
!

!

"#$!%&'$()'*+!,$-$".(!*-*'/0.0!&1!"#$!*+*2.3&40.0!!"#$%&

'()*+,-(.$/$%0&1!"#*.!,$-$!1*%.'/5!!$64+$00.&-!4*""$+-0!*-3!

.0&7*+.*-"!1)-(".&-0!

89!

3*-.$'!+*/%&-3!+):.(;*!

<)=>?@!AB?!3C@?DACE=!EF!+CDBG@>!2H!%?GIB?@J!

*20"+*("!

"B?!GDAC=!D9AEKL?M?AE=!NMG9K!G=!?KK?=ACGM!@EM?!C=!OG=9!D?MMPMG@!N@ED?KK?KQ!G=>!CAK!

>CR?@K?!FP=DACE=K!C=DMP>?!D9AENMGKOCD!E@IG=CSGACE=Q!?KAG8MCKBO?=A!EF!D?MM!NEMG@CA9Q!D?MM!

?ME=IGACE=Q!?=>ED9AEKCKQ!C=A@GD?MMPMG@!A@GFFCDLC=IQ!D9AELC=?KCKQ!G=>!=PDM?G@!GDACRCAC?KH!!

$KK?=ACGM!AE!AB?K?!FP=DACE=K!CK!AB?!>9=GOCD!E@IG=CSGACE=!G=>!@?OE>?MC=I!EF!GDAC=!

FCMGO?=AK!89!G!KPCA?!EF!GDAC=!8C=>C=I!N@EA?C=K!<*24KJH!!&=?!KPDB!*24Q!*DAC=!

3?NEM9O?@CSC=I!1GDAE@!<*31JQ!K?R?@K!G=>!>?NEM9O?@CS?K!GDAC=!FCMGO?=AK!D@?GAC=I!=?T!

KOGMM!NEM9O?@K!G=>!@?UKPNNM9C=I!AB?!,UGDAC=!NEEMQ!AB?@?89!C=D@?GKC=I!AB?!>9=GOCD!

@?OE>?MC=I!DGNGDCA9!EF!AB?!GDAC=!D9AEKL?M?AE=H!!.=!!2345678959&:;3<53=3Q!*31!CK!?=DE>?>!

89!G=!?M?R?=UO?O8?@!I?=?!FGOCM9!TCAB!FEP@!G=DC?=AM9!DE=K?@R?>!KP8DMGKK?KH!!V?!

B9NEAB?KCS?!ABGA!*@G8C>ENKCK!*31K!BGR?!?REMR?>!KN?DCFCD!?WN@?KKCE=!NGAA?@=K!G=>!

CKERG@CG=A!FP=DACE=K!?=BG=DC=I!AB?!DEONM?WCA9!EF!AB?!GDAC=!D9AEKL?M?AE=!K!@?IPMGACE=!G=>!

FP=DACE=H!!V?!?WNME@?>!AB?!?WN@?KKCE=!NGAA?@=!EF!?GDB!*@G8C>ENKCK!*31!TCAB!OPMACNM?!

A?DB=CXP?K!G=>!DMGKKCFC?>!AB?C@!?WN@?KKCE=!C=AE!R?I?AGACR?Q!@EEAUBGC@!KN?DCFCDQ!G=>!NEMM?=U



 

!"#$%&%$'()*+"!,''-#'#."/*)#0'12#'&+3$1%*3!'*&'14*'567'%!*89)%931!:'567;'930'567<<:'

=>'49>'*&'?+1931'930'@A5'%31#)&#)#3$#'!%/#3$%3('!1+0%#!,''-#'%0#31%&%#0'567;'1*'=#'93'

%?"*)1931')#(+/91*)'*&'*)(93'930'$#//'0#8#/*"?#31'930'9')#")#!!*)'*&'&)##B#'1*/#)93$#,''

C2#'DE7'$*/0F)#!"*3!#'1)93!$)%"1%*3'&9$1*)!'9)#'0#F)#")#!!#0'930'12#'$2)*?91%3'*&'12#'

DE7<'")*?*1#)'%!'!%(3%&%$931/>'9/1#)#0'%3'12#'!"#$%&'?+1931,''D*?"/#?#3191%*3'

#."#)%?#31!'*8#)F#.")#!!%3('()*+'*)'()*,'%3'12#'!"#$%&'?+1931'4#)#'+39=/#'1*'

)#!1*)#'4%/0F1>"#'&)##B#'1*/#)93$#:'0#?*3!1)91%3('&+3$1%*39/'3*3F)#0+3093$>'9?*3('

!*?#'567'%!*89)%931!,''@A5%'!%/#3$%3('*&'!+=$/9!!'GG'()*&&')#!+/1#0'%3'!#8#)#'

?*)"2*/*(%$9/'930'7F9$1%3')**1'29%)'"2#3*1>"#!:'%30%$91%3('567<<'%!')#H+%)#0'&*)'")*"#)'

)**1'29%)'0#8#/*"?#31,''I8#)F#.")#!!%*3'*&'!+=$/9!!'GG'()*-'*)'()*&.'49!'9=/#'1*'

)#!1*)#'3*)?9/')**1'29%)'0#8#/*"?#31:'0#?*3!1)91%3('1291'12#'!+=$/9!!'GG'567!'298#'9'

$*3!#)8#0'&+3$1%*3,''J*4#8#):'*8#)F#.")#!!%*3'*&'!+=$/9!!'G'()*/'*)'!+=$/9!!'GGG'()*,'

$*+/0'3*1'$*?"/#?#31'12#'/*!!'*&'()*&&,''G3'$*3$/+!%*3:'12#'5)9=%0*"!%!'()*'(#3#'

&9?%/>'?#?=#)!'0%!"/9>'9'0%8#)!#')93(#'*&'#.")#!!%*3'"911#)3!:'%3$/+0%3('+=%H+%1*+!'930'

$#//F1>"#'!"#$%&%$:'930'9'0%8#)!#')93(#'*&'%!*89)%931'&+3$1%*3!:'%3$/+0%3('(#3#')#(+/91%*3'

930'7F9$1%3')#?*0#/%3(:'!+""*)1%3('*+)'2>"*12#!%!,'

'

GA6KL'-I@6MN' (0!12"34525'67!82!9!:'5$1%3'D>1*!O#/#1*3:'5$1%3'6#"*/>?#)%B%3('
79$1*):'567:'P#3#'79?%/>:'M+=&+3$1%*39/%B91%*3:'7)##B#'C*/#)93$#:'

@**1'J9%)'6#8#/*"?#31'



 

!

!

"#$!%&'$()'*+!,$-$".(!*-*'/0.0!&1!"#$!!"#$%&'()*+,-(.$/$%0&

1!"#*.!,$-$!1*%.'/!.-!*+*2.3&40.05!!$64+$00.&-!4*""$+-0!*-3!

.0&7*+.*-"!1)-(".&-0!

!

89!

!

3*-.$'!+*/%&-3!+):.(;*!

2<0<=!)>?@ABC?D9!EF!%?CCEGB?=!HIIJ!

!

!

!

!

!

*!3?CCABDKD?E>!0G8L?DDAM!DE!DNA!,BKMGKDA!1KOGPD9!EF!"NA!)>?@ABC?D9!EF!,AEBQ?K!?>!4KBD?KP!

1GPF?PPLA>D!EF!DNA!+ARG?BALA>DC!FEB!DNA!3AQBAA!

!

3&("&+!&1!4#.'&0&4#/!

!

*"#$-0=!,$&+,.*!

HIIS!



 

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

"!#$$%!

&'()*+!,'-./(0!,12)34'!

5++!,)6789!,*9*:;*0!



 

!

!

"#$!%&'$()'*+!,$-$".(!*-*'/0.0!&1!"#$!!"#$%&'()*+,-(.$/$%0&

1!"#*.!,$-$!1*%.'/!.-!*+*2.3&40.05!!$64+$00.&-!4*""$+-0!*-3!

.0&7*+.*-"!1)-(".&-0!

!

89!

!

!

3*-.$'!+*/%&-3!+):.(;*!

!

!

!

!

!

!

!

%<=>?!4?>@ABB>?5! +CDE<?F!2G!%A<HEA?!

!

(>IICJJAA5! %CDE<AK!2ALFA?!

0<?<E!(>MA?J!

-<LD9!%<LKA9!

%CDEAKKA!%>I<L9!

!

!

!

!

!

$KADJ?>LCD!7A?BC>L!*NN?>MAF5!

!

%<O?AAL!,?<BB>!

3A<L!>@!JEA!,?<FO<JA!0DE>>K!

"EA!)LCMA?BCJ9!>@!,A>?HC<!

%<9!PQQR!



 

!"#

#

#

$%$&'()&*+#

&#,-,!./0-#01!2#03#45#6!7-#89!20!:#/:,#03#45#7/4!;5#613#1/"-#2<==390-,#4-#

0193<>13<0#45#-,<./0!3:#/:,#:<90<9-,#45#2.!-:0!7!.#.<9!32!05#7934#,/5#3:-?#

#



 

!"

"

"

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

-012"340156"37"82"9788:33;;"8;8<;=6>"+=?"-:940;@"A;1B;=>"+=?"/0=04"$7!;=3>"

+=?"&0192"-01@;2>"01B"+=?"-:94;@@;"-78012"C7="34;:="6DEE7=3>"0B!:9;>"01B"FD;63:716?""#"

E=7C7D1B"340156"G7;6"37"82"80H7="E=7C;667=>"+=?"I:94"-;0G4;=>"C7="GD:B:1G"8;"

34=7DG47D3"34:6";JE;=:;19;"01B"C7="<;:1G"0"G=;03"8;137="03";!;=2"63;E"0@71G"34;"K02?""

.40156"37"):<<2"-9%:11;2"01B"+=?"%01B06082"C7="G:!:1G"8;"34;"<;63"87@;9D@0="01B"

9;@@"<:7@7G2"3=0:1:1G"01271;"97D@B"065"C7=?"".40156"0@67"37";!;=271;";@6;":1"34;"-;0G4;="

)0<>"E063"01B"E=;6;13>"<D3";6E;9:0@@2"37"I7G;="+;0@"01B")7=:"%:1GLI;:B?"",=0BD03;"

63DB;136"0=;"34;"C7D1B03:71"7C"#90B;8:9"=;6;0=94"01B"M"40!;"<;;1"@D952"37"<;"

6D==7D1B;B"<2"34;"<;63?"".40156"37"NDB:34"-015"C7="971!:19:1G"8;"3403";!7@D3:710=2"

G;1;3:96":6"D6;CD@"01B"03"3:8;6";!;1"CD1?""M"K013"37"G:!;"0"6E;9:0@"340156"37"82"C08:@2"

<095":1"/3?")7D:6"C7="6DEE7=3:1G"82";BD903:71"01B"G:!:1G"8;"34;"C7D1B03:71"37"K4:94"M"

97D@B"<D:@B"34:6";1B;0!7="71?""O:10@@2>"M"K7D@B"@:5;"37"34015"82"K:C;"%=:63:1"C7="4;="

6DEE7=3>";197D=0G;8;13>"63=;1G34>"01B"@7!;?"



 

!"#

#

#

$%&'(#)*#+),$(,$-#

./01#

%+2,)3'(45(6(,$-777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 !#

'8-$#)*#$%&'(-77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!""#

'8-$#)*#*859:(-77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 !"""#

+;%.$(:#

<# 8,$:)49+$8),#%,4#'8$(:%$9:(#:(=8(3 7777777777777777777777777777777777777777777777 <#

># $;(#%,+8(,$#-9&+'%--(-#)*#%:%&84).-8-#!"#$%&

'()*+,-(.$/$%0&1!"#*.#5(,(-#(?;8&8$#,)=('#%,4#

48**(:(,$8%'#(?.:(--8),77777777777777777777777777777777777777777777777777777777777777777 <@#

A# %:%&84).-8-#%+$8,#4(.)'B6(:8C8,5#*%+$):D#*9,+$8),-#8,#

69'$8+(''9'%:#4(=(').6(,$#%,4#8-#%#:(.:(-):#)*#$;(#"21#

+)'4#:(-.),-(#$:%,-+:8.$8),#*%+$):-777777777777777777777777777777777777 EE#

F# %:%&84).-8-#%+$8,#4(.)'B6(:8C8,5#*%+$):<<#8-#:(G98:(4#*):#

:))$#;%8:#4(=(').6(,$ 7777777777777777777777777777777777777777777777777777777777777777 <<A#

D# +),+'9-8),-#%,4#.(:-.(+$8=(- 77777777777777777777777777777777777777777777777777777 <AH#

%..(,48+(- 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 <FD#

%# %:%&84).-8-#%+$8,#4(.)'B6(:8C8,5#*%+$):#!'13#.%:$8+8.%$(-#

8,#+B$).'%-68+#%,4#,9+'(%:#.:)+(--(-777777777777777777777777777777777 <FD#



 

!""#

#

#

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

-./0#

'.120#3456#702.8"!0#9:.;8"8<#=>#!"##,?@A0BB"=;#C080D80E#1<#F7'G-H7#";#I.A"=:B#

'"BB:0B 44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 JK#

'.120#34&56#-A"L0A#B0F:0;D0B#:B0E#8=#L.M0#8N0#*C)@66OP&#A0@=A80A#D.BB0880B444444444 Q3#

'.120#34&36#-A"L0A#B0F:0;D0B#:B0E#";#F7'G-H7#.L@2">"D.8"=;#=>#8N0#55#*C)#/0;0#

8A.;BDA"@8B4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 QJ#

'.120#R456#9:.;8">"D.8"=;#=>#8N0#$%&'()#E0!02=@L0;8.2#.;E#>A00S0#8=20A.;D0####

@N0;=8<@0B44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 TK#



 

!"""#

#

#

$%&'#()#)%*+,-&#

./01#

)"0231#4546#789":#8;9<=>1?19/?#@;:/A"8=#/31#A1@"/91@#B;#/#!/3"19;#<C#D3<81==1=#

8<:93<??1@#B;#/89":#B":@":0#D3<91":= 5555555555555555555555555555555555555555555555555555555555555555 4E#

)"0231#F546#G1"0HB<3IJ<":":0#D3<91":#=1K21:81#DH;?<01:;#=H<L":0#/??#1?1!1:#7M)#

D3<91":=#C3<A#!"#$%&'()%)#N79OP#/:@#31D31=1:9/9"!1=#C3<A#3"81#N(=O#/:@#D<D?/3#

N.9O555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555 QE#

)"0231#F5F6#7:/?;="=#<C#!"#$%&'()%)#&2B8?/==#%#7M)#-RD31=="<:#./9913:=555555555555555555555 ST#

)"0231#F5U6#7:/?;="=#<C#!"#$%&'()%)#&2B8?/==#%%#7M)#-RD31=="<:#./9913:=55555555555555555555 SF#

)"0231#F5Q6#7:/?;="=#<C#!"#$%&'()%)#&2B8?/==#%%%#/:@#%V#7M)#-RD31=="<:#./9913:= 5555555 SQ#

)"0231#F5S6#WH/3/8913"X/9"<:#<C#A7B7M)Q/#/:@#7M)#&2B8?/==#%#%AA2:<?<8/?"X/9"<:555 SY#

)"0231#F5Y6#WH/3/8913"X/9"<:#<C#A7B7M)E/#/:@#7M)#=2B8?/==#%%#"AA2:<?<8/?"X/9"<: 55 SE#

)"0231#F5Z6#7:8"1:9#8<:=13!/9"<:#<C#9H1#=2B8?/==#%%#1RD31=="<:#D/9913:#":@"8/91=#

=2BC2:89"<:/?"X/9"<:#":#9H1#!"#$%&'()%)#?":1/01 5555555555555555555555555555555555555555555555 YT#

)"0231#F5&46#[<R=H/@1#@"/03/A#<C#7M)#=1K21:81=#/?"0:1@#C3<A#)"0231#F54#DH;?<01:;#

2=":0#W?2=9/?\555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555 Y4#

)"0231#U546#'H1##&*+,-#A29/:9#/??1?1#1RH"B"9=#A2?9"D?1#@1!1?<DA1:9/?#DH1:<9;D1=55555555 ]E#

)"0231#U5F6#!./+#"=#":@281@#B;#8<?@#91AD13/9231=P#B29#9H1##&*+,-#A29/:9#"=#C311X1#

9<?13/:9#8<AD/31@#9<#L"?@I9;D15555555555555555555555555555555555555555555555555555555555555555555555 4TT#

#



 

!"#

$!%&'(#)*)+#,-(#./$#0123456'(55#5!%782!7%#986-:8;#!5#3(4'(9'(55(3#!7#6-(#83<=4>###

?&6876*********************************************************************************************************** >@A#

$!%&'(#)*B+#CD$=#!5#'(E&!'(3#<1'#9'19('#0-'1?86!7#56'&06&'(#86#6-(#!"#$#9'1?16(' **** >@B#

$!%&'(#)*=+#.123#56'(55#!73&0(3#0-87%(5#61#6-(#!"#$#9'1?16('!5#0-'1?86!7#56'&06&'(#31#

716#1F('289#:!6-#0-87%(5#08&5(3#G;#6-(#2155#1<#CD$= ********************************* >@=#

$!%&'(#)*H+#%&#'#!5#'(%&286(3#G;#./$AI#9280!7%#!6#!7#8#0123456'(55#<((3G80J#2119 ****** >@H#

$!%&'(#)*K+#C#?13(2#<1'#6-(#%(7(#'(%&286!17#806!F!6;#1<#CD$= ************************************** >@K#

$!%&'(#)*L>+#,-(#()*+*,-./012+*3-.#,8CD$>#!5#?156#5!?!28'#61#5&G02855#MMM#CD$=#873#

CD$N ************************************************************************************************************ >@O#

$!%&'(#)*LA+#4!5$I#4!567*81I#C/C4'(59175!F(I#873#.820!&?4'(59175!F(#%(7(5#8'(#716#

5!%7!<!08762;#?!54'(%&286(3#!7#6-(#09:'6$#?&6876******************************************** >@N#

$!%&'(#)*L)+#,-(#%&#'#9'1?16('#01768!75#6:1#.P,#..QC.#?16!<5*************************** >>>#

$!%&'(#)*LB+#RF('4("9'(55!17#1<#%&#;#1'#%&#<#087716#<&22;#01?92(?(76#6-(#3(4

'(9'(55!17#1<#!"#$#08&5(3#G;#6-(#2155#1<#CD$=****************************************** >>A#

$!%&'(#B*>+#,-(#%&#$$#PSC!#T%&#$$=*U#5!2(70!7%#822(2(#'(5&265#!7#8#5!%7!<!0876#3(0'(85(#

!7#CD$>>#?PSC#873#9'16(!7 ************************************************************************ >)>#

$!%&'(#B*A+#CD$>>#!5#'(E&!'(3#<1'#9'19('#'116#-8!'#3(F(219?(76 ********************************* >))#

$!%&'(#B*)+#%&#$$=*#'116#-8!'5#("-!G!6#3(<(06!F(#806!7#0;615J(2(617#1'%87!V86!17#873#

56'&06&'(******************************************************************************************************** >)=#

$!%&'(#B*B+#W13(2#1<#6-(#561!0-856!0#G82870(#G(6:((7#Q4#873#$4#806!7#!7#6-(#%&#$$=*I#

0,+>I#873#%>?+@%&#$$#822(2(5 *********************************************************************** >)H#



 

!"

#$%&'(")*+*,"-(.("/0.12'&/21"3.4"'(4&/(4"567)"(!8'(11$0."$."!"#$%&"3.4"!"#$%'"

5&23.21+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ *9*"

#$%&'(")*+:,";0'8<0=0%$/3="8<(.02>8(1"?0'"!"#$%&"3.4"!"#$%'++++++++++++++++++++++++++++++++++++ *9:"

#$%&'(")*+@,"A&3.2$?$/32$0."0?"!"#$%&"3.4"!"#$%'"5&23.2"8<(.02>8(1"3.4"/058=(5(.2(4"

=$.(1 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ *9B"

#$%&'(")*+B,"#C3/2$."12'&/2&'("$."2<("!"#$%&"5&23.2"2'$/<05(1+++++++++++++++++++++++++++++++++++++ *9D"

#$%&'(")*+D,"E0'50.("$.4&/2$0."0?")F#G8,,-HI"(!8'(11$0."3.4"!"#$%&"4(?(/2$J("/3==&1"

?0'532$0.+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ *9K"

#$%&'(")*+K,")F#G"3=2('1"(!8'(11$0."0?"%(.(1"/0.2'0==$.%"?=0L('$.%"2$5(++++++++++++++++++++ *99"

#$%&'(")*+M,"N<'0532$."'(504(=$.%"8<(.02>8(1"0?"!"#$%&"32"2<("()*"=0/&1 +++++++++++++++ *9G"

#$%&'(")*+9,"7&/=(0105("0//&83./>"$."2<("()*"8'0502('"'(%$0. ++++++++++++++++++++++++++++++ *GO"

#$%&'(")*+G,";04(="?0'"2<("/>208=315$/"3.4".&/=(3'"3/2$J$2$(1"0?")F#G"$."2<("""""""

5('$12(5+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ *G:"

#$%&'(")*+I*,";$/'0/0//3=".&/=(31("8'02(/2$0."3113>"(!8('$5(.23="8'020/0= +++++++++++++ *GB"

"

"



 ! 

 

 

#$%&'() ! 

 

 

*+'),-.#'*,+ %+- /*'()%'.)( )(0*(1 

 

 

The Actin Cytos.eleton 

'2e a5t78 59t:;<elet:8 >la9; a8 e;;e8t7al ?:le 78 @a89 5ellAla? >?:5e;;e;B a8C 7t; 

C7De?;e EA85t7:8; 785lACe 59t:>la;@75 :?Fa87Gat7:8B e;taHl7;2@e8t :E 5ell >:la?7t9B 5ell 

el:8Fat7:8B 5ell @:t7l7t9B e8C:59t:;7;B 78t?a5ellAla? t?aEE75<78FB 59t:<78e;7;B a8C ;eDe?al 

8eIl9 eD7Ce8t 8A5lea? a5t7D7t7e; JKeaF2e? a8C 17ll7a@;:8B !LLMN &:lla?C et al.B PQQQR.  

%t t2e 5ellAla? leDelB t2e a5t78 59t:;<elet:8 7; 5:@>?7;eC :E a5t78 >:l9@e? E7la@e8t; JST

a5t78R a8C E?ee Fl:HAla? a5t78 @:8:@e?; JUTa5t78R a;;e@HleC a8C :?Fa87GeC 78t: a 

5?:;;Tl78<eC 8etI:?< H9 a ;A7te :E a5t78 H78C78F >?:te78;.  %5t78 5:8ta78; tI: >?:te78 

C:@a78; t2at E:?@ 7t; 27F2l9 5:8;e?DeC te?t7a?9 ;t?A5tA?e.  VetIee8 t2e tI: C:@a78; l7e; 

t2e a5t78 E:lCW a 278Fe ?eF7:8 5:8ta7878F t2e 8A5le:t7CeTH78C78F ;7te.  *8 t27; 5:8;e?DeC 

E:lCB a5t78 @:8:@e?; H78C %'& t2A; <ee>78F t2e E:lC 78 7t; :>e8 ;tate.  .>:8 29C?:l9;7; 

:E %'& t: %-&B t2e a5t78 E:lC 5l:;e; a8C t?a>; t2e %-& 8A5le:t7Ce 78;7Ce.  $9C?:l9;7; :E 

%'& :8 a5t78 E7la@e8t; :55A?; at t2e :lCe?B X>:78teC e8C;Y :E E7la@e8t; 5aA;78F a 



 2 

decrease in their stability thus conferring a polarity to the decay and turnover of actin 

filaments (Pollard et al., 2000).   

To function as a coordinated network that can respond to multiple cellular 

activities, filaments are dynamically reorganized and remodeled by a suite of actin 

binding proteins (ABPs).  Actin binding proteins including CAP1, Arp2E3, tropomyosin, 

fimbrin, villin, profilin, actin depolymerizing factor, and AGP1 are highly conserved across 

eukaryotes and their functions include filament severing, monomer depolymerizing, 

monomer sequestering, filament polymerizing, filament and network stabilizing, filament 

branching and cross-linking, and filament end-capping (Borisy and Jvitkina, 2000K dos 

Lemedios e# a%., 2003K Paavilainen e# a%., 200M). Nach ABP is coordinately regulated to 

remodel the actin cytoskeleton in a process termed cytoskeleton dynamics.   For 

example, profilin and ADF coordinate to treadmill actin filament growth in one direction 

during polar cell elongation by promoting actin polymerization and depolymerization.  

Conversely, the activation of ADF, AGP1, and gelsolin and inhibition of profilin and 

Arp2E3 together facilitate the rapid disassembly of the filament network during cell stress 

(Borisy and Jvitkina, 2000K Cooper and Jchafer, 2000).   

 

!"o$a&iant +ynamic" 

Higher plants and animals share the complex problems associated with 

multicellular development.  The increase in organ and tissue complexity of plants 

compared to unicellular organisms correlates with an increase in cytoskeletal complexity 

as well (Meagher and Fechheimer, 2003).  Tnlike 'a(()aromy(es (ere/isiae1s single 
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actin gene, Arabi&o(sis actin is encoded by an eight member gene family consisting of 

two anciently conserved subclasses 89c:owell et al., <==>?.  @he Arabidopsis actins 

phylogenetically group into ancient vegetative and reproductive categories, and 

isovariant differences have evolved between the two subclasses resulting in non-

redundant protein functions 8Dandasamy et al., E00EG Dandasamy et al., E00H?.  

In addition to the added complexity at the level of the actin gene family, the 

regulation of the actin cytoskeleton is also multi-layered.  Lirst termed isovariant 

dynamics, 9eagher hypothesiMed that the multi-gene families of the cytoskeleton 

proteins confer an expansion of the plant!s responses as a result of the simultaneous 

expression and interaction of multiple isovariants.  @his hypothesis of isovariant 

dynamics reNuires that the co-expressed isovariants be functionally distinct in at least 

one activity, but allows for their core functions to remain overlapping 89eagher et al., 

<===?.   

An extension of the isovariant dynamics theory was proposed to explain the co-

evolution of doMens of AOP gene families as well.  @he isovariant dynamics among the 

actin multi-gene family members and members of each AOP multi-gene family create a 

combinatorial number of interactions.  @aken together with the complex model of 

cytoskeleton dynamics, multicellular Qukaryotes such as Arabi&o(sis have a more 

tightly regulated and highly buffered actin cytoskeleton.  Lurthermore, this system 

provides an interesting opportunity to study gene evolution because the spatial and 

temporal separation of cytoskeletal protein isovariants could allow for the evolution of 

novel functions or interactions 8Dandasamy et al., E00H?.   
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The role of actin depolymerizing factor (ADF) in the cytoskeleton:   

ADF/cofilin is a small (130-145 amino acids) actin binding protein conserved 

across Eukaryotes.  Its primary functional role is to bind ADP-actin filaments at or near 

the older, pointed end.  Upon ADF binding, the steric hindrance of the ADF-actin 

interaction causes a slight helical twist in the actin filament (McGough et al., 1997).  The 

additive effect of multiple ADF molecules bound to a filament results in the severing of 

the last few actin molecules as a small polymer(Hawkins et al., 1993; Moon and Drubin, 

1995).  These severed polymers subsequently serve as new barbed ends for profilin-

mediated actin polymerization, thus increasing the filament growth capacity of the cell 

(Chan et al., 2000; Ghosh et al., 2004).   

Alternatively, ADF-decorated actin filaments can undergo depolymerization of 

actin-ADF heterodimers that re-supply the <-actin monomer pool.  >pon dissociation 

from ADF, the actin monomers can undergo AD?-AT? nucleotide exchange and 

subsequently undergo polymerization onto the growing barbed ends of filaments by 

profilin ECarlier et al., 199IJ Theriot, 199IK.  In summary, ADF facilitates two maMor 

processes of actin remodeling, severing and depolymerization, and the outcomes of 

these processes include shortening of the filaments at their pointed ends, increasing the 

number of small filaments available for actin polymerization at their barbed ends, and 

increasing the concentration of the monomeric <-actin pool. 
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ADF regulation 

ADF!s function as a high-level regulator of cytos7eleton dynamics stems from its 

own regulation by multiple co-factors.  ADF!s activity is directly regulated by its 

phosphorylation state (Agnew et al., 1995B Moriyama et al., 1996).  ADF is 

phosphorylated at its N-terminal serine, which is also reGuired for both F-actin and G-

actin binding (Lappalainen et al., 1997B Klondin et al., 2001).  The regulation of this 

serine-phosphorylation is facilitated by the LIM-7inase family of proteins, which are 

activated by upstream effectors ultimately regulated by the RhoGTPases.  This complex 

upstream regulation of ADF protein activity allows for the tight regulation of ADF-actin 

remodeling in response to a variety of extra-cellular and intra-cellular signals (Moon and 

Drubin, 1995).   

 Another regulatory mechanism of ADF activity is intracellular pS.  At lower pSTs 

(below 7.0), ADF is held in its inactive state and cannot bind-to, nor depolymerize/sever 

actin filaments.  A subseGuent increase in pS restores ADF!s actin binding and 

remodeling functions.  In vivo, this is li7ely a combination of direct effects of pS on the 

conformation of the ADF protein, and indirect effects on ADF through upstream effectors 

such as the RhoGTPases and LIM 7inases (Wonezawa et al., 1985B Saw7ins et al., 

1993B Sayden et al., 1993). 

 The RhoGTPases also regulate the production and localization of phosphatidyl 

inositol phosphate (PIP) and phosphatidyl inositol 4,5-bisphosphate (PIP2), two 7ey 

regulators of ADF.  PIP2 acts as an inhibitor of ADF activity, whereby an increase in the 

concentration of PIP2 leads to the dissociation of ADF from actin. The actin and PIP2 
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binding sites on ADF are overlapping, thus high concentrations of PIP2 out-compete 

actin for ADF binding, resulting in a decrease in cytoskeletal remodeling @Moon and 

Drubin, 199DE.  Lastly, although the mechanism of ADF dephosphorylation is unknown, 

it results in the activation of ADF.  ADF activators include calcium, growth factors, and 

cAMP @Moon and Drubin, 199DE.  In summary, multiple upstream pathways and cellular 

signals tightly and coordinately regulate ADF activity.  This regulation results in changes 

in actin cytoskeleton organization and remodeling.  

 

Nuclear )unctions o) ADF 

Previous studies have characterized the subcellular localization of ADFKcofilin as 

both cytoplasmic and nuclear in a range of Eukaryotes @Matsuzaki et al., 1988N Ohta et 

al., 1989N Iida et al., 1992N Abe et al., 1993N Nebl et al., 1996N Ruzicka et al., 2007E.  

Nuclear phenotypes such as alterations in gene regulation have been characterized in 

hypo- and hyper-morph ADF alleles in a variety of organisms @Dong et al., 2001cN 

Ruegg et al., 2004E.  ADF may affect gene regulation via cytoplasmic or nuclear 

functions, but the function of nuclear ADF is a subject of debate and of limited empirical 

evidence.  Hypothesized roles include the nuclear import of actin monomers, nuclear 

remodeling of actin rods, actin and actin related protein @ArpE binding in nuclear protein 

compleXes, and novel ADF functions.   

Considering a nuclear import role, Nebl et al demonstrated that ADFKcofilin is 

reZuired for the nuclear localization of actin. ADF contains a nuclear localization 

seZuence, and pre-incubation of cells with anti-cofilin antibody inhibited the nuclear 
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import o) actin.  Alternatively, ADF may remodel nuclear actin rods in a mechanism 

similar to ADF-actin cytoskeletal remodeling in the cytosol =Nishida et al., 1987B.  With 

either o) these roles, ADF activity would alter the concentration o) actin monomers in the 

nucleus.  Nuclear actin binds transcription )actors thus a))ecting their activity, nuclear 

actin is a component in chromatin remodeling compleFes, and nuclear actin is reGuired 

)or RNA polymerase I, II, and III activity =Dong et al., 2KK1bL Ho)mann et al., 2KK4L Hu et 

al., 2KK4L Philimonenko et al., 2KK4L Posern et al., 2KK4B =See review in =Miralles and 

Visa, 2KK6BB. There)ore, it is possible that ADF could indirectly a))ect these nuclear 

processes via its role in actin transport or actin dynamics in the nucleus.  Furthermore, 

the nuclear actin-related proteins =ArpsB )unction eFclusively in nuclear protein 

compleFes including chromatin remodeling machinery, and share modest seGuence 

identity with the conventional actins =Blessing et al., 2KK4L Meagher et al., 2KK7B.  It is 

there)ore plausible that ADFs could bind Arps and a))ect their participation in these 

compleFes. 

To consider the possibility that ADF a))ects gene regulation via cytoplasmic 

)unctions, there are now multiple eFamples o) actin cytoskeleton dynamics altering gene 

regulation through the nuclear import o) G-actin-transcription )actor compleFes =Miralles 

et al., 2KK3L Ruegg et al., 2KK4L Vartiainen et al., 2KK7B.  These actin-TF compleFes and 

their localization are modulated by the ratio o) F-actin to G-actin, a process directly 

controlled by ADFs.  To complicate the picture even )urther, the nuclear localization o) 

these actin-TF compleFes may depend on ADF given its role in transporting actin into 
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the nucleus.  In summary, ADF has numerous roles that could affect gene regulation 

either in the cytoplasm, the nucleus, or through the nuclear localization of actin. 

 

ADF in the plant kingdom 

Vertebrate, invertebrate, and plant genomes all encode multiple ADF gene 

members.  A phylogeny of the ADF gene family across all eukaryotes resulted in each 

kingdom having a single monophyletic clade, indicating that the multi-gene families 

have independent origins and do not predate the evolution of the kingdoms.  Species in 

the plant kingdom contain an especially large number of ADF genes, which have been 

grouped into at least four subclasses (Maciver and Hussey, 2002).  Land plants have 

undergone multiple polyploidization events in their ancient history (Simillion et al., 

2002), and early whole genome duplications could have created the ancient subclasses 

while subsequent polyploidization events and individual gene duplications would have 

expanded the number of genes in each subclass.   

<ene duplications frequently lead to gene dosage problems and redundant 

genes are silenced through mutations and heterochromatin establishment, but plants 

have slower rates of silencing and can maintain duplicates longer as reviewed in (Moore 

and Purugganan, 2005).  Hhno wrote that over evolutionary time, gene duplicates were 

either lost via silencing or gained new functions (neofunctionalization) (Hhno, 1970).  

More recently however, genomic evidence supports a third outcome for gene duplicates 

termed subfunctionalization.  Subfunctionalization is the accumulation of function-

altering, but complementary, mutations that modify one or more subfunctions in the 

duplicate genes (Nynch and Force, 2000).  The organism does not experience a net 
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gain or loss of functions, but instead divides the e5isting functions of the original gene 

member between the multiple new members.  This process allows for tighter regulation 

and the evolution of more comple5 ;specialized= mechanisms.  Considering the ADF 

gene family, subfunctionalization could be responsible for the evolution of tissue specific 

e5pression or uniCue actinDADF protein interactions.  Given that the plant actins also 

form a large gene family including eight functional isovariants in Arabidopsis, we 

hypothesize that ABPs such as ADF coDevolved isovariantDspecific interactions with 

different actins, thus selecting for the coDe5pansion of the actin and ADF gene families 

and for their maintenance in the genome. 

Based on the phylogeny of ADF proteins across many plant species, Maciver 

proposed that the ADF subclasses could be grouped into vegetative and reproductiveD

specific clades.  This type of subfunctionalization into specific e5pression patterns could 

be partially responsible for the ADF gene family!s conservation ;Maciver and Hussey, 

2KK2=.  However, because of limited geneDspecific e5pression data for the ADFs in their 

phylogenetic study, tissueDspecific e5pression data from monocot !ea mays ;corn= 

ADFs 1, 2, and M and dicot Arabidopsis ADFs 1, 5, and 6 were relied upon to classify 

these two e5pression pattern clades ;Lopez et al., 1996=.   

