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[Abstract] Strigolactones (SLs) are carotenoid-derived signaling chemicals containing two
lactone moieties in their structures and induce seed germination of root parasitic plants, Striga
and Orobanche spp. In the rhizosphere, SLs are essential host recognition signals not only for
root parasitic plants but also for arbuscular mycorrhizal fungi. In plants, SLs play important
roles as plant hormones regulating shoot and root architecture. Plants produce only trace
amounts of chemically unstable SLs, which makes it difficult to determine SL contents in plant
tissues. Here, we describe how to extract and quantify sorgomol and 5-deoxystrigol, major SLs
produced in sorghum roots.

Materials and Reagents

1. 50 ml Screw cap bottles (MonotaRO Co., Duran, catalog number: 371-05-20-52)
2. Filter paper (90 mm) (MISUMI Corporation, Toyo Roshi Kaisha Ltd, catalog number:
00011090)
3. pH indicator paper (Merck Millipore Corporation, catalog number: 109526)
4. Spin column (Merck Millipore Corporation, catalog number: UFC3 0HV 000)
5. Vials and caps (Chromacol, catalog number: 1030-41201 and 1030-42473) for
LC-MS/MS analysis
6. Sorghum (Sorghum bicolor) plants grown under P or N deficiency
Note: Striga-tolerant sorghum cultivars may be obtained from International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT). We examined several
sorghum “Hybrid” cultivars for their SL production and there were essentially no
quantitative and qualitative differences in SL production among them.
7. Ethyl acetate (KANTO CHEMICAL, catalog number: 14029-70)
8. 500 pg of d6-5-deoxystrigol (Ueno et al., 2010) added to each sample in our
experiments
Note: Internal standards if available.
9. Anhydrous MgSO4 (KANTO CHEMICAL, catalog number: 25035-00) or Na2SO4
(Kanto Chemical, catalog number: 37280-00)
10. Acetonitrile (KANTO CHEMICAL, catalog number: 01031-2B)
11. 0.2 M K2HPO4 (see Recipes)
12. Acetonitrile with 0.1% acetic acid for LC-MS/MS (see Recipes)
13. Water with 0.1% acetic acid for LC-MS/MS (see Recipes)
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Equipment

1. Funnel (45 mm diameter) (MonotaRO Co., AGJ, catalog number: 233-09-11-04)
2. Erlenmeyer flasks (50 ml) (Sansyo, Iwaki, catalog number: 4980FK50)
3. Separatory funnel (100 ml) (Iwaki, catalog number: 6402FS100R)
4. Evaporator flasks (300 ml, 50 ml) (Sibata, catalog number: 371-13-68-34 and
371-13-68-21)
5. Pasteur pipette (Thermo Fisher Scientific, catalog number: 13-678-20C)
6. Mini-benchtop centrifuge (IKA, catalog number: 969-65-03-01)
7. LC-MS/MS (AB Sciex, model: QTRAP 5500)
8. UHPLC system (Shimadzu Corporation, model: Nexera X2)
9. 18 column (ϕ 2.1 x 150 mm, 2.6 μm) (Phenomenex, model: Kinetex C18)
Procedure

