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1

| ntroduction
V. Valpuesta, Universidad de Malaga

Biotechnology can be seen as an imprecise term since the harnessing of any
biological process could justifiably be called biotechnology. In food processing
it could reasonably be applied to processes as long established as bread making
and brewing. However, the revolution in our understanding of the molecular
mechani sms underlying the processes of life, in particular our understanding of
DNA, has resulted in the potential to manipulate those mechanisms for our
requirements. This new-found knowledge and ability is loosely termed
biotechnology.

There are two main applications of biotechnology to fruit and vegetable
production:

1. asan aid to conventiona breeding programmes
2. its ability to transfer genes between different organisms.

Physiological or morphological traits are governed by genes carried on
chromosomes. The ability to monitor the presence or absence of such genes
in plants is a great aid to plant breeders. This is done through the use of
molecular markers, characteristic DNA sequences or fragments that are closely
linked to the gene or genes in question. Molecular biological methods allowing
the monitoring of such markers in many independent individuals, for example
those arising from a cross between two plant varieties. Thisis a great aid to the
selection process.

The ability to transfer genes means that specific genes can be added to a crop
variety in one step, avoiding all the back-crossing that is normally required,
providing a major saving of time and effort. Furthermore, those genes that are
added need not come from a species that is sexually compatible with the crop in
guestion. Conventional breeding is, of course, limited to the introduction of
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genes from plants of the same species or very near relatives. By employing the
science of genetic engineering, it is possible to bring into a crop plant different
genes from other plants or even bacteria, fungi or animals. Genes are,
simplistically, made up of two parts: the coding region which determines what
the gene product is, and the promoter, a set of instructions specifying where,
when and to what degree a gene is expressed. Coding regions and promoters
from different genes can be spliced together in the laboratory to provide genes
with new and useful properties (recombinant DNA). These foreign or
recombinant genes can then be introduced back into crop plants through the
techniques of plant genetic transformation. The introduced genes integrate into
the plant genome and will be passed on to the offspring in the normal way. In
this way it is possible to enhance existing characteristics and introduce new
attributes into a crop.

This book explores the application of biotechnology in this second area of
fruit and vegetable cultivation and their subsequent use in food processing.
Chapter 2 describes the basic tools and methods of genetic manipulation, from
the selection and isolation of genes to safety issues such as the stability of
transgenes. Part | then considers the range of target properties for genetic
enhancement, starting with two chapters on how biotechnology can improve
quality and productivity in fruit and vegetable cultivation. Chapter 3 looks at the
genetic modification of agronomic traits in fruit crops such as herbicide
resistance, resistance to plant pests and environmental stresses, increasing yield
and fruit quality. Chapter 4 looks in more detail at improving plant defences
against pathogens. A group of three chapters then discusses the enhancement of
traits which affect final product quality. Chapter 5 considers how biotechnology
can help in extending the post-harvest life of fruit and vegetables, an
increasingly important issue given the complexity of modern supply chains.
Chapter 6 reviews the use of molecular genetics to improve food properties such
as nutritional quality and sensory characteristics such as colour and flavour.
Given its importance, Chapter 7 looks in more detail at the nutritiona
enhancement of plant foods.

Part Il includes three case studies on the application of biotechnology to
particular crops. Tomato was the subject of the first commercia release of a
transgenic food product, the Flavt Savr tomato with extended shelf life of the
ripe fruit, and has subsequently been a particular focus for research in this field.
Chapter 8 reviews the range of work. Chapter 9 considers current commercial
devel opments with transgenic potato whilst Chapter 10 reviews work on arange
of other vegetables and fruit from melon and cucumber to cabbage, broccali,
cauliflower and lettuce. Finally, Part 11l looks at the all-important issues of
consumer attitudes and risk assessment, with chapters on these issues and
identifying GMOs in foods.

© 2002 by Woodhead Publishing Ltd.



2

Tools of genetic engineering in plants

J. Pozueta-Romero, Universidad PUblica de Navarra

2.1 Introduction

Transferand expressiorof foreign genesin plant cells, now routine practicein
severalaboratoriesaroundthe world, hasbecomea majortool to carry outgene
expressiorstudiesandto obtainplantvarietiesof potentialagriculturalinterest.
The capacity to introduce and expressdiverse foreign genesin plants, first
described for tobacco in 1984)as been extended to many species. Transgenic
cropssuchastomato,cotton,maize,soybeangtc.,arenow availablefor human
consumptionand by complementingraditional methodsof crop improvement
(andthus becomingan integral part of agriculture),they will havea profound
impacton food production,economicdevelopmenaindon the developmenbf a
sustainableagriculturalsystemduring the 21stcentury.

Although the capacityto introduceand manipulatespecific geneexpression
in plantsprovidesa powerfultool for fundamentatesearchmuchof the support
for planttransformatiorresearcthasbeenprovidedbecaus®f the generatiorof
plantswith usefulandrapidly discerniblephenotypesvhich areunachievabldy
conventionalplant breeding,i.e., resistanceto viruses,insects,herbicides,or
post-harvesteterioratior’.® Plantsuseful for productionof materialsranging
from pharmaceutical§ to biodegradableplastics** have beenobtainedusing
this new technology. Remarkably also, plant biotechnology techniques have
been used to create plants overexpressing genes from human pathogens, the
resulting plants accumulating proteins with immunogenic properties. These
plants have been proved to be effective in causing oral immunization against
diseasessuch as hepatitis B, choleraand rabies® ** which demonstratethe
feasibility of using transgenic plants as expression and delivery systems for oral
vaccines. In this chapte the technta aspets of the stak of the art in plant
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engineering are described. It also identifies technical problems remaining in the
development of systems of plant transformation applicable to crop improvement.

2.2 Selection and isolation of genes

Genetic information is carried in the linear sequence of nucleotides in DNA. Its
expression involves the translation of the linear sequence of specific regions of
DNA existing in the nucleus of the cell (called coding regions or genes) into a
colinear sequence of amino acids (proteins). As an intermediate step, however,
DNA must be copied into a different type of polynucleotide known as
ribonucleic acid (RNA) which retains all the information of the DNA sequence
from which it was copied. Single-stranded RNA molecules are synthesized by a
process known as DNA transcription which is regulated by interactions between
DNA sequences located upstream of the gene (promoters) and proteins
(transcription factors). Thousands of RNA transcripts can be made from the
same DNA segment in a given cell. Many of these RNA molecules undergo
major chemical changes before they leave the nucleus to serve as the messenge
RNA (mRNA) molecules that direct the synthesis of proteins in the cytosol.
Fragments of DNA can be amplified by a process called DNA cloning which
consists in inserting the DNA into a plasmid or a bacterial virus and then
growing these in bacterial (or yeast) cells. Plasmids are small circular molecules
of DNA that occur naturally in bacteria, where they replicate as independent
units. As these bacteria divide, the plasmid also replicates to produce an
enormous number of copies of the cloned DNA fragment. Although restricted
genomic DNA fragments can be cloned to produce genomic libraries, cDNA
libraries are most frequently used to isolate and characterize genes necessary fol
the production of genetically engineered plants. cDNA libraries represent the
information encoded in the mRNA of a particular tissue or organism. mRNA
molecules are exceptionally labile and difficult to amplify in their natural form.
For this reason, the information encoded by the mRNA is converted into a stable
DNA duplex (cDNA) via enzymatic reactions catalyzed by reverse transcriptase
and DNA polymerase |, and then is inserted into a self-replicating plasmid. The
resulting heterogeneous population of cDNA molecules collectively encodes
virtually all of the mRNAs sysnthesized by the cell. Once the information is
available in the form of a cDNA library, individual processed segments of the
original genetic information can be isolated and examined with relative ease.
A representative cDNA library should contain full-length copies of the
original population of mMRNA. cDNA libraries provide a method by which the
transcription and processing of mRNA can be examined and interpreted to
produce models for the flow of information responsible for the fundamental
characteristics of each organism and tissue type. Comprehensive cDNA libraries
can be routinely established from small quantities of mRNA, and a variety of
reliable methods are available to identify cDNA clones corresponding to
extremel rare specia of MRNA. Asthe enzymatt reactiors usel to synthesize
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cDNA have improved, the sizes of cloned cDNAs have increased, and it is often
possible to isolate cloned full-length cDNAs corresponding to large mRNAs.

