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:%,6,%/#$*/../!4/%-*$!.-!%(8*4)&A!#/!4/%-*$!-)$*<,/!@(39!:l!-)*'/!Nn-$&3843,69A!M__jP;!

Y*/#! @(/! .-! ',+%-'-$*&#! *#$%-0:.-4$*'*-./! '/4! :%&$,*#/4! /4$! 4(::&%$,/! :-%! .-!

:%,4/#)/! '/! #&78%/(4/4! :%&$,-4/4! '-#4! ./! )=.&%&:.-4$/A! .-! :.(4! +%-#'/! -)$*<*$,!

:%&$,-4*@(/! %,4*'/!'-#4! .-! <-)(&./! 4(++,%-#$!@(3(#/!:-%$! *7:&%$-#$/!'(!:%&)/44(4!'/!

:%&$,&.J4/!4/!',%&(./!'-#4!)/!)&7:-%$*7/#$!ND-%$*#/53843,69A!M__kP;!2-!<-)(&./!:&(%%-*$!

O$%/!./!)&7:-%$*7/#$!6*#-.!'/!.-!:%&$,&.J4/;!K/$$/!=J:&$=G4/!/4$!4(::&%$,/!:-%!./!6-*$!@(/!

.-! :.(:-%$! '/4! /#5J7/4! :%&$,&.J$*@(/4! *#'(*$/4! 9! .-! 4,#/4)/#)/! 4&#$! '/4! :%&$,-4/4! 9!



!"#$%&'()*'+&,%-.&/010"2/'.34-510"6$&'7&.'&/895&.'3:&;.'"5,:"6$-&.'71/.':&'%&393:1#&'7&':<1820&'

71/.'$/&';&$"::&'.-/&.3&/0&*'

!"#$%&'(")"(*#$+##,-.%#$/$ 0+$#%("#-"(-"$ .(-01"(*$ 0+$2%34+2+*.,($21$ -50,4,60+#*"$"*$0 +$ *4+(#0,-+*.,($2"#$

64,*%.("#$&"4#$ 0+$&+-1,0"7$!"$ 4"-8-0+3"$2"#$ +-.2"#$+).(%#$+$ 0."1$2+(#$ 0"#$).*,-5,(24."#$"*$ 0"$-8*,#,07$!+$

301*+)+*"$2%#5824,3%(+#"$9:;<=>$0+$301*+).("$#8(*5%*+#"$?$9:@?=$"*$0A+#6+4+3.("$#8(*5%*+#"$9B@=$#,(*$0"#$

"(C8)"#$)+D"14"#$ .)60.E1%"#$2+(#$ 0+$ #8(*5'#"$2"$301*+).(">$21$ 301*+)+*"$ "*$2"$ 0A+#6+4+3.("$ 9;A+64'#$

F+#-0+1GH;+1I4"##"$!"#$%7>$ JK?K=7$



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

! 0!M\!0!

)J4$,*#/!<-)(&.-*%/4!Nl/#4/.3843,69A!1\\X!c![7-%$3843,69A!1\\pP;!K/!)&#4$-$!*7:.*@(/%-*$!@(/!

./4! :%&'(*$4! '/! ',+%-'-$*&#! +,#,%,4! 9! .3*#$,%*/(%! '(! )=.&%&:.-4$/! 4&*/#$! $%-#4:&%$,4!

H(4@(39!.-!<-)(&./;!Q&(%!./!$%-#4:&%$!'/4!:%&$,*#/4!)=.&%&:.-4$*@(/4!</%4!.-!<-)(&./A!'/(>!

%&($/4! :&44*8./4! &#$! ,$,! :%&:&4,/4!m! ./4! [Ts4! N[/#/4)/#)/! T44&)*-$/'! s-)(&./P! &(! ./!

)=/7*#/7/#$!:.,!./!:%&)/44(4!<-)(&.-*%/!'/!.-!7-)%&0-($&:=-+*/;!

2/4![Ts4!4&#$!'/!:/$*$/4!<-)(&./4!:%,4/#$/4!'-#4!.-!<-)(&./!)/#$%-./!'/4!6/(*../4!

4,#/4)/#$/4! NV$/+(*3 843,69A! M__pP;!F../4!&#$!(#/! .(7*G%/!-)*'/! 6-<&%-8./!9! .3-)$*<*$,!'/4!

:%&$,-4/4! 9! )J4$,*#/A! )&#$*/##/#$! '/4! :%&$,*#/4! )=.&%&:.-4$*@(/4! /$! 4&#$! ',.*7*$,/4!

'3(#/! 7/78%-#/! )&#$/#-#$! '/4! l{0:J%&:=&4:=-$-4/4! <-)(&.-*%/4! ND-%$*#/53 843 ,69A!

M__kP;!K/4!:/$*$/4!<-)(&./4!:%,4/#$/#$!(#/!6&%$/!-)$*<*$,!:%&$,&.J$*@(/!/$!*.!-!,$,!7&#$%,!

@(3/../4! )&#$*/##/#$! .3(#/! '/4! :%&$,-4/4! -44&)*,/4! 9! .-! 4,#/4)/#)/! ./4! :.(4! )&##(/4!m!

[Tg1M!NV$/+(*3843,69A!M__pP;!I(!6-*$!'/!./(%!6&%$/!-)$*<*$,!:%&$,&.J$*@(/!/$!'/!./(%!)&#$/#(!

/#! :%&$,*#/4! )=.&%&:.-4$*@(/4A! ./4! [Ts4! 4&#$! (#! 4*$/! 6-<&%-8./! 9! .-! ',+%-'-$*&#! '/4!

:%&$,*#/4!)=.&%&:.-4$*@(/4;!

T*#4*A! 8*/#! @(3*.! 4/78./! @(/! .-! ',+%-'-$*&#! '/! .-! %(8*4)&! )&77/#)/! '-#4! ./!

)=.&%&:.-4$/A!./!7,)-#*47/!)&7:./$!%/4$/!*#)&##(;!23-($&:=-+*/!:&(%%-*$!:-%$*)*:/%!9!.-!

4(*$/!'/!4-!',+%-'-$*&#!/$!9!4&#!$%-#4:&%$!H(4@(39!.-!<-)(&./;!K=*8-!-!7&#$%,!.-!:%,4/#)/!

'/! B!W(8*4)&! K&#$-*#*#+! Y&'*/4!C! NWKY4P! '-#4! '/4! 6/(*../4! 4,#/4)/#$/4! NK=*8-3 843 ,69A!

M__XP;! K/4! )&%:4! 4:=,%*@(/4! )&#$/#-#$! '/! .-! %(8*4)&! -*#4*! @(/! '3-($%/4! :%&$,*#/4! '(!

4$%&7-! )=.&%&:.-4$*@(/A! 4/78./#$! #/! :&(<&*%! O$%/! 6&%7,4! @(/! .&%4@(/! ./! )r(%! '/! .-!

7-)=*#/%*/! -($&:=-+*@(/! /4$! 6&#)$*&##/.;! T*#4*A! .-! :%,4/#)/! '/! WKY! ',:/#'%-*$! '(!

:%&)/44(4!'3-($&:=-+*/!N"4=*'-3843,69A!M__kP;!

!

M;X; 2/4!/#5J7/4!*7:.*@(,/4!'-#4!.-!%/7&8*.*4-$*&#!

