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)(#7)7'
#!"#&'062

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

2.!%(0$.#/!2.!2;(!/&02&#12&>(!1())!1@1)(!,#/!/&>&0&.#!G(,2*%(0!&#!(>.)*2&.#,%&)@!%(),2(/!
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+03K0LM19<8<*>*N04538:5:*O94F453** * * * * * * E

! ! b5b5b5!D,%,12(%702&1,0!+(#(%,)(0!/(#!"#&'062! ! ! ! ! _

! ! ! b5b5b5b!D&1).!/(!>&/,!/(#!"#&'062# ! ! ! ! _

! ! ! b5b5b5^5!D&1).!1()*),%!@!'.%G.+(#C2&1.!/(#!"#&'062! ! ! a

! ! b5b5^5!D,%,12(%702&1,0!+(#(%,)(0!/(!!"#$%&'()*+,# ! ! ! h

! ! ! b5b5^5b!D&1).!/(!>&/,!@!'.%G.+(#C2&1.!/(#!"#$%&'()*+,# ! i

!

#!"#*2/27),)%2# ! ! ! ! ! ! b_

#!"#&'062# ! ! ! ! ! ! b_

#!"#$%&'()*+,# ! ! ! ! ! ! bj

E@P@*-5*N93O9NO8=1*:94*QF=3F6* * * * * * * * ER
! b5_5b5!V,!$(%1($1&?#!/()!-*?%*'!(#!$%.1,%&.2,0! ! ! ! ! bk

! ! ! b5_5^5b5b5!L(%$(#.03!G,%#(0.)! ! ! ! ! ! ^b

! ! ! ! b5_5^5b5b5b5!"G(12.!/()!G,%#0(0.)!0.9%(!),!2%,#0&1&?#

! ! ! ! b5_5^5b5b5^5!"G(12.!/()!G,%#0(0.)!0.9%(!),!G.%',1&?#!@

! ! ! ! /(0,%%.)).!/(!9&.$()71*),0! ! ! ! ! ^_

! ! ! ! b5_5^5b5b5_5!"G(12.!/()!G,%#0(0.)!0.9%(!),!,$.$2.0&0!@

! ! ! ! (02%C0!.O&/,2&>.! ! ! ! ! ! ^a

! ! ! b5_5^5b5^5!P)1.;.)(03!2&%.0.):!2%&$2.G.)!@!^]G(#&)(2,#.)! ! ! ^a

! ! ! ! G.%',1&?#!@!/(0,%%.)).!/(!9&.$()71*),0! ! ! ^i

! ! ! ! (02%C0!.O&/,2&>.! ! ! ! ! ! ^k

E@S@*%4*O8209<QF94920* * * * * * * * * CT
!

! ! b5j5b5b5!")!1&2.(0-*()(2.!/(!2*9*)&#,!(##!"#&'062! ! ! ! _c

! ! b5j5^5!")!1&2.(0-*()(2.!/(!,12&#,! ! ! ! ! ! _^

! ! ! b5j5^5b5!D.#0(%>,1&?#!(>.)*2&>,!/()!1&2.(0-*()(2.!/(!,12&#,!! __
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! b5j5_5!")!1&2.(0-*()(2.!/(!,12&#,!(##!"#&'062# ! ! ! ! _j

! ! b5j5_5b!N,%1;(0!/(!,12&#,! ! ! ! ! ! ! _j

! ! b5j5_5^5!P#&)).!/(!,12.'&.0&#,!! ! ! ! ! ! _h

! ! b5j5_5_5!D,9)(0!/(!,12&#,! ! ! ! ! ! ! _h

! ! ! b5j5_5_5b5!V,0!G.%'&#,0!1.'.!#*1)(,/.%(0!/(!).0!1,9)(0!/(!,12&#,! _h

! ! ! b5j5_5_5^5!6(1,#&0'.0!/(!%(+*),1&?#!/(!),0!G.%'&#,0! ! _k

* E@U@*-5*O820O819<8<*91*Schizosaccharomyces** * * * * SE
! ! b5a5b5!4(2(%'&#,1&?#!/()!0&2&.!/(!/&>&0&?#!1()*),%!@!G.%',1&?#!/(!#./.0! j_

! ! ! /(!d],12&#,! ! ! ! ! ! ! ! ji

! ! ! b5a5_5^5!6./().!/()!1,9)(!)7/(%! ! ! ! ! ac

! ! ! ! b5a5_5^5b5!V,!%*2,!M8U!Y!2&8%8)'(#B()8)%8)'(#@28K'/LZ# ! a^

! ! ! b5a5_5_5!8#1.%$.%,1&?#!/(!1,9)(0!#.!(1*,2.%&,)(0! ! ! a^

! ! b5a5a5!D.#02%&11&?#!/()!,#&)).:!07#2(0&0!/()!0($2.!@!0($,%,1&?#!1()*),%! a^

! ! ! b5a5a5b5!6(1,#&0'.!/(!1.#02%&11&?#!/()!,#&)).!/(!,12.'&.0&#,! a_

! ! ! b5a5a5^5!M7#2(0&0!/()!0($2.!/(!/&>&0&?#!! ! ! ! a_

! ! ! b5a5a5_5!M($,%,1&?#!1()*),%! ! ! ! ! ! aa

V93O9NO8=1*>*<9?548B5O8=1*K39129*5*9<2W6F40<*5678912549<* * * * UX*
** ******C@E@*-5<*3F25<*:9*+)VY<* * * * * * * * UX
! !

! ! ! ^5b5b5b5!M(#0.%(0! ! ! ! ! ! ! ah

#!"#&'062!! hb

! ! ! ^5b5_5b5!M(#0.%(0! ! ! ! ! ! ! hb
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#!"#&'062! ! ha

! ! ! ^5b5j5b5!M(#0.%(0! ! ! ! ! ! ! hh

! ! !

! ! ! ^5b5j5j5!"G(12.%(0!/(!),!%*2,!D8N! ! ! ! ! ic

! ! ,!(02%C0!@!/(!&#2(+%&/,/!1()*),%! ! ! ! ! ! ic

! ! ^5b5h5!D.#2%.)!,'9&(#2,)!/(!),!'.%G.+C#(0&0! ! ! ! ! ib

G#G-#/A&)JZ)* * * * * * * * * * RX
/G[%.#$/'** * * * * * * * * * EES
V!G-#,),#/"%'* * * * * * * * * * EEX
,/",-!'#/"'* * * * * * * * * * CRC

* C@*A919354*O01O4F<801<* * * * * * * * CRS





')*#+$1&&'5)

.5745*E@*RM60!/(01%&2,0!(#!G"#%46)*%(,#1#!"#*2/27),)%2!@!0*0!$%&#1&$,)(0!G*#1&.#(0! !^b

J8LF35*E@ !*-).',%**-%/'01*2,# ! ! ! !^

J8LF35*C@!D&1).!/(!>&/,!/(!!*-).',%**-%/'01*2,#&'062##! ! ! ! !j

J8LF35*P@!D&1).!'.%G.+(#C2&1.!@!1&1).!1()*),%!/(#!"#&'062## ! ! ! !h

J8LF35*S@!N%.1(0.!/(!'&2.0&0!(##!"#&'062!@#!"#$%&'()*+,!! ! ! ! !k

J8LF35*U@*N,2%?#!/(!1%(1&'&(#2.!/(!*#,!;&G,! ! ! ! ! ! !bc

J8LF35*X@ #!"#$%&'()*+,# ! ! ! !ba

J8LF35*R@
J8LF35*T@*V.0!'&1%.2Q9*).0!0&%>(#!1.'.!>7,0!$,%,!()!2%,#0$.%2(!/(!).0!',%1,/.%(0
/(!$.),%&/,/!;,1&,!()!$.).!1()*),%! ! ! ! ! ! ! ! !_b

!S%+,#&F,1&?#!/()!1&2.(0-*()(2.!/(!,12&#,!(##!"#&'062# ! ! !_j

J8LF35*ED@*
J8LF35*EE@
J8LF35*EC@*6./().!/(!),!,12&>,1&?#!@!).1,)&F,1&?#!/(!d.%_!! ! ! ! !jb

J8LF35*EP@*V,!1&2.1&#(0&0!(##!"#&'062! ! ! ! ! ! ! !j^

J8LF35*ES@
/()!$),#.!/(!/&>&0&?#!(##!"#&'062! ! ! ! ! ! ! !jj

J8LF35*EU@*
%(1)*2,'&(#2.!/(!D/1b^!(##!"#&'062! ! ! ! ! ! ! !ji

J8LF35*EX@*6./().0!/(!(#0,'9),=(!/()!,#&)).!/(!,12.'&.0&#,!(##!"#&'062! ! !ab

J8LF35*ER@*D.'$.#(#2(0!/()!,#&)).!(#!0*!(02,/&.!',/*%.!@!1.'$.0&1&?#
/()!0($2.!/(!/&>&0&?#!(##!"#&'062! ! ! ! ! ! ! !aj

J8LF35*ET@

J8LF35*CD@ #!"#&'062#! ! !hj

J8LF35*CE@ #!"#&'062

3)$'&%.$%.6'"1#!,.7.*!/-!,
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4 81/-'&!&'+)%,

J8LF39*E@*
#!"#$%&'()*+,!! ! ! ! ! ! ! ! !b^^

J8LF39*C@
'./*),2(0#!"#$%&'()*+,!;@$;,)!/&GG(%(#2&,2&.#! ! ! ! ! ! !b^a

J8LF39*P@!!#$%&'()*+,#N'Tb!&0!G*))@!G*#12&.#,)!&##!"#&'062# ! ! ! !b^k

J8LF39*S@#!"#&'062
2.!$%.'.2(!'@1()&,)!/(>().$'(#2!&##!"#$%&'()*+,#

J8LF39*'E@!M($2,2&.#!$;(#.2@$(0!.G !1())0! ! ! ! !b_a

J8LF39*'C@ #!"#&'062

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

J8LF39*'P@!D.#0(%>(/!0(-*(#1(0!0*%%.*#/&#+!2;(!U]).9(!0*9/.',&#0!

J8LF39*'S@*D.#0(%>(/!02%*12*%,)!G(,2*%(0!.G!N1Tb!.%2;.).+0!&##!"#&'062
,#/#!"#$%&'()*+,! ! ! ! ! ! ! ! ! ! !b_k

J8LF39*'U@!D.#0(%>(/!02%*12*%,)!G(,2*%(0!.G!N1T^!.%2;.).+0!&##!"#&'062
,#/#!"#$%&'()*+,#

.5749*'E@#!"#$%&'()*+,!,#/#!"#&'062

.5749*'C@*

C@*\F03F6*<91<81L*51:*<239<<]5O28;529:*+)VY*<8L15481L*39N39<<*>95<2
Schizosaccharomyces japonicus#

J8LF39*E@!R*.%*'!0(#0&#+!#(+,2&>()@!%(+*),2(0!@(,02!2.!;@$;,!2%,#0&2&.#
&##!"#$%&'()*+,! ! ! ! ! ! ! ! ! ! !bjh

J8LF39*C@
&##!"#$%&'()*+,

J8LF39*P@ #!"#$%&'()*+,! !bab

J8LF39*S@#!"#$%&'()*+,
J8LF39*U@* #!"#$%&'()*+,!,#/!&0!%($%(00(/

J8LF39*'E@*4(2(12&.#!.G!$;(#@)(2;,#.)!,#/!2%@$2.$;.)!&##!"#$%&'()*+,

J8LF39*'C@* #!"#$%&'()*+,

2%@$2.$;.)!,#/!2@%.0.)! ! ! ! ! ! ! ! ! !bic

J8LF39*'P@*D.#0(%>,2&.#!.G!M2@b!,#/!P2Gb!&##!"#$%&'()*+,#,#/#!"#&'062! ! ! !bib



J8LF39*'S@!M2@b!%(+*),2(0!1;%.#.).+&1,)!)&G(0$,#!&##!"#$%&'()*+,# ! ! ! !bi^

J8LF39*'U@

J8LF39*'X@!d%(-*(#1@!.G!KS!2(%'0!G.%!1.''.#!*$]%(+*),2(/!HPI
!,#/! !'*2,#20! ! ! ! !bij

J8LF39*'R@!D.#0(%>,2&.#!.G!U%+b!&##!"#$%&'()*+,!,#/#G"#%46)*%(,! ! ! ! !bia

J8LF39*'T@*"O.+(#.*0)@!,//(/!G,%#(0.)!&0!,!RM6!&##!"#$%&'()*+,!! ! ! !bih

.5749*'E@* !1())0! ! !bii

.5749*'C@

.5749*'P@ !1())0! ! !bk_

.5749*'S@ !1())0! ! !bkk

.5749*'U@*

.5749*'X@

.5749*'R@!D.''.#!*$]%(+*),2(/!+(#(0!&#!
&#!

.5749*'T@* !1())0!,#/!*$]%(+*),2(/

&#!

.5749*'ED@*

8129L382>*7>*60:F45281L*K03681*J03P*49;94<*
J8LF39*E@
!"#&'062

J8LF39*C@

J8LF39*P@

J8LF39*S@*
&#2(+%&2@!&#!2;(!$%(0(#1(!.G!V,2P! ! ! ! ! ! ! ! ^bb

J8LF39*U@

J8LF39*X@

J8LF39*R@*
,#/!&#2(+%&2@!&##!"#&'062! ! ! ! ! ! ! ! ! ^bh

J8LF39*T@
!"#$%&'()*+,



J8LF39*E*'E@
J8LF39*E*'C@
J8LF39*E*'P@
J8LF39*E*'S@
J8LF39*E*'U@*4&0$(%0,)!.G!,12&>(!D/1j^!G%.'!2;(!1())!$.)(0!&#!2;(!$%(0(#1(
.%!,90(#1(!.G!V,2P! ! ! ! ! ! ! ! ! ! ^_i

J8LF39*E*'X@*M2@b!/()(2&.#!,))(>&,2(0!V,2P]0(#0&2&>&2@!.G!'*2,#20!),1T&#+
D/1j^!K"dl0!! ! ! ! ! ! ! ! ! ! ^_k

J8LF39*C*'E@!%*8Ng

J8LF39*C*'C@
J8LF39*C*'P@*
>(%0*0! !1())0! ! ! ! ! ! ! ! ! ! ^j_

J8LF39*C*'S@#!"#&'062 !02%,&#0!(O$%(00&#+!2;(!d],12&#

',%T(%!V&G(P12]KdN!! ! ! ! ! ! ! ! ! ^jj

J8LF39*C*'U@*
J8LF39*P*'E@*L.2,)!)(>()0!,#/!'.9&)&2@!.G!G.%'&#!D/1b^!&#!%(0$.#0(!2.!,!%,#+(
.G!1.#1(#2%,2&.#0!.G!V,2P! ! ! ! ! ! ! ! ! ^ji

J8LF39*P*'C@*

J8LF39*P*'P@*

J8LF39*P*'S@*

J8LF39*U*'E@*d.%_]_KdN!)(>()0!,#/!$;.0$;.%@),2&.#!02,2*0!/.!#.2!1;,#+(
/*%&#+!2;(!1())!1@1)(! ! ! ! ! ! ! ! ! ^aj

J8LF39*U*'C@!S'/Dg

J8LF39*U*'P@!M2@b!,12&>&2@!()&1&20!,!/(1%(,0(!&#!d.%_!)(>()0!&#!%(0$.#0(
2.!(#>&%.#'(#2,)!02&'*)&! ! ! ! ! ! ! ! ! ^ah

J8LF39*U*'S@!d.%_!&0!*9&-*&2&#,2(/!)(#7)7'! ! ! ! ! ! ! ^ai

J8LF39*U*'U@ !1())0! ! ! ! ^ak

J8LF39*U*'X@*M2@b!/.(0!#.2!$;.0$;.%@),2(!d.%_!)(#7)8/'
#!"#&'062!,#/#!"#$%&'()*+,#02%,&#0!*0(/!&#!2;&0!02*/@! ! ^ha

!S)&+.#*1)(.2&/(0!('$).@(/!&#!2;&0!02*/@! ! ! ^ic







#".&/(!,,#H"
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!"#$%&'((!)"

! ")!1.#1($2.!/(!m'.%G.+C#(0&0n!;,1(!%(G(%(#1&,!,! ),!,/-*&0&1&?#!@!()!',#2(]
#&'&(#2.!/(!),0!/&02&#2,0!G.%',0!-*(!$*(/(#!,/.$2,%!).0!.%+,#&0'.0!>&>.05!M(!2%,2,!
/(!*#!$%.1(0.!1.'$)(=.!-*(!%(-*&(%(!),!$*(02,!(#!',%1;,!@!1..%/&#,1&?#!/(!#*]
'(%.0,0!%*2,0!/(!0(<,)&F,1&?#:!@!-*(!&#1)*@(:!(#2%(!.2%.0:!1,'9&.0!(#!()!1%(1&'&(#2.!
$.),%&F,/.:!),!/&>&0&?#:!@f.!),!'.2&)&/,/!1()*),%5!

! V,0!1C)*),0!1%(1(#!@!,/-*&(%(#!0*!G.%',!1.'.!%(0*)2,/.!/()!9,),#1(!(#2%(!),0!
]

%(0:!@!),0!G*(%F,0!(=(%1&/,0!$%.1(/(#2(0!/(!0*!(#2.%#.!(O2%,1()*),%!H4,>o!p!6&#1:!̂ cbaA!

]
),]',2%&F!(O2%,1()*),%!HV(1*&2!28#%4"W!^cbbI5!N.%!0*!$,%2(:!),0!9,12(%&,0:!;.#+.0!@!$),#2,0!

*#,!()(>,/,!$%(0&?#!.0'?2&1,!&#2(%#,:!1.#.1&/,!1.'.!2*%+(#1&,5!P0&'&0'.:!),!).1,)&]
F,1&?#!/(!G,12.%(0!/(!$.),%&/,/!(#!%(+&.#(0!1.%2&1,)(0!/(2(%'&#,!()!1%(1&'&(#2.!).1,)!
'(/&,#2(!),!(O$,#0&?#!@!%('./(),1&?#!/(!),!$,%(/!1()*),%:!/(!',#(%,!-*(!()!9,),#1(!

G.%',!1()*),%!Hd5!D;,#+!p!J*,#+:!^cbjA!4,>o!p!6&#1:!^cbaI5

:9*45*603K0LM19<8<

! ")!+C#(%.!!*-).',%**-%/'01*2,!(#+).9,!1*,2%.!(0$(1&(03#!"#&'062W#!"#'*8',A
&'/+,W#!"#*/1'&-)4+,#1#!"#$%&'()*+,:!0&(#/.!(02,!Q)2&',!),!$%&'(%,!(#!0($,%,%0(!(>.)*]
2&>,'(#2(!/()!%(02.!/(!(0$(1&(05!L,O.#?'&1,'(#2(!$(%2(#(1(#!,)!+%*$.!/(!).0!,01.]
'&1(2.0:!,)!&+*,)!-*(!!%**-%/'01*2,#*2/27),)%2"
/(!).0!+(#.',0!/(#!"#*2/27),)%2#1#!"#&'062
('$)(,/,0!1.'.!'./().!(#!9&.).+7,!'.)(1*),%I!'*(02%,!-*(!,'9,0!)(>,/*%,0!0(!
0($,%,%.#!(>.)*2&>,'(#2(!;,1(!bccc]b^cc!'&)).#(0!/(!,<.0:!'&(#2%,0!-*(!),!0($,]
%,1&?#!(#2%(#!"#&'062!@!),0!$),#2,0!.!'(2,F..0!0(!$%./*=.!;,1(!bhcc!'&)).#(0!/(!
,<.0!HJ(1T',#!28#%4"W!^ccbA!M&$&1FT&:!^cccI*^J8LF35*E_@

! V,0!)(>,/*%,0!/()!+C#(%.!!*-).',%**-%/'01*2,!1%(1(#!$%&#1&$,)'(#2(!(#!G.%]
]

',#/.!1.).#&,0!/(!1C)*),0!)&9%(0!&#'?>&)(0:!,*#-*(!2,#2.#!"#&'062!1.'.#!"#$%&'A
()*+,!$*(/(#!$%(0(#2,%:!%(0$(12&>,'(#2(:!*#!/(0,%%.)).!$0(*/.;&G,)!.!;&G,)!1*,#/.!

28#%4"W!^cbbI5!

!

E@*+03K0LM19<8<*>*N04538:5:*O94F453
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!"#$%&'((!)"

+%,/.!/(!0&'&)&2*/!1.#! ),0!1C)*),0!/(!.%+,#&0'.0!0*$(%&.%(0!(#!1*,#2.!,!$%.1(0.0!
9&.)?+&1.0!2,)(0!1.'.!),!.%+,#&F,1&?#!/()!1&2.(0-*()(2.:!),!1&2.1&#(0&0:!.!()!$%.1(0,]

;,1(!&/?#(,0!$,%,!()!(02*/&.!/()!1&1).!1()*),%:!@,!-*(!%(0*)2,!%(),2&>,'(#2(!0(#1&)).!

.2%.!),/.:!0*0!$%.2(7#,0!0(!(#1*(#2%,#!G*(%2('(#2(!1.#0(%>,/,0!(>.)*2&>,'(#2(!(#!
%(),1&?#!1.#!).0!'(2,F..0:!0&(#/.!.%+,#&0'.0!(#.%'('(#2(!,2%,12&>.0!$,%,!()!(0]
2*/&.!/(!%*2,0!/(!0(<,)&F,1&?#!@!2%,#0/*11&?#!/(!0(<,)(05!d&#,)'(#2(:!,)!2%,2,%0(!/(!

),!G.%',!@!),!(02,9&)&/,/!.0'?2&1,5!"02,!$%.$&(/,/!$(%'&2(!0*!('$)(.!1.'.!'./().!
$,%,!()!(02*/&.!/(!).0!$%.1(0.0!&'$)&1,/.0!(#!),!G.%',1&?#:!9&.07#2(0&0!@!/(+%,/,1&?#!

,#2&GQ#+&1.05!

! 4(#2%.!/()!+C#(%.!!*-).',%**-%/'01*2,:!2%,/&1&.#,)'(#2(!0(!;,!('$)(,/.!),!
(0$(1&(#!"#&'062!1.'.!.%+,#&0'.!'./().!(#!&#>(02&+,1&?#5!")).!(0!/(9&/.!,!-*(:!
1.'.!0(!;,!1.'(#2,/.:!0(!2%,2,!/(!*#!.%+,#&0'.!(*1,%&.2,!*#&1()*),%!#.!$,2?+(#.!

]
2&>.!@!0(O*,)!/(!1.%2,!/*%,1&?#!!HY,#,+&/,:!^cc^I5!M&#!('9,%+.:!/*%,#2(!).0!Q)2&'.0!
,<.0#!"#$%&'()*+,!0(!;,!$.0&1&.#,/.!2,'9&C#!1.'.!*#!'./().!,)2(%#,2&>.!/(!(02*]

/(#!"#&'062!@#!"#*2/27),)%2!^J8LF35*E_`!@!$%(0(#2,!1,%,12(%702&1,0!Q#&1,0!-*(!/(0,%%.]

Schizosaccharomyces@*H,#/0#,&',('IJ*-,#28#%4"W'KLMNNO
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!"#$%&'((!)"

E@E@E@*,535O293W<28O5<*L9193549<*:9#S. pombe

! V,! )(>,/*%,# !"#&'062
-*&(#!),!,&0)?!,!$,%2&%!/(!1(%>(F,!/(!'&=.!(),9.%,/,!(#!/(2(%'&#,/,0!%(+&.#(0!/()!
(02(!/(!\G%&1,5!M*!#.'9%(!+(#C%&1.!;,1(!%(G(%(#1&,!,!0*!1.#/&1&?#!/(!)(>,/*%,!H]M,]

]

V,!',@.%7,!/(!),0!1($,0!0&)>(02%(0!@!'*2,#2(0!('$)(,/,0!;.@!(#!/7,!(#!()!),9.%,2.%&.!

]
g!@!;]

]
/&.0!/(!1%(1&'&(#2.!1()*),%:!@!$.02(%&.%'(#2(:!,!'(/&,/.0!/(!).0!,<.0!ic:!N,*)!U*%0(!
1.'9&#?!),0!2C1#&1,0!+(#C2&1,0!,$%(#/&/,0!(#!()!+%*$.!/(!V(*$.)/!1.#!()!(02*/&.!
/(!),!/&>&0&?#!1()*),%!/(0,%%.)),/.!(#!()!),9.%,2.%&.!/(!6&21;&#0.#!$,%,!(02*/&,%!(#!
$%.G*#/&/,/!()!1&1).!1()*),%!(##!"#&'0625!P!$,%2&%!/(!(0(!'.'(#2.!0(!$%./*=.!*#!

'./().!(#!&#>(02&+,1&?#!HJ.GG',#!28#%4"W!^cbaI5

! ")!+(#.',!/(#!"#&'062
28#%4"W

;,$).&/(!0(!2%,2,!/(!*#!'./().!?$2&'.!$,%,!(02*/&.0!+(#C2&1.0!@!/(!9&.).+7,!'.)(]
1*),%5!

E@E@E@E*,8O40*:9*;8:5*:9#S. pombe

! 4*%,#2(!()!1%(1&'&(#2.!>(+(2,2&>.!(#!'(/&.!%&1.#!"#&'062!$%(0(#2,!*#!1&1).!
/(!>&/,!;,$).&/(!@!0(!/&>&/(!,0(O*,)'(#2(!$.%!'&2.0&0!(#!*#!1&1).!/(!,$%.O&',/,]
'(#2(!^5a!;.%,0!^J8LF35*C_@!"#!(02,0!1.#/&1&.#(0!),0!1C)*),0!2&(#(#!'.%G.).+7,!(0(#]

('9,%+.:!1*,#/.!),0!1.#/&1&.#(0!(O2(%#,0!0.#!/(0G,>.%,9)(0!@!(O&02(!)&'&2,1&?#!/(!
#*2%&(#2(0!H(0$(1&,)'(#2(!(#!,*0(#1&,!/(!#&2%?+(#.I:! ),0!1C)*),0!$*(/(#!(#2%,%!(#!
*#!(02,/.!/(!),2(#1&,!HG,0(!(02,1&.#,%&,I:!.!9&(#!&#&1&,%!()!1&1).!0(O*,)!(#2%(!1C)*),0!/(!
2&$.0!0(O*,)(0!.$*(02.0!;g!@!;] !1,$,1(0!/(!
1.#=*+,%!(#2%(!07:!@,!-*(!(#!1.#/&1&.#(0!,/>(%0,0!,)+*#,0!1C)*),0!;g!$*(/(#!1,'9&,%!
()!2&$.!0(O*,)5

! V,0!1C)*),0!/(!0(O.!.$*(02.!0(!%(1.#.1(#!'(/&,#2(!),!)&9(%,1&?#!/(!G(%.'.]
]

%.'.#,0!0(!*#(#!,!0*0!%(1($2.%(0!0(!/(0(#1,/(#,!()!$%.1(0.!/(!1.#=*+,1&?#:!-*(!
&'$)&1,!),!G.%',1&?#!/(!*#,!$%.@(11&?#!(#!()!(O2%('.!/(!1,/,!1C)*),!;,1&,!),!G*(#2(!
('&0.%,!/(!G(%.'.#,0!/()!0(O.!.$*(02.!H[,-0'')(:\I5! !V,0!/.0!1C)*),0!(02,9)(1(#!

$%.1(0.!/(!'(&.0&0!@!(0$.%*),1&?#:!+(#(%,#/.!*#!,01,!1.#!1*,2%.!(0$.%,0!;,$).&]
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!"#$%&'((!)"

/(0!(#!0*!&#2(%&.%5!d&#,)'(#2(!),0!$,%(/(0!/()!,01,!0(!,*2.)&0,#:!)&9(%,#/.!).0!1*,2%.!
$%./*12.0!'(&?2&1.0!-*(!$*(/(#!0.9%(>&>&%!/*%,#2(!),%+.0!$(%&./.0!/(!2&('$.!(#!

28#%4"W ]
',#(1(#!),2(#2(0!;,02,!-*(!),0!1.#/&1&.#(0!/()!'(/&.!0.#!G,>.%,9)(0:!'.'(#2.!(#!
()!-*(!+(%'&#,#!@!(#2%,#!/(!#*(>.!(#!()!1&1).!'&2?2&1.!HY,','.2.#28#%4"W ^J8LF]
35*C_@

! P)2(%#,2&>,'(#2(:!()!F&+.2.!$*(/(!',#2(#(%0(!(#!*#!1&1).!>(+(2,2&>.!/&$).&]
/(!0&!),0!1.#/&1&.#(0!#*2%&1&.#,)(0!'(=.%,#!/(0/(!()!'.'(#2.!/(!0*!G.%',1&?#5!M&#!

]
'(#2(!(#!1.#/&1&.#(0!/(!)&'&2,1&?#!/(!#*2%&(#2(0:!.%&+&#,#/.!,01,0!,F&+?2&1,0!1.#0]
2&2*&/,0!$.%!1*,2%.!(0$.%,0!;,$).&/(0!^J8LF35*C_@

!

J8LF35*C@*,8O40*:9*;8:5*:9*Schizosaccharomyces pombe. D&1).!/(!>&/,!;,$).&/(!;,$).&/(!H&F-*&(%]
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!"#$%&'((!)"

E@E@E@C@*,8O40*O94F453*>*603K0L91M28O0*:9#S. pombe

! V,!+(#(%,1&?#!/(!$.),%&/,/!/*%,#2(!()!1&1).!1()*),%!(0!(0(#1&,)!$,%,!()!1.%%(12.!
G*#1&.#,'&(#2.!/(!),0!1C)*),05#!"#&'062!;,!0&/.!,'$)&,'(#2(!*2&)&F,/,!(#!(02*/&.0!
/(!$.),%&/,/!/($(#/&(#2(!/()!1&1).!1()*),%!/(9&/.!,!0*!'.%G.).+7,!1&)7#/%&1,!%(+*),%!
H6,%2&#!p!D;,#+:!^ccaI5!P)!2%,2,%0(!/(!*#!.%+,#&0'.!(*1,%&.2,:!()!1&1).!'&2?2&1.!/(#!"#
&'062 J8LF35*PI5!
V,!G,0(!Kb!.!mJ%&#Nn!2&(#(!)*+,%!(#2%(!),!'&2.0&0!@!),!%($)&1,1&?#!/(!).0!1%.'.0.',0:!

/()!P4U5!4*%,#2(!(02,!G,0(!),0!1C)*),0!1%(1(#!$.%!()!$.).!,#2&+*.:!-*(!(0!()!$.).!;(]
%(/,/.!/(!),!1C)*),!',/%(!2%,0!),!/&>&0&?#5!"##!"#&'062!),!/*%,1&?#!/(!),!G,0(!Kb!(0!
%(),2&>,'(#2(!1.%2,:!@,!-*(!),0!1C)*),0!+(#(%,/,0!2%,0!),!/&>&0&?#!2&(#(#!*#!2,',<.!

]
2.!'.#.$.),%!1.#2&#Q,!/*%,#2(!2./,!),!G,0(!M:!(#!),!-*(!0(!$%./*1(!),!%($)&1,1&?#!
/()!',2(%&,)!+(#C2&1.:!@!0(!',#2&(#(!/*%,#2(!$,%2(!/(!),!G,0(!K^5!V,!G,0(!K^!(0!*#!
$(%&./.!'*@!),%+.!-*(!))(+,!,!.1*$,%!()!icq!/()!1&1).!1()*),%:!(#!()!-*(!0(!$%./*1(!
()!&#1%('(#2.!/(!),!',0,!@f.!>.)*'(#!1()*),%5!4*%,#2(!(02,!G,0(!),0!1C)*),0:!2%,0!,)]
1,#F,%!*#!2,',<.!/(2(%'&#,/.:!,12&>,!()!1%(1&'&(#2.!(#!()!.2%.!$.).!%(0*)2,#2(!/(!),!
/&>&0&?#!1()*),%!@!$,0,#!,!1%(1(%!9&$.),%'(#2(:!'(/&,#2(!*#!$%.1(0.!1.#.1&/.!1.'.!
U"LS!H !H6,%2&#!p!D;,#+:!^ccaI!HJ8LF35*PI5!D*,#/.!),!1C)*),!,)]
1,#F,!*#!2,',<.!/(2(%'&#,/.:!()!1%(1&'&(#2.!(#!).0!$.).0!1(0,!@!1.'&(#F,!),!'&2.0&0!
HG,0(!6I:!$%./*1&C#/.0(!),!1.#/(#0,1&?#!/(!).0!1%.'.0.',0:!),!G.%',1&?#!/()!;*0.!

0(!$%./*1(!),!0($,%,1&?#!1()*),%!$.%!'(/&.!/(!),!/(+%,/,1&?#!/(!),!$,%(/!-*(!)&'&2,!

$%./*F1,!),!0($,%,1&?#!1()*),%:!*#,!>(F!&#&1&,/,!),!G,0(!Kb:!),!1C)*),!1.'&(#F,!,!1%(1(%!
$.%!()!$.).!>&(=.!(#!*#!$%.1(0.!/(#.'&#,/.!S"LS!H I!H6,1U(&))!p!

J8LF35*PI5!V,!2%,#0&1&?#!(#2%(!),0!/&02&#2,0!(2,$,0!/()!1&1).!1()*),%!(0!*#!
$%.1(0.!(O-*&0&2,'(#2(!%(+*),/.:!@!(#!()!-*(!'*1;,0!/(!),0!$%.2(7#,0!$,%2&1&$,#2(0!
0(!0&#2(2&F,#!@f.!,12&>,#!/(!G.%',!$(%&?/&1,5
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!"#$%&'((!)"

J8LF35*P@*,8O40*603K0L91M28O0*>*O8O40*O94F453*:9 S. pombe.*
@!(#!()),!0(!G.%',!()!0($2.!/(!/&>&0&?#5!4*%,#2(!),!G,0(!M!),0!1C)*),0!%($)&1,#!()!',2(%&,)!+(#C2&1.!@!,)!

P/,$2,/.!/(!D%*F!R*&#2,#,!28#%4"W!^cbj5

E@E@C@*,535O293W<28O5<*L9193549<*:9#S. japonicus

# !"#$%&'()*+,
]

/(01%&9&(%.#!1.'.!*#,!#*(>,!(0$(1&(3!!*-).',%**-%/'01*2,#72/,%8)4),

>,%&(/,/!/(!),!(0$(1&(#!"#$%&'()*+,
$%&'(%.0!(02*/&.0!%(,)&F,/.0!1.##!"#$%&'()*+,!@,!'.02%,9,#!-*(:!,*#-*(!1.'$,%27,!

/*%,#2(!),!/&>&0&?#!>(+(2,2&>,5!
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!"#$%&'((!)"

! P!$(0,%!/(!-*(!(02,!)(>,/*%,!$.0((!1,%,12(%702&1,0!/&G(%(#2(0!,)!%(02.!/(!(0]
$(1&(0!/()!+C#(%.!!*-).',%**-%/'01*2,:!0.),'(#2(!*#.0!$.1.0!+%*$.0!/(!&#>(02&]
+,1&?#!/()!(02(!/(!"*%.$,!@!/(!B,$?#!),!('$)(,%.#!$,%,!0*0!(02*/&.0!/*%,#2(!).0!

$,%,!0*!',#&$*),1&?#5!"#!()!,<.!^cbb!0(!1.'$)(2?!),!0(1*(#1&,1&?#!/(!0*!+(#.',:!
%(>(),#/.!-*(#!"#$%&'()*+,!G*(!),!$%&'(%,!(0$(1&(!(#!0($,%,%0(!(>.)*2&>,'(#2(!/()!
%(02.!/(!(0$(1&(0!/()!+C#(%.!&#1)*&/,#!"#&'062:!1.#1%(2,'(#2(!;,1(!^^b!'&)).#(0!

28#%4"W!^cbbI5!4*%,#2(!),!Q)2&',!/C1,/,!0(!;,#!/(0,%%.)),/.!2C1#&1,0!/(!
9&.).+7,!'.)(1*),%!@!;(%%,'&(#2,0!+(#C2&1,0!,/(1*,/,0!$,%,!()!(02*/&.!/(#!"#$%&'()A
*+,:!).!-*(!;,!G,1&)&2,/.!-*(!,/-*&(%,!*#,!#*(>,!%()(>,#1&,!#.!0.).!$,%,!0*!('$)(.!

#!"#$%&'()A
*+,!(0!-*(!#.!%(0$&%,:!/(!',#(%,!-*(!1%(1(!(O1)*0&>,'(#2(!'(/&,#2(!G(%'(#2,1&?#!
(#!1.#/&1&.#(0!,#,(%?9&1,05!N.%!()!1.#2%,%&.:#!"#&'062!$%(0(#2,!*#!'(2,9.)&0'.!

]
)&/,/!/(!.O7+(#.!/()!'(/&.5!4(!;(1;.:#!"#$%&'()*+,!$%./*1(!#&>()(0!'*@!9,=.0!/(!
1.(#F&',!Rbc!'&2.1.#/%&,)!HD.RbcI:!1*@,!G,)2,!0(!%(),1&.#,!1.#!$C%/&/,!/(!G*#1&?#!/(!

28#%4"W!^cbkI5

E@E@C@E*,8O40*:9*;8:5*>*603K0L91M28O0*:9#S. japonicus
!
! D*,#/.!),0!1.#/&1&.#(0!/()!'(/&.!0.#!G,>.%,9)(0:#!"#$%&'()*+,!1%(1(!>(+(2,]
2&>,'(#2(!/(!G.%',!$%&#1&$,)'(#2(!;,$).&/(:!1.#!*#,!/*%,1&?#!/()!1&1).!/(!,$%.O&]
',/,'(#2(!b5k!;.%,0!G%(#2(!,!),0!^5a!;.%,0!/(#!"#&'0625!V,0!1C)*),0!/(!(02,!)(>,/*%,!
2,'9&C#!$.0((#!'.%G.).+7,!1&)7#/%&1,:!,*#-*(!2&(#(#!*#!2,',<.!0*$(%&.%!,)!/()!%(0]

1.#/&1&.#(0#!"#$%&'()*+,
!
! V,0!1C)*),0!(*1,%&.2,0!0*$(%&.%(0!H,#&',)(0!@!$),#2,0I!$%(0(#2,#!*#,!'&2.0&0!
,9&(%2,5!"02(!'(1,#&0'.!&'$)&1,!-*(!),!(#>*()2,!#*1)(,%!0(!/(0&#2(+%,!$.%!1.'$)(2.!
,)! &#&1&.!/(! ),!'&2.0&0:!$,%,!$.02(%&.%'(#2(!>.)>(%!,! G.%',%0(!(#! 2.%#.!,)!',2(%&,)!
+(#C2&1.!2%,0!),!0(+%(+,1&?#!1%.'.0?'&1,5!N.%!()!1.#2%,%&.:!'*1;.0!;.#+.0!@!)(>,]
/*%,0:!1.'.#!"#&'062:!(=(1*2,#!*#,!'&2.0&0!1(%%,/,!(#!),!-*(!),!0(+%(+,1&?#!/(!).0!
1%.'.0.',0!2&(#(!)*+,%!(#!()!&#2(%&.%!/(!),!(#>*()2,!#*1)(,%:!$(%',#(1&(#/.!&#2,12,!
/*%,#2(!2./.!()!1&1).!1()*),%!HM,F(%:!^ccaI!HJ8LF35*SI5!M&#!('9,%+.:#!"#$%&'()*+,!))(>,!
,!1,9.!*#!$%.1(0.!/(!'&2.0&0!0('&],9&(%2,:!(#!()!-*(!),!/&>&0&?#!#*1)(,%!>,!,1.']
$,<,/,!/(!*#,!%.2*%,!$,%1&,)!/(!),!(#>*()2,!#*1)(,%!1*,#/.!()!#Q1)(.!0(!().#+,!,)!
&#&1&.!/(!),!,#,G,0(:!@!>*()>(!,!G.%',%0(!,)%(/(/.%!/()!',2(%&,)!+(#C2&1.!0(+%(+,/.!

