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Dr. Jan Leach, world-renowned molecular
biology researcher in the Plant Pathology
department, has worked at K-State for 18 years.
She has published more than 50 scientific articles
and trained more than a dozen graduate and post-
doctoral students over the years.

Leach’s work involves reducing plant
susceptibility to disease, so that cereal crops can
be grown more productively. The research model she uses is rice, which
has one of the smallest genomes (with only 50,000 genes) of any type of
cereal. Corn and wheat, by comparison, have the most complex genomes.

“Genes are very similar across species,” Leach said. “Once we know a
disease-resistance technique works with rice, then we can test if it will also
hold true for the other cereals.”

Leach and her team conduct research to predict which disease-
resistant rice gene(s) will outlast the pathogens. Since crop pathogens can
mutate to overcome plant resistance, this is a very practical concern. She
has successfully identified factors important for predicting good, long-lasting
single plant resistance genes, and is now conducting research to understand
the basis for resistance that is controlled by many genes. She is also
working with a disease-resistant gene from corn that confers pathogen
resistance to rice.

Leach introduces genes into the crops she works with by using both
biotechnology and traditional breeding practices. “It may take 10 to 15
years to move a gene using traditional breeding,” she explained.
Biotechnology — the use of methods to modify the genetic material of
living cells so they produce new substances or perform new functions — is
a powerful tool. “It does not have all of the answers, but we shouldn’t
ignore it,” Leach said. Some foods have been modified using biotechnology
to provide better nutrition. Golden rice is one example, with its high
carotene levels that help prevent blindness in children.

Leach and her team conduct field tests at the International Rice
Research Institute in the Philippines. She recently returned from a research
conference in China, where the rice genome sequence has now been fully
documented. While there, she was also able to tour farms which
demonstrated that interplanting a flavorful but disease-susceptible high-
dollar rice crop between rows of a disease-resistant hybrid rice led to high
yields and improved farm family income. Field trials like these, which also
capitalize on local farming practices, are encouraging, Leach said.

An innovator in teaching as well, Leach partners with professors in
Nebraska, Oregon and Oklahoma to teach the course Molecular Plant-
Microbe Interactions. Students interact real-time via Internet 2 as
participants in multi-state lectures and class discussions.

Leach, a Nebraska native, is married to Dr. Ned Tisserat, a K-State
Research & Extension plant pathologist, and they are enthusiastic owners
of two Australian Shepherd dogs.
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stop the damage if caught in early
infancy. Testing for this enzyme
problem is required shortly after
birth so that dietary changes can be
made as soon as possible. (see
related info p.3)

3.  Nutrient carriers and
receptors.  Digestion releases
nutrients from food. Transfer of
these nutrients from our gut to  cells
requires carrier and receptor
proteins. Genes direct production of
these specialized proteins.  Some
people have genes that direct
overproduction of iron-carrying
proteins.
The resulting iron overload is
extremely toxic and may lead to
death.  GLUT4 is a protein that
transports glucose across skeletal
muscle and fat cell membranes.
Persons with Type 2 diabetes lack
the ability to grasp the message
telling ribosomes in skeletal muscle
and fat cells to produce GLUT4. As
a result, glucose stays in the blood
causing a number of problems.
[Note: Find detailed definitions for
the bolded terms at
www.genome.gov/glossary.cfm.]
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Wadsworth; 2000.
   Hoffee PA. Genetics. Madison, CT:Fence
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Issue: Phenylketonuria (PKU)

Background : PKU is a rare genetic condition that occurs in 1 out of 15,000 births in the U.S. PKU
results from an enzyme called PAH not converting the protein unit PHE into a different protein unit TYR.
The high levels of PHE damage the nervous system and lead to mental retardation. However, a baby
can grow and develop normally with a special diet that is very low in PHE.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The genetics of the issue : PAH production is controlled by a gene located on the 12th chromosome
pair. The PAH gene will produce normal enzymes (thus normal PHE to TYR conversion) if the gene is
made up of AA or AT DNA. However, the presence of TT DNA leads to the production of defective PAH,
which changes shape.  As a result of being misshapen, PAH is unable to convert PHE to TYR because
it can’t recognize PHE, or it works too slowly, or it is very unstable and falls apart before it can do the
work. (see www.yourgenesyourhealth.org, select PKU).
Question: Will the PAH genetic defect affect a person throughout life?