Screening of recombinant clones for the search of agronomically interesting
genes can be carried out effectively with only two types of reagents: antibodies
and nucleic acid probes. In those instances when both types of reagents are
available, nucleic acid probes are preferred because they can be used under a
variety of different stringencies that minimize the chance of undesired cross-
reactions. Furthermore, nucleic acid probes will detect all clones that contain
cDNA sequences, whereas antibodies will react only with a subset of these
clones (in some cases one in six at best) in which the cDNA has been inserted
into the vector in the correct reading frame and orientation.

The higher the concentration of the sequences of interest in the starting
MRNA, the easier the task of isolating relevant cDNA clones becomes. It is
therefore worthwhile investing some effort to make sure that the richest source
of mMRNA available is being used. Whenever possible, estimates should be
obtained of the frequency with which the mRNA of interest occurs in the starting
preparation. mMRNAs that represent less than 0.5% of the total mMRNA population
of the cell are classified as ‘low-abundance’ mRNAs. Using the protocol to
generate cDNA libraries explained above, the isolation of cDNA clones from
low-abundance mRNAs presents two major problems, first, construction of a
cDNA library whose size is sufficient to ensure that the clone of interest has a
good chance of being represented and secondly, identification and isolation of
the clone(s) of interest. These problems have been overcome by the possibility
of amplifying specific segments of DNA by the polymerase chain reaction
(PCR) which is arin vitro method for the enzymatic synthesis of specific DNA
sequences, using two oligonucleotide primers that specifically hybridize to
oppositestrandsand flank the region of interestin the targetDNA.*® Startng
from minute amounts of DNA, repetitive series of cycles involving template
denaturation, primer annealing, and the extension of the annealed primers by
thermostable DNA polymerase results in the exponential accumulation of a
specific fragmentln vitro amplification systems have the advantage of being
specific, rapid, but above all they allow the detection and amplification of low-
abundance transcripts from total RNAPCR can be also used to produce
probes, DNA sequencing anth vitro generation of mutations in DNA
molecules.

2.3 Transformation and regeneration of plants

Development of procedures in cell biology to regenerate plants from single cells
and the discovery of techniques to transfer and express foreign genes to plant
cells provided the prerequisite for the practical use of genetic engineering in
crop improvement. The essential requirements in a gene transfer system for
production of transgenic plants are the availability of a target tissue having cells
competent for both plant regeneration and transformation, a method to introduce
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DNA into cells, a procedure to select transformed cells and a system to
regenerate plants from the transformed cells at a satisfactory rate.

2.3.1 DNA dédlivery systems

Agrobacterium tumefaciens

This bacterium is a natural transformer of somatic host cells of plants into
tumorous crown gall cells. Its ability to transform cells with a piece of DNA was
exploited by plant biologists, and nofgrobacterium plays a prominent role in
transgenesis of plants. This natural gene transfer system is highly efficient,
frequently yielding transformants containing single copies of the transferred
DNA which have a relatively uncomplicated integration pattern compared with
other transformation procedures.

Its utility was developed from the understanding of the molecular basis of the
crown gall disease, namely, the transfer of DNA from the bacterium to the plant
nuclear genome during the tumor-formation process. Only a small discrete
portion of the ca. 200 kbp tumor-inducing plasmid (Ti) existing in the bacterium
is transferred to the plant genome. The transferred DNA, now familiarly referred
to as T-DNA, is surrounded by two 25-bp imperfect direct repeats and contains
oncogenes encoding enzymes for the synthesis of the plant growth regulators
auxin and cytokinin and for the synthesis of novel amino acid derivates called
opines. The DNA transfer is mediated by a set of bacterial proteins encoded by
genes\ir genes) existing in the Ti-plasmid, which become induced by phenolic
compounds released upon wounding of the plant tissue. The key aspect in regard
to gene transfer is that none of the T-DNA genes are involved in the transfer
process and therefore, any or all of these genes can be removed, mutated, or
replaced by other genes, and the T-DNA region can still be transferred to the
plant genome.

Direct gene transfer

For some time there was good reason to believeAgetbacterium tumefaciens

was the vector system with the capacity for gene transfer to any plant species
and variety. As this was not the case, numerous alternative approaches of ‘direct
gene transfer’ have been tested. Most methods of direct gene transfer, such as
the introduction of DNA via electroporatior,*° PEG-mediated DNA
uptake®®~* protoplastfusion with liposomescontainingDNA,? biolistics™® or
microinjection®® require the regenerationof plants from protoplasts. The
recalcitrance of many plant species for efficient regeneration from protoplasts,
elaborate protocols and prolonged tissue culture phases, are a disadvantage
Other methods for direct gene transfer in which DNA is introduced directly into
tissueor whole plant$>~° do not requireprotoplasts.

Biolistics, or acceleration of heavy microparticles coated with DNA, has been
developed into a technique that carries genes into virtually every type of cell and
tissue. Without too much manual effort, this approach has advantages such as
easy handling, regeneration of multiple transformants in one shot and utilization
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of a broad spectrum of target cells, i.e., pollen, cultured cells, meristematic cells,
etc. Using this technique, a number of transgenic crops have been produced.
Remarkably some of them correspond to recalcitrant species not readily
amenableo infection by Agrobacterium suchas oat>° sugarcané! maize®?—3
wheat>*°barley® cotton>’ banana’® andsoybeart’ It is not unreasonabléo

expect that additional major crops will be engineered using this technology.
However, although biolistics has impacted significantly on agricultural
biotechnology, it is certainly not a panacea. This technique is inefficient in
yielding stable integrative events and most of the transformation events are
transient. This makes recovery of large numbers of independently derived
transformation events labor intensive and expensive.

