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Introduction

Barley leaf rust (BLR), caused by Puccinia hordei, is a devastating fungal disease that significantly reduces barley (Hordeum vulgare subsp. vulgare) yields worldwide. Genetic resistance offers an effective and sustainable control strategy; however, reliance on single resistance genes often results in the rapid breakdown of resistance due to the emergence of virulent P. hordei races. Durable resistance in elite, high-yielding cultivars requires pyramiding multiple genes with diverse mechanistic actions. To achieve this, predictive molecular markers are essential for tracking individual resistance genes throughout the breeding cycle. Unlike most classical major resistance genes in the Triticeae, the recently cloned Rph7 gene encodes a NAC transcription factor containing a zinc-finger BED domain that mediates a novel, pathogen-induced resistance mechanism by enhancing basal defence. Rph7 represents a valuable target for gene-stacking strategies, particularly when deployed in combination with other effective BLR resistance genes.





Methods

To support predictive marker-assisted selection, three single-nucleotide polymorphisms located within the conserved flanking gene HvPG1 were converted into Kompetitive Allele Specific PCR (KASP) co-dominant markers.





Results and discussion

These markers were validated across a core panel of barley accessions known to either lack or contain Rph7 resistance, with the best performing marker subsequently evaluated in 173 accessions, including lines from the latest pangenome, elite Australian and international cultivars, and experimental lines carrying or lacking Rph7. One marker was deemed a reliable, breeder-friendly, high-throughput KASP marker for tracking Rph7 resistance, enabling the efficient development of BLR-resistant cultivars and supporting improved disease management in barley breeding programs.
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Introduction

Cultivated barley (Hordeum vulgare L.) is the world’s fourth most important cereal crop behind maize, rice, and wheat, primarily grown for malt production, animal feed, and, to a lesser extent, as a food staple in mountainous regions of Central and Southwest Asia, the Andes, and Northern Africa (Dracatos et al., 2023). Despite its versatility and economic value, barley productivity is threatened by various biotic stresses. Pests and diseases account for an estimated 19% loss in Australian barley production (Murray and Brennan, 2010), a challenge further exacerbated by climate change and monoculture practices that promote the emergence of new, more aggressive pathogen variants. Among the diseases affecting barley, rusts caused by Puccinia spp. are particularly destructive. P. hordei Otth., the causal agent of barley leaf rust (BLR), is the most widespread and damaging rust disease of barley (Park et al., 2015). In highly susceptible cultivars, yield losses can reach up to 62% (Cotterill et al., 1992). In Australia, average annual losses due to BLR are estimated at $12 million AUD, but under severe epidemic conditions have the potential to escalate to $197 million AUD (Murray and Brennan, 2010; Park et al., 2015), highlighting its substantial economic impact.

Current disease control strategies for BLR include agronomic management, chemical fungicides, and genetic resistance (Walters et al., 2012). Agronomic practices such as crop rotation and removal of alternate hosts can reduce inoculum pressure but provide only partial protection. Chemical treatments, while effective, are costly, environmentally damaging, and contribute to the development of fungicide-resistant strains (Edlinger et al., 2022; Jørgensen et al., 2018). Genetic resistance is therefore considered the most sustainable, cost-effective, and environmentally friendly approach (Park et al., 2015). Host resistance, particularly through the deployment of Rph genes (Reaction to Puccinia hordei), offers durable protection, especially when used in combination (Park et al., 2015; Rothwell et al., 2020; Singh et al., 2015; Chen et al., 2023). Two major forms of resistance are recognised: all-stage resistance (ASR), governed by Rph genes that provide strong, race-specific protection throughout the plant’s lifecycle, and adult plant resistance (APR), typically conferred by quantitative trait loci offering partial, generally non-race-specific resistance expressed later in development (Niks et al., 2015). To date, 28 Rph genes have been mapped: 25 confer ASR (Rph1–Rph19, Rph21, Rph22, Rph25–28), and three (Rph20, Rph23, Rph24) confer APR (Hickey et al., 2012; Kavanagh et al., 2017; Rothwell et al., 2020; Singh et al., 2021; Ziems et al., 2017, 2014), with additional QTL identified for partial resistance at the seedling stage. While these discoveries have broadened the resistance gene pool, the durability of ASR is often compromised by pathogen evolution (McDonald and Linde, 2002), and deployment using marker-assisted selection (MAS) has been constrained by the paucity of predictive, co-segregating markers.

