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Terminal drought stress severely constrains wheat production in arid and
semi-arid regions such as Iran, where yield stability is heavily reliant on
unpredictable spring precipitation. The CONSTANS-Like (COL) gene
family integrates light signals and circadian rhythms to regulate flowering
time and is also involved in abiotic stress adaptation. This study investigated
the physiological and transcriptional responses of eight COL gene family
members to terminal drought stress in the flag leaf tissue of a synthetic
hexaploid wheat line, in comparison to the commercial cultivar Pishgam. A
split plot experiment was performed under field conditions the fram of a
randomized complete block design with three replications. Two The main
factor was irrigation regimes (well-watered and drought-stressed) and two
genotypes were located in subplots. The synthetic line maintained higher
levels of photosynthetic pigments and exhibited enhanced activity of key
antioxidant enzymes, particularly superoxide dismutase (SOD) and
peroxidase (POD), under both conditions. Under well-watered conditions,
all homeologous groups showed higher transcript abundance in the synthetic
line, correlating with its accelerated growth and early flowering phenotype.
Under drought stress, one homeologous group was downregulated in both
genotypes, whereas the other two were significantly upregulated, with
markedly stronger induction in the synthetic line. This expression pattern
suggests their involvement in promoting early maturity and desiccation
escape mechanisms. The coordinated enhancement of antioxidant defense
and selective upregulation of specific COL genes indicates a synergistic
interaction between oxidative stress mitigation and developmental
acceleration under drought conditions. Collectively, these findings indicate
that superior tolerance to late drought of the artificial wheat line is associated
with stable photosynthetic performance and a distinct COL gene expression
profile, making this line a suitable candidate for cultivation in areas with late-
season drought stress.

Cite this article: Farokhpuri, B., Mirzaghadri, G. and Siosemardeh, A. (2025). Evaluation of physiological
responses and CONSTANS-Like gene expression under late-season drought stress in two wheat genotypes.
Plant Genetic Research, 12(2): 143—160.

DOI: https://doi.org/10.22034/pgr.2025.2069839.1014

© Author(s) retain the copyright.

Homepage: https://www.pgr.lu.ac.ir | Publisher: Lorestan University 143



Farokhpuri et al. Plant Genetic Research (2025), 12(2): 143-160

Introduction

Terminal drought stress is a major constraint on wheat production in arid and semi-arid regions
like Iran, where yield stability is heavily dependent on unpredictable spring precipitation. This
multifactorial stress impacts various growth and yield parameters, often by altering
carbohydrate metabolism pathways and modulating the expression of associated genes. Wheat
plants deploy complex physiological, biochemical, and molecular responses to adapt to or resist
drought stress. The CONSTANS-Like (COL) gene family, central regulators of photoperiodic
flowering through the integration of light signals and the circadian clock, are also implicated in
abiotic stress responses.

Materials and Methods

This study employed a split plot experiment under field conditions in the frame of a randomized
complete block design with three replications. The main factor was irrigation regime including
well-watered and terminal drought-stressed (irrigation withheld from anthesis, Zadoks GS65,
to physiological maturity, Zadoks GS89). Two genotypes were allocated to subplots which
included the common wheat cultivar 'Pishgam and a synthetic wheat derived hexaploid line
called R6P1 (already was improved at the University of Kurdistan from crossing between a
synthetic wheat line and the commercial common wheat cultivar 'Pishgam). To evaluate the
physiological responses, the content of photosynthetic pigments (including chlorophyll a,
chlorophyll b, total chlorophyll and carotenoids) as well as the activity of key antioxidant
enzymes (e.g., peroxidase and superoxide dismutase) were assessed. Additionally, the
transcriptional responses of some COL family genes were investigated in the genotypes studied.

Results and Discussion

Transcriptional analysis was conducted on eight members of the COL gene family, encompassing
three homeologous groups (a, b, and ¢), all of which containing conserved B-box and CCT domains.
Expression of homeologous group a (TraesCS7D02G131700, TraesCS7A02G132100,
TraesCS7B02G032800) was significantly down-regulated in both genotypes, suggesting a limited role
of COL genes in drought stress responses. In contrast, homeologous group b (7raesCS7402G263500,
TraesCS7B02G161500, TraesCS7D02G264300) and homeologous group ¢ (TraesCS7402G218600,
TraesCS7D02G220300) were stongly up-regulated under drought stress compared with normal
conditions. This up-regulation was significantly more pronounced in the artificial line,
highlighting the critical role of these specific COL genes in promoting accelerated maturation
and drought escape mechanisms. The results reveal a synergistic interaction in the synthetic
line. the coordinated enhancement of the antioxidant system effectively reduces oxidative
stress, while the distinct, stress-responsive expression profile of specific COL Homeologous
facilitates developmental acceleration. This combination underpins a highly effective strategy
for avoiding terminal drought. The results indicate that the preservation of photosynthetic
pigments in the synthetic line compared to ‘Pishgam’ may underlie the superior drought
tolerance of this genotype, as chlorophyll degradation is typically associated with reduced
photosynthetic efficiency and growth. Elevated activities of antioxidant enzymes, particularly
peroxidase (POD) and superoxide dismutase (SOD), further reflect an adaptive response to
drought-induced oxidative stress. Notably, the substantial increase in SOD activity plays a
critical role in scavenging reactive oxygen species, thereby limiting cellular damage.
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Furthermore, alterations in the expression of COL gene family members especially the
upregulation of homeologous groups b and c suggest the activation of molecular pathways
involved in flowering time regulation and drought response, potentially enhancing the drought
escape strategy. Conversely, the downregulation of homeologous group a may indicate a
reallocation of energy and resources to improve stress resilience. Collectively, these findings
demostrate that drought tolerance in the synthetic line arises not only from the maintainace of
photosynthetic capacity but also involves complex enzymatic and genetic regulatory
mechanisms that together contribute to enhanced plant adaptability under environmental stress.

Conclusions

In conclusion, this study provides comprehensive evidence that the terminal drought tolerance
of the synthetic hexaploid wheat line is mechanistically linked to its sustained photosynthetic
capacity, powerful antioxidant defense system, and a unique, stress-responsive transcriptional
regulation of key COL gene homeologous. These findings posit the COL gene family,
particularly homeologous groups b and c, as promising targets for molecular breeding and
biotechnological interventions aimed at enhancing drought resilience and yield stability in
wheat under changing climatic conditions.
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Table 1. Names, homeologous groups, sequences of designed primers, annealing temperatures, and lengths of amplified
fragments for the analysis of COLs gene expression.
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Figure 1. Comparison of mean physiological-biochemical traits: (A) chlorophyll a (Chl a), (B) chlorophyll b (Chl
b), (C) total chlorophyll (Total Chl), (D) carotenoids, (E) peroxidase (POD) and (F) superoxide dismutase
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Figure 2. Expression levels of homeologous groups in
wheat flag leaf tissue at the soft pulp stage (Zadoks
783). A: Homeologous group a (three genes transcribed
from three wheat subgenomes), B: Homologous group
b (three genes transcribed from three wheat
subgenomes), and C: Homeologous group ¢ (two genes
transcribed from two wheat subgenomes). DO: Normal
condition, D1: Drought stress condition, Pishgam:
Pishgam variety, Syntetic Line: Synthetic line, *:
Relative expression level of samples in D1 condition
compared to DO condition in each genotype at a
statistical level of 5% and **: Relative expression level
of samples in D1 condition compared to DO condition
in each genotype at a statistical level of 1%.
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