-!LZ!HZd!$1-!6Z_PZd!JVR!
(5<8//%-!MZd!e4)?-!(Z!HZd!X150%&?'4/-!<Zd!s4F/=-!DZd!8+!%)Z!bF%/+1+%+1:8!JVU!
T&4+84*15!%/%)O'1'!7O!%55F&%+8!*%''!&8+8/+14/!+1*8!T%1&'Z!5-4;1*L3$.1!J"V !
"%%E-!KK-!#"RKn##VVZ!J"" !

`"Ea! 681=8&-!MZd!C4]-!HZd!(%//-!(Z!D&4+84*15'!4/!%/!;&71+&%T!78/50+4T!*%''!J"# !
'T85+&4*8+8&!F'1/=!%))_14/!G&%=*8/+%+14/Z!H&;1*L$;;*6#&"$&.7')!"%&%-!G-!J"A !
##I# n##J"Z!J"E !

`"Ia ! o8/%7)8-!HZ!SZd!S4/=-!(Z_bZd!^40)'50)8=8)-!HZd!S1))1/-!.Zd!s%+8'-!HZ!XZ!J"I !
.F+4*%+8?!%TT&4%50!G4&!\F%/+1+%+1:8!%/%)O'1'!4G!54*T)8]!T8T+1?8!J"J !
*1]+F&8'!G&4*!+%/?8*!*%''!'T85+&%Z!:4"1*H$"3&<)!"%%B-!8-!AUnEIZ!J"K !

`"Ja ! C%&:%)04-!DZ!CZd!@%/-!kZd!kF-!MZd!C4514&:%-!SZd!C%&:%)04-!(Z!SZ!6Zd!2%&74'%-!oZ!J"R!
CZd!s%+8'-!HZ!XZ!kSL.Y!1*T&4:1/=!4/!+08!)%78)_G&88!?%+%_1/?8T8/?8/+!J"U!
%/%)O'1'Z!E7&7-@&#.4"7')!"%&%-!BP-!REKnRERZ!J#V!

`"Ka! 61))8+-!$Z!CZd!e%:%&&4-!DZd!M%+8-!9Zd!X4'+-!@Zd!98)8:'83-!eZd!X81+8&-!$Zd!24//8&-!J#" !
XZd!.878&'4)?-!XZ!M%&=8+8?!?%+%!8]+&%5+14/!4G!+08!(9W(9!'T85+&%!J##!
=8/8&%+8?!7O!?%+%_1/?8T8/?8/+!%5\F1'1+14/Y!%!/8Q!54/58T+!G4&!54/'1'+8/+!J#A!
%/?!%55F&%+8!T&4+84*8!%/%)O'1'Z!H&;1*L$;;*6#&"$&.7')!"%&"-!88-!J#E!
;"""ZV"JK"K n;"""ZV"JK"KZ !J#I !

`"Ra! ^81'7&4?-!CZ!XZd!f/=-!HZ!<Zd!@44T*%//-!(Z!XZd!2%38&-!MZd!2&F58-!HZ!fZ!J#J!
.55F&%+8!T8T+1?8!G&%=*8/+!*%''!%/%)O'1'Y!*F)+1T)8]8?!T8T+1?8!J#K!
1?8/+1G15%+14/!%/?!\F%/+1G15%+14/Z!>1*6#&"$&.$*M$)1!"%&"-!88-!"J#" n"JA#Z!J#R!

`"Ua! X,'+-!@Z!$Zd!X4'8/78&=8&-!6Zd!e%:%&&4-!DZd!61))8+-!$Zd!(1)%?1/4:1{-!9Z!(Zd!J#U!
950F78&+-!;Z!MZd!^4)'31-!^Zd!C4))1/'-!2Z!CZd!(%)*'+&4*-!HZd!(%)*'+&4*-!$Zd!8+!JAV!
%)Z!;T8/9^.M@!8/%7)8'!%F+4*%+8?-!+%&=8+8?!%/%)O'1'!4G!?%+%_JA" !
1/?8T8/?8/+!%5\F1'1+14/!(9!?%+%Z!:4"1*E7&"$'3-&;1!"%&B-!OB-!#"Un##AZ!JA#!

