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!
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!

!
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*
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)<! U%q! l1OW1! <*:?]! P! )<1! &3&*(+&(+! %+(.8/0+! PN! )<1! T$*/3V/,'&X/*&gqE3!
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)3!,$!qN:?]!e!D1!O1P!)3!,$!8+3K0/;*!<!6!O1P!)3!,$!8+3K0/;*!BS!@&8!)$X03&8!8$!
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,$($')/*&0/;*!,$!T+8T&(+!8$!'$&3/X;!0+)+!8$!V&!,$80'/(+!$*!$3!%.''&T+!&*($'/+'S!

!
&;8PT5a?6*

'?@CP5Q>*F2*

F?@5W98T?*84Q>5P?*OI^h*[73a]*956C;@T?*;>*dO'-X*R*"*

'?@CP5Q>*&2*

jP59?*1K86PQ:W5P?*Oh*[73a]*

=59:8P5>8*6C@Z8T?*Oh*[73a]*

dO'-X*bIN*"*

!
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$3$0('+T+'$8/8!8$!33$Q;!&!0&M+!&!eO!)>!6!&!]!sES!='&8!3&!$3$0('+T+'$8/81!$3!4$3!8$!

8+)$(/;!&!,+8!3&Q&,+8!,$!PO!)/*!0&,&!K*+!0+*!(&)%;*!<2:gD&?q!fO!)<!U%q!

f1fW1! %&'&! '$(/'&'! $3! :#:1! $*! &4/(&0/;*! 8K&Q$! 6! &! ]! sES! >! 0+*(/*K&0/;*! 8$!

8K)$'4/;!$*!3&!)$X03&!,$!'$&00/;*!0+)%K$8(&!%+'!<2:gD&?q!fO!)<!U%q!f1fW!

6! f!)<! ,$! *K03$;(/,+1! $*! %'$8$*0/&! +! &K8$*0/&! ,$! f!)<! ,$!D&N<+?]1! 6! 8$!

'$&3/X;!K*&!/*0KM&0/;*!/*/0/&3!,$!PO!)/*!&!]!sE!6!$*!&4/(&0/;*!3$Q$1!8$4K/,+!,$!

K*&!T/*&3!&!el!sE!6!8/*!&4/(&0/;*!%+'!K*!%$'/+,+!,$!(/$)%+!Q&'/&M3$!,$%$*,/$*,+!

,$! 3&! &0(/Q/,&,! ,$! 3+8! $Y('&0(+8S! :$! '$(/';! 3&! )$X03&! ,$! '$&00/;*! 6! $3! T+8T&(+!

/*+'4.*/0+! 3/M$'&,+! $*! $3! 4$3! 8$! ,$($')/*;! 8$4a*! $3! )Z(+,+! ,$80'/(+! %+'!

:/)+*+Q/0!$(!&3S!UNOO]W1!LK$!0+*8/8($!$*!0+3+0&'!3+8!4$3$81!('&8!3&Q&'!M'$Q$)$*($!

$*! &4K&! ,$8/+*/X&,&1! $*! 3&! 8+3K0/;*! ,$! '$Q$3&,+! V&8(&! LK$! 3&8! M&*,&8! ,$!

&0(/Q/,&,!8$!V&4&*!Q/8/M3$8S!@&!'$&00/;*!,$!'$Q$3&,+!8$!,$(KQ+!3&Q&*,+!3+8!4$3$8!

0+*!&MK*,&*($!&4K&1!6!3+8!4$3$8!8$!T+(+4'&T/&'+*!T'$*($!&!K*!T+*,+!*$4'+S!

!

!



7'&*0/80+!>*(+*/+!JK/3$8!@KLK$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!<&($'/&3$8!6!<Z(+,+8!

!]f

&;8PT5a?6*

'?@CP5Q>*9;*:;a;@89?2*

NIbgh*[73a]*9;*84?>5?*=;7T84?@5W98T?*T;T:8=59:8T?*

fIOh*[a3a]*9;*d+@*NO*"*

NIRch*[a3a]*9;*T:5;T5@845>8*

!

^J^JK*(;T;:45>8P5Q>*9;*@8*8PT5a5989*C:;868J*

@&! &0(/Q/,&,! K'$&8&! 8$! ,$($')/*;! 8/4K/$*,+! 3&! &%&'/0/;*! ,$3! %'+,K0(+! ,$! 3&!

'$&00/;*! U&)+*/+WS! @&!)$X03&! ,$! '$&00/;*! $8(&M&! 0+)%K$8(&! ,$! (&)%;*!=2>g

D&?q!fO!)<!U%q!l1hW1!K'$&!el1f!)<!6!3&!0&*(/,&,!&,$0K&,&!,$!$Y('&0(+S!@&!

'$&00/;*!8$!/*/0/;!%+'!&,/0/;*!,$3!8K8('&(+!6!8$!/*0KM;!&!fO!sES!H&'($8!&350K+(&8!

,$! O1N! )3! ,$! 3&! )$X03&! ,$! '$&00/;*! 8$! '$0+4/$'+*! &! ,/T$'$*($8! (/$)%+8! 6! 8$!

&[&,/$'+*! &! (KM+8! LK$! 0+*($*5&*! O1h! )3! ,$! qN?! &! ]! sES! >! 0+*(/*K&0/;*! 8$!

,$($')/*;!3&!0+*0$*('&0/;*!,$!&)+*/+!0+)+!8$!V&!,$80'/(+!$*!$3!&%&'(&,+!]SNS!!

!

gJK*+!1/#$-'*.)+/%&#)"-'*

gJNJK*%6T5:7;6*W8PT;:58>86J*

:$!K(/3/X&'+*!,+8!0$%&8!,/T$'$*($8!,$3!+'4&*/8)+!/$9"%,-9"-#)9&'-S!H&'&!3&8!(&'$&8!

,$!03+*&0/;*!8$!K(/3/X;!3&!$8(/'%$!,$!#qf"!U$(1/ddG)$'#9`=eUG)<%>['#9i$S=bBG)

"$5X=AG),%9L=G)%35L=G)+J,LUeG)4"-@=G),%'L=B!6!%&'&!3&8!(&'$&8!,$!8+M'$$Y%'$8/;*!

8$! K(/3/X;! 3&! $8(/'%$! -@NP! U#2eW! U"$5HG) +#') U�0"(8hfl1! -35@P1! H#2AG) 3-3@bG)

'#9`Vb@gA)+%3%)=BB.)

!

gJOJK*+?>95P5?>;6*9;*PC@T5a?J*

>)M&8! 0$%&8) 8$! 0K3(/Q&'+*! &! el! sE! &!)$*+8! LK$! 8$! /*,/LK$! 3+! 0+*('&'/+S! @+8!

0K3(/Q+8!%&'&!$3!&/83&)/$*(+!,$!%3.8)/,+8!8$!+M(KQ/$'+*!$*!&4/(&0/;*!&!N]O!'%)!

,K'&*($! K*&8! P]! V1! $*! K*! &4/(&,+'! +'M/(&3! ($')+8(&(/X&,+! 6! $*! '$0/%/$*($8! ,$!

0'$0/)/$*(+!0+*!K*&!0.)&'&!,$!&/'$!,$!&%'+Y/)&,&)$*($!]rf!%&'($8!,$3!Q+3K)$*!

(+(&3S!!

!



7'&*0/80+!>*(+*/+!JK/3$8!@KLK$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!<&($'/&3$8!6!<Z(+,+8!

!]j

gJRJK*F;95?6*9;*PC@T5a?J*

@+8!0K3(/Q+8!,$!/.)9&'-!8$!'$&3/X&'+*!$*!)$,/+!@-!U@K'/&g-$'(&*/W!$8($'/3/X&,+!$*!

&K(+03&Q$S! >! 3+8! )$,/+8! 35LK/,+8! 8$! 3$8! &[&,/$'+*! 3+8! 8K%3$)$*(+8! K*&! Q$X!

$*T'/&,+8S! >! 3+8! )$,/+8! 8;3/,+8! 8$! 3$8! &[&,/;! &4&'! &*($8! ,$! &K(+03&Q&'! 6! 3+8!

8K%3$)$*(+8! 8$! &[&,/$'+*! ('&8! &K(+03&Q&'! 6! $*T'/&'! &! fO! sE1! ,/8('/MK6Z*,+8$!

%+8($'/+')$*($!$*!%3&0&8!,$!%$('/!$8(Z'/3$8!,$!h!0)!,$!,/.)$('+S!!

!
&;8PT5a?6*

F;95?*1.2*

"8+@*Ncb*4F*

.8PT?KT:57T?>8*Nb*U3@*

%iT:8PT?*9;*@;a89C:8*^*U3@*

\8:8*4;95?6*1.*6Q@59?6I*6;*8D895Q*8U8:*8@*NI^h*[73a]*

!

gJXJK*-WT;>P5Q>*9;*PV@C@86*P?47;T;>T;6J*

@&!$8(/'%$!M&0($'/&*&! 8$! 0K3(/Q;! $*!)$,/+!@-!$*! &4/(&0/;*! &!N]O! '%)! 6! el! sE!

,K'&*($!K*&8!P]!VS!28($!0K3(/Q+!8$!K(/3/X;!%&'&!/*+0K3&'!K*!Q+3K)$*!&,$0K&,+!,$!

@-!T'$80+!U9/W!6!8$!/*0KM;!&!el!sE!$*!&4/(&0/;*!V&8(&!K*&!#?jOO!&%'+Y/)&,&!,$!

O1f!UN!g!e!V+'&8!&!el!sE1!NOO!'%)WS!23!0K3(/Q+!8$!$*T'/;!$*!V/$3+!,K'&*($!PO!)/*!6!

&!%&'(/'!,$!$8$!)+)$*(+! (+,+!$3!%'+0$8+!8$! '$&3/X;!&!]! sES!>!0+*(/*K&0/;*1! 3&8!

0Z3K3&8! 8$! '$0+4/$'+*! %+'! 0$*('/TK4&0/;*! UNShOO! +! ,K'&*($! f! )/*W! 6! 8$!

'$8K8%$*,/$'+*!$*!K*!Q+3K)$*!/4K&3!&!PrN!9/!,$!E&E3N!fO!)<!$8(Z'/3!6!T'5+!UO!

sEWS!='&8!eO!)/*!,$!/*0KM&0/;*!$*!V/$3+1!8$!0$*('/TK4;!&!NShOO!+!,K'&*($!f!)/*1!

