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he advent of molecular genetics gives us a new

tool to study and manipulate gene expression.

Forage quality is an area where improvements

would be welcome in raising animal production while

reducing the need to provide supplementary feeds.

Conventional breeding has gradually improved various

aspects of forage quality and will continue to do so.

However, genetic manipulation (GM) enables us to

identify and precisely target particular changes that may

be most beneficial. As such, it can be of great benefit

both in laboratory studies of gene expression involved

in determining various aspects of forage quality, and

either directly, or indirectly, in plant breeding

programmes.

Why Genetic Manipulation?  
For thousands of years man has been involved in

manipulating the plants grown as food for livestock or

for human consumption. Over the last 50 years or so,

‘conventional’ plant breeding has brought us huge

advances in yield, quality, resistance to pests, diseases

etc. Plant breeding relies on producing and exploiting

natural variation (e.g. by crossing crop plants to wild

relatives; Figure 2.1), and then selecting for plants

which show the desired traits (Figure 2.2). In many

cases this can be done by crossing in genes from other

species by sexual hybridisation. However, there are

limits to what this approach can achieve and genetic

manipulation allows us to bring in new forms of

variation.

In addition, plant breeding involves the ‘shuffling’ of

genes to create new variation and then a long process of

crossing and selecting to produce plants showing new

characters, but with major undesirable characters

removed. Genetic manipulation allows us to precisely

target one or a few genes, without altering the

expression of the vast number of other genes. (See the

two boxes on ‘What can GM do’ and ‘Stages in the

production of transgenic forage grasses’.) This will

reduce considerably the amount of time taken to

produce new varieties, although, in the short term, it

may take longer to test them!
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Figure 2.1 Traditional plant breeding involves producing
controlled crosses.

T

Figure 2.2 After producing controlled crosses, traditional plant
breeders need to evaluate the resulting plants in the field and
select beneficial gene combinations; the majority of non-
beneficial gene combinations will be rejected.

Iger pages No. 3 1999 15  2/7/99 12:21 pm  Page 14



What can Genetic Manipulation Do? 

Using transgenic technology we are able to:

• specifically increase the expression of a gene, or 

genes;

• specifically decrease the expression of a gene, or 

gene family;

• alter where a particular gene is expressed in the 

plant either (a) in time (developmentally) or  (b) in

the plant parts (cell and tissue specificity) 

(Figure 2.3)

• introduce new genes, not normally expressed in 

plants.

Only the last point necessarily involves the introduction

of genes from other species.

How can GM plants be used?
To test current theories about genetics, biochemistry,

gene expression and gene inheritance. For example,

work is being done at IGER to isolate a gene which

delays senescence (‘the green gene’). Once the

candidate gene has been identified and isolated, it can be
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Figure 2.3 Expression of t h e ß-glucuronidase (GUS) marker
gene (blue) in different plant tissues. 

Stages in production of transgenic forage grasses

a. Cell suspension culture

d. Antibiotic selection

Target tissues (usually cell suspension cultures (a)) are bombarded with gold particles carrying new genes (b).
Suspension cultures are put onto solid media to regenerate somatic embryos (c) and ultimately plants. Tissues are
transformed with a combination of 2 genes: a gene of interest and a “selectable” gene (usually antibiotic resistance).
Only those cells which take up and express the selectable gene will survive in the presence of the antibiotic (d & e).
After a period of selection, the growing medium is changed to promote plant regeneration from the surviving cells (f).
Once sufficient shoot and root material has regenerated, the plantlets are transferred to soil (g). The plants must then
be evaluated for the presence and expression of the transgene, and for its effect on plant performance.

e. Selection & regeneration f. Plant regeneration g. Plant in soil

c. Somatic embryogenesisb. DNA bombardment
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introduced into a plant which senesces normally and its

effects studied in isolation. Also, there is the possibility

of expressing the ‘green gene’ as a dominant character

rather than the recessive character as currently inherited. 

To identify targets. Using GM we can identify those

genes whose expression needs to be changed in order to

improve a particular trait. This would then give the

breeders precise information as to what to look for in

new traditionally-bred material.

