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6TTU13*4G453T*X;6?;*4C3?6:6?8<<G*58B7354*5;3*7319T3*59*?B3853*@9UF<3>45B81@3@*FB38W4*DL'H4EV*

.*4617<3>7U6@3*&".*D47&".E*64*8B56:6?68<<G*3176133B3@*59*T6T6?*5;3*-&#'A&*&".*D?B&".E*81@*

,"#($>8?56285617* ?B&".* D5B8?B&".E* ?9TC<3Y* X;6?;* ?9158614* 8* PQ>1U?<3956@3* 4653>4C3?6:6?*

43^U31?3*DK8*35*8<VN*PQRdFEV*#1*5;64*4G453TN*5;3*-84\*31@91U?<3843*?9TC<3Y34*X65;*5;3*47&".*

81@* 438B?;34* :9B* 5;3* ?9TC<3T3158BG* 58B735* 43^U31?3N* X;3B3* 5;3* CB9594C8?3B* 8@_8?315* T956:* 64*

B3^U6B3@*:9B*3::3?5623*58B735*B3?97165691*DK8*35*8<VN*PQRdFEV*.:53B*5;3*58B735*64*<9?853@N*-84\*X6<<*



* ]b!

?B3853*8*F<U15N*L'H*5;B33*F8434*UC45B38T*9:*5;3*A.K*4653*DK8*35*8<VN*PQRdFEV*(;3*3BB9B>CB913*191>

;9T9<979U4*31@*_961617*D"J%OE*B3C86B*4G453T*9:* 5;3*?3<<*X6<<*F3* 5B6773B3@N*B34U<5617*61* 61@3<4V*

#@38<<GN* 65* X6<<* B34U<5* 61* 8* 191>:U1?56918<* CB95361N* 61* 5UB1N* 7313B85617* 8* W19?W>9U5* TU5815* :9B*

45U@G617*5;3*B9<3*9:*=.AA*@UB617*'#*DK8*35*8<VN*PQRdFEV*

?"5#G/3B8-3#

J=@=>' 3B"-7#&,1"%*/G/14%#,14' ,"#($F-"/#,%-(' B1(1"#,14' $1+1(' )-$%,%+1' 93::S@HQ' ,"#($B1(%&'

5%(1$'

* Z;31*3<U?6@85617*5;3*4C3?6:6?*B9<3*9:*=.AAN*C<84T6@*?9145BU?54*X65;*8*4C3?6:6?*7313*9:*

6153B345*X3B3*?B3853@*D433*PVR*-9145BU?5*L34671EV*.:53B*3B"-7#&,1"%*/>T3@6853@*5644U3*?U<5UB3N*5;3*

(2*7313B85691*X84*73195GC3@*59*?91:6BT*5;3*CB3431?3*9:*5;3*5BU1?853@*=.AA*?9145BU?5*81@*&,A*

D,67UB3*PREV*(;3*C9465623*?915B9<*?9BB34C91@4*59*5;3*C<84T6@*?915B9<*81@*64*8<6713@*X65;*5;3*F81@*

C8553B1*9:*5;3*(2*7313B85691*D,67UB3*PREV*

*
!"#$%&' *()* I&;:9GB";#' :=' N7EEW*12' 9%4;?#&;"@' 6";&?)* .1* 878B943* 73<* 6T873* :B9T* 913*
3YC3B6T315*59*@353BT613*X;35;3B*5;3*7313B853@*5B8147316?*<6134*?9158613@*5;3*=.AA[P\Q*C<84T6@*
5B814:9BT3@*6159*5;3*?819<8*<6134V*/38:*5644U3*X84*?9<<3?53@N*81@*8*L".*3Y5B8?5691*X84*C3B:9BT3@V*
L".*X84* 73195GC3@* U4617*'/&*,9B* 81@*"94* 53B*&32* CB6T3B4* D(8F<3* PE*X;6?;* ?91:6BT3@* 5;3*
CB3431?3*9:*5;3*=.AA[P\Q*C<84T6@V*(;3*A-&*B38?5691*X84*@6B3?5<G*<98@3@*9159*8*Rk*878B943*73<*
X;6?;*X84*BU1*85*Rca*$*:9B*cQ*T61V*(;3*C9465623*?915B9<*D{E*64*5;3*=.AA[P\Q*C<84T6@*5B814:9BT3@*
6159*5;3*?819<8*<6134V*

