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CDC Breeding Program Staff

= 20 full-time staff
= 2in grain quality lab
= 2 in malt quality lab

= 5in molecular lab
= 11in field lab

= 2-3 summer staff

= 3 graduate students



Breeding/Research Partnerships

= Canada
= AAFC-Brandon
= AARD-Lacombe
= Dalhousie University
= Grain Research Lab (CGC)
= Syngenta

= United States
= Busch Agricultural Resources Inc.



Breeding/Research Partnerships

= United States (cont.)

MVBN (University of Minnesota, University of
Wisconsin)

NDSU
University of Oregon
Viterra (Westbred)

WRSBN (University of Idaho, Montana State University,
USDA-Aberdeen, Utah State, Washington State)

* |nternational

Ackermann Saatzucht GmbH & Co.



Breeding/Research Partnerships

= |nternational (cont.)
= SAB Miller
= Saatzucht Josef Breun GmbH & Co.
= Sapporo Breweries Ltd.
= University of Adelaide



Breeding Program Activities

Crossing Block (summer 2013)



Breeding Program Activities

F1 Rows F2/F3 Bulks F4 Space Planted
(2013-14) (2014-15) (2015)



Breeding Program Activities

Arrpbhcaton P

Cytie

= Marker-assisted selection é
= Un8, Rpg1, LOX-1, QRpt6, protein (6H) -

= ~ 19,000 data points in 2012-13 L

Cytie



Breeding Program Activities

F5 Hills F6 Micro Plots F7/F8 Yield Plots
(2016) (2017) (2018-19)



Breeding Program Activities

= Malt quality evaluation
= protein, friability, BG, BGase, LD, AA, DP, FAN, extract
= ~ 3,600 malted samples in 2012-13
= ~ 20,000 analyses in 2012-13



Recent CDC Malting Varieties

TR10124 (2013)
CDC Clear (2011)
CDC Kindersley (2010)

CDC Reserve (2008) — in partnership with
Sapporo/PML

CDC Meredith (2008)



CDC Research Funding

= BMBRI projects
= Beta-glucanase
= Fermentability
* Micromalter refurbishment

= Saskatchewan ADF projects

* True loose smut marker development
= FHB/DON evaluation
" Phenotyping facility assessment (water stress)



CDC Research Funding

= WGRF project
= Low protein malt barley

= ACIDF/Syngenta project
= Crop inputs and varietal response



Fusarium DON Evaluation

= Neogen Veratox DON Kit
= LOD: 0.1 ppm
= Range of quantification: 0.5 -5.0 ppm
= 40 samples/day (duplicate): S18/sample

= DON Evaluation at U of G Lab services

= Same kit used
= $15.50/sample

(Janet Lewis, CIMMYT)



CDC Determined DON (ppm)
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Rapid Phenotyping Facility

= The Plant Accelerator (Adelaide, AU)
* High throughput phenotyping (“phenomics”)
* Image capture (RGB, infrared, fluorescence)

= Similar facilities (KeyGene, Jilich Plant Phenotyping
Centre, CropDesign, Monsanto)




Rapid Phenotyping Facility

= Water stress experiment

35% RWC, 22% RWC, 17% RWC and 13% RWC
Treatments during vegetative growth
6 replications

AC Metcalfe, CDC Austenson, CDC Cowboy, Newdale,
Niobe and Xena

Estimated vegetative growth via image-based growth
models (imaged every 2-3 days)

Measure actual total seed weight and total biomass



Rapid Phenotyping Facility




Rapid Phenotyping Facility




Rapid Phenotyping Facility

Vegetative Weight (g)

WW D1

Treatment

D2

D3

B AC Metcalfe

B CDC Austenson
B CDC Cowboy

B Newdale

M Niobe

B Xena




Rapid Phenotyping Facility

WUE

(g biomass gain/g transpired water)

0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

WwW D1
Treatment

D2

D3

B AC Metcalfe

B CDC Austenson
B CDC Cowboy

B Newdale

M Niobe

B Xena




Crop Inputs Trial

Breeding Program

Lines

AAFC-Brandon

TR12225, TR13231, AAC Synergy, AC Metcalfe

AARD-Lacombe

J020390089, 102033006, J01073006, J01039003

CDC

TR10124, TR11127, TR12135, TR12137, TR13140,
TR13142, CDC Meredith

Seed treatments

= None

= Cruiser Maxx Vibrance
* Cruiser Maxx Vibrance + Proseed

Axial Xtreme + MCPA

Quilt (7 rate with herbicide, full rate at flag leaf)

Yield, physical seed quality and malting quality




B-glucanase Project

= 3 different enzymes known as B-glucanase
" (1,4)-B-glucan 4-glucanohydrolase
= (1,3)-B-glucan glucanohydrolase

" |(1,3;1,4)-B-glucan 4-glucanohydrolase

= Rapidly produced during germination

= EXists as two isoenzymes



B-glucanase Project

= Synthesized by HvGIb1 (1H) and HvGIb2 (7H)

HvGlb1

HvGlb2

Isoenzyme |

Isoenzyme Il

Mainly synthesized in scutellum

Synthesized in aleurone

28 kDa, 334 a.a.

