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Promising achievements half-way EU-SOL
The publication of a study on the expression of health-promoting
anthocyanin in tomato in Nature Biotechnology’s October edition1 2 hit
the news. Television stations and newspapers all over the world
reported about the combined efforts of British, Italian, German and
Dutch scientists to create this purple tomato. This small media hype
demonstrates that society is highly interested in molecular plant
breeding activities, provided that the results are promising. So far, the
EU-SOL project has not produced a ‘purple tomato’ in terms of media
attention. Of course, new microarrays for testing gene expression levels
in tomato populations or the discovery of genes that are associated with
levels of carotenoids in potato are not as sexy, but that does not mean
that the achievements are less significant. Rather than focusing on a
single trait, the EU-SOL partners investigate a wide range of
organoleptic, health and productivity traits. Rather than using a single
technology (genetic engineering) the project develops a wide range of
knowledge and technologies that can be directly applied in breeding
programmes for tomato and potato, both major vegetables, and other
solanaceous crops.

Now, two and half years after it started, it is not only time to look back
and
see what has been achieved, but it is also time to look ahead and
EU-SOL Programme Management Office
see what can be expected in the next half of the project. We asked 23
work package leaders of the project to give a brief overview of the main
Centre for BioSystems Genomics
achievements, the most surprising and the most promising results and
P.O. Box 98
how the work will continue. For the sake of the over-all picture we
6700 AB Wageningen
Tel: +31 317 477254
decided to present the input from the different work packages in a
Fax: +31 317 477266
coherent way, and divided the project up in three big chunks: 1) the part
eusol@wur.nl
that establishes quality traits in tomato fruit and potato tuber, 2) the part
www.eu-sol.net
that develops enabling technologies, and 3) the part that deals with
education, training and communication activities. The figure presented on the next page provides an overview of the
complete structure of EU-SOL and its relationship with consumers, industry and society as a whole.
The overview presented in this EU-SOL newsletter demonstrates that the approach of a project that integrates
knowledge for specific purposes, in this case the use of natural biodiversity in breeding research for quality traits, can
deliver promising results. Several interesting genes and Quantitative Trait Loci (QTL) that may be applied by
breeders have been identified and tested. Several of the researchers involved in EU-SOL consider the project an
example of what can be achieved with excellent teamwork: “The successful harvesting and delivery of crops from
both Bulgaria and Israel to labs for analysis is testimony to the effective teamwork across EU-SOL”, one of the
project leaders told us.
Butelli Eugenio et.al. Enrichment of tomato fruit with health-promoting anthocyanins by expression of select transcription
factors, Nature Biotechnology, Advanced Online Publication, 26 October 2008
1

See for instance BBC World News of 28 October: http://www.youtube.com/watch?v=hHmcyS5H16Y and CBS News of October
27: http://www.youtube.com/watch?v=KIJMpKnDiIY
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Figure 1: The structure of the EU-SOL project. The project can be divided in three major blocks:
I) Establishing quality traits, II) Enabling technologies, and III) Education, training and communication. The first
two blocks are divided in three modules each, focusing on a specific class of traits or a specific class of
technologies. Each module contains several work packages. Direct relations between the work packages are
indicated with orange and green lines. Relations between the project and relevant actors in society, such as
industry & SMEs, consumers and society at large (e.g. ‘the public’, NGOs) are indicated with blue lines.

I.

Establishing quality traits in tomato fruit and potato tuber

The market demand for new tomato and potato traits as defined by consumers and producers is the central
premise of the EU-SOL project. Quality traits are established in three domains: the domain of consumer
preferences and organoleptic quality, the domain of health-based quality traits and the domain of traits that
are important to producers and processors.

1.

Consumer preferences and organoleptic quality

In this module the biological basis of organoleptic qualities perceived by consumers is studies. The module exists of
four work packages, each with a specific focus on organoleptic quality traits:
· Characterization of consumer preferences
· Early fruit development & composition
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Molecular basis of volatile compounds
Tomato texture & post harvest quality

Characterization of consumer preferences
One of the objectives of EU-SOL is to test the adequacy between research objectives and consumer expectations by
means of characterizing the preferences of European consumers facing the diversity of tomato varieties and thus to
identify the most relevant sensory quality traits for breeding tomato. During the first year, the partners in this part of
the project performed a large experiment of
preference mapping at the European level.
The experiment consisted in characterizing
in 3 countries (Italy, Netherlands and
France) a sample of 18 tomato cultivars
(grown in three places in NL and FR)
corresponding to the diversity available on
the market at 3 levels: sensory profiles with
trained panels, consumer tests and
instrumental measurements. The analysis of
data was then done first at a country level,
then a comparison among countries was
performed. Segments of consumers were
identified in each country. Preference was
mainly structured first on taste (sweetness
and aroma), second on texture (firm or soft fruits). We asked work package leader Mathilde Causse what was the
most surprising result: “We were surprised that the comparison over countries revealed that the same trends in
consumer preferences could be identified in each country”. The results are consistent with the targets studied in the
other work packages in this module.
The characterization of consumer preferences create the possibility to segment the market on taste and texture. “In
2008/2009 we are analysing consumer preferences that correspond to sensory profiling of specific segments or
growth conditions”, Mathilde Causse adds.

