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ver 130 years ago Gregor Mendel established

the basic underlying principles of genetics.

Critically, Mendel showed that different versions of

a gene (the basic unit of inheritance), called alleles,

determine physical attributes of an organism (the

phenotype) and some alleles are dominant whilst

others are recessive. An allele is said to be recessive

to another if its associated phenotype is not observed

in the presence of the other. We now know that

different alleles are determined by differences in

DNA sequence, and when we see differences in plant

phenotype these differences will have had an impact

on protein structure or function. 

Mutants
A plant which exhibits a novel phenotype is termed

a mutant because it differs from the normal, or wild

type organism. Much plant breeding and research

has been based on the naturally occurring allelic

differences between individual plants. However, as

time progressed many researchers have sought to

make this process more efficient by using agents,

such as certain chemicals and radiation, which

increase the rate of mutation. Furthermore, in some

species, and in particular maize, naturally occurring

DNA disrupting elements called transposons can be

exploited. Transposons are themselves pieces of

DNA that exist in the genome but, under specific

conditions or at specific stages of growth, become

active and jump into a new location. When a

transposon inserts a copy of itself into a gene it will

often disrupt the gene, and this will mean that the

protein it normally makes does not appear or is

different and possibly faulty. However, not all

mutations are “bad” or deleterious. Indeed, it is

mutation which generates the wide range of different

phenotypes in individuals on which natural selection

can act. A number of mutations during the

domestication of crop species have been essential for

the development of agriculture, and others are

frequently exploited by gardeners  (Figure 1.2). 

Functional Genomics
Following the sequencing of two plant genomes

(Arabidopsis thaliana and rice) and large scale gene

sequencing in many other plant species, attention is

now turning to functional genomics, the association
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Figure 1.1 Maize growing in a polytunnel
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of each gene to a phenotype. One way to do this is to

exploit transposon-mediated mutagenesis to

generate disruptions (referred to as knockouts) of

every gene in the genome. In maize we are fortunate

that several naturally occurring transposon systems

exist (i.e. these plants are not GMOs). The Mutator

transposon, for example, which can be present at a

frequency of 50-100 copies per plant, inserts itself

into new chromosome locations, but almost always

within a gene – in this way the gene is disrupted.

This means that in a mutant collection of a few

thousand plants, every one of the predicted 40,000-

60,000 genes will have been knocked out, with

reasonable certainty, in at least one of the plants.

Analysis of these plants, using the known sequence

of the Mutator DNA, can reveal the identity of the

disrupted gene.

Agronomic traits and other potential
applications
Maize is an important forage crop in its own right

and it is also a model species for forage grasses, as it

has extensive molecular tools for genetic analysis

which are currently unavailable for temperate grass

species. 

Functional genomics using mutants in forage maize

enables us to identify and manipulate genes to gain

an understanding of the genetic control of plant

genes, including those for quality and plant

performance traits relevant to grassland agriculture

(Table 1.1). For example, changes in the chemical

composition of forage may significantly affect the

functioning of the rumen ecosystem, its N use

efficiency, gaseous pollutant emissions and the

animal’s blood chemistry. These factors can have

major subsequent effects on animal health and

performance, and environmental pollution, which

ultimately impacts on agricultural efficiency and

sustainability.

Using a maize mutant collection we believe it may

also be possible to develop maize and, via gene

identification and synteny, subsequently other

grasses, for non-food use such as for biofuels by

fermentation to hydrogen or ethanol, for pyrolysis to

bio-oil or for combustion. Four traits may be

predicted to affect the suitability of grasses as a

biofuel: (1) leaf senescence (the loss of chlorophyll

and photosynthetic activity), (2) the concentrations

of fermentable carbohydrates, (3) the extent of cell
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Table 1.1 Important agronomic traits in grasses

Performance Traits Quality Traits

Leaf development Secondary metabolites

Disease resistance Stay-green

Flowering Cell wall carbohydrates

Tillering Digestibility

Perenniality Protein stability

Stress tolerance Cell wall phenolics

Apomixis Starch

Soluble sugars

Figure 1.2 Natural mutants. (a) Maize. (b) White Bluebells. 
(c) Mendel’s yellow and green peas

a

c

b

I (Yellow seeds)
wild type, dominant

i (Green seeds)
mutant, recessive
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wall phenolic cross-linking, and (4) the extent of

lignification. Moreover these traits are desirable at

either high or low concentrations for different fuels.

