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Developing ‘Quality’ Wheat Varieties:
Advances in wheat breeding and research
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AAFC’s Wheat Breeding Sites and Satellites

| Wheat Growing Area

T B Durum Growing Area

_Melfort Seec! Increase Unit
_Scott - Indian Head
-Lacombe

Beaverlodge

BRDC (BRA, SKN, BVR)

Lethbridge
CWRW, CPS r,

Charlot.tetown

Brandon
CWRS, CWHW

\ u Ottawa
MRDC CESWW, CERW, S
. ] /I/&stern Canada —




Swift Current Wheat Breeding

SCRDC Wheat Scientists

Dr. Samia Berraies Term Scientist — Wheat/Durum FHB Resistance
Dr. Vijai Bhadauria Quantitative Genetics

Dr. Firdissa Bokore Term Biologist — Wheat Pathology / Doubled Haploidy
Dr. Richard Cuthbert CWRS, CPS and Hard White Wheat Breeding
Dr. Myriam Fernandez Pathology: Root, Leaf and Kernel Diseases

Dr. Ron Knox Wheat Pathology & Biotechnology

Dr. Lin Li Term Scientist — Durum Genetics

Dr. Yuefeng Ruan Durum Wheat Breeding

Dr. Raja Ragupathy Geneticist

Dr. Jatinder Sangha Crop Physiology (Grain Quality)




Swift Current Wheat Breeding Collaborations
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Market Classes — SCRDC Varieties
Bread (Hexaploid) Spring Wheats:

CWRS - Canada Western Red Spring

CPS_r - Canada Prairie Spring Red

CNHRS - Canada Northern Hard Red Spring
CWHWS - Canada Western Hard White Spring
CWSP - Canada Western Special Purpose

Durum (Tetraploid) Wheat:

CWAD - Canada Western Amber Durum

CWRS CNHR CWRW CWES CPSR CPSW CWAD CWSWS CWHWS



Insured Wheat Class Acreages (2013 to 2017)
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SCRDC CWRS Varieties — Currently Available

AAC Brandon AAC Elie AAC Connery AAC W1876
CWRS CWRS CWRS CWRS
High yield High yield High protein, strong | Similar to Carberry in
strong strawed semi- | strong strawed semi- strawed yield and plant type.
dwarf dwarf semi-dwarf.
Awnless
FHB: MR FHB: Intermediate FHB: MR FHB: Intermediate

ALLIANCE () SEED

Doubled Haploid

Excellent stripe rust
resistance

\JCANTERRA
SEEDS

Selected for end-use
quality by Warburtons

Warburton$

ASEEDS

DJCANTERRA




SCRDC CWRS Varieties - New

AAC Viewfield AAC Redberry AAC Tisdale AAC Alida VB
CWRS CWRS CWRS CWRS
High yield/protein High yield/protein High protein and | Midge Tolerant high
semi-dwarf semi-dwarf; early early maturity yield/protein semi-
very short/strong | heading & maturity dwarf with very
straw strong straw

FHB: Intermediate
Doubled Haploid
Excellent yield in

water limited
environments

@ FPGenelics

FHB: Intermediate
Doubled Haploid

ALLIANCE(, SEED

FHB: MR

Lower FHB
symptoms

FHB MR
Doubled Haploid
Excellent disease

package, lower FHB
symptoms and
lower DON
accumulation

SeCan

MIDGE
TOLERANT
WHEAT

Plant-Protect-Preserve




SCRDC CWRS Varieties — Just supported

BW5011

BW5013

CWRS

Midge Tolerant ~14%
higher yield semi-dwarf
short/strong straw

FHB: MR

Excellent disease
package, lower FHB
symptoms and lower

DON accumulation

SeCGan

MIDGE
TOLERANT
WHEAT

Plant-Protect-Preserve

CWRS

Midge Tolerant ~12%
higher yield semi-dwarf
short, very strong straw

FHB: Intermediate

Excellent disease
package, FHB resistance
similar to Carberry

SeCan

MIDGE
TOLERANT
WHEAT

Plant-Protect-Preserve




SCRDC CPS_r/CNHR/HW Varieties

AAC Penhold AAC Goodwin AAC Concord AAC Cirrus
CPS r CPS r CNHR CWHWS
Very short/strong |Very stable high yield,| Very solid stem, high | Short/strong strawed

strawed semi-dwarf

FHB: MR

Stripe rust resistance
(MR)

SeCGan

high protein and
strong straw

FHB: Intermediate
Doubled Haploid

yield with improved
FHB resistance.

