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Abstract

Objective

Recent advancements in molecular biology and proteomics have generated significant hope for
identifying candidate proteins associated with drought stress tolerance, which could facilitate
essential steps in enhancing rice yield. The primary objective of this study was to
comprehensively investigate the effects of drought stress on the morphological traits and the root
proteome expression patterns of rice.

Materials and methods

The experiment was designed and executed as a completely randomized design (CRD) with three
replicates under strictly controlled laboratory conditions within a growth chamber. Drought stress
treatments consisted of four distinct conditions: normal irrigation (flooding) as a control, and
drought stress imposed for durations of 24, 36, and 48 hours. To analyze protein expression
patterns, two-dimensional gel electrophoresis (2-DE) followed by Coomassie Brilliant Blue
staining was employed. Statistically significant protein spots were identified using mass
spectrometry andbioinformatic toolsbasedon isoelectric point (pI), molecular weight (MW), and
specialized protein databases. The measured morphological traits included proline content, root
dry weight, root diameter, root volume, root number, root length, and the shoot-to-root length
ratio.

Results

The findings demonstrated that drought stress induced significant changes in proline content, root
dry weight, root diameter, and root volume; however, its effects on root number, root length, and
the shoot-to-root length ratio were not statistically significant. Increasing the stress duration to 48
hours led to a substantial increase in root dry weight, whereas 24 -hour stress resulted in a
noticeable increase in root volume and diameter. Additionally, proline levels in the roots showed
a significant increase after 36 hours of stress. Proteomic analysis revealed that among 135
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identified protein spots, 14 exhibited significant changes in expression under drought conditions.
The upregulation of ferredoxin-oxidoreductase played a crucial role in mitigating stress impacts,
whereas ribosomal proteins, glyceraldehyde-3-phosphate, and ATP synthase were
downregulated. Other proteins, including fructose-1,6-bisphosphate aldolase, glucose-6-
phosphate dehydrogenase, glycine dehydrogenase, and chitinase, initially showed decreased
expression but exhibited an increasing trend as the stress duration reached 48 hours.
Conclusion

This study demonstrated that drought stress triggers significant structural changes in the roots and
modulates the expression of specific proteins in rice, which are vital for plant adaptation
mechanisms. The upregulation of ferredoxin-oxidoreductase and the dynamic expression of other
proteins elucidate the molecular mechanisms of plant stress resistance. These findings can serve
as a valuable foundation for the genetic improvement of rice varieties to enhance drought
tolerance.
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Introduction
Rice (Oryza sativa L.) is a staple food crop for more than half of the world’s population, and

its productivity is increasingly threatened by abiotic stresses, particularly drought. As climate
change intensifies, water scarcity has emerged as a critical challenge to sustainable agriculture
and food security. Drought stress affects rice at multiple developmental stages, leading to
morphological, physiological, and molecular alterations that compromise yield and quality.
Understanding the mechanisms underlying drought tolerance is essential for breeding resilient
cultivars. Recent advances in molecular biology and proteomics have enabled researchers to
investigate stress-responsive proteins that mediate adaptation to environmental challenges.
Proteomic profiling, especially using two-dimensional electrophoresis (2-DE), allows for the
identification of differentially expressed proteins under stress conditions, offering insights into
the biochemical pathways involved in drought response. This study focuses on the proteomic and
morphological changes in rice roots subjected to time-course drought stress, aiming to identify
key proteins and traits associated with tolerance mechanisms.
Materials and Methods

