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Abstract: 

Root parasitic plants can severely decrease global crop production. The germination of their 
seeds is induced by host root-derived strigolactones (SLs). Considering this unique germination 
system, a “suicidal germination” method has been proposed to control root parasitic plants. 
However, this method requires the cost-effective production of germination inducers. In this 5 
study, we determined that jasmonates and SLs can synergistically induce the seed germination of 
root parasitic plants (Orobanche minor and Striga hermonthica). Biochemical analyses indicated 
that jasmonates and SLs cooperatively activate multiple divergent KARRIKIN INSENSITIVE 2 
receptors. Our findings have elucidated the host recognition systems associated with these highly 
duplicated promiscuous receptors, with potential implications for developing a new strategy to 10 
protect crops against root parasitic plants. 
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Main Text: 
Root parasitic plants obtain water and nutrients from host plants via their xylem tissue, which 

is connected to the host vasculature. Parasitic plants in the family Orobanchaceae, such as Striga 
and Orobanche spp., cause significant crop losses worldwide and threaten food security (1). 
Their seeds remain dormant for decades in soil, but they can germinate if exposed to host root-5 
derived small molecules, namely strigolactones (SLs), which are biosynthesized as plant 
hormones and rhizosphere signaling molecules for arbuscular mycorrhizal symbiosis (2–5). 
Although unique germination system is essential for initiating their lifecycle near the 
indispensable host plants, it leads to the development of an effective strategy, which is called 
“suicidal germination”, to control root parasitic plants. Thus, root parasitic plants may be 10 
eliminated from infested fields by artificially inducing the germination of their seeds in the 
absence of host plants using germination-inducing compounds, including SL-like molecules. 
However, the feasibility of this approach is restricted by the difficulty of producing germination 
inducers in sufficient quantities. 

A fermentation-based method for the quantitative production of the plant hormone gibberellin 15 
(GA) was developed using Gibberella fujikuroi, a GA-producing phytopathogen (6). Recently, 
Exiguobacterium R2567 was revealed to produce cyclo(Leu-Pro), which is a compound with SL-
like activity that can regulate the number of tillers in rice plants (7). Considering there are many 
reports describing bacteria and fungi that can produce plant hormones or their mimics, we 
speculated that microorganism metabolites may include SLs or molecules with the same activity, 20 
making them potentially useful for inducing suicidal germination (8). 

 

Identification of fungal metabolites that can induce seed germination 

We first screened a few fungal species owned in our laboratory for fungi that produce 
compounds that can induce the germination of Orobanche minor seeds. We observed that G. 25 
fujikuroi culture extracts induced the germination of O. minor seeds similar to rac-GR24, which 
is a synthetic SL analog (Fig. 1A). Next, on the basis of germination assay results, active 
compounds were purified from G. fujikuroi culture extracts using a series of column 
chromatography, which yielded the final active fractions Fr. A2A4, Fr. A2A6, Fr. A2A7/A2A8, 
and Fr. B1B1A (Fig. 1B, figs. S1 to S9). An LC-MS/MS analysis of each active fraction detected 30 
several jasmonates, which are plant hormones involved in defense responses, in all active 
fractions (9). To determine the chemical structure of these compounds, we synthesized authentic 
standards of several jasmonates predicted according to chemical formulae. By comparing the 
retention time and MS/MS spectrum of purified compounds with those of authentic standards, 
we determined that Fr. A2A4 contained (−)-jasmonoyl-L-valine ((−)-JA-Val) (fig. S10). 35 
Additionally, (+)-4,5-didehydro-jasmonoyl-L-isoleucine ((+)-4,5-ddh-JA-Ile) and its isomers 
were detected in Fr. A2A6 (fig. S11), whereas (−)-jasmonoyl-L-Ile ((−)-JA-Ile) was detected in 
Fr. A2A7/A2A8 (fig. S12). A precursor of jasmonic acid (JA), namely cis-OPDA, was detected 
in Fr. B1B1A (fig. S13). Jasmonate production by G. fujikuroi and related species has been 
described in several papers (10). To verify the germination-inducing effects of jasmonates on O. 40 
minor seeds, we performed a germination assay using chemically synthesized or commercially 
available jasmonates. Assay results showed that in addition to (±)-JA and (±)-methyl jasmonate 
((±)-MeJA), which have been reported to induce O. minor seed germination (11), other 
jasmonates can induce the germination of O. minor seeds (Fig. 1C). Although the potency of 
jasmonates was substantially lower than that of rac-GR24, cis-OPDA exhibited the highest 45 
germination-inducing activity among the tested jasmonates (Fig. 1C). We also observed that 
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1,000 μM cis-OPDA and (−)-JA-Val weakly, but significantly, induced Striga hermonthica seed 
germination (Fig. 1C). The strong bioactivity of coronatine, a bacterial phytotoxin mimicking the 
structure of a bioactive jasmonate, (3R, 7S)-JA-Ile, is associated with the co-receptors 
CORONATINE INSENSITIVE 1 (COI1) and JASMONATE ZIM DOMAIN (JAZ) (12, 13). 
However, O. minor seed germination was weakly induced by coronatine (fig. S14A and B). 5 
Considering the relatively weak effect of coronatine, the jasmonate-induced germination of root 
parasitic plant seeds may be mediated by a pathway other than the typical jasmonate signaling 
pathway. Jasmonates inhibit seed germination of several plant species in concert with a 
germination inhibiting plant hormone, abscisic acid (ABA) (14, 15). Conversely, it is intriguing 
that jasmonates induce root parasitic weed seed germination. 10 

 

Synergistic effects of SLs and jasmonates on root parasitic plant seed germination 