Prior to the cloning of the Rph7 gene, several molecular markers were employed to approximate its chromosomal location, including restriction fragment length polymorphism (RFLP), cleaved amplified polymorphic site (CAPS), gel-based sequence-tagged site (STS) and simple sequence repeat (SSR) markers (Brunner and Feuillet, 2003; Graner et al., 2000, 2000). These tools aided genetic mapping but were constrained by low throughput/reproducibility and labour-intensive workflows and have limited utility in modern breeding programs. Kompetitive Allele Specific PCR (KASP) markers interrogating target SNP loci are codominant, high-throughput, fluorescence-based genotyping platforms that are preferred in crop breeding programs due to their reliability and accuracy (Semagn et al., 2014).

The BLR resistance gene Rph7, which confers ASR to P. hordei, was first identified in the Argentinian barley cultivar Cebada Capa (Roane and Starling, 1970). Rph7 was mapped near the telomere on the short arm of chromosome 3H within a region of high haplotypic divergence that revealed a 100 kb insertion unique to Cebada Capa relative to the BLR susceptible Morex (Graner et al., 2000; Scherrer et al., 2005). Recent fine mapping, supported by RNA-Seq, mutational analysis, and transgenic complementation, confirmed that Rph7 is a non-canonical resistance gene encoding a NAC transcription factor with a zinc-finger BED domain, structurally distinct from typical disease resistance genes in the Triticeae (Chen et al., 2023; Jensen et al., 2010). Its broad-spectrum effectiveness across diverse P. hordei races is likely attributed to historically limited deployment in commercial cultivars, thereby reducing the selection pressure for virulent races (Ziems et al., 2014). Nevertheless, virulence to Rph7 has been detected in some races from Australia, North America, Spain, and the Near East (Park et al., 2015; Shtaya et al., 2006; Steffenson, 1993), indicating a risk of resistance breakdown if deployed in isolation (Park et al., 2015). Despite these reports, the overall rarity of virulence and novel mechanistic action make Rph7 an attractive component for pyramiding strategies aimed at durable BLR control.

Comparative analysis of 20 pangenome lines (v1;), revealed that most lacked the Rph7 gene due to a 100 kb insertion-deletion event, and four accessions carried a non-functional susceptibility homologue of Rph7 (Chen et al., 2023; Scherrer et al., 2005). This structural variation limits the utility of gene-based markers, as absence of amplification could reflect either gene absence or susceptibility. In contrast, the neighbouring gene HvPG1, located 50 kb from Rph7, showed complete co-segregation with the Rph7 resistance phenotype in prior mapping studies, and is conserved among pan-genome accessions (Chen et al., 2023; Scherrer et al., 2005). Given the low recombination frequency expected in breeding populations, HvPG1 provides a stable target for predictive marker design.

In the present study, we have developed a breeder-friendly KASP marker targeting SNPs within HvPG1, closely linked to Rph7, validated their accuracy and robustness across diverse germplasm panels, including elite cultivars and pangenome lines, and identified the most reliable assay for application in MAS to support the deployment of Rph7-mediated resistance in breeding programs.





Materials and methods




Plant materials

Marker validation was conducted using various panels of Hordeum accessions, including: BLR differential Bowman near isogenic lines (NILs); (Martin et al., 2020), the Australian BLR differential set (Park et al., 2015), elite and historical Australian cultivars with mostly known resistance status, and v2 barley pangenome accessions, comprising landraces, wild barley and globally important cultivars and experimental lines. All accessions genotyped in this study, along with their postulated genetic complements, are listed in Supplementary File 1.

For definitive controls, we included: four biological replicates of the Bowman NIL carrying Rph7 (BW758, Bowman+Rph7.g), four technical replicates of Bowman (susceptible), three technical replicates of an artificial heterozygote (equal DNA mix of Bowman and BW758), two technical replicates of Rph7-carrying cultivars (Ellinor, La Estanzuela, Galaxy), and two technical replicates of Morex as negative controls.