FHB: Intermediate

Solid stem would
likely confer very
good resistance to
the Wheat Stem
Sawfly

DJCANTERRA

SEEDS

hard white with
improved disease
resistance.

FHB: Intermediate

@ FPGenelics




Bread Wheat W The Origin of Wheat

. . Today's bread wheat originates from three ancestral grass species and results
Wheat provides 1/5 of all calories & from two consecutive hybridizations

protein consumed globally.
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Improving Bread Wheat Varieties — Better, not more.

Agronomics
Disease/Pest Resistance

End-Use Quality

 RedFife U AAC Aiida VB
M L TRt e




Challenges in wheat breeding

Inter-trait G X E Interactions

Yield
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Yield Plots

Chronology of technologies in breeding
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Agronomics

Producers need cultivars which yield well and are resilient

Grain Yield -
Grain Protein .

Maturity ) i: .
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Disease/Pest Resistance (Biotic Stresses)

Fusarium Head Blight/Mycotoxins
Leaf rust, Stem Rust, Stripe Rust
Common Bunt

Loose Smut

Leaf spot complex

Ergot

Wheat Stem Sawfly

Orange Wheat Blossom Midge

Durable genetic resistance
Adult plant resistance vs. major gene; Pyramiding resistance genes
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Disease Resistance
Fusarium Head Blight

Fusarium damaged kernels
Mycotoxins — Deoxynivalenol (DON)

Resistance is quantitatively inherited

Some major loci (Fhb1)
No loci have been officially cloned!

Originally diverse sources of resistance
Sumai3, Wuhan Maringa, Wangshubai, etc...
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Fusarium Head Blight Ratings

.1

‘R’ rating does not imply symptom-free

AAC Tenacious: (R) 2

G P M S N SR e ;.-.Il"f (B
Morden 2017 FHB Nursery; S. Ber
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Fusarium Head Blight Ratings

ISD = (20% incidence + 20% severity + 60% DON)

Checks:

AAC Tenacious =R

AAC Alida VB = MR
Carberry = MR/I

AC Barrie = Intermediate
Stettler = MS

Lillian=S

B Incidence m Severity m DON




Fusarium Head Blight Ratings

ISD = (20% mudence + 20% severlt + 60% DON)
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Disease Resistance
-

Rusts
Stem (Ug99)

Yellow

Loose Smut
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Pest Resistance

Wheat Stem Sawfly
Solid stem cultivars (Lillian, AAC Concord)
SSt1 solidness gene (Nilsen et al. 2017)

68.9-

Awsnp_Ex_c16569_25082817

Excalibur_c18569 535
BS00079029_51
BS00091257_51

Jir Tdurum_contig10408_1548
[if| Tdurum_contig59566_2309
I |wisnp_JD_c18508_16968425

Tdurum_contig59566_1534
Tdurum_conlig59566_4435

|| Kukri_c55981_194
| IGENE-1910_358

Kukr_rep_c71747_150
TADD4381-1229
Kukri_t29615_377
BSODD74345_51
BS00071108_51
BobWhite_cB8852_62
BS00068415_51
wsnp_Ex_c13284_20948460
BS0D065603_51
Excalibur_c28314_719
BobWhite_rep_c58425 117

1|BS00063160_51

TADD4050-0253
BobWhile_rep_c50492_500
Kukr_c2164_1856
Kukr_c32139_2473
BS00071183_51
BSO0068399_51
Kukn_c11944_2358

