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Seeds form the basis for agricultural
production, but most organic growers
know little about how their seedstocks
have been produced. Within the organic
movement the discussion on the com-
patibility of plant breeding techniques
has been accelerated by the public dis-
cussion on genetic engineering. This
decision-making is important to develop
a framework for organic plant breeding
and facilitate investment by breeding
companies.

This dossier explains all standard tech-
niques used in modern plant breeding
and why they have been developed. The
consequences of not allowing certain
techniques for organic plant breeding
are outlined, along with suggestions for
alternative techniques that could be
adopted.

Introduction

It is important that breeding, multiplication, and mainte-
nance techniques are identified and examined to assess their
compatibility with the technical, ethical and environmental
objectives of organic agriculture. This process will assist the on-
going national and international discussions on this topic and
will also be of value in light of the requirement for all organic
producers to use organic seed by 2004 (EU Regulation 2092/91).

The issue of plant breeding techniques and their compatibil-
ity with organic farming is complex due to the range of tech-
niques available balanced against the different demands for
variety and crop performance. Appropriate organic plant breed-
ing will serve to develop improved varieties for organic systems
without jeopardising the ethical and environmental integrity of
organic agriculture.

Currently, only the use of varieties obtained by genetic engi-
neering is forbidden in organic agriculture across Europe (EU
Regulation 2092/91). The regulation requires also that parent
plants of annual crops have to be grown at least for one genera-
tion under organic conditions, while biannual plants and peren-
nials have to be grown for at least two generations under orga-
nic conditions. Figure 1 should help to understand the definition
of «organic seeds» and «organic varieties» and to distinguish the
different levels of breeding, maintenance, and multiplication.

The aim of this dossier is to provide information on plant
breeding techniques currently used to help the debate shaping
the future of organic plant breeding. Therefore, the mechanism
of standard breeding and multiplication techniques is explained
with the aid of simple graphics. In addition, the actual applica-
tion, the consequences of a rejection of a technique and the alter-
natives are described. As a guideline for determining the suita-
bility of breeding and multiplication techniques for organic
breeding, criteria are formulated in the last part of this dossier.

Figure 1: Overview on the different levels of breeding, maintenance, and multiplication.
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The need for organic plant breeding

Opver the last fifty years plant breeding has largely developed
in response to the demands of intensive agricultural produc-
tion, striving for increased yields, storability and cosmetic per-
fection under a system of management based on artificial fer-
tiliser nutrition and the use of pesticides. Until now, organic
farmers have made use of these traditionally bred varieties but
the question being asked more and more regularly is «do these
varieties truly fulfil the needs of organic production?» Are the
seeds and vegetative multiplication material, usually results of
traditional and conventional breeding programs, adapted to the
conditions of organic agriculture? And, what do consumers
expect from an organic variety? Healthy, tasty, and unique prod-
ucts?

Furthermore, the quality of organic products is not simply
determined by what they are, but also by taking into account
how these crops have been produced. This aspect should also be
considered when judging breeding lines for agricultural and
horticutural production.

Undoubtedly, the aims of some modern breeding programs
and organic breeding programs have certain similarities.
However, a number of considerations are particularly important
for developing varieties suited to organic conditions:

optimal adaptation to local climate and nutrient dynamics
nutrient efficiency

durable resistance and tolerance against pests and
diseases

yield stability

storability

nutritional and sensorical quality

Organic plant breeding aims should be defined on a crop by
crop bases involving farmers, breeders, traders, and consumers.

Plant breeding and multiplication techniques

How does plant breeding and multiplication work

In general, plant breeding can be described as the total of
activities to improve the genetic properties of a cultivated crop.

A breeder develops a new variety with one or more specific
aims. Therefore, he has to search for parental plants (other vari-
eties or wild relatives) with the desired traits. To obtain plants
with the combination of desired characteristics the breeder
makes crosses with the parental plants. The result of a cross is a
large number of seeds with different genetic make-up (popula-
tion). In the next plant generations the breeder has to select for
individual plants with the best combinations. To facilitate selec-
tion he has different techniques available, the choice of which
will depend on the crop (self pollinator, cross pollinator, or
plant with vegetative multiplication) and the traits he selects for.