For the !. mays ADF gene members, antibodies specific to the ADF isovariants 

were used on a western blot to probe for protein localization within a variety of tissues.  

From this characterization, they concluded that !. mays ADFM was localized to 

vegetative tissues while !. mays ADF1 and ADF2 were reproductive specific ;Lopez et 

al., 1996=.  The maQor limitation to this study was the lack of a complete !. mays 
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genome se*uence and thus a complete !" ma&s ADF gene 6amily.  :ithout a complete 

genome se*uence to *uery, it can be assumed that there are additional ADF gene 

members in !" ma&s that could 6urther resolve their phylogenetic and e?pression-pattern 

relationships.  Also, the anti-ADF antibodies used to characterize ZmADF 1, 2, and 3 

localization could have cross-reacted with unknown ADF isovariants and given the 

appearance o6 broader tissue speci6icity 6or ADFs 1, 2, and 3.  Further evidence 6or the 

limitations o6 this study comes 6rom the monocot (r&*a sati-a.  The (r&*a sati-a 

genome has been completely se*uenced and contains eleven putative ADF gene 

members, indicating that there are likely more than three !ea ma&s ADFs HYuan et al., 

2003J.  There are no previous studies o6 the e?pression patterns o6 the A01 gene 6amily 

in (r&*a however, so the resolution o6 the A01 gene 6amily is still very limited in the 

monocots.  Additional studies on plant ADFs have characterized the 6unction o6 2ilium 

lon7i8orum HlilyJ and Nicotiana tabacum HtobaccoJ ADFs HAllwood et al., 2002K Chen et 

al., 2003J.  These studies 6ocused on ADF!s role in polar tip growth, RhoGTPase 

signaling pathways, and the regulation o6 ADF by N-terminal serine phosphorylation.   

 

Arabidopsis ADF 

Previous work on the ADF gene family in Arabidopsis partially characterized ADF 

expression patterns, but recent studies in petunia identified an important enhancer 

element missing from the Arabidopsis studies.  Dong et al initially dissected the 

expression patterns of Arabidopsis ADF1, ADF5, and ADF6 (Dong et al., 2001a) using a 

transcriptional fusion of the GUS reporter gene to the respective ADF promoter.  By 

assaying for GUS protein activity, they analyzed the tissue specificity of each of the 
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three ADF genes.  ADF1 and ADF6 were weakly expressed in vascular bundles and 

other vegetative tissues while ADF5 expression localized exclusively to the root-tip 

meristem.  Most Arabidopsis ADF gene family members exhibit a conserved gene 

structure where the first intron directly follows the ATG start codon.  Additionally, this 

first intron is significantly larger than the average Arabidopsis intron size.  Mun et al 

used GUS studies of the petunia PtADF1 promoter to demonstrate that the first intron is 

essential for replicating expression level and localization characteristics of the 

endogenous locus (Mun et al., 2000; Mun et al., 2002).  

#n addition to t*e e,pression pattern studies1 !"#$%&'()%) A3F1 *as also been 

studied from a more functional perspective ;3ong +, #-.1 =>>1b?.  A3F1 Aas 

constitutively e,pressed under t*e CDE tobacco mosaic virus promoter ;CDE? in bot* t*e 

sense and antiFsense direction.  From t*is1 t*ey correlated a range of p*enotypes Ait* 

t*e overFe,pression or reduced e,pression of !/01.  Gvere,pression of !/01 caused 

irregular cellular and tissue development1 and an overall reduced groAt* rate.  Heduced 

e,pression resulted in a delay in floAering time1 increased cell e,pansion1 and an 

increased groAt* rate. I*e antiFsense seJuence of t*e !/01 coding region Aas *ig*ly 

e,pressed to create a knockdoAn allele1 but t*ere Aas significant offFtarget !/0 gene 

silencing as Aell.  Lit*out furt*er c*aracteriMation of A*ic* !/0 genes Aere affected1 

t*e p*enotypes c*aracteriMed in t*is study can only be interpreted as !/0 gene family 

defects and cannot be assigned to specific gene members. 

#n conclusion1 at t*e initiation of t*is study1 t*e literature dissecting t*e 

!"#$%&'()%) !/0 gene family Aas limited and disNointed.  I*is t*esis aims to t*oroug*ly 

c*aracteriMe t*e !"#$%&'()%) A3F gene family in regard to bot* e,pression patterns and 
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isovariant functions.  0e have developed a range of tools for dissecting ADF functions 

including antibodies, GUS-reporter transgenes, and T-DNA and RNA interference 

alleles.  Chapter 2 of the dissertation will detail the analysis of the eFpression patterns 

and subcellular localization of the entire Arabidopsis !"# gene family.  Furthermore, we 

show that subclass II !"#$ have undergone subfunctionalization of eFpression patterns 

in the Arabidopsis lineage when compared to the subclass II ADFs of the anciently 

related monocot %&'() $)+,-).  Chapter J focuses specifically on the function of ADF5 

and details its role in organ and cellular proliferation and also its role in the repression of 

the cold-response transcription factors ./#01 2, and 3.  Furthermore, through 

paralogous complementation eFperiments we show that other ADF isovariants cannot 

complement the )45670 mutant defect, arguing that the Arabidopsis ADFs are 

functionally distinct.  This chapter presents a strong case for an ADF5 gene regulation 

activity, and begins to dissect what mechanisms this function may entail.  Chapter 4 

details the characterization of ADF11, a root hair specific ADF.  ADF11 is reMuired for 

proper root hair growth and its knockdown grossly affects the organization of the actin 

cytoskeleton in root hair cells.  Interestingly, eFperiments testing the paralogous 

complementation of the ADF11 knockdown phenotypes show that subclass II ADFO and 

ADF10 can at least partially complement the root hair defects.  In addition to these 

chapters, this thesis includes an appendiF where the candidate was co-first author.  In 

appendiF A, we detail the functional characterization of Arabidopsis ADF9 as an 

important regulator of flowering time through changes in the eFpression of high-level 



 !"

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

A#(7-0*3+-+ ADF %$.$ 2(:-';< 

 

 

REFERENCEA 

 

Abe, &., (agaoka, R. and 0binata, T. B!CC"D C;)*3'(+:-/ '*/('-E()-*. (.0 .&/'$(# 

)#(.+3*#) *2 /*2-'-. -. /&')&#$0 :;*)&7$+< $%& #()) *(+4 2064 !F!G< 

 

Agnew, 8.9., :inamide, <.S. and 8amburg, 9.R. B!CCHD R$(/)-5()-*. *2 

31*+31*#;'()$0 (/)-. 0$3*';:$#-E-.% 2(/)*# (.0 -0$.)-2-/()-*. *2 )1$ #$%&'()*#; +-)$< , 
-./) #0(14 2@04 !IHJKF!IHJI< 

 

Allwood, B.G., Anthony, R.G., Smertenko, A.P., Reichelt, S., Drobak, 8.I., 
Doonan, 9.&., Weeds, A.G. and &ussey, P.9. BKGGKD R$%&'()-*. *2 )1$ 3*''$.F+3$/-2-/ 

(/)-.F0$3*';:$#-E-.% 2(/)*# L'ADF!< 2)345 #())4 LM4 KC!HFKCKI< 

 

8lessing, C.A., Ugrinova, G.T. and Goodson, &.V. BKGGMD A/)-. (.0 ARP+O (/)-*. -. 

)1$ .&/'$&+< 67(48+ #()) -./)4 LM4 M"HFMMK< 

 

8londin, <., Sapountzi, V., :aciver, S.I., Renoult, C., 8enyamin, T. and Roustan, 
C. BKGG!D T1$ +$/*.0 ADFQ/*2-'-. (/)-.F7-.0-.% +-)$ $R-+)+ -. FF(/)-.4 )1$ /*2-'-.FGF(/)-. 

/*:3'$R4 7&) .*) -. GF(/)-.< $97 , -./:0(14 26U4 TMKTFTM"M< 

 

8orisy, G.G. and Svitkina, T.:. BKGGGD A/)-. :(/1-.$#;O 3&+1-.% )1$ $.5$'*3$< #977 
;&.4 #()) -./)4 L24 !GMF!!K< 

 

Carlier, :.-F., <aurent, V., Santolini, 9., :elki, R., Didry, D., Xia, G.-X., &ong, T., 
Chua, (.-&. and Pantaloni, D. B!CCID A/)-. 0$3*';:$#-E-.% 2(/)*# BADFQ/*2-'-.D 

$.1(./$+ )1$ #()$ *2 2-'(:$.) )&#.*5$#O  I:3'-/()-*. -. (/)-.F7(+$0 :*)-'-);< , #()) -./)4 
Y64 !"GIF!"K"< 

 

Chan, A.T., 8ailly, :., Zebda, (., Segall, 9.B. and Condeelis, 9.S. BKGGGD R*'$ *2 

/*2-'-. -. $3-0$#:(' %#*V)1 2(/)*#F+)-:&'()$0 (/)-. 3*';:$#-E()-*. (.0 '(:$''-3*0 

3#*)#&+-*.< , #()) -./)4 LMU4 H"!FHMK< 

 

Chen, C.T., Cheung, A.T. and Wu, &.:. BKGG"D A/)-.F0$3*';:$#-E-.% 2(/)*# :$0-()$+ 

R(/QR*3 GTP(+$F#$%&'()$0 3*''$. )&7$ %#*V)1< 2)345 #())4 L[4 K"IFKMC< 



 !"

 

!ooper& ()A) and .cha1er& D)A) $%&&&' C)*+,)- ). /0+1* /22345-6 /*7 712/22345-6 /+ 

.1-/43*+ 3*728 !"## %&'( !)** +',*9 349 :;<!&=8 

 

Dong& !)6)& 7ost& :)& ;ia& =) and !h>a& ?)6) $%&&!/' >)-30?-/, 173*+1.10/+1)* /*7 

0@/,/0+3,1A/+1)* ). +@3 -#./'0,&1'1 -2-3459 -2-346 /*7 -2-347 B3*328 8*.(2 9,* +',*9 
@A9 C!;<C%;8 

 

Dong& !)6)& ;ia& =);)& 6ong& B)& Camachandran& .)& 7ost& :) and !h>a& ?)6) 

$%&&!5' AEF G,)+31*2 /,3 1*H)-H37 1* +@3 0)*+,)- ). .-)I3,1*B /*7 ,3B?-/+3 F< /0+1* 

),B/*1A/+1)*9 03-- 3JG/*21)*9 /*7 ),B/* B,)I+@ 1* -#./'0,&1'18 8*.(2 !)**9 3E9 !===<

!="K8 

 

Dong& !)6)& ;ia& =);)& 6ong& B)& Camachandran& .)& 7ost& :) and !h>a& ?)6) $%&&!0' 

AEF G,)+31*2 /,3 1*H)-H37 1* +@3 0)*+,)- ). .-)I3,1*B /*7 ,3B?-/+3 F</0+1* ),B/*1A/+1)*9 

03-- 3JG/*21)*9 /*7 ),B/* B,)I+@ 1* A,/517)G2128 8*.(2 !)**9 3E9 !===<!="K8 

 

dos Cemedios& !)=)& !hhabra& D)& 7eGic& H)& Dedova& J)K)& Ls>baGihara& H)& :erry& 
D)A) and ?osNorthy& ?)() $%&&=' A0+1* 51*71*B G,)+31*2L ,3B?-/+1)* ). 06+)2M3-3+/- 

410,).1-/43*+28 8:;1',* <)=9 OE9 "==<";=8 

 

=hosh& H)& .ong& ;)& Ho>neimne& =)& .idani& H)& PaNrence& D).) and !ondeelis& 
().) $%&&"' C).1-1* G,)4)+32 /0+1* G)-643,1A/+1)* /*7 73.1*32 +@3 71,30+1)* ). 03-- 

4)+1-1+68 6>')(>)9 ER@9 ;"=<;"K8 

 

6aNGins& H)& Sope& :)& Haciver& .)7) and Teeds& A)=) $!::=' N?4/* /0+1* 

73G)-643,1A1*B ./0+), 4371/+32 / GN<23*21+1H3 732+,?0+1)* ). /0+1* .1-/43*+28 

+',>:)?'12#;9 E49 ::OC<:::=8 

 

6ayden& .)H)& Hiller& S).)& :ra>Neiler& A) and :amb>rg& ()C) $!::=' A*/-6212 ). +@3 

1*+3,/0+1)*2 ). /0+1* 73G)-643,1A1*B ./0+), I1+@ P< /*7 F</0+1*8 +',>:)?'12#;9 E49 :::"<

!&&&"8 

 

6o1mann& T)A)& .toUilUGovic& P)& F>chsova& :)& Kargas& =)H)& Havrommatis& W)& 
ShilimonenGo& K)& 7ysela& 7)& =oodrich& ()A)& Pessard& ()P)& 6ope& L)()& 6ozaG& S) 

and de Panerolle& S) $%&&"' A0+1* 12 G/,+ ). G,3<1*1+1/+1)* 0)4G-3J32 /*7 12 *30322/,6 

.), +,/*20,1G+1)* 56 RRA G)-643,/23 SS8 @.2 !)** +',*9 Y9 !&:"<!!&!8 

 

6>& S)& T>& .) and 6ernandez& ?) $%&&"' A ,)-3 .), 53+/</0+1* 1* RRA G)-643,/23 SSS 

+,/*20,1G+1)*8 A)()1 3)=9 3O9 =&!&<=&!C8 

 

Jida& 7)& Hats>moto& .) and Bahara& J) $!::%' T@3 UURUU 23V?3*03 12 1*H)-H37 1* 

@3/+ 2@)0M<1*7?037 *?0-3/, +,/*2-)0/+1)* ). +@3 !O<ME/ /0+1*<51*71*B G,)+31*9 0).1-1*8 

!)** 62#">2 4"(>29 3Z9 =:<"K8 



 1"

 

!"#$"%"&'( *+!+( *,!-##.'( /+C+ "#$ *."12.3( R+5+ (2002) Functional non-

equivalency of actin isovariants in Arabidopsis. !ol %iol 'ell, 67, 2"1-261. 

 

!"#$"%"&'( *+!+( 58319%:R-;.3"( 5+( *,!-##.'( /+C+( R8<-,="( D+R+ "#$ *."12.3( 

R+5+ (200@) Class-specific interaction of profilin and ADF isovariants with actin in the 

regulation of plant development. )la+t 'ell, 6?, 3111-3126. 

 

@"AA"B"-#.#( C+( D.$939;( /+E+( D.$939;( F+F+( FB&9( G+C+ "#$ D38H-#( D+I+ (199@) 

Issential functions and actin-binding surfaces of yeast cofilin revealed by systematic 

mutagenesis. -.bo 0, 6J, ""20-""30. 

 

@9A.<( I+( F#L29#'( R+I+( *",-;.3( G+!+( M-"#1( C+M+( !2"#( G+( N..$%( F+I+ "#$ 

O8%%.'( C+M+ (1996) Pollen specific expression of maize genes encoding actin 

depolymerizing factor-like proteins. )ro2. 4atl. A2ad. 72i.8 9.7.A., ?7, @41"-@420. 

 

@'#,2( *+ "#$ D93,.( F+ (2000) The probability of duplicate gene preservation by 

subfunctionalization. :e+eti2s, 6PQ, 4"9-4@3. 

 

*",-;.3( G+!+ "#$ O8%%.'( C+M+ (2002) The ADFPcofilin familyQ actin-remodeling 

proteins. :e+o.e %iol, 7, reviews300@. 

 

*"L%8<"=-( D+( *"L%8&9L9( G+( R"2"3"( I+( R9#.<"S"( N+( N-%2-$"( /+ "#$ G"="-( O+ 
(19RR) Cloning and characterization of porcine brain cofilin cDSA. Cofilin contains the 

nuclear transport signal sequence. 0 %iol '<e., UJ7, 11"64-11"6R. 

 

*,D9S.BB( M+*+( O8"#1( G+( *,!-##.'( /+C+( F#( R+:V+ "#$ *."12.3( R+5+ (1996) 

Structure and Ivolution of the Actin Gene Family in Arabidopsis thaliana. :e+eti2s, 6QU, 

"R@-602. 

 

*,I9812( F+( C9A.( 5+( C2-8( N+ "#$ N..$%( F+ (199@) Cofilin changes the twist of F-

actinQ implications for actin filament dynamics and cellular function. 0 'ell %iol, 67W, @@1-

@R1. 

 

*."12.3( R+5+ "#$ N-BB-"&%9#( R+/+ (1994) The Plant Cytoskeleton. In Arabidopsis, 

Wol. 3R (Meyerowitz, I. and Somerville, C., eds). Cold Spring YarborQ Cold Spring 

Yarbor Zaboratory Press, pp. 1049-10R4. 

 

*."12.3( R+5+( *,!-##.'( /+C+ "#$ !"#$"%"&'( *+!+ (1999) Isovariant dynamics 

expand and buffer the responses of complex systemsQ the diverse plant actin gene 

family. )la+t 'ell, 66, 99"-1006. 

 



 !"

!eagher, R.B. and Fechheimer, !. #$%%&' )*+ ,-./01+2+.32 45/.+/6+ /7 Arabidopsis8 

9: Arabidopsis; </28 ===830>?8/5@A>B?2CD3.C/:0A353?CE/>0C0A./D8D76 #F+-+5/=C.G; H8 3:E 

I/6+5JC22+; ,8; +E0'8 ,/2E I>5C:@ K35?/5; LMN ,/2E I>5C:@ K35?/5 O3?/53./5- 45+008 

 

!eagher, R.B., Kandasamy, !.K., Deal, R.B. and !cKinney, 7.C. #$%%P' QD.C:R

5+23.+E >5/.+C:0 C: D*5/63.C:R2+J+2 D/:.5/2 /7 .*+ D+22 D-D2+ 3:E E+J+2/>6+:.32 

.53:0C.C/:08 *rends .ell 0iol; 17; &$SR&&$8 

 

!iralles, F., Posern, G., >aromytidou, A.B. and Treisman, R. #$%%&' QD.C: E-:36CD0 

D/:.5/2 ITU 3D.CJC.- ?- 5+@B23.C/: /7 C.0 D/3D.CJ3./5 FQO8 .ell; 113; &$VR&W$8 

 

!iralles, F. and Eisa, F. #$%%"' QD.C: C: .53:0D5C>.C/: 3:E .53:0D5C>.C/: 5+@B23.C/:8 .urr 
2pin .ell 0iol; 1G; $"!R$""8 

 

!oon, A. and Drubin, D.G. #!VVS' )*+ QXUAD/7C2C: >5/.+C:0N 0.C6B2B0R5+0>/:0CJ+ 

6/EB23./50 /7 3D.C: E-:36CD08 3ol 0iol .ell; 6; !W$&R!W&!8 

 

!oore, R.C. and Purugganan, !.D. #$%%S' )*+ +J/2B.C/:35- E-:36CD0 /7 >23:. 

EB>2CD3.+ @+:+08 .urr 2pin 4lant 0iol; G; !$$R!$Y8 

 

!oriyama, K., Bida, K. and Jahara, B. #!VV"' 4*/0>*/5-23.C/: /7 I+5R& /7 D/7C2C: 

5+@B23.+0 C.0 +00+:.C32 7B:D.C/: /: 3D.C:8 6enes .ells; 1; P&RY"8 

 

!un, J.H., Ju, H.J., Lee, H.N., Kwon, J.!., Lee, J.N., Lee, B. and Kim, N.G. #$%%%' 

)=/ D2/0+2- 5+23.+E DXLQ0 +:D/EC:@ 3D.C:RE+>/2-6+5CGC:@ 73D./50 /7 >+.B:C3 35+ 63C:2- 

+Z>5+00+E C: J+@+.3.CJ+ .C00B+08 6ene; 2Q7; !"PR!P"8 

 

!un, J.H., Lee, N.J., Ju, H.J., Jeong, J.!., Nhin, !.J., Kim, H., Lee, B. and Kim, 
N.G. #$%%$' 4+.B:C3 3D.C:RE+>/2-6+5CGC:@ 73D./5 C0 63C:2- 3DDB6B23.+E C: J30DB235 

.C00B+ 3:E C.0 @+:+ +Z>5+00C/: C0 +:*3:D+E ?- .*+ 7C50. C:.5/:8 6ene; 292; $&&R$W&8 

 

Febl, G., !euer, N.C. and Namstag, J. #!VV"' X+>*/0>*/5-23.C/: /7 0+5C:+ & 5+@B23.+0 

:BD2+35 .53:02/D3.C/: /7 D/7C2C:8 7 0iol .8em; 271; $"$P"R$"$Y%8 

 

Fishida, 7., Bida, K., Jonezawa, F., Koyasu, N., Jahara, B. and Nakai, H. #!VYP' 

,/7C2C: C0 3 D/6>/:+:. /7 C:.53:BD2+35 3:E D-./>2306CD 3D.C: 5/E0 C:EBD+E C: DB2.B5+E 

D+2208 4roc Natl Acad <ci =<A; G4; S$"$RS$""8 

 

Vhta, J., Fishida, 7., Nakai, H. and !iyamoto, 7. #!VYV' X+>*/0>*/5-23.C/: /7 D/7C2C: 

3DD/6>3:C+0 *+3. 0*/D1RC:EBD+E :BD2+35 3DDB6B23.C/: /7 D/7C2C:8 7 0iol .8em; 264; 

!"!W&R!"!WY8 

 



 !"

Paavilainen, *.O., -ertling, E., Falck, S. and Lappalainen, P. #$%%&' )*+,-./012 13 

45/167*-*/.- 852.9046 :5 .4/02;91219*<;:02802+ =<1/*026> !re$ds (ell *iol? 1:? @AB;

@C&> 

 

Philimonenko, *.*., >hao, ?., Iben, S., Dingova, C., Dysela, D., Dahle, G., >entgraf, 

C., Cofmann, W.A., de Lanerolle, P., Cozak, P. and Lrummt, I. #$%%&' D,4-*.< .4/02 

.28 951602 E .<* <*F,0<*8 31< )DG =1-59*<.6* E /<.264<0=/012> -at (ell *iol? 6? !!BH;

!!"$> 

 

Pollard, T.D., -lanchoin, L. and Gullins, R.D. #$%%%' I1-*4,-.< 9*4J.20696 

412/<1--02+ .4/02 30-.9*2/ 852.9046 02 2129,64-* 4*--6> A$$u 2ev *iophys *io7ol Struct? 
2R? H&H;H"B> 

 

Posern, L., Giralles, F., Luettler, S. and Treisman, R. #$%%&' I,/.2/ .4/026 /J./ 

6/.:0-06* K;.4/02 ,6* 806/024/ 9*4J.20696 /1 .4/0L./* /J* M)K 41.4/0L./1< IGN> :7bo <? 

23? @C"@;@CA@> 

 

Ruegg, ?., Colsboer, F., Turck, C. and Rein, T. #$%%&' O130-02 ! 06 <*L*.-*8 .6 .2 

02J0:0/1< 13 +-,4141</04108 <*4*=/1< :5 .2.-5606 13 J1<912*;<*606/.2/ 4*--6> =ol (ell *iol? 
2:? C@"!;C@A$> 

 

Ruzicka, D.R., Dandasamy, G.D., GcDinney, E.C., -urgos-Rivera, -. and Geagher, 
R.-. #$%%"' PJ* .240*2/ 6,:4-.66*6 13 G<.:081=606 G4/02 Q*=1-59*<0R02+ K.4/1< +*2*6 

*SJ0:0/ 21L*- .28 8033*<*2/0.- *S=<*66012> Pla$t <? V2? &B%;&"$> 

 

Simillion, C., *andepoele, D., *an Gontagu, G.C., >abeau, G. and *an de Peer, W. 
#$%%$' PJ* J088*2 8,=-04./012 =.6/ 13 G<.:081=606 /J.-0.2.> Proc -atl Acad Sci U S A? 

RR? !@B$";!@B@$> 

 

Theriot, ?.A. #!CC"' G44*-*<./02+ 12 . /<*.890--T GQKU4130-02 =<191/*6 <.=08 .4/02 

30-.9*2/ /,<21L*< 02 /J* 852.904 45/167*-*/12 V4199*2/W> < (ell *iol? 136? !!BH;!!BA> 

 

*artiainen, G.D., Luettler, S., Larijani, -. and Treisman, R. #$%%"' D,4-*.< .4/02 

<*+,-./*6 852.904 6,:4*--,-.< -14.-0R./012 .28 .4/0L0/5 13 /J* M)K 413.4/1< IGN> 

Scie$ce? 316? !"&C;!"H$> 

 

Wonezawa, Z., Zishida, E. and Sakai, C. #!CAH' =X 412/<1- 13 .4/02 =1-59*<0R./012 :5 

4130-02> < *iol (he7? 260? !&&!%;!&&!$> 

 

Wuan, \., Ouyang, S., Liu, ?., Suh, -., Cheung, F., Sultana, R., Lee, D., 
\uackenbush, ?. and -uell, C.R. #$%%@' PJ* PEY) <04* +*219* .221/./012 <*61,<4*T 

.221/./02+ /J* <04* +*219* .28 4<*./02+ <*61,<4*6 31< =-.2/ :01-1+06/6> -ucleic Acids 
2es? 31? $$C;$@@> 
 



! "#

!

!

!

"#$%&'!()(!!*+,#-!+.,/01'2',32!4.-35#+0!3&'!5'4#3,'4!6.!3!73&#',.!/8!9&/+'00'0!

+/-,&/22'4!6.!3+,#-!6#-4#-$!9&/,'#-0)!!$%&%'()*!+),!,%-./01%'(2+3(.)!4"!+),!56!+'%!

1%,(+3%,!70!+83()!,%-./01%'(2()*!9+83.'!4:;<6=!>?(/%!-./01%'(2+3(.)!(@!-'.1.3%,!70!

-'.9(/()!4A6B!!C3?%'!+83()!7(),()*!-'.3%()!9D)83(.)@!@D8?!+@!@%ED%@3'+3(.)=!@3+7(/(2+3(.)=!

7'+)8?()*=!+),!8+--()*=!+//!()&./&%!&+'(.D@!.3?%'!+83()!7(),()*!-'.3%()@=!+),!%99%83!

9(/+1%)3!,0)+1(8@!+),!'%1.,%/()*B!



! !"

!

#

$%&'()*#+#

#

#

#

#

(%)#&,$-),(#./0$1&..).#23#&*&0-42'.-.#!"#$%&'()*+,-(.$/$%0&

1!"#*.#5),).#)6%-0-(#,27)1#&,4#4-33)*),(-&1#)6'*)..-2,!!

!

!

!

!

!

!

!

#

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!
"#*89:;<=>#4*?>#@A#A=BC=D=EF>#)$#@;A:BBGF>#0#08HIJDK*:LGH=>#=BC#*0#@G=IMGH#

+NNO#(MG#'P=BQ#RJ8HB=P##S+T#UVNKUO+#*GWH:BQGC#MGHG#X:QM#WGHE:DD:JB#JY#QMG#W8ZP:DMGH#



! !"

!"#$%!&$'

#$%&!"#$%&'()*+,-(.$/$%0&12"#*.&3!'14&'%(%&)*+,-.&/)&!.25$6*)7$7&#82+$2%2&%(0/1%2&

%-%3%(&)4(05,/(*-&67/5%,(&,2/3*7,*(52&,(&)/47&*(0,%(5&2480-*22%29&&:%&7%6/75&5$%&

0$*7*05%7,;*5,/(&/)&5$%&5,224%<26%0,),0&*(1&1%3%-/6+%(5*-&%=67%22,/(&/)&*--&!.25$6*)7$7&

>?@&'%(%2&*(1&5$%&2480%--4-*7&-/0*-,;*5,/(&/)&2%3%7*-&67/5%,(&,2/3*7,*(529&&#$%&)/47&

2480-*22%2&%=$,8,5%1&1,25,(05&%=67%22,/(&6*55%7(2&*2&%=*+,(%1&8.&AB#<CDB&*(1&

$,25/0$%+,0*-&*22*.2&/)&*&EFG<7%6/75%7&'%(%&4(1%7&5$%&0/(57/-&/)&,(1,3,14*-&!'1&

7%'4-*5/7.&2%A4%(0%29&&G480-*22&H&!'17&I%7%&%=67%22%1&257/('-.&*(1&0/(25,545,3%-.&,(&

*--&3%'%5*5,3%&*(1&7%67/1405,3%&5,224%2&%=0%65&6/--%(9&&G480-*22&HH&!'17&I%7%&%=67%22%1&

26%0,),0*--.&,(&+*547%&6/--%(&*(1&6/--%(&548%2&/7&7//5&%6,1%7+*-&57,0$/8-*25&0%--2&*(1&7//5&

$*,72J&*(1&5$%2%&6*55%7(2&%3/-3%1&)7/+&*(&*(0,%(5&14*-&%=67%22,/(&6*55%7(&0/+67,2%1&/)&

8/5$&6/-*7&5,6<'7/I5$&0%--<5.6%2J&25,--&/82%73%1&,(&5$%&+/(/0/5&9.,/2&72#$:29&&G480-*22&HHH&

!'17&I%7%&%=67%22%1&I%*K-.&,(&3%'%5*5,3%&5,224%2J&845&I%7%&257/('%25&,(&)*25&'7/I,('J&

*(1L/7&1,))%7%(5,*5,('&0%--2&,(0-41,('&0*--42J&%+%7',('&-%*3%2J&*(1&+%7,25%+&7%',/(29&&

#$%&2,('-%&G480-*22&HM&!'1&I*2&0/(25,545,3%-.&%=67%22%1&*5&+/1%7*5%&-%3%-2&,(&*--&

5,224%2&,(0-41,('&6/--%(9&&H++4(/0.5/0$%+,0*-&*(*-.2,2&I,5$&2480-*22<26%0,),0&

+/(/0-/(*-&*(5,8/1,%2&1%+/(257*5%1&5$*5&2480-*22&H&,2/3*7,*(52&-/0*-,;%&5/&8/5$&5$%&

0.5/6-*2+&*(1&5$%&(40-%42&/)&-%*)&0%--2J&I$,-%&2480-*22&HH&,2/3*7,*(52&67%1/+,(*(5-.&

-/0*-,;%&5/&5$%&0.5/6-*2+&*5&5$%&5,6&7%',/(&/)&%-/('*5,('&7//5&$*,72&*(1&6/--%(&548%29&&#$%&

1,25,(05&%=67%22,/(&6*55%7(2&/)&5$%&!'1&2480-*22%2&2466/75&*&+/1%-&/)&>?@2&0/<

%3/-3,('&I,5$&5$%&*(0,%(5&*(1&1,3%7'%(5&*05,(&,2/3*7,*(529&

&



! !"

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

#$%&'()*+&(,)-./%0%)-+&10',.&'+&%..%+)*'0&2-0%&*+&3'+,&(%0040'2&12-(%..%.5&'+6&*).&

6*7%2.%&84+()*-+.&*+(046%&(,)-10'.3*(&-29'+*:')*-+5&%.)';0*.$3%+)&-8&(%00&1-0'2*),5&(%00&

%0-+9')*-+5&1-0'2&)*1&92-<)$5&*+)2'(%0040'2&)2'88*(/*+95&'+6&(,)-/*+%.*.&=>%'9$%2&'+6&

?*00*'3.-+5&"@@AB&C-00'26!"#!$%&5&!DDDB&E)'*9%25&!DDDB&?'.)%+%,.&'+6&F'0<',5&!DDGHI&#-&

84+()*-+&'.&'&(--26*+')%6&+%)<-2/&)$')&2'1*60,&2%.1-+6.&)-&340)*10%&(%0040'2&'()*7*)*%.5&

'()*+&8*0'3%+).&'2%&6,+'3*('00,&2%-29'+*:%6&'+6&2%3-6%0%6&;,&340)*10%&'()*+&;*+6*+9&

12-)%*+.&=JKC.H&=K-2*.,&'+6&E7*)/*+'5&!DDDB&C''7*0'*+%+!"#!$%&5&!DDAHI&&L+&$*9$%2&10'+).5&

)$%&'()*+&(,)-./%0%)-+&*.&(-312*.%6&-8&340)*10%&'()*+&*.-7'2*'+).&1$,0-9%+%)*('00,&

92-41%6&*+)-&)<-&'+(*%+)&.4;(0'..%.&=>(M-<%00!"#!$%&5&"@@NH5&<$-.%&7%9%)')*7%&'+6&

2%12-64()*7%&3%3;%2.&12%6')%&)$%&-2*9*+&-8&'+9*-.1%23.&=>%'9$%2!"#!$%&5&"@@@'B&

>%'9$%2!"#!$%&5&"@@@;HI&&>-2%&)$'+&'&6-:%+&JKC.&'2%&*+&.*3*0'20,&%+(-6%6&6*7%2.%&'+6&

'+(*%+)&8'3*0*%.&=O0'$2%!"#!$%&5&!DDDB&M%%/.!"#!$%&5&!DD!B&O'+6'.'3,!"#!$%&5&!DD!'B&

>%'9$%2&'+6&P%($$%*3%25&!DDGB&Q72(/-7'!"#!$%&5&!DDAH&.499%.)*+9&'&2%3'2/';0%&

(-310%R*),&-8&+%)<-2/%6&*+)%2'()*-+.&.422-4+6*+9&)$%&'+(*%+)&'()*+.I&&#$%&$,1-)$%.*.&-8&

*.-7'2*'+)&6,+'3*(.&12-1-.%.&)$')&6*88%2%+(%.&*+&9%+%&2%940')*-+&'+6&12-)%*+&.)24()42%&

'3-+9&(-S%R12%..%6&8'3*0,&3%3;%2.&*+(2%'.%&)$%&6,+'3*(&('1'(*),&-8&)$%&'()*+&

(,)-./%0%)-+&=>%'9$%2!"#!$%&5&"@@@'HI&&E411-2)&8-2&)$*.&(-3%.&82-3&)$%&84+()*-+'0&+-+S

%T4*7'0%+(,&-8&)$%&'+(*%+)&(0'..%.&-8&'($)*+,-.*.&'()*+.&6%3-+.)2')%6&;,&)$%&62'3')*(&

1$%+-),1%.&(2%')%6&;,&)$%&%()-1*(&%R12%..*-+&-8&'&2%12-64()*7%&'()*+&*+&7%9%)')*7%&

)*..4%.&=F*00*0'+6!"#!$%&5&!DD!B&O'+6'.'3,!"#!$%&5&!DD!;HI&&L)&*.&0*/%0,&JKC&9%+%&8'3*0*%.&



! !!

