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Supplementary Results 
1.1. The CGS1 System in Col-0 ACE.  
To determine the effects of mutant uL4D-containing ribosomes on AdoMet-induced NPmRS, we used 
GST:CGS1(WT) RNA (Figure 5A and Supplementary Figure S6A). The 183-amino-acid sequence of 
the CGS1 exon 1 coding sequence, which contains the MTO1 region, is necessary and sufficient for 
AdoMet-induced NPmRS (37). The MTO1 region is the cis element for the AdoMet-induced NPmRS 
that occurs at Ser-94 (21).    

AdoMet-induced NPmRS of CGS1 has been extensively studied by using WGE (17–22), but is 
only partially characterized in ACE (23). At the standard RNA concentration used in ACE (50 fmol 
μl−1), a second ribosome is stacked behind the initially stalled ribosome (19), and two peptidyl-tRNA 
species, PtR-I and PtR-II, are produced in ACE in vitro translation (Supplementary Figure S6B). To 
determine which one of the peptidyl-tRNA bands corresponds to the initially stalled ribosome at Ser-
94, increasing amounts of GST:CGS1(WT) RNA were translated in Col-0 ACE (Supplementary Figure 
S6C and D). By increasing the amount of RNA to be translated, the relative intensity of the peptidyl-
tRNA that corresponds to the secondary stalled ribosome will be reduced (19), because the number of 
ribosomes on one mRNA is reduced. The result indicated that PtR-I is the initially stalled ribosome at 
Ser-94, while PtR-II is the secondarily stalled ribosome. To confirm this, we analyzed the puromycin 
sensitivity of the peptidyl-tRNA (Supplementary Figure S6E and F). We previously reported that the 
initially stalled ribosome at Ser-94 exhibits lower reactivity to puromycin than the secondarily stalled 
ribosome in WGE (19). The results also indicated that PtR-I corresponds to the initially stalled ribosome 
at Ser-94. Therefore, PtR-I band intensities were measured in Figure 5A.  

mto1-1 mutation (G84S) abolishes AdoMet-induced NPmRS of CGS1 (17,21,22). Translation of 
GST:CGS1(mto1-1) RNA (Supplementary Figure S6A) in Col-0 ACE in the presence of AdoMet did 
not show peptidyl-tRNA accumulation (Supplementary Figure S6B). These results show that the 
AdoMet-induced NPmRS of CGS1 is recapitulated in Col-0 ACE (23). 
 
1.2. The hCMV System in Col-0 ACE 
The 22-amino-acid nascent peptide of hCMV gp48 uORF2 causes ribosome stalling autonomously to 
downregulate gp48 expression during the early stages of infection (28,65). This reaction occurs in WGE 
and the structure of stalled ribosome in WGE has been solved by cryo-EM (14,16), but has not been 
studied in ACE.  

Autonomous ribosome stalling of the hCMV system was analyzed in Col-0 ACE (Supplementary 
Figure S10). TagI:DP75:hCMV RNA (Supplementary Figure S10B) carries M8:His:HA tags (TagI) and 
DP75 linker fused in-frame to the N-terminus of hCMV gp48 uORF2. DP75 linker (15,43) was used to 
facilitate the detection of short polypeptide. After the translation of TagI:DP75:hCMV(WT) RNA in 
Col-0 ACE, translation products were analyzed by immunoblotting using anti-HA antibody, which 
detected 15-kDa full-length product and RNase-sensitive 37-kDa peptidyl-tRNA bands. In contrast, the 
translation of TagI:DP75:hCMV(P21A) RNA produced only 15-kDa full-length product 
(Supplementary Figure S10C). The P21A mutation has been reported to abolish the NPmRS (15,28). 
The results show that autonomous ribosome stalling of the hCMV system is recapitulated in Col-0 ACE.  

For the reporter assay in Figure 7A, 5′-hCMV:LUC RNA that carries the 5′-UTR of hCMV gp48 
fused to LUC reporter gene (Supplementary Figure S10D) was used.  
 
1.3. The AAP System in Col-0 ACE 
N. crassa arg-2 codes for an enzyme involved in L-arginine biosynthesis. The 24-amino-acid nascent 
peptide of AAP, the sequence encoded by arg-2 uORF, directs the ribosome to stall in response to L-
arginine during translation termination of AAP in WGE (24,25). This reaction occurs in WGE and the 
structure of the stalled ribosome in WGE has been solved by cryo-EM (14), but has not been analyzed 
in ACE. 

L-Arginine-induced ribosome stalling of the AAP system was analyzed in Col-0 ACE 
(Supplementary Figure S12). Since anti-HA antibody only poorly detected the translation products, the 
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experiments were carried out using TagII:DP75:AAP RNA that carry M8:His:HA:3xFLAG:Myc tag 
sequences (Supplementary Figure S12B) and the translation products were detected using anti-FLAG 
antibody. Translation of TagII:DP75:AAP(WT) RNA in the presence of 2.08 mM L-arginine produced 
RNase-sensitive 40-kDa peptidyl-tRNA in addition to 25-kDa full-length product, and the peptidyl-
tRNA accumulation was evidently detected at 10 min after the start of translation (Supplementary 
Figure S12C). The accumulation of 40-kDa peptidyl-tRNA was also detected with 0.08 mM L-arginine, 
which is the basal L-arginine concentration in ACE (23), although the level of accumulation was lower 
than at 2.08 mM. This is consistent with a previous report describing that L-arginine-induced stalling 
was observed even at 0.01 mM (24). The accumulation of peptidyl-tRNA was diminished when 
TagII:DP75:AAP(D12N) RNA was translated in the presence of 2.08 mM L-arginine (Supplementary 
Figure S12C and D). The D12N mutation has been reported to abolish L-arginine-induced NPmRS of 
AAP (24). The results show that L-arginine-induced NPmRS of AAP is recapitulated in Col-0 ACE.  
 