In official field trials the usefulness of the new varieties will
be compared to existing standard varieties. If the new variety is
distinguishable from all other varieties and its appearance is
uniform and stable enough over time the breeder will maintain
and multiply it for the market.

Inducing variability
with other varieties or wild plants
v
Selection of parental lines
with desired properties
v
Crossing parental lines
to combine desired properties
v
Selection of plants
for desired traits
v
Official testing of the new variety
in field tests
v
Maintenance
for the purity of the variety
v
Multiplication
for marketable seeds or transplants



General distinction of breeding techniques

Plant breeding is characterised by three main steps:

Induction of variation by creation of crosses or by variation-
inducing treatments

Selection of desired traits in new varieties

Propagation and multiplication of breeding lines

At each step different techniques can be applied. We can gen-
erally distinguish between plant breeding and multiplication
techniques which have an impact at:

plant/population level
cell/tissue level
DNA level

Table 1 gives an overview of all techniques and helps with
colours and symbols to lead through this booklet. Techniques
operating at the plant level are carried out with plants in their
«natural» compartment, the soil, while techniques on cell and
DNA level are applied under laboratory conditions before the
resulting varieties are tested under field conditions. Some cell
techniques and especially DNA techniques enable the crossing
of natural barriers.

All cell- and tissue culture techniques rely on the capacity of
plant cells to grow on synthetic growth media and to differen-
tiate upon stimulation with the appropriate mix of added plant
hormones. All plant material needs to be surface sterilized and
grown aseptically to avoid contamination with microbes.

Table 1: Breeding and multiplication techniques - at which step of the breeding process (inducing variation,
selection, multiplication) and at which level (plant, cell, DNA) do they take place.

Plant/population level

Cell/tissue level

DNA level

» Mass selection .
+ Pedigree selection

» Site determined selection
+ Change in environment
Change in sowing time

* Ear bed method

» [ndirect selection

e Test crosses

Selection

» Generative multiplication .
+ \Vegetative multiplication .
— Partitioned tubers .
— Scales, husks,
partitioned bulbs
— Brood buds, bulbils
— Offset bulbs, etc.
- Layer, cut and graft shoots
- Rhizomes
* Apomixis

Multiplication

«In vitro» selection .

«In vitro» multiplication
Meristem culture
Somatic embryogenesis

Marker-assisted selection




In the following chapters, breeding techniques will be
described starting from methods that are applied on the plant or
crop level down to the level of tissue, cells and DNA. The tech-
niques on cell and DNA level are the most controversial for
organic plant breeding. These so-called «in vitro» techniques
have become increasingly common in conventional plant breed-
ing and are the basis of breeding for quite a large number of veg-
etable, flower, and cereal crops. However, one can argue that
these techniques may not be appropriate for organic agriculture
as there is no direct contact between the plant and the soil dur-
ing the process. For each «in vitro» technique the «Pros and
Cons», «The consequences of rejection», and the «Alternatives»
to this technique are given in addition to the «Approach» and
«Application». Within «The consequences of rejection» two dif-
ferent levels are distinguished:

Consequences on variety level: the rejection of a technique

prohibits the use of all varieties once bred with this tech-

nique.

Consequences on breeding level: the rejection of a technique

makes restrictions on future cultivars and breeding pro-

grammes.

The use of genetically modified organisms is prohibited in
organic agriculture (EU regulation 2092/91 on organic agricul-
ture). Therefore, no details are given on these techniques within
this booklet. DNA diagnostic techniques, which enable selection
at DNA level, are not necessarely related to genetic engineering
because they do not involve the genetic modification of crop
DNA. Therefore, these techniques could be considered for
organic plant breeding and are explained within this booklet. In
addition, the technique of protoplast fusion, which is related to
genetic engineering because it can involve transfer of large
pieces of chromosomes from alien species, is also considered.

A simplified story - breeding and multiplication of tomatoes

The flower of a selected tomato plant is emas-

culated ... plant is collected.

.. while pollen of an other selected tomato

The pollen is then transferred on to the style
for fertilisation. This crossing induces varia-
tion.