Early fruit development and composition
“We study early fruit development and composition because we want to understand how the early stages of fruit
development, before ripening, will contribute to the build-up of fruit quality. We want to find out what controls fruit size
and primary fruit composition (e.g. content in sugars, organic acids and amino acids that will have a strong impact on
fruit taste). Since early fruit development contributes to most of fruit growth, studies done in this part of EU-SOL
should affect our knowledge on the mechanisms involved in the control of fruit growth and variations in fruit
composition’, says Christophe Rothan.
One of the formal objectives of this work package is to obtain tomato lines with altered fruit size and/or composition.
That means that tomato lines and Quantitative Trait Loci (QTLs; DNA sequences that are related to specific, usually
complex traits) must be characterized: “We’ve been analyzing tomato collections and also introgression lines and
their respective heterozygotes. This allowed the full evaluation of the mode of inheritance of tomato fruit composition.
In addition, detection of QTLs controlling fruit size and composition have been performed on a new cross between
tomato (S. lycopersicum) and wild species (S. chmielewskii ). Remarkably, this study integrated environmental
conditions (number of fruits per plant, ecophysiological variables). This approach remains very original in tomato
studies and yielded very interesting results”. It also requires the isolation of genes potentially involved in the control of
fruit set, fruit size and/or composition. These genes are tested by creating transgenic lines: “Candidate genes
putatively involved in the control of early fruit development and composition have been isolated and identified through
various strategies including data mining and transcriptome3 and proteome4 analysis. We already generated

The transcriptome is the set of all messenger RNA (mRNA) molecules or "transcripts," produced in one or a
population of cells.
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transgenic lines on cell cycle genes, TCA cycle genes, hormonal regulation and transcriptional regulation. Some of
these lines have been thoroughly characterized, showing that fruit set, fruit size and fruit composition can be
controlled by affecting several key candidate genes”.
The most surprising result was that the mode of inheritance of metabolite fruit composition shows lack of
overdominance at metabolite level and commonality of mode of inheritance between metabolites of the same
compound class. Also, some of our earlier hypotheses i.e. that endoreduplication can be a motor for fruit growth and
thus contribute to the control of fruit size have been nicely confirmed. These findings provide new directions of
research and new tools for the improvement of tomato fruit quality. The link between cell cycle control and fruit size
and the mode of inheritance have important application in tomato breeding for fruit size and fruit composition
respectively. “Now that almost all of the preliminary studies have been completed (obtaining and characterization of
tomato collections, isolation of candidate genes, generation of transgenic lines affected in fruit size and composition),
most of the future work will focus on deciphering the mechanisms involved in the processes studied”.

The molecular basis of volatile compounds
Volatiles are major determinants of the flavour of tomato fruits and cooked potatoes. These are important consumerquality traits. A thorough understanding of the molecular regulation of volatile formation and the genetic and
environmental factors influencing volatile production provides the basis for the development of tomato fruits and
potato tubers with an improved flavour. “This work package has four objectives”, says Arnoud Bovy. “First of all, we
want to learn about the QTLs involved in volatile formation and the molecular basis for volatile production in tomato
fruits. We are doing that by mapping (QTLs) and analysis through candidate gene approaches. Second, we want to
know which genes and QTL's are involved in volatile content in cooked potatoes. Then, we also want to determine
the role of genetic and environmental factors in the expression of candidate genes involved in the production of
flavour and aroma volatiles in tomato. We exam their expression in ripening mutants with altered flavour and in
response to environmental stress factors. And finally, we want to unravel the molecular and physiological role of
hormones during tomato fruit ripening and their influence on final fruit quality”.
So-far, the results of the work were as expected. QTLs for flavour-related volatiles in tomato and potato populations
were identified. Metabolomic and gene expression analysis of ripening mutants revealed that TomloxC is the main
lipoxygenase involved in aroma production.
Temperature treatments (both heat and cold) resulted in dramatic effects on the pathways leading to lipid-derived
volatiles in tomato. Expression profiles have been determined for all thirty members of the ERF transcription factor
gene family5 and a phylogenetic tree6 has been developed. The function of several fruit-specific ERFs is being
analysed using reverse genetics approaches.
“The finding the L. chmielewskii introgression population is an excellent source of variation in flavour-related volatiles
and is a valuable system for the detection of candidate genes and QTL’s is really promising”, Bovy continues. “From
here on, the main efforts will be devoted to the functional characterization of flavour-related candidate genes using
reverse genetics approaches and to the fine-mapping of flavour QTLs”.

Tomato texture and post harvest quality
The work of Graham Seymour, who is leading the work on tomato texture and post harvest quality, and his team was
already described in the May 2008 edition of the EU-SOL newsletter. For this occasion, Graham explains again, very
briefly, what has been achieved in this work package: “Texture is a major quality attribute for fleshy fruits including
tomato. That is why we try to unravel the molecular mechanisms of tomato texture related to post harvest quality”.
So-far, five tomato populations including those with introgressions from three different wild tomato species have been
screened for quantitative trait loci (QTL) affecting fruit texture. Robust QTLs for this quality trait have been identified
The proteome is the entire complement of proteins expressed by a genome, cell, tissue or organism. More
specifically, it is the set expressed proteins at a given time under defined conditions.
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ERF (Ethylene Response Factors) are plant transcriptional regulators mediating ethylene-dependent gene
expression.
5

A phylogenetic tree, also called an evolutionary tree, is a tree showing the evolutionary relationships among various
biological species or other entities that are believed to have a common ancestor
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on chromosomes 2, 3, 4, 5 and 9 and in addition a QTL for long shelf life on Chromosome 4. Fine mapping is now in
progress for QTL on chromosomes 3, 4 and 9. On chromosome 4 and chromosome 9 the firmness QTL have been
assigned to specific sites (a 7.6-cM genetic interval on chromosome 4 and a 6-cM interval on chromosome 9).
“It was very promising that all the above QTL were reproducible across several growing seasons showing that they
should be tractable. Surprising was that it was more difficult to resolve the QTL for fruit ripening than some other
traits, e.g. fruit size”. “We will continue further resolving mapping intervals and with candidate genes nominated for
testing in transgenic plants where time permits”.

2.