1.4. The AtAMD1 System in Col-0 ACE 
AtAMD1 codes for an enzyme involved in spermidine and spermine biosynthesis in Arabidopsis. The 
52-amino-acid nascent peptide of S-uORF directs the ribosome to stall in response to high 
concentrations of polyamines during translation termination of S-uORF in WGE (31). This reaction is 
only partially characterized in ACE (31). 

Polyamine-induced ribosome stalling of the AtAMD1 system was analyzed in Col-0 ACE 
(Supplementary Figure S13). As an effector, spermidine was used in the present study (31). Polyamines 
are necessary for in vitro translation, but are inhibitory at high concentrations. We previously 
determined spermidine concentrations for stalling assays of AtAMD1 in WGE (31). In the present study, 
we confirmed that the same concentrations of spermidine (0.2 mM and 0.7 mM as control and stalling 
conditions, respectively) can be used in ACE. The spermidine concentration for the standard translation 
reaction in ACE is 0.5 mM (23). 

TagI:DP75:S-uORF(WT) RNA (Supplementary Figure S13B) was translated in Col-0 ACE in the 
presence of 0.2 or 0.7 mM spermidine and analyzed by immunoblotting using anti-HA antibody 
(Supplementary Figure S13C). In the presence of 0.7 mM spermidine, RNase-sensitive 37-kDa 
peptidyl-tRNA was detected in addition to 18-kDa full-length product, and the accumulation of 
peptidyl-tRNA was dependent on the spermidine concentration (Supplementary Figure S13D and E). 
Introduction of a frame-shift mutation in S-uORF abolished the peptidyl-tRNA accumulation 
(Supplementary Figure S13C), as previously reported (31). These results show that polyamine-induced 
NPmRS of AtAMD1 is recapitulated in Col-0 ACE.  

For the reporter assay in Figure 7B, 5′-AtAMD1:LUC RNA that carries the 5′-UTR of AtAMD1 
(Supplementary Figure S13A) fused to LUC reporter gene (Supplementary Figure S13F) was used. 
When the RNA carrying the WT S-uORF sequence was translated in Col-0 ACE, the reporter activity 
was reduced as the concentration of spermidine was increased, whereas the reporter activity was 
significantly higher if the S-uORF sequence bears a frame-shift mutation (Supplementary Figure S13G).  
 
1.5. The MAGDIS System in Col-0 ACE 
mAMD1 codes for an enzyme involved in spermidine and spermine biosynthesis in mammals. The six-
amino-acid uORF sequence, MAGDIS, of mAMD1 directs the ribosome to stall in response to high 
concentrations of polyamines in WGE (32,33). The ribosome stalling occurs at the termination codon 
of the uORF (32,33). Both mAMD1 and AtAMD1 genes codes for AdoMet decarboxylase, and are 
regulated by a uORF in a polyamine-dependent manner. However, the lengths and amino acid sequences 
of the uORFs are quite different. 

Polyamine-induced ribosome stalling of the MAGDIS system was analyzed in Col-0 ACE 
(Supplementary Figure S14). Since anti-HA antibody barely detected a peptidyl-tRNA band, 
TagII:DP75:MAGDIS(WT) RNA (Supplementary Figure S14B) was translated in Col-0 ACE in the 
presence of 0.2 or 0.7 mM spermidine. Immunoblot analysis using anti-FLAG antibody detected double 
bands of ~38-kDa peptidyl-tRNA when translated in the presence of 0.7 mM spermidine, while 20-kDa 
full-length product predominated when translated in 0.2 mM spermidine (Supplementary Figure S14C, 



Takamatsu et al. 

 - 4 - 

lanes 1 and 2). The accumulation of peptidyl-tRNA was evident at 10 min of translation (Supplementary 
Figure S14D) and was dependent on the spermidine concentration (Supplementary Figure S14E and F). 
When TagII:DP75:MAGDIS(I5L) RNA, which carries a mutation that abolishes the polyamine-
dependent NPmRS of MAGDIS (32), was used, peptidyl-tRNA accumulation was diminished. These 
results show that polyamine-induced NPmRS of mAMD1 is recapitulated in Col-0 ACE. Although the 
origin of the double bands for the peptidyl-tRNA is unknown, the intensities of the two bands paralleled 
in each of the experiments in Supplementary Figure S14. Therefore, we used both bands for calculation 
of stalling efficiencies in Supplementary Figure S14F and Figure 5E. 

For the reporter assay in Figure 7C, 5′-mAMD1:LUC RNA that carries the 5′-UTR of mAMD1 
(Supplementary Figure S14A) fused to LUC reporter gene (Supplementary Figure S14G) was used. 
 
1.6. The AUG-Stop System in Col-0 ACE 
The expression of Arabidopsis NIP5;1, encoding a boric acid transporter, is downregulated by ribosome 
stalling in response to high concentrations of boric acid at the minimum uORF, AUG-Stop, which is 
coupled with NIP5;1 mRNA degradation in WGE. We used a 306-nt 5'-UTR containing uORF3 and 
uORF4 (Supplementary Figure S17A and B) (34), of which uORF4 is the AUG-Stop. In general, at both 
the start and the termination codons, decoding by the ribosome takes longer than at other codons, and 
boric acid induces prolonged ribosome stalling at AUG-Stop. For this response, the AUG codon has to 
be directly followed by one of the stop codons, and insertion of even a single codon is detrimental to 
the response (34). This reaction has been studied in WGE (34), but not in ACE. 

