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Advisor Dale Gruis (leff} instructs students Brian Pitzen an ponheim
as they chserve a Gram stain slide of bacteria cultures. This fest is used fo
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The 1995 Agriscience Teacher of the Year stretched a
small budget into an award-winning program

f you want to know how far a $1,500 agricul-
ture department budget can stretch, ask
Dale Gruis, advisor of the 5t Ansgar, Jowa,
FFA Chapter. Its elasticity amazed even him
when he was named the 1995 Agriscience Teacher of the
Year at the 68th National FFA Convention Nov. 9-11 in
Kansas City, Mo. C “ . S

Gruis, who has taught at 5t. Ansgar for half of his
10-year teaching career, dispels the myth that
agriscience instruction is only for wealthy, multi-
teacher programs. “The trick is to come up with .
actvities that are not very expensive,” Gruis notes.
Some of his most effective teaching tools cost little to
nothing, and he budgets more costly experiments to
maximize learning while minimizing expenses.

“When I spend money on an experiment that is fairly
pricey, I use it in more than one class. For example, maybe
both freshimen and sophomores will do the experiment, so
I won't have to purchase the materials for two more
years,” Gruis says. Tissue culture and conjugative plasma
transfer experiments fall under this heading. Gruis notes
that it’s cheaper to buy larger quantities, making his
alternating-year plan even more cost-effective.

Building Cows and Racing Bacteria

Low-cost and free materials can capture students’
interest and imaginations just as well as $100 tissue
cultures, Gruis has learned. For example, his students

Continued on Page 2
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each team a petri dish filled with nutrient agar, a
substance in which bacteria can grow. Each team scours
the dark corners of the school—locker rooms, bath-
rootns, etc—to try to find the largest population of
bacteria.

Students collect the sample by touching tape on the
surface of the area they’ve chosen to test. They dab the
tape on the surface of the agar, cover the petri dish and
watch the races. The teamn with the fastest and greatest
degree of microorganism growth wins.

“There's a shock value there, to realize how fast
they grow and reproduce,” Gruis says.

Activities such as the Micro-organism Olymypics

also teach students to work together and leamn from each
other. Gruis emphasizes cooperative learning techniques
in his classes and uses them almost every day. He finds

Advisor Dale Gruis {left] discusses resulls of a genelic engineering experiment  that creating groups of three to five students works well
with students Julie Rosenberg and Erik Goodale. The students are conducting for manv activities
conjugetive plasma transfer, which shows how a strain of bacteria can Y ”

fransmit resistance to on antibiotic to another strain of bacteria.

research newspaper and magazine articles on current
scientific topics such as genetic engineering or biotech-
nology. Gruis then gets the students’ creativity flowing
through activities such as the “Design the Perfect
Dairy Cow™ contest.

“The wilder and more creative they get, the
‘better,” Gruis says. “They’ll recommend chopping off
the head and installing a computer, or getting rid of
the udder to put a stainless steel tank in its place.”

Such lessons have wider applications than the
activity itself. “It gets them thinking about the impor-
tant physiological parts of the animal, plus they also
have to think about what makes it work, and what are
its weaknesses,” (Gruis notes. “Then they can under-
stand why, through genetic engineering, scientists can
change certain characteristics.”

This also provides Gruis a forum for teaching his
concept of agriculture as a “money science.” “If you're
in agriculture, you're appiying science: growing plants
and animals i scignce,” he says. The development of
bovine somatotropin to increase dairy production
triggered this idea. “Companies develop these tech-
riologies to try to make a profit,” Gruis says. “Without
economic incentive, a lot of these developments
wouldn’t happen.”

Micro-organism Olympics is another low-cost

activity that grabs students’ interest. Gruis groups his
Agricultural Education I students in teams, and gives

299590

“Especially when we're trying to brainstorm, it
works better in a small group than by yourself,” Gruis
notes. The group work can last anywhere from several
minutes to most of the period, if the class is working on a
more involved lesson or experiment.

Fishing for a Diverse Program

One of the school’s biggest cooperative learning
applications is the aquaculture program that started
three years ago. Rather than purchasing a pre-built
system, Gruis let the students design and develop the
operation from the ground up. Now, the FFA chapter
owns and operates the project, and the agriculfural
education program benefits from any proceeds. Students
raise about 200 tilapia to eating size every year, but its
more of an educational benefit than a money-maker. “It
usually costs more to operate than we get back from it,”
Gruis says.

Aquaculfure continues to be one of Gruis” main
teaching tools. He offers a separate semester-long course
in aquaculture, that has captured the interest of 38

students in the past two years. In addition to rausmg the

tilapia, students conduct a number of experiments an
water quality, feeding, lighting, pH, dissolved oxygen
and even Pavlov’s response theory. It provides a con-
stant supply of fish for dissection, and even becomes a
valuable learning tool in his animal science class. “The
fish have done more to help students understand
feeding efficiencies in cattle and hogs than any other -
activity we have done,” Gruis notes.
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Five years ago, a fish tank would have been
unheard of in the St. Ansgar agricultural education
program. Before Gruis arrived, the program was pre-
dominantly production agriculture and agricultural
mechanics, reflecting the area’s economic mainstays of
cash grain, hog and dairy operations. However, Gruis
found no opposition to his proposal to shift the emphasis
toward a more scientific and business-based approach—
in fact, the changes have garnered nearly a three-fold
membership increase, and incredible support from the
commmrity.

_ “We realized the need to revamp the curriculum by 5t Ansgor agricullural education students use the depariment’s computer fub
exposing students to more agriscience and agribusiness fo maintain recordls, perform record onalysis and ereate research presentations.

concepts,” Gruis says. Though 75 percent of his students Advisor Dale Gruis {leftf discusses o project with student Sam Kofoof.
are from farms, he estimates only 10 percent of those
young people will ever have a chance to farm. “Though  ture classes, one for each grade level, in addition to

it's a strong production area, a lot of students realize four specialized courses in horticulture, mechanical
they’Il go into other areas of agriculture,” Gruis notes. systems, computer applications in agriculture and
aquaculture.

The metamorphosis began with a meeting with the '
high school principal and science teacher to discuss the . .
complements between agriculture, biology, chemistry Aﬂﬁ'ﬂﬂiﬁﬂg Students With

and earth science. Gruis then gathered his advisory Applied Learning

commumittee to get their input. Their assessment: incorpo-

rate computer instruction, biology concepts, food The result has been tremendous. Not only is
processing and marketing, financial management and enrollment up, but some of the top academic students
agribusiness. in the school are enrolled in agricultural education.

However, Gruis also makes sure that the more

Today, students work extensively on computers, academically challenged students have a place in his
becoming literate in both IBM and Macintosh platforms  program.

by the time they graduate. The school offers four agricul-

“I receive the greatest joy from teaching students .
who struggle in other classes but who excel inaged
with a little encouragement and hands-on learning,”
Gruis says. “Many students who struggle with book-

. based learning excel in an environment which empha-
sizes practical application and common sense.”

Gruis has watched his enroliment soar from 36
in 1991 to 81 this year, and demand outpaces supply.
In one recent semester, students signed up for 10
different classes, but there are only enough hours in
the day to teach seven. It’s a big change from when he
started—one semester he only had enough student
interest to teach five courses. He credits the scientific

“emphasis and increased FFA activities as the prifnary
magnets.

“If students have respect for the program, they’ll
T, want to be in it more,” Gruis says. “We're doing things
St. Ansgar aquaculiure students designed, meintain and monage o 1,000 that aren’t being done in many schools scmnge
gellon aquaculiure system. The project helps students learn about physiology, ~departiments, and students are proud of that.
feed efficiency factors and business management. Advisor Dale Gruis {center)

examines one of the 200 Hilapia students raised fo eating size in 1995 with
studlents Greg Store {lefif and Rob Huffman. Continued on Page 4
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Continued from Page 3

The chapter has also increased its calendar of FFA
activities, and in 1995 advanced more career develop-
. ‘rhent event teams to the state level than any other

- chapter in Jowa.

“There’s such a close link between career devel-
opment events in FEA and the things we teach in
class,” he says. “Once students get a taste of it and see
the opportunities, they’re really excited about it.”

66 If students have respect
_for the program, they'll want
to be iruit more. We're doing
things that aren’t being done

in many schools’ science
departments, and students
are proud of that. 9§

—Dale Gruis |

Because of that symbiotic link, Gruis allows the
classroom and FFA activities to have financial ties in some
cases—another way he stretches his budget. “There’s such a
strong link between them, I don’t have a problem using FFA
funds to enhance the school program—FFA members will
be the recipients of the program.” Gruis adds that students
make the decision on whether to use FFA funds to sponsor
classroom activities.

Gruis’ program has attracted the atfention of other
teachers in the school. Gruis says the science teachers have
commented that many agricultural education students have
a real advantage in science classes, especially with regard to

genetics, They're able to contribute real-world exampies that
enhance the tmderstanding for the whole class.

In addition to his already busy schedule teaching
agriscience, Gruis has just taken on an additional responsibil-
ity—teaching applied biology. Interest among his students
runs high: the entire enroliment is made up of his sophomore
agriculture class. “The key is that it's applied biology--90
percent is the same as a biology class, and 10 percent tries to
emphasize practical applications of biology, like agriculture,
medicine and food technology,” Gruis comments.

Tapping Great ldeas

Though obviously successful and creative in his
teaching methods, Gruis refuses to take credit for the ideas.
“My best resources are other ag teachers,” he says. He
advises learning as much as possible from other teachers. “I
have no shame in stealing an idea from another teacher if my
students will benefit from it,” he admits.

Gruis, who minored in biology as he pursued his
agricultural education degree at Iowa State University, also
uses ISU as a resource. He attended a biotechnology work-
shop that was aimed at science teachers, and benefits from
free teaching materials from the I5U biotech lab.

Considering the strong science focus of Gruis” pro-
gram, one might think he had set a goal of winning the
Agriscience Teacher of the Year award. Not true—in fact, he
never intended to apply until a fellow agriculture teacher
and the school principal encouraged him.

“It’s an interesting note that ag teachers are quick to
push kids to try for awards, but don’t want to do it them~
selves.” Gruis says. The process has been an educational one
for him, and his students will probably benefit from what
he's discovered.

“1£ 1 could share some ideas with others in the process,
that's great, but I probably learned more ideas from others
through this than I've given away,” Gruis notes.

The FFA Mission
FFA makes @ positive difference in the lives of students by developing their potential for

The Agriscience Teacher of the Year Award program is
co-spansored by PCS Sales and Ford Motor Company Fund as
a special project of the National FFA Foundation, Inc. ‘

premier lendership, personal growth and career suecess through agriculiurc! educotion.

The National FFA Organization offirms its belief in the volue of all human beirégs und seeks diversity

in its membership, lecdership and stoff os an equal opportunity employer. Procuced by

the

National FFA Orgenization in cooperation with the U.S. Department of Education as a service to sfale

and focal agriculiural education programs.

© Copyright 1996 by the National FFA Organization
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Micro-organism Olyh1pics

Description:
Students will collect and grow cultures of microorganisms. Their goal will be o produce the
fastest growing culiure.

Objectives:
To demonstrate how rapidly microorganisms reproduce.
To help students understand microorganisms’ irnpact on agriculture.

interest Approach:
» Write the number, 76 trillion (76,000,000,000,000), on the overhead or chalk board.
= Ask students to brainstorm what this humber represents.
Answer: The number of bacteria which one bacterium can generate in 24 hours.
» Brainstorm ways in which bacteria affect our lives positively and negatively.
+ Provide flavored yogurt as an example of beneficlal applications of bacteria.

Equipment and Supplies Needed;
* nutrient agar plates—one per student
(Petri dishes containing nutrient agar. Purchase ready-made or pour your own.)
* propane torch or bunsen burner
* paper clips of inoculating loops
» scofch tape or masking tape
* razor blades
« filter paper or cofiee filter (cut into strips approximately 1 cm wide and 4 cm long)
« beakers {100 ml work well, however any size will work)
* forceps
» permanent markers

Continued...

Notes:




TGreen Pigs and Biocookies"
Dale Gruis

St. Ansgar High School
St. Ansgar, |1A 50472
Phone: 515-736-2402

Important Resources and References:
Office of Biotechnology
lowa State University

L Lori Miller
1-800-262-0015 ext. 9818

lowa Biotech Educator
The AGBIOTECH infosource
Flinn Scientific Supply

Carolina Biological Supply



Sample Lesson Plan

Long Jump Competition: This event is designed to give students the opportunity to isolate and
grow a specific bactetia culture. The event is a race against another group.

1. Combine groups from the 100 Meter Dash into two teams. (Label them teams A and B.)

2. Give each tearn a stetile nutrient agar plate, a razor blade, a bheaker, forceps, two paper clips
and two strips of filter paper.

3. Use a propane torch or bunsen burner {o sterilize the razor blades and the forceps by
passing them through the flame.

4. Use the sterilized razor blade to cut a 1 cm wide trench across the middle of the agar in the
stefile nutrient agar plate. Remove the agar with a sterile forceps.

5. Place this agar in a sterile beaker and heat or microwave o melt the agar.
6. Sterilize the forceps by flaming.
7. Use the forceps to dip two sttips of filter paper int the molten agar.

8. Place the saturated strips on the sterile nutrient agar plate. Place the strips so they form two
separate bridges across the french. Place the strips at least 1 inch apart.

filter paper strips saturated with agar

1 cm wide trench {(agar removed

Team A Inoculation Area
Team B Inoculation Area

9. Label the sirips A and B. (Label on the half of the petri dish which contains the agar.)

10. Each team selects one bacteria culture from the 100 Meter Dash Plaie, and uses a
straightenad paper clip 1o gently scrape the culture from the plate.

11.  Gently touch the paper clip on one end of the filter paper (race track) to transfer the cells
o the agar surface.

12. One team gets lane A and the other gets lane B. Inoculate only one end of each strip.
13. Close the plates and tape shut to prevent accidental opening or contamination.

14. Examine the plates after 24 hours, 48 hours, etc. The first culture to grow across the race
frack to the other side of the trench wins the event.

Note: Never touch contaminated agar (microorganism cultures) with your hands. Sterilize
confarninated petri dishes with bleach and water before discarding or incinerate. They should
be handled as a biohazard material, ' o
Continued...



Sample Lesson Plan

Procedure:

100 Meter Dash: This event is a competition to see which group can find and grow the fastest-
growing microorganism culture. {The nastier the better.)

1.

2.

10.

11.

Divide the class into groups. (2-3 students per group works best}

Each group Is to search the school to find an area which they feel will give the greatest

potential for microbial growth.

Each group takes cne piece of tape approximately iwo inches long. Hold the tape on one end,
heing careful not to contaminate the other end.

Upon deciding where to obtain their sample, students will stick the tape on the surface they
wish to sampie. The microorganisms will stick 1o the tape.

The tape is then placed on the nutrient agar, sticky side down, and lightly rubbed with a finger
to transfer the microorganisms to the agar surface. The plates are now inoculated.

Tape the nutrient agar plates shut to prevent accidental opening.

Label the plates with a permanent marker. {(Always label the agar side of the plate.)

Place in a warm place to incubate. The plates will grow without an incubator, however the
results will take slightly longer. (A chicken egg incubator speeds growth. Incubate at approxi-
mately 90 degrees F.)

Place the plates agar side up to prevent excess moisture from condensing on the agar.

Check after 24 hours, 48 hours, 72 hours, efc. You may crown the champion when you have
enough growth o see a definite difference.

Do noet discard the plates.

Notes:




Sample Lesson Plan

»

ftems for Discussion;
Why is the tremendous rate of bacteria reproduction important?

Where can microorganisms be found in our environment?

What are pathogens?

What are mutations?

What is cloning?

Can bacteria develop resistance to antibiotics?

What are the beneficial applications of bacterial growih?

How are bacteria utiiized.in biotechnology applications?

Are bacteria and microorganisms important to agriculture?

Suggested Follow-up Activities:
+ Use the bacteria cultures to conduct Antibiotic Sensitivity Tests,
* Perform a Gra?m Stain to observe the bacteria under a microscope.

« Culture yogurt using active bacteria cultures from plain yogurt.
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WHY BIOTECHNOLOGY ?!+al

The following includes several scenarios that an instructor could use to introduce a biotechnology unit in
an attempt to make this information relevant to your students. Each student should select a scenario at the
beginning of the unit. At the end of the unit, students should answer the question posed by the scenario by
writing a one page paper.

Scenario %1

Many scientists currently believe that our current level of food production will not keep pace with
increases in world population. Past increases in food production utilizing selective breeding techniques
has been called the “Green Revolution”. Over the next 30 years, increases in world population may
exceed our increases in food production. How might biotechnology be utilized to solve this dilemma?

Scenario #2
Assume you are interested in a career in biotechnology, what career skills and biotechnology knowledge
would you need to have?

Scenario #3
You are interested in attending a community college or university to major in Animal Science. Why
would you need to have an understanding of biotechnology?

Scenario #4
Assume you plan to stay in your home community and farm with your parents. You plan to raise corn,
soybeans, and hogs. Why would you need to have a working knowledge of biotechnology?

Scenario #5
You have grown up on a farm and are familiar with agriculture; however, you plan to attend college and
major in mursing. Why would you need to have an understanding of biotechnology?

Scenario #6
You are in the agriculture class the hour before lunch. You eat school lunch everyday, and you actualiy
like it. Why would you need to have an understanding of biotechnology?

Scenario #7
You are a redneck farm kid who only comes to town for school. Your hobbies are pigeon shooting and
gopher trapping. Why would you need to have an understanding of biotechnology?



DNA:

Biotechnoloagy Terminology

deoxyribonucleic acid

Chromosome: structures found in the cell nucleus which contain genes

Gene:

Allele:

Transgenic:

Gene Pool:

Mutation:

Plasmid:

Gene Gun:

Clone:

specific site on a chromosome which controls the heredity of trait(s)
Example: eye color

variations of a specific gene
Example: Gene= Eye Color; Alleles: Blue eyes, green eyes, brown eyes

(Transgenic plants, Transgenic animals) organisms which have been
genetically engineered.

All traits which an organism can inherit.
Selective Breeding: Only traits within the same species are available.
Swine Gene Pool: Hampshire breeding, Yorkshire breeding, etc.

Genetic Engineering: It may be possible to utilize traits from other
species. For example: firefly genes in a tobacco plant.

A new variation of a gene. Random mutations can occur in nature or may
be caused by mutagens such as: chemicals or radiation.

A free-floating ring of DNA found in some bacteria and viruses.
Commonly utilized in genetic engineering to transfer genes from one
organization to another,

Equipment used to blast genes into cells.

A genetically identical copy of an organism.

Genetic Engineering: Transferring genes from one organism to another.

Gene Mapping: Processing of mapping the locations of genes on chromosomes.

Human Genome Project: Project to map the locations and functions of all genes

on human chromosomes.

Gel Electrophoresis: Process of seperating the chemical components of a

Bioreactor:

substance using agarose gel and electricity. (Genetic fingerprint)

Utilizing a living organism to produce a substance.
Example: Genetically engineering bacteria to produce insulin.
Genetically engineering soybeans to produce pharmaceuticais.



GMO: Genetically modified organism. (Some countries have concerns about
purchasing GMO’s.)

Bacillus thuringiensis: Bacteria which contains a crystalline protein structure
which is harmful to some insects if ingested.

Agrobacterium tumefaciens: Bacteria which is commonly used to transfer genetic
material into organisms. (Injects its DNA into plant cells.)

Lab Safety and Material Handling;

All bacteria cultures should be handled as bichazards. Soak waste materials in a
10 % bleach solution for 24 hours, and dispose of in a bichazard waste receptacle.

Resources:

Websites:  biotech.iastate.edu
project.bio.iastate.edu
biotech.wisc.edu
signat.com

Office of Biotechnology
lowa State University
1-800-643-3504 (ask for Lori Miller)

Carolina Biological Supply Catalog (see your science teacher)

Flinn Scientific (see your science teacher)
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Biotechnology in Cyberspace:

Your Guide to Biotech Resources on the Internet

Biotechnology —the leading edge science that is
revolutionizing agricuiture — is developing at an amazing
pace. Traditional educational resources may have diffi-
culty keeping up with biotech research breakthroughs and
technical achievements.

Not to worry. The Internet offers a better way to access
the most up-to-date information available every day.
Dozens of sites on the World Wide Web offer students and
teachers opportunities to learn the latest on biotechnology.
From technical, how-to information to debates about the

arality of genetic engineering, it’s all out there in
s berspace waiting to be explored. We've prepared a list of
sites which offer good material for students.

Educational Sites

Biotech Educational Resources (Indiana University)

http://biotech.chem.indiana.edu/pages/education.htmi

This may be the top web site for students interested in
biotechnology, not because of the information it contains,
but because of the dozens of active links it offers to other
educational sites. (The site is also of interest to students in
other branches of science, especially chemistry.) Links are
provided to sites offering graphic-rich guidebooks, bio-
science video and on-line biotech courses.

Several links offer actual courses with a/v supports that
can be used as a supplement to classroom materials.
{You’ll need video plug-ins to take full advantage of these
sites.) Examples include:

» Cells Alive! http://www.cellsalive.com

A very lively site about bacteriology and cell biology
intended for beginning biology students. Lots of anima-
tions and images.

* HHMT Virtual Lab http://www.telefusion.com/
~ctures/hiband/neat/index.html

An interactive site which gives access to a “virtual lab”

as well as to lectures and exhibitions.

» UCI Life Science Education Guide http://www-
sci.lib.uci.edu/SEP/ife.htm]

A comprehensive, annotated list of life-science-related
instructional Webresources. The entries are broken down
by category and then by estimated grade level ranging from
kindergarten to university graduates.

Access Excellence

http:/fwww.gene.com:80/ae/

Called “A Place in Cyberspace for Biology Learning and
Teaching”, this is another excellent educational site for
biotech and other biosciences. Interest areas include:

+ Bioethics in the Classroom;

* Weekly science reports, interviews with news-making
scientists and funfactoids;

» Online seminars, projects, and discussions hosted by
scientists and teachers; and

* Activities Exchange - Biology-related activities and
classroom projects developed by teachers.

Ag-Biotech Industry Sites

Ag-West Biotech

hetp:/fwww.lights.com/agwest/

Ag-West Biotech Inc. is a non-profit company located
at Innovation Place, north of the University of
Saskatchewan in Saskatoon, Saskatchewan. It promotes
Saskatchewan’s involvement in ag-biotech. Among other
resources, the site contains all issues of Ag-Biotech
Infosource and the monthly Ag-Biotech Bulletin. It also
provides links to many of the biotech organizations in
Saskatchewan.

Global Agricultural Biotechnology Association (GABA )

http://www lights.com/gaba/tech/index.html
This page is intended as a clearing house of news,

Agbiotech Information Bulletin for Schools courtesy of Ag-West Biotech Inc.




information and opportunities. Though only GABA mem-
bers have full access, students are welcome to browse the
collection of Current News and Opportunities Articles.
Articles on the development of health, environmental and
safety regulations are also available.

National Research Council / Plant Biotechnology Institute

http://www.pbi.nrc.ca/pbiintro.html

Located in Saskatoon, the Plant Blotechnoiogy Insutute
(PBI) is one of five NRC institutes involved in biotechnol-
ogy. PBI is primarily focused on the improvement of
Canadian crops, specifically canola, cereals and grain
legumes. All issues of the PBI Bulletin are archived.

InfoAgbiotech

http://aceis.agr.ca/fpi/agbiotec/english.html

Maintained by The Biotechnology Strategies and
Coordination Office of Agriculture Canada, this site
includes detailed information on:
* Regulating products of biotechnology;
» Information Bulletins on a dozen key biotech topics; and
* Information on commodity areas such as Microbial
FertilizerSupplements; Novel Feeds; Plants with Novel
Traits; and Veterinary Biologics.

Food Biotechnology Centre

http://www.biotech.ca/fbe/
This site contains copies of the Centre’s bulletin, and an
interesting chronological history of food biotechnology.

Food and Agriculture Organization of the United Nations

http://www.fao.org/

Called the World Agricultural Information Centre, this
site is not restricted to biotech themes, but provides an
interesting and accessible source for general information
on the world food and agricultural situation. The site also
includes FAQ’s digital photo archive; FactFile; and a site
search engine.

General Biotech Sites

InfoBiotech Canada

http:/fwww.ibc.nre.ca/ibe/

InfoBiotech Canada (IBC) is a partnership of govern-
ment, private and academic sectors with the goal of provid-
ing enhanced access to information on Biotechnology in
(Canada and worldwide. Access areas include: Canadian,
global, organizational and corporate sites; biotechnology
events; research activity and others.

Biotechnology Indusiry Organization Library

http://www . bio.org/bio/library. html
This site includes dozens of electronic publications on
topics ranging from Agricultural Biotechnology: the Future

of the World’s Food Supply to Bioremediation, a Natural
Answer to Environmental Reclamation. Other topics of
interest include resources such as Real Life Problems:
Biotech Answers, 1996 High School Essay Contest Winner.
and Tools for Teaching Biotechnology: A Bibliography of
Resources.

Strategis

http://strategis.ic.gc.ca

Strategis makes the information resources of Industry
Canada, the federal government’s economic department,
available to the public. Information on consumer and
business developments in Canada and world-wide are
featured. Use the site’s search tool to find sites and docu-
ments related to biotechnology.

Other Science News Sites

Newswire

http://fwww.ari.net/newswire/mwhome htm

Newswire maintains a comprehensive database of news
releases from top institutions engaged in scientific, medical
and business research. The friendly interface allows you to
flexibly search, browse or download any article or abstract.
Many articles are biotech-related.

New Scientist Planet Science

http://www.newscientist.com/

This colourful site is chock-full of frequently updated
science news. The on-line version of the leading popular
scientific journal in Europe, “Planet Science” includes such
features as answers to seemingly wacky scientific ques-
tions, ideas for experiments, interviews and news tidbits.
Although the award winning site covers all kinds of
science stories, some of the best coverage is of biotechnol-

ogy.

If you would like to receive future issues of this agbiotechnology
information publication for schools, please contact:

Ag-West Biotech Inc., 101-111 Research Drive
Saskaroon, Sask., S7TN 3RZ Canada

(306) 975-1939 Fax: (306) 975-1966

E-mail; agwest@agwest.sk.ca

Web: http://www.lights.com/agwest

Published by

Westcross Flouse Publications, 608 Duchess Street
Saskatoon, Sask., S7K 0R1 Canada

{306) 934-1772 Fax: (306) 664-6615

E-mail: signatur@eagle.wbm.ca

Funding assistance provided by
Saskatchewan Apriculture and Food




To BST or Not to BST

Objectives:
1. To develop an understanding of how bST is used and why.

2. To develop an understanding of bST effects milk production and milk quality.
3. To discuss some of the pros and cons of utilizing bST,

interest Approach:

Take the Pre-Quiz

Backaround Information:

Hormone: chemical secreted by glands which affect the way a body operates; bST must be
injected it cannot be fed or it would be broken down in the gut

E. coli: a naturally occurring intestinal bacterium, has been genetically engineered to produce
bST

Milk Composition and Safety: All milk contains natural bST that is produced by the cow.
Milk from cows treated with bST contains the same levels of bST as natural milk,

Assignment:
Upon reading and reviewing the information about bST each student will write an answer to the

following scenario.
Scenario;

Assume you are a dairy farmer who milks 100 cows. Would you use bST in your herd?
Why or Why not? (Explain with as much detail as possible.)
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Name

Pre Quiz o bST
bST is a hormone which is produced and secreted in cattle.
bST is only in milk from cows injected with bST.
Cows treated with bST produce more milk with greater efficiency.
bST was the first FDA approved hormone for livestock.
Feeding bST will increase milk production but not as much as injecting bST.
Milk can be tested to see if it is from cow's that have been injected with bST.
bST in milk is absorbed into the blood stream of humans who consume milk.
Small dairy farmers cannot get the same production increases by using bST,
bST is a protein.

Levels of insulin like growth factor I are lower in milk from i_:ows
injected with bST than in milk from non-injected cows.
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Bovine Somatotropin (5S7)

-Pre-test Answer Key-

bST is a protein hormone produced in cattle by the pituitary gland located at the
base of the animal's brain.

All milk contains bST whether injected or naturally occurring.

Milk yields are significantly increased when cows are injected with bST. Feed
efficiency is increased because more milk is produced.

bST was approved by the FDA on November 5, 1993 for increasing milk
production in dairy cows.

Feeding bST will not work. The hormone bST is a complex protein which is

- rendered ineffective when it enters a cow's digestive system.

All milk contains bST whether it occurs naturally or from bST that is injected in a
cow,

bST is a protein which is digested in the stomach; therefore, it will not be
absorbed into the bloodstream.

All dairy cows injected with bST will increase milk yields significantly.
bST is a hormone which is a complex protein.

Insulin-like growth factor I increases by up to two-fold in milk from treated cows,
but it is still well within the range for both bovine and human milk.



What is bovine
somatotropin (bST)?

Bovine somatotropin is a
growth hormone found in cattle.
The word “bovine” refers to cattle,
and the word “somatotropin” refers
to the name of the hormone.
Hormones are chemicals that are
secreted by glands within the
body. They are natural substances
that affect the way the body
operates. Bovine somatotropin,
abbreviated as bST, is a protein
hormone produced in cattle by the
pituitary gland located at the base
of the animal’s brain.

A hormone similar to bST is
produced in all species of animals.
This hormeone is important for
growth, development, and other
bodily funections of all animals. In
the 1930s, it was discovered that
injecting bST into lactating (milk-
producing) cows significantly
inereased milk production.

How did scientists
develop bST?

Until recently, the only source
of bST was from the pituitary
glands of slaughtered cattle. There
were only small quantities of bST
available, and it was very expensive.