* (;3* CB6T3B* 435* 7313B853@* F81@4* F35X331* RaQQ* FC* 81@* PQQQ* FCN* ?9BB34C91@617* 59* 5;3*

3YC3?53@*F81@*85*ReP\*FCN*61*43231*<6134*7313B853@*:B9T*5;3*5644U3*?U<5UB3*CB9?344*D,67UB3*PREV*

(;64* B34U<53@* 61* 8* B9U7;<G*RV\k*C94656265G* B853N* ?8<?U<853@* :B9T* 5;3* 5958<*T8Y6TUT*9:*cdQ*?U5*

;GC9?95G<*43?56914V*.*X3453B1*F<95* :UB5;3B*?91:6BT3@* 5;3*CB3431?3*9:*&,A* 61* 5;3*C9465623* <6134*

D,67UB3*PPEV*
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*
!"#$%&'**)*C:;="%A";#'9F&'B%&?&;@&':='O!E'";'N7EEW*12'9%4;?#&;"@'6";&?)*.*X3453B1*F<95*
6T873*:B9T*913*3YC3B6T315*59*?91:6BT*5;3*CB3431?3*9:*&,A*61*5;3*C9465623*=.AA[P\Q*5B8147316?*
<6134V* (644U3* X84* ?9<<3?53@* :B9T* 46Y* :B34;<G* 9C313@* 4567T84V* AB953614* X3B3* 3Y5B8?53@* 81@*
4581@8B@6I3@*59*RP*j7V*(;3G*X3B3*<98@3@*9159*8*RQk*'L'>A.0%*73<*X84*BU1*85*RaQ$*:9B*RVa;*81@*
5B814:3BB3@*9159*8*A$L,*T3TFB813*U4617*8*X35*5B814:3B*T8?;613*D031'?B6C5EV*#5*X84*F<9?W3@*X65;*
bk*4W6T*T6<W*81@*:UB5;3B*CB9F3@*X65;*8156>&,A*8156F9@GV*.*43?91@8BG*8156>T9U43*8156F9@G*X84*
8@@3@* (;64* X84* 264U8<6I3@* U4617* 81* J&A* 4UF45B853V* (;3* T3TFB813* X84* 458613@* X65;* QVak*
-99T84463*HB6<<6815*H<U3*D-HHE*59*264U8<6I3*CB95361*<98@617V*

*
* .<<*46Y*<6134*4;9X3@*F81@4*85*B9U7;<G*ad*WL8*D3YC3?53@*46I3E*81@*19*F81@*X84*CB34315*85*

5;3*48T3*46I3*61*5;3*Z3458BN*13785623*?915B9<N*?91:6BT617*5;3*CB3431?3*9:*&,A*D,67UB3*PPEV*(;3*

13785623*?915B9<*8<49*4;9X3@*191>4C3?6:6?*F61@617*59*@6::3B315*46I3@*F81@4N*913*B9U7;<G*85*]Q*WL8*

81@*8195;3B*85*B9U7;<G*bQ*WL8*D,67UB3*PPEV**

J=@=@'93::S@HQ',"#($B1(%&'5%(1$'4%$)5#014'#('<8')M1(-,0)1'

* .:53B*?91:6BT85691*9:*C9465623*5B8147316?*<6134*D,67UB3*PR*81@*,67UB3*PPEN*5;343*<6134*X3B3*

4UF_3?53@*59*8*C;3195GC6?*818<G464*:9B*'#V*

Wes        2         3          5          6         7        10       11
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!"#$%&'*+)*E:D?'"A4#&?'4;D'R$4;9"949"8&'A&4?$%&A&;9':='N7EEW*12'9%4;?#&;"@'6";&?)(X9*
B3CB3431585623*C9@4*5;85*X3B3*?B944>C9<<61853@*X65;*Z3458B*C9<<31*X3B3*?9<<3?53@*81@*6T873@*:B9T*
43231* 61@3C31@315* =.AA[P\Q* 5B8147316?* <6134* :9<<9X617* 81* 3B"-7#&,1"%*/>T3@6853@*
5B814:9BT85691*61*8*?9TC856F<3*Z3458B*5B8147316?*<613*9:*8*C<84T6@*X65;*8*5BU1?853@*=.AA*58773@*
X65;* 8* ->53BT618<* &,A* U1@3B* 8* 4567T8>4C3?6:6?* '/&* CB9T953B* D.EV* A9@* <3175;4* DHE* 81@* 433@*
1UTF3B4*:B9T*38?;*C9@*D-E*X3B3*^U8156:63@V*(;3*458B4*B3CB34315*46716:6?81?3*8:53B*C3B:9BT617*81*
."+$.*818<G464*?9TC8B617*Z3458B*?915B9<*59*38?;*5B8147316?*<613V*(;3*F8B4*B3CB34315*|*4581@8B@*
@32685691* :B9T* d* 48TC<34V* (;3* Z3458B* DZ34E* C9@* 64* 8* :U<<G* ?9TC856F<3* <613N* X;3B384* ZR* 64*
61?9TC856F<3V*

*
(;3* T381* C9@* <3175;* 81@* 433@* 1UTF3B4* @3?B3843@* FG* 85* <3845* Pak* 81@* cek* 61* 8<<* b*

5B8147316?* <6134* CB9@U?3@* D,67UB3* PcEV* /6134* sa* 81@* sRQ* @64C<8G3@* 5;3* T945* 3Y8773B853@* '#*

C;3195GC3N*@3?B384617*61*T381*C9@*<3175;*FG*bPk*81@*d\k*B34C3?5623<GV*'6T6<8B<GN*5;3*T381*433@*

1UTF3B4*:9B*<613*sa*81@*sRQ*@3?B3843@*FG*\bk*81@*\ak*B34C3?5623<GV*(;343*5X9*(R*<6134*X3B3*