Electroporation is one of several standard techniques for routine and efficient
transformationof plants from protoplasts-”“*°~* This techniquerefersto the
process of applying a high-intensity electric field to reversibly permeabilize
bilipid membranes and it may be applicable to all cell types. Discharge of a
capacitor across cell populations leads to transient openings in the plasmalemma
which facilitates entry of DNA molecules into cells if the DNA is in direct
contact with the membrane. Transgenic plants recovered using this technique
contain from one to few copies of the transfected DNA, which is generally
inherited in a Mendelian fashion.

2.3.2 The sdection and analysis of transfor mants

Using eitherAgrobacterium or direct gene transfer systems, it is now possible to
introduce DNA into virtually any regenerable plant cell type. However, only a
minor fraction of the treated cells become transgenic while the majority of the
cells remain untransformed. It is therefore essential to detect or select
transformed cells among a large excess of untransformed cells, and to establish
regeneration conditions allowing recovery of intact plants derived from single
transformed cells.

Selectable genes
Selectable marker genes are essential for the introduction of agronomically
important genes into important crop plants. The agronomic gene(s) of interest
are invariably cointroduced with selectable marker genes and only cells that
contain and express the selectable marker gene will survive the selective
pressure imposed in the laboratory. Plants regenerated from the surviving cells
will contain the selectable marker joined to the agronomic gene of interest.
The selection of transgenic plant cells has traditionally been accomplished by
the introduction of an antibiotic or herbicide-resistant gene, enabling the
transgenic cells to be selected on media containing the corresponding toxic
compound. The antibiotics and herbicides selective agents are used only in the
laboratory in the initial stages of the genetic modification process to select
individual cells containing genes coding for agronomic traits of interest. The
selective agents are not applied after the regeneration of whole plants from those
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cells nor during the subsequent growth of the crop in the field. Therefore, these
plants and all subsequent plants and plant products will neither have been
exposed to, nor contain the selective agent.

By far, the most widely used selectable gene is the neomycin phospho-
transferasdl (NPTII) gené? which confersresistanceo the aminoglycoside
antibiotics kanamycin,neomycin, paromomycinand G-418**~* A numberof
otherselectivesystemshasbeendevelopedhasedon resistancéo bleomycin?®
bromoxynil** chloramphenicof,” 2,4-dichlorophenoxy-aceticacid;*®
glyphosaté'® hygromycin?® or phosphinothricirt*

The increasing knowledge of modes of action of herbicides, and rapid
progress in molecular genetics have led to the identification, isolation and
modification of numerous genes encoding the target proteins for herbicides.
Engineering herbicide tolerance into crops has proved useful not only as a
selection system, but also as a valuable trait for commercial agriculture. To be
useful in agriculture, herbicides must distinguish between crop plant and weed.
Although they are designed to affect significant processes in plants such as
photosynthesis and amino-acid biosynthesis, these processes are common tc
both crops and weeds. Consequently, at present, selectivity is based on
differential herbicide uptake between weed and crop, or controlled timing and
site of application of the herbicide by the crop plant. As to the different
strategies employed to introduce herbicide tolerance in crops, the overexpression
or modificationof the biochemicatargetof the herbicidé?*anddetoxification-
degradatiorof the herbicidebeforeit reacheghe biochemicaltargef*®arethe
general routes by which this trait is engineered in plants.

Reporter genes

Reporter genes are ‘scoreable’ markers which are useful for screening and
labeling of transformed cells as well as for the investigation of transcriptional
regulation of gene expression. Furthermore, reporter genes provide valuable
tools to identify genetic modifications. They do not facilitate survival of
transformed cells under particular laboratory conditions but rather, they
identify or tag transformed cells. They are particularly important where the
genetically modified plants cannot be regenerated from single cells and direct
selection is not feasible or effective. They can also be important in quantifying
both transformation efficiency and gene expression in transformants. The
reporter gene should show low background activity in plants, should not have
any detrimental effects on plant metabolism and should come with an assay
system that is quantitative, sensitive, versatile, simple to carry out and
inexpensive.

The gene encoding for the enzymeéglucuronidase,GUS, has been
developedas a reporter systemfor the transformationof plants>’~® The -
glucuronidase enzyme is a hydrolase that catalyzes the cleavage of a wide
variety of -glucuronides, many of which are available commercially as
spectrophotometric, fluorometric and histochemical substrates. There are several
useful features oGUS which make it a superior reporter gene for plant studies.
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Firstly, many plants assayed to date lack detect@lS activity, providing a
null background in which to assay chimaeric gene expression. Secondly,
glucuronidase is easily, sensitively and cheaply assayedibettro andin situ
in gels and is robust enough to withstand fixation, enabling histochemical
localization in cells and tissue sections. Thirdly, the enzyme tolerates large
amino-terminal additions, enabling the construction of translational fusions.

The gene encoding firefly luciferase has proven to be highly effective as a
reporter because the assay of enzyme activity is extremely sensitive, rapid, easy
to performandrelatively inexpensive’? Light productionby luciferasehasthe
highest quantum efficiency known of any chemiluminescent reaction.
Additionally, luciferase is a monomeric protein that does not require post-
translationalprocessingor enzymaticactivity.®°

The use of green fluorescent protein (GFP) from the jellyfidguorea
victoria to label plant cells has become an important reporter molecule for
monitoring gene expression vivo, in situ and in real time. GFP emits green light
when excited with UV light. Unlike other reporters, GFP does not require any
other proteins, substrates or cofactors. GFP is stable, species-independent and car
be monitored noninvasively in living cells. It allows direct imaging of the
fluorescent gene product in living cells without the need for prolonged and lethal
histochemical staining procedures. In addition, GFP expression can be scored
easily using a long-wave UV lamp if high levels of fluorescence intensity can be
maintained in transformed plants. Another advantage of GFP is that it is
relatively small (26 kDa) and can tolerate both N- and C-terminal protein fusions,
lending itself to studies of protein localization and intracellular protein
trafficking.®* It hasbeenreportedthat high levels of GFP expresioncould be
toxic to plant growth and developmenf? Solution to this problem comesfrom
the utilization of GFP mutant genes. Among the various GFP mutations, the S65T
(replacement of the serine in position 65 with a threonine) is one of the brightest
chromophores characterized by its faster formation and greater resistance to
photobleaching than wild-type GFP photobleaching. Furthermore, this mutant is
characterized by having a single excitation peak ideal for fluorescin
isothiocyanatdilter set§* andalsoby its harmlessactionto the plant cell.®*

2.3.3 Plant regeneration systems

The introduction of foreign genes by genetic engineering techniques as a means
of plant improvement requires the development of an efficient regeneration
system for the desired plant species. Such a system must be rapid, reliable and
applicable to a broad range of genotypes. Until the early 1980s, efficient
regeneration of plants from cultured cells and tissues of most of the important
food crops had proven to be very difficult. The problem was solved by the
culture of explants from immature tissues, which retain their morphogenetic
potential, on nutrient media containing potent plant-growth regulators.
Developmenbf the leaf disk transformatiorsystemby Horschandcolleague®

and the use of regenerable embryogenic cell cultures (so-called because they
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form somatic embryos) represented a technological breakthrough allowing
almost routine transfer of foreign genetic material into a number of recalcitrant
plant species. These techniques overcame many of the problems inherent in the
protoplast transformation systems, particularly the extended culture period
required and the limited regeneration of plants from protoplasts. However, the
lack of efficient tissue culture systems generally applicable to agriculturally
important crops is a major obstacle in the application of genetic engineering
technology.

