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ne hundred years after the birth of genetics,

plant breeding has consciously manipulated

few genes, notable examples being genes for

disease and pest resistance and dwarfness. For most

quantitative characters, such as yield, there has been

relatively limited understanding of underlying genes

and their functions.  Now, biology is catching up

with physics and chemistry in its ability to

accumulate knowledge on the underlying processes.

The advent of sophisticated measurement

technology coupled with immense computing

capacity has led to the availability of powerful new

tools that can quantify and identify DNA sequences,

cell proteins and metabolites. The entire genomes of

several organisms have been, or soon will be,

sequenced in terms of their genetic code. Simply

knowing the sequence, however, is a long way from

knowing how organisms function and interact with

the environment. One of the strengths of IGER is

that we can investigate the chain of events from gene

to field and final consumers. With knowledge

increasing at an exponential rate, there are vast new

opportunities to develop ‘designer’ plants using

precision breeding. 

The New Biology 

Molecular Genetics
Genetic improvement through breeding depends on

the extent to which breeders can select for and

against desirable and undesirable genes. Many traits

of agricultural importance are ‘complex’- governed

by a number of genes which interact with each other

and whose individual effects are difficult to

distinguish from each other and from the effects of

the environment. Genetic mapping is being used to

dissect those traits into individual genetic

components and to link these components with DNA

markers. The concept of identifying close

associations between traits and markers (known as

marker assisted selection or MAS -  see Figure 4.1)

is not new, but it is only recently that it is becoming

technologically feasible to undertake these kinds of

analyses on a routine basis. 

For many of the traits that IGER is interested in, the

use of markers will be considerably easier than time-

consuming, protracted direct measurements. In

addition, it will be possible to select simultaneously
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economical way of studying differential gene

expression on a very large scale. It is providing

information on gene expression, particularly in

microorganisms, at a staggering rate (Figure 4.2).

Advances in mass spectrometry, sophisticated

protein separation and other equipment, as yet in

their infancy, should mean that not only the genes

but also the proteins of different phenotypes can be

identified with extreme rapidity and accuracy

(Figure 4.3).  The ability to study the whole set of

proteins (proteomics) or metabolites (metabolomics)

found in a cell is a step nearer to understanding the

extremely complex and interactive processes which

underlie crop performance. By this route, we should

ultimately be able to identify genes for the metabolic

enzymes and the regulatory loci that govern the basic

processes underlying the traits of interest. We will

need to translate our understanding at the molecular

level to an understanding at the level of the whole

organism.

However, improving crop performance may not

merely depend on assembling genes from diverse

parents. Many crosses fail to deliver expected

results. Genetic linkage or physiological constraints
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for many characters. High-throughput robotic

systems will be essential for molecular plant

breeding, but there is also a need for testing the

robustness of markers in diverse crosses and across

locations and years before they can be routinely used

in breeding. The power of comparative mapping

means that as genes are sequenced in other species

such as rice, the corresponding genes in the forage

grasses and oats can be sought. This approach should

be of immense use as long as the genes of interest

can be identified in other species. It is difficult to

envisage, for instance, that the genes important to the

clover-Rhizobiumsymbiosis are present in rice.

Molecular techniques are also being used to measure

genetic diversity within our unique collection of

plant resources and also to measure the association

of molecular markers with factors in the

environment of origin. These resources represent a

veritable goldmine of genetic variation that has not

been fully exploited. 

Transformation 
Transformation involves the direct transfer of

specific genes. Without entering the current debate

on the release of genetically modified organisms into

European agriculture, the insertion of specific genes

or alteration of their regulatory mechanisms is an

extremely useful laboratory tool for the study of the

effects of individual genes and metabolic pathways.

Such techniques may point to processes which could

be modified by conventional plant breeding. 

The ‘omic’ revolution
The sophisticated technology alluded to earlier has

opened the door to what has been termed  ‘the omic

revolution' - the study of entities in aggregate.

Genomics, the study of the complete set of genes in

an organism or its organelles, has so far taken centre

stage. DNA microarrays consisting of thousands of

gene sequences ‘printed’ in a high density array on

glass microscope slides provide a practical and
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Figure 4.2The use  of DNA microarrays is already making it
possible to measure the relative expression of thousands of genes
simultaneously. Each dot represents a different gene and the
colour provides information about its expression
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between genes may prevent combining of certain

traits. Other genetic mechanisms, such as changes in

DNA sequences within genes or the switching on

and off of genes by methylation, may be a source of

variation that is apparently not present in the original

parents of crosses. Genomics may assist in

understanding these mechanisms. 