Health based consumer quality traits

Quality and wholesomeness are important factors in the appreciation of food by society. Antioxidants and various
other health-related compounds seem interesting targets for improving the contribution of food products to human
health. This module screens tomato and potato for variation in levels of health-related nutraceuticals and minerals,
such as carotenoids, vitamin C and E, flavonoids, folate, iron and zinc. The module exists of three work packages
focusing on the identification and formation of interesting nutraceuticals:
· Metabolite profiling of tomato & potato
· Mapping, isolation and caracterization of genes related to nutraceuticals
· Functional genomics and regulatory mechanisms controlling nutraceutical formation

Metabolite profiling of tomato and potato
The main objective here is to prolife the metabolites (phytonutrients) of tomato and potato cultivars for antioxidants
and minerals. The results will firstly identify QTLs and then facilitate direct molecular approaches to QTL mapping
and candidate gene analysis in these crops.
Several Introgression Line collections for tomato have been analysed for carotenoids, flavonoids, other polyphenols,
vitamins C and E and minerals. These data sets are now being assessed through the bioinformatics module . “We
were surprised by the diversity of antioxidants phenotypes in the introgression lines, especially those from S.
neorickii”, Peter Bramley tells. “Very promising is the consistent trends shown by introgression lines in comparison to
the parents. These validate the approach of metabolite profiling leading to potential novel gene discovery.”
From now on, the affect of seasonal growth, and the development of fruits and tubers will be analysed in detail in
order to establish whether these changes regulate synthesis and accumulation of the phytonutrients.

Mapping, isolation and characterization of genes related to nutraceuticals
This work package deals with the specific genes that influence vitamins A and C. The objectives are to identify genes
and QTLs involved in carotenoids (vitamin A, antioxidants) and ascorbate (vitamin C) in tomato fruit and potato
tubers. Genes controlling fruit carotenoid biosynthesis and flowering time in domesticated and wild tomato species
are characterized. A range of molecular and genetic approaches are used to understand how potato tubers
accumulate carotenoid pigments and Diversity Arrays are developed for use in genotyping and QTL mapping in
tomato species.
Work package leader Joseph Hirschberg reports a long list of achievements: “We have established the segregating
population in both potato and tomato and screened them for loci that affect carotenoids and vitamin C. We also
developed a Diversity Array for cultivated and wild tomato species and used it to genotype wild tomato species. Such
Diversity Arrays may be particularly useful as a complimentary approach for QTL mapping in S. cheesmanii since the
genetic diversity is reported to be low in this population. The Diversity Array technology will be used by other partners
in EU-SOL for QTL mapping and characterization of nutraceuticals.
A wide range of different accumulated carotenoid types, and different amounts of carotenoid was found in two potato
crosses consisting of over one hundred clones for each cross. We used microarrays (see box) to compare gene
expression in high and low tuber carotenoid types, which resulted in two candidate genes that have impact on potato
tuber carotenoid content. In tomato we also found that two loci, fcd2, which codes for low fruit carotenoids, and
Sunred, are allelic7. A candidate gene was identified in this locus. In future work, the identity of the gene in locus
An allele is one member of a pair or series of different forms of a gene. Usually alleles are coding sequences, but sometimes
the term is used to refer to a non-coding sequence. An individual's genotype for that gene is the set of alleles it happens to
possess. In a diploid organism, one that has two copies of each chromosome, two alleles make up the individual's genotype.
7
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fcd1/sunred will be confirmed and the connection between primary and secondary metabolism that these mutations
have putatively revealed will be studied. Mutants have been obtained in the cryptochrome8 gene family.
Cryptochrome genes from wild species have been sequenced.
QTLs controlling ascorbate biosynthesis have been mapped. Candidate genes with known functions in ascorbate
biosynthesis have been mapped. And finally, we screened introgression line populations for vitamin C content and
used microarray analyses for the identification of candidate genes.”
“One of the results that surprised us concerns
the difference between the type and amount of Microarrays
carotenoids that accumulated in the segregating DNA microarrays are used to measure changes in expression levels of
potato populations and in the original potato genes or to detect single nucleotide polymorphisms (SNPs*). It
populations studied. The implication is that there consists of an arrayed series of thousands of microscopic spots of
are several different mechanisms that regulate DNA oligonucleotides, each containing a small amount of a specific
potato tuber carotenoid content. Additionally, the DNA sequence. This can be a short section of a gene or other DNA
changes in gene expression associated with high element that are used as probes. These probes can hybridize a cDNA
or cRNA sample (called target). Probe-target hybridization is usually
tuber carotenoid potatoes suggest that
detected and quantified by fluorescence-based detection.
carotenoid degradation as well as synthesis is an In standard microarrays, the probes are attached to a solid surface by
important factor in determining the overall levels a covalent bond to a chemical matrix. The solid surface can be glass or
that accumulate.”
a silicon chip, in which case they are commonly known as gene chip or
The three most promising results are:
+ The high level of expression of a carotenoid
cleavage dioxygenase in tubers that
accumulate low levels of carotenoids suggests
that this particular cleavage dioxygenase may
have a key role in tuber carotenoid
accumulation. Genetic and expression
analyses have shown that an allele of the βcarotene hydroxylase gene also exerts
considerable control over the level of tuber
carotenoids;
+ Co-localization of QTLs controlling ascorbic
acid content in fruit, identified in three different
populations derived from crosses between
cultivated tomato and wild related species or
subspecies and of candidate genes involved
in ascorbate biosynthesis, and
+ Several transcription factors and transporters
potentially involved in vitamin C accumulation
in tomato fruits have been identified.

colloquially Affy chip when an Affymetrix chip is used.

Impression of a microarray, based on a hot pepper 5K cDNA
microarray image (Source: SOL Genomics Network)
*Single Nucleotide Polymorphism (SNPs, pronounced snips) are DNA
sequence variations occurring when a single nucleotide - A, T, C, or G
- in the genome (or other shared sequence) differs between members
of a species. SNPs represent the most common form of genetic
variation in both plants and animals.

“From here on, gene expression patterns in tubers from segregating populations will be investigated to look for
correlations with carotenoid accumulation patterns. Candidate genes in these populations will be mapped and
transgenic approaches will be used to test hypotheses about the roles of certain genes. The specific DNA sequences
of cryptochromes found in wild species to fruit carotenoid composition and flowering time will be associated. We will
focus on the regulation during plant and fruit development of GDP mannose epimerase (GME), the most promising
candidate gene for vitamin C highlighted during this study.”

