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K(6D%&"_\"F..D+#%-#(,*",L".(*&-6&"5%,6%&++(,*"-*'")D.#(5.&"M-:&+",L"'&:&.,5)&*#-.")2,6&*&+(+"  ^"

K(6D%& AX\ J1$&)-#(1 +$,M(*6 #%-*+1%(5#(,*-. 1,*#%,. ,L +-#&..(#&"1&.. -1#(:-#(,*Q 5%,.(L&%-#(,*

-*'"'(LL&%&*#(-#(,*"

WX

K(6D%&"AA\"/'D.#")2,6&*&+(+"-*'"+&.LC%&*&M-.\" WN"

K(6D%&"AN\"J-%1,)&%(1"7R="6&*&+"M(#$"1,%%&+5,*'(*6 5%,#&(*"5%,'D1#+"-*'"#$&(%"&?5%&++(,*"

5-##&%*"(*"+;&.&#-.")D+1.&+"

WW"

K(6D%&"A \"0-NaT"1-.1(*&D%(*TEK/H"5-#$M-2" WB"

K(6D%&"AW\"J1$&)-#(1"'(-6%-)",L"#$&"0-NaT0-79T=!/0"5-#$M-2"L,%"-1#(:-#(,*",L"+.,M"

L(<%&"6&*&"&?5%&++(,*\"

W`"

K(6D%&"AB\"4&6D.-#(,*",L"8G0CA "&?5%&++(,*"(*"+;&.&#-.")D+1.&"-*'")&1$-*(+)+"<2"M$(1$"

8G0CA "+#()D.-#&+")(#,1$,*'%(-."6&*&"&?5%&++(,*"

W^"

K(6D%&"A]\"J1$&)-#(1"'(-6%-)"+$,M(*6"+#%21#D%-."&.&)&*#+"(*"1,%&"5%,),#&%" BX"

K(6D%&"A`\"=(+#,*&"),'(L(1-#(,*"+(6*-#D%&"(*"'(LL&%&*#"1$%,)-#(*"+#-#&+"-*'"#$&(%"-++,1(-#(,*"

M(#$ #%-*+1%(5#(,* +#-#D+\

B "

K(6D%&"A^\"4&5.-1&)&*#",L"#$&"1-*,*(1-."HKFF!"1,)5.&?"<2"-"H4K CH/K C1,*#-(*(*6"

1,)5.&?"'D%(*6"#&%)(*-."'(LL&%&*#(-#(,*",L")2,<.-+#+"(*#,")2,#D<&+\"

BW"

K(6D%&"A_\"J1$&)-#(1"+$,M(*6")-P,%"#%-*+1%(5#(,*-."%&6D.-#,%2"*&#M,%;"(*")2,6&*&+(+" BB"

K(6D%&"NX\"7,'&."L,%"#$&"1,,%'(*-#&"-++&)<.2"-#"-1#(:&"72,!A"&*$-*1&%+"(*")D+1.&" " B`"

K(6D%&"NA\"F'&*#(L(1-#(,*",L"H3/!+",%"H3K+"-+"GHCFF0"-*'"70/H"<(*'(*6"#%-*+1%(5#(,*"

L-1#,%+\"

]A"

K(6D%&"NN\"7D#-#(,*"(*"70/H"&.&)&*#"1-D+&'"'&.-2&'"&?5%&++(,*",L"J7" C-1#(*"(*"J70+"-#"

&-%.2"+#-6&+",L"&)<%2,*(1"'&:&.,5)&*#"

]W"

K(6D%&"N \"J1$&)-#(1"%&5%&+&*#-#(,*",L H3/!"LD*1#(,*-."',)-(*+C"!E/"<(*'(*6"',)-(*"

b!@!c"-*'"#$&"#%-*+C-1#(:-#(,*"',)-(*"bH/!c\"

]]"

K(6D%&"NW\"H$&" !"+#%D1#D%&",L"R-5C<(*'(*6"',)-(*" ]^"

K(6D%& NB\ / 1,)5-%(+,* ,L #$& +#%D1#D%& ,L V6..ACH3/!W 1,)5.&? M(#$ R/8CH3/!

1,)5.&?"

]^

K(6D%&"N]\"J1$&)-#(1"%&5%&+&*#-#(,*",L #$&":-%(,D+"H3/!"1,CL-1#,%+"-*'"#$&(%"()5,%#-*#"

1,*+&%:&'"LD*1#(,*-."',)-(*+\"

`X"

K(6D%&"N`\"H$&"=(55,"+(6*-."#%-*+'D1#(,*"*&#M,%;"-*'"1%,++#-.;"M(#$",#$&%"+(6*-.(*6"

5-#$M-2+"

`A"

K(6D%&"N^\"/"),'&."L,%"1&.."5,+(#(,*C'&5&*'&*#"L-#&"+5&1(L(1-#(,*"(*"5%&C()5.-*#-#(,*"&)<%2,+" `]"

K(6D%&"N_\"H3/!W")&'(-#&'"+5&1(L(1-#(,*",L"H3"-*'"F07".(*&-6&+"(*"-"5%&C()5.-*#-#(,*"

)-))-.(-*"&)<%2,\"

``"

K(6D%&" X\"[$,.&C),D*#"())D*,$(+#,1$&)(+#%2"bF=0c",L"H3/!"5%,#&(*+"(*"AX\X"'51"

&)<%2,+"+$,M+"+#%,*6&%"H3/!W"&?5%&++(,*"(*"'&:&.,5(*6"$&-%#"-*'"+,)(#&+\"

^X"

K(6D%&" A\"R-5"(+"$(6$.2"&?5%&++&'"(*"-1#(:-#&'"+-#&..(#&"1&..+" ^N"

K(6D%&  N\ / ),'&. L,% H3/!CR/8 )&'(-#&' L(*&C#D*(*6",L"5%,.(L&%-#(,*"-*'"'(LL&%&*#(-#(,* NXA

" "

H-<.&"A\"70/H"&.&)&*#+"L,D*'"(*")D+1.&"+5&1(L(1"6&*&+" ] "

H-<.&"N\"/)(*,"-1('"+&UD&*1&"('&*#(#2",L":-%(,D+"$D)-*"H3/!+"1,)5-%&'"#,"H3/!A" ]]"
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A. English Summary 

!"#$%&%$ '() *#)+()'(, *-.#/ -& ,0# 1#') &'2%.3 -& ,*'(/$*%",%-( &'$,-*/ %( 23-4#(%$ 

)%&&#*#(,%',%-( -& 56576 $#../ '() "*%2'*3 23-8.'/,/  !"# $%&"

H$&"H&-'"L-)(.2",L"#%-*+1%(5#(,*"L-1#,%+"1,)5%(+&+"L,D%")&)<&%+"bH&-'ACH&-'Wc"#$-#"

<(*'"70/H" &.&)&*#+" bBdC0/HH00/THC dc" M(#$" #$&(%" $(6$.2" 1,*+&%:&'" H3/T/HHJ"!E/"

<(*'(*6" ',)-(*" b/*<-*-*'-)" &#" -.\Q" NXX]e"!-:('+,*" &#" -.\Q" A_^^e"S(-," &#" -.\Q" A__Ac\" H$&"

H&-'" 5%,#&(*+" +$-%&" -" $(6$.2" &:,.D#(,*-%(.2" 1,*+&%:&'" !E/" <(*'(*6" ',)-(*Q" 1-..&'" #$&"

H3/T/HHJ" ',)-(*" b/*'%(-*,5,D.,+" -*'" H()<&%.-;&Q" A__Ae" @D%6.(*Q" A__Ac\" 7-))-.(-*"

H&-'+" -%&" &?5%&++&'" (*" -.),+#" -.." #(++D&+" M(#$" 5%,)(*&*#" H&-'A" -*'" H&-'W" &?5%&++(,*" (*"

+;&.&#-. )D+1.&Q" .D*6" -*'" $&-%# -*'" *&%:,D+ +2+#&)\ J&:&%-. +#D'(&+ (*1.D'(*6" ,D%+Q" $-:&

%&5,%#&'"#$-# H&-'"L-1#,%+"<(*'"#,"#$&"70/H"&.&)&*#+"5%&+&*#"(*"5%,),#&%+"-*'"&*$-*1&%+",L"

)D+1.&"+5&1(L(1"6&*&+"+D1$"-+"72,'A"-*'"72,6&*(*\"H&-'AQ"H&-'N"-*'"H&-'W"-%&"&?5%&++&'"

(*"5%,.(L&%-#(*6"0N0AN+"1&..+"-*'"H&-'W"(+"D5%&6D.-#&'"'D%(*6"'(LL&%&*#(-#(,*",L"<,#$"0N0AN"

1&..+"-*'"5%()-%2")2,<.-+#+\"=,M&:&%Q" (#" (+"*,#"1.&-%"$,M"#$&"'(LL&%&*#"H&-'+"1,C,5&%-#&"#,"

<%(*6"-<,D#"+;&.&#-.")D+1.&"'(LL&%&*#(-#(,*"-*'"M$&#$&%"#$&2"5.-2"+5&1(L(1",%"%&'D*'-*#"%,.&+\"

H," -''%&++ #$&" %,.&" ,L" H&-'" L-1#,%+Q" F" M,%;&'" ,*" #$&" L,..,M(*6" L,D%" <%,-'" -+5&1#+" ,L" #$&"

5%,<.&)f"

A\" [$-#" -%&" #$&" +5&1(L(1" -*'" %&'D*'-*#" %,.&+" ,L" :-%(,D+" H&-'" L-1#,%+" (*" )D+1.&"

'(LL&%&*#(-#(,*g"

N\"/%&"H&-'"5%,#&(*+"-.+,"&++&*#(-."L,%"5%()-%2")2,<.-+#"'(LL&%&*#(-#(,*" !"# $%&g"

 \" =,M" '," H&-'+" <%(*6" -<,D#" #%-*+1%(5#(,*-." -1#(:-#(,*" -+" M&.." -+" %&5%&++(,*" 'D%(*6"

)2,6&*&+(+"(\&\"M$(1$"5%,#&(*+",%"5%,#&(*"1,)5.&?&+"),'D.-#&"#$&"#%-*+1%(5#(,*-."-1#(:(#2",L"

H&-'Wg"

W\"F+"H&-'W"%&UD(%&'"L,%"*,%)-.")D+1.&"LD*1#(,*"-*'")D+1.&"%&6&*&%-#(,*g""

[&" +$,M&'" 5%&:(,D+.2" #$-#" #$-#" H&-'W" (+" D5%&6D.-#&'" -*'" (+" %&UD(%&'" L,%" 0N0AN"

'(LL&%&*#(-#(,*"  !" # $%&" b@&*$-'',D" &#" -.\Q" NXANc\" J$4E/C)&'(-#&'" +#-<.&" ;*,1;',M*" ,L"

H&-'W".&'"#,"L,%)-#(,*",L"+$,%#&*&'")2,#D<&+"1,)5-%&'"#,"1,*#%,."0N0AN"1&..+\"0$F8C1$(5"

&?5&%()&*#+" (*" 0N0AN" ,:&%&?5%&++(*6" K.-6C=/CH&-'W" %&:&-.&'" #$-#" H&-'W" ,11D5(&+" ^]`"

5%,),#&%+" (*1.D'(*6" '(&)Q" *+,!-." -*'" *.#/\" 4E/C+&U" ('&*#(L(&'" #$&" +&#" ,L" 6&*&+"

',M*%&6D.-#&'"D5,*"H&-'W";*,1;',M*"-),*6+#"M$(1$"-%&")D+1.&"+#%D1#D%-."-*'"%&6D.-#,%2"

5%,#&(*+\"[&"5D#"L,%M-%'"-"),'&."(*"@&*$-'',D"&#"-.\"+$,M(*6"#$-#"H&-'W"(*'D1&+"&?5%&++(,*"

,L"'(&)" -*'"0!,%+1" %&UD(%&'" L,%")2,<.-+#" '(LL&%&*#(-#(,*Q" <D#" %&5%&++&+" #$&" &?5%&++(,*" ,L"

*$)2"-*'"*3!+-"1,*#%(<D#(*6"#,"1&.."121.&"&?(#\"=,M&:&%Q"(*"#$(+"+#D'2"M&"'('"*,#"-''%&++"#$&"
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%,.&",L",#$&%"H&-'+"(*"#$&+&"1&..+\"

!D%(*6" )2" 8$!Q" F" &?#&*'&'" #$&" +#D'2" ,L" H&-'" #%-*+1%(5#(,*" L-1#,%+" #," 5,+#" *-#-."

5%()-%2")2,<.-+#+Q"M$&%&"(*"1,*#%-+#"#,"0N0AN"1&..+Q"F"L,D*'"#$-#"H&-'W"+(4E/"+(.&*1(*6"$-'"

*,"+(6*(L(1-*#"&LL&1#",*"'(LL&%&*#(-#(,*\"/.+,Q"+(4E/";*,1;',M*",L"H&-'A",%"H&-'N"$-'",*.2"

)-%6(*-." &LL&1#+" ,*" '(LL&%&*#(-#(,*\"9*,M(*6" #$-#" H&-'W" <(*'+" -*'" %&6D.-#&+" &?5%&++(,*" ,L"

+&:&%-."$D*'%&'+",L"6&*&+Q"M&"%&-+,*&'"#$-#"#$&"-<+&*1&",L"-"+#%,*6"5$&*,#25&"D5,*"H&-'W"

;*,1;',M*"1,D.'"<&"'D&" #," #$&"5,#&*#(-." %&'D*'-*12"<&#M&&*"#$&"'(LL&%&*#"H&-'+",M(*6"#,"

#$&(%" $(6$.2" 1,*+&%:&'" !E/" <(*'(*6" ',)-(*\" H," -''%&++" #$(+" UD&+#(,*Q" M&" 5&%L,%)&'"

+()D.#-*&,D+" +(4E/" <-+&'" +(.&*1(*6" ,L" #M," ,%" ),%&" H&-'" L-1#,%+\" [&" ,<+&%:&'" #$-#"

+()D.#-*&,D+" +(4E/" ;*,1;',M*" ,L" H&-'A" -*'" H&-'W" .&-'" #," -" '%-)-#(1" (*$(<(#(,*" ,L"

'(LL&%&*#(-#(,*\" " 0,..&1#(:&" ;*,1;',M*" ,L" H&-'AQ" H&-'N" -*'" H&-'W" LD%#$&%" -66%-:-#&'" #$&"

5$&*,#25&\"H$&+&"'-#-"(*'(1-#&"-"LD*1#(,*-."%&'D*'-*12"<&#M&&*"#$&"H&-'"L-1#,%+"#$-#"(+"),%&"

5%,*,D*1&'" (*"5%()-%2")2,<.-+#+" #$-*" (*"0N0AN"1&..+\"E&:&%#$&.&++"+()(.-%"&?5&%()&*#+" (*"

0N0AN"1&..+"+$,M&'"#$-#"+()D.#-*&,D+"+(4E/";*,1;',M*",L"H&-'A"-*'"H&-'W",%",L"H&-'AQ"

H&-'N"-*'"H&-'W"$-'"-"),%&"'%-)-#(1"&LL&1#"#$-*"#$-#",L"H&-'W"-.,*&\"H$&+& '(LL&%&*1&+"1-*"

<&"-11,D*#&'"L,%"<2"#$&"L-1#"#$-#"H&-'A"&?5%&++(,*"(+"',M*%&6D.-#&'"M$&*"H&-'W"(+";*,1;&'"

',M*"(*"0N0AN+"<D#"*,#"(*"5%()-%2")2,<.-+#+\"H$D+Q"H&-'A"&?5%&++(,*"(*"5%()-%2")2,<.-+#+"

)(6$#"<&"-<.&"#,"1,)5&*+-#&"L,%"'()(*(+$&'"H&-'W\""

F*" ,%'&%" #," '&L(*&" #$&" %&'D*'-*#" -*'" +5&1(L(1" %,.&+" ,L" H&-'" L-1#,%+" M&" 5&%L,%)&'"

0$F8C+&U",*"&*',6&*,D+ H&-'A"-*'"H&-'W"(*"<,#$"D*'(LL&%&*#(-#&'"-*'"'(LL&%&*#(-#&'"0N0AN"

1&..+\"[&"L,D*'"#$-#"H&-'A",11D5(&+"-"+&#",L"+(#&+" (*"D*'(LL&%&*#(-#&'"1&..+Q"<D#" L&M"+(#&+" (*"

'(LL&%&*#(-#&'" 1&..+" M$&%&" H&-'W" &?5%&++(,*" (+" (*'D1&'\" H&-'W" -.+," ,11D5(&+" +(#&+" (*"

D*'(LL&%&*#(-#&'" 1&..+Q" -*'" D5,*" '(LL&%&*#(-#(,*" #$&" %&5&%#,(%&" ,L" #-%6&#" 6&*&+" (+" -.#&%&'"

#,M-%'+"#$,+&"(*:,.:&'"(*"'(LL&%&*#(-#(,*\"0,)5-%(+,*",L"H&-'A"-*'"H&-'W",11D5(&'"+(#&+"(*"

D*'(LL&%&*#(-#&'" 1&..+" ('&*#(L(&'" #$,+&" #$-#"M&%&" ,11D5(&'" <2" <,#$" L-1#,%+Q" <D#" -.+," -" +&#" ,L"

+(#&+" 5%&L&%&*#(-..2" ,11D5(&'" <2" H&-'A\" /*-.2+(+" ,L" H&-'" <(*'(*6" +(#&+" (*'(1-#&'" -" +#%,*6"

-++,1(-#(,*" <&#M&&*" H&-'" <(*'(*6" -*'" #$-#" ,L" #$&" /8A" #%-*+1%(5#(,*" L-1#,%" -*'" -.+," M(#$"

72,'A"-*'"72,6" (*"'(LL&%&*#(-#&'"1&..+\"7,%&,:&%Q"1,)5-%(+,*",L",D%"H&-'"0$F8C+&U"'-#-"

'-#-"M(#$"5D<.(1.2"-:-(.-<.&"72,'A"-*'"72,6"0$F8C+&U"'-#-"('&*#(L(&'"-"+D<+#-*#(-."*D)<&%"

,L" .,1(" #$-#" M&%&" 1,C,11D5(&'" <2" H&-'WQ" 72,'A" -*'" 72,6\" [&" ('&*#(L2" -*" &*$-*1&%"

+(6*-#D%&",L" L%&UD&*#.2"1,C,11D%(*6"),#(L+"-#" .,1("1,..&1#(:&.2"<,D*'"<2"H&-'WQ"72,'A"-*'"

72,6" -++,1(-#&'"M(#$" 6&*&+" -1#(:-#&'" 'D%(*6")D+1.&" '(LL&%&*#(-#(,*\" KD%#$&%" (*#&6%-#(,*" ,L"

#$&" H&-'"0$F8C+&U" '-#-"M(#$" 5D<.(1" '-#-" ,*" $(+#,*&"),'(L(1-#(,*+" ('&*#(L(&'" H&-'" <(*'(*6"
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+(#&+" -++,1(-#&'"M(#$" -1#(:&" %&6D.-#,%2" &.&)&*#+")-%;&'" <2"= 9N`" -1&#2.-#(,*" (*" <,#$" #$&"

'(LL&%&*#(-#&'"-*'"D*C'(LL&%&*#(-#&'"+#-#&\"H,6&#$&%"#$&+&"%&+D.#+"+$,M"#$-#"H&-'W"-*'"H&-'A"

<(*'"<,#$"1,)),*"-*'"+5&1(L(1" +(#&+" (*"D*'(LL&%&*#(-#&'"0N0AN"1&..+Q"<D#" #$-#"D5,*" (#+"D5C

%&6D.-#(,*" H&-'W" <&1,)&+ #$&" 5%&',)(*-*#" L-1#,%" <,D*'" #," %&6D.-#,%2" &.&)&*#+" ,L" 6&*&+"

(*'D1&'"D5,*"'(LL&%&*#(-#(,*\""

[&" -.+," D+&'" 4E/C+&U" #," 5%,L(.&" 6&*&" &?5%&++(,*" ,L" '(LL&%&*#(-#(*6" 0N0AN" -*'"

5%()-%2")2,<.-+#+"M(#$",%"M(#$,D#" +(4E/";*,1;',M*",L"H&-'A" -*'"H&-'W\"[&" ('&*#(L(&'"

'(+#(*1#"<D#",:&%.-55(*6"+&#+",L"'&%&6D.-#&'"6&*&+" (*"0N0AN"-*'"5%()-%2")2,<.-+#+Q"M$(1$"

D5,*"1,)5-%(+,*"M(#$"0$F8C+&U"'-#-"%&:&-."6&*&+"#$-#")-2"<&"'(%&1#.2"'&%&6D.-#&'"<2"H&-'W\"

ID%" 5%&:(,D+" b@&*$-'',D" &#" -.\Q" NXANc" -*'" 1D%%&*#" %&+D.#+" +D66&+#" #$-#" H&-'W"

LD*1#(,*+" <,#$" -+" -" #%-*+1%(5#(,*-." -1#(:-#,%" -+" M&.." -+" -" %&5%&++,%" 'D%(*6" )2,<.-+#"

'(LL&%&*#(-#(,*\"[$(.&"#$&"&LL&1#,%+",L"#$&"=(55,"5-#$M-2"R/8"-*'"H/Y"$-:&"<&&*"('&*#(L(&'"

-+"1,-1#(:-#,%+"L,%"H3/!"L-1#,%+"5-%#(1D.-%.2"(*"-1#(:-#(*6"#$&"&?5%&++(,*",L"6&*&+"(*:,.:&'"

(*"5%,.(L&%-#(,*"-*'",*1,6&*&+(+"b>-)-%"&#"-.\Q"NXANe"V-++(.&:"&#"-.\Q"NXXAcQ"*,"1,C%&5%&++,%+"

$-:&" <&&*" ('&*#(L(&'\"7,%&,:&%Q"V6.CL-)(.2" $-:&" <&&*" +D66&+#&'" #," -1#" -+" 1,-1#(:-#,%+" L,%"

H&-'+"(*"'(LL&%&*#(-#(*6")2,#D<&+"b0$&*"&#"-.\Q"NXXW<e"7-&'-"&#"-.\Q"NXXN-c\"F'&*#(L(1-#(,*",L"

H&-'W"<(*'(*6"5-%#*&%+"(*"'(LL&%&*#(-#&'"0N0AN"1&..+")-2"#$&%&L,%&"$&.5"#,"<&##&%"D*'&%+#-*'"

#$&")D+1.&"-*'"1,*#&?#C'&5&*'&*#"LD*1#(,*",L"H&-'W"(*"6&*&"&?5%&++(,*\"F*"-"+&1,*'"5%,P&1#"

%D*" (*" 5-%-..&." M(#$" #$&" -<,:&" +#D'(&+Q" M&" ('&*#(L(&'" H&-'W" <(*'(*6" 5-%#*&%+" (*" #$&"

'(LL&%&*#(-#&'"0N0AN"1&..+\"K,%" #$(+Q"F"6&*&%-#&'"- 0N0AN"1&.. .(*& +#-<.2"&?5%&++(*6"KC=/C

H&-'W\" H$&+&" 1&..+" M&%&" '(LL&%&*#(-#&'" -*'" 1$%,)-#(*" -++,1(-#&'" 5%,#&(*" L%-1#(,*+" M&%&"

5%&5-%&'" -*'" +D<P&1#&'" #," #-*'&)" -LL(*(#2" 5D%(L(1-#(,*" ,L" #$&" 1$%,)-#(*C-++,1(-#&'" H&-'W"

L,..,M&'"<2")-++C+5&1#%,)&#%2"-*-.2+(+\""

[&" ('&*#(L(&'" ;*,M*" H&-'W" <(*'(*6" 5-%#*&%+" +D1$" -+" R-5AQ" V6..N" -*'" V6..W" -*'"

+&:&%-." *,:&." 5-%#*&%+" -),*6+#" M$(1$" M-+" #$&" FL(NXN" 5%,#&(*\" 0,C&?5%&++(,*" -*'"

())D*,5%&1(5(#-#(,*"M-+"5&%L,&)'"#,"1,*L(%)"#$-#"FL(NXN"(*#&%-1#+"M(#$"H&-'W\"KD%#$&%Q"<,#$"

+(4E/";*,1;',M*"-*'",:&%&?5%&++(,*",L" FL(NXN" .&-'" #," (*$(<(#(*",L"'(LL&%&*#(-#(,*\"=&*1&Q"

M&"+$,M"#$-#"FL(NXN"(+"%&UD(%&'"L,%"*,%)-."0N0AN"1&.."'(LL&%&*#(-#(,*\""

K(*-..2Q" #," -''%&++" #$&" %,.&" ,L" H&-'W" (*" )D+1.&" 5$2+(,.,62"  !" # #&Q" M&" 6&*&%-#&'"

1,*'(#(,*-."H&-'W";*,1;,D#")(1&"D+(*6"=J/C0%&34
HN
"-*'"8-?`C0%&C34

HN
"#%-*+6&*(1"'%(:&%"

.(*&+" #," ;*,1;,D#" H&-'W" +5&1(L(1-..2" (*" )-#D%&" )D+1.&" L(<%&+" ,%" 8-?`a" +-#&..(#&" 1&..+"

%&+5&1#(:&.2\"[&" -%&" *,M" (*" #$&" 5%,1&++" ,L" 1$-%-1#&%(+(*6" #$&" 5$&*,#25&" ,L" #$&+&" -*()-.+Q"
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-.#$,D6$"5%&.()(*-%2"%&+D.#+"+D66&+#"#$&"%,.&",L"H&-'W"(*"L(<%&"+(h&"-*'"1,)5,+(#(,*"M(#$"*,"

&LL&1#",*")D+1.&")-++"-*'")D+1.&"+#%&*6#$\"KD%#$&%"&?5&%()&*#+" (*" #$&+&")(1&"M(.."$&.5"D+"

1,*1.D'&"),%&"+5&1(L(1-..2",*"#$&"%,.&",L"H&-'W"(*")D+1.&"5$2+(,.,62\""

9#&#*#($#/: 

/*<-*-*'-)Q"/\Q"/.<-%-',Q"!\0\Q"E6D2&*Q"0\H\Q"=-.'&%Q"G\Q"G-,Q"S\Q"-*'"V&&%-%-6$-:-*Q"J\"

bNXX]c\" F*+(6$#+" (*#," #%-*+1%(5#(,*" &*$-*1&%" L-1#,%" A" bH3KCAc" -1#(:(#2" L%,)" #$&" +,.D#(,*"

+#%D1#D%&",L"#$&"H3/"',)-(*\"8%,1"E-#."/1-'"J1("Z"J"/"-4/Q"A`NNBCA`N X\"
"

/*'%(-*,5,D.,+Q" /\Q" -*'" H()<&%.-;&Q" [\3\" bA__Ac\" /HHJQ" -" *&M" -*'" 1,*+&%:&'" !E/"

<(*'(*6"',)-(*\"F*"8.-*#"0&.."bZ*(#&'"+#-#&+cQ"55\"`W`C`W^\"

"

@&*$-'',DQ" /\Q" 9&()&Q" 0\Q" R&Q" H\Q" 7,%.,*Q" /\Q" 7(1$&.Q" F\Q" O,+#Q" @\Q" 7&*6D+Q" G\Q" -*'"

!-:('+,*Q"F\"bNXANc\"H%-*+1%(5#(,*"L-1#,%"H3/!W"%&6D.-#&+"&?5%&++(,*",L")2,6&*(*"-*'"#$&"

D*L,.'&'" 5%,#&(*" %&+5,*+&" 6&*&+" 'D%(*6" 0N0AN" 1&.." '(LL&%&*#(-#(,*\" 0&.." !&-#$" !(LL&%" -5Q"

NNXCN A\"

"

@D%6.(*Q"H\4\" bA__Ac\"H$&"H3/"',)-(*f" -" *,:&.Q" $(6$.2" 1,*+&%:&'"!E/C<(*'(*6"),#(L\" F*"

0&.."bZ*(#&'"+#-#&+cQ"55\"AACAN\"

"

0$&*Q"=\=\Q"7-&'-Q"H\Q"7D..&##Q"J\O\Q"-*'"J#&M-%#Q"/\K\"bNXXWc\"H%-*+1%(5#(,*"1,L-1#,%"V6.CN"

(+"%&UD(%&'"L,%"+;&.&#-.")D+1.&"'(LL&%&*#(-#(,*\"G&*&+(+"/5Q"N` CN`_\"
"

!-:('+,*Q" F\Q" S(-,Q" O\=\Q" 4,+-.&+Q" 4\Q" J#-D<Q" /\Q" -*'" 0$-)<,*Q" 8\" bA_^^c\" H$&" =&>-" 1&.."

5%,#&(*"H3KCA"<(*'+"+5&1(L(1-..2"-*'"1,,5&%-#(:&.2"#,"#M,"JVWX"&*$-*1&%"),#(L+",L"D*%&.-#&'"

+&UD&*1&\"0&.."67Q"_ AC_WN\"
"

>-)-%Q" O\7\Q"J#&%*Q"8\Q">(DQ"=\Q"J1$(*'.&%Q" O\[\Q" O(-*6Q"Y\G\Q" -*'"=2*&+Q"4\I\" bNXANc\"H$&"

=(55,"5-#$M-2"#-%6&#Q"R/8Q"5%,),#&+")&#-+#-+(+"#$%,D6$"(#+"H3/!C(*#&%-1#(,*"',)-(*\"8%,1"

E-#."/1-'"J1("Z"J"/"-45Q"3NWWACNWBX\"
"

7-&'-Q"H\Q"0$-5)-*Q"!\>\Q"-*'"J#&M-%#Q"/\K\"bNXXNc\"7-))-.(-*":&+#(6(-.C.(;&"NQ"-"1,L-1#,%"

,L"H3KCA"-*'"73KN"#%-*+1%(5#(,*"L-1#,%+"#$-#"5%,),#&+"+;&.&#-.")D+1.&"'(LL&%&*#(-#(,*\"O"@(,."

0$&)"188Q"W^^^_CW^^_^\"
"

V-++(.&:Q"/\Q"9-*&;,Q"9\O\Q"J$DQ"=\Q"Y$-,Q"R\Q" -*'"!&8-)5$(.(+Q"7\>\" bNXXAc\"H3/!TH3K"

#%-*+1%(5#(,*" L-1#,%+" D#(.(h&" #$&" -1#(:-#(,*" ',)-(*" ,L" R/8]BQ" -" J%1TR&+C-++,1(-#&'" 5%,#&(*"

.,1-.(h&'"(*"#$&"12#,5.-+)\"G&*&+"!&:"-6Q"ANN_CANWA\"

"

[-##Q"9\F\Q" OD'+,*Q"4\Q"7&'.,MQ"8\Q"4&('Q"9\Q"9D%#$Q"H\@\Q"@D%*(+#,*Q"O\G\Q"4-#;&:(1(D+Q"/\Q"

!&"@-%(Q"0\Q" -*'"[-1;&%$-6&Q"=\" bNXAXc\"R-5" (+" -" *,:&." %&6D.-#,%" ,L"0N0AN")2,6&*&+(+\"

@(,1$&)"@(,5$2+"4&+"0,))D*"/5/Q"]A_C]NW\"

"

S(-,Q" O\=\Q" !-:('+,*Q" F\Q" 7-##$&+Q" =\Q" G-%*(&%Q" O\7\Q" -*'" 0$-)<,*Q" 8\" bA__Ac\" 0.,*(*6Q"

&?5%&++(,*Q"-*'"#%-*+1%(5#(,*-."5%,5&%#(&+",L"#$&"$D)-*"&*$-*1&%"L-1#,%"H3KCA\"0&.."96Q"BBAC
B]^\"

"
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B. Résumé en Français: 

9;.#/ /"<$%&%=+#/ #, *#)-()'(,/ )# .' &'2%..# 1#') )# &'$,#+*/ )# ,*'(/$*%",%-( )'(/ .' 

)%&&<*#($%',%-( )#/ $#..+.#/ 56576 #, 23-8.'/,#/ "*%2'%*#/ %( >%,*- 

"  

>-" L-)(..&" H&-'" '&" L-1#&D%+" '&" #%-*+1%(5#(,*" 1,)5%&*'" UD-#%&" )&)<%&+" bH&-'A" i"

H&-'Wc"UD(",*#"j#j"('&*#(L(j&+"1,))&"'&+"5%,#j(*&+"+&".(-*#"+5j1(L(UD&)&*#"i"'&+"),#(L+"GHC

FF0"&#"J5$"i".d&*$-*1&%"JVWX"bK(6D%&"Ac"b!-:('+,*"&#"-.Q"A_^^e"S(-,"&#"-.Q"A__Ac\"8.D+"#-%'Q"

(.+"j#-(&*#"-D++("('&*#(L(j+"1$&h".&+")-))(Lk%&+"bK(6D%&"Ac"1,))&"'&+"L-1#&D%+"UD("+&".(&*#"i"

.dj.j)&*#"70/H"bBlC0/HH00/THC lc"6%m1&"i".&D%"',)-(*&"H3/T/HHJ"b/*<-*-*'-)"&#"-.\Q"

NXX]e"!-:('+,*"&#"-.\Q"A_^^e"S(-,"&#"-.\Q"A__Ac\"0&"',)-(*&"'&".(-(+,*"i".d/!EQ"5-%#-6j"5-%"

#,D#&" .-" L-)(..&Q" &+#" $-D#&)&*#" 1,*+&%:j" -D" 1,D%+" '&" .dj:,.D#(,*" b/*'%(-*,5,D.,+" &#"

H()<&%.-;&Q"A__Ae"@D%6.(*Q"A__Ac\""

"

"

' ()%*" +," -.*!$ / 01$ &!" .*2" 3*1.2" &%" 34'2" /10$*)%2" .*2" $%1!20% 5$ &!" *$" 6*)%2" 2 $*2 .*"

6 1 2&!," 

0$&h".&+")-))(Lk%&+Q".&+"L-1#&D%+"H&-'"+,*#"&?5%()j+"'&"L-n,*"UD-+("D<(UD(#-(%&"-:&1"

D*&"&?5%&++(,*"5.D+"()5,%#-*#&"'&"H&-'A"&#"H&-'W"'-*+".&")D+1.&"+UD&.&##(UD&Q".&"5,D),*Q".&"

1oD%"&#".&"+2+#k)&"*&%:&D?\"8.D+(&D%+"j#D'&+Q"2"1,)5%(+".-"*p#%&Q",*#"%-55,%#j"UD&".&+"L-1#&D%+"

H&-'"+&".(&*#"-D?"j.j)&*#+"70/H"5%j+&*#+"'-*+".&+"5%,),#&D%+"&#"&*$-*1&%+"-++,1(j+"i"'&+"
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6k*&+" &?5%()j+" +5j1(L(UD&)&*#" '-*+" .&")D+1.&" +UD&.&##(UD&" #&.+" UD&"72,!A" &#"72,6&*(*\"

H&-'AQ"H&-'N" &#"H&-'W" +,*#" &?5%()j+"'-*+" .&+" 1&..D.&+" 5%,.(Lj%-#(:&+"0N0AN+" &#"H&-'W" &+#"

%j6D.j&" 5,+(#(:&)&*#" -D" 1,D%+" '&" .-" '(LLj%&*1(-#(,*" '&+" 1&..D.&+" 0N0AN" &#" '&+" )2,<.-+#&+"

5%()-(%&+"'&"+,D%(+\""

!l-D#%&+" j#D'&+" 5-%-..k.&+" ,*#" 'j1%(#" 1,))&*#" .&+" L-1#&D%+" H&-'+" -1#(:&*#" .-"

#%-*+1%(5#(,*" '&" 5.D+(&D%+" 6k*&+" &D1-%2,#&" #&.+" UD&" .-" #%,5,*(*&" H" 1-%'(-UD&Q"  C-1#(*&" '&"

)D+1.&" .(++&Q"  C-1#(*&" +UD&.&##(UD&" &#" K,?-CN" b7-%" &#" I%'-$.Q" A_^^e" JM-%#h" &#" -.Q" A__^c" i"

#%-:&%+" D*" ,D" 5.D+(&D%+"),#(L+"70/HTGHCFF0" b0/H")D+1D.-(%&c" BdC0/HH00HC dQ" UD(" ,*#"

j#j"&*%(1$(+"5-%#(1D.(k%&)&*#"'-*+".&+"6k*&+"&?5%()j+"+5j1(L(UD&)&*#"&*")D+1.&"b9-%*+"&#"-.\Q"

A__Be"8-+UD&#"&#"-.\Q"NXX]e"4(*'#"&#"-.\Q"A__ c\"

>&+" L-1#&D%+"H&-'+" 5-%#-6&*#" D*&" $,),.,6(&" '&" +jUD&*1&" j.&:j&" '-*+" .&+" ',)-(*&+"

L,*1#(,**&.+"1,*+&%:j+"#&.+"UD&".&"',)-(*&"'&".(-(+,*"i".l/!E"i"EC#&%)(*-.&"&#".&"',)-(*&"'&"

#%-*+C-1#(:-#(,*"0C#&%)(*-.&"bH-<.&"Ac"bR,+$('-Q"NXX^c"

"

?)#(,%,< )# /#=+#($# )#/ '$%)#/ '2%(</ #(,*#/ .#/ 1#')/ 0+2'%(/ 

E-)&" I#$&%"*-)&+"

q"F'&*#(#2"

M(#$"H&-'A"

q"F'&*#(#2"

M(#$(*"!@!"

q"F'&*#(#2"

M(#$(*"

H/!"

H&-'A" EH3KCAQ"H3KA" C" C" C"

H&-'N 3H3KCAQ"3HKQ"H3KCW ]Wq AXXq ]Bq

H&-' " !H3KCAQ"3HK4CAQ"H3KCB" `Xq" __q" `Wq"

H&-'W" 4H3KCAQ"3HK4CNQ"H&-'W" `Wq" AXXq" ^Nq"

"

3176*"+,"-.*!$ $8".*"2*9)*!0*".*2"10 .*2"1: !82"*!$%*2"6*2"3*1.2";):1 !2"*!"6*2"0&:51%1!$"

1#*0"3*1.+"<:&. / 8".*"=&2; .1"*$"16,>"?@@AB,"

"

0&5&*'-*#".&D%"%p.&"&?-1#Q".dj#&*'D&"'&".&D%"%&',*'-*1&"r+("&..&"&?(+#&C"&#"'-*+"UD&..&"

)&+D%&"1&+"L-1#&D%+"1,,5k%&*#"-D"1,D%+"'&".-"'(LLj%&*1(-#(,*"'D")D+1.&"+UD&.&##(UD&"*&"+,*#"

5-+" 1.-(%&)&*#" 'j1%(#" i" 1&" P,D%\" >&" ',1#,%-*#" 5%j1j'&*#&" /##-(..-$" @&*$-'',D" -" j#D'(j"

+5j1(L(UD&)&*#".&"%p.&"'&"H&-'W"'-*+".-"'(LLj%&*1(-#(,*")D+1D.-(%&" !"# $%&"'-*+".-".(6*j&+"'&"
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)2,<.-+#&+" 0N0AN\" F. -" 'j),*#%j" 5-%" .-" '&%j6D.-#(,*" 'd&?5%&++(,*" '&" H&-'W" &*" D#(.(+-*#"

+$/4E"UD&"H&-'W"&+#"*j1&++-(%&"i".-"'(LLj%&*1(-#(,*"*,%)-.&"'&+"1&..D.&+"0N0AN\"F."-"%j-.(+j"

'&+"&?5j%(&*1&+"0$F8C1$(5"+D%"K.-6C=/CH&-'W""'-*+".&+"1&..D.&+"0N0AN\"0&"LD#".-"5%&)(k%&"

j#D'&" b@&*$-'',D" &#" -.\Q" NXANc" UD(" -" ('&*#(L(j" 5.D+(&D%+" *,D:&..&+" 1(<.&+" H&-'W" '-*+" .-"

'(LLj%&*1(-#(,*")D+1D.-(%&"&*"D#(.(+-*#"D*"+#-'&"5%j1,1&")j#$,'&+"i"$-D#"'j<(#\""

0&##&"j#D'&"j.j6-*#&"1,*'D(#"i"5.D+(&D%+"UD&+#(,*+",D:&%#+"&#"'D%-*#")-"#$k+&Q"P&"+D(+"

#&*#j" '&" %j5,*'%&" -D?" UD&+#(,*+" +D(:-*#&+\"/(*+(" 5,D%" 1-%-1#j%(+&%" .&" %p.&" '&" 1&+" '(LLj%&*#+"

L-1#&D%+"H&-'"Pd-("-<,%'j"1&"5%,<.k)&"+,D+"1&+"UD-#%&"-+5&1#+"f"

A\" sD&.+" +,*#" .&+" %p.&+" +5j1(L(UD&+" &#" %&',*'-*#+" '&+" L-1#&D%+" H&-'" -D" 1,D%+" '&" .-"

'(LLj%&*1(-#(,*")D+1D.-(%&g"

N\"0&+" L-1#&D%+"+,*#C(.+"&++&*#(&.+"5,D%" .-"'(LLj%&*1(-#(,*"'&+")2,<.-+#&+"5%()-(%&+" (*":(#%,g"

 \"0,))&*#"&+#"%j6D.j&".-"1-5-1(#j"'&+"L-1#&D%+"H&-'"i"-1#(:&%",D"i"%j5%()&%".-"#%-*+1%(5#(,*"

-D" 1,D%+" '&" .-")2,6&*k+&" (\&\" UD&..&+" 5%,#j(*&+" ,D" 1,)5.&?&+" 5%,#j(UD&+" -++,1(j+" i"H&-'W"

5&%)&#"'&"),'D.&%"+-"-1#(:(#j"#%-*+1%(5#(,*&..&"&*"1&"+&*+"g"

W\" 3+#C1&" UD&" H&-'W" &+#" %&UD(+" 5,D%" .-" L,*1#(,*")D+1D.-(%&" *,%)-.&" &#" .-" %j6j*j%-#(,*" 'D"

)D+1.&" !"# #&"g"

8,D%"%j5,*'%&"-D?"5%&)(&%+"#%,(+"UD&+#(,*+Q",*"-"D#(.(+j".&+"),'k.&+"'&"'(LLj%&*1(-#(,*"

)D+1D.-(%&" (*" :(#%,Q" UD(" 1,)5%&*'+" .-" .(6*j&" 0N0AN" '&+" )2,<.-+#&+" &#" .&+" )2,<.-+#&+"

5%()-(%&+"(+,.j&"i"5-%#(%"'&")D+1.&"'&+"+,D%(+"#%k+"P&D*&"-5%k+".-"*-(++-*1&\">-".(6*j&"0N0AN"

&+# D*& .(6*j& '& )2,<.-+#&+ (+,.j&+ '&+ )&)<%&+ 5,+#j%(&D%+ '&+ +,D%(+ 0 = &# -" j#j"

()),%#-.(+j"&*"1D.#D%&\"0&##&".(6*j&"&+#"#%k+"5%,.(Lj%-#(:&"&#"&..&"5&D#"t#%&"(*'D(#"i"'(LLj%&*1(&%"

'-*+" .&+" )2,#D<&+" b.&+" 1&..D.&+" .,*6D&+" &#" 5,.2" *D1.jj&+c" &*" .&+" #%-(#-*#" i" )(.(&D" i" L-(<.&"

UD-*#(#j"'&"+j%D)\""

>&+")2,<.-+#&+"5%()-(%&+"'j%(:j+"'&+"1&..D.&+"+-#&..(#&+"b1&..D.&+"+,D1$&+")D+1D.-(%&+"

-'D.#&+c" 5&D:&*#" t#%&" (+,.j+" 'D" )D+1.&" +UD&.&##(UD&" 5-%" '(6&+#(,*" &*h2)-#(UD&" &#" t#%&"

'(LLj%&*1(j&+"  !" # $%&" &*" )2,#D<&+\" >&+" )2,<.-+#&+" 5%()-(%&+" ),*#%&*#" D*&" 5.D+" 6%-*'&"

#&*'-*1&" i" LD+(,**&%" +5,*#-*j)&*#" &#" +&" '(LLj%&*1(&%" &*" )2,#D<&+\" 8-%" 1,*+jUD&*#Q" .&+"

)2,<.-+#&+" 5%()-(%&+" '&:(&**&*#" D*" ),'k.&" '&" 1$,(?" &*" %-(+,*" '&" .&D%" 5%,?()(#j" i" .-"

+(#D-#(,*"  !"# #&\"8-%" 1,*+jUD&*#Q" '-*+" 1&##&" j#D'&Q"*,D+"D#(.(+,*+" i" .-" L,(+" .(6*j&" 1&..D.-(%&"

0N0AN" &#")2,<.-+#&+" 5%()-(%&+" b87c" &*" 5-%-..k.&" 5,D%" 1,)5%&*'%&" .&" %p.&" '&+" L-1#&D%+" '&"

#%-*+1%(5#(,*"H&-'"'-*+".-"'(LLj%&*1(-#(,*")2,6j*(UD&  !"# $%&\""



 
16 

0,))&" (*'(UDjQ" *,D+" -:,*+" ),*#%j" 5%j1j'&))&*#" UD&" .d&?5%&++(,*" '&" H&-'W" &+#"

&++&*#(&..&"&#"-D6)&*#&"-D"1,D%+"'&" .-"'(LLj%&*1(-#(,*"'&"0N0AN"  !"# $%&" b@&*$-'',D"&#"-.\Q"

NXANc\"Z*&"+D55%&++(,*"+#-<.&"'&"H&-'W"6%m1&"i".d&?5%&++(,*"'dD*"+$/4E"+5j1(L(UD&"1,*'D(#"

i" .-" L,%)-#(,*" '&" )2,#D<&+" %-11,D%1(+" 5-%" %-55,%#" i" '&+" 0N0AN" &?5%()-*#" D*" +$/4E"

1,*#%p.&\"!&+"&?5j%(&*1&+"'&"1$(5C1$(5"i"5-%#(%"'&"0N0AN"+D%&?5%()-*#"K.-6C=/CH&-'W",*#"

%j:j.j+"UD&"H&-'W",11D5&"^]`"5%,),#&D%+Q"2"1,)5%(+"'(&)Q"*+,!-0"&#"*.#/\"!&+"-*-.2+&+"

#%-*+1%(5#,)(UD&+" ,*#" ('&*#(L(j" .l&*+&)<.&" '&+" 6k*&+" %j6D.j+" i" .-" <-(++&" +D(#&" i" .-" 5-%#&" '&"

H&-'W" 5-%)(" .&+UD&.+" L(6D%&*#" '&+" 5%,#j(*&+" ()5.(UDj&+" +#%D1#D%&..&+" &#" %j6D.-#%(1&+" 'D"

)D+1.&\" Z*" ),'k.&" 5%,5,+j" 5-%" @&*$-'',D" &#" -.\" +(#D&" H&-'W" 1,))&" -1#(:-#&D%" '&"

.l&?5%&++(,*" '&" 72,6" &#" /*;%'N" %&UD(+" 5,D%" .-" '(LLj%&*1(-#(,*" '&+" )2,<.-+#&+Q" )-(+"

%j5%&++&D%" '&" .l&?5%&++(,*" '&" 0HGK" &#" 01*'A" 1,*#%(<D-*#" i" .-" +,%#(&" 'D" 121.&" 1&..D.-(%&\"

H,D#&L,(+"'-*+"1&##&"j#D'&".&"%p.&"'&+"-D#%&+"H&-'+""'-*+"1&"5%,1&++D+"*d&+#"5-+"-<,%'j\"

"

"

' ()%*" C," D3EFGD" 9)1!$ $1$ #*" 5&)%" 0&!/ %:*%" 6*" H!&0H.&I!" 51%" 2 DJK" 2 6*!0 !(" .*2"

56)2 *%)2" /10$*)%2" 3*1." *!" 0&:7 !1 2&!" .*" .*)L" &)" $%& 2" .1!2" 6*2" :M&7612$*2" 5% :1 %*2"

<51!!*1)" 2)58% *)%B," -::)!&/6)&%*20*!0*" 2)%" 61" :1%9)*%" .*" . //*%!$ 1$ &!" N61" :M&2 !*"

0;1O!*"6&)%.*"<#*%$B"*$"PKF-"<76*)B".1!2"6*2":M&$)7*2"15%Q2"H!&0H.&I!"0&:7 !1$& %*".*"

3*1.2" *!" :M&7612$*2" 5% :1 %*2" < !/8% *)%*" .*" (1)0;*B" *$" 61" 9)1!$ / 01$ &!" .*" 6R !. 0*" .*"

/)2 &!"<*!"712"S".%& $*B,"
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 !" #$"%& '( )* +,-&(. /0*1 *22%$3$4'1 567+"'( '(& 3*#+("%& '( +%*4&#%12+1$4 8(*' 9 5("% 

%:5( '*4& 5(& );$<5*&+(& 2%1)*1%(& '( &$"%1& 2$&+=4*+*5(&. '*4& 5(&>"(55(& #$4+%*1%()(4+ *"? 

#(55"5(& @A@BA. 5* 2(%+( 8(*'C 2*% &1!DE 40* (" *"#"4 (33(+ &1F4131#*+13 &"% 5* 

'1337%(4#1*+1$4G H( )I)(. 5* 2(%+( '( 8(*'B $" 8(*'A 40* (" >"( '(& (33(+& )*%F14*"? &"% 5* 

'1337%(4#1*+1$4G J*#,*4+ >"( 8(*'C 51( (+ %7F"5( 56(?2%(&&1$4 '( 25"&1("%& #(4+*14(& '( F-4(&. 

4$"& *K$4& 2(4&7 >"( 56*<&(4#( '6"4 2,74$+;2( 3$%+ (4 &$4 *<&(4#( 2$"%%*1+ I+%( '"( 9 5* 

%('$4'*4#( 2$+(4+1(55( (4+%( 5(& '1337%(4+& 8(*'& F%L#( 9 5("% '$)*14( '( 51*1&$4 9 50!HE 

,*"+()(4+ #$4&(%K7G M$"% %72$4'%( 9 #(++( >"(&+1$4. 4$"& *K$4& %7*51&7 '(& 2(%+(& 

'0(?2%(&&1$4 &1)"5+*47(& '( '("? $" 25"&1("%& 3*#+("%& 8(*' 2*% '(& #$)<14*1&$4& '( &1!DE 

NO1F"%( PQG E$"& *K$4& $<&(%K7 >"( 5* 2(%+( #$4#$)1+*4+( '( 8(*'B (+ 8(*'C #$4'"1+ 9 "4( 

14,1<1+1$4 '%*)*+1>"( '( 5* '1337%(4#1*+1$4G R* 2(%+( #$55(#+1K( '( 8(*'B. 8(*'A (+ 8(*'C 

*FF%*K(4+ #( 2,74$+;2( NS1F"%( PQG  

 

 

 !"#$%& '(& )*+,-)& .#/01!1/1!2%& 34#$& 5406!$7%$& 8%& 90459:4;0& 3/$& <!)=>& <!8%05!0"& :%<&

38#<!%$#<& 6/51%#$<& *%/:& %0& 547?!0/!<40& :%& :%#@& 4#& 1$4!<& :/0<& 8%<& 5%88#8%<& -A-BA<&

C3/00%/#&<#3D$!%#$E(&F77#0468#4$%<5%05%&<#$&8/&7/$.#%$&:%&:!66D$%05!/1!40&G8/&7H4<!0%&
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5I/J0%&84#$:%&C2%$1E&%1&K>,F&C?8%#E&:/0<&8%<&7H41#?%<&/3$L<&90459:4;0&547?!0/14!$%&:%&

<4!1& #0& 6/51%#$& *%/:& M& 8/& 64!<& <4!1& 38#<!%$<& 6/51%#$<& *%/:<& <!7#81/0D7%01& C3/00%/#&

!06D$!%#$%E&:/0<&8%<&5%88#8%<&-A-BA<(&&

  

H(& (?27%1(4#(& &1)15*1%(& '*4& 5(& #(55"5(& @A@BA )$4+%(4+ >"( 5* 2(%+( &1)"5+*47( 

'( 8(*'B (+ 8(*'C $" '( 8(*'B. 8(*'A (+ 8(*'C * "4 (33(+ 25"& '%*)*+1>"( >"( #(55( '( 

8(*'C &("5 NS1F"%( CQG @(& '$447(& &"FF-%(4+ 3$%+()(4+ "4( %('$4'*4#( 3$4#+1$44(55( (4+%( 

5(& 3*#+("%& 8(*'. >"1 (&+ 25"& 2%$4$4#7( '*4& 5(& );$<5*&+(& 2%1)*1%(& >"( '*4& 5(& #(55"5(& 

@A@BAG @(& '1337%(4#(& 2("K(4+ I+%( (?251>"7(& 2*% 5( 3*1+ >"( 56(?2%(&&1$4 '( 8(*'B 

3$%+()(4+ %7'"1+( 2*% 5* 2(%+( '( 8(*'C '*4& 5(& @A@BA& )*1& 2*& '*4& 5(& );$<5*&+(& 

2%1)*1%(&G !14&1. '*4& 5(& );$<5*&+(& 2%1)*1%(& 56(?2%(&&1$4 '( 8(*'B 2$"%%*1+ I+%( (4 )(&"%( 

'( #$)2(4&(% 5* '1)14"+1$4 8(*'CG  

 

 !"#$%& N(& -473/$/!<40& :O455#3/1!40& "D047!.#%& *%/:'& :/0<& 8%<& 5%88#8%<& -A-BA& 040&

:!66D$%05!D%<&%1&:!66D$%05!D%<(&>(&-8#<1%$!0"&:%&<!1%<&5!?8%<&M&8/&?/<%&:%&:%0<!1D&:%&$%/:<&%0&

#1!8!</01&#0%&8!<1%&040+$%:40:/01&:%&14#<&8%<&<!1%<&455#3D%<&3/$&*%/:'&:/0<&8%<&5%88#8%<&040&

:!66D$%05!D%<& %1& :!66D$%05!D%<& P(& Q%00& 7401$/01& 8%& 047?$%& :%& <!1%<& :/0<& 8%<& :!66D$%01<&

"$4#3%<&:%&58#<1%$!0"&6/!1%<&%0&<5ID7/&>&-(&R5$%%0<I41<&S-R-&:O455#3/1!40&*%/:'&:/0<&

8%<&5%88#8%<&-A-BA&040&:!66D$%05!D%<&%1&:!66D$%05!D%<&/#@&845!&:%<&"L0%<&!0:!.#D<( 

&

A 

B 

C 
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  !314 '( '73141% 5(& %:5(& %('$4'*4+& (+ &27#131>"(& '( 3*#+("%& 8(*' 4$"& *K$4& 

(33(#+"7 '(& 1))"4$2%7#121+*+1$4& '( 5* #,%$)*+14( #$"257(& 9 '" &7>"(4T*F( ,*"+='7<1+ 

N@,UM=&(>Q &"% 5(& 2%$+714(& 8(*'B (+ 8(*'C (4'$F-4(& '*4& 5(& '("? #(55"5(& @A@BA 

14'1337%(4#17(& (+ '1337%(4#17(&G E$"& *K$4& #$4&+*+7 >"( 8(*'B $##"2( "4 (4&()<5( '( BCCP 

&1+(& F74$)1>"(& '*4& '(& #(55"5(& 14'1337%(4#17(& (+ "4 4$)<%( %7'"1+ '( AVC &1+(& '*4& 5(& 

#(55"5(& '1337%(4#17(&. '*4& 5(&>"(55(& 56(?2%(&&1$4 '( 8(*'C (&+ 14'"1+(G 8(*'C $##"2( K(%& 

PWWW &1+(& NS1F"%( XQ '*4& 5(& #(55"5(& 14'1337%(4#17(&. )*1& 5( %72(%+$1%( '(& &1+(& 517(& 2*% 

8(*'C (&+ *"F)(4+7 9 YWWW &1+(& *" #$"%& );$F(4-&( 2$"% '(& F-4(& 1)251>"7& '*4& 5* 

'1337%(4#1*+1$4 NS1F"%( XQG  

R* #$)2*%*1&$4 '(& '$447(& '( 51*1&$4& F74$)1>"(& 2$"% 5(& '("? 3*#+("%& '*4& 5(& 

#(55"5(& 14'1337%(4#17(& )(+ (4 7K1'(4#( '(& &1+(& $##"27& 2*% 5(& '("? 3*#+("%&. )*1& *"&&1 "4 

(4&()<5( '( &1+(& $##"27& &75(#+1K()(4+ 2*% 8(*'BG Z4 * $<&(%K7 >"( 25"2*%+ '(& &1+( $##"27 

2*% 8(*'B '*4& 5(& #(55"5(& 4$4='133(%(4+1(7& &$4+ *"&&1 517( 2*% 8(*'CG @(2(4'*4+. 5* 

%(2(%+$1%( '(& &1+(& $##"27& 2*% 8(*'C '*4& 5(& );$+"<(& '(K1(4+ +%-& 1)2$%+*4+ *" #$"%& '( 

5* '1337%(4#1*+1$4G 

R( #$4+(?+( '( &7>"(4#( N)$+13&Q *"+$"% '(& &1+(& '( 51*1&$4 '(& 8(*' 14'1>"( "4( 

3$%+( *&&$#1*+1$4 *K(# 5(& 3*#+("%& '( +%*4&#%12+1$4 !MB )*1& *"&&1 *K(# [\ZHB (+ [;$F 

'*4& 5(& #(55"5(& '1337%(4+1L+(&G @(++( $<&(%K*+1$4 (&+ #$431%)7( 2*% 5* #$)2*%*1&$4 '( 4$& 

'$447(& @,UM=&(> *K(# '(& '$447(& *##(&&1<5(& *" 2"<51# 2$"% [\ZHB (+ [;$F >"1 * )1& 

(4 7K1'(4#( "4 4$)<%( 1)2$%+*4+ '( 5$#1 #$=$##"27 2*% 8(*'C. [\ZHB (+ [;$F N'$447(&

'7+*1557& '*4& 5( 2*%+1( ] %7&"5+*+& ^G  

!14&1 4$"& *K$4& 2" '7+(%)14(% "4( &1F4*+"%( #$%%(&2$4'*4+ 9 &1+(& #$4&+1+"7& '( 

)$+13& *'/*#(4+& #$55(#+1K()(4+ 517& 2*% 5("% 3*#+("% '( +%*4&#%12+1$4 %(&2(#+13& 8(*'C. 