?8BB63@*:9BX8B@*:9B*:UB5;3B*C;3195GC6?*818<G464*5;B9U7;*81*816<613*F<U3*8448G*D,67UB3*P]EV*

**
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*

!"#$%&'*,)'7;"6";&'56$&'4??4G':='9L:'N7EEW*12'9%4;?#&;"@'6";&?)*(;3*T381*1UTF3B*9:*C9<<31*
8558?;3@* D.E* 81@* C9<<31* 5UF3* 73BT6185691* DHE* X3B3* ^U8156:63@* 81@* 4UF_3?53@* 59* 81* ."+$.*
45856456?8<* 5345* ?9TC8B617* <6134* sa* 81@* sRQ* 59* Z3458B* ?915B9<V* (;3* <3553B4* @31953* 45856456?8<*
46716:6?81?3*X;6<3*5;3*3BB9B*F8B4*B3CB34315*|*4581@8B@*@32685691*:B9T*85*<3845*Ra*48TC<34V*

.1*816<613*F<U3* 8448G*X84*C3B:9BT3@* 59*^U8156:G* 5;3*1UTF3B*9:*C9<<31* 8558?;3@*81@* 59*

844344* C9<<31* 5UF3* 73BT6185691* D,67UB3* P]EV*(;3*T381*1UTF3B* 9:* C9<<31* 8558?;3@* 46716:6?815<G*

@3?B3843@*FG*RbQbk*61*<613*sa*81@*ebPk*61*<613*sRQ*?9TC8B3@*59*5;3*Z3458B*?915B9<*D,67UB3*P]EV*

'6T6<8B<GN*5;3*T381*1UTF3B*9:*C9<<31*5UF34*73BT6185691*@3?B3843@*FG*\]k*61*<613*sa*81@*eek*61*

<613*sRQ*?9TC8B3@*59*5;3*Z3458B*?915B9<*D,67UB3*P]EV*

J=@=?' 37-5%$M%(B' 7%(4%(B' 71,T11(' 93::' #(4' A:9' "1$*5,14' %(' #' /-"1' &-/)#,%751' )M1(-,0)1'

&-/)#"14',-'93::S@HQ',"#($B1(%&'5%(1$'

* (9*@353BT613*6:* 5;3*KA=*@9?W617*4653*64* 6TC9B5815*61*5;3*'#*C;3195GC3*9F43B23@*61*5;3*

=.AA[P\Q* 5B8147316?* <6134N* 5;3* W3G* 8T619* 8?6@4* 61* 5;3*K.A=*@9?W617* 4653* 91*=.AA* DF846?*

8B761613* 81@* ;G@B9C;9F6?* <3U?613E* X3B3* TU5853@* 59* 8<81613* D=.AA[P\Q>KEV* .:53B* 5;3* 5644U3*

?U<5UB3*CB9?344N* 5B8147316?* <6134*X3B3*73195GC3@N* 81@* 5;36B* C;3195GC34*X3B3* ?;8B8?53B6I3@* 81@*

?9TC8B3@*59*5;3*=.AA[P\Q*5B8147316?*<6134V*
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*
!"#$%&'*-)*C:AB4%";#'B:D'BF&;:9GB&':='N7EEW*12'4;D'N7EEW*12KJ'9%4;?#&;"@'6";&?)*(X9*
B3CB3431585623* C9@4* :B9T* 5X9* 61@3C31@315* =.AA[P\Q* 5B8147316?* <6134* 81@* 5;B33* 61@3C31@315*
=.AA[P\Q>K* 5B8147316?* <6134* X3B3* ?B944>C9<<61853@* X65;* Z3458B* C9<<31* X3B3* ?9<<3?53@* 81@*
6T873@*D.EV*A9@*<3175;4*DHE*81@*433@*1UTF3B4*:B9T*38?;*C9@*D-E*X3B3*^U8156:63@V*(;3*<3553B4*
@31953*45856456?8<*46716:6?81?3*8:53B*C3B:9BT617*81*."+$.*818<G464*?9TC8B617*38?;*T381V*(;3*
F8B4* B3CB34315* |* 4581@8B@* @32685691* :B9T* 85* <3845* ]* 48TC<34V* (;3*Z3458B* DZ34E* C9@* 64* 8* :U<<G*
?9TC856F<3*<613N*X;3B384*ZR*64*61?9TC856F<3V*

*
* (;3*T381*C9@*<3175;*81@*433@*1UTF3B*61*5;3*5;B33*=.AA[P\Q>K*5B8147316?*<6134*X3B3*

;67;3B*?9TC8B3@*59*5;3*=.AA[P\Q*<6134*sa*81@*sRQ*D,67UB3*PaEV*J9X323BN*65*64*6TC9B5815*59*1953*

5;85*5;3G*8B3*456<<*4;9B53B*?9TC8B3@*59*5;3*Z34*?915B9<*D,67UB3*PaEV**

* (9* :UB5;3B*?;8B8?53B6I3* 5;3*C;3195GC3N*81*816<613*F<U3*8448G*X84*C3B:9BT3@*91*C9465623*

=.AA[P\Q>K*5B8147316?*<6134*81@*?9TC8B3@*X65;*=.AA[P\Q*5B8147316?*<6134*D,67UB3*PdEV*
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!"#$%&' *.)* 7;"6";&' 56$&' 4??4G' @:AB4%";#' A&4;' B:66&;' 4994@FA&;9' 4;D' B:66&;' 9$5&'
#&%A";49":;'";'N7EEW*12'4;D'N7EEW*12KJ'9%4;?#&;"@'6";&?)(;3*T381*1UTF3B*9:*C9<<314*
8558?;3@* D.E* 81@* C9<<31* 5UF3* 73BT6185691* DHE* X3B3* ^U8156:63@* 81@* 4UF_3?53@* 59* 81* ."+$.*
45856456?8<*5345V*(;3*<3553B4*@31953*45856456?8<*46716:6?81?3*X;6<3*5;3*3BB9B*F8B4*B3CB34315*|*4581@8B@*
@32685691*:B9T*85*<3845*\*48TC<34V*