8

Cryptochromes are photactive pigments involved in circadian regulation.
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Functional genomics and regulatory mechanisms controlling nutraceutical formation
The genes that regulate tomato fruit quality can be likened to the master switches on circuit boards or in a house.
Therefore, they can turn on or off whole batteries of genes that can determine tomato fruit quality. They are therefore
different from genes that control just one step in a biosynthetic pathway, which are the ones that have most
commonly been targeted to try to improve fruit quality. This is why this part of the EU-SOL project is committed to
identification of the genes that regulate tomato fruit quality.
Work package leader Chris Bowler told us that several of these master genes have now been identified. Approaches
using transgenic plants have shown that they can indeed control a range of different aspects that determine fruit
quality. Most of these genes have been found to regulate the influence of light on fruit ripening, and include
photoreceptors and signal transduction intermediates.
“Before it was thought that hormones such as ethylene were alone in controlling fruit ripening. So we were surprised
to find that light is extremely important for controlling fruit quality. We also discovered that master genes can indeed
be manipulated to control a range of different aspects that determine fruit quality, and that is very promising. We will
continue with further characterization of the functions of these master regulators.”

3.

Producer and processor traits

The starting-point of EU-SOL is existing genetic diversity in potato and tomato populations. This module is committed
to the screening of natural diversity, and, in parallel with and using the same material used to phenotype for
organoleptic and health-based traits, the phenotyping of producer and processor traits. It consists of six work
packages, three for tomato and potato each:
· Phenotyping diversity in selected tomato genotypes
· Targeted approaches in tomato
· Assessing leads for application by tomato breeding companies
· Phenotyping diversity potato
· Targeted approaches in potato
· Assessing leads for application by potato breeding companies

Phenotyping diversity in selected tomato genotypes
This part of EU-SOL concerns the assessment of plant architectural and fruit quality traits. It aims to indentify the
mechanisms by which tomato traits can be modified in order to improve fruit yield or quality. So far, Alisdair Fernie
and his partners have identified a large number of QTL that effect either fruit quality, architecture or growth in
response to sub-optimal temperature. Moreover, they have identified candidate genes underlying the chemical
composition traits and genomic sequencing has been initiated for some of these. In addition broad range enzymatic
profiling has been carried out on the same material allowing mechanistic insight into a number of them.
“The sheer number of QTL obtained effecting these processes was surprising as was the fact that for the chemical
composition QTL most of these were dominantly or additively inherited. Very promising are the findings on chemical
composition, which opens up the possibility that they could be effective in breeding programs. This is especially the
case since in heterozygous lines increased metabolite content was not coupled to a yield penalty. Other results are
also highly exciting but are currently preliminary.”, Alisdair Fernie reports.
From here on, new genetic variants displaying altered architecture will be characterised. Sequencing of target
regions will be completed and evaluated. Cross comparison of chemical composition and enzymatic complements
will be performed.

Targeted approaches in tomato
“In this work package we evaluate the impact of modified plant architecture on fruit yield and quality. It involves
isolation and characterization of regulatory genes controlling lateral shoot and inflorescence patterning in the
tomato.”, says Mondher Bouzayen. “We have isolated a number of genes regulating lateral branching and we are
assessing their impact on plant growth including fruit development and quality. We did not find any surprising results.
Most promising is the finding that some regulatory genes control both plant architecture and fruit set and
development.”
Future research will focus on deeper characterization at the molecular and physiological levels of the mode by which
the isolated genes impact developmental processes.

7

Email newsletter no 3/4,
November 2008

Assessing leads for application by tomato breeding companies
Genes that are obtained in the first two work packages of this module will be valorised. No results have been
reported here yet, but it was decided to use new generation sequence tools to translate transcription factors to
application in breeding. “We will start sequencing in the coming period as well as analysis of the results; including
feedback to the participating companies”, says Mark van Haaren.

Phenotyping diversity potato
One of the main objectives of this part of
EU-SOL is phenotypic screening in diploid
segregating populations for potato yield
components (tuber weight, and tuber
shape), tuber content (flesh colour, protein
content, and vitamins) and post-harvest
traits (cold sweetening, discolouration and
sprouting). It also entails the development
and mapping of candidate genes and the
development of molecular markers for the
selected traits.
Work package leader Christian Bachem
told us about the main achievements:
“Several of the diploid populations from
both Wageningen and the companies have
been phenotyped for vitamins and other Source: USDA Agricultural Research Service, photo by Scott
nutrient related traits. Gene expression and Bauer
metabolite profiling in potato tubers has been done across a large set of genotypes. Analysis of expression-QTLs and
metabolite-QTLs are being correlated with trait-QTLs to generate functional linkages and provide markers for
selection.”
One of the surprising results is that there appears to be a strong reduction in vitamin content (C,B5, B6) during tuber
storage, complicating quantification assays and interpretation of the results. The emerging sequence data from the
Potato Genome Sequencing project and the integration of data from other work packages is allowing us to proceed
more rapidly in the molecular characterisation and mapping of genes.
“The method of grouping genotypes together that share a common character and analysing gene expression to
pinpoint genes directly linked to the trait is working remarkably well (also referred to as expression bulked segregant
analysis or e-BSA). This proof of concept in populations that have well characterised genetic maps opens the
possibility to so also use the same technique on less well characterized populations from the breeders (blind e-BSA).
From this year’s harvested tubers we expect a number of additional large scale analyses of nutrient content (vitamin
and protein). This will allow verification of data obtained thus far and give insight into genotype/environment
interactions regarding the traits under investigation.”

Targeted approaches in potato
The main objective of targeted approaches in potato is to unravel molecular mechanisms which regulate potato tuber
formation, bud breakage and tuber sprouting. The knowledge will allow improving important quality traits of potato
tubers such as yield, size, starch content and longevity.
“Since the start of the project we have obtained expression profiles during different stages of potato tuber life cycle.
Their comparison led to the identification of candidate genes involved in regulation of tuberization and sprouting.”,
says Uwe Sonnewald. “When the analysis of all transcript data revealed that there are a number of genes which are
regulate in opposite manner during tuber formation and tuber sprouting, we were surprised. Apparently, starch
degradation in potato tubers is hardly controlled at transcriptional level. We found that a multitude of genes of the
central carbohydrate metabolism is nicely co-regulated during tuber development. Interestingly, a bZI2 transcription
factor could be identified which seems to control starch biosynthesis, and that is very promising. From here on, we
will test the candidate genes identified by means of transgenic plants.”