RACBTS 48860 106
RACBTS ¢h222 245
RACETS_¢37741_218
wsnp_Ku_c2562_4873681

Ku_c25527_773
Kukd_c11944_1318
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Pest Resistance

MIDGE
TOLERANT
WHEAT

Plant-Protect: Preserve

Orange Wheat Blossom Midge
— Sm1 gene (Goodeve, AAC Alida)




Canada Western Red Spring

Most restrictive class for end-use quality in Canada
used for production of high volume pan bread

used alone or in blends with other wheat for hearth bread,
steamed bread, noodles, flat bread, common wheat pasta




Canada Western Red Spring

Pre-Harvest Sprouting (ralling Number)

Protein (grain, flour)

Milling (flour yield, flour ash, kernel texture)

Gluten Strength/Extensibility (mixo-, farino-, extenso-graph)

Ba king (water absorption, crumb structure, loaf volume)

(Noodle Parameters)

Strong Gluten Flour

7 S\




Wheat Class Modernization

Previous Targets Current Targets

Strong

Glenn
5
oy
g
g b
e
:
g =
5 &)
IC] Gluten strength
Harvest, Lillian, below Carberry
Weak

v
L

Low I Protein Content High Low Faller, Prosper Protein Content High
Faller, Prosper

http://www.grainscanada.gc.ca/consultations/2015/classes-pdgc-2015-en.pdf
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Marquis

Rad Fife

 Marguily Double Cross

lumnillo Durum
| HN3001 Thatcher (1935)

Kanred Winter Wheat

1bx_Apex (1936)

0 Mo (W00}

CDC Teal (1091)

AC Michael (1294)

l,' Pembina (1959

Saunders {1047)

©DC Thrive (2010)

Hope/Reward COC VR Morris [2012)

BWA3 (2012)
>— ewem poiz

GENEALOGY m.j -t

Canada Western Red Spring

Marquis Neepawa AC Barrie
[ bx: Backcross; mumber of backerosses. [fthe number is —
above the off-spring line, the recurrent parent is the Calumbus e Proday (1998) oo ier (2008)
upper parent; if the number is below the off-spring l&)—/ Dopets e
line, the recurrent parent is the lower parent. Buck Six |___Kenyon (1985)
—N il \ i ) £DC Bounty (2000)

*  Backcross
COC Teal"2ND2710

T Priorto1923

Date: Year of registration AC Cors

w
B Bold: Cultivar grown in Canada v S4050C3C

AC Barie (1094)

L S602HR (2004)
N“ﬁ;ﬁﬂ CDC Stanley (2006}
7 WRASBCL (2009)  ewp1a (2012)
ButeBEAFSA [ N —EW26T 2
Parent "A” Sib's from parents Aand B .
_N_ BN A e G o1 Lpot EOA0)
Progenitor overhops other parental originator £C Cotiler (1798) o Hekos (205,
Parent "B” Sib's from parents Aand B 2bR: B
BWEE3 BWT11
Wheat relatives in CWRS genealogy Doubled haploid cultivars: Cultivars developed using BWIUS i stepws 2o
molecular marker assisted AC Elsa (1006
Triticum turgidum: ssp. diccocoides CDC Abound  Carberry selection: S infinity (2004)
T turgidum ssp. durum Waskada Muchmore Lillian Vesper AC Splendor (1908) Kulm/2405-1C3C /"N COE Alsask (2005)
T. spelwides Stettler Somerset = ﬁuepld (1997, AL Cors ©DC Utmast (2010)
Shaw Goodevi RLAS96 CDC Tesl 1a) Goodeve (2007) R
AC Majestic Sib*2iClark PTa57 (2012)
Harvest/Mckenzie

© 2012 SPARC



Swift Current Breeding Strategy

Low diversity in parents
- to maintain quality profile

- diversity = linkage drag on economically important traits

Low cross numbers
- ~24 3-way, 12 Doubled Haploid populations

Larger populations (mine recombination)

