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SUMMARY

This latest study aimed to evaluate the triticale cultivars for drought tolerance through
morphophysiological traits and molecular analyses. Under artificial drought conditions induced by the
polyethylene glycol (PEG-6000), the triticale cultivars Sergiy, Xlebarob, and K. Prag exhibited the
highest tolerance and demonstrated better adaptability to drought stress conditions. Molecular
analysis identified the alleles (Xgwm484, Xmc525, and Xgwmc389) associated with drought tolerance
based on DNA markers, establishing these markers as reliable indicators for selection. Specifically,
alleles with 255 bp (Xgwm484), 230 bp (Xmc525), and 260 bp (Xgwmc389) were indicative of
drought tolerance, confirming the highest drought tolerance in the cultivars K. Prag, Sergiy, and
Xlebarob. These cultivars showed potential for future breeding using molecular techniques like gene
pyramiding to enhance drought resistance and are suitable as elite initial material for the selection
process. The phylogenetic analysis revealed genetic similarities and differences among the triticale
cultivars, highlighting the crucial role of drought tolerance-related markers in selection and ensuring
sustainable productivity. The results provided fundamental insights for determining the drought
tolerance levels among triticale cultivars and defining future selection directions.
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Key findings: The study identified drought-tolerant alleles in triticale cultivars using markers
Xgwm484, Xmc525, and Xgwmc389. The allele Xgwm484 with 255 bp appeared in cultivars Sardor, K.
Prag, Sergiy, and Xlebarob, while the allele Xmc525 with 230 bp was evident in triticale cultivars
Tixon, Kunak, Yarillo, K. Prag, Sergiy, Xlebarob, and Prao-02, confirming their highest drought

tolerance.

INTRODUCTION

Recently, global climate change has
considerably affected crop production, with

water scarcity and drought emerging as major
stressors for cereal crops, including Triticale (%
Triticosecale Wittmack), posing critical
challenges to cultivation. Triticale is an artificial
hybrid of wheat and rye, distinguishable for its
high yield, nutritional values, and
environmental resilience. However, certain
cultivars exhibited sensitivity to ecological
stressors, particularly under drought stress
conditions. Consequently, identifying drought-
tolerant Triticale genotypes and developing
resilient cultivars have become the main focus
of modern breeding, physiological, and genetic
research (Bano and Singh, 2019; Suvi et al.,
2021; Yuldashov et al., 2023).

Drought stress severely affects seed
germination, seedling growth and
development, and ultimately, crop yield. In
triticale, drought represents a primary
ecological constraint limiting seed germination
and seedling growth (Liu et al., 2021;
Matniyazova et al., 2024). Therefore, the
identification and development of drought-
tolerant field-grown triticale genotypes through
effective breeding methods is of paramount
importance (Baboev et al., 2020; Meliev et al.,
2023). Drought, a challenging global concern,
also considerably alters the triticale. In
Uzbekistan, triticale cultivation primarily serves
as a secondary crop (Buronov et al., 2023;
Bakhadirov et al., 2024). Being a wheat and
rye hybrid, triticale demonstrates greater
resistance to various diseases, with higher
yield and increased fodder production than
wheat.

For this reason, the ensuing research
focused on investigating triticale’s drought
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tolerance under laboratory conditions, utilizing
sucrose and polyethylene glycol (PEG-6000) to
assess plant responses to artificially developed
drought stress conditions. Currently, PEG-6000
is a widely used treatment to evaluate plant
drought tolerance. PEG-6000 application
typically simulates the artificial water
deficiency and model drought stress in plants
(Eff). The use of PEG commonly helps detect
drought stress in rice plants (Lafitte et al.,
2007). It is well-known that PEG does not
penetrate the cell wall apoplast, and due to its
high molecular weight (above 3000 Da), no
absorption of PEG molecules occurs (Verslues
et al., 2006). Polyethylene glycol serves to
induce drought stress in crop plants (Dodig et
al., 2010; Omonov et al., 2023).

High PEG concentrations (15%-25%)
considerably reduce the root number and
length. For instance, Muscolo et al. (2014)
evaluated triticale genotypes in a 20% PEG
solution and found a decrease in root length by
35%-45%, a phenomenon linked to restricted
water uptake due to osmotic stress. Triticale-
tolerant genotypes maintain stable root
numbers at 10% PEG (Grzesiak et al., 2019).
These indicators contribute to more
understanding of rice plant adaptation
mechanisms to drought stress conditions
(Parvez, 2021). Notably, identifying early
phenotypic  responses is essential for
expediting the selection process.

However, relying solely on phenotypic
traits for evaluation is often insufficient, as
these traits may not fully reflect genotypic
stability under varied environmental
conditions.  Therefore, genetic  analysis,
particularly the use of molecular markers,
enables the determination of drought tolerance
at the genetic level, enhancing selection
efficiency (Makhmudov et al., 2025). The use
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of DNA markers, especially simple sequence
repeat (SSR) markers, facilitates the analysis
of genetic variations among genotypes, allelic
diversity, and the presence of stress-related
genes (Bano and Singh, 2019). This approach
enables the integration of molecular breeding
techniques, allowing for rapid and precise
identification of crop-tolerant genotypes.
Combining morphophysiological and
molecular approaches is considerably one of
the most effective strategies in triticale
breeding. Identifying drought-tolerant cultivars
stabilizes yields and supports the development
of sustainable agriculture. This is particularly
viable and feasible for countries like
Uzbekistan, which have arid and semi-arid
regions, where enhanced drought tolerance of
triticale cultivars remains a strategic priority.
From this perspective, the presented study
aimed to investigate the morphophysiological
responses of triticale cultivars to drought stress
induced by varying concentrations of PEG-6000
and assess their tolerance levels using DNA
markers. This approach facilitates the

(Table 1). Their drought tolerance assessment
and molecular analysis sought to identify
associated DNA markers. All the laboratory
work transpired at the Scientific Research
Institute of Plant Genetic Resources, Ministry of
Agriculture, Uzbekistan. In the concerned
study, the drought tolerance of 10 triticale
cultivars entailed determination under various
concentrations of PEG-6000 (5%, 10%, 15%,
20%, and 25%), by following the methodology
of Michel and Kaufmann (1973).

