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!*@'A2"0$&W;/:e&('#&Tn&#.1.$*$*-.&%@"0%&"$&JK&=:><&+*$)&"0&*;"F.&#.%'32$*'0&'(&JnN&I&JnN&

"04&"&1*I.3&4+.33&$*;.&'(&"11#'I*;"$.37&JK&}%9&G).&@'##.%1'04*0F&.;*%%*'0&+"%&4.$.@$.4&+*$)&

:76&B=6&(#';&^nn&0;&$'&nKn&0;<&"04&*;"F.%&+.#.&@'33.@$.4&20$*3&MnKK&@'20$%&+.#.&"@)*.-.4&

('#&."@)&1*I.39&G).&(32'#.%@.0@.&3*(.$*;.&@"3@23"$*'0%&+.#.&1.#('#;.4&2%*0F&$).& !*@'t2"0$&

B7;!)'G*;.& N^& %'($+"#.9& Z& $+' Y.I1'0.0$*"3& 4.@"7& (*$& +"%& 2%.4& ('#& WC!9& =*@#'%@'1.&

@"3*/#"$*'0&"04&;."%2#.;.0$%&+.#.&$",.0&*0&@'33"/'#"$*'0&+*$)&E"3$#"&U).3*3"S9&&

&

&



,-#.$!-/0)-"&),.#1%&0 )

!
)

! $#!

B*>.&.I@32%*'0&@)#';"$'F#"1)7&dBD[e&

MP&;F&'(&49#0&"(2'/)'"' &3."(&$*%%2.&+"%&@'33.@$.4&"04&(3"%)Y(#'>.0&*0&3*A2*4&R! &"04&F#'204&$'&

"&(*0.&1'+4.#&2%*0F&"&;'#$"#&"04&1.%$3.9&G'&"11#'I*;"$.37&NKK&}H&'(&3."(&1'+4.#&*0&-'32;.<&

PKK&}H&'(&.I$#"@$*'0&/2((.#&dnK&;=&G#*%&1:&Q<&MnK&;=&R"[3<&J9n&;=&D6GZ<&MKw&d-L-e&F37@.#'3<&
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#Load packages  

library(readxl)  

library(ggplot2)  

library(tidyverse)  

library(paletteer)  

library(dplyr)  

library(gapminder)  

library(egg)  

library(gdata)  

library(ggsignif)  

library(RColorBrewer)  

 

#call a file  

f < - file.choose()  

DATA <- read.csv(f)  

 

#Plot data  

gg <- ggplot(DATA, aes(x = sample, y = CFU, col=sample))+  

  theme_classic()+  

  geom_boxplot(width = 0.5, alpha = 0.2, notch = FALSE) +  

  #geom_boxplot(stat="identity") +  

  geom_point(alpha = 0.4, position = position_jitterdodge(dodge.width = 0.5))+  

  theme(text=element_text(family="Helvetica", face="bold", size=12))   
plot(gg)  

 

#Plot data with t - test  

gg <- ggplot(DATA, aes(x = sample, y = Fm, col=sample))+  

  theme_classic()+  

  geom_boxplot(width = 0.5, alpha = 0.2, notch = FALSE) +  

  #geom_boxplot(stat="identity") +  

  geom_point(alpha = 0.4, position = position_jitterdodge(dodge.width = 0.5))+  

  theme(text=element_text(family="Helvetica", face="bold", size=12))+  

  geom_signif(comparisons = list(c("CpBs4C - ","CpBs4C +")), test = "t.test", y_position = 

c(0.85))+  

  geom_signif(comparisons = list(c("NbBs4C.1 - ","NbBs4C.1 +")), test = "t.test", y_position = 

c(0.9))+  

  geom_signif(comparisons = list(c("NbBs4C.2 - ","NbBs4C.2 +")), test = "t.test", y_position = 

c(0.95))+  

  geom_signif(comparisons = list(c("NbBs4C.3 - ","NbBs4C.3 +")), test = "t.test", y_position = 

c(1))  

plot(gg)  

 

#ONE- WAY ANOVA 

 

#Load packages  

library(ggplot2)  
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library(ggpubr)  

library(tidyverse)  

library(broom)  

library(AICcmodavg)  

library(multcompView)  

 

#Run the anova  

one.way <- aov (CFU ~ sample, data = DATA)  

summary(one.way)  

 

#Tukey's test  

tukey < - TukeyHSD(one.way)  

print(tukey)  

 

#compact letter display  

cld < - multcompLetters4(one.way, tukey)  

print(cld)  
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(6x3xB)
Homo sapiens

Kim et al., 2020

 

CpBs4C

Serotonin receptor 
(6y5bA)
Mus musculus

Zang et al., 2021

 

CpBs4C

Nicotinic receptor 
(6uwzB)
Torpedo californica

Rahman et al., 2020
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$.0'/#0 )

!
!

! &&!

G).&0.2#'$#"0%;*$$.#%&;.0$*'0.4&"/'-.&"#.&*0&"&%1.@*(*@&F#'21&'(&#.@.1$'#%&,0'+0&"%&("%$Y

"@$*0F&1.0$";.#*@&3*F"04YF"$.4&*'0&@)"00.3%&d1HWh[%e9&Z%&%2FF.%$.4&/7&$).*#&0";.<&$).7&"#.&

@';1'%.4&*0&"&).$.#';.#*@&("%)*'0&+*$)&(*-.&4*%$*0@$&/2$&%$#2@$2#"337&)';'3'F'2%&%2/20*$%<&

+)*@)&"#.&'#F"0*%.4&*0&1%.24'Y%7;;.$#7&$'&.0@*#@3.&"&@.0$#"3&1'#.&dB"3"#*&.$&"39<&JKM^e9&G).&

WZcZ ( &#.@.1$'#&;'4.33.4&(#';&E*;&.$&"39&JKJK&+"%&$",.0&"%&*0%1*#"$*'0&('#&+)"$&$).&c%^[&

)';'3'F2.%&;*F)$&3'',&3*,.&*(&$).7&('#;.4&"&%*;*3"#&1.0$";.#*@&%$#2@$2#.&dC*F2#.&T9M^e9&Z%&"33&

$).& c%^[& )';'3'F2.%& )"-.& "& %*;*3"#& @'#.& %$#2@$2#.<& *$& *%& 13"2%*/3.& $)"$& "33& '(&$).& c%^[&

)';'3'F2.%& @'234& ('#;& "& %*;*3"#& 1.0$";.#*@& %$#2@$2#.9& G).& %*;*3"#*$7& /.$+..0& $).& WZcZ( &

#.@.1$'#&"04&$).&[1c%^[&12$"$*-.&1.0$";.#&*%&-*%2"337&A2*$.&%*;*3"#<&+)*@)&3"*4&$).&('204"$*'0&

('#&*4.0$*(7*0F&*(&[1c%^[&@'234&"@$&*0&"&%*;*3"#&;"00.#&$'&0.2#'$#"0%;*$$.#&#.@.1$'#%9&&

!

#
012345!678:7!P%'@'B)+!,-9.:,!-+&'@#+>!;@.!.'>BTB&<!.B#B*@>B'A!'$!';+ !2"9" # !>+C+-'$>7!!

!#=#P&/5(9&1#WLGL##:&8&'+5:#-51,<,&1#<:5-#h,-#6,)"24#̀6K6KV#C,+%#+%&#<,9&#1,<<&:&*+#/.B.*,+/#%,3%(,3%+&1#
,*#)#1,<<&:&*+#85(5.:"#
"#=#$%&#':&1,8+&1#'.+)+,9&#'&*+)-&:#5<#7'G/=7#,*#)#+5'#9,&CV#)*1#)#/,1&#9,&CV#C,+%#+%&#'.+)+,9&#'5:&4
(,*,*3#%&(,8&/#5*#&)8%#,*1,9,1.)(#.*,+#%,3%(,3%+&1#,*#3:&&*"#$%&#15++&1#B5T#B&*&)+%#+%&#/+:.8+.:&#,*#+%&#
<):#:,3%+#')*&(#,*1,8)+&/#C%&:&#+%&#74+&:-,*)(#+),(#C5.(1#B&"##
#

<"!"I"#7'D/B7#8)*#/&(; 4)//58,)+&#)*1#;5:-#)#%,3%&:45:1&:#85-'(&P #

!

G).&(*#%$&$.%$&$'&%..&*(&$)*%&12$"$*-.&1.0$";.#&*%&.-.0&"&1'%%*/*3*$7&+"%&$'&%..&*(&[1c%^[&@"0&

"%%'@*"$.& +*$)& *$%.3(9& G'& 4'& $)*%<& "& @'*;;20'1#.@*1*$"$*'0& d@'h!e& +"%& 1.#('#;.4<& +).#.&

[1c%^[&+*$)&.*$).#&"0&:Z&'#&"&WC!&.1*$'1.&$"F&'0&$).&[Y$.#;*02%&+"%&13"@.4&204.#&$).&

@'0$#'3&'(&TnB&1#';'$.#&"04&+"%&"F#'*0(*3$#"$.4&*0$'&49#0&"(2'/)'"'9 &Z0'$).#&.I.@2$'#<&c%T&

%.#-.4& "%& "& @.33& 4."$)Y*042@*0F&1#'$.*0& @'0$#'39& Z($.#& *;;20'1#.@*1*$"$*'0& +*$)& "0$*YWC!&

/."4%<&$).&"0$*Y:Z&*;;20'/3'$&%)'+%&$)"$&[1c%^[&@"0&/.&1233.4&4'+0&+*$)&*$%.3(<&"04&0'$&

+*$)&WC!&"3'0.&'#&c%T&dC*F2#.&T9Mne9&C2#$).#;'#.<&*$&@"0&/.&%..0&*0&$).&$'1&#*F)$&1"0.3&'(&$).&

Kim et al., 2020

GABAA receptor CpBs4C (putative pentamer)

90¡

Putative pore -lining helixes

A

B

C

D
E

C-term tail
55 aa

A B



$.0'/#0 )

!
!

! &' !

@'h!<&$)"$&$).& ;'0';.#*@&('#;& '(& [1c%^[&d"11#'I*;"$.37&MP&,6"e&*%&0'$&$).& '037&('#;& '(&

[1c%^[&$)"$&+"%&1233.4&4'+0&*0&$).&"%%"79&G).&3"44.#&.((.@$&'(&$)*%&3"0.&%)'+%&$)"$&$).#.&"#.&

;23$*13.&%*>.%&'(&[1c%^[&/.*0F&1233.4&4'+09&`0.&/"04&"$&$).&MP&,6"&#"0F.&%2FF.%$%&$)"$&

$).#.&"#.&"$&3."%$&$+'&[1c%^[%&('#;*0F&"&@';13.I&d'0.&(#';&[1c%^[ YWC!<&+)*@)&*%&/.*0F&

1233.4& 4'+0<& "04& [1c%^[Y:Z& /.*0F& *;;20'/3'$$.4& ('#e9& :'+.-.#<& $).& ("@$& $)"$& $).#.& "#.&

;23$*13.&/"04%&*04*@"$.%&$)"$&"&)*F).#Y'#4.#&@';13.I&@'234&/.&('#;.49&&

&

!
012345!678H7!,-9.:,!C@&!@..$CB@'+!OB';!B'.+*=!@&/!#B<;'!=$>#!@!;B<;+>!$>/+>!C$#-*+U7&

75,--.*5':&8,',+)+,5*#5<#59&:&T':&//,5*#85*/+:.8+/#5 <#+%&#,*1,8)+&1#3&*&#)*1#+)3V#C%&:&#+5+)(#':5+&,*/#
C&:&#&T+:)8+&1#)+#6=#%',"#IO#C)/#./&1#./,*3#)*+,4W[O#B&)1/V#)*1#+%&*#+%&#854,--.*5B(5+#C)/#./&1#
./,*3#)*+, 4JL#)*+,B510"#G5+%#,*'.+#)*1#IO#/)-'(&/#C&:&#:.*#5*#)#!Kl#AZA 4OL#3&("#$%&#(&<+#')*&(#
/%5C/#+%&#,*'.+#,--.*5B(5+/V#)*1#+%&#:,3%+#')*&(#/%5C/#+%&#,--.*5':&8,',+)+,5*#)*1#/.B/&X.&*+#854
,--.*5B(5+"#$%&#*.-B&:/#5*#+%&#(&<+#/,1&#5<#&)8%#B(5+#,*1,8)+&#+%&#-5(&8.():#C&,3%+#_RZ)`#1&+&:-,*&1#
B0#':5+&,*#()11&:"#O5*8&).#/+),*&1#-&-B:)*&#/&:9&/#)/#)#(5)1,*3#85*+:5( "#
#

`0@.&*$&+"%&%..0&$)"$&[1c%^[&3*,.37&('#;%&"&)*F).#Y'#4.#&@';13.I<&+.&+"0$.4&$'&#.%'3-.&$).&

02;/.#&'(&20*$%&$)"$&;*F)$&@';.&$'F.$).#&$'&('#;&$)*%&@';13.I9&G).&(*#%$&"11#'"@)&$'&#.%'3-*0F&

$)*%&+"%&$'&#20&[1c%^[&'0&"&c32.&R"$*-.&!ZWD&dcRY!ZWDe&+)*@)&('33'+%&%*;*3"#&1#*0@*13.%&

'(&B6BY!ZWD<&/2$&4'.%&0'$&2%.&4.0"$2#*0F&4.$.#F.0$%&%'&$)"$&$).&0"$*-.&'3*F';.#*>"$*'0&%$"$.&

'(&1#'$.*0%&@"0&/.&4.$.#;*0.4&/7&$).*#&%*>.&d?*$$*F&.$&"39<&JKKNe9&h$&@"0&/.&%..0&'0&$).&cRY

25 kDa 

35 kDa 

40 kDa 

55 kDa 

70 kDa 
100 kDa 

130 kDa 

25 kDa 

35 kDa 

40 kDa 

55 kDa 

70 kDa 

100 kDa 

130 kDa 

15 kDa 

15 kDa 

25 kDa 

35 kDa 

40 kDa 

25 kDa 

35 kDa 

40  kDa

55 kDa 

70 kDa 

+ + - - -

- - + + +

- + - - +

- - - + -

+ - + - -

CpBs4C-HA

Bs3-HA

CpBs4C-GFP

Bs3-GFP

GFP

IP: GFP

-HA

-GFP

ponceau

input

-HA

-GFP

+ + - - -

- - + + +

- + - - +

- - - + -

+ - + - -

CpBs4C-HA

Bs3-HA

CpBs4C-GFP

Bs3-GFP

GFP



$.0'/#0 )

!
!

! &(!

!ZWD&F.3&$)"$&$).#.&*%&"&3"#F.&%;."#&%$"#$*0F&/.3'+&MK^Q&,6"&"04&.I$.04%&21+"#4%&1"%$&$).&

MJTN&,6"& ;"#,.#&"04&$'+"#4%&$).&$'1&$)#.%)'34& '(&$).&F.3&dC*F2#.&T9MNZe9&h(&$)*%&@';13.I&

.I@32%*-.37&@'0%*%$.4&'(&[1c%^[Y:Z&*0&$).&cRY!ZWD<&$).0&$)*%&+'234&;",.&[1c%^[&('#;&"$&

3."%$&"&nKY20*$&'3*F';.#9&G)*%&4'.%&("33&+*$)*0&"0&'#4.#&'(&$).&1.0$";.#&1#.4*@$*'0&$)"$&+"%&

;"4.&*0&C*F2#.&T9M^<&;",*0F&"$&3."%$&MK&1.0$";.#*@&@';13.I.%<&/2$&*$&@'234&/.&$)"$& '$).#&

1#'$.*0%&"#.&%$*@,*0F&$'&$).&[1c%^[&@';13.I<&F*-*0F&$).&@';13.I&"&)*F).#&;'3.@23"#&+.*F)$9&

!

!
012345! 678I7!,-9.:,!=$>#.!@!;B<;+>!$>/+>!C$#-*+U7 !

!# =#Z&+&8+,5*# 5<# %,3%&:# -5(&8.():# C&,3%+# 7'G/=7# 85-'(&T&/# ./,*3# )# ;4!6l# B,/ 4+:,/# B(.&# *)+,9&#
'5(0)8:0()-,1&# 3&(# &(&8+:5'%5:&/,/# _GU4OLW?`"# L<+&:# )3:5,*<,(+:)+,5*# 5<# 7'G/=74JL# ,*+5# 34)
56+,-"(%"+" V#+,//.&#C)/#85((&8+&1#6=#%',#)*1#+5+)(#':5+&,*#C)/#&T+:)8+&1"#L*+,4JL#)*+,B510#C)/#./&1#
<5:#1&+&8+,5*"#U.-B&:/#5*#+%&#(&<+#%)*1#/,1&#,*1,8)+&#-5(&8.():#C&,3%+#/'&8,<,&1#B0#)*#.*/+),*&1#*)+,9&#
':5+&,*#()11&:"#
"#=#L*)(0+,8)(#/,\&#&T8(./,5*#8%:5-)+53:)'%0#_A?7`#5<#8:.1&#':5+&,*#&T+:)8+&1#<:5-#7'G/=74-7%&::0#
)3:5,*<,(+:)+&1#,*+5#34)56+,-"(%"+" V#6=#%',"#P&1#(,*&#,*1,8)+&/#5B/&:9)+,5*#+%:5.3%#fgN>!#<,(+&:#C%&*#
+%&#7'G/=74-7%&::0#/)-'(&#C)/#&(.+&1V#)*1#+%&#B(.&#15++&1#(,*&#,*1,8)+&/#5B/&:9)+,5*#+%:5.3%#fg6FK#
<,(+&:#C%&*#+%&#':5+&,*#/+)*1):1#C)/#&(.+&1"#G()8R#)::5C/#C,+%#-5(&8.():#C&,3%+#_RZ)`#,*1,8)+&#':5+&,*#
/+)*1):1#/,\&"#M&++&:#)*1#*.-B&:#,*#&(.+,5*#<:)8+,5*#,*1,8)+&/#C%,8%#<:)8+,5*#C)/#./&1#<5:#,--.*5B(5+#
,*#_0 `"##
0#=#I--.*5B(5+#5<#,*1,8)+&1#<:)8+,5*/#<:5-#_" `#./,*3#)*+,4P[O#)*+,B510#5*#)#/+)*1):1#!Kl #AZA4OL#3&("#
U.-B&:/#5*#+%&#(&<+4%)*1#/,1&#,*1,8)+&#-5(&8.():#C&,3%+#_RZ) #̀1&+&:-,*&1#B0#':5+&,*#()11&:"#

66 -

146 -

242 -

480 -

720 -

1048 -

1236 -

CpBs4C-HA

Bs3-HA
GFP-HA

kDa

0

20

40

60

80

100

120

140

A
.U

. (
ar

bi
tr

ar
y 

un
its

)

elution fractions

670 kDa
158 kDa

44 kDa

17 kDa

1.35 kDa

A5 A9 C6 D8

UV561
CpBs4C-mCherry 

UV280
protein standards 

-HA

A B

A5 A6 A7 A8 A9 C6 D8

-RFP

55 kDa

40 kDa

C



$.0'/#0 )

!
!

! &)!

?.&$#*.4&"0'$).#&;.$)'4&$'&#.%'3-.&$).&'3*F';.#*@&%$"$.&'(&[1c%^[<&+)*@)&+"%&2%*0F&"&@#24.&

.I$#"@$& (#';&49# 0&"(2'/)'"'# *0& @';/*0"$*'0& +*$)& %*>.& .I@32%*'0& @)#';"$'F#"1)7& dBD[e9&

`-.#.I1#.%%*0F&[1c%^[ Y;[).##7&*0&49#0&"(2'/)'"'8# "04&$).0&.I$#"@$*0F&$'$"3&@#24.&1#'$.*0&

(#';&$).%.&3."-.%&$).0&#200*0F&$)*%&.I$#"@$&'0&$).&BD[&@'32;0<&*%&"&A2*@,&+"7&$'&%..&*(&$).#.&

*%&"&3"#F.#&@';13.I&'(&7'2#&1#'$.*0&'(&*0$.#.%$&/.*0F&('#;.4<&/7&2%*0F&"&m_&(*3$.#&dm_nNMe&$)"$&

*%&%1.@*(*@&$'&;[).##79&h$&+"%&('204&$)"$&$).#.&+"%&'037&'0.&/*Y;'4"3&1.",&*0&$).&[1c%^[ Y

;[).###7&%";13.<&"04&$)*%&/*Y;'4"3&1.",&'@@2##.4&"#'204&$).&%";.&.32$*'0&(#"@$*'0&"%&$).&

NPK,6"&1.",&(#';&$).&1#'$.*0&%$"04"#4&dC*F2#.&T9MNce9&h;;20'/3'$$*0F&'(&$).&.32$.4&(#"@$*'0%&

@'0(*#;.4 &$)"$&$)*%&1.",&*04..4&@'0$"*0%&[1c%^[Y;[).##7<&"04&$)"$&.32$*'0&(#"@$*'0%&$)"$&4'&

0'$&)"-.&"&m_nNM&1.",<&3*,.&.32$*'0&(#"@$*'0%&[N&"04&6Q<&4'&0'$&@'0$"*0&[1c%^[Y;[).##7&

dC*F2#.&T9MN[e9&G)*%&*04*@"$.%&$)"$&$).&[1c%^[Y;[).##7&@';13.I&('204& )"#$6'"(' &*%&"$&3."%$&

NPK&,6"<&"04&*(&$)*%&@';13.I&'037&@'0$"*0%&[1c%^[Y;[).##7&"04&0'&'$).#&/*04*0F&1"#$0.#%<&

$).0&$).&[1c%^[&@';13.I&@'234&/.&;",*0F&"$&3."%$&"&MnY;.#9&&

&

h(& [1c%^[& @"0& %.3(Y"%%'@*"$.& "04& ('#;& "& )*F).#Y'#4.#& @';13.I<& $).0& $).& 0.I$& 3'F*@"3&

.I1.#*;.0$&+"%&$'&$.%$&*(&$).&'$).#&c%^[&)';'3'F2.%&(#';&49#0&"(2'/)'"' &@'234&"3%'&%.3(Y

"%%'@*"$.9&m%*0F&"&4*((.#.0$&$.@)0*A2.&$)*%&$*;.&$'&-"3*4"$.&$).&@'h!&#.%23$&*0&C*F2#.&T9Mn&"04&

$.%$&$).&"%%'@*"$*'0&'(&$).&'$).#&)';'3'F2.%<&+.&2%.4&"&CHh=YC8DG&d(32'#.%@.0@.&3*(.$*;.&

*;"F*0F&'(&Cb#%$.#&#.%'0"0@.&.0.#F7&$#"0%(.#e&"11#'"@) 9&h0&$)*%&.I1.#*;.0$<&$).&1#'$.*0& '(&

*0$.#.%$&*%&$"FF.4&'0&*04.1.04.0$&@'0%$#2@$%&+*$)&C8DG&dCb#%$.#&#.%'0"0@.&.0.#F7&$#"0%(.#e&

@';1"$*/3.&(32'#'1)'#.%&dc"S"#&.$&"39<&JKMNe9&G).*#&@';1"$*/*3*$7&*%&4.$.#;*0.4&/7&$).&("@$&$)"$&

*(&$).%.&$+'&@';1"$*/3.&(32'#'1)'#.%&"#.&*0&@3'%.&.0'2F)&1#'I*;*$7&dMYMK&0;e<&$).0&$).&.I@*$.4&

4'0'#&(32'#'1)'#.&*%&"/3.&$'&$#"0%(.#&.0.#F7&$'&$).&"@@.1$'#&(32'#'1)'#.<&"04&$).0&$).&"@@.1$'#&

(32'#'1)'#.& *%&12$&*0$'&"0&.I@*$.4&%$"$.&d_'F.3&.$&"39<&JKM^e9&G)*%&$#"0%(.#&'(&.0.#F7&@"0&$).0&

/.&;."%2#.4&/7&$).&"-.#"F.&3*(.$*;.&'(&$).&4'0'#&(32'#'1)'#.<&+).#.&$).&"-.#"F.&3*(.$*;.&*%&

$).& $*;.& $)"$& "& ;'3.@23.& @"0& #.;"*0& *0& $).& .I@*$.4& %$"$.& d?"33#"/.& o& !.#*"%";7<& JKKne9&

D%%.0$*"337<&*(&$).%.&$+'&(32'#'1)'#.%&"#.&*0&@3'%.&.0'2F)&1#'I*;*$7<&$).0&$).&4'0'#&+*33&.I@*$.&

$).& "@@.1$'#<& "04& $).& "-.#"F.& 3*(.$*;.& dŠe& '(& $).& 4'0'#& +*33& /.& 4#";"$*@"337& 4.@#."%.4<&

*04*@"$*0F&$)"$&$).&1#'$.*0%&+*$)&+)*@)&$).&(32'#'1)'#.%&"#.&$"FF.4<&"#.&"%%'@*"$*0F9&&

&

h0&'2#&%$247<&+.&$"FF.4&[1c%^[<&R/c%^[9M<&R/c%^[9J<&"04&R/c%^[9T&$'&/'$)&.WC!&"04&$'&

;[).##7<& "04& +.& "3%'& 2%.4& D8Y$"#F.$.4& WC!& "04& ;[).##7& "%& %2/@.3323"#& 3'@"3*>"$*'0&

@'0$#'3%9&G).&"-.#"F.&3*(.$*;.&'(&D8Y$"#F.$.4&WC!&dD8YWC!&).#."($.#e&#"0F.%&/.$+..0&J9Q&

" 04&T9K&0%<&"04&@'Y*0(*3$#"$.4&D8YWC!&+*$)&D8Y$"#F.$.4&;[).##7&4 *4&0'$&@)"0F.&$)"$&"-.#"F.&

3*(.$*;.&#"0F.&'(&J9Q&$'&T9K&0%<&"33'+*0F&2%&$'&4.$.#;*0.&$)"$&$).%.&$+'&(32'#'1)'#.%&'0&$).*#&

'+0&4'&0'$&"%%'@*"$.&+*$)*0&$).&D8&dC*F2#.&T9MPe9&

!



$.0'/#0 )

!
!

! '* !

!
012345!678L7!FG9.:,!;$#$*$<%+.!C@&!.+*= Q@..$CB@'+!%.B&<!0K1VQ045J7 !

[MI@4[P?$#-&)/.:&-&*+/V#)/#X.)*+,<,&1#+%:5.3%#r#_*/`#5<#+%&#,*1,8)+&1#':5+&,*#+)33&1#C,+%#W[O#C%&*#
854,*<,(+:)+&1# C,+%# +%&# ,*1,8)+&1# ':5+&,*# +)33&1# C,+%# -7%&::0"# g)(.&/# ):&# :&':&/&*+&1# ,*# )# B5T# )*1#
C%,/R&:#'(5+V#*m>V#/+)+,/+,8)(#/,3*,<,8)*8&#C)/#1&+&:-,*&1 #B&+C&&*#+%&#':5+&,*#5<#,*+&:&/+#+)33&1#C,+%#
W[O#C%&*#854,*<,(+:)+&1#C,+%#':5+&,*#5<#,*+&:&/+#+)33&1#+5#-7%&::0#)*1#?P4W[O#C%&*#854,*<,(+:)+&1#C,+%#
+%&#':5+&,*#5<#,*+&:&/+#+)33&1#+5#-7%&::0V#./,*3#)#/+.1&*+s/#$4+&/+V#qqq#'#n#K"KK!V#*"/"#m#*5#/,3*,<,8)*8&"##

#

G).&"-.#"F.&3*(.$*;.&'(&[1c%^[ YWC!&+).0&@'Y*0(*3$#"$.4&+*$)&[1c%^[Y;[).##7&*%&%*F0*(*@"0$37&

#.42@.4& d1ƒK9KKMe& @';1"#.4& $'& $).& "-.#"F.& 3*(.$*;.& '(& D8YWC!& +).0& @'Y*0(*3$#"$.4& +*$)&

[1c%^[ Y;[).##7<&*04*@"$*0F&$)"$&$).%.&$+'&1#'$.*0%&"#.&*0&@3'%.& .0'2F)&1#'I*;* $7&$'& '0.&

"0'$).#&dMYMK&0;e&$'&("@*3*$"$.&"&$#"0%(.#&'(&.0.#F7<&"04&23$*;"$.37&"&#.42@$*'0&*0&$).&3*(.$*;.&'(&

$).&WC!&(32'#'1)'#.&dC*F2#.&T9MPe9&G)*%&#.42@$*'0&*0&WC!&3*(.$*;.&%2FF.%$%&$)"$&[1c%^[YWC!&

"04&[1c%^[ Y;[).##7&"%%'@*"$.9&Z&%*;*3"#&%*F0*(*@"0$&#.42@$*'0&d1ƒK9KKMe&*0&$).&3*(.$*;.& '(&

R/c%^[9MYWC!&+).0&@'Y*0(*3$#"$.4&+*$)&R/c%^[9MY;[).##7<&"%&@';1"#.4&$'&D8YWC!&/.*0F&

@'Y*0(*3$#"$.4&+*$)&R/c%^[9MY;[).##7&dC*F2#.&T9MPe9&G).&%";.&1"$$.#0&*%&.I)*/*$.4&('#&/'$)&

R/c%^[9J YWC!&"04&R/c%^[9TYWC!<&23$*;"$.37&*04*@"$*0F&$)"$&"33&c%^[&)';'3'F2.%&(#';&49#

0&"(2'/)'"' &@"0&%.3(Y"%%'@*"$.9&

2.2

2.4

2.6

2.8

3.0

! 
(n

s)

*** n.s.*** *** ***

Donor

Acceptor

GFP

mCherry

ER ER ER ER ER

ERCpBs4C

CpBs4C NbBs4C.1

NbBs4C.1

NbBs4C.2

NbBs4C.2 NbBs4C.3

NbBs4C.3



$.0'/#0 )

!
!

! '! !

<"!"L"#Q@D/B7#%5-5(53.&/#)*1#7'D/B7#8)*#%&+&:54)//58,)+&#)*1#Q@D/B7"!#

8)*#15-,*)+&#+%&,:#'%&*5+0'&#

#

B*0@.&"33&'(&$).&%$24*.4&c%^[&)';'3'F2.%&@"0&"%%'@*"$.&+*$)&$).;%.3-.%&d)';' Y"%%'@*"$*'0e&

dC*F2#.&T9MPe<&"04&"33&'(&$).*#&%$#2@$2#.%&"#.&)*F)37&%*;*3"#&dC*F2#.&T9Te<&+.&+"0$.4&$'&%..&*(&$).7&

+'234&"%%'@*"$.&+*$)&."@)&'$).#&d).$.#'Y"%%'@*"$*'0e9&G)*%&+'234&"33'+&2%&$'&4.$.#;*0.&*(&$).#.&

*%& %1.@*(*@*$7& +*$)*0& $).& ";*0'& "@*4& %.A2.0@.& $)"$& "33'+%& ('#& $).& )';'3'F2.%& $'& )';' Y

"%%'@*"$.<&'#&*(&*$&*%&S2%$&$).&%$#2@$2#.&'(&$).&)';'3'F2.%&$)"$&;",.%&+"7&('#&$).&"%%'@*"$*'09&

Z%&@"0&/.&%..0&(#';&"&).$.#'Y"%%'@*"$*-.&@'h!<&"33&'(&$).&)';'3'F2.%&(#';&49#0&"(2'/)'"' &

"04&[1c%^[&@"0&"%%'@*"$.&+*$)&'0.&"0'$).#&dC*F2#.&T9MQe9&&

&

!
012345!678N7!,-9.:,?!FG9.:,78?!FG9.:,7D?!@&/!FG9.:,76!C@&!@**!@..$CB@'+!OB' ;!+@C;!

