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UK Plant Science
There are over 350 plant research groups in the UK, in 42 institutions scattered from Aberdeen to Exeter. Many of these
groups are international leaders in their field. To promote the breadth of plant science throughout the UK, and increase
awareness of the different types of research being undertaken, GARNet is focusing on geographical areas and institutions
across the UK. In this issue we continue our tour around the country highlighting the outstanding research being under-
taken at the University of East Anglia, University of Edinburgh and the University of Exeter.

Spotlight on the University of East Anglia
Plant research at the University of East Anglia is carried out on the university campus and at The
Sainsbury Laboratory (TSL). The three groups at the UEA campus work on plant metabolism/hor-
mones and gene silencing. One group addresses metabolic biochemistry and signalling function
of inositol phosphates in plants with a special focus on the regulation of inositol hexakisphosphate
(phytic acid) synthesis in model and crop plants. Another important area is the role of jasmonates
in plant defence and growth and the third group works on many different aspects of gene silenc-
ing mediated by short RNAs. TSL was founded in 1989 as a joint venture between the Gatsby
Charitable Foundation, the University of East Anglia, the BBSRC and the John Innes Foundation.
TSL is dedicated to making fundamental discoveries about plants and how they interact with mi-
crobes and viruses. The laboratory has a worldwide reputation for its research in molecular plant
pathology and genetics. With the formation of the TSL+ research group, the mission of the labo-
ratory has expanded to encompass projects with a more direct applied aspect, in many cases
building on discoveries that have arisen from the fundamental work in the lab.
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Mark Banfield
mark.banfield@bbsrc.ac.uk
http://www.jic.ac.uk/staff/mark-banfield/
Molecular plant defence

The Banfield group primarily investigates molecular interactions at the host:pathogen interface,
with a particular focus on 'effector' proteins, which are translocated into host cells during infection.
These proteins interfere with host cell processes, presumably to the benefit of the pathogen. The
group works on proteins from both mammalian and plant pathogens (and their respective hosts)
and use a wide range of biochemical and biophysical techniques, including structure determina-
tion by X-ray crystallography and NMR, appropriate to answering relevant biological questions. In
plants, effector proteins may not only have a 'virulence' function (promoting disease) but can also
be specifically recognised within plant cells leading to localised cell death (so-called 'avirulence'
function as it restricts pathogen growth). The latter function forms part of the plant innate immune
system. Using protein biochemistry and structural biology the group is aiming to further under-
standing effector function/evolution in plant pathogens.
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Charles Brearley
c.brearley@uea.ac.uk
http://biobis.bio.uea.ac.uk/biosql/fac_show.aspx?ID=232
Plant metabolism of inositol phosphates and phytate

Research in the Brearley laboratory focuses on the metabolism of inositol phosphates and phytate.
The world faces a phosphate crisis: the phosphate resources that Western agriculture applies to
soil as fertilizer are running out. Most of the phosphate applied to soil is not available to crops. The
small proportion of phosphate available to crops ends up in a chemically stable and enduring form,
phytate. Each year more than 50 million metric tonnes of phytate are accumulated by plants glob-
ally, representing more than 60% of the elemental P sold world wide for use in mineral fertilizers.
Phytate, mixed salts of inositol hexakisphosphate (InsP6), is the most abundant organic phos-
phate in the terrestrial environment and is derived from plants. The laboratory at UEA has long
standing interest in the metabolic biochemistry of inositol phosphate metabolism in plants, with a
special interest in phytic acid. The Brearley group, with collaborators, has solved the conundrum
of how phytate accumulates in membrane-bound storage bodies of plants: it is deposited there by
an ABC transporter protein. The group is also interested in the structural biology of inositol phos-
phate metabolism and how it informs understanding of the processes by which plants accumulate
significant quantities of a compound that is a potent antinutrient, likely contributing to mineral de-
ficiencies that affect millions of people worldwide. The research also addresses the signaling role
of higher inositol phosphates in plants.
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Tamas Dalmay
t.dalmay@uea.ac.uk
http://biobis.bio.uea.ac.uk/biosql/fac_show.aspx?ID=244
Short RNA mediated gene silencing

