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ABSTRACT

The Australian grains industry has a strong focus on improving industry relevant traits of
polyploid crops such as wheat and canola. In pre-breeding this can often involve an initial @ Sy et (Mimeiccucon (N moeyacson + i o o sty canrore
alignment of a set of population genomes to be used in downstream analytics of crop =

improvement pipelines. Generating these alignments is computationally demanding, and
current chromosome-by-chromosome workflows miss interchromosomal events such as
introgressions and translocations. To solve this we enhanced our core-genome alignment
tool, CoreDetector, to handle polyploid genomes and built a toolkit that converts nucleotide-
level core alignments into genome-wide profiles of synteny, copy-number variation (CNV),
unique insertions and gaps, with no reference genome or predefined chromosome
relationships. Across 16 hexaploid bread wheat assemblies, CoreDetector produced an 11.02
Gbp core alignment in 15 hours using 32 cores and 100 GB RAM, where PGGB and
Minigraph-Cactus failed. The toolkit recovered known wheat rearrangements and revealed
new structural variants, insertions and CNV loci at agronomically important genes. These
discoveries could be exploited to provide impactful outcomes for Australian grain growers.

4. Results: chromosome-scale synteny
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- Aim: Generate a scalable, chromosome-agnostic core-genome alignment and structural- nattis B3
variation analysis for polyploid pangenomes.
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Fig. 5 Synteny across 12 chromosome-level cultivars (translocations red, inversions yellow). (a) 4B.: complex pericentric rearrangements and
expansions in Stanley and Landmark (green boxes). (b) 5B: known 5B—-7B recombination in ArinalLrFor and SY Mattis.

2 . MethOdS - Centromeres from synteny: low-synteny gaps matched ChIP-seq centromeres in 193 of
210 chromosome—cultivar pairs; positions are inferred for Paragon and Spelt.
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CoreDetector 16 32 /100 GB Completed 15
Minigraph-Cactus 16 48 / 360 GB Out of memory <1
PGGB 16 48 / 360 GB Unfinished (1 week) >168
Minigraph-Cactus Chr 1A 48 /360 GB Completed 41 - The CoreDetector algorithm generates a reference-free, chromosome-scale structural
PGGB Chr 1A 48 / 360 GB Crashed 45 alignment of wheat on modest hardware.

- It comes with a rich toolkit of visualization and information extraction functionality for
investigating structural variation.

Table 1. Runtime and resources on the 16-genome panel and on chromosome 1A alone.

Chromosome 1A vs Minigraph-Cactus: 492 vs 312 Mbp aligned (82% vs 52%): block  Resulting genome-alignments can be used in downstream analytics to understand
N50 15.3 vs 3.7 kbp; longest block 164 vs 10 kbp. important associations to industry relevant traits.

- These can be also used by breeders to exploit genomic features such as copy number
variation and amino acid changes that are specific to a cultivar.

Reference-free insertions: CoreDetector reports cultivar-specific insertions for all 16
cultivars (largest 86 kbp, CDC Stanley); Minigraph-Cactus reports only CS-specific ones.

Whole panel: 11.02 Gbp core (77% of genome), 2.4 M conserved blocks, N50 36.4 kbp.
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