J8LF35*S
(#2%(!()!#*1)(.$),0',!@!()!1&2.$),0',:!'&(#2%,0!-*(!()!%(02.!/(!),!(#>*()2,!#*1)(,%!
-*(!$(%',#(1(!&#2,12,!%(02%&#+&%7,!()!1.#2,12.!(#2%(!).0!1%.'.0.',0!'&2?2&1.0!@!()!
1&2.$),0',!HP.T&!28#%4"W!^cbbA!Y,'!28#%4"W!^cbbI5!V,!/&>(%+(#1&,!(#!),!(02%,2(+&,!/(!'&2.]
0&0!/(!,'9,0!(0$(1&(0!0(!(O$)&1,%7,!/(9&/.!,!),!#(1(0&/,/!/(!',#2(#(%!),!(01,),5!P07:!
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!"#$%&'((!)"

()!#Q1)(.!',#2&(#(!*#!>.)*'(#!1.#02,#2(:!$.%!).!-*(!/*%,#2(!()!'./().!/(!'&2.0&0!
1(%%,/,!),0!1C)*),0!#(1(0&2,#!(O$,#/&%!),!(#>*()2,!#*1)(,%!$,%,!.%&+&#,%!/.0!#Q1)(.05!
N.%!()!1.#2%,%&.:#!"#$%&'()*+,!#.!(O$,#/(!),!(#>*()2,!#*1)(,%!/*%,#2(!),!'&2.0&0:!$.%!
).!-*(!(02,!/(9(!%.'$(%0(!$,%,!-*(!0(!$%./*F1,!),!0(+%(+,1&?#!1%.'.0?'&1,!HY,'!
28#%4"W!^cbbI5

J8LF35*S@*V30O9<0*:9*6820<8<*91#S. pombe*>#S. japonicus.#!"#&'062! H,%%&9,I!$%(0(#2,!*#!'./().!
/(!'&2.0&0!1(%%,/,!(#!()!-*(!),!(#>*()2,!#*1)(,%!#.!0(!%.'$(!(#!#&#+Q#!'.'(#2.!/()!$%.1(0.!/(!
0(+%(+,1&?#!/(! ).0!1%.'.0.',05!"#!1,'9&.:# !"# $%&'()*+,! H,9,=.I!(=(1*2,!*#,!'&2.0&0! 0('&],9&(%2,!

#!"#&'062
0(!G.%',!$%(',2*%,'(#2(!,)!&#&1&.!/(!),!'&2.0&0:!'&(#2%,0!-*(!(##!"#$%&'()*+,!()!(#0,'9),=(!/(!(02,!
(02%*12*%,!0(!%(2%,0,!;,02,!-*(!0(!;,!$%./*1&/.!),!0(+%(+,1&?#!1%.'.0?'&1,5!P/,$2,/.!/(!K*!p!S)&]
G(%(#T.:!^cba5

! D*,#/.!),0!1.#/&1&.#(0!#*2%&1&.#,)(0!('$(.%,#!@!(O&02(!)&'&2,1&?#!(#!),!/&0]
$.#&9&)&/,/!/(!#*2%&(#2(0!HG*#/,'(#2,)'(#2(!#&2%?+(#.I:#!"#$%&'()*+,!&#&1&,!()!1&1).!

#!"#&'0625!P07:!/.0!1C)*),0!/(!0(O.!.$*(02.!
;g!@!;]!1.#=*+,#!@!0*0!#Q1)(.0!0(!G*0&.#,#A!1.'.!%(0*)2,/.!/(!),!'(&.0&0!0(!G.%',!
*#!,01,!1.#!.1;.!,01.0$.%,0!(#!0*!&#2(%&.%5!d&#,)'(#2(:!),!$,%(/!/()!,01,!0(!,*2.)&0,!
)&9(%,#/.!),0!(0$.%,0:!-*(!$*(/(#!$(%',#(1(%!),2(#2(0!.!9&(#!+(%'&#,%!0&!),0!1.#]
/&1&.#(0!(O2(%#,0!0.#!G,>.%,9)(05
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!"#$%&'((!)"

! "#! 1*,#2.!,)! 1&1).!'.%G.+(#C2&1.:! (## !"#&'062! ()! ,#&)).!/(!,12.'&.0&#,! 0(!
G.%',!$%(',2*%,'(#2(!,)!&#&1&.!/(!),!G,0(!6:!@!0(!',#2&(#(!;,02,!-*(!1.'&(#F,!0*!

]
#&0'.!0(!%(-*&(%(!*#,!(O-*&0&2,!1..%/&#,1&?#!(#2%(!/&G(%(#2(0!%*2,0!/(!0(<,)&F,1&?#!
-*(!,0(+*%,#!-*(!),!1&2.1&#(0&0!Q#&1,'(#2(!0(!(G(12Q,!0&! ),!0(+%(+,1&?#!1%.'.0?]
'&1,!;,!0&/.!(O&2.0,5!M&#!('9,%+.:!(#!),!',@.%7,!/(!1C)*),0!,#&',)(0!@!(#!)(>,/*%,0!
1.'.#!"#*2/27),)%2!@#!"#$%&'()*+,:!()!(#0,'9),=(!/(!),!',-*&#,%&,!/(!/&>&0&?#!0(!%(]
2%,0,!;,02,!-*(!),!0(+%(+,1&?#!/(!).0!1%.'.0.',0!0(!;,!1.'$)(2,/.!HK*!28#%4"W!^cbaI!
HJ8LF35*S #!"#$%&'()*+,!(O$(%&'(#2,#!*#!1,'9&.!
(#!0*!$%.+%,',!'.%G.+(#C2&1.!@!$,0,#!,!/(0,%%.)),%0(!1.'.!;&G,0!(#!%(0$*(02,!,!
1,'9&.0!,'9&(#2,)(05

! V,!',@.%7,!/(!).0!;.#+.0!1%(1(#!>(+(2,2&>,'(#2(!9&(#!1.#!'.%G.).+7,!)(>,]
]
]

1*(#2('(#2(!),!2%,#0&1&?#!(#2%(!*#,!*!.2%,!'.%G.).+7,!0(!/(0(#1,/(#,!$.%!1,'9&.0!
(#!/&02&#2.0!G,12.%(0!,'9&(#2,)(0:!1.'.!0.#!),!2('$(%,2*%,:!),!/&0$.#&9&)&/,/!/(!#*]
2%&(#2(0:!.!),!/&0$.#&9&)&/,/!/(!.O7+(#.5!8#2*&2&>,'(#2(!0(!$./%7,!$(#0,%!-*(!),0!)(>,]

G.%',!'.%G.)?+&1,!/(!1%(1&'&(#2.!,#1(02%,):!@!-*(!$.02(%&.%'(#2(!0(!/(0,%%.)),%.#!
(0$(1&(0!/(!;.#+.0!-*(!;,97,#!$(%/&/.!/&1;,!1,$,1&/,/:!1%(1&(#/.!Q#&1,'(#2(!(#!
G.%',!)(>,/*%&G.%'(5!V,0!1.#0(1*(#1&,0!9&.)?+&1,0!/(!,9,#/.#,%!()!/(0,%%.)).!;&G,)!

]
0,%%.)),/.:!).!-*(!G,1&)&2,!0*!1%(1&'&(#2.!HJ,%%&0:!^cbbI5

]

)&+(%,'(#2(!%(/.#/(,/.!HJ8LF35*U
1%(1&'&(#2.!$0(*/.;&G,):!-*(!$(%'&2(#! ),!0($,%,1&?#!G70&1,!/(! ),0!1C)*),0:! ),0!;&G,0!

'(/&,#2(!(O2(#0&?#!,$&1,):!0&(#/.!(02(!*#!2&$.!/(!1%(1&'&(#2.!$.),%&F,/.!-*(!#.!

).0!2*9.0!$.)7#&1.0!/(!1C)*),0!>(+(2,)(0:!(!&#1)*0.!(#!#(*%.#,05!V,!$.),%&/,/!(0!(0(#]
1&,)!$,%,!()!/(0,%%.)).!'.%G.+(#C2&1.!(#!2./.0!).0!2&$.0!1()*),%(0:!@!$,%2&1*),%'(#2(!
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$%.2(7#,0:!)7$&/.0:!@!1.'$.#(#2(0!/(!),!$,%(/!1()*),%:!-*(!0.#!2%,#0$.%2,/.0!0()(12&]

!
! N.%!).!+(#(%,)!),0!;&G,0!0(!/(0,%%.)),#!,!$,%2&%!/(!),!+(%'&#,1&?#!/(!(0$.%,0:!
$(%.!2,'9&C#!$*(/(#!0*%+&%!,!$,%2&%!/(!(02%*12*%,0!%($%./*12&>,0!/&G(%(#2(0:!/(!.2%,0!

/(!)(>,/*%,5!"O&02(#!/.0!(>(#2.0!1),>(!-*(!1,%,12(%&F,#!()!/(0,%%.)).!'.%G.+(#C2&1.!
/(!),0!;&G,03!),!/(2(%'&#,1&?#!&#&1&,)!/(!*#!(=(!/(!$.),%&/,/!H(02,9)(1&'&(#2.!/(!),!
$.),%&/,/I!@!),!0*90(1*(#2(!(02,9&)&F,1&?#!/(!/&1;.!(=(!H',#2(#&'&(#2.!/(!),!$.),%&]
/,/I5!")!(02,9)(1&'&(#2.!/()!(=(!/(!$.),%&/,/!&'$)&1,!),!%*$2*%,!/(!),!0&'(2%7,!1()*),%:!
$,0,#/.!/()!1%(1&'&(#2.!&0.2%?$&1.!,)!1%(1&'&(#2.!$.),%&F,/.!+%,1&,0!,!),!%(.%+,#&]
F,1&?#!,0&'C2%&1,!/(! ),!',-*&#,%&,!'.%G.+(#C2&1,!(#!2.%#.!,)!0&2&.!/(!1%(1&'&(#2.!
HJ8LF35*UI5!N.%!0*!$,%2(:!),!(02,9&)&F,1&?#!/()!(=(!/(!$.),%&/,/!(0!1),>(!$,%,!),!().#+,]
1&?#!/(!),0!;&G,0:!@!%(-*&(%(!()!2%,#0$.%2(!/(!>(071*),0!(O.172&1,0!;,1&,!()!0&2&.!/(!1%(]

1.#/*1(!,!),!G.%',1&?#!/(!*#,!#*(>,!;&G,!HJ8LF35*UI5!")!1&2.(0-*()(2.!/(!,12&#,!(0!
(0(#1&,)!$,%,!()!1.%%(12.!G*#1&.#,'&(#2.!/(!,'9.0!$%.1(0.0:!'&(#2%,0!-*(!()!1&2.]
(0-*()(2.!/(!'&1%.2Q9*).0!=*(+,!*#!$,$()!G*#/,'(#2,)!(#!()!',#2(#&'&(#2.!/(!),!
'.%G.).+7,!;&G,):!,07!1.'.!(#!()!1.#2%.)!/(!),!/&%(11&?#!@!),!>().1&/,/!/(!0*!/(0,%%.)).!

!
!

8#&1&,)'(#2(!),!(0$.%,!1%(1(!&0.2%?$&1,'(#2(5!P!1.#2&]
#*,1&?#:!0(!/(2(%'&#,!()!(=(!/(!$.),%&/,/!@!0(!G.%',!*#,!;&G,!-*(!1.#2&#Q,!1%(1&(#/.!$.),%&F,/,'(#]

#28#%4"W!^cbi5
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*

,$&1,):!,!'(#*/.!0(!,1*'*),#!(#!*#,!.%+,#(),!(0GC%&1,!1.#.1&/,!1.'.!M$&2F(#Te%]

-*(!1.#2%.),!0*!2,0,!/(!1%(1&'&(#2.!@!.%&(#2,1&?#5!4(!;(1;.:!,!'(#*/.!0*!$%(0(#1&,!

28#%4"W

! P/&1&.#,)'(#2(:!),0!;&G,0!$*(/(#!/&G(%(#1&,%0(!@!G.%',%!*#!'&1()&.!+%,1&,0!,!
J8LF35*

U
-*(!$*(/(#!0(%!),2(%,)(0!0&!('(%+(#!/(!1.'$,%2&'(#2.0!0*9,$&1,)(0:!.!,$&1,)(0!0&!
0(!G.%',#!2%,0!*#,!(01&0&?#!(#!()!(O2%('.!/(!),!;&G,5!4(!(02,!G.%',!0(!+(#(%,!*#,!%(/!
&#2(%1.#(12,/,!/(!;&G,0!,!),!-*(!0(!)(!,2%&9*@(#!/.0!G*#1&.#(0!$%&#1&$,)(05!"#!$%&'(%!

$%.1(0.0!/(!G*0&?#!;&G,):!-*(!0.#!G*#/,'(#2,)(0!$,%,!()!&#2(%1,'9&.!/(!#*2%&(#2(0!@!
),!0(<,)&F,1&?#!(#2%(!/&02&#2,0!;&G,0!/(!),!'&0',!1.).#&,!HJ,%%&0:!^cckI5

O01*45*N520LM19<8<

]
0,%&,!$,%,!-*(!$%.0$(%(!),!&#G(11&?#!/()!;.0$(/,/.%5!N.%!(=('$).:!).0!,01.'&1(2.0!
;4%,8'01*2,#<2/0%8)8)<),W#T),8'&4%,0%#*%&,+4%8+0! .!G'**)<)')<2,# )00)8),! G.%',#!

;*',#.05!N*(/(#!$%(0(#2,%0(!(#!G.%',!/(!'.;.!#.!$,2?+(#.!(#!).0!0*().0:!@!1.#]
>(%2&%0(!(#!)(>,/*%,0!$,2?+(#,0!1*,#/.!0*0!(0$.%,0!0.#!&#;,),/,0!@!+(%'&#,#!(#!).0!

p!L(99(20:!^cciI5!V,!1.#>(%0&?#!,! ),! G.%',!/(! )(>,/*%,!G,>.%(1(! ),!$%.2(11&?#!/(!

),0!%*2,0!/(!2%,#0/*11&?#!/(!0(<,)(0!'(/&,/,0!$.%!$%.2(7#,0!-*&#,0,0!,12&>,/,0!$.%!

P#/%&,#.$.*).0:!^cbaI5
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# ],8)4%:'#0%1<),!(0!*#!9,0&/&.'&1(2.!$,2?+(#.!/(!$),#2,0!-*(!,G(12,!,)!',7F!
1,*0,#/.!*#,!(#G(%'(/,/!1.#.1&/,!1.'.!()!1,%9?#!/(!),!(0$&+,5!"02(!;.#+.!$%(]

]

1.#=*+,1&?#!(#2%(!/.0!1C)*),0!;,$).&/(0!/(!2&$.0!0(O*,)(0!1.'$,2&9)(0!'(/&,#2(!*#!
$%.1(0.!%(+*),/.!$.%!),!%*2,!/(!0(<,)&F,1&?#!'(/&,/,!$.%!G(%.'.#,0!-*(!1*)'&#,!
1.#!),!(O$%(0&?#!/()!G,12.%!/(!2%,#01%&$1&?#!N%Gb!HU,/,)!28#%4"W!^cckI5!"#2%(!),0!%*2,0!
-*(!1.#2%.),#!),!'.%G.+C#(0&0!@!$,2.+C#(0&0!(#!]"#0%1<),!0(!(#1*(#2%,#!),0!/(!6P]

G*#1&.#,)'(#2(!'./*),#/.!()!(02,/.!/(!G.0G.%&),1&?#!/(!N%Gb!HU,/,)!28#%4"W!^cckI5

! N.%!0*!$,%2(:!G%(<)<%#%46)*%(,!(0!*#!;.#+.!$,2?+(#.!.$.%2*#&02,!/(!;*',#.0!
]

/(0(#1,/(#,!(#!%(0$*(02,!,!'*)2&2*/!/(!(027'*).0!,'9&(#2,)(0!1.'.!),!$%(0(#1&,!
/(!0*(%.:!*#!$J!&+*,)!.!',@.%!-*(!i:!),!$%(0(#1&,!/(!U],1(2&)]4]+)*1.0,'&#,!HK)1]
UP1I!.!),!)&'&2,1&?#!(#!),!/&0$.#&9&)&/,/!/(!#&2%?+(#.:!@!#.%',)'(#2(!%(-*&(%(!*#,!
2('$(%,2*%,!/(!_irD5!"#!G"#%46)*%(,!),!(O$%(0&?#!/(!+(#(0!-*(!$%.'*(>(#!()!1%(1&]

(#!,0.1&,1&?#!1.#!()!%($%(0.%!U%+b!HZ%,*#!28#%4"W!^ccbA!6*%,/!28#%4"W!^ccbI5!U%+b!(0!*#!
G,12.%!2%,#01%&$1&.#,)!1.#!*#!/.'&#&.!/(!/(/.!/(!F&#1!-*(!%($%&'(!),!2%,#01%&$1&?#!

Y@/:N#H2,&'(A
,2#94202(8Z!/(! ).0!$%.'.2.%(0!/(!/&1;.0!+(#(05!4(!;(1;.:! ).0!'*2,#2(0!1,%(#2(0!
/(!*#.!.!,'9.0!%($%(0.%(0!1%(1(#!/(!G.%',!1.#02&2*2&>,!1.'.!$0(*/.;&G,0!H6*%,/!
28#%4"W
$%.>.1,#! ),!%(/*11&?#!(#! ).0!#&>()(0!/(!(O$%(0&?#!/(!U%+b! HZ%,*#!28#%4"W!^ccbI5!"#!

]
),/,!$.%! >,%&.0! G,12.%(0!/(! 2%,#01%&$1&?#:! %(+*),/.0!,+*,0!,%%&9,!$.%! ),0! %*2,0!/()!

28#%4"W!^ccbI5!P/&1&.#,)'(#2(:!),!2%,#0&1&?#!
)(>,/*%,];&G,!(#!(02(!.%+,#&0'.!(0!%(+*),/,!$.%!),!/(#0&/,/!1()*),%!/()!1*)2&>.!'(]
/&,#2(!*#!'(1,#&0'.!/(!$(%1($1&?#!/()!-*?%*':!1*@,0!9,0(0!'.)(1*),%(0!0(!(O$)&]

^)N5325:0*E@P_5!6(/&,#2(!(02(!'(1,#&0'.:!),0!
1C)*),0!/(!G"#%46)*%(,!$*(/(#!$(%1&9&%!),!/(#0&/,/!/(!$.9),1&?#!-*(!;,@!(#!()!'(/&.!
'(/&,#2(!),!/(2(11&?#!/(!'.)C1*),0!0(<,)&F,/.%,0!0(1%(2,/,0!,)!'&0'.:!@!-*(!&#;&]
9(#!.!$%.'*(>(#!()!/(0,%%.)).!;&G,)!'./*),#/.!,)+*#,0!/(!),0!%*2,0!'(#1&.#,/,0!
,#2(%&.%'(#2(!HM*/9(%@:!^cbbI5
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#S. cerevisiae

! P*#-*(#!"#*2/27),)%2#0(!/(0,%%.)),!G*#/,'(#2,)'(#2(!1.'.!)(>,/*%,!@!0(!/&]

@! G.%',%!$0(*/.;&G,0!1,$,1(0!/(! &#>,/&%!()!'(/&.! 0?)&/.!(#! %(0$*(02,!,!1,'9&.0!
#*2%&1&.#,)(0:!1.#1%(2,'(#2(!/*%,#2(!),!)&'&2,1&?#!/(!#&2%?+(#.!@!(#!$%(0(#1&,!/(!
*#,!,9*#/,#2(!1,#2&/,/!/(!G*(#2(!/(!1,%9.#.!G(%'(#2,9)(!HK&'(#.!28#%4"W

]
9)(!-*(!1%(1(#!'.#.$.),%'(#2(:!$%(0(#2,#!1.#02%&11&.#(0!(#!2.%#.!,!).0!0($2.0:!@!

28#%4"W!^c^cI5!

! V,!G.%',1&?#!/(!$0(*/.;&G,0!(##!"#*2/27),)%2#%(-*&(%(!),!1..%/&#,1&?#!/(!/.0!

2%,#01%&$1&?#!M2(b^!H6e01;!28#%4"W
;(2(%./7'(%.!1.#!M2(b^!-*(!%(+*),!2,#2.!),!(O$%(0&?#!/(!L(1b!1.'.!/(!.2%.0!+(#(0!

G*#1&?#!/()!(027'*).!,'9&(#2,):#!"#*2/27),)%2#*2&)&F,!).0!1.'$.#(#2(0!/(!(02,!%*2,!/(!
2%,#0/*11&?#!/(!0(<,)(0!@!).0!,1.$),!,!/.0!%(0$*(02,0!/&G(%(#2(03!),!1.#=*+,1&?#!(#!

/&$).&/(0!(#!%(0$*(02,!,!1,'9&.0!#*2%&1&.#,)(0!HV(#+()(%!28#%4"W!̂ cccI5!N.%!.2%,!$,%2(:!
()!/(0,%%.)).!$0(*/.;&G,)!(##!"#*2/27),)%2#0(!(#1*(#2%,!2,'9&C#!%(+*),/.!$.%!),!%*2,!

$*(/(!&#2(%,11&.#,%!1.#!),!,/(#&),2.!1&1),0,!D@%b:!.1,0&.#,#/.!*#!&#1%('(#2.!/(!),!
1.#1(#2%,1&?#!/(!P6N1!&#2%,1()*),%!-*(!,!0*!>(F!,12&>,!),0!0*9*#&/,/(0!1,2,)72&1,0!
/(!),0!$%.2(7#,0!-*&#,0,0!/($(#/&(#2(0!/(!P6N1!HL$Tb:!]̂ !@!]_I5!4&1;,0!-*&#,0,0!,1]

d).bb5!V,!,/&1&?#!(O?+(#,!/(!P6N1!&#/*1(!()!/(0,%%.)).!$0(*/.;&G,)!/(#!"#*2/27),)%2:!
/('.02%,#/.!()!$,$()!1),>(!/(!(02,!%*2,!/(!0(<,)&F,1&?#!/*%,#2(!),!%(+*),1&?#!/()!

G"#%46)*%(,:#!"#*2/27)A
,)%2#2,'9&C#!0(1%(2,!'.)C1*),0!/(!$(%1($1&?#!/()!-*?%*'!,)!(#2.%#.!(O2%,1()*),%!
(#!G*#1&?#!/(! ),!/(#0&/,/!$.9),1&.#,)5!4&1;,0!'.)C1*),0!$%.'*(>(#! ),!2%,#0&1&?#!

]

#S. pombe

! N(0(! ,! 0(%!*#!;.#+.!#.!$,2?+(#.:# !"#&'062! 2,'9&C#!$*(/(!/&G(%(#1&,%0(!
;,1&,!G.%',0!$0(*/.;&G,)(0!@!'.02%,%!*#!G(#.2&$.!&#>,0&>.!(#!%(0$*(02,!,!/(2(%'&]
#,/,0!1.#/&1&.#(0!,'9&(#2,)(05!"#!(02(!.%+,#&0'.!),!2%,#0&1&?#!;,1&,!()!1%(1&'&(#2.!

/(!#&2%?+(#.!@!,9*#/,#2(!G*(#2(!/(!1,%9.#.5!V,!&#/*11&?#!/()!/(0,%%.)).!$0(*/.]
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;&G,)!(#!%(0$*(02,!,!),!)&'&2,1&?#!/(!#&2%?+(#.!(0!'(/&,/,!(##!"#&'062!$.%!),!%*2,!

1.'.!0.#!()!%(1($2.%!K&2_:! ),!0*9*#&/,/!/(!),!$%.2(7#,!K!2%&'C%&1,!K&2bb:! ),!,/(#&]

G.%',#/.!$0(*/.;&G,0!HP'.,;]Z*,;&#!28#%4"W!^ccaI5!D*%&.0,'(#2(:!#&#+*#,!/(!),0!
#!"#&'062!0.#!#(1(0,%&,0!$,%,!),!%(+*),1&?#!/(!),!
28#%4"W!̂ ccaI5!N.%!()!1.#2%,%&.:!()!1.%%(12.!G*#1&.]

#,'&(#2.!/()!1&2.(0-*()(2.!/(!,12&#,!(0!1%72&1.!$,%,!),!(=(1*1&?#!/(!/&1;.!$%.1(0.5!
P07:!).0!'*2,#2(0!/(#!"#&'062!1,%(#2(0!/(!d.%_:!),!G.%'&#,!(#1,%+,/,!/(!(#0,'9),%!

'&0'.!(G(12.!;,!0&/.!/(01%&2.!1*,#/.!1($,0!0&)>(02%(0!/(#!"#&'062!0.#!2%,2,/,0!1.#!
]

0.#!28#%4"W

S. japonicus

! !"#$%&'()*+, !*-).'A
,%**-%/'01*2,

]

0(!$%./*1(!(#!%(0$*(02,!,!/&>(%0.0!(027'*).0!@!1,'9&.0!,'9&(#2,)(0!@!(0!*#!$%.1(0.!

'./().!%(,)'(#2(! &#2(%(0,#2(!$,%,!0*!('$)(.!(#!(02*/&.0!0.9%(! ),! %(+*),1&?#!/(!
]

T&:!L,T(.:!Y,',+*1;&:!28#%4"W

]
2.0,:!),0!1C)*),0!/(!)(>,/*%,!/(#!"#$%&'()*+,!$%.+%(0,#!+%,/*,)'(#2(!;,1&,!*#!1%(1&]
'&(#2.!'.#.$.),%5!4&1;.!1,'9&.!'.%G.+(#C2&1.!>&(#(!,0.1&,/.!,!*#!&#1%('(#2.!(#!
()!2,',<.!/(!),0!>,1*.),0:!-*(!0(!,1*'*),#!(#!()!(O2%('.!/()!$.).!-*(!#.!1%(1(:!#.!
$%./*1&C#/.0(!),!0($,%,1&?#!1()*),%!2%,0!()!1&1).!'&2?2&1.!HM&$&1FT&:!L,T(.:!p!K%,))(%2:!

28#%4"W #
!"# $%&'()*+,
1C)*),0!/(0,%%.)),#!#*'(%.0,0!>,1*.),0!-*(!0(!/&02%&9*@(#!$.%!2./.!()!1&2.$),0',:!
*#!(02,/.!'.%G.)?+&1.!-*(! 0(!1.#.1(!1.'.! 427%<+/%#7%*+'4%<%5!P! 1.#2&#*,1&?#:!

]
#.'&#,/,!S'/0%#<2#8/%(,)*)^("!d&#,)'(#2(:!),0!>,1*.),0!0(!G*0&.#,#!+(#(%,#/.!*#,!
.!$.1,0!>,1*.),0!+%,#/(0!/*%,#2(!),!().#+,1&?#:!1*)'&#,#/.!(#!),!.92(#1&?#!/(!),!
S'/0%#-)S%4#'#-)S%! HJ8LF35*XI5!V,0!G.%',0!/(!)(>,/*%,!@! )(>,/*%,!>,1*.),/,!0(!/&>&]
/(#!0&'C2%&1,'(#2(!@!'*(02%,#!*#!$,2%?#!/(!1%(1&'&(#2.!9&$.),%5!M&#!('9,%+.:!),!

),0!G.%',0!/(!2%,#0&1&?#!1.'.!;&G,)(0!1%(1(#!(O1)*0&>,'(#2(!/(!',#(%,!'.#.$.),%5!
"#!),0!;&G,0:!-*(!0*()(#!$%(0(#2,%!*#,!+%,#!>,1*.),!(#!()!(O2%('.!$.02(%&.%!/(!#.!
1%(1&'&(#2.!@!()!%(02.!/()!1&2.$),0',!(#!()!(O2%('.!/(!1%(1&'&(#2.:!),!(O2(#0&?#!1(]

28#%4"W
#!"#$%&'()*+,!#.!
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#S. japonicus@* 28#%4"W#

]
0.0!G,12.%(0!/(!$.),%&/,/!$%(0(#2,!()!'&0'.!$,2%?#!2,#2.!(#!),!G.%',!)(>,/*%&G.%'(!

28#%4"W ]
2,#2(:!()!2%,#0$.%2(!/(!>(071*),0!,!2%,>C0!/(!).0!1,9)(0!/(!,12&#,!(0!(0(#1&,)!$,%,!()!
1%(1&'&(#2.!$.),%&F,/.!/(#!"#$%&'()*+,

28#%4"W
!

!

#!"#$%&'()*+, ]
/*1&%!(#!%(0$*(02,!,!(02%C0!#*2%&1&.#,):!,*#-*(!$,%,!()).!(0!#(1(0,%&.!-*(!),0!1C)*),0!
1%(F1,#!0.9%(!*#!0*02%,2.!0?)&/.!HU&T&:!^cbiA!M&$&1FT&:!L,T(.:!Y,',+*1;&:!28#%4"W
"#!(02(!1,0.:!()!/(0,%%.)).!;&G,)!(0!/(0(#1,/(#,/.!$.%!),!(O&02(#1&,!/(!*#!+%,/&(#2(!
/(!#*2%&(#2(0:!1.#1%(2,'(#2(!$.%!),!)&'&2,1&?#!/(!),!G*(#2(!/(!#&2%?+(#.:!@,!-*(!,!
/&G(%(#1&,!/()!'(/&.!%&1.:!()!1%(1&'&(#2.!(#!'(/&.0!$.9%(0!(#!(02(!#*2%&(#2(!$(%'&]
2(#!),!.90(%>,1&?#!/(!;&G,0!@!'&1()&.0!2%,0!),%+.0!2&('$.0!/(!&#1*9,1&?#!H,)!'(#.0!i!
/7,0I!HU&T&:!^cbiA!M&$&1FT&:!L,T(.:!Y,',+*1;&:!28#%4"W #!"#$%A
&'()*+,!2,'9&C#!0(!&#/*1(!G*(%2('(#2(!(#!'(/&.!%&1.!0?)&/.!1*,#/.!(02(!0(!0*$)(]

/(!G%(0,!@!.2%,0!9,@,05!P*#-*(!,12*,)'(#2(!0(!/(01.#.1(!()!'(1,#&0'.!'.)(1*),%!
%(0$.#0,9)(:!0(!2%,2,!/(!*#,!%(0$*(02,!&#/($(#/&(#2(!/(!(02%C0!#*2%&1&.#,)!@!#.!0(!

#!"#*2/27),)%2 28#%4"W!
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.!).0!1,'9&.0!(#!),!2('$(%,2*%,!/(!1%(1&'&(#2.!/(!_crD!,!bkrD!.!_irD:!&#;&9(#!()!

.!P6N1!,)!'(/&.!2,'9&C#!G,>.%(1(#!),!%(>(%0&?#!/()!/(0,%%.)).!;&G,)!,)!1%(1&'&(#2.!

]
#!"#$%&'()*+,!(#!'(]

/&.! )7-*&/.!(#!$%(0(#1&,!/(!#*2%&(#2(0!Hd*%*@,!p!U&T&:!^cbcA!U&T&:!^cbiI5!V,!DNL!(0!

,12&>,#!()!$*#2.!/(!1.#2%.)!Y[*-2*L&')(8\Z#/(!/,<.!(#!P4U:!$%.>.1,#/.!),!/(2(#]
1&?#!/()!1&1).!1()*),%!(#!G,0(!K^!HJ0&,#+!28#%4"W 28#%4"W

#!"#$%&'()*+,!(0!

-*(!#.!,G(12,!,)!1%(1&'&(#2.!1()*),%!Hd*%*@,!p!U&T&:!^cbcI5!")!/(0,%%.)).!;&G,)!&#/*1&]
/.!1.#!DNL!&'$)&1,!),!,11&?#!/(!+(#(0!-*(!'(/&,#!()![*-2*L&')(8\!/(!/,<.!(#!P4U!
1.'.!D;Tb:!),!-*&#,0,!-*(!$,%2&1&$,!(#!),!/(2(#1&?#!/()!1&1).!1()*),%!'(/&,#2(!),!%(]

]

/(!).0!1.'$)(=.0!/(!-*&#,0,0!-*(!,12Q,#!,+*,0!,%%&9,!/(!D;Tb!Hd*%*@,!p!U&T&:!^cb^I5!
N.%!()!1.#2%,%&.:!),!,12&>&/,/!/(!D;Tb!#.!(0!#(1(0,%&,!$,%,!),!G.%',1&?#!/(!;&G,0!(#!
%(0$*(02,!,)!(02%C0!#*2%&1&.#,):!).!-*(!0*+&(%(!-*(!(#!(02(!.%+,#&0'.!(O&02(#!,)!'(]

p!U&T&:!^cb^I5!V,!/&G(%(#1&,1&?#!&#/*1&/,!1.#!DNL!(0!%(>(%0&9)(:!@!2%,0!),!()&'&#,1&?#!

)(>,/*%&G.%'(!Hd*%*@,!p!U&T&:!^cbcA!U&T&:!^cbiI5!

(#!),!%(+*),1&?#!/()!/(0,%%.)).!;&G,)!@!$0(*/.;&G,)!(#!)(>,/*%,0!1.'.!G"#%46)*%(,!.#!"#
*2/27),)%2!H6e01;!28#%4"W #
!"#$%&'()*+,
#*2%&(#2(0!0(!(#1*(#2%,!$,%1&,)'(#2(!&#;&9&/.!(#!'*2,#2(0!1,%(#2(0!/(!M$Tb!.!N'Tb:!

]
2.0.:!$,%(1(%7,#!(02,%!&'$)&1,/,0!(#!),!%(+*),1&?#!/()!/(0,%%.)).!/(!),0!;&G,0!*#,!>(F!
-*(!0(!;,!$%./*1&/.!0*!&#/*11&?#!HU.F,T&!28#%4"W!^cbkI5!N.%!()!1.#2%,%&.:!).0!'*2,#2(0!
/(#!"#$%&'()*+,

28#%4"W!̂ cbkI5!U.!
.902,#2(:!).0!%(0*)2,/.0!'*(02%,#!-*(!()!1.#2%.)!/(!),!$.),%&/,/!1()*),%!'(/&,/.!$.%!

]
F,T&!28#%4"W
(#2%(!0*!(02,/.!,12&>.!*#&/,0!,!KLN:!(#!()!-*(!$,%2&1&$,#!(#!),!2%,#0'&0&?#!/(!0(<,)(0!
(#!),!1C)*),:!@!0*!(02,/.!&#,12&>.!*#&/,0!,!K4N5!"##!"#&'062 ]
+*),!),!$.),%&/,/!1()*),%!#(1(0,%&,!$,%,!),!G.%',1&?#!/()#[,-0''\#/*%,#2(!()!$%.1(0.!
/(!1.#=*+,1&?#!HZ(#/(FQ!p!6,%2&#:!^cb_I5!N.%!0*!$,%2(:!D/1j^!=*(+,!*#!$,$()!1),>(!

G"#%46)*%(,!@!(#!),!G.%',1&?#!/(!
$0(*/.;&G,0!(##!"#*2/27),)%2!H6e01;!28#%4"W 28#%4"W!^ccjI5!
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!"#$%&'((!)"

E@P@*-5*N93O9NO8=1*:94*QF=3F6

! L./.0!).0!.%+,#&0'.0!>&>.0:!&#1)*&/.0!).0!*#&1()*),%(0:!;,#!/(0,%%.)),/.!/&0]
2&#2,0!(02%,2(+&,0!$,%,!1.'*#&1,%0(!1.#!()!'(/&.!-*(!)(0!%./(,!@!1.#!).0!'&('9%.0!
2,#2.!/(!0*!$%.$&,!(0$(1&(!1.'.!/(!.2%,05!P)!1.#2%,%&.!/(!).!-*(!0(!1%(7,!&#&1&,)'(#]
2(:!).0!'&1%..%+,#&0'.0!#.!0(!/(0,%%.)),#!0.),'(#2(!1.'.!(#2(0!,&0),/.0!1*@,!Q#&1,!

+%*$,):!@!0.#!1,$,1(0!/(!+(#(%,%!@!(=(1*2,%!%(0$*(02,0!1..%/&#,/,0!@!,11&.#(0!1.#]
=*#2,0!,!#&>()!$.9),1&.#,)5!"02(!'(1,#&0'.!/(!1.'*#&1,1&?#!1()*),%!(#2%(!'&1%..%]
+,#&0'.0!0(!1.#.1(!1.'.!-*?%*'!0(#0&#+!HRMI:!$(%1($1&?#!/()!-*?%*':!.!0(#0&9&]
)&/,/!,)!-*?%*':!@!0(!(#1*(#2%,!$%(0(#2(!(#!'*1;,0!9,12(%&,0:!,07!1.'.!(#!,)+*#.0!

/(2(12,#!),!/(#0&/,/!1()*),%!(O&02(#2(!(#!0*!(#2.%#.:!@!%(+*),#!),!(O$%(0&?#!/(!1&(%]
2.0!+(#(0!$,%,!(=(1*2,%!*#,!%(0$*(02,!1..%/&#,/,5!V,!%(+*),1&?#!/()!RM!0(!9,0,!(#!),!
$%./*11&?#!@!)&9(%,1&?#!,)!'(/&.!(O2%,1()*),%!/(!*#,!0(%&(!/(!'.)C1*),0!1.#.1&/,0!
1.'.!'.)C1*),0!/(!0(#0&9&)&/,/!,)!-*?%*'! HRM60I:!-*(!,12Q,#!1.'.!,*2.&#/*1]
2.%(05!D,/,!1C)*),!&#/&>&/*,)!2&(#(!),!1,$,1&/,/!/(!/(2(12,%!),!1.#1(#2%,1&?#!/(!),0!
RM60!$%(0(#2(0!(#!()!'(/&.:!-*(!0(!,1*'*),#!/(!G.%',!$%.$.%1&.#,)!,)!,*'(#2.!/(!
),!/(#0&/,/!$.9),1&.#,):!@!2%,0!,)1,#F,%!*#,!1.#1(#2%,1&?#!*'9%,):!&#/*1(#!.!%($%&]
'(#!),!(O$%(0&?#!/(!+(#(0!-*(!$(%'&2(#!-*(!),!$.9),1&?#!1.),9.%(!(#!),!(=(1*1&?#!
/(!/&G(%(#2(0!%(0$*(02,0!G%(#2(!,)!(027'*).!(O2(%#.!HZ,#/,%,!28#%4"W!^cb^A!d%,#1.!28#
%4"W ^J8LF35*R_@*

J8LF35*R@*+0:940*7a<8O0*:94*K91=6910*:9*QF=3F6*<91<81L@*
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!"#$%&'((!)"

