HOW ARE DRGANISNS
GENETICALLY MOUIHES?

Want a plant that fends off
insects as easily as water rolls off
a waxed car? Need a mouse with
sickle cell anemia so that you can
research treatments? Changing the
genetic structure of plants and ani-
mals to alter their processes is no
longer the stuff of science fiction. It
has become a fairly routine labora-
tory procedure, made possible by
the unique structure of deoxyri-
bonucleic acid, DNA.

You know that DNA is a long
molecule identified by a sequence
of four chemical bases (adenine,
guanine, cytosine, and thymine).
Genes are segments of the DNA
that tell cells to produce specific
proteins such as enzymes essential
for plant growth and development.
Some of these enzymes jump-start
biochemical reactions essential to
genetic modification.

DNA has two characteristics that
genetic engineers find useful. First,
its commands to a cell are followed
the same way regardless of what
organism the cell is in, so DNA can
be inserted from one organism to
another. For example, a gene that
produces a protein that kills cater-
pillars can be transferred from a
bacterium to a corn plant and the
corn plant’s cells will still make
that protein, protecting the plant
from caterpillar damage.

Second, enzymes can be used
to “cut and paste” pieces of DNA.
Some enzymes can cut DNA at
specific points, while others can
join the two ends of severed DNA
that match.

Put all these facts together, and
bingo! you can modify genes. Scien-
tists have developed techniques for
inserting DNA into plants, animals,
and microbes.
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1. The plasmid is
extracted from
the bacterium.

2. The DNA from the donor
cell is cleansed. This cell
contains the gene that is

to be cloned.
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3. After the restriction enzyme is applied
to the DNA, it “cleaves,” i.e., a fragment
of DNA is cut out. This fragment is then

inserted into the plasmid producing the

recombinant DNA.

4. The plasmid is reinserted into the bacterial cell.
If the procedure is correctly executed, the plasmid

IN PLANTS

How do scientists transfer genes
from one organism to another? In
plants, two methods are commonly
used—Agrobacterium and the
“gene gun.”

AGROBACTERIUN METHOO

Agrobacterium tumefaciens, a
bacterium that naturally lives in the
soil, infects plants through a wound
that causes a tumor to form. This
tumor-producing property enables
A. tumefaciens to transfer part of its
DNA to the plant cell. This DNA
integrates into the plant’s genome,
causing tumors and related changes
in plant metabolism. This unique
trait has made it possible for this
bacterium to be used as a tool in
plant breeding. Any desired genes,

will function normally.

such as insect toxic genes or herbi-
cide-resistant genes, can be engi-
neered into the bacterial DNA and
then placed into the plant genome.
The use of Agrobacterium allows
entirely new (nonplant) genes to
be engineered into crops.

Most of the genes that cause the
tumor are not on Agrobacterium’s
chromosome, but in a separate ring
of DNA in the cell called the Ti
(Tumor-inducing) plasmid. To
be more specific, only part of this
plasmid, the T-DNA (Transfer DNA),
enters another cell to cause a tumor.
In plant engineering, selected genes
are put into the T-DNA. The plasmid
transfers the “new DNA” to be
incorporated into the plant genome.
Cells with the new DNA incorporated



® The DNA-coated particles are
propelled out of the gun, and while
the bullet is stopped short of the
target tissue, the momentum of
the traveling DNA sends it into the
target plant cells. The DNA enters the
cells’ cytoplasm and makes its way to
the nucleus, where it becomes part of
the DNA there. ;
This method is also being studied as a way A stem cell can carry

Plants that are more Lk to target diseases, such as cancer in humans. new DNA into animals.
resistant to pests |

Tomatoes that stay Human growth IN ANMMX

ripe longer hormone Just as ways to insert genes into plants had to be developed, so
did techniques for animals. Like plants, before a gene can be inserted
into an animal cell, it has to become part of a transgene, a section
of genetic material containing the desired gene plus some extra DNA

that allows the gene to be expressed correctly and at the right time.
6. After the cell is copied, either the genes Three methods for introducing the transgene are microinjection
or proteins can be harvested for many . . . . o .
productive purposes. (inserting the new DNA directly into fertilized eggs), embryonic
stem cell transfer, and retroviral vectors.

All methods have the same first step—combining DNA in the
laboratory, creating the specific gene desired. In microinjection, the
new gene is inserted directly into a fertilized egg and then implanted
into a female animal’s uterus. In method two, however, embryonic
stem cells are grown in the laboratory, mixed with the new gene,
inserted into a fertilized egg, and then implanted into a female. With
5. The plasmid can now duplicate (or clone) itself. retroviral vectors, certain viruses can be used to carry the selected
gene into embryonic cells. The gene is still inserted randomly into
the genome as with microinjection. As the technology continues to
be refined, much more is possible. —DMarilyn Fenichel
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called transgenic. The transgenic plant cells are then

placed in a special culture to multiply and develop into

embryos that mature into complete plants.

Recently, scientists have learned how to modify
other types of bacteria, giving them the capacity to
serve as gene vectors. This approach is called the
open-source method. These bacteria will be available,
for free, to anyone who wants to use them, making it
easier for scientists in public institutions all over the
world to develop improved crops using biotechnology.
GENE GIN METHOJ

Sometimes referred to as biolistics,
this approach uses a gun-like device to
bombard an organism with DNA.
Here’s how it works:

@ Tiny particles of gold or tungsten
are coated with DNA or RNA and
placed on a plastic plug. The “bullet”
is placed in a device called a gene gun.