In some cases, combining two different chemical compounds with the same bioactivity can 
lead to additive or synergistic effects (16). Therefore, we tested whether SLs and jasmonates can 
synergistically affect O. minor seed germination. Notably, when O. minor seeds were co-treated 15 
with rac-GR24 and jasmonates at concentrations that resulted in very low germination rates 
when these compounds were applied alone, seed germination was strongly induced, reflecting 
the potential synergistic effects of rac-GR24 and jasmonates (Fig. 2A). Similarly, rac-GR24 and 
jasmonates synergistically induced the germination of S. hermonthica seeds (Fig. 2A). To 
quantitatively evaluate these synergistic effects, we performed an O. minor seed germination 20 
assay using a wide range of jasmonate concentrations with and without 50 pM rac-GR24. A low 
concentration of rac-GR24 substantially enhanced the germination-inducing activity of all three 
jasmonates (Fig. 2B). The EC50 values of cis-OPDA, (±)-JA, and (−)-JA-Ile decreased 
significantly when 50 pM rac-GR24 was included (cis-OPDA: 0.98 μM to 0.011 μM; (±)-JA: 
>100 μM to 0.22 μM; (−)-JA-Ile: 55.4 μM to 0.72 μM) (Fig. 2B). Similarly, the EC50 value of 25 
rac-GR24 was 200-fold lower in the presence of 100 nM cis-OPDA than in the absence of cis-
OPDA (Fig. 2C). In terms of the utility of jasmonates for enhancing the suicidal germination-
inducing effects of SLs, cost-effective and environmentally friendly compounds should be used. 
Thus, we evaluated the activity of Jasmomate, which is a commercially available plant growth 
regulator containing propyldihydrojasmonate as the active ingredient. The application of 30 
Jasmomate induced germination, but it also increased the effects of rac-GR24 on O. minor seed 
germination (Fig. 2D, fig. S15A and B). Similarly, Jasmomate increased the effects of rac-GR24 
on S. hermonthica seed germination, but it had no effect when applied alone (Fig. 2E, fig. S15). 
Notably, the activity of sphynolactone-7 (SPL-7), which is the most potent inducer of S. 
hermonthica seed germination, was also enhanced by Jasmomate (Fig. 2E) (17). These results 35 
highlight the effectiveness of jasmonates to amplify the effects of SLs on suicidal germination. 

 

The mechanism of jasmonate perception as a germination signal. 

SLs were reported to be perceived by DWARF14 (D14) when they act as plant hormones 
(18–21). D14 has a closely related homolog called KARRIKIN INSENSITIVE2 (KAI2), which 40 
is an orphan receptor highly conserved in land plants (22–24). Root parasitic plants possess a 
uniquely diverged clade of KAI2, namely KAI2d, some of which have been shown to act as the 
SL receptors in their seed germination step (25–29). In addition to SLs, other host root-derived 
molecules such as sesquiterpene lactones (STLs) and isothiocyanates (ITCs) were reported to 
induce root parasitic plants germination and such non-SL type compounds are also reportedly 45 
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perceived by KAI2d (28, 29). On the basis of the broad range of ligands for KAI2ds and the 
weak effects of coronatine, we hypothesized that jasmonates induce root parasitic plant seed 
germination via KAI2d rather than through the COI1–JAZ pathway. According to an earlier 
genomic analysis, O. minor has 11 copies of KAI2d (30). We selected four KAI2ds 
(OmKAI2d3/4/9/10) based on phylogenetic diversity and the availability of soluble recombinant 5 
proteins. We previously functionally characterized OmKAI2d1–OmKAI2d5, and identified 
OmKAI2d3/4 as the SL receptor (29). We conducted differential scanning fluorimetry and GR24 
hydrolysis assays, which indicated that the newly identified OmKAI2d9/10 can bind to and 
hydrolyze SLs similar to the previously characterized OmKAI2d3/4 (fig. S16A and B) (29, 31). 
Next, to determine whether cis-OPDA can interact directly with OmKAI2d3/4/9/10, fluorescein-10 
labeled cis-OPDA (OPDA-PEG3-FL) was synthesized for a fluorescence polarization (FP) assay 
(Fig. 3A). We confirmed that OPDA-PEG3-FL and cis-OPDA have the same germination-
inducing activities (Fig. 3B). In the FP assay, binding signals increased when OmKAI2d3/4/9 
was incubated with OPDA-PEG3-FL, with KD values of approximately 50 μM (Fig. 3C). The 
binding signals for OmKAI2d3/4/9 clearly decreased when unlabeled cis-OPDA was added, 15 
confirming the specificity of these interactions (Fig. 3D). The interaction between cis-OPDA and 
OmKAI2d3 was further verified by isothermal titration calorimetry, which revealed a moderate 
binding affinity (KD = 19.8 μM) (fig. S17). FP competition assays also showed that (−)-JA-Ile 
slightly inhibited the binding of OPDA-PEG3-FL to OmKAI2d3/4/9 (Fig. 3D), consistent with 
its weak germination-inducing activity. In addition, rac-GR24 did not disrupt the binding 20 
between OPDA-PEG3-FL and OmKAI2d3/9, but it weakly inhibited the binding to OmKAI2d4 
(Fig. 3D). These results suggest that cis-OPDA and possibly other jasmonates can bind to 
OmKAI2d3/9 at unknown allosteric sites. 

During the germination of root parasitic plant seeds, the SL signaling pathway is triggered by 
the proteasomal degradation of the repressor protein SUPPRESSOR OF MAX2 1 (SMAX1) 25 
after a complex comprising SMAX1, KAI2d, and the E3 ubiquitin ligase machinery including an 
F-box protein, MORE AXILLARY GROWTH (MAX2), is formed (32). Thus, we investigated 
whether jasmonates induce protein–protein interactions (PPIs) involving the SL signaling 
components. We recently developed a method for monitoring the ligand-induced KAI2d–
SMAX1 interaction on the basis of time-resolved Förster resonance energy transfer (TR-FRET) 30 
(33). We found that cis-OPDA and (−)-JA-Ile as well as rac-GR24 increased the TR-FRET 
signals resulting from the interaction between OmKAI2d3/4 and the OmSMAX1-D1M domain 
(OmSMAX1D1M), which is important for the ligand-induced interaction of SMAX1 with KAI2 
(Fig. 3E) (34). Interestingly, although rac-GR24 weakly increased TR-FRET signals resulting 
from the interaction between OmKAI2d9/10 and OmSMAX1D1M, cis-OPDA and (−)-JA-Ile 35 
significantly increased PPI signals (Fig. 3E). Pull-down assay results reflected the potency of the 
effects of cis-OPDA as well as rac-GR24 on the interaction between OmKAI2d3/9 and 
OmSMAX1D1M (Fig. 3F). We also observed that the OmKAI2d3–OmMAX2 interaction tended 
to be facilitated by cis-OPDA in addition to rac-GR24 (Fig. 3G). The interaction between 
OmKAI2d9 and OmMAX2 was promoted by both cis-OPDA and rac-GR24 (Fig. 3G). 40 
Considered together, these results suggest that jasmonates induce root parasitic plant seed 
germination by promoting the SL signaling complex formation. Notably, jasmonates and rac-
GR24 differed in terms of their targeted KAI2d–OmSMAX1D1M complexes under our TR-FRET 
assay conditions. Thus, combining rac-GR24 and jasmonates may activate diverse duplicated 
KAI2d proteins. This may be the mechanism underlying the synergistic germination-inducing 45 
effects of SLs and jasmonates. 
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Synergistic activation of OmKAI2ds by SLs and jasmonates 