Offsprings are selected for different criteria

like resistance to diseases, taste, or yield. is multiplied ...

After a long period of testing, the new variety

... to get seeds for the market.

Photos: Jan Velema, Vitalis Biologische Zaden BV



Techniques: approaches, application, alternatives

Techniques to induce variation at the plant/population level

variety

variety AXB

Crossing of wheat: preparation of the flower
(emasculation) ...

Approach:

Application:

Photos: Gabriela Brindle, FAL

.. and protecting ears with little bags after
pollination.
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Techniques to induce variation
at the cell/tissue level

Microspore culture
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normal cell division
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Protoplasts of tobacco.

After fusion protoplasts are regenerated (green cultures).
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Photo: Louis Bolk Institute

Photo: Michel Haring

Techniques for selection at the plant/population level

Mass selection: salads are selected for different
criteria (e.g. disease resistance) on test plots in
the field.

Marker-assisted selection: evaluation of an
autoradiogram of a gel with DNA markers
(see page 18).
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Mass selection

Approach:

Mass selection is based on the ability to recognise desirable or undesirable traits
in plants of a population. What appear to be the best plants are maintained in bulk
(positive mass selection), while plants with too little of the desired characteristic are
eliminated (negative mass selection). Since selection is based on phenotype, the tech-
nique is particularly effective for traits which are barely influenced by environmental
factors and which are not inherited as dominant or recessive traits but rather as com-
plex traits.

Application:

The technique is mostly applied during the early stages of a breeding programme,
when there is not enough representative plant- or seedstock for repeated testing,
when seedstock needs to be improved, or when little capital is available for a breed-
ing programme. However, breeding based only on mass selection is a lengthy process.
This is the selection method that most resembles natural selection.
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Test crosses

Approach:

Promising parental genotypes are
crossed with a number of other known
genotypes. Progeny is grown separately
and assessed for the desired characteris-
tics. The measurements are used to
determine General Combining Ability
(GCA) and Specific Combining Ability
(SCA), and these are needed if effective
crosses are to be made.

Application:

In breeding, it is not enough merely
to select the best cultivars, but parents
with good crossing ability must also be
available, so that a number of impor-
tant characteristics are combined and
passed on to progeny. This is especially
crucial for asexually propagated plants
and hybrids. Test crosses are asking
extensive testing facilities and are time
consuming. However, they are an
investment in the future.

Techniques for selection at the cell/tissue level

l

seeds after
mutagenesis

sowing in
a selective medium

growing
of tolerant mutants

«In vitro» selection

Approach:

«In vitro» selection uses somaclonal variation or mutation induction to select
plants with new traits. For example, to obtain plants with a high tolerance to salt,
selection occurs in a saline environment. This can be done by treatment of individ-
ual plant cells that are growing in tissue culture or by treatment of seeds and subse-
quent germination on selective growth medium. Selection for resistance to diseases
and pests can also be carried out «in vitro». The pathogen, or a toxin produced by the
pathogen, is applied to the plants under controlled conditions.

Application:

This technique is used to screen many plants or cells for one specific characteris-
tic. It is a sort of pre-selection to reduce the number of plants to be tested in the field.
After «in vitro» selection plants are always tested under field circumstances to observe
the expression of the characteristics in the open field. Plants resulting from this selec-
tion process may be marketed directly as a new variety (after «in vitro» multiplica-
tion) or they may be used as a parent in further breeding programmes.

Pros and Cons:

Pros: -cheap way to pre-select plants and reduce the number of plants to be tested
in the field.

Cons: -the artificial and sterile conditions in the laboratory do not help to select for
organic conditions.

Consequences of a rejection:

e At variety level: some varieties of different crops would be ruled out for organic
agriculture if this technique were to be prohibited in organic breeding. «In vitro»
selection can not be identified in the product and can therefore not be controlled.

e At breeding level: more time-consuming selections in the field would be needed.

Alternatives:

Similar selection for specific characters could be done with the above mentioned
techniques of selection in the field, but they are much more time consuming. On the
other hand, selection in the field helps to find plants adapted to a broader range of
environmental factors.

