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9.1
Introduction

Rubus is one of the most diverse genera in the plant
kingdom, comprising over 400 species (Bailey 1949)
subdivided into 12 subgenera (Jennings 1988). Ploidy
levels range from diploid to 14-ploid (Nybom 1985).
Members of the genus can be difficult to classify into
distinct species for a number of reasons including hy-
bridization between species and apomixes (Robert-
son 1974). The domesticated subgenera contain the
raspberries, blackberries, arctic fruits and flowering
raspberries, all of which have been utilised in breed-
ing programs. The most important raspberries are the
Europeanred raspberry,R. idaeusL. subsp. idaeus, the
North American red raspberry R. idaeus subsp. strigo-
sus Michx and the black raspberry (R. occidentalis L.).
Rubus subgen. Idaeobatus is distributed principally in
Asia but also East and South Africa, Europe and North
America. In contrast, subgen. Eubatus is mainly dis-
tributed inSouthAmerica,EuropeandNorthAmerica
(Jennings 1988). The members of subgenus Idaeoba-
tus sp. are distinguished by the ability of their mature
fruits to separate from the receptacle. The subgenus
is particularly well represented in the northern hemi-
sphere.

The place of origin of raspberry has been pos-
tulated to be the Ide mountains of Turkey. Jennings
(1988) and Roach (1985) have given extensive ac-
counts of early domestication. Records were found
in 4th century writings of Palladius, a Roman agricul-
turist, and seeds have been discovered at Roman forts
in Britain; hence, the Romans probably spread culti-
vation throughout Europe. The British popularized
and improved raspberries throughout the middle-
ages, and exported the plants to New York by 1771.

Rubus species are prostrate to erect, generally
thorny shrubs producing renewal shoots from the
ground (called canes). They are perennials only be-
causeeachbushconsistsofbiennial canes,whichover-

lap in age. Leaves are compound with 3–5 leaflets, the
middle one being the largest; margins serrate to ir-
regularly toothed.

Small (0.5–1.5 cm), white to pink flowers are ini-
tiated in the second year of planting. The gynoecium
consists of 60–80 ovaries, each of which develops into
a druplet. There are 60–90 stamens. Raspberries pro-
duce copious amount of nectar and attract bees. The
flowers of Rubus are structurally rather similar to
those of strawberries, with five sepals, five petals,
a very short hypanthium, many stamens, and an apoc-
arpous gynoecium of many carpels on a cone-like
receptacle. Raspberries are an aggregate fruit, com-
posed of individual drupelets, held together by almost
invisible hairs. In Rubus each carpel will develop into
a small drupelet, with the mesocarp becoming fleshy
and the endorcarp becoming hard and forming a tiny
pit that encloses a single seed. Each drupelet usually
has a single seed, though a few have two. Fruiting be-
gins in the second year of planting and can continue
for more than 15 years if properly managed. Fruit de-
velopment occurs rapidly, taking only 30–36 days for
most raspberry cultivars.

Canes grow one year and fruit the next, but there
are also primocane varieties which fruit in the first
year. The biennial growth cycle of raspberry stems
begins when a bud from below soil level develops
and elongation of the internodes carries the grow-
ing point, protected by leaf scales, to the soil sur-
face. At the surface, leaves expand to form a tight
rosette around the growing point. Elongation of the
shoot starts in spring and continues until autumn, by
which time the shoot will have attained a height of 2 to
3 m. In red raspberries (R. idaeus L.), shortening days
and falling temperatures in late summer cause shoot
elongation to cease and dormancy to set in. This is
a gradual process extending over several weeks and
once a stage of complete dormancy is reached it is
not readily reversible. Black raspberries (R. occiden-
talis L.) or purple raspberries (hybrids between red
and black raspberries) and most blackberries differ
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from red raspberries both in time when dormancy
begins and intensity of dormancy attained. In these
fruits, growth continues well into autumn. The initia-
tion of flower buds usually starts at the same time as
the canes begin to acquire dormancy. In the spring of
the second year, vegetative primocanes become fruit-
ing canes. The fruit is composed of a large number
of one-seeded druplets set together on a small conical
core (Jennings 1988).

The traditional method of culture harvests fruit
annually from each plant, although both non-fruiting
vegetative canes (primocanes) and fruiting canes
(fructocanes) are present. This main season summer-
fruiting crop is usually supported on a post-and-wire
system designed to carry the weight of fruits and to
protect canes from excessive damage due to wind, har-
vesting and cultivation. Primocanes are produced in
numbers excessive to requirements for cropping in the
following season so many must be removed by prun-
ing in winter and early spring to reduce inter-cane
competition and create an open crop canopy for effi-
cient light capture. Old dead fruiting canes must also
be removed by pruning after harvest. Such pruning
operations remove sources of fungal inoculum from
the plantation and are important for the long-term
health of the crop.

Primocanes and fruiting canes are in close prox-
imity resulting in a complex plant-architecture that
provides spatial and temporal continuity for pests and
pathogens to colonise a range of habitats (Willmer
et al. 1996). The complex nature of the plant ar-
chitecture also creates a barrier of foliage that im-
pedes spray penetration of plant protection chemi-
cals, thus requiring specialised chemical application
equipment (Gordon and Williamson 1988). Healthy
plantationsare expected tocropproductively formore
than 10 years, but this is only possible if the planting
stocks and soils are free from persistent viral, bacte-
rial and fungal diseases and certain pests, hence the
importance of quarantine arrangements and certifi-
cation schemes to protect the propagation industry
and fruit production (Jones 1991; Smith 2003).

In a mature plantation the raspberry roots spread
completely across the inter-row space. Young canes
(‘suckers’) developing from root buds (Hudson 1959)
in the inter-row space must be removed, to prevent
competition of these suckers for light, water and nu-
trients with the crop. Uncontrolled suckers also repre-
sent a reservoir for pests and pathogens. Cultivation
of the inter-row space is another alternative way to
remove suckers and weeds, but repeated cultivation

by machinery leads to loss of soil structure and soil
erosion on slopes where raspberries are often grown.
Effective weed management by residual herbicides, or
cultivation, is essential to remove weeds as alternative
hosts for nematodes that are vectors for many viruses
(Murant 1981; Harrison and Murant 1996) and to re-
duce humidity around the base of plants where several
pathogens thrive and sporulate at high humidity.