"#$%&'()%*$+,"+(&(-./0"#(*+&$1(2/"#/3"+/%*&"*'&'/0(,4(*2(&%5&(61,($$/%*&1"++(,*$&"*'&

5.*2+/%*$&78%0",!"#!$%&9&!:::;&<.$$(=!"#!$%&9&!::!>?&

@A(&BCD&B2+/*&E(1%#=)(,/3/*4&F"2+%,&7BEF>&/$&"&$)"##&7GHI&JE">&1,%+(/*&+A"+&/$&

)%'(,"+(#=&2%*$(,0('&"2,%$$&(.J",=%+($?&&BEF9&"*'&/+$&2#%$(&,(#"+/0(&/*&0(,+"K,(+($9&

2%5/#/*9&5.*2+/%*$&/*&+A(&,()%'(#/*4&%5&+A(&"2+/*&2=+%$J(#(+%*&K=&1,%)%+/*4&+A(&$(0(,/*4&

"*'&'(1%#=)(,/3"+/%*&%5&"2+/*&"+&+A(&1%/*+('&(*'&%5&5/#")(*+$&/*&,($1%*$(&+%&"&L/'(&

0",/(+=&%5&(*0/,%*)(*+"#&"*'&1A=$/%#%4/2"#&2.($&7C")K.,49&HMMM>?&&&@A($(&5/#")(*+&

'(4,('"+/%*&1,%'.2+$&$.K$(-.(*+#=&$(,0(&"$&*(L&5/#")(*+&/*/+/"+/%*&$/+($&%,&,(N$.11#=&+A(&

)%*%)(,/2&"2+/*&1%%#?&&@A.$9&BEF&"2+$&+%&/*2,("$(&+A(&'=*")/2$&%5&+A(&FN"2+/*&

2=+%$J(#(+%*&7@A(,/%+9&HMMI;&OA"*!"#!$%&9&!:::;&PA%$A!"#!$%&9&!::Q>?&&&@A(&'($)*+,-.*.&

'/0&4(*(&5")/#=&2%*+"/*$&(#(0(*&(61,($$('&)()K(,$&+A"+&4,%.1&1A=#%4(*(+/2"##=&/*+%&

5%.,&"*2/(*+&$.K2#"$$($&"$&$A%L*&/*&F/4.,(&!?H&7RA((!"#!$%&9&!::S;&F(*4!"#!$%&9&!::T>?&

@A(&(61,($$/%*&1"++(,*$&%5&).#+/1#(&1#"*+&BEF$&5,%)&1"$!2$3.9&4*%*52!%,67*8,(529&"*'&

9*:,#*$6$!#$)$:52&A"0(&K((*&$+.'/('&1,(0/%.$#=&"*'&2#"$$/5/('&"$&2%*$+/+.+/0(&%,&1%##(*N

$1(2/5/2&78/)!"#!$%&9&HMMS;&U%1(3!"#!$%&9&HMMT;&V/"*4!"#!$%&9&HMMI;&B##L%%'!"#!$%&9&!::!;&

OA(*!"#!$%&9&!::!>?&&@A($(&'"+"&1%/*+&+%&+A(&'/55(,(*+/"#&,(4.#"+/%*&%5&1#"*+&BEF$9&"*'&

1,%0/'(&"&5,")(L%,J&5%,&"&)%'(#&LA(,(&+A(&'/55(,(*+/"##=&(61,($$('&"2+/*$&"*'&BCD$&2%N

(0%#0('&/*&$1(2/5/2&%,4"*$9&+/$$.($9&"*'&2(##$?&&&B$&1",+&%5&+A/$&)%'(#9&+A(&$/3(&"*'&

'/0(,$/+=&L/+A/*&+A(&1#"*+&BEF$&/*2,("$($&+A(&#/J(#/A%%'&%5&+A(/,&2%*+,/K.+/*4&+%&/$%0",/"*+&

'=*")/2$?&

@%&5.,+A(,&(61#%,(&+A/$&)%'(#9&L(&A"0(&.*'(,+"J(*&"&+A%,%.4A&"*"#=$/$&%5&+A(&(*+/,(&

'/0&4(*(&5")/#=&/*&'($)*+,-.*.?&&W(&2A","2+(,/3('&+A(&%,4"*N&"*'&+/$$.(N$1(2/5/2&



! !"

#$%&#''()*+%,--#&*'+).+-/#+00+!"#$+12+34,*-(.2(*5+-&,*'6&(%-+7#8#7'+,*9+'-492(*5+

-&,*'7,-()*,7+.4'()*'+-)+-/#+%&'+&#%)&-#&+5#*#:++;#+#$,<(*#9+-/#+'416#7747,&+

7)6,7(=,-()*+).+->)+'4167,''#'+).+(')8,&(,*-'+4'(*5+,*-(?@AB+<)*)67)*,7+,*-(1)9(#':++

C,'-72D+-)+&#.(*#+)4&+4*9#&'-,*9(*5+).+-/#+#8)74-()*+).+#$%&#''()*+%,--#&*'+(*+-/#+!"#+

5#*#+.,<(72D+>#+#$%7)&#9+-/#+)&(5(*+).+-/#+6)*'#&8#9+#$%&#''()*+%,--#&*'+).+'4167,''+EE+

!"#$+4'(*5+#8)74-()*,&(72+9('-,*-+%7,*-+'%#6(#'+(*6749(*5+()*+,-$,./0,:++;#+/,8#+'/)>*+

-/,-+-/#+.)4&+'4167,''#'+).+!),1/234$/$+!"#$+,&#+#$%&#''#9+(*+8,&()4'+%,--#&*'+,*9+

-(''4#'D+,*9+#8(9#*6#+.&)<+'416#7747,&+7)6,7(=,-()*+(*9(6,-#'+.4*6-()*,7+9(..#&#*6#'+(*+

-/#(&+62-)'F#7#-,7+&)7#:++G/#+<,H)&(-2+).+-/#'#+#$%&#''()*+%,--#&*'+,*9+%&)%)'#9+

.4*6-()*,7+9(..#&#*6#'+%&#9,-#+-/#+9(8#&5#*6#+).+<)*)6)-'+,*9+#49(6)-'D+,7-)5#-/#&+

'4%%)&-(*5+-/#+/2%)-/#'('+).+(')8,&(,*-+92*,<(6'?9&(8#*+6)?#8)74-()*+>(-/(*+-/#+%7,*-+

,6-(*+62-)'F#7#-)*:+

+

!"#$%&#'

()*'+,-./01'+234-5/13+

+ G)+6/,&,6-#&(=#+-/#+&#7,-#9*#''+).+-/#+@AB+%&)-#(*+'#34#*6#'D+>#+,''#<17#9+,*+

,7(5*<#*-+).+,77+#7#8#*+!),1/234$/$+@AB'+,*9+'4167,''?&#%&#'#*-,-(8#+&(6#+I()*+,-

$,./0,J+,*9+%)%7,&+I534676$-.)/8938,)4,J+@AB+'#34#*6#'+4'(*5+K74'-,7;+IL4%%7#<#*-,7+

B(54&#+!:L0J:++;#+6&#,-#9+,+*#(5/1)&+H)(*(*5+%/27)5#*#-(6+-&##+.&)<+-/('+,7(5*<#*-+,'+

9#'6&(1#9+(*+M$%#&(<#*-,7+N&)6#94&#'+IB(54&#+!:0J+IO/##-:.-,7;D+!PP"Q+G4'F,*-:.-,7;D+

!PPRQ+S42,*5-:.-,7;D+!PPTJ:+++G/#+!),1/234$/$+@AB'+5&)4%+(*-)+.)4&+,*6(#*-+'4167,''#'+

'4%%)&-#9+12+-/#+#$('-#*6#+).+/)<)7)5)4'+@AB+%&)-#(*+'#34#*6#'+.&)<+#,6/+'4167,''+



! !"

#$%&'(%()*#+,&%-,-./0%/$*%&'(%1,$,+,&%0#+(2%%3,0%(4/1-.(5%6&7839:%/$*%;<783=%/0(%

<#>$#?#+/$&.@%1,0(%0(./&(*%#$%-0,&(#$%<(A)($+(%&,%!"#$%&'()%)%783=%/$*%783B%#$%

<)C+./<<%DDD%&'/$%&,%,&'(0%-,-./0%,0%0#+(%783%>($(<2%%6,-./0%/$*%0#+(%'/E(%$,&%<'/0(*%/%

+,11,$%/$+(<&,0%F#&'%!"#$%&'()%)%?,0%/--0,4#1/&(.@%99G%/$*%9"=%1#..#,$%@(/0<5%

0(<-(+&#E(.@%HI'/F*+,*#-.5%!GG"J%K)<L/$*+,*#-.5%!GGMN2%%%K'#<%-'@.,>($@%0(E(/.(*%

<#>$#?#+/$&%*#E(0>($+(%/1,$>%1(1C(0<%F#&'#$%<)C+./<<(<%/<%F(..2%%3,0%(4/1-.(5%783=%

/$*%783B%?,01%/%*#<&#$+&%/$*%*#E(0>($&%+./*(5%/$*%@(&%&'(@%F(0(%,$.@%OGP%#*($&#+/.2%%

Q(A)($+(%#*($&#&@%+,1-/0#<#,$<%/1,$>%&'(%?,)0%70/C#*,-<#<%783%<)C+./<<(<%F(0(%

>($(0/..@%C(&F(($%"O%/$*%R=P2%%K,%-)&%&'#<%#$%-(0<-(+&#E(5%')1/$%783SI,?#.#$%9%/$*%!%

HT6GG="BOJ%T6M9B=RBN%/0(%R=UROP%#*($&#+/.%&,%783<%?0,1%V(C0/%?#<'%/$*%3)>)%H/#0%'*

"+"%'%T6%BBOOGMJ%1+,"#'&'0*0%2"'3%"%&%)%I7WGBRORN2%%X)1/$<%'/E(%$,&%<'/0(*%/%

+,11,$%/$+(<&,0%F#&'%&'(<(%&F,%E(0&/C0(&(%?#<'%?,0%,E(0%"=G%1#..#,$%@(/0<%HY./#0%X(*>(<%

/$*%Z)1/05%!GG:N2%%X($+(5%&'(%*#E(0>($+(%.(E(.<%/1,$>%&'(%70/C#*,-<#<%783%

#<,E/0#/$&<%/0(%<&0#L#$>5%/$*%/0(%.#L(.@%&,%C(%?)$+&#,$/..@%<#>$#?#+/$&2%%K'(<(%*/&/%<)>>(<&%

&'(%>($(%*#E(0<#&@%/1,$>%!"#$%&'()%)%783<%-0(*/&(<%&'(%+,11,$%/$+#($&%/$+(<&0@%,?%

&'(%&'0((%-./$&%<-(+#(<%/$*%#$?(0<%&'/&%?)$+&#,$/.%*#??(0($+(<%'/E(%(E,.E(*%/1,$>%&'(%99%

783%#<,E/0#/$&<%/$*%-/0&#+)./0.@%/+0,<<%&'(%?,)0%/$+#($&%<)C+./<<(<2%%[,0(,E(05%

/**#&#,$/.%#$?,01/&#,$%/C,)&%&'(%*#??(0($&#/.%(4-0(<<#,$%,?%&'(%E/0#,)<%?/1#.@%1(1C(0<%

+,).*%0(E(/.%1,0(%/C,)&%-./$&%783%?)$+&#,$%/$*%+,U(E,.)&#,$%F#&'%&'(%*#??(0($&#/..@%

(4-0(<<(*%/+&#$<%/$*%,&'(0%7Y6<2%%%

!



! !"

!"#$%&'()**+,&'$%-'.,//'01,2)3)2'451",**)6%'63'789'("$%*2")1:*'$%-';,16":,"'

.$**,::,*'

# $%&#'()*&(+#,*-&./*+0#12#+%&#34'(+#!"##5&(&#2'6*40#)167*(&,#8*+%#+%&#,*-&./&#

&93.&//*1(#3'++&.(/#12#1+%&.#)0+1/:&4&+1(#5&(&#2'6*4*&/#/;55&/+&,#+%&.&#6*5%+#7&#

2;()+*1('4#/*5(*2*)'()&#+1#+%&#&93.&//*1(#3'++&.(/#12#+%&#!$%&'()*+'+,!"##6&67&./<##

=*./+>#8&#?;'(+*2*&,#+%&#&93.&//*1(#12#+%&#@@#!$%&'()*+'+,!"##+.'(/).*3+/#8*+%#

?;'(+*+'+*-&#.&-&./&#+.'(/).*3+'/&A6&,*'+&,#.&'4#+*6&#BCD#E?D$ABCDF#;/*(5#DGH#2.16#

-'.*1;/#1.5'(/#'(,#+*//;&/#EI*-':#'(,#J)%6*++5&(>#!KK@F<##$%&#@@#!"##5&(&/#/%18&,#'#

"KKA214,#.'(5&#*(#+%&*.#.&4'+*-&#&93.&//*1(#4&-&4/#'61(5#+%&#-'.*1;/#+*//;&/#'/#/%18(#*(#

$'74&#!<@<##$%&#.&4'+*-&#!"##&93.&//*1(#4&-&4/#3.&/&(+&,#'+#+%&#L&(&-&/+*5'+1.#

6*).1'..'0#,'+'7'/&#/;331.+#1;.#.&/;4+/>#'4+%1;5%#+%&/&#6*).1'..'0#,'+'#'33&'.#+1#%'-&#

/*5(*2*)'(+40#;(,&.&/+*6'+&,#?;'(+*+'+*-&#,*22&.&()&/#*(#HM=#&93.&//*1(#4&-&4/#'61(5#

34'(+#/'634&/#EN*66&.6'((,-.,%/0>#!KKOF<###

$1#2;.+%&.#&9341.&#+%&#&93.&//*1(#3'++&.(/#12#+%&#*(,*-*,;'4#HM=#5&(&/#'+#'#+*//;&#

'(,#)&44A/3&)*2*)#4&-&4>#8&#&9'6*(&,#.&31.+&.#2;/*1(/#12#'44#&4&-&(#!$%&'()*+'+#!"#+<##

B.&-*1;/#81.:#&9341.&,#+.'(/).*3+*1('4#2;/*1(/#12#!$%&'()*+'+#!"#1>#!"#2#'(,#!"#3#

3.161+&.#/&?;&()&/#+1#+%&#&-.%45/676$)8'(%+-#.&31.+&.#5&(&#E9:;F#*(#+.'(/5&(*)#

34'(+/<##$%&/&#)1(/+.;)+/#/%18&,#8&':#&93.&//*1(#3'++&.(/#*(#-'/);4'.#+*//;&>#.11+#+*3#

6&.*/+&6>#'(,#-'/);4'.#+*//;&>#.&/3&)+*-&40#EM1(5,-.,%/0>#!KK@F<##P1.&#.&)&(+#81.:#1(#'#

<-.68'%,=>&$'(%#!"#1#%161415#%'/#*(,*)'+&,#+%'+#*+/#.&4'+*-&40#4'.5&#2*./+#*(+.1(#%'/#

*631.+'(+#&(%'()&.#2;()+*1(/#21.#%*5%A4&-&4#+*//;&A/3&)*2*)#&93.&//*1(#EP;(,-.,%/0>#!KKKQ#

P;(,-.,%/0>#!KK!Q#R&1(5,-.,%/0>#!KKSF>#'(,#+%*/#*(+.1(#8'/#(1+#*()4;,&,#*(#3.&-*1;/#



! !"

!"#$%&'()%)#$%&'()$*##+,)-)./-)0#1)#&$)'#%,)#*+,#-)2/-%)-#3)4)#%/#5$$56#!-.#

)72-)$$(/4#25%%)-4$#86#%-54$./-9(43#2:54%$#1(%,#5#%-54$:5%(/45:#.&$(/4#/.#%,)#2-/9/%)-#

;<===82>?#%,)#@AB+C?#%,)#.(-$%#(4%-/4#1(%,#2/%)4%(5:#)4,54D)-#):)9)4%$?#%,)#.(-$%#<EF#

D/'/4$#/.#)5D,#!-.#3)4)#9)98)-#.&$)'#(4#.-59)#%/#%,)#D/'(43#-)3(/4#/.#%,)#$/0#1

2345'"'6%&#)/#3)4)?#54'#%,)#6'(07#3%6/8)9607#0#)/#GAB+C#54'#2/:6;H>#$(345:#5$#

')$D-(8)'#(4#I72)-(9)4%5:#J-/D)'&-)$#;K)..)-$/48/08#3:0#<FLM>*##

8

;<("/))%'68'=8,4$53#))8>?##N&8D:5$$#O#!-.)#(4D:&')#!-.@A8BA8C#54'#D#;P(3&-)#!*<>*##

+-54$D-(2%$#./-#%,)$)#./&-#!-.)#1)-)#$%-/43:6#)72-)$$)'#(4#5#1(')#-543)#/.#%($$&)$#

(4D:&'(43#-//%0#$))':(430#95%&-)#:)5Q)$0#54'#%,)#.:/1)-$#85$)'#/4#RC+EJSC#5$#$,/14#(4#

P(3&-)#!*!*###T&-#UBN#-)2/-%)-#5$$56#'5%5#$&22/-%#54'#.&-%,)-#-).(4)#%,($#)72-)$$(/4#

545:6$($*##!-.@(??*+,#$%5(4(43#15$#$%-/43)$%#(4#%,)#,62/D/%6:#54'#D/%6:)'/4$0#95%&-)#

-//%$0#5'&:%#:)5Q)$0#54'#$%59)4#.(:59)4%$#;P(3&-)#!*!80#D0#'0#)>*##O%#15$#1)5V)-#(4#6/&43#

-//%0#$)25:$0#54%,)-$0#$%(3950#54'#$%)9#%($$&)0#54'#58$)4%#.-/9#%,)#D5-2):#54'#2/::)4*##

!-.B(??*+,#$%5(4(43#15$#$(9(:5-#%/#!-.@(??*+,0#8&%#15$#$%-/43)-#(4#6/&43)-#-//%#54'#

$)25:$#;P(3&-)#!.0#30#,0#(>*##!-.C(??*+,#$%5(4(43#15$#%,)#$%-/43)$%#59/43#5::#<<#HWP$0#

(4#53-))9)4%#1(%,#/&-#RC+EJSC#'5%5*##H45:6$($#/.#!-.C(??*+,#2:54%$#15$#:(9(%)'#%/#

$592:)$#$%5(4)'#/4:6#X#,/&-$#8)D5&$)#:/43)-#$%5(4(43#%(9)$#-)$&:%)'#(4#/Q)-E$%5(4)'#

8:5DV#%($$&)*##!-.C(??*+,#$%5(4(43#15$#$(9(:5-#(4#25%%)-4#54'#:/D5:(Y5%(/4#%/0#8&%#5:156$#

$%-/43)-#%,540#!-.@(??*+,#54'#!-.B(??*+,0#1(%,#4/%58:)#)7D)2%(/4$#;P(3&-)#!*!Z0#V0#:0#

9>*##!-.C(??*+,#$%5(4(43#15$#$%-/43#(4#%,)#)4%(-)#$%(3950#54'#$(34(.(D54%#$%5(4(43#15$#

)Q(')4%#(4#2)%5:$#;P(3&-)#!*!9>*##H%#%,($#$,/-%#$%5(4(43#%(9)0#/4:6#2/::)40#D5-2):0#54'#$%)9#



! !"

#$#%&'(%)(*$&%)(+'&,-./%%!"#$%&&'()%)(*$&$&,%0*)%)(+'&,%$&%(12%+''(%($34%5*(6+2%-2*72)4%

(12%)($,5*4%*&#%)(*52&%8$-*52&()4%96(%0*)%02*:%$&%(12%1.3';'(.-4%;'(.-2#'&)4%)(25)4%

*&#%*&(12+)%<=$,6+2%!/!&4%'4%34%>?/%%@'59$&$&,%9'(1%ABC%2D3+2))$'&%*&#%(+*&);+$3(%-272-%

#*(*4%!"#*%$)%(12%5')(%)(+'&,-.%2D3+2))2#%)69;-*))%E%52592+%8'--'02#%9.%(12%

5'#2+*(2-.%2D3+2))2#%!"#+,-!"#.,%*&#%(12%5'+2%02*:-.%2D3+2))2#-!"#$/%%%C69;-*))%E%

$)%(12+28'+2%;1*+*;(2+$F2#%*)%;'&)($(6($72-.%2D3+2))2#%$&%*--%'+,*&)%*&#%($))62)%2D;23(%

3'--2&4%0$(1%'&-.%5$&'+%7*+$*($'&%'8%2D3+2))$'&%3*((2+&)%*5'&,%$()%8*5$-.%52592+)/%

-

/0%1233456-57-)89:;<33-==&--G12%8'6+%)2>62&;2)%;'53+$)$&,%!1<94>5%343%)69;-*))%EE%

HI=)%;*&%92%7$202#%*)%(0'%31.-',2&2($;*--.%#$)($&;(%;-*#2)4%EE*%<HI="%*&#%JK?%*&#%EE9%

<HI=L%*&#%JJ?%<=$,6+2%!/J?/%%M*)2#%'&%>NGOP@N%#*(*4%(12%(0'%;-*#2)%#$882+%#+*5*($;*--.%

$&%2D3+2))$'&%3*((2+&4%0$(1%;-*#2%EE*%!"#3%2D3+2))2#%$&%+23+'#6;($72%($))62%*&#%;-*#2%

EE9%!"#3%2D3+2))2#%$&%+''(%($))62%<=$,6+2%!/Q*?/%%R$)(';125$;*-%)(*$&$&,%'8%;-*#2%EE*%

ABCO86)$'&)%!"#?%&&'()%*&#%!"#+@%&&'()%0*)%+2)(+$;(2#%('4%*&#%72+.%)(+'&,%$&4%

5*(6+2%3'--2&%,+*$&)%<=$,6+2%!/Q#4%24%84%S4%:?/%%T'%)(*$&$&,%0*)%'9)2+72#%8'+%2$(12+%

+23'+(2+%86)$'&%$&%)22#-$&,)4%+''(%'+%-2*8%($))62%$&%*,+2252&(%0$(1%(12%>NGOP@N%#*(*%

<=$,6+2%!/Q94%;4%#4%,4%14%$?/%%U'+2%)32;$8$;*--.4%(12)2--$&2)%'&-.%)1'02#%)(*$&$&,%'8%5*(6+2%

3'--2&%,+*$&)%'&%*&(12+)%*8(2+%#21$);2&;2%$&#$;*($&,%(1*(%!"#?%*&#%!"#+@%*+2%-*(2O

3'--2&%)32;$8$;%!"#3%)$5$-*+%('%(12%+23+'#6;($72%;-*))%'8%*;($&)%*&#%3+'8$-$&)%<=$,6+2%!/QS?%

<V*&#*)*5.-2A-<;B4%JWWW4%!KK!*?%*&#%5*.%1*72%*%;.('):2-2(*-%+'-2%$&%(12%3'-*+%($3%

,+'0(1%'8%2-'&,*($&,%3'--2&%(692)/%%



! !"

#$%&'$()*+(%('%(,-%.'//-$%+.-&010&%-2.)-++0'$%'1%!"#$%*$3%!"#%&4%&/*3-%##5%

&'$+()6&(+4%!"#'())*+,%*$3%!"#%%())*+,-%-2,050(-3%+(*0$0$7%(,*(%8*+%)-+()0&(-3%('%

)''(%-.03-)9*/%&-//%10/-+%&'9.)0+-3%.)09*)0/:%'1%(,-%()0&,'5/*+(+%*$3%9*(6)-%)''(%,*0)+%

;<076)-%!=>/4%94%.4%?@=%%A(*0$0$7%8*+%+()'$7-+(%0$%-.03-)9*/%()0&,'5/*+(+%*3B*&-$(%('%(,-%

-/'$7*(0'$%C'$-4%0$30&*(0$7%(,*(%!"#'%*$3%!"#%%%*)-%30+(0$&(/:%-2.)-++-3%0$%:'6$7%)''(%

,*0)%&-//+4%*$3%9*:%,*D-%*%&:('+E-/-(*/%)'/-%0$%(,-%.'/*)%(0.%7)'8(,%'1%-9-)70$7%)''(%,*0)+%

;<076)-%!=>9@=%%F'%+(*0$0$7%8*+%'5+-)D-3%1')%&/*3-%##5%!"#.*+,%16+0'$+%0$%9*(6)-%

.'//-$%*+%8*+%80(,%&/*3-%##*4%&'$10)90$7%(,-0)%$'$G'D-)/*..0$7%-2.)-++0'$%.*((-)$+%

;<076)-%!=>'4%+@=%%H'7-(,-)4%+65&/*++%##*%*$3%##5%*)-%(,-)-1')-%&/*++010-3%*+%(0.G&-//%

+.-&010&%IJ<+%80(,%*%30D0+0'$%'1%-2.)-++0'$%.*((-)$+%'1%(,-%(8'%&/*3-+%5-(8--$%9*(6)-%

.'//-$%*$3%)''(%()0&,'5/*+(+4%)-+.-&(0D-/:=%

.

/0(1233456.57.,89:;<33.===)%%H)*$+&)0.(+%-$&'30$7%(,-%+65&/*++%###%IJ<+4%!"#>%*$3%

!"#?4%8-)-%-2.)-++-3%3011-)-$(0*//:%0$%*%803-%D*)0-(:%'1%(0++6-+%0$&/630$7%)''(+4%+,''(+4%

*$3%1/'8-)+%*$3%+,'8-3%30+(0$&(%-2.)-++0'$%3011-)-$&-+%5-(8--$%-*&,%'(,-)%5*+-3%'$%

?KHGLMK%*+%+,'8$%0$%<076)-%!=N*4%/-1(=%%I$*/:+0+%'1%!"#>())*+,%./*$(+%+,'8-3%+()'$7%

+(*0$0$7%0$%&'(:/-3'$+4%)''(%D*+&6/*)%(0++6-4%(,-%)''(%(0.%9-)0+(-94%*$3%-9-)70$7%/-*D-+%

;<076)-%!=N54%&4%34%-@=%%!"#>())*+,%+(*0$0$7%8*+%8-*E%0$%)-.)'36&(0D-%(0++6-4%*36/(%

/-*D-+4%*$3%9*(6)-%)''(+%0$30&*(0$7%0(+%3011-)-$(0*/%-2.)-++0'$%0$%D-7-(*(0D-%(0++6-=%%

I$*/:+0+%'1%!"#?())*+,%./*$(+%+,'8-3%+()'$7%+(*0$0$7%0$%:'6$7%+--3/0$7+4%(,-%)''(%(0.%

9-)0+(-94%(,-%)''(%-/'$7*(0'$%C'$-4%)''(%D*+&6/*)%(0++6-4%(,-%*.0&*/%9-)0+(-94%(,-%-37-+%

'1%/-*D-+4%()0&,'9-+4%(,-%+(:/-4%*$3%*$(,-)O+(*9-$+%;<076)-%!=N14%74%,4%0@=%%!"#?())*+,%



! !"

#$%&#''()*+,-'+-.'#*/+0&)1+&))/+#%(2#&1-3+4#33'5+4-&%-35+'/(61-5+%-%(33-#5+-*2+%)33#*7++8/+

('+43#-&+/9-/+/)6#/9#&+!"#$+-*2+!"#%+,#&#+#$%&#''#2+(*+.)/9+):#&3-%%(*6+-*2+;*(<;#+

/('';#'+-*2+4#33'+(*+-6&##1#*/+,(/9+/9#+<=>?@A=+2-/-7++A)1%-&#2+,(/9+/9#+&#1-(*(*6+"+

!"#&5+!"#$+-*2+!"#%+,#&#+#$%&#''#2+1)'/+,#-B3C+.-'#2+)*+.)/9+<=>?@A=+-*2+

'()+0;'()*'7++>9#+)*3C+#$4#%/()*+/)+/9('+).'#&:-/()*+,-'+(*+4-33;'+/('';#5+,9#&#+!"#%+

1=DE+3#:#3'+,#&#+/9#+9(69#'/+)0+-33+#3#:#*+!"#&+F>-.3#+!7G+-*2+H(6;&#+!7I-J7++

@&#3(1(*-&C+KLM+'/-(*(*6+)0+4-33;'+/('';#+&#6#*#&-/#2+0&)1+:-&();'+!"#%*++'()+%3-*/+

)&6-*'+4)*0(&1#2+/9#'#+9(69+#$%&#''()*+3#:#3'+(*+1;3/(%3#+4-33;'+4#33+/C%#'+F2-/-+*)/+

'9),*J7++M;.43-''+888+('+/9#&#0)&#+43-''(0(#2+-'+.#(*6+.&)-23C+#$%&#''#2+(*+1;3/(%3#+

)&6-*'+-*2+/('';#'+(*43;2(*6+1#&('/#1+&#6()*'5+.;/+-3')+4)*/-(*'+*)*?):#&3-%%(*6+

%-//#&*'+.#/,##*+(/'+/,)+1#1.#&'7+

+

,-*./&&0123143)56789&&3:;+++8*+!.960<1*&0&5+!"#=+('+/9#+)*3C+';.43-''+8N+1#1.#&+-*2+

(/'+/&-*'4&(%/'+,#&#+0);*2+-/+2#/#4/-.3#+3#:#3'+(*+-33+/('';#'+-*-3CO#2+.C+<=>?@A=+-'+

'9),*+(*+H(6;&#+I-5+&(69/7++!"#=*++'()+&#%)&/#&+'/-(*(*6+,-'+'/&)*6#'/+(*+/9#+&))/+/(%5+

&))/+:-'4;3-&+/('';#5+-*2+4)/C3#2)*'P+,-'+1)2#&-/#+(*+0(3-1#*/'5+-*/9#&'5+%)33#*5+'/(61-5+

-*2+:#6#/-/(:#+#%(2#&1-3+/('';#P+-*2+,-'+,#-B+(*+4-&%#35+'#%-35+-*2+9C%)4)/C3+/('';#+

FH(6;&#+!7IQ5+B5+35+15+*J7++L*3(B#+';.43-''+8+!"#+#$%&#''()*+%-//#&*'5+!"#=*++'()+-3')+

'9),#2+'/-(*(*6+(*+/9#+%)33#*+6&-(*'+(*2(4-/(*6+(/+/)+.#+/&;3C+4)*'/(/;/(:#3C+#$%&#''#2+

FH(6;&#+!7I*J7++>9('+2-/-+4)*0(&1#2+/9#+4)*'/(/;/(:#+#$%&#''()*+%-//#&*+).'#&:#2+,(/9+

<=>?@A=5+.;/+4)1%-&#2+/)+/9#+'(1(3-&3C+#$%&#''#2+';.43-''+8+!"#&5+!"#=!&+#$%&#''()*+

,-'+1)2#&-/#+/)+,#-B7++M;.43-''+8N+!"#=+('+/9#&#0)&#+43-''(0(#2+-'+9-:(*6+-+,#-B+



! !"

#$%&'(')'(*+,+-./+&&($%,.0''+/%,(%#1)2(%3,4$'5,601+,0%2,7+601+,/+./$2)#'(*+,'(&&)+8,,95(&,

2(&'(%3)(&5+2,(',7/$6,0%:,./+*($)&,*+3+'0'(*+,$/,#$%&'(')'(*+,#:'$&;+1+'01,3+%+,

#50/0#'+/(<0'($%,'50',10#;+2,.$11+%,+-./+&&($%8,

,

!"#$%&''()(*+,(-'./&0-&12'(%.$&%-34(2.(254($62.7%&'8(&19(1"$%4"',,

=%,$/2+/,'$,022/+&&,'5+,.$&&(41+,7)%#'($%01,2(77+/+%#+&,06$%3,'5+,>>,?@A,

(&$*0/(0%'&,./$.$&+2,7/$6,'5+(/,.5:1$3+%:B,0,6$%$#1$%01,0%'(4$2:B,6?4?@AC0B,D0&,

/0(&+2,7/$6,6(#+,(66)%(<+2,D('5,/+#$64(%0%',?@AC,./$'+(%8,,6?4?@AC0,/+0#'+2,$%,0,

D+&'+/%,41$',D('5,&+*+%,/+#$64(%0%',?/04(2$.&(&,?@A&,/+./+&+%'(%3,&)4#10&&,=,0%2,==,

E?@A>B,FB,!B,CB,GB,>"B,0%2,>>HB,0%2,%$',D('5,'5+,/+60(%(%3,7$)/,?@A,./$'+(%&,0&,&5$D%,(%,

A(3)/+,F8I08,,JK)01,06$)%'&,$7,'$'01,./$'+(%,7/$6,#011)&B,/$$'B,G,20:L$12,&++21(%3B,>C,20:,

$12,&++21(%3B,60')/+,1+07B,(660')/+,71$D+/,4)2B,60')/+,71$D+/B,.$11+%B,0%2,&(1(K)+,'(&&)+,

D+/+,&+.+/0'+2,4:,M@MLN?OJ8,,P+&'+/%,41$',0%01:&(&,D('5,6?4?@AC0,&5$D+2,40%2&,

$7,>CL>G,;@0,7$/,011,'(&&)+&,EA(3)/+,F8I4H8,,Q0&+2,$%,'5+,+-./+&&($%,.0''+/%&,$7,'5+,

&+*+%,?@A,(&$*0/(0%'&,D('5,D5(#5,6?4?@AC0,/+0#'&B,'5+,40%2,(%,'5+,.$11+%,&06.1+,

D0&,2)+,'$,0,/+0#'($%,D('5,?@AG,0%2,?@A>",./$'+(%8,,M(6(10/1:,(%,/$$','(&&)+B,

6?4?@AC0,2+'+#'+2,/$$','/(#5$410&',&.+#(7(#,?@A>>,0%2,'5+,#$%&'(')'(*+,?@A>B,FB,!B,

0%2,C8,,95+,40%2&,(%,'5+,/+60(%(%3,'(&&)+,&06.1+&,D+/+,7/$6,?@A&,>B,FB,!B,0%2,CB,3(*+%,

'5+(/,%+0/L#$%&'(')'(*+,+-./+&&($%,.0''+/%&8,,95+,R$$60&&(+,&'0(%(%3,$7,./$'+(%,40%2&,$%,

2).1(#0'+,M@MLN?OJ,3+1&,/)%,(%,.0/011+1,2+6$%&'/0'+,/+10'(*+1:,+K)01,1$02(%3B,+-#+.',7$/,

.$11+%B,(%,D5(#5,1+&&,D0&,1$02+2,'$,02S)&',7$/,0%,+-#+&&(*+,(66)%$L#5+6(#01,&(3%01,

EA(3)/+,F8I4B,4$''$6H8,



! !"

# $%#&''()*+,-%+%.#/01#23*4%&)#&)#2,3,5*3',+.%67.%85&9%.#,).#.&::*;&,4%.#+%,5#

;%++:#<&46#46%#'/-/01=,>#,).#&)?%:4&@,4%.#:(-;%++(+,3#+*;,+&A,4&*)#2,44%3):#B:%%#

C92%3&'%)4,+#D3*;%.(3%:EF##G5#46%#:%?%)#/01:#46,4#3%,;4#<&46#'/-/01=,>#*)+7#

:(-;+,::#H#/01:#,3%#%923%::%.#&)#+%,5>#,).#46(:#46&:#,)4&-*.7#;,)#-%#(:%.#4*#

:2%;&5&;,++7#%9,'&)%#46%#:(-;%++(+,3#+*;,+&A,4&*)#*5#46&:#;+,::#*5#&:*?,3&,)4:F##H)#+%,5#;%++:>#

46%#'/-/01=,#+*;,+&A%.#:(-;+,::#H#/01:#4*#-*46#46%#;74*2+,:'#,).#)(;+%(:>#<&46#46%#

',I*3&47#*5#46%#;%++:#%96&-&4&)@#-*46#:(-;%++(+,3#+*;,+&A,4&*)#2,44%3):#B1&@(3%#JFK;>#%>#5>#

,).#@EF##H)#,..&4&*)>#/01#&''()*+*;,+&A,4&*)#<&46#'/-/01=,#<,:#2%35*3'%.#-7#46%#

;37*5&9,4&*)#'%46*.#4*#23%:%3?%#,;4&)#5&+,'%)4#:43(;4(3%#BL,:M&)!"#!$%&>#"NNOE#,).#4*#

?&:(,+&A%#/018,;4&)#&)4%3,;4&*):F##H)#;37*5&9%.#;%++:>#/01#B1&@(3%#JFK@E#<,:#:%%)#

.&:2%3:%.#463*(@6*(4#46%#;74*2+,:'>#;*);%)43,4%.#&)#46%#)(;+%(:>#,).#,3*().#46%#

;6+*3*2+,:4:#B1&@(3%#JFK5EF###/01#;*8+*;,+&A%.#<&46#,;4&)#-,:M%4:#B1&@(3%#JFK6E#

:(33*().&)@#46%#;6+*3*2+,:4:#BP,).,:,'7#,).#Q%,@6%3>#"NNNEF###R&'&+,3#2,44%3):#*5#

+*;,+&A,4&*)#<%3%#*-:%3?%.#&)#:%?%3,+#;%++#472%:#53*'#+%,5>#3**4>#,).#5+*<%3#4&::(%:#B)*4#

:6*<)EF##S6%#;*8+*;,+&A,4&*)#*5#/01#<&46#46%#,;4&)#-,:M%4:#:(33*().&)@#46%#;6+*3*2+,:4:#

:(@@%:4%.#,#<%,M#.%;*3,4&*)#*5#,;4&)#5&+,'%)4:#-7#/01F##S6%#:43*)@#;*):4&4(4&?%#)(;+%,3#

+*;,+&A,4&*)#&:#&)#:6,32#;*)43,:4#4*#','',+&,)#;%++:#<6%3%#:43%::#&).(;%:#)(;+%,3#

+*;,+&A,4&*)#*5#/01F#

#

!"#$%&''()(*+,(-'./&0-&12'(%.$&%-34(2.(5.%&0(60.728(046-.1'(.9(4%.16&2-16($4%%'#

/#:%;*).#'*)*;+*),+#,)4&-*.7>#'/-/01T,>#<,:#*-4,&)%.#53*'#'&;%#&''()&A%.#

<&46#3%;*'-&),)4#/01T#23*4%&)#B:(-;+,::#HH-EF##/'*)@#46%#%+%?%)#3%;*'-&),)4#/01#



! !"

