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Introduction
Peter J. Gregory  

Welcome to this report of the year 2006 at SCRI. 

From my perspective it was a year of thirds – the 

fi rst part spent completing the science strategy and 

accompanying fi nance, estates, human resource and 

communications strategies; the second part ensuring 

that the research commissioned by our major customer, 

the Scottish Executive 

Environment and Rural 

Affairs Department 

(SEERAD), got 

underway; and the last 

part dealing with issues 

affecting the longer-

term sustainability of 

the Institute including 

restructuring some 

elements of our science 

and service programmes. 

The last third was clearly 

a diffi cult period as we 

stopped some long-

standing activities, and 

I am grateful to all staff 

for their patience and 

understanding as we 

undergo that necessary 

change.

This year also saw a 

major change in the way that SCRI is funded by its 

major customer, SEERAD. From 1 April 2006, SCRI 

no longer receives a block grant but is contracted to 

contribute to agreed programmes of research with 

agreed outputs and outcomes. This change of funding 

model, together with new requirements under Scottish 

law applying to charities, mean that SCRI is defi nitely 

no longer a “SEERAD Institute” but a research institute 

whose major customer is (and will continue to be for 

the foreseeable future) SEERAD. We have indicative 

funding from SEERAD 

for several fi ve-year 

workpackages, 

some of which SCRI 

is responsible for 

delivering alone, 

but others are in 

partnership with the 

Macaulay Institute and 

Scottish Agricultural 

College. SCRI is 

particularly grateful 

to Professor Janet 

Bainbridge, Professor 

John Porter and Mr 

Douglas Morrison 

for agreeing to be 

external members of 

the Advisory Group 

overseeing the 

development of the 

workpackage research 

and delivery of the 

contracted outcomes. Simultaneously, we are working 

hard to broaden the base of funding, and were pleased 

to receive funding from the BBSRC Crop Science 

Initiative for three projects involving SCRI, and funding 



Introduction

5

to lead a study of the barley genome involving European 

partners.

2006 was the fi rst full year of operation of our four 

new science programmes, and we welcomed to the 

Institute Professor Philip White as Programme Leader 

for Environment Plant Interactions and Professor David 

Hopkins as Director of Science Planning. While the 

context of our work continually changes, we have 

continued to do excellent research and to fulfi l our vision 

and mission. Details are in the narrative that follows, but 

I should like to draw particular attention to the progress 

that has been made to determine the persistence of 

GM herbicide tolerance traits in the environment, which 

has informed government policy on the management 

of GM crops, and the use of genome sequencing 

(combined with bioinformatics and functional genomics 

techniques) on Pectobacterium atrosepticum (formerly 

Erwinia carotovora spp. atroseptica) that have led to 

new insights into how this bacterium survives when no 

potatoes are present, and deepened our understanding 

of quorum sensing. Substantial progress has also 

been made in analysis of the barley genome, with the 

publication of results from elite northwest European 

barley cultivars demonstrating that repeated outcrossing 

has reduced the extent of linkage disequilibrium to 

a level where false positive associations of genes 

and traits is unlikely; this means that it ought to be 

possible to identify candidate genes for traits, and to 

develop markers for their selection during breeding. 

Our research on human health and nutrition continues 

to expand with the fi nding that ellagitannins from berry 

extracts had signifi cant anti-cancer effects in cultured 

cancer model cells, and that raspberry extracts were 

effective against the initiation, growth and invasiveness 

of colon cancer cells. Who knows exactly what this 

stream of new scientifi c knowledge will lead to, but past 

science and innovation continue to deliver new products 

into the market in collaboration with our commercial 

partners. Noteworthy were the launch in July of the 

fi rst new raspberry variety for ten years, Glen Doll, 

developed from a cross that was originally made back in 

1990, and the launch in October by Greenvale AP of the 

phureja potato Mayan Gold. The science underpinning 

the latter goes back many decades and involved 

genetics, physiology, agronomy and biochemistry in its 

development into a potential food; we shall follow the 

commercial development with interest.

One of the major strands of our science strategy is that 

we should seek to develop and strengthen appropriate 

partnerships and collaborative arrangements that will 

enable our mission to be carried out more effectively. 

I have spent quite a lot of my time trying to make that 

a reality at several levels. First, all of the directors of 

SEERAD’s main research providers now meet regularly 

to discuss topics of mutual interest, and that is starting 

to lead to more coordinated approaches to policy 

matters. We are, for example, about to produce a 

brochure setting out the distinctive contribution that the 

Institutes make to Scotland and internationally. Second, 

SCRI is developing a network of links with universities 

throughout the UK through its new studentship 

programme that is broadening the skills base accessible 

to the Institute. Our partnership with the University of 

Dundee has been strengthened and extended beyond 

the plant sciences, and we shall be contributing 

research on plant mediated transfer of carbon to soils 

via the Scottish Alliance for Geosciences, Environment 

and Society. Third, SCRI is a partner with Rothamsted 

Research, the Institute of Grassland and Environmental 

Research, and the John Innes Centre in the BBSRC 

cross institute programme on cereal genetics, and is 

contributing some of its research activity on soils to a 

similar programme involving Rothamsted Research and 

the Institute of Grassland and Environmental Research. 

These programmes are important contributions to 

the UK science base and will strengthen our abilities 

to contribute internationally. Finally, during the year I 

visited the International Potato Center (CIP) in Peru and 

several institutions in China with which SCRI has been 

developing links. These international collaborations 

have much potential for development, but are already 

providing staff at SCRI with enlarged perspectives of the 

scope and applicability of their research endeavours.

I hope that you will enjoy reading about our year. I am 

very pleased to be leading such a dynamic group of 

people.
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Review of events – 
Highlights
Communicating the results of their studies is a part of 

the research process taken very seriously by SCRI sci-

entists. Throughout the year there were over 2,000 visi-

tors including: school children; university students; clubs 

and societies; companies and people from around the 

world. Visitors came from other research institutes to 

understand more about the role SCRI plays in plant and 

environmental research, and special events were held 

to inform food producers, processors and retailers, and 

the general public about our work and its outcomes. 

The major events this year were in partnership with oth-

er bodies. On May 23rd “Sustainable Agriculture – From 

Laboratory to Field” in collaboration with LEAF demon-

strated research on farming and environment both in the 

fi eld and in the laboratory.

Cereal Solutions in collaboration with SAC and HGCA 

showed farmers and cereal industry representatives 

how the understanding of genetic information is used to 

produce cereals for particular purposes such as variet-

ies of wheat for distilling requiring reduced fertiliser. They 

also were guided round the HGCA Recommended List 

fi eld trials at SCRI.

Fruit for the Future was a particular hit this year as the 

new cultivar Glen Doll was on display for tasting.

The blackcurrant project to track the production and 

storage of vitamin C in blackcurrant bushes and the fac-
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tors that determine the levels of the nutrient in the fruit 

attracted ministerial interest.

Potatoes in Practice in collaboration with SAC, CSC Po-

tatoCare and sponsored by the BPC was the most suc-

cessful yet with over 600 visitors. It featured a display 

of Andean potatoes. Participants were able to sample 

baked Mayan Gold tubers. This new variety, bred at 

SCRI, was launched by Greenvale AP this year.

The stand at the Dundee Flower and Food Festival al-

lowed people to test how much vitamin C can be found 

in different fruits. There were also games to identify wild 

plants.

Children are always a very important group of visitors, 

from Primary such as the group who came for Bring 

Your Child to Work day to the Higher biology and chem-

istry pupils.

The Governing Body said farewell to Professor Sir John 

Marsh CBE with a presentation and lunch. Sir John 

joined the governing body in April 1998 and served in 

many capacities including Vice-Chairman.

Review of Events
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Genetics
Robbie Waugh

In Genetics we conduct fundamental, hypothesis-led research supported by the development 

of biological resources and enabling technologies that underpin applied genetics research and 

product delivery.  Over the last year we have begun the process of re-focussing our research 

programmes on some of the challenges raised by climate change, environmental concerns and 

the demand for healthy and nutritious food and feed.  Thus we have realigned our research to 

encompass priorities that include tolerance to abiotic stress and lower input agriculture.   

We fundamentally believe that a strong portfolio of basic 

research is necessary to fuel discovery and to develop 

the understanding required for innovation and future 

applications.  However, a major aim is also to translate 

our research outcomes into approaches and technolo-

gies that enable genetic research in crops – particularly 

barley, potatoes and soft fruits – that underpin the Scot-

tish agricultural sector.  To enhance this process, we 

participate in national and international initiatives with 

academic and commercial partners to maintain the 

profi le of our research and ensure its direct relevance 

to practical outcomes.  We continue with active crop 

improvement programmes, working with industry to de-

liver products to the marketplace.  Currently, Genetics 

contains approaching ninety staff, including three fully 

integrated research active groups from the University of 

Dundee (C. Halpin, A.J. Flavell and G.C. Simpson).  A 

separate report from these groups follows.  This brief 

overview contains research highlights from Genetics in 

2006 that are not represented in the following, more 

detailed, scientifi c reports.

Over the last year we have extended our characterisa-

tion of the plant nucleolus, a major sub-nuclear or-

ganelle.  The nucleolus is involved in a wide range of 

gene expression processes, but more recently it has 

been shown to act as a sensor of cellular stress in ani-

mal cells and to be involved in aspects of gene silencing 

in plants.  With Peter Shaw at John Innes Centre (JIC), 

using a combined proteomics and RNomics approach, 

we have demonstrated a role for the nucleolus in mRNA 

export and degradation.  In an entirely novel fi nding, 
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we have demonstrated that some naturally-occurring 

antisense transcripts (NATs) are enriched in the nu-

cleolus.  NATs are likely to be involved in specifi c gene 

silencing and one of these has been shown to regulate 

gene expression in response to salt stress through the 

RNA interference pathway.  The precise role the nucleo-

lus plays in these processes remains a key question.  

More widely, many processes contribute to the overall 

regulation of gene expression during development and 

environmental challenge.  Investigations into the role of 

alternative splicing are described by Craig Simpson and 

others in a following article.  

By exploring the genetic control of mRNA abundance 

in different plant genotypes we have been linking RNA-

biology with genetics.  We measured the abundance of 

more than 21,000 different barley mRNA species along 

with approximately 20 phenotypic traits in a segregat-

ing doubled haploid population.  With Mike Kearsey in 

Birmingham University, we conducted linkage analysis, 

treating individual mRNA abundances as quantitative 

traits (QT) and identifi ed thousands of genes showing 

highly heritable mRNA abundance levels.  Hundreds of 

these are highly associated with phenotypic trait loca-

tions and a subset, strong regulatory and/or positional 

candidate genes, are under detailed investigation.  

In all our studies, we consider it crucial that we correlate 

molecular data with classical phenotypic traits.  In a col-

laboration with NIAB, analysis of multiple small barley 

mapping populations has highlighted the dependence 

of characters such as fermentability upon wort sugars 

(principally maltose) and revealed the close relationships 

between the activity levels of enzymes in the malting 

process that are regulated by the plant hormone gib-

berellic acid.  With Jose-Luis Molino-Cano in Lleida, 

Spain, we identifi ed three QT loci for grain �-glucan 

content.  This is directly relevant to malting quality as 

low levels of �-glucan, a major component of barley 

endosperm cell walls, are important in the brewing and 

distilling industries.  The largest QT locus co-locates 

with the hulless (naked) gene.  As hulless barley is gen-

erally high in �-glucan, a compound with proven cho-

lesterol-reducing effects, this linkage could be exploited 

through breeding to generate barleys tailored for human 

nutrition.  In future, many more such linkages will be 

identifi ed in a UK-wide collaboration using the approach 

described by Luke Ramsay and others in a following 

article.

Our studies in barley are possible because of its well 

developed genetics.  However, last year, we also pro-

duced the fi rst genetic linkage map of blackcurrant 

(Ribes nigrum L.) and screened many important pheno-

logical, agronomic and fruit quality traits in the mapping 

population.  This is described further in the article by 

Rex Brennan and others which follows.  In raspberry, 

we have previously shown that Gene H is associated 

with resistance to cane botrytis and spur blight, but not 

with cane spot and yellow rust.  Markers have been 

identifi ed linked to the four diseases.  Gene H has been 

mapped and is now the focus of a positional cloning 

effort.  Importantly, in July this year we released a new 

raspberry cultivar, Glen Doll, our fi rst in 10 years. 

Exploiting biodiversity has underpinned the develop-

ment of new SCRI cultivars.  Last year we extended 

our molecular analysis of the Commonwealth Potato 

Collection (CPC) to describe diversity in wild and culti-

vated species from different geographic origins, ploidy 

and breeding systems.  We confi rmed that there is 

considerably less genetic diversity among accessions of 

self-compatible as compared to self-incompatible taxa.  

However, diversity among individuals drawn from differ-

ent accessions was of similar magnitude in self-com-

patible and self-incompatible species, with the former 

showing only slightly lower rates of polymorphism.  The 

most diverse accessions were the cultivated potato ac-

cessions, and the least, the Mexican polyploids.  Thus, 

for diversity and phylogenetic studies, a single plant 

is highly representative of inbreeding or moderately 

outbreeding accessions while for highly heterozygous 

self-incompatible species, a deeper sampling of more 

individuals is advisable.  These observations have 

signifi cant implications for the ex situ maintenance of 

Solanum germplasm in genebanks such as the Com-

monwealth Potato Collection (CPC) held at SCRI.

Testament to the potential benefi ts of exploiting biodi-

versity, the launch of the new SCRI-bred cultivar Mayan 

Gold (Solanum tuberosum Group Phureja, also known 

as S. phureja)  by Greenvale AP, made the UK National 
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Genetics

News.  It is the fi rst potato from this group to be com-

mercialised outside of South America and is derived 

from the diploid cultivated potatoes of Venezuela, Co-

lombia, Ecuador, Peru and Bolivia.  It has an interest-

ing fl avour and makes excellent French fries and roast 

potatoes.  Greenvale AP have also successfully estab-

lished Vales Emerald as an early punnet type and Vales 

Sovereign for prepack.  Lady Balfour now commands 

approximately 40% of organic maincrop production. It 

has fi eld resistance to late blight derived from the Mexi-

can wild species S. demissum and partial resistance to 

cyst nematodes derived from the South American wild 

species S. vernei.  Vales Everest has the best resist-

ance to the white potato cyst nematode, Globodera 

pallida, of any cultivar on the UK National List. Its resist-

ance is derived from an Andigena potato accession in 

the CPC.  

Genetics manages two Institute-wide research facilities.  

First, the Sequencing Service provides a complete ‘DNA 

template to data’ pipeline in a highly effi cient and cost-

effective manner that is widely used by all Programmes 

across the Institute.  Second, the Microarray facility 

completed numerous collaborative projects including 

key publications on an analysis of dormancy control in 

Rubus and pathogenicity studies in Erwinia.

Finally the changes in Institute status have reinforced 

the need for each Programme to win competitive re-

search funding from a diverse range of sponsors.  Last 

year we secured major new funding from the Crop 

Science Initiative, ERA-PG, Generation Challenge pro-

gramme, EU-Sol, IAEA and EU-FP6.  These successes 

are fi rmly based in the quality and competitiveness of 

our science.  They will enhance our research and devel-

opment portfolio and help us remain agile in an increas-

ingly competitive research environment.
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Alternative splicing 
and plant stress
Craig G. Simpson, John Fuller, Jim McNicol, Diane 

Davidson & John W.S. Brown

Alternative splicing (AS) modulates gene expression 

during development and in response to external stimuli. 

When a gene is transcribed, introns are removed by 

splicing at the splice sites bordering the intron. Around a 

third of plant genes show alternative selection of splice 

sites leading to the production of more than one mRNA 

from the same gene by alternative splicing (Fig.  1A). 

The different AS transcripts can give rise to proteins 

with altered function or activity which affect the cell’s 

characteristics. Therefore AS effectively expands the 

information content of the genome through increasing 

protein diversity allowing the plant to rapidly respond 

to immediate changes in conditions and providing one 

basis for selection for adaptation during evolution. 

The importance of AS is well illustrated in humans 

where mutations in splice sites or regulatory splicing 

factors affect AS with profound effects contributing 

to diseases such as muscular dystrophy, Parkinson’s 

disease and cancer. In plants, the involvement of 

AS in regulating plant phenotypes and responses is 

refl ected in the many examples of AS in genes involved 

in development, disease and stress responses as well 

as in transcription and RNA-interacting factors. For 

example, resistance to Tobacco mosaic virus and the 

“sticky” rice phenotype are both due to alternative 

splicing.

AS is also a key area where gene expression is 

regulated. It is controlled by the composition of multiple 

protein factors (such as SR or hnRNP proteins) and 

their interaction with sequences on gene transcripts. 

The relative levels or activity of these proteins change 

in different cells or conditions through transcription, 

protein modifi cation or localisation, so the alternative 

splicing pattern of sets of genes is altered and different 

proteins with different activities are produced (Fig. 1B). 

For example, different hormones such as ABA and 

stress conditions can activate phosphorylation signalling 

pathways which will alter the phosphorylation state of 

splicing regulators, affecting AS of downstream target 

genes. Thus, the characteristics of different cell types, 

cells at different stages of development or in response 

to external stimuli are dependent on the cellular code of 

  Change in splicing factor 
composition/concentration

Protein modification
Localisation
Transcriptional changes
Alternative splicing

Environmental stress
Cell/tissue type
Developmental stage

Response

Gene (DNA)

Pre-mRNA

mRNAs

Proteins

A B

Downstream genes

Figure 1  A) Genes are transcribed into precursor mRNAs which through AS give rise to different mRNAs and proteins with different 
functions. B) Developmental cues and external stimuli cause changes in transcription and alternative splicing resulting in altered splicing 
factor concentrations which further affect expression of downstream genes to alter the cell’s growth or response properties.  
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regulatory factors which determine transcriptional and 

alternative splicing activity.

The challenges are to identify AS events, determine 

the functional consequences, and decipher the cellular 

code of regulatory proteins and signalling pathways 

responsible for altering AS patterns of target genes. As 

a fi rst step, we have successfully developed a system to 

analyse AS in around 100 genes simultaneously. More 

than one third of the genes analysed show statistically 

signifi cant changes in AS under different growth 

conditions and in different plant organs. Expansion of 

this system to cover a few hundred genes specifi cally 

involved in transcription, splicing and signalling in 

Arabidopsis and barley will allow us to investigate 

changes in AS in response to biotic and abiotic 

stresses, different growth conditions and developmental 

stages, and to link these changes with changes in 

transcription levels. This research is partially supported 

by a European Network of Excellence on AS and human 

disease (EURASNET) where 35 laboratories from 13 

countries are analysing AS in yeast, plants, animals and 

humans to generate new knowledge of the mechanisms 

of AS regulation as a prerequisite to understanding a 

range of diseases and developing treatments. 
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A genetic linkage 
map of blackcurrant 
(Ribes nigrum L.) 
Rex M. Brennan, Linzi Jorgensen, Christine A. 

Hackett, Mary Woodhead, Sandra Gordon & 

Joanne Russell

Breeding of new blackcurrant cultivars is generally 

protracted, partly due to the heterozygous nature 

of the germplasm involved and also to the fact 

that effective screening of breeding germplasm for 

many of the most important traits, such as gall mite 

resistance, can take several years to complete.  As a 

consequence, there is considerable potential utility for 

marker-assisted breeding and earlier identifi cation of 

desirable phenotypes in Ribes. There are also breeding 

objectives of increasing the levels of both ascorbic acid 

and anthocyanins within the breeding germplasm and 

ultimately in new cultivars for the industry, in order to 

enhance the nutritional value of the fruit.  Developmental 

traits, such as time of budbreak, are also important, as 

the effects of increasingly mild winters on dormancy 

break of blackcurrant are already a matter of concern 

(Atkinson et al., 2005).

The development and potential use of molecular 

markers in Ribes has been previously reported (e.g. 