Traditional Advice : The decrease Genetics-related response : Yes, thus treatment with diet
in conversion of PHE to TYR must continue throughout life.
affects a person only in childhood.

Issue: Folic acid and heart disease 3,4.
Background : High levels of the amino acid homocysteine have been linked to heart disease. Folic
acid, a B-vitamin, helps lower homocysteine levels.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The genetics of the issue : The enzyme that helps folic acid lower homocysteine levels comes in
three forms: TT, CT or CC.  TT works least effectively of the three. Persons who inherit TT are at a
higher risk of heart disease because homocysteine levels are higher. However, new research shows
that unlike CT and CC forms, TT has more trouble keeping its helper in place to complete the task.
This helper is riboflavin, another B-vitamin.
Question: Is the B-vitamin riboflavin needed in fortification plans to decrease
homocysteine levels?
Traditional Response : Genetics-related Response : Depends on the form of the
No homocysteine lowering enzyme. Riboflavin will be needed in

fortification by persons with TT forms so that the enzyme can work to
decrease homocysteine levels.

Issue: Caffeine intake and bone loss in postmenopausal women  1, 2.

Background : Vitamin D is important for bone health because it helps calcium absorption. Prior re-
search suggested caffeine interferes with vitamin D and thus has a negative impact on bones. Older
women are at a greater risk for bone loss, thus the safety of caffeine use has been questioned. In fact,
one study of 489 women aged 65  to 77 showed high caffeine intakes related to higher rates of spinal
bone loss.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The genetics of the issue : Vitamin D function depends on a healthy Vitamin D receptor. Vitamin D
receptor type is inherited; a person can have one type termed tt or another type called TT. When data
from the above study were analyzed according to Vitamin D receptor type, women consuming high
caffeine amounts (about the amount in three cups of coffee) who had the tt receptor had higher rates of
spinal bone loss than women with the TT vitamin D receptor.
Question: Must older women avoid caffeine if they want to keep strong bones?

Traditional Advice : Genetics-related Advice : Avoid caffeine if Vitamin D receptor is tt;
Yes. TT genotype women may consume moderate amounts (up to 16 oz.

brewed coffee or six 12-oz. colas a day.)

○

○

○

○

○

○

○
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The influence of genetics on nutritional advice will certainly increase in the near future. Currently
several nutrition-related issues benefit from genetic research. Examples of the influence genetics
could have on nutritional advice are shown below.

○

○

○

○

○

○

Genetics Influences Nutrition Advice

○

○

○

○

○



Issue: Cause of anorexia nervosa 6.

Background : Anorexia nervosa is a serious psychological disorder with the highest mortality rate of
psychiatric diseases in young adults. In addition, physical and metabolic problems commonly persist
throughout life. Causes of anorexia nervosa are undetermined. Clarifying the cause is vital for develop-
ing effective treatments for this serious, life threatening disorder.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The genetics of the issue : Norepinephrine is a brain hormone associated with many symptoms
related to anorexia nervosa, such as anxiety. Lower norepinephrine levels have been found in persons
with anorexia nervosa. Norepinephrine function requires transportation proteins, which are under
genetic control. One transport protein, L4, is a super shuttle of norepinephrine, making its concentration
lower. In a study of 87 parent-child trios, L4 was transmitted more frequently from parent to the child
with anorexia nervosa. Possessing the L4 variant of the gene coding for a norepinephrine transporter
doubled the risk of developing anorexia nervosa.
Question: Are genetics involved in the cause of anorexia nervosa?

Traditional Answer : Anorexia nervosa is caused by Genetics-related Answer : Anorexia
a combination of social, psychological and nervosa is highly heritable, with some
environmental factors with some biological influence of environmental factors and a
factor involvement. promise that drug treatments of the

disturbed hormonal profile may be
successful.

Issue: Obesity, abdominal fat distribution 5.

