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ResearchThemes

= Grain Components: Modify carbohydrate/
starch structure/ non-starch
polysaccharides/ phenolics in cereals and
pulses

= Crop Performance: Develop genomics tools
for improving low-temperature tolerance
and pre-harvest sprouting tolerance in
cereals

s New Crops: Canary seed grass genomics;
Chenopodium and Amaranthus starch
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Barley Grain Carbohydrates and their influence
on grain end-uses

Grain constituents R e
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Alteration of Starch Granule size
distribution in barley

Large starch granules
Premium high value starch
More extract
Carbonless paper
Biodegradable films

Small starch granules
Smooth mouth feel
Fat replacement
Cosmetic industry
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Starch granule size distribution using Laser
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Starch Granule: Composition and Structure
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Area %
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Amylopectin chain length distribution
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Analysis of GBSSI accumulation in endosperm starch
granules
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Percent starch granules (volume % A ( >15 um), %B
(5-15 um) and % C (< 5 um) of barley genotypes

90 - ® % C-granules ®% B-granules =% A-granules

Volume % of granules
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% Amylose, B-glucan and total dietary
fiber In barley genotypes

= % Amylose ® % BC_calcofluor = % BC_megazyme = %TDF
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Relationship between amylose, protein and fat in
barley genotypes

®m % Amylose ®% Protein ™% Crude Fat

% Relative con
B RN
o o1 o (@)] o (@) ]

<@ Q 2 & 9 N
o \@K é{'\(b Q& éd/@ @'\ Q\QQ}
O & O " o O
0@ OO OO & S o
& G O N\
Barley genotypes UNIVERSITY OF

SASKATCHEWAN

Department of Plant Sciences




Atomic Force Microscopy (AFM) Analysis

Z Range 4.901 nm O Z Range 4.901 nm
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Barley Phenotype % Height Contour | M, M,, Polydispersity
Amylose | (nm) Length | (x10°Da) | (x10° Da) Index
(nm) (My/M,) Dp
normal 25.8 0.8 202 141b 2.46 3.64 1.48b 1530b
Increased amylose | > 38 0.8 214 108c 2.62 3.28 1.25b 1620c
Waxy <5.0 0.7 130 60a 1.59 1.92 0.33a 985a
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Amylopectin chain length distribution (CLD) in hulless
barley genotypes with varied grain starch amylose
concentration

= %DP6-11 (F-I) ®%DP12-18 (F-l) = %DP19-36 (F-Ill) ®%DP37-45 (F-IV)

% chain length distribution
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Percent starch indices

Hydrolytic analysis of meal samples from hulless
barley genotypes

m RS-Meal m SDS-Meal " RDS Meal
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Hydrolytic analysis of extracted starch samples from
hulless barley genotypes
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Dendrogram with average linkage and
correlation coefficient distance
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Barley Grain Constituents, Starch Composition, and Structure Affect
Starch in Vitro Enzymatic Hydrolysis

Eric K. Asare,™ Smta Jaisw al,™ Jason Malq, Monica Bagl, Ramaswami Sammyn ul\m,§
Brian G. Rossnagel,” and Ray indra N. Chibbar*"

"Department of Plant Sciences and 'Crop Development Centre, 51 Campus Drive, University of Saskatchewan, Saskatoon, SK,
S7N SA8, Canada

Saskatchewan Structural Sciences Centre, University of Saskatchewan, Saskatoon, SK, S7N 5C9, Canada
<7 ACS PUbIlcationS 12011 American Chemical Soclety 4743 dx.dot.org/10.1021/)f200054e | L. Agric. Food Chem. 2011, 59, 4743-4754

*Rate of starch hydrolysis followed the order waxy > normal > increased
amylose

« Amylose correlates positively with SDS and RS

*B2 chains (dp 19-32) of amylopectin was high in increased amylose
genotype

Amylopectin fine structure significantly affected starch enzymatic

hydrolysis a UNIVERSITY OF
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Polymorphism in the Barley Granule Bound Starch Synthase 1
(Gbss1) Gene Associated with Grain Starch Variant Amylose
Concentration

Eric K. Asare, Monica Baga, Brian G. Rossnagel, and Ravindra N. Chibbar*

Department of Plant Sciences, University of Saskatchewan, 51 Campus Drive, Saskatoon, Saskatchewan S7N SAS8, Canada

<7 ACS Publications  © 2012 American Chemical Society 10082 dx.doi.org/10.1021/jf302291t | J. Agric. Food Chem. 2012, 60, 10082—10092
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Amino acid variations observed for pre-GBSSI
produced by different barley genotypes
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Genetic markers developed for Gbssl alleles

= 400 bp deletion in near waxy
genotypes.