Brennan et al., 2002), and now the fi rst genetic 

linkage map of blackcurrant (Ribes nigrum L.) has 

been constructed using Amplifi ed Fragment Length 

Polymorphism (AFLP), Simple Sequence Repeat (SSR), 

both genomic and expressed sequence tag (EST)-

derived, and single nucleotide polymorphism (SNP) 

markers. The population used, designated 9328, 

comprises a F1 full-sib progeny from a cross between 

two diverse breeding lines from SCRI. The parental 

types were selected for their diversity across a range 

of agronomic, developmental and fruit quality traits; 

these included resistance to gall mite, berry size, time 

of budbreak and fl owering, anthocyanin content and 

ascorbic acid level, all of which are key traits in the SCRI 

blackcurrant breeding programme.  The offspring were 

scored for these traits in a three-year fi eld trial.

Cluster analysis of the marker data from this population 

revealed that the individuals formed two distinct sub-

populations, with segregation ratios consistent with 

one sub-population having the two intended parents, 

and the other being selfed segregants. The latter sub-

population provided useful additional information that 

improved the construction of the genetic linkage map: it 

provided a more informative estimate of recombination 

frequency than the crossed sub-population for some 

marker confi gurations, and also revealed the presence 

of two unlinked loci affecting viability, whose positions 

could be mapped approximately. 

Quantitative trait locus (QTL) interval mapping was 

used to identify locations on the marker map that are 

associated with variation in the trait data. A single gene 

for gall mite resistance was mapped to linkage group 2. 

A total of fi ve QTLs for developmental traits (bud break, 

fi rst leaf, fi rst fl ower and full fl ower) were identifi ed. Three 

QTLs for pH were found, and two for ascorbic acid, one 

SCRI-bred blackcurrant cv. `Ben Starav’
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of which was close to the gene for gall mite resistance. 

Three QTLs for berry size were also found, two of which 

were close to the loci affecting viability in the selfed 

segregants. 

This analysis provides a framework for the development 

of marker-assisted breeding strategies for blackcurrant, 

to improve breeding effi ciency and time to cultivar. 

Further analysis, particularly of the quantitative traits, 

will require a larger mapping population, and this is 

currently in progress at SCRI with an extension of 

the 9328 population to 300 individuals.  Additionally, 

markers located close to the map position for gall mite 

resistance are currently undergoing validation across a 

range of diverse germplasm, with initial indications very 

promising in terms of a robust marker with utility within 

the SCRI blackcurrant breeding programme.
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Breeding facilitates 
whole genome LD-
mapping 
Luke Ramsay, Nils Rostoks, David Marshall, 

Sharon Mudie, Timothy J. Close & Robbie Waugh

In plants, mapping traits and isolating the underlying 

genes has largely been based on following the 

inheritance of molecular markers in specifi c 

experimental populations derived from crosses between 

two parents that contrast for the trait under study.  

However, a more general population-based approach 

termed ‘association genetics’, or ‘linkage disequilibrium 

(LD) mapping’ (based on the non-random association 

of alleles in a population), is now being routinely used 

to map disease genes in humans.  In crop plants, the 

potential of association mapping, with the objective of 

estimating the position of genes conferring a specifi c 

trait by exploiting LD between alleles of genetically 

mapped markers, has become a focus of considerable 

interest.  A major attraction of LD-mapping is the 

potential to locate genes responsible for a wide range 

of traits in a sample population using pre-existing trait 

data collected during crop improvement and cultivar 

registration programmes.  However, to be successful, 

the extent of LD must be known in the gene pool under 

study, and based on this, an appropriate number of 

molecular markers assembled into a format suitable for 

high throughput genotypic analysis. 

Over the last several years we have directly assessed 

both the extent of LD, and the patterns of genetic 

diversity within elite cultivated barley (Fig. 1).  Our 

observations allow us to predict that around one 

polymorphic marker per centi-Morgan (cM) will be 

necessary for whole genome LD-scans.  Over the same 

period we also set out to develop a genotyping platform 

that would simplify genetic analyses in barley and 

facilitate the LD-mapping approach.  Using expressed 

sequence tags (ESTs) as a template, we identifi ed 1524 

barley single nucleotide polymorphisms (SNPs) and 

used them to produce a pilot oligonucleotide pool array 

(OPA) for use with ‘Illumina’ GoldenGate Bead-Array 

technology (a gel-free parallel genotyping technology 

developed alongside the human genome sequencing 

and HapMap projects).  We used the pilot OPA to 

genotype three bi-parental doubled haploid mapping 

populations and 102 barley cultivars.  91% of the SNP 

assays were successful, confi rming the utility of the 

technology for high throughput genotypic analysis in 

barley.  1029 of the 1391 polymorphic SNPs segregated 

in at least one of the three populations with over 240 

in any two cross comparisons and 146 in all three.  We 

constructed linkage maps of each population and then 

developed a high quality integrated map comprising all 

1029 SNPs.  

We then used the SNP data from the 102 genotypes 

to study genetic diversity, population structure and the 

extent of LD.  We observed three major subgroups 

within the germplasm, European spring and winter 

Figure 1  Plots of LD against genetic distance for all 
European barley lines (a) and spring varieties (b)
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material (n=91) and more exotic lines.  Highly signifi cant 

intra-chromosomal LD (p>0.001, r2>0.5) extended 

over more than 60 cM (mean 3.9 cM, median 1.16 cM) 

in the combined European barley set.  20.4% of all 

signifi cant (p>0.001) associations (r2>0.05) were inter-

chromosomal, demonstrating the impact of population 

sub-structure.  In the spring 2-row subset (n=53), LD 

extended only up to 15 cM (mean 1.53 cM, median 

0.8 cM) and the proportion of inter-chromosomal 

associations was reduced to 2%.  To test whether we 

could use LD to locate genes we examined whether 

we could correctly position any of the 362 unmapped 

genes in our pilot OPA dataset via an LD-mapping 

approach.  We calculated pair-wise LD (r2) for each of 

the unmapped and mapped loci and assumed that 

strong LD indicated linkage.  We were able to assign 

a putative map location to over 50% of the unmapped 

loci.  Theoretical predictions suggest that LD in barley, 

an inbreeder, should persist over very long distances 

and generate many false positives in LD-mapping 

studies.  However, we show that LD has broken down 

suffi ciently in elite cultivated lines, probably due to 

repeated crossing by breeders, to allow LD-mapping to 

be carried out successfully. 
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Plant Pathology
Lesley Torrance

Plant pathology research provides underpinning knowledge to support sustainable agricultural 

production systems. We aim to understand, using molecular, cellular and whole plant tech-

niques, mechanisms of plant resistance and susceptibility and discover how parasites evolve to 

overcome plant defences.  Our applied science to detect pests and pathogens and to monitor 

and to predict changes in pathogen populations is conducted in collaboration with agencies or 

growers. 

Advances in genome sequencing (pathogen and 

plant) combined with bioinformatics analysis and 

functional genomics techniques are being exploited 

to accelerate the discovery and characterisation of 

novel genes and processes.  This year, research on 

Pectobacterium atrosepticum has shown the power of 

these approaches with the discovery of novel systems 

to enable this bacterium to survive in the absence of 

potato in managed ecosystems. This work has deep-

ened our understanding of quorum sensing. With the 

fi rst draft of the Phytophthora  infestans genome now 

available, we anticipate similar strides to be made with 

this severe potato pest and substantial funding from EU 

and BBSRC has been won to pursue this.    Research 

on plant viruses has revealed new insights into the 

importance of nuclear traffi cking in virus replication and 

movement.

Climate change is of considerable worldwide concern 

and this year we have produced a report that identifi es 

potential changes in disease profi les in Scottish crops, 

particularly the threat posed by pests and diseases 

whose spread is currently limited by the cooler tempera-

tures of Northern Britain.  This study will infl uence the 

direction of future programme research.  New develop-

ments also include collaborations with colleagues in EPI 

programme on the survival and spread of soil-borne 

microorganisms in the environment.  

More detail of our research can be found on the Plant 

Pathology Programme’s pages on the SCRI website.

Research highlights include:

Demonstration of a role for plant ALY proteins in RNA 

silencing  RNA silencing is a defence mechanism that 
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targets RNAs of invading pathogens for destruction.  

Two of the four plant nuclear protein ALYs become lo-

calised in the cytoplasm when the cell is infected with 

Tomato bushy stunt virus (TBSV) or when only the P19 

protein is expressed, suggesting that plant ALY proteins 

are involved in the RNA silencing process.  

Enhanced resistance to viruses by manipulation of dis-

ease-response genes  It seems that while the HCPro 

gene  is able to suppress the RNA silencing-medi-

ated defence against virus infection, it stimulates other 

anti-viral defence systems. So, broad defence against 

a range of plant viruses could be achieved by down-

regulating the expression of defence genes.  The RDR1 

gene from potato has been cloned and sequenced and 

its role in regulating virus infection in potato is being as-

sessed.

Involvement of sub-nuclear bodies in plant virus sys-

temic infection (See following article by Sang Hyon Kim 

et al.) 

New insights into Potato mop-top virus (PMTV) move-

ment  Recent co-localisation experiments with fl uo-

rescent-tagged plant endosomal markers show that 

movement proteins localise in patches at the plasma 

membrane and associate with endosomes. Cell-to-cell 

movement of infectious virus particles requires move-

ment proteins. Endocytic traffi cking may be important in 

the uptake and delivery of virus by its soil–borne vector, 

Spongospora subterranea. 

Targeting of Tobacco mosaic virus movement protein 

to plasmodesmata requires the actin / ER network  Al-

though movement protein is frequently seen associated 

with microtubules it has been shown that the microtu-

bules are not required for targeting to the plasmodes-

mata.

New golgin protein identifi ed An eighth possible Ara-

bidopsis golgin, a homologue of the mammalian Golgi 

protein p115, localises to Golgi stacks and interacts 

with Arabidopsis Rab1 homologues in a yeast two-

hybrid assay. 

AtGRIP accumulates in the trans-Golgi network Using 

immuno-gold labelling and electron microscopy, the 

localisation of three novel Arabidopsis golgin candidates 

has been analysed in detail.    

Progress in understanding how some strains of Rasp-

berry bushy dwarf virus (RBDV) overcome resistance 

Some RBDV isolates capable of overcoming the re-

sistance provided by the Bu gene carried by some 

raspberry cultivars have been found in England and 

elsewhere. SCRI’s ability to infect raspberry plants with 

cloned infectious non-resistance breaking RBDV will 

form the basis of a rapid and effi cient procedure to 

screen new germplasm for additional sources of resis-

tance to the virus.

VirD2 protein mutants increase effi ciency of gene trans-

fer The VirD2 protein has been shown to be a substrate 

for a plant caspase-like protease activity (PCLP) in 

tobacco. It has been demonstrated that mutagenesis 

of the VirD2 protein to prevent cleavage by PCLP in-

creases the effi ciency of reporter gene transfer and 

expression.  

Release of a fi rst assembly of the P. infestans genome 

sequence SCRI are involved in the genome project 

through supply of our large insert BAC library. The se-

quencing effort is led by the Broad Institute, Cambridge, 

MA, USA (www.broad.mit.edu/annotation/genome/phy-

tophthora_infestans/Home.html).

Functional genomic analyses of P. infestans genes  We 

have identifi ed a novel transmembrane protein that is 

localised to the appressoria and haustorial membrane.  

Appressoria are preinfection host penetration structures, 

and haustoria are biotrophic structures formed early in 

infection and likely to be used in nutrient extraction from 

the host. Silencing of this gene decreased P. infestans 

pathogenicity.  

P. infestans effector protein Avr3a transport into host 

cells depends on a conserved RXLR-EER motif  (See 

following article by Stephen Whisson et al.).  

P. infestans populations  There is concern about the 

potential for increased incidence of the sexual oospore 

stage of the late blight pathogen.  Genetic analysis us-

ing markers is providing key data to explain how the 

population and the nature of the primary inoculum is 
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changing. This data feeds into the BPC’s Fight Against 

Blight Campaign and a longer-term study on how 

pathogen populations evolve, research on the mecha-

nisms of P. infestans pathogenicity and breeding for 

blight resistance. 

The fi rst phytotoxin and its mode of regulation have 

been identifi ed in Pectobacterium atrosepticum  P. atro-

septicum (formerly known as Erwinia carotovora subsp. 

atroseptica) attacks plants through the production of 

large quantities of plant cell wall degrading enzymes 

via a cell density dependent regulatory process called 

quorum sensing.   We have recently shown that a phy-

totoxic compound called coronafacic acid is required 

for virulence on potato and its mode of action appears 

to be in suppressing host resistance. 

Disease risk assessment for soil-borne potato diseases 

(see following article by Alison K. Lees et al.). 

RanBPM  gene family identifi ed in nematodes  Expres-

sion analysis has shown that all family members (en-

coding proteins similar to RanBPMs) examined to date 

are expressed in the dorsal oesophageal gland cell of 

Globodera pallida, suggesting a role for these proteins 

in the host-parasite interaction.

Chorismate mutase (CM) plays key role in nematode in-

fection  Studies on a secreted chorismate mutase using 

RNA interference, a mechanism for RNA-guided gene 

silencing, have revealed that this protein is important 

for normal development of the nematode.  The most 

signifi cant effect is on adult females, which have the 

greatest nutritional requirements, suggesting the CM is 

important in inducing or allowing normal establishment 

of the feeding site.

Production of a cDNA library from a parasitic stage of 

G. pallida  Nematodes from various stages of infection 

from potato roots were isolated and high quality RNA 

extracted to make a representative cDNA library.  Pre-

liminary analysis has revealed the presence of candidate 

pathogenicity and avirulence genes. 

Quantitative molecular diagnostics (QMD) for nema-

todes QMD have been developed for the potato cyst 

nematodes G. pallida and G. rostochiensis.  QMD have 

also been produced for the virus vector nematodes Par-

atrichodorus pachydermus and Trichodorus similis and 

the virus associated with these species, Tobacco rattle 

virus.  These tests were devised for use in a pre-plant-

ing soil test with funding from the British Potato Council.

Rapid method for DNA analysis of suction trap aphids 

SCRI is one of four suction trap sites in Scotland (see 

www.sasa.gov.uk/seed_potatoes/aphids/index.cfm). 

These traps sample migrant fl ying aphids.  The num-

bers and types of each species caught in the traps are 

used to formulate advice to farmers on the frequency 

of pesticide applications.  We have developed a rapid 

method for extracting DNA from current and historical 

trap samples so that DNA fi ngerprinting can be used to 

identify subtypes and insecticide-resistant forms. 
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Nuclear voyage of a 
plant virus protein
Sang Hyon Kim, Eugene V. Ryabov, Trudi Gillespie, 

Stuart MacFarlane, Sophie Haupt, John W.S. 

Brown & Michael Taliansky  

The nucleolus is a prominent sub-nuclear domain and 

is the site of transcription and processing of pre-rRNAs 

and biogenesis of pre-ribosomal particles. In addition, 

the nucleolus participates in other aspects of cell func-

tion such as stress responses and the cell cycle. The 

nucleolus is structurally and functionally linked to Cajal 

bodies (CBs) that contain small nuclear and small nucle-

olar ribonucleoprotein particles (snRNPs and snoRNPs) 

as well as a range of different proteins, including nucleo-

lar protein fi brillarin. CBs are dynamic structures which 

can move within the nucleus. The multifunctional nature 

of the nucleolus and CBs has recently been extended 

to include RNA silencing; the production of heterochro-

matic small interfering RNAs involved in transcriptional 

silencing occurs in CBs or other processing foci in the 

nucleolus. A number of animal and plant viruses have a 

nucleolar phase in their life cycles. However, the specifi c 

role of the nucleolus and other sub-nuclear bodies in 

virus infections has remained elusive.

Our recent work has provided the fi rst model describing 

the molecular mechanism of the involvement of sub-nu-

clear bodies, CBs and the nucleolus, in biological func-

tions of a plant virus. We have shown that the ability of 

Groundnut rosette virus (GRV) to move long-distances 

through the phloem strictly depends on its interaction 

with CBs and the nucleolus. Umbraviruses differ from 

most other viruses in that they do not encode a capsid 

protein (CP) such that conventional virus particles are 

not formed in infected plants. The absence of a CP 

in umbraviruses, however, is compensated for by the 

ORF3 protein that facilitates long-distance movement of 

viral RNA in the form of viral RNP particles through the 

phloem, the specialised vascular system used by plants 

for the transport of assimilates and macromolecules. 

After entering the plant cell, GRV establishes translation 

and replication of viral RNA (Fig. 1). Once the ORF3 pro-

tein has been translated it enters the nucleus and tar-

gets Cajal bodies (Fig. 2). Targeting of CBs by the ORF3 

protein may utilise elements of existing CB-traffi cking 

pathways, for example, those used by snRNPs traffi ck-

ing from the cytoplasm to CBs. Interaction of the ORF3 

protein with CBs further leads to the re-organisation 

of CBs into multiple Cajal body-like structures (CBLs), 

which may involve either fragmentation of CBs into mul-

tiple bodies or the redistribution of CB components into 

new structures containing the ORF3 protein. In CBLs 

the ORF3 protein interacts with fi brillarin. This interaction 

prompts further CBLs movement to and fusion with the 

ORF3

Cytoplasm

Viral RNP

c-RNP

CB

Nucleolus

Nucleus

CBL

Fibrillarin
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Cytoplasm

Phloem,
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Figure 2  Model of GRV infection and the role of the ORF3 
protein, fibrillarin, Cajal bodies and the nucleolus. 

Figure 1  GRV ORF3 protein domains involved in nuclear 
localisation. Schematic representation of the GRV genome 
with wild-type and mutant ORF3 protein sequences of the 
R-rich and L–rich domains.
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nucleolus. The last stage of the nuclear voyage of the 

ORF3 protein is its nuclear export leading to formation 

of virus RNP particles in cytoplasmic inclusions. During 

this stage the ORF3 protein causes the re-localisation of 

some of the fi brillarin pool to the cytoplasm where viral 

RNPs containing ORF3 protein, fi brillarin and viral RNA 

accumulate. Fibrillarin, an RNA-binding protein, needed 

for RNP formation, may bind the viral RNA or act as a 

chaperone to permit or catalyze the regular assembly 

of proteins around viral RNA. When produced in com-

panion cells, the viral RNPs are able to migrate into the 

phloem sieve elements where they are transported to 

the rest of the plant to generate a systemic infection. 

Thus the interaction of the GRV ORF3 protein with fi bril-

larin triggers all the consequent molecular and cellular 

events to establish a systemic infection. How the ORF3 

protein re-programmes traffi cking pathways and mo-

lecular interactions for successful infection will have im-

plications for other plant viruses which interact with the 

nucleolus and will aid our understanding of interactions 

between the nucleolus, CBs and their components. 
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Effector protein 
translocation in 
the Phytophthora 
infestans – potato 
infection
Stephen C. Whisson, Petra C. Boevink, Leighton 

Pritchard, Anna O. Avrova, Juan G. Morales, Paul 

R.J. Birch

Disease of plants caused by oomycetes are among 

the leading causes of crop loss and ecosystem dam-

age worldwide. This is exemplifi ed by the late blight 

pathogen of potato, Phytophthora infestans, which is 

best known for its role in precipitating the Irish potato 

famines in the mid-1840s. Today, late blight is still a sig-

nifi cant problem in potato production and is considered 

a threat to global food security; resistance and chemi-

cal control can be overcome by pathogen variants. The 

mechanisms underlying how P. infestans invades its 

hosts, and how resistance is triggered have been signifi -

cantly advanced in recent years. A major advance in the 

understanding of P. infestans–potato interactions came 

with the isolation, at SCRI, of the fi rst avirulence gene 

(Avr3a) from this pathogen (Armstrong et al., 2005); the 

protein products of avirulence genes are recognised 

and trigger resistance responses in plants carrying the 

cognate resistance gene. Avr3a shares a similar organi-

sation with the other three oomycete avirulence genes 

identifi ed to date (Rehmany et al., 2005): an N terminal 

signal peptide for secretion, peptide motifs of RxLR and 

EER within the fi rst 70 amino acids, followed by the por-

tion of the protein that is recognised by the matching 

Figure 1 (A) Potato cultivar Pentland Ace (R3a) leaves infected with (from L – R): untransformed P. infestans expressing the virulent allele 
of avr3a, transformant expressing native avirulent allele Avr3a with intact RxLR-EER, transformant expressing alanine replacement of 
Avr3a (AAAA-EER), transformant expressing alanine replacement of Avr3a (RxLR-AAA), transformant expressing alanine replacement of 
Avr3a (AAAA-AAA). Transformants were all fully pathogenic on potato cultivars lacking late blight resistance genes. (B) Confocal micros-
copy image of a P. infestans transformant expressing a native AVR3a::mRFP fusion during infection of potato, showing AVR3a secretion 
(red fl uorescence) only from fi nger-like haustoria. (C) As in B but with the RxLR-EER of AVR3a replaced by alanine amino acids; the red 
fl uorescence is no longer restricted to the haustoria.
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resistance protein in the host plant. The function of the 

RxLR-EER motifs has been speculated to be function-

ally similar to the host targeting signal (RxLxE/Q) in se-

creted proteins of malaria parasites (Haldar et al., 2006). 