This ‘mutant’ technology can therefore be used to

develop and assess novel maize for application as

enhanced forage feed for the livestock industry or for

use as a raw material for biofuel processing. 

Screening for identification of mutants 
Currently at IGER we have a maize mutant

population of 1600 M1 seed lines containing up to

160,000 different Mutator insertion events (i.e. up to

four mutants per gene). In 2002, four seeds from 200

lines (800 plants) were grown to maturity and a

morphological and photographic database of these

mutant maize plants was established, together with

tissue samples (leaf lamina, midrib, internode, stems

and cobs), to provide the basis of a new resource for

future mutant screening.  In the next two years this
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will be extended to include a further 400 lines.

Having produced a mutant tissue collection the next

challenge is to develop high throughput assays to

identify specific mutations. Morphological and

biochemical mutants with a visual phenotype can be

screened relatively easily (Figure 1.3). However, the

identification of most biochemical mutants requires

the development of specific screens, such as that

developed for detecting protease enzyme mutations

(Figure 1.3f). Ultimately, high throughput screens, to

identify new mutants based on the metabolite profile

of the plant tissue, are required. For this whole ‘plant

metabolome’ analysis, Fourier Transform Infrared

Spectroscopy (FTIR) (Figure 1.4) coupled to

chemometric - machine learning computer

programs, is being developed. This is a method to

identify mutations in the chemical composition of

Mutator maize plants, in forward genetic screens,

a

d

c

e

f

b

Figure 1.3 Stature, stay-green, pathogen lesion
mimics, brown mid-rib, wall phenolic and
protease mutants. A, B;  Seedling staygreen
screen identifies stature mutant, C, D; Visual
screening identifies brown mid-rib (bmr) lignin
and pathogen lesion mimics mutants, E; Leaf
fluorescence screen identifies cell wall phenolic
mutant, F; Leaf protease screen identifies
stabilised protein mutants.
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and also to characterise the effects of mutations in

known genes in reverse genetic screens. 

From phenotype to gene (Forward genetics)
The mutant collection represents a resource with the

potential to generate valuable genetic material where

genes are linked to traits. Key traits which have been

identified as suitable for this approach include:

protein breakdown/stability, polyphenol oxidase

activity, lignin content, cell wall phenolic cross

linking, levels of soluble sugars, and delayed

senescence. A number of these traits are believed to

affect digestibility or fermentability and are

therefore important for both animal feedstocks and

biofuel production. Once plants which exhibit

desirable phenotypes have been identified, it will

then be necessary to determine which genes have

been disrupted in these mutants based on the

insertion position of the Mutator transposon. The

DNA flanking the transposon (i.e. the gene

responsible for the trait) can then be sequenced. Such

a strategy to knockout each gene and screen plants

for modified characteristics is essential because

although the desired genes are known to exist in

plants the gene sequences have yet to be identified. 

From gene to phenotype (reverse genetics)
The mutant collection can be screened for Mutator

insertions in specific maize genes using knowledge

of the gene sequence and the sequence of the

transposon. We are therefore using these techniques

to examine the effect of Mutator knockouts of genes

known to be related to specific traits such as delayed

senescence, lignin content or protease activity.

Biochemical and/or compositional analyses can then

determine the consequences of these knockouts on

plant processes. It is anticipated that this approach

will also provide a number of mutants that will

contribute information for FTIR spectrum libraries.

A major practical aim is to generate maize plants

with genetically defined lesions in their chemical

composition to permit assessment of these

modifications on plant performance in relation to

rumen fermentation and animal production. For

example, Mutator insertions in individual

senescence enhanced genes have already been

identified using a PCR-based screen (Figure 1.5),

and some of these plants have been shown to exhibit

delayed senescence and reduced proteolytic activity.
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Figure 1.4 ATR IFT-IR spectra of intact maize leaves after
methanol extraction

Figure 1.5  Identification of  maize plants with a Mutator (Mu) insertion in target genes in three steps: (1) identification of a PCR product in
DNA isolated from the leaves of 48 plants pooled together; (2) confirmation of a PCR product in the DNA of an individual plant; (3)
confirmation of a PCR product which segregates in the DNA of plants grown from seed of the plant identified in step2. 

Contact: iain.donnison or phil.morris@bbsrc.ac.uk
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