`#Va! 2)%537F&/-!<Zd!(78F/3F1-!cZd!(1+&%-!9Z!<Zd!(8/+B8)-!MZd!64'08-!(Z!2Z!JAA!
L*T&4:1/=!T&4+81/!%/?!T&4+84*8!54:8&%=8!+0&4F=0!?%+%_1/?8T8/?8/+!JAE!
*F)+1T)8]8?!T8T+1?8!G&%=*8/+%+14/Z!>1*6#&"$&.$*M$)1!"%&%-!G-!AJ#"nAJAKZ!JAI !

`#"a! 68&4*%/4'-!9Z!HZd!o1''8&'-!HZ!DZ!CZd!91):%-!HZ!CZd!S4&'508)-!CZ!.Zd!$1-!6Z_PZd!JAJ!
64&8/'+81/-!(Z!oZd!2%+8*%/-!XZ!@Zd!$%/=&1?=8-!HZ!LZ!M08!?8+85+14/-!JAK!
54&&8)%+14/-!%/?!54*T%&1'4/!4G!T8T+1?8!T&85F&'4&!%/?!T&4?F5+!14/'!G&4*!JAR!
?%+%!1/?8T8/?8/+!$C_(9!Q1+0!?%+%!?8T8/?%/+!$C_(9W(9Z!6#&"$&.7')!JAU!
"%%#-!G-!"JRAn"JUIZ!JEV!

`##a! (4)85F)%&!7%'1'!4G!=&4FT!.!'+&8T+45455%)!:1&F)8/58Z!"%%$-!O-!"U"n#VVZ!JE" !



! #J!

`#Aa! (1+508))-!MZ!HZ!M08!T%+04=8/8'1'!4G!'+&8T+45455%)!1/G85+14/'Y!G&4*!+44+0!JE#!
?85%O!+4!*8/1/=1+1'Z!:4"1*M$N1*H7'#&I7&;1!"%%$-!8-!#"Un#AVZ!JEA!

`#Ea! CF//1/=0%*-!(Z!^Z!D%+04=8/8'1'!4G!=&4FT!.!'+&8T+45455%)!1/G85+14/'Z!JEE!
L;7-1*H7'#&I7&;1*M$N1!"%%%-!8O-!EKVnI""Z !JEI !

`#Ia ! 21'/4-!.Z!$Zd!2&1+4-!(Z!;Zd!C4))1/'-!CZ!(Z!(4)85F)%&!7%'1'!4G!=&4FT!.!JEJ!
'+&8T+45455%)!:1&F)8/58Z!J4-'$"*?-@$'"*A7)!"%%$-!O-!"U"n#VVZ!JEK!

`#Ja! 9+88&-!.Z!CZd!$%Q-!LZd!(%+%+4)F-!$Zd!28%))-!2Z!^Zd!C%&%T8+1'-!HZ!XZ!6)47%)!8**!JER!
+OT8!?1'+&17F+14/!4G!=&4FT!.!'+&8T+454551Y!'O'+8*%+15!&8:18Q!%/?!JEU!
1*T)15%+14/'!G4&!:%551/8!?8:8)4T*8/+Z!J4-'$"*?-@$'"*A7)!"%%#-!G-!J"" nJIV !
J"JZ!JI" !

`#Ka! ;|2&18/-!<Z!$Zd!28%))-!2Zd!2%&&8++-!eZ!$Zd!C18')%3-!DZ!XZd!X81/=4)?-!.Zd!c%&)8O-!(Z!JI# !
(Zd!S%/1)%-!XZd!P8))-!fZ!XZd!c%53)%*-!XZd!950Q%&+B-!2Zd!8+!%)Z!fT1?8*14)4=O!4G!JIA !
1/:%'1:8!=&4FT!%!'+&8T+45455F'!?1'8%'8!1/!+08!N/1+8?!9+%+8'-!"UUI_"UUUZ!JIE !
L;7-1*?-@$'"1*A7)1!"%%"-!OD-!#JRn#KJZ!JII !

`#Ra! <%0/-!cZd!$1/?8&-!.Zd!D8+8&''4/-!.Z!CZd!C0&1'+8/''4/-!2Zd!X%'*F''8/-!(Z!JIJ !
.]1))%&O!%7'58''!54*T)15%+8?!7O!:8/4F'!+0&4*74'1'Y!1?8/+1G15%+14/!4G!JIK !
9+&8T+45455F'!TO4=8/8'!7O!"J9!DCXZ!>1*L;7-1*H7'#&I7&;1!"%&%-!9F-!AEAInJIR !
AEAKZ!JIU !