According to FP competition assays, we noticed that rac-GR24 progressively increased the 
signals corresponding to the binding between OPDA-PEG3-FL and all tested OmKAI2d proteins 
over time (Fig. 4A). We also determined that OmKAI2d3S95A, which is a non-functional 
OmKAI2d3 lacking the catalytic serine residue, was still able to bind to cis-OPDA, but impaired 5 
the rac-GR24-induced increase in FP signals (fig. S18). On the basis of these results and the 
reactivity of the electrophilic enone moiety of cis-OPDA, we hypothesized that OPDA-PEG3-FL 
covalently binds to OmKAI2d proteins with an altered conformation due to SL binding (35, 36). 
To test this hypothesis, we performed a non-reducing SDS-PAGE analysis of OmKAI2d3 
incubated with OPDA-PEG3-FL in the presence of either the highly active isomer (+)-GR24 or 10 
the weakly active isomer (−)-GR24 (37). The fluorescence of the band corresponding to 
OmKAI2d3 modified by OPDA-PEG3-FL increased in the presence of (+)-GR24, but decreased 
in the presence of unlabeled cis-OPDA (Fig. 4B). These results demonstrate that OPDA-PEG3-
FL covalently binds to OmKAI2d3 through a process facilitated by (+)-GR24. Consistent with 
FP assay results, the covalent binding of OPDA-PEG3-FL to OmKAI2d3S95A was not enhanced 15 
by (+)-GR24 (Fig. 4B). These observations imply that SL-induced conformational changes to 
OmKAI2d proteins enable the covalent binding of cis-OPDA (Fig. 4C). 

We subsequently investigated whether rac-GR24 and cis-OPDA cooperatively induce 
signaling complex formation. In TR-FRET assays involving OmKAI2d3/4/9/10 and 
OmSMAX1D1M, the EC50 values of cis-OPDA decreased in the presence of 10 µM rac-GR24 20 
than in the absence of rac-GR24, implying that SLs enhance the effects of cis-OPDA on PPIs 
(Fig. 4D). However, the EC50 values of rac-GR24 for the formation of the OmKAI2d3/4–
OmSMAX1D1M complex increased slightly in the presence of cis-OPDA, while cis-OPDA 
increased the maximum values of rac-GR24-induced TR-FRET signals (Fig. 4E). Interestingly, 
the presence of both rac-GR24 and cis-OPDA significantly increased TR-FRET signals for 25 
OmKAI2d9/10–OmSMAX1D1M pairs, resulting in clear sigmoidal curves (OmKAI2d9–
OmSMAX1D1M: EC50 for rac-GR24 = 0.24 μΜ; OmKAI2d10–OmSMAX1D1M: EC50 for rac-
GR24 = 0.62 μM), whereas rac-GR24 alone modestly increased TR-FRET signals (Fig. 4E). In 
addition, kinetic analyses indicated that OPDA-induced signals for the OmKAI2d9–
OmSMAX1D1M pair increased more quickly in the presence of rac-GR24 than in its absence (fig. 30 
S19). By contrast, rac-GR24 had relatively little effect on the PPI-inducing activity of (−)-JA-Ile 
(compared with the effects of cis-OPDA) (fig. S20A and B). Thus, biochemical assay results 
suggest that SLs and jasmonates activate OmKAI2ds through different binding sites and 
eventually induce the formation of the OmKAI2ds–OmSMAX1 complex in a synergistic manner. 
The cooperative activation of individual OmKAI2ds likely contributes to the synergistic 35 
germination-inducing effects of SLs and jasmonates.  

 

Enhanced sensitivity of root parasitic plants to SL due to host root-derived jasmonates 

Given that jasmonates, especially MeJA, act as signaling molecules that mediate plant 
interactions with other plants and microbes, we hypothesized that root parasitic plants may use 40 
root-derived jasmonates as signals for enhancing the sensitivity to SLs during germination (38, 
39). However, little is known about the exudation of non-volatile jasmonates, including cis-
OPDA, JA, and JA-Ile (40). Considering jasmonate biosynthesis is induced by mechanical 
wounding or microbial elicitors, jasmonates are expected to be secreted from roots into the 
rhizosphere under such conditions (41). Thus, we examined whether treating rice plants in a 45 
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hydroponic culture system with chitin oligosaccharides (COs) can trigger the exudation of non-
volatile jasmonates from the roots. A COs treatment significantly promoted the exudation of cis-
OPDA, JA, and JA-Ile in a CHITIN ELICITOR RECEPTOR KINASE1 (CERK1)-dependent 
manner (Fig. 5A, B) (42, 43). Next, we analyzed the effects of the root exudates of treated rice 
plants on O. minor seed germination. To specifically examine the enhancer activity of root 5 
exudates (i.e., not the germination-inducing effects of SLs in root exudates), we used the SL-
deficient mutant dwarf 10 (d10) grown under phosphate-sufficient conditions (4, 44). The results 
indicated that root exudates from treated d10 plants enhanced rac-GR24-induced germination 
more effectively than root exudates from untreated plants; these findings were in accordance 
with jasmonate levels (Fig. 5B, fig. S21A). Accordingly, COs increased the amount of SL 10 
enhancers produced by d10. To assess the contribution of jasmonates, we compared SL enhancer 
activities between wild-type plants and a coleoptile photomorphogenesis 2 (cpm2) mutant 
lacking ALLENE OXIDE CYCLASE, the key enzyme for cis-OPDA formation (45). Consistent 
with the impaired jasmonate biosynthesis of cpm2, SL enhancer activities and related elicitor 
effects were undetectable in cpm2 root exudates, but they were observed in wild-type root 15 
exudates (Fig. 5C, fig. S21B). These results suggest that root parasitic plants exploit elicitor-
induced jasmonates exuded from host roots to enhance SL activities during the host recognition 
process (Fig. 5D). 

 

Discussion 20 
We determined that jasmonates stimulate root parasitic plant seed germination by activating 

KAI2d proteins, possibly reflecting the promiscuity of these receptors. Recent studies 
demonstrated that D14 can recognize some compounds with structures that differ from those of 
SLs, including cyclodipeptide (7) and zaxinone (46). Moreover, considering that KAI2d can 
interact with ITCs or STLs, the observed promiscuity might be a common characteristic of 25 
KAI2d/D14 receptor family members. Such a feature of parasitic plant KAI2d proteins may be 
conducive to effective host recognition because it enables the detection of SLs as well as other 
host-derived compounds. This ligand diversification may be enhanced by receptor duplications 
in root parasitic plants. 

