Gene Transfers for Salt Tolerance
NATIVE TO DESERTS, THE ICE PLANT THRIVES

where other plants wither. Its secret is
the ability to withstand low humidity
and high salt concentrations in soil. By
inserting selected genes from the ice
plant into crop plants, two University of
Arizona biochemists are enabling these
crops to cope with salt and drought in
their own environments as well.
During the seven years they have
been studying this problem, Hans
Bohnert and Richard Jensen, both from
the Department of Biochemistry, have
identified genes that protect crop plants
under short-term drought and saline
conditions. The USDA, the Department
of Energy and the National Science
Foundation have provided funding at
different times during the project.
Unlike humans, most plants can't
voluntarily decide to reduce the amount
of sodium they take in. If high salt is
part of their environment, such as under
drought conditions and in irrigated
agriculture, plants have next to no
choice but to imbibe salt through their
roots. But high amounts of external salt
reduce water intake and dry out the
plant tissues. This weakens the metabolism, leaving the plant susceptible to
disease, insect attack and reduced water
intake, which in turn reduces productivity.

Hans Bohnert and Richard Jensen,
biochemists at The Univesity of Arizona, are looking at the biochemical
and molecular changes ice plants
undergo when salt- stressed.
"We are interested in how these
remarkably stress-resistant plants
survive with high salt levels in soil,"
Bohnert said. Three types of stress
affect the amount of water that is
available to a plant. The first is drought,
where the lack of water leaves soil salts
concentrated. Roots will pick up more
salt when water is scarce. The second is
salinity as such: high salt in soils makes
it difficult for roots to get the water out.
And a third prevailing stress is low
temperature that.prevents the transport
of water. through the plant to where it is
needed.
"We chose ice plant for our research
because it tolerates all three stresses,"
Bohnert said. A desert native ice plant
botanical name Mesembryanthemum
crystallinum
is a halophyte, a plant
that flourishes in saline soil. The ice
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The ice plant actually controls
salt uptake as it absorbs
water, and can store the

excess salt where it won't
cause harm. Most important,
however, is the ice plant's
ability to accumulate very
special sugar alcohols, called
polyols.
plant actually controls salt uptake as it
absorbs water, and can store the excess
salt where it won't cause harm. Most
important, however, is the ice plant's
ability to accumulate very special sugar
alcohols, called polyols.
In high concentrations, as in the ice
plant, polyols act as osmotic protectants.
They help the plant to take in water
even with high salt outside the root,
while preventing salt to enter in high
amounts. Whatever salt enters is
excluded from sensitive regions of cells
and put into less salt -sensitive parts.
Bohnert and Jensen and their coworkers have designed experiments to find
genes that code for the enzymes involved in synthesizing polyols. As they
find each gene, they transfer it into saltsensitive model plants which then also
make polyols not found in these plants
otherwise. They can then test how the
modified plants work when stressed by
high salt content in the soil. The University of Arizona has patented the genes
and the processes that are used.
"The trick seems to involve three
components: which polyol is made, how
much is made and when it is made,"
Bohnert said. "It may be present all the
time, for example, or only when the
plants experience stress.
"We isolate the genes responsible for
certain reactions," Bohnert said. "Each
plant may have some 35,000 genes, and
we think that fewer than 100 are
different in salt -tolerant plants cornpared with sensitive plants, but we also
think the some 20 genes make the
biggest difference. One by one we will
put these important genes into crop
plants."
Most crop plants either do not contain
the genes that create tolerance, or they
have never needed these genes to
combat water and salt stress, the two
scientists believe.

Native to deserts, the ice plant
thrives where other plants wither.
Its secret is the ability to withstand low humidity and high salt
concentrations in soil. By inserting selected genes from the ice
plant into crop plants, two
University of Arizona biochemists
are enabling these crops to cope
with salt and drought in their
own environments as well.
During the seven years they
have been studying this problem,
Hans Bohnert and Richard
Jensen, both from the Department of Biochemistry, have
identified genes that protect crop
plants under short -term drought
and saline conditions. The
USDA, the Department of Energy
and the National Science Foundation have provided funding at
different times during the project.
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"Practically all cultivated crops
originated in locations where those
genes historically were not needed,"
Bohnert said. If a plant evolved in an
area where high salt levels were not a
factor, then it would not have any
genetically engrained defenses for
tolerating salt once the environment
changes. Over the last 7000 years
humans have put plants into different
environments and have changed their
genes gradually through plant breeding.

