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Abstract

Objective

To investigate the effects of drought stress and identify the proteins involved in drought tolerance
in sugar beet roots.

Materials and methods

For this purpose, the drought-tolerant sugar beet genotype Full sib S1-10-8001 was evaluated
under normal conditions and drought stress. Seeds were planted in polyvinyl chloride tubes, one
meter long and 20 centimeters in diameter. Four weeks after planting, drought stress was applied
by interrupting irrigation for seven days in a cyclic manner. Subsequently, the protein pattern of
the samples was assessed using two-dimensional electrophoresis and quantitative analysis of the
spots.

Results

Statistical analysis of the traits of underground organ length and tuber length showed significant
differences between drought stress and normal conditions, with drought stress leading to a
reduction in these parameters and an increase in proline levels in the roots. The results obtained
from protein separation using two-dimensional electrophoresis, with IEF in the first dimension
and SDS-PAGE in the second dimension, indicated the identification of 59 protein spots from
polyacrylamide gels using PDQuest software. Among these spots, 15 protein spots showed
significant differences between normal and drought stress conditions, with three spots showing
decreased expression and 12 spots showing increased expression. The results indicated that the
identified proteins were involved in four functional groups related to stress adaptation
mechanisms and defense, metabolism, energy production, and oxidative stress.

Conclusion

The biological role of the identified proteins in this study suggests that the studied sugar beet

genotype likely utilizes various mechanisms, such as controlling reactive oxygen species,
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increasing lignin production, enhancing defense responses against pathogens, increasing the
production of sterol compounds, protecting various biological mechanisms including
photosynthesis, nitrogen fixation, and protein assembly, as well as accumulating compounds such
as glycerol within cells to cope with the negative effects of stress.
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Introduction

Sugar beet (Beta vulgaris L.) is a vital global crop, providing approximately 35% of the
world's sugar. However, its production is severely hampered by various environmental stresses,
particularly drought. Drought stress, characterized by limited water availability, disrupts
numerous physiological and biochemical processes in plants, leading to reduced growth,
development, and ultimately, yield. Understanding the complex mechanisms underlying drought
tolerance in sugar beet is essential for developing resilient varieties. Traditional breeding
approaches, while effective, can be time-consuming. In recent years, the advent of "omics"
technologies, especially proteomics, has revolutionized our ability to investigate plant responses
to stress at the molecular level. Proteomics, defined as the large-scale study of the entire protein
complement of a cell, tissue, or organism, offers a powerful tool for dissecting the intricate
molecular events associated with stress responses. Unlike the genome, which is relatively static,
the proteome is highly dynamic, reflecting the real-time physiological state of the cell. By
analyzing changes in protein abundance, post-translational modifications, and protein-protein
interactions, proteomics can provide valuable insights into the mechanisms underlying stress
tolerance. In the context of drought stress, proteomic studies have identified a wide range of
proteins involved in various processes, including osmotic adjustment, antioxidant defense, protein
folding and stabilization, and metabolic regulation. While previous studies have investigated the
effects of drought stress on sugar beet at the physiological and biochemical levels, the proteomic
response of this essential crop to water deficit has not been fully elucidated. This study aims to
address this gap by employing a gel-based proteomic approach to identify and characterize
proteins differentially expressed in the roots of a drought-tolerant sugar beet genotype under
drought stress conditions. The identification of key proteins involved in drought tolerance will

not only enhance our understanding of the molecular mechanisms underlying stress adaptation in
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sugar beet but also provide potential targets for genetic engineering and marker-assisted selection

to develop drought-resistant varieties.