Simultaneous Qualitative and Quantitative trait selection
- Heat/Drought Stress




Swift Current CWRS Breeding Pipeline

24 3-way populations
per year

Top Cross F;
Wider crosses

Bulk increase [and Marker Assisted Selection (up to 4)]

_Le-::f Rust Susceptible (Lr34)

Leaf Rust Resistant (Lr34)

Space planted F, disease nursery
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Contra-Season Nursery — Real World Speed Breeding

1F, plant =2 1 F; row
Assess materials for agronomics/diseases
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FHB nurseries (F4/F6/F8/DH)

[Merden, Brandon, Carrman] ME
Indian Head] SK

Incidence & Severity = Visual Index (S)

Deoxynivalenol (DON) strategically (S$SS)
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FHB Resistance Breeding




Swift Current Double Haploid Program

/
i
i

\,. 12 DH populations
per year

X
v

Double Haploid Program
High Value Crosses

Marker Assisted Selection

L] Leaf Rust Susceptible (Lr34)
em— .!__, ‘\,l

/ I".
; \
— | —-—— S
e —— e

Leaf Rust Resistant (L134]

Pure breeding progeny (within 1 year)
Lillian, Carberry, Muchmore, Stettler, AAC Connery, AAC Viewfield,
AAC Redberry, AAC Alida VB




Wheat Breeding Efficiency

Success in breeding is ultimately efficient use of resources:
-Tools - Yield plots, disease nurseries, quality testing, double haploids, etc...
-300,000 F2 plants —~1 plant is a variety.

-8,000 DH lines - ~1 plant is a variety.

We are bound by recombination (meiosis)
-Population size is important (increased gametes).

-Assessing progeny with precision/accuracy is imperative.

Discard the worst as quickly as possible.




Marker Assisted Breeding

We can improve our odds of finding desirable genotypes by
using markers. This has been done for over 20 years.

Leaf RL{ST Susceptible (Lr34)
/ 'lll
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Leaf Rust Resistant (Lr34)

Parent ‘A’ has an important gene. Parent ‘B’ does not have the
gene. A DNA marker is tightly linked to this gene which we can
screen on progeny and discard lines without the gene.
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Marker Assisted Breeding

What if we could look at the genotype (genes) of all lines/plants in
early generations of the breeding program?

xzaandl\ﬂe' @ xL‘zandTriticum

Welcome to you > Welcome to wheat

tissue collection kit
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Predictive Breeding — A Biometric approach
‘Genomic Selection’

Grain Yield (kg/ha)

Multivariate
Statistics

Genotyping
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Genomic Selection
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When we know the genes...

CRISPR-CAS: A “targeted” plant breeding technology

Native Gene

Targeted Break

Targeted Repair

fS

regh
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Better understandmg of “Drought Related Traits”
Yield stability, roots, leaf waxiness, quality.

Combme wnth genomlc tools to improve selection process

BO767& = Carberry/AC Cadillac
Same block of Iand Same day — ramfed VS |rr|gated




Drought performance 2017

CWRS Checks (% of Katepwa) 11 Sites Western Prairies

80% 85% 90% 95% 100% 105% 110% 115% 120% 125%
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The future of wheat breeding?

We have come a long way, but much more to do...
Access to tools increases efficiencies = better varieties.

Genomic selection will likely allow the “bad” to be
discarded faster than previously possible.

Gene editing is a promising technology. We need to
understand the genes involved.

Phenotyping remains king!
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Test Name Target Class

BW1041 CWRS
BW1045 CWRS
BW1048 CWRS PGDC-PRCWRT 2018
BW1049 CWRS

BW5011 CWRS

BW5013 CWRS 20 new wheat lines

BW5022 CWRS _ .
PT485 CWRS supported for registration
PT596 CWRS

PT650 CWRS

PT782 CWRS

PT783 CWRS

PT784 CWRS

PT785 CWRS

DT878 CWAD

DT881 CWAD

DT591 CWAD

NHO004 CNHR

P GP190 CWSP spring
KWS Alderon CWSP spring _
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