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Abstract

Drought stress is one of the most important limiting factors for plant growth and performance,
affecting a wide range of plant responses from metabolic alterations to changes in growth and
productivity. The severity of this stress varies depending on water deficit level, growth stage, and
plant species. Considering Iran’s location in arid and semi-arid climates and the continuous decline
in water resources, identifying drought-tolerant plants and ecotypes is essential. In recent years,
research has increasingly focused on understanding the molecular mechanisms of drought tolerance
and the key genes involved in this process. In this study, morphological and physiological traits of
three ecotypes of the medicinal plant Kalpooreh Teucrium polium from Kerman province were
evaluated under different drought stress levels (40%, 70%, and 100% field capacity), along with the
activity of antioxidant enzymes (SOD, CAT, POD) and lipid peroxidation (MDA). Additionally,
expression of the MYB and LEA genes was assessed in the tolerant ecotype using Real-time PCR.
The results showed that increasing drought stress intensity reduced stem height and total chlorophyll
content, while root length, proline content, and protein content increased. Antioxidant enzyme
activity and MDA levels also rose significantly, indicating intensified oxidative stress. Moreover,
expression of the MYB and LEA genes showed a marked increase in the tolerant ecotype under
drought stress. These findings confirm the combined roles of physiological, biochemical, and
molecular responses in drought tolerance and suggest that these genes could serve as useful indicators
for genetic improvement and selection of drought-resistant germplasms in Teucrium polium
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Introduction

Drought stress is one of the most critical abiotic constraints limiting plant growth, productivity, and
distribution, affecting plants at multiple levels from cellular metabolism to whole-plant morphology. The
severity of drought damage depends on stress intensity and duration, developmental stage, and the genetic
characteristics of each species or ecotype. Given Iran's location in arid and semi-arid regions and the
continuous decline in water resources, identifying drought-tolerant plants and ecotypes is a major priority.
Medicinal plants, despite their economic and therapeutic value, remain underexplored in terms of stress
physiology. Teucrium polium L., widely distributed across Iran, possesses strong antioxidant and
pharmacological properties, yet its drought-response mechanisms are poorly documented. In this study,
morphological and physiological traits of three ecotypes of 7. polium from Kerman province were evaluated
under different drought stress levels (40%, 70%, and 100% field capacity), alongside antioxidant enzyme
activities (SOD, CAT, POD) and lipid peroxidation (MDA).

Additionally, expression of the MYB and LEA genes was assessed in the tolerant ecotype using Real-time
PCR. The results showed that increasing drought stress reduced stem height and total chlorophyll content,
while root length, proline, and protein content increased. Antioxidant enzyme activity and MDA levels also
rose significantly, indicating intensified oxidative stress. Furthermore, MYB and LEA gene expression showed
a marked increase in the tolerant ecotype, confirming the combined roles of physiological, biochemical, and
molecular responses in drought tolerance.

Materials and Methods

A factorial experiment based on a completely randomized design with three replications was conducted in a
greenhouse in Kerman, Iran. Three ecotypes (Sarcheshmeh, Rafsanjan, Sirjan) were subjected to 100%, 70%,
and 40% field capacity. Morphological traits measured included stem length and root length. Physiological
and biochemical traits included total chlorophyll, proline, soluble proteins, and MDA content. Antioxidant
enzyme activities (SOD, CAT, POD) were quantified by standard spectrophotometric assays. For molecular
analysis, RNA was extracted from the tolerant ecotype, cDNA was synthesized, and expression of MYB and
LEA genes was analyzed using Real-time PCR. Relative expression was calculated by the 2*-AACt method.
ANOVA analyzed the data, and means were compared using Duncan's test at the 5% probability level.

Results

Drought stress significantly affected almost all measured traits. Increasing drought intensity reduced stem
length and total chlorophyll content across all ecotypes, indicating impaired photosynthesis and inhibited aerial
growth. In contrast, root length increased under moderate and severe drought, representing an adaptive strategy
to improve water acquisition. Biochemically, proline concentration rose sharply under water deficit, likely
contributing to osmotic adjustment and cellular protection. Protein content also increased, suggesting the
production of stress-related proteins. Antioxidant enzyme activities (SOD, CAT, POD) increased significantly
with increasing drought severity, reflecting activation of the antioxidant defense system to detoxify reactive
oxygen species. MDA content, indicative of lipid peroxidation, also increased, though tolerant ecotypes
showed lower MDA accumulation, suggesting reduced membrane damage. At the molecular level, MYB and
LEA genes were strongly upregulated in the tolerant ecotype, especially under 40% field capacity,
corresponding with higher antioxidant activity, increased osmolyte accumulation, and improved root
performance.