Materials and methods

The sugar beet genotype Full sib S1-10-8001, previously identified as drought-tolerant, was
used in this study. This genotype was cultivated in PVC pipes (1 meter long, 20 cm diameter)
filled with field soil under both well-watered (control) and drought stress conditions. The
experiment consisted of seven replicates for the control group and eight replicates for the drought
stress group. Drought stress was imposed by withholding irrigation after the plants reached the
eight-leaf stage (approximately four weeks after planting). Specifically, the control group was
irrigated every two days, while the drought stress group was irrigated only once every seven days.
This cyclical drought treatment was continued for four months. At the end of the four-month
stress treatment period, roots were carefully extracted from the PVC pipes, and various
morphological parameters were assessed. Root length was measured, and root fresh weight was
determined. For biochemical analysis, root tissue samples were collected, immediately frozen in
liquid nitrogen, and stored at -80°C until further use. Proline content in the root tissue was
measured using a standard technique for quantifying proline accumulation in plant tissues. The
data for morphological traits were analyzed using a t-test to compare the means of the control and
drought stress treatments. Total proteins were extracted from the frozen root tissue samples using
a standard protein extraction method. The extracted proteins were then subjected to 2-DE using a
well-established method. Briefly, proteins were first separated based on their isoelectric point (pI)
using immobilized pH gradient (IPG) strips in the first dimension (IEF). The IPG strips covered
a pH range of 5-8. Following IEF, the IPG strips were equilibrated in a buffer containing SDS
and then placed on polyacrylamide gels for separation in the second dimension based on
molecular weight (SDS-PAGE). After the second-dimension electrophoresis, the gels were
stained with Coomassie Brilliant Blue to visualize the protein spots. The stained gels were then
scanned to capture digital images. The images were analyzed using image analysis software to
quantify the intensity of each protein spot. The percentage volume of each spot was calculated
and compared between the control and drought stress treatments using a t-test. Protein spots
exhibiting statistically significant differences in expression levels between the control and
drought stress treatments were selected for further identification. The molecular weight and pl of
each selected spot were determined using software. These parameters were then used to search
protein databases and published proteomic studies on sugar beet using software to identify the
most probable protein for each spot. The induction factor (IF) was calculated to determine the
fold change in protein abundance between the drought stress and control treatments.

Results

The analysis of morphological data using a t-test revealed a significant decrease in both root
length and root fresh weight under drought stress conditions (P < 0.05). These results indicate that
drought stress negatively impacts root growth and development in sugar beet. The reduction in
root length can limit the plant's ability to access water and nutrients from deeper soil layers, while
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the decrease in root fresh weight reflects a general decline in biomass accumulation. These
findings are consistent with previous reports on the effects of drought stress on root morphology
in sugar beet. In contrast to the decrease in root growth, proline content in the root tissue
significantly increased (P < 0.05) in response to drought stress. Proline is a well-known
osmoprotectant that accumulates in plant cells under various stress conditions, including drought.
Its accumulation helps to maintain cell turgor, stabilize proteins and membranes, and protect
cellular structures from damage caused by water deficit. The observed increase in proline content
in our study suggests that this amino acid plays an important role in the drought tolerance response
of sugar beet. Similar increases in proline levels have been reported in other studies on sugar beet
subjected to drought stress, further supporting its role as a key player in stress adaptation. 2-DE
analysis of root proteins from control and drought-stressed sugar beet plants revealed significant
changes in the root proteome in response to water deficit. A total of 59 reproducible protein spots
were detected on the 2-DE gels, of which 15 showed significant changes in expression levels (P
< 0.05) under drought stress, based on the t-test and IF calculation. These differentially expressed
protein spots represent potential candidates involved in the drought tolerance mechanisms of
sugar beet. The 15 differentially expressed protein spots were categorized into four main
functional groups based on their known or predicted functions: (1) proteins involved in stress
adaptation and defense, (2) proteins involved in metabolic processes, (3) proteins involved in
energy production pathways, and (4) proteins involved in oxidative stress response. The largest
group (53%) consisted of proteins related to stress adaptation and defense, highlighting the
importance of these proteins in mediating the plant's response to drought. Proteins involved in
metabolism (20%), energy production (13%), and oxidative stress (13%) also constituted
significant proportions of the identified proteome, suggesting that these processes are also crucial
for drought tolerance in sugar beet. Several key proteins were identified as being differentially
expressed under drought stress. These include: 1) This enzyme is involved in the biosynthesis of
polyamines, which are known to play a role in stress tolerance by protecting cellular membranes
and scavenging reactive oxygen species. The increased expression of arginine dehydrogenase
under drought stress in our study suggests that polyamine biosynthesis is up-regulated in response
to water deficit, potentially contributing to stress adaptation. 2) Transcription factors play a
critical role in regulating gene expression in response to stress. MADS-box transcription factors
are known to be involved in various developmental processes and stress responses in plants. The
increased expression of a MADS-box transcription factor in our study suggests that it may be
involved in regulating the expression of genes related to drought tolerance in sugar beet. 3)
Chaperonins are molecular chaperones that assist in protein folding and prevent protein
aggregation under stress conditions. CPN60 is a member of the chaperonin family that is often
induced by stress. The increased expression of CPN60 in our study suggests that it may play a
role in protecting proteins from damage caused by drought stress. 4) Serine/threonine kinases are
involved in signal transduction pathways and play a role in regulating various cellular processes,
including stress responses. The increased expression of a serine/threonine kinase in our study
suggests that it may be involved in activating downstream signaling pathways that lead to drought