To identify gene markers. Using GM we can identify

genes whose expression we wish to alter, then use these

identified genes as markers to screen breeding

populations for the new character. This would reduce

considerably the time taken to identify new gene

variants produced by conventional breeding.

As new varieties in themselves. Some traits cannot be

incorporated into plants by current conventional

breeding methods. However, new varieties containing

introduced genes could be produced. These GM

organisms (GMOs) would only be used in agriculture

after extensive testing and consultation on their safety

both for consumption and their effects on the

environment. Ultimately, this will depend on the

public’s acceptability of GMOs in the food-chain.

Examples of work being carried out at
IGER
We are testing different approaches to improve the

quality of forage, as well as to improve the efficiency,

and acceptability, of the genetic transformation system.

Experiments are being conducted to reduce the amount

of DNA incorporated to the bare essentials and to devise

ways to remove DNA required in the early stages of

transformation (Selection - see box item), but which is

not required in the final product. We are involved in

safety assessments of GMOs. All our work is done in

containment glasshouses so that no pollen is released

into the environment (Figure 2.4). No transgenic plant

(or its’ pollen) may be released to the environment until

the regulatory authorities are convinced that these plants

are ‘safe’.

Some examples of ways in which forage quality are

being altered include:

Increasing protein content by reducing protein

breakdown

Plants produce enzymes called ‘proteases’ which are

packaged out of harm’s way in the cell vacuole. Once

the cell is broken open (e.g. during ensilage, or in the

rumen, or in the later stages of senescence) these

proteases are released and begin to destroy cellular

proteins (Figure 2.5). 

The more proteases there are present, the more protein

is destroyed and as a result less is available to the

grazing animal; this contributes to nitrogen release to

the environment and the need to feed additional protein

to ruminant animals. One approach being tested is to

reduce the amount of proteases using genetic

modification.
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Figure 2.4 All transgenic plants are grown under strict
containment 

Figure 2.5 Spot assay of leaf protease activity, showing
increasing amounts of proteases   (more intense light spots) in
older leaves. Mature leaves of forage, as cropped by animals,
would also contain large amounts of proteases. 

Older Leaf age Younger

Iger pages No. 3 1999 15  2/7/99 12:21 pm  Page 16



Contact: andy.bettany@bbsrc.ac.uk

Reduce losses associated with leaf senescence

In a collaborative project with the University of Wales,

Aberystwyth, transgenic Italian ryegrass plants have

been produced which express a growth regulator which

is switched on as the plant starts to senesce. This growth

regulator (cytokinin) effectively tells the plant to stop

senescing and start growing again. Plants which express

this gene will exhibit a ‘stay-green’ appearance (Figure

2.6); every time they start to yellow, the cytokinin gene

will switch on and the plants will re-green and so

continue to photosynthesise. Because the leaves remain

green, they will also contain higher levels of protein. 

Reducing the amount of indigestible material

Grasses, like other plants, contain phenolic acids and

lignin in their cell walls (Figure 2.7). These compounds

are important in keeping the plant erect and in resistance

to pests and diseases. 

Unfortunately, these tough materials are also practically

indigestible to forage animals and so represent an

element of ‘waste’ in their diet. 

Enzymes involved in the synthesis of lignin and cell-

wall phenolic acids are being targeted either to reduce

the amount of indigestible cell-wall material in forage or

to make the cell-walls more digestible by the animal

(Figure 2.8).  The aim is to find a compromise where the

grass is not permanently weakened or rendered more

susceptible to pests and diseases, but is more nutritious

for the grazing animal.
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Figure 2.6  Sections of youngest-fully-expanded leaf of wild-type
or staygreen Lolium temulentum, at day 0 or after 2, 4, or 6 days
senescing in the dark.

Figure 2.7 Cross section of leaf sheath of ryegrass showing
lignified vascular tissues 
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Figure 2.8 Typical in vitro digestibility measurements of
ryegrasses and fescue. Reducing lignification would improve
digestibility.
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