In tissue culture systems, it is important that a large numbemofitro
culturable cells are accessible to the gene transfer treatment and they retain the
capacity for regeneration of fertile plants during gene transfer and selection
treatments. In some circumstances, especially in the design of gene transfer
programs to produce desired commercial traits into elite vegetatively propagated
cultivars, the need to avoid undesirable random genetic variation (somaclonal
variatior’®) becomeshe overridingconsideratiorin the choiceof tissueculture
system. Minimizing the phase of tissue culture leading to the adventitious
regeneration of plants is a factor favorably contributing to reduce the risk of
somaclonal variation and morphological abnormality. This goal has been
approached in several crops by particle bombardment into meristematic tissues,
shootproliferationandscreeningor transformedsexualprogeny®’ Thelimiting
factors remain the ability to prepare the explants, transfer genes into regenerable
cells, and select or screen for transformants at an efficiency sufficient for
practical use in crop improvement.

2.4 Stability of the transgenes

Desirable new phenotypes created by genetic engineering of plants are
frequently unstable following propagation, leading to a loss of the newly
acquiredtraits®® This geneticinstability is due not to mutationor loss of the
transgene but rather to its inactivation. A widely accepted factor causing the
variation in transgene expression is the difference in genomic integration sites
(position effects). Chromosomal regions with distinct levels of transcriptional
activity, adjacent enhancers, or silencing elements may differentially influence
the expression of the transgene. Besides the integration site, the copy number of
the transgen®'° and its configuratioi® may induce gene silencing. As
proposedby Finneganand McElroy,°® transgenenactivationis a consequence

of events including chromatin restructuring, DNA methylation and the inhibition

of MRNA processing, transport, export or translation. Silencing phenoma may
also result from the introduction of transgenes expressed under the control of
strong promoters. It may affect the expression of the transgene alone, leading to
a plant devoid of its original interest. Silencing may also affect the expression of
homologous host genes, a phenomenon referred to as co-supression that car
have dramatic consequences for the survival of the plant if it involves a
housekeeping gene or a defence-related gene. Therefore, the limiting process in
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the application of plant transformation to biotechnology is generally not the
production of transformants but the screening required to eliminate
transformants with collateral genetic damage or silenced transgene expression
that would interfere with meaningful physiological analysis or commercial use.

2.5 Environmental risk assessment

Despite the scientific advantages made in crop improvement, the com-
mercialization of genetically engineered plants has been slowed by public
concerns on the issue of the environmental safety of genetically engineered
organisms. The assumption underlying regulations is that all transgenic plants
are potentially hazardous because of the gene transfer method(s) used. However,
as public experience and understanding of plant transformation increase, it is
hoped that regulatory process to assess environmental risk will focus on
products of the transgene expression rather than on the method of gene transfer.
Regulatory agencies and commercial interests are concerned about the environ-
mental impact, distribution uncertainty, and public perception of widespread
release of organisms expressing genes that confer resistance to antibiotics or
herbicides. Although products of expression of such genes are not necessarily
harmful’® theseconcernsanbealleviatedby removingselectiormarkersfrom the
host genome. Selectable markers can be eliminated by a Cre/Lox site-specific
recombinatior’> However, to suggestthat it shouldbe usedto removemarker
genes is to fail to appreciate the implications of applying the method to
agronomically important crops. For vegetatively propagated crops, the Cre/Lox
system would be particularly cumbersome since the necessary sexual crosses and
seed production scramble the elite genome. Therefore, if regulatory agencies
decided that selectable markers should be removed, crops such as potato, apple and
strawberry would be much more difficult to improve using plant biotechnology.
Selectable marker genes not only are essential to those constructing
genetically modified plants but also are useful to plant breeders, legislative
bodies, and monitoring agencies. Plant breeders can use selectable markers to
identify progeny of crosses which contain the gene of agronomic interest
because the two are linked. This saves the breeder having to assay the gene of
commercial interest by more complex and expensive methods such as Southern
and PCR analyses based on the utilization of specific probes and primers. Very
importantly, selectable markers can be used by breeders, and by regulatory and
monitoring agencies to distinguish transgenic from non-transgenic plants by a
simple test which does not involve advanced molecular biology.

2.6 Futuretrends

Methods for DNA delivery into plant cells are now sufficiently developed to
allow transformation of essentially any plant species in which regenerable cell
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can be identified. However, what currently limits the practical transformation of
many plant species is the combination of high frequency of undesired genetic
damage or unpredictable transgene expression with low frequency of
transformation. These problems necessitate expensive large-scale transformatior
and screening programs to produce useful transformants.

26.1 Gene targeting

In plants there is a preference for random integration of the introduced DNA,
which frequently leads to the accidental inactivation of important genes and to
variable and unpredictable expression of the transgene itself. In some plants,
over 90% of T-DNA insertions may disrupt transcriptional units leading to
transformantswith visible mutant phenotypes? Theseobservationsfogether

with the silencing phenomena described above, sound an alarm for direct
production of improved cultivars in highly selected crops, where most
phenotypic changes from random mutations are likely to be adverse. Therefore,
there is an urgent need to develop techniques for the directed integration of
transgenes at specific locations in the genome.

Homologous genetic recombination is the transfer of genetic information
between regions of similar sequence composition. Gene targeting, that is the
directed integration of introduced DNA into the genome via homologous
recombination, can be a valuable tool to solve the problems of genetic damage
and gene silencing in genetically engineered plants. As an alternative tool to
antisense strategies, gene targeting can be also a valuable tool in both
fundamental and applied research to down-regulate gene expression by reverse
genetics approaches. Nevertheless, the main route used by somatic plant cells for
integration of transgenes is via non-homologous recombination, irrespective of
the transformationprocedureusedfor the introduction of the genes’>~ The
efficiency of homologousrecombinationis in the range of 103 to 10°
compared with non-homologous recombination. In contrast to the case of
mammalian cells in which several factors have been shown to influence
homologous recombination frequencie®2° factors such as vector type,
homology and isogenicity of the delivered DNA, do not affect gene targeting
in plants. However, analysis of the recombination enzymes and mechanisms
operating in plant cells, and their possibly different prevalence in different cell
types, will hopefully shed more light on the different recombination events that
take placein plants®

Knowledge of the enzymes participating in recombination reactions may
favorably contribute to the development of strategies for gene targeting. Most of
such enzymes have been purified directly or have been identified through the
molecular analysis of recombination mutantsHncoli andS. cerevisiae. In E.
coli the RecA single-stranded DNA binding protein plays a key role in
homologous recombination. Remarkably, a plant homolog oftheoli recA
gene has been isolated froArabidopsis thaliana on the basis of sequence
conservatiof? In yeast,Rad51hasa role in recombinationatrepair of DSBs
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whereas Dmcl has a function in DSB repair and formation of synaptonemal
complexes. Recently, in lilyL{lium longiflorum), as well as inArabidopsis
thaliana, plant homologs of the yeast Dmcl and Rad51 proteins were
identified®3~> Further progressin plant recombinationis envisagedby the
isolation of interesting mutants with altered recombinational behavior.

