Plant Genetic Research 0

&/

Lorestan University

ISSN: 2676-7309

From Cellular Preparedness to Intelligent Response: Molecular
Mechanisms Underlying the Differential Tolerance of Date Palm

Cultivars to Leaf Drying Disorder

Fatemeh Azizollahi

| Mousa Mousavi"

Department of Horticultural Science, Faculty of Agriculture, Shahid Chamran University of

Ahvaz, Ahvaz, Iran

“Corresponding author™L: m.mousavi@scu.ac.ir

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received: August 28, 2025;

Received in revised form: December 11, 2025;
Accepted: December 19, 2025;
Available online: December 30, 2025

Keywords:

Gene expression,
Biotic stress,
Abiotic stress,

Leaf drying disorder,
Date palm

In recent years, leaf drying disorder has emerged as a major threat to date
palm (Phoenix dactylifera L.) production in Iran’s arid and semi-arid
regions. Despite its economic significance, the molecular mechanisms
underlying this condition remain poorly understood. This study aimed to
investigate the expression patterns of seven key stress-responsive genes
(OSCAI, FERONIA, FLS2, CERKI, HKT, UVRS, and COLD) in three
date palm cultivars (Estamaran, Barhi, and Hallawi) exhibiting
contrasting phenotypes: with and without leaf drying symptoms. Our
results reveal a two-phase molecular defense strategy in tolerant cultivars
(Estamaran and Hallawi). Under non-stress conditions, these cultivars
exhibited significantly higher basal expression of OSCAI, FLS2, and
HTK, suggesting a state of "pre-emptive defense priming" that likely
enhances readiness against osmotic and salinity stresses. Conversely,
upon symptom development, tolerant cultivars showed marked
upregulation of FERONIA and CERKI, indicating an intelligent,
pathogen-responsive immune activation, potentially against fungal agents
implicated in the disorder. In contrast, the susceptible cultivar (Barhi)
displayed dysregulated expression: elevated UVRS and COLDI levels
correlated with accelerated leaf senescence and water loss, while reduced
OSCAl and HTK expression was associated with impaired ion
homeostasis. Collectively, our findings demonstrate that tolerance to leaf
drying is not governed by a single gene but by a coordinated, multi-stage
defense system involving both pre-stress preparedness and stress-
responsive immunity. These results provide a foundational framework
for developing molecular markers and cultivar-specific breeding
strategies to mitigate this emerging threat in date palm cultivation.
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Introduction

In recent years, leaf drying disorder has emerged as a major threat to date palm (Phoenix
dactylifera L.) production in Iran’s arid and semi-arid regions. Despite its economic
significance, the molecular mechanisms underlying this condition remain poorly understood.
This study aimed to investigate the expression patterns of seven key stress-responsive genes
(OSCAI, FERONIA, FLS2, CERKI, HKT, UVRS, and COLD) in three date palm cultivars
(Estamaran, Barhi, and Hallawi) exhibiting contrasting phenotypes: with and without leaf
drying symptoms.

Materials and Methods

Leaf samples were collected from healthy and symptomatic trees of the three cultivars,
Estamaran (Sayer), Hallawi and Barhi with three replications. Total RNA was extracted using
GeneAll® Ribospin™ Plant, qualitify by agarose gel electrophoresis and NanoDrop, then
cDNA was synthesized using Thermo Science Revert/Aid First Strand cDNA Synthesis kit
Fermentas (Thermo Fisher Scientific, Lithuania). The quantitative Real-Time PCR (qRT-
PCR) analysis was done with Step One Plus Real-Time PCR (Applied Biosystems) using
SYBR Green Master Mix (Ampliqon). Gene-specific primers were designed, and expression
levels were normalized using the 18S rRNA gene as an internal control. Data were analyzed
using the 2 24 method, and statistical significance was assessed using ANOVA followed
by Duncan’s multiple range test at a 5% significance level.

