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A. Introduction

CLONE:

A cell, group of cells or organism that is descended from, and genetically identical to

single common ancestor

e.g. bacterial colony

an organism descended asexually from a single ancestor

e.g. plant produced by layering; polyp produced by budding

B. Vegetative Propagation

Definition:

Type of asexual reproduction found in plants

New plant ‘individuals’ obtained without production of seeds or spores

Natural process in many plant species, bacteria, fungi

Artificial process by horticulturalists

Name Description Examples
usually underground, horizontal stem of a plant | Ginger
Rhizome that often sends out roots and shoots from its | Asparagus
nodes Sympodial Orchids
Stolons are horizontal stems which grow at the
) Strawberry
soil surface or below ground, they form new
Runners/Stolons Grasses
plants at the ends or at the nodes.
. Some ferns
produce adventitious roots at the nodes
Suckers Shoots that arise from an existing root system Bananas
Underground vertical shoot with modified ‘
Onion
Bulbs leaves. )
Tulips
Food storage organs.
Short, thickened, underground stem
Tubers Either for food storage, reproduction or both. Potato

Has minute buds
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Short, thickened, underground stem

Usually covered with papery leaves

Corms Grows vertically Yam/Taro
Produces buds at upper nodes
Food storage
Man-made methods:
Name Description Examples
Cuttings Branch cut off from mother plant below an | African Violet leaves
internode Hibiscus
Rooted, often with rooting powder/liquid
Grafting Scion — top part with desirable characteristics

Stock — bottom part with roots that thrive in that

particular soil climate.

C. Plant Tissue Culture

Definition:

The maintenance and growth of pieces of explanted plant or animal tissue in culture away

from the source organism.

e Nutrient media

e In Vitro

* Produces undifferentiated cells that can regenerate new plants

* Genetically identical offspring

Micropropagation

*  When PTC is used to clonally produce thousands of plantlets

* Can be combined with genetic engineering.
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Steps:

1. Preparation of Explant

Explant: Any portion taken from plant or animal tissue that is used to initiate a culture. Can

be a portion of shoot or of leaves or any part of plant from which the whole plant can be

regenerated.

* Meristamatic (e.g, nodes, flower buds, leaves, shoot tips) or epidermal tissue used.

*  Young plants chosen — higher % of actively dividing cells; more responsive to callus
initiation efforts

* Donor should have desirable traits

* Donor should be free from disease/decay. Must be actively growning.

2. Obtaining Aseptic Culture

* Explants surface-sterilised via immersion in sodium hypochlorite (e.g. Chlorox)
solution.
¢ Cut into small fragments
* Transferred into culture vessels
o Contains mineral nutrients, vitamins, carbohydrate source, plant growth
regulators
* Medium usually thickened with agar to support explant during growth.

¢ Containers sealed and incubated for 1 — 9 weeks.

3. Rapid Multiplication of Callus

Callus = mass of undifferentiated cells
o Formed naturally around wounds.
* Cytokinins:Auxins ratio must be controlled. Ratio is intermediate.
* 1 Auxins — callus proliferation
* Fastest method and shoot multiplication and cloning of a plant species.
* Source for protoplasts since they’ve thinner cell walls.

e Screening for desired characteristics possible.

4. Establishment of Plantlet
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Different plant growth hormone ratio induces shoot and root formation

1 Auxins | Cytokinins for root formation

1 Cytokinins | Auxins for adventitious shoots

Callus will eventually differentiate and form plantlets

5. Acclimatization

* Needed since plantlets are usually unable to grow outside culture vessel.

*  Weans plants off high-humidity, low light, warm in vitro environment

* Plant removed from culture vessel, agar washed away, soaked in fungicide, grown in
sterile soil.

* Grown for 4-8 weeks in a greenhouse.

* Rooting hormones might be used.

Tissue Culture Medium:
* Inorganic mineral salts
* Vitamins
* Carbon source, since undifferentiated callus is not autotrophic.
* Plant growth regulators (auxins, cytokinins)
* Organic nitrogen (amino acids)
* Medium matrix (usually agar)
* Activated charcoal

* Antibiotics & fungicides

Advantages:
* High fecundity versus conventional plant breeding techniques
* Genetic uniformity — all posses desirable features of stock plants
* Production of disease free plants since pathogens do not normally penetrate to the tips of
meristems used as explants
* Production of rooted plantlets ready for growth, rather than seeds or cuttings.
* Often produces more robust plants, ensuring accelerated growth.
* Good way of multiplying plants which produce little or no seeds (e.g. bananas)
* Independent of climatic changes

* Takes up little space
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e Large quantities of plantlets can be transported quickly
* Important tool in plant genetic engineering
Disadvantages:
¢ Very expensive
¢ Infected plant sample can produce infected progeny
* Losses incurred while transferring plant material from in vitro conditions to the
acclimatization stage.
* Higher than accepted levels of somatic variation. Callus cultures sometimes undergo

genetic changes.

Other Techniques:

1. Somatic Embryogenesis

* Cells derived from competent (i.e. cells that can respond to an inducer during embryonic
development) source tissue. Cultured to form a callus.

* Plant growth regulators in tissue culture medium can be manipulated to induce callus
formation then changed to induce embryos from the callus. (ratios vary from plant to plant).

*  Embryo formation - 1 Auxins | Nitrogen

* Somatic embryoids can be packaged as functional seeds for distribution via envelopment in a
protective, hydrated gel containing nutrients, growth regulators, fungicides and other
supplements.

e E.g. asparagus, celery, begonias, african violets

2. Protoplast Cultures
* Requires removal of cell walls that obstruct the introduction of large molecules and vesicles
into a cell.
o Selected genome, DNA, viruses can be introduced into the cell, forming transformed
plants.
* Two or more can be fused to form a somatic hybrid (protoplast fusion).
o Allows breeders to overcome reproductive barriers and combine good traits of two or
more plants.
o E.g. wild potato transferring potato leaf roll virus resistant genes to commercial
potatoes.

