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Fig. S1. Purification scheme of HF. (A) Hatching assay-guided purification and (B) UPLC-

MS/MS detection-based purification. 



Fig. S2. The concentration of HFs from potato hydroponic culture solution. (A) Schematic 

concentration process using Sepabeads SP207 resin. (B) HS activity of the methanol eluents from 

Sepabeads SP207 resin. The hatching assay was conducted with Globodera rostochiensis eggs. 

The assay results at two different dilution rates are shown. The values indicate the means of two 

biological replicates; white dots are individual measurements. 



Fig. S3. Liquid-phase extraction of HFs. (A) Schematic of liquid-phase extraction process. (B) HS 

activity of n-hexane, ethyl acetate, and aqueous phase. Hatching assay was conducted with 

Globodera rostochiensis eggs. The assay results at two different dilution rates are shown. The 

values indicate the means of two biological replicates; white dots are individual measurements. 



Fig. S4. The separation of HFs using ODS column chromatography. (A) Schematic of ODS 

column chromatography process. (B) HS activity of each separated fraction. Hatching assay was 

conducted with Globodera rostochiensis eggs. The assay results at two different dilution rates are 

shown. The values indicate the means of two biological replicates; white dots are individual 

measurements. 



Fig. S5. The separation of HFs using strong cation exchange (SCX) column chromatography. (A) 

Schematic of SCX column chromatography process. (B) HS activity of each separated fraction. 

The hatching assay was conducted with Globodera rostochiensis eggs. The assay results at two 

different dilution rates are shown. The values indicate the means of two biological replicates; white 

dots are individual measurements. 



Fig. S6. The separation of HFs using size exclusion column chromatography. HS activity of each 

separated fraction. The hatching assay was conducted with Globodera rostochiensis eggs. The 

assay results at two different dilution rates are shown. The values indicate the means of two 

biological replicates; white dots are individual measurements. 



Fig. S7. The separation of HFs using strong anion exchange (SAX) column chromatography. (A) 

Schematic of SAX column chromatography process. (B,C) HS activity of each separated fraction 

derived from Frs-fast (B) and Frs-late (C). Hatching assay was conducted with Globodera 

rostochiensis eggs. The assay results at two different dilution rates are shown. The values indicate 

the means of two biological replicates; white dots are individual measurements. 



Fig. S8. The separation of HFs in Fr-B using preparative NP-HPLC. (A) A chromatogram of UV 

absorbance at 270 nm. (B, C) HS activity of fractions collected at different retention times. The 

hatching assay was conducted with Globodera rostochiensis eggs. The hatching rates (%) are 

shown for two dilutions. Fractions were grouped and tested at first (B) and then each fraction 

around the Rt of 35–37.5 min was tested independently for HS activity (C). The assay results at 

two different dilution rates are shown. The values indicate the means of two biological replicates; 

white dots are individual measurements. 



Fig. S9. Separation of HFs in Fr-A is shown in Fig. 1B using preparative NP-HPLC. (A) A 

chromatogram of UV absorbance at 270 nm is shown. (B, C) HS activity of fractions collected 

during each retention time. The hatching assay was conducted with Globodera rostochiensis eggs. 

The hatching rates (%) are shown for two dilution series. First, fractions were grouped and tested 

(B) and then each fraction in the group of 36.5–41 min was observed for HS activity and tested

independently (C). The assay results at two different dilution rates are presented. The values

represent the means of two biological replicates, and white dots are individual measurements.



Fig. S10. UPLC analysis of Fr-A1. (A) Chromatograms of UV absorbance at 270 nm are shown. 

(B, C) Chromatograms obtained by positive (B) and negative (C) ESI mass spectrometry scan 

mode with the range of m/z 100–1100. (D, E) Positive and negative ESI mass spectra obtained at 

compound 1 (Rt 8.2 min) (D) and compound 2 (Rt 8.5 min) (E). 



Fig. S11. Method for detecting SEB using LC-MS/MS analysis. (A) Product ion spectra at 10, 30, 

and 50 eV are shown. (B) MRM chromatograms of Fr-A1. The MRM transition of m/z 501 > 429 

was selected. 







Fig. S12. (Continued) NMR spectra of solanoeclepin B (SEB) 



Fig. S13. Observed COSY (blue bold bond) and HMBC (red arrow) for SEB. 



Fig. S14. 1H chemical shifts and coupling constants of structurally related compounds. 



Fig. S15. MRM-LC-MS/MS analysis of the extract of tomato hairy roots. The extract was prepared 

with 100 mg and 1 g of FW tomato hairy roots, respectively. Fresh tomato hairy roots (100 mg or 

1 g) were extracted and purified with Oasis® MAX. 



Fig. S16. HS activity of extracts of various parts of the tomato. The hatching assay was conducted 

with Globodera rostochiensis eggs. The assay results at two different dilution rates are shown. The 

values indicate the means of five biological replicates; white dots are individual measurements. 