* .*46T6<8B*C8553B1*59*5;3*C9@*<3175;4*81@*433@*1UTF3B4*X84*9F43B23@V*(;3*C9<<31*8558?;T315*

81@*5;3*C9<<31*5UF3*73BT6185691*X3B3*;67;3B*?9TC8B3@*59*5;3*=.AA[P\Q*<6134*sa*81@*sRQ*FU5*X84*

456<<* <344* 5;81* 5;3*?915B9<* D,67UB3*PdEV* #T8734*9:* 5;3*816<613*F<U3*8448G*X3B3*?9TC8B8F<3* 59* 5;3*

^U8156:63@*B34U<54*D,67UB3*PdN*,67UB3*PbEV*

* #1*5;3*816<613*F<U3*6T8734N*5;3*Z34*?915B9<*64*8FU1@815*X65;*C9<<31*8558?;T315*81@*C9<<31*

5UF3*73BT6185691*D,67UB3*PdEV*#1*?915B845*59*5;85N*=.AA[P\Q*5B8147316?*<6134*@6@*195*;823*TU?;*

C9<<31*5UF3*73BT6185691*D,67UB3*P]N*,67UB3*PbEV*#14538@N*5;3*C9<<31*B34U<54*61*8*@3:9BT3@*C9<<31*

5UF3*5;85*@9341`5*C3135B853*5;B9U7;*5;3*4567T8*81@*B85;3B*458G4*?UB<3@*91*59C*9:*5;3*C8C6<<8BG*?3<<*

D,67UB3*PbEV*A9<<31*5UF34*4U??344:U<<G*73BT61853@*61*5;3*=.AA[P\Q>K*5B8147316?*<6134*81@*?9U<@*

C3135B853*5;B9U7;*5;3*C8C6<<8BG*?3<<4*D,67UB3*PbEV*
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!"#$%&'*/)'SA4#&?':='4;"6";&'56$&'4??4G':='9%4;?#&;"@'6";&?'XN7EEW*12'4;D'N7EEW*12KJ)*
&3CB3431585623* 6T8734* 9:* 81* 816<613* F<U3* 8448G* :B9T* 85* <3845* 46Y* @6::3B315* 4567T84* :9B* Z3458B*
?915B9<N*=.AA[P\Q*81@*=.AA[P\Q>K*8:53B*d*;*9:*C9<<6185691*X65;*Z3458B*C9<<31V*(;3*816<613*
F<U3*458614*C<U773@*?8<<943*CB34315*61*C9<<31*5UF34V*K3B73@*DK0E*6T8734*91*5;3*F9559T*B9X*4;9X*
C9<<31*8558?;3@*59*5;3*C8C6<<8BG*?3<<4*91*5;3*4567T8V**

*
J=@=J'93::'$)1&%F%&#550'41)M-$)M-"05#,1$'A:9J'%('+%,"-'

* ,B9T* CB3269U4* 45U@634N* KA=c* 81@* KA=]* 8B3* W19X1* 59* F3* 6129<23@* 61* C9<<31>C6456<*

6153B8?56914*DO8T4;3@*35*8<VN*PQPQEV*(;3B3:9B3N*81*%('+%,"-*45U@G*X84*C3B:9BT3@*X65;*CUB6:63@*0'(>

=.AA[P\Q*?9145BU?54*81@*J64>KA=cf]*59*@353BT613*6:*AAP-*8<913*64*319U7;*59*@3C;94C;9BG<853*

J64>KA=cf]*D,67UB3*PeEV*
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UV

MG

Wes



* a]!

*

!"#$%&'*0)*4B'3)6<7'D&BF:?BF:%G649":;'4??4G'5&9L&&;'IM3KN7EEW*12'4;D'V"?KJEN+Y,)*.*
X3453B1* F<95* 6T873* :B9T* 913* 3YC3B6T315* C3B:9BT3@* 59* @353BT613* 6:* 0'(>=.AA[P\Q* ?81*
@3C;94C;9BG<853*J64>KA=cf]V*A;94C;9BG<853@*J64>KA=cf]*DQVa*j7E*X84*61?UF853@*59735;3B*X65;*
0'(>=.AA[P\Q*DR*j7E*61*8*@3C;94C;9BG<85691*FU::3B*:9B*P*m*]*;V*(;3*B38?5691*X84*459CC3@*FG*
8@@617*'L'><98@617*@G3V*(;3G*X3B3*<98@3@*9159*8*RPk*'L'>A.0%*73<*X84*BU1*85*RaQ$*:9B*RVa;*
81@*5B814:3BB3@*9159*8*A$L,*T3TFB813*U4617*8*X35*5B814:3B*T8?;613*D031'?B6C5EV*#5*X84*F<9?W3@*
X65;* ak* H'.* 81@* :UB5;3B* CB9F3@* X65;* RoRQQQ* C]P>]]* D-3<<* '6718<EV* .* 43?91@8BG* 8156>B8FF65*
8156F9@G*X84*8@@3@*(;64*X84*264U8<6I3@*U4617*81*J&A*4UF45B853V*(;3*T3TFB813*X84*458613@*X65;*
QVak*-99T84463*HB6<<6815*H<U3*D-HHE*59*264U8<6I3*CB95361*<98@617V*

