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Background

»» 65% of the oats grown in UK are IBERS varieties

* 120,000 ha grown in UK
% (70% winter and 30% spring)

2 750,000t produced per year
»» Husked oats for human consumption are increasing

»*» Programme: winter, spring, husked and naked

*

** Naked oats for poultry
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s The Quality Oats (QUOATS) project brings together research organisations, levy

boards, and industrial partners representing the oat production chain and the end

users of the crop. /\ /—\

f — \ ri | LY
/ Research \ ,l _- \
From breeder Bo
[ S— Harper 'i ! AY
to plate, this F 7N, Adams \ \

. t . t B fIZI' |} I 1
project aims to (AEAST o \ l N \
harness new B SH Bernard®
technologies t0 | g amver v 11y i~ T tarms |
advance the g =~ WY HeCA % senova

ield,

y S The James _ 1 0at services
value and m—— Hutton EBLEX
functionality of WNAT nsiituee ==
oats.

BIRGAMNIC

RESEARCH

m -

\ ELM FARM /' AN /



4

www. QUOAT S .onc HARNESSING MEW TECHMOLOGIES FOR SUSTAINABLE OAT PRODUCTION AMD UTILISATION

Breeding objectives

Economic competitiveness
% Yield
+» Disease resistance
» Crown rust
» Powdery mildew (see poster: Pearson et al)
» Lodging resistance
» Nitrogen use Efficiency (see poster: Griffiths et al.a)
» Milling quality
» Kernel content
> Size/shape (see poster: Griffiths et al. b)
> B-glucan
+ Animal feed (Cowan et al. paper)
» Qil (see poster: Cowan et al.)
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Breeding objectives

> B-glucan
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Requirements

» Genetic sources of enhanced B-glucan
content

» Novel population development

» High throughput precise phenotyping
» Multi-locational testing

» High throughput marker systems

» Genomic resources eg ESTs, BAC libraries,
TILLING, comparative genetics etc.
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> ldentification of genetic variation for - glucan content
« Qat varieties world-wide
« Wild relatives of oats
> Development of high throughput screening methodology
« Modified megazyme method
 NIR

» Conventional breeding using high B- glucan genetic
sources

> ldentification of markers closely linked to 8- glucan
content and use in marker assisted breeding

» Ildentification of genes involved in 8- glucan synthesis
and their control — comparative genomics



Genetic improvement of B-glucan content

* High B- glucan sources
» CDC-Solfi , SA 99572 Brian Rossnagel, Saskatoon
> HiFi, ND9508252-9, ND030287 Mike McMullen, North Dakota
» |A03146-4, IA03146-6, IAO3150-5 Jan Luc Jannick, lowa

* Novel variation in germplasm collections,
landraces and wild species

» B- glucan content of accessions in USDA national genetic resources
program collection (GRIN)
> B- glucan content of 109 AFRI-CORE jffﬂ‘ 1

accessions
» Survey of B- glucan content

P2

800 -
600 -

No. of accesslons In GRIN

of wild relatives: 400 -
maximum 11.3% 200 -
minimum 2.2% 0

25335445555665775885
g-glucan %



AT QUGATS HARMNESSI NG NEW TECHNOLOGIES FOR SUSTAINABLE OAT PRODUCTION AND UTILISATION

Development of hlgh throughput

phenotyping

Modified McCleary (Megazyme) assay for use
in microtitre plate

NIR calibration (de- huIIed groats)
FT-IR
GC-MS

?‘
o
1

o
NIR B-glucan, %
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3.0 4.0 5.0 6.0 7.0 8.0
Megazyme B-glucan, %
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B-glucan content- 2011 Aberystwyth
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Success in improving f3-glucan
content in UK spring oats