8$!$3/)/*;!$3!8+M'$*&,&*($!6!3&8!0Z3K3&8!8$!'$8K8%$*,/$'+*!$*!PrPO!9/!,$!E&E3N!

fO!)<!T'5+!UO!sEWS!28(&8!0Z3K3&8!0+)%$($*($8!8$!)&*(KQ/$'+*!$*!V/$3+!$*('$!eO!

)/*!6!N]!V+'&8!&*($8!,$!8K!('&*8T+')&0/;*1!+!8$!&3)&0$*&'+*!&!ghO!sE!('&8!&[&,/'!

43/0$'+3!&!K*&!0+*0$*('&0/;*!T/*&3!,$3!POv!UQrQWS!

!

!

!



7'&*0/80+!>*(+*/+!JK/3$8!@KLK$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!<&($'/&3$8!6!<Z(+,+8!

!]l

gJ^JK*/:8>6Z?:48P5Q>*9;*PV@C@86*P?47;T;>T;6J*

:$!)$X03;!K*&!%&'($!&350K+(&!,$!0Z3K3&8!0+)%$($*($8! UPOO!µ3W!0+*!K*!Q+3K)$*!

%$LK$[+!,$!8+3K0/;*!,$!>#D!%3&8)5,/0+!U&!e!*4W!6!8$!/*0KM;!$*!V/$3+!,K'&*($!

eO! )/*S! :$4K/,&)$*($1! 3&8! 0Z3K3&8! 8$! 8+)$(/$'+*! &! 0V+LK$! (Z')/0+! &! ]N! sE!

,K'&*($! N! )/*! $! /*)$,/&(&)$*($! 8$! $*T'/&'+*! $*! V/$3+S! >! 0+*(/*K&0/;*1! 8$!

&[&,/$'+*!O1d!)3!,$!)$,/+!:?E!$8(Z'/3!6!8$!/*0KM;!&!el!sE!,K'&*($!jO!)/*!%&'&!

'$&0(/Q&'!$3!)$(&M+3/8)+!0$3K3&'S!A*&!Q$X!('&*80K''/,+!$8($!(/$)%+1!3&8!0Z3K3&8!8$!

'$0+4/$'+*!%+'! 0$*('/TK4&0/;*!&!PSfOO!+! ,K'&*($!P!)/*! 6! 8$! '$8K8%$*,/$'+*!$*!

PfO!µ3!,$!)$,/+!:?ES!7/*&3)$*($1! 3&8!0Z3K3&8! 8$! 8$)M'&'+*!$*!%3&0&8!,$!@-g

&4&'!8K%3$)$*(&,+!8$4a*!$3!%3.8)/,+!K(/3/X&,+S!

!
&;8PT5a?6*

F;95?*'-+*

';* :;8@5eQ* 7?:* @8*4;eP@8* 8* 78:T;6* 5UC8@;6* 9;* 9?6* 6?@CP5?>;62* 6?@CP5Q>* #* ["8+@* NcIO*

4FI*W8PT?KT:57T?>8*Xb*U3@I*;iT:8PT?*9;*@;a89C:8*Nb*U3@*<*m+@*^*4F]*8CT?P@8a898I*<*

6?@CP5Q>*##*[U@CP?68*Xb4F*<*FU+@O*Ob*4F]*;6T;:5@5e898*7?:*Z5@T:8P5Q>*;>*7?:?*9;*bIO*

µµµµ4J*%@*7d*6;*8AC6TQ*8*cIb*

!

cJK*%`/&)++#,"*L*\!&#H#+)+#,"*(%*l+#(-'*"!+1%#+-'*

cJNJK*)56@845;>T?*<*7C:5Z5P8P5Q>*9;*)&"*T?T8@*9;*T;A59?6*9;*L)'<$4#&%"1J*

=+,+!$3!)&($'/&3!,$!%3.8(/0+!8$!$8($'/3/X;!$*!&K(+03&Q$!%+'!,+8!Q$0$8S!23!)&($'/&3!

Q$4$(&3!UjOO!)4!,$!($R/,+!0+*4$3&,+!&!ghO!+EW!8$!('/(K';!K(/3/X&*,+!K*!)+'($'+!,$!

%+'0$3&*&! V&8(&! 0+*8$4K/'! K*! %+3Q+! T/*+S! #K'&*($! $3! %'+0$8+! 8$! $Q/(;! LK$! 8$!

,$80+*4$3&8$! 3&! )K$8('&! )$,/&*($! 3&! &,/0/;*! 0+*(/*K&! ,$! DN! 35LK/,+S!

H+8($'/+')$*($1! 8$! V+)+4$*$/X;! )$,/&*($! 3&! &,/0/;*! ,$! e! )3! ,$! =B"!

B2>G2D==<!6!8$!/*0KM;!,K'&*($!f!)/*!&!($)%$'&(K'&!&)M/$*($!%&'&!%$')/(/'!3&!

0+)%3$(&!,/8+0/&0/;*!,$!3+8!0+)%3$R+8!*K03$+%'+($/0+8S!:$!&[&,/$'+*!O1j!)3!,$!

03+'+T+')+1!8$!&4/(;!Q/4+'+8&)$*($!6!8$!/*0KM;!&!($)%$'&(K'&!&)M/$*($!,K'&*($!

NgPf!)/*S!>!0+*(/*K&0/;*1!8$!0$*('/TK4;!&!PNSPOO!+!,K'&*($!Pf!)/*!&!]!sES!@&!

T&8$!&0K+8&1!LK$!0+*($*5&!$3!>BD1!8$!%&8;!&!+('+!(KM+!6!8$!%'$0/%/(;!%+'!&,/0/;*!



7'&*0/80+!>*(+*/+!JK/3$8!@KLK$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!<&($'/&3$8!6!<Z(+,+8!

!]h

,$!P1f!)3!,$!/8+%'+%&*+3!$!/*0KM&0/;*!&!($)%$'&(K'&!&)M/$*($!,K'&*($!fgPO!)/*S!

:$!0$*('/TK4;!,$!*K$Q+!&!PNSPOO!+!,K'&*($!PO!)/*!&!]!sES!23!%'$0/%/(&,+!8$!3&Q;!

&[&,/$*,+!e!)3!,$!$(&*+3!&3!lfv!UQrQW1!&4/(&*,+!Q/4+'+8&)$*($!6!0$*('/TK4&*,+!

&!PNSPOO!+!,K'&*($!f!)/*!&!]! sES!23!%'$0/%/(&,+! T/*&3!,$!>BD!8$!,$R;! 8$0&'! &!

($)%$'&(K'&!&)M/$*($1!6!8$!'$,/8+3Q/;!$*!O1P!)3!,$!&4K&!4'&,+!)/3/gJ!$8(Z'/3S!

!

cJOJK*)56@845;>T?*9;*)("*7@864Y95P?J*

A*! Q+3K)$*! ,$! P1f! )3! ,$! 0K3(/Q+! ,$! /.) 9&'-! $*! T&8$! $Y%+*$*0/&3!

U&%'+Y/)&,&)$*($! PN! V! $*! &4/(&0/;*! &! N]O! '%)! 6! el! sEW! ,$3! ('&*8T+')&*($!

8$3$00/+*&,+! 8$! 0$*('/TK4;!&!NShOO!+! ,K'&*($!N!)/*! 6! &! ($)%$'&(K'&! &)M/$*($S!

@+8! %3.8)/,+8! 8$! &/83&'+*! &! %&'(/'! ,$! $8(&8! 0Z3K3&8! %'$0/%/(&,&8! 8/4K/$*,+! ,+8!

%'+0$,/)/$*(+8S!

!

lSNSPSg!A(/3/X&0/;*!,$!t/(!0+)$'0/&3S!

:$! $)%3$;! $3! m/(! 0+)$'0/&3! <"D"=??@:! </*/%'$%! 2Y('&0(/+*! t/(! U-/+(++38W!

K(/3/X&*,+!3&8!/*,/0&0/+*$8!,$3!T&M'/0&*($S!

!

lSNSNSg!@/8/8!&30&3/*&!6!%'$0/%/(&0/;*!0+*!/8+g%'+%&*+3S!

@&8! 0Z3K3&8! %'$0/%/(&,&8! 8$! '$8K8%$*,/$'+*! $*! POO! µ3! ,$! 8+3K0/;*! "! 6! 8$!

/*0KM&'+*!,K'&*($!f!)/*!&!($)%$'&(K'&!&)M/$*($S!>!0+*(/*K&0/;*1!8$!&[&,/$'+*!

NOO!µ3!,$!8+3K0/;*!""!6!8$!)$X03;!8K&Q$)$*($!%+'!/*Q$'8/;*!,$3!(KM+!0/*0+!+!8$/8!

Q$0$8S! 23! V+)+4$*$/X&,+! '$8K3(&*($! 8$! /*0KM;! $*! V/$3+! ,K'&*($! f! )/*S!

H+8($'/+')$*($! 8$! &[&,/$'+*! PfO! µ3! ,$! 8+3K0/;*! """1! %'$Q/&)$*($! $*T'/&,&! $*!

V/$3+1! 8$! )$X03;! ,$! *K$Q+! 8K&Q$)$*($! %+'! /*Q$'8/;*! ,$3! (KM+! 6! 8$! /*0KM;!

,K'&*($!+('+8!f!)/*!$*!V/$3+S!@&!)$X03&!8$!0$*('/TK4;!&!PNSPOO!+!,K'&*($!PO!)/*!

&! ($)%$'&(K'&! &)M/$*($S! 23! 8+M'$*&,&*($! 8$! ('&*8T/'/;! &! K*! (KM+! $8(Z'/3! 6! 8$!

)$X03;! 0+*! fOO! µ3! ,$! /8+g%'+%&*+3! K(/3/X&*,+! K*! Q;'($YS! H+8($'/+')$*($1! 8$!

0$*('/TK4;! ,$! *K$Q+! ,K'&*($! PO!)/*! &! PNSPOO! +1! 8$! '$(/';! 3&! T&8$! &0K+8&! 6! $3!



7'&*0/80+!>*(+*/+!JK/3$8!@KLK$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!<&($'/&3$8!6!<Z(+,+8!

!]d

%'$0/%/(&,+! 8$! '$8K8%$*,/;! $*! fO! µ3! ,$! &4K&! 4'&,+! )/3/gJ! $8(Z'/3! ('&8! ,$R&'!

