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. Executive Summary

7. The executive summary must not exceed 2 sides in total of A4 and should be understandable to the
intelligent non-scientist. It should cover the main objectives, methods and findings of the research, together
with any other significant events and options for new work.

Defra is facing an ever expanding range of environmental, energy and climate change
challenges. The wheat genetic improvement project (WGIN) arose directly from a realisation in
the early 2000s that over the preceding two decades there had been a widening disconnection
between commercial plant breeding activities and public funded plant and crop research. There
was also general acknowledgement that the LINK funding mechanism was failing to connect the
two because only limited funds were available from the commercial sector. The Caligari report
in 2002 (ST0158) (2002) highlighted both these concerns and prompted a call by Defra in July
2002 for the creation of a series of genetic improvement networks to be established for each of
the key UK field crops.

Since the WGIN project started in 2003, both the Stern report and a recent Defra-
commissioned review (IF0101) highlighted in a costs-benefit comparison that in terms of input
investment vs output, plant genetic research which targeted the development of new varieties
with public good outcomes significantly outperform other research activities. An acknowledged
major advantage of this research approach compared to others was that the benefits of genetic
improvement are permanent and cumulative. Accrued public good benefits from crop breeding
and the use of new, improved varieties by farmers would include a reduction in greenhouse
gases and in energy use (climate change mitigation), improved water quality in nitrogen
vulnerable zones and improved biodiversity within the cropping landscape. Wheat is the UK'’s
Nol crop and about 1.8m ha of land is required to be used to generate a total annual production
of about 15.5m tonnes. Therefore improvements to the wheat crop are likely to be particularly
advantageous.

The WGIN project had two funded research partners, the John Innes Centre and
Rothamsted Research. There were two overall project aims. The scientific aim was to generate
pre-breeding material carrying novel traits to the UK breeding companies and to deliver
accessible technologies thereby ensuring the means are available to produce new, improved
varieties. Therefore an integrated scientific 'core’ evolved which combines underpinning
molecular markers, genetic and genomic research, together with novel trait identification. These
genetic and molecular resources and new trait information were made freely available and could
therefore be used in a wide range of additional wheat research projects in the UK. The second
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and equally important WGIN project aim was to reactive a thriving UK wheat network which
encompassed all the key UK research groups in both the public and private sectors and to
facilitate the connection of this UK network to the international wheat community.

Over the 5 years a robust network was established and maintained. The eighteen
Management meetings held over the project duration at rotating locations have brought together
wheat scientists and breeders. Their style was somewhat different from the management
meeting of the other GINs because they focused not only on presenting and discussing the
WGIN project research results but also invited presentations by others on relevant wheat
projects, emerging technologies, newly funded wheat projects and those wishing to raise
awareness of new research topics. The six annual Stakeholder meetings (held each November)
were also well attended (75-100 participants). These often had specific themes like energy
production, food and feed quality traits, efficient utilisation of inputs and in last two years a
section focussing on the economic value of the wheat crop and future predictions on global
outputs. All the presentations given at both the Management and Stakeholders meetings are
freely available via the WGIN website (http://mwww.WGIN.org.uk). Over the project duration, the
stakeholder membership has increased steadily from about 60 and is currently 131. Members
include wheat breeders, farmers, agronomists, food and feed processors, members of HGCA
and defra and researchers in the UK and overseas. Nine WGIN newsletters have been
produced and distributed to the stakeholder membership as well as posted on the WGIN
website. There have been three farm tours, two at JIC and one at RRes, providing opportunities
to view WGIN field trials. These trials have also featured in the annual Rothamsted Research
Association and John Innes Friends research day visits. International links have been
strengthened as a result of joint workshops with CIMMYT (Dec 2004 and June 2007), INRA
France (April 2005), and CAAS China (Dec 2007). Several WGIN research demonstration plots
were presented at Cereals 2006, Cereals 2007 and Cereals 2008. These illustrated the genetic
diversity in key new traits either identified or generated within the project. They also
demonstrated their value to modern agriculture, in terms of environment protection, reduction of
energy costs and improving crop resilience to the potential effects of climate change.