Now, the new science of
biotechnology makes it possible to

work with DNA, the part of a cell
that contains the genetic informa-
tion for an animal or a plant.
Scientists have determined which
gene in cattle controls or “codes” for
the production of bST. They have
removed this gene from cattle and
inserted it into a bacterium called
Escherichia coli. This bacterium,
which is found in the intestinal
tract of humans and animals, acts
like a tiny factory and produces
large amounts of bST in controlled
laboratory conditions. The bST
produced by the bacteria is purified
and then injected into cattle (figure 1).
The movement of a gene from
one organism to another, in this
case from the pituitary gland of a
cow to a bacterial organism, is
called “recombinant DNA technol-
ogy.” Several Food and Drug ~
Administration (FDA) approved
drugs, including ingulin for the
treatment of diabetes and tissue
plasminogen activator (TPA) for
the treatment of heart attacksin
people, are produced in a sirnilar way.

How does bST affect
milk production?

To affect a cow’s milk produc-
tion, bST must be injected into the
animal on a regular basis, similar
to the way insulin must be regu-
larly injected into people who have
certain types of diabetes. Feeding

bST to cows will not work. Amino
acids and peptides are the building
blocks of proteins. The hormone
bST is a complex protein that is
immediately broken down into
small, inactive amino acids and
peptides and rendered ineffective
when it enters a cow's digestive
system. How often a cow must be
injected with bST will depend on
whether a bST product can be
developed that releases the hor-
mone gradually over a long period
of time,

Milk yields are significantly
increased when cows are injected
with bST, although not as much as
some reports in popular newspa-
pers and magazines suggest. The
exact details of how bST increases
milk production are not known,
but it is thought that blood flow to
the cow’s mammary (milk-produc-
ing) gland is increased. The blood
carries an increased amount of
nutrients available for milk
production. More nutrients are
extracted from the blood by the
mammary gland, which improves
efficiency of milk production. Feed
efficiency (pounds of milk produced
per pound of feed consumed) is
improved because more milk is
produced and the proportion of
feed used for body maintenance is
decreased. The actual amount of
feed consumed by bST-treated cows
increases, helping the cow mest
the increased nutrient demands.
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Milk production in bST-
treated cows increases from 4.8 to
11.2 pounds per day. Feed effi-

mncy improves from 2.7 to 9.3
percent (Peel, et al.). Table 1
summarizes the results of 32-week
treatments of cows injected with
bST in several states and foreign
countries.

Misinformation provided by
some groups gives the impression
that there is controversy about the
biology of somatotropin. However,
800 reports on 20,000 treated cows
have yielded remarkably consis-
tent results worldwide (Bauman).

Researchers have summa-
rized several bST trials and found
a milk production increase of 8.4
pounds per day (Bauman). They
estimated that, depending on how
the dairy operation is managed,
average increased milk production
is expected to range from 8.5 to
17.6 percent.

It is difficult to predict how
individual cows will respond to
bST. A higher response is seen

‘hen treatment is started after

& cow has been producing milk
for 101 days, rather than when
treatment is started on days 57-
100 after calving. The response of
cows treated in early lactation is
less (Bauman). Cows that have
had more than one calf show a

greater increase in milk produc-
tion than do first lactation heifers
(Peel, et al.). Milk yield gradually
increases for the first few days
after bST treatment begins. A
maximum increase is seen in about
six days. To meet the needs for
this increased milk production,
treated cows consume from 10 to
20 percent more grain and forage.

Normally, cows reach their
peak milk production 7-9 weeks
after lactation begins. Milk quan-
tity then slowly declines throughout
the remainder of lactation. The ability
of cows to maintain relatively high
levels of milk production throughout
lactation is called “persistency.” The
major response of cows treated with
bST is a significant improvement in
persistency. The normal decrease in
milk vield as lactation progresses is
markedly reduced, Quality of man-
agement, including health programs,
milking practices, nutrition, cow
condition, and environmental condi-
tions will be major factors in the
response fo bST.

What are the benefits
and risks of bST?

The commercial use of bST in
dairy cattle is controversial and
has stirred heated debate among

E. coli

' Natural bST
G

(lene Insertion

Production of bST

Fermentation

Isolation and
Purification
of Protein

Figure 1. bST production

the dairy industy, activist groups.
and consumers.

Effects on cow health

The physiological effects of
bST treatment are the same as
those seen in any high-producing
cow. Nutrition, health programs,
environment, and milking tech-
nigue must be appropriate for the
use of bST or results will be
disappointing. On many farms,
the management changes insti-
tuted by producers as they are
preparing to use bST will probably
cause a greater increase in milk
production, efficiency, and profit-
ability than actual use of bST. In
the initial stages of use, producers
will be encouraged to use bST on
cows that have been in lactation
for at least 100 days, are in good
physical condition, pregnant, and
are free from health problems such
as mastitis or infertility.

Concern has been expressed
regarding the effect of bST on
reproduction. The optimum
calving interval of 12-13 months
may lengthen because bST can
extend the time that cows effi-
ciently produce milk. Dairy Herd
Improvement Asscciation (DHIA)
records show that higher milk-
producing herds have lower
conception rates than lower
producing herds {Ferguson and
Skidmore). This negative effect on
reproduction is seen in cows
treated with bST and is associated
with increased milk production.
However, some people believe that
a longer calving interval could
benefit the health of bST- treated
cows, since many health problems
of dairy cows are associated with
calving and rebreeding. The
ability of a cow to reproduce is
affected by her physical condition,
nutrition, health, and level of milk
production.

Few research studies have
investigated the physiological
effects of bST on the functioning of
the ovaries and pituitary gland.
Cows receiving dosages of bST far
beyond what will be used in
practice have shown an adverse



Table 1. Increases in milk production and feed efficiency of bST-treated cows (Peel, et al.)

L.ocation

Increase in Milk Yield (%)

Increase in Feed Efficiency (%)

effect on estrous activity (the time
when an animal is capable of being
bred). This effect is not seen when
cows receive low to average dos-
ages of bST. High dosages of bST
are reported to increase the death
rate of calf embryos, so starting a
cow on bST during early preg-
nancy should probably be avoided
(Ferguson and Skidmore). This
effect is not seen at recommended
dosages. The effect of bST on
reproduction will have to be moni-
tored closely in individual herds.
Several research studies have
shown that bST is not associated
with increased mammary infec-
tions {mastitis) (Ferguson and
Skidmore). Other studies have
shown an increase in mammary
gland infections when bST is used,
but the increase is what would be
expected with increased produc-
- tion. The length of a cow’s gesta-
tion (pregnancy), calf birth weight,
calf survival rate, and calf growth
are not influenced by using the
product. Some early reports
indicated an increased incidence of
fwins, but later reports failed to
confirm this.

Milk composition and safety
Consumer advocates and
others have expressed concern
about the safety of milk from bST-
treated cows. All milk contains
natural bST that is produced by
the cow. Milk from bST-treated
cows also contains the same
amounts of injected bST and no

differences can be measured
compared to untreated cows.

There are four forms of natural
bS8T, and each has a chain of either
190 or 191 amino acids. The
recombinant bST that is injected
into cows has 191 amino acids.
The biclogical activity of commer-
cial bST is identical to naturally
produced bST.

Studies indicate that both
natural bST produced by the cow
and bST produced by recombinant
DNA techniques are immediately
broken down into inactive amino
acids and peptides in the digestive
tract when they are consumed by
humans. In contrast, steroid
hormones such as estrogens,
progesterones, and anabolic
steroids are smaller, ring-like
structures that are absorbed from
the digestive tract and are biologi-
cally active in humans. This is not
the case with bST in milk, whether
it is produced naturally by the cow
or by recombinant DNA technology
(Barbano and Lynch).

Studies show that bovine
somatotropin is inactive in
humans. During the 1950s,
natural bST produced by cows
was injected into children with
growth defects in an attempt to
encourage growth. There was
no effect, probably because the
bovine somatotropin protein
molecule differs from human
somatotropin (human growth
hormone) by about 30 percent
of the amino acid sequences.

Milk composition from bST-
treated cows has bheen thoroughly
investigated (Barbano and Lynch).
The characteristics of milk from
bST-treated cows are within the
normal range of variation of milk
from untreated cows. During the
first 28 days of treatment, milk fat
increases and milk protein de-
creases slightly, After longer
treatment, cows adjust their
nutrient intake and the normal
balance is re-established. An
increase in non-protein nitrogen
and whey protein and a decrease
in casein have been observed after
long-term bST administration.
This difference is not always
significant, and the effect on
cheese yield would probably be
miner, if any. One study showed a
slight increase in unsaturated
compared to saturated fat. The
difference was small, but sug-
gested a healthier product from
bST treatment. No differences in
free fatty acids have been ob-
served. Cholesterol levels are in
the range of normal milk composi-
tion. Insulin-like growth factor I
increases by up to two-fold in milk
from treated cows, but it is still
well within the range for both
bovine and human milk. No
differences in flavor have been
found.

The National Institute of
Health has concluded that milk
from bST-treated cows is esgen-
tially the same as from untreated
cows, and there is no difference in
safety of the products.



Table 1. Increases in milk production and feed efficiency of bST-treated cows (Peel, et al.)

L.ocation

Increase in Milk Yield (%)

Increase in Feed Efficiency (%)

effect on estrous activity (the time
when an animal is capable of being
bred). This effect is not seen when
cows receive low to average dos-
ages of bST. High dosages of bST
are reported to increase the death
rate of calf embryos, so starting a
cow on bST during early preg-
nancy should probably be avoided
(Ferguson and Skidmore). This
effect is not seen at recommended
dosages. The effect of bST on
reproduction will have to be moni-
tored closely in individual herds.
Several research studies have
shown that bST is not associated
with increased mammary infec-
tions {mastitis) (Ferguson and
Skidmore). Other studies have
shown an increase in mammary
gland infections when bST is used,
but the increase is what would be
expected with increased produc-
- tion. The length of a cow’s gesta-
tion (pregnancy), calf birth weight,
calf survival rate, and calf growth
are not influenced by using the
product. Some early reports
indicated an increased incidence of
fwins, but later reports failed to
confirm this.

Milk composition and safety
Consumer advocates and
others have expressed concern
about the safety of milk from bST-
treated cows. All milk contains
natural bST that is produced by
the cow. Milk from bST-treated
cows also contains the same
amounts of injected bST and no

differences can be measured
compared to untreated cows.

There are four forms of natural
bS8T, and each has a chain of either
190 or 191 amino acids. The
recombinant bST that is injected
into cows has 191 amino acids.
The biclogical activity of commer-
cial bST is identical to naturally
produced bST.

Studies indicate that both
natural bST produced by the cow
and bST produced by recombinant
DNA techniques are immediately
broken down into inactive amino
acids and peptides in the digestive
tract when they are consumed by
humans. In contrast, steroid
hormones such as estrogens,
progesterones, and anabolic
steroids are smaller, ring-like
structures that are absorbed from
the digestive tract and are biologi-
cally active in humans. This is not
the case with bST in milk, whether
it is produced naturally by the cow
or by recombinant DNA technology
(Barbano and Lynch).

Studies show that bovine
somatotropin is inactive in
humans. During the 1950s,
natural bST produced by cows
was injected into children with
growth defects in an attempt to
encourage growth. There was
no effect, probably because the
bovine somatotropin protein
molecule differs from human
somatotropin (human growth
hormone) by about 30 percent
of the amino acid sequences.

Milk composition from bST-
treated cows has bheen thoroughly
investigated (Barbano and Lynch).
The characteristics of milk from
bST-treated cows are within the
normal range of variation of milk
from untreated cows. During the
first 28 days of treatment, milk fat
increases and milk protein de-
creases slightly, After longer
treatment, cows adjust their
nutrient intake and the normal
balance is re-established. An
increase in non-protein nitrogen
and whey protein and a decrease
in casein have been observed after
long-term bST administration.
This difference is not always
significant, and the effect on
cheese yield would probably be
miner, if any. One study showed a
slight increase in unsaturated
compared to saturated fat. The
difference was small, but sug-
gested a healthier product from
bST treatment. No differences in
free fatty acids have been ob-
served. Cholesterol levels are in
the range of normal milk composi-
tion. Insulin-like growth factor I
increases by up to two-fold in milk
from treated cows, but it is still
well within the range for both
bovine and human milk. No
differences in flavor have been
found.

The National Institute of
Health has concluded that milk
from bST-treated cows is esgen-
tially the same as from untreated
cows, and there is no difference in
safety of the products.



Economics

The potential economic effect
of bST on the family dairy farm -
has generated heated debate. The

nimal Health Institute, an
organization of drug and vaccine
manufacturers, maintains that
the use of bST will be of equal
value to any size farm (Milligan).
They contend that use of the
product will favor the good dairy
manager, regardless of farm size.

Estimates of the effect of bST
on dairy production have probably
been exaggerated. The United
States Department of Agriculture
estimates that the use of bST could
lead to a 2 to 5 percent increase in
national milk preduction within
five years, or about the increase
seen yearly without the use of bST.
This increase would be in addition
to the normal milk production
increase per cow.

In most dairy herds, bST will
not be used in cows until they have
been in lactation for about 100
days. It will not be used in cows
with chronic health or fertility

roblems. It is expected that bST
~11} be used less in heifers than in
adult cows. If 56 percent of farm-
ers adopt the use of bST, and it is
used in 60 percent of the lactation
days per user herd, milk produc-
tion will increase about 3.5 percent
(assuming an average per cow
production increase of 15 percent).
Many well-managed dairy herds
increase per cow production more
than this on an annual basis by
using improved management and
genetics. For most herds, a farmer
who requests a thorough herd
analysis by a competent nutrition-
ist and veterinarian and then
follows their recommendations will
achieve a larger increase in milk
production than by using bST alone.

Failure to adopt proven
technology is a problem through-
out the dairy industry. Almest 60
percent of cows are bred by mating
to a bull, rather than by artificial
insemination from proven sires

vith superior genetic performance.
Only 80 percent of U.S. dairy
producers use DHIA management
information and records to ‘

improve production.

The government milk price
support system tends to make
prediction of the effect of bST on
milk prices difficult. It is true,
however, that efficient managers
in areas of the country with higher
milk prices benefit more from
application of technology and
increased production.

It is argued that large com-
mercial dairy operations can begin
using new technologies such as
bST more easily, rapidly, and
efficiently than smaller operations.
Sophisticated record keeping and
division of labor may make timely
injection of cows with bST more
feasible for these larger opera-
tiong, Other demands on the time
and management skills of typical
Midwest dairy producers who have
diversified farming operations may
make new technology more diffi-
cult to implement.

Others argue that smaller
producers with direct owner
control of the herd can manage
individual cows better and will see
a greater production increase from
the use of bST. It is not automati-
¢ally true that larger herds are
better managed and, therefore,
will benefit more from bST.

There 1s no question that
consumer loss of confidence in the
quality of milk produced by using
bST, whether the reasons are
logical or not, would reduce milk
consumption and have a negative
economic impact on the dairy
industry. This is a major concern
of dairy producers. Relative to
milk quality, bST appears to be
neutral. It neither improves nor
harms quality. Consumers would
gain with bST technology since
milk production costs may decline
due to improved efficiency. The
ultimate effect of use of bST on
consumption is unknown.

How is bST regulated?

The United States Food and
Drug Administration (FDA) is
responsible for regulating the use
of bST since it is an animal drug
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and because milk and meat are
food products. Several commercial
companies have submitted data to

~ the FDA, asking for approval to

use bST in dairy cows to increase
milk production.

Before approval of bST for
use in dairy herds, the FDA
allowed the consumption of milk
and meat from animals that
received bST as part of the experi-
mental testing process. Such
approval is often granted during
the process of license approval of
animal products. Milk from
treated cows has been judged safe
because bST is bislogically inactive
in humans and is a protein hor-
mone that is digested and de-
stroyed by gastric enzymes when it
is consumed. Each company
seeking approval for bST has to
demonstrate that bST has zero
biclogical activity in milk when it is
consumed. “The FDA has found no
pertinent information indicating
that food derived from bST-treated
cows is unsafe.” (Review). Itis not
reguired that producers withhold

" milk from the market for a certain

period of time after test herd cows
have been treated with bST.
Federal law prohibits the
social and economic effects of a
product from affecting the FDA’s
decision whether to approve its use
or not. The FDA must determine
if a product is safe, pure, potent,
and effective. Producers can
decide whether a product is
economical or useful. Approval by
the FDA does not mean that a
product must be used, but only
that it can be used, if desired.

Testing required by the FDA
Before any new product can
be approved, companies must
demonstrate its effectiveness
under actual use conditions in
several geographic locations. Fifty
cows per herd are required for bST
approval. Three dosages of bST
were used for the studies submit-
ted to the FDA. The quality
control of bST used in the test
herds was monitored and all
procedures to be used were ap-
proved by the FDA before the



testing began. The majority of the
tests in the approval process were
performed by independent scien-
tists at university laboratories and
farms or in commercial herds.
Cows were injected with bST
at various times during the jacta-
tion period, The effectiveness of
the drug and its safety for the first
and later lactation periods were
monitored. Milk vield was caleu-
lated on 2 3.5 percent fat basis.
Milk composition, including fat,
crude protein, lactose, calcium,
and phosphorus, were measured
about once per week. Daily feed
intake was measured in the test
herds. Body condition and health
were monitored throughout the
studies. The effect of bST {reat-
ment on reproduction was evalu-
ated, including breeding cycles,
conception rates, number of
breedings per conception, length of
time from calving to the next
conception, abortions, incidence of
twins, calving difficulties, and
stillbirths, The weight, growth,
and health of calves during the
first four weeks of life were moni-
tored. Monthly somatic cell
counts, as a measure of mastitis,
were required. The sites where
bST was injected were monitored
for any signs of adverse reactions.
To evaluate safety, companies
had to use one, three, and five
times the expected dosage level of
bST for two consecutive lactations
in one of their test herds. Heifers
born to treated cows were raised
through breeding age and moni-
tored for abnormalities. Compa-
nies seeking approval for bST were
also required to prove that its use
was not harmful to the environment.

First bST product ap-
proval granted by FDA

On November 5, 1993, the
FDA announced approval of a bST
product, the animal drug
sometribove, for increasing milk
production in dairy cows. The
Monsanto Company of St. Louis,
Missouri, developed the drug.
However, the drug could not be

used immediately due to a 90-day
moratorium imposed by Congress
during the summer of 1993. The
moratorium was designed to give
the White House Office of Manage-
ment and Budget time to study
possible consumer reaction and the
drug's impact on the dairy industry.
The FDA approval also
carried with it some provisions to
deal with antibiotic residue con-
cerns. In September 1992, the
General Accounting Office re-
ported that the FDA had found
evidence in submitted clinical
trials that bST-treated cows have a
sHghtly increased incidence of
mastitis. This report raised
concerns that antibiotic treat-
ments for mastitis could lead to
increased antibiotic residues in
milk. States require milk to be
tested for drug residues. Milk
found to have unsafe levels of
residues must be discarded.
Although an FDA advisory
comimittee concluded in March 1993
that adequate safeguards exist to
prevent unsafe levels of antibiotic
residues from entering the milk
supply, additional steps were taken

to ensure that any unsafe residues

in the milk of bST-treated cows are
detected before the milk or its
products are marketed.

According to a news release
issued by the U.S. Department of
Health and Human Services (HHS
News), Monsanto agreed to a post-
approval monitoring program that
includes: .

* A two-year tracking gystem

-of milk production and drug
residues in 21 top dairy states that

will periodically compare the
amount of milk discarded after
bST is marketed to the amount
discarded prior to approval.

¢ A 12-month comparison of
the proportion of milk discarded
due to positive drug tests between
bST-treated and untreated herds.

+ A reporting system to
monitor all bST use and follow up
on all complaints.

* The use of sometribove in
24 commercial dairy herds will be
specifically monitored for mastitis,
animal drug use, and the resulting
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loss of milk.

The FDA has concluded that
it has no legal basis to require
special labeling of food products
derived from bST-treated cows.
Food companies may voluntarily
label their products, provided the
information is truthful and not
misleading to consumers.

What are the controver-

sies concerning the use
of bST?

The most intense controversy
surrounding approval of bST for
use in dairy cows has occurred in
major dairy producing states in the
Great Lakes and New England
areas. Representatives of the dairy
industry are concerned about the
ultimate economic effect on producers.

Consumer and environmental
advocacy groups have expressed
opposition based on concerns about -
milk quality and the use of bio-
technology in general.

Dairy producers
Some producers are afraid

~ that they will not be able to keep

up with new technologies and they
will suffer economically as a result.
Others feel that a product such as
bST will work to the disadvantage
of producers in the Great Lakes
States and the Northeast, Natural
resistance to new technelogy
adoption and a fear of genetic
engineering techniques cause some
producers to resist the approval
and use of bST.

~ Special interest groups

Activist groups with a variety
of agendas and motives have
addressed the bST issue. Some
have stated that milk from treated
cows may not be safe after all, and
more testing is needed. Others see
this as a scare tactic to delay or
block the use of bST and under-
mine consumer confidence in milk
from bST-treated cows. Some
animal rights groups see the use of
animals for food, under any
circumstances, as inhumane or a
violation of those animals’ “rights.”
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testing began. The majority of the
tests in the approval process were
performed by independent scien-
tists at university laboratories and
farms or in commercial herds.
Cows were injected with bST
at various times during the lacta-
tion period. The effectiveness of
the drug and its safety for the first
and later lactation periods were
monitored. Milk yield was calcu-
lated on a 3.5 percent fat basis.
Milk composition, including fat,
crude protein, lactose, calcium,
and phosphorus, were measured
about once per week. Daily feed
intake was measured in the test
herds. Body condition and health
were monitored throughout the
studies. The effect of bST treat-
ment on reproduction was evalu-
ated, including breeding cycles,
conception rates, number of
breedings per conception, length of
time from calving to the next
conception, abortions, incidence of
twins, calving difficulties, and
stillbirths. The weight, growth,
and health of calves during the
first four weeks of life were moni-
tored. Monthly somatic cell
counts, as a measure of mastitis,
were required. The sites where
bST was injected were monitored
for any signs of adverse reactions,
To evaluate safety, companies
had to use one, three, and five
times the expected dosage level of
bST for two consecutive lactations
in one of their test herds. Heifers
born to treated cows were raised
through breeding age and moni-
tored for abnormalities. Compa-
nies seeking approval for bST were
also required to prove that its use
was not harmful to the environment,

First bST product ap-
proval granted by FDA

On November 5, 1993, the
FDA announced approval of a bST
product, the animal drug
sometribove, for increasing milk
production in dairy cows. The
Monsanto Company of St. Louis,
Missouri, developed the drug,
However, the drug.could not be

used immediately due to a 90-day
moratorium imposed by Congress
during the summer of 1993. The
moratorium was designed to give
the White House Office of Manage-
ment and Budget time to study
possible consumer reaction and the
drug's impact on the dairy industry.
The FDA approval also
carried with it some provisions to
deal with antibiotic residue con-
cerns. In September 1992, the
General Accounting Office re-
ported that the FDA had found
evidence in submitted clinical
trials that bST-{reated cows have a
slightly increased incidence of
mastitis. This report raised
concerns that antibiotic treat-
ments for mastitis could lead to
increased antibiotic residues in
milk, States require milk to be
tested for drug residues. Milk
found to have unsafe levels of
residues must be discarded.
Although an FDA advisory
committee concluded in March 1993
that adequate safeguards exist fo
prevent unsafe levels of antibiotic
residues from entering the milk
supply, additional steps were taken

to ensure that any unsafe residues

in the milk of bST-treated cows are
detected before the milk or its
products are marketed.

According to a news release
issued by the U.S. Department of
Health and Human Services (HHS
News), Monsanto agreed to a post-
approval monitoring program that
includes: :

* A two-year tracking system

-of milk production and drug
residues in 21 top dairy states that

will periodically compare the
amount of milk discarded after
bST is marketed to the amount
discarded prior to approval.

* A 12-month comparison of
the proportion of milk discarded
due to positive drug tests between
b8T-treated and untreated herds.

* A reporting system to
monitor all bST use and follow up
on all complaints,

* The use of sometribove in
24 commercial dairy herds will be
specifically monitored for mastitis,
animal drug use, and the resulting

5.

loss of milk,

The FDA has concluded that
it has no legal basis to require
special labeling of food products
derived from bST-treated cows,
Food companies may voluntarily
label their products, provided the
information is truthful and not
misleading to consumers.

What are the controver-

sies concerning the use
of bST?

The most intense controversy
surrounding approval of bST for
use in dairy cows has occurred in
major dairy producing states in the
Great Lakes and New England
areas. Representatives of the dairy
industry are concerned about the
ultimate economic effect on producers.

Consumer and environmental
advocacy groups have expressed
opposition based on concerns about
milk guality and the use of bio-
technology in general.

Dairy producers
Some producers are afraid

* that they will not be able to keep

up with new technologies and they
will suffer economically as a result.
Others feel that a product such as
bST will work to the disadvantage
of producers in the Great Lakes
States and the Northeast, Natural
resistance fo new technology
adoption and a fear of genetic
engineering techniques cause some
producers to resist the approval
and use of bST.

~ Special interest groups

Activist groups with a variety
of agendas and motives have
addressed the bST issue. Some
have stated that milk from freated
cows may not be safe after all, and
more testing is needed. Others see
this as a scare tactic to delay or
block the use of bST and under-
mine consumer confidence in milk
from bST-treated cows. Some
anima) rights groups see the use of
animals for food, under any
circumstances, as inhumane or a
violation of those animals’ “rights.”



-

Others have stated that cows have

a right not to be injected with bST.

Others SRR

Other opposing arguments
state that the FDA does no inde-
pendent testing of its own, but
only monitors the studies of the
companies seeking approval. The
persistent oversupply of milk and
dairy products has also been cited
as a reason to block the use of
bST. Some dairy farmers oppose
the use of bST but feel they would
have no choice but {o use the

product in their own herd in order
to stay competitive if bST came
into general use (McDermott).

Table 2 summarizes argu-
ments for and against the use of
bST in the categories of food safety
and its effect on the number and
size of farms.

What lies ahead?

Use of bST will have a
significant effect on the research
and development investment in
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agricultural biotechnology by
commercial firms. Universities
will be expected to provide unbi-
ased scientific information.

Patience, tolerance, and
understanding will be required by
educators, extension workers, and
other professionals in agriculture
who work with groups that either
support or oppose implementation
of technology such as bST.

For more information
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N.W., Suite 500, Washington,

D. C. 20007. Tel. toll-free 1-800-
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sion Veterinarian, 2270E Veteri-
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50011. Tel. (515) 204-8790.
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Distribution Center, Purdue
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Signup in bnef ~

USDA Secretary of Agriculiure Dan
Glickman recently announced the national
signup for CRP is 16.1 million acres and
522,000 acres in lowa,

CRP SPECIAL REPORT:

* towa farm leaders are not surprlsed by
the latest CRP figures, but they are curious
what the change will mean. PAGE 13

3 With many acres coming out of CRP this
fall many producers face decisions about
how to return that land into profztable pro-
duction. PAGE 16

terraces define slopes in this hilly reglon of Southwest lowa.

IFT pholo by Jeff DeYoung

Mills County farmer Paul Speck prepares to plant soybeans on what used to be CRP ground. Speck, who
farms near Mineola, will no-tlil com and beans. The land came out of the CRP program this year. Many

Update: BST quietly accepted at SO

me dairies

By leff DeYoung
low=, Farmer Today CLe

NOOD Daxren Davelaar
ci isn't the type to jump into some-
Hlthing with both feet,
Davelaar, who milks 240 Holsteins
\with his father, Garrett, near here in
Lyon County, started using the syn-

thetic hormone bovine somato’tmpm T BT : “’“ G

(BST) in November 1895,
‘fen months earlier, the Davelaars

started milking three times (3X) a v

day after adding 200 cows to their
Northwest Towa operation. .

"We wanted to just try one thmg
at a time,” Darren says.

After the 3% milking started \;wri&—'

© ing well, the Davelaars decided to

gwe BST a try
- “We had heard it worked real well
w1th.he_1£¢rs, and at that time 80 per-

} . The Davelaars are averaq,mcr tto8

‘ them, 30 we do all we can to make

" cent of herd was 2-yéat-olds,” Dar-
ren says. “We gave it a vy and were
satisfied. Now, we use it on our
whole herd.”

pounds more milk daily per cow by
using BST.
“We're expecting a lot more from

See page 4 BST v
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the cows more comfortable,”
Darren says. “We have not
had any increase in problems
from using BST.”

The furor over the use of the
growth hormone has subsided
considerably in the last year,
says Leo Timms, Extension
dairy specialist at Iowa State
University in Ames. Because
of that, BST use in owa's

“"dairy herd Has increased.

“Ali the things they talked
about, from bad milk fo
burned-out cows, hasn’t hap-
pened,” he says. .

“Some of the processors are
taking the mik when they
first refused it, and produders

are more open to telling you
that they use it. We have real-
1y seen this increase in the
last six months.”

Producers also are learning
the use of BST is not a cure-all
for ali their woes. Timms says
BST cannot overcome poor
management.

“Producers saw others use it
early, and at first they were
cautious. Now, they're aggres-
sive, and you ¢an do that if
your management is in place,”
he says. “For example, when
we had the heat siress prob-
lems in 1965, the cows were
not eating and people saw that
was not the time to use it.
They realized those cows had

DMC TRANS-FER® syslems
are the perfect companion for
any, in bin or out of bin, continu-
ous flow grain drying system.
Using & cushion of air mstead of
expensive high maintenance i2gs
and augers, your grain reaches
the storage bin in the same con-
dition as it teft the dryer.

This heavy duly industrial sys-
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tern will provide years of normat
service and operation.
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to be in betfer shape.”

