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Soybean [Glycine
max (L.) Merr]

World’s largest

protein and
oilseed crop

e Seed composition
(approximately)

¢ 40% protein
¢ 20% oil




. Introduced from China to
Soybean [Glycine max (L) .

e USA in 1765
Merr] e Canada in 1893

e South and Central America & Europe




Soybean seed
qgualities

* Rich in nutraceutical
compounds with health effects
(e.g, isoflavones)

* High quality oil

* can be altered genetically
* Protein composition

* all essential amino acids




Soybeans in
Canada

* Global production leaders are
Brazil, USA, and Argentina
(USDA, 2025)

e Canada ranks 7th, with less
than 2% of global
production
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Soybeans in Canada

/ 3 A
1893 | | Today |
e Introduced to agriculture in Canada by ¢ 5.7 million acres

e In the 1920’s, developed first
Canadian soybean variety “OAC 211"
. as forage soybean
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Professor Charles Zavitz * Ontario represented 55% of the total




Soybean Breeding Program:
Objectives

* High yield (overarching goal)
* Food grade quality
» Disease/Pathogen resistance
e Soybean Cyst Nematode (SCN) resistance
* White mold resistance
* Phytophthora root rot resistance
* Enhanced Genetic Diversity




Soybean Breeding Program:

Cycle

Typical Bi-parental Cross Approach:

Parents Single seed

e AxB=F1 descent .
(SSD) Selection

* F4orF5




Soybean
Varieties
from
Guelph

== Numerous

e Since 1970’s, U of G has released 140+
soybean varieties through its Guelph and
Ridgetown programs.

Widely grown

e Canada
e Ontario
e Quebec
e Europe
e Austria
e Ukraine




Exotic Germplasm:
Genetic Diversity Focus



Allele mining for yield and
agronomic traits using a GWAS
diversity panel consisting of
Canadian and Chinese cultivars
and their progeny

Istvan Rajcan, Davoud Torkamaneh, and
Chanditha Priyanatha
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Soybean Germplasm of North America

. 2

Reduced genetic diversity in field crops

Increased vulnerability to stresses (biotic and abiotic)

Rainfall Incidence and :
Extreme Plant Invasive

temperatures (drought or movement of athogens species
P flooding) new pests P & P

Hyten et al 2006

Mikel et al. 2010

Mickelbart et al. 2015,
Keilwagen et al. 2014



Objectives

1. Field genomic diversity panel of soybean lines
evaluate : :
that includes progeny derived from
exotic sources for seed yield, seed-
quality traits, and agronomic traits.
2.dentify  5vel alleles from the lines derived from

Canadian x Chinese parentage using a
genomic panel that includes also
modern Canadian and Chinese soybean
cultivars



Objective 1

Phenotypic Evaluation

e 200 genotypes at two locations over
two years

e Modern Canadian (CD) cultivars
e Modern Chinese (CH) cultivars,

e Canadian x Chinese (CD-CH)
progeny lines

Qing 09-1600

Photo credit:
Priyanatha, C., 2020



Least square means and standard error for soybean seed yield (kg/ha), seed protein
and seed oil concentration (dry basis, %) for the different genotypic groups within the
GWAS panel using combined ANOVA (2019-2020)

Trait Genotypic Group Estimate Standard Error
Canadian 2289 76.8 Bl
Seed Yield Chinese 2263 79.5 B
CD-CH 2582 75 A
Canadian 41.2 0.11 A
Protein Chinese 40.6 0.12 B
CD-CH 41.1 0.09 A
Canadian 20.4 0.07 A
Oil Chinese 19.1 0.08 C
CD-CH 19.9 0.06 B

ITukey-Kramer Grouping for genotypic group LSM (a=0.05). LSM followed by the same letter are not significantly different.



Rank Cultivar Genotypic Yield
Group (t/ha) TOp 10
1 17504C-006 CD-CH 3.6 . . . .
2 17SHR04C:1142 (CD-CH) xCD 3.6 Yleldlng Llnes'
3 Kenjiangdou 43 CH 3.3 Woodstock
4 17SHR03C:1086 (CD-CH) xCD 3.3 Yleld Trial
5 17S04C-026 CD-CH 3.2
6 17S04C-069 CD-CH 3.2 2020
7 17S03C-011 CD-CH 3.2
8 17S04C-077 CD-CH 3.2
9 OAC 12-60C CD-CH 3.2
10 Jiyu 59 CH 3.1
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GWAS panel

e |dentify Marker-
trait Associations

(MTA/QTL) for ] | A=)
yield and seed T e
quallty tralts USIng | . ]]I | BAM generation | | SNP filtration
a Genome Wide ]
Association Study | T

(GWAS) panel

. . e lon Torrent lllumina System
Bioinformatics Pipeline y

(Légaré et al. 2013)



Manhattan and corresponding Q-Q plots showing SNPs
significantly associated with seed yield based on combined
year-location GWAS analysis

QQplot of yield.FarmCPU
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Summary for Study 1

: Identified three candidate Both C.D and CH g“?‘fps
Discovered novel QTL for: : contributed beneficial
genes linked to:
alleles to:
e Seed yield e Seed yield QTL
e Seed protein and e Seed yield: (S14_5884688 and
e Seed oil concentration Glyma14g072200 $14_5870227)
e Seed protein * CH group likely
concentration: contributed beneficial
Glyma05g03760 allele to one seed yield
e Seed oil concentration: QrL

Glymal9g171000



Soybean Cyst Nematode
Resistance



GWAS of Soybean Germplasm
Derived from elite Canadian
and Chinese Soybean
Cultivars to Identify Novel
SCN Resistance Genes

Scott Moore, Owen Wally, Milad Eskandari, and
Istvan Rajcan
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Objectives

Determine the Female Conduct a GWAS to
Index (Fl) of genotypes in identify novel candidate

the panel infested with genes associated with
HG-type 2.5.7 in a resistance to HG-type
greenhouse bioassay. 2.5.7 in the panel.




Soybean Cyst Nematode (SCN)

e Caused by Heterodera glycines Ichinohe, the most
destructive pest of soybean

* Causes 30% of all yield losses in soybean by pathogens
(Koenning & Wrather, 2010)

» 2-3% of actual lost yield, equates to $1 to 1.5 billion
annually in North America (CPN, 2024; Arjoune et al.
2022)




Reproductive females form “cysts” on
the roots

Photo credit: Dr. Owen Wally

and often misdiagnosed, but yield loss
occurs even in their absence (Wang et
al. 2003)

Manitoba Cooperator, 2020




Overuse of Pl 88788 Causes HG-type Shifts in
the Field

Niblack et al. 2008

e Evidence of “resistant” cultivars
showing infection

e Maijority of lllinois SCN populations
reproduce on Pl 88788

Frequency (%)

e P| 88788/rhgl-b has become
increasingly ineffective as SCN

populations shift towards greater Ninois SCN Type
virulence MO m1 m2 m=1.2

1991 2005



FarmCPU and BLINK Identify the Same SNP

on Chromosome 9
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|dentified SNP on Chr 9 associated

with Glyma.09g238800

e Encodes MYB family transcription factor (TF)

Summary of protein gene

e Enriched in pathogen defense-related GO

StUdy 2: terms

e Located near candidate genes identified in
other SCN GWAS

e Potentially novel
e MYB TFs are highly abundant in plants

e Regulators of many processes including
plant defense to biotic stresses

Moore et al. 2026,
Theor Appl Genet



Soybean Program
Support

* People make it work

e Soybean Crew

=Esw=

* Field and lab technicians
e Graduate Students

e Postdocs and Collaborators
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