!

2&%4@(/! .-! 6/(*../!4,#/4)/! 4&(4! .3/66/$!'/! .-! .*7*$-$*&#!/#!-5&$/A! ./4!+G#/4!)&'-#$!

./4!/#5J7/4!*7:.*@(,/4!'-#4!.-!%/7&8*.*4-$*&#!4&#$!*#'(*$4!NY()=-#-#0w&..-4$&#A!1\\b!c!

Z*+(%/! 1]!c! D-4).-(>0I-(8%/44/3 843 ,69A! M_1_P;! 23-)$*<*$,! '/4! /#5J7/4! *7:.*@(,/4! '-#4!

.3-44*7*.-$*&#! '/! .3-5&$/! )&77/! .-! #*$%-$/! %,'()$-4/! '*7*#(/! -.&%4! @(/! .3-)$*<*$,! '/4!

+.($-7*#/! 4J#$=,$-4/! )J$&4&.*@(/4! /$! '/4! +.($-7-$/! ',4=J'%&+,#-4/A! /#5J7/4!

:-%$*)*:-#$!9!.-!%/7&8*.*4-$*&#!-(+7/#$/!N2/7-*$%/3843,69A!M__kP;!

2-! +.($-7*#/! /$! .3-4:-%-+*#/! 4&#$! ',)%*$4! )&77/! ./4! -)*'/4! -7*#,4!

7-H&%*$-*%/7/#$! $%-#4:&%$,4! '-#4! ./4! <-*44/-(>! '(! :=.&G7/! NZ/../%! a! Z*4)=/%A! 1\\jc!



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

! 0!X_!0!

D-4).-(>0I-(8%/44/3843,69A!M__kP;!2-!',+%-'-$*&#!'/4!:%&$,*#/4!/#$%-E#-#$!.-!.*8,%-$*&#!

'3-)*'/4!-7*#,4A!./(%!/>:&%$!</%4!./4!&%+-#/4!:(*$4A!#,)/44*$/%-*$!-*#4*!(#/!#,&4J#$=G4/!

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

:%&$,*#/4! 4&#$!,+-./7/#$! )-$-8&.*4,4! /#! 4@(/./$$/4! )-%8&#,4!/$! /#! -77&#*(7!:.,! '/4!

%,-)$*&#4!'/!$%-#4-7*#-$*&#!/$!'/!',4-7*#-$*&#!NY()=-#-#0w&..-4$&#A!1\\bc!D-4).-(>3

843 ,69A! M__1P;! 2-! +.($-7-$/! ',4=J'%&+,#-4/! NgIlP! 7*$&)=&#'%*-./! :/%7/$! .-!

$%-#46&%7-$*&#! '(! +.($-7-$/! /#! !0),$&+.($-%-$/! -</)! .*8,%-$*&#! '3-77&#*(7;! 23!0

),$&+.($-%-$/!:/($!-.&%4!4/%<*%!'/!4@(/./$$/!)-%8&#,!:&(%! .-!4J#$=G4/!'/4!4()%/4;!I/! .-!

7O7/!7-#*G%/A!./!4=(#$!'(!gTYT!:/%7/$$%-*$!'/!6&(%#*%!'(!4())*#-$/!-(!)J)./!'/!n%/84!

/$!.*8,%/%-*$!'/!.3-77&#*(7;!23-77&#*(7!-*#4*!.*8,%,!4/%-*$!%,-44*7*.,!/#!)&#</%$*44-#$!

./!+.($-7-$/!/#!+.($-7*#/!+%^)/!-(>!*4&6&%7/4!)J$&4&.*@(/4!'/!.-!+.($-7*#/!4J#$=,$-4/!

Ng[1P! *#'(*$/4! -(! )&(%4! '/! .-! 4,#/4)/#)/;! 23*4&6&%7/! 1! '/! .3-4:-%-+*#/! 4J#$=,$-4/A!

/#5J7/! 9! .3&%*+*#/! '/! .-! 4J#$=G4/! '3-4:-%-+*#/A! :&(%%-*$! /../! -(44*! :-%$*)*:/%! 9! .-!

%/7&8*.*4-$*&#!'/!.3-5&$/!:(*4@(/!./4!+G#/4!)&'-#$!)/$$/!:%&$,*#/!4&#$!,+-./7/#$!*#'(*$4!

-(! )&(%4! '/! .-! 4,#/4)/#)/! N2-73 843 ,69A! M__Xc! Y/+&#-!l/%%/%-0W&'%*+(/53 843 ,69A! M__]P!c!

2-(%/!g-(6*)=&#A!M__]0M__\P;!

!

!

'" W18>;*=U>8;*431=*>/0123450678*8D*=@43D;8*P*1D8*
A0=8DA8*82*01*A31=;*E1*E@C8>3448<8D2*X*

!

2-! ',)&(</%$/! '3=&7&.&+(/4! '/4! +G#/4! '3-($&:=-+*/! )=/5! ./4! :.-#$/4! :(*4! ./4!

%/)=/%)=/4!7/#,/4!)=/5!./4!7($-#$4!'3-($&:=-+*/!:-%!./4!+%&(:/4!'/!I*-#/!Y-44=-7A!'/!

W*)=-%'! s*/%4$%-! /$! '3e&4=*#&%*! V4=(7*! Nn&=`*! e&4=*7&$&P! &#$! :/%7*4! '/! )&#6*%7/%!

.3/>*4$/#)/!'3(#!:%&)/44(4!'/!7-)%&0-($&:=-+*/!6&#)$*&##/.!)=/5!./4!<,+,$-(>;!

2/4!7($-#$4!'3-($&:=-+*/!',)%*$4!'-#4!.-!.*$$,%-$(%/A!9!4-<&*%!,4D^FG!NI&/..*#+3843

,69A! M__MPA! ,4DEFG! Nl-#-&`-3 843 ,69A! M__MPA! ,4D_,_-FG! Ne&4=*7&$&3 843 ,69A! M__jPA! ,4DKFG!

NU=&7:4&#3843,69A!M__pPA!,4DGVFG!NQ=*..*:43843,69A!M__kPA!,4DH!Ne&4=*7&$&3843,69A!M__\P!/$!

.-! :.-#$/! $%-#4+,#*@(/! WfT*0TUg1k-! Nt*&#+3 843 ,69A! M__pP! 4&#$! $&(4! ',6*)*/#$4! '-#4! ./!

:%&)/44(4! '3-($&:=-+*/;! U&($/6&*4A! $&($/4! )/4! :.-#$/4! 7($-#$/4! 4&#$! )-:-8./4! '/! 4/!

',</.&::/%!H(4@(39!.-!:%&'()$*&#!'/!+%-*#/4!/#!)&#'*$*&#!#&%7-./!'/!#($%*$*&#;!



 

 

!"#$%&' ()*' +,-./012&' 3&' 4&.&45&.5&' 2%-5/5&' 3&4' 6$07.04' 387$0/2,7#"&' 4/$4'3&4' 5/.3"0"/.4' 3&'

.$0%"0"/.'%"5,&*'

!"#$%&'%("#")#*"$#+&)%,)$#-./0%12-34$2$!"#$%#")#"#$&#3,)#5)5#6&*)2'5$#$&0#-"#*%#'"0+26&*2)"#7#889:;#",#<3&0$#

*3,($#")#3,)#0"=&#&,"#$3*&)23,#,&)02)2'"#$)%,-%0-#4",-%,)#$2>#$"+%2,"$#?@.%40A$#B3$C2+3)3#'#!"(D;# 8EEFGD#

!