There has been increased interest in the sale of
raspberry fruitsharvested from‘organicproduction’–
farming based on methods relying entirely on crop
rotation and avoidance of pesticide application ex-
cept certain substances currently permitted by the
national regulatory authority for organic farming.
However, with woody perennial crops the difficulties
of maintaining healthy productive plantations over
many years are profound and it is too early to judge
the overall success of these ventures in Rubus cane
fruits.

Increasing popularity of autumn-fruiting rasp-
berries, in which late season fruit is harvested from
berries forming on the upper nodes of primocanes,
has extended the production season and the pe-
riod of attack of some foliar and cane pests. Some
very early spring fruits with high value can also be
obtained from the remaining lower nodes of these
over-wintered primocane-fruiting types. Primocane-
fruiting raspberries tend to be grown in the warmer
areas of Europe where the temperature in autumn is
relatively high and there is little risk of early autumn
frosts.

Interest has also been shown in extended-season
production under glass or under plastic structures in
northern European countries, e.g. Belgium (Meesters
and Pitsioudis 1993; Verlinden 1995) and the UK
(Barry 1995) and now in the Mediterranean fringe,
e.g. Spain and Greece, and this trend will affect their
pest and disease status. To satisfy these production
systems, long primocanes grown in northern regions,
such as Scotland, are lifted, chilled and stored for long
periods forplanting in late spring for late summerhar-
vest under plastic. The concept of extended-season-
production would mean that by careful manipulation
of plant dormancy cycle and flower initiation it should
be possible to produce fresh raspberries in Europe for
sale in almost all months.

ThegenomicnumberofRubus is sevenandspecies
representing all ploidies from diploid to duodecaploid
are found in nature. The range in size is from 1–4 µm
(Jennings 1988). The genome has been estimated to
be 275 Mbp.
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Self-incompatibility systems occur in some Rosa-
ceous species and it is common among many of the
diploidRubus species (Keep1968). Incontrast allpoly-
ploidy species are self-compatible as are the domesti-
cated forms of the diploid raspberries.

Raspberries are grown in many parts of the
world with production estimated at 385,000 Mt
(http://faostat.fao.org), Europe is estimated to
produce around 316,000 Mt. Cane fruit production,
mainly red raspberry (Rubus idaeus L.), is an
important high-value horticultural industry in many
European countries because it provides employment
directly in agriculture, and indirectly in food process-
ing and confectionary. Most raspberry production is
concentrated in the northern and central European
countries, although there is an increasing interest in
growing cane fruits in southern Europe e.g. in Greece,
Italy, Portugal and Spain. In many production areas,
the fruit is grown for the fresh market, but in central
Europe e.g. Poland, Hungary and Serbia, a high
proportion of the crop is destined for processing. In
the UK there has been a major movement away from
processing towards fresh fruit production under
protected cultivation for the high-value fresh market.
Commercial blackberries are also grown, mainly in
east Europe, and arctic raspberries (R. arcticus L.) are
produced commercially on a small-scale in Finland
(Koponen et al. 2000).

Fruit has become important in the human diet
due to increased consumers awareness of healthy
eating practices. In 2003, the global fresh fruit
market was valued at £7.6 bn at current prices,
having increased by just 3.9% since 1999. The
fresh fruit sector accounts for 38.1% of the overall
market and is gaining share due to continuing trend
towards convenience food. Banana account the
largest segment of the fruit sector with 22.5% of the
market in 2003. In term of soft fruit, strawberries
remain the UK’s best selling soft fruit, but other
fruit such as raspberry, are gaining popularities
because the increasing all year round availability.
Raspberries have always been attractive as fresh
dessert fruits or for processing from frozen berries
into conserves, purees and juices. It is interesting
to see that raspberries were first used in Europe for
medicinal purposes (Jennings 1988), but there is
now heightened interest focused on these foods as
major sources of antioxidants, such as anthocyanins,
catechins, flavonols, flavones and ascorbic acid,
compounds that protect against a wide variety of
human diseases, particularly cardiovascular disease

and epithelial (but not hormone-related) cancers
(Deighton et al. 2000; Stewart et al. 2001; Moyer et al.
2002). As a result, the consumption of these berries
is expected to increase substantially in the near
future as their value in the daily diet is publicised.
A concerted effort by the public health authorities
in Finland, for example, has promoted the con-
sumption of small berry fruits to their populations
(Puska et al. 1990) and in 2002, a similar initiative
was launched in Scotland (Berry Scotland Project
www.berryscotland.com) though success here has yet
be demonstrated.

Five parent cultivars dominate the ancestry of
red raspberry; ‘Lloyd George’ and ‘Pynes Royal’ en-
tirely derived from the European sub-species and
‘Preussen’, ‘Cuthbert’ and ‘Newburgh’ derived from
both European and North American subspecies. Do-
mestication has resulted in a reduction of both mor-
phological and genetic diversity in red raspberry
(Haskell 1960; Jennings 1988) with modern cultivars
being genetically similar (Dale et al. 1993; Graham
and McNicol 1995). This is of concern as a lack of ge-
netic diversity can lead to inbreeding depression and
susceptibility to external stresses. Extensive genetic
diversity has been found in wild raspberry germplasm
offering scope for expanding the genetic base of culti-
vated raspberries (Graham et al. 1997b; Marshall et al.
2001; Graham et al. 2003).

