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Stevia rebaudiana Bert. is a medicinal plant widely utilized as a source of
natural sweeteners. Its sweetening potency is attributed to steviol
glycosides, diterpenoid compounds present in the leaves. Similar to other
plant secondary metabolites, production of steviol glycosides can be
modulated by biotic and abiotic elicitors. Among biotic elicitors, the
fungus Serendipita indica has been shown to positively influence steviol
glycoside production. In the present study, the effect of S. indica symbiosis
on the relative expression patterns of key early biosynthetic pathway genes
of steviol glycosides, including Dxs, Cms, Mcs, Hds, Hdr, and Ggdps was
investigated. Following fungal inoculation and confirmation of root
colonization, samples were collected from treated plants. After RNA
extraction and cDNA synthesis, transcript levels of the target genes were
assessed using quantitative real-time PCR (qRT-PCR) with three
biological and three technical replicates. The results demonstrated that
symbiotic association with S. indica significantly up-regulated the
expression of all examined genes. The highest up-regulation expression
was observed for Ggdps gene, suggesting that it can be considered as a
candidate gene for metabolic engineering aimed at enhancing steviol
glycoside biosynthesis.

.
E ,5;!? - E Cite this article: Mohammadi-GomYek, S., Shafeinia, A., Ghasemi Goojani, E. and Pakdaman Sardrood, B. (2025).

rr
e =

Effect of Serendipita indica Symbiosis on the Relative Expression of Some Genes Involved in the Early Steviol Glycoside
=, Biosynthesis Pathway in Stevia (Stevia rebaudiana Bert.). Plant Genetic Research, 12(2): 75—88.
DOI: https://doi.org/10.22034/pgr.2025.2079667.1025

Homepage: https://www.pgr.lu.ac.ir | Publisher: Lorestan University

© Author(s) retain the copyright.

75



Mohammadi-GomYek et al. Plant Genetic Research (2025), 12(2): 75-88

Introduction

Stevia rebaudiana Bert. is a perennial medicinal plant belonging to the Asteraceae family and
is globally recognized as a natural source of high-intensity, non-caloric sweeteners. The
sweetness of stevia leaves is mainly attributed to diterpenoid steviol glycosides, predominantly
stevioside and rebaudioside A, which are synthesized and accumulated in leaf tissues. These
compounds are characterized by their high sweetness potency, non-toxicity, and absence of
caloric value, making them suitable alternatives to sucrose and artificial sweeteners, particularly
for diabetic and obese populations. Among steviol glycosides, rebaudioside A is mainly
responsible for the desirable sweet taste, whereas stevioside contributes to bitterness,
highlighting the importance of regulating both the quantity and composition of these
metabolites. The biosynthesis of steviol glycosides occurs through a complex metabolic
network that involves the methylerythritol phosphate (MEP) pathway in plastids. The early
steps of this pathway play a crucial regulatory role in determining the metabolic flux toward
diterpenoid biosynthesis. Key enzymes involved in these initial stages include 1-deoxy-D-
xylulose-5-phosphate synthase (DXS), 4-diphosphocytidyl-2-C-methyl-D-erythritol synthase
(CMS), 2-C-methyl-D-erythritol-2,4-cyclodiphosphate synthase (MCS), 4-hydroxy-3-
methylbut-2-enyl diphosphate synthase (HDS), 4-hydroxy-3-methylbut-2-enyl diphosphate
reductase (HDR), and geranylgeranyl diphosphate synthase (GGDPS). The final product of this
enzymatic cascade, geranylgeranyl diphosphate (GGPP), serves as the primary precursor for
steviol glycoside biosynthesis. Therefore, transcriptional regulation of these genes is of
particular importance for metabolic engineering strategies aimed at increasing steviol glycoside
accumulation. Secondary metabolite production in plants is known to be influenced by
environmental factors and elicitors, both biotic and abiotic. Among biotic elicitors, endophytic
fungi have gained considerable attention due to their ability to modulate plant metabolism,
enhance growth, improve nutrient acquisition, and increase tolerance to biotic and abiotic
stresses. Serendipita indica is a root-colonizing endophytic basidiomycete fungus that
establishes a mutualistic association with a wide range of plant species. This fungus is known
to induce systemic resistance against pathogens, enhance water and mineral uptake, and
promote plant growth under both optimal and stress conditions, including drought and salinity.
Despite extensive reports on the growth-promoting effects of S. indica, its influence on the
transcriptional regulation of steviol glycoside biosynthesis in stevia remains insufficiently
explored. The present study aimed to investigate the effect of S. indica symbiosis on the relative
expression patterns of key genes involved in the early steps of steviol glycoside biosynthesis in
Stevia rebaudiana.

Materials and Methods

Stevia seedlings were grown under controlled conditions and transplanted into pots containing
a mixture of soil, cocopeat, and perlite (1:1:1). After reaching the 10-12 leaf stage, seedlings
were inoculated with S. indica by placing barley grains colonized with fungal spores near the
root system. Fourteen days after inoculation, successful root colonization was confirmed
through root staining and microscopic examination. Following confirmation of symbiosis, the
five uppermost leaves of inoculated and non-inoculated (control) plants were harvested for
molecular analysis. Total RNA was extracted, and its quality and quantity were evaluated using
spectrophotometry and agarose gel electrophoresis. After DNase I treatment to remove genomic
DNA contamination, complementary DNA (cDNA) was synthesized using oligo (dT) primers.
Gene-specific primers were designed using Primer3Plus software, and optimal annealing
temperatures were determined through gradient PCR. Relative expression levels of Dxs, Cms,
Mecs, Hds, Hdr, and Ggdps genes were quantified using quantitative real-time PCR (qRT-PCR).
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The experiment was conducted with three biological replicates and three technical replicates,
and relative expression data were analyzed using REST software.

Results and Discussion

The results demonstrated that symbiosis with S. indica significantly enhanced the expression of all six
investigated genes compared to control plants. This coordinated up-regulation suggests a global
induction of the early MEP pathway in response to fungal colonization. Among the studied genes,
Ggdps gene exhibited the highest level of induction. Since GGDPS catalyzes the condensation of
isopentenyl diphosphate (IPP) and dimethylallyl diphosphate (DM APP) to form GGPP, its pronounced
up-regulation indicates a potential increase in metabolic flux toward steviol glycoside biosynthesis.
This finding highlights Ggdps gene as a promising candidate gene for metabolic engineering and
genetic manipulation aimed at enhancing steviol glycoside production.

Conclusions

In conclusion, the present study demonstrates that symbiosis with Serendipita indica positively
modulates the transcriptional regulation of key genes involved in the early stages of steviol
glycoside biosynthesis in Stevia rebaudiana. The observed upregulation of Dxs, Cms, Mcs, Hds,
Hdr, and Ggdps genes suggests that S. indica acts as an effective biotic elicitor capable of
enhancing the biosynthetic capacity of stevia plants. Given that increased gene expression
within biosynthetic pathways is often correlated with higher accumulation of end products, it is
expected that fungal inoculation may lead to elevated levels of stevioside and rebaudioside in
stevia leaves. These findings provide a valuable biological strategy for improving stevia
productivity, particularly in low-yield or stress-prone environments, and offer new insights into
the use of beneficial endophytic fungi for sustainable enhancement of medicinal plant
metabolites.
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Figure 3. Effect of Serendipita indica on the transcriptional levels of six genes involved in the initial steps of the

stevioside glycoside biosynthesis pathway in Stevia rebaudiana. ** and * indicate a statistically significant increase in
relative gene expression at the 99% and 95% confidence levels, respectively.
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