The experiment was conducted using the Hashemi rice cultivar, known for its agronomic
importance in northern Iran. Seeds were sterilized and germinated under controlled laboratory
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conditions. Plants were grown in one-liter pots filled with a 1:1 mixture of agricultural soil and
organic manure. Environmental parameters were tightly regulated: temperature at 24°C, relative
humidity at95%, anda photoperiod of 12 hourslight. Drought stresswas imposed by withholding
irrigation for 24, 36, and 48 hours, while control plants were maintained under regular flooding
conditions. The experiment was carried out in completely randomized design with three
replications. Morphological traits including root dry weight (mg), root diameter (mm), root
volume (mm?®), root length (¢cm), number of roots, shoot-to-root length ratio were measured along
with proline content. Protein extraction fromroot tissues involved homogenization in phosphate
buffer, centrifugation, precipitation with trichloroacetic acid (TCA), and washing with cold
ethanol. The resulting proteinpellets were solubilized in lysis buffer and subjectedto 2 -DE. First-
dimension isoelectric focusing (IEF) was performed using ampholytes of pH ranges 5—7 and 3.5—
10, followed by second-dimension SDS-PAGE. Gels were stained with Coomassie Brilliant Blue
and scanned using a densitometer. Quantitative analysis of protein spots was conducted using
PDQuest software. Statistically significant spots were identified vie ANOVA and Duncan’s
multiple range test. Selected proteins were characterized using MALDI-TOF mass spectrometry
and bioinformatics tools, including theoretical p/ and molecular weight comparisons against
protein databases.
Results

Drought stress significantly influenced several root traits. Root dry weight increased
markedly after 48 hours of stress, indicating enhanced biomass allocation to roots under
prolonged water deficit. Root volume and diameter showed significant increases after 24 hours,
suggesting early adaptive responses to limited water availability. However, root length, number
of roots, and shoot-to-root length ratio remained statisticallyunchanged acrosstreatments. Proline
accumulation was positively correlated with stress duration. A significant rise in proline content
was observedafter 36 hours,peakingat48 hours. This accumulation likely contributesto osmotic
adjustment and protection against oxidative damage. A total of 135 reproducible protein spots
were detected across treatments. Fourteen spots exhibited significant changesin expression under
drought stress. These proteins were categorized based on their functional roles. Stress mitigation
and redox regulation; Ferredoxin-NADP+ oxidoreductase showed increased expression,
suggesting its role in maintaining redox balance and mitigating oxidative stress. GSH-dependent
DHA reductase was downregulated initially but stabilized over time, indicating dynamic
antioxidant responses. Energy Metabolism and Photosynthesis; ATP synthase a-chain and
glyceraldehyde-3-phosphate dehydrogenase were downregulated, reflecting reduced energy
production under stress. Fructose-1, 6-bisphosphate aldolase and glucose-6-phosphate
dehydrogenase displayed biphasic expression patterns, with initial suppression followed by
recovery at 48 hours. Nitrogen and amino acid metabolism; Glycine dehydrogenase showed
fluctuating expression, possibly linked to nitrogen remobilization and osmolyte synthesis.
Defenseandstructural proteins; Chitinase expressiondecreased initially butincreased at48 hours,
suggesting its involvement in cell wall remodeling and defense. Hypothetical proteins and
ribosomal protein L11 exhibited variable expression, indicating potential roles in stress signaling
and protein synthesis regulation. These findings highlight the temporal dynamics of protein
expression in rice roots under drought stress. The upregulation of specific proteins at different
time points suggests a coordinated response involving early signaling, metabolic adjustment, and
structural reinforcement.
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Conclusion

This study provides a comprehensive analysis of rice root responses to drought stress at both
morphological and proteomic levels. The Hashemi cultivar demonstrated significant adaptive
changes, including increased root biomass and proline accumulation, which are critical for water
uptake and stress tolerance. Proteomic profiling revealed key proteins involved in redox
regulation, energy metabolism, and structural defense. The increased expression of ferredoxin-
NADP+ oxidoreductase and other stress-responsive proteins underscores their importance in
mitigating oxidative damage and maintaining cellular homeostasis. The dynamic expression
patterns observed across different stress durations suggest thatrice roots employ a phased strategy
to cope with drought, starting with osmotic adjustment and progressing to metabolic and structural
adaptations. These insights contribute to the understanding of drought tolerance mechanisms and
offer potential targets for genetic improvement. Future research should focus on validating the
functional roles of identified proteins through gene expression studies and exploring their
interactions within signaling networks. Integrating proteomic data with transcriptomic and
metabolomic analyses will enhance our ability to breed rice varieties with superior drought
resilience.
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Table 1. Meansquares of traits studied in Hashemirice cultivar under different water stress
treatments

Job Cand  ady) oo Ay Hlad adyy Job  adyyalis Sd s oo ol ol e s @le

lon ply] Root Root Root Number Ay Proline Degree of Source of
Volume Diameter Length of Roots Content Freedom Change

