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fig. S1. Alignment of SDI family proteins in Arabidopsis. Alignment of full protein sequences was 

performed by ClustalW program at DNA Data Bank of Japan (DDBJ) 

(http://www.ddbj.nig.ac.jp/search/clustalw-j.html). TPR-like helical domains detected by InterPro scan 

(IPR011990, 38) are underlined. Orange characters indicate TPR motifs (TPR 1, PF00515) and blue 

characters indicate nuclear localization signals (NLS_BP, PS50079) detected by Motif Scan (64). Amino 

acid residues conserved in more than 50% of all 5 SDI-family proteins are highlighted in black. 
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fig. S2. Phylogenetic relationships of SDI family proteins in some monocot and dicot species. The 

phylogenetic tree was constructed by MEGA6 using a statistical neighbor-joining method and 

parameters as described in the methods. Dicots: AT (Arabidopsis thaliana), AL (Arabidopsis lyrata), 

CRU (Capsella  rubella), BR (Brassica  rapa), SL (Solanum lycopersicum), ST (Solanum tuberosum). 

Monocots: TA (Triticum aestivum), ZM (Zea mays), OS (Oriza sativa). Black squares show Arabidopsis 

thaliana proteins. Abbreviations: AT-SDI1, AT5g48850; AT-SDI2, AT1G04770; BR-SDI1, BR 

06G31000; BR-SDI2, BR 10G03040; TA-SDI1, wheat SDI1; OS-SDI1, OS 03G06970; ZM-SDI1, ZM 

09G28880; SL-SDI1, SL 09G061700; ST-SDI1, ST 06G008080; OS-SDI2, OS 05G43040; ZM-SDI2, 

ZM 06G27960; SL-SDI2, SL 09G091600; ST-SDI2, ST 09G027950 
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fig. S3. Histochemical staining of Arabidopsis plants transformed with SDI1pro:GUS and 

SDI2pro:GUS. (A) Seedlings grown under +S, -S and +S (applied with 1 mM OAS) conditions. Scale 

bars = 1 mm. (B) Leaf (a,g), stem (b,h), floral bud (c,i), flower (d,j), silique (e,k) and seeds (f,l) of 

mature plants are presented. Scale bars in b,c,e,h,i,k = 0.8 mm; in d,j = 0.5 mm.  

 

 

 

 

 

 



 

 

 

 

 

 

 
 

 

fig. S4. Transcript levels of CYP79F1 and CYP83A1 were influenced by SDI1 and SDI2 similar 

with other mGSL synthesis genes. (A) (B) Transcript levels of CYP79F1and CYP83A1 in plant roots 

analyzed by qRT-PCR. In (A), WT (white bars), sdi1 (pale gray bars), sdi2 (dark gray bars) and sdi1sdi2 

(black bars) plants grown under +S or −S conditions were used. In (B), WT (white bars), SDI1ox (pale 

gray bars) and SDI2ox (dark gray bars) plants grown under +S condition were used. Bars and error bars 

show mean values and SE of triplicates. Double and single asterisks show the significant differences 

(P<0.01, P<0.05) detected by Student's t-test between WT and T-DNA insertion mutants (red) and those 

between 4 lines of sdi1sdi2 and other plant lines (blue) in (A), and those between WT and 

overexpression lines in (B).  

 

 

 

 

 

 

 

 

 



 
 

fig. S5. Perturbation of SDI1 and SDI2 influences on the transcript levels of genes involved in 

primary sulfur metabolism. (A) (B) Transcript levels of SULTR1;2, SULTR2;1 and APR3 in plant 

roots analyzed by qRT-PCR. In (A), WT (white bars), sdi1 (pale gray bars), sdi2 (dark gray bars) and 

sdi1sdi2 (black bars) plants grown under +S or −S conditions were used. In (B), WT (white bars), 

SDI1ox (pale gray bars) and SDI2ox (dark gray bars) plants grown under +S condition were used. Bars 

and error bars show mean values and SE of triplicates. Double and single asterisks show the significant 

differences (P<0.01, P<0.05) detected by Student's t-test between WT and T-DNA insertion mutants 

(red) and those between 4 lines of sdi1sdi2 and other plant lines (blue) in (A), and those between WT 

and over-expression lines in (B).  

 

 

 

 

 

 

 



 

 

 

 

 

 
 

 

fig. S6. Frequency plot of genes according to P values. P-values among groups were calculated by 

two-way ANOVA. Six thousands genes with P values less than 0.001 were selected for further analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 
fig. S7. Contribution of each PC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

fig. S8. Distribution of PC1 (A) and PC2 (B) scores. Sorted scores are compared with theoretical 

values for the normal distribution. In this plot, linear relationship shows normality of the distribution. 