We also observed that jasmonates and SLs can synergistically induce O. minor and S. 30 
hermonthica seed germination. On the basis of biochemical data, we propose the following two 
mechanisms underlying the synergistic effects of jasmonates and SLs: (i) activation of diverse 
and highly duplicated KAI2d proteins; (ii) synergistic activation of individual OmKAI2d 
proteins through an allosteric mechanism (fig. S22). To the best of our knowledge, this is the 
first report on the allosteric regulatory system of plant hormone receptors for two different 35 
hormones. 

Combining chemical treatments is a promising strategy to increase efficacy, thereby 
preventing the emergence of resistant organisms, while also decreasing the side effects of the 
applied chemicals (16). Earlier attempts to develop highly potent SL analogs resulted in the 
identification of SPL-7 as a suicidal germination inducer, even at femtomolar concentrations; 40 
however, methods involving combined chemical treatments have not been considered (17). 
Notably, our study demonstrated the effectiveness of combining SLs and jasmonates to 
synergistically induce O. minor and S. hermonthica seed germination. As mentioned above, 
jasmonates were produced by several fungi at levels greater than those generated by plants. Thus, 
fermentation-based jasmonate production using such fungi may be relevant to the large-scale 45 
preparation of SL enhancers. Furthermore, we demonstrated that a commercially available 
agrochemical, Jasmomate, can increase the efficacy of rac-GR24 and SPL-7. The strong 
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synergism between these two phytohormones may be exploited to develop an effective method 
for eliminating root parasitic plants. 

The exudation of SLs from roots is strongly enhanced under nutrient-deficient conditions (47). 
The seed germination of Phelipanche ramosa, an obligate root parasitic plant, is induced by SLs 
as well as Brassica-specific ITCs biosynthesized as defense-related compounds in response to 5 
herbivore attack (48). Furthermore, we revealed that elicitor-induced jasmonates secreted by rice 
roots can increase the sensitivity of O. minor seeds to SL. Accordingly, by detecting stress-
induced chemicals, root parasitic plants may recognize plants under such stress conditions as 
better hosts than healthy plants. However, additional studies are required to determine whether 
root parasitic plants benefit from targeting stressed plants. Our findings suggest that the 10 
duplication of KAI2d genes enabled root parasitic plants to recognize molecules other than SLs 
possibly by increasing ligand diversity. The host root secretes various chemicals into the 
rhizosphere, but root exudate chemical compositions fluctuate in response to environmental 
factors. The synergistic effects of SLs and jasmonates imply that root parasitic plants may 
increase the likelihood they detect a suitable host by sensing SLs as well as other chemicals 15 
using highly duplicated and promiscuous KAI2d receptors. 

 

 

References and Notes 

1.  C. Parker, Observations on the current status of Orobanche and Striga problems worldwide. 20 
Pest Manag. Sci. 65, 453–459 (2009). 

2.  C. E. Cook, L. P. Whichard, B. Turner, M. E. Wall, G. H. Egley, Germination of Witchweed 
(Striga lutea Lour.): Isolation and Properties of a Potent Stimulant. Science 154, 1189–1190 
(1966). 

3.  K. Akiyama, K.-I. Matsuzaki, H. Hayashi, Plant sesquiterpenes induce hyphal branching in 25 
arbuscular mycorrhizal fungi. Nature 435, 824–827 (2005). 

4.  M. Umehara, A. Hanada, S. Yoshida, K. Akiyama, T. Arite, N. Takeda-Kamiya, H. Magome, 
Y. Kamiya, K. Shirasu, K. Yoneyama, J. Kyozuka, S. Yamaguchi, Inhibition of shoot 
branching by new terpenoid plant hormones. Nature 455, 195–200 (2008). 

5.  V. Gomez-Roldan, S. Fermas, P. B. Brewer, V. Puech-Pagès, E. A. Dun, J.-P. Pillot, F. 30 
Letisse, R. Matusova, S. Danoun, J.-C. Portais, H. Bouwmeester, G. Bécard, C. A. 
Beveridge, C. Rameau, S. F. Rochange, Strigolactone inhibition of shoot branching. Nature 
455, 189–194 (2008). 

6.  M. A. Darken, A. L. Jensen, P. Shu, Production of gibberellic acid by fermentation. Appl. 
Microbiol. 7, 301–303 (1959). 35 

7.  J. Zhang, B. Wang, H. Xu, W. Liu, J. Yu, Q. Wang, H. Yu, J.-W. Wei, R. Dai, J. Zhou, Y. 
He, D. Zou, J. Yang, X. Ban, Q. Hu, X. Meng, Y.-X. Liu, B. Wang, B. Hu, M. Wang, P. Xin, 
J. Chu, C. Li, R. Garrido-Oter, P. Yu, A. D. J. van Dijk, L. Dong, H. Bouwmeester, S. Gao, 
A. Huang, C. Chu, J. Li, Y. Bai, Root microbiota regulates tiller number in rice. Cell 0 
(2025). 40 

8.  E. A. Tsavkelova, S. Y. Klimova, T. A. Cherdyntseva, A. I. Netrusov, Microbial producers of 
plant growth stimulators and their practical use: A review. Appl. Biochem. Microbiol. 42, 
117–126 (2006). 

.CC-BY 4.0 International licenseavailable under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 31, 2025. ; https://doi.org/10.64898/2025.12.31.697154doi: bioRxiv preprint 

https://doi.org/10.64898/2025.12.31.697154
http://creativecommons.org/licenses/by/4.0/


 

9 
 

9.  H. Tsugawa, K. Ikeda, M. Takahashi, A. Satoh, Y. Mori, H. Uchino, N. Okahashi, Y. 
Yamada, I. Tada, P. Bonini, Y. Higashi, Y. Okazaki, Z. Zhou, Z.-J. Zhu, J. Koelmel, T. 
Cajka, O. Fiehn, K. Saito, M. Arita, M. Arita, A lipidome atlas in MS-DIAL 4. Nat. 
Biotechnol. 38, 1159–1163 (2020). 

10.  F. Eng, J. E. Marin, K. Zienkiewicz, M. Gutiérrez-Rojas, E. Favela-Torres, I. Feussner, 5 
Jasmonic acid biosynthesis by fungi: derivatives, first evidence on biochemical pathways and 
culture conditions for production. PeerJ 9, e10873 (2021). 