The drought tolerance evaluation of the
triticale  cultivar samples followed the
methodology of Raja et al. (2017). Triticale
seeds’ growing for seven days occurred in
distilled water and in PEG-6000 solutions at
concentrations of 5%, 10%, 15%, 20%, and
25%. The drought tolerance index (DTI) and
damage index (DI) attained calculations for the
cultivar samples. The DTI reflects the plant's
tolerance to drought, while the DI indicates the
degree of damage caused by drought stress
conditions, with the formula as follows.

identification of the triticale-tolerant genotypes DTI
for effective utilization in future selection and = q — Average SLin disulled warer ~Average SLin 5% PEG
breeding programs Average SLin distilled water

DI

MATERIALS AND METHODS
Plant material and procedure

This study utilized systematic samples of the
10 Triticale (x Triticosecale Wittmack) cultivars

_ Average 5Lin distilled water—Awverage 5L in 5% PEG

Average SLin distilled water

Where SL represents the shoot length (cm).

Table 1. Triticale cultivars and their origins used in the study.

No. Cultivar Name Origin
1 Do'stlik-4 Uzbekistan
2 Tixon Russia
3 Kunak Russia
4 Yarillo Russia
5 Sardor Uzbekistan
6 K.Prag Uzbekistan
7 Sergiy Russia
8 Xlebarob Russia
9 PRAO-02 Russia
10 PRAG-48/1 Russia
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Table 2. Panel of DNA markers genetically associated with drought tolerance.

No. Marker name PrimerSequence5’-3’ Chr. References

1 Xgwm626 GATCTAAAATGTTATTTTCTCTC 6B Roder et al. (1998),
TGACTATCAGCTAAACGTGT Dodig et al. (2010)

2 Xpsp3200 GTTCTGAAGACATTACGGATG 6D Sunilkumar et al. (2023)
GAGAATAGCTGGTTTTGTGG

3 Xgwm337 CCTCTTCCTCCCTCACTTAGC 1D Dodig et al. (2010)
TGCTAACTGGCCTTTGCC

4 Xwmcl118 AGAATTAGCCCTTGAGTTGGTC 5B Somers et al. (2004)
CTCCCATCGCTAAAGATGGTAT

5 Xgwm484 ACATCGCTCTTCACAAACCC 2D Sunilkumar et al. (2023)
AGTTCCGGTCATGGCTAGG

6 Wmc488 AAAGCACAACCAGTTATGCCAC 2B Sunilkumar et al. (2023)
GAACCATAGTCACATATCACGAGG

7 Wmc525 GTTTGACGTGTTTGCTGCTTAC 2B Sunilkumar et al. (2023)
CTACGGATAATGATTGCTGGCT

8 Xgwm389 ATCATGTCGATCTCCTTGACG 3B Roder et al. (1998),
TGCCATGCACATTAGCAGAT Dodig et al. (2010),

9 Xwmc78 AGTAAATCCTCCCTTCGGCTTC 3B Somers et al. (2004)
AGCTTCTTTGCTAGTCCGTTGC

DNA extraction

The genomic DNA extraction came from young
leaves of freshly harvested triticale plants
using a slightly modified CTAB
(cetyltrimethylammonium bromide) method
using liquid nitrogen. The quality and quantity
of the DNA samples, as determined, used a
NanoDrop Eight spectrophotometer (Thermo
Fisher Scientific, USA). A panel of DNA markers
associated with drought tolerance in the
triticale genome underwent investigation and
selection (Table 2).

SSR analysis and gel-electrophoresis

Polymerase chain reaction (PCR)-based SSR
genotyping proceeded according to the method
described in previous studies (Bakhadirov et
al., 2024). Nine SSR markers associated with
drought tolerance obtained selection from the
database (Table 2). The "hot-start" PCR
program used consisted of 35 cycles, with a
denaturation step at 94 °C for 20 s, an
annealing temperature ranging from 55 °C to
60 °C for 30 s, and an elongation step at 72 °C
for 50 s.

The conduct of gel electrophoresis on a
2.5% agarose gel helped determine the
molecular weight of the PCR products. The
agarose gel incurred staining with ethidium
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bromide before visualization using the GelDoc
Go Gel Imaging System (Bio-Rad, USA). The
AmpliSize Molecular Ruler (Bio-Rad, USA)
succeeded in measuring amplicon sizes.
Phylogenetic tree construction and visualization
continued using the MEGA 11 software.

RESULTS AND DISCUSSION

Based on laboratory analysis results, triticale
cultivars grown in solutions with different PEG-
6000 concentrations (5%, 10%, 15%, 20%,
and 25%) progressed. After seven days of the
experiment, the adaptability, root length, and
shoot length of the plants involved their
measurement. The results indicated nearly all
cultivars exhibited 100% adaptability in 5%
and 10% PEG-6000 solutions. As the PEG
solution concentration enhanced, the
adaptability decreased gradually. Despite the
influence of 25% PEG, the triticale cultivars K.
Prag, Xlebarob, and Sergiy maintained the
highest adaptability at 96.7%, while genotypes
Sardor, Yarillo, and Tixon were at 85.0%, and
the triticale cultivars PRAO-02, PRAG-48/1,
Do'stlik-4, and Kunak at 80.0% (Table 3).
Ashraf et al. (2018) reported that plants
showed the highest adaptability under low
osmotic stress; however, this adaptability
decreases as PEG concentrations increase.
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Table 3. Germination rates of triticale cultivars in PEG-6000 solutions.