Results and Discussion

The expression patterns of the studied genes varied significantly among cultivars and between
symptomatic and asymptomatic samples. The OSCA I gene, which encodes an osmosensory calcium
channel, showed the highest expression in the symptom-free Estamaran cultivar and the lowest in the
symptomatic Barhi cultivar. This suggests that OSCA plays a critical role in osmotic stress tolerance,
with its expression decreasing under stress conditions in all three tested cultivars. The FERONIA
gene, a member of the Receptor-Like Kinase (RLK) family, exhibited the highest expression in the
symptomatic Estamaran cultivar, indicating its potential role in stress response and immunity. The
FLS gene, involved in bacterial flagellin perception, showed the highest expression in the symptom-
free Hallawi cultivar, significantly higher than in other samples. This suggests that FLS may
contribute to disease resistance in healthy plants. The CERKI gene, which responds to chitin and
bacterial peptidoglycan, displayed the lowest expression in the symptom-free Hallawi cultivar and
the highest in the symptomatic Hallawi cultivar. The HTK gene, responsible for sensing of
environmental signals in response to biotic and abiotic stresses, also showed the highest expression in
the symptom-free Hallawi cultivar. Our results reveal a two-phase molecular defense strategy in
tolerant cultivars (Estamaran and Halawi). Under non-stress conditions, these cultivars exhibited
significantly higher basal expression of OSCA 1, FLS2, and HTK, suggesting a state of "pre-emptive
defense priming" that likely enhances readiness against osmotic and salinity stresses. Conversely,
upon symptom development, tolerant cultivars showed marked upregulation of FERONIA and
CERK]1, indicating an intelligent, pathogen-responsive immune activation, potentially against fungal
agents implicated in the disorder. In contrast, the susceptible cultivar (Barhi) displayed dysregulated
expression: elevated UVRS level correlated with accelerated leaf senescence and water loss, while
reduced OSCA1 and HTK expression was associated with signal transduction.
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Conclusions

This study showed that the expression of stress-related genes is closely linked to the leaf
drying phenomenon in date palms. Collectively, our findings demonstrate that tolerance to
leaf drying is not governed by a single gene but by a coordinated, multi-stage defense system
involving both pre-stress preparedness and stress-responsive immunity. These results provide
a foundational framework for developing molecular markers and cultivar-specific breeding
strategies to mitigate this emerging threat in date palm cultivation. The differential expression
of OSCAI, HTK, FERONIA, and other genes suggests their involvement in stress perception
and response mechanisms. Future research should focus on the functional characterization of
these genes and their interactions in stress responses. Further studies should also explore the
role of environmental factors, such as dust particles and climate change, in exacerbating this
condition.
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Table 1. Oligonucleotide primer pairs used for expression of genes involve in reception of biotic and abiotic
stresses in the leaf sample of date palm
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Primer name Primer sequence Product length (bp) Ta°C
UVRS-F 5-TGAGCCATTTCCTGTTCCAAC-3 130 53
UVRS-R 5-CCTCCCAGTTGGAACACATTC-3
COLDI-F 5-CCCTTGTCCAGATCCTCTTCA-3 123 53
COLDI-R 5-GGTCAATCTTCCAGTTGAGCC-3
HKTI-F 5-AATGAAGCCAGGAAGCAGTTC-3 158 53
HKTI-R 5-AGGTATGCCAGCTGAGAAGAA-3
FLS2-F 5-CTTCAGGGAGCTAGTGACCTT-3 169 53
FLS2-R 5-CGTCCACCTTGATCGATCATG-3
CERKI-F 5-AATGTCACTGTGAACTGCTCG-3 159 53
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FERON-R 5-GTCCTCCATGGTGTAGGATGT-3
18S-F 5-CGAACCACTGCGAAAGCAT-3 134 58
188-R 5-CCCCCAACT TTCGTTCTTGA-3
Oscal-F 5-GGGGGGCAGCTGTTTGTGC-3 163 61
Oscal-R 5-AGGAAGAAAAATGCAACAGCCA-3T
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Table 2. Variance analysis of the changes in the expression levels of target genes in three date palm cultivars
(Barhee, Halawi, and Estamaran) affected by the disorder and normal samples (According to FC)
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