E@P@E@*-5*N93O9NO8=1*:94*QF=3F6*91*N30O538025<

!8/2&8'*'**+,#&(2+0'()%2#
',%&#,0!9&.)*'&#&01(#2(0!/()!+C#(%.!_)6/)':!,)!/(01*9%&%0(!-*(!Q#&1,'(#2(!$%./*]

28#%4"W ]
2(%&,0!),!$%./*11&?#!/(!9&.)*'&#&01(#1&,!0(!(#1.#2%,9,!%(+*),/,!$.%!*#!'(1,#&0'.!
/(!RM!(#!()!-*(!$,%2&1&$,9,#!*#,!0&#2(2,0,!HV*O8I!-*(!$%./*1(!U],1&)!;.'.0(%&#,!

]

]

]

+C#(%.0!5:/'6%*82/)+0W#52/'0'(%,W#G)8/'6%*82/W#9(82/'6%*82/W#=,2+<'0'(%,W#!2A
//%8)%#'#_)6/)'W!(#2%(!'*1;.0!.2%.0!HZ,#/,%,!28#%4"W!^cb^I5!S2%,0!'.)C1*),0!1.'.!),0!
-*&#.).#,0:!()!G,12.%!/&G*0&9)(!/(!0(<,)&F,1&?#!H4MdI:!@!()!,*2.&#/*12.%!b!/()!1?)(%,:!

HZ,%%&*0.!28#%4"W!^cbkI5

! "#!9,12(%&,0!K%,']$.0&2&>,0! ),! 0(#0&9&)&/,/! ,)! -*?%*'! 0*()(! (02,%!'(/&,/,!
$.%!.)&+.$C$2&/.0!/(#.'&#,/.0!$C$2&/.0!,*2.&#/*12.%(0!HP8NI:!-*(!0.#!/(2(12,/.0!

),!(O$%(0&?#!/(!G,12.%(0!/(!2%,#01%&$1&?#!/()!P4U!-*(!%(+*),#!),!(O$%(0&?#!/(!+(#(0!
/(!RM5!P)!&+*,)!-*(!.1*%%(!(#!()!1,0.!/(!),0!PJV0!(#!9,12(%&,0!K%,']#(+,2&>,0:!(02.0!
0&02(',0!0*()(#!(#1.#2%,%0(!G*(%2('(#2(!1.#0(%>,/.0!(#!9,12(%&,0!K%,']$.0&2&>,0:!

2&$.!^!HP8]̂ I:!@!0.#!'.)C1*),0!$%./*1&/,0!$.%!9,12(%&,0!2,#2.!K%,']$.0&2&>,0!1.'.!
K%,']#(+,2&>,0!-*(!$(%'&2(#!),!1.'*#&1,1&?#!(#2%(!9,12(%&,0!$(%2(#(1&(#2(0!,!/&]

]
#*/.:!*#!'&0'.!'&1%..%+,#&0'.!$*(/(!$%(0(#2,%!>,%&.0!'(1,#&0'.0!/(!RM:!).!-*(!
,*'(#2,! ),!$),02&1&/,/!/(! ),0! %(0$*(02,0! G%(#2(! ,! 1,'9&.0!/()!'(/&.!(O2%,1()*),%!
HZ,%%&*0.!28#%4"W

! "#!).0!'&1%..%+,#&0'.0!$%.1,%&.2,0!).0!G(#?'(#.0!/(!RM!%(+*),#!#*'(%.0.0!
$%.1(0.0:!1.'.!),!,/-*&0&1&?#!/(!#*2%&(#2(0:!),!07#2(0&0!/(!G,12.%(0!/(!>&%*)(#1&,:!),!

]
2,#2(0!%(+*),/.0!$.%!()!RM!(0!),!&#G(11&?#!,)!;.0$(/,/.%:!).0!.%+,#&0'.0!(*1,%&.2,0!
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!"#$%&'((!)"

0*01($2&9)(0!/(!0(%! &#G(12,/.0!$.%!/&1;,0!9,12(%&,0!;,#!/(0,%%.)),/.!,!0*!>(F!/&0]
2&#2,0!(02%,2(+&,0!/(!&#;&9&1&?#!/()!RM!9,12(%&,#.:!1.#.1&/,0!+(#C%&1,'(#2(!1.'.#
[R+^/+0#R+2(*-)(:\

E@P@C@*-5*N93O9NO8=1*:94*QF=3F6*O060*69O518<60*:9*
O06F18O5O8=1*Kb1L8O5

! P!$(0,%!/(!;,9(%!0&/.!/(01%&2,!.%&+&#,)'(#2(!(#!9,12(%&,0:!),!$(%1($1&?#!/()!
-*?%*'!#.!(0!(O1)*0&>,!/(!$%.1,%&.2,0:!@!/&>(%0.0!2%,9,=.0!;,#!/(01%&2.!),!(O&02(#1&,!
/(!'(1,#&0'.0!/(!RM!(#!(*1,%&.2,0!0&'$)(0!1.'.!).0!;.#+.05!")!$%&'(%!;.#+.!(#!()!
-*(!0(!/(01%&9&?!),!(O&02(#1&,!/(!*#!G(#?'(#.!/(!-*?%*'!(0!G"#%46)*%(,!HJ.%#9@!28#
%4"W

>2+82/'01*'8%:!;%A
,)<)'01*'8%!@!5,*'01*'8%5!V,!(O&02(#1&,!/(!(02(!'(1,#&0'.!(#!'Q)2&$)(0!(0$(1&(0!
GQ#+&1,0!%(>(),!0*!&'$.%2,#1&,!$,%,!0*!0*$(%>&>(#1&,!@!),!1.).#&F,1&?#!/(!/&G(%(#2(0!
(1.0&02(',05!")!RM!%(+*),!/&>(%0.0!,0$(12.0!/()!1&1).!>&2,)!GQ#+&1.!(#2%(!).0!-*(!0(!
(#1*(#2%,#!),!'.%G.+C#(0&0:!),!+(%'&#,1&?#:!.!),!$,2.+C#(0&0:!@!'./*),!%(0$*(02,0!

28#%4"W 28#
%4"W!^cbhI5!

! P)!0(%!()!',@.%!$,2?+(#.!;*',#.!/(!.%&+(#!GQ#+&1.:!()!G(#?'(#.!/(!RM!;,!
0&/.!&#2(#0,'(#2(!(02*/&,/.!(#!G"#%46)*%(,:!,*#-*(!2,'9&C#!0(!;,!&#>(02&+,/.!1.#!
/(2,))(!(##!"#*2/27),)%2#/(9&/.!,!0*!$,$()!G*#/,'(#2,)!(#!()!/(0,%%.)).!/(!#*'(%.]
0.0!$%.1(0.0!9&.2(1#.)?+&1.0!HP>9()=!28#%4"W!^cbhA!d%,#1.!28#%4"W 28#%4"W!
^cbhI5!M&#!('9,%+.:!;,02,!()!'.'(#2.!()!G(#?'(#.!/(!$(%1($1&?#!/()!-*?%*'!#.!;,!
0&/.!/(01%&2.!(#!#&#+*#,!)(>,/*%,!$(%2(#(1&(#2(!,)!+C#(%.!!*-).',%**-%/'01*2,5

! V,0!RM60:!2,'9&C#!1.#.1&/,0!1.'.!,*2.&#/*12.%(0:!0.#!).0!$%&#1&$,)(0!(G(1]
2.%(0! /()! G(#?'(#.! /(! $(%1($1&?#! /()! -*?%*':! @! 1.#2%.),#! /&G(%(#2(0! $%.1(0.0!
1.'.!),!/&G(%(#1&,1&?#:!).0!1,'9&.0!'.%G.+(#C2&1.0:!()!(02,9)(1&'&(#2.!/(!9&.$(]

/(9(! 1*'$)&%! *#,! 0(%&(!/(! 1,%,12(%702&1,0!-*(!;,#! 0&/.!(02,9)(1&/,0!$%(>&,'(#2(!
(#!>,%&.0!2%,9,=.0!HP)9*-*(%-*(!p!D,0,/(>,)):!^cb^A!P>9()=!28#%4"W!^cbhA!d%,#1.!28#%4"W!

28#%4"W 28#%4"W!^cbhI3

! b5!V,0!'.)C1*),0!/(!0(#0&9&)&/,/!,)!-*?%*'!/(9(#!0(%!0(1%(2,/,0!,)!'(/&.!(O]
2%,1()*),%!/*%,#2(!()!1%(1&'&(#2.!/()!1*)2&>.:!@!,1*'*),%0(!$%.$.%1&.#,)'(#2(!,!),!
/(#0&/,/!$.9),1&.#,)5

%(0$.#/(%!G%(#2(!,!),0!RM605!
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!"#$%&'((!)"

#(1(0,%&.!$,%,!&#/*1&%!*#,!%(0$*(02,!9&.)?+&1,5

! a5!V,!RM6!/(9(!/(0(#1,/(#,%!*#,!%(0$*(02,!,!#&>()!$.9),1&.#,):!@!/&G(%(#2(!
,!1?'.!0(!1.'$.%2,%7,#!),0!1C)*),0!&#/&>&/*,)'(#2(5

! h5!V,!%(0$*(02,!9&.)?+&1,!0(!$%./*1(!*#,!>(F!-*(!0(!&+*,),!.!0.9%($,0,!*#,!
1.#1(#2%,1&?#!*'9%,)!/(!),!RM6!(#!()!'(/&.!(O2%,1()*),%5

! i5!V,!%(0$*(02,!/(0(#1,/(#,/,!$.%!),!,11&?#!/(!),!RM6!/(9(!$./(%!/&02&#]
+*&%0(!/()!'(2,9.)&0'.!$%&',%&.!/(!),!$%.$&,!RM65!"0!/(1&%:!),!%(0$*(02,!1()*),%!&#]

]

!

! "#! 9,0(! ,! (02.0! 1%&2(%&.0! 0(! ;,#! /(01%&2.! /&G(%(#2(0! 2&$.0! /(!'.)C1*),0! /(!
0(#0&9&)&/,/!,)!-*?%*'!(#!/&>(%0,0!(0$(1&(0!/(!;.#+.0:!,*#-*(!0(!0.0$(1;,!-*(!

^!@!.2%.0!1.'$*(02.0!
]

+,#&0'.0:!@!,*#-*(!(#!).0!;.#+.0!#.%',)'(#2(!0(!,0.1&,#!,!1,'9&.0!'.%G.)?+&1.0:!
(O&02(#!'.)C1*),0!1.#!(G(12.!'.%G.+(#C2&1.!-*(!#.!0.#!1.#0&/(%,/,0!RM605!P!1.#]

]
#(0!9&.)?+&1,0!(#!G"#%46)*%(,!@#!"#*2/27),)%2#^.5745*E_@
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!"#$%&'((!)"

J568485*:9*
\'+

\'+ /3L518<60 JF1O8=1*:9*45*
\'+

&9K9391O85<

L(%$(#.0 d,%#(0.) G"#%46)*%(,

]!Z).-*(,!
),!2%,#0&1&?#!
)(>,/*%,];&G,5
]!8'$&/(!()!
(02,9)(1&'&(#2.!
/(!9&.$()71*),05
]!N%.2(+(!G%(#2(!,)!
(02%C0!.O&/,2&>.5
]!8#/*1(!),!
,$.$2.0&05

H4(>(,*!28#%4"W!
^cbcA!J.%#9@!28#
%4"W
28#%4"W!^cc^A!M;&%2]
)&GG!28#%4"W

28#%4"W!
^ccaI

P)1.;.)(0

L&%.0.)

G"#%46)*%(,

]!d,>.%(1(!),!
G.%',1&?#!/()!
2*9.!+(%'&#,2&>.5
]!P1.%2,!),!G,0(!
),+5
]!d,>.%(1(!),!
G.%',1&?#!/(!
9&.$()71*),05

HP)('!28#%4"W!^cchA!
J5!D;(#!28#%4"W!
^ccjI

!"#*2/27),)%2

]!U.!0(!;,!
,0.1&,/.!,!
#&#+Q#!(G(12.!
'.%G.+(#C2&1.5

HP>9()=!28#%4"W!^cbhA!
J5!D;(#!p!d&#T:!
^cchI

^]G(#&)(2,#.)!@!
2%&$2.G.)

G"#%46)*%(,

]!P12Q,#!1.'.!
,*2.,#2&9&?2&1.0!
&#;&9&(#/.!
),!2%,#0&1&?#!

28#%4"W!
^cbhI

!"#*2/27),)%2

]!8#/*1(#!/(!
),!2%,#0&1&?#!

]!d,>.%(1(#!),!
G.%',1&?#!/(!
9&.$()71*),05

HP>9()=!28#%4"W!^cbhA!
J5!D;(#!p!d&#T:!
^cchI

.5745*E@*\'+<*:9<O3825<*91*C. albicans*>*S. cerevisiae*>*<F<*N381O8N549<*KF1O8019<@

E@P@C@E@E@*.93N910<c*K5319<04

]
#9@!28# %4"W! ^ccbI5! M(! 2%,2,!/(!*#! ,)1.;.)! 0(0-*&2(%$C#&1.! ,171)&1.! 1.#!j! &0?'(%.0:!
,*#-*(!Q#&1,'(#2(!()!":!"]G,%#(0.)!H_:i:bb]2%&'(2&)]̂ :h:bc]/./(1,2%&(#.]b].)I!$.0((!
,12&>&/,/!1.'.!RM6:!@!(0!)&9(%,/.!,)!'(/&.!$.%!G"#%46)*%(,!1*,#/.!0(!,)1,#F,!*#,!
/(#0&/,/!$.9),1&.#,)!()(>,/,5!M(!2%,2,!/(!*#,!'.)C1*),!(02,9)(!G%(#2(!,!1,'9&.0!
/(!2('$(%,2*%,!@!$J:!1*@,!07#2(0&0!#.!/($(#/(!/()!2&$.!/(!G*(#2(!/(!1,%9.#.!.!/(!
#&2%?+(#.:!#&!/(!),!#,2*%,)(F,!-*7'&1,!/()!'(/&.!/(!1*)2&>.!HJ.%#9@!28#%4"W!^ccbA!M;]
1;($&#!28#%4"W!^cc_I5!
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!"#$%&'((!)"

! "02(! 1.'$*(02.! (0! +(#(%,/.! 1.'.! 0*9$%./*12.! /(! ),! %*2,! /(! 9&.07#2(0&0!
/()!(%+.02(%.):!()!1*,)!=*(+,!*#!$,$()!1),>(!(#!()!',#2(#&'&(#2.!/(!),!&#2(+%&/,/!/(!

]

28#%4"W!^cbbA!J.%#9@!28#%4"W!^cc_I5!
V,!$%./*11&?#!/(!G,%#(0.)!0(!>(!G,>.%(1&/,!(#!$%(0(#1&,!/(!/%.+,0!-*(!9).-*(,#!

]
2.1.#,F.)5!"02,!%(0$*(02,!0(!$%./*1(!1.'.!%(0*)2,/.!/(!),!&#;&9&1&?#!/(!,)+*#.!/(!

/(0>&,/.!;,1&,!),!$%./*11&?#!/(!G,%#(0.)!!HJ.%#9@!28#%4"W!^cc_A!J.%#9@!p!U&1T(%0.#:!
^ccjI5!

! ")!G(#?'(#.!/(!$(%1($1&?#!/()!-*?%*'!'(/&,/.!$.%!G,%#(0.)!(#!G"#%46)*%(,!

/&02&#2.0!$%.1(0.0!1()*),%(0:!,)+*#.0!/(!).0!1*,)(0!0(!/(01%&9(#!,!1.#2&#*,1&?#5

E@P@C@E@E@E@*%K9O20*:94*K5319<04*<0739*45*2351<8O8=1

! G"#%46)*%(,!(0!*#!;.#+.!$,2?+(#.!.$.%2*#&02,!(#!;*',#.0!$(%2(#(1&(#2(!,)!
>2+82/'01*'8%5!D.'.!0(!;,!1.'(#2,/.!,#2(%&.%'(#2(:!0(!2%,2,!/(!*#!;.#+.!

G"#%46)*%(,!(0!%(+*),/.!$.%!/&G(%(#2(0!0(<,)(0!
,'9&(#2,)(0!1.'.!),!2('$(%,2*%,:!()!$J:!).0!#*2%&(#2(0!.!),!$%(0(#1&,!/(!0*(%.!HM*/]

]
#(%,!-*(!G"#%46)*%(,!0(!(#1*(#2%,!(#!G.%',!/(!)(>,/*%,!,!/(#0&/,/(0!1()*),%(0!&+*,]
)(0!.!',@.%(0!,!bch!1C)*),0f'):!G,>.%(1&C#/.0(!),!G.%',1&?#!/(!;&G,0!,!/(#0&/,/(0!

*#!G(#?'(#.!/(!$(%1($1&?#!/()!-*?%*'!-*(!/($(#/(!/(!),!)&9(%,1&?#!,)!'(/&.!/(!
RM60:!$%&#1&$,)'(#2(!G,%#(0.)!!@!2&%.0.)!HP)9*-*(%-*(!p!D,0,/(>,)):!^cb^A!J.%#9@!
28#%4"W ]

G"#%46)*%(,:!0&(#/.!
()!$%&'(%!'(1,#&0'.!/(!$(%1($1&?#!/()!-*?%*'!/(01%&2.!(#!(*1,%&.2,0!HJ.%#9@!28#
%4"W!^ccbI5!V,!$%(0(#1&,!/(!(02,!RM6!(#!()!'(/&.!/(!1*)2&>.:!@,!0(,!(#!G.%',!0&#2C2&1,!
.!$%.1(/(#2(!/(!'(/&.!1.#/&1&.#,/.:!$%(>&(#(!),!2%,#0&1&?#!)(>,/*%,];&G,!&#/*1&/,!
$.%!),!$%(0(#1&,!/(!V]$%.)&#,:!K)1UP1:!.!0*(%.5!")!G,%#(0.)!G,>.%(1(!()!1%(1&'&(#2.!1(]

2,0,!/(!1%(1&'&(#2.!/()!'&0'.!HJ.%#9@!28#%4"W!^ccbI5!M&#!('9,%+.:!,!$(0,%!/(!-*(!()!
G,%#(0.)!%(+*),!#(+,2&>,'(#2(!),!/&G(%(#1&,1&?#!;&G,):!#.!$*(/(!&#;&9&%!()!/(0,%%.)).!
/()!'&1()&.!,!$,%2&%!/(!;&G,0!$%((O&02(#2(0!HP)9*-*(%-*(!p!D,0,/(>,)):!^cb^A!J.%#9@!
28#%4"W 28#%4"W!^cc^I5!N.02(%&.%'(#2(!0(!/(01%&9&?!-*(!(02(!1.'$*(02.!

28#%4"W!^cb^I5
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! M(!;,#!$%.$*(02.!/&G(%(#2(0!'(1,#&0'.0!'.)(1*),%(0!1.'.!%(0$.#0,9)(0!/(!
G"#%46)A

*%(,

,/(#&),2.!1&1),0,!D@%b!$.%!$,%2(!/()!G,%#(0.):!@!),!1.#0(1*(#2(!%(/*11&?#!/(!).0!#&]

H4,>&0]J,##,!28#%4"W 28#%4"W!^cbbI5!V,!,11&?#!/()!G,%#(0.)!2,'9&C#!$*(]

G.%',!1&2.0?)&1,!(!&#,12&>,!/(!/&1;,!KLN,0,:!/&0'&#*@(#/.!),!0(<,)&F,1&?#!$.%!P6N1!
]

'(#2,1&?#!HV,#+G.%/!28#%4"W!^cb_A!V&#/0,@!28#%4"W!^cb^I5!P!0*!>(F:!),!&#;&9&1&?#!/(!),!%*2,!

%($%(0.%!2%,#01%&$1&.#,)!/()!/(0,%%.)).!;&G,)!(#!G"#%46)*%(,
&#1%('(#2,!).0!#&>()(0!/(!U%+b:!-*(!,12Q,!=*#2.!1.#!L*$b:!%($%&'&(#/.!/(!),!(O$%(]

28#%4"W!^cb^I5!V,0!$%.2(7#,0!D;Tb!H;&02&/&#,!
-*&#,0,I!@!DFGb!H$%.2(7#,!/(!/(/.!/(!F&#1!bI:!2,'9&C#!/(0('$(<,#!*#!$,$()!1),>(!
(#! ),!%(0$*(02,!1()*),%!/(!G"#%46)*%(,! G%(#2(!,)! G,%#(0.)5!V.0!'*2,#2(0!1,%(#2(0!/(!

28#%4"W!^cckI:!'&(#2%,0!-*(!),!
]

),1&?#!/(!"G+b!HV,#+G.%/!28#%4"W!^cb_I5!P/&1&.#,)'(#2(:!).0!1,'9&.0!'.%G.)?+&1.0!-*(!
0(!/,#!(#!%(0$*(02,!,)!G,%#(0.)!&'$)&1,#!.2%.0!()('(#2.0!@!%*2,0!/(!0(<,)&F,1&?#5!N.%!

G"#%46)*%(, 28#%4"W
$(0,%!/()!&#2%&#1,/.!0&02(',!/(!%(+*),1&?#!/(01%&2.!$,%,!()!G,%#(0.):!;,02,!),!G(1;,!#.!

28#%4"W!

E@P@C@E@E@C@* %K9O20*:94* K5319<04* <0739* 45* K0365O8=1*>*94*
:9<5330440*:9*780N94WOF45<

! L%,/&1&.#,)'(#2(!()!(02*/&.!/(! ).0!'&1%..%+,#&0'.0!0(!;,!%(,)&F,/.!(#!1*)]
]

0.#!()!(02,/.!$%(G(%&/.:!@!$%.9,9)('(#2(!#,2*%,):!/(!1%(1&'&(#2.!$,%,!),!',@.%7,!/(!

(#!1.'$,%,1&?#!,!0*0!;.'?).+,0!-*(!1%(1(#!/(!G.%',!)&9%(5!V,0!9&.$()71*),0!0(!/(]
0,%%.)),#!2,#2.!(#!(#2.%#.0!9&?2&1.0:!$.%!(=('$).!(#!).0!2(=&/.0!/(!$),#2,0!.!','7]
G(%.0:!1.'.!(#!(#2.%#.0!,9&?2&1.0:!1.'.!$.%!(=('$).!(#!&'$),#2(0!'C/&1.0!&#1)*]
@(#/.!1,2C2(%(0:!',%1,$,0.0:!$%?2(0&0!/(#2,)(0:!(215!HK*),2&!p!U.9&)(:!^cbhA!U.9&)(!p!

$%(0(#2,#!',@.%!%(0&02(#1&,!,!/,<.0!-*7'&1.0!@f.!G70&1.0!-*(!),0!1C)*),0!)&9%(0:!).!-*(!
;,1(!-*(!0(,#!'*@!/&G71&)(0!/(!1.'9,2&%!(#!(#2.%#.0!1)7#&1.05!4(!;(1;.:!*#,!$%.$.%]
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1&?#!'*@!,)2,!/(!),0!&#G(11&.#(0!'&1%.9&,#,0!0(!/(9(!,!),!G.%',1&?#!/(!9&.$()71*),0:!
@,!0(,!/(!G.%',!/&%(12,!.!&#/&%(12,!HK*),2&!p!U.9&)(:!^cbhI5

# G"# %46)*%(,! G.%',! 9&.$()71*),0! 1.#! (02%*12*%,0! 2%&/&'(#0&.#,)(0! 1.'$)(=,0:!
1.'$*(02,0!$.%!/&G(%(#2(0!2&$.0!1()*),%(0!H)(>,/*%,0!+(',#2(0:!$0(*/.;&G,0!.>,),]

H"NMI5!V,0!9&.$()71*),0!/(!G"#%46)*%(,!0.#!%(0&02(#2(0!,!).0!2%,2,'&(#2.0!,#2&GQ#+&1.0!
1.#>(#1&.#,)(0:!,)!0&02(',!&#'*#&2,%&.!/()!;*C0$(/:!@!,!.2%,0!$(%2*%9,1&.#(0!,']
9&(#2,)(0:!@!0*!G.%',1&?#!0(!.%+,#&F,!(#!/&02&#2,0!(2,$,05!")!$%&'(%!$,0.!1.#0&02(!(#!

&#&1&,1&?#:!(#!),!-*(!1.'&(#F,!),!2%,#0&1&?#!)(>,/*%,];&G,:!@!>,!,1.'$,<,/,!$.%!),!
G.%',1&?#!/(!),!"NM5!M(+*&/,'(#2(:!/*%,#2(!),!(2,$,!/(!',/*%,1&?#:!0(!$%./*1(!*#!

(#!),!9&.$()71*),5!V,!Q)2&',!(2,$,!(0!),!/(!/&0$(%0&?#:!(#!),!-*(!0(!$%./*1(!),!/&0(]

/()!;.0$(/,/.%:!@!$(%'&2(!(02,9)(1(%!#*(>,0!9&.$()71*),0!HU.9&)(!p!B.;#0.#:!^cbaI5!
N.%!2,#2.:!$,%,!),!G.%',1&?#!@!',#2(#&'&(#2.!/(!(02,0!(02%*12*%,0!(0!1%*1&,)!2,#2.!
),!1,$,1&/,/!/(!),0!1C)*),0!$,%,!G.%',%!;&G,0:!1.'.!),!;,9&)&/,/!/(!/&1;,0!;&G,0!/(!
,/;(%&%0(!(#2%(!07!@!,!.2%.0!2&$.0!1()*),%(0!HD;,#/%,!28#%4"W!^ccbI5

! P/&1&.#,)'(#2(:!),!0(<,)&F,1&?#!'(/&,#2(!RM60!%(+*),!),!G.%',1&?#!/(!9&.]
$()71*),0!(#!(02,!)(>,/*%,!HN,//(%!28#%4"W!^cbkI5!")!2%,2,'&(#2.!/(!9&.$()71*),0!/(!G"#
%46)*%(,
),!/(#0&/,/!@!'.%G.).+7,!/(!(02,0!(02%*12*%,0!@!$%(>&(#(!0*!G.%',1&?#:!/(9&/.!,!),!

]
',1&?#!/(!9&.$()71*),05!P07:!,-*()),0!1C)*),0!-*(!@,!;,#!1.'(#F,/.!,!/&G(%(#1&,%0(!

G.%',%!9&.$()71*),0:!'&(#2%,0!-*(! ),0!1C)*),0!-*(! G.%',#!$,%2(!/(!9&.$()71*),0!@,!
(02,9)(1&/,0!07!0.#!1,$,1(0!/(!%(0$.#/(%!,)!(G(12.!/()!&0.$%(#.&/(:!G,>.%(1&(#/.!),!

28#%4"W!^cc^I5!"#!1*,#2.!,)!

1.#!G,%#(0.)!$%.>.1,!1,'9&.0!+).9,)(0!@!/&G(%(#1&,)(0!(#!),!(O$%(0&?#!+C#&1,!/(!G"#
%46)*%(,5!"#2%(!).0!+(#(0!-*(!,*'(#2,#!0*!(O$%(0&?#!0(!(#1*(#2%,#!,-*()).0!%(),]
1&.#,/.0!1.#!),!%(0&02(#1&,!,!/%.+,0:!()!2%,#0$.%2(!/()!;&(%%.:!()!',#2(#&'&(#2.!/(!),!

28#%4"W!^ccaI5



25
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E@P@C@E@E@P@* %K9O20*:94* K5319<04* <0739* 45* 5N0N20<8<* >* 94*
9<23M<*0d8:528;0

! G"# %46)*%(, ]
2.0!+,02%.&#2(02&#,)!@!+(#&2.*%&#,%&.!/(!','7G(%.05!M&#!('9,%+.:!).0!1,'9&.0!(#!),0!

]
1&'&(#2.!/(0'(/&/.!@!1,*0,%!&#G(11&.#(0!.$.%2*#&02,0:!$%.$&1&,/.!(#!$,%2(!$.%!),!
G,1&)&/,/!/(!,/,$2,1&?#!/(!(02,!)(>,/*%,!G%(#2(!,!1,'9&.0!(#!0*!,'9&(#2(!(O2%,1(]
)*),%5!P!'(#*/.!(02,0!,)2(%,1&.#(0!1.#))(>,#!),!,$,%&1&?#!/(!,)2,0!1.#1(#2%,1&.#(0!

(02%C0!.O&/,2&>.!$,%,!).0!;.#+.0!$,2?+(#.0!0.#!),0!1C)*),0!G,+.172&1,0!/()!0&02(',!&#]
'*#(!/()!;.0$(/,/.%5!D.'.!%(0$*(02,:!G"#%46)*%(,!;,!/(0,%%.)),/.!*#!'(1,#&0'.!
/(!$%.2(11&?#!,/,$2,2&>,!,!#&>()!$.9),1&.#,)!(#!()!-*(!$,%2&1&$,!()!G,%#(0.)5!4(!(02,!

]

).0!/(!),0!0*$(%?O&/.!/&0'*2,0,0!MS4b!@!MS4^:!.!),!1,2,),0,!DPLb5!V,!%(+*),1&?#!/(!

H4(>(,*!28#%4"W 28#%4"W!^ccaI5

! P/&1&.#,)'(#2(:!@!,!$(0,%!/(!),!()(>,/,!2.)(%,#1&,!/(!G"#%46)*%(,!G%(#2(!,!,)2,0!
1.#1(#2%,1&.#(0!/(!G,%#(0.):!(02,!RM6!$%.>.1,!*#,!%(/*11&?#!(#!),!(O$%(0&?#!/(!
/&02&#2,0!$%.2(7#,0!&'$)&1,/,0!(#!()!'(2,9.)&0'.!@!),!G*#1&?#!'&2.1.#/%&,)5!N,%,)(]

]
+(#!G%(#2(!,)!(02%C0!.O&/,2&>.:!()!2%,2,'&(#2.!1.#!G,%#(0.)!G,>.%(1(!),!(O$%(0&?#!/(!
$%.2(7#,0!&'$)&1,/,0!(#!()!$%.1(0.!/(!,$.$2.0&0:!1.'.!0.#!),0!1,0$,0,0!HM;&%2)&GG!28#
%4"W
,$.$2.0&0! 2%,0! *#&%0(! ,! C)! @! G.%',%!*#! 1.#=*+,/.!-*(!(0! (O$.%2,/.!'(/&,#2(!*#!
'(1,#&0'.!/($(#/&(#2(!/(!D/%b:!*#!'&('9%.!/(!),!0*$(%G,'&)&,!/(!2%,#0$.%2,/.]

28#%4"W!^cbbI5!L./,0!(02,0!

G"#%46)*%(,!/*%,#2(!0*!,/,$2,1&?#!@!0*$(%>&>(#1&,!G%(#2(!,!/&02&#2,0!1.#/&1&.#(0!,']
9&(#2,)(05

! ")! 2&%.0.)! H^]Hj];&/%.O&G(#&)I](2,#.)I:! ()! 2%&$2.G.)! H^]HbJ]&#/.)]_&)I](2,#.)I! @! ()!
^]G(#&)(2,#.)!0.#!1.'$*(02.0!G(#?)&1.0!-*(!$(%2(#(1(#!,)!+%*$.!/(!).0!G(#&)(2,#.&]

]
G"#%46)*%(,:!@!(0!

)&9(%,/.!,)!'(/&.!(O2%,1()*),%!1*,#/.!()!1*)2&>.!,)1,#F,!*#,!/(#0&/,/!$.9),1&.#,)!
0*$(%&.%!,!bci

28#%4"W!^ccjI5!M&#!('9,%+.:!),!%()(>,#1&,!9&.)?+&1,!/()!2&%.0.)!1.'.!%(+*),/.%!/()!/&]
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]
2,%&,!-*(!%(+*),!/&1;.!$%.1(0.!1*,#/.!()!G,%#(0.)!0(!(#1*(#2%,!,*0(#2(!.!(#!1.#]
1(#2%,1&.#(0!)&'&2,#2(0!HU&1T(%0.#!28#%4"W!^cchI5#!"#*2/27),)%2!2,'9&C#!0(1%(2,!2&%.0.)!
,)!'(/&.!(O2(%#.!/(!G.%',!$%.$.%1&.#,)!,)!&#1%('(#2.!/(!),!1.#1(#2%,1&?#!1()*),%:!
,*#-*(!#.!0(!;,!,0.1&,/.!#&#+Q#!(G(12.!'.%G.+(#C2&1.!HP>9()=!28#%4"W!^cbaA!D;(#!p!
d&#T:!^cchI5!N.%! 0*!$,%2(:!G"#%46)*%(,!$%./*1(! 2%&$2.G.)!@!^]G(#&)(2,#.):!,*#-*(!0*!

)(>,/*%,];&G,!#.!/($(#/(!/(!),!/(#0&/,/!1()*),%!HD;(#!p!d&#T:!̂ cchA!V&#+,$$,!28#%4"W!
28#%4"W!^cbkI5!N.%!0*!$,%2(:!(##!"#*2/27),)%2!),!$%./*11&?#!/(!2%&$2.G.)!@!

^]G(#&)(2,#.)!0(!/,!(#!%(0$*(02,!,!),!)&'&2,1&?#!/(!#&2%?+(#.:!0*!$%(0(#1&,!(0!$%.$.%]
]

2.0.!HD;(#!p!d&#T:!^cchI5

]

$.%!'(/&.!/(!*#,!%*2,!'(2,9?)&1,!1.#.1&/,!1.'.!),!>7,!/(!";%)&1;5!"#!$%&'(%!)*+,%:!
α

α ]
,11&?#!&%%(>(%0&9)(!/(!/(01,%9.O&),1&?#5!d&#,)'(#2(:!()!,)/(;7/.!0(!1.#>&(%2(!(#!()!

28#%4"W!^cckI5!"##!"#
*2/27),)%2

]

28#%4"W!
^cbaI5!

G*(#2(!/(!#&2%?+(#.5!V,!$%(0(#1&,!/(!,)2,0!1.#1(#2%,1&.#(0!/(!,'.#&.!(#!()!'(/&.!
%($%&'(!),!(O$%(0&?#!/(!).0!+(#(0!&'$)&1,/.0!(#!),!%*2,!/(!";%)&1;!#(1(0,%&.0!$,%,!0*!
$%./*11&?#5!D.'.!@,!0(!;,!'(#1&.#,/.:!),!$%./*11&?#!/(!2%&$2.G.)!@!^]G(#&)(2,#.)!
(#!!"#*2/27),)%2 ]

]

,12&>,1&?#!/()!G,12.%!/(!2%,#01%&$1&?#!P%.kc:!-*(!%(+*),!$.0&2&>,'(#2(!),!(O$%(0&?#!
]

/(#0&/,/!$.9),1&.#,)!-*(!1*,#/.!(02,!(0!9,=,!HD;(#!p!d&#T:!̂ cchA!8%,-*&!28#%4"W
G"#%46)*%(,!1.'.!(##!"#*2/27),)%2:!),!$%.]

,'9&(#2,)(0!(#2%(!).0!-*(!0(!(#1*(#2%,#!).0!#&>()(0!/(!.O7+(#.:!),!/&0$.#&9&)&/,/!/(!
28#%4"W!^cbaI
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! G"#%46)*%(,!$%./*1(!2&%.0.)!/*%,#2(!()!1%(1&'&(#2.!>(+(2,2&>.!1*,#/.!,)1,#F,!
*#,!/(#0&/,/!/(!$.9),1&?#!&+*,)!.!0*$(%&.%!,!bci!1C)*),0f'):!$%.'.>&(#/.!),!G.%',]

]
0.5!P0&'&0'.:!),!,/&1&?#!(O?+(#,!/(!2&%.0.)!(#!1*)2&>.0!/(!(02,!)(>,/*%,!$%.>.1,!*#!
,1.%2,'&(#2.!/(!),0!G,0(0!),+!@!/(!),2(#1&,!HD;(#!28#%4"W!^ccjI5!M&#!('9,%+.:!2./,>7,!

]
'.5!N.%!0*!$,%2(:#!"#*2/27),)%2!2,'9&C#!(0!1,$,F!/(!)&9(%,%!2&%.0.)!,)!'(/&.!/(!1*)2&>.!
,*#-*(:!,)!1.#2%,%&.!-*(!(#!G"#%46)*%(,:!#.!$,%(1(!$%(0(#2,%!(G(12.0!'.%G.+(#C2&1.0!
HD;(#!p!d&#T:!^cchI5!

! "#!1*,#2.!,)!2%&$2.G.)!@!()!^]G(#&)(2,#.):!,'9,0!'.)C1*),0!(02&'*),#!()!/(0,]
%%.)).!/(!$0(*/.;&G,0!(##!"#*2/27),)%2!1*,#/.!),0!1C)*),0!1%(1(#!(#!1.#/&1&.#(0!G,]
>.%,9)(0:!$,%2&1*),%'(#2(!(#! 1.#/&1&.#(0!/(! )&'&2,1&?#!/(!#&2%?+(#.5! V,! 0(<,)!/(!

]

]

28# %4"W! ^cbhA!D;(#!p! d&#T:! ^cchI5! M&#! ('9,%+.:! ,*#!(O&02(#!#*'(%.0,0! 1*(02&.#(0!

#!"#*2/27),)%2:!2,)!@!1.'.!0(!;,!$*(02.!/(!
28#%4"W ]

2(:!G"#%46)*%(,!2,'9&C#!$*(/(!0(1%(2,%!,)!'(/&.!2%&$2.G.)!@!^]G(#&)(2,#.):!,*#-*(!,!
1.#1(#2%,1&.#(0!'*@!9,=,05!V,!,/&1&?#!(O?+(#,!/(!,'9.0!,)1.;.)(0!%(+*),!#(+,2&]
>,'(#2(!),!G.%',1&?#!/()!2*9.!+(%'&#,2&>.:!,*#-*(!$,%,!()).!0(!%(-*&(%(#!1.#1(#]
2%,1&.#(0!'*@!,)2,0!/(!/&1;.0!1.'$*(02.0:!$.%!).!-*(!#.!0(!1.#0&/(%,#!>(%/,/(%,0!
RM60!HJ5!D;(#!p!d&#T:!^cchI5

K0365O8=1*>*94*:9<5330440*:9*780N94WOF45<

! L,)!1.'.!0(!;,!1.'(#2,/.!,#2(%&.%'(#2(:!(#!G"#%46)*%(,!),!'.%G.+C#(0&0!0(!
(#1*(#2%,!(02%(1;,'(#2(!%(),1&.#,/,!1.#!()!(02,9)(1&'&(#2.!/(!9&.$()71*),0:!0&(#/.!
2,'9&C#!()!2&%.0.)!*#!G,12.%!&'$.%2,#2(!(#!),!%(+*),1&?#!$.0&2&>,!/(!/&1;.!$%.1(0.5!")!
2&%.0.)!,1()(%,!),!G.%',1&?#!/(!;&G,0!(#!),0!(2,$,0!&#&1&,)(0!(!&#2(%'(/&,0!/()!/(0,%%.]