Background : Obesity is associated with many diseases including high blood pressure, diabetes, heart
disease and cancer. Obesity characterized by high amounts of abdominal fat (rather than fat on the
hips, buttocks, and thighs) is a noted marker for these diseases. Weight loss is an effective way to
treat and prevent these diseases, but safe and successful ways to lose weight are difficult to put into
long-term practice.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The genetics of the issue : Hormones, cytokines (cellular messengers), and chemicals that transmit
nerve impulses are important in determining energy or calorie needs. Serotonin (which is one of the
nerve impulse chemicals) can direct a cell’s production of the hormone cortisol, which increases body
fat, especially abdominal fat. For serotonin to cause an effect, cells must have receptors for the chemi-
cal. Receptor structures are under genetic control. For example, the serotonin receptor differs when
produced by a G, rather than an A form of the gene. In a study of 268 Swedish men, obesity (especially
abdominal obesity) and cortisol were much higher in subjects with a serotonin receptor produced from
a G rather than an A.
Question: Are diet and exercise important factors leading to weight loss in obese
persons?
Traditional advice : Genetics-related Advice : Diet and exercise are even more

Yes. important if the production of a serotonin receptor is directed by one
or more G. In other words, genetics may make you more
susceptible to obesity, thereby increasing the importance of a
healthy diet and regular exercise.

○

○

○

○

○

○

○

○

○

○

○
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Issue: Vitamin C Supplementation to reduce cancer risk 7.

Background : Highly reactive oxygen compounds can directly damage genetic material or indirectly
cause mutations by forming compounds toxic to DNA, thus leading to cancer. Substances and nutri-
ents, such as vitamin C, that are able to quiet these highly reactive oxygen molecules should protect
against cancer, but in reality have failed to do so.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The genetics of the issue : Although DNA seems almost magical, it is an organic, biological product
that requires maintenance and constant monitoring to keep working properly. Molecular effects of
nutrients influence DNA health. Vitamin C, acting to destroy these reactive oxygen molecules, in turn
produces another reactive substance that causes significant damage to DNA. Amounts of vitamin C as
low as 200 mg are known to produce this damaging effect.
Question: Will high doses of vitamin C reduce risk of cancer?

Traditional Advice : Consume the Dietary Reference Genetics-related Advice : Consume the
Intake for Vitamin C-90 mg and 75 mg for 19-70 year Dietary Reference Intake value each day;
old males and females respectively. (75 mg a day for consuming more than double this level
male teens; 65 mg for female teens)8. could harm DNA, possible increasing

cancer risk.

Issue: Effectiveness of a low-fat diet for high blood cholesterol levels 9.

Background : The value of a low-fat diet has influenced the food habits and knowledge of a generation
of persons wishing to avoid heart disease. Staying on a low-fat diet can be difficult for many and a low-
fat diet may lower the sensory pleasure of eating, decrease the absorption of fat soluble nutrients and
intake of healthy fats, such as omega-3s. In addition, some persons show little benefit despite dietary
restrictions. The value of low-fat diets is being examined.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The genetics of the issue : The cholesterol associated with heart problems is LDL cholesterol. This
type is found in two forms: large (type A) and small (type B) particles. Type B particles are more
responsive to a low-fat diet than type A. In some people, their Type A particles change into the more
desirable Type B particles. However, changing into Type B occurs more in Type A people eating a high
fat diet; changes to Type B noted in Type A people eating a low-fat diet not only occur less often but
with some negative changes such as decreases in good cholesterol (HDL) and increases in
triglycerides.
Question: Is a low-fat diet recommended for an elevated blood cholesterol?

Traditional Advice : High levels of LDL cholesterol Genetics-related Answer : LDL particle
should be treated with a low-fat diet (no more than type should be determined prior to
25% of calories from fat). dietary advice. People with Type A

particles may not benefit from a low-fat
diet and in fact, decreasing their dietary
fat may be harmful to cardiac health.
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Need More Information About Genetics?

Centers for Disease Control & Prevention.  Office of Genomics & Disease Prevention.  www.cdc.gov/
genomics/.  Understand information about human genetic discoveries and how these discoveries can be used to
improve health and prevent disease. Also available in Spanish, this site offers a complete glossary of genetics
terms, fact sheets, answers to frequently asked genetics questions and an entire genetics education center

Genetic Alliance.  www.geneticalliance.org/  This international coalition of more than 300 organizations was
founded in 1986 to represent families, consumer advocates, health professionals, government entities and the
private sector.  Interested in the legal and political issues surrounding genetics?  Plan to read their News Alert
newsletter for current information.