#$%&'()*+&'*&',-+./0/1234+$'45&',+*&$%)678+9(&:+*;0574**+<<+(*%=4$(4)&*+>/12+?-+3-+@A-+

4),+@@B+4),+='$8+9'4C78+9(&:+*;0574**+<D+(*%=4$(4)&+/12E+4*+*:%9)+()+2(6;$'+"FE4F++

G:'*'+/12*+9'$'+'H#$'**',+()+$%%&+&$(5:%074*&*+>/123-+@@B-+#%77')+>/12?-+@AB-+4),+

5%)*&(&;&(='78+>/12EB-+$'*#'5&(='78F++IJ;47+4.%;)&*+%K+&%&47+#$%&'()+K$%.+=4$(%;*+#74)&+

*4.#7'*+9'$'+*'#'$4&',+08+L1LMN/OIF++P'*&'$)+07%&*+9(&:+./0/1234+*:%9',+*&$%)6+

$'45&(%)*+9(&:+/12+#$%&'()+()+$%%&-+.4&;$'+K7%9'$-+4),+#%77')+>2(6;$'+"FE0BF+G:'+4)&(0%,8+

,(,+)%&+,'&'5&+/12E+()+='6'&4&(='+*:%%&+&(**;'+*4.#7'*+9:'$'+(&+(*+$'4*%)4078+9'77+

'H#$'**',-+#'$:4#*+0'54;*'+%K+&:'+4)&(0%,8!*+9'4C+4KK()(&8+K%$+(&F++G:;*-+./0/1234+

4##'4$*+&%+0'+*;0574**+<<+*#'5(K(5F+

<)+&:'+&(**;'*+9:'$'+&:'8+4$'+'H#$'**',-+&:'+./0/1234+7%547(Q',+/12+*;0574**+

<<+(*%=4$(4)&*+&%+&:'+58&%#74*.+4),+9'4C78+&%+&:'+);57';*+*(.(74$+&%+&:'+7%547(Q4&(%)+%K+

*;0574**+<+/12*+*'')+9(&:+./0/12R4F++G:'+*&$%)6'*&+4),+.%*&+#$'=47')&+7%547(Q4&(%)-+

:%9'='$-+94*+&%+&:'+58&%#74*.(5+'7%)64&()6+&(#+$'6(%)+%K+#%77')+&;0'*+4),+'.'$6()6+$%%&+

:4($*+>2(6;$'+"FE5-+,-+'-+K-+4),+6BF++/*+&:'*'+&(#*+'.'$6',-+&:'$'+94*+4+$',(*&$(0;&(%)+%K+

/12+#$%&'()+K$%.+&:'+58&%#74*.+4&+&:'+04*'+%K+&:'+5'77+&%+&:'+6$%9()6+&(#F++G:(*+(*+*(.(74$+

&%+&:'+7%547(Q4&(%)+%K+4+O2NM/12+K;*(%)+#$%&'()+()+!"#$%"&'&'(%$)'##*++#%77')+&;0'*+4),+

/12+7%547(Q',+9(&:+S./12!+#%7857%)47+4)&(0%,8+()+,-'(+'./+$%%&+:4($*+>T(4)6(-%('01-+

@UU?V+W:')(-%('01-+"AA"BF++L(6)(K(54)&78-+9'+;*',+&:'+./0/1234+&%+(..;)%7%547(Q'+/12+

#$%&'()+()+!"#$%"'&'(%')'#*++#%77')+&;0'*-+4),+,'.%)*&$4&',+&:'+5%)*'$=4&(%)+%K+&:(*+

#%74$+&(#+7%547(Q4&(%)+#4&&'$)+>2(6;$'+"FE'-+K-+4),+6BF++G:'$'+94*+47*%+)%&407'+

(..;)%K7%$'*5')5'+%K+/12+*;$$%;),()6+&:'+.(6$4&()6+);57';*+()+'7%)64&()6+!"#$%"'&'+

#%77')+&;0'*+>2(6;$'+"FE6B-+0;&+7(&&7'+*&4()()6+%K+&:'+);57';*+(&*'7KF++G:(*+(),(54&'*+4+



! !!

"#$%&$'()*+#)%*,#+*-./0)(--*11*234-*'&*$5%*$+(,,'06'&7*#,*#+7(&%))%-*$#8(+9*$5%*"#))%&*$./%*

$'"*:;'8(+'*(&9*<#)'$#=*>?@@A*B%-)#"CB(++'-#&*(&9*B%-)#"CB(++'-#&=*>?@?DE*

!

"#$%&'(&)!'##*!+$)!,#--&$!-#.+-/0+*/#$!#1!%23.-+%%!44!567!8&83&'%*

* 2+(/'9#"-'-*234*F./0)(--*11*0#&$('&-*$8#*0)(9%-*#,*234-=*11(*(&9*11/*:4'7.+%*

GE>DE**H(05*0)(9%*'-*0#I"+'-%9*#,*$8#*"('+-*#,*7%&%-*$5($*-5(+%*9'-$'&0$*%J"+%--'#&*

"($$%+&-=*"#))%&*-"%0','0*!"#$*(&9*!"#%&*'&*-./0)(--*11(*(&9*+##$*$+'05#/)(-$*-"%0','0*

!"#'*(&9*!"#%%*'&*-./0)(--*11/*(-*-5#8&*'&*4'7.+%*GE!E**K5')%*$5%-%*0%))*$L"%-*(+%*

-"($'())L*(&9*,.&0$'#&())L*9'-$'&0$*,+#I*%(05*#$5%+=*/#$5*%J5'/'$*"#)(+*$'"*7+#8$5=*(&*(0$'&*

0L$#-6%)%$#&C9+'M%&*"+#0%--*:N%(75%+*(&9*K'))'(I-#&=*>??OA*B%")%+()*(+,-=*GPP>DE**;#*

$%-$*85%$5%+*$5%*+##$Q(&$5%+*%J"+%--'#&*"($$%+&*#,*-./0)(--*11*'-#M(+'(&$-*8(-*0#&-%+M%9*

#+*.&'R.%*$#*!.+/01234045*8%*.-%9*$5%*I2/234@*(&$'/#9L*$#*%J(I'&%*234*"+#$%'&*'&*

+##$*(&9*(&$5%+*$'--.%*,+#I*#$5%+*")(&$*-"%0'%-E**;5%*(&$'/#9L*+%(0$%9*8'$5*>O*$#*>S*63(*

234*"+#$%'&*/(&9-*'&*+##$*(&9*(&$5%+*$'--.%=*/.$*&#$*'&*-5##$*$'--.%=*,+#I*/#$5*6.+4407+(

8+394*:(&#$5%+*I%I/%+*#,*T+(--'0(0%(%D*(&9*$5%*I#&#0#$*:-(4+*0;+*(-*-5#8&*'&*4'7.+%*

GES(E***;5%*0#I")%$%9*7%&#I%*-%R.%&0%*#,*:-(4+*0;+*+%M%()-*$5($*'$*%&0#9%-*($*)%(-$*

$8#*-./0)(--*11*234-=*U-234>*(&9*U-234V=*(&9*8%*8(&$%9*$#*%J(I'&%*85%$5%+*$5%-%*

$8#*7%&%-=*)'6%*2+(/'9#"-'-*-./0)(--*11*234-=*%J5'/'$*9',,%+%&$'()*+##$*(&9*(&$5%+*

%J"+%--'#&*"($$%+&-E***;5%+%,#+%=*8%*.-%9*RW;C<XW*$#*(&()LY%*$5%*%J"+%--'#&*"($$%+&-*

#,*$5%-%*$8#*-./0)(--*11*+'0%*!"#*7%&%-*:4'7.+%*GES/DE**1&*:-(4+*0;+5*/#$5*!"#4*8%+%*

%J"+%--%9*'&*+##$*(&9*(&$5%+*$'--.%=*/.$*&#$*'&*-5##$*$'--.%E**4.+$5%+=*&%'$5%+*7%&%*8(-*

9#I'&(&$)L*%J"+%--%9*'&*#&%*#+7(&*#M%+*$5%*#$5%+E**U.+*+%-.)$-*-.77%-$*$5($*$5%*



! !"

#$%&'()#*+',-%*#''+..+!"#$+&/01-1(&2+#+(134%&**+'3&%151%+&/3)&''16$+3#((&)$+%6$'1'(1$7+65+

&/3)&''16$+1$+-6(0+36**&$+#$2+)66(+()1%06-*#'('8+#$2+(0#(+(0&+36**&$+#$2+)66(+()1%06-*#'(+

&/3)&''16$+3#((&)$'+65+(0&+(96+%*#2&'+'&3#)#(&2+#$2+-&%#:&+:6)&+'3&%1#*1;&2+1$+

2,3*1%#(&+7&$&+%631&'+1$+:6)&+)&%&$(+#$%&'(6)'+65+!%&'()*+$($<+

+

!"#$%##"&'(

=6$'12&)1$7+(0&+&/()&:&+21>&)'1(?+91(01$+(0&+3*#$(+!"#+5#:1*?+@A#%1>&)+#$2+B,''&?8+

CDDCE+F&$7,-.,&/08+CDDGH8+9&+5&*(+#+%60&'1>&+'(,2?+&'(#-*1'01$7+(0&+)&*#(16$'013+65+&#%0+

IJF+(6+6$&+#$6(0&)+9#'+$&&2&2<++K&?+(6+,$2&)'(#$21$7+(0&+%6$'&)>#(16$+#$2+

:#1$(&$#$%&+65+(01'+&*&>&$4:&:-&)+7&$&+5#:1*?+1$+!%&'()*+$($+9#'+#+21''&%(16$+65+(0&+

)&7,*#(16$+65+&#%0+!"#<++I*(06,70+&#)*1&)+'(,21&'+2&'%)1-&+(0&+&/3)&''16$+65+#+5&9+IJF+

7&$&'8+(01'+1'+(0&+51)'(+%6:3)&0&$'1>&+'(,2?+2&'%)1-1$7+(0&+&/3)&''16$+65+(0&+%6:3*&(&+

!%&'()*+$($+7&$&+5#:1*?+,'1$7+:,*(13*&+:&(062'+1$%*,21$7+LMN4O=M+#$2+)&36)(&)+

5,'16$'+(0#(+1$%*,2&2+(0&+IJF+3)6:6(&)+#$2+&$0#$%&)+&*&:&$(4%6$(#1$1$7+1$()6$+

'&L,&$%&'<+++

N0&+!%&'()*+$($+IJF+7&$&+5#:1*?+'069&2+21>&)7&$(+&/3)&''16$+3#((&)$'+

%6$'&)>&2+#:6$7+1('+30?*67&$&(1%+',-%*#''&'+1$+3#)#**&*+(6+(0&+#%(1$+7&$&+5#:1*?8+901%0+

&$%62&'+&170(+5,$%(16$#*+#%(1$+7&$&'+(0#(+7)6,3+1$(6+#$%1&$(+>&7&(#(1>&+#$2+)&3)62,%(1>&+

',-%*#''&'<++P,-%*#''+.+IJF'+Q8+C8+!8+#$2+"+#)&+&/3)&''&2+'()6$7*?+1$+#**+(1'',&'+#$2+

6)7#$'+#%%6)21$7+(6+6,)+LMN4O=M+2#(#+#$2+56)+&/#:3*&+%6$'(1(,(&+RC<DS+65+(0&+(6(#*+

!"#+()#$'%)13(+1$+QD+2#?46*2+'&&2*1$7+(1'',&<++N0&+',-%*#''+.+IJF+TUP+()#$'*#(16$#*+

5,'16$'+#)&+#*'6+&/3)&''&2+0170*?+1$+#**+(1'',&'+#$2+%&**+(?3&'+&/%&3(+36**&$+(0)6,706,(+



! !"

#$%$&'()$*+,--.')/0*$#1-2$-3&455067-58/3&455-9-:;<5-45-+=$-(>$#')0*4*+-%$?$+4+0%$-

?>'8(-'6-:;<-05'%4>04*+5-0*-+=$-(&4*+,--9*-(4>4&&$&-+'-58/3&455-9-:;<51-43+0*5-:.@A-4*#-

:.@B-6'>)-4*-4*30$*+-3&4#$-0*-!"#$%&'()%)1-4*#-4>$-=0?=&7C$D(>$55$#-0*-%$?$+4+0%$-

+0558$5-+=>'8?='8+-#$%$&'()$*+-E:**+,*#-.1-FGGHI,--J0%$*-+=05-'%$>&4(-0*-5+>$*?+=-'6-

$D(>$550'*-4*#-&'34&0K4+0'*-/$+2$$*-+=$5$-58/3&455$5-'6-43+0*5-4*#-:;<51-58/3&455-9-

:;<-05'%4>04*+5-4>$-&0L$&7-+=$-)4M'>-:;<5->$5('*50/&$-6'>-4-)4M'>0+7-'6-:;<C)$#04+$#-

43+0*-37+'5L$&$+4&->$)'#$&0*?-'6-60&4)$*+5-3'*+40*0*?-:.@A-4*#-:.@B-05'%4>04*+5,---

:##0+0'*4&&71-+=$-58/3&455-9-:;<-(4++$>*-05-N80+$-50)0&4>-+'-+=$-%$?$+4+0%$O3'*5+0+8+0%$-

3&455-'6-(&4*+-(>'60&0*51-PQ<F-4*#-PQ<A-ER4*#454)7*+,*#-.1-ASSA4I1-68>+=$>-58(('>+0*?-

+=$-)'#$&-'6-3'C$D(>$55$#-3')('*$*+5-'6-+=$-43+0*-37+'5L$&$+'*-0*+$>43+0*?-4*#-3'C

$%'&%0*?,-

T8/3&455- 9- :;<- 05'%4>04*+5- &'34&0K$#- +'- /'+=- 37+'(&45)03- 4*#-*83&$4>- >$?0'*5- 0*-

&$46- 3$&&5- 4*#- 3'C&'34&0K$#- 20+=- 43+0*- 3=&'>'(&45+C/45L$+5,- - U=0&$- :;<!5- 68*3+0'*- =45-

/$$*-+>4#0+0'*4&&7-&0)0+$#-+'->$)'#$&0*?-43+0*-60&4)$*+5-0*-+=$-37+'5'&1-5'&0#-$D($>0)$*+4&-

#4+4-58??$5+5-+=4+-:;<!5-=4%$-4*-0)('>+4*+->'&$-0*-5=8++&0*?-43+0*-+'-+=$-*83&$85-EV$/&*

+,* #-.1- FGGHW- X04*?* +,* #-.1- FGGYI,- - J0%$*- +=4+- 43+0*- 05- 4- 5+>83+8>4&- 3')('*$*+- '6-)'5+-

3=>')4+0*- >$)'#$&0*?- 3')(&$D$5- 4*#- 0*+$>43+5- 20+=- 4&&- +=>$$- 3&455$5- '6- QV:-

('&7)$>45$-EX'3L853=-+,*#-./-ASSHI1--:;<5-3'8&#-/$->$5('*50/&$-6'>-5=8++&0*?-43+0*-+'-+=$-

*83&$85-4*#-0*#0>$3+&7-6430&0+4+$-3=>')4+0*->$)'#$&0*?-'>-?$*$-$D(>$550'*,--<8+8>$-2'>L-

0*- +=05- 4>$4- 20&&- 40)- +'- #055$3+- +=$- #84&- 37+'(&45)03- 4*#- *83&$4>- 68*3+0'*5- '6- :;<-

05'%4>04*+5- 0*->$&4+0'*- +'-)8+4*+-(=$*'+7($5,- - 9+-4&5'-58??$5+5- +=$- 0*+>0?80*?-('550/0&0+7-



! !"

#$%#&#$'&($')*#+(',&*-&%.#/)&%)0&123&45#%)#,&4%+&)*#&%67%+,&8'&05'&#*&0'-'.#,&/)&#$'&

.+#*(6%,4/.&.+#*,9'6'#*):&&&

123&,58.6%,,&;;&4'48'<,&!"#$&%)0&!"#%&&=;;%>?&%)0&!"#'&%)0&!"#%%&=;;8>?&

'@$/8/#'0&(*66')A,('./-/.&%)0&<**#&#</.$*86%,#A,('./-/.&'@(<',,/*)&(%##'<),?&<',('.#/B'6+:&&

C$/,&7%,&#$'&*)6+&'@%4(6'&*-&'@#<'4'&0/B'<D').'&*-&'@(<',,/*)&(%##'<),&7/#$/)&%&

,58.6%,,&-*<&#$'&!()*+,-./+/&!"#&D')'&-%4/6+:&&C$'&!()*+,-./+/0,58.6%,,&;;%&%)0&;;8&

123&.6%0',&%<'&EEF&/0')#/.%6&%#&#$'&%4/)*&%./0&6'B'6?&%)0&D<*5(&#*D'#$'<&%,&*)'&.6%0'&

7$')&.*4(%<'0&7/#$&4*)*.*#&,58.6%,,&;;&123&,'G5').',&=3/D5<'&H:I>?&.*),/,#')#&7/#$&

(<'B/*5,6+&<'(*<#'0&123&($+6*D')/',&=J%./B'<&%)0&K5,,'+?&HLLHM&3')D0120)34?&HLL">:&&

C$'&')#/<'&,58.6%,,&7%,&*</D/)%66+&<'(*<#'0&#*&8'&<'(<*05.#/B'A,('./-/.&D/B')&'B/0').'&*-&

(*66')&,('./-/.&51)06)7/&123I&%)0&123H&%)0&8+3+9603-:;+<-(6&123I&=N*('O0120)34?&

IPP"M&1667**00120)34?&HLLHM&J%./B'<&%)0&K5,,'+?&HLLH>:&&Q'D/))/)D&7/#$&#$'&

%4(6/-/.%#/*)&*-&!()*+,-./+/&!"#'&-<*4&%&<**#?&85#&)*#&%&-6*7'<?&.2R1&6/8<%<+&

=5)(586/,$'0&0%#%>&%)0&7',#'<)&86*#&%)%6+,/,&5,/)D&#$'&418123E%&,$*7/)D&<**#&

,('./-/.&(<*#'/)&'@(<',,/*)&=3/D5<'&H:"8>?&*5<&0%#%&,5DD',#'0&#$%#&8%,'0&*)&'@(<',,/*)&

(%##'<),&#$'<'&7'<'&0/--'<')#&,58#+(',&7/#$/)&#$/,&,58.6%,,&/)&!()*+,-./+/:&&35<#$'<4*<'?&

*5<&'@(<',,/*)&%)0&.'6656%<&6*.%6/O%#/*)&0%#%&*)&,58.6%,,&;;&123,&(<*B/0'0&'B/0').'&*-&%&

.*),'<B'0&-5).#/*)%6&<*6'&/)&(*6%<&#/(&D<*7#$&%,&(<'0/.#'0&-*<&123,&=S4'<#')9*0120)34?&

HLLIM&T$')0120)34?&HLLHM&T$')0120)34?&HLL!>:&&C$'&6%#'&(*66')&%.#/),&%)0&(*66')&,('./-/.&

(<*-/6/),&%<'&'@(<',,'0&,#<*)D6+&%)0&,('./-/.%66+&/)&4%#5<'&(*66')&D<%/),&%)0&%<'&<'G5/<'0&

-*<&)*<4%6&-'<#/6/#+&=U%)0%,%4+0120)34?&IPPP?&HLLH%M&V%76*,9/0120)34?&HLL">?&85#&%<'&)*#&

'@(<',,'0&/)&<**#&#</.$*86%,#,:&&W'&(<*(*,'&#$%#&!()*+,-./+/&S58.6%,,&;;%&123,&.*560&



! !"

#$%#&$'()*+,&$-.,)/*,0)-+1)$&2%1&'),0*3)-+.*&+,)345.'-33)%6)'-,&)#%''&+)-.,*+)*3%7-$*-+,38))

9-7*+:)5&&+)3#&.*6*.-''()&;#$&33&1)*+)$%%,),$*.0%5'-3,3<)345.'-33)==5)>?@)*3%7-$*-+,3)

0-7&)'*A&'()2-*+,-*+&1)*+,&$-.,*%+3)/*,0),0&)7&:&,-,*7&)-.,*+)*3%7-$*-+,3)>BCD<)>BC"<)

-+1)>BCE<)/0*.0)-$&)&;#$&33&1)*+)$%%,)0-*$38)))F&:&,-,*7&)2*3G&;#$&33*%+)%6),0&)'-,&)

#%''&+)-.,*+)>BCH)$&3.4&1),0&)$%%,)0-*$)1&6&.,)%6),0&)7&:&,-,*7&)-.,*+)!"#$%&)24,-+,)

IJ*''*'-+1'(#'!)*<)DKKDL<)/0*'&)3,*'').-43*+:)1%2*+-+,)-5&$$-+,)#0&+%,(#&3)*+)30%%,),*334&3)

IM-+1-3-2('(#'!)*<)DKKD5L8))C0&3&)$&34',3).-+)5&)$&.%+.*'&1):*7&+),0&)&+1%:&+%43)

&;#$&33*%+)%6),0&)345.'-33)==5)>?@3)*+)$%%,)0-*$3<)/0*.0)5-3&1)%+),0&*$)0%2%'%:(),%)==-)

>?@3)2*:0,)-##$%#$*-,&'()*+,&$-.,)/*,0)#%''&+)3#&.*6*.)>BCH8)))))

N&.-43&),0&)#%''&+)-+1)$%%,),$*.0%5'-3,)&;#$&33*%+)#-,,&$+3)%6)+,!-./012.2)

345.'-33)==)+342)/&$&)3%)3,$*A*+:'()1*7&$:&+,<)/&)-33-(&1)345.'-33)==)>?@)#$%,&*+)*+)

1*3,-+,'()$&'-,&1)#'-+,)3#&.*&3)43*+:),0&)2>5>?@E-<)-+1)30%/&1),0&)14-')#-,,&$+),%)5&)

.%+3&$7&1)I@*:4$&)D8"-L8))C%)-11$&33),0&)%$*:*+)%6),0&)1*7&$:&+,)&;#$&33*%+)#-,,&$+3)6%$)

345.'-33)==)>?@3)/*,0*+)+,!-./012.2<)/&)0(#%,0&3*O&1),0&$&)0-1)5&&+)-)2%$&)$&.&+,)

34564+.,*%+-'*O-,*%+)%6)&;#$&33*%+)#-,,&$+3)5&,/&&+)#-$-'%:4&3)*+),0&)+,!-./012.2)

&41*.%,)'*+&-:&8))C0&)>?@)#0('%:&+().%+,-*+3)-,)'&-3,),/%)$*.&)>?@3)*+)345.'-33)==<)

P3>?@H)-+1)P3>?@Q<)/0*.0)-##&-$)5-3-'),%),0&)6%4$)+,!-./012.2)345.'-33)==)>?@3)

I@*:4$&)D8HL)-+1)&;0*5*,)14-')-+,0&$R$%%,)&;#$&33*%+)#-,,&$+3<),043)34##%$,*+:),0*3)

0(#%,0&3*3)I@*:4$&)D8"5L8))C0&)2%3,)#-$3*2%+*%43).%+.'43*%+)*3),0-,),0&)-+.&3,$-')

&;#$&33*%+)#-,,&$+)%6)345.'-33)==)+342)/-3)3#&.*6*.),%).&''3),0-,)&;0*5*,)#%'-$),*#):$%/,08))

S&)#$%#%3&),0-,)/*,0*+),0&)&41*.%,)'*+&-:&<):&+&)14#'*.-,*%+)/-3)6%''%/&1)5()

34564+.,*%+-'*O-,*%+),%).$&-,&),/%)1*3,*+.,)&;#$&33*%+).'-1&3<)/0&$&)%+&).'-1&)$&,-*+&1)



! !"

#$%&#''()*+(*+%),,#*+-*.+/0#+)/0#&+&#/-(*#.+#$%&#''()*+(*+&))/+/&(10)2,-'/'+345*106+

78889:++;*+1)*/&-'/+/)+!"#$%&'()%)6+/0#+<)*)1)/+'%#1(#'+*+,)#-%.#!'+!/0+'=21,-''+;;+

<#<2#&'+0->#+<-(*/-(*#.+/0#(&+-*1(#*/+.=-,+%),,#*?&))/+/&(10)2,-'/+'%#1(@(1+#$%&#''()*+

%-//#&*':++;/+'##<'+A=(/#+=*,(B#,5+/0-/+-+&))/+/&(10)2,-'/+'%#1(@(1+C#*#+-*.+-+%),,#*+

'%#1(@(1+C#*#+1)=,.+'=11#''@=,,5+@='#+/0#(&+&#C=,-/)&5+#,#<#*/'+/)+@)&<+/0#+1)<2(*#.+

#$%&#''()*+%-//#&*+'##*+(*+&(1#:++

+

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

#1234+5462735+238+96:;4<+=:38747:35+

D0#+E&-2(.)%'('+%,-*/'+F#&#+)@+/0#+G),=<2(-+#1)/5%#+-*.+F#&#+C&)F*+)*+')(,+)&+-C-&+(*+

C&)F/0+10-<2#&'+-/+77HG+=*.#&+@,=)&#'1#*/+,(C0/+@)&+IJ+0:+K##.'+F#&#+'/&-/(@(#.+%&()&+/)+

<)>(*C+/0#<+(*/)+/0#+C&)F/0+10-<2#&+@)&+C#&<(*-/()*:++D&-*'@)&<-/()*'+F#&#+%#&@)&<#.+

F(/0+!1"'$#2-3"%45,-4536#2%37)+'/&-(*+GL"GI+='(*C+/0#+@,)&-,+.(%+<#/0).+3G,)=C06+

788L9:++D&-*'@)&<-*/'+F#&#+'#,#1/#.+25+%,-/(*C+'##.'+)*+0-,@M'/&#*C/0+N=&-'0(C#+-*.+

KB))C+3NK9+<#.(-+3N=&-'0(C#+-*.+KB))C6+IOJ79+1)*/-(*(*C+L8+<C?4+05C&)<51(*+-*.+

!88+<C?4+/#<#*/(*:+P*1#+C#&<(*-/#.6+/0#+/&-*'@)&<-*/'+F#&#+/&-*'@#&&#.+/)+

*)*'#,#1/(>#+0-,@M'/&#*C/0+NK+<#.(-6+-,,)F#.+/)+&#1)>#&6+-*.+/0#*+/&-*'@#&&#.+/)+')(,:++

+

>/0+6?@:64?6+9?3?+=:3546A=45+238+<754:=<?B7=21+2321C575+

E+'#*'#+%&(<#&+F-'+.#'(C*#.+-%%&)$(<-/#,5+I888*/+=%'/&#-<+@&)<+/0#+/&-*'1&(%/()*-,+

'/-&/+'(/#+-*.+='#.+(*+1)*Q=*1/()*+F(/0+-+%&(<#&+@)&+/0#+!R+#*.+)@+/0#+@(&'/+(*/&)*:++

S&)<)/#&M(*/&)*+@&-C<#*/'+F#&#+-<%,(@(#.+@&)<+E&-2(.)%'('+C#*)<(1+TUE+='(*C+#$M/-A+



! !"

#$%&'()*+(,-.*/*)*0,123(),+4*23*)3,567,)(*849$2,8$23949$2+:,,567,#)$3184+,;()(,

#1)9<9(3,*23,8%$2(3,924$,4=(,#6>?@A>BC&D7,E(84$),1#+4)(*',$<,*23,92B<)*'(,;94=,*,

#)(E9$1+%&,8%$2(3,*23,+(F1(28(3,!"#,8$392D,+(F1(28(,*23,$%&'()*+$,-./$'().,,

4()'92*4$),1+92D,129F1(,)(+4)9849$2,+94(+,-C*G31/9(;98H-,'-)*0I,J""K0:,,5)9'(),+(F1(28(+,

<$),(*8=,#)$'$4(),8$2+4)184,*)(,%9+4(3,92,L1##%('(24*%,.*M%(,N:LJ:,,OPL,=9+4$8=('98*%,

*2*%&+9+,$<,(*8=,)(#$)4(),D(2(,;*+,#()<$)'(3,$2,.N,D(2()*49$2,+((3%92D+,$<,JQ,

923(#(23(24,.J,%92(+:,,R$1),*23,+9S4((2,=$1),+4*9292D,<$),OPL,*849E94&,;*+,#()<$)'(3,

$2,+*'#%(+,)(#)(+(2492D,E*)9$1+,+4*D(+,#%*24,3(E(%$#'(24,928%1392D,('()D92D,

+((3%92DI,TBJQ,3*&B$%3,;=$%(,+((3%92DI,NQ,3*&B$%3,;=$%(,#%*24I,*23,'*41)92D,M13+,*23,

<%$;()+,1+92D,*,OPL,+4*9292D,+$%149$2,-U(<<()+$2,,'-)*01,J"VT0:,,,,,

,

!"#$%&"''

7W>,;*+,9+$%*4(3,<)$',4=(,E*)9$1+,#%*24,49++1(+,$<,23)4+5%&.+.,*23,60-.)'+7)-89)&%$+:)-

:;*'+7)3-<3%;&=,1+92D,4=(,7W(*+&,#%*24,'929,/94,-X9*D(20:,,7W>,;*+,4)(*4(3,;94=,7XJ,

7W*+(B<)((,YW*+(,-5)$'(D*0,M(<$)(,)(E()+(,4)*2+8)9#49$2,-7.0:,,.=)((,'98)$D)*'+,$<,

4)(*4(3,7W>,;()(,*33(3,4$,7.,)(*849$2+,1+92D,4=(,A2E94)$D(2,L1#()+8)9#4AAA,<9)+4,+4)*23,

+&24=(+9+,/94,;94=,)*23$',=(S*'(),#)9'()+,4$,'*/(,8YW>:,,F7.B567,;*+,1+(3,4$,

*2*%&H(,8YW>,#$#1%*49$2+,1+92D,JV+,#%*24B129E()+*%,#)9'()+,*+,4=(,(23$D(2$1+,8$24)$%:,,

7(*%B49'(,567,;*+,#()<$)'(3,$2,*2,>##%9(3,@9$+&+4('+,TZQQ,)(*%B49'(,567,+&+4(',

1+92D,L[@7,O)((2,3(4(849$2,8=('9+4)&,->##%9(3,@9$+&+4('+0:,,.=(,N\B-36.0]JQQQQ,

'(4=$3,$<,)(%*49E(,F1*249<98*49$2,;*+,1+(3,92,*%%,(S#()9'(24+:,,5)9'(),+(F1(28(+,<$),

(*8=,)(*%B49'(,)(*849$2,*)(,%9+4(3,92,L1##%('(24*%,.*M%(,N:LN:,



! !"

#

!"#$%&'(#)*#+*,#)#&-#).-*.)'(/#$(01*

$%&%'(%&)(#)&*+,%-+./#)0)+&/*#123+/#*)00.-#456!#)&-#4567#8.'%9,+&)&*#:8%*.+&#;.8.#

:8%-<'.-#)/#-./'8+,.-#+&#=)&-)/)9>#.*#)(?#@AAA?###

#

!"#'0()*2-#'*3).-41(1*

B8%*.+&#C8%9#!"#$%&'()%)#)&-#*+,)#-%.#,/0#('1%2#,234-%.#",5"'3(6#;)/#:8.:)8.-#C%8#

+99<&%,(%**+&0#)/#-./'8+,.-#+&#=)&-)/)9>#7-,#4+8#@AAA#)&-#=)&-)/)9>#7-,#4+8#D""@?#

#

5,,%)#&4'#&60,(1'"4!

E.)C#*+//<.#;)/#'3.9+')((>#C+F.-#</+&0#*3.#9.*3%-#-./'8+,.-#:8.G+%</(>#H=)&-)/)9>#7-,

#4+8#D""@I?##4#9%-+C+.-#:8%'.-<8.#</+&0#DJ#C%89)(-.3>-.#)&-#@J#0(<*)8)(-.3>-.#-<8+&0#

C+F)*+%&K#)&-#"?LJ#M.((<()/.K#"?LJ#B.'*+&)/.K#"?"NJ#B.'*%(>)/.#HO%(-#P+%*.'3&%(%0>IK#

)&-#"?!#$#$)&+*%(#;)/#</.-#%&#8%%*#3)+8/#)&-#:%((.&#*<,./#-<8+&0#.&Q>9)*+'#

:.89.),(+Q)*+%&?##M8>%C+F.-#/)9:(./#;.8.#:8.:)8.-#)/#-./'8+,.-#:8.G+%</(>#

H=)&-)/)9>#)&-#$.)03.8K#@AAAI?##

#

708%0)&0*9#,:."(1#)1*.)$*!64-#;".,1**

R.S<.&'./#;.8.#)(+0&.-#;+*3#M(</*)(T#@?7D#HU+00+&/#)&-#R3)8:K#@A77I#</+&0#-.C)<(*#

/.**+&0/#)&-#:3>(%0.&+./#;.8.#'%&/*8<'*.-#;+*3#B4VB#!?"#HW%0.8/#)&-#R;%CC%8-K#@AAAI#

</+&0#*3.#&.+03,%82X%+&+&0#9.*3%-?##Y+./#;.8.#,8%Z.&#8)&-%9(>#</+&0#*3.#+&+*+)(#/..-#

C<&'*+%&?##P%%*/*8):#/<::%8*#G)(<./#;.8.#,)/.-#%&#@"""#8.:(+')*./#</+&0#)#C<((#3.<8+/*+'#



! !"

#$%&'()**+$,-$.'$*'/01%&2#/.#*3$&$*0%4$*-#2.5*678+9:*;<=>#'(-=!"#!$%&?*"@@AB)***

'(%$)*+,),-$.!/"0-($/+#00*<CD"*#$,-$.'$*3%#*/E>%2.$4*F&/0*>($*G+*C$1%&>0$.>*/F*

9.$&5H*I/2.>*J$./0$*K.#>2>->$*;(>>1LMM333)N52)4/$)5/OMP(=&$QB)*

*

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

R$*3/-=4*=2S$*>/*>(%.S*T/5$&*C$%=*%.4*U/=%.4%*7%H*F/&*($=12.5*32>(*O%&2/-#*1%&>#*/F*>($*

$V1$&20$.>#*4$#'&2E$4*2.*>(2#*0%.-#'&21>?*+-$*R$##=$&*F/&*1&/O242.5*&2'$*1=%.>#?*%.4*

I-42>(*W%.S*F/&*($&*($=1*%.4*5-24%.'$*32>(*>($*1(H=/5$.$>2'*%.%=H#2#)***X(2#*&$#$%&'(*

3%#*#-11/&>$4*EH*F-.42.5*F&/0*>($*Y%>2/.%=*K.#>2>->$#*/F*Z$%=>(*;JW*Q[Q@A\8"B*>/*

T)6)W)*]*%.*YKZ*>&%2.2.5*5&%.>*;JW*^A"^Q\Q"B*>/*C)T)T)]*%.4*%.*YKZ*#-11=$0$.>*

;8^+"MP"^QICB*>/*6)6))*

*

/(0(/($"(-.