!"#$%&' ()*' +&' ,%-."/' 01&2,%&33"-4' 0&'#5 4&3' 633-7"83' 9' /16$:-,;6#"&' &4'. -47:"-4' 0&'0 "..8%&4:3'

:%6":&<&4:3'"40$"364:'/6'384&37&47&'3-4:',%83&4:83*'

"#! $%&&'()%*+! ,! -.! (/*'($'*$'! 0%-1.1&'! +/2'-%))'3'*4.-'5! 67#! $%&&'()%*+! ,!- 8%39&.:'! 1*+121+;'-! +'(!

0';1--'(!'*$%&'!.44.$</'(!(;&!-.!)-.*4'!'4!6=>!$%&&'()%*+!.;?!0';1--'(!+/4.$</'(!'4!1*$;9/'(!,!-8%9($;&14/@!

A8/$<'--'!+'(!4'3)(!*8'(4!).(!-1*/.1&'!'4!'(4!+100/&'*4'!)%;&!$<.B;'!4&.14'3'*4@!C%;&!-'!4&.14'3'*4!D!"#!E5!-'!

&.))%&4!'*4&'!-'!+'&*1'&!)%1*4!+8/$<.*41--%**.:'5!3%3'*4!%F!GHI!+'!-.!)-.*4'!'(4!J.;*'5!'4!-8/$<.*41--%*!+'!

&/0/&'*$'!,!K!('3.1*'(!LKMN!'(4!)&/('*4/@!C%;&!-'(!+';?!.;4&'(!4&.14'3'*4(5!-8/$<'--'!+'(!.9($1(('(!'(4!'*!

J%;&(!L+N!L68.)&O(!P.*!+'&!Q&..00!!"#$%@5!RSSTN@!



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

! 0!X1!0!

2/4! 7($-#$4! '3-($&:=-+*/! :%,4/#$/#$! (#! :=,#&$J:/! '/! 4,#/4)/#)/! :%,)&)/! /$!

-)),.,%,/!NZ*+(%/!1b!c!e&4=*7&$&3843,69A!M__\P;!K/!:=,#&$J:/!/4$!'3-($-#$!:.(4!'%-4$*@(/!

@(/! ./4! :.-#$/4! 4&#$! )(.$*<,/4! /#! 4*$(-$*&#! '/! .*7*$-$*&#! #($%*$*&##/../! 4,<G%/! /$!

#&$-77/#$! /#! 4*$(-$*&#! '/! .*7*$-$*&#! -5&$,/;! 2/! H-(#*44/7/#$! '/4! 6/(*../4A!

)-%-)$,%*4$*@(/! 7-)%&4)&:*@(/! '/! .-! 4,#/4)/#)/A! 4/! :%&'(*$! /#! :%/7*/%! .*/(! 4(%! ./4!

<*/*../4!6/(*../4!:(*4!:%&+%/44/!4())/44*</7/#$!9!.3/#4/78./!'/!.-!%&4/$$/;!

23/>:%/44*&#!'/!:.(4*/(%4!+G#/4!*AB!/4$!%,+(.,/!-(!)&(%4!'/!.-!4,#/4)/#)/!7-*4!

-(44*!:-%!.-!)-%/#)/!)-%8&#,/!&(!-5&$,/!Nw*#+./%3843,69A!M__\P;!T!.-!4(*$/!'3(#/!)-%/#)/!

/#! 4()%/A! ./4! +G#/4! *4*ABNA! *4*AB_,A! *4*AB_-A! *4*AB^! /$! *4*ABI,F*4*ABI.! 4&#$!

%-:*'/7/#$!/$!6&%$/7/#$!*#'(*$4!NW&4/3843,69A!M__]P;!23,$('/!$%-#4)%*:$&7*@(/!7/#,/!4(%!

'/4! 6/(*../4!-J-#$! 4(8*!'/4! $%-*$/7/#$4! *#'(*4-#$! .-! 4,#/4)/#)/!7&#$%/!@(/!1\!'/4!M1!

+G#/4!'3-($&:=-+*/!:%,4/#$4!4(%!./4!:()/4!4&#$!*#'(*$4!N<-#!'/%!g%--663843,69A!M__]P;!2/4!

+G#/4!T$TUgbA!T$TUgk-A!T$TUgk/!/$!*ABE!4&#$!./4!:.(4!6&%$/7/#$!*#'(*$4A!-(44*!8*/#!-(!

)&(%4!'/!.-!4,#/4)/#)/!',</.&::/7/#$-./!@(/!'/!.-!4,#/4)/#)/!*#'(*$/!NZ*+(%/!1k!c!<-#!

'/%! g%--663 843 ,69A! M__]P;! 2-! )-%/#)/! -5&$,/! *#'(*$! ,+-./7/#$! '/! #&78%/(>! +G#/4! '/!

.3-($&:=-+*/!)=/5!./!7-q4!NK=(#+3843,69A!M__\P;!23-(+7/#$-$*&#!'/!.3/>:%/44*&#!'/4!+G#/4!

*AB!/#!)&#'*$*&#!'/!)-%/#)/!#($%*$*&##/../!4/!$%-'(*$!/#4(*$/!:-%!(#/!*#'()$*&#!'(!6.(>!

-($&:=-+*@(/;!F#!/66/$A!'/!#&78%/(>!-($&:=-+&4&7/4!4&#$!&84/%<,4!'-#4!./4!)/..(./4!'/!

%-)*#/4!'3T%-8*'&:4*4!-J-#$!4(8*!(#/!)-%/#)/!/#!-5&$/!Ne&4=*7&$&3843,69A!M__jP;!

W,)/77/#$A!'/4!$%-<-(>!7/#,4!:-%!"4=*'-!/$!-.;!N"4=*'-3843,69A!M__kP!7&#$%/#$!@(/!

./! $%-#4:&%$! '/! %(8*4)&! /$! '/! :%&$,*#/4! '(! 4$%&7-! )=.&%&:.-4$*@(/! '-#4! '/4! B!W(8*4)&!

)&#$-*#*#+! 8&'*/4!C! NWKYP! </%4! .-! <-)(&./! #3/4$! :.(4! &84/%<,! )=/5! ./4! 7($-#$4!

'3-($&:=-+*/;![(++,%-#$!@(/!./!:%&)/44(4!4&*$!#,)/44-*%/!9!.-!6&%7-$*&#!'/4!WKY!/$!9!./(%!

$%-#4:&%$A! ./! 7&'G./! NZ*+(%/! 1\!c! "4=*'-3 843 ,69A! M__kP!:%&:&4/! @(3(#! 4$%&7(./!

8&(%+/&##/%-*$!'(!)=.&%&:.-4$/!/$! 4/%-*$!:%*4! /#!)=-%+/!/$! /#+.&8,!:-%!(#/!7/78%-#/!

-($&:=-+*@(/!)&#'(*4-#$!9!.-!6&%7-$*&#!'3(#!WKY;!K/!WKY!4/%-*$!-.&%4!<,=*)(.,!H(4@(39!.-!