[\ZHB (+ [;$F (+ *&&$#17( 9 '(& F-4(& *#+1K7& 5$%& '( 5* '1337%(4#1*+1$4 )"&#"5*1%(G _4( 

14+7F%*+1$4 '(& '$447(& '( @,UM=&(> '(& 8(*'  *K(# '(& '$447(& 2"<51>"(& '( )$'131#*+1$4& 

'(& ,1&+$4(& 2(%)(+ (4 $"+%( '0*&&$#1(% 5(& &1+(& '( 51*1&$4 *K(# '(& %7F1$4& %7F"5*+%1#(& 

*#+1K(& )*%>"7(& 2*% `PaAV *#7+;57 9 5* 3$1& '*4& 567+*+ '1337%(4#17 (+ 4$4 '1337%(4#17GG 

b4&()<5(. #(& %7&"5+*+& )$4+%(4+ >"( 8(*'C (+ 8(*'B &( 51(4+ 9 5* 3$1& *" 41K(*" '( &1+(& 

#$))"4& (+ &27#131>"(& '*4& '(& #(55"5(& @A@BA 4$4 '1337%(4#17(&. )*1& >"(. 5$%& '( &* 

%7F"5*+1$4 9 5* ,*"&&( 8(*'C '(K1(4+ 5( 3*#+("% 2%7'$)14*4+ 517 9 '(& 757)(4+& %7F"5*+("%& '( 

F-4(& 14'"1+& 5$%& '( 5* '1337%(4#1*+1$4G 
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b4&"1+(. 4$"& *K$4& "+151&7 '( 56!DE=&(> 2$"% 7+"'1(% 56(?2%(&&1$4 '(& F-4(& '*4& 5(& 

#(55"5(& @A@BA (+ 5* '1337%(4#1*+1$4 '(& );$<5*&+(& 2%1)*1%(& (+ #$))(4+ #(& 2%$F%*))(& '( 

%7F"5*+1$4 &$4+ *33(#+7& 2*% "4( 2(%+( '( 8(*'B (+ 8(*'CG  

E$"& *K$4& '6*<$%' 3*1+ "4( #$)2*%*1&$4 F5$<*5( '( 56(?2%(&&1$4 F741>"( '*4& 5( 

@A@BA (+ );$<5*&+(& 2%1)*1%(&G R(& F-4(& 14'"1+& '*4& 5(& '("? )$'-5(& &$4+ +%-& %1#,(& (4 

+(%)(& '6$4+$5$F1( *&&$#17& 9 5* '1337%(4#1*+1$4 )"&#"5*1%( (+ 5(& F-4(& %72%1)7& &$4+ &$"K(4+ 

,*"+()(4+ (4%1#,1& (4 +(%)(& '6$4+$5$F1( *&&$#17& 9 #;#5( #(55"5*1%(. #$)2*+1<5( *K(# 5( 3*1+ 

>"( 5* '1337%(4#1*+1$4 1)251>"( 56*%%I+ '" #;#5( #(55"5*1%(G !14&1. 5(& 2%$F%*))(& '( 

56(?2%(&&1$4 '(& F-4(& &1)15*1%(& )*1& 4$4 1'(4+1>"(& &$4+ %72%1)7& $" &$4+ *#+1K7& (+ *" 

#$"%& '( 5* '1337%(4#1*+1$4 '( #(& '("? +;2(& '( #(55"5(&G 

 

 

 !"#$%&T(&F:%01!6!5/1!40&:%<&"L0%<&5!?8%<&:!$%51<&341%01!%88%7%01&$D"#8D<&3/$&*%/:'&:/0<&8/&

:!66D$%05!/1!40&:%<&5%88#8%<&-A-BA(&U%<&:!/"$/77%<&:%&Q%00&!88#<1$/01&8%&5I%2/#5I%7%01&

%01$%& 8%<& "L0%<& /<<45!D%<& /2%5& <!1%C<E& :%& 8!/!<4C<E0& :%& *%/:'& %1& "L0%<& :D$D"#8D& M& 8/&

:!7!0#1!40&:V%@3$%<<!40&:%&*%/:B&/0:&*%/:'&3/$& <!*%/:&BW'& <!8%05!%#@&:/0<& 8%<& 5%88#8%<&

-A-BA&C%0&I/#1E(&UO/0/8H<%&:%&8O401484"!%&:%<&"L0%<&5!?8%<&341%01!%8<&%1&:!$%51<&7401$D&:/0<&

3/00%/#&!06D$!%#$( 

R* #$)2*%*1&$4 '(& '$447(& @,UM=&(> (+ DE!=&(> '*4& 5(& #(55"5(& @A@BA 9 %7K757 

>"( (4K1%$4 XPWW F-4(& $4+ 7+7 *&&$#17& 9 *" )$14& "4( 8(*'C $##"27 &1+( (+ 2*%)1 5(& ACc 

F-4(& >"1 7+*1(4+ %7F"57& 9 5* ,*"&&( 2*% &18(*'B d C &15(4#( (4+%( W=e /$"%&. cV 7+*1(4+ 
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*&&$#17& 9 8(*'C &1+(& NS1F"%( BA!Q. +(5& >"( @#4'B #$))( '7#%1+ 2%7#7'())(4+ $##"27 

Nf(4,*''$" (+ *5G. AWBAQ NS1F"%( BAfQ G @(& F-4(& 2%7&(4+(4+ "4 3*1<5( (4%1#,1&&()(4+ (4 

+(%)(& '6$4+$5$F1( *&&$#17& 9 '1K(%& +;2(& '( &1F4*51&*+1$4 (+ '( 2%$5137%*+1$4G J"% 5(& XCc 

F-4(& >"1 $4+ 7+7 %7F"57( 9 5* <*1&&( 2*% &18(*'B d C &15(4#( (4+%( 5(& /$"%& W=e. BYB $4+ 7+7 

*&&$#17& 9 8(*'C &1+(& $##"27&. (+ $4+ 7+7 (4%1#,1& (4 +(%)(& '6$4+$5$F1( *&&$#17& *" 

'7K(5$22()(4+ )"&#"5*1%( (+ #$)2%(44(4+ "4( )"5+1+"'( '( #$)2$&*4+& &+%"#+"%(5&G @(& 

'$447(& 14'1>"(4+ >"( 2%-& '( CWg '(& F-4(& %7F"57& 9 5* <*1&&( 2*% 5* 2(%+( '( 8(*'B d C 

&$4+ '(& #1<5(& '1%(#+& 2$+(4+1(5&G b4&()<5(. 5(& '$447(& #1='(&&"& #$431%)(4+ 5( %:5( #%1+1>"( 

'(& 3*#+("%& 8(*' '*4& 56*#+1K*+1$4 '( 5* +%*4&#%12+1$4 '( F-4(& 1)251>"7& '*4& 5* 

'1337%(4#1*+1$4 '(& );$+"<(& (+ &"FF-%(4+ >"6*" )$14& #(%+*14& F-4(& 2("K(4+ I+%( %72%1)7(& 

2*% '(& 3*#+("%& 8(*' #$"%& '( #( 2%$#(&&"&G 

b4 <%(3. 5* #$)2*%*1&$4 '(& &1+(& '( 51*1&$4& F74$)1>"(& '(& 8(*' N@,UM=&(>Q *K(# 

5(& F-4(& (33(#+1K()(4+ '7%7F"57& 2*% 5("% 2(%+( NDE!=&(>Q * 2(%)1& '01'(4+131(% "4 (4&()<5( 

'( F-4(& '1&+14#+ )*1& #,(K*"#,*4+. 517& (+ '7%7F"57& '*4& 5(& @A@BA (+ 5(& );$<5*&+(& 

2%1)*1%(& (+ %(2%7&(4+(4+ '(& #1<5(& '1%(#+(& '( #(& 3*#+("%&G 

E$& %7&"5+*+& 2%7#7'(4+& Nf(4,*''$" (+ *5G. AWBAQ (+ *#+"(5& &"FF-%(4+ >"( 8(*'C 2("+ 

*F1% 9 5* 3$1& #$))( "4 *#+1K*+("% (+ "4 %72%(&&("% '( 5* +%*4&#%12+1$4 *" #$"%& '( 5* 

'1337%(4#1*+1$4 '(& );$<5*&+(&G !5$%& >"( 5(& (33(#+("%& '( 5* K$1( `122$ =\!M (+ 8!h $4+ 

7+7 '7#%1+& #$))( '(& #$=*#+1K*+("%& 2$"% 5(& 3*#+("%& '( 8(*' (4 2*%+1#"51(% '*4& 56*#+1K*+1$4 

'( 56(?2%(&&1$4 '( F-4(& 1)251>"7& '*4& 5* 2%$5137%*+1$4 (+ 50$4#$F(4-&( NR*)*% (+ *5. AWBAiGG 

j*&&15(K (+ *5. AWWBQ. *"#"4 #$=%72%(&&("%& 40* 7+7 1'(4+1317 9 #( /$"%G M*% *155("%&. '(& 

)()<%(& '( 5* 3*)155( jF5 &()<5(4+ *F1% #$))( #$=*#+1K*+("%& 2$"% 5(& 8(*' *" #$"%& '( 5* 

'133(%(4#1*+1$4 '(& );$+"<(& N@,(4 (+ *5G. AWWC i [*('* (+ *5G. AWWAQG R01'(4+131#*+1$4 '( 

2*%+(4*1%(& '( 51*1&$4 '( 8(*'C '*4& 5(& #(55"5(& @A@BA '1337%(4#17& 2("+ '$4# *1'(% 9 )1("? 

#$)2%(4'%( 5* 3$4#+1$4 )"&#"5*1%( (+ 5( %72(%+$1%( '( F-4(& %7F"57 2*% 8(*'CG  

H*4& "4 2%$/(+ )(47 (4 2*%*55-5( *K(# 5(& 7+"'(& #1='(&&"&. 4$"& *K$4& 1'(4+1317 '(& 

2*%+(4*1%(& '( 51*1&$4 8(*'C '*4& 5(& #(55"5(& @A@BA '1337%(4#17(&G M$"% #(5*. /( F747%7 "4( 

51F47( #(55"5*1%( @A@BA (?2%1)*4+ '( 3*T$4 &+*<5( S=`!=8(*'CG @(& #(55"5(& $4+ 7+7 

'1337%(4#17(&. 5* 3%*#+1$4 *&&$#17( 9 5* #,%$)*+14( * 7+7 2%72*%7(. 2"1& S=`!=8(*'C 2"%1317 

*314 '01'(4+131(% &(& 2*%+(4*1%(& 2*% &2(#+%$)7+%1( '( )*&&(G 

E$"& *K$4& *14&1 1'(4+1317 '(& #$3*#+("%& #$44"& '(  8(*'C +(5& >"( \*2B. jF55A (+ 

jF55C (+ 25"&1("%& 4$"K(*"? 2*%+(4*1%(& 2*%)1 5(&>"(5& 5* 2%$+714( 7+*1+ U31AWAG H(& *22%$#,(& 
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'( #$=(?2%(&&1$4 (+ '01))"4$2%7#121+*+1$4 '( 2%$+714(& $4+ #$431%)7 >"( U31AWA 14+(%*F1+ 

*K(# 8(*'CG M*% *155("%& 4$"& *K$4& 2" $<&(%K(% >"09 5* 3$1& 5* 2(%+( (+ 5* &"%(?2%(&&1$4 '( 

U31AWA 14,1<(4+ 5* '1337%(4#1*+1$4 (+ 2*% #$4&7>"(4+ U31AWA (&+ %(>"1& 2$"% 5* '1337%(4#1*+1$4 

'(& #(55"5(& @A@BAG 

b4314. 2$"% %72$4'%( 9 5* '(%41-%( >"(&+1$4 #$4#(%4*4+ 5( %:5( '(& 8(*'C '*4& 5* 

2,;&1$5$F1( 4$%)*5( '" )"&#5( (+ 2(4'*4+ 5* %7F747%*+1$4 )"&#"5*1%(  !"# #$. 4$"& *K$4& 

(4K1&*F7 '01'(4+131(% 5(& &1+(& '( 51*1&$4& '( 8(*'C '*4& 5( )"&#5( *'"5+(G M$"% #(5*. $4 * 

$2+1)1&7 "4 2%$+$#$5( '( @,UM  !"# #$"(+ 2*% @,UM=&(>. 1'(4+1317 5(& &1+(& 517(& 2*% 8(*'C *4' 

!DE 2$5;)7%*&( UUG H$4#. $4 * 1'(4+1317 5(& F-4(& 517(& 2*% 8(*'C *4' #("? >"1 )$4+%(4+ "4 

*&&$#1*+1$4 *K(# M$5 UU *#+1K( (+ '$4# 5(& F-4(& (?2%1)7& '*4& 5* )"&#5(& *'"5+( %(&+*4+(G  

 

 !"#$%& X(&-IF,+<%.& !0& 2!24&Y&-/31#$%& :%& ?$4;<%$&S-R-&7401$/01& 8%& 3$46!8& :%& 8!/!<40& :%&

*%/:'&%1&,48H7D$/<%&FF&/#&0!2%/#&:%<& 845!&>7418A&%1&K%<7!0&:/0<& 8%&7#<58%&5I%Z&<4#$!<&

8V/:#81%(&

 

b4 2*%*55-5(. 4$"& *K$4& F747%7 '(& &$"%1& +%*4&F741>"( 2(%)(++*4+ "4 k4$#k=$"+ 

#$4'1+1$44(5 '( 8(*'C 9 56*1'( '(& +%*4&F-4(& `J!=@%(bD8A $" M*?V=@%(=bD8A >"1 

2(%)(++(4+ '( %(#$)<14(% &27#131>"()(4+ 5( 5$#"& (+ &"22%1)(% 50(?2%(&&1$4 '( 8(*'C '*4& 

5(& 31<%(& )"&#"5*1%(& )*+"%(& $" 5(& #(55"5(& &*+(551+(& M*?Vl %(&2(#+1K()(4+G E$"& 

#*%*#+7%1&$4& *#+"(55()(4+ 5( 2,74$+;2( '( #(& *41)*"?. <1(4 >"( 5(& %7&"5+*+& 2%751)14*1%(& 

&"FF-%(4+ "4 %:5( '( 8(*'C '*4& 5* +*155( '(& 31<%(& (+ 5("% #$)2$&1+1$4 )*1& &*4& (33(+ &"% 5* 
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I.Skeletal muscle structure 

Jk(5(+*5 )"&#5( )*k(& "2 3$% CWg $3 +,( <$'; o(1F,+ *4' XW=VXg $3 +,( +$+*5 2%$+(14 

#$4+(4+ $3 +,( <$';G R$#$)$+1$4. )$K()(4+ *4' )*14+(4*4#( $3 2$&+"%( <(14F 1+& )*/$% 

3"4#+1$4&. 1+ *5&$ 25*;& 1)2$%+*4+ %$5( 14 &+$%*F( $3 (4(%F; *4' )*14+*1414F o,$5(=<$'; 

)(+*<$51&)G D1F,+ 3%$) +,( &)*55(&+ &+%"#+"%*5 *4' 3"4#+1$4*5 "41+= );$31<(% $% )"&#5( #(55 +$ 

+,( o,$5( )"&#5(. +,( #;+$&k(5(+*5 &+%"#+"%(& *%( ,1F,5; '(K(5$2(' *4' $%F*41r(' 14 $%'(% +$ 

2(%3$%) )(#,*41#*5 3"4#+1$4&. "+151r( *4' &+$%( (4(%F; *4' 2%$K1'( (4'"%*4#( +$ +,( <$';G 

-./01'2$34,$5,67*#*2'#,3869#*,'&9)!2*928&*+,

Jk(5(+*5 )"&#5( 1& )*'( $3 #$)2*#+5; 2*#k(' )"&#5( 31<%(& +,*+ *%( ,(5' +$F(+,(% <; * 

&"<&+*4+1*5 *)$"4+ $3 #$44(#+1K( +1&&"(G 8,( $"+(%)$&+ 5*;(% $3 #$44(#+1K( +1&&"( +,*+ #$K(%&

+,( o,$5( )"&#5( 1& #*55(' +,( *(!346!83,:;!%8&*,/<G 8,1& 5*;(% $3 #$44(#+1K( +1&&"( (?+(4'& 

*+ +,( (4'& $3 +,( )"&#5( +$ 3$%) +(4'$4& +,*+ *++*#, +,( )"&#5( +$ +,( &k(5(+$4G 8,( )"&#5( 

#*4 <( '1K1'(' 14+$ <"4'5(& $3 31<%(& #*55(' +,( 5'69!9#*6 +,*+ *%( (4#5$&(' 14 *4$+,(% 5*;(% $3 

#$44(#+1K( +1&&"( #*55(' +,( (*&!346!83G ! 3*&#1#5( #$4&1&+& $3 BW=BWW )"&#5( 31<%(& 

'(2(4'14F "2$4 +,( )"&#5( 14 >"(&+1$4G bK(4+"*55;. (*#, 14'1K1'"*5 )"&#5( 31<%( 1& 

&"%%$"4'(' <; *1=$346!83,:;!%8&*,/<.,,

,

,

,



  Introduction 

 

 
27 

/ 0123"%4"567"82$99"6!6:$;<"$="9>3?3:6?";19@?3"9A$B !0"@$;C6@:"6226!03;3!:"$=";19@?3"= D239":A6:"
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&Jk(5(+*5 )"&#5( 1& * ,1F,5; K*&#"5*%1&(' *4' 144(%K*+(' +1&&"(G 8,( <5$$' K(&&(5& *4' 4(%K( 

(4'14F& 2(4(+%*+( +,%$"F, +,( (21);&1") o1+, 3"%+,(% <%*4#,14F $3 <5$$' K(&&(5& *4' )$+$% 

4("%$4& 14+$ +,( 2(%1= *4' (4'$);&1")G b*#, )"&#5( 31<%( 1& 144(%K*+(' <; * &14F5( *?$4 4(*% 

+,( )1''5( $3 +,( 31<%(G &

-.>,?*##8#'&,$&%'1!6'2!$1,$5,67*#*2'#,3869#*+,,

-.>./,@4$5!"&*+,,

! );$31<%( $% )"&#5( #(55 1& * 5$4F. #;514'%1#*5 *4' )"5+1=4"#5(*+(' #(55 +,*+ %"4& *5$4F +,( 

(4+1%( 5(4F+, $3 +,( )"&#5(G ! )"&#5( 31<%( #*4 <( "2 +$ PX #) 5$4F *4' K*%; 3%$) BW=BWW 

)1#%$4& 14 '1*)(+(%G b*#, )"&#5( 31<%( 1& &"%%$"4'(' <; * )(&,=51k( "'6'#, #'3!1' 

#$)2%1&(' $3 #$55*F(4 *4' 5*%F( F5;#$2%$+(14&G f*&*5 5*)14* 1& 2%(&(4+ 14 +,( &2*#( <(+o((4 

+,( (4'$);&1") *4' +,( 25*&)* )()<%*4( $% +,( 6'&9$#*33' $3 +,( )"&#5( #(55G 8,( *'"5+ 

)"&#5( &+() #(55& $% +,( &*+(551+( #(55& %(&1'( <(4(*+, +,( <*&*5 5*)14* 14 #5$&( #$4+*#+ o1+, 

+,( &*%#$5())*G 8,( <*&*5 5*)14* 1& k4$o4 +$ 2%$K1'( * &#*33$5' 3$% )"&#5( %(2*1% *3+(% 

14/"%;G b*#, );$31<%( #$4+*14& "2+$ BWWW 4"5#(1 +,*+ %(&"5+ 3%$) +,( 3"&1$4 $3 +,( ()<%;$41# 

*4' 3(+*5 );$<5*&+& '"%14F 4*+*5 *4' 2$&+=4*+*5 '(K(5$2)(4+G 8,( 4"#5(1 *%( &1+"*+(' 

2(%12,(%*55; <(4(*+, +,( &*%#$5())*G  

8,( );$31<%(& ,*K( ,1F,5; &2(#1*51&(' &"<=#(55"5*% &+%"#+"%(& &"#, *& );$31<%15& *4' 

#;+$&k(5(+*5 4(+o$%k +,*+ #$44(#+& +,( );$31<%15& +$ +,( &*%#$5())*. +,"&. *##$"4+14F 3$% +,( 

#$4+%*#+15( 2%$2(%+1(& $3 +,( )"&#5( *& *4 $%F*4G 

-.>.>,A'2*##!2*,9*##6+,,

8,(; *%( +,( *'"5+ )"&#5( &+() #(55& +,*+ %(&1'( "4'(% +,( <*&*5 5*)14* 4(?+ +$ +,( 

&*%#$5())*G J*+(551+( #(55& *%( >"1(&#(4+ *4' F(+ *#+1K*+(' "4'(% #$4'1+1$4& $3 %(2*1% *4' 

%(F(4(%*+1$4. 3$55$o(' <; +,(1% 2%$513(%*+1$4 *4' 3"&1$4 14+$ 4(o $% 2%(=(?1&+14F 31<%(& $% &(53=

%(4(o*5 N'1&#"&&(' 14 '(+*15& 14 +,( @,*2+(% AQG 
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-.B,01'2$3!9'#,62&8928&*,$5,34$5!"&*+,

-.B./.,@4$5!"&!#6+,,

b*#, )"&#5( 31<%( 1& )*'( "2 $3 &(K(%*5 ,"4'%(' +$ +,$"&*4' %$'=51k( (5()(4+& #*55(' 

);$31<%15& +,*+ %"4 *5$4F +,( 5(4F+, $3 +,( 31<%(G 8,(; *%( B=Ps) 14 '1*)(+(% *4' $##"2; YWg 

$3 +,( #(55 K$5")( N`"?5(; *4' `*4&$4. BcXVQG b*#, );$31<%15 1& #$)2$&(' $3 +,14 N*#+14Q 

*4' +,1#k N);$&14Q );$315*)(4+&G ! );$31<%15 #*4 <( 3"%+,(% '1K1'(' 14+$ &*%#$)(%(& +,*+ *%( 

514(' (4'=+$=(4' tS1F"%( Au N@%*1F *4' M*'%$4. AWWCQG 

-.B.>.,A'&9$3*&*+,,

J*%#$)(%( 1& +,( &)*55(&+ &+%"#+"%*5 *4' 3"4#+1$4*5 "41+ $3 * )"&#5( 31<%( *4' 1& )*'( "2 $3 

+,1#k N);$&14Q *4' +,14 N*#+14Q );$315*)(4+& NS1F"%( AQG 8,( *%%*4F()(4+ $3 +,1#k N);$&14Q 

*4' +,14 N*#+14Q );$315*)(4+& $3 +,( &*%#$)(%( 1& 5*%F(5; %(&2$4&1<5( 3$% +,( <*4'14F 2*++(%4 

$<&(%K(' "4'(% 51F,+ *4' (5(#+%$4 )1#%$&#$2; *4' +,"& +,( &+%1*+(' *22(*%*4#( 14 &k(5(+*5 

)"&#5( 14 * 5$4F1+"'14*5 &(#+1$4 NO%(F$%1$ (+ *5G. BcccQG  

 

 

 

 

 ! "! 

/ 0123" +4"H7" L@A3;6: @" 23C2393!:6: $!" $=" :A3";<$= D2 ? B :A"I7" 6" E3:6 ?3E";$?3@1?62" 9:21@:123" $=" 6"

962@$;323"6!E"3?3@:2$!"; @2$026CA"$="6"?$!0 :1E !6?"93@: $!"$=";19@?3"9A$B !0"9:2 6:3E"6CC3626!@3"

$="962@$;323"M6E6C:3E"=2$;"5N1:A32K"+&&(7O4"

b*#, &*%#$)(%( #$4&1&+& $3 * '*%k != <*4' N*41&$+%$21# <*4'Q *4' ,*53 * 51F,+ <*4' NU <*4'Q 

$4 (1+,(% &1'( 35*4k(' <; r='1&#& $4 <$+, &1'(&G U+ 1& * A s) 5$4F %(F1$4 <(+o((4 +o$ 

&"##(&&1K( r='1&#&G 8,( #(4+%*5 +,1#k 315*)(4+& #$4+*1414F );$&14 (?+(4' +,( (4+1%( 5(4F+, $3 

+,( !=<*4'G 8,( )$%( 5*+(%*5 +,14 315*)(4+& #$4+*1414F *#+14 (?+(4' *#%$&& +,( U=<*4' *4' 

2*%+5; 14+$ +,( !=<*4'G  
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8,( *#+14 315*)(4+& 31+ *+ +%1F$4*5 2$&1+1$4& 14 +,( ,(?*F$4*5 *%%*; $3 );$&14 315*)(4+& 14 +,( 

!=<*4' NJ>"1%(. BccVQG 8,( `=r$4( 14 +,( )1''5( $3 +,( !=<*4' *22(*%& 5(&& '(4&( <(#*"&( 

+,( +,14 315*)(4+& '$ 4$+ (?+(4' 14+$ +,1& %(F1$4G 8,( [=514( 14 +,( #(4+(% $3 +,( `=r$4( 1& 

&51F,+5; '*%k(% <(#*"&( $3 +,( 2%(&(4#( +,(%( $3 314( 2%$+(14 &+%*4'& $3 );$)(&14 +,*+ ,$5' 

*'/*#(4+ +,1#k 315*)(4+& +$F(+,(%G 

8,( );$315*)(4+& *%( #$44(#+(' +$ +,( &*%#$5())* *4' #$44(#+(' *+ +,( r='1&#& *4' [=514(& 

+%*4&K(%&*55;G S$% 14&+*4#(. +,( +,14 *#+14 315*)(4+& $3 *'/*#(4+ &*%#$)(%(& *%( /$14(' +$F(+,(% 

*+ +,( h='1&#& <;  =!#+1414 '1)(%& NR"+,(%. AWWWQG 8,( +,1#k 315*)(4+& *%( *5&$ #$44(#+(' +$ 

F1*4+ 81+14 )$5(#"5(& NPWWWkH*Q +,*+ #$K(% ,*53 +,( &*%#$)(%( 5(4F+,G 81+14 ,(52& %(F"5*+( +,( 

&*%#$)(%( 5(4F+, *3+(% )"&#5( #$4+%*#+1$4 NO*"+(5 (+ *5G. BcccQG E(<"514 NeWW=YWWa'*Q 

*&&$#1*+(& o1+, +,( +,14 315*)(4+& *4' %(F"5*+(& +,(1% 5(4F+,. #$4+%*#+151+; *4' r='1&# &+%"#+"%( 

N[#b5,144; (+ *5G. AWWPQG 
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-.B.B,C)!97,5!#'3*126+,,

8,( +,1#k 315*)(4+& *%( )*145; )*'( $3 [;$&14 UU N#$4K(4+1$4*5 );$&14QG [;$&14 1& * 
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'$)*14 +,*+ ,;'%$5;&(& !8M *4' <14'& +$ *#+14 N@%*1F *4' n$$',(*'. AWWeQG 8,( @=+(%)14*5 
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35(?1<5( +,*4 +,( '1&+*5 51F,+ )(%$)(&14 NR[[Q 2*%+ $3 +,( +*15G 8,( 4(#k #$)2%1&(& $3 +,( 

+o$ 51F,+ #,*14&. 4*)(5;. +,( (&&(4+1*5 51F,+ #,*14 NbR@Q *4' * %(F"5*+$%; 51F,+ #,*14 NDR@QG 

8,( 2,$&2,$%;5*+1$4 $3 +,( DR@ 1& %(&2$4&1<5( 3$% +,( #$4+%*#+15( *#+1K1+; $3 +,( );$&14 

)$5(#"5(G 

-.B.D.,C)!1,5!#'3*126+,,

8,( +,14 315*)(4+& *%( )*145; #$)2%1&(' $3 !#+14. *5$4F o1+, +o$ %(F"5*+$%; 2%$+(14&q 

8%$2$414 N84Q *4' 8%$2$);$&14 N8)Q NS1F"%( PfQG 8,( F5$<"5*% *#+14 NO=*#+14Q 2$5;)(%1r(& 
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)*14 <$'; $3 +,( +,14 315*)(4+G 8%$2$);$&14 1& %$'=&,*2(' #$15('=#$15 ,$)$ $% ,(+(%$'1)(% 

2%$+(14 +,*+ 51(& *5$4F +,(  =,(51#*5 )*/$% F%$$K( $3 *#+14G U+ 14+(%3(%(& o1+, *#+14=);$&14 

14+(%*#+1$4 14 * 8%$2$414='(2(4'(4+ )*44(%G 8%$2$414 1& #$)2$&(' $3 +,%(( &"<"41+&q 

8%$2$414 @ N@*
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=<14'14FQ. 8%$2$414 8 N8%$2$);$&14=<14'14FQ *4' 8%$2$414 U NU4,1<1+& 
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"

 

/ 0123")4"Triad organization in skeletal muscle. Left: Electron micrograph of a triad junction. A 

central T-tubule is flanked on both sides by a terminal cisternae element from the sarcoplasmic 

reticulum. Arrows indicate electron-dense junctional feet corresponding to the ryanodine receptor-

dihydhropyridine receptor complex. Right: Schematic representation of a mammalian muscle 

sarcomere and surrounding membranes. T-tubules shown in gray are specialized invaginations of 

the sarcolemma. The elaborated sarcoplasmic reticulum network is shown in blue (Al-Qusairi and 

Laporte, 2011). 
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II.Skeletal muscle formation: 
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)/1$,++/$1#E/,# .!"/&#&"*"7.'&)#9I'&$"+/)'$#".#,+3B#JDDQ=3#M"+",)"#'0#OH?#,.# .!"#)/."#'0# /$-%&6#

,*./E,.")# ( YM# /$# 5/).,$.# ),."++/."# *"++)# &"$5"&/$1# .!"(# &",56# 0'&# ,*./'$# 9HL+"&.# ).,."=#

9M'51"&)#".#,+3B#JDQ_=3#?H?J#/)#!/1!+6#"87&"))"5#/$#&"1"$"&,./$1#(%)*+"#,$5#,*./E,.")#:L<b#

,$5#;Mb#7,.!>,6)# /$# ),."++/."# *"++)# 9e,2+'$W,AM"%E"$/# ".# ,+3B# QRRR=3# 4$!/2/./'$# '0# 7ST c!#

:L<b# 7&"E"$.)# ),."++/."# *"++)# 0&'(# "$."&/$1# *"++# *6*+"# 9Z'$")# ".# ,+3B# JDDC=# ,$5# ;Mb#

,*./E,./'$#/)#*&%*/,+#0'&#HQ#.'#P#7!,)"#.&,$)/./'$#9Z'$")#".#,+3B#JDDQ=3# #ZNbc:L<b#7,.!>,6#

>,)#,+)'#)!'>$#.'#,*./E,."#*6*+/$#aQ#,$5#7&'('."#*"++#*6*+"#7&'1&"))/'$#9<"&5/1%"&'#".#,+3B#

JDDU=3#

4H?AQ#7&'('.")#(6'1"$/*#5/00"&"$./,./'$#26#,*./E,./$1#7&'."/$#)6$.!")/)#)/1$,++/$1#7,.!>,6)#

E/,#_;A\<#.&,$)+,./'$#0,*.'&#,$5#&/2')'(,+#7&'."/$#P@#W/$,)"#,$5#/$!/2/./$1#(%)*+"A)7"*/0/*#

;S#+/1,)")#/$E'+E"5#/$#7&'."/$#5"1&,5,./'$#9O")V"+"#,$5#<&/*"B#JDD_=3##

Y$# .!"# '.!"&# !,$5B# :6').,./$cHa?TB# ,# (%)*+"# )7"*/0/*#  H?A!# 0,(/+6# ("(2"&# 7&"E"$.)#

),."++/."#*"++)# 0&'(#"$."&/$1# /$.'#*"++#*6*+"#26# /$5%*./'$#'0#7JQ#,$5#)%77&"))/'$#'0#IabJC3#

:6').,./$# $%++# (/*"# !,E"# /$*&",)"5# $%(2"&# '0# ,*./E"+6# 7&'+/0"&,./$1# ),."++/."# *"++)#

9:*I&')W"&6#".#,+3B#JDDS[#:*<!"&&'$#".#,+3B#QRRU=3#

4$."&")./$1+6B# N'.*!# )/1$,++/$1# 7,.!>,6# 7+,6)# ,$# /(7'&.,$.# &'+"# /$# ./("+6# "87,$)/'$# ,$5#

5/00"&"$./,./'$#'0#(6'1"$/*#7&'1"$/.'&)3# !/)#5%,+#&'+"#/)#0,*/+/.,."5#E/,#%7&"1%+,./'$#'0#N'.*!#

+/1,$5B# a"+.,B# '$# .!"# ),."++/."# *"++)# ,)# >"++# ,)# ,5-,*"$.# 5,(,1"5# 0/2&")3# a"+.,# (,&W)# .!"#
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/$."&("5/,."#)."7#'0#.&,$)/.#,(7+/06/$1#*"++)3##4$,*./E,./'$#'0#N'.*!#E/,#"87&"))/'$#'0#N%(2B#

,$#/$.&,*"++%+,&#,$.,1'$/V"&#'0#N'.*!#7%)!")#.!"#*"++)#0'&>,&5#.'#5/00"&"$./,./'$#9I'$2'6#,$5#

M,$5'B#JDDJ=3#

  !=!O$9&-<P(&0&F.-$)<$+.1&--21&$,&--+3$

P"+0A&"$">,+#/)#,#7&'7"&.6#/$.&/$)/*#.'#)."(#*"++#7'7%+,./'$)#,$5#&"`%/&"5#0'&#.!"#)%)."$,$*"#'0#

.!"# )."(# *"++# 7''+# 0'&# ./))%"# &"7,/&# ,$5# !'("').,)/)3# # P,."++/."# *"++)# !,E"# 2""$# )!'>$# .'#

%$5"&1'# 2'.!# )6((".&/*# ,$5# ,)6((".&/*# *"++# 5/E/)/'$)# /$# '&5"&# .'# 7&'5%*"# )%00/*/"$.#

(6'1"$/*#7&'1"$/.'&)#,)#>"++#,)#&"$">,+#'0#.!"#),."++/."#*"++#7''+3

^/$",1"#.&,*/$1#"87"&/("$.)#/$#:60ACI&"cMYPLJ@Ae?<#(/*"#&"E",+"5#.!,.# .!"&"#&"(,/$)#,#

(/$'&#7'7%+,./'$#'0#e?<#$"1,./E"#*"++)#.!,.#/)#,2+"#.'#7"&0'&(#)6((".&/*#5/E/)/'$)#.!,.#>/++#

!"+7#&"$">#.!"#),."++/."#*"++#7''+3# !"#&").#%$5"&1'#,)6((".&/*#5/E/)/'$)#.'#1/E"#,#*'((/.."5#

7&'1"$/.'&#,$5#,#)."(#*"++#9b%,$1#".#,+3B#JDDU=3##

#

#

 !"#$%( ??'( @6#34( *,-"%.%1!1( 5.6( 1%30A$%.%=53'( L*.!6-.%/& 3-.%44!.%& *%443&,-<& /!6!/%& !2.0& 1-3+!023(&

)-.%44!.%&*%443&/!6!/!2"&6!-&74-2-$&/!6!3!023&"!6%&$!3%&.0&/-#"+.%$&*%443&>!.+&3<,,%.$!*&D<1S&%87$%33!02&

-2/& .+03%& /!6!2"& !2& -7!*-49J-3-4& 74-2%& +-6%& -3<,,%.$!*& D<1S& %87$%33!02V& "!6!2"& $!3%& .0& D<1X&

*0,,!..%/&7$0"%2!.0$3&-2/&D<1S9&#2*0,,!..%/&3-.%44!.%&*%443(&IH%2.c!2"%$&%.&-4(V&A^@AP&

#

a%&/$1# ,)6((".&/*# *"++# 5/E/)/'$)B# .!"&"# /)# %$"`%,+# )"1&"1,./'$# '0# *"++ 0,."# 5"."&(/$,$.)#

9?/1%&"# QQ=3#F!/+"# N'.*!S# &"*"7.'&# /)# "87&"))"5# '$+6# /$# ,#:60C# $"1,./E"# *"++B# .!"#:60C#

7')/./E"#5,%1!."&#*"++#/$!"&/.)#N'.*!#+/1,$5B#a"+.,Q#9b%,$1#".#,+3B#JDDU=3#P/(/+,&+6B#.!"#N'.*!#
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,$.,1'$/).# N%(2#>,)# "87&"))"5# '$+6# /$#:6'H# 7')/./E"# *'((/.."5# 5,%1!."&# *"++# 9I'$2'6#

,$5# M,$5'B# JDDJ=3# L)6((".&/*# 5/E/)/'$# /)# ,+)'# 7,&,++"+"5# 26# ,)6((".&/*# )"1&"1,./'$# '0#

aNL3#  !"# 5,%1!."&# *"++# /$!"&/./$1# '+5#aNL# ).&,$5# &".,/$)# <,8U# "87&"))/'$B#>!"&"# ,)# .!"#

'.!"&# &"*"/E/$1# .!"# $"># aNL# ).&,$5# 2"*'(")#:6'H# 7')/./E"# 9e"$$"W# ".# ,+3B# JDQ_=3#  !"#

)6((".&/*#5/E/)/'$)#,&"#7+,$,&#>!/+"#,)6((".&/*#5/E/)/'$)#,&"#,7/*'A2,),+#/$#7'+,&/.6#9?/1%&"#

QQ=3#4.#,77",&)#.!,.#.!"#2,),+#5,%1!."&#*"++#(,6#2"#&"*"/E/$1#*%")#0&'(#.!"#2,),+#+,(/$,B#>!/+"#

.!"# ,7/*,+# 5,%1!."&# *"++# /)# "87')"5# .'# *%")# 0&'(# .!"# &"1"$"&,./$1# (%)*+" 0/2&")3#  !"#

5/00"&"$./,+# *%")# (/1!.# 2"# /$5""5# +",5/$1# .'# .!"# ,7/*'A2,),+# '&/"$.,./'$# '0# 5/E/5/$1# *"++)B#

!"$*"B# ,)6((".&/*# )"1&"1,./'$# '0# *"++# 0,."# 5"."&(/$,$.)3#  !%)B# ,# 2,+,$*"# 2".>""$# .!"#

)6((".&/*# ,$5# ,)6((".&/*# 5/E/)/'$)# )""()# .'# 2"# "))"$./,+# 0'&# (%)*+"# &"1"$"&,./'$# ,$5#

),."++/."#*"++#&"$">,+3#

III. Signalling pathways in Muscle plasticity: 

L5%+.#PW"+".,+#(%)*+"# /)#,#!/1!+6#,5,7./E"# ./))%"3# 4.#7+,6)#,$# /(7'&.,$.# &'+"# /$#>!'+"A2'56#

(".,2'+/)(#,$5#&")7'$5)#.'#"$E/&'$("$.,+#*%")#)%*!#,)#"8"&*/)"B#).&"))B#1+%*')"#".*3#4.#*,$#

,5,7.# /$# .>'#(').# /(7'&.,$.#>,6)A#&"1%+,./'$#'0#(%)*+"#(,))B#>!/*!# /)#5"7"$5,$.#'$#0/2&"#

)/V"#]#$%(2"&#,$5#(%)*+"#0%$*./'$#.!,.#5"7"$5)#'$#0/2&"#.67"3#4.#/)#E/,#)/1$,++/$1#7,.!>,6)#

.!,.# "$E/&'$("$.,+# *%")# *'((%$/*,."# ,$5# &")%+.# /$.'# ,# )7"*/0/*#(%)*+"# 7!"$'.67"B# !,E/$1#

7&'0'%$5#"00"*.)#'$#*'$.&,*./+"#7&'7"&./")#,$5#(".,2'+/*#).,."#'0#.!"#(%)*+"#0/2&")#,$5#!"$*"#

.!"/&#0%$*./'$3#

   !4!$>'+,-&$<26(&$17;&+3$

 !"# E"&."2&,."# 2'56#(%)*%+,.%&"# /)# *'(7')"5# '0# )"E"&,+#(%)*+"# 1&'%7)# ,$5# .!")"#(%)*+"#

1&'%7)# 5/00"&# /$# 5/00"&"$.# 7!6)/'+'1/*,+# 7&'7"&./")# 5"7"$5/$1# '$# .!"# 0%$*./'$,+# $""5)3#  !"#

(6'0/2"&#5/E"&)/.6# .!,.#*'(")#0&'(#5/)./$*.#(%)*+"# 0%$*./'$,+#%$/.)B# 0/2&"# .67"#*'(7')/./'$#

,$5#('.'&#%$/.)#+"$5)#.!"#2'56#.!"#,2/+/.6#.'#7"&0'&(#5/00"&"$.#0%$*./'$)#.!,.#&"`%/&"#).&"$1.!B#

"$5%&,$*"B#)7""5#,$5#0,./1%"#&")/).,$*"3##

:%)*+"#0/2&"#.67")#!,E"#2""$#*+,))/0/"5#'$#.!"#2,)/)#'0#(6')/$#!",E6#*!,/$#9:6OI#'&#:OI=#

/)'0'&(#"87&"))/'$#,)X# 67"#4B#44,B#445c8#,$5#.67"#442#0/2&")#9<".."#,$5#P.,&'$B#JDDD=3# 67"#4#

,$5#44,#0/2&")#"8!/2/.#'8/5,./E"#(".,2'+/)(B#>!/+"# .67"#442#,$5#448#,&"#1+6*'+6./*# /$#$,.%&"3#

 67"# 4# 0/2&")# ,&"# ,+)'# *,++"5# )+'># .>/.*!# 0/2&")# '>/$1# .'# .!"/&# )+'>"&# *'$.&,*./'$# 5%"# .'#

:6')/$#4#L <,)" ,*./E/.63# !"6#,&" &/*!#/$#(/.'*!'$5&/,B#,&" '8/5,./E"B#!,E" )+'>"&#E"+'*/.6#

'0#)!'&."$/$1#,$5#!/1!#&")/).,$*"#.'#0,./1%"3#F!/+"#.!"# 67"#44#0/2&")#,&"#0,).A.>/.*!B#*'$.&,*.#
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0,)."&B# !,E"# +'>#(/.'*!'$5&/,+# *'$."$.# ,$5#1".# 0,./1%"5# &,7/5+6# 9\&''W"# ,$5#b,/)"&B# QRUD[#

H%.!# ,$5#P,(,!,B#QR@R=3# 67"# 4# 0/2&")# ,&"# &"`%/&"5# 0'&#7').%&"# ,$5# "$5%&,$*"#5"(,$5/$1#

.,)W)B# >!/+"#  67"# 44# ,&"# /$E'+E"5# /$# ('E"("$.)# &"`%/&/$1# )7""5# ,$5# ).&"$1.!3# 9<".."# ,$5#

P.,&'$B#JDDD=3#

4$."&")./$1+6B#/$#)(,++#(,((,+)#+/W"#&,.#,$5#('%)"B#.!"#(%)*+")#,&"#*'(7')"5#(').+6#'0#442#

,$5#448#0/2&")#>/.!#,2%$5,$.#(/.'*!'$5&/,#,$5#.67"#4#,&"#(').+6#*'$0/$"5#.'#&,&"#(%)*+")#+/W"#

)'+"%)3#4$#+,&1"#(,((,+)B#/$*+%5/$1#!%(,$)B#(%)*+")#*'$)/).#(,/$+6#'0# 67"#4#,$5#44,#0/2&")#

>/.!#&"+,./E"+6#+"))"&#(/.'*!'$5&/,+#*'$."$.#9P("&5%#".#,+3B#QRR_=3##

:%)*+"#0/2&"#*'(7')/./'$#*!,$1")#0&'(#"(2&6'$/*#.'#$"'$,.,+#.'#,5%+.#(%)*+"#5"E"+'7("$.3#

P"E"&,+# (6')/$# !",E6# *!,/$)# ,&"# $'# ('&"# "87&"))"5# /$# ,5%+.# '&1,$/)(# >!/+"# '.!"&)# 1".#

%7&"1%+,."5#5%&/$1#,5%+.#5"E"+'7("$.3#4$#('%)"B#2"0'&"#;Q@#,++#(%)*+"#0/2&")#"87&"))#2'.!#

:6OIA"(2# ,$5# :6OIA!c)+'># ,$5# 2'.!# 0,).# ]# )+'> /)'0'&()# '0# (6')/$# !",E6# *!,/$#

9I'$5'$#".#,+3B#QRRD=3#L.#;Q@B#0/2&"#5/E"&)/0/*,./'$#).,&.)#>/.!#+'))#'0#:6OIA)+'>#"87&"))/'$#

,$5#1,/$#'0#:6OIA$"'#"87&"))/'$#9^6'$)#".#,+3B#QRRD=3#4.#/)#'$+6#,0."&#2/&.!#.!,.#:6OIA"(2#

,$5#:6OIA$"'#).,&.#.'#5/),77",&#'E"&+,77/$1#>/.!#%7&"1%+,./'$#'0#0,).A.67"#JLB#J\#,$5#Jh#

:6OI#>/.!#*'(7+"."#.&,$)0'&(,./'$#26#>""W#_#9a"N,&5/#".#,+3B#QRRS=3#?/1%&"#QJ#)!'>)#.!"#

E,&/'%)#(6')/$#!",E6#*!,/$)#"87&"))"5#,.#5/00"&"$.#./(")#'&#5/00"&"$.#(%)*+"#1&'%7)3

#

#

#

 !"#$% @A( )-$*0,%$!* DaM "%2%3 >!.+ *0$$%3702/!2" 7$0.%!2&7$0/#*.3 -2/&.+%!$ %87$%33!02&7-..%$2&

!2&3=%4%.-4&,#3*4%3(&)*+%,%&,0/!1!%/&1$0,&ICV&A^@S\&)*+!-11!20&-2/&Y%""!-2!V&A^@@P&

:%)*+"# 0/2&"# .&,$)/./'$)# 0&'(#0,).A.'A)+'>#'&#E/*"AE"&),#*,$#'**%&#,)#,# &")%+.#'0#*!,$1")# /$#

$"%&'(%)*%+,&# ,*./E/.6B# ("*!,$/*,+# ).&"))B# !'&('$,+# *!,$1")B# ,$5# ,1"3# ?'&# "8,(7+"B#
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H+%*'*'&./*'/5)# 0,E'%&# 0,).A.'A)+'># .&,$)/./'$#>!/+"# !6&'/5# 0,E'%&) )+'>A.'A0,).# .&,$)/./'$#

9P/('$/5")#,$5#E,$#O,&5"E"+5B#JDDT=#

 !"# 0/2&"A.67"# .&,$)/./'$# /)# ,# &"E"&)/2+"#7!"$'("$'$# .!,.#1"$"&,++6#'**%&)# /$# .!"# 0'++'>/$1#

7,.."&$X##

DMC`&ßà&DMC``-&ßà&DMC``8;/&ßà&DMC``J&

 &,5/./'$,++6B# .!"# 0/2&"# .67")# !,E"# 2""$# ",)/+6# *+,))/0/"5# 2,)"5# '$# .!"#(6')/$# !",E6# *!,/$#

*'(7')/./'$3# O'>"E"&B# 0/2&"A.67"# 5/00"&"$*")# ,&"# ,+)'# '2)"&E"5# /$# "87&"))/'$# 7&'0/+")# '0#

'.!"&# (%)*+"# 7&'."/$)# )%*!# ,)# .&'7'(6')/$B# (6')/$# +/1!.# *!,/$B# 7,&E,+2%(/$# ,$5#

),&*'7+,)(/*# &"./*%+%(#*,+*/%(#L <,)"# 9P;MIL=# 9<".."# ,$5#P.,&'$B# QRRU[#P*!/,00/$'# ,$5#

M"11/,$/B#QRR@=3##

   !=$Q.-,20&'(20R%HJIR>5H=$;.1?F.7$

I,+*/$"%&/$#'&#<<J\#/)#,#*,+*/%(c*,+('5%+/$#&"1%+,."5#)"&/$"A.!&"'$/$"#7&'."/$#7!')7!,.,)"#

.!,.#,*.)#'$#N?L #9$%*+",&#0,(/+6#'0#,*./E,."5# #*"++)=#.&,$)*&/7./'$#0,*.'&)B#+",5/$1#.'#.!"/&#

('E"("$.#/$.'#.!"#$%*+"%)#.!"&"26#0,*/+/.,./$1#.!"/&#.&,$)*&/7./'$,+#,*./E/.63#4.#*'(7&/)")#'0#,#

*,+('5%+/$#2/$5/$1#*,.,+6./*#L#)%2%$/.#,$5#,#*,+*/%(A2/$5/$1#&"1%+,.'&6#\#)%2%$/.#9I&,2.&""B#

QRRR=3#4.#/)#>"++#W$'>$#.!,.#)W"+".,+#(%)*+"#%)")#*,+*/%(#,)#,#)"*'$5#("))"$1"&#.'#&")7'$5#

,$5#,5,7.#.'#"$E/&'$("$.,+#)./(%+/#9\"&*!.'+5#".#,+3B#JDDD=3##

#

 !"#$%&@B(&)*+%,-.!* /!-"$-,&10$&C-
AX
;&*-*!2%#$!2;N L]&7-.+>-<&!26046%/&!2&340>91!J$%&.<7%&"%2%&

%87$%33!02(&G4%6-.%/&*<.0304!*&C-AXV&7$0/#*%/&!2&-&,#3*4%&1!J$%&/#$!2"&,#3*4%&*02.$-*.!02&-*.!6-.%3&

.+%&*<.074-3,!*&C-AX&/%7%2/%2.&7+037+-.-3%&C-4*!2%#$!2&IC-NP(&C-N&/%7+037+0$<4-.%3&*<.074-3,!*&

N L]9Q& -2/& N L]& .+%2& .$-2340*-.%3& .0& .+%& 2#*4%#3& >+%$%& !.& -*.!6-.%3& "%2%3& !,74!*-.%/& !2& 340>&

,#3*4%&7+%20.<7%(&ID0/!1!%/&1$0,&F!#&%.&-4V&A^^S&
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I!,$1")#/$#.!"#/$.&,*"++%+,&#*,+*/%(#+"E"+)#&"1%+,."#.!"#*'$.&,*./+"#,*./E/.6#'0#(%)*+"#,$5#,+)'#

1/E"# &/)"# .'# 1"$"# "87&"))/'$# *!,$1")# &"`%/&"5# 0'&# 1&'>.!# ,$5# &"('5"++/$13# ;+"E,./'$# '0#

/$.&,*"++%+,&# *,+*/%(# ,*./E,.")# I,+*/$"%&/$B# .!"&"26B# 5"7!')7!'&6+,./$1# ,$5# .&,$)+'*,./$1#

N?L #.&,$)*&/7./'$#0,*.'&)#.'#$%*+"%)#9^/%#e#JDDC=3#

P"E"&,+# /$# E/.&'# ,$5# /$# E/E'# ).%5/")# !,E"# *'$0/&("5# .!"# &'+"# '0# I,+*/$"%&/$# )/1$,++/$1# /$#

)W"+".,+# (%)*+"# &"('5"++/$13# ;*.'7/*# "87&"))/'$# '0# ,*./E"# 0'&(# '0# *,+*/$"%&/$# /$# IJIQJ)#

&")%+.)# /$# %7&"1%+,./'$# '0# )+'>A0/2&"# .67"# )7"*/0/*# 1"$")# )%*!# ,)# (6'1+'2/$B#:OI4B# )+'>#

.&'7'$/$# 4# E/,# *'(2/$"5# ,*./E/.6# '0# N?L # ,$5# :;?JB# >!/+"# *6*+')7'&/$"# L# ("5/,."5#

/$!/2/./'$#'0#*,+*/$"%&/$#/$#E/E'#7&'('.")#)+'>A.'A0,).#.&,$)/./'$#9I!/$#".#,+3B#QRRT[#a"++/$1#".#

,+3B# JDDD=3#  ,&1"."5# (%.,1"$")/)# '0# *$, # ,$5# *$,!# /$# (/*"# +",5)# .'# ,# &"5%*./'$# /$#

'8/5,./E"c)+'>#0/2"&)# /$#)"E"&,+#(%)*+")#9<,&)'$)#".#,+3B#JDDS=3#I'$E"&)"+6B# .&,$)1"$/*#(/*"#

"87&"))/$1#,*./E,."5#*,+*/$"%&/$#%$5"&#.!"#*'$.&'+#'0#.!"#:Ib#"$!,$*"&#"8!/2/."5#/$*&",)"5#

$%(2"&)#'0#)+'>A.67"#(6'0/2"&)#9N,6,#".#,+3B#JDDD=3##

4$# ,55/./'$# .'# N?L B# :;?J# 0,(/+6# ("(2"&)# ,&"# ,+)'# /$E'+E"5# /$# *,+*/$"%&/$# 5"7"$5,$.#

&"7&'1&,((/$1# '0# (%)*+"# 0/2&"A.67"# )7"*/0/*# 1"$"# "87&"))/'$3# I,+*/$"%&/$# *,$# 5/&"*.+6#

/$."&,*.#>/.!#:;?JB#5"7!')7!'&6+,."#/.#,$5#.!"&"26#/$5/&"*.+6#%7&"1%+,."#:;?J#.,&1".#1"$")#

5%&/$1#7!6)/'+'1/*,+#,5,7.,./'$#'0#"8"&*/)"5#(%)*+"# +",5/$1#.'#*'$E"&)/'$#'0#,#&")./$1# .67"#

442#/$.'#*'$.&,*./+"#.67"#4#0/2&"#9F%#".#,+3B#JDDQ=3# '#0%&.!"&#/$)/).#'$#.!"#&'+"#N?L #/$#)+'>A

0/2&"# .67"# 1"$"# "87&"))/'$B# ,# &"*"$.# ).%56# )!'>"5# .!,.#(%)*+"# )7"*/0/*#N?L *Q# W$'*W'%.#

(/*" !,E" +'>"&#7"&*"$.,1" '0 )+'> 0/2&") /$#)'+"%) (%)*+"3#N?L *Q#bY (/*" ,+)'#)!'>"5#

/(7,/&("$.#/$#"8"&*/)"A/$5%*/2+"#0,).A.'A)+'>#.&,$)/./'$3# !"#).%56#,+)'#7'/$."5#.'#'%.#.'#.!"#

$"1,./E"#&"1%+,./'$#'0#:6'a#,*./E/.6#26#N?L *QB#,)#:6'a#/)#,#7&'('."&#'0#0,).A.67"#1"$"#

"87&"))/'$#7&'1&,(#9;!+"&)#".#,+3B#JDQ_=3#

   !"$Q.-*):'-20$S20.+&RETJQR>5H=$+280.--208$

:;?J# .&,$)*&/7./'$# 0,*.'&)# !,E"# ,$# /(7'&.,$.# &'+"# 2'.!# /$#(%)*+"# 5/00"&"$./,./'$# ,$5# 0/2&"#

.67"# )>/.*!3#  !"&"# ,&"# 0'%&# 1"$")# /$#:;?# 0,(/+6# 9:;?J,B#:;?J2B#:;?J*# ,$5#:;?J5=3#

 !"/&#"87&"))/'$#/$*&",)")#5%&/$1#"8"&*/)"#'&#"+"*.&/*,+#)./(%+,./'$c$"%&,+#,*./E/.6#7&'('./$1#

0,).A.'A)+'>#.67"#.&,$)/./'$3#\'.!#N?L #,$5#:;?J#2/$5/$1#)/.")#,&"#7&")"$.#/$#.!"#"$!,$*"&#

&"1/'$)#'0#.!"#)+'>#0/2&"#.67"A)7"*/0/*#1"$")#9I!/$#".#,+3B#QRRT=3#I+,))#44#!/).'$"#5",*.6+,)")#

9OaLI_B#CBU#,$5#R=#2/$5# .'#:;?J#7&'."/$)# /$# .!"#$%*+"%)#,$5# /$!/2/.# .!"/&# .&,$)*&/7./'$,+#

,*./E/.63# !"#7&")"$*"#'0#OaLI)# /$# .!"#$%*+"/# /)# /$# .%&$# &"1%+,."5#26#I,+*/%(c*,+('5%+/$#

5"7"$5,$.# 7&'."/$# W/$,)"# 9I,:b=3# ;+"E,."5# /$.&,$%*+",&# *,+*/%(# ,*./E")# .!"# *,+('5%/$#
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W/$,)"B# .!,.# .!"$# 7!')7!'&6+,.")# .!"# OaLI)B# 7&"E"$.)# 0'&(,./'$# '0# .!"# OaLIA:;?J#

*'(7+"8#,$5#"87'&.)# .!"(#'%.#'0# .!"#$%*+"%)#,$5#!"$*"B#,*./E,./$1# .&,$)*&/7./'$#'0#:;?JA

5"7"$5,$.#1"$")#9:*b/$)"6#".#,+3B#JDDD=3#

g7).&",(#2+'*W/$1#'0#I,:b#)/1$,++/$1#E/,# /$!/2/.'&)#2+'*W"5# .!"# .&,$)+'*,./'$#'0#OaLI_#

0&'(#$%*+"%)#.'#*6.'7+,)(#/$#*%+.%&"5#(%)*+"#0/2&")#9^/%#".#,+3B#JDDC,[#M'51"&)#".#,+3B#JDQ_=3#

?%&.!"&('&"B#M/-*S#,$5#M/-*_#5'%2+"#W$'*W'%.)#)!'>"5#/$*&",)"5#$%(2"&#'0#)+'>#0/2&")#/$#

)'+"%)#,$5#/$*&",)"5#+"E"+)#'0#:OI#4#,$5#:OI#44L#.&,$)*&/7.)#/$#2'.!#)'+"%)#,$5#7+,$.,&/)#

9<'..!'00# ".# ,+3B# JDDU=3#I,:b#44B# '$"#'0# .!"#I,+('5%+/$#5"7"$5"$.#W/$,)")# /)# "87&"))"5# /$#

)W"+".,+#(%)*+"# ,$5#!,)#2""$# )!'>$# .'#2"# )"$)/./E"# .'#5/00"&"$./,+# *,+*/%(#')*/++,./'$)# 9a"#

b'$/$*W# ,$5# P*!%+(,$B# QRRT=3# :'&"'E"&B# *'$)./.%./E"# 'E"&"87&"))/'$# '0# I,:b4GB# $'.# ,#

.&,5/./'$,+#(%)*+"#I,:#W/$,)"B#+",5#.'#/$*&",)"#/$#.67"#4#0/2&")B#(/.'*!'$5&/,+#2/'1"$")/)#,$5#

%7&"1%+,./'$#'0#'8/5,./E"#"$V6(")#9F%#".#,+3B#JDDJ=3##

#

#

 !"#$%&@T(& )*+%,-.!*&/!-"$-,&01& .+%&C-
AX
;C-Dd;MULC&7-.+>-<& 10$&-*.!6-.!02&01& 340>& 1!J$%&"%2%&

%87$%33!02(&G4%6-.%/&2#*4%-$&*-4*!#,& 4%-/3& .0& .+%&-*.!6-.!02&01& !2.$-2#*4%-$&C-D&=!2-3%(&L*.!6-.%/&

2#*4%-$&C-Dd&7+037+0$<4-.%3&MULC&!2&.+%&2#*4%#3V&-440>!2"&MULC&.0&%8!.&1$0,&.+%&2#*4%#3&6!-&.+%&

2#*4%-$&%870$.&3<3.%,&-2/&.+%$%J<&$%,06!2"&.+%&MULC&$%7$%33!02&01&DG A&-*.!6-.!02&01&340>&1!J$%&

.<7%&"%2%&%87$%33!02(&

   !M$I?&$@GQP4  !"#$!%&'$%"( 

 !"#$%&#'!( )"#*%+!",-#".,/-%0,-!1( "!/!)-#"( 2,'',( /#,/-%0,-#"( 3.,*)4,( 5 67.3 8( %&( ,(

-",9&/"%)-%#9,*(/#.,/-%0,-#"(,&(:!**(,&(,("!2;*,-#"(#+('!-,<#*%&'=(>9(#9!(4,91?(%-()*,@&(,(A!@(
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"#*!( %9('%-#/4#91"%,*( <%#2!9!&%&( ,91( +;9/-%#9( 5B;( !-( ,*=?( 3CCC8( ,91( #9( -4!( #-4!"( 4,91?( %-(

,/-%0,-!&(!$)"!&&%#9(#+(&*#:?(#$%1,-%0!(-@)!.+%<"!(2!9!&(%9(/#.#)!",-%#9(:%-4(DEFG=( 67.3 (

%&( !$)"!&&!1( ,-( 4%24!"( *!0!*&( %9( -4!( #$%1,-%0!( -@)!( H( ,91( -@)!( HH,(';&/*!( +%<"!&=(D#"!#0!"?(

&A!*!-,*( ';&/*!.&)!/%+%/( #0!"!$)"!&&%#9( #+(  67.3 ( *!,1( -#( ,9( %9/"!,&!( %9( -@)!( H( +%<"!&( %9(

)*,9-,"%&( ';&/*!( 5I%9( !-( ,*=?( GJJG8=( K%'%*,"*@?( %9,/-%0,-%#9( #+(  67.3 ( %9( &A!*!-,*( ';&/*!(

"!&;*-!1( %9( ,( &4%+-( +"#'( #$%1,-%0!( -@)!( H( ,91( HH,( -#( -@)!( HH<( ,91( HH$( +%<"!&( :%-4( "!1;/!1(

!91;",9/!(/,),/%-@(,91(%9/"!,&!1(1,',2!(,+-!"(!91;",9/!(!$!"/%&!&(5L,91&/4%9(!-(,*=?(GJJM8=(

 67.3 ( %9-!",/-&(:%-4(&!0!",*(9;/*!,"("!/!)-#"&(,91(9#9.9;/*!,"("!/!)-#"( -@)!(-",9&/"%)-%#9(

+,/-#"&( 5F%2;"!( 3N8=( O;/*!,"( "!/!)-#"&( &;/4( ,&(   PQ!( <%91( %-&( O.-!"'%9;&( IRRI( ,91(

IIRRI(1#',%9&?(:4%/4(SF&(*%A!(DEFG(%9-!",/-(:%-4(-4!(7.-!"'%9;&(#+( 67.3 =(H-(,/-&(,& ,(

1#/A%92( )*,-+#"'( +#"( -4!( ,&&!'<*@( #+(LPS?(D!1%,-#"( ,91( KBHTKOF( /#')*!$!&( 5I%( !-( ,*=?(

GJJUV(B,**<!"2(!-(,*=?(GJJW8=((

(

(

 !"#$%&'()&*%"#+,-!./&.0&1234' & %56$%77!./& !/&78%+%-,+&9#7:+%&,/;&9%:<,/!797&=>&?<!:<&1234' &

7-!9#+,-%7&9!-.:<./;$!,+&"%/%&%56$%77!./)&3.,:-!@,-!./&.0&AB C&=>&1234' &6$.@!;%7&,&6.7!-!@%&0%%;4

0.$?,$;&7!"/,+&-.&$,6!;+>&!/;#:%&1234' &%56$%77!./&0.++.?!/"&9#7:+%&:./-$,:-!./)&1234' &!/;#:%7&

-<%& %56$%77!./& .0& B** D& ?<!:<& ,:-!@,-%7& -<%& %56$%77!./& .0& E* 4'D& E* 4CD& ,/;& B** & !-7%+0)& F<%7%&

9.+%:#+,$& %@%/-7& +%,;& -.& -<%& 7-!9#+,-!./& .0& /#:+%,$4%/:.;%;& 9!-.:<./;$!,+& "%/%7)& 1234' & ,+7.&

7!9#+-,/%.#7+>& $%"#+,-%7& -<%& %56$%77!./& .0& 7+.?4-?!-:<& 9#7:+%& 0!=%$& "%/%7& -<$.#"<& :.,:-!@,-!./& .0&

AB C)&B5-$,:-%;&0$.9&GH!/&%-&,+)D&CII(J&

(

E91;",9/!( !$!"/%&!( 4,&( <!!9( %1!9-%+%!1( ,&( #9!( #+( -4!( ',X#"( !$-"%9&%/( &-%';*%( +#"(  67.3 (

&-%';*,-%#9(:%-4("!&;*-,9-(&4%+-( -#(#$%1,-%0!('!-,<#*%&'=(D#-#"(9!;"#9(%91;/!1(/#9-",/-%#9&(
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,*&#(,/-%0,-!( 67.3 ( -",9&/"%)-%#9(0%,(/,*/%;'(&%29,**%92(5 %*!2,,"1(!-(,*=?(GJJWV(B;(!-(,*=?(

