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OVERVIEW & PERSPECTIVE

Biotechnology
Another Tool To Improve Life
In Loulisiana

Frederick M. Enright

|n 1994, the summer issue of Louisiana Agriculture was dedicated to biotech-
nology. Since then, many advances have been made in this rapidly changing field
of research. This issue highlights new technologies to enhance crop and animal
productivity, to develop new uses for existing crops and animals, to add value to
traditional production units and to answer basic research questions applicable to
production system problems.

How has biotechnology changed the LSU AgCenter’s research efforts in the
nine years since the 1994 issue? That issue began with the question, “What is
biotechnology?’ Readers were provided with a glossary to help explain the new
language associated with recombinant DNA. Initial reports of weed and insect pest
control with transgenic cotton, soybean and rice were featured. Animal biotechnol-
ogy articles about cloning, diagnostics and disease prevention were offered as
examples of how this technology might change the face of animal production
agriculture. Consumer acceptance of biotechnology was addressed.

Thisissuedifferslittle despiteimpressive advancesinthefield. Public concern
with the safety of genetically modified plants and animals continues to present a
major challenge to the application of biotechnology to food consumed by the
public. Genetically modified organisms (GMOs) that help reduce the use of
pesticides or that assist in the production of pharmaceutical compounds are
generally more accepted than food products by the people of the United States.
Scientists, public officialsand researchers must continue to work together to ensure
the safety of GMOs and to educate the consumer about their safety and benefits.

The research content herein introduces readers to areas using hiotechnology,
ranging from increasing desired traits in cotton and disease resistance in rice and
strawberries, improving weed and insect resistance in avariety of crops, producing
pharmaceutical chemicalsin chicken eggs, and treating cancer with DNA vaccines.
New technologies are being used to understand and disarm potential biological
weapons and as an aid in the management of endangered Louisiana birds and
mammals.

Daily, we, the public, are exposed through the media to news concerning
genetic-based technol ogiesthat offer promise asvaried asthat for the diagnosisand
treatment of diseases to the apprehension or exoneration of criminal suspects.
AgCenter faculty are dedicated to improving the quality of life for Louisianians,
and the safe use of biotechnology is just one of many tools they are using to
accomplish this mission. Genes and biotechnology are rapidly becoming entwined
into the fabric of our daily lives, and this issue offers some of the innovative
“threads’ being pursued at the AgCenter.

Frederick M. Enright, Professor and Head,
Department of Veterinary Science, LSU
AgCenter, Baton Rouge, La.
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insulin. Read about the new biotech company BEST IsYet To Come

started because of AgCenter research on page Linda Foster Benedict

6. Photo by John Wozniak.

Biotech Lab Opens for Business
Svetlana Oard
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Frederick M. Enright and Richard K. Cooper

G enetic therapy is the introduction
of agene or group of genesinto an
animal to either correct the result of an
abnormal gene or to form a new product
that has a beneficial effect for the
animal or for those using products
derived from the animal.

Called a“DNA construct,” the
newly introduced material has a specific
genetic code to allow the desired gene to
be inserted into the animal’s own genes.
The construct also has a promoter
responsible for forcing the gene for the
new product to be read, or expressed,
and a specific genetic code to stop the
expression of the gene.

The DNA construct offers potential
in cancer research. Physicians have long
sought treatments for cancer that destroy
cancer cells only. Most existing cancer
treatments destroy not only cancer cells
but also normal cells. The dreaded side
effects of cancer chemotherapeutic
drugs—anemia, fever, weakness and
digestive upsets—are because of the
drugs destruction of normal cells.

Likewise, the DNA construct is of
interest to veterinarians and animal
scientists who have searched for a way
to sterilize pets, such as dogs and cats,
without surgery. Surgical procedures,
either castration in males or removal of
the ovaries and uterus in females, are
expensive, time-consuming and involve
risk to the animal.

In the past 10 years, scientists at
the LSU AgCenter have studied the
effectiveness of membrane-disrupting
peptides linked to ligands (small
molecules that bind other molecules,
frequently a hormone to its receptor) to
destroy cancer cells selectively and to
sterilize animals without surgery. The
membrane-disrupting, peptide-ligand

Frederick M. Enright, Professor and Head, and
Richard K. Cooper, Professor, Department of
Veterinary Science, LSU AgCenter, Baton Rouge,
La.
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compounds are small proteins. They
have the unique characteristic of having
one side of the peptide molecule able to
interact and bind to fat (lipid in the
cell’s membrane) with the other side of
the molecule preferring to interact with
water (a major component of the fluid
around the outside of cells). Because of
this “split personality,” these molecules
bind to lipids in the cell membrane and
result in membrane disruption. While
some cells are more susceptible to
disruption than others (depends on

the types of lipids composing their
membranes), in general, these mem-
brane-disrupting peptides can destroy
all types of cells. By themselves, they
do not demonstrate much selectivity in
killing cells.

Many cellsin the body have unique
proteins embedded in their cell mem-
branes that recognize ligands. The
ligands react with or join to membrane
proteins called receptors much like a
key (the ligand) fitsinto alock (the
receptor). Thus, if scientists know about
the “lock,” the “key” can be found to fit
it. The key may be used to direct drugs to
specific cells with the appropriate lock.

Prostatic, breast, testicular and
ovarian cancer cells (called carcinomas)
frequently have receptors (locks) on
their surfaces that bind to reproductive
hormones (keys).
Gonadotropin releasing
hormone (GnRH) is a
small peptide in the
brain that binds to
specid cellsin the
pituitary gland called
gonadotropic cells.
When GnRH binds to
them, these pituitary
cells manufacture and
secrete two other larger
protein molecules called
luteinizing hormone
(LH) and follicle
stimulating hormone
(FSH). Thetwo
hormones travel in the
bloodstream from the
pituitary and bind with

cellsin the testes of disappear.

or Cancer Treatment

males and ovaries of females and result
in sperm production and maturation in
the male and in egg production and
maturation in the female. Not only do
these ligands play an important rolein
reproduction, they are important in the
life cycle of selected cancer cells.

Because of their limited selectivity
toward the cells they destroy, LSU
AgCenter scientists have combined
membrane-disrupting peptides with
either the GnRH ligand or another
ligand, which is the 15 amino acid
segment of the beta chain of chorionic
gonadotropin, referred to as beta CG.
CG is an LH-like hormone made by the
placenta during pregnancy. Normal cells
and cancer cells with receptors for LH
will bind to CG because of this 15
amino acid binding site.

These membrane-disrupting
peptides linked to either GnRH or to
beta CG have been studied for their
ability to selectively destroy human
prostatic, breast and ovarian carcinomas
transplanted into “nude” mice. These are
mice with a genetic defect in the
immune system that prevents them
from rejecting human tumors. If left
untreated, these transplanted cells will
grow and spread (metastasize) and
eventually kill these mice.

Photo by William Hansel
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These “nude” mice are used in cancer research because they
can grow human tumors. The one on the right has been
treated with a beta CG hormone, which has made its tumor
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through gene therapy. The two views on the right are magnifications of the views on the
left. The top two pictures show the cancer cells (the little purple dots) invading the skin.
The elongated feature in the top left photo is a hair follicle. The white and grayish spots
in the bottom two photos indicate the location of destroyed cancer cells following two one-
week series of treatment with the gene constructs. AgCenter scientists are optimistic
about the ability of these gene constructs to treat breast cancer in cats and dogs.

This research has been conducted at
the Pennington Biomedical Research
Center in Baton Rouge, which is also
part of the Louisiana State University
System. To date, these hormone-linked
peptides have been successful in
selectively destroying the primary
(original tumor mass) and metastatic
tumor cells. More than 700 mice have
been treated with these compounds.
Unlike other cancer chemotherapeutic
drugs, these membrane-disrupting
peptides linked to ligands selectively
destroy only the cancer cells and the
gonadotropic cells in the pituitary or
testicular and ovarian cells having either
GnRH or LH receptors. The only
observed side effects of these
compounds were a loss of fertility in
males and females. Other vital organs
in the treated mice remain normal.

In paralel studies conducted by
LSU AgCenter scientists, the effects of
GnRH or beta CG-linked peptides on
reproduction in normal female and male
mice, rats, rabbits, fish, pigs and dogs
have been studied. These studies have
demonstrated specificity in the rapid
destruction of gonadotropic cellsin the
pituitary gland by the GnRH-linked
peptide or destruction of testicular cells
or ovarian cells by the beta CG-linked

peptide. That was the successful
outcome of the research. However, a
single treatment of animals with these
peptides resulted in only a temporary
loss of reproductive function.

For example, studies of mice
receiving a single treatment showed
that for the first two weeks following
treatment, the number of gonadotropic
cellsin the pituitary gland was reduced
by 80 percent. By three to four weeks
after treatment, gonadotropic cellsin the
pituitary gland were returning. By five
to six weeks post-treatment, the number
of gonadotropic cells was equal to the
number of these cellsin untreated mice.
Thus, our hope of long-term sterilization
following one injection of these peptides
was not realized.

Though repeated injections of the
peptides prolong the sterilization effect,
this would be impractical for long-term
sterilization of pets or livestock. There
are several potential solutions to this
problem. One is to package the peptides
for slow release in the animal. We plan
to conduct studies using small osmotic
pumps filled with the peptide. These
pumps are implanted under the skin
and will “trickle” out small amounts of
peptides for extended periods. A second
solution lay in introducing genes that

cause the animal itself to produce
the peptides. This second approach is
appealing because of the low cost of
genetic constructs as compared to the
cost of synthesizing peptides.

Data collection began on the effects
of these membrane-disrupting, peptide-
ligand compounds on naturally
occurring mammary gland adenocarci-
nomas in dogs and cats. Richard Cooper,
professor in the Department of
Veterinary Science, had previously
invented a unique vector with the ability
to efficiently insert stable, foreign DNA
into catfish. Using Cooper’s vector,
DNA constructs of two different
peptides (Phor1l and Phor14) linked to
either GnRH or to beta CG were made.
By using the genes for the linked
peptides, the animal itself could produce
the drugs.

Initial studies to determine the
safety of the genetic constructs were
carried out in mice and dogs.
Preliminary studies using DNA
constructs for membrane-disrupting
peptides and ligands have demonstrated
that the DNA constructs are safe and
that there is the same degree of
specificity in the destruction of cells
with either LH or GnRH surface
receptors as observed with the peptide-
ligand compounds. Initial resultsin
female dogs suggest that the effects
on the reproductive organs following
exposure to DNA constructs persist for
at least 116 days. Additional studies are
needed to determine the length of this
extended sterilization.

Peptide therapy studies in dogs and
cats with advanced mammary gland
adenocarcinomas have begun. Both dogs
and cats have demonstrated excellent
responses to the treatments. Following
introduction of the genetic constructs,
their tumors have undergone cellular
death and have decreased dramatically
in size. We are not claiming a cancer
cure but are optimistic about the ability
to effect these cancers. Additional work
is necessary to learn to manipulate the
constructs and treatments depending
upon the situation. We need to deter-
mine how long dog and cat cells will
express the constructs. Prolonged
expression may be desirable in some
cases while in others transient
expression would be preferable. The
basic construct and the proteins being
expressed may require modifications.
Fine tuning the genetic constructs will
require several additional years of
research. m
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Photo courtesy of Patrick Dennis at the Baton Rouge Advocate

Laura Peak prepares bacterial cultures as part of insulin-related work for TransGenRx. She is one of Richard Cooper’s research

associates. This photo ran on the front page of the Baton Rouge Advocate on Oct. 26, 2003.

Transforming Chickens to Lay ‘Golden’ Eggs

Richard Cooper has come up with a way to
get chickens to lay eggs containing human
proteins.
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Every once in a while someone comes
along who can build a better mousetrap.
And at the LSU AgCenter, that person is
Richard Cooper, professor in the Depart-
ment of Veterinary Science who'’s come up
with a way to get chickens to lay eggs
containing human proteins.

These chickens are the reason a new
biotechnology company that will manufac-
ture a precursor of insulin is located in an
LSU AgCenter laboratory on the Baton
Rouge campus. Beginning in 2004, this com-
pany, TransGenRx, appears likely to earn
millions of dollars in annual sales with a
potential for spin-off companies that will
produce more pharmaceuticals at a fraction
of the cost of conventional methods.

Cooper didn’t start his scientific career
thinking his claim to fame would be chickens.
Fresh from earning a Ph.D. in medical micro-
biology at the University of Georgia, he
came to the LSU AgCenter in 1990 to make
channel catfish more disease-resistant.

He'd been fascinated by fish diseases
since his teen years in Jackson, Miss., when
he managed to kill a thousand dollars’ worth
of saltwater fish at his dad’s new pet store.

“I wanted to fix the problem and find
out what caused it,” Cooper said.

That same curiosity led him to question
why it was so difficult to insert disease-
resistant genes into catfish. At that time the
technology guaranteed less than a 1 percent
success rate. The other 99 percent of the
catfish that had undergone the gene-altering
procedure did not stay transgenic.

“I didn’t like the odds,” Cooper said.

Over the next few years, he devel-
oped techniques that made for a better
equation. The LSU AgCenter team was
the first to put in a gene for disease
resistance in catfish. Now, 50 percent to
80 percent of the offspring of genetically
altered catfish are disease-resistant.

Not to give away any patented secrets,
but his techniques, in extremely simple terms,



involve three things. First, he shortened the
sequence of the piece of DNA that’s in-
serted into the organism by nearly 80 per-
cent. This made transformation happen
faster.

Second, he inserted the foreign DNA
into the animal’s DNA sequence in a differ-
ent manner than had ever been done before.

Third, he made sure the transporters of
the foreign DNA, called “vectors,” self-
destructed once they'd done their job. This
is crucial for stability, allowing the desired
traits to be passed on to the offspring.
Otherwise, the foreign DNA could move
and get out of sequence, and the alteration
would be lost.

Meanwhile, a sequence of chance events
happened in Cooper’s life that moved him
from fish tanks to chicken coops.

He was at a crossroad about where to
go with the transgenic technology used with
the fish, from a commercial viewpoint. Fed-
eral law will not allow transgenic catfish to
be grown commercially because of concerns
that they will escape into the wild. The only
way the business of growing transgenic,
disease-resistant catfish could develop is if
the catfish were sterile. No one has yet
found a way to make catfish sterile.

“Mother Nature has made this diffi-
cult,” said Fred Enright, chair of the Depart-
ment of Veterinary Science.

Cooper just happened to be in Paula
Jacobi’s office when she received a phone
call from a biochemist-turned-businessman,
Bill Fioretti of Dallas, Texas. Jacobi is in
charge of intellectual properties for the
LSU AgCenter and works with licensing
agreements.

During the course of the conversation,
Jacobi managed to connect Fioretti, the man
with the business sense, with Cooper, the
scientist behind the technology. Together,
they hatched a plan to try to make insulin
with transgenic chickens.

“You can’t manipulate a chicken egg the
way you can a fish egg,” Cooper said of the
new challenge.

But the change in animals provided him
an opportunity to show his stuff. And Coo-
per and the AgCenter have since patented
more technology having to do with inserting
genes in chickens. Fioretti helped starta new
company, now called TransGenRX, to take
advantage of Cooper’s wizardry.

“Dr. Cooper solves puzzles,” Fioretti
said of his new associate, who was found by
coincidence.

In the world of biotech start-up compa-
nies, the race is on to produce human
proteins, such as insulin, in a cost-effective
manner. So far, TransGenRx, which is ex-

A,

Richard Cooper, right, explains his science to Sen. Mary Landrieu (D-La.) during a recent

Photos by John Wozniak

visit to AgCenter laboratories. Landrieu has pledged her assistance with the development
of biotech businesses in Baton Rouge. Center is Barry Loder, TransGenRx CEO, talking to

one of Landrieu’s aides.

pected to bring hundreds of high-
paying jobs to Baton Rouge, is
ahead of the competition.

“At least five other compa-
nies are trying to do what we
are,” Cooper said. “But we have
asolidintellectual property base.”

At this writing, TransGenRx
is expected to produce 30 kilo-
grams of proinsulinin 2004, which
could translate into $30 million
to $50 million in sales.

“This is an example of what
supporting higher education can
do for a state like Louisiana,” said
Chancellor Bill Richardson. “The
LSU AgCenter plans to be the
impetus for more start-up com-
panies.”

Meanwhile, Cooper has been
approached by the U.S. Army to
investigate the production of vac-
cines to fight bioterrorism.

Gt o
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Gary Cadd, a former scientist with the AgCenter, is
back on campus working for TransGenRx, the start-up
biotech company that has licensed technology from
the AgCenter. TransGenRx (sponsored by the
AgCenter) received $2.5 million in state funding to
buy equipment and set up laboratories in Wilson Hall.

Other products being looked at for future
ventures include drugs to treat breast
cancer, specialty drugs for rare diseases
that drug companies heretofore have not
been able to develop because of high costs,

and diagnostic tests for cancer.
m Linda Foster Benedict
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New Vaccine Increases Broiler
Breeder Chicken Production

Daniel G. Satterlee

Poultry is Louisiana s biggest
animal industry. In 2002, poultry
exceeded $600 million in total value
(gross farm income and value added).
The production of broiler (meat-type)
chickens accounts for more than 90
percent of this value. Approximately
three million broiler breeder eggs are
set weekly to support the number of
chicks needed to produce the more
than 200 million broilers reared
annually in our state for human
consumption. The poultry industry
boasts of being the fifth largest
employer in the state.

The steady growth of Louisiana's
poultry industry mimics that of the
nation and world. The U.S. poultry
industry is growing at a rate of about
2 percent to 3 percent annually. In
2002, about nine billion broiler
chickens were produced in America,
and our country’s production of these
meat-type chickens constitutes only
about a quarter of broiler production
worldwide.

Continued growth in the broiler
industry is expected because of:

® A predicted doubling of the

human population within the
next 50 years.

® The likelihood that chicken

meat will remain a low-cost
source of high-grade animal
protein.

® The favorable health image

of eating chicken products.
® The expectation that customer
adaptability to new poultry
products will remain positive.
® The lack of cultural impedi-
ments to poultry consumption.

Because the broiler industry is
rapidly expanding and because
selection for greater body weight in
broilers has been at the expense of
egg lay, the production of more eggs
is becoming increasingly important.
For example, to meet global demands

Daniel G. Satterlee, Professor, Department of
Animal Sciences, L SU AgCenter, Baton Rouge,
La.

at current expansion rates, an extra 15
million broiler breeders will be needed
annually to produce 1.5 billion more
broilers for human consumption. To
address this need, LSU AgCenter
researchers have demonstrated the
feasibility of increasing egg production
in broiler breeder hens using chicken
inhibin-based immunopharmaceuticals.

Inhibin is a peptide hormone
produced in the ovary that actsas a
brake on egg production. When an
inhibin antigen is presented to the bird
in the context of aforeign protein, the
animal’s immune system is fooled into
attacking inhibin. Similar to
autoimmune diseases (for example,
multiple sclerosis), the bird raises
antibodies to, and thereby inactivates,
endogenous inhibin, which in essence
releases the brake on egg production.
We have shown that
immunoneutralization of inhibin by
vaccination increases ovulation rates
in quail, chickens (both egg- and meat-
type) and turkeys.

