



Supplementaly Tables

Table S1. Names and sequences of PCR primers
[bookmark: _GoBack][image: ]

Table S2. Relative ROS production and relative ROS scavenging activity of the 5th and 7–8th true leaves.
[image: ]
Reactive light unit (RLU) in this table means ROS production. ROS scavenging rate means ROS scavenging activity. AccuFLEX Lumi400 (Hitachi, Japan) was used for the mesurement.








Sapplemetaly Figures
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Figure S1. Detection of transgene, transgene transcript, and transgene-derived siRNAs from three transgenic lines (51-6, 72E, and 82a) and control line (EC). Panel (a) shows amplification of 35S-promoter sequence by PCR. Two each of individual plants were analyzed for the transgenic lines. Panel (b) shows detection of 35S-promoter sequence by Southern-blot hybridization. Genomic DNAs (~10 µg), extracted from three transgenic lines and the control line EC were separated in 1.0% agarose gel, transferred to nylon membrane and hybridized with a DIG-labeled cRNA probe for 35S-promoter. Lane 1 is BamHI digest and lane 2 is EcoRI digest. The 72E line showed a single band either by BamHI or by EcoRI. Panel (c) and (d) show northern-blot hybridization analysis of transgene transcripts (c) and transgene-derived siRNAs (d) in the transgenic lines (hairpin DCL2/4-51-6, -72E, -82a) and control line EC. In panel (c), total RNAs (~10 µg), extracted from three transgenic lines and the control line EC were separated in 1.2% agarose gel, transferred to nylon membrane and northern hybridized with a DIG-DCL2/4 cRNA probe. The upper panel shows the hybridization signal and the lower panel shows the loading control stained with ethidium bromide. The 72E line showed a dense hybridization signal. In panel (d), total RNAs (~10 µg), extracted from three transgenic lines and the control line were separated in 8M-urea 12% polyacrylamide gel, transferred to nylon membrane and northern hybridized with a DIG-DCL2/4 cRNA probe. The upper panel shows the hybridization signal and the lower panel shows the loading control stained with ethidium bromide. The 72E line showed two dense hybridization signals of the size ~21- and 24-nt.
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Figure S2. Primary symptoms associated with PSTVd infection in the DCL2/4i-72E and 82a Moneymaker tomato line. The arrows indicates mild leaf curling ~20 dpi.
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Figure S3. Northern-blot hybridization analysis to monitor the levels of PSTVd accumulation in DCL2/4i-51-6, 72E, and 82a lines. Total RNA extracted from the upper leaves of nine to ten individual tomato plants from each line at 2, 3, and 4 wpi was used to monitor the levels of PSTVd accumulation. PSTVd was detected in almost every inoculated plant, even at 2 wpi (10/10 plants infected in line EC, 8/10 in line 51-6, 10/10 in line 72E, and 9/9 in line 82a. One or two weeks later, all plants were infected.
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Figure S4. RT-qPCR analysis of endogenous SlDCL2b, 2c, and 2d mRNAs in line 72E and EC before or after infection of PSTVd.
Levels of SlDCL2d mRNA in line 72E before PSTVd-infection (H_72E) were significantly low comparing to those in line EC before PSTVd infection (H_EC), suggesting that endogenous SlDCL2d mRNA was also down-regulated in line 72E. The level was up-regulated a little after PSTVd-infection (PS_72E) but still low significantly. In contrast, levels of mRNAs of SlDCL2b and 2c were significantly low even in line EC bofore or after PSTVd-infection, therefore, it was not apparent whether they are different in line 72E before or after PSTVd-infection. The value with double asterisk (**; P < 0.01) and single asterisk (*; P < 0.05) were statisctically significant at 1% and 5% level compared to healthy EC line. The value with “a” (a; P < 0.05) were statistically significant at 5% level compared to PSTVd EC line.
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Figure S5. Histograms of the number of PSTVd-sRNA reads in 72E and EC (Emp in the figure). Five major PSTVd-sRNA size classes (i.e., 17, 21, 22, 23, and 24) were presented. The most abundant size class in line EC was 22-nt (50%), followed by 21-nt (36%), 24-nt (5%), and 23-nt (5%), however, the most abundant size class in line 72E, was 24-nt (53%), followed by 21-nt (23%), 17-nt (18%), 23-nt (4%), and 22-nt (3%).
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Figure S6. A comparison of hotspot pattern (size distribution and positive (+) / negative (–) ratio) of PSTVd-sRNAs of the size 17-nt, 21-nt, 22-nt, 23-nt, and 24-nt accumulated in the EC (a) and 72E (b) lines in this work, and in a similar analysis performed previously in Tsushima et al. [11]. Both of the analysis was performed by Hokkaido System Science Co., Ltd. (Sapporo, Japan) for small RNA sequence analysis (2Gb scale, paired end) using an Illumina HiSeq (Illumina, San Diego, CA, USA). Moneymaker tomato infected with PSTVd-intermediate was used in this work, and Rugers tomato infected with PSTVd-Intermediate and PSTVd-Dahlia was used in the previousl work. Nevertheless, the hotspot patterns seen in this work (a) was very similar to those in the earlier report (b and c), indicating a high degree of reproducibility among multiple deep sequencing analyses.
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Figure S7. In silico analysis of tomato miR398 and miR398a-3p target genes by psRNATarget software. 
Upper; The tomato miR398 sequence detected in this research was found to have a target sequence in tomato cytosolic Cu/Zn-SOD1 gene (SGN-U581590), which was the same to SlSOD1 and SlSOD2 by Feng et al. [66].
Middle; The tomato miR398a-3p sequence detected in this research was found to have a target sequence in tomato chloroplast-localized SOD2 gene (SGN-U583862-63), which was the same to SlSOD3 by Feng et al. [66].
Bottom; The tomato miR398 sequence detected in this research was also found to have a target sequence in tomato copper chaperon for SOD (CCS1) gene (SGN-U577152), which was the same to SlSOD4 by Feng et al. [66].
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miRNA398 and 398a-3p target prediction by psRNATarget analysis

