Bacillus thuringiensis (Bt)

Bacillus thuringiensis is a bacterium that parasitizes the caterpillars of some harmful moths and butterflies. Spraying or dusting plants with spores of this bacterium appear to be environmentally safe ways to attack such pests as the gypsy moth, the tent caterpillar, and the tobacco hornworm (which also attacks tomatoes). The bacteria kill by a toxin which they secrete. The gene for this toxin has been introduced into some crop plants in an effort to protect them from insect attack without the need for spraying. 
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On the left is a cotton boll being attacked by a cotton bollworm. The cotton plant that produced the boll on the right contains and expresses the gene for the Bt toxin. The gene was introduced into the plant by genetic engineering. (Image courtesy of the Monsanto Corp.)

	How transgenic plants are made.


Transgenic cotton and corn (maize) containing the gene for Bt toxin were widely planted for the first time in 1996. By 2004, these crops had been planted on some 50 million acres (20x106 hectares) worldwide. In the United States over 70% of the cotton planted and 40% of the corn planted is now with transgenic varieties. 

Tests in China of rice transgenic for Bt toxin has shown improved crop yields with greatly-reduced need for chemical pesticides. 

B. thuringiensis appears to be the same organism as Bacillus cereus, a usually harmless soil organism, and Bacillus anthracis, the cause of anthrax. 
What gives them their distinctive properties are the genes encoded by the plasmids they contain. 

Transgenic Plants

Progress is being made on several fronts to introduce new traits into plants using recombinant DNA technology. 

The genetic manipulation of plants has been going on since the dawn of agriculture, but until recently this has required the slow and tedious process of cross-breeding varieties. Genetic engineering promises to speed the process and broaden the scope of what can be done. 

Making transgenic plants

There are several methods for introducing genes into plants, including 

· infecting plant cells with plasmids as vectors carrying the desired gene 

· shooting microscopic pellets containing the gene directly into the cell.

In contrast to animals, there is no real distinction between somatic cells and germline cells. Somatic tissues of plants, e.g., root cells grown in culture, 

· can be transformed in the laboratory with the desired gene 

· grown into mature plants with flowers.

If all goes well, the transgene will be incorporated into the pollen and eggs and passed on to the next generation. 

In this respect, it is easier to produce transgenic plants than transgenic animals. 

Some Achievements

1. Improved Nutritional Quality

Milled rice is the staple food for a large fraction of the world's human population. Milling rice removes the husk and any beta-carotene it contained. Beta-carotene is a precursor to vitamin A, so it is not surprising that vitamin A deficiency is widespread, especially in the countries of Southeast Asia. 

The synthesis of beta-carotene requires a number of enzyme-catalyzed steps. In January 2000, a group of European researchers reported that they had succeeded in incorporating three transgenes into rice that enabled the plants to manufacture beta-carotene in their endosperm. 

2. Insect Resistance.

Bacillus thuringiensis is a bacterium that is pathogenic for a number of insect pests. Its lethal effect is mediated by a protein toxin it produces. Through recombinant DNA methods, the toxin gene can be introduced directly into the genome of the plant where it is expressed and provides protection against insect pests of the plant. 

3. Disease Resistance.

Genes that provide resistance against plant viruses have been successfully introduced into such crop plants as tobacco, tomatoes, and potatoes. 

	Tomato plants infected with tobacco mosaic virus (which attacks tomato plants as well as tobacco). The plants in the back row carry an introduced gene conferring resistance to the virus. The resistant plants produced three times as much fruit as the sensitive plants (front row) and the same as control plants. (Courtesy Monsanto Company.) 
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