Plant Cloning and GMOs
Plant Cloning

· A clone is a cell, group of cells or organism that is descended from and genetically identical to a single common ancestor

· Plant cloning can be done by VEGETATIVE PROPAGATION, which occurs both naturally and artificially, as well as MICROPROPAGATION

Vegetative propagation

· Process of external reproduction where new plant “individuals” arise or are obtained without production of seeds or species

· Natural vegetative propagation can occur through rhizomes, runners (strawberries, grasses and some ferns), suckers (banana), bulbs (tulips and onions), tubers (potatoes and dahlia) and corms (yams and gladioluses)

· Man-made methods of vegetative propagation can occur as well

· Rooting of cuttings

· A cutting is a branch cut off from a mother plant below an internode

· It is rooted with the help of a rooting liquid or powder containing hormones

· E.g. African violet, Hibiscus

· Grafting

· The scion is the part that is grafted, and may be a bud, in which case the process is called bud-grafting or budding, or may be a cutting with several buds

· The stock is the rooted part of the plant

· The new plant arising from the scion bears properties of the plant that is the source of the scion

· Used to propagate hybrid plants

Micropropagation

· Practice of rapidly multiplying stock plant material to produce a large number of progeny plants, using modern plant tissue culture methods

· Used to multiply novel plants, such as genetically modified plants

· Used to provide a sufficient number of plantlets from a stock plant which does not respond well to vegetative propagation

Plant tissue culture

· Maintenance and growth of explanted tissue in a culture away from the source organism

· Produces undifferentiated, genetically identical cells that have the capacity to regenerate new plants

· Plant cells are totipotent

· Known as micropropagation if used to clonally produce plantlets on a large scale

Callus Culture

· Preparation of explant

· An explant is any portion taken from a plant or animal tissue that will be used to initiate a culture

· Examples of explants that can be used are pieces of stem tissue with nodes, flower buds, leaves, meristems, epidermal tissue and storage organs

· Young plants must be chosen as there is a higher proportion of actively dividing cells that are more responsive to callus initiation efforts

· Donor plant should carry desirable characteristics, and be free from any signs of disease and decay, and actively growing

· Obtaining aseptic culture

· Explant surface-sterilised by immersing in Chlorox

· Cut into small fragments

· Obtaining a callus

· Explants are then transferred to Culture vessels

· The components of the culture media are as follows: inorganic mineral salts (which include micronutrients and macronutrients), vitamins, carbon sources, plant growth regulators, organic nitrogen, medium matrix, and others

· Explants from sterile plant structures are then pressed into surface of agar medium to ensure good contact with medium

· The culture vessel is then sealed and incubated, and sterility is maintained

· A mass of undifferentiated tissue called a callus develops

· Rapid multiplication of callus

· Callus is repeatedly sub-cultured onto new culture media to obtain required multiplication rates

· Intermediate auxin:cytokinin ratio for callus proliferation

· Establishment of plantlet

· Development of adventitious shoots ( high cytokinin:auxin ratio

· Root formation ( High auxin:cytokinin ratio

· Acclimatisation

· Acclimatisation is the process of weaning the plantlets from a high-humidity, low light, warm environment of in vitro culture to what would be considered a normal growth environment for the species in question

· Plant taken out, agar washed away, plant soaked in fungicide and grown in sterile soil

· Initially grown in a greenhouse in conditions similar to the culture vessel

· Eventually transplanted to a uniform medium that adequately supports the plant, and is sufficiently porous to allow adequate drainage and aeration
Protoplasts
· Plant cells without cell walls
· As there are no cell walls, it is therefore easier to introduce genetic material into the cell. This gives rise to transformed protoplasts, which give rise to transformed plants

· Protoplast fusion

· Protoplasts can be induced to fuse by:

· Addition of calcium or polyethylene glycol (PEG) which makes protoplasts “sticky”

· Electrofusion

· Carried out to form somatic hybrids

· Allows breeders to overcome reproductive barriers and combine good traits of two plants

· Protoplasts of two different varieties can fuse to form heterokaryons

· Carried out to create polyploids

· Allows for reproduction of sterile polyploids (E.g. Banana is a sterile triploid

· Increases vigour in plants (E.g. octaploid blackberries)

· Protoplast Culture

· Choosing of explant

· Young explant chosen from tissues with high proportions of meristematic cells

· A meristem is a plant tissue that consists of actively dividing cells that give rise to cells that differentiation into new tissues

· Surface sterilisation with Chlorox

· Isolating protoplasts

· Cell suspension cultures, callus tissue or even explant tissue can be used to obtain protoplasts