One of the most recently discovered layers of gene expression regulation involves very short (20-
24 nucleotides) RNA molecules (sRNAs). The sRNA content of plants is very complex but the di-
verse types of sRNAs can be organised into two main groups: small interfering RNAs (siRNAs) and
microRNAs (miRNAs). siRNAs are further grouped into several classes based on their biogene-
sis and mode of action. The Dalmay group investigates the role of different classes of sRNAs in
several plant species, with a particular interest in tomato and fleshy fruit development. The group
has employed high throughput sequencing to discover many new miRNAs and trans-acting siR-
NAs and is using transgenic approaches to explore the function of these. The group also investi-
gates the formation of viral siRNAs during virus infection and the role of sRNAs in abiotic stresses.
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Jonathan Jones
jonathan.jones@sainsbury-laboratory.ac.uk
http://www.tsl.ac.uk/research/jonathan-jones/
Plant defence

Pathogen effector molecules, that can either suppress host defences, or activate them if recog-
nized by a Resistance (R) protein, provide profound insights into plant/pathogen interactions. The
identification and analysis of bacterial effectors (and avirulence proteins) has led to major ad-
vances in understanding how phytopathogenic bacteria cause disease (or fail to do so). With ad-
vances in DNA sequencing and other genomics methods, potentially devastating crop pathogens
such as rusts, powdery mildews and downy mildews are now “within range” for genomics-based
approaches. This provides opportunities to reveal new biological mechanisms and to accelerate
recruitment of new sources of host resistance variation for crop improvement.
The main goals of the Jones group are to investigate the effector complements of Arabidopsis
downy mildew (Hyaloperonospora arabidopsidis, [Hpa]) and various races of white rust (Albugo)
species that infect Arabidopsis, Brassica and other brassicaceae. This approach takes advantage
of genomics and other tools for investigating Arabidopsis biology, of recent advances in Oomycete
genomics, and an ERA-PG project coordinated by Jim Beynon. In January 2009 the laboratory was
awarded European Research Council funding to expand the Albugo project. This funding will allow
researchers to gain insight into the extent to which “non-host resistance” (NHR) in Arabidopsis to
Brassica strains of Albugo is explained by effector-triggered immunity, or by failure of the effector
complement to suppress disease. In addition, the group continue with studies on various aspects
of plant/bacteria interaction, particularly the recognition of AvrRps4 by RPS4, and have identified
a putative “guardee” that appears to be required for RPS4 function. Researchers are also inves-
tigating the roles of auxin and DELLA proteins in resistance and susceptibility. Jonathan recently
obtained a BBSRC grant to use new genomics tools to accelerate cloning resistance genes from
wild potato relatives for potato blight resistance.
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Sophien Kamoun
sophien.kamoun@sainsbury-laboratory.ac.uk
http://web.mac.com/sophien/KamounLab/default.htm
Plant defence

Unravelling the biochemical activities of effectors to understand how pathogens successfully col-
onize and reproduce on their host plants has become the driving paradigm in the field of plant
pathology. The Kamoun laboratory studies effector biology, mainly in the Phytophthora infestans-
Solanaceae pathosystem. The long-term objective is to dissect the molecular mechanisms that en-
able filamentous pathogens, such as the oomycete P. infestans, to successfully infect plants and
the plant processes that are perturbed by the effectors of this pathogen. The group aims to un-
derstand how pathogen effectors function, how they evolve, and how they traffic into host cells.
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Silke Robatzek
silke.robatzek@sainsbury-laboratory.ac.uk
http://www.tsl.ac.uk/research/silke-robatzek/index.htm
Plant immunity