* (;3* AAP-* @9T861* ?81* 43<3?5623<G* @3C;94C;9BG<853* J64>KA=]* 84* 4331* 61* 5;3* <9X3B*

61531465G*9:* 46718<* F35X331* 5;3*J64>KA=]*?915B9<* D<813*cE* 81@*X65;*=.AA[P\Q* D<8134*b*m*\E*

D,67UB3* PeEV* (;3B3* X84* 19* ?;8173* 61* @3C;94C;9BG<85691* 4585U4* KA=]* X;31* 5;3* B38?5691* X84*

3Y531@3@*UC*59*]*;9UB4*D,67UB3*PeEV*L3C;94C;9BG<85691*9:*KA=]*FG*=.AA*433T4*59*F3*;67;<G*

43<3?5623N*84*=.AA*X84*195*8F<3*59*@3C;94C;9BG<853*8?5623*J64>KA=c*DJ64>KA=c*?915B9<*D<813*

PE*81@*X65;*=.AA[P\Q*D<8134*]*m*dEE*D,67UB3*PeEV*

* (9*:UB5;3B*818<GI3*6:*5;3*CB3431?3*9:*95;3B*@9T8614*9:*=.AA*?81*61:<U31?3*5;64*B38?5691N*8*

46T6<8B*@3C;94C;9BG<85691*8448G*X84*C3B:9BT3@*X65;*0'(>=.AAN*0'(>=.AA[P\QN*81@*0'(>

=.AA[P\Q>K*CB953614*91*J64>KA=]*85*P*;*61?UF85691*56T3*D,67UB3*P\EV*

* *

anti -pMPK

MPK4      - - +      - - - +     +     +       
MPK3      - +     - +    +     +     - - -

KAPP! 290 +     - - +    +     +     +     +     +       
Time incubated(h)                            2    3    4      2     3    4

MPK4 CBB

KAPP CBB

MPK3 CBB



* aa!

*

!"#$%&' *1)* 4B' 3)6<7' D&BF:?BF:%G649":;' 4??4G' 5&9L&&;' IM3KN7EEZ' IM3KN7EEW*12Z' 4;D'
IM3KN7EEW*12KJ'L"9F'V"?KJEN,)*.*X3453B1*F<95*6T873*:B9T*913*3YC3B6T315*C3B:9BT3@*59*
@353BT613* 6:* 28B69U4* =.AA* ?9145BU?54* ?81* @3C;94C;9BG<853* J64>KA=]V* A;94C;9BG<853@* J64>
KA=]* DQVa* j7E* X84* 61?UF853@* 59735;3B* X65;* 28B69U4* 0'(>=.AA* CB953614* DR* j7E* 61* 8*
@3C;94C;9BG<85691*FU::3B*:9B*P*;V*(;3*?915B9<4*X65;*91<G*913*CB95361*CB34315*X3B3*4UF_3?53@*59*5;3*
48T3*CB959?9<V*(;3*B38?5691*X84*459CC3@*FG*8@@617*'L'><98@617*@G3V*(;3G*X3B3*<98@3@*9159*8*
RPk*'L'>A.0%*73<*X84*BU1*85*RaQ$*:9B*RVa;*81@*5B814:3BB3@*9159*8*A$L,*T3TFB813*U4617*8*
X35*5B814:3B*T8?;613*D031'?B6C5EV*#5*X84*F<9?W3@*X65;*ak*H'.*81@*:UB5;3B*CB9F3@*X65;*RoaQQQ*
C]P>]]*D-3<<*'6718<EV*.*43?91@8BG*8156>B8FF65*8156F9@G*X84*8@@3@*(;64*X84*264U8<6I3@*U4617*81*
J&A*4UF45B853V*(;3*T3TFB813*X84*458613@*X65;*QVak*-99T84463*HB6<<6815*H<U3*D-HHE*59*264U8<6I3*
CB95361*<98@617V*

*
* .@@617*:U<<><3175;*=.AA*59*CB3269U4<G*C;94C;9BG<853@*J64>KA=]*DCKA=]E*B34U<53@*61*

5;3*<3845*F81@*61531465G*D61@6?85617*@3C;94C;9BG<85691E*X;31*?9TC8B3@*59*8@@617*0'(>=.AA[P\Q*

9B* 0'(>=.AA[P\Q>K* D,67UB3* P\EV* (;3B3:9B3N* :U<<><3175;* 0'(>=.AA* 64* T9B3* 8?5623* 85*

@3C;94C;9BG<85617* CKA=]* X;31* ?9TC8B3@* 59* 5;3* 95;3B* 5X9* ?9145BU?54* D0'(>=.AA[P\Q* 81@*

0'(>=.AA[P\Q>KE*D,67UB3*P\EV*#TC9B5815<GN*?915B8BG*59*X;85*X84*3YC3?53@N*0'(>=.AA[P\Q>

K*X84*8<49*8F<3* 59*@3C;94C;9BG<853*CKA=]N*4U77345617* 5;85* 5;3*K.A=*@9?W617*4653*T8G*195*

61:<U31?3*5;3*8F6<65G*9:*=.AA*59*U43*CKA=]*84*81*%('+%,"-*4UF45B853V*

J=@=L'A:9'4-&U%(B'$%,1'%('93::'%$'&"%,%&#5'F-"'5-&#5%V#,%-('-F',M1')"-,1%('