!1123345.(6*65.!78937:5./6*65.-;<=8<7>35.!6?65./<@A9<185.-65.)=3BC>5.D6#65.
)337C75.E6F65.&<<4G5.!6*6.C74.FHGG<:5.?6E6.;8^^8B*T$5-=%>2/.*/F*>($*1/==$.\#1$'2F2'*
%'>2.\4$1/=H0$&2_2.5*F%'>/&*7=<CD")*1%$-#!'"%%?*IJ?*8@"`\8@8A)*
*

!18GA9H15.-6065.+C44<75.,6'65.-A9CKK<=5.!6!65.L9C7M5.E65.L9C7M5.L65.+@11<=5.&6.C74.
'@N;C75.)6E6.;"@@AB*J%11$4*67<+X*%.4*a+K\67<+XL*%*.$3*5$.$&%>2/.*/F*1&/>$2.*

4%>%E%#$*#$%&'(*1&/5&%0#)*234%"04!540+.!6".?*OP?*QQb@\Q!^8)*
*

!75.Q6R65.+A)32<115.E6+65.FHC7M5.-65.+A#@77<:5.(6"65."9C;B1@GG5.-6.C74.+<CM9<=5.
/6D6.;"@@[B*+>&/.5?*'/.#>2>->2O$*$V1&$##2/.*/F*>($*5/$70+,8.0.!5'9:;5'9<*%'>2.*
#-E'=%##*2.*O$5$>%>2O$*>2##-$#)*1%$-#!=?*IS?*"^A\"8")*
*

DC;BH=M5.E6/6.;"@@@B*a&/>$2.#*/F*>($*<CDM'/F2=2.*F%02=HL*$##$.>2%=*&$5-=%>/&#*/F*%'>2.*
4H.%02'#)*5--3!6">!'"%%!?">!@0,%?*IP?*"b`\8Q^)*
*

DCG>@75.,6T65.+@11<=5.)6)65.U3G5.E6&65.&@1G375.E6(6.C74.F<N1<=5.?6#6.;"@@[B*P&H/F2V2.5*

#2.5=$*'$==#*%.4*0-=>2'$==-=%&*#1$'20$.#*$.(%.'$#*#>&-'>-&$*%.4*200-./'H>/'($02#>&H*

F/&*=25(>*02'&/#'/1H)*=!A04/,.4?*IVO?*"!@\"[")*
*



! !"

!"#$%&'()*(+,&-.&#/)&012#%,&-.&#"$$%&'()*+,-.'./+.01'2*3')4+/56-+*278'6-,)1.2/)19'

!"#$%&'(#$#):'34:'"$$;"$<9'
'

!5%$+6,&7.7.&#/)&-8$9:$/#,&;.<.&#"$$$&'=.6-*',2.>-*)78?'@51>-*A'6>)')*4)/+@)9'*+""'
,-.$'*#//'0.1/:'3=:'B$!;BB"9'
'

>?#/,&@.A.,&!#$""6,&<.,&B(C)#,&D.,&-(*#"",&E.F.&#/)&>5/)(("$+,&E.-.&#"$$$&'C+/)'+D'

.+D-/-*'-*')@-3)7,2/'A7+E6>'D2.6+7;16-,5/26)3'2.6-*'@+/8,)7-F26-+*'2*3'/2,)//-@+3'

@7+6751-+*9'2'*#//'0.1/:'3GH:'G%B;G!"9'
'

>?#I,&-.<.,&>?#/*,&>.>.,&>?(/,&'.J.&#/)&J$,&K.'.&#"$$!&'H26-*A'6>)',+*+.+6;3-.+6'

3-4)7A)*.)'2*3'6>)'+7-A-*'+D'.+7)')53-.+61'51-*A'E>+/)'.>/+7+@/216'A)*+,)19'2'31/'
451/:'LH:'!"!;!!B9'
'

>?(/,&>.A.,&K5/*,&F.M.,&N$)#"$,&J.,&F+9#8$""5,&@.,&'(O"(%,&P.0.,&K1,&'.<.&#/)&>?(1/*,&

@.A.&#"$$"&'I>)'7)A5/26-+*'+D'2.6-*'+7A2*-F26-+*'J8'2.6-*;3)@+/8,)7-F-*A'D2.6+7'-*'
)/+*A26-*A'@+//)*'65J)19'6/7$)'*#//:'3G:'"BKG;"BL$9'
'

>?(/,&>.A.,&>?(1/*,&@.A.&#/)&K1,&'.<.&#"$$%&'=.6-*;3)@+/8,)7-F-*A'D2.6+7',)3-26)1'
C2.MC+@'(IN21);7)A5/26)3'@+//)*'65J)'A7+E6>9'6/7$)'*#//:'3L:'"%K;"!L9'
'

>"51*?,&-.E.&#"$$G&'O/+72/'3-@?'2A7+J2.6)7-5,;,)3-26)3'A)7,'/-*)'672*1D+7,26-+*9'
3#)81%&'31/'0.1/:'=HQ:'LB;B$"9'
'

>8%R:58#,&S.,&D5859/6,&<.,&P$R:58#,&T.&#/)&B#%+:6,&N.&#"$$!&'O+7,-*'>+,+/+A8'"'
3+,2-*1'+..57'-*',5/6-@/)'.+*6)P61'-*'2*A-+1@)7,19'03*'(#$19.:&:'L:'!!9'
'

T((:+,&<.E.,&'1++(6,&P.E.&#/)&T#8$(+,&!.&#"$$"&'O+7,-*1?'-*6)7,)3-26)1'-*'1-A*2/;
672*135.6-+*'.21.23)1'6>26'2DD).6'.86+10)/)62/'7)+7A2*-F26-+*9'!"#$%&'6/7$)';:.:'U:'!L";
!LQ9'

'

T5/*,&>.'.,&05+9,&!.,&V$#,&7.&#/)&>?1#,&D.'.&#"$$B&'R+/).5/27'-3)*6-D-.26-+*'2*3'

.>272.6)7-F26-+*'+D'6>)'<"7=.%1-&.&'<)<>?@:'<)<>?;'2*3'<)<>?A'A)*)19'6/7$)'31/'0.1/:'
GL:'GBK;G"K9'
'

S(/*,&A.,&J$1,&W.&#/)&V1(,&W.&#"$$<&'S+,@2726-4)'16538'+D'7-.)'2*3'=72J-3+@1-1'2.6-*;

3)@+/8,)7-F-*A'D2.6+71'A)*)'D2,-/-)19'2'6/7$)'68B&.1/:'3QX:'<L;KL9'
'

7?5+?,&<.,&-5/*,&V.,&<51/($2/(,&7.,&-$)#/$,&<.,&J#I%(/R(,&T.-.&#/)&>5/)(("$+,&
E.-.&#"$$!&'S+D-/-*'@7+,+6)1'2.6-*'@+/8,)7-F26-+*'2*3'3)D-*)1'6>)'3-7).6-+*'+D'.)//'

,+6-/-689';:.#$:#:'XYG:'K!%;K!<9'
'



! !"

!"##"#$%&'()*+*'(,$%&$-$./'(0*,*'(1$2#3-4"'()*5*($%&(06$7869'(:*;*(#$%%$&'()*+'
,-.-*/*0,-'/12'3-43)256*0,-'/6*01'07),/30/1*7'6)849-8-1*'*+-'7*51*-2'3))*'+/03'

4+-1)*:4-');'*+-'!"#$%&'()%)*#+,-./'85*/*0)1<'01#2,*034)%'15='<=>='$>??@$$%?<'
'

?$@&A4"62"BC'(1*'(DE$F'(G*($%&(0$#"7$'(1*(#>??!&'A+-'78/99=',-37/*09-'4BCB';/809:');'
!6"'$#+,7"%89'D01/3:',-6*)37';)3'49/1*'*3/17;)38/*0)1<'01#2,*:'1*;%'1='HI='?E?@??!<'
'

?6J#69'(1*,*'(K"&$#"'()*($%&(586A%7'(L*M*(#$%%>&'B)9/30F-2'6-99'.3)G*+'01'+0.+-3'49/1*7<'

!228*<7=*>711*?7=*;%'1='<N='>H?@>EI<'
'

?6-#3JO?$99"-3%'(P*($%&(?6-#3JO?$99"-3%'(M*(#>?E?&'J)1;)38/*0)1'/12'8),-8-1*');'

*+-',-.-*/*0,-'1569-57');'*+-'/1.0)74-38'4)99-1'*5D-K'/77)60/*0)1'G0*+'*+-'/6*01'

6:*)7L-9-*)1<'@5*>711*A+%5='Q=='$??@"%E<'
'

?"77"%-'(R*!*($%&(D8$9J'(1*0*(#>?EE&'JMNOAPMK'/'4/6L/.-';)3'4-3;)3801.'859*049-'

7-Q5-16-'/90.18-1*')1'/'8063)6)845*-3<'B727='N=='$"I@$!!<'
'

?A--6/'(1*P*'(L##233&'(S*!*($%&(D.69T6%43'(L*1*(#$%%$&'P6*01@D01201.'43)*-017'01'*+-'
P3/D02)4707'.-1)8-'2/*/D/7-K'43)4-3*0-7');';516*0)1/99:'207*016*'49/1*'/6*01@

2-4)9:8-30F01.';/6*)37R6);09017<'03%1')*C"#2)*<*A'+*D'2&*;*;%'1*A+%='=IN='I?>@I?E<'
'

P6UU69-3%'(:*L*'(,$E$%$78'(V*L*($%&(;6E$%'(0*W*(#>?EI&'SNO';570)17K'D-*/@
.95653)102/7-'/7'/'7-170*0,-'/12',-37/*09-'.-1-';570)1'8/3L-3'01'+0.+-3'49/1*7<'E9$'*@='
X='"?%>@"?%I<'
'

P63%7'(M*0*'(0A%'(P*?*'(,".'(?*'()66'(D*M*($%&(,".'(D*!*(#$%%I&'P1'547*3-/8'3-.0)1'

01'*+-';037*'01*3)1');'4-*510/'/6*01@2-4)9:8-30F01.';/6*)3'>'/;;-6*7'*0775-@74-60;06'

-T43-770)1'01'*3/17.-106'P3/D02)4707'#!"#$%&'()%)*,3#1%#2#&<'01#2,*@<='I>(YHZ='$"%@$"?<'
'

P"$%7'(5*P*'(W66&-'(L*!*($%&(?A--6/'(1*P*(#>??I&'A+-'8/0F-'/6*01@2-4)9:8-30F01.'
;/6*)3='C8PUV"='3-207*30D5*-7'*)'*+-'.3)G01.'*04');'-9)1./*01.'3))*'+/037'/12'6/1'D-'

01256-2'*)'*3/179)6/*-'01*)'*+-'1569-57'G0*+'/6*01<'01#2,*@5='<H='>%"H@>%!"<'
'

P3B4A-B8'(;*0*'(DB836%6%F69769'(5*L*'(DT6T6U6#&'(P*($%&(L6F"'(+*(#$%%W&'A3/6L01.'
2)G1'*+-'20;;-3-1*';)387');'1569-/3'/6*01<'C"72&)*>711*;%'1<'
'

,$%&$-$./'(0*,*'(0B,"%%6/'(S*5*($%&(06$7869'(:*;*(#>???&'A+-'9/*-'4)99-1@74-60;06'
/6*017'01'/1.0)74-387<'01#2,*@='<[='WE>@W?><'
'

,$%&$-$./'(0*,*($%&(06$7869'(:*;*(#>???&'P6*01@)3./1-99-'01*-3/6*0)1K'/77)60/*0)1'
G0*+'6+9)3)49/7*'01'!"#$%&'()%)'9-/;'8-7)4+:99'6-997<'>711*:',%1*>4,')F717,'2='\\='>>%@
>>E<'

'



! !!

!"#$"%"&'()*+!+()*,!-##.'()/+0+)"#$)*."12.3()4+5+)"#$$#%&'()%*+',-./0)0*'
01.2%-0%*+1'%-3'401+0*5+)6'-378)%+34'0*'2373+%+023'%*4'-3,-.485+023'+0118319'!"##$%&'(#)$
!*'&+,"#"'&-:'67:'##;<#9'
'

!"#$"%"&'()*+!+()*,!-##.'()/+0+)"#$)*."12.3()4+5+)"#$$#=&'>8*5+0.*%)'
*.*3?802%)3*56'./'%5+0*'01.2%-0%*+1'0*'@-%=04.,1019'%&#$.(&#$!"##:'89:'#AB;#CB9'
'

!-&():+4+()!-&();+)"#$)<#()=+)"BDD<&'E.)358)%-'5).*0*7'%*4'5F%-%5+3-0G%+0.*'./'%*+F3-;

,-3/3-3*+0%)'5HI@'3*5.40*7'%',8+%+023'%5+0*;43,.)6J3-0G0*7'/%5+.-9'/#0-'$%&#$.(&#:'78:'
<D;!A9'

'

!>"23.()?+()@3-.$.3-,2()/+()!A%B()5+()CADE"3$()F+)"#$)02D"()G+H+)"#$$$&'K0))0*;)0L3'

%5+0*;=0*40*7',-.+30*1'%-3'3M,-31134'8=0?80+.81)6'0*'1203(4&5+(+9'/#0-'$/6*+(&#:'877:'<A;
!N9'

'

!AE"3()F+4+()F3AI"J()5+!+)"#$):B"-1.3()0+K+)"#$$$&'E%0G3',-./0)0*'01./.-J1'%-3'
/8*5+0.*%))6'401+0*5+9'/#0-'$!"##:'87:'AN<;ADN9'
'

C-E"J()!+K+)"#$):,2&-BB1.#()L+F+)"#$$B&'@*%)6101'./'-3)%+023'73*3'3M,-3110.*'4%+%'
810*7'-3%);+0J3'?8%*+0+%+023'(OP'%*4'+F3'#";H3)+%'H3)+%'O"Q&&'E3+F.49'%"'6&4+:'76:'
!$#;!$N9'

'

CAM.N()O+()<#B2A#'()4+=+()*",-E.3():+!+()K-"#1()0+K+()!2"#():+()P..$%()<+=+)"#$)
HD%%.'()Q+K+)"BDDC&'(.))3*'1,350/05'3M,-3110.*'./'J%0G3'73*31'3*5.40*7'%5+0*'
43,.)6J3-0G0*7'/%5+.-;)0L3',-.+30*19'/2&7)$80'#)$1704)$97():$;)9)1):'R9:'R!BA;R!#$9'
'

C'#,2)"#$$$&'QF3'32.)8+0.*%-6'/%+3'%*4'5.*53?83*531'./'48,)05%+3'73*319'97("-7":'
7RS:'BBAB;BBAA9'
'

*",-E.3():+!+)"#$)HD%%.'()Q+K+)"#$$#&'QF3'@H>S5./0)0*'/%J0)6T'%5+0*;-3J.43)0*7'
,-.+30*19'<"-&="$.(&#:'9:'-3203U1<$$R9'
'

*,FAT.>>()K+*+()HD"#1():+()*,!-##.'()/+0+()<#();+U+)"#$)*."12.3()4+5+)"BDDC&'
V+-85+8-3'%*4'32.)8+0.*'./'+F3'%5+0*'73*3'/%J0)6'0*'1203(4&5+(+$'60#(0-09'<"-"'(7+:'8V7:'
ANR;C$#9'

'

*."12.3()4+5+)"#$)P->>-"&%A#()4+/+)"BDD!&'QF3'()%*+'O6+.1L3)3+.*9'W*'1203(4&5+(+:'
K.)9'<N'"E363-.U0+G:'X9'%*4'V.J3-20))3:'O9:'341&9'O.)4'V,-0*7'Y%-=.-T'O.)4'V,-0*7'

Y%-=.-'Z%=.-%+.-6'(-311:',,9'B$!D;B$N!9'

'

*."12.3()4+5+()*,!-##.'()/+0+)"#$)!"#$"%"&'()*+!+)"BDDD%&'W1.2%-0%*+'46*%J051'

3M,%*4'%*4'=8//3-'+F3'-31,.*131'./'5.J,)3M'161+3J1T'+F3'4023-13',)%*+'%5+0*'73*3'

/%J0)69'/#0-'$!"##:'88:'DDA;B$$C9'
'



! !"

!"#$%"&'()*+*'(!,-.//"0'(1*2*(#/3(4.5#6"'(7*4*(#$%%%&'()*+(+,-./01-2(-3(2+4(
506/70/6+58(7./+5(36-9(:.;20(7<0-5=+.+0;.(>+2+5?(!"#$%&'(#$#)@(89@(ABCDAC!?(
(

!"#$%"&'()*+*(#/3(:",%%".;"&'(!*(#AEEF'()*+(G<0-5=+.+0;.(H6-0+-9+(-3(*"+,-%./&-&?(
I2(*"+,-%./&-&@(J-.?(444?;5:&?-6>K:/&.17;01-25K;6;&1L-:515K0-7?739(#M+<+6-410N@(O?(;2L(
P-9+6,1..+@(G?@(+L5'?(G-.L(P:612>(Q;6&-6@(RS8(G-.L(P:612>(Q;6&-6(T;&-6;0-6<(H6+55?(

(

!</'(=*>*'(?<'(>*=*'(@""'(>*A*'(-BC/'(?*!*'(@""'(=*A*'(@""'(D*(#/3(-.;'(A*E*(#AEEE'(
)4-(7.-5+.<(6+.;0+L(7URV5(+27-L12>(;7012DL+:-.<9+61N12>(3;70-65(-3(:+0/21;(;6+(9;12.<(

+W:6+55+L(12(,+>+0;01,+(0155/+5?((#$#@(F9G@($XBD$BX?(
(

!</'(=*>*'(@""'(A*?*'(?<'(>*=*'(="C/$'(?*!*'(A%./'(!*?*'(-.;'(>*'(@""'(D*(#/3(-.;'(

A*E*(#AEEA'(H+0/21;(;7012DL+:-.<9+61N12>(3;70-6(15(9;12.<(;77/9/.;0+L(12(,;57/.;6(

0155/+(;2L(105(>+2+(+W:6+551-2(15(+2*;27+L(&<(0*+(31650(1206-2?((#$#@(FHF@(AFFDA!F?(
(

!<&#I%.$"'(J*(#/3(AKCC$'(:*(#$%XA'(V(6+,15+L(9+L1/9(3-6(6;:1L(>6-40*(;2L(&1-;55;<5(
410*(0-&;77-(0155/+(7/.0/6+?(01+$)'023&-.14@(89@(!BFD!%B?(
(

L"M6'(E*'(!"<"&'(A*2*(#/3(A#;I5#$'(?*(#$%%X'(U+:*-5:*-6<.;01-2(-3(5+612+(F(6+>/.;0+5(
2/7.+;6(06;25.-7;01-2(-3(7-31.12?(5'6-.1'72#8@(FG8@(AXABXDAXACE?(
(

N<0#/$'(A*'(O%<'(P*'(>#;.65C/'(=*'!"#!$%&'!(#AEEB'()*+()IYZ(Z17+(Y+2-9+(V22-0;01-2(
Z+5-/67+8(19:6-,+9+205(;2L(2+4(3+;0/6+5?(9:;1#-;'*;-%&'<#&@(Q9@(UCCFDCCB?(
(

R##S.6#./"/'(4*N*'(+"&56./$'(1*'(:#6,K'(A*(#/3(@#TT#6#./"/'(R*(#AEE!'(Z+>/.;01-2(-3(
7<0-5=+.+0;.(L<2;9175(&<(;7012D9-2-9+6D&12L12>(:6-0+125?(!"#$%&'7#11'6-.1@(8U@(FCXD
F%!?(

(

R#B6CIK.'(@*2*'(-#/3#I#;0'(!*-*(#/3(!"#$%"&'()*+*(#AEEX'()*+(.;0+(:-..+2(;70125(
;6+(+55+201;.(3-6(2-69;.(9;.+(;2L(3+9;.+(L+,+.-:9+20(12(V6;&1L-:515?(01+$)'=.1'6-.1@(
VF@(CC$DC%X?(

(

RC66#&3'(J*W*'(+6#/,%C./'(@*(#/3(!<66./I'()*W*(#AEEE'(M-.+7/.;6(9+7*;21595(
7-206-..12>(;7012(31.;9+20(L<2;9175(12(2-29/57.+(7+..5?(*$$:'<#>'6-./23&'6-.8.1'?)":;)@(
FH@("!"D"BX?(

(

)%""'(A*?*'(+"#S.I'(P*'(+"&#&3./.'(J*O*'("#!$%&'((#AEEF'()*+(V6;&1L-:515(I23-69;01-2(

Z+5-/67+(#)VIZ'8(;(9-L+.(-6>;2159(L;0;&;5+(:6-,1L12>(;(7+206;.1N+L@(7/6;0+L(>;0+4;<(

0-(V6;&1L-:515(&1-.-><@(6+5+;67*(9;0+61;.5(;2L(7-99/210<?(9:;1#-;'*;-%&'<#&@(Q8@(AA!D
AAC?(

(

)C$"&I'(=*A*(#/3(ABCXXC&3'(W*@*(#$%%%'(M/.01:.+(.-7;.(9;W19;(3-6(.1=+.1*--L5(-3(

:*<.->+2+017(06++58(;(519/.;01-2(50/L<?(=.1'6-.1'@>.1@(8V@($EB%D$EC"?(
(



! !"

!"#$%#&'()*+,-,)*+../((0)*1,2,)*345&)*!,)*675&8)*9,6,)*:5;7<#$)*!,3,)*=##0>)*+,2,*
5&0*?@>>#A)*-,6,*#$%%&'()*+,-./+01*(12(3144,*563,/020/(./+0*57,31489,-0:0*;(2./+1-(<0+=(

./+0*>(!"#$%&'?(BC?($%@5$&$>(
(

!%578#$)*9,6,*#$%%%'(A0;*.40*;(+1(+=,(./+0*(/8+16B,4,+1*(0*(34.*+6>(($$)*&+,-*&!"#$%&
!./012"*&!"#$%&32"*&412"*?(CD>(
(

E4#$7(%)*6,+,*#&CCD'(E//,4,-.+0*;(1*(.(+-,.79044F(EGHI/12040*(3-191+,6(-.307(./+0*(

204.9,*+(+J-*1K,-(0*(+=,(78*.90/(/8+16B,4,+1*>('&5,""&412"?(DFG?(&&"L5&&"M>(
(

E7/5$7)*!,9,*5&0*-(.7%()*H,!,*#&CMM'(N-;.*0:.+01*(12(+=,(/8+16B,4,+1*(0*(3144,*(+JO,6(12(
!/6)0&7288)$10F(.(6+J78(,934180*;(/1*K,*+01*.4(.*7(2-,,:,(6JO6+0+J+01*(,4,/+-1*(
90/-16/138?(099J*124J1-,6/,*/,?(.*7(-=17.90*,53=.441070*>(!62%29"#08#?(DIJ?(&%%5
&&$>(

(

E@>'5&)*2,+,)*K7L5M7()*!,)*65&>>(&)*!,)*!"#$%&'*#$%%"'(P=,(;,*19,(12(O4./B(
/1++1*<117?(Q13J4J6(+-0/=1/.-3.(#P1-->(R(S-.8'>(:71,$7,?(FDF?(&LC"5&"%!>(
(

=5>%#&#A>)*2,N,*5&0*25./5A)*:,1,*#$%%@'(T,917,40*;(+=,(/8+16B,4,+1*(21-(;-1<+=(
.*7(21-9F(.*(1K,-K0,<(<0+=(619,(*,<(K0,<6>(($$)&+,-&!"#$%&412"?(CI?("C&5D$$>(
(

O7""#$"5&&)*-,)*?7$>;4P?(LL"5&&)*:,)*?#&&78)*Q,*5&0*2$@7>>#")*=,*#$%%!'(
SUVUWUAP)SEPNT>((6#;1<29010(90/-1.--.8(7.+.O.6,(.*7(.*.48606(+114O1X>(!"#$%&
!./012"?(DFG?($"$&5$"@$>(
(

(

(

(

(



! !"

!"#$%&'()*&&+%$",-.%&/0"1,-,2"&34&!"#&5678%99-31&:%,%;,%<&#2&=+!>?@+&-1&A"8-309&

!-990%9&&
#

#

#

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

/01123& )"'# !,)# '*(+# !")# *.+# (,(# .# +.# (+'"# '-# '!+#

4556& *-,# +!'# (*)*# )")# +)-# '*+# .# )(-# "-# '.# '(-"#

)+7#

899:1;<=&

!.)# !)"# +*(# )+,# ((,# '(,# .# ""# '+# -# '(!#

'.:#

899:1;<=&

-)!# "(+# '+'!# "!.# !..# )"!# .# )# '(# )(# '-#

>90?& ''"'# -!-# )(**# ')"!# +..# +..# .# ''# ,# *(# (-#

@AA062B9#

&15C9B&

++-# +!+# '!))# +!+# ,'(# (-+# '+,# *# "!# (*!# ,!#

D062B9#

&15C9B&

(.'"# (',)# !('(# (!..# '!",# '.,,# *'(# '+# ((+# ),+# ,"#

#

# #
049106;E9#F20<6;6G#H01H21069:#03#:93HB;I9:#;<#JKL9B;A9<601#MB5H9:2B93#

#

#

#



! !"

#

#

!"#$%&'()*''+&"#,-.%/0."1"1#'2%.3&"1'4&5$&16&'2,78.#&17'4,.9"1#':88'&8&;&1'<=!'

2%.3&"14'>%.?'!"#$%&'()%)'@<3AB':1C'%&2%&4&13:3";&4'>%.?'%"6&'@D4A':1C'2.28:%'

@E3A)#$%%&'&()*#+),-.'#)(.#'/%01#%1#&/.#2()13/#*%41&'#%5#&/.#&(..6##7-23,)''.'#8#&%#89#

41:43)&.:#2;#+.(&43),#2)('#)&#(4</&6##7-23,)''#88#0)'#5-(&/.(#'.*)()&.:#41&%#'-23,)''.'#88)#

)1:#8826##=1),;'4'#0)'#(%%&.:#-'41<#&/.#!"#$%&'(%()$*#+,-)"$+'.--#>/,(.?=@AB#

'.C-.13.6##/+$0-'(1*-*#=@A#*(%&.41#'.C-.13.'#)1:#<.1.#:.'4<1)&4%1'D##=@AB#

E=&?<!FGBGHI#=@AJ#E=&?<!FGGGHI#=@A?#E=&K<KL""GHI#=@A!#E=&K<KL"LGHI#=@AK#

E=&J<BFMGGHI#=@AF#E=&J<?BJGGHI#=@AM#E=&!<JKKLGHI#=@A"#E=&!<GGF"GHI#=@AL#



! !"

#$%!&'!"()*+,$-./),#$%0&01'2)*+,345,$-.//,#$%/&)/(0)*6,!"#$%&'%()*%&$-.,789%:;4,

<:=>:4?:<,345,&:4:,5:<;&43%;94<@,,$-.(,#A<)0&)110)*+,$-./,#A<)1&!!!()*+,$-.2,

#A<)!&!2"/)*+,$-.0,#A<)'&/'"0)*+,$-.1,#A<)'&02(")*6,+,-./.'&(")01,0%"-%&$-.,

789%:;4,<:=>:4?:<,345,5:<&;43%;94<@,$-.0,#B-,4>CD:8,E%(1)/(F*+,$-./),#E%0()!("*+,

$-.",#E%FF"2"*+,$-.F,#E%00!'!0*+,$-./',#E%2!F(('*+,$-./2,#E%2F0'F2*6,345,

21/%3#4,3,5%'&"6)51%"4()),$-./,E89%:;4,B-,12/)'G,



! !"

!"#$%&'()(''*+,-./"/'01'!"#$%&'()%)'2$34-,//'5'*6!'789%&//"0+':,;;&%+/)

!
"
#
$
%

!
"
#
&
%

!
"
#
'
%

!
"
#
(
%

<,='

<1=' <"='<>='<#='

<?='<@=' <A='

<9='<+=' <B='<0='

<&='<4=' <C='<3='

<-='

''''''''''''*6!D' ' ''''''''*6!(' '''''''''''''''''*6!E' ' *6!F'



! !"

!"#$%&'()(''*+,-./"/'01'!"#$%&'()%)'2$34-,//'5'*6!'789%&//"0+':,;;&%+/)''

#

$%& '()%*+,(#-.%/*+*0#12#*3%/453+6*4#(/517+/8#*9(#21.3#4.:5)%44#;#<=>4?#!"#$?#!"#%?#

!"#&?#%/7#!"#'?#%4#7(*(5*(7#:0#-'@ABC'#12#'D<#4%E6)(4#231E#5%)).4?#311*?#FG#

91.3A1)7#4((7)+/8?#"H#7%0A1)7#4((7)+/8?#)(%2?#+EE%*.3(#2)1I(3?#%/7#E%*.3(#2)1I(3J###

#

$:A-&##@3%/4)%*+1/%)#2.4+1/4#12#*9(#4.:5)%44#;#!"##3(8.)%*130#4(-.(/5(4#I+*9#*9(#

()*#3(613*(3#8(/(#I(3(#(K%E+/(7#+/#*3%/48(/+5#!+,-./012.2#6)%/*4J###

L+4*159(E+5%)#4*%+/+/8#I%4#6(3213E(7#1/#M#7%0A1)7#4((7)+/84?#311*4?#MH#7%0A1)7#

6)%/*4?#%/7#2)13%)#138%/4J#

$:A(&##!"#$133()*#(K63(44+1/N#

$2A+&##!"#%133()*#(K63(44+1/N##

$OAE&##!"#&133()*#(K63(44+1/N##

$/A-&#!"#'133()*#(K63(44+1/J#



! !"

!"#$%&'()*''+,-./0"0'12'!"#$%&'()%)'3$45.-00'66'+7!'89:%&00"1,';-<<&%,0)

=%>'

=->'
#

!
"
#
$
%

!
"
#
&
'
%

!
"
#
(
%

!
"
#
&
&
%

=4>'

=2>'

=?>'

!"
=@>'=.>'

=">'

=:>'

=,>' =1>'

=A>'

=B>'

=C>'=#>' =D>'

=5>'

''''''''''+7!E' ' ''+7!FG' ' ' ''''+7!H' ' +7!FF'

=&>'

=0>'



! !"

!"#$%&'()*''+,-./0"0'12'!"#$%&'()%)'3$45.-00'66'+7!'89:%&00"1,';-<<&%,0)''

#

$%& '()%*+,(#-.%/*+*0#12#*3%/453+6*4#(/517+/8#*9(#21.3#4.:5)%44#;;#<=>4?#!"#$?#

!"#%&?#!"#'?#%/7#!"#%%?#%4#7(*(5*(7#:0#-'@ABC'#12#'D<#4%E6)(4#231E#

5%)).4?#311*?#"F#91.3A1)7#4((7)+/8?#GH#7%0A1)7#4((7)+/8?#)(%2?#+EE%*.3(#2)1I(3?#%/7#

E%*.3(#2)1I(3J###

#

$:A4&##@3%/4)%*+1/%)#2.4+1/4#12#*9(#4.:5)%44#;;#!"##3(8.)%*130#4(-.(/5(4#I+*9#*9(#

()*#3(613*(3#8(/(#I(3(#(K%E+/(7#+/#*3%/48(/+5#!+,-./012.2#6)%/*4J###

L+4*159(E+5%)#4*%+/+/8#I%4#6(3213E(7#1/#(E(38+/8#4((7)+/8?#311*4?#M#*1#NH#7%0A

1)7#6)%/*4?#%/7#2)13%)#138%/4J#

$:A2&#!"#$133()*#(K63(44+1/O#

$8AP&#!"#%&133()*#(K63(44+1/O#

$)A1&#!"#'133()*#(K63(44+1/O#

$6A4&#!"#%%133()*#(K63(44+1/J#



! !"

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

!"#$%&'()*''+,-./0"0'12'!"#$%&'()%)'3$45.-00'666'-,7'68'+9!':;<%&00"1,'=->>&%,0)'

#

$%& '()%*+,(#-.%/*+*0#12#*3%/453+6*4#(/517+/8#*9(#*:1#4.;5)%44#<<<#=>?4@#!"#$#%/7#

!"#%@#%/7#*9(#4+/8)(#4.;5)%44#<A#=>?@#!"#&@#%4#7(*(5*(7#;0#-'BCDE'#12#'F=#

!
"
#
&
'

?@A' ?BA' ?.A' ?CA'

?,A'

+9!D'

!
"
#
%
'

?-A'

!
"
#
$
'

?4A'
!

?5A'
!

?7A'
!

?&A'
!

?#A'
!

?2A' ?"A'
!

?EA'
!

+9!F' ' '''''''''''''''+9!G'

3$45.-00'666' 3$45.-00'68'



! !!

"#$%&'"()*+$(,#&&-".(*++/.(01(2+-*3+&4("''4&567.(89(4#:3+&4("''4&567.(&'#).(

5$$#/-*'()&+;'*.(#64($#/-*'()&+;'*<(

(

=>35?((@*#6"&#/5+6#&()-"5+6"(+)(/2'("->,&#""(AAA(#64(AB(!"#(*'7-&#/+*:("'C-'6,'"(;5/2(

/2'($%&(*'%+*/'*(7'6'(;'*'('D#$56'4(56(/*#6"7'65,(!'()*+,-.*.(%&#6/"<(((

E5"/+,2'$5,#&("/#56567(;#"(%'*)+*$'4("''4&567".(*++/".(8F(/+(F9(4#:3+&4(%&#6/".(#64(

)&+*#&(+*7#6"<(

=>3'?((!"#/-00$%&('D%*'""5+6G(

=)35?((!"#1-00$%&('D%*'""5+6G(

=H36?(!"#2-00$%&('D%*'""5+6<(

(



! !"

!"#$%&'()*''+,-%-./&%"0-/"12'13'45657!8-'-29'57!':$6.;-<<'='

=44$21;1.-;"0-/"12)''

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

$
%
&
'
##
##
##

$
%
&
(
##
##
##
#

$
%
&
)
##
##
##
##
#

$
%
&
*
##
##
##
##
#

$
%
&
!
##
##
##
##
#

$
%
&
"
##
##
##
##
#

$
%
&
+
##
##
##
##

$
%
&
,
##
##
##
##
#

$
%
&
-
##
##
##

$
%
&
'
.
##
##
##
#

$
%
&
'
'
#

/012345#

'+#6%7#

8$9#

/012345#

'+#6%7#

:
7
;;<
=
#

>
1
1
2#

+
#?
7
@
#=
3
3
?
;45
A
#

'
*
#?
7
@
#=
3
3
?
;45
A
#

B
7
2<
03
#;
3
7
C#

D8
8
7
2<
03
#C
;1
E
3
0#
#

B
7
2<
03
#C
;1
E
3
0#

F
1
;;3
5
#

G
4;4
H
<
3
#>6?'

>-?'

>.?' >9?' >&?'

8$9$%&*#

8$9$%&*#

8$9$%&*I%$FD#%$FD#

8$9JF7I%$FD#8$9$%&*#

>#?'
!

>,?'
!

>3?'
!

8$9#



! !"