GJJG8=(P&(,(+%"&-("!&)#9&!(-#(!$!"/%&!?(-4!( 67.3 ()"#-!%9(%&(&-,<%*%&!1(0%,()4#&)4#"@*,-%#9(<@(

-4!( ,/-%0,-!1( )WU( DP Y( 5B"%24-( !-( ,*=?( GJJM8=( E9!"2@( 1!)"%0,-%#9( ,/-%0,-!&( PD Y(

&%29,**%92( :4%/4( %91;/!&(  67.3 ( !$)"!&&%#9( 5Z#92( !-( ,*=?( GJJG8=(  67.3 ( %91;/!&( -4!(

!$)"!&&%#9( #+( EQQ ( 5!&-"#2!9."!*,-!1( "!/!)-#"( ,*)4,8?( :4%/4( %9( -;"9( ,/-%0,-!1( OQF.3( ,91(

OQF.G( -",9&/"%)-%#9( +,/-#"&=( S#2!-4!"?( EQQ ( ,91( OQF&( ,/-%0,-!('%-#/4#91"%,*( <%#2!9!&%&(

2!9!&(,91(#$%1,-%0!('!-,<#*%&'(5K/4"!%<!"(!-(,*=?(GJJ[8=( H9(,11%-%#9?(,&( 67.3 ( %&(,(1%"!/-(

DEFG(-,"2!-?(%-("!2;*,-!&(%-&(!$)"!&&%#9(0%,(,()#&%-%0!(,;-#"!2;*,-#"@(*##)(<@(/#.,/-%92(:%-4(

DEFG( #9( %-&( #:9( )"#'#-!"( ,91( &*#:.-:%-/4( +%<"!( 2!9!&( &%';*-,9!#;&*@( 5L,91&/4%9( !-( ,*=?(

GJJW8=((

(

IV.Transcriptional and epigenetic blueprint of myogenesis 

 

H9(*,&-(1!/,1!(#"(&#?(',9@(&-;1%!&(4,0!(/#'!(,<#;-(1!&/"%<%92(-4!(+;9/-%#9(,91('!/4,9%&'(#+(

-",9&/"%)-%#9,*( "!2;*,-%#9( #+( '@#2!9!&%&=(DQF&( \(D@#]?(D@#6?(D@+N?(D!+G( ,*#92( :%-4(

&#'!( #-4!"&( 4,0!( <!!9( &4#:9( -#( <%91( ,91( "!2;*,-!( -4!( 2!9!( !$)"!&&%#9( /4,92!& %9(

'@#2!9!&%&=( P-( -4!( &,'!( -%'!?( *,&-( +!:( @!,"&( 4,0!( &!!9( ,( "%&!( %9( -4!( 9;'<!"( #+( &-;1%!&(

%90!&-%2,-%92( /4"#',-%9( '#1%+%/,-%#9&( ,91( "!'#1!**%92( 1;"%92( '@#2!9!&%&=( S4%&( /4,)-!"(

"!0%!:&( <"%!+*@( -4!( '!/4,9%&'( #+( -",9&/"%)-%#9,*( ,91( !)%2!9!-%/( "!2;*,-%#9( 1;"%92(

'@#2!9!&%&( &#( ,&( -#( <!--!"( ;91!"&-,91( -4!( ';&/*!( &)!/%+%/( 1@9,'%/( "!2;*,-%#9( #+( 2!9!(

!$)"!&&%#9=(S4!(!')4,&%&(:%**(<!(',%9*@(#9(&#'!(2!9!",*(,&)!/-&(#+(-",9&/"%)-%#9?(,91(-4!9(

';&/*!.&)!/%+%/( -",9&/"%)-%#9,*( "!2;*,-%#9?( %9/*;1%92( -4!( "#*!( #+( !94,9/!"&( ,91( !94,9/!"(

,/-%0,-%#9(%-&!*+=(

)*+,+ -.$/0(1 &2 034$(/"%&! %($21!(&5%&"2$. (063.$%&"2 &2 $ 6.&75108 

S",9&/"%)-%#9?(%=!=(-4!(&@9-4!&%&(#+('!&&!92!"(QOP(5'QOP8('#*!/;*!&(+"#'(,(-!')*,-!(]OP(

&-",91( <@( QOP(  #*@'!",&!( HH?( %&( -4!( +;91,'!9-,*( &-!)( #+( 2!9!( !$)"!&&%#9( %9( ,**( *%0%92(

#"2,9%&'&=(O#-(,**()"#-!%9(/#1%92(2!9!&(,"!(-",9&/"%<!1(,-(,**(-%'!&?(",-4!"?(&)!/%+%/(<%#*#2%/,*(

+;9/-%#9&(%9(,(*%0%92(/!**("!^;%"!(&)!/%+%/(&!-(#+(2!9!&(-#(<!(!$)"!&&!1(%9(,(&),-%#.-!')#",**@(

/#9-"#**!1( ',99!"=( S4%&( -%24-( "!2;*,-%#9( #+( -",9&/"%)-%#9( '#&-*@( 4,))!9&( -4!( &-!)( #+(

-",9&/"%)-%#9(%9%-%,-%#9(,91(%&(+,/%*%-,-!1(!%-4!"(<@(-$,/7.,/-%92(-",9&/"%)-%#9(+,/-#"&(5SF&8(-4,-(

"!2;*,-!(-4!(,/-%0%-@(#"(<%91%92(#+( #*(HH(-#(-4!(2!9!()"#'#-!"&(#"("!/#29%&!(,91(1%"!/-*@(<%91(
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&)!/%+%/( :!74,/-%92( -",9&/"%)-%#9,*( "!2;*,-#"@(]OP( !*!'!9-&=( S4!( :!74,/-%92(]OP( !*!'!9-&(

/#9-,%9( "!/#29%-%#9( &%-!&( +#"( -$,/74,/-%92( ]OP.<%91%92( -",9&/"%)-%#9( +,/-#"&?( :4%/4( !%-4!"(

!94,9/!(#"("!)"!&&(-",9&/"%)-%#9(5D,&-#9(!-(,*=?(GJJ_8=(S4!(:!7.,/-%92(]OP(!*!'!9-&(%9/*;1!(

-4!( /#"!( )"#'#-!"?( )"#$%',*( ,91( 1%&-,*( "!2;*,-#"@( !*!'!9-&( 5!94,9/!"&?( &%*!9/!"&( ,91(

%9&;*,-#"&8=( S4!( )"!&!9/!( #+( ';*-%)*!( "!2;*,-#"@( !*!'!9-&( )"#0%1!&( +#"( /#'<%9,-#"%,*(

"!2;*,-%#9(#+(-",9&/"%)-%#9?(:4%/4(%&(!&&!9-%,*(+#"(+%9!.-;9%92(#+(2!9!(!$)"!&&%#9(%9(/#')*!$(

#"2,9%&'&=(

)*+,+, 9"(0 -("7"%0( 

S4!( /#"!( )"#'#-!"( %&( -4!( "!2%#9( ,-( -4!( &-,"-( #+( -4!( 2!9!( -4,-( 1!+%9!&( -4!( )#&%-%#9( #+( -4!(

-",9&/"%)-%#9(&-,"-(&%-!(5SKK8(,&(:!**(,&(-4!(&%-!(:4!"!(-4!()"!.%9%-%,-%#9(/#')*!$(%&(+#"'!1=(P(

-@)%/,* +#/;&&!1(/#"! )"#'#-!"(!$-!91& [J<)(;)&-"!,' ,91(1#:9&-"!,' -4! SKK 5F%2;"! 3_8(

,91( /#')"%&!&( #+( /!"-,%9(]OP('#-%+&( &;/4( ,&( -4!(SPSP(<#$?(`QE;( 5-4!( ;)&-"!,'(SFHH`(

"!/#29%-%#9(!*!'!9-8?( HO"(5%9%-%,-#"8?(] E(51#:9&-"!,'()"#'#-!"(!*!'!9-8?(DSE(5'#-%+( -!9(

!*!'!9-8?(]7E(51#:9&-"!,'(/#"!(!*!'!9-8?(S7S('#-%+( 5)#*@)@"%'%1%9!( %9%-%,-#"('#-%+8(,91(

R7 E3( 5R(/#"!( )"#'#-!"( !*!'!9-( 38?( -4,-( ,"!( <#;91(<@( -4!( 1%++!"!9-(SF&( ,91( -4,-( ,%1( -4!(

,&&!'<*@(#+(-4!( H7=((

(

 

 !"#$%& 'K)& L.9%& :.$%& 6$.9.-%$& 9.-!07& 0.$& -$,/7:$!6-!./& =>& *EM& 6.+>9%$,7%& NN)& F<!7& ;!,"$,9& !7&

$.#"<+>&-.&7:,+%)&F<%7%&9.-!07&,$%&->6!:,++>&0.#/;&!/&0.:#7%;&:.$%&6$.9.-%$7)&F<%$%&,$%&/.&#/!@%$7,+&

:.$%&6$.9.-%$&%+%9%/-7)&N-&!7&+!8%+>&-<,-&,;;!-!./,+&:.$%&6$.9.-%$&9.-!07&$%9,!/&-.&=%&;!7:.@%$%;)&F<%&

6$.6%$-!%7&.0&,/>&6,$-!:#+,$&:.$%&6$.9.-%$&,$%&;!:-,-%;&=>& -<%&6$%7%/:%&.$&,=7%/:%&.0&76%:!0!:&:.$%&

6$.9.-%$& %+%9%/-7)&  .$& !/7-,/:%D& ,7& ;!7:#77%;& !/& -<%& -%5-D& ,& FMFM4;%6%/;%/-& :.$%& 6$.9.-%$& ?!-<&

FMFM&O& N/$&9.-!07& <,7& ;!00%$%/-& 6$.6%$-!%7& -<,/& ,&P1B4;%6%/;%/-& :.$%& 6$.9.-%$&?!-<& N/$&O&P1B&

9.-!07)&S,A!9(+"#'(5a;0!9.6!"&4#9(,91(Y,1#9,2,?(GJ3J8(
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S4!"!(,"!(9#(;9%0!"&,*(/#"!()"#'#-!"(!*!'!9-&(,&(,**(!*!'!9-&(',@(9#-(<!()"!&!9-(%9(-4!(&,'!(

2!9!()"#'#-!"=(F#"(!$,')*!?( -4!(SPSP(<#$(%&()"!&!9-(#9*@( %9(#9!(!%24-4(#+( -4!()"#'#-!"&(

,91(`QE(!*!'!9-&( #9*@( %9(#9!( +#;"-4(#+( -4!()"#'#-!"&( 56!"&4!9b#9( ,91( H#&4%A4!&?( GJJN8=(

S4%&( %&( ',%9*@( -4!( /,&!( #+( -4!( 1%&)!"&!1( )"#'#-!"&?( :4%/4( ',@( 9#-( /#')"%&!( #+( ,**( -4!(

!*!'!9-&(,91(/#9&%&-(#+(,(9;'<!"(#+(:!,A(SKK(1%&-"%<;-!1(#0!"(,(<"#,1("!2%#9(#+(NJ(-#(3JJ(

<)( ,91( -@)%/,**@( "!&%1%92( %9( -4!( 7)6( %&*,91&( %9( 0!"-!<",-!&=( H9( /#4!"!9/!?( -4!( 1%&)!"&!1(

)"#'#-!"&(:!"!(+#;91(-#(<!('#"!(/#''#9(-4,9(+#/;&!1()"#'#-!"&(%9(0!"-!<",-!&=(5K',*!(,91(

Y,1#9,2,?( GJJW8=( F%2;"!( 3( &4#:&( -4!( 0,"%#;&( /#"!( )"#'#-!"( !*!'!9-&( ,91( "#;24*@( -4!%"(

*#/,-%#9(:%-4("!&)!/-(-#(-4!(SKK= 

)*+,+,+, :;:; <"= 

S4!(SPSP(<#$(:,&(-4!(+%"&-(!*!'!9-(#+(-4!(/#"!()"#'#-!"(-#(<!(%1!9-%+%!1(56#*1<!"2?(3CMC8=(

H-( /#9&%&-&( #+( -4!( /#9&!9&;&( &!^;!9/!(SPSPSPP(,91( %&( *#/,-!1(GN.WJ(<)(;)&-"!,'(#+( -4!(

SKK=(P(&;<;9%-(#+(-4!(SFHH](/#')*!$(4!9/!(9,'!1?(-4!(SPSP(<%91%92()"#-!%9(5S` 8?(:,&(

%1!9-%+%!1( -#( <%91( -#( -4!( SPSP(<#$=( H-( 4,&( 9#:( <!!9( !&-,<*%&4!1( -4,-( #9*@( 3J.3Nc( #+( -4!(

','',*%,9(/#"!()"#'#-!"&(,/-;,**@(/#9&%&-(#+(,(SPSP(<#$(57,"9%9/%(!-(,*=?(GJJ_8(

)*+,+,+>+ )2( 0.0702% 

S4!(%9%-%,-#"(!*!'!9- ',"A&(-4!(&%-!(#+(%9%-%,-%#9(#+(-",9&/"%)-%#9(5.G<)d[<)8(,91(/,9(+;9/-%#9(

%9( &@9!"2@( :%-4( -4!( SPSP( <#$( #"( %91!)!91!9-*@( -#( !*%/%-( <,&,*( -",9&/"%)-%#9( 5K',*!( ,91(

`,*-%'#"!?( 3CUC8=( H-( %&( -4!('#&-( /#''#9(/#"!()"#'#-!"( !*!'!9-( ,&( ,*'#&-( 4,*+( -4!( 4;',9(

)"#'#-!"&(/#9-,%9(,9(H9"(!*!'!9-(56!"&4!9b#9(,91(H#&4%A4!&?(GJJN8=(S4!(/#9&!9&;&(&!^;!9/!(

0,"%!&(<!-:!!9(&)!/%!&(5eePOBee(%9(4;',9&(,91(S7PYSe(%9(1"#&#)4%*,8?(4#:!0!"(-4!(

9;/*!#-%1!(P(%&(/#9&!"0!1(,&(%-("!)"!&!9-&(-4!(-",9&/"%)-%#9(%9%-%,-%#9(&%-!=(K!0!",*(&-;1%!&(4,0!(

&4#:9( -4,-(SFHH]( /#')*!$( "!/#29%b!&( ,91( <%91&( -4!( H9"( !*!'!9-( 0%,( -:#(#+( %-&( &;<;9%-&( \(

SPF3(,91(SPFG(574,*A*!@(,91(f!""%Xb!"?(3CCCV(Y,;+',99(,91(K',*!?(3CC[8=(

)*+,+,+? @AB 0.0702%1 

H9%-%,**@?( #9*@( #9!( SFHH`( "!/#29%-%#9( !*!'!9-( ;)&-"!,'( 5`QE;8( #+( -4!( SPSP( <#$( :,&(

%1!9-%+%!1( :%-4( -4!( /#9&!9&;&( &!^;!9/!( KKQ7677( 5I,2",92!( !-( ,*=?( 3CCU8=( I,-!"?( ,9#-4!"(

`QE(!*!'!9-(5`QE18?(:%-4(-4! /#9&!9&;&(&!^;!9/!(QS]YYY(:,&(%1!9-%+%!1(1#:9&-"!,'(#+(

-4!( SPSP( <#$( 5]!92( ,91( Q#<!"-&?( GJJN8=( `#-4( `QE;( ,91( `QE1( /,9( 4,0!( ,( )#&%-%0!( #"(

9!2,-%0!(!++!/-(#9(-",9&/"%)-%#9(%9(,()"#'#-!"(/#9-!$-(1!)!91!9-(',99!"(5]!92(!-(,*=?(GJJC8=(

P*-4#;24?(SFHH`( %&( &4#:9( -#( <%91(`QE( !*!'!9-&(:%-4( &-"#92( ,++%9%-@?('#"!( "!/!9-( &-;1%!&(
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4,0!( 1!'#9&-",-!1( ;&%92(74H ./4%)( !$)!"%'!9-&( -4,-( -4!( )"!&!9/!( #+(`QE( !*!'!9-&( %&( 9#-(

9!/!&&,"@(+#"(SFHH`(<%91%92(-#(-4!(/#"!()"#'#-!"(5P*<!"-(!-(,*=?(GJ3J8=(

)*+,+,+C D-B $2E F:B 7"%&G1 

S4!(] E(%&(,(/#"!()"#'#-!"(!*!'!9-(*#/,-!1(1#:9&-"!,'(5dGU(-#(dWW8(-#(-4!(H9"(!*!'!9-(,91(

:,&( +%"&-( %1!9-%+%!1( ,&( ,( "!/#29%-%#9( &%-!( +#"( SFHH]=( H-( %&( /#9&!"0!1( +"#'( P$.7.6<!+,& -#(

4;',9&( 5`;"A!( ,91( Y,1#9,2,?( 3CC_8=(D#"!( )"!/%&!*@?( SPF_( ,91( SPFC( 1%'!"%/( /#')*!$(

&4#:&( ] E.<%91%92( &)!/%+%/%-@( ,-( *!,&-( %9( !/& @!-$.( ,&&,@=( S4!( ] E( /#9&!9&;&( &!^;!9/!(

5PT6865PTS876S6(%&(+#;91(%9('#&-(SPSP.*!&&()"#'#-!"&(,91(%&(,9,*#2#;&(-#(,(SPSP(<#$(

%9(+;9/-%#9(5`;"A!(,91(Y,1#9,2,?(3CC_8=((

I%A!( ] E?( -4!( D#-%+( -!9( !*!'!9-( 5DSE8( %&( ,*&#( ,( SFHH]( "!/#29%-%#9( &%-!( ,91( %&( *#/,-!1(

;)&-"!,'(#+(-4!(] E(+"#'(d3U(-#(dGM("!*,-%0!(-#(-4!(SKK=(S4%&(&%-!(%&(,*&#(/#9&!"0!1(+"#'(

P$.7.6<!+,( -#( 4;',9&=( S4!( DSE( /,9( ,*&#( :#"A( %9( /##)!",-%#9( :%-4( -4!( H9"( !*!'!9-?(

%91!)!91!9-(#+(-4!(] E(,91(SPSP(<#$(5I%'(!-(,*=?(GJJ[V(>4*!"(!-(,*=?(GJJG8=(((

)*+,+,+H :I0 J !"(0 5("7"%0( 0.0702% , KJ9-B ,L 

S4!( R7 E( 3( %&( ,( ","!( !*!'!9-( #+( )"#'#-!"( *#/,-!1( +"#'( .U( -#( dG( "!*,-%0!( -#( SKK=( S4!(

&!^;!9/!(#+(R 7E3(%&(]K6e66QPKD(5S#A;&;'%?(D,(!-(,*=(GJJM8(,91(%&()"!&!9-( %9(#9*@(

3c( #+( -4!( 4;',9( /#"!( )"#'#-!"&?( '#&-( #+( :4%/4( ,"!( 1!0#%1( #+( SPSP.<#$=( H-( 1#!&( 9#-(

+;9/-%#9(<@(%-&!*+?(%9&-!,1("!^;%"!&(-4!(&!^;!9/!(&)!/%+%/(,/-%0,-#"&(&;/4(,&(OQF3?(OF.3(,91(

K)3=(

)*+,+,+M 95N &1.$2E1 $2E :;:;#.011 5("7"%0(1 

7)6( %&*,91&( 576H&8( ,"!?( #9( ,0!",2!?( 3JJJ( <,&!( ),%"&( *#92( &-"!-/4!&( #+( 2!9#'%/(]OP( -4,-(

&4#:(,9(!*!0,-!1(6d7(<,&!(/#')#&%-%#9?(*%--*!(7)6(1!)*!-%#9?(,91(+"!^;!9-(,<&!9/!(#+(]OP(

'!-4@*,-%#9=( P))"#$%',-!*@( MJc( #+( ,99#-,-!1( 2!9!( )"#'#-!"&( ,"!( ,&&#/%,-!1(:%-4( ,( 76H?(

',A%92(%-( -4!('#&-(/#''#9()"#'#-!"(-@)!(%9(-4!(0!"-!<",-!(2!9#'!(5K,$#9#0(!-(,*=(GJJ_8=(

76H()"#'#-!"&(%9/*;1!(0%"-;,**@(,**(-4!(4#;&!A!!)%92(2!9!&?(,&(:!**(,&(,()"#)#"-%#9(#+(-%&&;!.

&)!/%+%/( 2!9!& ,91( 1!0!*#)'!9-,*( "!2;*,-#"( 2!9!&( 5I,"&!9( !-( ,*=( 3CCGV( Z4;( !-( ,*=( GJJU8=(

Q!/!9-(:#"A(4,&(;9/#0!"!1(,(*,"2!(/*,&&(#+(76H&(-4,-(,"!("!'#-!(+"#'(,99#-,-!1(-",9&/"%)-%#9(

&-,"-( &%-!&( 5SKK&8?( <;-( 9!0!"-4!*!&&( &4#:(!0%1!9/!( +#"( )"#'#-!"( +;9/-%#9( 5H**%92:#"-4( !-( ,*=(

GJ3JV(D,;9,A!,( !-( ,*=( GJ3J8=( S4!&!( )"#'#-!"&( -@)%/,**@( *,/A( -4!( /,9#9%/,*( SPSP.<#$!&?(

] E&(,91(-4!(H9"('#-%+&=(`%#%9+#"',-%/&(,9,*@&%&(&;22!&-&(-4,-(`QE(!*!'!9-&(,"!(+"!^;!9-*@(

+#;91(%9(-4!(7)6(d(]OP(-4,9(%9(-4!(7)6.(]OP(56!"&4!9b#9(,91(H#&4%A4!&(GJJN8=(S",9&%!9-(
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"!)#"-!"( 2!9!( ,&&,@&( !$,'%9%92( -4!( ,/-%0%-@( #+( ,<#;-( NJJJ( 4;',9( )"#'#-!"&( +#;91( -4,-(

;<%^;%-#;&*@( ,/-%0!( 76H( )"#'#-!"&( -!91!1( -#( <!( !9"%/4!1( +#"( K)3?( O"+.3?( EGF?( ,91( ESK(

-",9&/"%)-%#9(+,/-#".<%91%92('#-%+&?(!,/4(#+(:4%/4(/#9-,%9&(,(7)6(5I,91#*%9(!-(,*=(GJ3J8=(

)*+> -("=&7$. $2E E&1%$. 02I$2!0(18 

S4!( <,&,*( -",9&/"%)-%#9,*( ',/4%9!"@( "!/#29%&!&( -4!( 0,"%#;&( )"#'#-!"( !*!'!9-&( ,91( 4!*)(

"!/";%-( #*(HH(<@(-4!(+#"',-%#9(#+()"!.%9%-%,-%#9(/#')*!$(/#')"%&%92(#+(-4!(<,&,*(-",9&/"%)-%#9(

+,/-#"&?('!1%,-#"(,91( #*(HH=(S4%&(%&(&;++%/%!9-(-#(&-,"-(-",9&/"%)-%#9?(4#:!0!"?(-",9&/"%)-%#9(%&(

#+-!9(:!,A( %9( -4!( ,<&!9/!(#+( "!2;*,-#"@(]OP( "!2%#9&( -4,-( ,"!('#"!(1%&-,9-( +"#'( -4!(SKKV(

-4!&!("!2%#9&(,"!(/,**!1(!94,9/!"&(#"(:!7."!2;*,-#"@('#1;*!&(57QD&8=((

7QD(/#9&%&-(#+(&4#"-(]OP('#-%+&(-4,-(,/-(,&("!/#29%-%#9(&%-!&(+#"(0,"%#;&(#-4!"(/#9-!$-(,91(

&!^;!9/!.&)!/%+%/( -",9&/"%)-%#9( +,/-#"&( -4,-( '#1;*,-!( -4!( -",9&/"%)-%#9( ,-( -4!( )"#'#-!"( %9(

^;!&-%#9( &;/4( -4,-( -4!( /#'<%9!1( "!2;*,-#"@( /;!&( #+( ,**( 7QD( <#;91( +,/-#"&( 1!-!"'%9!( -4!(

,/-%0%-@(#+(-4!(!94,9/!"=((

(

(

 !"#$%&'()&*!+,-.%&/-0!1!23,!-.&+!".3,#$%&!.&0!11%$%.,&24$-/3,!.&+,3,%+&3.0&,4%!$&3++-2!3,!-.&5!,4&

,$3.+2$!6,!-.&+,3,#+)&P1,)-!1(+"#'(5K4*@;!0,(!-(,*=?(GJ3[8=(
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H9( ,11%-%#9?( !94,9/!"( ,/-%0%-@( 4,&( <!!9( &4#:9( -#( /#""!*,-!( :%-4( /!"-,%9( )"#)!"-%!&( #+(

/4"#',-%9=(P/-%0!(!94,9/!"&(/,9(<!(;&;,**@(*#/,-!1(%9(-4!(9;/*!#&#'!(+"!!("!2%#9&(&#(,&(-#(

',A!(-4!(]OP(,//!&&%<*!(+#"(-",9&/"%)-%#9(+,/-#"&=(S4!(9;/*!#&#'!&(%9(-4!(0%/%9%-@(#+(,/-%0!(

!94,9/!"&(-@)%/,**@(/#9-,%9(4%&-#9!&(:%-4(/4,",/-!"%&-%/()#&-.-",9&*,-%#9,*('#1%+%/,-%#9&?(&;/4(

,&(4%&-#9!(LW(*@&%9!([('#9#'!-4@*,-%#9(5LWY['!38(,91(LWYGM(,/!-@*,-%#9(5LWYGM,/8?(,-(

-4!%"(,'%9#(-!"'%9%?(:4%/4(-4!(!94,9/!"&(%9(-4!(9;/*!#&#'!.<#;91("!)"!&&!1(/4"#',-%9(&-,-!(

,"!( /4,",/-!"%&!1( <@( 4%&-#9!( '#1%+%/,-%#9&( &;/4( ,&( 4%&-#9!( LWYC'!W( ,91( LWYGM'!W(

5K4*@;!0,(!-(,*=?(GJ3[8=(P*-4#;24(LWY['!3(/,9(<!(,&&#/%,-!1(:%-4(<#-4(,/-%0!(#"("!)"!&&%0!(

',"A&?(%-(2!9!",**@(1!+%9!&(,()#%&!1(!94,9/!"=(

)*+? A".0 "G %I0 9"(0O<$1$. :($21!(&5%&"2 F$!I&20(/ &2 F/"60201&18 

>;"(A9#:*!12!(#9(-4!("#*!(#+( -4!(/#"!(-",9&/"%)-%#9(',/4%9!"@(%9(-4!("!2;*,-%#9(#+(';&/*!.

&)!/%+%/(2!9!(!$)"!&&%#9(%&("!*,-%0!*@(*!&&(,91(-4%&(,"!,(#+("!&!,"/4(4,&(',9@(#)!9(^;!&-%#9&=(

(

(

 !"#$%&'Q)&*%6+,:%9%/-&.0&-<%&:,/./!:,+&F NNP&:.96+%5&=>&,&F* R4FM R4:./-,!/!/"&:.96+%5&;#$!/"&

-%$9!/,+&;!00%$%/-!,-!./&.0&9>.=+,7-7&!/-.&9>.-#=%7)&S.-<&:.96+%5%7&=!/;&-.&FMFM&=.5&9.-!07&@!,&-<%&

FS1&.$&F* R&7#=#/!-7)&M;,6-%;&0$.9&GT#@%/42%$7<./&,/;&U,;./,",D CI'IJ&

g9-%*("!/!9-*@?(';&/*!.&)!/%+%/(-",9&/"%)-%#9(:,&()"%',"%*@(,--"%<;-!1(-#()"#-#-@)%/(!94,9/!".

<%91%92( +,/-#"&?( :4%*!( -4!( "#*!( #+( /#"!( )"#'#-!"( "!/#29%-%#9( /#')*!$!&( %9( 1%"!/-%92(

'@#2!9!&%&("!',%9!1(;9A9#:9=(S4!(2!9!",*(-",9&/"%)-%#9(+,/-#"(SFHH](%&(/#')"%&!1(#+(S` (

5-4!( SPSP.<#$( <%91%92( )"#-!%98( ,91( ,( 9;'<!"( #+( SPF&=( ( ]!,-#( ,91( SX%,9( 5GJJM8( 4,0!(

"!)#"-!1( -4,-( SFHH]( %&( 1!2",1!1( 1;"%92( -4!( 1%++!"!9-%,-%#9( 5F%2;"!( 3U8( #+(7G73G( /!**&( ,91(

"!)*,/!1(<@(,(&%')*!"(/#')*!$(#+(SQFW(5,(S` ."!*,-!1(+,/-#"8(,91(SPFW(5]!,-#(,91(SX%,9?(
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GJJM8=(S4%&( 9!:( /#')*!$( %&( "!^;%"!1( +#"(D@#]( -#( ,/-%0,-!( -4!(D@#6()"#'#-!"( -4"#;24( ,(

1%"!/-(%9-!",/-%#9(#+(SPFW(,91(D@#]TE[M(4!-!"#1%'!"&(5]!,-#(!-(,*=?(GJJU8(,91(A9#/A1#:9(

#+( !%-4!"( /#')#9!9-( -4;&( <*#/A&( 1%++!"!9-%,-%#9=( S4%&( ',@( ,*&#( %')*@( -4,-( D@#]( /,9(

/#'';9%/,-!(,91(1%"!/-(-",9&/"%)-%#9(:%-4(-:#(,*-!"9,-%0!(/#"!(<,&,*(',/4%9!"%!&=(D#"!#0!"?(

-4!( -%&&;!.&)!/%+%/(SPF&( 4,0! <!!9( &4#:9( -#( /#;9-!",/-(  /6( )"#-!%9&( -#( )"#'#-!( -!"'%9,*(

1%++!"!9-%,-%#9(574!9(!-(,*=?(GJJN8=(

)*+C :($21!(&5%&"2 P$!%"(1 $2E (063.$%"(/ 0.0702%1 &2 7/"60201&18 

S4!( ',X#"( -",9&/"%)-%#9,*( 2!9!( "!2;*,-#"@( 9!-:#"A( %90#*0!1( %9( '@#2!9!&%&( %&( &4#:9( %9(

F%2;"!(3C( 5`;/A%924,'(,91(Q%2<@?(GJ3[8=( ,$WTM?( -4!(;)&-"!,'("!2;*,-#"&(#+(D@+NTD@#](

4,0!(<!!9(&4#:9(-#(1%"!/-*@(,/-%0,-!(H1W?(:4%/4(!9/#1!&(,(LIL(%94%<%-#"(#+('@#2!9%/(+,/-#"(

,/-%0%-@?( )#-!9-%,**@( )"!0!9-%92?( -#2!-4!"( :%-4( H1G?( -4!( #9&!-( #+( '@#2!9!&%&( %9( ^;%!&/!9-(

&,-!**%-!(/!**&(5Y;',"(!-(,*=?(GJJC8=(

 !"#$%& 'V)& L:<%9,-!:& 7<.?!/"& 9,W.$& -$,/7:$!6-!./,+& $%"#+,-.$>& /%-?.$8& !/& 9>."%/%7!7)&
M;,6-%;&0$.9&GS#:8!/"<,9&,/;&*!"=>D&CI'XJ)&

 "%#"( -#( <%"-4?(  ,$M( %&( 9#-( !&&!9-%,*( +#"( '@#2!9!&%&?( )"!&;',<*@( <!/,;&!(  ,$W( /,9(

/#')!9&,-!=(P+-!"(<%"-4?(#9( -4!(#-4!"(4,91?( ,$M(';-,9-&( *#&!( -4!%"(&,-!**%-!(/!**&(,91( ,$W(

/,99#-(/#')!9&,-!(!0!9(%9(-";9A(';&/*!&(&;/4(,&(-4!(1%,)4",2'?()!"4,)&(<!/,;&!(-4!()"#-!%9(

%&()"!&!9-(,-( -##( *#:(,( *!0!*(#"(<!/,;&!(#+(1%0!"2!9-( ,$W(,91( ,$M(+;9/-%#9&(<@( -4%&(&-,2!(

5K#*!%',9%(!-(,*=?(GJ3G8=( ,$M.9!2,-%0!(&,-!**%-!(/!**&(/,9(%9%-%,-!(1%++!"!9-%,-%#9?()"#<,<*@(1;!(

-#( -",9&/"%)-%#9( #+(D@+N( %9( ,9( %9/"!,&%92( 9;'<!"( #+( -4!&!( /!**&( +"#'( -4!( )!"%9,-,*( )!"%#1=(

7#9&%&-!9-(:%-4(,("#*!(+#"( ,$M(%9(-4!(%9%-%,-%#9(#+(D@#](<;-(9#-(D@+N(-",9&/"%)-%#9(%9('#&-(

&,-!**%-!(/!**&(%9(/;*-;"!?(%9-"#1;/-%#9(#+(1#'%9,9-.9!2,-%0!( ,$M(&)!/%+%/,**@(,<#*%&4!&(D@#](
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5Q!*,%$(!-(,*=?(GJJ_8(<;-(9#-(D@+N(!$)"!&&%#9(#"(&,-!**%-!(/!**(1%++!"!9-%,-%#9=(O!:(%9&%24-(%9-#(

)#-!9-%,*( ,$M(-,"2!-&(%9(&,-!**%-!(/!**&(/#'!&(+"#'(2!9#'!.:%1!(74H &!^(,91(-",9&/"%)-#'!(

,9,*@&!&( /,""%!1(#;-( #9()"%',"@('@#<*,&-&( 1!"%0!1( +"#'(/;*-;"!1( &,-!**%-!( /!**&?( %9(:4%/4( ,(

-,22!1( ,$M()"#-!%9(:,&(!$)"!&&!1( 5K#*!%',9%( !-( ,*=?( GJ3G8?( &4#:&( -4,-( ,$M( -,"2!-&(',9@(

2!9!&( %')*%/,-!1( %9( &,-!**%-!( /!**( +;9/-%#9?( %9/*;1%92( 2!9!&( %90#*0!1( %9( /!**( 2"#:-4?( /!**(

,14!&%#9?(,91(&%29,*%92(),-4:,@&?(:4!"!,&(%-("!)"!&&!&(2!9!&(%90#*0!1(%9(1%++!"!9-%,-%#9=(

K%$( 4#'!#1#',%9( -",9&/"%)-%#9( +,/-#"&?( :%-4( E@,( ,91( ],/4( /#+,/-#"&( 5Y,:,A,'%( !-( ,*=?(

GJJJ8?(,*&#()*,@(,9( %')#"-,9-(;)&-"!,'("#*!( %9('@#2!9!&%&( %9( "!2;*,-%#9(#+( ,$W(,91(#-4!"(

'@#2!9%/(2!9!&(5L!,9;!(!-(,*=?(3CCC8=(E@,(+;9/-%#9(,*&#(%90#*0!&("!/";%-'!9-(#+(/#,/-%0,-#"&(

&;/4(,&(7` (-#(-4!(K%$(/#')*!$(5a!'/(,91(Q!<,@?(GJJM8=(K%$TE@,(1%"!/-*@("!2;*,-!&(!94,9/!"(

!*!'!9-&( #+( -4!( D@+N( ,91( D@#]( 2!9!&( 56%#"1,9%( !-( ,*=?( GJJMV( Q!*,%$( !-( ,*=?( GJ3W8=( K%$(

,/-%0,-%#9(#+(D@#](%&(,9(%')#"-,9-(+,/!-=(K%$3TK%$[TD@+N(5D"+[8(/#')#;91(';-,9-&(1#(9#-(

,/-%0,-!(D@#](,91(1#(9#-(+#"'(&A!*!-,*(';&/*!&(%9(-4!(-";9A(,91(*%'<&(5Q!*,%$(!-(,*=?(GJ3W8=((

S4!()"#$%',*("!2;*,-#"@("!2%#9(#+(D@#2!9%9(%&(,*&#(1%"!/-*@(/#9-"#**!1(<@(K%$(+,/-#"&(5K)%-b(

!-( ,*=?( 3CCU8( ,91( ,2,%9( -4!( 1#;<*!( K%$3TK%$[( ,91( E@,3TE@,G( ';-,9-( )4!9#-@)!&( %91%/,-!(

K%$TE@,("!2;*,-%#9(#+( -4%&('@#2!9%/(1%++!"!9-%,-%#9(2!9!=(K%$TE@,(,*&#(/#9-"#*&(1#:9&-"!,'(

';&/*!( 2!9!&?( 9#-,<*@( -4#&!( ,&&#/%,-!1( :%-4( ,( +,&-( 2*@/#*@-%/( ';&/*!( )4!9#-@)!( -4,-( ,"!(

1#:9"!2;*,-!1( %9( K%$3TK%$[( 1#;<*!( ';-,9-&( 5Q%/4,"1( !-( ,*=?( GJ338=( K#$_?( %90#*0!1( %9(

&;))"!&&%92( -4!( &*#:( ';&/*!( )4!9#-@)!( %9( -4!( '#;&!( !'<"@#?( %&( 9#-( !$)"!&&!1( %9( -4!(

K%$3TK%$[(1#;<*! ';-,9-=(K%$3(,91(K%$[(<%91(-#(,91(-",9&.,/-%0,-! "!2;*,-#"@("!2%#9& #+ +,&-

';&/*!(2!9!&(5O%"#(!-(,*=?(GJ3J8=((

S4!(D@#](+,'%*@(#+('@#2!9%/("!2;*,-#"@(+,/-#"&(5DQF&8(/#9-"#*&(-4!(+#"',-%#9(#+(&A!*!-,*(

';&/*!=(S4!&!(<LIL(-",9&/"%)-%#9(+,/-#"&(,/-(,&(#<*%2,-!(4!-!"#1%'!"&(:%-4(-4!(;<%^;%-#;&*@(

!$)"!&&!1( E( )"#-!%9&( -#( ,/-%0,-!( -4!( -!"'%9,*( 1%++!"!9-%,-%#9( )"#2",'( <@( "!2;*,-%92( -4!(

-",9&/"%)-%#9( #+( ',9@( 2!9!&( %9/*;1%92( -4#&!( !9/#1%92( -4!( /#9-",/-%*!( )"#-!%9&( ,91( ';&/*!(

&)!/%+%/(!9b@'!&?(,&(:!**(,&(,(9;'<!"(#+('%QOP&=(S4!(DQF&(<%91&(-#(E.<#$!&(%9()"#'#-!"&(

,91( !94,9/!"&( %9( -4!%"( -,"2!-( 2!9!&( ,91( ,/-( -#2!-4!"(:%-4(#-4!"( -",9&/"%)-%#9,*( +,/-#"&( *%A!&(

D!+G(,91(P 3(+,'%*@(#+(-",9&/"%)-%#9(+,/-#"&(,91("!/";%-(/#."!2;*,-#"&(,91( #*(HH=((

D@#]()"!+!"!9-%,**@(<%91&(-#(,(f7PK7S6(&!^;!9/!(-4,-("!&!'<*!&(-4!(%9(0%-"#.&!*!/-!1(&%-!(

+#"( ,( D@#]hE.)"#-!%9( 4!-!"#1%'!"?( ,91( D@#]( <%91%92( %9/"!,&!&( 1;"%92( 1%++!"!9-%,-%#9( ,-(

',9@( #+( -4!( "!2;*,-#"@( "!2%#9&( #+( 2!9!&( !$)"!&&!1( %9( &A!*!-,*( ';&/*!( 57,#( !-( ,*=?( GJ3J8(

g9,9-%/%),-!1(+%91%92&(:!"!(-4,-(D@#](:,&(/#9&-%-;-%0!*@(<#;91(-#(-4#;&,91&(#+(,11%-%#9,*(
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&%-!&( %9( <#-4( '@#<*,&-&( ,91( '@#-;<!&?( ,91( -4,-( -4!( 2!9#'!.:%1!( <%91%92( #+( D@#]( :,&(

,&&#/%,-!1(:%-4("!2%#9,*(4%&-#9!(,/!-@*,-%#9=(S4!"!+#"!?(%9(,11%-%#9(-#("!2;*,-%92(';&/*!(2!9!(

!$)"!&&%#9?(D@#](<%91&(2!9#'!(:%1!(,91(4,&(-4!(,<%*%-@(-#(<"#,1*@(,*-!"(-4!(!)%2!9#'!(%9(

'@#<*,&-&(,91('@#-;<!&=(F;"-4!"'#"!?(D#;&,0%(!-(,*=(5D#;&,0%(!-(,*=?(GJ3W8(4,0!(%1!9-%+%!1(

WNA(D@#2!9%9( 5D@#68(&%-!&( %9('@#-;<!&?( -4!(',X#"%-@(#+(:4%/4(#0!"*,)(:%-4(D@#](&%-!&=(

D@#](,*&#(1%"!/-&(&-!'(/!**&( %9-#(-4!(&A!*!-,*(';&/*!(*%9!,2!(<@(<%91%92(,91(,/-%0,-%92(-4!(

!$)"!&&%#9( #+( )"!'@#2!9%/( '!&#1!"'( 2!9!&?( )"%#"( -#( ,/-%0,-%92( '@#<*,&-( 2!9!&(

56%,9,A#)#;*#&( !-( ,*=?( GJ338=( `*,%&( !-( ,*=( ,*&#( &4#:!1( -4,-(D@#]( <%91&( -#( &!0!",*(D@#6(

-,"2!-(2!9!&(<!+#"!(1%++!"!9-%,-%#9(,91(&!-&(-4!(&-,2!(5`*,%&(!-(,*=?(GJJN8(

S4!(74H .&!^(,9,*@&%&(<@(F#92(!-(,*=(&4#:&(-4,-(D@#](<%91&(-#(-4!(7P67S6(E.<#$(5&4,"!1(

:%-4(#-4!"(<LIL()"#-!%9&8(<;-(,*&#(,(-#(,(&)!/%+%/(7P66S6(E(<#$('#-%+(5F#92(!-(,*=?(GJ3G8=(

`%91%92( -#( -4!( &)!/%+%/( E.<#$( &!^;!9/!&( *!,1&( -#( ,/-%0,-%#9( #+( ,1X,/!9-( 2!9!&( :4!"!,&(

<%91%92(-#(-4!(/#''#9(&!^;!9/!(/#""!*,-!&(:%-4("!2%#9,*(!)%2!9!-%/('#1%+%/,-%#9=(

7#9&%1!"%92(-4!(*,"2!(9;'<!"(#+(&%-!&(<#;91(<@(D@#]?(%-(%&(/*!,"(-4,-(%-(!$-!9&%0!*@(<%91&(,-(

-4!( 1%&-,*( "!2;*,-#"@( !*!'!9-&.:4%/4( %&( %91!!1( #9!( #+( -4!('!/4,9%&'&( #+( -%&&;!( ,91( &-,2!(

&)!/%+%/( 2!9!( !$)"!&&%#9( "!2;*,-%#9=(P( /#'),"%&#9( #+(D@#](<%91%92( 1,-,(:%-4( -4!( 4%&-#9!(

',"A&(-4,-(-@)%+@(,/-%0!(,91()#%&!1(!94,9/!"&(%=!=(LWYGM,/(,91(LWY['!3(%9('@#<*,&-&(,91(

'@#-;<!&( "!0!,*&( -4,-( D@#]( <%91%92( !&&!9-%,**@( 1!+%9!&( )#%&!1( ,91( ,/-%0!( !94,9/!"&( %9(

'@#<*,&-&(,91('@#-;<!&(5`*;'(!-(,*=?(GJ3G8=((

(

(

 !"#$%& CI)&A.;%+& 0.$& -<%& :..$;!/,-%& ,77%9=+>& ,-& ,:-!@%&A>.P'& %/<,/:%$7& !/& 9#7:+%)& GMJ&A>.P'&

:.=!/;7& -.& %/<,/:%$7& !/& :./W#/:-!./&?!-<& ,& 6#-,-!@%& 6!./%%$& 0,:-.$& GY6+,:%<.+;%$ZJ& -<,-&9,!/-,!/7&

-<%9&!/&,&6.!7%;[!/,:-!@%&7-,-%)&GSJ&B@!:-!./&G.$&!/,:-!@,-!./J&.0&%/<,/:%$4=.#/;&6+,:%<.+;%$&,++.?7&

-<%& $%:$#!-9%/-& .0& .-<%$& -$,/7:$!6-!./& 0,:-.$7& -<,-& 6.7!-!@%+>& $%"#+,-%& %/<,/:%$& ,:-!@!->D& +%,;!/"& -.&
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,:\#!7!-!./&.0&,&-$,/7:$!6-!./,++>&,:-!@%&7-,-%D&:<,$,:-%$!]%;&=>&;%6.7!-!./&.0&^RUX9%'&,/;&^RUC_,:&

,/;&.0-%/&!/&/./4:.;!/"&-$,/7:$!6-!./)&M;,6-%;&0$.9&GS+#9&,/;&P>/+,:<-D&CI'RJ&

&

H9( ,11%-%#9?( `*;'( !-( ,*=( ,*&#( &4#:!1( -4,-( ,))"#$%',-!*@( 3Jc( #+( -4!( /#9-!$-.&)!/%+%/(

!94,9/!"&( :!"!( ,&&#/%,-!1( :%-4( 9#9./#1%92( -",9&/"%)-&?( ,91( i_Jc( #+( -4!&!( !94,9/!"&(

1%&)*,@!1( &%29%+%/,9-( *!0!*&( #+( QOP(  #*( HH( "!/";%-'!9-=( S4!&!( +%91%92&( ,"!( %9( *%9!( :%-4(

)"!0%#;&( "!)#"-&( -4,-(&;22!&-(,(/%&."!2;*,-#"@( "#*!( +#"( -",9&/"%)-&(!',9,-%92(+"#'(!94,9/!"&(

5]!(K,9-,(!-(,*=?(GJ3JV(Y%'(!-(,*=?(GJ3J8=(S4!&!(!94,9/!"&(,*&#(/#9-,%9(<%91%92(&%-!&(+#"(P .3(

+,'%*@(,91(Q;9$3?(a1X)G(5>&-"#0&A@(!-(,*=?(GJJG8?(D!%&(5Y9#!)+*!"(!-(,*=?(3CCC8(-",9&/"%)-%#9(

+,/-#"&( -4,-( ,"!( "!/";%-!1( %9( ,( /#'<%9,-#"%,*( ',99!"( %9( -4!&!( !94,9/!"( &%-!&( -#( ,/-%0!(

-",9&/"%)-%#9=( (S4%&( %&( %9*%9!(:%-4(&-;1%!&(&4#:%92(-4,-(D@#]()*,@&(,("#*!( %9("!/";%-'!9-(#+(

0,"%#;&(-!')#",**@(/#9-"#**!1(-",9&/"%)-%#9(+,/-#"&(5F%2;"!(GJ8(%9('@#2!9!&%&(%9/*;1%92(/.a;9(

5`!92,*(!-(,*=?(3CCG8?(F#&(5I%(!-(,*=?(3CCG8(,91(Q;9$3(5g',9&A@(!-(,*=?(GJ3N8=((

S4!( 1%++!"!9-%,-%#9( )"#2",''%92( "!^;%"!&( ,( ',X#"( /4,92!( %9( /4"#',-%9( *,91&/,)!?( ,&(

"!)"!&&%0!( ',"A&( ,-( '@#2!9%/( 1%++!"!9-%,-%#9( 2!9!&( 9!!1( -#( <!( !",&!1( ,91( "!)*,/!1( :%-4(

/4"#',-%9()!"'%&&%0!(4%&-#9!('#1%+%/,-%#9&(,91(9;/*!#&#'!("!&-";/-;"%92(&#(,&(-#(!9,<*!( #*(

HH( "!/";%-'!9-( ,91( !*#92,-%#9=( S4!( ',X#"( )*,@&( %9( -4%&( )"#/!&&( ,"!( -4!( L%&-#9!( ,/!-@*(

-",9&+!",&!&( 5LPS&8?(PS .1!)!91!9-( /4"#',-%9( "!'#1!**%92( /#')*!$!&?('!-4@*-",9&+!",&!&(

,91(1!'!-4@*,&!&=(

)*+H Q&1%"20 F"E&G&!$%&"218 

S4!("!)"!&&%0!(',"A(#+(LWYGM'!W(%&("!1;/!1(,-(';&/*!(&)!/%+%/("!2;*,-#"@("!2%#9&(<@(-:#(

1%&-%9/-( '!/4,9%&'&=( >9!( %&( -4!( &;))"!&&%#9( #+( Eb4G( !$)"!&&%#9( <@('%Q.G_( ,91('%Q.G3[(

5a;,9( !-( ,*=?( GJJCV(B#92( ,91( S!**,'?( GJJU8=( K!/#91?( -4!( ,/-%0!(LWYGM( 1!'!-4@*,-%#9( <@(

K%$[.'!1%,-!1( "!/";%-'!9-( #+( -4!(gSR(1!'!-4@*,&!( ,-(K%$[( ,91(D@#](<#;91( &%-!&( 1;"%92(

'@#2!9!&%&(574,A"#;9(!-(,*=?(GJ3NV(K!!9;91;9(!-(,*=?(GJ3J8=(D%$!1(*%9!,2!(*!;A!'%,(5DII8(

)"#-!%9&(:%-4%9(-4!(gSR(/#')*!$()"#0%1!(,('!/4,9%&'(+#"("!)*,/!'!9-(#+(,("!)"!&&%0!(',"A(

:%-4(,9(,/-%0!(',"A(<@(-4!(&,'!()"#-!%9(/#')*!$(5Q,'),**%(!-(,*=?(GJJM8=((

Q!'#0,*(#+(L]P7&(+"#'(-",9&/"%<!1("!2%#9&(4,&(<!!9(/*,&&%/,**@(&!!9(,&(,()"!"!^;%&%-!(+#"(

2!9!( ,/-%0,-%#9=( 7,*/%;'.'!1%,-!1( ,/-%0,-%#9( #+( -4!( /,*'#1;*%9.1!)!91!9-( )"#-!%9( A%9,&!(

57,DY8(&-%';*,-!&(DEFG(,/-%0%-@(<@(1%&&#/%,-%92(%-(+"#'(/*,&&(HH(L]P7&(5D/Y%9&!@(!-(,*=?(

GJJJ8=(7*,&&(H(L]P7&(,"!(1%&!92,2!1(+"#'(D@#](0%,(/!**(/@/*!."!2;*,-!1(!0!9-&(%90#*0%92(
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)Q<( 4@)#)4#&)4#"@*,-%#9( ,91( -4;&( )"#'#-%92( +#"',-%#9( #+( )Q<.L]P73( /#')*!$( %9(

1%++!"!9-%,-!1('@#-;<!&(5 ;"%(!-(,*=?(GJJ38=((

S4!(LPS&()WJJ?( 7PF(,"!("!/";%-!1(,-(-4!(';&/*!.,/-%0,-!1(2!9!&(<@(1%++!"!9-(-",9&/"%)-%#9(

+,/-#"&?( %9/*;1%92( '@#2!9%/( <LIL?( DEFG( +,/-#"&?( KQF?( &%$( )"#-!%9&?( ,91( ;<%^;%-#;&(

-",9&/"%)-%#9,*( "!2;*,-#"&( j"!0%!:!1( %9( 5K,"-#"!**%( ,91( a;,9?( GJ338k=( P&&#/%,-%#9( #+( D@#](

:%-4(-4!(LPS&()WJJ(,91( 7PF(5 ;"%(!-(,*=?(3CCM8(%&()"#'#-!1(<@(PYS3(,91(G(A%9,&!&(0%,(

1%"!/-()4#&)4#"@*,-%#9(#+()WJJ(5K!"",(!-(,*=?(GJJM8=(

)*+M ;:-#E0502E02% !I("7$%&2 (07"E0..&26 &2 7/"60201&18 

S4!(9;/*!#&#'!(%&(-4!(<,&%/(;9%-(#+(!;A,"@#-%/(/4"#',-%9?(/#9&%&-%92(#+(,(4%&-#9!(/#"!(,"#;91(

:4%/4(]OP(%&(:",))!1=(S4!(4%&-#9!(/#"!(/#9-,%9&(-:#(/#)%!&(#+(!,/4(#+(-4!(4%&-#9!()"#-!%9&(

LGP?(LG`?(LW(,91(L[(,91(%&(:",))!1(,"#;91(<@(,))"#$%',-!*@(3[M(<)(#+(]OP(%9(,( *!+-.

4,91!1( -#"#%1,*( +,&4%#9=(S4!()#*@)!)-%1!(/4,%9&(#+( -4!(4%&-#9!( -,%*&( ,"!( &;<X!/-( -#(/#0,*!9-(

'#1%+%/,-%#9&?( %9/*;1%92( ,/!-@*,-%#9( ,91( '!-4@*,-%#9( 5,&( 1%&/;&&!1( %9( &!/-%#9( ,<#0!8=( P-(

,/-%0!(2!9!&(#"(,-(2!9!&(-4,-(,"!()#%&!1(+#"(,/-%0,-%#9?(4%&-#9!&(LGP(,91(LW(,"!("!)*,/!1(<@(

-4!(4%&-#9!(0,"%,9-&(LGP=Z(,91(LW=W=(`!@#91(-4!(9;/*!#&#'!(/#"!(%&(-4!(*%9A!"(4%&-#9!?(L3=(

O;/*!#&#'!&(,"!(,"",92!1(,&(,( *%9!,"( ,"",@(,*#92( -4!(]OP()#*@'!"(,&( l<!,1&(#9(,( &-"%92l=(

S4! /#'<%9,-%#9( #+ 9;/*!#&#'! )#&%-%#9& ,91( -4!%"( /4!'%/,* ,91( /#')#&%-%#9,*

'#1%+%/,-%#9&(,"!(A!@(-#(2!9#'!("!2;*,-%#9(,&(-4!(]OP(%9&%1!(!,/4(9;/*!#&#'!(%&(2!9!",**@(

%9,//!&&%<*!(-#(]OP.<%91%92(+,/-#"&=(74"#',-%9(Q!'#1!**%92(/#')*!$!&(,"!(-4;&(9!/!&&,"@(

-#( )"#0%1!( ,//!&&( -#( -4!( ;91!"*@%92( ]OP( -#( !9,<*!( -",9&/"%)-%#9?( ]OP( "!),%"( ,91( #-4!"(

)"#/!&&!&=(

PS .1!)!91!9-(/4"#',-%9."!'#1!*%92(/#')*!$!&("!2;*,-!(2!9!(!$)"!&&%#9(<@(!%-4!"('#0%92?(

!X!/-%92( #"( "!&-";/-;"%92( 9;/*!#&#'!&=( S4!&!( )"#-!%9( /#')*!$!&( 4,0!( ,( /#''#9( PS ,&!(

1#',%9( ,91( !9!"2@( +"#'( -4!( 4@1"#*@&%&( #+( PS ( ,**#:&( -4!&!( "!'#1!*%92( /#')*!$!&( -#(

"!)#&%-%#9(5&*%1!?(-:%&-(#"(*##)8(9;/*!#&#'!&(,*#92(-4!(]OP?(!$)!*(4%&-#9!&(,:,@(+"#'(]OP(

#"(+,/%*%-,-!(!$/4,92!(#+(4%&-#9!(0,"%,9-&?(,91(-4;&(/"!,-%92(9;/*!#&#'!.+"!!("!2%#9&(#+(]OP(

+#"(2!9!(,/-%0,-%#9=(

H9(';&/*!.&)!/%+%/( 2!9#'!( "!2;*,-%#9?( PS .1!)!91!9-( KBHTKOF( `QD( ,91( <",4',.*%A!( 3(

5`Q6.38(/4"#',-%9("!'#1!*%92(/#')*!$!&(,"!("!/";%-!1(-4"#;24(-4!%"(%9-!",/-%#9(:%-4(D@#](

51!( *,( K!"9,( !-( ,*=?( GJJ3,V( 1!( *,( K!"9,( !-( ,*=?( GJJ3<8=( S4%&( )"#/!&&( %&( "!2;*,-!1( 0%,( 1%"!/-(

)4#&)4#"@*,-%#9(#+( -4!(KBHTKOF(`PF_J/( &;<;9%-('!1%,-!1(<@( -4!(DP Y()WU( 5K%'#9!(!-(
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,*=?(GJJ[8(,91( %&( "!^;%"!1( +#"(<%91%92(#+(D@#]?('@#2!9%9?(,91(DEFG1(51!( *,(K!"9,(!-(,*=?(

GJJNV( >4A,:,( !-( ,*=?( GJJ_8=( H9( ',-;"!( '@#+%<!"&?( D@#6( ,91( `"23( ,"!( )"!+!"!9-%,**@( /#.

*#/,*%b!1( -#( -4!( '@#2!9%9( )"#'#-!"?( -#( +,/%*%-,-!( /#9-%9;!1( D@#6( !$)"!&&%#9( +#"( -4!(

',%9-!9,9/!(#+(-4!(1%++!"!9-%,-!1(&-,-!=(

(

D#"!( "!/!9-*@?( %-( 4,&( <!!9( &4#:9( <@( W7( !$)!"%'!9-&( -4,-( -4!( &),-%,*( #"2,9%b,-%#9( #+( *,-!(

2!9!&(<@(D@#].`"23.'!1%,-!1(%9-!"./4"#'#&#',*(%9-!",/-%#9&(<!-:!!9(;)&-"!,'(&!^;!9/!&(

#+(*,-!('@#2!9%/(2!9!&(/#9-"%<;-!&(%9("!&-"%/-%92(*,-!(2!9!(!$)"!&&%#9(1;"%92(-4!(!,"*@(&-,2!&(

#+('@#2!9!&%&(5L,",1,(!-(,*=?(GJ3N8=((

(

>-4!"(',X#"( /4"#',-%9('#1%+%!"& &4#:9( -#( <!( %')*%/,-!1( %9(';&/*!( 1%++!"!9-%,-%#9( ,"!( -4!(

,"2%9%9!( '!-4@*-",9&+!",&!&(  "'-N( ,91( 7,"'3T "'-[=(  "'-N( /,9( &@''!-"%/,**@( '!-4@*,-!(

,"2%9%9!( "!&%1;!&( %9( ,( 0,"%!-@( #+( /!**;*,"( )"#-!%9&?( %9/*;1%92( 4%&-#9!&( 5LWQU( ,91( L[QW8=(

],/:,2(!-(,*=(&4#:!1(-4,-( "'-N(,91(1%'!-4@*,-!1(LWQU(54%&-#9!(W(,"2%9%9!(U8(*#/,*%b!1(,-(

-4!( '@#2!9%9( )"#'#-!"( %9( 1%++!"!9-%,-%92( /!**&( ,91( )"#'#-!( `"23( PS ,&!.,&&#/%,-!1(

/4"#',-%9("!'#1!**%92(,-('@#2!9%9()"#'#-!"(5],/:,2(!-(,*=?(GJJM8=( "'-&(,"!("!^;%"!1(+#"(

'@#2!9%/('%/"#QOP(%91;/-%#9(1;"%92(1%++!"!9-%,-%#9=(D,**,)),(!-(,*=(&4#:(-4,-( "'-[(<%91&(

-#(-4!(;)&-"!,'("!2;*,-#"@("!2%#9&(#+('@#2!9%/('%/"#QOP&(,91(%&("!^;%"!1(+#"(1%'!-4@*,-%#9(

#+(-4!( "'-[(&;<&-",-!?(LWQ3M?(,-('%/"#QOP("!2;*,-#"@(&!^;!9/!&=(P<&!9/!(#+( "'-[(1#!&(

9#-( ,*-!"( D@#]( <%91%92( <;-( )"!0!9-&( -4!( <%91%92( #+( <#-4( D@#6( ,91( -4!( `"23( PS ,&!(

"!&;*-%92(%9(,9(%94%<%-%#9(#+('%/"#QOP(!$)"!&&%#9(5D,**,)),(!-(,*=?(GJ338=(

(

S4!(FP7S(5F,/%*%-,-!&(/4"#',-%9( -",9&/"%)-%#98(/#')*!$( "!/#29%b!&(9;/*!#&#'!&(<@(,/-%92(

,&( ,( 4%&-#9!( /4,)!"#9!( -4,-( 1!&-,<%*%b!&( -4!( 9;/*!#&#',*( &-";/-;"!=( H-( %&( /#')#&!1( #+( -:#(

&;<;9%-&h( KKQ 3( ,91( K S3_=( I#*%&( !-( ,*=( &4#:!1( -4,-( -4!( FP7S( /#')*!$( )"#'#-!&(

'@#2!9%9.1!)!91!9-(-",9&/"%)-%#9(,-(-4!(#9&!-(#+(1%++!"!9-%,-%#9(,&(%-(%&(&)!/%+%/,**@("!/";%-!1(

-#( ';&/*!.&)!/%+%/( 2!9!&( ,&( 1%++!"!9-%,-%#9( %9%-%,-!&( ,91( -4!9( 1%&&#/%,-!&( ,&( 1%++!"!9-%,-%#9(

)"#/!!1&(5I#*%&(!-(,*=?(GJ3W8(

H9( -4%&( &!/-%#9?( -4!( -",9&/"%)-%#9( ,91( !)%2!9!-%/( '!/49%&'&( %90#*0!1( %9( '@#2!9%/(

1%++!"!9-%,-%#9(4,0!(<!!9(1%&/;&&!1=(K#'!(#+( "!*!0,9-( &-;1%!&(4,0!(<!!9( "!0%!:!1(,*-4#;24(

-4%&( "!0%!:( %&(9#-( !$4,;&-%0!=(`;-( %-( 2%0!&( ,9(#0!",**()%/-;"!( ,91( %9/%-!&( -4%9A%92(,<#;-( -4!(

;9A9#:9( ,91( 9#-( @!-( 1!&/"%<!1( '!/4,9%&'&( -4,-( ',@( <!( 2#0!"9%92( S!,1.'!1%,-!1(

-",9&/"%)-%#9,*(,/-%0,-%#9(,91("!)"!&&%#9(#+(2!9!(!$)"!&&%#9(%9('@#2!9%/()"#2",'=(
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V. TEAD transcription factors 

*+, )E02%&G&!$%&"2 $2E !I$($!%0(&1$%&"2 "G :B;DO:BP G$7&./8 

S4!(SEP](-",9&/"%)-%#9(+,/-#"&?()"!0%#;&*@(,*&#(/,**!1(SEF&(5-",9&/"%)-%#9(!94,9/!"(+,/-#"&8(

:!"!(+%"&-(1%&/#0!"!1(1;"%92(%1!9-%+%/,-%#9(#+(Kf[J(!94,9/!"(<%91%92()"#-!%9&=(Kf[J(%&(,(/%&.