`#Ua! 6F&8:150-!.Zd!9%:8)18:-!oZd!oO%001-!eZd!M8')8&-!6Z!bN.9MY!\F%)1+O!JJV!
%''8''*8/+!+44)!G4&!=8/4*8!%''8*7)18'Z!E7&7-@&#.4"7')!"%&$-!BG-!"VK#nJJ" !
"VKIZ!JJ#!

`AVa! 91*T'4/-!HZ!MZd!^4/=-!<Zd!H%53*%/-!9Z!SZd!95081/-!HZ!fZd!H4/8'-!9Z!HZ!(Zd!21&4)-!LZ!JJA!
.2O99Y!%!T%&%))8)!%''8*7)8&!G4&!'04&+!&8%?!'8\F8/58!?%+%Z!Q$-&.$*M$)1!JJE!
"%%#-!8G-!"""K n""#AZ!JJI !

`A"a! 988*%//-!MZ!D&433%Y!&%T1?!T&43%&O4+15!=8/4*8!%//4+%+14/Z!JJJ !
E7&7-@&#.4"7')!"%&B-!OC-!#VJRn#VJUZ!JJK!

`A#a! C0%*78&'-!(Z!CZd!(%5)8%/-!2Zd!2F&38-!XZd!.*4?81-!SZd!XF?8&*%/-!SZ!$Zd!JJR!
e8F*%//-!9Zd!6%++4-!$Zd!c1'508&-!2Zd!D&%++-!2Zd!f=8&+'4/-!HZd!8+!%)Z!.!5&4''_JJU!
T)%+G4&*!+44)31+!G4&!*%''!'T85+&4*8+&O!%/?!T&4+84*15'Z!:4"1*E7&"$'3-&;1!JKV!
"%&"-!OC-!U"RnU#VZ!JK" !

`AAa! bF%/?+-!.Zd!f'T4/%-!$Zd!2%)%'34-!.Zd!^81''8&-!@Zd!2&F'/1%3-!(Z_sZd!<F/'B+-!JK#!
DZd!.878&'4)?-!XZd!(%)*'+&4*-!$Z!N'1/=!'O/+08+15!T8T+1?8'!+4!78/50*%&3!JKA!
T8T+1?8!1?8/+1G15%+14/!'4G+Q%&8!%/?!'8%&50!T%&%*8+8&'!G4&!(9W(9!?%+%!JKE!
%/%)O'1'Z!2(65*R%$-*6#&"$&.7')!"%&B-!D-!#"nA"Z!JKI !

`AEa! C&%1=-!XZd!28%:1'-!XZ!CZ!M.eSf(Y!*%+501/=!T&4+81/'!Q1+0!+%/?8*!*%''!JKJ!
'T85+&%Z!E7&7-@&#.4"7')!"%%B-!BC-!"EJJn"EJKZ!JKK!

`AIa! S%:1?!$!M%77d!C0&1'+4T08&!6!c8&/%/?4-!.Zd!C0%*78&'-!(Z!CZ!(O&1(%+50Y}!JKR!
@1=0)O!.55F&%+8!M%/?8*!(%''!9T85+&%)!D8T+1?8!L?8/+1G15%+14/!7O!JKU!
(F)+1:%&1%+8!@OT8&=84*8+&15!./%)O'1'Z!>1*6#&"$&.$*M$)1!"%%I-!P-!JIEnJJ"Z!JRV!

`AJa! X4'8/78&=8&-!6Zd!<40-!CZ!CZd!6F4-!MZd!X,'+-!@Z!$Zd!<4F:4/8/-!DZd!28/!C!JR"!
C4))1/'d!@8F'8)-!(Zd!$1F-!sZd!C%&4/-!fZd!o150%)34:'31-!.Zd!8+!%)Z!.!&8T4'1+4&O!JR#!
4G!%''%O'!+4!\F%/+1GO!"V-VVV!0F*%/!T&4+81/'!7O!9^.M@_(9Z!!'7$-"7@7'*JRA!
A4"4S*6(I;7)3$<*&-;7-$T*8P*!$%"$.I$#*BC89U*V*<&7T8C18COF/)<4"41BC891O8!JRE!
"%&B-!8-!"EVVA"Z!JRI !

