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hile gene sequences describe all the genes in

a plant they do not define their function. The

focus of genetic research has therefore now

shifted from high-throughput sequencing to elucidation

of gene function. This is being addressed by analysing

the interactions between gene expression, protein

content and activity, metabolite levels, and plant

development. Functional genomics therefore involves

the application of tools of whole genome expression

analysis (transcriptome, proteome, metabolome)

(Figure 1.1) coupled to bioinformatic techniques, for

analysing and presenting data in readily accessible

formats. This wide-ranging approach is also an

extremely powerful tool for studying the overall

biological impact of changes in expression of

individual genes, such as in transgenic or mutant plants. 

From model to crop species
One of the key parts of functional genomics depends

upon new genetic resources, and for higher plants, both

Arabidopsis and rice have now been sequenced. This

information is being made universally available and is

of significance to IGER, as bioinformatic and

comparative genomics allows us to read across from

sequenced plants to grasses, clovers and oats. A second

aspect of functional genomics is the production of

�gene machines� (a means to identify the function of

genes from a mutant collection) and mutant plant

collections.  IGER is using such tools in Lotus

japonicus (a model legume) and in maize (a model

grass)  (Figure 1.2). However, the full exploitation of

model species and new genetic resources requires new

technologies capable of generating and analysing large

amounts of high-resolution data. 
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Figure 1.1. Functional genomics integrates information from various molecular methodologies to gain an understanding of how the DNA
sequence of the genome is translated into the complex biology of the living cell and organism 
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Genomes and genome mapping
At many places in the genome (the entire complement

of DNA), individuals within a species, population or

family have DNA that is slightly different, or

polymorphic. A range of technologies is available for

visualising these polymorphisms.  For example, by

amplifying small fragments of DNA we can look at

plant families of individuals that have polymorphisms

in their DNA and analyse the way in which many

different polymorphisms are inherited. In this way we

can build up a genome map of hundreds of these

polymorphisms. At the same time measurements on the

same plants for traits we are interested in, allows us, by

analysing the inheritance of these traits, to place the

gene(s) controlling them on the genome map, with their

position being defined by the nearby DNA

polymorphisms. These polymorphisms are known as

molecular (or DNA) markers, and the process of using

them to define the position of genes is known as gene

mapping. A recently acquired state-of-the-art

automated DNA sequencer will allow us to greatly

increase the speed with which we can detect DNA

polymorphisms and hence the number of plants we can

characterise in this way (Figure 1.3).

The transcriptome
Although all cells in an organism contain all the DNA

necessary to express every gene, only a relatively small

number of these genes are expressed together. The

transcriptome is a snapshot of all the genes being

expressed at a particular time in a cell, tissue, organ or

organism. By comparing the transcriptome of plants in

different environments, or of diseased and healthy

individuals, or at different stages of the lifecycle,  it is

possible to identify those genes which are specific or

more abundant.  In the past, the main limitation has

been the small subset of the transcriptome which can be

studied. We now have collections of expressed DNA

sequences specifically related to traits of interest in our

mandate species, including secondary metabolism in

legumes and leaf senescence in grasses. When these

sequences are arrayed onto grids, using robotics (Figure
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Figure 1.2. Chemically
induced mutants of Lotus
japonicus (A), and a
dwarf mutant of Maize
derived from a Mutator
grid (B). Bar = 25 cm

Figure 1.3  Detection of DNA polymorphisms using the ABI 3100
DNA sequencer, also showing outputs from the machine 

Figure 1.4 Qiagen robot used for generating DNAs for expression
analyses. (Insert � a typical grid showing the relative expression
of hundreds of genes)
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1.4), gene expression patterns can be analysed on a

large scale. The advent of commercially available DNA

microarrays further scales up the amount of

transcriptome information obtainable, and because

many gene sequences are known for a number of plant

species it is now possible to compare the expression of

many thousands of genes simultaneously. In

collaboration with colleagues we are taking advantage

of the large scale investments in models such as maize,

rice and Lotus to study the transcriptome of ryegrasses

and clover. 