The role of these dual motifs in translocating secreted 

proteins of P. infestans was recently demonstrated at 

SCRI (Fig. 1A). AVR3a is only recognised inside potato 

cells that express the R3a protein and the RxLR-EER is 

not required for the recognition process. The RxLR and 

EER motifs were replaced by alanine amino acids in the 

AVR3a protein. This experiment demonstrated that both 

the RxLR and EER motifs are required for transport of 

the AVR3a protein, as AVR3a was no longer recognised 

in R3a cells. The role of these dual motifs was further 

investigated by translational fusion of the native and 

alanine replacement Avr3a genes to the monomeric red 

fl uorescent protein, followed by confocal microscopy 

(Fig. 1B). This showed that AVR3a is secreted from 

P. infestans haustoria, which are fi nger-like biotrophic 

structures that are invaginated into plant cells and are 

therefore in intimate contact with host cytoplasm. In 

comparing the cellular localisation of different forms of 

AVR3a fused to mRFP, the alanine replacement version 

was intensely fl uorescent surrounding the haustoria, and 

red fl uorescence was observed in the plant intercellular 

spaces, as if accumulating and overspilling the extra-

haustorial matrix (Fig. 1C). This is also consistent with 

a role for the RxLR-EER motifs in protein translocation 

across host plant membranes.

A bioinformatics search of the P. infestans genome 

sequence, plus 18,000 unique gene sequences, 

yielded a prediction of 425 RxLR-EER class genes for 

P. infestans. A subset of these, derived from unigenes, 

showed that all were up-regulated either in preinfection 

stages or during infection, consistent with the hypoth-

esis that the encoded proteins are involved in establish-

ing and maintaining host plant infection. Screening of 

these genes using a transient gene silencing strategy 

developed at SCRI has revealed that some play a role 

in establishing infection. The central role that the RxLR-

EER motifs apparently play in translocating P. infestans 

effectors into plant cells, provides potential targets for 

novel oomycete disease control strategies.
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Molecular 
diagnostics: 
quantitative tools for 
investigating potato 
pathogens
Alison K. Lees, Jennie L. Brierley, Jenny A. 

Stewart, Louise Sullivan & Danny W. Cullen

Potatoes are subject to attack from a wide range of 

seed- and soil-borne pathogens. In order to develop 

effective strategies for minimising disease risk in potato 

production, it is fi rst necessary to understand the fac-

tors governing the incidence and severity of diseases 

caused by these pathogens: for example, the method 

of transmission of the pathogen, the relative importance 

of different sources of inoculum and factors infl uencing 

infection and the subsequent development of disease 

symptoms. 

Current knowledge of the epidemiology of individual 

potato diseases varies according to both their historical 

and perceived importance and also to ongoing changes 

in the pathogen population such as increased levels of 

fungicide resistance, or selection for pathogenic strains. 

There are many remaining epidemiological questions 

and work has, in some cases, been hindered by the 

inability to detect the pathogen at an early, or symptom-

less, stage of host infection. Accurate quantifi cation of 

the pathogens on tubers, by methods other than visual 

assessment, which can be subjective, and also in soil is 

important.  At SCRI, the development of reliable, spe-

cifi c, real-time PCR assays for the detection and quan-

tifi cation of potato pathogens (Table 1) has provided the 

tools needed to investigate these questions and new 

studies have therefore been instigated. 

By using the PCR based quantitative diagnostic as-

says in combination with conventional measurements 

of infection and disease symptom expression, BPC 

and SEERAD funded work has allowed us to accurately 

measure the effect of soil inoculum level, environmental 

factors (e.g. soil type, soil moisture regime and tem-

perature) and disease control measures on the inci-

dence and severity of diseases such as powdery scab 

(Spongospora subterranea), black scurf (Rhizoctonia 

solani) and black dot (Colletotrichum coccodes) under 

controlled environmental conditions and in fi eld trials. 

As would be expected, these effects vary according to 

the pathogen; for example, the level of S. subterranea 

soil inoculum did not signifi cantly affect the incidence 

and severity of either tuber infection or powdery scab 

symptoms at maturity, whereas a relationship between 

soil inoculum level and black dot disease symptoms 

Table 1  Real-time PCR assays developed at SCRI for the quantification of seed and soil-borne potato pathogens. 

Silver scurf
Black dot
Black scurf
Powdery scab
Dry rot
Common scab
Gangrene
Watery wound rot
Pink rot
Late Blight

Cullen, D.W. et al., 2001. European Journal of Plant Pathology 107, 387-398.
Cullen, D.W. et al., 2002. Plant Pathology, 51, 281-292
Lees, A.K. et al., 2002. Plant Pathology 51, 293-302.
van de Graaf., P. et al., 2003. European Journal of Plant Pathology 109, 589-597.
Cullen, D.W. et al., 2005. Phytopathology 95, 1462-1471.
Cullen, D.W.  & Lees, A.K. 2007. Journal of Applied Microbiology (in press).
Cullen, D.W. et al., 2007. Journal of Phytopathology (in press).
Cullen, D.W. et al., 2007. Journal of Phytopathology (in press).
Cullen, D.W. et al., 2007. Journal of Phytopathology (in press).
Unpublished

Helminthosporium solani
Colletotrichum coccodes
Rhizoctonia solani AG3
Spongospora subterranea
Fusarium spp.
Streptomyces spp.
Phoma foveata
Pythium ultimum
Phytophthora erythroseptica
Phytophthora infestans

Disease Pathogen Reference

Potato showing symptoms of a range of blemish diseases.
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has been described. Additionally, it was demonstrated 

that root galling caused by S. subterranea increased 

signifi cantly at 17°C compared to 12°C and this has 

implications for increasing soil contamination where root 

gall susceptible cultivars are grown (van de Graaf et al., 

2005). 

Molecular diagnostic assays are an invaluable research 

tool, but are also being used on a larger scale in an 

industry driven BPC funded project led by SCRI. It is 

apparent that investigating seed stocks and soils for 

pathogens on a commercial scale and relating this to 

crop information is the most effective approach for vali-

dating diagnostic tests and interpreting their fi ndings in 

relation to disease risk.

This work therefore combines diagnostic assays for sev-

eral pathogens with appropriate soil sampling strategies 

and monitoring trials that encompass a wide range of 

cropping and environmental variables, in order to make 

the link between seed and soil contamination and the 

incidence and severity of disease outbreaks in commer-

cially grown crops. Results are being collated in a data-

base and interpreted in association with our knowledge 

of the epidemiology of the diseases. The assays and 

an interpretation of the results will be made available 

to the potato industry for disease risk assessment and 

decision making purposes, in conjunction with disease 

control advice.
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Quality, Health
& Nutrition
Derek Stewart

In general the public, industries and policymakers perceive food as a basis for long term health, 

nutrition and quality of life and this aligns with the research aims of the programme.  Through 

research we endeavour to establish the basis of health properties and organolepsis in major 

and minor crops with a view to optimising these and to determine what factors throughout 

the production chain impact upon these and other quality attributes. These aims are being 

achieved both under the auspices of the new SEERAD Science Programme as well as a raft of 

externally funded projects.

Health and Nutrition Ascorbic acid (Vitamin C) biosyn-

thesis and regulation are still foci of research and in 

planta demonstrate a strong genetic component with 

regard to absolute levels whilst their agronomic manipu-

lation have proved elusive.  Elevation of ascorbic acid 

in blackcurrant through breeding is not a short process 

so current research is focussed on the development 

of predictive biochemical or genetic markers related to 

absolute ascorbic acid levels.  This has involved sam-

pling a seedling population which is being biochemically 

characterised using metabolomic technologies and the 

expression of four ascorbic acid biosynthetic genes as-

sessed.  This will allow us to assess genetic diversity 

within the ascorbic acid biosynthetic genes with a view 

to using them as predictive markers of fruit ascorbic 

acid concentration.  

Fruit polyphenols are rapidly gaining credence as 

benefi cial dietary bioactive compounds whose actions in 

vivo are suggested to impact positively on many human 

pathologies and conditions such as cardiovascular 

disease (CVD), cancer, infl ammation etc.  A concerted 

effort has been made to establish and validate effi cacy 

for these compounds and we found that berry extracts 
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exhibited signifi cant anti-cancer effects in a human 

model cancer screen. Subfractionation of Rubus 

extracts resulted in signifi cant inhibition of cancer cell 

growth with the constituent ellagitannins much more 

effi cacious than the anthocyanins.  Attempts to attribute 

a structure–activity relationship to the anti-cancer 

effects of these polyphenolics are ongoing.  Supportive 

evidence for this was obtained in collaboration with the 

University of Ulster, wherein raspberry extracts were 

shown to be effective against the initiation, growth and 

invasiveness of colon cancer cells.

Interestingly the anthocyanins and ellagitannins were 

also shown to exhibit signifi cant inhibitory activities 

against α-glucosidase and α-amylase, respectively.  

These enzymes are responsible for our ability to digest 

starch.  Inhibition of α-glucosidase by drugs such as 

acarbose is a current therapy for controlling post-

meal blood glucose levels in patients with non-insulin 

dependent diabetes mellitus (NIDDM). This raises the 

attractive idea of partial control of starch digestion and 

thereby blood glucose levels by dietary means, and this 

could at least in part ameliorate the impact or onset of 

NIDDM. 

Research into the interdependency of food and health 

has been further strengthened by the appointment 

of two PhD students via the SCRI joint studentship 

scheme.  These studentships will focus on the mecha-

nism and preventative effects of soft fruit phytochemi-

cals against cancer.  These studies will further cement 

relationships with the Biomedical Research Centre (Uni-

versity of Dundee) and the Northern Ireland Centre for 

Food and Health (University of Ulster).

Aroma and Taste in Potato Aroma and taste are power-

ful drivers for repeated food purchases and potato is no 

exception. To establish the basis of these parameters 

in potato we have studied the components responsible 

for unique potato organoleptic parameters at the chemi-

cal, biochemical and molecular levels with a view to 

establishing markers in the raw tuber that can predict 

properties in the cooked/processed material. European 

(Solanum tuberosum Group Tuberosum) and Phureja 

potatoes (S. tuberosum Group Phureja, also known as 

S. phureja) have been shown to be distinct in sensory 

panels with respect to aroma and taste with Phureja 

adjudged to be the “better tasting”.  Metabolite and vol-

atile compound profi ling of raw and cooked Tuberosum 

and Phureja lines followed by multivariate analysis sug-

gested that there was a clear relationship between the 

elevated abundance of certain branched amino acids in 

tubers of  raw Phureja relative to Tuberosum and simi-

larly elevated levels of branched short-chain aldehydes 

in the volatile profi le from cooked Phureja. In addition 

the levels of some fatty acids (n-hexadecanoic acid, 

15-methylhexadecanoic acid and n-heneicosanoic) and 

some br-aldehydes (2-methylpropanal, 2-methylbutanal, 

3-methyl-butanal) and methyl esters of short-chain 

branched acids (2-methyl propanoic acid methyl ester 

and 2-methylbutanoic acid methyl ester) were elevated 

in Phureja.  Many of these compounds have been re-

ported to have desirable organoleptic properties in other 

foodstuffs.

Studies into the differences in matrix chemistries be-

tween European and Phureja revealed that they differ 

with respect to umami taste. This is a heightened or 

elevated taste per se: a fl avour enhancement category. 

We have compared the levels of one such class of 

compounds that give rise to the umami taste, in potato 

tubers that can be discriminated  by taste trials. In tu-

bers that score higher for acceptable fl avour there are 

much higher levels of the umami compounds in cooked 

tubers. We believe this may be an important advance in 

our understanding of potato fl avour and are extending 

this observation to a range of germplasm and segregat-

ing populations. 

Food Quality and Safety Assessment Recent food safe-

ty incidents and the introduction of genetically modifi ed 

foods in Europe have resulted in an intense public de-

bate regarding the safety of the European food supply. 

Consumers have little confi dence in the safety of their 

food supply and remain sceptical and distrustful of the 

management procedures currently in place. The overall 

objective of the EU project SAFEFOODS is to change 

the scope of decision-making on food safety from single 

risks to considering foods as sources of risks, benefi ts 

and costs that are associated with their production and 

consumption, and taking into account the social context 

in which decisions are made.  With this framework in 
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mind the 3.5 million Euro work package co-ordinated 

by SCRI is using modern profi ling techniques (tran-

scriptomics, proteomics and metabolomics), to provide 

comparative analyses of crops produced by differ-

ent breeding approaches (including GM),  production 

practices (conventional, low input and organic) and in 

a range of geographic locations (e.g. UK, Germany, 

Poland, South Africa).  Maize and potato are used as 

the model species.  Data are emerging which illustrate 

the range and sources of variation in gene, protein and 

metabolite expression in crops which have a history of 

safe use.  This data will be useful as a starting point in 

building global databases which will facilitate compara-

tive safety assessment of GM crops, for example.     

In a complementary study potato metabolite data 

derived from current and previous potato projects are 

being used as part of an FSA funded project to develop 

unifi ed data models and data pre-processing strategies 

that should allow meaningful, standardised statistical 

analyses of metabolome variability to be undertaken 

in crop plants.  This project, in collaboration with the 

University of Wales (Aberystwyth) and BioSS, will facili-

tate the unifi cation of metabolite reporting globally and 

allow for the cross comparison of unique metabolomic 

datasets.

The advances made in both metabolomics, data han-

dling and interpretation are being used to bridge the 

link between diet and health.  One such study will use 

metabolomics to assess the impact of high anthocy-

anin-containing blackcurrant consumption on markers 

of CVD in early-stage CVD volunteers (in collaboration 

with University of Dundee School of Medicine).   Simi-

larly, within the EU project NOFORISK, metabolomics is 

being assessed as a platform technology to assess the 

safety of novel foods.  Within NOFORISK metabolomics 

is being used to monitor an animal feeding trial for any 

unintended effects following consumption of a GM 

potato that has an altered and reduced glycoalkaloid 

content in comparison with the wild type potato.  Both 

of these studies are ongoing.
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Understanding 
dormancy release in  
raspberry buds 
Luca Mazzitelli, Robert D. Hancock, Sophie 

Haupt, Jim McNicol, Roberto Viola, Rex M. 

Brennan, Peter E. Hedley & Mark A. Taylor 

The control of bud break through a temperature-

dependent mechanism is a key ecological factor in 

woody perennial plant survival. Additionally, important 

aspects of plant architecture and development are 

regulated by the coordinated regulation of bud growth. 

Thus bud dormancy is fundamental to the study of plant 

developmental processes. Regulation of bud break is 

also of signifi cant economic importance to fruit and 

horticultural industries. Bud break in protected raspberry 

crops is often poor and uneven, with many lateral buds 

failing to break at all.  In order to extend cropping, 

current practice uses heated glasshouses, and therefore 

the ability to predict dormancy release becomes a 

major factor in early fruit production. Furthermore, such 

concerns are likely to become increasingly important for 

fi eld production in a period of rising global temperatures.

Bud break of raspberry is dependent upon exposure 

to a particular duration of cool temperatures (chilling) 

to release dormancy followed by an appropriate 

temperature to permit growth in the spring. Usually, 

before and after the endodormant period (that is, when 

growth inhibition is regulated from within the bud itself) 

growth can be arrested at any time by unfavourable 

growth conditions. This physiological state is known 

as ecodormancy. Current theories of dormancy 

suggest that endodormancy is followed by a period of 

ecodormancy, where buds are held in a dormant state 

until temperatures rise in the spring allowing growth 

resumption. Raspberry also exhibits a high degree of 

paradormancy caused by apical dominance, which 

is manifested in the typical unbranched form of the 

canes. Although endodormancy and paradormancy 

both prevent visible signs of active growth of the 

cane, the two types of dormancy can be distinguished 

experimentally by growth comparison of buds on whole 

canes with buds on isolated nodal cuttings.

An understanding of the molecular and cellular basis 

of signals that control dormancy release in woody 

perennial plants remains elusive. Thus, this study aimed 

to unveil insights into the overall dormancy processes. 

Analysis of gene expression patterns, from the onset 

of dormancy in raspberry buds until the period when 

plants have accumulated suffi cient chilling to permit bud 

break, provides the basis for a better understanding 

of the physiological processes within bud tissues. 

Important tools developed in this study include the 

generation and analysis of two dormancy stage-specifi c 

complementary DNA (cDNA) libraries constructed 

from endodormant and paradormant buds, expressed 

sequence tag (EST) analysis, and the development and 

Four stages of raspberry bud development. Stage 1 – no 
development; stage 2 – bud swelling; stage 3 – growth of 
leaves extending away from the bud scales; stage 4 – sec-
ond fl ush of leaves pushing through.

Stage 1

Stage 2

Stage 3

Stage 4
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utilisation of a cDNA microarray. By combining these 

technologies, it was possible to monitor the activity of 

a large number of genes simultaneously and to identify 

differentially expressed genes encoding dormancy-

associated proteins. Some of the selected genes with 

interesting expression patterns represent candidate 

markers for understanding the complex dormancy 

transition mechanisms. It is possible that key gene 

sequences identifi ed could prove useful for future 

molecular breeding programmes, as molecular markers 

to aid the selection of desirable traits in commercial 

raspberry lines. The identifi cation of dormancy stage-

specifi c genes will also facilitate the isolation of promoter 

sequences conferring tight gene regulation during 

dormancy phase transition. Together with other ongoing 

raspberry investigations, including physical mapping and 

QTL analysis, the EST sequences and arrays developed 

in this project enable for the fi rst time the large scale 

exploration of the raspberry transcriptome, making this 

plant a suitable model system for dormancy studies 

in woody perennials, especially other members of the 

Rosaceae. In particular, the array analysis has enabled 

gene expression profi ling during a dormancy time course 

in a plant that has worldwide economic relevance for 

production of soft fruit and so we are able to draw 

conclusions about the metabolic activities taking place 

during dormancy release in bud meristems, providing 

the basis for the development and testing of hypotheses 

concerning dormancy release processes.
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Metabolomic 
analysis of the potato 
tuber life cycle
Louise V.T. Shepherd, Derek Stewart, Nathalie 

Massat, Michael Anderson, Paul Neave, Jim 

McNicol & Howard V. Davies

The potato tuber is a valuable model system for 

studying sink organ formation and storage organ 

metabolism. With the emergence of modern platform 

“omics” technologies (transcriptomics, proteomics 

and metabolomics) approaches are being developed 

to facilitate a much deeper understanding of the tuber 

life cycle, from tuber initiation through development 

and storage and into the sprouting phase.  “Omics” 

approaches, linked to appropriate phenotyping, will 

allow a clearer defi nition of temporal changes in trait 

development and the identifi cation of genes, proteins 

and metabolites driving these events.  They will also 

facilitate a fuller understanding of the drivers of genotypic 

variation in commercially important phenotypes.  

We have used a range of metabolite profi ling 

approaches to understand better the complexity of 

events at the metabolite level during the potato tuber life 

cycle.  Through collaboration with BioSS the complex 

data sets have been analysed using multivariate 

techniques such as principal component analysis (PCA) 

and, where applicable, for individual compounds analysis 

of variance (ANOVA).

Glasshouse grown plants of Solanum tuberosum cv. 

Desirée were harvested sequentially over about 5 

months to obtain tubers at predefi ned developmental 

stages.  Tuber sub-samples were freeze-dried and 

milled prior to analysis by gas chromatography–mass 

spectrometry (GC–MS).

Analysis of polar constituents using GC-MS was able 

to discriminate between most of the life cycle stages 

examined and in particular between the developing and 

mature tubers (Fig. 1).  There were smaller differences 

between mature and sprouting tubers using these co-

ordinates.  However, separation of mature and sprouting 

tubers was possible using other principal components 

which accounted for a lower percentage of the variance.  