$';+>7&

85IO#5<#)((#%5-5(53.&/#.*1&:#;NA#':5-5+&:#,*#%&+&:54)//58,)+,5*#,*#34)56+,-"(%"+" V#./,*3#?P4W[O#)/#
)#*&3)+,9&#85*+:5("#A)-'(&#+)R&*#6=#%5.:/#'5/+#)3:5,*<,(+:)+,5*"#IO#C)/#'&:<5:-&1#./,*3#)*+,4W[O#B&)1/"#
G5+%#,*'.+#)*1#IO#/)-'(&/#C&:&#:.*#5*#)#!6l#AZA 4OL#3&("#I--.*5B(5+/#C&:&#'&:<5:-&1#./,*3#)*+,4
JL 4JPO#5:#)*+,4W[O4JPO#)*+,B51,&/V#)/#,*1,8)+&1"#O5*8&).#/+),*&1#-&-B:)*&#/&:9&/#)/#)#(5)1,*3#
85*+:5("#U.-B&:/#5*#+%&#(&<+4%)*1#/,1&#,*1,8)+&#-5(&8.():#C&,3%+#_RZ)`#1&+&:-,*&1#B0#':5+&,*#()11&:"#

40 kDa

35 kDa

55 kDa

-GFP

25 kDa

15 kDa
-HA

ponceau

ponceau

input

40 kDa

35 kDa

55 kDa

-GFP

25 kDa

15 kDa

-HA

high 
contrast

IP: GFP

1 2 3 4 5 6 7 8 9

25 kDa

25 kDa

25 kDa

15 kDa

-HA
GFP HA

1 CpBs4C NbBs4C.1

2 NbBs4C.2 NbBs4C.1

3 NbBs4C.3 NbBs4C.1

4 CpBs4C NbBs4C.2

5 NbBs4C.2 NbBs4C.3

6 CpBs4C NbBs4C.3

7 ER-GFP NbBs4C.1

8 NbBs4C.2

9 NbBs4C.3

ER-GFP

ER-GFP



$.0'/#0 )

!
!

! '" !

D-.0&(2#$).#<&$)*%&*0$.#"@$*'0&*%&%1.@*(*@&+*$)&$).&c%^[&)';'3'F2.%&$).;%.3-.%<&"04&0'$&S2%$&

"%%'@*"$*0F&+*$)&"07$)*0F&*0&$).&D8<&"%&@"0&/.&%..0&+).0&D8YWC!&*%&1233.4&4'+0<&0'0.&'(&

$).&)';'3'F2.%&"%%'@*"$.&+*$)&*$9&

&

!
012345!678M7!?#4-52(8& @&/&?#4-52(' !@>+!&$'!@G*+!'$!.%-->+..!?#4-52() !B&/%C'B$&!$=!

C+**!/+@';7!

!# =#E9&:&T':&//,5*# 85*/+:.8+/# )3:5,*<,(+:)+&1# ,*+5#34) 56+,-"(%"+" "# O%5+5# +)R&*# +%:&&# 1)0/# '5/+#
,*<,(+:)+,5*"#P,3%+#')*&(#,*1,8)+&/#+%&#)BB:&9,)+,5*/#./&1#<5:#+%&#(&<+#')*&(#,*#+%&#85-B,*)+,5*#5<#1$LM?/#
,*<,(+:)+&1"#
"#=#o.)*+,+)+,9&# :&)(4+,-&#O7P#C)/# ./&1#+5#1&+&:-,*&#+%&#)8+,9)+,5*#5<#&)8%#+):3&+&1#3&*&#B0#+%&#
85::&/'5*1,*3# 1$LM?# 85-B,*)+,5*"# A)-'(&/# C&:&# +)R&*# =K# %5.:/# '5/+# )3:5,*<,(+:)+,5*"# g)(.&/# ):&#
-&)*/#p#/+)*1):1#1&9,)+,5*/"#$%:&&#+&8%*,8)(#:&'(,8)+&/#85-,*3#<:5-#+%&#/)-&#8ZULV#&)8%#3&*&#C)/#
*5:-)(,/&1#)3),*/+#+%&#&T':&//,5*#5<#358&,%+#<:5-#+%&#/)-&#/)-'(&V#/+)+,/+,8)((0#/,3*,<,8)*+#3:5.'/#
_'nK"KN`#):&#':&/&*+&1#C,+%#(&++&:/#:&/5(9&1#B0#)#5*&4C)0 #LUEgL#C,+%#'5/+#%58#$.R&0b/#+&/+"##

NbBs4C.1

NbBs4C.2

NbBs4C.3

E
xp

re
ss

io
n

re
la

tiv
e

to
N

bA
ct

in

N1 N2 N3 N1+N2 N2+N3 N1+N3 N1+N2+N3 empty
0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

N1

N2

N2

N3

N1+N2

N2+N3

N1+N3

N1+N2+N3

N1 dT779 targeting NbBs4C.1

N2 dT780 targeting NbBs4C.2

N3 dT782 targeting NbBs4C.3

N1+N2 dT779 + dT780 targeting 
NbBs4C.1 and NbBs4C.2

N2+N3 dT780 + dT782 targeting 
NbBs4C.2 and NbBs4C.3

N1+N3 dT779 + dT782 targeting 
NbBs4C.1 and NbBs4C.3

N1+N2+N3
dT779 + dT780 + dT782 
targeting NbBs4C.1, 
NbBs4C.2 and NbBs4C.3

A

B

a

a

b

bc

bcde bcd

bcde

cde

cde
de

de
dedede de de de de de de de

dedee



$.0'/#0 )

!
!

! '# !

`0@.& *$& +"%& 4.$.#;*0.4& $)"$& "33& '(& $).& c%^[& )';'3'F2.%& @"0& /'$)& )';' Y&"04& ).$.#' Y

"%%'@*"$.<&+.&+"0$.4&$'&%..&*(&1.#)"1%&'0.&'(&$).&R/c%^[&1).0'$71.%&@'234&%211#.%%&$).&

'$).#<&;."0*0F&$)"$&*(&+.&@'Y*0(*3$#"$.&"0&R/c%^[&)';'3'F2.&$)"$&*042@.%&@.33&4."$)&+*$)&"&

)';'3'F2.&$)"$&4'.%&0'$&*042@.&@.33&4."$)<&+)"$&+'234&$).&#.%23$*0F&1).0'$71.&/.y&G'&$.%$&

$)*%<&+.&@'Y*0(*3$#"$.4&:9#(./&C'-)&",# @'0$"*0*0F&$).&4GZHD%&'(&$).&R/c%^[&)';'3'F2.%&*0&"&

1"*#Y+*%.&("%)*'0&$'&%..&+)*@)&)';'3'F2.%q&1).0'$71.&+'234&/.&4';*0"0$&* 0&$).&@'0$.I$&'(&

@.33&4."$)9&h0&"33&'(&$).&@';/*0"$*'0%&'(&$).&4GZHD%&$)"$&+.#.&*0(*3$#"$.4<&*0&.-.#7&*0%$"0@.&

+).#.&$).&4GZHD&"@$*-"$*0F&40>,=+9D&+"%&1#.%.0$<&$).#.&+"%&@.33&4."$)&dC*F2#.&T9MOe9&G).&

'037&*0%$"0@.%&+).#.&$).#.&+"%&0'&@.33&4."$)&1#.%.0$<&+.#.&+).0&$).&$+'&4GZHD%&"@$*-"$*0F&

$).&0'0 Y@.33&4."$)Y*042@*0F&40>,=+9B &"04&40>,=+9G&+.#.&*0(*3$#"$.4&.*$).#&'0&$).*#&'+0&'#&

$'F.$).#9&G)*%&23$*;"$.37&"33'+%&2%&$'&4.$.#;*0.&$)"$&$).&"@$*-"$*'0&'(&40>,=+9D#)"%&$).&;'%$&

4';*0"0$&1).0'$71.&#.F"#4*0F&@.33&4."$)<&"04&$)"$&40>,=+9B &"04&40>,=+9G#"#.&0'$&"/3.&$'&

%211#.%%&40>,=+9D#*042@$*'0&'(&@.33&4."$)9&&

!

<"!"R"#D/B7#-,3%+#@&#1,/:.'+,*3#8)(8,.-#%5-&5/+)/,/#A,+%,*#+%&#8&((#

!

B..*0F&"%&c%^[&)';'3'F2.%&(#';& +9#$.0&,-&",# "04&49#0&"(2'/)'"'# @"0&)';' Y"%%'@*"$.&

dC*F2#.&T9MPe&"04&"&1#.4*@$.4&;'4.3&'(&"&1.0$";.#*@&#*0F&'(&c%^[&%2/20*$%&3'',%&-.#7&%*;*3"#&

$'&$).&WZcZ( &#.@.1$'#&@)"00.3<&*$&*%&@'0@.*-"/3.&$)"$&c%^[&;*F)$&/.&+'#,*0F&"%&"&@)"00.39&Z$&

$).&/.F*00*0F&'(&$)*%&+'#,&'0&c%^[<&$).#.&+"%&0'&*04*@"$*'0&'(&+)"$&c%^[&;*F)$&/.&4'*0F&*0&

$).&@.339&?.&$).#.('#.&$'',& "& -.#7& /#'"4&"11#'"@)&$'&*4.0$*(7&1'$.0$*"3& /*04*0F&1"#$0.#%& '(&

[1c%^[& )"# $6'"(' &$'&F"*0& *0%*F)$& *0$'& )'+& [1c%^[& ;*F)$& /.& *042@*0F& @.33& 4."$)9&?.&

*;;20'1#.@*1*$"$.4&[1c%^[ YWC!&"04&WC!&"%&"&@'0$#'3&"04&%$24*.4&$).%.&%";13.%&/7&;"%%&

%1.@$#';.$#7&$'&*4.0$*(7&1.1$*4.%&'(&1#'$.*0%&$)"$&+.#.&1233.4&4'+0&*0&$).&[1c%^[&%";13.9&Z0&

"0"37%*%&'(&$).&1#'$.';*@%&4"$"&%.$&+"%&"0"37%.4&/7&W"2$*.#&H"0F*0<&"&!)6&%$24.0$&*0&!#'(9&

6#9&B2"7/&‹%$i0q%&3"/9&Z($.#&@2$$*0FY'((&=BL=B&@'20$%&$)"$&)"4&"&K&@'20$&*0&$).&WC!&%";13.%<&

"04&"0&=BL=B&@'20$&'(&F#."$.#&$)"0&M&*0&$).&[1c%^[YWC!&%";13.%<&49#0&"(2'/)'"' &1#'$.*0%&

+.#.& /3"%$.4& "F"*0%$& $).& Z#"/*4'1%*%& 1#'$.';.&d[).0F& .$& "39<& JKMPe<& "04& "& @';1"#"$*-.&

"0"37%*%&+"%&4'0.&/.$+..0&$).&#.;"*0*0F&1#'$.*0%&'(&[1c%^[YWC!&"04&$).&1#'$.*0%&'(&$).&

D8Y3'@"3*%.4&$#"0%@#*1$*'0&("@$'#%&RZ[nT&"04&RZ[PQ<&1#.-*'2%37&1.#('#;.4&/7&W"2$*.#&H"0F*0&

dC*F2#.& T9JKZe9&G)*%& "0"37%*%& +"%& 1.#('#;.4& $'& .0%2#.& $).& %1.@*(*@*$7& '(& [1c%^[& /*04*0F&

1"#$0.#%<&"04&/.@"2%.&(#..&WC!&+"%&2%.4&"%&$).&@'0$#'3&*0&$).&h!L=B&.I1.#*;.0$&*0%$."4&'(&

"&;'#.&%2*$"/3.&D8Y3'@"3*%.4&1#'$.*0<&"04&0'0Y%1.@*(*@&D8&1#'$.*0%&0..4.4&$'&/.&#23.4&'2$9&

`037&N^&1#'$.*0%&*4.0$*(*.4&*0&$).&[1c%^[&1#'$.';*@%&'-.#3"11.4&+*$)&$).&RZ[nT&"04&RZ[PQ&

$#"0%@#*1$*'0& ("@$'#%<& 3."-*0F& TTN& 1#'$.*0%& #.;"*0*0F& $)"$& +.#.& %1.@*(*@& $'& [1c%^[& dC*F2#.&

T9JKZe9&



$.0'/#0 )

!
!

! '$ !

!
012345! 67DR7! ,-9.:,! ->$'+$#BC! /@'@.+'! B.! %&BW%+! @&/! B&/BC@'+.! B$&! GB&/B&<! @&/!

'>@&.-$>'+>!@C'B)B'A7!

!#=#75-'):,/5*#5<#59&:()'',*3#':5+&,*/#,1&*+,<,&1#,*#+%&#7'G/=7#_(,3%+#5:)*3&`#':5+&5-,8#1)+)#/&+#)*1#
+%&#L:)B,15'/,/#UL7DF#_B(.&`#)*1#UL7N;#_3:&&*`#-58R4+:&)+&1#':5+&5-,8#1)+)#/&+"#75-'):,/5*#C)/#
'&:<5:-&1#5*#+%&#34)56+,-"(%"+" #':5+&,*#%5-5(53.&/#,*#L:)B,15'/,/"# #
"#=#$5'#6K#WE#@5(&8.():#[.*8+,5*#+&:-/#5<#+%&#;;>#':5+&,*/#<5.*1#&T8(./,9&(0#,*#7'G/=7#1)+)#/&+V#
:)*R&1#B)/&1#5*#+%&,:#<5(1#&*:,8%-&*+#./,*3#A%,*0WE#9K"DD"#[)(/&#1,/859&:0#:)+&#_[ZP`#n#K"KN"#I5*#
+:)*/-&-B:)*&#+:)*/'5:+&:#)8+,9,+0#8)+&35:,&/#:&()+&1#+5#7)!" #):&#%,3%(,3%+&1#,*#5:)*3&"##
L*)(0/,/#'&:<5:-&1#B0#W).+,&:#M)*3,*"#

#

Z&F.0.&'0$'3'F7&dW`e&;'3.@23"#&(20@$*'0&.0#*@);.0$&"0"37%*%&'(&$).&Z#"/*4'1%*%&)';'3'F2.%&

'(&[1c%^[ Y%1.@*(*@&1#'$.*0%&#.-."3.4&"&%$#'0F&*04*@"$*'0&'(&*'0&$#"0%1'#$<&*'0 Y/*04*0F&1#'$.*0%<&

"04&$#"0%;.;/#"0. &$#"0%1'#$.#&"@$*-*$7&*0&$).&[1c%^[&*0$.#"@$';.&dC*F2#.&T9JKce9&G",*0F&"&

@3'%.#&3'',&"$&$).&*'0Y/*04*0F&1#'$.*0&)*$%<&$).#.&"#.&;"07&@"3@*2;Y$#"0%1'#$*0F&ZG!"%.%<&.*$).#&

D8&$71.&'#&13"%;"&;.;/#"0. &$71.<&$)"$&"#.&%1.@*(*@&$'&$).&[1c%^[YWC!&%";13.%&dG"/3.&T9^e9!

#

"#$%&'()*'+,-&.-/#%'/.'0%#.-#'/.-&1#2-/,.'0#1-.&13',4'5063*5) !

#8+7-626+8!5/1-+67! 9:;9:!<1.7- !

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

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

!+,-./0 123+4$"532.46&789+$:&;<&",+$0+&0:0=3+4: 1
2>":1,.?:&@A=B*C';D(ECF& D& D& ;& *& *& *&

!+,-./0 123+4$"532.46&789+$:&;<&",+$0+&0:0=3+4:1
2>":1,.?:&@A=G*D*(*)*)ECF&

*& )& C*& *& *& *&

!+,-./0 123+4$"532.46&789+$:&C*<&",+$0+&0:0=3+4:1
2>":1,.?:&@A=G*)*(''C(ECF&

C& ;& D& *& *& *&

!+,-./0 123+4$"532.46&789+$:&%<&:4H5",+$0.-&
3:2.-/,/0 12>":1,.?:&@A=B*CID((ECF&

C& %& C)& *& *& *&

!+,-./0 123+4$"532.46&789+$:&;<&",+$0+10:0=3+4: 1
2>":1,.?:&@A=G*D*)(J%DECF& C& C& C& *& *& *&

!+,-./0 123+4$"532.46&789+$:&%<&",+$0+&0:0=3+4:1
2>":1,.?:&@A=B*C;'(CECF& *& %& I& *& *& *&

"#!*+,+*-!./!.0+!12!3/45.-!,/456!,/*!.0+!#/.+5.789!"# :-;" <'()!75.+*83.7/5!#8*.5+*-=!'()!*+,+*-!./!.0+!#+#.76+-! ,/456!75!.0+!'()!
-8>#9+-=!?@A!8,.+*!76+5.7,7+6!#*/.+75!756738.+-!#*/.+75!BC=!!

&

CpBs4C

NAC78

NAC53

336

52

32

34

60
21

9

A B

Transmembrane transporter activity 
Transporter activity 

ATP! dependent activity 
Hydrolase activity, acting on acid anhydrides, in phosphorus! containing anhydrid

Pyrophosphatase activity 
Nucleoside! triphosphatase activity 

Inorganic molecular entity transmembrane transporter activity 
Ion transmembrane transporter activity 

Cation transmembrane transporter activity 
Active transmembrane transporter activity 

ATP hydrolysis activity 
Inorganic cation transmembrane transporter activity 

Primary active transmembrane transporter activity 
Active ion transmembrane transporter activity 

ATPase! coupled transmembrane transporter activity 
Proton transmembrane transporter activity 

ATPase! coupled cation transmembrane transporter activity 
Pyrophosphate hydrolysis! driven proton transmembrane transporter activity 

Proton! transporting ATP synthase activity, rotational mechanism 

0 10 20

Fold Enrichment



$.0'/#0 )

!
!

! '%!

Z($.#&(*04*0F&;"07&@"3@*2;Y$#"0%1'#$*0F&1#'$.*0%&*0&$).&[1c%^[&h!Y=B&"0"37%*%<&$).&3'F*@"3&

0.I$&%$.1&+"%&$'&%..&*(&@"3@*2;&d["!" &).#."($.#e&+"%&%';.)'+&*0-'3-.4&*0&[1c%^[ Y*042@.4&

@.33&4."$)9&8.@.0$&%$24*.%&)"-.&('204&$)"$&RH8&#.%*%$"0@.&1#'$.*0%&('#;&"&["!" Y1.#;."/3.&

*'0&@)"00.3<&"04&$).*#&*042@$*'0&'(&@.33&4."$)&@"0&/.&*0)*/*$.4&/7&$).&[" !" &@)"00.3&/3'@,.#<&

3"0$)"02;&@)3'#*4.&dH"[3' e&dc*&.$&"39<&JKJMg&D3&E"%;*&.$&"39<&JKMPg&V"@'/&.$&"39<&JKJMe9&&

&

!

012345!67D87!,@!" !C;@&&+*!B&;BGB'$>!.%-->+..+.!,-9.:,!@&/!FG9.:,78!C+**!/+@';7 !

!#=#E9&:&T':&//,5*#85*/+:.8+/#)3:5,*<,(+:)+&1#C,+%#5:#C,+%5.+#;#-@#M)7($#,*+5#34)56+,-"(%"+" "#W:&0#t#
,*1,8)+&/#-58R#+:&)+-&*+#)*1#:&1#p#,*1,8)+&/#854,*<,(+:)+,5*#C,+%#;#-@#M)7($"#O%5+5#+)R&*#+%:&&#1)0/#
'5/+#,*<,(+:)+,5*"##
"#=#I--.*5B(5+#+5#/%5C#':5+&,*#)88.-.()+,5*#)+#+%&#&T'&8+&1#-5(&8.():#C&,3%+"#7'G/=7V#UBG/=7"!V#
UBG/=7"6#)*1#UBG/=7";#/)-'(&/#+)R&*#6=#%5.:/#'5/+ 4)3:5,*<,(+:)+,5*V#G/;#/)-'(&/#+)R&*#=K#%5.:/#
'5/+ 4)3:5,*<,(+:)+,5*"#W:&0#t#,*1,8)+&/#-58R#+:&)+-&*+#)*1#:&1#p#,*1,8)+&/#854,*<,(+:)+,5*#C,+%#;#-@#M)7($"#
A)-'(&/#C&:&#:.*#5*#)#!6l#AZA 4OL#3&("#L*+,4JL 4JPO#)*+,B510#C)/#./&1#+5#1&+&8+#':5+&,*"#O5*8&).#
/+),*&1#-&-B:)*&#/&:9&/#)/#)#(5)1,*3#85*+:5(" #$%&#*.-B&:/#5*#+%&#(&<+#/,1&#5<#+%&#B(5+#,*1,8)+&#+%&#
-5(&8.():#C&,3%+#_RZ)`#1&+&:-,*&1#B0#+%&#':5+&,*#()11&:"#
0# =#O%5+5/0*+%&+,8# 8)')8,+0# 5<# +,//.&# )<+&:# )3:5,*<,(+:)+,5*# C,+%# 5:# C,+%5.+# ;# -@# M)7($#,*+5#34)
56+,-"(%"+"4) A)-'(&#+)R&*#+%:&&#1)0/#'5/+#,*<,(+:)+,5*"#g)(.&/#):&#':&/&*+&1#,*#)#B5T#)*1#C%,/R&:#'(5+#
+5#/%5C#9):,)+,5*#,*#/)-'(&/V#*m=#(&)9&/"#A+)+,/+,8)(#/,3*,<,8)*8&#C)/#1&+&:-,*&1#./,*3#)#/+.1&*+b/#$4
+&/+#B&+C&&*#+%&#,*1,8)+&1#,*<,(+:)+&1#85*/+:.8+#C,+%#5:#C,+%5.+#;#-@#M)7($V#qq#'#n#K"K!V#qqq#'#n#K"KK!V#
*"/"#m#*5#/,3*,<,8)*8&"#

A B
CpBs4C

NbBs4C.1

NbBs4C.2

NbBs4C.3

C

P
ho

to
sy

nt
he

tic
 e

ffi
ci

en
cy

 (
F

v/
F

m
)

A

CpBs4C

NbBs4C.1

NbBs4C.2

NbBs4C.3

Bs3

mock / 3 mM LaCl3

0.2

0.4

0.6

0.8

CpBs4C NbBs4C.1 NbBs4C.2 NbBs4C.3Bs3

- +

- + - + - + - + 3 mM LaCl3

***n.s. ** n.s. n.s.

-HA

ponceau

25 kDa

15 kDa

35 kDa

40 kDa

- + - + - + - +3 mM LaCl3

Bs3



$.0'/#0 )

!
!

! '& !

h$&+"%&('204&$)"$&T&;=&H"[3' <&+).0&@'Y*0(*3$#"$.4&+*$)&[1c%^[<&%211#.%%.4 &$).&-*%*/3.&@.33&

4."$)&*042@$*'0&*0&49#0&"(2'/)'"' &3."-.%&$)#..&4"7%&"($.#&*0(*3$#"$*'0&*0&"44*$*'0&$'&#.%$'#*0F&

1)'$'%70$).$*@& @"1"/*3*$7& dC*F2#.& T9JMZ& "04& [e9&c7& @'0$#"%$<& H"[3' &@'Y*0(*3$#"$*'0&4*4&0'$&

%211#.%%&c%T&@.33&4."$)&*042@$*'0<&+)*@)&+"%&2%.4&"%&"&0'0YD8&3'@"3*%.4&@.33&4."$) Y*042@*0F&

.I.@2$'#&@'0$#'3<&;",*0F&$).&%211#.%%*'0&'(&@.33&4."$)&2%*0F&$)*%&[" !" &@)"00.3&*0)*/*$'#&%1.@*(*@&

$'& [1c%^[9& c'$)& R/c%^[9J& "04& R/c%^[9T& )"4& 0'& @)"0F.& *0& 3"@,& '(& @.33& 4."$)& '#&

1)'$'%70$).$*@&"/*3*$7&+*$)&'#&+*$)'2$&@'Y*0(*3$#"$*'0&'(&T&;=&H"[3' 9&C2#$).#;'#.<&$).#.&+"%&"0&

.A2"3&3.-.3&'(&1#'$.*0&"@@2;23"$*'0&+).0&c%T&+"%&*0(*3$#"$.4&+*$)&'#&+*$)'2$&T&;=&H"[3' <&"04&

"&%';.+)"$&%*;*3"#&3.-.3&'(&1#'$.*0&"@@2;23"$*'0&+).0&[1c%^[&+"%&*0(*3$#"$.4&+*$)&'#&+*$)'2$&

T&;=&H"[3 ' <&@'0(*#;*0F&$)"$&$).&"@$*'0&'(&H"[3' &*%&*0)*/*$*0F&$).&(20@$*'0&'(&[1c%^[&"04&4'.%&

0'$&)"-.&"&F#."$&.((.@$&'0&[1c%^[&1#'$.*0&"@@2;23"$*'0&dC*F2#.&T9JMce9&h$&%)'234&/.&0'$.4<&

)'+.-.#<&$)"$&$).#.&+"%&"&4#";"$*@&#.42@$*'0&*0&R/c%^[9M<&R/c%^[9J<&"04&R/c%^[9T&1#'$.*0&

"@@2;23"$*'0&+).0&@'Y*0(*3$#"$.4&+*$)&T&;=&H"[3' <&+)*@)&;*F)$&/.&$).&#."%'0&+)7&$).#.&+"%&

0'&R/c%^[9M&@.33&4."$)&+).0&*0(*3$#"$.4&+*$)&T&;=&H"[3' &dC*F2#.&T9JMce9&m3$*;"$.37<&)'+.-.#<&

$)*%&@'0(*#;%&$)"$&[1c%^[&*%&%';.)'+&2%*0F&$).&;'-.;.0$&'(&[" !" &$'&*042@.&"&@.33&4."$)&

#.%1'0%.9&&

&

B*0@.& D8Y3*,.& [" !" YZG!"%.%& +.#.& "/204"0$& *0& $).& h!Y=B& "0"37%*%<& "04& $).& ["!"& @)"00.3&

*0)*/*$'#&+"%&"/3.&$'&%211#.%%&[1c%^[&@.33&4."$)<&+.&+"0$.4&$'&$.%$&*(&[1c%^[&)"4&"0&*;1"@$&

'0&$).&[" !" &)';.'%$"%*%&+*$)*0&$).&13"0$&@.33<&"04&;'#.&%1.@*(*@"337<&$).&["!"& )';.'%$"%*%&

+*$)*0&$).&@7$'%'3<&"%&"0&*0@#."%.&*0&@'0@.0$#"$*'0&'(&@7$'%'3*@&["!" &dr[" !" s#$%&).#."($.#e&*%&"&

)"33;"#,&*04*@"$'#&'(&1"$)'F.0Y*042@.4&*;;20*$7&*0&13"0$%<&%1.@*(*@"337&!Gh&"04&DGh&dEb%$.#&.$&

"39<&JKJJe9&Z&@'33"/'#"$'#<&6#9&B)'2F2"0F&:2"0F&(#';&!#'(9&6#9&8"*0.#&:.4#*@)q%&3"/&2%.4&"&

#"$*';.$#*@&["!"&%.0%'#&d?""4$&.$&"39<&JKMPe&$'&4.$.#;*0.&$).&*0@#."%.&*0&r["!" s#$%&"($.#&[1c%^[&

)"4& /..0& .I1#.%%.49& h0$.#.%$*0F37<& *$& +"%& ('204& $)"$& c%TYWC!& "@$2"337& )"4& "& %*F0*(*@"0$&

*0@#."%.&*0&r["!" s#$%&"($.#&J^&)1*&@';1"#.4&$'&WC!<&+)*3.&[1c%^[&)"4&0'&%*F0*(*@"0$&*0@#."%.&

*0&r["!" s#$%&"($.#&J^&)1*&dC*F2#.&T9JJ[e9&D-.0&$)'2F)&c%TYWC!&)"4&"&3'+.#&WC!&%*F0"3&'(&$).&

*0(*3$#"$.4&@'0%$#2@$&dC*F2#.&T9JJce<&*$&%$*33&)"4&"0&*0@#."%.&*0&r["!" s#$%9&Z0&*;;20'/3'$&+"%&

1.#('#;.4&$'&@'0(*#;&$)"$&$).&c%TYWC!&"04&[1c%^[ YWC!&@'0%$#2@$%&+.#.&.I1#.%%*0F&"$&$).&

@'##.@$&;'3.@23"#&+.*F)$&d[1c%^[YWC!<&^P&,6"<&"04&c%TYWC!<&Nn&,6"e&dC*F2#.&T9JM6e9&G)*%&

+"%& #"$).#& 1.@23*"#& /.@"2%.& +.& ('204& $)"$& ["!" YZG!"%.%& +.#.& )*F)37& #.1#.%.0$.4& *0& $).&

[1c%^[&*0$.#"@$';.&"04&$)"$&[1c%^[&@.33&4."$)&+"%&"/3.&$'&/.&%211#.%%.4&+*$)&$).&@'Y

.I1#.%%*'0&'(&$).&/#'"4&[" !" &@)"00.3&*0)*/*$'#<&H"[3' 9&?.&$).#.('#.&)71'$).%*%.4&$)"$&%*0@.&

[1c%^[&*%&3'@"3*%.4&$'&$).&D8&dC*F2#.&T9ne&"04&+.&%"+&0'&*0@#."%.&*0&r["!" s#$%&dC*F2#.&T9JJe<&

$).0&*$&@'234&/.&1'%%*/3.&$)"$&[1c%^[&*%&2%*0F&["!" &$#"0%1'#$*0F&1#'$.*0%&$'&;'-.&["!" &*0&"&

4*((.#.0$&;"00.#&$)"0&(#';&$).&D8&$'&$).&@7$'%'39&&

!



$.0'/#0 )

!
!

! '' !

!
012345!67DD7!,-9.:,!/$+.!&$'!C@%.+!@&!B&C>+@.+!B&!X,@!" Y$%&?!G%'!9.6!/$+.7 !

