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Abstact
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) ) One of the most significant biological threats to wheat (Triticum aestivum) is yellow rust
Co-dominant  Inheritance,

Marker-Assisted disease, caused by the fungus Puccinia striiformis f. sp. tritici. To manage this disease and
Backcrossing, Near- ensure the sustainability of wheat vyield, the fundamental strategy focuses on identifying
Isogenic ~ Line,  Water- . e . . . . . .

deficit, Yellow rust and effectively utilizing resistance genes against this disease in wheat. Considering the

prevailing drought conditions in Iran and the importance of drought tolerance, the current
research focused on a near-isogenic line derived from the Kalheydari wheat cultivar, a
winter variety and drought-tolerant variety in western Iran. The main objective was to
enhance the resistance of this line against the disease through the transfer of two resistance
genes, Yrl8 and Yr29, respectively from the standard donor parents Lalbahadur/Pavon and
Opata 85, using the backcrossing method with the aid of molecular markers and gene
pyramiding. To facilitate the selection process and increase the accuracy and possibility
of simultaneous tracking of target alleles, specific molecular markers were used. Based on
Received: 16 February 2026 molecular experimental results, the co-dominant inheritance pattern of the transferred
ii‘c’fgt‘é;f j“ﬁ;%ge genes allowed for clear differentiation of homozygous susceptible, heterozygous, and
homozygous resistant genotypes in the breeding populations. In the final evaluation, the
transfer of the two genes Yrl8 and Yr29 into the new wheat line derived from the
Kalheydari cultivar was confirmed. This finding demonstrates the utility of molecular
markers as an important tool in accelerating and successfully transferring desirable traits
to wheat in breeding programs.
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Figure 1. Development of isogenic lines (ILs) for Yrl8 and Yr29 genes using marker assisted backcrossing.
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Tablel. Allelic details and primers sequence to amplify Yrl8, Yr29 genes.
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Table 2. Thermal cycling conditions for the different stages of the Polymerase Chain Reaction.
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Figure 2. Genetic diversity of progenies carrying the Yr18 gene. a: Numbers 1 and 2 represent the standard line
Lalbahadur/Pavon carrying the Yrl8 gene and the susceptible near-isogenic line Kalheydari, respectively. The
heterozygous progenies show two bands corresponding to resistance and susceptibility. b: Numbers 1 and 2 represent the
susceptible near-isogenic line Kalheydari and the standard line Lalbahadur/Pavon carrying the Yrl8 gene, respectively.
The selected homozygous progenies exhibit the resistance band. The selected progenies derived from the backcross are
indicated with arrows (a subset of the results is shown). A 100-bp+ DNA ladder was used to determine the size of the
fragments.
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Figure 3. Genetic diversity of progenies carrying the Yr29 gene. a: Numbers 1 and 2 represent the standard line Opata85
carrying the Yr29 gene and the susceptible near-isogenic line Kalheydari, respectively. The heterozygous progenies show
two bands corresponding to resistance and susceptibility. b: The selected homozygous progenies exhibit the resistance

band. The selected progenies derived from the backcross are indicated with arrows (a subset of the results is shown). A
50-bp DNA ladder was used to determine the size of the fragments.
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Figure 4. Development of progenies carrying both genes (Yr18 + Yr29). a: Numbers 1 and 2 represent the susceptible

near-isogenic line Kalheydari and the standard line Lalbahadur/Pavon carrying the Yrl18 gene, respectively. Number 3
shows the PCR product profile of the parents for confirmation of correct selection. The homozygous progenies possess
the resistance band. b: Numbers 1 and 2 represent the susceptible near-isogenic line Kalheydari and the standard line
Opata85 carrying the Yr29 gene, respectively. Number 3 shows the PCR product profile of the parents for confirmation
of correct selection. The selected homozygous progenies (possessing the resistance band) have been chosen. (The similar
arrows indicate the status of the two genes in a single plant). A 100-bp+ DNA ladder was used to determine the size of
the fragments.
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