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BMBRI/AIP - Two Row Malting
Barley Improvement at AAFC

Dr. Bill Legge & Dr. Ana Badea

Brandon Research and Development
Centre, Brandon, MIB



Introduction

» Two projects led by Dr. Legge:

— Developing two-row malting barley varieties for
western Canada (Activity 2 of Barley Cluster)

— Improving Fusarium Head Blight (FHB) resistance in
barley germplasm (Activity 7 of Barley Cluster)

* New varieties and coop test entries
* New research activities — Dr. Badea



Two-row Malting Barley Breedin
Program




New Varieties Released Since 2013:

TR10214 - supported for registration recommendation by the
PRCOB in February 2013.

— Proposal was received from La Coop Federee in 2014, evaluating
it for eastern and western Canada; decision later in 20167

— Consistently lower DON levels; 35% lower than AC Metcalfe over
14 site-years in Manitoba FHB nurseries.

— 10% higher yielding than AC Metcalfe over 2 years; slightly later;
taller but stronger strawed; heavier, plumper kernels.

— More resistant to spot and net blotch than AC Metcalfe.
— Acceptable malting quality similar to the checks.



New Varieties Released Since 2013:

AAC Connect (TR12225) - recommended for registration in
2015; registration pending; released to Canterra Seeds.

11% higher yielding than AC Metcalfe over 2 years; adapted to the Eastern
Black and Brown Soil Zones where it out-yielded AC Metcalfe by 14%.

Shorter, stronger strawed; similar heading and maturity; heavier, plumper
kernels, but lower test weight than AC Metcalfe.

Somewhat lower DON levels than AC Metcalfe, but not as low as TR10214;
24% lower DON than AC Metcalfe over 12 site-years in MB FHB nurseries.

Improved spot and net blotch resistance over AC Metcalfe.

Promising malting quality profile with higher malt extract and friability than the
checks; lower wort viscosity; beta glucan content within the lower range of the
checks; AA and DP approaching AC Metcalfe; generally similar to checks for
remaining malting traits, with tendency for slightly lower FAN.

Desirable combination of agronomic, quality and disease resistance traits
with somewhat lower DON levels.



Status of Two-row Malting Coop

Entries:
» 1stYear Entries in 2015:

— TR15242, TR15243, TR15244, TR15245, TR15246 (low DON) &
TR15247.

— TR15245 was bred for reduced phytate content; TR15243 for
higher yield; & 4 remaining entries for FHB resistance.

» 21 Year Entries in 2016:

— TR15245 - reduced phytate content; 13% higher yielding than AC
Metcalfe; good agronomics & disease resistance; & promising
malting quality.

— TR15242 - fair agronomic performance; good malting quality &
disease resistance including somewhat lower DON levels.



Status of Two-row Malting Coop

Entries:
« 1stYear Entries in 2016:

— 4 new entries from 2015 Eastern Prairie Barley Test

« Combine good agronomic performance with acceptable
malting quality & good disease resistance.

» 2 were bred for FHB resistance.
* No Advanced Yield Tests in 2015 due to the flood of 2014.

* Two-row Hulless Malting Coop entries:
— None in 2015 or 2016.



Collaborators for FHB Project - 2016

« W. Legge (Project Leader), A. Badea, J. Tucker — AAFC,
Brandon

X. Wang (replacing A. Tekauz) — AAFC Morden
B. Blackwell, A. Choo — AAFC, Ottawa
A. Foster (replacing R. Martin) — AAFC, Charlottetown

A. Beattie, D. Voth, G. Arganosa - CDC / U. of Sask.,
Saskatoon

F. Capettini, P. Juskiw, J. Nyachiro, K. Xi, L. Oatway -
AARD, FCDC, Lacombe



Current FHB Project - 2015

» Large FHB nursery at Brandon with 8,640-row capacity
for initial screening & further evaluation of promising
lines from all breeding programs (includes Coop tests).

« Screen segregating populations from Dr. Legge’s
program in up to 5,760 rows (grand total 14,400 rows).

* Most promising lines identified at Brandon are
evaluated in several smaller nurseries across Canada

o Rows
— Morden, MB 1,000 (includes Coop tests)
— QOttawa, ON 500

— Charlottetown, PEI 500



Current FHB Project - 2015

« All 4 FHB nurseries were successful in 2015 with
moderate to high DON levels.

* Nearly all DON analyses completed to date.

* DON analysis conducted by ELISA at AAFC
Ottawa - 6,135 samples in 2015.

* DON calibration developed for NIRS at CDC,
Saskatoon & FCDC, Lacombe; work is in
progress at Brandon

* Pre-screening for DON with NIRS to select samples

to send to Ottawa for DON analysis by ELISA - done
instead of using unreliable visual symptoms.