!#=#I-)3&/#/%5C,*3#':5+&,*#&T':&//,*3#(&9&(/#_(&<+i#W[O`V#+%&#80+5/5(,8#7)!" #85*8&*+:)+,5*#_-,11(&i#:4
W?7Ej-$.:X.5,/&# :)+,5`V# )*1# B:,3%+4<,&(1# _:,3%+`# ,*# &',1&:-)(# 8&((/# 5<#34) 56+,-"(%"+" # )<+&:#
)3:5,*<,(+:)+,5*"#P&1#)::5C/#-):R#+%&#'5/,+,5*#C%&:&#)#':5*5.*8&1#,*8:&)/&#,*#80+5/5(,8#7) !" #/,3*)(/#
C&:&#1&+&8+&1"#
"#=#L9&:)3&#80+5/5(,8#7)!" #/,3*)(/#_:)+,5#5<#,*1,8)+&1#85*/+:.8+/#.*1&:#85*+:5(#5<#;NA#':5-5+&:`#,*#34)
56+,-"(%"+" #&',1&:-)(#8&((/" #
0#=#L9&:)3&#&T':&//,5*#(&9&(/#5<#,*1,8)+&1#85*/+:.8+/#.*1&:#85*+:5(#5<#;NA#':5-5+&:#,*#34)56+,-"(%"+")
&',1&:-)(#8&((/" #
8#=#I--.*5B(5+#+5#/%5C#':5+&,*#)88.-.()+,5*#)+#&T'&8+&1#-5(&8.():#C&,3%+"#A)-'(&#+)R&*#6=#%5.:/#
'5/+#)3:5,*<,(+:)+,5*"#A)-'(&/#C&:&#:.*#5*#)#!Kl#AZA 4OL#3&("#L*+,4W[O4JPO#)*+,B510#C)/#./&1#+5#
1&+&8+#':5+&,*"#$%&#*.-B&:/#5*#+%&#(&<+#/,1&#5<#+%&#B(5+#,*1,8)+&#+%&#-5(&8.():#C&,3%+#_RZ)`#1&+&:-,*&1#
B0#+%&#':5+&,*#()11&:"##
g)(.&/#):&#:&':&/&*+&1#,*#)#B):#3:)'%#C,+%#,*1,9,1.)(#1)+)#'5,*+/#,*#)#8,:8(&V#*mN6V#/+)+,/+,8)(#/,3*,<,8)*8&#
C)/#1&+&:-,*&1#B&+C&&*#W[O#)*1#&,+%&:#G/;4W[O#5:#7'G/=7 4W[O#./,*3#)#/+.1&*+s/#$4+&/+V#qqq#'#n#
K"KK!V#*"/"#m#'#u#K"KNV#*5#/,3*,<,8)*8&"#!?0 #C)/#'&:<5:-&1#B0#Z:"#A%5.3.)*3#J.)*3"# #

RG/mTGFP BrightfieldA B

Ratio RG/mT

0 62 4

GFP

Bs3-GFP

CpBs4C-GFP

GFP

Bs3-G
FP

CpBs4C-G
FP

G
F

P
 s

ig
na

l (
A

.U
)

20

40

60

80

100

0

GFP

Bs3-G
FP

CpBs4C-G
FP

R
at

io
 o

f R
G

/m
T

1

2

3

0

C ***

n.s.

***

n.s.

D Bs3-G
FP

CpBs4C-G
FP

70 kDa

55 kDa

40 kDa

35 kDa

25 kDa

- GFP



$.0'/#0 )

!
!

! '( !

<"!"S"#$%&#85*/&:9&1#Q4+&:-,*)(#@510#85*;&:/#8&((#1&)+%T#@.+#+%&#74+&:-,*)(#+),(#

(,-,+/#':5+&,*#)88.-.()+,5*#

!!

G'& 204.#%$"04& $).& (20@$*'0& "04& 1'$.0$*"3& ;.@)"0*%;%&'(& $).& @.33& 4."$)Y*042@*0F& c%^[&

)';'3'F2.%<& +.& 3'',.4& 4..1.#& *0$'& $).*#& %$#2@$2#.& "04& ";*0'& "@*4& %.A2.0@.9! Z%& %..0& *0&

C*F2#.&T9Tc<&$).&RY$.#;*0"3&/'47&*%&A2*$.&@'0%.#-.4&%$#2@$2#"337&/.$+..0&$).&)';'3'F2.%<&/2$&

$).&[ Y$.#;*0"3&$"*3&*%&-.#7&4*-.#%.9&G).&(*#%$&$)'2F)$&21'0&%..*0F&$)*%&+"%&%*0@.&$).#.&*%&%$#'0F&

4*-.#%*$7& /.$+..0& "33& '(& $).& [Y$.#;*0"3& $"*3%<& .-.0& /.$+..0& $).& $+'& $)"$& )"-.& @.33& 4."$)<&

[1c%^[&"04&R/c%^[9M<&"04&/.$+..0&$).&$+'&$)"$&4'&0'$&)"-.&@.33&4."$)<&1.#)"1%&$).&[Y$"*3&

*%&+)"$&*%&@"2%*0F&$).&1#'$.*0&$'&*042@.&@.33&4."$)9&!

&

!
012345!67D67!Z+*+'B$&!$=!';+!,Q'+>#B&@*!'@B*!@==+C'.!,-9.:,!->$'+B&!@CC%#%*@'B$&7!&

!# #=#A8%&-)+,8#5<#+:.*8)+&1#':5+&,*"#
"# =#E9&:&T':&//,5*# 85*/+:.8+/# )3:5,*<,(+:)+&1# ,*+5#34) 56+,-"(%"+" "# O%5+5# +)R&*# +%:&&# 1)0/# '5/+#
,*<,(+:)+,5*"#U.-B&:/#5*#+%&#(&)<#,*1,8)+&#+%&#EZ%&&#5<#84),'(6@"&%6+$#+%)+#C)/#,*<,(+:)+&1"##
0# =#I--.*5B(5+# +5# /%5C# ':5+&,*# )88.-.()+,5*# 5<# +:.*8)+&1# ':5+&,*"# A)-'(&# +)R&*# 6=# %5.:/# '5/+#
)3:5,*<,(+:)+,5*"#A)-'(&#+)R&*#6=#%5.:/#'5/+#)3:5,*<,(+:)+,5*"#A)-'(&/#C&:&#:.*#5*#)#!6l#AZA4OL#3&("#
L*+,4JL 4JPO#)*+,B510#C)/#./&1#+5#1&+&8+#':5+&,*"#O5*8&).#/+),*&1#- &-B:)*&#/&:9&/#)/#)#(5)1,*3#
85*+:5("#$%&#*.-B&:/#5*#+%&#(&<+#/,1&#5<#B(5+#,*1,8)+&#+%&#-5(&8.():#C&,3%+#_RZ)`#1&+&:-,*&1#B0#':5+&,*#
()11&:"##
&

-HA

ponceau

13 sec exposure

9 min exposure

25 kDa

15 kDa

25 kDa

15 kDa

CpBs4C CpBs4C Ctail

0.2 0.4 0.4 0.6 0.8 1.0OD

CpBs4C CpBs4C Ctail

0.2

0.4

0.4

0.6

0.8

1.0

N body C tail

164 aa1

110 aa1

CpBs4C

CpBs4C Ctail

A B

C



$.0'/#0 )

!
!

! ') !

G).&(*#%$&$.%$&+"%&$'&%..&*(&[1c%^[&.-.0&#.A2*#.%&$).&[Y$.#;*0"3&$"*3&$'&(20@$*'09&G'&4'&$)*%<&"&

$#20@"$.4&-.#%*'0&'(&[1c%^[&+"%&F.0.#"$.4&+).#.&$).&.0$*#.&[Y$.#;*0"3&#.F*'0&+"%&4.3.$.4<&

"04&"0&:Z&.1*$'1.&$"F&+"%&$#"0%3"$*'0"337&(2%.4&*;;.4*"$.37&"($.#&$).&3"%$&"31)"&).3*I&*0&$).&

1#'$.*0&d%..&C*F2#.&T9TZ&('#&#.(.#.0@.e&"04&+"%&$.#;.4& [1c%^[&ˆ[$"*39&h$&+"%&('204&$)"$&

[1c%^[&ˆ[$"*3&0'$&'037&)"%&0'&@.33&4."$)&/2$&"3%'&)"%&"&-"%$&4.@#."%.&*0&1#'$.*0&"@@2;23"$*'0<&

+)*@)&@"0&/.&%..0&-*"&*;;20'/3'$&dC*F2#.&T9JTe9&G).&%$"04"#4&('#&:9#(./&C'-)&", &*0(*3$#"$*'0&

*0$'&49#0&"(2'/)'"' &*%&$'&)"-.&"0&:9#(./&C'-)&", &'1$*@"3&4.0%*$7&d`6122e&'(&K9^&+).0&*0(*3$#"$*0F&

$).&3."-.%9&Z%&$).#.&+"%&%2@)&"&4#";"$*@&4.@#."%.&*0&1#'$.*0&"@@2;23"$*'0&/.$+..0&$).&(233Y

3.0F$)&[1c%^[&"04&[1c%^[&ˆ[$"*3<&$).&`6122&'(&[1c%^[&ˆ[$"*3&+"%&*0@#."%.4&(#';&K9^&$'&

M9K&*0&K9J&*0@#.;.0$%9&h0$.#.%$*0F37<&*$&@"0&/.&%..0&$)"$&+).0&$).&`6122&*%&*0@#."%.4<&$).#.&*%&

"@$2"337& "& #.42@$*'0& *0& $).& 1#'$.*0& "@@2;23"$*'0& '(& [1c%^[& ˆ[$"*3& dC*F2#.& T9JT[e9& G)*%&

23$*;"$.37&"33'+%&('#&$).&@'0@32%*'0&$)"$&$).&[1c%^[&[Y$.#;*0"3&$"*3&*%&#.A2*#.4&('#&"4.A2"$.&

1#'$.*0&"@@2;23"$*'0&"04&%2/%.A2.0$&@.33&4."$)9!

&

!
012345!67D:7!, Q'+>#B&@*!'@B*!$=!FG9.:,78!B.!&$'!>+.-$&.BG*+!=$>!C+**!/+@';7&

!# =#A8%&-)+,8# 5<# 8%,-&:)/# 3&*&:)+&1# ./,*3# +%&# U4B510# )*1# 74+&:-,*)(# +),(# 5<# B5+%# UBG/=7"!# )*1#
UBG/=7"6"#!U#:&<&:/#+5#+%&#U4B510#5<#UBG/=7"!V#6U#:&<&:/#+5#+%&#U4B510#5<#UBG/=7"6V#!7#:&<&:/#+5#
+%&#74+&:-,*)(#+),(#5<#UBG/=7"!V#)*1#67#:&<&:/#+5#+%&#74+&:-,*)(#+),(#5<#UBG/=7"6"#
"# =#E9&:&T':&//,5*# 85*/+:.8+/# )3:5,*<,(+:)+&1# ,*+5#34) 56+,-"(%"+" "# O%5+5# +)R&*# +%:&&#1)0/# '5/+#
,*<,(+:)+,5*"#
0#=#I--.*5B(5+ #+5#/%5C#':5+&,*#)88.-.()+,5*#5<#8%,-&:)/ "#A)-'(&#+)R&*#6=#%5.:/#'5/+#)3:5,*<,(+:)+,5*"#
A)-'(&/#C&:&#:.*#5*#)#!6l#AZA 4OL#3&("#L*+,4JL 4JPO#)*+,B510#C)/#./&1#+5#1&+&8+#':5+&,*"#O5*8&).#
/+),*&1#-&-B:)*&#/&:9&/#)/#)#(5)1,*3#85*+:5("#$%&#*.-B&:/#5*#+%&#(&<+#/,1&#5<#&)8%#B(5+#,*1,8)+&#+%&#
-5(&8.():#C&, 3%+#_RZ)`#1&+&:-,*&1#B0#':5+&,*#()11&:"##

N body C tail

157 aa

164 aa

1

1

NbBs4C.1 (+) HR

NbBs4C.2   (-) HR

1N 2C

2N 1C

15 kDa

25 kDa

-HA

ponceau

NbBs4C.1NbBs4C.1

NbBs4C.2

1N1N 2C

2N 1C1C

1N 2C
2N 1C

NbBs4C.1

NbBs4C.2

A B

C



$.0'/#0 )

!
!

! (* !

R'+&$)"$&+.&)"-.&4.$.#;*0.4&$)"$&$).&[ Y$.#;*0"3&$"*3&*%&-*$"3&('#&"4.A2"$.&"@@2;23"$*'0&'(&

1#'$.*0<&$).&0.I$&3'F*@"3&A2.%$*'0&*%&$'&$.%$&*(&*$&*%&*04..4&$).&[ Y$"*3%&'(&$).&@.33&4."$)Y*042@*0F&

)';'3'F2. %&$)"$&"#. &"@$2"337& @"2%*0F& @.33& 4."$)9&Z%& 1#.-*'2%37& ;.0$*'0.4<&$).& c%^[&

)';'3'F2.%& )"-. &"& -.#7& %*;*3"#& @'#.& %$#2@$2#.<& /2$& A2*$.& 4*-.#%.& [Y$.#;*0"3& $"*3%9& G).%.&

%$#2@$2#.%&3.04&$).;%.3-.%&0*@.37&$'+"#4%&$).&F.0.#"$*'0&'(&@)*;.#"%&+).#.&+.&@"0&$",.&$).&

[Y$.#;*0"3&$"*3&'(&"&@.33&4."$)Y*042@*0F&)';'3'F2.&"04&12$&*$&'0&$).&RY$.#;*0"3&/'47&'(&"&0'0 Y

@.33& 4."$)Y*042@*0F& )';'3'F2.& "04& %..& *(& $)*%& @)*;.#"& *042@.%& @.33& 4."$)9& G",*0F& $).& RY

$.#;*0"3&/'4*.%&"04&[Y$.#;*0"3&$"*3%&(#';&/'$)&R/c%^[9M&"04&R/c%^[9J&d$).&$+'&)';'3'F2.%&

$)"$& )"-.& @.33& 4."$)& "04& 0'& @.33& 4."$)<& #.%1.@$*-.37<& "04& "#.& @3'%.%$& *0& $).*#& %$#2@$2#.e<&

@)*;.#"%& +.#.& F.0.#"$.4& $'& )"-.& MRJ[<& +).#./7& $).& RY$.#;*0"3& /'47& '(& R/c%^[9M& +"%&

$#"0%3"$*'0"337&(2%.4&$'&$).&[Y$.#;*0"3&$"*3&'(&R/c%^[9J<&"04&JRM[<&+).#./7&$).&RY$.#;*0"3&

/'47&'(&R/c%^[9J&+"%&(2%.4&$'&$).&[Y$.#;*0"3&$"*3&'(&R/c%^[9M&dC*F2#.&T9J^Ze9&!3"@*0F&$).%.&

@)*;.#"%&204.#&@'0$#'3&'(&$).&TnB&1#';'$.#<&$).&@'0%$#2@$%&+.#.&12$&*0$'&:9#(./&C'-)&", &"04&

*0(*3$#"$.4&*0$'&49#0&"(2'/)'"' &"04& .I";*0.4& ('#& /'$)&@.33&4."$)&4.-.3'1;.0$&"04&1#'$.*0&

"@@2;23"$*'09&B2#1#*%*0F37<&*$&+"%&('204&$)"$&MRJ[&)"4&-*%*/3.&@.33&4."$)<&"04&JRM[&)"4&0'&

@.33& 4."$)& dC*F2#.& T9J^ce9& G)*%& "33'+%& 2%& $'& 4.$.#;*0.& $)"$& $).& RY$.#;*0"3& /'4*.%& '(&

R/c%^[9ML9J&"#.&+)"$&F'-.#0&(20@$*'0"3&4*((.#.0@.%&*0&$).*#&@"1"/*3*$7&$'&*042@.&@.33&4."$)9&h$&

@"0&"3%'&/.&%..0&*0&C*F2#.&T9J^[&$)"$&$).&[Y$.#;*0"3&$"*3&*%&"3%'&$).&1"#$&'(&$).&1#'$.*0&$)"$&*%&

#.%1'0%*/3.&('#&1#'$.*0&"@@2;23"$*'0<&%1.@*(*@"337&+).0&R/c%^[9M&(233&3.0F$)&*%&.I1#.%%.4<&*$&

)"%&3.%%&1#'$.*0&"@@2;23"$*'0&$)"0&R/c%^[9J<&"04&%*;*3"#37<&JRM[<&+)*@)&)"%&$).&R/c%^[9M&

[Y$"*3<&"04&R/c%^[9J&RY/'47<&)"%&"&#.42@.4&1#'$.*0&"@@2;23"$*'0&@';1"#.4&$'&MRJ[<&+)*@)&

)"%&$).&R/c%^[9J&[Y$"*3&"04&$).&R/c%^[9M&RY/'479&G",.0&$'F.$).#<&+.&@"0&@'0@324.&$)"$&$).&

[Y$"*3&*%&#.A2*#.4&('#&$).&1#'$.*0&$'&"@@2;23"$.&$'&"4.A2"$.&3.-.3%&"04&$'&*042@.&@.33&4."$)<&7.$&

$).&[ Y$"*3&4'.%&0'$&4*@$"$.&+).$).#&$).&1#'$.*0&+*33&*042@.&@.33&4."$)g&*0&("@$<&$).&RY$.#;*0"3&

/'47&*%&+)"$&4*@$"$.%&*(&"&)';'3'F2.&*042@.%&@.33&4."$)&'#&0'$9&

&

G'&0"##'+&4'+0&$).&#.F*'0&'(&$).&RY$.#;*0"3&/'47&$)"$&@"2%.%&$).&(20@$*'0"3&4*((.#.0@.&*0&@.33&

4."$)&/.$+..0&R/c%^[9M&"04&R/c%^[9J<&+.&3'',.4&"$&$).&1.0$";.#*@&#*0F&1#.4*@$*'0&(#';&

C*F2#.&T9M^9&H'',*0F&@3'%.37<&'0.&'(&$).&"31)"&).3*@.%&(#';&$).&RY$.#;*0"3&@'#.&%$#2@$2#.&*%&

+)"$&3*0.%&$).&*00.#&#*0F&'(&$).&1'$.0$*"3&1'#.<&+)*@)&*%&$).&F#..0&)*F)3*F)$.4&"31)"&).3*@.%&*0&

C*F2#.&T9M^c9&G)*%&"31)"&).3*I&*%&$).&3"%$&"31)"&).3*I&*0&$).&$#"0%;.;/#"0.&#.F*'0&'(&$).&c%^[&

)';'3'F2.%&dC*F2#.&T9TZ&('#&#.(.#.0@.e&"04&+*33&0'+&/.&$.#;.4&$).&1'#.Y3*0*0F&).3*I9&&

&



$.0'/#0 )

!
!

! (! !

!
012345!67DH7!V%*'B-*+!.+W%+&C+!@*B<&#+&'!$=!,-9.:,!@&/!FG9.:,!;$#$*$<%+.7 &

Z&3:&&#5<#85*/&:9)+,5*#,/#/%5C*#C,+%#3:&0#5:#B()8R#/%)1,*3"#U)-&/#)*1#(,*&/#)B59&#+%&#)(,3*-&*+#
,*1,8)+&#+%&#15-),*/"#G(.&#,*1,8)+&/#+%&#/+:.8+.:)((0#85*/&:9&1#U4B510"#W:&&*#,*1,8)+&/#+%&#()/+#%&(,T#
C,+%,*#+%&#U4B510#+&:-&1#+%&#'5:&4(,*,*3#%&(,T"#O,*R#,*1,8)+&/#+%&#9):,)B(&#74+&:-,*)(#+),("#U.-B&:/#5*#
+%&#:,3%+#%)*1#/,1&#,*1,8)+&#+%&#)-,*5#)8,1#'5/,+,5*"##
&

[';1"#*0F&$).&";*0'&"@*4%&$)"$&@';1'%.&$).&1'#.Y3*0*0F&).3*@.%&'(&@.33&4."$)Y*042@*0F&"04&

0'0 Y@.33&4."$)Y*042@*0F&)';'3'F2.%<&$).#.&*%&0'&'/-*'2%&@)"#F.&+*$)*0&$).%.&1'#.Y3*0*0F&"31)"&

).3*@.%&$)"$&+'234&*04*@"$.&%.3.@$*-*$7&('#&"&1'$.0$*"3&*'0&$)"$&;*F)$&/.&"/3.&$'&1"%%&$)#'2F)&

dC*F2#.& T9Jne9& B1.@*(*@"337& ;."0*0F& $)"$& $).#.& "#.& 0'& 0.F"$*-.37& @)"#F.4& ";*0'& "@*4%& 3*,.&

"%1"#$*@&"@*4&d6e&'#&F32$";*@&"@*4&dDe&+*$)*0&$).&1'#.Y3*0*0F&).3*I&d)*F)3*F)$.4&*0&F#..0&*0&C*F2#.&

T9Jne<&$)"$&+'234&%.3.@$&('#&1'%*$*-.37&@)"#F.4&*'0%<&3*,.&["!" 9&:'+.-.#<&+.&%$*33&%+"11.4&$)*%&

1'#. Y3*0*0F&).3*I&$'&%..&*(&*$&)"4&"0&*;1"@$&'0&@.33&4."$)9&G).&1'#.Y3*0*0F&).3*I&'(&R/c%^[9M&d@.33&

4."$) Y*042@*0F&)';'3'F2.e&"04&$).&1'#.Y3*0*0F&).3*I& '(&R/c%^[9J&d0'0Y@.33&4."$)Y*042@*0F&

)';'3'F2.e&+.#.&%+"11.4&$'&F.0.#"$.&@)*;.#"%9&G).%.&@)*;.#"%&+.#.&0";.4&MRJ!M[ &dRY

$.#;*0"3&/'47&'(&R/c%^[9M<&1'#.Y3*0*0F&).3*I&'(&R/c%^[9J<&"04&[Y$.#;*0"3&$"*3&'(&R/c%^[9Me&

"04&JRM!J[ &dRY$.#;*0"3&/'47&'(&R/c%^[9J<&1'#.Y3*0*0F&).3*I&'(&R/c%^[9M<&"04&[Y$.#;*0"3&$"*3&

'(&R/c%^[9Je9&G).%.&@)*;.#"%&+.#.&13"@.4&204.#&@'0$#'3&'(&$).&TnB&1#';'$.#&"04&$"FF.4&

+*$)& "0& :Z& .1*$'1.& $"F& "$& $).& [Y$.#;*02%<& "04& $).0& $#"0%('#;.4& *0$'&:9# (./&C'-)&", &"04&

*0(*3$#"$.4&*0$'&49#0&"(2'/)'"' 9&h0$.#.%$*0F37<&0.*$).#&@)*;.#"&1#'42@.4&"&-*%*/3.&@.33&4."$)&

#."@$*'0<&/2$&$).7&/'$)&4*4&)"-.&-*%*/3.&1#'$.*0&"@@2;23"$*'0&dC*F2#.&T9JNe9&G)*%&*04*@"$.%&$)"$&

$).&*0$.F#*$7&'(&$).&3"%$&$+'&"31)"&).3*@.%&+*$)*0&$).&RY$.#;*0"3&/'47&'(&$).&1#'$.*0&"#.&#.A2*#.4&

('#&@.33&4."$)9&

&



$.0'/#0 )

!
!

! (" !

!
012345!67DI7!P$>+Q*B&B&<!;+*BU!$=!FG9.:,78!B.!&$'!>+.-$&.BG*+!=$>!C+**!/+@';7&

!#=#A8%&-)+,8#5<#8%,-&:)/#3&*&:)+&1#./,*3#+%&#U4B510V#'5:&#(,*,*3#%&(,TV#)*1#7 4+&:-,*)(#+),(#5<#B5+%#
UBG/=7"!#)*1#UBG/=7" 6"#!U#:&<&:/#+5#+%&#U4B510#5<#UBG/=7"!V#6U#:&<&:/#+5#+%&#U4B510#5<#UBG/=7"6V#
!O#:&<&:/#+5#'5:&#(,*,*3#%&(,T#5<#UBG/=7"!V#6O#:&<&:/#+5#+%&#'5:&#(,*,*3#%&(,T#5<#UBG/=7"6"#!7#:&<&:/#+5#
+%&#74+&:-,*)(#+),(#5<#UBG/=7"!V#)*1#67#:&<&:/#+5#+%&#74+&:-,*)(#+),(#5<#UBG/=7"6" #
"# =#E9&:&T':&//,5*# 85*/+:.8+/# )3:5,*<,(+:)+&1# ,*+5#34) 56+,-"(%"+" "# O%5+5# +)R&*# +%:&&#1)0/# '5/+#
,*<,(+:)+,5*"#
0# =#I--.*5B(5+# +5# /%5C# ':5+&,*# )88.-.()+,5*# 5<# +:.*8)+&1# ':5+&,*"# A)-'(&# +)R&*# 6=# %5.:/# '5/+#
)3:5,*<,(+:)+,5*"#A)-'(&/#C&:&#:.*#5*#)#!6l#AZA 4OL#3&("#L*+,4JL 4JPO#)*+,B510#C)/#./&1#+5#1&+&8+#
':5+&,*"#O5*8&).#/+),*&1#-&-B:)*&#/&:9&/#)/#)#(5)1,*3#85*+:5("#$%&#*.-B&:/#5*#+%&#(&<+#/,1&#5<#&)8%#
B(5+#,*1,8)+&#+%&#-5(&8.():#C&,3%+#_RZ)`#1&+&:-,*&1#B0#':5+&,*#()11&:"##
#

<"!"U"#VGDG- #/.@.*,+#15&/#*5+#-,-,8 #D/B7#%5-5(53.&#'%&*5+0'& )

!

h$&+"%&4.$.#;*0.4&*0&C*F2#.&T9J^&$)"$&$).&@'0%.#-.4&RY$.#;*0"3&/'47 &*%&#.%1'0%*/3.&('#&$).&

(20@$*'0"3&4*((.#.0@.&/.$+..0&R/c%^[9M&"04&R/c%^[9J9&B..*0F&"%&$).&@'0%.#-.4&@'#.&RY

$.#;*0"3& /'47& *%& $).& #.F*'0& '(& [1c%^[& d"04& $).& '$).#& )';'3'F2.%e& $)"$& *%& %$#2@$2#"337&

)';'3'F'2%&$'&$).&$#"0%;.;/#"0.&#.F*'0%&'(&$).&WZcZ ( &%2/20*$%&"%&%..0&*0&C*F2#.&T9MT<&+.&

%'2F)$&$'&$.%$&*(&$).&)';'3'F'2%&$#"0%;.;/#"0.&1"#$&'(&$).&WZcZ( &%2/20*$%&@'234&(20@$*'0"337&

#.13"@.&$).&R/c%^[9M&$#"0%;.;/#"0.&#.F*'09&G).&;'%$&%$#2@$2#"337&)';'3'F'2%&%2/20*$&'(&

$).&WZcZ( &#.@.1$'#&$'&[1c%^[<&WZcZ( &%2/20*$&Œ<&+"%&2%.4&('#&$).&F.0.#"$*'0&'(&$).&WZcZY

c%^[&@)*;.#"%&dC*F2#.&T9JPZe9&&

&

N body C tail

157 aa

164 aa

1

1

NbBs4C.1 (+) HR

NbBs4C.2   (-) HR

1N 2P 1C 

2N 1P 2C 

Pore

15 kDa

25 kDa

-HA

ponceau

1N 2P 1C 

2N 1P 2C 

NbBs4C.1

NbBs4C.2   

NbBs4C.1NbBs4C.1

NbBs4C.2

1N1N 2P 1C1C

2N 1P1P 2C 

A B

C



$.0'/#0 )

!
!

! (# !

!
012345!67DL7!2"9" # !C;B#+>@.!/$!&$'!B&/%C+!C+**!/+@';7!

!#=#A8%&-)+,8#5<#8%,-&:)/#3&*&:)+&1#./,*3#+%&#-&-B:)*&#B5.*1#15-),*#5<#WLGL##:&8&'+5:#)*1#74
+&:-,*)(#+),(#5<#7'G/=7#_7'+),(`V#UBG/=7"!#_U!+),(`V#)*1#UBG/=7"6#_U6+),(`"#
"#=#E9&:&T':&//,5*#85*/+:.8+/#)3:5,*<,(+:)+&1#,*+5#34)56+,-"(%"+" "#75*/+:.8+/#1:,9&*#C,+%#;NA#':5-5+&:#
)*1#)#7 4+&:,-)(#W[O#+)3"#O%5+5#+)R&*#+%:&&#1)0/#'5/+#,*<,(+:)+,5*"#
0#=#I--.*5B(5+#+5#/%5C#':5+&,*#)88.-.()+,5*#5<#8%,-&:)/"#A)-'(&# +)R&*#;#1)0/#'5/+#)3:5,*<,(+:)+,5*"#
A)-'(&/#C&:&#:.*#5*#)#!6l#AZA 4OL#3&("#L*+,4W[O4JPO#)*+,B510#C)/#./&1#+5#1&+&8+#':5+&,*"#O5*8&).#
/+),*&1#-&-B:)*&#/&:9&/#)/#)#(5)1,*3#85*+:5("#$%&#*.-B&:/#5*#+%&#(&<+#/,1&#5<#&)8%#B(5+#,*1,8)+&#+%&#
-5(&8.():#C&,3%+#_RZ)`#1&+&:-,*&1#B0#)#':5+&,*#()11&:"##
&

B1.@*(*@"337<&$).&(*#%$&M^Q&";*0'&"@*4%&'(&$).&WZcZ( &Œ&%2/20*$&+.#.&2%.4&"%&"&%+"1&('#&$).&RY

$.#;*0"3&/'47&'(&$).&c%^[&)';'3'F2.%<&"%&$)*%&*%&$).&1"#$&'(&$).&1#'$.*0&$)"$&3*.%&+*$)*0&$).&

;.;/#"0.9& G).& [ Y$.#;*0"3& $"*3%& (#';& [1c%^[<& R/c%^[9M<& "04& R/c%^[9J& +.#.& 2%.4&$'&

F.0.#"$.& $).& WZcZY[1$"*3<& WZcZYRM$"*3<& "04& WZcZYRJ$"*3& @)*;.#"%<& #.%1.@$*-.37& dC*F2#.&

T9JPZe9#G)#..&4"7%&"($.#&$).%.&@)*;.#"%&+.#.&"F#'*0(*3$#"$.4&*0$'&49#0&"(2'/)'"' <&0'0.&'(&$).&

@)*;.#"%&F.0.#"$.4&"&@.33&4."$)&#."@$*'0&%*;*3"#&$'&[1c%^[&'#&R/c%^[9M&dC*F2#.&T9JPce9&&

G71*@"337<&%";13.%&('#&c%^[&*;;20'/3'$%&"#.&@'33.@$.4&J^&)1*&42.&$'&$).&("@$&$)"$&@.33&4."$)&*%&

-*%*/3.&"$&^K&)1*9&B";13.%&('#&$).&WZcZ&@)*;.#"%&+.#.&$",.0&"$&J^&)1*<&/2$&0'&1#'$.*0&+"%&

-*%*/3.&-*"&*;;20'/3'$&d4"$"&0'$&%)'+0e9&`037&"($.#&$)#..&4"7%&1'%$&*0(*3$#"$*'0&+"%&1#'$.*0&"/3.&

$'&/.&%..0&'0&"0&*;;20'/3'$&dC*F2#.&T9JP[e<&/2$&[1c%^[<&R/c%^[9M<&"04&R/c%^[9J&1#'$.*0&

-GFP

ponceau

35S:GABA-Cptail
Cptail-G

FP

35S:GABA-N1tail-G
FP

35S:GABA-N2tail-G
FP

N body C tail

157 aa

164 aa

1

1

NbBs4C.1 (+) HR

NbBs4C.2   (-) HR

A

164 aa1

CpBs4C   CpBs4C     (+) HR(+) HR

112

110

110

1 148

1 148

1 148

193 aa

202 aa

202 aa

GABA  - Cp tail    - Cp tail    

GABA  - N1 tail

GABA - N2 tail

B

40 kDa

35 kDa

C

GABAGABA  
- Cp tail   - Cp tail    

GABAGABA 
- N1- N1 tail

GABA
- N2 tail

CpBs4CCpBs4C

NbBs4C.1

NbBs4C.2



$.0'/#0 )

!
!

! ($ !

