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ABSTRACT

Leaf rust is an important fungal disease in wheat and causes significant yield losses worldwide. Previous
studies have reported that Lr9, Lr19, Lr24, Lr4l, and Lr47 genes provide resistance to leaf rust in wheat. This
study was conducted in 2022 to determine whether Altindane, Kirve, Pandas, Kate-A1 and Gonen-98, spring
bread wheat varieties registered in Turkiye, have the Lr24 gene that provides tolerance to brown rust disease.
In the study, Sunco and Torres spring bread wheat varieties, which have the brown rust disease tolerance gene
Lr24, were used. In order to detect the presence of the Lr24 gene in the wheat varieties evaluated, a SCAR
(Sequence-Characterized Amplified Region) marker was used in 3 replications.

As a result of the research, it was determined that none of the 5 spring wheat varieties registered in Turkiye
had the brown rust disease tolerance gene Lr24, while Torres and Sunco spring wheat varieties examined had
the tolerance gene Lr24. Finally, it was concluded that one or both Torres and Sunco wheat varieties with the
wheat brown rust tolerance gene Lr24 could be used as a wheat brown rust tolerance gene donor parent in a

hybridization breeding program to develop new wheat varieties tolerant to brown rust disease.
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INTRODUCTION

heat (Triticum aestivum L.) is an annual

herbaceous plant in the Poaceae family,
among the cool climate cereals. It is the most
widely cultivated plant in the world. It is also
used as a source of protein, especially
carbohydrates, in human nutrition. Anatolia
is one of the important gene centers of wheat
and one of the first settlements where wheat
farming was carried out (Davis, 1965-1985).
Of the worldwide total wheat production,
Turkey ranks 11th, with 22 million tons
(FAO, 2023).

One of the most important problems in
wheat cultivation is rust diseases. These
diseases cause significant losses in yield and
quality. Brown rust is the most important
disease of wheat plants after yellow rust. The
cause of brown rust is a fungus called
Puccinia recondita f. sp. tritici, which
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appears as brown pustules on the leaves of
wheat plants, and the infected leaves turning
yellow and dry over time. Due to the reduced
leaf surface, photosynthesis decreases, and
grain filling is negatively affected. As a
result, serious yield and quality losses occur.
Yield and quality losses can be prevented
to a great extent by early diagnosis of the
disease and implementation of appropriate
management strategies. A study on the
genetics of resistance to brown rust
emphasized the negative effects of this
disease on wheat plants and the importance
of developing resistant varieties against the
disease (Ren et al., 2023). The most effective,
cost-effective, and environmentally friendly
method of controlling this disease is the
development of tolerant varieties (Singh et
al., 2004). Before working towards this goal,
it is extremely important to determine the
genetic similarities and differences of
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existing gene sources in terms of this disease.
This determination is important in terms of
labour and time planning in the breeding
program to be initiated in order to develop a
tolerant variety.

Molecular markers are used as an auxiliary
tool in shortening the breeding period and
transferring the desired characters to plants.
In recent years, molecular marker methods
have also been frequently used in wheat
breeding studies. Molecular markers play a
key role in transferring the desired
characteristics to plants. One of the most
widely used techniques today is SCAR
molecular markers. SCAR markers were
first developed from the RAPD technique
(Yang et al., 2013) and are used as reliable
markers because they are reproducible and
co-dominant (Kumla et al., 2012).

The use of genes tolerant to brown rust in
wheat breeding is a preferred method to
reduce losses caused by brown rust. There are
many races of brown rust, and varieties are
not tolerant to all races. Sensitivity may occur
in tolerant varieties with the emergence of
new disease races (Baser, 2020). Indeed, it
has been reported that a new breed of brown
rust has Dbeen discovered in Western
Australia, causing problems in many varieties
(Salam et al., 2013). More than 80 Lr genes,
distributed across all 21 wheat chromosomes,
have been identified, and most of these genes
are known to be located in the short arms of
individual wheat chromosomes (Bilgen et al.,
2023). Wheat samples with the genes Lr9,
Lr19, Lr24, Lr4l, and Lr47 are resistant to
the leaf rust (Zuev et al., 2024). In brown rust
studies, Lr9 and Lr24 genes should be taken
into consideration primarily in terms of
resistance (Ors, 2018). Indeed, it has been
reported that the Magenta variety carrying
the Lr24 gene retains its resistance to both
rust pathotypes found in Western Australia

(Anonymous, 2014).

This research was carried out to detect
the presence of brown rust tolerance gene
Lr24 using SCAR marker in the gene pool
consisting of 2 CIMMYT origin (Sunco and
Torres) reported carrying tolerance genes,
and 5 local (Altindane, Kirve, Pandas,
Kate-Al and Gonen-98) spring bread wheat
varieties.

MATERIAL AND METHODS

In the research, 2 CIMMYT-originated
(Sunco and Torres) and spring-characteristic
bread wheat varieties of 5 local (Altindane,
Kirve, Pandas, Kate-Al, and G6nen-98) were
used.

Each variety was planted in multiple pots
containing peat and transferred to a plant
growth unit with a 22-hour light and 2-hour
dark photoperiod. When the plants reached
the 2-3 leaf stage, leaf samples were taken for
DNA isolation and stored at -80°C. Genomic
DNA isolation was performed using the
FavorPrep Plant Genomic DNA Extraction
Mini Kit (FAPGKO001, Favorgen, Australia)
according to the protocol recommended by
the company. For this purpose, during the
genomic DNA isolation stage, 100 mg of
plant sample was crushed in a mortar using
liquid nitrogen, turned into powder and
placed in 1.5 ml Eppendorf tubes. The
concentration of DNA obtained after
genomic DNA isolation was measured using
the SPECTRO Star Nano (BMG Labtech)
device. Then, the quality and quantity of
the total DNA obtained were controlled by
running on 0.8% agarose gel. The isolated
DNAs were stored at -20°C.