8

Email newsletter no 3/4,
November 2008
Assessing leads for application by potato breeding companies
No leads for application were identified by the participating potato breeding companies yet.

II.

Enabling technologies

Nowadays, the search for the desired traits is supported by a wide range of enabling technologies. The
increasing possibilities to sequence complete plant genomes and a range of techniques for rapid detection
and testing of promising traits is adding new tools to plant breeding and selection. EU-SOL incorporates
these technologies and contributes to their further development. Conventional and modern techniques are
combined in the screening the natural diversity in tomato and potato populations. A resource and
technology platform provides the necessary genome and genomics data, as well as methods for testing
promising genes. Bioinformatics is indispensable in integrating and analysing the enormous amount of data.

1.

Screening natural diversity

This module is committed to the development of mapped genetic resources of tomato, pursuing further refinement of
mapped introgression lines (see newsletter 02) involving several wild tomato species. The module consists of three
work packages:
· Development of mapped genetic resources
· Construction of a tomato core collection for association studies
· Phenotyping, bioinformatics and germplasm distribution

Development of mapped genetic resources
This work package aims at the development of mapped genetic resources in tomato, and at linking the tomato and
potato maps to a common set of COSII anchor markers. COSII are single copy orthologs, genes in different species
that are similar to each other because they originated from a common ancestor, which are shared by most, if not all,
euasterid plant species (encompassing more than 75,000 or one-quarter of the estimated 300,000 flowering plant
species that currently occupy the earth) as well as the model species Arabidopsis. The development of a common
map for potato and for a set of tomato “exotic libraries” based on COSII anchor markers should enhance the rate of
introgression breeding in tomato, and facilitate comparisons between function maps of tomato and potato. A common
PCR-based marker framework, which links the tomato and potato maps and the numerous qualitative and
quantitative traits mapped in both species will, in fact, facilitate QTL identification, additional mapping, cloning of the
underlying genes and the use of the novel variation in marker-assisted breeding. Moreover, the generation of
additional sub-introgression lines will allow for higher resolution mapping of the traits of interest to the EU-SOL
researchers. The tomato mapped resources developed in this work package are being used by other research
groups within EU-SOL for phenotypic as well as expression analysis. The integrated analyses of these data, will
enhance the identification of useful wild QTL alleles, their use in molecular-assisted breeding programs, and finally
their cloning.
Just to mention a few results reported by Silvana Grandillo: A large number of COSII markers has been identified
which are polymorphic9 for the Solanum habrochaites (SH), Solanum neorickii (SN) and Solanum chmielewskii (SC)
introgression line populations. A total of 107 COSIIs are common to the four tomato introgression line populations of
Solanum pennellii (SP), SH, SN and SC, and 76 COSIIs are common also to the potato population. The SH, SC and
SN introgression line populations have been anchored so far to 118, 133 and 70 COSIIs. Mapping via computer
simulation has provided so far 29 additional anchor points between the potato and tomato genomes. Work is in
progress to develop a new set of SH introgression lines ensuring whole genome coverage, with each introgression
line containing a single wild introgression. A total of about 400 SP sub-introgression lines have been developed so
far, distributed on all 12 tomato chromosomes.
“In the next years we will develop additional PCR-based markers for the tomato mapping populations in order to
facilitate the production of sub-introgression lines. The anchoring of the tomato introgression line populations to a
Polymorphism in biology occurs when two or more clearly different phenotypes exist in the same population of a species — in
other words, the occurrence of more than one form or morph.
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common set of 120 COSII markers will be completed and the Solanum cheesmaniae RI population will be anchored
to a set of PCR-based markers covering the entire tomato genome. Linking of the tomato and potato maps will be
completed by PCR-based mapping of additional 20 common reference markers on the potato mapping population,
and by anchoring via computer simulation. We will complete the development of a new set of 100 SH introgression
lines, ensuring whole genome coverage. An additional 250 genotyped SP (sub-)introgression lines will be developed
and key mutants that affect inflorescence architecture and fruit colour will be fine mapped and cloned.”

Construction of a tomato core collection for association studies
Mark van Haaren and his team analyze the Core Collection generate in the first work package of this module. This
Core Collection helps the research community use appropriate and well characterized materials for their
experiments. “We have developed a SNPWave assay (see newsletter 01) to analyse the 7,000 plants Core
Collection. The Core Collection turned out to be much larger than anticipated (7,000 in stead of 2,000). Therefore we
developed new cost effective genetic analysis assays (SNPWave assay) to make the first classifications. SNPWave
assay is performing well on more loci than expected at the start. But we also encountered some problems. DNA
isolation of the Core Collection took more effort than anticipated. Quality of the DNA is varying. Now we will grow
seedlings for new DNA isolation. SNPWave screening of the complete library will start soon.”

Phenotyping, bioinformatics and germplasm distribution
The objective is to phenotype interspecific tomato populations and a core collection resource and provide the
information and seed to the other EU-SOL
modules.
The main achievements mentioned by work
package leader Dani Zamir are: 1) The
distribution of a variety of tomato populations
from the first day of the project. 2) The
establishment and phenotyping of a core
collection with ~ 7000 genotypes. The core
collection led to the isolation of a major gene
affecting inflorescence branching in tomato.
Dani Zamir also informed us that this part of
the project is run in close association with the
tomato breeding companies: “We were
positively surprised by the level of
enthusiasm, interest and involvement of the
seed companies with the core collection
project.”
Exploring natural tomato diversity, photo by Dani Zamir
Bauer

2.

