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1- Isopentenyl diphosphate (IPP) 2- Dimethylallyl diphosphate (DMAPP)
5- Copalyl diphosphate synthase (CPS)

4- Mevalonate (MVA)

3- Methylerythritol phosphate (MEP)
6- Kaurene synthase-like cyclase (KSL)
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1- Reverse transcriptase

2- No template negative control
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Table 1. The sequences of primers used in Real-time PCR reactions

Gene Seq (5’ —3) Tm (°C) Amplicon Tength (bp)
CMK FW: GACTGTTCAGAGGAGGAAATGGAG 60.5 175
RV: TTGGTTTCGCAGCATCAATCTTC
DXR FW: GAAGCCCGACAATGTGAAATACCC 62 169
RV: GCATGTCACCTCCACAACCTTG
IPPI FW: CTTCAGCAACGATCCACGACTAAG 62 127
RV: GAGCAGCATTCCTCACACCAAG
KSL FW: ACAGTAAACGAGTTGGCAGAGATG 61.5 171
RV: TGACACCCACGACGAAGACAAG
18srRNA FW: CCAGGTCCAGACATAGTAAG 58 177

RV: GTACAAAGGGCAGGGACGTA
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1- Deoxy-D-xylulose 5-phosphate reductoisomerase (DXR)
3- Miltiradiene

2- Diphosphocytidyl-2-C-methyl-D-erythritol kinase (CMK)
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Figure 2. 1% agarose gel electrophoresis for quality control of the RNA extracted from plant samples (S. officinalis).
The bands represent 28S rRNA (A), 18S rRNA (B), andOSOSerNA (C) subunits, respectively. The size of the ladder Is
100 bp.
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Extended Abstract

Introduction and Objective: Polyploidy is one of the main factors in plant adaptation that can
increase secondary metabolites production in plants. Salvia officinalis L. is a perennial plant
from the Lamiaceae family with a long history of use in the medicinal industry. Tanshinones are
crucial active compounds biosynthesized in Salvia. This study was aimed to analyze the
expression of genes involved in the tanshinones biosynthesis pathway in diploid and tetraploid
sage plants and compare between them.

Material and Methods: polyploidy in S. officinalis was induced by seed treatment with 0.5%
colchicine for 24 h, and tetraploid plants were selected and confirmed by flow cytometry,
chromosomal observations, morphological characteristics, and the number of stomata. RNA was
extracted from the leaves samples of diploid and tetraploid plants of sage and then cDNA
synthesis and the gene expression analysis of genes involved in the biosynthesis of tanshinones
including KSL, IPPI, CMK, and DXR genes was performed using real-time PCR. In order to
investigate the expression of genes by RT-PCR in sage leaf samples, the 18srRNA gene was
used as a reference gene to normalize the data. The thermal program for amplification of the
target genes by the RT-PCR method included the initial activation of the enzyme, the steps of
denaturation, and binding of primers. The amplification accuracy of the genes product was
confirmed by the melting curve of each gene and the amplification validity was checked by gel
electrophoresis.

Results: Evaluation of the quality of extracted RNAs with 1% agarose gel showed a relatively
good quality of the extracted RNAs. The melting curves obtained from the RT-PCR reaction
using forward and reverse primers for the target genes showed that the primers bind correctly to
the target sites at the specified temperature and cause their specific amplification. The results of
RT-PCR showed that the expression of the genes involved in the biosynthesis pathway of
tanshinones including KSL, IPPI, CMK, and DXR genes in tetraploid plants was significantly
increased compared with diploids.

Conclusion: In tetraploid plants, the expression of genes involved in the biosynthesis of
tanshinones increased and this could increase the production of these secondary metabolites.
Analysis of gene expression in different polyploidy series can increase our knowledge of the
molecular mechanisms of biosynthesis of secondary metabolites and improve their production
through polyploidy induction.
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