G,0(0!,>,#F,/,0!/()!$%.1(0.:!/.#/(!()!G,%#(0.)!,/-*&(%(!*#!1),%.!$%.2,+.#&0'.:!G,]
28#%4"W!^cchA!D;(#!

p!d&#T:!^cchI5!
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! P)!&+*,)!-*(!G"#%46)*%(,:#!"#*2/27),)%2!$*(/(!G.%',%!9&.$()71*),0!@!.%+,#&F,%0(!

]

,/;(0&?#5!N.%!2,#2.:!,'9,0!RM60!G,>.%(1(#!()!(02,9)(1&'&(#2.!@!/(0,%%.)).!/(!9&.]
$()71*),0!%(+*),#/.!$.0&2&>,'(#2(!),!(O$%(0&?#!/(!d).bb!HP>9()=!28#%4"W
p!d&#T:!^ccbI5

9<23M<*0d8:528;0

! "#!G"#%46)*%(,!()!2&%.0.)!$%.2(+(!G%(#2(!,)!(02,))&/.!%(0$&%,2.%&.!*!.O&/,2&>.!-*(!
]

'(%!28#%4"W
(=(%1(!*#!(G(12.!$%.2(12.%!G%(#2(!,)!(02%C0!.O&/,2&>.!&#/*1&/.!2%,0!()!2%,2,'&(#2.!1.#!

28#%4"W!^ccaI5

E@S@*%4*O8209<QF94920*

]
$)(=,:! 1.'$*(02,! $.%! $.)7'(%.0! &#2(%1.#(12,/.0! @! $%.2(7#,0! %(+*),/.%,0! -*(! 0(!
/&02%&9*@(!$.%!()!1&2.$),0',!/(!),0!1C)*),05!N,%2&1&$,!(#!),!.%+,#&F,1&?#!(0$,1&,)!/()!
1.#2(#&/.!1()*),%:!),!1.#(O&?#!G70&1,!@!9&.-*7'&1,!/(!),!1C)*),!1.#!()!,'9&(#2(!-*(!),!

^cbcI5

! V,0!1C)*),0!/(!2./.0!).0!.%+,#&0'.0!$(%2(#(1&(#2(0!,!).0!2%(0!/.'&#&.0!/(!),!
>&/,! H9,12(%&,0:! ,%-*(,0! @! (*1,%&.2,0I! $.0((#! 1&2.(0-*()(2.5! M&#! ('9,%+.:! Q#&1,]

]
]

@!()! 1.%%(12.! G*#1&.#,'&(#2.!/()! 1&2.(0-*()(2.!(0! G*#/,'(#2,)!$,%,!+,%,#2&F,%! ),!
>&,9&)&/,/!(#! 1*,)-*&(%! G.%',! 1()*),%5! V.0! 2%(0! 2&$.0!$%&#1&$,)(0!/(!$.)7'(%.0!-*(!

),!1,$,1&/,/!/(!/(G.%',%0(!@!%(.%+,#&F,%0(!(#!%(0$*(02,!,!G*(%F,0!(O2(%#,0:!@!1*@,!

(#2%(!),0!-*(!0(!(#1*(#2%,#!G,12.%(0!$%.'.2.%(0!/(!),!#*1)(,1&?#:!$%.2(7#,0!1,$*]
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1;,:!$.)&'(%,0,0:!G,12.%(0!/(!1.%2(:!,07!1.'.!$%.2(7#,0!(02,9&)&F,/.%,0!@!/(!(#2%(]
1%*F,'&(#2.!Hd)(21;(%!p!6*))&#0:!^cbcI5

]
α!@!β

N.%!0*!$,%2(:!).0!.%+,#&0'.0!$%.1,%&.2,0!$.0((#!$%.2(7#,0!;.'?).+,0!,!),!2*9*)&#,!
]

-*(!0(!*#(#!,!()).0:!G,>.%(1&(#/.!()!(#0,'9),=(!/(!(02%*12*%,0!%7+&/,0!@!,)2,'(#2(!
]

0.#!d20P:!6(%Z!@!N,%6:!1*@,!(02%*12*%,!@!G*#1&.#(0!0.#!0&'&),%(0!,!),0!/(!),!,12&#,!
]
]

)),',/,0!$)(12&#,05!"02,0!(02%*12*%,0!Q#&1,'(#2(!0(!;,#!/(01%&2.!(#!'(2,F..0:!@!#.!
0(!(#1*(#2%,#!$%(0(#2(0!(#!.2%.0!(*1,%&.2,0!1.'.!$),#2,0!*!;.#+.0:!#&!2,'$.1.!(#!
$%.1,%&.2,0!Hd)(21;(%!p!6*))&#0:!^cbcA!L5!45!N.)),%/!p!K.)/',#:!^cbkI5

E@S@E@*%4*O8209<QF94920*:9*2F7F4815

! V,! 2*9*)&#,!(0!*#,!$%.2(7#,!+).9*),%!/(!aa!T4,!1.#!;,02,!h! &0.G.%',0!/&G(]
%(#2(0:!@!(0!()!1.'$.#(#2(!$%&#1&$,)!/(!).0!'&1%.2Q9*).0!(#!2./.0!).0!.%+,#&0'.0!
(*1,%&.2,05!V.0!'&1%.2Q9*).0!0.#!),%+.0!$.)7'(%.0!;*(1.0!1.#!'.%G.).+7,!1&)7#/%&1,!
G.%',/.0!$.%!;(2(%./7'(%.0!,$&),/.0!/(!α!@!β ]

$(0,%!/(!0*!,)2.!+%,/.!/(!1.#0(%>,1&?#!(>.)*2&>,:!).0!'&1%.2Q9*).0!$*(/(#!'.02%,%!
/&G(%(#2(0!$%.$&(/,/(0!.!(02%*12*%,0!0(+Q#!),0!(0$(1&(0!@!).0!2&$.0!1()*),%(0:!/(9&/.!

]
1&.#(0!$.02%,/*11&.#,)(0!HNL60I5!V.0!'&1%.2Q9*).0!0.#!(02%*12*%,0!$.),%(0:!$%(0(#]
2,#/.!*#!(O2%('.!s!/(!1%(1&'&(#2.!)(#2.!1.#!α

β
*#&?#!,!KLN:!$(%.!,!/&G(%(#1&,!/(!),!α
),!β
p!B.#,00.#:!^cbkA!B,#T(!p!6,+&(%,:!^c^cI5

! ")!(#0,'9),=(!/(!).0!'&1%.2Q9*).0!,!$,%2&%!/(!/7'(%.0!/(!α!@!β]2*9*)&#,!2&(#(!
)*+,%!(#!/.0!G,0(05!V,!$%&'(%,!(2,$,:!/(#.'&#,/,!G,0(!/(!#*1)(,1&?#:!0(!&#&1&,!(#!).0!
1(#2%.0.',0!H1.%$Q01*).!$.),%!/()!;*0.!.!MNZ!(#!)(>,/*%,0I:!.!1(#2%.0!.%+,#&F,/.]
%(0!/(!'&1%.2Q9*).0! H6LSD0I:!(O1($2.!(#!$),#2,0:!/.#/(!(02,!G*#1&?#!(0!(=(%1&/,!
$.%!),!(#>.)2*%,!#*1)(,%5!V,!#*1)(,1&?#!1.'&(#F,!1.#!),!$%(0(#1&,!/(!*#,!&0.G.%',!
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/(!2*9*)&#,! &#*0*,):! ),!γ]2*9*)&#,:!-*(!0(!/&0$.#(!(#!).0!6LSD0!G.%',#/.!,#&)).0!
,9&(%2.0!-*(!,12Q,#!1.'.!$),2,G.%',0!$,%,!),!+(#(%,1&?#!/(!#*(>.0!'&1%.2Q9*).05!

HMNZI5!4*%,#2(! ),!0(+*#/,!(2,$,:!1.#.1&/,!1.'.!G,0(!/(!().#+,1&?#:! ).0!'&1%.2Q]

.%&(#2,/.!;,1&,! ),!$(%&G(%&,5!"02(!$%.1(0.!0.),'(#2(!2&(#(!)*+,%!0&! ),!β

! "#!),!',@.%7,!/(!),0!1C)*),0! ).0!'&1%.2Q9*).0!$*(/(#!,)2(%#,%!(#2%(!/.0!(0]
]
]

.%+,#&F,1&?#!/()!1&2.(0-*()(2.!/(!'&1%.2Q9*).0:!/,/,!0*!&'$)&1,1&?#!(#!#*'(%.0.0!

E@S@E@E@*%4*O8209<QF94920*:9*2F7F4815*91#S. pombe

#!"#&'062!).0!'&1%.2Q9*).0!1%(1(#!/(0/(!()!MNZ!

(#!)7#(,!1.#!()!(=(!).#+&2*/&#,)!/(!),!1C)*),:!))(+,#/.!,!'(#*/.!,!1.#2,12,%!1.#!).0!
J8LF35*TI5!V.0!;,1(0!/(!

'&1%.2Q9*).0! 0(!(02%*12*%,#!1.#!()!(O2%('.!g!/(!1%(1&'&(#2.!.%&(#2,/.!;,1&,! ).0!
$.).0!1()*),%(0:!,)2(%#,#/.!(#2%(!$(%&./.0!/(!1%(1&'&(#2.!@!,1.%2,'&(#2.5!V,!&#(0]

-*(!0.#!2%,#0'&2&/,0!;,1&,!),!(#>*()2,!#*1)(,%:!$%.$&1&,#/.!()!'.>&'&(#2.!/()!#Q]
1)(.!;,1&,!()!1(#2%.!/(!),!1C)*),!HK,)),%/.!28#%4"W 28#%4"W!^ccbI5!P!0*!>(F:!()!
$.0&1&.#,'&(#2.!/()!#Q1)(.!(0!(0(#1&,)!$,%,!()!1.%%(12.!(02,9)(1&'&(#2.!/()!0&2&.!/(!
/&>&0&?#!/($(#/&(#2(!/(!),!)&9(%,1&?#!/()!G,12.%!/(!1&2.1&#(0&0!6&/b!H4,+,!p!D;,#+:!

^)N5325:0*E@U@E_5!4*%,#2(!),!'&2.0&0!).0!

! "##!"#&'062!).0!'&1%.2Q9*).0!$,%2&1&$,#!(#!()!',#2(#&'&(#2.!/(!),!$.),%&/,/!

/()!1.'$)(=.!L(,b]L(,j:!#(1(0,%&.!$,%,!()!1%(1&'&(#2.!$.),%&F,/.!/(! ),!1C)*),!/*]

0(!',#2&(#(!*#&/,!+%,1&,0!,!L&$b!H'&('9%.!/(!),!G,'&)&,!/(!$%.2(7#,0!DV8NicI:!@!(0!
2%,#0$.%2,/,!$.%!),!T&#(0&#,!L(,^!HJ8LF35*TI5!L(,j:!*#,!$%.2(7#,!1.#!/.'&#&.!MJ_:!0(!
*#(!/&%(12,'(#2(!,!L(,b!G.%',#/.!*#!1.'$)(=.!-*(!0(!'*(>(!$.%!()!(O2%('.!g!/(!
).0!'&1%.2Q9*).0!;,1&,!()!$.).!/(!),!1C)*),!HJ8LF35*T

),0!$%.2(7#,0!6./a!@!L(,_!HM#,&2;!28#%4"W!^ccaI5!"#!),!F.#,!1.%2&1,)!L(,j:!'(/&,#2(!0*!
/.'&#&.!MJ_:!0(!*#(!@!%(1)*2,!,!d.%_:!),!G.%'&#,!(#1,%+,/,!/(!),!#*1)(,1&?#!/(!1,]
9)(0!/(!,12&#,!Hd(&(%9,1;!28#%4"W!^ccjA!6,%2&#!28#%4"W!^ccaI!HJ8LF35*TI5!P/&1&.#,)'(#2(!
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()!1.'$)(=.!L(,b]L(,j!$,%2&1&$,!(#!),!).1,)&F,1&?#!/(!),!-*&#,0,!N.'b!(#!).0!$.).05!
N.'b!1.'$,%2(!G*#1&.#(0!1.#!L(,b!%(),2&>,0!,)!',#2(#&'&(#2.!/(!),!$.),%&/,/:!,/(]

! "#!/(2(%'&#,/,0!0&2*,1&.#(0!),0!1C)*),0!/(#!"#&'062!$*(/(#!(02,9)(1(%!0&2&.0!
/(!$.),%&F,1&?#!#.!1,#?#&1.0!(#!F.#,0!-*(!#.!;,97,#!0&/.!0&2&.0!/(!1%(1&'&(#2.!.!
/(!/&>&0&?#!$%(>&,0:!@!/(!G.%',!&#/($(#/&(#2(!,!),!%*2,!L(,b]L(,j5!"02(!$%.1(0.!/(]

(O2%('.!g!/(!).0!'&1%.2Q9*).0:!@!/(!6.(b:!*#,!$%.2(7#,!/(!*#&?#!,!6,)_!-*(!'(/&,!
),!,12&>,1&?#!/(!d.%_!H6&#1!28#%4"W
(#!),!1&2.1&#(0&0!,)!%(+*),%!()!$.0&1&.#,'&(#2.!/()!#Q1)(.!(#!),!F.#,!(1*,2.%&,)!/(!),!
1C)*),!HL%,#!28#%4"W ]
2(7#,0!$%.'.2.%,0!/(!),!#*1)(,1&?#!/(!'&1%.2Q9*).0:!&#2(%>&(#(#!(#!()!$%.1(0.!/(!
/&>&0&?#!1()*),%!,)!$,%2&1&$,%!(#!),!!1..%/&#,1&?#!/(!),!G.%',1&?#!/()!0*%1.!1&2.1&#C2&1.!
H4*#/.#!p!N.)),%/:!^c^cI5

J8LF35*T@*-0<*68O302b7F40<*<83;91*O060*;W5<*N535*94* 2351<N0329*:9* 40<*653O5:039<*:9*N04538:5:*
V,!$%.2(7#,!L(,b!(0!2%,#0$.%2,/,!;,1&,!).0!$.).0!1()*),%(0!,!2%,>C0!/(!).0!'&1%.2Q]

28#%4"W!^cck5!
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E@S@C@*%4*O8209<QF94920*:9*5O2815

1.'.!).0!;.#+.0!@!).0!,#&',)(05!4&1;,!1.#0(%>,1&?#!0(!/(9(!,!0*!$,$()!(0(#1&,)!$,%,!
),!0*$(%>&>(#1&,!1()*),%:!,)!2(#(%!*#!$,$()!1),>(!(#!$%.1(0.0!1.'.!),!1&2.1&#(0&0:!),!

! V,!,12&#,!0(!$*(/(!(#1.#2%,%!2,#2.!(#!G.%',!'.#.'C%&1,!+).9*),%!HK],12&#,I!
1.'.!(#!G.%',!$.)&'(%&F,/,!Hd],12&#,I5!V,!$.)&'(%&F,1&?#!/(!),!,12&#,!2&(#(!)*+,%!(#!

]
1*(#2%,!)&'&2,/,!$.%!),!/&0$.#&9&)&/,/!/(!/7'(%.0!@!2%7'(%.0!/(!,12&#,:!*#,0!(02%*1]
2*%,0!&#2(%'(/&,0!-*(!0.#!&#(02,9)(0!(#(%+C2&1,'(#2(!@!2&(#/(#!,!/(0$.)&'(%&F,%0(:!
,07! 1.'.!$.%! ()! 0(1*(02%.!/(! ).0!'.#?'(%.0!/(!K],12&#,!$.%!$%.2(7#,0! 1.'.! ),!

-*(!(O&02,!/&0$.#&9&)&/,/!/(!'.#?'(%.0!/(!,12&#,!H6&0;%,!28#%4"W!^cbjA!L5!45!N.)),%/:!

;&/%?)&0&0!/()!PLN!*#&/.!,)!Q)2&'.!'.#?'(%.!&#1.%$.%,/.!HZ),#1;.&#!28#%4"W!̂ cbjI5!V.0!
]

2,#/.!*#!(O2%('.!9,%9,/.!HgI!/.#/(!0(!,/&1&.#,!()!'.#?'(%.!*#&/.!,!PLN:!@!*#.!
$*#2&,+*/.!H]I!/.#/(!0(!).1,)&F,#!).0!'.#?'(%.0!*#&/.0!,!P4N5!")!(O2%('.!9,%9,/.!

]
/.!HZ),#1;.&#!28#%4"W!^cbjI5!

]
2('(#2(!1.#0(%>,/,0!(>.)*2&>,'(#2(:!@!0(!(#1*(#2%,#!0.'(2&/,0!,!*#,!%(+*),1&?#!

]
-*()(2.!/(!,12&#,!(#!%(0$*(02,!,!1,'9&.0!,'9&(#2,)(05!"#2%(! ),0!$%&#1&$,)(0!PZN0!
/(02,1,#! ),0!$%.2(7#,0!0(1*(02%,/.%,0!/(!,12&#,:! ),0!$%.2(7#,0! G%,+'(#2,/.%,0!/()!

]
#,0!'.2.%,0!/(#.'&#,/,0!'&.0&#,0!H6&0;%,!28#%4"W!^cbjA!L5!45!N.)),%/:!^cbhI5!L,#2.!).0!

]
2%*12*%,)'(#2(!,0&'C2%&1.0!,!#&>()!'.)(1*),%5!N.%!()).:!,'9.0!$.)7'(%.0!0&%>(#!1.'.!
>7,0!$,%,!()!2%,#0$.%2(!/(!$%.2(7#,0!'.2.%,0!1.'.!),!/&#(7#,!.!T&#(0&#,!(#!()!1,0.!/(!

$%.2(7#,0!'.2.%,0! =*(+,#!*#!$,$()!1),>(!(#! ),!.%+,#&F,1&?#!/(! ),0!(02%*12*%,0!/()!
1&2.(0-*()(2.!Hd)(21;(%!p!6*))&#0:!^cbcI5
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E@S@C@E@* ,01<93;5O8=1* 9;04F28;5* :94* O8209<QF94920* :9*
5O2815

! L./.0!).0!0(%(0!>&>.0:!/(0/(!),0!9,12(%&,0!,!).0!0(%(0!;*',#.0:!$.%2,#!+(#(0!
]

#,)'(#2(!HK*##&#+!28#%4"W ]

),!'.%G.).+7,!1()*),%!@!),!07#2(0&0!/(!),!$,%(/!1()*),%A!d20P!$,%2&1&$,!(#!),!G.%',1&?#!
/()! ,#&)).!/(!/&>&0&?#! 1()*),%:!'&(#2%,0!-*(!N,%6! 1.),9.%,!/*%,#2(! ),! 0(+%(+,1&?#!

;.'?).+,0!,!),!,12&#,!HK*##&#+!28#%4"W!^cbaA!L5!45!N.)),%/:!^cbhI5

-*(!(#!.%+,#&0'.0!1.'$)(=.0!1.'.!()!0(%!;*',#.!0(!(O$%(0,#!/&G(%(#1&,)'(#2(!(#!
G*#1&?#!/()!2(=&/.5!P07:!(#!;*',#.0!(O&02(#!2%(0!+(#(0!/(!α
(#!).0!'Q01*).0:!*#!+(#!/(!β
+(#(0!/(!γ ]

@!.2%.0!(#!2(=&/.0!>(+(2,2&>.0:!,*#-*(!),!,12&#,!(#!>(+(2,)(0!#.!$%(0(#2,!()!'&0'.!
#&>()!/(!1.#0(%>,1&?#!(>.)*2&>,!(#2%(!&0.G.%',0!-*(!()!/(!),0!1C)*),0!,#&',)(05!V.0!

]
#(%,!2./,0!),0!(02%*12*%,0!/()!1&2.(0-*()(2.!HK*##&#+!28#%4"W!^cbaA!L5!45!N.)),%/:!^cbhI5

]

'(2,F..0!$%./*1(#!;,02,!ba!(02%*12*%,0!/&G(%(#2(0!,!$,%2&%!/(!*#!+%*$.!1.'Q#!/(!
]

28#%4"W!^cbjI!
H I5

/(!,12&#,!(##!"#&'062:!,)! 0(%!()!$%&#1&$,)!'./().!/(!(02*/&.!(#! ),!$%(0(#2(!L(0&0!
4.12.%,)5
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#S. pombe@*V.0!$,%1;(0!0(!).1,)&F,#!(#!).0!$.]
).0!/(!1%(1&'&(#2.!/*%,#2(!),!&#2(%G,0(:!@!(#!),!F.#,!(1*,2.%&,)!/(!),!1C)*),!/*%,#2(!),!1&2.1&#(0&05!V.0!

28#%4"!^cbb5

E@S@P@*%4*O8209<QF94920*:9*5O2815*91#S. pombe

# !"# &'062 %*8Ng5!
D.'.!@,!0(!;,!'(#1&.#,/.:!(#!(02,!@!(#!.2%,0!)(>,/*%,0!1.'.#!"#$%&'()*+,!@#!"#*2/2A
7),)%2!),!,12&#,!0(!.%+,#&F,!(#!G.%',!/(!$,%1;(0:!1,9)(0!@!()!,#&)).!/(!,12.'&.0&#,!HJ8]

I5!V,!.%+,#&F,1&?#!/(!(02,0!(02%*12*%,0!(0!%(+*),/,!$.%!G,12.%(0!/(!#*1)(,1&?#!

28#
%4"W!^cbbA!6.0()(@!p!K../(:!^cchI5

]
)&F,#!(#!),0!F.#,0!/(!1%(1&'&(#2.!$.),%&F,/.!/*%,#2(!),!&#2(%G,0(!@!(#!),!F.#,!(1*,2.]
%&,)!/(!),!1C)*),!/*%,#2(!),!1&2.1&#(0&0!H I5!M.#!(02%*12*%,0!'?>&)(0!@!,)2,'(#2(!

HD6"I!HZ(%%.!28#%4"W!^cbcA!6&0;%,!28#%4"W!^cbjA!M&%.2T&#!28#%4"W!^cca:!^cbcI5
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")!(#0,'9),=(!/(!).0!$,%1;(0!/(!,12&#,!(0!*#!$%.1(0.!1.'$)(=.!(#!()!-*(!$,%2&1&$,#!
/&02&#2,0!$%.2(7#,0!1.#!*#,!1&#C2&1,!@!*#!.%/(#!,)2,'(#2(!$%(1&0.05! V,!#*1)(,1&?#!
/(!).0!$,%1;(0!0(!$%./*1(!,)%(/(/.%!/(!&#>,+&#,1&.#(0!/(!>(071*),0!(#/.172&1,0!@!(0!
))(>,/,!,!1,9.!$.%!()!1.'$)(=.!#*1)(,/.%!P%$^f_:!G.%',/.!$.%!),0!$%.2(7#,0!P%$^!@!
P%$_!=*#2.!1.#!.2%,0!1&#1.!0*9*#&/,/(05!V,!1,$,1&/,/!/(!P%$^f_!/(!#*1)(,%!$,%1;(0!
/(!,12&#,!(0!%(+*),/,!$.%!),!*#&?#!,!PLN:!),!/&0$.#&9&)&/,/!/(!'.#?'(%.0!/(!,12&#,:!
@!),!,12&>,1&?#!/()!$%.$&.!1.'$)(=.!H"0$&#.F,]M,#1;(F!28#%4"W!^cbkI5!P07:!0*!,12&>,1&?#!
/($(#/(!$%&#1&$,)'(#2(!/(!).0!G,12.%(0!$%.'.2.%(0!/(!),!#*1)(,1&?#!N,#b!H$%.2(7#,!
/(!*#&?#!,!,12&#,!%(-*(%&/,!$,%,!),!1.%%(12,!.%+,#&F,1&?#!/()!1&2.(0-*()(2.!/(!,1]

G*#1&.#(0!/&02&#2,0:! $(%.!$,%1&,)'(#2(! 0.),$,#2(05! N,#b! ,12Q,! 1.'.!*#,!$%.2(7#,!

,12&#,:!@,!-*(!))(+,!,!),!F.#,!/(!#*1)(,1&?#!'*1;.!,#2(0!-*(!()!1.'$)(=.!P%$^f_!HV((!
28#%4"W!^cccA!M&%.2T&#!28#%4"W
@!2,'9&C#!%(1)*2,!,!E%$b!H>(%$%.)&#,I:!,!).0!$,%1;(0!/(!,12&#,5!V,!,12&>,1&?#!/(!P%$^f_!

28#%4"W!^cbbA!V((!28#%4"W!
^cccA!M&%.2T&#!28#%4"W!^cca:!^cbcI5!V,! ))(+,/,!/(! ).0!2%(0!G,12.%(0!$%.'.2.%(0!/(! ),!
#*1)(,1&?#!,12&>,#!()!1.'$)(=.!,)!(02&'*),%!*#!1,'9&.!1.#G.%',1&.#,)!-*(!$%.>.1,!
),!&#2(%,11&?#!)(#7)7'

),!#*1)(,1&?#! H"0$&#.F,]M,#1;(F!28#%4"W!^cbkI5!V,! ))(+,/,!@!,12&>,1&?#!/()!1.'$)(=.!
P%$^f_!,!),!F.#,!/(!#*1)(,1&?#!$%.>.1,!()!%(1)*2,'&(#2.!).1,)!/(!#*'(%.0,0!PZN0!

H2%.$.'&.0&#,I:!G,>.%(1&(#/.!),!,12*,1&?#!/()!G,12.%!/(0$.)&'(%&F,#2(!/(!,12&#,!P/Gb!

,12&#,!-*(!,12Q,#!1.'.!9,0(!$,%,! ),!+(#(%,1&?#!/(!#*(>.0!$,%1;(0!/(!,12&#,!HR5!
D;(#!p!N.)),%/:!̂ cb_I5!P/Gb:!=*#2.!1.#!),0!$%.2(7#,0!1,$*1;,!P1$b!@!P1$^:!$,%2&1&$,!(#!

),!&#2(%#,)&F,1&?#!/(!).0!$,%1;(0!HU,T,#.!p!6,9*1;&:!^cchI5!L%,0!0*!&#2(%#,)&F,1&?#:!
).0!$,%1;(0!$*(/(#!'.>(%0(!/(!G.%',!/&%&+&/,!,)!,0.1&,%0(!,)(,2.%&,'(#2(!1.#!).0!

$,%,!$(%'&2&%!),!G*0&?#!/(!),!>(071*),!1.#!).0!(#/.0.',0!@!()!%(1&1),=(!/(!),!,12&#,5!")!
/(0(#0,'9),=(!/(!).0!$,%1;(0!(0!'(/&,/.!$.%!/&02&#2,0!PZN0!(#2%(!),0!-*(!/(02,1,!

@!P&$b!H$%.2(7#,!/(!*#&?#!,!,12&#,I:!2,'9&C#!$,%2&1&$,#!(#!()!/(0(#0,'9),=(!/(!).0!
28#%4"W!^cbbA!U,T,#.!28#%4"W!^cbcI5!

! L,)!@!1.'.!0(!;,!'(#1&.#,/.:!(##!"#&'062!).0!$,%1;(0!/(!,12&#,!2&(#(#!*#!
$,$()!1),>(!/*%,#2(!),!(#/.1&2.0&0:!'&(#2%,0!-*(!(#!'(2,F..0!(02(!$%.1(0.!#.!/(]
$(#/(!(02%&12,'(#2(!/()!1&2.(0-*()(2.!/(!,12&#,5!")).!(0!/(9&/.!$%.9,9)('(#2(!,!
),!#(1(0&/,/!/(!),0!1C)*),0!/(!)(>,/*%,!/(!+(#(%,%!G*(%F,0!$,%,!0*$(%,%!),!$%(0&?#!
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0($2.!/(!/&>&0&?#:!(0!%(+*),/,!$.%! ).0!$,%1;(0!/(!,12&#,!(#/.172&1.0!(#0,'9),/.0!
28#%4"W

E@S@P@C@*)18440*:9*5O20680<815
* ]

28#
%4"W!^cbbA!6&0;%,!28#%4"W!^cbjI5!"##!"#&'062

28#%4"W

]
I5!M*!$.0&1&.#,'&(#2.:!

)N5325:0*E@U@

E@S@P@P@*,5749<*:9*5O2815

28#%4"W!^ccaI !"##!"#&'062!),!#*1)(,1&?#!

/(!,12&#,!#.!0.#!(0(#1&,)(0!$,%,! ),!>&,9&)&2/,/!1()*),%:! 1.#2%&9*@(#!,)! 1%(1&'&(#2.!

/(!,12&#,!-*(!0(!'*(>(#!,!2%,>C0!/(!()).0!;,1&,!()!&#2(%&.%!/(!),!1C)*),!/(!',#(%,!/(]
$(#/&(#2(!/(!P%$^f_!Hd(&(%9,1;!p!D;,#+:!^ccbA!U,T,#.!28#%4"W
p!D;,#+:!^ccbI5!

E@S@P@P@E@*-5<*K036815<*O060*1FO495:039<*:9*40<*O5749<
:9*5O2815

! V,0!G.%'&#,0!1.#02&2*@(#!*#,!G,'&)&,!/(!$%.2(7#,0!+%,#/(0!'*)2&]/.'&#&.!'*@!
1.#0(%>,/,0!(>.)*2&>,'(#2(!(#2%(!).0!(*1,%&.2,0:!@!%(+*),#!/&>(%0.0!$%.1(0.0!1.'.!
),!$.),%&/,/!1()*),%:!),!1&2.1&#(0&0!@!),!.%+,#&F,1&?#!/()!1&2.(0-*()(2.5!V,!',@.%7,!/(!
).0!.%+,#&0'.0!(O$%(0,#!'Q)2&$)(0!&0.G.%',0!/(!G.%'&#,0:!).!-*(!0*+&(%(!),!(O&02(#1&,!
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),0!G.%'&#,0!(0!),!$%(0(#1&,!/(!0(#/.0!/.'&#&.0!dJb!YP'/0)(#T'0'4':1#NZ!@!dJ^!,/]
@,1(#2(0!1(%1,#.0!,)!(O2%('.!1,%9.O&).!/(!),!$%.2(7#,5!P/&1&.#,)'(#2(:!),0!G.%'&#,0!
0*()(#!1.#2(#(%!.2%.0!/.'&#&.0!%(+*),/.%(0:!(#2%(!).0!-*(!0(!&#1)*@(#!).0!/.'&#&.0!
KZ4! !/(!*#&?#!,!KLN,0,0:!484!Y>)%&-%('+,A/24%82<#P'/A
0)(#B(-)6)8'/1#>'0%)(Z:!/(!/&'(%&F,1&?#!H44I:!@!4P4!Y>)%&-%('+,A/24%82<#P'/0)(#
5+8'/2:+4%8'/1#>'0%)(Z5!")!/.'&#&.!dJ^!(0!*#!/.'&#&.!/(!,$%.O&',/,'(#2(!jcc!

/(!,12&#,!HN%*@#(!28#%4"W!^cc^A!M,+.2!28#%4"W!^cc^I5!V,!',@.%7,!/(!.%+,#&0'.0!(*1,%&.]
2,0!$%(0(#2,#!'Q)2&$)(0!0(1*(#1&,0!1.%%(0$.#/&(#2(0!,!/.'&#&.0!dJ^!(#!0*!+(#.',:!

]

J8]
LF35*ED

G.%'&#,0!*#&%!()!'.#?'(%.!/(!,12&#,!%(1&C#!&#1.%$.%,/.!,!),!>(F!-*(!0(!',#2&(#(#!

+%,#!$%.1(0&>&/,/!/*%,#2(!),!$.)&'(%&F,1&?#!/(!,12&#,:!@,!-*(!#.!#(1(0&2,#!,0.1&,%0(!

28#%4"W!^ccaI5!
N.%!0*!$,%2(:!()!/.'&#&.!dJb!(0!*#!/.'&#&.!%&1.!(#!$%.)&#,0!1.#!1,$,1&/,/!/(!*#&%0(!

]

D;,#+!28#%4"W 28#%4"W!^ccjA!M,+.2!28#%4"W!^cc^I!HJ8LF35*EDI5!V.0!/.'&#&.0!
]



38

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

E@S@P@P@C@*+9O518<60<*:9*39LF45O8=1*:9*45<*K036815<

! 4(9&/.!,)!$,$()!1(#2%,)!-*(!/(0('$(<,#!(#!$%.1(0.0!(0(#1&,)(0!$,%,!),!0*]
$(%>&>(#1&,!1()*),%:!),0!G.%'&#,0!0.#!$%.$(#0,0!,!),!%(+*),1&?#!$.%!/&G(%(#2(0!'(1,]

]
1&.#,)(0!HNL60I:!.!),!&#2(%,11&?#!1.#!.2%,0!$%.2(7#,05

Y>)%&-%('+,A/24%82<# S'/0)(,Z:! (0! %(+*),/,!$.%! ),! &#2(%,11&?#! &#2%,'.)(1*),%! (#2%(!
0*0!(O2%('.0!1,%9.O&).!@!,'&#.5!"0!()!1,0.!/(!),0!G.%'&#,0!'4&,b!@!'4&,^!/(!','7]
G(%.0:!Z#&b!/(#!"#*2/27),)%2!.!d.%_!/(#!"#&'0625!"#!(02(!+%*$.!/(!G.%'&#,0!()!/.'&#&.!
4P4!0&2*,/.!(#!()!(O2%('.!1,%9.O&).!2(%'&#,)!/()!/.'&#&.!dJ^!0(!*#(!,)!/.'&#&.!

$,%,!-*(!0(!$%./*F1,!),!,*2.&#;&9&1&?#!/(!),!$%.2(7#,!HJ8LF35*EEI5!V,0!$%.2(7#,0!/(!),!

G.%'&#,0:!)&9(%,#/.!),!&#2(%,11&?#!4P4]484!@!()&'&#,#/.!/&1;,!,*2.&#;&9&1&?#!HZ%(]
J8LF35*EEI5!U.!.902,#2(:!#.!2./,0!),0!G.%'&]

#,0!$%(0(#2,#!/.'&#&.0!/(!2&$.!4P4:!$.%!).!-*(!(0!,)2,'(#2(!$%.9,9)(!-*(!(O&02,#!

^ccaI5!
!
! "#!1*,#2.!,!),0!NL60:!(O&02(#!G.%'&#,0!1*@,!,12&>&/,/!(0!%(+*),/,!$.%!G.0G.]
%&),1&?#5!P07:!),!G.%'&#,!Z#&b!/(#!"#*2/27),)%2!(0!G.0G.%&),/,!(#!0*0!(O2%('.0!1,%9.O&).!
@!,'&#.!$.%!N%Tb:!*#,!-*&#,0,!%(+*),/.%,!/()!1&2.(0-*()(2.!/(!,12&#,:!G,>.%(1&(#/.!

28#%4"W
),0!G.%'&#,0!dJS4b!@!'4&,^!0.#!2,'9&C#!G.0G.%&),/,0!(#!0*!(O2%('.!1,%9.O&).!2(%]

),!&#2(%,11&?#!&#2%,'.)(1*),%!@!G,>.%(1(!0*!,12&>,1&?#!HM2,*0!28#%4"W!^cbbA!L,T(@,!28#%4"W!
^cckI5!V,0!G.%'&#,0!2,'9&C#!$*(/(#!(02,%!%(+*),/,0!$.%!*9&-*&2&#,1&?#:!1.'.!(0!()!
1,0.!/(!Z#b!@!Z#%b!(##!"#*2/27),)%2:!1*@,!1.%%(12,!).1,)&F,1&?#!@!,12&>,1&?#!(0!'./*]

V.0!/.'&#&.0!

V.0!'.#?'(%.0!/(!,12&#,!*#&/.0!,!P4N!H%($%(0(#2,/.0!(#!1.).%!#,%,#=,I!0(!).1,)&F,#!(#!()!(O2%('.!
28#%4"W!^cch5
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E@S@P@P@P@*-5*K036815*J03P*

]
+*),1&?#!(0$,1&.2('$.%,)!(0!1%72&1,!$,%,! ),!1.%%(12,!.%+,#&F,1&?#!@! G*#1&?#!/(! ).0!
1,9)(0!/(! ,12&#,!/*%,#2(!()! 1%(1&'&(#2.!$.),%&F,/.!(## !"#&'0625! d.%_! 0(! ).1,)&F,!
&#&1&,)'(#2(!/(!',#(%,!2%,#0&2.%&,!(#!).0!$.).0!1()*),%(0:!/.#/(!0(!,12&>,!@!$.)&'(]
%&F,!).0!1,9)(0!/(!,12&#,!1.#!+%,#!$%.1(0&>&/,/5!U.!.902,#2(:!()!1&1).!/(!#*1)(,1&?#!
/(!,12&#,!(0!/(!1.%2,!/*%,1&?#:!@!d.%_!>*()>(!,! &#,12&>,%0(!,! ).0!$.1.0!0(+*#/.0:!

/(!,12&#,!/*%,#2(!),!().#+,1&?#5!4&1;.!'.>&'&(#2.!(0!/(9&/.!,)!1.#2&#*.!(#0,'9),]

! L,)!@!1.'.!0(!'(#1&.#?!(#!()!)N5325:0*E@S@E@E`!),!0()(11&?#!/()!0&2&.!/(!(#0,']
9),=(!/(!).0!1,9)(0!/(!,12&#,!0(!(02,9)(1(!&#&1&,)'(#2(!+%,1&,0!,!),!,11&?#!/(!).0!'&]
1%.2Q9*).05!")!1.'$)(=.!L(,b]L(,j!(0!2%,#0$.%2,/.!;,1&,!()!$.).!/(!),!1C)*),!,!2%,>C0!
/()!(O2%('.!g!/(!).0!'&1%.2Q9*).05!"#!/&1;,!*9&1,1&?#!0(!,#1),!,!),!'('9%,#,!$.%!),!
&#2(%,11&?#!/(!L(,b!1.#!6./a!@!L(,_:!@!%(1)*2,!,!).0!1.'$.#(#2(0!/()!1.'$)(=.!/()

J8LF35*EE@*+9O518<60*:9*39LF45O8=1*:9*45<*K036815<@*V,!,0.1&,1&?#!/()!/.'&#&.!D!2(%'&#,)!4P4!1.#!