%";13.%&+.#.&0'$&$",.0&42.&$'&@.33&4."$)&'(&$).&('#;.#&$+'9&G)*%&23$*;"$.37&(2#$).#&@'0(*#;%&

$).&0'$*'0&$)"$&$).&@"2%.& '(&@.33&4."$)&*0&$).&c%^[& )';'3'F2.%&*%&*04..4&$).& ";*0'& "@*4&

@';1'%*$*'0&'(&$).&RY$.#;*0"3&/'47<&"04&0'$&$).&%$#2@$2#"3&$'1'3'F7&$)"$&*$&1#.%.0$%9&&

&

R.I$<&$).&3'@"3*%"$*'0&'(&$).%.&@)*;.#"%&+"%&*0%1.@$.4&$'&%..&*(&$).7&3'@"3*%.4&$'&$).&13"%;"&

;.;/#"0.&"%&$).&@';13.$.&WZcZ ( &#.@.1$'#&4'.%<&'#&*(&$).7&3'@"3*%.&$'&$).&D8&"%&$).&c%^[&

)';'3'F2.%&4'9&C'#&"33&$)#..&'(&$).&@)*;.#"%&$.%$.4<&$).7&+.#.&('204&$'&3'@"3*%.&$'&$).&D8<&

"04&*0&"&%*;*3"#&("%)*'0&$'&$)"$&'(&$).*#&@'##.%1'04*0F&(233Y3.0F$)&c%^[&)';'3'F2.%&dC*F2#.&

T9JQe9&WZcZY[1$"*3<&WZcZYRM$"*3<&"04&WZcZYRJ$"*3&"33&)"4&"&%*;*3"#&1"$$.#0&'(&("*0$&4*((2%*'0&

"3'0F&$).&D8&/2$&%@"$$.#.4&3"#F.&"FF#.F"$.%&%$"/3.&"$&$).&D8&TY+"7&S20@$*'0%9&C2#$).#;'#.<&

$).%.&"FF#.F"$.%&+.#.&"3%'&;'/*3.<&;'-*0F&-.#7&A2*@,37&"3'0F&$).&D8<&*0&"&%*;*3"#&("%)*'0&$'&

$).& (233Y3.0F$)& c%^[& )';'3'F2.%9& G",.0& $'F.$).#<& *$& @"0& /.& @'0@324.4& $)"$& +)*3.& $).%.&

@)*;.#"%&3'@"3*%.&$'&"&%*;*3"#&%2/@.3323"#&@';1"#$;.0$&"%&$).&c%^[&)';'3'F2.% <&$).&@)*;.#"%&

"#.&20"/3.&$'&*042@.&@.33&4."$)&*0&"&%*;*3"#&("%)*'0&$'&[1c%^[&'#&R/c%^[9M9&&

#

#
012345!67DN7!2"9" # !C;B#+>@.!*$C@*B.+!'$!';+!547!#

75 4&T':&//,5*#5<#,*1,8)+&1#WLGL#'8%,-&:)#+)33&1#C,+%#W[O#)*1#?P4-7%&::0#;#1',#,*#34)56+,-"(%"+" "#
$5'#')*&(#,/#W[O#<,(+&:#)(5*&V#B5++5-#')*&(#,/#W[O#)*1#-7%&::0#<,(+&:#-&:3&1"#Q%,+&#/8)(&#B):#,*#B5++5-#
(&<+#85:*&:#5<#&)8%#,-)3&#:&':&/&*+/#N#k-"###
#
#

E
R

-m
C

he
rr

y

GABA  - Cp tail    - Cp tail    

G
F

P

GABA - N2 tailGABA  - N1 tail



$.0'/#0 )

!
!

! (%!

<"!"!W"#72/$0!) +:)*/8:,'+/#;5.*1#,*#:)A#KQG4/&X#1)+)#/&+#,*#&):(0#:,'&*,*3#

/+)3&/#5;#;:.,+#1&9&(5'-&*+#

#

B..*0F& "%& +.& F'$& 0'& *04*@"$*'0& (#';& $).& 12/3*@37& "-"*3"/3.& 13"0$& $#"0%@#*1$';.& 4"$"/"%.%&

+).#.&"04&+).0& >,=+ &)';'3'F2.&$#"0%@#*1$%&;*F)$&/.&1#.%.0$<&+.&%'2F)$&'2$&@'33"/'#"$'#%&

$'& @).@,& #"+& 8RZY%.A& 4"$"%.$%9&Z%& 1#.-*'2%37& ;.0$*'0.4<&>,=+ &)';'3'F2.%& "#.& 0'$&

"00'$"$.4&*0&"07&'(&$).&12/3*%).4&8RZY%.A&4"$"%.$%<&%'&+.&"%,.4&6#9&j)"0FS20&C.*&(#';&6#9&

V'@.370& 8'%.q%& F#'21& $'& %."#@)& $).& %.A2.0@.& '(&56>,=+#"F"*0%$& $).& #"+& %1"$*'$.;1'#"3&

$#"0%@#*1$';.& 4"$"%.$& '(&59# 67-*$&%,)-./&(#2*$& 4.-.3'1;.0$& "04& #*1.0*0F& dB)*0'>",*& .$& "39<&

JKMQe9&G).#.&+.#.&Q^&4*((.#.0$&@';/*0"$*'0%&'(&$*%%2.&$71.&"04&4.-.3'1;.0$"3&%$"F.<&%$"#$*0F&

(#';&$).&"0$).%*%&'(&$).&(#2*$<&$)#'2F)&(#2*$&.I1"0%*'0<&"04&"@#'%%&(#2*$&#*1.0*0F&dC*F2#.&T9JOZe9&

G).&4*((.#.0$&$*%%2.&$71.%&+.#.&0'$&'037&3*;*$.4&$'&$).&4*((.#.0$&$71.%&+*$)*0&$).&@#'%%Y%.@$*'0&

'(&$).&;*443.&'(&$).&(#2*$&dC*F2#.&T9JOce<&/2$&"3%'&$).&4*((.#.0$&$*%%2.&$71.%&"$&$).&$'1&'(&$).&(#2*$&

d%$.;e<&$).&;*443.&'(&$).&(#2*$&d.A2"$'#*"3e<&"04&$).&/'$$';&'(&$).&(#2*$&d%$73"#e&dC*F2#.&T9JO[e9&

G).#.&*%&"0&*0@#."%.&*0&56>,=+ &.I1#.%%*'0&"$&$).&/.F*00*0F&%$"F.%&'(&(#2*$&#*1.0*0F<&;"*037&"$&

$).&;"$2#.&F#..0&"04&/#.",.#&%$"F.<&'0&$).&%$.;&1"#$&'(&$).&(#2*$&d$'1&1"#$e<&;'%$&0'$"/37&+*$)*0&

$).&$'$"3&1.#*@"#1&"04&$).&%.1$2;&dC*F2#.&T9JO6e9&G)*%&@'234&1'%%*/37&*04*@"$.&$)"$&56>,=+#

13"7%&"&#'3.&*0&$';"$'&(#2*$&#*1.0*0F<&)'+.-.#<&$)*%&0..4%&$'&/.&.I1.#*;.0$"337&-"3*4"$.49#

&

!



$.0'/#0 )

!
!

! (&!

#
012345!67DM7!<$4-52&'>@&.C>B-'!=$%&/!B&!+@>*A!.'@<+.!$=!=>%B'!>B-+&B&<7!

!#=#O,8+.:&/#:&':&/&*+#%):9&/+&1#<:.,+#)+#!K#1,<<&:&*+#1&9&(5'-&*+)(#/+)3&/"#I-)3&#+)R&*#<:5-#A%,*5\)R,#
&+#)("V#6K!F"#L*#m#)*+%&/,/V#ZOL#m#1)0/#'5/+#)*+%&/,/V#@W#m#-)+.:&#3:&&*V#G:#m#B:&)R&:V#OR#m#',*RV#MP#
m#(,3%+#:&1V#PP#m#:,'&#:&1"#
"#=#J5:,\5*+)(#8:5// 4/&8+,5*#5<#+5-)+5#<:.,+#,*1,8)+,*3#/'&8,<,8#+,//.&#+0'&/#+)R&*#<5:#/)-'(,*3"#I-)3&#
+)R&*#<:5-#A%,*5\)R,#&+#)("V#6K!F"#
0#=#g&:+,8)(#8:5//4/&8+,5*#5<#+5-)+5#<:.,+#,*1,8)+,*3#+%&#:&3,5*#5<#<:.,+#C%&:&#/'&8,<,8#+,//.&#+0'&/#C&:&#
+)R&*"#I-)3&#8:&)+&1#./,*3#G,5P&*1&:"85- "#
8#=#?T':&//,5*#5<#72/$0! #)+#+%&#,*1,8)+&1#+,//.&/#)+#+%&#/'&8,<,8#+,-&#'5,*+/#<:5-#+%&#PUL4/&X#1)+)#/&+#
<:5-#A%,*5\)R,#&+#)("V#6K!F"#g)(.&/#):&#:&':&/&*+&1#)/#)#B):#3:)'%V#C,+%#+%&#)9&:)3&#5<#<5.:#B,5(53,8)(#
:&'(,8)+&/#_*m=`V#)*1#+%&#&::5:#B):/#1,/'()0,*3#+%&#/+)*1):1#1&9,)+,5*"#
#

0

5

10

15

20

R
ea

ds
 p

er
 m

ill
io

n 
m

ap
pe

d 
re

ad
s 

(R
P

M
)

A

B C

T
ot

al
pe

ric
ar

p
S

ep
tu

m
C

ol
um

el
la

T
ot

al
pe

ric
ar

p
S

ep
tu

m
Lo

cu
la

r 
tis

su
e

P
la

ce
nt

a
C

ol
um

el
la

S
ee

ds
T

ot
al

pe
ric

ar
p

S
ep

tu
m

Lo
cu

la
r 

tis
su

e
P

la
ce

nt
a

C
ol

um
el

la
S

ee
ds

T
ot

al
pe

ric
ar

p
S

ep
tu

m
Lo

cu
la

r 
tis

su
e

P
la

ce
nt

a
C

ol
um

el
la

S
ee

ds
T

ot
al

pe
ric

ar
p

S
ep

tu
m

Lo
cu

la
r 

tis
su

e
P

la
ce

nt
a

C
ol

um
el

la
S

ee
ds

T
ot

al
pe

ric
ar

p
S

ep
tu

m
Lo

cu
la

r 
tis

su
e

P
la

ce
nt

a
C

ol
um

el
la

S
ee

ds
T

ot
al

pe
ric

ar
p

S
ep

tu
m

Lo
cu

la
r 

tis
su

e
P

la
ce

nt
a

S
ee

ds
T

ot
al

pe
ric

ar
p

S
ep

tu
m

Lo
cu

la
r 

tis
su

e
P

la
ce

nt
a

C
ol

um
el

la
S

ee
ds

T
ot

al
pe

ric
ar

p
S

ep
tu

m
Lo

cu
la

r 
tis

su
e

P
la

ce
nt

a
C

ol
um

el
la

S
ee

ds
T

ot
al

pe
ric

ar
p

S
ep

tu
m

Lo
cu

la
r 

tis
su

e
P

la
ce

nt
a

S
ee

ds
T

ot
al

pe
ric

ar
p

S
ep

tu
m

Lo
cu

la
r 

tis
su

e
P

la
ce

nt
a

C
ol

um
el

la
S

ee
ds

T
ot

al
pe

ric
ar

p
S

ep
tu

m
Lo

cu
la

r 
tis

su
e

P
la

ce
nt

a
C

ol
um

el
la

S
ee

ds
T

ot
al

pe
ric

ar
p

S
ep

tu
m

Lo
cu

la
r 

tis
su

e
P

la
ce

nt
a

S
ee

ds
T

ot
al

pe
ric

ar
p

S
ep

tu
m

Lo
cu

la
r 

tis
su

e
P

la
ce

nt
a

C
ol

um
el

la
S

ee
ds

T
ot

al
pe

ric
ar

p
S

ep
tu

m
Lo

cu
la

r 
tis

su
e

P
la

ce
nt

a
C

ol
um

el
la

S
ee

ds

5 DPA

10 DPA

20 DPA

30 DPA

MG-st
em

MG-equito
ria

l

MG-st
yla

r

Br-s
tem

Br-e
quito

ria
l

Br-s
tyla

r

Pk-s
tem

Pk-e
quito

ria
l

Pk-s
kyl

ar
LR RR

D

Stem

Equitorial

Stylar



$.0'/#0 )

!
!

! (' !

<"!"!!"#D/B7#%)/#/+:.8+.:)(#%5-5(53.&/#,*#@)8+&:,)#

!

G'+"#4%&$).&.04&'(&$)*%&1#'S.@$<&$).&@';1"07&=.$"&#.3."%.4&$).&1#.4*@$.4&%$#2@$2#.%&('#&'-.#&

NMP&;*33*'0&1#'$.*0%&@';*0F&(#';&/"@$.#*"<&-*#2%.%<&"04&'$).#&'#F"0*%;%&+)'%.&1#'$.*0%&)"4&

1#.-*'2%37&0'$&/..0&%$#2@$2#"337&@)"#"@$.#*%.4&dH*0&.$&"39<&JKJJe9&?.&+.#.&1#.-*'2%37&3*;*$.4&$'&

*4.0$*(7*0F& [1c%^[& %$#2@$2#"3& )';'3'F2.%& $'& 1#'$.*0& %$#2@$2#.%& $)"$& )"4& "3#."47& /..0&

1#.4*@$.4& '#& #.%'3-.4& dC*F2#.& T9MTe9& :'+.-.#<& +*$)& $)*%& ;"%%*-.& 02;/.#& '(& 0.+& 1#.4*@$.4&

1#'$.*0&%$#2@$2#.%<&+.&+.#.&"/3.&$'&%..&*(&$).#.&+.#.&"07&'$).#&1#'$.*0%&*0&=.$"q%&4"$"/"0,&

$)"$&)"4&%$#2@$2#"3&%*;*3"#*$7&$'&[1c%^[9&G).&1#'$.*0&@';1"#*%'0&"0"37%*%<&@';13.$.4&/7&6#9&

V9&W#'00*.#<&('204&$)"$&[1c%^[&)"4&%$#2@$2#"3&)';'3'F7&$'&%.-.#"3&/"@$.#*"3&1#'$.*0%&dC*F2#.&

T9TK<&G"/3.&T9ne9&&

&

&

012345 !676R7!,-9.:,!;@.!.'>%C'%>@*!;$#$*$<A!'$!G@C'+>B@*!->$'+B&.7#

A+:.8+.:)(# %5-5(530# ':&1,8+,5*# ./,*3# +%&# ZLMI# /&:9&:"#W:&&*# /+:.8+.:&# ,/# 7'G/=7# )*1# +%&# 5:)*3&#
/+:.8+.:&#,/#+%&#':&1,8+&1#%5-5(53.&V#C,+%#+%&#%5/+#5:3)*,/-V#)*1#+%&#85::&/'5*1,*3#':5+&,*#1)+)#B)*R#
:&<&:&*8&"#2#/85:&#,/#+%&#ZLMI#24/85:&V#)*1#:-/1#,/#+%&#:55-#-&)*#/X.):&#1&9,)+,5*"# #
!#=#7'G/=7#/+:.8+.:)(#/,-,():,+0#+5#$5-G#<:5-# I4)&.2%4#
"#=#7'G/=7#/+:.8+.:)(#/,-,():,+0#+5#G//P#<:5-#M4)#+6'(.+%"64)
0#=#7'G/=7#/+:.8+.:)(#/,-,():,+0#+5#Y88KN!>#<:5-#*4)&"(#6$,;%$)#W4)&"(#6$,;%$4)

!

B1.@*(*@"337<&$).#.&+"%&%$#2@$2#"3&)';'3'F7&$'&$).&L,-2&%)-2)'# -*6)&:)"&$'I*@*$7&;'423"$'#7&

1#'$.*0&G';c&d!6c‰5&!KZZ8Ke&+*$)&"&j„N9T&"04&#;%4„T9M&dC*F2#.&T9TKZe<&"04&"3%'&$'&$).&

[6&0,)&66'#$"&./*")'& &/*'(*3;&#.F23"$'#7&1#'$.*0&c%%8&d!6c‰5ZKZK:TWE:Ke&+*$)&"&j„n9N&

"04& #;%4& T9M& dC*F2#.& T9TKce9& G).#.& +.#.& '$).#& 1#'$.*0%& $)"$& )"4& %$#2@$2#"3& )';'3'F7& $'&

[1c%^[&@';*0F&(#';&/"@$.#*"<&+)*@)&)"-.&/..0&'2$3*0.4&*0&G"/3.&T9n9&G).&1#'$.*0%&'2$3*0.4&

*0&$)*%&$"/3.&"#.&$).&$'1&J&1#'$.*0%&(#';&."@)&%1.@*.%&$)"$&)"4&%*;*3"#&%$#2@$2#.%&*0&"44*$*'0&$'&

"&)*F)&j&%@'#.9&&

CpBs4C

TomB
(P0AAR0)
E. coli

Z = 6.3
rmsd = 3.1

Z = 5.6
rmsd = 3.1

CpBs4C

BssR
(A0A0H3GKH0)
K. pneumoniae

CpBs4C

Xcc0516
(Q8PD29)
X. campestris pv.
campestris

Z = 2.3
rmsd = 3.5

A B C



$.0'/#0 )

!
!

! (( !

C2#$).#&*0-.%$*F"$*'0&*0$'&G';c&"04&c%%8&#.-."3.4&$)"$&c%%8&"@$2"337&)"4&%$#2@$2#"3&%*;*3"#*$7&

$'& U@@KnMN<& "& 12$"$*-.& 20@)"#"@$.#*>.4& ('2#Y).3*I& /2043.& @';*0F& (#';&1'"(2*/*"',#

-'/$&,(%),# dH*0&.$&"39<&JKKNe9&[';1"#*%'0&'(&[1c%^[&+*$)&U@@KnMN&#.-."3.4&"&3'+&jY%@'#.&

dj„J9Te<&/2$&"&%*;*3"#&#;%4&%@'#.&d#;%4„T9ne&$'&$).&/"@$.#*"3&1#'$.*0%&3*%$.4&*0&G"/3.&T9n9&?)*3.&

$).&j&%@'#.&('#&@';1"#*0F&[1c%^[&+*$)&U@@KnMN&*%&#.3"$*-.37&3'+<&*$&*%&*0$.#.%$*0F&$)"$&$).&13"0$&

1"$)'F.0& 1'"(2*/*"',# -'/$&,(%), &)"%& "& %';.+)"$& %*;*3"#& %$#2@$2#"3& )';'3'F2.& *0&

B'3"0"@.'2%&13"0$%<&%1.@*(*@"337&+9#$.0&,-&",# dC*F2#.&T9TK[ e9&&

&

!"#$%&'(G(&H0,%6,+"$&-,/:>,:/"$&9010$07:%-&0.&234-52&+6&#">,%/+"(!

;2.&$#%( ;=8(<= ( !*$"#$) ( =-3<()".2$ ( >?!=(!".2$ (

g5E'X+NC%+)5=$>$)3+E5S"8%)5#+ _9PPV9 + !"#$%&'#$'()#*+') ^:K+ K:. +

'<<VX+A$5B$8E+#(G"8%)5#+ _9PP?. + !"#$%&'#$'()#*+'! ;:^ + M:.+

`*>C%#%>)(#$c(S+4#5)($*+ P9P9NKJ[]K + F+%."'%++()73%01*3'(%) ^:D+ K:D+

'<<VX+A$5B$8E+#(G"8%)5#+ P9P9NKJUN9+ F+%."'%++()73%01*3'(%) ;:^ + K:. +

`_h9KMM+4#5)($*+ iDhjgK + ;/(7$<+*#*##0")(0&%0") ;:M+ K:; +

`*>C%#%>)(#$c(S+4#5)($*+ iDhkj^ + ;/(7$<+*#*##0")(0&%0") ;:K + K:9+

_d'+f+4#5)($*+S%)%A%*YX+dP!e+f+S$<)%*>(+E%)#$=+%8$G*E(*)+<>5#(X+VFHd+f+#55)+E(%*+<R"%#(+S(2$%)$5*+5B+
%)5E$>+45<$)$5*<+<>5#(:+

&

h0&%2;;"#7<&*$&*%&.-*4.0$&$)"$&$).&.I.@2$'#&<&F.0.&(*#%$&*4.0$*(*.4&*0&+9#$.0&,-&",8#+$>,=+ <&

)"%&%$#2@$2#"3&)';'3'F2.%&*0&;"07&'$).#&B'3"0"@.'2%&%1.@*.%<&*0@324*0F&/2$&0'$&3*;*$.4&$'&49#

0&"(2'/)'"' <&+9# '""../ <& "04&59# 67-*$&%,)-./&dC*F2#.& T9Tce<& "04& $)"$& $).%.& %$#2@$2#"3&

)';'3'F2.%&@"0&/.&4*-*4.4&*0$'&$+'&@3"%%.%<&@.33&4."$)Y*042@*0F&"04&0'0Y@.33&4."$)Y*042@*0F&

dC*F2#.&T9^e9&?)*3.&$).&0'0Y@.33&4."$)Y*042@*0F&)';'3'F2.%&4'&0'$&1#'42@.&"&-*%*/3.&@.33&4."$)&

#.%1'0%.& '#& #.42@.& 1)'$'%70$).$*@& @"1"@*$7<& $).7& %$*33& )"-.& "& #'3.& *0& #.42@*0F& /"@$.#*"3&

1#'3*(.#"$*'0&21'0&$).*#&.04'F.0'2%&"@$*-"$*'0&dC*F2#.&T9Q&"04&C*F2#.&T9MMe<&*04*@"$*0F&$)"$&

$).%.&)';'3'F2.%&4'&*04..4&)"-.&"&(20@$*'0&$)"$&S2%$&)"%&7.$&$'&/.&*4.0$*(*.49&C2#$).#;'#.<&

[1c%^[& +"%& %)'+0& $'& )"-.& %$#'0F& %$#2@$2#"3& )';'3'F7& $'& $).& $#"0%;.;/#"0.& #.F*'0& '(&

0.2#'$#"0%;*$$.#&#.@.1$'#%&dC*F2#.&T9MTe&"04&+*$)&$)*%<&*$&+"%&"3%'&('204&$)"$&[1c%^[&@"0&('#;&

"& )*F).#Y'#4.#&@';13.I&dC*F2#.&T9MNe&"04&*%&"/3.&$'& /*04&$'&*$%&)';'3'F2.%&dC*F2#.&T9MPe9&

[1c%^[&+"%&"3%'&('204&$'&2$*3*%.&$).&;'-.;.0$&'(&["!" &*0&*$%&*042@$*'0&'(&@.33&4."$)&-*"&["!" &

@)"00.3%&dC*F2#.&T9JMe<&/2$&$)*%&(3'+&'(&["!" &4'.%&0'$&('33'+&$).&[" !"& F#"4*.0$&/7&1"%%*-.37&

;'-*0F&(#';&$).&D8&*0$'&$).&@7$'%'3&dC*F2#.&T9JJe9&G).%.&;.@)"0*%$*@&*0%*F)$%&/#*0F&2%&;23$*13.&

%$.1%&@3'%.#&$'&*4.0$*(7*0F&$).&$#2.&(20@$*'0&'(&[1c%^[&"04&)'+&*$&*042@.%&@.33&4."$)&)"#$6'"(' 9&



$.0'/#0 )

!
!

! () !

<"6"#V&*&+,8)((0#1,//&8+,*3#+%&#7'D/B7#/,3*)((,*3#8)/8)1& #

#

?)*3.&+.&)"-.&1#.%.0$.4&;"07&%$#2@$2#"3&"04&(20@$*'0"3&*0%*F)$%&*0$'&)'+&[1c%^[&;*F)$&/.&

*042@*0F&@.33&4."$)<&$).&*4.0$*(*@"$*'0&'(&4'+0%$#.";&%*F0"33*0F&@';1'0.0$%&@'234&)*F)3*F)$&$).&

/#'"4.#&*0(32.0@.&$)"$&[1c%^[&)"%&'0&$).&@.33&"($.#&*$%&$#"0%@#*1$*'0"3&"@$*-"$*'09&

&

<"6"!"#$%&#&P&8.+5:#K#':5+&,*#7'D/B7#;:5-#'&''&:#,*1.8&/#3:5A+%#)::&/+#,*#

G:)@,15'/,/ #

!!

+$>,=+ &)"%&0'&,0'+0&)';'3'F2.%&*0& :%'0);*$,),#(2'6)'"' &dZ#"/*4'1%*%&).#."($.#e&'#&"07&

c#"%%*@"%&('#&$)"$&;"$$.#9&?*$)&$).&-"%$&";'20$&'(&#.%'2#@.%&$)"$&$).&Z#"/*4'1%*%&@';;20*$7&

)"%&F.0.#"$.4<&*$&+"%&3'F*@"3&$'&%..&*(&+.&@'234&2$*3*%.&$)*%&;'4.3&%1.@*.%&$'&(2#$).#&@3"#*(7&)'+&

$#"0%@#*1$*'0&'(&+$>,=+ &"@$*-"$.%&@.33&4."$)9&B..*0F&"%&[1c%^[&"@$*-"$.%&@.33&4."$)&"%&%''0&

"%&*$&*%&$#"0%3"$.4<&"0&*042@*/3.&1#';'$.#&%7%$.;&+"%&0..4.4&$'&%..&*(&[1c%^[&@"0&"@$*-"$.&

@.33&4."$)&*0&Z#"/*4'1%*%9&Z&GY6RZ&@'0$"*0*0F&"0&.1*$'1. Y$"FF.4&[1c%^[&4.#*-"$*-.&204.#&

$).&$#"0%@#*1$*'0"3&@'0$#'3&'(&"0&.%$#"4*'3&*042@*/3.&1#';'$.#&dL,(%e&+"%&F.0.#"$.4&"04&$.#;.4&

L,(%\+$>,=+ SUR:A SAU?9&G)*%&GY6RZ&@'0$"*0*0F&-.@$'#&+"%&12$&*0$'&:9#(./&C'-)&", &"04&$).0&

2%.4&('#&Z#"/*4'1%*%&$#"0%('#;"$*'09&?*34Y$71.&Z#"/*4'1%*%&'(&$).&['32;/*"&.@'$71.&d['3YK&

).#."($.#e& +"%& $).0& $#"0%('#;.4& 2%*0F& $)*%&L,(%\+$>,=+ SUR:A SAU?& @'0$"*0*0F&:9#

(./&C'-)&", 8&-*"&$).&(3'#"3&4*1&;.$)'4&dj)"0F&.$&"39<&JKKNe9&Z33'+*0F&$).&%..4%&$'&1#'1"F"$.<&

+.&*0%1.@$.4&$).&%..4%&'(&;23$*13.&GJ&3*0.%&$'&@'0$*02.&('#+"#4&+*$)&$).&3*0.%&$)"$&)"4&"&-*%*/3.&

.%$#"4*'3& 4.1.04.0$& F#'+$)& *0)*/*$*'0& 1).0'$71.9& G).%.& GJ& %..4%& +.#.& 13"@.4& 204.#&

%.F#.F"$*'0& "0"37%*%& $'& *4.0$*(7& 3*0.%& $)"$& 1#.%2;"/37& '037& @'0$"*0.4& "& %*0F3.& $#"0%F.0.&

*0%.#$*'09& `037& 3*0.%& +*$)& /'$)& "& %*0F3.& GY6RZ& *0%.#$*'0& "04& "& %$#'0F& .%$#"4*'3& 4.1.04.0$&

F#'+$)& *0)*/*$*'0& +.#.& 2%.4& $'& F.0.#"$.& 3"#F.& A2"0$*$*.%& '(& GT& %..4%& d$).& F.0.#"$*'0& '(&

$#"0%F.0*@&3*0.%&"04&%2/%.A2.0$&%.F#.F"$*'0&"0"37%*%&+"%&1.#('#;.4&/7&6#9&8'/.#$&='#/*$>.#&

"04&="#,2%&?204.#3*@)e9&G).&%.3.@$.4&GT&%..4%&+.#.&$).0&"0"37%.4&('#&+$>,=+ Y4.1.04.0$&

F#'+$)&*0)*/*$*'09&G'&4'&$)*%<&('2#Y4"7&'34&%..43*0F%&+.#.&12$&*0$'&3*A2*4&;.4*"&@'0$"*0*0F&'#&

3"@,*0F&.%$#"4*'3&('#&MK&4"7%<&"04&$).0&"0"37%.4&('#&%..43*0F&F#'+$)9&h$&+"%&('204&$)"$&*0&$).&

1#.%.0@.&'(&.%$#"4*'3&d/2$&0'$&*0&$).&"/%.0@.e&$).&L,(%\+$>,=+ SUR:A SAU?&%..43*0F%&+.#.&

%.-.#.37&%$20$.4&*0&$).*#&F#'+$)&dC*F2#.&T9TMZe9&Z%&"0&.%$#"4*'3Y*042@*/3.&@'0$#'3<&"&$#"0%F.0*@&

3*0.&@'0$"*0*0F&"&A]5 SAU?&#.1'#$.#&+"%&13"@.4&204.#&$).&%";.&.%$#"4*'3Y*042@*/3.&1#';'$.#&

$'&F.0.#"$.&L,(%\A]5 SAU?&Z#"/*4'1%*%&13"0$%9&G).%.&L,(%\A]5 SAU?&%..43*0F%&%)'+.4&0'&

%*F0%&'(&.%$#"4*'3Y4.1.04.0$&F#'+$)&*0)*/*$*'0<&$).#.('#.&@'0(*#;*0F&$)"$&$).&F#'+$)&*0)*/*$*'0&

%..0&*0&$).&L,(%\+$>,=+ SUR:A SAU?&%..43*0F%&*%&.0$*#.37&4.1.04.0$& '0& /'$)&$).&+$>,=+#



$.0'/#0 )

!
!

! )* !

$#"0%F.0.&"04&.%$#"4*'3&$'F.$).#9&h;;20'/3'$&"0"37%*%&+"%&"3%'&1.#('#;.4&$'&%)'+&$)"$&/'$)&

Z#"/*4'1%*%&3*0.%&F.0.#"$.4&"&1#'$.*0&/"04&"$&$).&.I1.@$.4&%*>.%<&*0&"0&.%$#"4*'3Y4.1.04.0$&

("%)*'0&dC*F2#.&T9TMce9&G",.0&$'F.$).#<&$).%.&1*.@.%&'(&4"$"&*332%$#"$.&$)"$&$).& .I.@2$'#&8&

1#'$.*0& [1c%^[& (#';& 1.11.#& @"0& *042@.& @.33& 4."$)& +).0& .I1#.%%.4& *0& Z#"/*4'1%*%9& G).&

@'0(*#;"$*'0&'(&(20@$*'0"3*$7&*0&$)*%&;'4.3&13"0$&1'%*$*'0%&2%&+.33&$'&2$*3*%.&$).&-"%$&#.%'2#@.%&

"-"*3"/3.& ('#& Z#"/*4'1%*%<& "04& %1.@*(*@"337& 1#'-*4.%& $).& /"%*%& ('#& $).& F.0.$*@& 4*%%.@$*'0& '(&

[1c%^[ Y4.1.04.0$&@.33&4."$)&*0&Z#"/*4'1%*%9&

&

!
012345!6768 9&,-9.:,!B&/%C+.!<>$O';!@>>+.'!B&!">@GB/$-.B. 7!!

