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Wrapping up
Started in May 2006, the EU-SOL programme has come to an end.
Although this means that it is time to wrap up and see what has been
achieved in the past five years, we feel quite confident that several
parts of EU-SOL will continue to contribute to plant breeding in tomato,
potato, and other Solanaceaous crops. Major outputs such as the core
collection of about 7,000 tomato varieties, EU-SOL’s contribution to the
sequencing of the tomato genome, the results of the tomato taste
panels and studies on the genetic basis of tuberisation in potato are
considered to be very useful by the industry. Supported by the rapid
development of new, faster and more precise sequencing tools, the
sequence of 100 selected genes in 1,000 different tomato varieties from
the core collection could be mapped. Moreover, EU-SOL’s education
programme managed to distribute tomato seeds to almost 10,000
students at 340 schools in 19 countries and several bioinformatics
tools have been developed. Also scientifically, EU-SOL has contributed
enormously to our knowledge of the genome and resulted in more than
100 scientific papers in magazines such as Nature Genetics, Plant
Physiology, Bioinformatics and Trends in Biotechnology.
There is no doubt that the companies and most of the research groups
involved in EU-SOL will build on EU-SOL results in their future work.
The phenotype and genotype data that were collected and
systematically stored will remain available for future R&D. Tutorials for
the necessary bioinformatics tools have been put online to support the
scientists that have to work with those tools. Alternatives to ensure
future availability of school packs are being explored and experience
with outreach activities will be transferred to other projects.
This final edition of the EU-SOL newsletter is not going to present a
total overview of what has been achieved. Instead, we asked five young
scientists who participated in the project about their contributions and
opinions. They all emphasize the participation in an international
research project which made it a unique learning experience.

Furthermore, we report four interesting contributions to an open
innovation seminar where the food industry and the seed industry
shared their experiences in how to benefit from the breakthrough
research and innovations achieved in plant breeding. The report demonstrates that developing knowledge and tools
that help plant breeders to meet the preferences of consumers and processors -which is also what EU-SOL was
meant to do-, although this is an ambitious and complicated task, is feasible.
Patents play an important role in valorisation of research results. The effectiveness of patents, however, is contested,
as the fourth contribution to this newsletter shows. Whereas some plant breeding companies consider patents the
best tools to ensure knowledge-sharing and faster innovation cycles, other plant breeders argue that patents can
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hinder breeding activities, have a negative impact on innovation, and accelerate the process of concentration.
Notwithstanding these differences, discussions have been initiated to reach consensus.

Experiences of five young EU-SOL scientists
While delivering a huge amount of scientific output EU-SOL offered a special occasion for young scientists
to experience participation in an international research platform, operating in the frontline of scientific
development in plant genomics and plant breeding. We asked five of those young scientists how they
contributed to EU-SOL, what they liked about it and what it contributed to their scientific career: Sonia
Osorio-Algar, a molecular biologist from Spain, Juliana Almeida and Fabiana de Godoy, both from Brasil,
Saleh Alseekh from West Bank – Palestine, and Erwin Datema, a bioinformatician from the Netherlands.
Investigating the genetic basis of fruit quality traits
Juliana Almeida (left) and Fabiana de Godoy
(right) have been working at the GaTE
(Genomic and Transposable Elements) Lab of
the University of São Paulo, Brazil. This EUSOL partner has been investigating the genetic
factors that control fruit quality traits. In
particular, this group is focused on indentifying
the genes that influence vitamin E, sugars and
amino acid content in tomato fruits.
The group of Fabiana and Juliana was able to
demonstrate that the identified candidate genes
affect indeed vitamin E, sugars and amino acid
content in tomato fruits. “Moreover, from the
analyses of DNA sequence data produced by
our group, we were able to address some
interesting evolutionary questions like the
1
date between cultivated tomato and its wild relative Solanum pennellii divergence
, and the presence of positive selection for
diversification of some secondary metabolism pathways.”
“By using functional genomic approaches we are working to address the role of specific genes in determining the
nutraceutical content. We apply a vast spectrum of techniques including basic molecular biology methods, quantitative real
time PCR, metabolite quantification by High-performance liquid chromatography (HPLC), DNA sequencing and transgenics.”

What did you like most about your work for EU-SOL?
The young scientists we asked to comment all consider the international scientific cooperation a major feature. Erwin:
“I immensely enjoyed the strong interaction between the many international groups involved in the tomato genome
sequencing and assembly, both within EU-SOL and within the larger international SOL community.” “I have found
really interesting how the different approaches have been integrated in the same framework from different research
groups in different countries. I liked the very good relationship between groups with a very fruitfully collaborations,
also I have to add to this nice atmosphere between groups, the really nice environment in my own labs.”, Sonia says.
Saleh, Fabiana and Juliana emphasize the relevance of international scientific cooperation for the transfer of science
and technology to their country. “In this work, I had the chance to learn from scientists from all over the world which
enables me to transfer the technology and knowledge to develop my county”, Saleh noted. “I live in a country that
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Solanum pennellii is an inedible wild tomato with sticky green fruit, very different to the commercial tomato.
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integration of genomic data with metabolomic studies
Sonia Osorio-Algar has been working in tomato genomics as a part of tomato genome
sequencing in Dr. Antonio Granell´s lab in Valencia, Spain, and also in tomato
metabolomic studies in Dr. Alisdair Fernie´s lab in Postdam-Golm, Germany.
One of the major results of Sonia Osorio’s teamwork was the identification of malate as a
potentially important regulatory metabolite on tomato ripening: “We demonstrated that
alterations in the level of malate resulted in dramatic effects on transitory starch
metabolism. The results confirmed that altering mitochondrial malate metabolism would
have far-reaching metabolic and developmental consequences on tomato fruit ripening.
This work has been published in Plant Cell this year (Centeno, 2011). Aditionally, we are
preparing a manuscript in which we identify high number of quantitative fruit metabolic loci
that modify yield-associated traits. “
“I have been working in the identification and validation of seed and extension Bacterial
Artificial Chromosomes (BACs)2 as part of the tomato sequencing project. Regarding
metabolomic studies I have been working in the analysis of primary metabolites in
different tomato populations. This contributed to the integration of genomic data with
metabolomic studies. “

