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Verticillium stripe diseases and mapping molecular
. markers for marker-a35|sted selectlon
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Impact of Blackleg (Leptosphaeria maculans) disease in ND

>Yield loss = 5% to 20%, can reach over 50%.

>Economic loss = $32 to $128 million, could be $322 million.
> New races can affect the Resistant cultivars.

»Can survive in infected stubbles and seeds for 3-5 years

Disease Managements

> Resistant cultivars: the best practice, but new race is a big problem.
> Cl’op rotation: Crop rotation can help to reduce blackleg.

> Fungicides: Fungicide (Helix® Vibrance, Prosper® EverGol, Flutriafol, Azoxystrobin +

Difenoconazole etc.) seed treatments and foliar spray can help manage blackleg, especially in

fields at high risk. However, fungicide residues can contaminate water resources, harm aquatic
ecosystems, and affect non-target organisms.
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Impact of Verticillium Stripe disease in North Dakota

> New disease to canola in North America, and 1t Reported in 2023 in the
USA and 2014 in Canada.

» The symptoms are similar to those of blackleg disease, and both
diseases may occur together at the same time.

» The infection starts from roots at seedling stage and moves to plant.

» The pathogen can survive in the soil over 10 years.

Disease Managements

» Resistant Cultivars — when available.

» Crop Rotation — Rotate canola with non-host crops like cereals (wheat, barley).
» Field Sanitation —minimize soil movement, sanitize equipment.

» Fungicides — Currently, no effective fungicides are available.
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Research Objectives

1. Germplasm identification: Identification of germplasm resistant
or tolerant to blackleg and verticillium stripe diseases in canola.

2. Markers ldentification: markers linked to genes associated with
blackleg and verticillium stripe diseases.

3. Genomic Prediction: Development of genomic prediction models
for blackleg and verticillium stripe diseases.
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Greenhouse Study
Field Study
GWAS Analysis

-

Genomic Prediction
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Experlments

> Genotypes 316 (RILs+ Germplasm)
= > RCBD with 3 reps, 5 seedlings per rep
= > GH Study repeated two times

= mi

4 > Phenotypic data
i GH score at 7 DA
P GH score at 10 DAI
wa  (GH score at 14 DAI
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E rime .n

> Slte H|stor|cal Blackleg nursery

¢ (16 years continuous Blackleg inoculation)

> Genotypes = 194 (RILs + Germplasm)
» RCBD with 3 reps, 3-12 plants per rep
» Phenotypic data = Plant at Maturity
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Distribution of Scores — GH - 10 DPI

- P
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Genome-wide association mapping — GH — 10 DPI

GWAS analysis using GAPIT in R

Total genotypes used GH score at 7 DAI
316 RILs + Germplasm accessions GH score at 10 DAI
Total markers used GH score at 14 DAI
- SNPs = ilESE

GAPIT Models (8) (R package GAPIT)

» Single-locus (5): GLM, MLM, CMLM, ECMLM, SUPER
* Multi-locus (3): MLMM, FarmCPU and BLINK

Model selection

« Lowest mean of squared difference (MSD) values

* Quantile-quantile (QQ) plots

Significant SNP selection

« p-value threshold by Li & Ji (2005) method
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Genome-wide association mapping — GH — 10 DPI

Manhattan Plot (significant markers)
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Genome-wide association mapping — GH — 10 DPI

Greenhouse study: 28 Significant SNP’s

NORTH DAKOTA

STATE UNIVERSITY

Chromosomes:
A01 (1)

A04 (1)

AO05 (5)

A06 (3)

A07 (3)

Cc02 (1)

C05 (1)

C09 (13)



Genome-wide association mapping — Greenhouse study

Data at 7 DAl = 3 sig markers
Data at 10 DAI = 28 sig markers
Data at 14 DAI = 17 sig markers
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Genome-wide association mapping — Field — at maturity

GWAS analysis using GAPIT in R

Total genotypes used

194 RILs + Germplasm accessions

Total markers used

- SNPs = B

GAPIT Models (8) (R package GAPIT)

» Single-locus (5): GLM, MLM, CMLM, ECMLM, SUPER
* Multi-locus (3): MLMM, FarmCPU and BLINK
Model selection

« Lowest mean of squared difference (MSD) values
* Quantile-quantile (QQ) plots

Significant SNP selection

« p-value threshold by Li & Ji (2005) method
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Genome-wide association mapping — Field — at maturity

Manhattan Plot (significant markers)
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Genome-wide association mapping — Field — at maturity

Chromosomes:
A01 (3)
A03 (1)
A09 (4)
Field study: 22 Significant SNP’s ggg g;
CO08 (9)
Co09 (1)
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Significant markers — Greenhouse + FIELD + Rahman et al. (2016)
Markers used (92): Greenhouse (3+28+17), FIELD (22), Rahman et al. (2016) (22)

7 DAI = 3 sig markers; 10 DAI = 28 sig markers; 14 DAI = 17 sig markers
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Training Population
(~200 lines)
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Genomic Prediction (GH study) — Blackleg disease in Canola

Method: BWGS pipeline in R using CCAST
10 DPI

16,423 SNP

CCAST Platform
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Genomic Prediction based on All Markers — Greenhouse study

05

0.4

Y
o

Predictive abilit
o
no

o
—_

0.0

0.1

EGBLUP EN
Genomic Selectio

LASSO RF RKHS RR SWM




Predictive ability

Genomic Prediction based on All Markers — Field study
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Verticillium Stripe disease screening

Screening methods

(i) Petiole inoculation
(if) Root-dip inoculation (Cui et al., 2023) [Stephen Strelkov’s Lab]

(ifi) Grain inoculation (Hwang et al., 2014)

In Progress
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