$Q&%+'&'!3+8!'$8(+8!,$!/8+g%'+%&*+3S!

!
&;8PT5a?6*

'?@CP5Q>*#2*

E@CP?68*^b*4F*

/&#'Kd+@*O^*4F*[7d*kIb]*

%(/)K"8O*Nb*4F*

'?@CP5Q>*##2*

"8-d*bIO*"*

'('*Nh*[73a]*

'?@CP5Q>*###*[78:8*C>*a?@C4;>*9;*Nbb*4@]2*

)P;T8T?*7?Tj65P?*^*FI*gb*4@*

lP59?*8PVT5P?*U@8P58@I*NNI^*4@*

dO-I*OkI^*4@*

18*6?@CP5Q>*:;6C@T8>T;*;6*R*F*P?>*:;67;PT?*8@*7?T865?*<*^*F*P?>*:;67;PT?*8@*8P;T8T?*

*

cJRJK*+C8>T5Z5P8P5Q>*9;*jP59?6*>CP@;5P?6J*

@+8! .0/,+8! *K03$/0+8! 8$! 0K&*(/T/0&'+*! $8%$0('+T+(+)Z('/0&)$*($! )/,/$*,+! 8K!

&M8+'M&*0/&!&!NjO!*)1!($*/$*,+!$*!0K$*(&!LK$!3+8!0+$T/0/$*($8!,$!$Y(/*0/;*!%&'&!

$3! >#D! M/0&($*&'/+! $8! ,$! fO! µ4gP0)gP)3! 6! %&'&! $3! >BD! ,$! ]O! µ4gP0)gP)3!

U:&)M'++m! $(! &3S! PdhdWS! H&'&3$3&)$*($! 8$! ,$($')/*;! 3&! &M8+'M&*0/&! ,$! 3&8!

)K$8('&8! &! NeO! *)! 6! NhO! *)1! %&'&! ,$($')/*&'! 3&! %'$8$*0/&! $*! 3&8!)/8)&8! ,$!

0+*(&)/*&*($8!,$!*&(K'&3$X&!43K05,/0&! 6!%'+($5*/0&1! '$8%$0(/Q&)$*($! U0+0/$*($8!

LNjO*)rLNeO*)!'!N!6!LNjO*)rLNhO*)!'!N1!,$!T+')&!'$8%$0(/Q&WS!23!>BD!(&)M/Z*!8$!

0K&*(/T/0;! )$,/&*($! K*! $8%$0('+T+(;)$('+! D&*+#'+%z! D#gPOOO! A9g9/8!

:%$0('+%V+(+)$($'!UDK03/M$'1!28%&[&W!)$,/&*($!$3!%'+4'&)&!\#3&I,&1)?.[.[S!

@+8! .0/,+8! *K03$/0+8! %K'/T/0&,+8! (&)M/Z*! 8$! 0K&*(/T/0&'+*! )$,/&*($!

$3$0('+T+'$8/8!%+'!0+)%&'&0/;*!,$!3&!/*($*8/,&,!,$!3&8!M&*,&8!0+*!K*!%&(';*!,$!

>#D!,$!0+*0$*('&0/;*!0+*+0/,&S!!

!



7'&*0/80+!>*(+*/+!JK/3$8!@KLK$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!<&($'/&3$8!6!<Z(+,+8!

!fO

kJK*%1%+/&-H-&%'#'*

kJNJK*%@;PT:?Z?:;656*9;*)("J*

@&! 8$%&'&0/;*! $3$0('+T+'Z(/0&! ,$3! >#D! 8$! 33$Q;! &! 0&M+! ,$! T+')&! V+'/X+*(&3!

$)%3$&*,+!'K(/*&'/&)$*($!4$3$8!,$!&4&'+8&!$*!(&)%;*!=-2!UPYW!8K%3$)$*(&,+!

0+*!M'+)K'+!,$!$(/,/+!UO1f!µ4r)3WS!23!%+'0$*(&R$!,$!&4&'+8&!$*!3+8!4$3$8!+80/3;!

$*('$! O1l! 6! Nv! U%rQW1! $*! TK*0/;*! ,$! 3+8! (&)&[+8! ,$! 3+8! T'&4)$*(+8! LK$! 8$!

,$8$&M&*! 8$%&'&'S! 23! >#D! 8$! 0&'4;! $*! $3! 4$3! ('&8! )$X03&'! 0+*! K*! Q+3K)$*!

&,$0K&,+!,$! 8+3K0/;*!,$!0&'4&S!23! (&)%;*!,$!$3$0('+T+'$8/8! TK$!=-2!UPYW!6! 3&!

8$%&'&0/;*! 8$! '$&3/X;! &! K*! Q+3(&R$! 0+)%'$*,/,+! $*('$! eO! 6! PNO! Q+3(/+8! U$*!

TK*0/;*!,$3!(&)&[+!,$!3&8!)+3Z0K3&8!6!0+*($*/,+!$*!&4&'+8&!,$3!4$3W1!6!,K'&*($!

K*!(/$)%+!(&)M/Z*!Q&'/&M3$!$!/*Q$'8&)$*($!%'+%+'0/+*&3!&3!Q+3(&R$!$)%3$&,+S!2*!

3&8!$3$0('+T+'$8/8!8$!/*03K6$'+*!%&('+*$8!%&'&!$8(/)&'!3&!0&*(/,&,!6!(&)&[+!,$!3&8!

)+3Z0K3&8! ,$! >#D! %'$8$*($8S! @&! Q/8K&3/X&0/;*! ,$! 3&8! )+3Z0K3&8! ,$! >#D! 8$!

'$&3/X;!('&8!$Y%+8/0/;*!,$3!4$3!&!3KX!K3('&Q/+3$(&!$*!K*!('&*8g/3K)/*&,+'S!!

!
&;8PT5a?6*

F8:P89?:;62*

^bb* >U* 9;*)("*9;@* Z8U?*####* 95U;:59?* P?>* @86* ;>9?>CP@;8686* 9;* :;6T:5PP5Q>**:-&#'<*

M"/3###*[F.#KH;:4;>T86]*

^bb*>U*9;@*48:P89?:*9;*4868*4?@;PC@8:*Nbb*W7*1899;:*[.5?T??@6]**

/847Q>*/.%2*
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@&! &0(/Q/,&,! T+8T&(&8&! '$8/8($*($! &! )+3/M,&(+! 6! 3&! (+(&3! 8$! ,$($')/*&'+*! $*!

$Y('&0(+8!,$!%3.*(K3&8!,$!RK,5&!,$!j!##"!4$')/*&,&8!$*!%'$8$*0/&!,$!&3+%K'/*+3!

e!)<!U/*V/M/,+'!,$!3&!Y&*(/*&!,$8V/,'+4$*&8&W1!'/M&Q/'/*&!O1]!)<!U/*V/M/,+'!,$!

3&! "<H! ,$8V/,'+4$*&8&W! 6! ,$! &)M+8! U7/4K'&! ]]WS! @+8! Q&3+'$8! ,$! 3&! &0(/Q/,&,!

'$8/8($*($! &! )+3/M,&(+! *+! )+8('&'+*! ,/T$'$*0/&8! 8/4*/T/0&(/Q&8! $*('$! 3+8!

,/T$'$*($8! ('&(&)/$*(+8!U7/4K'&!]]g>WS!2*!0+*('&%+8/0/;*1! 3&!&0(/Q/,&,!T+8T&(&8&!

(+(&31!$*!&K8$*0/&!,$!)+3/M,&(+1!,$80$*,/;!$*!K*!POv!$*!%3.*(K3&8!4$')/*&,&8!

$*!%'$8$*0/&!,$!'/M&Q/'/*&!U7/4K'&!]]g-WS!

2*!3+8!)/8)+8!$Y('&0(+8!8$!,$($')/*;!3&!0+*0$*('&0/;*!,$!K'$/,+81!6!8$!

+M8$'Q;! ,$80$*8+! (&*(+! 0+*! &3+%K'/*+3! 0+)+! 0+*! '/M&Q/'/*&! &K*LK$! 8/*! $T$0(+!
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!PNl

XJNJK*+@?>8P5Q>*9;*C>8*6;PC;>P58*BC;*P?95Z5P8*C>8*8PT5a5989*>CP@;?T59868J**

E+*! +MR$(+! ,$! 03+*&'! $3! >#D0! LK$! 0+,/T/0&! 3&! $*X/)&! '$8%+*8&M3$! ,$! 3&!

&0(/Q/,&,!fn*K03$+(/,&8&!$*!RK,5&1!8$!MK80&'+*!8$0K$*0/&8!$*!3&8!M&8$8!,$!,&(+8!

LK$! 0+,/T/LK$*! *K03$+(/,&8&8! 0/(+8;3/0&8S! 2*! %3&*(&81! 8$! /,$*(/T/0&'+*! 3&8!

8$0K$*0/&8! >tPOOOOl! ,$! f,JP#) $#4-*#1! >CPOlhNd! ,$! i%#) 2#J$! 6! 3&! 2:=!

=Edhf]]!,$!S%5-9#+&) 4,(39#4('#G! %'$8$*(&*,+!K*! &3(+!4'&,+!,$! 8/)/3/(K,! 0+*!

8$0K$*0/&8! ,$! *K03$+(/,&8&8! ,$! Q$'($M'&,+8! 6! M&0($'/&81! 0K6&! TK*0/+*&3/,&,! 8$!

V&M5&!,$)+8('&,+.!>!%&'(/'!,$3!&3/*$&)/$*(+!,$!,/0V&8!8$0K$*0/&8!0+*!$3!%&LK$($!

/*T+').(/0+! #D>:=>B! 8$! ,/8$[&'+*! 3+8! +3/4+*K03$;(/,+8! D=#P! 6! D=#N!

U7/4K'&!]fWS!E+*!$33+8!8$!&)%3/T/0;1!)$,/&*($!HEB!6!K(/3/X&*,+!>#D0!,$!T'K(+8!

,$! RK,5&1! K*! T'&4)$*(+! ,$! NPe! %M! 0K6&! 8$0K$*0/&! %'$8$*(;! 8$)$R&*X&! 0+*! 3&8!

%+8/M3$8! *K03$+(/,&8&8! U7/4K'&! ]j1! 8$0K$*0/&! $*! &XK3WS! 28(+8! )/8)+8!