Over the past nine years, LSU
AgCenter scientists have been working
in close cooperation with multiple
corporate sponsors to develop safe,
inexpensive and effective inhibin
vaccines. The scientific development
of these patented vaccines (chicken
inhibin-based antigens) has led to the
recent discovery of a more practical
synthetic vaccine. The vaccine is
comprised of a Multiple Antigenic
Peptide (MAP) with a poly-lysine
backbone linked to four peptides
comprising the first 26 amino acids
of chicken alpha-inhibin. When
appropriately administered to breeder
hens, it appears to be on track to
produce an increase of around 10
percent in hen-day egg production
during the industry standard 40 weeks of
lay. This means that producers who use
the vaccine could experience an increase
in egg lay of about two dozen eggs per
housed hen. This represents the single
largest on-the-spot enhancement of
reproductive performance in the history
of the poultry industry. Indeed, it has
taken the breeders of egg-type chickens
about 20 years to achieve alesser, about

7 percent, increase in egg lay by
traditional methods of genetic
selection.

Depending on management, the
vaccine increases the onset, magnitude
and duration of egg lay. Of equal
importance, regardliess of how the
laying curve is affected, inhibin
immunoneutralization has shown no
untoward effects on eggs produced by
vaccinated hens or on the chicks that
hatch from these eggs. The inter-
vention does not alter hen body weight
and livability; egg size and egg shell
thickness; the fertility and hatchability
of eggs; or livability of hatchlings to
harvest age.

This remarkable story does not
end with the hen. Active immuni-
zation against inhibin holds significant
promise in enhancing the fertilizing
capacity of broiler breeder roosters as
well. In a preliminary study, this new
vaccine was found to accelerate
puberty and increase fertility in aged
males.

With the continued emphasis on
selection for body weight in yield-type
broiler breeders, overall egg fertility is
declining at an alarming rate (about a
half percent annually). This is most
likely due to decreased gonadal
function and copulation efficiency of
large-bodied males. Marked declines
in fertility are now commonly seen in
flocks with aged males (more than 36
weeks old). This has caused producers
to “spike” their old flocks with young
males to increase fertility. This
practice is expensive because addi-
tional flocks of males have to be
maintained and risky from a bio-
security standpoint because the
standard “all-in, al-out” practice used
in poultry is violated when young
outsider males are introduced into
established flocks.

Inhibin immunoneutralization
of broiler breeders is a revolutionary
approach that holds promise to change
the poultry industry forever in a
similar manner as bovine soma-
totropin (BST) changed the dairy
industry. m
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Terrence R.Tiersch

The aquaculture industry is looking increasingly to
genetic improvement for gains in production. But improving
the genetics of agquatic species can take along time. With
catfish, for instance, a male typically spawns with only one
female each season. Even if genetically superior males and
females could be identified, the process of developing breed-
ing stock and improved lines could take a decade or more.

Fish sperm were among the first cell types successfully
maintained through cryopreservation — the technique of
freezing cells at extremely low temperatures so they remain
genetically stable and metabolically inert. This research,
published 50 years ago, coincided with similar successes with
domestic livestock. In the intervening years, a multi-million
dollar global industry has developed for frozen livestock
sperm while cryopreservation of aquatic species’ sperm is just
now on the verge of moving from the laboratory to the market.

The benefits of cryopreservation in aguaculture species
include the following:

1. Cryopreservation can be used to improve hatchery
operations by providing sperm on demand and simplifying
the timing of induced spawning.

2. Frozen sperm can enhance efficient use of facilities and
create new opportunities in the hatchery by eliminating the
need to maintain live males.

3. Valuable genetic lineages, such as endangered species,
research models or improved farmed strains, can be protected
by storing frozen sperm. This could be critical for marine
species such as shellfish, where valuable broodstocks must
be stored in natural waters.

4. Sperm can be used in breeding programs to create new,
improved lines and shape the genetic resources available for
aquaculture operations. A dramatic example of thisisin the
dairy industry, which relies almost entirely upon cryo-
preserved sperm to produce improvements in milk yields.

5. Cryopreserved sperm of aquatic species will likely
become an entirely new industry within the coming decade.
Large, highly valuable global markets for cryopreserved
sperm of aquatic species are on the horizon.

Artificial insemination entails the collection of sperm and
eggs so one male can fertilize eggs from several females and
one femal€’s eggs can be fertilized by sperm from several
males. This can lead to a matrix where a group of select
males can be mated with a group of select females to develop
populations with distinctive traits. By having assayed the
parents for genetic markers, the industry can develop brood-
stocks with enhanced characteristics, such as growth rate,
disease resistance or vigor. Such a process can also be used
to cross two different species (for instance, blue catfish and
channel catfish) to develop a new strain with hybrid vigor.

The process could aso be used to develop triploid oysters
by fertilizing diploid females with sperm harvested from
tetraploid males. The results would be triploid offspring which
would be sterile, allowing them to convert energy to body
mass instead of reproduction. This could extend the harvest
season.

Photo by John Wozniak
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Cryopreservation research in Terry Tiersch’s laboratory includes
work in the hatchery (above), laboratory and field.

The dairy industry provides a business model for
developing an industry for cryopreserved sperm of fish and
shellfish. In addition, this industry can provide equipment,
protocols and facilities. We have worked for eight years with
Genex Custom Collections, Inc. and the LSU AgCenter Dairy
Improvement Center to adopt for use with aquatic species the
infrastructure developed for dairy bulls. Other challenges
include biosecurity concerns related to sample transfers,
pricing structures and product quality control issues.

Another model for developing repositories for genetic
resources comes from the newly formed National Animal
Germplasm Program (NAGP) of the U.S. Department of
Agriculture. The NAGP is patterned after the well-established
USDA National Plant Germplasm System. NAGP has
committees for animals such as beef and dairy cattle, swine,
goats and sheep, poultry and aquatic species. The Aquatic
Species Committee brings together members from univer-
sities, industry and federal agencies. The LSU AgCenter is
assisting the transition from cryopreservation research to
application through work on protocol standardization, gamete
quality, sample labeling and database development to provide
arepository to protect genetic resources, including endangered
species, and to assist in developing existing and future
industries for culturing aquatic species. m
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Animal Biotechnology
and the Future

Robert A. Godke, Richard S. Denniston and Brett Reggio

R ecent developmentsin cell
biology, molecular biology, immun-
ology and genetic engineering have
given new dimensions to research and
application of biotechnology to farm
animals. Historically, artificial insem-
ination, one of the early reproductive
technologies, has provided excellent
opportunities to expand the superior
genetics of selected animals in planned
breeding programs. With the develop-
ment of applied aspects of embryo
transfer technology (nonsurgical
collection and transfer methods for
cattle) in the mid 1970s, animal repro-
duction again entered a new age of
technical advancement. Although beef
cattle prices, industry promotion and
producer interest enhanced the use of
this technology in the late 1970s and
early 1980s, embryo transplantation is
more often used today by dairy
producers.

Embryo transfer methodologies in
the future will likely be conducted using
unique or laboratory-derived specialized
embryos. In the years to come, the
embryos for transfer will be produced
with frozen sperm from genetically
valuable males and oocytes (eggs)
harvested from cows in the producer’s
own herd, evaluated for gender and
likely tested for valuable genetic traits
before the embryos are transferred to
the recipient females. On the horizon,
cloned embryos will be produced from
cells from valuable males and females,
or even produced with foreign genes
introduced into the genetic makeup of
the embryo before the cloning
procedure.

Selecting the Sex of Embryos
Various studies have reported that

male embryos develop at a faster rate

than female embryos in the early stages

Robert A. Godke, Professor; Richard S.
Denniston, Assistant Professor; and Brett Reggio,
Postdoctoral Fellow, Embryo Biotechnology
Laboratory, Reproductive Biology Center,
Department of Animal Sciences, LSU AgCenter,
Baton Rouge, La.
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of embryonic development. The faster
development of male embryos has been
described for mouse, pig, cow and
human embryos, and has been attributed
to the presence of the Y chromosome in
male embryos. An alternative hypothesis
is that before X chromosome inactiva-
tion, the activity of two X chromosomes
subsequently hinders the growth of
female embryos. Knowing that male
embryos generally grow faster, and
those are at a later stage of development
than female embryos, one could increase
the chances of producing a male
offspring by selecting the most
developed cattle embryos from an
embryo collection to transfer to

recipient females.

Microsurgical methods have been
developed to extract individual cells
(called blastomeres) from early stage
embryos. The cells remaining in the
biopsied embryo generally survive and
develop into a viable offspring. The
efficiency of embryo production from
early stage embryos, however, tends to
lessen in farm animals because there are
fewer cells remaining in the embryo.
The individua cells removed from both
early- and later-stage embryos can be
used to determine the sex of each
embryo before transfer to a recipient
female. Embryo sexing using the DNA
(deoxyribonucleic acid) amplification
procedure known as the polymerase
chain reaction (PCR), with specific
Y -chromosome DNA probes, is
remarkably accurate for sexing cattle
embryos. This method has recently been
made user-friendly and can be complet-
ed within 2.5 to 6 hours after the
embryos are harvested from donor
animals. Sexing later-stage embryos at
6, 7 or 8 days of age before transplanta-
tion is now available at most embryo
transplant stations. There are at least
two commercial companies operating
in North America that distribute a
complete cattle embryo-sexing kit for
in-field use. The capability of sexing
embryos would give the producers the
option of selecting bull or heifer calves
for market and reproductive manage-
ment purposes.

Animal Genetic Testing

After removing individual cells
from the embryo (using microsurgery)
just before transfer, genetic markers can
now be used to identify genes causing
genetic diseases in farm animals, for
example bovine leukocyte adhesion
deficiency, more commonly known
as BLAD, and economically important
guantitative trait loci (QTLS) can be
identified in the embryo.

Once a defective gene or a specific
QTL isidentified in the embryo, the
producer would have the option to either
transfer or discard an embryo. An
embryo with a proper combination of
alleles for myostatin, thyroglobulin and
calcium-activated neural protease, for
example, could have an increased
market value because of its potential for
enhanced growth rate, improved
marbling and increased tenderness. Cells
of the embryo could also be tested to
verify parentage or to enable selection
for or against a phenotypic trait, such as
red coat color in cattle. Selecting
embryos with specific animal produc-
tion traits (for example, high milk
production or increased feed efficiency)
would give the producer an advantage in
efficiency over other producers not
using this molecular technology. This
powerful new biotechnology tool has
the potential to greatly enhance the live-
stock industry in the years to come.

Monoclonal Antibodies

To Detect Disease

Antibodies that aid in diagnosing
and treating disease can now be
produced through animal biotechnology.
Laboratory animals (for example,
rabbits) are injected, usually two or
more times over several months, with
aforeign protein and an adjuvant to
trigger the animal to respond by
producing antibodies to the foreign
protein in their blood stream. After a
laboratory cell fusion step, hybrid cells
called hybridomas, under specific
laboratory culture conditions, will
produce antibodies to the original
foreign protein injected into the animal.



These highly specific antibodies are
referred to as monoclonal antibodies.

These hybridoma cells are
considered to be immortal and have the
capacity to produce large quantities of
antibodies under industrial conditions.
Each antibody is uniquely specific for a
selected protein. The specificity of the
monaoclonal antibodies makes these
laboratory-produced proteins useful in
live-animal diagnostic tests for various
infectious agents and for immunological
treatment of infectious diseases in farm
animals.

The value of this new technology
for producers will be in detecting
diseases in farm animals. Immuno-
diagnostic kits, each with a specific
monaoclonal antibody to a causative
disease agent, are now being used on
farms and ranches for rapid in-field
identification of specific diseases.
These kits can help producers identify
adisease before it ravages their herd.

Recombinant DNA Products

Using recombinant DNA technol-
ogy, a specific gene can be identified,
removed from the cell nucleus with an
enzyme, placed in a suitable vector and
transferred into a host microorganism,
such as fast-growing bacteria. Whilein
culture, these microorganisms can
reproduce into a large population
containing many copies of the gene
originaly introduced into the micro-
organism via the DNA-loaded vector.
Multiple copies of the gene then
synthesize a highly specific peptide
or protein product for commercial use.

Biotechnology companies now
produce new recombinant DNA proteins
to treat various viral diseasesin farm
animals. An example is a class of
natural antiviral proteins called inter-
ferons used to treat calf scours and
various respiratory diseases, such as
shipping fever in cattle.

In recent years, researchers have
isolated the genes for specific viral
proteins by recombinant DNA technol-
ogy. Once isolated, these genes can be
used in conjunction with recombinant
DNA technology to produce large
quantities of the viral protein for usein
animal immunization programs. The
major advantage of this approach over
previous vaccine production methods is
that the viruses are not present in the
vaccine. This eliminates the potential
risk of disease outbreaks in the
producer’s herd following immuniza-
tion. Also, production costs for these

new vaccines are generally lower than

the conventional manufactured vaccines.

Embryo Cloning

In the early to mid 1980s,
procedures were developed to produce
genetically identical twin offspring
(clones) by bisecting or splitting
individual sheep, goat, swine, cattle and
horse embryos 5 to 8 days of age. A fine
glass needle or arazor blade chip was
used to bisect the embryo. The
pregnancy rates (45 percent to 70
percent) in cattle after the transfer of
half of a bisected embryo (known as
“half” embryo or demi-embryo) are
similar to those of intact embryos from
the same donor female. Embryo
collection, embryo microsurgery and
transfer of demi-embryos to recipient
females can be completed in an hour
with this new reproductive technology.

For optimal success rates, each embryo
should not be bisected more than once.
The technology has been continually
refined, and today methods are available
to bisect farm animal embryos with a
glass microscope dide and a hand-held
razor blade. This low-cost microsurgery
procedure is ssimple, effective and
relatively easy to learn.

Embryo bisection offers the
potential of doubling the number of
viable embryo transplant offspring
produced from valuable donor females.
For example, 100 good quality intact
cattle embryos may result in 65
transplant offspring born; whereas, 100
similar quality embryos divided into
halves would yield 200 demi-embryos,
which then may result in 130 split-
embryo transplant calves born or a 130
percent pregnancy rate from 100
genetically superior embryos. Using this

Martha Gomez, an assistant professor in the LSU AgCenter’s Department of Animal
Sciences, and her team at the Audubon Center for Research on Endangered Species
(ACRES) in New Orleans, La., produced the world’s first clone of an African wildcat.
This clone, named “Ditteaux,” was the center of attention at a recent press
conference. Gomez did her postdoctoral research with Earl Pope at ACRES and
Robert Godke, Boyd Professor in animal sciences. The African wildcat is an
endangered species. The AgCenter is a collaborator with ACRES on this project.

Photo by Linda Foster Benedict
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procedure on beef cattle embryos has
been averaging 1 to 1.2 calves per donor
embryo bisected. Twin calves produced
by microsurgery will result in genet-
ically identical offspring of the same
sex. This would remove the concern
for bovine freemartinism, if both demi-
embryos are transferred to the same
recipient female. A freemartinis an
infertile female calf born as co-twin to
amale.

Research efforts are under way to
improve methods for freezing and
storing demi-embryos in liquid nitrogen
to subsequently produce twin calves
anytime during any calving season.
With cryopreservation, the possibility
exists that one demi-embryo of the set
could be transferred to a recipient
animal and the remaining demi-embryo
of the pair could be frozen for transfer
later. If the offspring derived from the
first “half” embryo was of the genetic
quality the owner desired, the remaining
demi-embryo could then be thawed and
transferred to another recipient animal
to produce the second twin offspring.
The second demi-embryo (a clone) also
could be marketed as a sexed embryo
clone of established genetic quality.

A new method of cloning called
nuclear transfer (separating and
transferring individual, undifferentiated
embryonic cells to enucleated oocytes)
emerged in the mid to late 1980s.
Multiple nuclear transfer-derived
offspring from individual blastomeres
from a single prehatched embryo have
been produced in several farm animal
species (sheep, cattle). Nuclear transfer-
derived offspring have been produced
four generations from a single cattle
embryo. Unexpectedly, some of the
nuclear transplant calves have extended
gestation length, and there are reports of
abnormally large term offspring (calves,
lambs), which often need assistance at
birth. The reason for these problems is
not clear, although laboratory culture
conditions have been implicated as a
potential cause. Even though improve-
ments in the nuclear transfer methodol-
ogy are still needed, this approach has a
great deal of potential for seedstock
procedures in the future.

Somatic Cell Cloning

More recently, there has been a
major breakthrough in the animal
nuclear transfer procedure. With
“Dolly,” the famous sheep, cells for
cloning were harvested from the
mammary gland of a mature ewe. These
mammary cells were incubated in the
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This heifer calf, named “Ninja,” was the
first somatic cell cloned calf produced at
the LSU AgCenter’'s Embryo Biotechnology
Laboratory three years ago. Using this new
cloning technology, the calf was produced
from a small tissue sample taken from a
mature Brangus-based cow in the LSU
Reproductive Physiology breeding herd.

laboratory to produce a larger popula
tion of similar type cells for the nuclear
transfer procedure. The production of
cloned sheep in Scotland was important
because it was the first mammal
produced in the world from an adult
differentiated body cell (somatic cell).
The cloning of adult sheep (Dolly
and her sisters reported in 1997)
stimulated interest in nuclear transfer
technology by the livestock industry. To
construct cloned embryos with this new
approach (Figure 1), take a somatic cell
from a developing fetus or an adult
animal (male or female) and microsurg-
ically transfer it to an unfertilized
oocyte from which the female nuclear
DNA has been microsurgically removed

Nucleus

Removed Inserted

Donor Skin
Cells

Figure 1. The basic scheme for somatic cell cloning. An individual somatic cell from a

Cultured Cell

Celis Cultured

(called enucleation). The enucleated
oocyte with the newly introduced
foreign somatic cell becomes activated
(as though it had been naturally
fertilized) and the reprogrammed
nucleus directs embryonic cell develop-
ment into a cloned embryo for subse-
guent transfer to a recipient female.
Once the donor somatic cell population
has been prepared, hundreds of cloned
embryos can be produced in the
laboratory on a weekly basis using
oocytes extracted from abattoir ovaries.
Use of this new biotechnology has
tremendous potential. Somatic cell
clones have been produced in mice,
rabbits, cats, sheep, goats, swine,
domestic beef and dairy cattle, exotic
cattle and exatic sheep. Most recently,
cloned mules, a cloned horse and cloned
exotic cats have been produced. Cloning
would provide the cattle producer an
opportunity to reproduce genetically
valuable seedstock animals, clone
animals that have suffered a severe
injury such as afractured leg and can
no longer reproduce, or clone males that
had been prematurely castrated, such as
a prize-winning show steer. Cloned
calves have now been produced from
frozen adult cattle tissue stored in a
standard deep freezer for years. It has
been proposed that sloughed off somatic
cells from milk and semen could be used
to produce cloned farm animals. A
healthy cloned calf has recently been
produced from somatic cells extracted

Cloned Embryo

Electrofusion

lllustration by Allison Landry

donor animal placed into an enucleated cow oocyte. The reconstructed oocyte is then
exposed to an electrofusion procedure to activate the cloning process. The nuclear DNA
from the donor cell then directs the formation of a newly formed cloned embryo, which is
then transferred to a recipient female to be carried to term.



from the milk (fresh colostrum) shortly
after calving in adairy cow.