has a world- wide importance as food producer and growing consumer market, so it is very important to us the
possibility to bring new advances and technology to increase food production and improve nutritional quality”,
Fabiana says. ” EU-SOL enabled us to reinforce the regional knowlegde and establish professional colaborations,
what is a big gain for the Brazilian Plant Science”, Juliana adds.
Saleh thinks he has been very lucky to contribute to this large project that brings together expertise scientist from all
over the world: “In addition, I got financing twice to travel to Italy and Germany for training, also I attended three EUSOL meetings, which was great! Thanks EU-SOL!”

Linking the tomato and potato genome maps and traits
Saleh Alseekh is working in the Biotechnology Lab of the Hebron University, West
Bank – Palestine. His lab was involved in development of mapped genetic resources. It
has the basic equipment used for plant genotyping.
Saleh was involved in developing a common, PCR-based marker frame-work, which
links the tomato and potato maps and the numerous qualitative and quantitative traits
mapped in both species: “In our work we use PCR based markers to map 76 Solanum
pennellii1 introgression lines ensuring whole genome coverage. In addition, to help in
producing sub-lines by verifying the breakpoints of new sub-lines, in a manner such
that the mapping resolution of target traits be markedly improved. This facilitates
quantitative trait locus (QTL) identification, additional mapping, cloning of the
underlying genes and the use of the novel variation in marker-assisted breeding.”
“My work starts with DNA extraction from tomato tissue. Then I use the polymerase
chain reaction (PCR) technique to amplify a target region (genes) using different
molecular markers as well as the cutter enzymes in order to detect the polymorphisms
between the genotypes (integration lines). Moreover, I have been doing quite a lot of
breeding in addition to plant phenotyping in the greenhouse and field.“

A Bacterial Artificial Chromosome (BAC) is a DNA construct used for transforming and cloning in bacteria, usually E. coli. 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.
2
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What is your opinion about the EU-SOL programme as a whole?
The five young scientists agree that EU-SOL has yielded a huge amount of useful knowledge and tools.
Erwin: “In my opinion, EU-SOL has succeeded very well in bringing together the experts from various disciplines in
biological and biochemical research, which has resulted in novel knowledge, expertise and tools that can be
exploited by both tomato/potato researchers and breeders in the coming years.”
Saleh: “It’s a great idea; bringing together expertise from different disciplines to focus on tomato and potato qualities
and production, and I think the EU-SOL succeeded in this.”
Fabiana and Juliana: “This project is a big initiative to increase our understanding of the genetic basis of variation in
important agronomic traits. Beyond Solanaceous crop species, which are models for plant biology, the knowledge
achieved will serve as a reference for other study systems and, possibly, transferred to other crops with the aim of
satisfy the food demand and the competitive market.”
The Brazilian PhDs add to this the element of outreach and awareness that was included in the program: “EU-SOL
has overcome the scientific aspect and dedicated a entire Module to awareness about tomato and potato quality to
consumers, industrial or professional users. An excellent example of this information transfer has been the
development of the “educational package for secondary schools” to introduce the principles of Mendelian genetics to
secondary schools through hands-on practical experience using tomato populations breed by the project.
Sonia also is very positive about how the EU-SOL programme has promoted the young scientists research: “In
general, the EU-SOL programme can be used as model for future similar programmes.”, she adds.
Drafting a high-quality draft genome sequence for tomato
In collaboration with several other bioinformaticians within EUSOL, Erwin Datema from Plant Research International
Bioscience, Wageningen has been working on the assembly of
the high-quality draft tomato genome sequence for the last two
years.
Erwin Datema’s work contributed to the assembly of the highquality draft genome sequence for tomato: “The tomato
genome sequence is a powerful tool for breeders to improve
their tomato varieties. It will allow them to identify genes for
traits of their interest and develop novel markers to screen
populations for these genes. Bioinformatics is an essential tool
in assembling the large amount of genome research data into
something useful to plant breeders.”
“My work is completely computational. We started with the raw sequence data that was produced various sequencing
technologies (Sanger, 454, Illumina, SOLiD), for which I developed some tools to clean them up by removing bad quality and
duplicate sequences. This resulted in short read sequences which were then assembled on our computer cluster into long
scaffold sequences. Those scaffold sequences were rigorously checked for consistency and quality. I then wrote some more
tools to integrate these scaffold sequences with the genetic and physical maps into the tomato chromosome sequences that
are available today.”