+3/4+*K03$;(/,+8! UD=#P! 6! D=#NW! 8$! K(/3/X&'+*! %&'&! 3&! &)%3/T/0&0/;*! ,$! 3+8!

T'&4)$*(+8! fn6! en,$3!>#D0!)$,/&*($! 3&! (Z0*/0&! ,$! fng! 6! engB>E2gHEBS! @&8!

8$0K$*0/&8!+M($*/,&8!%&'&!$8(+8! T'&4)$*(+8! TK$'+*!8+3&%&*($8!$*('$! 85! 6!0+*!$3!

T'&4)$*(+!,$!NPe!%M!8$0K$*0/&,+!%'$Q/&)$*($S!23!>#D0!0+)%3$(+!8$!&)%3/T/0;!

)$,/&*($! HEB! K(/3/X&*,+! +3/4+*K03$;(/,+8! $8%$05T/0+8! %$'($*$0/$*($8! &! &)M+8!

$Y('$)+8!,$3!>#D0!UDAHgD=#h1!DAHgD=#PO1!D=#egD=#h1!D=#egD=#POW1!

6! 8K! 8$0K$*0/&! 0+''$8%+*,/;! 0+*! 3&! +M($*/,&! %'$Q/&)$*($! %&'&! 3+8! T'&4)$*(+8!

/*,$%$*,/$*($8!U7/4K'&!]jWS!

23!>#D0!0+)%3$(+!!*!b\!%'$8$*(;!K*&!3+*4/(K,!,$!PNhj!%MS!<$,/&*($!

3&! &%3/0&0/;*! /*T+').(/0&! qE%+36&! UQ$'! <&($'/&3$8! 6! <Z(+,+8W! %&'&! 3&!

/,$*(/T/0&0/;*! ,$! %+8/M3$8! 8$[&3$8! ,$! %+3/&,$*/3&0/;*! 8$! $*0+*('&'+*! ,+8!

8$0K$*0/&8!%&'&!>BD8!$K0&'/;(/0+8!8/(K&,&8!$*('$!3+8!*K03$;(/,+8!PPeh!6!PP]l1!6!

PPjd!6!PPlf!U7/4K'&!]jWS!23!)&6+'!)&'0+!&M/$'(+!,$!3$0(K'&!0+''$8%+*,/;!&!K*!

(&)&[+!,$!ddd!%M! 6! 0+,/T/0&'5&!K*!%Z%(/,+!,$!eee!&)/*+.0/,+8! 0+*!K*&!)&8&!

)+3$0K3&'!,$!elhON!#&1!K*!%K*(+!/8+$3Z0('/0+!,$!f1h!6!K*&!0&'4&!*$(&!,$!gPO1e!&!

%q!l1OS!23!&*.3/8/8!,$!3&!8$0K$*0/&!&)/*+&05,/0&!0+*!$3!%'+4'&)&!=&'4$(H!:$'Q$'!

QPSP!UQ$'!<&($'/&3$8!6!<Z(+,+8W!8K4/$'$!K*&!3+0&3/X&0/;*!0/(+%3&8).(/0&!%&'&!3&!
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!PNh

%'+($5*&S! #/8(/*(&8! 0&'&0($'58(/0&8! $8('K0(K'&3$8! &85! 0+)+! %$'T/3$8! ,$!

V/,'+T+M/0/,&,!6!%'+%/$,&,$8!&*(/4Z*/0&8!8$!)K$8('&*!$*!3&!7/4K'&!]lS!

* 23! &*.3/8/8! 0+*! $3! %'+4'&)&! E+*8$'Q$,! #+)&/*! #&(&M&8$! &*,! :$&'0V!

:$'Q/0$!UQNSPjW!,$!3&!8$0K$*0/&!&)/*+&05,/0&!%'$,/0V&!%&'&!$3!>#D0!,$!!*!b\!

/*,/0&! LK$! (/$*$! ,+)/*/+8! 8/)/3&'$8! &! 3+8! %'$8$*($8! $*! )/$)M'+8! ,$! 3&!

8K%$'T&)/3/&!bq&3+&0/,!,$V&3+4$*&8$g3/m$!V6,'+3&8$8c!Uq>#1!03OOelfW!U2!É!l!Y*

!"#$%&' AC)'X"10d-' 30' 4-1' -4"#-/$:40;9"3-1'[VX(' 2'[VX7)) Y#$) $%9(%39-#$) Lr=[[[[A) 5%)
f,JP#)$#4-*#G)Ls=[A>^U)5%)i%#)2#J$)J)g:U>bdd)5%)S%5-9#+&)4,(39#4('#)$%)#'-3%#,&3)J)'&$)
3(9'%D4-5&$)9&3$%,*#5&$)%3)'#$)4,%$)$%)2#,9#3)%3)3%+,&.)Y&$),%9483+('&$)%3+'&7#3)'#$)8,%#$)
(4-'-P#5#$) 1#,#) %') 5-$%m&) 5%') &'-+&3(9'%D4-5&) J) %3) ,&M&) '#) $%9(%39-#) 9&,,%$1&35-%34%) #) '&$)
&'-+&3(9'%D4-5&$)%'%+-5&$.)

AK100007  ------------------GATCTTCGAAATGCGGCCCATGACGAGCCCACCTCTCCTCTCGCCCTCCTCC 52 
AY107829  ------------------------------------------------------------GCACGAGCTC 10 
TC98544   ---------------TGTAATTCATGCAGAGGCTGATGAGACATATGAATCACATTTTCTTAATTAGTTT 55 
 
AK100007  TCCTCCTCCCGTCTCCTCCTCCTCCGCCTCCTCCTCTCCCGCCGCCGG----AGCCCCGCCTC---GCGC 115 
AY107829  TTCTCCTCCG----CCTCCTCCACCTCTCGCGCGCCCCTCGCCGCCGG----AACCCTACCACCGGGCGG 72 
TC98544   TGTTATTTTGTTTTCCCATTTTTCTGGTAACACCAAATGAGTTATCGCCTCCAACTCCAATCCATCGTCA 125 
 
AK100007  TCCCCTCCTCCTCCCCTCCGCCGCCGCCTCCCTCTCCTCGCTGCCTCCATGTCCTCCTCCTCCTCCACCG 185 
AY107829  GCACCTACTTGTACTTCCCGCGACCGCCTCCCGCTCCTCCTCCCCGCTGCCATGTCCTCCGCTTCCAACA 142 
TC98544   CCACCAACTT-TCTCCCACGTCACTTTTCAACATCAAGGGTTTCATTTTCTACATTTTGTTGTGGAAAAT 194 
 
AK100007  CCGCCACCAGAAACCCCGGCTCCGTCGTCGCCGACGCCGACGGCCTCGCCCGCAAGGTCGCCGCCATCCG 255 
AY107829  CCGCC---------CCCCACTCCGTCGTCGCCGACCCCACTACTCTTGCCCGCAAAATCGCAGACATCCG 203 
TC98544   ATTTGGAAATGGAGGATATCAAATTGGTGGGTGATCCTGTTTTGCTCCACAACAAACTTGCTGCAATTCG 264 
 
AK100007  CGCCGCCGGCCCCGCTAAGCTCCAGGTCATCGCGGACTTCGACGGCACGCTCACGCGGTACTGGTACGAC 325 
AY107829  TGCCGCCGGACCCACCAAACTCCAGGTTATCGCCGACTTCGATGGCACGCTCACGCGGTACTGGTACGAC 273 
TC98544   TTCCGCCGGTCCTCAAAAGCTTCAGGTGATCGCTGACTTTGATGCCACATTGACGAAGTTTTGGGTTAAT 334 
 
 
AK100007  GGCTCCCGCGGCCAGAGCAGCCATGGGTTGCTGAGGCAGGGGAACGAGGAGTACGACGCCAAGAGGGAGG 395 
AY107829  GGCGCCCGCGGGCAGAGTAGCCATGGACTGCTTAGGCAAGGGAACGAGGAGTACGACGCCAAGAGAGAAG 343 
TC98544   GGAACTCGAGGCCAAAGCAGTCACGGCCTTTTGCAGCAGGATAATCCAGAATATGATGCCAAAAGGCAGC 404 
 
AK100007  AGCTGTTCGAGCACTACCACCCCATCGAGATCTGCCCCGACATCCCGCTCCCCGAGAAGGCCAAGCTCAT 465 
AY107829  CGTTGTATCAGCACTACCACCCCATCGAGATCTGCCCCGACATCCCACTCTCGGAGAAGGCCAAGCTCAT 413 
TC98544   AGTTATATGAACATTACCATCCATTGGAATTTTCTCCTACTATTGGGCTTGAAGAGAAGAGGAAACTAAT 474 
 
AK100007  GGAAGAATGGTGGGAGAAGACACATGCTCTCCTTATCGAAGGTGGACTTACATATGAAGCTATAAGGCAA 535!
AY107829  GGAAGAATGGTGGGAGAAGACTCATGGTCTTCTTATTGAAGGCGGTCTTACATACGAAGCTATCACAAAA 483!
TC98544   GGAAGAGTGGTGGGGAAAAACGCATGGTCTTCTTATTGAAGGAGGACTTACATATGAATCAATAAAACAA 544!
 
 
AK100007  TCTGTGGCTGATGCTAAAATCACTTTTAGAGATGGAGTGGTGAAGCTCTTT-GAGTTCTTGGAGGAGAGA 604 
AY107829  TCTGTCTCTGATGCCGCAATTGCTTTCAGAGAGGGTGTGGTGGAGCTCTTT-GAGTACTTGGAGGAGAGA 552 
TC98544   TCAGTTGCTAATGCTAACATAGCTTTTAGGGAAGGTGTTTCCGAGCTTTTTTGAATTTTTGGAGGAAAGA 614 
 
AK100007  GATATTCCAGTATTAGTATTTTCTGCTGGACTTGCAGACATAATTGAGGAGGTCTTCCGGCAGAAACTCC 674 
AY107829  GAGATTCCAGTGCTGGTATTTTCTGCAGGACTTGCAGACATAATTGAAGAGGTCTTCCGGCAGAAATTAC 622 
TC98544   AACATTCCTGTATTAATATTCTCTGCAGGGCTTGCTGATATCATTTGAGAGGTTCTAAGGCAGAAGCTTC 684 
 
AK100007  ACAGATCATTCAAGA 689 
AY107829  ACAAAACATTCAAGA 637 
TC98544   GCAGATCCTTC---- 695 
 
 

 
 

NTD2 
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2*!3&!7/4K'&!]h!8$!)K$8('&!$3!&3/*$&)/$*(+!,$!3&!8$0K$*0/&!&)/*+&05,/0&!

