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SOYBEAN APPLIED GENOMICS

Development of strategies to accelerate soybean breeding and improvement
...by identifying causal genes: A gene-centeric approach

Soybean diversity exploration

Tools for applied genomics

We are gene hunters
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CURRENT LIMITATIONS OF BREEDING: METHODS FOR QTL IDENTIFICATION
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GWAS FOR MORE PRECISE BREEDING: LIMITED.
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Varying GWAS power caused by:
Genotype quality: density, Indels, population structure and size
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HUNTING GENES FOR MORE PRECISE CROP BREEDING
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Guessing genes...
...by proximity
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Implementation of post-GWAS analyses to narrow down the candidates



Legume
Generation

New perspectives of post-GWAS analyses:
From markers to causal genes for more precise crop breeding

Legume Generation (Boosting innovation in breeding for the next
generation of legume crops for Europe) has received funding from
the European Union’s Horizon Europe research and innovation
programme under grant agreement No.101081329. It also receives
support from the governments of the United Kingdom, Switzerland
and New Zealand.



New perspectives of post-GWAS analyses: @éegum%
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From markers to causal genes for more precise crop breeding
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New perspectives of post-GWAS analyses: Legume
. . eneration
From markers to causal genes for more precise crop breeding

Breeding programs Marker identification Marker efficiency
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New perspectives of post-GWAS analyses: @éegum%
. i eneration
From markers to causal genes for more precise crop breeding
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A COMPLICATED EXAMPLE OF HUNTING A GENE
...AND WHY ONTOLOGIES MATTER

Obstacles of the gene-centric GWAS-based approach to identifying a causal
gene:

1. The most highly associated variant position is not the causative mutation
- skewed result of underpowered GWAS
- complicated genetics: multiple alleles, etc.
2. None of the highly associated variants falls into a genic region
- annotation issues
- genotypic/phenotypic data issues
3. There are more candidates but ontologies do not point to the right gene
- ontologies issue
- more/parallel genes in a single locus involved
4. Other unforeseen complications
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HUNTING A GENE FOR SOYBEAN POD COLOR )9 ))) ) )

Obstacles of the gene-centric GWAS-based approach to
Identifying a causal gene:

1. The most highly associated variant position is not CM

- complicated genetics: multiple alleles

L1 and L2 genetic loci control pod wall pigmentation (Nagai, 1921; Owen, 1927)

L1 on chromosome 19 controls the biosynthesis of “black” pigments

Bandillo et al. 2015 — great GWAS, many candidate genes published afterward, no functional confirmation
Candidate no. 1: Glymal9g27460 (He et al. 2015 — gene expression-based evidence)

No. 1 again: Glyma.199101700 (Torkamaneh et al. 2018 — domestication-related gene)

Candidate no. 3: Search by ontologies in the wider region of L1

Causal gene confirmed by transgenesis: Glyma.19g120400 (Lyu et., 2023 — IPMS)

L2 on chromosome 3 controls the biosynthesis of “brown” pigments
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HUNTING A GENE FOR SOYBEAN POD COLOR — SEARCH BY ONTOLOGIES

File Help
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File

HUNTING A GENE FOR SOYBEAN POD COLOR - SEARCH BY ONTOLOGIES
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Glycine max genome assembly version Glyma.Wm82.a2 (Gmax2.0): 121 kbp from Gm19:37,780,321..37,901,320

Browser | Select Tracks Snapshots Custom Tracks Preferences
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L2 GENE IDENTIFIED: SoyHUB workshop on Friday 13t
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GENE HUNTERS: WHY ONTOLOGIES MATTER WRAP-UP

 Ontologies are gene annotation related

« Gene annotations might vary between different reference genomes and between
assemblies

« Ontologies are just terms limited by their key words (vocabularies)

« Combination of more post-GWAS approaches advocate for more accurate
predictions

« Use CMs, not inaccurate markers for screening in breeding programs
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