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Abstract

The European fruit industry is facing economic challenges imposed by
increasingly fierce international competition and decreasing fruit consumption,
societal demand for a more sustainable production, and biological problems caused
by climate changes. Releasing new cultivars that meet these challenges is a major
goal of all European breeding programmes. However, addressing them has been slow
due to the nature of fruit tree breeding: long term, low efficiency and high cost. For
the past 15 years, efficient networks of fruit geneticists and genomicists have
progressively been built thanks in particular to EU-funded projects. Europe has thus
become a leader in research on fruit genetics aimed at enhancing fruit quality traits
as well as resistance to biotic stresses, European teams working on fruit genetics
have developed up-to-date tools and skills covering most of the “omics” fields as well
as statistics and software development. Although fruit breeding is very active in
Europe, very few breeding programmes are really using the output of the fruit
genetics/genomics research. A few bottlenecks can explain this situation. To solve
that, a new European initiative has been set up by the FruitBreedomic. This large
collaborative project, has the strategic goal of improving the efficiency of current
fruit breeding programmes by bridging the existing gap between molecular genetics
research and application in breeding.

INTRODUCTION

Major fruit tree crops such as apple (Malus x domestica Bork), peach and
nectarine (Prunus persica (L.) Batsch), pear (Pyrus communis L.), plum (Prunus
domestica L.), sweet (Prunus avium L.) and sour cherries (Prunus cerasus L.), apricot
(Prunus armeniaca L.) and nuts such as almonds (Prunus dulcis Miller, D.A. Webb) all
belong to the Rosaceae family. With 4.8 M ha and a production close to 70 M mt, apple is
the fourth fruit crop grown worldwide just behind the Citrus group, bananas and grapes
(www.faostat.fao.org, 2008), The world production of peaches and nectarines is also
significant (18 M mt in 2008). After grape (25 M mt), apple is the second greatest fruit
produced in Europe (12 M mt in 2008). Within the Rosaceae family, peaches and
nectarines (+4 M mt) come in next, followed by pears (2.5 M mt); plums and sloes (1.3 M
mt), sweet and sour cherries (0.8 M mt) and apricots (0.6 M mt).

The rosaceous crop industries face numerous limitations to profitability and
sustainability. Apart from worldwide macro-economic reasons, many other factors are
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contributing to the decreasing cropping trend foreseen for the coming years; on the farms,
expenses increased dramatically mainly because of labour costs which represent on
average more than half of the farm costs for apple and peach (ONIFLHOR, 2005). Fruit
consumption is slowly decreasing in Europe; this has been attributed in peach to low
quality of fruit harvested at an immature stage (Sansavini et al., 2006). Furthermore, most
of the commercial cultivars are host to a wide range of pests and diseases that need to be
controlled for commercial production to be profitable. In apple and peach orchards, 15 to
20 chemical sprays on average are necessary to control the two most damaging diseases.

Breeding for new high quality fruit cultivars with genetic resistance to various
pests and diseases is necessary to improve fruit consumption in Europe and to reduce the
negative impacts of pesticides on human health and the environment. In addition,
breeding also needs to take into account the new threats posed by climatic changes, the
first effects of which have already been expressed in fruit tree production (Legave et al.,
2008).

STATE OF THE ART OF APPLE AND PEACH BREEDING AND GENETICS

Breeding Situation

Fruit breeding is particularly active in Europe where during the last five years, >50
CPVO peach applications have been delivered each year for new cultivars of which more
than one half are from European origin (CPVO meeting, Paris, 2007). In 2005 at least 32
dessert apple scion breeding programmes were active (Lespinasse, 2005, pers. commun.;
Laurens, 2005). However, the breeding practices that have yielded today’s best cultivars
have remained almost unchanged for the last 50 years. Decisions regarding parent choice
for crossing and progeny selection for advancing elite plants are often based on empirical
knowledge (phenotypic and mass selection). Furthermore, breeding of woody fruit crops
is hampered by morphological, physiological and cultural constraints specific to each
crop (Lauri and Laurens, 2005).

