
Supplemental Figure S1. The secondary structure analysis of various 5’-UTR con-
structs used in this study. 

Supplemental Figures

The entire 5’-UTR consisting of the 165 nucleotide 5’-UTR from the expression vector and 
the 21 nucleotide region of the 5’-UTR from various Arabidopsis genes was analyzed for the 
possible secondary structure using centroidfold (http://www.ncrna.org/centroidfold/). The 21 
nucleotide 5’-UTRs from various Arabidopsis genes are in the capital letters. The probability 
of the secondary structure formation was color-coded. Heat color gradation from blue to red 
represents the base-pairing probability from 0 to 1. The base-pairing probability is the prob-
ability that a pair of bases forms a base-pair via hydrogen bonds in the secondary structure.
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Supplemental Figure S2. The secondary structure analysis of triple A substitution mutants of the 
AT5G40850 5’-UTR constructs used in this study.

The entire 5’-UTR consisting of the 165 nucleotide 5’-UTR from the expression vector and the 21 nucleotide region 
of the wild-type or triple A substitution mutants of the AT5G40850 5’-UTR was analyzed for the possible second-
ary structure using centroidfold (http://www.ncrna.org/centroidfold/). The probability of the hairpin formation was 
color-coded. Heat color gradation from blue to red represents the base-pairing probability from 0 to 1. The wild-type 
or triple A substitution mutants of the 21 nucleotide AT5G40850 5’-UTR are in the capital letters.
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Supplemental Figure S3. Sequence analysis of 5’-UTRs in the entire Arabidopsis genes.

The 5’-UTRs of the entire Arabidopsis genes were analyzed using weblogo (http://weblogo.
berkeley.edu/) to identify any preferred nucleotides in the 5’-UTR region from positions -1 to -21.

Position of 5’-UTR



group decription sequence 5' → 3' Lower case letter Upper case

RbcS1A_5'UTR_10nt AAGAAGAACAatgagtaaaggagaagaact overlapping sequences for smGFP 5'UTR

RbcS1A_5'UTR_21nt CACAAAGAGTAAAGAAGAACAatgagtaaaggagaagaact overlapping sequences for smGFP 5'UTR

P2 smGFP_3' ttatttgtatagttcatcca overlapping sequences for smGFP -

RbcS1A_5'UTR_46nt AAAGCACTAGACCAAACCTCAGTCAcacaaagagtaaagaagaac overlapping sequences for RbcS1A_5'UTR_21nt 5'UTR

RbcS1A_5'UTR_72nt GTTGTTATCATTATATATAGATGACCaaagcactagaccaaacct overlapping sequences for RbcS1A_5'UTR_46nt 5'UTR

RbcS1A_5'UTR_94nt CACTCCAAAGCTTGTTCTCATTgttgttatcattatatatagatg overlapping sequences for RbcS1A_5'UTR_72nt 5'UTR

RbcS1A_5'UTR_121nt AATCTCATGTATCCTAGACCCTCCGATcactccaaagcttgttct overlapping sequences for RbcS1A_5'UTR_94nt 5'UTR

RbcS1A_5'UTR_147nt CAACGGTGTAGATCCTAGTCCACTTGaatctcatgtatcctagac overlapping sequences for RbcS1A_5'UTR_121nt 5'UTR

RbcS1A_5'UTR_175nt AACCTCACACATATCCACACTCAAAATCcaacggtgtagatccta overlapping sequences for RbcS1A_5'UTR_175nt 5'UTR

AT1G35720_5'-UTR AACACTAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT5G45900_5'-UTR CTCAGAAAGATAAGATCAGCCatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT5G61250_5'-UTR AACCAATCGAAAGAAACCAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT5G46430_5'-UTR CTCTAATCACCAGGAGTAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT5G47110_5'-UTR GAGAGAGATCTTAACAAAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT1G03110_5'-UTR TGTGTAACAACAACAACAACAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT3G12380_5'-UTR CCGCAGTAGGAAGAGAAAGCCatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT5G45910_5'-UTR AAAAAAAAAAGAAATCATAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT1G58420_5'-UTR ATTATTACATCAAAACAAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT5G44520_5'-UTR CGTTCTTCCCACACAAAAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT1G07260_5'-UTR GAGAGAAGAAAGAAGAAGACGatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT3G55500_5'-UTR CAATTAAAAATACTTACCAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT3G46230_5'-UTR GCAAACAGAGTAAGCGAAACGatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT2G36170_5'-UTR GCGAAGAAGACGAACGCAAAGatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT1G10660_5'-UTR TTAGGACTGTATTGACTGGCCatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT4G14340_5'-UTR ATCATCGGAATTCGGAAAAAGatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT1G49310_5'-UTR AAAACAAAAGTTAAAGCAGACatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT4G14360_5'-UTR TTTATCTCAAATAAGAAGGCAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT1G28520_5'-UTR GGTGGGGAGGTGAGATTTCTTatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT1G20160_5'-UTR TGATTAGGAAACTACAAAGCCatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT5G37370_5'-UTR CATTTTTCAATTTCATAAAACatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT4G11320_5'-UTR TTACTTTTAAGCCCAACAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT5G40850_5'-UTR GGCGTGTGTGTGTGTTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT1G06150_5'-UTR GTGGTGAAGGGGAAGGTTTAGatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