What will you do after the EU-SOL program has expired?
Fabiana and Juliana will first of all finish their PhD. Fabiana wants to do a post-doc and keep working on crop
biotechnology, probably studying genes involved in cell wall structure and sugar content in tomato. Juliana intends to
conduct post-doctoral research probably focusing on nutritional quality of crops. Sonia will continue her postdoc in Dr.
Alisdair Fernie´s Lab at the Max Planck Istitute in Golm, and will be working in projects which involve genomics and
metabolomics studies in fruits: “I will continue having collaborations with some of the research groups from EU-SOL
community.” Erwin will continue exploiting the genomic resources that have been generated in EU-SOL. He will apply
his knowledge to other crop plant genomes. Saleh is looking for a position to continue with this work in a PhD
program and applying this knowledge to achieve something significant. “Being involved in the EU-SOL programme
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has equipped me with expertise in various aspects of plant technology and motivated me to learn more and
strengthen my knowledge.”

What should students do if they aspire a similar career?
What can students learn from the experience of these five EU-SOL scientists? What do you need to succeed in this
type of science? Saleh: “I would say, be patient, confident, responsible, and learn a lot. You should be prepared to
work very hard and for a long period of time, because the data and the results are very rewarding. If you failed in
achieving something or you don’t have good results don’t give up and keep trying.” Juliana mentions similar
qualities: “To do a good job in science you have to be curious, dedicated, persistent, and patient. Unlike the
stereotype image, being a scientist is hard work.” Sonia also thinks that curiosity is a major quality “I always
encourage students to continue in science if they really enjoy what they are doing. Scientific research gives us the
opportunity to be curious for knowing more about the nature and the properties of the life around us. Research
keeps an opened mind to discovering why and how the nature is working.”
Apart from the skills mentioned above, a scientist needs to develop communication skills. Juliana: “Beyond a solid
scientific base, good social and communication skills are essential for collaboration with other scientists.” Erwin
stresses the importance of such qualities too: “To become successful in bioinformatics research, it is important to
have a good understanding of (molecular) biology as well as computer programming. Being able to clearly
communicate with the biologists that produce the data, and formulating the questions that arise from these often
noisy data in a manner that a computer can answer them, is essential.”
Fabiana argues that communication skills also apply to the world beyond the walls of the lab: “It is important to
assume our social role and really believe that science is one of the main vehicles for the technological development
and the base of education, elements that will impact directly the society life quality.”

References
Centeno, Danilo C. et.al. (2011). Malate Plays a Crucial Role in Starch Metabolism, Ripening, and Soluble Solid
Content of Tomato Fruit and Affects Postharvest Softening. The Plant Cell, Vol. 23: 162–184, January 2011.
http://www.plantcell.org/content/23/1/162.full.pdf+html

Intelligent Breeding for consumer and processor traits
On April 6, 2011 Food Valley organised an Open Innovation Seminar at the KeyGene site in Wageningen
where the food industry and the seed industry shared their experiences in how to benefit from the
breakthrough research and innovations achieved in plant breeding and seed industry3. A number of
introductions that described the context and the general innovation perspectives for the food and the seed
industry was followed by four talks that focused on specific areas of innovation, ranging from a talk about
general technologies such as molecular mutagenesis for precise gene editing and automated phenotyping
by Mark van Haaren (KeyGene) to reverse engineering for taste, starting with consumer preferences by Peter
de Kok (NIZO food research). Rich Ozminkowski (Heinz) focused on breeding for specific processor traits
and Jeroen Rouppe van der Voort (ENZA seeds) presented three examples of breeding for extended shelf
life.

The purpose of each Food Valley Open Innovation seminar is to offer an opportunity to companies, active within the agri-food
business, to share knowledge on how to innovate in a more sustainable, healthier and more profitable way. The seminars are
held throughout the year and are organized in close cooperation with different parties (www.foodvalley.nl)
3

5

Newsletter no 8/9,
May 2011
Intelligent breeding: High resolution genome analysis combined with precise phenotyping
Mark van Haaren started to explain about KeyGene’s work in Whole Genome Profiling and crop specific Databases,
identification of candidate genes in several crops, induction of variation by molecular mutagenesis and Breeding by
Design4. Yet, phenotyping is becoming a limiting factor, he stressed. Phenotyping is laborious and requires
significant experience and a professional breeder’s eye. The high complexity of agronomically important traits makes
it even more difficult to perform objective and robust phenotyping in a high throughput manner. This is why KeyGene
and LemnaTec, a German company specialised in image processing for high throughput screening, plant breeding
and plant phenotyping decided to collaborate and develop KeyTrack, a system of fully automated phenotyping
services.
The seminar was followed by the official opening of PhenoFab, one of the biggest fully automated plant phenotyping
Research Facilities in Europe. This facility is based on the so-called ‘moving field concept’, automatic transportation
of plants in the greenhouse on pre-defined or random patterns, thus
homogenising growth conditions. With RFID technology each plant can be
identified and tracked throughout its whole life-cycle in the greenhouse. This
allows phenotyping at all growth stages of the plants, which makes it
possible to see the development of a plant over time. Plants are imaged
under highly defined conditions in specific chambers, resulting in images of
the plants in visible light (3D). Other chambers employ near-infrared imaging
and 3D fluorescence imaging. Near-infrared imaging and 3D fluorescence
imaging can be employed, for example, to check the water status of leaves
or root systems and chlorophyl and Green Fluorescence Protein (GFP) in
transgenic plants. Moreover, the use of transparent pots enables
measurement of the root system with algorithms based on the observed
amount of pixels. Other high precision greenhouse technology can be used
to mimic specific environmental (stress) conditions. Thus, thousands of data
points are produced for a single plant about important factors and traits
such as biomass and root development, abiotic and biotic stress,
Photo by LemnaTec
germination, fruit shape and fruit colour. Those data are stored in a fully
integrated database. An informative video can be watched at http://www.lemnatec.com/about-us.
So in the end we have the DNA sequence of the genome, a genetic map and (sequenced) markers, information
about the genes and their annotation, basic understanding of how a number of genes function in a gene regulatory
network5, and a lot of phenotypic data. The trick is to combine the data about phenotype, genetic maps, genes and
gene regulatory networks and extract useful information for plant breeders. Does it usually take a couple of years to
get from a phenotype to gene, Van Haaren thinks this can be done in three months now.