The objectives of breeding programs vary from
region to region, but certain traits are always consid-
ered important. Breeding for high yields of easily har-
vested, quality fruit remains the priority in any com-
mercial breeding program (www.fruitgateway.co.uk).
The incorporation of novel resistance/tolerance to
pests and diseases is regarded as essential for the
development of cultivars suitable for culture under
integrated pest (crop) management (IPM (ICM)) sys-
tems (Gordon et al. 2002a, b). The selection of re-
sistant or tolerant cultivars is essential for reduced
pest and disease pressure on the raspberry plantation.
Careful thought however must be given to the man-
agement of reducing chemical applications as these
may result in previously well-controlled pests or dis-
eases becoming an unexpected problem in their own
right. Additionally specification of cultivars, for ex-
ample by UK supermarkets where the cultivars Glen
Ample and Tulameen have been selected because of
their high fruit quality, has lead to increased pes-
ticide use because these cultivars are aphid suscep-
tible (S.C. Gordon personal communication) again
challenging the concepts of IPM and highlighting the
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often conflicting demands breeders face. Most rasp-
berries are produced by small enterprises, frequently
lacking the resources to fund adequate support from
technical advisory services to manage this complex
crop in a low input system. However, a survey in New
England, USA in the early 1990s showed that farmers
generally knew more about IPM than did consumers,
wholesalers and food processors (Hollingsworth et al.
1993). Similarly, when driven by legislation and ad-
equate state support, cane fruit IPM systems can be
vibrant and generate considerable local and interna-
tional interest e.g. Whatcom County (Nootsack) IPM
raspberry program in Washington State, USA (Mac-
Connell et al. 2002). Resistance breeding is becoming
increasingly urgent due to the withdrawal of and un-
desirability of remaining chemical control measures.
Fruit quality though, determines the ultimate success
of a cultivar and these objectives may prove to be
conflicting. Initial market acceptance of most fruits
is based on color and appearance, as other factors
are not evaluated until later when the product is con-
sumed. Usually, the consumer associated eye appeal
with quality. For an extensive review of fruit qual-
ity parameters in plant breeding see Sistrunk and
Moore (1983). There is pressure from the supermar-
kets and some consumers to develop organic sources
of many crops including raspberry. There appears to
be no large-scale organic production of cane fruit in
Western Europe, except for a few isolated produc-
ers. However, several large-scale producers are adopt-
ing the ‘biodynamic’ production system in central
Europe. Many growers who have tried organic pro-
duction in Western Europe in the past have failed
due to the lack of control of perennial weeds within
the crop and to infestation by raspberry beetle. Al-
though derris (rotenone) sprays applied to the green
fruit will give some protection against raspberry bee-
tle, experimental and commercial experience sug-
gests that the level of control is inadequate to sat-
isfy the demands of the consumers. In trials in the
early 1970s, comparing the efficacy of different in-
secticides, derris was considerably less effective than
the then standard, malathion (Taylor 1971). Safety
concerns of some organically approved products are
being raised. Some producers, particularly in Scandi-
navia are keen to develop organic or very low-input
production to exploit the demand. The geographi-
cal isolation of plantations coupled with low win-
ter temperatures result in low pest burdens in these
areas. Organic production will greatly benefit from
cultivars with high levels of resistance or tolerance

to the major pests and diseases. The large number
of characteristics in any breeding program coupled
with long generation times and problems with in-
breeding depression have prompted the move towards
marker-assisted breeding in red raspberry. For a re-
view of breeding objectives and breeding techniques
see Daubeny 1996.

Raspberry breeders have successfully produced
cultivars that vary in growth habit, pest and disease
resistance, spinelessness, fruit quality and primocane
varieties.

9.2
Construction
of Genetic Linkage Maps

Breeding methods used in raspberry have changed
very little over the last 40 years or so. Little novel
germplasm has made its way into commercial cul-
tivars. However, with the narrowing genetic base cou-
pled with the increasing demands from consumers,
new breeding methods are required to meet demands.
The speed and precision of breeding can be im-
proved by the deployment of molecular tools for
germplasm assessment and the development of ge-
netic linkage maps. Such genetic linkage maps can
facilitate the development of diagnostic markers for
polygenic traits and the identification of genes con-
trolling complex phenotypes. Understanding the ge-
netic control of commercially and nutritionally im-
portant traits and the linkage of these characteristics
to molecular markers on chromosomes is the future
of plant breeding. Red raspberry (Rubus idaeus) is
a good species the application of such techniques, be-
ing diploid (2n = 2x = 14) with a very small genome
(275 Mbp). Indeed, the haploid genome size of rasp-
berry is only twice the size of Arabidopsis, making it
highly amenable to complete physical map construc-
tion, therebyprovidingaplatformformap-basedgene
cloning and comparative mapping with other mem-
bers of the Rosaceae (Dirlewanger et al. 2004). The
availability of abundant genetic variation in natu-
ral and experimental populations and adaptation to
a range of diverse habitats (Graham et al. 1997b; Mar-
shall et al. 2001; Graham et al. 2003) offers researchers
a rich source of variation in morphology, anatomy,
physiology, phenology and response to a range of bi-
otic andabiotic stress.Theability tovegetativelyprop-
agate individual plants provides opportunities to cap-
ture genetic variation over generations and replicate
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individual genotypes to partition and quantify en-
vironmental and genetic components of variation of
genetic linkage maps. These are necessary to develop
diagnostic markers for polygenic traits and, in the
future, possibly identify the genes behind the traits.
The Rosaceae is an economically important family of
perennial fruit bearing crops that includes members
of the following genera: Malus (apple), Pyrus (pear),
Rubus (raspberry, blackberry), Fragaria (strawberry)
and Prunus (stone fruits). In addition, the family also
includes a number of important ornamental plants
such as roses, flowering cherry, crab apple and quince.
Molecular marker applications have been reviewed
in Rubus (Antonius-Klemola 1999) and in the small
fruits (Hokanson 2001). Linkage maps have been gen-
erated in other woody species (Ritter et al. 1990; Grat-
tapagliaandSederoff 1994;Bradshawet al. 1994;Brad-
shaw and Stattler 1995) and in the small (soft) fruit
crops a few maps exist. In the diploid strawberry (Fra-
garia vesca) and diploid blueberry (Vaccinium spp.)
445 cM and 950 cM or 1,288 cM long linkage maps
based on RAPD markers have been constructed (Row-
land and Levi 1994; Davis and Yu 1997; Qu and Han-
cock 1997). Maps of other Rosaceous crops include
Prunus maps (Dirlewanger et al. 1997, 1998; Joobeur
et al. 1998, Ballester 2000; Joobeur et al. 2000; Dettori
et al. 2001; Aranzana et al. 2003), apple (Hemmat et al.
1994; Maliepaard et al. 1998; Liebhard et al. 2003). Re-
sources are being developed in strawberry to enhance
maps based on RAPD markers (Sargent et al. 2003;
Graham 2005). The first genetic linkage of raspberry
has recently been constructed (Graham et al. 2004b).
This 789 cM genetic linkage map was constructed util-
ising a cross between the phenotypically diverse Eu-
ropean red raspberry cultivar Glen Moy and the North
American cultivar Latham. SSR markers were devel-
oped from both genomic and cDNA libraries from
Glen Moy. These SSRs, together with AFLP markers,
were utilised to create a linkage map. An enhanced
with further SSR and EST-SSR and gene markers has
recently been completed (Graham et al. 2006).