After the cows were in bet
ter condition, Timms says,
producers started looking at
BST to boost milk production.

He says BST will work for
any size eperation, Timms
knows of 20- 1o 30-cow dairies
and much larger operations
using BST.

Towa is experiencing an in-
crease in the number of dairy
cows. Timuns says much of the
expansion is coming from
smaller producers, particular-
ly in South Central and North-
ern lowa. Iowa's dairy indus-
try is af a crossroads.

“We have a lot of people who
are asking themselves if they
want to be in the dairy busi-
ness,” Thmms says.

“We are seeing some expan-

sion, and I don't know if tha
will lead to more BST use,
People view it now as just ag
other management tool," |

Darren says it is essential |
producers contemplating the
use of BST understand it will
require more management.

“If those things aren't there
it probably isn't going to wor
for you.”

He believes BST is being
used more frequently in
Northwest Jowa, but it's not
something dairy producers
taik about.

“It's not because people are
afraid to talk about it. It's jus
more accepted,”” Darren savs.

“When it first came out, 1t
was the worst thing in the
world. Now, vou don't hear
much about it.” ®
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Introduction to Biotechnology

Objectives:
1. To develop a basic understanding of biotechnology.
2. To brainstorm ways in which biotechnology can be utifized to solve problems and improve
productivity.
3. To define genetic engineering.
4. To introduce the theory behind the development of the Flav'r Sav’'® tomato.
(Note: No longer in production?)

Strategies:

Utilize a brainstorming activity to generate interest and develop a basic understanding of
genetic engineering.

Activity (interest Approach):
*» Divide the class into groups of 2 to 3 students.
* Provide each group with a clean piece of paper
» Read the following statement:

“Each group will have 3 minutes to design the perfect hog. Before you start designing
you may want to generate a list of problems associated with hogs and hog production.”

"Draw a picture of your hog and select one person from your group who will explain its
features.”

{Note: You may substitute the word hog with... dairy cow, corn plant, etc.)

Evaluation:

* Have each group report back and explain the features of their design.
» Reward for the best design.

Discussion Points:
What is bictechnology?
What is genetic engineering?
How does genetic engineering differ from traditional selective breeding?
Would it be possible to make a hog which could photosynthesize?
What wouid be the possible benefits of producing a hog which could photosynthesize?
How does modern agriculture compare to 100 years ago?
What agricultural developments might we have 100 years in the future?

Assignment:
Read the article about the Flav'r Sav'r® tomato.



hether we toss them in salads or slip them onto sand-
wiches, Americans eat a lot of tomatoes. Each year, an
estimated 85 percent of U.S. households purchase
tomatoes. And each month, some 55 million of us purchase three
pounds of fresh tomatoes from our local grocery store. Tomatoes
rank third in vegetable consumption among Americans, behind
only potatoes and green salad.

Yet, despite high consumption levels, we are very dissatisfied with
the quality of tomatoes we buy. In a 1993 survey, tomatoes ranked
#1 in produce items most likely to leave us dissatisfied.

oday, most fresh tomatoes are picked green, prior to reach-
ing their full flavor poteniial, in order o be sure they will
survive the long jowrney from the farm o the grocery store.
.ne tomatoes are then transported in refrigerated trucks — often
at temperamres below 55 degrees (colder temperatures dramati-
cally reduce flavor). The wypical result ~ tomatoes that look red,
but taste green.

The FLAVR SAVR tomato is developed by isolating the polygalac-
teronase (PG) gene, an enzvme in all tomatoes which causes
them to soften and eventually spoil. By putting a copy of this
tomato gene into the tomato plant backwards, Calgene Fresh has
discovered a way 1o slow down the tomato’s softening process.
Thus, FLAVR SAVR tomatoes spend more time on the vine for
extra flavor.

FLAVR SAVR tomato seeds are planted and grown just like other tomato
seeds. But because FLAVR SAVR tomatoes are slower to soften than
other tomatoes, they hold their peak flavor longer.

.ecamse Calgene Fresh wants to provide consumers with the
\ opportumty to ‘make informed choices, the company will
koluntarﬂy label each tomato: "MacGregor's, Grown from-

Flavr Savr Seeds.” In addition, Calgene Fresh will provide infor-
mation at the point of ptirchase that clearly identifies the tomato,
as genetically engineéred. This consumer information brochure o
~xplains how and why the FLAVR SAVR was developed, offess 3

ore technical dlscugssxon of the technology, a complete, nutri-
;nal profile and. a.m;SOO" phone number to call for more. mfo

#1: Potatogs.

‘_E: Carrots
9. Green peas -
10. Onions
:,11 Broccoh i

13, Spinach ;

' Sotirce: The Packer’s 1993 Fresh Trends

- MOST FREQUENTLY
CONSUMED VEGETABLES

Vegetable Numbers consuming
(per 10 000)

12. Greens (c-ollards etc)

14. Sweet Ppotatoes
15. Cooked green peppers.

Source: National Cancer Institute

3O OCDHOEER D EE IS

Tomatoes rank #1 in produce items
most likely to leave consumers dissatisfied.

1. Tomatoes 5. Oranges

2. Lettuce 6. Grapes

3. Apples 7. Cantaloupe
4. Bananas 8. Peaches

Consumer Proﬁle Study

e ot 2



THEFLAVR SAVR TOMATO:
A NUTRITIONAL SNAPSHOT

omatoes are considered a significant source of
vitamin A and vitamin C. And, because toma-
toes are the third most consumed vegetable
among Americans. they rank higher than most other
vegetables for U.S. dietary intake of these nutrients.
In fact, next to potatoes, Americans consume more
vitamin € from tomatoes than from any other veg-
etable. (Source: National Cancer Instinute)

It scientific studies, Calgene Fresh researchers com-
pared the FLAVR SAVR tomato's nutritional profile to
that of traditionally bred tomatoes and found no sig-
nificant differences. The FLAVR SAVR tomato's nutri-
tional profile closely maiches that of other tomatoes
and, for ali nutritional values, measures well within
the published range.

HOW BLOCK!NG THE SOFTEN-
ING GENE CHANGES THE -
FLAVR SAVR TOMATO :

Component Changed

Nutritional Profile

Potential Toxins

Horticulture traits

Color (pigmentation)
Softening rate v

3 algene Fresh's safetv and nutritional data were
¢, reviewed by an external panel of experts, which
' included Dr. Ian Munro, former Director Gen-
eral for the Food Directorate in Canada's Department
of Health and Weifare. Munro summarized the
panel’s conclusions by saving, “FLAVR SAVR toma-
toes are as safe for human consumption as other
tomatoes that are currently a part of the hwman diet.”

HOW FLAVR SAVR TOMATOES
STACK UP ON NUTRITION
: Within

Nutritional  Normal Range Norme?
Compon_ent For All Tomatoes Flavr Savr Ranges Rang ;

BLOteI i Fr0:00.8 (ol
Vitamin A 192 - 16671{{} 330

Wtazmn.Bl 3

(Rlboﬂaviﬂ)
Vitdmin B6;>
Vitamin C
NlCOLL‘ﬂ ;

etk b yaterey

Calcium

- (.41 mg yes

Iron 6.2 - 0 9:) mg 0.2
* Measurements based on 100g fresh tomato

DEVELOPMENT OF THE
FLAVR SAVR TOMATO

€D 19521989

Pioneering research conducted to

solve an age old problem - how to
supply an abundance of great tasting

tomatoes throughout the year.

€ 1989

Fresh tomato varieties selected meet-
ing FLAVR SAVR tomato spemﬁca—
tions.

@ October 1992 U.S. Department of Agriculture deter-
mines the FLAVR SAVR tomazo does
not present a plant pest risk and there-

fore field trials need not be regulated.

@ February 1993 Nationally recognized panel of food
safety experts reviews data and con-
cludes the FLAVR SAVR tomato is as
safe as any other tomato currently part
of the human diet.

Pre-market testing completed on the

FLAVR SAVR tomato and data submit-

ted to the U.S. Food & Drug Adminis-
ation (FDA) for its review

@ March 1993
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Objective:
Materials:

Interest Aprroach:

[nstruction:

Activity:

N

"DOWN on the PHARM”

To understand medicines of the past, present, and foture.
Donuts, knives, handout, internet or magazines

Write the words "farm” and "pharm" on the board. In groups of two, the
students should come up with a definition for each word, then discuss
what the differences between the definitions of the two words

might be as a large group.

Begin with a discussion of how pharmaceuticals are developed today. Ask
students about alternative pharmaceutical production.

Provide students with the two handouts. One handout is an article ("Using
Transgenic Plants to Make Medicines"); the other has the terms to be defined
listed on it. Have the students define the words using the article, After the
students have wrote down the definitions, discuss the words and their meanings
in class.

Following this, the students should read the article, and a discussion should
take place following the silent reading session. It is suggested that you
introduce the three areas.of research concerning the use of transgenic tobacco
plants. 1) Transgenic tobacco plants containing human genes that control
blood clotting. 2) Transgenic seeds containing antiviral drugs. 3) Anti-freeze
proteins used to preserve the quality of frozen cells, sperm, and embryos.

Biopharmaceuticals - drugs produced in living organisms
Genes - the living blueprints that control inherited traits

Genetic Engineering - modification of organisms by "cutting" specific genes
from one plant, animal, or bacteria and "pasting” them into another organism

Niche - Small, specialized

Nutracenticals or Functional Foods - foods with high levels of specific
nutrients that are useful in health care

Pharm - Biopharmaceuticals are grown here

Phytochemicals - chemicals in plants that can be used in making drugs, health
foods, and cosmetics

Transgenic - genetically modified
Plasmids (Genetic Engineering). This activity is designed to help students

visualize the concept of plasmid transfer with regard to genetic engineering,
A’copy of the activity is provided.



Plasmids

(Genetic Engineering)
Description: : . . _
An activity to help students visualize the concept of plasmid transfer with regard to
genetic engineering.

Objectives:
To understand plasmid transfer.
To identity applications of genetic engineering for agricuture.

Materials Needed:

» Donuts

» Snip a piece of donut. This represents a “chunk” of genetic material which can be
released by using “scissor enzymes”.

Plasmid
Ring of genetic Gene
material o
Bacteria: plasmid inserted into
bacterium which then
replicates the plasmid
and injects into a plant
cell.
Plant Cell

The plant cell then
incorporates the
plasmid into its DNA. \ /
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Using Transgenic Plants to Make Medicines

Producing Medicines down on the “Pharm’

Piants: Medicines of the Past, Present, and Futre

Plants have been an important source of miedicine for
thousands of years. Even today, the World Health Organiza-
tion of the United Nations estimates that up to 80 per cent of
people still rely mainly on traditional remedies such as herbs
for their medicines.

Plants are also the source of many modern pharmaceuti-
cals (drugs). It is estimated that approximately one quarter of
prescribed drugs contain plant extracts or active ingredients
obtained from or modeled on plant substances. Some of our

-t known medicines fit into this category; aspirin, for
mple, is a synthetic version of a traditional pain remedy
derived from the bark of willow trees.

In recent years, pharmaceutical companies have intensified
the screening of plants for substances that may be useful in
making new or improved medicines. Several Saskatchewan
companies are actively involved in the research and develop-
ment of pharmaceuticals derived from plants, as well as
nutraceuticals ot functional foods (foods with high levels of
specific nutriénts that are useful in health care).

-Fytokem Inc. of Saskatoon is involved in the preparation
of plant extracts and phytochemicals (chemicals in plants that
can be used in making drugs, health foods, and cosmetics.)
Saskatoon's Bioriginal Food and Science Corp. derives health
products from specialty crops that are grown in
Saskatchewan. For example, Bioriginal markets a high-
potency gama linolenic acid - GLA (a fatty acid that is useful
in controlling inflammation) derived from the borage plant.

What Are Biopharmaceuticals?

Researchers are now exploring the potential of biotech-
nologies such as genetic engineering to extend the range of
products, including medicines, that can be obtained from
plants.

Genetic engineering involves the modification of organ-
1sms by “cutting” specific genes (the living blueprints that
control inherited traits) from one plant, animal, or bacteria and

“pasting” them into another organism. This biotechnology has
many uses, including the production of “non-plant™ products
in plants. Scientists are, for example, attempting to add genes
to canola plants that will make them produce a type of
biodegradable plastic.

Biotechnology can also be used to make
biopharmaceuticals (drugs produced in living organisms).
While the small number of biopharmaceuticals currently
available are all produced in mammalian cell and tissue
cultures, researchers have now developed genetic modifica-
tion techniques that can be used to transform animals and
plants into living “factories” capable of producing dmgs.

The technology to produce biopharmaceuticals in plants is
still experimental and no drugs from this technique are
currently available. However, research is starting to yield
results:

» Cooperative research by the University of Ottawa, Health
Canada, and the Canadian Red Cross Society has succeeded
in producing transgenic (geneticaily modified) tobacco plants
containing human genes that control blood clotting. These
substances can be used to treat immune system disorders that
often follow bone marrow transplants.

» The same consortium is developing a vaccine useful
against a virus called CMZ. This virus is harmful to people
whose immune systems are weak. The researchers have
succeeded in expressing the vaccine in tobacco seeds, and are
working on its expression in rice. Ultimately, they believe it
may be possible for people to take their medicine simply by
eating transgenic seeds containing the antiviral drug.

» A researcher at Queen’s University in Ontario has used
genetic engineering to transfer the genes controlling the
proteins that keep fish from freezing into tobacco plants.
Although these “anti-freeze” proieins are not used in drugs,
the researchers anticipate that they will be useful in the
medical field to preserve the quality of frozen cells, sperm,
and embryos.

Agbiotech Information Bulletin for Schools courtesy of Ag-West Biotech Inc.




Making Biopharmaceuticals Using Transgenic Plants
One interesting research project on biopharmaceuticals is
taking place in Western Canada. A Calgary company called
emBioSys Genetics Inc. has developed a transgenic canola
variety which contains an anti-coagulant (a substance that
reduces blood clotting and helps prevent heart attacks). The

substance, called hirudin, was originally found in the saliva of
leeches,

Using genetic engineering techniques, the genes respon-
sible for producing the hirudin were cut from the cells of the
leeches and pasted into canola cells. When plants were grown
from the genetically engineered cells they contained hirudin.

One major advantage of using plants to “grow” substances
such as hirudin may be reduced cost. Building the facilities to
produce biopharmaceuticals from tissue culture can cost up to
$50 million. In the case of plant production, once the research
and development is completed, growing the drug- producing
plants can be relatively inexpensive. For instance, that plant-
derived hirudin may soon be produced at about one tenth its
present cost.

However, there are technical problems to be overcome
before drug production in plants becomes practical. For
instance, although plants are relatively inexpensive to culti-
vate, the costs of extracting and purifying biopharmaceutical
substances can be high. Because plants must compete with
various emerging methods of drug production, including other
biotechnologies such as yeast fermentation, it is critical that
costs are kept modest.

Production companies are working to develop new
systems which will control costs. SemBioSys, for example, has
also developed procedures that deal with the problem of
separation and purification of hirudin from the canola.
Researchers found a way to attach the hirudin genes to the
oleosins in canola during the genetic modification process.
Oleosins are highly lipophilic proteins (substances that
promotes the dissolvability of a fat) located on the surface of
oil bodies found in high quantities in a variety of seeds,
including canola.

The oleosins (with the attached biopharmaceuticals) are
embedded in the oil and can be easily separated from the other
seed proteins through water extraction. The oil and the
oleosin/biopharmacentical float to the surface, effectively
purifying these proteins, Once the oil is separated, additional
purification processes yield a 99% pure hirudin molecule.
This results in a relatively low cost separation process, and the
canola’s hirudin activity compares well with a similar product
produced in a strain of yeast,

New Opportunities..Down on the “Pharm’

From an agricultural perspective, turning a standard farm
into a pharm {a newly coined term for a specialized farm
‘here biopharmaceuticals are grown) has the potential to be
ory lucrative. It has been estimated, for example, that the
potential value of canola seed containing the pharmaceutical
hirudin could be $120,000 per tonne, a huge jump from the
normal value of canola seed, which currently sells at $250-

300 per tonne.

Of course, only small amounts of 2 drug are needed in
comparison to food, so biopharmaceuticals will never be
grown over large areas like standard crops. Still,
biopharmaceuticals and other alternative products produced in .
transgenic plants could add important niche (small, special-
ized) markets that contribute to the diversification of prairie
agriculture.

When developing transgenic alternatives, it will be
important to be selective in choosing the crops that carry
biopharmaceutical substances. Alfalfa, potatoes and canola
are among the crops being examined. While canola is weil
suited to genetic medification, Dr. Maurice Moloney, the
founder of SemBioSys and a professor at the University of
Calgary, believes the best applications of biotechnology to
canola will be related to food and feed markets. Most promi-
nent among these applications are improved feed meal,
modified edible oils, and food processing enzymes that are
already part of the food chain.

However, several relatives of canola that are not presently
used as food crops are suitable candidates to produce
biopharmaceuticals. From the scientist’s viewpoint, these
crops can be modified with the same biotechnologies devel-
oped for canola, while farmers can use familiar cultivation
techniques. These alternative plants, however, will be not be
able to cross pollinate with conventional canola, eliminating a
potential threat to the traditional uses of canola as a top food
crop.

In addition to useful new sources of medicines,
biopharmaceutical crops will provide opportunities to diver-
sify the agri-food economy. Smaller scale, specialty seed
crushing operations and end-product manufacturing could
provide an entirely new type of growth opportunity for the
agricultural industry.

Special thanks to Dr. Ron Wilen of the Biochemistry Department at the
University of Saskatchewan for his support in producing this Infosource.
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Bioethics

Description:
Many developments in biotechnology and genetic engineering have been quite
controversial.
Flav'r Sav'r® tomato: Initially consumers were concerned about accusations
of engineers using a gene from an Arctic Flounder fish in the tomato.
This rumor was not true but was one of many controversys surrounding
the introduction of the Flav'r Sav'r. (Gene fransfer does occur in nature.)

bST1. Consumers were concerned about health hazards associated with
consuming milk produced using this hormone. bST is a naturally
occuring substance.Tests have shown that there is no more bST in milk
from treated cows than in milk from untreated cows.

Cloning: People are concerned about cloning technology being used fo
produce a superior race of humans.

Obijectives:
1. To develop an understanding of pros and cons associated with utilizing
biotechnology.
2. To learn to appreciate both sides of a controversial issue.
3. To understand that their may not be a definite right or wrong.

Activity:

* Divide the class into two groups.

* Assign one group to research and brainstorm pros of utilizing biotechnology.
Assign the second group to research and brainstorm cons of utilizing
biotechnology.

* Allow time for each group to research their view.

* Allow the two groups to debate their views. You may want to have each group
select a spokesperson whom group members can relay their views to, but only
the spokesperson will speak. {Depends on how large your class is.)

Debate: (Suggested questions to address.)

Is genetic engineering messing with mother nature? (playing God)

What is your best argument in favor of utilizing genetic engineering?

What is your best argument against utilizing genetic engineering?

What are the long term effects?

Should we be allowed to genetically engineer people to run faster for
sports?

Should we be, allowed to genetically engineer animals to be used as
human organ donors?



Summary:

* Summarize by generating a list of pros and cons.

Personal Opinion: 1 don't tell students that genetic engineering is “right”,
but rather | want them to know what it is and recognize the
possibilities.

Someone will almost always say that genstic engineering is “playing
God" because if God wanted you to have it you would have been bomn
with it. My response is... | ask how many of them have ever had a shot of
antibiotics or a vaccination? Where you born with a hypodermic needle
in your arm? Should we let a 6 year old child die because she was bomn
with a bad heart? Should we let people starve if we know how to
produce more food? How can a human play “God"? If | could play “God”
I wouldn’t be driving a 1987 Ranger.

Evaluation: _ :
Have each student write a one page opinion paper. (Their view pro or con.)

Assignment:

* Read "Natural Gene Transfers: How Nature Engineers Plants”
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Natural Gene Transfers: How Nature Engineers Plants

Biotechnology: A Natural Process?

The word biotechnology conjures up images of people in
‘hite coats using futuristic science to do things nature can't —
ach as transferring genes from one plant or animal species o
nother.

This image is only partially accurare. Ir’s true that scien-
‘sts have learned to modify the genetic code controlling the
aheritance of plant or animal characteristics. Beginning in
973, they discovered how to cut genes out of one plant, animal,
7 bacteria and paste them into another in such a way that the
wdified organism could reproduce.

These techniques allow genes to be transferred berween
wmpletely different species, or even between bacteria, plants or
aimals.

*lowever, genetic transfers between species — or even

bacreria and plants — isn't “unnatural” In fact,
:ientists developed the basic technigues of genetic engineering
v mimicking methods of gene transter chat accur all the time in
arr natural environment.

Bacterja: Nature’s Genetic Engineers

As far back as 1869, rthe Swiss scientist Fredrick Meischer
fscovered and iselated DNA, the substance inside the cells of
oy organism which contain the genetic “blueprint” controlling
1 of its characteristics. :

Like his contemporary Gregor Mendel, who first estab-
ished the principles of heredity, Meischer's discovery was largely
gnored by the scientific community of his time.

It was in the mid-1920s that the British pathologist
“vederick Griffith learned that the pneumonia-causing bacterium
e was studying was capable of transforming its basic characteris-
ics. His experiments showed that a harmless strain of bacteria
-ould transform into a lethal one.

Several decades later, researchers discovered that viruses
iving in the bacteria are the agent of its genetic rransformation
rom one type to another. The scientists observed that bacterial
ind viral DNA can integrate, and then “ferry” genes between
lifferent kinds of bacteria. '

Bacteria and Gene Transfers in Plants

A similar discovery about natural gene transfers in plants
was made by agricultural scientists in 1907,

Erwin Smith and Charles Tounsend discovered that plant
traits can be changed in nature in much the same way bacteria
are alrered by the activity of viruses.

The scientists discovered this when they observed the
formation of a plant tumor called a crown gall. Crown galls form
on a plant at the site of a fresh wound when the wound is
infected by a common soil bacterium.

Although at the time they Jdidn't understand the genetic
science involved, the researchers were observing the activity of
Agrobacteriion rumefaciens, which is capable of inserting its
genes into planes. The foreign genes can then “hijack” the
genetic cade of the plant, making it a betrer host for the bacte-
ria.

What Smith and Tounsend did come to realize was that the
cell mechanisms of all living things, whether plant or animal, are
fundamentaity the same. This discovery later made it possible to
apply the process of gene transfer, first observed in the plants
changed by A. tumefaciens, to the modification and improve-
ment of many plants usetul in agriculrure.

In time, this was accomplished by finding & way to delete
the genes that cause the crown gali disease and substitute other
genes that produce desirable traits. Scientists found that they
could harness this unusual abilicy of A, tumefaciens o carry out
gene transfers in the lab.

How Bacteria Are Used to Modify Plants

Once scientists have discovered the genes responsible for
the trait they want to introduce into another plant, they face
several difficult problems in transforming the rarget plant.

First they must accumulate enough pure DNA needed to
genetically alter 2 number of targer plant cells.

A second problem is finding a way to deliver genes
through the walls of the cell and into the nucleus. After all, the
cell is designed by nature to keep foreign material out.

Several ways have been found to solve these problems, but
one of the most useful methods harnesses bacteria to both
increase the amount of DNA as well as to “deliver” genes
through cell wall and into the nucleus.

Agbiotech Information Bulietin for Schools courtesy of Ag-West Biotech Inc.




Using Bacteria to Move Genes Bétween Plants
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How do they do ic?

1. Scientists have discovered thar a number of enzymes,
complex organic substances originating in living cells, can be
used as tools to “cut” genes from plants. Some 300-400 enzymes
are now available for use in biotechnology. Different enzymes
are used to cut and isolate specific genes.

Once scientists have discovered and isolated the genes
that contro! a desired trait in a plant (such as resistance to a
disease), they have to find a way to replicate or clone enough
exact copies of the genes to transform a large number of cells
from the rarget plants.

Their first step is to take the genes responsible for a desired
trait from a plant and insert them, using enzymes, into a plasmid
taken from a common type of bacterium called E. coli,

Plasmids are very important in biotechnology because they
are the basis of gene cloning. Plasmids -— circular pieces of
DNA thart are found in bacteria — can reproduce or replicate
themselves quickly.

2. Once a gene is inserted into a plasmid, the plasmid can
be reintroduced into the bacterial cell. When the altered
bacteria is grown in a cultuze {a medium that promotes rapid
growth}, the plasmid containing the desired gene is copied or
cloned in every cell.

Because bacteria grow qLucLly, this method makes it
possible to make mitlions of copies of the desired gene in a short
period.

3. Using enzymes, the plant genes are now removed from
the E. coli plasmids and inserted into the plasmid of A.
tumefaciens, the soil microorganism that can move foreign genes
into plant cells.

4. Finally, the altered A. tumefaciens is mixed with the
target plant cells. The bacteria ferry the engineered plasmid into
the target plant cells. The “foreign” plant gene is then incorpo-
rated into the plant cell's DNA. New plants can be grown
directly from these modified cells in a special growth chamber.

Some of the plants grown from these cells wili have the
trait specified by the new gene. By growing the plants, scientists
can now test to see which of the plants have beén genetically
transformed.

The Goal: Improved Crop Varieties
By hamessing nature’s methods of gene transfer, scientists
have been able to genetically alcer a number of common crops,
creating new varieties that are better suited to farmer’s needs.

Cerrain crops respond more readily to biotechnology than
others. One of these crops is canola. Already, several new
varieties of canola have been developed through genetic
engineering.

For example, we now have canoclas that are resistant to
certain kinds of herbicides that used to kil them. Other canolas
have been modified to produce specific kinds of oil suitable for
special uses, including enhanced nutrition, medicines, and the
production of lubricants.

Grasses, like wheat, or legumes, such as peas, are more
difficult to modify. Recently, scientists ar the National Research
Council's Plant Biotechnology Institute in Saskatoon have used
A. tumefaciens biotechnology to produce their first genetically
modified peas.

Although there are many new biotechnologies availabie to
solve basic problems in plant transformation, scientists continue
10 use nature’s method of genetic modificarion to further their
research. '

Special thanks to Dr. John D. Mahon. of the National Research Council,
Plant Biotechnology Instinue. for his support in producing this
Infosource.
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Genetic Diversity

Description:

Students will taste pieces of paper saturated with 3 different substances. The ability to
taste each of these substances is genetically linked. Some students will lack the
genetic ability to taste one, two, or all of the substances. The data can then be used to
estimate genotypes for all students in the class.

Objectives:

To develop an understanding of genotype and inheritance.
To show genetic diversity.

To diagram genotype using the Punnet Square.

Interest Approach:

Are any of you related to each other 7 {(cousins, etfc.)
Do you have any similar traits ? (height, hair color, etc.)
Why don’t look exactly the same ?

Equipment and Supplies Needed:

~ Genetic Taste Papers (avail. from science catalogs...Carolina Biological, Flinn, etc.)
Control

PTC

Thiourea

Sodium Benzoate

Procedure:

+ Give each student one of each taste paper.

+ Taste the control, first, to familiarize them with the taste of the paper.

* Taste each of the other taste papers. Have students records either a Yes or a No for
each paper. Record a “Yes” if they detect a definite taste. Record a "No” if they do not

detect a definite taste. (Record only definite tastes. An “I think | taste it...” should be
considered a "No.”)



Ag. 1 Genotype and Genetic Diversity Name

Record either a “Yes” or a “No” in under each substance. “Yes" if you detect a definite
taste. “No" if you do nottaste it, or if you are not sure. (Be careful not to confuse the
taste of the substance with the taste of the filter paper. Re-taste the control paper if
necessary.)

YorN Genotype

PTC

Sodium Benzoate

' Thiourea

You have gathered information about your genetic make-up.
Assume that each trait is complete dominance.
PTC:
If you tasted the PTC, record a “PP" in the genotype box.
If you did not taste the PTC, record a *pp” in the genotype box.

Sodium Benzoate;
If you tasted the Sodium Benzoate, record a “PP” in the genotype box.
If you did not taste the Sodium Benzoate, record a “pp” in the genotype box.

Thiourea:
If you tasted the Thiourea, record a “tt” in the genotype box.
If you did not taste the Thiourea, record a “TT" in the genotype box.

Note: Assume that the ability to taste Thiourea is homozygous recessive.
Only "tt" can taste Thiourea.

Questions:

Could somone who has the genes "Pp" taste the PTC ?
Could someone who has the genes “Sg” taste the Sodium Benzoate 7
Couid someone who has the genes “Tt" taste the Thiourea ?

What is meant by homozygous recessive ?



Ag. 1 Punnett Square Name

One of the major advantages of sexual reproduction is genetic diversity. Complete a
square to show the genotypes of the following cross.

George’s Genotypes: Pp Ss Tt
Gertrude's Genotypes: Pp Ss Tt

List all of the possible gene combinations which the male's sperm could have.
List all of the possible gene combinations which the female’s egg could have.

Using these gene combinations complete the square.

Analysis:
Lightly shade the individuals who can taste all three substances.

Circle the individuals who cannot taste any of the substances.

If we could reproduce George, asexually, what genotype(s) would the offspring have ?




Value Added Products
(Soybean Flavor/Soymilk)

Objectives:

1. To identify the economic value of grain production to lowa's economy.
2. To learn alternative uses for crops. (Other than feed.)
3. To estimate the economic impact of adding value to lowa products.

interest Approach:
Cut up cubes of tofu and see if they can identify it. Taste it.
(Caution: most of your students will not like it plain.)

Strategies: (What will the teacher do?)
Questions:
* How does lowa rank nationally in corn production?
see “lowa’s Rank in Agricuiture”
* How does lowa rank nationally in soybean production?
see “lowa’s Rank in Agricuiture”
« How do we use comn?
We most commonly think of feed.
* How do we use soybeans?
We most commonly think of feed.
» Can you list some alternative uses of corn and soybeans?
see Dept. of Ag Publication on Crop uses
* What is tofu”?
Activities: (What will the learner do?)