11.  K. Yoneyama, M. Ogasawara, Y. Takeuchi, M. Konnai, Y. Sugimoto, H. Seto, S. Yoshida, 
Effect of Jasmonates and Related Compounds on Seed Germination of Orobanche minor 
Smith and Striga hermonthica (Del.) Benth. Biosci. Biotechnol. Biochem. 62, 1448–1450 10 
(1998). 

12.  S. Fonseca, A. Chini, M. Hamberg, B. Adie, A. Porzel, R. Kramell, O. Miersch, C. 
Wasternack, R. Solano, (+)-7-iso-Jasmonoyl-L-isoleucine is the endogenous bioactive 
jasmonate. Nat. Chem. Biol. 5, 344–350 (2009). 

13.  L. Katsir, A. L. Schilmiller, P. E. Staswick, S. Y. He, G. A. Howe, COI1 is a critical 15 
component of a receptor for jasmonate and the bacterial virulence factor coronatine. 
Proceedings of the National Academy of Sciences 105, 7100–7105 (2008). 

14.  J. Pan, Y. Hu, H. Wang, Q. Guo, Y. Chen, G. A. Howe, D. Yu, Molecular Mechanism 
Underlying the Synergetic Effect of Jasmonate on Abscisic Acid Signaling during Seed 
Germination in Arabidopsis. Plant Cell 32, 3846–3865 (2020). 20 

15.  L. Ju, Y. Jing, P. Shi, J. Liu, J. Chen, J. Yan, J. Chu, K.-M. Chen, J. Sun, JAZ proteins 
modulate seed germination through interaction with ABI5 in bread wheat and Arabidopsis. 
New Phytol. 223, 246–260 (2019). 

16.  J. Jia, F. Zhu, X. Ma, Z. Cao, Z. W. Cao, Y. Li, Y. X. Li, Y. Z. Chen, Mechanisms of drug 
combinations: interaction and network perspectives. Nat. Rev. Drug Discov. 8, 111–128 25 
(2009). 

17.  D. Uraguchi, K. Kuwata, Y. Hijikata, R. Yamaguchi, H. Imaizumi, S. Am, C. Rakers, N. 
Mori, K. Akiyama, S. Irle, P. McCourt, T. Kinoshita, T. Ooi, Y. Tsuchiya, A femtomolar-
range suicide germination stimulant for the parasitic plant Striga hermonthica. Science 362, 
1301–1305 (2018). 30 

18.  C. Hamiaux, R. S. M. Drummond, B. J. Janssen, S. E. Ledger, J. M. Cooney, R. D. 
Newcomb, K. C. Snowden, DAD2 is an α/β hydrolase likely to be involved in the perception 
of the plant branching hormone, strigolactone. Curr. Biol. 22, 2032–2036 (2012). 

19.  Y. Seto, R. Yasui, H. Kameoka, M. Tamiru, M. Cao, R. Terauchi, A. Sakurada, R. Hirano, 
T. Kisugi, A. Hanada, M. Umehara, E. Seo, K. Akiyama, J. Burke, N. Takeda-Kamiya, W. 35 
Li, Y. Hirano, T. Hakoshima, K. Mashiguchi, J. P. Noel, J. Kyozuka, S. Yamaguchi, 
Strigolactone perception and deactivation by a hydrolase receptor DWARF14. Nat. Commun. 
10, 191 (2019). 

20.  K. Mashiguchi, Y. Seto, S. Yamaguchi, Strigolactone biosynthesis, transport and 
perception. Plant J. 105, 335–350 (2021). 40 

21.  R. Yao, Z. Ming, L. Yan, S. Li, F. Wang, S. Ma, C. Yu, M. Yang, L. Chen, L. Chen, Y. Li, 
C. Yan, D. Miao, Z. Sun, J. Yan, Y. Sun, L. Wang, J. Chu, S. Fan, W. He, H. Deng, F. Nan, 

.CC-BY 4.0 International licenseavailable under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 31, 2025. ; https://doi.org/10.64898/2025.12.31.697154doi: bioRxiv preprint 

https://doi.org/10.64898/2025.12.31.697154
http://creativecommons.org/licenses/by/4.0/


 

10 
 

J. Li, Z. Rao, Z. Lou, D. Xie, DWARF14 is a non-canonical hormone receptor for 
strigolactone. Nature 536, 469–473 (2016). 

22.  M. T. Waters, D. C. Nelson, A. Scaffidi, G. R. Flematti, Y. K. Sun, K. W. Dixon, S. M. 
Smith, Specialisation within the DWARF14 protein family confers distinct responses to 
karrikins and strigolactones in Arabidopsis. Development 139, 1285–1295 (2012). 5 

23.  L.-H. Zhao, X. E. Zhou, Z.-S. Wu, W. Yi, Y. Xu, S. Li, T.-H. Xu, Y. Liu, R.-Z. Chen, A. 
Kovach, Y. Kang, L. Hou, Y. He, C. Xie, W. Song, D. Zhong, Y. Xu, Y. Wang, J. Li, C. 
Zhang, K. Melcher, H. E. Xu, Crystal structures of two phytohormone signal-transducing α/β 
hydrolases: karrikin-signaling KAI2 and strigolactone-signaling DWARF14. Cell Res. 23, 
436–439 (2013). 10 

24.  C. E. Conn, D. C. Nelson, Evidence that KARRIKIN-INSENSITIVE2 (KAI2) Receptors 
may Perceive an Unknown Signal that is not Karrikin or Strigolactone. Front. Plant Sci. 6, 
1219 (2015). 

25.  Y. Tsuchiya, M. Yoshimura, Y. Sato, K. Kuwata, S. Toh, D. Holbrook-Smith, H. Zhang, P. 
McCourt, K. Itami, T. Kinoshita, S. Hagihara, PARASITIC PLANTS. Probing strigolactone 15 
receptors in Striga hermonthica with fluorescence. Science 349, 864–868 (2015). 

26.  S. Toh, D. Holbrook-Smith, P. J. Stogios, O. Onopriyenko, S. Lumba, Y. Tsuchiya, A. 
Savchenko, P. McCourt, Structure-function analysis identifies highly sensitive strigolactone 
receptors in Striga. Science 350, 203–207 (2015). 

27.  C. E. Conn, R. Bythell-Douglas, D. Neumann, S. Yoshida, B. Whittington, J. H. Westwood, 20 
K. Shirasu, C. S. Bond, K. A. Dyer, D. C. Nelson, PLANT EVOLUTION. Convergent 
evolution of strigolactone perception enabled host detection in parasitic plants. Science 349, 
540–543 (2015). 