,$! HQHfD! ,$! RK,5&! 0+*! +('&8! *K03$+(/,&8&8! ,$! %/'/)/,/*&8! ,/8%+*/M3$8!

&0(K&3)$*($! $*! 3&!M&8$!,$!,&(+8!G2D->Dt!6! 3+0&3/X&,&8!)$,/&*($! 3&! (Z0*/0&!

-@>:=S! @&! 8$0K$*0/&! HQHfD! %'$8$*(&! K*! 4'&*! *a)$'+! ,$! &)/*+.0/,+8!

0+*8$'Q&,+8! 6! LK$! 0+/*0/,$*! 0+*! 3+8! ,+)/*/+8! ,$80'/(+8! %&'&! A<Hq!

                    acgcggggacactataatgaattatagcttccaatttcaagttcaagcc 33    
                                     M  N  Y  S  F  Q  F  Q  V  Q  A  
atcgtccacacctcctttcgccaacgccacttctcctcttttctccgttacacagcctcaaggagaaat 102   
 I  V  H  T  S  F  R  Q  R  H  F  S  S  F  L  R  Y  T  A  S  R  R  N   
ttagaaatgaaggaagtgaaggatgcttcggacttgttggtgggtgaccctgctttgatggagacgaaa 171   
 L  E  M  K  E  V  K  D  A  S  D  L  L  V  G  D  P  A  L  M  E  T  K  
attgaagcaattcgtttgggtggtccccagaagcttcaggtgattgctgattttgatgccacgttaact 240   
 I  E  A  I  R  L  G  G  P  Q  K  L  Q  V  I  A  D  F  D  A  T  L  T  
aagttttcggttaatggaacccgtggccaatccagtcatggccttttgcagcagggtaatccggaatat 309   
 K  F  S  V  N  G  T  R  G  Q  S  S  H  G  L  L  Q  Q  G  N  P  E  Y  
gatgccaagaggcagcagttatatgaatattaccatccattagaattttcaccgactattggacttgaa 378   
 D  A  K  R  Q  Q  L  Y  E  Y  Y  H  P  L  E  F  S  P  T  I  G  L  E  
gagaaaacgaagctcatggaagagtggtggggaaaaacacatgctctgcttgttgagggaggacttaca 447   
 E  K  T  K  L  M  E  E  W  W  G  K  T  H  A  L  L  V  E  G  G  L  T  
tatgaatcaataaggcaatctgttgctaatgccaacatagctttcagggaaggtgttcctgaacttttt 516   
 Y  E  S  I  R  Q  S  V  A  N  A  N  I  A  F  R  E  G  V  P  E  L  F   
gagtttctggaggaaagagacattcctgtgttaatattctctgcagggctcgctgataccattgaagag 585   
 E  F  L  E  E  R  D  I  P  V  L  I  F  S  A  G  L  A  D  T  I  E  E   
gtcctaaggcagaaacttcacagatccttcaagaatgtgaggatagtatccaacagaatggtatttgat 654   
 V  L  R  Q  K  L  H  R  S  F  K  N  V  R  I  V  S  N  R  M  V  F  D   
gacaatggcagccttgtatcatttaaaggaaaattgattcatagcttaaataaaaatgagcatgctctt 723   
 D  N  G  S  L  V  S  F  K  G  K  L  I  H  S  L  N  K  N  E  H  A  L   
gatatggcagctcctgttcatgagaggtttggtgatatggatggtcctactgatgacaatgcctcattg 792   
 D  M  A  A  P  V  H  E  R  F  G  D  M  D  G  P  T  D  D  N  A  S  L  
aagaagagaaccaatgttctccttctcggtgatcatcttggagacttgggaatgtctgatggtttgaat 861   
 K  K  R  T  N  V  L  L  L  G  D  H  L  G  D  L  G  M  S  D  G  L  N   
tatgagactcgaatatccttgggattcctgaaccacaacattgagaactcactcagctgctatcgagaa 930   
 Y  E  T  R  I  S  L  G  F  L  N  H  N  I  E  N  S  L  S  C  Y  R  E   
gcttttgatgtggtttttgtgaatgatgcacctatgtggggagtaatcaaattggtctctcaaatgtgt 999  
 A  F  D  V  V  F  V  N  D  A  P  M  W  G  V  I  K  L  V  S  Q  M  C  
tgagtggtggtgcatgattatttctagttatggtatattcttagcagtcctcattcttttttgcttgat 1068 
 * 
atatcttaggattcctcattatcaaattcatattatctatagttttaagaaaactgttcacaatctcaa 1137  
ccattaaaatgttttgtttcgctgaataatgttataaatattgtcaaaagaatggcatcaatcagatgt 1206  
gtaactgctggaactacagctgtttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa      1270  
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!"#$%&'AN)'

PvP5N          MNY---------------------SFQFQV--QAIVHTS-----------FRQRHFSSFLRYT------- 29 
Vitis          MSYL------------------PRSSSGSS--VIISSII-----------IKPVRFPRVWCCT------- 32 
Ricinus        MDM------------------------SKV--TVIDDVL-----------S------------------- 14 
Oryza          MRPMT----SPPLL-------SPSSSSSRL--LLLRLLL---------------SRRRSPAS-------- 34 
Zea            MRPMT----NPPLL-------SPSPFP-----LLLRLLH-----------LSRAPRRRNPTTG------- 36 
Arabidopsis    ME-------------------------------------------------------------------- 2 
Physcomitrella MSGVAVGAWSPQALVRCATFCTPHTSTPSVGHALLQHFLRGWPGNEVKRNVRSVGFSTGTACAAGVCKKT 70 
Homo           MRAPSM---DRAAVARVGAVASASVCALVAGVVLAQYIF------TLKRKTGR----------------- 44 
Mus            -----M---DRAAVARVGAVASASVCAVVAGVVLAQYIF------TLKRKTGR----------------- 39 
 
PvP5N          ----------ASR-----RNLEMKEVKDASDL---------------------------LVGDPALMETK 57 
Vitis          -----HTPINQTQ-----TAMEQLDPSKSSQV---------------------------VVPHPHLLHAK 65 
Ricinus        ------------------------------------------------------------------LQNK 18 
Oryza          -----RSPPPPLR-----RRLPLLAASMSSSSSTAATRN-----------------PGSVVADADGLARK 77 
Zea            -----RAPTCTSR-----DRLPLL---LPAAMSSASNTA-----------------PHSVVADPTTLARK 76 
Arabidopsis    ------------------------PCELSANT---------------------------VIAHPRALTDK 21 
Physcomitrella FFCPFHSNSSSLRLYHRTSRLPYQQLALNGRLAGSCKSVSSMEKQHVNTRLTAPDCPDVVIGNPVQLEEK 140 
Homo           ----------------KTKIIEMMPEFQKSSVR---------------------------IKNPTRVEEI 71 
Mus            ----------------KTKIIEMMPEFQKSSVR---------------------------IKNPTRVEEI 66 
 
PvP5N          IEAIRLGGPQKLQVIADFDATLTKFSVNGTRG-QSSHGLLQQGNPEYDAKRQQLY---EYYHPLEFSPTI 123 
Vitis          ISSIRMAGHSKLQIIADFDATLTKYWVNGCRG-QSSHGLLQQGNPEYDVKRRELY---DYYHPLEISPSI 131 
Ricinus        IDAIRTAGTSKLQVIADFDATLTKYSVNGSRG-QSSHGLLKQGNPEYDAKRQALF---EYYHPLEFSSVI 84 
Oryza          VAAIRAAGPAKLQVIADFDGTLTRYWYDGSRG-QSSHGLLRQGNEEYDAKREELF---EHYHPIEICPDI 143 
Zea            IADIRAAGPTKLQVIADFDGTLTRYWYDGARG-QSSHGLLRQGNEEYDAKREALY---QHYHPIEICPDI 142 
Arabidopsis    MTLIRDAGPSKFQVIADFDATLTRYRVNGLRGRQTSHGLLQQGDAYYDAKRQALY---DHYHPLEISPVI 88 
Physcomitrella KKAIKSAGLSTLQVIADFDMTLTKYLVDGVRG-QSTHALLK-SNPAYDRKRHELF---EYYYPLEISPTL 205 
Homo           ICGLIKGGAAKLQIITDFDMTLSRFSYKGKRCP-TCHNIIDNCKLVTDECRKKLLQLKEKYYAIEVDPVL 140 
Mus            ICGLIKGGAAKLQIITDFDMTLSRFSYNGKRCP-TCHNIIDNCKLVTDECRRKLLQLKEQYYAIEVDPVL 135 
 
PvP5N          GLEEKTKLMEEWWGKTHALLVEGGLTYESIRQSVANANIAFREGVPELFEFLEERDIPVLIFSAGLADTI 193 
Vitis          PIEEKAKLMEEWWGKTHALLIEGGLTYDAITKSVANSMITFREGVVELFEFLEARDIPVLIFSAGLADVI 201 
Ricinus        PVEEKAKLMEEWWGKTHNLLIEGGLTYDAIRESVANSIIAFRDGVVELFKLLEEKNIPILVFSAGLADII 154 
Oryza          PLPEKAKLMEEWWEKTHALLIEGGLTYEAIRQSVADAKITFRDGVVKLFEFLEERDIPVLVFSAGLADII 213 
Zea            PLSEKAKLMEEWWEKTHGLLIEGGLTYEAITKSVSDAAIAFREGVVELFEYLEEREIPVLVFSAGLADII 212 
Arabidopsis    PIDEKTKLMEEWWGKTHELLIEGGLTYDAIKKSVANSSIAFREGVSELFEFLEKKEIPVLIFSAGLADVI 158 
Physcomitrella PADEKAKHMEEWWEKSHALLIEGGLNYESIVSSVANATISFRDRITEFFETLDEDGVPLLIFSAGLADII 275 
Homo           TVEEKYPYMVEWYTKSHGLLVQQALPKAKLKEIVAESDVMLKEGYENFFDKLQQHSIPVFIFSAGIGDVL 210 
Mus            TVEEKFPYMVEWYTKSHGLLIEQGIPKAKLKEIVADSDVMLKEGYENFFGKLQQHGIPVFIFSAGIGDVL 205 
 