National Center for Biotechnology Information. http://www.ncbi.nlm.nih.gov/disease/Metabolism.html.
Disease-specific genetic information is explained for many inherited disorders including obesity, phenylketonuria,
and juvenile onset diabetes.

National Human Genome Research Institute. www.genome.gov/  Although this site focuses on human
genome research and professional issues, an excellent collection of information on the ethical, legal, and social
implications of genetics research will be useful to all.

Texas Department of Health-Genetic Services Division. www.tdh.state.tx.us/genetics/home.htm.  This
website will acquaint you with genetics services—how they can help you, who they are for, and resources about
specific syndrome and diseases.

KidsHealth for Parents/An introduction to genetics and genetic testing.  http://kidshealth.org/parent/
system/medical/genetics.html.  Consider this website a conversation with a well-versed genetics professional
speaking as though your knowledge level of genetics is little to none.  Specific diseases, genetics terminology, and
excellent resource lists accompany the guidance for parents facing genetics issues with their children.

Eureka! Science. www.eurekascience.com/ICanDoThat/dna_intro.htm Let Gene and Polly guide children and
adults alike through the world of DNA.  With animation, figures and clear writing, this website gets to the basics—
What is DNA?  What’s the difference between DNA and chromosomes? Why should we learn about DNA?

National Institute of Environmental Health Sciences, You and Your Genes. www.niehs.nih.gov/oc/
factsheets/genes/home.htm.  School age children can go to this website for informative, yet fun answers to
questions related to genetics in terms children understand.  For example, genes are compared to transformer toys
to explain how genes make cell types differ.

University of Kansas Genetics Education Center:
Resources http://www.kumc.edu/gec/  Genetic lesson plans, books, computer programs, posters and newsletters,
booklets, and other programs and activities are listed/described.
Videos www.kumc.edu/gec/video.html An extensive list of videos on broad and specific genetics topics will be
useful to plan educational activities.  Each video reference includes target audience and suggested uses. Many
Down syndrome and cystic fibrosis videos are referenced.

Pacific Northwest Regional Genetics Group: http://mchneighborhood.ichp.edu/pacnorgg/index.html  A regional
group of genetic service providers offers a wealth of genetic resources and publications available in multiple
languages including fact sheets for professionals, consumers, and parents.  Their newsletter, Genetics North-
west includes legislative, educational and supportive information.
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Citrus Pork Rice Bowls
Makes 4 servings

1/2 cup unsweetened orange juice
2 tablespoons Dijon mustard
1 tablespoon brown sugar
1 1/2 teaspoons cornstarch
2 cups (about 8 ounces) sliced fresh mushrooms
1/2 cup sliced green onions
2 teaspoons vegetable oil
1 pound lean boneless pork, sliced into 1/8-inch thick slices
3 cups cooked brown rice
1 (11-ounce) can mandarin orange segments, drained
2 tablespoons slivered almonds, toasted*

1. In a small bowl, combine juice, mustard, sugar and cornstarch; set
aside.
2. Cook mushrooms and onions in oil in large skillet over medium-high
heat. Remove from skillet and set aside.
3. Cook pork until browned. Stir in mushroom mixture, rice and
reserved juice mixture. Cook, stirring frequently, until heated through.
4. Add oranges; toss lightly until heated through. Garnish with almonds.
5. Serve in individual bowls.

*To toast almonds, spread nuts on small baking sheet. Bake at 350
degrees 5 to 8 minutes, or until golden brown, stirring frequently.

Note: Individual rice bowls may be stored in the freezer for up to one
month. To reheat frozen rice bowls, microwave on high 5 to 7 minutes,
or until heated through. Let stand in microwave 1 to 2 minutes.

Recipe from USA Rice Foundation
http://www.ricecafe.com

Much food-related genetic research is being done with rice. While the brown rice you use in this recipe may
not be genetically engineered, you will benefit from its whole-grain goodness. Check out the website listed below
for all the rice answers!
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