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TGTCACCCGATGCCAGATCCTTAGTCAGACCATGGTAAAATCCCAAACTTGGGCGTCGGA
TCTAGACCAAATGGCGAGGTGCGTTCTACCATCGCCTCCGGCCTATCTGTGCCGCGCTCA
TACACTGCAAGTGAAGAAGAAACCCGACGCTCCGGAAACTACCAGGCTCCCATTTGGAAC
AACGGTTACATTCAATCTCTGCAGACTTTTGACTATAAGGACGAGAAGGACTTGAATAGG
AAAGAAGAGTTGATTGCGCAAGTGAAGATAATAT TGAGTGAARAARAAGGGAGGCTGTTAA
ACAGTTGGAGTTGATCGATGACTTGAAGAATCTTGGATTGACTTAT TATTTTAAAGAAGA
GATTAAGAAGATTCTAACTTCTATATATAATGAGCACAAGGGTTTCCAAAGTGGTCAAGT
AGGGGATTTGTACTTCACATCTCTTGGATTCAGACTCCTCAGATTGCATGGTTTTAATGT
TTCACCAGATGTGTTTAATTGTTTCAAGAACGAAGACGGAAGTGAT TTCAAGGCAAGCCT
TGGCGAAGACACGAAACAAGTATTGGAATTTTACGAAGCATCTTGCCTCATCGGAGGAAG
TGAAGATATACTTGAGCTAGCCAGAGTGGTTTCCACCAAACTTCTGCACAAGAAAGTTGA
TGAGGGAATCAAAGATCATAATCTATTGTCATGGATTCGCCATTCTTTGGCTCTCCCTCT
TCATTGGAGGATCCAAAGGCTAGAGGCGAGATGGTTCTTAGACGCTTACGCCGCCAGGAA
AGACATGAATCCCATCATTTTCGAGCTTGGAAAACTCGACTTCAGTATCATTCAAGCAGT
ACAGCTAGAAGAAATCAAAGAGGTCTCAAGCTGGTGGGCTAARACCAACCATGGCCGAGA
ACTCCCCTTCGTGAGAGATAGAATTGTGGAGTGCTACTTTTGGGCGCTTGGGCTCTTCGA
GCCACATGAATATGGATACCAGAGAATAATGGCTGCCATTATCATCACTTTCGTTACGAT
TATAGACGATGTCTACGACGTCTACGGTACATTAGACGAGCTGCAGCTGTTCACAGACGL
TGTCAAAAGATGGGACTTTGAATCAATAGGCACACTTCCTTATTACATGCAAGTTTGCTA
TTTGGCACTCTACACCTATGCTTCTGAGTTGGCTTATGATATTCTCAAAGATCAAGGTTT
CAACAGCATCGCATATCTTCAAAGATCGTGGCTAAGTTTGGTTGAAGGGTTTTTCCAAGA
GGCAAAATGGTTCTACGCGGGTTACACGCCAACCCTAGCAGAATAT TTAGAGAATGCCAA
AGTTTCAATATCCTCTCCTACAATTATATCCCAAGTTTACTTCACGCTTCCGAATTCGAC
CGAGAGAACCGTTGTCGAAAATGTGTTCGGATACCACAACATACTTTACCTCTCCGGAAT
GATCCTGAGGCTCGCTGACGATCTTGGTACAACTCAGTTTGAGCTGAAGAGAGGGGACGT
GCAAAAGGCAATCCAGTGTTACATGAACGACAACAATGCTACGGAGGAAGAGGGGGCGGA
GCACGTGAGGTATCTGTTGAGAGAGGCGTGGAAGGAGATGAACACGGCCATGGCGGACCC
CGAATGCCCATTGTCGGAGGATTTGATCGATGCTGCTGCTAATCTGGTAAGAGCTTCGCC
AGTTCATTTATCGGAAAGGAGATGGCCATGGCGTCCAGCACTC

(Satureja hortensis) o0 oS ;o sl s FlalE o5 (sl ool Cawots Jlgs ¥ JSLo

CATTGCTITGGCCAATAAAGAGACACTAATCGCTGGAGGGCCTITIIGICCTTCCICTTGC
AAAGAAGCACAACGICAAGALTCTICCIGCAGACTCCGAACATICCGCTATALTICAGIG
TATCCAAGGCTTGCCAGAAGGIGCT T IGAGGCGIATAAT I'I'ITGACTGCATCGGAGGTLGCT
TTCAGGGATT'IGCCTIGITGAGAAATTGAAAGAAGTGAAAGIAGCAGATGCTTIAAAGCAT
CCTAACTGGAACATGGGGAAAAAANT' CACAGIGGACTCIGCAACTCTCI' I TAACAAGGGT

ATCCATCCCCAATCCATCATACACICGATIGGICGAARAACACAGGATI'CGICAGIGCTAGCT
CAATTAGGATGGCCTGATATGCGITTGCCTATTCIGTACACCTTATCATGGCCGGAGAGA
ATCTACTGCICTGAGATTACATGGCCTCGACTCGACCTCIGCAATGICGATTIAACATI'C
AAGAAGCCCGATAATGIGAAATACCCATCTATGGAT CIAGCGTIACGCTGCTGGAAGAGCC
GGAGGCACCATGACCGGAGLICTGAGIGCAGCTAATGAGAAAGCAGT'CGAAATGTICATC
GATGAGAAGATCGGGI'ACCICGACATCI'I'CAAGGICGIGGAGC T TACATGCGACAAGCAC