 When 5′-NIP5;1(WT):LUC RNA (Supplementary Figure S17B) was translated in Col-0 ACE, 
relative reporter activity was reduced in a boric acid-dependent manner. In contrast, disruption of AUG 
abolished the response (Supplementary Figure S17C). These results show that the response of AUG-
Stop to boric acid is recapitulated in Col-0 ACE. 
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%-$,( MY( A,"2&( o( +E( 7G( %48,,( -2.,L,2.,2%( ,]L,8-$,2%&( "8,( &47?2Y( S&%,8-&#&( -2.-="%,( &-T2-G-="2%(
.-GG,8,2=,&(1,%?,,2(a%W)<("2.(a%W)<<("%(,"=4(%-$,(L7-2%(b8#q(MYMU/(e,J=4r&(")%,&%cY(
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(

!"##$%&%'()*+, D21"*%, !E?, W"?( &%"JJ-2T( ,GG-=-,2=-,&Y( bJfKc( !4,( 8"?( &%"JJ-2T( ,GG-=-,2=-,&(
=788,&L72.-2T(%7(%4,(8-T4%(L"2,J&(7G(Q-T'8,(USf^/(8,&L,=%-F,J9/("8,(&47?2Y(S&%,8-&#&(-2.-="%,(&-T2-G-="2%(
.-GG,8,2=,&(=7$L"8,.(?-%4(`7J)M(S`^(bX#q(MYMU(19(e,J=4r&(")%,&%(?-%4(QEW(=788,=%-72cY,
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(

!"##$%&%'()*+,D21"*%,!U?,`788,=%-72(7G(8"?(F"J',&(7G(&%"JJ-2T(,GG-=-,2=-,&("2.(8,L78%,8("=%-F-%-,&(G78(
%4,(=72&%-%'%-72(G8"=%-72(7G('HCE($'%"2%(8-17&7$,Y( (

bJc( `788,=%-72( 7G( %4,( &%"JJ-2T( ,GG-=-,2=9Y( !4,( 8"?( &%"JJ-2T( ,GG-=-,2=9( 8,J"%-F,( %7( `7J)M( S`^( b3()c(
=72%"-2&( =72%8-1'%-72&( G87$( 17%4( QHSI)%"TT,.( $'%"2%( 'HCE)( "2.( ,2.7T,27'&( 'HCS)=72%"-2-2T(
8-17&7$,&Y(!7(,F"J'"%,(%4,(&%"JJ-2T(,GG-=-,2=-,&(7G(%4,($'%"2%('HCE)=72%"-2-2T(8-17&7$,&("J72,/(?,(
="J='J"%,.(%4,(=788,=%,.(&%"JJ-2T(,GG-=-,2=-,&(b.()<c(19(%"#-2T(%4,(=72&%-%'%-72(G8"=%-72(7G($'%"2%('HCE)
=72%"-2-2T(8-17&7$,&(b+L<cX( (
3()(n(+LD(Z(+L<(](.()</(?4,8,(+LD(n(*(f(+L<Y( (

!4,8,G78,/( (
.()<(n(*(f(b*(f(3()c(m(+L<Y( (

+E(F"J',&(1,G78,(b3(<c("2.("G%,8(=788,=%-72(b.(<<c("8,/( (
.(<<(n(3(<(m(+L<Y( (

!4-&(="J='J"%-72("&&'$,&(%4"%(%4,(&%"JJ-2T(,GG-=-,2=9(7G(,2.7T,27'&('HCS)=72%"-2-2T(8-17&7$,&("J72,(
b.()Dc(-&(%4,(&"$,("&(%4"%(-2(`7J)M(S`^(b/&!Y/(.()D(n(*c/(?4-=4(?,(1,J-,F,(-&(8,"&72"1J,Y(!4,(3(<(F"J',(
-&("&=8-1,.("JJ(%7(.(<<(-2(%4-&(="J='J"%-72Y( (