<-)(&./! :-%! (#/! <&*/! ',:/#'-#$/! '/4! -)$/(%4! '/! .3-($&:=-+*/;! K/4! &84/%<-$*&#4!

4(++G%/#$! -*#4*! @(/! .3-($&:=-+*/! :&(%%-*$! :-%$*)*:/%! 9! .-! %/7&8*.*4-$*&#! '/! .3-5&$/!

)=.&%&:.-4$*@(/;!!

D&#! $%-<-*.! '/! $=G4/! 43*#4)%*$! '-#4! )/! )&#$/>$/! /$! -! :&(%! &8H/)$*6! '3,$('*/%!

.3*7:.*)-$*&#! '/! .3-($&:=-+*/! '-#4! ./! %/)J).-+/! #($%*$*&##/.! )=/5! .-! :.-#$/! 7&'G./!

*+,-./012.23 45,6.,7,;! K/$$/! ,$('/! -! ,$,!7/#,/! :-%! '/4! -::%&)=/4! '/! :=J4*&.&+*/! '/! .-!



 

!"#$%&'()*'+,-./&'0%,0,12'0,$%'/3'-2#%3-34",5'-&'/3'%$6"17,'&4'0%,636/&8&54'-93$4%&1'0%,42"5&1'

-$'14%,83'03%'/93$4,0:3#"&';"3'/&1'<=>1'?<$6"17,'=,543"5"5#'>,-"&1@ * !!

"#!$%#&'('%#!&)!$*+)#$)!#,(+'('%##)--)!.,'!'#&,'(!-/*,(%01*2')3!,#!4(+%5,-)!6%,+2)%##*#(!&,!$1-%+%0-*4()!

)4(! 47.,)4(+7! 0*+! ,#)! 5)56+*#)! &/'4%-*('%#8! 9)!: ;<3! ,#!*,(%01 *2%4%5)! $%#()#*#(! &)4! $%#()#,4! &,!
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0>>#V' >#' (]Fi' UZ' #%/?V' -%$#"$&B' T>F0>.%$%>-.' >@' -4$#%$%N&' .>24$%>-.' "#&' 5&./#%3&5' %-'
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!"#$%&'('

' )'++')'
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F" P:9=%9%DH=(9#1#E:&#%<':@A%B(=#C:;()>#:C>)&O%'(:9#

'

'' :?&'0#%F"#J'#>>$.'>@'9#"3%5>0.%.'.&&52%-=.'=#>\-'>-'N&#$%/"2'02"$&'@>#'>-&'\&&_'

".' 5&./#%3&5' "3>N&1' \&#&' /4$' "-5' %-/43"$&5' %-' i4#".?%=&' "-5' I_>>=' (r' .4/#>.&'

U0d`BgV1'/>-$"%-%-='c]'Fi'>@'-%$#>=&-1'UoZV'>#'iYI'U*Fi1'0d`BgV'-%$#>=&-'@#&&'34@@&#'

U)ZVB'L-'3>$?'Zo'"-5'Z)'F&5%"1'('µi'>@'/>-/"-"FJ/%-'9'U/>-/9e'T)^g]`e'I%=F")925#%/?V1'

.>243%2%.&5' %-' 5%F&$?J2' .42@>O%5&' U,iI;V1'\".' "55&5B' P>#' ->' />-/9' />-$#>21' $?&' ."F&'

N>24F&'>@',iI;'\".'"55&5'$>'$?&'oZ'"-5')Z'F&5%"B'L-/43"$%>-'%-'/>-/9'\".'0&#@>#F&5'

@>#'S'$>'+'?>4#.'"$'S*qT'%-'$?&'5"#_B''

P>#' "4$>0?"=%/' 3>5%&.' >3.&#N"$%>-1' 0#%F"#J' #>>$.' $#&"$&5' \%$?' />-/9' \&#&'
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,-..&' /-01' 23"4-/1' 567#%$' 5"/1' 23%/$#-507$%-/' 86/6#"2&9' 2"' #&.-:%2%1"$%-/' 5&'

23";-$&'&1$'0/'<#-7&1101'%.<-#$"/$'<&#.&$$"/$'0/&'67-/-.%&'/0$#%$%-//&22&'='2"'<2"/$&>'

?22&' %.<2%@0&' 2"' 568#"5"$%-/' 5&'."7#-.-26702&1' &$' 2&' $#"/1<-#$' 5&1' <#-50%$1' 86/6#61'

4&#1'2&1'<"#$%&1'&/'7#-%11"/7&'5&'2"'<2"/$&>'A&'#B2&'50'56."/$C2&.&/$'5&1'7D2-#-<2"1$&1'

"0'7-0#1'5&'7&'<#-7&1101'&1$'$#C1'%.<-#$"/$'<-0#'2&'#&7E72"8&'5&'23";-$&9'<0%1@0&'7&0F)7%'

7-/$%&//&/$' 2"' ."G&0#&' <"#$%&' 5&1' <#-$6%/&1' H-2%"%#&1>' I%&/' @0&' 2&1' <#-$6%/&1'

7D2-#-<2"1$%@0&1' 1-%&/$' 0/&' 1-0#7&' ."G&0#&' <-0#' 2&' #&7E72"8&' 5&' 23";-$&' H-2%"%#&9' 2&0#'

.67"/%1.&'5&'568#"5"$%-/'&1$'."2'7-//0>'J/'5&1'.67"/%1.&1'@0%'<-0##"%$'E'<"#$%7%<&#'
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('Se]?O9'!2"/$'\7%&/7&',&/$&#9'U10#0.%)^09'Q-^-D"."'(bZ)ZZ*M9'c"<"/'

b' eOST9'JaS' eOST)J,IO'hMZ9'?7-<DE1%-2-8%&'g686$"2&9'T8#-/-.%&'&$'O0$#%$%-/1'O9,9\9'
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)
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!#-7&11&1' "22-_%/8' $D&' #&7E72%/8' -H' -#8"/%7' /%$#-8&/' "/5' &F<-#$' $-' 1%/^1' 2%^&'

E-0/8' 2&"4&1' "/5' 1&&51' "#&' %.<-#$"/$' 5&$&#.%/"/$1' -H' <2"/$' E%&259' &1<&7%"22E' _D&/'

<2"/$1' "#&' /%$#"$&' 2%.%$&5>' I&7"01&' "0$-<D"8E' %1' %/507&5' 50#%/8' 2&"H' "8&%/8' "/5' %/'

#&1<-/1&'$-'/%$#-8&/'1$"#4"$%-/9'%$1'#-2&'%/'/%$#-8&/'#&.-:%2%;"$%-/'_"1'101<&7$&5>'e$'_"1'

%/5&&5' #&7&/$2E' 1D-_/' $D"$' "0$-<D"8E' <"#$%7%<"$&1' $-' $D&' $#"HH%7^%/8' -H' S0:%17-'
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%/'!"#'.0$"/$1'$D"/'%/'_%25'$E<&'%##&1<&7$%4&'$-':%-."11'5&H&7$1'"/5'_D"$&4&#'/%$#-8&/'
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Figure 1: Early senescence phenotype of autophagy-defective mutants under nitrogen-rich and nitrate

limiting conditions. The wild type, atg5-1, atg9-2 and RNAi18 Arabidopsis lines were grown on sand under

short-day (8h light/16h dark) condition for 56 days after sowing (DAS), then transferred to long-day (16h

light/8h dark) until harvest. Plants were grown under nitrate-rich (HighN, on the left) and nitrate-limiting

(LowN, on the right) conditions. Phenotypes of rosettes at 70 DAS are shown.