9.3
Gene Mapping

Mapping in raspberry is at an early stage. Prelim-
inary work is underway to map genes underlying
a number of commercially important traits. Gene H
in raspberry has recently been mapped to Group 2 of
the raspberry map (Graham et al. 2006). Raspberry

breeders in general have limited resources and rarely
include a primary screen for fungal diseases. It has
been reported that some disease resistances are as-
sociated with distinctive morphological traits, most
notable cane pubescence (fine hairs). Pubescence is
determined by gene H (genotype HH or Hh), the re-
cessive allele of which gives glabrous canes (geno-
type hh). Gene H is rarely homozygous because it is
linked with a lethal recessive gene (Jennings 1988).
Raspberry cultivars and selections with fine hairs
(pubescent canes) are more resistant to cane botrytis
(Botrytis cinerea), cane blight (Leptosphaeria conio-
thyrium) and spur blight (Didymella applanata) than
non-hairy ones (Knight and Keep 1958; Jennings and
Brydon 1989) but more susceptible to cane spot (Elsi-
noe veneta), powdery mildew (Sphaerotheca macu-
laris) andyellowrust (Phragmidiumrubi-idaei) (Keep
1968, 1976; Anthony et al 1986; Jennings and McGre-
gor 1988; Williamson and Jennings 1992). How Gene
H has the large increase or decrease in disease resis-
tance has not been determined. It has been suggested
that it is due to linkage with major resistance genes or
minor gene complexes that independently contribute
to the resistance or susceptibilities of the six diseases
affected. An alternative explanation is that the gene it-
self is responsible through pleiotrophic effects on each
of the resistances (Williamson and Jennings 1992).
This gene has now been mapped and further map-
ping of the disease resistance genes is underway (Gra-
ham et al. 2006). Other work underway is aimed at
identifying the gene(s) responsible for resistance to
raspberry root rot (Graham and Smith 2002). Two re-
gions on two linkage groups have been identified and
further research aimed at confirming these in a sec-
ond population through glasshouse and field trials is
underway (Graham, Smith and Tierney unpublished
data). Efforts to map aphid resistance by anchoring
data marker data from appropriate segregating popu-
lations to the published raspberry maps are underway
(Sargent, Knight Personal Communication).

9.4
Analysis of Quantitative Trait Loci

Preliminary quantitative trait loci (QTL) mapping has
been carried out in raspberry using the recently de-
veloped genetic linkage map (Graham et al. 2004b,
2006). Morphological data based on the segregation of
cane spininess, and root sucker density and diameter
were quantified in two different environments. Breed-
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ing for spinelessness is a major concern for breeders
and there are several major genes that confer this trait
(Jennings and Ingram 1983; Jennings 1988). The map-
ping parents differ for spine morphology with Glen
Moy having a spine-free phenotype (being homozy-
gous for gene s (Jennings 1988), whereas Latham is
a densely spiny cultivar, the genetics of which has not
been determined. The progeny generated from the
cross were all spiny, though the extent of spines var-
ied continuously from a very sparsely spiny cane to
the densely spiny phenotype of the Latham parent.
From the phenotypic data it was proposed that two or
more genes are involved. This was supported by the
mapping data where a number of markers were iden-
tified, linked to the spiny phenotypes. These markers
mapped onto linkage group 2, and there appeared to
be two linked regions within this group accounting
for 98% of the variation.

Large differences exist in the extent of root sucker
production in cultivated raspberries. Control mea-
sures based on the chemical burning of early canes
produced from suckers are required in commercial
plantations to optimise fruit yield (Jennings personal
communication). Roots of red raspberry have adven-
titious buds, which develop on most roots. The num-
ber, density and distance from the mother plant of the
root suckers varies between genotypes. Only a pro-
portion of the buds normally develop into suckers.
Knight and Keep (1960) have shown that the ability to
produce suckers in red raspberry is determined by the
recessive gene skI or by the complementary genes sk2

and sk3. Interestingly, and probably not surprisingly,
the measurements of density and spread map to the
same linkage group (group 8), with an overlap in the
location of the QTLs for the two traits (Graham et al.
2004b).

A number of QTLs for fruit quality parameters
have been identified on the raspberry maps and some
candidate genes which underlie these traits have been
identified. For example a QTL for fruit size has been
located (Graham unpublished data) with a vacuolar
H+-ATPase (Martinoia et al. 2000).

9.5
Marker-Assisted Breeding

A number of DNA-based marker systems have been
developed for use in raspberry (Antonius-Klemola
1999; Hokanson 2001; Graham et al. 2002a). Genetic
markers have been used to widely to examine ge-

netic variation within and between Rubus spp. An
M13 bacteriophage probe has been used to examine
different Rubus spp. and a number of red raspberries
(Nybom et al. 1990). A minisatellite probe was used
by Kraft et al. (1996) to demonstrate that fingerprints
of out-crossing species vary considerably compared
to vegetative and apomictic clones. Chloroplast DNA
sequence probes were used by Waugh et al. (1990)
and Howarth et al. (1997) to examine genotypic and
taxonomic relatedness in raspberry. Ribosomal DNA
ITS region has been used to construct a phylogenetic
tree with representatives from 20 species (Alice and
Campbell 1999). RAPD markers have been widely
used to examine the relatedness of raspberry culti-
vars and species (Graham and McNicol 1995; Graham
et al.1997b; Coyner 2000).

