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Why genetically engineered plants?

• To improve the agricultural or horticultural value of 
plants

• To serve as living bioreactors for the production of 
economically important proteins or metabolites

• To provide a renewable source of energy (biofuels)

• To provide a powerful means for studying the biological 
action of genes and gene products



Plant transformation with the Ti plasmid of 
Agrobacterium tumefaciens

• A. tumefaciens is a gram-negative soil bacterium which 
naturally transforms plant cells, resulting in crown gall (cancer) 
tumors

• Tumor formation is the result of the transfer, integration and 
expression of genes on a specific segment of A. tumefaciens
plasmid DNA called the T-DNA (transferred DNA)

• The T-DNA resides on a large plasmid called the Ti (tumor 
inducing) plasmid found in A. tumefaciens



Formation of Crown Gall tumor in plants



Infection of a plant with A. tumefaciens and 
formation of crown galls

Crown Gall on 

Tobacco



The Ti plasmid of Agrobacterium tumafaciens and its T-DNA 
region containing eukaryotic genes for auxin, cytokinin, and 

opine production.



The Structure of Ti plasmid



The infection process:

1. Wounded plant cell releases phenolics and nutrients.

2. Phenolics and nutrients cause chemotaxic response of A. tumefaciens

3. Attachment of the bacteria to the plant cell.

4. Certain phenolics (e.g., acetosyringone, hydroxyacetosyringone) induce vir gene 

transcription and allow for T-DNA transfer and integration into plant chromosomal DNA. 

5. Transcription and translation of the T-DNA in the plant cell to produce opines (food) and 

tumors (housing) for the bacteria.

6. The opine permease/catabolism genes on the Ti plasmid allow A. tumefaciens to use 

opines as a C, H, O, and N source. 

The wound-induced plant 

phenolics induce the vir

genes on the Ti plasmid.



The Ti plasmid of Agrobacterium tumafaciens and the 
transfer of its T-DNA to the plant nuclear genome





The binary Ti plasmid system involves using a small 
T-DNA plasmid (shown below) and a disarmed (i.e., 

no T-DNA) Ti plasmid in A. tumefaciens



(disarmed)

Plant genetic engineering with 
the binary Ti plasmid system

Clone YFG (your favorite gene) or
the target gene in the small T-DNA
plasmid in E. coli, isolate the plasmid
and use it to transform the disarmed
A. tumefaciens as shown.

Transgenic
plant

Disarmed 
Ti plasmid





List of Plants that have  been genetically Transformed