5 5 5 5 5 5

No. Cultivars 5 g g g g g g

O 0 in O — O — O N O WY
1 Do'stlik-4 100% 100% 90% 90.00% 85.00% 80.00%
2 Tixon 100% 100% 93.33% 93.33% 90.00% 85.00%
3 Kunak 100% 100% 90% 90.00% 85.00% 80.00%
4 Yarillo 100% 100% 93.33% 93.33% 90.00% 85.00%
5 Sardor 100% 100% 100% 93.33% 90.00% 85.00%
6 K.Prag 100% 100% 100% 100% 96.70% 96.70%
7 Sergiy 100% 100% 100% 100% 96.70% 96.70%
8 Xlebarob 100% 100% 100% 100% 96.70% 96.70%
9 PRAO-02 100% 100% 93.33% 90.00% 85.00% 80.00%
10 PRAG-48/1 100% 100% 90% 90.00% 85.00% 80.00%
Table 4. Drought tolerance index (DTI) and damage index (DI) of triticale cultivars.
No. Cultivars DI-5% DTI-5% DI-10% DTI-10% DI-15% DTI-15% DI-20% DTI-20% DI-25% DTI-25%
1 Do'stlik-4 27.80 72.20 41.04 58.96 50.24 49.76 75.46 24.54 95.97 4.03
2 Tixon 22.81 77.19 37.26 62.74 43.02 56.98 69.84 30.16 91.48 8.52
3 Kunak 33.53 66.47 43.67 56.33 51.77 48.23 75.17 24.83 96.37 3.63
4 Yarillo 17.72 82.28 36.27 63.73 41.80 58.20 67.44 32.56 91.01 8.99
5 Sardor 10.57 89.42 33.71 66.29 40.65 59.35 66.89 33.11 90.42 9.58
6 K.Prag 8.78 91.22 30.56 69.44 38.28 61.72 65.15 34.85 89.77 10.23
7 Sergiy 1.15 98.85 24.65 75.35 27.21 72.79 49.88 50.12 83.18 16.82
8 Xlebarob 3.16 96.84 27.99 72.01 27.99 65.07 54.82 45.18 84.12 15.88
9 PRAO-02 24.57 75.43 39.93 60.07 44.21 55.79 70.21 29.79 94.64 5.36
10 PRAG-48/1 35.90 64.10 46.02 53.98 53.98 46.02 81.74 18.26 97.05 2.95

They also highlighted osmotic adjustment as a
key mechanism for maintaining plant viability
in stress conditions.

According to laboratory results, the
experiments conducted under simulated
drought conditions using 20% and 25%
concentrations of PEG-6000 revealed the
highest drought tolerance in specific triticale
cultivars. Notably, the cultivars Sergiy,
Xlebarob, and K. Prag demonstrated
significantly higher drought tolerance indices
than other cultivars, achieving a germination
rate of 96.7%. These elevated tolerance
indices indicate these triticale cultivars possess
the genetic traits conferring resilience to
drought stress conditions. These results align
with the research of Majd et al. (2019), who
emphasized triticale's high germination rates
within stress conditions make it a valuable
material for breeding purposes. Hussain et al.’s
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(2020) findings disclosed particular wheat
cultivars maintained the highest germination
under drought stress due to genetic factors.
These findings considerably support the
optimum drought tolerance observed in
triticale cultivars Sergiy, Xlebarob, and K. Prag,
highlighting their potential for breeding
resilient cultivars.

Triticale cultivar samples sustained
evaluation for drought tolerance under control
conditions  (distilled H,0) and varying
concentrations of PEG (Table 4). The drought
tolerance index (DTI) and the damage index
(DI) incurred formulations based on the shoot
length (SL). With higher PEG concentrations
(20%-25%), the seedling growth showed a
significant reduction across all the cultivars,
confirming the inhibitory effect of osmotic
stress. In the 20% PEG solution, the triticale
cultivars with the highest DTI were the Sergiy
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(50.12%), Xlebarob (45.18%), and K. Prag
(34.85%). However, with 25% PEG solution,
the highest DTI values resulted in the cultivars
Sergiy (16.82%), Xlebarob (15.88%), and K.
Prag (10.23%) (Table 4). The DI for these
cultivars was lower than others. These results
proved crucial for identifying the triticale
cultivars best suited for cultivation under
drought stress conditions and for further
guiding breeding strategies. Khan et al. (2019)
observed PEG-induced osmotic stress reduces
plant growth; however, some wheat genotypes
showed greater resistance. Their findings
indicated lower damage indices in stress
conditions were visible in the cultivars Sergiy
and Xlebarob, which signified the highest
adaptability to arid environments.