17



Techniques for selection at the DNA level

restriction enzyme cutting DNA sequence G-A

) ) 1 v 1

DNA sequence variety A
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Marker-assisted selection

Approach:

Biochemical and molecular techniques are often used in
direct selection. Polymorphism of plants is fixed at different
levels: the molecular, biochemical, and phenotypic level. On
biochemical level some plant proteins (enzymes) can have a
slightly different composition in different plant varieties and
can be visualised as different banding patterns (isozymes). By
genetic analysis a certain band can be linked to a desirable trait
(yield, taste, resistance). When this linkage is established, the
presence of the marker (isozyme band) in a breeding line sug-
gests that the linked trait is also present.

Similarly, the variation in the DNA sequence around a gene
or genes determining a desired trait can be revealed by isolat-
ing the DNA and making parts of the DNA base sequence vis-
ible. Visualisation techniques all require a treatment of DNA
with restriction enzymes and radio-active or fluorescent labels.
These enzymes are naturally occuring in bacteria and can be
isolated from them. Today, they are usually produced as
recombinant proteins. These are indistinguishable from non-
recombinant enzymes and can be isolated at a fraction of the
costs. The resulting banding pattern of the different DNA
fragments is used to find those bands which are linked to the
desired characteristic of a plant. This tool does not rely on the
introduction of transgenic DNA into the plant, but analyses
the DNA content of individual progeny to preselect for the
presence of known traits.

Application:

Molecular markers can be used for a particular DNA seg-
ment which is linked to a trait of interest. Traits can be caused
by single gene or be due to a number of genes. The aim of
marker-assisted breeding is to speed up selection and to direct-
ly select for traits. In the future, large populations could first be
screened for the presence of known markers (i.e. traits), before
being used in field plots. A prerequisite for marker-assisted
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selection is that a marker is found that is closely linked to a
desired characteristic. It requires an extensive genetic mapping
programme before this technique can be used in a breeding
programme. The molecular markers that are developed by
breeding companies are often patented to prevent the compe-
tition from developing the same traits. This technique is
increasingly used in breeding programmes for all crops.

Pros and Cons:
Pros: -efficient and less time consuming selection.
-allows the pyramidisation of resistance genes for
better resistance.
Cons: -reduces the plant to a subset of DNA sequences
- use of toxic substances.

Consequences of a rejection:

e At variety level: at the moment, modern plant breeding
uses this tool for selection with the goal to improve breed-
ing in terms of time and costs. However, only a few vari-
eties selected with this technique are on the market.

* At breeding level: the application of marker-based selec-
tion cannot be identified in the product and can therefore
not be controlled.

Alternatives:

As soon as markers for important characteristics are found,
this tool will help to make selection more efficient and less
time consuming. However, most techniques of selection can
replace marker-based selection, provided that there are no
financial and infrastructural restraints.
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Techniques for multiplication at the plant/population level

«In vitro» multiplication of sugar beets.

Meristem culture of sugar beet in petridishes.
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Multiplication of sexually
reproducing plants
Approach:

When a new variety has been select-
ed out of the new genetic variation, it
must be propagated and maintained as
a pure bred. In self-pollinating and
cross-pollinating plants, the selected
genotypes flower in isolation. Positive
mass selection ensures that the elite par-
ent lines are of high quality and meet all
the requirements of a variety. Not all
diseases in parent plants are passed on
to seed, but some seedborne diseases
like Alternaria on carrots and Common
bunt on wheat need special attention.
Most seed can be stored for long peri-
ods of time.

Application:
Used for all sexually reproducing
plants.
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Multiplication of asexually
reproducing plants
Approach:

In asexually propagated plants, such
as beets, potatoes, bulbs or grafted
plants, extra care must be taken to avoid
deterioration in the health of the seed
or plant stock. Living plant stock often
does not keep well, thus these lines are
maintained through a continuous pro-
cess of multiplication. However, the ad-
vantage of vegetative multiplication is
that the progeny has exactly the same
genotype as the parent, whether hetero-
zygous or homozygous.