Proteomics
During development and adaptation to the

environment, information in the genome is decoded

into the proteins that make up the fabric of cells and the

enzymes that carry out life processes. The proteome is

a global view of the protein products of transcription

that determine the developmental and adaptive state of

the organism. To analyse the proteome requires a

collection of specialised tools. Separation of the

complex mixture of proteins is accomplished by two-

dimensional gel electrophoresis. Analysis of such gels

requires sophisticated imaging and data-processing

software. Previously a few protein spots could be

identified but most remained unknown. It is now

possible to take individual spots and, using techniques

such as MALDI-TOF mass spectrometry, obtain a mass

fragment �fingerprint� (Figure 1.5) that can be matched

to databases of known proteins or to deduced DNA

sequences. IGER's expertise in protein separation is

complemented by the mass spectrometry and data

processing facilities available through collaborators in

the Aber BioCentre (http://www.aber.ac.uk/abc/) at the

University of Wales, Aberystwyth. 

Metabolomics
Ultimately, the products of differential gene expression

are integrated and lead, via numerous complex

metabolic pathways, to the production of the wide

range of cellular metabolites necessary for cell growth,

differentiation and survival. It is these metabolites,

which collectively form the metabolome of the cell or

organism, and metabolomics, which aims to identify

their chemical structures and describe their

interrelations. New developments in instrumentation

and bioinfomatics now make it possible to gain

information about the whole metabolic state of plant

cells, tissues and organs and to understand how this

drives plant developmental programmes. 

Large amounts of data on global changes in metabolism

can be rapidly obtained by spectral analysis of complex

mixtures of metabolites. Through collaborations with

Douglas Kell's group at UWA, who are developing a

range of spectroscopic, specrophotometric and data

analysis/machine learning techniques, we can access

global changes in the plant metabolome.

Modern mass specrometric techniques also have the

potential to provide structural information on a wide

range of metabolites quickly and with high sensitivity,

particularly when coupled to efficient separation

techniques such as micro-bore HPLC and capillary

electrophoresis. Such tandem instruments are being

used both for detailed analysis of specific areas of

metabolism identified from more global studies, and as

a tool in metabolite profiling for comparisons between
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Figure 1.5 2D gel separation of proteins followed by MALDI-TOF
MS, gives masses of peptide fragments of a protein spot, from a
leaf of Lolium temulentum, cut out of a 2D gel.  a)  2-D gel, b)
mass fragment pattern 

a

b



samples. A similar targeted approach to the analysis of

phenolic and pigment metabolites of grasses and

legumes by HPLC, coupled with UV/visible photo-

diode array spectral analysis (Figure 1.6), is

complemented by mass spectrometry and high-field

NMR facilities available within IGER�s spin-out

company, MolecularNature Ltd. 

Bioinformatics
Functional genomics techniques generate huge amounts

of data in different formats, from DNA sequences and

genetic maps to images of gels. For these data to be

useful, they must be collated, stored in a secure and

systematic manner, and analysed to extract the

maximum possible biological information.

Bioinformatics is the science of storing, analysing and

disseminating biological datasets, and most

bioinformatics programmes include the development of

specialised databases, which can accommodate the

necessary diversity of data types. IGER maintains the

Forage Grass Genome database (FoggDB)

(http://ukcrop.net/perl/ace/search/FoggDB), into which
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major classes of soluble phenolic compounds in red clover leaves.
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are entered all the genetic maps and marker data of

relevance to the grass and clover programmes.

Information about sequences, traits, publications and

people is also included. FoggDB is developed as part of

the BBSRC-funded programme UK CropNet

(http://ukcrop.net/), which also supports work at the

John Innes Centre, the Scottish Crops Research

Institute and the Nottingham Arabidopsis Centre.

Together, the four institutions apply bioinformatics

tools to the study of comparative genomics so that

results from one crop species can be applied to the

improvements of others. 

From genes to landscapes...
IGER's research on genetics, breeding, agriculture and

the environment has entered the new era of functional

genomics. Through investment in instrumentation and

close collaboration with partner institutions that have

complementary expertise and facilities, IGER will

benefit in the future from the application of functional

genomics to its basic and applied research targets.  

Contact: phillip.morris@bbsrc.ac.uk


