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Overall Objectives

AEach Crop Genetic Improvement Network =

Virtual Plant Breeding Institute

ATo use crop breeding for the sustainable
development of the arable sector

ATo connect public sector science to
the private sector

To recreate the best of the past



Networks established

AWheat (WGIN)
AOQilseed rape (OREGIN) )
AShort rotation coppice (BEGIN) |

APulse crops

AMiscanthus
AQats
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The longer-term vision

AA strong crop breeding sector deploying the
best technologies science can offer

AA strong strategic and applied research base
competing effectively for resources

AA strong base for international partnerships

AMore resource efficient and productive crops
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The Defra WGIN
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The modest WGIN funds would attract additional
funds to wheat research by other sponsors
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The WGIN 2 project (2008 1 2013)

In April 2008 started discussions on future
project resource development and trait targets

- Defra

- UK wheat breeding community
- Other UK research groups

- Other stakeholders

In March 2009 we completed the process

Total funding over 5 years - £1.95 million



Mission statement - WGIN 2008 to 2013

Improving the environmental footprint of
farming through crop genetics and
targeted traits analysis



Wheat Genetic Improvement Network (WGIN) 2008-2013

Tools and Resources Targeted traits
2. Near Isogenic lines (NILsS) *

8. Nitrogen use efficiency (NUE)
Quality QTLs linked to NUE (RRes)

4. Paragon gamma and EMS pop" == 9- Drought tolerance (UoN) =

5. AE Watkins and Gediflux collections 10. Take-all disease (RRes)

3. The Avalon x Cadenza Mapping pop"

|
6. New mapping pop" for WUE (9) and 2
new pop" to align WGIN 2 with the
international wheat genome sequencing
effort

12. Interconnecting the three soil
based traits (8,9,10)

Key control points (Blue)
cross connections (Red)



Characterisation and provision of genetic resources

The AE Watkins spring and winter wheat collection
(JIC)

1930s collection from markets in 32 countries

Seed now availablefor8 14 O padinesf | e
- with more lines to come

Represents germplasm never used In
UK wheat breeding programmes

Simon Griffiths



Trait identification - RRes
1. Improved nitrogen use efficiency (NUE)

2. Grain quality (QTLs) linked to NUE

Consecutive years of field trials




Nitrate vulnerable zones in England
defra

Department for Environment
Food and Rural Affairs

1996 - darker colour 2002 - blue
2002 - new zones, fawn 2009 - new zones, pink

NITRATE VULNERABLE ZONES IN ENGLAND
[ew NYZs

9 NVZs designatad in 2002 B

Source: http://www.defra.gov.uk/environment



A Diversity / N trials 2009-2013 (5 years)

Workplan

Core 15 genotypes
Exotics e.g. Watkins . Ol

Specific Avalon x Cadenza DH lines LTI e

Other germplasm as deemed appropriate, BBC Country File - 2009
e.g. stay green

A Avalon x Cadenza DH field trials 2009/10/11 (3 years) 204 lines

high/low N (one low, 2 high N)
to supplement WGINL trials (one high, 2 low)

A Avalon x Cadenzai Glasshouse trial 2012 30lines

A Hereward x Malacca NILS

fields trials 2012/13 Malcolm Hawkesford
20 lines
Peter Barraclough



Variety Performance at 200 kg-N/ha (2004-08)

Variety Code Nabim Years | Yield %N Uptake |Utilisation

Avalon AV 1 5

Flanders FL 1 1 Upper-Q S -I: 1
Hereward HE 1 5 Inter-Q u m m ary O Var I ety
Hurley HU 1 5 Inter-Q

Malacca MA 1 5 Lower-Q p e rfo r m an C e

Mercia ME ! 4 . ’

Maris Widgeon MW 1 5 (quart”e ran k|ngs)
Shamrock SH 1 4

Solstice SL 1 5

el e A ] based on 2004-07
Xi19 Xl 1 5

Cadenza AT e % WGIN datasets
Cordiale (6{0) 2 3

Einstein El 2 1 (200 kg 3 N/h a)

Lynx LY 2 5

Rialto RL 2 1

Scorpion SC 2 1

Soissons SS 2 5

Beaver BE 3 4 Eurap. J. Agronarmy 33 (20100 1-11

Claire CL 3 4 5
Riband RI 3 5 s ; Contants lists available at Sciencelirsct

E?:;?:; F,? i j et 4 European Journal of Agronomy

Napier NA 4 3 el ol B

Savannah SA 4 4 journal homepage: www.elsevier.com/locate/aja

Paragon(spring) PA 1 5

Chabligspring) CH 2 1

Arche o Z & Nitrogen efficiency of wheat: Genotypic and environmental variation and

el pé @ Y prospects for improvement

Caphorn CP F 1

Cappelle Desprez  CD F 1 Peter B. Barraclough®*, Jonathan R. Howarth?, Janina Jones?, Rafael Lopez-Bellido®,

Enorm EN G 1 Saroj Parmar?, Caroline E. Shepherd?, Malcolm J. Hawkesford ?