Application:
Used for all asexually reproducing
plants.
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Apomixis

Approach:

Some species can reproduce asexually through seeds. This
phenomenon is called apomixis. In the seed forming process ,
meiosis that is essential for sexual reproduction, is either sup-
pressed or circumvented so that the embryo is genetically
identical to the mother plant. There are obligate apomicts,
whose seed contains apomictic embryos, and facultative
apomicts, which can form both sexual and apomictic embryos
in their seeds.

Application:

Apomixis occurs in cultivated plants (Poa pratensis,
oranges, tropical plants) and wild plants and has caught breed-
ers' interest because it combines the advantages of seed multi-
plication - health and maintenance of quality - with the iden-
tical reproduction of the maternal genotype. Apomictic multi-
plication is considered a promising method to maintain vari-
eties and to fix the heterosis effect of hybrids. The technique is
hardly used in today's plant breeding but, with the help of
genetic engineering the technique is expected to become avail-
able for a large number of crop species in the near future.
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Techniques for multiplication at the
cell/tissue level
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«In vitro» multiplication

Approach:

Depending on the plant species, some part of a plant -
most commonly a piece of stem with an axillary bud, or part
of a leaf or bulb scale — is cultured «in vitro». These sections of
plant grow out to form shoots, which can in turn be cut and
propagated. This may be repeated several times to get enough
plants. These are grown until their roots are developed, then
hardened off and transferred to normal greenhouse and/or
field conditions.

Application:

This method is often used to get enough basic material to
be able to bring a new variety on the market. In addition, this
technique is being used more regularly to maintain parent
lines of hybrids.

Pros and Cons:

Pros: -cheap and rapid way to multiply great numbers of
plants.

Cons: -the sterile and artificial conditions could lead to a
selection for laboratory conditions.

Consequences of a rejection:

e At variety level: some varieties of cut flowers and leek
hybrids would be ruled out.

e At multiplication level: more expensive and time-consum-
ing techniques have to be applied.

Alternatives:
For most crops there are other multiplication methods
which are quite effective.
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Somatic embryogenesis

Approach:

Somatic embryos are created from a piece of plant materi-
al isolated from the mother plant and may or may not first
have undergone a callus phase. Callus, which is commonly
propagated in liquid medium, is homogenised to form a cell
suspension. Plant hormones are added to the cells isolated
from the mother plant, the callus or the cell suspension to
stimulate the cells' development into somatic embryos. Often,
these embryos are in turn capable of forming secondary
embryos, thus leading to a continuous multiplication process.
From these embryos a new plant can be regenerated «in vitro».

Application:

This method has the greatest multiplication potential and
is less labour intensive compared to other «in vitro» multipli-
cation methods. The method can be used for large-scale or
even automated production.

Pros and Cons:
Pros: -very cheap and rapid way to multiply great numbers
of plants.
Cons: -the sterile and artificial conditions could lead to a
selection for laboratory conditions.
- use of synthetic phytohormones.
-risk of spontaneous mutations.

Consequences of a rejection:

e At variety level: many varieties of cut flowers would be
ruled out.

e At multiplication level: more expensive and time-consum-
ing techniques have to be applied.

Alternatives:
For most crops there are other multiplication methods
which are quite effective.

Meristem culture

Approach:

In meristem culture, parts from the meristem are isolated
and cultured on substrate. The resulting plants are screened
for viruses with the ELISA method. Uninfected plants are then
propagated in the manner described previously.

Application:

Meristem culture often is the only way to get virus-free
plant material (e.g. berries, bulbs, potatoes). Viruses can be
especially persistent in asexually propagated plants, because
they are passed on to the following year's stock (e.g. garlic).
Viruses proliferate and spread through the plant, but they
never quite catch up with the rapidly dividing cells in the plant
meristem. This method is widely used for multiplication of
fruit rootstock, transplants of berries, flower bulbs, and veg-
etables.

Pros and Cons:
Pros: -best and often only way to get virus-free plants.
Cons: -use of synthetic phytohormones.

Consequences of a rejection:

e Atvariety level: most rootstocks of fruits and transplants of
berries and many vegetable varieties would be ruled out.