!# =#?/+:)1,5(# ,*1.8,B(&# +:)*/3&*&# +:,33&:/# /&&1(,*3# 3:5C+%# ,*%,B,+,5*# ,*# L:)B,15'/,/"#[5.: 41)0 #5(1#
/&&1(,*3/#5<#+%&#,*1,8)+&1#3&*5+0'&/#C&:&# /.B-&:3&1# ,*# (,X.,1# -&1,)#&,+%&:#85*+),*,*3#&/+:)1,5(#5:#
()8R,*3#&/+:)1,5(#_-58R̀#)*1#)((5C&1#+5#3:5C#<5:#!K#-5:&#1)0/"##
"#=#I--.*5B(5+#)*)(0/,/#5<#+C5 4C&&R45(1#L:)B,15'/,/#/&&1(,*3/#5<#,*1,8)+&1#3&*5+0'&/"#A&&1(,*3/#C&:&#
/.B-&:3&1#,*#(,X.,1#-&1,)#&,+%&:#85*+),*,*3#&/+:)1,5(#_?/+:`#5:#()8R,*3#&/+:)1,5(#_-58R`#<5:#6=#%5.:/"#
$C5#/&&1(,*3/#5<#&)8%#3&*5+0'&#)*1#85*1,+,5*#C&:&#'55(&1#<5:#':5+&,*#)*)(0/,/"#A)-'(&/#C&:&#:.*#5*#
)# ! Kl#AZA 4OL#3&("#L*+,4W[O4JPO #5:#)*+,4[MLW#)*+,B510#C)/# ./&1#)/# ,*1,8)+&1#+5#1&+&8+# ':5+&,*"#
O5*8&).#/+),*&1#-&-B:)*&#/&:9&/#)/#)#(5)1,*3#85*+:5( "#$%&#*.-B&:/#5*#+%&#(&<+#/,1&#5<#&)8%#B(5+#
,*1,8)+&#+%&#-5(&8.():#C&,3%+#_RZ)`#1&+&:-,*&1#B0#)#':5+&,*#()11&:"###

Col-0

55 kDa CpBs4C-FLAG-GFP

100 kDa

130 kDa
GUS-GFP

! -FLAG

! -GFP

ponceau

Estr
:C

pBs4
C-FLAG-G

FP

Estr
:G

US-G
FP

-     + -     + -     + 20 µM Estr

Estr:GUS-GFP

Estr:CpBs4C-
FLAG-GFP

Col-0

Estradiol MockA

B



$.0'/#0 )

!
!

! )! !

<"6"6"#G#85*1,+,5*)((0#(&+%)(#/8:&&*#,*#G:)@,15'/,/#,1&*+,;,&/#-.+)*+/#+%)+#()8N#)#

7'D/B7#1&'&*1&*+#8&((#1&)+%#

!!

Z11#'I*;"$.37&MK<KKK&L,(%\+$>,=+ SUR:A SAU?&GT&%..4%&"%&;.0$*'0.4&"/'-.&+.#.&$#."$.4&

+*$)& .$)73& ;.$)"0.%23('0"$.& dD=Be& $'& #"04';37& *042@.& ;2$"$*'0%& "@#'%%& $).& Z#"/*4'1%*%&

F.0';.9&G).%.&D=B&$#."$.4&%..4%&+.#.&$.#;.4&$).&=K&F.0.#"$*'09&G).%.&=K&%..4%&+.#.&

$).0&%'+.4&$'&%'*3&"04&$).0&$#"0%13"0$.4&*0$'&*04*-*42"3&1'$%9&#

#

#
012345!676D7!VD!#%'@&'!.C>++&B&<!B/+&'B=B+.!I-,/J234-52 DKLMNDNKH!.%-->+..$>.7 &

!#=#L'':5T,-)+&(0#!KK#/&&1/#5<#&)8%#@6#<)-,(0#C&:&#'()8&1#5*#/+&:,(&#-&1,)#85*+),*,*3#6K#k@#&/+:)1,5(V#
'%5+5/#+)R&*#!=#1)0/#'5/+#3&:-,*)+,5*"#I$,;aHO7 <HNF#)*1#'):&*+)(#(,*&#I$,;a!#/$0! <NG8H<HNF#./&1#
)/#3:5C+%#85*+:5(/"#255-&1#,*#,-)3&#,/#5<#@6#<)-,(0#v=NK"#
"# =#I--.*5B(5+# )*)(0/,/# 5<# <,9&4C&&R45(1#L:)B,15'/,/# (&)9&/# )<+&:# 6=# %5.:/# 5<# &/+:)1,5(# +:&)+-&*+"#
A)-'(&/#C&:&#:.*#5*#)#!Kl#AZA 4OL#3&("#7'G/=7#':5+&,*#C)/#1&+&8+&1#./,*3#)*#)*+,4[MLW#)*+,B510"#
O5*8&).#/+),*&1#-&-B:)*&#/&:9&/#)/#)#(5)1,*3#85*+:5( "#$%&#*.-B&:/#5*#+%&#(&<+#/,1&#5<#&)8%#B(5+#
,*1,8)+&#+%&#-5(&8.():#C&,3%+#_RZ)`#1&+&:-,*&1#B0#)#':5+&,*#()11&:"###

Estr:CpBs4C-FLAG-GFP
Estr:GUS-GFP

A

B

Estr
:C

pBs4
C-FLAG-G

FP

M2 383 #1

M2 383 #2

M2 450 #1

M2 450 #2

55 kDa

ponceau

! -FLAG

M2 #450

Estr
:C

pBs4
C-FLAG-G

FP



$.0'/#0 )

!
!

! )" !

G).%.& 13"0$%& +.#.& $.#;.4& $).& =M& F.0.#"$*'09& h04*-*42"3& =M& 13"0$%& +.#.& /"FF.4& "04& $).&

#.%23$"0$& =J& %..4%& +.#.& )"#-.%$.49& G)*%& @#."$.4& ^<KKK& =J& (";*3*.%& $)"$& +.#.& 2%.4& ('#&

%@#..0*0F9&Z11#'I*;"$.37&MKK&%..4%&(#';&."@)&=J&(";*37&+.#.&2%.4&"%&#.1#.%.0$"$*-.%&('#&

$).&.0$*#.&=J&(";*37<&+)*@)&.A2"$.4&$'&"11#'I*;"$.37&^KK<KKK&=J&%..4%&"0"37%.4&*0&$'$"39&

B..4%&(#';&."@)&(";*37&+.#.&13"@.4&*0&#'+%&'0&"F"#&13"$.%&@'0$"*0*0F&.%$#"4*'39&G).&%..4%&

+.#.& "33'+.4& $'& F.#;*0"$.& "04& F#'+& ('#& "11#'I*;"$.37& $+'& +..,%& $'& *4.0$*(7&(";*3*.%& $)"$&

*0)*/*$.4&[1c%^[ Y4.1.04.0$&@.33&4."$)9&Z($.#&M^&4"7%<&$).&;"S'#*$7&'(&$).&(";*3*.%q&%..43*0F%&

)"4&%$'11.4&F#'+*0F&"04&0.F3.@$.4&@'$73.4'0&.;.#F.0@.9&=J&(";*3*.%&@'0$"*0*0F&*04*-*42"3&

=J&%..43*0F%&$)"$&%2#-*-.4&'0&$).&.%$#"4*'3&;.4*2;&+.#.&."%*37&4.$.@$"/3.<&"%&$).7&+.#.&3"#F.&

*0&%*>.<&)"4&4.-.3'1.4&#''$%<&"04&)"4&$#2.&3."-.%&$)"$&+.#.&;"$@)*0F&$).&@'3'2#&'(&L,(%\A]5 S

AU?&dC*F2#.&T9TJZe9&G).#.&+.#.&^N&=J&(";*3*.%&+)*@)&)"4&*04*-*42"3&13"0$%&$)"$&F#.+&*0&"&

%*;*3"#& ("%)*'0& $'&L,(%\A]5 SAU?&13"0$%& '0& .%$#"4*'3Y@'0$"*0*0F& 13"$.%9& G).& 3'+& #"$*'& '(&

%2#-*-'#%&-%9&4."4&%..43*0F%&%2FF.%$.4&"&#.@.%%*-.&*0).#*$"0@.&'(&12$"$*-.&%211#.%%'#&"33.3.%9&

G).&%2#-*-'#%&(#';& ."@)&=J&(";*37&+.#.&$#"0%13"0$.4&(#';&$).& .%$#"4*'3&13"$.%&$'&%'*3&"04&

"33'+.4& $'& ;"$2#.<& $).0&$.%$.4& ('#& 1#'$.*0& "@@2;23"$*'0& "($.#& $#"0%F.0.& "@$*-"$*'0& dC*F2#.&

T9TJce9&Z%&*$&*%&"&F#."$&4."3&'(&.(('#$&"04&#.%'2#@.%&$'&;'-.&('#+"#4&+*$)&"33&^N&%211#.%%*0F&

(";*3*.%<&+.&4.@*4.4&$'&*0*$*"337&'037&$.%$&$).&(*#%$&$)#..&(";*3*.%&*4.0$*(*.4&*0&$).&*0*$*"3&%@#..0&$'&

%211#.%%&+$>,=+ <&=J&(";*3*.%&‰TMQ<&‰TQT<&"04&‰̂nK9&

#

G+'&4*((.#.0$&$71.%&'(&;2$"$*'0%&+.#.&.I1.@$.4&(#';&$)*%&('#+"#4&F.0.$*@&%@#..05&;2$"$*'0%&

('204&+*$)*0&$).&12$"$*-.&%*F0"33*0F&'#&#.F23"$'#7&@';1'0.0$%&$)"$&"#.&#.A2*#.4&('#&[1c%^[&$'&

*042@.& @.33& 4."$)<& "04& ;2$"$*'0%& ('204& +*$)*0& $).& $#"0%F.0.& +)*@)& "((.@$& .I1#.%%*'0& '#&

(20@$*'0"3*$7&'(&[1c%^[9&G'&@).@,&*(&$).#.&+"%&"07&;2$"$*'0&+*$)*0&$).&L,(%\+$>,=+ SUR:A S

AU?#$#"0%F.0.<&+.&.I$#"@$.4&6RZ&(#';&$).&3."-.%&'(&;"$2#.&=J&13"0$%&'0&%'*3<&![8&";13*(*.4&

$).&+$>,=+ &@'4*0F&%.A2.0@.&d[6Be<&"04&$).0&%.0$&*$&('#&B"0F.#&%.A2.0@*0F9&Z33&$)#..&(";*3*.%&

)"4&"&?G&[6B<&%'&+.&0.I$&0..4.4&$'&@).@,&*(&$).#.&+"%&[1c%^[&.I1#.%%*'09&?.&$.%$.4&;"07&

1'%%*/*3*$*.%& $'& @).@,& ('#& [1c%^[YCHZWYWC!& .I1#.%%*'0& "04& ('204& $)"$& *042@$*'0& '(& $).&

$#"0%F.0.&*0&7'20F&%..43*0F%&F#'+0&*0&%$.#*3.&3*A2*4&@23$2#.&)"4&$).&;'%$&@'0%*%$.0$&%2@@.%%&

#"$.<&$).#.('#.<&+.&"0"37%.4&$).&[1c%^[YCHZWYWC!&.I1#.%%*'0&*0&$).&%..43*0F%&'(&$).&=J&

1#'F.07&d=T&F.0.#"$*'0e9&B211#.%%*'0&'(&$).&+$>,=+ SUR:A SAU?&$#"0%F.0.&"3%'&0..4.4&$'&

/.&$.%$.4&*0&$).&=T&F.0.#"$*'0&$'&@'0(*#;&$#"0%F.0.#"$*'0"3&*0).#*$"0@.9&C'2#&=J&13"0$%&(#';&

$).&%2#-*-*0F&(";*3*.%&+.#.&@)'%.0&"$&#"04';&"04&$).*#&1#'F.07<&$).&=T&%..43*0F%<&+.#.&$.%$.4&

('#&$).*#&%..43*0F&F#'+$)&*0)*/*$*'0&/'$)&*0&$).&1#.%.0@.&"04&"/%.0@.&'(&.%$#"4*'39&?.&('204&

$)"$&*0&"33&=T&%..43*0F%<&$).&(";*3*.%&+.#.&%$*33&"/3.&$'&%211#.%%&.%$#"4*'3Y4.1.04.0$&@.33&4."$)&

dC*F2#.&T9TTZe9&G).0&$).&.I1#.%%*'0&'(&[1c%^[ YCHZWYWC!&(2%*'0&1#'$.*0&+"%&$.%$.4<&"04&*0&

"33&$)#..&%211#.%%*0F&(";*3*.%<&%*F0"3%&;"$@)*0F&$).&.I1.@$.4&%*>.&'(&$).&(2%*'0&1#'$.*0&+.#.&

4.$.@$.4<&"3$)'2F)&%';.&)"4&-"#7*0F&%*F0"3&3.-.3%&dC*F2#.&T9TTce9&G",.0&$'F.$).#<&$).&?G&



$.0'/#0 )

!
!

! )# !

[6B&*0&$).&+$>,=+ SUR:A SAU?&$#"0%F.0.&"04&$).& .I1#.%%*'0& '(&$).& [1c%^[YCHZWYWC!&

1#'$.*0& @'0(*#;.4& $)"$& $).& $)#..& %211#.%%*0F& (";*3*.%& *04..4& )"#/'2#.4& ;2$"$*'0%& +*$)*0&

12$"$*-.&%*F0"33*0F&'#&#.F23"$'#7&@';1'0.0$%&#.A2*#.4&('#&[1c%^[&.I.@2$*'0&'(&@.33&4."$)9&

!

!
012345!67667!V6!<+&+>@'B$&!.'B**!.%-->+..+.!,-9.:,!/+-+&/+&'!<>$O';!B&;BGB'B$&7 !

!=#A&&1(,*3#3:5C+%#,*%,B,+,5*#5<#':53&*0#5<#<5.:#,*1,9,1.)(#@6#'()*+/V#)/#,*1,8)+&1#B0#+%&,:#*.-B&:"#[5.:4
1)0 45(1#/&&1(,*3/#C&:&#'()8&1#,*#(,X.,1#-&1,.-#&,+%&:#85*+),*,*3#5:#()8R,*3#&/+:)1,5(#)*1#C&:&#)((5C&1#
+5# 3:5C# <5:# +&*# -5:&# 1)0/"# A&&1(,*3/b# <:&/%# C&,3%+#,*# ,*1.8,*3# _&/+:)1,5(# 85*+),*,*3`# -&1,.-# C)/#
85-'):&1#+5#+%&#3:5C+%#,*#*5*4,*1.8,*3#-&1,.-#_-58R#+:&)+-&*+`#)*1#/&+#)/#)#'&:8&*+) 3&"#G):#)*1#
C%,/R&:#'(5+#+5#/%5C#9):,)*8&#5<#1)+)#'5,*+/V#*mFV#/+)+,/+,8)(#/,3*,<,8)*8&#,/#85-'):&1#+5#l#3:5C+%#5<#
I$,;a!#/$0 !< NG8H<HNF#)*1#1&+&:-,*&1#./,*3#)#/+.1&*+b/#+4+&/+V#qqq#'nK"KK!"#
"=#I--.*5B(5+#)*)(0/,/#5<#+C5 4C&&R45(1#L:)B,15'/,/#/&&1(,*3/#)<+&:#B&,*3#/.B-&:3&1#,*#&/+:)1,5(#<5:#
6=#%5.:/"#A)-'(&/#C&:&#:.*#5*#)#! Kl#AZA 4OL#3&("#L*+,4W[O4JPO #5:#)*+,4[MLW#)*+,B510#C)/#./&1#
)/#,*1,8)+&1#+5#1&+&8+#':5+&,*"#O5*8&).#/+),*&1#-&-B:)*&#/&:9&/#)/#)#(5)1,*3#85*+:5("#$%&#*.-B&:/#
5*#+%&#(&<+#/,1&#5<#&)8%#B(5+#,*1,8)+&#+%&#-5(&8.():#C&,3%+#_RZ)`#1&+&:-,*&1#B0#)#':5+&,*#()11&:"###

0

20

40

60

%
 g

ro
w

th
 c

om
pa

re
d 

to
 m

oc
k 

tr
ea

tm
en

t

Estr
:C

pBs4
C-

FLAG-G
FP

Estr
:G

US-G
FP

318 #2

318 #5

318 #6

318 #11

383 #4

383 #6

383 #9

383 #11

450 #4

450 #11

450 #20

450 #23

-FLAG

-GFP

55 kDa

***

***

***

***

***

***

***

***

***

***

*** ***

***

A

B

100 kDa

130 kDa

ponceau



$.0'/#0 )

!
!

! )$ !

?*$)& $).& ,0'+3.4F.& $)"$& "33& '(& $).& 1#'F.07& *0& $).& =T& %..43*0F& F#'+$)& *0)*/*$*'0& "%%"7&

%211#.%%.4&$).&+$>,=+ &$#"0%F.0.&*0&$).&1#.%.0@.&'(&.%$#"4*'3&*04*@"$.%&$)"$&$).&;2$"$*'0&

@"2%*0F& $)*%& %211#.%%*'0& *%& 3*,.37& "& #.@.%%*-.& "33.3.& *0& "& )';'>7F'2%& ("%)*'0<& "04& $)"$&

%.F#.F"$*'0&'(&$)*%&"33.3.&@"0&/.&%..0&"04&$.%$.4&*0&$).&=J&F.0.#"$*'09&G).#.&"#.&$+'&4*13'*4&

@.33%&*0&Z#"/*4'1%*%&=M&%..4%&$)"$&F.0.#"$.&#.1#'42@$*-.&'#F"0%&d*0(3'#.%@.0@.e&'(&=M&13"0$%<&

+)*@)&"#.&1).0'$71*@"337&.-"32"$.4&*0&$).&%2/%.A2.0$&F.0.#"$*'0&d=Je&dVi#F.0%&.$&"39<&MOOMg&

!"F.& o& W#'%%0*,3"2%<& JKKJe9& :71'$).$*@"337<& *(& ;2$"F.0.%*%& -*"& D=B& *042@.%& #"04';&

#.@.%%*-.&;2$"$*'0%<&$).&#"$*'&'(&#.@.%%*-.&;2$"0$%&$'&?G&F";.$.%&*%&M5P&*0&$).&=M&F.0.#"$*'0&

dc.33*0*&.$&"39<&0949e9&G)*%&+'234&.A2"$.&$'&MJ9nw&'(&$).&%..4%&'(&."@)&%211#.%%*0F&=J&(";*37&

%2#-*-*0F& '0& .%$#"4*'3Y@'0$"*0*0F& 13"$.%9& B.-.#"3& )204#.4& =J& %..4%& ('#& ."@)& '(& $).& $)#..&

%211#.%%*0F&(";*3*.%&+.#.&12$&'0&.%$#"4*'3Y@'0$"*0*0F&13"$.%&$'&'/%.#-.&$).*#&%2#-*-"3&#"$.%9&

N9Mw&d^nLPT^e<&J9Kw&dMPLQTTe<&"04&n9Mw&dnPLMMM^e&+.#.&$).&%2#-*-"3&#"$.%&('#&(";*3*.%&TMQ<&

TQT<&"04&^nK<&#.%1.@$*-.379&h$&*%&203*,.37&$)"$&$).#.&+"%&"07&1).0'$71*@&;*%Y%@'#*0F&%..*0F&"%&

$).#.&*%&"&-.#7&@3."#&1).0'$71.&/.$+..0&"3*-.&"04&4."4&%..43*0F%&+*$)*0&$).&(";*379&W*-.0&$)"$&

+.&4*4&0'$&(*04&MJ9nw&;2$"0$%&$'&%2#-*-.<&$).&%.F#.F"$*'0&*%&4*%$'#$.49&G)*%&*%&1'%%*/37&$).&

@'0%.A2.0@.& '(& 4*13'0$*@& %.3.@$*'0<& +).#./7& $).& ;2$"F.0*>.4& @.33%& )"-.& "& #.42@.4&

1#'3*(.#"$*'0&$'&$)"$&'(&$).&?G&@.33%&dW"23<&MONne9&

&&

8.F"#43.%%&'(&$).&4*%$'#$.4&%.F#.F"$*'0&4"$"&;.0$*'0.4&"/'-.<&$).&=J&13"0$%&$)"$&%2#-*-.4&*0&

$).&1#.%.0@.&'(&.%$#"4*'3&"04&"@@2;23"$.4&$).&@'##.@$&1#'$.*0<&%)'234<&*0&$).'#7<&)"-.&"&@"2%"3&

;2$"$*'0& *0& "& )';'>7F'2%& @'0(*F2#"$*'0<& "%%2;*0F& #.@.%%*-.& *0).#*$"0@.9& G).#.('#.<& +.&

1''3.4&$'F.$).#&%2#-*-'#%&(#';&."@)&*04*-*42"3&=J&(";*37&'0&.%$#"4*'3Y@'0$"*0*0F&;.4*2;&"04&

)"#-.%$.4& $).*#& 6RZ& *0& "& 1''3& $'& F.0.#"$.& "& /23,.4& 6RZ& 1#'(*3.& '(& $).& %2#-*-'#%9& R.I$Y

F.0.#"$*'0&%.A2.0@*0F&dRWBe&4.$.@$%&$).&"33.3.&(#.A2.0@7&('#&."@)&D=B&;2$"$*'0&+*$)*0&$).&

%2#-*-'#&1''3&'(&'0.&(";*37&+).0&*$&*%&@';1"#.4&$'&$).&1"#.0$"3&3*0.&L,(%\+$>,=+ SUR:A SAU?<&

+)*@)& )"4&0'& D=B& ;2$"F.0.%*%9& G)*%& )"%& $).& 1'$.0$*"3& $'& *4.0$*(7& ;2$"$*'0%& $)"$& "#.&

)';'>7F'2%& "@#'%%& "33& %2#-*-'#%& '(& '0.& =J& (";*37<& +)*@)& @'234& 1'%%*/37& /.& $).& @"2%"3&

;2$"$*'0&('#&$).&%211#.%%*'0&'(&L,(%\+$>,=+ SUR:A SAU?&4.1.04.0$&@.33&4."$)9&&

!!

<"6"<"#$%:&&#;)-,(,&/#%):@5.:#1,/+,*8+#-.+)+,5*/#,*#8,*930 ##

#

?)'3.&F.0';.&%.A2.0@*0F&+"%&@'042@$.4&(*#%$&'0&$).&1"#.0$"3&3*0.%&$)"$&+.#.&2%.4&('#&$).&

D=B&;2$"F.0.%*%&$'&F.0.#"$.&$).&=K&1'123"$*'09&G)*%&%.#-.4&"%&$).&@'0$#'3&$'&*4.0$*(7&+)*@)&

;2$"$*'0%&+.#.&F.0.#"$.4&(#';&$).&D=B&;2$"F.0.%*%9&B2#-*-'#%&(#';&$).&=J&(";*3*.%&TMQ<&

TQT<&"04&^nK&)"4&$).*#&6RZ&)"#-.%$.4&+)*@)&F.0.#"$.4&T&1''3%&'(&6RZ&@'0$"*0*0F&TQ<&MQ<&

"04&Jn&=J&%2#-*-'#%<&#.%1.@$*-.379& !"*#.4Y.04&%.A2.0@*0F&+*$)&"& ;*0*;2;&4.1$)& '(&MnKU&
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@'-.#"F.&+"%&2%.4&$'&4.(*0.&D=B&;2$"$*'0%&"04&$).*#&#.%1.@$*-.&"33.3.&(#.A2.0@*.%9&NK<&MnK<&

"04& ^QP& D=BY%1.@*(*@& ;2$"$*'0%& +.#.& 4.$.@$.4& ('#& =J& (";*3*.%& TMQ<& TQT<& "04& ^nK<&

#.%1.@$*-.379&G).&1''3.4&F.0';.%&'(&$).&=J&%2#-*-'#%&+.#.&%@"00.4<&"04&F.0';*@&#.F*'0%&

+*$)& "0& *0@#."%.& *0& (#.A2.0@7& '(& ;2$"0$& "33.3.%& +.#.&)*F)3*F)$.49& h0& "33& $)#..& '(& $).%.& =J&

(";*3*.%<&$).#.&+"%&"0&*0@#."%.4&"04&3'@"337&(*I.4&"33.3.&(#.A2.0@7&'0&@)#';'%';.&M<&+*$)&"&

%$"/3.&"04&"-.#"F.&"33.3.&(#.A2.0@7&'(&"#'204&K9n&'0&"33&'$).#&@)#';'%';.%&dC*F2#.&T9T^e9&

R2;.#'2%& ;2$"$*'0%& +.#.& ('204& +*$)*0& $).& F.0';*@& #.F*'0%& +*$)& "0& *0@#."%.& *0& "33.3.&

(#.A2.0@7<&+)*@)&@"0&/.&%..0&*0&G"/3.&T9N9&&

&

G).&%."#@)&('#&@"2%"3&;2$"$*'0%&+"%&@'0%$#*@$.4&/7&'037&@'0%*4.#*0F&D=B&;2$"$*'0%&+*$)&"0&

"33.3.&(#.A2.0@7&'(&K9On&'#&)*F).#<&*04*@"$*0F&$)"$&"$&3."%$&Onw&'(&$).&1''3.4&6RZ&@'0$"*0.4&

$)"$&%1.@*(*@&D=B&;2$"$*'0&"$&$)"$&1'%*$*'09&G).&%."#@)&+"%&"3%'&3*;*$.4&/7&'037&@'0%*4.#*0F&

)"33;"#,&/"%.&1"*#&@)"0F.%&'(&D=BY*042@.4&;2$"$*'0%&d[&$'&G&'#&W&$'&Ze9&H"%$37<&;2$"$*'0%&

$)"$&+.#.&('204&.*$).#&$'&*042@.&%70'07;'2%&;2$"$*'0%&d4*((.#.0$&/"%.&1"*#&@'4'0&F.0.#"$*0F&

$).&%";.&";*0'&"@*4&#.%*42.e&*0&$).&@'4*0F&#.F*'0%&'#&;2$"$*'0%&('204&*0&0'0Y@'4*0F&#.F*'0%&

d0'0 Y$#"0%3"$.4&#.F*'0%&'#&*0$#'0*@e&+.#.&.I@324.4&(#';&@'0%*4.#"$*'09&G)*%&"33'+.4&2%&$'&('@2%&

%'3.37&'0&0'0Y%70'07;'2%&;2$"$*'0%&+*$)*0&$).&@'4*0F&#.F*'0%&$)"$&1'$.0$*"337&*;1"@$.4&$).&

(20@$*'0&'(&$).&F.0.9&m%*0F&$).%.&%$#*0F.0$&1"#";.$.#%<&$).&%."#@)&+"%&0"##'+.4&4'+0&$'&'0.&

@"04*4"$.&F.0.&*0&=J&(";*3*.%&TMQ&"04&TQT&d:(D@I==^Te<&"04&$)#..&@"04*4"$.&F.0.%&*0&=J&

(";*37&^nK&d:(D@I==^T<&:(D@IB^=T<&"04&:(D@IIDTe9&&

!
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!
012345!676:7!"**+*+!=>+W%+&CA!/B.'>BG%'B$&!$=!VD!=@#B*B+.!68N?!6N6?!@&/!:HR7!!

$%&#:&1#15+/#/'&8,<0#+%&#(58)+,5*#5<#?@A4,*1.8&1#-.+)+,5*/#5*#8%:5-5/5-&/#! 4N#)/#,*1,8)+&1#5*#+%&#
:,3%+#/,1&#)*1#+%&,:#)((&(&#<:&X.&*80#_T4)T,/`V#C,+%,*#&)8%#@6#<)-,(0"#$%&#*)-&#5<#&)8%#@6#<)-,(0#,/#
C:,++&*#)+#+%&#+5'#5<#+%&#')3&"#[,3.:&#8:&)+&1#B0#Z:"#$%5-)/#M)%)0&"!!!
!

!

&
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!

!"#$%&'(O(&M$$%$%&./%P:%6>+%-&0.&<?H-&+6;:>%;&Q+"&IR<&+6&,9/%%&R8&."1+$+%-(#

!"#$%&' ()*+ ' ,-.$/$-0 '
123+4
5%/+'

(-62* '
5%%2%2'
3*27+'

8202'9: ' 12;$-0 '
(:<'

=-.$/$-0 '
>332?/'

55'
?)"0;2 '

@AB'
!+ !(+,&$!,$#& + -./ + (! + *0'' + 11+ 2345675328+ + + +

!+ "*,#%",!)* + -./ + )( + *0)' + 5/A;CDDEF+A' 9:; + '*& + <=3>?3+ :.< +

@B@'

!+ !(,!!',("& + -./ + &! + *0(%+ /4!7$()'*0! + %@+ABC+ + + +

!+ !),*#!,%*( + -./ + &! + *0(' + 11+ 2345675328+ + + +

!+ "*,!*%,"') + -./ + %)+ *0)' + /4!7%#(%*0!+ 2346=328+ + + +

!+ "*,!*%,"') + -./ + %)+ *0)' + /4!7%#(%*0"+ 2346=328+ + + +

!+ "*,#%",%)%+ -./ + $$+ *0)( + 5/A;CDDEF+A' 9:; + )!! + <=3>?3+ D.E+

!+ "*,'&%,#'$ + -./ + %)+ !+ /4!7%%%(*0!+ 9:; + !"&) + ;?3 + F.F +

!+ "!,$*",)(' + -./ + $' + *0)&+ 11+ 2345675328+ + + +

DCF'

!+ !(,*&","#' + 9.B+ !*! + *0)+ /4!7$(($*0! + 2346=328+ + + +

!+ !),'"",'*( + 9.B+ !") + *0)( + /4!7%")$*0! + 9:; + $'( + <=3>?3+ G.H+

!+ "*,#%!,$&' + 9.B+ !$& + *0)) + 5/A;CDDEF+A' 9:; + #") + <=3>?3+ /.I +

!+ "*,#(&,%"' + 9.B+ !*" + *0)) + 11+ 2345675328+ + + +

!+ "*,%&*,'#( + 9.B+ !#) + *0)%+ /4!7%%!!*0! + 9:; + !*#& + <=3>?3+ J.K +

!+ "*,&!#,&#* + 9.B+ )( + *0(( + 11+ 2345675328+ + + +

!+ "*,&!&,((# + 9.B+ )&+ *0() + 11+ 2345675328+ + + +

!+ "*,(#*,&!' + 9.B+ !"# + *0)%+ /4!7%%'"*0! + %@+ABC+ + + +

!+ "!,%!",')) + 9.B+ !#* + *0)#+ /4!7%(!**0! + 9:; + !*(' + <=3>?3+ -.; +

!+ "!,%!",')) + 9.B+ !#* + *0)#+ /4!7%(!**0" + 9:; + !*!% + <=3>?3+ -.; +

;<L>+2M5342N25M+4O6=P7O+<-;+=N+Q==R5M+S"+NTU2R25>+VWTU2R?X+=3+8O6=U=>=U5+V9O6X+!0+;4T4237+4O5+Q=>242=3+=N+4O5+UP4T42=3,+4O5+
65N565385+YT>5+VC5N0X,+4O5+TR4565M+YT>5+V/R40X,+4O5+8=Z56T75+V9=Z56X,+4O5+N65[P538?+=N+4OT4+TRR5R5+V/RR5R5+N65[0X,+4O5+-535+\:+T33=4T45M+
N6=U+BT26!*,+4O5+6572=3+]24O23+4O5+7535,+4O5+Q=>242=3+]24O23+4O5+8=M237+>5[P5385+V9:;+Q=>242=3X,+4O5+5NN584+23MP85M+Y?+4O5+UP4T42=3,+
T3M+4O5+TU23=+T82M+65>PR4237+N6=U+4O5+UP4T42=3+V//+8OT375X0+^=RM+N=34+]24O+P3M56R235+23M28T45>+4O5+7535+4OT4+OTM+T+UP4T42=3+2M5342N25M+
23+TRR+4O655+=N+4O5+S"+NTU2R25>0+;<L>+OTZ237+T3+TRR5R5+N65[P538?+Y5R=]+*0''+]565+3=4+R2>45M0++

#

:(D@I==^T<&+)*@)&.0@'4.%&$).&DU`8hc`Rm[HDZBD&^&dU8R^e&1#'$.*0<&"04&*%&"3$.#0"$*-.37&

#.(.##.4&$'&"%&DG:XHDRD&hRBDRBhGh_D&n&dDhRne&1#'$.*0&dW">>"0*&.$&"39<&JKK^g&!'$2%@)",&.$&

"39<&JKKNg&B'2#.$&.$&"39<&JKK^e<&+"%&('204&$'&/.&;2$"$.4&"@#'%%&"33&$)#..&=J&(";*3*.%<&"33&+*$)&

4*%$*0@$&;2$"$*'0%<&1.#)"1%&%2FF.%$*0F&$)"$&$).&;2$"$*'0%&F.0.#"$.4&+*$)*0&$).&1<4= &[6B&

)"-.&"&(20@$*'0"3&*;1"@$9&G).%.&4*%$*0@$&;2$"$*'0%&)"#/'2#.4&+*$)*0&$).&$)#..&(";*3*.%&+.#.&"33&
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('204& +*$)*0& $).& (*#%$& )"3(& '(& $).& F.0.<& +*$)& $).& TMQ& ;2$"$*'0& ('204& +*$)*0& $).& %*I$)& .I'0<&

@)"0F*0F&$).&+*34$71.&"%1"#$"$.&$'&"0&"%1"#"F*0.&d6&$'&Re<&$).&TQT&;2$"$*'0&F.0.#"$.4&"0&

."#37&%$'1&@'4'0&+*$)*0&$).&.*F)$)&.I'0&(#';&"&$#71$'1)"0&d?&$'&•e<&"04&$).&̂nK&;2$"$*'0&+"%&

('204&$'&3*.&+*$)*0&$).&$)*#4&.I'0<&"3$.#*0F&$).&1"#.0$"3&"3"0*0.&$'&"&-"3*0.&dZ&$'&_e&dC*F2#.&T9Tne9&

!