28.  A. de Saint Germain, A. Jacobs, G. Brun, J.-B. Pouvreau, L. Braem, D. Cornu, G. Clavé, E. 
Baudu, V. Steinmetz, V. Servajean, S. Wicke, K. Gevaert, P. Simier, S. Goormachtig, P. 25 
Delavault, F.-D. Boyer, A Phelipanche ramosa KAI2 protein perceives strigolactones and 
isothiocyanates enzymatically. Plant Commun 2, 100166 (2021). 

29.  S. Takei, Y. Uchiyama, M. Bürger, T. Suzuki, S. Okabe, J. Chory, Y. Seto, A divergent 
clade KAI2 protein in the root parasitic plant Orobanche minor is a highly sensitive 
strigolactone receptor and is involved in the perception of sesquiterpene lactones. Plant Cell 30 
Physiol. 64, 996–1007 (2023). 

30.  M. Bürger, C. F. Soco, M. A. García, Y. Seto, A. Leyva, Three Orobanche genomes reveal 
distinct molecular repertoires in species with different host ranges. Plant Cell Physiol., doi: 
10.1093/pcp/pcaf047 (2025). 

31.  K. Kawada, I. Takahashi, S. Takei, A. Nomura, Y. Seto, K. Fukui, T. Asami, The 35 
evaluation of debranone series strigolactone agonists for germination stimulants in 
Orobanche species. J. Agric. Food Chem., doi: 10.1021/acs.jafc.4c05797 (2024). 

32.  D. C. Nelson, The mechanism of host-induced germination in root parasitic plants. Plant 
Physiol. 185, 1353–1373 (2021). 

33.  T. Suzuki, K. Nishiyama, Y. Kato, C. Shinkai, T. Ishikawa, J. Robertlee, M. Kuruma, S. 40 
Hagihara, M. Bürger, K. Fukui, T. Asami, Y. Seto, In vitro dynamic and quantitative 

.CC-BY 4.0 International licenseavailable under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 31, 2025. ; https://doi.org/10.64898/2025.12.31.697154doi: bioRxiv preprint 

https://doi.org/10.64898/2025.12.31.697154
http://creativecommons.org/licenses/by/4.0/


 

11 
 

monitoring of strigolactone�signaling complex formation by time�resolved FRET. Plant J. 
124 (2025). 

34.  A. Khosla, N. Morffy, Q. Li, L. Faure, S. H. Chang, J. Yao, J. Zheng, M. L. Cai, J. Stanga, 
G. R. Flematti, M. T. Waters, D. C. Nelson, Structure-Function Analysis of SMAX1 Reveals 
Domains That Mediate Its Karrikin-Induced Proteolysis and Interaction with the Receptor 5 
KAI2. Plant Cell 32, 2639–2659 (2020). 

35.  M. Knieper, L. Vogelsang, T. Guntelmann, J. Sproß, H. Gröger, A. Viehhauser, K.-J. Dietz, 
OPDAylation of Thiols of the Redox Regulatory Network In Vitro. Antioxidants (Basel) 11 
(2022). 

36.  Y. Nishizato, Y. Muraoka, M. Morikawa, R. Saito, T. Kaji, M. Ueda, Identification of 10 
“modified OPDA (mo-OPDA)” as a Michael adduct of cis-OPDA. Biosci. Biotechnol. 
Biochem. 88, 885–891 (2024). 

37.  M. Umehara, M. Cao, K. Akiyama, T. Akatsu, Y. Seto, A. Hanada, W. Li, N. Takeda-
Kamiya, Y. Morimoto, S. Yamaguchi, Structural Requirements of Strigolactones for Shoot 
Branching Inhibition in Rice and Arabidopsis. Plant Cell Physiol. 56, 1059–1072 (2015). 15 

38.  O. S. Kulkarni, M. Mazumder, S. Kini, E. D. Hill, J. S. B. Aow, S. M. L. Phua, U. Elejalde, 
S. Kjelleberg, S. Swarup, Volatile methyl jasmonate from roots triggers host-beneficial soil 
microbiome biofilms. Nat. Chem. Biol., doi: 10.1038/s41589-023-01462-8 (2023). 

39.  E. E. Farmer, C. A. Ryan, Interplant communication: airborne methyl jasmonate induces 
synthesis of proteinase inhibitors in plant leaves. Proc. Natl. Acad. Sci. U. S. A. 87, 7713–20 
7716 (1990). 

40.  L. D. Lopes, P. Wang, S. L. Futrell, D. P. Schachtman, Sugars and Jasmonic Acid 
Concentration in Root Exudates Affect Maize Rhizosphere Bacterial Communities. Appl. 
Environ. Microbiol. 88, e0097122 (2022). 

41.  T. Shinya, K. Miyamoto, K. Uchida, Y. Hojo, E. Yumoto, K. Okada, H. Yamane, I. Galis, 25 
Chitooligosaccharide elicitor and oxylipins synergistically elevate phytoalexin production in 
rice. Plant Mol. Biol. 109, 595–609 (2022). 

42.  Y. Kouzai, S. Mochizuki, K. Nakajima, Y. Desaki, M. Hayafune, H. Miyazaki, N. 
Yokotani, K. Ozawa, E. Minami, H. Kaku, N. Shibuya, Y. Nishizawa, Targeted gene 
disruption of OsCERK1 reveals its indispensable role in chitin perception and involvement in 30 
the peptidoglycan response and immunity in rice. Mol. Plant. Microbe. Interact. 27, 975–982 
(2014). 

43.  A. Miya, P. Albert, T. Shinya, Y. Desaki, K. Ichimura, K. Shirasu, Y. Narusaka, N. 
Kawakami, H. Kaku, N. Shibuya, CERK1, a LysM receptor kinase, is essential for chitin 
elicitor signaling in Arabidopsis. Proc. Natl. Acad. Sci. U. S. A. 104, 19613–19618 (2007). 35 

44.  T. Arite, H. Iwata, K. Ohshima, M. Maekawa, M. Nakajima, M. Kojima, H. Sakakibara, J. 
Kyozuka, DWARF10, an RMS1/MAX4/DAD1 ortholog, controls lateral bud outgrowth in 
rice. Plant J. 51, 1019–1029 (2007). 

45.  M. Riemann, K. Haga, T. Shimizu, K. Okada, S. Ando, S. Mochizuki, Y. Nishizawa, U. 
Yamanouchi, P. Nick, M. Yano, E. Minami, M. Takano, H. Yamane, M. Iino, Identification 40 
of rice Allene Oxide Cyclase mutants and the function of jasmonate for defence against 
Magnaporthe oryzae. Plant J. 74, 226–238 (2013). 