,/-%92("!2;*,-#"@(0%",*(!*!'!9-(-4,-("!2;*,-!&(-",9&/"%)-%#9(%9(0%0#(+"#'(QOP()#*HH()"#'#-!"&(

0%,(<%91%92(#+(0,"%#;&( -",9&/"%)-%#9(,/-%0,-%92()"#-!%9&=(SEF.3(#"(SEP]3(:,&(+%"&-();"%+%!1(

+"#' L!I, !$-",/-& ,& , )"#-!%9( <%91%92( &)!/%+%/,**@( -#( -4! 6S.HH7( ,91( K)4('#-%+& %9( -4!

Kf[J(!94,9/!"( 5],0%1&#9(!-(,*=?(3CUUV(R%,#(!-(,*=?(3CC38=(I,-!"?( %-(:,&(,*&#(&4#:9(-#(<%91(

4;',9(),)%**#',0%";&.3_(5L f.3_8(!94,9/!"(,91(,/-%0,-!(-4!(E_(,91(EM(#9/#2!9!&(5H&4%X%(!-(

,*=?(3CCG8=((

>-4!"( ,",**!*(&-;1%!&(1!&/"%<!1(4#:(SEP]&(:!"!(+#;91(-#(,/-%0,-!(-",9&/"%)-%#9(#+(&!0!",*(

','',*%,9(2!9!&(*%A!(/,"1%,/(-"#)#9%9(S?(&'##-4(';&/*!( .,/-%9?(&A!*!-,*( .,/-%9(,91(F#$,.

G(2!9! 5D,"(,91(>"1,4*?(3CUUV K:,"-b !- ,*=?(3CCU8 -4"#;24(, 6S.HH7("!*,-!1(D7PS 5';&/*!

7PS8( /#9&!"0!1('#-%+( Nm.7PSS77S.Wm?( -4,-( :,&( !9"%/4!1( ),"-%/;*,"*@( %9(';&/*!.&)!/%+%/(

2!9!&( &;/4( ,&( /,"1%,/( -"#)#9%9( S?( ,*)4,.,/-%9&( ,91( <!-,.'@#&%9( 4!,0@( /4,%9( 5Q%91-( !-( ,*=?(

3CCW8(5F%2;"!(G38(

(

(

 !"#$%&C')&N;%/-!0!:,-!./&.0&FBMP7&.$&FB 7&,7&2F4NN3&,/;&A3MF&=!/;!/"&-$,/7:$!6-!./&0,:-.$7)&

F#;"( SEP]( )"#-!%9&( 4,0!( <!!9( %1!9-%+%!1( &#( +,"( %9( !;A,"@#-!&( 5SEP]3.[8=( D#&-( -%&&;!&(

!$)"!&&( ,-( *!,&-( #9!( #"( '#"!( SEP]( )"#-!%9&=( S4!( +#;"( SEP]( )"#-!%9&( &4,"!( ,( 4%24*@(
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!0#*;-%#9,"%*@(/#9&!"0!1(]OP(<%91%92(1#',%9?(/,**!1(-4!(SEPTPSSK(1#',%9?(1!"%0%92(-4!(

*,--!"( 9,'!( +"#'(@!,&-?( 0!"-!<",-!?( )*,9-( ,91( +*@( -",9&/"%)-%#9( +,/-#"&(;<,P?(:E73?(:EF.3(

,91( R/,**#)!1=( P<,P( "!2;*,-!&( 1!0!*#)'!9-( #+( ,&!$;,*( &)#"!&( 5P91"%,9#)#;*#&( ,91(

S%'<!"*,A!?( 3CC[8?( SE73( %&( "!^;%"!1( +#"( +%*,'!9-#;&( 2"#:-4( %9( @!,&-( L,::<,$.9>:%7&

:%$%@!7!,%& 5I,*#;$( !-( ,*=?( 3CCJ8&,/;&K/,**#)!1( %9(P$.7.6<!+,(9%+,/.",7-%$( %&( "!^;%"!1( +#"(

&!9&#"@(9!;"#9,*(1!0!*#)'!9-(,91(:%92(1!0!*#)'!9-(5`",@?(3CCC8=((&

*+> :&1130 E&1%(&<3%&"28 

E$)"!&&%#9( #+( SEP]&( ,-( 'QOP( ,91( )"#-!%9( *!0!*&( 4,&( <!!9( :%1!*@( &-;1%!1( ,91( "!)#"-!1(

5Pb,A%!( !-( ,*=?( GJJNV( a,/^;!'%9( !-( ,*=?( 3CC_V( R%,#( !-( ,*=?( 3CC3V( e,&;9,'%( !-( ,*=?( 3CC_8=(

SEP]3( ,91(SEP][( ,"!( !$)"!&&!1( %9(';*-%)*!( -%&&;!&( %9/*;1%92( &A!*!-,*(';&/*!?( *;92( ,91(

4!,"-=(B4%*!(SEP]W( %&( *#:*@( !$)"!&&!1( %9( &A!*!-,*(';&/*!?( %-( %&( 4%24*@( !$)"!&&!1( %9( ,1;*-(

4!,"-?()*,/!9-,(,91(#-4!"(!$-",(!'<"@#9%/(&-";/-;"!&( 5e,&;9,'%(!-(,*=?(3CC_V( 5Pb,A%!(!-(,*=?(

3CC_8=(SEP]G(%&(!$)"!&&!1(%9(&!*!/-!1(!'<"@#9%/(-%&&;!&(&;/4(,&(1%&-,*()#"-%#9(#+(+#"!*%'<(

,91(4%91( *%'<(<;1&?( -,%*(<;1?( /!"!<!**;'(,91( -!&-%&( 5e,&;9,'%(!-( ,*=?(3CCN8=(Y,9!A#(!-( ,*=?(

+#;91(-4,-(SEP]G(%&(#9!(#+(-4!(+%"&-()"#-!%9&(-#(<!(1!-!/-!1(%9(,(G./!**(!'<"@#(,91(%&(-4!(#9*@(

SEP]( +,/-#"( &)!/%+%/,**@( !$)"!&&!1( 1;"%92( +%"&-( M( 1,@&( #+( !'<"@#9%/( 1!0!*#)'!9-=( H-( %&(

,<&!9-( %9('#&-( ,1;*-( -%&&;!&( <;-( %&( !$)"!&&!1( %9(';&/*!?( *;92?( 4!,"-( ,91( &A%9( ,-( *#:( *!0!*&(

5Y,9!A#( !-( ,*=?( 3CCM8=( L#:!0!"?( *,-!"( %9( GJJU?( %-( :,&( &4#:9( -4,-( SEP]3?( SEP]G( ,91(

SEP][( :!"!( ,**( 1!-!/-!1( %9( !,"*@( !'<"@#&=( SEP][( :,&( 4%24!&-( <@( EU( 5O%&4%#A,( !-( ,*=?(

GJJU8=

(

M+? :($21!(&5%&"2$. $!%&'$%&"2 '&$ F9;: 0.0702% $2E %I0 &75"(%$2!0 "G &%1 G.$24&26 

10S302!018 

S4!(D7PS(5';&/*!.7PS8('#-%+(:,&(+%"&-(%1!9-%+%!1(,&(,(';&/*!(&)!/%+%/("!2;*,-#"@(!*!'!9-(

+#;91( %9( -4!(1%&-,*()"#'#-!"( "!2%#9(#+(/,"1%,/( -"#)#9%9(S(2!9!=(S:#(/#)%!&(#+(,(/#9&!"0!1(

4!)-,'!"( 7PSS77S( &!^;!9/!( %9( -4!( 1%&-,*( )"#'#-!"( !*!'!9-( #+( /SOS( 2!9!( :!"!( <#-4(

"!^;%"!1(+#"(-4!(!$)"!&&%#9(#+(/SOS(%9(!'<"@#9%/(&A!*!-,*(,91(/,"1%,/(1!0!*#)'!9-(5D,"(,91(

>"1,4*?( 3CUU8=(D;-,-%#9&( %9(D7PS(&!^;!9/!(1%&";)-!1(SEP](<%91%92( ,91( %9,/-%0,-!1( -4!(

/SOS(!$)"!&&%#9(5D,"(,91(>"1,4*?(3CCJ8=(K%9/!(-4!9?(-4!(D7PS(!*!'!9-(4,&(<!!9(+#;91(%9(

',9@( #-4!"( /,"1%,/?( &'##-4( ,91( &A!*!-,*(';&/*!.&)!/%+%/( 2!9!&?( &;/4( ,&( &'##-4(';&/*!( .
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,/-%9(5K:,"-b(!-(,*=?(3CCU8?(&A!*!-,*( .,/-%9(5Y,"9&(!-(,*=?(3CCN8?( .-"#)#'@#&%9(5 ,&^;!-(!-(,*=?(

GJJ_8(,91(".'@#&%9(4!,0@(/4,%9(5Q%91-(!-(,*=?(3CCW8?(,&(&4#:9(%9(S,<*!(3=(

SEP]&( <%91( -#( -,91!'*@( ,"",92!1(D7PS( !*!'!9-&( %9( )"#'#-!"( "!2%#9&( %9( ,( /#.#)!",-%0!(

',99!"=( ]%&-,9/!( <!-:!!9( -4!( D7PS( '#-%+&( %&( ,9( %')#"-,9-( /4,",/-!"%&-%/( +!,-;"!( %9( -4!(

-",9&/"%)-%#9,*(,/-%0%-@(#+(SEP]&=(H9(,11%-%#9?(SEP]&(<%91(#9*@(-#(-4!(1#;<*!(&-",91!1(+#"'(

#+(D7PS(!*!'!9-(,91(9#-(-#(-4!(&%92*!(&-",91!1(+#"'(57,"*%9%(!-(,*=?(GJJG8=(S4!(&!^;!9/!&(

+*,9A%92(-4!(D7PS('#-%+(,"!(+#;91(-#(<!(4%24(%9()#*@);"%9!T)#*@)@"%'%1%9!(,&@''!-"@(,91(

,"!(%9(+,/-(-4!(<%91%92(&%-!&(+#"(&%92*!.&-",91!1(]OP(<%91%92()"#-!%9&(&;/4(,&( ;" ?( ;""(,91(

DKe3( 5Y!*'(!-( ,*=?( 3CCMV(K;9(!-( ,*=?(3CCN8=(S4!&!()"#-!%9&(:4!9(<%91( -#( &&]OP(+*,9A%92(

D7PS( '#-%+( <"%92( ,<#;-( *#/,*( ,*-!",-%#9&( -4,-( )"!0!9-( -4!( <%91%92( #+( SEP]3( )"#-!%9( -#(

D7PS( !*!'!9-( ,91( )"!0!9-( ,/-%0,-%#9( #+( %-&( -,"2!-( 2!9!&( %9( -%&&;!( ,91( /#9-!$-( 1!)!91!9-(

',99!"=(S4%&(:,&(!$!')*%+%!1(<@(,(&-;1@("!2,"1%92("!)"!&&%#9(#+(-4!(0,&/;*,"(&'##-4(';&/*!(

 .,/-%9( 2!9!( -4,-( %&( 9#"',**@( ,/-%0,-!1( %9( D7PS( 1!)!91!9-( ',99!"( %9( 1%++!"!9-%,-%92(

'@#<*,&-&( 57#2,9( !-( ,*=?( 3CCN8?( :4%*!( %-( %&( "!)"!&&!1( %9( 9#9( 1%++!"!9-%,-!1( '@#<*,&-&( ,91(

+%<"#<*,&-&(1;!(-#(<%91%92(#+(-4!&!(-%&&;!(&)!/%+%/(&%92*!(&-",91!1(]OP(<%91%92()"#-!%9&(-4,-(

)"!0!9-!1( <%91%92( #+( SEP]( +,/-#"&( -#(D7PS( !*!'!9-( 5Y!*'( !-( ,*=?( 3CCC8=(7#'<%9,-#"%,*(

%9-!",/-%#9&( <!-:!!9( -4!( -4"!!( &%92*!.&-",91!1( ]OP.<%91%92( )"#-!%9&(',@( <!( %')#"-,9-( %9(

"!2;*,-%92(-4!(1%++!"!9-%,*(!$)"!&&%#9(),--!"9&(#+(',9@(#-4!"(D7PS(/#9-,%9%92(2!9!&(1;"%92(

-4!()"#/!&&(#+('@#2!9%/(1%++!"!9-%,-%#9=&

(

7389%&')&&:;<7&%9%/%.,+&!.&/#+29%&+6%2!1!2&"%.%+ 
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F;"-4!"'#"!?( -4!( D7PS( 1!)!91!9-( !$)"!&&%#9( #+( KD(  .,/-%9( :,&( &-;1%!1( %9.0%0#( <@(

+#**#:%92(!'<"@#9%/(!$)"!&&%#9(#+(KD( .,/-%9( %9( -",9&2!9%/('%/!(:%-4(I,/Z("!)#"-!"(2!9!(

;91!"(-4!(/#9-"#*(#+(:%*1.-@)!(#"(';-,-!1(D7PS(!*!'!9-&(%9(-4!(KD( .,/-%9(2!9!=(7#9-","@(

-#( -4!( :%*1.-@)!?( I,/Z( :,&( 9#-( !$)"!&&!1( %9( &'##-4?( /,"1%,/( ,91( &A!*!-,*( ';&/*!&( %9(

-",9&2!9%/( !'<"@#&( !-( E3J=N( ,91( E3G=N( 5F%2;"!( GG8( ,91( -4!( -",9&2!9!( !$)"!&&%#9( :,&(

/#')*!-!*@("!&-"%/-!1(-#(#9*@(KD7./#9-,%9%92(-%&&;!&(<@(1,@(3N=N(5F%2;"!(GG8=(S4%&(%91%/,-!&(

-4,-(D7PS(!*!'!9-&(,"!("!^;%"!1(+#"(KD( .,/-%9(!$)"!&&%#9(%9(!,"*@(&'##-4(';&/*!?(&A!*!-,*(

,91(/,"1%,/(';&/*!=(B4%*!(-4!(!$)"!&&%#9(#+(KD( .,/-%9(%&(%91!)!91!9-(#+(D7PS(!*!'!9-(%9(

KD(/!**&(,-(*,-!"(&-,2!&(#+(!'<"@#9%/(1!0!*#)'!9-(56,9(!-(,*=?(GJJM8=

(

(

(

( ((((((((((BS(

(

(((((((((((((((((D7PS(

(

&

 !"#$%& CC)&A#-,-!./& !/&A3MF& %+%9%/-& :,#7%;& ;%+,>%;& %56$%77!./& .0& LA& 4,:-!/& !/& LA37& ,-& %,$+>&

7-,"%7& .0& %9=$>./!:& ;%@%+.69%/-D& ?<!+%& :.96+%-%+>& ,=.+!7<%;& %56$%77!./& !/& 78%+%-,+& ,/;& :,$;!,:&

-!77#%&#6-.&-<%&%/;&.0&%9=$>./!:&;%@%+.69%/-)&&

H9-!"!&-%92*@?(-4%&(&-;1@(,*&#()#%9-!1(#;-(<@(&%QOP('!1%,-!1(&%*!9/%92(#+(%91%0%1;,*(SEP]&(

%9( ",-( ,#"-%/( KD( /!**&( #"( QP.-"!,-!1( P[J[( /!**&( 5'@#+%<"#<*,&-( '#1!*8( -4,-( SEP][( %&(

"!^;%"!1(+#"(D7PS(1!)!91!9-(!$)"!&&%#9(#+(KD( .,/-%9(%9(!'<"@#9%/(KD(/!**&(#"(,/-%0,-!1(

:#;91('@#+%<"#<*,&-&(%9(/#9-",&-(-#(SEP]3(-4,-(:,&("!^;%"!1(%9(1%++!"!9-%,-!1(",-(,#"-%/(#"(

,1;*-(KD(/!**&=(Y9#/A1#:9(#+(SEP]3( %9('@#+%<"#<*,&-&(4,1(9#(!++!/-(#9(D7PS("!)#"-!"(

2!9!(!$)"!&&%#9(56,9(!-(,*=?(GJJM8=((

H-( 4,&( <!!9( &4#:9( -4,-(  3.P1"!9!"2%/( &%29,*&( %91;/!( -4!( !$)"!&&%#9( #+(D7PS( /#9-,%9%92(

2!9!&(&;/4(,&(&A!*!-,*( .,/-%9(,91(".'@#&%9(4!,0@(/4,%9(%9(9!#9,-,*(",-(/,"1%#'@#/@-!&(<@(

)#-!9-%,-%92(SEP][(<%91%92( -#( -4!(D7PS('#-%+&( 5Y,"%@,(!-(,*=?(3CCWV(Y,"%@,(!-(,*=?(3CC[V(

Y,"9&(!-(,*=?(3CCN8=(F;"-4!"'#"!?(g!@,',(!-(,*=(1!'#9&-",-!1(-4,-()4#&)4#"@*,-%#9(#+(SEP][(
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,-(K!"%9!(WGG(%&("!^;%"!1(+#"(%-&(<%91%92(-#(-4!(D7PS(!*!'!9-(%9(-4!(&A!*!-,*( .,/-%9(2!9!(,91(

%-&(,/-%0,-%#9(%9(/,"1%#'@#/@-!&(=(H9-!"!&-%92*@?(K!"%9!(WGG(%&(#9!(#+(-4!(U(&!"%9!("!&%1;!&(-4,-(

%&()"!&!9-(#9*@(%9(SEP][(,91(9#-(%9(SEP]3(,91()4#&)4#"@*,-%#9(#+(K!"%9!(WGG(%&(<"#;24-(

,<#;-(<@(-4!( 3.P1"!9!"2%/(&%29,*(1!)!91,9-(A%9,&!&?(-4,-(,/-%0,-!(SEP][(-#(<%91(-#(D7PS(

'#-%+(%9(&A!*!-,*( .,/-%9(2!9!(5g!@,',(!-(,*=?(GJJJ8=(

>9( -4!( #-4!"( 4,91?( )"#-!%9( A%9,&!( P( '!1%,-!1( )4#&)4#"@*,-%#9( #+( SEP]3( ,-( K!"%9!( 3JG(

"!1;/!1( -4!( D7PS( <%91%92( ,/-%0%-@( #+( SEP]3( ,-(  .DL7( 2!9!( %9( /,"1%#'@#/@-!&( ,91(

%9/"!,&!1( -4!(!$)"!&&%#9(#+( .DL7(2!9!=( H9( -4%&(/,&!?()4#&)4#"@*,-%#9(,/-!1( -#("!)"!&&( -4!(

SEP]3(,/-%0%-@(%9(#"1!"(-#(,/-%0,-!(2!9!(!$)"!&&%#9(56;)-,(!-(,*=?(GJJJ8=((

P&(SEP]&(,"!(!$)"!&&!1(%9('#&-(-%&&;!&?('#"!(&-;1%!&(:#;*1(<!("!^;%"!1(-#(;91!"&-,91(4#:(

-4!@(!*%/%-(!$)"!&&%#9(#+(';&/*!(#"(,9@(#-4!"(-%&&;!(&)!/%+%/(2!9!&=(

>9!(#+( -4!()#&&%<%*%-%!&( -4,-(4,0!(<!!9()"#)#&!1(,91(&-;1%!1( %9/*;1!&( -4!( %')#"-,9-( "#*!(#+(

D7PS( +*,9A%92( &!^;!9/!&( -4,-( '%24-( /#9-,%9( <%91%92( '#-%+&( +#"( #-4!"( -",9&/"%)-%#9,*( /#.

,/-%0,-#"&( #"( "!)"!&&#"&=( S4!( &!/#91( )#&&%<%*%-@( %&( -4!( )"!&!9/!( #+( -%&&;!( &)!/%+%/(

-",9&/"%)-%#9,*(/#.,/-%0,-#"&(#"("!)"!&&#"&(-4,-(/#;*1(<!(1%"!/-*@(<%91%92(-#(SEP](+,/-#"&(,91(

'#1;*,-%92( -4!%"( +;9/-%#9( %9( -",9&/"%)-%#9=( H-( ,))!,"&( -#( <!( -4!( /#'<%9,-%#9( #+( -4!&!(]OP(

<%91%92( ,91( SEP].<%91%92( )"#-!%9( +,/-#"& -4,- &4,** '#1;*,-! -4! SEP] -",9&/"%)-%#9,*

,/-%0%-@(%9(,(-%&&;!(,91(&-,2!(1!)!91!9-(',99!"=(

*+C R%(3!%3(0 "G :B;D 5("%0&218 

*+C+, P32!%&"2$. E"7$&21 &2 :B;D 5("%0&218 

S4!(SEP]()"#-!%9&()#&&!&&(-:#(',X#"(+;9/-%#9,*(1#',%9&(-4,-(,"!('#&-*@(/#9&!"0!1(,/"#&&(

-4!(+#;"(+,'%*@('!'<!"&?(9,'!*@?( -4!(SEP(]OP(<%91%92(1#',%9(5]`]8(%9(-4!(O.-!"'%9,*(

"!2%#9( ,91( -4!( 7.-!"'%9,*( -",9&.,/-%0,-%#9( 1#',%9( 5SP]8( jF%2;"!( GWk=( S4!( !$-"!'!( O.

-!"'%9,*( ),"-( )"!/!1%92( -4!( SEP( ]`]( ,91( -4!( )"#*%9!."%/4( 1#',%9( +#**#:%92( -4!( SEP(

1#',%9(,"!('#"!(0,"%,<*!=(S4!(4;',9(SEP](+,/-#"&(,"!('#"!(-4,9(CCc(%1!9-%/,*(%9(-4!(]`](

,91(-4!(7.-!"'%9,*(SP](%&(9!,"*@(MJc(/#9&!"0!1(5e#&4%1,?(GJJU8=(jS,<*!(Gk(

*+C+> :I0 :B;O;::R DT; <&2E&26 E"7$&28 

S4!(+%"&-(-4"!!.1%'!9&%#9,*(&-";/-;"!(#+(,(SEP(]OP(<%91%92(1#',%9(:,&(:#"A!1(#;-(%9(GJJ_(

<@(P9<,9,91,'(!-(,*=(H-(:,&(&4#:9(-4,-(SEP(1#',%9(/#')"%&!&(,(-4"!!.4!*%$(<;91*!(5F%2;"!(



  Introduction 

 

 
66 

GW8?( :%-4( ,( 4#'!#1#',%9( +#*1( 5P9<,9,91,'( !-( ,*=?( GJJ_8=( S4!( SEP( 1#',%9( )#&&!&&!1( ,(

+#*1!1(2*#<;*,"(&-";/-;"!(/#')"%&!1(#+(-4"!!( .4!*%/!&.(L3?(LG(,91(LW=(S4!(L3(,91(LG(,"!(

9!,"*@( ,9-%),",**!*( ,91( ),/A( #9( !%-4!"( &%1!( #+( -4!(LW=(S4!"!( ,"!( ,( -#-,*( #+( GU( 4@1"#)4#<%/(

"!&%1;!&( #+(:4%/4( 3G( "!&%1!( %9( -4!( /#"!=( K;<&!^;!9-*@?( -4!( -4!"'#1@9,'%/( &-,<%*%-@( #+( -4!(

SEP( 1#',%9( %&( )"!1%/-!1( -#( <!( *#:=( S4%&( :,&( 0!"%+%!1( :%-4( SEP( 1#',%9( ;9+#*1%92(

%""!0!"&%<*@(:%-4(,('%1.)#%9-(#+(;"!,(1!9,-;",-%#9(#+(G=ND(5P9<,9,91,'(!-(,*=?(GJJ_8=(S4!(

L3.LG(/#9-,/-(,-(HGW?(eG[?(I[_?(eNJ(,91(INW(/"!,-!&(,(4@1"#)4#<%/(),-/4(-4,-(%&(*%A!*@(-#(<!(

/";/%,*(%9()"#-!%9.)"#-!%9(%9-!",/-%#9&=(

;7&2" $!&E &E02%&%/ <0%U002 I37$2 :B;D1 

O,'!( >-4!"(9,'!&(

c(H1!9-%-@(

:%-4(

SEP]3(

c(H1!9-%-@(

:%-4%9(]`](

c(H1!9-%-@(

:%-4%9(

SP](

SEP]3( OSEF.3?(SEF3( .( .( .(

SEP]G( ESEF.3?(ESF?(SEF.[( _[c( 3JJc( _Nc(

SEP]W( ]SEF.3?(ESFQ.3?(SEF.N( MJc( CCc( M[c(

SEP][( QSEF.3?(ESFQ.G?(S!,1[( M[c( 3JJc( UGc(

(

7389%&=)&</!.-&32!0& +%>#%.2%& !0%.,!,?&-1&@3$!-#+&4#/3.&7A<B+&2-/63$%0& ,-&7A<B'& C:-0!1!%0&

1$-/&D-+4!03&%,&39)E&=FFGH&

&

 !"#$%& CR)& L:<%9,-!:& $%6$%7%/-,-!./& .0& FBMP& 6$.-%!/7& GMJ& ,/;& 0#/:-!./,+& ;.9,!/74& PEM& =!/;!/"&

;.9,!/&GPSPJ&,/;&GSJ&-<%&-$,/74,:-!@,-!./&;.9,!/&GFMPJ)&
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S4!( SEP( 1#',%9( <%91&( ,( 3$6S( &!^;!9/!( #"( ,( -,91!'( G$6S?( U.'!"?( 3G.'!"( n( 3_.'!"(

&!^;!9/!( /##)!",-%0!*@( ,-( 9,9#'#*,"( ,++%9%-@=(S4!( /#9&!9&;&(]OP(&!^;!9/!(<#;91(<@( -4!(

%&#*,-!1( SEP( 1#',%9( %&( OjPTST6k6jPST7kPSOS=( S4;&?( &%$( #+( !%24-( 9;/*!#-%1!&( %9( -4!(

D7PS(&!^;!9/!(/#9+!"(<%91%92(&!*!/-%0%-@=(S4%&(&;22!&-&(-4,-(#-4!"(1#',%9&(%9(,(+;**.*!92-4(

SEP]( )"#-!%9( ',@( ),"-%/%),-!( %9( <%91%92( &)!/%+@( )!"4,)&( <@( %91;/%92( /#9+#"',-%#9,*(

/4,92!&( %9( -4!(SEP(1#',%9=(7#9&%&-!9-(:%-4( -4%&?( a%,92( !-( ,*=( 4,0!( &4#:9( -4,-( ,*-!"9,-%0!(

&)*%/%92( #+( SEP]3('QOP( %&( "!2%#9&( %''!1%,-!*@( ,+-!"( -4!(SEP( 1#',%9( ,*-!"!1( %-&(]OP(

<%91%92()"#)!"-%!&(5a%,92(!-(,*=?(GJJ38=(

S4!(4!*%$(LW(,91( -4!(IG( *##)()"!/!1%92( %-( ,"!( %1!9-%+%!1(,&( -4!(]OP(<%91%92(&;"+,/!=(S4!(

4!*%$( LW( /#9-,%9&( -4"!!( &!"%9!&( 5P9<,9,91,'( !-( ,*=?( GJJ_8=( S4%&( %&( %9( ,2"!!'!9-( :%-4(

<%#/4!'%/,*(1,-,(&4#:%92(-4,-()4#&)4#"@*,-%#9(#+(&!"%9!(3JG(<@()"#-!%9(A%9,&!(P(56;)-,(!-(

,*=?(GJJJ8(#"(#+(&!"%9!(C3(<@()"#-!%9(A%9,&!(7(1%'%9%&4!&(]OP(<%91%92(,/-%0%-%!&(5a%,92(!-(,*=?(

GJJ38=((

*+C+? :I0 :($21#$!%&'$%&"2 D"7$&2 K:;DL8 

S4!(-",9&.,/-%0,-%#9(1#',%9(5SP]8(&%-;,-!1(%9(-4!(7.-!"'%9,*(1#',%9(#+(SEP]()"#-!%9&?(:,&(

)"!0%#;&*@( /,**!1(eP .<%91%92(1#',%9( 5e`]8( ,&( %-(:,&( +%"&-( %1!9-%+%!1( ,&( -4!(1#',%9( -4,-(

%9-!",/-&(:%-4( -4!(eP ()"#-!%9( -4,-(,/-%0,-!&( -4!(SEP](-",9&/"%)-%#9,*(,/-%0%-@( 5f,&&%*!0(!-(

,*=?( GJJ38=(I,-!"?( #-4!"( &-;1%!&( 1!&/"%<!1( -4!(;&!( #+( -4!(7.-!"'%9,*( 1#',%9( -#( %9-!",/-(:%-4(

#-4!"(-",9&/"%)-%#9(/#.+,/-#"&(&;/4(-4!(f6II()"#-!%9&(5 #<<,-%(!-(,*=?(GJ3G8=(

S4!(SP](-4"!!.1%'!9&%#9,*(&-";/-;"!(+"#'(4;',9(SEP]3?(SEP]G(,91('#;&!(SEP][(4,&(

<!!9(1!&/"%<!1(574!9(!-(,*=?(GJ3JV(I%(!-(,*=?(GJ3JV(S%,9(!-(,*=?(GJ3J8=(S4!(-4"!!(&-";/-;"!&(,"!(

&-"%A%92*@( &%'%*,"( ,91( "!+*!/-( -4!( /#9&!"0,-%#9( #+( -4!( e`]( -4"#;24( !0#*;-%#9=( S4!( e`](

,1#)-&(,9(%'';9#2*#<;*%9.*%A!(&,91:%/4(+#*1(&-";/-;"!(,91(%&(/#')#&!1(#+(3G("(&-",91&(,91(

+#;"( (4!*%/!&(5F%2;"!(GW?[[8(

S4!("(&-",91&(+#"'(-:#("(&4!!-&(-4,-(),/A(,2,%9&-(!,/4(#-4!"(-#(+#"'(,("(&,91:%/4(:%-4(#9!("(

&4!!-(/#')#&!1(#+(&-",91&("3?("G?("N?("U?("C(,91(-4!(#-4!"(/#9&%&-%92(#+("W?("[?("_?("M?("3J?(

"33?( "3G=( S4!( ( 4!*%/!&( +#"'( -:#( 4!*%$.-;"9.4!*%$('#-%+&( :4!"!( !,/4( #9!( /#99!/-&( -:#( "(

&-",91&=(S4!(0!&-%2%,*.&/,**#)!1( 5f2.K18(/#')*!$(:,&(!$-!9&%0!*@(&-;1%!1( %9(1"#&#)4%*,( +#"(

%-&( "#*!( %9(:%92( 1!0!*#)'!9-( 5L,*1!"( !-( ,*=?( 3CCUV( K%''#91&( !-( ,*=?( 3CCU8=(P( &4#"-( iGN,,(

'#-%+(%9(f2(%&(9!/!&&,"@(,91(&;++%/%!9-(-#(%9-!",/-(:%-4(K1=(S4!('#-%+(%&(/#9&!"0!1(%9(-4!(+#;"(

','',*%,9()"#-!%9&(5f2**3.[8(,&(:!** 574!9(!-(,*=?(GJJ[/V(D,!1,(!-(,*=?(GJJG,8=
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P(( ( ( ( ( ( ( ( `(

(

 

 

 

7(

(

 !"#$%& CX)& F<%& RP& 7-$#:-#$%& .0& `SP& 0$.9& GMJ& H!& %-& ,+& CI'I GSJ& 3<%/& %-& ,+)CI'I)& & F<%& `SP& ?,7&

:$>7-,++!7%;&-."%-<%$&?!-<&-<%&FBMP&=!/;!/"&;.9,!/&.0&`M1'&G3J&F!,/&%-&,+)&CI'I)&&

H9-!"!&-%92*@?( #<<,-%(!-(,*=(:!"!(,<*!(-#(/#./"@&-,**%&!(-4!(7.-!"'(SP](#+(SEP][(:%-4(-4!(

SEP].%9-!",/-%92( "!2%#9( #+( f2**3( ",-4!"( !,&%*@=( ( S4!@( &4#:!1( -4,-( f2**3( %9-!",/-&( :%-4(

SEP](%9(,(+,&4%#9(0!"@(&%'%*,"(-#(eP =(O#-,<*@?(eP (,91(f2**3(&4,"!(9#(&%'%*,"%-@(%9(-4!(

)"%',"@(&!^;!9/!(@!-(-4!@(%9-!",/-(:%-4(SP](%9(,(0!"@(&%'%*,"(',99!"(,91(",-4!"(/#')!-!(+#"(

<%91%92(-4!(-",9&.,/-%0,-%#92(1#',%9(#+(-4!(SEP]()"#-!%9&(5 #<<,-%(!-(,*=?(GJ3G8=(

(

 !"#$%&C()&MJ&M&:.96,$!7./&.0&-<%&7-$#:-#$%&.0&a"++'4FBMPX&:.96+%5&?!-<&`M14FBMP&:.96+%5)&^%$%&

a"++'&!7&!/&=+#%D&`,6&!/&6!/8&,/;&FBMP&!/&"$%%/)&SJ&M&:+.7%$&+..8&,-&-<%&N/-%$0,:%&C&.0&a"++'4FBMP&

:.96+%5)&GM;,6-%;&0$.9&G1.==,-!&%-&,+)D&CI'CJ&
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S4!(SEP].%9-!",/-%92("!2%#9(#+(f2**3(/#')"%&!&(,("(&-",91(+#**#:!1(<@(,( .4!*%$V(-4!@(,"!(

"#;24*@(,-( "%24-(,92*!&( -#(!,/4(#-4!"(,91(/*,&)( -4!(SEP](7.-!"'%9,*(1#',%9=(P&(&4#:9(%9(

F%2;"!(GN?(e,)(5)%9A8(%9-!",/-&(:%-4(SEP](<@(+#"'%92(-4"!!(%9-!"+,/!&(:4%*!(f2**3(%9-!",/-&(

:%-4(SEP](<@(+#"'%92(-:#(%9-!"+,/!&=(S4!(%9-!"+,/!&(3(,91(G(,"!(&-"%A%92*@(&%'%*,"(%9(<#-4(

f2**(,91(e,)(/#')*!$=(H9-!"+,/!(3(%&(,9(,9-%),",**!*(".&4!!-(+#"'!1(<!-:!!9(O(-!"(#+(f2(#"(

e,)(,91("M(#+(SEP]=(H9(%9-!"+,/!(G?(f2**3(4!*%$(<%91&(-#(-4!(4@1"#)4#<%/(2"##0!(%9(SEP](

,91(-4!(/";/%,*("!2%#9(%9(f2**3(%&(-4!(f
[3
$$L

[[
(F

[N(
'#-%+=(S4!(&%1!(/4,%9&(#+(-4!&!("!&%1;!&(,"!(

&4#:9( ,&( )%9A( &)4!"!&( ,91( -4!@( <%91( -#( -4!( /#')*!'!9-,"@( )#/A!-&( %9( SEP]=( K%'%*,"(

%9-!",/-%#9(%&(,*&#(&!!9(%9(eP (<;-(%-(4,&(I$$IF('#-%+=(eP (',A!&(,(-4%"1(%9-!"+,/!(:4!"!(%-(

,1#)-&(,(-:%&-!1./#%*(&-";/-;"!(,91(-4!("!&%1;!&(#+(eP (+%-(%9-#(,(2"##0!(%9(SEP](5 #<<,-%(!-(

,*=?( GJ3G8=( D;-,-%#9&( %9( -4!( -4%"1( %9-!"!+,/!( 1%&";)-( eP .SEP]( %9-!",/-%#9&=( H9( +,/-?(

K0!%9&&#9( /4#"%#"!-%9,*( ,-"#)4@( %&( ,( 2!9!-%/( 1%&!,&!( -4,-( %&( /,;&!1( 1;!( -#( e[J_L( )#%9-(

';-,-%#9(%9(-4!(%9-!"+,/!(W(5F#&&1,*(!-(,*=?(GJJ[8=((

*+C+C :I0 -(".&20#(&!I (06&"2 

P*-4#;24( -4!()"#*%9!."%/4( "!2%#9( %&(9#-(/#9&!"0!1(,-( -4!()"%',"@(&!^;!9/!( *!0!*?( ,**(SEP](

+,'%*@( '!'<!"&( ,"!( )"#*%9!."%/4( 53_.GNc8( %9( -4%&( "!2%#9=( S4!( )"#*%9!."%/4( "!2%#9( #+( ",-(

SEP]3( %&( #9*@( GJc( %1!9-%/,*( :%-4( ",-( SEP][( 5D,4#9!@( !-( ,*=?( GJJN8=( S4!( )"#*%9!."%/4(

"!2%#9( %&( ,*&#( "!^;%"!1( +#"( +;**( %9-!",/-%#9(:%-4( -4!(eP 3( ,91( "!*,-!1( SPZ( -",9&/"%)-%#9,*(

/#,/-%0,-#"&(5f,&&%*!0(!-(,*=?(GJJ38=(S4!"!+#"!?(-4!()"#*%9!."%/4("!2%#9()"#<,<*@(,//#;9-&(+#"(

-4!(1%++!"!9-%,*(%9-!",/-%#9(#+(-4!(SEP]()"#-!%9&(:%-4(eP TSPZ=(

*+C+H :I0 T#%0(7&2$. (06&"2 

S4!(O.-!"'%9,*("!2%#9(#+(SEP]()"#-!%9&(%&(,'#92&-(-4!(*!&&(/#9&!"0!1(%9(-4!(SEP](+,'%*@=(

S4!(SEP]3(O.-!"'%9,*("!2%#9(4,&(,(9!-(9!2,-%0!(/4,"2!(,91(/#9-,%9&(,(4%24(/#9/!9-",-%#9(#+(

&!"%9!&( -4,-( ,"!( )#-!9-%,*( &%-!&( #+( )4#&)4#"@*,-%#9=( S4!( O.-!"'%9,*( "!2%#9( #+( SEP]3( %&(

"!^;%"!1( +#"( %-& %9-!",/-%#9( :%-4( -4! -",9&/"%)-%#9( +,/-#"( DPR 56;)-, !- ,*=?( GJJJ8=(

F;"-4!"'#"!?( -4!( +;**( -",9&/"%)-%#9,*(,/-%0,-%#9(<@(SEP]3("!^;%"!&( %-&(O.-!"'%9,*( "!2%#9( -#(

&@9!"2%&!( :%-4( -4!( )"#*%9!( "%/4."!2%#9( ,91( -4!( e`]( )"#<,<*@( <@( +#"'%92( ,( +;9/-%#9,*(

-",9&,/-%0,-%#9(&;"+,/!(5L:,92(!-(,*=?(3CCW8=(

*+H F0!I$2&17 "G :B;D %($21!(&5%&"2$. $!%&'&%/ '&$ &2%0($!%&"2 U&%I !"#G$!%"(18   

SEP]( -",9&/"%)-%#9( +,/-#"&( <%91( ]OP( 1%"!/-*@( <;-( "!^;%"!( ,( )"#-!%9( /#.+,/-#"( %9( #"1!"( -#(

<"%92(,<#;-( -",9&/"%)-%#9,*( ,/-%0,-%#9(#"( "!)"!&&%#9=(K!0!",*( /#.+,/-#"&(#+( -4!(SEP](+,'%*@(
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4,0!(<!!9(%1!9-%+%!1(&#(+,"=(P&(1!&/"%<!1(%9(-4!(*,&-(&!/-%#9?(eP (5f,&&%*!0(!-(,*=?(GJJ38?(%-&(

),",*#2(SPZ( 5D,4#9!@(!-( ,*=?( GJJN8(,91(0!&-%2%,*.*%A!( 53.[8( +,'%*@(#+( /#.+,/-#"&h(f6II.3(

5S>O]g8(5f,;1%9(!-(,*=?(3CCC8?(f6II.G(5fHS>.38(5D,!1,(!-(,*=?(GJJG,8?((

(

 

 !"#$%& CK)& L:<%9,-!:& $%6$%7%/-,-!./& .0& -<%& @,$!.#7& FBMP& :.40,:-.$7& ,/;& -<%!$& !96.$-,/-&

:./7%$@%;&0#/:-!./,+&;.9,!/7)&A.;!0%;&0$.9&1.==,-!&%-&,+)DCI'C)&

&

f6II.W(,91(f6II.[( 574!9(!-( ,*=?( GJJ[/8( ,"!( -4!('#&-(:!**.A9#:9(,91(/4,",/-!"%&!1( /#.

+,/-#"&( #+( SEP]( +,'%*@=( P),"-( +"#'( -4!'?( )3_J( +,'%*@( #+( 9;/*!,"( "!/!)-#"( /#.,/-%0,-#"&(

5KQ73?(SHFG?(,91(QP7W8(4,0!(,*&#(<!!9(+#;91(-#(%9-!",/-(:%-4(-4!(SEP]()"#-!%9&(5`!*,91%,(

,91( ,"A!"?(GJJJ8=((

*+H+, V$5O:$W !"#$!%&'$%"(18 

S4!( e!&.,&&#/%,-!1( )"#-!%9( 5eP 8( :,&( +%"&-( %1!9-%+%!1( ,&( ,( )"#-!%9( %9-!",/-%92( :%-4( /.e!&(

-@"#&%9!( A%9,&!( 5K;1#*?( 3CC[8=( F;"-4!"( &-;1%!&( 1!'#9&-",-!1( -4,-( eP ( %&( ,( -",9&/"%)-%#9,*(

/#,/-%0,-#"(,& %- )#&&!&&!& , -",9&.,/-%0,-%#9(1#',%9(%9(%-& 7.-!"("!2%#9(5e,2% !- ,*=?(3CCC8 ,91(

-4!(O.-!"'%9,*("!2%#9(%&("!^;%"!1(+#"(%9-!",/-%#9(:%-4(SEP]()"#-!%9&(5f,&&%*!0(!-(,*=?(GJJ38=(

S4!(/!9-",*("!2%#9(4,&(#9!(#"(-:#(BB(1#',%9&(-4,-(4,0!(<!!9(:!**(/4,",/-!"%&!1(-#(<%91(-4!(

  Re#"( e(5 (o()"#*%9!?($(o(,9@(,'%9#(,/%1?(e(o(-@"#&%9!8('#-%+&(+#;91(%9(#-4!"()"#-!%9&(

5K;1#*(!-(,*=?(3CCN8=(

(
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e,)( %&( ;<%^;%-#;&( %9( !$)"!&&%#9( ,91( '#&-( -%&&;!&( !$)"!&&( ,-*!,&-( #9!( SEP]( )"#-!%9=( e,)(

&!!'&(-#(<%91(,**(SEP]&(:%-4(&%'%*,"(,++%9%-@(5f,&&%*!0(!-(,*=?(GJJ38(:4%*!(SPZ(,))!,"&(-#(

4,0!(,()"!+!"!9-%,*(<%91%92(-#(SEP]3(:%-4(-4!(4%24!&-(,++%9%-@(5D,4#9!@(!-(,*=?(GJJN8=(

eP ( %&( A9#:9( %-&( "#*!( %9( #"2,9( &%b!( ,91( 2"#:-4( /#9-"#*=( eP ( #0!"!$)"!&&%#9( %9( *%0!"(

%9/"!,&!&( -4!( &%b!( <@( N( +#*1( ,91( -4!( 9#"',*( &%b!( %&( "!&-#"!1( ;)#9( /!&&,-%#9( #+( eP (

#0!"!$)"!&&%#9( 57,',"2#( !-( ,*=?( GJJMV( ]#92( !-( ,*=?( GJJM8=( eP ( %&( ,9( #9/#2!9!( ,91( %-&(

#0!"!$)"!&&%#9( )"#'#-!&( /!**( 2"#:-4( ,91( #9/#2!9%/( -",9&+#"',-%#9( !/& @!-$.( 5Z4,#( !-( ,*=?(

GJJC8( ,91(,*&#()"#'#-!&( !)%-4!*%,*.'!&!9/4@',*( -",9&%-%#9( 5EDS8( 5Z4,92(!-( ,*=?( GJJU,8?( ,(

)"#)!"-@( -4,-( %&( ,*&#( /4,",/-!"%&-%/( #+( /,9/!"('!-,&-,&%&=( (eP ( %&( 4%24*@( !$)"!&&!1( %9(:%1!(

0,"%!-@(#+(/,9/!"&(&;/4(,&(*%0!"(/,9/!"(5R;(!-(,*=?(GJJC8?(#0,"%,9(/,9/!"&(5Z4,92(!-(,*=?(GJ338?(

#",*( &^;,'#;&( /!**( /,"/%9#',( 5K9%X1!"&( !-( ,*=?( GJJN8?( !'<"@#9,*( "4,<1#'@#&,"/#',((

5S"!'<*,@(!-(,*=?(GJ3[8(!-/=(P')*%+%/,-%#9(#+(eP ./#9-,%9%92(33^GG(,')*%/#9(%&(+"!^;!9-*@(

#<&!"0!1( %9(',9@(4;',9(/,9/!"&( ,91( %-( /#""!*,-!&(:%-4()##"()"#29#&%&( 5>0!"4#*-b!"( !-( ,*=?(

GJJ_8=(

(

 

 !"#$%& C_)& & L:<%9,-!:& .0& 8%>& 7!"/,+!/"&9.;#+%7&?!-<!/& -<%&^!66.& 7!"/,+& -$,/7;#:-!./& /%-?.$8& ,/;&

:$.77-,+8&?!-<&.-<%$&7!"/,+!/"&6,-<?,>7)&1D&6<.76<.$>+,-!./b&AD&9%-<>+,-!./b&H1MD&+>7.6<.76<,-!;!:&

,:!;b&L'1D&76<!/".7!/%&'46<.76<,-%)&M;,6-%;&0$.9&Gc,:8%$<,"%&%-&,+)D&CI'XJ
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eP TSPZ(,"!(',X#"(1#:9&-"!,'(!++!/-#"&(#+(-4!(L%))#(-;'#;"(&;))"!&&#"(),-4:,@(5F%2;"!(

GM8=( eP ( ,/-%0%-@( %&( 9!2,-%0!*@( "!2;*,-!1( <@( L%))#( ),-4:,@=( IPSK( A%9,&!&( ,"!( -4!( A!@(

/#')#9!9-&( #+( 4%))#( ),-4:,@=( S4!@( )4#&)4#"@*,-!( eP ( *!,1%92( -#( %-&( "!-!9-%#9( %9( -4!(

/@-#)*,&'=(S4!(9;/*!,"./@-#)*,&'%/( &4;--*%92(#+(eP ( %&( "!2;*,-!1(<@(/!**(1!9&%-@( 5Z4,#(!-(

,*=?(GJJM8=((F#"(%9&-,9/!(%9(*#:./!**(1!9&%-@(/#91%-%#9&?(eP (,91(SPZ(*#/,*%&!(%9(-4!(9;/*!;&(

,91(-4!"!<@?(,/-(,&(/#,/-%0,-#"&(+#"(&!0!",*(-",9&/"%)-%#9(+,/-#"&(%9/*;1%92(-4!(SEP](+,/-#"&(

,91( )"#'#-!( /!**( )"#*%+!",-%#9( 5L;,92( !-( ,*=?( GJJN8=(g)#9( /#9+*;!9/!( ,91( /!**./!**( /#9-,/-(

%94%<%-%#9?( 4%))#( &%29,**%92( %&( ,/-%0,-!1=( S4!( DKS( A%9,&!( 54%))#( %9( 1"#&#)4%*,8(

)4#&)4#"@*,-!&( 5F%2;"!( GM8( ,91( ,/-%0,-!&( -4!( )"#-!%9( A%9,&!( IPSK( -4,-( &;<&!^;!9-*@(

)4#&)4#"@*,-!&(eP 3(,91(SPZ(-#()"#'#-!( -4!%"(<%91%92( -#(3[.W.W( -",9&)#"-!"()"#-!%9&(,91(

-4!%"( -",9&*#/,-%#9( -#( -4!( /@-#)*,&'?( -4;&( %94%<%-%92( -4!( 1#:9&-"!,'( -",9&/"%)-%#9( /#.

,/-%0,-%#9(574,9(!-(,*=?(GJJNV(Z4,92(!-(,*=?(GJJU,V(Z4,#(!-(,*=?(GJJM8=(

*+H+> *6.. 5("%0&218 

f!&-%2%,*.*%A!( )"#-!%9&( 2#-( -4!%"( 9,'!( ,+-!"( ]"#&#)4%*,( -",9&/"%)-%#9( /#,/-%0,-#"( 0!&-%2%,*(

5f28?(:4%/4( ,(',&-!"( "!2;*,-#"( #"(:%92(1!0!*#)'!9-( %9( 1"#&#)4%*,=(S4!&!()"#-!%9&( &4,"!( ,(

&',**(1#',%9(#+(GN(,'%9#(,/%1&(-4,-(%&(#9*@(/#9&!"0!1(),"-(<!-:!!9(-4!(1"#&#)4%*,(f2(,91(

-4!(','',*%,9( f2**( )"#-!%9&=( S4!"!( ,"!( +#;"('!'<!"&( %9( -4!( f2**( +,'%*@( 9,'!1(f2**3.[(

5F%2;"!(M8=((

f2**3( #"( S>O]g( :,&( -4!( +%"&-( -#( <!( %1!9-%+%!1( ,91( /,9( /#')!9&,-!( ),"-%,**@( f2( *#&&( %9(

]"#&#)4%*,(5f,;1%9(!-(,*=?(3CCC8=(H9(4;',9&?(%-(%&(!$)"!&&!1(%9(+#!-,*(*;92?(4!,"-?(A%19!@(,91(

)*,/!9-,=(f2**3(,*&#()"#'#-!&(/!**;*,"()"#*%+!",-%#9(&%'%*,"(-#(e,)(,91(4,&(<!!9(%')*%/,-!1(%9(

&#'!( /,9/!"&( &;/4( ,&( <*,11!"( /,9/!"?( <,&,*.*%A!( <"!,&-( /,9/!"&( 5`*,0!"%( !-( ,*=?( GJJNV(

Q%/4,"1&#9(!-(,*=?(GJJ_8=((

f2**G( #"( fHS>.3( %&( !$)"!&&!1( %9( 1%++!"!9-%,-%92( &#'%-!&( ,91( <",9/4%,*( ,"/4!&( 1;"%92(

!'<"@#2!9!&%&( ,91( )"!1#'%9,9-*@( !$)"!&&!1( %9( &A!*!-,*( ';&/*!( %9( ,1;*-( 5D,!1,( !-( ,*=?(

GJJG,8=(g9*%A!(f2**3?(f2**G( )*,@&( "#*!( %9( /!**( 1%++!"!9-%,-%#9=( H-&( !$)"!&&%#9( %&( ;)"!2;*,-!1(

1;"%92('@#2!9%/(1%++!"!9-%,-%#9(,91( -4!()"#-!%9(<!/#'!&( *#/,*%&!1( -#(9;/*!;&?(:4!"!(f2**G(

<%91&( SEP]3( ,91( SEP][( ,91( "!2;*,-!&( -4!%"( -",9&/"%)-%#9,*( ,/-%0%-@( 574!9( !-( ,*=?( GJJ[<V(

6;9-4!"( !-( ,*=?( GJJ[8=( D7PS.1!)!91!9-( SEP]( ,/-%0%-@( ,-( )"#'#-!"&( *%A!( -4,-( #+( '@#&%9(

4!,0@(/4,%9(#"(&A!*!-,*(,*)4,(,/-%9?(%&(!94,9/!1(%9()"!&!9/!(#+(f2**G=(S4;&?(f2**G(,))!,"&(-#(

<!( ';&/*!.&)!/%+%/( /#,/-%0,-#"( +#"( -4!( SEP]( )"#-!%9&( ,&( %-( %&( !$)"!&&!1( #9*@( %9( &A!*!-,*(
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';&/*!=(H9(,11%-%#9(-#(SEP]&?(f2**G(,*&#(%9-!",/-&(:%-4(DEFG(5'@#/@-!&(!94,9/!"(+,/-#".G(

,91(,/-%0,-!&(DEFG.1!)!91!9-(2!9!(!$)"!&&%#9(5D,!1,(!-(,*=?(GJJG,8=((

f2**W( #"( fHS>.G( %&( )"!1#'%9,9-*@( !$)"!&&!1( %9( )*,/!9-,=( H-( %&( ,*&#( !$)"!&&!1( %9( &A!*!-,*(

';&/*!?(4!,"-?(<",%9(,91(*%0!"=(H-(4,&(<!!9(&;22!&-!1(-#()*,@(,("#*!(%9(!'<"@#9%/('@#2!9!&%&(

5D%!*/,"!A( !-( ,*=?( GJJC8=( f2**W( %&( 4%24*@( !$)"!&&!1( ,91( %')*%/,-!1( %9( &#+-.-%&&;!( &,"/#',&(

5L!*%,&.Q#1b!:%/b( !-( ,*=?( GJ3J8=( H-( 4,&( <!!9( &4#:9( -#( %94%<%-( 1%++!"!9-%,-%#9( #+( ,1%)#/@-!&(

5L,*)!"%9(!-(,*=?(GJ3W8=(

f2**[(%&(!$)"!&&!1(%9(';*-%)*!( -%&&;!&(%9/*;1%92(4!,"-?(<",%9?( *;92(,91()*,/!9-,=(I%A!(f2**G?(

f2**[(,*&#( %9-!",/-&(:%-4(<#-4(SEP]()"#-!%9&(,91(DEFG(,91(,/-%0,-!&( -4!%"( -",9&/"%)-%#9,*(

,/-%0%-@=(L#:!0!"?(%-(%&(-4!(#9*@(f2**()"#-!%9(-4,-(4,&(-:#(),"-%,**@(/#9&!"0!1(f2(1#',%9&=(H-(

4,&( <!!9( &4#:9( -#( ,/-%0,-!( SEP]( 1!)!91!9-( ,/-%0,-%#9( #+( fE6FP( 50,&/;*,"( !91#-4!*%,*(

2"#:-4(+,/-#"(P8(,91(HQFG` G(5H9-!"+!"#9("!&)#9&!(+,/-#"(G(<%91%92()"#-!%9(G8(5S!92(!-(,*=?(

GJ3J8=(L#:!0!"?(f2**[(4,&(<!!9(&4#:9(-#(&;))"!&&(<,&,*(,91( 3.,1"!9!"2%/(,2#9%&-.%91;/!1(

,/-%0,-%#9( #+( &A!*!-,*(  .,/-%9( )"#'#-!"( %9( /,"1%,/( '@#/@-!&( 574!9( !-( ,*=?( GJJ[/8=( S4%&(

&;22!&-&( -4,-( f2**[( /,9( '#1;*,-!( SEP]( -",9&/"%)-%#9,*( ,/-%0%-@( %9( /#9-!$-.1!)!91!9-(

',99!"=(

*+H+? -I/1&!$. &2%0($!%&"2 U&%I "%I0( %($21!(&5%&"2 G$!%"(18 

SEP](+,'%*@(#+(-",9&/"%)-%#9(%9-!",/-(:%-4(&!0!",*(#-4!"(-",9&/"%)-%#9(+,/-#"&(%9/*;1%92(KQF?(

DEFG(,91(-4!(<,&%/(L!*%$.I##).L!*%$(b%))!"()"#-!%9?(DPR(%9(#"1!"(-#(!*%/%-(';&/*!.&)!/%+%/(

2!9!(!$)"!&&%#9()"#2",'(5Pb,A%!(!-(,*=?(GJJNV(6;)-,(!-(,*=?(GJJ3V(D,!1,(!-(,*=?(GJJG<8=(

KQF(%&(,(DP]K(<#$(-",9&/"%)-%#9(+,/-#"(-4,-(<%91&(-#(7P"6(!*!'!9-&(56;)-,(!-(,*=8(+#;91(%9(

-4!()"#'#-!"&(#+(&!0!",*(&!";'.%91;/%<*!(,91(';&/*!(&)!/%+%/(2!9!&=(S4!(DP]K(1#',%9(#+(

KQF(:,&( &4#:9( -#( %9-!",/-( )4@&%/,**@(:%-4( -4!(SEP( 1#',%9( #+( -4!(SEP]3( 56;)-,( !-( ,*=?(

GJJ38( ,91(,/-%0,-!( !$)"!&&%#9(#+(KYP()"#'#-!"( &@9!"2%&-%/,**@=(SEP]3(,91(DPR()"#-!%9(

4,0!(,*&#(<!!9(&4#:9(-#(%9-!",/-()4@&%/,**@(-#(,/-%0,-!(!$)"!&&%#9(#+( .DL7=(>0!"!$)"!&&%#9(

#+( SEP]3( #"( DPR( ,*#9!( 1#!&( 9#-( ,/-%0,-!(  .DL7( !$)"!&&%#9( 56;)-,( !-( ,*=?( 3CCM8=((

F;"-4!"'#"!?( SEP]W( 4,&( <!!9( &4#:9( -#( %9-!",/-( :%-4( DEFG( -#( ,/-%0,-!( -",9&/"%)-%#9( #+(

/,"1%,/(S"#)#9%9(S()"#'#-!"(%9(/,"1%,/('@#/@-!&(5Pb,A%!(!-(,*=?(GJJN8((
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*+M X%I0( R&62$..&26 5$%IU$/1 (063.$%&26 %I0 :B;D $!%&'&%/8 

P),"-( +"#'(L%))#(&%29,**%92(),-4:,@(:4%/4('!1%,-!&( -4"#;24(e,)(/#.,/-%0,-#"?( -4!"!(4,0!(

<!!9(+!:(&-;1%!&(!$)*#"%92(&%29,**%92(),-4:,@&(-4,-(/#;*1(<!(;)&-"!,'(-4!(SEP](,91(/#;*1(

<!( "!2;*,-%92( %-&( 2!9!( ,/-%0,-%#9( )"#2",'&?( 9,'!*@?( -4@"#%1( 4#"'#9!( &%29,**%92( ,91(

2*;/#/#"-%/#%1(&%29,**%92=(

S:#(&-;1%!&(&;22!&-(-4!("#*!(#+(-4@"#%1(4#"'#9!(&%29,**%92(%9("!2;*,-%92(SEP](-",9&/"%)-%#9(

+;9/-%#9=( H:,A%( !-( ,*=( #<&!"0!1( -4,-( -4@"#%1( 4#"'#9!( 5SW8( <#;91( "!/!)-#"( %94%<%-&( SEP].

1!)!91!9-( ,/-%0,-%#9( #+( ".DL7( /4,%9( !$)"!&&%#9( %9( ,( SW( 1#&!.1!)!91!9-( ',99!"=( 7#.H (

!$)!"%'!9-&(&4#:!1(-4,-(SQ"3(5SW("!/!)-#"8(<%91&(-4!(SEP(1#',%9(#+(SEP]3(0%,(%-&(]OP(

<%91%92(1#',%9(,91(%9-!"+!"!&(:%-4(-",9&.,/-%0,-%#9(#+(".DL7()"#'#-!"(<@(SEP]3(5H:,A%(!-(

,*=?(GJ3[8=(S4!(&!/#91(&-;1@(&;22!&-&(-4!("#*!(#+(-4@"#%1(4#"'#9!(%9("!2;*,-%92(-4!(+%<"!.-@)!(

/#')#&%-%#9(#+(-4!(+,&-.-@)!(';&/*!&=(H-(%&(1!'#9&-",-!1(-4,-(-4@"#%1(4#"'#9!(%&(%90#*0!1(%9(,(

'#"!(1%"!/-(%94%<%-%#9(#+(SEP]3(0%,(,9(!)%2!9!-%/('!/4,9%&'(%90#*0%92('%Q.3WW,.3=(K%9/!?(

SEP]3(!$)"!&&%#9(+,0#;"&(&*#:(/#9-",/-%*!()4!9#-@)!?(SEP]3(!$)"!&&%#9(%&(&;))"!&&!1(<@(

SW( %9( +,&-.-@)!(';&/*!&( <@( 1%"!/-( ;)"!2;*,-%#9( #+('%Q.3WW,.3( !$)"!&&%#9=(D#"!#0!"?('%Q.

