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The genetic engineering techniques involved in the development of new crops, 

medicines, disease control or elimination, waste management, oil spill cleanups 

and shrubs that glow, as well as varied assortment of manipulations or uses of 

plants or plant cells and tissues, are all part of the field of Biotechnology. 

A tobacco plant that has been genetically engineered to contain genes from a firefly. The 

plant glows when it is bathed in a chemical that allows an enzyme to “turn on the glow” 
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DNA technology 
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How recombinant bacteria are 

produced. DNA isolated from a 

plant or animal cell, and a 

plasmid isolated from a bacterial 

cell, are fragmented with the 

same restricted enzyme and then 

mixed. Some “sticky ends” of 

DNA fragments from both cells 

bond together, forming 

recombinant DNA. The 

recombinant DNA is inserted 

into a bacterium, which 

multiplies the recombinant DNA 

as it divides. 
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Traditional Plant Breeding: 

Hybridization 
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Several ways of improving existing varieties and of developing 

new ones came into use long before recombinant DNA 

technology was developed.  

Most of varieties of crop, ornamental, and other economically 

important plants available today have been developed from wild 

ancestral parents through controlled plant breeding. 

Hybrid corn plants 
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Polyploidy 
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Polyploid cells and organisms are those containing more than two paired 

(homologous) sets of chromosomes. The induction of polyploidy is a common 

technique to overcome the sterility of a hybrid species during plant breeding.  

 

 

 

 

 

 

 

            RYE                             WHEAT                                   TRITICALE 

 

After polyploidization, the hybrid becomes fertile and can thus be further 

propagated to become triticale. 

Polyploidy in crop plants is most commonly induced by treating seeds with the 

chemical colchicine. 

 

+ 
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Mutation 
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Mutation breeding is the process of exposing seeds to chemicals or radiation in 

order to generate mutants with desirable traits to be bred with other cultivars. 

Plants created using mutagenesis are sometimes called mutagenic plants or 

mutagenic seeds. From 1930–2007 more than 2500 mutagenic plant varietals 

have been released. Crop plants account for 75% of released mutagenic species 

with the remaining 25% ornamentals or decorative plants. However, it is unclear 

how many of these varieties are currently used in agricultural production around 

the world, as these seeds are not always identified or labeled as being mutagenic 

or having a mutagenic provenance. 
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The field of plant biotechnology is concerned with developing 

ways to improve the production of plants, in order to supply 

the world’s needs for food, fiber and fuel As our population 

grows, our needs also grow. The Green Revolution of the 

sixties saw a great increase in production of food grains due to 

new high-yielding varieties, pesticides, and better management 

techniques. 

 

 

Norman Borlaug (“Father of the Green Revolution”) was 

awarded a Nobel Prize in 1970 for developing new strains of 

wheat in Mexico. 
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In addition, plants provide us with many pharmaceuticals and 

industrial compounds. To increase quantity of crop production 

as well as to produce specific characteristics in plants, 

biotechnologists are using selective gene techniques. The two 

major methods of propagation used today are: 

 

 Plant Tissue Culture 

 

 Genetic Engineering 
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In addition to food consumption, plant products are also being 

produced for: 

 

 Fuel 

 

 Fiber 

 

 Pharmaceutics 
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The value of being able to take a piece of stem of a desirable 

plant from one locality to another and induce it to grow into a 

new plant  identical to its “parent”, or of being able to divide 

rhizomes, tubers, and other parts of plants and have them each 

develop into new plants has been recognized since ancient 

times. 

Techniques involved in traditional vegetative propagation are: 

 Cuttings – Stem, leaf or root cuttings. 

 Layering – Tip layering, air layering. 

 Grafting – Simple grafting, tongue grafting, splice grafting, 

cleft grafting, side grafting, approach grafting, bridge grafting, 

bud grafting (budding), root grafting, double-working grafting, 

girdling. 
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Traditional Vegetative Propagation 
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House plants, such as African violets, peperomias, begonias, 

sansevieiras and others with somewhat succulent leaves can be 

propagated in various ways from the leaves. From leaves or 

piece of leaves left in water or over a moisten surface, being 

water replaced on a regular basis, roots will develop as well as 

a new plant. When the roots appear on the basis of the petiole, 

the “leaf” may be planted again. 

Peperomia disks on a 

moisten filter paper and 

peperomia leaves with 

their petioles in water. 
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The tips of canes are bent to the ground and covered with a small 

mound of soil. When a new plant has developed at the tip, it can 

be cut from the parent plant and grown independently. 