!
012345!676H7!J;>++!/B.'B&C'!#%'@'B$&.!O+>+!=$%&/!B&!M,)7G55ST7!

W&*&#/8%&-)+,8#5<#?@A4,*1.8&1#-.+)+,5*/#5<#@6#<)-,(,&/#;!FV#;F;V#)*1#=NK#C,+%,*#8,\A=00bP"#G()8R#
B5T&/#,*1,8)+&#&T5*/#)*1#B()8R#(,*&/#,*#B&+C&&*#,*1,8)+&#,*+:5*/"#I*#+%&#(5C&:#')*&(V#B5(1#<5*+#,*1,8)+&/#
)#8%)*3&#,*#B)/&#'),:#5:#)-,*5#)8,1V#B()8R#B5(1#<5*+#:&':&/&*+/#+%&#C,(1+0'&V#)*1#:&1#B5(1#<5*+#,*1,8)+&/#
-.+)+,5*#-)1&#B0#?@A#)*1#+%&#,*1.8&1#8%)*3&#)+#+%&#)-,*5#)8,1#(&9&("##

!

G).#.&"#.&$+'&@';;'037&2%.4&O%"=&;2$"0$&"33.3.%&*0&$).&3*$.#"$2#.&$)"$&"#.&2%.4&"%&1<4= &

,0'@,'2$&13"0$%<&O%"=SG&dBZHE…KM^JKOe&"04&O%"=SI#dBZhH…NQM…DKMe&dW">>"0*&.$&"39<&JKK^g&

B'2#.$&.$&"39<&JKK^e<&"04&$).%.&GY6RZ&*0%.#$*'0%&"#.&*0&$).&3"$$.#&)"3(&'(&$).&F.0.<&+)*3.&$).&

D=B Y*042@.4&;2$"$*'0%&('204&).#.*0<&"#.&"$&$).&/.F*00*0F&)"3(&'(&$).&F.0.&dC*F2#.&T9TNe9&&

&

!

012345!676I7!JZF"!B&.+>'B$&.!@&/!5VE!#%'@'B$&.!=$%&/!OB';B&!M,)7G55ST7!

W&*&#/8%&-)+,8#5<#B5+%#?@A4,*1.8&1#-.+)+,5*/#<:5-#)B59&#)*1#$ 4ZUL#,*/&:+,5*#)((&(&/#,*#8,\A=00bP"#
G()8R#B5T&/#,*1,8)+&#&T5*/#)*1#B()8R#(,*&/#,*#B&+C&&*#,*1,8)+&#,*+:5*/"#Q%,+&#+:,)*3(&/#,*1,8)+&#$4ZUL#
,*/&:+,5*V#:;+0 <>#,/#ALMhwK!=6KH#)*1#:;+0 <=#,/#ALIMw>F!w?K!"#$4ZUL#,*/&:+,5*#/,\&#,/#*5+#+5#/8)(&"#

!

c'$)&O%"=&;2$"0$&"33.3.&13"0$%&)"-.&"&-.#7&%$#*,*0F&1).0'$71.&*0&$).&"423$&3."-.%&+*$)&"&S"FF.4&

.4F.&'(&3."(&@';1"#.4&$'&$).&%;''$) Y.4F.4&3."-.%&'(&"&['3YK&;"$2#.&13"0$9&h0$.#.%$*0F37<&$)*%&

1).0'$71.& '(&S"FF.4& .4F.%&@"0&/.& '/%.#-.4&*0&=T&*04*-*42"3&13"0$%&(#'; &."@)& '(&$).&=J&

(";*3*.%&dC*F2#.&T9TPe<&+)*@)&*%&@'0%*%$.0$&+*$)&$).&("@$&$)"$&"33&$)#..&'(&$).%.&(";*3*.%&+.#.&

('204&$'&)"-.&0'0 Y%70'07;'2%&;2$"$*'0%&*0&$).&@'4*0F&#.F*'0&'(&1<4= 9&&

At1g54490 (XRN4, EIN5)318 383450500 bp

450 318 383

protein
DNA

protein
DNA

CCGAGAGCAAAGATG
 P  R  A  K  M 

CCGAGAGTAAAGATG
 P  R  V  K  M 

329

GATGCAGATTTGATA
 D  A  D  L  I

GATGCAAATTTGATA
 D  A  N  L  I

706
AACATTTAGGTGTTG
 N  I   *   -   -

AACATTTGGGTGTTG
 N  I   W  V  L

911

wildtype

mutant

M2 family
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!
012345!676L7!V6!B&/B)B/%@*.!;@)+!@!.B#B*@>!>$.+''+!-;+&$'A-+!'$!B/65D'7!

P5/&++&#'%&*5+0'&/#5<#+C5#@;#,*1,9,1.)(/#5<#+%&#,*1,8)+&1#3&*5+0'&"#O%5+5/#+)R&*#)+#<5.:#C&&R/#'5/+#
3&:-,*)+,5*"# I$,;a/$0! #,/#./&1#)/#+%&#'):&*+)(#85*+:5("##
#
h$&*%&+'#$)&0'$*0F&$)"$&$).&%.3.@$*'0&'(&$).&13"0$%&('#&$).&#'%.$$.&1).0'$71.&+"%&#"04';<&"04&

$)"$&"33&=T&*04*-*42"3%&d(#';&TMQ&‰J<&TMQ&‰n<&TMQ&‰N<&TMQ&‰MM<&TQT&‰^<&TQT&‰N<&TQT&‰O<&TQT&

‰MM<&^nK&‰^<&^nK&‰MM<&^nK&‰JK<&"04&^nK&‰JTe&)"4&$).&%";.&#'%.$$.&1).0'$71.9&

#

<"6"B"#$%&#:;+0 <=#-.+)*+#)((&(&#/.'':&//&/ #!#/$0!) 8&((#1&)+%#,*#G:)@,15'/,/#

!

?*$)& D=B& ;2$"F.0.%*%& %@#..0%<& $).#.& "#.& $+'& @';;'037& 2%.4& ;.$)'4%& $'& -.#*(7& *(& $).&

;2$"$*'0&$)"$&+"%&('204&*0&$).&%@#..0&*%&*04..4&@"2%"39&G).&(*#%$&;.$)'4&*%&$'&@';13.;.0$&$). &

*4.0$*(*.4&;2$"0$&+*$)&$).&?G&@'17&'(&$)"$&F.0.&$'&%..&*(&$).&'#*F*0"3&1).0'$71.&*%&#.%$'#.49&

G).&%.@'04&;.$)'4&*%&$'&*4.0$*(7&'#&F.0.#"$.&"0&*04.1.04.0$&;2$"0$&"33.3.&*0&$).&%";.&F.0.&

"%&$).&;2$"$*'0&204.#&*0-.%$*F"$*'0&"04&$.%$&*(&$). &;2$"0$&1).0'$71.& @"0&/.&#.1#'42@.4&+*$)&

$)*%&*04.1.04.0$&;2$"0$&"33.3.9&B..*0F&"%&+.&)"4&O%"=SG&%..4%&*0&)"04<&+.&@#'%%.4&*$&$'&$).&

L,(%\+$>,=+ SUR:A SAU?#1"#.0$"3&3*0.&2%.4&('#&D=B&;2$"F.0.%*%&$)"$&)"%&"&?G&:(1<4= &

Estr:CpBs4C-FLAG-GFP

xrn4-3

318 #2

383 #11

450 #4
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"33.3.&$'&$.%$&*(&%.F#.F"0$%&@'0$"*0*0F&3'%%&'(&(20@$*'0&:(1<4= &"33.3.%&%)'+&@'0%*%$.0$37&0'&

.%$#"4*'3&4.1.04.0$&+$>,=+# F#'+$)&"##.%$9&m0('#$20"$.37<&)'+.-.#<&+.&+.#.&20"/3.&$'&(*04&

%.F#.F"0$%& $)"$& +.#.& )';'>7F'2%& ('#& $).&O%"=SG& GY6RZ& "04& )';'>7F'2%& ('#& $).&

L,(%\+$>,=+ SUR:A SAU?&$#"0%F.0.<&1'%%*/37&42.&$'&$).&("@$&$)"$&$).#.&@'234&/.&"0&20,0'+0&

;2$"$*'0&3*0,.4&$'&$).&O%"=SG&"33.3.&@"2%*0F&*$%&1#'F.07&$'&/.&4+"#(.4&"04&0'$&"/3.&$'&1#'42@.&

%..4%9&&

&

Z($.#&$)*%<&+.&3'',.4&$'+"#4%&$).& '$).#&+.33Y2%.4&O%"=#;2$"0$&"33.3.<&O%"=SI<&+)*@)&@"0&/.&

%..0&*0&C*F2#.&T9TN<&$'&%..&*(&*$&+'234&%211#.%%&.%$#"4*'3Y4.1.04.0$& +$>,=+ &F#'+$)&"##.%$9&

h0%$."4& '(& 2%*0F& $).& @'0-.0$*'0"3& @#'%%*0F& ;.$)'4<& +.& $#"0%('#;.4&O%"=SI&+*$)& $).& %";.&

L,(%\+$>,=+ SUR:A SAU?&@'0%$#2@$&2%.4&$'&F.0.#"$.&$).&1"#.0$"3&3*0.&2%.4&('#&D=B<&2%*0F&$).&

(3'#"3&4*1&;.$)'49&G).&GM&F.0.#"$*'0&+"%&%$.#*3*>.4&"04&13"@.4&'0&,"0";7@*0&13"$.%&$'&%.3.@$&

('#& 13"0$%& @'0$"*0*0F& $).&L,(%\+$>,=+ SUR:A SAU?# $#"0%F.0.9& G).%.& 13"0$%& +.#.& $).0&

$#"0%13"0$.4&$'&%'*3&"04&"33'+.4&$'&;"$2#.<&"04&F.0'$71.4&('#&$).&$#"0%F.0.&$'&@'0(*#;&$).&

$#"0%('#;"$*'0<&"04&$).*#&1#'F.07&+"%&@'33.@$.49&62.&$'&"&3*;*$.4&$*;.&(#";.<&+.&4.@*4.4&$'&

;'-.& ('#+"#4& "04& +'#,& +*$)& $).& GJ& F.0.#"$*'0& /.@"2%.&+.& +.#.& "/3.& $'& %.3.@$& ('#& $).&

L,(%\+$>,=+ SUR:A SAU?#$#"0%F.0.&/7&13"$*0F&$).&%..4%&'0&,"0";7@*0&%.3.@$*-.&13"$.%9&G).&

%2#-*-*0F&GJ&%..43*0F%&(#';&$).&,"0";7@*0&13"$.%&+.#.&$).0&13"@.4&*0&.%$#"4*'3Y@'0$"*0*0F&

;.4*2;&'0& 4"7&(*-. &"04&3.($&$'&F#'+&('#&"&$'$"3&'(&M^&4"7%9&`0&4"7&M^<&$).&(#.%)&+.*F)$&'(&$).&

%..43*0F%&F#'+0&*0&.%$#"4*'3Y@'0$"*0*0F&;.4*2;&"04&0'0Y.%$#"4*'3&@'0$"*0*0F&;.4*2;&d;'@,e&

+.#.&#.@'#4.4<&"04&$).&F#'+$)&*0&$).&.%$#"4*'3&;.4*2;&+"%&@';1"#.4&$'&$).&;'@,&@'0$#'39&

m%*0F&$+'&GJ&3*0.%<&O%"=SIVVL,(%\+$>,=+SUR:A SAU?&‰J&"04&O%"=SIVVL,(%\+$>,=+SUR:A SAU?&

‰T<&+.&('204&$)"$&$).&O%"=SI&"33.3.&+"%&"/3.&$'&%211#.%%&$).&.%$#"4*'3&4.1.04.0$&+$>,=+#

F#'+$)&"##.%$&*0&Z#"/*4'1%*%&dC*F2#.&T9TQZe9&C2#$).#;'#.<&+.&+.#.&"/3.&$'&@'0(*#;&$)"$&/'$)&

GJ&3*0.%&+.#.&"/3.&$'&.I1#.%%&$).&[1c%^[ YCHZWYWC!&1#'$.*0&"04&$)"$&$).&O%"=SI&"33.3.&4*4&

0'$& )*04.#& 1#'$.*0& "@@2;23"$*'0<& "04& $).#.& +"%& .-.0& "& -*%*/3.& *0@#."%.& *0& $).& ";'20$& '(&

[1c%^[ YCHZWYWC!&1#'$.*0&*0&/'$)&O%"=SIVVL,(%\+$>,=+SUR:A SAU?&‰J&"04&‰T&GJ&*04*-*42"3%&

dC*F2#.&T9TQce9&?.&"3%'&$#"0%('#;.4&$).&O%"=SI&1"#.0$"3&3*0.&+*$)&L,(%\A]5 SAU?&"%&"&@'0$#'3&

('#&"&0'0Y@.33Y4."$) Y*042@*0F&$#"0%F.0.9&C'#&$)*%<&+.&2%.4&$+'&GJ&3*0.%<&O%"=SIVVL,(%\A]5S

AU?&‰J&"04&O%"=SIVVL,(%\A]5SAU?&‰T<&"04&('204&$)"$&*0&O%"=SIVVL,(%\+$>,=+SUR:A SAU?&‰J<&&

$).#.&+"%&;'#.&WmBYWC!&1#'$.*0&/.*0F&1#'42@.4&"($.#&J^&)'2#%&'(&.%$#"4*'3&$#."$;.0$&$)"0&

$).&1"#.0$"3&L,(%\A]5 SAU?&dC*F2#.&T9TQ[e<&"04&$).#.&+"%&3*$$3.&*;1"@$&'0&F#'+$)&+).0&13"@.4&

*0&.%$#"4*'3&@'0$"*0*0F&;.4*2;&('#&M^&4"7%&dC*F2#.&T9TQZe9&&

!
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!
0B<%>+!676N7!B/65DG&.%->+..+.! 234-52 !<>$O';!@>>+.'!B&!">@GB/$-.B.7!

!=# A&&1(,*3# 3:5C+%# ,*%,B,+,5*# 5<# /&(&8+&1# $6# ,*1,9,1.)(/#5<# +%&# ,*1,8)+&1# 3&*5+0'&"# [,9&41)0 45(1#
/&&1(,*3/#3:5C*#5*#R)*)-08,* 485*+),*,*3#-&1,.-#C&:&#'()8&1#,*#(,X.,1#-&1,.-#&,+%&:#85*+),*,*3#5:#
()8R,*3#&/+:)1,5(# )*1#C&:&#)((5C&1#+5#3:5C#<5:#*,*&#-5:&#1)0/"#A&&1(,*3/b#<:&/%#C&,3%+#,*# ,*1.8,*3#
_&/+:)1,5(485*+),*,*3`#-&1,.-#C)/#85-'):&1#+5#+%&#3:5C+%#,*#*5*4,*1.8,*3#-&1,.-#_-58R#+:&)+-&*+`#
)*1# /&+# )/# )# '&:8&*+)3&"# G):# )*1# C%,/R&:# '(5+# +5# /%5C# 9):,)*8&# 5<# 1)+)# '5,*+/V# *m!6V# /+)+,/+,8)((0#
/,3*,<,8)*+#3:5.'/#_'nK "KN`#):&# ':&/&*+&1#C,+%#(&++&:/# :&/5(9&1#B0#)#5*&4C)0#LUEgL#C,+%#'5/+#%58#
$.R&0b/#+&/+"##
"=#I--.*5B(5+# )*)(0/,/# 5<# ,*1,9,1.)(# +C5 4C&&R45(1# L:)B,15'/,/# /&&1(,*3/# 3:5C*# 5*# R)*)-08,* 4
85*+),*,*3#-&1,.-V#)<+&:#B&,*3#/.B-&:3&1#,*#&/+:)1,5(#<5:#6=#%5.:/"#A)-'(&/#C&:&#:.*#5*#)#! Kl#AZA 4
OL#3&("#L*+,4W[O4JPO #5:#)*+,4[MLW#)*+,B510#C)/#./&1#)/#,*1,8)+&1#+5#1&+&8+#':5+&,*"#O5*8&).#/+),*&1#
-&-B:)*&#/&:9&/#)/#)#(5)1,*3#85*+:5("#$%&#*.-B&:/#5*#+%&#(&<+#/,1&#5<#&)8%#B(5+#,*1,8)+&#+%&#-5(&8.():#
C&,3%+#_RZ)`#1&+&:-,*&1#B0#)#':5+&,*#()11&:"#
&

B..*0F&"%&+.&+.#.&+'#,*0F&*0&$).&GJ&F.0.#"$*'0<&$).&L,(%\+$>,=+ SUR:A SAU?#"04&L,(%\A]5 S

AU?#$#"0%F.0.%& +.#.& %$*33& %.F#.F"$*0F<& +.& $'',& *04*-*42"3& 13"0$%& F#'+0& '0& ,"0";7@*0Y

@'0$"*0*0F&;.4*2;&$'&2%.&('#&*;;20'/3'$&$'&%..&*(&$).#.&+"%&-"#*"$*'0&*0&1#'$.*0&"@@2;23"$*'0&

/.$+..0&*04*-*42"3%&*0&$).&GJ&F.0.#"$*'0<&+)*@)&+"%&0'$&'/-*'2%&*0&$).&O%"=SIVVL,(%\A]5SAU?&

GJ&3*0.%<&"04&@'234&/.&"#F2.4&('#&$).&O%"=SIVVL,(%\+$>,=+SUR:A SAU?#GJ&3*0.%&dC*F2#.&T9TQc&

"04&C*F2#.&T9TQ[e9&G",.0&$'F.$).#<&$)*%&@'0(*#;%&$)"$&$).&O%"=SI&; 2$"0$&"33.3.&4'.%&*04..4&

%211#.%%&$).&F#'+$)&"##.%$&'(&[1c%^[&*0&Z#"/*4'1%*%<&"04&$)"$&"&(20@$*'0"3&1<4=# "33.3.&*%&

#.A2*#.4&('#&$).&;.@)"0*%;&'(&[1c%^[&$'&*042@.&F#'+$)&"##.%$9!

-GFP

ponceau

55 kDa

70 kDa

-FLAG

100 kDa

130 kDa

ponceau

Estr:CpBs4C-
FLAG-GFP

xrn4-5//
Estr:CpBs4C-FLAG-GFP
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<"6"I"#Q59&(#N*58N5.+#)((&(&/#5;#YKQB#85.(1#*5+#@&#3&*&:)+&1#

!

?.&+"0$.4&$'&(2#$).#&@'0(*#;&$).&#.%23$%&*0&C*F2#.&T9TQ&/7&.I)*/*$*0F&$)"$&"0'$).#&O%"=#;2$"0$&

"33.3.&@"0&%211#.%%&[1c%^[9&Z%&+.&+.#.&20"/3.&$'&F.0.#"$.&1#'1.#&O%"=SG&I&L,(%\+$>,=+ S

UR:A SAU?&3*0.%<&+.&4.@*4.4&$'&F.0.#"$.&0.+&;2$"$*'0%&2%*0F&[8hB!89&Z%&@"0&/.&%..0&*0&

C*F2#.&T9Tn<&$).&1'%*$*'0%&'(&$).&;2$"$*'0%&"#.&A2*$.&4*-.#%.<&+*$)&$).&D=B&1'*0$&;2$"$*'0%&

+*$)*0&$).&(*#%$&)"3(&'(&$).&F.0.&"04&$).&GY6RZ&*0%.#$*'0%&/.*0F&+*$)*0&$).&3"$$.#&)"3(&'(&$).&F.0.9&

`2#&F'"3&+"%&$'&F.0.#"$.&"&;2$"$*'0&$)"$&+"%&*0&"&%*;*3"#&3'@"$*'0&"3'0F&$).&F.0.%&"%&'2#&D=B&

1'*0$&;2$"$*'0%9&G).#.('#.<&F2*4.%&+.#.&4.%*F0.4&"04&F.0.#"$.4&$'&@#."$.&;2$"$*'0%&'#&.-.0&

"&3"#F.&4.3.$*'0&*0&$).&%";.&"#."&+*$)*0&$).&F.0.&$)"$&$).&D=BY*042@.4&;2$"$*'0%&+.#.&('204&

*0&1<4= 9&Z&[8hB!8&13"%;*4&@'0$"*0*0F&["%O&204.#&$).&@'0$#'3&'(&"0&Z#"/*4'1%*%&.FFY@.33Y

%1.@*(*@&1#';'$.#&+"%&2%.4<&"%&*$&)"4&$).&)*F).%$&.((*@*.0@7&"$&$).&$*;.&'(&$)*%&$#"0%('#;"$*'0&

d6.@".%$.@,.#&.$&"39<&JKMOe9&G).&Z#"/*4'1%*%&L,(%\+$>,=+ SUR:A SAU?#1"#.0$"3&3*0.&+"%&2%.4&

"%&$).&/"@,F#'204&('#&$)*%&[8hB!8&$#"0%('#;"$*'0<&)'+.-.#<&$).#.&+.#.&0'&%2#-*-'#%&*0&$).&

GM&%.3.@$*'09&?.&"3%'&$#*.4&$'&F.0.#"$.&[8hB!8&;2$"0$&"33.3.%&'(&1<4= &*0&49#0&"(2'/)'"' <&

2%*0F&F2*4.%&4.%*F0.4&*0&%*;*3"#&3'@"$*'0%&$'&$)"$&'(&$).&F2*4.%&4.%*F0.4&('#&$).&Z#"/*4'1%*%&

1<4= <&2%*0F&$).&16WD&[8hB!8&13"%;*4&%7%$.;&(#';&6#9&V')"00.%&B$2$$;"0&dB$2$$;"00&.$&

"39<& JKJMe9&G+'& *04.1.04.0$& $#"0%('#;"$*'0%& '(& $)*%& 13"%;*4& 2%*0F& ?G&49# 0&"(2'/)'"' &

F.0.#"$.4& >.#'& $#"0%('#;"0$%9& 6#9& V9& B$2$$;"0&"3%'& F.0.#"$.4& "0& "44*$*'0"3& *04.1.04.0$&

13"%;*4&+*$)&0.+37&4.%*F0.4&F2*4.&8RZ%&"$&-"#*'2%&1'%*$*'0%&"3'0F&$).&F.0.<&0'$&S2%$&3*;*$.4&

$'&$).&(*#%$&)"3(&"%&+.&)"49&6#9&V9&B$2$$;"0&1.#('#;.4&$+'&*04.1.04.0$&$#"0%('#;"$*'0%&'(&)*%&

13"%;*4&2%*0F&?G&49#0&"(2'/)'"' 9&B*;*3"#&$'&'2#&'2$@';.<&)*%&$+'&*04.1.04.0$&#'204%&'(&

$#"0%('#;"$*'0& 1#'42@.4& >.#'& $#"0%('#;"0$%9& m3$*;"$.37<& 0.+& "33.3.%& '(&1<4= &*0& /'$)&

Z#"/*4'1%*%&"04&49#0&"(2'/)'"' &+*$)&;2$"$*'0%&*0&$).&(*#%$&)"3(&'(&$).&F.0.&+.#.&20"/3.&$'&/.&

F.0.#"$.49 &

##

<"6"L"#G*)(0/,/#5;#:&-),*,*3#>6#;)-,(,&/#.*859&:/#-5:&#-.+)+,5*/#,*# 8,*930)

##

Z($.#&RWB&#.%23$%&'(&=J&(";*3*.%&TMQ<&TQT<&"04&^nK<&%@#..0*0F&'(&$).&#.;"*0*0F&=J&(";*3*.%&

+.0$&204.#+"79&G).&%211#.%%*0F&(";*3*.%&+.#.&(2#$).#&$.%$.4&('#&$).*#&[1c%^[YCHZWYWC!&

.I1#.%%*'0& "04& $).&+$>,=+ &[6B& '(& $).& $#"0%F.0.& +"%& ![8& ";13*(*.4& "04& %.0$& ('#&

%.A2.0@*0F9& `037& (";*3*.%& $)"$& )"4& ;'#.& $)"0& '0.& =J& *04*-*42"3& %2#-*-.& '0& .%$#"4*'3& "04&

$#"0%13"0$.4& $'& %'*3<& )"4& %2((*@*.0$& [1c%^[& .I1#.%%*'0<& "04& )"4& "& ?G& $#"0%F.0.<& +.#.&

@'0%*4.#.4&('#&RWB9&G).%.&%$#*0F.0$&;."%2#.%&.0%2#.4&$)"$&'037&$).&(";*3*.%&$)"$&)"4&$#2.&

%.@'04Y%*$.&%211#.%%*'0&+.#.&%.0$&('#&%.A2.0@*0F9&?)*3.&0'0.&'(&$).&=J&(";*3*.%&$)"$&)"4&

$).*#& $#"0%F.0.& %.A2.0@.4& )"4& "& ;2$"$*'0& +*$)*0& $).& [6B<& $).#.& +.#.& ;"07 &%211#.%%*0F&
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! !*%!

(";*3*.%&$)"$&4*4&0'$&)"-.&[1c%^[&.I1#.%%*'0<&('#&.I";13.<&(";*3*.%&MOKJ<&MOJK<&MOQQ<&JKMT<&

"04&JKMQ&dC*F2#.&T9TOe9&m0('#$20"$.37<&$).& ;.;/#"0.&+"%&0'$&%$"*0.4&+*$)&1'0@."2&('#&"&

3'"4*0F&@'0$#'3<&$).#.('#.&"&@';1"#*%'0&*0&$).&A2"0$*$7&'(&1#'$.*0&@"00'$&/.&@';;.0$.4&'0<&

'037&$)"$&$).#.&*%&.*$).#&"&1#.%.0@.&'#&"/%.0@.&'(&1#'$.*0&+*$)*0&."@)&3"0.9&

!

!
012345!676M7!1##%&$G*$'!$=!B&/B)B/%@*.!B&!@//B'B$&@*!VD!=@#B*B+.7!

I--.*5B(5+#)*)(0/,/#5<#<,9&4C&&R45(1#L:)B,15'/,/#(&)9&/#)<+&:#6=#%5.:/#5<#&/+:)1,5(#+:&)+-&*+"#7'G/=7#
':5+&,*#C)/#1&+&8+&1#./,*3#)*#)*+,4[MLW#)*+,B510"#$%&#*.-B&:/#5*#+%&#(&<+#/,1&#5<#&)8%#B(5+#,*1,8)+&#
+%&#-5(&8.():#C&,3%+#_RZ)`#1&+&:-,*&1#B0#)#':5+&,*#()11&:"!
&

h0&$'$"3<&^N&(";*3*.%&%211#.%%.4&[1c%^[&4.1.04.0$&@.33&4."$)<&^N&(";*3*.%&)"4&"&?G&+$>,=+#

[6B& *0& $).& $#"0%F.0.<& MN& (";*3*.%& )"4& %';.& 3.-.3& '(& [1c%^[& .I1#.%%*'0& 4.$.@$"/3.& -*"&

*;;20'/3'$&d$)*%&*0@324.%&(";*3*.%&+).#.&'037&%';.&'(&$).&*04*-*42"3%&)"4&.I1#.%%*'0<&"04&

"3%'& *04*-*42"3%& $)"$& )"4& +.",& .I1#.%%*'0e9& m3$*;"$.37<& MM& =J& (";*3*.%& +.#.& %.0$&('#&

%.A2.0@*0F9&`2$&'(&$).&.*F)$&(";*3*.%&$)"$&+.#.&%.0$&('#&RWB&42#*0F&$).&%.@'04&#'204<&'037&

%*I&(";*3*.%&)"4&"&4.@.0$&%.A2.0@*0F&#."4'2$<&"04&"%&%2@)<&$).&'$).#&$+'&(";*3*.%q&%.A2.0@*0F&

4"$"&+"%&4*%@"#4.49&h$&+'234&/.&+'#$)+)*3.&*0&$).&(2$2#.&$'&F'&/"@,&$'&$).%.&(";*3*.%&"04&#.Y

F.0.#"$.&"&/23,.4&=J&6RZ&1''3&"04&#.Y%.04&('#&RWB9&&
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! !*& !

!

