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Introduction

In his writings, Charles Darwin described his studies of the 
selection which had been carried out by horticulturalists, 
horse breeders and pigeon fanciers over many years. 
This selection was successful in creating new varieties 
of plants, for example, different types of orchid, and 
improving breeds of animal for human use, including 
food and sport. It seemed clear to Darwin that similar 
processes were operating in nature where selection was 
carried out by the environment.

In crop plants, generations of selection by farmers had led 
to great changes in cereals such as wheat when compared 
to their undomesticated ancestors. Modern plant breeding 
to produce new and improved varieties is essentially the 
same process, but carried out consciously and in the light of 
scientific knowledge. The Russian geneticist and pioneer of 
plant improvement, Nikolai Vavilov, described plant breeding 
as ”evolution at the will of man”.

The principles outlined by Darwin and applied to crop 
improvement by Vavilov are still true today. However, over 
the last century, the science of genetics has developed 
rapidly and given us an understanding of how these 
processes work at the level of the genotype (the genetic 
make up of an individual) and then, through interaction 
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with the environment, to produce a phenotype (the 
observed characteristics of an individual).

Aberystwyth has been at the forefront of these advances 
since the founding of the Welsh Plant Breeding Station 
90 years ago. Over that time, progress in genetics has 
been applied to some of the most important crops of 
the UK and throughout the world.  

Plant breeding is needed now more than ever. It is 
pivotal in translating the tremendous growth in our 
knowledge of genetics into new varieties of our crops. 
The world is faced with the twin challenges of feeding a 
growing population and safeguarding the environment. 
The context of this challenge is global climate change 
which presents a major threat to crop production in 
many countries, such as those in sub-Saharan Africa 
where problems of food security are already acute.

Researchers at Aberystwyth have unique expertise in the 
breeding of crops which are perennial and outbreeding. 
This article will give examples of our work on perennial 
ryegrass, a prime example of a perennial outbreeding 
crop and a key species of improved grasslands for 
beef, sheep and dairy production in the UK and many 
temperate regions. However, we also have a long and 
very successful history in the breeding of oats, a minor 
but important cereal, and this will be used to illustrate 
the way in which our breeding objectives are changing 
to reflect the needs of wider society.

The advances we are making with these crops are based 
on developing general approaches and knowledge that 
can be applied to other crops around the world.  As 
such, work at IBERS encompasses not only applied 
breeding programmes but also fundamental studies of 
the processes underpinning evolution and this is shown 
in the next section.

Understanding meiosis

Meiosis is a specialised nuclear division which halves 
the somatic chromosome number in the cell nucleus 
to produce sex cells.  It is an integral part of sexual 

 There is a grandeur in this view of life, with 
its several powers, having been originally 
breathed by the Creator into a few forms or 
into one; and that, whilst this planet has gone 
cycling on according to the fixed law of gravity, 
from so simple a beginning endless forms most 
beautiful and most wonderful have been, and 
are being, evolved. 

Darwin - The Origin of Species

23 
Crop genetics in a changing world



reproduction in plants and animals, and is the process 
which drives genetic variation through the re-assortment 
of chromosomes and the recombination of genes 
following the “crossing over” of strands during the 
chromosomal pairing process.  Through the study of 
model organisms such as yeast and Arabidopsis, we now 
have unprecedented access to the genes and proteins 
controlling meiosis.  The structure and function of many 
of these appear to be highly conserved in many different 
organisms, which opens up the exciting possibility of 
translating our knowledge of meiosis in these model 
species to less tractable, but agriculturally important, 
species such as the temperate cereals and grasses.

Researchers at IBERS have just begun a project funded 
by the BBSRC to manipulate recombination in barley.  
There are compelling reasons for working on this crop.  
Recombination in barley, as in many other cereals and 
grasses, is restricted to the ends of the chromosomes.  
This means that a large proportion of the genes of 
this crop are consigned to recombination ‘backwaters’ 
and rarely form new combinations, thereby restricting 
genetic variability.  It is our intention to crack open 
these linkage groups by genetically manipulating the 
frequency and distribution of crossovers in meiosis 
to release novel genetic variation for use in advanced 
breeding programmes.  This is by necessity, a large, 
collaborative programme, combining the skills and 
expertise of meiosis research teams at the universities 
of Aberystwyth, Birmingham and Dundee with the 
collection of barley genomic resources based at the 
Scottish Crop Research Institute.  The Meiosis Group in 
Aberystwyth is focussing on developing novel cytological 
assays for recombination in meiotic mutants, using a 
combination of molecular cytogenetic techniques (see 
Figure 1).  These assays will enable us to detect changes 
in recombination and help us to gauge the success of 
our programme.

Enhancing drought tolerance in perennial 
ryegrass

IBERS’s high sugar perennial ryegrass varieties have 
been shown to contribute to increased liveweight 
gains in sheep and cattle, as well as to increased milk 
production. High sugar content contributes to more 
efficient nitrogen (N) conversion in the rumen, bringing 

Figure 1. 3D projection of a meiotic nucleus of barley, 
showing chromatin (blue), chromosome axes (green), ends of 
chromosomes (red) and centromeres (purple).

environmental benefits through reduced loss of N into 
the environment and, hence, lower diffuse pollution 
to water and air.

However, to ensure a successful future for high quality 
grasslands in the UK, we need to act now to address the 
challenge of climate change. To deliver productive and 
economically sustainable grasslands in the UK, a long 
growing season is required whilst also ensuring grassland 
persistency and excellent ground cover for 5 or more 
years. 