tolerance.
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Conclusions

This study provides valuable insights into the proteomic changes occurring in sugar beet root
under drought stress. The identified proteins play diverse roles in various cellular processes and
are likely crucial for drought tolerance in this important crop. These findings provide a foundation
for future studies aimed at elucidating the precise functions of these proteins and their potential
use in developing drought-resistant sugar beet varieties. The identified proteins, particularly
arginine dehydrogenase, MADS-box transcription factor, chaperonin CPN60, and
serine/threonine kinase, represent promising candidates for genetic engineering or marker-
assisted selection to improve drought tolerance in sugar beet. Further research focusing on the
functional characterization of these proteins and their corresponding genes will be essential.
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Table 1. Mean and t-test results for studied morphological and physiological traits in sugar

beet under water deficit stress

Traits studied eS| 129%) 390 Olho

99 0 Job  wejelul b i el gy oS S S
Proline Tuber  Terrestrial limb Fresh weight of plant fresh
ng/g (fw) length length terrestrial organ ~ weight
(cm) (cm) &) &)
2308 19.28 119.66 227.08 365.88 wle bl » (1Sl
Average under
normal conditions
14209 16.28 78.42 142.28 239.97 o bl s > pSle
Average under stress
conditions
0.02* 0.03* 0.02# 0.177 0.29" &I xe o

Significance level
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sl ol Gl o iay ar baye cloaS) lyisds 56 Y/0 5 55, ) )51 L loas) 5 sas VY slass ¢ asly ol
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Table 2. Characteristics of identified proteins with expression changes under water deficit

stress conditions in sugar beet

Gdy oylewd Oedgy AU o s 0 ylows Mw (kDa)/pl W Jole 3 Sos
Row aJ Protein name n?l;clgs:r G5 Sy Lo,’i i;l(fi;cctt;: Function
Spot theoretically experimen
number tally
1 4401 Kinesin light QILII8 63.55/6.5 60.08/6.3 0.42 U5 4 6,85k
chain-related 9 Stress tolerance
2 6803 Elongation Q9ASRI1 95.1/5.89 90.82/6.8  2.61 U5 4 6,85k
Factor 2 2 Stress tolerance
3 8401 Arogenate QOFNIJ8 46.31/6.6 58.04/7.0 3.19 O 4 6,55l
Dehydratase 5 7 Stress tolerance
4 7302 GDSL NP_564647.1 43.2/6.99 42.75/6.9 4.43 O 4 6 )55l
Esterase/Lipase 1 Stress tolerance
5 5101 Putative MADS-  Q948U7 21.37/6.6 19.07/6.5 4.85 O 4 6 55l
domain 5 Stress tolerance
transcription
Factor
6 7303  Endo-1,3-beta- QIUT45 34.36/7.78 34.98/7.6 6.42 O 4 )5l
glucanase 7 Stress tolerance
7 7603 Chaperonin P29185 67.55/6.95  65.86/7.5 7.00 O 4 6,55l
CPN60-1 Stress tolerance
8 7701 Protein Q3Cl1Y5 51.88/8.03 69.04/7.5 9.92 O 4 6,55l
Serin/Threonin 6 Stress tolerance
Kinase
9 4302 GUTI,; catalytic 18424516 47.69/6.8 52.57/6.5 2.6l ool
5 Metabolism
10 2601 Methionine Q71EW8 84.4/5.93 76.86/5.9 5.15 ool
Synthase 9 Metabolism
11 4104 Ubiquitinconjuga NP_564011.1 17.3/6.74 19.48/6.3  7.62 ool
ting enzyme 5 Metabolism
12 3002 Thioredoxin P22217 17/4/6.1 17.48/6.2  0.43 e
5 stress
13 7203 Alternative Q39219 33.1/6.3 31.60/6.8  7.34 il i
Oxidase Oxidative stress
14 6201 Malate Q8GZN3 35.6/6.1 34.03/6.7 0.58 Jobw 55 W
Dehydrogenase Cellular energy
production
15 8202 Glyceraldehyde- D8L1X5 38.0/7.70 40.32/7.3  5.57 Jobw o550 W
3-phosphate 2 Cellular energy
dehydrogenase production
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Figure 2. Comparison of two-dimensional electrophoresis pattern of sugar beet in control
condition (A) with drought stress (B)
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Figure 3. Visual display of the type and percentage of proteins with changes in expression

under sugar beet water shortage stress conditions based on yield
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