B-glucan %, Morfa
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EFirth
A Hifi
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B-glucan %, Perth
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Yield of 3-glucan selections
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Spring oat mapping

population: CDC-Solfi x HiFi
collaboration with Brian
Rossnagel, Aeron Beatie

Saskatoon
2008 | 2009 | 2011
CDC Sol-Fi| 6.02 | 6.15 | 6.40
HiFi 6.18 | n.d. | 6.12

5.00

% beta-glucan 2009
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CDC SolFi x HiFi genetic map
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QTL associated with grain oil, protein and 3-
glucan content in CDC SolFi x HiFi population
grown in Aberystwyth



S5 MG ME ECH ES FOR SUST F 3 T PR JCTIOMN AND UTILISATION
“_W_‘_'__QUDATS:::"_ 5 RNMESSIMNG NMEW TECHNOLOGIES FOR SL AINABLE OA RODUCTION AMD UTILISATION

Current work CDC Sol-Fi x HiFi mapping population

> In field again this year

» PhD student, Claudine Cognat (James
Hutton Institute) under supervision of
Derek Stewart and IBERS scientists is
undertaking metabolomic analysis of _—
grain to understand the variability in e compounds e N
metabolite content -

> Relate metabolomic data to genetic
information: develop mQTLs.

/  Cell wall J
/  architecture /

Free fatty
acids, lipids

Moisture

content

Fat B-glucan A
Starch

Componenigbwd?ggt“gfgin influencing perceived
texture and flavour
(Salmenkallio-Marttila et al., 2011)
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Metabolomic analysis

Extraction
Oat (milled) + Internal Standards

I I I In Methanol/Water/Chloroform
wnnll l \
1 ! i : -

- <l Fracion Non-Polar Fraction
i f L3 ] 38
i E
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| Amino acids, Organic Fatty Acids, Fatty Alcohols,
I I I acids, Sugars etc. Alkanes, Sterols.
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t[2]

CDC SolFi x HiFi mapping population

6 5 4 3 -2 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

t[1]
PCA (Principal component Analysis) of all polar
metabolites from CDC Solfi x HiFi population (milled
samples), coloured by vyear (M:2009; M: 2009).
Components 1 and 2 explain up to 56% and 11% of the
variation, respectively.

Based on 41 polar
metabolites:

*Separation between year
2008 and 2009, due to
higher amounts of all
metabolites in year 2008.

*Hypothesis: oat samples
cultivated at the same location
in Wales, but clearly the annual
environments were not the
same.

Data from Claudine Cognat
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Population development

» Bi-parental

»Association mapping
»MAGIC population

»Nested Association mapping
»Wild relatives

>TILLING

»QTL-NILs

»Breeding programme crosses for testing/
validation of MAS




Novel population
development;
MAGIC

(multiparent advanced
generation inter-cross)

8 spring oats chosen to
sample world-wide genetic
diversity (highlighted in
blue in dendrogram from
results from DArT
analysis)

@ e
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MAGIC population development

2009: 1st generation of crosses successfully completed (28 x 2 way

crosses) 1 2 3 4 5 6] 7 8
Ogle TAM O-301 |Ac Assiniboia |HiFi CDC Dancer [Firth Pol SolFi
Ogle
TAM O-301 12
Ac Assiniboia 13 23
HiFi 14 24 34

CDC Dancer 15 25 35 45
Firth 16 26 36 46 56
Pol 17 27 37 47 57 67
SolFi 18 28 38 48 58 68 78

0 N (O (0|~ (W [=

2010: 2"d generation successfully completed (28 crosses combining 4
genotypes)

2011: 3'd generation successfully completed (42 crosses combining 8
genotypes)

8 seeds from each of these 42 crosses sown for single seed
descent (SSD) summer 2011 and seed harvested October 2011 (population
size 336 individuals)

2012: 2"d generation of SSD sown February 2012

Population on schedule for first field sowing in Spring 2014



NAM hexaploid populations

»Common parent is Firth
(spring)

» 15 populations currently at
F4 (most have 60 progeny,
some less)

»F5 expected to be grown in
glasshouse for preliminary
phenotyping of at least some
populations in summer 2012.