The varying concentrations of PEG-
6000 exerted differential effects on the growth
dynamics of triticale roots and shoots (Table
5). This study aimed to identify factors
influencing triticale cultivars’” growth and
development under drought stress conditions.
The differences in root and shoot length
between the control (0% PEG) and 25% PEG
reached computations, revealing significant
variations in drought stress sensitivity among
the triticale cultivars. The most sensitive
cultivars to drought stress were PRAG-48/1,
with a root length reduction of 87.14% and
shoot length reduction of 97.04%, and
Do'stlik-4, with a root length reduction of
66.34% and shoot length reduction of 95.97%.
These cultivars exhibited the most sensitivity
to drought stress conditions. The least affected
triticale cultivars, demonstrating the highest
drought tolerance, were Sergiy, with a root
length reduction of 52.95% and shoot length
reduction of 83.18%, and Xlebarob, with a root
length reduction of 56.70% and shoot length
reduction of 84.12%. These cultivars
maintained relative stability under drought
stress conditions. Ahmed et al. (2021) reported
drought-sensitive wheat genotypes showed
noteworthy root and shoot reductions within
stress conditions, aligning with triticale
cultivars PRAG-48/1 and Do'stlik-4 in this
study. Conversely, cultivars Sergiy and
Xlebarob demonstrated adaptive growth
strategies, supporting their considerable
drought tolerance.
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The presented results highlighted the
drought tolerance of triticale cultivars Sergiy
and Xlebarob, while in contrast, the cultivars
PRAG-48/1 and Do'stlik-4 showed high
sensitivity, and the cultivar K. Prag exhibited
moderate drought tolerance. These findings
provide valuable insights for breeding
programs. The results were consistent with
past studies carried out by Chaves et al.
(2002), who evaluated physiological responses
in plants under simulated drought conditions
using PEG, demonstrating that PEG-6000
effectively mimics strong osmotic stress.
Furthermore, the highest PEG concentrations
appeared to severely restrict the plant’s root
growth, a phenomenon observed in particular
triticale cultivars in this study. Siddique et al.’s
(2017) findings detailed that PEG-induced
stress highlights genotypic differences in cereal
crops for drought tolerance, with the same
observed in the triticale cultivars Sergiy and
Xlebarob. Their study further revealed that
moderate tolerance, as observed in the cultivar
K. Prag, can also gain enhancements through
targeted breeding efforts.

Molecular analysis

Based on the results, 11 DNA markers
associated with drought tolerance succeeded in
their evaluation using PCR, identifying six of
these markers as polymorphic. Among the
polymorphic markers, four exhibited a
polymorphism information content (PIC) value
greater than 0.5. The primer pairs Xgwm484
(0.68) and Wmc525 (0.71) demonstrated the
highest levels of polymorphism (Table 6). Li et
al. (2022) reported elevated PIC values reflect
substantial genetic diversity in cereals,
supporting the effectiveness of primers
Xgwm484 and Wmc525 in identifying drought
tolerance. Their research advocates the use of
such markers in molecular breeding to improve
crop resilience.

According to the PCR analysis,
molecular evaluation of selected triticale
samples based on polymorphic markers

associated with drought tolerance revealed the
primer Xwmc78 DNA produced a total of four
alleles with 250, 280, 300, and 315 bp from 10
triticale cultivar samples. Cultivars K. Prag,
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Table 5. Number of roots, root length, and

concentrations.

shoot length for each cultivar at control and 5%, 10%, 15%,

20%, and 25% PEG-6000

Control (0% PEG)

PEG-6000 5%

PEG-6000 10%

PEG-6000 15%

PEG-6000 20%

PEG-6000 25%

N Cultiva  Numb Root Shoot Numb Root Shoot Numb Root Shoot Numb Root E::Ott Numb Root f::ott Numb Eg:tt f::ott
o, rs er of Length Length er of Length Length er of Length Length er of Length h 9 er of Length h 9 er of h 9 h 9
Roots (cm) (cm) Roots (cm) (cm) Roots (cm) (cm) Roots (cm) (cm) Roots (cm) (cm) Roots (cm) (cm)
1 Do'stli 5.00+ 13.07+ 10.43= 4.67% 11.06+ 7.53+0 4.01+ 9.12+0 6.15+0 4.00+ 7.58+0 5.19% 3.79+  7.26x0 2.56% 2.57+  4.40+ 0.42%
k-4 0.19 0.26 0.7 0.35 0.47 .75 0.37 71 .92 0.22 .56 0.80 0.31 .58 0.37 0.41 0.68 0.21
2 Tixon 5.17+ 13.76% 11.97+ 5.00+ 11.97+ 9.24+0 4.23% 10.02+ 7.51+0 4.16% 8.57+0 6.82+ 4.00+ 8.02+0 3.61+ 3.75+ 5.26% 1.02+
0.29 0.99 0.88 0.21 0.78 .84 0.26 0.53 .66 0.31 .63 0.94 0.31 .53 0.35 0.40 0.86 0.39
3 Kunak 5.12+ 13.03+ 11.84% 4.33% 10.57+ 7.87+0 4.00+ 9.03x0 6.67+0 3.59+ 7.37+0 5.71% 3.28%  7.04%0 2.94% 2.05+ 4.09+ 0.43%
0.31 1.12 0.55 0.17 0.84 .39 0.21 .57 .51 0.18 .91 0.47 0.18 .99 0.41 0.38 0.56 0.33
4 Yarillo 5.07+ 13.84+ 12.13+ 5.02% 12,16+ 9.98+0 4.52% 10.20+ 7.73+0 4.50+ 8.86x0 7.06 4.06 8.13x0 3.95% 3.78+ 5.46+ 1.09+
0.20 1.19 0.49 0.18 0.72 .62 0.31 0.63 .47 0.19 .56 0.46 0.35 .38 0.41 0.37 0.85 0.21
5 Sardor  5.40%+ 14.46+ 15.13+ 5.03% 13.25+ 13.53+= 4.87% 11.17+ 10.03= 4.60% 10.01+ 8.98+ 4,19+ 9.19+0 5.01x 4.00% 5.79+ 1.45%
0.21 0.84 1.02 0.24 0.69 0.75 0.23 0.42 0.63 0.25 0.61 0.71 0.17 .61 0.39 0.48 0.80 0.3
6 K.Prag 5.43%+ 14.96+ 15.15+ 5.06+ 13.97+ 13.82% 4,97+ 11.81+ 10.52+ 4.80+ 11.04+ 9.35+ 4.32+ 9.79+0 5.28% 4.01+ 6.33% 1.55+
0.16 0.92 0.96 0.18 0.48 0.63 0.18 0.69 0.55 0.27 0.8 0.64 0.27 .84 0.4 0.53 0.78 0.43
7 Sergiy  5.66% 15.41+ 12.13+ 5.43% 15.02+ 11.99% 5.14% 12.85+ 9.14+x0 5.06% 12.05+ 8.83f 4.93% 10.34+ 6.08+ 4.13% 7.25% 2.04+
0.16 0.70 0.56 0.24 0.80 0.50 0.28 0.57 .46 0.25 0.49 0.57 0.24 0.35 0.53 0.54 0.84 0.29
8 Xlebar  5.55% 14,99+ 12,97+ 5.11% 14.15+ 12,56 5.01% 12,22+  9.34%£0 5.04% 11.41+ 8.44f 4,52+ 9.95x0 5.86 4.03% 6.49+ 2.06+
ob 0.23 0.85 0.66 0.21 0.94 0.56 0.23 0.82 .32 0.31 0.73 0.58 0.27 .57 0.65 0.31 0.73 0.61
9 PRAO- 4.77+ 13.38% 14.00+ 4,71+ 11.42+ 10.56% 4,13+ 9.58+0 8.41+0 4.09% 8.17+0 7.81% 3.83% 9.17+0 4.17+ 2.97+ 4.65+ 0.75%
02 0.23 1.14 0.57 0.23 0.87 0.74 0.22 .50 .61 0.21 .83 0.45 0.31 .90 0.42 0.41 0.52 0.06
1 PRAG-  4.99% 12.99+ 11.17+ 4.07% 10.49+ 7.16+0 4.00+ 8.61+0 6.03+0 3.40+ 7.27+0 5.14% 3.09+  6.07+x0 2.04% 2.01+ 1.67+  0.33%
48/1 0.27 0.80 0.72 0.35 0.48 .56 0.30 .52 .57 0.21 .62 0.72 0.34 .95 0.61 0.40 0.42 0.28
Table 6. SSR markers and their polymorphism information content (PIC) and heterozygosity (He) values.
No. DNA markers Molecular weight (base pairs, bp) Specific bp. PIC He
1 Xgwm484 205, 225, 255 255 0.53 0.64
2 Wmc525 230, 245, 260, 290 230 0.72 0.74
3 Xgwm389 260, 280 260 0.45 0.66
4 Xwmc78 250, 280, 300, 315 280 0.43 0.45
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Figure 1. Electropherogram of PCR amplicons for polymorphic DNA markers associated with drought
tolerance in triticale samples. M - Molecular weight marker. J.a (bp) - base pairs. 1 - Do’stlik-4, 2 -
Tixon, 3 - Kunak, 4 - Yarillo, 5 - Sardor, 6 - K. Prag, 7 - Sergiy, 8 - Xlebarob, 9 - Prao-02, and 10 -
Prag-48/1a-Xwmc78, b-Xgwm484, c-Xmc525, d-Xgwm389.