3WW,.3(%&(!9"%/4!1(%9(+,&-.-:%-/4(';&/*!(5Z4,92(!-(,*=?(GJ3[8(

H-( 4,&( <!!9( )"#)#&!1( -4,-( SEP]( )"#-!%9&( ',@( "!2;*,-!( 6*;/#/#"-%/#%1( "!/!)-#"( 56Q8.

1!)!91!9-( 2!9!( !$)"!&&%#9( )"#2",'=( S4%&( %&( #+( %9-!"!&-( %9( &A!*!-,*( ';&/*!( :4!"!(

6*;/#/#"-%/#%1( "!/!)-#"( &%29,**%92( %&( %')*%/,-!1( %9( ,-"#)4@( ,91( ';&/*!( ',&&( "!2;*,-%#9(

5K/4,A',9(!- ,*=?(GJJU8=( K-,"%/A(!- ,*=()!"+#"'!1(74H .!$#(+#"(6Q(5K-,"%/A(!- ,*=?(GJ3N8 %9(

4;',9( +%<"#<*,&-&( ,91( &,"/#',(/!**( *%9!&?(:4!"!( -4!@(#<&!"0!1( -4,-(#9*@(,( +!:( -,"2!-(2!9!(

)"#'#-!"&(/,""%!1(-4!(/*,&&%/,*(6Q("!&)#9&!(!*!'!9-(56QE8(,91(:4%*!(-4!@(/#;*1(%1!9-%+@(-4!(

6Q(<%91%92()!,A&(!9"%/4!1(:%-4(-4! /*,&&%/(SEP](<%91%92(D7PS('#-%+(#"(ESK(-",9&/"%)-%#9(

+,/-#"( <%91%92( &%-!&=( F;"-4!"'#"!?( A9#/A1#:9( #+ &!0!",*( SEP]( )"#-!%9&( "!&;*-!1( %9( 6Q(

1!)!91!9-(1!/"!,&!(%9(!$)"!&&%#9=(L!9/!?(%-(%&()"#)#&!1(-4,-(6Q(1%"!/-&(!$)"!&&%#9(#+(',9@(

2!9!&(9#-(0%,(1%"!/-(<%91%92(",-4!"(0%,(%9-!",/-%#9(:%-4(#-4!"(-",9&/"%)-%#9(+,/-#"&(&;/4(,&(ESK(

#"(SEP]()"#-!%9&(5K-,"%/A(!-(,*=?(GJ3N8=(

*+Y :B;D1 &2 07<(/"2&! E0'0."5702%8 

Several gene inactivation studies of various TEADs have contributed in elucidating their role in 

higher vertebrates. TEAD1 null mouse embryos show severe heart defects such as thin 

ventricular wall and dysfunction. They die by embryonic day 11 or 12 (E11 or E12) (Chen et al., 

1994). TEAD2 null embryos exhibited defects in the closing of neural tube while in another 
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study Tead2-/- embryos appeared normal. In addition, this study showed that TEAD1 and 

TEAD2 double mutant embryos have much severe defects compared to either TEAD1 or TEAD2 

single mutant embryos (Kaneko et al., 2007; Sawada et al., 2008). At E8.5, TEAD1/TEAD2 

double mutant embryos were smaller in size compared to their wild-type counterparts and 

characteristic embryonic structures such as a closed neural tube, a notochord, and somites were 

absent. 

S4!"!( 4,0!( 9#-( <!!9(',9@( &-;1%!&( #9( SEP]W( #"( SEF.N=( S4!( 4;',9( SEP]W( /]OP(:,&(

/*#9!1(%9(#;"(*,<#",-#"@(%9(3CCM=(B!(+#;91(-4,-(SEP]W(#"(SEF.N(:,&(4%24*@(!$)"!&&!1(%9(

)*,/!9-,( ,91( -4,-( SEP]W( <#;91( /##)!",-%0!*@( -#( -4!(D7PS( -,91!'( "!)!,-( '#-%+&( %9( -4!(

4;',9( /4#"%#9%/( &#',-#',''#-"#)%9( 547K8.`( 2!9!( !94,9/!"( ,91( -4;&( "!2;*,-!1( -4!(

!$)"!&&%#9( #+( -4!( 47K.`( 2!9!( 5a,/^;!'%9( !-( ,*=?( 3CCM8=( P9#-4!"( &-;1@( 1!'#9&-",-!1( -4,-(

SEP]W( %&( "!^;%"!1( +#"( -4!( !$)"!&&%#9( #+( W<!-,.4@1"#$@&-!"#%1( 1!4@1"#2!9,&!T%&#'!",&!(

5W<!-,LK].H8?(,9(!9b@'!(-4,-(%&(&)!/%+%/,**@(!$)"!&&!1(%9()*,/!9-,(,91(%&(/"%-%/,**@("!^;%"!1(

+#"(<%#&@9-4!&%&(#+(&-!"#%1(4#"'#9!&(5 !92(!-(,*=?(GJJ[8=(

K!0!",*(),",**!*(&-;1%!&(#9(%9,/-%0,-%#9(#+(SEP][(%9()"!.%')*,9-,-%#9(!'<"@#&(1!'#9&-",-!1(

-4!(SEP][(%&("!^;%"!1(+#"(-"#)4!/-#1!"'(5SE8(1!0!*#)'!9-=(L#'#b@2#;&(S!,1[
.T.
(!'<"@#&(

1%!1(<!+#"!( %')*,9-,-%#9(:%-4#;-( +#"'%92( -4!(<*,&-#/#!*( 5O%&4%#A,(!-(,*=?(GJJUV(e,2%(!-(,*=?(

GJJM8=( S!,1[
.T.(
!'<"@#&( +,%*( -#( !$)"!&&( -"#)4!/-#1!"'( ',"A!"&( &;/4( ,&( 3;5C( ,91( %-&(

1#:9&-"!,'( ,/-#"(B.9%7( 5!#'!&#1!"'%98( <;-( !$)"!&&( 9#"',**@( -4!( %99!"( /!**(',&&( 5H7D8(

&)!/%+%/( 2!9!&( &;/4( ,&( d:-X( ,91( E,/."=( 7#9&!^;!9-*@?( S!,1[
.T.(
'#";*,!( *,/A( SE( ,91(

<*,&-#/#!*(/,0%-@(,91(-4;&?(+,%*(-#(%')*,9-(%9-#(-4!(;-!"%9!(!91#'!-"%;'=(P9#-4!"(-",9&/"%)-%#9(

+,/-#"(:4#&!(!$)"!&&%#9(%&("!2;*,-!1(<@(SEP][(1;"%92(-"#)4!/-#1!"'(+#"',-%#9(%&(6PSPW=(

6PSPW(%&(!$)"!&&!1(%9(-4!(-"#)4#<*,&-(*%9!,2!(!/&@!@. ,91(%-&(!/-#)%/(!$)"!&&%#9(%&(&;++%/%!9-(

-#( %91;/!( -"#)4#<*,&-( 2!9!&( %9( EK( /!**&( 5D,( !-( ,*=?( 3CCMV( Q,*&-#9( !-( ,*=?( GJ3J8=( 6PSPW(

!$)"!&&%#9( %9( -"#)4!/-#1!"'(:,&(2"!,-*@( "!1;/!1(;)#9(SEP][( %9,/-%0,-%#9( 5Q,*&-#9(!-( ,*=?(

GJ3J8=(

H9-!"!&-%92*@?( SEP][( !$)"!&&%#9( :,&( 9#-( "!&-"%/-!1( #9*@( -#( SE( /!**&=( K#?( -4%&( ",%&!1( -4!(

^;!&-%#9( ,&( -#( 4#:( SEP][( )*,@&( ,( 1%++!"!9-%,*( "#*!( %9(3;5C( ,/-%0,-%#9( %9( -"#)4!/-#1!"'(

*%9!,2!(/!**&=(O%&4%#A,(!-(,*=(&4#:!1(%9(,9(!*!2,9-(&-;1@(-4,-(L%))#(&%29,**%92(%&("!&)#9&%<*!(

+#"(SE( &)!/%+%/( "#*!( #+(SEP][( 5O%&4%#A,( !-( ,*=?( GJJC8=(eP 3?( -4!(1#:9&-"!,'(!++!/-#"( #+(

4%))#( &%29,**%92( %&( 9;/*!,"( %9( *#/,*%&,-%#9( %9( -4!( #;-&%1!( /!**&( #+( -4!( !,"*@( !'<"@#( ,91(

-4!"!+#"!( ,/-%0,-!&( -4!( -",9&/"%)-%#9( #+( SEP][( -,"2!-( 2!9!( 3;5C)& & H9( /#9-",&-?( eP 3( %&(

)4#&)4#"@*,-!1( <@( IPSK( A%9,&!( ,91( *#/,*%&!1( %9( -4!( /@-#)*,&'=( S4;&?( ,/-%0,-!1( 4%))#(
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&%29,**%92( )"!0!9-&( ,/-%0,-%#9( #+( SE( ',"A!"&( %9( -4!( %99!"( /!**( ',&&( 5H7D8=( S4!( &-;1@(

"!/,)%-;*,-!&( -4%&( '!/4,9%&'( <@( IPSK( #0!".!$)"!&&%#9( %9( !'<"@#&( &%29%+%/,9-*@( "!1;/!1(

eP 3(,//;';*,-%#9(%9(-4!(9;/*!;&(#+(%9X!/-!1(/!**&(5O%&4%#A,(!-(,*=?(GJJC8=(((

(

F%2;"!( GU=( M& 9.;%+& 0.$& :%++& 6.7!-!./4;%6%/;%/-& 0,-%& 76%:!0!:,-!./& !/& 6$%4!96+,/-,-!./& %9=$>.7&

G%5-$,:-%;&0$.9&GE!7<!.8,&%-&,+)D&CIIVJ&

S4%&(%&(/#4!"!9-(:%-4(-4!('#1!*()"#)#&!1(%9(/;*-;"!1(/!**&?(:4!"!(IPSKG()4#)4#"@*,-%#9(#+(

eP 3(*!,1&(-#(%-&(/@-#)*,&'%/(*#/,*%&,-%#9(5Z4,92(!-(,*=?(GJJU,V(Z4,#(!-(,*=?(GJJM8=( (>9(-4!(

<,&%&(#+(-4!(,<#0!(#<&!"0,-%#9&?(O%&4%#A,(!-(,*=()"#)#&!1(,('#1!*(+#"(SEP][(1%++!"!9-%,*("#*!(

%9(-"#)4!/-#1!"'(&)!/%+%/,-%#9?(:4!"!(,/-%0,-%#9(#+(4%))#(),-4:,@(%9(H7D("!&-"%/-&(eP 3(-#(

/@-#)*,&'( ,91( )"!0!9-&( ,/-%0,-%#9( #+( SEP][( -,"2!-&( %90#*0!1( %9( SE( 1!0!*#)'!9-( 5F%2;"!(

GU8=(

P("!/!9-(&-;1@(-4,-(!$,'%9!1(-4!(*#/,*%&,-%#9(#+(SEP][(%9()"!.%')*,9-,-%#9(!'<"@#&(&4#:&(

-4,-( SEP][( %&( 9;/*!,"( %9( -"#)4!/-#"1!"'( 5SE8( /!**&( :4%*!( /@-#)*,&'%/( %9( %99!"( /!**( ',&&(

5H7D8=(S4%&(,*-!"!1(&;<(/!**;*,"( *#/,*%&,-%#9("!2;*,-!&(/!**( +,-!( %9()"!.%')*,9-,-%#9(!'<"@#&(

5L#'!(!-(,*=?(GJ3G8=(SEP][(<!%92(9;/*!,"(%9(*#/,*%b,-%#9(%9(-"#)4!/-#1!"'()#&%-%0!*@(,;-#.

"!2;*,-!&(%-&(#:9(-",9&/"%)-%#9(,91(%9/"!,&!&(SEP][()"#-!%9(*!0!*&(%9(-4!(SE(*%9!,2!?(-4!"!<@(

+,/%*%-,-%92( SEP].1!)!91!9-( -",9&/"%)-%#9( #+( 6PSPW( ,91( 71$G( &)!/%+%/,**@( %9( -4!(

-"#)4!/-#1!"'=((
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(

 !"#$% CV)& FBMPX& 9%;!,-%;& 76%:!0!:,-!./& .0 FB ,/;& N3A& +!/%,"%7 !/& ,& 6$%4!96+,/-,-!./&
9,99,+!,/&%9=$>.)&F<%&9.;%+&!++#7-$,-%7&-<,-&/#:+%,$&+.:,+!],-!./&.0&FBMPX&!/&-<%&.#-%$&FB&

+!/%,"%& !/;#:%7& FB476%:!0!:& "%/%7& +!8%&2,-,R)& FBMPX&/#:+%,$& +.:,+!],-!./& 6.7!-!@%+>& ,#-.4
$%"#+,-%7& !-7& .?/& -$,/7:$!6-!./& ,/;& !/:$%,7%7& FBMPX& 6$.-%!/& +%@%+7& !/& -<%& FB& +!/%,"%)&

M;,6-%;&0$.9&^.9%&%-&,+)DCI'C)(

Further, they performed TEAD4 ChIP-seq on whole embryos as well as inner cell mass and 

showed that TE-marker genes were bound by TEAD4 in whole embryos and not in the inner cell 

mass. ChIP experiments further showed that several TE-specific genes such as Bmp4, Gata3, 

Cdx2, Fgfr2 and Eomes are bound and expressed specifically in TE-derived trophoblast stem 

cells (TSCs) and not in the ICM. Hence they proposed a new model for cell-fate specification. 

(Figure 29) The model also predicts that low TEAD4 impairs TEAD4 nuclear localization in the 

ICM lineage, thereby limiting TEAD4 transcription and abrogating expression of other TE-

specific genes, such as Gata3 in the ICM (Home et al., 2012). 
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*+Z :B;D1 &2 I0$(% E0'0."5702% $2E I/50(%("5I/8 

P&( ,*"!,1@('!9-%#9!1( ,<#0!?(F%,;'
4[4(
'%/!( 2!9!",-!1( <@( "!-"#0%",*( 2!9!( -",)( ,))"#,/4( 4,1(

&!0!",*( 4!,"-( 1!+!/-&( ,91( 1%!1( <@( 1,@( 3G=N( #+( !'<"@#9%/( 1!0!*#)'!9-( 574!9( !-( ,*=?( 3CC[8=(

L%&-#*#2%/,*(!$,'%9,-%#9("!0!,*!1(-4,-(F%,;'
4[4&
'%/!()#&&!&&!1(,9(,<9#"',**@(-4%9(0!9-"%/;*,"(

:,**(:%-4( "!1;/!1( 9;'<!"( #+( -",<!/;*,!=(S4%&( *!1( -#( !9*,"2!'!9-( #+( -4!( )!"%/,"1%,*( /,0%-@?(

<",1@/,"1%,( 5&*#:!"( 4!,"-( ",-!8( ,91( ,( /#9&!^;!9-( 4!,"-( 1@&+;9/-%#9=( H9( ,11%-%#9( -4!&!('%/!(

4,1( ,( 1%*,-!1( +#;"-4( 0!9-"%/*!( %9( <",%9=( S4!&!( "!&;*-&( %91%/,-!( -4,-( S!,13( %&( "!^;%"!1( +#"(

!'<"@#9%/(4!,"-(1!0!*#)'!9-(,91(-4,-(#-4!"(-!,1(+,'%*@('!'<!"&(/,99#-(/#')!9&,-!(+#"(-4!(

*#&&( #+( SEP]3( +;9/-%#9=( F;"-4!"( &-;1%!&( ,"!( "!^;%"!1( -#( ,11"!&&( -4!( '!/4,9%&'( #+( -4!(

SEP]3(1!)!91!9-(4!,"-(1!0!*#)'!9-(%9(#"1!"(-#(1!/%)4!"(:4%/4(2!9!&(,"!(1%"!/-*@("!2;*,-!1(

<@(SEP]3(%9(4!,"-(1!0!*#)'!9-=(S4%&(%&(%9(-4!(*%24-(#+(-4!(+,/-(-4,-(A9#:9(D7PS(/#9-,%9%92(

2!9!&(&;/4(,&(/,"1%,/(-"#)#9%9(S(,91(DL7(,))!,"(-#(<!(9#"',**@(!$)"!&&!1(%9(-4!(-",9&2!9%/(

'%/!( 4!,"-=( SEP]3( %&( ,*&#( A9#:9( -#( %9-!",/-( :%-4( KQF( 5&!";'( "!&)#9&!( +,/-#"8?( ,9#-4!"(

-",9&/"%)-%#9(+,/-#"(-4,-(%&(!&&!9-%,*(+#"(/,"1%,/(1!0!*#)'!9-(57,"&#9(!-(,*=?(3CC_8=(

SEP]W( %&( -4!( #9*@( SEP]( )"#-!%9( -4,-( %&( 4%24*@( !$)"!&&!1( %9( /,"1%,/( ';&/*!( <;-( 9#-( %9(

&A!*!-,*( ';&/*!=( H-( &-,"-&( -#( 2!-( !$)"!&&!1( ,&( !,"*@( ,&( 3_4( %9( /4%/A( !'<"@#2!9!&%&( ,91(

!0!9-;,**@(<!/#'!&(,<;91,9-(%9(&%9;&(0!9#&;&(,91(-",<!/;*,-!1(0!9-"%/;*,"('@#/,"1%;'(,91(

0!9-"%/;*,"(#;-+*#:(-",/-&(5Pb,A%!(!-(,*=?(GJJN8=(SEP]W(<%91&(-4!(/SOS()"#'#-!"(%9.0%0#(,91(

%-( /#.%'';9#)"!/%)%-,-!&( :%-4( DEFG( ,91( -",9&.,/-%0,-!&( -4!( 7SOS( )"#'#-!"( %9( /,"1%,/(

'@#/@-!&(5Pb,A%!(!-(,*=?(GJJN8=((

S",9&2!9%/('%/!(:%-4(/,"1%,/.&)!/%+%/(#0!"!$)"!&&%#9(#+(SEP][(1!0!*#)!1(4!,"-(/#91;/-%#9(

1!+!/-&( ,&&#/%,-!1(:%-4( ,*-!"!1( /#99!$%9( )4#&)4#"@*,-%#9( 574!9( !-( ,*=?( GJJ[,8=( S4!&!('%/!(

!$4%<%-!1()"#*#92!1( Q?(pQK(,91(PL(%9-!"0,*&(1;!(-#(1!*,@!1(/#91;/-%#9(%9( -4!(,-"%,*(,91(

0!9-"%/;*,"('@#/,"1%;'(,91( -4!(<;91*!(#+(L%&?( "!&)!/-%0!*@=(S4%&( *!1( -#( ,-"%,*( ,""4@-4'%,&?(

,-"%,*( 1%*,-%#9( ,//#'),9%!1( <@( ,-"%,*( -,/4@/,"1%,=( S#( !$)*,%9( -4!( '#*!/;*,"( '!/4,9%&'( #+(

/#91;/-%#9(1!+!/-&?(-4!(2"#;)(!$,'%9!1(!$)"!&&%#9(,91()4#&)4#"@*,-%#9(&-,-;&(#+(/#99!$%#9&(

-4,-(,"!( %90#*0!1( %9(2,).X;9/-%#9&( %9(4!,"-=(S4!@(+#;91( -4,-()"#-!%9()4#&)4,-,&!(3"(:,&(;)(

"!2;*,-!1( -4,-( "!&;*-!1( %9( 1!.)4#&)4#"@*,-%#9( #+( /#99!$%9[J( ,91( /#99!$%9[W( ,91( -4%&(

%'),%"!1(2,).X;9/-%#9(/#91;/-%#9(%9(SEP][(-",9&2!9%/('%/!(574!9(!-(,*=?(GJJ[,8=(

7,"1%,/(4@)!"-"#)4@(#//;"&(%9("!&)#9&!(-#(%9/"!,&!1(:#"A*#,1(#"(%9X;"@=(H9/"!,&!1(/!**(&%b!?(

)"#-!%9(&@9-4!&%&(,91(%91;/-%#9(#+(+#!-,*(/,"1%,/(2!9!&?(&;/4(,&(".DL7(,91(&A!*!-,*( .,/-%9(

5KYP8(,"!(4,**',"A&(#+(/,"1%,/(4@)!"-"#)4@=(H-(4,&(<!!9(&4#:9(-4,-( 3.,1"!9!"2%/(&-%';*,-%#9(
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*!,1&( -#( /,"1%,/( 4@)!"-"#)4@( <@( %91;/-%#9( #+( +#!-,*( /,"1%,/( 2!9!&( *%A!( ".DL7( ,91( KYP=(

H9-!"!&-%92*@?( %91;/-%#9(#+( -4!&!(2!9!&(%&(D7PS.1!)!91!9-(,&(';-,-%#9&(%9(D7PS(!*!'!9-(

:%-4%9(DL7( ,91( KYP()"#'#-!"&( +,%*!1( -#( !*%/%-( -4!( 3.,1"!9!"2%/( "!&)#9&!( 5Y,"%@,( !-( ,*=?(

3CC[8=( D#"!#0!"?( SEP][( #0!"!$)"!&&%#9( /#;*1( -",9&.,/-%0,-!( <#-4( ".DL7( ,91( KYP(

'%9%',*( )"#'#-!"&( :4%*!( SEP]3( /#;*1( -",9&.,/-%0,-!( #9*@( -4!( ".DL7('%9%',*( )"#'#-!"(

;91!"(  3.,1"!9!"2%/( &-%';*,-%#9( #+( /,"1%,/( '@#/@-!&=( L!9/!?( SEP][( ',@( <!( )*,@%92( ,(

&)!/%+%/("#*!( %9('!1%,-%92( 3.,1"!9!"2%/("!&)#9&!(1;"%92(/,"1%,/(4@)!"-"#)4@?(,91(-4;&?( -4%&(

'!"%-&(+;"-4!"(%9(0%0#(&-;1%!&(%9(/,"1%,/(4@)!"-"#)4@('#1!*&=(

*+[ :B;D1 &2 9$2!0(8 

S4!(SEP]( 53.[8( )"#-!%9&( ,&(:!**( ,&( %-&( /#.+,/-#"&(eP ( ,91(f2**( 53.[8( ,"!( 1!"!2;*,-!1( %9(

',9@(A%91&(#+(/,9/!"&=(SEP]&(,"!(+#;91(-#(<!("!&)#9&%<*!(+#"('!&#-4!*%9(#0!"!$)"!&&%#9?(,(

/4,",/-!"%&-%/(+!,-;"!(#+(),9/"!,-%/(/,9/!"(5L;/*(!-(,*=?(GJJM8=((L%24(SEP]3(%&(,(',"A!"(+#"(

)"#&-,-!(/,9/!"(,91( %&(/#""!*,-!1(:%-4()##"(),-%!9-(&;"0%0,*( 5Y9%24-(!-(,*=?(GJJU8=(I%A!:%&!?(

SEP]3(!$)"!&&%#9(%&(,<9#"',**@(4%24(%9(Y,)#&%(&,"/#',(,91(<,&,*.<"!,&-(/,9/!"&?(+,**#)%,9(

-;<!(/,"/%9#',(,91(2!"'(/!**(-;'#"&(5L,9(!-(,*=?(GJJUV(O#:!!(!-(,*=?(GJJMV(Q%/4,"1&#9(!-(,*=?(

GJJ_V(KA#-4!%'(!-( ,*=?( GJJ_8=( (]%!)!9<";/A(!-( ,*=( !')*#@(2!9#'!(:%1!(,&&#/%,-%#9( &-;1%!&(

56BPK8(#+(SEP]G(%9(','',"@(2*,91(!)%-4!*%,*(/!**&(,91(<"!,&-(/,9/!"(/!**&(-#(&4#:(-4,-(

SEP]G("!2;*,-!&(-4!(!$)"!&&%#9(#+(2!9!&("!^;%"!1(+#"(!)%-4!*%,*.'!&!9/4@',*(-",9&%-%#9(,91(

'!-,&-,&%&( 5]%!)!9<";/A( !-( ,*=?( GJ3[8=( 7#9&%&-!9-( :%-4( -4%&?( ,9#-4!"( "!&!,"/4( 2"#;)( 4,&(

"!/!9-*@(1!'#9&-",-!1(;&%92(6BPK /#;)*!1(:%-4(-",9&/"%)-#'%/ 1,-, ,91(]OP '!-4@*#'!

1,-,( #+( 4;',9( -;'#"&( -4,-( SEP]( -",9&/"%)-%#9( +,/-#"&( ,"!( %90#*0!1( %9( -",9&/"%)-%#9,*(

"!)"#2",''%92( #+( 4%24*@( )"#*%+!",-%0!('!*,9#',( /!**&( -#( %90,&%0!( -@)!( ,&(SEP]&( 1%"!/-*@(

"!2;*,-!(!$)"!&&%#9(#+(2!9!&(*%9A!1(:%-4(%90,&%0!()"#)!"-%!&(5f!"+,%**%!(!-(,*=?(GJ3N8=(

(

VI. TEADs in skeletal muscle differentiation: 

 

H-(%&(&;++%/%!9-*@(/*!,"(+"#'(-4!(,<#0!.1%&/;&&!1(*%-!",-;"!(-4,-(SEP](+,'%*@(#+(-",9&/"%)-%#9(

+,/-#"&(4,&(,(&%29%+%/,9-("#*!(%9(1!0!*#)'!9-?(1%++!"!9-%,-%#9(,91(/,9/!"(,91(',%9-!9,9/!(#+(

&-!'(/!**&=(

D@(-4!&%&(:#"A(/#9/!"9&(%9(),"-%/;*,"( -4!("#*!(#+(SEP]&(%9(&A!*!-,*(';&/*!(1%++!"!9-%,-%#9=(

]%++!"!9-%,-%#9(%&(,(&%29%+%/,9-(&-!)(%9(-4!()"#/!&&(#+(!'<"@#9%/(,&(:!**(,&(,1;*-('@#2!9!&%&=(

S4!"!+#"!?( %-(:#;*1(<!( %')#"-,9-( +#"('!( -#(1%&/;&&( %9(1!-,%*( -4!(A9#:9(+;9/-%#9&(#+(SEP](
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)"#-!%9&(%9(!'<"@#9%/(,91(,1;*-('@#2!9!&%&(,&(:!**(,&(%9(';&/*!()*,&-%/%-@=(P&(%-(%&(#+-!9(-4!(

/,&!( :%-4( '#&-( '@#2!9%/( -",9&/"%)-%#9( +,/-#"&( -4,-( ,),"-( +"#'( -4!%"( "#*!( %9( ';&/*!(

1!0!*#)'!9-?( -4!@()*,@(,*&#(,("#*!(%9("!&)#91%92(-#(-4!(!90%"#9'!9-,*(/;!&(%9(,1;*-(';&/*!(

0%,(+%<"!(&:%-/4("!'#1!**%92=(((

*)+, B7<(/"2&! 140.0%$. 731!.0 E0'0."5702%8 

P&( )"!0%#;&*@( 1%&/;&&!1?( SEP]3( ,91( SEP][( 9;**( '%/!( 1%!( 0!"@( !,"*@( %9( !'<"@#9%/(

1!0!*#)'!9-=(H9(/,&!(#+(SEP][?(-4!()#&-.%')*,9-,-%#9(A9#/A#;-('%/!(,))!,"!1(-#(<!(9#"',*(

:%-4(9#(,)),"!9-(/4,92!&(%9(';&/*!(:!%24-(,91(&%b!(,91(&#?(-4!&!('%/!(:!"!(9#-(&;<X!/-!1(-#(

+;"-4!"(!$,'%9,-%#9(#+(';&/*!(1!0!*#)'!9-(,91()4@&%#*#2@(5e,2%(!-(,*=?(GJJM8=(S4!"!(4,0!(

<!!9(&#(+,"(9#(&-;1%!&(#9(SEP]G(,91(SEP]W(%9(!'<"@#9%/(&A!*!-,*(';&/*!(1!0!*#)'!9-=(

(

 !"#$%&RI)&c<.+%49.#/-&!99#/.<!7-.:<%9!7-$>&GN^3J&.0&FBMP&6$.-%!/7&!/&'I)I&;6:&%9=$>.7&

7<.?7&7-$./"%$&FBMPX&%56$%77!./&!/&;%@%+.6!/"&<%,$-&,/;&7.9!-%7)&

(

Q%<,&(!-(,*=(&4#:!1(-4,-(,-*!,&-( -:#(SEP](-",9&/"%)-%#9(+,/-#"&(<%91(-4!(D7PS(!*!'!9-(%9(

-4!( E7Q333( 5!0#*;-%#9,"%*@( /#9&!"0!1( "!2%#98( ,91( ,"!( "!^;%"!1( +#"( D@+N( !$)"!&&%#9( %9(

0!9-",*(&#',-%/(/#'),"-'!9-&(5Q%<,&(!-(,*=?(GJ338=(P-(E3J=N?(SEP]()"#-!%9&(*#/,*%b!(-#(-4!(

1!0!*#)%92(4!,"-(,91(&#'%-!&(5F%2;"!(WJ8(:%-4(&-"#92!"(&-,%9%92(%9(/,;1,*(,91("#&-",*("!2%#9&(

#+(&#'%-!&(,91(1!*!-%#9(#+(E7Q333(%9('%/!(/#')*!-!1(,<#*%&4!1(D@+N(!$)"!&&%#9(,-(E3J=N=((

H9(&4#"-?(,<&!9/!(#+(&-;1%!&(#9(SEP]&(%9()#&-.%')*,9-,-%#9(!'<"@#&(1;!(-#(!,"*@(!'<"@#9%/(

1!,-4(#"(&!0!"! <%"-4(1!+!/-&(%9(SEP](9;**('%/!(/#;)*!1(:%-4(-4!(+,/-(-4,-(D7PS(!*!'!9-&(

,"!( )"!&!9-( %9(',9@( !'<"@#9%/(';&/*!( 2!9!&('!"%-( +;"-4!"( "!&!,"/4( !')*#@%92( !'<"@#9%/(

';&/*!(&)!/%+%/(A9#/A#;-&(#+(SEP]&(&;/4(,&(;&!(#+( ,$M(#"(D@+N\1"%0!9(#0!"!$)"!&&%#9(#"(

 ,$M.7"!('!1%,-!1( A9#/A#;-( &-;1%!&( +#"( ,( 1!!)!"( ;91!"&-,91%92( #+( -4!( "#*!( #+( SEP]&( %9(

&#'%-#2!9!&%&(,91(';&/*!(1!0!*#)'!9-(-4,-(!9&;!&=(
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*)+> R$%0..&%0 !0..1 $2E (06020($%&"28 

D;&/*!( "!2!9!",-%#9( %90#*0!&( ,/-%0,-%#9( #+( -4!( ^;%!&/!9-( &,-!**%-!( /!**&?( -4!%"( ,')*%+%/,-%#9(

+#**#:!1(<@(1%++!"!9-%,-%#9("!&;*-%92( %9(+#"',-%#9(#+('@#-;<!&(,91( -4!9(9!:(';&/*!(+%<"!&=(

D@#2!9%/( 1%++!"!9-%,-%#9( !/& @!-$.( 4,&( -4!( +#**#:%92( A!@( &-!)&h( '@#<*,&-( ,/-%0,-%#9( à(

)"#*%+!",-%#9(à( /!**(/@*!(!$%-(à( +;&%#9( 5)"%',"@(,91(&!/#91,"@( +;&%#9(!0!9-&8(à('@#-;<!(

+#"',-%#9=((P&(,(+%"&-(*%9!(#+(!0%1!9/!?(!/&@!-$.(&-;1%!&(%9(7G73G('@#<*,&-(1%++!"!9-%,-%#9(4,0!(

)#%9-!1(-#:,"1&(-4!("#*!(#+(SEP]&(%9(&A!*!-,*(';&/*!(1%++!"!9-%,-%#9=(F#"(!$,')*!?(:!(4,0!(

,*"!,1@(1%&/;&&!1(-4!("#*!(#+(SEP]&(%9(-4!(!$)"!&&%#9(#+(&A!*!-,*(';&/*!.&)!/%+%/(2!9!&(&;/4(

,&( D@+N( 5Q%<,&( !-( ,*=?( GJ338?( /S9S?( <!-,.DL7( ,91( ,*)4,.,/-%9&( 5D,"( ,91( >"1,4*?( 3CUUV(

K:,"-b(!-(,*=?(3CCUV(Q%91-(!-(,*=?3CCW8=((

S4!( )"!0%#;&( &-;1@( +"#'( #;"( #:9( *,<( !&-,<*%&4!1( -4,-( SEP][( %&( "!^;%"!1( +#"( 7G73G(

1%++!"!9-%,-%#9( !/& @!-$.& 5`!94,11#;( !-( ,*=?( GJ3G8=( &4QOP( '!1%,-!1( &-,<*!( A9#/A1#:9( #+(

SEP][( ,91( !/-#)%/( #0!"!$)"!&&%#9( #+( -4!( ]OP( <%91%92( 1#',%9( 5SEP].]`]8( ,&( ,(

1#'%9,9-(9!2,-%0!("!)"!&&#"(#+(SEP][(*!1(-#(+#"',-%#9(#+(&4#"-!9!1('@#-;<!&(/#'),"!1(-#(

/#9-"#*( 7G73G( *%9!=( 74H ./4%)( !$)!"%'!9-&( %9( 7G73G&( #0!"!$)"!&&%92( F*,2.LP.SEP][(

"!0!,*!1(-4,-(SEP][(#//;)%!&(U_M()"#'#-!"&(%9/*;1%92(D@#2!9%9?(7]YO3P(,91(7,0!#*%9.

W=(QOP.&!^(%1!9-%+%!1(-4!(&!-(#+(2!9!&(1#:9"!2;*,-!1(;)#9(SEP][(A9#/A1#:9(%9(7G73G&(

,'#92(:4%/4( ,"!(';&/*!( &-";/-;",*( ,91( "!2;*,-#"@( )"#-!%9&=( S4!( )"!0%#;&(  4]( &-;1!9-( );-(

+#":,"1(,('#1!*(%9(`!94,11#;(!-(,*=(&4#:%92(-4,-(SEP][("!)"!&&!&(-4!(!$)"!&&%#9(#+(7-2+(

"!^;%"!1(+#"(/!**(/@/*!(!$%-?(%91;/!&()"#-!%9&(*%A!(/,0!#*%9.W("!^;%"!1(+#"('@#<*,&-(+;&%#9(,91(

D@#2!9%9(+#"(-!"'%9,*(1%++!"!9-%,-%#9(#+(7G73G&=((

(

K!0!",*(&-;1%!&(4,0!(!$,'%9!1( -4!("#*!(#+(e,)( %9(1%++!"!9-%,-%#9?(,( -",9&/"%)-%#9,*(/#.+,/-#"(

+#"(-4!(SEP](-",9&/"%)-%#9(+,/-#"&=(H-(4,&(<!!9(&4#:9(-4,-(e,)(%&(-4"!!.+#*1(;)."!2;*,-!1(%9(

,/-%0,-!1(&,-!**%-!(/!**&?(%&(,/-%0!*@(-",9&/"%<!1(%9()"#*%+!",-%92('@#<*,&-&(,91(%94%<%-&(-!"'%9,*(

1%++!"!9-%,-%#9(%9-#('@#-;<!&(5a;1&#9(!-(,*=?(GJ3GV(B,--(!-(,*=?(GJ3J8=(H9(,11%-%#9?(B,--(!-(,*=(

,*&#( &4#:!1( -4,-( #0!"!$)"!&&%#9( #+( /#9&-%-;-%0!*@( ,/-%0!( eP ( K3GMP( %9( 7G73G( /!**&(

%9/"!,&!&( D@+N( !$)"!&&%#9( ,91( "!1;/!1( !$)"!&&%#9( #+( *,-!( 1%++!"!9-%,-%#9( ',"A!"( D@#6=(

a;1&#9( !-( ,*=?( 5GJ3G8( &4#:!1( -4,-( /#9&-%-;-%0!( !$)"!&&%#9( #+( e,)( ',%9-,%9&(  ,$Md( ,91(

D@#]d( &,-!**%-!( /!**&( ,91( &,-!**%-!( /!**.1!"%0!1( '@#<*,&-&?( )"#'#-!&( )"#*%+!",-%#9( <;-(

)"!0!9-&( 1%++!"!9-%,-%#9( 5F%2;"!( W38=( I!9-%0%",*( %9+!/-%#9( #+( &,-!**%-!( /!**.1!"%0!1('@#<*,&-&(

:%-4(,9-%.e,)(&4QOP(&%29%+%/,9-*@("!1;/!1()"#*%+!",-%#9(#+('@#<*,&-&=(7#9&%&-!9-*@?(e,)(/#.
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%'';9#)"!/%)%-,-!&(:%-4(SEP]3(%9(7G73G('@#<*,&-&(,91(/#9&-%-;-%0!*@(,/-%0!(e,)(%91;/!&(

!$)"!&&%#9(#+(-4!(D7PS(1"%0!9(*;/%+!",&!("!)#"-!"(5a;1&#9(!-(,*=?(GJ3G8=(

(

P8((((((((((((((((((((((((((((((((((((((((((((((( `8(

(

(

(

(

(

(

(

 !"#$%&R')&MJ&`,6&!7&<!"<+>&%56$%77%;&!/&,:-!@,-%;&7,-%++!-%&:%++7&#/-!+&,0-%$&-<%&;!00%$%/-!,-!./&@%$7#7&

7%+04$%/%?,+& ;%:!7!./& !7&9,;%)&SJ&B00%:-& .0& :./7-!-#-!@%+>& ,:-!@%& <`M1'&L'C_M&./& -<%& %56$%77!./&.0&

9>."%/!/&!/&7,-%++!-%&:%++7&:#+-#$%;&!/&-<%!$&/!:<%&%5&@!@.&G,;,6-%;&0$.9&T#;7./&%-&,+)D&CI'CJ)&

&

S4!"!( %&( '#"!( "!/!9-( !0%1!9/!( ,<#;-( "#*!( #+( e,)( %9( )"#*%+!",-%#9( ,91( 1%++!"!9-%,-%#9( #+(

&,-!**%-!(/!**&=(K,-!**%-!(/!**()"#*%+!",-%#9(%&()"#'#-!1(<@(e,)(,/-%0,-%#9(<@(6 7Q(&%29,**%92(

0%,(K3 (5&)4%92#&%9!.3.)4#&)4,-!8(,91(O#-/4.&%29,**%92(5O,2,-,(!-(,*=?(GJJ_V(Q#12!"&(!-(,*=?(

GJ3[8=( e,)( ,*&#( ,/-%0,-!&( `')[( !$)"!&&%#9( -4,-( )"#'#-!&( &,-!**%-!( /!**( )"#*%+!",-%#9( ,91(

%94%<%-&(1%++!"!9-%,-%#9(5>9#(!-(,*=?(GJ338=((

e,)3( 9;**( ';-,-%#9( %9( '%/!( %&( !'<"@#9%/( *!-4,*( <@( EU=N( 5D#"%9.Y!9&%/A%( !-( ,*=?( GJJ_8(

:4!"!,&( 2*#<,*( A9#/A#;-( #+(B:-"3( 5S,b8?( ,9#-4!"( SEP]( -",9&/"%)-%#9( /#.+,/-#"( 1#!&( 9#-(

!$4%<%-(,9(#<0%#;&(&A!*!-,*(';&/*!()4!9#-@)!=((

P<#0!( )"!&!9-!1( %&( ,( &-"#92( !0%1!9/!( +#"( "#*!( #+( e,)( %9( &,-!**%-!( /!**( )"#*%+!",-%#9( ,91(

"!2!9!",-%#9=(e!-(,9#-4!"( %91%"!/-(!0%1!9/!(+#"(SEP](+;9/-%#9( %9("!2!9!",-%#9(/#'!&(+"#'(

-4!(F6FQ[(A9#/A#;-('%/!(-4,-(!$4%<%-(%'),%"!1("!2!9!",-%#9(;)#9(/,"1%#-#$%9.<,&!1(%9X;"@?(

:%-4( ,;2'!9-!1( +,-( ,91( /,*/%+%/,-%#9( %9(';&/*!?( /#'),"!1( -#( -4!%"( :%*1.-@)!( /#;9-!"),"-&=(

F6FQ[(!$)"!&&%#9(%&("!2;*,-!1(<@(SEP]G(5Z4,#(!-(,*=?(GJJ_8=(6%0!9(-4%&?(:!(:%**(9!!1('#"!(

&-;1%!&(#9(-4!(1%"!/-("#*!(#+(SEP]&(%9(';&/*!("!2!9!",-%#9=((

((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `( `
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*)+? ;E3.% 731!.0 #P&<(0#1&W0 $2E G&<(0#1U&%!I8 

L@)!"-"#)4@?( &;/4( ,&( %91;/!1(<@( &-"!-/4.#0!"*#,1?( %&( -4!( %9/"!,&!( %9(';&/*!( &%b!( ,91(',&&(

1;!( -#( %9/"!,&!( %9( +%<"!( &%b!=( ( H-( %&(/4,",/-!"%&!1(<@(!94,9/!1('%-#/4#91"%,*(<%#2!9!&%&(,91(

/4,92!&( %9( !$)"!&&%#9( ),--!"9&( #+( &-";/-;",*( ,91( '!-,<#*%/( )"#-!%9&=( SEP]&( "!2;*,-!(

%9/"!,&!1(,/-%0,-%#9(#+(&A!*!-,*( .,/-%9(5KYP8()"#'#-!"( %9(K-"!-/4.#0!"*#,1(%91;/!1(';&/*!(

4@)!"-"#)4@( 57,"&#9( !-( ,*=?( 3CC_8=( K%'%*,"*@?( 1!9!"0,-%#9.%91;/!1( 1!/"!,&!( %9( ".DL7(

!$)"!&&%#9( %&( ",-( &#*!;&( ';&/*!( %&( '!1%,-!1( <@( *#&&( #+( D7PS( <%91%92( <@( SEP]( +,/-#"&(

5L;!@(YP(GJJW8=(P/;-!("!&%&-,9/!(!$!"/%&!(:%-4(4%24('!/4,9%/,*(*#,1%92(%91;/!&(!$)"!&&%#9(

#+(7@"_3(,91(7-2+(5Y%0!*,(!-(,*=?(GJJM8=(7-2+ 4,&(-4"!!(D7PS(!*!'!9-&(%9()"#$%',*()"#'#-!"(

5Z4,#(!-(,*=?(GJJU8(,91(#;"()"!0%#;&("!&!,"/4(&4#:&(-4,-(SEP][(<%91&(-4!(D7PS(!*!'!9-&(

%9(7-2+()"#'#-!"(,91("!2;*,-!&(%-&(!$)"!&&%#9(5`!94,11#;(!-(,*=?(GJ3G8=((

H-(',@(<!(&;22!&-!1(-4,-(SEP]()"#-!%9&('%24-(+;9/-%#9(-#2!-4!"(:%-4(e,)(%9(&-"!-/4.#0!"*#,1(

%91;/!1(4@)!"-"#)4@?(/#9&%&-!9/!(:%-4(-4!("#*!(#+(e,)(%9(-%&&;!(2"#:-4=((K;")"%&%92*@?(a;1&#9(

!-(,*=( &4#:!1( -4,-(';&/*!.&)!/%+%/( -!-.#++( %91;/%<*!(#0!"!$)"!&&%#9(#+(/#9&-%-;-%0!*@(9;/*!,"(

,91(,/-%0!(e,)(54eP 3(K3GMP8(%9(,1;*-('%/!("!&;*-!1(%9(,-"#)4@?(';&/*!(1!2",1,-%#9?(*#&&(

#+(<#1@(:!%24-(,91(2,%-(%'),%"'!9-(",-4!"(-4,9(4@)!"-"#)4@(,91(%9/"!,&!1(';&/*!(',&&=(S4!(

-!=!,+!7&,/-%$!.$( 5SP8( ';&/*!( !$4%<%-!1( )"!&!9/!( #+( '@#),-4@( ,&&#/%,-!1( /!9-",**@( *#/,-!1(

9;/*!%?( %9/"!,&!1( !$)"!&&%#9( #+( ',"A!"&( #+( )"#-!%9( 1!2",1,-%#9( 5,-"#2%9.3?( D;QF38( ,91(

"!2!9!",-%#9(*%A!(!'<"@#9%/('@#&%9(4!,0@(/4,%9?(D@+N?(D@#2!9%9(,91( ,$M=(S4!()4!9#-@)!(

/#;*1( <!( '#&-*@( "!0!"&!1( <@( "!'#0,*( #+( e,)( #0!"!$)"!&&%#9( <@( 1#$@/@/*%9!( -"!,-'!9-(

5a;1&#9(!-(,*=?(GJ3W8(

7#9-","@(-#(-4%&?(,("!/!9-(&-;1@(&4#:!1(e,)(!$)"!&&%#9(%&(&-"#92*@(%91;/!1(%9(,('#;&!('#1!*(

#+('!/4,9%/,*(#0!"*#,1.%91;/!1(4@)!"-"#)4@(,91(!*!/-"#)#",-%#9('!1%,-!1(#0!"!$)"!&&%#9(#+(

F*,2.-,22!1( e,)( %9( SP( ';&/*!( :,&( &;++%/%!9-( -#( /,;&!( 4@)!"-"#)4@( 0%,( ,9( 'S>Q.

%91!)!91!9-( '!/4,9%&'( -4,-( %90#*0!1( %9/"!,&!1( !$)"!&&%#9( #+( /D@/( ,91( D@#]( ,91(

1!/"!,&!1( !$)"!&&%#9(#+(D;QF3( 56##1',9(7P(GJ3N8=(S4!( /#9-",&-%92(#<&!"0,-%#9&( %9( -4!(

,<#0!(-:#(&-;1%!&(:!"!(!$)*,%9!1(<,&!1(#9(-4!(+,/-(-4,-(-4!"!(/#;*1(<!(1%++!"!9/!&(<!-:!!9(

#0!"!$)"!&&%#9(#+(,(9#"',*(e,)(#"(,(';-,-!1(/#9&-%-;-%0!*@(9;/*!,"(,91(,/-%0!(e,)(:4!"!(-4!(

e,)( )"#-!%9( :#;*1( )!"4,)&( 9#"',**@( !*%/%-( %-&( +;9/-%#9( %9( 4@)!"-"#)4@( ,91( !0!9-;,**@( <!(

&4;--*!1(#;-(#+(-4!(9;/*!,"(:4!"!,&(-4!(4eP 3(K3GMP(:#;*1(&-,@(9;/*!,"?()!"4,)&(&-,"-(-4!(

+%<"!(2"#:-4()"#/!&&(<;-(:#;*1(+,%*(-#(+;**@(/;*'%9,-!(-4!(-!"'%9,*(+%<"!(',-;",-%#9=((
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F;"-4!"?(B,--( !-( ,*=( 1!'#9&-",-!( -4,-( eP ( !$)"!&&%#9( *!0!*&( 1!/*%9!( 1;"%92( ',-;",-%#9( #+(

&A!*!-,*( +%<"!&=( S4%&( &-;1@( !*!2,9-*@( %**;&-",-!&( ,91( &;'&( ;)( -4!( &%29%+%/,9-( "#*!( #+(eP ( %9(

';&/*!(+%<"!(&%b!(/#9-"#*=(S#(&-,"-(:%-4?(-4!@(&4#:!1(-4,-(PPf.'!1%,-!1(&4QOP(A9#/A1#:9(

#+(e,)( *!1( -#( 1!/"!,&!( %9( +%<"!( &%b!(:%-4( "!1;/!1( ",-!&( #+( )"#-!%9( &@9-4!&%&?( :4%*!?( PPf.

'!1%,-!1(#0!"!$)"!&&%#9(#+(eP (*!1(-#(4@)!"-"#)4@(%9(SP(';&/*!(:%-4(9#(!++!/-(#9('S>Q(

,91( ;<%^;%-%9( )"#-!,&#'!( &@&-!'( 5g K8( ,/-%0%-@( 5B,--( !-( ,*=?( GJ3N8=( E/-#)%/( !$)"!&&%#9( #+(

1#'%9,9-( 9!2,-%0!( SEP]G( 519SEP]G8( <*;9-!1( eP ( %91;/!1( 4@)!"-"#)4@( :4!"!,&(

#0!"!$)"!&&%#9(#+( -4!(';-,9-(eP (KMCP( -4,-( 1#!&(9#-( <%91( -#( ,9@(#+( -4!(SEP]()"#-!%9&?(

1%&)*,@!1( 9#( 1%++!"!9/!( %9( ';&/*!( ',&&( ,91( +%<"!( &%b!( /#'),"!1( -#( /#9-",.*,-!",*( ';&/*!(

%9X!/-!1( :%-4( /#9-"#*( )*,&'%1=( F;"-4!"'#"!?( -4!@( #<&!"0!1( -4,-( eP ( *#/,*%&!&( 9!,"( -4!(

9!;"#';&/;*,"(X;9/-%#9&(5ODa8(,-(-4!('!'<",9!&(#+(,1;*-(';&/*!(+%<"!&=(K%'%*,"*@?(,9#-4!"(

&-;1@( !&-,<*%&4!1( %9/"!,&!1( 9;/*!,"( ,//;';*,-%#9( #+( e,)( ,&( ,( /4,",/-!"%&-%/( +!,-;"!( #+(

';&/*!&( ;91!"2#%92( 9!;"#2!9%/( ,-"#)4@( %9( K>]3
6CWP

( '%/!( '#1!*( #+( ,'@#-"#)4%/( *,-!",*(

&/*!"#&%&( 5PIK8=( H9( /#""!*,-%#9( :!( -4%&?(B,--( !-( ,*=( #<&!"0!1( -4,-( eP ( )"#-!%9( ,<;91,9/!(

%9/"!,&!1( 1",',-%/,**@( %9( 1!9!"0,-!1( ';&/*!=( `,&!1( #9( -4!&!( +%91%92&?( -4!@( &;22!&-( -4,-(

%91;/-%#9(#+(eP (!$)"!&&%#9( %9(';&/*!&(;91!"2#%92(9!;"#2!9%/(,-"#)4@( %&(,('!/4,9%&'(-#(

)"#'#-! 2"#:-4?()"!&!"0! ';&/*! ',&& ,& , '!/4,9%&' -#(/#')!9&,-! +#"()##"(9!"0!.';&/*!

%9-!",/-%#9(5B,--(!-(,*=?(GJ3N8=(L#:!0!"?(-4!(,<#0!(&-;1%!&(1%1(9#-("!)#"-(,9@(!++!/-(#+(eP (

2,%9(,91(*#&&.#+.+;9/-%#9(,&(:!**(,&(-4!(+;9/-%#9,*(';-,9-&(#9(+%<"!.-@)!(/#')#&%-%#9=(

S&%A,(!-(,*=()"#0%1!(!0%1!9/!(+#"( -4!(1%"!/-( "#*!(#+(SEP]3(%9(+%<"!.-@)!(&:%-/4(,91(';&/*!(

"!'#1!**%92=(S4!@( &4#:( -4,-( #0!"!$)"!&&%#9( #+(D7Y()"#'#-!"( 1"%0!9(LP.-,22!1(SEP]3(

"!&;*-!1( %9( +,&-.-#.&*#:( +%<"!.-@)!( &:%-/4( %9( "!&)#9&!( -#('!/4,9%/,*( #0!"*#,1( 5S&%A,( !-( ,*=?(

GJJU8=( S4!( #0!"!$)"!&&%#9( #+( SEP]3( 1%1( 9#-( ,++!/-(';&/*!( 2"#:-4( #"(',&&?( ",-4!"( *!1( -#(

%9/"!,&!( %9( &*#:.-@)!( H(D@L7(!$)"!&&%#9( /#9&%&-!9-(:%-4( &4,")( 1!/"!,&!( %9( +,&-( -@)!( HH$T1(

D@L7(!$)"!&&%#9( ,91( &*%24-( 1!/"!,&!( %9( +,&-( -@)!.HH<(D@L7(!$)"!&&%#9=(S4!(LP.SEP]3(

';&/*!( !$4%<%-!1( &*#:!"( &4#"-!9%92( 0!*#/%-@( 5f',$8?( ,91( *#92!"( /#9-",/-%#9( ,91( "!*,$,-%#9(

-%'!&(%9(+,&-(-:%-/4(E]I(';&/*!=(H9(,11%-%#9?(SEP]3(#0!"!$)"!&&%#9(1!/"!,&!1(!$)"!&&%#9(#+(

+,&-( &,"/#)*,&'%/( "!-%/;*;'( 7,
Gd(
( .PS ,&!( 5KEQ7P38( ,91( %9/"!,&!1( !$)"!&&%#9( #+( &*#:(

%&#+#"'&(#+(S"#)#9%9(S?( H(,91(7?(,91('@#2*#<%9( -4,-( %&(4%24*@(!$)"!&&!1(#9*@( %9(#$%1,-%0!(

';&/*!( +%<"!&=( H9-!"!&-%92*@?( SEP]3( #0!"!$)"!&&%#9( "!&;*-!1( %9( -4!( ,/-%0,-%#9( #+( 2*@/#2!9(

&@9-4,&!( A%9,&!( 56KY8.W TW"?( 1!/"!,&!1( 9;/*!,"( "./,-!9%9( ,91( OFPS/3T/W( )"#-!%9=( S4%&(

&;22!&-&( -4,-( -",9&%-%#9( -#:,"1( &*#:( +%<"!( )"#2",'(#//;""!1( %9(OFPS.%91!)!91!9-(',99!"(

,91( -4,-(6KY.W TW"( "!2;*,-!&( 9;/*!,"(OFPS( *!0!*&=(D#"!#0!"?(6KY.W"( )4#&)4#"@*,-!&(".
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/,-!9%9( *!,1%92( -#( %-&( 1!2",1,-%#9( <@( ;<%^;%-%9( )"#-!,&#'!?( -4!"!<@( /#9-"#**%92( "./,-!9%9(

9;/*!,"( *!0!*&( ,91( -",9&/"%)-%#9,*( ,/-%0,-#"&( #+( "./,-!9%9TS7FTI!+."!&)#9&%0!( )"#'#-!"&(

5F#"1!(,91(],*!?(GJJM8=(

S4!(!$)"!&&%#9(),--!"9(,91(1%"!/-(+;9/-%#9(SEP]&( !/&@!@.( %9(';&/*!(+%<"!(2"#:-4(,91(+%<"!(

-@)!(%&(,9(#;-&-,91%92("!&!,"/4(^;!&-%#9(-4,-("!^;%"!&(+;"-4!"(%90!&-%2,-%#9=(P9#-4!"(%91%"!/-(

!0%1!9/!( %&( -4!( ,<9#"',**@( 4%24(7-2+( !$)"!&&%#9( *!0!*( %9(';&/;*,"( 1@&-"#)4@=( SEP]&( ,"!(

A9#:9( -#( "!)"!&&(7-2+(!$)"!&&%#9(1;"%92('@#2!9!&%&=( H9( *%24-(#+( -4!(1%&/;&&!1( *%-!",-;"!?( %-(

/,9(<!(&;22!&-!1(-4,- SEP]&(4,0!(<#-4(e,).1!)!91!9-(,91(%91!)!91!9-(+;9/-%#9&(%9(';&/*!(

)4@&%#*#2@=(F;"-4!"(&-;1%!&(%9(0,"%#;&(4@)!"-"#)4@?(,-"#)4@(,91(1%&!,&!('#1!*&(,"!(9!!1!1(-#(

!*;/%1,-!( -4!( )"!/%&!( '!/4,9%&'( #+( SEP]( +;9/-%#9( %9( ';&/*!( ',&&( "!2;*,-%#9( ,91( %9(

'@#),-4%/(1%&!,&!&=(

(

(

(

(

(

(

(

(

(

(

(
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VII. A brief introduction to my thesis project 

 !"#$%" &$'()(" *+,*'-,(" &$'" -+.'"+/"0'12" /13).!"+/" &-1,(*-)4&)+," /1*&+-(" )," (5'.'&1."36(*.'"

2)//'-',&)1&)+,7"0$)("4-+8'*&")("1,"'9&',()+,"+,"&$'"(&62!"),)&)1&'2":!"1"4-';)+6("#$%"(&62',&"

<&&1)..1$"=',$122+6"),"+6-".1:+-1&+-!7"<&&1)..1$"(&62)'2"(4'*)/)*1..!"&$'"-+.'"+/"0'12>"),"  !"

# $%&"?@?A@"2)//'-',&)1&)+,":!"($BC<"5,+*52+D,"+/"0'12>"D$'-'")("($+D'2"&$1&"0'12>")("

-'E6)-'2"/+-",+-31."2)//'-',&)1&)+,"+/"?@?A@"*'..(7"F'"4'-/+-3'2"?$G#H*$)4"'94'-)3',&("+,"

'*&+4)*1..!"'94-'(('2"I.1JHF<H0'12>"),"?@?A@"*'..(7"0$)("D1("&$'"/)-(&"(&62!"K=',$122+6"'&"

1.7L"@MA@N"&$1&")2',&)/)'2"31,!",+;'."0'12>"&1-J'&("),"36(*.'"2)//'-',&)1&)+,"6(),J"'1-.!"(&1J'"

$)J$H&$-+6J$46&"3'&$+2(7"F'")2',&)/)'2":!"3)*-+1--1!"'94-'(()+,"1,1.!()("&$1&"31,!"+/"&$'('"

&1-J'&"J','("D'-'"2'-'J6.1&'2"),"*'..("'94-'((),J"($BC<("1J1),(&"0'12>7"0$)("'.'J1,&"(&62!"

.'12("&+"(';'-1."+6&(&1,2),J"E6'(&)+,("&+":'"122-'(('2"),"4-'(',&"1,2",'1-"/6&6-'7"%6-),J"3!"

#$%"G"$1;'"&-)'2"&+"122-'(("&$'"/+..+D),J"E6'(&)+,(O"

A7" P$1& 1-' &$' (4'*)/)* 1,2" -'26,21,& -+.'( +/ ;1-)+6( 0'12" /1*&+-( )," 36(*.'

2)//'-',&)1&)+,Q"

@7"<-'"0'12"4-+&'),("1.(+"'((',&)1."/+-"4-)31-!"3!+:.1(&"2)//'-',&)1&)+," !"# $%&"Q"

R7" F+D" 2+" 0'12(" :-),J" 1:+6&" &-1,(*-)4&)+,1." 1*&);1&)+," 1(" D'.." 1(" -'4-'(()+," 26-),J"

3!+J','()(")7'7"D$)*$"4-+&'),("+-"4-+&'),"*+34.'9'("3+26.1&'"&$'"&-1,(*-)4&)+,1."1*&);)&!"+/"

0'12>7"

>7"G("0'12>"-'E6)-'2"/+-",+-31."36(*.'"/6,*&)+,"1,2"36(*.'"-'J','-1&)+,Q""

I)-(&.!L" ?$G#H*$)4" '94'-)3',&(" +," '*&+4)*1..!" '94-'(('2" 4-+&'),(L" 1(" 4'-/+-3'2" :!" 6("

4-';)+6(.!L" 31!" )2',&)/!" 3+-'" &$1," &$'" 1*&61." :+,1/)2'" &1-J'&" J','(" )," &$'" *+,&'9&" ),"

E6'(&)+,7"0+"122-'(("&$)(")((6'L"D'"),&',2'2"&+"4'-/+-3"?$G#H('E"1,1.!()("+,"&$'"',2+J',+6("

0'12" 4-+&'),(7"P'" $1;'" 122-'(('2" &$)(" E6'(&)+," E6)&'" (6**'((/6..!" ,+D7" S'*+,2.!L" (';'-1."

(&62)'(" 4+),&" +6&" &$1&" 1&" .'1(&" &$-''" +/" &$'" 0'12(H" 0'12AL" 0'12@" 1,2" 0'12>" 1-'" '94-'(('2"

26-),J"36(*.'" 2)//'-',&)1&)+," 1,2" &$')-" (4'*)/)*" 1,2" -'26,21,&" K)/" 1,!N" /6,*&)+,(" ),"36(*.'"

2)//'-',&)1&)+," 1-'" ,+&" 5,+D," 1(" !'&7"P'" $1;'" *+3:),'2" +6-" ?$)4H('E" 21&1" +," ),2);)261."

0'12"4-+&'),("D)&$"J',+3'"D)2'"'94-'(()+,"1,1.!()("+/"*+3:),'2"0'12AT0'12>"5,+*52+D,7"

G,"122)&)+,L"+6-"(&62!"1.+,J"'9)(&),J"21&1"+,"&$'"-+.'"+/"U14T0'12"),"&-1,(*-)4&)+,1."1*&);1&)+,"

-1)('2"&$'"E6'(&)+,"1("&+"$+D"&$'"0'12"/1*&+-(":-),J"1:+6&"1*&);1&)+,"1,2"-'4-'(()+,"+/"J','"

&-1,(*-)4&)+," ()36.&1,'+6(.!7"P'" 2'*)2'2" &+" 122-'((" &$)(" E6'(&)+," :!" 4'-/+-3),J" &1,2'3H
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1//),)&!" 46-)/)*1&)+," )," I.1JHF<H0'12>" '94-'((),J" ?@?A@" *'..(" 1,2" 31((" (4'*&-+3'&-)*"

)2',&)/)*1&)+,"+/"0'12>":),2),J"41-&,'-(7"G"$1;'")2',&)/)'2"31,!",+;'."0'12>":),2),J"41-&,'-("

),*.62),J" G/)@M@:"1,2"31,!"3'3:'-("+/" &-1,(*-)4&)+,"1*&);1&),J"1,2" -'4-'((),J"*+34.'9'(7"

0$)("41-&"+/"3!"4-+8'*&"+4',("64"31,!"E6'(&)+,("/+-"/6&6-'"),;'(&)J1&)+,7"

0$)-2.!L"D'"D)($'2"&+"'9&',2"+6-"(&62!"&+"&$'"4-)31-!"3!+:.1(&(L"1(")&")("1,"64*+3),J"3+2'."