DNA extraction

Genomic DNA was extracted from seedling leaves using a modified crude extraction method. Briefly, 2–3 segments (~2 cm each) of leaf tissue were homogenised in 200 µL of extraction buffer (1 M Tris-HCl, pH 8.0; 2.55 M KCl; 100 mM EDTA) using two tungsten carbide beads in a TissueLyser II (Qiagen) for 2 minutes. The homogenate was centrifuged at 16,000 × g for 10 min, and the resulting supernatant was transferred to fresh tubes. DNA was precipitated by adding 170 µL of isopropanol, incubating for 5 min, and centrifuging again (16,000 × g, 10 min). Pellets were washed with 500 µL of 70% (v/v)_ethanol, re-centrifuged (16,000 × g, 5 min), air-dried, and resuspended in sterile TE buffer (10 mM Tris-HCl, 1 mM EDTA). DNA concentration was quantified using a Qubit fluorometer 4 (Invitrogen) and adjusted to a working concentration of 20 ng/µL.





Development of KASP primers

Genomic sequences flanking Rph7, delineated by Chen et al. (2023) between HvGAD1 and HvPG4, were aligned from nine susceptible accessions (Barke, HOR9043, Golden Promise, RGT Planet, Akashinriki, Igri, Morex and Bowman) against the 184 kb BAC sequence from Cebada Capa (AY642926) using the map to reference function in Geneious Prime 2024.1 (Supplementary Table S1).

As HvPG1 was previously shown to co-segregate with the Rph7 phenotype (Scherrer et al., 2005; Chen et al., 2023), it was selected as the most reliable flanking locus for codominant marker development. Comparative SNP discovery within HvPG1 identified polymorphisms unique to Cebada Capa and absent across all nine non-Rph7 accessions (Supplementary Table S2). Three SNPs demonstrating consistent allelic variation were selected, and 50 bp of flanking sequence were extracted and submitted to Geneworks for KASP primer design and synthesis (Supplementary Table S3). Details of the SNPs and corresponding primers are provided in Table 1 and illustrated in Figure 1.


Table 1 | Oligonucleotide primers used in the present study.
	Marker
	Primer
	Sequence (5′-3′)*



	Rph7_PG1_1
	Forward_T
	HEX- GCTGGTCACACTACTAAACTTTGCT


	Forward_C
	FAM- CTGGTCACACTACTAAACTTTGCC


	Reverse
	CGAAGGAATTCACTGAATTTCTCTACATAT


	Rph7_PG1_2
	Forward_A
	HEX- CTTCGTTTCTGGCAGGTTGGAACA


	Forward_G
	FAM- TTCGTTTCTGGCAGGTTGGAACG


	Reverse
	AAGGAAACGGCGATCATGCATGGTT


	Rph7_PG1_3
	Forward_G
	HEX- CAGCATGGTTATTGAAAGCTCCAAG


	Forward_T
	FAM- GCAGCATGGTTATTGAAAGCTCCAAT


	Reverse
	CCACAGCCACCAGACTTGGTGTT





*Bold nucleotides denote the specific SNP variants interrogated by the allele specific Forward KASP primers.
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Figure 1 | KASP marker design at the Rph7 locus. (A) Schematic representation of the previously defined Rph7 locus, showing sequenced BAC contigs (Scherrer et al., 2005) alongside the position of the identified Rph7 gene (orange), located between the flanking genes HvGAD1, HvPG1, and HvPG4 (blue) (Chen et al., 2023). (B) Genomic alignment of SNPs selected for KASP marker development within the conserved HvPG1 gene.





Bioinformatic analysis of Rph7 conservation across the barley pangenome

To assess the conservation of the Rph7 genomic region and evaluate the applicability of the developed KASP markers, the Rph7 and HvPG1 sequences from Cebada Capa were used as BLASTn queries against the PanBARLEX v2 resource, which comprises chromosome-scale assemblies of 76 diverse Hordeum accessions, including H. spontaneum landraces, and cultivars. This analysis enabled the evaluation of haplotypic variation at the selected SNP loci, assessment of presence-absence variation across 76 accessions relative to the 20 accessions surveyed in Chen et al. (2023), and detection of potential paralogous sequences in other chromosomal regions.





KASP genotyping

KASP assays were performed in 96-well plates with 5 µL reaction volumes containing 50 ng of genomic DNA and 2.5 µL genotyping mix (2× KASP Master Mix and 0.07 µL primer mix). PCR amplification was performed on an ABI ViiA 7 Real-Time PCR System (Applied Biosystems) using the following thermal profile: 94°C for 15 min; 10 cycles of 94°C for 20 sec and 61°C to 55°C touchdown (1.6°C per cycle) for 60 sec; followed by 26 cycles of 94°C for 20 sec and 55°C for 60 sec. Fluorescence detection was performed at 30°C, and genotype calls were was conducted using the QuantStudio™ software.