.CC-BY 4.0 International licenseavailable under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 31, 2025. ; https://doi.org/10.64898/2025.12.31.697154doi: bioRxiv preprint 

https://doi.org/10.64898/2025.12.31.697154
http://creativecommons.org/licenses/by/4.0/


 

12 
 

46.  J. C. Moreno, U. F. Shahul Hameed, A. Balakrishna, A. Ablazov, K. X. Liew, M. Jamil, J. 
Mi, K. Alashoor, A. de Saint Germain, S. T. Arold, S. Al-Babili, Arabidopsis response to the 
apocarotenoid zaxinone involves interference with strigolactone signaling via binding to 
DWARF14. Nat. Commun. 16, 1–12 (2025). 

47.  M. Umehara, Strigolactone, a key regulator of nutrient allocation in plants. Plant 5 
Biotechnol. (Tsukuba) 28, 429–437 (2011). 

48.  B. Auger, J.-B. Pouvreau, K. Pouponneau, K. Yoneyama, G. Montiel, B. Le Bizec, K. 
Yoneyama, P. Delavault, R. Delourme, P. Simier, Germination stimulants of Phelipanche 
ramosa in the rhizosphere of Brassica napus are derived from the glucosinolate pathway. 
Mol. Plant. Microbe. Interact. 25, 993–1004 (2012). 10 

49.  A. Kajiwara, T. Abe, T. Hashimoto, H. Matsuura, K. Takahashi, Efficient Synthesis of (+)-
cis-12-Oxo-phytodienoic Acid by an in Vitro Enzymatic Reaction. Biosci. Biotechnol. 
Biochem. 76, 2325–2328 (2012). 

50.  E. Hofmann, P. Zerbe, F. Schaller, The Crystal Structure of Arabidopsis thaliana Allene 
Oxide Cyclase: Insights into the Oxylipin Cyclization Reaction. Plant Cell 18, 3201–3217 15 
(2006). 

51.  R. Kramell, J. Schmidt, G. Schneider, G. Sembdner, K. Schreiber, Synthesis of n-
(jasmonoyl)amino acid conjugates. Tetrahedron 44, 5791–5807 (1988). 

52.  A. Chini, I. Monte, A. M. Zamarreño, M. Hamberg, S. Lassueur, P. Reymond, S. Weiss, A. 
Stintzi, A. Schaller, A. Porzel, J. M. García-Mina, R. Solano, An OPR3-independent pathway 20 
uses 4,5-didehydrojasmonate for jasmonate synthesis. Nat. Chem. Biol. 14, 171–178 (2018). 

53.  C. Sato, Y. Seto, K. Nabeta, H. Matsuura, Kinetics of the accumulation of jasmonic acid 
and its derivatives in systemic leaves of tobacco (Nicotiana tabacum cv. Xanthi nc) and 
translocation of deuterium-labeled jasmonic acid from the wounding site to the systemic site. 
Biosci. Biotechnol. Biochem. 73, 1962–1970 (2009). 25 

54.  S. Hirota, Y. Ito, S. Inoue, N. Kitaoka, T. Taniguchi, K. Monde, K. Takahashi, H. Matsuura, 
Isolation and Structure Determination of cis-OPDA-α-Monoglyceride from Arabidopsis 
thaliana. J. Nat. Prod., doi: 10.1021/acs.jnatprod.3c01237 (2024). 

55.  B. A. Vick, D. C. Zimmerman, Characterization of 12-oxo-phytodienoic Acid reductase in 
corn: the jasmonic Acid pathway: The jasmonic acid pathway. Plant Physiol. 80, 202–205 30 
(1986). 

56.  T. A. Geissman, A. J. Verbiscar, B. O. Phinney, G. Cragg, Studies on the biosynthesis of 
gibberellins from (−)-kaurenoic acid in cultures of Gibberella Fujikuroi. Phytochemistry 5, 
933–947 (1966). 

57.  K. Tsuzuki, T. Suzuki, M. Kuruma, K. Nishiyama, K.-I. Hayashi, S. Hagihara, Y. Seto, 35 
Radicle growth regulation of root parasitic plants by auxin-related compounds. Plant Cell 
Physiol., doi: 10.1093/pcp/pcae071 (2024). 

58.  K. Kamachi, T. Yamaya, T. Mae, K. Ojima, A role for glutamine synthetase in the 
remobilization of leaf nitrogen during natural senescence in rice leaves. Plant Physiol. 96, 
411–417 (1991). 40 

.CC-BY 4.0 International licenseavailable under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 31, 2025. ; https://doi.org/10.64898/2025.12.31.697154doi: bioRxiv preprint 

https://doi.org/10.64898/2025.12.31.697154
http://creativecommons.org/licenses/by/4.0/


 

13 
 

59.  M. Umehara, A. Hanada, H. Magome, N. Takeda-Kamiya, S. Yamaguchi, Contribution of 
strigolactones to the inhibition of tiller bud outgrowth under phosphate deficiency in rice. 
Plant Cell Physiol. 51, 1118–1126 (2010). 

60.  S. Ishikawa, M. Maekawa, T. Arite, K. Onishi, I. Takamure, J. Kyozuka, Suppression of 
tiller bud activity in tillering dwarf mutants of rice. Plant Cell Physiol. 46, 79–86 (2005). 5 

61.  C. Ritz, F. Baty, J. C. Streibig, D. Gerhard, Dose-Response Analysis Using R. PLoS One 
10, e0146021 (2015). 

62.  H. Wickham, Ggplot2: Elegant Graphics for Data Analysis (Springer International 
Publishing, Cham, Switzerland, ed. 2, 2016). 

 10 

 

Acknowledgments: We thank Nagasawa Water Purification Plant for the corporation regarding 
O. minor sampling. We thank Dr. Steven Runo for kindly providing seeds of S. hermonthica. We 
thank Edanz for editing a draft of this manuscript. 

Funding:  15 

Japan Society for the Promotion of Science KAKENHI grants 19K05852 (YS), 
22H02276 (YS), 23H05409 (YS), 24H00878 (YS) and 24KJ2051 (TS) 

JST FOREST Program grant JPMJFR211S (YS) 

JST ACT-X grant JPMJAX22BH (KN) 

Mitsubishi Foundation (YS) 20 

Kato Memorial Bioscience Foundation (YS). 