Cloning technology would also
provide livestock producers with ready
access to production-tested breeding
stock, thus increasing the accuracy of
selection in their breeding herds. It has
been proposed that cloning F, terminal-
breed males to produce males for market
steers might be the ultimate beef
production management system. With
this scenario, fewer cows would be
needed to produce annual replacement
heifers, so more F, recipient females
could be available to produce the cloned
F, males for use as steers. This scenario,
however, assumes that the new cloning
methodology becomes more efficient
and economically feasible for cattle
producers.

Incorporating DNA

DNA is the genetic template stored
in a highly compacted nucleus and is
needed for the replication of living cells.
This DNA materia is stored in strands
as small nucleotide subunits (called
genes) along the chromosomes that
reside in the nucleus or in the mitochon-
driaresiding in the cytoplasm of the
cell. Individual genes are responsible for
the production of specific proteinsin the
cell. Some genes are expressed at higher
levels than othersin cells at various
times, resulting in production of larger
amounts of the corresponding protein at
various stages of life.

Advances made during the last
decade in molecular biology have
enabled scientists to identify and isolate
specific genes within the chromosomes
of animal cells. In recent years, much
effort has been directed toward incorpo-
rating foreign DNA (genes) into the
nuclear materia of oocytes, termed gene
transfer, and more recently into cells of
early-stage embryos. The basic approach
to gene insertion involves the transfer of
DNA via microinjection techniques into
the male pronuclei of recently sperm-
activated ova. Following the fertilization
process, the resulting genetically
engineered embryos are then transplant-
ed into recipient females. The embryo
transplant offspring would then have the
potential for gene expression (transgenic
animals with genetically altered
capabilities) throughout various parts or
al of their lives.

The first experiments using
microinjection of DNA into the
pronucleus of a sperm-exposed oocyte
introduced hemoglobin genes and
growth hormone genes of other

mammal's
(rabbits, humans)
into mouse ova.
Microinjected
genes then insert
into the genetic
material during
the fertilization
process, resulting
in incorporation ¥
into the nucleus of &=
the resulting
mouse embryos.
These embryos
were transplanted F
into mouse Jam

I

recipient females, | gy agCenter scientists at the Embryo Biotechnology Laboratory
(EBL) were part of the team that produced the world’s first cloned
transgenic goats in 1999, which produced pharmaceutical proteins in
their milk. Above are two recently cloned dairy goats produced at the
EBL. They are transgenic and will have the ability to produce human
pharmaceutical proteins in their milk when they produce offspring.

which then
produced live,
transgenic
offspring. As
these young
transgenic
offspring started growing, copies of
their inserted gene became activated
resulting in aforeign animal protein
being produced in the mouse.

The mice that had the inserted
growth hormone gene produced elevated
levels of growth hormone in their body
resulting in larger animals than their
nontransgenic littermates. In addition,
these introduced genes were ultimately
transmitted to the offspring of the mice
that had originally received the gene.
Recent refinements in microinjection
techniques have led to successful
introduction of growth hormone genes
into sheep, pig and cow embryos,
although the efficiency of gene
incorporation was low and variable in
expression among the different animals.

This methodology does show
promise for genetic alteration (engineer-
ing) of farm animals but more efficiency
is needed to be economically feasible.
With the original gene injection
procedure, it was difficult to control the
amount of the foreign DNA incorpo-
rated into the nuclear material of the
resulting embryo and, furthermore,
where the DNA was incorporated in the
chromosomes. This generally results in
variable levels of gene expression in the
progeny, with a portion of the animals
producing low levels of the foreign
protein and others producing elevated
levels of the protein. Researchers
subsequently have worked on develop-
ing different methods for incorporating
DNA into embryonic and somatic cells
and on using targeted gene expression of
the foreign gene in specific body tissues,
such as the muscle.

Photo by Robert A. Godke

One of the most obvious waysin
which biotechnology can affect sheep,
swine and beef production is by
increasing growth efficiency in market
animals. Human growth hormone genes
have already been introduced into some
farm animals but the animal's produced
with this incorporated gene generally
did not have a growth advantage over
those not receiving the gene. Efforts
have been made to isolate the specific
growth hormone gene of pigs and cattle
and to use the gene appropriate for that
species to make transgenic animals.
Alternative newer methods for DNA
incorporation into ooctyes and embryos
(sperm-mediated gene transfer,
retrovirus vectors, electroporation,
nuclear transfer) should improve the
efficiency of this methodology.
Although the current focus for trans-
genic farm animal research is for
biomedical purposes, recent efforts have
been directed toward the improvement
of animal health, such as the lysostaphin
gene to reduce mastitis in dairy cattle.

The regulation of animal growth
and development is a complex physio-
logical process involving a multitude of
genes in addition to the growth hormone
gene. A recent example is the Callipage
gene identified in sheep that can
increase the efficiency and the amount
of muscle in growing lambs. The
inactivation of the myostatin genein
beef cattle has been shown to dramatic-
ally increase the amount of muscle in
animals compared with those without
the inactivated gene. It is anticipated
that the other genes involved in growth
and production efficiency will also be
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isolated and their role in growth
regulation identified in the near future.
Inserting multiple genes into an embryo
may ultimately improve the growth and
feed efficiency in meat-producing farm
animals.

Transgenic pigs have been produced
that carry extra copies of the apha-
lactoalbumin gene to increase milk
production during lactation. Once these
and other genes that enhance milk
secretion are isolated, they could be
used to make transgenic founder animals
to transmit these milk production
capabilities to their offspring. The
ultimate use of transgenic technology
for producing farm animals in the future
will likely be from using transgenic
males with genes of interest to transmit
specific traits to their offspring.

Gene Farming

Gene farming (termed “pharming”)
refers to the concept of using farm
animals as biological factories to
manufacture commercialy valuable
products in their milk. It was first
reported that transgenic mice with genes
incorporated in their mammary glands
were able to produce high levels of
human growth hormone in their milk.
Since then, genes with site-directed
promoters have been produced that can
secrete human pharmaceutical peptides
and proteins in the milk of mice, rabbits,
sheep, goats, swine and cattle. These
transgenic animals are then mated and
when their offspring are produced, the
females are allowed to nurse their
offspring. The females are then milked
to obtain the human pharmaceutical
proteins from their milk. The human
proteins are then extracted from the milk
and purified. Production of human
pharmaceutical products in this way has
been shown to be cheaper and more
efficient than by conventional industrial
procedures. This technology opens a
new potential for the use of farm
animals.

This new biotechnology using
transgenic farm animals to produce
biopharmaceutical products in their milk
(human anti-thrombin I11, human serum
albumin and human blood clotting
factors VII, VIII and IX) has resulted in
remarkable achievements in recent
years. The best example is anti-thrombin
I11, a blood anticoagulant used for heart
patients and during surgery in humans,
which will be the first of these
pharmaceutical products expected to
reach the commercial market early in
2004.
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Rapid Advances

Advances in assisted reproductive
technologies during the last decade have
been occurring at such arapid rate that
even scientists themselves are amazed.
The potential for use of these new
biotechnology procedures for animal
production extend almost as far as one
can imagine. Tremendous progress has
been made in the development and
application of these technologies.
Although the availability and cost
effectiveness of some of these new
technologies till remain in question,
there is little doubt about their potential
impact on livestock production. Many of
these applications will require more
research and in-field testing before they
reach the marketplace. It is obvious that
use of these emerging technologies will
require more intensive management by
the livestock producer. These new
technologies, if economically practical,
will provide the producers with the
opportunity to change the genetic
potential of farm animals at a faster rate
than is possible by the conventional
methods presently in use.

It is predicted that marker-assisted
selection for both single and multiple
gene traits will become a potent assisted
reproductive technology for embryos,
newborn offspring and young adult
animals. The challenge to the industry
comes in identifying those traits that
merit the application of these new
assisted reproductive technologies.

There is little doubt that
biotechnology will contribute to the
improvement of human health and
medical treatments, improved
production of animal food sources
and development of new commercial
products. Biotechnology companies
are using these new methodol ogies to
improve animal production efficiency,
increase animal disease resistance and
to alter genetic traits in food animals.

In the future, biotechnology
products and new assisted reproductive
technologies will likely become a larger
part of the livestock producer’s toolsin
embryo production and in the produc-
tion of herd replacements. The research
approach in our laboratory and that of
othersis to develop new assisted
reproductive technologies that have
economic, agricultural and biomedical
applications. m

Gene Wars:

Virus&s cause lost productivity in all
species of agricultural plants and animals.
Viruses work by entering a cell and
subverting the essentia functions of
that host cell to replicate their own kind.
Implicit in this strategy for survival are
consequences for their hosts, ranging
from pain and suffering to possible death,
depending upon the nature of the virus and
the particular host.

Because viruses are so small, they
must accomplish their entire life cycle
using a limited number of genes and
structural elements. Most viruses consist
of only anucleic acid core, either DNA or
RNA, surrounded by at least one protein
coat, and sometimes, depending upon the
type of virus, a second overcoat consisting
of a membrane with inserts of viral
encoded proteins. These coats serve to
protect the viral nucleic acids as the virus
travels from cell to cell within the host and
during transport between hosts. Some of
the specific proteins on the viral surface
are also designed as molecular keys that
enable the virus to enter the specific host
cell of its choosing.

Occasionally, virus infestations
wreak havoc on a product and cause the
imposition of regulatory limitations
preventing transport of the product from
the farm. With animal agriculture,
additional problems can and do arise.
Because animals can serve as reservoirs
for the genetic mixing of genes from
different viruses, the potential exists to
generate more virulent strains of viruses
capable of infecting people and causing
disease. Clearly, there is a need to limit
vira infections of our agriculturally
important species.

Vaccination Limitation
Historically and to date, most
attempts to control indigenous viruses
have depended upon stimulation of the
host immune system to recognize and
inactivate the structural elements and
protein keys on the surface of each virus
through vaccination strategies. Vacci-
nation is often effective. But success



Biotechnology Can Help Control Viruses

William Todd, Laynette Spring, Jackie McManus, Brandye Smith and Richard K. Cooper

istypicaly limited to a particular strain of
virus. Furthermore, viruses have evolved
aong with their hosts and have devel oped
way's to escape the immune response by
altering the protein keys to confuse host
immunity. Vaccinations, though useful,
are often short-term solutions of limited
effectiveness.

In addition to vaccines, some progress
has been made to design drugs specific
enough to interfere with unique viral
functions without causing too many side
effects for the host. However, because of the
price of these drugs, agricultural applications
are not realistic.

Despite limitations, there has never
been a better time to be optimistic about
our ability to overcome these pesky viral
infections. Because of recent advancesin
molecular genetics and biotechnology,
strategies to prevent viral infections are
within our future. Instead of basing
prevention on the proteins of viruses,
opportunities now exist to modify genetic
interactions between viruses and host cells,
to the detriment of the virus.

Gene wars between viruses and host
cells have always existed at every level—
from viruses that infect bacteria to humans.
The innate genetic ability to inhibit most
viruses is what prevents each species from
being inundated with al but the select few
viruses that have figured how to work
around the genetic mechanisms of inhibition
used by that particular host. With advances
in biotechnology, it is now possible to assist
genetics to overcome the remaining
recalcitrant viruses.

Biotechnology to the Rescue
Each type of virus has unique signals
used to control the host cell of its choosing.
The trick is to modify the genetics of the
host in ways that will prevent the targeted
class of virus from fulfilling its quest to
produce more of its own kind. Once a
virus enters a cell, it exists as nucleic acid,
separate from the protective protein coat,
and is now entirely dependent upon the cell.
We believe that each class of virus encodes
genetic signals that are unique to the virus

and not present in unin-fected cells.
These unique genetic signals can be
exploited by altering the host cell so that
expression of the viral signals can no
longer lead to the production of progeny
virus. Each virus, therefore, has the
genetic equivalent of an Achilles' heel,
either encoded in gene regulatory
mechanisms or in unique methods of the
viral nucleic acid replication.

Consider the common influenza
type viruses that cause so many
problems for animals and humans. All
influenza viruses use single strands of
RNA as their genomes, and the single
strands are in a form called negative
RNA, a complementary copy of the
messenger RNA that host cells normally
translate into gene products. At the early
stages of infection, the viral negative
RNA must first be converted to
messenger RNA so its encoded
commands can be understood by
the host cell. This conversion can be
accomplished only because the virus
provides the unique enzyme, an RNA-
dependent polymerase, that allows the
host cell to convert the viral negative
RNA into atranslatable form. The virus
carries this essential polymerase with it
as it enters the host cell. Without this
enzyme, any form of negative RNA
remains as nonsense to the host.

Unique functions of pathogens,
such as this, provide opportunities for
disruption without causing undue harm
to the host. The uniqgue RNA polymerase
can be exploited. For example, the host
cells of plants and animals can be
engineered to produce small amounts of
negative RNA encoding a product that
would shut the cell down upon infection
with the virus. Without the virus, the
negative RNA could never be tran-
scribed, so uninfected cells could never
be harmed. The consegquence of being
infected with a negative RNA virus
would be to shut down the few initially
infected cells; the virus would be
prevented from producing progeny and
causing disease.

To reach this goal, we have
engineered plasmids to express both
negative RNA encoding genes to shut
down cells, along with marker genes,
and we have expressed these plasmids
within cells cultured in the laboratory.
When the molecular dynamics are
sufficiently understood at the cultured
cell level, such constructs could be
engineered into farm animals. The
need for such protection is significant
to agriculture and of potential impor-
tance to human health. For example,
it is the genetic mixing of human and
bird forms of influenzain pigs that
generates new forms of human
influenza. Limiting influenza virus
infections of domesticated pigs and
birds would decrease opportunities
for the influenza viruses to recombine
into more virulent forms that could
infect humans. We believe that
genetic strategies to modify host cells
of agriculturally important plants and
animals for resistance to specific
pathogens will contribute to the future
profitability of agriculture and will
improve human health.

At the LSU AgCenter we
envision a time when viral infections
of plants and animals will terminate at
the beginning of the infectious cycle
before production of the viral progeny
essential to cause disease. The
modified plants and animals will be
genetically incapable of being
infected by specific viral pathogens.
As agricultural scientists we look
forward to being part of the research
programs that will be responsible for
limiting viral infections of our plant
and animal commaodity products. m

William Todd, Professor; Laynette Spring,
Jackie McManus and Brandye Smith, all
Research Associates; and Richard K. Cooper,
Professor, Department of Veterinary Science,
LSU AgCenter, Baton Rouge, La.
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Slicing Years Off
Rice Varietal Improvement

Qi Ren Chu and Steven D. Linscombe

_

Anthers collected from rice plants are put in a nutrient mixture. The mixture of sucrose and micronutrients in the Petri dish
enhance the chances of haploids spontaneously doubling.
In a few weeks, these cells begin to grow into tiny plants.
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Devel opment of new varieties at
the LSU AgCenter’s Rice Research
Station in Crowley, La., has been of
tremendous benefit to the U.S. rice
industry. In 2002, about 63 percent of
the rice acreage in Louisiana, Arkansas,
Mississippi, Texas and Missouri was
seeded to LSU AgCenter-released
varieties. Research on varietal
improvement and release of new rice
varieties to farmers have significantly
increased Louisiana' s statewide yields.
For example, in 1990, average yields
were about 5,100 pounds per acre. But
in 2001, that average had jumped to
more than 5,900.

Most of the varieties developed
have been created through conventional
breeding. In conventional breeding, the
pollen grain of the male parent and the
egg of the female parent each contain
half of the chromosomes of a normal
rice plant; the pollen grain and egg are
said to be haploid. When these cells
unite, the fertilized cell becomes diploid
because it contains twice the number of
chromosomes, the full complement of
chromosomes of the normal plant.

The first population of plants
following a cross is uniform or homo-
geneous; however, each individual
contains genes from each parent and,
because the parents were different, these
plants are considered heterozygous.
When these plants are self-fertilized,
asisthe typical rice crop, the resulting
population of plantsis extremely
variable, or heterogeneous.

At this point in conventional
breeding, the plant breeder begins to
select for desirable characteristics from

which is produced a new generation of
plants. Each succeeding generation is
identified by the letter F (filial, refers to
sons and daughters) and a number. For
example, the first generation is the F,
and the sixth is the F, generation. By the
F, generation, through continuous self-
fertilization and selection by the
breeder, lines within the population will
become uniform or homogeneous. By
the time these lines move through yield
testing, at least three more years of self-
fertilization and selecting will have
occurred. About nine generations will
have been produced in the process.
Severa years ago, LSU AgCenter
scientists introduced doubled haploid
technology into the breeding program.
This technology reduces by three to
four years the time required to produce
uniform lines. It involves making
haploid plants from heterozygous F,
diploid plants and then doubling the
chromosomes to produce a new diploid
plant referred to as doubled haploids. A
key characteristic of the doubled haploid
is its homozygosity. In conventional
breeding, reaching this point would have
required at least six generations of self-
fertilization and selection by the breeder
to achieve this state of uniformity.
Some of the steps in doubled
haploid technology are illustrated in
Figures 1 through 4. Callus induction is
the formation of undifferentiated tissue,
tissue consisting of unspecialized cells,
which will later be induced to differ-
entiate into leaves, roots and other plant
organs. The process of plant
regeneration includes those procedures
required to produce differentiated

tissues and new plants. Once plants have
been devel-oped, they are placed in the
later stages of conventional variety
development such as progeny row
evaluation, preliminary yield testing

and advanced yield testing.

U.S. commercia long-grain
varieties initially showed little response
to doubled haploid techniques when
compared to Asian rice, which are all
short- or medium-grain. Systematic
testing of long-grain crosses to dozens
of culture media enabled us to develop
culture media (designated as Chu basic
medium) suitable for callus induction
and plant regeneration of the U.S. long-
grain crosses. Furthermore, doubled
haploid plants with high regeneration
ability were identified and are now used
as bridging parents to consistently
produce thousands of doubled haploid
plants annually. In the beginning, only 2
percent of attempts resulted in a doubled
haploid plant. That figure has risen to 16
percent.

Numerous doubled haploid lines
with various new plant types have been
created, selected and advanced. These
lines recombine the genes from
commercial cultivars such as Cocodrie,
Cypress, Wells, Francis and some
Chinese varieties. Many new lines
exhibit compact plant types, erect and
V-shaped leaves, and a moderately thick

Qi Ren Chu, Associate Professor, Rice Research
Station, Crowley, La., and Steven D. Linscombe,
Professor and Director of the Southwest Region,
LSU AgCenter, Crowley, La.

The plants begin to take shape in less than three months after the
anthers are placed in the culture media.

Once the plants reach a certain level of maturity, they are ready

for transfer to the greenhouse. As many as 16 plants can develop
from 100 anthers. This is considered success.

Louisiana Agriculture, Fall 2003 17



leaf blade in contrast to Cypress and
Cocodrie and more tillers with a thicker
canopy that differs from Wells and
Francis. Panicle sizes of the new lines
are in between Cocodrie and Francis.
All these lines have good seedling vigor,
desirable maturity, high milling quality
and high yield potential.

Superior breeding lines developed
so far have widened the genetic
diversity of current cultivars. They not
only carry genes for various grain yield
components but also carry genes that
affect ideal grain quality and disease
resistance. The uniformity and genetic
stability of these lines facilitate the plant

Photo by Qi Ren Chu

These paper caps keep the pollen trapped, allowing for mating of

the rice varieties.