!"#$%&'(U(&M$$%$%&./%P:%6>+%-&0.&<?H-&+6;:>%;&Q+"&IR<&+6&R8&."1+$=&)V)8(#'

!"#$%&' ()*+ ' ,-.$/$-0 ' 12345%/' (-62* '
5%%2%2'
3*27'

8202'9: ' 12;$-0 ' 8<=< '
(:>'

?-.$/$-0 '
<332@/'

55'
@)"0;

2'

ABAC'

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

!' ($&)(!$& ' *+# ' ,$ ' (' #-!*$&%./0( ' 45678549' '' '' '' ''

!' ($.!%/!& ' *+# ' %&' (' #-!*$!)!&0( ' :;< ' -=>><' ?)? ' @85AB5' C+D'

!' (?!&?,)/ ' *+# ' %%' (' #-!*$$/?&0( ' :;< ' :EF$ ' $!,? ' @85AB5' G+H'

!' ($&!!$%/ ' *+# ' %,' &0.. ' #-!*$&/,/0( ' 45678549' *#2-/ ' '' '' ''

!' (!!&&/,( ' *+# ' %?' &0.) ' #-!*!)/(&0( ' 45678549' ;I='!0( ' '' '' ''

!' ($&?)$.! ' *+# ' /$ ' &0.) ' #-!*$&%$&0( ' 45678549' '' '' '' ''

!' ($&?)$.! ' *+# ' /$ ' &0.) ' #-!*$&%$&0! ' 45678549' '' '' '' ''

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

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

!' (/%/&?(. ' *+# ' /$ ' &0.) ' #-!*$,!)&0( ' :;< ' E;3. ' !& ' @85AB5' <+@'

!' (%!?..?. ' *+# ' ?) ' &0.) ' #-!*$).!&0( ' 45678549' '' '' '' ''

!' (%!?..?. ' *+# ' ?) ' &0.) ' #-!*$).!&0! ' 45678549' '' '' '' ''

!' (%!?..?. ' *+# ' ?) ' &0.) ' #-!*$).!&0$ ' 45678549' '' '' '' ''

!' (&,..!&/ ' *+# ' /) ' &0., ' #-!*!/$/&0( ' :;< ' '' ),? ' @85AB5' *+3 '

!' (/%(((,& ' *+# ' /%' &0., ' #-!*$,(%&0( ' 45678549' '' '' '' ''

!' (/%(((,& ' *+# ' /%' &0., ' #-!*$,(%&0! ' 45678549' '' '' '' ''

!' (%,(?)(( ' *+# ' $?' &0., ' #-!*?&&$&0( ' 45678549' '' '' '' ''

!' (!,/!!/, ' *+# ' /. ' &0./ ' #-!*!..(&0( ' :;< ' '' /,? ' @85AB5' E+<'

!' (!,/!!/, ' *+# ' /. ' &0./ ' #-!*!..(&0! ' :;< ' '' /,? ' @85AB5' E+<'

!' (!,/%$)/ ' *+# ' %,' &0.?' #-!*!..$&0( ' $1'2-3 ' '' '' '' ''

!' (!,/%$)/ ' *+# ' %,' &0.?' #-!*!..$&0! ' $1'2-3 ' '' '' '' ''

!' (!,/%$)/ ' *+# ' %,' &0.?' #-!*!..$&0$ ' $1'2-3 ' '' '' '' ''

!' (%&)/.)! ' *+# ' %(' &0.?' #-!*$)?&&0! ' 45678549' #*-$ ' '' '' ''

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

!' ((/!?,?! ' *+# ' %/' &0.$' #-!*!,&&&0( ' :;< ' :JE,&/#) ' $/? ' <B5' F+F'

!' (/),?/// ' *+# ' ,, ' &0.$' #-!*$,.$&0( ' :;< ' '' ((). ' @85AB5' K+L'

!' (%()$!(/ ' *+# ' /? ' &0.$' #-!*$),&&0( ' 45678549' L;;( ' '' '' ''

!' (,$!!$(% ' *+# ' /$ ' &0.$' #-!*?(/!&0( ' :;< ' '' $&,/ ' <B5' D+D'

!' (,$!!$(% ' *+# ' /$ ' &0.$' #-!*?(/!&0! ' :;< ' '' !.)! ' <B5' D+D'
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500 bp

450450

protein
DNA

protein
DNA

protein
DNA

GCCGAGAGCAAAGATGAATCAGCAGCGTTCTCGACGTTTC
  P  R  A  K  M  N  Q  Q  R  S  R  R  F 

GCCGAGAGTAAAGATGAATCAGCAGCGTTCTCGACGTTTC
  P  R  V  K  M  N  Q  Q  R  S  R  R  F 

329

AACATTTAGGTGTTG.. . . . .TTTGTTGGTAATGACTTC
 N  I   *   -   -   -  -  -  -   -   -   -   -   -  

AACATTTGGGTGTTG.. . . . .TTTGTTGGTAATGACTTC
 N  I   W  V  L . . . . . .  F  V  G  N  D  F 

911

wildtype

GCCGAGAGTAAAGATGAATCAGCAGCGTTCTCGATGTTTC
  P  R  V  K  M  N  Q  Q  R  S  R  C  F  

355

M2 family

21332133

AACATTTGGGTGTTG.. . . . .TTTGTTG ATAATGACTTC
 N  I   W  V  L . . . . . .  F  V  D  N  D  F 

1019

protein
DNA

protein
DNA

protein
DNA

383383

wildtype

M2 family

31823182
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&R2S'() ! 2#+3.75/>M375! "0*7-.758!T*U584+*!

&R2S:-&<VJ ! 2#+3.75/>M375! "0*7-.758!T*U584+*!

&R2S:-&<'() ! 2#+3.75/>M375! T*U584+*!+.!89=H!%O$W!

&R2S"#:-;" <VJ ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S"#:-;" <'() ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S"#:-;" <>"0+**M ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S?@:-;"=$<VJ ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S?@:-;"=$<'() ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S?@:-;"=$<>"0+**M ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S?@:-;"=%<VJ ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S?@:-;"=%<'() ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S?@:-;"=%<>"0+**M ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S?@:-;"=&<VJ ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S?@:-;"=&<'() ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S?@:-;"=&<>"0+**M ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+- !

&R2S?@:-;" <$?%" <VJ ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S?@:-;" <%?$" <VJ ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S?@:-;" <$5%#$3<VJ ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S?@:-;" <%5$#%3<VJ ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

#2TX$Y6NJZP[[W ! '+5.8>M375! "#$%!%&'()H!I/@+*.!1/*@7.\+*!

#2TX$Y6NJZP[QO! '+5.8>M375! "#$%!%&'()*!I/@+*.!1/*@7.\+*!

#2TX$Y6NJZP[Q%! '+5.8>M375! "#$%!%&'()*!I/@+*.!1/*@7.\+*!

&R2S'J:J <"#:-;" <".879<'() ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S'J:J <?@:-;"=$ <".879<'() ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

&R2S'J:J <?@:-;"=% <".879<'() ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

#:-&S6N[[WP:PYI]:^ ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

#:-&S6N[QOP:PYI]:^ ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

#:-&S6N[Q%P:PYI]:^ ! 2#+3.75/>M375! "#$%!%&'()H!C8589M5!I=!V/9>+-!

#PI$OS"#:-;" <(ZJ' <'() ! 2#+3.75/>M375! V/9>+-!+.!89=H!%O%O!

#PI$OS'() <']2 ! 2#+3.75/>M375! V/9>+-!+.!89=H!%O%O!

#]:_$OSVCPZ <>"0+**M ! T858>M375! J'!`-.a5 !

#]:_$OSVCPZ <'() ! T858>M375! J'!`-.a5 !

#]:_$OSI <'P"b$ <>N4*L4/7-+ ! T858>M375! c886.!+.!89=H!%O$[!
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;2#1$2(%01$( ;2#1$2()$@A$%"$(BCD(&.(EDF( ;2#1$2(A)$ ( >$'$2$%"$(
DHo009_LBb1.3 % ATTTTGCCGATTTCGGAAC% &'()*+,-(.% !""#$%%&'()*+,&*+-,./0%"/)*#1'2.1&,3,!"2+%%
DHo010_LB1% GCCTTTTCAGAAATGGATAAATAGCCTTGCTTCC% &'()*+,-(.% !""#$%%&'()*+,&*+-,./0%"/)*#1'2.1&,3,!"2+%%
DHo102_35S_F% CATCGTGGAAAAAGAACAC% /0)(-(. % /1%234(56'3%
DHo103_GFP_R% GTCAGCTTGCCGTAGGT% /0)(-(. % /1%234(56'3%
DHo120_Estrpro1_F % CCATGTAATATGCTCGACTC% &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo121_Estrpro2_F % TTCATTTGGAGAGGACAC% &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo122_GFPtag1_R GATACGGACGAAAGCTGG &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo123_GFPtag1_R TACTTGTACAGCTCGTCC &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo135_xrn4 - 3_F AGGTGTATGCTCTTGGCAATG &'()*+,-(.% &5<<5(-%'*%501=%>??!%
DHo136_xrn4 - 3_R AACTGCCATGAAAACTGATGG &'()*+,-(.% &5<<5(-%'*%501=%>??!%
DHo317_318/339_F  ACCATAACCCTGGCTGGA &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo318_318/339_R  CTCGCAACACCCAAATGT &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo319_318/339seq_R  CCAGGGCAATCTGAAGCA &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo320_383_F  CTGATTTCCACCCCTACG &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo321_383_R CCCACAGATATAATGCAG &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo322_383seq_R  CAGCAAGTTTATAGCCCC &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo323_450_F  GGCTGTGTGTATTTTGTTC &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo322_450_R TCCCGGAACATTTGAATC &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo323_450seq_F  CGTGTTATGGTGATACTTG &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo336_NbActin_q_F  GATGAAGATACTCACAGAAAGA @A/8% B965(.%'*%501=%>?CDE%
DHo337_NbActin_q_R  GTGGTTTCATGAATGCCAGCA @A/8% 965(.%'*%501=%>?CD%
DHo416_NbBs4C.1_geno_F  GAAAACTGAAGAACCATTGCG &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo417_NbBs4C.1_geno_R  GTACCAATATAACACTTGAGGG &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo418_NbBs4C.1_seq_R  AGTCCCAAAAACGGTTGC F'@6'(G-(.% !"#$%$&'()*%7181%9)0:';%
DHo419_NbBs4C.2_geno_F  CAGGCATTGAGGGAGACAT &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo420_NbBs4C.2_seq_R  TCTGAAGGAAACAAATGGTG F'@6'(G-(.% !"#$%$&'()*%7181%9)0:';%
DHo421_NbBs4C.3_geno_F  ACCCTTATGCTCTTTTGTTCC &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo422_NbBs4C.3_geno_R  GGTTTAGATTGGCAGTGGC &'()*+,-(.% !"#$%$&'()*%7181%9)0:';%
DHo423_NbBs4C.3_seq_R  GGCAAGCCAAGTATAATTCA F'@6'(G-(.% !"#$%$&'()*%7181%9)0:';%
DHo425_pUbi_F  GGCTTGCGATGTAGATCTATG /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo438_CpBs4C_CACC_F TTTGGTCTCTCACCATGGAGTTTGATCTCAGAT 
ACTTGA /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo439_CpBs4C_Nbod_TTCA_R AAAGGTCTCATGAAGAAAGTGCAATGATAATGA 
CG /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo440_NbBs4C.2_Ctail_TTCA_F  TTTGGTCTCTTTCAATGAATTATACTTGGCTTG 
CCAAGA /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo441_NbBs4C.1_Nbod_TTCA_R AAAGGTCTCATGAAATTAATGAAGAAAGTATAA 
TAGTAATGAAGAAAATG /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo442_NbBs4C.1_Ctail_TTCA_F  TTTGGTCTCTTTCATGTTATTGGGTTTCTAATA 
CATGC /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo443_NbBs4C.2_Nbod_TTCA_R AAAGGTCTCATGAAATCAATATGATCATGGGAT 
ATGC /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo444_CpBs4C_Ctail_TTCA_F  TTTGGTCTCTTTCATGTTCTTCTTGGATTGGCA 
ATA /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo445_CpBs4C_AAGG_R AAAGGTCTCACCTTGACGAGCAGGCGATTTGT /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo447_NbBs4C.1_noC_AAGG_R AAAGGTCTCACCTTTGAAATTAATGAAGAAAGT 
ATAATAGT /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo448_CpBs4C_noC_AAGG_R AAAGGTCTCACCTTTGAGGAAAGTGCAATGAT 
AATGAC /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo450_CpBs4C_Nbod_TTCA_R GTCATTATCATTGCACTTTCCTCAATGAGACC 
TTT /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo453_ccdB_F  GGTTTACACCTATAAAAGAGAGAGC /0)(-(. % !"#$%$&'()*%7181%9)0:';%
DHo454_ccdB_R CCGATATGCACCACCGGGTAAAGTTC /0)(-(. % !"#$%$&'()*%7181%9)0:';%
DHo455_M13_F GTTGTAAAACGACGGCCAG /0)(-(. % %
DHo456_M13_R CAGGAAACAGCTATGACCATG /0)(-(. % %

DHo467_NbBs4C.2_noC_AAGG_R AAAGGTCTCCCTTATGAAATCAATATGATCAT 
GGGATATGCATA /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo468_NbBs4C.1_Nbod_ACCA_R AAAGGTCTCATGGTATTACAAATGAGGCTAG /0)(-(. % !"#$%$&'()*%7181%9)0:';%
DHo469_NbBs4C.2_Nbody_ACCA_R AAAGGTCTCATGGTACTACCAGACAGACCAG /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo470_CpBs4C_Nbody_ACCA_R AAAGGTCTCATGGTAGTAGAAGAGAAGCTAGA 
C /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo471_NbBs4C.1_pore_ACCA_F  ACCACAAGTGTTATATTGGTACATTTTCTTCA 
TTACTATTATACTTTCTTCATTAAT /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo472_NbBs4C.1_pore_TTCA_R  TGAAATTAATGAAGAAAGTATAATAGTAATGA 
AGAAAATGTACCAATATAACACTTG /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo473_NbBs4C.2_pore_ACCA_F  
ACCAAAATTTATATTTTGGTATGCATATCCCA 
TGATCATATTGAT /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo474_NbBs4C.2_pore_TTCA_R  TGAAATCAATATGATCATGGGATATGCATACC 
AAAATATAAATTT /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo475_CpBs4C_pore_ACCA_F ACCACAAATGTTGTTCTGGTACTTTTTCGTCA 
TTATCATTGCACTTTC /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo476_CpBs4C_pore_TTCA_R TGAAGAAAGTGCAATGATAATGACGAAAAAGTA 
CCAGAACAACATTTG /0)(-(. % !"#$%$&'()*%7181%9)0:';%

DHo482_Nb1_q2_F AGCCTCATTTGTAATCCCTCAA @A/8% !"#$%$&'()*%7181%9)0:';%
DHo483_Nb1_q2_R GAATAGTGGAGAGTATGCCCAG @A/8% !"#$%$&'()*%7181%9)0:';%
DHo486_Nb2_q2_F TGGTGACCATTGATCATCTTGA @A/8% !"#$%$&'()*%7181%9)0:';%
DHo487_Nb2_q2_R GGAACTGCTACAACGTTGAAC @A/8% !"#$%$&'()*%7181%9)0:';%
DHo490_Nb3_q2_F TCTCAAATCTGGAATTGGACCT @A/8% !"#$%$&'()*%7181%9)0:';%
DHo491_Nb3_q2_R AAGGAGAAGATGATGAACGTGA @A/8% !"#$%$&'()*%7181%9)0:';%
DHo503_xrn4 - 5_F GTTTCTTGGTTGTTGCAGCTC &'()*+,-(.% F)63'*%'*%501=%>??!%
DHo504_xrn4 - 5_R TCATGACGAATTCCTTTGAGG &'()*+,-(.% F)63'*%'*%501=%>??!%
DHo520_dT779EBE_F CACCTGCGTCACCTTCCACTTCC /0)(-(. % !"#$%$&'()*%7181%9)0:';%
DHo521_dT779EBE_R CCAGGGAAGTGGAAGGTGACGCA /0)(-(. % !"#$%$&'()*%7181%9)0:';%
DHo522_dT780EBE_F CACCTAGTATTACACCTGTTATG /0)(-(. % !"#$%$&'()*%7181%9)0:';%
DHo523_dT780_EBE_R CCAGCATAACAGGTGTAATACTA /0)(-(. % !"#$%$&'()*%7181%9)0:';%
DHo524_dT782_EBE_F CACCTGTTCCTACCACTACCTAG /0)(-(. % !"#$%$&'()*%7181%9)0:';%
DHo525_dT782_EBE_R CCAGCTAGGTAGTGGTAGGAACA /0)(-(. % !"#$%$&'()*%7181%9)0:';%

&
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,&(.'6*7"'")/$(+'(3( ) !"/&G:7H"I: J?K,L JL?M+ g&d6P+$*<(#)$5*+ N58E(<+()+%8:X+D9D9+

,&(.'6*7"'")/$(+'(3( ) !"/&GLN; JL?M+ g&d6P+$*<(#)$5*+ N58E(<+()+%8:X+D9D9+

,&(.'6*7"'")/$(+'(3( + @&3IJO),HP!Ub9.MD9]- + g&d6P+$*<(#)$5*+ J%cc%*$+()+%8:X+D99M+

,&(.'6*7"'")/$(+'(3( + @&3IJP+,HPe!b^O.b@9.-+ g&d6P+$*<(#)$5*+ H5"#()+()+%8:X+D99M+
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RO+ g&d6P+$*<(#)$5*+ E$'")"/06<)

,&(.'6*7"'")/$(+'(3( ) @&3IJPQQ!"/&GLN;JL?M)RS+ g&d6P+$*<(#)$5*+ E$'")"/06<)

,&(.'6*7"'")/$(+'(3( ) @&3IJPQQ!"/&GLN;JL?M)RO+ g&d6P+$*<(#)$5*+ E$'")"/06<)
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&
>CpBs4C (Bs4C from Capsicum pubescens)  
TAAATTAAACTAGTTAATTAAAAAAGAAGCAACTCTATCCACTGCCGCCGCAGTATCTTTTAGGGATTGTTTAGT
GTGAGGTATAAGTAATTCTGGGATAAAATATAAAGATCAATTTATCCCATGTTTGATCAGAGGGATTAATCAGTG
GTGAGATAACTTATCCCCCTATTACACCATAGTGATGGAATAACTTATCCCATATTCACAGTGAGATAAGTTATC
CCAAAAAATCCCAATATTAATTATCCAAAAATAATAATTTCCCAACCAAACGAACCCTTTTAAGTTAAGAGACTA
TAGGAAACGCAAAGATTGACTTATGGAGAGTTCTAAGTCCGAAATTGTTTTGTCAAATGGGGCCTACGAAAAACA
TTATTTCTTCGCAGGAACACAACTAGCTTGACTACACTAACGTCCCAGTGGAAAAGTACCTTCATGCAGCAGTAT
GGTACAATATTATTAAAGCGCTGGAACATTTTAATAtaAAAAATAGTCCTCTCAGCCCTTAGACAAGCAGGAATA
AAATTATTCTAAATCAACTTTCGGATTTGGATACTTCGAGGAAAGAGCACCATCTTAAAATGACAGTGTCTATAA
ATAAATACACAACCAGCATACTACACCCAACCATAGAATTTTAGGAAAAGATTCAAAAGAATAGAATGGAGTTTG
ATCTCAGATACTTGATCTTGATTTTGGCTAACATGCTCAAATCAATATTATCCATTTCTGATAACTGGGATCCTT
TCCATATATTTCATGACCATCCCAGTTTCATCGTGTTCATCAATAAGCTCTTCTTTCTTTTCATATTTTCCTTTA
TTTTCTCCATCACTCGTATAACACTTCATCATCCAAATATACGAATACGTGTACGTACTACTACTTCAGCAGATC
TCTCCAAGTCCTTTAATATCTTGTGTCTAGCTTCTCTTCTACTCCCACAAATGTTGTTCTGGTACTTTTTCGTCA
TTATCATTGCACTTTCCTCATGTTCTTCTTGGATTGGCAATACATGGGCTAGTTTTCGACAACGGATTCTGCATA
TTTTCTCAACAATAATATTTCCAGCAGTCAGCATTTTCATCAATGTGGAGTTTGACAGAAATAATGTGAGCCAGC
AACATGAAACTCAAACAAATCGCCTGCTCGTCTAG 
 
>NbBs4C.1  (Bs4C homologue from Nicotiana benthamiana)  
AAAGCCAGAACAAGTTTAAAAAATGATGTATCCAACCATATAAAAGATTAATTATTTCCAAATATTTATATATAT
TGCTTATAGAAAAATATTTGCAACTTCTATAACAATTATCATAGCGGAAAAAAGTTTATTAAAATTAAAATTAAA
ATTTTATTCAAGACCAATACTGTCTAAAAAAATTAAATAGAGTAATTTTGTATTTATAAATTTTAAGACAAATTT
GGGGCCTCTTATTGAAGTTTGGCTTTAGGCCACCAACTTTATTGAGCCGACCCAAGGGGCATAAAACACCTTGTA
TTTATAGTGTAGACACTTTATTCTAATAGTAATATTAATGATTATTTATATGATTTGAACTCGTAACTTATATAC
CGGCAATACACTATTGTTTCGAAGCTTTCTTCTACCTTTGATAATAGGAGTAATATAACTCCAATAACATAATAA
CCCAAGGGTAACACAAGGTTTAAAAATGTTATAGTACGTCAGCCTACTTTTGTTATAATATAAGTATTTGTTATT
TTAATTTTTAACCGGAAAAAAAGTGCTTCAGCAGAAAAAGATGAGGAAAACTGAAGAACCATTGCGTCACCTTCC
ACTTCCATATCCAAACCCCACCAATCTTTTCTCCTTCCTTATAAATTCAAGTGAGATAAAACTTATTTTTTGAAC
AAACCAAAAAAGAAGAAGAAAAGAAATGAGATTGGTAGAGCTAAGGTACATTATATTGATGTTAATCAACATCTT
CAAATCTATGATGGGATCATCTTCTGATTGGGATCCTTTCCACATATTAAACCATAATTCTTTTCCAAGTTTCAT
TAATAAAATCCTTTTTCTTTTATTATTTTCCTTTATTTTCTCCATCACCTCTATAACAGTTGACACAACTACTCG
TCCTATCAGTATACACATTTGCATTGGAAATTTTTCCAAGTCCTTCAATGGTTTATTTCTAGCCTCATTTGTAAT
CCCTCAAGTGTTATATTGGTACATTTTCTTCATTACTATTATACTTTCTTCATTAATATCTTGTTATTGGGTTTC
TAATACATGCAACCGTTTTTGGGACTGCGCTCTGGGCATACTCTCCACTATTCCACTTCTTAAAATTTTCATCAA
TGCTGAAATTCACAGCAGTGGGAATGAAGACCAGCAGTCTCCAGTCTAA 
 
>NbBs4C.2 (Bs4C homologue from Nicotiana benthamiana)  
GGCGAAGACTAACTGTTGGGTAAGTAACCACATAGCCAAAGTCTACCTGTGAAGGTCACTATCAAAAAGCTAGAA
GCATTTGATGTGGGAGTCAACCTGAGAGGAGGCATTAAACCCTTAATTGCAGATTTATACAACCCAAAAACGCAC
AAAATGTTAAGTCAATATAATGTACTAGCAGTTTCTGTCGACCAGCTGCTCTATATTAGTTCTTTCTCCGTTTAA
TATTGTTTAAGCTAGTTTGATTCGGCGAGTTTAAGAAGAAAAAAAAAAGACTTTTGATCTTAAAAATTTAAAGAG
TAAAAAGTTTGTGATGTCATACCATTTGTGTGGATATAAAAACTTCTCATTGAGAGCAAAAATGGTAAAATAATT
AAAGAGTTTAAAGTTGTATTATTTCCAAATTTAAAAATGTATCATTTATTTTGAAACTGACTAAAAAAACATCTC
AACGGAGGAAGTAGTACCATTTTGTTTCAGCGACTTCACTTATGTAGTCAGTAGTCAGAAGTCAACATATACATG
TCCTTAAGTATCATAGGATTTGTAAGTTTTGACCCATAATGCTCTGTTATTCCTATCACCACCTTAACCTCATAG
TAGGAAAATTGGTAGTATTACACCTGTTATGATTTATATAAACTTGGAAAGATTAAGACATCTTCTACAATATCA
TCTACAGAGGTTCTGAAGGAAACAAATGGTGACCATTGATCATCTTGATCTTAGGCACACTATGTTAGTGTTAGT
AAACATTCTCAAATCTGGAGTGGGACCTCCCTGGCAATGGAATCCGTTCAACGTTGTAGCAGTTCCTCACCAGTT
TACTTTAATGGAAGCTGTCATTCTTCTCTTCACGTTCATCATCTTCTCCTTCACCTCCATAAAAGTTCATCCCAG
AAGTGAGCAGTGGCAAATATGTATAAGACTTGGAGATTTCTCCACAAGTCTTACTCTATTATTGCTGGTCTGTCT
GGTAGTACCAAAATTTATATTTTGGTATGCATATCCCATGATCATATTGATATCCATGAATTATACTTGGCTTGC
CAAGACTTTCAATACTTTCCTGGATTGGCTACAAGGAATGTCTCCCTCAATGCCTGTTTTCAATAGTTTCGTCGT
AACAACACTTGCCACTACCAGTCCGGACCATGAAGATCAGCAACCTAGTTCAGGGCATGAAGCAGTTTAA 
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>NbBs4C.3 (Bs4C homologue from Nicotiana benthamiana)  
TTATAATTTCTGGGTGGGCTAATTTTGGACCAATGTAAGTAGGCCACGTGTTTAAAAAACTTGAGGAAACCAGGT
TTAACGGTGGAAGGGTATATGTGGCCCGAATGTGTAACGGTGTGGGTATATTTGTCAAAGAATTCAAACGGAGTA
TAAATGTAGCTTATTTTGAATAGTACAAGGGCAAATCCGACCCTTAACCGTTTTAAATTTGATCTTTTTCTTGCC
AGCTACAGCAGTCGGAAAAGGCAAATATAGAGCAGAAGGCGAAGACTAACCGTTGGGTAAGTCAGAACCACATAG
CGAAAGTCTACCTATGAAGGTCACTGAAAAGAGTGTATCAAAAAGCTAGGAGCATTTGATGTGGGAGTCAACCTG
AGAGGAGGTATTAAGCCCTTAATTGTAGATTTATACAACCCAAAGACACATAAAGTCAATATAATGTTGCAGTTT
CTGTCGACCAGCCGCTCTTAGTTAACATTTTGCTTCAGCAACTTGACTTATGTAGTCAGTAGTCACAAGTCAACA
TATACATGTCCTTAAGTATCATAGGATTTGTAAGTTTTGACCCTTATGCTCTTTTGTTCCTACCACTACCTAGCC
TGCTAGTAGGAAAATTGGGATTGCACCTGTTATGATCTATATAAACTCGGAAAGGTTAAAACATCTTCTACAATA
TCTACGGAGATTCTGAAGGAAACAAATGGTAACCATTGATAATTTTGATCTTAGGCACACTATCTTAGTGTTAGT
AAACATTCTCAAATCTGGAATTGGACCTCCCTGGCAATGGGATTCGTTCAATGTTGTAGCAGTTTCTCACCAGTT
TACTTTAATGGAAGCTGTCATTCTACTCTTCACGTTCATCATCTTCTCCTTCACCTCCATAAAAGTTCATCCCAG
AAGTGAGCAGTGGCAAATATGTATAAGAGTTGGAGATTTCTCCAGAAGTCTTACTCTATTATTGCTGGTCTGTCT
GGTAATACCAAAATATATATTTTGGTATGCATATCCCATGATCATATTGATTTCCATGAATTATACTTGGCTTGC
CAAGACTTTCAATACTTTCATGGATTGGCTACAAGGAATGTCTCCCTCAATGCCTGTTTTCAATATTTTCGTCGT
AACAACACTTGCCACTGCCAATCTAAACCATGAAGATCAGCAACCTAGTTCAGGGCATGAAGCAGTTTAA 
 
 
>SlBs4C  ( Bs4C homologue from Solanum lycopersicum)  
GAAAAGTAAAATTTGAATACAAATCATAATATAATATTGAGGAAAGAAAAAAATATCATTTTTTTAGAAAGTAAA
AAAAATAGAGAATTGAGTTAGAGTTAATTATCTAATTTTTTTTAAAAAAAACTCTATATTTGAAGAGTGAAATAT
AGAAAATAGAATCGAAAAATAGAGTACCATACAAAAATTTTAAGAGGCAAAAGCTAATAAATACCAAACATACCC
TAGTCATACAAGCTATATGGTGTTGGGATGAAAGAAACAGGTTGGTCGTCCCTATTAAGTCAACCTAAAAAGGTT
GATTTTGTGTGTTTTACGCGTCTATCTTTAGATCTTTGAAGTTTCCGCAACTTTATGTGTAAATACGAACTCAGT
ATATGTTAATACATTTGTCTTGATTTAAATATTTTGAATTATTAATTTTTATTATTTATAATACTTTTTATATAA
ATTTTAAATAATATATATTATTTCTTGTCCCAATTATGTGAACACATATAAAATTTTGAGCTAAAATTTTAATAT
GTTATTAGAATATTTTACATAGTTAATTATCGTCTTTTCTTTCTCTTTTGTAATTTTAAATAATAAATTTCACTC
TCTGTAAATTCTAAAATTTGATCCAAGCTCCTCTTTTATTCCCTTTATCGTAATTTTTGTAAAGAAAGTTCCCCT
TTTATAAATAATGAAATATAACCCTAAGTTCACTCTCTGTAAATTCTAAAATTTGATCCAAGCTCCTCTTTTATT
CCCTTTATCGTAATTTTTTTAAAAAAGTTCCCCTTTTATAAATAATGAAATTTAACCCTAAGCTCCTCTTTTTTC
CTCTTATTATATATAGAGAGAGAAAGAGAGAGAGAGAGATAGGAATCAACAATAATTTAATCAATAGATTGAACT
CAGAATATATTTCTTCGACAGTTCTTGAATTATTTGTCGAGGATCAATCAAAAACAATCCATCTCTCTGTAGCTG
GTTAAAAAATATAAGGGTAACTAGTCATGAGAATCTTCGACTTGAGGTATATTATTTTGATGCTAATTAACATCT
TCAAATCCACTTCTTCTGATTGGGATCCTTTCCATTTATTATTATATTATGATTTTGATCCAATATTATTTAGTT
TCATCATACACATAAATAAAATTCTTTTACTCATATCACTTTCCTTTATTTTCTCCATCATTTCTATTAGAATAA
TCCACATGACTAATTATTCTAATCGTCCTATAAATATAAAAATACAATTTGGAACTTTTTCCAAGTTCTTTAAAA
TCTTATGTATAATCACACTTTTACTCCCACAAGTGTTGTTTTGGTATATTTTGTTCATTATTATTTTATTTTCTT
TATTGTTCATGTCTTGCCCTAATTGGATTTCTAATTTATGTGAATGGACTCTTCACATACTCTCAACAATTCCTG
TCCTTACAATTTTTATCTGTGCTCAACTTGATAACAATGATGAGAATTACCTACTACCAATTCACAGGACACAAC
CTACTATCACAGATGGCACTGACACAGGTATCGAGTAA 
 
>CaBs4C.1 (Bs4C homologue from Capsicum annuum)  
GGCGACTATGAAGCCTCCGACAAATGTTGTGAAAAGCTGAACGAACTTCACTATCTGCAATCATTCAGTATAAGA
TTATTTTCTGTTGGGTTCCTTTAAAAAAATAGACAAAGTTAAAAACATTAAAGATTAGGTTATCCAAACAATCTA
GGTATAAGAAATATCCAAACATTGTAAGTTAGGATTTTTAAATTATTCTAATTAGAAAAATGCAGACCAATGAAA
ATATGCCACTTCATTCATGAAATGTTTTTTTATTTATTTAATATTGGAAATGTTAAATAAAGGGTATTTTAGAGG
TCAAAGGTAGATGTGAAGGACATTTTGGAGTCCGAAGGTGGATGTGAAGGGCATTATAGAGCCAAAAGATGAATG
AGGGATATTTTTGCACTATTTTCAATAGATGAAGAACATTTTAGGACCTTTTCCAAAAAATAAATGAAAAATAAA
TTTAATGGGTATATCTCAAATTAAATTTTCAAAAGGGGCTGTCATTGCAAATATTCTTGATTAAGTTACCCACAG
TCCACACCGACTATAGGAGAGTCAAGTCCGAAATTGTTTTATCAAATGGGGCCTACGAAAAACATTATTCCTAAT
TACACTAACGTCCCAGTGGAAAAGTACCTTCATGCAGTAGTATGGTACAATATTATTAAAGCGATGAAACTTTTT
AATACCAAAAATAGCCCTCCCAGCCTTCACCAATTAGGAATATAAAATTATTCTAAATCAACACTACTGGATAAA
ATTGGATATATTGACCTAATATACACTACTGGATAAAATTGGATATATTGACCTAATATACACTACTGGATAAAA
TTGGATATATTGACCTAATATATTTAACTATATTTATACTCTTTCCTCACTAAGCTTCGAGGAAAGATCGCGTAC
GTGATCTTAAAATGACTGTCTATAAATAAAATTAAAATGACACAACCAGCATACTATACCCAACCATATAATTTT
AGGAAAAGATTCAACAGAATATAATATGGAGTTTGATCTaAGATACTTCATCTTAATTTTGGCTAACATGCTCAA
ATCAATATTATCCATTTCTAATAACTGGGATCCTTTCCATATAATTGGTAACCCCATTCCAAGTTTCATGACATT
TATGAATAGGCTCTTCTTTCTTTTCATATTTTCCTTCATTTTCTCCATCACTCGTATGACACTTCATCATCCAAT
TATACGAATACGTGTAAGTATTACTTTCTCCAAGTCGTTTAATATCTTGTGCCTAGCTTCTCTTCTACTCCCACA
AATGTTGTTCTGGTACTTTTTCTTCATTATCATTACACTTTCCTTATGTTCTTCTTGGATTGGCAATACATGGGC
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TAGTTTTCGACAACGGATTCTGCATATTTTCTCAACAATAATATTTCCAGCAGTTAGCATTTTCATCAATGTGGA
GTTTGATAGAAATAATGTCATCAGCCAGCAGCATGAAACTCAAACAAATCACCTGCTCTCTCTCGTCTAG 
 