The resource and technology platform

Gene expression profiling is one of the key technologies in the functional analysis of genes. Core-genes affecting fruit
composition, fruit ripening and plant architecture can be analyzed with several techniques. This module, that is linked
to the International SOL Genome Sequencing Programme, consists of four work packages:
· Establishing resources for gene expression profiling
· Mutagenesis and reverse genetics
· Tools for functional analysis
· Tomato genome sequencing

Establishing resources for gene expression profiling & Tools for functional analysis
The main objective of these work packages is to develop a set of tools that allow to single out genes whose
expression is associated with desirable nutritional (for instance antioxidant content) or agronomic (such as flowering
time) characteristics. The function of these genes is then verified in other work packages of the project (for instance
functional genomics and the regulatory mechanisms controlling nutraceutical formation).
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Giovanni Giuliano: “We have developed a 12K tomato microarray (EU-TOM1) which is widely used both inside and
outside the project and a platform for profiling, through real time PCR, of the expression of tomato transcription
factors, which is used by some partners of the project. Most promising was the discovery that some genes regulated
by the circadian clock in tomato are regulated differently than their Arabidopsis counterparts. This may explain
different flowering habit of the two plants (Arabidopsis is long-day with respect to flowering, while tomato is day
neutral).
The work on the Real Time PCR platform will continue as per the initial workplan. The work on the microarray
platform has been focused towards the production of a 2.4M Affymetrix microarray (EU-TOM2) which will be a useful
tool for the whole tomato community.”

Mutagenesis and reverse genetics
The aim of this work package is to go beyond the determination of the tomato gene structure. The goal is to elucidate
the function of the gene product and to engineer alleles of agronomic importance. It is linking the work of the gene
discovery with the functional analysis in plants.
Work package leader Abdelhafid Bendahmane explains that a short list of target genes of agronomic importance was
selected following requests from EU-SOL partners: “This far we tilled10 genes controlling flavonoid, carotenoid and
lycopene content in the fruit, genes controlling plant architecture and genes controlling fruit ripening and softening.
We identified the identity of the mutations and phenotyped some of the mutants. We identified new alleles of
agronomic importance and we found new and promising alleles controlling fruit softening. From now on, we will
collaborate with the private partners for the evaluation of the engineered allele for their agronomic importance and we
will identify new candidate genes as targets for TILLING, based on the work of the EU-SOL partners.”

Tomato genome sequencing
Much of the research carried out in the entire EU-SOL project is dependent on the availability of reliable and
complete tomato DNA sequence data. This work package is meant to speed-up the release of tomato sequence data
and also will safeguard the high quality of this data.
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In progress
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79%

58%
Complete

73%

44%

88%

Available

34%

2%

17%

49%

Available HTGS3

http://www.sgn.cornell.edu/about/tomato_sequencing.pl

TILLING (Targeting Induced Local Lesions in Genomes) is a method in molecular biology that allows directed identification of
mutations in a specific gene. The method combines a standard technique, mutagenesis with a chemical mutagen with a sensitive
DNA screening-technique that identifies single base mutations (also called point mutations) in a target gene. TILLING was
introduced in 2000, using the model plant Arabidopsis. TILLING has since been used as a reverse genetics method in other
organisms such as zebrafish, corn, wheat, rice, soybean, tomato and lettuce.
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According to René Klein Lankhorst, five partners in EU-SOL are involved in the International Tomato Sequencing
Project which aims at the sequencing of the tomato genome: “The objective of this work package is to support the
five national initiatives these partners carry out by funding specific research at each of these partners to debottleneck their current sequencing efforts. In addition, in this work package the DNA sequence of the tomato
mitochondrial genome11 is produced.”
The sequencing of tomato is carried out by sequencing BAC clones12. This work has resulted in more than 200 BAC
clones that have been validated to reside on the proper tomato chromosomes. In addition, the quality of
approximately 120 existing BAC sequences has been improved drastically by closing over 400 gaps in the sequence
of these BACs.
“The most surprising result was that a much larger percentage of BAC clones was allocated to a wrong tomato
chromosome at the beginning of the International Tomato Sequencing Project. In some instances, approximately
30% of the BAC-mapping was a mistake! This shows the huge importance of a proper control of the BAC sequencing
project as carried out by EU-SOL. The most promising result was that we could correct many of those errors in the
initial BAC mapping.”
At the moment, DNA sequencing is revolutionarized by the emergence of so-called Next Generation Sequencing
strategies and machines (see box “New generation sequencers boost plant research” on page 13). Also for tomato,
these new strategies will be applied within the very near future. “The research in our work package will be adapted in
such a way that we will support also the Next Generation Sequencing effort as good as possible. With the inclusion of
Next Generation sequencing strategies, we aim at finishing a first high-quality draft of the tomato genome by the end
of 2009”.

3.

Bioinformatics for integrated Solanaceae work

The integration and analysis of huge amounts of data requires the use of databases, analysis tools, connectivity
technology for integrating distributed data and standards. This is where bioinformatics provides the necessary tools.
This module has three work packages:
· Integrated Solanaceae data resource and analysis
· Functional genomics, data management and analysis
· Tomato genome bioinformatics

Integrated Solanaceae data resource and analysis
This work package is meant to provide a resource for the storage, management and dissemination of highthroughput omics data, software tools for their analysis and integrated statistical analysis of functional genomics
datasets. “So far, several databases have been installed for the management of transcriptomics, proteomics and
metabolomics data.”, Roeland van Ham told us. “Software or computational procedures have been developed,
among others for; the automated detection and quantification of targeted compound families, including carotenoids,
flavonoids and phenylpropanoids; intensity related correction of mass error estimation in LCTOF-MS; a quantitative
structure-retention time model that can be used for compound identification in GC-MS experiments. Large-scale
integrated statistical analyses of data still has to commence, so we can not report any promising results yet. We will
also start the collection and dissemination of all experimental omics data.”

