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Abstract

Introduction

Iranian Kakoti (Ziziphora persica Bunge) which belongs to the mint genus is widely distributed in Iran. In
some parts of Iran, it is used as a spice and condiment in food. Iranian Kakoti is also a medicinal plant with
antioxidant and antimicrobial properties. Iranian Kakoti is used in traditional medicine as a stomach
disinfectant and cold remedy. Since the effect of stresses on the increase of secondary metabolites of plants has
been proven, the aim of this study was to investigate the effect of drought stress on the secondary metabolites
of Iranian Kakoti in comparison with normal conditions by assessment of the expression of genes which are
related to the most important secondary metabolites of the studied plant. In previous studies, it was found that
pulegone has the largest share among the metabolites produced in this plant.

* Corresponding Author: Lila Nejadsadeghi
E-mail: L.nejadsadeghi@scu.ac.ir

® © 2023 The Author(s). Published by Shahid Chamran University of Ahvaz. This is an open-access article distributed under the terms of
@ the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution,
BY

and reproduction in any medium, provided the original work is properly cited.


https://plantproduction.scu.ac.ir/
https://orcid.org/0000-0001-6987-0256

Plant Productions, 45(4), Winter, 2023 464

Materials and Methods

Using the KEGG database, the metabolic pathway and genes involved in the production of the pulegone
include the four key genes Isopiperitenol dehydrogenase, Limonene synthase, limonene hydroxylase and
Isopiperitenone reductase were identified. Due to the lack of genomic information of Iranian Kakoti, the
sequence of the four studied genes was predicted by the sequences of these genes in families close to this plant.
The predicted sequences were used for primer design. The plants were cultivated under drought stress and
normal conditions. The stress condition was achieved by reaching 30% Field Capacity. After observing
phenotypic changes due to stress, the amount of proline and also Leaf relative water content (RWC) measured
for the plants in both control and stress condition to confirm the accruing of the stress. Then leaf samples were
collected. RNA extraction and cDNA synthesis were performed according to the manufacturer's instructions.
The quantity and quality of the obtained RNA were evaluated by Nanodrop and gel electrophoresis. The
qualified RNA samples were used for cDNA synthesis according to the manufacturer's protocols. Then the
comparing the genes expression under drought stress with the control sample was performed.

Results and Discussion

In response to drought stress, leaf RWC was decreased to 31% in the plants under stress condition and proline
levels increased by 1.9-fold compared to control value. Analysis of real-time PCR data showed that. The
expressions of limonene synthase, limonene hydroxylase, Isopiperitenon dehydrogenase, Isopiperitenon
reductase were increased 115, 400, 50 and 120 folds compared to control respectively.

Conclusion

The measurement of leaf RWC and proline were found to be beneficial methods to detection of incidence of
drought stress in plant. The expression of genes involved in pulegone synthesis compared to the control plants
changes with drought stress. The implement of drought stress is a useful method to increase essential oil in
Iranian Kakoti.
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Figure 1. Pulegone biosynthesis pathway
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Table 1. Characteristics of the used primers in Real time PCR reaction

Amplicon . X
Gene name Forward Primer Reverse Primer

Length (bp)
limonene synthase 127 5TCAAGTCGCACAAGAGGTATTC3  5TTCGCCTTCCGTCAACAG3’
limonene hydroxylase 133 5TGTTCTCCGTCGTGCTICTC3' 5CTGAAGATGATGICGTCGITGT3
Isopiperitenol dehydrogenase 121 5CAGTGGTGATCGCCGACAT3' '5’ACGACGGACCTGACCTGTT3'

Isopiperitenone reductase 123
beta actin 182

5TCTCITACAACTATCTCCTTCACC3 5 TCTTCTGTCAGCCTGTCCT3'
5 GCTAGTGGTCGTACAACTGGTA3 5GCGGTGGTGGTGAATGAGT3'

Table 2. Thermal cycling conditions used for PCR

Step Temperature Time Cycles
Initial Denaturation 95°¢c 2 minutes 1
Denaturation 95°c 30 seconds

Annealing 63°c 30 seconds 30
Extension 72°c 1.5 minutes

Final Extension 72°c 10 minutes 1

28S TRNA ==
18STRNA oy

Figure 2. RNA samples in 1% agarose gel electrophoresis before DNase treatment
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Table 4. T test results for the studied genes limonene synthase (lims), limonene hydroxylase (limh),

Isopiperitenon dehydrogenase (Ipd), Isopiperitenon reductae (Ipr).

Gene Lims Limh Isd Isr
t value 19.10261 9.39793 19.0734 12.66875
P-value 7.32E-14 1.42E-08 7.53E-14 1.03E-10
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Figure 4. The effect of drought stress on the expression levels of of a) limonene synthase (lims), b)
limonene hydroxylase (limh), ¢) Isopiperitenon dehydrogenase (Ipd), d)Isopiperitenon reductase (Ipr)
vertical axis of graph shows the expression levels bases on change folds of the genes.
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