bTc(`788,=%-72(7G(%4,(8,L78%,8("=%-F-%9Y(H-#,?-&,/(%4,(8"?(8,L78%,8("=%-F-%9(8,J"%-F,(%7(`7J)M(S`^(b3PDc(
"2.( -%&( +E( F"J',&( b3(<c( ?,8,( =788,=%,.( G78( %4,( =72&%-%'%-72( G8"=%-72( 7G( $'%"2%( 'HCE)=72%"-2-2T(
8-17&7$,&(b+L<cX(
.PD<(n(*(f(b*(f(3PDc(m(+L<(
.(<<(n(3(<(m(+L<Y(
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!"##$%&%'()*+,D21"*%,!V?,SGG-2-%9(L'8-G-="%-72(&%8"%,T9(7G(%4,(&%"JJ,.(8-17&7$,&Y(!4,(T8,,2(8-17&7$,&(
8,L8,&,2%( ?-J.)%9L,( 8-17&7$,&/( "2.( %4,( 8,.( 8-17&7$,&( 8,L8,&,2%( QHSI)%"TT,.( $'%"2%( 8-17&7$,&Y(
%W6S&( "8,( 8,L8,&,2%,.( 19( =J7F,8&Y( !7( ="J='J"%,( %4,( &%"JJ-2T( ,GG-=-,2=9( 7G( QHSI)%"TT,.( $'%"2%(
8-17&7$,&( "J72,/( L,L%-.9J)%W6S&( G87$( 17%4( &%"JJ,.( "2.( 272)&%"JJ,.( $'%"2%( 8-17&7$,&( 4"F,( %7( 1,(
L'8-G-,.Y( bJc(SGG-2-%9(L'8-G-="%-72(7G( 8-17&7$,&( &%"JJ,.(.'8-2T( %4,( %8"2&J"%-72(,J72T"%-72(19( <aY(!4,(
A!3*(8,T-72(b5*c(-&(-2.-="%,.(19("(G-JJ,.(1J',(17]Y(bG!Y"c(32("(s278$"Jt(W6S(?-%4("(&%7L(=7.72/(%47&,(
8-17&7$,&(%4"%(.-.(27%(&%"JJ(19(6a$W+(?-JJ(%8"2&J"%,(%7(%4,(&%7L(=7.72("2.(.-&&7=-"%,(-2%7(J"8T,("2.(
&$"JJ(&'1'2-%&("2.(L,L%-.9J)%W6S("8,(49.87J9>,.(%7(%W6S("2.(L,L%-.,&Y(!4,8,G78,/(%47&,(8-17&7$,&(
%4"%(.-.(27%(&%"JJ(19(6a$W+(="227%(1,("GG-2-%9)L'8-G-,.Y(bP/7@"c(32("(1410"48(W6S/(%47&,(8-17&7$,&(
%4"%(.-.(27%(&%"JJ(19(6a$W+(?-JJ(%8"2&J"%,(%7(%4,(1410"48(W6S(,2.("2.(?-JJ(1,(&%"9-2T(%4,8,Y(!4,8,G78,/(
17%4(7G(%4,$(="2(1,("GG-2-%9)L'8-G-,.("2.(&%"JJ-2T(,GG-=-,2=9(="2(1,(="J='J"%,.Y(bTc(SGG-2-%9(L'8-G-="%-72(
7G(8-17&7$,&(&%"JJ,.("%(%4,(%8"2&J"%-72(%,8$-2"%-72(19(<aY(bG!Y"c(32("(s278$"Jt(W6S(?-%4("(&%7L(=7.72/(
%47&,(8-17&7$,&(%4"%(.-.(27%(&%"JJ(19(6a$W+(?-JJ(%8"2&J"%,(%7(%4,(&%7L(=7.72("2.(.-&&7=-"%,(-2%7(J"8T,(
"2.( &$"JJ( &'1'2-%&( "2.( L,L%-.9J)%W6S( "8,( 49.87J9>,.( %7( %W6S( "2.( L,L%-.,&Y( !4,8,G78,/( %47&,(
8-17&7$,&(%4"%(.-.(27%(&%"JJ(19(6a$W+(="227%(1,("GG-2-%9)L'8-G-,.Y(bP/7@"c(32("(1410"48(W6S/(%47&,(
8-17&7$,&(%4"%(.-.(27%(&%"JJ(19(6a$W+(?-JJ(1,(&%"9-2T("%(%4,(1410"48(W6S(,2.Y(!4,8,G78,/(17%4(&%"JJ,.(
"2.(272)&%"JJ,.(8-17&7$,&(="2(1,("GG-2-%9)L'8-G-,.Y(B7?,F,8/(&%"JJ-2T(,GG-=-,2=9(="227%(1,(="J='J"%,./(
1,="'&,(%4,&,(8-17&7$,&(1,"8(%4,(&"$,(L,L%-.9J)%W6S(&L,=-,&Y,
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(