!"#$%&'('

' )'Mb')'

zS&.[' _"1' &1$%."$&5' "1' u' -H' ,-2' 7-/$#-2' $-' 7-.<"#&' $D&' /%$#-8&/' #&.-:%2%;"$%-/'

&HH%7%&/7E' XOS?[' <&#H-#."/7&1' :&$_&&/' 8&/-$E<&1' %/5&<&/5&/$2E' -H' :%-."11' &HH&7$1>'

UD&' ,u\??W\' "/5' Ou\??W\' "#&' ^&E' %/5%7"$-#1' H-#' 1&&5' H%22%/8>' a-#&' 5&$"%21' ":-0$' $D&'

1%8/%H%7"/7&' -H' "22' $D&' %/5%7"$-#1' 7%$&5' ":-4&' 7"/' :&' H-0/5' %/' a"172"0F)W"0:#&11&' l'

,D"#5-/'X(ZLL[>'

'

L&$&'G&'B$D)$H$DSG'G'

' ?F<&#%.&/$1'_&#&'7"##%&5'-0$'%/'$_-'%/5&<&/5&/$':%-2-8%7"2'#&<&"$1'XSL'"/5'S(['

<&#H-#.&5' "1' $_-' 7-/1&70$%4&' 702$0#&' 7E72&1' %/' $D&' 1".&' 8#-_$D' 7D".:&#>' TORgT'

O&_."/)]&021'X\O]['7-.<"#%1-/'_"1'<&#H-#.&5'01%/8'YA\UTU>'TORgT'"/"2E1&1'_&#&'

7"##%&5'-0$'01%/8'#"_'5"$"'H-#'"22'$D&'.&"10#&5'"/5'7"2702"$&5'$#"%$1'%/'-#5&#'$-'"/"2E;&'

$D&' &HH&7$1' -H' 8&/-$E<&19' /0$#%$%-/' "/5' :%-2-8%7"2' #&<&"$1' "1'_&22' "1' $D&%#' %/$&#"7$%-/1>'

TORgT' "/"2E1&1' "#&' <#&1&/$&5' %/' \0<<2&.&/$"2' `%8>\L' "/5' 1D-_' $D"$' $D&' 1$#-/8&1$'

&HH&7$1'_&#&'50&'$-'8&/-$E<&1'"/5'/0$#%$%-/9'_D%2&'#&<&"$1'&HH&7$1'_&#&'2-_&#'H-#'.-1$'-H'

$D&'$#"%$1>'W"$"'_&#&'D-_&4&#'/-#."2%;&5'"77-#5%/8'$-'$D&'.&"/'-H'#&<&"$1'SL'"/5'S('

:&H-#&':&%/8'01&5'H-#'H0#$D&#'"/"2E1%1>'UD&'/0.:&#'-H'<2"/$'#&<&"$1'_"1'$D&/'&%8D$'"/5'

$_&24&' H-#' $D&' 1&$'-/&' "/5'1&$' $_-'-H' &F<&#%.&/$1>' !#%/7%<"2',-.<-/&/$'T/"2E1%1'_"1'

<&#H-#.&5'01%/8'$D&'a?g*>b'1-H$_"#&>'

)

:4L/,0L)

'

.=&>?@$AS)'G)(GG(H&'$D)R>%)Q(A(&$&'Q()F'>E$GG)$HI)G((I)?%>I=B&'>H)N@$&(Q(%)?D$H&)

H=&%'&'>H)F=&)I>(G)H>&)E>I'RS)@$%Q(G&)'HI(V)

e/'-#5&#'$-'%/4&1$%8"$&'$D&'&HH&7$'-H'$D&'"0$-<D"8E'7-#&'."7D%/&#E'-/'<2"/$'E%&25'

"/5'8#"%/'H%22%/8'%/'#&1<-/1&'$-'/%$#-8&/'/0$#%$%-/9'$D#&&'"0$-<D"8E'.0$"/$1'X!"#$%&'"/5*

!"#'%(['"/5'-/&'SOT%'2%/&'XSOT%LV'H-#'562&<!'SOT%['<#&4%-012E'7D"#"7$&#%;&5'%/'$D#&&'

5%HH&#&/$'2":-#"$-#%&1'_&#&'1$05%&5'"$'H%#1$'Xk"/"-^"')"*!+,9'(ZZ(j'UD-.<1-/')"*!+,9'(ZZMj'

Y%-/8')"*!+,9'(ZZM[>'T1'5&17#%:&5'<#&4%-012E9'!"#$%&3*!"#'%(9'SOT%LV'_&#&'1&/&17%/8'&"#2E'

7-.<"#&5' $-'_%25' $E<&' "/5'_&#&' DE<&#1&/1%$%4&' $-' /0$#%&/$' 2%.%$"$%-/' X`%80#&'L[>' UD&'

5#E'_&%8D$' -H' $D&%#' 5#E' #&."%/1' XWS9' `%8>(TI[' "/5' $-$"2' 1&&51' X\??W\9' `%8>(,W['_&#&'

%/5&&5' 2-_&#' $D"/' $D"$'-H'_%25' $E<&' "/5' 5#E'_&%8D$'5%HH&#&/7&1' :&$_&&/'.0$"/$1' "/5'

_%25' $E<&'_&#&'D%8D&#'0/5&#' 2-_' XA-_O[' $D"/'0/5&#'D%8D'/%$#-8&/'/0$#%$%-/' Xk%8DO[>'

k-_&4&#9' $D&#&' _"1' /-' 1%8/%H%7"/$' 5%HH&#&/7&' -H' D"#4&1$' %/5&F'



DWDR LowN

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7
DWDR HighN

0

0.5

1

1.5

2

2.5

DWSEEDS LowN

0.05

0.1

0.15

0.2

0.25

0.3

0.35

DWSEEDS  HighN

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

R
N

A
i1

8HI LowN

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

R
N

A
i1

8

at
g9

-2

at
g5

-1
C
ol

HI HighN

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

R
N

A
i1

8

at
g9

-2

at
g5

-1
C
ol

A B

C D

E F

g
 p

la
n
t-1

g
 p

la
n
t-1

R
el

at
iv

e 
v
al

u
e

a

b
bc

c

b b

c

a

ab bc

c

a a

b

ab ab

a
a

a
aa

a a
b

Figure 2: Statistical evaluation of biomass and yield under nitrate limiting (LowN) and nitrate rich (HighN)

conditions. The dry weight of the dry remains (DR) (A, B) the dry weight of total seeds (SEEDS) (C,D) and the harvest

index (HI=DWSEEDS/(DWSEEDS+DWDR)) (E,F) of wild type (dark bar) and autophagy mutants (grey bars) were measured

and computed at LowN (A,C,E) and HighN (B,D,F). Data are the adjusted means and standard deviations from two

biological repeats numbering four plants each. The different letters indicate values significantly different at p<0.05 (n=8)

as determined using XLSTAT ANOVA Newman-Keuls (SNK) comparison.
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Figure 3: Nitrogen use efficiency and nitrogen remobilization efficiency are decreased in autophagy

mutants.!The partitioning of total nitrogen and of 15N in seeds (NHI and 15NHI,respectively) were computed