The University of Arizona College of Agriculture

plant to
handle higher salt for a while
longer than plants that are
not engineered.
We can help the
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Two desert iceplant specimens under salt stress. The older plant (right) has leaves
showing signs of salt stress, but it is surviving.

That does not work with salt tolerance
breeding because too many genes are
involved.
Every time the team finds a prospective gene, they isolate it and in turn
isolate the protein it codes for, then
determine what the protein does. If it
seems to be a helpful protein, its gene is
taken and put into a model plant to test
its function under stress. This type of
biotechnological gene-grafting is
accomplished by one of two techniques,
one called Agrobacterium transformation and the second termed gene
insertion by a "gene gun."
"Once we find a suitable gene in the
ice plant, we restructure it to be a very
active gene in a crop plant," Bohnert
said. "We then transfer it into a bacterium that can infect plants which is a
very natural process that frequently
occurs in nature and the bacterium
then smuggles our gene into the target
plant. After infection, we need to
regenerate a new plant which now
contains one or more ice plant genes.
"With a gene gun, we attach our
restructured gene to tiny gold particles
and shoot these particles into plant cells.
The original gun used 22 caliber
ammunition, but now we shoot using
compressed helium. A certain number
of the genes will end up in the chromosomes of the shot cell. That happens by
chance and we have ways to find the
cell that contains our gene construct
from among many others. Finally, we
need to make a whole plant out of the
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cell, but that just takes time
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approximately a year when we use that technique from cotton."
Crops that are easy to grow in a
laboratory situation serve as model
plants. So far, tobacco and Arabidopsis
(a relative of broccoli) have worked
well, along with tomato and cotton.
Once plants have been regenerated, the
scientists can multiply them and do
stress tests to find out how they react. If
they tolerate high salt levels, the
researchers know they have a portable
gene that may work in other crops as
well. Such tests are ongoing and already
several genes have been found that
work.
"We have found more useful or
potentially useful genes than we have
time to work on," Bohnert said.
Just because these genes improve salt
tolerance does not mean growers can
throw caution to the wind and start
cultivating engineered crops in extremely saline conditions, however.
Expectations must be more realistic.
"We can't say to the farmer, for
example, 'you can take your crop and
grow it in the Gulf of Mexico,' " Bohnert
said. "Obviously, high salt over a long
period is simply too high for a crop to
produce what we want seed, oil or
fiber. We will be able to protect corn or
soybeans, though, to survive, and even
continue to grow, during a two -week
drought, or an increase in salinity
between irrigations. We can help the
plant to handle higher salt for a while
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longer than plants that are not engineered. The best -case scenario for using
these genes is not growing the plants in
the sea, but enabling crop plants to
endure a transient stress."
Although the genes are not yet
available for commercial use in crop
plants, Bohnert believes this will
happen.
"I think that before I retire, I'll see
these plants growing in the field,"
Bohnert said. "Such crops could be
especially beneficial in developing
countries, where they have to grow
food, no matter what the condition of
the soil is, and no matter whether they
have enough water to irrigate or not.
This is not true for the U.S., where
agricultural practices are better developed and relatively stress-free cropland
is more abundant." However, salinization is a problem in all areas of the
world where there is irrigation, making
the patented protection process useful
for crops grown in various regions even
in industrialized nations.
Which altered crop would make the
biggest difference in feeding the world's
people?
"In the future, we hope to engineer
rice for moderate drought and salinity
tolerance," Bohnert said. "Because it is
too difficult and time consuming for pne
lab alone to accumulate all the genes, a
group of laboratories located all over
the developing and developed world
are tackling the problem. We clearly
envision and we are working on it
multiple gene transfers to engineer
environmental stress tolerance."
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