Cold stored tubers (5 oC) were easily separated from 

those stored at room temperature and this was primarily 

driven by differences in sugar content. The fact that 

stage 5a (excised developing tubers) could be separated 

from 5b (tubers maintained attached to the mother 

plant) was particularly interesting as was the fact that 

excised tubers clustered more closely to the naturally 

senesced tubers.  This indicates that the excision of 

developing tubers from the mother plant stimulates 

the tuber maturation process and is in line with our 

previous studies which showed that excised tubers 

undergo a rapid sink to source transition with a reduced 

capacity to synthesise starch.  As with transcriptional 

changes during the life cycle (Kloosterman et al., 2005) 

metabolites could be grouped depending on the pattern 

Figure 1  Principal component analysis of 90 polar 
metabolites identified by GC-MS for tuber life cycle stages 
1-7.  Samples are labelled according to developmental 
stage.
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of change observed and the specifi c stages in tuber 

development/maturation when signifi cant changes 

became manifest.  While it is clear is that metabolites 

change with development the fact that mature dormant 

and non-dormant tubers appear to be relatively uniform 

in their metabolite profi le within a cultivar gives some 

confi dence for experiments which use mature tubers to 

assess, for example, the extent of natural variation or 

the impact of specifi c transgenes on composition, i.e. 

there appears to be a window of relative stability in the 

metabolome.
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Environment Plant 
Interactions
Philip J. White

Research in the EPI programme seeks to describe, understand and predict how the envi-

ronment impacts on plants, and how plants modify their environment – an environment that 

changes physically, chemically and biologically in both space and time. We focus on the ef-

fi cient use of resources, such as water and minerals, and the development of sustainable and 

resilient arable ecosystems. We are committed to communicating our research to academics, 

industry, policy makers and the public in general.

Roots provide anchorage for a plant and stabilise soils 

In an EPSRC-funded collaboration with engineers at the 

University of Dundee, Glyn Bengough and Paul Hallett 

have demonstrated recently the benefi cial effects of liv-

ing roots in mechanically reinforcing soils, particularly on 

unstable slopes. Insights from this work have informed 

the landscape management strategies of organisations 

such as Network Rail. Our research has also identifi ed 

key mechanisms involved in the development of soil 

structure by roots and microorganisms. Scientists from 

SCRI visited China and Nepal under the EU AsiaLink 

programme to lecture on the complex interactions be-

tween the biological and physical properties of the soil 

and their consequences for sustainability.

Roots explore the soil to acquire water and essential 

minerals In collaboration with the QHN programme, 

we have been analysing the composition of root exu-

dates and its consequences for the movement of roots 

through the soil, releasing minerals from recalcitrant 

substrates, and fostering synergistic interactions with 

biota in the rhizosphere. Because crop growth can 

be constrained by physical properties of the soil, Blair 

McKenzie and Tracy Valentine are identifying traits 

that enable roots to penetrate compacted soils. In a 

BBSRC-funded collaboration with computer scientists 

at the University of Dundee, Glyn Bengough and Tracy 

Valentine have been developing novel computer-vision 

techniques to automate the analysis of root growth over 



38

short time intervals using confocal microscopy and par-

ticle image velocimetry.

Improved fertiliser use effi ciency reduces costs and 

pollution The EU Water Framework Directive seeks to 

reduce the nitrogen (N) and phosphorus (P) concentra-

tions in surface and ground waters and, thereby, restore 

them to good ecological quality. To appraise the current 

situation, Defra commissioned Philip White and John 

Hammond of Warwick–HRI to update the estimates of 

the sources of P in UK waters. Their report indicated 

that agriculture contributed substantially to P pollution, 

and that improving P-fertiliser use effi ciency would ben-

efi t the environment. This advisory work was comple-

mented by SEERAD-funded research to identify genetic 

and agronomic factors to improve the use of P and N 

fertilisers. In parallel work, Tim George demonstrated 

the signifi cance of genetic variation in rhizosphere phos-

phatase activity for plant P nutrition in soils with low 

phosphate availability. 

Interactions in the rhizosphere improve plant growth 

and soil resilience Using a combination of traditional 

and molecular techniques, scientists at SCRI are able to 

survey complex microbial communities. In a commercial 

context, Scottish Enterprise is funding Tim Daniell to de-

velop high-throughput diagnostic techniques to identify 

micro-organisms impacting on environmental and water 

quality. In an academic context, and with a focus on be-

low ground communities, Tim Daniell has been studying 

the population dynamics of nitrogen cycling organisms 

with Ron Wheatley and the relationships between plants 

and their intimate symbiotic partners, such as arbuscu-

lar mycorrhizal fungi, with Maarja Öpik. In collaboration 

with scientists at Nanjing Agricultural University, Bryan 

Griffi ths has shown that bacterial-feeding nematodes 

alter root development through changes in the rhizo-

sphere microbial community that affect the production 

of plant growth regulator substances. Our studies of the 

resilience of soils in response to changes in agricultural 

practice have indicated that, whilst the physical proper-

ties of soils can improve quickly, the recovery of biologi-

cal functions can take many years. 

Interactions between plants and insects An area of 

ecological research that is rarely undertaken in man-

aged ecosystems is the linkage between below ground 

and above ground biota. However, Scott Johnson, 

Nick Birch and colleagues have shown that even minor 

root herbivory by vine weevils can compromise the 

resistance of raspberry plants to the large raspberry 

aphid. Since this aphid is a vector of several major viral 

diseases of raspberry, this may have serious conse-

quences for the industry. Research is now underway to 

determine the processes behind this phenomenon, with 

a view to improving plant resistance to pests. In other 

entomological research, Ali Karley is investigating both 

the effect of plant macronutrient status on plant–insect 

interactions and the role of aphid microbial symbionts in 

aphid–plant and aphid–parasitoid interactions.

Studies of the non-specifi c consequences and spread 

of transgenes in the environment This year, Bryan 

Griffi ths and colleagues reported results from the EU 

ECOGEN (soil ecological and environmental evaluation 

of genetically modifi ed crops) project. This project un-

dertook fi eld and glasshouse trials across Europe that 

included herbicide tolerant and Bt-maize. The data indi-

cated that soil biology was affected greatly by soil type, 

tillage treatment and the stage of plant development. 

Factors such as crop cultivar and application of biocide 

had lesser effects on soil biology, and smaller still were 

effects attributable to genetic modifi cation (GM). The 

EU SIGMEA (sustainable introduction of GM crops into 

European agriculture) project and several complemen-

tary Defra-funded projects led by Geoff Squire were also 

successfully completed, or produced major outputs, 

this year. The analysis of over 200,000 plant samples 

has provided unique insights to GM persistence in near-

commercial arable ecosystems, and this knowledge has 

been used by Graham Begg and colleagues to develop 

mathematical models of gene fl ow in the environment. 

These comprehensive studies have not only informed 

policy makers, farmers and commercial parties, but are 

also enabling the development of novel techniques to 

study the movement and persistence of genes that un-

derpin ecologically important traits. In related SEERAD-

funded work, Pete Iannetta and colleagues are develop-

ing diagnostic molecular tests for key functional traits in 

plant populations as a measure of ecosystem diversity, 

using ecotypes of Capsella (shepherd’s purse) as a 

model system.



39

Environment Plant Interactions

The role of plant diversity in sustaining food webs in ar-

able ecosystems The extensive farm scale evaluations 

of arable biodiversity in GM crops conducted between 

2000 and 2003, and subsequent SCRI investigations 

of seedbank diversity and GM persistence, have pro-

vided data for us to identify functional types of weed 

and invertebrate species and to model the relation-

ships between weed density and crop yield. This year, 

Cathy Hawes and colleagues began a BBSRC-funded 

research project to model, and ultimately provide advice 

on, strategies for maintaining biodiversity within arable 

systems whilst maintaining crop yield, in collaboration 

with Dave Bohan of Rothamsted Research. This project 

is synergistic with other SEERAD-funded studies to 

elucidate the complex relationships between crop yield, 

biodiversity, sustainability and ecosystem resilience. In 

one of these, Bruce Marshall and Ali Karley are develop-

ing techniques to quantify and explore the infl uence of 

plant architecture, through its impact on competition for 

light and nutrients, on food webs and species diversity 

in arable ecosystems. 

The Environment Plant Interactions Programme sup-

ports ‘The Living Field’ An educational project informs 

schoolchildren, in particular, and the public, in general, 

about the importance of the environment, agriculture 

and science. Several members of the EPI programme 

have manned popular exhibits at Gardening Scotland 

and the Dundee Flower and Food Festival to promote 

the opening of the Living Field Study Centre at SCRI in 

Spring 2007.

Gladys Wright and Ron Wheatley beside an automatic weather station monitoring the environment near Mid Pilmore fi eld plots with 
contrasting cultivations.
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Dynamics of root–
soil systems
A. Glyn Bengough, Paul D. Hallett, Blair M. 

McKenzie, Tracy A. Valentine & Nathalie Wuyts 

Plant roots experience a range of stresses in the soil 

environment, and also have capacity to modify the 

physical behaviour of soil.  As agricultural practice be-

comes increasingly mechanised and more concern is 

placed on the ecosystem services provided by soils, 

understanding these complex root–soil interactions is 

essential to developing sustainable cropping systems. In 

combination with climatic factors, such as the frequency 

and intensity of rain, soil mechanical and hydraulic 

properties control the size, nature and extent of root 

systems.  These constraints can affect crop yield and 

quality.  Given the uncertainties associated with global 

climate change, it is crucial that we both understand 

and manage the soil–plant system to deliver stable crop 

yields whilst enhancing biodiversity in agroecosystems, 

and minimising environmental pollution by agrochemical 

leaching. We are therefore studying root responses to 

soil physical conditions, from the molecular level to fi eld 

scale, to understand how roots respond to changes in 

soil strength, structure and water potential.

The extent of a root system controls the volume of 

soil the plant can exploit for water and nutrients.  Root 

length densities (length of root per volume of soil) are 

often large in fertile agricultural topsoils.   However, in 

subsoils and poorly structured topsoils, roots can be 

confi ned largely to pre-existing channels and biopores, 

decreasing the effi ciency of water and nutrient extrac-

tion.  The main physical factors limiting root growth are 

mechanical impedance (soil that is too hard), drought 

(insuffi cient available water), and waterlogging (insuf-

fi cient air-fi lled pore-space).   By quantifying how these 

stresses change with time and location in the soil 

profi le, we can understand the stresses limiting root 

growth.  Results to date indicate that soil strength is 

often the major factor limiting root growth.  We are 

evaluating how soil strength may be controlled by soil 

management and its subsequent effects on plants.  

We are particularly interested in whether certain plant 

genotypes perform better in problem soils, because we 

have evidence of signifi cant genotypic variation in root 

systems of both model plant and crop species.  As rain-

fall frequencies and intensities change, plant roots may 

be faced with an increasingly hostile soil environment.  

Working in collaboration with BioSS and the Macaulay 

Institute we aim to understand how we can best evalu-
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Figure 1  We are developing image analysis techniques to 
study physiological mechanisms underlying root 
responses to stress.  This figure shows the cellular motion 
caused by cell expansion in growing Arabidopsis roots 
(BBSRC funded).  

Figure 2  Deformation patterns around root tips growing in 
sand reveal the mechanics of root penetration.
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ate soil physical properties at a national scale, control 

them at a fi eld scale and, alongside plant geneticists 

at SCRI, understand the potential to exploit variation 

in root system traits for effi cient capture of water and 

nutrients.

The most detailed work involves developing techniques 

to study the dynamics of cell expansion in relation to 

external stresses.  For example, Fig. 1 shows results 

from a new image analysis method developed in 

collaboration with the department of Applied Computing 

Quantifying root systems grown in soil columns reveals interactions between root architecture and root function.

at the University of Dundee (Tim Roberts and Stephen 

McKenna) to determine the rates of cell expansion 

in roots of the model plant species Arabidopsis.  We 

have recently applied a related technique to study 

deformations of the soil around growing roots (Fig. 2), in 

collaboration with the Agricultural University of Norway 

(Ane Vollsness).  Developing these methods and 

applying them in novel ways elucidates the mechanisms 

controlling root penetration of soils, whilst scaling up 

to the glasshouse and the fi eld allows consideration of 

whole root system responses under real conditions.  
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Common wild plants 
as biodiversity 
indicators
Pietro Iannetta, Graham Begg, Jane Wishart, Mark 

Young, Ali Karley, Tracy A. Valentine, Cathy Hawes 

& Geoff Squire

Wild plants commonly termed ‘weeds’ are species 

stereotyped as being survival specialists. However, this 

presumption anticipates ex gratia the ability of a wild 

plant species to adapt to a changing environment. This 

assumption contrasts with our awareness of crop spe-

cies, which are characterised by a range of different cul-

tivars or varieties, each distinguished by their ability to 

exhibit one or more profi table traits, such as high yield, 

strong stems, short time to fl owering or reduced seed 

dormancy. A farmer normally selects a particular variety 

based upon local conditions. Wild plants should not be 

considered as different from crops in this respect, since 

a single wild plant species also comprises a myriad of 

functionally different forms. Consequently, the ability of 

wild species to adapt should perhaps not be assumed 

as a species-property, but rather as a property of the 

collection of functionally distinct types that comprise 

that species. 

The breadth of variation within a species is an important 

element of the biodiversity of wild plant species and 

may relate directly to other components of the ecosys-

tem such as management history, soil quality, and the 

biodiversity of associated trophic layers, including mi-

croorganisms, insects and birds. We are currently test-

ing whether there is a causal link between the within-

species diversity of wild plants and other components 

of the ecosystem. If such a link were found, it might 

provide a means for rapid assessment of the state of a 

habitat. 

Our research presents a novel approach, quantifying 

biodiversity and assessing the ecological impact of 

environment changes. The most scientifi cally accurate 

quantifi cations demand that a suitable measurement 

unit is defi ned. Historically, the measurement units for 

biodiversity have been species. However, species are 

defi ned largely by the structural characteristics of (for 

example) their stems, leaves and fl owers which do not 

necessarily serve as indicators of their ecological func-

tion. We aim to recognise plants as individuals defi ned 

by what they actually do in terms of their ecological 

service and defi ne the units to measure biodiversity in 

terms of ecologically signifi cant traits. 

To test the utility of our model approach, we have fi rst 

assessed diversity (Fig. 1) within the common wild plant 

Figure 2  Molecular-fingerprinting techniques are being 
developed as diagnostic tools. Among these, molecular 
I-SSR (Inter-Simple Sequence Repeat) data provided the 
profiles shown above for two Capsella accessions with 
relatively long (125 days) and short (80 days) flowering 
times. The down-arrows and associated dash-lines 
highlight the presence and absence of DNA regions that 
distinguish the functionally different types.
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Figure 1  Two extremely different phenotypes are 
exemplified in the picture.  Relatively early flowering plants 
encompassed ca. 85% of the accessions. Flowering 
quickly was also associated with a longer reproductive 
duration and the production of more (and smaller) seeds, 
compared to late-flowering accessions. 
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Capsella bursa-pastoris (L.) Medic. (meaning, “little 

purse-of the shepherd” in reference to pouches tradi-

tionally worn in the Mediterranean area). It was from 

centres of diversity in this region that Capsella radiated 

to be grown as a food-crop and medicine throughout 

Europe and beyond, which may explain its prevalence 

as a colonist of disturbed land worldwide. The wide 

range of within-species variants has long been acknowl-

edged and recorded since the mid-1800s, with up to 

200 types being noted. 

Our research has shown that over 85% of all the 

Capsella individuals gathered from farmed fi elds 

throughout the UK are relatively quick to fl ower com-

pared to other arable plants. In addition, wide variation 

was also found for other ecologically important life his-

tory traits for Capsella. These include seed and root 

characteristics and leaf shape, size and number. The 

implications of trait-imbalance upon other components 

of the ecosystem, such as resource quality for insect 

herbivores and crop pathogens, are also being ex-

plored. 

Molecular diagnostic tests for the trait differences are 

being developed to estimate the balance of traits for 

Capsella populations that exist on land subject to differ-

ing conditions of management and climate (Fig. 2). This 

information will provide a valuable insight to our under-

standing of the role that wild plants play in production 

ecosystems and provide essential information for gov-

ernment policy-makers.

A critical mass of highly skilled scientists is an essential component for the most effi cient research projects, particularly for ecological stud-
ies. The environmental monitoring of natural plant communities demands professionally managed teams to process large numbers of sam-
ples, often within short time frames. Team co-ordination also exists across research establishments: here members of the EPI team sort leaf 
material gathered from across the UK.  
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Plant Research Unit 
of the University of Dundee
Claire Halpin

The Plant Research Unit of the University of Dundee continues to thrive at SCRI. It is now part 

of the newly formed College of Life Sciences following the restructuring of the University from 

seven Faculties to four Colleges. This change in academic structure and management will en-

able the University to continue to build on its recent successes in a rapidly changing and com-

petitive environment. The College is a world ranking research centre and the only 5* biological 

sciences grouping in Scotland. The College employs over 650 scientists and support staff, 

including 68 principal investigators, from 49 countries working in state of the art facilities on 

the city campus. The University’s Plant Research Unit located at SCRI currently has 25 people 

(plus visiting scientists) working in fi ve research groups. Collectively, the Unit published over 30 

papers in 2006 and won nine new research grants. The Unit is increasingly working in close 

collaboration with SCRI researchers and joint grant applications totaling over £3.2 million were 

submitted in 2006. The main activities of the Unit’s fi ve research groups during 2006 are sum-

marised below.

Genome evolution and biodiversity in crop plants (Dr 

Andy Flavell) Crop genomes have been selected from 

wild progenitors by thousands of years of human selec-

tion, leading to a big reduction in biodiversity. The Flavell 

group has developed high throughput molecular marker 

methods to measure this diversity, using polymorphism 

both at single nucleotides (SNPs) and in transposable 

element insertion positions. These marker approaches 
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are being applied to the improvement of fungal resis-

tance in wheat and potato, in partnership with SCRI 

(Robbie Waugh, Glenn Bryan) in the EU Framework 6 

Project BIOEXPLOIT (joint value to SCRI/UoD £1.25 mil-

lion). Andy Flavell is also closely collaborating with David 

Marshall and colleagues at SCRI to refi ne the GERMI-

NATE database for storing, manipulating and displaying 

data related to plant biodiversity. This work is supported 

by the BIOEXPLOIT project and a new BBSRC Project 

grant, GERMINATE 2, which commences early in 2007. 

The Flavell group is also analysing biodiversity of pea 

(Pisum sativum) in the EC Framework Project GRAIN 

LEGUMES. Finally, Andy Flavell and Robbie Waugh 

have co-supervised the PhD project of Maura Lyons to 

identify Miniature Inverted Repeat transposable elements 

(MITEs) in the barley genome. Maura submitted her PhD 

in September 2006. 

Manipulation of plant metabolism by reverse genetics 

(Dr Claire Halpin) Current approaches to metabolic 

engineering in plants have several drawbacks. Most 

work to date has concentrated on modulating the 

expression of single genes and available procedures for 

coordinately manipulating multiple genes are arduous 

and time-consuming. Transgenic technologies are still 

imprecise and it is currently impossible to directly target 

a transgene to a specifi c genomic location or to perform 

‘gene-knockouts’ in higher plants. Claire Halpin’s group 

is interested in developing strategies for achieving 

coordinate multi-gene manipulation and gene targeting 

in plants, focussing particularly on manipulation of the 

lignin biosynthetic pathway. A recent grant from The 

Leverhulme Trust is funding continuing research into 

homologous recombination and gene targeting in the 

Halpin lab. Also in 2006, Claire Halpin, in collaboration 

with SCRI researchers (Robbie Waugh, David Leader 

and Derek Stewart) submitted several proposals to 

BBSRC to allow her to expand her lignin research into 

barley. 

Plant ecophysiology and adaptation to environmental 

stress (Professor Lyn Jones) Environmental stresses 

such as drought and salinity limit agricultural produc-

tion over a large proportion of the world’s land area. 