Soybean Flavor Demonstration (ISU)

Soymilk Lab (see lab procedure)
Evaluation:

Scenario:

Assume that a quart of soymilk selis for $1.50 per quart.

* Calculate the value of last year's soybean crop if sold for $7 per bushel.

+ Calculate the value of last year's soybean crop if processed and sold as

soymilk.

* Work in groups of 3-4 o brainstorm possible uses for the soymilk by-product.

References/Resources:

lowa’s Rank in Agtriculture
lowa Census Report



SOYBEAN FLAVOR DEMONSTRATION

Prepared by the Office of Biotechnology, lowa State University

The soybean grain commonly produced by farmers has a grassy or beany flavor. This flavor
is not a problem when the grain is used as animal feed, but it can be objectionable to some persons
when soybeans are used in food products.

The beany flavor is the result of the action of an enzyme called lipoxygenase. As the name
implies, the enzyme is involved in the oxidation of lipids or fat, which results in the beany flavor.
There are three forms of the enzyme, commonly referred to as lipoxygenase 1, 2, and 3. The three
forms occur in common soybean varieties grown by farmers.

To eliminate the beany flavor, soybean scientists evaluated varieties from throughout the world
in an attempt to find those that did not have one or more of the lipoxygenase enzymes. They found
a few varieties that lacked 1, 2, or 3, but no variety lacked more than one of the three forms. By
hybridization, mutation, and selection, soybean breeders were able to combine the genes that control
the three forms of the enzyme. Soybeans are now available that lack one, two, or three of the
lipoxygenase enzymes. - These soybeans are being used to produce soymilk and other food products that
no longer have the beany flavor of common soybeans. |

) The soybeans with and without the lipoxygenase enzymes provides a tangible illustration of the

action of a gene. The soybeans needed for the demonstration can be obtained without charge from the
Office of Biotechnology, Towa State University, 1210 Molecular Biology Building, Ames, IA 50011,
1/800-262-0015 x9818 or FAX: 515/294-4629.

Procedure:

1. Distribute to each student a seed of the soybean variety that lacks the lipoxygenase
enzymes. [t is important to taste the seeds without the enzymes first because those
seeds with the enzymes will leave such a strong aftertaste that it is impossible to know
if any later samples do or do not have the beany flavor.

The students should be advised to be careful when chewing on the seeds to
avoid damage to their teeth. After they have chewed on the seed, they should record

the flavor they perceive.

2. Distribute to ‘each student a seed of the soybean variety that has the Iipo'xygen‘a_se

enzymes. The students should chew on the seed and record ‘the flavor they perceive. . ! -

“Note:' The soybeans that lack the beany- flavor were develop'ed. ‘by. classical 'pilant- bfeeding' "methcﬁé.‘- o
Biotechnologists are using molecular technigues to-modify the flavor of crop products:” The FlavrSavr
tomato is'the first commercial product developed by molecular techniques to have improved flavor.

revised 6/94



MODIFICATION OF SOYBEAN OIL TO IMPROVE ITS NUTRITIONAL QUALITIES
Prepared by the Office of Biotechnology, Iowa State University

Nutritionists recommend that consumers minimize the amount of saturated fat in their diets. There
also is evidence that the consumption of hydrogenated products should be minimized because of the possible

negative effects of the trans fatty acids produced by the process.

In 1994, the first commercial soybean varieties were grown that had changes in their oi
characteristics with respect to reduced saturated fat content and reduction of a fatty acid that may eliminate
the need for hydrogenation in some oil products. These varieties will significantly alter the manner in which

soybeans are produced and marketed by farmers and the products that will be available to consumers.

COMPOSITION AND CHARACTERISTICS OF SOYBEAN OIL
L
The five major fatty acids in soybean oil are palmitate, stearate, oleate, linolenate, and linoleate.
The fatty acids differ in the number of carbon and hydrogen atoms they contain, which causes differences in

the nutritional value of each and their influence on the characteristics of food products,

Palmitate: It is made up of 16 carbon atoms and a full set of hydrogen atoms, which makes it a
¥4
saturated fatty acid —é-c?- . Palmitate has a negative impact on human nutrition. ‘It has desirable

characteristics for maéimg margarine and shortening.

Stearate: It is made up of 18 carbon atoms and a full set of hydrogen atoms. Stearate is a saturated
fatty acid that does not have the same negative effect on human nutrition as does palmitate, It has
desirable characteristics for making margarine and shortening.

Oleate: 1t is made up of 18 carbon atoms, two of which each lack a hydrogen atom. The absence of
a full set of hydrogen atoms make it an unsaturated fatty acid ~§:1=é{— . Oleate ‘is referred to as a
monounsaturate. It is desirable for human nutrition and for frying oils.

Linoleate: 1t is made up of 18 carbon atoms, four of which each lack a hydrogen atom. Linoleate is
an unsaturated fatty acid that is referred to as a polyunsaturate. It is desirable for nutrition, but can
lead to off-flavors in food products that are not hydrogenated. '

Linolenate: It is made up of 18 carbon atoms, six of which each lack a hydrogen atom. Linolenate
is an unsaturated fatty acid that is described as a polyunsaturate. It is desirable for nutrition, but it is
the fatty acid most responsible for the off-flavors in food products that are not hydrogenated.



MODIFICATION OF SOYBEAN OIL
PAGE 2

To improve the nutritional characteristics of soybean oil, it is desirable to reduce the content of the
saturated fatty acids, particularly palmitate, and lower the content of linolenate to eliminate the need
for hydrogenation. Both of these changes have been accomplished in soybeans by developing genes
that alter the fatty acid content. .

Hydrogenation

Hydrogenation is a chemical process used to add hydrogen atoms 1o the unsaturated farty acids,
particularly linolenate, The addition of hydrogen reduces the development of off-flavors in oil preducts.
During hydrogenat%r?n, hydrogen atoms in oleate, linoleate, and linolenate may change from the cis form -GG~

i X \ e
to the trans form .¢=c . Research indicates that the cis form does not have a negative effect on nutrition,

but the trans form is ‘%{mt desirable.

Development of new genes

The genes needed to markedly change the composition of soybean oil were not available in soybean
varieties grown throughout the world. To develop the necessary genes, soybean scientists treated seeds with
chemicals called mutagens, The mutagens alter the DNA in the cells, which results in the formation of new
genes. Scientists cannot control what genes are changed by the mutagens, so they evaluate thousands of
plants from the treated seeds to try and find the ones that have been changed for the genes they need.

The mutagen treatment of soybean seeds was successful and new genes were found that reduce the
palmitate or the linolenate content of the oii. By combining the new genes from different plants, the
scientists were able to reduce saturated fat content of the oil by more than 50% and the linolenate content by
more than 75%. These genes have been put in varieties that can be grown by farmers.

Production of the new varieties by farmers

The seybean varieties with the new oil characteristics must be kept separate from conventional varieties
during planting, harvest, and marketing, If grain of the new oil varietie« <nd grain of the conventional
varieties are accidentally mixed, the oil obtained from it will not have the desired fatty acid content.

When soybean farmers grow the new oil varieties, they make a contract with a company that wants the
oil. In the contract, the farmers agree to keep the new oil varieties separate from the other varieties they are
growing. The company agrees to pay the farmer for the extra work required to keep them separate.
Marketing of the new soybean oil to consumers

The first soybean oil with reduced saturate content or reduced linolenate content will be obtained from the

new varieties grown by farmers in 1994, No information is available on the way in which the new oils will
be marketed to consumers.

6/94
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Soyfoods Nutrition Information

{though soyfoods are widely recognized for their nutritional qualities,
interest in soyfoods has risen recently because scientists have

- discovered that a soy component called isoflavones appears to reduce
the risk of cancer. More research needs to be done to determine exactly how
isoflavones work, but it appears that as liitle as one serving of soyfoods a
day may be enough to obtain the benefits of this anticancer phytochemical.

The calcium content of fortified soymilks which may be found in retail stores
can be found in our Soymilk Calcium Chart.

It is important, though, to understand the entire nutritional value of
specific soyfoods so that dietetic decisions can be made. For instance, soy
protein has been found to be effective in reducing cholesterol, in treating
kidney disease, and may cause calcium to be better utilized, helping to ward
off osteoporosis. Some soyfoods such as miso contain high amounts of
sodium, and should be avoided by people who need to minimize their
sodium intake. A single serving of tempeh contains twice as much fiber as
the average American eats in a day.

Composition and nutrient content of selected soyfoods can be found at the
USDA Nutrient Database for Standard Reference.

For more information about soyfoods, please refer to our book list.

Copyright 1997
Indiana Sovbean Board




MODIFICATION OF SOYBEAN OIL TO IMPROVE ITS NUTRITIONAL QUALITIES
Prepared by the Office of Biotechnology, Iowa State University

Nutritionists recommend that consumers minimize the amount of saturated fat in their diets. There
also is evidence that the consumption of hydrogenated products should be minimized because of the possible

negative effects of the trans fatty acids produced by the process.

In 1994, the first commercial soybean varieties were grown that had changes in their oi
characteristics with respect to reduced saturated fat content and reduction of a fatty acid that may eliminate
the need for hydrogenation in some oil products. These varieties will significantly alter the manner in which

soybeans are produced and marketed by farmers and the products that will be available to consumers.

COMPOSITION AND CHARACTERISTICS OF SOYBEAN OIL
L
The five major fatty acids in soybean oil are palmitate, stearate, oleate, linolenate, and linoleate.
The fatty acids differ in the number of carbon and hydrogen atoms they contain, which causes differences in

the nutritional value of each and their influence on the characteristics of food products,

Palmitate: It is made up of 16 carbon atoms and a full set of hydrogen atoms, which makes it a
¥4
saturated fatty acid —é-c?- . Palmitate has a negative impact on human nutrition. ‘It has desirable

characteristics for maéimg margarine and shortening.

Stearate: It is made up of 18 carbon atoms and a full set of hydrogen atoms. Stearate is a saturated
fatty acid that does not have the same negative effect on human nutrition as does palmitate, It has
desirable characteristics for making margarine and shortening.

Oleate: 1t is made up of 18 carbon atoms, two of which each lack a hydrogen atom. The absence of
a full set of hydrogen atoms make it an unsaturated fatty acid ~§:1=é{— . Oleate ‘is referred to as a
monounsaturate. It is desirable for human nutrition and for frying oils.

Linoleate: 1t is made up of 18 carbon atoms, four of which each lack a hydrogen atom. Linoleate is
an unsaturated fatty acid that is referred to as a polyunsaturate. It is desirable for nutrition, but can
lead to off-flavors in food products that are not hydrogenated. '

Linolenate: It is made up of 18 carbon atoms, six of which each lack a hydrogen atom. Linolenate
is an unsaturated fatty acid that is described as a polyunsaturate. It is desirable for nutrition, but it is
the fatty acid most responsible for the off-flavors in food products that are not hydrogenated.



MODIFICATION OF SOYBEAN OIL
PAGE 2

To improve the nutritional characteristics of soybean oil, it is desirable to reduce the content of the
saturated fatty acids, particularly palmitate, and lower the content of linolenate to eliminate the need
for hydrogenation. Both of these changes have been accomplished in soybeans by developing genes
that alter the fatty acid content. .

Hydrogenation

Hydrogenation is a chemical process used to add hydrogen atoms 1o the unsaturated farty acids,
particularly linolenate, The addition of hydrogen reduces the development of off-flavors in oil preducts.
During hydrogenat%r?n, hydrogen atoms in oleate, linoleate, and linolenate may change from the cis form -GG~

i X \ e
to the trans form .¢=c . Research indicates that the cis form does not have a negative effect on nutrition,

but the trans form is ‘%{mt desirable.

Development of new genes

The genes needed to markedly change the composition of soybean oil were not available in soybean
varieties grown throughout the world. To develop the necessary genes, soybean scientists treated seeds with
chemicals called mutagens, The mutagens alter the DNA in the cells, which results in the formation of new
genes. Scientists cannot control what genes are changed by the mutagens, so they evaluate thousands of
plants from the treated seeds to try and find the ones that have been changed for the genes they need.

The mutagen treatment of soybean seeds was successful and new genes were found that reduce the
palmitate or the linolenate content of the oii. By combining the new genes from different plants, the
scientists were able to reduce saturated fat content of the oil by more than 50% and the linolenate content by
more than 75%. These genes have been put in varieties that can be grown by farmers.

Production of the new varieties by farmers

The seybean varieties with the new oil characteristics must be kept separate from conventional varieties
during planting, harvest, and marketing, If grain of the new oil varietie« <nd grain of the conventional
varieties are accidentally mixed, the oil obtained from it will not have the desired fatty acid content.

When soybean farmers grow the new oil varieties, they make a contract with a company that wants the
oil. In the contract, the farmers agree to keep the new oil varieties separate from the other varieties they are
growing. The company agrees to pay the farmer for the extra work required to keep them separate.
Marketing of the new soybean oil to consumers

The first soybean oil with reduced saturate content or reduced linolenate content will be obtained from the

new varieties grown by farmers in 1994, No information is available on the way in which the new oils will
be marketed to consumers.
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Stop Cloning Around

Objectives:

1. To analyze the pros and cons of cloning orgnisms.
2. To understand the meaning of cloning.
3. To understand the meaning of the term “bioreactor”.

Assignment:
» Read the articles about cloning and answer the questions.

» Review the questions.

Discussion:
Should we allow the cloning of humans?
Would a cloned human be identical to the original?
- probably not, remember P=G+E _
Should cioning of plants, animals and bacteria be legal?
What potential benefits do you see from cloning plants, animals and bacteria?
What potential problems do you see from cloning plants, animals and bacteria?
What types of cloning are widely used already?
- tissue culture
- plant cuttings
What is the genetic significance of a clone?
- genetically identical - less chance of losing a valuable trait
What is a "bioreactor’?
- an organism genetically altered to produce a valued result or product
Example: bacteria engineered to produce insulin
cows engineered to produce pharmaceuticals
What are the benefits of sexual production?
- genetic diversity
- hybrid vigor
What.are the benefits of asexual reproduction?
- genetically identical
- less chance to lose or mask a valuable trait
- fast way of increasing populations of unique, valuable organisms

Analyze:
e Read this statement and allow students to work in pairs to develop

their answer.

“Assume you found a very rare, one-of-a-kind orchid, black orchid. You have
been offered $1000 a piece for each one you can produce. You only have
one. Would you reproduce this orchid sexually or asexually? Why?”



Study Guide Stop Cloning Around Name

Read the attached articles and answer the following questions.

1. Who are George and Charlie?
2. Why are they unique?

3. Who is Dolly?

4, Why was she named Dolly?

5. What Is unique about the female fetuses being carried by research cows?
6. Who is Richard Seed, and why is he significant?
7. What is the title on the cover of the March 10, 1997 Business Week?

8. Where did the DNA used to produce Dolly come from?

9. How many microorganisms already have fully mapped genomes?

10. By 2003, farmers may be...

11. Whatis a éenome‘?

12. What is a mutation?

13. What is a genetic map?

14. George, Chatlie, and Dolly are all examples of scientists’ efforts to produce bioreactors. How would

you define “bioreactor™?

15. What is meant by the term “pharming"?



e 4

e Article From The Associated Press

Havel Re-Elected Czech President

Czech President Vaclav Havel was re-elected for a second
five-year term Tuesday, but only after being forced to go
to a second round of voting by deputies, the speaker of
the Czech parliament announced.

i The 61-year-old former dissident playwright was returned

: * to office with 99 votes from the 197 deputies present, and
47 out of the 81 senators, giving him the majority needed in the two houses
of parliament, said Milos Zeman.

Earlier Havel, who led the 1989 Velvet Revolution in Czechoslovakia, had
failed to garner the majority required in a first round of voting, winning 91
votes in the 200-member lower house and 39 in the 80-seat Senate, Agence
France-Presse reported. He had been widely expected to be re-elected, five
years after he became president of the Czech republic following its split from
Slovakia at the end of 1992.

Two marginal candidates were standing against him: a far-right leader,
Miroslav Sladek, currently in jail charged with inciting racial hatred, and
Stanislav Fischer, a 62-year-old astrophysicist supported by communists.
The vote, by secret ballot, was preceded by a debate in the ornate Spanish
Hall of Prague Castle. A minority of speakers opposed.

Havel's re-election was seen as aimed at keeping the country on track to join
the European mainstream, despite political and economic turmoil at home.
The vote comes amid political turmoil after the collapse of former premier --
and long-term Havel rival -~ Vaclav Klaus's government last month. Havel
was standing for re-election only months after fighting lung cancer and
pneumonia.

HATIONAL

Researchers Say Cow Cloning May Lead to
Medicine Production in Milk

il Researchers announced Tuesday that they have

¢ successfully cloned two identical, genetically engineered
calves, a step that could lead to the mass production of

i drugs for humans in cows' milk.

i Named George and Charlie, the male calves born last

* week were created through a combination of cloning and
genetic engineering by Dr. James Robl at the University of Massachusetts
and Dr. Steven Stice of Advanced Cell Technology Inc. The findings were
discussed at an International Embryo Transfer Society meeting in Boston.

The UMass researchers haven't produced a cow that can produce a drug, but
that next step could be coming soon. The researchers said they have pregnant



cows carrying female fetuses that have been altered to produce milk with the
human serum albumin, a protein essential to the blood that is widely used by
hospitals.

Advanced Cell Technology, the company founded by the researchers,
already has a deal with Genzyme Transgenics Corp. of Framingham, Mass.,
to produce albumin. ** We've taken a significant step toward making this
commercially viable,” Robl said.

The calves were born at a ranch in Texas. “"[t's a big deal," said Mark
Westhusin, a researcher at Texas A&M University. ~" This technology has
the potential to be a lot more efficient than the technology that we have
now."

The calves aren't the first animal clones with altered genes -- lambs Molly
and Polly have a human gene expected to make them produce a protein
helpful in blood clotting. But even Dr. Ian Wilmut, the Scottish researcher
who genetically engineered the lambs and the now-famous Dolly,
acknowledged that drug-making cows could be more valuable because cows
produce much more milk than sheep.

George and Charlie contain two genetic alterations -- a~“marker" gene and
one that made cells resistant to an antibiotic. Those markers have shown up
everywhere, from the blood to the spleen to the bones.

Robl said the technique his team used to clone the calves was a variation on
the nuclear transfer process Wilmut used fast year to clone Dolly the sheep,
the first mammal cloned from an adult cell. But Stice said unlike the method
used with sheep, cloning the calves did not require surgery and was
relatively quick.

On Monday, the Food and Drug Administration said it has the authority to
regulate human cloning. > We're not only able to move, we're prepared to
move," said Dr. Michael Friedman, the FDA's acting commissioner, noting
the agency can go to court to stop unauthorized cloning attempts.

The FDA's decision, which had been widely expected, means it would be a
vidlation of federal law to try the procedure without the agency's approval.
The news follows an announcement earlier this month by a Chicago-area
physicist Richard Seed who said he was ready to set up a clinic to clone
human babies and predicted that as many as 200,000 human clones a year
would be produced once his process was perfected.

““The scientific issues are far from clear and ... there are some significant
ethical concerns that have to be dealt with," added Friedman, noting that the
first cloning success -- the Scottish sheep Dolly -- took 277 tries, For safety
reasons, he said, " we're more interested in the 277 failures than in the
success."

Seed did not return a call for comment, but says he plans to clone a person
within 18 months. A physicist, Seed has no medical degree, no laboratory
backing and little money. He and a brother, Randolph, a Chicago surgeon,
did pioneer a human embryo transfer technique during the 1980s, but their
for-profit company fizzled.

e Article From The Associated Press
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anyone with a more
impressive set of
mammary glands
than Dolly Parton,”
says Wilmul.

Wilmut's  triek
was to replace the
genes In a normal
sheep oocyte, or
sgp, with DNA from
an adult sheep
mammary gland.
He prodded the
egg to grow and in-
serted it into the
womb of another sheep. Last July, Dolly was burn—an exaet
genetic copy of the aduit whose mammary gland was tapped
for pNa.

Wilmut and other sclentists say that in principle, the same

. technigue should work

for any other mam-
mal-including  hu-
mans. Dr, Jon W. Gor-
don, an obstetrics
researcher at the Mount Sinai Medieal Center in New York,
notes that cloning a human might not be so simple. Some ge-
netic experiments that work in mice don't work in
rats, and vice versa—suggesting that ail

mammals are net quite the same. And ‘Wm y L2

the first step, he said, will be for oth-
ers to repeat Wilmut's dazzling ex-
periment—to be certain that the re-
sults are correct, :
If Wilmut's work is confirmed, it
suddenly becomes possible to imagine
some mind-bending consequences. =
Improvements in sheep and cattie
ranching would be only the begin- oy
ning. If the cloning of humans ever
became practical, grieving parents
might conceivably choose to clone oy
s dying child, Seme individuals ;
might make a desperate grab ,{% ’
for immortality by trying to 255’
clone themselves. Already, .. j‘@%
scientists are joking that = &7 i
the richest and most g
egotistical among -
them are hopping
the next plane to
Scotland, “It’s an
incredible devel-
opment.,” says
Axthur L. Cap-
lan, director of
the Center for
Bicethics at the
University of
Pennsvlvania.
“Unfortunately,
we don't have
the legal and eth-
ical basis to handle
it yet.” Two days af-
temthe -cloning was
announced, President
Clinton asked for a na-.
tional commission to review .
what the White House called

v

Y
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47 I ROADMAP
* FOR BIOTECH
RESEARCH

The new biotechnology allows
scientists to gel ai the most
basic functions of [ife, deep
instde the complex inter-
actions of genes. Here are Eric Lander at
some key developments.

thing that goes into making up a living cell. 1t's an ex-
hilarating time to be doing science.”

the “troubling” implications of
cloning.

And yet, the headline-grabbing
lamb represents only a tiny slice of
what's just around the corner in bi-
ology during the eoming century. Sei-
ence is on the brink of an unprece-
dented explosion in its ability to
understand and manipulate life. Un-
ti! recently, researchers were forced

to painstakingly search fur genes

one by ene. The effurt to nab the
¢, cystic fibrosis gene took 10
"= years and cost more than $150
=% million, for example. To isolate
Y sne obesity gene reguired a

id
e f deczde of work.
o YR Now, however, gene sleuths are
il approaching from the other direction.
- They are deciphering the entire genetic

. code—known as the genome—of a wide variety of
sr organisms, from humans to microbes, Ag these
s gENOMes are being decoded, or “sequenced,” re-

i searchers are separating the individual genes and
] beginning to discover what each of them does.
g Already, the fully sequenced genomes of six

v ¥ microorganisms have been published, and the cost

is now as low as $300 per gene. Some 50 more, in-
chuding those of the devastating malaria parasite and
other digease-causing organisms, will be finished by the
end of the 1980s. And thanks to the
ambitious Human Genome Project
and similar efforts in plants and ani-
mals, seientists will hold in their
hands the complete
blueprints of every-
thing from nema-
todes and mustard
plants to mice and
men by the first
decade of the 21st
century—all neatly
catalogued in com-
puter databases.

the Whitehead Insti-
tute for Biomedical
FResearch in Cam-
bridge, Mass. likens
these complete ge-
nomes to the periodic fable of ele-
ments, the basis for 20th-century
research in chemistry. Stanford Uni-
versity geneticist Richard M. Myers
says having the genomes “is ex-
panding people’s imaginations, allow-
ing them to think on a grand scale,
asking and answering questions they
would never have dreamed of be-
fore.” Adds Monica Riley, senfor sci-
entist at the Marine Biological Labo-
ratory in Woods Hole, Mass: “In the
near future, we will know every-

No one doubts that the payoff will be
immense. By 2003, farmers




may be growing plants that make enougﬁ pléétic '

amount of information holds the promise.of-a’
slew of new drugs and treatments—and a far
deeper understanding of human behavior, health, -
and disease. “It gives us tremendous hope we
can finally win the battle against bacteria,” says
J. Craig Venter, president of the Institute for
Genomic Research : :
(TIGR), a pleneer in
gene sequencing,
Moreover, the
spillovers  could
reach outside biolo-
gy. Motorola has a
team of researchers
exploring the po-
tential of gene splic-
ing and genome
engineering for
computing. The idea
is to use the DpNa
molecule as the ba-
sis for computers ‘ )
vastly more powerful, for scme calenlations,
than today’s digital machines. University
scientists have already built primitive .
pNa computers. Even further afield, the
genome information will Hluminate pre- :
viously dim corners of history—by ana-
lyzing genetic variations among popula- -
tions. “We ean ask: “‘Where did we come ©
from? Mow many migrations did our
ancestors make out of Africa®”” ex-
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to reduce our dependence on oil. The massive - .-

- plains Mary-Claire King, a gene hunter at the
". University of Washington.

-7 Of course, none of this will be easy. The dis-
- covery of a gene or the elucidation of a gom-
plicated biological pathway may be only a
- small step toward a cure or useful medicine.
. The gene for sickle-cell anemia is one example.
It was identified 20 years ago, but there still
are no cures, Now, with thousands
of new genes being discovered every
year, pharmaceutical and biotech com-
panies are awash in potential targets
for drugs. “But drug discevery has
turned out to be & bean” says Larry
M. Geold, chief scientisi of NeXstar
Pharmaceuticals Ine.

What's more, the biclogical century
will bring myriad meral and legai co-
nundrums. Should doctors, for exam-
ple, test for genetic conditions or pre-
dispositions they can do virtually
nothing about? Will employers and
insurance companies get aceess to
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the results of
those  tests?
Should they be
able to use that in-
formation to deny
employment or insur-
. ance coverage? Already,
British companies say they
have been using genetic in-
formation to set rates and eli-
gibility eriteria for buyers of life
insurance (page 84).
These hurdles and dilemmas, how-
ever, are far from the minds of many sci-
entists toiling in university and company
labs to understand the biology laid bare by the
new genetic information. What they see instead
is the chance to transform not just science but the

. world of the next eentury, just as the microchip changed
“this one. And the story really starts with one of the simplest

forms of life—bacteria.

In July, 1995, Venter’s team made history by completing
the first full gene sequence of a living organism other than
a virus. The bacterium was Hemophilus influenzae, which
causes meningitis and children’s ear infections. In the two
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» years since, researchers have used the sequence to uncover

what Venter calls a “remarkable biological mechanism
that could totally change the basis of vaceine and drug
development.”
Geneticist Richard Moxon of Oxford University discov-
ed that the bug is essentialiy preprogrammed for constant

ry— > W evolution. Like all
P L1 B P lata Vel o skl cells, its penes contain
Special Report B
THE-BLOTECH -CENTURY - BERL S L
special sequences
tucked in its genome cause the process to go awry periodi-
cally, creating new forms of key proteins. That enables H. in-
fluenzae to evolve on an howrly basis, evading the human im-
mune system, Standard vaccines also target these proteins,
which is why they don't work very well, The trick will be
mining the genome to dig out more obscure proteins that the
bug can't change so rapidly. Researchers at MedImmune
Ine. in Gaithersburg, Md,, are using this strategy to develop
better vaccines.
PINCH OF YEAST, Drug companies are also interested in
gearching the genome for places to attack with new types of
antibiotics. To help put a price tag on this sort of genetiec in-
formation, Genome Therapeutics Corp. in Waltham, Mass,, re-
cently sold the sequence of Helicobacter pylori, the bug that
causes ulcers and possibly stomach cancer, to Swedish phar-
maceutical glant Astra for a cool $22 million.

Higher up the evolutionary ladder, sequencing the
genomes of creatures like yeast, nematodes, and fruit flies is
leading to advances. Once nature finds a biological pathway
that works, she tends to use it over and over. As a result,
“the majorily of human disease genes that have been found
have counterparts in yeast” and other simple organisms,
explains S. Michal Jazwinski, professor of biochemistry and
nolecular biology at Louisiana State University in New

rleans. Just as important, the animals can be experiment-
<d on to understand these shared genes and bislogical
pathways, something that can’t be done in people. Geneticist
Michael Wigler of Cold Spring Harbor Laboratory in New
York used yeast to figure out the biclogy of a gene, called

DNA FOR BUMMIES
THE BASIGS YOU NEED T0 KNOW

he blueprint of life is BHA Its famous double helix is a
Tiong, long chain built by linking together four simple mol-

ecwles. The order in which thoge molecules are linked de-
termines the information contained in the pDna. It is the SE-
QUENCE of those moiecules that molecular biologists are now
busily decodmg All of the DNA in an organism is referred to
as the organism’s GENDME,

ENES are DNA chains made up of hundreds or thousands of

simple molecules. Each gene contains instructions to make

another type.of crucial molecule, a PROTEIN. Proteins in-
clude everything frof hormones such as insulin-—which rega-
lates blood-sugar levels—to enzymes that help digest the food
we eat. Some proteins turn other genes on and off, which then
affect still other genes, creating complicated feedback loops.

Individual proteins are but tiny cogs in incredibly complex

biologieal systems. Consider the immune system, in which
thousands of genes and proteins work together to fleld an
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rag, that when mutated causes human cancers,

Scientists at NemaPharm, in Cambridge, Mass., are using
the nematode C. elegans in a similar fashion. One target:
Alzheimer's disease. Researchers have found a human gene,
dubbed presenilin, that is linked to the disease. The gene is
alsg present in the worm. Se NemaPharm sclentists are now
disabling the worm's gene to figure out what it was doing—
and how it interacts with other genes. “We're looking for sup-
pressors of the gene,” explains Timothy J. Harris, research
and development chief at Sequana Therapeutics Inc., which
recently bought NemaPharm. And when the entive C. elegans
geneme is seqguenced by early 1998, says Harris, the worm
“will be helping us in all our internal R&D programs
at Sequana’” That includes searching for the human

COMMENTARY

' WHEN SGIENGE FICTION BEGOMES SOGIAL REALITY

f ali the worrisome scenarios the

genetic age has conjured, none is

¥ more deeply embedded in the pop-
ular psyche than the Frankenstein
myth, with its moral that dire conse-
guences await the scientist who dares
to play God. For at least 20 years, sci-
entists and biotech entrepreneurs have

- dismissed the fears of man-made life as
science fiction, saying that whole-mam-
mal cloning was impossible and would
be until well inte the 21st century.