After the doubled haploid plants mature in the greenhouse, they
are transferred to field test plots.
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day June 26, 2003.

breeder’s ability to select for desirable
traits.

Experiments indicated recom-
bination between doubled haploid lines
produced a wide range of superior
homozygous (uniform) progeny that
carry desirable long-grain traits. It has
been demonstrated repeatedly that
sufficient quantities of long-grain
doubled haploid plants can be produced
for breeding purposes. The average
yields of three of these entries are:
LA2091—8,729 pounds per acre,
LA2085—8,165 pounds per acre and
LA2088—8,052 pounds per acre. The
average yields of the high-yielding
varieties were: Francis—8,638,
Cocodrie—7,783 and Cheniere 7,526
pounds per acre. Seed increases of these
entries are under way.

Doubled haploid breeding research
conducted at the Rice Station has
resulted in the accumulation of alarge
number of promising doubled haploid
lines. Most of these lines were derived
from crosses made by the anther culture
project with desirable bridging parents.
Evauation of these lines indicates
acceptable traits for yield, plant height,
seedling vigor, maturity date and
milling. Most of these lines have shown
yield potential similar to or better than
the dominant commercial cultivars
Cocodrie and Francis. Multi-location
and multi-year testing of these linesis
under way to confirm any commercial
value. New varieties are expected to
come from efforts of this project within
in the next few years. m

Photo by Linda Foster Benedict

Qi Ren Chu, a rice breeder at the Rice Research Station in
Crowley, La., addresses the audience gathered for the annual field



A Rice Field in a Petri Dish
‘Doubled Haploids’ Speed Breeding

LSU AgCenter rice breeder Qi Ren
Chu grows the equivalent of thousands of
acres of rice in his lab —a room the size of
your kitchen.

“Instead of growing plants in a field,
we grow five million pollen (grains) in a
Petri dish,” explains Chu, straining to help
alayman understand how he coaxes green
rice plants to sprout in what starts out as
a dish full of pollen swimming in a special
chemical soup.

“The process has been established. It
is legitimate. Itis not a question of whether
we can do it. It is a question of what scale
is possible and what is the marketability of
what you create,” says Chu, a native of
China recognized as one of his country’s
top rice breeders.

Chu cut his teeth as a research assis-
tant and associate plant breeder at a top
rice lab in Shanghai, China, starting in the
1970s. He earned a Ph.D. in genetics from
LSU in 1988 and later rose to full profes-
sor and director of the Agro Biotechnol-
ogy Center at the Shanghai Academy of
Agricultural Sciences back home.

Chu signed on as a full-time rice
breeder at the LSU AgCenter’s Rice Re-
search Station in Crowley, La., in 1995.
His specialty is anther culture, the process
of growing complete rice plants from just
the male half of the rice plant’s internal
reproductive hardware.

The technique, first perfected in corn
decades ago, requires a researcher to
extract anthers from the head of the rice
plant and make them grow in a Petri dish.
Each anther contains 1,000 or more grains
of pollen, the male part of a rice plant. The
pollen is considered a “haploid,” meaning
it has 12 chromosomes or exactly half of
a rice plant’s normal 24-chromosome
make-up.

When growing in soil, a rice plant
needs both pollen and its ovule or egg (the
plant’s female half, also with 12 chromo-
somes) to create the next generation of
seed. The chromosomes are the seat of
the rice plant’s genes, which govern ev-
erything from how quickly a rice plant will
mature, how hearty it is against disease
and how tall it will grow.

But Chu bypasses the normal fertiliza-
tion method and instead uses a method
known as a “doubled haploid” to grow a
complete but uniform series of plants — all
(or at least most) of which have the same
characteristics.

The idea is to speed up efforts to breed
new types of rice that mesh the attributes of
one variety of rice with the favored aspects
of another. For instance, the goal might be
to create a new rice variety that matures
early (like Rice “A”) but also one that has
strong resistance to disease (like Rice “B”).

Using the doubled haploid method lets
scientists breed rice more quickly, bypassing
at least some of the confusion that comes
when trying to select plants with a nearly
uniform set of characteristics in the field.

In doubled haploids, the rice pollen is
placed in a Petri dish suspended in a mixture
of sucrose and other micronutrients that
enhance the chances of the 12 male chromo-
somes spontaneously doubling to give you a
complete plant.

In conventional rice breeding, it can
take up to 10 generations of growing plants
in the field after an artificial hybridization or
“cross” is made to perfect a 99.99 percent
pure variety. Crossing “Rice A” with “Rice
B” in the field isn't an exact science, espe-
cially when juggling the thousands of genes in
a rice plant.

Plants in the field might appear identical
at first, but neighboring plants from the
same cross can have different degrees of
disease resistance, for example, depending
on whether Plant A’s traits or Plant B’s end
up as dominant.

“In conventional breeding, you make
the initial cross, grow out the F, plants, grow
the F, (second generation), select a large
number of plants, grow the F, (third genera-
tion), look to see which plants are uniform,”
Chu said. “With doubled haploids, we go
from anther (or pollen) in a Petri dish to
plants in the greenhouse within two and a
half months. The pollen regenerates into
entire plants.”

Chu says an 8 percent success rate
(eight anthers growing up to be plants out of
100 anthers in a dish) when breeding U.S.
long-grain rice varieties is acceptable and

gives researchers enough healthy plants
for further testing.

Steve Linscombe, director of the
Southwest Region and a rice breeder, said
the doubled haploid method is another
tool in the rice breeder’s arsenal.

Linscombe said he expects one or
more of Chu’s creations to be released by
the LSU AgCenter in the next two to five
years.

At this point, conventional rice breed-
ing methods are still the research station’s
No. 1 focus. And breeders use a winter
nursery in Puerto Rico, which allows for
multiple rice crops every year, to speed
the development of new varieties. Use of
the winter nursery has cut conventional
rice breeding time frames to roughly eight
years — down from about 12 years not so
long ago.

But Linscombe said Chu’s approach
has a definite place and could result in new
varieties being released in as few as six
years from Petri dish to farm.

Chu said he’s optimistic about sev-
eral varieties in the doubled haploid
pipeline.

“We have dozens of lines with excel-
lent yield potential. Sooner or later we
will release one,” Chu predicts.

Linscombe cautions that it still takes
a lot of field work to fully test any new
rice variety.

“You can’t fully analyze yields on an
individual plant basis in the greenhouse,”
Linscombe said. “Field conditions, with all
their variables, are difficult to mimic in the
greenhouse. Disease in a real field is a
whole new ballgame.”

That’s why even varieties that start in
Chu’s lab still have to weather several
years of analysis outdoors, including prog-
eny row testing, preliminary yield tests,
advanced yield trials and three years of
multi-state testing. “We not only work in
the lab, we put a lot of time and effort in
the field as well,” Chu said.

Chu’s research project, like many
others at the Rice Station, is supported by
Louisiana rice farmers through check-off
contributions under the direction of the
Louisiana Rice Research Board.

m Randy McClain
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Biotechnology
and Control of Rice Diseases

M.C.“Chuck” Rush, Q. M. Shao, Shuli Zhang, A.K.M. Shahjahan,

Kathy O’Reilly, Ding Shih, Donald Groth and Steven D. Linscombe

D iseases are amajor constraint
to rice production in Louisiana and the
other Gulf of Mexico rice-producing
states. They cause millions of dollarsin
direct losses and losses related to the use
of control measures. The most damaging
diseases are sheath blight and rice blast,
caused by fungal pathogens, and
bacterial panicle blight and sheath rot.
Several fungicides are available to help
control sheath blight and blast, but they
are expensive and require superior
management to obtain economic
control. No pesticides are available
for controlling bacterial panicle blight.

Biotechnology-related research is
becoming increasingly important in the
development of measures to supplement
pesticides and conventional breeding
efforts for disease control. In a coor-
dinated effort involving the rice
pathology laboratory in the Department
of Plant Pathology and Crop Physiology,
the Department of Biological Sciences,
the School of Veterinary Medicine and
the Rice Research Station, research is
being conducted in the laboratory and
field to develop new technologies for
disease control.

Improving Conventional
Breeding Through
‘Clonal Variation’

Sheath blight is the leading cause of

disease loss in Louisiana rice. No source
of complete resistance has been

M.C. “Chuck” Rush, Professor; Q.M. Shao,
Postdoctoral Researcher; Shuli Zhang, Graduate
Assistant; and A.K.M. Shahjahan, Postdoctoral
Researcher (now Assistant Professor of Biology at
Baton Rouge Community College), Department of
Plant Pathology and Crop Physiology, LSU
AgCenter, Baton Rouge, La.; Kathy O’ Reilly,
Associate Professor, LSU School of Veterinary
Medicine, Baton Rouge, La.; Ding Shih,
Associate Professor, Department of Biological
Sciences, LSU, Baton Rouge, La.; Donald Groth,
Professor, and Steven D. Linscombe, Professor
and Director, Southwest Region, L SU AgCenter,
Rice Research Station, Crowley, La.
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identified throughout the world for
Rhizoctonia solani, the cause of this
disease, but some rice varieties have
partia resistance. For many years we
have been locating sources of partial
resistance and incorporating them into
our breeding efforts.

In our search for better sources of
partial resistance, we have exploited a
technology called clonal variation. Clonal
variation comes from the increased rate of
mutations found in plants regenerated
through tissue culture. Tissue cultureis
the process of creating new plants from
cellsin atest tube.

Using tissue culture technology we
have developed a new source of high-
level partia resistance from a suscep-
tible variety. Two lines having this new
resistance were registered as the “elite
lines’ LSBR-5 and LSBR-33. These
lines have been used for severa years,
along with other natural, high-level
sources of partial resistance identified
in our program, to generate thousands
of breeding lines with sheath blight
resistance.

Each year new lines are screened for
disease resistance, yielding ability, grain
shape, and qudity and cooking character-
istics. The best materials are advanced to
the rice breeding program at the Rice
Research Station in Crowley, La

Transformation

Using Foreign Genes

Transformation is a technology
where foreign genes, or genes from
other plants, animals and microorgan-
isms, can be transferred to a crop plant
to introduce a new trait. We are
interested in transferring “PR” genes,
or genes involved in plant disease
resistance, from other plants to rice.
The genes are cloned from the source
organism and put into plasmid DNA,
which is atype of bacterial DNA that
can be transferred into the target plant.
The procedure we use involves coating
small particles of gold with plasmid
DNA containing the foreign gene and
shooting them with an air-pressure
device into cultured rice cells.
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Figure 1. Rice transformed for resistance to
Liberty herbicide. These rows were sprayed
with Liberty herbicide. Note the dead row
of nontransgenic rice.

Our laboratory began working with
rice transformation in the early 1990s.
We first transformed rice with the gene
for resistance to the antibiotic hygro-
mycin (hpt gene). Since then we have
transformed many varieties with a gene
for resistance to Liberty herbicide,
including the commercia varieties
Drew and Cypress (Figure 1).

The PR genes with which we are
working include a thionin gene from
barley, a chitinase gene from soybean
and a beta glucanase gene from tobacco.
All of these genes are involved in
defense against diseases in the plant
from which they were derived. We have
transformed rice with the thionin gene
and found in preliminary greenhouse
tests that it greatly increased resistance
to the bacterial panicle blight and sheath
rot disease.

We also used a process called
cotransformation to transform rice
plants with different combinations of
the chitinase and beta glucanase genes,
which plants use to defend against
fungal pathogens, along with the gene
for resistance to Liberty herbicide.
These plants show a high level of
resistance to sheath blight in greenhouse
and field tests (Figures 2, 3 and 4). They
also show resistance to Liberty
herbicide. We dtill have to cross this
material with nontransformed plants to



determine whether the sheath blight
resistance is stable and if disease
resistance is linked to Liberty resistance.
Several years ago, we transformed
Taipei 309 and Nipponbare rice with the
gene for resistance to Liberty herbicide.
These plants were selected because they
were easy to use in tissue culture and
gave stable resistance. They are not U.S.

Figure 2. Sheath blight developing on the susceptible
rice variety Cocodrie after point inoculation with

Rhizoctonia solani.

Figure 4. Resistant lesion on Taipei 309 rice after
point inoculation (inside white circle). Resistance was

conferred by transforming this plant with the

chitinase and glucanase genes from soybean and

tobacco, respectively.

Photos by M.C. “Chuck” Rush

Fiéure 3. Sheath blight developing on nontransgenic
Taipei 309 rice after point inoculation.

varieties. For commercial use of
transformed plants, single transform-
ation events must be registered by the
federal government in a process similar
to that used for new pesticides. These
registered transformation events can
then be used to develop new varieties
by conventional breeding. The origina
transformant would not be released as a
variety.

We used our Liberty-
resistant transformants in
extensive testing to determine
how many generations of
crossing and backcrossing it
would take to transfer the
transgene from a single
transformation event into a
commercial variety. Four to
five backcrosses over two and
a half years were required to
recover stable transformed lines
with the characteristics of the
variety. These characteristics
included appearance, height,
grain shape and quality, time-
to-maturity and yield potential.
These transformed lines are
available to the breeding
program at the Rice Research
Station.

Other research with
transformed plants showed
that when many transformation
events (individual transformed
plants with the same transgene)
were crossed, insertion was not
completely random. This
suggests that certain chromo-
some sites were more likely to
have the transgene inserted. By
identifying these sites and the
factors controlling insertion, we
may be able to dictate insertion
sites when developing trans-
genic plants. This would allow
us to avoid the transformation
problems associated with
insertion in unfavorable
locations and benefit from
insertion into pre-selected
sites that favor gene expression.

Using Biotechnology

with Pesticides

Using Cypress rice
transformed with the bar gene,
which is the gene that creates
resistance to Liberty herbicide,
we have conducted field tests
for several years to determine if
Liberty herbicide could be used
as a pesticide to control rice

diseases. Liberty herbicide is an
antibiotic as well as a herbicide. As
transgenic rice varieties with Liberty
resistance become available to rice
growers, it isimportant to know the
effects of Liberty on rice diseases as
well as weeds. Also, there is potential
to greatly increase the use of Liberty in
rice.

We determined the rates and
timings for use of Liberty as afungicide
in the field. In comparative field tests
conducted for three years, Liberty
applied at the correct rate and timing
provided significantly better control of
sheath blight than Moncut fungicide and
was equal to or better than Quadris
fungicide. These are the fungicides now
used to control sheath blight in
Louisiana rice.

Our research demonstrates that
Liberty used as afungicide on trans-
genic rice will have dramatic effects on
diseases. In preliminary field studies
Liberty also appeared to reduce bacterial
panicle blight. In laboratory tests, the
compound was highly inhibitory to the
sheath blight, blast and bacterial panicle
blight pathogens, as well as several
other rice pathogens common in
Louisianarice. The compound has the
potential to be a broad spectrum
pesticide for controlling both weeds and
diseasesin rice.

Rice Panicle Blight Pathogen

Rice produced in the U.S. Gulf
Coast area has along history of loss
to panicle blighting. The damage in
Louisiana was severe in 1995 and 1998,
years with record high temperatures.
Yield losses in some fields were
estimated as high as 40 percent.

In 1996, the cause of this panicle
blighting was identified by our
laboratory as the seedborne bacterial
plant pathogen Burkholderia glumae.
Further studies have implicated B.
gladioli, B. plantarii and B. cepacia as
other potential causal agents of panicle
blighting in rice. The relationship of
these plant pathogens to bacterial
panicle blighting and sheath rot in
rice must be determined to develop
procedures for identifying commercial
seed infected with the causal bacteria.

Rice crops planted with infected
seeds will suffer severe losses during
summers with unusually high nighttime
temperatures. The symptoms of
bacterial panicle blight include seedling
blight, sheath rot and panicle blight
(Figure 5). Research in this project is
directed toward developing a method for
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(Left) Panicles to be inoculated were
covered with an open wax paper tube
to protect other panicles on the plant.

r

Figure 5. Severe bacterial panicle blight
symptoms on rice.

identifying infected certified seed with
high levels of the causal bacterial
pathogens. Damage can be avoided by
not planting seed with high levels of
bacterial infection or by treating
infected seed with antibacterial
compounds. This will greatly reduce
the potential for loss by producersin
Louisiana and other Southern rice-
producing states.
The goals of our research are to
clarify the causal relationships of the
Burkholderia species associated with
blighted rice, to develop procedures for
extracting pathogenic bacteria from
infected seeds, to develop monoclonal
and polyclonal antibodies specific for B.
glumae and B. gladioli and to develop
an enzyme-linked immunosorbant assay
: : : . ; : : e (ELI1SA) system for identifying the
Above) Nontransgenic Lafitte plant inoculated with B. glumae showing typical bacterial bacterial pathogens from rice seeds. The
panicle blight symptoms. sensitivity and specificity of the assay
| ' f are being determined using an existing
collection of rice-field isolates of B.
glumae, B. gladioli, B. plantarii and B.
cepacia. Development of this tech-
nology will help increase rice yields
and minimize some of the economic
uncertainty related to rice production. m
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(Left) Resistant transgenic Lafitte plant
after inoculation with B. glumae. Note
that the panicle remained healthy.
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Clearfield 161 Has Rice Growers Buzzing

Rice farmer Danny Koch noticed something special as he
piloted a combine the size of a small house through his 82-acre field
of Clearfield 161 rice this summer.

“This field was tremendously infested with red rice last year,”
said Koch, who farms just north of Eunice. “Look at it this year.
There’s not a stalk in here. It's amazing.”

Credit the emergence of Clearfield 161, a new rice variety
released by the LSU AgCenter’s Rice Research Station in Crowley,
for Koch’s and other farmers’ clean fields.

Used in combination with BASF’'s NewPath herbicide, the
Clearfield rice system has shown 99 percent or more control of red
rice weeds in fields throughout the U.S. rice belt this year.

Koch put the pencil to his Clearfield 161 harvest data and came
up with this: He averaged just over 42 barrels of rice per acre and
experienced excellent milling quality. Some other farmers in south-
west Louisiana reported even higher yields with Clearfield 161,
which was available for commercial use for the first time in 2003.

“| would have made nothing in this field if it hadn't been for
Clearfield 161,” Koch said.

Clearfield 161 got its start when Tim Croughan, an AgCenter
scientist at the Rice Station, discovered that by bathing particular
rice seeds in ethyl-methane sulfonate (Clearfield 161 comes from
the seed of Cypress, another AgCenter rice variety with strong
yields and top-notch milling characteristics), he could create micro-
scopic changes in the rice plant’s genetics and increase herbicide
resistance.

The end result was that Clearfield 161 became so resistant to
the effects of imazethapyr, the active ingredient in the NewPath
herbicide, that farmers can spray the red rice weeds in their fields
with NewPath and not harm the good rice growing nearby.

Before Clearfield technology, any herbicide that killed red rice
weeds also killed the good rice growing next to it. Red rice is a
troublesome weed problem in southwest Louisiana . It competes for
the same nutrients and hurts both yields and milling quality of the
good rice harvested from infested fields.

Clearfield 161 is not a genetically modified crop (GMO)
because no gene is inserted into the rice plant. Instead, chemical
manipulation is used to encourage mutations in the rice plant’s
DNA similar to changes that occur naturally anyway.