CGATCGGAA
(Satureja hortensis) oy oLS ;3 DXR y5 &y odel Cowday g5 ¥ JSi
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gene (species) e-value Identity accession number
putative gamma-terpinene synthase (Thymus serpyllum) 0.0 87% AGT29345.1
putative gamma-terpinene synthase (Origanum syriacum) 0.0 86% AEO027879.1
putative gamma-terpinene synthase (Thymus vulgaris) 0.0 86% AFZ41788.1
putative monoterpene synthase (Origanum majorana) 0.0 86% AGZ58667.1

Gamma-terpinene synthase, chloroplastic (Origanum vulgare) 0.0 86% E2E2P0.1

gamma-terpinene (Thymus caespititius) 0.0 86% AGK88254.1
gamma-terpinene synthase (Thymus caespititius) 0.0 86% AGK88253.1
terpene synthase 2 (Thymus vulgaris) 0.0 86% AGS42395.1
terpene synthase 2 (Origanum vulgare) 0.0 85% ADK73620.1
putative gamma-terpinene synthase (7hymus x citriodorus) 0.0 85% AGT29347.1
terpene synthase 5 (Origanum vulgare) 0.0 78% ADK73617.1
sabinene synthase (Salvia pomifera) 0.0 67% ABHO07678.1
pinene synthase (Rosmarinus officinalis) 0.0 66% ABP01684.1
linalool synthase (Perilla frutescens) 0.0 64% ACN42009.1
alpha-terpineol (Thymus caespititius) 0.0 64% AGK88259.1

oy ) DXR 5 o0 b_:l.:b_”}? Al cads mls 5l pase 0 Jaoe

gene (species) e-value identity accession number
(Mentha x piperita) deoxy-D-xylulose 5-phosphate reductoisomerase 3e-175 99% Q9XES0.2
1-deoxy-d-xylulose 5-phosphate reductoisomerase (Salvia miltiorrhiza) 2e-174 99% ACKS57535.1
1-deoxy-D-xylulose S-phosphate reductoisomerase (Lavandula angustifolia) 3e-168 95% AGQO04155.1
1-deoxy-D-xylulose 5-phosphate reductoisomerase (Aquilaria sinensis) Se-167 95% AHZ96598.1
chloroplast 1-deoxy-D-xylulose-5-phosphate reductase (Eucommia ulmoides) 7e-167 95% AFU93070.1
1-deoxy-d-xylulose-5-phosphate reductoisomerase (4rabidopsis thaliana) 3e-166 94% CAB43344.1
hypothetical protein MIMGU_mgv1a004650mg (Mimulus guttatus) 8e-167 95% EYU42569.1
1-deoxy-D-xylulose 5-phosphate reductoisomerase, chloroplastic-like (Camelina sativa) 6e-166 94% XP_010459323.1
putative 1-deoxy-d-xylulose 5-phosphate reductoisomerase (Betula platyphylla) 9e-166 93% AHX36947.1
1-deoxy-D-xylulose 5-phosphate reductoisomerase, chloroplastic (Cucumis melo) le-165 94% XP_008464564.1
1-deoxy-D-xylulose 5-phosphate reductoisomerase, chloroplastic (Cleome hassleriana) 2e-165 94% XP_010546027.1
1-deoxy-D-xylulose 5-phosphate reductoisomerase (Actinidia arguta) 3e-165 94% AID55340.1
PREDICTED: 1-deoxy-D-xylulose 5-phosphate reductoisomerase (Brassica rapa) 4e-165 94% XP_011071850.1
1-deoxy-D-xylulose-5-phosphate reductoisomerase (Antirrhinum majus) 4e-165 93% AAW28998.1
1-deoxy-D-xylulose-5-phosphate reductoisomerase (Plectranthus barbatus) 9e-165 94% AAR99081.1
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Abstract

Aim: The aim of this study was to investigate the expression of key genes, 1-deoxy-D-
xylulose-5-phosphate reductoisomerase (DXR) and gamma-terpinene synthase (GTS),
involve in thymol and carvacrol biosynthesis pathway in Summer savory (Satureja hortensis).
This species is one of the important medicinal plants of the Lamiaceae family, and consider as
an important source of the mentioned compounds.

Material and Methods: Plants were treated with salicylic acid, methyl jasmonate and UV-B
rays. RNAs were extracted from control and treated plants and cDNAs were synthesized.
Primers were designed for gene isolation and expression studies. Transcript expression
analyses for the DXR and GTS were performed using semi-quantitative RT-PCR method.
Results: A partial segment for DXR and GTS genes was sequenced. The relative gene
expression analyses showed differential expression of both genes at transcript level in
different tissues (roots, stems, leaves and inflorescence), with higher levels of expression in
leaf and inflorescence. The expression of both genes under the effect of abiotic elicitors
including salicylic acid, methyl jasmonate and UV-B rays exhibited significant alteration.
Conclusion: Under controlled conditions, using abiotic elicitors such as: salicylic acid,
methyl jasmonate and UV-B radiation could elevate the level of gene expression and possibly
increase the production of secondary metabolite such as: thymol and carvacrol.

Keywords: Gene expression, Metabolic engineering, Monoterpen, Summer savory, Thymol
and carvacrol
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