PACE genotyping

PCR Allele Competitive Extension (PACE) assays were performed in 96-well plates with a total reaction volume of 8 µL. Each reaction contained 25–50 ng of genomic DNA and 4 µL of the PACE Genotyping Master Mix (LGC), containing 0.12 pmol of the two allele-specific primers and 0.3 pmol common reverse primer. PCR amplification was carried out on an ABI 7500 Real-Time PCR System (Applied Biosystems) using the following cycling conditions: an initial denaturation at 94°C for 15 minutes, followed by 10 touchdown cycles of 94°C for 20 seconds and annealing/extension from 61°C to 55°C for 60 seconds with a decrement of 1.6°C per cycle. This was followed by 26 cycles of 94°C for 20 seconds and 55°C for 60 seconds. A post-read stage was conducted at 30°C. Fluorescence detection was performed on the same instrument, and genotype calls were assigned using QuantStudio™ software (Applied Biosystems).






Results




Development of KASP markers for Rph7

The Rph7 locus, conferring resistance to BLR, is located between the HvGAD1 and HvPG1 genes on chromosome 3HS (Figure 1). The Rph7 CDS was used as a BLASTn query against all 76 barley pangenome (v2) accessions using the PanBARLEX online resource, revealing that 11 (14%) carried non-functional susceptibility alleles and the remaining 65 accessions lacked the gene entirely due to a presence/absence variation (Supplementary File S1). Because Rph7-mediated resistance is conferred by a presence-absence variation, marker design within the gene itself would yield a dominant marker, as many genotypes lacking the gene would appear as null alleles. In contrast, alignment of HvPG1 gene across the 76 barley accessions revealed a high degree of conservation on chromosome 3H across both wild and cultivated barley, confirming its suitability for co-dominant KASP marker development. A divergent paralogous copy of HvPG1 was also identified on chromosome 7H; however, the sequence alignment showed low conservation at the primer binding sites, suggesting that the developed KASP marker is specific to the 3H HvPG1 gene.

Comparative sequence analysis between the Rph7 donor Cebada Capa BAC sequence (AY642926) and nine non-Rph7 accessions revealed three high-confidence SNPs within HvPG1 at positions 1,366 (T/C), 1,426 (A/G), and 4,106 (G/T). These polymorphisms were monomorphic across all nine non-Rph7 carrying accessions but uniquely present in Cebada Capa. This consistent predictive haplotype strongly associates these polymorphisms with the presence of Rph7, making them suitable SNPs for interrogating KASP marker development. Each SNP was supported by conserved flanking regions, allowing robust primer design. The three resulting KASP markers (Rph7_PG1_1, Rph7_PG1_2, Rph7_PG1_3) were hypothesised to reliably discriminate homozygous resistant, homozygous susceptible, and heterozygous genotypes across cultivated barley germplasm and breeding material germplasm. Details of the identified SNPs and corresponding primer sequences are provided in Table 1, with their genomic locations illustrated in Figure 1.





Validation of the KASP markers

Initial validation of the Rph7-linked KASP markers (Rph7_PG1_P1, Rph7_PG1_P2, and Rph7_PG1_P3) was performed on a panel of 22 barley genotypes comprising eight Rph7-carrying lines, 13 non-Rph7 genotypes, three artificial heterozygotes, and two no-template controls (Supplementary File S1). All three KASP markers exhibited clear allelic clustering patterns indicative of co-dominant allele amplification, enabling unambiguous discrimination between Rph7 carrying homozygotes and non-carrier alleles (Figure 2; Supplementary File S1). Notably, only Rph7_PG1_P3 reliably detected artificial heterozygote samples, highlighting its superior sensitivity for distinguishing heterozygous states.
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Figure 2 | Genotype clustering plots for the Rph7_PG1_P1 (A), Rph7_PG1_P2 (B), and Rph7_PG1_P3 (C) KASP markers initially validated against a panel of barley lines known to either carry or lack Rph7-mediated resistance. Blue dots (upper left) represent homozygous wild-type non-Rph7 genotypes, red dots (lower right) represent homozygous Rph7 carriers, and green dots (central cluster) indicate heterozygous genotypes. Black crosses denote no-template controls (NTCs) or samples with failed amplification.