(A,B,C and D). Normalized ratios !NHI and !Rem were calculated as NHI and 15NHI divided by harvest

index HI and expressed as % of Col value. !NHI and !Rem were used as indicators to estimate nitrogen use

efficiency and nitrogen remobilization efficiency respectively according to Masclaux-Daubresse and Chardon

(2011). Values estimated at LowN and HighN are adjusted means from two biological repeats with four

individual plants each (n=8). Black lines indicate standard deviations. The different letters indicate values

significantly different at p<0.05 as determined using XLSTAT ANOVA Newman-Keuls (SNK) comparison.
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Figure 4: Comparison of harvest index, nitrogen use efficiency and nitrogen remobilization efficiency

indicators in autophagy mutants and stay-green autophagy mutants under nitrate limiting (LowN) and

nitrate rich (HighN) conditions. Harvest index (HI=DWSEEDS/(DWSEEDS+DWDR)) (A,B), !NHI (C,D) and

!Rem (E,F) of controls (dark bar), autophagy mutants (white bars) and stay-green atg5-1.sid2 and atg5-

2.NahG  autophagy mutants (grey bars) were measured and computed at LowN (A,C,E) and HighN (B,D,F).

Normalized ratios !NHI and !Rem indicators were calculated as NHI and 15NHI divided by harvest index HI

and expressed as % of the Col wild type. HI of the stay-green atg5-1.sid2 and atg5-2.NahG double mutants

were intermediate between atg5-1 and atg5-2 mutant alleles and controls. !NHI and !Rem are not

significantly different between the autophagy atg5-1 and atg5-2 mutant alleles and the stay-green atg5-1.sid2

and atg5-2.NahG double mutants as shown by the letters below bars, but significant differences with controls

are estimated at both LowN and HighN. Note that scales are different at LowN and HighN. Values are

adjusted means from two biological repeats with six individual plants each (n=12). Black lines indicate

standard deviations. The different letters indicate values significantly different at p<0.05 (n=12) as

determined using XLSTAT ANOVA Newman-Keuls (SNK) comparison.
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Figure 5: Differences between group 1 (atg5-1 and atg5-2, black dots), group 2 ( atg5-1.sid2 and atg5-2.NahG, 1 
grey dots) and group 3 (Col, sid2 and NahG controls, white dots) illustrated using Principal Component Analysis 2 
representation and performed using the DWDR, N%DR, DWSEEDS, N%SEEDS, HI, NHI and Rem data estimated 3 
under nitrate limiting (left) and nitrate rich (right) conditions. PCA was performed using MEV3;4 software. 4 
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Figure 6: Schematic presentation of the possible role of autophagy machinery in nitrogen resources

degradation and remobilization to sink organs. In wild type (A) proteins to be recycled are proteolysed via

autophagy pathway as well as alternative pathways. Autophagy also controls cell waste accumulation,

oxidative stress and salycylic acid (SA) pathway. Autophagy mutants (B) are no more able to recycle nitrogen

from a part of the protein resources and are defective in managing cell waste, reactive oxygen species and SA.

Defects in autophagy-dependent proteolysis and premature cell death due to SA over-accumulation restrict

amino acid remobilization. In autophagy mutants defective for salicylic acid production (C), premature

senescence is prevented and the remobilization of the amino acids provided by the alternative proteolysis

pathways partially restored.
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0%$-M+(-:%(<)62"%/282%')B-)62"./012%')9%-'D!"#$%&#'()*$##);$1$'(%/;):8?=;)5HRH45HHP<)

)

J'/&9/,+-(;) d<=<) G766PI) FM+9/K+>%) (K$%((f) :-,%'3,/$) 0%$'%0K+-&) /&9) K$/&(93'K+-&) -#) (+.&/,()
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Supplemental data:

Regulation of autophagy by AtTOR



Autophagy machinery controls nitrogen remobilization at the

whole plant level under both limiting and ample nitrate

conditions in Arabidopsis.

Anne Guiboileau, Kohki Yoshimoto, Fabienne Soulay, Marie-

Paule Bataillé, Jean-Christophe Avice and Céline Masclaux-

Daubresse
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A

 

LowN 2mM !"!# $%!# &%!# !"'((!' $%'((!' &%'((!' ) *  $) *  
+,
$ ) *  # -.  $) *  

!"#" $ %  ! "  ! "  ! "  /0/1/  ! "  ! "  ! "  ! "  ! "  ! "  ! "  

&"'(%)#"  /02/3  ++045  ! "  /0+6+  +02/2  ++201  /0/43  /0624  /0624  1 0 2 6  /02,/  

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

HighN 10mM !"!# $%!# &%!# !"'((!' $%'((!' &%'((!' ) *  $) *  
+,
$ ) *  # -.  $) *  

!"#" $ %  ! "  5 0 6+  ,/ 0 4  ! "  ! "  ! "  /0/,+  ! "  ! "  ! "  ! "  

&"'(%)#"  , 0 3  ! "  ,3 0 1  / 0 6 4  2 0 4  ! "  ! "  ! "  ! "  + 0 / +  /0464  

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

 

 

LowN 2mM !"!# $%!# &%!# !"'((!' $%'((!' &%'((!' ) *  $) *  
+,
$ ) *  # -.  $) *  

!"#" $ %  ns ns ns 21 1.7 ns 0.15 ns ns ns ns 

&"'(%)#"  600 99.4 ns 919 20.6 380 0.416 2.57 2.06 3.8 3.8 

!"#"$%*&"'(%)#"  ns ns ns 35 1.3 380 ns ns ns ns ns 

HighN 10mM !"!# $%!# &%!# !"'((!' $%'((!' &%'((!' ) *  $) *  
+,
$ ) *  # -.  $) *  

!"#" $ %  ns ns ns 10 0.9 ns 0.23 0.047 0.116 ns ns 

&"'(%)#"  1588 13 ns 94 7.8 539 0.63 0.081 0.023 0.827 0.225 

!"#"$%*&"'(%)#"  ns ns 51 7 ns 539 ns ns 0.016 ns ns 

+
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Supplemental Figure S1: Global ANOVA and ANOVA at LowN and HighN performed on the two set

of experiments performed with controls and mutants

A. ANOVA at LowN and HighN of dry weight (DW, g), N concentration (N%, mg 100mg-1 DW), C

concentration (C%, mg 100mg-1 DW), HI (harvest index), NHI (nitrogen harvest index), 15NHI

(partition of 15N in seeds), NUE indicator (DNHI)  and Remobilization indicator (DRem) in wild

type Col, RNAi-18, atg9-2 and atg5-1 under HighN and LowN nutritions. Sums of square are

presented for genotype effects, repeat effects and genotype*repeat interactions. Only significant

effects (P<0.05) are presented.

B. Representation of global ANOVA of dry weight (DW, g), N concentration (N%, mg 100mg-1 DW), C

concentration (C%, mg 100mg-1 DW), HI (harvest index), NHI (nitrogen harvest index), 15NHI

(partition of 15N in seeds), NUE indicator (DNHI) and Remobilization indicator (DRem) in wild type

Col, sid2, NahG, atg5-1, atg5-2, atg5-1.sid2 and atg5-2.NahG under LowN and HighN nutritions.