1. Add 10-20 ml of ethyl acetate to 50 ml screw cap bottles and measure the weights of
the bottles. Ethyl acetate volumes are adjusted to plant volumes so that all plant
tissues are covered with ethyl acetate.
2. Harvest healthy root tissues (ca. 1 g FW) from 2-4 week-old sorghum plants and
immediately put them into the bottles containing ethyl acetate. It is better not to store
root tissues in a freezer to avoid possible degradation of SLs. In the case of sorghum,
SL production is promoted by N or P deficiency, and thus plants grown under
nutrient-deficient conditions contain larger amounts of SLs. It is better to grow plants
hydroponically because root tissues are easily harvested without loss. Sorghum plants
grow well in hydroponic culture.
3. Measure the weight of the bottles again to estimate the weights of collected root
tissues for SL extraction.
4. Add internal standards if available. We use d6-5-deoxystrigol as an internal standard.
Amount of the internal standard should be 1/10 to 10-fold that of endogenous
5-deoxystrigol and therefore it is better to conduct a preliminary experiment to
estimate levels of endogenous SL. In general 500 pg is added for 1 g FW root sample.
The internal standard is dissolved in acetonitrile or ethyl acetate and added to the
bottles containing ethyl acetate.
5. Cut root tissues into small pieces (ca. 2-3 mm long) by scissors in ethyl acetate.
Acetone can be used for extraction but acetone extracts need purification before
LC-MS/MS analysis.
6. Keep the bottles at 4 °C for at least 2 days. However, prolonged storage longer than a
week may cause a gradual degradation of SLs.
7. Filtrate the solution with the roots with a funnel containing the filter paper. Then, the
solution is transferred into the separatory funnel. Add 10 ml of 0.2 M K2HPO4 and mix
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well. Check pH of aqueous (lower) phase with pH indicator paper. If aqueous phase is
still acidic, repeat washing the ethyl acetate solution with 10 ml of 0.2 M K2HPO4.
8. Collect ethyl acetate solution in an Erlenmeyer flask and add 1-2 g of anhydrous
MgSO4 or Na2SO4.
9. Transfer ethyl acetate solution by using funnel and filter paper into an evaporator flask
(300 ml) and concentrate in vacuo on a rotary evaporator at below 35 °C.
10. Dissolve the residue in a small volume of ethyl acetate (ca. 20 ml in total), transfer to a
smaller evaporator flask (50 ml) and concentrate in vacuo.
11. Dissolve the residue with 100 µl acetonitrile and transfer the sample solution to a spin
column. After centrifugation at 3,000 rpm for 30 sec, transfer filtrate into vials for
LC-MS/MS. These samples should be kept at or below 4 °C until use.
12. Perform LC-MS/MS analysis (Figure 1).

Figure 1. LC-MS/MS analysis of strigolactones in sorghum roots. Product ion scan
chromatogram for sorgomol (top), 5-deoxystrigol (middle), and d6-5-deoxystrigol (bottom).
13. LC-MS/MS analytical conditions for detection and quantification of strigolactones.
Analyses of strigolactones were performed using a triple quadrapole/linear ion trap
instrument (LIT) with an electrospray ionization (ESI) source and coupled to a UHPLC
system.
14. Chromatographic separation was achieved on a C18 column (ϕ 2.1 x 150 mm, 2.6 μm;)
by applying acetonitrile (MeCN)-H2O contained 0.1% (v/v) acetic acid gradient to the
column, starting from 35% MeCN and rising to 95% MeCN at 20.0 min. Finally, the
column was equilibrated for 3 min, using this solvent composition. The column was
operated at 30 °C with a flow-rate of 0.2 ml/min.
15. MS/MS spectra were recorded in product ion scan mode using LIT. Ion source was
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maintained at 400 °C with curtain gas at 20 psi, collisional activated dissociation (CAD)
gas at 7 psi (12 psi for LIT), ion source gas at 80 psi, and ion source gas2 at 70 psi.
Ionspray voltage was set at 5,500 V in positive ion mode and -4,500 V in negative ion
mode. Declustering, entrance, and collision cell exit potentials were maintained at 60,
10, and 15 V, respectively. One-fifth of the ethyl acetate extract samples dissolved in 2
μl MeCN were injected to the LC-MS/MS.
16. The transitions of m/z 347-231, 347-233, and 347-97 were monitored for sorgomol
(retention time 6.49 min); m/z 331-234, 331-216, and 331-97 for 5-deoxystrigol
(retention time 12.02 min); m/z 337-240, 337-222, and 337-97 for d6-5-deoxystrigol
(retention time 11.94 min) in the ESI positive mode (Xie et al., 2015).

Recipes

1. 0.2 M K2HPO4
34.8 g K2HPO4
Add dH2O to 1,000 ml
Stored at RT
2. Acetonitrile with 0.1% acetic acid for LC-MS/MS
Add 500 µl acetic acid to 500 ml acetonitrile
Sonicate for a few minutes
Stored at RT
3. Water with 0.1% acetic acid for LC-MS/MS
Add 500 µl acetic acid to 500 ml water
Sonicate for a few minutes
Stored at RT

Notes

The root content of SLs varies with nitrogen (N) and phosphorus (P) status of sorghum
plant. Under N or P deficiency, root contents of sorgomol and 5-deoxystrigol would be
approx. 200 and 300 pg/g root FW, respectively. These values may decrease to 1/100
when the plants are subjected to sufficient N and P. Since sorghum produces relatively
large amounts of SLs, single plant (seedling) is enough for SL quantification when grown
under N or P deficiency. To minimize an individual difference, it is better to perform
experiments with 5 to 10 plants in triplicate.
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