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INTRODUCTION:



Basics of genetic Engineering



STEPS IN GENETIC ENGINEERING







Genetic modification of plant using genetic 

engineering.



Process of transformation.



Different Methods of   Gene       

Transfer



Plant Transformation/Methods 

of Gene transfer
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Microinjection 

 It is the process of transfering foreign DNA into 

the living cell, through the use of micropipette.

 Glass micropipette is usually 0.5 to 5 

micrometer, easily penetrate into the cell 

membrane and nuclear envelope.

Application: 

• Technique is used for producing transgenic 

animal quickly.

• Applied to inject DNA into plant nuclei.

Limitations: Costly, Require skilled   person, 

method is useful for protoplast.



Particle bombardment/Gene Gun Method

 A Gene gun or a bolistic particle delivery system, is a device for 

injecting cells with genetic information.

 The gold or tungsten particles are coated with the DNA that is 

used to transform the plant tissue.

 The particles are propelled at high speed into the target plant 

material where the DNA is released within the cell & can 

integrate into the genome.

 Two type of plant tissue are used for paricle bombardement:

 Primary explant that are bombardment & then induced  to 

become embryogenic.

 Proliferating embryo culture that are bombarded & then 

allowed to proliferate further & subsequently regenerate.



Electroporation

 Electroporation is the process of applying electrical field to 

a living cell for brief duration of time in order to create 

microscopic pores in the plasma membrane called 

electropores.

 Also known as electric permeabilization.

STEPS:

 Plant material is incubated in buffer solution containing 

DNA & subjected to high voltage electric pulse.

 The DNA then migrates through high voltage induced pores 

in the plasma membrane & integrates into the genome.

 It can be used to transform all the major cereals 

particularly rice, wheat, maize.





Liposome Encapsulation (Lipofection)

 Lipofection is a Liposome mediated gene 

transfer method.

 Liposomes is cationic in nature & made up of 

phospholipid layer similar as cell membranes.

 Liposomes & target cell adheres and form the 

aggregates easily because of similar 

phospholopid bilayer.

 As aggregates of liposomes & cell wall are 

positively charged it uptake the negatively 

charged DNA.

 The recombinant DNA enclosed in the 

liposomes vesicles penetrates into the protoplast 

of the host cells.



Calcium Phosphate mediated gene transfer

 The Process of transfection involves the mixtures 

of isolated DNA with the solution of calcium 

chloride & potassium phophate under conditions 

which allow the precipitates of calcium phosphate 

to be formed.

 Cells are then incubated with precipiatetd DNA 

either in solution or in tissue culture dish.

 A Fraction of cells will take up the calcium 

phosphate DNA precipitates by endocytosis.

 Ca ions interacts with the negatively charged 

phospholipid heads of the cell membrane, creating 

an electrostatistically neutral situation.

 Heart shock is necessary which creates 



Agrobacterium mediated gene transfer.

 Agrobacterium tumefaciens ,a soil bacterium known as nature’s own genetic 

engineer.

 It is rod shaped ,gram negative , motile bacteria, having 1-6 flagella.

 To be virulent, the bacterium must contain a tumor-inducing plasmid (Ti 

plasmid or pTi),which contain T DNA & all the genes necessary to transfer it 

to plants cell.

 It has the natural ability to genetically engineer plants.

 It carries genetic information from bacteria to plant cells.

 It causes crown gall disease.

 It can be use as vehicle to transfer gene in plants.



Agrobacterium species.

 A. tumefaciens has Ti ( tumor inducing) plasmid, & that is responsible for 

tumor induction (crown gall tumor) in plant.

 A. tumefaciens is also known by the name A. radiobacter/Rhizobium 

radiobacter.

 A. rhizogenes has Ri (root inducing) plasmid & that is responsible  to cause 

hairy disease in plants. Ri plasmid is analogue to Ti plasmid

 A. rubi cause cane gall in sugarcane plant.

 A. vitis gall in grapes.



Ti plasmid (Tumor Inducing)

 Large size plasmid of 200 kbp.

 The modification of this plasmid is very 

important in the creation of transgenic 

plants.

 Plasmid have T-DNA, right border, left 

border, vir genes, phtochrome region, 

origin of replication & opine region.



Organization of T-DNA 

 The transfer DNA (T- DNA) is the transferred DNA 

of the tumor inducing plasmid of some species of 

bacteria.

 Size of T- DNA  is between 15-30 kb.

 It has Left borer & Right border.

 Right border play an important role in transfer & 

integration of T-DNA. Absence of RB will terminates 

the T- DNA transfer.

 T- DNA carry genes for phytohormones (Auxin & 

cytokinin) and opine that are expressed in plant cell.

 Overproduction of these hormones at the site of 

infection is responsible for proliferaton of wounded 

cells in tumor.



Organization of T-DNA 

 Opines are low molecular weight compounds found in plant’s crown 

gall tumors or hairy root tumor produced by parasitic bacteria of the 

genus Agrobacterium.

 The opines are used by the bacterium as an important source of 

nitrogen, carbon and energy.

 Opines are condensation product of amino acids & keto acids.

 Different types of opines amay present : nopaline, octopine& agropin.



Genes required for transfer of T-DNA 

Genes Functions

Vir A Kinase protein, add phosphate to vir G

Vir A & Vir G They expressed continuously. Play imp role in 

responding to phenolics (acetosyringone) which 

released by wounded plants.

Vir G Activate other vir G

Vir D1 & Vir D2 Endonuclease

Vir D Responsible for virulence activity of bacterium.

Vir B/D4 Type 4 secretory system,It is a pore channel formation 

T- DNA  transfer from bacteria to plant cells

Vir E/E2 Protect T-DNA  against nuclease & target T- DNA to 

plant cell. It act sasingle stranded binging protein.



Transformation of cells by A. 

tumefaciens.

1. Signal induction to Agrobacterium –plant secrets some phenolics compounds 

acetosyringne& some sugars,induces biochemical changes that help in T-DNA 

transfer.

2. Attachment of Agrobacterium to plant cells-

Agrobacterium attaches to cell through polysacchrides and cellulose fibres.

3. Production of virulence protein-

Induction causes virulence protein to form vir A, which induces   Vir G, this 

then induces the production of rest of the virulence proteins like VirD1/D2, Vir E, 

Vir B     



4. Production of single stranded  T-DNA-

This is recognised by vir D and thus carried forward to the host by the 

Vir D2

5. Transfer of T- DNA out of Agrobacterium-

The DNA strand is carried out by vir D2 through the channel made by 

Vir B

6. Transfer of T-DNA into the plant cells & integration-

Integration of he DNA into the host cells is helped by Vir E2, which 

protect the DNA from degradation by host cell restriction modification 

system,while Vir D2 helps to navigate the DNA to the nucleus.