The genetic basis of most breeding programmes is very narrow (Laurens, 1999;
Noiton and Alspach, 1996; Scorza et al, 1985) as the world apple production
predominantly relies on either chance seedlings (‘Golden Delicious’, ‘Red Delicious’,
‘Braeburn’, ‘Mclntosh’, ‘Jonathan’) or selections derived from these cultivars through
controlled hybridization: ‘Elstar®, ‘Gala’, ‘Jonagold’ and more recently ‘Pink Lady’®, all
derived from ‘Golden Delicious’ or ‘Fuji’, a progeny of ‘Red Delicious’. New apple
cultivars resistant to scab are being developed. They are derived from several generations
of crossing often started from crab-apple progenitors, but predominantly stemmed from
one resistance donor, M. floribunda clone 821. This uniformity is a big threat since it has
been proven that the Rvi6/V; resistance gene is overcome by new virulent strains of
V. inaequalis rendering this resistance gene ineffective (Parisi et al., 1993, 2004; Roberts
and Crute, 1994). New strategies based on the use of a wide diversity of qualitative and
quantitative sources of resistance are in progress (Foulongne et al., 2003; Laurens et al.,
2004; Patocchi et al., 2009) but it will take a long time to release new cultivars developed
from this germplasm.

Due to its self compatibility, peach behaves as a partly self-pollinating species
(Miller et al., 1989) and its level of variability is much lower than self-incompatible fruit
trees including other stone fruits and apple (Byrne, 1990; Aranzana et al., 2010).
Moreover, most cultivars of Europe and North America come from a few founders that
were used in the early USA breeding programmes contributing to its very low genetic
basis (Scorza et al., 1985). Many small breeding programmes, mostly private, supply a
large number of cultivars for a high demand from the growers. However, the new
cultivars have not been able to solve some of the major challenges for the sustainability of
production (no cultivars resistant to the main diseases), commercialization (short shelf
life) and consumer needs (constant and predictable fruit taste and texture).

In many crops, even though genetic and genomic studies have been developed at a
very high level, the application of Molecular Assisted Breeding (MAB) is still limited to
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very few and simply inherited traits (Dekkers and Hospital, 2002). MAB implementation
in Rosaceae breeding programmes has been minimal and has been used mainly for
disease resistance and fruit quality traits with Mendelian inheritance (Bassil and Lewers,
2009; Peace et al., 2009).

Genetic/Genomic Studies

For the past 20 years, thanks to the development of molecular technologies and
international collaborations, significant progress has been made in our understanding of
the genetics of the main horticultural traits. Apple and peach are the rosaceous crops in
which marker identification and mapping are most advanced. In fact, in these two crops
several key traits related to pathogen/pest resistance and fruit quality have been mapped
in the last years, leading to a better understanding of their genetic architecture/
determinism. These results have been reviewed by Abbott et al. (2007), Arus and Gardiner
(2007), Gardiner et al. (2007) and Bus et al. (2009).

EST profiling studies have also been widely conducted in Rosaceae with over
250,000 EST sequences available in public databases for M. x domestica and over 80,000
for P. persica (Arus and Gardiner, 2007). These data have been useful to monitor the
expression of various genes. Functional genetics has also recently contributed to the
discovery of numerous candidate genes for various traits: disease resistance (Baldi et al.,
2004; Lalli et al., 2005; Calenge et al., 2005; Broggini et al., 2009), ethylene pathway
(Costa et al.,, 2005), fruit texture (Peace et al., 2005; Costa et al., 2005, 2008), sugar and
acid content (Etienne et al., 2002), as well as fruit flesh colour (Chagné et al., 2007). In
contrast, few genes of interest were cloned such as Rvi6/Vf and Rvil5/Vr2 scab resistance
genes for apple (Belfanti et al., 2004; Galli et al., 2010) or in advanced stage of map-
based cloning such as nematode resistance (Claverie et al., 2004) and the D gene
controlling the non-acidity in peach (Boudehri et al., 2009). New cloning projects are in
progress. Today the important crops of the Rosaceae are beginning to enjoy the same
benefits once confined to model plants, the pinnacle of which is the generation of whole
genome sequences (WGS) for both apple and peach.

Genome Sequencing and Genomic Tools

The Peach Genome Sequencing Initiative is an international collaborative project
involving mainly Italian and USA research institutions (Sosinski et al., 2009). A double
haploid of ‘Lovell’ was chosen to obtain the draft sequence of the genome with WGS
strategy using the Sanger methodology.