‘But when Dolly, the cloned sheep,

. preened for her first photographs last.
week, the public learned that all sorts
.of genetic mischief, including mammal

" cleping, -in fact is quite possible. “The
symbolic significance is greater than
the real significance,” says Barbara A.
Koemg, dzrector of the program on Ge-

B4 BUSINESS WEEK / MARCH 10, 1997
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nomics, Ethics & Society at Stanford
University. !

Koenig believes Dolly’s near-term im-
pact could be significant for couples un-
able to bear children. Many couples
have shown how far they will go to get
genetically related offspring rather than
adopt an wnrelated child. Some seem
willing to bear any expense and under-
go the most diffieult and risky medical
procedures. Given that desperation,
they may try to find a scientist willing
to experiment with clening.

AMBIGUOUS RESULTS. For ethicists, this
will only add to a plate already full of
issues that biotechnelogy has already
raised. In the biotech century, those
questions will become even more ur-
gent. Perhaps the most fundamental
questions right now are these: Exactly

study the ethical implications of testing

what kind of mediéal knowledge can be

gleaned from genetic information today? |

And what can be done with it?

The truth is that most genetic tests
are inconclusive. The diagnoses they
vield often show no more than a slight-
ly increased or decreased risk of some-
one’s getting a particular illness. A per-
fect exampie is breast cancer. A gene
that increases the risk of breast cancer
was recently identified, marking an im-
portant scientific breakthrough.

One of Koenig’s current projects is to

worien for mutations in this gene,
which appear in some breast cancer pa--
tients. “My main fear is the overuse
and commercialization of diagnostic
tests before we have enough 1nforma-




*“army of cells and antibodies (ariother type of protein)

‘against intruders. The DNA in each of the body’s cells
‘*_c'ontams all the genetlc information to produce a per-
ison. But in any given cell, only some of the genes are
switched ohj the rest-are dormant That's"what makes
a'liver cell, say, different from 3 -8kin cellw—dlﬁ'erent
sets of genes are turned on in‘sach: -
- Belentists despalr of understandmg exact]y how hu-
manity’s 80,000 genes flip-on and off in the amazing
molecutar dance that leads to a himan being. But .
they are uncevenng the genes and proteins that un-

- ‘derlie small pieces of this grand puzzle-—so-called
- BIOLDGICAL PATHWAYS. Orne famous pathway is the
‘process by which cells turn the sugar glucose into
-enough energy to run a marathon. % i
But genes can also go horribly Wrong A
zmsspe?lmg” in just one letter~-an improp-’
“er or missing link in the DNA chain-is a
 MUTATION. A change in a single link of the
thousands in a gene can produce disease,
“Sickle-cell anemis, for instance. Other -
. diseases are more complexr’Heart dis- -

‘*337

ti

o markers, they know they are close to the genes,

%" Qdue to mutations in several genes.
Much of the effort in geneties today |

"is directed at finding these faulty geneggs |

~and then figuring out how their flawed - |

: probems make biological pathways go awry. Aiding the
»+'search i8 something called a GENETIC MAP. Much like an atlas,

- a genetic map shows the locations of genes and fragments
that have been identified, Each of these can be used as a

" signpest, or MARKER, to help 1dentify genes that rmght be re-

lated to disease.

Just ag it's easier to get to Evanston if you know it’s
near C}ncago, it’s easier to find a gene if you start froma . !
marker nearby. When gene sleuths are tracking an inherit-
ed disease in a family, they look for markers present only

in family members with the disease. When they find those

Fmdmg genes this way ig costly and t1me-consummg )

. That’s why researchers have begun blindly sequencing.the
'+ .entire genome, link by link. That way they will find thou-
sands of new genes and all of the extra genetic information
‘that sits between genes. This vast amount of new informa-

on opens the door to the most basie understandmg of life.

genes that code for conditions from asthma te obesity.

The new genomics also is having a more direct impact on
the diagnosis and treatment of human disease. One tack,
used by companies like Human Genome Sciences Ine. (Hgs) in
Rockville, Md,, is to pluck out all the genes that are actualiy
turned on in a cell. Many of them are unknown. By figuring
out their function, researchers may stumble across potential
new drugs and drig targets. HGs, for instance, is abeut to be-
gin clinical trials with previously unknewn proteins that help
heal wounds or fight arthritis. And HG3 partner SmithKlne
Beecham has used the method to find promising new drugs
against osteoporosis and other diseases.

Meanwhile, other companies are using technology to create
what are known as DNa arrays, or DNA chips. The basic idea

is to put thousands of different pieces of DNA onto a silicon
chip, each at a different spot. The chips are designed in such
a way that they can find the genetic differences between, say,
a cancer cell and its noncancerous precursor. Using this
method, Darwin Molecular Corp. researchers in Bothell,
Wash., have found some 500 genes that are altered when
prostate cells turn cancerous. Those genes may hold the
clues to better diagnostic tests or te biological processes
that could be blocked to stop the cancer

On a lower-tech level, the expansion of genetic knowledge
also is alding more traditional searches for humarn disease
genes. In an approach calied positional cloning, scientists
first search for large families that suffer from an inherited dis-
ease, Then they look for bits of genetic material shared. by the
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lead women who aren’t actually at high
risk for breast cancer to seek mastec-
tomies without proper medical justifica-
tion, for example.

Right now, controversy is raging in
Britain, where an assoeciation of insur-
ers has announced that applicants for
life insurance must disclose the resuits
of any genstic tests they've taken, The
association has also said that those re-
sults will affect premium costs and un-
derwriting decisions. There have been
calls for government intervention and
fears that high-risk individuals who re-
aliy should take these tests to help doe-
tors plan their treatments will now
avoid them.

It 2]l hit home for Brit Stephen Frost,
who not only must live with the unnerv-
ing Inowledge that he has a 50-50
chanee of developing Huntington's
chorea—the best accuracy a test cur-
rently can provide———but who says his
former employer, an insurer, made life s0
miserable for him that he had £o quit his
job once his diagnosis became known.

It doesn’t help that on the research
side the consideration of the bioethical .
questions has been spotty and half-
hearted for years. President Clinton’s
eall for 2 new group teo study the
ethics of cloning could lead to
consideration of other research pro-
jects—such as research with viable hu-
man embryos,

At the more practical implementation
level, insurance companies are at the
front line today of the ethics controver-
sy over genetic testing. But employers
are close behind them. As biology tells
us more and rmore about who we are
and how we work, employers will want
to know which of their workers are car-
rying genetic time bombs,

. The problem is the genetic informa-
tion available so far is incomplete and
difficult to interpret. But even when
much better information is avaliable, its
misuse could pose a far greater threat
than Frankenstein ever did.

By Joan O'C. Hamilton in San

Francisco, with Julie Flynn in London -
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family members carrying the dis-
ease. When they find those “mark-
ers,” they know the gene must be
nearby.

Until recently, these searches have
seen hampered by 2 dearth of mark-
ers. But in the past few years, re-
searchers have been mapping new
markers by the thousands. “We used
to say, “We can’t find the disease
genes because there are not enough
markers,”” says Howard Jacob of
the Medical College of Wisconsin.
“We fixed that. We used to say, ‘It's
too expensive.” And we fixed that.”

That's why researchers are scowr

ing the world, searching for families
or isolated groups with rare inherit-
ed diseases. At the University of
Washington, for instance, King is
closing in on a gene that causes
deafhess in families from Costa Rica.
Bequana scientists are using people
from Tristan da Cunha to nab genes
for asthma. A group of Germans
who used to live in Russia have a
unique gene for Alzheimer’s. Such
family lineages may soon help sci-
entists find not just the genes for
diseases caused by singie defects,
but for more complicated conditions
like manic depression, high blood
pressure, or heart disease. “We're
making progress toward the real
frontier of the more complex disorders,” says D Francis
Coiling, director of the Human Genome Project at the Na-
tional Institutes of Health.
CANCER HELP? While all these disease-causing genes are
rare, elucidating their mechanisms may have widespread
usefulness. In the case of the breast cancer gene called
BRCA-1, only a small portion of breast cancer victims actually
inherit mutations. But the protein encoded by the gene may
play a major role in noninherited forms of breast and ovarian
cancer. Dr. Jeffrey Helt, professor of celi biology at Vanderbilt
University in Nashville, Tenn., has shown that mice with
ovarian cancer Hve much longer when given a normal version
of the gene. Washington's King now wants to start a clinical
triai in ovarian cancer patients to see whether the technique
works in peopie. “This
shows how we can use
the gene to develop a
therapy,” she says.

In addition to new
medicines, this information offers a new window inteo human
history. “As people move around the world, thelr genes move
with them,” explains King. Geneticists have shown, for in-
stance, that one breast-cancer mutation predates the destruc-
tion of the second temple of Israel. Another mutation moved
from the Baltic to America to Israel in Jewish migrations.

Yet the explosion of genetic knowledge will reverberate far
beyond new drugs or history. “The biological century will ar-
rive on three fronts—medicine, environmental remediation,
and agriculture,” predicts TIGR's Venter.

Take pollution cleanups. New studies show that, during the
course of-evelution, nature has repeatedly added or excised
clumps of genes from microorganisms, much like an engi-
neer adding and deleting software routines while fine-tuning
& computer. But if nature can do it, so can today's gene
jockeys, creating a new fleld dubbed “zenome engineering.”
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(Gene research promises
new drugs, new treat-
ments—and a far deeper
understanding of human
health and behavior

CRAIG VENTER'S TEAM COMPLETED THE
FIRST DNA SEQUENCE OF A BACTERIUM

One bug now being sequenced at
TR ean  withstand astonishing
amounts of radiation. By inserting
the string of genes coding for the
wranium-gobbling pathway, sclentists
might fashion a cell that can elean
up highly radicactive waste,

Venter and other visionaries have
dreams of a greener, more produc-
tive economy created with the help
‘of organisms capable of doing every-
thing from cleaning up waste to
making methane—natural gas—from
inorganic fuel, soilving our pressing
peliution problems. Genome engi-
neering “isn't science fiction any-
more,” says Venter.

Indeed, the first steps are already
being taken. Four years ago, Chris
Somerville, head of plant biology at
the Carnegie Institution of Wash-
ington, slipped a gene for making
plastic into Arabidopsis, a type ol
mustard plant. The gene tarped thoe
plant into a biological piastics facto-
ry. Now, Monsanto Co. scientiste are
turning the concept into commercial
reality. “We're expecting to see it
planted in thousands of acres by
2003,” says Somerville,

Just as exciting is a recent dis-
covery by Calgene scientists of the
gene for the enzyme conirolling the
formation of ceflulose in plants, After
30 vears of fruitless biochemical search for the enzyme, “this
is our first break in understanding how to control biomass,”
Semerville explains, Geneticaily boosting the enzyme could
make it possible to create trees with much higher proportions
of cellulose—the plant kingdom's structural fiber—and less
than the normal amounts of other cell wall components. Be-
cause these secondary components are what make the pulp-
and papermaking process polluting and inefficient, scientists
say, the engineered trees could heip clean up a major indus-
try. Bevond that, “there is 2 mad scramble in plant biology to
find the most useful genetic sequences,” says Somerville,
“The world hasn't even seen the tip of the iceberg.”
DoLLY'S PEBUT. Of course, the world did get a stunning
glimpse of a hold new future in agriculture with lan Wilmut's
Duliy. According to biological dogma, the feat was uniikely at
best., The reason: All cells possess a fuil complement of genes,
a! thus the basie instructions to create an entire organism.
But during the delicate dance of development, when embry-
onic cells become skin, or heart, or brain, all the genes not
needed for these new specialized functions are twned off. And
most textbooks say they ean’t be turned back on again.

Wilmut and his team found a way. They extracted cells
from the mammary glands of an adult sheep., Then they
starved the cells. That apparently changed the complicated
protein seaffolding around the cells’ DNa, which plays a key
role in determining which genes are active or inactive. In
essence, he coerced the specialized cells into believing they
had returned o a stage in which all things are possible. The
genes that had been turned off were primed to fwrn on
again,

From there, it was 2 simple matter of using standard
high-tech methods. Wilmut took the nuclel, and thus all the
genes, out of sheep oocytes. Then he placed each cocyte next
to one of the treated mammary gland cells. One pulse of
electricity caused the two cells to fuse, dumping the adult
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sheep’s genes into the egg. Another pulse prodded
the oocyte to embark on the journey to make Dolly, the
clone.

The process still has plenty of bugs. It took no less than
277 tries to make Doily. “They kilied a lot of embryos and
made a lot of malformed sheep,” says Pennsylvania’s

Special Report

Caplan.

DNA CHiPS. But the
feat does help pave the
way to barnyards filled

“with new types of live-
stock. Companies like Alexion Pharmaceuticals Inc. in New
Haven and ppr Therapeutics PLC in Scotland already have al-
tered pig genes to make hearts, kidneys, and other organs that
could be transplanted into humans, and they have engineered
cows that make drugs in their milkk The cloning process will en-
able these so-called transgenic animals to be duplicated much
faster than by traditional breeding. “It’s not an overnight revo-
lution, but there is significant potential for research and im-
provement of domestic animals,” says Christopher Bidwell, an
animal geneticist at Purdue University.

Some scientists believe that the biologieal century will
usher in a new era in electronics as well. The hue of genes as
the basis of computation is that the twisting helixes are jam-
packed with information—millions of times more than on the
densest microchip. True, performing a mathematical calculation
might take an hour using DNa, compared with a fraction of a
second for silicon, sald Dan Boneh of Princeton University at
a recent meeting on DNA computing. Chips can do only one
thing at a time, compared with a DNA computer, which can
theoretically do 100 million billion things at once, But pxa still
has a long way to go be-
fore it can hope to challenge
silicon.

Already, the world is
racing headlong into the
biotech century. And not
even the scientists leading
the way know where it all
might lead. TIGR's Venter
wonders whether we even

" possess the intellect to un-
derstand how humanity’s
80,000 genes can work to-
gether in intricate harmeny
to produce a being that is
capable of contemplating
its own origing and destiny.
But it is clear thal as we
enter the new millennium,
bietechnology is about to
weave its own threads into
the great tapestry of hu-
man history.

By John Carey in Wash-
ington, Noaomi Freundlich
in New York, and Julia
Flynn in Roslin, Scotland,
with Neil Gross in New
York

THE:BIOTECH CENTURY :

WANT TD LEARN MORE?
University of Pennsylvania
bigethicist Arthur Caplan and
B®'s Jdhn Carey will answer
questions about this Special
Report on America Online in
the Globe on Sunday, Mar.
2, at 9 p.m. esT.
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At Exelixis, resea
human disease genes into fruit
flies; seven led to a visible change
in the insects’ appearance

rchers put nine

A TECHNICIAN PERFORMS RESEARCH ON FRUIT FLY
GENES AT EXELIXIS IN CAMBRIDGE, MASS,

FINDING A GURE
IN DNA?

Biotech companies embrace projects that
examine links between genes and disease

he British company pPL Therapeutics PLC, which holds
the rights to the controversial sheep-cloning technology,
saw its stock jump with the arrival of Dolly on the
world stage. But it is far from clear whether ppL will
profit from its technology. Researchers say it is too early to
know exactly what the commercial applications will be,

Some of the young companies embracing and driving the
biotech reveolution may, however, ultimately produce huge
rewards for their backers. These are the companies working
in the field of genomics, delving into the mystery of the hu-
man genome and trying to pull out clues to what causes hu-
man disease, They have become darlings of Wall Street and of
large pharmaceutical companies hungry for new drugs. Cyn-
thia Robbins-Roth, a biotech industry consultant, estimates
that the six largest genomics companies have deals worth up
to $1 billion with their bigger pharmaceutical brethren. Many
are locked in fierce competition to find genes involved in di-
abetes, cancer, Alzheimer’s
disease, schizophrenia, and
other disorders.
“CHALLENGE" The key hur-
dle for these companies is
to go beyond genome se-
quencing to so-called func-
tional genomics—using a
variety of laboratory tech-
niques to identify how par-
ticular genes work—and
how they go wrong. “if
you're not doing this, then
you're not going to be com-
petitive,” says Wole 3L
Fayemi, an analyst at Gen-
ests Merchant Group Secu-
rities in San Francisco.

The race fo find function
is not an easy one. “It's a
tremendous challenge,” says
David Galas, chief seientist
at Darwin Motecular Corp.
in Bothell, Wash. Daniei Co-
T Wi, S0 8  hen, the founder of Genset
in Paris, says his company
has found 100 mutated
genes “and none are good
targets for drugs.”

In the process of hunt-
ing down those targets—
places where drugs could
be used to correct disor-
derg-researchers are dis-
covering that computer
technology is a erucial tool.
But some classical biclogical
experiments with the likes
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" of fruit flies, yeast, and oth-
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er simple organisms are
also moving back to the
vefront.

To identify which genes

e worthy of further study,
researchers try to deter-
mine which are related to
human disease, In the past,
this kind of experiment in-
volved meticulously study-
ing one biological pathway
at a time. Now, companies
such as Affymetrix in Santa
Clara, Calif, InCyte in La
Jolla, Calif,, and others are
designing so-calied DNA chip
arrays that let researchers
ook at thousands of genes
simultanecusty and pinpoint
which ones are turned on
or off in a disease.

The information coming
out of these arrays is pow-
erful, but it doesn’t get at
the biological underpinnings
of disease, That's where
simple organisms come in.

For example, Exelixis in
Cambridge, Mass,, is studying fruit flies. Scientists there
have inserted nine human disease genes—including one for
cancer and another for obesity—into fruit flies and found
that seven of them lead o a visible change in the flies’ ap-
pearance. By identifying other frujt fly genes that also pro-

oy duce this change, re-
searchers can begin
reconstructing biologi-
cal pathways that lead
to disease. The hope
is to find a key step in a disease pathway that can be inter-
rupted by a drug.

Other companies use baker's veast to determine gene func-
tion. Yeast genes have far more in common with human
genes than side-by-side photographs of the two might suggest,
With this in mind, Cadus Pharmaceutical Corp. in Tarry-
town, N. Y., is using veast to determine the function of some
400 genes that code for so-called receptors—meolecules on
the outside of cells where the celis receive messages. Many
disorders are related to improper working of these receptors,
making them good targets for drug development. On Feb. 27,
the public company announced that it is signing a deal worth

. IOTECH,_..CENTURY A

THE SEARGH FOR FUHGTION

'AFFYMETR:X* SANTA CLARA CALIE DNA cmps Deais wsth
-Hoffmann-La Roche, Merck, and Glaxo,

' CADUS* TASRWOWN NY Studymg yeast. Dea!s with %

EXELIXIS CAMBRIDGE, MASS. Fruit {lies. anate co. raised $_16
mitfiBn, IPO expected next year. No announced deals yat,” . "

GENSET* PARIS Strength is in finding regutatory regions

for genes. Deals with Synthelabo Johnson & Johnson. .'
"PUBLICLY TRACED. - L
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Rising from sellers of research to
providers of product is the trick

DNA SAMPLES FROM DIABETIC PATIENTS ARE
REVIEWED BY A SEQUANA THERAPEUTICS SCIENTIST

T kB

up to $63 million with
SmithKline Beecham for ac-
cess to its yeast work.
The larger pgenomies
companies are beefing up
their functional side—often
by striking deals with start-
ups. Last October, Sequana
Therapeuties Ine., a ge-
nomics firm in La Jolla,
Calif. bought NemaPharm,
a gtartup that specializes in
nematodes. According to

na's vice-president for re-
search and development,
Glaxo was so excited by
this purchase that they cut
a second deal with Sequana
for access to the nematode
work. The worms are espe-
cially helpful in the study
of Alzheimer’s disease and
other neurological ills. Se-
quana also has made forays
into fruit flies, yeast, and
other ox'ganisms.

Dr. Robert Tepper, vice-
president, of biology at Mil-
lenium Pharmaceuticals, has experiments running in fHes,
yeast, and mice. But he’s excited about Millentum’s work in-
voiving human disease via population studies and the growing
integration of mammalian cells with microchips. “Given 2
cholce, I'd rather rely on these,” he says. He shares the
worty with Genset’'s Cohen that there’s no guarantee treat-
ments for a fly will be applicable to & human being.
PROMISES. Although companies may disagree about the best
stratepy for divining the workings of genes, they agree that
the range of new technologies—from the fruit flies to complex
arrays of Dya-studded computer chips—are the wave of the
future. “A gene sequence doesn't do squat to cure patients,”
says Remi Barbier, chief financial officer at Exelixis,

Questions remain on whether genomics companies can rise
from sellers of research data to providers of preduct. But by
integrating technologies into their programs, they have taken
the first step, “The outlpok remains extremely promising,” for
functional genomics companies, says Elizabeth Siiverman, a
hiotech analyst at Punk, Ziegel & Knoell in New York. “Its a
technology that's at the bottom of its curve in terms of its
contribution to drug discovery and development.”

By Naomi Freundlich in New York

: Humm GENOME sc;sucss ...Rocmu,a MD Strong S
3 sequencmg company. Deals WIth SKB.and Merck DGaA.

._,_INCYTE* PALD ALTO, CALE Combmes huge DNA’ database
. 'with’chips. Deals w1th Pfizer; Upjohn, and 8 others. -

o e e o i e i e R 2} e e A e e T e 3 i '-..-...__.....-...,-..,......................-....................-.-.._.....-...-......._-..,-.-.-..-....._.. -

MILLENNIUM* CAMBRIDGE, MASS. Gene hunters plus strong
functional capabilttles Deals with Hoffmanﬁ LaRoche, Liily.

- NEMAPHARM CAMBRIDGE ‘MASS. Studytng nematodes, now

owned by Sequana Deal wsth G!axo."_,.,.

Timothy J. Harris, Sequa- .




Ag 1 Unit: Ag Careers

History of Biotechnology
Objectives:

1. To explain the basic history of biotechnology in agriculture.
2. To identify important applications of biotechnology.
3. Toresearch ways that biotechnology may affect the future of agriculture

Strategies: (What will the teacher do?)

Assign the study guide and essay prior to class.

Review the study guide and individual essays.

Review the Biotechnology Timeline

Introduce and prepare students to do the DNA Exiraction lab.

Activities: (What will the learner do?)

Read the entire publication

Study Guide

Essay |
Read the DNA extraction lab and perform the lab.

Evaluation:

Study Guide
Essay
DNA Extraction lab

References/Resources:

“Farmers Discovered Biotechnology 10,000 Years Ago...”
DNA Extraction Lab Handout

Study Guide Handout

Essay Handout

Biotechnology Timeline Handout
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History of Biotechnology

- 10,000 years ago- People used microbes
to produce wine, bread and cheese

1865 Gregor Mendel's Theory of
Friedrich Miescher 1867~ Heredily

discovers nucleic acid or DNA

-1900 Chemical composition of DNA was

| determined
Oswald Avery 1944-
Discovers genes are made of DNA

L 1953 Watson & Crick-discover the
double-helix structure of DNA

Discovery of ligating 1867~

enzyme that join fragments of DNA -1970 H. Smith- Isolated restrictive
enzymes which cut DNA fragments

-Boyer & Cohen 1973~ |

Recombing human DNA with bacleria
DNA to produce human protein

- 1983 Gene from an E.Coli was &
\ | transferred into a plantcell o

P I P L e

24



Ag 1 | Unit: Biotechnology in Ag
History of Biotechnology Study Guide

1. Why did agriculture begin?

2. What was one of the earliest “biotechnology” techniques used by farmers? W
was the major goal of this process?

3. When did scientists first recognize hybrid plants?

4. What is a hybrid?

5. What major biotechnology event occurred in the 1930’s?

6. How much have corn vyields increased in the past 100 years?
7. Around 1800, people began to use...

8. Why are bacteria used to process foods?

9. List three examples of foods which are produced by utilizing bacteria, and ex
the role of the bacteria.

Extra Credit:
What two scientists are credited with discovering how DNA is constructed.




Ag 1 Unit: Biotechnology in Ag
History of Biotechnology Study Guide |
1. Why did agriculiure begin?
-about 8000 B.C., when people began to seﬁie in one spot and raise plants

2. What was one of the earliest “biotechnology” techniques used by farmers? W
was the major goal of this process?

-Selective breeding of plants and animals: to produce better plants and an
(improved the genetics)
3. When did scientists first recognize hybrid plants?
-early 1700’s
4. What is a hybrid?
-the offspring of breeding two varieties
5. What major biotechnology event occurred in the 1930°s?
-hybrid crop seed dramatically increased crop yields
6. How much have corn yields increased in the past 100 years?
-tripled

7. Around 1800, people began to use to create new foods.

-bacteria
8. Why are bacteria used to process foods?

-produce desireable flavors and textures; can also preserve food by
preventing the growth of pathogenic microorganisms

9. List two examples of foods which are produced by utilizing bacteria, and explain
the role of the bacteria.

-Cheese: produces desired flavors ;  Yogurt: ferments the milk
(Note: Soy sauce and Yeasts are fungi not bacteria) ‘

Extra Credit:

What two scientists are credited with discovering how DNA is constructed.
-Watson and Crick



Ag 1 | Unit: Biotechnology in Ag
History of Biotechnology Essay
Choose gne of the following articles: |
Making the World’'s Food Better
Cut and Paste: Molecular Scissors Make New Products Possible

Guess Who's Coming to Dinner? 10 Billion by 2030
Sweet Success With Sweet Potatoes

+ In one paragraph, explain the major idea presented in this article.
+ In a seperate paragraph, explain how this idea could affect agriculture in lowa.



DNA Extraction from’g}ie:i ‘Ea,m,na., /wa}

DNA is present in the cells of all living organisms. This procedure is designed to
extract DNA from onion in sufficient quantity to be seen and spooled. It is based on
the use of household equipment and supplies. @ia*e-n is used because of its low
starch content which allows the DNA to be clearly seen.

Materials:

* two 4-cup measuring cups {1000 mi) with ml markings

» one 10 cup measuring cup (250 mi) with ml markings

* measuring spoons

* sharp knife for cutting et bencna.

« large spoon for mixing and crushing esesf bananeo

» thermometer that will measure 60 degrees C (140 degrees F)

= strainer or funnel

« # 6 coffee filter or cheese cloth .

« hot water bath (60 degrees C) saucepan and hot plate works well
+ ice water bath { a large mixing bow! works well)

» distilled water

* light-colored dish Washmg fiquid or shampoo (Dawn works well)
* large onion

 table salt, either iodized or non-iodized

* meat tenderizer that contains papain, such as Adolph’'s

* one small test tube per student (preferably with cap)

» medicine droppers or Pasteur pipettes

* 95 % ethanol (grain aicohol)

* flat toothpicks

Procedure:

1.

Set up hot water bath at 55 1o 60 degrees C and an ice water bath.

2. Prepare Gaied "Solution: Mix one tablespoon dish washing liquid, and one levei

3.

1/4 teaspoon of table salt. Add distilled water until the total volume is 100 mi.
Dissolve the salt by stirring slowly to aveoid foaming.

baneara . .
Coarsely chop the tnierr and place into a 4-cup measuring cup.

f;w.m—ﬁ..h,c;,

4, Cover chopped maten with the 100 mil. solution from step 2.

Liquid detergent causes the cell membrane to breakdown and dissolves the
lipids and proteins of the cell by disrupting the bonds that hold the cell
membrane together. The detergent causes lipids and proteins to precipitate out
of the solution. NaCl enables nucleic acids to precipitate out of an alcoho!
solution because it shields the negative phosphate end of DNA, causing the
DNA strands to come closer together and coalesce.



5. Place the 4-cup measuring cup into the hot water bath for 10-12 minutes.

Caution: Do not heat longer than 15 minutes because the DNA will begin to
break down.

Onion/Detergent/
Salt Mixture / T thermometer
\ J ——— measuring cup
Water 55-60 degrees C ¥— saucepan
® «4—— hot plate or stove
L LT

6. Cool the mixture in the ice water bath for 5 minutes. (Caution if you are not
using Pyrex the glass measuring-cup may shatier.) During this step press the
chopped onion against the sides of the measuring cup with the back of the
spoon. T(his step slows the breakdown of DNA.)

\ /% measuring cup

: <. Water and ice in
a mixing bowl

7. Filter the mixture through a #6 coffee filter or four layers of cheese cloth placed
_in a strainer over a 4-cup mixing bowl. (Strain in a refrigerator overnight.)

. Gently mix the onion solution and dispense into test tubes, one for each student.
The test tubes should contain about 1 teaspoon of solution or be about 1/3 full.
Stir the solution frequently when dispensing into the test tubes.

9. Add two toothpick full of meat tenderizer to the onion sol'ution, cap the tube, and

mix gently to avoid foaming. Meat tenderizer contains papain, an enzyme that
will clean extra protein away from the DNA.

10. Add cold alcohol to each test tube. Slowly poor the alcohol down the side of
the test tube to avoid mixing of the solution. Add alcohol untii you create a layer

of alcohol on top of about 1 cm. For best results the alcohol should be as cold
as possible.

11. Allow to sit for 2-3 minutes without disturbing. You can watch the white DNA
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precipitate out into the alcohol layer. When good resuits are obtained, there will
be enough DNA to spool onto a glass rod. DNA has the appearance of white
mucus.