As a result of the sustained networking activities as well as WGIN datasets available
ahead of publication via the WGIN website, numerous new wheat genetic improvement projects
have been funded which involve either joint public-industry funding or public only funded
projects. Those funded by early 2008 were summarised in the May 2008 Stakeholders
Newsletter and since then two additional projects have been funded.

There have been several key research highlights from the core WGIN project

1. The mutagenesis of two different hexaploid wheat genotypes has lead to the
identification of useful variation in key traits of interest to the breeders including stay
green and white grain..

2. The Avalon x Cadenza DH mapping populations is now well covered with various types
of molecular markers and is used in numerous publically funded trait projects.

3. The development of a core set of conserved orthologous set (COS) markers.
Maintenance of key germplasm collections, The AE Watkins Collection, Gediflux
collection, precise genetic stocks, and new resources such as Paragon deletion lines
generated by gamma ray mutagenesis.

4. Variation for nitrogen use efficiency parameters (typically > 10-20%) has been identified
amongst modern commercial wheats, although these have been bred to perform under
high N inputs. Season to season stability for yield and NUE parameters has been
assessed in the commercial wheat varieties.

5. In total, 39 wheat varieties have been ranked for yield, grain N, N-uptake ability and N-
utilization efficiency, in 5 years of trials.

6. The establishment of a TILLING platform based on Cell digestion of DNA
heteroduplexes has allowed us to generate novel alleles for a number of candidate genes
that underpin key traits such as plant height, grain quality and starch biosynthesis. These
new alleles are being assessed within research programmes in the UK and Europe. A
novel mutation detection strategy based on high resolution melt analysis was also
conceived, and a number of individuals were trained in one or more detection methods.
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! Project Report to Defra
8.

7. The diploid einkorn wheat T. monococcum has proven to be an excellent source of novel
resistance to three key UK fungal disease, namely Septoria tritici leaf blotch, take-all on
the roots and eyespot on the stem base. Through WGIN breeding methods to introgress
traits from distantly related wheat species have been successfully re-established in the
UK.

8. Taking advantage of the 5 years of diversity trials used for the nitrogen use efficiency
project, several modern wheats have been identifies which consistently lower take-all
inoculum build up in a 1% wheat situation. This should provide a new control strategy to
be devised based on variety rotation which will help to minimise the risk of severe take-all
occurring in the following 2™ wheat crop.

So far five publications have appeared in international peer reviewed publications, a
further three have been submitted for publication and several others are at the late stage of
preparation or are at the planning stage. For many of the traits, between 3 and 5 years of data
were required to establish that either genotype differences really did exist and then to explore
the genetic basis of this variation. There have been 24 significant invited oral presentations of
WGIN research results in the UK and elsewhere.

During the 21% century we will enter, what may become known as the ‘post-fossil-fuel
era. The WGIN core projects, many of which will continue within the project’s renewal, should
help to alleviate the energy thirstiness and environmental impact of the UK wheat crop.
However, key hurdles remain which currently prevent commercial implementation of much of this
new research. For example, the existing national and recommended trials are only done under
high input regimes. For Defra to achieve its key environmental, energy and climate change
targets whilst maintaining food security, a new way forward to evaluate and secure tested elite
germplasm fit for these public good purposes must be sort.

As a guide this report should be no longer than 20 sides of A4. This report is to provide Defra with
details of the outputs of the research project for internal purposes; to meet the terms of the contract; and
to allow Defra to publish details of the outputs to meet Environmental Information Regulation or
Freedom of Information obligations. This short report to Defra does not preclude contractors from also
seeking to publish a full, formal scientific report/paper in an appropriate scientific or other
journal/publication. Indeed, Defra actively encourages such publications as part of the contract terms.
The report to Defra should include:

e the scientific objectives as set out in the contract;

the extent to which the objectives set out in the contract have been met;

details of methods used and the results obtained, including statistical analysis (if appropriate);
a discussion of the results and their reliability;

the main implications of the findings;

possible future work; and

any action resulting from the research (e.g. IP, Knowledge Transfer).
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! References to published material

9. This section should be used to record links (hypertext links where possible) or references to other
published material generated by, or relating to this project.
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