!"#$%&'()*''+,-%-./&%"0-/"12'13'45657!8-'-29'57!':$6.;-<<'='

=44$21;1.-;"0-/"12)''

#

$%&#'(#)*+,*-.#'/0,#%.%/1+2+#32,4#50.06/0.%/#%.,2'071#58'89:;%#

$%(#<=*62>262,1#0>#58'89:;%#32,4#,4*#*/*?*.#-*605'2.%.,#89:#=-0,*2.#2+0?%-2%.,+#

$,0=#=%.*/&#+**#@A=*-25*.,%/#B-06*7C-*+(#%.7#'1#D005%++2*#+,%2.*7#=-0,*2.#

$'0,,05#=%.*/(##

$'(#<=*62>262,1#0>#58'89:;%#32,4#6%//C+&#-00,&#"#7%1E0/7#+**7/2.F&#G;#7%1E0/7#

+**7/2.F&#5%,C-*#/*%>&#255%,C-*#>/03*-&#=0//*.&#%.7#+2/2HC*#=/%.,#+%5=/*+#$,0=#

=%.*/(#%.7##

D005%+2*#+,%2.*7#=-0,*2.#$!IE!J#K9%(#$'0,,05#=%.*/(L###

#

$6E4(#M55C.061,064*526%/#/06%/2N%,20.#0>#+C'6/%++#M#89:#2+0?%-2%.,+#32,4#

58'89:;%L###

$6(#M+0/%,*7#/*%>#6*//#=-*=%-*7#'1#64*526%/#>2A%,20.E5*,407#=-0'*7#32,4#58'89:;%O#

$7(#98BM#$;P&QE72%5272.0EIE=4*.1/2.70/*(#25%F*#0>#9R8#2.#$6(O#

$*(#S*-F*#0>#25%F*+#+403.#2.#$6(#%.7#$7(L###

$>&#F(#M+0/%,*7#/*%>#6*//+#=-*=%-*7#'1#,4*#6-10>2A%,20.E5*,407#=-0'*7#32,4#58'89:;%#

+4032.F#/06%/2N%,20.#0>#89:#=-0,*2.#%-0C.7#64/0-0=/%+,+#%.7#>2/%5*.,+#$%--03+(L###

$4(#D-10>2A%,20.E5*,407#2+0/%,*7#/*%>#6*//#=-0'*7#32,4#58'TB%#%.7#98BM#+4032.F#

60E/06%/2N%,20.#0>#%6,2.#$%--03+(#32,4#58'89:;%#/06%/2N%,20.#2.#$F(L#



! !"

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

!"#$%&'()*''+,-%-./&%"0-/"12'13'45657!8-'-29'57!':$6.;-::'<<'

"44$21;1.-;"0-/"12)'''

$%&#'(##)*+,*-.#'/0,#%.%/1+2+#32,4#50.06/0.%/#%.,2'071#58'89:"%#

;-0,*2.#

<=#>9%#

58'#

;-0,*2.#

<=#>9%#

58'#

?
%
//@
+
#

A
0
0
,#

=
#7
%
1
#+
*
*
7
/2.
B
#

<
C
#7
%
1
#+
*
*
7
/2.
B
#

D
%
,@
-*
#/
*
%
E#

FC
#+
,%
B
*
#E
/0
3
*
-#
'
@
7
#

D
%
,@
-*
#E
/0
3
*
-#

G
0
//*
.
#

H
2/2
I
@
*
!

=->'

=6>'

=&>'=.>'

=9>'

8
9
:
<
##
##
##

8
9
:
J
##
##
##
#

8
9
:
K
##
##
##
##
#

8
9
:
C
##
##
##
##
#

8
9
:
!
##
##
##
##
#

8
9
:
L
##
##
##
##
#

8
9
:
=
##
##
##
##

8
9
:
"
##
##
##
##
#

8
9
:
M
##
##
##

8
9
:
<
N
##
##
##
#

8
9
:
<
<
#

=#>'

=3>'



! !"

#$%&'()*+,+*+-.&/,&0121345$&6+-7&-7)&)8)9):&;)*/02+:$:-&134&(;/-)+:&+</9$;+$:-<&

#-/(&($:)8%&$:=&2.&>//0$<<+)&<-$+:)=&(;/-)+:&#2/--/0&($:)8%&&

#2%&'()*+,+*+-.&/,&0121345$&6+-7&*$88?<@&;//-@&A&=$.B/8=&<))=8+:C@&DE&=$.B/8=&

<))=8+:C@&0$-?;)&8)$,@&+00$-?;)&,8/6);@&(/88):@&$:=&<+8+F?)&(8$:-&<$0(8)<&#-/(&

($:)8%&$:=&>//0$<<+)&<-$+:)=&(;/-)+:&#!GBHI&J3$%&#2/--/0&($:)8%K&&&

#*B,%&&L00:/7+<-/*7)0+*$8&8/*$8+M$-+/:&/,&<?2*8$<<&LL$&$:=&LL2&+</9$;+$:-<&6+-7&

0121345$&?<+:C&-7)&*7)0+*$8&,+N$-+/:&0)-7/=K&

#*%&L</8$-)=&)0);C+:C&;//-&7$+;&(;/2)=&6+-7&0121345$&#C;)):%&$:=&31OL&#;)=%&

<7/6+:C&134&8/*$8+M$-+/:&-7;/?C7/?-&-7)&*)88&$:=&*/:*):-;$-)=&$-&-7)&-+(K&&

#=%&L</8$-)=&)8/:C$-+:C&(/88):&(;/2)=&6+-7&0121345$&<7/6+:C&(/88):&-?2)&$:=&-+(&

8/*$8+M$-+/:K&&&

#)BC%&P);0+:$-)=&!"#$%&'(()*&(/88):&(;/2)=&6+-7&0121345$&#C;)):%&$:=&31OL&

#;)=%&<7/6+:C&8/*$8+M$-+/:&-/&-7)&)0);C+:C&(/88):&-?2)&#)&$:=&,%&$:=&<?;;/?:=+:C&

-7)&0+C;$-+:C&9)C)-$8&:?*8)?<&#C%K&



! !"

#

#

#

#

#

#

#

#

#

#

#

#

#

!"#$%&'()*''+,-"&,.'-/,0&%12."/,'/3'.4&'0$5-6200'77'&89%&00"/,'92..&%,'",:"-2.&0'

0$53$,-."/,26";2."/,'",'.4&'!"#$%&'()%)'6",&2#&)'''

#

$%& '()*+,-#.+/#0/)*#)1#())*2#34))*2#%-5#%-*4+(#*,336+#1()7#!"#$%&'()%)2#*"#))%+#,

-#(.)2#%-5#/"01#,)#2%3#,8()0+5#9,*4#7:0:;<=%#$*)8&#%-5#'>'?#$0)**)7&@###

$0& A+/%*,B+#C6%-*,*D#)1#/4,)#2%3##360E/%33#FF#:;<3#!567#%-5#!568#5+*+E*+5#0D#

CAGH'?A@#

#

#

7:0#

IJ#K;%#

<2='
!

<5='

:
*#
A
)
)
*#

# :
*#
L
4
)
)
*#

# :
*#
:
-
*4
+
(#

# M
-
#A
)
)
*#

# M
-
#L
4
)
)
*#

# M
-
#:
-
*4
+
(#

# N
3
#A
)
)
*#

# N
3
#L
4
)
)
*#

# N
3
#:
-
*4
+
(#

#

'>'?#



! !"

#

#

#

!"##$%&%'()$*+,-".%*/0!12**34567)8%*8,)-.)&*49*:;+*6%<"%'=%6*)$,-'%8*9.4&*

+,-".%*/01*#7>$4-%'>*"6,'-*?$"6()$@0*

#

#

#

#

#



! !"

!"#$%&'()*&&+,-.%,&/%01%23%/&1/%4&56&."7%&58%&9:;<==>?)&,%<6,5%,&3"//%55%/&

&

#$%&&%'&()#&(#)&#**&)(#&#*(&)(#&(()&*#(&**(&#()&#))&)**&**)&&&

)'&())&*#*&())&###&***&(*)&((#&(((&#**&(**&*(#&*(#&*##&

+,%&&%'&()#&(#)&##(&)**&#**&)(#&#*(&***&###&)*)&###&***&)(*&#((&*))&)*)&(((&&

##*&))(&)))&&&

)'&())&*#*&())&#))&((*&**#&)(#&()#&())&*)(&)#)&(#)&*)*&

)-./&&%'()#&#(*&#)*&(#*&))(&((#&()#&(*(&)#(&#)*&()#&&&

)'()#&**)&(##&*(#&(()&))*&*))&)*)&)*)&*(*&)()&

)-."&&%'&()#&(*(&)#)&#(*&*##&)()&((#&*()&)##&(#)&#))&&&

)'()#&**)&(##&*(#&(()&(*)&()(&*))&()*&)*)&())&

)-.0&&%'&()#&(*(&)#)&(()&*()&*))&))(&()*&)))&)()&(((&&&

)'())&())&)#*&*)(&##*&*(#&(()&**)&)*)&)))&*)(&)#)&)*)&(&

)-.1&&%'()#&(#)&(*(&)#)&(#*&#)*&()(&((*&)##&((*&)))&&&

)'&())&())&)#*&*)(&##*&*(#&)((&(*)&)()&)))&*))&*)#&

)-.2&&%'())&#*)&(#*&(*#&)(#&)))&())&))#&(#)&)))&)((&&&

)'())&(*(&)#)&))*&))(&))(&)#(&*()&)()&#((&

)-.!&&%'&()#&()#&(*(&)#)&()(&)#)&#))&#))&#()&))#&)))&#))&)*(&(&&&

)'&&())&())&)#*&*)(&##*&*()&*)#&)()&())&))*&*))&))*&)*)&(&

)-.3&&%'&()#&(#)&(*(&)#)&*#*&*))&)((&((*&)))&)*(&)**&**)&)))&&&

)'())&*#*&())&)#*&*)(&##*&*((&((*&)((&*)*&)()&))(&()#&#)#&#)&

)-.4&&%'&()#&(#)&(*(&)#)&))*&*))&*))&(((&#))&**(&#)#&)))&(*#&

& )'())&*#*&())&)#*&)(#&#**&(#*&)*)&)*)&*)*&)*)&*)*&)*)&*)*&#&

)-.5&&%'&()#&(#)&(*(&)#)&))(&)))&)()&))(&(*)&)()&(()&&

&)'&())&())&)#*&*)(&##*&*()&((*&*))&())&*))&**)&

)-./6&&%'&()#&#))&(**&)*)&()(&()#&(((&(()&(#*&(**&((#&)(*&(*)&&&

)'&())&())&)#*&*)(&##*&*((&((*&)#(&(*)&()(&)(*&)#(&*))&



! !"

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

#) *##',+,'*##'#+,',#*'++,',*+',#,'#+*',##'#,#',#*'+,#'*#+'*,#'



! !"

!"#$%&'()'&&*+,-%+&.%/0%12%.&0.%3&,1&/4!5*64&"-7$,8,2"9,:1&:8&9;%&<<&=>?&@%1%&

9+"1.2+,79.&

#

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

#*,#//.#-.*#-//#-//#.-/#.//#/.#

*01$##+,#---#**.#/*-#*/-#--*#//.#**-#/*-#*-###

*,#--.#/..#/-*#***#.*/#.-*#-*/#.#

*012##+,#-..#***#-/-#*-*#-*.#**-#*/-#*//#/###

*,#-**#//.#.*/#./*#-//#./.#/./#/-*#*..#/#

*013##+,#/.-#-//#-**#/.*#**.#///#//.#-/##

#*,#--/#*..#-/.#*.*#-.*#**.#///#*--#

*01"##+,#/-/#///#./*#//.#/./#/*.#*-/#./.#//-#/-*##

#*,#.*-#*-*#*.*#-*.#.*-#*.*#-*/#*-*#*/-#

*014##+,#.-/#//-#/-/#///#-*/#/-/#-//#-//#**##

#*,#..-#//*#./.#-/*#--*#.**#*//#.-#

*01!##+,#*-.#/*.#/-*#/..#/*.#/-*#--/#/-*#/./##

*,#-.*#*/.#//-#.//#-./#./.#*-/#/.#

*015##+,#*-.#-*-#*/-#*-.#//.#-*.#*//#*/###

*,#/.-#*/-#*/*#-*-#*/*#/*-#*/.#-//#-**#**#

*01%##+,#.*/#///#-/-#/--#*//#.**#/-/#.//#/*###

*,#-..#***#-.*#//.#.*/#*..#**-#/#

*016##+,#./.#***#*/*#/**#.-*#**-#**.#**-#**-#*.*###

*,#.*.#/.-#/.-#..-#/./#/.*#*#

*01$7##+,#-*.#..-#*-.#-*-#*/-#*-/#./###

*,#--*#/*/#*/*#*//#*-*#***#-.*#*--#*-*#/./#*-*#

*01$$##+,#--/#*.-#.**#/**#/.*#/..#.**#/*-#*###

*,#-//#-./#/-*#**/#/-.#.*-#.//#



! !"

#

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

#&+#--,#,..#&.-#,&.#-&,#&-&#.-&#,-,#

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

# #&+#,--#-,-#,,.#&&-#-..#,--#,,#

#

#

#



 !!

 

 

 

#$%&'() * 

 

 

 

%)%+,-.&/,/ %#',0 -(&.123(),4,05 6%#'.)5 680#',.0/ ,0 

381',#(1181%) -(9(1.&3(0' %0- ,/ % )(&)(//.) .6 '$( CBF #.1- 

)(/&.0/( ')%0/#),&',.0 6%#'.)/1 

 

 

 

 

 

 

 

 

 

 

                                                
1 -a<=>? )@ )AB=CDaE 1=FFG #@ 3CH=<<>GE 3AIJAKaLaII= H Ha<daNaOGE a<d )=CJaPd +@ 

3>aKJ>P   'Q +> /AFO=II>d IQ &?a<I &JGN=Q?QKG 



 !"

 

!"#$%!&$ 

$%e a(t*+ (,t-./elet-+ *. a (1*t*(al (-2p-+e+t f-1 25lt*ple (ell f5+(t*-+. *+(l5d*+7 

.*7+al*+7 (a.(ade. a+d .t1e.. 1e.p-+.e..  A(t*+ Dep-l,2e1*;*+7 Fa(t-1 =ADF> *. a /e, 

fa(*l*tat-1 -f t%*. d,+a2*( 1e.p-+.e ?, t1a+.lat*+7 a (ell5la1 .*7+al *+t- p%,.*(al a(t*+ 

(,t-./elet-+ 1e2-del*+7. @e1e Ae a+al,;e t%e f5+(t*-+ -f A1a?*d-p.*. ADF5 a. a+ 

*2p-1ta+t 1e75lat-1 -f -17a+ a+d (ell deBel-p2e+t a+d a. a+ e..e+t*al a+d .pe(*f*( 

1ep1e..-1 -f t%e CDF (-ld 1e.p-+.e t1a+.(1*pt*-+ fa(t-1..  $%e adf5-1 +5ll allele 

eE%*?*ted a+ *+(1ea.ed +52?e1 -f (a5l*+e a+d 1-.ette leaBe.F a+ *+(1ea.ed +52?e1 -f 

t1*(%-2e a+d .t-2ata (ell.F dela,ed fl-Ae1*+7 t*2eF a+d a .ta?*l*;ed F-a(t*+ 

(,t-./elet-+. ADF5 Aa. *+d5(ed 2I-f-ld d51*+7 (-ld .t1e.. (-+d*t*-+.F a+d ,et adf5-1 
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INTR%D'CTI%N 

#$e a(t*n--ased (0t1s2elet1n 4la0s an essent*al 51le *n 4lant and an*6al 

de7el146ent 89ea:$e5 and ;*ll*a6s1n, 1>>?@ A1lla5d et al., 2000@ Dta*:e5, 2000@ 

;astene0s and EalFa0, 2003H.  A(t*n f*la6ents and -Lndles d0na6*(all0 (1nt5*-Lte t1 

t$e 451:5a66*n: 1f 15:an, t*ssLe, and (ell de7el146ent -0 fa(*l*tat*n: t$e asse6-l0 1f 

7a5*1Ls (ellLla5 st5L(tL5es. A(t*n!s 51le *n (ell 41la5*t0 and d*7*s*1n 4lane dete56*nat*1n *s 

4a5t*(Lla5l0 *6415tant *n 4lants, F$e5e (ells d1 n1t 6*:5ate dL5*n: 6Llt*(ellLla5 15:an 

de7el146ent.  Desta-*l*Nat*1n 1f t$e 4lant a(t*n (0t1s2elet1n *s 5eOL*5ed f15 6e6-5ane 

5*:*d*f*(at*1n, F$*($ sL-seOLentl0 *ndL(es a (0t1s1l*( (al(*L6 *nflLP and f5eeNe t1le5an(e 

8O57a5, 2000H.  A(t*n als1 (1nt51ls :ene eP45ess*1n 7*a nL(lea5 51les *n ($516at*n 

5e61del*n: and t5ans(5*4t*1n, and 7*a add*t*1nal (0t14las6*( 51les (1nt51ll*n: t$e 

l1(al*Nat*1n and a(t*7*t0 1f 7a5*1Ls t5ans(5*4t*1n fa(t15s 8Bett*n:e5 et al., 200?@ RLe:: et 

al., 200?@ T*sa, 2005@ 9*5alles and T*sa, 200!H. C1nt51l 1f a(t*n fLn(t*1n *s 61dLlated -0 

t$e a(t*7*t0 1f $Lnd5eds 1f a(t*n--*nd*n: 451te*ns 8ABAsH 89ea:$e5 and Fe($$e*6e5, 

2003@ C75(217a et al., 200?H, s16e 1f F$*($ (1nt5*-Lte t1 a(t*n!s nL(lea5 a(t*7*t*es 

8Bett*n:e5 et al., 200?H. 

A(t*n de41l06e5*N*n: fa(t15 8ADFH and (l1sel0 5elated 7e5te-5ate (1f*l*n f156 a 

(lass 1f 451te*ns t$at -*nds F-a(t*n and 45161tes de41l06e5*Nat*1n and se7e5*n: *n 

5es41nse t1 d*7e5se st*6Ll*, 5esLlt*n: *n en$an(ed a(t*n (0t1s2elet1n 5e61del*n: 

8#$e5*1t, 1>>7@ Ba6-L5:, 1>>>@ C$an et al., 2000@ E$1s$ et al., 200?H.  ADFs eP$*-*t 

(0t14las6*( and nL(lea5 l1(al*Nat*1n and $a7e -een s$1Fn t1 -e 5eOL*5ed f15 t$e 
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#$%&'()*+,-.)/*.0*(%/+#1*/2$3*-./'#/+(&&4*+#5+)'%/&4*,.5$&(/+#6*(%/+#73*#$%&'()*(%/+8+/+'3*

9:';& et al.1*<""!=*B(,;$)61*<"""=*?'#5&'/.# et al.1*@AAB=*C$D+%E( et al.1*@AAFGH*

ADF3*()'*'#%.5'5*;4*(#*(#%+'#/*6'#'*0(,+&4*+#*;./2*-&(#/3*(#5*(#+,(&3*9L(%+8')*

(#5*M$33'41*@AA@GH**N2'*A)(;+5.-3+3*ADF*0(,+&4*+3*%.,-)+3'5*.0*<<*6'#'*,',;')3*+#*

3'8')(&*5+8')6'#/*%&(33'3*9C$D+%E( et al.1*@AAFGH**?)'8+.$3*)'-.)/3*+5'#/+0+'5*(*%.&5O

+#5$%'5*(%/+#*5'-.&4,')+D+#6*0(%/.)*9N(ADFG*-)./'+#*+#*(*%.&5O2()54*P2'(/*%$&/+8()*

9D(#4&$E et al.1*<""!=*Q$'&&'/ et al.1*@AA<GH**B(3'5*.#*(,+#.*(%+5*3'R$'#%'1*/2+3*P2'(/*

ADF*+3*,.3/*3+,+&()*/.*Arabidopsis*S$;%&(33*TTT*ADF3*+#%&$5+#6*ADF5*9S$--&','#/(&*

F+6$)'*BHS<GH**VW-)'33+.#*(#(&43+3*.0*A)(;+5.-3+3*ADF5*0.$#5*+/*/.*;'*)'3-.#3+8'*/.*%.&5*

/',-')(/$)'3*(3*P'&&1*()6$+#6*0.)*(*%.#3')8'5*0$#%/+.#(&*).&'*;'/P''#*/2'*P2'(/*(#5*

A)(;+5.-3+3*.)/2.&.6$'3H**M')'+#1*P'*%2()(%/')+D'*/2'*0$#%/+.#*.0*Arabidopsis*ADF5*(3*

(*3/).#6*-&'+./).-+%*)'6$&(/.)*.0*.)6(#*(#5*%'&&*5'8'&.-,'#/H***ADF5*+3*(*3-'%+0+%*

#'6(/+8'*)'6$&(/.)*.0*/2'*CBF1, 2, (#5*3*/)(#3%)+-/+.#*0(%/.)3*(00'%/+#6*0)''D'*/.&')(#%'*

8+(*(*#.8'&*,'%2(#+3,*/2(/*(--'()3*/.*+#8.&8'*(&/')(/+.#3*/.*/2'*%2).,(/+#*.0*/2'*CBF1*

-).,./')H*

*

!"#$%&#*

&'e a"f5%& defe,t./e allele*

A#*ADF5*NOD:A*+#3')/+.#*(&&'&'1*adf5-11*P(3*+3.&(/'5*+#*/2'*A)(;+5.-3+3*C.&$,;+(*

'%./4-'*(#5*.;/(+#'5*0).,*ABCC*9S(&EYA<ZB@5GH**N2'*+#3')/+.#*P(3*&.%(/'5*!"*;(3'*

-(+)3*+#/.*/2'*/2+)5*'W.#*.0*/2'*ADF5*6'#'*(#5*5'&'/'5*(*/./(&*.0*B!*;(3'3*3/()/+#6*(/*;-*

B5A*(3*32.P#*+#*F+6$)'*BH<AH**ADF5*,C:A*&'8'&3*+#*/2'*adf5-1*,$/(#/*P')'*(33(4'5*
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#$%&'()$*'+*ubiquitin*,-./*%$)$%0*&12*1+#,&%(3$2*'+*4(%25'67$*'(008$*80(19*:-;5<C->**

ADF5*,-./*%$)$%0*4$#$*#$28?$2*@@>!A*(1*adf5-1*?+,7&#$2*'+*4(%25'67$*BF(98#$*D>1BGH*

&12H*?+,I(1$2*4('J*'J$*$K+1*%+?&'(+1*+L*'J$*;5M./*(10$#'(+1H*adf5-1*4&0*?%&00(L($2*&0*&*

18%%*&%%$%$>*

*

!e#el%&'e(tal &,e(%t-&e. %f adf5-1*

Adf5-1*7%&1'0*2(07%&6$2*0$)$#&%*2$)$%+7,$1'&%*7J$1+'67$0*(1?%82(19*&1*(1?#$&0$*(1*

#+0$''$*&12*?&8%(1$*%$&L*18,I$#0*&12*&1*(1?#$&0$*(1*L%+4$#(19*'(,$*&0*0J+41*(1*F(98#$*

D>1C*'J#+89J*N>**O(%25'67$*7%&1'0*J&2*1D*%$&)$0*4J$1*'J$*(1L%+#$0?$1?$*L(#0'*$,$#9$2*

BPQ*2&60GH*4J(%$*adf5-1 plants &%#$&26*J&2*PP*%$&)$0*&'*PQ*2&60H*&12*L%+4$#$2*R*2&60*

%&'$#*BF(98#$*D>1C5SH*&12*TG>**B$?&80$*adf5-1*7%&1'0*J&2*,+#$*%$&)$0*'J&1*4(%25'67$*

7%&1'0*&'*PQ*2&60H*'J$*adf5*,8'&1'*(1('(&'$2*%$&)$0*L&0'$#*(1*&22('(+1*'+*$KJ(I('(19*&*2$%&6*

(1*L%+4$#(19>**;J$*adf5-1*,8'&1'*&%0+*$KJ(I('$2*&1*(1?#$&0$*(1*?&8%(1$*%$&L*18,I$#*&'*

(1L%+#$0?$1?$*0'$,*U81?'(+10*BF(98#$*D>1F*&12*VG>**.+#,&%*Arabidopsis*7#(,&#6*

(1L%+#$0?$1?$*0'$,0*J&)$*0(19%$*?&8%(1$*%$&)$0*&'*0$?+12&#6*I#&1?J*U81?'(+10H*4J(%$*

W!A*+L*'J$*7#(,&#6*(1L%+#$0?$1?$0*+L*adf5-1*7%&1'0*J&2*'4+*+#*'J#$$*?&8%(1$*%$&)$0*&'*

0$?+12&#6*I#&1?J*U81?'(+10>**;J80H*'J$*adf5-1*,8'&1'*$KJ(I('0*&1*+#9&1518,I$#*&12*

+#9&1*(1('(&'(+1*7J$1+'67$>*

X1*&22('(+1*'+*&1*(1?#$&0$*(1*%$&L*18,I$#H*'J$#$*4&0*&%0+*&1*(1?#$&0$*(1*'#(?J+,$*

&12*0'+,&'&*?$%%*18,I$#0*#$%&'()$*'+*7833%$*$7(2$#,&%*?$%%0*+1*adf5-1*%$&)$0>**;+*

?+##$?'*L+#*7+'$1'(&%*2(LL$#$1?$0*(1*%$&L508#L&?$*?$%%*2$10('6*?&80$2*I6*2(LL$#$1?$0*(1*%$&L*

9#+4'J*#&'$0H*'#(?J+,$*&12*0'+,&'&*?$%%*?+81'0*4$#$*7$#L+#,$2*+1*,&'8#$*%$&)$0>*F8%%6*
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#a%&'()*+,d-%/0(),(a1(2)3ad)a4)a1('a5()6f)89:8);<-)9:=)%'+>36#(2)0(')1>#?)>6#0a'(d)%6)

adf5-&),(a1(2)%3a%)3ad)a4)a1('a5()6f)@!:9);<-)5:9)%'+>36#(2)0(')1>#?)BF+5&'()8:1D)a4d)

EF:))G+,d-%/0(),(a1(2)a,26)3ad)a4)a1('a5()6f)1!:H);<-)9:!)2%6#a%a)0(')9:??)##?I)

*3('(a2)adf5-&),(a1(2)3ad)a4)a1('a5()6f)?@:5);<-)1:8)2%6#a%a)0(')9:??)##?))BF+5&'()

8:1JI)KI)a4d)LF:))M>a44+45)(,(>%'64-#+>'62>60()+#a5(2)*('()%aN(4)6f)*+,d-%/0()a4d)

adf5-&),(af)2&'fa>(2)%6)d(%('#+4()+f)%3()%'+>36#()a4d)2%6#a%a)03(46%/0(2)a,26)2+54a,(d)

>3a45(2)+4),(af)(0+d('#a,)>(,,)2+O(I)23a0(I)6')4&#P(':)))Q0+d('#a,)0a1(#(4%)>(,,2)*('()

46%)d+ff('(4%)+4)2+O(I)a'>3+%(>%&'(I)6')4&#P(')+4)adf5-& BF+5&'()8:1J)a4d)KF:))R,,)'62(%%()

a4d),(af)03(46%/0(2)a'()2&##a'+O(d)+4)SaP,()8:1:)

)

!"#"$%&'&()*+")"#$,$%(#',#-'(."/"0*/"11%(#)

R)>642%'&>%)(T0'(22+45)ADF5)f'6#)%3()2%'645)a4d)>642%+%&%+1()R>%+4?)0'6#6%('-

%('#+4a%6')(T0'(22+64)>a22(%%()BA+pt.ADF5F)*a2)+4%'6d&>(d)+4%6)adf5-&)a4d)*+,d-%/0()

0,a4%2)%6)5(4(%+>a,,/)>6#0,(#(4%)%3()adf5-&)d(f(>%2)a4d)%6)%(2%)%3()(ff(>%)6f)ADF5)61('-

(T0'(22+64:)S3()A+pt.ADF5)%'a425(4()0'6d&>(d)(T%'(#(,/)3+53),(1(,2)6f)ADF5)

%'a42>'+0%))'a45+45)f'6#)85-)%6)=9-f6,d)aP61()*+,d-%/0()BF+5&'()8:1BF:))S3()A+pt.ADF5)

%'a425(4()V&a4%+%a%+1(,/)>6#0,(#(4%(d)a,,)adf5-&)#6'036,65+>a,)03(46%/0(2)a2)236*4)

+4)F+5&'(2)8:1)a4d)8:?I)a4d)SaP,()8:1:))W62(%%()a4d)>a&,+4(),(af)4&#P(')*('()

+4d+2%+45&+23aP,()f'6#)*+,d-%/0()+4)%3()adf5-&<A+pt.ADF5)>6#0,(#(4%(d),+4(2I)a4d)

%'+>36#()a4d)2%6#a%a)4&#P('2)*('()'(2%6'(d)%6)*+,d-%/0(),(1(,2:)Ef)46%(I)%3()61('-

(T0'(22+64)6f)ADF5)#WLR)d+d)46%)0'6d&>()d6#+4a4%)#6'036,65+>a,)03(46%/0(2)+4)

'(,a%+64)%6),(af)4&#P(')6')a4/)6%3(')6P1+6&2)#6'036,65+>a,)03(46%/0(:)
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ADF5 affect+ t,e -./a012at1-0 a0d 4-.5,-l-/7 -f t,e F-act10 c7t-+9elet-0  

Classically, ADFs bind the barbed end of actin filaments, change the filament:s helical 

twist, and promote actin monomer depolymerization and small polymer severing.  To 

assay the organization of the actin cytoskeleton in the adf5-& mutant, we transformed 

wild-type and adf5-& plants with the Green Fluorescent ProteinFfimbrin actin binding 

domain 2 fusion (GFPHfABD2) F-actin reporter construct (Kang et al+, 2005). The actin 

cytoskeleton morphology was observed using confocal microscopy in multiple 

independently transformed wild-type and adf5-&F,F./fABD3 lines.  F-Actin morphology 

was examined in root cells and leaf trichomes, where ADF5 is expressed and GFP-

labeled actin filaments are easily visualized.  In wild-type leaf trichome cells, the actin 

cytoskeleton is organized into a network of fine filaments and bundles primarily arrayed 

longitudinally along the axis of cell growth (Figure 3.1R).  In adf5-& leaf trichome cells, 

the general organization of filaments was similar to wild-type, but the thickness of 

bundles was increased and the number of fine filaments decreased compared to wild-

type (Figure 3.1S). The organization of the F-actin cytoskeleton was not grossly affected 

in root cells in adf5-&, correlating with the absence of a root morphological phenotype 

(data not shown).  The altered F-actin cytoskeleton in adf5-& leaf trichomes argues that 

ADF5 affects F-actin cytoskeleton remodeling and organization, and that the loss of 

ADF5 results in an increase in F-actin stability. 
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ADF5 is $eakly and constituti0ely e1pressed4 but is hi7hly induced durin7 cold 

stress 

$revious examination of an ADF5 promoter-reporter fusion established that ADF5 was 

expressed constitutively, but was more strongly expressed in the root-tip meristem and 

in emerging leaves =>uzicka et al., 2BB!C.  Because the ADF5-orthologue in wheat was 

induced during cold stress, ADF5 m>JA levels were assayed using q>T-$C> in 14 

day-old wild-type seedlings at various time points of 4PC cold stress.  Figure 3.2A 

details a time course of ADF5 m>JA levels normalized to time zero =23PCC.  After Q and 

8 hours of 4PC temperatures, ADF5 levels were 2B-fold higher than at time zero.  

Interestingly, ADF5 levels decreased to within 4-fold higher than time zero after 24 

hours of 4PC exposure.  These data suggest ADF5!s cold induction profile is comprised 

of a burst of transcription with maximum m>JA accumulation approximately Q-8 hours 

after the initiation of cold-stress.   

 

adf5-1*mutant plants are free:e;tolerant  

The winter annual Arabidopsis weakly tolerates sub-zero temperatures, however, when 

a period of 4.BPC cold acclimation precedes freezing, the freeze tolerance of 

Arabidopsis increases dramatically =Thomashow, 1TTTC.  After 24 hours of cold 

acclimation, Arabidopsis is able to withstand sub-zero temperatures down to -12.BPC, 

primarily because of the induction of multiple freeze tolerance factors in the plant cells 

during this acclimation period =Uan Buskirk and Thomashow, 2BBQC.  Because ADF5 is 

induced during cold stress, we hypothesized that the adf5-/ mutant might exhibit a cold-
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sensitivity phenotype.  /nder this model4 the absence of 9:;< would lead to a plant that 

is hypersensitive to cold and may have a lower tolerance for freeze conditions. To test 

this4 adult plants were transferred for AB minutes to a freeze chamber at -A<DE. ;reeze 

tolerance was Fuantified by assaying the percentage of individual leaves that died within 

B" hours of the freeze treatment.  Hn this eIperiment4 "J.KL of wild-type leaves versus 

AK.<L of adf5-1 leaves were chlorotic and significantly damaged as shown in ;igures 

M.BN4 E4 and :.  Thus4 9:;<-defiency has the uneIpected property of being freeze 

tolerant.  9dditionally4 adf5-1 plants eIpressing the '()*+',-5 complementation 

transgene restored freeze resistance to wild-type levels O"P."L leaf death4 ;igure M.B: 

and Table M.AQ.  Hn order to better Fuantify the increase in freeze tolerance in adf5-14 we 

measured electrolyte leakage in wild-type and adf5-1 plants after freeze eIposure 

OSukumara.Tp and Ueiser4 AV!BW Xilmour./*.a014 AVKKQ. Ylectrolyte leakage was 

calculated as the percentage of electroconductivity of a solution containing plant 

material frozen at ZA<DE for AB minutes as compared to the sample[s electroconductivity 

after an K hour ZKPDE-mediated total cell lysis.  Uild-type tissue eIhibited B<.BL 

electrolyte leakage compared to adf5-1.tissue[s.AA.!L electrolyte leakage after the AB 

minute ZA<DE freeze O;igure M.BY and Table M.AQ4 consistent with the results of the leaf 

damage assay.   

Eold temperature stress results in significant changes to the plant transcriptome 

and ultimately freeze tolerance O\reps./*.a01W Ehinnusamy./*.a014 BPPMQ.  9rabidopsis 

cold tolerance is known to operate via multiple mechanisms including a signal 

transduction pathway through the EN; transcription factors as shown in ;igure M.M9.  
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#$e '(Fs +in. to '1#2.o3ains in t$e 5ro3oters o7 a suite o7 9ol. res5onsi;e <'=1> 

genes in9lu.ing @ABCD E1DCGD an. '=1C5D resulting in t$eir in.u9tion .uring 9ol.2

stress <Hil3our et al.D CIIJK Lte5onMus et al.D CIIJK #$o3as$oND CIIJ>O  #$e 

eP5ression o7 t$ese '=1 genes ulti3atelQ results in in9rease. 7reeRe toleran9e at t$e 

9ellular an. organis3al le;els <Saglo2=ttosen et al.D CIIJ>O  Tre;ious stu.ies $a;e 

in.i9ate. t$at t$e '(F23e.iate. 9ol.2stress signaling 5at$NaQ un.ergoes 7ee.+a9M2

regulation a7ter long 5erio.s o7 9ol. te35eratures <As re;ieNe. in <'$innusa3Q et al.D 

VGGW>>D t$us 5ro;i.ing a 5ossi+le 3o.el 7or ADF5 7un9tion gi;en t$e 9ontra.i9ting 

o+ser;ations o7 '(F5 9ol.2in.u9e. eP5ression an. adf5-1 7reeRe toleran9eO  #o test 

N$et$er t$e 7reeRe toleran9e 5$enotQ5e seen in t$e adf5-1 3utant Nas .ue to altere. 

trans9ri5tional regulation o7 t$e '(F23e.iate. 9ol.2stress signaling 5at$NaQD Ne 

analQRe. t$e eP5ression o7 a suite o7 MnoNn 9ol.2signaling 5at$NaQ 7a9tors in t$e adf5-1 

3utant using X1#2T'1 as su33ariRe. in Figures YOYA an. (O  Ligni7i9antlQD t$e 9ol. 

res5onse genes C0115a2 34512 61(172 a8d C019: Nere u52regulate. YO52D WCOZ2D 

CO!2D an. VOC27ol.D res5e9ti;elQD in adf5-1 .uring nor3al groNt$ 9on.itions at VV[' 

<Figure YOYA>O  Tre;ious stu.ies $a;e 9$ara9teriRe. t$ese genes as .ire9t targets o7 t$e 

'(F\D1E( 7a3ilQ o7 trans9ri5tion 7a9tors <Saglo2=ttosen et al.D CIIJK FoNler an. 