Breeding for extended shelf life: Finding the right balance
ENZA Seeds is a global player in about 20 vegetable crops. Tomato, cucumber, sweet pepper and lettuce are the
major crops. Jeroen Rouppe van der Voort, manager biotechnology at ENZA Zaden, presented ENZA’s approach to
improvement of shelf-life of cucumber, green sweet pepper and lettuce.
Breeding by Design is a concept that aims to control all allelic variation for all genes of agronomic importance. This concept can
be achieved through a combination of precise genetic mapping, high-resolution chromosome haplotyping and extensive
phenotyping (Peleman, 2003).
4

The translation of a gene into a trait is usually not a straight-forward process. Genes interact with each other and with other
substances in the cell. This is why the function of genes is studied in the context of regulatory networks that can include a large
number of genes, environmental conditions and substances in the cell.
5

6

Newsletter no 8/9,
May 2011
Shelf-life is defined by a number of characteristics influenced by environmental factors, which makes it a complex
trait. Shelf-life is a function of a range of properties such as taste, freshness, appearance, and crunchyness.
Decolouration, moisture loss, microbial infection and loss of nutritional value are the major threats.
Cucumbers, for instance, can get soft and slimy patches that make them unsuitable for consumption. Cooling, which
is generally used to extend the shelf life of fresh products, cannot be applied for cucumber fruits as these fruits are
not suitable for storage at low temperatures. The shelf life of the fruits can be extended by wrapping them in a sealing
foil or applying a wax-coating.
By using a DNA marker ENZA Zaden managed to breed the cucumber
Borja, a variety that is also available as organic seed from Vitalis Organic
Seeds, which has an extended shelf-life and Cucumber Vein Yellowing Virus
resistance. Another example is the Sweetgreen green pepper Usually, the
colour of unripe green peppers turn into red, yellow or orange as they ripen
with increasing sweetness and Vitamin C levels. It took Enza more than 10
years to develop a variety which stays deep dark green until ripening stage.

Browning of cut lettuce

A third example that ENZA is still working on is the problem of browning on
the cut surfaces of pre-cut lettuce, a convenience product of which the
market share is still growing. Wound induced changes in phenolic
metabolism6 is thought to be involved in lettuce tissue browning. Increased
activity of the enzyme phenylalanine ammonia lyase (PAL) has been
correlated with a decrease in the subsequent shelf life and overall visual
quality of minimally processed lettuce but PAL inhibitors that are very
effective at inhibiting browning are not approved for food use. The mapping
of Quantitative Trait Loci (QTLs) for shelf life in lettuce now opens
opportunities for using DNA markers in breeding for extended shelf life.

Rouppe van der Voort empasized that in normal breeding it is very hard to find offspring with stable characteristics.
Although molecular markers turn out to be very helpful, a lot still depends on the creativity of the breeder because
breeding is balancing between characteristics such as taste and shelf-life that are often conflicting.

The need for diversity in tomato processing
“Most processors do not realize what plant breeding and picking the right variety can do”, Rich Ozminkowski told the
audience. Ozminkowski is Heinz’s manager of Agricultural Research. He explained how Heinz decides on tomato
varieties from a food processing perspective.
Selling 650 million bottles and 2 packets of tomato ketchup for every person on the planet per year, Heinz is one of
the biggest tomato processors in the world. Annual sales are over 10 billion US dollars per year. Producing tomato
ketchup since 1876, Heinz recognised the importance of the quality of its major ingredient soon after the turn of the
century by starting its own agricultural research in 1916. Recognition of the impact variety has on quality and cost of
the final product resulted in the start of tomato breeding in 1934. Nowadays, HeinzSeed based in Stockton,
California, supplies seed of about 30% of the global processing tomato hybrids and has gained a 44% market share
in California.
In selecting tomato varieties, the company focuses on four aspects:
1. Yield, which is what growers want;
2. Adaptability to environmental conditions to ensure that the crop is available, independent from weather
conditions;
3. Factory yield, which requires high juice viscosity varieties;
Plant phenolics are the most widely distributed class of plant secondary metabolites and several thousand different compounds
have been identified. They can be found in plants and have an antioxidant activity.
6
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4. Product quality to ensure consumer acceptance. Product quality is measured in terms of soluble solids, the
consistency of juices and paste. Flavour is important too, but is not easy to breed for. Moreover, flavour is also a
result of the recipe applied in processing.
Ozminkowski stressed that plant variation is not only defined by the plant’s genetics, but also by environmental
factors and the interaction between genetics and the environment; the “environment” includes the particular
processing conditions. This makes breeding for the final product a real challenge. He also stressed that Heinz is
using the natural genetic variability in tomatoes to improve their varieties. And, there is never a single winner: you
have to account for environmental variation and you need diversity in your variety pack!