Author contributions:  

Conceptualization: YS 

Methodology: TS, TI, MB, MO, HK, KN, YS 

Investigation: TS, TI, MB, MO, JW, MK 25 

Visualization: TS 

Funding acquisition: TS, KN, YS 

Project administration: YS 

Supervision: KN, YS 

Writing – original draft: TS, KN, YS 30 

Writing – review & editing: TS, MB, MO, KM, HK, HM, KN, YS 

Diversity, equity, ethics, and inclusion [optional]: We welcome statements pertaining to 
diversity, equity, ethics, and inclusion, as outlined in our Editorial Policies. 

Competing interests: Authors declare that they have no competing interests. 

Data and materials availability: All data are available in the main text or the supplementary 35 
materials. 

.CC-BY 4.0 International licenseavailable under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 31, 2025. ; https://doi.org/10.64898/2025.12.31.697154doi: bioRxiv preprint 

https://doi.org/10.64898/2025.12.31.697154
http://creativecommons.org/licenses/by/4.0/


 

14 
 

Supplementary Materials 

Materials and Methods 

Figs. S1 to S27 

Tables S1 to S3 

References (49–62) 5 
 

.CC-BY 4.0 International licenseavailable under a 
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 31, 2025. ; https://doi.org/10.64898/2025.12.31.697154doi: bioRxiv preprint 

https://doi.org/10.64898/2025.12.31.697154
http://creativecommons.org/licenses/by/4.0/


 

15 
 

Fig. 1. Active compounds in G. fujikuroi culture extracts. (A) Germination-inducing effects of
G. fujikuroi culture extracts on O. minor seeds. Culture extract concentrations are presented as
the fold-enrichment relative to the original culture volume. (B) Overview of the purification of
functional compounds. Specific details are provided in supplemental materials. Final active5 
fractions are indicated by red text. FC, flash column chromatography; NP, normal phase; RP,
reverse phase. (C) Germination-inducing effects of chemically or enzymatically synthesized
jasmonates on O. minor and S. hermonthica seeds. Jasmonates in the final active fractions are
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indicated by red text. Data are presented as the mean ± SE of three biological replicates. Dots
represent individual data points. 

 

Fig. 2. Synergistic effects of jasmonates and SLs on O. minor and S. hermonthica seed5 
germination. (A) Dose-response matrix of three jasmonate–rac-GR24 pairs for O. minor and S.
hermonthica seed germination. Data for the rac-GR24 treatment alone are provided in each panel
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for comparison. (B) Titration curves of jasmonates in the presence or absence of rac-GR24 
during O. minor seed germination. (C) Titration curve of rac-GR24 in the presence or absence of 
cis-OPDA during O. minor seed germination. (B, C) Dots represent individual data points. (D) 
Effect of Jasmomate on the germination-inducing effect of rac-GR24 on O. minor seeds. (E) 
Effect of Jasmomate on the germination-inducing effect of rac-GR24 or SPL-7 on S. 5 
hermonthica seeds. Data are presented as the mean ± SE of three biological replicates. 
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Fig. 3. Evaluation of the jasmonate effects on KAI2ds. (A) Chemical structure of OPDA-
PEG3-FL. (B) Comparison of the germination-inducing effects of unlabeled cis-OPDA and
OPDA-PEG3-FL on O. minor seeds. Data are presented as the mean ± SE of three biological
replicates. (C) Direct interaction between OPDA-PEG3-FL and OmKAI2d proteins as revealed5 
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by fluorescence polarization. (D) Inhibition of OPDA-PEG3-FL binding to OmKAI2d3/4/9 by 
rac-GR24, cis-OPDA, and (−)-JA-Ile. (E) Dose-titration of rac-GR24, cis-OPDA, and (−)-JA-Ile 
in OmKAI2d3/4/9/10–OmSMAX1D1M TR-FRET assays at a single time point (300 min). (C, D, 
E) Data are presented as the mean ± SE of technical replicates. (B, D) Dots represent individual 
data points. (F, G) GFP pull-down assays to detect ligand-induced OmKAI2d3/9–5 
OmSMAX1D1M or OmKAI2d3/9–OmMAX2 interactions. IP, immunoprecipitation; WB, western 
blot. Uncropped immunoblot images are presented in fig. S23A and B. 
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Fig. 4. Evaluation of the synergistic effect of jasmonates and SLs in vitro. (A) Kinetic
analyses of OPDA-PEG3-FL binding to OmKAI2d proteins based on fluorescence polarization.
Data are presented as the mean ± SE of technical replicates. Dots represent individual data points5 
(B) Non-reducing SDS-PAGE analysis of OmKAI2d3 or OmKAI2d3S95A proteins incubated
with OPDA-PEG3-FL with or without test chemicals. Fluorescent bands represent OmKAI2d3
covalently bound to OPDA-PEG3-FL. Uncropped gel images are presented in fig. S24. (C)
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Putative model of the SL-enhanced binding of cis-OPDA to OmKAI2d proteins. (D) Dose-
titration of cis-OPDA in the presence or absence of rac-GR24 in OmKAI2d3/4/9/10–
OmSMAX1D1M TR-FRET assays at a single time point (300 min). Some of the data for
OmKAI2d9 were extracted from fig. S19. (E) Dose-titration of rac-GR24 in the presence or
absence of cis-OPDA in OmKAI2d3/4/9/10–OmSMAX1D1M TR-FRET assays at a single time5 
point (300 min). (D, E) Data are presented as the mean ± SE of three technical replicates. 

 

Fig. 5. SL enhancer effects of jasmonates in host root exudates. (A) LC-MS/MS analysis of
cis-OPDA, JA, and JA-Ile in rice (BL2) hydroponic cultures after a 2-h treatment with chitin10 
oligosaccharides (COs). Data are presented as the mean ± SE of three biological replicates. (B)
OsCERK1-dependent elicitor-induced exudation of jasmonates. Jasmonates in hydroponic
cultures of BL2 wild-type and Oscerk1 plants treated with COs for 2 h were analyzed by LC-
MS/MS. LC-MS/MS chromatograms of cis-OPDA, JA, JA-Ile, and the corresponding internal
standards in the multiple reaction monitoring mode are presented. (C, D) SL enhancer effects of15 
rice root exudates obtained after a 2-h treatment with 2.5 mg/mL COs on O. minor seed
germination. O. minor seeds were co-treated with ethyl acetate extracts of root exudates (20-fold
concentrated) and rac-GR24. Control seeds were not treated with root exudate extracts. Data are
presented as the mean ± SE of three biological replicates. (E) Putative model of the biological
significance of the enhanced sensitivity of root parasitic plant seeds to SL due to host root-20 
derived jasmonates. 
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(Please delete before submission) Supplementary materials should be included in a separate 
file. We recommend using or following the Microsoft Word template supplied here. 
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