“Using ethyl-methane sulfonate just makes it more likely for
mutations to occur,” said Croughan. The trick is to foster the right
mutations that affect the plant’s herbicide resistance.

Top officials with Horizon Ag, a Memphis-based firm that
markets Clearfield seed nationally, say they expect to see a big jump
in the number of acres planted with the new variety in 2004.

“We expect at least 75,000 acres to be planted in Louisiana in
2004, up from 30,000 acres this year,” said Randy Ouzts, Horizon’s
general manager. Nationally, he projects at least 375,000 acres to
be planted in 2004, almost double this year’s total.

“Clearfield 161's milling quality is fine, very good. | haven't
heard one complaint,” said Bill Dore, president of the Supreme Rice
Mill in Crowley.

Steve Linscombe, director of the LSU AgCenter’s Southwest
Region and a rice breeder, agrees. He said Clearfield 161 will
resurrect some poor-performing fields that were economic losers
in years past because of severe red rice problems.

“All the results on yields and grain quality look very good,”
Linscombe said after reviewing recent LSU AgCenter test data on

Clearfield 161. “In some fields this year, farmers had the highest
yields they’ve ever had when you consider all their past red rice
problems and the losses that can cause.”

Tommy Ellett, co-owner of Angelina Plantation in Concordia
Parish, participated in a test with AgCenter rice specialist Johnny
Saichuk. Side-by-side fields were planted under similar conditions —
one field with Clearfield 161 and the other in the popular Cocodrie
rice variety. Both fields historically had severe red rice problems.

In mid-summer, Ellett could see the difference at a glance.
“We've got 99 percent red rice control (on the 161 field). It's like
daylight and dark between the two fields.”

At harvest, the Clearfield 161 test plot yielded 52.9 barrels of
rice per acre, slightly better than the neighboring Cocodrie field.

One word of caution: Clearfield 161 seed costs more than
many conventional rice varieties, so it may not be a farmer’s best
choice in every instance. But proponents say using it could put more

Photo by Mark Claesgens

Louisiana rice farmers report that they are pleased with Clearfield
161, the latest version of the herbicide-resistant rice that was
developed at the LSU AgCenter. The variety allows farmers to
control red rice, which has been their No.1 weed enemy.

cash in a producer’s pocket depending on how severe red rice was
in a particular field and to what extent the weeds reduced the yield,
grade or the milling quality of the good rice.

Many farmers who used Clearfield 161 this year planted their
fields at seeding rates ranging from 80 pounds to as much as 100
pounds an acre. That may be too much. AgCenter experts familiar
with the way the Clearfield 161 rice plant grows (it tillers very well
just like its parent variety, Cypress) say farmers will probably be able
to reduce seeding rates significantly next year without hurting
productivity. Lower seeding rates mean lower costs.

One problem to watch for with Clearfield 161 is that the new
rice variety is susceptible to sheath blight, a rice disease that
flourishes in wet growing conditions.

Linscombe said growers who opt for Clearfield 161 should
include an appropriate fungicide in their production programs.

LSU AgCenter rice research, including development of the
Clearfield rice technology, is supported in part by the Louisiana Rice
Research Board and by check-off funds contributed by rice farmers
across the state. m Randy McClain
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Clearfield

R ice farmers throughout the world
face a unique weed problem. A weedy
relative of cultivated rice, red rice, can
invade and severely infest rice fields,
both lowering yields and reducing the
selling price of the harvested grain.
Most of Louisiand' s rice acreage is
infested, at least to some extent, with
this weed. Because of its close genetic
relationship to commercial rice, red rice
has proved difficult to control. No
herbicide yet developed can adequately
control red rice without also injuring or
killing conventional rice.

Since sufficiently selective
herbicides were not forthcoming, an
aternative approach to red rice control

Timothy P. Croughan, Professor, Rice Research
Station, Crowley, La.
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Rice: It’s Not a GMO

Timothy P. Croughan

was explored. Rather than continuing
to search for a new herbicide with the
desired specificity, this alternative
involved trying to change the rice plant
instead. The goal was a plant that would
thrive despite being sprayed with an
already existing herbicide known to kill
red rice.

Genetic engineering is one way
to alter arice plant’s sensitivity to
herbicides. This involves adding a gene
for herbicide resistance from another
organism. The resulting plant is termed
a genetically modified organism
(GMO), and any subsequent varieties
developed from this plant that possess
the introduced trait are GMOs as well.

A different approach is to search
for an individual rice plant that has
undergone a slight alteration in its
natural inventory of genetic information,

resulting in the development of
resistance to the herbicide. While there
is no assurance that such plants can ever
be found, the odds can be improved
somewhat by using techniques that
increase the rate of genetic changes
above the rates of mutations that
naturally occur in al living things. The
resulting herbicide-resistant rice plant
would contain a dightly altered but still
natural complement of genetic infor-
mation. It would not be a GMO, since it
contains no inserted gene from another
organism.

A genetically engineered plant
might be produced fairly rapidly in
the laboratory; however, before a new
variety developed from that plant could
be released to farmers, approximately
$10 million must be spent on testing to
gain government approvals.




sy
Photo by Mark Claesgens

possible moment, when a wall of rain pummeled the field. A friend to the growing season, precipitation is a foe to harvest.

GMO Foods

Perhaps more important is the
significant resistance to GMO foods in
parts of the world. The United States has
generally been accepting of GMO foods,
but major U.S. food companies typically
function internationally as well. A
growing number of companies in the
U.S. and overseas are banning GMO
ingredients in their products to assure
consumer acceptance worldwide. This
trend continues, not so much because
of scientific concerns on the part of the
companies regarding GMO ingredients,
but as a practical approach to an
international marketplace that includes
consumers who have personal doubts
about GMO food.

In contrast, only Canada requires
approval before crops changed through
amore natural means can be exported to
that country. Because more than 1,000
varieties of a number of crops have
aready been developed through this
technique and grown worldwide over
the last 50 years, consumer acceptance

of such cropsis not an issue. Once
Canada’ s approval is obtained, the rice
can be freely exported to all foreign
markets.

Natural genetic change was used
to develop Clearfield rice, which is
resistant to the chemical group of
herbicides called imidazolinones. These
herbicides are new and have significant
advantages. The imidazolinone herbi-
cides target a biologica mechanism
specific to plants. This target, termed
the AHAS enzyme, isinvolved in the
production of the amino acids leucine,
isoleucine and valine. Plants require the
continued production of these amino
acids to survive. Imidazolinones work
as herbicides because they block the
AHAS enzyme, preventing the produc-
tion of the amino acids. Without these
amino acids, the weeds whither and die.

The AHAS enzyme is one of the
approximately 50,000 enzyme systems
in rice, and there are roughly 650
building blocks (amino acids) in the rice
AHAS enzyme. There was no certainty

that herbicide-resistant forms of AHAS
could be found in rice. Essentialy, the
search for rice with resistance to
imidazolinone herbicides involved
looking for a needle in a haystack, if
such a“needle” existed in the first place.

Environmentally Friendly

Although imidazolinones are toxic
to weeds, they do not affect animals,
insects or people, which lack the AHAS
enzyme that the herbicide disrupts.
Thus, imidazolinones are environment-
ally friendly herbicides.

While not toxic to animals, imidaz-
olinones are so potent to weeds that it
takes only 1 to 2 ounces per acre to
control nearly all rice field weeds, and
the herbicides are particularly effective
on red rice. By comparison, many rice
herbicides now used are applied at rates
of severa pounds per acre, and they do
not control red rice. Replacing these
larger volume herbicides with the
imidazolinone herbicides will result in
areduction in herbicide release into the

Louisiana Agriculture, Fall 2003 25



environment, and the imidazolinone
herbicides are less toxic to begin with.

After more than a decade of
searching through some 1 billion rice
seeds and plants, an individual plant
with an AHAS enzyme resistant to
imidazolinone herbicides was found.
This single survivor was transferred to
the greenhouse for further work. The
seeds it produced were planted, and
the resulting seedlings sprayed with
herbicide. They also were resistant,
proving that the parental plant was
indeed herbicide-resistant and not an
“escape,” a plant missed while spraying.
It also proved that its progeny inherited
the resistance trait.

A program for breeding the trait
into higher-yielding varieties was
then initiated, and conventional plant
breeding techniques were used to
transfer the trait into established and
promising new rice varieties. Seed
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collected from these crosses was planted
in the field, comprising more than 2,000
unique rows. As the rice approached
harvest, rice breeders were invited to
visit the field and select seed from
plants they felt showed promise. The
first two U.S. varieties of Clearfield rice
originated from this field and were
released from the LSU AgCenter’s Rice
Research Station as CL 121 and CL 141.
Meanwhile, the search continued
for additional herbicide-resistant rice
plants, with the hope of finding a higher
resistance level. The first plant
discovered had sufficient resistance
for commercial use, but sometimes
exhibited injury symptoms from the
herbicide application. The plants
recovered and yields were not affected,
but a higher resistance level would
avoid the temporary discoloration and
slowing of growth sometimes observed.
During the subsequent five-year
period, another billion seeds and

seedlings were tested before a second
herbicide-resistant plant was discovered.
Further testing of progeny from this
plant indicated that it was considerably
more herbicide-resistant than the first
plant discovered. It exhibited aimost no
injury symptoms, even when subjected
to excessively high rates of the most
potent imidazolinone herbicides tested.
It was also high-yielding and produced
excellent quality grain. An increase of
the seeds tracing back to this discovered
plant was conducted to develop the rice
variety named CL 161 for release to
growers. Within ayear CL 161
essentially replaced CL 121 and CL 141,
and the acreage planted to Clearfield
rice in 2003 increased by nearly
threefold over the previous year. The
number of acres planted with this
naturally herbicide-resistant rice is
expected to continue to increase for
several years. m

Photo by Randy McClain

A combine stands at rest after cutting through a field of Clearfield 161 rice this past
August. The field is near Rayne, La., and farmed by Danny Koch, who praised the
yields of 161 and the red rice control achieved from using the variety.
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Disease Resistance in Rice

James H. Oard, Steven D. Linscombe and Donald Groth

Rice isone of Louisiana’s leading
agricultural commodities, with nearly
532,000 acres planted in 2002,
producing an average yield of 5,772
pounds per acre. The 2002 gross farm
income reached $122.8 million, and
value added in marketing, processing
and transportation increased that amount
to $159.6 million. In spite of these
impressive figures, Louisiana ranks
lowest of U.S. rice-producing states for
grain yield, in part because weeds and
disease can substantially lower net
returns to producers. Genetically
engineered or transgenic rice has been
developed in the LSU AgCenter that
shows the potential to avert weed and
disease problems, which will benefit
the Louisiana rice industry.

Development of Liberty

Herbicide-resistant Rice

Various weeds in Louisianarice
fields, such as the noxious weed red
rice, can cause significant lossesin
grain yield and quality. To help develop
effective weed management tools, we
have established an efficient method to
introduce genes for herbicide resistance
and other traits into elite Louisianarice
varieties and lines. From this initial
work, we produced and tested nine
independent transgenic lines derived
from the variety Cocodrie that contained
agene originaly constructed in the
laboratory by Bayer Crop Science, Inc.
This synthetic gene conferred high
levels of resistance to the broad-
spectrum Liberty herbicide in transgenic
Cocodrie during greenhouse and field
trials (Figure 1).

The transgenic lines were crossed
once to norma Cocodrie and then
advanced to the next generation. Nine
selected families were resistant at field
application rates of Liberty at the 3- to
4-leaf stagein ayield trial at the LSU
AgCenter’s Rice Research Station in
Crowley, La. Two transgenic lines
yielded more than 7,000 pounds per
acre, and one line, RGL 1513, produced
7,992 pounds per acre. It was the top-

Figure 1. Transgenic Cocodrie after application of Liberty herbicide in the greenhouse.

Normal Cocodrie plants in the right tray have yellow leaves one week after application of
Liberty herbicide. In the left tray, transgenic Cocodrie plants containing a gene resistant to
Liberty appear normal and healthy after herbicide treatment.

yielding long-grain entry in the trial
(Table 1). RGL1513 produced 954
pounds per acre more than Cypress, 656
pounds per acre more than Cocodrie and
370 pounds per acre more than Wells.
Maturity and height of RGL 1513 were

Table 1. Maturity, height and grain yield
of transgenic Liberty resistant lines and
non-transgenic Cocodrie, Cypress and
Wells, Rice Research Station, 2001.

Line/Variety Maturity  Height Yield

(in.) (Ib./A)
RGL1513 81 41 7992
LL185 78 40 7946
RGL1496 79 42 7822
LL624 83 39 7736
LLOO1 83 37 7429
Cocodrie 79 38 7336
Cypress 80 39 7042
Wells 81 41 7622

2Days from planting to heading

identical to that of Wells and one to two
days later in maturity and 2 to 3 inches
taller than Cocodrie and Cypress. This
research demonstrates that use of
herbicide-resistance genes in transgenic
Louisiana rice varieties can contribute to
effective, long-term weed management
strategies.

Development of Rice

Resistant to Sheath Blight
Sheath blight, caused by the fungus
Rhizoctonia solani, is the primary foliar
disease of rice in Louisiana. All com-
mercia Louisianarice varieties are

JamesH. Oard, Professor, Department of
Agronomy, LSU AgCenter, Baton Rouge, La.;
Steven D. Linscombe, Professor, Rice Research
Station, and Director, Southwest Region, LSU
AgCenter, Crowley, La., and Donald Groth,
Professor, Rice Research Station, Crowley, La.
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susceptible to this
disease, which can
cut riceyieldsin
half. Recent
advances have
been made through
traditional
breeding methods.
But progressis
slow because high
levels of resistance
are controlled by
many genes that
must be combined
with several
desirable factors
for high grain yield
and quality.

To address
this challenge, we
transferred the
chitinase gene
from rice and the
glucanase gene
from Arabidopsis
thaliana, a fast-
growing plant
useful in research,
to the sheath
blight-susceptible
variety Cocodrie.
Chitinase and glucanase proteins are
strong antifungal agents that in previous
studies with tobacco have reduced
infection by Rhizoctonia solani. After
gene transfer, more that 100 plants were
grown in the greenhouse and inocul ated
with the sheath blight fungus. Six plants
showed higher levels of resistance than
nontransgenic Cocodrie. One example
is shown in Figure 2.

From this material, 52 lines were
advanced and inoculated with R. solani
at the Rice Station in 2001. Eight lines

exhibited greater resistance than normal
Cypress and Cocodrie, and the engineer-
ed chitinase protein was detected in
leaves of transgenic lines, whereas no
corresponding protein was found in
norma Cocodrie.

In 2002, seeds from individual
plants of the resistant lines were planted
at the Rice Station and inoculated with
the sheath blight fungus. Three lines
from independent events showed
increased resistance when compared to
non-transformed Cocodrie. Height and

After testing in the laboratory, scientists tested the transgenic

Photos by James H. Oard

Rhizoctonia solani. Transgenic Cocodrie on the left shows light infection three weeks after exposure, and normal
Cocodrie on the right shows extensive damage to leaves and stems.

maturity, always a major hurdle to
overcome when using traditional
breeding methods, were essentially
identical in the lines compared to
normal Cocodrie.

Future work will involve additional
molecular and field analysis of the
transgenic lines. This research
demonstrates the potential of genet-
ically engineered rice to enhance
disease resistance thereby increasing
grain yields and economic returns for
the Louisianarice industry. m

lines derived from Cocodrie in the field at the Rice Research
Station in Crowley, La.
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Christopher A. Clark, Don R. LaBonte, Rodrigo A.Valverde, Mary W. Hoy,
Pongtharin Lotrakul, Charalambos Kokkinos and Cecilia McGregor

Sweet potatoes are grown commercially by bedding

whole potatoes in the field and transplanting cuttings from the
sprouts produced in the beds to the production field. Thus, it is

one of many crops, including potatoes, sugarcane and
strawberries, grown by vegetative propagation.

Commonly, varieties of these vegetatively propagated
crops decline because disease-causing pathogens, including
viruses and bacteria, gradually accumulate in the planting
stock over years of production. An added problem in sweet
potato production is the high frequency of mutations, which
can cause defects such as changing the flesh color from the
normal orange to yellow or white (Figure 1). The frequency
of mutation in sweet potatoes is thought to be greater than in
other crops because the part of the plant used for propagation,
the storage root, does not have “eyes’ as does a potato tuber,
but must instead produce buds from vegetative cells. This
process is thought to favor mutation.

In modern production, the rate of decline of varietiesis
slowed by programs that carefully produce foundation seed
from stock free of viruses and mutations. In Louisiana,
foundation seed is produced at the Sweet Potato Research

Station at Chase and sold to growers to use in crop production.

Virus-tested Plants

Virus-tested sweet potato plants can be produced by a
plant tissue culture process known as meristem-tip culture,
in which the smallest possible piece (less than 0.5 mm) is
removed from the growing tip of a selected plant. This
meristem tip is regenerated in tissue culture into a new plant
(Figure 2), which then must be thoroughly tested to be certain
that all viruses have been eliminated.

This involves a time-consuming, |aborious method of
grafting the tissue-culture derived plant at least three times to
a seedling of an indicator plant, the Brazilian morning glory.
This plant develops obvious symptoms when infected with
known sweet potato viruses. In addition, because mutations
can occur during meristem-tip culture, each virus-tested plant
must be grown in the field to be certain that it remains true to
the original characteristics of the particular variety.

Once the mericlone (the plant derived from a single
meristem) has passed each of these tests, it is maintained in
tissue culture by cutting the stem into segments containing at
least one node on which is a preformed bud. A new plant can
grow from this bud with minimal risk of mutation. Since this
only minimizes without entirely eliminating the risk of
mutation, this tissue culture stock must be periodically
retested to be certain it is true to type.

The tools of molecular biology offer promise for
improving the process of producing sweet potato foundation
seed in several ways. The most important is in improving the
efficiency, accuracy and reliability of testing for the presence
of viruses, other pathogens and mutations, not only during the
initial process of generating the stock tissue cultures, but also

Photo by Don R. LaBonte

Figure 1. A sweet potato root with a section that has mutated
from the normal orange flesh to light yellow flesh.

during the subsequent process of producing foundation seed
and even farmers’ seed in the field.

Virus Detection
Two groups of viruses found in Louisiana sweet potatoes
are a current focus of research: the aphid-transmitted poty-
viruses and the whitefly-transmitted geminiviruses. It is
possible to isolate each of these virusesin other host plants
more suitable for virus purification and characterization.
Each of the most important potyviruses that infect
L ouisiana sweet potatoes has been purified and used to

Photo by Christopher A. Clark

Figure 2. Tissue culture plantlets of Beauregard sweet potato.

Christopher A. Clark, Professor, Plant Pathology and Crop Physiology; Don
R. LaBonte, Professor, Horticulture; Rodrigo A. Valverde, Professor; Mary
W. Hoy, Research Associate; Pongtharin Lotrakul, former Graduate Student;
and Charalambos Kokkinos, Graduate Student, Plant Pathology & Crop
Physiology; and Cecilia McGregor, Graduate Student, Horticulture, LSU
AgCenter, Baton Rouge, La.
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These are newly harvested sweet potatoes from the farm of Carl Ducote of Bunkie, La. They are the

Photo by John Chaney

Beauregard variety, which was developed at the LSU AgCenter and is the country’s most popular variety.

prepare antisera in cooperation with colleagues at the
International Potato Center in Lima, Peru. These antisera have
proved useful in serological assays to identify the viruses
transmitted into the Brazilian morningglory indicator plants.