Seeding taste
“If we ask ourselves how to improve consumer appreciation of a tomato, we should look at a wide range of
characteristics, such as taste, smell, mouthfeel, colour, shape, and even touch and sound”, Peter de Kok said. De
Kok, principal scientist flavour, beverages and ingredients at NIZO Food Research, the Netherlands, further
elaborated on flavour, which he called ‘the signature of the product’, the key attribute. He proposed a system of
virtual product optimisation based on current knowledge of consumer appreciation before starting breeding programs.
De Kok emphasized the complex of the relation between the presence of a certain flavour compound in the product
and consumer appreciation. The flavour of a product is not only determined by the composition of the aroma and
taste when the food is produced and prepared; and the release of the aroma and taste when the food is masticated
and consumed. It is also determined by the way the brain amalgates all sensory information into complex hedonic
liking and attributes such as “tastes good”, “creamy” or “fresh”.

Flavour intensity

Scientists from the Food Chemistry Group of Wageningen University demonstrated that viscosity affects flavour
intensity perception, suggesting that the texture determines perception of flavour intensity rather than the in-nose
flavour concentration (Weel, 2002). Moreover, we have to take into account that adding more of a key flavour
compound does not automatically result in an increase of flavour sensation. Below a certain threshold concentration
flavour compounds are usually not perceived by consumers at all. Increasing the flavour compound concentration
beyond this threshold level usually results in an exponential (stronger than linear) increase of perceived flavour
intensity. Then follows a phase where intensity increases linear with concentration and finally there is a logarithmic
phase with intensity increasing much less than linear with concentration. Thus, adding more of a compound changes
intensity depending on the concentration and the threshold. Twice as much aroma is not twice the aroma intensity!!
Therefore a different recipe is required
to maintain the balance in cocktails.
The consumer’s (emotional) state of
mind and the level of indulgence and
satiation is also related to flavour
intensity patterns over time. It has been
demonstrated that a product with a short
and high peak of flavour intensity is
quickly depleted and associated with
low fat and sugar, and flavours that kick
Time
Emotional response
in. A product exactly the same in calorie
Not indulgent
Indulgent
content with a more extended flavour
Low satiation
Satiation
Low fat, low sugar,
High fat, high sugar,
release pattern, on the contrary, is
quickly depleted, and rich flavour system,
flavours that kick in
balanced and creamy
perceived as a rich flavour system,
Different flavour release patterns trigger different emotional response
balanced and creamy, high in fat and
(De Kok, NIZO Food Research, 2011)
sugar (see illustration on the right).
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Last but not least, apart from being the result of a physical process consumer preference is also a question of
perception. Here we have to bear in mind that perception is hard to predict because consumers or assessors don’t
tell what they think, they don’t think what they feel, and they don’t feel like they behave.
Because of these complexitie De Kok is convinced that a straightforward approach translating a key flavour
component into a breeding target will lead to disappointing results. His proposal is a three step approach of virtual
product optimisation by introduction of a verification step for the right flavours:
1. First establish what is required to improve your product in terms of customer or consumer preference.
2. With that knowledge at hand you can start investigating which metabolic routes (enzymes, genes) are required.
3. Only then start breeding programs.
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PhenoDays 2011 International Symposium
PhenoFab will be hosting the PhenoDays
2011 International Symposium October 11 –
14 in Wageningen. The symposium will
address the Phenotyping bottleneck by
providing
talks
from
internationally
renowned keynote speakers from the seed
industry, breeding institutes and academic
breeding groups working in the Plant
Phenotyping research area.
Besides the scientific presentations the PhenoDays will also offer the opportunity to participate in practical workshops
at the PhenoFab facilities. For more information: http://www.phenodays.com
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Useful tools: Plant breeder’s opinions about the EU-SOL programme
Prior to a final meeting organised by the Industrial Evaluation Panel the industrial participants of EU-SOL
were requested to fill in an evaluation form. They were asked about their overall evaluation of the EU-SOL
program and their involvement in and the usefulness of the different modules, and how they evaluate several
activities. Six out of twelve seed companies replied: two potato seed companies and four tomato seed
companies.
Overall company participation
in the program
Your company participation
level in EU-SOL
Your individual participation
in EU-SOL
The EU-SOL program
0
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2

3

4

5

6

Average rating (scale 1 - 10)
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8

Six
seed
companies
returned a questionnaire that
was sent in March 2011,
prior to a final meeting for
industrial partners in Paris.
These companies rate the
EU-SOL program 6.3 on a
scale of 1 – 10. They thought
reasonably well about their
own participation in the
program.

Most involved in phenotyping diversity
The involvement of the six companies in the different modules of the program was rather low, except for module 3
that was committed to phenotyping diversity related to producer and processor traits in tomato and potato. Two
tomato seed companies were also more than averagely involved in the module devoted to the analysis of the
biological bases of organoleptic quality traits perceived by consumers (module 1) and in the module aimed at the
development of mapped genetic resources of tomato (module 4). One company was strongly involved in the EU-SOL
Resource and Technology Platform and another company was strongly involved in the Outreach and Education
program (module 7).
Access to diversity
“EU-SOL has created some insights that we are using, but it's hard to say what the effect has been”. This reply by
one of the tomato breeders seems to reflect the general opinion of the industrial partners about the program. The
value of EU-SOL was clearly not the delivery of useful information and material that can be directly applied in their
breeding programs: On average, the breeders rated all modules well below five points out of ten. Although a few
companies indicated that the output of the organoleptic quality research, the tomato core collection, the
bioinformatics tools and the microarrays delivered by module 5 were (very) useful. The companies were less
interested in the output of the Health-based Consumer Quality Traits in Tomato and Potato module and the public
outreach and communication activities.
Nonetheless, one of the potato breeders indicated that EU-SOL contributed slightly to a change in their breeding
program: Health related traits were not in their focus before. One of the tomato breeders noted that EU-SOL’s output
will not make them change their breeding strategy, but, as another breeder indicated too, it helped them in exploring
new molecular breeding approaches.
The potato breeders will not continue to make use of EU-SOL resources in the future because the populations and
databases are not useful for them, except the resources (plant populations) they created themselves. The tomato
breeders all want to continue using the databases and –hopefully- the core collection.
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In general, the main gain for industrial partners seems to be:
o the direct access to researchers. Four out of six respondents indicated that it was very easy to get in contact
o

with EU-SOL researchers;
the availability of the tomato genome sequence. All tomato breeders make intensive use of the data.