Marker-assisted selection is developing into
a powerful tool for plant breeding, through its ability
to select plants with the desired trait(s) accurately
and at an early stage of growth. Rather than screening
for a particular phenotype (trait), a breeder can
screen for a marker tightly linked to the gene of
interest that is identified through the construction of
a linkage map in a population segregating for that
trait. Alternatively, bulked segregant analysis can be
used to identify markers linked to a particular trait,
the position of which can then be determined on
a linkage map (Graham and Smith 2002).

9.6
Map-Based Cloning

Map-based cloning has yet to be carried out in rasp-
berry. Genetic engineering technologies, if they be-
come widely acceptable to customers, could allow
high quality cultivars to be transformed with genes
conferring resistance to a range of pests and diseases
(Watt et al. 1999), thus offering the prospect of re-
duced pesticide application. Recent research in straw-
berry has demonstrated that introduction of the Cow-
pea protease trypsin inhibitor (CpTi) gene resulted
in promising levels of control in glasshouse feeding
trials and field trials against larvae of Otiorhynchus
sulcatus (Graham et al. 1997a, 2002b). Use of gene
transfer technologies to improve resistance to mites,
insects and nematodes would be especially valuable
because of the toxicity of acaricides, insecticides and
nematicides, many of which are likely to be with-
drawn from use in minor crops in the future. Fruit
quality and other stress resistance genes would be
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valuable. However, it is vitally important that these
genetically engineered crops are not toxic or pose
a serious allergenic risk to humans, do not harm
beneficial organisms (e.g., natural enemies of pests,
crop pollinators, soil micro-organisms) or affect the
wider environment. Large-scale ‘risk assessments’ of
genetically engineered crops such as the Farm-Scale
Evaluation of oil seed rape, sugar beet and maize
are currently being undertaken in the UK to en-
sure that, on release, they are environmentally be-
nign.

9.7
Advanced Works

Advanced work for red raspberry is still at an early
stage. A search of the NCBI nucleotide database for
Rubus retrieved only 1,744 sequences a large number
ofwhichwereactually viral sequences. Incomparison,
a similar search for the genus Prunus, also a member
of the Rosaceae family, yielded 325,773 sequences of
which 76,619 originated from Prunus persica (peach).

The number of raspberry sequences is, however,
very likely to increase rapidly as efforts are under way
to generate EST libraries from different tissues and
developmental stages. At the Scottish Crop Research
Institute, cDNA libraries have been generated from
leaves (approximately 6,500 clones), canes (approxi-
mately 8,000 clones) and roots (approximately 7,300
clones) and further libraries will be constructed from
fruit and shoots in the near future (Graham, Smith
and Tierney unpublished data). Bacterial colony fil-
ters derived from the above libraries have been sub-
jected to hybridization screening to identify simple
sequence repeats (SSR) markers and will be partially
sequenced.

A further project aims at the characterization of
bud dormancy in woody perennial plants on a molec-
ular level and generated in total 5,300 ESTs from en-
dodormant (true dormancy) and paradormant (api-
cal dominance) raspberry meristematic bud tissue
(Mazzitelli et al. unpublished data). PCR-products
from these cloned cDNA fragments have been spot-
ted onto glass slides and are currently being used
in microarray experiments to identify genes that
show differential expression. At present, approxi-
mately 380 clones exhibit up or down regulation dur-
ing the endodormancy – paradormany transition.

Large insert genomic libraries (BACS) are inval-
uble tools and a source of genomic DNA for physical

mapping, positional cloning and as a scaffold for
whole genome sequencing. Rubus idaeus is an ideal
candidate for BAC library construction, since it
is diploid (2n = 2x = 14) and has a very small
genome (275 Mbp). Indeed, the genome size of
raspberry is only twice that of the model plant
Arabidopsis, making it highly amenable to complete
physical map construction, and thereby provid-
ing a platform for map-based gene cloning and
comparative mapping with other members of the
Rosaceae.

One of the most challenging steps required for
the construction of plant large-insert genomic li-
braries is the isolation of high molecular weight DNA
(HMW-DNA), either in the form of embedded proto-
plasts ornuclei. Raspberry andother soft-fruit species
have, however, proven recalcitrant to standard ge-
nomic DNA extractions as they contain very high
levels of carbohydrates, particularly polysaccharides,
and polyphenolic compounds. They require heavily
modified methods for ordinary genomic DNA isola-
tions (Woodhead et al. 1998) and the utilization of
activated charcoal in tissue culture to prevent growth
inhibition due to excess polyphenolics released into
the medium (Millan-Mendoza and Graham 1999). To
prepare HMW-DNA suitable for the construction of
BAC libraries we have developed a novel nuclei iso-
lation procedure (Hein et al. 2005). The method is
based on a modified buffer system including 4% (w/v)
PVP-10 described by Peterson et al. (2000) and uti-
lizes a combination of nylon filters and PercollTM

gradients to purify nuclei extracts prior to embed-
ding in agarose plugs. The isolated HMW-DNA is of
high quality and has been used for the construction
of the first publicly available red raspberry BAC li-
brary from the European red raspberry cultivar Glen
Moy, which has also been utilised as a parent for
the first reported genetic linkage map of R. idaeus
basedonacrosswith thephenotypicallydiverseNorth
American cultivar Latham (Graham et al. 2004b).
Currently, the library comprises over 15,000 clones
with an average insert size of approximately 130 kb
(6–7 genome equivalent). Hybridization screening of
the BAC library with chloroplast (rbcL) and mito-
chondrial (nad1) coded genes revealed that contam-
ination of the genomic library with chloroplast and
mitochondrial clones was very low (>1%) (Hein et al.
2004a).

Future work will focus on anchoring the physi-
cal map to the genetic map, which will enable align-
ment of the maps and the identification of genomic
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regions harbouring genes controlling important phe-
notypes. An integrated physical/genetic map will also
allow the extent of synteny or collinearity of the Rubus
genome with other members of the Rosaceae to be de-
termined.