Applying new technologies at IGER
In the limited space available, it is only possible to

use a few examples to illustrate the future direction

of work on Improving Crop Performance. 

The sedentary nature of plants means that they, more

than animals, are at the whim of the environment.

Understanding how plants survive in sub-optimal

conditions offers an opportunity to adapt crop plants.

Ryegrasses (Lolium species) provide high yielding,

high quality forage but lack the persistency and

stress tolerance of Festucaspecies.  A major effort is

being made to identify the genes involved in traits

such as cold and drought resistance in the fescues,

with a view to their transfer to ryegrass. The

progenies of ryegrass/fescue hybrids, where small

segments of chromosomes of fescue insert

themselves into the ryegrass genome, offer an

extremely elegant means of studying the genes

involved (Figure 4.4). Bacterial artificial

chromosomes (BACs) - in effect, small chains of

markers - are currently being developed so that

markers linked to traits can be used to isolate the

actual genes concerned. Molecular approaches are

also being applied in clover to facilitate the efficient

integration of potentially valuable traits such as

rhizomatous habit from related Trifolium species.  In

oats, the potential of MAS to transfer disease and

stress resistance and altered chemical composition of

the grain from wild species is being investigated.  

The products of photosynthesis are important for

crop production and its utilisation. Enhancement of

reserve carbohydrate is central to the improvement

of the efficiency of forage utilisation in the rumen.

However, the mechanism and regulation of transient

reserve carbohydrate accumulation remains poorly

understood. In relation to the degradation of the

photosynthetic machinery during senescence, the

genetic and metabolic basis of extended leaf duration

(stay-green) and other senescence mutants and,

indeed, the fine controls of persistency (long-life),

will come under greater scrutiny in the future.  Much

of this understanding should readily be transferred

from ryegrass and fescue to other agricultural and

amenity grasses and to leafy vegetables.  

There is likely to be more emphasis on greater

mineral nutrient efficiency. We need, therefore, to

make a concerted effort to identify and understand

the physiological and molecular basis of genetic

variation in the efficiency with which forage grasses

and legumes absorb, store (in some species), utilise

and compete for nutrients. We should not forget that,

while nitrogen can be fixed from the atmosphere,

phosphorus may be more finite, and therefore

research into the genetics and physiology of

phosphorus-acquiring associations involving

mycorrhizaeis likely to be important. 
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Figure 4.3 2-D gel electrophoresis separation of proteins
expressed by a drought tolerant ryegrass genotype shown in
Figure 4.4. Protein spots can then be characterised and micro
sequenced by new mass spectrometry techniques which may link
them to known DNA sequences
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Conclusion
By revealing the way in which IGER's unique genes

work, we should be able to predict whether known

genes and protein products will work with each other

in harmonious interacting pathways, what the

resulting phenotype will look like and, moreover,

how useful the plants will be for dealing with the

needs of sustainability and other pressing problems

of the 21st Century. It is likely that a decade from

now, crop improvement will be as much laboratory-

based as field-based. Undoubtedly, the focus in the

foreseeable future on physiological and molecular

analyses and dissection of traits using the Institute's

unique genetic material will ultimately lead to a new

generation of varieties of our mandate crops, and

will also be of value to work in other sectors of

agriculture. 

Contact: john.valentine@bbsrc.ac.uk or

catherine.howarth@bbsrc.ac.uk 
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Pathogenic fungal diseases are a major constraint on

crop yield and quality. We aim to understand the

cellular foundation of individual host resistance

mechanisms so that we can recognise and exploit

truly durable forms of resistance in integrated,

sustainable systems of crop production. 

In all our mandate crops, seed is the vehicle of

propagation - in oats, it is also the consumed

product. Time of flowering largely governs growth

rhythm and adaptation to daylength, and the

reproductive phase, being sexual, is also the means

by which, naturally or artificially, plants ‘swap’

genes.  A better understanding of the molecular basis

of flower initiation, from the photoreceptor to the

flower induction signal, would be extremely useful

in being able to switch off flowering, for instance, in

genetically modified grasses, or merely tailoring

time of flowering to adaptation to environment and

management.  
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Survival of plants following drought stressFigure 4.4 Introgression of drought resistance and stay-green
from fescue to ryegrass
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