
n the UK an estimated 35% of the total cost of

milk and meat production is the cost of feed and

75% of the feed requirements are presently obtained

from forage, although this varies from around 60%

of the feed for dairy cows up to 90% for sheep.

Grasses are also widely used for non-agricultural

purposes ranging from intensively managed sports

turf to extensive amenity grassland and reclamation.

As grassland requirements for agricultural and non-

agricultural use become more demanding, grass

breeders face increasing challenges in developing

grasses ‘fit for purpose’. New technologies provide

new opportunities for creating new combinations of

desirable characteristics in an efficient and effective

way through what might be called ‘designer

breeding’.

Genetic markers

Of the emerging genetic technologies, the

availability of new genetic markers is most likely to

have an immediate impact on grass breeding. The

molecular design of the DNA double helix present in

the chromosomes of plants and animals provides a

means of storing genetic information as a molecular

code and transmitting it to future generations.

Individuals differ in the molecular sequence of

corresponding sections of their DNA and therefore

have unique genetic fingerprints. The concept of

genetic fingerprinting is now well established in

many areas of biological science from forensics

through to plant breeding. It is based on the ability to

detect differences from one individual to another in

the sequence of nucleotides that make up DNA. A

variety of DNA analysis techniques is available,

such as restriction fragment length polymorphisms

(RFLP), random-amplified polymorphic DNA

(RAPD), simple sequence repeats (SSR -

microsatellites), expressed sequence tags (EST),

sequence characterised amplified regions (SCAR)

and amplified fragment length polymorphisms

(AFLP). All of these can be used as markers to test

for the presence or absence of particular sequences

of nucleotides in the genome of individuals. SSR and

AFLP are particularly suitable for high throughput

DNA analysis systems that can deal rapidly with the

large numbers of genotypes often involved in

breeding programmes. By using standard crossing

experiments coupled with analysis for the presence

or absence of specific DNA markers in the progeny,

genetic maps can be constructed in which the DNA

markers act as milestones along linkage groups

corresponding to the different chromosomes that

carry the genetic information characterising an

individual’s genotype.

Genetic mapping

In related individuals belonging to the same

segregating family, genetic markers may be grouped

together, or not, depending on whether or not they

are genetically linked. It is inferred that markers in

the same linkage group are on the same

chromosome, while markers that segregate

independently of each other are on different

chromosomes. Within linkage groups, more distantly

spaced markers are less strongly associated in

segregating families than markers positioned close

together, because of recombination. This relationship

allows ordering of markers within linkage groups

and the construction of genetic maps (Figure 2.1).

Several mapping families produced by IGER are

MAPPING OUT  THE  FUTURE  FOR  GRASSES
Mervyn Humphreys ,  Ian Armstead,  Danny Thorogood and
Lesley  Turner  M

A
P

P
IN

G
 O

U
T TH

E
 F

U
TU

R
E

 F
O

R
 G

R
A

S
S

E
S

I G E R  I N N O VAT I O N S 2 0 0 2

1 2

I

Innovations-2002  10/7/2002  9:47 AM  Page 14



being used for a variety of purposes. For example,

the International Lolium Genome Initiative (ILGI)

involves collaborative mapping work between IGER

and research groups in Norway, France, the

Netherlands, Japan and Australia. It has used a

backcross-type mapping family produced by IGER

to construct a robust perennial ryegrass reference

map with useful information on areas of

correspondence in gene location (synteny) between

different forage grass species and cereals such as

rice. Information on this map is available on the UK

CropNet Forage Grass Genome Database (FoggDB

– available on the internet at:

http://ukcrop.net/grass.html) through IGER's

bioinformatics work with the UK Crop Plant

Bioinformatics Network. IGER has special

responsibility for the forage grasses in this Network

and maintains and develops the FoggDB .

Mapping families can also be designed specifically

to study important traits. For example, an F2

mapping family, generated from a cross between two

contrasting lines of perennial ryegrass, is providing

information on the location of genes controlling

water-soluble carbohydrate (WSC) content (an

important component of forage feeding value),

flowering time, disease resistance and seed setting

ability, based on the genetic variation arising from

gene segregation in the family.  The genetic map

produced from this mapping family has been aligned

with the ILGI reference map and is also being

aligned with maps designed to investigate other

aspects of feeding value and nitrogen use efficiency

in ryegrass in the EU funded NIMGRASS project.