Membrane compartmentalization and trafficking are pivotal for eukaryotic life. The group aims to
better understand plant-microbe interactions at the cellular and subcellular level. Plant defence in
response to pathogen infection is tightly associated with a global reprogramming of membrane
trafficking pathways. For example, accommodation of haustoria, a globular feeding structure of
fungi and oomycetes, requires substantial subcellular rearrangements. Although this hallmark of
microbial attack has been described for many years, we are only now beginning to identify the
molecular components involved in microbe-induced membrane trafficking. The Arabidopsis re-
ceptor FLS2 is responsible for the perception of bacterial flagellin (flg22), a so-called pathogen-as-
sociated molecular pattern (PAMP), which triggers a first line of active plant defences. In
non-challenged plants, FLS2 localizes to the plasma membrane, but upon flg22 activation it is in-
ternalized. The Robatzek laboratory studies the components of FLS2 endocytosis to shed light on
the mechanisms of PAMP-triggered immunity. A combination of genetic screening, high through-
put confocal laser microscopy and custom automated image processing are applied to identify
mutants that display altered endosomal trafficking. Designated fel mutants, they provide a unique
tool to determine the genetic principles of endocytic trafficking and to zoom into pathogen-induced
dynamic changes of membrane compartmentalization.
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John Turner
j.g.turner@uea.ac.uk
http://biobis.bio.uea.ac.uk/biosql/fac_show.aspx?ID=306
Plant hormones

Research in the Turner laboratory focuses on the mechanisms used by plants to reduce the effects
of environmental stress, in particular on the broad-spectrum defences used by plants to deter
pests and pathogens. Current work in the group builds on research performed by the Turner group
over many years, including the discovery of the key regulators of jasmonate-induced defences.
Plant jasmonates were identified in the 1960s as the compounds responsible for the fragrant smell
of flowers. The discovery in the Turner laboratory that COI1 an Arabidopsis gene required for re-
sponse to the growth inhibitory phytotoxin, coronatine, was also required for growth inhibition by
jasmonate, initiated the laboratory’s interest in jasmonates. The very same gene was later identi-
fied as the jasmonate receptor. Members of the Turner laboratory have worked on the character-
ization of the functions of endogenous jasmonates in plants, revealing a range of other essential
functions for jasmonate in plant including defence and gametophyte development. Recently, they
have shown that jasmonate signaling is also recruited for the control of elongation growth in plants
growing in the shade of neighbours, a response involving phytochrome signalling. Current work in
the Turner laboratory is examining the phytochrome- and jasmonate-regulated trade-off between
commitment for defence and commitment for growth. The Turner group endeavour to use the
knowledge gained from this work to enhance crop productivity.
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Cyril Zipfel
cyril.zipfel@sainsbury-laboratory.ac.uk
http://www.tsl.ac.uk/research/cyril-zipfel/index.htm
Receptor kinase-mediated innate immunity

Higher eukaryotes can recognize invading microorganisms by detecting conserved molecules re-
ferred to as PAMPs (pathogen-associated molecular patterns) by pattern recognition receptors
(PRRs). The mechanisms underlying this innate immune recognition and subsequent signalling
have been extensively studied over the last decade in insects and mammals, but much remains
to be discovered in plants. Arabidopsis thaliana provides an excellent model system to study
PAMP-triggered immunity (PTI), and detects a variety of PAMPs, including conserved domains of
bacterial flagellin and EF-Tu, or their peptide surrogates, flg22 and elf18, respectively. The signif-
icance of PAMP-triggered immunity (PTI) against bacteria is demonstrated by the fact that suc-
cessful bacterial pathogens have evolved to avoid PAMP recognition or to suppress PTI-signalling
by secreting effectors into the host cells. Although many resistance (R) proteins have been iden-
tified and many genetic or biochemical approaches to dissecting effector-triggered immunity (ETI)
initiated, there is only limited knowledge about plant PRRs and PRR signal transduction. Indeed,
in-depth understanding of PTI is required, not only because of its intrinsic interest, but because
many of the pathogen effector targets will be PTI components. Furthermore, there are more PRRs
to discover in order to fully understand the molecular interplay between host and pathogen that di-
rects the outcome of infection. The Zipfel laboratory is using a combination of forward- and reverse-
genetics, as well as biochemical and proteomic approaches to understand how PAMP is perceived,
what signalling events it triggers, and what contribution PAMP perception makes to plant immu-
nity.
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Eric Ward/Brande Wulff
eric.ward@sainsbury-laboratory.ac.uk; brande.wulff@sainsbury-
laboratory.ac.uk
http://www.tsl.ac.uk/research/eric-ward/index.htm;
http://www.2blades.org
Crop disease resistance