In plants, homologous recombination is performed in tissues or cells that are
highly competent for non-homologous recombination, which is not necessarily
the best choice. It would also be very interesting to test the capacity of meiotic
or meristematic cells for homologous recombination of foreign DNA in plants.

2.6.2 Transformation of recalcitrant species

Cereals, legumes, and woody plants are commonly categorized as recalcitrant to
transformation. However, the hypothesis that some plants lack the biological

capacity to respond to essential triggers for integrative transformation, or have

cellular mechanisms preventing integrative transformation, can effectively be

rejected. Broadly applicable selection methods are well established and the key
to transform recalcitrant species appears to be the development of methods to
expose many regenerable cells to nondestructive gene transfer treatments.

Knowledge of the relative susceptibility of different cells and tissues to
transformation byAgrobacterium tumefaciens, would be helpful in devising
strategies for transformation experiments for recalcitrant plant species. Although
we know much about the contribution of the bacterium, we know little about its
interaction with the plant cell and about the events surrounding gene transfer. It
is known thatAgrobacterium DNA transfer is highly regulated and is triggered
only in the presence of susceptible cells of the plant host. However, does
Agrobacterium select between cell types? What features determine favored cells
for gene transfer? Are there physiological requirements for efficient T-DNA
integration? Can wound response of recalcitrant plant species efficiently induce
the expression ofir genes existing in the Ti plasmid @fgrobacterium?

A clear understanding of the factors determining the amenability of the
transformed cells for regeneration will also favorably contribute to overcome the
problem of transforming recalcitrant species. Despite a vast lore of information
on hormonal control, largely arrived at through trial and error, knowledge of the
fundamental biology underlying induction of plant regeneration and
organogenesis remains scanty. For example, gene expression associated with
organ-specific inductive events is poorly characterized and the mechanism(s) by
which growth factors such as auxins and cytokinins act to induce organogenesis
is still a mystery. In a developmental perspective, it has been suggested that
plant tissues are composed of cell populations with different states of
developmentalcompetenc&® Although this implies that cells belonging to
different populations have different fates, the major issue remains as to the
molecular characterization of the different developmental states of the cell and
the determination of organogenic ‘markers’. Additionally, what makes a cell
competent for dedifferentiation, proliferation and regeneration?
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Protocols aimed to avoid long tissue culture- and hormone-dependent
regeneration processes have been developed which are based on the natura
capability of plants for spontaneous regeneration. These protocols, which are
characterized by the requirement of a limited number of plant manipulations,
proved to be successful for the stable transformation of plants acting as
importantmodel systemsin fundamentalresearch(ie. Arabidopsis thaliana,®’
andfor the transformatiorof cropssuchastomato®® Theseprotocolsshouldbe
applicable for the genetic engineering of recalcitrant plant species such as bell
pepperwheretransformatiorf® Y hasbeenlimited becausef the difficulties
of developing an efficient and universal plant regeneration system. The
regeneration of bell pepper has been performed using empirically determined
combinationsof growth regulators’>~® However, protocols for spontaneous
plant regeneration have been applied to different cultivars of bell pepper which
proved to be efficient’’™® Some of these protocols, combined with
Agrobacterium tumefaciens mediated gene transfer and selection, have been
shown to be effective in regenerating stable transformed plants of tomato and
they are also promising tools to transform bell pepper.

2.6.3 More ‘friendly’ selectable markers: the positive selection method

In some instances there are disadvantages in using antibiotic or herbicide
resistant genes in a selection system, such as toxicity or allergenicity of the gene
product and interferencewith antibiotic treatment’>*° Other problemsare

linked to the capacity for cross-fertilization of some domestic crop species with
wild varieties. Oat, for instance, is cross-fertile with wild oat species and
transference of phosphinothricin resistance from transgenic oat to weedy wild
oatshasbeenreported®® The concernsare that phosphinothricin-resistantild

oat would eliminate control of wild oats using phosphinothricin and compromise
the usefulnesof transgeniccrops resistantto this herbicidesuch as wheat>*
Therefore, the use and release of selectable genes into the environment has beel
the cause of concern among environmental authorities. While many of such
concernamay prove unfounded®! they may neverthelesseadto governmental
restrictions on the use of selectable genes in transgenic plants, and it is therefore
desirable to develop new selection methods.

In contrast to the traditional selection where the transgenic cells acquire the
ability to survive on selective media while the non-transgenic cells are killed
(negative selection), the positive selection method, first developed by Joersbo
and Okkels!%? favorsregeneratiorand growth of the transgeniacells while the
non-transgenic cells are starved but not killed. The positive selection method
exploits the fact that cytokinin must be added to plant explants in order to obtain
optimal shoot regeneration rates. By adding cytokinin as an inactive glucuronide
derivate, cells which have acquired t8&S gene by transformation are able to
convert the cytokinin glucuronide to active cytokinin while untransformed cells
are arrested in development. In this systgByS serves the dual purpose of
being both a selectable and screenable marker gene. Another interesting systen
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of positive selection uses the xylose isomerase gene fimarmo-
anaerobacterium thermosulforogenas as a selectable gene, which expression
allows effective selection of transgenic plan cells using D-xylose as the selection
agent:®® The transformationfrequenciesobtainedby positive selectionappear

to be higher than using the negative selection method. This could be related to
the fact that during negative selection the majority of the cells in the explants
die. Such dying cells may release toxic substances which in turn may impair
regeneration of the transformed cells. In addition, dying cells may form a barrier
between the medium and the transgenic cells preventing uptake of essential
nutrients.

2.6.4 Use of more appropriate promoters

Silencing phenomena may result from the introduction of transgenes expressed
under the control of strong promoters. The most commonly used promoter has
been the constitutiv&85S-CaMV promoter which has been used to engineer
herbicide- and pathogen-resistant plants. In many instances however, the
efficient manipulation of other agronomically or commercially interesting traits
would require the expression of the transgene in a predictable and suitable
manner which, in turn, would avoid undesired genetic damage and unpredictable
transgene expression. In this context, inducible promoters provide an ideal tool
to express heterologous genes. However, use of these promoters is limited
because the naturally occurring levels of signal molecules may vary according to
the environmental and developmental factors. Furthermore, these signals
generally alter the expression of many endogenous genes. To circumvent these
problems, the production of synthetic promoters responding to chemical

inducerswould be of greatvalue®*

2.7 Sources of further information and advice

Development of plant transformation systems and their potential application are
topics comprehensiveladdressedn excellentreviews>81105-6 to which the
reader is referred for background information. For further details about
molecular aspects on T-DNA transfer, readers are referred to several excellent
reviews'?""® For thoseinterestedn Agrobacterium-basedvectorsavailablefor

DNA transfer to plant cells, numerous useful methodologies have been
reported-°°~1°
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Genetic modification of agronomic traits
in fruit crops

L. Baldoni and E. Rugini, IR Miglioramento Genetico Piante
Foraggere CNR, Perugia

3.1 Introduction
The genetic improvement of fruit crops has a range of objectives, including:

» selecting cultivars or rootstocks which tolerate biotic and abiotic stresses,
allowing reduced pesticide use and controlling damage from, for example,
plant diseases and pests, frost or drought

» reducing the size and altering the shape (apical dominance) of the plant in
order to increase orchard plant density, lower harvesting and pruning costs,
shorten the unproductive period and improve radiation of the canopy

» selecting self-fertile genotypes, both to eliminate pollinators in the orchards
which, in some cases, do not produce marketable fruit, and to maintain a
more consistent yield over time

» achieving simultaneous fruit ripening for mechanical harvesting, supplying
cultivars with a different ripening season

» selecting genotypes with higher nutritional value of the fruit (sugar, ail,
vitamins, functional components such as flavonoids)

» improving the organoleptic qualities and shelf-life of fruits.

