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Abstract
Objective
Dracocephalum kotschyi is an endemic medicinal plant in Iran belonging to the

Lamiaceae family. One of the most important monoterpenes identified in this plant is

limonene. Drought stress is one of the factors affecting the content of monoterpene in
medicinal plants. In this study, the effect of different levels of drought stress was
investigated on the expression of some genes involved in limonene biosynthetic pathway
in D. kotschyi at two growth stages.
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Materials and Methods

This experiment was conducted as a factorial experiment with two factor included
drought stress and growth stages in a completely randomized design with three
replications. Drought stress consisted of severe (25% FC), moderate (50% FC), low (75%
FC) stress and non-stress or control (100% FC) and growth stages consisted of vegetative
and flowering. Secondary metabolites were analyzed and the amount of limonene was
measured by GC / MS using Head-space method and the relative expression of key genes

involved in limonene biosynthesis was measured using Real Time PCR.

Results

Analysis of secondary metabolites showed, one of the main monoterpenes was limonene
whose amounts was 20.57 % and 13.41% during vegetative and flowering stages,
respectively. Drought stress significantly increased HMGR and DXS gene expression
during flowering stage, while during vegetative stage no significant change was observed
on expression of both genes. In both growth stages, low drought stress increased HDR
gene expression, although at flowering stage this increase was not significant but severe
drought decreased HDR gene expression, although this decrease was not significant at
vegetative stage. Drought stress decreased LS gene expression during flowering stage and

increased it during vegetative stage.

Conclusion
The results indicated that limonene content and expression of limonene biosynthesis key

genes in D. kotschyi under drought stress are growth stage-specific.
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Figure 1. The biosynthetic pathway of terpenes in the MEP and MVA pathway in plants
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Figure 1. Gene name and primer sequence

Gen Name y; oU Primer sequence (5'-3") ,§;&1 JIg5
L: GACGGAGGGCTGCTTGGTG
FMGR R: AGTTGAATCTGACGACGGGAGC
L: TCCTTACGAGTGCGGGATTA
XS R: GGATAGCGAAAGCAAACTGG
L: ATGGGGAGTTGGTGCAGAA
HOR R: TTGATCGCAAACACCTTCAGA
L: TGCAGAAGTTTGGTGGCGAAT
> R: CCCTTGCTTTCAGACTCCTCC
L: TCCTTTGGGTCGTTTTGCTG
S R: GGTAACCTTGGCACCTGTTG
ACTIN-7 L: CGAGACGACCTACAACTCCA
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Figure 3. Analysis of variance of relative expression of some limonene biosynthetic

pathway genes in two vegetative and flowering stages in D. kotschyi under drought stress

Mean Square  <ilx po (il &35l a5 Ol gt 2alio
Degree of Source of variance
LS HDR DXS HMGR
freedom
21.381* 5.879* 115700 260.624"* 1 Growth stage s, b
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3.554™ 2.709* 30.058"*  83.044™ 3 Interaction effect Ltz 3l
0106 0111  3.704 5.765 16 Error  olel s
Ve
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Figure 2. Relative expression of HMGR gene under control and water stress in D.kotshyi

during vegetative and flowering stages.
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Figure 3. Relative expression of DXS gene under control and water stress in D.kotshyi
during vegetative and flowering stages.
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Figure 4. Relative expression of HDR gene under control and water stress in D.kotshyi

during vegetative and flowering stages.
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Figure 5. Relative expression of LS gene under control and water stress in D.kotshyi

during vegetative and flowering stages
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