The availability of a detailed genetic linkage map,
together with a deep coverage bacterial artificial
chromosome library, will be of great value in the
identification of the genetic factors that underpin
a wide range of commercial characteristics such
as appearance, genetic resistance, texture and sen-
sory (taste and aroma) attributes of fruit. The es-
tablishment of gene-phenotype relationships will al-
low gene-based selection in breeding and the func-
tional assignment of genes for commercially impor-
tant traits.

References

Alice LA, Campbell CS (1999) Phylogeny of Rubus (Rosaceae)
based on nuclear ribosomal DNA internal transcribed
spacer region sequences. Am J Bot 86:81–97

Anthony VM, Williamson B, Jennings DL, Shattock RC (1986)
Inheritanceof resistance toyellow rust (Phragmidiumrubi-
idaei) in red raspberry. Ann Appl Biol 109:365–374

Antonius-Klemola K (1999) Molecular markers in Rubus
(Rosaceae) research and breeding. J Hort Sci Biotechnol
74:149–160

Aranzaza MJ, Pineda A, Cosson P, Dirlewanger E, Ascasibar J,
Cipriani G, Ryder CD, Testolin R, Abbott A, King GJ, Iezzoni
AF, Arús P (2003) A set of simple-sequence repeat (SSR)
markers covering the Prunus genome. Theor Appl Genet
106:819–825

Bailey LH (1949) Manual of Cultivated Plants. Macmillan, New
York, USA, pp 519–526

Ballester J, Socias I, Company R, Arús P, de Vicente MC (2000)
Genetic mapping of a major gene delaying blooming time
in almond. Plant Breed 120:268–270

Barry N (1995) Extending and consolidating the UK soft fruit
seasonwithFrench tunnels. ProcADAS/HRISoftFruitConf
1995 – New developments in the soft fruit industry. Ash-
ford, Kent, UK, pp 63–68

Bolar JP, Norelli JL, Wong K-W, Hayes CK, Harman GE, Ald-
winckle HS (2000) Expression of endochitinase from Tri-
choderma harzianum in transgenic apple scab and reduces
vigor. Phytopathology 90:72–77

Bradshaw Jr HD, Villar M, Watson BD, Otto KG, Stewart S,
Stettler RF (1994) Molecular genetics of growth and devel-
opment in Populus. III. A genetic linkage map of a hybrid
poplar composed of RFLP, STS and RAPD markers. Theor
Appl Genet 89:167–178

Bradshaw Jr. HD, Stettler RF (1994) Molecular genetics of
growth and development in Populus. IV. Mapping QTLs

with large effects on growth, form and phenology traits in
a forest tree. Genetics 139:963–973

Coyner MR (2000) Assessment of genetic variation using ran-
domly amplified polymorphic DNA in thornless black-
berry varieties. MS Thesis, Univ of Illinois, Urbana-
Champaign, USA

Daubeny H (1996) Brambles. In: Janick J, Moore JN (eds) Fruit
Breeding, Vol ii. Vine and Small Fruits. John Wiley & Sons,
New York, USA, pp 109–190

Davis TM, Yu H (1997) A linkage map of the diploid strawberry
Fragaria vesca. J Hered 88:215–221

Dale A, Moore PP, McNicol RJ, Sjulin TM, Burmistrov LA (1993)
Genetic diversity of red raspberry varieties throughout the
world. J Am Soc Hort Sci 118:119–129

Dettori MT, Quarta R, Verde I. (2001) A peach linkage map
integrating RFLPs, SSRs and RAPDs and morphological
markers. Genome 44:783–790

Dirlewanger E, Pascal T, Zuger C, Kervella J (1997) Analysis of
molecular markers associated with powdery mildew resis-
tance in peach (Prunus persica (L) batch) × Prunus david-
iana. Theor Appl Genet 93:909–919

Dirlewanger E, Pronier V, Parvery R, Rothan C, Guye A, Monet
R (1998) Genetic linkage map of peach (Prunus persica (L.)
Batch) using morphological and molecular markers. Theor
Appl Genet 97:888–895

Dirlewanger E, Graziano E, Joobeur T, Garriga-Caldere F, Cos-
son P, Howad W, Aris P (2004) Comparative mapping and
marker-assisted selection in Rosaceae fruit crops. Proc Natl
Acad Sci USA 101:9891–9896

Deighton, N, Brennan R, Finn C, Davies HV (2000) Antioxidant
properties of domesticated and wild Rubus species. J Sci
Food Agri 80:1307–1313

Gordon SC, Williamson B (1988). Comparison of an air-assisted
cross-flow sprayer with conventional hydraulic sprayer for
thecontrolof raspberryaphidsby fenitrothion.CropProtec
7:106–111

Gordon SC, Woodford JAT, Barrie IA, Grassi A, Zini M, Tuovi-
nen T, Lindqvist I, Höhn H, Schmid K, Breniaux D, Bra-
zier C (2002a) Development of a pan-European monitoring
system to predict emergence of first-generation raspberry
cane midge in raspberry. Acta Hort 587:303–307

Gordon SC, Woodford JAT, Williamson B, Grassi A, Höhn H,
Tuovinen T (2002b) The ‘RACER’ project – A blueprint for
Rubus IPM research.Acta Hort 587:343–348

Graham J, McNicol RJ (1995) An examination of the ability of
RAPD markers to determine the relationships within and
between Rubus species. Theor Appl Genet 90:1128–1132

Graham J, Gordon SC, McNicol RJ (1997a) The effect of the
CpTi gene in strawberry against attack by vine weevil
(Otiorhynchus sulcatus F. Coleoptera, Curculionidae). Ann
Appl Biol 130:133–139

Graham J, Squire GR, Marshall B, Harrison RE (1997b)
Spatially-dependent genetic diversity within and between
colonies of wild raspberry Rubus idaeus detected using
RAPD markers. Mol Ecol 6:272–281



Chapter 9 Raspberry 215

Graham J, Smith K, Woodhead M, Russell J (2002a) Develop-
ment and use of SSR markers in Rubus species. Mol Ecol
Notes 2:250–252