33 kDa, 306 a.a.

pl =8.5

pl =10

Slightly greater activity

Greater heat stability

0.7% carbohydrate

Glycoprotein (3.7% carbohydrate)

= 1 large intron within the coding region of each

gene




B-glucanase Project

Breeding Program | Lines

AAFC-Brandon 14 (Calder, AC Bountiful, AC Metcalfe, Newdale)

AAFC-Lethbridge 6

AARD-Lacombe 13 (Bentley)

Agricore United 7 (Alexis, Garnet)

BARI 15 (Conrad, Merit, Merit 16, Merit 57)
Cargill 4 (Conlon)
Coors 4 (Moravian 19, 22, 27, 28)

28 (CDC Copeland, CDC Kendall, CDC Landis, CDC

cbe Meredith, CDC Reserve, CDC Select, Harrington, Manley)




B-glucanase Project

Name Grain BG (%) BGase (U/kg) Wort BG (ppm)
Alexis 4.3 977 790
Garnet 5.2 1263 813
Moravianl9 4.0 750 1145
Conlon 3.6 861 840
Merit 5.0 1331 516
Conrad 4.5 1279 501
Merit 16 4.3 1500 469
Harrington 4.7 1074 541
CDC Kendall 3.9 1380 328
CDC Copeland 4.0 1384 314
CDC Meredith 4.1 1111 481
AC Metcalfe 4.3 1556 310
Newdale 4.3 1579 401
Bentley 3.7 1225 452




B-glucanase Project




B-glucanase Project

Trait Unigene | Chrom. cM Significance Interesting Genes
BGase 15699 1HS 4 0.0001 TATA binding protein
BGase 3599 2HL 113 0.00001

BGase 15624 2HL 113 0.00001 DNA binding protein
BGase 20989 2HL 113 0.0001

BGase 1275 5H 195 0.00001 -




Future Opportunities?

= Rapid field-based phenotyping

" |maging tools

* Thermal imaging
= RGB

" Infrared
= Chlorophyll fluorescence

= Related measurements
= T, wind speed, [CO,], RH



Acknowledgments

BMBRI

WGRF

ADF

Saskatchewan Ministry of Agriculture
SeCan

BARI

Sapporo/PML



70

60 +

5.0

GrainBG (%)

2.0

1.0

0.0

b
(=}

B-glucanase Project

1357 91113151719212325272931333537394143454749515255575961636567697173757779818385878991

AM Line No.

—2009
—2010



B-glucanase Project
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Future Opportunities (Directions)

= |ncreased collaboration with private companies
for variety release and research
= Syngenta (malt barley research and variety tendering)
= confidential company (food barley variety tendering)

= small farm/seed grower businesses (alternative variety
tendering sources)

" |ncreased training of graduate students

= 3 current students, with 3 more planned after January
2013

= 3 source of trained personnel to industry



Phenotypic Genomic Selection

8 years to
parent
selection

LITLL

Crossing Block € Crossing Block -—
F1 Greenhouse Advance F1 Greenhouse Advance
¢ 5 years to
parent
selection

Variety Release (n=0.3)

Adapted from Heffner et al. 2011; courtesy of J. Poland
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Genotyping Cost for GBS
$34.00

$40.00
$35.00
$30.00
$25.00 ‘ | Sequencing

$18.00

H Labor
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$1000 Reagents &

Consumables
$10.00 | | | | | | 5700

$5.00

USD / sample

I . ] I
$0.00

48-plex 96-plex 192-plex 384-plex

Courtesy of J. Poland 36



True Loose Smut

= TR09398 (Resistant) x TR07728 (Susceptible)

= 4,000 lines screened with flanking SNP markers
= Range of quantification: 0.5 -5.0 ppm
= 40 samples/ plicatel.:

TR0O9398 TRO7728



A

Brachypodium

| Bradi2g16930

Bradi2g37210
Bradi4g19500

|Bradi2g16770

Bradi2g16680
Bradi2g16670

Bradi2g16660
Bradi2g16650

Bradi2g12280

Bradi2g16520

Bradi2g16430

Barley

e

—— 15283
3602
10924

17452

—— SNP6

Rice

0s05g48422
0s079g35060
0s11926890

0s01g48280
0Os05g48760

0s05g48800
0s05g48810

0s05g48820

0s01¢22490

0s05g48960

0s05g49030



B-glucanase Project

" |[mportant for the hydrolysis of B-glucan
= (1,3;1,4)-B-D-glucan
= 70% of the starchy endosperm cell walls
= 26% of the aleurone cell walls

" |mportant to prevent B-glucan related issues
" inhibited enzyme diffusion in the germinating kernel
= higher wort viscosity (slow filtration rates)
= beer haze



Rapid Phenotyping Facility

50
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w® 32 B AC Metcalfe
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oo B CDC Austenson
g 25
2 B CDC Cowboy
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3 15 B Newdale
10 ® Niobe
5 B Xena
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Treatment