* At multiplication level: new techniques would have to be
developed.

Alternatives:

If just the youngest parts of plants are used for multiplica-
tion, virus-free multiplication should also be possible using
standard multiplication methods.
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Judging the suitability

of the breeding and multiplication techniques

for organic agriculture

If guidelines and guide-posts are to be developed for organ-
ic plant breeding then the suitability of breeding and multi-
plication techniques must be evaluated. Discussion on national
and international level showed that in order to do this, criteria
for evaluation must be set (Wiethaler et al., 2000). Criteria could
be derived from the basic principles of organic agriculture and
translated to plant breeding. The Louis Bolk Institute has
worked out a suggestion for such criteria (Lammerts van Bueren
et al., 1999). The authors of this suggestion used three basic
principles in organic agriculture as a starting point:

closed production cycles
natural self regulation
biodiversity

In order to draw up a framework for an organic breeding
system these principles could be extrapolated to the level of
plants. The three criteria for organic plant breeding then are:

natural reproductive ability of plants

ability to adapt to organic conditions

genetic diversity with respect for natural species authenticity
and species characteristics.

As breeding is also a socio-economic activity these principles
could also be applied to the socio-economic level:

close interaction between farmers, breeders, traders, and
consumers for a participative plant breeding

regulations incorporating organic principles

cultural diversity: diverse breeding programmes as a prere-
quisite for genetic diversity. This includes free exchange of
varieties among breeders. Therefore, plants should be main-
tained with an ability to pass on genes to future breeding
programmes. This includes production of fertile seeds and
the prevention of patenting varieties.

On the basis of these principles, plant and crop based breed-
ing techniques best suit an interactive organic breeding system.
These principles would lead to breeding techniques allowing the
whole breeding process to take place under organic (soil) con-
ditions. This creates an ethical dilemma. Does that imply that

References

Lammerts van Bueren, E. T, Hulscher, M., Haring, M., Jongerden, J., van
Mansvelt, J.D., den Nijs, A. P. M. and Ruivenkamp, G. T. P. (1999)
Sustainable organic plant breeding. Final report: a vision, choices, con-
sequences and steps. Louis Bolk Institute, Driebergen. 59 pp.

22

the smallest living entity to work with in organic breeding
programmes is the plant or the crop? Or, is the plant cell the
smallest living entity because it can regenerate into a plant again
or do we want to reduce life to the complexity of heritable mate-
rial, the DNA? Table 2 considers the suitability of breeding and
multiplication techniques for organic plant breeding based on
three ethical interpretations of the smallest living entity — the
plant, the cell, or the DNA.

The result of judging the techniques from these different
points of view would have quite different consequences for the
actual seed availability of the most important crop groups:

plants as the smallest living entity: some few cereal varieties,
many vegetable varieties (e.g. tomato, sweet pepper, lettuce,
cabbage), some fruit and vine varieties, some forrage crop
varieties, and many ornamental plants would be rouled out.
cells as the smallest living entity: just some few vegetable
varieties (e.g. cabbage) and in the future potato and maize
varieties would have to be rouled out.

DNA as the smallest living entity: no consequences for the
seed availability.

However, if restrictions for one or the other technique are
made, it still has to be decided

whether the use of all varieties once bred with these tech-
niques should be prohibited (also as breeding material)

or restrictions are made only for future cultivars and breed-
ing programmes.

In addition, any regulation has to distinguish clearly
between allowed and not allowed techniques and these differ-
ences must be controllable. An additional possibility to enhance
the «quality» of organic plant breeding would be to certify
breeders following a defined organic plant breeding pro-
gramme.

The organic movement needs to find a clear and feasible way
to define organic plant breeding with the aim to promote and
accelerate the production of suitable plants for a sound organic
agriculture.

Wiethaler, C., Opperman, R. and Wyss, E. (2000) Organic plant breeding
and biodiversity of cultural plants. Reports on the international confer-
ences. Naturschutzbund Deutschland and Research Institute of Organic
Agriculture. 115 pp.



Table 2: Judgement of breeding and multiplication techniques considering either the plant, or the
cell, or the DNA to be the smallest living entity.