In meeting these and other objectives, conventional genetic improvement of most
species of fruit crops faces arange of obstacles. These include the long juvenility
period of some species, seedlessness, frequent inter- and intra-species incompati-
bility, high heterozygosity, sterility and the presence of specific traits only inwild
species. These characteristics make conventional breeding techniques difficult,
expensive and time consuming (Mehlenbacher 1995). Common techniques used
to reduce juvenility, for example, such as grafting scions on adult plants, are not
always effective in all species. This explains why some fruit crops have been
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improved almost exclusively with clonal selection, using variability from spon-
taneous mutations or selecting plants derived from natural hybrydisation. Recent
developments, such as induced mutations by ionising irradiation, have given few
promising results both for cultivars and rootstocks, as in the example of olive,
amond and cherry. However, few of these mutations have been commercialised,
partly because stable mutations and significant improvement are rare.

Recent molecular and biotechnological approaches such as somaclonal
variation or gene transformation, which are the main subject of this chapter,
offer an attractive alternative to conventional genetic improvement, since they
make possible a greater range of improvements to commercial varieties in a
relatively short period of time with minimum or no change to other
characteristics. Protoplast technology in fruit crops, for example, provides the
potential for making significant changes to varieties, since it can be used for:

1. somatic hybridisation: fusion of cells belonging to different species or
genera not sexually compatible, both in making symmetric and asymmetric
hybrids (cybrids) to create stable new variations;

2. transferring alien genes by the technique of recombinant DNA:

(@) co-cultivation protoplasts with Agrobacterium

(b) direct DNA uptake with fusogen agents or by electroporation
(c) fusion of bacteria spheroplasts with protoplasts, and

(d) uptake of liposome carrying DNA into protoplasts;

3. selection by selective agents (toxin, culture filtrate of pathogens, and
others).

In particular, cybrids may make a good impact on genetic improvement since
some important characteristics are governed by organelle genome. Among fruit
crops, cybrids are reported almost exclusively in Citrus spp by several authors
(Vardi and Galum 1988; Grosser et al. 1996; Saito et al. 1993). Studies on
inheritance of organelle genomes in citrus somatic hybrids have been carried out
by Moreira et al. (2000). Somatic hybrids have been obtained between species of
Citrus (Moriguchi et al. 1997; Gou and Deng 2001) and from different genera
(Motumura et al. 1995). Hybrids have been used to improve rootstocks to control
tree size (Gmitter et al. 1992; Moriguchi et al. 1997; Deng et al. 1992); improve
resistance to diseases (Deng et al. 1995); and to improve the scion (Grosser et al.
1998) to strengthen resistance to viruses, nematodes and Phytophthora, aswell as
confer cold hardiness, drought and salt resistance (Louzada et al. 1992; Guo and
Deng 2001). Using direct gene transfer to protoplasts, transgenic plants have
adready been recovered from Citrus sinensis (Kobayashi and Uchimiya 1989;
Vardi et al. 1990) and strawberry (Nyman and Wallin 1992).

3.2 Somaclonal variation

This technique has been described in detail by Larkin and Scowcroft (1981) and
specificaly in fruit crops by Hammerschlag (1992). It arises when plant explants
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are subjected to atissue culture cycle. The cycle includes establishment of a de-
differentiated cell or tissue culture under defined conditions and the subsequent
regeneration of plants. Variation at cellular level occurs either in cells before
explant excision or during the tissue culture cycle (Skirvin 1978; Jain 2001;
Remotti 1998; Rami and Raina 2000). The degree of variation depends on many
factors, including:

« the origin of the explant used (organ, age, genotype) (Murashige 1974;
D’ Amato 1975; Barbier and Dulieu 1980)

» thetimethat cells or tissues are maintained in vitro (Barbier and Dulieu 1980)

» the time and intensity of the mutagenic agents used (Burk and Matzinger
1976)

Reduction of somaclonal variation is achieved by using appropriate culture
media and by shortening subculture intervals. Somaclonal variation can be 10,000
times higher than spontaneous mutation rates in whole plants (L arkin and Scowcroft
1981). Many phenotypic variations reported in the regenerated fruit crop plants
were extensively reviewed by Hammerschlag (1992). Important changes include
growth rate and reproductive apparatus modification (sterility, precocious flowering
and flower abnormalities, internodal length), and leaf (variegation, albino,
chlorotic, etc.), thornlessness, isoenzymatic activity changes, and increased salt
resistance, fruit colour, etc. An increased ploidy level has been reported in Kiwi
subcultures (Rugini et al. 2000b) and in grape (Kuksovaet al. 1997). Some changes
are not hereditable, since they have epigenetic origin. These changes include:

» cytokinin and auxin habituation (Meins and Binns 1977)

« chilling resistance (Dix and Street 1976)

» changing susceptibility to fungal attack (Potter 1980)

 susceptibility to certain pathogens, due maybe to virus elimination during
regeneration, which can also alter plant habit.

3.3 Gene transformation

The technique of recombinant DNA is promising in fruit crops because, more
than other biotechnological techniques, it seemsto be more precisein correcting
deficiencies in commercia cultivars or rootstocks without disrupting their
otherwise desirable genetic make-up (Schuerman and Dandekar 1993). At
present the insertion of foreign (alien) genes into the plant DNA, which could
ater the functionality of neighbour genes and the induction of somaclonal
variation, cannot yet be fully controlled. These problems can be overcome by
producing a high number of plants from many transformation events, selecting
the best genotype among a large number of transformants. The procedure used
to transfer genes to fruit crops has been described, for example, in Dandekar
(1992) and is discussed in more detail in Chapter 2 of this book, and reviews of
fruit crop transformation are reported by Singh and Sansavini (1998).
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34 Genetic stability

When a gene is transferred or induced to change by physical or chemical agents
in long-lived perennials such as fruit trees, it is essentia that stable patterns of
gene expression are maintained for long periods of time and, although fruit trees
are normally vegetatively propagated, the T-DNA should a so be heritable in the
progeny. Several studies have been carried out on genetic stability and
inheritability with marker genes (James et al. 1996) or with important genes for
agronomic performance, such as rolABC in transgenic kiwi plants of both cvs
staminate GTH and pistillate Hayward (Rugini et al. 1997; 2000a). After 12
years the staminate rolABC plants still maintain the same morphology and the
offspring (transgenic staminate X normal pistillate) was transgenic in 50% of
plants. The cherry rootstock Colt, transgenic for RiT-DNA which seems able to
modify the scion vigour (Rugini and Gutierrez-Pesce 1999), showed the same
stability after four yearsin the field (Rugini, pers. com.). Transgenic apricot for
virus coat protein still maintains its tolerance to viruses after several yearsin the
field (Laimer, pers. com.). A lot of work has been done in the USA by Scorza
and co-workers on transgenic plants of Prunus domestica carrying plum pox
virus coat protein (PPV-CP), gus and nptll genes. The expression has been
stable in the greenhouse for over five years and the progeny produced from
hybridisation of transgenic plants carrying plum pox virus coat protein inherited
the transgenes and expressed it (Ravelonandro et al. 1997). One should note that
in some cases the transgenic plants may require different agronomic
management in the field to optimise the performance of the plants, that is,
vigorous growth observed in kiwi rol ABC plants may require less N, fertilisation
to avoid pathogen attacks (Balestra et al. 2001) and maybe less water.