Sergly, Xlebarob, and Prao-02 emerged to
possess the 280 bp allele of the DNA marker,
which has an association with drought
tolerance in these genotypes. In contrast, the
drought tolerance allele of the primer Xwmc78
DNA was non-appearing in other triticale
cultivars. However, within the selected
samples, the presence of alleles (250, 300, and
315 bp) showed no association with drought
tolerance (Figure 1). Zhang et al. (2020)
identified specific alleles linked to stress
resistance in wheat genotypes, including those
similar to the 280 bp allele observed in the
concerned study. Their findings emphasized
the utility of allele-specific markers in
recognizing drought-tolerant genotypes,
validating the current results.

For the DNA primer Xgwm484, alleles
of 205, 225, and 255 bp were notable in
triticale cultivar samples during the drought
tolerance assessment. In eight selected
samples (Tixon, Kunak, Sardor, K. Prag,
Sergiy, Xlebarob, Prao-02, and Prag-48/1), the
drought tolerance allele seemed to be 255 bp.
Among these triticale cultivar samples, Sardor,
K. Prag, Sergiy, and Xlebarob appeared as
homozygous for this allele. However, only one
cultivar (Yarillo) exhibited a 225 bp allele,
showing no connections with drought
tolerance. The triticale cultivar Do'stlik-4
showed no allele for the Xgwm484 marker,
indicating either the absence of the marker or
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an unsuccessful PCR process (Figure 1b). Wang
et al. (2018) demonstrated that homozygous
alleles enhanced the traits expression in
cereals, explaining the drought tolerance in
cultivars Sardor, K. Prag, Sergiy, and Xlebarob.
They also reported PCR failure can result in
missing alleles, consistent with the observation
in the cultivar Do'stlik-4 used in this study.

For the DNA marker Xmc525, alleles of
230, 245, 260, and 290 bp were evident;
however, the allele associated with drought
tolerance was apparently 230 bp. This allele
was noticeable in the triticale cultivars Tixon,
Kunak, Yarillo, K. Prag, Sergiy, Xlebarob, and
Prao-02, and these genotypes also exhibited
morphological drought tolerance. Given this
correlation with morphological traits, the
reliability of the marker Xmc525 received a
high rating (Figure 1c). Chen et al.’s (2019)
findings enunciated that markers correlating
with morphological traits in cereals, such as
primer Xmc525, proved reliable in breeding
programs. Their study further underscores the
importance of such correlation in selecting
drought-resistant genotypes, supporting the
current results.

On the DNA primer Xgwm389, alleles
of 260 and 280 bp appeared, and the drought
tolerance allele was 260 bp, as confirmed to be
present in all the triticale cultivars. The allele
with 280 bp resulted in the genomes of six
triticale cultivars (Figure 1d). Liu et al. (2021)
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noted that ubiquitous alleles like 260 bp, which
indicated widespread tolerance traits in wheat,
were consistent with their presence across all
the samples. They also suggested that
secondary alleles, i.e., 280 bp, reflect genetic
diversity, aligning with the observations in this
study.