Appreciation of activities
The industrial partners
was also asked a number
of
questions
about
information and outreach
activities. The meetings
organised by EU-SOL and
the EU-SOL newsletter
provided the industrial
partners
with
a
comprehensive overview
of what is being done in
the project and were both
well appreciated.

How would you evaluate the
public outreach of EU-SOL?
How do you evaluate the role
of the Industry Evaluation Panel
in EU-SOL?
How did you appreciate the
EU-SOL newsletter?
How easy was it to for your
company to get in contact
with EU-Sol researchers?
Overall what is your opinion
on the meetings organized
by EU-SOL?
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Average rating (scale 1 - 10)

Intellectual Property in plant breeding: The battle for patents
Like in any industry, protection of Intellectual Property (IP) is essential to secure return on investment in
innovative technologies in plant breeding. On the other hand, plant breeders do not want to be hampered in
using the genetic material that is present in the germplasm –the collection of genetic resources- they
possess. The most far-reaching form of IP is a patent. Whereas some plant breeding companies consider
patents the best tools to ensure knowledge-sharing and faster innovation cycles, other plant breeders
argue that patents can hinder breeding activities, have a negative impact on innovation, and accelerate the
process of concentration. Notwithstanding these differences, discussions have been initiated to reach
consensus.
Patents and Plant Breeders Rights
There are two types of IP rights that are relevant for the seed industry: Plant Breeders Rights (PBRs) and patent
rights. While PBRs were introduced in the first half of the 20th century, patent rights became more important with the
advent of modern biotechnology in the 1980s.
PBRs provide protection to the breeder of a new plant variety. A ‘new’ variety must meet a number of criteria to
qualify for PBRs, such as distinctness, uniformity and stability. PBRs protect the variety but not the method used to
develop the variety. There are also a few important exemptions to the right granted, like:
o the research exemption that allows scientist to use the protected variety for research purposes, and
o the breeder’s exemption that allows another breeder to use the protected variety as basis for further breeding.
Moreover, for members of the International Union for the Protection of New Varieties of Plants (UPOV) there is an
option to include the farmer's privilege permitting to save seeds.
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Unlike PBRs, patent rights are granted for ‘inventions’ described in
the claims of the patent application, provided the invention meets the
criteria of novelty, non-obviousness, inventiveness and utility. A
patent grants the right to the patent holder to prevent other parties to
produce, use or sell the patented product(s) and process(es) without
his permission. Patent rights systems do not provide for a farmer’s or
breeder’s exemption but, depending on the territory, do provide for a
(very strict) research exemption. Notably, French, Swiss and German
patent legislation also do allow further breeding and product
development with patented materials, although a license is needed
for commercialisation. In the US, there is no exemption under patent
law as in these European countries and germplasm too can be
protected by patents (so-called ‘utility patents’).

Diverging views on patent rights
A recently published report for the Dutch Commission on Genetic Modification (COGEM) about consolidation in the
global seed industry also tackles the issue of patent rights and access to germplasm. Based on interviews with ten
industry executives the authors noted a divergence of opinions on the impacts of Intellectual Property laws,
especially patent rights, on the structure and innovation of the seed industry. According to the industry executives,
ease of access to germplasm primarily depends on the scope
and nature of patent rights or PBRs and the legal costs A patent machine for carpet bombing?
One of the interviewees in the COGEM study
associated with those rights.
Several interviewees argued that patents allow ‘safe’ disclosure
of groundbreaking information about the technology, which can
be used by other innovators. Patents require the disclosure of an
invention in order to be granted, and are therefore one of the
best tools to ensure knowledge-sharing and faster innovation
cycles. The patentability of their innovations is essential for
securing an adequate return on the substantial R&D investment
in the seed industry. Denying patents on plant-related innovations
would have the unintended consequence of stifling innovation by
causing a reversion to trade secrets as the sole remaining
protection mechanism, one of the interviewees warned. One
of the interviewees pointed to the value of IP as a means of
creating incentives for R&D in the US soybean seed market. This
market was previously largely farmer-saved seed and attracted
limited private interest in breeding and technology development.
Utility patents on germplasm and biotech traits enabled the
profitability of the company’s investments in soybean breeding.

expected that within less than 5 years the complete
genome of about 20 crop species will be fully
covered by patents because of the patentability of
‘native traits’; traits that exist in nature. There is
already a lot of activity in high-throughput
sequencing, a fast and cheap technology that
provides data about the genotype. “Add to this”, the
interviewee said, “high-throughput technology for
determining the phenotype, the bio-informatics
computing power to put all data together, and on top
of that, a bunch of lawyers for meeting patenting
requirements, what you then in the end get is a
‘patent machine for carpet bombing’. This will result
in a completely unworkable situation because it will
lock access to germplasm and genetic diversity. It
will also endanger diversification of germplasm,
another interviewee suggested, while there is a lot of
breeding potential to unlock germplasm, and plant
breeders need broad diversity for improving their
gene pools.”

