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GER's programme in Molecular and Applied

Genetics (MAG) is developing new tools for

analysing and exploiting the genes of grasses in

general, and ryegrass in particular.  We study

fundamental aspects of genetics, (e.g., genome

organisation) and use our understanding of genome

organisation to determine the genetic control of

target traits and to develop strategies to isolate the

genes involved. Information, technology and

germplasm generated in this programme are fed

directly to IGER's plant breeders, who are

developing high quality varieties that are able to

meet the UK’s sustainability and climate change

targets. In this article we describe some of the

research that is enabling us to achieve these targets,

focusing particularly on exploitation of the

sequenced rice genome and the use of powerful

informatics resources.

Developing links between rice and the grasses

Using a combination of molecular biology and high-

resolution microscopy, we have divided one of the

chromosomes of the grass Festuca pratensis

(meadow fescue) into 18 segments. The segments

vary in size from 1 to 6% of the total length of the

chromosome. Each segment can be distinguished

from all the others by its pattern of DNA markers.

These markers include both amplified fragment

length polymorphisms (AFLPs) and restriction

fragment length polymorphisms (RFLPs). Since this

work on the Festuca chromosome was carried out,

the complete DNA sequence for rice (used as a

model crop) has been published. In order to exploit

the rice genome sequence for the benefit of our work

on grasses, it is necessary to be able to link DNA

markers from Festuca with DNA markers from rice.

The AFLPs and RFLPs already used in Festuca are
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Fig 1.1 Comparative cloning and association of candidate genes with QTL in linkage groups (chromosomes) of Lolium perenne. Hd, FT, CO, Vrn
and Ppd are specific flowering-related genes from rice, wheat, Arabidopsis and barley which have analogues in Lolium.



not suitable for this comparison and therefore we are

using the rice data to produce a third type of DNA

marker known as single nucleotide polymorphisms

(SNPs). These are based on individual base pair

differences in alleles at the same genetic locus.

Because of the common ancestry of grasses and

cereals, and because we know exactly where each

SNP is located on the rice chromosomes, we can

make direct comparisons between the organisation

of genes in the grasses (Festuca and Lolium) and the

organisation of genes in rice. Also, since a large

number of known genes have been identified in rice,

SNPs in these genes can be used to identify

candidate genes controlling target agronomic traits

in grasses. This information is providing a resource

for map-based gene isolation, as described below,

and in addition, is also enabling us to make genetic

comparisons with other major crops of the grass

family such as wheat, barley and oats.  An example

is shown in Figure 1.1 where the associations of

candidate genes from a range of plant species and

quantitative trait loci relating to flowering (heading

date) are mapped onto Lolium perenne

chromosomes. (QTL are locations within the

genome (ultimately, genes) which, acting in

combination, define a trait.)

Gene isolation

It is important to understand the

molecular basis of crop traits

because this provides information

which can be exploited by plant

breeders.  In the Molecular and

Applied Genetics programme, we

use a number of techniques to

identify and isolate genes, including

a novel method which we call

‘introgression landing’.  This is a

type of cloning which depends on

knowing to a high degree of

accuracy where a gene is physically

located on the genetic map.  Other

methods of gene isolation are also

being used within MAG such as comparative

cloning, expression analysis, and transposon tagging

(see IGER innovations 2003) but are not described in

more detail in this article. Introgression landing

exploits a very rare set of characteristics which occur

within hybrids of the two grass species, Lolium

perenne and Festuca pratensis. These hybrids are

fertile, a high rate of recombination (chromosome

pairing and crossing over) occurs between

chromosomes of the two different species, and the

chromosomes can be distinguished by a cytological

technique called genomic in situ hybridisation

(GISH). The L. perenne and F. pratensis grasses

differ in their response to the environment, their

usefulness as an animal feed and in their chemical

composition. This means that by identifying hybrids

in which different chromosomal segments of F.

pratensis have been substituted in L. perenne, it is

possible to have a genetic tool with which to study

forage grass traits. One example where this has been

done is the transfer of a delayed leaf senescence

(yellowing) trait from Festuca pratensis to L.

perenne (Figure 1.2). 

This trait has been narrowed down to a small

chromosome segment and a number of DNA-based

molecular markers have been identified in this
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Fig 1.2. Introgression of a Festuca segment (arrows) containing the stay-green trait into Lolium. The
left panel shows the retention of green colour in comparison with wild type leaves during induced
senescence.



region. By comparing DNA sequences between L.

perenne and the model grass species rice, we have

identified the corresponding region of rice DNA,

thereby narrowing the number of candidate genes

specifying the leaf senescence trait to a short (less

than 30) list which can be further tested. Even

without final functional identification of the specific

DNA sequence corresponding to the senescence

gene, this resolution is already sufficient for the

generation of molecular markers for use by plant

breeders for marker-assisted selection of lines with

the delayed senescence trait (see the GTV article for

more detail). Other characters of interest which are

amenable to dissection using the L. perenne - F.

pratensis hybrid system are shown in Table 1.1.