-¢——— 1 cm alcohol layer

| DNA (white mucus-like precipitate)

N

Study Questions:

1. List three other possible sources of DNA. (Sources other than onion.)

2. What is DNA 7

3. Why is an understanding of DNA important to understanding biotechnology ?

4. Why are genetics and genstic advancements important to agriculture 7




ldarmers Discovered | @ @
Biotechnology 10,000 = = ==
Years Ago: It’s Geﬂing e

Better With Age

Many of the modern tools and
techniques we use today to create new
foods are not new at all, but merely

improved. more precise versions of
methods employed throughout history.
Even researchers using the latest
biotechnology methods, which allow
the transfer of a gene from one
organism to another, basically are
working with the same scientific

processes people have used for cen-
turies to increase crop productivity,

1prove the food supply and produce
wetter foods.

Our long. gradual learning process
about foods and food production
has spanned several centuries and

continues today.
Hundreds of thousands of years
ago, people wandered the earth,

collecting and eating only what they

found growing in nature. By about
8000 B.C., however, the first farmers decided to stay in one place and grow certain
plants as crops — creating agriculture and civilization, in that order.

Since that time, people have continued to select, sow and harvest seeds to produce
better, safer and larger quantities of foods to sustain themselves. Through crossbreed-
ing and fermentation processes, they moved and modified genes o develop better foods,
without understanding the scientific processes behind their actions.

As early as the 1700s, naturalists identified many kinds of hybrid plants — the offspring
of breed'ing between two varieties of plants. By the late 1930s, hybrids accounted for major
increases in crop yields. For example, maize/corn hybrids have contributed to tripling

maize/corn yields in this century.

Another innovation was employed around 1800, when people first used bacteria to
ceate new and different foods, employing veast and fermentation processes to make
wine, beer and leavened (or soft) bread. When certain bacteria grow in foods, they

Continued on page 4.




For centuries, farmers have made
improvements to crop plants through
selective breeding and hybridization
— the controlled pollination of plants.
Plant biotechnology is an extension of
this traditional plant breeding with
one very important difference — plant
biotechnology allows for the transfer
of a greater variety of genetic
information in a more precise,
controlled manner.

Unlike traditional
plant breeding, which
involves the crossing
of hundreds or
thousands of genes,
plani biotechnology
allows for the transfer of
only one or a few desirable

enes. This more precise science

Jows plant breeders to develop crops
with specific beneficial traits and
without undesirable traits, such as
those that would reduce crop vields.

Many of these beneficial traits in
new plant varieties fight plant pests —
insects, disease and weeds —— that can
be devastating to crops. Others pro-
vide guality improvements, such as
tastier fruits and vegetables; processing
advantages, such as tomatoes with
higher solids content; and nutrition
enhancements, such as oil seeds that
produce oils with lower saturated fat
conteni. Crop improvements like
these can help provide an abundant,
healthful food supply and protect cur
environment for future generations.

Insect Protection
Anyone who has planted a
backyard garden is familiar with the

aking The

potential devastation caused by insect
pests. Farmers aiso face these
problems — on a much larger scale,

Bacillus thuringiensis (B.t.} — a
naturally occurring bacierium present
in soil — is known for its ability to

contrel insect pests. Different strains

of B.1. control different pests. First
discovered in 1902, gardeners have
been using B.+. for decades as a

biologicai insecticide spray. B.1.
produces 4 protein that disrupts the
digestive system of targeted insects,
while remaining harmiess to other

insects, people. birds and other animals,

Now through biotechnology.
researchers are introducing the B.r.
gene into plants. which allows the
plants to protect themselves from
certain insect pests. For example,
Monsanto’s NewLeaf* potato plants
are protected from the Colorado
potato beetle. Monsanio also has
developed cotton with the Boligard®
gene that protects the crop from the
tobacco budworm, cotton bollworm
and pink bollworm and YieldGard™
matze/com, which is protected from

orid’s Food Better

the European corn borer. These
products give today’s farmers an
alternative to chemical insecticides
normaily needed to control these pests.
When farmers decrease
chemical insecticide use, beneficial
insects can survive to help control
other harmful insects.

Disease Protecfion
Plant disease. including
fungal and viral diseases,
can devastate the yield
and guality of crop
production. To mini-
mize the economic
loss resulting from plant
disease, farmers often must
plant more acreage than they
expect to harvest. This extra acreage
increases farmers’ planting, fuel. water
and fertilizer expenses, which must be
passed on 10 the consumer.

Not all farmers can afford the
costs of these traditional methods of
disease control. The expense of
chemical insecticides is prohibitive
in many parts of the world. such as
parts of Africa, where, for exampte.
the feathery motile virus can destroy
up to 8O percent of farmers’ sweet
potato harvests.

Biotechnology makes possible the
development of crops protected from
certain types of piant viruses. By
introducing a small part of the DNA
from a virus into the genetic makeup
of a plant, researchers have developed
crops that have built-in immunity to
targeted diseases.

Disease-protected crops offer agri-
cultural, economic and environmental




benefits to farmers. Farmers wili be
less dependent on chemical insecti-

cides used to control insects that carry

viral disease, and they will be able
to protect their crop yields. Farmers
can reduce resources used, such as
the expense of labor, fuel, pesticides,
seed and equipment used to plant
“extra’ acres,

Weed Control

Farmers have battled
weeds since the beginning
of farming. Weeds not
only compete with crops
for water, nutrients, sun-
light and space, but also
harbor insect and disease
pests; clog irrigation and
drainage systems; under-
mine crop quality; and
deposit weed seeds into
crop harvests.

Farmers can fight weeds with
tillage. herbicides or, typicaliv. a
combination of these {echniques.
Unfortenately, tillage leaves valuable
topsoil exposed to wind and water
erosion. a serious fong-term conse-
quence for the environment.

Herbicide-tolerant crops offer
farmers a vital tool in fighting weeds
and are compatible with reduced-
tillage methods, which heip preserve
topsoil. Herbicide-tolerant crops
give farmers the flexibility to apply
herbicides only when needed, to
reduce total herbicide use and to
use herbicides with preferred
environmental characteristics.

Monsanto researchers have
developed herbicide-toferant crops,
such as oiiseed rape/canola,
maize/corm, cotton and soybean, that
can tolerate Roundup® herbicide,

known for its favorable environmental
characteristics. Roundup effectively
controls a broad range of grasses and
broadleaf weeds by inhibiting an
enzyme essential to plants’ growth.

In other words, Roundup inhibits
growtn by establishing a roadblock in
plants’ metabolic pathways. The gene
inserted into these herbicide-tolerant

crops - known as Roundup Ready®

crops — increases the enzyme in the
plants, providing a detour around the
roadblock. This detour makes it
possible for Roundup Ready crops
to thrive even after Roundup is used
over the top of the growing crop to
control weeds.

Roundup is desirable from an
environmental and safety perspective
because it binds tightly to soil particies
and quickiy breaks down in the soil
into naturally occurring components,
such as carbon dioxide.

Other Crop Improvements

By introducing a gene or genes
into a crop plant, many other
advantageous features may be
possible. Examptes include:

* A genetic trait that controls the
ripening of tomatoes, peppers and
tropical fruits. This trait allows time

to ship crops long distances and
results in tastier foods far from
crops’ native regions.

* Potatoes and tomatoes developed
with higher solids content. This trait
offers decreased processing costs
because less energy is needed to
extract water when producing potato
and tomato products. The higher
solids content of potatoes
holds the potential to bring
consumers lower fat French
fries. Because oil replaces
water during the frying
process, potatoes with
higher solids content (and
less water) absorb less oil.

» Maize/com and soy-
beans with increased
essential amino acid content
— the building blocks of
protein. This trait can
improve the quality of protein in focd
products and animal feed made from
these crops.

+ Naturally decaffeinated coffee.

* Maize/corn and peas that retain
their natural sweetness.

» Crops with modified fatty acid
content, allowing for the production
of more healthful oils. £ 3




benefits to farmers. Farmers will be
less dependent on chemical insecti-
cides used to control insects that carry
viral disease, and they will be able
to protect their crop yields. Farmers
can reduce resources used, such as
the expense of labor, fuel, pesticides,
seed and equipment used to plant
“exwa' acres.

Weed Control

Farmers have battled
weeds since the beginning
of farming. Weeds not
only compete with crops
for water. nutrients, sun-
light and space, but aiso
harbor insect and disease
pests; clog irrigation and
drainage systems; undes-
 mine crop quality; and
'deposi{ weed seeds into
crop harvests.

Farmers can fight weeds with
tittage, herbicides or, typically, o
combination of these techniques.
Unforwmnately, tillage leaves valuable
topsoil exposed to wind and water
erosion. a serious long-term conse-
quence for the environment.

Herbicide-tolerant crops offer
farmers a vital tool in fighting weeds
and are compatible with reduced-
tillage methods, which help preserve
topsoil. Herbicide-tolerant crops
give farmers the flexibility to apply
herbicides only when needed. to
reduce total herbicide use and to
use herbicides with preferred
environmental characteristics.

Monsanto researchers have
developed herbicide-tolerant crops,
such as oilseed rape/canola,
maize/corn, cotton and soybean, that
can tolerate Roundup® herbicide,

known for its favorable environmental
characteristics. Roundup effectively
controls a broad range of grasses and
broadleaf weeds by inhibiting an
enzyme essential to plants’ growth.

In other words, Roundup inhibits
growth by establishing a roadblock in
plants’ metabolic pathways. The gene
inserted into these herbicide-tolerant

crops — known as Roundup Ready®
crops — increases the enzvme in the
plants. providing a detour around the
roadblock. This detour makes it
possible for Roundup Ready crops

to thrive even after Roundup is used
over the top of the growing crop 1o
control weeds,

Roundup is desirable from an
environmental and safety perspective
because it binds tightly to soil particles
and guickly breaks down in the soil
into naturally occurring components,
such as carbon dioxide.

Other Crop Improvements

By introducing a gene or genes
into a crop plant. many other
advaniageous features may be
possible. Examples include:

* A genetic trait that controls the
ripening of tomatoes, peppers and
tropical fruits. This trait allows time

to ship crops long distances and
results in tastier foods far from
crops’ native regions,

» Potatoes and tomatoes developed
with higher solids content. This trait
offers decreased processing costs
because less energy is needed to
extract water when producing potato
and tomato products. The higher
solids content of potatoes
holds the potential to bring
consumers lower fat French
fries. Because oil replaces
water during the {rying
process, potatoes with
higher solids content (and
less water) absorb less oil.

» Maize/corn and soy-
beans with increased
essential-amino acid content
— the building blocks of
protein. This trait can
improve the quality of protein in food
products and animal feed made from
these crops.

» Naturally decaffeinated coffee.

-+ Maize/corn and peas that retain
their natural sweetness.

* Crops with medified fatty acid
content, allowing for the production
of more healthful oils. ¢ %




le’ve Learned A Lot

bout DNA In 200 Years

The DNA (deoxrybonucleic
acid) from different organisms is
essentially the same — simply a set
of instructions that direct cells to
make the proteins that are the basis
of life. Whether the DNA is from a
microorganism, 2 plant, an animal
or a human, it is made from the
same materials.

As early as the 1800s, researchers.

understood that all living things are
made up of cells that are basically
the same. However, it took mote
than 100 years for researchers to
truly understand what was in a cell
and how it worked.

At the turn of the century,
researchers discovered that all cells
ntaln a sticky substance called

NA. During the 1950s and 1960s,
English physicist Francis Crick and
American biochemist James Watson
learned how DNA was consiructed
and worked, a discovery that award-
ed them a Nobel Prize in 1962,

Crick and Watson determined
that DNA consists of a double helix
structure resembling a spiral ladder.
The ladder’s legs are composed of
two alternating chemicals. These
legs are joined by “rungs” made of
two nitrogen base chemicals. Crick
and Watson also discovered that the
sequence of these bases determines
the messages or traits passed along
by genes. These facts helped
researchers determine that DNA
directs the development and growth
~f all tiving organismé.

Once researchers discovered that _

all living things understand the

same basic DNA code and that
genes are interchangeable, they
explored transferring a gene, or a
specific piece of DNA, from one
organism to another.

Inlate 1973, Dr. Stanley Cohen
of Stanford Um’verséty and Dr.
Herbert Boyer of the University
of Califomia at San Francisco first
applied this theory successfully
and transferred the first gene.

This led to the discovery of
biotechnology, or genetic
modification, which provides the
method for new advancements
across several industries, including
health cére, agriculture and envi-
ronmental protection. @

DNA is a double-stranded helix resembling
a spiral ladder. The rwo strands — the lad-
der’s legs — are connected by rungs
of two alternating chemicals,

| Hetter With Age

Continued from page 1.

produce desirable flavors and textares. As
culinary enhancers, bacteria can be found
in many common foods, including:

CHEESE: During the aging of cheese,
bacterial enzymes generate characteristic
flavors, allowing for wide variations in the
end-products. For example. Penicillium
rogqueforti, & mold, gives Roguefort cheese
its pungent flavor. Another mold strain.

P camemberii, gives Camembert and Brie
cheeses their distinctive gualities.

S0y SAUCE: Aspergillus sovae and
A. orvzae, both molds, create soy sauce
after sitting a few days in a tank with
roasted soybeans, wheat. a salt solution.
plus some bacteria and yeast. A similar
process produces tofu.

YeasT: Composed of one or more
selected strains of Saccharomyces cerevisiae,
various forms of veast are used in making
bread products and in brewing beer and
ale. The use of yeast in baking goes back
to 1665. when a baker decided o add some
to his leaven. When bakers add yeast 1o
dough, it causes alcoholic fermentation. -
creating a gas that makes the dough rise.

YoGurT: Food makers produce
another fermented product, yogurt, through
the combined action of two species of bac-
teria, Streptococcus thermophilous and
Thermobacterium bulgaricum.

These few examples demonstrate how
scientific processes have been making our
foods more flavorful for a long time. @

TR



A computer-
generated view of a
DNA molecule.

Throughout the
years, researchers have
discovered how to transfer a

specific piece of DNA - the basic

genetic material in cells of every

living organism — from one organ-

" ism to another. This is important
because a cell cannot live outside its

. own designated environment. A
kidriey cell, for example, can exist
only'in the kidney, - _

 So, if researchers want to instruct

a cell to produce a specific genetic

P ,tralt such as'a plant
‘ that is virus reszstant _
researchers mus, ‘

for changc into the
cell — thus,-the basxs
of biotechnology! '
: These dlscovenes
__in biotechnology have
allowed researchers to
improve many crops
while complementing
traditional methods, such as -
crossbreeding plants of different
varieties or species to develop
offspring with more desirable traits.

Historically, plant breeders _
crossed wild species with crop plants
to produce larger, stronger and more
disease-resistant varieties. For -
example, the first wild maize/corn
was hard and inedible. Through
years of work, plant breeders devel-
oped sweet corn, feed corn,
decorative corn and popcorn.

But traditional plant breeding is
a difficult process. Growers don’t
have the luxury of isolating specific
genes or traits. They get the bad
with the good when they pair plants
of different varieties — and then
they spend years breeding out unde--

sirable traits. However, with gerie'tib"-

modification ~ a process that'-
involves modlfymg ] ceII 50 it can.
perform new functions = today s

. breeders can transfer 2 smg}e desxred a
 trait into thelr favorlte pla.nt van tzes.'

A researcher 8 ﬁrst step m trans»

- femng DNA is to* cut” or remove a
x oo gene segment froma cham of DNA. '
“ipsert” the znstrucuons e

USll’lg enzyme SCISSOI‘S tO cut ata

‘speczﬁc site along the DNA strand

"The researcher then uses these

“scissors” to cut an opening into the

plasmid — the ring of DNA often
found in bacteria outside of a cell.
Next, the researcher “pastes” or
pléces the gene segment into the
plasmid. Because the cut ends of
both the plasmid and the gene
segment are cherically “sticky,”
they attach to each other, forming a
plasmid containing the new gene. To
complete the process, researchers use
another enzyme to paste or secure
the new gene in place. '

The bacterial piasmid makes
biotechnology possible because it
can pass between certain cells of
bacteria and exchange genetic infor-
mation. For example, Monsanto
researchers use a naturally occur'ring
bacterium called Agrobacterium as
the means to introduce new genes
into plants. Then, they grow whole

plants that exhibit the new trait and,

finally, produce seeds to grow
improved crops.

For some crops, such as
maize/corn and wheat, researchers

use a particle gu_;_x:i;}ste_ad of
‘Agrobacterium to transfet desirable

traits from one plant 10 another.
Researchers bathe microscopic

- pellets of gold or _tu'ngst_en in DNA*

. Conrz'nﬁed onpage 7,

.




is that the world’s population will
nearly double, reaching almost 10
billion inhabitants by the year
2030. Humanity must respond to
the growing pressures on the
Earth’s natural resources to feed
more people.

Current population growth
already is straining the Earth's
resources. In the past three
decades, world leaders have
expended enormous efforts and
resources 1o increase agricultural
output. But, because the population
has increased almost as rapidly as
harvested crops, per capiia food pro-

and irrigation, inadequate transporta-
tion and storage methods, and the
destruction of topsoil by wind and

food shortages in some parts of the
world, As a result, the number of

most developing countries,

experts agree that simply continuing
past technological innovation and
investment in agricultural infrastruc-
ture — basic facilities such as roads,
power plants, transportation and
communication systems — will not

and improvements to feed the world’
hurgeoning population.

stunning example of the successes

“iction generally has grown modestly.
A lack of suitable farmland due to
urban growth, the high cost of fertilizer

water erosion also have contributed to

undernourished people still is rising in

Many economists and agriculiural

produce sufficient crop yield increases

Today’s high-yield agriculture is a.

uess Who’s Cﬂmmg To
10 Billion By 2030

One of the future’s few certainties

gained through agricultural research.
Since 1960, high-yield agriculture has
doubled world food production and
tripled productivity of the land and
water used in agriculture — without

any increase in cropland planted glob-
ally. Without these strides, farmers
would have to plant an additional 10
million square miles — approximately
the size of North America — just to
meet carrent food needs.
Traditional breeding programs

are still successful, but the success
isn’t occurring fast enough to be the
sote source of solutions to our food
production needs. Biotechnology
is a science that can complement
traditional breeding, and together
they offer thg'g'reagest promise for
increasing food productivity. |

- Biotechnology, which allows the
transfer of a gene for a Spéciﬁc frait
from one specxes to another, allows
crop 1mprovements that cannot be

achieved through traditional breeding
methods. Experts assert that biotech-
nology innovations will triplé crop
yields without requiring any addi-
tional farmland, saving valuable -
rain forests and animal habitats.
In addition to technical

1 . . - . .
H innovations, mvestments in

infrastructure to improve storage,
transportation and processing will
be vital to reducing crop and post-
harvest losses. Development of
infrastructure also will help small,
resource-poor farmers in the third
world utilize local marketplaces.

For example, Brazil, Argentina '
and Bolivia have some 300 miliion
acres of unplanted land — not rain-
forests - suitable for crops, such as
grain and soybeans. But they lack
infrastructure — roads, rails and
distribution centers — to support
intensive commercial agriculture.
Infrastructure improvements not
only would allow farmers to
transport crops 1o more peoﬁie,
but also would bring economic
benefits to farming communities.

Most experts agree that the world
doesn’t have the luxury of waiting to
act. By working now to put in place
the technology and the infrastructure’
required to meet future food needs,

we can feed the world for centun‘es to .-

come and improve the qua.hty of life

 for people woﬂdw:de @
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L.ead To Genetic Laws

Why do children often ook like
their parents? How can children
inherit blue eyes from their mothers
and brown hair from their fathers?
These guestions about genetics are
similar to the ones monk Gregor
Mendel spent his life trying to answer
in the 19th century.

Scientists before Mendel dabbled
in the area of genetics but were unable
to discover how characteristics are
passed from one generation to the
next. After eight years and thousands
of experiments with pea plants,
Mendel developed his laws of
heredity. Initially, no one recognized
the importance of his work, Most
historians attribute the lack of interest
in Mendel’s research to the simulia-
neous announcement of Darwin's
Theory of Evolution.

ft wasn't until 1900. 16 years after
Mendel's death, that three botanists in
different areas of Europe discovered
the sigaificance of the information

contained in
“Proceedings.” the
document that introduced
Mendel’s five principies
of heredity.

Since then, many
researchers have used
Mendel's five principles.
also known as Mendelian
lanvws, o develop more
advanced theories of
genetics. One of the most
remarkable discoveries
this century occurred in 1946 when
researchers revealed that genes are
made up of DNA, the hereditary
material present in the cells of living
things, This significant advancement
altimately led researchers to develop
biotechnology. which allows the
transker of a gene for 3 specific trait
from one organism $o another.

This process expands the possibil-
ities of genetic applications across
nearly every discipline. From new

regor Mendel’s Pea Plants

medical treatments and environmental

clean-up, 1o agricultural preduction
and manufacturing processes, bio-
technology premises to bring better
answers to important modern-day
questions. Gregor Mendel's work not
only has stood the test of time, it has
established the foundation for today’s
advancements. @

Continued from page 3.

that has the desired trait. The coated
peilets are fired through plant cells
with a special gun. As they pass
through the cells, some of the DNA
coating is left behind, mixing with
the plant cell’s DNA to add a new
beneficial trait.

Decades of research have allowed
Monsanto specialists to apply their
knowledge of genetics to improve

various crops. such as maize/corn,
soybeans, oilseed rape/canola,
cotton and potatoes. These
researchers continue to work
carefully to ensure that improved
crops are the same as current crops,
except for the addition of one
beneficial trait, such as resistance to
a particular insect or virus. @




With Sweet Potatoes

Sweet potatoes are one of the
largest subsistence food crops in the
world, which means tﬁey are com-
monly grown by farmers who can
only preduce enough to feed their
families. Sweet potatoes are high in
carbohydrates and vitamin A, and are
easy to grow, even in poorly productive
soil or duriag dreughts. In addition,
harvested sweet potatoes can be
stored underground for years,
providing a stable food supply for
countries like Kenya — a country
with 26 million people, 96 percent of
whom are starving,

In many parts of the
developing world, such as
Kenya, the sweet potato is
one of the largest food
crops grown by subsistence
Jarmers — peaple who can
onrly produce enough to
feed their families.

Unfortunately, sweet potatoes are
very susceptible to viral diseases. The
feathery mottle virus (FMV) —a '
degenerative plant disease common in
Africa — can reduce crop yields by as
much as 30 to 80 percent.

Aphids — small, widespread
insects — transfer FMV to plants
throughout Africa. Pue to economi-
cal and techrical constraints, African
farmers cannot use chemical sprays to
control these pests, so the problem
persists year after year.

Monsanto is involved in a
unique collaborative project with
the United States Agency for
International Development to accel-
erate the transfer of technology to
less developed countries, so these
countries can develop their own
agricultural improvements. Asa
result, Kenyan researchers, Dr.
Florence Wambugu and Dr. Daniel
Maingi, came to Monsanto’s Life
Sciences Research Center in St. Louis
to genetically improve sweet pota-
toes to be protected against FMV.
For almost three years,
3 Wambugu developed
protection against viruses,
in African varieties of sweet

"potatoes. Maingi joined her efforts
i in October 1993 and has continued

) her work since her return to Africa

in July 1994,

Learning to apply Monsanto's
expertise in gene transfer technology
and plant regeneration, the researchers
are taking tiny portions of the protein
coats that surround all FMV and intro-
ducing those proteins into African
sweet potato plants. Once exposed,
the sweet potato plants develop their
own protection against full FMV virus.

Plant biotechnology is a perfect fit
for the developing world becanse

plant improvementis are incorporated
in the seed. Crops protected against
viruses promise lower input costs and
pesticide use for farmers and require
no special machinery or special

waining. Every farmer knows how
to plant a seed.

Future generations will feed the
significance of Wambugu's and
Maingi's work when African
farmers are able to protect their
crops from FMV.@
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Microbiology Microorganisms and Disease
(Pseudorabies Epidemic)

Description:
To discuss the role of microorganisms in the spread of disease.

Objectives:
1. To understand the differences between bacteria and viruses.
2. To understand pathogens and vectors which can spread disease.
3. To identify and understand steps which can be utilized to decrease or
or prevent the spread of disease.

Interest Approach:
Psuedorabies Epidemic Lab ({attached)

Background Information:

Viruses: Viruses are not considered living, in fact, scientists are really unsure how to classify
them. Viruses infect an organism by injecting their DNA into a host cell such as a plant
or an animal. The host cell is ‘tricked’ into replicating the virus’ DNA along with their
own DNA. Viruses are so small they are virtually impossible to detect and can be spread
very easily. (Some viruses can be carried in a person’s lungs from one swine facility to
another. Many confinement operations will not let employees enter an operation within
48 hours of working in another swine facility.)

Bacteria; Most bacteria require warm, moist conditions to reproduce. A damp, dirty environment

is perfect for promoting bacterial growth. Bacteria can be easily carried from one operation
to another via manure, rodents, birds, dogs, humans, efc.

Assignment:
Read the article "Animal Antibiotics: Are They Creating Superdiseases?” and complete the
attached study gulde.
Conduct “Microorganism Olympics” (see attached)

Assessment:

Have each student list & steps which couid be taken to help reduce the spread of disease
causing microorganisms.



Psuedorabies Epidemic

This activity will simulate the spread of pathogenic microoganisms.

Each member of the class must put on safety goggles.

Each member of the class will select a cup with liquid and an eye dropper.
(Caution: Do not drink the liquid i)

Below is a list of interactions. The interactions must be completed in the order they are
listed. Upon contact the two individuals will mix the solutions in their cups with the
other person.

Mix as follows:
+ Person “A” places two full eye droppers of solution into the cup of person “B". Person
“B” then places two full eye droppers of solution into the cup of person “A”.

* Repeat this process two more fimes.

Compiete the following interactions in this order:

Producers # 5, 6, 7, 8, 9, and 10 ali visit the Feeder Pig Auction.
Producer #11 purchases feeder pigs from Producer #4.
FProducer #12 gets puppy from Producer #11.

Feed Dealer travels to Producer #1.

Producer #1 fravels to Vet Clinic.

Veterinarian visits Producers #6 and #7.

Producer #3 travels to the Vet Clinic

Producer #1 shakes hands with Producer #3.

Producer #1 travels to the Feeder Pig Auction.

10. Feed Dealer travels to Producer #2.

11. Feed Dealer travels to Producer #3.

12. Feed Dealer travels to Producer #4.

13. Producer #4 travels 1o Feeder Pig Auction.

14. Producer #9 purchases tracior from #5.

15. Producer #4 travels to the Vet Clinic.

16. Producers #5 and #8 visit the Elevator at the same time.

17. Feed Dealer travels to Producer # 5.

18. Feed Dealer travels to Producer #6, then finally goes home for 'ihe day
19. Producer #10 purchases 5 boars from Producer #6.

20. Elevator delivers feed to Producer #2.

WoOoNOUTAON

Now add approximately 4 drops of Phenolpthaline indicator into each
person’s cup.

A color change indicates the person’s cup is infected with pseudorabies.
On your map, circle each person who showed contamination. Plot the
interactions on the map to determine the source of the contamination.

{(Only one sample was originally contaminated.)

Who is the source of the contamination ?
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Objective:

Microorganism Olympics

Your goal is to obtain the nastiest, grossest microoganism growth.

Lab_ Procedure:

* Give each student a nutrient agar plate to take home.
» Each student will take the plate home and select the most contaminated spot in their home or

on their farm. They may sample anywhere or anything.
* Upon selecting a location perform the following steps:

1.

Take a piece of 'scofch’ tape approximately 2 inches long and stick it to the area you
wish to sample. {Example: Stick the tape to the toilet seat.)

. Gently remove the tape, being careful not to touch the sticky surface with your

fingers.

. Remove the lid and gently place the tape on the surface of the agar. Use a finger

lightly press the tape onto the surface of the agar. Any microorganisms should now
be transferred from the tape to the agar.

Gently lift the tape and discard. Close the petri dish and tape the lid securely onto
the plate. Return the plate to school

. Upon returning the plates o school, label each plate with:

-the student’s name

-the date and time the sample was taken

-the location of the sample ’
Incubate in a warm place (such as an egg incubator) or simply place in a warm spot
in your room. Allow two to 6 days to incubate. You will probably start to see some
growth within the first 24 hours. (85 1o 100 degrees F provides faster growth)

Pick the winner who found the nastiest, fastiest growing microorganism sample.

Discuss why the various locations setected within the class had different levels of
contamination.



Animal Antibiotics;
Are They Creating Superdiseases?

The truth is that a lack of drugs is forcing livestock producers
to manage their animals betl‘e; The animals and the entire
disease-control system are better for the effort.

Editor’s note — In January, Progres-
sive Farmer Midwest published an
article about the slowness with which
new animal drugs are coming onto the
market. {See “Animal Drug Users
Fume as FDA Fiddles,” Jar. 15, 1995}
The following story discusses the issue
of resistance in animals.

Is there a bacterium or sim-
ilar pathogen so vile, so
defiant of available antibi-
emindad OticS that it threatens an
entire ammal industry if a cure isn’t
found or 2 new medicine isn’t approved?
Possibly in poultry, but probably not
n hogs or cattle, say scientists and vet-
erinarians. At least not in the U.S.
Antibiotics have never worked against
viruses, which is why prevention through
vaccinations, quarantine, stress reduction,
and other methods of management has

Fewer Drugs ~- Cattlemen and veterinarians have a declining arsenal of drugs .

always been so critical to stopping their
spread.

But scientists have long suspected that
constant low-dosage use of antibiotics
would eventually lead 1o strains of bacte-
ria that available drugs couldn’t defeat.
That fear has proven true in some ways,
but not in others.