3.5 Plant development and reproduction

Gene modification to produce plants more suitable for high-density orchards can
be performed both on cultivars and rootstocks (Table 3.1). Plants with an
extensive root system and/or with reduced water consumption or changes in
canopy architecture, dwarf and semi-dwarf canopy, with short and numerous
shoots, could increase orchard density and improve plant performance. At
present, reduction of plant size is achieved by using mainly dwarfing rootstocks
and, in a few cases, by using spur varieties, selected by clonal selection or
among seedling population. Both dwarfing rootstocks and spur varieties are
available for only afew species and graft compatibility often presents a problem.
Biotechnology techniques may contribute to the creation of dwarfing rootstocks
and dwarf varieties either by somaclonal variation (better if in combination with
gamma irradiation treatments) or by genetic engineering to modify hormone
activity or light receptors. In vitro cultures treated with ionising radiation
frequently produce shoots modified in their growth which maintain this
characteristic also in the field. More interesting, however, is a transformation
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approach with some aready available genes. Both phytohormone, or phyto-
hormone-like and phytochrome genes seem to be good candidates in modifying
plant architecture, particularly in response to different light conditions.
Phytohormones are recognised as modulators of growth and differentiation in
plants, since their levels can influence the growth rate such as branching, apical
dominance, flowering, sex determination, regrowth and rest period. Since their
synthesisislinked to light quality, modifying genes for hormone synthesis or for
light receptors (phytocromes), some interesting modifications should be
expected.

3.5.1 Phytohormones modification

Genes encoding enzymes for phytohormone production (ipt, iaaH, iaaM) or
other related genes such as rol A, B, C,D have been isolated from strains of
Agrobacterium rhizogenes and A. tumefaciens and Pseudomonas (Tepfer 1984,
Slightom et al. 1986; Spena et al. 1987; Cardarelli et al. 1987a; Schmulling et
al. 1988; Capone et al. 1989). The ipt gene codes are for the isopentyl
transferase, the first enzyme in the cytokinin biosynthetic pathway, while both
iaa/M and iaa/H genes are codifying for enzymes (tryptophan-2 monoxigenase
and indoleacetamide hydrolase respectively) involved in the pathway of IAA
synthesis. Regarding rol genes, their functions as transcription products are not
completely clear. RolB and rolC are probably responsible for the beta
glucosidase activity and are able to release active auxines (rolB) and active
cytochinines (rolC) from conjugated glucoside (Estruch et al. 1991a, 1991b). In
addition a tirosine-phosphatase activity associated to rolB has been
demonstrated, explaining the strong morphogenic action in root organogenesis
(Filippini et al. 1996). Transgenic plants with chimeric construct with gus+rolB,
revealed that the proteins of rolB and rolC are localised in the plasmatic
membrane and in the cytosol respectively.

The stable integration of these genes in plants which include fruit crops,
under congtitutive promoter control, showed atered phenotype in morphology
(usually except for rolB) and could alter resistance to diseases, positively or
negatively, according to the prevalence of expression of auxins or cytokinins
respectively (see Section 3.7). Fruit crops, such as pear and trifoliate orange,
transgenic for rol ABC, showed a reduction in size, in internode length and in
leaf area (Kaneyoshi and Kobayashi 1999), and in active gibberellin synthesis.
The association of more rol genes modifies morphology and biotic and abiotic
stress resistance. Kiwi fruit expressing rolABC (Rugini et al. 1997, 2000b), as
well as cherry rootstock Colt (Gutierrez-Pesce et al. 1998; Rugini and Gutierrez-
Pesce 1999), apple (Lambert and Tepfer 1992), papaya (Rugini et al. 1994),
expressing the T-DNA of A. rhizogenes, showed ‘hairy root’ phenotype and
morphological similarity to tobacco transgenic for the oat phyA, having in
common the internode length reduction, reduced apical dominance, late
vegetative period and increased chlorophyll content (Wanger et al. 1991,
Cherry et al. 1991a; Whitelam and Harberd 1994). Furthermore, the rol genes
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Table 3.1 Genetic modification of fruit crops for plant development and reproduction

Fruit crop Technique Alien Gene(s) System/Plasmid Origin of Modification Authors
or selective plant material in planta
agents
Apple T RiT-DNA Arh. Microcutting Increased rooting Lambert and Tepfer
(Malus X domestica) ability and altered 1992
M26 rootstock morphology
Apple T Ipt At Leaf segment Bushy phenotype Trifonova et al. 1994
(Malus X domestica) cv
Granny Smith
Apple T rolA At. Leaf Altered morphology Holefors et al. 1998
(Malus X domestica)
(M26) rootstock
Apple T rolB At. Leaf Rooting capacity Welander et al. 1998;
(Malus X domestica) Zhu et al. 2001
(M26) rootstock
Banana (Musa spp SV - - Meristem Dwarfism, abnormal Hawang 1986; Hawang
AAA group) leaves colour of and Ko 1987; Reuveni
pseudostem; ploidy et al. 1985; Stover 1987;
change Stover and Buddenhagen
1986
Banana (Musa spp SV - - Meristem Flower and leaf Ramcharan et al. 1985;
AAB group) abnormalities Vuylsteke et al. 1988
Blackberry SV. - - Shoot tips Thornyness, dwarf Swartz et al. 1983

(Rubus laciniatus)
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Blackberry (Rubus
fruticosus)

Citrange troyer (C.
sinensis X Poncirus
trifoliata) and Orange
(C. sinensis) ¢cv
Tarocco

Clementine (Citrus
clementine)

Colt rootstock (P.
avium X P. pseudocerasus)

Colt rootstock (P.

avium X P. pseudocerasus)
Grape (Vitis vinifera) cv
Koshusanjaku

Grape (Vitis vinifera) cv
Parodok Magaracha

Kiwi fruit (Actinidia
deliciosa) male (cv

GTH) and female

(cv Hayward)
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SV

rolABC

RiT-DNA

PhyA

RiIT-DNA

rolABC

Tissue culture

At

Arh.