KLN,0,0!,)!/.'&#&.!KZ4:!.!),!$%(0(#1&,!/(!NL60!&#/*1(#!()!$,0.!,!),!G.%',!,9&(%2,!@!,12&>,5!P/,$2,/.!
28#%4"!^cch5
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$.),%&0.',! (#2%(! ).0! -*(! 0(! (#1*(#2%,#! d.%_! @! 0*0! ,12&>,/.%(0! Hd(&(%9,1;! 28# %4"W!
^ccjA!6,%2&#!28#%4"W!^ccaA!6&#1!28#%4"W ^J8LF35*T_5!V,!2%,#0&1&?#!/(!d.%_!/(0/(!0*!
(02,/.!,*2.&#;&9&/.!;,1&,!*#,!1.#G.%',1&?#!,12&>,!(0!/(0(#1,/(#,/,!$.%!),!,11&?#!

28#%4"W!^cciI!^J8LF35*EC_5!D/1j^!(#!0*!(02,/.!
,12&>.!0(!*#(!,!d.%_!(#!0*!(O2%('.!,'&#.!2(%'&#,)!(#!),0!$%.O&'&/,/(0!/()!/.'&#&.!

]
>.%(1&(#/.!),!2%,#0&1&?#!/(!),!G.%'&#,!;,1&,!*#,!1.#G.%',1&?#!,9&(%2,!@!,12&>,5!"02(!
1,'9&.!1.#G.%',1&.#,)!(0!(0(#1&,)!$,%,!),!(02,9&)&F,1&?#!/(!d.%_!@!0*!,/(1*,/,!).1,]
)&F,1&?#!0*91()*),%!H6,%2&#!28#%4"W!̂ cciI!̂ J8LF35*EC_@!N,%,)(),'(#2(:!D/1j^!%(+*),!),!&#]
2(+%&/,/!@!),!).1,)&F,1&?#!(#!).0!$.).0!/(!N.9b:!*#,!$%.2(7#,!,/,$2,/.%,!(0(#1&,)!/(!

HU,T,#.!28#%4"W 28#%4"W
@!,12Q,!1.'.!*#,!$%.2(7#,!/(!,#1),=(!-*(!'(/&,!),!,/(1*,/,!).1,)&F,1&?#!/(!d.%_!

28#%4"W ^J8LF35*
EC_5!V,!1.#0(1*1&?#!/(!*#,!1.#G.%',1&?#!,9&(%2,!/(!d.%_!(0!2,'9&C#!'(/&,/,!$.%!
0*!&#2(%,11&?#!1.#!Z*/h:!*#,!PZN!1*@,!).1,)&F,1&?#!/($(#/(!/(!L(,b:!@!-*(!,12Q,!
,+*,0!,9,=.!/(!(02,!/*%,#2(!()!(02,9)(1&'&(#2.!/()!1%(1&'&(#2.!$.),%&F,/.!HK)@##!28#
%4"W!^ccbI5!Z*/h!0(!*#(!,!d.%_!$.%!0*!(O2%('.!1,%9.O&).!2(%'&#,)!1(%1,!/()!/.'&#&.!

]
2(#(%!),!G.%'&#,!(#!*#,!1.#G.%',1&?#!$(%'&0&>,!$,%,!()!,11(0.!/(!D/1j^:!G,1&)&2,#/.!

H6,%2&#!28#%4"W!^cciI!^J8LF35*EC_5!P!$(0,%!/(!-*(!d.%_!(0!*#,!$%.2(7#,!-*(!0(!G.0G.%&]
),!1.#0&/(%,9)('(#2(!)(#7)7' 28#%4"W 28#%4"W!^cbkI:!;,02,!()!
'.'(#2.!0(!/(01.#.1(#!).0!'(1,#&0'.0!%(0$.#0,9)(0!/(!/&1;,!NL6:!@!2,'$.1.!
(O&02(#!(>&/(#1&,0!/(!-*(!d.%_!0(!(#1*(#2%(!%(+*),/,!$.%!*9&-*&2&#,1&?#:!2,)!1.'.!
0(!;,!/('.02%,/.!$,%,!.2%,0!G.%'&#,0!^;93*)N5325:0*E@S@P@P@C_@!
!
! V.0!1,9)(0!/(!,12&#,!#*1)(,/.0!$.%!d.%_!0&%>(#!1.'.!>7,0!/(!2%,#0$.%2(!/(!
>(071*),0!+%,1&,0!,!),!,11&?#!/(!$%.2(7#,0!'.2.%,0!1.'.!),!'&.0&#,!/(!2&$.!E!6@.a^5!
N.%!).!2,#2.:!).0!1,9)(0!2&(#(#!*#!$,$()!1),>(!(#!),!%(+*),1&?#!/()!1%(1&'&(#2.!$.),%&]
F,/.!@,!-*(!),0!'&.0&#,0!/(!2&$.!E!2%,#0$.%2,#!).0!1.'$.#(#2(0!#(1(0,%&.0!$,%,!),!
07#2(0&0!/(!),!$,%(/!1()*),%!H6.2(+&!28#%4"W!^ccbA!N%(02&!28#%4"W!^cb^I5!"#2%(!),0!$%.2(7#,0!
,0.1&,/,0!,! ).0!1,9)(0!/(!,12&#,!#*1)(,/.0!$.%!d.%_!0(!(#1*(#2%,#! ),! 2%.$.'&.0&]
#,!D/1k!@!),!1.%.#&#,!D%#b:!-*(!G,1&)&2,#!@!(02,9&)&F,#!),!&#2(%,11&?#!'&.0&#,],12&#,!

28#%4"W
$%.1(0.!/(!1&2.1&#(0&0!H6,%2&#!p!D;,#+:!^cchI:!d.%_!2,'9&C#!0(!).1,)&F,!(#!()!$),#.!

/*%,#2(!),!G,0(!/(!1.#02%&11&?#!HD.GG',#!28#%4"W!^cb_A!6,%2&#!28#%4"W!^cciI5!4(!;(1;.:!
6@.a^!$,%2&1&$,!(#!()!2%,#0$.%2(!/(!>(071*),0!;,1&,!),!F.#,!/(!/&>&0&?#!,!2%,>C0!/(!).0!
1,9)(0!/(!,12&#,!#*1)(,/.0!$.%!d.%_!HN%(02&!28#%4"W 28#%4"W

]
2,#2(0!;&$.'.%G.0!/(!),!G.%'&#,!D/1b^:!).!-*(!0*+&(%(!-*(!d.%_!1..$(%,!1.#!D/1b^!

28#%4"W!^cb_I5!d.%_!2,'9&C#!0(!(#1,%+,!/(! ),!
#!"#$%&'()*+, 28#%4"W

"02.0!1,9)(0!2&(#(#!*#!$,$()!G*#/,'(#2,)!(#!()!1%(1&'&(#2.!$.),%&F,/.!/*%,#2(!()!
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J8LF35*EC@*+0:940*:9*45*5O28;5O8=1*>*40O548B5O8=1*:9*J03P@*N.9b!0(!).1,)&F,!(#!).0!$.).0!1()*),%(0!+%,]
1&,0!,!0*!&#2(%,11&?#!1.#!D/1j^!@!,'9,0!$%.2(7#,0!G,>.%(1(#!),!).1,)&F,1&?#!/(!d.%_!(#!).0!(O2%('.0!
/(!),!1C)*),0:!,07!1.'.!0*!$,0.!,!1.#G.%',1&?#!,12&>,5!Z*/h!0(!*#(!,)!(O2%('.!D!2(%'&#,)!/(!d.%_!

28#%4"W

E@U@*-5*O820O819<8<*91*Schizosaccharomyces

/&>&/(!G70&1,'(#2(!$,%,!/,%!)*+,%!,!/.0!1C)*),0!;&=,0!&#/($(#/&(#2(05!M(!2%,2,!/(!*#!
$%.1(0.!1.'$)(=.!@!,)2,'(#2(!%(+*),/.:!-*(!/(9(!(02,%!1..%/&#,/.!(0$,1&,)!@!2(']
$.%,)'(#2(!1.#!),!'&2.0&0!$,%,!,0(+*%,%!-*(!()!',2(%&,)!+(#C2&1.!0(!%($,%2,!/(!G.%',!
(-*&2,2&>,!(#2%(! ),0!/.0!1C)*),0!%(0*)2,#2(05!V.0!G,)).0!(#!),!%(+*),1&?#!/(!),!1&2.1&]
#(0&0!0.#!/()(2C%(.0!$,%,!).0!0(%(0!>&>.0:!@,!-*(!1.#/*1(#!,!),!,$,%&1&?#!/(!1C)*),0!
,#(*$).&/(0:!-*(!(#!'*1;.0!1,0.0!0.#!()!$*#2.!/(!$,%2&/,!/()!/(0,%%.)).!2*'.%,)!

]

(02.0!1,'9&.0!/(2(%'&#,#!(#!Q)2&'.!2C%'&#.!0&!0(!/,#!),0!1.#/&1&.#(0!,/(1*,/,0!
]

1,#&0'.0!%(+*),2.%&.0!(#2%(!),0!/&G(%(#2(0!%*2,0!/(!0(<,)&F,1&?#!-*(!$,%2&1&$,#!(#!),!
1&2.1&#(0&0:!@!-*(!&#1)*@(#!'Q)2&$)(0!'(1,#&0'.0!/(!&#2(%,11&?#!G*#1&.#,)!@!1&%1*&2.0!
/(!%(2%.,)&'(#2,1&?#!HM%&>,02,>,!28#%4"W!^cbhI5

]
28#%4"W
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! "#! ),0!1C)*),0!/(!'(2,F..0!@! )(>,/*%,0! ),!1&2.1&#(0&0!1.#))(>,!*#,!$%.G*#/,!

]
%,1&?#!1()*),%5!"02(!'(1,#&0'.!/(!/&>&0&?#!0*%+&?!;,1(!'&)).#(0!/(!,<.0!,!$,%2&%!/(!
*#!,#1(02%.!1.'Q#!/(!'(2,F..0:!,'(9,0!@!;.#+.05!N.%!(02(!'.2&>.!),0!$%.2(7#,0!
-*(!$,%2&1&$,#!(#!()!$%.1(0.!/(!1&2.1&#(0&0:!,07!1.'.!).0!'(1,#&0'.0!-*(!%(+*),#!0*!

0(!/(01%&9(#!),0!/&G(%(#2(0!(2,$,0!/()!$%.1(0.!/(!1&2.1&#(0&0!(##!"#&'062!HJ8LF35*EPI!
@#!"#$%&'()*+, ]
2,#!/&G(%(#1&,0!#.2,9)(0!(#!),!.%+,#&F,1&?#!2('$.%,)!@!),!%(+*),1&?#!/(!(02(!$%.1(0.5

J8LF35*EP@*-5*O820O819<8<*91#S. pombe. V,!$.0&1&?#!/()!#Q1)(.!(#!),!F.#,!'(/&,!/(!),!1C)*),!/(2(%'&#,!
()!0&2&.!/(!/&>&0&?#5!V,!$%.2(7#,!0&'&),%!,!),!,#&)&#,!/(!','7G(%.0!6&/b!0(!).1,)&F,!(#!()!&#2(%&.%!/()!#Q]

,#&)).!-*(!0(! ).1,)&F,#!,)%(/(/.%!/()!#Q1)(.5!4*%,#2(! ),!',/*%,1&?#!/(!/&1;.0!#./.0!6&/b!%(1)*2,!

]
G.%&),1&?#!'(/&,/.!$.%!M&/^!@!D/1^:!%(0$(12&>,'(#2(5!"#!(02(!$*#2.!),!G.%'&#,!#*1)(,/.%,!/(!1,9)(0!

]

0(!$%./*1(!),!0($,%,1&?#!/(!),0!1C)*),0!;&=,0!/(9&/.!,!),!G*(%F,!+(#(%,/,!$.%!),0!'&.0&#,0!/*%,#2(!),!

$%&',%&.5
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*E@U@E@*(92936815O8=1*:94*<8280*:9*:8;8<8=1*O94F453*>*K03]
65O8=1*:9*10:0<
* P!$(0,%!/(!-*(!),!1&2.1&#(0&0!(0!*#!$%.1(0.!(>.)*2&>,'(#2(!'*@!1.#0(%>,/.:!
),!0()(11&?#!/()!0&2&.!/(!/&>&0&?#!>,%7,!(#2%(!),0!1C)*),0!(*1,%&.2,0:!@!0(!(02,9)(1(!(#!
/&G(%(#2(0!$*#2.0!/()!1&1).!1()*),%5!"#!),0!1C)*),0!,#&',)(0!()!/(2(%'&#,#2(!$%&#1&$,)!
/()! $.0&1&.#,'&(#2.!/()! 0*%1.!/(!/&>&0&?#! (0! ()! ;*0.!'&2?2&1.:! @! ),! 0()(11&?#! 2&(]
#(!)*+,%!/*%,#2(!),!'&2.0&0:!1.#1%(2,'(#2(!/*%,#2(!),!,#,G,0(!2,%/7,!@f.!),!2().G,0(!
HK).2F(%:!^cbiI5!"##!"#*2/27),)%2!),0!0($2&#,0!/(2(%'&#,#!()!$),#.!/(!/&>&0&?#!/*%,#2(!
),!G,0(!Kb!/(!),!&#2(%G,0(!,)!%(1)*2,%!,!),0!$%.2(7#,0!',%1,/.%,0!/()!0&2&.!/(!+(',1&?#!
,!),!%(+&?#!,/@,1(#2(!,)!'&0'.!HS)&G(%(#T.!28#%4"W #!"#&'062!),!0()(11&?#!/()!
0&2&.!/(!/&>&0&?#!.1*%%(!/*%,#2(!),!G,0(!K^!/()!1&1).!1()*),%:!@!/($(#/(!/(!),!0(<,)&F,]
1&?#!$.%!6&/b:!*#,!$%.2(7#,!0&'&),%!,!),!,#&)&#,!/(!','7G(%.0!HM.;%',##!28#%4"W
V.0!$%(1*%0.%(0!/(!),!G.%',1&?#!/()!,#&)).!0(!(#0,'9),#!(#!#./.0!-*(!0(!/&0$.#(#!
,)%(/(/.%!/()!#Q1)(.!@!$*(/(#!0(%!/(!/.0!2&$.03!).0!#./.0!/(!2&$.!b!@!).0!#./.0!/(!
2&$.!^!HPT,',20*!28#%4"W 28#%4"W!^cchI!HJ8LF35*ESI5!V.0!#./.0!/(!2&$.!b!0.#!).0!
Q#&1.0!-*(!0(!(#1*(#2%,#!(#!),!F.#,!'(/&,!/(!),!1C)*),!/*%,#2(!),!&#2(%G,0(!@!1.#]
2&(#(#!,!),!$%.2(7#,!0&'&),%!,!),!,#&)&#,!6&/b:!,07!1.'.!,!),0!-*&#,0,0!/(!1&1).!1()*),%!

J8LF35*ESI5!"#!).0!#./.0!/(!2&$.!^!0(!(#1*(#2%,!Z)2b:!*#,!$%.2(7#,!
/(!,#1),=(!1.#!),!1,$,1&/,/!/(!,*2.(#0,'9),%0(!@!-*(!&#2(%,11&.#,!1.#!U./b!H$%.]

]
'&),%!,!T&#(0&#,I5!V.0!#./.0!/(!2&$.!^!0(!).1,)&F,#!(#!()!$.).!1()*),%!$%.1(/(#2(!/(!),!
/&>&0&?#!,#2(%&.%!HPT,',20*!28#%4"W!^cbjI!HJ8LF35*ESI5!V,!.%+,#&F,1&?#!/(!).0!#./.0!/(!
2&$.!b!/($(#/(!/(!),!MP4]-*&#,0,!D/%^:!-*(!2&(#(!),!1,$,1&/,/!/(!,*2.(#0,'9),%0(!
@!/(!&#2(%,11&.#,%!1.#!.2%,0!$%.2(7#,0!$,%,!G.%',%!).0!#./.0!HPT,',20*!28#%4"W!^cbjI5!

(#!()!1?%2(O!1()*),%!$.%!'(/&.!/(!0*!(O2%('.!1,%9.O&).!2(%'&#,)!H6.%%())!28#%4"W!^ccjA!
6.0()(@!28#%4"W

$%(0(#1&,!(#!).0!#./.0!/(!(02,0!-*&#,0,0!/(2(%'&#,!-*(!(02.0!0(!1.'$.%2(#!1.'.!

^cbhI5!V,!).1,)&F,1&?#!/(!).0!#./.0!/(!2&$.!b!/*%,#2(!),!&#2(%G,0(:!%(02%&#+&/,!,!),!F.#,!
A

8)'(A/2:+4%82<#Q)(%,2Z!N.'b!HD()2.#]6.%&F*%!28#%4"W!^cchA!N,/2(!28#%4"W!^cchI!HJ8LF35*
ESI5!N.'b!G.%',!*#!+%,/&(#2(!1.%2&1,)!@!0(!,1*'*),!(#!).0!$.).0!1()*),%(0!/(9&/.!,!*#!
'(1,#&0'.!/(!,*2.G.0G.%&),1&?#!-*(!G,>.%(1(!0*!/&0.1&,1&?#!/(!),!'('9%,#,:!@!-*(!
(0!)&'&2,/.!).1,)'(#2(!(#!).0!$.).0!+%,1&,0!,!),!,11&?#!/(!),!G.0G,2,0,!/(!2&$.!NNb!4&0^:!
1*@,!).1,)&F,1&?#!$.),%!/($(#/(!/(!),!&#2(%,11&?#!1.#!()!1.'$)(=.!L(,b]L(,j!!HJ,]
1;(2!28#%4"W!^cbbI5!N.'b!G.0G.%&),!(#!).0!$.).0!1()*),%(0!,!D/%^!(#!0*!(O2%('.!1,%9.O&).!

28#
%4"W 28#%4"W!^cbjI5!"02(!'(1,#&0'.!/(!%(+*),1&?#!(0!()!()('(#2.!1(#2%,)!
/(!),!%(/!/(!+(.'(2%7,!1()*),%!HDKUI:!-*(!(02,9)(1(!2,#2.!),!$.0&1&?#!/()!$),#.!/(!
/&>&0&?#!1.'.!()!'.'(#2.!/(!(#2%,/,!(#!'&2.0&0!H6.0()(@!28#%4"W

]

(1*,2.%&,)(0!$%(1*%0.%(0!/()!,#&)).!HJ8LF35*ESI5
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,1*'*),!(#!()!#Q1)(.!HJ8LF35*ES
,!6&/b!(#!()!#Q1)(.!@!$%.'*(>(!0*!(O$.%2(!@!,12&>,1&?#!(#!()!(0$,1&.!(O2%,1()*),%5!
"02.0!1,'9&.0!(#!()!(02,2*0!/(!6&/b!0.#!#(1(0,%&.0!$,%,!),!',/*%,1&?#!/(!).0!#./.0!
$%(1*%0.%(0!/()!,#&)).!@!()!%(1)*2,'&(#2.!/(!.2%,0!$%.2(7#,0!HP)'.#,1&/!28#%4"W!^cbbA!
Zt;)(%!28#%4"W J8LF35*ESI5!N.%!).!2,#2.:!),!$.0&1&?#!/()!#Q1)(.!(#!),!1C)*),!(0!1%72&]
1,!$,%,!),!0()(11&?#!/()!$),#.!/(!/&>&0&?#!H4,+,!p!D;,#+:!^ccaI5!P!0*!>(F:!),!$.0&1&?#!

2%,#0'&2&/,0!;,1&,!),!(#>*()2,!#*1)(,%!@!',#2&(#(#!()!#Q1)(.!(#!()!1(#2%.!+(.'C2%&]
1.!/(!),!1C)*),!H4,+,!28#%4"W!^cchA!L%,#!28#%4"W!^ccbI5!"02(!'(1,#&0'.!/(!0(<,)&F,1&?#!
$.0&2&>,!(=(%1&/.!$.%!()!#Q1)(.!$%(>,)(1(!0.9%(!),!0(<,)&F,1&?#!#(+,2&>,!$%.1(/(#2(!
/(!).0!$.).0!1()*),%(0!HP)'.#,1&/!28#%4"W #!"#$%&'()*+,!),!
$.0&1&?#!/()!#Q1)(.!(0!1.#2%.),/,!$.%!).0!'&1%.2Q9*).0!2,#2.!(#!0*!G.%',!)(>,/*%&]

/(0$),F,/.!;,1&,!),!>,1*.),:!).!-*(!0*+&(%(!-*(!),0!G*(%F,0!(=(%1&/,0!$.%!).0!'&1%.2Q]

28#%4"W

91#S. pombe. 6&/b!0(!).1,)&F,!(#!).0!#./.0!'(/&,)(0!1.%2&1,)(0!(#0,'9),/.0!$.%!D/%^!/*%,#2(!),!&#2(%]
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! P!/&G(%(#1&,!/(#!"#&'062:#!"#$%&'()*+, ]
+%(+,1&?#!1%.'.0?'&1,!0(!;,!1.'$)(2,/.!HJ8LF35*SI:!/(!',#(%,!-*(!#.!(O&02(!%(),]
1&?#!(#2%(!),!$.0&1&?#!/()!#Q1)(.!@!),!0()(11&?#!/()!0&2&.!/(!/&>&0&?#!HK*!28#%4"W!^cbaA!

28#%4"W #!"#$%&'()*+,!6&/b!HM=6&/bI!'*(02%,!*#,!/&02%&9*1&?#!1.%2&1,)!
/*%,#2(!2./.!()!1&1).!1()*),%!@!#.!0(!).1,)&F,!(#!()!#Q1)(.:!,)!$%(0(#2,%!(#!0*!0(1*(#]

(O&02(#2(!(#!),!$%.2(7#,!.%2?).+,!/(#!"#&'062!HK*!28#%4"W!^cbaI5!N(0(!,!1,%(1(%!/(!*#!
'(1,#&0'.!/(!0(<,)&F,1&?#!#*1)(,%!$,%,!()!$.0&1&.#,'&(#2.!/()!$),#.!/(!/&>&0&?#:!
(##!"#$%&'()*+,!M=6&/b!@!M=D/%^!%(+*),#!),!G.%',1&?#!/(!).0!#./.0!$%(1*%0.%(0!/()!

]
28#%4"W!^cbaI5!

U.!.902,#2(:!(##!"#$%&'()*+,!D/1ba!2,'9&C#!$*(/(!).1,)&F,%0(!(#!),!F.#,!'(/&,!/(!
),!1C)*),!(#!,*0(#1&,!/(!6&/b5!")).!(0!/(9&/.!,!),!(O&02(#1&,!/(!*#!'(1,#&0'.!/(!0(]
<,)&F,1&?#!$%.1(/(#2(!/(!),!&#;&9&1&?#!/(!D/1ba!(#!).0!$.).0!1()*),%(0!'(/&,/.!$.%!
N.'b:!0&(#/.!(02(!!'(1,#&0'.!()!-*(!%(+*),!),!0()(11&?#!/()!$),#.!/(!/&>&0&?#!HK*!
28#%4"W 28#%4"W #!"#&'062!2,'9&C#!(O&02(!
*#!'(1,#&0'.!/(!.1)*0&?#!/(!).0!$.).0!1()*),%(0!-*(!1.),9.%,!(#!()!(02,9)(1&'&(#]
2.!/()!$),#.!/(!/&>&0&?#!'(/&,#2(! ),! G.0G.%&),1&?#!/(!D/1ba!$.%!N.'b:! &#;&9&(#/.!
,07!0*!&#2(%,11&?#!1.#!),!$,O&)&#,!HNO)bI!@!),!$%.2(7#,!/(!*#&?#!,!'('9%,#,!d&1b5!"02(!
'(1,#&0'.!G,>.%(1(!),!G.%',1&?#!/(!,#&)).0!(#!),!F.#,!(1*,2.%&,)!@!#.!(#!).0!$.).0!

28#%4"W

E@U@C@*+5:F35O8=1*:9*40<*N39OF3<039<*:94*,)&

]
G(%(#1&,!/()!&#&1&.!/(!),!'&2.0&0!(##!"#&'062 28#%4"W!^cc_I5!V,!0,)&/,!/(!6&/b!/()!
#Q1)(.!@!0*!,1*'*),1&?#!(#!),!F.#,!(1*,2.%&,)!/(2(%'&#,!()!&#&1&.!/(!(02(!$%.1(0.5!
N,%,!()).:! ),!$.).!-*&#,0,!N).b!G.0G.%&),!,!6&/b!(#!0*!0(1*(#1&,!/(!(O$.%2(!#*1)(,%!
HU"MI!0&2*,/,!(#!0*!(O2%('.!,'&#.!2(%'&#,):!/(0(#1,/(#,#/.!0*!(O$.%2,1&?#!',]
0&>,!/()!#Q1)(.!HP)'.#,1&/!28#%4"W

28#%4"W!
^ccjI!HJ8LF35*EU

]
1&?#!$%.'*(>(!),!,0.1&,1&?#!/(!6&/b!1.#!).0!#./.0!$%(1*%0.%(0!/()!,#&)).!@!G,>.%(1(!

28#%4"W!^c^cI5!4*%,#2(!(02,!(2,$,!D/%^!0(!
/&0.1&,!+%,/*,)'(#2(!/(!).0!#./.0!(#!',/*%,1&?#!@!$,0,!,!2(#(%!*#,!).1,)&F,1&?#!

]
1&/,/!/(!0(1*(02%,%!,!.2%,0!$%.2(7#,0I:!0&(#/.!(02(!$%.1(0.!%(0*)2,/.!/(!0*!G.0G.%&),]
1&?#!$%(>&,!$.%!),!-*&#,0,!M&/^!$(%2(#(1&(#2(!,!),!%*2,!/(!&#&1&.!/(!),!0($2,1&?#!HM8UI!

28#%4"W!^cbiI5
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J8LF35* EUI:! *#,!$%.2(7#,!(0(#1&,)! %(),]
1&.#,/,!1.#! ),!$%.2(7#,! 8RKPNb!/(!','7G(%.05!4&1;,! &#2(%,11&?#!0(!(02,9)(1(!(#]
2%(!()!/.'&#&.!,'&#.!2(%'&#,)!/(!6&/b:!$%(>&,'(#2(!G.0G.%&),/.!$.%!N).b!@!N,Tb:!@!

28#%4"W 28#%4"W!^cbbI5!

,0.1&,%!@!/&0.1&,%!1.#=*#2,'(#2(!/(!6&/b!H4l0.*F,!28#%4"W!^ccbA!V,$.%2(!28#%4"W!^cbbA!
61D.))*'!28#%4"W J8LF35*EUI5!V,!))(+,/,!/(!).0!1.'$)(=.0!

/*%,#2(!),!'&2.0&0!HV,$.%2(!28#%4"W

28# %4"W 28# %4"W! ^cbbA! V(!K.GG!28# %4"W!
^cccI!^J8LF35*EU_@!V,!,0.1&,1&?#!/(!6@.^!1.#!D/1j!,!2%,>C0!/()!$%&'(%!'.2&>.!8R!/(!
6@.^!(02,9&)&F,!,!),!'&.0&#,!@!G,>.%(1(!0*!,1*'*),1&?#!(#!).0!#./.0:!'&(#2%,0!-*(!

8!&'$)&1,/.!(#!),!',/*%,1&?#!/(!).0!#./.05!P$%.O&',/,'(#2(!a!'&#*2.0!,#2(0!/(!),!
0($,%,1&?#!/(!).0!MNZ0:!6&/b!%(1)*2,!/&%(12,'(#2(!,!D/1ba!,!).0!#./.0:!1.#02&2*@C#]
/.0(!()!'?/*).!G*#1&.#,)!88!HV,$.%2(!28#%4"W!^cbbI!^J8LF35*EU_@!D/1ba!(0!*#,!$%.2(7#,!
(0(#1&,)!G*#/,/.%,!/(!),!G,'&)&,!NDJ!Y='062#G<*NF#T'0'4':1Z:!-*(!$%(0(#2,!(#!0*!

(#!0*!(O2%('.!1,%9.O&).!*#!/.'&#&.!MJ_!/(!*#&?#!,!.2%,0!$%.2(7#,05!V,0!$%.2(7#,0!
]

-*()(2.:!$,%2&1&$,#/.!(#!/&02&#2.0!$%.1(0.0!1()*),%(0!1.'.!),!1&2.1&#(0&0!Hd5!D;,#+!
28#%4"W 28#%4"W
/(02,1,%!-*(!),!).1,)&F,1&?#!@!G*#1&?#!/(!D/1ba!0.#!%(+*),/,0!$.%!G.0G.%&),1&?#!/(]
$(#/&(#2(!/()!1&1).!1()*),%5!P07:!0*!;&$(%G.0G.%&),1&?#!/*%,#2(!),!&#2(%G,0(!&#/*1(!*#,!
1.#G.%',1&?#!$%.2(&1,!1(%%,/,!&#,12&>,:!'&(#2%,0!-*(!),!;&$.G.0G.%&),1&?#!/*%,#2(!),!
'&2.0&0!G,>.%(1(!),!2%,#0&1&?#!;,1&,!*#,!1.#G.%',1&?#!,9&(%2,!-*(!G,>.%(1(!0*!.)&+.]

]
9%,&2;!28#%4"W!^cbcI5!V,!G.0G.%&),1&?#!/(!D/1ba!(0!%(+*),/,!(0$,1&,)'(#2(!@!/($(#/(!

',#(%,!0&'&),%!,!).!-*(!.1*%%(!(##!"#$%&'()*+, 28#%4"W!^c^cA!K*!28#%4"W!
^cbaI5!N.%!()!1.#2%,%&.:!D/1ba!(0!$,%1&,)'(#2(!/(0G.0G.%&),/,!$.%!,11&?#!/(!),!G.0G,]
2,0,!D)$b!H0(%7#!2%(.#7#!G.0G,2,0,!$(%2(#(1&(#2(!,!),!G,'&)&,!/(!D/1bjI:!-*(!,!0*!>(F!
&#2(%,11&.#,!1.#!6&/b!HD)&GG.%/!28#%4"W!^cckI5!

! "##!"# $%&'()*+,:! ),!'&.0&#,!88!0(!%(1)*2,!,!),!F.#,!/(!/&>&0&?#!/*%,#2(!),!G,0(!
K^!2('$%,#,:!,!/&G(%(#1&,!/(#!"#&'062!-*(!).!;,1(!,)!&#&1&.!/(!),!'&2.0&0!HJ8LF35*SI5!

.902,#2(:!@!2,)!@!1.'.!0(!;,!1.'(#2,/.!^)N5325:0*E@U@E_`!D/1ba!2,'9&C#!0(!).1,)&F,!
(#!),!F.#,!'(/&,!/(!),!1C)*),!(#!,*0(#1&,!/(!6&/b!/(9&/.!,!),!0(<,)&F,1&?#!'(/&,/,!
$.%!N.'b!$%.1(/(#2(!/(! ).0!$.).0!1()*),%(0:!$%.'.>&(#/.!()! %(1)*2,'&(#2.!/(! ),!
'&.0&#,!/*%,#2(!),!'&2.0&05!N.%!2,#2.:!,*#-*(!(##!"#$%&'()*+,!6&/b!,12Q,!1.'.!,#]
1),=(!1.%2&1,)!$,%,!),!'&.0&#,!88!/*%,#2(!),!&#2(%G,0(:!0*!$%(0(#1&,!#.!(0!#(1(0,%&,!$,%,!

28#%4"W!^cbaA!K*!p!S)&G(%(#T.:!^cbaI5
!
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J8LF35*EU@*(81a68O5*:9*65:F35O8=1*:9* 40<*10:0<*N39OF3<039<*:94*,)&*>*39O4F25689120*:9*,:OEC*
91#S. pombe.*
;,02,!G.%',%!).0!#./.0!1&2.1&#C2&1.0!+%,1&,0!,!),!))(+,/,!/(!/&>(%0,0!$%.2(7#,05!"#!$%&'(%!)*+,%:!6&/b!

28#%4"W!^cbh!
@!V,$.%2(!28#%4"W!^cbb5

E@U@C@E@*&9O4F25689120*:9*45*K036815*,:OEC*>*1FO495O8=1*
:9*J]5O2815

! 8#02,#2(0!,#2(0!/(!(#2%,%!(#!'(2,G,0(:!2,#2.!()!'?/*).!/(!D/1ba!1.'.!()!G.%]
]

/($(#/&(#2(!HV,$.%2(!28#%4"W 28#%4"W!^cbaI!HJ8LF35*EUI5!
P12*,)'(#2(!0(!/(01.#.1(!()!'(1,#&0'.!$%(1&0.!$.%!()!-*(!()!'?/*).!8!%(1)*2,!,!
D/1b^!;,1&,!).0!#./.05!"#!1,'9&.:!0(!1.#.1(!-*(!D/1ba!&#2(%,11&.#,!/&%(12,'(#2(!

]

2(%'&#,)!/(!),!G.%'&#,5!4&1;,!*#&?#!$(%'&2(!),!).1,)&F,1&?#!'*@!$%?O&',!/(!D/1b^!,!

28#%4"W!^cbaI5!

!
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,$%.O&',/,'(#2(!^!'&#*2.0!/(0$*C0!/(!),!0($,%,1&?#!/(!).0!MNZ0:!@!/($(#/(!/(!
]

'(%.0!/(! ,12&#,! G.%',#/.! 1.'$)(=.0!-*(! 0(! *#(#! ,! ),! 0(1*(#1&,! %&1,! (#!$%.)&#,!

'.#?'(%.0!)&9%(0!/(!,12&#,:!'&(#2%,0!-*(!D/1_!1..$(%,!1.#!),!G.%'&#,!/*%,#2(!),!

).0!#./.0!1&2.1&#C2&1.0!Hd5!D;,#+!28#%4"W 28#%4"W!^cc_A!Y.#(2,#&!28#%4"W!^cckI5!
P/&1&.#,)'(#2(:!),!2%.$.'&.0&#,!D/1k!(#!0*!G.%',!,1(2&),/,!0(!*#(!,!).0!1,9)(0!/(!
,12&#,!$.)&'(%&F,/.0!$.%!D/1b^!@!D/1_:! G,>.%(1&(#/.! 0*!(#0,'9),=(!@!().#+,1&?#!
HMT,*!28#%4"W 28#%4"W!^cciI5!N,%,)(),'(#2(!),!G.%'&#,!d.%_!(0!%(1)*2,/,!
,! ),!F.#,!/(!/&>&0&?#!'(/&,#2(!*#!'(1,#&0'.!/($(#/&(#2(!/(!D/1ba:!@!(#0,'9),!
1,9)(0!/(!,12&#,!*#&/.0!,! ),! 2%.$.'&.0&#,!/(0,1(2&),/,5! "02.0! 1,9)(0! 0&%>(#!1.'.!
%(G*(%F.!$,%,!()!%(1)*2,'&(#2.!/(!D/1b^!,!),!F.#,!/(!/&>&0&?#!1*,#/.!(02(!G,)),!$.%!
,)+*#,!%,F?#!HD.GG',#!28#%4"W
),!).1,)&F,1&?#!/(!D/1b^!#.!0(!%(02%&#+(!(O1)*0&>,'(#2(!,!),!F.#,!(1*,2.%&,):!@,!-*(!
*#,!G%,11&?#!0(!(O2&(#/(!$.%!2./.!()!1?%2(O!1()*),%!HD.GG',#!28#%4"W
'&2.0&0!()![&''4\!/(!D/1b^!#.!(1*,2.%&,)!2,'9&C#!$*(/(!#*1)(,%!1,9)(0!/(!,12&#,!-*(!

1.'.!).0!-*(!0.#!#*1)(,/.0!$.%!),!G.%'&#,!(#!),!F.#,!'(/&,!/(!),!1C)*),!HD.GG',#!28#
%4"W!^cb_A!B5!J*,#+!28#%4"W!^cb^I5

! P!/&G(%(#1&,!/(! ),! G.%'&#,!#*1)(,/.%,!/(! 1,9)(0!/(! ,12&#,! d.%_! ^)N5325:0*
E@S@P@P@P_:!),!).1,)&F,1&?#!@!,12&>&/,/!/(!D/1b^!#.!0(!(#1*(#2%,#!%(+*),/,0!$.%!*#!'(]
1,#&0'.!/(!,*2.&#;&9&1&?#!$.%!&#2(%,11&?#!&#2%,'.)(1*),%:!#&!0(!;,!/(01%&2.!),!(O&0]

28#%4"W!^cckI5!"#!1,'9&.:! ),!,12&>&/,/!

28#%4"W!^cb_I5!L,)!@!1.'.!0(!/(01%&9(!
,! 1.#2&#*,1&?#! ^)N5325:0* E@U@P@C@E_`! ),! %*2,! M8U!$,%2&1&$,!(#! ),! %(+*),1&?#!/()! (#]

M&/^:!),!-*&#,0,!2(%'&#,)!/(!(02,!%*2,:!G.0G.%&),!,!D/1b^!(#!1*,2%.!%(0&/*.0!/(!0(%&#,!
0&2*,/.0!(#!()!/.'&#&.!/(!.)&+.'(%&F,1&?#!/(!0*!(O2%('.!1,%9.O&).:!9).-*(,#/.!),!
1,$,1&/,/!/(! ),! G.%'&#,!/(!,+%(+,%0(5!4&1;,0! G.0G.%&),1&.#(0! G,>.%(1(#! ),!#*1)(,]

28#%4"W
D/1^!G.0G.%&),!,!D/1b^!(#!0(&0!%(0&/*.0!/(!0*!(O2%('.!,'&#.!2(%'&#,):!&#;&9&(#/.!0*!

28#%4"W!^cbkI5!"#!1.#=*#2.:!(02,0!.90(%>,1&.#(0!$.#(#!/(!
]

'&#,0!/*%,#2(!()!1.'$)(=.!$%.1(0.!/(!),!1&2.1&#(0&05

!
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! "##!"#&'062!()!(#0,'9),=(!/(!1,9)(0!/(!,12&#,!(#!),!F.#,!(1*,2.%&,)!1.'&(#F,!
&#'(/&,2,'(#2(!/(0$*C0!/()!%(1)*2,'&(#2.!/(!),!'&.0&#,!88!;,1&,!(0,!F.#,!,)!&#&1&.!
/(!),!'&2.0&05!"#!1,'9&.:!(##!"#$%&'()*+,

28#%4"W!^cbaI5!P1]
2*,)'(#2(!0(!/(01.#.1(#!).0!'(1,#&0'.0!-*(!'(/&,#!),!#*1)(,1&?#!/(!).0!1,9)(0!

#!"#$%&'()*+,:!$.%!).!-*(!0(%7,!&#2(%(0,#2(!
(02*/&,%!).0!'(1,#&0'.0!'.)(1*),%(0!-*(!%(+*),#!/&1;.!$%.1(0.!(#!(02(!.%+,#&0'.5!