*On an individual basis where a par-
ticular type of bacterium is present, we
expect resistance on a particular farm
because of improper use of aatibiotics,”
says George D’ Andrea, a pathologist and
toxicologist at the Alabama Veterinary
Diagnostic Lab in Auburn. “But I'm not
seeing a trend.” :

Dr. John Deen, an NC State veterinar-
ian, says: “Resistance to antibiotics is not
realty a concern in [the hog] industry. To
be honest, some of the opposite has been
happening.”

What’s the reason? Producers are

64

cleaning barns better, using all-in-all-out
production. and going with three separate
sites for sows, nurseries, and finishing
floors. The result is fower levels of dis-
ease and, in turn, lower levels of antibi-
otic use. And that helps keep the drugs
effective longer.

“What 1 think is happening is that
as we have breaks in production and
antibiotic use, the pathogens become
sensitive to antibiotics again,” Deen
says. "For instance, we can now use
tetracyclines with good efficacy. We
haven't been forced to use some of the
second- and third-generation drugs in
treatment because we can often use our
basic antibiotics.”

But there is a relatively new swine dis-
ease to worry about. It is a virus, so it can't
be halted with antibiotics. Reproductive
and Respiratory Syndrome has been rec-
ognized for about 10 years, and there's an

PHOTOS: VANN CLEVELAND

i Progressive Farmer Midwest/February 1995



10.

“Animal Antibiotics: Are They Creating Superdiseases?”

. What is a pathogen?

. Are antibiotics effective in controlling viruses?

. Scientists are concerned that constant low-dosage use of antibiotics may lead to...

. Is resistance to antibiotics a major concern in the swine industry?

. What is your reasoning for the answer you wrote in question #47

What is PRRS?

. How can resistance strains of bacteria occur?

. How does stress affect disease?

. What is BSE?

How might the use of “All-in, All-out” manégement of swine operations affect the development
of resistant strains of bacterla? :



KEY “Animal Antibiotics: Are They Creating Superdiseases?”

1.

10

What is a pathogen?

a disease causing organism

. Are antiblotics effective in controlling viruses?

ne

. Scientists are concerned that constant low-dosage use of antibiotics may lead to...

increased numbers of antibiotic resistant bacteria

Is resistance to antiblotics a major concern in the swine industry?

not currently

. What is your reasoning for the answer you wrote in question #47

all-in-all-out production, better sanitaiion, seperate sites

What is PRRS?

Porcine Reproductive and Respiratory Syndrome (a virus)

. How can resistance strains of bacteria occur?

Increased exposure to antibiotics allows resistant crganisms to grow.

(Partially

due to decreased competition from non-resistant strains which have been

killed. More room to grow.) Low levels may not kill all bacteria.

. How does stress affect disease?

Increased stress usually causes an increase in disease

What is BSE?
also known as Mad Cow Disease
. How might the use of “Ali-in, All-out” management of swine operations affect the development

of resistant strains of bacteria?

Will likely decrease development of resistant strains because of lower antibiotic
usage. If antibiotics are not used the bacteria do have the opportunity to

develop resistance.



Jei-Puffed Genetics

Objectives:
1. To review meiosis.
2. To understand the possibilities of genetic engineering.
3. To develop an understanding of gene mapping and lts applications.
4. To demonstrate the results of crossing two plants or animals.

Strategies: (What does the teacher need o do?)
* Define and explain each of the following prior to this activity:
Meiosis: -~ Process by which the body produces sex cells.
‘ A cells chromosome pairs split into two seperate chromatids.
The chromatids from each pair then migrate to opposite ends of
the cell. When the cell divides each “daughter” celi receives ons
chromatid from each chromosome pair. This is the process by
which sperm and egg are produced. A sperm or egg cannot grow
and divide by themselves because they are genetically
incomplete, containing only half of the needed genetic material,

Example: Humans have 46 chromatids found in 23 chromosome
pairs. Wher the cell divides each "daughter” cell will
receive 23 chromatids, but no pairs.

What would happen if you bred a horse with a chicken?
Nothing, they do not have the same number of
chromosomes pairs. They could not produce a
viable embryo.

Why don't you see 6 foot tall eqgs walking around
school?

Sperm or egg do not contain the necessary genetic
material to grow and divide.
They are 1N (hapioid), fertilized eggs are 2N (dlplmd)

Dominant Genes: A trait which masks a recessive gene,

Recessive Genes: A trait which is masked by a dominant gene.

Complete Dominance: A dominant gene completely masks a recessive gene.
The recessive frait cannot be seen.

Example: Cross a Red flower (RR) with a White flower (i7).
RR X = Rr Offspring will have Red flowers.
Partial! Dominance; A dominant gene partially masks a recessive gene.
A mixing of traits.

Example; Cross a Red flower {AR) with a White flower (11).
RR X1 = Rr Offspring will have Pink flowers.




Strategies cont...
» Define and explain each of the following prior to this activity:

Genotype: The actual genes present in the chromosomes.
(Cannot always be seen.)

Phenotype: The actual physica! appearance.
(Cannot always tell what genes are present.)

Homozygous: Like genes on each chromatid.
Example: BRR or

Heteyozygous: Different genes on each chromatid.
Example: Rr

Gene Mapping: The process of identifying genes which control specific traits
and mapping their individual locations on the chromosomes. They
expect the Human Genome Project to be completed before 2010.

Gene Splicing: Transferring a gene from one organism to another.

» Obtain the following materials:
“White miniature marshmallows and Colored miniatura marshma!iows
Colored marshmallows code for specific {raiis.

White marshmallows code for extra genes, not identified.
~Toothpicks

Activities: (What wili the student do’?)
* Produce one chromosome pair of the mother and one pair Of the father.
+ Manipulate the chromatids to show all of the possible combinations of the
offspring.
» Complete a Punnett Square to show the genotypes and phenotypes.

(See activity sheet)

Evaluation:
* Observe the results of thelr crosses.
*» Review their Punnett Squares.
» Have students brainstorm applications of gene mapping.
+ Have students brainstorm applications of genetic engineering.



Jet-Puffed Genetics

Use the following marshmallow colors;

- White = extra genes on the chromatid, genes which are not mapped
Green = polled (M)
Orange = horned (h)
Pink = High Milk Protein (M)
Yellow = Low Milk Protein {m)

Assume: Polled exhibits complete dominance over homed.
High Milk Protein exhibits partial dominance over Low Milk Protein

Scenario:

‘Assume scientists have developed techniques to map specific genes in cattle..
You have a valuable cow which, you have had mapped, and found to be heterozygous
for horns and heterozygous for milk protein. (Assume you want polied and high protein )

Cow

P st |
P S s
You have a choice of the following two bulls to breed this cow.
Blackstar Elevator




*

Construct each animal’s chromosome pair with the corresponding marshmallows.

.

Place one dot, with a marker, on Blackstar's chromatids. (So you can tell them apart }

Place two dots, with a marker, on Elevaior's chromatids..

»

Manipulate the chromatids to show all possible genetic combinations of these two
bulls and the cows. {Remember: Meiosis must happen to produce sperm and egg.)
Note: This approach is slightly different than the traditional Punnett Square because

you know the specific location of each gene with relation to other genes on that same
chromatid.

Summary:
List all the possible genolypes and phenotypes for each of the two crosses:

Cow X Blackstar Cow X Elavator

Which bull would you use to breed this cow? Why?

If you could use genetic engineering to improve Blackstar what would you do?
{Change marshmallows as needed to obtain the desired chromosome pair.)

If you could use genetfc engineering to improve Elevator what would you do?
(Change marshmallows as needed to obtain the desired chromosome pair.)

i you could genetically splice any other spedific trait into cattle what would you
choose? )
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Essay Chapter 6
Name : . Date
The Genetic Peril of the Cheetah exhibits genetic uniformity. Genetic uniformicy

The cheetah is truly one of nature’s marvels.
A virtual running machine, its skull is small and
lightweight, its }limbs are long apd slender, and
its spinal columm is unusually flexible. The
cheetah’s heart, lungs, and adrenal glands are all
enlarged, enhancing the animal's ability to accel-
erate during a high-speed chase—a chase often
clocked at up to 112 kilometers per hour. Unlike
other cats, the cheetah’s claws are always ex-
tended like cleats, emabling it to grip the ground.
These adaptations have made the cheetah an ef-
fective hunter on the flat, open savannahs of cen-
tral and southern Afica.

In spite of the cheetal's skill as a runner and
hunter, the species seemns to be headed for ex-
tinction. While the cheetah’s body structuze is
superbly adapted to a running existence, the
theetah has traits that are considered maladap-
tive. It is extremely vulnerable to disease, and
there is a high infant mortality rate. Although
the cheetah is the world’s fastest mammal, it can
mun rapidly for only a few hundred yards before
it tires. After a typical chase, the cheetah col-
lapses for half an howr in order to regain its
strength. Dwiing this time, it is vulnerable to at-
tack by other predators and can lose either its
life or its catch. Cheetahs are rather timid crea-
tures, with some 50 percent of their kills
snatched away by more aggressive lions, leop-
ards, and hyenas. The cheetah is now limited to
a few, small areas in Africa. There are about
20 000 cheetahs left on Earth today.

Research over the last six years suggests that
the cheetah bhas somehow lost most of its genetic
variation. Scientific studies have revealed that,
genetically, each cheetdh is nearly identicsl to
every other cheetah In other words, the species

Questions:

1. Provide a definition of genetic uniformity

hgmpers the ability of a species to adapt to ey
vironmental changes, such as temperature shis
drought, glaciation, and even the emergence of
new viruses or bacteria. Such uniformity is wsu-
ally the result of intensive inbreeding.

Scientists - have recently puzzled over the
causes for the probable inbreeding and resultant
genetic uniformity in the cheetah. The most
plausible hypothesis to date is that at some point
in the past the cheerah went through a2 severe
population reduction. The population reduction
was followed by inbreeding, which diminished
genetic variability. How severe would the popu-
lation reduction have to be in order to lead to
genetic uniformity? Studies have shown that a
population reduced to only seven individuals
will retain about 95 pescent of its original ge-
netic variation. The population can retain that
variation only if the survivors reproduce rapidly
enough to expand the size of the population
Slow reproduction in a small populadion de-
creases the likelihood that different genetic types
will survive, Scientists suspect that at lesst once
in the past the cheetah’s poptlation dropped to
only a few individuals. What caused the cheetah
population to dwindle is not known. The possi-
bilities inchude catastrophic climatic changes,
viral ar bacterial plagues, and even hunting by
humans.

Several other animals have gone throngh se-
vere poptlation reductions and seem to be recov-
ering. One example is the northem elephant
seal. This population was reduced to about 20
animals. Yet after the passage of protective leg-
islation, the seal population grew. Today the
number of etephant seals reaches into the tens of

thousands. Can the cheetah have the same good
fortune?

2 How does genetic uniformity occut

3. How does genetic uniformity hamper the survival of the cheetah}

Chapter 6
Student Master 6-2
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Parts Per Million

Pescription: _
This is an easy way for students 1o visualize parts per million

Materials Needed:

2 - one liter pop botlies
food coloring

gasoline

syringe to measure 1 ml

Procedure:

= Fill both bottles with water.

+ Add one mi of food coloring to one of the bottles of water.

» Shake up. The water will turn a definite color.

» Take one ml out of this bottle and add it to the second bottle.
* The color is typically not visible in the water.

- Repeat the same procedure using gasoline.
» Smell to detect the gasoline. (Gasoline can usually be detected down io 1 PPM.)

1 mi 1 mi

171000 171,000,000
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Osmotic Regulation
(Osmosis)

Description:
This experiment is designed to help students understand osmosis, and osmotic

regulation in fish. Students will demonsirate how salt levels in water affect osmotic
balance.

Equipment and Supplies Needed:

Plastic cups (preferably clear)

Sodium Polyacrylate {avail. through science suppiy catalogs)
Food coloring

Salt

Procedure:

« Fill plastic cup approximately 1/2 full with water.

+ Fach group should measure and obtain .5 grams of sodium polyacrylate.
- Slowly add the sodium polyacrylate to the cup of water.

« Observe closely.

+ Stop adding the sodium polyacrylate when the cup has gelled completely. (it may pot

be necessary to use all powder.)

Discuss:
+ What has happened ?
» What do you think will happen if we add salt to the gel ?

+ Slowly sprinkle salt across the surface of the gel.
+ Observe closely.

- Continue adding salt until the gel has completely disappeared.

Discuss:

» Why has the gel disappeared ?

« What would happen i we put a freshwater fish in the ocean ?
 What would happen if we put a marine fish in freshwater ?

» Can you think of any practical applications for this substance 7




Plant Transpiration

Description: _
Students will conduct an experiment which demonstrates plant transpiration.

Obijectives:

To demonstrate plant transpiration.

To understand the importance of water {o plant growth.
To identify how soil nutrients may affect transpiration.

Equipment and Supplies Needed:

« water

+ food coloring

+ clear, flexible plastic tubing (two 3’ lengths per experiment)
* tape

* two plants per experiment

Procedure:
* Arrange tubing and plant as shown below.

+ Insert plant stem into tube. ,
/ {Roots may be left on.)
o . + Fill tube with colored water as shown

R %/ » Cover the top of the open tube with
i tape o prevent evaporation
A -+ Mark the initial water level.

4~ . Repeat the steps with a second plant
and tubing arrangement. Except, on
the second cut the stem shorter so that
it does not touch the water.

*+ Observe the change in water levels
over the next couple days.




O

PN

Ag. 1 Plant Transpiration Name

1 Which tube lost the most water by the end of the experiment ? Why ?

2 What is transpiration ?

3. How do plants control transpiration 7
4 What happens to corn leaves under hot, dry conditions ?
5. |s soil fertility important to heiping planis {olerate drought conditions ?

6. Which plant nutrient (NPK) is most important in helping a plant use water more
efficiently and manage transpiration rates ?



Ag. 1 Punnett Square Name

One of the major advantages of sexual reproduction is genetic diversity. Complete a
square to show the genotypes of the following cross.

George’s Genotypes: Pp Ss Tt
Gertrude’s Genotypes: Pp ss Tt

List all of the possible gene combinations which the male’s sperm could have.
List all of the possible gene combinations which the female’s egg could have.

Using these gene combinations complete the square.

ey

Analysis:
Lightly shade the individuals who can taste all three substances.

Circle the individuals who cannot taste any of the substances.

If we could reproduce George, asexually, what genotype(s) would the offspring have ?




Monohybrid and Dihybrid Crosses

Terms to Know:
Hybrid: a cross of two pure lines
P1: the parents (pure lines}

F1q: first generation or first cross of two pure lines
Fg: second generation ot crossing two Fi's

Example;

Red Flower {RR) X White Flower (i1)

Pink Flower (Rr) Pink Flower (Rr)

X

RR Rr Rr i

Generation

P1i

F1 (100 % Br or Pink)

F2
(1 Red, 2 Pink, 1 Whits)

Complete a Punnett Sauares for the following corn cross through the F2_generation,

Colored Aleurone (RR) X Colorless Aleurone {1r)

* Colored Aleurone exhibits complete dominance

Complete a Punnett Squares for the following corn cross through the F2_generation.

Cuolored Aleurens and Starchy Endosperin X
(RRSS)

* Both exhibit complete dominance.

Coloriess Aleurong and Sweet Endosperm



Jet-Puffed Gene Mapping

Marshmallow Color_Gode:
Green = G (Guanine)

Yellow = A ({Adenine)
White = T (Thymine
Pink = C (Cylosine)

Step 1
Using tocthpicks and marshmaifows construct the following strand of DNA.

GGATCAGTACCGTTAACTAT

BB B B e

Green Grean  Yellow White  Pink Yellow

Step 2
How many Guanines are present in this DNA fragment?

How many Adenines are present in this DNA fragment?
How many Thymines are present in this DNA fragment?
How many Cytosines are present in this DNA fragment? B

Step 3

What is the first nucleotide present in your DNA fragment? (Reading from left o right.)

What is the second nucleotide present in your DNA fragment? (Reading from left to right }

What is the third nucleotide presant in your BNA fragment? (Reading from left to right )

What is the fourth nuclesotide present in your DNA fragment? (Reading from teft to right.)

Step 4

Assume that Green marshmallows are fime, Yeliow are lemon, white are vanilla, and pink are
cherry-flavored.

Describe the flavor of this strand: ‘GAAG

Describe the flavor of this strand; 'CCCC’
Assuming that these combinations of nucleotides produce specific proteins, do think that.
‘GGAT would produce the same prolein as ‘GCTA’?

Why would scientists like to determine the specific chemical sequence of DNA?



Autoradiomarshmallowgram
Stan disassembling your DNA fragment placing each rmarshmaliow on its corresponding color row and
carresponding number in the chaln. Start placing the marshmallows on the chart. Stat at the bottom and
work up to the top. You will only have one marshmallow in each row. Forexample: (The first nuclectide,

G, will go in celt G1. The second nucleotide, G, will go in G2 The third nucleotide, A, wilt goincell A3}

Place an "x” in each cell that contains a marshimaliow.

G . A T C

20
o 5 19 -y .
18 |
17
j16
15
14
13
12
‘ 711 .
10 i !
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Chromatog raphy |

Description:
This experiment will show the different pigments present in plants.

Obiectives:

To show the various pigments present in green planis.

To develop an understanding of pigments involved in photosynthesis.
To Identify symptams of nuitient deficiency.

Eguipment and Supplies Needed:
Coffee filters

Various plant leaves

Rubbing alcohol

Quarter

Paper clips

Paper cups or glass beakers
Toothpicks

Procedure:

- Cut the coffee filter paper into strips approx. 1 inch wide and 4 inches long.
« Lay plant leaf across the bottom of one of the filter sirips.

- Rub a quarter across the leaf to transfer a line of pigment onto the filler strip. Approx.

1/2 inch from one end.

- Hang the filter strip on a toothpick and dangle the strip info a cup with rubbing
alcohol. (The filter paper should just touch the alcohol. Do not cover the pigment
line.) A paper clip is helpful in securing the filter paper strip.

« Allow io set and observe over the course of the class period.

» Eventually, the strip will show different bands of pigment.

‘,,Toothpick

Filter Paper Strip

Pigment Band ]

\.__....._._._/‘\\ Alcohol |evel f‘j




Chromatography Name

. What happened to the initial pigment band ? Why ?

What colors did you see in your chromatography sirip ?

. What plant nutrient is largely responsible for green color in plants ?

. What are the symptoms of nitrogen deficiency in growing corn ?

. What are the symptoms of phosphorus deficiency in growing corn ?

. What are the symptoms of potassium deficiency in growing corn ?



Parts Per Million

Description:
This is an easy way for students fo visualize parts per million

Materials Needed:

2 - one liter pop botlles
food colofing

gasoline

syringe o measure 1 ml

Procedure:

- Fili both botiles with water.

« Add one m! of food coloring to one of the bottles of water.

» Shake up. The water will turn a definite color.

- Take one mi out of this boitle and add it to the second bottle.
» The color is typically nof visibie in the water.

- Repeat the same procedure using gasoline.
« Smell 1o detect the gasoline (Gasoline can usually be detected down 1o 1 PPM.)

m.' ; o1 ml 1 mi

1/1000 171,000,000




Osmotic Regulation
(Osmosis)

.Desecription: . e
This experiment is desugned to help students understand osmosis, and osmotxc

regulation in fish. Students will demonstrate how sait levels m water aifect osmotic
balance.

Equipment and Supplies Needed:

Plastic cups (preferably clear)

Sodium Polyacrylate {avail. through science supply catalogs)
Food coloring

Salt

Procedure:

» Fill piastic cup approximately 1/2 full with water.
« Each group should measure and obtain .5 grams of sodium polyacrylate.
+ Slowly add the sodium polyacrylate 1o the cup of water.

« Observe closely.

- Stop adding the sodium polyacrylate when the cup has gelled completely. (It may not

be necessary 1o use all powder.)

Discuss:
+ What has happened ?
» What do you think will happen if we add salt to the gei ?

« Slowly sprinkie salt across the surfaée of the gel.
« Observe closely.
+ Continue adding salt until the gel has completely disappeared.

Discuss:

* Why has the gel disappeared ?

+ What would happen if we put a freshwater fish in the ocean ?
- What would happen if we put a marine fish in freshwater ?

« Can you think of any practical applications for this substance ?




Osmotic Regulation
(Osmosis)

.Desecription: . e
This experiment is desugned to help students understand osmosis, and osmotxc

regulation in fish. Students will demonstrate how sait levels m water aifect osmotic
balance.

Equipment and Supplies Needed:

Plastic cups (preferably clear)

Sodium Polyacrylate {avail. through science supply catalogs)
Food coloring

Salt

Procedure:

» Fill piastic cup approximately 1/2 full with water.
« Each group should measure and obtain .5 grams of sodium polyacrylate.
+ Slowly add the sodium polyacrylate 1o the cup of water.

« Observe closely.

- Stop adding the sodium polyacrylate when the cup has gelled completely. (It may not

be necessary 1o use all powder.)

Discuss:
+ What has happened ?
» What do you think will happen if we add salt to the gei ?

« Slowly sprinkie salt across the surfaée of the gel.
« Observe closely.
+ Continue adding salt until the gel has completely disappeared.

Discuss:

* Why has the gel disappeared ?

+ What would happen if we put a freshwater fish in the ocean ?
- What would happen if we put a marine fish in freshwater ?

« Can you think of any practical applications for this substance ?




Plant Transpiration

Description: ‘ .
Students will conduct an experiment which demonstrates plant transpiration.

Objectives:

To demonstrate plant transpiration.

To understand the importance of water 1o plant growth.
To identity how soil nutrients may affect transpiration.

Equipment and Supplies Needed:

« water

+ food coloring

« clear, flexible plastic tubing (two 3' lengths per experiment)
- tape

- iwo plants per experiment

Procedure:
+ Arrange tubing and plant as shown below.

- Inseri plant stem into fube. ‘
/ {(Roots may be left on.)
o _— * Fill tube with colored water as shown

— « Cover the top of the open tube with
¢ // tape to prevent evaporation
" Mark the initial water level.

+ Repeat the steps with a second plant
and tubing arrangement. Except, on
the second cut the stem shorter so that
it does not touch the water.

* Observe the change In water levels
over the next couple days.




TN

Ag. 1 Plant Transpiration Name

1 Which tube lost the most water by the end of the experiment ? Why 7

2 What is franspiration ?

3. How do plants contro! transpiration ?
4. What happens 1o corn leaves under hot, dry conditions ?
5. Is soil fertility important to helping plants tolerate drought conditions ?

8. Which plant nutrient (NPK) is most imporiant in helping a plant use water more
efficiently and manage transpiration rates 7



Jet-Puffed Gene Mapping

Marshmallow Color GCode:
Green = G (Guanine)

Yellow = A {Adenine}
. ...White = T (Thymine
Pink = C€ ({Cytosine)

Step_ 1
Using toothpicks and marshmallows construct the following strand of DNA,

GGATCAGTACCGTTAACTAT

B BB B e

Green Gregn  Yellow Whiter  Pink Yellow

Step 2
How many Guanines are present in this DNA fragment?

How many Adenines are present It this DNA fragment?
How many Thyrmines are present in this DNA fragment?
How many Cylosines are present in this DNA fragment? ‘
sStep 3
What is the first nucleotide present in your DNA fragment? (Reading from leit to right.)

What is the second nucieotide present in your DNA fragment? (Reading from left to right )

What is the third nucieotide present in your DNA fragment? (Readirig from left to right )

What is the fourth nucleotide present In your DNA fragment? (Reading from left to right.)

Step 4
Assume that Green marshmailows are lime, Yellow are lemon, whiie are vanilla, and pink are
cherry-flavared.
Describe the flavor of this strand: ‘GAAG’
Describe the flavor of thig strand: *‘CCCC
Assuming that these combinations of nucleotides produce specific proteins, do think that

'‘GGAT would produce the same protein as ‘GCTA?

Why would scientists [ike to determine the specific chemical sequence of DNA?



Autoradiomarshmallowgram
Start disassembling your DNA fragment placing each marshmallow on its corresponding color row and
corresponding number in the chain. Start placing the marshmatllows on the chart. Stant at the bottomn and
work up 1o the top. You will only have one marshmallow in each row. For example: (The first nucleotide,

G, will go in cell G1. The second nucleotide, G, will gé in G2 The third nucleotide, A, will go incell A3)

Place an “x” in gach cell that contalns & marshmallow.
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Monohybrid and Dihybrid Crosses

Terms 1o Know;
Hybrid: across of two pure lines
P4: the parents (pura lines)

F4: first generation or first cross of two pure finés
Fo: second generation or crossing two Fi's

Example:

Red Flower (RR) X White Flower (i)

Pink Flower (Rr) Pink Fiower (Rr)

T

X

RR Rr Rr rr

Generaiion

P1

F1  (100% Rr or Pink)

Fa

{1 Red, 2 Pink, 1 White)

Complete a Punnett Sguares for the following corn gross through the Fo generation.

Colored Aleurone (RR) X Colorless Aleurone {r)

* Colored Aleurone exhibits complete dominance

Complete a Punnett Squares for the following corn gross through the Fo generation.

Colored Aleurone and Starchy Endosperm X Colorless Aleurons and Sweet Endosperm

(RRSS)

* Both exhiblt complate dominance.



Ag. 1 Punnett Square Name

One of the major advaniages of sexual reproduction is genetic diversﬁy Complete a
square 1o show the genotypes of the following cross.

(Géorge’s Genotypes: Pp Ss H
Gertrude’s Genotypes:  Pp Ss T

List all of the possible gene combinations which the male’s sperm could have,
List all of the possible gene combinations which the female’s egg could have.

Using these gene combinations complete the square.

Analysis:
Lightly shade the individuals who can taste all three substances.

Circle the individuals who cannot taste any of the substances.

If we could reproduce George, asexually, what genotype(s) would the offspring have ?




Animal Reproductive System

THE reproductive system is the only sys-
tem in animals that is different
between genders. Breeders and others in
the animal industry need a thorough under-
standing of the female and male reproduc-
tive tracts.

Objective:

tract.

Key Terms:

ﬂ Explain the functions of the female reproductive tract and the male reproductive

-8' accessory glands

cervix

clitoris
Cowper’s gland
ejaculation
fallopian tubes
infundibulum
ovary

oviducts

penis

prostate gland
scrotum
testicle
testosterone
urethra

uterus

vulva

a E-unit: Animal Reproductive System ¢ Pagel1l ¢ AgEdLibrary.com
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. Female Reproductive Tract

The reproductive system of the female produces egg cells, is the site of fertilization, and
develops the fetus. Its structures are significantly different from those of the male reproductive
system.

The vulva is the external opening of the female reproductive and urinary tracts. Inside the
vulva is the elitoris, which is the sensory organ of the female. Anterior to the vulva is the
vagina. The act of copulation, or mating, occurs in the vagina. During natural mating, semen
from the male is deposited in the vagina. The vagina is part of the birth canal. The fetus passes
through the vagina during birth.

The cervix is a muscular structure between the vagina and the uterus. The annular rings
and gel-like mucus substance seal the uterus during pregnancy to protect the developing fetus
from infection. During birth, hormones cause the cervix to relax, allowing the young to pass
through.

The uterus is the location where the embryo develops. The uterus is a Y-shaped structure
with two uterine horns. The size of the uterine horns is dependent upon the typical number of
offspring produced in one pregnancy. An animal such as the horse that usually has only one
offspring per pregnancy has small uterine horns and a large uterine body. An animal such as
the pig that has large litters has large uterine horns and a small uterine body.

The oviducts, or fallopian tubes, are tubular structures that connect the ovaries and the
uterus. The reproductive tract has two oviducts, one joining each ovary to a uterine horn. The
union of the sperm and the egg cell occurs in one of the oviducts. The resulting zygote travels
through the oviduct for implantation into the uterine wall. The infundibulum is the funnel-

Rectum

Oviduct

Uterine
horns

Ovaries

FIGURE 1. Cow reproductive system.

. E-unit: Animal Reproductive System € Page2 ¢ AgEdLibrary.com
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by the infundibulum.

shaped opening of the oviduct. As the ovary releases an egg cell, it is directed into the oviduct

The ovary is the structure that produces the egg cell. It is also responsible for the produc-
tion of the hormone progesterone. Each female mammal has two ovaries. In some animals, like
chickens, only one ovary functions. Each ovary contains a predetermined number of follicles

Rectum
Vagina

Vulva
Clitoris

\ & Ovary
;o
e — Follicles
< / | Magnum
@,.:.’s y
Mature ovum Vagina

Infudibulum otid ‘Zl‘f —__ Cloaca
A
Isthrfas ,—” , Rectum

Uterus (shell gland) - Intestine

- :

=

Rudiment of oviduct

FIGURE 3. Hen reproductive system. (Courtesy, Gary Stegman, Crookston, MN)
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when the animal is born or hatched. For instance, a female chick normally has around 4,000
immature follicles, while a heifer has 75,000 immature follicles.

. Male Reproductive Tract

The reproductive system of the male produces and stores semen and deposits it into the

temale reproductive tract.

The penis is the organ that deposits semen, the fluid containing sperm cells, in the female
reproductive tract. During copulation, the natural act of mating, ejaculation occurs, expel-
ling the semen. The end of the penis serves as the sensory organ, which stimulates ejaculation.
The penis is normally relaxed and housed in a protective sheath. However, when stimulated,
the retractor muscle relaxes, and the sigmoid flexure allows the penis to extend from the
sheath. The penises of different species are physiologically difterent. The penis of the stallion
contains erectile tissue, while the penises of most other species do not. The boar has a uniquely
shaped penis that resembles a corkscrew but fits the sow’s reproductive tract perfectly. The
urethra is the tube that extends through the penis and allows for the excretion of urine. A
male fowl has no penis; instead, it has an undeveloped copulatory organ to deposit semen in
the oviduct of the hen. A fish expels semen through the urogenital pore.