&+"(&62!"2)//'-',&)1&)+,"),H;)&-+7"G"4'-/+-3'2".+(("+/"/6,*&)+,"(&62!"+/";1-)+6("0'12"4-+&'),("

:+&$"),"?@?A@"1,2"),"4-)31-!"3!+:.1(&(7"G"&-!"&+"122-'(("&$'"()3).1-)&)'("1,2"2)//'-',*'("),"

?@?A@"1,2"4-)31-!"3!+:.1(&("J','"-'J6.1&)+,"26-),J"2)//'-',&)1&)+,7"G"'(&1:.)($'2"&$1&"0'12"

1-'"'E61..!"'((',&)1."),"3!+:.1(&"2)//'-',&)1&)+,7""

I),1..!L"D'"',;)(1J'2"(&62!),J"&$'"/6,*&)+,"+/"0'12"4-+&'),("),H;);+7"I+-"&$)(L"D'"J','-1&'2"

*+,2)&)+,1."5,+*5+6&"3+2'.("+/"0'12>"2'.'&)+,"')&$'-"),"126.&"36(*.'"/):-'"+-"),"#19VW"*'..(7"

X'-!"/'D"(&62)'("$1;'"122-'(('2"&$'"-+.'"+/"0'12("),";);+"36(*.'"2';'.+43',&L"/6,*&)+,"1,2"

-'J','-1&)+,7" <.&$+6J$" :+&$" &$'('" 3+2'.(" D).." $'.4" 6(" 122-'((" &$'('" E6'(&)+,(" )," 1"

*+34.'3',&1-!"31,,'-L" G" $1;'" 86(&" :'J6," &+" 122-'((" &$)(" E6'(&)+," 1,2" G" D).." *+,&),6'" &+"

6,2'-&15'")&"1("3!"4+(&H2+*&+-1."-'('1-*$"D+-57"
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!"#$ % 

I. Specific and redundant roles of the TEAD family of transcription factors in 

C2C12 cell and primary myoblast differentiation.  
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&'()*+*) ",- #(-.,-",$ #/0(1 /+ $2( 3456 +"7*08 /+ $#",1)#*'$*/, +")$/#1 *, 9:9;: )(00 

",- '#*7"#8 78/<0"1$ -*++(#(,$*"$*/,=  

"

S$).4!"Y+($)L"Z6)..163'"%1;)2(+,L"S&[4$1,)'"\'"Z-1("1,2"G-D),"%1;)2(+,
]L">
"

"

%'41-&3',&" +/" I6,*&)+,1." Z',+3)*(" 1,2" ?1,*'-L" G,(&)&6&" 2'" Z[,[&)E6'" '&" 2'" =)+.+J)'"

 +.[*6.1)-'"'&"?'..6.1)-'L"?CBSTGCS^B T_\#L"A"B6'"\16-',&"I-)'(L"`V>M>"G..5)-*$"?[2'9L"

I-1,*'7"^E6)4'".1:[.)(['"\)J6'"?+,&-'".'"?1,*'-"

"

]"0+"D$+3"*+--'(4+,2',*'"($+6.2":'"122-'(('2O"

^"31)."O")-D),a)J:3*7/-"

B6,,),J"0)&.'O"0'12"/1*&+-("1-'"'((',&)1."/+-"36(*.'"2)//'-',&)+,""

b'!"D+-2(c"?@?A@L"4-)31-!"3!+:.1(&(L"0'12AL"0'12>L"3!+J','()("
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5<1$#")$= 

0$'"0^<%"/13).!"+/"&-1,(*-)4&)+,"/1*&+-("-'*+J,)('"&$'" ?<0"'.'3',&"/+6,2"),"&$'"

4-+3+&'-(" +/" 36(*.'H(4'*)/)*" J','(7" Z','&)*" 1,1.!()(" +/" &$')-" /6,*&)+," )," 36(*.'"

2)//'-',&)1&)+,"$1("4-+;'2"'.6();'".)5'.!"26'"&+"-'26,21,*!"13+,J(&"&$'"/13).!"3'3:'-(7"P'"

4-';)+6(.!" 6('2" ($BC<H3'2)1&'2" ().',*),J" &+" ($+D" &$1&" 0'12>" 4.1!(" 1," '((',&)1." -+.'" ),"

?@?A@"*'.."2)//'-',&)1&)+,7"0'12>"().',*),J"-'(6.&'2"),"1:,+-31."2)//'-',&)1&)+,"*$1-1*&'-)('2"

:!" &$'" /+-31&)+," +/" ($+-&','2" 3!+&6:'(7" G,&'J-1&)+," +/" *$-+31&)," )336,+4-'*)4)&1&)+,"

*+64.'2" &+" 1--1!" $!:-)2)(1&)+," K?$G#H*$)4N" 1,2" BC<H('E" 21&1" )2',&)/)'2" 1" ('&" +/" 4+&',&)1."

&1-J'&" J','(" &$1&" 1-'" ')&$'-" 1*&);1&'2" +-" -'4-'(('2" :!" 0'12>" 26-),J" 2)//'-',&)1&)+,7" G," &$)("

(&62!L" D'" $1;'" 6('2" ()BC<H3'2)1&'2" ().',*),J" &+" 122-'((" &$'" -+.'" +/" &$'" 0'12" /1*&+-(" ),"

4-)31-!"3!+:.1(&"2)//'-',&)1&)+,7"G,"*+,&-1(&"&+"?@?A@"*'..("D$'-'"0'12>"4.1!("1"*-)&)*1."-+.'L"

)&(" ().',*),J" )," 4-)31-!" 3!+:.1(&(" $12" .)&&.'" '//'*&" +," &$')-" 2)//'-',&)1&)+,7" S).',*),J" +/"

),2);)261."0'12"/1*&+-("$12",+"()J,)/)*1,&"'//'*&"+,"4-)31-!"3!+:.1(&"2)//'-',&)1&)+,L"D$'-'1("

*+3:),1&+-)1." ().',*),J" .'2" &+" ),$):)&)+," +/" &$')-" 2)//'-',&)1&)+," ),2)*1&),J" -'26,21,*!"

13+,J(&" &$'('" /1*&+-(7" G," ?@?A@" *'..(" 1.(+L" *+3:),1&+-)1." 0'12" ().',*),J" $12"36*$"3+-'"

4+&',&"'//'*&(" &$1,"().',*),J"+/"0'12>"1.+,'"),2)*1&),J"1"*+,&-):6&)+,"+/"+&$'-"0'12("),"&$)("

4-+*'((7" =!" ),&'J-1&),J" 0'12A" 1,2" 0'12>" ?$G#H('E" 21&1" D)&$" BC<H('E" 21&1" /+..+D),J"

*+3:),1&+-)1."0'12AT>"().',*),JL"D'")2',&)/!"2)(&),*&":6&"+;'-.144),J"('&("+/"0'12"-'J6.1&'2"

J','("),":+&$"?@?A@"*'..("1,2"4-)31-!"3!+:.1(&(7"P'"1.(+"),&'J-1&'2"&$'"0'12AT>"?$G#H('E"

21&1 D)&$" 46:.)* 21&1 ('&( +," !+J" 1,2" !+2A"?$G#H('E" 1,2" *$-+31&),"3+2)/)*1&)+,( &+"

)2',&)/!"1"('-)'("+/"1*&);'"-'J6.1&+-!"'.'3',&(":+6,2":!"0'12"/1*&+-("1.+,'"+-"&+J'&$'-"D)&$"

 !+J" 1,2"  !+2A7" 0$'('" 21&1" 2)(('*&" &$'" (4'*)/)*" 1,2" *+3:),1&+-)1." /6,*&)+,(" +/" &$'('"

&-1,(*-)4&)+,"/1*&+-("),"36(*.'"2)//'-',&)1&)+,"-'J6.1&+-!",'&D+-5(7""
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%,$#/-.)$*/, 

" 0$'" 0'12" &-1,(*-)4&)+," /1*&+-(L" 4-';)+6(.!" 1.(+" *1..'2" 0'/(" K&-1,(*-)4&)+," ',$1,*'-"

/1*&+-(N":),2"&+"1"*+,(',(6(" ?<0"KdeH?<00??<T0HReN"'.'3',&"+-)J),1..!")2',&)/)'2"1("&$'"

Z0HGG"3+&)/"+/"&$'"SX>M"',$1,*'-"K<,:1,1,213"'&"1.7L"@MM`c"%1;)2(+,"'&"1.7L"Afggc"h)1+"'&"

1.7L"AffAN7"0'12"/13).!"3'3:'-("K0'12AH>N"($1-'"1-'"1"$)J$.!"';+.6&)+,1-).!"*+,('-;'2"%C<"

:),2),J" 2+31),L" *1..'2" &$'" 0^<T<00S" 2+31)," K<,2-)1,+4+6.+(" 1,2" 0)3:'-.15'L" AffAc"

=6-J.),L"AffAN7" 1331.)1,"0'12("1-'"'94-'(('2"),"1.3+(&"1.."&)((6'("D)&$"4-+3),',&"0'12A"

1,2"0'12>"'94-'(()+,"),"(5'.'&1."36(*.'L" .6,J"1,2"$'1-&"1,2",'-;+6("(!(&'37"G,)&)1..!L"+,.!"

0'12>"D1(" /+6,2"'94-'(('2" ),"2';'.+4),J" (5'.'&1."36(*.'" ),"3+6('"'3:-!+" KY1*E6'3),"'&"

1.7L"Aff`NL"$+D';'-L".1&'-")&"D1("($+D,"&$1&":+&$"0'12A"1,2"0'12>"1-'"*+H'94-'(('2"1,2"*+H

.+*1.)('"&+"(+3)&'("),"2';'.+4),J"3+6('"'3:-!+("KB):1("'&"1.7L"@MAAN7"S';'-1." !"# $%&"(&62)'("

$1;'" '(&1:.)($'2" &$'" -+.'" +/" 0'12" 4-+&'),(" )," :),2),J"  ?<0" '.'3',&(" 1,2" 1*&);1&),J"

'94-'(()+,"+/"36(*.'H(4'*)/)*"J','("K 1-"1,2"i-21$.L"AfggL"AffMN7""

0$'('"/),2),J("$1;'":'',"'9&',2'2" !"# #&"D$'-'"0'12("$1;'":'',"($+D,"&+"-'J6.1&'"

),*-'1('2"1*&);1&)+,"+/" &$'"'($)*" 4-+3+&'-" )," (&-'&*$H+;'-.+12" ),26*'2"36(*.'"$!4'-&-+4$!"

K?1-(+,"'&"1.7L"AffdN7"%','-;1&)+,H),26*'2"2'*-'1('"),"+,-."'94-'(()+,"),"-1&"(+.'6("36(*.'"

)( 3'2)1&'2" :!" .+(( +/  ?<0 :),2),J" :!" 0'12" /1*&+-( KF6'!"b< @MMRN7" S)3).1-.!L" 1*6&'

-'()(&1,*'" '9'-*)('" D)&$" $)J$" 3'*$1,)*1." .+12),J" ),26*'(" 0'12H2'4',2',&" '94-'(()+," +/"

?!-`A" 1,2"?&J/" Kb);'.1" '&" 1.7L" @MMVN7" 0()51" '&" 1.7" ($+D" &$1&" +;'-'94-'(()+," +/"F<H&1JJ'2"

0'12A"2-);',":!"&$'"/01"4-+3+&'-"-'(6.&'2" ),"/1(&H&+H(.+D"/):-'H&!4'"(D)&*$" ),"-'(4+,('" &+"

3'*$1,)*1."+;'-.+12"K0()51"'&"1.7L"@MMgN7""

0'12"/1*&+-("1.(+"1*&"1("3'2)1&+-("+/"&$'"F)44+"41&$D1!"),"4-+.)/'-1&)+,L"+,*+J','()(L"

31),&',1,*' +/ (&'3 *'..( 1,2"&$')-"2)//'-',&)1&)+,"1( D'.. 1( +-J1,"()j' ;)1 &$')-"),&'-1*&)+,"

D)&$"&$'"U14"1,2"PD&-A"K01jN"&-1,(*-)4&)+,1."*+H1*&);1&+-("K?':+.1"'&"1.7L"@MAdc"F1,"'&"1.7L"

@MAdc" P1&&" '&" 1.7L" @MAdc" k1,*+,1&+" '&" 1.7L" @MAdc" k$1+" '&" 1.7L" @MMgN7" G," &'-3(" +/" 36(*.'"

2)//'-',&)1&)+,L" *+,(&)&6&);'" '94-'(()+," +/"U14"31),&1),(" #19VW" 1,2" !+2AW" (1&'..)&'" *'..("

1,2"(1&'..)&'"*'..H2'-);'2"3!+:.1(&(L"4-+3+&'("4-+.)/'-1&)+,":6&"4-';',&("&$')-"2)//'-',&)1&)+,7"

G,"?@?A@"3!+:.1(&(L"U14"*+H)336,+4-'*)4)&1&'("D)&$"0'12A"1,2"*+,(&)&6&);'.!"1*&);'"U14"

),26*'("'94-'(()+,"+/"&$'" ?<0"2-);',".6*)/'-1('"-'4+-&'-"KY62(+,"'&"1.7L"@MA@N7"" +-'+;'-L"

)&" $1(" :''," ($+D," &$1&" U14" )(" 64-'J6.1&'2" )," 1*&);1&'2" (1&'..)&'" *'..(L" 1,2" )(" 1*&);'.!"

&-1,(*-):'2"),"4-+.)/'-1&),J"3!+:.1(&(7"G,"*+,&-1(&L"U14")("'94+-&'2"+6&"+/"&$'",6*.'6("26-),J"

&'-3),1."2)//'-',&)1&)+,"),&+"3!+&6:'("1,2"'94-'(()+,"+/"1"*+,(&)&6&);'.!",6*.'1-"/+-3"+/"U14"
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),$):)&(" 2)//'-',&)1&)+," KY62(+," '&" 1.7L" @MA@c" P1&&" '&" 1.7L" @MAMN7" " S+" /1-L" ,+" (&62!" $1("

),;'(&)J1&'2"&$'"),&'-1*&)+,"+/"U14"1,2"0'12>"),"2)//'-',&)1&),J"?@?A@"*'..(7"

=.1)(" '&" 1.7" ($+D'2" :!" ?$G#H*$)4" '94'-)3',&(" &$1&" :+&$"  !+2A" 1,2"  !+J"

&-1,(*-)4&)+,"/1*&+-("2)-'*&.!":),2"&+"&$'"23)45"4-+3+&'-"),"?@?A@"*'..("K=.1)("'&"1.7L"@MMdN7"

S6:('E6',&.!L"D'"($+D'2"&$1&"0'12>")("64-'J6.1&'2"1,2")("-'E6)-'2"/+-"?@?A@"2)//'-',&)1&)+,"

 !" # $%&" K=',$122+6" '&" 1.7L" @MA@N7" S$BC<H3'2)1&'2" (&1:.'" 5,+*52+D," +/" 0'12>" .'2" &+"

/+-31&)+,"+/"($+-&','2"3!+&6:'("*+341-'2"&+"*+,&-+."?@?A@"*'..(7"?$G#H*$)4"'94'-)3',&("),"

?@?A@" +;'-'94-'((),J" I.1JHF<H0'12>" -';'1.'2" &$1&" 0'12>" +**64)'(" g`V" 4-+3+&'-("

),*.62),J"+,&6L"/40!*)"1,2"/)#77"BC<H('E")2',&)/)'2"&$'"('&"+/"J','("2+D,-'J6.1&'2"64+,"

0'12>" 5,+*52+D," 13+,J(&" D$)*$" 1-'" 36(*.'" (&-6*&6-1." 1,2" -'J6.1&+-!" 4-+&'),(7" P'" 46&"

/+-D1-2" 1"3+2'." ),"=',$122+6"'&" 1.7" ($+D),J" &$1&"0'12>" ),26*'(" '94-'(()+,"+/"+,&6" 1,2"

'!0%48"-'E6)-'2"/+-"3!+:.1(&"2)//'-',&)1&)+,L":6&"-'4-'(('("&$'"'94-'(()+,"+/"/$69"1,2"/(!4*"

*+,&-):6&),J" &+" *'.." *!*.'" '9)&7"F+D';'-L" )," &$)(" (&62!"D'"2)2",+&" 122-'((" &$'" -+.'"+/"+&$'-"

0'12("),"&$'('"*'..(7"

F'-'L" D'" ($+D" &$1&" ()BC<"3'2)1&'2" ().',*),J" +/" 23)45"$1(" ,+" '//'*&" +," 4-)31-!"

3!+:.1(&"2)//'-',&)1&)+,7"S)BC<"().',*),J"+/"')&$'-"23)4*L"23)48"+-"23)45"$12",+")341*&"+,"

2)//'-',&)1&)+," +/ /-'($.!" )(+.1&'2" 4+(&H,1&1. 4-)31-!" 3!+:.1(&( D$).' ()36.&1,'+6(

5,+*52+D," +/" &D+" +-" &$-''" +/" &$'" 0'12" 4-+&'),(" -'(6.&'2" )," (&-+,J" )341)-3',&" +/"

2)//'-',&)1&)+,"),":+&$"4-)31-!"3!+:.1(&("1,2"?@?A@"*'..(7"=!"?$G#H('EL"D'")2',&)/)'2"()&'("

*+33+,.!"1,2"4-'/'-',&)1..!":+6,2":!"')&$'-"0'12A"+-"0'12>" ),",+,H2)//'-',&)1&'2"?@?A@"

3!+:.1(&(L" :6&" &$1&" 0'12A" J',+3)*" +**641,*!" )(" (&-+,J.!" -'26*'2" )," 2)//'-',&)1&'2" *'..(L"

D$'-'"0'12>":),2(" &+"3+-'" &$1,"gMMM" ()&'(L"31,!"+/"D$)*$"1-'"1((+*)1&'2"D)&$"FRb@V1*H

31-5'2" 1*&);'" -'J6.1&+-!" '.'3',&(7" BC<H('E" )2',&)/)'(" 2)(&),*&" :6&" +;'-.144),J" ('&(" +/"

2'-'J6.1&'2"J','("),"?@?A@"1,2"4-)31-!"3!+:.1(&(L"D$)*$"64+,"*+341-)(+,"D)&$"?$G#H('E"

21&1" -';'1."J','(" &$1&"31!":'"2)-'*&.!"2'-'J6.1&'2":!"0'12>7"P'"1.(+" )2',&)/!"1,"',$1,*'-"

()J,1&6-'"+/" /-'E6',&.!"*+H+**6-),J"3+&)/("1&" .+*)"*+..'*&);'.!":+6,2":!"0'12>L" !+2A"1,2"

 !+J"1((+*)1&'2"D)&$"J','(" 1*&);1&'2"26-),J"36(*.'"2)//'-',&)1&)+,7"P'" &$'-'/+-'"2'(*-):'"

/+-" &$'"/)-(&" &)3'"),"1"*+34-'$',();'"31,,'-"&$'"-'J6.1&+-!"-+.'("+/"0'12"/1*&+-(" ),"36(*.'"

*'.."2)//'-',&)1&)+,7"
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>(1.0$1" 

3("- +"7*08 +")$/#1 "#( (11(,$*"0 +/# '#*7"#8 78/<0"1$ -*++(#(,$*"$*/,= 

i6-" 4-';)+6(" -'(6.&(" ($+D'2" &$1&" 0'12>" 4.1!(" 1," '((',&)1." -+.'" )," ?@?A@" *'.."

2)//'-',&)1&)+," K=',$122+6"'&" 1.7L" @MA@N7"P'"D)($'2" &+"'9&',2" &$'" (&62!"+/"0'12>" /6,*&)+,"

1,2" 122-'((" )&(" -+.'" )," &$'" 2)//'-',&)1&)+,"+/" 4-)31-!"36-),'"3!+:.1(&(7" #-)31-!"3!+:.1(&("

D'-'" )(+.1&'2" /-+3"RH>"D''5H+.2"?dV=\T`"3)*'" 1,2" 2)//'-',&)1&'2"  !"# $%&" /+-" `" 21!(" K(''"

 1&'-)1.("1,2"3'&$+2(N7"l61,&)&1&);'"B0H#?B"1,1.!()("($+D'2"&$1&"23)45"3BC<"'94-'(()+,"

D1("(&-+,J.!"),26*'2"1&"21!("R"1,2"`"26-),J"2)//'-',&)1&)+,"KI)J6-'"A<N7"S)3).1-.!L"'94-'(()+,"

+/"23)4*"D1("1.(+"(&-+,J.!"),26*'2L"D$'-'1("23)48"'94-'(()+,"2)2",+&"($+D"(&-+,J";1-)1&)+,"

26-),J"&$)("4-+*'(("1,2"23)47" )(",+&"()J,)/)*1,&.!"'94-'(('2"),"3!+:.1(&("K21&1",+&"($+D,N7"

0$'-'/+-'" ()3).1-" &+" ?@?A@" *'..(L" 23)45" '94-'(()+," )(" ),26*'2" 26-),J" 4-)31-!" 3!+:.1(&"

2)//'-',&)1&)+,7"""

0+" 122-'((" &$'" /6,*&)+," +/" 0'12>" )," &$)(" 4-+*'((L" D'" 6('2" ()BC<" &-1,(/'*&)+," &+"

().',*'" )&(" '94-'(()+,7" S)BC<(" D'-'" &-1,(/'*&'2" @>" $+6-(" :'/+-'" &$'" ),)&)1&)+," +/"

2)//'-',&)1&)+,7"?+341-'2"&+"*+,&-+."()BC<L"&-1,(/'*&)+,"+/": 23)45".'2"&+"1"4+&',&"-'26*&)+,"

)," 23)45" '94-'(()+," KI)J6-'" A=N7" C';'-&$'.'((L" 0'12>" ().',*),J" 2)2" ,+&" 1//'*&"+,&6" 1,2"

+,&4*"'94-'(()+,":+&$"+/"D$)*$"-'31),'2"'94-'(('2"),"&$'"2)//'-',&)1&),J"*'..("KI)J6-'"A=N7"

S&1),),J" +/" &$'" &-1,(/'*&'2" *'..(" /+-" 3!+()," $'1;!" *$1)," '94-'(()+," K$'-'1/&'-"  !$N"

'94-'(()+,"($+D'2"&$1&"23)45"().',*),J"2)2",+&")341)-"3!+:.1(&"2)//'-',&)1&)+,"1("&$'"23)45H

().',*'2" *'..(" /+-3'2" .+,J"36.&),6*.'1&'" 3!+&6:'(" KI)J6-'" A?N7" ?1.*6.1&)+," +/" &$'" /6()+,"

),2'9"($+D'2"),"/1*&"&$1&"2)3),)($),J"23)45".';'.(".'12"&+"1"3).2"-'26*&)+,"),"&$'",63:'-"+/"

($+-&'-"3!+&6:'(L" :6&" 2)2" ,+&" 1//'*&" &$'" J','-1&)+," +/" &$'" .+,J'-" &6:'(" KI)J6-'" A%N7"0$6(L"

23)45 ().',*),J" )," 2)//'-',&)1&),J" 4-)31-!" 3!+:.1(&( 2+'( ,+& $1;' &$' (13' '//'*& 1( ),"

?@?A@" *'..(" D$'-'" )&(" -'26*&)+," .'2" &+" 2)3),)($'2" +,&6" '94-'(()+," 1,2" )341)-'2"

2)//'-',&)1&)+,7""

<(" 23)4*" '94-'(()+," )(" 1.(+" ),26*'2" )," 2)//'-',&)1&),J" 4-)31-!" 3!+:.1(&(L" D'"

),;'(&)J1&'2"D$'&$'-"&$'-'"*+6.2":'"/6,*&)+,1."-'26,21,*!"13+,J(&"&$'"0'12(7"P'"/)-(&"6('2"

()BC<("&+"().',*'"23)4*L"23)48"+-"23)45"1,2"'913),'2"$+D"&$)("1//'*&'2"&$'"'94-'(()+,"+/"

&$'"+&$'-"/13).!"3'3:'-(7"23)4*"'94-'(()+,"D1("(&-+,J.!"2+D,H-'J6.1&'2":!": 23)4*L".'(( (+"

:!": 23)48L":6&",+&":!"()0'12>"KI)J6-'"A^N7"S)3).1-.!L"23)45"'94-'(()+,"D1(",+&"1//'*&'2":!"

().',*),J"+/"23)4*"+-"23)487"^94-'(()+,"+/"23)48"D1("-'26*'2"),"&$'"6,2)//'-',&)1&'2"(&1&'"

64+," ().',*),J" +/" ')&$'-" 23)4*" +-" 23)48L" :6&" )&(" '94-'(()+," 26-),J" 2)//'-',&)1&)+," D1("
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3),)31..!"1//'*&'27"0$6(L"'94-'(()+,"+/"'1*$"+/"&$'"0'12(")("-1&$'-"),2'4',2',&"+/"&$'"+&$'-("

(6JJ'(&),J"4+(():.'"/6,*&)+,"-'26,21,*!7""

0+" 1(('((" &$'" /6,*&)+," +/" 0'12A" 1,2" 0'12@" &$')-" '94-'(()+," D1(" ().',*'2" 6(),J"

()BC<(7"<("('',"1:+;'L": 23)45"().',*),J"$12"+,.!"1"3).2"'//'*&"+,"2)//'-',&)1&)+,"KI)J6-'"

AIN7"S)3).1-.!L"().',*),J"+/"23)4*"+-"23)48"$12".)&&.'"'//'*&"+,"2)//'-',&)1&)+,"KI)J6-'("AI"1,2"

ZN7"0$'('"-'(6.&("($+D"')&$'-" &$1&" &$'"0'12("4.1!"-'26,21,&"-+.'(" ),"2)//'-',&)1&),J"4-)31-!"

3!+:.1(&(" +-" 1.&'-,1&);'.!" ,+" '((',&)1." -+.'" )," &$'('" *'..(7" ^913),1&)+," +/" J','" '94-'(()+,"

($+D'2",';'-&$'.'(("&$1&"+,-*"1,2"+,-8"D'-'"-'26*'2":!"'1*$"5,+*52+D,"KI)J6-'"AFN7"G,"

*+,&-1(&L"'94-'(()+,"+/"/)#7L"1"D'..H2'/),'2"0'12>"&1-J'&"J','"),"?@?A@"*'..(L"D1("-'26*'2"

+,.!":!"23)45"().',*),J7"S)3).1-.!L"+,-."'94-'(()+,"D1("(&-+,J.!"1,2"('.'*&);'.!"2)3),)($'2"

),"&$'": 23)45"*'..(7"0$)("($+D("1"(4'*)/)*"-'E6)-'3',&"/+-"0'12>"1&"&$'('"J','("&$1&"*1,,+&"

:'"*+34',(1&'2":!"&$'"'94-'(()+,"+/"&$'"+&$'-"0'12(7"0$6("1&".'1(&"),"&$'"*1('"+/"&$'('"J','(L"

0'12("1-'"-'E6)-'2"1,2"&$'-'")("1"(4'*)/)*",+,H-'26,21,&"/6,*&)+,"/+-"0'12>7"

0+" 122-'((" &$'" 4+(():.'" -'26,21,*!L" D'" ,'9&" &-1,(/'*&'2" 4-)31-!" 3!+:.1(&(" D)&$"

*+3:),1&)+,(" +/" ()BC<(" 1J1),(&" 23)4*" 1,2" 23)45L" &$'" &D+" 0'12(" D$+('" '94-'(()+," )("

(&-+,J.!" ),26*'2"26-),J"2)//'-',&)1&)+,L"+-"0'12AL"0'12@"1,2"0'12>7"0$'"'94-'(()+,"+/" &$'"

*+--'(4+,2),J" 0'12( D1( -'26*'2" )," 1.. *1('( KI)J6-' @<N7" G," *+,&-1(& &+" &$' ),2);)261.

: 23)4*" 1,2": 23)45"5,+*52+D,(" &$'"*+3:),1&+-)1."5,+*52+D,"+/" &$'('" &D+" /1*&+-("$12"1"

4+&',&" '//'*&"+,"2)//'-',&)1&)+,L"D)&$" &$'"144'1-1,*'"+/"31,!"*'..(" '94-'((),J" !$L":6&",+"

/6()+,"1,2"&$'"4-';1.',*'"+/"($+-&'-"3!+&6:'("&$1,"),"&$'"*+,&-+."()BC<"*'..("KI)J6-'"@=N7"

 +-'+;'-L" 1" .1-J'-" ,63:'-" +/" *'..(" /1).'2" &+" ),)&)1&'" !$" '94-'(()+,7" S)3).1-" +:('-;1&)+,("

D'-'"312'"6(),J"&$'"23)4*L"23)48"1,2"23)45"()BC<"*+3:),1&)+,"KI)J6-'"@=N7"?1.*6.1&)+,"

+/" &$'" /6()+," ),2'9" ($+D'2" 1" 31-5'2" -'26*&)+," +/" &$'" ,63:'-" +/" ,6*.')" )," 3!+&6:'("

'94-'((),J"  !$" 1,2" +/" &$'" ,63:'-" +/" *'..(" &$1&" ),)&)1&'2"  !$" '94-'(()+," KI)J6-'" @?N7""

<,1.!()("+/"J','"'94-'(()+,"($+D'2"1"(&-+,J"-'26*&)+,"+/"+,-*L"+,-8L"+,-."1,2"2!! *"),"

&$'": 23)4*T23)48T23)45"*'..("KI)J6-'"@%N7""0+J'&$'-L"&$'('"+:('-;1&)+,("($+D'2"&$1&"0'12("

2+" ),2''2" 4.1!" '((',&)1.L" :6&" 41-&)1..!" -'26,21,&" /6,*&)+,(" )," 2)//'-',&)1&),J" 4-)31-!"

3!+:.1(&(7"""

&'()*+*) ",- #(-.,-",$ #/0(1 /+ 3("- +"7*08 +")$/#1 *, 9:9;: )(00 -*++(#(,$*"$*/,= 

0$'" 1:+;'" +:('-;1&)+,(" ($+D'2" 41-&)1..!" -'26,21,&" -+.'(" /+-" 0'12" /1*&+-(" ),"

2)//'-',&)1&),J" 4-)31-!"3!+:.1(&(L" D$'-'1("D'" ($+D'2" 1" *-)&)*1." -+.'" /+-" 0'12>" )," ?@?A@"

*'..(7"G,"+6-"4-';)+6("'94'-)3',&(L"D'"6('2"($BC<"&+"315'"(&1:.'"0'12>"5,+*52+D,(L":6&"
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D'"2)2",+&"),;'(&)J1&'"(!(&'31&)*1..!"&$'"-+.'"+/"&$'"+&$'-"0'12("),"&$'('"*'..(7"0+"),;'(&)J1&'"

&$)("3+-'"*.+('.!L"D'"4'-/+-3'2"(),J.'"1,2"*+3:),1&+-)1."()BC<"5,+*52+D,("+/"&$'"0'12("

),"?@?A@"*'..(7""

<(" 4-';)+6(.!" ('',L" 23)45" '94-'(()+," D1(" (&-+,J.!" ),26*'2" 26-),J" ?@?A@" *'.."

2)//'-',&)1&)+,"KI)J6-'"R<N"1,2")&("),26*&)+,"D1(",+&"2)3),)($'2":!"23)4A"().',*),JL":6&"D1("

(+3'D$1&" -'26*'2" :!" 23)48" ().',*),J7" 23)48" '94-'(()+," D1(" 1.(+" ),26*'2" 1.:')&" .'(("

(&-+,J.!"&$1,"23)4*"+-"23)45L":6&")&("1*&);1&)+,"D1("(&-+,J.!"2)3),)($'2":!"23)4*"+-"23)45"

().',*),J7"23)4*"'94-'(()+,"D1("),26*'2"26-),J"2)//'-',&)1&)+,L":6&")34+-&1,&.!")&("),26*&)+,"

D1("(&-+,J.!"-'26*'2"D$',"23)45"D1("().',*'27"0$)("-'(6.&"D1("*+,/)-3'2":!"P'(&'-,":.+&L"

D$'-'" ),26*'2" '94-'(()+," +/" &$'" 0'12A" 1,2" 0'12>" 4-+&'),("D1(" (''," )," &$'" '9&-1*&(" /-+3"

2)//'-',&)1&'2"*'..("KS644.'3',&1."I)J6-'"A<"1,2"=N7"P$).'"0'12>"),26*&)+,"D1(",+&"-'26*'2L"

:6&"1*&61..!"3).2.!" ),*-'1('2" ),": 23)4*"*'..(L"0'12A" ),26*&)+,"D1(" -'26*'2" )," &$'": 23)45"

*'..(7" " 0$)(" 31-5(" 1" /6,213',&1." 2)//'-',*'" D)&$" 4-)31-!" 3!+:.1(&(" D$'-'" 23)4*" D1("

(&-+,J.!" ),26*'2" ';'," )," &$'" 1:(',*'" +/"23)45" 1,2" &$6(" *+6.2" 4+&',&)1..!" *+34',(1&'" /+-"

23)45"().',*),J7"G,"?@?A@"*'..("&$)(")(",+&"&$'"*1('"1("23)45")("-'E6)-'2"/+-"319)31."23)4*"

1*&);1&)+,"26-),J"2)//'-',&)1&)+,7"G,"1.."()&61&)+,(L"&-1,(/'*&)+,"D)&$"()BC<("1J1),(&"),2);)261."

0'12("+-"*+3:),1&)+,("+/"0'12("$12"&$'"4+&',&"1,2"'94'*&'2"'//'*&("+,"&$')-"+D,"'94-'(()+,7"

 +-'+;'-L": 23)4*T23)45".'12"&+"-'26*'2"23)48"'94-'(()+,"KI)J6-'"R<N7"""

S&1),),J"+/"*+,&-+."1,2"()BC<"&-1,(/'*&'2"*'..("D)&$" !$"1..+D'2"1(('((3',&"+/"&$'"

'//'*&("+,"2)//'-',&)1&)+,7"?+341-'2" &+"*+,&-+."*'..(L" ().',*),J"+/"23)4*"+-"23)45" .'12" &+"1"

-'26*&)+,"),"3!+:.1(&"/6()+,"D)&$"&$'"1:(',*'"+/".+,J'-"1,2"&$)*5'-"/):-'("),"/1;+6-"+/"($+-&'-"

1,2".'(("2';'.+4'2"/):-'("KI)J6-'"R=N7""<"()3).1-L":6&".'(("4-+,+6,*'2L"'//'*&"D1("('',"64+,"

23)48"().',*),J7"?+3:),1&+-)1."23)4*T23)45"().',*),J".'2"&+"3+-'"2-131&)*"'//'*&("D)&$"&$'"

144'1-1,*'" +/" /'D'-" 1,2" ($+-&'-" /):-'(L" D$).'" ().',*),J" +/" 1.." &$-''" 0'12(" -'(6.&'2" )," &$'"

/+-31&)+,"+/"+,.!"1"/'D"'.+,J1&'2"3!+&6:'(7"<"*+--'(4+,2),J"-'26*&)+,"+/"&$'"/6()+,"),2'9"

64+,"*+3:),1&+-)1."()0'12"().',*),J"D1("+:('-;'2"KI)J6-'"R?N7""

0$'('" -'(6.&(" ($+D" &$1&" ,+-31." '94-'(()+," +/" '1*$" 0'12" )(" '((',&)1." /+-" /6.."

2)//'-',&)1&)+,"*$1-1*&'-)('2":!"&$'"J','-1&)+,"+/".+,J"1,2"&$)*5"/):-'("1,2"$',*'"&$1&"1.."&$-''"

/1*&+-("*+,&-):6&'"&+"&$)("4-+*'((7""

&(0()$*?( 3("-; ",- 3("-@ A(,/7*) /)).'",)8 
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0+":'&&'-"6,2'-(&1,2"$+D"),2);)261."0'12(L"),"41-&)*6.1-"0'12A"1,2"0'12>"*+,&-):6&'"

&+"J','"'94-'(()+,"),"?@?A@"*'..(L"D'"6('2"?$G#H('E"&+"4-+/).'"&$')-"J',+3)*"+**641,*!"),"

6,H2)//'-',&)1&'2"1,2"2)//'-',&)1&'2"*'..(7"?$-+31&),"D1("4-'41-'2":'/+-'"2)//'-',&)1&)+,"1,2"

`" 21!(" 1/&'-" 2)//'-',&)1&)+," 1,2"?$G#"D1(" 4'-/+-3'2"D)&$" 1,&):+2)'(" &$1&" ('.'*&);'.!"?$G#"

')&$'-"0'12>"+-"0'12A7""

<,1.!()("+/"0'12>"+**641,*!"),"6,2)//'-',&)1&'2"*'..(")2',&)/)'2"@f>M"()&'("&$1&"D'-'"

.+*1&'2"31),.!"2)(&1,&" /-+3" &$'" &-1,(*-)4&)+,"(&1-&" ()&'(" K0SSN" KI)J6-'"><N7" G,"*+,&-1(&"D)&$"

31,!"+&$'-"&-1,(*-)4&)+,"/1*&+-(L"+,.!".)&&.'"',-)*$3',&"+/"0'12>"+**641,*!"D1("('',"*.+('"&+"

&$'" 0SS7"</&'-" 2)//'-',&)1&)+,L" 1,2" *+,()(&',&"D)&$" &$'" ),*-'1('" )," 0'12>" '94-'(()+,L"3+-'"

&$1,"gAMM"()&'("D'-'"+**64)'2L"&$'"318+-)&!"+/"D$)*$"D'-'"1J1),".+*1&'2"2)(&1,&"/-+3"&$'"0SS"

KI)J6-'" >=N7" <,1.!()(" +/" %C<" 3+&)/(" 1&" &$'" +**64)'2" ()&'(" )," :+&$" 6,2)//'-',&)1&'2" 1,2"

2)//'-',&)1&'2" *'..(" ($+D'2" (&-+,J" ',-)*$3',&" +/" &$'" 4-';)+6(.!" 2'(*-):'2"  ?<0" 3+&)/"

KI)J6-'">?H%N7"C';'-&$'.'((L"+&$'-"3+&)/("*+H+**6--'2"D)&$"&$'" ?<0"3+&)/"1&"$)J$'-"&$1,"

'94'*&'2"/-'E6',*!"1&"&$'('"()&'(7"G,"6,2)//'-',&)1&'2"*'..(L"1"(&-+,J"',-)*$3',&"),"3+&)/("/+-"

&$'" <#AH/13).!" +/" &-1,(*-)4&)+," /1*&+-(" D1(" +:('-;'2" KI)J6-'" >?N7" ^,-)*$3',&" /+-" +&$'-"

/1*&+-(" (6*$" 1(" B6,9" D1(" 1.(+" ('',7" G," 2)//'-',&)1&'2" *'..(L" <#A" /13).!" ()&'(" -'31),'2"

',-)*$'2L" :6&" +&$'-" ()&'("D'-'",+D"4-+3),',&" (6*$" 1(" &$'"^H=+9L" -'*+J,)&)+," ('E6',*'" /+-"

 !+2AL" ?&*/L" 1,2" 0*/R" KI)J6-'" >IN7" 0$6(" 26-),J" 2)//'-',&)1&)+,L" 0'12>" +**64)'(" 1" ,'D"

-'4'-&+)-'" +/" ()&'(" 1,2" 1((+*)1&'(" D)&$" 2)//'-',&" &-1,(*-)4&)+," /1*&+-(" &+" 1*&);1&'" &$'"

2)//'-',&)1&)+,"4-+J-137"

<(" 4-';)+6(.!" (''," :!" ?$G#H*$)4" K=',$122+6" '&" 1.7L" @MA@NL" 0'12>" *+,(&)&6&);'.!"

+**64)'2"()&'("64(&-'13"+/"&$'"/$69"1,2"/(!4*"J','("KI)J6-'">ZNL"D$'-'1("+**641,*!"+/"()&'("

1&" &$'"'($)*" .+*6(" )(" (''," +,.!" 26-),J" 2)//'-',&)1&)+,7"<" J.+:1." *+341-)(+," +/" &$'" ()&'(" ),"

6,2)//'-',&)1&'2" 1,2" 2)//'-',&)1&'2" *'..(" ),2)*1&'2" &$1&" +**641,*!" +/" A>MM" ()&'(" D1(" .+(&"

26-),J"2)//'-',&)1&)+,L"D$'-'1("&$1&"+/"3+-'"&$1,"`VMM"()&'("D1("J1),'2"1,2"&$1&"+/"A>MM"()&'("

D1(" (''," 6,2'-" :+&$" *+,2)&)+,(" KI)J6-'" d<H=N7" <,1.!()(" +/" &$'" %C<" 3+&)/(" 1&" ()&'("

(4'*)/)*1..!"+**64)'2"),"6,2)//'-',&)1&'2"1,2"2)//'-',&)1&'2"*'..("*+,/)-3'2"&$'"1,1.!()("('',"

1:+;'"D)&$"1"4-';1.',*'"+/"<#A"()&'("),"&$'"6,2)//'-',&)1&'2"(&1&'"1,2"+/"?&*/L" !+2AL" !+J"

1,2"0*/R" ),"2)//'-',&)1&'2"*'..(" KI)J6-'"d?N7"P'"1.(+" /+6,2"',-)*$3',&" /+-"0*/A@"1&"0'12>"

()&'(" )," 2)//'-',&)1&'2" *'..(7" 0*/A@" $1(" :''," ($+D," &+" *++4'-1&'" D)&$"  !+2A" &+" 4-+3+&'"

3!+J',)*"2)//'-',&)1&)+,"K#1-5'-"'&"1.7L"@MM`N7"



   

     

   Results 

 

 
98 

P'" ,'9&" 4'-/+-3'2" 1" ()3).1-" 1,1.!()(" +/" 0'12A" +**64)'2" ()&'(7" G," 6,2)//'-',&)1&'2"

*'..(L"0'12A"+**64)'2"1-+6,2"A>MM" ()&'(L" .+*1&'2" /1-" /-+3" &$'"0SSL" ',-)*$'2" )," &$'" ?<0"

3+&)/"1("D'.."1("&$+('"+/"<#A"1,2"B6,9"KI)J6-'("`<L"?"1,2"%N7"S&-)5),J.!"$+D';'-L"0'12A"

+**641,*!"D1("(&-+,J.!"-'26*'2"),"&$'"2)//'-',&)1&'2"(&1&'"1,2"+,.!"@V>"()&'("D'-'"+:('-;'2"

KI)J6-'"`=N7"S)&'("+**64)'2"),":+&$"&$'"6,2)//'-',&)1&'2"1,2"2)//'-',&)1&'2"(&1&'(L",';'-&$'.'(("

($+D'2" .+D'-" '94-'(()+," )," &$'" 2)//'-',&)1&'2" (&1&'(" KI)J6-'" `^N7"0$6(L" &-1,()&)+," /-+3" &$'"

6,2)//'-',&)1&'2" &+" &$'" 2)//'-',&)1&'2" (&1&'(" ),;+.;'(" 1" (D)&*$" /-+3" 0'12A" 1,2" 0'12>"

+**641,*!"&+"4-'2+3),1,&.!"0'12>"+**641,*!7"""

<"*+341-)(+,"+/"0'12A"1,2"0'12>"+**641,*!"),"&$'"6,2)//'-',&)1&'2"(&1&'"-';'1.'2"1"

.1-J'"('&"+/"3+-'"&$1,"fMM"()&'("+**64)'2":!":+&$"0'12A"1,2"0'12>"1("D'.."1("()&'("+**64)'2"

1.3+(&" '9*.6();'.!" :!" 0'12>" KI)J6-'" V<N7" <" (31..'-" ('&" +/" ()&'(" 1.(+" ($+D(" 4-'/'-',&)1."

+**641,*!" :!" 0'12AL" 1.&$+6J$" 1&" 3+(&" +/" &$'('" ()&'(" &$'-'" )(" 1.(+" 1" .+D" .';'." +/" 0'12>"

+**641,*!"D)&$" /'D"()&'("($+D),J"1"('.'*&);'"0'12A"+**641,*!" KI)J6-'"V=N7" "0$6("2'(4)&'"

&$'"/1*&" &$1&" &$'('" &D+"4-+&'),(":),2" )2',&)*1."('E6',*'("1,2" &$1&"0'12A"+**641,*!"144'1-("

J.+:1..!".+D'-"&$1,"&$1&"+/"0'12>L"&$'-'"1-'"1"('&"+/"()&'("&$1&"1-'"4-'/'-',&)1..!"+**64)'2":!"

0'12A7""

P'" ,+&'2" 1:+;'" &$1&" 0'12>" -'J6.1&'2" 23)4*" '94-'(()+," 26-),J" 2)//'-',&)1&)+,7"P'"

&$'-'/+-'" '913),'2" 0'12>" +**641,*!" 1&" &$'" 23)4*" .+*6(7" 0D+" *+,(&)&6&);'" 0'12AT0'12>"

+**64)'2" ()&'("D'-'" +:('-;'2L" +,'" 64(&-'13" +/" &$'" 4-+3+&'-" +/" &$'" .+,J'(&" )(+/+-3" 1,2" 1"

('*+,2" 64(&-'13 +/ 1," 1.&'-,1&);' 4-+3+&'-" J);),J" -)(' &+" 1 ($+-&'-" )(+/+-3 KI)J6-' g<N7"

0'12A" +**641,*!" 2)(144'1-'2" 1&" &$)(" .+*6(" 26-),J" 2)//'-',&)1&)+,L" :6&" 0'12>" +**641,*!"

4'-()(&'2" 1,2" ';'," ),*-'1('2" (6JJ'(&),J" &$1&" 0'12>" 2)-'*&.!" -'J6.1&'(" 23)4*" ),26*&)+,7"

G,&'J-1&)+," +/" &$'" 0'12AT>" ?$G#H('E" 21&1" D)&$" 46:.)*" 21&1" +," $)(&+,'" 3+2)/)*1&)+,(" ),"

6,2)//'-',&)1&'2"1,2"2)//'-',&)1&'2"?@?A@"*'..("-';'1.'2"&$'"4-'(',*'"+/"FRb@V1*L"1"31-5"+/"

1*&);'"4-+3+&'-("1,2"',$1,*'-(L"1&"&$'"23)4*"4-+3+&'-"),"6,2)//'-',&)1&'2"*'..("+;'-.144),J"

D)&$"&$'"0'12AT>"+**64)'2"()&'(7"G,&'-'(&),J.!L"64+,"2)//'-',&)1&)+,L"FRb@V1*"),*-'1('2"1&"&$'"

0'12AT>" +**64)'2" ()&'(" 1,2" ,'D" -'J)+,(" 31-5'2" :!" FRb@V1*" 144'1-'2" 64(&-'13" +/" 1,2"

+;'-.144),J" D)&$" &$'" 1.&'-,1&);'" 4-+3+&'-7"  +-'+;'-L" ),&'J-1&)+," D)&$" ?$G#H('E" 21&1" /+-"

 !+2A" 1,2"  !+J" ),2)*1&'2" &$1&" &$'('" &D+" /1*&+-(" :),2" )33'2)1&'.!" 64(&-'13" +/" &$'"

1.&'-,1&);'" 4-+3+&'-" 1&" &$'" -'J)+,(" &$1&" :'*+3'" ',-)*$'2" ),"FRb@V1*7" 0$'('" +:('-;1&)+,("

(6JJ'(&" &$1&"0'12>" *++4'-1&'("D)&$" !+J" 1,2" !+2A" &+" 1*&);1&'"23)4*" '94-'(()+,"26-),J"

2)//'-',&)1&)+,";)1"*+,(&)&6&);'"1,2"),26*):.'"',$1,*'-"1,2"4-+3+&'-"'.'3',&("1,2"3+-'+;'-"
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&$1&" 1," 1.&'-,1&);'" 23)4*" )(+/+-3" )(" '94-'(('2" 26-),J" 2)//'-',&)1&)+," 6,2'-" &$'" *+,&-+." +/"

 !+J"1,2" !+2A7"

<," 1,1.+J+6(" '913),1&)+," +/" &$'" 23)45" .+*6(" ($+D'2" &$1&" 0'12>" +**64)'2" 1" ()&'"

)33'2)1&'.!" 64(&-'13" +/" )&(" +D," 4-+3+&'-" 1,2" &$1&" +**641,*!" +/" &$)(" ()&'" D1(" (&-+,J.!"

),*-'1('2"64+,"2)//'-',&)1&)+,"KI)J6-'"g=N7"G,"*+,&-1(&L"1.3+(&",+"0'12A"+**641,*!"D1("('',"

1&" &$'('" ()&'(7" 0$)(" 0'12>H:+6,2" ()&'" *+),*)2'2" D)&$" FRb@V1*L" :6&" 64+," 2)//'-',&)1&)+,L"

(';'-1."-'J)+,("),"&$'"23)45"J','":+2!"(&-+,J.!"1*E6)-'2"FRb@V1*"1,2"(';'-1."+/"&$'('"()&'("

*+),*)2'2"D)&$":),2),J"+/" !+2A"1,2" !+J7"0$)("(6JJ'(&("&$1&"0'12>"4+()&);'.!"-'J6.1&'(")&("

+D," '94-'(()+," &+J'&$'-" D)&$" &$'('" /1*&+-(" &$1&" :),2" &+" 2)//'-',&)1&)+,H),26*'2" ',$1,*'-"

'.'3',&("2+D,(&-'13"+/"&$'"0'12>"0SS7"""

0$'('" 21&1" $'.4" '94.1)," D$!" 0'12>" -'J6.1&'(" 23)4*L" :6&" ,+&" &$'" ),;'-('7" <&" :+&$"

J','(L",+;'."',$1,*'-(":'*+3'"1*&);'"26-),J"2)//'-',&)1&)+,"1,2":),2" !+2A"1,2" !+J" &+"

4-+3+&'"&$'"64H-'J6.1&'2"'94-'(()+,"+/"&$'('"0'12("26-),J"2)//'-',&)1&)+,7""

P'" 312'" 1" 3+-'" J.+:1." 1,1.!()(" +/" 0'12A" 1,2" 0'12>" 1((+*)1&)+," D)&$" *$-+31&),"

31-5(7"P'" *.6(&'-'2" 0'12>H+**64)'2" ()&'(" )," 6,2)//'-',&)1&'2" 1,2" 2)//'-',&)1&'2" *'..(" D)&$"

FRb>3'R"1"31-5"+/"1*&);'"4-+3+&'-(L"FRb>3'AL"1"31-5"+/"1*&);'"1,2"4+)('2"',$1,*'-("1("

D'.. 1( FRb@V1* K<(4"'& 1.7L"@MAAN7"?+,()(&',& D)&$"&$' /1*& &$1& /'D 0'12>"()&'( 1-' 1& &$'

0SSL"+,.!"1" .)3)&'2"+;'-.14"K@gM"+/"@f>MN"D)&$"FRb>3'R"D1("+:('-;'2"KI)J6-'"f<H=N7" G,"

*+,&-1(&L"A`fg"0'12>"()&'("),"6,2)//'-',&)1&'2"*'..("($+D'2"(&-+,J"1((+*)1&)+,"D)&$"FRb>3'A"

1,2T+-"FRb@V1*" 2'/),),J" 1" ('&" +/" ()&'(" 1&" 1*&);'" 1,2" 4+)('2" ',$1,*'-" '.'3',&(7" <" ()3).1-"

()&61&)+," D1(" (''," D)&$" &$'" ()&'(" +**64)'2" )," 2)//'-',&)1&'2" *'..(" D$'-'" 1.3+(&" $1./" D'-'"

31-5'2" :!"D)&$" FRb>3'A" 1,2"FRb@V1*" 1,2" 64" &+" AdMM" ()&'(" 1((+*)1&'2"D)&$" FRb>3'R"

KI)J6-'" f<H=N7" 0'12>" &$'-'/+-'" +**64)'(" 31,!" /6,*&)+,1." -'J6.1&+-!" '.'3',&(" )," :+&$"

6,2)//'-',&)1&'2" 1,2" 2)//'-',&)1&'2" *'..(7" <" ()3).1-" ()&61&)+," D1(" (''," )," /+-" 0'12A" ),"

6,2)//'-',&)1&'2"*'..("KS644.'3',&1."I)J6-'"@<N7"%6'"&+"&$')-".+D",63:'-"D'"2)2",+&"1,1.!('"

0'12A"()&'("),"2)//'-',&)1&'2"*'..(7""

0+":'&&'-"2'/),'"&$'"-'J6.1&+-!"4+&',&)1."+/"0'12>L"D'")2',&)/)'2"&$'"J','("*.+('(&"&+"

&$'"0'12>H+**64)'2" ()&'(" 1((+*)1&'2"D)&$" 1*&);'" *$-+31&),"31-5(7" G," 6,2)//'-',&)1&'2" *'..(L"

A@`@"J','("D'-'"1,,+&1&'2"1,2"D'-'"/+6,2"',-)*$'2"),"+,&+.+J!"&'-3("(6*$"1("*'.."(&-6*&6-'"

1,2"3+&).)&!L"2';'.+43',&1."4-+*'(('(L"+,*+J','()("1,2"*'.."*!*.'"*+,&-+.7"G,&'-'(&),J"b^ZZ"

41&$D1!"1,1.!()(" -';'1.'2" &$1&"0'12>"1,2"0'12AL" KI)J6-'"f?"1,2"S644.'3',&1."I)J6-'"@=N"

+**64)'2"()&'("1((+*)1&'2"D)&$"*-)&)*1."*+34+,',&("+/"&$'"0J/ "K;1)48L"R"`"1,2"V"1("D'.."1("
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269<8N" 1,2"P,&H()J,1..),J" K=>4*L"=>4?L"2(9.@8N" 41&$D1!(" KI)J6-'"f?N7" G," 122)&)+,L" (';'-1."

'//'*&+-("+/" &$'"F)44+"41&$D1!"(6*$"1("'1&$@*L"'1&$@8" 1,2"A)$:8" 1-'"1.(+"1((+*)1&'2"D)&$"

0'12AT>" +**64)'2" ()&'(7" G," 2)//'-',&)1&'2" *'..(L" 3+-'" &$1," @MMM" J','(" D'-'" 1,,+&1&'2" 1,2"

D'-'"/+6,2"',-)*$'2"),"&'-3("1((+*)1&'2"D)&$"*'.."(&-6*&6-'"1,2"3+&).)&!"1,2"2';'.+43',&1."

4-+*'(('(L":6&",+D"1.(+"&$'"&'-3("36(*.'"2)//'-',&)1&)+,"1,2"*+,&-1*&)+,"144'1-"),*.62),J"&$'"

)34+-&1,&"-'J6.1&+-!"J','("+,&4*L"+,&6"1,2"+398)"1("D'.."1(",63'-+6("(&-6*&6-1."J','("+/"

&$'"36(*.'"/):-'7"<&"31,!"()&'(L"0'12>":),2),J"1,2"FRb@V1*")("')&$'-"',-)*$'2"+-"1*E6)-'2"

43"!&#&"1&"&$'('"J','("26-),J"2)//'-',&)1&)+,"K(''"S644.'3',&1."I)J6-'"@?N7""

<(" 2'(*-):'2" 1:+;'L" D'" /+6,2" &$1&"  !+2A" 1,2" !+J" 31!" *+H-'J6.1&'" 0'12A" 1,2"

0'12>" '94-'(()+," 26-),J" 2)//'-',&)1&)+,7" I6-&$'-3+-'L" D'" 1.(+" /+6,2" &$1&"  !+2AT0*/A@"

:),2),J"3+&)/("D'-'"',-)*$'2"1&"0'12>H+**64)'2" ()&'(" ),"2)//'-',&)1&'2"*'..(7" "P'" &$'-'/+-'"

1,1.!('2" J.+:1." *+H.+*1.)(1&)+," +/" 0'12>" D)&$"  !+2A" 1,2"  !+JH+**64)'2" ()&'(" 6(),J"

4-';)+6(.!"46:.)($'2"46:.)*"21&1" K 1-),+;"'&"1.7L"@MA>N7"?+341-)(+,"+/" !+2A"1,2" !+JH

+**64)'2"()&'("),"2)//'-',&)1&'2"?@?A@"*'..("D)&$"0'12>"+**64)'2"()&'("($+D'2"1"*+,()2'-1:.'"

+;'-.14" D)&$" 3+-'" &$1," @MMM" .+*)" D)&$" ()&'(" +**64)'2" :!" 1.." &$-''" /1*&+-(" KI)J6-'" AM<N7"

<,1.!()("+/" &$'"J','("1((+*)1&'2"D)&$"&$'('"()&'("-';'1.'2"1("'94'*&'2"1"*+..'*&)+,"+/"J','("

),;+.;'2" ),"3!+J',)*"2)//'-',&)1&)+," K21&1",+&" ($+D,N7"<("0'12A"+**64)'(" ()&'(" '((',&)1..!"

+,.!" )," ,+,H2)//'-',&)1&'2" *'..(L" 1" *+341-)(+," D)&$"  !+2A" 1,2"  !+JH+**64)'2" ()&'(" ),"

2)//'-',&)1&'2"*'..("-';'1.'2"+,.!"1".)3)&'2"+;'-.14"+/"1-+6,2"dM"()&'("KI)J6-'"AM=N7"<,1.!()("

+/ &$' &-1,(*-)4&)+,"/1*&+-":),2),J"3+&)/( 1& &$' 0'12>H !+2AH !+JH+**64)'2"()&'( ($+D'2"

',-)*$3',&" ,+&" +,.!" )," &$'" -'*+J,)&)+," 3+&)/(" /+-" &$'('" /1*&+-(L" :6&" 1.(+" /+-" 0*/RL" 0*/A@L"

B6,9L"1,2"b./dL"D$'-'1("&$'"<#A"/13).!"()&'("D'-'".'(("-'4-'(',&'2"&$1,"),"&$'"+;'-1.."0'12>"

4-+/).'"KI)J6-'"AM?"1,2"(''"1.(+"I)J6-'">?N7""

0$)(" 1:+;'" 1,1.!()(" )2',&)/)'2"0'12>H+**64)'2" ()&'(" &$1&" 1-'" *.+('.!" 1((+*)1&'2"D)&$"

 !+2AT !+J"()&'(7"C';'-&$'.'((L"1("($+D,"1:+;'"1&" &$'"23)4*"1,2"23)45" .+*)L"0'12>"31!"

*++4'-1&'"D)&$" !+2AT !+J"&+"1*&);1&'"&$'('"J','("2'(4)&'"&$'"/1*&"&$1&":),2),J"()&'("1-'",+&"

*.+('.!"(41*'27"P'"&$'-'/+-'"J','-1&'2"1".)(&"+/"J','("1((+*)1&'2"D)&$"0'12>H+**64)'2"()&'("

1,2"*+341-'2"&$)("&+"1".)(&"+/"J','("1((+*)1&'2"D)&$" !+J"1,2" !+2A"()&'("&+")2',&)/!"J','("

&$1&"*+6.2":'"4+&',&)1."-'J6.1&'2":!"&$'('"/1*&+-("2'(4)&'"&$'"/1*&"&$1&"&$'!":),2"3+-'"2)(&1,&.!"