* One method of generating polyploids.
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o Banana is a sterile triploid — doubling chromosome number will allow pairing of
homologous chromosomes in meiosis.
o Polyploids increase vigour in plants

= E.g. potatoes, blackberries, strawberries

* PROCEDURE:
o Choosing of explant:
=  Meristematic tissue
= Surface sterilised with sodium hypochlorite
o Isolating protoplasts:
= For leaf explants, lower epidermis peeled off and exposed to enzymes
= Cells plasmolysed in mannitol, sorbitol or sucrose to free cytoplasm.
= Mechanical disruption and enzymatic treatment to remove cell wall.
* Fungal pectinases, hemicellulases, cellulase
= After enzyme treatment, protoplast suspensions are collected by
centrifugation, washed in enzyme-free medium and separated from cells and
cell debris by floatation on a sucrose solution.
= Cell debris will pellet.
= Buoyant protoplast will float at sucrose surface.
o Culture of protoplasts:
= Screened for agriculturally valuable traits.
= Protoplasts from different plants are induced to fuse by:
* Chemicals such as calcium or polyethylene glycol (PEG) which make
protoplasts ‘sticky’.

e FElectrofusion

3. Anther Cultures
* Explant used — pollen grains

* Haploid anther calli produced — used to regenerate haploid plants

* No masking — all phenotypic effects are seen.
* Lethal genes eliminated since recessive alleles are expressed — cell dies
* Haploid plants are sterile
o Colchicine used to disrupt the mitotic spindle — separation of chromatids at anaphase
doubles chromosome number.

o Homozygous diploid plants are produced (fertility restored)
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Mutations can be induced in anther culture

o Via U.V. gamma irradiation, chemicals.

o Desirable mutants selected for.

D. Cloning and Biotechnology

Bacterial plant pathogen, found in soil, causes
Crown Gall disease.

Transfers Ti (tumour-inducing) plasmid into
nucleus of an infected plant.

The newly introduced Ti-plasmid is
incorporated into the plant genome and is

consequently transcribed.

Oncogenic genes  Cytokinin production Opine synthesis
., Right T-DNA border

,/—___h:\,_\ N,

Auxin production

-~ p - Conjugative transfer
Left T-DNA border ?&\ / T-region
: \
Ti plasmid
(Octopyne type)

Virulence region Opine catabolism

Origin of replication

The T-DNA that is integrated into the plant genome contains cancer-causing monogenic

genes and genes that synthesise opines which are excreted by infected Crown Gall cells and

are a food source for Agrobacterium tumefaciens

It also carries genes for the biosynthesis of auxins and cytokinins — i.e. tumours form since

hormone levels cannot be controlled by the plant.

These oncogenes and opine-creating genes can be removed from the Ti-plasmid that is

transferred to the plant cell by T-DNA.

Only single genes or very small groups of genes can be transferred.

Agrobacterium tumefaciens

DMNA mit dem
erwiinschten Gen

(1) Restriktions-
enzym und
DMNA-Ligase

Restriktions-
Schnittstelle

ﬁ.bl] 2 Die Verwendung des Ti-Plasmids als Vektor bei der Gen-
manipulation von Pflanzen. (1) Das Ti-Plasmid wird aus Agrobacte-
fum tumefaciens isoliart, und ain Stock Fremd-DNA wird mit géngigen
Techniken in die T-Region des Bakleriums eingebaut. @} Bringt man
das rekombinante Plasmid in kultivierta Pllanzenzallan ain, so integriert

Agrobacterium in biotechnology

A modified Ti plasmid is used

i @ F]nt’uhr‘ung

® 2

@ Regeneration "T‘

in kultivierie der Pflanze
Pflanzen- __
zellen 1 “TmE—Tom
L ey
eingebaute T-DNA Pflanze mit nauen

mit neuem Gen Erbmerkmals
sich die T-DMA In deren chromosomale DNA. (3) Bel derzZeiieiung
erhdlt jede Tochierzelle eine Kopie der T-DNA und damit aul rdes
darin eingebauten Fremdgens, Wenn sich eine vollstandigePlanze
raganerien hat, tragen alla ihra Zellen dieses neus Gan und expemisren
es vielieicht auch,

Plasmid disarmed — tumour inducing genes deleted
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Only essential parts are the two small (25 bp) border repeats.
Selectable marker gene may be included — resistance to herbicide (e.g. neomycin,
kanamycin) or antibiotic.
Restriction site in the T-DNA region & gene of interest = cut with the same restriction
enzymes and mixed.
DNA ligase added to mixture. DNA fragments bind to gene of interest (incl. promoter and
marker gene) to the plasmid to form the recombinant DNA (must have plant promoter).
Transformation with Agrobacterium:
o Protoplasts or leaf-discs can be incubated with the Agrobacterium and whole plants
regenerated using plant tissue culture.
o Ti plasmid integrates the T-DNA region and gene of interest into its host plant
chromosomal DNA.
Not all cells are successfully transformed.
o Explants need to be sprayed or grown on medium with the selected
herbicide/antibiotic.
o Only successfully transformed plants survive.
Transformed plants can be cultured using tissue culture method to produce new plants with

gene of interest.

Other methods of gene transfer:

Electroporation

Microprojectile bombardment/gene gun/biolistics
Microinjection (animals and some plant cells/protoplasts)
Cell and protoplast fusion (mostly plants)

Liposomes

Macroinjection

Viral vectors
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