!"##$%&%'()*+,D21"*%,!>I?(!4,(4`Ai(&9&%,$(-2(`7J)M(S`^Y(bJc(Uu)K!W(&,d',2=,(7G(4`Ai(789:#
bCNcY('3WQ&("8,(17],.("2.(%4,(&%"8%(=7.72(7G(789:(-&(.7'1J,)'2.,8J-2,.Y('3WQ5(-&(%4,(G'2=%-72"J('3WQ(
G78(6a$W+Y('3WQ*(b."&4,.(17]c(?"&(.-&8'L%,.("2.(%4,(@7>"#(&,d',2=,(G78('3WQ5(?"&(7L%-$->,.(-2(
L8,F-7'&(&%'.-,&(b5[/5V/CN/NUc/("2.(%4,(&"$,(&,d',2=,(?"&('&,.(-2(%4,(L8,&,2%(&%'.9Y(!4,(&'1&%-%'%,.(
2'=J,7%-.,( -2( a87)5*( %7( "J"2-2,( $'%"%-72( ba5*Sc( -2( '3WQ5/( ?4-=4( "17J-&4,&( %4,( 6a$W+( bNUc/( -&(
-2.-="%,.Y(bTc(+=4,$"%-=(8,L8,&,2%"%-72(7G()$7;*<=>?*@+AB(W6S(G78(&%"JJ-2T("&&"9(bQ-T'8,(URcY(!4,(
'3WQ5(?"&(:7-2,.(-2)G8"$,(%7(%4,(A:*C/0*CD(%"T&(b)$7;c("2.(Ea[U(J-2#,8Y(!4,("$-27("=-.(&,d',2=,&(
7G(%4,(789:#'3WQ5("2.(=E,D($'%"%-72("8,(&47?2Y(W-17&7$,(&%"JJ&("'%727$7'&J9("%(%4,(&%7L(=7.72(7G(
'3WQ5(b8,.(=J7F,8cY(b=c()$7;*<=>?*@+ABb-)c("2.()$7;*<=>?*@+ABb=E,Dc(W6S&(?,8,(%8"2&J"%,.(
-2( `7J)M( S`^( G78( ;M( $-2Y( !8"2&J"%-72( L87.'=%&( ?,8,( &,L"8"%,.( 19( +E+)aSI^( "2.( "2"J9>,.( 19(
-$$'271J7%%-2T('&-2T("2%-)BS("2%-17.9Y(Q78(W6"&,(Z(J"2,&/(&"$LJ,&(?,8,(%8,"%,.(?-%4(W6"&,(S(1,G78,(
&,L"8"%-72( 19( +E+)aSI^Y( !4,( L7&-%-72&( 7G( %4,( *U)#E"( G'JJ)J,2T%4( L87.'=%( bQHc( "2.( %4,( ;U)#E"(
L,L%-.9J)%W6S( ba%Wc( "8,( -2.-="%,.Y(S( 8,L8,&,2%"%-F,( 8,&'J%( 7G( .'LJ-="%,( ,]L,8-$,2%&( -&( &47?2Y( b-c(
+=4,$"%-=( 8,L8,&,2%"%-72( 7G(?F6@+AB*GH+(W6S('&,.( G78( 8,L78%,8( "&&"9( bQ-T'8,( [ScY(!4,( Uu)K!W(
&,d',2=,( bh*( %7( h*5*( 2%c( -2( bSc ?"&( :7-2,.( %7( %4,(GH+ 8,L78%,8( T,2,( %487'T4( "( J-2#,8( &,d',2=,/(
SSI`KKK``Y(
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!"##$%&%'()*+,D21"*%,!>>?(E,.'=%-72(7G(%4,(&%"JJ-2T(,GG-=-,2=-,&(19(%4,($'%"2%(8-17&7$,&("J72,(19(
J-2,"8(8,T8,&&-72Y(bJc(`7J)M(S`^("2.('HCEbe!cXQHSI(J-2,(?5(S`^(?,8,($-],.("%(*XM/(;X*/(*X*/(*X;/(
"2.(MX*(F7J'$,(8"%-7&(bJ"2,&(*(%7(U/(8,&L,=%-F,J9c/(78(`7J)M(S`^("2.('HCEb")BcXQHSI(J-2,(.O(S`^(
?,8,($-],.("%(*XMY(;X*/(*X*/(*X;/("2.(MX*(F7J'$,(8"%-7&(bJ"2,&(N(%7(*M/(8,&L,=%-F,J9cY(!4,&,($-]%'8,&(
?,8,( '&,.( %7( %8"2&J"%,( )$7,*<=>?*@+ABb-)c( W6S( b+'LLJ,$,2%"89( Q-T'8,( +*MRcY( !8"2&J"%-72(
L87.'=%&(?,8,( &,L"8"%,.( 19( +E+)aSI^( "2.( "2"J9>,.( 19( -$$'271J7%%-2T( '&-2T( "2%-)BS( "2%-17.9Y(
<$$'271J7%&(?-%4("2%-)'HC("2.("2%-)'H55("8,("J&7(&47?2Y(a7&-%-72&(7G(%4,(G'JJ)J,2T%4(L87.'=%(bQHc/(
L,L%-.9J)%W6S( ba%Wc/( CO)#E"( QHSI)%"TT,.( 'HCE&( b'HCEXQHSIc/( ,2.7T,27'&( 'HCS( "2.( 'HCE(
b'HCS/(Ec/("2.(*V)#E"('H55("8,($"8#,.Y(!4,(,]L,8-$,2%&(?,8,(="88-,.(7'%(-2(72,(7G(%4,(1"%=4,&(7G(
S`^( L8,L"8"%-72&( G78( ,"=4( 7G( %4,( `7J)M( "2.($'%"2%( J-2,&/( "2.( "( 8,L8,&,2%"%-F,( 8,&'J%( 7G( %8-LJ-="%,(
,]L,8-$,2%&( -&( &47?2Y( bTc( H-2,"8( 8,T8,&&-72( b&7J-.( 1J',( J-2,c( 7G( &%"JJ-2T( ,GG-=-,2=9( F&( =72&%8'=%-72(
G8"=%-72(7G('HCEbe!cXQHSI(8-17&7$,Y(W"?(&%"JJ-2T(,GG-=-,2=-,&(71%"-2,.(G87$(J"2,&(*fU(7G(bSc(?,8,(
LJ7%%,.( "T"-2&%( %4,( =72&%-%'%-72( G8"=%-72&( 7G( %4,( 'HCEbe!cXQHSI( 8-17&7$,( 7G( ,"=4( 7G( %4,( S`^(
$-]%'8,&(b$,"2&(o(+E/(1(n(;cY(!4,(=72&%-%'%-72(G8"=%-72(?"&(.,%,8$-2,.(1"&,.(72(%4,(-2%,2&-%-,&(7G(%4,(
'LL,8("2.(J7?,8(1"2.&(7G(%4,(-$$'271J7%(?-%4("2%-)'HC("2%-17.9(bQ-T'8,(C`("2.(EcY(!4,(2'$1,8&(-2(
L"8,2%4,&,&(1,J7?(%4,(."%"(8,G,8(%7(%4,(J"2,(2'$1,8&(-2(bScY(!4,(1J',(.-"$72.(-2.-="%,&(%4,(,&%-$"%,.(
&%"JJ-2T( ,GG-=-,2=9( 19( %4,( 'HCEbe!cXQHSI( 8-17&7$,( "J72,Y( !4,( ."&4,.( 1J',( ='8F,&( 8,L8,&,2%( %4,(
'LL,8("2.(J7?,8(J-$-%&(7G(%4,($,"2(L8,.-=%-72(VUv(=72G-.,2=,(-2%,8F"JY(b=c(H-2,"8(8,T8,&&-72(b&7J-.(
$"T,2%"( J-2,c( 7G( &%"JJ-2T( ,GG-=-,2=9( F&( =72&%8'=%-72( G8"=%-72( 7G( 'HCEb")BcXQHSI( 8-17&7$,Y( W"?(
&%"JJ-2T(,GG-=-,2=-,&(71%"-2,.(G87$(J"2,&(Nf*M(7G(bSc(?,8,(LJ7%%,.("T"-2&%(%4,(=72&%-%'%-72(G8"=%-72&(7G(
%4,('HCEb")BcXQHSI(8-17&7$,(7G(,"=4(7G(%4,(S`^($-]%'8,&(b$,"2&(o(+E/(1(n(;cY(!4,(=72&%-%'%-72(
G8"=%-72(?"&(.,%,8$-2,.("&(-2(bRcY(!4,(2'$1,8&(-2(L"8,2%4,&,&(1,J7?(%4,(."%"(8,G,8(%7(%4,(J"2,(2'$1,8&(
-2( bScY( !4,($"T,2%"( .-"$72.( -2.-="%,&( %4,( ,&%-$"%,.( &%"JJ-2T( ,GG-=-,2=9( 19( %4,( 'HCEb")BcXQHSI(
8-17&7$,("J72,Y(!4,(."&4,.($"T,2%"(='8F,&(8,L8,&,2%(%4,('LL,8("2.(J7?,8(J-$-%&(7G(%4,($,"2(L8,.-=%-72(
VUv(=72G-.,2=,(-2%,8F"JY(<2(bRc("2.(b`c/(="J='J"%,.(=72&%-%'%-72(G8"=%-72&(7G(,2.7T,27'&('HCS)("2.(E)
=72%"-2-2T( 8-17&7$,&( -2( `7J)M( S`^( bJ-T4%( T8,,2c/( ,2.7T,27'&( 'HCS)=72%"-2-2T( 8-17&7$,&( -2( %4,(
$'%"2%(S`^(b."8#(T8,,2c/("2.(QHSI)%"TT,.($'%"2%('HCE)=72%"-2-2T(8-17&7$,&(bJ-T4%(1J',(78(J-T4%(
$"T,2%"c("8,(&47?2(1,J7?(%4,(T8"L4Y(67%,(%4"%(%7(%4,(8-T4%(7G(%4,(F,8%-="J(?4-%,(J-2,&("8,(,]%8"L7J"%,.(
F"J',&Y( !4,( J-2,"8( 8,T8,&&-72( "2.( $,"2( L8,.-=%-72( VUv( =72G-.,2=,( -2%,8F"J( ?,8,( ="J='J"%,.( '&-2T(
A"%4,$"%-="(&7G%?"8,(be7JG8"$(W,&,"8=4/(`4"$L"-T2/(<H/(K+ScY
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(