GrahamJ,GordonSC,SmithK,McNicolRJ,McNicol JW(2002b)
The effect of the Cowpea trypsin inhibitor in strawberry
damage by vine weevil under field conditions. J Hort Sci
Biotechnol 77:33–46

Graham J, Smith K (2002) DNA markers for use in raspberry
breeding. Acta Hort 585:51–56

Graham J, Marshall B, Squire G (2003) Genetic differentiation
overaspatial environmentalgradient inwildRubuspidaeus
populations. New Phytol 157:667–675

Graham J, Hein I, Russell J, Woodhead M, Gordon SC, Smith
K, Jorgenson L, Brennan R, Powell W (2004a) The use of
genomics technologies in contemporary Rubus and Ribes
breeding programmes Acta Hort 649:319–322

Graham J, Smith K, MacKenzie K, Jorgenson L, Hackett C, Pow-
ell W (2004b) The construction of a genetic linkage map
of red raspberry (Rubus idaeus subsp. idaeus) based on
AFLPs, genomic-SSR and EST-SSR markers. Theor Appl
Genet 109:740–749

GrahamJ(2005)FragariaStrawberry. In:LitzR(ed)Biotechnol-
ogy of Fruit and Nut Crops. CABI Publishing, Wallingford,
Oxon, UK, pp 455–475

Graham J, Smith K, Tierney I, Mackenzie K, Hackett C (2006)
Mapping gene H controlling cane pubescence in raspberry
and its association with disease resistance Theor Appl
Genet 112:818–831

Grattapaglia D, Sederoff R (1994) Genetic linkage maps of Eu-
calyptus grandis and Eucalyptus urophylla using a pseudo-
testcross: mapping strategy and RAPD markers. Genetics
137:1121–1137

Haskell G (1960) The raspberry wild in Britain. Watsonia
4:238–255

Harrison BD, Murant AF (1996) Nepoviruses: ecology and con-
trol. In: Harrison BD, Murant AF (eds) The Plant Viruses.
Polyhedral Virions and Bipartite RNA Genomes. Plenum
Press, New York, USA, pp 211–228

Hein I, Williamson S, Russel J, Graham J, Brennan R and Powell
W (2004) Development of genomic resources for red rasp-
berry: BAC library construction, analysis and screening.
In: Plant and Animal Genome XII Conf, San Diego, CA,
USA, P 148

Hein I, Williamson S, Russel J, Powell W (2005) Isolation of high
molecular weight DNA suitable for BAC library construc-
tion from woody perennial soft-fruit species. BioTech-
niques 38:69–71

Hemmat M, Weeden NF, Manganaris AG, Lawson DM (1994)
Molecular marker linkage map for apple. J Hered 85:4–11

Hokanson SC (2001) SNiPs, Chips, BACs and YACs: are small
fruits part of the party mix? Hort Sci 36:859–871

Hollingsworth CS, Paschall MJ, Cohen NL, Coli WM (1993)
Support in New England for certification and labelling of
produce grown using integrated pest management. Am J
Alt Agri 8:78–84

Howarth DG, Gardiner DE, Morden CW (1997) Phylogeny of
Rubus subgenus Idaeobatus (Rosaceae) and its implica-
tions towards colonisation of the Hawaiian Islands. Syst
Bot 22:433–441

Hudson JP (1959) Effects of environment on Rubus idaeus L.
I. Morphology and development of the raspberry plant. J
Hort Sci 34:163–169

Jennings DL, McGregor GR (1988) Resistance to cane spot (Elsi-
noe veneta) in red raspberry and its relationship to resis-
tance to yellow rust (Phragmidium rubi-idaei) Euphytica
37:173–180

Jennings DL, Ingram R (1983) Hybrids of Rubus parvifolius
(Nutt.) with raspberry and blackberry, and the inheri-
tance of spinelessness derived from this species. Crop Res
23:95–101

Jennings DL, Brydon E (1989) Further studies on breeding for
resistance to Leptosphaeria coniothyrium in red raspberry
and related species. Ann Appl Biol 115:499–506

Jennings DL (1988) Raspberries and Blackberries: Their Breed-
ing, Diseases and Growth. Academic Press, London, UK

Joobeur T, Viruel MA, de Vicente MC, Jauregui B, Ballester
J, Dettori MT, Verde I, Truco MJ, Messeguer R, Batlle I,
Quarta R, Dirlewanger E, Arús P (1998) Construction of
a saturated linkage map for Prunus using an almond ×
peach F2 progeny. Theor Appl Genet 97:1034–1041

Joobeur T, Periam N, de Vicente MC, King GJ, Arús P (2000) De-
velopment of a second generation linkage map for almond
using RAPD and SSR markers. Genome 43:649–655

Jones AT (1991) The raspberry certification program in the
United Kingdom. In: Ellis MA, Converse RH, Williamson
RN, Williamson B (eds) Compendium of Raspberry and
Blackberry Diseases and Insects. APS Press, St. Paul, Min-
nesota, USA, pp 89–90

Keep E (1968) Incompatibility in Rubus with special reference
to R. idaeus L. Can J Genet Cytol 10:253–262

Knight RL, Keep E (1958) Developments in soft fruit breeding
at East Malling Rept. East Malling, Kent, UK

KnightRL,KeepE (1960)Thegenetics of suckeringand tip root-
ing in the raspberry. In: Report of East Malling Research
Station for 1959, Kent, UK, pp 57–62

Koponen H, Hellqvist S, Lindqvist-Kreuze H, Bang U, Valkonen
JPT (2000) Occurrence of Peronospora sparsa (P. rubi) on
cultivated and wild Rubus species in Finland and Sweden.
Ann Appl Biol 137:107–112

Kraft T, Nybom H, Werlemark G (1996) DNA fingerprint vari-
ation in some blackberry species (Rubus subg. Rubus,
Rosaceae). Plant Syst Evol 199:93–108

Liebhard R, Kellerhals M, Pfammatter W, Jertmini M, Gessler
C (2003) Mapping quantitative physiological traits in apple
(Malus x domestica Borkh). Plant Mol Biol 52:511–526