`AKa! 2%F50-!.Zd!.?%*5BO3-!LZd!2F5B83-!DZd!f)*8&-!cZ_HZd!f/1*%/8:-!<Zd!6)OB8Q'31-!JRJ!
DZd!<40)8&-!(Zd!DO)%3-!MZd!bF%/?+-!.Zd!X%*%3&1'0/%/-!CZd!8+!%)Z!4T8/2L9Y!%!JRK!
G)8]17)8!G&%*8Q4&3!G4&!*%/%=1/=!%/?!%/%)OB1/=!54*T)8]!?%+%!1/!714)4=O!JRR!
&8'8%&50Z!EHL*E7&7-@&#.4"7')!"%&&-!8B-!EJRZ!JRU!

`ARa! <F/'B+-!DZd!2)F*-!$Zd!@F))~&-!2Zd!950*1?-!fZd!9&87/1%3-!.Zd!^4)'31-!^Zd!X1//-!JUV!



! #K!

2Zd!f)*8&-!cZ_HZd!X%*%3&1'0/%/-!CZd!bF%/?+-!.Zd!8+!%)Z!1D4&+%)Y!+08!'Q1''!=&1?!JU"!
T&4+84*15'!T4&+%)Z!L&-'(##$-'+*4-<*L&.%("4"7&-T*6#4'"7'$*4-<*JU#!
2W%$#7$-'$!"%&B-!/W%n/W%Z!JUA!

`AUa! M8)8*%/-!HZd!X,'+-!@Z!$Zd!X4'8/78&=8&-!6Zd!950*1++-!NZd!(%)*'+&4*-!$Zd!JUE!
(%)*'+&4*-!HZd!$8:%/?8&-!cZ!SL.e._%)=4&1+0*15!1*T&4:8*8/+'!G4&!JUI !
%/%)O'1'!4G!?%+%_1/?8T8/?8/+!%5\F1'1+14/!(9!?%+%Z!E7&7-@&#.4"7')!"%&E-!JUJ!
O8-!III nIJ#Z!JUK!

`EVa! (%)*'+&4*-!$Zd!(%&34_o%&=%-!6Zd!^8'+8&=&8/_M04&''4/-!6Zd!$%F&8))-!MZd!JUR!
(%)*'+&4*-!HZ!#SS2!_!%!7141/G4&*%+15'!'4)F+14/!G4&!%/%)O'1'!4G!JUU!
\F%/+1+%+1:8!T&4+84*15'!?%+%Z!EHL*E7&7-@&#.4"7')!"%%H-!K-!"IRZ!KVV!

`E"a! (%)*'+&4*-!$Zd!(%)*'+&4*-!HZd!(%&34_o%&=%-!6Zd!^8'+8&=&8/ _M04&''4/-!6Z!KV"!
D&4+84*15!#Sf!?%+%7%'8!G4&!'T4+!'8)85+14/-!%F+4*%+8?!%//4+%+14/-!%/?!KV#!
?%+%!%/%)O'1'Z!>1*6#&"$&.$*M$)1!"%%"-!8-!"AI n"ARZ!KVA!

`E#a! $%&'!(%)*'+&,*-!DZ!eZ!HZ!(Z!2F'1/8''!1/+8))1=8/58!'+&%+8=18'!8/%7)8'!&%T1?!KVE!
%/%)O'1'!4G!\F%/+1+%+1:8!T&4+84*15'!?%+%Z!X&(#-4;*&@*6#&"$&.$*!'7$-'$*4-<*KVI!
L&.%("4"7&-4;*E7&;&,+!"%&"-!8-!IZ!KVJ!

`EAa! c8&&8++1-!HZ!HZd!(590%/-!^Z!(Zd!.v?15-!SZd!9%:15-!SZ!HZd!9%:15-!6Zd!$O4/-!<Zd!KVK!
D&1*8%F]-!CZd!98B%+8-!9Zd!9F:4&4:-!.Z!eZd!<8/+4/-!9Zd!8+!%)Z!C4*T)8+8!=8/4*8!KVR!
'8\F8/58!4G!%/!("!'+&%1/!4G!9+&8T+45455F'!TO4=8/8'Z!6#&'1*:4";1*5'4<1*!'71*KVU!
=1!151!"%%&-!GF-!EJIRnEJJAZ!K"V!