PCR was performed on the isolated
DNAs. The primers required for PCR were
obtained from the study of (Gupta et al.,
2006) (Table 1).

Table 1. Primer Sequences and Properties Required for PCR (Gupta et al., 2006)

Lr Primer Primer Sequence Marker Size Anneling
gene Name g Tip (bp) temperature (°C)
F:CGCAGGTTCCAAATACTTTTC
Lr24 SCS1302 SCAR 607 50
R:CGCAGGTTCTACCTAATGCAA
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PCR conditions were optimized using
Dream Taq DNA Polymerase (5 U/uL),
EP0705, 20 ng/pul DNA was used for the
reaction. PCR reaction was prepared using
2,5 pl 10X Dream Taq Reaction Buffer,
2 ul Template DNA 20 ng/ul, 1 pl forward
primer, 1 pl reverse primer, 0,2 pl Dream
Taq DNA Polymerase, 0,5 gl 10 mM dNTPs
and 17,8 pl sterile nuclease-free ddH,0 in a
total volume of 25 ul. The components of the

PCR are given in Table 2, and the PCR
conditions are given in Table 3.

As a result of PCR amplification, PCR
products were separated by running on 0.8%
(W/V) agarose gel at 90 volts for 45 minutes.
In order to visualize DNA bands, 0.5 pg/ml
ethidium bromide was added and visualized
on the Biorad Gel Doc XR+ Gel imaging
device.

Table 2. PCR components [DreamTaq DNA Polymerase (5 U/uL), EP0705]

Components Quantity (ul)
10X Dream Taq Reaction Buffer 2.5
Primer F 1
Primer R 1
10 mM dNTPs 0.5
Template DNA 20 ng/ul 2
Dream Tag DNA Polymerase 0.2
Nuclease free water 17.8
Total 25

Table 3. PCR conditions [DreamTaq DNA Polymerase (5 U/uL), EP0705, NEB]

Temperature (°C) Numbers of cycle
95 3 min 1
95 30 sec
50 30 sec 34
72 1 min
72 5 min 1
4 Indefinite 1

RESULTS AND DISCUSSION

In this study, PCR was performed to
identify varieties resistant to brown rust
disease using SCAR markers of 7 wheat

genotypes. According to the results, resistant
and susceptible varieties containing the
brown rust tolerance gene Lr24 were
identified. The gel image of the results is
given in Figure 1.

Figure 1. Lane L: Leader Lane 1-2: Tolerant Wheat varieties (Torres and Sunco),
Lane 3-4-5-6-7: Sensitive Wheat varieties (Kirve, Altindane, Génen-98, Kate-A1l, Pandas)



688

Number 42/2025

ROMANIAN AGRICULTURAL RESEARCH

According to the results of molecular
analysis, in the evaluation between varieties;
2 control varieties (Torres and Sunco) and 5
(Pandas, Altindane, Kate-Al, Gonen-98 and
Kirve) bread wheat varieties with spring
characteristics were used. The analysis was
performed with 3 replications. As a result of
molecular screening, it was determined that
the results were similar in all 3 replications
and that Torres and Sunco varieties had the
Lr24 gene content. In addition, it was
determined that none of the local varieties
(Pandas, Altindane, Kate-Al, Gonen-98 and
Kirve) used in the study carried the Lr24 gene.

Today, the effects of biotic and abiotic
stress factors on plants are increasing. Fungi,
which are among the biotic stress factors,
cause great damage to agricultural products
that are important for humans. Therefore,
economic losses are experienced and people's
access to food is becoming more and more
difficult. Today, efforts are made to minimize
the effects of fungi by using agricultural
pesticides. However, the negative effects of
pesticides on human health restrict the use of
these control methods (Nicolopoulou-Stamati
et al., 2016). Instead, the importance of
growing and breeding plant varieties that are
highly tolerant or resistant to fungi is
increasing.

Rust diseases are among the most
important biotic stress factors limiting wheat
production in Turkiye, which has an
important place in the world as a wheat
producer. In the country, the yield loss caused
by different types of rust in wheat plants has
been recorded as ranging from 5% to 90%
(Aktas, 2001; Baser, 2020; Bilgen et al.,
2023). The development of resistant varieties
is the most preferred method in combating
the disease.

According to the research results, it was
revealed that wheat varieties (Torres and
Sunco) carrying the brown rust tolerance
gene (Lr24) can be used as parents in future
breeding programs to develop brown rust
tolerant varieties. In addition, it was
determined that the SCAR marker can be
used for the pre-selection of the material to
be used as parents in classical breeding
programs. Thanks to this finding, it is

possible to contribute to the purposeful
selection of parents for the breeding program
and to prevent time and economic loss in the
breeding process.

CONCLUSIONS

Leaf rust is an important fungal disease in
wheat and causes significant yield losses
worldwide. The best solution for the disease
is to grow resistant genotypes. The presence
of the Lr24 gene, which shows resistance to
brown rust disease, has been registered in
Torres and Sunco varieties, but the relevant
gene has not been detected in other wheat
varieties subject to this research. It is planned
to introduce the Lr24 gene to these varieties
with the breeding programs to be created.
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