Research in Prof. Lyn Jones’s group aims to understand 

the ways in which plants can tolerate individual environ-

mental stresses such as drought and salinity as a basis 

for improving both the genotypes available for agriculture 

and for improving crop management for stressful condi-

tions. A particular thrust of the research in the past few 

years has been the development and refi nement of re-

mote sensing techniques for diagnosing and monitoring 

plant responses to various environmental stresses. Tech-

niques being developed range from those applicable at 

the single leaf or plant scale through to regional sensing 

by means of airborne or satellite-based remote sensing. 

The work has a particular focus on novel approaches to 

the use of thermal imaging as a tool for assessing the 

rate of water loss from plant canopies and as a sensitive 

tool for drought ‘phenotyping’. Lyn Jones outlines the 

potential of thermal imaging as a tool for the diagnosis 

and monitoring of plant responses to environmental 

stresses, especially drought, in the following article.  

Resource availability (‘Bottom up’) effects on the func-

tioning of photosynthetic organisms (Professor John 

Raven FRS FRSE) John Raven’s main research activities 

during 2006 have been in three distinct areas. (1) Inor-

ganic Carbon:  Work published in 2006 on the tropical 

and warm temperate marine green acellular macroalgal 

genus Caulerpa showed great diversity of inorganic 

carbon acquisition processes among the eight species 

studied. As yet unpublished work shows diversity with 

the marine diatom genus Thalassiosira. (2) Photosynthet-

ically Active Radiation (PAR): Papers published this year 

have increased our understanding of the factors limiting 

the use of very low fl uxes of PAR in photolithotrophic 

growth of two species of marine algae, and have extend-

ed John Raven’s earlier work on limitations on where 

life based on photosynthesis could occur elsewhere in 

the universe rather than on Earth. (3) Trace Elements: 

Work published in 2006 examined a wide phylogenetic 

range of marine microalgae for the effects of the PAR for 

growth on the content of a number of trace elements; 

for some elements in some organisms very high quotas 

were found at the lowest PAR values tested. While these 

fi ndings require further mechanistic examination to de-

termine if the large quotas have functional (catalytic) sig-

nifi cance rather than representing luxury accumulation, 

they clearly have important implications for the allocation 

of trace elements between seawater and cells at differ-
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ent depths in the surface ocean. All of this work involved 

collaboration nationally and internationally.

Identifying the genes that control fl owering time and 

understanding how they are regulated (Dr Gordon 

Simpson) One gene that strongly promotes fl owering in 

different plants is Flowering Locus T (FT). Arabidopsis 

mutants that ectopically express FT fl ower early. Gordon 

Simpson’s lab has successfully screened for mutants 

that fl ower early in the absence of FT. The aim of this 

study is to identify factors that work alongside or down-

stream of FT in the control of fl owering. The isolated mu-

tants show different responses to day-length and ambi-

ent temperature. Progress towards characterising these 

mutants is being made and in 2006 Stephen Holland, 

a student at Dundee University, won a fellowship from 

the Genetics Society to begin positional cloning of the 

genes disrupted in these mutants. Gordon Simpson’s 

lab is already focussing on molecular and genetic stud-

ies to determine how an Arabidopsis RNA binding pro-

tein called FPA promotes fl owering. With funding from 

the BBSRC, Dr Lionel Terzi and Dr Jacqui Marshall have 

joined the lab to study the RNA targets of FPA. They are 

applying new technology (RIP and CLIP) to Arabidopsis 

that involves the isolation of complexes of RNA bind-

ing proteins with their cognate RNAs formed in vivo. If 

successful, this technology will be valuable beyond the 

fi eld of fl owering as it would provide a means to directly 

identify the genes regulated by the many plant-specifi c 

RNA binding proteins of unknown function. Gordon 

Simpson was one of 10 young plant developmental 

biologists invited to a UK–China partnering meeting in 

2006 from which collaborations in regulatory RNAs are 

being developed.



48

Thermal imaging as 
a tool for studying 
plant responses to 
environmental stress
Hamlyn G. Jones, Stefania Pisanu, Pietà G. Scho-

fi eld & Ilkka Leinonen 

Leaf temperature is important to plants both through 

its subtle effects on the rates of key physiological proc-

esses and because of the damaging effects of extreme 

temperatures.  Because of the importance of evapora-

tive cooling as a major component of the leaf energy 

balance, leaf temperature can be used as an indicator 

of rates of water loss or of stomatal opening. Although 

in principle one could also use temperature measure-

ments to study changes in thermogenic metabolism, 

these differences are usually too small to detect in the 

fi eld, so most applications of thermal imaging in plant 

ecophysiology relate to changes of transpiration in re-

sponse to environmental stress. Modern thermal imag-

ers can readily detect small differences in transpiration 

refl ecting differences in stomatal aperture (Fig. 1); as a 

result thermal imaging can be a powerful tool aiding the 

diagnosis and monitoring of plant responses to environ-

mental stresses.

Irrigation scheduling Monitoring of canopy temperatures 

has been used for some years to indicate the need for 

irrigation, but it has not been very sensitive in temperate 

climates. We have introduced thermography, which to-

gether with the use of wet and dry ‘reference’ surfaces, 

has opened up exciting new possibilities for irrigation 

scheduling in a much wider range of situations. When 

combined with modern image analysis techniques it is 

possible to automate the extraction of leaf temperature 

and potentially even to automate an irrigation control 

system. We are currently collaborating in a Defra LINK 

project aiming to devise an automated irrigation control-

ler for the hardy nursery stock industry. The principle of 

the extraction of leaf temperatures from combined thermal 

and visible images is illustrated in Fig. 2.

Figure 1  A visible image and a corresponding thermal 
image of grape vine leaves, indicating the cooling effect 
of evaporation. The cool area of the right hand leaf (dark 
purple, c. 25°C) has been wetted while warm areas 
(blue-green, c. 40°C) are where transpiration has been 
prevented.

Figure 2  The automated procedure for extraction of leaf 
temperatures involves the combination and overlaying of 
thermal and visible images, image classification to identify 
leaf areas and extraction of temperatures.
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Drought “phenotyping” Another powerful application 

of thermal imaging is to provide a rapid means for 

screening for stomatal mutants or for the identifi cation 

of genotypes with particular stomatal responses to im-

posed drought. Thus far thermography has successfully 

been used to identify a number of stomatal mutants; our 

work has concentrated on its application in fi eld studies 

where it is important to have tools available that allow 

large-scale phenotyping of breeding material in fi eld ar-

rays (Fig. 3).

Use in evaluation of canopy structure.  Thermal imagery 

can also be combined with multiangular viewing and 

hyperspectral refl ectance for the diagnosis and monitor-

ing of water and nitrogen stresses in various agricultural 

crops. The multi-angular visible images can be analysed 

to extract the leaf area index and leaf angle distributions 

(the latter indicative of wilting in response to water defi -

cits). The thermal data provide information on stomatal 

responses while the spectral refl ectance data indicate 

pigment changes such as chlorophyll concentration that 

can be indicative of nutrient stresses such as nitrogen 

defi ciency.

Figure 3  Field “macro-array” of rice genotypes being tested for drought response together with a corresponding thermal image showing 
genotypic variation in canopy temperature. (Collaboration with International Rice Research Institute).
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Biomathematics and 
Statistics Scotland
David A. Elston

Biomathematics & Statistics Scotland (BioSS) provides specialist quantitative support for all 

four of SEERAD's research programmes.  This breadth of purpose distinguishes BioSS from 

the other elements of the SCRI Group, and is achieved through a dispersed group of statisti-

cians, modellers and computing experts based at BioSS centres in Edinburgh, Dundee, Aber-

deen and Ayr.  Hence the science in SEERAD's main research providers benefi ts from proximity 

with BioSS staff, whilst BioSS staff benefi t from being part of a substantial grouping of fellow 

professionals.

A central theme in 21st century scientifi c development 

is increasing quantifi cation, driven by increases in com-

puter processing power, in the rate of collection of data 

and in the size and connectivity of databases.  By em-

ploying statisticians, modellers and computing experts 

at centres of scientifi c research throughout Scotland, 

BioSS is perfectly positioned to recognise and address 

the new quantitative challenges posed by emerging 

technologies. Almost all scientifi c staff undertake meth-

odological development (BioSS research work) while 

working closely with non-mathematical scientists to ad-

dress scientifi c problems using existing methodologies 

(BioSS consultancy work).  This approach maximises 

effectiveness by ensuring both research focus and up-

to-date consultancy practice. 

BioSS manages its consultancy work under the four 

broad scientifi c areas: 

- plant science;

- animal health and welfare; 

- ecology and environmental science; 

- human health and nutrition.  

In each area, BioSS staff have a wide range of differ-

ent types of interaction with scientists, ranging from 

the provision of short pieces of advice that allow BioSS 

expertise to guide a large number of scientifi c research 
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projects, through to deep collaborative relationships that 

allow BioSS staff to make substantial inputs to a small 

number of scientifi c projects in which quantitative is-

sues play a central role.  Whilst the following highlights 

describe collaborative interactions, the cumulative im-

portance of the advisory inputs should not be underes-

timated.

Our consultancy work for plant science supports sci-

entists investigating the genetics of important Scot-

tish crops such as potatoes, barley and soft fruit, the 

diseases that inhibit production of these crops and the 

interactions between arable crops and the environment.  

Improved plant varieties can be selected more quickly 

using molecular markers shown to be linked to genes 

for key traits, such as gall mite resistance in blackcur-

rant. Linkage maps have been developed in collabora-

tion with SCRI for blackcurrant and raspberry, both 

outbreeding species in which breeding populations may 

be complicated by occasional self-fertilisation of paren-

tal plants. BioSS has developed methods for mapping 

QTLs for traits such as root rot that are recorded as 

repeated categorical measurements.

Our consultancy work for animal health and welfare 

supports scientists investigating the bacterial, viral and 

parasitic diseases of farm animals, husbandry-related 

welfare issues and the interaction of agricultural prac-

tices in animal farming systems.   BioSS has recently 

collaborated with the Moredun Research Institute in 

the design and analysis of a survey of sheep farmers, 

investigating the disease and welfare problems which 

they believe have the most impact on fl ocks.  The iden-

tifi cation of diseases such as sheep scab and problems 

such as anthelmintic resistance, being of particular 

relevance to Scottish farmers, will allow better targeting 

of scientifi c effort within the animal health and welfare 

programme.  

Our consultancy work for ecology and environmental 

science supports scientists investigating soil health, wa-

ter quality, and ecological communities, with the aim of 

understanding and managing the interactions between 

the rural economy and the environment.  The impacts 

large herbivores have on extensive tracts of upland 

vegetation have been assessed in collaboration with 

the Macaulay Institute.  The BioSS contributions to this 

collaboration have included development of appropriate 

sampling and data collection protocols and the devel-

opment under our research programme of methods to 

analyse spatially distributed, ordinal data.  Of particular 

interest is the relative importance of sheep and red deer 

on impacts within and between regions. 

Our consultancy work for human health and nutrition 

supports scientists investigating chronic dietary-related 

conditions such as obesity, cardiovascular health and 

gut health.  A recent development is the large amount 

of proteomic data being generated in order to under-

stand the effects of diet on protein expression, and both 

univariate and high dimensional multivariate statistical 

methods are important in effi cient interpretation of these 

data.  In gut health research, the use of stable isotopes 

is important in tracing the metabolic pathways and fl ux-

es of the different products of colonic bacterial activity.  

BioSS's mathematical and statistical expertise has been 

instrumental in developing compartmental models and 

in estimating fl ow rates from stable isotope data.  

BioSS manages its programme of applied strategic re-

search in three broad themes:

- statistical genomics and bioinformatics;

- systems and process modelling;  

- statistical methodology.

The research we carry out addresses generic issues 

encountered in our consultancy work that are not ad-

equately addressed using standard methods.  Each 

research theme is related to each of the four broad 

scientifi c areas, demonstrating the wide applicability of 

BioSS research.

The statistical genomics and bioinformatics research 

theme addresses a wide range of modelling and data 

analysis problems that can be grouped under the six 

headings of genetic association, genomics, transcrip-

tomics, proteomics, metabolomics and regulatory 

networks.  Current scientifi c efforts to develop more 

effi cient strategies for disease and pest control in crop 

plants require an understanding of the interaction be-

tween signalling pathways in hosts and pathogens. 

Our work on regulatory networks offers the prospect of 

improving estimation of sub-cellular interactions, lead-
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ing to more effective control of sub-cellular processes, 

by combining high-throughput postgenomic data, e.g. 

promoter sequences, gene expression profi les from 

microarrays, and putative protein–protein interactions. In 

particular, BioSS has been contributing to the develop-

ment of statistical methods for the robust inference of 

sub-cellular regulatory networks in the presence of bio-

logical stochasticity and noisy data.

The systems and process modelling research theme 

consists of methodological activities such as analysis, 

simplifi cation and approximation of stochastic proc-

ess models motivated by four classes of applications, 

namely: modelling large populations in heterogeneous 

environments; modelling risks to biodiversity in a chang-

ing environment; complex interactions in epidemic 

processes; and Bayesian methods for decision support.  

This year has seen a particular emphasis on species 

distribution modelling.  One issue addressed by BioSS 

has been to estimate spatial variation of recorder ef-

forts in species atlas data in order to produce modelled 

species distributions that are standardised for recorder 

effort. Another issue addressed by BioSS is the devel-

opment of spatio–temporal models for the spread of in-

vasive species allowing for environmental heterogeneity 

and for stochastic colonisation events whose probability 

decreases with distance from the existing population. 

The statistical methodology research theme involves 

empirical modelling of data that are correlated due to 

the effects of space and/or time, extracting informa-

tion from digital images, along with diverse methods 

such as compositional analysis and latent Gaussian 

modelling which need developing to resolve problems 

encountered in our consultancy work.  One application 

arises from the SAC–BioSS CT Unit, which uses X-ray 

computed tomography to estimate body composition 

of sheep.  This necessitates the positioning of segmen-

tation boundaries on images in order to identify the 

tissues such as bone, fat and muscle.  If images are 

2-dimensional, dynamic programming (DP) is a fast, el-

egant method for achieving this.  We have developed a 

generalisation of DP, a greedy algorithm termed iterated 

dynamic programming, for segmenting 3-dimensional 

images. The method has been implemented in BioSS's 

STAR software, and is used routinely in sheep trials.

More details about the work of BioSS, including a wider 

range of examples of our work and a description of as-

sociated knowledge exchange activities and software 

products, can be found on the BioSS website www.

bioss.ac.uk.
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Statistical analysis of 
metabolomic data
Jim McNicol, Susan R. Verrall, Tom Shepherd, 

Gary Dobson, D. Wynne Griffi ths,  Gavin Ramsay, 

Howard V. Davies & Derek Stewart 

Metabolic compositional profi les, consisting of hun-

dreds of compound intensities, are increasingly used 

at SCRI to characterise samples of different genotypic 

and environmental backgrounds.   We illustrate two 

exploratory statistical analyses using profi les consisting 

of 78 GC-MS polar and 52 non-polar compounds from 

156 potato tuber samples.  The mother plants, grown 

from true seed in a glasshouse, represent the four main 

cultivated groups of potato within the broad defi nition of 

Solanum tuberosum, Andigena, Phureja, Stenotomum 

and Chilean Tuberosum, with 78, 43, 24 and 11 acces-

sions, respectively.

The fi rst approach is to identify the main sources of 

variation using all 130 compounds.  Principal compo-

nents (PCs) achieve this by partitioning all the variation 

into uncorrelated variables, the fi rst few of which often 

summarise broad effects.  Interpretation of the principal 

components is achieved through ‘loadings’, the relative 

contributions of each metabolite, and ‘scores’, the sam-

ple values on the components.

Loadings show that the fi rst PC describes total metabo-

lite content and Fig. 1 (a) shows that this is negatively 

correlated with % dry matter content for each group 

except Tuberosum.  The third PC is dominated by fruc-

tose, glucose and sucrose and Fig. 1 (b) suggests that 

Figure 1  Relationship between principal components and 
% dry matter (a) PC1 – Total metabolite content (b) PC3 – 
sugar content.
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levels of these sugars are relatively high for Tuberosum 

and low for Stenotomum.

The second approach identifi es individual metabolites 

which are differentially accumulated among the groups.  

This is achieved by analysis of variance of each metabo-

lite separately.  A signifi cance cut-off corresponding to 

a false discovery rate of 2% identifi ed 59 metabolites 

which were accumulated differentially.  Hierarchical clus-

tering, based on pairwise standard errors of difference 

between groups, partitioned these metabolites into 

groups of similar signifi cance patterns across the four 

groups.   

Three main groups of biosynthetically-related, non-polar 

metabolites (composed of saturated fatty acids and 

fatty alcohols) were identifi ed, differing predominantly in 

the length of their carbon chains and in the presence of 

chains with odd and even numbers of carbon atoms. 

It is also of note that unsaturated fatty acids, the major 

constituents within the non-polar metabolites, do not 

appear in any of the clusters and therefore do not show 

any signifi cant inter-group variation. This could refl ect 

differences in the specifi city of the enzyme systems re-

sponsible for synthesis of long carbon chains, similar to 

those observed for various leaf lipids (Shepherd, 2003; 

Shepherd & Griffi ths, 2006).  Fig. 2 (a) shows the group 

which includes long chain odd-carbon fatty acids and 

alcohols, whereas in Fig. 2 (b) the cluster consists main-

ly of even-carbon fatty acid and alcohol homologues. 

The different patterns probably refl ect the existence of 

parallel pathways for synthesis of odd and even carbon 

components, and a shift in the partitioning of precursors 

between the pathways in Phureja and Stenotomum in 

comparison with Tuberosum and Andigena.

References
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Partnerships and 
Collaboration
SCRI is committed to developing partnerships and col-

laborative arrangements with other scientists whenever 

this will enhance our capacity to undertake excellent 

research. Many formal and informal collaborations exist, 

but particular attention has been paid during 2006 to 

developing appropriate UK and international partner-

ships.

In the UK, we have been working closely with Rotham-

sted Research, the Institute of Grassland and Environ-

mental Research, and the John Innes Centre to estab-

lish the BBSRC cross institute programme on cereal 

genetics, MONOGRAM. MONOGRAM’s main objectives 

are to provide infrastructure and resources that will en-

able basic research to make a signifi cant contribution 

to innovative approaches to crop genetic improvement, 

and the consortium has appointed Dr Tina Barsby to 

manage the programme. The core of the programme 

will lie in the formation of cross-institute teams to ensure 

the effi cient use of all available tools and resources (e.g. 

germplasm and markers, transcriptomics, proteomics 

and metabolomics, and bioinformatics) and to plan for 

new facilities or major pieces of equipment. Simultane-
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ously the programme will make a major effort in physi-

cally mapping the wheat, barley and lolium genomes in 

order to provide the tools and information necessary for 

gene identifi cation and for alignment with available and 

emerging model plant genome sequences (e.g. rice and 

Brachypodium). MONOGRAM plans to establish major 

research themes in areas such as recombination, bio-

energy, disease resistance and the identifi cation of traits 

for cereal grain quality. In similar vein, the SOIL cross 

institute programme (with Rothamsted Research and 

the Institute of Grassland and Environmental Research 

as founding partners) has invited SCRI to participate in 

elements of its research programmes, especially those 

focussed on carbon-derived energy and its relation to 

soil resilience and function, and the interactions of plant 

roots with soils to create soil structure. SCRI will engage 

constructively with these research areas and with the 

experimental platforms that the programme is seeking 

to establish. 

Internationally, SCRI has signed a series of cooperative 

agreements with institutes in China, and commenced 

collaborative projects during 2006. MRS Ltd sent some 

advanced lines and cultivars of potato for trials to the 

Chinese Academy of Agricultural Sciences, Institute of 

Vegetables and Flowers, Beijing, and raspberries were 

sent to Jilin Agricultural University, Changchun, to add 

to the blackcurrants already undergoing trials. There is 

considerable commercial interest in China in develop-

ing the potato industry into a major consumer industry 

and MRS Ltd has been working with other agencies to 

overcome the ban on imports of microtubers and seed 

potatoes. Soft fruits for processing into juice are also 

beginning to develop as a product and, again, MRS 

Ltd is working to ensure that our varieties are consid-

ered for exploitation. Several members of the Institute 

contributed to a major workshop on root/soil interac-

tions in Nanjing in late May and, during a visit to China 

in mid-October, Peter Gregory signed agreements with 

both the Chinese Academy of Sciences, Institute of Soil 

Science, and Nanjing Agricultural University, both in 

Nanjing. These agreements will allow the collaborative 

work on soils to continue and there are plans for further 

exchanges of research students. While in China, Peter 

also signed an agreement with Jilin Academy of Agricul-

tural Sciences, Gongzhulin which could lead to SCRI’s 

expertise on the monitoring of introduced GM crops be-

ing extended to northern China. These three new agree-

ments bring to six the number of formal agreements 

with Chinese institutions.