!"##$%&%'()*+,D21"*%,!>C?(!4,(SSa(&9&%,$(-2(`7J)M(S`^Y(bJc(!4,(Uu)K!W(&,d',2=,(7G(I&#.3$00$#
$376E#b5CcY('3WQ(bSSac(-&(17],.("2.(%4,(&%"8%(=7.72(7G($376E(-&(.7'1J,)'2.,8J-2,.Y(!4,(2'=J,7%-.,(
&'1&%-%'%,.( -2(S&L)*5( %7( "&L"8"T-2,( b<,EIc($'%"%-72( -&( -2.-="%,.Y(<,EI($'%"%-72( "17J-&4,&( %4,(H)
"8T-2-2,).,L,2.,2%(6a$W+(7G(SSa(b5CcY(bTc(+=4,$"%-=(8,L8,&,2%"%-72(7G()$7;;*<=>?*DD=(W6S('&,.(
G78(&%"JJ-2T("&&"9(bQ-T'8,(U`cY(!4,(SSa(&,d',2=,(?"&(:7-2,.(-2)G8"$,(%7(%4,(A:*C/0*CD*JKLGD'*AM.(
%"T&(b)$7;;c("2.(Ea[U(J-2#,8Y(!4,("$-27("=-.(&,d',2=,&(7G(SSa("2.(<,EI($'%"%-72("8,(&47?2Y(H)
S8T-2-2,).,L,2.,2%(6a$W+( 7=='8&( "%( %4,( &%7L( =7.72( b8,.( =J7F,8cY( b=c()$7;;*<=>?*DD=b-)c( "2.(
)$7;;*<=>?*DD=b<,EIc(W6S&(?,8,(%8"2&J"%,.(-2(`7J)M(S`^("%(MYMO(78(5YMO($A(H)"8T-2-2,(bS8TcY(
!8"2&J"%-72(L87.'=%&(?,8,(?-%4.8"?2("%( %4,( -2.-="%,.( %-$,(L7-2%&( "2.( "2"J9>,.(19( -$$'271J7%%-2T(
'&-2T("2%-)QHSI("2%-17.9Y(!4,(L7&-%-72&(7G(%4,(;[)#E"(L,L%-.9J)%W6S(ba%Wc("2.(5M)#E"(G'JJ)J,2T%4(
L87.'=%( bQHc( "8,( -2.-="%,.Y( S( 8,L8,&,2%"%-F,( 8,&'J%( 7G( .'LJ-="%,( ,]L,8-$,2%&( -&( &47?2Y( b-c(
)$7;;*<=>?*DD=b-)c("2.()$7;;*<=>?*DD=b<,EIc(W6S&(?,8,(%8"2&J"%,.(-2(`7J)M(S`^(G78(*M($-2(
"%( .-GG,8,2%(S8T( =72=,2%8"%-72&Y( !8"2&J"%-72( L87.'=%&(?,8,( "2"J9>,.( "&( -2( b`cY( Q78(W6"&,( Z( J"2,&/(
&"$LJ,&( ?,8,( %8,"%,.( ?-%4( W6"&,( S( 1,G78,( &,L"8"%-72( 19( +E+)aSI^Y( S( 8,L8,&,2%"%-F,( 8,&'J%( 7G(
.'LJ-="%,(,]L,8-$,2%&(-&(&47?2Y(
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(

