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ABSTRACT

Thymoquinone, the main compound of black cumin(Nigella sativa) oil, has numerous therapeutic
effects. 1-Deoxy-D-xylulose 5-phosphate reductase (DXR) and geranylgeranyl diphosphate synthase
(GTS) are two key genes in the biosynthetic pathway of thymoquinone. In this study, the expression
changes of genes DXR and GTS were investigated in two ecotypes of Iranian black cumin with the
highest and lowest levels of thymoquinone, including ecotype H (Semirum) and ecotype K (Eqlid), as
well as the effect of methyl jasmonate treatment on the expression of these genes. Sampling was
conducted at 12, 24, and 48 hours after the application of methyl jasmonate at a concentration of 100
uM during the immature seed stage. Gene expression was analyzed using RT-qPCR. The results at a
5% significance level showed that the expression of both genes in ecotype H is significantly higher
than in ecotype K. The expression level of the GTS gene in both ecotypes was influenced by methyl
jasmonate, initially decreasing in the first 12 hours, then gradually increasing and reaching a
maximum at 48 hours, which was significantly different from the control. However, the expression of
the DXR gene varied between the two ecotypes: in ecotype H, the expression of this gene
significantly decreased, reaching its minimum at 48 hours, while in ecotype K, it initially increased at
12 hours and then decreased to a minimum at 48 hours. Overall, these findings indicate that the gene
expression of GTS and DXR genes involved in the thymoquinone biosynthetic pathway in N. sativa is
genotype-dependent, and methyl jasmonate treatment can effectively induce the expression of these
genes, depending on the genotype and time which consequently can increase the thymoquinone
content.
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Well 1-7: RNA extraction, L: molecular marker 1kb.
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Figure 3. Confirmation of cDNA synthesis. L:
molecular marker 1kb, wells 1 and 2: synthesized

cDNA, well 3: negative control using water, well 4:
negative control using RNA.
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Figure 5. Melting curve. GA: GAPDH, U: Ubiquitin gene, D: DXR gene, G: GTS gene.
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Figure 6. Comparison of DXR and GTS gene expression
changes in ecotype H compared to ecotype K using an
unpaired t-test in R software. *: Significance level.
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Figure 7. The expression level of the DXR gene is relative to the control in two ecotypes of N. sativa under methyl

jasmonate treatment. H: ecotype H, K: ecotype K, TO: control time, T12: 12 hours after treatment, T24: 24 hours after
treatment, T48: 48 hours after treatment, * significance at the 5% level.
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Figure 8. The expression level of the GTS gene is relative to the control in two ecotypes of N. sativa under methyl
jasmonate treatment. H: ecotype H, K: ecotype K, TO: control time, T12: 12 hours after treatment, T24: 24 hours after
treatment, T48: 48 hours after treatment, * significance at the 5% level.
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Table 2. Comparison of the mean expression level of GTS gene in two ecotypes of N. sativa under methyl jasmonate

treatment at different times.
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ns and ***: indicate non-significance and significance at the 5% probability level, respectively.
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Table 3. Comparison of the mean expression level of DXR gene in two ecotypes of N. sativa under methyl jasmonate
treatment at different times.
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ns and ***: indicate non-significance and significance at the 5% probability level, respectively.
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