* -91:9?8<*T6?B94?9CG*X84*U43@*59*264U8<6I3*5;3*<9?8<6I85691*9:* 5;3*=.AA[P\Q>&,A*81@*

=.AA[P\Q>K>&,A*CB953614V*

anti -pMPK

MPK4      - - - +       +      +       +       
KAPP! 290-M - - +      - - - +       

KAPP! 290 - +       - - - +        -
KAPP      +        - - - +       - -

MPK4 CBB

KAPP! 290(-M) CBB

KAPP CBB



* ad!

*

*
!"#$%&' +2)' C:;=:@46' A"@%:?@:BG' "A4#&?' :=' N7EEW*12KO!E' 4;D' N7EEW*12KJKO!E'
9%4;?#&;"@'6";&?)*&3CB3431585623*?91:9?8<*T6?B94?9CG*6T8734*:B9T*85*<3845*5;B33*13X<G*9C313@*
:<9X3B4*?9<<3?53@*:B9T*=.AA[P\Q>&,A*81@*=.AA[P\Q>K>&,A*5B8147316?*<6134*U4617*/36?8*'Aa*
<843B*?91:9?8<*T6?B94?9C3*X65;*]Qr*96<*6TT3B4691*9F_3?5623*<314*81@*/36?8*JGL*@353?59BV*&,A*
46718<4* X3B3* 4?8113@* X65;* .B791* <843B* D%Y?6585691* ]ee* 1To* 3T644691* dba* m* bPb* 1TEV*
.U59:<U9B34?31?3*X84*@353?53@*F35X331*dPQ>bPQ*1T*3T644691*X823<3175;4V**

*
* #1* 5;3* Z34* ?915B9<N* 5;3B3* X84* 19* &,A* 46718<* D84* 3YC3?53@E* D,67UB3* cQEV* #1* 4567T84* 9:*

=.AA[P\Q>&,A*5B8147316?*<6134N*=.AA[P\Q>&,A*X84*<9?8<6I3@*59*5;3*?G5949<N*4;9X1*61*5;3*B3@*

:<U9B34?31?3* CB34315* 5;B9U7;9U5* 5;3* C8C6<<8BG* ?3<<4* 9:* 5;3* 4567T8* D,67UB3* cQEV* #1* ?915B845N* 5;3*

=.AA[P\Q>K>&,A*X84*<9?8<6I3@*59*5;3*T3TFB813*D,67UB3*cQE*4U77345617*<8?W*9:*5;3*@9?W617*4653*

?9U<@*8<53B*4UF?3<<U<8B*<9?8<6I85691V*

J=@=W' ;68<:6G;#$H' /14%#,14' ,#"B1,%(B' -F' 93::' "1$*5,14' %(' $M-",1"' )"-,1%(' F"#B/1(,$' #(4'

)-,1(,%#5'14%,%(B'%(',M1',"#($B1(%&'5%(1$'

(9*314UB3*5;3*@346713@*58B7354*X3B3*8F<3*59*7U6@3*5;3*-84\*CB95361*59*5;3*58B7353@*B37691N*

81*%('+%,"-*@67345*X84*C3B:9BT3@*D,67UB3*cREV*.*C9B5691*9:*5;3*7319T6?*B37691*9:*93::'DP]ab*FC*

:9B*5;3*.>7319T3*81@*P]cQ*FC*:9B*5;3*->7319T3E*X84*8TC<6:63@*81@*4UF_3?53@*59*5;3*%('+%,"-*@67345*

KAPP! 290 KAPP! 290-M

RFP

MG

Wes



* ab!