The group results from cooperation between the Two Blades Foundation and the Sainsbury Lab-
oratory, and aims to solve crop disease problems using state-of-the-art technologies. The initial
focus of the group is on generating resistance to wheat stem rust caused by newly appearing
super-virulent strains of the pathogen Puccinia graminis f. sp. tritici. The group’s current focus is
on identifying major disease resistance (R) genes from wild species related to important crops.
They isolate many R genes, which is now possible using a combination of classical genetics and
next-generation sequencing methods, and deploy them in combinations at single transgenic loci.
Such multiple R gene cassettes should provide a superior solution for breeding durable disease
resistance.
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Stephen Fry
S.Fry@ed.ac.uk
http://homepages.ed.ac.uk/sfry/index.html
Biochemistry and physiology of plant cell walls

The Edinburgh Cell Wall Group led by Stephen Fry studies the primary cell wall and apoplast in
plants. The main goal is to track the behaviour of cell wall components in living cells. The work em-
phasises the distinction between enzyme activity (measurable in vitro) and the more biologically
relevant enzyme action (observed in vivo). Work carried out by Stephen Fry’s laboratory shows that
cell walls are a rich source of novel enzymatic activities and organic structures. Specific areas of
interest currently include: 1. Wall loosening during cell expansion and fruit softening. The team
discovered xyloglucan endotransglucosylase (XET), which breaks and reforms glycosidic bonds in
the backbone of xyloglucan, and is studying XET’s role in wall-restructuring. The group is also very
interested in non-enzymatic scission of polysaccharides in the walls of living cells by naturally pro-
duced hydroxyl radicals. 2. Wall assembly and cross-linking. Studies related to XET recently led
to the discovery of novel wall-assembling endotransglycosylases, for example mixed-linkage-
glucan:xyloglucan endotransglucosylase (MXE; a novel ‘heterotransglycosylase’ apparently con-
fined to Equisetum), whose reaction-products are being traced in vivo. The lab is also documenting
the cross-linking role of oxidative phenolic coupling (ferulate in polysaccharides and tyrosine in
glycoproteins) in vivo. 3. Vitamin C metabolism in plants, including the discovery of novel ascor-
bate metabolites (e.g. 4-O-oxalyl-threonate). 4. Sugar-nucleotide metabolism involved in wall poly-
saccharide biosynthesis. The lab devised a valuable dual-radiolabelling (3H/14C) protocol to
determine which of several competing pathways predominate in vivo. It was shown that the UDP-
glucose oxidation pathway greatly exceeds any contribution of the inositol pathway. 5. Document-
ing the evolution of primary cell walls in land plants and their charophytic algal relatives.

The Institute of Molecular Plant Sciences (IMPS) houses several principal investigators (PIs), post-
doctoral researchers and PhD students, and provides a stimulating environment for studies on a
broad range of plant-based topics. IMPS is one of few plant-based research and teaching institutes
within the UK and continues to offer a dedicated undergraduate honours programme in the Plant
Sciences. Postgraduate research is supported by state-of-the-art facilities, and an IMPS research
forum facilitates inter-laboratory collaborations. IMPS has close links with the Centre for Systems
Biology at Edinburgh (CSBE http://csbe.bio.ed.ac.uk/) and the Royal Botanic Gardens, Edinburgh
(RBGE http://www.rbge.org.uk/), providing further breadth to our research base. In addition, re-
searchers within IMPS have strong links with the Scottish Crop Research Institute (SCRI
http://www.scri.ac.uk/) and the newly formed Scottish Universities Life Sciences Alliance (SULSA
http://www.sulsa.ac.uk/). Research within IMPS covers a broad range of interests, including: de-
velopmental biology, molecular plant pathology, speciation, circadian clocks, bioimaging, bio-
chemistry and cell biology.
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Peter Doerner
peter.doerner@ed.ac.uk
http://www.biology.ed.ac.uk/research/institutes/plant/pages/staff_page
s/P_Doerner_staffpage.htm
Plant growth control and abiotic stress tolerance