Isengrain IG F 1

Monopol MO G 5

Opus OoP G 1

PBis PB G 1

Petrus PE G 1

VAR T EJA (2010) 33, 1-11
Zyta zy P 1 y 3



Yield summary 1 Diversity trial ‘

i
N
& W

Grainyield (t/ha@85%DM)

Rothamsted WGIN-N200

Combine Grain Yield (2004-09)

@ X

@ X

>

A 2004
A 2005

2006

2007
X 2008
® 2009
¢ 2010

zY
IG
CD
CP
MW
FL
MO
CH
AR
GA
RL
PE
PA
OA
ME
El
CA
HU

SK
SP
PB
SS
EN

Variety

AV
MK
HE
SH
OoP
BA
RI
MA
SL
LY
CL
BE
SC
Xl
Cco

IS
RO

SA
NA




A X C traits - Rothamsted

A Core data (WGIN)

Flowering time and height

I Yield (grain and straw) and tgw

Nitrogen (grain and straw)
Computed NULE, N uptake (final)

A Supplementary studies (other funds)

- (Gene expression
" Root traits
" Grain minerals

Leaf N and SPAD (anthesis and 21 dpa)

I
| Leaf size (leaf 2)

| Canopy longeuvity, reflectance, rate of senescence
.

|
|
|

Early N uptake
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Individual A x C lines




A x C: Harvest Index, 2010
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Individual A x C lines

Aim: QTL mapping
for each sub-trait

Malcolm Hawkesford



Trait identification 1T RRes

2. Reducing pest and disease pressure

Septorla Ieaf blotch Take-all fungus

7 W

| A major problem

! | | for 2nd / 3rd wheat
Annually all crops at high risk crops

2"d wheat syndrome



AphicdoicégO test by sett|

17 contrasting Spark x Rialto lines (previously
Identified using two non-UK aphid species)

Per chamber

one SR line
VS
cv Solstice

Add 10 alate aphids
Score at 2,5 and 24h

Lesley Smart and Ruth Gordon-Weeks



Rhopalosiphum padi choice tests with Spark x Rialto mapping
lines. Nymphs produced at 24h as a proportion of nymphs
produced on Solstice =1

SR67T €&
= SR6 <
mSR21

= SR96

SR7

ERIALTO

u SR92
mSR122

SR8

B SPARK

Rialto SRgg €&—

® SR95
Spark

SR4

ESR110 €—
SR120 * = SR144

SR111 <€<—
0 0.5 1 1.5 2

SR39 €—

SR10 €&—

2'§SR120 <



dNo choice developmentbassays to determine
Mean Relative Growth Rate (MRGR)

5 pre-weighed neonatal nymphs added to each clip cage (12
batches /line)

6 or 7 days later the surviving nymphs - reweighed

Comparison with cv. Solstice, ANOVA analysis



Rhopalosiphum padi aphid development assays with eight
selected Spark x Rialto mapping lines.
MTGR as a proportion of Solstice =1

SR67 <
m SR6
SR39

Rialto izltz
Spark

m Spark
SR98
ESR110

SR111
ESR120

SR120
5 1

0.

15

Line SR67 gave significantly less R. padi aphid development than
Solstice P <0.05 but did not influence Sitobion avenae development



Take-all disease 1 soil-borne fungus

In 1st wheats - no disease problem

A major problem Typical take-all patch showing stunting
for 2nd / 3rd wheat Crops and premature ripening of the crop

2"d wheat syndrome

The risk of take-all is largely dependent on the amount of inoculum in
the soil at the time of sowing



An important WGIN 1 discovery

The genotype of the 15t wheat influence
the amount of take-all inoculum build-
up in the bulk soll

Plant Pathology (2010) Doi: 10.1111/5.1365-3059.2010.02375.x J

Evidence that wheat cultivars differ in their ability to build
up inoculum of the take-all fungus, Gaeumannomyces
graminis var. tritici, under a first wheat crop

V. E. McMillan, K. E. Hammond-Kosack and R. J. Gutteridge*

Department of Plant Pathology and Microbiology, Rothamsted Research, Harpenden, Hertfordshire ALS 2JQ, UK

This study used the 1st wheat NUE diversity trial

Richard Gutteridge



THE
SOIL CORE
POT
BIOASSAY

.\\

|4\

I\

?M?w-‘ﬂ 0 IAY

YA ',\‘// ‘n,‘ “i

l" “' \) ‘I;‘IQJ"\ ‘1‘ ‘ l/}!
(’A"Né l’ % "“";{‘ 4‘, \go

“' ,/’ulv!\,

A

b A
\ '\" v\
\ b l'.

7"“ '\'[ WX

1! TR “v, -~-t'
A L

i\ [




Severe take-all infection Slight take-all infection




% roots infected with take-all in a soil core bioassay
Avalon and Cadenza 2005 - 2008 WGIN Diversity trials
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A novel observation in the Defra Wheat Genetic
Improvement trials T square take-all patches




Plot 180 Plot 181
(95% TA) (5% TA)
Yield 5.25 t/ha Yield 9.61 t/ha