5;B9U7;* 5;3*8@@65691*9:* 5;3* 58B7354*81@*CUB6:63@*-84\V*,9UB* 58B7354* :9B*93::*X3B3*@346713@* 59*

58B735*F95;*.*81@*-*7319T3*9:*!='(#)*$*D,67UB3*R]EV*

*
!"#$%&'+()'4B'3)6<7'COSMEOKC4?1'D"#&?9':='*!MM)*.1*878B943*73<*6T873*:B9T*913*3YC3B6T315*
59* @353BT613* X;35;3B* 5;3* :9UB* 7&".* 43^U31?34* @346713@* 59* 58B735' 93::* ?81* 7U6@3* 5;3* -84\*
CB95361*59*?U5*85*4C3?6:6?*<9?856914*61*5;3*.*81@*-*7319T3*9:*!='(#)*$V*(;3*7319T6?*43^U31?3*9:*
93::'X84*8TC<6:63@*U4617*F95;*=.AA>-B64CB*.>7319T3*,9B*81@*&32*CB6T3B4*81@*=.AA>-B64CB*
->7319T3*,9B*81@*&32*CB6T3B4*D(8F<3*PE*:9B*5;3*.*81@*-*7319T3*9:*!='(#)*$N*B34C3?5623<GV*(;3*
8TC<6?91*X84*3Y5B8?53@V*(;3*%('+%,"-'-&#'A&>-84\*@67345*B38?5691*?9146453@*9:*5;3*-84\*CB95361N*
7&".N*81@*5;3*8TC<6?91V',9<<9X617*5;3*B38?5691N*65*X84*<98@3@*9159*8*Rk*878B943*73<*X;6?;*X84*
BU1*85*Rca*$*:9B*cQ*T61V*!*B3CB343154*5;3*U1@673453@*8TC<6:63@*7319T3*84*5;3*13785623*?915B9<*
X65;9U5*81G*58B7354*8@@3@*FU5*X65;*CUB6:63@*-84\*CB34315N*(R*m*(]*B3CB343154*(8B7354*R*m*]*X;6?;*
X3B3*8@@3@*8<917*X65;*5;3*CUB6:63@*-84\V**
*

.@@65691*9:*5;3*58B7354*59*5;3*-84\*CB95361*61?UF853@*X65;*7319T6?*L".*X3B3*8F<3*59*?B3853*

?U54*61*5;3*58B7353@*8B38*X;6<3*5;3*8F431?3*9:*5;3*7&".4*B34U<53@*61*U1@673453@*L".*D,67UB3*cREV*

#1*5;3*.>7319T3N*5;3*8@@65691*9:*(R*?U5*5;3*P]ab*FC*59*5X9*:B87T3154*Dbcd*FC*81@*RbPR*FCE*D,67UB3*

cREV*(PN*(cN*81@*(]*46T6<8B<G*?U5*5;3*L".*:B87T315*6159*5X9*C63?34*9:*RRPd*FC*81@*RccR*FCN*e]\*

FC*81@*RdQe*FCN*81@*dPa*FC*81@*RecP*FCN*B34C3?5623<G*D,67UB3*cREV*#1*5;3*->7319T3N*5;3*8@@65691*

9:*38?;*9:*5;3*:9UB*58B7354*B34U<53@*61*46T6<8B*B34U<54*D,67UB3*cREV*(RN*(PN*(cN*81@*(]*X3B3*8F<3*59*

7U6@3*5;3*-84\*CB95361*59*?U5*5;3*P]cQ*FC*7319T6?*93::*:B87T315*6159*5X9*4;9B5*:B87T3154*9:*

e]b*FC*81@*Raec*FCN*\aQ*FC*81@*R]eQN*dbc*FC*81@*Rbab*FCN*81@*]]e*FC*81@*R\eP*FCN*B34C3?5623<G*

D,67UB3*cREV*J9X323BN*5;3B3*X84*456<<*49T3*U1@673453@*L".*3231*X65;*5;3*8@@65691*9:*5;3*7&".4*

D,67UB3*cREV*

U         T1       T2        T3        T4

2000
1500

2500

Size (bp)

750

500

1000

A-genome

U         T1       T2        T3        T4

C-genome



* ae!

(;3*5644U3*?U<5UB3*CB9?344*7313B853@*Re*<6134*X;6?;*X3B3*4UF_3?53@*59*8*X3453B1*F<95* 59*

844344*?;81734*59*5;3*31@97319U4*=.AA*CB95361*<323<4*D,67UB3*cPEV*

*

*
*
!"#$%&'+*)*[;D:#&;:$?'N7EE'B%:9&";'6&8&6?'";'N7EEKCOSMEO'9%4;?#&;"@'6";&?)*.*X3453B1*
F<95* 6T873* :B9T*913*3YC3B6T315* 59*@353BT613*X;35;3B* 5;3*;68<:6f-84\>T3@6853@* 58B735617*9:*
!(=.AA*B34U<53@*61*5;3*CB95361>1U<<*TU5815V*'567T8*X84*?9<<3?53@*:B9T*46Y*13X<G*9C313@*:<9X3B4*
81@*CB95361*X84*3Y5B8?53@*81@*4581@8B@6I3@*59*RP*j7V*(;3G*X3B3*<98@3@*9159*8*RQk*'L'>A.0%*
73<*X84*BU1*85*RaQ$*:9B*RVa;*81@*5B814:3BB3@*9159*8*A$L,*T3TFB813*U4617*8*X35*5B814:3B*T8?;613*
D031'?B6C5EV*#5*X84*F<9?W3@*X65;*bk*4W6T*T6<W*81@*:UB5;3B*CB9F3@*X65;*=.AA>4C3?6:6?*8156F9@G*
DRoPQQQ*8156>H1=.AA*"EV*.*43?91@8BG*8156>T9U43*8156F9@G*X84*8@@3@V*(;64*X84*264U8<6I3@*U4617*
81* J&A* 4UF45B853V* (;3* T3TFB813* X84* 458613@* X65;* QVak* -99T84463* HB6<<6815* H<U3* D-HHE* 59*
264U8<6I3*CB95361*<98@617V*

*
* .*:3X*9:*5;3*=.AA>-&#'A&*<6134*DsbN*eN*R]N*RaE*;8@*<9X3B*<323<4*9:*:U<<><3175;*=.AA*

