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Hairy roots induction and effect of methyl jasmonate and chitosan
application on physalin B content in Physalis alkekengi L.
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Fig. 1. Possible pathways of physalin B biosynthesis. Blue arrows show MeJA target genes in the mevalonic acid,
methylerythritol phosphate and triterpenoid pathways.
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1. AACT, Acetoacetyl-CoA thiolase. HMGS, HMG-CoA synthase. HMGR, HMG-CoA reductase. MVK,
Mevalonate kinase. MPK, Mevalonate-3-phosphate-5-kinase. PMD, Mevalonate-5-pyrophosphate decarboxylase.
DXS, DOXP synthase. DXR, DOXP reductoisomerase. CMS, CDP-ME synthase. CMK, CDP-ME kinase. MCS,
ME-2,4cPP synthase. HDS, HMBPP synthase. HDR, HMBPP reductase. ISPH, 1-Hydroxy-2-methyl-2-(E)-
butenyl 4-diphosphate reductase. CDP-ME, 4-diphosphocytidyl-2-C-methylerythritol. CDP-MEP, 4-
diphosphocytidyl-2-C-methyl-D-erythritol 2-phosphate. MEcPP, 2-C-methyl-D-erythritol 2,4-cyclodiphosphate.
HMBPP, 1-hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate. ISPH, 1-Hydroxy-2-methyl-2-(E)-butenyl 4-
diphosphate reductase.

GPPS, Geranyl diphosphate Synthase .FPPS, Farnesyl diphosphate Synthase. SQS, Squalene Synthase. CAS,
Cycloartenol Synthase. SMT1, Cycloartenol C-24 methyltransferase. SMO, Sterol-4a-methyl oxidase. CECI,
Cycloeucalenol cycloisomerase .CYP51G1, obtusifoliol 14-demethylase. FK, D14-sterol reductase. HYDI, C-7,8
sterol isomerase. SMO?2, Sterol-4a-methyl oxidase 2 STE1, C-5 sterol desaturase. DWF5, Sterol A7 reductase.
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Table 1. Comparison of means for the effect of different media cultures on hairy root induction in transformed
leaf explants using A4.

S b e slbady ) slaws .Sl
Culture medium Means of hairy roots number
MS+3% sucrose 0.00
B5+1.5% sucrose 8.67°2
B5+3% sucrose 5.33 %

e o g BS gl jls wlin slacs >
Similar letter(s) shows insignificant difference.
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Fig. 2. Induction and growth of hairy roots in P. alkeken explants by A. rhizogenes ATCC15834 strain. a)
internode explants, b, c) leaf explants, d) agravitropic and plagiotropic growth of hairy roots, e, f)
proliferation of hairy roots in in vitro liquid cultures.
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Fig. 3. PCR analysis of virD (438 bp), rolB (380bp) and rolC (534bp) genes with gene specific primers. A4:
positive control (A. rhizogenes A4), 15834: positive control (A. rhizogenes ATCC15834), HR: transformed
hairy root of P. alkekengi, WT: negative control (root of wild-type P. alkekengi), and M: 100kb DNA
Ladder.
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Table 2. Comparison of means for the effect of different media cultures on hairy root induction in transformed
leaf explants using ATCC15834 and the fresh and dry weights of hairy roots.
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Table 3. Comparison of means for the effect of different concentrations of elicitors on the measured traits.
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Hairy roots induction and effect of methyl jasmonate and chitosan
application on physalin B content in Physalis alkekengi L.

M. Maghsoudi, Y. Hamidoghli*, M.M. Sohanit

Physalins are the most important secondary metabolites extracted from Physalis spp.
medicinal plant that have a high potential to stop the growth of cancer cells. In this research,
induction of hairy roots by two strains of Agrobacterium rhizogenes (ATCC15834 and A4) in
different explants consist of leaves, internodes, hypocotyl, and roots of P. alkekengi in 6 media
culture (1/2MS, MS, and B5 each of them containing two levels of 1.5 and 3% sucrose) were
studied. The highest hairy roots numbers were inducted by ATCC15834 strain in leaf explants
on B5 medium containing 1.5% sucrose. The highest fresh and dry weights of hairy roots were
obtained in B5 culture medium containing 3% sucrose. In addition, the effects of chitosan
elicitor at concentrations of 0, 50, 100, and 150 mg L. and methyl jasmonate at concentrations
of 0, 20, 40, and 60 mg L. on physalin B content and hairy root growth were evaluated.
Chitosan treatment had no significant effect on the production of physalin B, but its effect on
the growth of hairy roots was significant at 50 mg L. concentration. Methyl jasmonate at a
concentration of 60 mg L. resulted in a significant increase of 3.026 times in the production
of physalin B compared to the control, however, none of the three concentrations of methyl
jasmonate had a significant effect on hairy roots growth. This study is the first report on the
effect of these elicitors on the secondary metabolite physalin B.

Keywords: Physalis spp., Agrobacterium rhizogenes, Hairy roots, Physalin, Chitosan, Methyl
jasmonate.
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