#$o3as$oND VGGV>O  X1#2T'1 analQsis o7 CBF12 <2 =D an. ((F1 3essage le;els 

.e3onstrate. .ra3ati9 in9reases o7 CG2D VO52D !O52D an. CZOC27ol.D res5e9ti;elQD in adf5-1 

<Figure YOY(>O  (e9ause t$e '(Fs are re5resse. .uring nor3al te35erature 9on.itionsD 

Ne 9lassi7Q t$ese 9$anges in '(F eP5ression in adf5-1 as .e2re5ressionO  An t$e 9ol.2

signaling 5at$NaQD t$e trans9ri5tion 7a9tor A'EC is an u5strea3 a9ti;ator o7 t$e CBFsD 
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and qRT-PCR confirmed no change in the expression of !C#1 or homologous bH>H 

proteins (At1g12860, At5g10570, At5g65640) (Supplemental Figure 3.S2) (Chinnusamy 

et al., 2003; Oarka et al., 2003).  These results indicate that the adf5-1 freeze tolerance 

phenotype is likely due to changes in expression of the CBFs.  However, ICE1 activity is 

modulated by post-translational regulation.  Therefore, we cannot conclusively state that 

ADF5 only acts in this CBF cold signaling pathway at the level of CBF expression, and 

not also on the post-translational modification of ICE1.  To rule out changes in 

alternative pathways that affect freeze tolerance, we also tested the expression levels of 

2345266B (At5g624X0) and 47!6 (At2g30470), known abscisic acid (ABA) and Ca2Y 

responsive genes that are not cold-induced (Chen et al., 2002; Nakashima et al., 2006). 

[e did not observe a significant change in expression of these genes in adf5-1 

(Supplemental Figure 3.2S).  These results suggest that the de-repression of the CBF 

genes in adf5-1 was not the result of a defect in tangential ABA- or Ca2Y- signaling 

pathways. 

 

!"er%e&pression of ADF5 does not affect CBF e&pression 

Given that ADF5 is necessar2 for the repression of the CBFs during normal growth 

conditions, we asked whether ADF5 is also sufficient to repress CBF expression.  CBF 

levels were assayed in 28F5 over-expression plants using qRT-PCR.  The over-

expression of 28F5 did not have a dominant effect on the expression of the CBFs in 

either normal or cold-stress conditions (Figure 3.3C).  In the adf5-1 mutant, the 

269t:28F5 transgene fully complemented CBF1; 6; a<d = expression, restoring each 
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mapped in +ig-re /0120  3hen D62 is stably wrapped aro-nd a n-cleosome?  it will be 

well protected from digestion? and th-s eAhibit high leBels of CPCR amplification0 +ig-re 

/01G shows the CPCR amplification difference between wildHtype and !"#$%& at the 

Bario-s regions mapped in fig-re /0120  Ihe JK!"? HLKM? and JL/" primerHpair regions 

all showed significant increases in CPCR amplification? and th-s increases in N6ase 

protection? in the !"#$%& m-tant -nder normal growth conditions OMMPCQ0  Iherefore? we 

concl-de that the chromatin str-ct-re at the '()& promoter region is more compact in 

the !"#$%& m-tant? res-lting in this increase in n-clease protection0 

Ihree ChRP assays were performed to assay the chromatin state of the CG+S 

promoter more directly beca-se the changes in n-clease protection co-ld res-lt from a 

Bariety of changes to the chromatin incl-ding altered n-cleosome stability andTor 

position? and altered histone methylation andTor acetylation OUe +, !-.? MVV/W Xendrel +, 

!-.? MVVLQ0  2ntibodies detecting the core histone UMG? the U/Yys1YysZ 2cetylation 

OU/[1[Z2cQ histone modification? and the U/YysZ trimethylation OU/[ZNeQ histone 

modification were -sed to assay changes in n-cleosome str-ct-re0  Rmm-noprecipitated 

D62 was analy\ed at fo-r locations along the '()& promoter OH!/K? HLKM? H1SL? and H

S/L -pstream of the transcriptional start siteQ as shown in the diagram of +ig-re /0120 

Core histone UMGHbo-nd chromatin D62 was enriched in !"#$%& across the CG+S 

promoter to leBels ranging from S0LH to /Hfold O+ig-re /01CQ0  Ihe Bast ma]ority of 

n-cleosomes contain the core UMG histone? th-s the UMG ChRP proBided an 

independent assay for general n-cleosome occ-pancy reaffirming the n-clease 

protection eAperiment res-lts0  Rn contrast to the UMG res-lt? chromatin 
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i$$%nopr*+ipitat*d %sin1 th* anti-45676"A+ antibod: ;as si1nifi+antl: d*pl*t*d a+ross 

th* CBF1 pro$ot*r in th* adf5-1 $%tant >Fi1%r* 5@7DB@  F%rth*r$or*C DhEF assa:s %sin1 

a 456"G* antibod: ;*r* *nri+h*d oH*r 5-fold in adf5-1 at th* -!5J and K5J! r*1ions of 

th* CBF1 pro$ot*r and oH*r L-fold at th* -715 r*1ion indi+atin1 a si1nifi+ant in+r*as* in 

456"G*-+ontainin1 n%+l*oso$*s in th* %pstr*a$ r*1ions of th* CBF1 pro$ot*r >Fi1%r* 

5@7NB@  4o;*H*rC th* 456"G* DhEF at th* -155 r*1ion d*t*+t*d an oH*r 5-fold d*pl*tion 

in adf5-1@  Alto1*th*rC th*s* r*s%lts indi+at* that th* +hro$atin or1aniOation and 

str%+t%r* at th* CBF1 pro$ot*r is si1nifi+antl: alt*r*d in th* adf5 $%tantC and $or* 

sp*+ifi+all:C is si1nifi+antl: +o$pa+t*d@  

 

ADF5 &unctions at t/e !"F1 promoter independently o& cold7stress mec/anisms 

Ph* d*-r*pr*ssion of th* CBF trans+ription fa+tors in adf5-1 app*ars to r*s%lt in 

in+r*as*d fr**O*-tol*ran+* si$ilar to th* *ff*+t of +old a++li$ation@  Po t*st ;h*th*r th* 

adf5-1 n%+l*as* prot*+tion ph*not:p* at th* CBF1 pro$ot*r is ph*no+opi*d in ;ild-t:p* 

plants that haH* b**n +old-str*ss*d for L ho%rs >th%s +a%sin1 th* ind%+tion of CBF1BC 

th* GQas* prot*+tion assa: ;as r*p*at*d +o$parin1 ;ild-t:p* plants harH*st*d at 

LLRD to ;ild-t:p* plants harH*st*d aft*r b*in1 +old str*ss*d at 7RD for L ho%rs@  Fi1%r* 

5@5 sho;s that in th* +old-str*ss*d ;ild-t:p* plant sa$pl*C th* n%+l*as* prot*+tion is 

d*+r*as*d a+ross $ost of th* CBF1 pro$ot*r r*1ionC a si1nifi+antl: diff*r*nt r*s%lt fro$ 

th* adf5-1 $%tant at LLRD >s** fi1%r* 5@7SB@  Ti1nifi+antl:C th* n%+l*as* prot*+tion of th* 

KJ!U and -55U CBF1 pro$ot*r r*1ions d*+r*as*d L- and 1V- foldC r*sp*+tiH*l:C in th* 

+old-str*ss*d ;ild-t:p*W a r*s%lt n*arl: opposit* to th* adf5-1 $%tant at LLRD@  
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hours o) *+C col/ stress as sho3n in 6i7ure 89:9  ;he sim=lest conclusion /ra3n )rom 

these /ata is that ADF5 is in )act re7ulate/ >y C@6AB an/ is there)ore inColCe/ in a 

)ee/>acD loo= that is =art o) the auto-re7ulation o) the C@6 transcri=tion )actors9  

 

!"#er&'ra)i+,-sis&'/0s&cann,"&34556&c,7-5e7en"&"#e&5,ss&,3&'/08&

;o test 3hether the oCer-eF=ression o) other Gra>i/o=sis GH6s coul/ com=lement the 

loss o) GH6I an/ restore the =ro=er re7ulation o) the col/-stress si7nalin7 =ath3ayB 3e 

trans)orme/ the adf5-1 mutant 3ith trans7enes eF=ressin7 ADF* or ADF+ un/er the 

control o) the stron7 an/ u>iJuitous A,-2 =romoterKterminator9  6or each 

com=lementationB multi=le in/e=en/ent adf5/A2pt:ADF lines 3ere characteriLe/ )or 

mor=holo7ical an/ col/-stress si7nalin7 =henoty=es9  Me Juanti)ie/ the eF=ression leCel 

o) C@6" in these com=lementation linesB an/ com=are/ them to 3il/-ty=e an/ adf5-1 

leCels9  Ni7ni)icantly no com=lementation 3as o>serCe/ in multi=le in/e=en/ent lines o) 

each the adf5/A2pt:ADF* or adf5/A2pt:ADF+ com=lementation alleles as sho3n in 

Nu==lemental 6i7ure 89N*9  ;here)oreB 3e conclu/e that GH6I is s=eci)ically reJuire/ 

)or the =ro=er re7ulation o) the col/-stress si7nalin7 =ath3ayB an/ this )unction cannot 

>e rescue/ >y the oCer-eF=ression o) su>class OO ADF* or the more closely relate/ 

su>class OOO ADF+9   

  

 

 

&
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DISCUSSI'N#

The loss of ADF5 causes mild actin cytoskeleton defects#

$%&#'()*+#(,)-./&0&)-+#*.#1&23*1&4#5-1#'#6*4&#1'+7&#-5#(&0030'1#53+()*-+.#*+(034*+7#
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=>1:'18#"???@#B'11&1- et al.8#"??"@#B%-+3/.%& et al.8#"??CDE##$%3.8#)%&#a'f)*1#;3)'+)#

9%&+-),9&.#-5#'0)&1&4#0&'58#.)-;')'8#'+4#)1*(%-;&#+3;<&1.8#'+4#-5#'+#*+(1&'.&#*+#51&&F&#

)-0&1'+(&#;',#1&.30)#51-;#'0)&1')*-+.#)-#)%&#(,)-90'.;*(#'()*+#(,)-./&0&)-+E##G-6&:&18#

HBFC#*.#-+&#-5#.&:&+#HBF#*.-:'1*'+).#&J91&..&4#*+#0&'5#)*..3&#'+4#A-F)#*.#+-)#%*7%0,#

&J91&..&4#(-;9'1&4#)-#)%&.&#-)%&1#A-F/.  $%&1&5-1&8#a'f)*1#*.#0&..#0*/&0,#)-#('3.&#

71-..#'()*+#(,)-./&0&)'0#4&5&().#<&('3.&#-5#)%&#0*/&0,#1&43+4'+(,#';-+7#)%&.&#.&:&+#

HBF.E##K399-1)*+7#)%*.#1&43+4'+(,#%,9-)%&.*.8#a'f)*1#)1*(%-;&#(&00.#&J%*<*)&4#-+0,#'#

;-4&1')&#*+(1&'.&#*+#5*0';&+)#<3+40*+7#'+4#FL'()*+#9-0,;&1*F')*-+8#*+4*(')*+7#)%')#HBFC#

*.#1&23*1&4#5-1#91-9&1#1&;-4&0*+7#'+4#-17'+*F')*-+#-5#)%&#FL'()*+#(,)-./&0&)-+8#<3)#90',.#

'#1&0')*:&0,#;*+-1#1-0&E#K*;90,#93)8#*)#*.#%'14#)-#1&(-+(*0&#)%&#;*04#'()*+#(,)-./&0&)-+#

9%&+-),9&#4&.(1*<&4#%&1&#'.#)%&#('3.&#-5#)%&#%*7%0,#.9&(*5*(#'+4#.&:&1&#4&:&0-9;&+)'0#

'+4#(-04L.)1&..#9%&+-),9&.#-5#)%&#a'f)*1#;3)'+)E###

#

The !"f5%& freeze tolerance phenotype does not agree with the conventional 

actin-cytoskeleton membrane fluidity model 

F31)%&1;-1&8#6%*0&#)%&#'()*+#(,)-./&0&)-+#4-&.#&55&()#(-04L.)1&..#.*7+'0*+78#*)#*.#'#

destabilization#-5#)%&#'()*+#(,)-./&0&)-+#)%')#*+(1&'.&.#;&;<1'+&#1*7*4*),8#1&.30)*+7#*+#
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the 'onstituti-e e.pression o1 1ree2e to3eran'e 5enes 67r-ar8 9:::;<  =he adf5-1 mutant 

e.hi?its a sta?i3i2e@ a'tin 'AtosBe3eton phenotApe in@i'atin5 that the adf5-1 1ree2e 

to3eran'e phenotApe @oes not resu3t 1rom an in'rease in mem?rane ri5i@itA<  Cn 

'on'3usion8 De ar5ue that EFGH e.hi?its hi5h3A spe'i1i' 1un'tions outsi@e o1 a 5enera3 

a'tin ?in@in5 an@ 'AtosBe3eta3 remo@e3in5 a'ti-itA<  

 

ADF5%s role in gene regulation 

=he @i-erse @e-e3opmenta3 an@ 1ree2eIto3eran'e adf5-1 phenotApes 'ou3@ ?e the 

resu3t o1 a more @ire't misIre5u3ation o1 the CBFs an@ other shoot meristem 

trans'ription 1a'tors 6=aBa@a et al.8 9::JK Lo3e et al.8 9::M;<  7ne mo@e3 to a''ount 1or a 

5ene re5u3ation phenotApe in an EFG is throu5h its ro3e in the nu'3ear 3o'a3i2ation o1 

a'tin<  Ntu@ies ha-e shoDn EFGO'o1i3in to ?e rePuire@ 1or the nu'3ear 3o'a3i2ation o1 

a'tin8 an@ it is noD Di@e3A a''epte@ that a'tin is rePuire@ 1or mu3tip3e nu'3ear 1un'tions 

in'3u@in5 'hromatin remo@e3in58 5enera3 trans'ription8 an@ mQRE pro'essin56Sen@3eton 

et al.8 9::";< =here1ore8 a @e1e't in an EFG 'ou3@ resu3t in a nu'3ear a'tin @e1e't8 

there?A a11e'tin5 5ene re5u3ation as shoDn in mo@e3 J o1 Gi5ure "<T<  C1 an Era?i@opsis 

a'tinI'ontainin5 'omp3e. Dere rePuire@ 1or the repression o1 the LUGs8 a @e1e't in 

EFGHIme@iate@ nu'3ear 3o'a3i2ation o1 a'tin maA spe'i1i'a33A a11e't that 'omp3e.Vs 

a'ti-itA8 an@ thus LUG e.pression<   

=here is a se'on@ mo@e3 that 'ou3@ a''ount 1or the adf5-1 mutant phenotApes 

5i-en our 'urrent BnoD3e@5e o1 the 1un'tion o1 the a'tin 'AtosBe3eton<  LAtoso3i' a'tin 

@Anami's ha-e ?een shoDn to re5u3ate stressIsi5na3in5 pathDaAs throu5h a @i-erse 
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range o* mechanisms.  For e2am3le, the modulation o* the G:actin monomer 3ool is 

re;uired *or the translocation and ultimately the activity o* the transcri3tion *actor MAL in 

its stimulation o* serum res3onse *actor ASRFD AMiralles et al., EFFGH Ruegg et al., EFF4H 

Miralles and Visa, EFFJD.   Cytosolic actin dynamics control the nuclear localiLation o* 

MAL, and nuclear G:actin modulates MAL!s 3romotion o* SRF e23ression in res3onse 

to cellular stress.  Mn another e2am3le, cytosolic actin cytosNeletal dynamics have been 

shown to be re;uired *or the 3ro3er nucleo:cyto3lasmic localiLation o* glucocorticoid 

rece3tor AGRD, thus a**ecting the regulation o* multi3le GR:de3endent 3athways ARuegg 

et al., EFF4D.  Perha3s most relavent to the Arabido3sis ADF5 worN, recent studies have 

shown that Arabido3sis HEXOKMNASE1 AHXK1D binds to the F:actin cytosNeleton, and 

actin cytosNeleton dynamics regulate the nuclear localiLation and *unction o* HXK1 

ABalasubramanian et al., EFF7D.  HXK1 is a glucose:signaling molecule whose 

localiLation is re;uired *or 3ro3er gene regulation o* metabolic 3athways, maNing it an 

interesting candidate *or ADF develo3mental and stress 3henoty3es AHarrington and 

Bush, EFFGH Cho et al., EFFJD.  Given this model, ADF5 may s3eci*ically remodel the 

actin cytosNeleton in res3onse to diverse stimuli including cold stress, resulting in the 

translocation o* s3eci*ic transcri3tion *actors.  These *actors could act directly to re3ress 

the CBFs and alter the e23ression o* other high:level master regulators o* develo3ment, 

thereby accounting *or the adf5-1 chromatin and gene regulation 3henoty3es.  

Mm3ortantly, this highly regulated and stimulus:s3eci*ic ADF5 remodeling activity may 

not result in gross actin cytosNeleton 3henoty3es visible with the F:actin GFP re3orter, 

in agreement with our observations o* only minor changes to the organiLation and 
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structure o+ the actin cytos1eleton in the adf5-1 mutant.  Further 6or1 is necessary to 

characteri7e the le8el at 6hich A:F" a++ects gene regulation< and 6hether A:F>s 

+unctions +rom the cytoplasm or nucleus. 

 

ADF5 represses freeze tolerance during normal temperature conditions 

Free7e tolerance has been eAtensi8ely studied in Arabidopsis and is modulated 

by the CBF signaling path6ay< there+ore ma1ing it an eAcellent candidate path6ay to 

+urther characteri7e A:F" +unction. Dur data suggest that deErepression o+ CBF1 in the 

adf5-1 mutant results +rom changes to the structure o+ chromatin at the CBF1 promoter.  

Fhese changes could ha8e resulted +rom alterations in the acti8ity o+ chromatin 

remodeling compleAes or repressor or acti8ator binding to the :NA seHuence.  Dur 

assays o+ chromatin structure at CBFI re8ealed signi+icant changes in speci+ic regions 

o+ the CBF1 promoter< and speci+ically< an increase in nucleosome density.  Dne 

possible mechanism could be an A:F"Edependant repressor compleA no longer binding 

to the CBFI promoter< thus allo6ing nucleosomes to shi+t into the space.  Assuming that 

A:F" does not act directly on the CBFI promoter< 6e plan to puri+y A:F"Econtaining 

protein compleAes to identi+y the do6nstream +actors that lin1 A:F" to the CBFI 

promoter.   

D+ note< many o+ the chromatin changes seen in adf5-1 6ere outside o+ the 

pre8iously de+ined minimal CBFI promoter reHuired to con+er +ree7e tolerance and 6ere 

signi+icantly di++erent than chromatin changes induced by cold stress JKan Bus1ir1 and 

Fhomasho6< LMMNO.  Pt is li1ely that the +unction o+ this upstream region and its a++ect on 
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CBF1 e%pression is part o. a no/el mechanism o. CBF regulation6  Cold stress o. 9ild:

type plants resulted in more open CBF1 promoter chromatin structure< signi.icantly 

di..erent .rom the adf5-1 chromatin structure during normal temperature conditions6  =n 

summary< A?@A and cold stress a..ect the CBF1 promoter chromatin structure and thus 

CBF1 e%pression through independent mechanisms6  =mportantly< our results 

summariBing the e..ect o. cold stress on the chromatin structure o. the CBF1 locus 

highlight a signi.icant de/elopment in the understanding o. the chromatin remodeling 

control o. stress:response signaling path9ays6  

 =n conclusion< Arabidopsis A?@A is an important regulator o. organ and cell 

proli.eration and is reDuired .or a no/el mechanism o. repression o. the CBF 

transcription .actors during normal temperatures6  Pre/ious studies ha/e proposed 

multiple models that could account .or nuclear phenotypes in an actin binding protein 

mutant6 @irst< A?@A could be reDuired .or classical actin cytosFeleton remodeling 

resulting in proper cell proli.eration and membrane .luidity6  Second< A?@A may be 

reDuired .or the nuclear localiBation o. actin< 9hich may subseDuently be reDuired .or 

CBF repression /ia one o. actin!s nuclear .unctions in chromatin remodeling comple%es 

or transcriptional machinery6  Hastly< speci.ic A?@AIactin dynamics in the cytoplasm 

may release an unidenti.ied transcriptional repressor< .acilitating its translocation into the 

nucleus and subseDuent repression the CBFs6  @uture studies on A?@A!s role in gene 

regulation 9ould liFely .ocus on both the do9nstream mechanisms o. action as detailed 

in the abo/e models< and also the upstream .actors regulating A?@A acti/ity including 

CaJK< pL< P=PJ< and SerineIMhreonine Finases NBamburg< PQQQR6 
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MATERIALS AND METHODS 

Phylogenetic Sequence Analysis 

The eleven Ara-idopsis A34 and the 6heat A347 amino se9uences 6ere ali<ned usin< 

Clustal>.  The phylo<enetic tree in supplemental Ai<ure B.S7 6as -uilt usin< PAUP F.G 

6ith the -ranch and -ound method HIi<<ins and SharpJ 7K!!L Ro<ers and S6oAAordJ 

7KKKN. 

 

Plant materials and growth conditions 

The TO3NA insertion mutant ad#$%& HSALRSGTUGUFN in the AD*$ <ene HAtV<7U"GGN 6as 

in an Ara,idopsis thaliana Colum-ia ecotype <enetic -acW<round and 6as o-tained 

Arom TAXR H666.ara-idopsis.or<N. The mutant 6as -acWcrossed t6ice 6ith 6ildOtype 

Colum-ia and eYamined Aor a sin<le insertion -eAore phenotypic analysis. Seeds Arom 

6ildOtype and ad#$%& plants 6ere so6n directly into soil H4aAard VBN Aor all eYperiments.  

LeaA num-ers 6ere 9uantiAied on VF day old plants Hn[7TN.  EpidermalJ trichome and 

stomata cell num-ers 6ere assayed on Aully mature leaves Hn[FN 6ith U areas assayed 

per leaA. 

 

Determination of genotypes by PCR 

Allele and <ene speciAic primers 6ere desi<ned to ampliAy identiAyin< Ara<ments Arom the 

6ildOtype AD*$ and ad#$%& alleles. A !VG -p Ara<ment Aor the A34T allele 6as ampliAied 

usin< the sense primer A34TOT]utrS HT]OAT^^C^AT^^CTTTCAA^AT^^TAN and 

antisense primer A34TOB]utrA HT]OAAACATTAACC^AT^ACCTAATTAN. A KGGO-p 
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fragment of the ad#$%1 mutant allele was amplified with a left border 5-78A primer :BaI 

(>?-@@55CAC@5A@5@@@CCA5C@) and the sense primer A7F>->?utrD, and a F00-bp 

fragment of the ad#$%1 mutant allele was amplified with a left border 5-78A primer :BaI 

(>?-@@55CAC@5A@5@@@CCA5C@) and the antisense primer A7F>-3?utrA.  5he JCK 

products of the mutant allele were seMuenced to confirm the exact insertion site. 5he 

78A used as a template for genotype and seMuence determination was prepared using 

the Digma Jlant 78A extraction Pit. 

 

!"##$# tol#"an+# an, -l#+t"olyt# l#a/ag# #12#"i4#nts 

5wenty day-old plants of each genotype were placed in a -1>RC freezer at 2.> hours 

after dawn for 12 minutes, MuicPly moved to FRC for 1 hour, and moved bacP into the 

22RC growth chamber for recovery.  Freeze tolerance was assayed by counting the 

number of leaves that exhibited significant freeze damage (eventual chlorosis and 

death) compared to the total number of leaves.  Each experimental replicate included 1> 

plants of each genotype.   

5o assay electrolyte leaPage, the exact same experiment as outlined for freeze 

tolerance was performed and whole rosettes from three plants (W1.> grams) were 

excised and placed in a beaPer with >0 m: dX20 immediately after freezing with three 

biological replicates (total of nine plants).  5he tissue was incubated at room 

temperature for 20 hours under moderate shaPing.  A conductivity probe (Xanna 

Instruments) was placed into the solution and EC measured in !DYcm (ECfreeze).  In order 

to account for slight differences in tissue weight or total electrolytes, the samples were 
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then moved to a -!./0 freezer overni5ht for complete cell lysis.  <fter 1! hours? the 

samples @ere removed and tha@ed to room temperature and A0 measured a5ain 

BA0totalC.  A0freezeDA0total E1.. F G electrolyte leaHa5e.    

 

!"#a%#&'()*+,),%#a#-(%&a%d&/015&(3,4,5*4,66-(% 

Ior complementation? the adf5 mutant plants @ere transformed @ith <5robacterium 

carryin5 the p0<KLM< binary vector containin5 <NIO cNP< under the control of the 

<ctinQ promoter and terminator.  Rositive transformants @ere selected usin5 L<ST< 

and moved to individual pots.  Raralo5ous complementation eUperiments @ere 

conducted in the adf5 mutant @ith <NIV? <NIW? <NI!? or <NI" cNP<s eUpressed 

under the <ctinQ promoter system.  Rositive transformants @ere selected @ith 

hy5romycin on plates B1DQ KS @ith 1G sucrose and ..!G a5arC and moved to soil.  <ll 

complementation eUperiments @ere performed on dru5-selected TQ 5eneration plants. 

 

7,a+-#-),&9'7&a%a+:6-6 

XP< @as isolated from Q.-day-old plants usin5 the XPeasy Rlant Kini Yit BQia5en? 

[alencia? 0<? \S<C? and 1.O !5 of total XP< from each sample @as transcribed into 

cNP< @ith the Super Script MMM Hit BMnvitro5en? 0arlsbad? 0<? \S<C follo@in5 the 

manufacturer"s instructions eUcept that incubations @ere performed for only 3. min and 

at OO/0 usin5 oli5o BdTC primer. <li^uots of the cNP< @ere used as template for the 

^XT-R0X analysis of triplicate reactions for each of the biolo5ical replicates on an 

<pplied Liosystems WO.. Xeal Time R0X Mnstrument. Xeal time R0X reactions 
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consisted of -. /012 32445 672 8aster 8ix (Applied 1iosystems, Coster 7ity, 7A, 

D/A), ".G !8 of each primer, and I !l of JK3" diluted cN5A in a -I !l reaction volume. 

6rimer sets used for q2T-672 assays of transcript levels are listed in supplemental 

taSle 3.J/ for the followinU UenesK ANCI, 7V2JI, 71CJ, 71C-, 71C3, W74, W74liXe-J, 

W74liXe--, W74liXe-3, D1YJ", A7T-.  Ze used the --dd7t method ([ivaX and /chmittUen, 

-""J) of relative quantification in all q2T-672 calculations. 

 

!"#$%at() +t#,-t,#. a++a/+ at CBF1 

7hW6 assays on the !"#1%locus were performed on sheared chromatin from JG-day-old 

shoots Urown at --\7 usinU primers startinU at -]3^, -I38, -GJI, and -J3I upstream 

from the transcriptional start site as descriSed previously. 7hW6 assays for histone `3 

trimethylation at lysine G, `3 acetylation at lysine 9 and JG, and histone `-1 were 

performed identically except that the `3aG8e3 (b"]-G]3), `3a9aJGAc (b"^-I99), and 

`-1 antiSodies (Dpstate ([aXe 6lacid, 50)) were used in the respective precipitation 

assays. The `3aG8e3 7hW6 assay was normaliced to a reUion in the &!'(%3dDT2, the 

`3a9aJGAc assay was normaliced to a [W54- element, and the `-1 assay was 

normaliced to a reUion in the &!'(%3dDT2. 

5ucleosome occupancy was assayed in the promoter reUion of !"#1%Sy a 

modification of the method descriSed for yeast Uenes Sy /eXinUer et al. (-""I) startinU 

with J U of JG-day-old whole seedlinUs Xept at --7 or moved for - hours to G7 (/eXinUer%

)*%a,-, -""I). 5ucleosomes were prepared Sy a modification of eeUa-6alas and Cerl, 

J99I (eeUa-6alas and Cerl, J99I). The q672 assays on nucleosomal N5A were 
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performed using the primer pairs listed in 4upplemental 5able 3.4". 9elati:e ;uantity 

=9>? data were normalized to input BCD concentration by subtracting the raw Fycle 

5hreshold =F5? :alue for a"#$%&'&=A)*'? from the 5arget F5 :alue. ;GF9 was performed 

as abo:e for ;95-GF9. 5he nucleosome preparation, ;GF9 assays, and calculations 

are detailed in DppendiJ ". 

 

A"#$ "ep"e%%i'( i( t*e c&f( +,ta(t 

D "+f' mutant allele was obtained from KarL 5homashow =4alLMNN!OP!?.  4hoot tissue 

was har:ested from "+f' and wild-type seedlings grown at 22RF and from seedlings 

mo:ed to SRF for P hours.  ADF5 eJpression le:els were obtained using ;95-GF9 as 

outlined abo:e. 

 

./0123456758519: 

Te would liLe to acLnowledge 9oger Beal, Uolanda Vay, Vori Wing-9eid, and Daron 

4mith for their contributions in the design and eJecution of the research, and KarL 

5homashow and Folleen Boherty at Kichigan 4tate Xni:ersity for the "+f' allele.   

 

;5<5;51/5: 

=ala%,?"a+a(ia(@ ;A@ 0a"Be@ .A@ 0a(da%a+y@ 8A@ 8eaE*e"@ ;A=A a(d 8''"e@ =A 

=2NNY? D role for F-actin in heJoLinase-mediated glucose signaling. 01a%#&0234$51, 1G5, 

"S23-"S3S. 

 

=a+?,"E@ IA;A ="!!!? Groteins of the DBF[cofilin family\ essential regulators of actin 

dynamics. A%%6&789&)811&D89&:$51, 15, "P]-23N. 
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Barrero, R.A., +meda, .., /amamura, 1. and +chimiya, 7. #"$$"% A(a*+d-./+/ 0A1 

(2345a62/ 672 a86+9 8:6-/;2526-9 9282//a(: f-( .5a96 8255 25-93a6+-9 a9d d+=+/+-9> !"a$% 
'(""? 14? 1A!-1CD> 

 

Bettinger, B.T., =ilbert, D... and Amberg, D.C. #"$$A% A86+9 4. +9 672 948524/> )a% 
*(+ ,-" '("" ./-"? 5? A1$-A15> 

 

Chan, A./., Bailly, .., Cebda, D., 1egall, E.E. and Condeelis, E.1. #"$$$% F-52 -f 
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Cho, /.7., /oo, 1.D. and 1heen, E. #"$$C% F2345a6-(: f4986+-9/ -f 94852a( 

72N-;+9a/21 8-G.52N +9 3548-/2 /+39a5+93> '(""? 12Q? 5R!-5S!> 
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UJVVW XPFOUWPXYPUU d2.29d/ -9 7262(-d+G2(+Ia6+-9 H+67 MYJ .(-62+9/ 2N.(2//2d 
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45? 51R-5"R> 
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!"#$%&' )* a,d ./"0a1/"#' 2*!* #$%%$& (ra+idopsis transcriptome pro6iling indicates 

that multiple regulatory pathways are acti=ated during cold acclimation in addition to the 

CBF cold response pathway. Plant CellB 14B CDEF-CD!%. 

 

5%,d&%$' 6*7*' 89::0a,' ;*' 2a&<9%,11%,' =* a,d >"$"<' 7* #$%%F& Hro6iling histone 

modi6ication patterns in plants using genomic tiling microarrays. )at *ethodsB ?B $C3-

$CI. 

 

5/"1/' 2*' )",@' A*' 2"B,%90,%' 5*' )9da,9' 2*' 8a#&%,C%' D*)* a,d >",d%%$91' 

E*)* #$%%J& Co6ilin promotes actin polymeriKation and de6ines the direction o6 cell 

motility. /cienceB FG4B EJ3-EJD. 

 

59$0"B&' )*E*' HaI%$a' =*J* a,d ."0a1/"#' 2*!* #C!II& Cold acclimation in 

Arabidopsis thaliana. Plant Physiol.B KLB EJF-EF%. 

 

59$0"B&' )*E*' ;a&Ma' D*5*' )<"CM9,@%&' N*E*' )a$aOa&' 2*P*' H"B@/<",' E*2* a,d 
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6'/52,/'$*2$0+8'6/'$/*+7<4+=$D+*&$*&'$28'6(44$'II')*/$2I$',&(,)+,J$()*+,$I+4(7',*$*<6,28'6$

(,0$()*+,$I+4(7',*$(//'7.41$9;(7.<6J=$!SSSGE$HQO/$(,0$N2I+4+,/$(4/2$)(,$.'$I2<,0$+,$

*&'$,<)4'</$(,0$5(6*+)+5(*'$+,$*&'$,<)4'(6$+7526*$2I$()*+,$9;(7.<6J=$!SSSA$T<P+)3($'*$

(4E=$>??#GE$L+($*&'+6$624'$2I$/&<**4+,J$()*+,$+,*2$*&'$,<)4'</=$HQO/$7+J&*$5(6*+)+5(*'$+,$*&'$

)&627(*+,-4'8'4$)2,*624$2I$J','$'K56'//+2,$(,0$5'6&(5/$+,$*&'$'5+J','*+)$0'*'67+,(*+2,$

2I$)'44$I(*'E$H$*&'7'$'7'6J+,J$I627$0(*($2,$,<)4'(6$()*+8+*+'/$I26$()*+,$(,0$H;C/$4+3'$

HQO$+/$*&(*$*&'6'$7(1$.'$'//',*+(4$U)62//*(43V$.'*D'',$*&'$,<)4'(6$(,0$)1*254(/7+)$



! !

! !"#$

%&'()*+',-+.$/01-)231-)$,+$)456$7889:5$;31.$%&''<-1%)+1&-$%&<4=$(*&>1=,$?&+3$

%&'()*+',-+.$@1+3$1'(&*+)-+$=A-)'1%$%<,.$).$+&$+3,$.+)+<.$&B$,C()-=1-D$)-=$=1>1=1-D$

%,44.$)-=$+3,$=,>,4&(1-D$&*D)-1.'5$

E-$?&+3$(4)-+.$)-=$')'')4.$+3,$FGH.$)*,$,-%&=,=$?A$)-$)-%1,-+$D,-,$B)'14A5$$

;3,$F*)?1=&(.1.$FGH$B)'14A$1.$%&'(*1.,=$&B$!!$D,-,$','?,*.$1-$.,>,*)4$=1>,*D,-+$

%4)..,.$/0)%1>,*$)-=$I<..,A6$7887:5$F*)?1=&(.1.$!"#$$/F+$"DJ"KL8:$1.$@,)24A$

,C(*,..,=$1-$)44$>,D,+)+1>,$+1..<,.6$?<+$1.$.+*&-D,*$1-$.3&&+$)(1%)4$',*1.+,'$/MF0:$)-=$

*&&+$.<?N)(1%)4$*,D1&-6$+*1%3&',.6$)-=$%)44<.$/O<P1%2)$,+$)456$788L:5$I,*,1-6$@,$3)>,$

%3)*)%+,*1P,=$.+*&-D$)-=$@,)2$2-&%2=&@-$)44,4,.$&B$!"#$$)-=$.3&@-$+3,$=,B,%+1>,$

(4)-+.$3)=$=*)')+1%$)4+,*)+1&-.$1-$'<4+1%,44<4)*$=,>,4&(',-+5$0&.+$&B$+3,$&?.,*>,=$

(3,-&+A(,.$'1D3+$?,$).%*1?,=$+&$)4+,*,=$%A+&(4).'1%$%A+&.2,4,+)4$)%+1>1+1,.$)BB,%+1-D$+3,$

',*1.+,'$)-=$.3&&+$=,>,4&(',-+5$I&@,>,*6$?&+3$)44,4,.$B4&@,*,=$,)*4A$*,4)+1>,$+&$+3,$

@14=N+A(,$!%&'()*+,(,-./&0(&1&$Q&4<'?1)$,%&+A(,$)-=$+*)-.%*1(+.$B&*$+*)-.%*1(+1&-$B)%+&*.$

2-&@-$+&$%&-+*&4$+3,$+*)-.1+1&-$+&$B4&@,*1-D$1-$+3,$)(1%)4$',*1.+,'6$.<%3$).$#23456789-

23:;<-:-=#2:>-)-=-:38<?!8<-=:3>$/R<++,*144$,+$)456$!KK9S$01%3),4.$)-=$F').1-&6$

!KKK:6$@,*,$.1D-1B1%)-+4A$'1.N*,D<4)+,=$1-$&)@$AB5$;3,$.+*<%+<*,$&B$%3*&')+1-$)+$+3,$#2:-

4&%<.$@).$1-$)$'&*,$*,(*,..,=$.+)+,$1-$&)@$AB6$1-$+,*'.$&B$?&+3$31.+&-,$'&=1B1%)+1&-$)-=$

-<%4,&.&',$&%%<()-%A5$T<*$=)+)$.<DD,.+$+3)+$!"#$$3).$?&+3$%A+&(4).'1%$)-=$-<%4,)*$

B<-%+1&-.$)BB,%+1-D$=,>,4&(',-+5$

!