!"##$%&%'()*+, D21"*%, !>N?( !4,( S%SAE*( &9&%,$( -2( `7J)M( S`^Y( bJc( !4,( Uu)K!W( &,d',2=,( 7G(
D"DA<,(b;*c&(!4,(Uu)K!W(&,d',2=,(7G(D"DA<,(4"&(%?7('3WQ&/(!)'3WQ("2.(+)'3WQ(b&%"2.-2T(G78(
!-29)'3WQ("2.(+$"JJ)'3WQ/(8,&L,=%-F,J9c(b;McY(!4,(+)'3WQ(-&(17],.("2.(%4,(&%"8%(=7.72(7G(D"DA<,(
-&(.7'1J,)'2.,8J-2,.Y(!4,(!)'3WQ(?"&(.-&8'L%,.("&( -2("(L8,F-7'&( &%'.9( b;*c "2.( -&($"8#,.(?-%4("(
."&4,.( 17]Y( !4,( 2'=J,7%-.,&( %4"%( "8,( .,J,%,.( "2.( -2&,8%,.( %7( T,2,8"%,( %4,( G8"$,)&4-G%( $'%"2%( "8,(
-2.-="%,.Y(bTc(+=4,$"%-=(8,L8,&,2%"%-72(7G()$7;*<=>?*(6NOPL(W6S('&,.(G78(&%"JJ-2T("&&"9(bQ-T'8,(
UEcY(!4,(+)'3WQ(&,d',2=,(?"&(:7-2,.(-2)G8"$,(%7(%4,(A:*C/0*CD(%"T&(b)$7;c("2.(Ea[U(J-2#,8Y(!4,(
"$-27( "=-.( &,d',2=,&( 7G( D"DA<,# +)'3WQ( "2.( G8"$,)&4-G%( bY0c( $'%"%-72( "8,( &47?2Y( a7J9"$-2,)
.,L,2.,2%(6a$W+(7=='8&("%(%4,(&%7L(=7.72(7G(+)'3WQ(b8,.(=J7F,8c(b;*cY(b=c()$7;*<=>?*(6NOPLb-)c(
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Supplementary Table S1. Plasmids used in this study and primers used to construct plasmids. 

Name Constructa Source Primersb 

Forward        Reverse 
Plasmids used for construction of transgenic Arabidopsis 
pYTJ10 uL4D::uL4D(WT):FLAG this study uL4Df uL4Dr 
pYTJ1 uL4D::uL4D(R77A):FLAG this study R77Af R77Ar 
pYTJ7 uL4D::uL4D(ΔTV):FLAG this study dTVf dTVr 
pYTJ4 uL4D::uL4D(Δloop):FLAG this study dLoopf dLoopr 
Plasmids used for stalling assay 
pST00 SP6::M8:His:HA:DP75 this study DP75f DP75r 
pST55 SP6::M8:His:HA:DP75:AAP(WT) this study AAPf AAPr 
pST56 SP6::M8:His:HA:DP75:AAP(D12N) this study D12Nf AAPr 
pST57 SP6::M8:His:HA:DP75:hCMV(WT) this study hCMVf hCMVr 
pST58 SP6::M8:His:HA:DP75:hCMV(P21A) this study hCMVf P21Ar 
pST76 SP6::M8:His:HA:DP75:S-uORF(WT) this study SAMDC1f SAMDC1r 
pST77 SP6::M8:His:HA:DP75:S-uORF(fs) this study SAMDC1fsf SAMDC1fsr 
pST116 SP6::M8:His:HA:DP75:MAGDIS(WT) this study DP75f MAGDISr 
pST117 SP6::M8:His:HA:DP75:MAGDIS(I5L) this study DP75f I5Lr 
pTI5 SP6::M8:His:HA:3xFLAG:Myc:DP75:AAP(WT) this study 3xFLAGf 3xFLAGr 
pTI6 SP6::M8:His:HA:3xFLAG:Myc:DP75:AAP(D12N) this study 3xFLAGf 3xFLAGr 
pNU14 SP6::GST:S-uORF(WT):RLUC Ref. 31   
pNU15 SP6::GST:S-uORF(fs):RLUC Ref. 31   
pYF2 SP6::GST:CGS1(WT) Ref. 68   
pYF3 SP6::GST:CGS1(mto1-1) Ref. 68   
pYK00 SP6::M8:CGS1(WT) Ref. 18   
pYY105 T7::His:HA:DP75:uORF2(WT) Ref. 43   
Plasmids used for reporter assay 
pST118 SP6::mAMD1 5'-UTR(WT):LUC this study MAGDIS(WT)f MAGDIS(WT)r 
pST119 SP6::mAMD1 5'-UTR(I5L):LUC this study MAGDIS(I5L)f MAGDIS(WT)r 
pST120 SP6::AtAMD1 5'-UTR(WT):LUC this study SAMDC1f2 SAMDC1r2 
pST121 SP6::AtAMD1 5'-UTR(fs):LUC this study SAMDC1f2 SAMDC1r2 
pST122 SP6::gp48 5'-UTR(WT):LUC this study hCMVf2 hCMVr2 
pST123 SP6::gp48 5'-UTR(P21A):LUC this study hCMVf2 P21Ar2 
pMI21 SP6::CGS1:LUC(WT) Ref. 22   
pMI27 SP6::RLUC Ref. 22   
pMT131 SP6::AtNIP5;1 5'-UTR(WT):LUC Ref. 34   
pMT132 SP6::AtNIP5;1 5'-UTR(ATCTAA):LUC Ref. 34   
pSY209 SP6::S-uORF(WT):RLUC Ref. 31   
pSY214 SP6::S-uORF(fs):RLUC Ref. 31   

aDouble colons indicate fusion of promoter sequence and an ORF, and single colons indicate an in-
frame translational fusion (i.e., Promoter::ORF:ORF: ...). 

bPrimers used for construction. Sequences of the primers are listed in Supplementary Table S2.  