(41*'2" 4-+3+&'-" 1,2T+-" ',$1,*'-" '.'3',&(7" <" .1-J'"318+-)&!" +/" 1.." +/" &$'" 4+&',&)1." 0'12>"

-'J6.1&'2"J','("1-'"1((+*)1&'2"D)&$" !+JT !+2A"D$+('"4+&',&)1." &1-J'&"J','("1.(+"($+D"1"

(&-+,J"+;'-.14"KI)J6-'"AM%N7""
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P'"1.(+"*+341-'2"0'12AT>"+**641,*!"D)&$" &$1&"+/" '/@1L"1,+&$'-"3!+J',)*" /1*&+-"

/+-"D$)*$"1"46:.)*"21&1"('&")( 1;1).1:.'"KP1.'("'&"1.7L"@MA>N7"G,"&$)("*+341-)(+,L"D'"1.(+"/+6,2"

1"('&"+/"*+H+**64)'2"()&'("),"6,2)//'-',&)1&'2"*'..("/+-":+&$"0'12A"1,2"0'12>"KI)J6-'"AM^HIN7"

0+J'&$'-"&$'"1:+;'"21&1"),2)*1&'"&$1&"0'12>"*+..1:+-1&'("D)&$" !+2A"1,2T+-" !+J"&+"

1*&);1&'"1"('&"+/"J','("),;+.;'2"),"3!+J',)*"2)//'-',&)1&)+,"1,2"&$1&"0'12AT>"31!"*+..1:+-1&'"

D)&$" '/@1"&+"-'J6.1&'"J','"'94-'(()+,"),"4-+.)/'-1&),J"3!+:.1(&(7"""

3("-;B@C#(A.0"$(- A(,( (D'#(11*/, *, -*++(#(,$*"$*,A 9:9;: )(001= "

P'"6('2"BC<H('E"&+"),;'(&)J1&'"J','"'94-'(()+,"),"2)//'-',&)1&),J"?@?A@"*'..("1,2"

4-)31-!" 3!+:.1(&(" 1,2" $+D" &$'('" -'J6.1&+-!" 4-+J-13(" 1-'" 1//'*&'2" :!" .+((" +/" 0'12A" 1,2"

0'12>7""<("&$'"()BC<"().',*),J"+/"0'12>"+-"0'12A"),2);)261..!"$12".'(('-"'//'*&("+,"?@?A@"

2)//'-',&)1&)+,L"D'" *$+('" &+" 1,1.!('" &$'" J','" '94-'(()+," *$1,J'("D$'," :+&$" 4-+&'),("D'-'"

().',*'2" ()36.&1,'+6(.!" 1,2"2)//'-',&)1&)+,"D1(" (&-+,J.!" )341)-'27"_,2)//'-',&)1&'2"?@?A@"

*'..("D'-'"&-1,(/'*&'2"D)&$"()BC<("1,2"BC<"D1("4-'41-'2"@>"$+6-(".1&'-"K21!"MN"1,2"&$',"

*'..(" D'-'" 3+;'2" &+" 2)//'-',&)1&)+," 3'2)1" 1,2" BC<(" 4-'41-'2" R" 1,2" `" 21!(" .1&'-"

KS644.'3',&1."I)J6-'"R<N7" "?$1,J'(" ),"J','"'94-'(()+,"),": 23)4*B5"*'..("*+341-'2"&+" &$'"

()?+,&-+."*'..("D'-'"E61,&)/)'2"&+")2',&)/!"J','("($+D),J"1"J-'1&'-"&$1,"\+J@"/+.2"*$1,J'"+/"

A"D)&$"1286(&'2"4";1.6'"mMLMd7""

P'" /)-(&" 312'" 1" J.+:1." *+341-)(+," +/" J','" '94-'(()+," )," &$'" ?@?A@" 1,2" 4-)31-!"

3!+:.1(&(7"G,"?@?A@"*'..(L"RARV"J','("1-'"),26*'2"1&"21!"R"1,2"21!"`"D)&$"-'(4'*&"&+"21!"ML"

D$).' ),"4-)31-!"3!+:.1(&( R`@`"J','( 1-' ),26*'2"KS644.'3',&1. I)J6-' ><N7"?+341-)(+,"

($+D'2"&$1&"Ag>d"J','("1-'"*+33+,.!"),26*'2"),":+&$"*'.."&!4'(7"0$'"*+33+,.!"-'J6.1&'2"

J','("1-'"$)J$.!"',-)*$'2"),"+,&+.+J!"&'-3("1((+*)1&'2"D)&$"36(*.'"2)//'-',&)1&)+,7"S)3).1-.!"

@RVd" J','(" 1-'" -'4-'(('2" 26-),J" ?@?A@" *'.." 2)//'-',&)1&)+," 1,2" @Vff" J','(" -'4-'(('2" ),"

4-)31-!" 3!+:.1(&(" D)&$" A>fd" *+33+," &+" :+&$" *'.." &!4'(" KS644.'3',&1." I)J6-'" >=N7" 0$'"

*+33+,.!"-'4-'(('2"J','("1-'"$)J$.!"',-)*$'2"),"+,&+.+J!"&'-3("1((+*)1&'2"D)&$"*'.."*!*.'L"

*+,()(&',&"D)&$" &$'" /1*&" &$1&" 2)//'-',&)1&)+," ),;+.;'(" *'.." *!*.'" 1--'(&7"0$6(L" ()3).1-" :6&" ,+&"

)2',&)*1.L"J','"'94-'(()+,"4-+J-13("1-'"1*&);1&'2"1,2"-'4-'(('2"26-),J"&$'"2)//'-',&)1&)+,"+/"

&$'('"&D+"*'.."&!4'(7"

<,1.!()("+/"&$'"ddA@"J','("-'J6.1&'2"26-),J"2)//'-',&)1&)+,"+/"()?+,&-+."?@?A@"*'..("

)2',&)/)'2" J','(" D)&$" 2)//'-',&" '94-'(()+," 4-+/).'(" &$1&" *+6.2" :'" (6331-)('2" )," `" *.6(&'-("

KI)J6-'"AA<N7"Z','("),"*.6(&'-("AL"R"1,2">"1-'"2+D,H-'J6.1&'2"26-),J"2)//'-',&)1&)+,L":6&"D)&$"
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2)//'-',&"5),'&)*(L"D$).'"&$+('"),"*.6(&'-("@"1,2"d"1-'"64H-'J6.1&'2"D)&$"2)//'-',&"5),'&)*(L"1,2"

&$+('" )," *.6(&'-" `" 1-'" &-1,()',&.!" ),26*'2" 1&" 21!" R" :'/+-'" -'&6-,),J" &+" 1" .+D'-" .';'.7"0$6(L"

J','" '94-'(()+," 26-),J" ,+-31." 2)//'-',&)1&)+," *1," :'" 2)(('*&'2" ),&+" *.1(('(" D)&$" 2)//'-',&"

5),'&)*(7""

I+..+D),J": 23)4*B5"().',*),JL"1"('&"+/":+&$"64"1,2"2+D,H-'J6.1&'2"J','("D'-'"('',"

1.-'12!" 1&" 21!" M" 1,2" &$'" ,63:'-" +/" 2'H-'J6.1&'2" J','(" ),*-'1('2" 1&" 21!" R" 1,2" &$'," D1("

(+3'D$1&" -'26*'2"1&"21!"`" KI)J6-'"AA="1,2"S644.'3',&1."I)J6-'"R=N7" G," &+&1.L" @>f"J','("

D'-'" 64H-'J6.1&'2" :!" : 23)4*B5" ().',*),J" :'&D''," 21!" MH`L" D$).'" d>f" D'-'" -'4-'(('27"

^9134.'("+/"J','("D$+('"'94-'(()+,"D1("2'H-'J6.1&'2"1-'"),2)*1&'2"),"I)J6-'"AA?7"i,&+.+J!"

1,1.!()(" +/" &$'" J','(" 64H-'J6.1&'2" :!" 23)4*B5" ().',*),J" 1&" '1*$" 21!" ($+D'2" +,.!" .+D"

',-)*$3',&"),";1-)+6("/6,*&)+,("(6*$"1("'*&+2'-3"1,2"3'(+2'-3"2';'.+43',&L"4-+.)/'-1&)+,L"

1,2"()J,1." &-1,(26*&)+,"KS644.'3',&1."I)J6-'"R?N7"i,"&$'"+&$'-"$1,2L"+,&+.+J!"1,1.!('("+/"

&$'" 2+D,H-'J6.1&'2" J','( ($+D'2" 1" (&-+,J" ',-)*$3',&" )," &$+('" ),;+.;'2" )," 36(*.'"

2)//'-',&)1&)+,"41-&)*6.1-.!"1&"21!("R"1,2"`"KS644.'3',&1."I)J6-'"R%N7""

0+")2',&)/!"J','("&$1&"31!":'"2)-'*&.!"-'J6.1&'2":!"0'12AT>L"D'"),&'J-1&'2"&$'"J','("

)2',&)/)'2"1("2'-'J6.1&'2"),"&$'"BC<H('E"21&1"D)&$"&$'".)(&"+/"J','("1((+*)1&'2"D)&$"1"0'12>"

:),2),J"()&'7" G," &+&1.L" 1-+6,2"dRMM"J','( D'-' 1((+*)1&'2"D)&$"1& .'1(& +,' 0'12>"+**64)'2"

()&'7"i/" &$'"@>f"J','(" &$1&"D'-'"64H-'J6.1&'2":!": 23)4*B5" ().',*),J":'&D'',"21!("MH`L"fV"

D'-'" 1((+*)1&'2" D)&$" 0'12>" +**64)'2" ()&'(" KI)J6-'" A@<NL" (6*$" 1(" /(!4*" 1(" 4-';)+6(.!"

2'(*-):'2" K=',$122+6" '&" 1.7L" @MA@N" KI)J6-'" A@=N7" 0$'('" J','(" ($+D" .+D" ',-)*$3',&" ),"

+,&+.+J!"&'-3("1((+*)1&'2"D)&$";1-)+6("&!4'("+/"()J,1..),J"1,2"4-+.)/'-1&)+,7"i/"&$'"d>f"J','("

&$1&"D'-'"2+D,H-'J6.1&'2":!": 23)4*B5"().',*),J":'&D'',"21!("MH`L"AgA"D'-'"1((+*)1&'2"D)&$"

0'12>" +**64)'2" ()&'(L" 1,2" D'-'" ',-)*$'2" )," +,&+.+J!" &'-3(" 1((+*)1&'2" D)&$" 36(*.'"

2';'.+43',&"1,2"),*.62'"1"4.'&$+-1"+/"(&-6*&6-1."*+34+,',&(7"0$'('"21&1"),2)*1&'"&$1&"1.3+(&"

>Mn"+/"&$'"J','("2+D,H-'J6.1&'2":!".+(("+/"0'12AT>"1-'"4+&',&)1."2)-'*&"&1-J'&(7""

0+J'&$'-" &$'" 1:+;'" 21&1" *+,/)-3" &$'" *-)&)*1." -+.'" +/" &$'" 0'12" /1*&+-(" )," &$'"

&-1,(*-)4&)+,1." 1*&);1&)+," +/" J','(" ),;+.;'2" )," 3!+&6:'" 2)//'-',&)1&)+," 1,2" (6JJ'(&" &$1&" 1&"

.'1(&"(+3'"J','("31!":'"-'4-'(('2":!"0'12"/1*&+-("26-),J"&$)("4-+*'((7""

3("-;B@C#(A.0"$(- A(,( (D'#(11*/, *, -*++(#(,$*"$*,A '#*7"#8 78/<0"1$1=  

P'" 4'-/+-3'2" 1" ()3).1-" ('&" +/" '94'-)3',&(" )," 2)//'-',&)1&),J" 4-)31-!" 3!+:.1(&(7"

<J1),"1("0'12A"1,2"0'12>"144'1-"&+"$1;'"-'26,21,&"-+.'("),"&$'('"*'..(L"D'"*$+('"&+"1,1.!('"
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&$'" J','" '94-'(()+," *$1,J'(" D$'," :+&$" 4-+&'),(" D'-'" ().',*'2" ()36.&1,'+6(.!" 1,2"

2)//'-',&)1&)+," D1(" )341)-'27" 0-)4.)*1&'" (134.'(" D'-'" 4-'41-'2" 1&" '1*$" &)3'" 4+),&" 1,2"

1,1.!('2"&+")2',&)/!"2)//'-',&)1..!"-'J6.1&'2"J','(7""

P'"1,1.!('2"J','"'94-'(()+,"),"*+,&-+."*'..("&+"+-J1,)('"&$'"2)//'-',&)1..!"'94-'(('2"

`>@d"J','("),"`"*.6(&'-("KI)J6-'"AR<N7"<("),"?@?A@"*'..(L"&$)("*.6(&'-),J")2',&)/)'2"J','("64H

+-"2+D,"-'J6.1&'2"D)&$"2)//'-',&"5),'&)*(":'&D'',"21!("MH`7""

I+..+D),J"()0'12AT>"().',*),JL"64"1,2"2+D,H-'J6.1&'2"J','("D'-'"('',"1.-'12!"1&"21!"

M" 1,2" &$'",63:'-"+/"2'H-'J6.1&'2"J','(" ),*-'1('2"1&"21!"R" 1,2" &$',"D1(" -'26*'2"1&"21!"`"

KI)J6-'" AR=" 1,2"S644.'3',&1." I)J6-'" d<N7" G," &+&1.L" d`R" J','("D'-'" 64H-'J6.1&'2" :'&D'',"

21!" MH`L"D$).'" RVV"D'-'" -'4-'(('27" S'.'*&'2" J','("D$+('" '94-'(()+,"D1(" 2'H-'J6.1&'2" 1-'"

($+D," )," I)J6-'" AR?7" <," 6,'94'*&'2" +:('-;1&)+," D1(" &$'" .1-J'" ,63:'-" +/" J','(" D$+('"

'94-'(()+," D1(" 64H-'J6.1&'2" 1&" 21!" R7" G," ?@?A@" *'..(L" 1" 318+-)&!" +/" J','(" D'-'" 2+D,H

-'J6.1&'2"+,"'1*$"21!"KI)J6-'"A@=NL"D$'-'1("),"4-)31-!"3!+:.1(&("&$'-'"D'-'"3+-'"J','("64H

-'J6.1&'2" 1&" '1*$" (&1J'" &$1," 2+D," KI)J6-'" AR=N7" i,&+.+J!" 1,1.!()(" +/" 64H-'J6.1&'2" J','("

($+D'2" ',-)*$3',&" )," ;1-)+6(" 1(4'*&(" +/" ()J,1." &-1,(26*&)+," 1(" D'.." 1(" '*&+2'-3" 1,2"

3'(+2'-3" 2';'.+43',&L" 1,2" 4-+.)/'-1&)+," KS644.'3',&1." I)J6-'" d=N7" G," *+,&-1(&L" +,&+.+J!"

1,1.!('( +/ &$' 2+D,H-'J6.1&'2" J','( ($+D'2" 1 (&-+,J" ',-)*$3',& )," &$+(' ),;+.;'2" ),"

36(*.'" 2)//'-',&)1&)+," KS644.'3',&1." I)J6-'" d?N7" 0$6(L" 0'12" /1*&+-(" 1-'" '((',&)1." /+-"

1*&);1&)+,"+/"1"('&"+/"J','("),;+.;'2"),"3!+&6:'"2)//'-',&)1&)+,"),"4-)31-!"3!+:.1(&(7"""

P'",'9&"*+341-'2" &$'"J','(" &$1&"1-'"2'H-'J6.1&'2":!"()0'12AT>"().',*),J" ),"?@?A@"

*'..("1,2" ),"4-)31-!"3!+:.1(&(7"<(" &$'"5),'&)*("+/" &$')-"1*&);1&)+,"+/" -'4-'(()+,"31!"2)//'-L"

D'"*+341-'2",+,H-'26,21,&".)(&("+/"1.."J','("2'-'J6.1&'2":'&D'',"21!"MH`"),"'1*$"*'.."&!4'7""

@>f" J','( 1-' 64H-'J6.1&'2" )," ?@?A@" *'..( *+341-'2" D)&$" d`R" )," 4-)31-!" 3!+:.1(&(L"

$+D';'-"+,.!"`d"1-'"*+33+,.!"64H-'J6.1&'2"KI)J6-'"A><N7"0$'('"J','("1-'"31),.!"),;+.;'2"

),"()J,1..),J"1,2"4-+.)/'-1&)+,7"d>f"J','("1-'"2+D,H-'J6.1&'2"),"?@?A@"*'..("*+341-'2"D)&$"

RVV" )," 4-)31-!" 3!+:.1(&(" 1,2" +,.!" AAf" 1-'" *+33+,.!" 2+D,H-'J6.1&'2" KI)J6-'" A>=N7""

<3+,J(&"&$'('"1-'"J','("),;+.;'2"),"3!+&6:'"2)//'-',&)1&)+,L"),*.62),J"'!0%48"1,2"(';'-1."

3!+()," J','(7" B'31-51:.!" &$'-'/+-'L" 0'12AT>" ().',*),J" $12" 2)(&),*&" '//'*&(" +," J','"

'94-'(()+,"),"?@?A@"*'..("1,2"4-)31-!"3!+:.1(&(7""

P$).'"D'"2+",+&"$1;'"0'12"?$G#H('E"21&1"/+-"4-)31-!"3!+:.1(&(L"D'"*+341-'2" &$'"

J','("D$+('" '94-'(()+,"D1(" 2'H-'J6.1&'2" )," 4-)31-!"3!+:.1(&("D)&$" &$+('" 1((+*)1&'2"D)&$"

0'12>" )," ?@?A@" *'..(7" " i/" &$'" d`R" J','(" 64H-'J6.1&'2" :!" ()0'12AT>" ().',*),J" )," 4-)31-!"
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3!+:.1(&(" A`M" D'-'" 1((+*)1&'2" D)&$" 0'12>" +**64)'2" ()&'(" KI)J6-'" A@=NL" 1J1)," ),*.62),J"

/(!4*"1,2"D)&$"',-)*$3',&"),"+,&+.+J!"&'-3("1((+*)1&'2"D)&$";1-)+6("&!4'("+/"()J,1..),J7"i/"

&$'"RVV"J','("&$1&"D'-'"2+D,H-'J6.1&'2L"ARf"D'-'"1((+*)1&'2"D)&$"0'12>"+**64)'2"()&'("1,2"

D'-'" ',-)*$'2" )," +,&+.+J!" &'-3(" 1((+*)1&'2"D)&$"36(*.'" 2';'.+43',&7"0$6(" 1((63),J" &$1&"

0'12>"J',+3)*"+**641,*!"),"4-)31-!"3!+:.1(&(")("*+341-1:.'"&+"&$1&"),"?@?A@"*'..(L"R`n"

+/" &$'" J','(" 2+D,H-'J6.1&'2" :!" .+((" +/" 0'12AT>" 1-'" 4+&',&)1." 2)-'*&" &1-J'&(7" P$).'"

*+,/)-31&)+," +/" &$)(" D).." +:;)+6(.!" -'E6)-'" 0'12>" ?$G#H('E" 21&1" /-+3" &$)(" .),'L" 0'12>"

144'1-("&+"2)-'*&.!"-'J6.1&'"1"()J,)/)*1,&"/-1*&)+,"+/"&$'('"2'H-'J6.1&'2"J','(7""

6*1).11*/,=  

F'-'" D'" ($+D" &$1&" 0'12" /1*&+-(" 4.1!" '((',&)1." -+.'(" )," 4-)31-!" 3!+:.1(&"

2)//'-',&)1&)+,7" "P$).'"().',*),J"+/"'1*$" ),2);)261."0'12"$12"+,.!"1"3).2"+-",+"2)(*'-,1:.'"

'//'*&" 1&" &$'" *'..6.1-" .';'.L" &$')-" .+((" (4'*)/)*1..!" 1//'*&'2" J','" '94-'(()+," ($+D),J" /+-"

'9134.'" &$'" *-)&)*1." -+.'"+/"0'12>" )," '94-'(()+,"+/" &$'"+,-." 1,2"/)#7" J','(7" G," *+,&-1(&L"

*+3:),1&+-)1." 23)4*B5" +-" 23)4*B8B5" ().',*),J" (&-+,J.!" )341)-'2" 4-)31-!" 3!+:.1(&"

2)//'-',&)1&)+," ),2)*1&),J" /6,*&)+,1." -'26,21,*!" 13+,J(&" &$'('" /1*&+-(7" _,2'-" &$'('"

*+,2)&)+,(L" /'D'-" *'..(" ),)&)1&'2" !$" '94-'(()+," 1,2" ',&'-'2" 2)//'-',&)1&)+,L" 1,2" &$+('" &$1&"

'94-'(('2" !$"J','-1&'2"($+-&'-"3!+&6:'(7""

I6,*&)+,1." -'26,21,*!" 31!" :'" '94.1),'2" :!" &$'" /1*&" &$1&" :+&$" 23)4*" 1,2" 23)45"

'94-'(()+,L" 1,2" &+" 1" .'(('-" '9&',&"23)48L" D1(" (&-+,J.!" 64H-'J6.1&'2" 26-),J" 2)//'-',&)1&)+,7"

0$'" '94-'(()+," +/" '1*$"0'12" /1*&+-"D1(" .1-J'.!" ),2'4',2',&" +/" &$'" ().',*),J" +/" &$'" +&$'-("

(6*$" &$1&" .+(("+/"23)45" *+6.2":'"*+34',(1&'2":!"23)4*" '94-'(()+,"1,2"# (3C#3%:)7" "0$'('"

21&1"($+D"&$'-'/+-'"/+-"&$'"/)-(&"&)3'"&$'"*-)&)*1.L":6&"-'26,21,&"-+.'("&$1&"&$'('"/1*&+-("4.1!"),"

4-)31-!"3!+:.1(&"2)//'-',&)1&)+,7"

0$'"1:+;'"21&1"*+,&-1(&"D)&$"+6-"4-';)+6("+:('-;1&)+,"&$1&"0'12>"4.1!("1"*-)&)*1."-+.'"

),"?@?A@"*'.."2)//'-',&)1&)+,"K=',$122+6"'&"1.7L"@MA@N7" "P'"-'122-'(('2" &$)("6(),J"()BC<H

3'2)1&'2"().',*),J"1,2"/+6,2"&$1&"()3).1-"&+"D$1&"D'"4-';)+6(.!"-'4+-&'2L"23)45"().',*),J":!"

)341)-'2" ?@?A@" *'.." 2)//'-',&)1&)+," .'12),J" &+" &$'" 144'1-1,*'" +/" ($+-&'-" 3!+&6:'(7"

C';'-&$'.'((L" &$)(" '//'*&" D1(" .'((" 2-131&)*" &$1," &$1&" +:('-;'2" D)&$" ($BC<H3'2)1&'2"

().',*),J7" I6-&$'-3+-'L" D'" 1.(+" /+6,2" &$1&" : 23)4*" +-" : 23)48" ().',*),J" 1.(+" )341)-'2"

2)//'-',&)1&)+,7"C+-31."1*&);1&)+,"+/"23)4*"'94-'(()+,"),"?@?A@"*'..(")("2+D,H-'J6.1&'2":!"

.+(("+/"23)45L"1&":+&$"&$'"BC<"1,2"4-+&'),".';'.(L"D$'-'1("0'12>"),26*&)+,")("),2'4',2',&"+/"

0'12A7" 23)45" ().',*),J" 1.(+" 2+D,H-'J6.1&'(" 23)48" '94-'(()+," )," ?@?A@" *'..(7" 0$6(L" ),"
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*+,&-1(&" &+"D$1&"D'"+:('-;'2" ),"4-)31-!"3!+:.1(&(L" &$'"'94-'(()+,"+/" &$'"0'12(" ),"?@?A@"

*'..(" )(" (&-+,J.!" ),&'-*+,,'*&'2" &$-+6J$" 1" ,'&D+-5" +/"36&61." -'J6.1&)+,"D)&$" 1" 41-&)*6.1-.!"

)34+-&1,&"-+.'"/+-"0'12>7"F',*'L"&$'"'//'*&("+/"().',*),J"+/"1"J);',"0'12"-'(6.&",+&"+,.!"/-+3"

)&(" .+((L" :6&" 1.(+" /-+3" &$'" 2+D,H-'J6.1&)+," +/" +&$'-" 0'12(7" C+&'" $+D';'-" &$1&" &$'" 2+D,H

-'J6.1&)+,"+/"0'12A"1,2"0'12@"'94-'(()+,":!"0'12>" ().',*),J" )(" .'(("4-+,+6,*'2" &$1," &$1&"

1*$)';'2":!"&$'"(4'*)/)*"()BC<("1J1),(&"&$'('"J','(7"

I6-&$'-"';)2',*'"/+-"1,")34+-&1,&"-+.'"+/"0'12>"),"-'J6.1&),J"0'12A"'94-'(()+,"*+3'("

/-+3"&$'"+:('-;1&)+,"&$1&")&"+**64)'("()&'("1-+6,2"&$'"0SS"+/"&$'"23)4*"J','7"" +-'+;'-L")&"

1.(+"144'1-(" &$1&"1,"1.&'-,1&);'" )(+/+-3"+/"23)4*L" .1*5),J" &$'" /)-(&"'9+,L" )(" ),26*'2" /-+3"1"

2+D,(&-'13"4-+3+&'-"26-),J"2)//'-',&)1&)+,7"0$)(")("(6JJ'(&'2":!"&$'"4-'(',*'"+/" !+2A"1,2"

 !+J" ()&'(" 1,2" :!" &$'" 144'1-1,*'" +/" FRbV1*" 64(&-'13" +/" 1,2" +;'-.144),J" D)&$" &$)("

1.&'-,1&);'" 0SS" )," 2)//'-',&)1&'2" *'..(7" 0$)(" D).." :'" *+,/)-3'2" :!" 1,1.!()(" +/" &$'" (4.)*'"

86,*&)+,"('E6',*'("/-+3"&$'"BC<H('E"21&17""

0$'-'"-'31),("$+D';'-"(+3'"2)(*-'41,*)'("D)&$"D$1&"D'"4-';)+6(.!"+:('-;'2"6(),J"

($BC<"().',*),J7"I+-"'9134.'L"($BC<"23)45"().',*),J"(&-+,J.!"),$):)&'2"+,&6"'94-'(()+,L"

D$).'"&$)("'//'*&"D1("36*$".'(("4-+,+6,*'2"64+,": 23)45"().',*),J7"#1-&"+/"&$'"'94.1,1&)+,L"

31!" :' '94.1),'2" :!" 1 .'(( '//)*)',& ().',*),J" :!" &$' ()BC<L" $+D';'-" &$'-' )( 1 ('*+,2"

/6,213',&1." 2)//'-',*'" )," &$'" &D+" 144-+1*$'(" &$1&" 31!" :'" 3+-'" 4'-&),',&7" G," &$'" ($BC<"

'94'-)3',&(L" *'..("D'-'" ),/'*&'2" 1,2" ('.'*&'2" /+-"3+-'" &$1,"AM"21!(":'/+-'"2)//'-',&)1&)+,7"

0$6(L" 0'12>" D1(" ().',*'2" 26-),J" &$)(" 4'-)+2" :'/+-'" 2)//'-',&)1&)+," D1(" ),)&)1&'27" " G," &$'"

()BC<"'94'-)3',&(L"0'12>" )(" ().',*'2" )33'2)1&'.!"4-)+-" &+"2)//'-',&)1&)+,7"0$)("2)//'-',*'"

&15'("+,"()J,)/)*1,*'"1("D'"($+D"&$1&"2'(4)&'")&(".+D"'94-'(()+,L"0'12>"+**64)'("3+-'"&$1,"

@gMM" :),2),J" ()&'(" )," 4-+.)/'-1&),J" 3!+:.1(&(L" ,+&1:.!" 1" ()&'" 64(&-'13" +/" &$'"+,&6" J','L"

4-';)+6(.!" )2',&)/)'2" ),"?$G#H*$)4L"4-'(',&" )," 1" -'J)+," &$1&" (&-+,J.!"J1),("FRb@V1*"26-),J"

2)//'-',&)1&)+,7"G&")("4+(():.'"&$'-'/+-'"&$1&"2)3),)($'2"0'12>".';'.("/+-"(';'-1."21!("4-)+-"&+"

2)//'-',&)1&)+,"1//'*&("&$'"(6:('E6',&"1*&);1&)+,"+/"+,&6"'94-'(()+,7"#'-$14("0'12>":),2),J"

&+" &$)(" 4+)('2" ',$1,*'-" -'J)+," )(" *-)&)*1." /+-"+,&6" 1*&);1&)+,7"<" ()3).1-" ()&61&)+,"31!"1.(+"

+**6-" 1& +&$'-" J','(" &$1&" 1-'" -14)2.!" ),26*'2" 1/&'-" 2)//'-',&)1&)+,7" 0$'" /),2),J" &$1&" 0'12>"

'9&',();'.!" +**64)'(" &$'" J',+3'" )," 4-+.)/'-1&),J" ?@?A@" *'..(" (6JJ'(&(" &$1&" )&" 31!" 4.1!" 1"

*-)&)*1." -+.'" )," '(&1:.)($),J" &$'" 4-+4'-" *$-+31&)," (&1&'" 4'-3)(();'" /+-" 1*&);1&)+," +/ J','("

26-),J"2)//'-',&)1&)+,7"0$)("$!4+&$'()("3'-)&("/6-&$'-"),;'(&)J1&)+,7""
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<(",+&'2" 1:+;'L"0'12>"+**64)'(" 1" .1-J'" ('&" +/" :),2),J" ()&'(" ),"4-+.)/'-1&),J"?@?A@"

*'..(7"?+341-)(+,"D)&$"0'12A"+**641,*!"($+D'2"&$1&"0'12>"+**64)'2"3+-'"()&'("&$1,"0'12A"

2'(4)&'")&(".+D'-"'94-'(()+,7"0$)("+:('-;1&)+,"31!"$1;'"1":)+.+J)*1."()J,)/)*1,*'L":6&"1.(+"1"

&'*$,)*1."'94.1,1&)+,7"G&" )("4+(():.'" &$1&" &$'"?$G#H'//)*)',*!"+/" &$'"0'12A"1,&):+2!")("36*$"

4++-'-"&$1,"&$1&"+/"&$'"0'12>"1,&):+2!L"1,2"&$6(")&"/1).("&+"2'&'*&"0'12A":),2),J"&+"31,!"()&'("

J);),J"1" .+D'-"+;'-1.." ()J,1.7"C';'-&$'.'((L" &$'-'"'9)(&("1"('&"+/"()&'(" &$1&"1-'"4-'/'-',&)1..!"

+**64)'2" :!" 0'12A" )," 6,2)//'-',&)1&'2" *'..(" -1&$'-" (6JJ'(&),J" &$1&" &$'" +&$'-D)('" .+D'-"

:),2),J"+/"0'12A"$1("1":)+.+J)*1."-'.';1,*'"1,2")(",+&"26'"&+" &'*$,)*1."4-+:.'3("-'.1&'2"&+"

&$'"1,&):+2)'(7"G&"144'1-("&$'-'/+-'"&$1&"0'12A":),2),J")("+;'-1..".+D'-"&$1,"0'12>L":6&"&$'-'"

'9)(&" ('&(" +/" ()&'(" ('.'*&);'.!" 1,2T+-" 4-'/'-',&)1..!" +**64)'2" :!" 0'12>" +-" 0'12A7" 0$)("

4-'/'-',&)1." +**641,*!"*1,,+&":'" -'12).!" '94.1),'2":!"2)//'-',*'(" )," &$'"%C<"('E6',*'"1&"

&$'('" ()&'(" 1(" &$'" %C<" :),2),J" 2+31),(" +/" &$'" 0'12(" 1-'" '((',&)1..!" )2',&)*1." 1(" 1-'" &$'"

2'-);'2" :),2),J" 3+&)/(" /-+3" &$'" ?$G#H('E" 21&17" " 0$'('" 21&1" (6JJ'(&" &$1&" 4-'/'-',&)1."

+**641,*!")(",+&"+,.!"2-);',":!"-'.1&);'"1:6,21,*'L":6&"&$1&"+&$'-"/1*&+-("31!"*+,&-):6&'"&+"

&$'"4-'/'-',&)1."+**641,*!":!"1"J);',"0'127"

I+..+D),J" 2)//'-',&)1&)+," 1,2" 64H-'J6.1&'2" 0'12>" '94-'(()+,L" 0'12A" J',+3)*"

+**641,*!" )(" (&-+,J.!" -'26*'2" 1,2" 0'12>" 4.1!(" 1" 2+3),1,&" -+.'7" ^913),1&)+," +/" 4-+&'),"

.';'.(" ($+D(" &$1&"0'12A"'94-'(()+,"2-+4(" 1&" 21!"`"D$'," &$'"?$G#H('E"21&1"D'-' +:&1),'27"

F+D';'-" 1(" +:('-;'2" )," 6,2)//'-',&)1&'2" *'..(L" &$'-'" )(" 1" 4-'/'-',&)1." J',+3)*" :),2),J" +/"

0'12>" 1,2" $)J$'-" 0'12>" '94-'(()+," &$'-'/+-' *+34'&'( D)&$" 0'12A" .'12),J" &+" 1," 1.3+(&

*+34.'&'" (D)&*$" &+"0'12>" ),"2)//'-',&)1&'2"*'..(7"0+" &'(&" &$)(" )2'1" )&"D+6.2":'",'*'((1-!" &+"

4'-/+-3" 0'12A" ?$G#H('E" )," 0'12>" ().',*'2" *'..(" 1(" +,'" D+6.2" '94'*&" &$1&" 6,2'-" &$'('"

*+,2)&)+,(L"0'12A"D+6.2":'"1:.'"&+":),2"31,!"()&'("),"1:(',*'"+/"0'12>L"&$6("'94.1),),J"&$'"

41-&)1." -'26,21,*!" &$1&" )("+:('-;'27"P'"1.(+"1&&'34&'2" &+"4'-/+-3"0'12@"?$G#H('E"6(),J"1"

4-';)+6(.!"46:.)($'2"1,&):+2!L":6&"D'-'"6,1:.'"&+"+:&1),"1"3'1,),J/6."4-+/).'7""

G,&'J-1&)+,"+/"&$'"0'12>"?$G#H('E"21&1"D)&$"&$1&"+/"*$-+31&),"3+2)/)*1&)+,("($+D'2"

&$1&"1".1-J'"4-+4+-&)+,"+/"0'12>"+**64)'2"()&'("D1("1((+*)1&'2"D)&$"1*&);'"FRb@V1*H31-5'2"

-'J6.1&+-!" '.'3',&(" )," :+&$" 6,2)//'-',&)1&'2" 1,2" 2)//'-',&)1&'2" *'..(7" +-'+;'-L"31,!" ()&'("

($+D'2"*+H+**641,*!":!"0'12>"1.+,J"D)&$" !+J"1,2" !+2A7"0$'('"+:('-;1&)+,("-'),/+-*'"

&$'")2'1"&$1&"0'12>"),"41-&)*6.1-"1,2"0'12("),"J','-1."31!"*++4'-1&'"D)&$" !+2A"1,2" !+J"

&+"-'J6.1&'"J','"'94-'(()+,"26-),J"2)//'-',&)1&)+,7""
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G&" D1(" 4-';)+6(.!" -'4+-&'2" &$1&"  !+2A" :),2),J" +-*$'(&-1&'(" &$'" 1*&);1&)+," +/" 1"

*+34',2)63"+/"36(*.'" ',$1,*'-" '.'3',&(" K=.63" 1,2"%!,.1*$&L" @MARc"=.63" '&" 1.7L" @MA@N7"

<,1.!('("+/" &$'"%C<"('E6',*'(" 1&" &$'('" ',$1,*'-(" )2',&)/)'2" ()&'" /+-" &$'"<#A"1,2"B_Ch"

/13).)'(L":6&"2)2",+&"-';'1.'2"',-)*$3',&"+/"&$'" ?<0"3+&)/7"G,"+6-"1,1.!('(L"D'"/+6,2"&$1&"

0'12>H+**64)'2" ()&'(" ($+D'2" ',-)*$3',&" )," <#A" /13).!" 3+&)/(" )," ,+,H2)//'-',&)1&'2" *'..("

(6JJ'(&),J" *+,;'-J',*'" +/" &$'('" &D+" /1*&+-(" &+" 2-);'" 4-+.)/'-1&)+,7" G," 2)//'-',&)1&'2" *'..(L"

 !+2AT !+J" 3+&)/(" 1,2" B6,9" 3+&)/(" :'*+3'" ',-)*$'2" *+,()(&',&" D)&$" &$'" +:('-;'2"

*+.+*1.)(1&)+,7"C';'-&$'.'((L"1.&$+6J$"1"()J,)/)*1,&"4-+4+-&)+,"+/"0'12>"+**64)'2"()&'("1-'"*+H

+**64)'2" :!"  !+2AT !+JL" &$'('" ()&'(" *+,(&)&6&'" +,.!" 1" (31..'-" (6:('&" +/" &$'" &+&1."

 !+2AT !+J"()&'(7"0$)("'94.1),("D$!"&$'" ?<0"3+&)/"D1(",+&"2'&'*&'2"),"&$'"1,1.!('("+/"

=.63"'&"1.7L"K=.63"'&"1.7L"@MA@N7"G&")("1.(+"),&'-'(&),J"&+",+&'"&$1&"3+&)/("/+-"+&$'-"/1*&+-("(6*$"

1("0*/R"1,2"?&*/"1-'"',-)*$'2"1&"&$'"0'12>"+**64)'2"()&'(L":6&"D'-'",+&"J','-1..!"2'&'*&'2"1&"

 !+2A"()&'("(6JJ'(&),J"&$1&"&$)("(6:('&"*+34-)('("1"(.)J$&.!"2)//'-',&"()J,1&6-'"/-+3"&$'"3+-'"

J.+:1."4+46.1&)+,7"G&"($+6.2"1.(+":'",+&'2"&$1&"&$'-'")("1".1-J'"+;'-.14":'&D'',"&$'" !+2A"1,2"

 !+JH:+6,2"()&'("1("&$'('"&D+"/1*&+-(":),2"&$'"(13'"^:+9"3+&)/(7"0$)("-'(6.&"2+'(",+&"3'1,"

&$1&"&$'('"/1*&+-(":),2"()36.&1,'+6(.!L":6&"&$1&"1("&-1,(*-)4&)+,"/1*&+-":),2),J" !"# #&")(";'-!"

2!,13)*L" &$'"?$G#H('E"21&1"4-+;)2'("1"(,14($+&"+/" &$'"-'.1&);'"+**641,*!"+/" &$'('"()&'(":!"

'1*$"/1*&+-"1&"1,!"J);',"&)3'7"0$'"(13'"-'1(+,),J"144.)'("&+"0'12A"1,2"0'12>"&$1&"1.(+":),2"

&$'" (13'" ()&'(7" 0$6(" &$'" 4-'/'-',&)1." 0'12>" +**641,*!" (''," ),"?$)#H('E" -'/.'*&(" )&(" $)J$'-"

+**641,*!"&)3'"-'.1&);'"&+"0'12A7"

0$'"*-)&)*1." -+.'"+/"0'12"/1*&+-(" ),"?@?A@"*'.."1,2"4-)31-!"3!+:.1(&"2)//'-',&)1&)+,"

D1("*+,/)-3'2":!"&$'"-'(6.&("+/"BC<H('E"($+D),J"&$1&"0'12AT>"().',*),J".'2"&+"2)3),)($'2"

1*&);1&)+," +/"31,!"36(*.'" (&-6*&6-1." J','(7"<"3+-'" ),&-)J6),J" +:('-;1&)+," )(" &$1&"0'12AT>"

2-);'" 2)(&),*&" :6&" +;'-.144),J" J','" '94-'(()+," 4-+J-13(" )," &$'" &D+" *'.." &!4'(7" 0$)(" 41-&.!"

-'/.'*&(" &$'"+:('-;1&)+," &$1&" &$'"+;'-1.."J','"'94-'(()+,"4-+J-13("+/"2)//'-',&)1&),J"?@?A@"

*'..(" 1,2" 4-)31-!" 3!+:.1(&(" 2)//'-7" i,.!" 1" (6:('&" +/" J','(" 1-'" *+33+,.!" 1*&);1&'2" 1,2"

-'4-'(('2"),":+&$"*'.."&!4'(7""

P'" 4-';)+6(.!" (6JJ'(&'2" &$1&" 0'12>" 31!" 1.(+" -'4-'((" 1" ('&" +/" J','(" 26-),J"

2)//'-',&)1&)+," (6*$" 1("/(!4*" 1,2"/$69" &$1&" 1-'" 1((+*)1&'2" D)&$" 0'12>H+**64)'2" ()&'(L" :6&"

D$+('"'94-'(()+,"),*-'1('2"64+,"0'12>"().',*),J7"0$'('"21&1"1-'"41-&)1..!"*+,/)-3'2"),"&$)("

(&62!" 1(" D'" +:('-;'2" ',2+J',+6(" 0'12>" :),2),J" &+" &$'"/(!4*" 1,2"/$69" .+*)" 1,2" ?*,2A"

'94-'(()+," D1(" 64H-'J6.1&'2" 64+," 0'12>" ().',*),J7" G," &$)(" *1('L" D'" 2)2" ,+&" +:('-;'" (6*$"
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(&-+,J"64H-'J6.1&)+,"+/"/$69L"$+D';'-"D'")2',&)/)'2"(';'-1."+&$'-"J','("D$+('"'94-'(()+,")("

64H-'J6.1&'2" )," :+&$" *'.." &!4'(" 1,2"D$)*$" 1-'" 1((+*)1&'2"D)&$"0'12>"+**64)'2" ()&'(7"0$'('"

21&1"1J1),"-1)('"&$'"E6'(&)+,"+/"&$'"1:).)&!"+/"0'12>"&+"1*&"1("1"&-1,(*-)4&)+,1."-'4-'((+-7"0$)("

4-+34&'2" 6(" &+" )2',&)/!" ,+;'." 0'12>" ),&'-1*&),J" 41-&,'-(" )," 1" (&62!" 2'(*-):'2" )," &$'" ,'9&"

('*&)+,7"""

E"$(#*"01 ",- E($2/-1 

E*)(= 

 )*'"D'-'"5'4&"),"1**+-21,*'"D)&$"&$'"),(&)&6&)+,1."J6)2'.),'("-'J1-2),J"&$'"*1-'"1,2"

6('" +/" .1:+-1&+-!" 1,)31.(" 1,2" )," 1**+-21,*'" D)&$" C1&)+,1." <,)31." ?1-'" Z6)2'.),'("

K^6-+4'1," ?+33)(()+," 2)-'*&);'" g`T`MfT?^^c" I-',*$" 2'*-''" ,+7gVog>gN7" <.." 4-+*'26-'("

D'-'"144-+;'2":!"&$'"I-',*$",1&)+,1."'&$)*("*+33)&&''7"

9(00 ).0$.#(F -*++(#(,$*"$*/, ",- $#",1+()$*/,1 

?@?A@"*'..("D'-'"J-+D,"),"@Mn"/+'&1."*1./"('-63"KI?SN"*+,&1),),J"% ^ "3'2)63"

1,2" D'-'" 2)//'-',&)1&'2" /+-" 3+(&" '94'-)3',&(" 64" &+" ()9" 21!(" )," @n" $+-('" ('-63" KFSN"

*+,&1),),J"% ^ "3'2)637"<26.&"3+6('" 4-)31-!"3!+:.1(&("D'-'" )(+.1&'2" /-+3"?dV=\T`"

D).2" &!4'"RH>"D''5"+.2"3)*'"1,2"4.1&'2"+,"31&-)J'.H*+1&'2"2)($'(7"0$'"4-)31-!"3!+:.1(&("

D'-' J-+D,"),"@Mn"I?S *+,&1),),J"G % Z\_0< <hHG"3'2)63 1,2"D'-' 2)//'-',&)1&'2"

),"@n"FS"*+,&1),),J"G % "Z\_0< <hHG"3'2)637"0$'"()BC<"&-1,(/'*&)+,"'94'-)3',&("

D'-'" 4'-/+-3'2" 1(" 4'-" &$'" \)4+/'*&13),'p" BC<) <h"31,6/1*&6-'-e(" 4-+&+*+." 1,2" *'..("

D'-'"$1-;'(&'2"1&" ),2)*1&'2"&)3'"4+),&("+/"2)//'-',&)1&)+,"1/&'-" &$'"()BC<"&-1,(/'*&)+,7"iCH

0<BZ^0H4.6(" S <B04++." ()BC<(" /+-" 0'12AL" 0'12@" 1,2" 0'12>" 5,+*52+D," D'-'"

46-*$1('2" /-+3" %$1-31*+," G,*7" K?$)*1J+L" G.7L" _S<N7" ?+,&-+." ()BC<" 2)-'*&'2" 1J1),(&"

.6*)/'-1('"D1("+:&1),'2"/-+3"^6-+J',&'*"KS'-1),JL"='.J)63N7 0$'"()BC<"'94'-)3',&("D'-'"

4'-/+-3'2"1&".'1(&"),"&-)4.)*1&'(7"#$1('"*+,&-1(&")31J'("D'-'"&15',"1&">9"31J,)/)*1&)+,"6(),J"

&$'"^XiS"2)J)&1."3)*-+(*+4'7"

%77.,/<0/$$*,A 

P$+.'"*'.."'9&-1*&("D'-'"4-'41-'2":!"&$'"(&1,21-2"/-''j'H&$1D"&'*$,)E6'"6(),J"\S%="

dMM":6//'-"KdMM"3 "b?.L"@d"3 "0-)("1&"4F"V7fL"AMn"J.!*'-+.L"M7Mdn"C#H>ML"A"3 "%00L"

1,2" 4-+&'1('" ),$):)&+-" *+*5&1).N" 1,2" G336,+:.+&&),J" D1(" 4'-/+-3'2" :!" &$'" (&1,21-2"
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4-+*'26-'7" 0$'" /+..+D),J" 1,&):+2)'(" D'-'" 6('2O" 0'12>" K MAN" /-+3" <:,+;1L" 0'12A" K=%"

=)+(*)',*'(N"1,2"),H$+6('":'&1H1*&),"1,&):+2!7 

%77.,/+0./#(1)(,)( ",- +.1*/, *,-(D 

A9AM
d"
*'..(" D'-'" (''2'2" +," *+;'-(.)4(" )," Rd33" 2)($'(" D)&$" 31&-)J'." /+-" 4-)31-!"

3!+:.1(&(" 1,2"D)&$+6&"31&-)J'." /+-"?@?A@"*'..(" 1,2"D'-'" &-1,(/'*&'2"D)&$" ()BC<">"$+6-("

1/&'-"(''2),J7"?'..("D'-'"-'/-'($'2"`"&+"g"$+6-("1/&'-"&$'"()BC<"&-'1&3',&"1,2"/)9'2"+,"21!"`"

+/" 2)//'-',&)1&)+," D)&$" >n" /+-31.2'$!2'" /+-" AM" 3),(7" ?'..(" D'-'" D1($'2" D)&$" #=S" 1,2"

4'-3'1:).)j'2"D)&$"M7dn"&-)&+,"/+-"AM"3),(L"D1($'2"&D)*'"D)&$"#=SH&D'',"M7@n"1,2":.+*5'2"

D)&$" dn" =S<" /+-" RM"3),6&'(7" ?'..(" D'-'" ),*6:1&'2" +;'-,)J$&" 1&" >q?"D)&$"3!+()," $'1;!"

*$1),"K/1(&N"1,&):+2!"K UHR@L"()J31N"/+..+D'2":!"&$-''"#=SH&D'',"M7@n"D1($'(7"S'*+,21-!"

1,&):+2!"),*6:1&)+,"D1("2+,'"/+-"RM"3),6&'("1&"-++3"&'34'-1&6-'7"?'..("D'-'"D1($'2"&$-''"

&)3'("D)&$"#=SH&D'',"ML@n"1,2"(&1),'2"D)&$"%<#G7"?+;'-(.)4("D'-'"3+6,&'2"+,"(64'-/-+(&"

J.1((" (.)2'(" 6(),J" X'*&1($)'.2p7" S.)2'(" D'-'" ;)(61.)('2" 6(),J" 1," ),;'-&'2" /.6+-'(*',*'"

3)*-+(*+4'"1&"AM9"31J,)/)*1&)+,"),"1.."'94'-)3',&(7""

I6()+,"),2'9"D1("*1.*6.1&'2":!"&D+"3'&$+2(O"AN"i,.!"*'..("D)&$"3+-'"&$1,"R",6*.')"

1-'" *+,()2'-'2" 1(" 3!+&6:'(7" 0$'-'/+-'L" *'..(" D)&$" AH@" ,6*.')" +-" 3+-'" &$1," R" ,6*.')" D'-'"

*+6,&'2"1,2"4-'(',&'2"1(" 1"4'-*',&1J'"+/" &+&1." *'..(" )," &$'" /)'.27" R" /)'.2("D'-'" *+6,&'2"4'-"

*+,2)&)+,7" @N" 0+" E61,&)/!" &$'" /6()+," )," 2+6:.'" 1,2" &-)4.'" 5,+*52+D," '94'-)3',&(L" D'"

*1.*6.1&'2" &$'"/6()+," ),2'9"1(" &$'"4'-*',&1J'"+/",63:'-"+/",6*.')"D)&$)," &$'" F?H4+()&);'"

*'..("1:+;'"&+&1.",63:'-"+/",6*.')"*+6,&'2"),"1"/)'.27"C6*.')"),"&$-''"(6*$"/)'.2("D'-'"*+6,&'2"

1,2"1,"1;'-1J'"D1("-'4-'(',&'27"C+&'"&$1&" !$W"*'..("D)&$"+,.!"R"+-",6*.')"D'-'"&15',"/+-"

&$'"*+6,&),J"+/"&$'",6*.')7"

>G5 (D$#")$*/,F >3H'9> ",- >G5C1(H.(,)*,A 

0+&1."BC<"D1("'9&-1*&'2"6(),J"&$'"Z',^.6&'r" 1331.)1,"0+&1."BC<" ),)4-'4"b)&"

/-+3" S)J317" *%C<"D1(" 4-'41-'2"D)&$" 6(),J" S64'-S*-)4&p" GG" B';'-('" 0-1,(*-)4&1('" KB0N"

6(),J" &$'" 5)&" 4-+&+*+." 1,2" E61,&)&1&);'" #?B" D1(" *1--)'2" +6&" D)&$" &$'" SU=Bp" Z-''," G"

Kl)1J',N"1,2"3+,)&+-'2"6(),J"&$'"B+*$'"\)J$&*!*.'-p">gM7"#-)3'-"('E6',*'("D'-'"2'()J,'2"

6(),J"#-)3'-R4.6("(+/&D1-'"1,2":H1*&),"D1("6('2"1(",+-31.)j1&)+,"*+,&-+.7"

I+-" BC<H('E6',*),JL" 3BC<" D1(" 4-'41-'2" )," &D+" ),2'4',2',&" '94'-)3',&(" 1,2"

 '((',J'-HBC<H('E" D1(" 4'-/+-3'2" '((',&)1..!" 1(" 2'(*-):'2" KF'-E6'." '&" 1.7L" @MARN" D)&$"

.):-1-)'("+/"&'34.1&'"3+.'*6.'("(6)&1:.'"/+-"$)J$"&$-+6J$46&"%C<"('E6',*),J"4-'41-'2"6(),J"
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&$'"s0-6'S'E
0 "
BC<"(134.'"4-'41-1&)+,"5)&t"KG..63),1N7"B'12("D'-'"3144'2"+,&+"&$'"33f"

1(('3:.!" +/" &$'"3+6('" J',+3'" 6(),J" 0+4$1&" ;@7M7AM" Kb)3" '&" 1.7L" @MARN" 1,2" &$'" :+D&)'@"

;@7A7M" 1.)J,'-" K\1,J3'12" 1,2" S1.j:'-JL" @MA@N7" i,.!" 6,)E6'.!" 1.)J,'2" -'12(" $1;'" :'',"

-'&1),'2"/+-"/6-&$'-"1,1.!('(7"l61,&)/)*1&)+,"+/"J','"'94-'(()+,"D1("4'-/+-3'2"6(),J"F0S'E"

;M7`7A" K<,2'-(" '&" 1.7L" @MAdN"6(),J"J','"1,,+&1&)+,(" /-+3"^,('3:." -'.'1('"`V7"B'12"*+6,&("

$1;'" :''," ,+-31.)j'2" 1*-+((" .):-1-)'(" D)&$" &$'" 3'&$+2" 4-+4+('2" :!" K<,2'-(" 1,2" F6:'-L"

@MAMN7"?+341-)(+,("+/" ),&'-'(&"D'-'"4'-/+-3'2"6(),J"&$'"3'&$+2"4-+4+('2":!"K\+;'"'&"1.7L"

@MA>N" 1,2" )34.'3',&'2" )," &$'"%^S'E@"=)+*+,26*&+-" .):-1-!" K%^S'E@" ;A7g7ANL" &15),J" ),&+"

1**+6,&"&$'":1&*$L"&-'1&3',&"1,2"21!"'//'*&(7"<".)5'.)$++2"-1&)+"&'(&"D$'-'"D'"-'3+;'"&$'"21!"

(4'*)/)*"2)//'-',*'("D1("4'-/+-3'27"B'(6.&),J"4H;1.6'("D'-'"1286(&'2"/+-"36.&)4.'"&'(&),J":!"

6(),J" &$'" =',813),)" 1,2" F+*$:'-J" K=',813),)" 1,2" F'*$&.),J'-L" @MA>N7" S)J,)/)*1,&.!"

2'-'J6.1&'2" J','("D'-'" ('.'*&'2" 6(),J" 1" .+J@" /+.2" *$1,J'"uA" 1,2"mA" 1,2" 1286(&'2" 4H;1.6'"

*6&+//" +/" MLMd7" Z','" +,&+.+J!" 1,1.!('(" D'-'" 4'-/+-3'2" 6(),J" &$'" %<XG%" /6,*&)+,1."

1,,+&1&)+,"*.6(&'-),J"&++."1;1).1:.'"1&"&$'"D':()&'H"$&&4(OTT21;)27,*)/*-/7J+;T7""

92%! ",- 92%!C1(H.(,)*,A 

I+-"*$-+31&),")336,+4-'*)4)&1&)+,L"*'..("D'-'"*-+((H.),5'2"D)&$"An"/+-31.2'$!2'"1&"

-++3 &'34'-1&6-' /+-" AM" 3),( 1,2" &$' -'1*&)+," D1( (&+44'2" :!" 122),J" J.!*),' &+" 1 /),1.

*+,*',&-1&)+,"+/"A@d3 "/+-"AM"3),("1&"-++3"&'34'-1&6-'7"I)9'2"*'..("D'-'"-),('2"&D)*'"D)&$"

#=S"1,2"4'..'&'2";)1"*',&-)/6J1&)+,"),"&$'".1(&"D1($7"P1($"D1("-'3+;'2"1,2"4'..'&"D1("-'H

(6(4',2'2"),".!()(":6//'-"KAM3 "^%0<"4F"gL"dM3 "0-)(HF?."4F"gL"S%S"AnN7"\!(1&'"D1("

(+,)*1&'2"),"&$'"?+;1-)("(+,)*1&+-"/+-"@M"3),("1,2"*',&-)/6J'2"1&"A>MMM"-43"/+-"AM"3),(7"0$'"

?.'1-" (64'-,1&1,&" *$-+31&)," D1(" 6('2" )33'2)1&'.!" +-" (&+-'2" )," HgMq?7" dMHAdM6J" +/"

*$-+31&),"D1(" 2).6&'2" AM" &)3'(" )," ?$G#" 2).6&)+," :6//'-L" 4-'H*.'1-'2"D)&$" ),)&)1..!" :.+*5'2"

4-+&'),"Z"('4$1-+('":'12("/+-"A"$+6-"1&">q?7"#-'H*.'1-'2"*$-+31&),"D1("),*6:1&'2"+;'-,)J$&"

D)&$" AvJ" +/" 0^<%A" +-" 0^<%>" 1,&):+2!" 4'-" AdvJ" *$-+31&),7" =+6,2" 31&'-)1." D1("

)336,+4-'*)41&'2"D)&$":.+*5'2"4-+&'),"Z":'12("/+-"@"$+6-("1&">q?7"0$'":'12("D'-'"D1($'2"

&D)*'"/+-"AM"3),("D)&$"'1*$"+/"&$'"/+..+D),J":6//'-("o".+D"(1.&":6//'-L"$)J$"(1.&":6//'-L"\)?."

:6//'-"1,2"0-)(H^%0<":6//'-7"0$'"?$G#'2"31&'-)1."D1("'.6&'2":!"&D+"AdH3),6&'"),*6:1&)+,("

1&"-++3"&'34'-1&6-'"D)&$"@dMv."+/"^.6&)+,":6//'-"KAn"S%S"1,2"M7A "C1F?iRN7"?$-+31&),"

D1(" -';'-('" *-+((H.),5'2" :!" 122),J" @Mv." +/" d "C1?." 1,2" ),*6:1&'2" 1&" `dq?" /+-" 1&.'1(&" >"

$+6-(" 1,2" &$',"%C<"D1(" (6:8'*&'2" &+"BC1('" 1,2"4-+&'),1('"b"2)J'(&)+," 1,2" '9&-1*&'2":!"

4$',+.H*$.+-+/+-3"'9&-1*&)+,7" 
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?$G#H('E" .):-1-)'(" D'-'" 4-'41-'2" 1(" 4-';)+6(.!" 2'(*-):'2" 1,2" ('E6',*'2" +," &$'"

G..63),1"F)H" ('E@dMM"1(" (),J.'H',2"dMH:1('" -'12(" KF'-E6'." '&" 1.7L" @MARN7"</&'-" ('E6',*),JL"

4'15" 2'&'*&)+," D1(" 4'-/+-3'2" 6(),J" &$'"  <?S" (+/&D1-'" Kk$1,J" '&" 1.7L" @MMg:NL"

$&&4OTT.)6.1:72/*)7$1-;1-27'26T <?STN7" #'15(" D'-'" &$'," 1,,+&1&'2" D)&$" F+3'-"

K$&&4OTT$+3'-7(1.57'26T$+3'-T,J(T1,,+&1&)+,7$&3.N"6(),J"1"D),2+D"+/"wAM"5:"K+-"1("),2)*1&'2"

)," &$'"/)J6-'(N"-'.1&);'"&+" &$'" &-1,(*-)4&)+,"(&1-&"()&'"+/"B'/S'E"&-1,(*-)4&(7"Z.+:1."*.6(&'-),J"

1,1.!()(" 1,2" E61,&)&1&);'" *+341-)(+,("D'-'" 4'-/+-3'2" 6(),J" ('E GC^B" KU'" '&" 1.7L" @MAANL"

$&&4OTT:)4(76H(&-1(:J7/-T('E3),'-T" N" 1,2" B" K$&&4OTTDDD7-H4-+8'*&7+-JT" N7" 0$'" 46:.)*" 21&1" /+-"

FRb@V1*"1,2"FRb>3'R"21&1"D'-'"&15',"/-+3"&$'"Z^i"1**'(()+,"ZS^@dRMg7" Ui%A"1,2"

 UiZ" ?$G#H('E" -1D" 21&1" D'-'" +:&1),'2" /-+3" &$'" Z^i" 1**'(()+," SBBV`gRRA" 1,2"

SBBV`gRRR" -'(4'*&);'.!" 1,2" -'H1,1.!j'2" )," &$'" ()3).1-" D1!" &+" &$'" 0^<%>" 1,2" 0^<%A"

?$G#H('E"21&17""

E/$*+ -*1)/?(#8 ",- ","081*1 

D3"!&#&"3+&)/" 2)(*+;'-!"D1(" 4'-/+-3'2" +," &$'" @MM" :1('" 41)-(" (6--+6,2),J" &$'" &+4"

`MM" 0'12A" 1,2" 0'12>" 4'15(" 6(),J" ^ ^H?$G#7" +&)/" *+--'.1&)+," 31&-)9" D1(" *1.*6.1&'2"

D)&$" ),H$+6('" 1.J+-)&$3(" 6(),J" Y<S#<B" 21&1:1('7" G,2);)261." 3+&)/" +**6--',*'(" D'-'"

2'&'*&'2" 6(),J" IG i D)&$)," @MM:4" 1-+6,2" 4'15" (633)&(7" IG i -'(6.&( D'-' /6-&$'-"

4-+*'(('2" &+"E61,&)/!"+**6--',*'"1,2"*+H+**6-),J"3+&)/(L"6(),J"1"*6(&+3"#'-." (*-)4&"D$)*$"

*+346&'(" &$'" /-'E6',*!" +/" +**6--',*'" +/" '1*$" 3+&)/7" 0+" 1(('((" &$'" ',-)*$3',&" +/" 3+&)/("

D)&$)," &$'" -'J)+," +/" ),&'-'(&L" &$'" (13'" 1,1.!()("D1(" 2+,'" AMM" &)3'(" +," -1,2+3.!" ('.'*&'2"

-'J)+,("+/"&$'"(13'"()j'"1("&$1&"+/"&$'"),46&":'2"/).'7"B1,2+3.!"('.'*&'2"-'J)+,("D'-'"6('2"&+"

*+346&'"1,"'94'*&'2"2)(&-):6&)+,"+/"3+&)/"+**6--',*'"+-"*+H+**6--',*'7"0$'"()J,)/)*1,*'"+/"

&$'"3+&)/" +**6--',*'" 1&" &$'" :+6,2" -'J)+,("D1(" '(&)31&'2" &$-+6J$" &$'" *+346&1&)+," +/" 1" kH

(*+-'"KjN"D)&$"j"x"K9" "vNT!L"D$'-'O" "9")("&$'"+:('-;'2";1.6'"K,63:'-"+/"3+&)/"+**6--',*'NL" "

v")("&$'"3'1,"+/"&$'",63:'-"+/"+**6--',*'("K*+346&'2"+,"-1,2+3.!"('.'*&'2"21&1NL" "!")("&$'"

(&1,21-2"2';)1&)+,"+/"&$'",63:'-"+/"+**6--',*'("+/"3+&)/("K*+346&'2"+,"-1,2+3.!"('.'*&'2"

21&1N7"0$'"(+6-*'"*+2'")("1**'(():.'"1&"$&&4(OTTJ)&$6:7*+3T(.'J-1(T3+&)/H('1-*$H()J,)/)*1,*'7"

"

5)I,/J0(-A(7(,$1 
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<,:1,1,213L"<7L"<.:1-12+L"%7?7L"CJ6!',L"?707L"F1.2'-L"Z7L"Z1+L"h7L"1,2"X''-1-1J$1;1,L"S7"

K@MM`N7" G,()J$&(" ),&+" &-1,(*-)4&)+," ',$1,*'-" /1*&+-" A" K0^IHAN" 1*&);)&!" /-+3" &$'" (+.6&)+,"

(&-6*&6-'"+/"&$'"0^<"2+31),7"#-+*"C1&."<*12"S*)"_"S"<"*E7L"AV@@dHAV@RM7"
"

<,2'-(L"S7L"1,2"F6:'-L"P7"K@MAMN7"%)//'-',&)1."'94-'(()+,"1,1.!()("/+-"('E6',*'"*+6,&"21&17"

Z',+3'"=)+."**L"BAM`7"

"

<,2'-(L"S7L"#!.L"#707L"1,2"F6:'-L"P7"K@MAdN7"F0S'EHH1"#!&$+,"/-13'D+-5"&+"D+-5"D)&$"$)J$H

&$-+6J$46&"('E6',*),J"21&17"=)+),/+-31&)*("7*L"A``HA`f7"
"

<,2-)1,+4+6.+(L" <7L" 1,2" 0)3:'-.15'L" P7^7" KAffAN7" <00SL" 1" ,'D" 1,2" *+,('-;'2" %C<"

:),2),J"2+31),7"G,"#.1,&"?'.."K_,)&'2"(&1&'(NL"447"V>VHV>g7"

"

<(4L"#7L"=.63L"B7L"X'&$1,&$13L"X7L"#1-)()L"I7L" )*(),1)L" 7L"?$',JL"Y7L"=+D31,L"?7L"b.6J'-L"

U7L"1,2"%!,.1*$&L"=7%7"K@MAAN7"Z',+3'HD)2'"-'3+2'.),J"+/"&$'"'4)J','&)* .1,2(*14'"26-),J"

3!+J',)*"2)//'-',&)1&)+,7"#-+*"C1&."<*12"S*)"_"S"<"*EFL"^A>fHAdg7"

"

=',$122+6L" <7L" b')3'L" ?7L" U'L" 07L"  +-.+,L" <7L"  )*$'.L" G7L" Y+(&L" =7L"  ',J6(L" Z7L" 1,2"

%1;)2(+,L"G7"K@MA@N7"0-1,(*-)4&)+,"/1*&+-"0^<%>"-'J6.1&'("'94-'(()+,"+/"3!+J',),"1,2"&$'"

6,/+.2'2" 4-+&')," -'(4+,('" J','(" 26-),J" ?@?A@" *'.." 2)//'-',&)1&)+,7" ?'.." %'1&$" %)//'-" *GL"
@@MH@RA7"

"

=',813),)L"U7L"1,2"F'*$&.),J'-L"U7"K@MA>N7"%)(*6(()+,O"<,"'(&)31&'"+/"&$'"(*)',*'HD)('"/1.('"

2)(*+;'-!" -1&'"1,2"144.)*1&)+,(" &+" &+4"3'2)*1." 8+6-,1.(":!"Y1J'-"1,2"\''57"=)+(&1&)(&)*("*?L"
ARHA`c"2)(*6(()+,"RfH>d7"

"

=.1)(L"<7L"0()5)&)(L" 7L"<*+(&1H<.;'1-L"%7L"S$1-1,L"B7L"b.6J'-L"U7L"1,2"%!,.1*$&L"=7%7"K@MMdN7"

<,"),)&)1.":.6'4-),&"/+-"3!+J',)*"2)//'-',&)1&)+,7"Z','("%';"*GL"ddRHd`f7"
"

=.63L"B7L"1,2"%!,.1*$&L"=7%7" K@MARN7"0$'"-+.'"+/" !+%A"1,2"$)(&+,'"3+2)/)*1&)+,(" )," &$'"

1*&);1&)+,"+/"36(*.'"',$1,*'-(7"^4)J','&)*("FL"VVgHVg>7"

"

=.63L"B7L"X'&$1,&$13L"X7L"=+D31,L"?7L"B62,)*5)L" 7L"1,2"%!,.1*$&L"=7%7"K@MA@N7"Z',+3'H

D)2'")2',&)/)*1&)+,"+/"',$1,*'-("),"(5'.'&1."36(*.'O"&$'"-+.'"+/" !+%A7"Z','("%';"8HL"@V`RH
@VVf7"

"
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=6-J.),L"07B7" KAffAN7"0$'"0^<"2+31),O" 1" ,+;'.L" $)J$.!" *+,('-;'2"%C<H:),2),J"3+&)/7" G,"

?'.."K_,)&'2"(&1&'(NL"447"AAHA@7"

"

?1-(+,L"Y7<7L"U1,L"k7L"=++&$L"I7P7L"?+.'31,L" 7^7L"S*$D1-&jL"B7Y7L"1,2"S&634L"?7S7"KAffdN7"

B'J6.1&)+,"+/"(5'.'&1."1.4$1H1*&),"4-+3+&'-"),"!+6,J"*$)*5',("26-),J"$!4'-&-+4$!"*16('2":!"