We use a number of strategies to ensure that future 
ryegrass varieties will withstand prolonged periods of 
severe drought stress. It may be a surprise that drought 
is a problem for UK agriculture, but even moderate 
drought periods will affect yield either through reduced 
growth, tiller or plant death, or through increased soil 
compaction. It has been estimated that in the UK, 1 
tonne/hectare of ryegrass yield is lost for every 50 mm 
soil water deficit. The effects of drought are exacerbated 
where soils are shallow, on sloping lands, or when 
temperatures are high. Plants withstand drought stress 
through numerous strategies for which the genetic 
controls are often highly complex, but are becoming 
better understood by using gene mapping technologies. 
Genetic linkage maps of the genes for drought resistance 
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in perennial ryegrass have been developed recently 
at IBERS by Dr Lesley Turner et al. in 2008. This year, 
linkage maps for resistance to both moderate and severe 
drought stress, and for winter hardiness traits, have been 
developed for a related grass species, meadow fescue 
(Alm et al., in press). Furthermore, the publication of the 
complete genome sequence of rice, and the knowledge 
that the ryegrass genome shares large areas of conserved 
gene sequences with this crop, have allowed the 
accurate prediction of chromosomal gene locations 
in ryegrass and enabled selection of candidate genes 
that may contribute to enhanced drought resistance. 
Using a process termed ‘association mapping’, candidate 
genes are being tested for their relevance to drought 
resistance within IBERS high sugar ryegrass varieties. 
Already, positive associations have been found by Dr 
Leif Skøt between one of the candidate genes and 
tiller survival, foliar growth, and leaf elongation during 
and following moderate drought stress in the varieties 
AberStar, AberDart and AberMagic.

Where insufficient variation for drought resistance is 
available within perennial ryegrass, or where tolerance 
to more extreme climates than those experienced 
currently in the UK is sought, fescue species closely 
related to ryegrass are employed. These two species 

hybridise naturally and, during meiosis, exchange of 
genes between ryegrass and fescue chromosomes 
occurs at very high frequencies. Using a process termed 
‘introgression mapping’, selected fescue alleles for 
drought resistance are being transferred into ryegrass 
lines with little or no compromise to the ryegrasses’ 
excellent growth and foliar traits. The efficacy of these 
introgressions in ryegrass is currently being assessed 
and, already, three breeders’ lines are in development 
in preparation for variety assessment (Figure 3).

Marker-assisted breeding is being developed to facilitate 
the selection of key alleles for desirable traits over several 
plant generations. The marker-assisted approach provides 
for a consistent and predictable plant phenotypes whilst 
reducing costs in breeders’ time, cutting down the number 
of plants required, and decreasing the preparation 
and use of long and expensive physiological screening 
procedures. 

Developing new markets for oats

IBERS and its predecessors have a very successful record 
in breeding oats. More than 70% of the crop currently 
grown in the UK was bred in Aberystwyth. The breeding 
programme has been recognised for its continual 
innovation in developing winter and spring oats targeted 
at both the human and livestock consumer. This has 
resulted in a number of successful varieties being placed 
on the UK Recommended List that combine the quality Figure 2.  AberDart perennial ryegrass.

Figure 3. Under simulated severe drought stress conditions, 
segregation of ryegrass plants with or without genes for drought 
resistance introgressed from Mediterranean adapted fescue 
ecotypes.

Image by Warmlight © IGER
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characteristics required by end users with the important 
agronomic traits, such as yield, disease resistance and 
good standing ability, that are required by the grower. 

As with the grasses, the oat breeding programmes are 
increasingly combining conventional approaches to genetic 
improvement with the application of molecular markers, in 
conjunction with high throughput phenotypic analysis.

Discussions with end users assist in developing targets for 
the breeding programmes. For human consumption, there 
is increasing demand across the UK for safe, high quality 
and healthy food. Oats are one of the few food crops that 
have been allowed an official health claim, predominantly 
due to their β-glucan content. These are complex 
polysaccharides that help to reduce blood cholesterol and 
moderate sugar release during food digestion, thereby 
reducing the risk of cardiovascular disease and diabetes.  
Development in molecular marker technology and high 
throughput phenotyping are enabling us to identify genetic 
material with appropriate levels of β-glucan that can be 
introduced into the breeding programme. Oats also contain 
a unique range of polyphenolics (avenanthramides), 
effective antioxidants implicated in cardio-protective 
benefits, as well as several beneficial lipid components 
(tocopherols) that have been connected with perceived 
health improvements. Developments in high throughput 
screening are enabling us to simultaneously select for a 
wide range of these important grain composition traits 
within the breeding programmes.  

Opportunities also exist to use oats as a source of 
important bio-industrial platform chemicals and, through Figure 5. Winter oat trials at Gogerddan.

Figure 4. Dr John Valentine accepts the RASE (Royal Agricultural 
Society of England) award on behalf of IGER Plant Breeding 
for the development of innovative crop varieties from Sophie, 
Countess of Wessex. 

advanced fractionation, capitalise on their potential 
for application in the human health, cosmetic and 
pharmaceutical sectors. Oat oil, colloidal oat extract and 
β-glucan are high value compounds with a wide range of 
applications. The plant breeding challenge is to combine 
phenotypic, metabolomic and molecular technologies to 
simultaneously select for these compounds and develop 
oats that will provide economic product streams.

The amino acid profile and high oil content of oats make it 
a valuable livestock feed. Naked oats with high oil content 
provides a high value feed for the poultry and pig sectors. 
Molecular and conventional approaches are being used to 
develop oats that combine high oil with a low lignin husk 
to provide a high energy feed that can also be utilised 
by the ruminant sector. This opens up the potential for 
more oats to be grown on-farm, and also capitalises on 
the lower environmental footprint of oat production in 
comparison with other cereals.
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