Expanded validation across Hordeum germplasm

To further evaluate the reliability and diagnostic accuracy of the Rph7_PG1_P3 KASP marker for detecting Rph7, genotyping was tested on an expanded panel of diverse barley accessions comprising landraces, international and Australian cultivars and BLR differential stocks with known BLR resistance genes (Supplementary File S1). Allelic discrimination was visualised using fluorescence-based clustering. All known Rph7-carrying controls were correctly genotyped, with no false negatives observed (Figure 3). The majority of non-Rph7 lines formed a distinct susceptible cluster, reinforcing the specificity of the marker. Additionally, a subset of samples displayed intermediate fluorescence signals indicative of heterozygosity, confirming the markers’ ability to distinguish segregating alleles. Only five samples yielded undetermined calls; three showed no amplification signal, (Supplementary Table S1). These results confirm that Rph7_PG1_P3 is robust, sensitive and suitable for tracking the presence of Rph7-mediated resistance.
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Figure 3 | Genotype clustering plots for the Rph7_PG1_P3 KASP marker against a diverse panel of barley lines. The plot illustrates the segregation of the Rph7 allele among lines known to carry or lack the Rph7. Blue dots (upper left) represent the homozygous non-Rph7 wild type allele, red dots (lower right) represent homozygous Rph7 carriers, and green dots (central cluster) indicate heterozygous genotypes. Black crosses denote no-template controls (NTCs) or samples with failed amplification.





Independent validation using PACE chemistry

To further demonstrate the utility and transferability, the Rph7_PG1_P3 marker was tested at the Institute for Resistance Research and Stress Tolerance, Julius Kühn-Institute (JKI - Germany) using PACE chemistry across 144 diverse barley germplasm, including 73 barley pangenome (v2) accessions as detailed in Supplementary File S1. The results were fully consistent with our KASP assays, with the Rph7_PG1_P3 marker successfully distinguishing between lines known to carry Rph7 and those lacking the gene. Notably, 15 accessions (9%) were identified as homozygous Rph7 carriers. Of the 15 positive accessions nine were wild barleys and four diverse landrace accessions whereas the remaining were positive control lines expected to carry Rph7 mediated resistance. One H. spontaneum line (HID357) produced a heterozygous call (Figure 4; Supplementary File S1).
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Figure 4 | Genotype clustering plots for the Rph7_PG1_P3 PACE marker against a diverse panel of 144 barley lines. The plots (A, B) show the clustering of the Rph7 allele among lines known to carry or lack Rph7. Blue squares (upper left) represent homozygous non-Rph7 genotypes, orange circles (lower right) represent homozygous Rph7 carriers, and green triangles (central cluster) indicate heterozygous genotypes. Black diamonds denote no-template controls (NTCs) or samples with failed amplification.






Discussion

Plants deploy multilayered defence mechanisms against rust pathogens, including both passive barriers and inducible responses (Kaur et al., 2022). In barley, the recently cloned resistance gene Rph7 functions as a positive regulator of basal defence, conferring resistance to a wide range of P. hordei races (Chen et al., 2023; Niks et al., 2015). For durable control of BLR, pyramiding multiple functionally diverse resistance genes with broad-spectrum efficacy remains a key strategy (Mahesha et al., 2022; Dracatos et al., 2023). The inclusion of Rph7 in BLR resistance gene stacks is therefore an attractive target for integration into breeding programs. To achieve this effectively, robust, high-throughput, and breeder-friendly co-dominant molecular markers are essential to accelerate MAS (Collard and Mackill, 2008; Kumar et al., 2024).

