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Abstract

Background and Objectives

Drought is a major abiotic stress that limits agricultural crop production. Thyme (Thymus
vulgaris L.) is an aromatic and medicinal plant which is very important for the herbal
industry. This study was aimed to investigate the variation some of the secondary
metabolites and morphological traits as well as changes in expression of genes involved
in the biosynthesis of thymol (including HMGR and TPS2) by real-time PCR. One of the
main goals of the present study was to find out the relationship between the transcript of
these genes and related metabolites in thyme.

Materials and Methods

This study was conducted in the greenhouse of Iranian Institute of Medicinal Plants of
Jahad Daneshgahi (Karaj, Iran) in 2016. The experimental design was a randomized
complete block design with 5 replication and 4 water deficit stress treatments, including
100% (T4, control), 70% (T,, mild stress), 40% (Ts, moderate stress), and 20% (T, severe
stress) of field capacity (FC). Total RNA was extracted from leaves using TRIzol reagent
following the manufacturer’s instructions. First strand synthesis of ¢cDNA was performed
immediately using 1 pg of total RNA with simultaneous use of oligo-dT (50 uM) primers
and random hexamer and reverse transcriptase enzyme following the manufacturer
protocol. In order to examine gene expression by real-time PCR, the method of
fluorescence dye SYBR green (Fermentase, USA) was used. The amount of thymol and
carvacrol were measured by HPLC.

Results
Results of morphological traits showed that increasing the water deficit stress caused a
decrease in root biomass, shoot fresh weight, plant height, root length, and the number of

£ 2019 The Authorz). Publizhed by Shahid Chamran University of Abvar Thiz iz an open-accesz article diztributed
@ undar the temms of the Creative Commons Attribution Licenss (hitp://ceativecommons. odp/licensss b4 (), which
[

permits untestricted wea, distribution, and reproduction in any medivm, provided the original wod iz propery cited.


mailto:ismaili.a@lu.ac.ir

Mirzaei et al.: The Study on Gene Expression of 3-Hydroxy ... 166

side branches. Results of gene expression profiling showed that the highest expression of
TPS2 and HMGR genes and the highest amount of thymol and carvacrol was obtained in
treatment T, (70% FC).

Discussion

TPS2 and HMGR gene expression changes were similar to the changes of monoterpenes
thymol and carvacrol in all treatments and the highest number of monoterpenes and gene
expression were obtained in mild water deficit stress treatment in comparison with
control, moderate, and severe stresses. Altogether, according to the results of this study,
mild stress had a significant effect on increasing the expression of HMGR and TPS2 and
led to a higher production of monoterpenes.
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Figure 1. Methyl-erythritol-phosphate (MEP) and Mevalonic acid (MVA) biosynthesis pathway.
DXP: 1- deoxy-D-xylulose5- phosphate; DXR: 1- deoxy-D-xylulose5- phosphate reductoisomerase;
DMAPP: dimethylallyl diphosphate; FPP: farnesyl diphosphate; GPP: greanyl diphosphate;
GGPP: geranyl geranyl diphosphate; HMR: 3-hydroxy-3-methylglutaryl coenzyme A;
IPP: isopentenyl diphosphate; MEP: Methyl- erythritol-4- phosphate;
MVA: Mevalonate
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ns, * and ** show no significant differences, significant at the 5 and 1% respectively.
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Table 3. Mean comparisons of the effects of different levels of water deficit stress on morphological
traits in Thymus vulgaris (var. Varico 3)
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4.00° 10.10% 15.30a 0.089° 1.63 T, (100)
3.46° 8.70° 1352 a 0.077%® 0.84° T, (70)
3.25%® 7.80° 13.40 a 0.065° 0.79° T (40)
2.40° 7.80° 13.30 a 0.062° 0.56" T, (20)
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Means followed by similar letters in each column are not significantly different.
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Figure 3. Quantity of thymol (a) and quantity of carvacrol (b) in Thymus vulgaris (var. Varico 3)
under water deficit stress
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Figure 4. Relative gene expression of HMGR in Thymus vulgaris (Varico 3) under water deficit stress
The bars on (above) the columns indicate the standard error of mean. T;: 100% FC (Control); T,: 70% FC,;

T3: 40%FC; T,4: 20% Fc
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Figure 5. Relative gene expression of TPS2 in Thymus vulgaris (Varico 3) under water deficit stress

The bars on (above) the columns indicate the standard error of mean. T;: 100% FC (Control); T,: 70% FC;
Ts: 40%FC; T,: 20% Fc
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