The slanted blue line has threshold of zero and slope of the mad. Gray dot lines show the threshold of 

gene selection, three times of the mad. Selected outlying genes with positive and negative scores were 

colored with red and blue, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 
 

fig. S9. PC1 shows linear correlation with −S-responsive gene expression. Comparisons between 

PC1 and expressional changes (Δz) from the control groups. Δz of genes selected for PCA in WT 

grown under –S (blue), sdi1sdi2 grown under –S (gray) and SDI1ox grown under +S (red) compared to 

Col grown under +S were spotted. Position of the genes that take top two PC1 scores, BGLU28 and 

LSU1, were indicated.  

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



fig. S10. Keywords that frequently appeared in genes with high scores in PC2. Gene ontology 

biological processes (A) and metabolic pathways (B) over-represented in PC2 are listed. In both (A) and 

(B), frequencies of genes were compared between the selected genes (selected) and the whole chip 

contents (contents) for each keyword and the p-value was estimated after selecting genes specifically 

expressed toward positive or negative direction of PC2 based on the Normal QQ plot (fig. S8) as 

described in the Materials and Methods. There was no metabolic pathway over-represented in positive 

PC2 (B). The keywords of which the p-values are less than 0.001 and the frequencies in selected genes 

are more than 4 (A) or 2 (B) are listed.  

 

 

 

 

 

 

 

 

 

 
 

 

fig. S11. Effects of the manipulation of MYB28, MYB29, and MYB76 on gene expression of SDI1, 

SDI2, and other factors. The values indicate fold changes of the SDI1, SDI2 gene expressions versus 

the corresponding WTs in the myb28 KO and MYB28ox lines (13); in the MYB28/29/76ox lines (52) and 

in the myb28myb29 (17). Values reported significantly in each reference were marked with asterisks.   

 

 

 

 

 

 

 

 

 

 

 

 



 

table S12. Oligonucleotides used for the vector construction. 

 

 
 

 

  



 

 

table S13. Oligonucleotides used for the isolation of the T-DNA insertion lines. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Purpose
KO

Name
Resourses Oligo Name Oligonucleotide (5' to 3')

sdi1-1 LB GGGTTCTTCTCTATCAACTGCAACCAACATT

sdi1-1,2 RB GGATAGAATGTTATTGCATTTCTTGCCTGAAAAGGT

sdi1-2 LB GGCAACATCTAGACCATAAATTGGAACAACTT

sdi1-1,2 RB -

sdi2-1 LB GAGATCTTTGTTCAAGACAAGCTCAAGAGTCA

sdi2-1 RB gaatccTCAACAAGCCAATTGATCTCTCAGTGGTAAGA

sdi2-2 LB CCATCAGTTCACTGATCAAGAGACTTGAGAA

sdi2-2 RB gaattcATGATGATGATGATTCAGAGAAGAGGAGGTGAGA

T-DNA LB-02 CACCCCAGTACATTAAAAACGTCCGCAA

SDI1-F ATGGAGAGAAGCTTGAAGAAGACGAAGAAC

SDI1-R CTAGCAAACTAATGTATTTCTAAAAGACGAGATCTGT

SDI2-F ATGATGATGATGATTCAGAGAAGAGGAGGT

SDI2-R TCAACAAGCCAATTGATCTCTCAGTGGTA

RT-PCR of SDI1

RT-PCR of SDI2

genomic

PCR

sdi1-1

sdi1-2

sdi2-1

sdi2-2

SALK_145035.20.15

SALK_099766.56.00

SALK_091618.45.75

SALK_110128.48.65

all 



table S14. Oligonucleotides used for qRT-PCR analysis. 

 

 
 

 

AGI Code Gene Name References

F TCAGAGCCAAACATGCTCAGTT

R ACAACAGCCATGTCCTTGAGG

F CGAGCGAAGCATGTTCAGTTG

R CGTCAATGGCTTCTTCAGCTCT

F CAGAAGATGGTCGGATTCTGCTA

R GGCAAAAGCTGTGAAGGTGGT

F AATTCGGAGAACTCGTGGCCT

R GCTCCCGCACATATACCGGAT

F CCCATAATAGACGAGAGGGTCGAAA

R CGATCGCTGCTATACAAAATTCG

F CTTGACGTACTGTCGTTTGTTG

R GCTACTCCGAATGTTTGATCG

F TGGCAATCGTCTCTCTATCTTTC

R GACATCATGTGAATTTGCTTCC

F CAGAAGATGGTCGGATTCTGCTA

R GGCAAAAGCTGTGAAGGTGGT

F AATTCGGAGAACTCGTGGCCT

R GCTCCCGCACATATACCGGAT

F CCCATAATAGACGAGAGGGTCGAAA

R CGATCGCTGCTATACAAAATTCG

F CCAAGATCCAGGACAAAGAAGGA

R TGGAGACGAGCATAACACTTGC

At5g48850
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