CAPS makers

Q312H in SB94912.
5F/R and Sphl

G513W in CDC Fibar.
6F/R and SexAl

D287V DC Alamo.
6F/R and Drdl in
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Conclusions

- Reduced GBSSI and amylose in near waxy
genotypes

* Detected two new mutations in GBSS1 which can
reduce Its activity

2+ G513W In CDC Fibar
«0Q312H in SB94912

Intronic differences in increased amylose
genotypes

*Useful markers for Gbss1 to monitor introgression
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Development of a spring barley genotype with uni-
modal distribution of starch granule size
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Screening of Barley germplasm for variation in starch
granule size distribution

Fraction A granule volume in total starch

# barley cultivars
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Barley Lines with low B-granule Content and
Normal Two Starch Yields

% B (#)

Finnish line 53.4 %
Japanese line 69.3 %
High lysine line 68.6 %
(shx, low starch)

Average of all

lines studied:  83.2%
Max: 95.9 %
Min: 38.4%

Vol % A

97.5 %
97.5 %
95.5 %

86.9 %
98.2 %
68.0 %
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Starch granule size distribution in selected Canadian barley cultivars
compared to KK-2.
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Starch granule size distribution in CDC Kendall, KK-2 and
selected breeding line 116
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Phenotypic comparison of CDC Kendall and KK-1

(A) KK-2
(B) CDC Kendall
(C)Breeding Line 116

(D) Spikes
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Multiplex PCR based Screening for spring/winter
growth habit

CDC Kendall (A) , KK-2 (B) , line 116 (C), 144 (D) and 168 (E)
and control without template DNA (F).
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Morphological bioassay to show deficiency of
brassinosteroid receptor (BRI-1)

CDC-Kendall ddH.O

CDC-Kendall 24-EBR 10°M
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Molecular Characterization of uzu Mutation — BRI-1

. ____Bri5F/5R_____
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Summary and Conclusions

|ldentified a barley line with uni-modal starch granules

*Selected a barley breeding line with uni-modal
starch granules

Demonstrated that uzu mutation causes interference
with brassinosteroid receptor BRI-1delays grain
starch biosynthesis

Developed a BRI-1 gene based marker which co-
segregates with uni-modal starch granules
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B-Glucan

Mixed linkage (1—3)(1—4) B-D-glucans
Unbranched — 90% cellotriose and cellotetraose units (2:1)

Ratio of cellotriose to cellotetrose units affect beta-glucan
solubility

Corkscrew shaped polymers about 50 residues long

Present mostly in Poaceae
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Journal of Cereal Science 48 (2008) 647-655

Journal of
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Identification of quantitative trait loci for p-glucan concentration in barley grain

Jingzhao Li®, Monica Baga?, Brian G. Rossnagel®, William G. Legge €, Ravindra N. Chibbar **
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Markers within HvCsIF6
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HvCslIF6 based DNA markers for beta-glucan
concentration
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Association of CslF6 Markers with Beta-glucan

Concentration
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Summary and Conclusions

18 DNA markers within CSLF6 gene.

Developed 5 functional DNA markers
associated with grain beta—glucan
concentration.

DNA marker association with beta-glucan
concentration in several barley mapping
populations.

MBS Journal of Cereal Science
= {.‘-‘.L> ) J
journal homepage: www.olsevier.com/locate/jcs WW;

Genetic markers for CsIFG gene associated with (1,3;1,4)--glucan concentration
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Future Research
*Increase starch concentration and its hydrolysis
*Alter amylopectin structure for controlling starch
hydrolysis
*Genetic control of beta-glucan structure to control

its digestibility

*Pre-harvest sprouting control — adapt wheat

research
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Delayed grain development and starch biosynthesis in
barley with uzu (BRI-1) mutation
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Starch and amylose concentration during barley grain
development
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Segregation analysis of A, B and C - type granules
volume in F-5 population of CDC-Kendall x KK-2
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Barley lines with uni-modal starch granules carry a
HvBRI1 mutation

CDC-Kendall KK-2 11 25 67 116 118 144 168
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B-Glucan Influences Barley End Use

Malting & Brewing Health Food

Being overweight can
lead to high blood
pressure and related
complications

Atherosclerosis,
hardening of
the arteries

Heart attack or
heart failure

Kidney failure

FADAM.

Source:http://health.allrefer.com/pictures-images/obesity-and-health.html
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Location of Cellulose Synthase Like F (CslF)
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