To ensure global food security, it will be critical to improve the performance of crops when they are
exposed to abiotic stress. The team in Peter Doerner’s lab is focusing on two key aspects: (i) the
mechanisms controlling cell growth and division in ‘normal’ and stress conditions; and (ii) the sig-
nalling pathways and growth responses involved in controlling cellular and whole plant responses
(e.g. root system architecture) during phosphate limitation. Recent work on cell division control dur-
ing abiotic stress has identified a novel mechanism for growth arrest in Arabidopsis, involving a pro-
tein kinase cascade. Work is underway to establish the molecular details of this pathway, such that
this knowledge can be used to improve abiotic stress tolerance in crop plants in the future. Work
is also underway to identify the proteins involved in perceiving phosphate and orchestrating cellu-
lar responses to perceived levels of this critical nutrient. A rough framework of biochemical func-
tions involved in phosphate sensing and signalling has been established, and is now being followed
up by targeted efforts to identify key regulators. In a separate approach, forward genetics has been
successful to identify genes involved in controlling root growth patterns at different levels of phos-
phate abundance, opening up opportunities to fine-tune growth responses to levels of phosphate
availability.
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Justin Goodrich
Justin.Goodrich@ed.ac.uk
http://www.biology.ed.ac.uk/plant/pages/staff_pages/J_Goodrich_staff
page.htm
Epigenetic control of seed and flower development

The Polycomb-group (Pc-G) genes are key regulators of cell fate decisions in plants and animals.
In plants, they control many agronomically important traits including flowering time, the response
to vernalization, and the proliferation of the endosperm tissue in seed. They act by modifying chro-
matin so that their target genes become transcriptionally inactivated. A major advance in unravel-
ling their mechanism has been the demonstration that transcriptional inactivation by Polycomb
gene products is achieved in part through the methylation of specific residues of histone proteins,
the proteins that package DNA. The Goodrich group are profiling where these modifications occur
in the genome as a way of identifying Polycomb target genes, many of which are developmentally
important. In collaboration with the Jacobsen group (USA), the Goodrich group have produced the
first of such profiles for Arabidopsis seedlings. They are currently profiling the changes that occur
during the switch to flowering, as a way to identify genes controlling the commitment to flowering.
A genetic screen to identify modifiers of polycomb mutant phenotypes has also been undertaken
to help identify novel Polycomb genes and targets.
One gene identified in this screen is a novel transcription factor that is expressed in endosperm but
acts non-autonomously to control development of the epidermal layer of the embryo. The Goodrich
group is collaborating with Gwyneth Ingram’s laboratory to characterise the targets of this gene and
their role in endosperm and embryo development.
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Karen J. Halliday
karen.halliday@ed.ac.uk
http://www.biology.ed.ac.uk/research/groups/khalliday/
Light and temperature signal transduction

In spite of the predicted global changes in climate, very little is known of how physiological tem-
perature changes influence any complex molecular signalling network. The Halliday laboratory is
combining molecular, genetic and theoretical approaches to address this knowledge deficit aiming
to: 1. Establish how temperature alters the molecular circuitry of the light and circadian network in
the model plant Arabidopsis thaliana. 2. Understand how environmental light and temperature sig-
nals control growth, carbon assimilation and photosynthetic rate.
Temperature changes affect the rate of almost all biochemical processes, yet some biological func-
tions are maintained robustly across a wide range of physiological temperatures, while others sen-
sitively respond to temperature. Using computational modelling and mathematical analysis, the
group seek to understand the principles and molecular mechanisms that underlie temperature
buffering or sensitivity in biological networks.
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Andrew Hudson
Andrew.hudson@ed.ac.uk
http://hudson.bio.ed.ac.uk/
Control of organ growth, size and shape, and evolution of plant
form