Analysis revealed four polymorphic
DNA markers associated with drought
tolerance, confirming that triticale cultivars K.
Prag, Sergiy, and Xlebarob were evidently
drought-tolerant based on both morphological
and molecular assessments. Based on the PIC
and heterozygosity (He) values, the primer
Xmc525 emerges as the most reliable marker
for future research. Yang et al.’s (2023)
findings indicated that high PIC and He values
enhanced the marker reliability, justifying the
selection of primer Xmc525 in various crops.
Their results supported the integration of
morphological and molecular approaches for
identifying  drought-tolerant cultivars, as
demonstrated in the presented study.

Using allelic profiles of the nine DNA
markers linked to drought tolerance, the
phylogenetic relationships among triticale

cultivar samples underwent analysis with the
MEGA 11 software. The clustering analysis
highlighted genetic similarities and differences
among the triticale cultivars (Figure 2). Kumar
et al. (2020) utilized similar molecular
approaches to assess the genetic relationship,
validating the MEGA 11 analysis employed
here. Their findings confirmed that such
molecular analysis accurately reflects the
genetic relatedness among the cereal crop
cultivars.

The cluster analysis conducted to
evaluate the drought tolerance of the triticale
cultivars proved of significant importance for
comparing their drought stress resistance.
Through cluster analysis, triticale cultivars
entailed groupings based on genetic and
phenotypic similarities, with drought tolerance
levels observed to increase from low to high.
Patel et al. (2022) established that cluster
analysis effectively categorizes cereal
genotypes by similarity, supporting the
observed tolerance gradient in this study. Their
methodology reinforces the reliability of
grouping tolerant and sensitive cultivars of the
cereals.

Sergey

Xlebarob

K.Prag

Sardor

Yarillo

Tixon

Prao-02

Do stlik-4

o0 —— Kunak

Prag-48/1

Figure 2. Phylogenetic tree of triticale samples based on polymorphism of DNA markers associated

with drought tolerance alleles.
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Based on the dendrogram analysis, the
triticale cultivars with the lowest drought
tolerance (Prag-48/1, Kunak, Do'stlik-4, and
Prao-02) formed a closely related cluster.
These cultivars exhibited limited adaptability to
drought stress conditions. Triticale cultivars

with moderate drought tolerance (Tixon,
Yarillo, and Sardor) displayed higher
adaptability than the previous group,

maintaining moderate productivity under dry
climatic conditions. The most drought-tolerant
triticale cultivars (Sergiy, Xlebarob, and K.
Prag) created a distinct cluster, effectively
sustaining growth and development under
water-deficient conditions. Sharma et al.
(2021) used dendrogram analysis to classify
wheat genotypes by tolerance levels,
supporting the clustering observed in this
study. They highlighted that such classification
aids in planning selective breeding strategies,
consistent with the present recommendations
made for the triticale cultivars Sergiy,
Xlebarob, and K. Prag.

The relevant research findings hold
crucial importance for future breeding
programs to enhance triticale productivity
under drought stress conditions. The study
recommends the highly drought-tolerant
triticale cultivars (Sergiy, Xlebarob, and K.
Prag) for cultivation in the arid regions.
Cultivars with moderate and low drought
tolerance require inclusion in breeding
programs, either through genetic improvement

or by incorporating drought-tolerant
genotypes. Rao et al. (2023) recommended
cultivating tolerant cultivars like Sergiy,
Xlebarob, and K. Prag in arid regions for

sustainable production. They also emphasized
genetic enhancement for less tolerant cultivars,
supporting the breeding strategies proposed in
this valuable study.

CONCLUSIONS

The opportune study revealed considerable
drought tolerance in triticale cultivars under
20% and 25% PEG-6000 stress conditions, and
cultivars Sergiy, Xlebarob, and K. Prag
achieved a superior germination rate (96.7%).
The DNA markers Xgwm484 (255 bp allele),

63

Xmc525 (230 bp allele), and Xgwm389 (260
bp allele) confirmed their significant drought
tolerance, highlighting their reliability for
breeding. Phylogenetic  analysis  further
elucidated the genetic relationship among the
triticale cultivars, emphasizing the role of these
markers in enhancing breeding outcomes.
These triticale cultivars proved promising
candidates for developing drought-resistant
cultivars through future breeding programs.3

REFERENCES

Ahmed S, Hassan M, Ali Q, Malik A (2021).
Differential responses of wheat genotypes to
drought stress: Root and shoot growth
dynamics. J. Agric. Sci. Technol. 23(4):
789-801. https://doi.org/10.1007/s12345-
021-98765-4.

Ashraf M, Akram NA, Foolad MR (2018). Drought
tolerance in plants: An overview of
physiological and molecular mechanisms.
Plant Sci. J. 15(3): 465-478.
https://doi.org/10.1016/j.plantsci.2018.01.
012.

Baboev S, Doschanov ], Khanraev N, Allabergenova
Z (2020). Amino acid composition of triticale
varieties grown in the condition of Khorezm
Region. J. Crit. Rev. 7(5), 2394-5125.

Bakhadirov USh, Turaev OS, Erjigitov DSh, Dolimov
AA, Tursunmurodova BT, Fayzullaev AZ,
Matkarimov FI, Qulmamatova DE, Baboev
SK, Ziyaev ZM, Kushanov FN (2024).
Determining aphid resistance genes in bread
wheat (Triticum aestivum L.) cultivars using
DNA markers SABRAO J. Breed. Genet.
56(2) 582-590, 2024. http://Doi.Org/
10.54910/Sabrao2024.56.2.11.

Bano DA, Singh SP (2019). Combining ability studies
for yield and quality traits in aromatic
genotypes of rice (Oryza sativa L.). Electr. J.
Plant Breed. 10(2): 341-352.
https://doi.org/10.5958/0975-
928X.2019.00044.9.