!

!



! !

! !"#$

!"#$%&#!

"#$%'()*)+,-.)/011)1)2/

%&'$()*+,+)*+)-$!"#$%().+/-(')$01-2)-$233+3+.4$&'($)*$2)*$&'($)+,$&+/+$(.'32-+*$

()$-5+$!-&./'012/2$6'3107(2$+8'-9,+:$$%5+9$+285$8')-2()+*$2$%;<=>$().+/-(')$-52-$

02,,+*$&(-5()$-5+$.+8')*$()-/')$2.$*(2?/200+*$()$3-456)/7:$$%5+$().+/-(')$()$&'($)*$

&2.$3'82-+*$@A$7,$*'&).-/+20$B/'0$-5+$.,3(8+$*')'/$.(-+$2)*$*+3+-+*$!C$7,$'B$

*'&).-/+20$.+D1+)8+.$B/'0$()-/')$E:$%5+$().+/-(')$()$&'($)+$&2.$3'82-+*$!!"$7,$B/'0$

-5+$.,3(8+$*')'/$.(-+$2)*$*+3+-+*$""$7,$B/'0$()-/')$E:$F+)8+4$-5+$*+3+-+*$/+?(').$()$

&'($)*$2)*$&'($)+$*'$)'-$'G+/32,:$!"#$$0H=>$3+G+3.$&+/+$2..29+*$()$-5+$-&'$01-2)-.$

/+32-(G+$-'$-5+$3+G+3.$'B$*34%/H=>$2)*$)'/023(I+*$-'$&(3*;-9,+$()$013-(,3+$,32)-$.20,3+.$

1.()?$D12)-(-2-(G+$H+23$%(0+$J'390+/2.+$652()$H+28-(')$KDH%;J6HL:$!"#$%-/2).8/(,-$

3+G+3.$&+/+$#MN$-'$##N$/+*18+*$()$&'($)*,$71-%')39$MON$/+*18+*$()%&'($)+:$%51.4$&'($)

*$(.$+..+)-(2339$2$)133$233+3+4$&5(3+$&'($)+$(.$2$&+2P$P)'8P*'&)$233+3+:$Q(0(32/$/+*18-(').$

()$/+32-(G+$!"#$$-/2).8/(,-$3+G+3.$&+/+$'7-2()+*$&5+)$-5+.+$DH%;J6H$*2-2$&+/+$

)'/023(I+*$-'$-'-23$(),1-$H=>$'/$-'$28-()$!56+$'/$17(D1(-()$789*:$0H=>.$().-+2*$'B$

!AQ$/H=>:/

/

8).)19:;)<,01/:=)<9,>:)2/9*/"#$%'()*)+,-.)/011)1)2/

%5+$&'($)*$2)*$&'($)+$233+3+.$*(.,329+*$.(0(32/$,3+('-/',(8$*+B+8-.$()$?/'&-5$2)*$

*+G+3',0+)-$2.$.5'&)$()$3-456)/?:$$R'1/-++)$*29.$B'33'&()?$?+/0()2-(')4$5'0'I9?'1.$

01-2)-$.++*3()?.$'B$-5+$-&'$233+3+.$&+/+$/+*18+*$E;B'3*$2)*$!:M;B'3*$()$.(I+$2)*$B/+.5$

&+(?5-4$/+.,+8-(G+394$()$8'0,2/(.')$-'$&(3*;-9,+4$2.$D12)-(B(+*$()$3-456)/@:$S'-5$01-2)-.$



! !

! !"#$

%&'()*$+,-.)/%)*$/0+-/1$*'2+,/,-)3$.)4)/1)*$56$7)().$1/8)./1$5./,-&)%$9!"#$%&'()'

*+,'-):;$<'.$)=/201)3$,+,)$*/6%$/78).$5'18+,>$8&)$2?8/,8%$>),)./116$&/*$8('$8'$8&.))$

1/8)./1$5./,-&)%3$(&+1)$(+1*@860)$&/*$7'?.$8'$7+4);$A18&'?>&$8&)$!"#$$*)7)-8+4)$1+,)%$&/*$

7)().$1/8)./1$5./,-&)%3$8&)$1),>8&$'7$+,*+4+*?/1$1/8)./1$5./,-&)%$(/%$1',>).3$%?-&$8&/8$

8&)$8'8/1$1),>8&$'7$/11$1/8)./1$5./,-&)%$(/%$,)/.16$+,*+%8+,>?+%&/51)$/2',>$2?8/,8%$/,*$

(+1*@860)$9,'8$%&'(,:;!

B&)$!"#$%&$/,*$!"#$%'$/11)1)%$71'().)*$/00.'=+2/8)16$!C$/,*$!D$*/6%$/78).$

>).2+,/8+',3$.)%0)-8+4)163$-'20/.)*$8'$EE$*/6%$7'.$(+1*@860)$F'1?25+/$-',8.'1%$8&/8$

().)$>).2+,/8)*$',$%'+1$/,*$>.'(,$?,*).$1',>@*/6$-',*+8+',%G$!C$&.$'7$1+>&8$/,*$D$&$'7$

*/.H,)%%;$$<'.$8&)$,?11$/11)1)3$!"#$%&3$8&)$+,71'.)%-),-)$7+.%8$)2).>)*$(+8&$',16$I$.'%)88)$

1)/4)%$-'20/.)*$8'$!#$1)/4)%$7'.$!"#$%'$/,*$!E$1)/4)%$7'.$(+1*@860)$F'1?25+/;$<'.$8&)$

!"#$%&$/11)1)3$8&)$/--)1)./8)*$8./,%+8+',$8'$71'().+,>$.)%?18)*$+,$%1+>&816$*(/.7)*$/*?18$

01/,8%;$J?.0.+%+,>163$,'$%+>,+7+-/,8$*+77).),-)%$+,$%))*$%)8$().)$'5%).4)*$+,$8&)$2?8/,8%$

.)1/8+4)$8'$(+1*@860);$K&),$!"#$%&$01/,8%$().)$>.'(,$?,*).$%&'.8@*/6$-',*+8+',%3$L$&.$'7$

1+>&8$/,*$!"$&$'7$*/.H,)%%3$8&)6$71'().)*$(+8&$8&)$%/2)$./,>)$'7$8+2)$/,*$(+8&$8&)$

/00.'=+2/8)16$%/2)$1)/7$,?25).$/%$(+1*@860)$9!"#$%&'(.:;$B&).)7'.)3$8&)$*)7)-8$+,$

71'().+,>$8+2)$8./,%+8+',$/00)/.)*$8'$5)$0&'8'0).+'*$*)0),*),8;$

!

/&+&0"1'23456&4&+0*0"3+'*+,'78&%&95%&::"3+'

(')*++(,-$.$/$-',%8.?-8/'4).)=0.)%%+,>$(,-$$-MNA$7.'2$/$%8.',>$-',%8+8?8+4)$

/-8+,$(01'$)=0.)%%+',$-/%%)88)$9!"#$%&';):(/%$+,8.'*?-)*$+,8'$!"#$%&$01/,8%;$$B&+%$

-'201)2),8/8+',$)=0).+2),8$(/%$0).7'.2)*$8'$-',7+.2$8&/8$8&)$0&),'860)%$'5%).4)*$



! !

! !"!#

$%&#'()#!"#$%&#*++)+)#,)&)#-.)#)/'0&)+1#'%#'()#-02&.3'0%/#%$#'()#'()$*4)/)#*/-#')2'#'()#

)$$)5'#%$#%6)&)73&)220/4#89:;<#=()#'+,-..'()$#5%/2'&.5'#>.*/'0'*'06)+1#5%?3+)?)/')-#

*++#!"#$%&*?%&3(%+%405*+#3()/%'13)2<#@))-+0/4#20A)B#*305*+#-%?0/*/5)B#*/-#$+%,)&0/4#

'0?)#,)&)#0/-02'0/4.02(*C+)#$&%?#,0+-D'13)#0/#'()#5%?3+)?)/')-#+0/)2#*2#>.*/'0$0)-#$%&#*#

20/4+)#&)3&)2)/'*'06)#+0/)#0/#!"#$%&'(<#=()#'+,-..'()$#'&*/24)/)#3&%-.5)-#)7'&)?)+1#

(04(#+)6)+2#%$#'()#'()$#'&*/25&03'B#%$')/#2)6)&*+#(./-&)-D$%+-#(04()&#'(*/#,0+-D'13)#*2#

2(%,/#$%&#%/)#+0/)#E!"#$%&')*+<##=(02#(04(#)73&)220%/#02#5%/202')/'#,0'(#'()#(04(#+)6)+2#

%$#)73&)220%/#*5(0)6)-#,0'(#'()#'+,-#)73&)220%/#5*22)'')#0/#3&)60%.2#2'.-0)2#EF0#)'#*+<B#

GHH"I<#=(02#2'&%/4#%6)&)73&)220%/#%$#'()$#?JK8#-0-#/%'#3&%-.5)#-%?0/*/'#

?%&3(%+%405*+#3()/%'13)2#'(*'#-0$$)&)-#$&%?#,0+-D'13)#,()/#)73&)22)-#0/#'()#!"#$%&#%&#

,0+-D'13)#C*5L4&%./-2#E!"#$%&'(I<#'

#

,-.&%/."012'.0'.3&'!4/5."1'56.027&-&.01'"1',8!9':&;"5"&1.'<-/1.2'

M06)/#89:!2#&%+)#0/#&)?%-)+0/4#*5'0/#$0+*?)/'2B#0'#2))?)-#+0L)+1#'(*'#'()#2'&.5'.&)#%$#

'()#*5'0/DC*2)-#51'%2L)+)'%/#,%.+-#C)#*+')&)-#0/#'()#!"#$%&#?.'*/'<#N)#'&*/2$%&?)-#

,0+-D'13)#*/-#!"#$%&#?.'*/'#3+*/'2#,0'(#*/#:D*5'0/#&)3%&')&#5%/2'&.5'B*'/(+%0)12#,(05(#

,*2#3&%-.5)-#C1#*#$.20%/#%$#'()#$0?C&0/#*5'0/#C0/-0/4#-%?*0/#G#'%#4&))/#$+.%&)25)/'#

3&%')0/#EN*/4#)'#*+<B#GHHOI<#N)#5(*&*5')&0A)-#'()#?%&3(%+%41#*/-#%&4*/0A*'0%/#%$#'()#

*5'0/#51'%2L)+)'%/#0/#'&05(%?)2B#C)5*.2)#'()#$+.%&)25)/5)#%$#'/(+%0)1#02#602.*+0A)-#

,0'(#+0''+)#C*5L4&%./-#0/#'&05(%?)2#*/-#'()$#02#)73&)22)-#0/#'(02#5)++#'13)#EJ.A05L*#)'#

*+<B#GHHPI<##!"#$%&'=#2(%,2#'()#*5'0/#51'%2L)+)'%/#0/#,0+-D'13)#*/-#!"#$%&3##Q/#,0+-D'13)#

'&05(%?)2B#'()#*5'0/#51'%2L)+)'%/#,*2#%&4*/0A)-#0/'%#*#/)',%&L#5%?3%2)-#?%2'+1#%$#$0/)#



! !

! !"#$

%&'()*+,-$(+.$&+/'0.*.$-1)*$,2&/3*4$50+.'*-$64&)(4&'7$*8,*+.&+9$'1+9&,0.&+(''7$('1+9$,2*$

(8&-$1%$,4&/21)*$*'1+9(,&1+$:!"#$%&'()'*+,'-;<$$=+$,2*$,4&/21)*-$1%!"#$%&'!6'(+,->$,2*$

(/,&+$/7,1-3*'*,1+$?(-$'1+9&,0.&+(''7$149(+&@*.>$-&)&'(4$,1$?&'.A,76*>$50,$,2*$%&'()*+,-$

2(.$($-&9+&%&/(+,'7$(',*4*.$)14621'197<$$B1-,$1%$,2*$(/,&+$%&'()*+,-$?*4*$149(+&@*.$&+,1$

*8/*6,&1+(''7$,2&/3$50+.'*-$:!"#$%&'(.'*+,'/;$(+.$C*47$%*?$%&+*$%&'()*+,-$?*4*$

.*,*/,*.$&+$/1)6(4&-1+$,1$?&'.A,76*<$D*$.&.$+1,$15-*4C*$(+$(',*4*.$,4&/21)*$/*''$

)14621'197$-0/2$(-$(',*4*.$-&@*$14$54(+/2&+9$&+$,2*$)0,(+,<$E14)('$,4&/21)*$

.*C*'16)*+,$)(7$641/**.$&+$"#$%&'$.0*$,1$,2*$?&'.A,76*$14&*+,(,&1+$1%$,2*$(/,&+$

%&'()*+,-$(+.$,2*$4*.0+.(+,$(/,&C&,&*-$1%$1,2*4$FGH$%()&'7$)*)5*4-$&+$,4&/21)*-$

:I0@&/3($*,$('<>$#JJK;<$

$

!"#$'&01%&22"3+'"2'"+,$4&,'56'73%83+&2'

F',21092$?*(3'7$/1+-,&,0,&C*$&+$)1-,$C*9*,(,&C*$,&--0*->$()*%$&-$)14*$-,41+9'7$

*864*--*.$&+$/(''0->$710+9$-**.'&+9->$(+.$,2*$LFB>$(+.$()*%$,4(+-/4&6,$'*C*'-$(4*$

.4()(,&/(''7$&+/4*(-*.$57$,4*(,)*+,$?&,2$(08&+$

:???<9*+*C*-,&9(,14<*,2@</2;:M&))*4)(++$*,$('<>$#JJNO$I0@&/3($*,$('<>$#JJK;<$P2*-*$

.(,($-099*-,$,2(,$()*%$*864*--&1+$6(,,*4+-$/10'.$5*$(%%*/,*.$57$6'(+,$941?,2$

4*90'(,14-<$F+$()*%$4*614,*4$?(-$/1+-,40/,*.>$()*%+,,-./0$%0-&+9$,2*$()*%$641)1,*4$

(+.$*+2(+/*4$&+,41+$,1$5A9'0/041+&.(-*$:-./;<$()*%+,,-./!?(-$,4(+-%14)*.$&+,1$?&'.A

,76*$6'(+,-$(-$-21?+$&+$!"#$%&'9$:I0@&/3($*,$('<>$#JJK;<$()*%+,,-./$6'(+,-$?*4*$

,4(+-%*44*.$,1$941?,2$)*.&($-066'*)*+,*.$?&,2$C(4&10-$627,1214)1+*-$%14$#J$2$(+.$

,2*+$2&-,1/2*)&/(''7$-,(&+*.$%14$QRL$*864*--&1+$%14$N"$)&+<$P2*$()*%+,,-./$6'(+,-$



! !

! !"#$

%&'()*+,%$*$'-./01$&02.,*',$&0$.,(/.-,%$1,0,$,3(.,''&/0$&0$-4,$.//-$-&($5,.&'-,56$

-.&24/5,'6$*0%$789$&0$.,'(/0',$-/$:6;<%&24)/./%&(4,0/3+*2,-&2$*2&%$=:6;<>?$*0%$

&0%/),*2,-&2$*2&%$=@88?6$*0%$*$'5*)),.$&02.,*',$&0$,3(.,''&/0$&0$-4,',$-&''A,'$&0$

.,'(/0',$-/$B&0,-&06$1&CC,.,))&2$*2&%$=D8#?6$*0%$*C'2&'&2$*2&%$=8E8?F$G4,$'-./01$-/$

5/%,.*-,$&0%A2-&/0$/H$-4&'$.,(/.-,.$&0$-4,$'AC<*(&2*)$-&''A,'$/H$-4,$.//-$-4*-$/22A..,%$&0$

.,'(/0',$-/$4/.5/0,$-.,*-5,0-'$&'$'4/I0$&0$!"#$%&'()'*+'(,F$G4,',$'-*&0&01$(*--,.0'$

*0%$-4,&.$&0-,0'&-&,'$*.,$'&5&)*.$-/$A0-.,*-,%$'*5(),'$'-*&0,%$H/.$!J$4$=KAL&2B*$,-$*)F6$

:MMN?F$G4,',$%*-*$'A11,'-$(4+-/4/.5/0,'$()*+$*$./),$&0$-4,$.,1A)*-&/0$/H$,0%/1,0/A'$

!"#$$),O,)'F$$

!

-.//$0'"12$3*"+1'4%+5'"#$%62&4&3*"7&'*"00$&'

D&O,0$-4*-$!"#$$&'$&0%A2,%$C+$-4,$*(()&2*-&/0$/H$5A)-&(),$4/.5/0,'$*0%$-4*-$

5A-*0-'$&0$-4,$(4+-/4/.5/0,<&0%A2,%$*2-&0$!%&'$I,.,$%,H,2-&O,$&0$2*))A'$H/.5*-&/06$I,$

2/0'&%,.,%$-4*-$!"#$<%,H,2-&O,$()*0-'$5&14-$,34&C&-$1./I-4$%,H,2-'$I&-4$-&''A,$,3()*0-'$

1./I0$/0$2*))A'<&0%A2&01$5,%&*F$G/$-,'-$-4&'$(./(/'*)6$&%,0-&2*))+$'&L,%$.//-$',2-&/0'$

I,.,$.,5/O,%$H./5$O,.-&2*))+$1./I0$I&)%<-+(,$*0%$()*$+,$5A-*0-$()*0-'$*0%$()*2,%$/0$

5,%&*$2/0-*&0&01$:6;<%&24)/./(4,0/3+*2,-&2$*2&%$=:6;<>?$*0%$B&0,-&0F$G4,$A0-.,*-,%$

5A-*0-$*0%$I&)%<-+(,$.//-'$I,.,$&0%&'-&01A&'4*C),$&0$5/.(4/)/1+$I4,0$,3*5&0,%$A0%,.$

*$%&'',2-&01$5&2./'2/(,F$8H-,.$H/A.$I,,B'6$-4,$I&)%<-+(,$2*))A'$-&''A,$2/0'&'-,%$/H$)*.1,$

2)A5('$/H$2,))'6$&))A'-.*-,%$&0$!"#$%&'(89'-4*-$I,.,$2/5(.&',%$/H$5A)-&(),$2,))$-+(,'$=0/-$

'4/I0?F$$G4,$()*$+,$5A-*0-$,34&C&-,%$*$'&10&H&2*0-$%&HH,.,02,$&0$2*))A'$5/.(4/)/1+$

2/5(*.,%$-/$I&)%<-+(,6$I&-4$H,I,.$*11.,1*-,'$/H$)*.1,$2,))'$*0%$5/.,$*0%$)/01,.$.//-$



! !

! !"#$

%&'()*'+,$-,**.$/!"#$%&'()01$$233'4'56&**78$4%,$&9,(&:,$;(,.%$<,':%4$5;$4%,$!"#$%&$-&**=.$

.&>?*,.$<&.$*,..$4%&6$%&*;$5;$<'*3)47?,$-&**=.$.&>?*,.$/!"#$%&'*+01$@%,$'()*++',-$$

-AB2$,C?(,..'56$-56.4(=-4$(,.45(,3$4%,$<'*3)47?,$-&**=.$:(5<4%$(&4,$/!"#$%&'*+0$&63$
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A7,?$)953/0$P+5M75;$RS$

$

!&,01&2(34+(!"#$%%&'()*+(9$:,;&(<9$%!BBB($E.1$1:7,6437/$78$/1J$2456-46512T$-,612$

857*$9,+/4$-F472G1,14+,$01/12@$E51/?2$U1/14$5=7$&"#C&#V$

$

!$"1,&;.(>?+(</,.$%@(3!$%!BBB($,-./01*234-.56745$1/-7?12$+$/7:1,$ILW)$
?7*+3/$957413/$4.+4$+-42$+2$+$519512275$78$8,7J153/0@$<,+/4$A1,,$557$BVBCBXY$

$

!$%,A1$%,(>+(!'&2.(3+(?2BC1$%$%,(!+(>:&D,2-(3$%&''X($A57224+,G$M14J11/$4.1$+-43/$
-F472G1,147/$+/?$=+/C*1?3+41?$/6-,1+5$45+/29754@$ZIA$A1,,$Z37,$E7$D&$
$

!$2,;;&.(8+(9$.,(F$%&''Y($L-43/$3/$45+/2-539437/$+/?$45+/2-539437/$5106,+437/@$A655$[93/$
A1,,$Z37,$5G7$&Y!C&YY$
$

!$CB0B"1$(H+(>1&%(I+(J,%-2'(K+(LB(LM+(>&%(>+(LB(*$%&''V($LE<C?53:1/$1\-.+/01$
78$.3247/1$P&L]$:+53+/4$-+4+,FK1?$MF$)^=!$-.57*+43/$51*7?1,3/0$-7*9,1\@$)-31/-1$

6N67$DVDCDV#$
$

!B2,.1$0&(O+(>A@@0(8$%!BY&($L$51:321?$*1?36*$875$5+93?$057J4.$+/?$M37+22+F2$J34.$
47M+--7$432261$-6,4651@$<,+/4$<.F237,@$5=7$V"DCVB"$
$

F&P;(H+(!&B&2(>*+(>,/.:,0(Q$%!BBY($W19.729.75F,+437/$78$2153/1$D$5106,+412$/6-,1+5$
45+/2,7-+437/$78$-783,3/@$_$Z37,$A.1*$RS57$&Y&"YC&Y&#'$
$

T1(>+(U1,%0(M+(JB-D$0(V+(W,%(F@"A&2(>$%&''V($L$*1-.+/32*$51,+41?$47$4.1$F1+24$
45+/2-539437/+,$5106,+475$8#9:;$32$51`6351?$875$1\9512237/$78$4.1$!"#$%&'()%)$,-5<=!,4
=!>7$M7\$01/1$8+*3,F@$<,+/4$A1,,$5E7$&BV'C&BXD$
$

T1:,(Q+(F$.1$-,()+(>,A,$(M+(!$',/@:@()$%!B#B($W19.729.75F,+437/$78$-783,3/$
+--7*9+/312$.1+4$2.7-GC3/?6-1?$/6-,1+5$+--6*6,+437/$78$-783,3/@$_$Z37,$A.1*$REX7$
!Y!VDC!Y!V#$

$

T;,W&(Y<+(3&"AZV&:&2.@%(>J+(*2,P:2&&(H3$%&''&($R6-,1+5$+-43/$+/?$+-43/C51,+41?$
957413/2$3/$-.57*+43/$51*7?1,3/0@$L//6$=1:$Z37-.1*$S57$"XXC"#!$

$
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! !"#$

!"#$%&'()*+,)-"./"&"01)2-,)23"4536)78$%&''()$*+,$-./,$01--,2$.3/425$.6,$
,55,2/4.-$716$2168.-$8.-,$.29$7,8.-,$9,:,-108,2/$42$;6.<4910545=$>-.2/$?1-$@41-$9:;$

AA!BA#($

$

!3/36&%.)<,)=3>()?$%&''C)$DE3-,.6$.3/42$,F/,295G$H4/+$21$312/6.3/412$42$54I+/=$?1-$@41-$
J,--$@9;$C'CCBC'('$

$

!3./$3A%.)=,)!%B3)8,)C33/&)=,)-%DD36)=$%&''K)$L./6E23E-42$@$16$;*>$9,0-,/412$
429E3,5$3174-42B9,0,29,2/$/6.25-13./412$17$.3/42$42/1$2E3-,4$17$8.5/$3,--5=$M$@41-$J+,8$

:EF;$!NK#NB!NN''$

$

!GAA36($$)H,)7%>&%.)I,)*33)-,)J(0%.)7,)+%GB$"./)K$%!##C)$*+,$!"#$%&#$$I,2,$17$
&'()*+,-.*.$06181/,5$7-1H,642I$.29$,2319,5$.$061/,42$5+1H42I$5484-.64/4,5$/1$O423$742I,6$
/6.253640/412$7.3/165=$J,--$FL;$AN"BAC"$

$

7G344)H,)M%$&>%36)I,)<G6N')+,)73(.)<$%&''N)$J174-42$!$45$6,:,.-,9$.5$.2$42+4<4/16$17$
I-E31316/43149$6,3,0/16$<P$.2.-P545$17$+16812,B6,545/.2/$3,--5=$?1-$J,--$@41-$:O;$#K"!B
#KA&$

$

7G5$)PP,)H(.)H,)+"()Q,)J#".&%.)J,)I$%63.&)*,)C"&5>G6.)2!,)+%."#"1)7+,)
+%."#"1)HC,)+56(R(")H+$%&''()$>E64743./412$17$.$+E8.2$QRJ;>$3180-,F$/+./$
6,819,-5$3+618./42$<P$42316016./42I$/+,$+45/12,$:.64.2/$S&;=T$42/1$2E3-,1518,5=$

@413+,845/6P$OS;$C("!BC(""$
$

7GT(N'")P,)8G64%&U7(R36")8,)-"./"&"01)2-,)2N-(..31)V+,)23"4536)78$%U2$06,0)$

;2$.234,2/$5E<7.84-P$17$0-.2/$.3/42$9,01-P8,64O42I$7.3/165$H4/+$61-,5$/6431<-.5/$

9,:,-108,2/$.29$01--,2$/E<,$/40$I61H/+=$$

$

7GT(N'")P,)-"./"&"01)2-,)2N-(..31)V+,)8G6&%&U7(R36")8,)-(.4U73(/)*,)
23"4536)78$%&''")$*+,$.234,2/$5E<3-.55,5$17$&'()*+,-.*.$.3/42$9,01-P8,64O42I$7.3/16$
I,2,5$,F4<4/$21:,-$.29$9477,6,2/4.-$,F06,55412=$>-.2/$M=$=NN3BA3/)#(A5)73R(&(%.&)

)
J"60(363)!P,)8"0>G64)H7$%&''N)$R,IE-./412$17$/+,$2,E612.-$.3/42$3P/15V,-,/12$<P$
;WXY3174-42=$M$D,E61<41-$SF;$!'KB!!"$

$

J3'(.436)V=,)2%WA"/36()X,)JA6G5$)-$%&''C)$U2/642543$+45/12,BWD;$42/,6.3/4125$.29$-1H$
2E3-,1518,$9,254/P$.6,$48016/.2/$716$06,7,6,2/4.-$.33,554<4-4/P$17$06181/,6$6,I4125$42$

P,.5/=$?1-$J,--$@F;$"KCB"NA$

$

J0(A5)*K$%&''!)$>-.2/$3,--$94:45412Z$<E4-942I$H.--5$42$/+,$64I+/$0-.3,5=$D./$R,:$?1-$J,--$
@41-$:;$KKBK#=$

$



! !

! !"#$

!"#"$"%&'%()*+),%-'%."#/0"%&'%12/%.$%&##'()$*+,-./0,(1$/,2012343,.$05$!"#$%&'$
6040107+3$05$89*:-05/1/,$;60<;6(.(<3=$<1/,7<60.$%>??@)=$/,$.63$7(<.A+1(./0,$402343,.B$

C00107$?-/$334$D''EDFD$

$

!"#"$"%&'%5$62,%7'%12/%.$%&##'G)$H,2012343,.$05$<1/,7<60.$/,$.63$I60E43J/(.3J$
J3;60<;60AK1(./0,$05$89*:-05/1/,$J+A/,7$!"#$%&'(-13(2(73B$C00107$?-/$334$DL!ED"M$
$

8"9:/;0/%<'%=,6;"0,:%1'%>,??/%@'%-":/#*A;,BC%D'%>"E"A+%1'%F,6?9"#0%G$%&##M)$

N60.0A3-3;.0A$A37+1(./0,$05$OPQ?R8Q?$;A0.3/,$/,$;60.0;3A/0J/-$510S3A/,7B$?-/3,-3$

HIH4$!##TE!##F$

$

8/J"KL"9"*%=1'%</;9%-M$%!DD')$R63$8A(G/J0;</<$8J6$73,3$3U6/G/.<$J/23A<3$

,+-130<043$(AA(,7343,.<$S/.6/,$($<4(11$9Q(<3$HE<3,</./23$J04(/,B$N1(,.$O311$N4$!D&TE
!DT&$

$

8)*"%($%&##')$8-./,$/,$.A(,<-A/;./0,B$8-./,$/<$A3V+/A3J$50A$.A(,<-A/;./0,$GK$(11$.6A33$IQ8$
;01K43A(<3<$/,$.63$3+W(AK0./-$-311$,+-13+<B$XYZP$I3;$O4$&!"E&!D$
$

@"#J%7>'%=,C/*%F='%=,+"E"9"P";)%D-'%Q9"#A"B9,;%RQ$%&##M)$[A33,$51+0A3<-3,.$
;A0.3/,$5+</0,<$.0$)*+,-.$%'-'$5/4GA/,$!$50A$<;(./0E.34;0A(1$/4(7/,7$05$*E(-./,$JK,(4/-<$
/,$A00.<B$O311$Y0./1$OK.0<W313.0,$ST4$LDEDT$

$

@)99)"E*%U'%<9/CA+/;%MF$%&##')$?.34$-311$A37+1(./0,$/,$.63$)*+,-.$%'-'$<600.$(;/-(1$
43A/<.34B$O+AA$P;/,$N1(,.$Z/01$V4$'"&E'"F$
$

7"#,:*$W%=M'%&"W%>1$%&##&)$Y013-+1(A$G(</<$05$<3(<0,(1$./43$43(<+A343,.$/,$

8A(G/J0;</<B$Q(.+A3$XYT4$T#"ET!&$
$

76"#%GF'%U)6%7M'%D),#%=<'%>9"A$%=D'%@6%U<'%19C*A+69/;%>M'%-"#0,%5M$%&##')$
[3,043E<-(13$/J3,./5/-(./0,$05$,+-130<043$;0</./0,<$/,$/0(1"*"2-'-+"B$?-/3,-3$HIT4$F&FE
FT#$

$

Z+"#J%.'%-//*/%MF$%&##L)$XU;0</,7$.63$-0A3$;A040.3A$/<$<+55/-/3,.$.0$(-./2(.3$
.A(,<-A/;./0,$(,J$(1.3A$-0(-./2(.0A$A3V+/A343,.$(.$IQITB$NA0-$Q(.1$8-(J$?-/$\$?$8$$

$

Z)EE/;E"##%L'%.);*A+K.,BBE"##%='%./##)J%U'%G;6)**/E%@$%&##M)$
[XQX]X?RH[8RPIB$)*+,-.$%'-'$4/-A0(AA(K$J(.(G(<3$(,J$(,(1K</<$.001G0UB$N1(,.$
N6K</01$YHO4$&F&!E&FT&$
$

$
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"#$%&'!()*)!+','!-.,/0&%-0/!1,2!&'2%-'2!345(!'67&'//#.,!#,!!"#$%&!1,2!!"#$%'#
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.(BC(-7(.#3(6(0(3#D/1E#(27'#,-0/1-#2-3#/(9627(3#5<#&)*+$#2/(#.'14-#D1/#(27'#

,-.(/0,1-A#F%#&'(#7*+$#(-713,-@#/(@,1-#1D#()*$#42.#761-(3#4,0',-#0'(#270,-#(+,'-

71-.0,0C0,?(#(G9/(..,1-#72..(00(#('./A##('./00()*$#42.#C.(3#01#71E96(E(-0#!"#$%&A#H%#
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,E91/02-0#(-'2-7(/A#H1E96(E(-0,-@#!"#$%&#4,0'#('./00()*$#/(.C60(3#,-#2-#

299/1G,E20(6<#IKK)D163#,-7/(2.(#,-#$*MI#0/2-.7/,90#6(?(6.#1?(/#4,63)0<9(A##
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!"#$%&'()*+',-%./-0-#"120'./&3-45.&6'7-%'!"#$%&'238'!"#$%'*!"#!$%&'(&)*+,)-'*!

!"#$%&!+.*!!"#$%'!/01+.1!2&&*'3.42!+5&!2/+''&5!6-/7+5&*!1-!%3'*)1,7&8!9#!:01+.12!;+(&!
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!!"#$%&$'!()*+,-!,%-).,-!+.$/!(,+,-!-*',$$,!),%0,'!$/%&!+.)12$34,!#&1,-!)*&521%3!5-*+$/6!
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"#$%&'!()*+!,%-./#0#1-/#2.!20!!"#$%&!-.3!!"#$%'!4%/-./!56'.2/75'8!-.3!

12459'4'./'3!9#.'8*$%&$'()$*)+,(-$./$!012341.52$!"#$%&$362$!"#$%'$78-36-$9))25+6,9$

*39$:.7;3<)2$-.$*+521-4;)$362$!"#$%&$78-36-$5+6)$:.7;5)7)6-)2$*+-($-()$:=>%$
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%&'()$*+$%,-.($/0$!"#$%&%'()*+,-./012345$-+)$-$12$345$-+)$6078-)(+87-/*0+$,(9*0+$%,0.$

6(7,$*)./38)9:,-./06;34$:5&;*<=-$(/$-7>?$@AA#B>$C$/0$D?!@E)-8E07)$'(()7*+9'$<0+/-*+*+9$

/F($<=>?7@@123$6,0.0/(,E,(60,/(,$%&'*0+$G(,($'&HI(</()$/0$@J$F,$/,(-/.(+/$G*/F$

6F8/0F0,.0+('$*+)*<-/()?$-''-8()$H,*(%78$%0,$HE97&<&,0+*)-'($:D3KB$-</*L*/8?$-+)$

<0.6-,()$/0$'(()7*+9'$/,(-/()$0+78$G*/F$MNKO?$/F($'07L(+/$%0,$(-<F$F0,.0+(>$C?$

MNKO$<0+/,07$:P!$.NB>$Q?$!A$.N$@?J?E)*<F70,06F(+0R8-<(/*<$-<*)$:@?J?EMB>$M?$!A$.N$

9*HH(,(77*<$-<*)$:DSBT$U?$!A$.N$-H'<*'*<$-<*)$:SCSBT$V?$!A$.N$=*+(/*+T$D?$!A$.N$

*+)07-<(/*<$-<*)$:WSSB>$X$Y$W>$$K-.67('$0%$<-77&'$%0,.()$%,0.$,00/$/*''&($-,($<0.6-,()$

H(/G((+$G*7)E/86($:XB$-+)$,+A?"B$:WB>$K(($!"#$%&'()*$%0,$Z&-+/*%*<-/*0+$0%$/F*'$

6F(+0/86(>$
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+',!-.)!/0123*021!-.3-!'445,/!02!-.)!-,32/0-0'2!-'!+*'6),021%!32(!-.)!,'*)!'+!$789:!!8;<!0/!3!

4)2-,3*!,)=,)//',!'+!-.0/!-,32/0-0'2!4'2-,'**)(!>?!25@),'5/!)2A0,'2@)2-3*!45)/!32(!
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