Trait analysis using genetic maps

Genetic improvement in breeding programmes

depends on the ability of breeders to identify and

select desirable genes. This is relatively easy if

individual gene effects can be measured.

Unfortunately, important agronomic traits are

seldom the result of single gene effects, although

there are a few well-characterised examples such as

disease resistance, leaf colour and pollination control

(see below). It is more usual to find that important

agronomic traits are governed by a number of genes

whose effects merge into each other and cannot be

determined individually by phenotypic

measurements. Successful improvement of these

traits in breeding programmes depends on the

relationship between measured phenotypes and

underlying gene effects. Quantitative Trait Loci

(QTL) analysis provides a means of dissecting

complex traits to get closer to the individual gene

effects involved. 
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Figure 2.1. The relative positions of ‘anchor’ markers on the seven linkage groups (chromosomes) of L. perenne (see Chapter 3 for more

information on genetic mapping)

Innovations-2002  10/7/2002  9:47 AM  Page 15



Although genetic markers are often not in themselves

responsible for producing variation in traits of value

to plant breeders, they can mark the location of genes

controlling these traits through genetic linkage.

Forage grasses contain a wealth of natural genetic

variation for a wide range of traits and provide ideal

material for QTL analysis of traits relevant to all

grasses and cereals of economic importance.

Considerable genetic variation has been

demonstrated for various carbohydrates in perennial

ryegrass including fructans and starch (see Chapter

1, this issue). Fructans are the major storage

carbohydrates in the vegetative tissues of temperate

forage grasses and are an important precursor to

grain filling in cereals. Accumulated WSC is

important for environmental stress tolerance in

perennial grasses and has been shown to improve

plant protein utilisation by cows and sheep.

Therefore identification of genes associated with

carbohydrate accumulation in grasses is of

considerable interest to breeders wishing to improve

the feeding value of grass. QTL for various

carbohydrate components, including starch, have
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Figure 2.2 QTL of some carbohydrate related characters

mapped on the chromosomes of Lolium perenne (see Chapter 3

for more information on QTL analysis)

Figure 2.3 Lolium perenne grown in isolation houses for marker-assisted selection of plants with altered carbohydrate levels
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been located (Figure 2.2) and some functional genes

have been associated with specific QTL.

Making use of QTL information in future

breeding

Our research has shown that some regions of the

genome have major roles in the expression of

important agronomic traits such as carbohydrate

content. It has indicated which traits should be

independently selectable in breeding programmes

and marker-assisted selections, for example, for tiller

base fructans and leaf starch, have been made and

are being evaluated (Figure 2.3). 

In making these marker-assisted selections it is

important to understand the genetic control of

pollination. In outbreeding grasses this may affect

selection based on markers in particular regions of

the genome and limit seed production capability. In

common with all self-incompatible grass species,

ryegrass has a multi-allelic, two loci (S and Z)

incompatibility system that prevents self-pollination

(Figure 2.4). These loci have been mapped for the

first time by IGER using the ILGI mapping family. A

further study of incompatibility loci in the F2 WSC

family has revealed another incompatibility locus

(S5) that appears to be only functional in the self-

fertile allelic form and is probably a relic of the

ancestral polygenic incompatibility system.

Interestingly, the three incompatibility loci of

ryegrass have common linked markers to apomixis

genes (involved in reproduction without sexual

fertilisation) identified in the Tripsacum, Brachiaria

and Paspalum genera, suggesting that areas of the

genome with significant effects on the way plants

reproduce through seed are highly conserved and are

worthy of further study.

Conclusions

Map-based breeding and marker-assisted selection is

already taking place and we expect the first varieties

based on this technology to be released for advanced

trials within the next two years.

Contact: mervyn.humphreys@bbsrc.ac.uk
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Figure 2.4 Incompatible (a) ryegrass pollen grains germinate but

are prevented from penetrating the stigma surface and pollination

and subsequent fertilisation and seed set is prevented. Compare

with compatible pollen grains (b). This reaction is controlled by

two complementary genes (S and Z) in all grasses studied. 
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