Several other interviewees argued that patents on traits can hinder breeding activities, have a negative impact on
innovation, and accelerate the process of concentration. One of these interviewees indicated that in the case of
tomato breeding, patent applications for about 20 traits have been submitted; if these patents are granted, other
tomato breeders will face a serious problem. A few of the interviewees speculated that this development had
contributed to the decision by De Ruiter Seeds to sell its assets to Monsanto, although the company itself was also
trying to acquire strong patent positions, in order to stay in business. According to one of the interviewees, the
possibility to protect germplasm with utility patents in the US has narrowed access to germplasm for universities,
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public institutions and smaller breeding companies in the US. It also has resulted in a faster consolidation in
germplasm, especially among big seed companies, because these companies prefer utility patents over Plant Variety
Protection, a form of PBRs.

Including breeders’ exemption into patent law
In May 2009, Plantum NL, the Dutch seed industry association, has proposed to amend patent law. By inclusion of
a breeders' exemption into patent law, genes and genetic components in plants could be made freely available for
the development of new varieties. Patented biological material (germplasm) should be freely available for breeding
new varieties and the use of these varieties should be consistent with the breeders’ exemption of the UPOV Treaty.
Availability, use and exploitation should not be hampered by patent law. New methods and techniques should
continue to come under patent law, though.
One of the interviewees in the COGEM study explicitly argued that the position by the Dutch seed industry
association would be detrimental to investment; see position text box below. According to this interviewee, the
argument that patents may hinder innovation is not correct. In his view patents do promote innovation but at the cost
that patents may (temporarily) restrict the use of innovations. Several other interviewees argued that patents on traits
can hinder breeding activities, have a negative impact on innovation, and accelerate the process of concentration."
IP in EU-SOL
When a workpackage or task has been completed or when a concrete result(s) has been obtained, the partner(s) who carried
out the research investigate whether or not the obtained result(s) can be protected by filing a patent or whether additional
research is necessary. The possibilities for protection of Intellectual Property Rights is always assessed. The outcome of these
evaluations, including a plan regarding filing and exploiting a patent, will be sent, under a confidentiality agreement, to the
Industry Evaluation Panel (IEP), consisting of representatives from EU-SOL industrial partners, the workpackage leaders
involved in dissemination of EU-SOL knowledge and transfer of technology to industry and the EU-SOL coordinator. The
inventing partner(s) will own the intellectual property rights and is responsible for providing adequate and effective protection
for the knowledge. The IEP facilitates these activities and EU-SOL allocated budget to cover the expenses for the initial
registration of the patent applications. So far, two patents have come through the IEP:
· A flavor patent application on alpha-copaene (Ducreux, 2008);
· A patent application on Induced Heterosis Related Mutations (http://www.wipo.int/pctdb/en/wo.jsp?WO=2010041190) for
yield in determinate tomatoes, which has the potential to transform the market by inducing ~50% increase in yield the raw
experimental data and analysis tools via Phenom Network (http://phnserver.phenome-networks.com/). See also EU-SOL
Newsletter 06: “Boosting tomato yield and sweetness”.

Exemption of ‘essentially biological processes’
The EU-SOL programme was focused on consumer traits like improved taste and health. Hence, the ruling of
European Patent Office’s Enlarged Board of Appeal (EBoA) on the validity of two recent patents in this field in
December 2010: a patent granted to UK company Plant Bioscience in 2002 for an anti-carcinogenic broccoli strain
and one awarded to Israel’s Ministry of Agriculture in 2003 for a flavour-enhanced tomato. These patents include a
number of claims on both the methods and the final product. Challenges to these patents from corporations such as
Unilever and groups such as the No Patents on Seeds movement insisted that the underlying features of the patents
were essentially biological rather than technical and, as a result, fell within the scope of Article 53(b)’s which exempts
‘’ for the production of plants or animals from patentability. Because of similarities between the patents and their
respective challenges, the EBoA tied them together as one case for review.
In its ruling the EBoA focused on the patent claims that concern the methods. According to the EBoA, technical
devices or means, such as genetic markers, may themselves be patentable inventions, but their use does not make
an essentially biological process patentable. Processes for producing plants by inserting or modifying a trait in the
genome by using genetic engineering do not rely on sexual crossing of whole genomes and may therefore be
patentable. However, in such a case sexual crossing and selection steps should not be in the claims, since adding
further technical processing steps before or after the steps of sexual crossing and selection does not render such

13

Newsletter no 8/9,
May 2011
processes patentable either. It is important to note that EBoA’s ruling does not concern the claims concerning the
final product. Therefore it remains possible to claim, for instance, a flavour enhanced tomato characterised by……
A number of interviewees in the COGEM study distinguished between patents on what they called ‘native’ traits, and
patents on GM traits. Since native traits are already present in the crops and their wild relatives, patents on native
traits could affect the access to a breeder’s germplasm. For GM traits, several interviewees commented, it is different
because of the level of investment and regulatory compliance costs.