Takamatsu et al. 

 - 23 - 

Supplementary Table S2. Primers used in this study.   

Name Sequence (5' to 3') Source 

Plasmid construction a 

uL4Df CACCGGAGTATTGTTGCCCTTTGTGAA this study 
uL4Dr CTGACTAGCGCCAAGCCACTT this study 
R77Af ACCGGAGCTGCCGTGTCACGTA this study 
R77Ar GTGACACGGCAGCTCCGGTT this study 
dTVf TGGGGAGGAAGAGCCTCACGTATCCCTCGTGTTC this study 
dTVr GTGAGGCTCTTCCTCCCCAGGACTCGGC this study 
dLoopf TCCGCCGGAAGAGCCGGTGGTGGAACTCACCG this study 
dLoopr ACCGGCTCTTCCGGCGGAGGTTTGGTGA this study 
uL4Flankf CACCGGAGTATTGTTGCCCTTTGTGAA this study 
uL4Flankr CTGACTAGCGCCAAGCCACTT this study 
DP75f GATTCTAGACATCATCATCATCATCATTACCC this study 
DP75r CATGGATCCGGCCATTCTGATATCCATTTCAATTTTATTGTCACT this study 

AAPf CATGATATCATGAACGGTCGCCCGTCAGTCTTCACTAGTCAGGATTACCTCTCAGACC
ATC this study 

AAPr CTAGGATCCGAGAGGCTCTCACGCGTTAAGGGCTCTCCACAGATGGTCTGAGAGG this study 

D12Nf CATGATATCATGAACGGTCGCCCGTCAGTCTTCACTAGTCAGAATTACCTCTCAGACC
ATC this study 

hCMVf CATGATATCATGGAACCGCTGGTGCTGAGTGCGAAAAAACTGAGCAGCCTGCTGAC this study 
hCMVr CTAGGATCCTCGAGTGCTTTAAGGAGGAATATATTTGCAGGTCAGCAGGC this study 
P21Ar CTAGGATCCTCGAGTGCTTTAAGGAGCAATATATTTGCAGGTCAGCAGGC this study 

hCMVf2 GATTCTAGAAATCAGTTGCCGGCCTTACCATGGAACCGCTGGTGCTGAGTGCGAAAAA
ACTGAGCAGCCTGCTGACCTGC this study 

hCMVr2 CATAAGCTTACCCAGACAACGGTGCTTTATAGACTCATCACTTAAGGAGGAATATATT
TGCAGGTCAGCAGGC this study 

P21Ar2 CATAAGCTTACCCAGACAACGGTGCTTTATAGACTCATCACTTAAGGAGCAATATATT
TGCAGGTCAGCAGGC this study 

SAMDC1f CATGATATCATGATGGAGTCGAAAGGTG this study 
SAMDC1r CTAGGATCCTCAGGATGGCCTCTTGGA this study 
SAMDC1fsf CATGATATCATGATGGAGCGAAAGGTG this study 
SAMDC1fsr CTAGGATCCTCAGGTATGGCCTCTTGGA this study 
SAMDC1f2 GATTCTAGATCTCATTGCTTCATCATTACCA this study 
SAMDC1r2 CATCCATGGCTCGCCTTGTTGTGTGAG this study 
MAGDISr CATGGATCCCTAGCTAATGTCGCCGGCCATGATATCCATTTC this study 
I5Lr CATGGATCCCTAGCTAAGGTCGCCGGCCATGATATCCATTTC this study 

MAGDIS(WT)f GATTCTAGACTTACACAGTATGGCCGGCGACATTAGCTAGCGCTCGCTCTACTCTCTC
TAACGGGGAAACAG this study 

MAGDIS(I5L)r GATTCTAGACTTACACAGTATGGCCGGCGACCTTAGCTAGCGCTCGCTCTACTCTCTC
TAACGGGGAAACAG this study 

MAGDIS(WT)r CATCCATGGTGGAAATAGAGGCAGATACAGCTCAGTCTCTTGTAGTCCGCTGTTTCCC
CGTTAG this study 

Myc:DP75f TCAGAGGAGGACCTGGAAGGTGGCGAAGAAGAAGTTGAG this study 
HAMycr GATCAGCTTCTGCTCAGCGTAATCTGGAACATCGTATGGG this study 
Mycf GAGCAGAAGCTGATCTCAGAGGAG this study 
HAr AGCGTAATCTGGAACATCGTATGGG this study 

3xFLAGf GTTCCAGATTACGCTGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCG
ACTACAAAGACG this study 

3xFLAGr GATCAGCTTCTGCTCCTTGTCGTCATCGTCTTTGTAGTCGATGTCATGATC this study 

Generating DNA templates for in vitro transcription 

SP65’fp CATCAGAGCAGATTGTACTG Ref. 18 
G183r ACCGGCATGAACAGT this study 
poly(A)r ACGAGCCGGAAGCATAAAG this study 

Quantitative RT-PCR 

RT-uL4Af AAGAAGAAGGGGTATGTGCT this study 
RT-uL4Ar CACCGAGCCATTTGGTGAAGT this study 
RT-uL4Df GGGTTAAGGCTAAGAAGGAG this study 
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RT-uL4Dr TCGGTGTAGTCACTGTCTGA this study 
RT-FLAGf ACAGTGACTACACCGAGTTC this study 
RT-FLAGr TCATCGTCATCCTTGTAGCT this study 
UBQ5f GTGGTGCTAAGAAGAGGAAGA this study 
UBQ5r TCAAGCTTCAACTCCTTCTTT this study 

aRestriction sites used for cloning the PCR-amplified fragments are underlined. 
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