PvP5N          EEVLRQKLHRSFKNVRIVSNRMVFDDNGSLVSFKGKLIHSLNKNEHALDMAAPVHERFG-DMDGPTDDNA 262 
Vitis          EEVLRQKLHRSFKNIKIVSNRMIFDGDGHLVSFKGKTIHVLNKNEHALDMAGPLHDELG-DSDGPNEDSA 270 
Ricinus        EEVFRQKIHRSFKNVKIVSNQMVFDNDGRLISFKGKVIHVLNKNKHALDMAAPVHEHLG-DVDGLLVNNS 223 
Oryza          EEVFRQKLHRSFKNIKVVSNRMVFNEEGRLVSFKGKTIHVLNKNEHALDMAAPVHDNLG-DPNGYTDDYS 282 
Zea            EEVFRQKLHKTFKNIKVVSNRMVFNEEGRLIAFKGKTIHVLNKNEHALDMAAPVHGNPG-DPNGSMDDYS 281 
Arabidopsis    EEVLRQNLDRTFKNVKIVSNRMVFNDDGQLVSFKGKLIHVLNKNEHALDMAAPLHDRLGVDIGEEDEENV 228 
Physcomitrella EEVLKQKLHRVFSNIRVVSNRMEFDDCGDLIGFKGKTIHVLNKNEHALEMAAPLHDDDG-NLVGENTGAA 344 
Homo           EEVIRQA-GVYHPNVKVVSNFMDFDETGVLKGFKGELIHVFNKHDGALR---------------NTEYFN 264 
Mus            EEVIRQA-GVYHSNVKVVSNFMDFDENGVLKGFKGELIHVFNKHDGALK---------------NTDYFS 259 
 
PvP5N          SLKKRTNVLLLGDHLGDLGMSDGL-NYETRISLGFLNHNIENSLSCYREAFDVVFVNDAPMWGVIKLVSQ 331 
Vitis          SVKKRTNVLLLGDHIGDLGMSDGL-DYETRISVGFLNDNVEKSLDSYRKAFDLVYLNDGPMWGVVKLVSQ 339 
Ricinus        LVKKRTNVLLLGDHLGDLGMSDGL-DYETLISIGFLNNNIENNLPSYRESFDIVYLNDASMWGVVKLASQ 292 
Oryza          LVKKRTNVLLLGDHIGDLGMSDGL-NYENRIAVGFLNNNIEKSLKDYSEAFDIVYLNDAPMVGVVELVSE 351 
Zea            LVKKRTNVLLLGDHIGDLGMSDGL-NYDNRIAVGFLNANIEKSLKDYSSAFDIVYLNDAPMHGVVQLVSE 350 
Arabidopsis    NMKERRNVLLMGDHLGDLRMSDGL-DYETRISIGFLNDNIEKSLESYRESFDLVYLNDAPMWGALELVSR 297 
Physcomitrella IIQGRSNVLLLGDHLGDLGMSDGV-DYDNRISIGFLNENAENWLETYKKAFDIVILNDGSLKPVIELVKE 413 
Homo           QLKDNSNIILLGDSQGDLRMADGVANVEHILKIGYLNDRVDELLEKYMDSYDIVLVQDESLEVANSILQ- 333 
Mus            QLKDNSNIILLGDSQGDLRMADGVANVEHILKIGYLNDRVDELLEKYMDSYDIVLVKEESLEVVNSILQ- 328 
 
PvP5N          MC                 334 
Vitis          LCSTEG-----------D 346 
Ricinus        LCASAV-----------S 299 
Oryza          LC---------------P 354 
Zea            LC---------------P 353 
Arabidopsis    LFSTEAINLTAFIDVKEP 315 
Physcomitrella L---------------RT 416 
Homo           ---------------KIL 336 
Mus            ---------------KTL 331!

M(I) 

M(S) M(II) 

M(IV) 

M(III) 
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  1 2 3 4 5 6 7 8 9  

PvP5N  66,5 70,9 63,2 60,5 62,5 52,4 29,3 30,5 1 

Vitis vinifera 42,4  71,2 63,3 61,0 67,6 52,3 27,4 28,7 2 

Ricinus communis 34,3 36,3  69,6 66,6 66,6 56,9 30,1 31,4 3 

Oryza sativa 47,6 44,8 36,5  79,3 60,0 51,7 25,3 29,0 4 

Zea mays 53.0 51,0 42,0 19,6  59,7 49,6 24,7 28,4 5 

Arabidopsis thaliana 41,6 33,7 37,6 44,9 43,7  50,5 24,8 25,7 6 

Physcomitrella patens 66,8 66,8 57,8 67,8 75,0 63,9  28,3 29,9 7 

Homo sapiens 129,5 134,8 126,9 139,2 139,2 119,0 140,4  93,7 8 

Mus musculus 124,9 129,5 120,5 131,7 131,6 119,4 133,2 6.6  9 

  1 2 3 4 5 6 7 8 9  
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,$3! ('&*8%+'($! ,$! */(';4$*+! T/R&,+! $*! %3&*(&8! &,K3(&8! 6! 8$! 8K4/$'$! LK$! 3&!

/)%3/0&0/;*!,$!K'$/,+8! $*!%3.*(K3&8! 8+)$(/,&8! &!,/Q$'8&8! 0+*,/0/+*$8! &,Q$'8&8!

$8!K*!&8%$0(+!&!($*$'!$*!0K$*(&!$*!$3!$8(K,/+!,$3!%&%$3!,$!$8(+8!)$(&M+3/(+8S!

!

NSg! @&8! &0(/Q/,&,$8! &3&*(+/*&8&8! %K'/T/0&,&8! V&8(&! $3! )+)$*(+! %+,'5&*! 8$'! $3!

'$8K3(&,+! ,$! 3&8!)+,/T/0&0/+*$8! %+8('&,K00/+*&3$8! &! 3&8! LK$! 8+*! 8+)$(/,&8! 3&8!

%'+($5*&8! 8/*($(/X&,&8! /*/0/&3)$*($S! 2*('$! $8(&8! )+,/T/0&0/+*$81! 3&! %'+($+3/8/8!

8$'5&! 3&! %'/*0/%&3! 0&K8&! $*! $3! 0&)M/+! ,$! (&)&[+S! @&8! /)%3/0&0/+*$8! LK$! $8(&8!

)+,/T/0&0/+*$8!%K$,$*!($*$'!8+M'$!3&!'$4K3&0/;*!,$!3&!&0(/Q/,&,!&3&*(+/*&8&!8+*!

K*!0&)%+!%&'&!TK(K'+8!$8(K,/+8S!

!

eSg!:$!V&!0&'&0($'/X&,+!K*&!&0(/Q/,&,!T+8T&(&8&!'$8/8($*($!&!)+3/M,&(+!LK$!K(/3/X&!

0+)+! 8K8('&(+8! 3+8! *K03$;(/,+8! )+*+T+8T&(+! 6! 0K6+! %&(';*! ,$! /*,K00/;*! 8$!

0+''$3&0/+*&!0+*!3&!85*($8/8!,$!K'$/,+8S!

!

]Sg!@&!%'$8$*0/&!$*!3&!8$0K$*0/&!,$!3&!*K03$+(/,&8&!HQHfD!,$!(+,+8!3+8!'$8/,K+8!

0+*8/,$'&,+8! $8$*0/&3$8! RK*(+! 0+*! 3+8! ,+)/*/+8! 0+*8$'Q&,+8! 6! 3&! &0(/Q/,&,!

T+8T&(&8&!T'$*($!&!3+8!8K8('&(+8!E<H!6!><H1!%$')/($!0+*03K/'!LK$!$3!4$*!!*!b\!

0+,/T/0&!K*&!*K03$+(/,&8&S!

!

!

!

!

!

!

!
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!Pjj

!

!
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!Pjl

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

$#JK*.#.1#-E&)H0)*
!
!
!
!
!
!
!
!
!

!

!

!

!

!

!

!

!

!
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!Pjh

!

!

!

!

!



7'&*0/80+!>*(+*/+!JK/3$8!@KLK$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-/M3/+4'&T5&!

!Pjd

!

>M+4&,&33&V! G<! 6! JK/0m! pH! UNOOdW! 9$4$(&(/Q$! 8&3(! (+3$'&*0$! +T! M&'*6&',!

4'&88! )K(&*(8! 8$3$0($,! T+'! 8&3(! (+3$'&*(! 4$')/*&(/+*S! >0(&! HV68/+3+4/&$!

H3&*(&'K)!eP^!hPfghN]!

!

>M+4&,&33&V! G<1! :$'&4! <<1! 23gt&(+K*6! =<! 6! JK/0m! pH! UNOPOW! :&3(!

(+3$'&*0$! &(! 4$')/*&(/+*! &*,! Q$4$(&(/Q$! 4'+i(V! /*Q+3Q$8! ,/TT$'$*(!)$0V&*/8)8!

/*!M&'*6&',!4'&88!U/9"-3&9"'&#)9,($+#''-!@SW!)K(&*(8S!H3&*(!G'+i(V!B$4K3&(/+*!

jO^!PgPN!

!

>)/0/! >1! 2)&*K$33/! <1! BK44/$'/! :1! B&TT&$33/! D! 6! <&4*/! G! UNOONW! t/*$(/0!

$Q/,$*0$! T+'! 0+Q&3$*(! %V+8%V+'63g$*X6)$! /*($')$,/&($! /*! %V+8%V+('&*8T$'&8$!

&0(/Q/(6! +T! VK)&*! '$,! 0$33! %6'/)/,/*$! *K03$+(/,&8$8S! ! 2*X6)$! t/*$(/08! &*,!

<$0V&*/8)1! H(! 7^! #$($0(/+*! &*,! EV&'&0($'/X&(/+*! +T! 2*X6)$! B$&0(/+*!

"*($')$,/&($8S!>0&,$)/0!H'$88!"*01!:&*!#/$4+1!%%!P]dgPfd!

!

>*X&3&!71!<+'$'$g@$!H&Q$*!<E1!7+K'*/$'!:1!B+*,$&K!#!6!@/)&)/!><!UNOOjW!

HV68/+3+4/0&3!&*,!)+3$0K3&'!&8%$0(8!+T!&8%&'(&($g,$'/Q$,!&)/*+!&0/,!)$(&M+3/8)!