Cowper's gland

Prostate gland

Sigmoid—T"|
flexure
Sheath, laid open
Epididymis Spermatic cords

Vas deferens

Testicles

Scrotum

FIGURE 4. Bull reproductive system.
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The accessory glands produce fluids that benefit the sperm cells. The Cowper’s
gland creates a fluid that cleans and neutralizes the urethra prior to ejaculation. The pros-
tate gland sccretes a fluid that provides the transportation medium for sperm. A fluid
secreted by the seminal vesicles provides nourishment for the sperm.

The testicle produces the male gametes and the male hormone testosterone. The two
testicles of a male mammal are held in the serotum, while in fish and poultry the testicles are
held internally. Cryptorchidism is the condition in which one or both of a mammal’s testicles
do not descend into the scrotum but are instead held in the body cavity. This causes sterility in
the affected testicle(s). In a mammal, the scrotum is necessary to provide an environment that

encourages sperm production, since its temperature is slightly below the body temperature of’
the animal.

Vesicular glands

Prostate gland
Cowper’s gland

Bladder Retractor penis
muscle
Ureter
Epididymis
Scrotum
Testes

Sheath

Glans penis

FIGURE 5. Stallion reproductive system. (Courtesy, Gary Stegman, Crookston, MN)

Summary:

The tfemale reproductive tract includes the vulva, vagina, cervix, uterus, fallopian
tubes, and ovaries. The male reproductive tract includes the penis, urethra, acces-
sory glands, testicles, and scrotum. Copulation is the natural act of mating.
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Checking Your Knowledge:

-c 1. List the structures of the female reproductive tract. Explain the function of

each.

2. List the structures of the male reproductive tract. Explain the function of each.

Expanding Your Knowledge:
Q

\ Interview a livestock producer. If you are unable to find one locally, check with a
livestock breed association to obtain the necessary contact. Determine from your
interview why a complete understanding of animal reproduction is important to the
producer’s success. Identify what combination of on-the-job experience and educa-
tional training contributed to the person’s overall knowledge of the subject.

Web Links:

Reproduction in Farm Animals—Oklahoma State University

http://www.ansi.okstate.edu/course/3443/study/

Bird Reproductive System
http://www.birdsnways.com/wisdom/ww32eiv.htm

a E-unit: Animal Reproductive System ¢ Page 6 ¢ AgEdLibrary.com
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Sex Cell Production in Animals

REPRODUCTION is the process of producing new
animals. In the animal industry, reproduction is
one of the most important functions, regardless of the
species. Without successful reproduction, the produc-
tion of meat animals and other animals would cease.

Objective:

E Describe the production of sex cells.

Key Terms:

-€Jll diploid

gametes
haploid

meiosis
oogenesis
polar bodies
reproduction
sperm

spermatogenesis

. Sex Cell Production

Reproduction begins with the production of gametes, or sex cells, in the male and the
female. Testicles in the male and ovaries in the female are responsible for the formation of the
cells that will form a new organism. Meiosis is the mechanism behind sexual reproduction.
The significance of meiosis is that genetic material is recombined during the process. All oft-
spring difter genetically from all others.

Chromosomes normally exist in pairs. When a cell contains the normal two sets of two
chromosomes, it is said to have a diploid (2n) number of chromosomes. A haploid (n) cell

. E-unit: Sex Cell Production in Animals €4 Pagel1l ¢ AgEdLibrary.com
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Primary
spermatocyte

— — - 1st meiotic division Primary
oocyte

Two secondary
spermatocytes

— 2nd meiotic division | | Secondary

Four
spermatids .

Y
2/Iloae‘tftf‘“re Ovum

FIGURE 1. Meiosis results in the production of gametes.

has a single set of chromosomes. Gametes contain a haploid number of chromosomes. For
example, a sheep has 54 chromosomes, so a sheep gamete would have only 27. Then, during
mating, the male gamete and the female gamete unite, providing a full set of chromosomes for
the offspring.

SPERMATOGENESIS

The male gamete is the sperm cell. It is produced in a testicle of a mature male. During the
process of spermatogenesis, the testicle produces four sperm cells from the original germ
cell. This occurs through a four-step process. During the first step, chromosomes replicate
themselves, creating chromatids that are exact copies of the original chromosomes. During the
second step, called synapsis, chromosomes pair together. During the third step, the cell
divides, with the resulting cells receiving one chromosome from each pair. During the fourth
step, the cells and chromosomes separate, resulting in sperm cells with a haploid number.

OOGENESIS

The female gamete is the egg cell, also known as the ovum. Qogenesis is the process that
takes place in the ovary, resulting in the production of ova. It is a process similar to
spermatogenesis with one primary difference. Instead of four gametes being produced from

. E-unit: Sex Cell Production in Animals €4 Page2 ¢ AgEdLibrary.com
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one germ cell, only one egg cell is produced. The other three haploid cells are known as polar
bodies, which provide food for the large, viable egg cell until fertilization.

Summary:

AN
Reproduction is the process of producing new animals. Reproduction requires
gametes, reproductive cells from each parent, to unite to form a zygote. Gametes are
formed through meiosis. Meiosis is the cell division that results in sex cells contain-
ing one-half the chromosomes needed to form a new animal. The testes produce
sperm cells. The ovaries produce ova.

Checking Your Knowledge:

What is the significance of meiosis?
Why do sex cells contain a haploid number of chromosomes?
Explain where male and female gametes are formed.

Describe the process of spermatogenesis.

A A

Describe the process of oogenesis.

Web Links:

Spermatogenesis
http://distance.stcc.edu/Aand P/AP/AP2pages/reprod/spermato.htm

Oogenesis
http://distance.stcc.edu/AandP/AP/AP2pages/reprod/oogenesi.htm
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Essay

Chapter 14

Name

Biotechnology: Growing Flavors
in the Laboratory

At one time there were two flavors of ice
cream from which to choose: vanilla and choco-
late. Today we must make hard choices between
common flavors like strawberry and unusual fla-
vors like bubblegum. We must make the choice
between the subtle, well-rounded natural flavor
and its more intense, artificial, synthetically pro-
duced cousin.

Now we face other choices as biotechnology
frms learn how to grow flavors in living plant
cells. One California firm is harvesting vanilla
flavor from cells that have been surgically re-
moved from vanilla plants and cultured in a glass
bioreactor One of the key techniques of this
technology is plant tissue culture, the growth of
plant cells in the laboratory. For example, in or-
der to make vanilla, scientists first remove cells
from the vanilla plant and culture them in a lab-
oratory dish. Various hormones are added to the
cell culture to prevent the cells from differentiat-
ing into root or leaf cells. The cell culture is then
submerged in a bath of nutrients that help the
cells multiply. To tumn on the cells’ flavor-mak-
ing factories, additional hormones are added. The
cells are finally placed in a protected material
and packed into 2 glass column through which
more nutrients flow. Flavor that leaks out of the
cells is collected.

The production of pure, natural vanilla flavor-
ing is perhaps less complicated, but more expen-
sive and time-consuming. The vanilla orchid
grows primarily in the Malagasy Republic and
Indonesia. Each flower of the orchid opens for

Questions:

1. How are flavors produced through plant cell culture similar to natural flavors?

Date

only one day of the year and must be hand pol-
linated in order to produce the fruit, or bean. The
vanilla bean is cured in a labor-intensive process
that takes three to six months. Two kilograms of
uncured beans produce approximately one-half
kilogram of cured beans. The pure, natural va-
nilla flavoring extracted from the beans sells for
around $2000 per kilogram.

Artificial vanilla flavoring is much less expen-
sive than pure, natural vanilla. Artificial vanilla
sells for $10 per kilogram and is made primarily
of vanillin Vanillin is an inexpensive by-product
of the paper industry, extracted from wood pulp.

There is no question as to what is natural va-
nilla and what is artificial vanilla, but how do we
treat the vanilla produced by vanilla plant cell
cultures? Is it natural or artificial? The biotech-
nology firms claim that it is natural because it is
produced by vanilla plant cells. The vanilla in-
dustry insists that it is artificial. They maintain
that since pure, natural vanilla contains 150 con-
stituents and the biotechnology firms product
contains only eight or ten of these constituents,
one of which is vanillin, it cannot be considered
natural vanilla flavor. By 1990, the California
biotechnology firms expect to produce several
hundred thousand kilograms of vanilla flavor a
year. This is about the same amount of vanilla
that is currently produced by the vanilla bean in-
dustry.

Vanilla is not the only flavor that can be pro-
duced by plant cell tissue cultures. Similar tech-
niques can be used to produce strawberry, rasp-
berry, grape, and nearly any other fruit flavor. In
the future, when you say “T'll take vanilla,” what
kind of flavor will you get?

2 Which type of vanilla flavoring would you prefer—natural, artificial, or that produced through

biotechnology? Explain your reasoning,

. If the laboratory-produced vanilla flavoring is accepted and approved for sale, what effect might

this product have on the vanilla bean industry in the Malagasy Republic? [The cost of the labo-
ratory-produced vanilla would be less expensive than pure, natural vanilla but slightly more than

artificial vanilla }
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Essay

Name

The Genetic Peril of the Cheetah

The cheetah is truly one of nature’s marvels.
A virtual running machine, its skull is small and
lightweight, its limbs are long and slender, and
its spinal column is unusually flexible. The
cheetah’s heart, lungs, and adrenal glands are all
enlarged, enhancing the animal’s ability to accel-
erate during a high-speed chase—a chase often
clocked at up to 112 kilometers per hour. Unlike
other cats, the cheetah’s claws are always ex-
tended like cleats, enabling it to grip the ground
These adaptations have made the cheetah an ef-
fective hunter on the flat, open savannahs of cen-
tral and southern Africa.

In spite of the cheetah’s skill as a runner and
hunter, the species seems to be headed for ex-
tinction. While the cheetah’s body structure is
superbly adapted to a running existence, the
cheetah has traits that are considered maladap-
tive, It is extremely vulnerable to disease, and
there is a high infant mortality rate Although
the cheetah is the world’s fastest mammal, it can
run rapidly for only a few hundred yards before
it tires. After a typical chase, the cheetah col-
lapses for half an hour in order to regain its
strength. During this time, it is vulnerable to at-
tack by other predators and can lose either its
life or its catch Cheetahs are rather timid crea-
tures, with some 50 percent of their kills
snatched away by more aggressive lions, leop-
ards, and hyenas The cheetah is now limited to
a few, small areas in Africa. There are about
20 000 cheetahs left on Earth today.

Research over the last six years suggests that
the cheetah has somehow lost most of its genetic
variation. Scientific studies have revealed that,
genetically, each cheetah is nearly identical to
every other cheetah. In other words, the species

Questions:

1. Provide a definition of genetic uniformity.

e
Chapter ¢
Date
exhibits genetic uniformity. Genetic uniformiry

hampers the ability of a species to adapt to en-
vironmental changes, such as temperature shifis
drought, glaciation, and even the emergence of

‘new viruses or bacteria. Such uniformity is usy.

ally the result of intensive inbreeding.

Scientists - have recently puzzled over the
causes for the probable inbreeding and resultant
genetic uniformity in the cheetah The most
plausible hypothesis to date is that at some point
in the past the cheetah went through a severe
population reduction. The population reduction
was followed by inbreeding, which diminished
genetic variability. How severe would the popu-
lation reduction have to be in order to lead to
genetic uniformity? Studies have shown that a
population reduced to only seven individuals
will retain about 95 percent of its original ge-
netic variation. The population can retain that
variation only if the survivors reproduce rapidly
enough to expand the size of the population.
Slow reproduction in a small population de-
creases the likelihood that different genetic types
will survive. Scientists suspect that at least once
in the past the cheetah’s population dropped to
only a few individuals What caused the cheetah
population to dwindle is not known. The possi-
bilitles include catastrophic climatic changes,
viral or bacterial plagues, and even hunting by
humans.

Several other animals have gone through se-
vere population reductions and seem to be recov-
ering. One example is the northem elephant
seal. This population was reduced to about 20
animals. Yet after the passage of protective leg-
islation, the seal population grew. Today the
number of elephant seals reaches into the tens of

thousands Can the cheetah have the same good
fortune?

2. How does genetic uniformity occur?

3. How does genetic uniformity hamper the survival of the cheetah!?

Chapter 6
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Chapter 8

Name

Purebred Dogs

You have probably heard that mutts, dogs that
are not purebred, are healthier than purebred
dogs. Whether that statement always holds true
is a matter for debate. One has to wonder, how-
ever, how much a breeder can guarantee the
health of a purebred dog when one sees the many
genetic disorders that affect such animals

Perhaps the most common genetic disorder of
purebred dogs is hip dysplasia. This disorder oc-
curs mostly in larger dogs, such as German shep-
herds, Labrador retrievers, and Great Danes. Hip
dysplasia occurs when the muscles do not de-
velop and reach maturity at the same rate as the
skeleton. This allows the hip, which depends
upon muscle power for stability, to pull apart. A
series of events is triggered that ultimately
causes the hip socket and the head of the femur,
or hip bone, to begin pulling apart from one an-
other. Hip dysplasia often cripples a dog.

Hip dysplasia was recognized as a disease in
the 1950s. At that time, most dog breeders be-
lieved it was caused by a dominant gene and it
was assurned that hip dysplasia could be elimi-
nated by destroying or by not breeding affected
dogs. This soon proved to be a futile exercise as
breeders found that they could mate two normal
dogs, yet still end up with offspring that suffered
from hip dysplasia. Additional research has re-
vealed that the disease is caused by the cumula-
tive effects of a number of genes. Hip dysplasia
is said to be a polygenic disorder

To date, the best way to eliminate hip dyspla-
sia is to breed dogs who have pedigree depth for
normal hips. Pedigree depth for normal hips
means that the bloodline has been free of hip
dysplasia for at least three generations. While

Questions:

Date

this method does not guarantee that all offspring
will be free of the disease, it does substantially
reduce the number of offspring that will suffer
from it.

Hip dysplasia is not the only genetic disorder
that affects purebred dogs. Disorders of the eyes,
ears, and nose can cause more than discomfort
for the dog and can needlessly handicap the ani-
mal. Deafness is inherited by dalmatians, bull-
dogs, bullterriers, and many white-coated breeds
Breathing difficulties often plague pugs, bulldogs,
boxers, and other breeds with very short noses.
They often suffer fits of sneezing and snorting

Disorders of the eyes include cataracts, entro-
pion, and glaucoma. Cataracts are opaque areas
that develop within the lens of the eye. Cataracts
interfere with vision and can lead to blindness.
Accidents, injuries, and old age can cause cata-
racts, and they can also be inherited. Irish set-
ters, Afghan hounds, German shepherds, poo-
dles, schnauzers, cocker spaniels, and several
types of retrievers are breeds that suffer from in-
herited cataracts. A dog with entropion has an
upper or lower eyelid that is turned, a condition
that causes the comea of the eye to become irri-
tated. Permanent comneal damage can result.
Nearly all cases of entropion are inherited and
particularly afflict chow chows, Irish setters,
Kerry blue terriers, Saint Bernards, and several
breeds of retrievers. Glaucoma occurs when
drainage of the fluid in the eyes is impaired. The
fluid builds up in the eyes and can result in
blindness if not comected. Glaucoma can be
caused by an injury or infection, and it is inher-
ited as well. The following breeds of dogs are
known to carry genes for glaucoma: cocker span-
iels, beagle, poodle, Alaskan malamute, basset
hound, and many kinds of terriers.

1. You plan to buy a German shepherd puppy. You soon discover that the mother is a two year old
with a mild case of hip dysplasia. The hip condition of the father is unknown but he is five years

old and has some eye problems. Would you buy a puppy from this litter? Why? Why not?
- You have purchased a Saint Bernard puppy from a well-known breeder. The breeder assures you

that the puppy’s parents have pedigree depth for normal hips. You hope to breed this dog when it
is three vears old However, at the age of two your dog begins to show signs of hip dysplasia. Will

you still breed your dog? Why? Why not?

. You plan to buy a white, toy poodle. What questions might you ask the breeder before you pur-

chase a puppy? What would you do if the breeder did not have enough information about the

puppy’s pedigree to answer your questions?
bilities?

Chapter §
Student Master 8-2

Should a dog breeder assume any responsibilities when selling his or her animals? What responsi-
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Unitl - Fundamentals of Biotechnology

When did Biotechnology Get Started?

The development of bigtechnology continues at a fast pace, and it is hard to believe that most of

foday’s biatechnology products did not begin coming to the marketplace until the mid-1990's.

The scientific work that led up to today’s capabilities, however, spans more than a century.

1860’s - Austrian botanist Gregor Mendel recognizes that hereditary information is stored
in disciete units now called genes

1870’s - Using crude microscopes, scientists discover chromosomes. They learn that
the sperm and egg contribute an equal number of chromosomes to an embryo

1953. James Watson and Fiancis Crick describe the structure of DNA and how it is
passed from generation to generation.

1966 - scientists decipher the genetic code along the DNA chain.

N 1970 - Enzymes are discovered that “cut” the DNA chain at speciﬁc spots, making it possible to
isolate and transfer individual genes '

1972 - Paul Berg of Stanford University combines the genetic material of two
different viruses for the tirst recombinant DNA.

1973 - New DNA fragments are inserted into plasmid DNA and then reinserted into ~
the bacterium E. coli

#\ 1978 - Recombinant DNA is used to produce human insulin in bacterial cells

1980°s - Genetically-engineered human insulin is commercialized; First recombinant petunia
plant cell that carries and expresses a bacterial gene; Field tests of agricultural plants
modified to tesist viral disease, insects and hetbicides begin

EHI'I_Y 1990°s - A bovine protein, BST, is commercialized to increase milk production; an
enzyme used in cheese making is produced; a tomato is developed that softens more
slowly, allowing it to remain on the vine longer; potato plants are developed with built-
in 1esistance to the Colorado heetle.

Late 1990’s - An explosion of products comes to market: Corn, potatoes, and cotton that
naturally resist the certain insect larvae; Soybeans, cotton, and corn that can grow in the
presence of specific herbicides Livestock animals cloned from cells of adult animals;
Human plasminogen activator, used in treating burns, produced in the milk of farm
animals; microbes used to clean water and soll Many new companies form and many
existing ones merge Research into new food and pharmaceutical products continues at
an accelerated pace. Researchers work on genetic maps of many plants and animals

Adapted and updated from Circle of Life- Using Biotechnology to Improve Agriculture Worldwide,
National FFA Organization, 1995.

Lesson 1 Biotechnology for Plants, Animals and the Environment




GENETIC MODIFICATION ISN'T AN UNNATURAL PROCESS, BORLAUG SAYS

Norman Borlaug, 84, who won the Nobei Peace Prize in 1970 for his achievements in breeding high-yielding wheai
and now ieachss crop history at Texas A&M University when ne isn't in Africa working with former President Jimmy
Carter to help farmers extract higher vields from their crops under a project called Sasakawa-Global 2000, was cited
as saying ithat ordinary leavened bread is made from wheat that carries the genes of three plant species. And the
genetlc engineering didn't happen in the past decade or even the past millennium. Nature spliced the genes before the
rise of the Roman Empire.

Borlaug was quoted as saying, "Genetically modified organisms are the result of a natural process that was going on
long before humans became involved,” and insisied that thete has been "too much amotion and too litlle sciance" in
the reacticn o crops that are genetically modified in laboratories. Species barriers, he says, are significant in nature,
but not inviclate. For example, when primitive farmers selected the wild grass that came to be known as wheat, they
sowed a plant that had seven chromosomes in iis polien stage. Somehow that wheat crossed with another plant ic
create a new species with 14 chromosomes. Borlaug calls it "spaghetti wheat" 1t was the leading commaercial grain
until Roman times, and we use its descendants today for pasta and unleavened bread. Then yet ancther species
emerged with 21 chromosomes.

We knew it today as "bread wheat," Borlaug said. "t had crossed again, by itself, to another wild grass.”

Cver the centuries, farmers anc plant breeders have iried to mimic nature's creativity, he said. As a result, almost all
crops under cultivation today are the result of shuffled genes.

Borlaug was quoted as saying, "When we said we were transferring a gene for stem-rust resisiance, there were a
considerable number of others that were cn the same paris of the chromosome that were irailing along with it.”

Many of those tag-along genes gave the plants traits that farmers didn't want. To get rid of them, breseders developed a
system of “backerossing." in Mexico, for example, Borlaug would cross a focal variety with a Minnesota wheat, grow
the pianis to maturity, plant their seeds, determine which of the ofispring resisted stem rust and cross those plants
back to the Mexican varieties. The technigue of the day called for repeating the process again and again uniil the
plants were similar to the Mexican varieties but aiso resisted stem rust.

It generally took 10 generations or more that is, 10 growing seasons o get only the genes of interest with nothing else
fagged along, Borlaug said. In Mexdco, he snorfiened ihe time by shuttling between the north and the south o sneal in
wo growing seascns a year. The key difference today is that piant breeders can isclate precisely the genes they want
and insert them directly into planis. Thus, they "aren't carrying along a ict of other garbage that we knew was there but
we had no way of controlling," he said.

Those calling for cauticn in using the products of modern genetic enginsering on farms argue that there is ancther
huge difference: Sclentists ars combining genes from species that would have almost no chance of crossing in the
wild.

The Union of Concerned Scientists pui # this way in a primer on the technology: Formerly, somecne who wanted a
purple cow could breed one only if purple genes were available in a cow or a near relative to cows. But a modern-day
genetic engineer has no such restrictions, “if purpie genes are available anywhere in nature in a sea urchin or an irig
those genes could be used in attempis {o produce a purple cow.”

Borlaug acknowledged thal there has been a significant leap from his example of crossing wild grasses. The
appropriate response, Ne argued, is not io reject the crops bui o make sure they are thoroughly tested under
government regulation. The varieties available, he noled, have been adequately tested by their makers under
standards carefully set by three {ederal government agencies in consuitation with many scientisis.

"Reprinted with permission of the Star Tribune, Winneapolis-Si. Paul”
February 2, 2000, Minneapalis Star Tribune, Ediiorial, Sharon Schmickie
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Chapter 8

Name

Purebred Dogs

You have probably heard that mutts, dogs that
are not purebred, are healthier than purebred
dogs. Whether that statement always holds true
is a matter for debate. One has to wonder, how-
ever, how much a breeder can guarantee the
health of a purebred dog when one sees the many
genetic disorders that affect such animals

Perhaps the most common genetic disorder of
purebred dogs is hip dysplasia. This disorder oc-
curs mostly in larger dogs, such as German shep-
herds, Labrador retrievers, and Great Danes. Hip
dysplasia occurs when the muscles do not de-
velop and reach maturity at the same rate as the
skeleton. This allows the hip, which depends
upon muscle power for stability, to pull apart. A
series of events is triggered that ultimately
causes the hip socket and the head of the femur,
or hip bone, to begin pulling apart from one an-
other. Hip dysplasia often cripples a dog.

Hip dysplasia was recognized as a disease in
the 1950s. At that time, most dog breeders be-
lieved it was caused by a dominant gene and it
was assumed that hip dysplasia could be elimi-
nated by destroying or by not breeding affected
dogs. This soon proved to be a futile exercise as
breeders found that they could mate two normal
dogs, vet still end up with offspring that suffered
from hip dysplasia. Additional research has re-
vealed that the disease is caused by the cumula-
tive effects of a number of genes. Hip dysplasia
is said to be a polygenic disorder

To date, the best way to eliminate hip dyspla-
sia is to breed dogs who have pedigree depth for
normal hips. Pedigree depth for normal hips
means that the bloodline has been free of hip
dysplasia for at least three generations. While

Questions:

Date

this method does not guarantee that all offspring
will be free of the disease, it does substantially
reduce the number of offspring that will suffer
from it.

Hip dysplasia is not the only genetic disorder
that affects purebred dogs. Disorders of the eyes,
ears, and nose can cause more than discomfort
for the dog and can needlessly handicap the ani-
mal. Deafness is inherited by dalmatians, bull-
dogs, bullterriers, and many white-coated breeds
Breathing difficulties often plague pugs, bulldogs,
boxers, and other breeds with very short noses.
They often suffer fits of sneezing and snorting.

Disorders of the eyes include cataracts, entro-
pion, and glaucoma. Cataracts are opaque areas
that develop within the lens of the eye Cataracts
interfere with vision and can lead to blindness
Accidents, injuries, and old age can cause cata-
racts, and they can also be inherited. Irish set-
ters, Afghan hounds, German shepherds, poo-
dles, schnauzers, cocker spaniels, and several
types of retrievers are breeds that suffer from in-
herited cataracts. A dog with entropion has an
upper or lower eyelid that is turned, a condition
that causes the cornea of the eye to become irri-
tated. Permanent comeal damage can result.
Nearly all cases of entropion are inherited and
particularly afflict chow chows, Irish setters,
Kerry blue terriers, Saint Bernards, and several
breeds of retrievers. Glaucoma occurs when
drainage of the fluid in the eyes is impaired The
fluid builds up in the eyes and can result in
blindness if not comrected. Glaucomz can be
caused by an injury or infection, and it is inher-
ited as well. The following breeds of dogs are
known to carry genes for glaucoma: cocker span-
iels, beagle, poodle, Alaskan malamute, basset
hound, and many kinds of terriers.

1. You plan to buy a German shepherd puppy. You soon discover that the mother is a two year old
with a mild case of hip dysplasia. The hip condition of the father is unknown but he is five years

old and has some eye problems. Would you buy a puppy from this litter? Why? Why not?
. You have purchased a Saint Bernard puppy from a2 well-known breeder. The breeder assures you

that the puppy’s parents have pedigree depth for normal hips You hope to breed this dog when it
is three years old However, at the age of two your dog begins to show signs of hip dysplasia. Will

you still breed your dog? Why? Why not?

. You plan to buy a white, toy poodle. What questions might you ask the breeder before you pur-

chase a puppy? What would you do if the breeder did not have enough information about the

puppy’s pedigree to answer your questions?
bilities?

Chapter 8
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Should a dog breeder assume any responsibilities when selling his or her animals? What responsi-
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Note
The volume of purebred with genetic disorders may help explain hybrid-vigor.
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Biotechnology Defined

B Broad Definition:

— Using living organisms or their products for
commercial purposes.

Hm Narrow Definition:

— The commercial application of living
organisms or their products, which involves the
deliberate manipulation of their DNA
molecules



Impacts of Biotechnology

®m Human Health
m Agriculture
m Food



Impacts on Human Health

B Pharmaceuticals

Diagnosis
— Infectious Diseases
— Genetic Diseases
ene Therapy
— Genetic Diseases
— Cancer




Pharmaceutical Products

B Human Insulin - Diabetes

B Growth Hormone - Dwarfism
B Factor VIII - Hemophilia A

B Tissue Plasminogen Activator - Heart
1sease and stroke

m Hepatitis B Vaccine



Production of pharmaceuticals

1 Proteins

Microorganisms
Cultured Cells
“Pharm” Animals



Biotechnology Principles

B All organisms are composed of cells that
contain the hereditary material DNA in
chromosomes.

B The characteristics of any living thing are
determined by the information in its DNA
molecules.

B DNA is made of 4 kinds of building blocks
called nucleotides.



Biotechnology Principles

B The building blocks comprise a 4 letter
alphabet (A, G,C, & T)

m The order of the letters in the DNA alphabet
supplies information in a manner similar to
the letters in a word.

B DNA "words" are called genes and usually
contain 1,000 to 100,000 letters.



Biotechnology Principles

B DNA from any organism 1s the same except
for the sequence and number of letters in the
genes.

B DNA from one organism can be transferred
into other organisms and it will still
continue to function!
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CLONING OF DNA IN A PLASMID
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THE PROCESS OF DNA FINGERPRINTING

1. The process begins with a
biood or cell sample from which
the DNA is extracted.

2. Tha DNA is cut into fragments
using a rasiriction enzyme. The
fragmaents are than separated into
bands by elactrophoresis through
an agarose gel,

3, The DNA band pattern is
transfered to a nylon mambrana,

4, A radipactive DNA probe is
introduced. The DNA probe binds
to specilic DNA sequences on the
nylon membrane. ‘

5. The excess probe material is “;“J-;“h_
washad away leaving the unique N
DNA band pattern,

6. Tha radioactive DNA pattern is =
transfered to X-ray film by diract E—
exposure. Whan deveiopad the  eisrr]
rasultant visible pattern is the
DNA FINGERPRINT
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CELL MULTIPLICATION
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Production of Transgenic Plants

Agrobactei‘i + Ti Vector

Natural Plant
Gene

Tissue
Culture




Some Restriction Enzymes and
Their Cleavage Sequences

Sequence
Abbrevi- 5' 53
Microorganism ation 30
Bacillus amyloliquefaciens 1 BamHI GIGATCC
CCTAG,G
Brevibacterium albidum Ball TGGICCA
| ACCGGT
Escherichia coli RY 13 EcoRI G'AATTC
' CTTAAMNG
Haemophilus aegyptius Haell PuGCG Clpy
Py,C G C G Pu
Haemophilus aegyptius Haelll G GiC



THE GENETIC CODE

First , "I‘hird
Position Second Position
(5 _end) Position (3 _end)
u C A G
PHE SER TYR CYS U
PHE SER TYR CYS C
v LEU SER Stop  Stop A
LEU SER Stop TRP G
LEU PRO HIS ARG U
LEU PRO HIS ARG C
¢ LEU PRO GLN ARG A
LEU PRO GLN ARG G
ILE THR ASN SER U
ILE THR ASN SER C
A ILE TIIR LYS ARG A
MET THR LYS ARG G
VAL ALA ASP GLY
G VAL AIlLA ASP GLY

VAL AILA GLU GLY

o » O C

VAL ALA GLU GLY
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