Informatics

Science has always been concerned with making

observations and collecting data. What is different

about the data which modern technology allows us to

gather? The answer is - mainly  scale. Throughout

this issue of IGER Innovations, a recurrent theme

will be our ability to capture large volumes of data

using techniques ranging from DNA sequencing and

gene expression analysis by microarray, through FT-
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IR, GC-MC and other kinds of spectroscopy, to

landscape-level measurements of nutrient flows.

How do we manage, analyse and present the data so

that the maximum possible scientific information

can be extracted from it? Staff in IGER’s Informatics

and Statistics Technology Platform work with

colleagues throughout the Institute to address these

challenges. 

Statistics and multivariate analysis

Statistical input is, and always has been, needed at

all levels of the Institute’s work, from project

planning and experimental design through to final

data analysis. A special feature of the data produced

by techniques like GC-MS, FT-IR and hyperspectral

imaging is that they are highly multivariate. In other

words, for every sample analysed, the results appear

in the form of a large number of variables: for

example, the intensity measured at each point in turn

in a wide spectral range. Often, some of these

variables are more useful than others in answering

the scientific question being asked. Multivariate

analysis often involves reducing these large numbers

of variables down to smaller, more manageable

numbers, and identifying the contribution they make

to the character being studied.

Our work includes the use of

both multivariate statistical

techniques and machine

learning methods such as

decision trees and artificial

neural networks.

Probably uniquely, IGER's data

are derived from biological

systems that span the complete

range - from genes to

environment. They include data

from the mapped genome of a

plant species, through the

transcriptome and metabolome

(the complete complement of

DNA transcripts and

M
O

LEC
U

LA
R

 A
N

D
 A

PPLIED
 G

EN
ET

IC
S

Table 1.1 Target Traits for Lolium / Festuca substitution lines
and relevance to other research programmes (in brackets)
at IGER:

Crop traits
Heading date, stress tolerance, crown rust resistance (GTV)

Forage traits
Water soluble carbohydrate and starch content, dry matter
digestibility (GTV);  Protein degradation in the rumen, level of
fatty acids in grass and the oxidation of fatty acids (NM);
animal intake (BCE)  

Environment & climate change
Compounds relevant to the production of biofuels (PCB);
mineral uptake to reduce N and P pollution (in water courses),
emission of ammonia and greenhouse gases (nitrous oxide,
CO2, methane) (SSEQ, MFR and GTV). 
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metabolites, respectively) of individual tissues or

plants in a population, to the consequences of plant

composition for dietary intake, rumen function, and

consequent meat and milk quality in a grazing

animal feeding on that plant material, and ultimately

the impact, and the influence, on soil, water and

atmospheric quality. The contribution of the animal

to the farmed environment, in the form of excreted

and potentially polluting volatiles in urine, manure

and gaseous emissions, is similarly being monitored.

We therefore have available the information needed

to develop an integrated data analysis approach

which will allow us to assess the contribution of each

component in the system to the next component, and

trace effects back to the biology of the first link in

the chain. For example, we can ask questions such

as: "Which components of the grass or clover

metabolome influence the metabolome of the animal

grazing on that plant material? What, in turn, does

this signify for the meat or milk composition of that

animal? As a result, can we map the plant genes

contributing to these end products, and isolate the

genes responsible using our comparative mapping

and map-based cloning approaches? In future, can

we use animal and plant metabolome and genetic

map data together to determine optimum

combinations of animal genotype and the genotypes

of plants on which it feeds?". 

Bioinformatics for crop genetic resources and

genomics

IGER’s long-established database management

system for plant genetic resources accessions,

AGRIS, has recently been complemented by the

addition of MapIS, a system for managing plant

mapping populations. MapIS allows plant breeders

to document each cross they make using accessions

from AGRIS, and each individual plant line derived

from it. It also includes a useful tool for viewing

plant pedigrees (Figure 1.3).

The Forage Grass Genome Database, FoggDB,

continues to act as the worldwide repository for

publicly accessible Lolium/Festuca map, marker and

sequence data, and IGER also maintains the database

for the EU programme, GRASP, which is developing

SNP markers for agronomically important traits in

ryegrass. In collaboration with other members of the

UK Plant Genetic Resources Group, we will

continue development of the UK National Inventory

of Plant Genetic Resources, and submit this

regularly to the Europe-wide database, EURISCO.

We are also coordinating the second phase of the

European Programme to develop EURISCO to

include characterisation and evaluation data, and

increase data mining capabilities; this programme in

turn will be a major contributor to the world effort in

cataloguing plant genetic resources and the

biodiversity they represent. 

Fig 1.3 Part of a computer screen showing IGER’s MapIS
database for managing plant mapping populations

Contact: ian.king@bbsrc.ac.uk