Fig. S17. Gene structures and target sites for CRISPR/Cas9-mediated genome editing. Each 

target region is shown by red letters. 



Fig. S18. Genotyping of sequences surrounding the target sites for CRISPR/Cas9-mediated gene 

disruption. WT; wild-type sequence. gRNA target sequences are indicated in red letters. The 

number of deleted and inserted and sequence frequencies in the cloned PCR products are 

indicated to the right of the sequence. 



Fig. S19. Analysis of candidate DOX gene-disrupted tomato hairy roots. (A) UPLC-MS/MS 

chromatograms of partially purified culture medium of vector control or candidate gene-

disrupted tomato hairy roots. (B) The hatching rate of Globodera rostochiensis eggs treated with 

partially purified culture medium of vector control (VC) or candidate gene-disrupted tomato 

hairy roots. The sample solutions were prepared at the same concentration as the original hairy 

root culture medium. The assay results at two different dilution rates are shown. Bars indicate the 

mean hatching rate induced by samples derived from each tomato hairy root lines. Error bars 

show the standard error (n = 3); white dots are individual measurements. 



Fig. S20. SEB production and growth rate of SOLA1–3-knockout tomato hairy roots. (A) After 2 

weeks of cultivation, the culture medium was collected and subjected to UPLC-MS/MS. 

Chromatograms were recorded in the MRM mode at m/z 501 > 429. Data are presented as the 

mean ± SE (n = 3 biologically independent flasks). (B) The fresh weight of hairy roots after 2 

weeks of culture. 



Fig. S21. Analysis of transcription levels of candidate genes analyzed by real-time quantitative 

RT-PCR in hairy roots treated with each phytohormone. Error bars represent means ± SE (n = 3 

biologically independent flasks). 



Fig. S22. Gene structures and target sites for CRISPR/Cas9-mediated genome editing. Each 

target region is shown by red letters. 



Fig. S23. Genotyping of sequences surrounding the target sites for CRISPR/Cas9-mediated gene 

disruption. WT; wild-type sequence. gRNA target sequences are indicated by red letters. The 

number of deleted and inserted and sequence frequencies in the cloned PCR products are indicated 

to the right of the sequence. 



Fig. S24. Analysis of candidate CYP gene-disrupted tomato hairy roots. (A) MRM-LC-MS/MS 

chromatograms of partially purified culture medium of vector control or candidate gene-

disrupted tomato hairy roots. (B) The hatching rate of Globodera rostochiensis eggs treated with 

partially purified culture medium of vector control (VC) or candidate gene-disrupted tomato 

hairy roots. Bars indicate the mean hatching rate induced by samples derived from each tomato 

hairy root line. Error bars indicate the standard error (n = 3); white dots are individual 

measurements. The sample solutions were prepared at the same concentration as the original 

hairy root culture medium. The numbers at the bottom of the graph indicate the dilution rate. 



Fig. S25. SEB production and growth rate of SOLA4- and SOLA3-knockout tomato hairy roots. 

(A) After 2 weeks of cultivation, the culture medium was collected and subjected to UPLC-

MS/MS. Chromatograms were recorded in the MRM mode at m/z 501 > 429. Data are presented

as the mean ± SE (n = 3 biologically independent flasks). (B) The fresh weight of hairy roots after

2 weeks of culture. Data are presented as the mean ± SE (n = 3 biologically independent flasks).



Fig. S26. Putative biosynthetic pathway of SEB and putative intermediates. 
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Fig. S27. Phylogenetic tree of the DOXC20 clade genes. The amino acid sequences of the 

DOXC20 genes were obtained from Solanum lycopersicum (Solyc_), S. tuberosum (Soltu.DM._), 

Glycine max (Glyma_), Phaseolus vulgaris (Phvul._), Arabidopsis thaliana (At_). The amino 

acid sequences of two DOXC41 genes, Sl16DOX and St16DOX, were used for the outgroups. A 

phylogenetic tree was generated using the maximum-likelihood method in MEGA X. Bootstrap 

values based on 1000 replicates are shown at the branching points 



Table S1. Ion formulas of HF-500 estimated by positive mode ESI-HRMS analysis. 

Table S2. Ion formulas of HF-500 estimated by negative mode ESI-HRMS analysis. 



Table S3. Assignments of 13C and 1H chemical shifts of SEB and synthetic SEA. 



Table S4. HS activities of SEA and SEB for Globodera rostochiensis eggs. 

Table S5. HS activities of SEA and SEB for Globodera pallida eggs. 



Table S6. List of tomato DOX genes specifically expressed in roots. 



Table S7. List of tomato CYP genes specifically expressed in roots. 



Table S8. Primer sequences used in this paper. 
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