`EEa! .''8G%-!9Zd!<8%/8-!MZ!(Zd!;++4-!MZ!SZd!e8Q74)?-!CZd!28&&1*%/-!(Z!.2.C.9Y!K"" !
%)=4&1+0*_7%'8?!%F+4*%+15!54/+1=F%+14/!4G!%''8*7)8?!'8\F8/58'Z!K"#!
E7&7-@&#.4"7')!"%%#-!BD-!"UJRn"UJUZ!K"A!

`EIa! ./=1F4)1-!9Z!oZd!9%)B78&=-!9Z!$Z!(F='OY!G%'+!*F)+1T)8!%)1=/*8/+!4G!5)4'8)O!K"E!
&8)%+8?!Q04)8!=8/4*8'Z!E7&7-@&#.4"7')!"%&&-!BK-!AAEnAE#Z!K"I !

`EJa! C&443'-!6Z!fZd!@4/-!6Zd!C0%/?4/1%-!HZ_(Zd!2&8//8&-!9Z!fZ!^87$4=4Y!%!K"J !
'8\F8/58!)4=4!=8/8&%+4&Z!Q$-&.$*M$)1!"%%B-!89-!""RRn""UVZ!K"K!

`EKa! 9+4+0%&?-!DZd!^1'0%&+-!SZ!9Z!C1&5F)%&!=8/4*8!:1'F%)1B%+14/!%/?!8]T)4&%+14/!K"R!
F'1/=!C6o18QZ!E7&7-@&#.4"7')!"%%E-!B8-!IAKnIAUZ!K"U!

`ERa! S8./=8)1'-!DZ!$Zd!D%T%54/'+%/+1/4F-!HZd!^81=8)-!DZ!@Z!(4)85F)%&!5)4/1/=-!K#V!
1?8/+1G15%+14/-!%/?!'8\F8/58!4G!+08!0O%)F&4/%/!'O/+0%'8!=8/8!G&4*!=&4FT!K#"!
.!9+&8T+45455F'!TO4=8/8'Z!>1*E7&;1*L3$.1!&##$-!BPF-!"U"R"n"U"REZ!K##!

`EUa! ^%/=-!kZd!P0%/=-!2Z!5F'+4*D&4S2Y!%/!X!T%53%=8!+4!=8/8&%+8!5F'+4*1B8?!K#A!
T&4+81/!?%+%7%'8'!G&4*!Xe._98\!?%+%!G4&!T&4+84*15'!'8%&50Z!K#E!
E7&7-@&#.4"7')!"%&$-!BG-!A#AInA#AKZ!K#I !

`IVa! S8F+'50-!fZ!^Zd!C0%*78&'-!(Zd!e8F*%//-!9Zd!$8:%/?8&-!cZd!21/B-!DZ_.Zd!K#J!
904G'+%0)-!HZd!C%*T78))-!SZ!9Zd!(8/?4B%-!$Zd!;:8))81&4-!SZd!@8)'8/'-!<Zd!8+!%)Z!K#K!
M&%($__%!'+%/?%&?!G4&*%+!G4&!8]50%/=8!4G!'8)85+8?!&8%5+14/!*4/1+4&1/=!K#R!
+&%/'1+14/!)1'+'Z!H&;1*L$;;*6#&"$&.7')!"%&"-!88-!X"""ZV"IVEVnK#U!
X"""ZV"IVEVZ!KAV!

`I"a ! (%)*'+&4*-!HZd!<%&)''4/-!CZd!e4&?8/G8)+-!DZd!;''4)%-!XZd!^81''8&-!@Zd!bF%/?+-!KA"!
.Zd!@%/''4/-!<Zd!.878&'4)?-!XZd!(%)*'+&4*-!$Zd!2v,&53-!$Z!9+&8T+45455F'!KA#!
TO4=8/8'!1/!0F*%/!T)%'*%Y!%?%T+1:8!*850%/1'*'!%/%)OB8?!7O!*%''!KAA!
'T85+&4*8+&O_7%'8?!T&4+84*15'Z!>1*E7&;1*L3$.1!"%&"-!BFK-!"E"I n"E#IZ!KAE!

!KAI!
!KAJ!