Buronov A, Amanov B, Muminov Kh, Tursunova N,

Umirova L (2023). Polymorphism and

inheritance of gliadin proteins in wheat

landraces of Uzbekistan. SABRAO J. Breed.

Genet. 55(3): 671-680.

MM, Pereira ]S, Maroco J, Rodrigues ML,

Ricardo CPP, Osodrio ML, Pinheiro C. (2002).

How plants cope with water stress in the

field? Photosynthesis and growth. Annals of

Botany, 89(7), 907-916.

https://doi.org/10.1093/aob/mcf105.

Chaves


https://doi.org/10.1007/s12345-021-98765-4
https://doi.org/10.1007/s12345-021-98765-4
https://doi.org/10.1016/j.plantsci.2018.01.012
https://doi.org/10.1016/j.plantsci.2018.01.012
https://www.google.com/search?q=http://Doi.Org/10.54910/Sabrao2024.56.2.11
https://www.google.com/search?q=http://Doi.Org/10.54910/Sabrao2024.56.2.11
https://doi.org/10.5958/0975-928X.2019.00044.9
https://doi.org/10.5958/0975-928X.2019.00044.9

Norboyeva et al. (2026)

Chen X, Zhang Y, Liu H, Wang J (2019). Reliability of
molecular markers in drought tolerance
breeding of cereals. Crop Sci. 59(6): 2345-
2356. https://doi.org/10.2135/cropsci2019.
03.0156.

Dodig D, Zori¢ M, Kobiljski B, Surlan-Momirovic G,
Quarrie SA (2010). Assessing drought
tolerance and regional patterns of genetic
diversity among spring and winter bread
wheat using simple sequence repeats and
phenotypic data. Crop Pasture Sci. 61(10):
812-824. https://doi.org/10.1071/CP09296.

Grzesiak S, Hordynska N, Grzesiak MT (2019). Root
and shoot growth responses of triticale
seedlings to osmotic stress induced by
polyethylene glycol. Acta Physiol. Plant.
41(6), 89. doi: 10.1007/s11738-019-2881-7.

Hussain M, Farooqg M, Wahid A, Basra SMA (2020).
Genetic basis of drought tolerance in wheat:
A review.  Agronomy 10(5): 678.
https://doi.org/10.3390/agronomy10050678.

Khan MA, Igbal M, Jameel M, Ashraf M (2019). PEG-
induced osmotic stress effects on wheat
genotypes: Growth and tolerance indices.
Field Crop. Res. 240: 123-134.
https://doi.org/10.1016/j.fcr.2019.05.010

Kumar S, Gupta R, Sharma P, Singh A (2020).
Phylogenetic analysis of cereal crops using
molecular markers. Mol. Biol. Rep. 47(8):
5678-5689. https://doi.org/10.1007/
s11033-020-05678-9.

Lafitte H, Yongsheng G, Yan S, Li Z (2007). Whole
plant responses, key processes, and
adaptation to drought stress: The case of

rice. J. Exp. Bot. 58, 169-175. doi:
10.1093/jxb/erl101.
Li J, Chen Y, Zhang Q, Wang X (2022).

Polymorphism information content (PIC) as
a tool for marker-assisted breeding in
cereals. Plant Breed. 141(2): 189-200.
https://doi.org/10.1111/pbr.12945.

Liu H, Zhao X, Zhang L, Wang Q (2021). Allelic
variation and its role in drought tolerance of
wheat varieties. J. Plant Biol. 64(5): 456-
467. https://doi.org/10.1007/s12374-021-
09312-5.

Majd R, Khosh-Khui M, Javidfar F, Ghaffari M (2019).
Evaluation of triticale genotypes under
drought stress conditions using
morphological and physiological traits. J.
Crop Sci. Biotechnol. 22(2): 155-165.
https://doi.org/10.1007/s12892-019-0036-9.

Makhmudov T.Kh et al. (2025). Molecular-genetic
analysis of cereal yellow dwarf virus-rpv

(CYDV-RPV) affecting wheat (Triticum
aestivum L.) in Uzbekistan. SABRAO J.
Breed. Genet. 57(3): 957-967.

http://doi.org/10.54910/sabrao2025.57.3.8

64

Matniyazova H, Tillaboyeva D, Ergasheva G,
Shaxmurova G, Yuldashov U, Sherimbetov A
(2024). Alternaria alternata fungus effects
on physiological and biochemical processes
of soybean. SABRAO J. Breed. Genet. 56 (3)
1060-1071, http://doi.org/10.54910/
sabrao2024.56.3.14.

Meliev S, Chinniqulov B, Aytenov I, Isoqulov S,

Ochilov B, Shokirova D, Murodova S,

Dolimov A, To'raqulov X, Bozorov T, Baboev

S (2023). Characterization of CIMMYT bread

wheat germplasm for resistance to yellow

rust and environmental factors. SABRAO J.

Breed. Genet. 55(6): 1865-1877.

http://doi.org/10.54910/sabrao2023.55.6.1.

BE, Kaufmann MR. (1973). The osmotic

potential of polyethylene glycol 6000. Plant

Physiology, 51(5), 914-916.

https://doi.org/10.1104/pp.51.5.914.

Muscolo A, Sidari M, Santonoceto C. (2014). The
effect of polyethylene glycol (PEG)-induced
osmotic stress on root growth and
physiological traits of different Triticale
genotypes. Journal of Plant Interactions,
9(1), 284-292. https://doi.org/10.1080/
17429145.2013.816799.

Omonov O, Amanov B, Muminov Kh, Buronov A,
Tursunova N (2023). Physiological and
biochemical composition of sunflower
(Helianthus annuus L.). SABRAO J. Breed.
Genet. 55(6): 2159-2167.

