Translational genomics: How genomic
Information can be made relevant to breeders
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How can genomics help
soybean breeders?

x Extensively characterize nucleotide and
structural diversity in relevant germplasm

Breeding
x Define haplotypes/alleles for genes
: GWAS/QTL
x Perform gene/QTL discovery (GWAS, QTL mapping
mapping) -
x Use markers for breeding e

Exome sequencing and
genotyping by sequencing
* SNPs
* Alleles

(adapted from Bevan et al., Nature 2017) ,
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Types of genetic variation

Single nucleotide polymorphism Structural variation
(SNP) (SV)
Deletion Novel sequence insertion
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X Reference genome assembly
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seguenced hundreds of times)

U Complex analysis to assemble millions of small pieces of DNA into
chromosomes

U Captures both SNPs and Structural Variation

X Resequencing
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few times)

U Aims mainly to capture SNPs
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22 Major advances In soybean genomics
since lastCBS0jg2018)

X Decreasing cost of sequencing has greatly increased the
number of soybean accessions that have beersaguenced

U Soybean genome = 1,000,000,000 bp (1Gb)
U For resequencing, want to sequence entire genome 10X = 10Gb

U Now costs <100$ to reequence a soybean line @10X
U In 2000, the first human genome cost >3B$ to sequence
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22 Major advances In soybean genomics
since lastCBS0jg2018)

X Decreasing cost of sequencing has greatly increased the
number of soybean accessions that have beeraguenced

U >4,000 accessions/lines Gf. maxor G. sojae-sequenced

Very extensive characterization of genetic variation in soybean
U ~15M SNPs in cultivatgd. maxGmHapMap Torkamanelet al. 2020)
0 >30M SNPs i6. maxc G. sojaSoybean Patsenome; Liu et al. 2021)
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SN Major advances in soybean genomics

since lastCBS0jg2018)

X New sequencing technologies have greatly facilitated the

complete assembly of soy
U Over 35 highguality assem
U Offers a much more comp

pean reference genomes
nled genome&( maxandG. soja
ete view @f variationthat exists

between soybean varieties (including structural variation)
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Major advances In soybean genomics
since lastCBS0jg2018)

X New sequencing technologies have greatly facilitated the
complete assembly of soybean reference genomes
U Over 35 highguality assembled genome& ( maxandG. soja

U Offers a much more complete view of structural variation that exis:
between soybean varieties
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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

Trait data
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SomeSNPsave a major impact on
genefunction

Lossof-function (LOF) mutations are predicted to abolish protein function

Normal Stop codon Prematurestop codon
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Normalprotein Truncatedorotein
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Do these LOFallelesshow phenotypes?

Predicted LOFallelesresult in altered traits

d

')
o
(2]

12 30 —I*** 160 - 14 1 *%
* &k *%k _I_
10_ — 825_ $ 140' 12- £
” ~ n=12 é ‘ L
e - c 120 - =00 <101 n=45
< 8 n=18 2207 m =
o o J
g g 3" == 2 5 é_%
iS) 6 E15 ‘.? 80 - n=90 o n=
g g E E 6
. 2 . . £
£ 4 % 210 2 g,
=1 g 12 40
n=
2 5
20 - E
0 0 . . 0 - 0
fad3a FAD3A Gmj GmJ e2 E2 kaslla KASlla
Linolenic acid Long juvenile trait Maturity Oil synthesis

synthesis (Torkamaneh et al., 2020)




SOYA ¥
GEN fi\

Other SNPdave moresubtle effects

How dowe convert large amounts of SNP datanto
biologically relevant information for breeders?

HaplotypeMiner

SNP data ~ =——— Allelic

Information
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What do we getout of HaplotypeMiner?

GB&derivedSNP®n Canadiagermplasm

Clusters —

outpet of fiker 2.7

Haplotypes

Alleles El el-nl el-fs el-as

U Alleles of theE1lgene contribute to maturity
U Each allele has a different impact on maturity
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SENEN Decodingmaturity in Canadianines

(Tardivel et al., 2019)

x Using SNP haplotypes, we were
able to assign alleles at maturity
geneskElto E4

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

x The field performance of lines
sharing the same maturity
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