Unfortunately, sweet potato plants contain unusually
large concentrations of a number of substances that interfere
with serological assays, including latex, polyphenols and
polysaccharides. Thus, this type of test has not proved reliable
in detecting these viruses directly from sweet potato. In the
case of geminiviruses, detection using serological approaches
has not been successful in most crops.

An aternative to using serology, which detects primarily
the protein coat associated with viruses, is to detect the
nucleic acid component of the viruses. A variety of methods
can be used for this purpose.

PCR-based Assay

One method developed at the LSU AgCenter to detect
the sweet potato geminiviruses is a polymerase chain reaction
(PCR)-based assay. First, the sequence of nucleotide bases
that make up a portion of the DNA of this virus was deter-
mined. This sequence was then used to design short segments
of DNA that could be used as primers in the synthesis of a
DNA product using the virus DNA as atemplate. Thus, if
virus DNA is present in an extract from a plant, when the PCR
test is run using these primers, a DNA product is produced
that can be identified using gel electrophoresis.

This method has the advantage of both speed and sensitiv-
ity. But, although it is useful for confirming the presence of
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geminiviruses in afew samples, it is too expensive for use
in cases requiring large numbers of samples be tested.

Hybridization Assay

Research is underway to determine if molecular hybri-
dization assays can be developed that could screen large
numbers of samples less expensively for sweet potato
geminiviruses. Hybridization assays involve extracting DNA
from plant samples, placing the extracts on spots on sheets of
nitrocellulose membrane and then adding a specific probe
consisting of virus-specific DNA that is labeled with
chemiluminescent marker. If virus DNA is present in the
spot on the membrane, the probe will bind to it, and then the
marker will produce a chemical reaction that can be observed
(Figure 3).
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Figure 3. A hybridization assay
involves extracting DNA from
plant samples, placing the
extracts on spots on sheets of
nitrocellulose membrane and
then adding a specific probe
consisting of virus-specific DNA
labeled with chemiluminescent
marker. If virus DNA is present,
the probe will bind to it, and
the marker will produce a spot.
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Figure 4. Each curve in this Real-time PCR represents a different
unknown sample. From the geometric phase of each curve, a
scientist is not only able to detect the presence of a virus, but
also calculate the absolute or relative amount of virus present.

Real-time PCR

A different approach is being tested for the potyviruses.
Real-time PCR is an adaptation of the basic PCR technique
that increases the specificity and allows relative quantification
of the target nucleic acid. In addition to using specific primers
as in simple PCR, afluorogenic probe complementary to the
DNA between the primersis used. As the PCR reaction
amplifies the target DNA, the fluorescent signal is released
from the probe and the fluorescence generated can be
measured as the reaction proceeds (Figure 4).

In preliminary experiments, promising results have been
obtained for detection as well as quantification of one each of
the potyviruses and geminiviruses directly from infected
leaves. Future investigations will explore whether real-time
PCR can be used to detect viruses in the tissue culture plants
and obviate the need for graft indexing and also to quantify
viruses in different breeding lines of sweet potatoes to
determine if they have virus resistance.

Mutation Detection

Dramatic color changes in root “seed”
stock are easy to spot and eliminate;
however, during meristem-tip culture and
routine tissue culture multiplication, it can
be difficult to detect more subtle changes
that can affect root shape and yield. Thisis
of particular concern because of the small
number of tissue culture plants used to
generate the tens of thousands of plants
required for planting acres of land for
grower foundation seed. A mutation in one
of these initial increase plants would be
multiplied greatly and go virtualy
undetected until the crop is harvested.

Using DNA fingerprinting
technology, we have been able to detect
variation in some mutant versus true-to-
type plant fingerprint profiles. Unfor-
tunately, some plants with varying degrees
of mutations differ little in fingerprint
profiles. The problem is that just one
probe, akin to one used to detect a specific
virus, is not available. Mutations likely
occur in many different genes, hence our
interest in using a new technique called
DNA microarrays to examine the entire
plant genome.

Essentially, DNA microarrays contain tens of thousands
of prabes for detecting thousands of active plant genes
simultaneously. The detection process is similar to the one
described above for viruses. In this case, however, we extract
plant RNA, which contains a class of RNA called messenger
RNA or RNA transcripts. These RNA transcripts are used in
the plant cell as atemplate to generate the actual protein for
a given gene. Comparing DNA microarrays for true-to-type
plants and mutant plants should show us genes inactivated (no
messenger RNA) because of a mutation. Thisis an expensive
and laborious technique but may ensure our ability to maintain
and propagate true-to-type plants of avariety.

Resistance to Viruses and Other Pathogens

Disease resistance has been used to control many
important sweet potato diseases caused by bacteria, fungi and
nematodes. It is the most economical means of disease control
from a farmer’ s perspective because it can reduce reliance on
chemicals for disease control. However, it can take many
years to identify a suitable source of resistance for any
particular disease. Using time-consuming screening methods,
it can require many more years to incorporate resistance into
adesirable variety.

Breeding for resistance appears even more daunting for
sweet potato viruses. Symptoms often do not correlate with
effects viruses have on their host plants. There is a complex
of viruses potentially involved. And efforts to date have
identified few sources of virus resistance in sweetpotato
germplasm.

Biotechnology offers several tools that might be applied
to these problems. As indicated, real-time PCR is being
investigated as a means of quantifying viruses in plants that
could be used to identify whether breeding lines are able to
resist viruses by suppressing replication of the virus. Future
research will be directed at determining if molecular markers
can be used to identify resistant lines without the necessity of
labor-intensive screening methods. m

Photo by John Wozniak

Mary Hoy, research associate, is one of the scientists working to improve the quality of
sweet potato seed.
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Insect-resistant, Transgenic
Soybeans: A New IPM Tool

Matthew E. Baur, Bentley J. Fitzpatrick and David J. Boethel

The integrated pest management
(IPM) approach to insect control
involves multiple tactics. Host plant
resistance is one. Pest-resistant plants
can reduce pest population growth, the
number of pesticide applications and
the environmental impact of pesticides.
Though some research has been
conducted on breeding insect resistance
into soybean plants, most soybean
breeding programs focus on increasing
yield. Transgenic technology, however,
alows for the rapid development of
insect-resistant plants that also have
good agronomic characteristics.

The IPM approach is based on
the use of economic thresholds. The
economic threshold is the pest popu-
lation level at which controls are
initiated to prevent the lossin yield

Matthew E. Baur, Assistant Professor; Bentley J.
Fitzpatrick, Research Associate; and David J.
Boethel, L SU AgCenter Associate Vice Chancellor
and Professor, Department of Entomol ogy, Baton
Rouge, La.

Figure 1. Velvetbean caterpillar
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caused by pest damage to the crop that
would be equal to the cost of controlling
that pest using chemical intervention.
Pest populations are maintained at a
level below the economic threshold by
monitoring and the as-needed use of
insecticides. By employing economic
thresholds, the producer and environ-
mental costs are reduced by eliminating
unnecessary insecticide applications.
Use of economic thresholds also limits
the exposure of the pest population to
control measures, thereby reducing
the possibility of pesticide resistance.
In recent years, researchers in-
volved in developing IPM strategies
have studied preventive treatments.
This differs from the strategy involving
economic thresholds and as-needed
applications of insecticides, but still
can be viewed as falling within the IPM
concept. Preventive treatments can be
especialy useful in geographic areas
that have historical, annual problems
with certain insect pests. The transgenic
technology in which proteins with
insecticidal properties are engineered
into plants might be viewed as a
preventive measure. As with other

Photo by Matthew E. Baur

preventive treatments, this technology
could be useful in areas of Louisiana
that historically experience high
populations of target pests.

The two target insects for insect-
resistant, transgenic soybeans in
Louisiana are the velvetbean caterpillar
(Figure 1) and the soybean looper (on
page 34). These pests feed on the leaves
of the soybean plant and can severely
limit yield. Velvetbean caterpillar
populations can reach damaging levels
rapidly. Many producers in areas where
velvetbean caterpillar is a significant
problem, primarily in the southern part
of the state, apply a preventive treatment
of Dimilin when plants are in full
bloom. In the northeastern part of the
state, soybean looper can be a signi-
ficant problem, especially where soy-
beans are grown close to cotton. Few
preventive measures are accessible for
the control of this pest, and this insect
has been difficult to control using many
of the historically recommended
insecticides, such as pyrethroids and
carbamates. Both of these insects can be
managed using early-maturing soybean
varieties planted early in the season.
However, this may not be an option
because of weather.

In 1998, LSU AgCenter entomol-
ogists conducted the first field trials
ever to evaluate the effectiveness of
transgenic soybean lines devel oped
by Monsanto Co. that contained the
insecticidal protein from Bacillus
thuringiensis (Bt). That year, and
in subsequent years, we have seen
exceptional control in the field (Figure
2) and the laboratory of velvetbean
caterpillar and soybean looper using
these transgenic soybean lines. In
addition, there was no direct impact
on insect predators often found in these
fields. Trialsin recent years have
continued to examine the effectiveness
against insects but have begun to focus
on the agronomic properties of
experimental lines.

Bt soybeans could be beneficia to
producers, but several issues must be
addressed before adoption of this new
technology:



How would the introduction of
another Bt crop affect resistance
management in pests that attack
several Bt crops? Several insect pests
in Louisiana attack multiple Bt crops.
The cotton bollworm (also known as the
corn earworm) attacks corn, cotton and
soybean, and soybean looper attacks
soybean and cotton. Resistance
management plans for Bt crops already
restrict the acreage of Bt corn that can
be planted in cotton-growing regions.

Bt soybeans could fall under similar
restrictions.

What additional cost will be
incurred by the producer for this
technology? The increase in cost for
genetically engineered seed is referred
to as the technology fee. For instance,
soybean producers pay atechnology fee
of $10 to $15 for seed with the Roundup
Ready technology. Cotton producers
also are charged more for Bt cotton seed
than for conventional seed. But, it isless
expensive to control insects in soybeans
than in cotton, so it is unlikely that a
technology fee as large as that charged
for Bt cotton would be assessed to
soybean producers.

What is the cost-to-benefit ratio?
Currently, the technology only offers
control of lepidopteran pests (moths)
and would have to be integrated with
management of other major soybean
pests such as the threecornered afalfa
hopper and the stink bug complex.
Frequently, these pests occur simultan-
eously with caterpillar defoliators and
can be controlled with the same
insecticides. This is especially true
for the velvetbean caterpillar but not
always the case for the soybean looper
because of the looper’s resistance to
certain classes of insecticides that
will still control the other members of
the late-season insect pest complex on
soybeans.

How will the presence of a second
transgenic technology affect the
export of soybeansto the world
market? Many European markets limit
the importation of products produced
from transgenic plants. This limits the
ability of Louisiana soybean producers
to export their product to these markets,
because L ouisiana producers make use
of the Roundup Ready technology.
Roundup Ready soybeans are transgenic
and at harvest these seed are not kept
separate from conventional seed.
Therefore, markets averse to trans-
genic plant products would already
discriminate against soybeans
produced in this state. The addition

Photo by Matthew E. Baur

Figure 2. Field at the LSU AgCenter’s St. Gabriel Research Station illustrating the
effectiveness of the insect-resistant, transgenic soybeans compared to nontransgenic
soybeans under severe velvetbean caterpillar pressure.

of insect-resistant transgenic soybean
would not significantly alter that
picture.

The development of Bt transgenic
soybeans offers an additional tool to be
used in soybean IPM programs.
However, the above questions will have
to be answered and further studies

conducted to evaluate the experimental
lines agronomic competitiveness before
the product will appeal to producers.
This technology will complement
existing soybean IPM programs and

has the potential for enhancing the
sustainability and profitability of
soybean production in Louisiana. m
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Tracking Loopers with DNA

Matthew E. Baur and David J. Boethel

Two insect pest species that would be targets for insect-
resistant, transgenic soybean varieties—velvetbean caterpillar
and soybean looper—originate south of the Tropic of Cancer and
migrate into Louisiana.

The soybean looper is difficult to control with insecticides
because it has developed resistance to several products used for
insect control on soybeans. Researchers are puzzled at how the
soybean looper has developed and maintained resistance to
organophosphate, carbamate and pyrethroid insecticides when
exposure within Louisiana soybeans to these insecticides has
been low.

In the region where the soybean looper originates, it com-
pletes development on vegetable and ornamental crops that
receive many insecticidal applications. This continued exposure
to insecticidal pressure may have selected individuals with higher
levels of tolerance to these products and may have contributed
significantly to control problems in Louisiana soybeans.

LSU AgCenter scientists have focused efforts on identifying
soybean looper populations in areas south of the Tropic of
Cancer (south Texas, south Florida and the Caribbean) to
determine the susceptibility of these populations to insecticides.
If we find populations in these geographic areas that provide
migrants to Louisiana with high levels of tolerance or resistance,
this would explain why populations within Louisiana are difficult
to control.

We used DNA fingerprinting to determine the genetic
similarity among populations, and we assessed susceptibility to
four insecticides: Condor (Bacillus thuringiensis or Bt), Larvin
(thiodicarb), Tracer (spinosad) and Denim (emamectin ben-
zoate). Three of the four insecticides (Bt, thiodicarb and spinosad)
were chosen because they are recommended for soybean looper
control in soybeans in Louisiana, and emamectin benzoate was

included because it is not registered for use on soybeans in
Louisiana. We did not include pyrethroid or organophosphorous
insecticides in our screening panel because soybean looper
populations are not susceptible to these products. Therefore,
these are not recommended for control.

Populations in Puerto Rico were the most resistant to the
insecticides; populations from Texas were intermediate, and those
from Florida were the most susceptible. In three of the four years
studied, populations from Texas and Florida appeared to provide
most of the migrants to Louisiana, but evidence from the last year
of the study (2000) indicated some migrated from Puerto Rico.

These studies demonstrate that soybean looper populations,
separated by large geographic distances, manage to exchange
genetic information. There is widespread interbreeding among
populations. The results from these studies also point to the
possibility of rapid resistance development in the soybean looper
populations. This information could affect the way in which the
insect-resistant, transgenic soybean varieties may be used.

To assess the threat of resistance in soybean looper popula-
tions adequately, scientists still need to discover the mode of
inheritance of resistance traits, and, if possible, the mechanisms
of resistance. As more sophisticated molecular biological tech-
niques become available, researchers will be better able to
address many of these questions about insecticide resistance
development. Although only DNA fingerprinting was used here,
these molecular techniques have been important in determining
insecticide resistance mechanisms. m

Matthew E. Baur, Assistant Professor, and David J. Boethel, LSU
AgCenter Associate Vice Chancellor and Professor, Department of
Entomology, LSU AgCenter, Baton Rouge, La.
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Soybean looper larva
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Weed Management Made Easier
with Herbicide-resistant Crops

|n traveling through the major crop-
producing areas of Louisianain the late
1980s and early 1990s, it was common
to see fields infested with many grass
and broadleaf weeds. In some cases,
it was difficult even to distinguish
the crop. At that time, particularly in
soybeans, the herbicides were so narrow
in their weed control spectrum that two
or three herbicides applied together
might be needed to control all weedsin
fields. But because commodity prices
were low and herbicide costs were high,
it was just not economical to control all
weeds present in fields. Consequently,

James L. Griffin

weeds thrived and caused significant
yield loss.

Traveling through those same areas
of the state in 2003 presents a starkly
different picture. Fields are cleaner
than they have ever been. This positive
change can be attributed directly to
advancements in weed management
technologies through the devel opment
of herbicide-resistant crops. These new
crops, even though developed for the
most part by private companies, were
evaluated extensively by LSU AgCenter
weed scientists. These weed control
technologies include the following.

Roundup Ready

Soybeans, Corn, Cotton
Roundup and other glyphosate-
containing products are nonselective,
foliar-applied herbicides that control
many annual and perennial weeds.
Roundup was initially evaluated in
the South for preplant weed control in

JamesL. Griffin, Lee F. Mason LSU Alumni
Association Professor, Department of Agronomy
and Environmental Management, LSU AgCenter,
Baton Rouge, La.

Photo by John Chaney

Use of herbicide-resistant soybeans has made a remarkable difference
in the late-summer Louisiana landscape. No longer do you see weedy
soybean fields, a common sight 10 years ago.




reduced tillage systems, but the role
expanded with the development of
herbicide-resistant crops. The glypho-
sate-resistance (Roundup Ready) gene
from Monsanto was introduced in the
United States in soybeansin 1996 and
in cotton in 1997. In 2003, about 90
percent of the soybean, 40 percent of
the corn and 85 percent of the cotton
acreage in Louisiana was planted with
Roundup Ready varieties.

Liberty Link Corn

Glufosinate (trade name Liberty) is
a nonselective, foliar-applied herbicide
not only effective on grasses but al'so on
many hard-to-control broadleaf weeds.
In general, Liberty isless active on
grasses when compared with glyphosate
but is more effective than glyphosate on
some broadleaf weeds. As with glypho-
sate, Liberty was initially evaluated as
a preplant herbicide in reduced tillage
systems, and both herbicides have little
soil residual activity. Glufosinate-
resistant (Liberty Link) corn was
marketed in the South in 2003, but in
Louisiana less than 5 percent of the corn
acreage was planted with Liberty Link
varieties. Rice lines have been devel-
oped in Louisiana with resistance to
glufosinate, and research is underway
to evaluate weed control programs.
However, the technology is still in the
early stage of development.

BXN Cotton

Weed control technology using the
BXN system in cotton was first evalu-
ated in 1990. Cotton varieties with the
BXN trait, unlike susceptible weeds, are
able to tolerate Buctril herbicide through
production of nitrilase enzyme, which
metabolizes bromoxynil, the active
ingredient in Buctril, to an inactive
form. This technology offers cotton
growers the flexibility to control many
broadleaf weeds as a foliar application
without fear of crop injury. In 2003, less
than 5 percent of the cotton acreage in
Louisiana was planted with BXN
varieties.

Clearfield Corn, Rice

In Clearfield corn, Lightning
herbicide (a premix of imazethapyr,
the active ingredient in NewPath and
Pursuit, and imazapyr, the active
ingredient in Arsenal) can be used
to manage weeds. Lightning’s weed
spectrum is not as broad as Roundup or
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Liberty, but it does provide some soil
residual weed control. In 2003, less
than 5 percent of the corn acreage in
Louisiana was planted with Clearfield
varieties.

By exposing rice seed to chemical
mutating agents and treating seedlings
with herbicide, researchers at the Rice
Research Station in Crowley, La., have
developed rice varieties tolerant to
NewPath herbicide, which contains the
active ingredient imazethapyr. See the
articles about Clearfield rice on pages

23 through 26. The Clearfield tech-
nology from BASF has provided
growers with the ability to selectively
control red rice in domestic rice—a
breakthrough in the management of this
major pest problem. In 2003, around 10
percent of the rice acreage in Louisiana
was planted with Clearfield varieties.
Unlike Roundup Ready, Liberty Link
and BXN technologies, the Clearfield
technology is not considered a GMO
(genetically modified organism).