]
#,:!0(!/(01.#.1(!0&!),!0(<,)!-*(!$%.'*(>(!0*!$.)&'(%&F,1&?#!$%.1(/(!/()!1.'$,%2&]
'(#2.!#*1)(,%!.!/(!*#,!(02%*12*%,!,0.1&,/,!,)!#Q1)(.!1.'.!$.%!(=('$).!()!MNZ!HK*!
28#%4"W#^cbaI5

E@U@P@*J0365O8=1*:94*518440*O0123aO284*:9*5O20680<815

]

]
!"#&'062!^J8LF35*EX_@

]
7935O8=1_

#Y!2%/*-W#G%&8+/2W#=+44W#%(<#H2A
42%,2ZW!),!G.%'&#,!D/1b^!$%(0(#2(!(#!).0!#./.0!',/*%.0!$%.'*(>(!),!#*1)(,1&?#!/(!

]

28#%4"W!^cbhA!E,>@).#&0#28#%4"W!^cckI!^J8LF35*EX_@*V,!G*(%F,!
]

28#%4"W!^cbiI5!V,0!0&'*),1&.#(0!%(,)&F,/,0!0.9%(!(02(!'./().!'*(02%,#!-*(!),!&#2(%,1]
1&?#!$(%',#(#2(!(#2%(!).0!#./.0!1.#/*1&%7,!,!),!G.%',1&?#!/(!,+).'(%,/.0!(#!)*+,%!
/(!,)!(#0,'9),=(!/(!*#!,#&)).!(#!),!F.#,!(1*,2.%&,)5!N.%!).!2,#2.:!(0!(0(#1&,)!-*(!0*!
&#2(%,11&?#!0(,!2%,#0&2.%&,:!1.#0&+*&C#/.0(!/&1;.!(02,/.!'(/&,#2(!>,%&.0!'(1,#&0]

]

N.)),%/:!̂ cb_A!E,>@).#&0!28#%4"W ]
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E@U@P@C@*+0:940*:94*O5749*4W:93

$,%2&%!/(!*#!$*#2.!).1,)&F,/.!(#!()!1(#2%.!/(!),!1C)*),!(#!()!-*(!0(!,1*'*),!),!G.%'&]
#,!D/1b^!=*#2.!1.#!D/1ba5!4(0/(!(02(!$*#2.!0(!(O2&(#/(#!/.0!1,9)(0!(#!/&%(11&.#(0!

]
28#%4"W!^ccaI*^J8LF35*

EX_5!D&(%2.!2&('$.!/(0$*C0!/(!-*(!0(!$%.$*0&(%,!(02,!2(.%7,!0(!.90(%>?!-*(!D/1b^!
#.!0(!).1,)&F,!(#!*#!Q#&1.!$*#2.!/(#0.:!0&#.!-*(!0(!).1,)&F,!(#!).0!#./.0!$%(1*%0.%(0!
/()!,#&)).!HD.GG',#!28#%4"W 28#%4"W

28#%4"W!^cckI5!P!$(0,%!/(!-*(!()!'./().!
]

-*(!#.!G.%',#!#./.0:!1.'.!(0!()!1,0.!/(!).0!'*2,#2(0!1,%(#2(0!/(!6&/b!HJ,1;(2!

28#%4"W!
^cbhA!6&0;%,!28#%4"W!^cb_I5

E@U@P@C@E@*-5*3F25*'#"*(Septation Initiation Network)

]
/&,#2(!),!%*2,!1,#?#&1,!,!$,%2&%!/(!).0!#./.0!$%(1*%0.%(0!/()!,#&)).!(#!,-*()).0!'*]
2,#2(0!1,%(#2(0!/(!6&/b! ]
/().!/()!1,9)(!)7/(%:!@!(0!2.2,)'(#2(!/($(#/&(#2(!/(!),!0(<,)&F,1&?#!$.%!),!%*2,!M8U!@!

28#%4"W!^cckI5!

28#%4"W α

28#%4"W!^cb^I5

! V,! %(+*),1&?#!/(!6@.^! 1.#02&2*@(!*#!$*#2.!/(! 1.#2%.)! (0(#1&,)! /*%,#2(! ),!
(2,$,!/(!1.'$,12,1&?#!/(!#./.05!V,!,12&>&/,/!'.2.%,!/(!6@.^!(0!%(+*),/,!$.0&]

0.'(2&/,!,!%(+*),1&?#!$.%!G.0G.%&),1&?#5!V,!-*&#,0,!N,Tb:!1*@,!,12&>,1&?#!/($(#/(!

28#%4"W!^cbiI5!
N.%!()!1.#2%,%&.:!.2%.0!2%,9,=.0!0*+&(%(#!-*(!(02,!G.0G.%&),1&?#!&#1%('(#2,!),!,12&>&]

28#%4"W

0*!,12&>&/,/!(0!(0(#1&,)!1*,#/.!6@.^!#.!0(!*#(!1.%%(12,'(#2(!,!),!,12&#,!HV,$),#2(!
28#%4"W!^cbaI5
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D,9(!/(02,1,%!-*(!(#!(02,! 0&2*,1&?#! ),! %*2,!/(!.1)*0&?#!/(! ).0!$.).0!1()*),%(0!(0!
$,%2&1*),%'(#2(!%()(>,#2(*^)N5325:0*E@U@E_`
$%./*F1,!(#!).0!(O2%('.0!/(!),!1C)*),!HY5!J*,#+!28#%4"W!^cckI5!V,!%*2,!M8U:!.%2?).+,!,!
),!%*2,!6"U!YI)8'8)*#9?)8#@28K'/LZ!/(!!"#*2/27),)%2!@!,!),!%*2,!T)&&'!/(!'(2,F..0:!(0!
*#,!1,01,/,!/(!$%.2(7#,0!-*&#,0,0!-*(!0(!(#1*(#2%,#!,0.1&,/,0!,)!MNZ!(#!0*!1,%,!1&]

]

'&2.0&0!),!%*2,!M8U!0(!,12&>,:!@!M&/^:!),!-*&#,0,!2(%'&#,)!/(!(02,!%*2,!/(!0(<,)&F,1&?#:!
0(!).1,)&F,!(#!),!F.#,!(1*,2.%&,)!$,%,!G.0G.%&),%!,!/&02&#2.0!0*02%,2.0!(#2%(!).0!-*(!0(!
(#1*(#2%,!),!G.0G,2,0,!D)$b5!P!0*!>(F:!D)$b!/(0G.0G.%&),!,!D/1ba!@!$%.'*(>(!0*!2%,#0&]
1&?#!;,1&,!*#,!1.#G.%',1&?#!,9&(%2,:!G,>.%(1&(#/.!0*!,0.1&,1&?#!1.#!D/1b^!HD)&GG.%/!
28#%4"W 28#%4"W
)N5325:0*E@U@C@E:!),!$%.$&,!D/1b^!(0!G.0G.%&),/,!/&%(12,'(#2(!$.%!M&/^!(#!0*!/.'&#&.!
/(!.)&+.'(%&F,1&?#:! (>&2,#/.!-*(! ),! G.%'&#,! G.%'(!,+%(+,/.0:! @!$%.'.>&(#/.! 0*!

28#%4"W!^cb_I5!

#S. pombe.*

,12&#,!-*(!0.#!1,$2*%,/.0!$.%!),0!'&.0&#,0!/(!.2%.0!#./.0:!+(#(%,#/.!*#,!2(#0&?#!-*(!$%.'*(>(!),!
1.#/(#0,1&?#!$%.+%(0&>,!/(!),!%(/!/(!#./.05!"#!()!'./().!/()!1,9)(!)7/(%!),!,12&#,!(0!#*1)(,/,!/(0/(!
*#!Q#&1.!$*#2.!/.#/(!0(!).1,)&F,!),!G.%'&#,:!@!0(!>,!(O2(#/&(#/.!$%.+%(0&>,'(#2(!,)%(/(/.%!/(!),!
1&%1*#G(%(#1&,!1()*),%!;,02,!G.%',%!*#!,#&)).5!")!(#0,'9),=(!/()!,#&)).!$.%!&#1.%$.%,1&?#!/(!1,9)(0!#.!

28#%4"W
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E@U@P@P@*#1O03N035O8=1*:9*O5749<*10*9OF52038549<
*
! V.0!1,9)(0!/(!,12&#,!#.!(1*,2.%&,)(0!#*1)(,/.0!$.%!D/1b^!@!d.%_!^)N5325:0*
E@U@C@E_! $*(/(#! 0(%! 2%,#0$.%2,/.0!,)! 0&2&.!/(!/&>&0&?#!(! &#1.%$.%,%0(!/&%(12,'(#2(!

28#%4"W ^J8LF35*EX_@*

,*#-*(!).0!1,9)(0!#.!(1*,2.%&,)(0!-*(!0.#!2%,#0$.%2,/.0!;,02,!),!F.#,!/(!/&>&0&?#!
28#%4"W!

^cbhA!D.GG',#!28#%4"W!^cb_A!B5!J*,#+!28#%4"W!^cb^I5

E@U@S@*+5:F35O8=1*:94*518440*O0123aO284*:9*5O20680<815

! L%,0!()!(#0,'9),=(!/()!,#&)).!0(!$%./*1(!*#!$(%&./.!/(!',/*%,1&?#!/(!(#2%(!

^cc^I5!4*%,#2(!(02,!(2,$,!6&/b!/(=,!/(!0(%!#(1(0,%&,:!@!,9,#/.#,!()!,#&)).!2%,0!0(%!
G.0G.%&),/,:!@,!-*(!/&1;,!G.0G.%&),1&?#!&'$&/(!),!*#&?#!/(!6&/b!,!),!'('9%,#,!$),0]

#28#%4"
2%,0!),!0,)&/,!/(!6&/b!(0!D/1ba5!6@$^:!*#,!0(+*#/,!'&.0&#,!/(!2&$.!88:!0(!,1*'*),!(#!
()!,#&)).!/*%,#2(!(02,!G,0(!@!,12Q,!1.'.!*#.!/(!).0!$%&#1&$,)(0!'.2.%(0!/(!),!1.#0]
2%&11&?#!/()!,#&)).!HV,$),#2(#28#%4"W#̂ cbaI5!6@$^!%(1)*2,!;,1&,!),!F.#,!/(!/&>&0&?#!,!62.b:!

]
2(!0(!;,!/('.02%,/.!-*(!$,%2&1&$,!/*%,#2(!),!1&2.1&#(0&0!H4*#/.#!p!N.)),%/:!^c^cA!
M,'(=&',!28#%4"W ]

%(1)*2,%!,)!0&2&.!/(!/&>&0&?#!,!),!',-*&#,%&,!&'$)&1,/,!(#!),!07#2(0&0!/(!),!#*(>,!$,%(/!
1()*),%!/()!0($2.*^J8LF35*EP_@

@!()!,#&)).A!,!NO)b:!-*(!1..$(%,!1.#!),!β
]

]
^J8LF35*EP_@

E@U@U@*,01<238OO8=1*:94*518440`*<W129<8<*:94*<9N20*>*<9N5]
35O8=1*O94F453

]
]

/,!/(!'&2.0&0:!@!(##!"#&'062!(0!),!%*2,!M8U!),!-*(!%(+*),!,'9.0!$%.1(0.0!HB.;#0.#!28#
%4"W!^cb^I5!V,!',@.%!$,%2(!/(!),0!$%.2(7#,0!-*(!1.#G.%',#!(02,!%*2,!0.#!(0(#1&,)(0:!@!
).0!'*2,#2(0!-*(!$.%2,#!,)().0!;&$.'.%G.0!/(!0*0!1.'$.#(#2(0!0*()(#!G.%',%!,#&]
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/(!&#&1&,%!),!07#2(0&0!/()!0($2.!/(!/&>&0&?#:!/,#/.!)*+,%!,!1C)*),0!,),%+,/,0!@!'*)2&#*]
1)(,/,05!"02(!G(#.2&$.!0(!1.#.1(!+(#C%&1,'(#2(!1.'.!G(#.2&$.!M8U!HM&',#&0:!^cbaI5

E@U@U@E@*+9O518<60*:9*O01<238OO8=1*:94*518440*:9*5O20]
680<815

! !4*%,#2(!(02,!(2,$,!/&0'&#*@(!),!1.#1(#2%,1&?#!/(!#*'(%.0,0!$%.2(7#,0!(#!

N.)),%/:! ^ccaI5! V,! 1.#02%&11&?#! /()! ,#&)).! /($(#/(!$%&#1&$,)'(#2(! /(! ),! ,12&>&/,/!
'.2.%,!/(!),!'&.0&#,!/(!2&$.!88!6@$^:!,*#-*(!6@.^!$*(/(!0*$)&%!0*!G*#1&?#!(#!0*!

]

1*,#/.!0*!,12&>&/,/!0(!(#1*(#2%,!1.'$%.'(2&/,!HV,$),#2(!28#%4"W!^cbaA!6&0;%,!28#%4"W!
28#%4"W!^cbjI5!D.#0(1*(#2('(#2(:!).0!G,12.%(0!-*(!G,1&)&2,#!),!,12&>&]

0(!$%./*F1,!*#,!1.%%(12,!1.#02%&11&?#!H6&0;%,!28#%4"W ]

28#%4"W

28#%4"W!^cbjI5!M&#!('9,%+.:!

$,%,!0*$(%,%!),!$%(0&?#!/(!2*%+(#1&,!-*(!(O&02(!(##!"#&'062!$,%,!&#&1&,%!),!G.%',1&?#!
/()!0*%1.!/(!/&>&0&?#5!N,%,!()).!(0!#(1(0,%&.!-*(!),!G.%',1&?#!/()!0($2.!/(!/&>&0&?#!

,12&>&/,/!/(!),!%*2,!M8U!HN%.12.%!28#%4"W!^cb^A!L;&@,+,%,=,#!28#%4"W!^cbaI5

E@U@U@C@*'W129<8<*:94*<9N20*:9*:8;8<8=1

! 4*%,#2(!),0!Q)2&',0!(2,$,0!/(!),!1&2.1&#(0&0:!@!/(!G.%',!1..%/&#,!1.#!),!1.#]
2%,11&?#!/()!,#&)).:!0(!$%./*1(!),!G.%',1&?#!/(!*#!0($2.!/(!/&>&0&?#!@!),!/($.0&1&?#!

),0!/.0!1C)*),0!;&=,05!")!0($2.!/(!/&>&0&?#!(0!*#,!(02%*12*%,!/(!2%(0!1,$,0!-*(!0(!(#]

1.#02&2*&/.! $%&#1&$,)'(#2(! $.%! β β

/(!α β ]
β 28#%4"W!^cbhI!

^J8LF35*ER_@*
G.%',/.0!2%,0!),!/&>&0&?#!/(!),0!1C)*),0!;&=,05!V,!07#2(0&0!/()!0($2.!0(!$%./*1(!(#!/.0!
(2,$,0!-*(!2%,#01*%%(#!,!/&G(%(#2(!>().1&/,/5!V,!$%&'(%,!1.'&(#F,!/*%,#2(!),!,#,G,]
0(!Z:!2&(#(!)*+,%!)(#2,'(#2(!@!1.#/*1(!,!),!07#2(0&0!/()!%*/&'(#2.!/()!0($2.!G.%',/.!
Q#&1,'(#2(!$.%!β
,!),!F.#,!/(!/&>&0&?#!2%,0!),!,12&>,1&?#!/(!),!%*2,!M8U5!4*%,#2(!(02,!G,0(!(0!1%72&1,!),!
$%(0(#1&,!/(!d],12&#,5!N.02(%&.%'(#2(:!,)! &#&1&.!/(! ),!2().G,0(:!()!0($2.!0(!(#+%.0,!
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$%.+%(0&>,'(#2(!@!,!',@.%!>().1&/,/!;,02,!0&#2(2&F,%0(!()!0($2.!1.'$)(2.!H$%&',%&.!
@!0(1*#/,%&.I:!0&(#/.!/&1;.!$%.1(0.!&#/($(#/&(#2(!/(!,12&#,!HK!D.%2C0!28#%4"W!^cbkA!

28#%4"W
28#%4"W!

28#%4"W

J8LF35*ER@*,06N019129<*:94*518440*91*<F*9<25:80*65:F30*>*O06N0<8O8=1*:94*<9N20*:9*:8;8<8=1*91#
S. pombe.*

β]Hb:_I]+)*1,#.! )&#(,)! 0&#2(2&F,/.!$.%!
Z+0b!H%($%(0(#2,/.!(#!,',%&)).I!@!0(#/,0!1,$,0!/(!0($2.!0(1*#/,%&.!1.'$*(02.!$%&#1&$,)'(#2(!$.%!
α]Hb:_I]+)*1,#.! )&#(,)!0&#2(2&F,/.!$.%!P+0b!@!β ]

28##%4"W!^cbh5

! D.'.!0(!;,!'(#1&.#,/.:!),!0($,%,1&?#!/(!),0!1C)*),0!;&=,0!%(-*&(%(!*#,!G*(%F,!
0*$(%&.%!,!),!+(#(%,/,!$.%!),0!'&.0&#,0!/*%,#2(!),!1.#2%,11&?#!/()!,#&)).5!4*%,#2(!),!
',/*%,1&?#!/()!,#&)).:!D/1ba!$,%2&1&$,!(#!()!2%,#0$.%2(!/(!Z+0b!/(0/(!()!,$,%,2.!/(!

28#%4"W!̂ cbaI5!
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]
28#%4"W!^cckI!^J8LF35*ER_@*

]
^J8LF35*ER_5!NO)b!,12*,%7,!

1.'.!*#!'(1,#.]0(#0.%!-*(!2%,#0'&2(!),!2(#0&?#!+(#(%,/,!/*%,#2(!),!1.#2%,11&?#!

]
2(!),!0($,%,1&?#!/(!),0!1C)*),0!;&=,0!HK,%17,!D.%2C0!28#%4"W!^cbhA!N%.12.%!28#%4"W!^cb^I5!V,!
,12&>,1&?#!/(!Z+0b!G,>.%(1(!),!$.02(%&.%!1.#1(#2%,1&?#!/(!P+0b!@!Z+0j!(#!),!'('9%,]

28#%4"W!^cbaI5!P/&1&.#,)'(#2(!NO)b!%(1)*2,!,!),!F.#,!/(!/&>&0&?#!,!
),!1,)1&#(*%&#,!P:!1*@,!0*9*#&/,/!1,2,)72&1,:!N$9b:!1.),9.%,!1.#!Z+0b!(#!),!G.%',1&?#!

/(!*#!9*1)(!/(!%(2%.,)&'(#2,1&?#!$.0&2&>,!-*(!0(!,12&>,!1*,#/.!N$9b!/(0G.0G.%&),!,!
D/1ba!H6,%27#]K,%17,!28#%4"W!^cbkI5!N.%!2,#2.:!),!07#2(0&0!/()!0($2.!(0!(0(#1&,)!$,%,!),!

]

1.#02%&11&?#!HL;&@,+,%,=,#!28#%4"W 28#%4"W!^cbaI5!M&#!('9,%+.:!*#,!>(F!-*(!

&'$&/(!-*(!C02(!0(!0&+,!G.%',#/.:!,*#-*(!),!>().1&/,/!/()!$%.1(0.!0(!%,)(#2&F,!#.]
2,9)('(#2(!HN%.12.%!28#%4"W
@!),!07#2(0&0!/()!0($2.!0.#!$%.1(0.0!&#2(%/($(#/&(#2(0:!2./,>7,!0(!/(01.#.1(#!).0!
'(1,#&0'.0!'.)(1*),%(0!$%(1&0.0!-*(!%(+*),#!1..%/&#,/,'(#2(!,'9.0!$%.1(0.0!@!
),!1&2.1&#(0&0!(##!"#&'0625

E@U@U@P@*'9N535O8=1*O94F453

()!',#2(#&'&(#2.!/(!),!&#2(+%&/,/!/(!),!1C)*),5!"#!1C)*),0!,#&',)(0!(02(!$%.1(0.!0(!
/(#.'&#,!,901&0&?#!@!%(-*&(%(! ),!$,%2&1&$,1&?#!/(! ).0!'&1%.2Q9*).0!@!/(!*#!1.']

Y9(<','0%4#!'/8)(:#*'0&42?#H2R+)/2<#S'/#

0($,%,1&?#!1()*),%:!/(!G.%',!-*(!2%,0!1,/,!1&1).!/(!/&>&0&?#!0(!0&#2(2&F,!*#!0($2.!-*(!
/()&'&2,!).0!/&G(%(#2(0!1.'$,%2&'(#2.0!1()*),%(0!-*(!1.'$.#(#!),!;&G,!HNC%(F!28#%4"W!
^cbhI5!

/()!0($2.!$%&',%&.!$,%,!(>&2,%!),!)&0&0!1()*),%!HM&$&1FT&:!^cciI5!V,!/&+(02&?#!/()!0($2.!

(#F&',0!%(-*&(%(!),!,12&>&/,/!/()!(O.1&02.:!*#!1.'$)(=.!$%.2(&1.!-*(!,#1),!),0!>(07]

#(1(0,%&,!$,%,!),!,/(1*,/,!0(1%(1&?#!).1,)&F,/,!/(!),0!+)*1,#,0,0:!$(%'&2&(#/.!*#,!
1.%%(12,!0($,%,1&?#!@!',#2(#&(#/.!),!&#2(+%&/,/!1()*),%!HK,%17,!D.%2C0!28#%4"W!^cbhA!
NC%(F!28#%4"W
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!"#$%&'((!)"

C@*V93O9NO8=1*>*<9?548B5O8=1*K39129*5*9<2W6F40<
5678912549<

]
)?+&1.0!(#!).0!0(%(0!>&>.05!N.%!()).:! ),!(>.)*1&?#!;,!/.2,/.!,!),0!1C)*),0!1.#!'(1,]
#&0'.0!1,$,1(0!/(!/(2(12,%!1,'9&.0!(#!()!,'9&(#2(!(O2%,1()*),%!@!/(0(#1,/(#,%!),!
1.#0&+*&(#2(!%(0$*(02,!,/,$2,2&>,5!"02,0!%(0$*(02,0!%(-*&(%(#!*#,!%(/!1.'$)(=,!/(!
/(2(11&?#!@!2%,#0/*11&?#!/(!0(<,)(0!-*(!1.#/*1(#!,!),!%(+*),1&?#!/()!1%(1&'&(#2.!
@!),!$%.)&G(%,1&?#!1()*),%:!,07!1.'.!,!/&02&#2.0!,=*02(0!(#!).0!$%.+%,',0!/(!(O$%(0&?#!
+C#&1,:!0&(#/.!(0$(1&,)'(#2(!%()(>,#2(0!1*,#/.!).0!.%+,#&0'.0!0(!(O$.#(#!,!1.#]
/&1&.#(0!,'9&(#2,)(0!,/>(%0,0:!G%(#2(!,!),0!;,#!/(!,/,$2,%0(!$,%,!$./(%!0.9%(>&>&%!

]
2,'(#2(:!),0!/+8%,#<2#8/%(,<+**)^(#<2#,2`%42,
),!%(0$*(02,!G%(#2(!,!(027'*).0!(O2%,1()*),%(0!(!&#2%,1()*),%(0:!'(/&,#2(!()!1.#2%.)!/(!
G*#1&.#(0!(0(#1&,)(0!1.'.!),!$%.+%(0&?#!/()!1&1).!1()*),%:!()!1%(1&'&(#2.!$.),%&F,/.!

^cbcI5

C@E@*-5<*3F25<*:9*+)VY<

I)A
8':2(#5*8)7%82<#=/'82)(#Q)(%,2,I!(#!),!%(0$*(02,!G%(#2(!,)!(02%C05!"02,0!%*2,0!$%(0(#]
2,#!*#!,)2.!+%,/.!/(!1.#0(%>,1&?#!(>.)*2&>,!(#!).0!.%+,#&0'.0!(*1,%&.2,0:!@!=*(+,#!

28#%4"W!^cc_I5!

C@E@E@*/3L518B5O8=1*:9*45<*3F25<*:9*+)VY<

! V.0!1.'$.#(#2(0!&'$)&1,/.0!(#!),!0(<,)&F,1&?#!$.%!'(/&.!/(!),0!%*2,0!/(!6P]
]

1%&9(!,!1.#2&#*,1&?#3

C@E@E@E@*'91<039<

! "#!G*#1&?#!/()!(027'*).!%(1&9&/.!).0!%(1($2.%(0!/(!),!0(<,)!$*(/(#!0(%!$%.2(7]
#,0!2%,#0'('9%,#,)(0!,1.$),/,0!,!$%.2(7#,0!K:!0&02(',0!/(!%(+*),1&?#!/(!/.0!1.']
$.#(#2(0:!%(1($2.%(0!/(!2&$.!2&%.0&#,!-*&#,0,:!.!$%.2(7#,0!&#2(+%,)(0!/(!'('9%,#,5!

(O1($1&?#!/(!).0!%(1($2.%(0!/()!2&$.!2&%.0&#,!-*&#,0,!HNC%(F!p!D,#0,/.:!^cbcI5
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!"#$%&'((!)"

C@E@E@C@*+=:F40*:9*+)VY<

%*2,!^J8LF35*ET_@
G.0G.%&),1&?#!/($(#/&(#2(!/(!.2%,0!$%.2(7#,0!1.'.!-*&#,0,0!.!KLN,0,0!/(!),0!G,'&]

]

]

^cbbI!^J8LF35*ET_@

!C@E@E@P@*%K9O2039<*:9*+)VY<

]
1%&$1&?#!-*(!$.#(#!(#!',%1;,!()!$%.+%,',!/(!(O$%(0&?#!+C#&1,!%(-*(%&/.!$,%,!%(0]

(G(12.%(0:!(#2%(!).0!-*(!0(!(#1*(#2%,#!$%.2(7#,0!%(+*),/.%,0!/()!1&1).!1()*),%:!1;,]

^J8LF35*ET_@
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!"#$%&'((!)"

C@E@E@S@*&9LF45:039<*:9*+)VY<

0(1*(#1&,)!(#2%(!).0!/&G(%(#2(0!1.'$.#(#2(0!/(!),!1,01,/,:!,*#-*(!2,'9&C#!(O&02(#!
$%.2(7#,0!,/,$2,/.%,0!-*(!,+%*$,#!).0!2%(0!1.'$.#(#2(0!/(!),!1,01,/,!(#!*#!'?]

/(!),!%*2,!2,'9&C#!'./*),!0*!G*#1&?#:!1.#02&2*@(#/.!.2%.!'(1,#&0'.!(0(#1&,)!/(!
]

%,)(),'(#2(:!*#,!>(F!-*(!),0!1C)*),0!0(!;,#!,/,$2,/.!,!),0!#*(>,0!1.#/&1&.#(0!,']
]

/.%(0!#(+,2&>.0!-*(!'./*),#!),!&#2(#0&/,/!@!),!/*%,1&?#!/(!),!0(<,)5!V.0!$%&#1&$,)(0!

]
%.0&#,I:!.!/(!M(%!@!L;%!HG.0G,2,0,0!/(!0(%&#,!@!2%(.#&#,I!H6,%27#!28#%4"W!^ccaI5!

]
]

1&,)'(#2(!0(!1%(7,!-*(!),!G.0G.%&),1&?#!(#!,'9.0!%(0&/*.0!G.0G.,1($2.%(0!(%,!*#!%(]
28#%4"W

28#%4"W

2(#+,!),!'&0',!%()(>,#1&,!/(0/(!()!$*#2.!/(!>&02,!9&.)?+&1.5!P07:!(02*/&.0!)(#7)8/'!;,#!

,12&>,0!-*(! ),! G.%',!/*,)'(#2(! G.0G.%&),/,:! %(2&(#(#!0&#!('9,%+.!1&(%2.!+%,/.!/(!
#!"#*2/27),)%2!0(!;,!/(01%&2.!-*(!),!G.%',!'.]

),!(O$%(0&?#!+C#&1,!(#!%(0$*(02,!,!(027'*).0!,'9&(#2,)(0!HZ())!p!"#+()9(%+:!^cc_I5!
N.%!0*!$,%2(:!(02*/&.0!%(1&(#2(0!%(,)&F,/.0!(##!"#&'062!;,#!'.02%,/.!-*(!),!G.%',!

]

/(!&#/*1&%!),!(O$%(0&?#!/(!+(#(0!/(!%(0$*(02,!,!(02%C0!@!),!1.#0&+*&(#2(!%(0$*(02,!
28#%4"W!^cbaI5!"#!1.#=*#2.:!(02.0!%(0*)2,/.0!0*+&(%(#!-*(!),!G.0G.]

),!G.0G.%&),1&?#!/()!%(0&/*.!/(!L;%!),!-*(!$,%(1(!1.#G(%&%!',@.%!,12&>&/,/!1,2,)72&1,!@!
9&.)?+&1,5!

J8LF35*ET@*%4*6=:F40*:9*+)VY<*>*45*2351<68<8=1*:9*<9?549<@ ]
1,#&0'.!%(1($2.%!/(!),!0(<,)!@!*#!'?/*).!/(!2%,#0'&0&?#!/(!),!'&0',!1.'$*(02.!$.%!2%(0!-*&#,0,0!

G.0G.%&),!,!0*0!0*02%,2.0!-*(!&#/*1(#!*#!1,'9&.!(#!),!(O$%(0&?#!+C#&1,!-*(!$(%'&2(!-*(!),0!1C)*),0!0(!
,/,$2(#!,!),0!#*(>,0!1.#/&1&.#(0!/(!1%(1&'&(#2.5
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!"#$%&'((!)"

C@E@C@*,01<93;5O8=1*9;04F28;5

]
1,%&.2,0:!/(0/(!)(>,/*%,0!;,02,!'(2,F..05!"#!).0!','7G(%.0!(O&02(#!2%(0!0*9G,'&)&,0!

]
!D,/,!*#.!/(!(02.0!+%*$.0!(0!,12&>,/.!

]

(#!','7G(%.0!H4,>&0:!^cccI5!"02,0!%*2,0!%(+*),#!$%.1(0.0!1.'.!),!/&G(%(#1&,1&?#:!),!
$%.)&G(%,1&?#!1()*),%:!.!),!,$.$2.0&0:!@!0*!/(0%(+*),1&?#!1,*0,!(#G(%'(/,/(0!1.'.!

]

Y!8/2,,#5*8)7%82<#=/'A
82)(#Q)(%,2,ZW!0(!,12&>,#!(#!%(0$*(02,!,!/&G(%(#2(0!2&$.0!/(!(02%C0!,'9&(#2,)!1.'.!),!

! "##!"#*2/27),)%2 V,0!%*2,0!

]

(#!),!%(+*),1&?#!/(!),!07#2(0&0!/(!),!$,%(/!/(!),0!,01.0$.%,0:!$.%!).!-*(!Q#&1,'(#2(!
0(! (O$%(0,!/*%,#2(! ),! G,0(!/(!(0$.%*),1&?#5!D*%&.0,'(#2(:! ;,02,! ()!'.'(#2.!#.!

28#%4"W !"##!"#&'062!0(!;,#!/(01%&2.!
]

HNC%(F!p!D,#0,/.:!^cbcI! ]
#!"#&'062!@!J.+b!/(#!"#*2/27),)%2:!'&(#2%,0!-*(!),!%*2,!D8N!

/(#!"#&'062
','7G(%.0!@!),!%*2,!M)2^!/(#!"#*2/27),)%2 !"#
$%&'()*+,!$%(0(#2,!.%2?).+.0!/(!2./.0!).0!+(#(0!&'$)&1,/.0!(#!(02,0!%*2,0:!,*#-*(!

]

#!"#&'062:!,)!0(%!.9=(2.!/(!(02*/&.!
/(!),!$%(0(#2(!L(0&0!4.12.%,)5
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!"#$%&'((!)"

]
1&$,)5
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C@E@P@C@*&9LF45:03*:9*39<NF9<25*+O<S

]
2&(#(!*#!/.'&#&.!%(1($2.%!1,%,12(%&F,/.!$.%!),!$%(0(#1&,!/(!*#!%(0&/*.!/(!P0$!,)]

]
+*),/.%!/(!%(0$*(02,!M0Tb!/(#!"#*2/27),)%2:!()!1*,)!G.%',!$,%2(!/(!*#!0&02(',!/(!/.0!
1.'$.#(#2(0!-*(!/(2(12,!1,'9&.0!(#!),0!1.#/&1&.#(0!.0'?2&1,0!/()!'(/&.!HZ*1T!

C@E@P@*-5*3F25*:9*+)VY<*:9*39<NF9<25*5*9<23M<*^')VY_*
91*S. pombe

1&1).!>&2,)!/(!!"#&'062:!@,!-*(!%(+*),!()!1&1).!1()*),%!@!),!%(0$*(02,!+(#(%,)!,/,$2,2&>,!
28#%4"W

0(!,12&>,!(#!%(0$*(02,!,!/&>(%0.0!(027'*).0!1.'.!()!(02%C0!;&$(%.0'?2&1.:!()!1;.-*(!
2C%'&1.:!()!(02%C0!.O&/,2&>.:!.!),!/($%&>,1&?#!/(!+)*1.0,!.!#&2%?+(#.!H4(+.)0!28#%4"W#

#28#%4"W#
M.2.#28#%4"W#^cc^I*^J8LF35*CD_@!V.0!$%&#1&$,)(0!1.'$.#(#2(0!/(!(02,!%*2,!0(!/(01%&9(#!
,!1.#2&#*,1&?#3

C@E@P@E@*'91<039<

! P12*,)'(#2(!0(!0,9(!'*@!$.1.!0.9%(!).0!'(1,#&0'.0!&'$)&1,/.0!(#!),!/(2(1]

1,0.!/()!(02%C0!.O&/,2&>.!&#/*1&/.!$.%!$(%?O&/.!/(!;&/%?+(#.5!"#!(02(!1,0.!),!0(<,)!

;&02&/&#,!-*&#,0,0!;.'?).+,0:!6,T^!@!6,T_:!*#,!$%.2(7#,!G.0G.2%,#0G(%,0,!1.#!;&02&]
/&#,:!6$%bfM$@b:!@!()!%(+*),/.%!/(!),!%(0$*(02,!610j!HR*&##!28#%4"W!^cc^A!M;&(;!28#%4"W!

28#%4"W ^J8LF35*CD_@*
#.!$%(0(#2,#!(#!0*!(02%*12*%,!/.'&#&.0!2%,#0'('9%,#,5!"#!%(0$*(02,!,!$(%?O&/.!
/(!;&/%?+(#.:!6,T^!@!6,T_!0(!,*2.G.0G.%&),#!(#!*#!%(0&/*.!/(!J&0!1.#0(%>,/.:!@!,!

()('(#2.!1.'Q#!(#!),!%(0$*(02,!G%(#2(!,!2./.0!).0!2&$.0!/(!(02%C0!HP.@,',!28#%4"W!
^cccA!U+*@(#!28#%4"W!^cccI!^J8LF35*CD_@ #!"#&'062!$.0((!*#!0(]
+*#/.!%(+*),/.%!/(!%(0$*(02,!/(#.'&#,/.!N%%b:!-*(!,12Q,!1.'.!*#!G,12.%!/(!2%,#0]
1%&$1&?#!&#/*1&(#/.!),!(O$%(0&?#!/(!+(#(0!(#!%(0$*(02,!,)!(02%C0!.O&/,2&>.!/(!G.%',!
&#/($(#/&(#2(!,!M2@b!HS;'&@,!28#%4"W 28#%4"W ]
1&?#!/(!M2@b!(#!%(0$*(02,!,)!(02%C0!2C%'&1.!#.!/($(#/(!/(!),!(O&02(#1&,!/(!0(#0.%(0!
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!"#$%&'((!)"

28#%4"W 28#%4"W #!"#&'062
),!/(2(11&?#!/()!(02%C0!.O&/,2&>.!@!0*!2%,#0'&0&?#!,!2%,>C0!/()!0&02(',!/(!/.0!1.']
$.#(#2(0:!,*#-*(:!1.'.!0(!;,!'(#1&.#,/.!,#2(%&.%'(#2(:!0*!$%(0(#1&,!2,'9&C#!
(0!#(1(0,%&,!$,%,!),!,12&>,1&?#!/(!M2@b!(#!%(0$*(02,!,!2./.0!).0!(02%(0(0!-*(!,12&>,#!
(02,!%*2,!/(!0(<,)&F,1&?#!HZ*1T!28#%4"W!^ccbA!M.2.!28#%4"W!^cc^I*^J8LF35*CD_
&'$)&1,/.!(#!),!%(+*),1&?#!/()!1&1).!1()*),%:!@,!-*(!).0!'*2,#2(0!#*).0!(#!(02(!+(#!

]
28#%4"W 28#%4"W

#!"#&'062!HU,T,'&1;&!
28#%4"W!^cc^I5!610j!&#2(%,11&.#,!G70&1,'(#2(!1.#!6$%b:!L/;b!H+)&1(%,)/(;7/.]_]G.0G,2.!

%(0$*(02,!,)!(02%C0!.O&/,2&>.!,!2%,>C0!/()!0&02(',!/(!/.0!1.'$.#(#2(0!@!,12&>,!,!),0!

(#!%(0$*(02,!,)!(02%C0!H6.%&+,0,T&!28#%4"W!^cb_I5

C@E@P@P@*+=:F40*:9*+)VY<

C@E@P@P@E@*+)VYYY<*e5fE*>*e81E

#!"#&'0625!"#!%(0$*(02,!,!(02%C0:!610j!0(!*#(!@!

H6.%&+,0,T&!28#%4"W!^cb_A!M,'(=&',!28#%4"W 28#%4"W ^J8LF35*CD_@

1.#1(#2%,1&.#(0!9,=,0!/(!$(%?O&/.!/(!;&/%?+(#.:!'&(#2%,0!-*(!),!,12&>&/,/!/(!,']
9,0!(0!#(1(0,%&,!$,%,!),!%(0$*(02,!G%(#2(!,!,)2,0!1.#1(#2%,1&.#(0!/(!(02(!1.'$*(02.!
HR*&##!28#%4"W
,12&>,1&?#!/(!M2@b!/*%,#2(!()!(02%C0!.0'?2&1.:!()!1;.-*(!2C%'&1.:!.!),0!9,=,0!2('$(]
%,2*%,0!HM;&.F,T&!28#%4"W 28#%4"W!^cc^I5

C@E@P@P@C@*+)VYY*e8<E

]
$*(02,! ,! 2./.0! ).0! (027'*).0! ,'9&(#2,)(0! -*(! ,12&>,#! /&1;,! %*2,! HM;&.F,T&! 28# %4"W!

(#!()!1&2.$),0',!(#!%(0$*(02,!,!(02%C0:!$%.'.>&(#/.!0*!,12&>,1&?#!@!),!1.#0(1*(#2(!
28#%4"W!^cc^I!^J8LF35*CD_@
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!"#$%&'((!)"