Selection

Mass selection, Pedigree selection, Site determined selection,
Change in environment, Change in sowing time, Ear bed method

Test crosses
«In vitro» selection

Marker-assisted selection

Multiplication
Generative multiplication
Vegetative multiplication
Apomixis

Meristem culture

«In vitro» multiplication, Somatic embryogenesis

Colours and arrows give the «degree of suitability»: A\ =

provisionally allowed, WV = not suitable.
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Glossary

Allele

Callus

Chloroplasts

Chromosome

Cross-pollination

Cytoplasm

DNA

Enzyme

Gel electrophoresis

Gene

#

One member of a pair or series of genes

that occupy a specific position on a spe-

cific chromosome, the «form» in which a
gene can occur in a plant.

A callus is proliferating tissue consisting
of non-differentiated cells.

The green organelles of a plant cell that
fix carbondioxide using solar energy:
photosynthesis. This provides the plant
with energy carriers like sugars and ATP.

They have their own DNA, which is pre- *

dominantly inherited from the mother,
but they still rely on genetic=material
stored in the nucleus.

A chromosome is a continuous strand of
duplex DNA, containing many genes.
Most multicellular organisms have sever-
al chromosomes, which together com-
prise the genome. Sexually reproducing
organisms have two copies of each chro-
mosome, one from the e_ach parent.

The transfer of pollen from one plant to
the flowers of a different plant.

The interior of a plant cell harbours many
compartments: ‘the nucleus, ‘mitochon-
dria, chloroplasts, vacuoles and many
vesicular structures. The “fluid cell in
between these compartments is called the
cytoplasm.

DNA (deoxyribonucleic acid) is.a double-
stranded helix of nucleotides which car-
ries the genetic information of a cell. It
encodes the information for the produc-
tion of proteins and is able to self-repli-
cate.

Enzymes are proteins that carry out bio-
chemical reactions (or act as catalysts)
inside the cell.

DNA _is fragmented by restriction
enzymes (molecular scissors) and trans-
ferred to an agarose gel. The DNA frag-
ments move through the gel due to the
electric field applied to the gel. The length
of a DNA fragment determines its speed
of movement through the gel. The result-
ing banded pattern of slow-moving and
fast-moving DNA fragments is used to
identify those DNA bands which are
linked to the desired trait of a plant.

A gene is a hereditary unit that can be
assigned of a sequence of DNA which
occupies a specific position or locus in the
genome. A gene codes for a protein or
RNA which is responsible for (part of) a
certain trait.
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Mitochondria

Phenotype

Polyploidy

Protein

Protoplast

Self-pollination

The genotype of an Jindividual is the
genetic make-up, determined by the alle-
les present on its chromosomes.

It’s the result of cross breeding two differ-
ent and distant relatéd plants of the same
species. The offspring are more vigorous
and often more disease resistant.

Heterozygous means an organism has two
different alleles on its homologous chro-
maosomes.

An organism is homozygous if it has the
same allele on both of its homologous

chromosomes. @«
r

All proteins with similar enzymatic activ-
ity.

DNA fragment that is polymorphic in size
or sequence. It can be used to differentiate
between genetic material of varieties and
species that are used in crosses.

Mitochondria are the organelles inside
cells where aerobic respiration occurs.
They have their own DNA which is pre-
dominantly inherited from the mother,
but they still rely on genetic material
stored in the nucleus.

The phenotype is the combination of the
observable characteristics of an organism.
This should reflect the genotype, which is
an organisms genetic composition. The
phenotype results from the interaction of
the genotype with the environment.

The chromosomal constitution of a cell
containing multiples of the normal num-
ber of chromosomes.

The translation product of a gene. It can
be visualized as a string of aminoacids,
which are ordered through the definition
of the genetic code of a particular gene.

Isolated protoplasts are «naked» cells
because the cell wall has been removed by
either a mechanical or an enzymatic
process.

RNA (ribonucleic acid) is the messenger
molecule that is transcribed from a gene
and subsequently translated into protein.

The transfer of pollen from the anther to
the style of the flower of same plant,
resulting in «selfing» of a breeding line.