An international consortium led by FEM (Fondazione Edmund Mach) recently
completed the genome sequencing of the diploid ‘Golden Delicious’ (Velasco et al.,
2010). The sequencing was carried out based on the shot-gun approach using the
sequencing-by-synthesis approach of 454-Roche technology (Shendure and Ji, 2008).
About 80% of the genome, including >90% of the genes, was assembled in scaffolds and
c. 70% anchored to the apple linkage map using 1,700 molecular markers. As expected,
the ‘Golden Delicious’ genome is highly heterozygous, with the number of discovered
single nucleotide polymorphisms (SNPs) approaching 2 million.

FruitBreedomics, a New European Initiative to Improve the Efficiency of Apple
Breeding with New Technologies

An international consortium has designed FruitBreedomics, an ambitious research
project which aims to improve and make use of the latest methodologies, technologies
and knowledge to improve the efficiency of current fruit breeding programmes. Its
strategic aim is to bridge the existing gap between molecular genetic research and
breeding. It will focus primarily on apple and peach, two major fruits in Europe, but many
tools and much knowledge gained will also be of benefit to other species of the Rosaceae
family via the strong genomic and functional ancestral relatedness among these species.

A major breeding tool to be developed is a validated pipeline for Marker Assisted
Breeding and its implementation in ongoing commercial breeding programs.
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FruitBreedomics will prepare for and make available to the consortium selected pre-
breeding material. It will also evaluate a way to reduce the introgression time of new
traits from wild species to pre-breeding material with advanced fruit quality by inducing
early flowering thanks to fast-breeding technology (Flachowsky et al., 2009).

The research efforts will be directed to improve our understanding of the genetics
of some major horticultural traits and develop innovative research tools to efficiently find
marker trait associations in breeding and genebank germplasm. To overcome the main
issues of the past genetic studies on fruit trees (narrow genetic diversity, low mapping
density, single environment), FruitBreedomics will focus on two innovative and
complementary genetic mapping approaches based on a wider genetic diversity: i)
pedigree-based analysis (PBA) and ii) linkage disequilibrium (LD) mapping over the
whole genome, i.e., genome-wide association (GWA) mapping.

Additionally, the project aims at increasing the accessibility of breeders to the
genetic diversity present in germplasm collections, thus contributing to widening the
genetic basis of cultivated fruit trees. To implement the scientific approach,
FruitBreedomics will be built on two research pillars (“the European Breeding Platform”
and the Diversity and QTL mapping pillar), one research work package (new traits
knowledge), one support pillar (tool and data management) (Fig. 1).

FruitBreedomics has been accepted by the European Commission in the frame of
the seventh Framework Programme. It will start in March 2011 and end in 2015. It
regroups 24 participants including four non EU countries.

CONCLUSION

The European fruit industry is facing economic challenges imposed by
increasingly fierce international competition and decreasing fruit consumption, the high
demand for a more sustainable production and the biological problems caused by climate
change. Releasing new cultivars that meet these challenges is a major goal of all
European breeding programmes, but response to address them has been slow due to the
nature of fruit tree breeding: long-term, low-efficiency and hence high costs.

FruitBreedomics has as the strategic goal of improving the efficiency of current
fruit breeding programmes by bridging the existing gap between molecular genetics
research and application in breeding. It will tackle this task following a multidisciplinary
approach, including genetics, genomics, transcriptomics, ecophysiology and bio-
informatics. FruitBreedomics will provide the fruit tree sector with cutting-edge breeding
tools to improve selection efficiency as well as superior pre-breeding material to meet
grower and consumer demands for cultivars that can be grown in sustainable agricultural
systems in the context of climate change. The project will develop tailored molecular and
bioinformatics tools to extensively exploit the diversity present in European germplasm
collections and breeding populations. This will lead to the selection of desired favourable
genes needed for improvement of main horticultural traits. The collected data will provide
precious genetic information on the pool of genitors and founders to be used in future
breeding programmes.

The consortium aims at setting up a collaborative European network of breeders,
genebank curators and industry representatives with the aim of rapidly and widely
disseminating and implementing the obtained results among all interest European
stakeholders. FruitBreedomics will liaison international partners with complementary
expertises to help building or consolidating networks and make the best use of genetics/
genomic tools for research and breeding.
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