 
Traditional Vegetative Propagation 
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Propagation of Specialized Stems and Roots – Modified plant 

organs, such as rhizomes, tubers, and corms, may be divided, and 

each piece is capable of developing into a new plant. 

 
Traditional Vegetative Propagation 
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Stages in tongue grafting. A. A smooth tangential cut is made at the bottom of the 

scion and at the top of the stock. B. Vertical cuts are made back into the centers of 

the stock and scion. C. The cuts are slightly widened to form a little tongue on each 

portion. D. The scion is inserted into the stock as tightly as possible without forcing a 

split. The graft then is bound with rubber strips and sealed with grafting wax. 

 
Traditional Vegetative Propagation 
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Tongue grafting in which the 

stock and the scion are of 

different diameters. 

 
Traditional Vegetative Propagation 
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How a side grafting 

is made. A tangential 

cut is made on the 

side of the stock, 

and a prepared scion 

is inserted. 

 
Traditional Vegetative Propagation 
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Stages in cleft grafting. A. The stock is cut transversely and a meat cleaver or heavy 

knife is driven into the wood to make a  vertical cut or split. B. A wedge is 

temporarily inserted into the vertical cut to keep it open. C. Scions are inserted into 

the cut in the vicinity of the cambium, and a wedge is removed.  D. The exposed 

surfaces are sealed with grafting wax. 

 
Traditional Vegetative Propagation 
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An approach graft. Two independently growing plants are 

prepared and grafted together. 

 
Traditional Vegetative Propagation 
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Plant Tissue Culture 
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Plant tissue culture is the sterile, in vitro cultivation of plant 

parts. Plants have the ability for differentiated cells revert to an 

undifferentiated state called callus. These cells will then divide 

and then differentiate back to somatic embryo that will 

regenerate the entire plant. 
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Plant Tissue Culture 
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Plants cultured in vitro yield thousands 

of genetically identical plants (clones) 

from a single plant. This process is 

called micropropagation and is used to 

commercially propagate plants 

asexually. The rapid multiplication 

allows breeders and growers to 

introduce new cultivars much earlier 

than they could by using conventional 

propagation techniques, such as 

cuttings. 
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Plant Tissue Culture 
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Through the use of Biotechnology, desirable genetic traits can 

be transferred from one organism to another by transfer of 

DNA. Many more plants with desirable DNA can be 

regenerated from small pieces of the transformed plant tissue. 

Examples of plants produced using tissue culture include the 

large variety of ornamental plants; agricultural crops such as 

                                     strawberry, banana, potato and tomato;   

                                     and a variety of medicinal plants.  
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Plant Tissue Culture 
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Commercial tissue culture involves exposing plant tissue to 

specific regimen of nutrients, hormones, and light under sterile 

conditions to produce many new plants over a very short period 

of time. 

There are three main steps to the tissue culture process: 

 

STAGE I – Initiation phase. A piece of plant tissue is cut from 

the plant, disinfected, and placed on a medium. A medium 

typically contains mineral salt, sucrose, and solidifying agent 

such as agar. The objective is to achieve an aseptic culture (one 

without contaminating bacteria or fungi). 
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Plant Tissue Culture 
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STAGE II – Multiplication phase. The plant material is re-

divided and placed in a medium with plant growth regulators 

that introduce the growth of multiple shoots. This process is 

repeated many times until the number of plants desired is 

reached. 

 

STAGE III – Root formation phase. Hormones are used to 

induce rooting and the formation of complete plantlets. 

 

The plants are then moved from the  

laboratory to greenhouses and placed 

in soil for further development. 

http://www.tcd.ie/pharmacy/


 
Plant Tissue Culture 

 
 

Dr. Fábio Boylan  

http://www.tcd.ie/pharmacy/


 
 

Dr. Fábio Boylan  

Our ancestors have been improving crops and livestock for 

thousands of years through selective breeding or crossbreeding 

to produce desired traits. Biotechnology is just an extension of 

this process. Genes are added, deleted or temporarily silenced 

to produce desired results. 

 

 

Genetic engineering involves cutting and moving snippets of 

DNA from one plant to another. Permanently integrating new 

DNA into a plant’s original DNA forms what is known as 

transgenic plant or genetically modified organism (GMO).  