Aoy & Dry
Shoot-to- weight of
root Root
length
ratio
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Figure 1. Mean dry root weight of Hashemi rice cultivar under different levels of water

stress
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Figure 2. Mean root volume of Hashemi rice cultivar under different levels of water stress
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Figure 3. Mean root diameter of Hashemi rice cultivar under different levels of water stress
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Figure 4. Mean proline content in the roots of Hashemi rice cultivar under different levels

of water stress
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Relative position and label of protein spots on the two-dimensional electrophoresis gel of
Hashemi rice (Master Gel)
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Figure 6. Two-dimensional electrophoresis gel of Hashemi rice roots under 24-hour water
deficit stress
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Figure 7. Two-dimensional electrophoresis gel of Hashemi rice roots under 36-hour water
deficit stress
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Figure 8. Two-dimensional electrophoresis gel of Hashemi rice roots under 48-hour water
deficit stress
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(1983

Table 2. Characteristics of identified proteins in the roots of Hashemi rice under water

deficit stress treatment

pLMW (kDa)
05le gy pb S S Accession
e Protein Name Theory Experimental Number
Protein
Number
1501 Hypotetical Protein 5.2,60 6.17,56.4 115465323
3102  GSH-dependent DHAreductase 6.3,27 7.0,28.9 BAA90672
3501  ATP synthase cfl alpha chain 6.11,55.30 6.95,54.43 17371040
3701 Glyceraldehyde3-phosphate 4.0,82.0 6.8,74.1 20455490
dehydrugenase
5501 Ribosomal PrLL11 749,558 7.0,50 226533453
5801 Glycine dehydrogenase 7.4,108.5 6.3,112 356514615
6201 Ferredoxin- NADPH 7.24,38.9 7.62,38.53 20302473
oxydoreductase
6401 Ribosomal PrL11 7.49,55.8 7.75,44.87 226533453
6801 Glycine dehydrogenase 7.57,108.5 6.3,112 356514615
6804 Glyceraldehyde3-Phosphate 4.0,82 7.8,83.8 20455490
dehydrogenase
7303  Froctosel-6bisphosphatealdolase  8.3,42.08 9.041 256152303
8502 Glocose 6-Phosphate 5.92,59 8.7,56 3023817
dehydrogenase
9201 Chitinase 42343 9.3,34.14 561873
9202 Ferrodoxine NADPH 8.2,9.39 9.3,39 20302473
oxidoreductase
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25L (ROS) (5081 Jlad sotisS ksl ook 51 oy 2905 1aameS T (05 5T AR )3 553 (gl (3 g
Lin & Kao,) 5550 sl ol 5 Lid o0 i ooy (Jsls0 o0 cel 02- ;H202

5 A=Y o)l slo g p b il el e 5 oupl Gl b sl o ol s gola st 5 @l sl (2000

il e ol s agline @it O 3508 25 cons o ol 45 s Wl 53908 T o3l 51 Yiazs £V
o el (gitiwgd 9 xSl S 0 o) 55 049,58l Jlis! pae L(Higichiet al., 2011) same iolibl G g LialS
e 529 S 0 S8 gl (gLt sl 2lS 4y S 90,0081 S 9398 ey GRIBIL & 2500 gl
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g 5 andly (695U A8 cMyg S )3 (DHA) 5L 93y Sl g)amd 09365l il (oS i csls YA
Gtalil T YL (glos 5ot was NADPH L 51 ol crlla camd oo ial3dl |y slie ST (5 4y coglio GSH
oo il O 598 i a0 el olgied a8 5T e wilise LS 5> .(Urao et al., 2000) aa> o
(Smirnoff & Pallanca, 1996; Schwanz & Polle, 2001)
L3l lacntign » oM 1l 23l pasiube (S )38 Ol 39108 (5 )3 Lol (i & S
013,55 aSude (gunyd 4 O 39008 (A5 L o] bl g (55 a8 w5 ol Bats ol 5 365 (60500 slagig n 0
2 oSy cpl by bud slulis Jis|Ribosomal protein L1I1 gie 4 54 5 0043 o)laid slopgy ol
5 92 ol el YA (55 ol Gl oSppghas o o5 (tnlS 55y T g8 55 Jlael b Lol simg3y
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