Research in Andrew Hudson’s laboratory examines the genetic basis for natural variation in plant
form and how it relates to fitness. Part of the work uses a selection of Antirrhinum (snapdragon)
species, which are morphologically diverse and adapted to different, often extreme environments.
Their ability to form fertile hybrids with the genetic model species A. majus has allowed the iden-
tification of the genes that underlie their differences in characters, including leaf and petal sizes and
shapes, and suggests how these characters might evolve. The team is also investigating the ge-
netic and ecological basis for high levels of phenotypic diversity in local populations of Arabidop-
sis thaliana, which maintain high levels of phenotypic diversity, and the evolution of a regulatory
mechanism that controls both leaf development and defence.
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Catherine Kidner
catherine.kidner@ed.ac.uk
http://www.rbge.org.uk/science/tropical-diversity/evolutionary-
development/catherine-kidner
Evolutionary development and speciation

Catherine’s group investigates the genetic basis of diversity in plant form. They use Begonia as a
model system to understand how tropical diversity has evolved and is maintained. Begonia is one
of the ten largest genera of angiosperms with at least 1,500 species found throughout the wet trop-
ics. Vegetatively the species vary considerably, but reproductive barriers are weak allowing ge-
netic analysis of species-level differences. A genetic map is being produced to allow QTL analysis
of morphology, ecophysiology and reproductive traits. This will identify how many genes control the
traits that differentiate species, giving an indication of how easily change can occur. It will also
allow Kidner’s team to test whether key developmental genes are involved in dramatic changes of
form and whether parallel morphological changes involve the same genes. The transcriptomes of
two closely related species have been sequenced and soon a third, more distantly related species
will be added to the dataset. This will identify diversifying and conserved gene families as well as
providing genetic markers for the map and for population biology. Sequencing of the complete
chloroplast genomes of 16 species provided a robust phylogenetic backbone and will identify vari-
able regions to allow construction of phylogentic trees for very closely related species, enabling
characterisation of recent radiations. Fieldwork conducted in Mexico has increased the Royal
Botanic Garden Edinburgh's collections of rare, endemic species and allowed study of hybrid zones
where new roads bring previously isolated species into contact.
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Gary Loake
gloake@ed.ac.uk
http://www.biology.ed.ac.uk/research/groups/loake/
Plant disease and resistance

Plant diseases are a significant constraint on agricultural production. Consequently, effective dis-
ease resistance is an extremely desirable crop input trait. Plants have evolved a plethora of so-
phisticated defence mechanisms to protect themselves against attempted pathogen ingress. The
synthesis of nitric oxide (NO) and reactive oxygen intermediates (ROIs) is a conspicuous feature
of this complex defence response. These key small molecules orchestrate immune signalling net-
works and gene expression cascades and drive the programmed “execution” of plant cells at sites
of attempted pathogen infection. Work in the Loake laboratory has introduced a new level of un-
derstanding to these processes by showing that S-nitrosylation, the addition of a NO moiety to a
reactive cysteine thiol to form an S-nitrosothiol, is a central regulator of multiple modes of plant dis-
ease resistance. Building on these findings, the Loake laboratory is now employing a variety of
complementary strategies to further explore the pivotal role of S-nitrosylation in disease resist-
ance. Other post-translational modifications of interest include SUMOylation and ubiquitination,
processes where peptide modifiers are added to target proteins to either modulate their cellular
function(s) or mark them for degradation, respectively. In collaboration with industry, the Loake
group is also exploring the regulation of defence-related biochemical pathways that synthesise
clinically important plant natural products.