Parents of F4 populations all
spring - 7 high B-glucan, 2
low B-glucan, 4 landraces (1
tetraploid), 4 wild species
introgressions, 1 naked



Genetic diversity of
MAGIC, NAM parents
and selected winter
oats (63 SSRs)
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LI L L L L L L IO L L L L B L
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Population development

>Wild relatives
>TILLING
>»QTL-NILs

»Breeding programme crosses for testing/
validation of MAS



Avena atlantica Avena strigosa

. CG tivated; Ceirch Liwyd
(Welsh), Corc b
(Gaelic), sand, grey, black

ch
!!!!

. Covered
- High B-gluc@in



Avena atlantica Avena strigosa

* Collected on Atlanticf
coast of Morocco by M.
Leggett

te ) A i

. Many“pro_ductive tillers at
harvest

« Seed held

e Naked seed

.+ High B-glud
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AS7

HvXan.104

TR478,

.21
MAMA14 TR460.25

AMO06.255
TRO36

Rice
Rice
Rice
Rice
Rice
Rice
Rice
Rice
Rice
Rice
Rice
Rice




=
,‘__w___qUDATS O HARMESSING MEW TECHNOLOGIES FOR SUSTAINABLE OAT PRODUCTION AND UTILISATION

* Leveraging information from model genomes
* Predicting gene location
» Validation




ASG6
0.0 W3 R1
22.7 R1 Bd2
57.4 LpACT1A9.98
63.5 Bd2
70.6 R1 Bd2
72.0 WMS261.80 KO13
cdo187
78.7 R1 Bd2
80.2 W1 R5
| R1 Bd2
81.5 MAMO09 KO13
83.4 0L0340.33
85.3 W3 R1 Bd2
89.3 RV1131
109.5 0L095.237
114.3 AM134
114.4
117.9 LAM71
127.7 R4 Bd1
129.8 R1
138.8 W2 R4 Bd2
148.7 AMO06.216

Targeted addition of SNP markers (in
red) to linkage group AS6 based on
sequence homology to rice
chromosome 1, and Brachypodium
chromosome 2
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LpACT26D
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S9898
S7611

/l S23897 S4875
ir S47048

S6973

53553
MAMAO09 S13423
511690 S37818
518058 S6231
S7377

COS3Q S2396
S$12580

S9516 S46148
S$10550 S15220
RV1131.1

I S43694

519142
TR314



Brachypodium genome evolution Wheat-rice genome relationships.
and synteny between grass
subfamilies.
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JP Vogel et al. Nature 463, 763-768 (2010) Sorrells M E et al. Genome Res. 2003;13:1818-1827
doi:10.1038/nature08747



Diploid oat- rice genome relationships

AS1 AS2 AS3 AS4 ASS5 AS6 AS7
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TILLING (Targetmg Induced Local Lesmns

IN Genomes)
/ Azide treated A. strigosa (Anne Osbourn, JIC)
' Validated by recovery of root metabolite

mutants
>800 plant 2011 DNA__ nd seed taken




3-Al1 dwarf

Visible
phenotypes
in the
A. strigosa
TILLING

. population




Use of markers in breeding
programme

Follow beneficial alleles
associated with traits of interest in
breeding programme

Identify suitable parents for
crossing

Confirm success of crossing
Cultivar identification
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Populations for validating marker-
trait associations

2010: 3 F2 populations selected for 3-glucan:
— 08-187Cn1 (HiFi x 01-150Cn1)
— 08-60Cn2 (SolFi x 01-150Cn1)
— 08-56Cn1 (ND9508252-9 x 01-15Cn1)

2102: 12 F2 populations selected for MAS for
range of traits including 3-glucan, oil and
disease resistance 2

20
15 -
10 -

27X ICTITEA L ATEC ML TR £ 0 £ TR 7 20

b-giucan content, %
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Advanced spring oat trial — 3- glucan
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