,K'/*4! 4$')/*&(/+*! &*,! %+8(g4$')/*&(/+*! 4'+i(V! /*! (i+! )&/X$! 4$*+(6%$8!

,/TT$'/*4!/*!4$')/*&(/+*!$TT/0/$*06S!\+K'*&3!+T!2Y%$'/)$*(&3!-+(&*6!fl^!j]fgjfe!

!

>(m/*8! E>! UPddPW! >))+*/&! &88/)/3&(/+*! &*,! $Y%+'(! +T! */('+4$*! T'+)! (V$!

3$4K)$!*+,K3$S!2*!b-/+3+46!&*,!-/+0V$)/8('6!+T!*/('+4$*!T/Y&(/+*c!U#/3i+'(V1!

<S\S!6!G3$**1!>SBS1!$,8SWS!238$Q/$'1!>)8($',&)S^!NdegePd!

!

>(m/*8!E>1!7$'*&*,+!<1!qK*(!:!6!@&6X$33!#-!UPddNW!>!)$(&M+3/0!0+**$0(/+*!

M$(i$$*!*/('+4$*&8$!&0(/Q/(6!&*,!(V$!86*(V$8/8!+T!K'$/,$8!/*!*+,K3&($,!8+6M$&*S!

HV68/+3+4/&!H3&*(&'K)!h]^!]]Pg]]l!

!



7'&*0/80+!>*(+*/+!JK/3$8!@KLK$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-/M3/+4'&T5&!

!PlO

>(m/*8!E>1!:)/(V!H<E!6!:(+'$'!H\! UPddlW!B$$Y&)/*&(/+*!+T! (V$! /*('&0$33K3&'!

3+0&3/X&(/+*! +T! ,$! *+Q+! %K'/*$! 86*(V$8/8! /*! 0+i%$&! *+,K3$8S! H3&*(! HV68/+3+46!

PPe^!PNlgPef!

!

>((K00/! :1! E&',$! \H1! B&6)+*,! H1! :&/*(4$8! 91! :%/($'/! >! 6! H'&,$(! >! UPddPW!

?Y/,&(/Q$g%V+8%V+'63&(/+*!M6!)/(+0V+*,'/&!$Y('&0($,!T'+)!,'6!8K*T3+i$'!8$$,8S!

H3&*(!HV68/+3+46!df^!edOgedh!

!

-&'+*!t!6!:(&8+33&!E!UNOOhW!=V$!'+3$!+T!%+36&)/*$8!,K'/*4!/*!Q/Q+!&*,!/*!Q/('+!

,$Q$3+%)$*(S!"*!9/('+!E$33K3&'!ä!#$Q$3+%)$*(&3!-/+3+46gH3&*(!]]^!eh]gedf!

!

-&''$'+!\<1!=&3M+(!<\1!pV/($!BG1!\&0+M8$*!\9!6!GKM3$'!7!UNOOdW!>*&(+)/0&3!

&*,!('&*80'/%(+)/0!8(K,/$8!+T!(V$!0+3$+'V/X&!'$Q$&3!(V$!/)%+'(&*0$!+T!(V/8!(/88K$!

/*!'$4K3&(/*4!,+')&*06!/*!M&'3$6S!H3&*(!HV68/+3+46!PfO^!POOjgPONP!

!

-$33! \>! 6! p$MM! <>! UPddfW! "))K*+&TT/*/(6! %K'/T/0&(/+*! &*,! 0+)%&'/8+*! +T!

&33&*(+/*&8$8!T'+)!8+6M$&*!'++(g*+,K3$8!&*,!0+(63$,+*8S!H3&*(!HV68/+3+46!POl^!

]efg]]P!

!

-$i3$6!\#!UPddlW!:$$,!4$')/*&(/+*!&*,!,+')&*06S!H3&*(!E$33!d^!POffgPOjj!

!

-/&*0V/! 9! 6! :%60V&3&! \! UNOOeW! <&))&3/&*! fÄg*K03$+(/,&8$8S! \+K'*&3! +T!

-/+3+4/0&3!EV$)/8('6!Nlh^!]jPdfg]jPdh!

!

-/((+! 21! -/*4)&*! E>1! p$8$*M$'4! G21! <0E+6! \G! 6! HV/33/%8! GD! UNOOjW!

:('K0(K'$! +T! %6'/)/,/*$! f! Äg*K03$+(/,&8$! (6%$! P! g! "*8/4V(! /*(+! )$0V&*/8)! +T!

&0(/+*! &*,! /*V/M/(/+*! ,K'/*4! 3$&,! %+/8+*/*4S! \+K'*&3! +T! -/+3+4/0&3! EV$)/8('6!

NhP^!NOfNPgNOfNd!

!



7'&*0/80+!>*(+*/+!JK/3$8!@KLK$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-/M3/+4'&T5&!

!PlP

-+3,(!B!6!x'$**$'!B!UNOOeW!HK'/*$!&*,!%6'/)/,/*$!M/+86*(V$8/8!/*!V/4V$'!%3&*(8S!

HV68/+3+4/&!H3&*(&'K)!PPl^!NdlgeO]!

!

-+'/8RKm!@1!p$M$'!q1!H&*/(X!B1!<&*($KTT$3!B!6!p+MK8!A!UPddfW!2)M'6+4$*$8/8!

+T!V-9-#) E#7#! @^! q/8(+,/TT$'$*(/&(/+*! /*! '$3&(/+*! (+! 8(&'0V! &*,! 8(+'&4$! %'+($/*!

86*(V$8/8S!\+K'*&3!+T!H3&*(!HV68/+3+46!P]l^!NOegNPh!

!

-'&,T+',! <<! UPdljW! >! '&%/,! &*,! 8$*8/(/Q$! )$(V+,! T+'! (V$! LK&*(/(&(/+*! +T!

)/0'+4'&)! LK&*(/(/$8! +T! %'+($/*! K(/3/X/*4! (V$! %'/*0/%3$! +T! %'+($/*g,6$! M/*,/*4S!

>*&36(/0&3!-/+0V$)/8('6!lN^!N]hgNf]!

!

-'60Vm+Q&!G1!>3/mK3+Q!x1!7/KV'!B!6!:&4/!<!UNOOhW!>!0'/(/0&3!'+3$!T+'!K'$/,$8!/*!

,&'m!&*,!8$*$80$*0$g/*,K0$,!%K'/*$!'$)+M/3/X&(/+*! /8!K*)&8m$,! /*! (V$!>(Y,VP!

L,#7-5&1$-$!)K(&*(S!H3&*(!\+K'*&3!f]^!]djgfOd!

!

-K0mV+3X! BG! 6! E++%$'! =G! UPddPW! =V$! &33&*(+/*&8$! U#>@PW! 4$*$! +T!

H#99"#,&2J9%$)9%,%*-$-#%S!C$&8(!l^!dPegdNe!

!

-K3MK3! D1! :&mK'&/! <1! <&(8K8V/)&! q! 6! t&*$m+! C! UNOOhW! "*,K0(/+*! +T!

K3('&8('K0(K'&3! 8%$0/&3/X&(/+*! T+'! K'$/,$! )$(&M+3/8)! /*! *+*g*+,K3$! 8+6M$&*!

(/88K$8!0K3(K'$,!/*!Q/('+S!H3&*(!:0/$*0$!Plf^!heegheh!

!

-K''+K4V8! ><1! >33$*! tD1! #K*&i&6g<&'/&*+! #! 6! >'&Q/*,! @! UNOOjW!

2Q+3K(/+*&'6! 4$*+)/08! +T! (V$!q>#! 8K%$'T&)/36^!A*,$'8(&*,/*4! (V$! 8('K0(K'&3!

&,&%(&(/+*8! &*,! 0&(&36(/0! ,/Q$'8/(6! /*! &! 8K%$'T&)/36! +T! %V+8%V+$8($'&8$8! &*,!

&33/$,!$*X6)$8S!\+K'*&3!+T!<+3$0K3&'!-/+3+46!ejP^!POOegPOe]!

!

E&M$33+g#/&X! \<1! JK/3$8! 7>1! @&)M$'(! B1! H/*$,&! <! 6! H/$,'&8! H! UNOPNW!

",$*(/T/0&(/+*! +T! &! *+Q$3! %V+8%V&(&8$! i/(V! V/4V! &TT/*/(6! T+'! *K03$+(/,$8!



7'&*0/80+!>*(+*/+!JK/3$8!@KLK$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-/M3/+4'&T5&!

!PlN

)+*+%V+8%V&($!T'+)!0+))+*!M$&*!U!"#$%&'($)*('+#,-$WS!H3&*(!HV68/+3+46!&*,!

-/+0V$)/8('6!fe^!f]gjO!

!

E&)%+8!>1!B/R+g\+V&*8$*!<\1!E&'*$/'+!<7!6!7$Q$'$/'+!H! UNOOfW!HK'/T/0&(/+*!

&*,! 0V&'&0($'/8&(/+*! +T! &,$*+8/*$! *K03$+8/,&8$! T'+)! :&EE%#) #,#7-9#! 6+K*4!

3$&Q$8S!HV6(+0V$)/8('6!jj^!P]lgPfP!

!

E&+! C\! 6! :0VKM$'(! tB! UNOOPW! <+3$0K3&'! 03+*/*4! &*,! 0V&'&0($'/X&(/+*! +T! &!

0#D>!$*0+,/*4!8+6M$&*!*+,K3$!"<H!,$V6,'+4$*&8$S!-/+0V/)/0&!2(!-/+%V68/0&!

>0(&gG$*$!:('K0(K'$!&*,!2Y%'$88/+*!PfNO^!N]NgN]j!

!

E&'M+*&'+! <! UNOOjW! l:! 43+MK3/*8! T'+)! !"#$%&'($) *('+#,-$! @S^! ")%&0(! +T!

8('K0(K'&3! &8%$0(8! +*! (V$! *K('/(/+*&3! LK&3/(6S! -/+80/$*0$! -/+($0V*+3+46! &*,!

-/+0V$)/8('6!lO^!NjNOgNjNj!

!

E&'($'! :G! 6! =/%(+*! E@! UPdhjW! HK'/T/0&(/+*! &*,! 0V&'&0($'/X&(/+*! +T! &! fÄg

*K03$+(/,&8$!T'+)!i%#)2#J$!)/0'+8+)$8S!HV6(+0V$)/8('6!Nf^!eegel!