A soybean field at the LSU AgCenter's Dean Lee Research Station




Herbicide Resistance:

Advantages, Concerns

Development of herbicide-resistant
crops has offered weed management
options with economical advantages to
Louisiana growers. Availability of these
new technologies has enabled soybean,
corn, cotton and rice growers to manage
problem weeds that have limited
production more effectively. Weeds may
no longer be the most limiting factor to
crop yield potential in Louisiana.

These technologies have resulted in
a shift toward reduced tillage systems.
Of the soybean, corn, cotton and rice
acreage in the state, around 50 percent
is managed using some form of reduced
tillage or minimum tillage. Research in
the state has clearly shown a reduction
in soil and herbicide loss from fields
where reduced tillage programs have
been implemented. Additionally, the
availability of herbicide-resistant
technologies has resulted in a shift
toward dependence on use of post-

Photo by John Chaney

emergence foliar-applied herbicides
that allow growers to customize weed
control programs on a field-by-field
basis. This integrated approach to weed
management has reduced the cost per
acre and the potential for carryover
problems associated with use of some
soil-applied herbicides.

Along with the benefits of the
technologies, however, come potential
problems. Availability of Roundup
Ready technology in many crops grown
in rotation with one another and the
continued use of glyphosate can increase
the potential for development of weeds
resistant to the herbicide. In Tennessee
and Arkansas, a glyphosate-resistant
marestail has been identified, and, in
other states, ryegrass resistant to
glyphosate has been identified. In time,
weeds will develop resistance to a herb-
icide when used year after year. In
Louisiana there are no documented cases
of weeds resistant to glyphosate so far,
but researchers have observed a shift in
weed populations toward those less
sengitive to glyphosate where the
herbicide has been used for several years.

The most effective means to
help avoid development of herbicide
resistant-weeds is to alternate herbicide
use. For example, a grower might use a
Roundup Ready variety for a couple of
years and then change to a Liberty Link
or Clearfield variety. This can be
difficult to do when considering all
factors, but using herbicides with
different modes of action in
arotation program will help prevent or
dow the development of herbicide
resistance. m
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Beyond Bollgard
Insect-resistant Cotton \Varieties

B. Rogers Leonard, Stephen Micinski and Ralph Bagwell

The first caterpillar-resistant
transgenic cotton varieties (Bollgard)
were approved by the U.S.
Environmental Protection Agency
(EPA) in 1996. The Bollgard technology
has successfully reduced the frequency
of sprays for caterpillar pests by about
half. The excessive costs of controlling
pests with foliar insecticides and the risk
of economical yield losses allowed
Bollgard to become widely accepted
by producers. In 2002, more than 75
percent of Louisiana s total cotton
acreage was planted to Bollgard
varieties.

Bollgard varieties produce the
Cry1Ac protein from Bacillus thur-
ingiensis. This protein istoxic to the
larval stages of many lepidopteran
(moth) pests of cotton, but the primary
targets in cotton include the tobacco
budworm and the pink bollworm.
Bollgard demonstrates only limited
activity against other pests such as
armyworms, soybean looper and

Photo by B. Rogers Leonard

Boll damage from tobacco budworm and
bollworm has been uncommon in the
second generation transgenic cottons.

B. RogersLeonard, Professor, Macon Ridge
Research Station, Winnsboro, La.; Stephen
Micinski, Associate Professor, Red River Research
Station, Bossier City, La.; Ralph Bagwell,
Associate Professor, Scott Research, Extension
and Education Center, Winnsboro, La.
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bollworm. If these pests are present at
high densities or populations persist for
an extended period, supplemental
insecticide applications are justified

to prevent yield loss.

Recent advances in genetic
engineering technologies within the
agrochemical industries have produced a
second generation of caterpillar-resistant
cotton germplasm. These cotton lines
contain two separate B. thuringiensis
proteins and have improved the target
spectrum of caterpillar pests.
Monsanto’s new genetically engineered
cotton (Bollgard I1) was derived by
incorporating the Cry2Ab protein from
B. thuringiensis into commercially
available Bollgard cotton varieties.
Levels of CrylAc protein expression in
Bollgard Il are similar to the levels of
Cry1Ac expressed in Bollgard; there-
fore, tobacco budworm control is also
similar.

Dow AgroSciences has employed a
similar strategy and developed another
multiple protein product
(WideStrike) with efficacy

caterpillar pests and to determine their
optimum role in an overal cotton insect
pest management system.

Field trials of Ballgard Il and
WideStrike demonstrated satisfactory
control of mixed Heliothine (tobacco
budworm and bollworm) populations
and late-season foliage feeding insects
including soybean looper and beet
armyworm. A summary of 11 tests
indicated Bollgard |1 had the lowest
average number of Heliothine-infested
fruiting forms and associated damage
compared to that in conventional cotton
and Bollgard cotton (Table 1). Bollgard
Il also demonstrated satisfactory control
of foliage-feeding insects compared to
conventional non-transgenic and
Bollgard cottons (Figure 1). In asimilar
series of trials, WideStrike demonstrated
successful control of Heliothines and
foliage-feeding insect pests (Table 2,
Figure 2).

In addition to Bollgard and
WideStrike, Syngenta Corporation is

against a wide range of
caterpillar pests. The Wide-
Strike cotton lines express

Table 1. Mean seasonal percentage of fruiting forms
infested with bollworm/tobacco budworm larvae
and associated damage for selected cotton

CrylAc and Cryl1F proteins  genotypes and insecticide spray regimes.
from B. thuringiensis
strains. Genotype Treatment Percent Percent
] larvae damage
Assessing
Conventional Nonsprayed 5.1 16.5
Performance Conventional Sprayed 1.9 8.1
LSU AgCenter Bollgard Nonsprayed 0.8 33
entomologists have had the  Bollgard I Nonsprayed <0.1 15

opportunity to evaluate the
performance of the new

Summary of 11 trials in Louisiana during 1999-2002.

transgenic cottons against

the common insect pestsin
Louisiana. Experimental
cotton lines containing the
Bollgard Il technologies

have been tested in field genotypes a

Table 2. Mean seasonal percentage of fruiting forms
infested with bollworm/tobacco budworm larvae
and associated damage for selected cotton

nd insecticide spray regimes.

and laboratory trials since

1998. Evaluation of Genotype Treatment Plercent (F;ercent
WideStrike technology arvae amage
bg.gan.m 19?9'hThe di Conventional Nonsprayed 5.7 18.6
objectives of these studies Conventional Sprayed 3.0 8.6
have been to document the  \widestrike Nonsprayed 05 21

efficacy of these products

Summary of four trials in Louisiana during 2001-2002.

against a spectrum of



developing a vegetative insecticidal Figure 1. Efficacy of Bollgard Il cotton Figure 2. Efficacy of WideStrike cotton
protein (VipCot) technology. Although genotypes against foliage feeding pests. genotypes against foliage feeding pests.
fewer trials have evaluated the
performance of the VipCot trait,

the preliminary data indicate a target
efficacy spectrum similar to that of the
other technologies. As transgenic
technology continues to evolve in the
future, LSU AgCenter scientists will
evauate additional insecticidal plant
proteins.

50.1

No. (Range) Defoliators
12 Row Ft
&
T
No. (Range) Defoliators

Conventional WideStrike

Conventional Bollgard Bollgard II

Insect Management

Strategies

Bollgard 1l and WideStrike will
further reduce the need for foliar sprays
of insecticides against caterpillar pests
of cotton; however, reduction in
spraying inadvertently gives rise to
more secondary cotton pests that can
lead to significant yield losses. Several
secondary pests of cotton, including a
complex of tarnished plant bugs and
stink bugs, will increase their pest status
as the need for insecticides is further
reduced in Bollgard Il and WideStrike
cotton fields. Recently, LSU AgCenter
scientists have intensified efforts to
develop cost-effective solutions for
managing the tarnished plant bug and
stink bug complex. Using Bollgard 1
or WideStrike as the primary strategy
against caterpillar pests, research
projects focus on emerging pest
problems. Sampling procedures,
establishing action thresholds for
treatment initiation, efficacy trials
for foliar insecticides and studying the
interactions of multiple pest problems
are examples of cotton IPM research
that will improve the successful
implementation of novel transgenic
products.

Photos by B. Rogers Leonard

Conclusions and

Recommendations

The multiple protein products,
Bollgard 1l and WideStrike, have
demonstrated satisfactory control of
caterpillar pests including tobacco
budworm, bollworm, soybean looper
and beet armyworm. These technologies
will further reduce and, in some
instances, eliminate a requirement of
supplemental control of caterpillar pests
with foliar applications of insecticides in
cotton. Neither of these two productsis
active against noncaterpillar pests,
which will likely increase the occur-
rence of tarnished plant bug and stink A complex of bug pests including stink bugs (in both photos) will become more frequent
bug problems. m problems in Bollgard Il and WideStrike cottons.
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Gene Mapping Fiber Traits in Cotton

Gerald O. Myers and Muhanad Akash

C otton is the most important textile fiber crop and the
world’'s second-most important oil-seed crop after soybeans.
Cotton is grown commercially in the temperate and tropical
regions of more than 50 countries. In the United States, cotton
isamajor agricultural crop and was grown on more than 12.2
million acres in 2002. In Louisiana in 2002, cotton was
produced on about 490,000 acres, which was well below
the 50-year average of about 680,000 acres.

Although traditional plant improvement efforts have
successfully modified the crop to meet the needs of both
producers and consumers, genetic engineering has been used
to address several important pest problems such as weeds and
lepidopterous (caterpillar) pests. Future improvements in
cotton will depend upon the concerted application of tradi-
tional plant breeding, genetic engineering and molecular
genetic tools to increase yield and fiber quality. Yield remains
the single most important criterion for the development of
new varieties in modern cotton improvement programs, yet
modern spinning technologies require that similar efforts be
placed upon improving fiber quality.

Fiber quality is evaluated by a combination of traits:
micronaire (fiber maturity), length (longer fiber can be
spun into finer yarn), strength, elongation (elasticity) and
uniformity. Genetic linkage maps are essential to locate the
genes involved in the expression of these traits. This can
easily be done for simple heritable traits based on one gene,
but it is also possible for complex traits based on more genes
(quantitative trait loci or QTL).

QTL involved in the expression of the five standard fiber
quality traits have been identified by means of amplified
fragment length polymorphisms (AFLP) markers. Thisis
the marker system of choice because of the low amount of
polymorphism (variation) detectable by other DNA marker
technologies.

The initial step to identifying QTL for fiber quality traits
involved the construction of a genetic linkage map in upland
cotton. Upland cotton is the type grown in most of the United
States, and the only type grown in Louisiana. In 2001, this was
done using AFL P technology from a cross between a high

Photo by Mark Claesgens
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Cotton farmers have been pleased with somewhat higher prices for their

crop this season, compared with the past few years.
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fiber quality line, PeeDee 2165 and Paymaster 54, a
historically important high-yielding cotton variety.

In 2002, these upland cotton plants were grown at the
Dean Lee Research Station in Alexandria, La., and the Ben
Hur Research Farm in Baton Rouge, La., to collect fiber for
analysis. The fiber was analyzed using both interval analysis
and composite interval analysis methods to detect QTL for
the five fiber quality traits and to place them on the previously
generated AFLP linkage map. Multiple QTL methods were
used to eliminate any biased estimates of effects of size and
location that can be introduced by using single QTL methods.

The genetic linkage map generated contained 143 AFLP
markers assigned to 13 major and 15 minor linkage groups
and covered 37.7 percent of the cotton genome. Linkage
analysis between these markers and the studied fiber quality
traits indicated the following, in brief:

® One QTL for fiber elongation explained approximately
50 percent of the variation.

® Five QTL for fiber length were detected via interval
analysis and seven via composite interval analysis. Only one
of these QTL was detected by both methods and had a major
impact on fiber length.

® Two marker intervals were detected as being significant
by both interval mapping and composite interval mapping,
with one explaining about 18 percent and the other about 53
percent of the variation in fiber uniformity.

® Eleven QTL for fiber strength were detected, five by
interval mapping and six by composite interval mapping. Of
these, three QTL for fiber strength were detected by both
methods and explained from 14 percent to 31.4 percent of the
observed variation. This number of QTL for fiber strength was
in close agreement with previous studies.

® QTL detected for micronaire numbered three by
interval mapping and six by composite interval mapping. A
comparison of the two mapping methods discovered two QTL
common to both. One of these had a relatively minor effect,
explaining about 9 percent of the variation, whereas the other
had a more pronounced effect, explaining about 29 percent of
the variation observed.

The results from these experiments confirm the
quantitative nature of inheritance for these five major
fiber quality traits. As a consequence, the improve-
ment of cotton for these characteristics cannot be
easily transferred from one variety to another and
will take time. The detection of afew QTL that had
arelatively larger effect on fiber quality traits makes
these prime candidates for further investigation,
primarily through the development of more detailed
genetic linkage maps. If these QTL can then be
located physically, then marker-assisted selection to
effect more rapid advances in cotton fiber quality will
be possible. m

Gerald O. Myers, Associate Professor, and Muhanad Akash,
Graduate Student, Department of Agronomy and Environmental
Management, L SU AgCenter, Baton Rouge, La.
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in Natural Resource Management
Michael Stine

|n the past decade there have been major advancesin
molecular genetics research. A wide variety of DNA-based
markers have been developed. These include random
amplified polymorphic DNAs (RAPD), amplified fragment
polymorphisms (AFLP) and DNA microsatellites. These
markers are used to map genes, study population genetics
and produce DNA fingerprints. The advantage of these new
tools is that the number of genetic markers is potentially
unlimited for many species. In addition, these
bi otechnol ogy-based tools can be applied to a wide range
of topics and species.

Longleaf Pine

One molecular genetics project involves mapping genes
in longleaf pine. This species of pine has many desirable
qualities, including excellent wood quality, insect and
disease resistance, and is associated with fire-managed
ecosystems in the southeastern United States. Longleaf pine,
however, has an extended juvenile phase, called the grass
stage, during which height growth does not occur. The
unpredictable nature of the grass stage contributes to limited
use of longleaf pine in forests managed intensively.

The increased use of other pine species and a reduction
in the frequency of fires have reduced the area of longleaf
pine forests in the Southeast and have affected other species,
such as the red-cockaded woodpecker and the gopher
tortoise, both of which are dependent upon longleaf pine
forests.

In conjunction with U.S. Department of Agriculture
Forest Service scientists in Mississippi, LSU AgCenter
researchers are mapping genes that regulate early height
growth in longleaf pine. To date, we have mapped 11 genes
using RAPD markers and are using this information in a
breeding program. The end result should be that with the
use of DNA markers, we may be able to breed longleaf pine
trees without the grass stage in about half the time that
would be required in a traditional breeding program. The
successful integration of genetic mapping with the breeding
program may result in increased use of longleaf pinein
industrial forests. This work is continuing, and we have
expanded our research to include several other tree and
wildlife species.

Louisiana Black Bear

The Louisiana black bear is afederally listed
endangered species that survives in several small
populations in Louisiana. LSU AgCenter researchers used
DNA microsatellites to estimate abundance of the bearsin
different locations of the state. The traditional method is to
catch the bears, tag them and then see how often a different
bear or a previously captured bear is caught. With the ratio
of previously caught to newly caught bears, it is possible to
estimate the number of bearsin an area. In addition to being
expensive, this technique is potentially hazardous to both
the bears and the researchers.

Instead of capturing the bears, we now put out traps
in bear habitat that snag hair samples from passing bears.
Then, using the polymerase chain reaction to analyze the
DNA in the hair follicles, we can identify each bear caught
in the hair snare. By determining a recapture rate, we are
able to provide accurate population size estimates. Because
of the increased efficiency of the DNA-based techniques,
many more bears were sampled than would be possible with
traditional methods, and this has provided the best estimates
of population sizes to date.

With these techniques, it will be possible to monitor
genetic diversity within and among populations and to
minimize the chances of inbreeding in the new population
while, at the same time, following the genetic health of the
current populations.

Eastern Cottonwood

Eastern cottonwood is the fastest growing tree in the
eastern United States and is increasingly being used in
short-rotation, high-intensity forestry operations. In
addition to their fast growth rate, cottonwood trees are
easily propagated by using rooted cuttings. This allows the
best ones to be rapidly cloned. LSU AgCenter researchers
have used AFL P markers to estimate the amount of genetic
diversity in southeastern populations and to assist in an
eastern cottonwood breeding program coordinated by
Mississippi State University. Because AFLP markers are
so highly variable, scientists can easily identify each
individual in our breeding program by its DNA fingerprint.
This alows us to improve the efficiency of breeding by
increasing the accuracy of the data and to assure proprietary
rights by producing a DNA fingerprint for each clone.

Henslow’s Sparrow

Henslow’ s sparrow is a small bird commonly found in
prairie and pine habitats in Louisiana. In recent decades,
this species has suffered a significant decline in population.
One problem in studying Henslow’ s sparrows is that it is
impossible to accurately distinguish between the two sexes
in the field. The inability to determine the sex of the birds
makes monitoring the health of breeding populations
difficult and imprecise. However, by using DNA markers to
determine the sexes of captured birds, the researcher needs
only to gather a small blood sample and can determine the
sex of the bird in the laboratory.

These diverse research projects have all benefited from
the application of molecular genetics. Basically, once the
DNA is extracted from the leaves, blood or hair, the
methods of analysis are the same and can be applied to such
diverse topics as breeding trees and managing endangered
wildlife species. m

Michael Stine, Associate Professor, School of Renewable Natural
Resources, LSU AgCenter, Baton Rouge, La.

Louisiana Agriculture, Fall 2003 41




LJsinle) Sle)Eeeninie)fe)e)y/
IO Coastall ReEstoration
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LSU AgCenter researchers grow smooth cord grass, at left and above, in research ponds at the Ben Hur

Photos by John Wozniak

Research Farm south of campus. The piece of grass above is laden with anthers, the male part of the flower.

Disappearance of Louisiana coast
at the rate of 30 square miles ayear is
no trifling matter. Louisiana’s wetland,
which provides food and habitat to
numerous plants and animals, is one
of the most productive ecosystems on
earth. Both natural and human activities
have serioudly disturbed this ecosystem
to such an extent that the native plants
are no longer able to adapt to this
changing environment.

While the use of native vegetation
iswell accepted as a cost-effective
measure to prevent coastal land loss,
the concept of genetically improving
wetland plants for the changing marsh
environments is quite novel. LSU
AgCenter scientists are focusing on
development of genetically superior
plants in native plant species for
unstable coastal areas. A significant
component of this activity involves
use of DNA technology through
characterization and combining of
useful genes in important coastal plant
species. Following are a few activities
involving application of this new

molecular tool to help conserve and
exploit the existing genetic resources
for coastal restoration efforts.

DNA in Coastal Plants

Smooth cord grass, the dominant
plant species of the Louisiana marshes,
was our first target. We collected 126
smooth cord grass accessions from 11
parishes in south Louisiana and
evaluated for both vegetative and
reproductive traits; several superior
accessions were selected for detailed
evaluation. Forty selected accessions
were also DNA fingerprinted to gather
first-hand knowledge about the
distribution of genetic diversity among
the native accessions. A DNA
fingerprint is a banding pattern unique
to an individual organism.