miR398 vs Solanum lycoperisicum / Cu/Zn-SOD / cytosolic --- Identical to SISOD1 and SISOD2 by Feng et al., 2016.
Expect

TGTGTTCTCAGGTTACCCCTG SGN-U581590 3.0 NM_001247102, NM 001311084, X14040, M37150, KY348787

Alignment
miRNA398 21 GUCCCCAUUGGACUCUUGUGU 1

Target 131 URAGGGUGACCUGAGAUCACA 151

Target Description

Tomato 20060742 [168 ESTs aligned] (*GB) gil3334337|sp|Q43779|SODC2_SOLLC (e_value=6e-79) RecName:; (*ATH) AT1G08830.1 (e_value=6e-70) |
Symbol: None | superoxide dismutase (Cu-zn) (SODCC) / copper/zinc superoxide dismutase (CSD1), identical to SWISS-PROT: P24704 |
chrl:2827089-2829260 FORWARD | Aliases: F22013.32, F22013 32; (*SWP) sp|Q43779|SODC2_SOLLC (e_value=4e-80) Superoxide dismutase [Cu-zn] 2
0S=Solanum lycopersicum GN=SODCC.5 - - -

Inhibition: Cleavage

multiplicity: 1

miR398a-3p vs Solanum lycoperisicum / Cu/Zn-SOD / chloroplastic --- Identical to SISOD3 by Feng et al., 2016.