Collaborations
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Communication and Information Services The Commu-

nications Team is concerned with promoting good rela-

tions with stakeholders both within and outwith the In-

stitute. They arrange visits, conferences, exhibitions and 

events to promote SCRI’s scientifi c research to industry, 

politicians, the general public and school children. The 

successes have included industry events such as the 

SCRI/LEAF open day “Sustainable Agriculture – rsearch 

from laboratory to fi eld” attended by many farmers and 

representatives of associated industries and the open 

days based around the Advanced Higher curricula for 

biology and chemistry; these were  attended by stu-

dents from 30 schools. 

The Visual Aids unit has continued to provide a service 

in presenting the work of the Institute. Scientifi c posters 

were made showing details of SCRI research at confer-

ences throughout the world. 3000 photographs were 

taken for use in publications and displays during the 

year and archived for record purposes. The website was 

restructured and a new content management system 

was put in place.

The Institute’s Library is continuing to make as much 

electronic information available at scientists’ desktops 

as possible. Subscriptions to electronic bibliographic 

databases and journals take up the bulk of the budget 

but there is still scientifi c literature in print which is 

housed in the Library.   

Information Technology underpins all our computerised 

information systems, business processes and informa-

tion requirements. There are approximately 500 PCs on 

site used as general purpose IT systems (email, word 

processing, spreadsheets, etc.), specialist computa-

tional systems and various network and infrastructure 

systems, which support and enhance the capability of 

our technology requirements. The Storage Area Net-

work continues to develop and further increases the 

data capacity and resilience of the system. Our internet 

connection is via FATMAN (Fife And Tayside Metropoli-

tan Area Network) which in turn connects us to JANET 

(UK Joint Academic Network). This year we have moved 

entirely from Novell Netware to Windows Active Direc-

tory, which has allowed us to consolidate our resources 

on to one platform. A key responsibility for IT is in ensur-

ing secure connections for all information transfer, and 

this is achieved by the use of fi rewalls, spam fi ltering, 

automated virus checking at all points and automatic 

patch delivery to systems. In addition to the responsibil-

ity for the running of the infrastructure and servers at 

the Institute, IT is involved in the development of web-



59

Research Services

enabled database applications and portal/workfl ow 

enhancements.  

Finance and Corporate Services The fi nance depart-

ment consists of a small team of six people who provide 

fi nancial support and advice to research and other ac-

tivities of the Institute through planning, management, 

and control of its business operations. 

A wide range of activities is undertaken which can be 

summarised as stewardship, input into the strategic 

planning process, and transaction processing. There is, 

in addition, active participation in the Institute’s risk as-

sessment procedures.

The department is responsible for putting in place inter-

nal control systems that are suitable for the needs of the 

business and ensuring that these systems, and adher-

ence to them, are reviewed by independent audit. The 

department’s procedures aim to safeguard the assets of 

the Institute. In addition current practices are continually 

reviewed to improve value for money.

The department works closely with research and sup-

port departments to develop strategic fi nancial and op-

erational plans and provides regular updated forecasts 

to support decision making processes.

The fi nance department is responsible for producing 

fi nancial accounts, including the annual statutory ac-

counts, which comply with current statutory and regula-

tory obligations, and in addition aims to produce ac-

curate, timely and meaningful management information 

to enable Institute management to monitor performance 

against budgets.

The department endeavours to ensure that all income 

due to the Institute is recorded and received timeously, 

and that payments to suppliers are accurately made in 

accordance with targets and guidelines.

Human Resources In 2006 the department developed 

a new HR Strategy to support the delivery of the SCRI 

Group Science Strategy 2006 – 2011. During 2006 ma-

jor pieces of work for the HR department included:  

- establishing an HR Committee to provide advice and 

support to the HR team; 

- running a development programme for members of 

the Senior Management Board including sessions 

on understanding the corporate role of the SMB and 

managing change; 

- working with the SMB to develop a staffi ng plan; and 

- identifying key topics to be addressed under the Di-

versity agenda. 

The HR department has also been heavily involved in 

managing the restructure process at SCRI and the ap-

pointment of new staff into senior positions during the 

year.

Health and Safety, Quality Assurance and Environmental 

Management The results of auditing the integrated man-

agement system by external auditors SGS indicated 

improvements in health and safety, quality assurance 

and environmental management against the standards 

OHSAS 18001, ISO 9001:2000 and ISO 14001:2004. 

There were 19 accident and incident reports over the 

year, two of these being reported to the Health and 

Safety Executive under the Reporting of Diseases and 

Dangerous Occurrences Regulations as they led to 

work absences of more than three days. Both members 

of staff are now back at work. 

This year staff were given a choice of health and safety 

objectives to achieve which related to their work. These 

could involve some form of health and safety training or 

risk assessment of a task or work area. The success of 

the scheme will be reviewed following staff appraisals at 

the end of the year.

Behavioural health and safety training was carried out 

early in the year for supervisors in the Engineering and 

Maintenance Department and in Field and Glasshouse 

Services. Other training has been on the use of abra-

sive wheels, nail-gun use, fi rst aid, laminar fl ow cabinet 
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fi re safety, manual handling, breathing apparatus team 

operations and laboratory gas handling. In addition a 

Safety Day was held which covered basic fi rst aid and 

topics such as tractor safety, working at height, fi re 

safety and chemical hazards.

A policy of no smoking in any enclosed spaces on the 

Institute was introduced in accordance with the Smok-

ing, Health and Social Care (Scotland) Act 2005 and 

associated regulations which came into force on 26th 

March 2006.

Risk Management is overseen by the Audit Commit-

tee of the Governing Body. The remit of the Committee 

includes the implementation of the Institute’s risk policy, 

ensuring that the Institute has a reliable and compre-

hensive system of internal control and risk manage-

ment, as well as encouraging the development of a 

culture of risk awareness and risk management for all 

staff.

The Committee is required to review all aspects of risk 

management, at least annually, to report to the Govern-

ing Body upon the effi cacy of such systems and to ad-

vise the Governing Body upon the Institute’s risk policy.

The Committee ensures that the Institute has a com-

prehensive system of internal control and risk training, 

determines the principal areas of risk, their likelihood 

and exposure, in particular those related to the opera-

tions and fi nances of the business, and are satisfi ed 

that controls and systems are in place to mitigate the 

company’s exposure to the major risks.

Engineering and Maintenance Department Extensive 

laboratory administration and ancillary facilities are 

maintained by the Engineering department who are 

also responsible for electrical, heating, plumbing, data/

telephony cabling, painting and joinery work. In addition 

major building work undertaken by subcontractors is 

supervised by the department.

The Institute operates from a site with disparate build-

ings housing administrative offi ces, research facilities 

and storage areas for scientifi c and farm equipment 

and plant material including the Commonwealth Potato 

Collection. The engineering department, in addition to 

maintaining the estate’s building stock, is also respon-

sible for carrying out a programme of refurbishment 

which continually upgrades laboratories and administra-

tive offi ces.

Utilities costs are a signifi cant component of the running 

costs of the Institute and measures have been taken 

to reduce the Institute’s consumption of energy; further 

effi ciency gains will be sought. The Engineering depart-

ment also undertakes routine maintenance and repairs 

to scientifi c equipment to restrict costs.

The department, through its farm workshop, provides a 

repair and maintenance service to the Institute’s fl eet of 

tractors and agricultural machinery.

Estate, Glasshouse and Field Services Among the facili-

ties which distinguish the Institute from other organi-

sations is a comprehensive range of glasshouse and 

controlled-environment cabinets and rooms. There are 

approximately 10,000 m² of glasshouse facility available, 

ranging from cold glasshouses to sophisticated contain-

ment glasshouses with associated laboratories. In addi-

tion, the Institute has 13,000 m² of polytunnels and net 

structures. Staff provide a support service to the scien-

tifi c community throughout the year and are responsible 

for the production of consistent, high quality plant mate-

rial under a large variety of experimental regimes. The 

provision of these facilities is made possible as a result 

of capital grant from the SEERAD. The Institute has a 

meteorological site where data are collected for use by 

the Meteorological Offi ce, SCRI scientists and the local 

community.

Ruth McHutcheon, who is studying for a degree at Writ-

tle College in Essex, spent 42 weeks working in the 

glasshouse on industrial placement. Her work included 

a study on the use of Dundee’s green-waste “Discov-

ery” compost as a partial peat replacement in the SCRI 

compost mix. 

The area available to conduct a wide range of agricul-

tural, horticultural and environmental trials remains at 

about 175 ha despite the loss of some land at Gourdie 

Farm to the Western Gateway Housing Development. 

This has been compensated for by the lease of adjacent 

land at Pilmore Farm. An expert service is provided in 
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relation to land preparation, sowing, drilling, harvest and 

clearance of residues. In addition to being responsible 

for the production of annual crops such as potatoes, 

brassicas and cereals, fi eld staff also maintain the Insti-

tute’s 10 ha of perennial soft fruit trials.

As part of the ongoing maintenance of the infrastruc-

ture, emphasis has been given to improving the biodi-

versity of the Institute in line with the objectives of Link-

ing Environment And Farming (LEAF). A large Leylandii 

hedge has been removed and extensive repair work 

carried out to the adjacent drystone dyke. Individual 

hardwood trees and a new mixed native hedge have 

been planted.   Prior to the successful LEAF Open Day 

held in May, additional display boards were erected 

at strategic points along the extensive public pathway 

system. 

Spring barley is grown extensively as a break crop to 

remove the footprint of previous fi eld trials, especially 

perennials such as soft fruit. The harvested grain is sold 

through the Scottish Quality Cereals Scheme. Part of 

this quality assurance scheme requires the Institute to 

follow the aims of the Voluntary Initiative to minimise 

the impact of pesticides on the environment. All spray 

equipment is inspected regularly and all staff are regis-

tered. 

An additional 0.13 ha has been added to the Living 

Field Community Garden to encompass the growing 

of rare arable weed species. This educational resource 

continues to develop the links between schools, sci-

ence and agriculture. 

The Staff Association has been very active providing so-

cial events for all staff and raising money through many 

of the events for the nominated charities.

The successful seasonal events that were held included 

the Christmas Fayre, lunch, disco, meal and summer 

barbecue. Two events were revived after an absence of 

several years, the young children’s Christmas party in 

the canteen, and the ceilidh in November at the Hilton 

hotel.

The Association gives support to the golf, fi shing, hill 

walking, and football fraternities along with the Corpo-

rate Sports membership at Dundee University. There are 

Yoga, Keep Fit, Salsa, Indian head massage, and Tai 

Chi sessions. 

Members’ benefi ts include entry into a monthly draw to 

win meal and cinema vouchers. There is use of National 

Trust cards and a Booker cash and carry card. A sub-

scription to “Which” magazine is provided for members 

in the SCRI library and is available to access online. 

Members are offered 25% off the full cost of any event/

activity when they participate. Subscription fees remain 

at £1.50 per month and membership, currently around 

200, is open to anyone working at SCRI. Any individual 

who has maintained membership for 10 years or more 

and leaves is entitled to a £25 cheque. Members select 

the charities each year. For 2005/6, three charities re-

ceived £415 each. They are, Dundee Blind and Partially 

Sighted, Dundee Women’s Aid and Menzieshill Com-

munity Centre. 
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Postgraduate 
Studentship 
Programme
David F. Marshall, Gary D. Lyon & Alison G. Roberts

and the USA as well as making a  major contribution 

to the research base of Scotland and the UK. Indeed 

some have gone on to become valued colleagues and 

collaborators.

Students at SCRI are registered at a number of univer-

sities across the UK, depending on funding sources 

and the need to identify university supervisors with the 

necessary scientifi c skills and knowledge. However, a 

signifi cant proportion of our students are locally regis-

tered at the University of Dundee with whom SCRI has 

established a partnership embodied by the location 

of the University of Dundee Plant Science Unit on the 

SCRI campus. The relationship with the University of 

Dundee also includes a special arrangement whereby all 

postgraduate students at SCRI, independent of the uni-

versity at which the student is registered, have access 

to and can use the facilities available at the University 

of Dundee, including English language tuition, training 

courses, library, scientifi c facilities and counselling.

A major new feature of SCRI’s postgraduate training for 

the 2006/2007 academic year has been the creation of 

a new Joint Studentship Programme with UK Universi-

ties. This Programme is aimed at developing new col-

laborative links and interactions with university groups 

across the country, and, in particular, with Scottish Uni-

versities. The second round of studentships, to begin in 

SCRI has developed a thriving postgraduate research 

programme which offers a broad range of training op-

portunities to students from the UK, the EU and the 

rest of the world.  The research environment at SCRI is 

unique in that it covers the full scope of plant and en-

vironmental studies from fundamental to more applied 

aspects. Our research, therefore, has impact on the 

academic science base as well as on both commercial 

companies and policy makers. This breadth enables 

postgraduate students to be exposed to a broad range 

of plant, crop and environmental science and thereby 

to place their own more focussed research into context. 

This is an extremely valuable component of their overall 

training. 

The primary aim of the postgraduate training provided 

by SCRI is to equip the individual students with a wide 

range of modern scientifi c skills whilst developing tech-

nical and intellectual competence that can be applied 

in a range of scientifi c careers. Delivery of this training 

and personal development is sensitively  monitored 

and supported to ensure that each individual student 

achieves the highest standards of intellectual fl exibility, 

whilst presenting a comprehensive range of scientifi c 

and transferable skills demanded by today’s employers 

of  trained scientists. Past graduates are to be found as 

far afi eld as research organisations in Australia, Kenya 
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2007, is currently underway and there will eventually be 

up to 30 jointly funded students. The Programme rep-

resents a major investment in training scientists of the 

future who will play key roles in developing the science 

that will be required to meet major challenges such 

as global warming and loss of biodiversity. This com-

mitment also refl ects the valuable role that each new 

cohort of postgraduate students plays in bringing ‘new 

blood’ to stimulate the research environment across the 

Institute. The new scheme has also provided exciting 

opportunities to broaden our existing science base by, 

for example, combining the expertise in the chemistry 

and biochemistry of plant compounds at SCRI with diet 

and health expertise in university research groups in 

new multi-disciplinary areas of science.

In addition to students funded under the Joint Student-

ship Programme SCRI has students funded through a 

diverse mix of grants, contracts and studentships and 

we welcome enquires from overseas applicants funded 

by their own government schemes.  We particularly 

value this diversity and in turn students fi nd working in 

Dundee brings many benefi ts. These include a “high 

quality of life” that comes from living in a location with 

excellent access to beautiful countryside and the facili-

ties of all Scotland’s cities.   

Postgraduate Students
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The Scottish Society 
for Crop Research 
Bill Macfarlane Smith 

quantitative detection method for potato cyst nematode 

is being funded and fi nancial support was provided 

for a speaker at the Crop Protection Northern Britain 

Conference. Ongoing support is being provided for the 

consortium producing new varieties of raspberry and 

will continue until 2009. 

The Annual General Meeting was held on 30th May 

2006, after which the SSCR Lecture was given jointly by 

Professor Steve Parry of Unilever, entitled  ‘Sustainable 

Agriculture – A Food Manufacturer's Approach from 

Field to Fork',and Dr Keith Dawson of SAC, entitled 

'Scottish Arable Farming – Is There a Future?'. 

The Society has a particular interest in Knowledge 

Transfer, which it achieves through crop events, which 

are open to the general public as well as members, and 

half day technical meetings. 

Of the former, ‘Cereal Solutions’, was held on 7th July 

2006 and attracted 49 visitors to a further expanded 

range of demonstrations, including genetic markers, 

cereal mixtures and potential varieties of wheat for use 

by the distilling industry. A demonstration of quality fac-

tors in whisky was provided by Dr James Brosnan of 

the SWRI. 

Trustees: 
Professor J.R. Hillman 
Mr I.E. Ivory 
Mr A. Logan 
Mr J.S. Whitehead 

Chairman: Dr S. Wale 

Vice- Chairman: Mr A. Redpath 

Committee of Management:
Dr K. Dawson 
Professor J.R. Hillman 
Mr I.E. Ivory 
Mr A. Logan 
Mr L.M. Porter

Mr J.S.Whitehead 

Secretary: Dr W.H. Macfarlane Smith 

Treasurer: Dr N. Hattersley 
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Membership Numbers: 240

The Society provides a link between SCRI and farmers, 

processors and other interested bodies:

- by organising fi eld walks and meetings for the ex-

change of information

- by fi nancing science-based publications for the benefi t 

of the membership

- through the formation of crop-based sub-committees 

which maintain contact with members on specialised 

topics 

- by funding research at SCRI which is either ‘pump-

priming’ to initiate new research, or work for minority 

interests that the large funding bodies would not sup-

port 

The Society continues to support research work on 

wheat blends and low input production, and the pro-

duction of a soft fruit pathogen database. Work on a 
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The Fruit for the Future event was held on 20th July 

2006, and attracted 84 breeders, growers, end-users 

and processors, so more than doubling the previous 

year's attendance. The latest research on raspberries, 

strawberries, blackcurrants and other soft fruits was 

displayed. Prospective new varieties of raspberry and 

strawberry were available for tasting assessment, with 

special interest in the former, showing their potential 

when grown in polythene tunnels. 

‘Potatoes in Practice’, the potato event supported by 

the Society, the British Potato Council, the Scottish Ag-

ricultural College, CSC Crop Protection Ltd., and SCRI, 

was held on 10th August 2006. The event attracted 530 

visitors, again a considerable increase on the previous 

year's attendance. A wide range of demonstrations in-

cluded new varieties, the history of the potato and new 

machinery. It is now recognised as the predominant out-

door potato event in the UK.

The occasion was also taken to present the Peter Mas-

salski Prize. This very generous award was provided by 

Professor T B and the late Mrs Massalski in memory 

of their son Peter. It is awarded every second year to 

the outstanding scientist under the age of 36 working 

at SCRI, and is administered by the Society. The 2006 

award was made to Dr Alison Lees for her work on the 

development of methods for detecting potato patho-

gens and for improving understanding of the epidemiol-

ogy of potato diseases. The presentation was made by 

Dr Stuart Wale, Chairman of the Society.

The Society continues to grow in size, with a number 

now taking advantage of the new category of Life Mem-

bership at a cost of £100. The Committee of Manage-

ment is keen to encourage growers and processors to 

join the Society and to participate not just in the various 

crop-based meetings but also in the management of 

the Society and its various Sub-Committees.  

SSCR
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Mylnefi eld Research 
Services
Nigel W. Kerby & Jonathan B. Snape

MRS, the commercial wholly-owned subsidiary of SCRI, was established in 1989 to enhance competitiveness, understand and 

fulfi l the needs of industry and maximise the value of SCRI intellectual property and resources.  MRS has grown steadily and 

continued to benefi t SCRI through annual Gift Aid and provision of services, without any external fi nancial assistance.  

The Mission Statement of MRS is:

To develop commercially the SCRI’ s scientifi c expertise, resources and intellectual property, 

and to improve the quality of services to achieve new standards of excellence.

Finances The income of MRS increased to £1.99 million 

in 2005/2006 and MRS transferred £1.32 million to the 

SCRI Group, including £90K Gift Aid to the Mylnefi eld 

Trust and £125K Gift Aid to SCRI. This represents an 

increase of 63% on previous year’s Gift Aid.  Contract 

research (66%) was the biggest contributor to income, 

followed by lipid analysis (15%) and royalties (10%).

Innovation MRS values its industrial partnerships since 

they provide valuable market and technical information 

for the science programmes at SCRI in addition to cost 

effective product development. 