AT2G26080_5'-UTR TTGTTTTTTTTTGGTTTGGTTatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Adenine_1 AAAACTAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Adenine_2 AAAAATAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Adenine_3 AACAAAAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Adenine_4 AACACAAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Adenine_5 AACACTAAAAATAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Adenine_6 AACACTAAAAAAAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Adenine_7 AACACTAAAAGAAAAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Adenine_8 AACACTAAAAGTAAAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Adenine_9 AACACTAAAAGTAGAAAAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_1 TTTACTAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_2 ATTTCTAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_3 AATTTTAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_4 AACTTTAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_5 AACATTTAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_6 AACACTTTAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_7 AACACTTTTAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_8 AACACTATTTGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_9 AACACTAATTTTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_10 AACACTAAATTTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_11 AACACTAAAATTTGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_12 AACACTAAAAGTTTAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_13 AACACTAAAAGTTTTAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_14 AACACTAAAAGTATTTGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_15 AACACTAAAAGTAGTTTAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_16 AACACTAAAAGTAGATTTAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_17 AACACTAAAAGTAGAATTTAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_18 AACACTAAAAGTAGAAGTTTAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Thymine_19 AACACTAAAAGTAGAAGATTTatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_1 GGGACTAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_2 AGGGCTAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_3 AAGGGTAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_4 AACGGGAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_5 AACAGGGAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_6 AACACGGGAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_7 AACACTGGGAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_8 AACACTAGGGGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_9 AACACTAAGGGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_10 AACACTAAAGGGAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_11 AACACTAAAAGGGGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_12 AACACTAAAAGTGGGAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_13 AACACTAAAAGTAGGGGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_14 AACACTAAAAGTAGAGGGAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_15 AACACTAAAAGTAGAAGGGAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_16 AACACTAAAAGTAGAAGGGGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Guanine_17 AACACTAAAAGTAGAAGAGGGatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR
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Good UTR Triple Cytosine_1 CCCACTAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_2 ACCCCTAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_3 AACCCTAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_4 AACCCCAAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_5 AACACCCAAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_6 AACACCCCAAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_7 AACACTCCCAGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_8 AACACTACCCGTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_9 AACACTAACCCTAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_10 AACACTAAACCCAGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_11 AACACTAAAACCCGAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_12 AACACTAAAAGCCCAAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_13 AACACTAAAAGTCCCAGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_14 AACACTAAAAGTACCCGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_15 AACACTAAAAGTAGCCCAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_16 AACACTAAAAGTAGACCCAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_17 AACACTAAAAGTAGAACCCAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_18 AACACTAAAAGTAGAAGCCCAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Good UTR Triple Cytosine_19 AACACTAAAAGTAGAAGACCCatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_1 AAAGTGTGTGTGTGTTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_2 GAAATGTGTGTGTGTTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_3 GGAAAGTGTGTGTGTTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_4 GGCAAATGTGTGTGTTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_5 GGCGAAAGTGTGTGTTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_6 GGCGTAAATGTGTGTTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_7 GGCGTGAAAGTGTGTTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_8 GGCGTGTAAATGTGTTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_9 GGCGTGTGAAAGTGTTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_10 GGCGTGTGTAAATGTTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_11 GGCGTGTGTGAAAGTTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_12 GGCGTGTGTGTAAATTGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_13 GGCGTGTGTGTGAAATGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_14 GGCGTGTGTGTGTAAAGTTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_15 GGCGTGTGTGTGTGAAATTGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_16 GGCGTGTGTGTGTGTAAATGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_17 GGCGTGTGTGTGTGTTAAAGAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_18 GGCGTGTGTGTGTGTTGAAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

Poor UTR Triple Adenine_19 GGCGTGTGTGTGTGTTGTAAAatgagtaaaggagaagaa overlapping sequences for smGFP 5'UTR

UTR-good:TRP1_5' ATTATTACATCAAAACAAAAAatgtctgttattaatttcacagg overlapping sequences for TRP I 5'UTR

UTR-poor:TRP1_5' GGCGTGTGTGTGTGTTGTTGAatgtctgttattaatttcacagg overlapping sequences for TRP I 5'UTR

P11 TRP1_3' TCAAGCGTAATCTGGAACATCGTATGGGTAtttcttagcatttttgacgaaattt overlapping sequences for TRP I HA tag

UTR-good:NPT II_5' ATTATTACATCAAAACAAAAAatgattgaacaagatggattgca overlapping sequences for NPT II 5'UTR

UTR-poor:NPT II_5' GGCGTGTGTGTGTGTTGTTGAatgattgaacaagatggattgca overlapping sequences for NPT II 5'UTR

P13 NPT II-3' tcagaagaactcgtcaagaag overlapping sequences for NPT II -
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Supplemental Table S2. The nucleotide sequences of primers for qRT

Target name of primer sequence
GFP_q5 AAGAGCGCCATGCCTGAGGG
GFP_q3 GCTCGATCCTGTTGACGAGGG

ACT2_q5 TATGAATTACCCGATGGGCAAG
ACT2_q3 TGGAACAAGACTTCTGGGCAT
GUS_q5 CAAAGCGGCGATTTGGAA
GUS_q3 GCCAGGCCAGAAGTTCTTTTT
HYG_q5 GATGTTGGCGACCTCGTATT
HYG_q3 ATTTCGGCTCCAACAATGTC

ACT2 (At3g18780)

smGFP

hygromycin
phosphotransferase

β-glucuronidase
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