TATGTTCTCAGGTCGCCCCTG SGN-U583862-63 5.0 NM_001247840

Alignment
miRNA398a-3p 21 GUCCCCGCUGGACUCUU-GUAU 1

Target 359 UGCGGGUGACCUGGGARACAUA 380

Target Description

Tomato 200607#2 [2 ESTs aligned] (*GB) gi|33327349gb|AAQ09007.1| (e_value=2e-80) superoxidase dismutase [Lycopersicon esculentum]; (*ATH)
AT2G28190.1 (e_value=2e-67) | Symbol: None | superoxide dismutase (Cu-zn), chloroplast (SODCP) / copper/zinc superoxide dismutase (CSD2),
identical to GP:3273753:AF061519 | chr2:12021579-12023620 FORWARD | Aliases: F24D13.2, F24D13_2; (*SWP) sp|P14831|SODCP_SOLLC (e_value=2e-
81) Superoxide dismutase [Cu-Zn], chloroplastic OS=Solanum lycopersicum GN=SODCP.2

Inhibition: Cleavage

multiplicity: 1

miR398 vs Solanum lycoperisicum / cupper chaperon for Cu/Zn-SOD (CCS1) --- Identical to SISOD4 by Feng et al., 2016.
miRNA Acc. Target Acc. Expect

TGTGTTCTCAGGTTACCCCTG SGN-U577152 4.0 NM_001347085, BK319564, AF117707

Alignment
miRNA398 21 GUCCCCAUUGGACUCUUGUGU 1

Target 588 ACUCGGUGACCUGGGAACACU 608

Target Description

Tomato 200607#2 [3 ESTs aligned] (*GB) gil5759320|gb|AAD12307.2| (e_value=Se-126) putative copper/zinc superoxide dismutase copper
chaperone precursor [Lycopersicon esculentum]; (¥ATH) AT1G12520.1 (e_value=le-80) | Symbol: None | superoxide dismutase copper chaperone,
putative, similar to copper chaperone for superoxide dismutase (Homo sapiens) gi:2431868:gb:RACS1764 | chrl:4267104-4268890 REVERSE |
Rliases: F5011.26, FSOLl_26; (*SWP) sp|QEPWI7|CCS_PIG (e_value=5e-28) Copper chaperone for superoxide dismutase OS=Sus scrofa GN=CCS
Inhibition: Cleavage

Multiplicity: 1
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Name of Primer Sequence (5' - 3')

35S promoter primer

     forward AGGAAACAGCTATGACCATG

     reverse GAACTTCCTTATATAGAGGAAGG

actin primer 

     forward GCCATGCCCTTTTAAATGGC

     reverse CAGTTGGAGGGGACTGAATC

SLDCL1

     forward GCATAAGGAACGGGGTTGTA

     reverse ATCTCTTCCACCACGACCAC

SlDCL2a

     forward GCTCGGGACGAGACAAAATA

     reverse GGAAGGCACATCCAAACAGT

SlDCL2b

     forward GAATGTCCATCTAATGCTACTGAAC

     reverse AACGTGTCGTCTCACAAAGC

SlDCL2c

     forward TTGTTTGTGGAAACCAGCTAG

     reverse TCTTTCCAGAACCAGTCTCCA

SlDCL2d

     forward CAGGGCGTATTACTACGTTCAA

     reverse CAAGCCCTCTTCAAGAATCG

SlDCL3

     forward CGAAAAGCGCAAAAAGAAAC

     reverse CAGTGTGGCACATCAATTCC

SlDCL4

     forward GGAAGAGGTCGTAGAGCGATT

     reverse CACACCAATAACAGGCCACA

SlSOD1 (Feng et al., 2016)

     forward AACCTGGACTTCATGGCTTC

     reverse CCAGCAGGATTGTAATGTGG

SlSOD2 (Feng et al., 2016)

     forward AATCTCCGGGAACGATAGTG

     reverse AAGGCATGGATATGGAAAGC

SlSOD3 (Feng et al., 2016)

     forward CTCCTGGAGATGAAATCCGT

     reverse AAGTGCTCGTCCAACAACTG

SlSOD4 (Feng et al., 2016)

     forward CCTCCGATAATGGAGTCGTT

     reverse GGTTTGCAATTTGCTCTTGA

sl-miR398a-3p

     RT

GTCGTATCCAGTGCAGGGTCCGAGGTAT

TCGCACTGGATACGACCAGGGG

     forward GCCCTATGTTCTCAGGTCG

     reverse GTGCAGGGTCCGAGGT

     TaqMan probe (6-FAM)TGGATACGACCAGGGGGC (MGB)
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