Severa accessions with distinct
genetic patterns have been selected
and crossed in a breeding program to
develop genetically superior populations
for coastal vegetation activities. The
genetic variability revealed through our
analysis will enable identification and

incorporation of useful genesin
desirable combinations using
biotechnol ogy.

In arelated project, 43 surviving
plants from brown marsh areas were
sampled and subjected to DNA analysis
to determine their genetic composition.
Preliminary analysis indicates that these
plants are quite different from the only
released variety, Vermilion, in their
genetic makeup. These plants will be a
source of genes for breeding improved
varieties of smooth cord grass.

Little is known about the
performance and genetic purity of the
seed-produced progeny of the clonally
propagated Vermilion. Although clonal
propagation is required to maintain
genetic purity and provide quality

Prasanta K. Subudhi, Assistant Professor; Neil
Parami and Alicia Ryan, Graduate Students; and
Stephen A. Harrison, Professor, Department of
Agronomy, LSU AgCenter, Baton Rouge, La.
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As part of the research to develop new varieties of smooth cord grass, which is the
dominant species of the Louisiana marshes, scientists collect the anthers by cutting them.
Prasanta Subhudi, one of the LSU AgCenter scientists involved in coastal research, applies
pollen from one variety to another using a paint brush. The scientists have collected 126

smooth cord grass accessions from 11 parishes in south Louisiana.
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assurance, it is also necessary to reduce
the cost of coastal vegetation projects.
Our research, using DNA markers, will
determine if the seed-propagated plants
maintain both genetic integrity and
performance comparable to Vermilion.

Sea oats, once abundant on the
Louisiana coast, help build sand dunes.
A collection of sea oat germplasm from
several Gulf and Atlantic states from
Texas to Virginia has been assembled
and is being analyzed. Seed yield islow
in southern sea oats compared to
northern accessions and has been a
major limitation for use in beach nour-
ishment projects. Genetic shuffling of
DNA from these two sources can lead to
development of sea oats that can adapt
to low elevation Louisiana beaches.

Designing Native Plants

DNA technology has demonstrated
its usefulness as a selection tool in
applied crop improvement. Techniques
have been developed to identify DNA
that controls a specific attribute.
Previously, breeders used visua or field
screening to select their dream plants.
Now, DNA markers make it possible to
much more accurately choose superior
plants, speeding the overall process of
genetic improvement. This processis
sometimes referred to as marker-assisted
selection.

LSU AgCenter scientists are also
making progress in developing
technology for aerial seeding for large
marsh plantings. Unfortunately, smooth
cord grass does not produce many seeds,
and the seeds have poor storability. To
make the aerial seeding of smooth cord
grass a viable proposition, a series of
technologies including DNA techniques
are being employed to improve the seed
yield and storability. As the project
advances, we intend to target traits like
vegetative vigor and extend them to sea
oats. Our research will also expand to
other coastal plant species including
Spartina patens, bitter panicum and
mangroves, to name afew that have
proven potential in maintaining the
coastal ecosystem.

Adequate vegetative cover of the
coastal marshes through the introduction
of genetically diverse plant materialsis
needed to prevent disintegration.
Discovery of the natural assemblage of
genes, their role and reconfiguration in
native plant species to improve their
adaptation, survival, propagation and
productivity will continue to be an LSU
AgCenter research goal. m



Improves Strawberry Varieties
Charles E. Johnson, Ding Shih and Joey Quebedeaux

Strawberri&s are one of the most
popular fruit crops grown in the world.
Per capita consumption of fresh
strawberries in the United States has
increased in the past 10 years and is
predicted to continue to rise in the
foreseeable future. Most U.S. commer-
cial production of strawberriesisin
Cadlifornia where the arid climate and
low disease pressure make ideal
growing conditions.

Most of Louisiana’s commercial
strawberry production isin Livingston
and Tangipahoa parishes. Louisiana
growers set transplants in October
and begin harvesting in late February.
Harvesting continues through early
May. Two of the major hazards to
strawberry production in Louisiana are
diseases that attack the plants and the
cold winter weather that freezes the
tender young fruit. Farmers routinely
protect the crop from freezing with row
covers and sprinkling systems. Diseases,
however, are much harder to control
because of Louisiana's heavy rainfall
and warm weather, an ideal growing
condition for pathogenic fungi that
attack both plants and fruit.

Growers in Louisiana must
regularly spray fungicides to maintain
healthy plants and marketable fruit.
Fungicide sprays are applied weekly and
sometimes twice weekly during harvest.
A grower often will apply fungicides 15
times or more times during a growing
season.

Because of all the spraying, disease
control is a major expense in strawberry
production for Louisiana growers. A
more effective and less expensive
method would be to develop strawberry
varieties resistant to prevalent diseases.
Traditional breeding methods involve
making crosses and growing a large
number of seedlings to select individual
plants with desirable traits. The
strawberry has a complex genetic
system that requires a breeder to screen
tens of thousands of seedlings to retrieve
the desirable combination. This long-
range commitment often takes 10 or
more years to develop a new strawberry
variety.

A serious strawberry disease in
Louisiana and in the Gulf Coast region

is anthracnose crown rot. This fungal
disease can lead to heavy crop losses
and even total crop loss under certain
weather conditions. The primary fungal
species that cause this disease are
Colletotrichum fragariae and
Calletotrichum acutatum. Currently,
there is no fungicide registered for use
on strawberry that reliably controls the
anthracnose disease. The development
of strawberry cultivars resistant to the
anthracnose disease should provide a
means for reliable, long-term disease
control and offer economical benefits
by reducing or even eliminating the
need for costly spraying.

In the mid 1990s, LSU AgCenter
scientists launched a project to develop
strawberry lines resistant to anthracnose
disease. In this project, scientists used
the soil bacterium Agrobacterium
tumefaciens to genetically transform
Chandler strawberry plants into a
stronger, more disease-resistant variety.
This bacterium has the ability to transfer
DNA to the host plant. When used as a
gene vector, the Agrobacteriumis
altered in the laboratory to contain
desirable genes.

The genes of interest are for
production of two enzymes that
enhance the defense mechanisms of
the strawberry plant. Specificaly, the
Agrobacterium was atered to contain a
gene from snap bean for the production
of the enzyme chitinase and a gene from
tobacco for production of the enzyme
glucanase. These enzymes are found
naturally in strawberry plants in various
concentrations. When transferred into
the strawberry from the Agrobacterium,
these new genes could potentially
increase the production of the naturally
occurring defense agents in the
strawberry.

Leaf strips of Chandler strawberry
plants were inoculated with transformed
Agrobacterium tumefaciens and then
cultured on a regeneration medium
containing antibiotics to control growth
of Agrobacterium and to select out the
nontransformed cells. Plants regenerated
through this method were tested for the
presence of the new genes by biochem-
ical analysis. Transformed plants were
transferred to peat pellets in a transition

chamber and remained for 21 days
before being transferred to a green-
house. Transgenic lines were evaluated
under field conditions for three years.
Fruit size, shape and overall quality
were evaluated along with commercial
varieties. Plants from nine transgenic
lines were inoculated under controlled
conditions with a virulent isolate of
Colletrotrichum, which is the causal
agent of anthracnose. After evaluation,
disease severity ratings indicated that
the transgenic lines vary in their
resistance to this prevalent pathogen.
Several transgenic lines exhibited more
resistance than the nontransgenic
control.

The transgenic strawberry plants in
this study varied considerably in fruit
characteristics and disease resistance.
The primary purpose of these experi-
ments was to evaluate and develop
methods for transferring genes to
strawberry plants. One of the several
challenges to the plant breeder in this
process is the uncontrollable morphol-
ogical and physiological changes that
take place during the tissue culture
procedure. The methods devel oped
will enable scientists to produce large
numbers of plants from which to choose
the desired horticultural characteristics.
This research has established basic
methods from which scientists can
integrate other useful genes into the
strawberry genome.

Strawberry plants resistant to
prevalent diseases would enable growers
to use fewer pesticides in production.
This reduces the cost of production and
lessens the impact of pesticides on the
environment. Evidence from these and
other experiments indicate a good
possibility of developing a new
strawberry variety for Louisiana
growers. m

CharlieJohnson, Professor, Department of
Horticulture, LSU AgCenter, Baton Rouge, La.;
Ding Shih Professor, Department of Biological
Sciences, LSU AgCenter, Baton Rouge, La.; and
Joey Quebedeaux , Research Associate, Hammond
Research Station, Hammond, La.
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Biotech Lab Opens for Business

Svetlana Oard

A primary goal of the LSU AgCenter’s Biotechnology Labora-
tory (ABL) is to develop new commercial products and establish
biotechnology as one of Louisiana’s future leading industries. The
ABL is a multidisciplinary research group that includes scientists
from the departments of Agronomy, Biological Sciences, Entomol-
ogy, Human Ecology, Plant Pathology and Crop Physiology, Veteri-
nary Sciences and the Pennington Biomedical Research Center.
Both plant and animal scientific disciplines are represented.

ABL’s mission is to create superior agronomic crops and
animals and to foster economic partnerships among academic units,
business and government agencies creating long-term economic and
business opportunities to benefit Louisiana through the use of
agricultural biotechnology.

Agro-biotechnology has vast potential for application in such
areas as disease-resistant and high-yield crops and animals, green
plastics and biomass-based fuels. Newly emerging areas include
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Svetlana Oard, left, is manager of the AgCenter’s Biotechnology
Laboratory, also known as ABL. Tamara Chouljenko is a research
associate in veterinary science who works in the ABL.

plant- and animal-made pharmaceuticals and nanotechnology. For
example, green plastics (biological polymers derived from grain or
agricultural biomass) could substitute for petroleum-derived poly-
mers. Biomass-based fuels derived from crops could complement
traditional gas and oil sources. Animal- and plant-made pharmaceu-
ticals could significantly reduce prices of important drugs.

The research area of nanotechnology opens new possibilities
by exploiting extraordinary properties of biological molecules and
cell processes. Nanotechnology is based on protein engineering and
production to create new materials in miniature for industries.
Examples include biomaterials interfacing with living tissues to
achieve natural tissue architectures for cellular implants and, there-
fore, functional replacement of tissues and organs. Other examples
include drug-loaded nanoparticles that could deliver drugs into
targeted cells, nanosensors that could monitor living systems, and
biologically-based assembly of electronic materials. By 2015, the
market for nanotechnology is expected to exceed $1 trillion.
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How ABL Works

ABL has formal and informal relationships with a variety of
organizations to enhance biotechnology research and development.
Success in modern biotechnology requires high-tech equipment and
combined efforts of scientists from different disciplines to design and
complete necessary work for identifying and developing new prod-
ucts. The intellectual foundation of the ABL is based on scientific
expertise covering a wide range of biological and agricultural
sciences. Using our intellectual foundation and potential of the ABL,
we assist science, business and government in Louisiana by combin-
ing and moving biotechnology from the research lab to commercial
products and developing beneficial partnerships among appropriate
parties. ABL, which unites specialists in different areas, manages this
multistage process by establishing economic partnerships among
academia, business and state agencies.

ABL has state-of-the-art laboratory facilities where scientists
conduct research programs in the related areas of genetic transfor-
mation technologies, molecular animal and plant breeding (including
rice and sugarcane transformation, mice and catfish transforma-
tion), targeted treatment of cancer, human nutrition and obesity,
and related areas. Current projects include:

Developing crops resistant to pathogenic bacteria and
fungi. We screen numerous natural and synthetic antimicrobial
peptides as potential inhibitors of pathogenic bacteria and fungi
important for Louisiana. Three peptides have been identified with
high in vitro activity against sheath blight, and they may be able to
serve as potent agents against this devastating disease of rice. After
testing, potential antimicrobial peptides will be introduced into rice,
sugarcane, strawberries and other Louisiana crops.

Production of valuable commercial products in sugar-
cane. We are developing a technique for economically effective
protein production in sugarcane. Sugarcane has potential to be a
“factory” for low-cost production of valuable commercial products
such as biological polymers, pharmaceutical compounds (antibodies
and vaccines), industrial enzymes and nanomaterials. Plant-derived
medicines represent a novel opportunity to develop new treat-
ments produced from renewable raw materials that can be pro-
duced in vast quantities quickly and as needed. These medicines will
be safe and effective, but also more affordable than existing pharma-
ceutical products derived from bacteria, animals or animal cell
factories requiring a large investment in manufacturing capacity.

Partnership with biotech businesses. We are helping a
private company, TransGenRx, by providing laboratory space. See
the article on pages 6 and 7. Providing space and equipment plays a
critical role in establishing new biotech businesses. In exchange,
TransGenRx licenses LSU AgCenter technology.

More information about the ABL is available at its Web site:
www/Isuagcenter.com/biotechlab. m

Svetlana Oard, Assistant Professor, Veterinary Science, LSU AgCenter,
Baton Rouge, La.



Vaccines To Protect People
from Germ Warfare

The bacterial genus Brucella
includes six recognized species. They
are characterized by the animals that
they preferentially infect. Three of these
bacteria were classified by the Centers
for Disease Control as “agents of mass
destruction” after the Sept. 11, 2001,
tragic events in this country. They are
B. abortus, B. melitensis and B. suis.

Brucellae cause abortion and
infertility in wild and domestic animals.
Several of the brucellae can be trans-
mitted from animals to humans. There is
no approved vaccine for human use, and
most of the animal vaccines are virulent
to humans. Thus, we need to find a safe
and efficacious vaccine that can be used
in humans.

With the concentration of livestock,
lack of genetic diversity, increased farm
sizes, importation of animals and
increased international travel, agri-
culture around the world could be
vulnerable to a terrorism attack through
the use of brucellae. Brucellae are
highly infectious, can be easily aero-
solized and are stable during production.
Because of their sensitivity to direct
sunlight, these bacteria can be destroyed
in the environment over time. Since
there are no human vaccines against
brucellosis, mogt, if not all populations,
have little or no natural immunity to this
organism.

Human infection can be caused by
ingestion of Brucella-infected raw milk
products, exposure to infected animals
and aerosolization of the organism.
Brucellosis in humans is characterized
by acyclica fever that starts two to
three weeks after exposure. Night
sweats, headaches, backaches and
general malaise are symptoms associ-
ated with acute infection. Chronic
brucellosis can lead to arthritis,
dementia and even death.

Of all of the brucellae, B. melitensis
best fits the criteria of a biological and
agricultural weapon because little is
needed to infect humans. Low doses
infect most mammals. These brucellae
account for tremendous economic loss
in agriculture worldwide. This microbe
was found in biological warheads during

Philip H. Elzer and Sue D. Hagius

the Gulf War, and the U.S. Army has
had an active vaccine development
program since that time. So far these
efforts have produced no efficacious
vaccines for military or civilians against
brucellosis.

Spurred by the lack of knowledge
of the molecular biology of the genus
Brucella, which is necessary for the
development of vaccines, LSU
AgCenter scientists were part of a
project to sequence the genome of B.

Agriculture around the
world could be vulnerable
to a terrorism attack
through the use of the
bacteria brucellae.

melitensis. A genome is the entire
complement of genetic material present
in each cell of an organism. In cooper-
ation with scientists at the University of
Scranton in Pennsylvania, the AgCenter
role was to work with the B. melitensis
strain 16M. We have been doing this for
the past eight years using the goat as a
model system. Strain 16M causes
disease in goats and humans.

The genome of B. melitensis strain
16M was sequenced. Further
investigation has led to the discovery
of genes that influence the ability of the
bacteria to establish infections and cause
disease. Thiswas the first Brucella
species sequenced and published in the
scientific literature. 1t was a template for
the sequencing of two other Brucella
species: B. suisand B. abortus.

With the sequence completed and
the knowledge interpreted, the next step
in the process was to examine the
Brucella proteome. The genomic
sequence allows for the comprehensive
and rapid analysis of the organism’s
proteome. The proteome is defined as
the entire set of proteins.

More than 500 proteins have been
identified in B. melitensis using the
genomic sequence, and experiments
studying the up and down regulation of
these proteins under different conditions
are under way. We have compared the
proteome of three Brucella strains,
including strain 16M, grown under
experimental conditions; and we have
found many differencesin their
proteomes. We are now looking at the
proteome expressed in goats infected
with strain 16M versus the proteins
expressed in the laboratory-grown
cultures. We predict that we will find
different numbers or levels of proteins
needed for survival in the host.

Using this information, proteins of
interest can be modified or deleted from
virulent strains. One such protein is
OMP25, amgjor structural outer
membrane protein, which we have
studied extensively. Genetic mutants
lacking OMP25 were made in virulent
strain 16M. By studying the proteomes
of these mutants, the up and down
regulation of other proteins can be
determined. Comparing these differ-
ences can lead to knowledge about
pathogenicity, virulence and potential
diagnostic tools. The OMP25 mutants
show promise as potential animal
vaccines.

Beyond these direct scientific
observations, results of genomic and
proteomic studies may be used in the
development of rapid detection
methodology, finger printing, new
diagnostics and the development of
more potent animal and potential human
vaccines. To date there is no safe human
vaccine available against B. melitensis
infection, and it is our hope to find one
in the near future. m

Philip H. Elzer, Associate Professor, and SueD.
Hagius, Research Associate, Department of
Veterinary Science, LSU AgCenter, Baton Rouge,
La.
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BEST IsYet To Come

If you think the biotechnology research in this edition of the
magazine is pretty amazing, wait until you see what the LSU
AgCenter will be doing in the next few years.

That’s the premise behind Biotechnology Education for Stu-
dents and Teachers — BEST — a program designed to help assure a
flow of fresh talent into research.

One arm of BEST reaches into the state’s high schools and pulls
out top-notch science teachers and their students for a biotechnol-
ogy-intense, six-week summer session on campus.

“Our goal with this program is to improve the level of science
education in the state and expose students to science and biotech-
nology research,” said Richard Tulley, BEST director. “We hope
some of these young people will choose biotechnology research as
a career.”

This past summer six pairs of students and teachers from across
the state worked under the tutelage of many of the scientists
featured in this issue of Louisiana Agriculture.

Another part of the BEST program tries to make a difference
at the undergraduate level. Each spring, LSU undergraduate stu-
dents can apply for a $5,000 stipend to do a biotechnology research
project over the course of two semesters. Each student works with
a professor who oversees the project.

This year three students were awarded these grants. One
student is examining how resistant starch reduces body fat. Another
is working with frozen cattle oocytes. And the third is developing a
protocol for growing chicken cells.

Then there are the three BEST graduate assistantships, each for
three years, and the four postdoctorates, one year each, subject to
renewal.
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One of the graduate students awarded a graduate assistantship,
Allison Landry, works with Robert Godke, Boyd Professor in Animal
Sciences. Her research involves developing new methods of nuclear
transfer that she hopes will increase birth rates in cattle and sheep.

The final part of the program is a new three-hour credit course,
taught by Tulley, which provides an overview of biotechnology.

BEST came about in 2001, through a $2.5 million donation from
the Gordon A. Cain Foundation. Cain was a businessman in
Houston whose father had been a Louisiana county agent.

For more information about the program, you may contact
Tulley at (225) 578-7879 or rtulley@agcenter.lsu.edu. He has
already begun recruiting high school science teachers for the 2004
summer program. Each teacher will receive a $6,000 stipend, and
each student will receive a $3,000 stipend.
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