LoritoM,WooSL, Fernandez IG,ColucciG,HarmanGE,Pintor-
Toro JA, Filippone E, Muccifora S, Lawrence CB, Zoina A,
Scala F (1998) Genes from mycoparasitic fungi as a source
for improving plant resistance to fungal pathogens. Proc
Natl Acad Sci USA 95:7860–7865



216 J. Graham, I. Hein, W. Powell

MacConnell CB, Menzies GW, Murray TA (2002) Integrated pest
management of raspberries. Acta Hort 585:299–302

Maliepaard C, Alston FH, van Arkel G, Brown LM, Chevreau E,
Dunemann F, Sansavini S, Schmidt H, Tartarini S, Verhaegh
JJ, Vrielink-van Ginkel M, King GJ (1998). Aligning male
and female maps of apple (Malus pumila Mill.) using multi-
allelic markers. Theor Appl Genet 97:60–73

Marshall B, Harrison RE, Graham J, McNicol JW, Wright G,
Squire GR (2001) Spatial trends of phenotypic diversity be-
tween colonies of wild raspberry Rubus idaeus. New Phytol
151:671–682

Martinoia E, Massonneau A, Frangne N (2000) Transport pro-
cesses of solutes across the vacuolar membrane in higher
plants. Plant cell Physiol 41:1175–1186

Meesters P, Pitsioudis A (1993) Jaarrondteelt herfstframboos
onder verwarmd glas (deel 2). Fruitteelt 6:8–9

Millan-Mendoza B, Graham J (1999) Organogenesis and mi-
cropropagation in red raspberry using forchlorfenuron
(CPPU). J Hort Sci Biotechnol 74:219–223

Moyer RA, Hummer KE, Finn CE, Frei B, Wrolstad RE (2002)
Anthocyanins, phenolics, and antioxidant capacity in di-
verse small fruits: Vaccinium, Rubus, and Ribes. J Agri Food
Chem 50:519–525

Murant AF (1981) The role of wild plants in the ecology
of nematode-borne viruses. In: Thresh JM (ed) Pests,
Pathogens and Vegetatio. Pitman, London, UK, pp 237–248

Nybom H (1985) Chromosome numbers and reproduction in
Rubus subgen. alachobatus. Plant Syst Evol 152:211–218

Nybom H, Rogstad SH and Schaal BA (1990). Genetic varia-
tion detected by use of the M13 DNA fingerprint probe in
Malus, Prunus and Rubus (Rosaceae). Theor Appl Genet
79:153–156

Peterson DG, Tomkins JP, Frisch DA, Wing RA, Paterson AH
(2000) Construction of plant bacterial artificial chromo-
some (BAC) libraries: an illustrated guide. J Agri Genom
5:1–100

Puska P, Vartiainen E, Korhonen HJ, Kartovaara L, Berg M-
A, Pietinen A, Nissinen P, Tuomilehto J (1990) The North
Karelia Project: results of a major national demonstra-
tion project on CHD prevention in Finland since 1972.
Atherosclerosis Rev 21:109–117

Qu LP, Hancock JF (1997) Randomly amplified polymorphic
DNA-(RAPD-) based genetic linkage map of blueberry
derived from an interspecific cross between diploid Vac-
cinium darrowi and tetraploid V. corymbosum. J Am Soc
Hort Sci 122:69–73

Ritter E, Gebhardt C, Salamini F (1990) Estimation of recombi-
nation frequencies and construction of RFLP linkage maps

in plants from crosses between heterozygous parents. Ge-
netics 125:645–654

Roach FA (1985) Cultivated Fruits of Britain: Their Origin and
History. Blackwell, Oxford, UK

Robertson KR (1974) The genera of Rosaceae in the southeast-
ern United States. J Arnold Arbor 55:352–360

Rowland LJ, Levi A (1994) RAPD-based genetic linkage map of
blueberry derived from a cross between diploid species
(Vaccinium darrowi and V. elliottii). Theor Appl Genet
87:863–868

Sargent DJ, Hadonou AM, Simpson DW (2003) Development
and characterisation of polymorphic microsatellite mark-
ers from Fragaria viridis, a wild diploid strawberry. Mol
Ecol Notes 3:550–552

Sistrunk WA, Moore JN (1983) Quality: In: Moore JN, Janick J
(eds) Methods in Fruit Breeding. Purdue Univ Press, USA,
pp 274–293

Smith VV (2003) The role of certification schemes in integrated
crop management of soft fruit in Scotland. IOBC/wprs Bull
26(2):7–10

Stewart D, Deighton N, Davies HV (2001) Antioxidants in
soft fruit. Report of Scottish Crop Research Institute for
2000/2001, pp 94–98

Taylor CE (1971) The raspberry beetle (Byturus tomentosus)
and its control with alternative chemicals to DDT. Hort
Res11:107–112

Verlinden A (1995) De telt van bramen onder glas in containers-
RILLAAR 1994. Fruitteelt nieuws 8:22–23

Watt K, Graham J, Gordon SC, Woodhead M, McNicol RJ (1999)
Current and future transgenic control strategies to vine
weevil and other insect resistance in strawberry. J Hort Sci
Biotechnol 74:409–421

Waugh R, Van Den Ven WTG, Phillips MS, Powell W
(1990) Chloroplast DNA diversity in the genus Rubus
(Rosaceae) revealed by Southern hybridisation. Plant Syst
Evol 172:65–75

Williamson B, Jennings DL (1992) Resistance to cane and fo-
liar diseases in red raspberry (Rubus idaeus) and related
species. Euphytica 63:59–70

Willmer PG, Hughes JP, Woodford JAT, Gordon SC (1996)
The effects of crop microclimate and associated phys-
iological constraints on the seasonal and diurnal dis-
tribution patterns of raspberry beetle (Byturus tomen-
tosus) on the host plant Rubus idaeus. Ecol Entomol
21:87–97

Woodhead M, Davies HV, Brennan RM, Taylor MA (1998) The
isolationofgenomicDNAfromblackcurrant (Ribesnigrum
L.). Mol Biotechnol 9:243–246




