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How can genomics help 
soybean breeders?
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GWAS/QTL 
mapping

×Extensively characterize nucleotide and 
structural diversity in relevant germplasm 

×Define haplotypes/alleles for genes

×Perform gene/QTL discovery (GWAS, QTL 
mapping)

×Use markers for breeding

Breeding
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Types of genetic variation
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Single nucleotide polymorphism 
(SNP)

Structural variation 
(SV)



Ȱ3ÅÑÕÅÎÃÉÎÇ Á ÇÅÎÏÍÅȱ

×Reference genome assembly

ü9ȄǘǊŜƳŜƭȅ άŘŜŜǇέ ǎŜǉǳŜƴŎƛƴƎ Řŀǘŀ όŜŀŎƘ Ǉƻǎƛǘƛƻƴ ƛƴ ǘƘŜ ƎŜƴƻƳŜ ƛǎ 
sequenced hundreds of times)

üComplex analysis to assemble millions of small pieces of DNA into 20 
chromosomes

üCaptures both SNPs and Structural Variation

×Re-sequencing

üwŜƭŀǘƛǾŜƭȅ άǎƘŀƭƭƻǿέ ǎŜǉǳŜƴŎƛƴƎ Řŀǘŀ όŜŀŎƘ Ǉƻǎƛǘƛƻƴ ƛǎ ǎŜǉǳŜƴŎŜŘ ŀ 
few times)

üAims mainly to capture SNPs 
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Major advances in soybean genomics
since last CBSoja(2018)

×Decreasing cost of sequencing has greatly increased the 
number of soybean accessions that have been re-sequenced

üSoybean genome = 1,000,000,000 bp (1Gb)

üFor re-sequencing, want to sequence entire genome 10X = 10Gb

üNow costs <100$ to re-sequence a soybean line @10X

üIn 2000, the first human genome cost >3B$ to sequence
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Major advances in soybean genomics
since last CBSoja(2018)

×Decreasing cost of sequencing has greatly increased the 
number of soybean accessions that have been re-sequenced

ü>4,000 accessions/lines of G. max or G. soja re-sequenced 
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Very extensive characterization of genetic variation in soybean

ü~15M SNPs in cultivated G. max (GmHapMap; Torkamanehet al. 2020)

ü>30M SNPs in G. max ςG. soja (Soybean Pan-Genome; Liu et al. 2021)



Major advances in soybean genomics
since last CBSoja(2018)

×New sequencing technologies have greatly facilitated the 
complete assembly of soybean reference genomes

üOver 35 high-quality assembled genomes (G. max and G. soja)

üOffers a much more complete view of all variation that exists 
between soybean varieties (including structural variation)
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We have HUGE amounts of genetic data

HOW can we use it to develop better 
soybean varieties for growers?
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How to make SNPs more useful to breeders
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Trait data

SNP dataSoybean
lines

100 90 B Yes

106 105 Y No

95 87 W No

130 102 RB Yes

117 110 Y Yes



SomeSNPshave a major impact on 
genefunction
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Loss-of-function (LOF) mutations are predicted to abolish protein function

PrematureStop codonNormal Stop codon

Normal protein Truncatedprotein



Do theseLOF allelesshow phenotypes? 

Linolenic acid

synthesis

Long juvenile trait Maturity Oil synthesis

PredictedLOF allelesresult in altered traits

(Torkamaneh et al., 2020)



OtherSNPshave more subtle effects

HaplotypeMiner

How do we convert large amountsof SNP data into
biologically relevant information for breeders?

SNP data Allelic 
information



What do we getout of HaplotypeMiner?
GBS-derivedSNPson Canadian germplasm

üAlleles of the E1gene contribute to maturity
üEach allele has a different impact on maturity



Decodingmaturity in Canadian lines

×Using SNP haplotypes, we were 
able to assign alleles at maturity 
genes E1to E4

×Each line was then known to carry 
a certain combination of maturity 
alleles at these genes

×The field performance of lines 
sharing the same maturity 
άǇŀŎƪŀƎŜέ ŎƻǳƭŘ ǘƘŜƴ ōŜ ŀǎǎŜǎǎŜŘ
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(Tardivel et al., 2019)