Genetically Engineered Plants 
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Major goals of genetic engineering of plants: 

 

 Produce crops with less impact on environment 

 

 Reduce expense of food production 

 

 Reduce crops less vulnerable to insects, diseases, weeds and 

harsh environments 

 

 Develop crops with more nutrients 

 

 Develop crops for production of medicines and vaccines 

Genetically Engineered Plants 
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Major genetic engineered traits in plants: 

 

 

 Insect resistance 

 Herbicide resistance 

 Virus resistance 

 Delayed fruit ripening 

 Altered oil content 

 Pollen control 

 Altered “active principles” content 

Genetically Engineered Plants 
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Major plant biotechnology applications other than medicinal 

applications are: 

 Resistant crops 

 

 Production of novel fibers 

 

 Biofuels 
 Biodiesel: A methylester of vegetable oils, typically soybean or sunflower oil. The 

oil is reacted with an alcohol in the presence of a catalyst to produce glycerine and 

methylesters or biodiesel. 

 

 Basically alcohol, bioethanol is produced by fermentation and distillation of 

starch plants (grain, mostly corn and tubers like cassava); sugar plants (sugar beet or 

sugar cane); and although large-scale still in preliminary stages – from cellulose 

plants. 

Plant Biotechnology Applications 
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The biotechnological tools are important to select, multiply and 

conserve the critical genotypes of medicinal plants. In vitro 

regeneration holds tremendous potential for the production of high-

quality plant-based medicine. 

 

In vitro production of secondary metabolites in plant cell suspension 

cultures has been reported from various medicinal plants. 

 

Genetic transformation may be a powerful tool for enhancing the 

productivity of novel secondary metabolites; especially by 

Agrobacterium rhizogenes induced hairy roots. 
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World Health Organization estimates that up to 80% of 

people still rely mainly on traditional remedies such as 

herbs for their medicines. 

 

Also….. 

 

It is estimated that approximately one quarter of prescribed 

drugs contain plant extracts or active ingredients obtained 

from or modeled on plant substances. 
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Biotechnological tools are important for multiplication and 

genetic enhancement of the medicinal plants by adopting 

techniques such as in vitro regeneration and genetic 

transformations. It can also be of extremely use for the 

production of secondary metabolites using plants as bioreactors. 
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Micropropagation has many advantages over conventional 

methods of vegetative propagation, which suffer from several 

limitations. 

 Multiplication rate is greatly increased. 

 

 Production of Pathogen-free material. 

 

 Propagation from existing meristems yields plants that are 

genetically identical with the donor plants. 
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Plant regeneration from shoot and stem meristems has already 

yielded encouraging results in medicinal plants. 

 

 

Catharanthus roseus                Cinchona ledgeriana                      Digitalis lanata 

Vincristine Cinchonine 
Digoxin 
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Plant regeneration from shoot and stem meristems has already 

yielded encouraging results in medicinal plants. 

 

 

endangered species 

 

 

    Cardenolides  

Catalpol Yohimbine 
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The effects of auxins and cytokinins on shoot multiplication of various 

medicinal plants have been described. 

 

Auxins are a class of plant growth substance and morphogens (often called 

phytohormone or plant hormone). Auxins have an essential role in 

coordination of many growth and behavioural processes in the plant life 

cycle. Auxins and their role in plant growth were first revealed by the Dutch 

scientist Frits Went.  

Cytokinins (CK) are a class of plant growth substances (plant hormones) 

that promote cell division. They are primarily involved in cell growth, 

differentiation, and other physiological processes. Their effects were first 

discovered through the use of coconut milk in the 1940s by a scientist at the 

University of Wisconsin–Madison named Folke Skoog.  
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Other plant hormones: 

Gibberellins 

Hormones that control stem elongation in most plants. Many dwarf mutants of plants will grow 

and develop normally if gibberellin is applied. 

Ethylene 

A simple hydrocarbon plant hormone. It controls abscission (=dropping) of leaves, flowering 

and fruiting, and hastens fruit ripening. It can be used commercially to cause fruit ripening or 

hasten fruit drop. 

Abscisic acid 

Abscisic acid suppresses cell growth. It also promotes leaf senescence (death) which results in 

the colour changes of leaves in autumn before they are dropped from deciduous plants. 

Abscissic acid also appears to be involved in stomatal opening and closing. It may have a role 

in root gravitropism. 

Phytochromes 

These chemicals change in concentration in plants in response to changes in length of dark 

(night)/light (day) periods. In turn, these changes in phytochromes stimulate or repress the 

flowering of plants. There are two categories of plants with respect to flowering. Short day 

plants flower in response to long nights. Long day plants flower in response to short nights.  
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Example of use of hormones in medicinal plant cell culture. 

