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ABSTRACT

Pangenome graphs hold every assembly of a species, yet graph annotation still stops at 
present or absent: a copy with a premature stop or frameshift counts as present, hiding 
the function of alleles that matter for breeding. We compared tools for projecting 
annotations onto graphs and built PanAnnoGraph, which calls exon-level gene 
presence/absence from Minigraph-Cactus walks. A new sequence-consequence module 
combines variant-centric and gene-centric tracks to give a functional state for every 
gene in every haplotype.

1  Annotation projection on graphs

Tools place annotations in graph space, but none yet reports a gene-level state for 
every haplotype and what each variant does to the protein.
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2  Minigraph-Cactus graph: what we extract

3  PanAnnoGraph preliminary results in canola
Comparing annotations against the Westar reference in a canola pangenome graph 
showed that 44% of present ganganF73 genes differ from Westar in exon sequence.
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4  A sequence-consequence layer

For each SNP and indel in a gene: is it non-synonymous, does it add a stop 
codon or frameshift, or change a splice site? No graph tool reports this yet; we 
propose two complementary tracks, and their union gives one state per gene copy.
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TRACK A · variant-centric

What does each variant do?
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4 Per variant × haplotype
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TRACK B · gene-centric

What does each gene copy look like?
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4 Per gene × haplotype

% protein retained · syn / non-syn
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Integrate → one functional state per gene × haplotype
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5  Longer term plan: variants in 3D

Mapping genetic variants onto predicted protein structures helps assess their potential 
structural and functional impact.
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6  Why it matters for plant pre-breeding

Pangenome diversity → Gene loci and copies → Functional variation → Breeding insights

Allele mining
Identify donor lines with intact or 
favourable gene variants.

Natural knockouts
Discover naturally disrupted 
genes to study gene function and 
trait effects.

Diagnostic markers
Identify functional variants for 
targeted marker development.

Targeted introgression
Characterise donor haplotypes 
and flag linked disruptive 
variants (linkage drag).

Disease resistance
Compare resistance gene copies 
and integrity across germplasm.

Candidate gene discovery
Prioritise trait-associated genes 
using predicted variant effects.
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