C@E@P@P@P@*+)VY*'2>E

28#%4"W!
28#%4"W

*#(!,!M2@b!@!),!G.0G.%&),!(#!).0!%(0&/*.0!L;%bib!@!L@%bi_!/()!'.2&>.!1.#0(%>,/.!]LKY]!
/()!9*1)(!/(!,12&>,1&?#!(#!%(0$*(02,!,!'Q)2&$)(0!(02%(0(0:!1.'.!()!(02%C0!;&$(%.0'?]
2&1.!0,)&#.f#.!0,)&#.:!()!2%,2,'&(#2.!1.#!,%0(#&2.:!()!(02%C0!2C%'&1.!$.%!,)2,0!@!9,=,0!

]
2&#,!H4(+.)0!28#%4"W 28#%4"W 28#%4"W 28#%4"W
6*2,>1;&(>!28#%4"W!^cbhA!R*&##!28#%4"W ]

28#%4"W!^cci:!^cc^I5!V,!,12&>,1&?#!/(!M2@b!(#!%(0$*(02,!
,!),!',@.%7,!/(!(02.0!(027'*).0!(0!2%,#0&2.%&,!@!),!%(0$*(02,!/(0(#1,/(#,/,!/($(#/(!
/(!),!#,2*%,)(F,!@!),!',+#&2*/!/()!$%.$&.!(027'*).5!"#!1.#/&1&.#(0!/(!1%(1&'&(#2.!
>(+(2,2&>.!M2@b!0(!).1,)&F,!(#!()!1&2.$),0',:!$(%.!*#,!>(F!G.0G.%&),/,!0(!2%,#0).1,!,)!

28#%4"W ^J8LF]
35*CD_@

C@E@P@S@*%K9O2039<*:9*45*3F25*')VY

]

]
0,#!M2@b:!),0!1C)*),0!1,%(#2(0!/(!P2Gb!'*(02%,#!*#,!0(#0&9&)&/,/!'./(%,/,!G%(#2(!,)!
(02%C0!.0'?2&1.!@!.O&/,2&>.:!@!$%(0(#2,#!G*(%2(0!/(G(12.0!/*%,#2(!),!/&G(%(#1&,1&?#!

28#%4"W
M2@b:!),!,*0(#1&,!/(!P2Gb!#.!$%.>.1,!,#.',)7,0!(#!()!1&1).!1()*),%:!).!-*(!0*+&(%(!-*(!

28#%4"W

P2Gb!%(+*),!),!(O$%(0&?#!/(!*#!+%*$.!#*'(%.0.!/(!+(#(0!#(1(0,%&.0!$,%,!-*(!0(!$%.]
/*F1,!),!%(0$*(02,!,/,$2,2&>,!G%(#2(!,)!(02%C0!@!),!(#2%,/,!(#!'(&.0&0:!@!-*(!1.#02&2*]

YG'/2#9(7)/'(02(8%4#!8/2,,#H2,&'(,2Z!H45!D;(#!
28#%4"W!^cc_I!^J8LF35*CD_@ ]

28#%4"W!^cciI5!P2Gb!
G.%',!;(2(%./7'(%.0!(#!()!#Q1)(.!1.#!.2%.!G,12.%!/(!2%,#01%&$1&?#!/(#.'&#,/.!N1%b*
^J8LF35*CD_`!,*#-*(!0*!$%(0(#1&,!#.!(0!#(1(0,%&,!$,%,!),!(O$%(0&?#!/(!),!',@.%7,!/(!
+(#(0!/(!%(0$*(02,!,!(02%C0!/($(#/&(#2(0!/(!P2Gb!HM,#0?!28#%4"W!^cckI5

1()*),%(0:!$,%2&1&$,#/.!(#!()!1.#2%.)!/()!1%(1&'&(#2.!$.),%&F,/.!(##!"#&'062!H6*2,]
>1;&(>!28#%4"W!^cbhI!^J8LF35*CD_@
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!"#$%&'((!)"

J8LF35*CD@*-5*3F25*:9*+)VY<*:9*39<NF9<25*5*9<23M<*^')VY_*91#S. pombe.* ]
2,%!()!2(O2.!$%&#1&$,)5!P/,$2,/.!/(!NC%(F!p!D,#0,/.:!^cbc5
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!"#$%&'((!)"

*C@E@P@U@*&9LF45:039<*19L528;0<*:9*45*3F25*')VY

]

@!N21_!^J8LF35*CD_@!N@$b!@!N@$^!0(!).1,)&F,#!(#!()!1&2.$),0',:!/.#/(!0(!*#(#!,!M2@b!@!
),!/(0G.0G.%&),#!(#!()!%(0&/*.!L@%bi_!)(#7)7'!H4(+.)0!28#%4"W
B5!Z5!P5!6&)),%!28#%4"W
#(+,2&>,!/(!M2@b!(#!1C)*),0!>(+(2,2&>,0! H4(+.)0!28#%4"W 28#%4"W
'&(#2%,0!-*(!),!/(0G.0G.%&),1&?#!/(!M2@b!(#!%(0$*(02,!,!(02%C0!(0!))(>,/,!,!1,9.!$.%!
,'9,0!G.0G,2,0,0!HB5!Z5!6&)),%!28#%4"W
@!N21_!/(0G.0G.%&),#!,!M2@b!(#!()! %(0&/*.!/(!L;%bib! 2%,0!()! (02%C0! 2C%'&1.5! "#!(02,0!
1.#/&1&.#(0!),!,12&>,1&?#!/(!M2@b!0(!$%./*1(!$.%!),!&#;&9&1&?#!/(!),!*#&?#!/(!N@$b!
,!M2@b:!@!),!,11&?#!/(!N21b!@!N21_!$(%'&2(!%(1*$(%,%!()!#&>()!9,0,)!/(!G.0G.%&),1&?#!/(!

%(+*),/,!$.%!M2@b]P2Gb!'(/&,#2(!*#!9*1)(!/(!%(2%.,)&'(#2,1&?#!#(+,2&>,!H4(+.)0!28#
%4"W 28#%4"W ^J8LF35*
CD_@*U*(02%.!+%*$.!/(!&#>(02&+,1&?#!;,!/(01%&2.!%(1&(#2('(#2(!-*(!M2@b!G.0G.%&),!,!

^J8LF35*CD_`!$%.'.>&(#/.! ),!/(0(02,9&)&F,1&?#!

,12&>&/,/!/(!),!%*2,:!+,%,#2&F,#/.!*#!1.#2%.)!,/(1*,/.!/(!),!$%.+%(0&?#!/()!1&1).!1(]
)*),%!@!/()!1%(1&'&(#2.!$.),%&F,/.!/*%,#2(!()!1%(1&'&(#2.!>(+(2,2&>.!@!(#!%(0$*(02,!,!

28#%4"W!^c^cI5

C@E@S@*-5*3F25*:9*+)VY<*:9*8129L38:5:*O94F453*^,#V_*91
S. pombe

/(!),!&#2(+%&/,/!1()*),%!(##!"#&'0625!4&1;.!1.#2%.)!&#1)*@(!$%.1(0.0!1.'.!),!1.#0]
2%*11&?#!/(!),!$,%(/!1()*),%!@!0*!',#2(#&'&(#2.!(#!1.#/&1&.#(0!/(!(02%C0:! ),!1&2.]

#!"# *2/27),)%25! V.0!'*2,#2(0!

;&$(%0(#0&9&)&/,/!G%(#2(!,)!(02%C0!.0'?2&1.!@!2C%'&1.:!/(G(12.0!'.%G.)?+&1.0!/*%,#2(!
28#%4"W!^cccA!M(#]

+,%!28#%4"W 28#%4"W 28#%4"W
]

<,)&F,1&?#!@!0*!%()(>,#1&,!9&.)?+&1,5
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C@E@S@E@*'91<039<

! P!$(0,%!/(!-*(!).0!1.'$.#(#2(0!/(!),!%*2,!D8N!/(#!"#&'062!;,#!0&/.!,']
$)&,'(#2(!(02*/&,/.0:!;.@!(#!/7,!#.!0(!1.#.1(!()!'(1,#&0'.!'.)(1*),%!'(/&,#2(!

/(!),!1C)*),!$,%,!,12&>,%!(02,!%*2,!/(!0(<,)&F,1&?#5!"##!"#*2/27),)%2
1&#1.!0(#0.%(0! &'$)&1,/.0!(#!),!/(2(11&?#!@!2%,#0'&0&?#!/(!).0!(027'*).0!,! ),!%*2,!

HV(>&#:!^ccaI5!"##!"#&'062!(O&02(#!/.0!0(#0.%(0!;.'?).+.0!,!).0!/(#!"#*2/27),)%2:!

]

,12&>&/,/!#.!0(!>(!,G(12,/,!(#!'*2,#2(0!1,%(#2(0!/(!,)+*#,!/(! ),0!/.0!$%.2(7#,0!
HD%*F!28#%4"W!^cb_I*^J8LF35*CE_@

C@E@S@C@*&9LF45:039<*5LF5<*533875*:94*6=:F40*:9*+)]
VY<

VY,*VOfE*>*VOfC

#YH%,#T'0'4':1Z#G.%',#!$,%2(!/(!),!0*$(%G,'&)&,!
]

+%,#/.!0(<,)(0!$%.1(/(#2(0!/()!,'9&(#2(!(O2%,1()*),%!1.#!),0!/()!1&1).!1()*),%5!M.#!
'.)C1*),0!$(-*(<,0!/(!^c!,!jc!T4,!1.#!1,$,1&/,/!/(!1&1),%!(#2%(!0*!(02,/.!,12&>.!
*#&/,0!,!KLN!@!0*!(02,/.!&#,12&>.!*#&/,0!,!K4N!HP5!J,)):!^cb^A!E&1(#2(]M.)(%!28#%4"W!
^c^bI5!V,0!$%.2(7#,0!KPN! !(02&'*),#!),!,12&>&/,/!KLN,0,!

YJ+%A
()(2#(+*42'8)<2#2?*-%(:2#S%*8'/Z!$%.'*(>(#!()!&#2(%1,'9&.!/(!K4N!$.%!KLN!@!),0!

! "##!"#&'062
/()!1&2.(0-*()(2.!/(!,12&#,:!()!',#2(#&'&(#2.!/(!),!&#2(+%&/,/!/(!),!$,%(/!1()*),%:!@!

#(O.!G*#1&.#,)!1..%/&#,#/.!),!07#2(0&0!/(!$,%(/!1.#!()!1&1).!1()*),%!^J8LF35*CE_@!4(!

$.%1(#2,=(!/(!)&0&0!$%&#1&$,)'(#2(!/*%,#2(!),!1&2.1&#(0&0:!$(%.!2,'9&C#!/*%,#2(!.2%,0!
(2,$,0!/()!1&1).!1()*),%!HP%()),#.!28#%4"W 28#%4"W 28#%4"W!
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]
28#%4"W

]

]
0.0!1()*),%(0!1.'.!),!,$.$2.0&0:!),!'&2.+C#(0&0!@!),!%('./(),1&?#!/(!),!,12&#,!(#2%(!

#!"#&'062!$%(0(#2,!/.0!&0.G.%',0!

2&(#(#!G*#1&.#(0!0.),$,#2(0!(#!),!%(+*),1&?#!/(!),!>&,9&)&/,/!1()*),%!@!1*@,!/()(1&?#!
28#%4"W 28#%4"W!

^cccA!L./,!28#%4"W ]

28#%4"W
&#(02,9)(0!$*(0!$%(0(#2,#!(#!0*!(O2%('.!,'&#.!2(%'&#,)!0(1*(#1&,0!N"ML!H%&1,0!(#!

]

28#%4"W 28#%4"W!
^cba:!^cbiA!E&)),%]L,=,/*%,!28#%4"W!^cckI5!N1Tb!@!N1T^!0(!).1,)&F,#!(#!).0!$.).0!1()*),]
%(0!/*%,#2(!),!&#2(%G,0(:!@!0(!2%,0),/,#!,!),!F.#,!/(!/&>&0&?#!,#2(0!/(!-*(!1.'&(#1(!

28#%4"W!^c^cI5!D.'.!0(!;,!'(#1&.#,/.!,#2(%&.%]

),0!β
N1Tb!@!N1T^!HP%()),#.!28#%4"W β ]
0,!6.Tb:!(0(#1&,)!$,%,!),!&#2(+%&/,/!1()*),%!HD,).#+(!28#%4"W!^cccA!NC%(F!28#%4"W!^cbkI5!

]

]
]

9*@(!(#!'(#.%!'(/&/,!,!),!,12&>,1&?#!/(!N'Tb!/*%,#2(!()!1%(1&'&(#2.!>(+(2,2&>.!@!
28#%4"W!^cckA!d%,#1.!28#%4"W!

^cbiA!6,!28#%4"W 28#%4"W 28#%4"W ]
1;(F]6&%:!M.2.:!28#%4"W!^cbjA!M.2.!28#%4"W!^cbcA!E&)),%]L,=,/*%,!28#%4"W!^cckI*^J8LF35*CE_@

C@E@S@P@*+=:F40*:9*+)VY<

28#%4"W!^cccI5

! 6T;b#YI9Q#Q)(%,2#T'0'4':Z
#!"#*2/27),)%2!@!,!-*(!0*!
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,*0(#1&,!$%.>.1,!).0!'&0'.0!G(#.2&$.0!-*(!),!G,)2,!/(!N(Tb!.!N'Tb!H6,/%&/:!M.2.:!
28#%4"W!̂ cchA!M(#+,%!28#%4"W

,12&>,:!6T;b!2%,#0'&2(!),!0(<,)!/(!,12&>,1&?#!,)!%(02.!/(!1.'$.#(#2(0!/()!'?/*).!
'(/&,#2(!0*!&#2(%,11&?#!)(#7)7' 28#%4"W!^cccA!6,/%&/:!M.2.:!
J.*:!28#%4"W 28#%4"W!^cbjI!^J8LF35*CE_@

C@E@S@P@C@*+)VYY*V9fE

]
'*).0!-*(!,12&>,#!),!%*2,!,#2(%&.%'(#2(!1&2,/.0!HM*+&*%,!28#%4"W *^J8LF35*CE_@*"#!
1C)*),0!#.!0.'(2&/,0!,!(02%C0:!N(Tb!,$,%(1(!(#!0*!G.%',!#.!G.0G.%&),/,:!@!,12Q,!1.'.!
*#!%(+*),/.%!#(+,2&>.!/(!),!%*2,!/(!0(<,)&F,1&?#!'(/&,/,!$.%!N'Tb5!M&#!('9,%+.:!
9,=.!*#,!0&2*,1&?#!/(!(02%C0:!6T;b!$*(/(!1.#>(%2&%!,!N(Tb!(#!*#!,12&>,/.%:!/(!',]
#(%,!-*(!N(Tb!$%(0(#2,!*#,!G*#1&?#!/*,)!@!,#2,+?#&1,!/($(#/&(#2(!/(!0*!(02,/.!/(!
G.0G.%&),1&?#!-*(!1.#2%&9*@(!,!),!'./*),1&?#!/(!),!%(0$*(02,!'(/&,/,!$.%!),!%*2,!D8N!
HM*+&*%,!28#%4"W

C@E@S@P@P@*+)VY*V6fE

]
2*%,)!/(!6$TbfM)2^!/(#!"# *2/27),)%2! HM(#+,%!28#%4"W 28#%4"W
G.0G.%&),/,!/*,)'(#2(!$.%!N(Tb!(#!).0!%(0&/*.0!L;%bkh!@!L@%bkk!/()!'.2&>.!1.#0(#0.!
]L"Y]!/()!9*1)(!/(!,12&>,1&?#!@!0*!,12&>,1&?#!/($(#/(!$.%!1.'$)(2.!/(!6T;b!@!N(Tb:!

28#%4"W!
^cchA!M(#+,%!28#%4"W 28#%4"W
(027'*).0!1.'.!()!(02%C0!;&$.f;&$(%.0'?2&1.:! ),!,*0(#1&,!/(!+)*1.0,!(#!()!'(/&.:!
()!/,<.!(#!),!$,%(/!1()*),%!@!()!(02%C0!.O&/,2&>.:!0&(#/.!(02(!Q)2&'.!&#/($(#/&(#2(!

28#%4"W!^cchI5!V.0!'*2,#2(0!/(#!"#&'062!1,%(#2(0!/(!
N'Tb!0.#!0(#0&9)(0!,!),!',@.%7,!/(!).0!(02%(0(0!-*(!&#/*1(#!0*!,12&>,1&?#:!$.%!).!-*(!
0*!G*#1&?#!(0!#(1(0,%&,!$,%,!),!,/,$2,1&?#!@!0*$(%>&>(#1&,!1()*),%(0!G%(#2(!,!2,)(0!
1.#/&1&.#(0!HZ,%9,!28#%4"W!^cckA!6,/%&/:!28#%4"W!^cchI

! 6&(#2%,0!-*(!6T;b! @!N(Tb! 0(! ).1,)&F,#!(#!()! 1&2.$),0',:!N'Tb!'*(02%,!*#,!

/*%,#2(!),!1&2.1&#(0&05!V,!).1,)&F,1&?#!0*91()*),%!/(!N'Tb!#.!>,%7,!(#!%(0$*(02,!,!(0]
2%C0:!#&!(#!,*0(#1&,!/(!6T;b!@!N(Tb:!&#/&1,#/.!-*(!),!,12&>,1&?#!2&(#(!)*+,%!(#!()!1&2.]
$),0',!@f.!),!F.#,!/()!0($2.!/(!/&>&0&?#!@!-*(!2,#2.!),!G.%',!,12&>,!1.'.!),!&#,12&>,!
$*(/(#!2%,#0).1,%0(!,)!#Q1)(.!H6,/%&/!28#%4"W!^cciI5!U*(02%.!+%*$.!/(!&#>(02&+,1&?#!
;,!,#,)&F,/.!),!%()(>,#1&,!9&.)?+&1,!/(!),!).1,)&F,1&?#!#*1)(,%!/(!N'Tb:!@!).0!%(0*)2,]
/.0!.92(#&/.0!&#/&1,%.#!-*(!N'Tb!(#!()!#Q1)(.!%(+*),!()!',#2(#&'&(#2.!/(!),!&#2(]
+%&/,/!1()*),%!(##!"#&'062

28#%4"W!^cb^I5!"#!1.#=*#2.:!(02.0!%(0*)2,/.0!0*+&(%(#!-*(!),!%(+*),1&?#!
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J8LF35*CE@*-5*3F25*:9*+)VY<*:9*8129L38:5:*O94F453*^,#V_*91#S. pombe. 
2(O2.!$%&#1&$,)5!P/,$2,/.!/(!NC%(F!p!D,#0,/.:!^cbc5
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*C@E@S@S@*%K9O2039<*:9*45*3F25*,#V

! "#!%(0$*(02,!,)!/,<.!(#!),!$,%(/!1()*),%:!N'Tb!G.0G.%&),!,)!G,12.%!/(!2%,#01%&$]
1&?#!P2Gb!^J8LF35*CE_:!-*(!2,'9&C#!(0!/&,#,!/(!M2@b5!4(!;(1;.:!),0!%*2,0!/(!(02%C0!@!/(!

%($,%,%!).0!/,<.0!(#!),!$,%(/!HL,T,/,!28#%4"W 28#%4"W

28#%4"W
^cc_I5!"#!()!1,0.!/(!U%/b:!),!G.0G.%&),1&?#!0(!;,!$%.$*(02.!1.'.!*#!'(1,#&0'.!-*(!

#!"#&'062!HM,2.;!28#
%4"
D1;b]Y,'k:!.!),!$%.2(7#,!%(+*),/.%,!/()!1&1).!1()*),%!D)$b!HNC%(F!p!D,#0,/.:!^cbcI!
^J8LF35*CE_5

C@E@S@U@*&9LF45:039<*19L528;0<*:9*45*3F25*,#V

! V,!/(0G.0G.%&),1&?#!/(!N'Tb!/*%,#2(!()!1&1).!1()*),%!#.!$(%2*%9,/.!(0!(=(%1&/,!

28#%4"W *^J8LF35*CE_5!N'$b!0(!*#(!,!N'Tb!@!()&'&#,!),!G.0G.%&),1&?#!/(!).0!%(0&/*.0!

28#
%4"W!^cc_I5!N,%,)(),'(#2(:!),!0(%7#f2%(.#7#!G.0G,2,0,!N21b!@!),0!2&%.07#!G.0G,2,0,0!N@$b!

&#2(%,11&.#,#!@!/(0G.0G.%&),#!),!G.%',!,12&>,!/(!N'Tb!H6,/%&/!28#%4"W!^cciI!Hd&+*%,!^bI5!
P07:!N@$b!@!N21b!%(+*),#!()!(02,/.!/(!G.0G.%&),1&?#!/(!N'Tb!2,#2.!(#!1.#/&1&.#(0!/(!
1%(1&'&(#2.!>(+(2,2&>.!1.'.!(#!%(0$*(02,!,!(02%C0!.0'?2&1.:!'&(#2%,0!-*(!N'$b!@!
N@$^!).!;,1(#!Q#&1,'(#2(!/*%,#2(!()!1%(1&'&(#2.!#.!$(%2*%9,/.!@!()!(02%C0!.0'?2&]
1.:!%(0$(12&>,'(#2(!H6,/%&/!28#%4"W!^cciI5

C@E@U@* #12935OO8=1* KF1O80154* 91239* 45<* 3F25<*:9*+)VY<*
:9*39<NF9<25*5*9<23M<*>*:9*8129L38:5:*O94F453

]
2%?+(#.:! ),!$%(0(#1&,!/(!'(2,)(0!$(0,/.0:!()! 1;.-*(! 2C%'&1.!$.%!9,=,0! 2('$(%,]

%(0$*(02,!,)!(02%C0!;&$..0'?2&1.!@!,)!/,<.!(#!),!$,%(/!1()*),%5!U.!.902,#2(:!()!(02%C0!
;&$(%.0'?2&1.:!),!;&$(%+%,>(/,/:!()!(02%C0!.O&/,2&>.:!()!,*'(#2.!/(!2('$(%,2*%,:!.!

28#
%4"W!^cciI:!).!-*(!0*+&(%(!),!(O&02(#1&,!/(!,)+Q#!2&$.!/(!&#2(%,11&?#!G*#1&.#,)!(#2%(!),0!



71

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

! V,!Q#&1,!G.0G,2,0,!1.#.1&/,!&#&1&,)'(#2(!-*(!%(+*),9,!#(+,2&>,'(#2(!),!,12&]
28#%4"W

('9,%+.:!$.02(%&.%'(#2(!#*(02%.!+%*$.!/(!&#>(02&+,1&?#!/('.02%?!-*(!),0!G.0G,2,]
0,0!/(!2&%.0&#,!N@$b!@!N@$^:!@!),!G.0G,2,0,!/(!0(%&#,!@f.!2%(.#&#,!N21b!2,'9&C#!0(!,0.]
1&,#!)(#7)7'!1.#!),!G.%',!,12&>,!/(!N'Tb!@!),!/(0G.0G.%&),#5!V,!%(+*),1&?#!#(+,2&>,!/(!),!

N@$b!@!N21b!%(+*),#!),!G.0G.%&),1&?#!9,0,)!/(!N'Tb:!,07!1.'.!0*!&#,12&>,1&?#!/*%,#2(!),!
%(0$*(02,!,/,$2,2&>,!G%(#2(!,)!(02%C0!.0'?2&1.:!'&(#2%,0!-*(!N@$^!Q#&1,'(#2(!,12Q,!
/*%,#2(!),!%(0$*(02,!G%(#2(!,!/&1;.!(02%C05!N.%!2,#2.:!),!,12&>&/,/!/(!N'Tb!(0!%(+*),/,!
#(+,2&>,'(#2(!$.%!/.0!'(1,#&0'.03!*#.!'(/&,/.!$.%!N'$b:!@!.2%.!'(/&,/.!$.%!

]
/&.!/(!M2@b!@!P2Gb!H6,/%&/!28#%4"W

YH2*2&8'/#'S#5*8)7%82<#&/'82)(#
G#Q)(%,2Z!(#!(*1,%&.2,0!0*$(%&.%(05!P07:!D$1^!G,>.%(1(!),!2%,/*11&?#!/(!N@$b!@!N@$^!
/*%,#2(!()!1%(1&'&(#2.!>(+(2,2&>.!@!(#!%(0$*(02,!,!(02%C0:!1.#2%&9*@(#/.!,!),!%(+*),]
1&?#!/()!(02,/.!/(!G.0G.%&),1&?#!2,#2.!/(!M2@b!1.'.!/(!N'Tb!HUQ<(F!28#%4"W

! ")!G,12.%!/(!2%,#01%&$1&?#!P2Gb!1.#02&2*@(!*#!0(+*#/.!$*#2.!/(!&#2(%1.#(O&?#!

G.0G.%&),/.!2,#2.!$.%!M2@b!1.'.!$.%!N'Tb!HL,T,/,!28#%4"W ]
2%C0!$.%!,@*#.!/(!+)*1.0,!N'Tb!1.#2%&9*@(!,)!&#1%('(#2.!/(!),!,12&>&/,/!/(!),!%*2,!

1()*),%!G%(#2(!,!/(2(%'&#,/.0!2&$.0!/(!(02%C0!H6,/%&/!28#%4"W!^cb_I5!d&#,)'(#2(:!#*(0]

28#%4"W!
^c^cA!M*+&*%,!28#%4"W

]
]

9*@(#/.!'(/&,#2(!(02(!'(1,#&0'.!,!%(/*1&%!),!',+#&2*/!/(!),!,12&>,1&?#!/(!),!%*2,!
28#%4"W!^c^cI5

C@E@X@*,012304*567891254*:9*45*603K0LM19<8<

! V,!'*)2&$)&1,1&?#!1()*),%!%(-*&(%(!),!$.),%&F,1&?#!@:!(#!Q)2&',!&#02,#1&,:!),!/&]
>&0&?#!1()*),%5!P'9.0!$%.1(0.0!0.#!1%72&1.0!$,%,!),!0*$(%>&>(#1&,!1()*),%:!@,!-*(!).0!
G,)).0!(#!0*!%(+*),1&?#!$%.>.1,#!,#(*$).&/7,0:!@!$*(/(#!0*$.#(%!()!$*#2.!/(!$,%]
2&/,!/()!1%(1&'&(#2.!2*'.%,)!(#!1C)*),0!0*$(%&.%(0!HJ,),.*&!p!61D,GG%(@:!^cbaA!V(#0!
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,11&?#!/(!#*'(%.0,0!>7,0!/(!0(<,)&F,1&?#!-*(!1..%/&#,#!/(!G.%',!$%(1&0,! ),!$%.]
+%(0&?#!/()!1&1).!1()*),%!1.#!()!(#0,'9),=(!/(!),0!/&>(%0,0!(02%*12*%,0!/(!,12&#,!-*(!
1.'$.#(#!()!1&2.(0-*()(2.!HN*))&T*2;!p!D,2)&#+:!^cciI5!L,#2.!),!$.),%&F,1&?#!1()*),%!
1.'.!),!1&2.1&#(0&0!%(-*&(%(#!()!1.%%(12.!(#0,'9),=(!@!.%+,#&F,1&?#!/(!).0!$.)7'(%.0!
/(!,12&#,!(#!(02%*12*%,0!/(!1.'$)(=&/,/!0*$(%&.%:!).!-*(!/($(#/(!(#!+%,#!'(/&/,!
/(!),!,12&>,1&?#!@f.!&#;&9&1&?#!/(!*#!()(>,/.!#Q'(%.!/(!$%.2(7#,0!1.#0(%>,/,0!(>.]
)*2&>,'(#2(! &'$)&1,/,0!(#! ),!#*1)(,1&?#:!().#+,1&?#:!(#2%(1%*F,'&(#2.!@!1.%2(!/(!

28#%4"W!^cbjI5!V,!.%+,#&F,1&?#!@!).1,)&F,1&?#!/(!/&1;,0!
(02%*12*%,0!0(!(#1*(#2%,!,!0*!>(F!%(+*),/,!$.%!$%.2(7#,0!/(!0(<,)&F,1&?#!&'$)&1,/,0!
(#!),!$.),%&/,/:!-*(!0(!(#1,%+,#!/(!2%,#0'&2&%!),!&#G.%',1&?#!(0$,1&,)!;,1&,!()!1&2.(0]
-*()(2.5!N,%,)(),'(#2(:!),!'.%G.+C#(0&0!/(9(!(02,%!1..%/&#,/,!1.#!),0!0(<,)(0!$%.]
1(/(#2(0!/()!(#2.%#.!(O2%,1()*),%!$,%,!+,%,#2&F,%!),!,/(1*,/,!,/,$2,1&?#!@!0*$(%]
>&>(#1&,!1()*),%!(#!1.#/&1&.#(0!/(0G,>.%,9)(05!"0!(#!(02(!$*#2.!/.#/(!$,%2&1&$,#!

(#1*(#2%,#!&'$)&1,/,0!(#!()!/(0,%%.)).!/(!%(0$*(02,0!,/,$2,2&>,0!,!#&>()!'.)(1*),%!
G%(#2(!,!/&1;.0!(027'*).0!HK).2F(%:!^cbiI5!

&'$.%2,#2(!0.9%(!),!%('./(),1&?#!/()!1&2.(0-*()(2.!/(!,12&#,!/*%,#2(!),!'.2&)&/,/!
@!),!'&+%,1&?#!1()*),%(0:!@!,!'(#*/.!,12Q,#!1.'.!%(+*),/.%(0!$.0&2&>.0!/()!1&2.(0]

@!),!0*90(1*(#2(!G.0G.%&),1&?#!/(!),!$%.2(7#,!/(!1;.-*(!2C%'&1.!JMN^i!$%.'*(>(#!
),!%(.%+,#&F,1&?#!/()!1&2.(0-*()(2.!/(!,12&#,!/*%,#2(!),!'&+%,1&?#!1()*),%!HD*(#/,!

/(!),!&#2(+%&/,/!/()!1&2.(0-*()(2.!/(!,12&#,!/*%,#2(!()!$%.1(0.!/(!(#>(=(1&'&(#2.!
/(! ).0!;($,2.1&2.0! HL.%'.0!28# %4"W

28#%4"W ]

1%(1&'&(#2.!/(!).0!),'()&$./&.0:!G,>.%(1&(#/.!0*!&#2(%,11&?#!1.#!()!1.'$)(=.!P%$^f_!
@!),!$.)&'(%&F,1&?#!/(!,12&#,!/*%,#2(!),!'&+%,1&?#!1()*),%!H6(#/.F,!28#%4"W!^cbbI5!"#!
(*1,%&.2,0!0(#1&)).0!1.'.!),0!)(>,/*%,0!2,'9&C#!0(!;,#!/(01%&2.!1,0.0!/(!&#2(%,11&?#!
G*#1&.#,)!(#2%(!),0!%*2,0!/(!0(<,)&F,1&?#!,'9&(#2,)!@!()!1&2.(0-*()(2.!/(!,12&#,5!"#!G"#
%46)*%(,W# ]
%(0:!%(+*),!),!(O$%(0&?#!/(!+(#(0!-*(!G,>.%(1(#!()!/(0,%%.)).!;&G,)!HM*/9(%@:!^cbbI5!M(!
;,!/(01%&2.!-*(!),0!$%.2(7#,0!2%,#0'('9%,#,!S$@^:!M;.b!@!609^:!()('(#2.0!,+*,0!

]
),1&?#!/()!1&2.(0-*()(2.!/(!,12&#,!@!.2%,0!(02%*12*%,0!%(),1&.#,/,05!L./.!()).!$(%'&2(!
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),!,/,$2,1&?#!/(#G"#%46)*%(,!G%(#2(!,!).0!1,'9&.0!.0'?2&1.0!-*(!0(!$%./*1(#!(#!()!
(#2.%#.!(O2%,1()*),%!HJ(%%(%.]/(]4&.0!28#%4"W!^cbjI5!"##!"#*2/27),)%2!M0T^:!*#.!/(!).0!

28#%4"W!^cciI5!M0T^!,12Q,!,+*,0!,9,=.!/(!),0!
$%.2(7#,0!/()!$.),%&0.',!Z*/h!@!N(,^:!@!,+*,0!,%%&9,!/(!),!2%.$.'&.0&#,:!$.0&9)(]
'(#2(!%(+*),#/.!$.0&2&>,'(#2(! ),!,12&>&/,/!#*1)(,/.%,!/(!,12&#,!/(! ),0! G.%'&#,0!

28#%4"W ]
$*(02,!,!G(%.'.#,0!(#!(02,!)(>,/*%,:!=*#2.!1.#!()!G,12.%!/(!2%,#01%&$1&?#!L(1b:!%(]
+*),#!),!'.%G.+C#(0&0!/*%,#2(!()!/(0,%%.)).!$0(*/.;&G,)!,)!'./*),%!),!(O$%(0&?#!/(!

28#%4"W!^cccI5!

! "##!"#&'062!M2@b:!()!.%2?).+.!/(!$_k!(#!(*1,%&.2,0!0*$(%&.%(0:!&#2(%,11&.#,!

),!$.),%&/,/!1()*),%5! V,!,12&>&/,/!/(!M2@b!(0!#(1(0,%&,!$,%,! %(&#&1&,%!()!1%(1&'&(#2.!

]
2,/,0!1.#!V,2%*#1*)&#,!P!HV,2PI!H6*2,>1;&(>!28#%4"W!^cbhI:!*#!',1%?)&/.!-*(!0(1*(0]
2%,!'.#?'(%.0!/(!,12&#,!(! &#;&9(!()!(#0,'9),=(!/(! ),0!/&G(%(#2(0!(02%*12*%,0!/()!

28#%4"W!^cbkA!6.%2.#!28#%4"W!^cccI5!V,!,12&>,1&?#!/(!M2@b!(#!%(0$*(02,!,!V,2P!

1()*),%(0:! &#;&9&(#/.!()!1%(1&'&(#2.!$.),%&F,/.!H6*2,>1;&(>!28#%4"W ]
'(#2(!0(!;,!/('.02%,/.!-*(!()!(02%C0!.O&/,2&>.!&#/*1&/.!1.#!$(%?O&/.!/(!;&/%?+(#.!
HJ^S^I:!2,'9&C#!1,*0,!),!/&0$(%0&?#!/(!),!G.%',!,12&>,!/(!D/1j^!/(!).0!$.).0!1()*),]
%(0!/(!G.%',!/($(#/&(#2(!/(!),!,12&>,1&?#!/(!M2@b:!@!0&#!$%.'.>(%!),!/(0$.)&'(%&F,]
1&?#!/(!),!,12&#,!HM,),2]D,#(),!28#%4"W!^c^bI5!P07:!),!,12&>,1&?#!/(!M2@b!(#!%(0$*(02,!,!
/&1;.!(02%C0!%(/*1&%7,!),!/&0$.#&9&)&/,/!/(!),!G.%',!,12&>,!/(!D/1j^!$%(0(#2(!(#!).0!
$.).0!1()*),%(0:!$%.>.1,#/.!),!&#;&9&1&?#!2%,#0&2.%&,!/()!1%(1&'&(#2.!$.),%&F,/.5!V.0!

D/1j^I:!@!),!&#;&9&1&?#!/(!K(Gb!HK"d!/(!D/1j^I:!@,!-*(!,'9.0!0.#!G.0G.%&),/.0!)(#7)7'!
28#%4"W!^c^bI5!D,9(!/(02,1,%!-*(!),!,12&>,1&?#!/&%(12,!/(!

$%./*F1,!),!(O1)*0&?#!/()!'?/*).!/(!$.),%&/,/!/(!),!F.#,!1.%2&1,)!H6*2,>1;&(>!28#%4"W!
^cbhA!M,),2]D,#(),!28#%4"W!^c^bI5!N.%!0*!$,%2(!(#!!"#$%&'()*+,!0(!;,!/(01%&2.!-*(!M$Tb!

1()*),%:!$./%7,#!(02,%!&'$)&1,/,0!(#!),!%(+*),1&?#!/()!/(0,%%.)).!;&G,)!*#,!>(F!0(!;,!

28#%4"W!^cbkI5!N.%!()!1.#2%,%&.:!),!%(+*),1&?#!/(!

;&G,)!HU.F,T&!28#%4"W!^cbkI5!4(!G.%',!0&'&),%:!(##!"#&'062
()!1%(1&'&(#2.!$.),%&F,/.!-*(!1.#/*1(!,!),!G.%',1&?#!/()![,-0''\!/*%,#2(!),!1.#]
=*+,1&?#!HZ(#/(FQ!p!6,%2&#:!^cb_I5!"#!!"#$%&'()*+,!),!G.%',1&?#!/(!;&G,0!0(!$%./*1(!
(#!%(0$*(02,!,!/&G(%(#2(0!(027'*).0!,'9&(#2,)(0!1.'.!),!)&'&2,1&?#!#*2%&1&.#,)!.!(#!
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$%(0(#1&,!/(!1.'$*(02.0!$%(0(#2(0!(#!()!(O2%,12.!/(!*>,!%.=,!Hd*%*@,!p!U&T&:!^cbc:!
28#%4"W

G"#%46)*%(,!.#!"#*2/27),)%2:!2,)!@!1.'.!0(!;,!/(01%&2.!,#2(%&.%'(#2(5

(#!),!%(+*),1&?#!/(!),!1&2.1&#(0&0!(#!(*1,%&.2,05!"02.0!'(1,#&0'.0!0(!;,#!(02*/&,/.!
1.#!1&(%2,!$%.G*#/&/,/!(#!()!1,0.!/(!),0!1C)*),0!>(+(2,)(05!P07:!(#!),!$),#2,!/()!2,9,]
1.!@!(#!5/%6)<'&,),!),!G.%',1&?#!/()!G%,+'.$),02.:!*#,!(02%*12*%,!-*(!0(!G.%',!(#!
),!F.#,!'(/&,!/(!),0!1C)*),0!>(+(2,)(0!@!1*@,!(O$,#0&?#!(0!#(1(0,%&,!$,%,!),!G.%',]
1&?#!/(!),!$),1,!1()*),%!@!()!/(0,%%.)).!/(!),!1&2.1&#(0&0:!(0!1.#2%.),/,!$.%!*#,!%*2,!

$%.+%(0&?#!/()!1&1).!1()*),%! HM,0,9(!p!6,1;&/,:!^cbjI5!"#!5/%6)<'&,),
28#%4"W

G.0G.%&),!,!NPLV^! HN,2()&#,^I:!*#,!$%.2(7#,!-*(!0(!,1*'*),!(#! ),!F.#,!'(/&,!/(! ),!
1C)*),!/*%,#2(!),!/&>&0&?#:!@!1*@,!G*#1&?#!0(!%(),1&.#,!1.#!),!G.%',1&?#!/(!),!$),1,!
1()*),%!@!),!%(+(#(%,1&?#!'('9%,#,)!HM*F*T&!28#%4"W
;,!/(01%&2.!),!(O&02(#1&,!/(!*#,!&#2(%,11&?#!+(#C2&1,!(#2%(!()!G,12.%!/(!2%,#01%&$1&?#!