To be continued…..
The European Seed Association (ESA) and the International Seed Federation (ISF) always had the position that
commercially available material containing patented elements should remain freely available for further breeding. It is
therefore not surprising that several of the interviewees in the COGEM study believe that a consensus seems to be
emerging within the about the exemption under patent law, similar to the exemption in current French, German and
Swiss patent laws, which allows pre-commercial product development. A number of interviewees argued that such an
exemption under patent law will allow more seed companies breeding their products more broadly, as they can test
and work with the technology prior to its commercialisation. On the other hand, it can be argued that such an
exemption is unlikely to have an effect at all as breeders will not start using patented material in a breeding program
without the certainty that it will be allowed to commercialize possible new varieties resulting from such a program. It
will therefore need a license before starting the use of the material in the breeding program.
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Teaching Mendelian genetics
EU-SOL Tomato Seeds are a FREESCHOOLS RESOURCE funded by the European Union which
help school pupils learn about genetics. The possibility of continuing this successful program is
now investigated.
In 2010 Nunhems Zaden agreed to produce packages, each of them containing 100 tomato seeds for EU-SOL that
can be grown by school pupils, demonstrating the principles of Mendelian genetics. The seeds have been distributed
to 340 schools (9,860 students) in 19 countries.
The seeds are produced by crossing two naturally occurring mutants:
o a mutant with a recessive trait where its cotyledons (seed
leaves) are golden rather than green. Let's say this
mutation is controlled by the recessive gene g. Its purple
hypocotyl is pure breeding dominant (HH).
o a mutant with a recessive trait where its hypocotyl has no
purple in it whatsoever and is light green. Let's say this
mutation is controlled by the recessive gene h. Its green
cotyledons are pure breeding dominant (GG).
Crossing these mutants ( ggHH x GGhh) results in a
population of plants with green cotyledons and purple
hypocotyls (all GgHh). In the class room these seeds are then
grown and self-fertilized, resulting in a mixed population of:
1. plants with green cotyledons and purple hypocotyls,
2. plants with green cotyledons and light green hypocotyls,
3. plants with golden cotyledons and purple hypocotyls, and
4. plants with golden cotyledons and light green hypocotyls
in a 9:3:3:1 ratio typical for Mendelian genetics.

Average score (out of 5)

All that is needed for the experiment is a tray to grow the seeds in, a bit of soil and EU-SOL tomato seeds. A website
www.eu-soltomatoseeds.com/ provides a number of resources on teaching the effect of linkage, downloadable
worksheets with simple instructions
(how to grow), explanation
5
4,5
(Mendelian genetics) and even a
4
template for a Chi-squared test,
3,5
films and images, and an online
3
2,5
spreadsheets that enables pupils to
2
compare their results with those
1,5
from other schools.
1
0,5
0

Engaging
students
in hereditary
genetics

Improving
thinking and
investigative
skills

The seeds
were easy
to plant and
grow

I would
order these
resources
again if
they are
free

I would
recommend
these
resources
to another
teacher

Teachers from participating schools
have been asked to fill in evaluation
forms. The results show a high
degree of satisfaction, which makes
it worthwhile to continue distribution
of this schoolpack, provided that
the resources remain free.
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EU-SOL Bioinformatics Tutorials
EU-SOL has developed a number of bioinformatics tools that enable researchers to explore and
analyse the rich variety of data that has been stored during the past five years. To facilitate
continued use of these database in the post EU-SOL era turorials have been developed.
BreeDB is the primary database resource for the EU-SOL genotyping and phenotyping data and is hosted at
https://www.eu-sol.wur.nl. This database hosts data-sets collected within EU-SOL. In the tutorial we focus on the
question of how to mine this data, and in special, it focuses on the tools that allows exploration the genetic diversity
within the tomato core collection.
http://www.eu-sol.net/science/bioinformatics/tutorials/breedb-tutorial/
The GBrowse tutorial shows how the tomato genome data can be accessed through the generic genome browser.
The various annotations that are visualized in the browser are described and it shows how to find a favourite gene
and obtain detailed information about it.
http://www.eu-sol.net/science/bioinformatics/tutorials/gbrowse-tutorial/
The PlantsDB tutorial introduces online
resources and tools for comparative
genomics in Solanaceae. Starting from a
solanaceae model such as tomato it
shows how to find, browse and use
associated data both in related species
and non-model Solanaceae. These data
involves orthologous/homologous gene
models, multi-species gene families and
synteny on the micro- and macro-level.
http://www.eu-sol.net/science
/bioinformatics/tutorials/plantsdb-tutorial/
The iTAG annotation for Tomato,
integrates protein homology, homology to
other dicot genomes, EST and cDNAs,
RNAseq reads from all 3 available technologies, ab initio methods from GeneID, Augustus and TwinScan and
MS/MS data. This is the first time gene prediction has been done with such a diversity of data. iTAG aims at
providing the best possible genome annotation. Still, errors can occur. For this purpose the BOGAS interface offers
preprocessed data, and access to tools to allow experts to correct the predictions.
http://www.eu-sol.net/science/ bioinformatics/tutorials/bogas-tutorial/
GenomeView is a stand-alone sequence browser specifically designed to visualize and manipulate a multitude of
genomics data interactively. GenomeView enables users to dynamically browse high volumes of aligned short read
data, with dynamic navigation and semantic zooming, from the whole genome level to the single nucleotide. At the
same time, the tool enables visualization of whole genome alignments of dozens of genomes relative to a reference
sequence. GenomeView is unique in it capability to interactively handle huge data sets consisting of dozens of
aligned genomes, thousands of annotation features and millions of mapped short reads both as viewer and editor.
http://www.eu-sol.net/science /bioinformatics/tutorials/genome-view-tutorial/
And there is several others, all accessible through http://www.eu-sol.net/science/bioinformatics/tutorials

The EU-SOL project is supported by the European Commission through
the 6th framework programme. Contract nr: FOOD-CT-2006-016214.

16