(&-'&*$"+;'-.+127"<3"Y"#$!()+."8HFL"?fAgHf@>7"
"

?':+.1L" G7L" B+2-)J6'jHS'J6)L" S7<7L" ?$+L" ?7F7L" ='((1L" Y7L" B+;)-1L"  7L" \6',J+L"  7L"

?$$1&-)D1.1L" 7L"='--!L"<7L"#+,(1H?+:1(L"Y7L" 1'(&-+L" 7<7I"3$")@J" K@MAdN7"0^<%"1,2"U<#"

-'J6.1&'"&$'"',$1,*'-",'&D+-5"+/"$631,"'3:-!+,)*"41,*-'1&)*"4-+J',)&+-(7"C1&"?'.."=)+."*.L"
`AdH`@`7"

%1;)2(+,L" G7L" h)1+L" Y7F7L" B+(1.'(L" B7L" S&16:L" <7L" 1,2" ?$13:+,L" #7" KAfggN7" 0$'" F'\1" *'.."

4-+&'),"0^IHA":),2("(4'*)/)*1..!"1,2"*++4'-1&);'.!"&+"&D+"SX>M"',$1,*'-"3+&)/("+/"6,-'.1&'2"

('E6',*'7"?'.. ?5L"fRAHf>@7

"

F1,L"%7L" =!6,L" S7F7L" #1-5L" S7L"b)3L" Y7L"b)3L" G7L"F1L" S7L"bD+,L" 7L" 1,2"U++,L"b7" K@MAdN7"

U<#T0<k" ',$1,*'" 31331.)1," '3:-!+,)*" ,'6-1." (&'3" *'.." *$1-1*&'-)(&)*(" )," 1" 0'12H

2'4',2',&"31,,'-7"=)+*$'3"=)+4$!("B'("?+336,"5?FL"AAMHAA`7"

"

F'-E6'.L"=7L"i61-1-$,)L"b7L" 1-&)1,+;L"G7L"\'"Z-1(L"S7L"U'L"07L"b')3'L"?7L"\'-+6J'L"07L"Y+(&L"

=7L"?1331(L"I7L"\+((+,L"B7I"3$")@J"K@MARN7"0-)3@>H-'4-'(('2"X\RM"-'&-+&-1,(4+(+,("-'J6.1&'"
J','"'94-'(()+,":!"4-+26*),J",+,*+2),J"BC<7"C1&"S&-6*&" +."=)+."8EL"RRfHR>`7"

"

F6'!"b< L"'717"K@MMRN7"0-1,(*-)4&)+,1. -'J6.1&)+,"+/ &$' &!4' G"3!+(),"$'1;!"*$1),"J',' ),"

2','-;1&'2"-1&"(+.'6(7"H"#6: '2"H"C?=G7"

"

Y1*E6'3),L"#7L"FD1,JL"Y7Y7L" 1-&)1.L"Y7<7L"%+..'L"#7L"1,2"%1;)2(+,L"G7"KAff`N7"<",+;'."/13).!"

+/" 2';'.+43',&1..!" -'J6.1&'2" 31331.)1," &-1,(*-)4&)+," /1*&+-(" *+,&1),),J" &$'" 0^<T<00S"

%C<":),2),J"2+31),7"Y"=)+."?$'3"8.*L"@AVVdH@AVgd7"
"

Y62(+,L"B7C7L"0-'3:.1!L"<7 7L"b,+44L"#7L"P$)&'L"B7=7L"_-*)1L"B7L"%'"=1-)L"?7L"k133)&L"#7S7L"

?131-J+L"I7%7L" 1,2"P1*5'-$1J'L"F7" K@MA@N7"0$'"F)44+"41&$D1!"3'3:'-"U14"4.1!("1"5'!"

-+.'"),"),/.6',*),J"/1&'"2'*)()+,("),"36(*.'"(1&'..)&'"*'..(7"Y"?'.."S*)"*8?L"`MMfH`MAf7"

b)3L" %7L" #'-&'1L" Z7L" 0-14,'..L" ?7L" #)3',&'.L" F7L" b'..'!L" B7L" 1,2" S1.j:'-JL" S7\7" K@MARN7"

0+4F1&@O" 1**6-1&'" 1.)J,3',&" +/" &-1,(*-)4&+3'(" )," &$'" 4-'(',*'" +/" ),('-&)+,(L" 2'.'&)+,(" 1,2"

J','"/6()+,(7"Z',+3'"=)+."*5L"BR`7"
"

b);'.1L"B7L"b!-+.1),',L"F7L"S'.1,,'L"F7L"b+3)L"#7X7L"b1),6.1),',L"F7L"1,2"X)$5+L"X7"K@MMVN7"

<" (),J.'" :+6&" +/" '9'-*)('" D)&$" $)J$" 3'*$1,)*1." .+12),J" ),26*'(" &$'" '94-'(()+," +/"

?!-`AT??CA"1,2"?0ZIT??C@"),"$631,"(5'.'&1."36(*.'7"Y"<44."#$!()+."KAfgdN"*E7L"ARfdH
A>MA7"

"

\1,J3'12L"=7L" 1,2" S1.j:'-JL" S7\7" K@MA@N7" I1(& J144'2H-'12" 1.)J,3',& D)&$"=+D&)' @7"C1&

 '&$+2("GL"RdVHRdf7"
"

\+;'L"  7G7L" F6:'-L"P7L" 1,2" <,2'-(L" S7" K@MA>N7"  +2'-1&'2" '(&)31&)+," +/" /+.2" *$1,J'" 1,2"

2)(4'-()+,"/+-"BC<H('E"21&1"D)&$"%^S'E@7"Z',+3'"=)+."*?L"ddM7"

"
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 1-L" Y7F7L" 1,2"i-21$.L"?7#7" KAfggN7"<" *+,('-;'2"?<00??0"3+&)/" )(" -'E6)-'2" /+-" (5'.'&1."

36(*.'H(4'*)/)*"1*&);)&!"+/"&$'"*1-2)1*"&-+4+,),"0"J','"4-+3+&'-7"#-+*"C1&."<*12"S*)"_"S"<"
F?L"`>M>H`>Mg7"

"

 1-L" Y7F7L" 1,2" i-21$.L" ?7#7" KAffMN7"  H?<0" :),2),J" /1*&+-L" 1" ,+;'." &-1,(H1*&),J" /1*&+-"

J+;'-,),J"36(*.'H(4'*)/)*"&-1,(*-)4&)+,7" +."?'.."=)+."*EL">@VAH>@gR7"
"

 1-),+;L"Z7b7L"b6,218'L"<7L"#1-5L"#7Y7L"1,2"P+.2L"=7Y7"K@MA>N7"\1-J'H(*1.'"E61.)&!"1,1.!()("

+/"46:.)($'2"?$G#H('E"21&17"ZR"K='&$'(21N"5L"@MfH@@R7"

"

#1-5'-L" 7F7L"#'--!L"B7\7L"I16&'69L" 7?7L"='-5'(L"?7<7L"1,2"B62,)*5)L" 7<7"K@MM`N7" !+%"

(!,'-J)j'("D)&$"&$'"^H4-+&'),"F^=":'&1"&+"),26*'"3!+J',)*"2)//'-',&)1&)+,7" +."?'.."=)+."8HL"
dVVAHdVgR7"

B):1(L"B7L" +,*16&L"C7L"S).)J1,L"?7L"01!.+-L"b7L"?-+((L"Y7P7L"B)J:!L"#7P7L"1,2"?1-;181.L"Y7Y7"

K@MAAN7"  '3:'-(" +/" &$'" 0^<%" /13).!" +/" &-1,(*-)4&)+," /1*&+-(" -'J6.1&'" &$'" '94-'(()+," +/"

 !/d"),";',&-1."(+3)&)*"*+341-&3',&(7"%';"=)+."7??L"RV@HRgM7"
"

0()51L" B7P7L" S*$-133L" ?7L" S)33'-L" Z7L" I)&j()3+,(L" %7#7L"  +((L" B7\7L" 1,2" Y)L" Y7" K@MMgN7"

i;'-'94-'(()+,"+/"0^<%HA"),"&-1,(J',)*"3+6('"(&-)1&'2"36(*.'("4-+26*'("1"(.+D'-"(5'.'&1."

36(*.'"*+,&-1*&).'"4$',+&!4'7"Y"=)+."?$'3"8F7L"R`Ad>HR`A`V7"
"

P1.'(L" S7L"F1($'3)L" S7L" =.1)(L"<7L" 1,2" *%'-3+&&L" Y7?7" K@MA>N7"Z.+:1." ^I@" &1-J'&" J','"

1,1.!()( )," *1-2)1* 1,2" (5'.'&1. 36(*.' -';'1.( ,+;'. -'J6.1&)+," +/ %_S#`" :!" 4Rg <#bH

 ^I@"()J,1.),J7"C6*.')*"<*)2("B'("58L"AAR>fHAAR`@7"
"

P1&&L"b7G7L" Y62(+,L"B7L" '2.+DL"#7L"B')2L"b7L"b6-&$L"07=7L"=6-,)(&+,L"Y7Z7L"B1&5';)*)6(L"<7L"

%'"=1-)L"?7L" 1,2"P1*5'-$1J'L"F7" K@MAMN7"U14" )(" 1" ,+;'." -'J6.1&+-" +/"?@?A@"3!+J','()(7"

=)+*$'3"=)+4$!("B'("?+336,"7G7L"`AfH`@>7"
"

P1&&L"b7G7L"06-,'-L"=7Y7L"F1JJL"<7L"k$1,JL"h7L"%1;'!L"Y7B7L"l)1,L"F7L"='!'-L"?7L"P),:1,5(L"

?7^7L"F1-;'!L"b7I7L"1,2"Z-'J+-';)*L"#7"K@MAdN7"0$'"F)44+"41&$D1!"'//'*&+-"U<#")("1"*-)&)*1."

-'J6.1&+-"+/"(5'.'&1."36(*.'"/):-'"()j'7"C1&"?+336,"HL"`M>g7"

h)1+L" Y7F7L" %1;)2(+,L" G7L"  1&&$'(L" F7L" Z1-,)'-L" Y7 7L" 1,2" ?$13:+,L" #7" KAffAN7" ?.+,),JL"

'94-'(()+,L"1,2"&-1,(*-)4&)+,1."4-+4'-&)'("+/"&$'"$631,"',$1,*'-"/1*&+-"0^IHA7"?'.."H?L"ddAH

d`g7"

"

U'L"07L"b-':(L"<7B7L"?$+65-1..1$L" 7<7L"b')3'L"?7L"#.'D,)15L"I7L"%1;)2(+,L"G7L"1,2"0+-1L"\7"

K@MAAN7"('E GC^BO"1," ),&'J-1&'2"?$G#H('E"21&1" ),&'-4-'&1&)+,"4.1&/+-37"C6*.')*"<*)2("B'("

7GL"'Rd7"
"

k1,*+,1&+L"I7L"I+-*1&+L" 7L"=1&&).1,1L"Z7L"<jj+.),L"\7L"l61-1,&1L"^7L"=+2'J1L"=7L"B+(1&+L"<7L"

=)**)1&+L" S7L" ?+-2',+,()L"  7L" 1,2" #)**+.+L" S7" K@MAdN7" Z',+3'HD)2' 1((+*)1&)+," :'&D'',"

U<#T0<kT0^<%"1,2"<#HA"1&"',$1,*'-("2-);'("+,*+J',)*"J-+D&$7"C1&6-'"?'.."=)+.+J!"*.L"
A@AgHA@@V7"

"

k$1,JL"U7L"\)6L"07L" '!'-L"?7<7L"^'*5$+6&'L"Y7L"Y+$,(+,L"%7S7L"='-,(&'),L"=7^7L"C6(:163L"?7L"

 !'-(L"B7 7L"=-+D,L" 7L"\)L"P7I"3$")@J"K@MMgN7" +2'.H:1('2"1,1.!()("+/"?$G#HS'E"K <?SN7"
Z',+3'"=)+."GL"BARV7"
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"

k$1+L"=7L"U'L"h7L"U6L"Y7L"\)L"\7L"\)L"P7L"\)L"S7L"\),L"Y7%7L"P1,JL"?7U7L"?$),,1)!1,L"<7 7L"\1)L"

k7?7I" 3$" )@J" K@MMgN7" 0^<%" 3'2)1&'(" U<#H2'4',2',&" J','" ),26*&)+," 1,2" J-+D&$" *+,&-+.7"

Z','("%';"88L"Af`@HAfVA7"

"

K*A.#( 0(A(,-1= 

K*A.#( ;=" I6,*&)+,(" +/" 0'12" /1*&+-(" )," 2)//'-',&)1&),J" 4-)31-!" 3!+:.1(&(7" 5CL7" Z','"

'94-'(()+," D1(" E61,&)/)'2" :!" B0HE#?B" )," 2)//'-',&)1&),J" 4-)31-!" 3!+:.1(&(" 1/&'-"

&-1,(/'*&)+,"D)&$"&$'"),2)*1&'2"()BC<(7"9="I.6+-'(*',*'"3)*-+(*+4!")31J'("1/&'-"`"21!("+/"

2)//'-',&)1&)+," +/" 4-)31-!"3!+:.1(&(" &-1,(/'*&'2"D)&$" &$'" ),2)*1&'2" ()BC<(7"Z-''," *$1,,'."

($+D( (&1),),J" D)&$"  !+()," $'1;!" *$1), 1,&):+2!L" 1,2" :.6' %14)H(&1),'2" ,6*.')7" AMh

31J,)/)*1&)+,7"6=" I6()+," ),2'9" +/" ()?+,&-+." 1,2" : 23)45" *'..(7"4=" l61,&)/)*1&)+," +/" J','"

'94-'(()+," 26-),J" 4-)31-!" 3!+:.1(&" 2)//'-',&)1&)+," 1/&'-" &-1,(/'*&)+," D)&$" &$'" ),2)*1&'2"

()BC<(7"K="=-)J$&"/)'.2"3)*-+(*+4!")31J'("1/&'-"`"21!("+/"2)//'-',&)1&)+,"+/"*'..("&-1,(/'*&'2"

D)&$" &$'" ),2)*1&'2" ()BC<(7" M7" I.6+-'(*',*'" 3)*-+(*+4!" )31J'(" 1/&'-" `" 21!(" +/"

2)//'-',&)1&)+," /+..+D),J" &-1,(/'*&'2" D)&$" &$'" ),2)*1&'2" ()BC<(7"N" l61,&)/)*1&)+," +/" J','"

'94-'(()+,"1/&'-"&-1,(/'*&)+,"D)&$"&$'"),2)*1&'2"()BC<(7"

K*A.#( :="B'26,21,&"/6,*&)+,("+/"0'12"/1*&+-("),"2)//'-',&)1&),J"4-)31-!"3!+:.1(&(7"57"Z','"

'94-'(()+," D1(" E61,&)/)'2" :!" B0HE#?B" 26-),J" 4-)31-!" 3!+:.1(&" 2)//'-',&)1&)+," 1/&'-"

&-1,(/'*&)+,"D)&$"&$'"),2)*1&'2"()BC<(7"L="I.6+-'(*',*'"3)*-+(*+4!")31J'("1/&'-"`"21!("+/"

2)//'-',&)1&)+," +/" 4-)31-!"3!+:.1(&(" &-1,(/'*&'2"D)&$" &$'" ),2)*1&'2" ()BC<(7"Z-''," *$1,,'."

($+D(" (&1),),J" D)&$"  !$*" 1,&):+2!L" 1,2" :.6'" %14)H(&1),'2" ,6*.')7" 9=" I6()+," ),2'9" +/"

()?+,&-+." *'..(" 1,2" *'..(" /+..+D),J" *+..'*&);'" ().',*),J" +/" 0'12A" 1,2" 0'12>" +-" /+..+D),J"

*+..'*&);'" ().',*),J"+/"0'12AL"0'12@" 1,2"0'12>"6="l61,&)/)*1&)+,"+/" J','" '94-'(()+," 1/&'-"

&-1,(/'*&)+,"D)&$"&$'"),2)*1&'2"()BC<(7"

K*A.#( O="S4'*)/)*"1,2"-'26,21,&"/6,*&)+,("+/"0'12"/1*&+-("),"2)//'-',&)1&),J"?@?A@"*'..(7""57"

Z','" '94-'(()+," D1(" E61,&)/)'2" :!" B0HE#?B" 26-),J" ?@?A@" *'.." 2)//'-',&)1&)+," 1/&'-"

&-1,(/'*&)+,"D)&$"&$'"),2)*1&'2"()BC<(7"L="I.6+-'(*',*'"3)*-+(*+4!")31J'("1/&'-"`"21!("+/"

?@?A@" *'.." 2)//'-',&)1&)+," /+..+D),J" &-1,(/'*&)+," +/" &$'" ),2)*1&'2" ()BC<(7" Z-''," *$1,,'."

($+D("(&1),),J"D)&$" !$*"1,&):+2!"9="I6()+,"),2'9"+/"()?+,&-+."1,2"/+..+D),J"().',*),J"+/"

0'12"/1*&+-("1.+,'"+-"),"*+3:),1&)+,L"1("),2)*1&'27"
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K*A.#( @=" "0'12>"J',+3)*"+**641,*!" ),",+,H2)//'-',&)1&'2"1,2"2)//'-',&)1&'2"?@?A@"*'..(7"

5CL=" \+*1.)(1&)+," +/" 0'12>" +**64)'2" ()&'(" )," ,+,H2)//'-',&)1&'2" 1,2" 2)//'-',&)1&'2" ?@?A@"

*'..("-'.1&);'"&+"J',+3)*"1,,+&1&)+,("K.'/&"41,'.(N"1,2"&$'"0SS"K-)J$&"41,'.(N7"9F 4="I-'E6',*!"

+/" +**6--',*'" +/" %C<" :),2),J" 3+&)/(" /+-" &$'" ),2)*1&'2" &-1,(*-)4&)+," /1*&+-(" 1&" 0'12>"

+**64)'2" ()&'(" )," 6,2)//'-',&)1&'2" 1,2" 2)//'-',&)1&'2"?@?A@" *'..(7"6F K=" B'(6.&(" +/" ^ ^"

1,1.!()(" +," &$'" &+4" `MM" 0'12>" +**64)'2" ()&'(" ,+,H2)//'-',&)1&'2" 1,2" 2)//'-',&)1&'2" ?@?A@"

*'..("($+D),J"&$'"$)J$"/-'E6',*!"+/"+**6--',*'"+/"&$'" ?<0"3+&)/"&+J'&$'-"D)&$"3+&)/("/+-"

(';'-1."+&$'-" /1*&+-(7" "M="_?S?"(*-'',($+&("+/"0'12>"+**641,*!" ),",+,H2)//'-',&)1&'2" 1,2"

2)//'-',&)1&'2"?@?A@"*'..("1&"&$'"),2)*1&'2"J','".+*)7"

K*A.#( P=""?+341-)(+,"+/"0'12>"J',+3)*"+**641,*!"),",+,H2)//'-',&)1&'2"1,2"2)//'-',&)1&'2"

?@?A@"*'..(7"5="B'12"2',()&!"*.6(&'-"314"6(),J"1",+,H-'26,21,&" .)(&"+/"1.."0'12>H+**64)'2"

()&'(" &+" *+341-'"+**641,*!" ),",+,H2)//'-',&)1&'2"1,2"2)//'-',&)1&'2"*'..(7"L="X',,"2)1J-13"

($+D),J" &$'" ,63:'-" +/" ()&'(" )," &$'" 2)//'-',&" *.6(&'-(" /-+3" &$'" *.6(&'-"314" +/" 41,'."<7"9="

1,1.!()("+/"&-1,(*-)4&)+,"/1*&+-":),2),J"3+&)/("1&"()&'("+**64)'2":!"0'12>"),"&$'"2)//'-',&)1&'2"

1,2",+,H2)//'-',&)1&'2"(&1&'("1("),2)*1&'27""

K*A.#( Q=" "0'12A"J',+3)*"+**641,*!" ),",+,H2)//'-',&)1&'2"1,2"2)//'-',&)1&'2"?@?A@"*'..(7"

5CL= \+*1.)(1&)+," +/ 0'12A" +**64)'2" ()&'( )," ,+,H2)//'-',&)1&'2" 1,2" 2)//'-',&)1&'2" *'..(

-'.1&);'" &+" J',+3)*" 1,,+&1&)+,(" K.'/&" 41,'.(N" 1,2" &$'" 0SS" K-)J$&" 41,'.(N7"9=" I-'E6',*!" +/"

+**6--',*'"+/"%C<":),2),J"3+&)/("/+-"&$'"),2)*1&'2"&-1,(*-)4&)+,"/1*&+-("1&"0'12A"+**64)'2"

()&'("),",+,H2)//'-',&)1&'2"*'..(7"6="B'(6.&("+/" ^ ^"1,1.!()("+,"&$'"&+4"`MM"0'12A"+**64)'2"

()&'("($+D),J"&$'"$)J$"/-'E6',*!"+/"+**6--',*'"+/"&$'" ?<0"3+&)/"&+J'&$'-"D)&$"3+&)/("/+-"

(';'-1." +&$'-" /1*&+-(7" "4="_?S?" (*-'',($+&(" +/"0'12A"+**641,*!" )," ,+,H2)//'-',&)1&'2" 1,2"

2)//'-',&)1&'2"?@?A@"*'..("1&"&$'"),2)*1&'2"J','".+*)7"

K*A.#( R=""?+341-)(+,"+/"0'12A"1,2"0'12>"J',+3)*"+**641,*!"),",+,H2)//'-',&)1&'2"?@?A@"

*'..(7"5=" B'12" 2',()&!" *.6(&'-" 314" *+341-),J" 0'12>" +**641,*!" 1&" 0'12AH+**64)'2" ()&'(7"

B)J$&"41,'."($+D("1"X',,"2)1J-13"D)&$"&$'",63:'-"+/"*+33+,"1,2"($1-'2"()&'(7"L="_?S?"

(*-'',($+&("*+341-),J"0'12A"1,2"0'12>"+**641,*!"),",+,H2)//'-',&)1&'2"?@?A@"*'..("1&"&$'"

),2)*1&'2"J','".+*)7"

K*A.#( S="0-1,(*-)4&)+,"/1*&+-"+**641,*!"1,2"FRb@V1*"1,2"&$'"23)4*"1,2"23)45"J','".+*)7"

5CL="_?S?"(*-'',($+&(" ($+D),J"0'12>"1,2"0'12A"+**641,*!"1,2"FRb@V1*"1&"23)4*" 1,2"

23)45" J','" .+*)" ),",+,H2)//'-',&)1&'2"1,2"2)//'-',&)1&'2"?@?A@"*'..(" 1.+,J"D)&$" !+J"1,2"

 !+2A"+**641,*!"),"2)//'-',&)1&'2"*'..(7""
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K*A.#( T=" " G,&'J-1&)+," +/" 0'12>" J',+3)*" +**641,*!" D)&$" *$-+31&)," 3+2)/)*1&)+,(" 26-),J"

?@?A@"*'.."2)//'-',&)1&)+,7"5="B'12"2',()&!"*.6(&'-"314"($+D),J"*$-+31&),"3+2)/)*1&)+,("1&"

0'12>H+**64)'2" ()&'(" )," ,+,H2)//'-',&)1&'2" 1,2" 2)//'-',&)1&'2" *'..(7" L= X',," 2)1J-13("

)..6(&-1&),J" &$'" +;'-.14" +/" *$-+31&)," 3+2)/)*1&)+,(" D)&$" 0'12>" J',+3)*" +**641,*!7" 9="

G2',&)/)*1&)+,"1,2"+,&+.+J!"1,1.!()("+/"J','("1((+*)1&'2"D)&$"0'12>"()&'("1&"1*&);' FRb@V1*"

31-5'2"-'J6.1&+-!"'.'3',&(7"""

K*A.#( ;U=" " G2',&)/)*1&)+," +/" ()&'(" *+H+**64)'2" :!"0'12>"D)&$" !+2A" 1,2" !+J7"5="B'12"

2',()&!" *.6(&'-"314(" ($+D),J" ()&'(" +**64)'2":!" !+JL" !+2A" 1,2"0'12>" )," 2)//'-',&)1&'2"

*'..(7"0$'"3'&14-+/).'(" +/" ('.'*&'2" *.6(&'-(" 1-'" ($+D," &+" &$'" -)J$&7"L= B'12"2',()&!" *.6(&'-"

314"*+341-),J"()&'("+**64)'2":!" !+J"1,2" !+2A"),"2)//'-',&)1&'2"*'..("D)&$"0'12A"),",+,H

2)//'-',&)1&'2"*'..(7"i,.!"1"(31.."*+..'*&)+,"+/"*+33+,"()&'("D1(")2',&)/)'27"9="I-'E6',*!"+/"

+**6--',*'"+/"&-1,(*-)4&)+,"/1*&+-":),2),J"3+&)/("1&"&$'"*+33+,.!"+**64)'2"()&'("/-+3"41,'."

<7"6=" X',," 2)1J-13(" )..6(&-1&),J" &$'" +;'-.14" +/" J','(" 1((+*)1&'2"D)&$" 0'12>L" !+2A" 1,2"

 !+J" :+6,2" ()&'(7" *$-+31&)," 3+2)/)*1&)+,(" D)&$" 0'12>" J',+3)*" +**641,*!7" 4CK= B'12"

2',()&!"*.6(&'-"314("($+D),J"()&'("+**64)'2":!"0'12>"+-"0'12A"1,2" '/@17"0$'"3'&14-+/).'("

+/"('.'*&'2"*.6(&'-("1-'"($+D,"&+"&$'"-)J$&7"""

K*A.#( ;;= G2',&)/)*1&)+," +/ 0'12AT>H-'J6.1&'2" J','( )," 2)//'-',&)1&),J" ?@?A@" *'..(7" 5=

?.1(()/)*1&)+," +/" J','(" 64H" 1,2" 2+D,H-'J6.1&'2" 26-),J" 2)//'-',&)1&)+," +/" ?@?A@" *'..("

&-1,(/'*&'2" D)&$" *+,&-+." ()BC<7" " L=" =+9" 4.+&(" ($+D),J" J','" '94-'(()+," *$1,J'(" 26-),J"

2)//'-',&)1&)+," +/" *'..(" &-1,(/'*&'2" D)&$" : 23)4*B57" 9=" ^9134.'(" +/" J','(" 2'-'J6.1&'2" ),"

: 23)4*B5"*'..("*+341-'2"&+"()?+,&-+.7"""""

K*A.#( ;:=""G2',&)/)*1&)+,"+/"4+&',&)1."2)-'*&"0'12>H-'J6.1&'2"J','("),"2)//'-',&)1&),J"?@?A@"

*'..(7" 5= X',," 2)1J-13( )..6(&-1&),J" &$' +;'-.14" :'&D''," J','( D)&$" 1((+*)1&'2" 0'12>"

+**64)'2"()&'("1,2"J','("64"+-"2+D,H-'J6.1&'2":!": 23)4*B5" ().',*),J" ),"?@?A@"*'..(7"0$'"

+,&+.+J!"1,1.!()("+/"&$'"4+&',&)1."2)-'*&"&1-J'&"J','("),"($+D,7"L="X',,"2)1J-13(")..6(&-1&),J"

&$'"+;'-.14":'&D'',"J','("D)&$"1((+*)1&'2"0'12>"+**64)'2"()&'("),"?@?A@"*'..("1,2"J','("64"

+-"2+D,H-'J6.1&'2":!": 23)4*B5"().',*),J"),"4-)31-!"3!+:.1(&(7"0$'"+,&+.+J!"1,1.!()("+/"&$'"

4+&',&)1."2)-'*&"&1-J'&"J','("),"($+D,7"

K*A.#( ;O=" " G2',&)/)*1&)+,"+/"0'12AT>H-'J6.1&'2"J','(" ),"2)//'-',&)1&),J"4-)31-!"3!+:.1(&(7"

5=" ?.1(()/)*1&)+," +/" J','(" 64H" 1,2" 2+D,H-'J6.1&'2" 26-),J" 2)//'-',&)1&)+," +/" 4-)31-!"

3!+:.1(&(" &-1,(/'*&'2"D)&$"*+,&-+."()BC<7" "L="=+9"4.+&("($+D),J"J','"'94-'(()+,"*$1,J'("
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26-),J"2)//'-',&)1&)+,"+/"*'..("&-1,(/'*&'2"D)&$": 23)4*B57"9="^9134.'("+/"J','("2'-'J6.1&'2"

),": 23)4*B5"*'..("*+341-'2"&+"()?+,&-+.7"""""

K*A.#( ;@=""G2',&)/)*1&)+,"+/"J','("*+33+,.!"-'J6.1&'2":!"0'12AT>"),"2)//'-',&)1&),J"4-)31-!"

3!+:.1(&("1,2"?@?A@"*'..(7"5CL="X',,"2)1J-13(")..6(&-1&),J"&$'"+;'-.14":'&D'',"J','("64"+-"

2+D,H-'J6.1&'2":!": 23)4*B5"().',*),J"),"2)//'-',&)1&),J"4-)31-!"3!+:.1(&("1,2"?@?A@"*'..(7"

0$'"+,&+.+J!"1,1.!()("+/"&$'"4+&',&)1."2)-'*&"&1-J'&"J','("),"($+D,7""

&.''0(7(,$"0 K*A.#( ;=""B'J6.1&)+,"+/"0'12A"'94-'(()+,":!"0'12>"),"2)//'-',&)1&),J"?@?A@"

*'..(7" G336,+:.+&(" &+" 2'&'*&" 0'12A" +-" 0'12>" )," 2)//'-',&)1&),J" *'..(" &-1,(/'*&'2" D)&$" &$'"

),2)*1&'2"()BC<(7"='&1H1*&),")("6('2"1(".+12),J"*+,&-+.7"

&.''0(7(,$"0 K*A.#( :=" " G,&'J-1&)+," +/" 0'12A" J',+3)*" +**641,*!" D)&$" *$-+31&),"

3+2)/)*1&)+,(" )," ,+,H2)//'-',&)1&'2" ?@?A@" *'..(7" 5=" B'12" 2',()&!" *.6(&'-" 314" ($+D),J"

*$-+31&)," 3+2)/)*1&)+,(" 1&" 0'12AH+**64)'2" ()&'(" )," ,+,H2)//'-',&)1&'2" *'..(7" L= X',,"

2)1J-13(")..6(&-1&),J"&$'"+;'-.14"+/"*$-+31&),"3+2)/)*1&)+,("D)&$"0'12A"J',+3)*"+**641,*!7"

9=" G2',&)/)*1&)+," 1,2" +,&+.+J!" 1,1.!()(" +/" J','(" 1((+*)1&'2" D)&$" 0'12>" ()&'(" 1&" 1*&);'"

FRb@V1*"31-5'2"-'J6.1&+-!"'.'3',&(7" "6="_?S?"(*-'',($+&(" )..6(&-1&),J"0'12A"1,2"0'12>"

+**641,*!"1.+,J"D)&$"FRb>3'R"1,2"FRb@V1*"*$-+31&),"3+2)/)*1&)+,("),"2)//'-',&)1&'2"1,2"

,+,H2)//'-',&)1&'2"?@?A@"*'..("1&"&$'"),2)*1&'2".+*)7"

&.''0(7(,$"0 K*A.#( O= 0'12AT>"-'J6.1&'2"J','"'94-'(()+,"),"?@?A@"*'..(7"5="S*$'31&)*"+/"

&$'" '94'-)3',&1." D+-5/.+D7" L=" C63:'-" +/" J','(" 2'H-'J6.1&'2" :!" : 23)4*B5" ().',*),J" 1&"
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II.Characterisation of the TEAD4 interactome: Identification of Ifi202 as a 

novel interaction partner. 
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 !"#$$ 7193+ $+ &$!&75 41752104&$9 .21#!+% -$//"0"#% 213+" +%0.$#+ :C0$-7.#- "% .7>@ DGED=> 

F1 $#B"+%$!.%" %&" -$//"0"#9" $#  !"#$#% "840"++$1# 6"%A""# CDCED 9"77+ .#- 40$2.05 

25167.+%+@ A" 9&"9H"- $/ %&"+" 9"77+ 9.2" /012 %&" +.2" !"#"%$9 6.9H!013#-> CDCED 9"77+ 

.0" -"0$B"- /012 %&" CIJ 213+" +%0.$#@ A&"0".+ A" $+17.%"- 40$2.05 25167.+%+ /012 

CKLMNO<> F&$+ $+ .# $2410%.#% 16+"0B.%$1# .+  !"#$#% 6"71#!+ %1 . %&0""*!"#" /.2$75 1/ 

 !"#$#&@  !"#$#% .#-  !"#$#'>  !"#$#% .#-  !"#$#& !"#"+ .0" &$!&75 &12171!13+ $# %&"$0 

40$2.05 +",3"#9" A$%& 1#75 L .2$#1 .9$- +36+%$%3%$1#+ :P.#! "% .7>@ EQQQ=@ A&$7"  !"#$#' $+ . 

4+"3-1!"#"> P.#! "% .7>@ 4"0/102"- &12171!13+ 0"9126$#.%$1# %1 -"7"%" %&"  !"#$#& !"#" 

.#- +&1A"- %&.%  !"#$#% "840"++$1# 9137- +%$77 6" -"%"9%"- $# %&"+" 2$9"> F&"  !"#$#&(% !"#"+ 

.0" 40"+"#% .% .# 16"+$%5*7$#H"- 7193+ .#- . +%01#! -"90".+" $# 16"+" 4&"#1%54" A.+ 16+"0B"- 

A&"# %&" 16"+" 2$9" A"0" 901++"- A$%& MNO< 2$9" :R1!"7 "% .7>@ DGED=> ;30%&"0 217"937.0 

9&.0.9%"0$+.%$1# 7"- %1 %&" /$#-$#! %&.% MNO< 2$9" &.06130 . 2$901*-"7"%$1# $# %&"  !"#$#%(& 

7193+ A&$9& 7".-+ %1 . 71++ 1/  !"#$#% "840"++$1# $# MNO< 91#%0.05 %1 %&" CIJ .#- EDQSBT 

2$9" 7$#"+> F&$+ 41%"#%$.775 "847.$#+ %&" 7.9H 1/  !"#$#% "840"++$1# $# %&" 40$2.05 25167.+%+ 

A" 40"4.0"- /012 %&" MNO< 6.9H!013#->  

("B"0%&"7"++@ !$B"# %&"$0 &$!& &12171!5@ '()*+", 0".-+ /012  !"#$#& +&137- 2.4 %1 

%&"  !"#$#% !"#" "B"# A&"# %&$+ !"#" $+ #1 71#!"0 "840"++"-> F1 $#B"+%$!.%" %&$+ /30%&"0@ A" 

711H"- 34 %&" .##1%.%$1# 1/  !"#$#% $# %&" (CM? !"#" -.%.6.+"> F&" +",3"#9" .#- !"#" 

.##1%.%$1# $# 22Q 912"+ /012 CKLMNO< 2$9" .#- %&"  !"#$#% .#-  !"#$#& !"#" .##1%.%$1#+ 

.0" 2"0!"- .#- 9.77"-  !"#$#%@ 63% %&" .##1%.%"- +",3"#9" $+ %&.% 1/  !"#$#& .+ -"+90$6"- 65 

P.#! "% .7@ #1% DGD6> J"#9"@ $% $+ 3#97".0 A&"%&"0 %&$+ $+ .# .##1%.%$1# 40167"2 10 A&"%&"0 

$#-"4"#-"#%  !"#$#& .#-  !"#$#% !"#"+ 0".775 "8$+%>  

 ?/ 1#75 1#"  !"#$# !"#" "8$+%+@ 63% $+ #1% "840"++"- $# 40$2.05 25167.+%+ /012 MNO< 

2$9"@ %&"# $% $+ -$//$937% %1 "847.$# A&5  !"#$#% H#19H-1A# &.+ +39& . -0.2.%$9 "//"9% 1# %&"$0 

-$//"0"#%$.%$1#> F1 .--0"++ %&$+ 40167"2@ A" -"+$!#"- . 91221# /10A.0- 40$2"0@ 63% -$//"0"#% 

0"B"0+" 40$2"0+ +4"9$/$9 %1 "$%&"0  !"#$#& 10  !"#$#% 6.+"- 1# %&" -$//"0"#9"+ $# +",3"#9" 

-"+90$6"- 65 P.#! "% .7 :EQQQ=> P" 4"0/102"- 'F*UC' 1# 61%& CDCED .#- 40$2.05 

25167.+% 2'() .#- 71.-"- %&" +.247"+ 1# .# .!.01+" !"7 %1 9&"9H A&"%&"0 9V()+ /10 
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 !"#$#& .#-  !"#$#% !"#" A"0" .247$/$"- $# %&" %A1 9"77 %54"+> )+ +&1A# $# ;$!30" <M@ 

91#912$%.#% A$%& 40"B$13+ /$#-$#!+ .#- '()*+", -.%.@  !"#$#& A.+ "840"++"- $# 61%& CDCED 

9"77+ .#- 40$2.05 25167.+%+ A&$7"  !"#$#% A.+ 71A75 "840"++"- $# CDCED@ 63% 9137- #1% 6" 

.247$/$"- .% .77 $# 40$2.05 25167.+%+> W10"1B"0@  !"#$#& "840"++$1# $+ 34*0"!37.%"- -30$#! 

40$2.05 25167.+% -$//"0"#%$.%$1#> ?# %&$+ 0"+4"9% $% $+ $#%"0"+%$#! %1 #1%" %&.%@ A&$7" %&"0" .0" 

#1 F".-*6$#-$#! +$%"+ +""# .% %&$+ 7193+@ W51-E .#- W51! 199345 . +$%" $22"-$.%"75 

34+%0".2 1/ %&" ?/$DGD !"#" :;$!30" <C=   

 F1!"%&"0 %&" .61B" -.%. +34410% %&" 91#%"#%$1# 1/ P.#! "% .7 /10 %&" "8$+%"#9" .% %A1 

-$+%$#9% !"#"+ "#91-$#!  !"#$#& .#-  !"#$#% A&1+" -$//"0"#%$.7 "840"++$1# 9.# 6" 

-$+90$2$#.%"- 3+$#! +4"9$/$9 40$2"0+> M1%& !"#"+ .0" "840"++"- $# CDCED 9"77+@ A&$7" 1#75 

 !"#$#& $+ "840"++"- $# 40$2.05 25167.+%+ A&"0" $%+ "840"++$1# $+ 34*0"!37.%"- -30$#! 

-$//"0"#%$.%$1#> F&" +$'() 4117 -"+$!#"- .!.$#+%  !"#$#% 901++ 0".9%+ A$%&  !"#$#& .+ %&"+" 

%A1 !"#"+ &.B" &$!&75 &12171!13+ +",3"#9"+@ %&3+ "847.$#$#! %&" 41%"#% "//"9% 1/ %&" 

H#19H-1A# 1# 40$2.05 25167.+% -$//"0"#%$.%$1#> W10"1B"0@ %&" .##1%.%$1# 1/ %&"  !"#$$ 7193+ 

$# 4367$9 -.%.6.+"+ $+ 91#/3+$#!> X#75  !"#$#% $+ -"4$9%"-@ 5"% %&" +",3"#9" $+ %&.% 1/  !"#$#&) 

A&"0".+ #1 .##1%.%$1#+ /10  !"#$#& 10  !#$#' .0" +&1A#> F&$+ 7193+ $+ H#1A# %1 6" &$!&75 

41752104&$9 .21#!+% 213+" +%0.$#+ .#- $%+ .##1%.%$1#+ +&1A 1%&"0 .#12.7$"+> ;10 "8.247"@ 

Y&.#! "% .7>@ -"+90$6" %&" *+,&- !"#" .#- +&1A $% 719.%"- 6"%A""#  !"#$#% .#-  !"#$I :Y&.#! 

"% .7>@ DGGQ=@ A&"0".+ $% $+ .##1%.%"- $# ZCSCO[#+"267 .+ +"B"0.7 $#-"4"#-"#% %0.#+90$4%+ 

719.%"- 1B"07.44$#! A$%&  !"#$.> \$B"# %&"+" .26$!3$%$"+@ A" 0"*"8.2$#"- %&" 4"4%$-"+ %&.%

A"0" $-"#%$/$"- $# %&" 2.++ +4"9%012"%05 .#.75+$+ %1 B"0$/5 %&.% %&"5 2.%9&"- 1#75 %&" 

?/$DGD.O6 401%"$#+ .#- 9137- #1% 6" 91#/3+"- A$%& %&" 971+"75 0"7.%"- ?/$DGI .#- ?/$DG] 

401%"$#+ :;$!30" <V=> X#75 . +$#!7" 4"4%$-" A.+ +&.0"- A$%& ?/$DGIO]@ .77 %&" 1%&"0+ A"0" 

+4"9$/$9 %1 ?/$EGD -"21#+%0.%$#! %&$+ 401%"$# $+ 0".775 "840"++"- $# CDCED 9"77+>  

 ;012 %&$+ +%3-5@ A" %&"0"/10" 91#973-" %&.% %&" !"#" -"+$!#.%"- 40"B$13+75 .+  !"#$#& 

$+ "840"++"- $# 40$2.05 25167.+%+ /012 MNO< 2$9"@ $+ 34*0"!37.%"- 4"0&.4+ %&013!& %&" 

.9%$1# 1/ W51-EOW51! -30$#! -$//"0"#%$.%$1#@ .#- 47.5+ .# $2410%.#% 017" $# %&" "71#!.%$1# 

1/ 251%36"+>  
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 !"#$""!%&'(&)'*+,"*+#-!.+"/'

01!232'!"'('&%.+4'5$-'+&!67(-!#'8+()9'!&-+,(#-!&6'*(,-&+,:''

 ?/$DGD. .#- ?/$DGD6 6"71#! %1 . /.2$75 1/ 401%"$#+ 91#%.$#$#! J?(*-12.$#+ :J?(*) .#- 

J?(*M= %&.% &.+ 47"$1%014$9 /3#9%$1#+ .9%$#! $# %&" $##.%" $223#" 0"+41#+" .#- .7+1 .+ 

0"!37.%10+ 1/ %0.#+90$4%$1#.7 .9%$B$%5 $# %&" #397"3+ %&013!& %&"$0 6$#-$#! %1 +"B"0.7 

%0.#+90$4%$1# /.9%10+ +39& .+ F04KI :^$# "% .7>@ DGG<=> F&" J?( /.2$75 $# 213+" $+ 91241+"- 

1/ ED A"77*9&.0.9%"0$+"- !"#"+ A&$7" %&" &32.# !"#12" 91240$+"+ 1#75 ] !"#"+ :C0$-7.#- "% 

.7>@ DGED=> F&"0" .0" %A1 $2410%.#% /3#9%$1#.775 91#+"0B"- -12.$#+ $# J?( 401%"$#+@ %&" J?( 

-12.$# %&.% 0"91!#$+"+ "81!"#13+ 95%1+17$9 V() -30$#! $#/"9%$1# .#- %&" U_'?(OV)U?( 

-12.$# %&.% "7$9$%+ %&" $223#" 0"+41#+" B$. $#/7.22.+12" 91247"8 /102.%$1#> F&" 

%0.#+90$4%$1#.7 0"!37.%$1# /3#9%$1# $+ 2"-$.%"- B$. %&" J?(*) .#-O10 %&" J?(*M -12.$#+>  

 ?#%"0"+%$#!75@ %&" ?/$DGD 401%"$#+ -1 #1% 91#%.$# %&" U_'?( -12.$# .#- 41++"++ 1#75 

%&" %A1 J?( -12.$#+> ?/$DGD &.+ 6""# +&1A# %1 $#%"0.9% A$%& %0.#+90$4%$1# /.9%10+ +39& .+ 

(;*HM .#- `Z(O;XS 61%& "+/ 0"123 .#- "+/ 0"03 :W$# "% .7>@ EQQ<= .#- $#&$6$% %&"$0 

%0.#+90$4%$1#.7 .9%$B$%5> ?# .--$%$1#@ 1B"0"840"++$1# 1/ ?/$DGD6 +71A"- 9"77 4017$/"0.%$1#> 

)#1%&"0 +%3-5 /012 %&" +.2" !0134 +&1A"- %&.% ?/$DGD 6$#-$#! %1 F04KI64E .7+1 $#&$6$%"- 

%0.#+90$4%$1#.7 .9%$B.%$1# 1/ F04KI*-"4"#-"#% !"#"+ +39& 4,5+6& .#- *,7# :V.%%. "% .7>@ 

EQQ<= .#- /30%&"0210"@ H#19H-1A# 1/ ?/$DGD 7"- %1 $#90".+"- C-H#E. "840"++$1# +&1A$#! 

%&.% ?/$DGD6 21-37.%"+ !01A%& .#- .00"+% 1/ 4017$/"0.%$1# B$. F04KI64E 6$#-$#! .9%$B$%5> V.%%. 

"% .7> +&1A"- %&.% %0.#+$"#% 1B"0"840"++$1# 1/ ?/$DGD +3440"++"+ *83,6 "840"++$1# .% 2'() 

7"B"7 .#- .7+1 $#&$6$%+ $%+ %0.#+90$4%$1#.7 .9%$B$%5 65 -$0"9%75 6$#-$#! %&" W51-E 401%"$# :V.%%. 

"% .7>@ EQQa=> ;30%&"0 "84"0$2"#%+ +&1A"- %&.% ?/$DGD 1B"0"840"++$1# $# CDCED 9"77+ $#&$6$%"- 

%&"$0 -$//"0"#%$.%$1#@ . 0"+37% %&.% A" 0"401-39"- &"0"> S$2$7.075@ %&" 0"7.%"- ?/$DG] 401%"$# $+

.7+1 $#-39"- -30$#! CDCED -$//"0"#%$.%$1# A&"0" $% $+ 0",3$0"- /10 %&"$0 -$//"0"#%$.%$1# 65 

1B"0912$#! %&" $#&$6$%105 "//"9% 1/ ?V 401%"$#+ 1# W51-E :V$#! "% .7>@ DGG<=>  

 F&" .61B" -.%. 1# ?/$DGD 2.5 &"74 "847.$# 130 16+"0B.%$1#+ %&.% 61%& !.$# .#- 71++ 1/ 

$%+ /3#9%$1# $#&$6$%+ CDCED 9"77 -$//"0"#%$.%$1# .#- 401B$-" . 41%"#%$.7 2"9&.#$+2 /10 %&"+" 

"//"9%+> \.$# 1/ ?/$DGD $#&$6$%+ 61%& W51-E "840"++$1# .#- W51-E .9%$B$%5 0"+37%$#! $# 

$24.$0"- -$//"0"#%$.%$1# :P.#! "% .7>@ DGGD=> J1A"B"0@ .+ -"+90$6"- /10 ?/$DG]@ $% $+ 41++$67" 

%&.% ?/$DGD $+ $#-39"- -30$#! -$//"0"#%$.%$1# %1 1B"0912" %&" #"!.%$B" "//"9%+ 1/ ?V*401%"$#+ 

1# W51-E .#- &"#9" %&.% 71++ 1/ $+ /3#9%$1# 2.5 7".- %1 $#&$6$%$1# 1/ W51-E .9%$B$%5> F&$+ 

$-". 0"2.$#+ %1 6" %"+%"->  
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 ?# 40$2.05 25167.+%+@ A" /13#- %&.% ?/$DGD +$7"#9$#! 7"- %1 -"/"9%$B" "71#!.%$1#@ A$%& 

%&" .993237.%$1# 1/ +&10%"#"- 251%36"+ A$%& 237%$47" #397"$> )+ A" -$- #1% 5"% 9.0"/3775 

4"0/102 %&" .#.75+$+@ A" -1 #1% H#1A A&"%&"0 %&$+ +.2" -"/"9% $+ .7+1 +""# $# %&" CDCED 

9"77+> ("B"0%&"7"++@ %&" 4&"#1%54" 1/ ?/$DGD +$7"#9$#! -$//"0+ /012 %&.% 1/ F".-] +$7"#9$#! $# 

40$2.05 25167.+%+> S$2$7.075@ +$F".-EO] +$7"#9$#! .7+1 -1"+ #1% 0"+37% $# . 9124.0.67" 

"71#!.%$1# 4&"#1%54"> F&"0" $+ %&"0"/10" #1 "B$-"#9" %&.% %&" -"/"9%+ +""# $# "$%&"0 CDCED 

9"77+ 10 40$2.05 25167.+%+ 9.# 6" -$0"9%75 .%%0$63%"- %1 $#&$6$%$1# 1/ F".- .9%$B$%5 65 %&"$0 

$#%"0.9%$1# A$%& ?/$DGD@ 0.%&"0 %&.# 65 $#&$6$%$1# 1/ W51! .#-O10 W51-E /3#9%$1# 10 65 

.#1%&"0 .+ 5"% %1 6" -"+90$6"- 2"9&.#$+2> ) 210" -"%.$7"- .#.75+$+ 1/ !"#" "840"++$1# 3#-"0 

%&" -$//"0"#% +$7"#9$#! 91#-$%$1#+ %1!"%&"0 A$%& 9124.0$+1#+ 1/ %&" "//"9%+ 1/ +$W51-EOW51! 

+$7"#9$#! 2.5 &"74 %1 6"%%"0 3#-"0+%.#- %&" 2"9&.#$+2 1/ ?/$DGD .9%$1#>  

8+()9;!&-+,(#-!&6'*(,-&+,"'(,+'*,!7(,!4<'(""%#!(-+)'=!->'-,(&"#,!*-!%&'(#-!.(-!%&:'''

 X#" 1/ %&" 16T"9%$B"+ 1/ %&$+ +%3-5 A.+ %1 $-"#%$/5 #1B"7 F".-] $#%"0.9%$#! 401%"$#+ %&.% 

9137- .9% .+ 91*0"40"++10+ .#- +34410% %&" $-". %&.% F".-] 2.5 0"40"++ . +36+"% 1/ !"#"+ $# 

-$//"0"#%$.%$#! CDCED 9"77+>  )#.75+$+ 1/ %&" $-"#%$/$"- 401%"$#+ &.+ +1 /.0 0"B".7"- 2.$#75 

401%"$#+ .++19$.%"- A$%& %0.#+90$4%$1#.7 .9%$B.%$1#> S3040$+$#!75@ 1#" 1/ %&" 2.T10 F".-] 

$#%"0.9%10+ $# -$//"0"#%$.%"- 9"77+ 0"2.$#+ _.4E@ -"+4$%" %&" 16+"0B.%$1# %&.% $% $+ "8410%"- 

/012 %&" #397"3+ -30$#! -$//"0"#%$.%$1# :P.%% "% .7>@ DGEG=> F&$+ $+ .# 3#"84"9%"- 16+"0B.%$1# 

.+ $% A.+ 0"410%"- %&.% 91#+%$%3%$B" _.4E 719.7$+.%$1# $# %&" #397"3+ $24.$0+ CDCED 9"77 

-$//"0"#%$.%$1# :`3-+1# "% .7>@ DGED=> X30 -.%. +3!!"+% %&.% A&$7" %&" 2.T10$%5 1/ _.4E $+ 

"8410%"- /012 %&" #397"3+ . +2.77 /0.9%$1# 0"2.$#+ .++19$.%"- A$%& F".-] 1# 9&012.%$# 

4"0&.4+ 4.0%$9$4.%$#! $# !"#" .9%$B.%$1#> ?# 91#%0.+%@ A" /13#- #1 "B$-"#9" %&.% %&" R!7*

/.2$75 401%"$#+ .0" 2.T10 F".-] $#%"0.9%$1# 4.0%#"0+ 1# %&" 9&012.%$# 1/ -$//"0"#%$.%"- 

CDCED 9"77+>  

 ?# .--$%$1# %1 _.4E :.#- ?/$DGD6=@ %&" 2.T10 4.0%#"0+ 1/ F".-] .0" U.04E .#- F14E> 

M1%& 1/ %&"+" 401%"$#+ .0" !"#"0.775 .++19$.%"- A$%& %&" 4019"++ 1/ %0.#+90$4%$1#.7 .9%$B.%$1#> 

F&$+ $+ 912/10%"- 65 %&" .--$%$1#.7 /$#-$#! 1/ %&" +363#$%+ 1/ ;)CF :S34%E<& .#- S+04E=@ . 

91247"8 .++19$.%"- A$%& %0.#+90$4%$1# %&013!& %&" 9&012.%$# "#B$01#2"#% :M"71%+"0H1B+H.5. 

"% .7>@ DGG]=>  ("B"0%&"7"++@ $# .--$%$1# %1 U.04E@ A" .7+1 /13#- 2.901JD) .++19$.%"- A$%& 

F".-] 1# 9&012.%$#> ?% &.+ 40"B$13+75 6""# +&1A# %&.% 2.901JD) 9.# 0"903$% U.04E %1 

9&012.%$# .#- 0"40"++ $%+ "#b52.%$9 .9%$B$%5 :M$%"0!" .#- S9&#"$-"0@ DGE]=> ?#-""-@ +"B"0.7 

+%3-$"+ &.B" .++19$.%"- 2.901JD) A$%& %0.#+90$4%$1#.7 0"40"++$1# .7%&13!& $% &.+ .7+1 6""# 
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/13#- 1# $#-39$67" !"#"+@ +39& .+ 6$B.7"#% !"#"+ $# [S 9"77+ A&"0" $% 0"2.$#+ .++19$.%"- A$%& 

%&" 9&012.%$# ./%"0 .9%$B.%$1# :C0"44" "% .7>@ DGED=> P" /13#- %&.% F".-] 19934$"+ +$%"+ .% 

!"#"+ %1 6" $#-39"- -30$#! -$//"0"#%$.%$1# .70".-5 $# 25167.+%+@ /10 "8.247" .% %&" *839 

7193+> U"0&.4+ 2.#5 1/ %&"+" 40121%"0+ .0" 613#- 65 2.901JD) 41$+$#! %&"2 /10 .9%$B.%$1# 

-30$#! -$//"0"#%$.%$1#>  

 ?#%"0"+%$#!75@ A" .7+1 /13#- %&.% F".-] .++19$.%"+ A$%& %&" &$+%1#" .0!$#$#" 2"%&57.+" 

U02%K %&.% 2"-$.%"+ JI'a +522"%0$9 -$2"%&57.%$1#> U02%K &.+ 6""# +&1A# %1 6" 0",3$0"- 

/10 W51-E*-0$B"# 251!"#$9 -$//"0"#%$.%$1# 1/ IFI 9"77+ :V.9A.! "% .7>@ DGGL=> U'WFK .7+1 

47.5+ .# $2410%.#% 017" $# 251!"#"+$+ $# Y"60./$+& A&"0" $% 0"!37.%"+ W51-@ W5/K .#- 

W51!"#$# "840"++$1# .#- %&"0"65 +71A .#- /.+% /$60" /102.%$1# :M.%3% "% .7>@ DGEE=> W10" 

0"9"#%75@ $% &.+ 6""# +&1A# %&.% U02%K $+ 0",3$0"- /10 23+97" 0"!"#"0.%$1# $# %&" 213+"@ 

91#%0177$#! 4017$/"0.%$1# .#- -$//"0"#%$.%$1# 1/ %&" +%"2 9"77+ .#- $+ 0",3$0"- /10 2.$#%"#.#9" 

1/ %&" 23+97" +%"2 9"77 41437.%$1# :Y&.#! "% .7>@ DGEK=> W10"1B"0@ U02%K .44".0+ %1 0"40"++ 
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Position    MH+    Sequence  Blast 

 98-104  867.0509 VFNMDLK ifi202 like 

 270-277  987.1406 LFTYDSIK ifi202 like 

 190-198  1089.1905 IKDNEDNIK ifi202 like 

 248-257  1169.1926 ESFEGDGYHK ifi202 like 

 295-304  1238.4414 VMVFEENLEK ifi202 like 

 295-305  1366.6155 VMVFEENLEKK ifi202 like 

 435-445  1390.6524 YSYMEVIMPEK ifi202 like 

 281-294  1673.8838 MFHATVATDTEFFR 202,203,204 

 199-212  1802.9842 VVWDKEQHNINYEK ifi202 like 

 161-178  1983.3123 IKELDSGTLIYGVFAVEK ifi202 like 

 54-76  2578.0599 GAVLHEKPMTVMVLTATEPFNYK ifi202 like 
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Pausing index= 5’ (read density)/ Gene body (read density)<1 = 9828 loci

1000 loci with the lowest pausing index
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Motif table
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Global discussion and perspectives: 
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