Reference genome-assisted identification of stem
rust resistance gene Sr62 encoding a tandem kinase
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Abstract

The wild relatives and progenitors of wheat have been widely used as
sources of disease resistance (R) genes. Molecular identification and
characterization of these R genes facilitates their manipulation and tracking
In breeding programmes. We developed a reference-quality genome
assembly of the wild diploid wheat relative Aegilops sharonensis and used
positional mapping, mutagenesis, RNA-Seq and transgenesis to identify the
stem rust resistance gene Sr62, which was also transferred to common
wheat. This gene encodes a tandem kinase, homologues of which exist
across the plant kingdom, suggesting an ancient origin. Stable Sr62
transgenic wheat lines showed high levels of resistance against diverse
Isolates of the stem rust pathogen, highlighting the utility of Sr62 for
deployment as part of a polygenic stack to maximize the durability of stem
rust resistance.

Results

We used whole genome shotgun, mate pair, Hi-C, 10X and chromosome
flow sorting sequence data to assembled a reference quality genome (N50
12.3 Mb) of Aegilops sharonensis accession 1644 (Table 1).

We genetically isolated Sr62 in the progeny from a cross between accession
2189 (susceptible) and 1644 (resistant) and mapped the gene to a 480 kb
interval (Figure 1). We obtained 14 susceptible EMS-derived mutants from
the wheat-Ae. sharonensis 1644 introgression line and RNA mapping to
identify Sr62. Transformation of the Sr62 wheat tandem kinase gene into
wheat cv. Fielder conferred wheat stem rust resistance (Figure 3). The
phylogenetic trees on both whole gene and individual domains indicates that
Sr62 is close to Pm24 (Figure 4).

Table 1 Aegilops sharonensis AS 1644 v 1.0 genome assembly statistics.

Assembly characteristics Values

Assembly size 6.7 Gb

*Scaffold N50 12.3 Mb

*Scaffold N90 1.1 Mb

Pseudomolecule size 6.3 Gb

Unfilled gaps 886 Mb

Chromosome 1Ssh 783 Mb

Chromosome 2Ssh 1022 Mb

Chromosome 3Ssh 972 Mb

Chromosome 4Ssh 827 Mb

Chromosome 5Ssh 868 Mb

Chromosome 6Ss" 807 Mb

Chromosome 7Ssh 1016 Mb

Unassigned to a chromosome 420 Mb

Complete BUSCOs 0.965

Fragmented BUSCOs 0.013

Missed BUSCOs 0.022
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Fig. 1 Positional mapping restricts Sr62 to a 480 kb interval on chromosome 1Ssh,
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Fig. 2 Candidate gene identification by mutagenesis and transcriptome sequencing.

Fig. 3 Functional validation of Sr62 by EMS mutagenesis and transformation into wheat.

Fig. 4 Phylogenetic relationship between tandem kinases from cereal crops and wild
grasses.
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