Sums of square are presented for genotype effects, nutrition effects, repeat effects genotype*repeat,

genotype*nutrition, nutrition*repeat and genotype*nutrition*repeat interactions. Only significant

effects (P<0.05) are presented.

C. ANOVA at LowN or HighN of dry weight (DW, g), N concentration (N%, mg 100mg-1 DW), C

concentration (C%, mg 100mg-1 DW), C/N ratio, 15N enrichment (E%; 15N/N as %), HI (harvest

index), NHI (nitrogen harvest index), 15NHI (partition of 15N in seeds), NUE indicator (DNHI)  and

Remobilization indicator (DRem) in wild type Col, sid2, NahG, atg5-1, atg5-2, atg5-1.sid2 and atg5-

2.NahG  under LowN or HighN nutrition. Sums of square are presented for genotype effects, repeat

effects and genotype*repeat interactions. Only significant effects (P<0.05) are presented.



Supplemental Figure S2: Senescence phenotype of autophagy-defective  and salicylic acid defective

mutants under nitrate limiting conditions.

The atg5-1, atg5-2, atg5-1.sid2, atg5-2.NahG, sid2, NahG and ColArabidopsis lines were grown on sand

under LowN (left) and HighN (right) in short-day (8h light/16h dark) condition for 56 days after sowing

(DAS), then transferred to long-day (16h light/8h dark) until harvest. Phenotypes of rosettes at 70 DAS under

LowN are shown. Under HighN condition no differential senescing phenotype or biomass phenotype can be

observed between mutants and wild types.
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Supplemental Figure S3: Comparison of biomass and yield in stay-green autophagy mutants under

nitrate limiting (LowN) and nitrate rich (HighN) conditions. The dry weight of the dry remains (DR) (A,

B) and the dry weight of total seeds (SEEDS) (C,D) of controls (dark bar), autophagy mutants (white bars)

and stay-green atg5-1.sid2 and atg5-2.NahG  autophagy mutants (grey bars) were measured and computed at

LowN (A,C) and HighN (B,D). Data are the adjusted means and standard deviations from two biological

repeats numbering six plants each. The different letters indicate values significantly different at p<0.05 (n=12)

as determined using XLSTAT ANOVA Newman-Keuls (SNK) comparison.



Supplemental Figure S4: Total nitrogen and 15N partitionings are decreased in autophagy simple and

double mutants. Values estimated at LowN and HighN are adjusted means from two biological repeats with

six individual plants each (n=12) . Black lines indicate standard deviations. The different letters indicate

values significantly different at p<0.05 as determined using XLSTAT ANOVA Newman-Keuls (SNK)

comparison.
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atg5 vs Col 

repeat 1

atg5 vs Col 

repeat 2
Rank RP UP FDR Up

Rank RP 

Down 
FDR Down

AT1G73260 trypsin and protease inhibitor family protein / Kunitz family protein51,91 161,59 25 1,2108E-05 22789 0,00437001

AT3G04320;AT3G04330[AT3G04320, endopeptidase inhibitor];[AT3G04330, trypsin and protease inhibitor family protein / Kunitz family protein]26,62 60,06 65 2,469E-05 22750 0,00435424

AT3G22600 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein8,65 52,41 145 5,0394E-05 22609 0,00428333

AT3G19390 cysteine proteinase, putative / thiol protease, putative38,64 4,19 240 0,00010059 22454 0,00420294

AT5G10760 aspartyl protease family protein 8,08 12,68 323 0,00013881 22525 0,00423869

AT3G51330 aspartyl protease family protein 5,99 7,35 551 0,00022854 22341 0,00415438

AT5G55450 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein3,03 10,17 664 0,00025835 22043 0,00402764

AT1G18280 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein2,66 8,20 834 0,00032773 21846 0,00396767

AT1G49050 aspartyl protease family protein 4,17 4,09 983 0,00036606 21996 0,00401312

AT5G45570 Ulp1 protease family protein 1,34 13,68 999 0,00036849 20416 0,00344987

AT4G04460 aspartyl protease family protein 7,69 1,93 1068 0,00038678 21705 0,00391202

AT2G15325 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein5,46 2,70 1072 0,00038698 21891 0,0039816

AT5G04250 OTU-like cysteine protease family protein 5,95 2,04 1219 0,00042944 21677 0,00390073

AT5G24820 aspartyl protease family protein 4,36 2,36 1332 0,0004641 21684 0,00390262

AT1G37020 Ulp1 protease family protein 5,79 1,75 1380 0,00047699 21449 0,00382359

AT3G22570 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein2,23 3,93 1498 0,00050407 21416 0,00380575

AT4G21980 APG8A (AUTOPHAGY 8A); APG8 activating enzyme/ APG8-specific protease/ Atg8 ligase2,98 2,78 1525 0,00051248 21535 0,00385496

AT5G38170 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein2,25 2,92 1783 0,00057494 21260 0,00375729

AT2G39320 OTU-like cysteine protease family protein 3,07 2,09 1814 0,00057649 21315 0,00377839

AT2G17760 aspartyl protease family protein 2,07 3,03 1838 0,00058712 21174 0,00372727

AT4G22460 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein4,43 1,40 2019 0,00063332 20824 0,00359633

AT5G43060 cysteine proteinase, putative / thiol protease, putative2,25 2,35 2033 0,00063866 21115 0,00370135

AT3G51360 aspartyl protease family protein 5,69 1,12 2196 0,00068451 19909 0,00328842

AT1G64830 aspartyl protease family protein 5,54 1,07 2409 0,00073899 19455 0,00314413

AT5G22850 aspartyl protease family protein 2,33 1,72 2460 0,00075231 20801 0,00358755

AT3G59080 aspartyl protease family protein 1,78 2,25 2466 0,00075467 20668 0,0035458

AT1G73780 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,58 7,39 2709 0,00079799 11716 0,00175245

AT3G22260 OTU-like cysteine protease family protein 2,35 1,49 2820 0,00082158 20521 0,0034836

AT3G47060 ftsh7 (FtsH protease 7); ATP-dependent peptidase/ ATPase/ metallopeptidase1,85 1,70 2969 0,00085418 20431 0,00345345

AT1G05450 protease inhibitor/seed storage/lipid transfer protein (LTP)-related1,67 1,88 2993 0,0008572 20324 0,00342412

AT2G38900 serine protease inhibitor, potato inhibitor I-type family protein2,88 1,24 3012 0,00085834 20052 0,00334277

AT4G12490 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,67 5,56 3135 0,00087722 13607 0,0019839

AT2G42980 aspartyl protease family protein 1,33 2,31 3184 0,00089021 19753 0,0032384

AT5G15250 FTSH6 (FTSH PROTEASE 6); ATP-dependent peptidase/ ATPase/ metallopeptidase/ peptidase/ zinc ion binding3,32 1,11 3187 0,00089075 19493 0,00315857

AT5G46900;AT5G46890[AT5G46900, protease inhibitor/seed storage/lipid transfer protein (LTP) family protein];[AT5G46890, protease inhibitor/seed storage/lipid transfer protein (LTP) family protein]0,28 6,77 3188 0,0008915 5474 0,00109586