The mitochondrial genome is the genetic material of the mitochondria. The mitochondria are organelles that reproduce
themselves semi-autonomously within eukaryotic cells.
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A Bacterial Artificial Chromosome (BAC) is a DNA construct used for transforming and cloning in bacteria, usually E. coli. The
bacterial artificial chromosome's usual insert size is 150-350 kbp but can be greater than 700 kbp. BACs are often used to
sequence the genetic code of organisms in genome projects. A short piece of the organism's DNA is amplified as an insert in
BACs, and then sequenced. Finally, the sequenced parts are rearranged in silico (via computer simulation), resulting in the
genomic sequence of the organism.
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New generation sequencers boost plant research

In March 2008 Wageningen University and Research Centre, the Potato Genome Sequencing Consortium and the Centre for
BioSystems Genomics announced the acquisition of a Roche Genome Sequencer FLX. Dr Roeland van Ham, cluster leader
bioinformatics at WUR, was thrilled: “This ‘second generation’ equipment for DNA sequencing enables us to determine the
entire DNA structure of plants a lot faster, on a much larger scale and at lower cost.” The new equipment opens the door to
very fast whole genome sequencing, to large scale expression analysis and to research projects on the small differences in
DNA sequence between individuals. It will become possible to compare the entire DNA of closely related species and
varieties. Van Ham: “Crucial information for the breeding of plants will be available a lot faster and at lower cost. The GS FLX
helps us improving plants that feed the world.” One of the first projects to benefit from the GS FLX is the international research
into the genomes of the potato and tomato, being carried out by WUR, the Potato Genome Sequencing Consortium and the
Centre for BioSystems Genomics. Other plants, like strawberries, melon, lettuce and bean will follow. Van Ham: “Our research
scope will not be limited to plant breeding. In the future, we will also use the equipment for research on white biotechnology
(biofuels) and for ecological research purposes.”
The capacity of genome sequencing is developing rapidly. Ten years ago, the sequencing of the human genome was
effectuated by a large number of sequencers in a lab with the dimensions of a factory hall. Today, the capacity of sequencers
has increased tremendously. With the new genome sequencer, the GS FLX, it is possible to read DNA 500 times faster. In
October 2008 Keygene announced the expansion of its sequencing capacity with the recently launched GS FLX Titanium
system, which reads lengths of 400 bases with high precision about four times quicker than its predecessor. Roeland van Ham
told us that WUR, the Potato Genome Sequencing Consortium and the Centre for BioSystems Genomics also upgraded to the
Titanium version.
Meanwhile, several companies are developing completely new technologies that may further increase the speed and decrease
the price of sequencing. One of those companies, ZS Genetics Inc., develops a method that charges DNA with atoms, which
makes the molecules ‘visible’ for electron microscopes. This approach, like several others, does not require the PCR for
sample amplification that is required for ‘conventional’ sequencing technologies. Reveo Inc. works on a direct-read system
based on the step-wise immobilization of DNA as a single string passes through a nanopore. Both companies are registered
for the Archon genomics X-prize competition that will award $ 10 million to the first team that can build a device and use it to
sequence 100 human genomes within 10 days or less, with an accuracy of no more than one error in every 100,000 bases
sequenced, with sequences accurately covering at least 98% of the genome, and at a recurring cost of no more than $10,000
per genome. In November 2008 Pacific Biosciences published a proof-of-concept study using single molecule, real-time DNA
sequencing technology. The system hijacks single DNA polymerase molecules, immobilizes them beneath a detector, and
uses them to incorporate labeled nucleotides. The fluorescent tags are removed from these nucleotides as they are
incorporated into a growing DNA strand, producing unmodified DNA and giving off signals detected by a sensor.
Sources: http://www.genomics.nl/Home/News/31%20March%202008.aspx; http://www.gatcbiotech.com/downloads/Sequencing/TitaniumBroschuere.pdf; http://www.zsgenetics.com/thetech/TheInov/index.html;
http://genomics.xprize.org/genomics/archon-x-prize-for-genomics; http://www.sciencemag.org/cgi/content/abstract/1162986

Functional genomics, data management and analysis
“Data integration is a major bottleneck for bioinformatics. Integrated access to EU-SOL data will be essential for
biologists and bioinformaticians in the project. Therefore, the main objective here is Integration; Building tools that
allow the different bioinformatics databases and tools within EU-SOL to work together.”, says Heiko Schoof. “We
have set up a core EU-SOL database to manage germplasm, trait and phenotype data. Web services technology has
been introduced to the bioinformatics partners and used to create first links between databases. Already now, many
partners have implemented web services. We are turning http://www.eu-sol.net/science/bioinformatics into a portal
for EU-SOL bioinformatics needs, presenting databases, tools and tutorials.”
“We had assumed the tomato genome sequence to be available by now as a scaffold for integrating data. However,
very much to our surprise, the germplasm collections within EU-SOL are working very well as the basis on which to
organize data.”
“the next step is to get into closer contact with the other work packages and establish priorities on what data is
needed first. Already now, clear networks are forming, e.g. with respect to tomato genome annotation or linking
germplasm to metabolite measurements, and planned web services linking different resources will be implemented.
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Tomato genome bioinformatics
To enable exploitation of the tomato genome sequence, the (protein coding) genes on the raw DNA sequence need
to be identified and putative functions assigned. To this end, so-called gene-calling software is applied to predict and
model gene structures. The aim of this work package is to provide a map of all the physical elements present on the
genome, allowing the experimental results obtained during the EU-SOL project to be linked to its genomic context.
In order to provide and disseminate the gene models to the SOL-community, a database for storing all gene
structure-based information is being built (with browser). Apart from the protein-coding genes, other genetic elements
are being identified and annotated. A fully automated screening of the predicted proteins for functional annotation is
performed. Comparative genomics approaches are used for discovering novel biological features that exhibit a
certain degree of conservation in different species13. Genome assembly pipelines will also be further developed
specifically in the areas of automated repeat resolution and quality assessment. Also to build tools, such as
microarrays, gateway compatible binary vectors for over-expression, RNAi suppression, and promoter-GUS fusion, it
is a huge advantage to have an annotated genome in hand.
The work package leader informed us that the whole process of the annotation of the genome has been organized
within the iTAG (international Tomato Annotation Group), which includes all groups that were originally involved in
the annotation of respective chromosomes in the SOL project. The aim of the iTAG is to achieve the highest possible
quality for the annotation of the tomato genome, using state of the art software and allowing every member to
participate to the best of their abilities. The results from iTAG are distributed through EU-SOL and SOL database to
the larger community. “Obviously, parameters will change to achieve ever improving tomato genome annotations.
Furthermore improvement of gene finders and the training for the specificities proper to tomato are to be expected in
the coming months. The iTAG-pipeline is ready and even though it will be further improved; more emphasis will be
given towards making this data available. As more genomic data is starting to become available, other analyses can
be foreseen: among those are synteny analyses with other dicots, providing ways to compare many other
Solanaceae with the tomato genome.”