Commercial research collaborations MRS develops long-

term research collaborations with commercial partners 

through various schemes, including LINK projects.  Cur-

rently MRS is involved in six LINK projects at SCRI:

- Developing molecular markers for raspberry root rot 

with the Horticultural Development Council (HDC).     

- Developing molecular markers for raspberry quality 

with the HDC, Marks and Spencer plc, KG Growers 

Ltd, Thomson and Thomson Ltd and Redeva Ltd.

- Understanding the chemistry and genetics of potato 

fl avour with the British Potato Council, Greenvale AP, 

Branston Ltd, BioSS and Sensory Scotland Ltd.

- Integrated pest management for raspberries with 

the HDC, KG Growers Ltd, Bayer Crop Science Ltd, 

Waitrose Ltd, Cooperative Group Ltd., Berryworld 

Ltd., British Polythene Industries Ltd. and East Malling 

Research (EMR).

- Barley association genetics with 12 commercial part-

ners including Syngenta Seeds, Coors Brewers, Svalöf 

Weibull and the Scotch Whisky Research Institute

- Improving the Vitamin C levels in blackcurrant with 

GlaxoSmithKline plc, EMR and the HDC.

Licensing and IP asset management Our IP portfolio is 

dominated by plant variety rights (55) but also includes 

fi ve patents and fi ve trademarks. We currently manage 

490 licenses in 23 countries for potatoes, forage and 

salad rape, turnip, kale, blackcurrants, blackberry, rasp-

berry and strawberry varieties.  Varieties bred at SCRI 

are being trialled all over the world including Japan, 

China, Romania, Australia, Cuba and Egypt.

During 2006, MRS started collecting royalties for the 

production of Glen Lyon raspberries (380 hectares) in 

southern Spain.  Glen Lyon is the number one variety 

in Spain.  Success resulted from our close collabora-

tion with our agents Eurosemillas as well as UK multiple 

retailers, importers, propagators and the Spanish legal 

system.  We are introducing new varieties into this im-

portant rewarding market.  Spanish raspberry production 

complements that of the UK since it provides fruit to the 

UK consumer out of season.



67

New varieties Mayan Gold was launched in autumn 

2006 by our partner Greenvale AP into two UK super-

markets.  This was the fi rst time a variety of Solanum 

tuberosom Group Phureja, also known as S. phureja, 

was available to consumers and the launch received 

considerable national publicity.  

Since 2003 a consortium, including SEERAD and MRS, 

has been investing in the development of new and su-

perior raspberry cultivars.  In July 2006 at ‘Fruit for the 

Future’ we launched the fi rst variety (Glen Doll) from this 

programme.

The swede Lomond was launched by our partners Nick-

erson Advanta Ltd at a trade show in Edinburgh during 

November 2006.

Analytical services Mylnefi eld Lipid Analysis increased its 

business and held a successful workshop on omega-3 

fatty acids in June 2006.  A two day lecture course was 

held in October 2006 that attracted participants from a 

wide range of commercial and academic backgrounds.  

MRS, together with Dr Charlie Scrimgeour of SCRI, of-

fers a stable isotope analysis service.  This business has 

grown signifi cantly in recent years and is now a major 

contributor to turnover of MRS.

Developing markets In March 2006, MRS led an Agricul-

tural Trade Mission, organised by the China Britain Busi-

ness Council (CBBC), to China and continued to con-

centrate its efforts on developing the Chinese potato and 

soft fruit markets.  MRS has played a signifi cant role in 

facilitating the lifting of the export ban on UK seed pota-

toes to China – a bilateral trade agreement was signed in 

October 2006 for the export of UK mini-tubers to China.  

In October 2006 the SCRI director, Professor Peter 

Gregory, accompanied Dr Nigel Kerby to China where a 

further three Memoranda of Understanding (MoU) were Glen Doll

MRS
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signed with Chinese research organisations in the fi elds 

of environmental monitoring, plant and soil interactions 

and soil resilience.   

MRS was invited to join a ministerial Agri-Food Trade 

Mission to India (March 2006) to stimulate trade in the 

agri-food sector between India and the UK.  India has 

more irrigated agricultural land than any other country 

in the world, is the world’s second largest producer of 

potatoes and fruits and a major producer of barley, so 

offers signifi cant opportunities for SCRI’s expertise and 

products.  As a result of the mission, two proposals for 

funding with the Central Potato Research Institute in 

Shimla have been submitted and other opportunities for 

collaboration identifi ed in the areas of plant health, horti-

culture, micropropagation and barley breeding.  

Knowledge transfer and exploitation

- MRS successfully coordinated a bid, on behalf of 

SCRI, with fi ve other research institutes for £2.5 million 

of seed funding from the Offi ce of Science and Tech-

nology to add to the £6 million Rainbow Seed Fund. 

MRS and SCRI now have access to seed funds for 

developing innovative products and services. 

- MRS, with Dundee and Abertay Universities and Dun-

dee, Angus and Perth Colleges of Higher Education, 

established Tayside Knowledge Transfer Partnership 

with support from Scottish Enterprise Tayside. 

- In August 2006, the Dundee SME Innovation Portal 

was awarded £406k from the Scottish Executive 

SEEKIT programme as well as £198k ERDF funding. 

This new initiative brings together MRS (on behalf of 

SCRI), the two local universities, Scottish Enterprise 

Tayside and Dundee University Incubator Ltd. 

- In December 2006, MRS was awarded £180k from the 

Scottish Executive SEEKIT programme to enable In-

terface to extend its remit to include research institutes 

as well as universities.  Interface provides a one-stop 

shop for companies wishing to access expertise and 

facilities available in Scotland.

Acknowledgements MRS gratefully acknowledges the 

support of all SCRI staff, for their signifi cant contribution 

to the success of the company.  MRS would also like 

to thank its customers and sponsors for their continued 

support.  We would like to thank the non-executive Di-

rectors of MRS who contribute their valuable time with-

out recompense.

Mylnefi eld Trust and 
Mylnefi eld Holdings Ltd
The Mylnefi eld Trust and Mylnefi eld Holdings Ltd (MHL) 

were established in 2000 in order to give the SCRI 

Group the fl exibility it requires to grow.  Central to this 

growth is the creation of a number of spin-out compa-

nies, such as Scottish Potato Technology Ltd, in which 

MHL on behalf of the SCRI Group will hold equity.

The Trust currently has funds of approximately £400K, 

achieved mainly through donations from MRS Ltd.

The Trust has charitable status and has as its prime ob-

jectives:

- to promote research and scientifi c work in the life, 

environmental and related sciences, in particular pro-

duction of agricultural, horticultural and forestry crops, 

methods of limiting or eradicating pests and diseases, 

wood sciences and biomathematics, methods of in-

creasing production or growth, improving cultivation 

and research into possible varieties.

- to promote the dissemination of such research.

To date the Trust has fi nancially supported:

-  a Research Incentive Fund;

-  an Educational Offi cer at SCRI; 

-  a hardship fund for an overseas student;

-  various research projects valued at £48,751.

During the fi nancial year 2006-07 The Mylnefi eld Trust 

is supporting three projects amounting to £7,552. Also 

during this fi nancial year The Mylnefi eld Trust is support-

ing scientifi c publications up to a value of £10,000.
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Publications for the year 2006 

Publications are classifi ed in the following manner:

J Papers describing original research in refereed journals.
R Critical reviews in journals, book chapters and reviews in books – providing each has been edited externally.
P Published proceedings of contributions to conferences or learned societies (including published abstracts).
T Technical reports, other publications.
O Popular articles, other publications.
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Distinctions and 
Awards
Feb 2006 

Prof John Raven was awarded Honorary Life 

membership of the British Phycological Society.

Dr Paul Birch was made 'Extra-ordinary Professor' of the 

University of Pretoria, South Africa.

April 2006

Prof Frank Gunstone, honorary research fellow at SCRI 

and a consultant to MRS, received the Chang Award of 

the American Oil Chemists' Society in St Louis. This is 

one of their premium awards and is given to those that 

assist the Oils and Fats Industry. It carries a substantial 

cash prize and a jade statue.

June 2006

Paul Baird from Glasshouse & Field Services was 

awarded the NFU (Ingliston) Prize for the Best Part-time 

Student (SVQ Level 3) from Oatridge College at the 

Annual Award Ceremony. The prize was presented by 

George Anderson, former Head of the Royal Botanic 

Garden Edinburgh’s School of Horticulture.

Birthday Honours 17th June Mike De,Maine MBE.

August 2006

Dr Alison Lees won the Peter Massalski prize for 

meritorious research conducted by an SCRI scientist 

under 36 years of age. Dr Stuart Wale, the chairman of 

the Scottish Society for Crop Research, presented the 

prize at Potatoes in Practice.

The 25th Mylnefi eld Shield Golf tournament was won by 

Bob Lowe.
Alison Lees receives the Massalski prize from Stuart Wale.

George Anderson presents Paul Baird with his prize.
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Distinctions & Awards

September 2006

Peter Gregory, Howard Davies, Robbie Waugh  and 

John Brown were awarded Honorary Professorships at 

Glasgow University. 

The Leverhulme Trust  awarded a grant to SCRI for 

Professor Ronnie Forbes to be Artist-in-Residence for 

18 months. Ronnie is a painter and fi lm-maker with more 

than 30 solo exhibitions.

Ronnie Forbes and Peter Gregory as an artwork.

Higher Degrees
Mohamed Adam. PhD University of Dundee. Molecular 

variation in root knot nematodes (Meloidogyne spp.) 

from the Mediterranean region. 

Yousuf Akhond. PhD University of Dundee. Biolistic 

DNA delivery into tobacco male gametophytes and its 

consequences. 

Laurence Ducreux. PhD University of Dundee. 

Manipulation of carotenoid metabolism in tubers of 

Solanum tuberosum and S. phureja using an antisense 

approach. 

Luca Mazzitelli. PhD University of Dundee. Physiological, 

biochemical and molecular characterization of bud 

dormancy in woody perennial species. 

Wayne Morris. PhD University of Dundee. 

Characterisation and manipulation of gene expression 

during carotenogenesis in potato tubers. 

Sanjeev Kumar Sharma. PhD University of Dundee. 

Development of an effi cient somatic embryogenesis 

system for developing synthetic seeds in potato 

Konstantina Stamati. PhD University of Dundee. A study 

of the population genetics of Salix lanata, S. lapponum 

and S. herbacea across Scotland.

Noelani van den Berg. PhD University of Pretoria, South 

Africa. Identifi cation of genes associated with tolerance 

in the Cavendish banana selection GCTCV-218 against 

Fusarium oxysporum F.sp. cubense 'subtropical’ race 4'.
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1 Honorary Senior Lecturer in the University of Dundee
2 Professor, Universities of Cordoba and Malaga
3 Honorary Lecturer, University of Dundee
4 Honorary Professor, University of Glasgow
5 Adjunct Professor, Cornell University
6 Honorary Lecturer, University of Aberdeen

7 Honorary Fellow, University of Edinburgh
8 Honorary Lecturer, University of Strathclyde
9 Honorary Professor, Heriot-Watt University, Edinburgh
10 Honorary Professor, Seoul Women’s University
11 Adjunct Professor, Moscow State University
12 Visiting Professor, University of Reading

13 Honorary Professor, University of Dundee
14 Visiting Professor, University of Abertay, Dundee
15 Honorary Fellow, Rothamsted Research 
16 Visiting Prof University of Stirling
17 Adjunct Professor, University of Canterbury New Zealand
18 Special Professor, University of Nottingham
19 Visiting Associate Professor, Cornelius University Bratislava



85

D Stewart  BSc PhD  (Programme Leader)

M G Anderson  MSc BSc

S C Conner  BSc MSc CChem MRSC

H V Davies  BSc PhD CBiol FIBiol1,2,4

G Dobson  BSc PhD

P M Dobson  
L J M Ducreux   BSc MSc MPhil PhD

D W Griffi ths  MA PhD CChem MRSC

R D Hancock  BSc PhD

R Hutchison  
G J McDougall  BSc PhD

D McRae  ONC

N Marquis  BSc

Quality Health & Nutrition

W L Morris  BSc MSc PhD

P Neave  NC

S D A Pont  BSc

J Rauscher  
H A Ross  HNC PhD CBiol MIBiol

L V T Shepherd  BSc MSc PhD

T Shepherd  BSc PhD

J A Sungurtas   HND

M A Taylor  BSc PhD

S R Verrall  HNC

P G Walker  HND

J F Wilkie  

Mylnefi eld Research Services
G Birch  BSc AMRSC

W C Christie  MBE BSc PhD DSc FRSE

A Ferguson  BSc

F Gunstone  BSc PhD DSc FRSE

L Hunter  BSc

R Razzo  BSc

S Rowbottom  ONC HNC BSc CChem MRSC

C Traynor  BSc CChem MRSC

K Wood  

Environment Plant Interactions

P J White  BA PhD  (Programme Leader)18,19

G Banks  BSc MSc

G S Begg  BSc PhD

A G Bengough  BSc PhD 3

K Binnie  BSc

A N E Birch  BSc PhD CBiol MIBiol FRES 3

L K Brown  BSc

S Caul  HNC

D Cullen  BSc PhD

T J Daniell  BSc PhD3

J Davidson  BSc

M J Elliott  BSc

F Falconer  HNC

L Ford  BA

T S George  BSc PhD

D C Gordon  HNC

B S Griffi ths  BSc PhD3

P D Hallett  BSc PhD

C Hawes  BSc PhD

D W Hopkins  BSc PhD CBiol FIBiol

R W Humphry  BSc PhD

P P M Iannetta   BSc PGCE(S) PhD

S N Johnson  BSc DPhil

A J Karley  BA DPhil

J McCluskey  BSc

B M McKenzie  BSc PhD

B Marshall  BSc PhD ARCS

C Mitchell  BSc

S M Mitchell  BSc

R Neilson  HNC MSc PhD

M Opik  
A Parish  BSc

J Post  
S Regan  BSc MSc

C M Scrimgeour  BSc PhD3

G R Squire  BA PhD

W M Stein  HNC BSc

J A Thompson  BSc

T Valentine  BSc PhD

R E Wheatley  BSc PhD

J Wishart  BSc PhD

G M Wright  HNC

N Wuyts  BSc MSc PhD

M Young  HND MSc PG Dip IT

Dundee University Group 4
H G Jones  MA PhD FIHort (Principal Investigator)

I Leinonen  PhD

S Pisanu  PhD

R Ramsey  BSc PhD

P Schofi eld  BSc PhD

L Spencer  BSc

O Stasyk  PhD

N Turnbull  
Dundee University Group 5
J A Raven BA PhD HonPhD(Umea) CBiol FIBiol FRS FRSE 
(Principal Investigator)

E  McCarvill  
V Moorcroft  
J Stewart  

Communication and Information Services

S E Stephens  BSc MA MCLIP  (Acting Head)

K S Athwal  BSc

U M McKean  MA DipLib

S F Malecki  ABIPP

S J Neilson  DipBiolSci DipPollCon BSc

I R Pitkethly  HND

D Third  
S K Thomson  HND BA

Information Technology

S Clark  HNC MSc  (Head of IT)

L H Davidson  BA

P J R Grimmond  BA

R McCreary  BSc

L A McGregor  BSc

M Petrie  BSc

P Smith  BSc

Finance and Corporate Services

N G Hattersley  BSc PhD ACMA 
(Director of Finance and Corporate Services)

S Bell   
A J Cartwright  BA DMS MCIPD

R G Davidson  
M J De,Maine MBE BSc MPhil (Health and Safety Co-ordinator)

P Duncan  
S Forsyth  

K L Grant  BA

B V Gunn   
S Inglis  
J Keith  
L MacDonald  BA CA

K Muir  
A Pack  BA

W Patterson  HND

M Pearson  BSc

K Robb  
A Sandilands  
S Smart  
E L Stewart  
L Young  
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Engineering and Maintenance

S Petrie  BSc  (Head of Engineering and Maintenance)

J Anderson  
D Byrne  
C Conejo  
R Craik  
G J E Ewart  
A G Fox  
D Gray  HNC

K A Henry  
E Lawrence  
A Low  MBE

R D McLean  
I C McNaughton  HNC

E Millar  
G Pugh  
D J Redford  

G C Roberts  
J Rowe  
W Scott  
B Semple  
M J Soutar  
B Ward  
 

Glasshouse and Field Services

P A Gill  HND NEBOSH 
(Glasshouse and Field Services Manager)

J Abernethy  
P Baird  
R Balfour  
J R K Bennett  
J T Bennett  
E Caldwell  
C A Cuthill  NC

A G Dobson  HNC HND

B Fleming  
I Fleming  
J M Ford  
A C Fuller  
M A Grassie  HNC BEd

D J Harkins  
P Heffell  ONC

J Mason  
T A Mason  NEBSM

D I Matthew  BSc

A W Mills  
A D Munro  HND

R Ogg  
G R Pitkin  HND

A M Thain  HNC

J K Wilde  
D Williams  
D Young  

Mylnefi eld Research Services

N W Kerby  BSc PhD CBiol FIBiol   (Managing Director)

L Beaton  HNC DMS MBA

M Beattie  
A Ross  HNC CPP

J B Snape  MA MSc PhD CBiol MIBiol MBA

H  Wilson  

Biomathematics and Statistics Scotland

D A Elston  BA MSc PhD   (Director of BioSS)

King’s Buildings, University of Edinburgh 
C A Glasbey  MA DipMathStats PhD DSc MISI 
(Head of Group)7,8,9

S M Bierman  BSc MSc

A Butler  BSc PhD

J M Dickson  BSc

D Glancy  
E M Heyburn  MA

D Husmeier  BSc PhD

M A M Kirkwood  DA

K Lin  BSc PhD

A D Mann  BSc

G R Marion  BSc MSc PhD

I J McKendrick  BSc PhD

I M Nevison  MA

A M I Roberts  BSc MSc

J Sales  BSc MSc

West of Scotland Unit, Hannah
S Brocklehurst  BSc PhD

Environmental Modelling Unit, Macaulay
D A Elston  BA MSc PhD (Head of Group)

M J Brewer  BSc PhD

E I Duff  BSc

J M Potts  BSc MSc PhD

Aberdeen Unit, Rowett
G W Horgan  BA MSc PhD (Head of Group)

G Holtrop  MSc PhD

C D Mayer  MSc PhD

Dundee Unit, SCRI
J W McNicol  BSc MSc (Head of Group)3

C A Hackett  BA DipMathStats PhD

K M MacKenzie   BSc MSc PhD

N Massat  MRes MSc PhD

F G Wright  BSc MSc PhD
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Short-term visiting workers

S Anderson UK EPI Sep-06 7 mths
N Azeez India GEN May-06 5 mths
E Bailey UK EPI Oct-06 6 mths
S Bairner UK EPI Oct-06 6 mths
B Barclay UK EPI Jul-06 1 mth
S Benali India GEN May-06 5 mths
L Bi China EPI Feb-06 2 mths
W Brockie UK GEN Sep-05 7 mths
N Champouret Netherlands PP Apr-06 1 mth
L Chesnau France EPI Jun-06 3 mths
J Chiffoleau France QHN Jun-06 2 mths
E Clark UK EPI Sep-06 1 mth
A Confraria Portugal PP Oct-06 1 mth
V Delessy France EPI Jul-06 2 wks
H Deng China EPI Oct-05 7 mths
B Desantis Italy BioSS May-06 1 mth
L Du UK GEN May-06 3 mths
V Dubois France PP Jul-06 5 mths
G Fernandez Spain PPI Sep-06 8 mths
A M Gbadegesin Nigeria DU Apr-06 1 mth
P Gerard UK EPI Aug-06 1 wk
G Girsey Hungary PP Apr-06 2 wks
T Godfrey UK EPI Oct-06 6 mths
J Hesketh UK EPI Oct-05 6 mths
P N Hoebe Netherlands GEN Jul-06 5 mths
S Holland UK GEN Jun-06 3 mths
M Hutchison UK QHN Jul-06 1 mth
M Ikeji UK QHN May-06 4 mths
C Jamar Belgium GEN Feb-06 6 mths
N Kalinina Russia PP Aug-06 3 mths
A King UK GEN May-06 1 wk
M Landova Czech Republic EPI Jun-06 3 wks