6-Benzylaminopurine at high concentration 

(1-5 ppm), stimulates the development of 

the axillary meristems and shoot tips of 

Atropa belladona. 

Atropine 
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Example of use of hormones in medicinal plant cell culture. 

6-Benzylaminopurine 10 mM along with 5 mM 

indole-3-acetic acid (IAA) or 5 mM NAA 

induces a high rate of shoot proliferation of 

Zingiber spectabile. 

Zerumbone 

Anti HIV properties 
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Callus mediated organogenesis – The induction of callus growth 

and subsequent differentiation and organogenesis is 

accomplished by the differential application of growth 

regulators and the control of the conditions in the culture 

medium. 

With the stimulus of endogenous growth substances or by 

addition of exogenous growth regulators to the nutrient 

medium, cell division, cell growth and tissue differentiation are 

induced. 

There are several examples of regeneration of medicinal plants 

via callus culture. 
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Successful plant regeneration was reported from stem and leaf-

derived callus of Centella asiatica on Murashige and Skooge 

medium supplemented with 4 mg/L BA, 2 mg/L kinetin, 0.25 

mg/L NAA and 20 mg/L adenine sulfate. 

Centella asiatica 

Asiaticoside 
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Somatic embryogenesis is a process where groups of 

somatic cells/tissues lead to the formation of somatic 

embryos which resemble the zygotic embryos of intact 

seeds and can grow into seedlings on suitable medium.  

 

Plant regeneration via somatic embryogenesis from single 

cells, that can be induced to produce an embryo and then a 

complete plant, has been demonstrated in many medicinal 

plant species. 
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Somatic embryogenesis from bark callus of  Aesculus 

hippocastanum (Horse Chestnut) has been induced on MS 

medium supplemented with 2 mg/L of Kinetin, 2 mg/L of 2,4 

D (2,4-dichlorophenoxiacetic acid) and 2 mg/L of NAA. 

Aescin 
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The cryopreservation of in vitro cultures of medicinal plants is a 

useful technique. Cryopreservation is a long term conservation 

method in liquid nitrogen (-196 degrees Celsius) in which cell 

division and metabolic and biochemical processes are arrested. 

A large number of cultured materials can be stored in liquid 

nitrogen. Since whole plants can regenerate from frozen culture, 

cryopreservation provides an opportunity for conservation of 

endangered medicinal plants. 

Low temperature storage has been reported to be effective for 

cell cultures of medicinal and alkaloid-producing plants, such as 

Rauwolfia serpentina, Atropa belladonna and Hyoscyamus spp. 
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The production of secondary metabolites in vitro can be possible 

through plant cell culture. Successful establishment of cell lines 

capable of producing high yields of secondary compounds in cell 

suspension is a reality. 

The accumulation of secondary compounds in plant cell cultures 

depends on the composition of the culture medium, and on 

environmental conditions. 

Strategies for improving secondary products in suspension 

cultures, using different media for different species, have already 

been reported for several medicinal plants. 
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solasodine 
Pyrrolizidine 

alkaloids 
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cephaelin 

emetin 

Cephaelis ipecacuanha 

Cinchona ledgeriana 
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Azadirachtin                                    Lepidine 

       Azadirachta indica                    Lepidium sativum 

http://www.tcd.ie/pharmacy/


 
Biotechnology 

 

Dr. Fábio Boylan  

http://www.tcd.ie/pharmacy/


 
Biotechnology 

 

Dr. Fábio Boylan  

http://www.tcd.ie/pharmacy/


 
Biotechnology 

 

Dr. Fábio Boylan  

Bioreactors are the key step towards commercial production of secondary 

metabolites by plant biotechnology. 

Bioreactors have several advantages for mass cultivation on plant cells: 

 

 It gives better control for scale up of cell suspension cultures under 

defined parameters for the production of bioactive compounds 

 Constant regulation of conditions at various stages of bioreactor operation 

is possible 

 Handling of culture such as inoculation or harvest is easy and saves times 

 Nutrient uptake is enhanced by submerged culture conditions which 

stimulate multiplication rate and higher yield of bioactive compounds and, 

 Large number of plantlets are easily produced and can be scaled up 
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Panax ginseng  root tissue culture 

in a 20 tonne bioreactor produced 

500mg/L/day of ginsenosides, 

which is considered as a very 

good yield! 
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