KASP technology has emerged as a benchmark for SNP genotyping due to its accuracy, scalability, and cost-effectiveness. KASP assays have been widely applied across cereals including wheat, rice, and barley (Dipta et al., 2024; Makhoul and Obermeier, 2022; Semagn et al., 2014; Yang et al., 2019). Their utility in tracking resistance loci is well established, with applications including tracking Wsm2 for wheat streak mosaic virus resistance (Tan et al., 2017), YrAS2388 for wheat stripe rust resistance (Hu et al., 2021), and BLR resistance genes Rph13 and Rph15 (Chen et al., 2021; Jost et al., 2020; Mehnaz et al., 2022; Chen et al., 2021). More recently, the capacity to multiplex KASP assays has enabled simultaneous identification of multiple alleles, as demonstrated for Fhb7 and Pm21, conferring resistance to Fusarium head blight and powdery mildew, respectively (Wang et al., 2025). Collectively, these examples highlight the versatility of KASP for accelerating gene discovery, deployment, and pyramiding in breeding programs. Our study builds on this foundation by developing and validating novel KASP markers tightly linked to Rph7, leveraging pangenome-wide sequence conservation. We demonstrate that pangenome-guided SNP discovery in conserved neighbouring genes can provide a powerful strategy for designing robust, KASP assays to track effective resistance genes in breeding programs.

Comparative sequence analysis of the Rph7 genomic region identified three high-confidence SNPs within the conserved HvPG1 gene. These polymorphisms were absent in nine Rph7-susceptible reference genomes but divergent in the resistant donor line Cebada Capa, providing a strong basis for marker development. Leveraging this conservation resulted in KASP assays that produced clear, co-dominant clustering, enabling reliable discrimination between homozygous resistant, susceptible and heterozygous genotypes. Among the three developed assays, Rph7_PG1_3 emerged as the most diagnostically robust, exhibiting superior sensitivity for detecting heterozygotes and consistent amplification across diverse germplasm. The genotypic evaluation of Australian and international barley cultivars using the Rph7_PG_3 marker confirmed the rarity of the Rph7-associated KASP marker TT allele, corresponding to the presence of the Rph7 resistance gene the barley germplasm assessed in this study. The homozygous Rph7-associated KASP allele was predominantly restricted to known Rph7 resistance donors and a single Australian cultivar ‘Galaxy’. This scarcity highlights the importance of MAS for efficiently incorporating Rph7-mediated resistance into elite breeding pools, particularly where existing Rph genes may mask its detection through phenotypic screening (Figueroa et al., 2023; Mapari and Mehandi, 2024).

Independent cross chemistry and lab validation (PACE vs KASP chemistries) further reinforced the reliability and utility of Rph7_PG1_3 for tracking or incorporating Rph7 into elite barley breeding material. The high conservation of the HvPG1 flanking region, together with the absence of interference from paralogous HvPG1-like sequences on chromosome 7H in cultivated germplasm, further supports the robustness and specificity of the Rph7_PG1_3 marker. Despite this, genotyping the 76 barley pangenome (v2) accessions with Rph7_PG1_3 identified several false positives in lines known to lack the Rph7 resistance allele including mainly wild barleys but also four exotic landraces. These results highlight that the frequency of false positives is likely to be higher in wild barley and diverse landraces when genotyping large diverse germplasm collections found in global gene banks. This suggests that Rph7_PG1_3, while robust and specific in cultivated germplasm, may not reliably predict the presence of Rph7 in wild barley or exotic landraces, due to the higher levels of polymorphism and historical recombination within the 50 kb region between Rph7 and HvPG1.

The validated Rph7_PG1_3 KASP marker developed here provides breeders with a reliable, high-throughput diagnostic tool enables more efficient MAS, facilitating Rph7 introgression and pyramiding alongside other BLR resistance genes (Dipta et al., 2024; Dracatos et al., 2023; Kumar et al., 2024, 2022). For example, tracking Rph7 from the adapted background of BW758 into the commercial high-yielding barley cultivar RGT Planet would be enhanced by using Rph7_PG1_3. RGT Planet already carries Rph3, and APR genes Rph20 and Rph24 (Singh et al., 2020). Incorporating Rph7 into this background is expected to significantly enhance the durability of BLR resistance, despite the widespread virulence against Rph3 in Australian pathogen populations (Crété et al., 2020; Dracatos et al., 2023; Jost et al., 2023).





Conclusion

This study reports on the development and validation of a breeder-friendly, reliable co-dominant KASP marker tightly linked to the cloned Rph7 resistance gene on chromosome 3H. By enabling efficient pyramiding with other BLR resistance genes, Rph7_PG1_3 provides breeders with a powerful tool for enhancing the durability of BLR resistance. The integration of high-throughput, predictive markers will be critical for acceleratingresistance gene deployment and safeguarding global barley production. Further research should focus on identifying the origin, prevalence and specific variants associated with the Rph7 resistance haplotype utilizing global gene bank genomic sequence data.
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