H Li China EPI Jan-06 3 mths
M Liu China EPI Dec-05 3 mths
J Liu-Clarke China/Norway EPI Jan-06 5 mths
M McAlister UK PPI Sep-06 8 mths
H McLellan UK PP Oct-06 1 mth
I Mirowska Poland PP Nov-05 5 mths
J Morris UK QHN Jul-06 1 mth
O Ngulu Tanzania GEN Oct-06 6 mths
E Obraztsova Russia PP Aug-06 2 mths
C Pernin France EPI Jul-06 3 mths
C Plain UK PP Oct-06 6 mths
K Polok Poland DU Jun-06 1 mth
S Praveen India PP Sep-06 3 mths
D Rakitina Russia PP Jun-06 4 mths
G Rodio Italy GEN Oct-05 6 mths
U Saks Estonia EPI May-06 2 wks
E Savenkov Russia PP Apr-06 12 mths
P Schaefer Germany PP Feb-06 1 mth
M Schmeer Germany EPI Feb-06 2 wks
M Skelton Ireland PP Jun-06 2 mths
J Sliwka Poland PP Jan-06 2 wks
E Temu Tanzania GEN Oct-06 6 mths
H Toktay Turkey PP Jan-06 1 mth
F Van Gissegem Belgium EPI Jun-06 3 wks
S Vivera India QHN May-06 5 mths
A Vollsnes Norway EPI Apr-06 3 mths
A Weir UK EPI Oct-06 6 mths
E Wilson UK PP Jan-06 1 mth
S Yao China EPI Jan-06 2 mths
B Zhang China EPI Nov-05 3 mths
X Zhang UK EPI Nov-05 5 mths

Name Country Programme Month/yr  Length 
 of origin  of arrival of stay

Name Country Programme Month/yr  Length 
 of origin  of arrival of stay

R Campbell UK QHN Aug-06 3 yrs
K Clark UK EPI Oct-06 3 yrs
E Coates UK QHN Sep-06 3 yrs
S Grouffaud UK PP Oct-06 3 yrs
D Hardy France / UK PP Aug-06 3 yrs
J Hillier UK EPI Aug-05 1 yr
P Hudacsek Hungary EPI Oct-05 3 yrs
C Kadu Africa GEN Feb-06 1 yr
E Lascaux France PP Jun-04 3 yrs

Name Country Programme Month/yr  Length 
 of origin  of arrival of stay

N Liu China EPI Jul-06 1 yr
B Michovski UK EPI May-04 3 yrs
S Scibetta Italy PP Mar-05 2 yrs
M Shams-Bakhsh Iran GEN Oct-05 1 yr
M Skinnader Ireland EPI Sep-06 3 yrs
R Sonnenberg UK EPI May-04 3 yrs
S Vink Netherlands EPI Oct-06 3 yrs
H Xiao UK QHN Sep-06 3 yrs

Name Country Programme Month/yr  Length 
 of origin  of arrival of stay

Longer-term visiting workers
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Honorary Research Fellows

Professor Richard Abbott BSc PhD

Dr Pamela Anderson PhD

Dr Hugh Barker BSc PhD

Professor Geoffrey J Barton BSc PhD 
Dr Bill Belknap PhD

Professor Jill J F Belch MD(Hons) FRCP FAcadMedSci
Professor Jim Beynon BSc PhD

Professor Stephen Blackmore BSc PhD FLS CBiol FBiol FRSE

Professor Mike Blatt BSc PhD FRSE

Dr Meredith Bonierbale PhD

Dr Fraser Bransby BA MA PhD

Dr William W Christie MBE BSc PhD DSc FRSE

Professor Sir Philip Cohen FRS FRSE

Dr Tim Close PhD

Professor John Crawford BSc PhD

Professor Michael C R Davies BSc DipTheol MPhil PhD CEng MICE FTG

Professor Pierre de Wit PhD

Professor Pete Downes OBE FRSE MIBiol PhD

Dr Jim M Duncan MBE BSc PhD

Dr Roger Ellis BSc PhD

Dr Andy Flavell Bsc PhD

Professor Geoff Gadd BSc PhD DSc FIBiol FLS

Professor Mary Gibby BSc PhD FRSE FRSA

Professor Frank Gunstone BSc PhD DSc FRSC FRSE

Dr Claire Halpin BSc MSc H Dip PhD

Dr Linda Handley BA BEd MSc PhD

Professor Bryan Harrison CBE BSc PhD DAgFor FRS FRSE

Dr John Hayes BSc PhD

Professor Andreas Graner BSc PhD

Professor John Hillman BSc PhD DSc FLS CBiol FIBiol FIHort FCMI SHM FRAgS FRSE

Dr Pete Hollingsworth BSc PhD

Dr Steve Hubbard MSc DIC(London) DPhil (Oxon)

Professor Andrew Hudson BSc PhD

Professor Lindsey Innes OBE BSc PhD DSc FRSE

Professor Hamlyn Jones MA PhD FIHort

Dr A Teifi on Jones BSc PhD

Professor Peter Langridge BSc PhD

Dr Gary Loake BSc PhD

Dr William H Macfarlane Smith BSc PhD CBiol MIBiol FIMgt

Professor Gordon Machray BSc PhD

Mr George R Mackay MBE BSc MSc CBiol FIBiol

Dr Donald K L MacKerron MBE BSc PhD

Dr Mike Mayo BSc PhD

Professor Tom Meagher BA PhD

Professor Andrew J Millar BA PhD

Professor Tim A Newson BSc PhD

Professor Hugh Nimmo MA PhD FRSA

Professor Karl Oparka BSc PhD

Dr Michel Perombelon MBE PhD MSc BSc Dip Agric

Professor Wayne Powell BSc MSc PhD DSc

Professor John Raven BA PhD HonPhD(Umea) CBiol FIBiol FRS FRSE

Dr David J Robinson MA PhD

Professor David J Robinson BSc PhD

Mr Jean-Marc Rotsaert
Professor Karel Schubert PhD

Professor David M Spooner PhD

Professor Janet Sprent OBE BSc DSc PhD ARCS FRSE

Dr Alyson Tobin BSc PhD

Dr David L Trudgill MBE BSc PhD FIBiol 
Dr Pieter van West MSc PhD

Professor Roberto Viola DipAgrSci PhD

Mr David Walker OBE

Dr Brian Williamson BSc MSc PhD DSc

Dr Roger Wise BSc PhD

Professor Iain Young BSc PhD
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Name  Programme Project Title

Gillian Banks EPI Dynamics of feral oilseed rape populations and the impacts on associated insect communities.

Raymond Campbell QHN Genetics of carotenoid levels in potato tubers.

Emily Clark EPI Multi-trophic factors infl uencing aphid vector competence in a spatially heterogenous environment.

Katy Clark EPI Does Mother know best? Is host plant selection by above ground insects infl uenced by below ground herbivores.

Emma Coates QHN Anti-cancer effects of soft fruit phytochemicals.

Jordi Comadran Trabal GEN Mapping adaptation of barley to drought environments (MABDE).

Sean Conner QHN Metabolic profi ling of potato (Solanum tuberosum).

Suzanne Donn EPI Molecular ecology of soil nematode communities.

Martin Elliot EPI On modelling GM oilseed rape populations.

Dominique Hardy PP Biofi lm formation by Pectobacterium atrosepticum on potato tubers.

Gerald Hochshartner GEN Application of a novel snoRNA marker system in plant evolution and systematics.

Severine Grouffaud PP Translocation of Phytophthora effectors and their manipulation of host plant disease resistance.

Louise Kasprowicz PP The population dynamics and ecophysiology of the peach-potato aphid Myzus persicae.

Jennifer Kennedy EPI AM fungi in agriculture.

Susan McCallum GEN Linking phenotype to genotype for fruit quality traits in raspberry.

Sandy MacDonald GEN Regulatory pathways involving iron acquisition in Pasteurella multocida A:3, their role in pathogenesis and relevance to  
  disease mechanisms in Pectobacterium atrosepticum.

Tim Miller PP Metabolic and proteomic profi ling of the interaction between plant hosts and root knot and cyst nematode endophytes.

Carolyn Mitchell PP Cane fruit: Novel approaches for ICM in fresh and processed crops.

Lucy Moleleki PP Characterization of the interaction between type three secreted proteins in Pectobacterium atrosepticum and its host  
  plant Solanum tuberosum L.

Juan Gonzalo Morales Osorio PP Mechanisms of virulence and avirulence in the biotrophic interaction between potato and the late blight pathogen  
  Phytophthora infestans.

Michael Ravensdale PP Unravelling the regulatory mechanisms involved in the production of coronafacoyl phytotoxins and other pathogenicity  
  determinants in Pectobacterium atrosepticum.

Christelle Robert BioSS Elucidation of the regulatory binding sites in bacterial genomes.

Rosalind Taylor PP Ubiquitin-proteasome directed proteomic approach to dissect biotic stress signalling in plants.

Maja Thorsen EPI Biological mechanisms involved in stabilizing sandy soils of the Machair.

Stefanie Vink EPI Functional soil ecology and conservation in the Machair in relation to changing land management.

Tobias Wojciechowski EPI Root development in semi-dwarfi ng lines of wheat and barley.

Han Xiao QHN Function of polyphenols in chemoprevention.

Postgraduate Students
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SCRI Research 
Programme ongoing as at 1 October 2006

The research programme is commissioned by SEERAD and a variety of other funders.  The list contains the body that awarded this grant and 
the title of the project and, in the case of SEERAD, the commissioning number.

SEERAD Core – Programme 1 

Workpackage  1.1

Workpackage  1.2

Workpackage  1.3

Workpackage  1.4

Workpackage  1.5

Workpackage  1.7

Barley Genetics

Potato Genetics

Soft Fruit Genetics & Pathology

Barley Pathology

Potato Pathology

Sustainable Crop Systems

SEERAD Flexible Fund

SCR/589/02

SCR/842/02

SCR/906/03

SCR/907/03

SCR/908/03

SCR/909/04

SCR/910/04

SCR/913/05

SCR/915/06

SCR/917/06

BSS/842/04

BSS/843/04

BSS/845/06

BSS/035/06

Novel methodologies and tools for the analysis of germplasm collections.

Elucidation of regulatory and signalling networks that control bacterial disease development.

Factors affecting the prevalence of clones of Myzus persicae in Scotland, particularly those with 
aphicide resistance, and implications for virus control in seed potatoes.

Viral-based functional genomics of the Golgi apparatus.

Post-genomic analysis of Erwinia carotovora virulence responses in in vitro and in planta 
environments.

Function of the exon junction complex in the plant nucleolus.

The genetics of gene expression in barley.

Characterisation and development of gene silencing in Phytophthora infestans for high-throughput 
determination of gene function.

Limiting the risk from Phytophthora idaei to the Scottish raspberry industry.

A review of the health benefi ts of oats.

Elucidation of regulatory and signalling networks that control bacterial disease development.

Control of pulmonary adenocarcinoma (jaagsiekte) in the Scottish sheep fl ock.

Epidemiology, population, health and infectious disease control.

Design of a sampling strategy for a survey to estimate the population density and distribution of 
badgers in Scotland.
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External research contracts

BBSRC

BBSRC

BBSRC

BBSRC LINK

BBSRC LINK

BBSRC LINK

BBSRC/University of Abertay

British Council ARC 
Programme

British Potato Council

British Potato Council

British Potato Council

British Potato Council

British Potato Council

Carnegie Trust/British 
Ecological Society

Commercial

Commercial

Commercial

Commercial

Commercial

Commercial

Commercial

Defra

Defra

Defra/HGCA

Defra/SEERAD

Defra/SEERAD

EPSRC

EPSRC/University of Dundee

EU

EU

EU

Visualisation and modelling of plant morphogenesis:  a dynamic toolkit for cell expression and 
fl uorescent cell reporters in roots.

Visualisation and analysis of biological sequences, alignments and structures.

Targeted induced mutation discovery in barley.

Association genetics of UK elite barley.

Role of inoculum sources in Rhynchosporium population dynamics and epidemics on barley.

Testing trophic-functional relationships for modelling farmland diversity and functional dynamics.

Plant root and microbial infl uence on soil water relations and structural stability.

A physically based understanding of crack genesis in soil and the impact of land management 
and biological processes.

Developing effective integrated control measures for the control of black dot.

Improving decision-making for the management of potato disease using real-time predictive 
diagnostics.

Independent variety trials.

Survey of GB blight populations.

Erwinia chrysanthemi – the facts.

New Zealand collaboration.

Brassica breeding.

Potato breeding.

Molecular pathology.

Blackcurrant breeding.

Lipid analysis.

Quality traits in fruit.

Dormancy studies in potato.

Factors affecting cross-pollination in maize and oilseed rape crops growing under typical UK 
conditions.

Crop physiology.

GREENGRAIN:  Genetic reduction of energy use and emissions of nitrogen in cereal production 
(LINK).

Molecular breeding for root-rot resistant raspberries suitable for low input growing systems 
(HortLINK).

Integrated pest and disease management for high quality protected raspberry production.

Novel approaches to networks of interacting autonomes.

A functional geotechnical study of how plant roots increase slope stability.

ECOGEN:  Soil ecological and economic evaluation of genetically modifi ed crops.

TREESNIPs:  Developing single nucleotide polymorphism (SNP) markers for adaptive variation 
in forest trees.  

MABDE:  Mapping adaptation of barley to drought environments.  

Research Programme
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EU

EU

EU

EU

EU

EU

EU

EU

EU

EU Marie Curie 

EU Marie Curie

EU Marie Curie

European Science 
Foundation

Food Standards Agency

HDC/SEERAD/Commercial

International Potato Center 
(CIP)

MacRobert Trust

Royal Society

Royal Society

Royal Society

Royal Society

Scottish Enterprise Tayside

SEERAD Biodiversity Action 
Grants

SEERAD/BBSRC/GSK/HDC

SEERAD/BPC/Commercial

SEERAD/HDC

SHEFC

APOPHYS:  Developing a physical and functional map of potato:  creating new sources for 
molecular markers to breed cultivars with multiple resistance and quality traits.

NOFORISK:  Quantitative risk assessment strategies for novel foods.

ALARM project.

SIGMEA:  Sustainable introduction of GM crops into European agriculture.

SAFEFOODS:  Promoting food safety through a new integrated risk analysis approach for 
foods.

BIOEXPLOIT:  Exploitation of natural plant biodiversity for the pesticide-free production of food.

Improving seed quality in cereals by manipulating gene expression and partitioning.

EURASNET:  European alternative splicing network.

EU-SOL:  High quality solanaceous crops for consumers, processors and producers by 
exploration of natural biodiversity.

Training site in plant virology.

GENFUNDIV:  Linking the genetic and functional diversity patterns of arbuscular mycorrhizal 
fungal communities in disturbed and undisturbed environments.

Optimising the effi cacy of phosphatase in the rhizosphere, increasing the sustainability of 
agricultural crops.

Exploiting genomics to understand plant–nematode interactions.

Development of unifi ed data models and data pre-processing strategies and the generation of 
meaningful, standardised statistical analyses of metabolome variability in crop plants.

The breeding and commercial development of new raspberry varieties.

A saturated potato mutant population for functional genomics among Solanaceae and tuber 
crops.

Biodiversity in Tayside.

Fundamental biophysical processes in the restoration of severely degraded soil by vegetation.

Involvement of the nucleolus in plant virus systemic infection.

Molecular basis of pathogenicity in the pine nematode Bursaphelenchus xylophilus.

Characterisation of plant genes that confer disease resistance to oomycetes.

Commercialisation award.

The Living Field Study Centre.

Development of the physiological, agronomical and genetic tools for increasing L-ascorbic acid 
yield from blackcurrant bushes (HortLINK).

Understanding and improving fl avour characteristics of potato (LINK).

Developing a marker-assisted breeding toolkit for premium sensory characters in raspberries.

Scottish Bioinformatics Research Network (SBRN) maximising bioinformatics infrastructure for 
Scottish Health, Agriculture and Industry.
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Meteorological 
Records 2006
Marion Grassie

Temperature All months showed average maximum 

temperatures higher than the Long Term Average, 

except March  which was the lowest for ten years.  Most 

signifi cant were June, July and September, all showing 

the highest temperatures on our records. 

Average minimum temperatures were also higher than 

typical from June.  Similarly, the number of days with 

frost was lower than the LTA from June, particularly 

October which had only one day’s frost (LTA 10 days).

Mean soil temperatures were also higher than the LTA 

from June.

Sunshine and solar radiation Sunshine fi gures were 

predominantly higher than normal from April which was 

notable. Solar radiation values were generally higher than 

normal, particularly April to July.

Rainfall Generally, rainfall was higher than normal.  March 

had the highest value above the LTA and April was well 

below.    

Wind On the whole, wind speeds were unexceptional.  

Exceptions were four recorded days of gale  on 10th 

January and the 4th, 12th, 29th and 31st December, 

which also endured a thunderstorm with hail.
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Institutes supported by the 
Biotechnology and Biological 
Sciences Research Council
BBSRC Office Polaris House, North Star Avenue, Swindon, Wilts SN2 1UH 01793-413200

BBSRC Bioscience IT Services West Common, Harpenden, Herts AL5 2JE 01582-714900

Babraham Institute Babraham Research Campus, Cambridge CB2 4AT 01223-496000

Institute for Animal Health  
Compton Laboratory Compton, Newbury, Berkshire RG20 7NN 01635-578411
Pirbright Laboratory Ash Road, Pirbright, Surrey GU24 0NF 01483-232441
BBSRC & MRC Neuropathogenesis Unit Ogston Building, West Mains Road, Edinburgh EH9 3JF 0131-667-5204

Rothamsted Research  
Rothamsted  Harpenden, Herts AL5 2JQ 01582-763133
Broom’s Barn  Highham, Bury St. Edmunds, Suffolk IP28 6NP 01284-812200

Institute of Food Research Norwich Research Park, Colney, Norwich NR4 7UA 01603-255000

Institute of Grassland and Environmental Research  
Aberystwyth Research Centre Plas Gogerddan, Aberystwyth, Dyfed SY23 3EB 01970-823000
North Wyke Research Station Okehampton, Devon EX20 2SB 01837-883500
Bronydd Mawr Research Station Trecastle, Brecon, Powys LD3 8RD 01874-636480
Trawsgoed Research Farm Trawsgoed, Aberystwyth, Dyfed SY23 4LL 01974-261615

John Innes Centre Norwich Research Park, Colney, Norwich NR4 7UH 01603-450000

Roslin Institute Roslin, Midlothian EH25 9PS 0131-527-4200

Silsoe Research Institute (Until March 2006) Wrest Park, Silsoe, Bedford MK45 4HS 01525-860000

Scottish Agricultural and 
Biological Research Institutes
Hannah Research Institute (Until March 2006) Ayr, Scotland KA6 5HL 01292-674000

The Macaulay Institute Craigiebuckler, Aberdeen AB9 2QH 01224-498200

Moredun Research Institute Pentlands Science Park, Bush Loan, Penicuik, Midlothian EH26 0PZ 0131-445-5111

Rowett Research Institute Greenburn Road, Bucksburn, Aberdeen AB21 9SB 01224-712751

Scottish Crop Research Institute Invergowrie, Dundee DD2 5DA 01382-562731 

Biomathematics and Statistics Scotland (Administered by SCRI) University of Edinburgh, James Clerk Maxwell Building, 0131-650-4900
 King’s Buildings, Mayfield Road, Edinburgh EH9 3JZ
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SCRI is on the east coast of Scotland, midway between 

Edinburgh and Aberdeen.

It is located at Invergowrie 6km west of the centre of 

Dundee.  Access is via Riverside Avenue, Main Street 

and Errol Road.

Access to SCRI

Airport
Railway
station

Dundee

Coupar Angus
Blairgowrie
BraemarA 923

A 90

A 90

Forfar
Kirriemuir
Aberdeen

Perth
Edinburgh
Glasgow

A 930

A 92

Arbroath
Montrose
Aberdeen

A 92
St. Andrews
Cupar
Edinburgh

Firth of Tay

Tay Road Bridge

A 90

A 90

Invergowrie

1 mile

1 km
SCRI

British Rail has direct InterCity services between 

Dundee and London, Edinburgh and Glasgow and 

other UK cities.

Flights are available to Dundee Airport from London 

City, and scheduled services operate from many 

domestic and international destinations to Edinburgh 

and Glasgow.
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