!

E&8(3$! @>! 6!<$/*m$!#p! UPddeW! 2)M'6+g,$T$0(/Q$!)K(&*(8! &8! (++38! (+! 8(K,6!

$88$*(/&3! TK*0(/+*8! &*,! '$4K3&(+'6! %'+0$88$8! /*! %3&*(! $)M'6+! ,$Q$3+%)$*(S!

:$)/*&'8!/*!#$Q$3+%)$*(&3!-/+3+46!]^!ePged!

!

EV$*!E<!6!t'/8(+%$/(!:<!UPdhPW!<$(&M+3/8)!+T!06(+m/*/*S!#$%V+8%V+'63&(/+*!

+T!06(+m/*/*!'/M+*K03$+(/,$!M6!fÄ!*K03$+(/,&8$8!T'+)!iV$&(!4$')!06(+8+3S!H3&*(!

HV68/+3+46!jl^!]d]g]dh!

!

EV$*! 71! #&V&3! H! 6! -'&,T+',! t\! UNOOPW! =i+! (+)&(+! $Y%&*8/*! 4$*$8! 8V+i!

,/Q$'4$*(!$Y%'$88/+*!&*,!3+0&3/X&(/+*!/*!$)M'6+8!,K'/*4!8$$,!,$Q$3+%)$*(!&*,!

4$')/*&(/+*S!H3&*(!HV68/+3+46!PNl^!dNhgdej!



7'&*0/80+!>*(+*/+!JK/3$8!@KLK$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-/M3/+4'&T5&!

!Ple

!

EV/i+0V&! :#:1! EK(3$'! >\1! >M'&)8! :B1! >)M'+8$! :\1! C&*4! \1! B+88! >B:! 6!

t$')+,$! >B! UNOOfW! =V$! $('PgN! )K(&(/+*! /*!L,#7-5&1$-$) 4"#'-#3#! &TT$0(8! (V$!

&M80/8/0! &0/,1! &KY/*1! 06(+m/*/*! &*,! 4/MM$'$33/*! )$(&M+3/0! %&(Vi&68! ,K'/*4!

)&/*($*&*0$! +T! 8$$,! ,+')&*061! )+/8(g0V/33/*4! &*,! 4$')/*&(/+*S! H3&*(! \+K'*&3!

]N^!efg]h!

!

E+m$'!G=!6!:0V&$T$'!\!UPdhfW!DgPf!&*,!EgPe!D<B!,$($')/*&(/+*!+T!&33&*(+/*!

)$(&M+3/8)!/*!,$Q$3+%/*4!8+6M$&*!0+(63$,+*8S!H3&*(!HV68/+3+46!ll^!PNdgPef!

!

EK8&!21!?M'&,+'8!D1!-&3,+)&!@1!-&,/&!\!6!>4K/3&'!\!UPdddW!G$*$(/0!&*&368/8!+T!

&! 0V'+)+8+)&3! '$4/+*! 0+*(&/*/*4! 4$*$8! '$LK/'$,! T+'! &88/)/3&(/+*! +T! &33&*(+/*!

*/('+4$*! &*,! 3/*m$,! 436+Y63&($! )$(&M+3/8)! /*! /$9"%,-9"-#) 9&'-S! \+K'*&3! +T!

-&0($'/+3+46!PhP^!l]ldgl]h]!

!

#&84&*! qC! 6! t+0! :! UNOOdW! 2Q&3K&(/+*! +T! 8&3(! (+3$'&*0$! /*! 0+))+*! M$&*!

4$*+(6%$8!M6!/+*!'$4K3&(/+*!&*,!8$&'0V/*4!T+'!80'$$*/*4!%&'&)$($'8S!\+K'*&3!+T!

7++,!>4'/0K3(K'$!ä!2*Q/'+*)$*(!l^!ejegelN!

!

#&((&! #-1! ='/%3$((! 2p! 6! D$i0+)M! 2q! UPddPW! @+0&3/X&(/+*! +T! Y&*(V/*$!

,$V6,'+4$*&8$!/*!0+i%$&!'++(!*+,K3$8^!/)%3/0&(/+*8!T+'!(V$!/*($'&0(/+*!M$(i$$*!

0$33K3&'! 0+)%&'()$*(8! ,K'/*4! K'$/,$! M/+4$*$8/8S! H'+0$$,/*48! +T! (V$! D&(/+*&3!

>0&,$)6!+T!:0/$*0$8!+T!(V$!A*/($,!:(&($8!+T!>)$'/0&!hh^!]lOOg]lON!

!

#$!:)$(! "1!@&K!:1!<&6$'!A! 6! \K'4$*8!G! UNOPOW!2)M'6+4$*$8/8! g! (V$!VK)M3$!

M$4/**/*48!+T!%3&*(!3/T$S!H3&*(!\+K'*&3!jP^!dfdgdlO!

!

#$8/)+*$!<1!E&(+*/!21!@K,$i/4!A1!q/3%$'(!<1!:0V*$/,$'!>1!tK*X$!B1!=$4$,$'!

<1!7'+))$'!p-!6!:0VK)&0V$'!t!UNOONW!>!*+Q$3!8K%$'T&)/36!+T! ('&*8%+'($'8!



7'&*0/80+!>*(+*/+!JK/3$8!@KLK$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-/M3/+4'&T5&!

!Pl]

T+'! &33&*(+/*! &*,! +(V$'! +Y+! ,$'/Q&(/Q$8! +T! */('+4$*! V$($'+0603/0! 0+)%+K*,8! /*!

L,#7-5&1$-$S!H3&*(!E$33!P]^!h]lghfj!

!

#/&Xg@$&3! \@1! G&3Q$Xg9&3,/Q/$8+! G1! 7$'*&*,$X! \1! H/*$,&! <! 6! >3&)/33+! \<!

UNOPNW!#$Q$3+%)$*(&3! $TT$0(8! +*! K'$/,$! 3$Q$38! &'$!)$,/&($,! M6! (/88K$g8%$0/T/0!

'$4K3&(/+*! +T! &33&*(+/*&8$! /*! !"#$%&'($) *('+#,-$! @S! \+K'*&3! +T! 2Y%$'/)$*(&3!

-+(&*6S!#?"^!POSPOderRYMr$'8OdO!

!

#+'$)K8! q#! 6! -3$Q/*8! #G! UPdhhW! DK03$+8/,$! ,/%V+8%V&(&8$! &*,! fÄg
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Abstraet: 
French bean (Phaseolus vulgaris) is a legume that transports 
most of the fixed nitrogen from the nodules to the aerial parts 

as ureides. These compounds have a high N/e ratio, which 
makes them ideal for the transport and storage of nitrogen. 

Germination and seedlings growth are two crucial stages in 
the life cycle of plants. In these periods, plants are 
heterotrophic and they dependent on the reserves 

accumulated in the seeds. The plants become autotrophic 
befo re the nutrients are depleted. 

In this work, we have studied nucleotide and ureide 
metabolism in French bean during germination and seedlings 
development. Oried common bean seeds accumulate ureides 

and they show high levels of allantoinase activity. After radicle 
protusion, ureide metabolism is induced mainly in developing 

axes. The enzymatic activities involved in the degradation of 
ureides (allantoin, alantoate, and ureidoglicolate degrading 
activities) are induced in developing axes, suggesting a role of 
these compounds in the mobilization of nitrogen during 
germination and seedling growth. Antibodies against the 

common bean allantoinase were raised by using purified 
protein overexpressed in Escherichia cali and they recognize 
at least three proteins in crude extracts from common bean. 
The first step in the pathway from purines to ureides is 
catalysed by a phosphatase, which transforms nucleotides to 

nucleosides. A molibdate resistant phosphatase activity has 
been determined and characterized from developing axes. 
The values of phosphatase activity during germination and 
seedling development correlates with the ureide 
accumulation pattern. Molibdate-resistant phosphatase was 
determined with both purine and pyrimidine nucleotides as 

substrates. A cONA encoding a putative pyrimidine 
nucleotidase was cloned from French bean. However, the 
overexpressed protein showed activity with both pyrimidines 
and purines as substrates. 
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Resumen: 
La judía (Phasealus vulgaris) es una leguminosa que 
transporta la mayoría del nitrógeno fijado en los nódulos 

hacia las partes aéreas en forma de ureidos. Estos 
compuestos tienen una elevada relación N/e, lo que los 

convierte en moléculas ideales de transporte y 
almacenamiento de nitrógeno. La germinación y desarrollo 
postgerminativo son dos etapas cruciales en el ciclo de vida 

de las plantas. En estos periodos, las plantas son 
heterotróficas ya que dependen completamente de las 

reservas acumuladas en las semillas. Antes de que los 
nutrientes se agoten, las plántulas pasan a un metabolismo 
autotrófico. 

En este trabajo se ha estudiado el metabolismo de ureidos y 
nucleótidos en plántulas de judía durante la germinación y 

desarrollo postgerminativo temprano. Las semillas de judía 
presentan niveles muy altos de ureidos además de elevados 
valores de actividad alantoinasa. Tras la emergencia radicular, 
se produce una inducción del metabolismo de ureidos 
principalmente en los ejes en desarrollo. Las actividades 

enzimáticas implicadas en la degradación de los ureidos 
alantoína, alantoato y ureidoglicolato se inducen en ejes en 
desarrollo, lo que sugiere un papel importante de estos 
compuestos en la movilización del nitrógeno durante la 
germinación y desarrollo postgerminativo. Se han obtenido 

anticuerpos frente a la proteína alantoinasa sobreexpresada 
en E. coli, que reconocen al menos tres proteínas en extractos 
de judía. En la ruta de síntesis de ureidos a partir de purinas, 
el primer paso estaría catalizado por una actividad fosfatasa 
que catalizaría la conversión de nucleótidos a nucleósidos. Se 
ha determinado y caracterizado una actividad fosfatasa 

resistente a molibdato, inhibidor de fosfatasas ácidas, en ejes 
de judía y cuyo patrón temporal de actividad correlaciona con 
el aumento de ureidos. Se determinó actividad tanto con 
nucleótidos purínicos como pirimidínicos. Se ha clonado un 
AONc que codifica una nucleotidasa con dominios similares a 

los de una nucleotidasa específica de pirimidinas. Sin 
embargo, la proteína sobreexpresada presentó actividad tanto 
con pirimidinas como purinas. 
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