III. Education, training, knowledge dissemination and interaction
EU-SOL spends a great deal of attention to a range of training and communication activities. A project that
uses state-of-the-art technology requires training facilities for the scientists involved in the project. In
addition, active dissemination of the research results ensures rapid and effective adoption of new breeding
techniques by breeding companies, large and small. From the ongoing societal concern about genetically
modified crops we have not only learned that understanding of the science and technology by stakeholders,
such as NGOs, retailers, growers, and the public in general is very important, but that science can also learn
from the values held by and needs of those stakeholders and the public. Therefore the project is both
providing educational materials and seeks ways of engaging the public and stakeholders in the ends and
methods of EU-SOL.

Training
The EU-SOL training program is particularly focused on young researchers who are given the opportunity to visit
labs, both within the EU-SOL consortium as outside of it, to improve their skills and to get trained in the newest
technologies. “The training program is open also to young scientists from outside the EU-SOL project, especially for
young people from emerging or developing countries” says René Klein Lankhorst, who together with Mondher
Bouzayen is running the training program. “So it’s good to see that of the seven short-term fellowships that we thus
far awarded, three of them were for researcher from, respectively, Colombia, India and Palestine”.
Furthermore, workshops on respectively, potato microarrays, tomato DNA sequencing and bioinformatics tools, have
been organized in the framework of the EU-SOL training program.

A well-known example is the identification of conserved elements - such as cis-acting regulatory elements - between different
genomes that, because of their conservation over longer periods of time, must have an important functional meaning.
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Dissemination of knowledge & transfer of technology
Mark van Haaren is responsible for the valorisation of research results. “This is the most important aspect of EU
research – company interest in the results shows that the research is well focussed on industry needs. So we started
an Industry Evaluation Panel (IEP) that evaluates all results of the research before publication in order to spot results
that have an economic value (IP). We think the level of participation of especially the tomato companies in the
consortium is good and we experienced that education of academic partners on how to transfer interesting results to
industry partners is still required, so that is what we will continue doing.”

Public outreach & education
“With this work package we want to increase the visibility of the work undertaken, and we hope it will allow nonscientists to see the value of the work of the consortium, as well as the complexities of how science is done in the
modern world.”, says Sandy Knapp. “We have launched the information component of the EU-SOL website (with
more elements than originally planned) and are now implementing the comments component, where members of the
public will be invited to comment and discuss work of the project. We were really most pleasantly surprised by the
enthusiasm scientists in the consortium showed for discussing their work in public fora, and by their participation in
making the website as informative as possible. The gusto with which scientists are becoming committed to the public
dissemination of their results via the website is very encouraging!”
“We are now entering the second phase of the WP, where we will develop the Mendelian genetics schools pack –
this will be challenging, but fun! One challenge will be the maintenance of the website both through this second
phase of the project and into the future.”
“Public engagement is often an add-on in many research projects, but we think our EU-SOL experience shows that it
can have great benefits, not only for non-scientists, but also for the people working within the project itself. The
amount of work, however, is as “long as a piece of string” and it can be sometimes difficult to stay focused on the
goals laid out in the original proposal”
Another way of informing a wider public and maintaining communication with companies or organisations that do not
participate in the EU-SOL project is this newsletter. This combined newsletter is the third edition. From now on, we
expect the project to produce more news, and a newsletter will be produced every four months. The newsletter is
disseminated electronically, also to the press in different EU member states.

Interactive consumer approach
“Feedback will connect society with science. It will also play a role in explaining what is happening in the field of
science”.
The quote above is of one of the project partners interviewed about expectations of interaction with society. It clearly
demonstrates what the interactive consumer approach is about: enabling society to discuss and clarify the public
value of EU-SOL, meant to encourage dialogue between scientists and ‘civil society’ to move beyond competing
propositions, to a richer discussion of visions and ends.
Huib de Vriend, project leader of the interactive
consumer approach: “Usually, interaction starts
with mutual exploration of expectations and the
goals, methods and issues to discuss. So we
started interviewing partners. It struck us that the
twenty partners we interviewed almost without
exception expressed the wish to develop active
communication aiming for a better informed
public that is more aware of what is going on in
genomics and plant breeding. But we also
noticed some scepticism and wariness that
information will be wrongly used or interpreted.
Nevertheless, all partners we talked with were
open to receive and use feedback from other
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stakeholders because they are convinced that it will result in a better fine tuning and application, leading to better
services for society.”
It was originally planned to inform consumer organisations and discuss the EU-SOL goals and methods during a
meeting. Since the agenda of these organisations is already overloaded, they have decided to set very strict priorities
for issues such as food safety and hygiene, contaminants and health claims. Although the former director of the
European Association of Consumer Organizations (BEUC) participated in the Plants for the Future Platform that set
an agenda for plant genomics and biotechnology for the next 20 years, plant breeding is ranking very low on the
agenda of the food officers of European member organizations. Huib de Vriend: “A meeting (partly) dedicated to EUSOL was out of the question. Instead, we decide to interview the food officers. We also decided to include other
stakeholders, such as growers and environmental organizations. Most of the twenty-one organizations we got a
response from said that they would like to influence research and that the exchange of information between science
and society and the access to results in agro food research should be improved. There seemed to be some
confusion about different biotechnologies from time to time, but most respondents thought the difference between
‘genetic assisted breeding’ and ‘genetic engineering’ is important for consumers. Nevertheless, the majority of the
consumer organizations were sceptical to EU-SOL’s ends and methods.”
The interactive consumer approach will continue by further involving the respondents who said they would like to stay
involved in the communication of EU-SOL in diverse ways. The results of the interviews are a great help in further
designing information packages. EU-SOL input will be delivered in a workshop on breeding for organic agriculture in
spring 2009 and consumer organizations and other stakeholders will be interviewed for one of the next EU-SOL
newsletters.
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