Discussion

Drought tolerance in 7. polium is driven by a combination of structural, metabolic, and molecular mechanisms.
Reduced shoot growth minimizes transpiration, while increased root length supports deeper soil exploration
under water deficit. Chlorophyll reduction and increased ROS under drought are well-known physiological
outcomes, but tolerant ecotypes demonstrated better chlorophyll retention and stronger oxidative defense.
Accumulation of osmoprotectants such as proline and proteins contributes to maintaining cell turgor and
stabilizing membranes. The marked increase in antioxidant enzyme activity reveals effective ROS scavenging,
limiting oxidative damage. The strong upregulation of MYB and LEA genes further confirms their roles in
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regulating transcriptional and protective responses under drought. These genes may therefore serve as
functional biomarkers for screening drought-tolerant germplasm.

Conclusion

This study highlights substantial ecotypic variation in drought responses of 7. polium. Drought tolerance is
associated with improved root development, higher osmolyte and protein accumulation, strengthened
antioxidant capacity, and significant upregulation of the MYB and LEA genes. The tolerant ecotype identified
here, along with its molecular markers, holds promise for breeding programs, cultivation under limited water
conditions, and future molecular studies aimed at enhancing drought resistance in medicinal plants.
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Table 1. Geographical and climatic characteristics of the studied Teucrium polium ecotypes

Ecotype Collection site

Latitude Longitude Altitude (m

Climate type (Koppen) Mean annual rainfall Dominant soil

(°N) (°E) (mm) type
Sarcheshmeh ~ Sarcheshmeh, 30.01 55.75 ~1650 BWk (cold desert 100-150 Sandy-loam
Kerman climate)
Rafsanjan  Rafsanjan, Kerman 3040 55.99 ~1500 BWk (cold desert 100-140 Loamy—sand
climate)
Sirjan Sirjan, Kerman 29.50 55.68 ~1800 BSk (semi-arid steppe 110-160 Sandy—clay
climate) loam
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Table 2- Names and sequences of primers used to examine
gene expression

Gene Forward Primer (5' — 3') Reverse Primer (5' — 3')

actin GCCACACTGTTCCAATCTATGA TGATGGAATTGTATGTCGCTTC

18 SRNA  GTGACGGGTGACGGAGAATT GACACTAATGCGCCCGGTAT

LEA AGCTGTGTTGCCCTGCT AATCCTCTCCTGCACCG

TCTAAATCTGCGACAAACTCTGTAT

MYB GGATGGAAACCAGCGACAC G
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Table 3- Analysis of variance for morphological, physiological, and biochemical traits in ecotypes of Teucrium polium under
different levels of drought stress

Source of Variation df Stem Length Root Length Total Chlorophyll  Proline Protein  SOD CAT POD MDA
Mean Square
Ecotype (E) 2 14.56* 212 45.23% 76.85%  10.25™  52.34%* 48.12%%  56.21%*% 1.42™
Drought Stress (DS) 2 32.78** 11.47%** 182.34%* 430.12%* 85.36%* 220.45%* 215.32%*% 260.12%* 5.67**
E x DS 4 18.45%* 5.76%* 28.76%* 92.45%  22.37% 36.12%*% 34.23%* 44.56** 1.83*
Error 18 3.12 1.05 8.12 21.34 5.12 6.34 5.98 7.45 0.45
CV (%) - 5.4 6.1 7.2 6.8 5.9 7.1 6.7 6.5 8.2
AN gma,e s LY Jled C)a.ﬂ 3,3 gwme im0 Jlax] Cl’”" 03,15 gma

* Significant at 5 % probability level * *: significant at 1 % probability level ns: Not significant
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Figure 2- Effect of different levels of drought stress on the root
length in three ecotypes of Teucrium polium [
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Figure 4- Effect of different levels of drought stress on the
proline content in three ecotypes of Teucrium polium [ .
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Figure 1- Effect of different levels of drought stress
on stem length in three ecotypes of Teucrium polium I.
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Figure 3- Effect of different levels of drought stress on total
chlorophyll content in three ecotypes of Teucrium polium I.
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Figure 7- Effect of different levels of drought stress on CAT
activity in three ecotypes of Teucrium polium I.
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Figure 8- Effect of different levels of drought stress on POD
activity in three ecotypes of Teucrium polium I.
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Figure 5- Effect of different levels of drought stress on the
protein content in three ecotypes of Teucrium polium .
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Figure 6- Effect of different levels of drought stress on SOD
activity in three ecotypes of Teucrium polium 1.
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Figure 9- Effect of different levels of drought stress on
MDA content in three ecotypes of Teucrium polium I.
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