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Extended abstract

Introduction

Stripe (yellow) rust, caused by Puccinia striiformis f. sp. tritici (Pst), is among the most important foliar diseases of wheat,
posing a persistent threat to the production of such a strategic crop in many regions worldwide. In 1993 alone, the damage
caused by stripe rust in Iran was estimated at 1.5 million tons, representing approximately 15% of total wheat production
during that period. Despite having a positive effect on controlling the yellow rust disease, application of fungicides pose
many economic costs and environmental issues. To this end, the use of disease-resistant cultivars is known as the most
reliable and cost-effective way to prevent the damage inflicted by P. striiformis. By using different resistant cultivars and
reducing the life cycles of P. striiformis, the casual agent of strip rust disease, the genetic diversity of such a disease can be
effectively reduced. To date, 80 resistance genes against yellow rust have been identified, among which Yr5 and Yr15 stand
out as highly effective and durable genes conferring whole-plant resistance. Yr5 and Yr15 are recognized as durable
resistance genes, whereas the resistance conferred by other genes has been overcome in the past. Pyramiding such genes
can be an effective approach to improve resistant cultivars to yellow rust disease. Marker-assisted selection (MAS), a
revolutionary approach, has demonstrated that breeders can directly select alleles without relying on phenotypic evaluation.
Although it never replaced phenotype and conventional selection methods, MAS currently plays an important role in
introgression through backcrossing, gene pyramiding, and line development in wheat breeding programs. The aim of this
research was to introduce two durable yellow rust resistance genes, Yr5 and Yr15, to six Iranian cultivars using marker-
assisted backcrossing.

Materials and methods

This research was conducted in the research farm of Shahid Bahonar University of Kerman, Kerman, Iran. Two
resistant standard lines, including Yr15/6*Avocet'S' and Yr5/6*Avocet'S', and six Iranian cultivars namely
Baharan, Rakhshan, Setara, Sivand, Parsi and Amin were planted in the research field. Each cultivar (recurrent
parent) was crossed with both standard lines (as donor parents) in the separate crossing programs. With the ultimate
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goal of pyramiding specific resistance genes, Yr5 and Yrl5, the aim of this resarch was to introduce resistance
genes from the standard lines Yr15/6*Avocet'S' and Yr5/6*Avocet'S' to Baharan, Rakhshan, Setare, Sivand, Parsi
and Amin cultivars using marker assisted backcrossing. Ten plants from each recipient cultivar were crossed with
standard lines to obtain F; generations. As the F1 generation was heterozygous, the marker-assisted selection was
not required. F1 seeds were cultivated in the field and crossed with recurrent parents to develope the BCiF;
generation. To select heterozygous plants using marker-assisted selection, 30 plants were randomely selected, leaf
samples were collected and DNA extraction was done using Zhang's method. KASP Yr5 and Xbarc80 molecular
markers were used to check the presence or absence of Yr5 and Yrl5 genes, respectively.

Results and discussion

The most durable whole plant resistance genes to yellow rust, Yr5 and Yr15, were introduced from standard lines
to six Iranian bread wheat cultivars using marker-assisted backcrossing. As to the Yrl5 gene, the resistant and
susceptable alleles had PCR band of 1355 bp and 447 bp, respectively. The genotypes showing the1355 bp PCR
fragment were selected and baccrossed to six Iranian bread wheat cultivars to develop backcross generations. For
the Yrl5 gene, the susceptible allele may either produce a PCR fragment of 447 bp or no fragment at all. In the
present study, the susceptible cultivars did not exhibit any band corresponding to the susceptible allele. For the
Yr5 gene, the resistant and susceptable alleles had the PCR fragment of 858 bp and 83 bp size, respectively. The
genotypes with the PCR fragemnt of 858 bp were selected and backcrossed to six Iranian bread wheat cultivars to
develop backcross generations. The results of molecular studies indicated the successful introduction of both Yr5
and Yr15 genes to all six Iranian cultivars.

Conclusions

Whole-plant resistance genes may encounter challenges that compromise their effectiveness over time, potentially
leading to eventual breakdown of resistance. In Australia and Europe, breaking the resistance of Yr5 and Yrl5
genes increases the probability of this happening in Iran, but the pyramiding of these two genes can create effective
and durable resistance. In addition, breeding new lines harboring the rust resistance genes through backcrossing is
a way to develop wheat cultivars with favorable agronomic traits and durable resistance. The pyramiding of Yr5
and Yrl15 not only helps prevent yield losses during epidemic outbreaks and provides durable resistance but also
offers significant environmental benefits to wheat breeding programs.
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Figure 1. (1) 100bp*marker (2) Standard line Yr5/6*Avocet'S' with resistance allele of Yr5 gene (fragment

length of 858 bp) (3) One of the cultivars with susceptible allele (fragment length of 83bp). The other wells
are the result of the first backcross. The progeny selected for the Yr5 gene (with two fragment of resistance
and susceptible) are shown with arrows (some of the progenies are shown).
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Figure 2. (1) 100bp*marker; (2) Standard line Yr15/6*Avocet'S' with resistance allele of Yr15 gene (fragment

length of 1355 bt}i)); 3) One of the cultivars with susceptability allele (no band of 447bp). The other wells are the

result of the

rst backcross. The progeny selected for the Yrl5 gene (with two fragments of resistance and

susceptability) are shown with arrows (some of the progenies are shown).
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indicate selected genotypes (heterozygous for both genes).
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