>CaBs4C.3 (Bs4C homologue from Capsicum annuum)  
GTACAGATAGTTTTCGATCTGCATCTTCCAGAAACCAAAATCGGATCCATCAAACTTCTTGATTCCAAACTTCGA
TCCTTCCATCTTCAGTGATCGTGATGTCTCCCAAGCTTTGATACCAGTTGTTAGGATCGATTAGCAGTTCACGCA
CACTAAATCTGTGGAGAGGATGAAGAAAATTGGAGAGAGAGTTCTTTAGGAGAGAGAGAGAGAGAATTAATTTCG
TGGTAACACCCGTGGGTAACCTCCACGGGAGACAGGCTATTTATATTAATGACTGATAACACCAGTACACCAGAT
ATTAATCAGACTCCACAACCTAACAAGATTGAACGGTTAAGACTTAATAACTAAACTAAGATTTATTAGTCAAAT
CTATACCATTTATTTTGACTCAGGTCATGTATGTCTCCTCCAAGAAGGAAATTGAAAAAAATGGAGAGGAGCTCA
ATCCCTTTCGGTATATACCGCTGGGTCTGAGTGTGACACTTTTATTTTGACCACCTCACCAAACCAAACGTGATA
TTATGTATGTAATTGTGGACGATCTTTCCGATGCATGCAGTTGTCTTTTAGTGGACAAACTTTCCAATGGCATAA
AAATACATATATAGTTTTCTATGTAGTGGGCTAACTTTGCGATGGCATAGAACTTAGAAGTAGTAACTACATTAC
ATACATGGGCTGGTGTTTTTGGTTCAGCAATGAAAAAGTACCTTCATGCAGCAATAGGGTACAATATTATTAAAG
CGATGAAACAATTAAAATGCCAAAAATAGCCCTCCATGCTAGTAGACCAGCCATGACAACTATTGTAAAGCCGTT
CAATCTCGAGAAAAATTGGGCCCAACCTATTTATACACGCTCAACTTCGAGGAAAGAGCAGAATGTTAGAAATAT
AATTTTACGCGTAGATATAAATAATGAAAAACACAACCAGCAGGAAGCATTATACATTGCTATATAATCCACTCA
AAATTTTCAAAAAAGCTCAAGAAGAATGGAGTTTGATCTTAGATACTTGATCTTAATTATAGTTAACATTCTCAA
ATCCATATCACCTTCTGAAAATTGGGATCCTTTCCATATATTTGGCAATCCCATTCCAAGTTTCATCACATTTAT
GAATAGGCTCGCCTTTCTTTTCTTATTTTCCTTCATTTTCTCCATCACTCGTACAACACTTCATCATCCAATTAT
ACGAATACGTATAAGTATTACTTTCTCCAAGTCCTTCATTTTCTCCATCACTCGTACAACACTTCATCATCCAAT
TATACGAATACGTATAAGTATTACTTTCTCCAAGTCGTTTAATATCTTGTGCCTAGCTTCTCTTCTACTCCCACA
AATGTTGTTCTGGTACTTTTTCTTCATCACCATTACACTTTCCTCATGTTCTTCTTGGATTGGCAATGCATGGGC
TAGTTTTCGACAACCGACTCTGCATATTTTCTCTACAATATTTCCAGCAGTTAGCATTTTCATCAATGTGGAGTT
TGACAGAAATACTGTGAGCCAGCAGCATGAAACTCAAACAACTCGCCTGCTCTCTCTCGTCTAG 
 
>CaBs4C.4 (Bs4C homologue from Capsicum annuum)  
TCATTAATGCATGCAACTTTTTTTTTTTCCTCTCATAAAATCTCTCCCATTTTTTTTTAAAATCGATTGATACAT
ATATAAATTTATTTAGTTATTCATACATCTTTATTTTTTTAATGGTGATTCATATGAATGATAAATATGATATCA
TTATATGGGTATTATGGTGATTCATACGATAAATACATTTTGTATGATTTTAACAGGTGATACATATGATATTAA
TGGGTGATACATATTGTATTATGGTGATTCATATGGTATATACAATTATTTATTTCAATTATTGGGTGATTCATA
TATATGATATTATGGTGATTCATTTGGTAGATACAATTATTTATTTCAATTATTGGGTGATTCGTATGATATTAA
TGGGTGATATATATAGTATTATGGGTGATTCATATGTTATTAATAAAAGGTAATGGTGCACTCAATGTAGAAAAC
AAAAGTAATAATATTTTTTTAAAAAAATACTAAAAGCAGAATTGAAACATAATTAAAATTAAATCTAAAAAAAGA
AAAAAATTAGATATCTTTCCTTAAATAAAAGAATACAATGAATAAAAGAGAGTCTATTATTTCCCTAAATAAATA
TCTTGTTAGTTTCAAATGTATCACTTTTTATATGTATCATCATATAACATATGTATCACATTTAAAAAAATCGGA
ATAAAATGTAATTAACAAAATAATCGATATTTTATGTAATATCACTTAAAAGTTAGGAATTTATGTAAGTTAATG
TTAATTTGTATCGAATCGATCGATACCCGATATGAAAGCCTATTTTAAGGTGAGCTTTTTCCCAACCAACAAAAA
ATATTCTTGGTTGTCCCTATTATGTTGGGTCTTTGTTGGCATGCAAACAACGTGGATGAGCAAAGCAATTTTACA
AAACATTATAGTAAAATGATAATTTTGCCTTTACTTGGTTGACTATCTTGTCTTTTGATTTTGTCTATCTATATA
TATTCATTTAGAAACAAAACAAAATATACTCAAACATAAAGATACAAAAGTTTACCAAGAATGGAGTTTGATCTA
AGGTACACAATATTAATTATAGTTAACATTCTCAAATCAATATTTATTTCAAATGAATGGGATCCTTTTCATATA
TTTGTCCAACTCACTTTCATGGCATTTATGAATAGGCTTTTTCTTCTTCTATTGTTTTCTTTCATTTTCTCCATC
ACTAGTATAACAATTCATTATCCAATGAGAGTACATATAAGTTCAACATATTTCTCAAAGTCCTTTAATATATTA
TTTTTAACTTCATTTCTACTTCCACAAGTGTTATTTTGGTACATTTTCTTCATTACTATTATGACATTTCCTTCT
AATTGGATTTCCAATTTTAAGGAATGGTCTTTATATATTATTTCAATAATTCCAGGATTTAGTATTTTCATCAAT
GCTGAGCTTGATAGAAATAATGTGAATAACCAGCAGCCCCAAGCTCAAACAATTCACCTACTCCTTCCTGTCTAA 

 
>GABAA subunit ! , codon optimized for expression in N. benthamiana  
ATGAATATTGGGTACTTCATTCTCCAAACGTATATGCCGTCTATTTTGATTACGATTCTGAGCTGGGTAAGTTTC
TGGATTAACTACGATGCCAGTGCAGCTCGCGTCGCATTAGGCATAACAACTGTTCTCACTATGACGACGATAAAT
ACTCACTTGAGAGAGACTTTGCCTAAAATTCCTTACGTCAAGGCCATCGATATGTATTTAATGGGTTGTTTCGTT
TTCGTATTCATGGCTTTACTCGAGTATGCCCTTGTTAATTACATATTCTTCTCTCAGCCCGCCCGGGCTGCGGCA
ATTGACAGATGGAGCCGCATCTTCTTTCCTGTGGTATTCTCTTTCTTCAATATTGTGTACTGGCTTTATTATGTG
AACGTCGACGGCAGCGGGGCAACAAATTTCTCATTGCTTAAGCAAGCGGGAGATGTGGAAGAGAATCCTGG 
 
 
& &



-22."&!3 )

!
!

! !%$!

Z;*0'& "@*4& %.A2.0@.%& '(& $).& 1#'$.*0%& 2%.4& ('#& %$#2@$2#"3& "0"37%*%& ).#.*09& Z;*0'& "@*4%&
)*F)3*F)$.4&*0&'#"0F.&+.#.&2%.4&('#&$).&[Y$"*3&@)*;.#"&F.0.#"$*'0&*0&C*F2#.&T9JT<&C*F2#.&T9J^<&
"04&C*F2#.&T9JP9&m04.#3*0.4&";*0'&"@*4%&"#.&$).&1'#.Y3*0*0F&).3*I&2%.4&('#&1'#.Y%+"1&@)*;.#"%&
*0&C*F2#.&T9Jn&"04&C*F2#.&T9JN9&
&
>CpBs4C 
MEFDLRYLILILANMLKSILSISDNWDPFHIFHDHPSFIVFINKLFFLFIFSFIFSITRITLHHPNIRIRVRTTT
SADLSKSFNILCLASLLLPQMLFWYFFVIIIALSSCSSWIGNTWASFRQRILHIFSTIIFPAVSIFINVEFDRNN
VSQQHETQTNRLLV* 

 
>NbBs4C.1 
MRLVELRYIILMLINIFKSMMGSSSDWDPFHILNHNSFPSFINKILFLLLFSFIFSITSITVDTTTRPISIHICI
GNFSKSFNGLFLASFVIPQVLYWYIFFITIILSSLISCYWVSNTCNRFWDCALGILSTIPLLKIFINAEIHSSGN
EDQQSPV* 

 
>NbBs4C.2  
MVTIDHLDLRHTMLVLVNILKSGVGPPWQWNPFNVVAVPHQFTLMEAVILLFTFIIFSFTSIKVHPRSEQWQICI
RLGDFSTSLTLLLLVCLVVPKFIFWYAYPMIILISMNYTWLAKTFNTFLDWLQGMSPSMPVFNSFVVTTLATTSP
DHEDQQPSSGHEAV* 

 
>NbBs4C.3  
MVTIDNFDLRHTILVLVNILKSGIGPPWQWDSFNVVAVSHQFTLMEAVILLFTFIIFSFTSIKVHPRSEQWQICI
RVGDFSRSLTLLLLVCLVIPKYIFWYAYPMIILISMNYTWLAKTFNTFMDWLQGMSPSMPVFNIFVVTTLATANL
NHEDQQPSSGHEAV* 

 
>SlBs4C  
MRIFDLRYIILMLINIFKSTSSDWDPFHLLLYYDFDPILFSFIIHINKILLLISLSFIFSIISIRIIHMTNYSNR
PINIKIQFGTFSKFFKILCIITLLLPQVLFWYILFIIILFSLLFMSCPNWISNLCEWTLHILSTIPVLTIFICAQ
LDNNDENYLLPIHRTQPTITDGTDTGIE* 
 
>CaBs4C.1  
MEFDLRYFILILANMLKSILSISNNWDPFHIIGNPIPSFMTFMNRLFFLFIFSFIFSITRMTLHHPIIRIRVSIT
FSKSFNILCLASLLLPQMLFWYFFFIIITLSLCSSWIGNTWASFRQRILHIFSTIIFPAVSIFINVEFDRNNVIS
QQHETQTNHLLSLV* 
 
>CaBs4C.3  
MEFDLRYLILIIVNILKSISPSENWDPFHIFGNPIPSFITFMNRLAFLFLFSFIFSITRTTLHHPIIRIRISITF
SKSFNILCLASLLLPQMLFWYFFFITITLSSCSSWIGNAWASFRQPTLHIFSTIFPAVSIFINVEFDRNTVSQQH
ETQTTRLLSLV* 
 
>CaBs4C.4  
MEFDLRYTILIIVNILKSIFISNEWDPFHIFVQLTFMAFMNRLFLLLLFSFIFSITSITIHYPMRVHISSTYFSK
SFNILFLTSFLLPQVLFWYIFFITIMTFPSNWISNFKEWSLYIISIIPGFSIFINAELDRNNVNNQHPQAQTIHL
LLPV*  
 
>OsXa10 
MQLMLTFCTGPLLFAVLLLMVYLKQLAAAACVDVLIIYLCRFLLLRGIIFSGDGKLRFRVKVAIGFLYISLSAIL
FYLSAAVMALPPWGAVAMWGMALVATELGYSFLCPYSCRCIGEDDEEISPV* 
 
>OsXa23 
MLHHLKELAAVAGIHMILIYLCRFLLRRSRNVLFTVSNSLRFRLKVLTVLLYICLSVMLFYLFGSIMPLPPWGLV
VGWVMALIAVELAYAFIFPYSFRYIADNDDDKMVILPV* 
#
#
#
!
! !
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NbBs4C.2 MVTIDHL DLRHTMLVLVNILKSGVGPPWQWNPFNVVAV-------PHQFTLME AVIL LFT  53  
NbBs4C.3 MVTIDN FDLRHTIL VLVNILKSGIGPPWQWDSFNVVAV-------SHQFTLME AVIL LFT  53  
CaBs4C.4 ----ME FDLRYTIL IIV NILKSI- FI SNEWDPFHI FVQ-------LTFMAF MNRLFLLLL  48  
CaBs4C.3 ----ME FDLRYLIL IIV NILKSI- SPSENWDPFHI FGN-----PIPSFITF MNRLAFLFL  50  
CpBs4C   ----ME FDLRYLIL I LANMLKSILSI SDNWDPFHI FHD------HPSFIVF I NKLFFLFI  50  
CaBs4C.1 ----ME FDLRYFIL I LANMLKSILSI SNNWDPFHI IGN-----PIPSFMTF MNRLFFLFI  51  
NbBs4C.1 ---MRLV ELRYI IL MLI NI FKSMMGSSSDWDPFHI LNHNSFP-------SF I NKILF LLL  50  
SlBs4C   ---MRI FDLRYI IL MLI NI FKS--- TSSDWDPFHLLLYYDFDPILFSFIIH I NKILL LIS  54  
 
NbBs4C.2 F-I IFS FTSI KVHPRSEQW-----------------------QICIRLGD FSTSLTLLLL  89  
NbBs4C.3 F-I IFS FTSI KVHPRSEQW-----------------------QICIRVGD FSRSLTLLLL  89  
CaBs4C.4 FSFIFSIT SI TI HYPMRVH- IS-------------------------STY FSKSFNI LFL  82  
CaBs4C.3 FSFIFSIT RTTLHHPIIRIRISITFSKSFIFSITRTTLHHPIIRIRISIT FSKSFNI LCL 110  
CpBs4C   FSFIFSIT RI TLHHPNIRIRVRTTT----------------------SADL SKSFNI LCL  88  
CaBs4C.1 FSFIFSIT RMTLHHPIIRIRVSI-------------------------- TFSKSFNI LCL  85  
NbBs4C.1 FSFIFSIT SI TV----DTTT-------------------RPISIHICIGN FSKSFNGLFL  87  
SlBs4C   L SFIFSI IS I RI IHMTNYSN-------------------RPINIKIQFGT FSKFFKI LCI   95  
 
NbBs4C.2 VC LVVPKFI FWYAYPMII LI SM----NYT WLAKTFNTFLDWLQGMSPS-- MPVFNSFVVT 143  
NbBs4C.3 VC LVI PKYI FWYAYPMII LI SM----NYT WLAKTFNTFMDWLQGMSPS-- MPVFNIF VVT 143  
CaBs4C.4 T SFLLPQVLFWYIFF I TI MT-F ----PSN WIS NF----KE--WS LYIISII PGFSIFI NA 131  
CaBs4C.3 A SLLLPQMLFWYFFFI TI TLSS----CSS WIG NAWASFRQPTLHI FST- IF PAVSIFI NV 165  
CpBs4C   A SLLLPQMLFWYFFVI I I ALSS----CSS WIG NTWASFRQRILHI FSTIIF PAVSIFI NV 144  
CaBs4C.1 A SLLLPQMLFWYFFFI I I TLSL----CSS WIG NTWASFRQRILHI FSTIIF PAVSIFI NV 141  
NbBs4C.1 A SFVI PQVLYWYIFF I TI IL SSLI--SCY WVSNTCNRFWDCALGI LST-- I PLLKIFI NA 143  
SlBs4C   I TLLLPQVLFWYILF I I I LFSLLFMSCPNWIS NLCE----WTLH I LST-- I PVLTIFI CA 149  
 
NbBs4C.2 TLATTSPDHEDQQPSSGHEAV*---------  164  
NbBs4C.3 TLATANLNHEDQQPSSGHEAV*---------  164  
CaBs4C.4 ELDRNNVNNQQPQAQTIH LLLPV*-------  154  
CaBs4C.3 EFDRNTV- SQQHETQTTRLLSLV*-------  187  
CpBs4C   EFDRNNV - SQQHETQTNRLLV*---------  164  
CaBs4C.1 EFDRNNVISQQHETQTNHLLSLV*-------  164  
NbBs4C.1 EIHSSGNEDQQSPV*----------------  157  
SlBs4C   QLDNNDEN - YLLPIHRTQPTITDGTDTGIE* 178  
 
!
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>NbBs4C.1  (dT779)  
AAAGCCAGAACAAGTTTAAAAAATGATGTATCCAACCATATAAAAGATTAATTATTTCCAAATATTTATATATAT
TGCTTATAGAAAAATATTTGCAACTTCTATAACAATTATCATAGCGGAAAAAAGTTTATTAAAATTAAAATTAAA
ATTTTATTCAAGACCAATACTGTCTAAAAAAATTAAATAGAGTAATTTTGTATTTATAAATTTTAAGACAAATTT
GGGGCCTCTTATTGAAGTTTGGCTTTAGGCCACCAACTTTATTGAGCCGACCCAAGGGGCATAAAACACCTTGTA
TTTATAGTGTAGACACTTTATTCTAATAGTAATATTAATGATTATTTATATGATTTGAACTCGTAACTTATATAC
CGGCAATACACTATTGTTTCGAAGCTTTCTTCTACCTTTGATAATAGGAGTAATATAACTCCAATAACATAATAA
CCCAAGGGTAACACAAGGTTTAAAAATGTTATAGTACGTCAGCCTACTTTTGTTATAATATAAGTATTTGTTATT
TTAATTTTTAACCGGAAAAAAAGTGCTTCAGCAGAAAAAGATGAGGAAAACTGAAGAACCATTGCGTCACCTTCC
ACTTCCATATCCAAACCCCACCAATCTTTTCTCCTTCCTTATAAATTCAAGTGAGATAAAACTTATTTTTTGAAC
AAACCAAAAAAGAAGAAGAAAAGAAATGAGATTGGTAGAGCTAAGGTACATTATATTGATGTTAATCAACATCTT
CAAATCTATGATGGGATCATCTTCTGATTGGGATCCTTTCCACATATTAAACCATAATTCTTTTCCAAGTTTCAT
TAATAAAATCCTTTTTCTTTTATTATTTTCCTTTATTTTCTCCATCACCTCTATAACAGTTGACACAACTACTCG
TCCTATCAGTATACACATTTGCATTGGAAATTTTTCCAAGTCCTTCAATGGTTTATTTCTAGCCTCATTTGTAAT
CCCTCAAGTGTTATATTGGTACATTTTCTTCATTACTATTATACTTTCTTCATTAATATCTTGTTATTGGGTTTC
TAATACATGCAACCGTTTTTGGGACTGCGCTCTGGGCATACTCTCCACTATTCCACTTCTTAAAATTTTCATCAA
TGCTGAAATTCACAGCAGTGGGAATGAAGACCAGCAGTCTCCAGTCTAA 
 
>NbBs4C.2 (dT780)  
GGCGAAGACTAACTGTTGGGTAAGTAACCACATAGCCAAAGTCTACCTGTGAAGGTCACTATCAAAAAGCTAGAA
GCATTTGATGTGGGAGTCAACCTGAGAGGAGGCATTAAACCCTTAATTGCAGATTTATACAACCCAAAAACGCAC
AAAATGTTAAGTCAATATAATGTACTAGCAGTTTCTGTCGACCAGCTGCTCTATATTAGTTCTTTCTCCGTTTAA
TATTGTTTAAGCTAGTTTGATTCGGCGAGTTTAAGAAGAAAAAAAAAAGACTTTTGATCTTAAAAATTTAAAGAG
TAAAAAGTTTGTGATGTCATACCATTTGTGTGGATATAAAAACTTCTCATTGAGAGCAAAAATGGTAAAATAATT
AAAGAGTTTAAAGTTGTATTATTTCCAAATTTAAAAATGTATCATTTATTTTGAAACTGACTAAAAAAACATCTC
AACGGAGGAAGTAGTACCATTTTGTTTCAGCGACTTCACTTATGTAGTCAGTAGTCAGAAGTCAACATATACATG
TCCTTAAGTATCATAGGATTTGTAAGTTTTGACCCATAATGCTCTGTTATTCCTATCACCACCTTAACCTCATAG
TAGGAAAATTGGTAGTATTACACCTGTTATGATTTATATAAACTTGGAAAGATTAAGACATCTTCTACAATATCA
TCTACAGAGGTTCTGAAGGAAACAAATGGTGACCATTGATCATCTTGATCTTAGGCACACTATGTTAGTGTTAGT
AAACATTCTCAAATCTGGAGTGGGACCTCCCTGGCAATGGAATCCGTTCAACGTTGTAGCAGTTCCTCACCAGTT
TACTTTAATGGAAGCTGTCATTCTTCTCTTCACGTTCATCATCTTCTCCTTCACCTCCATAAAAGTTCATCCCAG
AAGTGAGCAGTGGCAAATATGTATAAGACTTGGAGATTTCTCCACAAGTCTTACTCTATTATTGCTGGTCTGTCT
GGTAGTACCAAAATTTATATTTTGGTATGCATATCCCATGATCATATTGATATCCATGAATTATACTTGGCTTGC
CAAGACTTTCAATACTTTCCTGGATTGGCTACAAGGAATGTCTCCCTCAATGCCTGTTTTCAATAGTTTCGTCGT
AACAACACTTGCCACTACCAGTCCGGACCATGAAGATCAGCAACCTAGTTCAGGGCATGAAGCAGTTTAA 
 
 
>NbBs4C.3 (dT782)  
TTATAATTTCTGGGTGGGCTAATTTTGGACCAATGTAAGTAGGCCACGTGTTTAAAAAACTTGAGGAAACCAGGT
TTAACGGTGGAAGGGTATATGTGGCCCGAATGTGTAACGGTGTGGGTATATTTGTCAAAGAATTCAAACGGAGTA
TAAATGTAGCTTATTTTGAATAGTACAAGGGCAAATCCGACCCTTAACCGTTTTAAATTTGATCTTTTTCTTGCC
AGCTACAGCAGTCGGAAAAGGCAAATATAGAGCAGAAGGCGAAGACTAACCGTTGGGTAAGTCAGAACCACATAG
CGAAAGTCTACCTATGAAGGTCACTGAAAAGAGTGTATCAAAAAGCTAGGAGCATTTGATGTGGGAGTCAACCTG
AGAGGAGGTATTAAGCCCTTAATTGTAGATTTATACAACCCAAAGACACATAAAGTCAATATAATGTTGCAGTTT
CTGTCGACCAGCCGCTCTTAGTTAACATTTTGCTTCAGCAACTTGACTTATGTAGTCAGTAGTCACAAGTCAACA
TATACATGTCCTTAAGTATCATAGGATTTGTAAGTTTTGACCCTTATGCTCTTTTGTTCCTACCACTACCTAGCC
TGCTAGTAGGAAAATTGGGATTGCACCTGTTATGATCTATATAAACTCGGAAAGGTTAAAACATCTTCTACAATA
TCTACGGAGATTCTGAAGGAAACAAATGGTAACCATTGATAATTTTGATCTTAGGCACACTATCTTAGTGTTAGT
AAACATTCTCAAATCTGGAATTGGACCTCCCTGGCAATGGGATTCGTTCAATGTTGTAGCAGTTTCTCACCAGTT
TACTTTAATGGAAGCTGTCATTCTACTCTTCACGTTCATCATCTTCTCCTTCACCTCCATAAAAGTTCATCCCAG
AAGTGAGCAGTGGCAAATATGTATAAGAGTTGGAGATTTCTCCAGAAGTCTTACTCTATTATTGCTGGTCTGTCT
GGTAATACCAAAATATATATTTTGGTATGCATATCCCATGATCATATTGATTTCCATGAATTATACTTGGCTTGC
CAAGACTTTCAATACTTTCATGGATTGGCTACAAGGAATGTCTCCCTCAATGCCTGTTTTCAATATTTTCGTCGT
AACAACACTTGCCACTGCCAATCTAAACCATGAAGATCAGCAACCTAGTTCAGGGCATGAAGCAGTTTAA 
!  
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NbBs4C.1 AAAGCCAGAACAAGTTTAAAAAATGATGTATCCAACCATATAAAAGATTAATTATTTCCA  60  
NbBs4C.2 ------- GGCGAAGACTAAC- TGTTGGGTAAGTAACCACATAGCC------- AAAGTCTA  45  
NbBs4C.3 ------------- TTATAAT- TTCTGGGTGGGCTAATTTTGGACCAATGTAAGTAGGCCA  46  
 
NbBs4C.1 A ATATTTATATATATTGCTTATAGAAAAATATTTGCAACTTCTATAACAATTATCATAGC 120 
NbBs4C.2 CCTGTGAAGGTCACTATCAAAAAGCTAGA---- AGCATTTGATGTGGGAGTCAACCTGAG 101  
NbBs4C.3 CGTGTTTAAAAAACTTG---- AGGAAACC---- AGGTTTAACGGTGGAAGGGTATATGTG  98  
 
NbBs4C.1 GGAAAAAAGTTTATTAAAATTAAAATTAAAATTTTATTCAAGACCAATACTGTCTAAAAA 180  
NbBs4C.2 AGGAGGCA---- TTAAACC-CTTAATTGCAGATTTATACAACC- CAAAAACGCACAAAAT 155  
NbBs4C.3 GCCCGAAT---- GTGTAAC-GGTGTGGGTATATTTGTCAAAGAATTCAAACGGAGTATAA 153  
 
NbBs4C.1 AATTAAATAGAGTAATTTTGTATTTATAAATTTTAAGAC---- AAATTTGGGGCCTCTTA 236  
NbBs4C.2 GTTAAGT----- CAATATAATGTACTAGCAGTTTCTGTC---- GACCAGCTGCTCTATAT 206  
NbBs4C.3 ATGTAGC----- TTATTTTGAATAGTACAAGGGCAAATCCGACCCTTAACCGTTTTAAAT 208  
 
NbBs4C.1 TTGAAGTTTG--------GC TTTAGGCCACCAACTTTATTGAGCCGACCCAAGGGGCATA 288  
NbBs4C.2 TAGTTCTTTCTCCGTTTAATATTGTTTAAGCTAGTTTGATTCGGCGAGTTTAAGAAGAAA 266  
NbBs4C.3 TTGATCTTTTTC------ TTGCCAGCTACAGCAGTCGGAAAAGGCAAATATAG- AGCAGA 261  
 
NbBs4C.1 AAACACC--------- TTGTAT--------- TTATAGTGTAGACACTTTATTCTAATAGT 330  
NbBs4C.2 AAAAAAAGACT----- TTTGATCTTAAAAATTTAAAGAGTAAAAAGTTTGTGAT--- GTC 318  
NbBs4C.3 AGGCGAAGACTAACCGTTGGGTAAGTCAGAACCACATAGCGAAAGTCTACCTATGAAGGT 321  
 
NbBs4C.1 AAT-- ATTAATGATTATTTATATGATTTGAACTCGTAACTTATATACCGGCAATACACTA 388  
NbBs4C.2 ATACCATTTGTGTGGATATAAAAAC-------- TTCTCATTGAGAGCAAAAATGGTAAAA 370  
NbBs4C.3 C ACTGAAAAGAGTGTATCAAAAAGCTAGGAGCATTTGATGTGGGAGTCAACCTGAGAGGA 381  
 
NbBs4C.1 TTGTTTCGAAGCTTTCTTCTACCTTTGATAA---- TAGGAGTAATATAACTCCAATAACA 444  
NbBs4C.2 TAATTAAAGAGTTTAAAGTTGTATTATTTCCAAATTTAAAAATGTATCATTTATTTTGAA 430  
NbBs4C.3 G GTATTAAGCCCTTAATTGTAGATTTATACA-- ACCCAAAGACACATAAAGTCAATATAA 439  
 
NbBs4C.1 --- T-- AATAACCCAAGGGTAACACAAGGTTTAAAAATGTTATAGTACGTCAGCCTACTT 499  
NbBs4C.2 A CTGACTAAAAAAACATCTCAACGGAGGAAGTAGTACCATTTTGTTTCAGC---- GACTT 486  
NbBs4C.3 -TG TTGCAGTTTCTGTCGACCAGCCGCTCTTAGTTAACATTTTGCTTCAGC---- AACTT 494  
 
NbBs4C.1 TTGTTATAATATAAGTATTTGTTATTTTAATTTTTAACCGGAAAAAAAGTGCTTCAGCAG 559  
NbBs4C.2 CACTTATGTAGTCAGTAGTCAGAAGTCAA---------- CATATACATGTCCTTAAGTAT 536  
NbBs4C.3 G ACTTATGTAGTCAGTAGTCACAAGTCAA---------- CATATACATGTCCTTAAGTAT 544  
 
NbBs4C.1 A AAAAGATGAGGAAAACTGAAGAACCATTGC-----GT CACCTTCCACTTCCATATCCAA 614  
NbBs4C.2 CATAGGATTTGTAAGTTTTGACCCATAATGCTCTGTTATTCCTATCACCACCTTAACCTC 596  
NbBs4C.3 CATAGGATTTGTAAGTTTTGACCCTTATGCTC- TTTTGTTCCTACCACTACCTA-GCC--  600  
 
NbBs4C.1 ACCCC------ ACCAATC--------- TTTTCTCCTTCCTTATAAATTCAAGTGAGATAA 659  
NbBs4C.2 ATAGTAGGAAAATTGGTAGTATTACACCTGTTATGATTTATATAAACTTGGAAAGATTAA 656  
NbBs4C.3 - TGCTAGTAGGAAAATTGGGATTGCACCTGTTATGATCTATATAAACTCGGAAAGGTTAA 659  
 
NbBs4C.1 AACTTATTTTTTGAACAAACCAAAAAAGAA--- GAAGAAAAGAA 700  
NbBs4C.2 GACATCTTCTACAATATCATCTACAGAGGTTCTGAAGGAAACAA 700  
NbBs4C.3 AACATCTTCTACAATATCTACGGA--- GATTCTGAAGGAAACAA 700  
!
! !
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