At

Arh.
Gamma
irradiation
At

Buds

Internodes

Nucellus

Roots

Stem

Leaf embryogenic
cali

Leaf discs

Thornless

Altered morphology

Thornlessness

Hairy root phenotype

Altered tree habit and
light perception

Ri phenotype
Increase root mass

Tetraploids

Altered morphology
(Hairy root phenotype)

Hall et al. 1986

Gentile et al. 1999

Navarro et al. 1985

Gutierrez-Pesce €t al.
1998; Rugini and
Gutierrez-Pesce 1999

Negri et al. 1998; Muleo
and lacona 1998

Nakano et al. 1994

Kuksova et al. 1997

Rugini et al. 1991;
Rugini et al. 2000b



Table 3.1 Continued

Fruit crop Technique Alien Gene(s) System/Plasmid Origin of Modification Authors

or selective plant material in planta

agents
Kiwi fruit (Actinidia T rolB At Leaf discs Normal phenotype Rugini and Mariotti
deliciosa) female 1992
(cv Hayward)
Kiwi fruit (A. deliciosa), T RiT-DNA Arh.IFO14555, Petiole (Adventitious buds) Y amakawa and Chen
cvs: Hayward, Abbot, A5, ArM123, 1996
Matsua and Bruno Al13
Kiwi fruit (Actinidia T RiT-DNA Arh. NIAES Hypocotils Hairy root phenotype  Yazawa et al. 1995
deliciosa) 1724
Kiwi fruit (Actinidia T OSH1 At L eaf Dwarf Kusaba et al. 1995
deliciosa
Kiwi fruit (A. kolomikta) T rolC At Leaf Altered morphology Firsov and Dolgov 1997
Mexican lime T RiT-DNA Arh. Internode Altered morphology Perez and Ochoa 1998
(C. aurantifolia)
Papaya (Carica T Ri-TDNA Arh. Zygotic embryos  Hairy root phenotype  Rugini et al. 1994
papaya L.)
Papaya (Carica T rol genes Arh. Petiole leaf Hairy root phenotype  Cabrera-Ponce et al. 1996
papaya L.)
Peach (Prunus persica) T Ipt At Zygotic embryos Compact habit Hammerschlag and
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Pear (Pyrus communis) SV - - Protoplasts Leaf morphology, Ochatt 1987

rootability
Persimmon (Diospiros T RiT-DNA Arh. Stem of Altered morphology Tao et al. 1994
kaki) micropropagated
shoots
Plum rootstock (MRS2/5) T RiT-DNA A.rh Transgenic roots  Altered morphology Rugini and
Gutierrez-Pesce 1999
Red raspberry (Rubus T Hpt, SAMase At Leaf and petiole  Altered morphology Mathews et al. 1995
ideaus)
(Rubus laciniatus SV. - - Meristem callus  Thornlessness McPheeters and Skirvih
and Robus ursinus 1983; Hall et al. 1986
loganaobaccus)
Strawberry T rolC At. Leaves Compact habit Mazzara et al. 1998
(Fragaria X Ananassa) cv
Calypso
Strawberry (Fragaria X T rolABC At. Leaf stipule Compact habit Lolletti 1999
ananassa)
Trifoliate Orange T RiT-DNA Arh. 1724 Epicotyl Altered morphology Kaneyoshi and Kaobayashi
(P. trifoliata) (reduced geotropism) 1999
Trifoliate Orange T rolC At Epicotyl Altered morphology Kaneyoshi and
(P. trifoliata) Kobayashi 1999
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can determine alterations in floral morphology, probably due to the polyamine
content variation and modifications in the architecture of the root system,
reduced pollen and seed production, abundant and partially geotropic root
system, increased rooting ability and juvenility reduction (Cardarelli et al. 1987,
Jouanin et al. 1987; Spena et al. 1987; Vilaine and Casse-Delbart 1987; Vilaine
et al. 1987). In addition, when used as rootstock, rol transgenes seem to
influence scion by reducing growth, indicating that some of the products of
those genes (primary product transcripts or translated or secondary products,
induced from their expression) can migrate from the transgenic tissues to non-
transgenic ones. Regarding rolD, this reduces the growth and promotes early
blossom in tobacco (Trovato et al. 1997; Mauro et al. 1996). This gene may be a
candidate for fruit tree transformation.

3.5.2 Light perception modification

Plant growth and reproduction can be modified by changing light perception. By
over- or down-expressing light receptors, it is possible to modify some
characters specifically regulated by phytochromes, such as plant development,
circadian rhythms, apical dominance, blossom, growth and fruit ripening,
photosynthesis products partitioning, development of photosynthetic systems,
transpiration control and hormone synthesis (Vince-Prue and Canham 1983;
Tucker 1976; Muleo and Thomas 1993; Muleo and Thomas 1997). Severa
phytochromes are present in the plants, e.g. in Arabidopsis, five phytochrome-
like coding regions (A—E) have been identified (Sharrock and Quail 1989; Clark
et al. 1994), and in tomato there is evidence that more than five are present
(Hauser et al. 1995). Since phytochrome genes share considerable sequence
homology, the isolation of a large nhumber of gene fragments and cDNAs is
rather easy (Robson and Smith 1997). Research using reporter genes with region
promoters of phyA and phyB revealed that both promoters are expressed in most
tissues except in pollen in which only phyB is expressed. In addition both
endogenous and transgenic phytochromes are produced and are exposed to many
of the same degradative and signalling mechanisms (Robson and Smith 1997).
Phys from severa herbaceous plants have been isolated (Robson and Smith,
1997) and recently also from fruit crops (Muleo, pers. comm.) and the
expression of transgenes of both phyA and phyB affects a number of responsesin
both monocotyledonous and dicotyledonous species. The major function of phys
in mature plants is the regulation of the ‘shade avoidance syndrome'. The
conseguence of this phenomenon is that the resources are channelled towards
extension growth of stems and petioles to the detriment of storage and
reproductive organs. Reduction of shade avoidance syndrome could be a big
advantage particularly in a monoculture, including modern orchards in which
the plants are placed very close and susceptible to shade each other with high
competition for light. PhyA seems to be a magjor candidate for reducing the
response to shade by constitutive expression in plants. Transgenic herbaceous
plants over-expressing phyA show short internode, resulting in decrease of stem

© 2002 by Woodhead Publishing Ltd.



elongation, reduction of petiole length, increased chlorophyll content, delayed
leaf senescence and decrease of apical dominance (Cherry et al. 1991b).
Studies on fruit crops such as cherry rootstock ‘ Colt’ and Citrus sp. (Gentile,
pers. com.) over-expressing rice phyA are under way. In vitro growing shoots of
the cherry rootstock ‘Colt’ over-expressing phyA of rice have demonstrated a
reduction of apical dominance with red and far-red light treatments (Muleo and
lacona 1998). Thisindicates that the excess of red and far-red light, generated in
orchards with high-density planting, could modify the distribution of the
photosynthesis assimilates among the vegetative growing organs.

3.5.3 Root system and rooting ability modification

Horticulturally valuable cultivars or rootstocks often show very poor rooting
ability. Rooting can be improved by inoculating A. rhizogenes by wounding the
basal part of in vitro microcuttings. These methods induce rooting i