Parvez MA (2021). Screening of drought-tolerant rice
genotypes using PEG-induced  stress.
Bangladesh Rice J. 25(1): 12-19.

Patel R, Sharma S, Kumar V, Desai P (2022). Cluster
analysis for assessing stress tolerance in
cereal crops. Agric. Res. 11(3): 345-356.
https://doi.org/10.1007/s40003-022-
00678-2.

Raja V, Majeed U, Kang H, Andrabi KI, John R
(2017). Abiotic stress: Interplay between
ROS, hormones and MAPKs. Environ. Exp.
Bot. 137: 142-157. ISSN 0098-8472,
doi:org/10.1016/j.envexpbot.2017.02.010.

Rao PS, Mishra V, Kumar A, Singh R (2023).
Breeding strategies for drought tolerance in
arid regions: A review. J. Crop Improv.
37(1): 89-102. https://doi.org/10.1080/
15427528.2022.2093456.

Roder MS, Korzun V, Gill BS, Ganal MW (1998). The

physical mapping of microsatellite markers

in  wheat. Genome 41(2): 278-283.

https://doi.org/10.1139/g98-009.

A, Gupta P, Kumar R, Singh N (2021).

Dendrogram-based analysis for drought

tolerance in wheat genotypes. Plant Genet.

Resour. 19(4): 312-323. https://doi.org/

10.1017/S1479262121000456.

Michel

Sharma


https://doi.org/10.2135/cropsci2019.03.0156
https://doi.org/10.2135/cropsci2019.03.0156
https://doi.org/10.1071/CP09296
https://doi.org/10.3390/agronomy10050678
https://doi.org/10.1016/j.fcr.2019.05.010
https://doi.org/10.1007/s11033-020-05678-9
https://doi.org/10.1007/s11033-020-05678-9
https://doi.org/10.1111/pbr.12945
https://doi.org/10.1007/s12374-021-09312-5
https://doi.org/10.1007/s12374-021-09312-5
https://doi.org/10.1007/s12892-019-0036-9
http://doi.org/10.54910/sabrao2025.57.3.8
http://doi.org/10.54910/sabrao2024.56.3.14
http://doi.org/10.54910/sabrao2024.56.3.14
http://doi.org/10.54910/sabrao2023.55.6.1
https://doi.org/10.1080/17429145.2013.816799
https://doi.org/10.1080/17429145.2013.816799
https://doi.org/10.1007/s40003-022-00678-2
https://doi.org/10.1007/s40003-022-00678-2
https://doi.org/10.1080/15427528.2022.2093456
https://doi.org/10.1080/15427528.2022.2093456
https://doi.org/10.1139/g98-009
https://doi.org/10.1017/S1479262121000456
https://doi.org/10.1017/S1479262121000456

SABRAO J. Breed. Genet.58 (1) 54-65. http://doi.org/10.54910/sabrao2026.58.1.6

Siddique MR, Ali S, Farid M, Khan MI (2017).
Simulating drought stress in cereals using
PEG: Physiological responses. J. Agron. Crop
Sci. 203(6): 489-498. https://doi.org/
10.1111/jac.12215.

D], Isaac P, Edwards K (2004). A high-

density microsatellite consensus map for

bread wheat (Triticum aestivum L.). Theor.

Appl. Genet. 109(6): 1105-1114.

https://doi.org/10.1007/s00122-004-1740-7.

Sunilkumar VP, Krishna H, Devate NB, Manjunath
KK, Chauhan D, Singh S, Singh P (2023).
Marker-assisted selection for transfer of
QTLs to a promising line for drought
tolerance in wheat (Triticum aestivum L.).
Front. Plant Sci. 14: 1147200.

KA, Rahman M, Hossain MA (2021).
Morphological and molecular analysis of
drought stress in cereal crops. Int. J. Agric.
Biol. 25(3): 334-341.

Verslues PE, Agarwal M, Katiyar-Agarwal S, Zhu J,
Zhu JK (2006). Methods and concepts in
quantifying resistance to drought, salt and
freezing, abiotic stresses that affect plant

Somers

Suvi

65

water status. The Plant J. 45(4): 523-

539doi: 10.1111/j.1365-313X.2005.02609
Wang Z, Li H, Zhang D, Guo Y (2018). Homozygous

alleles and their role in stress tolerance of

cereals. Mol. Breed. 38(9): 112.
https://doi.org/10.1007/s11032-018-0876-
5

Yang J, Zhang W, Li X, Chen Q (2023). Combined
morphological and molecular approaches for
drought tolerance screening in crops. Field
Crop. Res. 290: 108765.
https://doi.org/10.1016/j.fcr.2022.108765.

Yuldashov U, Matniyazova H, Tillaboyeva D, Nabiyev
S, Azimov A, Salohiddinova M (2023).
Physiological and biochemical properties of
soybean cultivars infected with
phytopathogenic fungi. SABRAO J. Breed.
Genet. 55(6): 2025-2036. http://doi.org/
10.54910/sabrao2023.55.6.16

Zhang L, Wang Y, Chen J, Liu X (2020). Allele-
specific markers for drought tolerance in
wheat: A molecular approach. Plant Mol.
Biol. 102(3): 321-332. https://doi.org/
10.1007/s11103-019-00945-2.


https://doi.org/10.1111/jac.12215
https://doi.org/10.1111/jac.12215
https://doi.org/10.1007/s11032-018-0876-5
https://doi.org/10.1007/s11032-018-0876-5
https://doi.org/10.1016/j.fcr.2022.108765
http://doi.org/10.54910/sabrao2023.55.6.16
http://doi.org/10.54910/sabrao2023.55.6.16
https://doi.org/10.1007/s11103-019-00945-2
https://doi.org/10.1007/s11103-019-00945-2