(02,!#(1(0,%&,!$,%,!-*(!),!1&2.1&#(0&0!$%.+%(0(!/(!G.%',!,/(1*,/,!HM,&2.!28#%4"W!^cbaI5

! ")!1.#.1&'&(#2.!,12*,)!0.9%(!),0!$.0&9)(0!%(),1&.#(0!G*#1&.#,)(0!(#2%(!%*2,0!

/&>&0&?#!/*%,#2(!),!1&2.1&#(0&0!2,%/7,:!0&(#/.!(02,!#(1(0,%&,!$,%,!-*(!0(!$%./*F1,!),!
28#%4"W

-*(! ),0! &#2(+%&#,0! %(+*),#!$.0&2&>,'(#2(! ),!$%.+%(0&?#!/(! ),!1&2.1&#(0&0!(#! ),! )7#(,!
1()*),%!DJS# YG-)(2,2#T%0,82/#V7%/1Z ]

28#%4"W

(#!(*1,%&.2,0!0*$(%&.%(0:!).1,)&F,!(#!()!,#&)).!1&2.1&#C2&1.!/(!',#(%,!/($(#/&(#2(!/(!
0*!G.0G.%&),1&?#!$.%!$_k:!@!-*(!/&1;,!).1,)&F,1&?#!(0!#(1(0,%&,!$,%,!-*(!),!1&2.1&#(0&0!
$%.+%(0(!/(!G.%',!,/(1*,/,!HN,#2,F.$.*).*!28#%4"W!^c^bI5

! P!$(0,%!/(!-*(!),0!$%.2(7#,0!&'$)&1,/,0!(#!),!1&2.1&#(0&0!(##!"#&'062!0(!1.#.]
1(#!'(=.%!-*(!(#!1*,)-*&(%!.2%.!(*1,%&.2,:!).0!$.0&9)(0!'(1,#&0'.0!%(0$.#0,9)(0!/(!

]

D8N!(#!%(0$*(02,!,!2%,2,'&(#2.0!-*(!1.'$%.'(2(#!),!&#2(+%&/,/!/(!),!$,%(/!1()*),%:!

[*-2*L&')(8\!-*(!,0(+*%,%7,!-*(!),!1&2.1&#(0&0!0(!1.'$)(2,!Q#&1,'(#2(!0&!),0!1C)*),0!
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0(!;,#!,/,$2,/.!,!),0!#*(>,0!1.#/&1&.#(0!/(!1%(1&'&(#2.!H"/%(&%,!28#%4"W!^c^cI5!"#!
1*,#2.!,!!"#$%&'()*+,:!0(!2%,2,!/(!*#!.%+,#&0'.!'./().!%(),2&>,'(#2(!%(1&(#2(:!$.%!
).!-*(!;,@!'*1;.0!,0$(12.0!/(!0*!9&.).+7,!-*(!,12*,)'(#2(!0(!/(01.#.1(#5!M(!$*(]
/(!1.#1)*&%!-*(!;,02,!),!G(1;,!#.!0(!;,!%(,)&F,/.!*#!(02*/&.!(#!$%.G*#/&/,/!0.9%(!
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,12&#!/*%&#+!@(,02!,#/!','',)&,#!(#/.1@2.0&05!@%8+/2#G244#;)'4':1W#NNHkIW!

/*%&#+! &#2(%$;,0(5!
/.&5.%+fbc5bck_f=195^cb_cibij

! ! ! ! !

.G! 2@%.0.)! 9@!G%(<)<%# %46)*%(,
+L%/1'8)*# G244W# FHbcI:#

1.#2%.)! .G! 1.#2%,12&)(! %&#+! ,00('9)@! 9@! N).b! %(+*),2&.#! .G! '@.0&#! 88!
%(1%*&2'(#2!9@!6&/bf,#&))&#5!G+//2(8#;)'4':1#a#G;W#CN
/.&5.%+fbc5bcbhf=51*95^cbb5c^5cc_

P)'.#,1&/:! 65:! 6.0()(@:! B5! Z5:! B,#>.%(:! B5:! 6,@(*O:! P5:! d%,&0&(%:! E5:! U*%0(:! N5:! p!

,#&))&#! #*1)(,%! (O$.%25!G+//2(8# ;)'4':1#a# G;W# Nb

Y(,02!

!*-).',%**-%/'01*2,# $%&'()*+,a! P! 4&02&#12!
4&'.%$;&1!Y(,02!,'.#+!2;(!d&00&.#!Y(,0205!G'4<#!&/)(:#T%/6'/#=/'8'*'4,W#

H^cbbI5!Z%(,T,+(!.G!2;(!#*1)(,%!(#>().$(!9@!,#!(O2(#/&#+!'&2.2&1!#*1)(*0!
.11*%0! /*%&#+! ,#,$;,0(! &#! !*-).',%**-%/'01*2,# $%&'()*+,"# J2(2,# 8'#
G244,#a>27'82<#8'#I'42*+4%/#c#G244+4%/#I2*-%(),0,W#Nd
/.&5.%+fbc5bbbbf=5b_ha]̂ jj_5^cbb5cbajc5O

;&02&/&#(1.#2,&#&#+!! $;.0$;.2%,#0G(%! 0&+#,)&#+! $%.2(&#:! %(+*),2(0! 2;(!
3'+/(%4# 'S#

;%*82/)'4':1W# NeC
jkij5^ccc
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!*-).',%**-%/'01*2,#&'062"#3'+/(%4#'S#G244#!*)2(*2W#
NNF

!"#&'062!/($(#/0.#!
G244#

H2&'/8,W#e

!*-).',%**-%/'01*2,#
&'062!%;.b$!KLN,0(!,#/!&20!&#>.)>('(#2!&#!!2;(!.%+,#&0,2&.#!.G!2;(!,12&#!
1@2.0T()(2.#5!3'+/(%4#'S#G244#!*)2(*2W#NNO!H!N2!^:!^ajis^aaa5

!*-).',%**-%/'01*2,#&'062!$%.2(&#!T&#,0(!D!;.'.).+*(0:!$1Tb$!!
,#/!$1T^$:!,%(!2,%+(20!!.G!%;.b$!,#/!%;.^$!,#/!/&GG(%(#2&,))@!%(+*),2(!1())!
&#2(+%&2@5#3'+/(%4#'S#G244#!*)2(*2W#NNC

,#/!;@$;,)! G.%',2&.#5!!20)(%/,# )(#G244#c#>2724'&02(8%4#;)'4':1W#CCHkI:!

!%**-%/'01*2,# *2/27),)%2a
P)1.;.)05!3'+/(%4#'S#5:/)*+48+/%4#%(<#P''<#G-20),8/1W#dDH_kI:!kajjskaac5!

5&&4)2<#I)*/'6)'4':1#%(<#;)'82*-('4':1W#NOOHbkI:!ikjbs

HhI:! bhc_sbhbh5!

Z,#/,%,:!J5!65!J5!U5:! V,':!S5! V5! L5:! B&#:! V5! B5:!p!M,',%,#,@,T(:! V5! H^cb^I5!6&1%.9&,)!
1;('&1,)!0&+#,)&#+3!,!1*%%(#2!$(%0$(12&>(5!G/)8)*%4#H27)2K,#)(#I)*/'6)'4':1W#
De

Z,%9,:!K5:!M.2.:!L5:!6,/%&/:!65:!UQ<(F:!P5:!E&1(#2(:!B5:!K,12.:!65:!p!D,#0,/.:!B5!H^cckI5!

G244+4%/# !):(%44)(:W# COHjI:! ijksiai5!

;)'*-20)*%4#!'*)281#



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

78 79

0(#0&#+! ,#/! 1;('&1,)! 1.''*#&1,2&.#! &#! G*#+,)! 9&.2(1;#.).+@! ,#/!
$,2;.+(#(0&05!

&0!#.2!>&2,)!G.%!J.+b!!9&.).+&1,)!,12&>&2@5!

Z(#/(FQ:!d5!S5:!p!6,%2&#:!M5!K5! H^cb_I5!D/1j^!(O$).%(0! 2;(!1())!$(%&$;(%@! G.%!',2(!
G+//2(8#;)'4':1#a#G;W#CD

.%+fbc5bcbhf=51*95^cb^5bc5cj^

Z(%%.:! B5:! M&%.2T&#:! E5:! p! N.)),%/:! L5! 45! H^cbcI5!6,2;(',2&1,)!'./()&#+! .G! (#/.1@2&1!

I'42*+4%/# ;)'4':1# 'S# 8-2# G244W# CN

$.),%&0.'(!! ,#/! G.%'&#! G*#12&.#! &#! M0T^$]'(/&,2(/! ,12&#! %(1.>(%@!
G%.'!.0'.2&1!02%(00!&#!!%**-%/'01*2,#*2/27),)%2"! HjI:!bh_is

2.!$%.'.2(!'(/&,)!/&>&0&.#5#I'42*+4%/#;)'4':1#'S#8-2#G244W#DNY

,%1;&2(12*%(:!,#/!'(1;,#&10!&#!1())!'.2&)&2@5! HbI:!

J2(2,#c#>2724'&02(8W#

1.).#&F,2&.#!.G!,!;.025#P9I!#I)*/'6)'4':1#H27)2K,W#Db
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&#!G"%46)*%(,
3'+/(%4W#CO

Z%(&20$%(1;(%:!45:!p!K../(:!Z5!V5!H^cb_I5!d.%'&#0!,2!,!+),#1(5!3'+/(%4#'S#G244#!*)2(*2W#
NCd

#I'42*+4%/#;)'4':1#'S#8-2#G244W#
NC

,#2&9&.2&1:! .G! 2;(! @(,02! !*-).',%**-%/'01*2,# $%&'()*+,"# 5(8'()2# 7%(#

p!N(%(F:!N5!H^cccI5!!*-).',%**-%/'01*2,#&'062!%;.^$!KLN,0(!%(+*),2(0!

I'42*+4%/#;)'4':1#'S# 8-2#G244W# NN

Y5]Y5!H^ccaI5!14UP!'&1%.,%%,@!,#,)@0&0!.G!/&GG(%(#2&,)!+(#(!!(O$%(00&.#!&#!
G%(<)<%#%46)*%(, 5(8)0)*/'6)%4#5:2(8,#%(<#

I)*/'6)'4':1# %(<#

,#1;.%&#+!.G!'&/b$! 2.!'('9%,#(0! 02,9&)&F(0! 1@2.T&#(2&1! %&#+!$.0&2&.#! &#!
H^jI:!bch^bs

)&#T0!/&>&0&.#!$),#(!$.0&2&.#! 2.! 1())!$.),%&2@!9@! %(+*),2&#+!6&/b$!1.%2&1,)!
/&02%&9*2&.#5! 3'+/(%4# 'S# G244# !*)2(*2W# NNb
.%+fbc5b^j^f=105c_^hb
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G%(<)<%#%46)*%(,a#
/(>().$'(#2:!,%1;&2(12*%(:!,#/!/%*+!%(0&02,#1(5!3'+/(%4#'S#;%*82/)'4':1W#
NeD

G+//2(8# ;)'4':1#a# G;W# b

;IG!;)'4':1W#NCW!aj5!

G'4<#!&/)(:#
T%/6'/# =2/,&2*8)72,# )(# ;)'4':1W# N
10;$(%0$(125,ccb_ji

@%8+/2W#

d.%',2&.#! ,#/! L(#0&.#! K(#(%,2&.#! &#! "*T,%@.2&1! D@2.T&#(0&05! G+//2(8#
;)'4':1#a#G;W#Cd

(#>&%.#'(#2,)!02%(005!

,)1.;.)05!J2(2,#c#>2724'&02(8W#CO
+,/5bjbbkch

0(#0&#+! '.)(1*)(! &#! G%(<)<%# %46)*%(,"! =/'*22<)(:,# 'S# 8-2# @%8)'(%4#
5*%<201#'S#!*)2(*2,#'S#8-2#]()82<#!8%82,#'S#502/)*%W#NONHbjI:!acjksaca^5!
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G%(<)<%#%46)*%(,"#_)/+42(*2W#NN

G+//2(8#;)'4':1#a#
G;W#CD

!%**-%/'01*2,# *2/27),)%2"!

99,'1%5^cci5ca5cc_
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D@2.T&#(0&0! ! ,#/!6(/&,)! 4&>&0&.#! M&2(! N),1('(#25!G+//2(8# ;)'4':1#a# G;W#
Cb

2;%.*+;!2;(!/&%(12!%(1%*&2'(#2!!.G!2;(!G.%'&#!D/1b^5!
;)'4':1W#COe

G.%',2&.#!,#/!0($2,2&.#!&#!!*-).',%**-%/'01*2,#&'0625!G+//2(8#V&)()'(#
)(#I)*/'6)'4':1W#CeW

0&+#,))&#+! 9(;,>&.*%! &#! !%**-%/'01*2,# *2/27),)%2! 9(! 1,))(/! -*.%*'!
P9I!# f2%,8# H2,2%/*-W# NbHaI5!

3'+/(%4# 'S# ;%,)*#
I)*/'6)'4':1W#Fd

!*-).',%**-%/'01*2,#
&'0625! H^bI5

1@2.T&#(0&05! >2724'&02(8%4# G244W# F
0ba_j]akciHc_Icc_^j]b

#!*)2(*2#Y@2K#f'/LW#@"f"ZW#DNO
.%+fbc5bb^hf01&(#1(5bbb_^_c

H^cchI5!P00('9)@!.G!2;(!1@2.T&#(2&1!1.#2%,12&)(!%&#+!G%.'!,!9%.,/!9,#/!.G!

/.&5.%+fbc5bck_f=195^cchc^c_^

%(0$.#0(! &#! @(,025! I'42*+4%/# ;)'!1,820,W# d
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G.%! 1.#2%.))&#+! 2;(! #*1)(,%! '('9%,#(! 0,2&0G@! +(.'(2%&1! ! 1.#02%,&#20!

.%+fbc5bcbhf=51*95^cbb5ch5ca^

!*-).',%**-%/'01*2,# &'0625! G'4<# !&/)(:# T%/6'+/# U%6'/%8'/1# =/2,,:!
bc_asbbch5

Y,#,+&/,:!65!H^cc^I5!L;(!'./()!*#&1())*),%!(*T,%@.2(:!!*-).',%**-%/'01*2,#&'0625!
J2('02#;)'4':1W#D
_]_]1.''(#2^cc_

I'42*+4%/# ;)'4':1# 'S# 8-2#G244W# Nb
'915"ci]ci]ci_b

!*-).',%**-%/'01*2,#
3%&'()*+,"#Q1+,-+#>%):%L+#Q)1'+:!^bks^^h5

2;,2!%(+*),2(0!'.%$;.+(#(0&0!&#! HhI:!b_bks

T&#,0(! ^! &0! %(+*),2(/! 9@! /&GG(%(#2&,)! $;.0$;.%@),2&.#! &#! 2;(! ,12&>,2&.#!
)..$5!
/.&5.%+fbc5bcijf=9156^cc_ii^cc

L;(!1.#2%,12&)(!%&#+!1..%/&#,2(0!1*%>,2*%(]/($(#/(#2!0($2*'!,00('9)@!
I'42*+4%/#;)'4':1#'S#8-2#G244W#CdHbI:!iks

G%(<)<%#%46)*%(,!&0!
'(/&,2(/!9@!D/%b]$!(O2%*0&.#!,#/!!/($)(2&.#!.G!&#2%,1())*),%!+)*2,2;&.#(5!
=4'!#V(2W#d

G,1&)&2,2(0!1.#2%,12&)(!,12.'@.0&#!%&#+!,00('9)@5#@%8+/2#G'00+()*%8)'(,W#
e







/G[%.#$/'





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

114 115

! V,0!%*2,0!/(!0(<,)&F,1&?#!&#2%,1()*),%!'(/&,/,0!$.%!),0!$%.2(7#,0!-*&#,0,0!,1]
]

2,0!/*%,#2(!),!%(0$*(02,!,/,$2,2&>,!G%(#2(!,!1,'9&.0!,'9&(#2,)(0!@!1.#/&1&.#(0!,/]
!*-).',%**-%/'01*2,#&'062!1.#02&2*@(!*#!(O1()(#2(!

'./().!$,%,!()!(02*/&.!/(!).0!'(1,#&0'.0!-*(!,12&>,#!/&1;,0!%*2,0:!,07!1.'.!/(!).0!

$,%,!),!%(,)&F,1&?#!/(!(02*/&.0!+(#?'&1.0:!9&.-*7'&1.0:!@!1()*),%(05!

! M&#!('9,%+.:!,*#-*(!2%,/&1&.#,)'(#2(!0(!;,!('$)(,/.!,!!"#&'062!1.'.!.%]

%()(>,#1&,!!*-).',%**-%/'01*2,#$%&'()*+,W!.2%,!/(!),0!1*,2%.!(0$(1&(0!-*(!1.'$.]
!"# $%&'()*+,! G*(! ),!$%&'(%,!

/&G(%(#1&,%0(!$,%,!G.%',%!;&G,0!@!*#!'&1()&.!>(%/,/(%.!(#!%(0$*(02,!,!/&02&#2,0!0(]
<,)(0!,'9&(#2,)(05!!"#&'062!@!!"#$%&'()*+,!2,'9&C#!'*(02%,#!/&G(%(#1&,0!#.2,9)(0!
(#!$%.1(0.0!9&.)?+&1.0!2,)(0!1.'.!),!%('./(),1&?#!/(!),!(#>*()2,!#*1)(,%!/*%,#2(!
),!'&2.0&0!H!"#&'062!(O$(%&'(#2,!'&2.0&0!1(%%,/,!G%(#2(!,!),!'&2.0&0!0('&],9&(%2,!/(!
!"#$%&'()*+,I:!()!$.0&1&.#,'&(#2.!/()!$),#.!/(!/&>&0&?#:!.!),!%(+*),1&?#!/(!),!$.),]
%&/,/!1()*),%5!"#!9,0(!,!(02,0!@!.2%,0!/&G(%(#1&,0:!,'9,0!(0$(1&(0!/(!)(>,/*%,!1.#0]
2&2*@(#!'./().0!?$2&'.0!$,%,!()!(02*/&.!/(!),0!%*2,0!/(!0(<,)&F,1&?#!'(/&,/,0!$.%!

!"#$%&'()*+,
$(#0,%!-*(!(#!!"#$%&'()*+,!(02,0!%*2,0!$*/&(%,#!(02,%!&'$)&1,/,0!(#!),!%(+*),1&?#!/(!
),! 2%,#0&1&?#! )(>,/*%,];&G,!(#! %(0$*(02,!,!(027'*).0!(O2%,1()*),%(05!N.%!.2%,!$,%2(:!
#*'(%.0.0!(02*/&.0!;,#!/('.02%,/.! ),! &'$)&1,1&?#!/()! G(#?'(#.!/(!$(%1($1&?#!

G%(<)<%#%46)*%(,!.!!%**-%/'01*2,#*2/27),)%25!P*#-*(!;,02,!()!'.'(#2.!#.!0(!;,!
/(01%&2.!),!(O&02(#1&,!/(!G(#?'(#.0!/(!$(%1($1&?#!/()!-*?%*'!(#!(0$(1&(0!/()!+C]
#(%.!!*-).',%**-%/'01*2,:!!"#$%&'()*+,

! ")! 1&2.(0-*()(2.! /(! ,12&#,! 1.#02&2*@(! *#,! 1.'$)(=,! %(/! /(! $.)7'(%.0! -*(!
/(0('$(<,#!*#!$,$()! (0(#1&,)! /*%,#2(! ),! (=(1*1&?#!/(!$%.1(0.0! G*#/,'(#2,)(0!
$,%,!),!1C)*),!1.'.!0.#!),!'.2&)&/,/:! ),!(#/.1&2.0&0:!()!1%(1&'&(#2.!$.),%&F,/.!@!),!

(02%*12*%,0!-*(!1.'$.#(#!()!1&2.(0-*()(2.!/(!,12&#,!'(/&,#2(!),!,12&>,1&?#!1..%/&]
#,/,!/(!/&>(%0,0!%*2,0!/(!2%,#0/*11&?#!/(!0(<,)(0!-*(!%(0$.#/(#!G%(#2(!,!1,'9&.0!
,'9&(#2,)(05!V,!1&2.1&#(0&0!(0!*#!'(1,#&0'.!-*(!$(%'&2(!),!0($,%,1&?#!G70&1,!/(!),0!
1C)*),0!;&=,0!*#,!>(F!-*(!()!',2(%&,)!+(#C2&1.!@!()!1.#2(#&/.!1()*),%!0(!;,#!0(+%(+,]
/.!1.%%(12,'(#2(!/(0$*C0!/(!),!'&2.0&05!V,!1&2.1&#(0&0!(0!%(+*),/,!/(!',#(%,!'*@!
$%(1&0,! (#! 2&('$.!@! (0$,1&.:! @,!-*(!(%%.%(0! (#! 0*! (=(1*1&?#!$*(/(#!$%.>.1,%! ),!
,$,%&1&?#!/(!1C)*),0!1.#!,)2(%,1&.#(0!+(#C2&1,0!H1.'.!$.%!(=('$).!,#(*$).&/7,0I:!@!

(#!(*1,%&.2,0!0*$(%&.%(05!")!1.'$.#(#2(!(02%*12*%,)!G*#/,'(#2,)!%(0$.#0,9)(!/(!),!
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(#!!"#&'062#'(=.%!-*(!(#!1*,)-*&(%!.2%.!.%+,#&0'.!(*1,%&.2,:!@!0(!(#1*(#2%,#!G*(%]
2('(#2(!1.#0(%>,/.0!(#!),0!1C)*),0!,#&',)(05!V,!1&2.1&#(0&0!(#!!"#&'062!1.'&(#F,!
1.#!()!(02,9)(1&'&(#2.!/()!$),#.!/(!/&>&0&?#!@!),!0*90(1*(#2(!G.%',1&?#!/()!,#&)).!
/(!,12.'&.0&#,:!1*@,!1.#2%,11&?#!=*#2.!1.#!),!07#2(0&0!/()!0($2.!/(!/&>&0&?#!+(#(%,!
),!G*(%F,!#(1(0,%&,!$,%,!-*(!0(!$%./*F1,!),!0($,%,1&?#!G70&1,!/(!),0!1C)*),0!;&=,05!N.%!
2./.!).!,#2(%&.%:!),!1&2.1&#(0&0!$*(/(!1.#0&/(%,%0(!(#!1&(%2.!'./.!*#.!/(!).0!(>(#]

]
%,11&?#!G*#1&.#,)!(#2%(!),!',-*&#,%&,!-*(!%(+*),!()!1&2.(0-*()(2.!@!()!1&1).!1()*),%:!,07!
1.'.!/&02&#2,0!%*2,0!/(!0(<,)&F,1&?#!-*(!$(%'&2(#!),!/&>&0&?#!1()*),%!Q#&1,'(#2(!0&!
),0!1.#/&1&.#(0!0.#!G,>.%,9)(05!P*#-*(!/&02&#2.0!(02*/&.0!;,#!/('.02%,/.!),!&'$)&]

1.#2%.)!/(!),!1&2.1&#(0&0!$.%!/&1;,0!%*2,0!0.#!(01,0,'(#2(!1.#.1&/.0:!@,!-*(!,*#!#.!
0(!;,#!,#,)&F,/.!/(!G.%',!(O;,*02&>,5

! "#!9,0(!,!).0!,#2(1(/(#2(0!,#2(%&.%(0:!),!$%(0(#2(!L(0&0!4.12.%,)!0(!;,!G.1,]

@!0*!$.0&9)(!$,$()!1.'.!%(+*),/.%(0!/(!),!'.%G.+C#(0&05!N,%,!()).!;(!$),#2(,/.!()!
,9.%/,=(!/(!/.0!.9=(2&>.0!G*#/,'(#2,)(03

! E@*,01<93;5O8=1*9;04F28;5*:9*45<*3F25<*:9*+)V*QF815<5<*5O28;5:5<*N03*9<]
23M<*>*:9*8129L38:5:*O94F453*91*94*LM1930*Schizosaccharomyces`*>*<F*N5N94*O060*

S. japonicus.

V.0!%(0*)2,/.0!.92(#&/.0!2%,0!()!/(0,%%.)).!/(!(02(!.9=(2&>.!;,#!0&/.!$*9)&1,/.0!(#!
).0!,%271*).03!

! A#M+'/+0#,2(,)(:#%(<#,8/2,,A%*8)7%82<#I5=Q#,):(%4)(:#/2&/2,,#12%,8#8'#-1&-%#

NFa#2NOOeNbC"#

! C@*%4*9<2F:80*:9*45<*+)VY<*5O28;5:5<*N03*9<23M<*O060*39LF45:035<*:9*45*81]
29L38:5:*:94*O8209<QF94920*:9*5O2815*>*45*O820O819<8<*91*49;5:F35<*:94*LM1930*Schi-
zosaccharomyces.

V,0!(>&/(#1&,0!.92(#&/,0!2%,0!()!/(0,%%.)).!/(!(02(!.9=(2&>.!;,#!0&/.!$*9)&1,/,0!(#!
()!,%271*).3

A







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

,$%-'*.(/012.%$3*4$05')678*97')&83*:0';7%1*<=1>"012?'7@)3*97')&%-&8*
!7%0;82A"%13*47/')68*!B7012C@'13*D078*<%&0);02E8$073*?'7%-'*?'67%63*

F070-'*E8;83*D8-B*G')-'68H

D8"7)'$*8I*9")J%3
68%K*+LHMMNLO58IPLQLRST

?%;8J0)* '&;%U';06* V78;0%)* W%)'-0* X?4!YZ* -%J)'$%)J* V';[\']-* 0^0&";0* 0--0);%'$*
I")&;%8)-*%)*0"W'7]8;%&*87J')%-/-*#]*;7')-6"&%)J*0^;7'&0$$"$'7*-;%/"$%*%);8*'6'V;%U0*

+,-./012,,-23045,61780496*;[0*&0$$*
%);0J7%;]* V';[\']* XG_!Z* ')6* %;-* &870* 0II0&;873* ?4!Y* !/W+3* V$']* '* W0]* 78$0* 6"7%)J*
70J"$';%8)*8I*&0$$*%);0J7%;]3*&];8W%)0-%-3*')6*%8)%&*[8/08-;'-%-H*+,-./012,,-23045,617
:280;.,<1
70-V0&;* ;8*+=7804963* %)&$"6%)J*'* 78#"-;*]0'-;* ;8*[]V['0*6%/87V[%-/* %)* 70-V8)-0*
;8*0)U%78)/0);'$* &[')J0-H*`0* -[8\* ;[';* ;[0*G_!*?4!Y*/86"$0*'7&[%;0&;"70*')6*

]0'-;*-V0&%0-H*a8\0U073*-8/0*8I*+=780496>1*G_!270$';06*I")&;%8)-3*-"&[*'-*&];8W%)0;%&*
&8);78$*')6*70-V8)-0*;8*J$"&8-0*'U'%$'#%$%;]3*'70*70J"$';06*6%II070);$]*%)*+=7:280;.,<1=7
?8708U073*!&W+*')6*!&WT*');'J8)%-;%&'$$]*70J"$';0*+=7:280;.,<1*[]V['$*6%II070);%';%8)*

;[';* +=7 :280;.,<1* !/W+* %-* I"$$]* I")&;%8)'$* %)* +=7 80496?* \[070'-* +=7 80496* !/W+*
-[8\-*'*$%/%;06*'#%$%;]*;8*0^0&";0*G_!*I")&;%8)-*')6*V78/8;0*+=7:280;.,<1*/]&0$%'$*

-;7"&;"70*\%;[%)7+=7:280;.,<1

 Schizosaccharomyces japonicus
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b"87"/*-0)-%)J*XbEZ3*'*/0&[')%-/*8I*/%&78#%'$*&8//")%&';%8)*60V0)60);*8)*&0$$*
60)-%;]3*J8U07)-*60U0$8V/0);'$*60&%-%8)-*%)*/')]*#'&;07%'*')6*%)*-8/0*V';[8J0)%&*
')6*)8)2V';[82*J0)%&*I")J%*%)&$"6%)J*]0'-;-H*_)*;[0-0*-%/V$0*0"W'7]8;0-*;[%-*70-V8)-0*
%-*/06%';06*#]*;[0*70$0'-0*%);8*;[0*J78\;[*/06%"/*8I*>"87"/2-0)-%)J*/8$0&"$0-*
XbE?-Z* \[8-0* &8)&0);7';%8)* %)&70'-0-* V78V87;%8)'$$]* ;8* ;[0* V8V"$';%8)* 60)-%;]H*
F8*6';0*;[0*8&&"770)&0*8I*bE*%-*70-;7%&;06*;8*'*I0\*]0'-;*-V0&%0-H*`0*-[8\*;[';*'*
bE*/06%';06*#]*;[0*'78/';%&*'$&8[8$-*V[0)]$0;[')8$*')6*;7]V;8V[8$*70V70--0-*;[0*

+=7:280;.,<1*%)*70-V8)-0*
;8*')*%)&70'-06*V8V"$';%8)*60)-%;]H*_)*'66%;%8)3*;[0*-;70--*'&;%U';06*?4!Y*V';[\']*
XE4!YZ3* \[%&[* &8);78$-* &0$$* &]&$0* V78J70--%8)* ')6* '6'V;';%8)* ;8* 0)U%78)/0);'$*
&[')J0-* %)* ;[%-* 87J')%-/3* &8)-;%;";%U0$]* 70V70--0-* ]0'-;* ;8* []V['* 6%II070);%';%8)*
#8;[* ';* ;7')-&7%V;%8)'$* ')6* V8-;2;7')-$';%8)'$* $0U0$-H* ?8708U073* 60$0;%8)* 8I* %;-*
/'%)* 0II0&;87-* E;]+* ?4!Y* ')6* 4;I+* ;7')-&7%V;%8)* I'&;87* V'7;%'$$]* -"VV70--06* ;[0*

')'$]-%-*-[8\06*;[';*;[0*0^V70--%8)*8I*)7J+c3*\[%&[*0)&860-*'*V";';%U0*87;[8$8J*8I*
&=72@9.,2;1?*

+=7:280;.,<1*'-*')*'&;%U';87*8I*[]V['$*6%II070);%';%8)*%)-;0'6*8I*#0%)J*'*70V70--87H*+=7
:280;.,<1
/0&[')%-/-*;[';*70J"$';0*&0$$"$'7*6%II070);%';%8)*%)*I")J%H

!"#$%&'&%()*T

Schizosaccharomyces japonicus

,$%-'*.(/012.%$3*4$05')678*97')&83*?'7%-'*?'67%63*:0';7%1*<=1>"012
?'7@)3*?'7%')8*.'&;83*D0-"'$68*907)=)6012:70%-3*D078*<%&0);02E8$073*

F070-'*E8;83*D8-B*G')-'68H

!d8E*.0)0;%&-3
68%K*+LH+MP+O58"7)'$HVJ0)H+LLS+N
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G];8W%)0-%-3*\[%&[*0)'#$0-* ;[0*V[]-%&'$* -0V'7';%8)*8I*6'"J[;07* &0$$-*8)&0*/%;8-%-*
['-*#00)*&8/V$0;063* %-*0^0&";06*%)*I")J'$*')6*')%/'$*&0$$-*#]*'*&8);7'&;%$0*'&;%)2*

+,-./012,,-23045,617 804963*
;[0* I87/%)* 987M* )"&$0';0-* '&;%)* &'#$0-* ')6* '$-8* &828V07';0-* I87* G4A* '--0/#$]*
6"7%)J* &];8W%)0-%-H* ?%;8J0)2'&;%U';06* V78;0%)* W%)'-0-* X?4!Y-Z* 70J"$';0* 0--0);%'$*
'6'V;%U0* 70-V8)-0-* %)* 0"W'7]8;%&* 87J')%-/-* ;8* 0)U%78)/0);'$* &[')J0-H*`0* -[8\*
;[';*;[0*-;70--2'&;%U';06*V78;0%)*W%)'-0*V';[\']*XE4!YZ*')6*%;-*0II0&;873*?4!Y*E;]+3*
68\)70J"$';0-*G4A*'--0/#$]*%)7+=780496*\[0)*%;-*%);0J7%;]*#0&8/0-*&8/V78/%-06*
6"7%)J*&];8-W0$0;'$*6'/'J0*')6*-;70--*#]*706"&%)J*987M*$0U0$-H*4&&"7';0*&8);78$*8I*
987M*$0U0$-*#]*;[0*E4!Y*V';[\']*/']*;["-*70V70-0);*'*)8U0$*70J"$';87]*/0&[')%-/*
8I* &];8W%)0-%-* 8";&8/0* %)* 70-V8)-0* ;8* 0)U%78)/0);'$* &"0-H* G8)U07-0$]3* E4!Y*
-%J)'$%)J*I'U87-*G4A*'--0/#$]*')6*%);0J7%;]*%)*%;-*&$8-0*70$';%U0*+,-./012,,-23045,617
:280;.,<13* 70U0'$%)J*'* 70/'7W'#$0*0U8$";%8)'7]*6%U07J0)&0*8I* ;[%-* 70-V8)-0*\%;[%)*

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

,$%-'*.(/012.%$3*A0#0&'*?'7;@)2.'7&@'3*D078*<%&0);02E8$073*4$05')678*
97')&83*:0';7%1*<=1>"012?'7@)3*97')&%-&8*!7%0;82A"%13*F070-'*E8;83*!%$'7*

!B7013*?'7%-'*?'67%63*D8-B*G')-'68H

0d%I03
68%K*+LHPeeRO0d%I0HePNe+
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)86*E@*">.)*2&.#,%@!1.#0(%>,2&.#!.G!2;(!02%(00],12&>,2(/!,#/!1())!&#2(+%&2@!6PN!T&#,0(!
!*-).',%**-%/'01*2,! ,#/! 2;(&%! %.)(! /*%&#+!

/&'.%$;&0'!&#!!"#$%&'()*+,"

)86*E*O01O4F<801<c

]!L;(!',&#!9&.).+&1,)! G*#12&.#0!.G!9.2;! 2;(! 02%(00],12&>,2(/!,#/! 2;(! 1())! &#2(+%&2@!
!"#&'062!,#/#!"#$%&'()*+,"

]!M&'&),%!2.!!"#&'062W#!"#$%&'()*+,!N'Tb!9(1.'(0!,12&>,2(/!&#!%(0$.#0(!2.!0,)2!02%(00!

.2;(%! G*#12&.#0! 0*1;! ,0! %(+*),2&.#! .G! 1())! 0($,%,2&.#! .%! 2;(! %(0$.#0(! 2.! +)*1.0(!
02,%>,2&.#!,%(!#.2!1.#0(%>(/!&#!!"#$%&'()*+,!N'Tb5

]! P0! 1.'$,%(/! 2.! !"# &'062W
!"#

$%&'()*+,W!,)2;.*+;!0.'(!G*#12&.#,)!/&GG(%(#1(0!,%(!$%(0(#25

]!N1T^!&0!2;(!',&#!,12&>,2.%!.G!2;(!!"#$%&'()*+,#

]!N'Tb!(O(%20!,!',=.%!$.0&2&>(!%.)(!9@!1.#2%.))&#+!9.2;!2;(!(,%)@!,#/!),2(!$;,0(0!.G!
;@$;,)!/(>().$'(#2!&#!!"#$%&'()*+,"

]!N1Tb!,#/!N1T^!,#2,+.#&02&1,))@!%(+*),2(0!!"#$%&'()*+,!;@$;,)!/(>().$'(#2!2;%.*+;!

.G!/&GG(%(#2&,2&.#!9@!%(/*1&#+!N'Tb!,12&>&2@5

@(,020! 0$(1&(0:!!"# $%&'()*+,
,12&>,2&.#!/.',&#5!L;(!*#*0*,)!0(1.#/,%@!02%*12*%(!.G!!"#$%&'()*+,!N'Tb!'&+;2!;,>(!

1.#2%.)!,#/!$%.$(%!&#/*12&.#!.G!;@$;,)!/&GG(%(#2&,2&.#!&#!2;&0!.%+,#&0'5

1.#0(%>(/!&#!!"#&'062!,#/!!"#$%&'()*+,"!M&'&),%!2.!!"#&'062W!2;(!!"#$%&'()*+,#

1())*),%!,/,$2&>(!%(0$.#0(!2.!(#>&%.#'(#2,)!02%(005!



!"#!$%&'"#&

273

!"#$%&'()*+,!/&'.%$;&1!

&#!,#!P2Gb]&#/($(#/(#2!',##(%5

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

2;,2! &#;&9&20! /&'.%$;&1! @(,02! 2.! ;@$;,(!/&GG(%(#2&,2&.#! ,0! 2;(!$.$*),2&.#!/(#0&2@!
&#1%(,0(05!

!"# $%&'()*+,!RM!'(1;,#&0'! 2;,2!

0&+#,)&#+!1,01,/(!,120!,0!,!1.#02&2*2&>(!%($%(00.%!.G!/&'.%$;&0'5

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

)86*C@*
!*-).',%**-%/'01*2,5

)86*C*O01O4F<801<c

]!8#!!"#&'062#

]! M2@b! ,12&>&2@! #(+,2&>()@! './*),2(0! !"# &'062

]! 8#;&9&2&.#! .G! !"# &'062

'(1;,#&0'!2;,2!&#>.)>(0!G.%'&#!d.%_!G*#12&.#5

$%.2(&#!)(>()0!.G!d.%_!G.%'&#:!)&T()@!2;%.*+;!,!*9&-*&2&#,2&.#]/($(#/(#2!'(1;,#&0':!
#!"#&'062

]!P)2;.*+;!!"#$%&'()*+,!M2@b!,)0.!9(1.'(0!,12&>,2(/!&#!%(0$.#0(!2.!V,2P!2%(,2'(#2:!

',&#2(#,#1(!&#!%(0$.#0(!2.!1@2.0T()(2,)!/,',+(5



!"#!$%&'"#&

274 275

C@*A919354*O01O4F<801<

!"#&'062!,#/!
!"# $%&'()*+,
!"# $%&'()*+,
6.%(.>(%:!!"# $%&'()*+,!N'Tb!$.00(00(0!,!*#&-*(!(>.)*2&.#,%&)@!/&02&#12! 0(1.#/,%@!

]! !"# $%&'()*+,! G(,2*%(0! ,! 1())! /(#0&2@]/($(#/&#+! -*.%*'! 0(#0&#+! '(1;,#&0'!

%(0$.#0(!2.!(#>&%.#'(#2,)!1;,#+(05!

!"#&'062#
9@!/(1%(,0&#+!G.%'&#!d.%_!$%.2(&#!)(>()0!&#!%(0$.#0(!2.!1@2.0T()(2,)!/,',+(!&#/*1(/!

!"#$%&'()*+,W#



275