· Cells plasmolysed in mannitol, sorbitol or sucrose to free cytoplasm from its close association with the cell wall and break plasmodesma connections

· Mechnical disruption and enzymatic treatment, involving fungal pectinases, hemicellulases and cellulose are used to remove cell walls

· After enzymatic treatment, protoplast suspension is collected by centrifugation, wash in an enzyme-free medium and separated from cells and cell debris by flotation on a sucrose cushion

· Cell debris pellet

· Buoyant protoplasts float on sucrose surface

· Culture of protoplasts

· Maintained in an isotonic culture solution

Anther culture
· Pollen grains used as explants

· Haploid anther calli regenerates haploid plants

· No masking, as phenotypic effects of all genes are seen

· Lethal genes are eliminated (Recessive alleles are expressed, and the cells die)

· Sterile

· Colchicine used to disrupt formation of mitotic spindle

· Prevents separation of chromatids at anaphase, hence there is a doubling of chromosome number

· Homozygous diploid plant formed

· Mutations can be induced in anther culture and desirable mutants selected

Advantages and disadvantages of micropropagation

· Advantages

· High fecundity

· Genetic uniformity

· Disease-free plants

· Produces rooted plantlets ready for growth

· Produces more robust plants

· Good way of multiplying plants which produce seeds in uneconomical amounts, or are sterile (banana) or produce seeds that are difficult to germinate (orchid)

· Independent of climatic changes

· Takes up less space

· Tool in plant genetic engineering

· Disadvantages

· Very expensive

· An infected plant sample can produce infected progeny

· Losses incurred during acclimatisation

· Higher than acceptable levels of somatic variation

Other uses of micropropagation
· Production and maintenance of pathogen-free stock plants

· Long-term in vitro conservation of germplasm

· Selection and generation of transgenic plants

· Manufacture of secondary metabolites

Genetic Engineering

· Foreign genetic material introduced into nuclei where it may be integrated into the genome

· Introduced genetic material will be replicated during cell division and protected from nuclease action

· Can also be transferred as autonomously replicating DNA in the form of plasmids

· Cells must be made competent to embrace DNA transfer

Genetic Engineering in Plants
Use of Agrobacterium tumefaciens

· Agrobacterium tumefaciens is the bacterial plant pathogen responsible for the Crown Gall Disease

· It transfers a section of its DNA known as T-DNA (Transfer-DNA) located in a tumour-inducing (Ti) plasmid into the nucleus of an infected plant cell

· T-DNA incorporated into plant genome and consequently transcribed

· Infects only dicots

· Methodology of use of A. tumefaciens
· Modified Ti plasmid used

· Deletion of tumour-inducing genes

· Selectable marker gene may be included

· Restriction site in T-DNA region of Ti plasmid and gene of interest cut with same restriction enzyme and mixed

· DNA ligase added to seal recombinant DNA molecule.

· The recombinant plasmid must carry a plant promoter

· A. tumefaciens then transformed with recombinant Ti plasmids

· Protoplasts incubated with A. tumefaciens
· Ti plasmid integrates T-DNA region and gene of interest into its host chromosomal DNA

· Since only some cells are transformed, the explants must be grown on a solidified medium containing either a herbicide or antibiotic to select for transformed explants. Transformed explants will express the selectable marker gene and survive
· Transformed explants can then be cultured using tissue culture methods

· Each cell produced will receive a copy of the T-DNA with the gene of interest

· Althernative method of transformation of plant cells with A. tumefaciens: Floral-dip method

Other methods

· Electroporation

· Microprojectile bombardment/gene gun/biolistics

· Microinjection

· Liposomes

· Macroinjection

· Cell and protoplast fusion

· Viral vectors

Genetic Engineering in animals

· Increases speed and range of selective breeding to produce specific economically important traits in commercial livestock

· Uses:

· Farming transgenic animals for pharmaceutical products

· Improvements in meat production

· Improved milk yields and milk quality

· Disease-free animals

· General methodology

· Desired gene is identified, isolated and cloned

· Linked to a promoter that directs expression of the gene

· DNA construct introduced into nuclei of eggs (through methods like microinjection, gene gun, electroporation, liposomes and macroinjection)

· Some cells will integrate the foreign DNA into their genome and be able to express its proteins

· Engineered eggs surgically transferred into hormonally synchronised surrogate mother

· If development is successful, a transgenic animal results

· The transgenic animal contains genes from a “third” parent, even from another species
· Low success rate