Current FHB Project - 2015

* Private lab at the University of Guelph was used
for 4,040 additional DON tests in 2015

* Most samples were from Dr. Legge’s program

 Lab used Neogen Veratox for DON 5/5 commercial
ELISA kits.

* |n 2015, about 11,000 rows were hand harvested
in the Brandon FHB nursery.

* This on-going project started in 2000.

* Progress Is being made in improving FHB
resistance in barley, but this will be a long-term
effort and must be continued.



New Research Activities:

 To incorporate stress tolerance, such as water-logg
tolerance, into barley germplasm

Table 1. Preliminary waterlogging rating of several barley genotypes

Name Waterlogging tolerance  Row type Hulless/Covered Barley class Origin
Franklin Sensitive 2 Covered Malting Australia
ZUG 95 Moderate tolerant 2 Covered Feed China
Naso Nijo Sensitive 2 Covered Malting Japan
YF 374 Moderate tolerant 2 Covered ND China
TR12225 Moderate sensitive 2 Covered Malting Canada
Xena Moderate sensitive 2 Covered Feed Canada
Cerveza Sensitive 2 Covered Malting Canada
AAC Synergy Moderate sensitive 2 Covered Malting Canada
AC Metcalfe Moderate sensitive 2 Covered Malting Canada
Major Moderate tolerant 2 Covered Malting Canada
3626 Sensitive 6 Covered ND Egypt
1 st day Of Waterlogging Celebration Moderate tolerant 6 Covered Malting Carlad‘a
Deder 2 Moderate tolerant [ Covered ND Ethiopia
treatment in the fleld Harumaki Rokkakumugi Tolerant 6 Covered ND North Korea
CDC Mayfair Moderate tolerant 6 Covered Malting Canada
Yerong Moderate tolerant 6 Covered Feed Australia
YSM1 Moderate tolerant 6 Covered Feed China
ZUG 293 Sensitive 6 Covered Feed China
Bonanza Moderate tolerant 6 Covered Malting Canada
CDC Bold Sensitive 2 Covered Feed Canada
Norman Sensitive 2 Covered Malting Canada
CDC Clear Tolerant 2 Huless Malting Canada
TR10214 Moderate tolerant 2 Covered Malting Canada
TR15242 Tolerant 2 Covered Malting Canada
TR15243 Moderate sensitive 2 Covered Malting Canada
TR15244 Moderate tolerant 2 Covered Malting Canada
TR15245 Moderate sensitive 2 Covered Malting Canada
TR15246 Sensitive 2 Covered Malting Canada
TR15247 Sensitive 2 Covered Malting Canada
Taylor Moderate sensitive 2 Hulless Malting Canada

6th days after
waterlogging
treatment in the field



New Research Activities:

+ to determine if the development of ‘functional oil’ barley cultivars is justified and evaluate an
alternative use for brewer’s spent grain such as a foodstock for ‘functional oil’ in collaboration with
Drs. lzydorczyk from Grain Research Laboratory, Winnipeg, and Swallow from Food Processing
Development Centre, Leduc.
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New Research Activities

. Stem rust race TTKSK (Ug99)
- QCCJ resistance of Q21861 only partially effective against it.

- Work has been expanded in Dr. Legge’s breeding program under the new Barley Cluster.
- Using molecular markers and DH'’s to hasten process.

. Dr. Badea has adapted and implemented the molecular assays developed by Dr. Beattie’s lab at CDC for Rpg1, Yd2 and Un8; and

developed specific assays for Rpg4/5 that are now used routinely in the lab

Figure 1. Amplification with Rpg4/5 assay: susceptible (A), heterozygote (B) and resistant (C)

Table 1. Summary of MAS for Dr. Legge's program, May-December 2015

Disease Gene Number of lines Data points
Ug99stemrust  Rpg4/5 1889 4146
Stem rust Rog1 450 1349
BYDV (o4 425 89%6
Smut Un8 160 490
Total 2924 6881

Figure 2. Amplification with HRM assay:
agarose gel (A), melting curve (B)
and cluster (C)



New Research Activities:

* Development of doubled haploids (DH) for Dr. Legge’s breeding program
—In 2013, a one year contract was signed between AAFC and Haplotech.
— In spring 2015, a total of 178 DH'’s were received for the two malting barley populations from Haplotech.
— Another 180 DH’s for two more malting populations are expected to be received in March 2016 from Dr.
Belzile's lab at Laval University.
— A three year contract have been put in place with Haplotech through the CDC - it is expected that 800 DHs
will be produced per year; the first two malting barley populations have already been sent.
— Unfortunately, a new contract between only AAFC and Haplotech has not been put in place yet.

Figure 1. Embryo-like structures (ELSs) on
induction medium

Figure 2. Green plantlets in tubes