AT1G73560 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,26 6,78 3198 0,00089256 5094 0,00104835

AT1G17860 trypsin and protease inhibitor family protein / Kunitz family protein1,56 1,85 3238 0,00089955 20095 0,00335453

AT5G05110 cysteine protease inhibitor, putative / cystatin, putative1,63 1,72 3294 0,00091074 20121 0,00336368

AT5G62080 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,95 3,48 3341 0,00092109 17709 0,00268489

AT1G72290 trypsin and protease inhibitor family protein / Kunitz family protein3,91 0,98 3375 0,00092713 18436 0,00286029

AT1G07190 FUNCTIONS IN: molecular_function unknown; INVOLVED IN: biological_process unknown; LOCATED IN: cellular_component unknown; BEST Arabidopsis thaliana protein match is: LON1 (LON PROTEASE 1); ATP binding / ATP-dependent peptidase/ serine-type peptidase (TAI3,09 1,08 3432 0,00094141 19279 0,00307957

AT2G21430 cysteine proteinase A494, putative / thiol protease, putative1,84 1,42 3560 0,0009611 19993 0,003321

AT1G62170 serpin family protein / serine protease inhibitor family protein3,61 0,98 3590 0,000965 18331 0,00283111

AT3G12700 aspartyl protease family protein 2,14 1,26 3604 0,0009681 19847 0,00326974

AT2G14540 serpin family protein / serine protease inhibitor family protein0,86 3,39 3663 0,00097807 16641 0,00246234

AT2G07190 LOCATED IN: cellular_component unknown; EXPRESSED IN: 18 plant structures; EXPRESSED DURING: 9 growth stages; CONTAINS InterPro DOMAIN/s: Region of unknown function DUF1985 (InterPro:IPR015410); BEST Arabidopsis thaliana protein match is: Ulp1 protease fa1,98 1,30 3696 0,00098293 19852 0,00327087

AT3G15580 APG8H (AUTOPHAGY 8H); APG8 activating enzyme/ APG8-specific protease/ Atg8 ligase/ microtubule binding1,66 1,48 3732 0,00099156 19876 0,00327738

AT5G45120 aspartyl protease family protein 1,55 1,57 3748 0,00099417 19812 0,00326027

AT2G27395 pseudogene of cysteine protease-related 4,41 0,16 5234 0,001212 1993 0,00070595

AT5G40560 DegP13 (DegP protease 13); catalytic/ protein binding / serine-type endopeptidase/ serine-type peptidase3,66 0,34 5826 0,00127296 4572 0,00099113

AT5G38195 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein3,29 0,09 6478 0,00135414 895 0,00046456

AT4G12920 aspartyl protease family protein 0,22 2,19 6994 0,00141672 4128 0,00094634

AT1G65240 aspartyl protease family protein 0,14 1,80 8303 0,00156456 2693 0,0007945

AT2G28030 aspartyl protease family protein 2,17 0,08 8782 0,00161425 762 0,00043427

AT1G35625;AT1G35630[AT1G35625, peptidase/ protein binding / zinc ion binding];[AT1G35630, protease-associated zinc finger (C3HC4-type RING finger) family protein]1,98 0,30 9265 0,00165383 3762 0,00090197

AT3G22620 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,27 1,13 13741 0,00209742 4246 0,00095583

AT4G22490 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein1,23 0,32 14419 0,00218891 3375 0,00087027

AT4G22610 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,07 1,07 15194 0,00229261 1066 0,00050697

AT5G56480 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,21 1,06 15197 0,00229279 3094 0,00084093

AT3G07450 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,03 0,95 17468 0,00263085 294 0,00031388

AT2G48130 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,95 0,41 17506 0,0026351 3718 0,00089716

AT1G25510 aspartyl protease family protein 0,15 0,91 18202 0,00275346 1934 0,00070171

AT5G52160 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,86 0,51 18280 0,00276677 4518 0,00098496

AT4G35880 aspartyl protease family protein 0,23 0,89 18254 0,00276754 2736 0,00079446

AT3G05790 LON4 (LON PROTEASE 4); ATP binding / ATP-dependent peptidase/ nucleoside-triphosphatase/ nucleotide binding / serine-type endopeptidase/ serine-type peptidase0,87 0,30 18723 0,00284365 2375 0,00075852

AT5G36260 aspartyl protease family protein 0,81 0,47 19028 0,00290138 3715 0,00089606

AT4G12530 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,08 0,82 19894 0,00310855 890 0,00046518

AT1G47710 serpin, putative / serine protease inhibitor, putative 0,46 0,73 20000 0,00314105 4008 0,00093617

AT5G64080 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,52 0,68 20206 0,00319026 4061 0,00094163

AT3G61820 aspartyl protease family protein 0,36 0,74 20249 0,00320112 3055 0,0008362

AT3G43720 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,44 0,71 20250 0,00320137 3689 0,00089438

AT1G36150 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,25 0,74 20567 0,00328305 2143 0,00072057

AT3G54400 aspartyl protease family protein 0,51 0,61 20771 0,003343 3252 0,00085472

AT3G50050 aspartyl protease family protein 0,28 0,68 21167 0,0034582 1922 0,00070053

AT1G79560 FTSH12 (FTSH PROTEASE 12); ATP-dependent peptidase/ ATPase/ metallopeptidase0,40 0,62 21246 0,00348802 2394 0,00076176

AT1G62290 aspartyl protease family protein 0,23 0,65 21487 0,0035825 1489 0,00061159

AT1G01300 aspartyl protease family protein 0,41 0,54 21627 0,00362965 1866 0,00069708

AT4G12470 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein0,44 0,50 21643 0,00363583 1811 0,00069103

AT4G30040 aspartyl protease family 0,21 0,55 22047 0,00382818 1004 0,00048816

AT1G63280 serpin-related / serine protease inhibitor-related 0,40 0,24 22200 0,00390265 735 0,0004203

AT2G35570 pseudogene, serpin (serine protease inhibitor) family, similar to phloem serpin-1 (Cucurbita maxima) GI:9937311; blastp match of 49% identity and 9.9e-85 P-value to GP|26224736|gb|AAN76362.1||AY158152 serpin-like protein {Citrus x paradisi}0,07 0,55 22228 0,00391846 347 0,00033522

AT2G35570 pseudogene, serpin (serine protease inhibitor) family, similar to phloem serpin-1 (Cucurbita maxima) GI:9937311; blastp match of 49% identity and 9.9e-85 P-value to GP|26224736|gb|AAN76362.1||AY158152 serpin-like protein {Citrus x paradisi}0,07 0,55 22228 0,00391846 347 0,00033522

AT5G19740;AT4G07670[AT5G19740, peptidase M28 family protein];[AT4G07670, protease-associated (PA) domain-containing protein]0,11 0,41 22521 0,00407978 336 0,00032711

AT3G16550 DEGP12 (DEGP PROTEASE 12); catalytic/ protein binding / serine-type endopeptidase/ serine-type peptidase0,12 0,18 22722 0,00423173 169 0,00022418

AT1G64020 serpin-related / serine protease inhibitor-related 0,04 0,26 22737 0,00424277 73 0,00014165
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