CB95361*81@*61*49T3*<6134N*8*4;9B53B*:B87T315*X84*9F43B23@*85*B9U7;<G*cQ*WL8*D<613*s]*m*RQ*81@*

75 kDa

anti -BnKAPPN

Wes        1          2         3         4          5          6

KAPP-CRISPR

50 kDa

37 kDa

25 kDa

10 kDa

CBB

75 kDa

anti -BnKAPPN

Wes        7         8         9        10       11        12

KAPP-CRISPR

50 kDa

37 kDa

25 kDa

10 kDa

CBB

75 kDa

anti -BnKAPPN

Wes       13         14        15        16        17        18

KAPP-CRISPR

50 kDa

37 kDa

CBB

75 kDa

anti -BnKAPPN

Wes       13         14        15        16        17        18

KAPP-CRISPR

50 kDa

37 kDa

CBB



* a\!

sRPE*D,67UB3*cPEV*#1*<6134*s]*81@*saN*8195;3B*4;9B53B*:B87T315*<344*5;81*RQ*WL8*X84*8<49*9F43B23@*

D,67UB3*cPEV*(;64*4U773454*C9446F<3*-84\>3@653@*:9BT4*9:*=.AA*61*5;343*=.AA>-&#'A&*<6134V*

*
!"#$%&'++)'I&;:9GB";#':='N7EEKCOSMEO'9%4;?#&;"@' 6";&?)*.1*878B943*73<* 6T873* :B9T*913*
3YC3B6T315* 59* @353BT613* X;35;3B* 5;3* 7313B853@* 5B8147316?* <6134* ?9158613@* 5;3* =.AA>-&#'A&*
C<84T6@*5B814:9BT3@*6159*5;3*?819<8*<6134V*'567T8*5644U3*X84*?9<<3?53@N*81@*8*L".*3Y5B8?5691*X84*
C3B:9BT3@V*L".*X84*73195GC3@*U4617*8*CRdda*,9B*81@*-84*'3^*cb\*,9B*CB6T3B4*D(8F<3*PEV*(;3*
A-&*B38?5691*X84*@6B3?5<G*<98@3@*9159*8*Rk*878B943*73<*X;6?;*X84*BU1*85*Rca*$*:9B*cQ*T61V*(;3*
C9465623*?915B9<*64*:B9T*8*@6::3B315N*?91:6BT3@*-&#'A&>-84\*T3@6853@*5B8147316?*<613*X65;*8*Rr*
ca'*CB9T953BV**

*
*

(;3*T945*CB9T64617* <6134*DsP*m*]N*dN*eN*RaE*X3B3*73195GC3@*59*?91:6BT*CB3431?3*9:* 5;3*

C<84T6@*?9145BU?5V*(;3*C9465623*?915B9<*X84*4567T8*L".*;8B23453@*:B9T*8*@6::3B315*-&#'A&>-84\*

5B8147316?*<613*5;85*?9158613@*8*Rr*ca'*CB9T953BN*X;3B384*=.AA>-&#'A&*<6134*?9158613@*8*Pr*

ca'*CB9T953BV*(;3*3YC3?53@*46I3*9:*5;3*C9465623*?915B9<*X84*RQ\R*FC*X;6<3*5;3*3YC3?53@*46I3*:9B*

5;3*=.AA>-&#'A&*<6134*X84*R]Re*FC*D,67UB3*ccEV*/6134*sPN*cN*81@*d*X3B3*4315*:9B*43^U31?617*

818<G464*59*@353BT613*6:*=.AA*X84*3@653@*D,67UB3*c]EV*

*

*

*

*

*

2000

1500

2500

1000

Size (bp)

2         3       4         6        8         15       +      

KAPP-CRISPR



* dQ!

*

*

!"#$%&' +,)* M&R$&;@";#' 4;46G?"?' :=' &%4#M%YC4?1' A&D"49&D' 94%#&9";#' :=' N7EE)* .*
B3CB3431585623* 43^U31?617* 818<G464* :B9T* 8*X6<@>5GC3*Z3458B* ?819<8* <613* D.E* 5;B33* 61@3C31@315*
CU585623* C9465623* =.AA>-&#'A&* 5B8147316?* <6134* DHE* 85* 58B735* cV* 93::' 7319T6?* L".* X84*
8TC<6:63@* 81@* 4315* :9B* 43^U31?617* DPaQ* 17E* X65;* AAP->'3^* c* RaQ* &32* CB6T3B* D(8F<3* PEV* (;3*
;67;<67;53@*F<U3*B37691*64*5;3*5;6B@*58B735*4653V**

A-genome

C-genome

A-genome

C-genome

.*

H*



* dR!

* (8B735* c* X84* 5;3* T945* CB9T64617* ?81@6@853* :9B* C9531568<* 3@65617* 8??9B@617* 59* 5;3*

43^U31?617*818<G464V*(;64*X84*9F43B23@*61*5;3*?<381*B38@6174*F3:9B3*5;3*58B735*4653*81@*61?B3843@*

19643*8:53B* 5;3* 58B735*4653* 61* 5;3*.>7319T3*?9TC8B3@* 59* 5;3*X6<@>5GC3*?915B9<* D,67UB3*c]EV*(;3*

61?B3843@*19643*458B54*B9U7;<G*b*FC*UC45B38T*9:*5;3*A.K*4653*D,67UB3*c]EV*
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