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UNIT OBJECTIVE

After completion of this unit, students should be able to define biotechnology and list four broad applications of biotechnology in agriculture.  Students should also be able to describe current genetic research projects in plants and animals of major impact on agriculture.  This knowledge will be demonstrated by completion of assignment sheets, a laboratory exercise, and a unit test with a minimum of 85 percent accuracy.

SPECIFIC OBJECTIVES AND COMPETENCIES

After completion of this unit, the student should be able to:

1.
Define biotechnology.

2.
List four broad applications of biotechnology in agriculture.

3.
List four common uses of biotechnology in agricultural science that have been around for some time.

4.
List and explain the three major techniques of biotechnology.

5.
Describe five current genetic research projects in plants of major impact on agriculture.

6.
Describe five current genetic research projects in animals of major impact on agriculture.

7.
List four areas of biotechnology applications in food processing.

8.
Describe four areas of public concern about biotechnology.

9.
Match the occurrence in the history of genetic engineering to the correct year of occurrence.

10.
List eight areas of career opportunities in biotechnology.

11.
List eight specific occupational titles in agricultural biotechnology.

12.
Determine the ethics of biotechnology.

13.
Research a career in biotechnology.

14.
Make yogurt.
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SUGGESTED ACTIVITIES

I.
Suggested activities for instructor

A.
Make transparencies and necessary copies of materials.

B.
Provide students with objectives and discuss.

C.
Provide students with information and discuss.

D.
Have students clip newspaper and magazine articles on biotechnology and briefly summarize them to the class.

E.
Provide students with assignment sheets and laboratory exercises.

F.
Discuss assignment sheets.

G.
Demonstrate laboratory exercise procedures.

H.
Review and give test.

I.
Reteach and retest if necessary.

II.
Instructional materials

A.
Objective sheet

B.
Suggested activities

C.
Information sheet

D.
Transparency masters

1.
TM 1--Biotechnology Applications for Plant Agriculture:  Present and Future

2.
TM 2--Biotechnology Applications for Animal Agriculture:  Present and Future

3.
TM 3--Biotechnology Applications in Food Processing

E.
Assignment sheets

1.
AS 1--Determining the Ethics of Biotechnology

2.
AS 2--Research a Career in Biotechnology

F.
Instructor notes for laboratory exercise

G.
Laboratory exercise

1.
LE 1--Making Your Own Yogurt

H.
Test

I.
Answers to test

III.
Unit references

A.
Agricultural Education Curriculum. College of Agriculture, University of Illinois, Urbana, Illinois.

B.
Animal Biotechnology.  Upjohn, Kalamazoo, Michigan  49001.

C.
Barrick, R., and Harmon, H., Animal Production and Management, McGraw-Hill Book Company, New York, 1988.

D.
Bearden and FuQuay, Applied Animal Production, Prentice-Hall, Englewood Cliffs, New Jersey, 1980.

E.
Bundy, C.E., et al., Livestock and Poultry Production, 5th edition, Prentice-Hall, Englewood Cliffs, New Jersey, 1982.

F.
Ensminger, M.E., Animal Science, Interstate Publishers, Danville, Illinois, 1983.

G.
Idaho Agriscience Workshop - Secondary Agriculture Instructors.  Department of  Agricultural and Extension Education, University of Idaho, Moscow, Idaho 83843, October, 1989.

H.
Idaho State Board for Vocational Education Curriculum Guide in Livestock Production, University of Idaho and the Idaho State Board for Vocational Education.

I.
IMAGE - Institute for Molecular and Agricultural Genetic Engineering.  University of Idaho, Moscow, Idaho  83843.

J.
Lasley, John F., Genetics of Livestock Improvement, 3rd edition, Prentice-Hall, Englewood Cliffs, New Jersey, 1978.

K.
Of the Earth:  Agriculture and the New Biology.  Monsanto Company, 800 N. Lindbergh Boulevard, St. Louis, Missouri  63167.

L.
Plant Biotechnology.  Upjohn, Kalamazoo, Michigan  49001.

M.
Sorensen, A.M., Animal Reproduction Principles and Practices, McGraw-Hill Book Company, New York, 1979.

IV.
Additional sources for information

A.
Biotechnology Strategies for Life (1986).  MIT Press, Cambridge, Massachusetts 02142.

B.
Biotechnology:  The Challenge (1987).  United States Department of Agriculture, Washington D.C.  20250-1300.

C.
Genetic Engineering.  (Videotape, Monsanto)  Modern Talking Picture Service, 5000 Park Street N., St. Petersburg, Florida  33709.

D.
Genetic Engineering:  A Natural Science (booklet).  Monsanto Company, 800 N. Lindbergh Boulevard, St. Louis, Missouri  63167, 1988.

E.
Genetic Engineering in Food and Agriculture.  Report No. 110, Council for Agricultural Science and Technology.

F.
Of the Earth:  Agriculture and the New Biology (videotape).  Venard Films, Ltd., Box 1332, Peoria, Illinois  61654-1332.

G.
Olson, Steve, Biotechnology:  An Industry Comes of Age.  National Academy Press, Washington, D.C., 1986.
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INFORMATION SHEET

I.
Biotechnology

A.
The application of living organisms to improve, modify or produce industrial products or processes

B.
Four broad applications in agriculture

1.
Plant and animal production

2.
Food processing and manufacturing

3.
Environmentally-secure animal waste disposal

4.
Conversion of agricultural residues to new products

C.
Common uses in agricultural science that have been around for some time

1. Use of microorganisms to produce fermented food substances and antibiotics

2.
Selection of animals to produce desired traits in offspring

3.
Hybridization in plants

4.
Artificial insemination

D.
Three major techniques

1.
Genetic engineering--involves the division and recombination of cell DNA (the material which controls the passing of specific characteristics from one generation to the next)

a.
DNA can be divided and restructured in combinations which would never occur in nature

b.
Can reconstruct totally synthetic genes to cause organisms to perform desired functions or exhibit desired traits

c.
Also called Recombinant DNA technology

2.
Monoclonal antibody technology

a.
Scientists fuse an antibody-producing cell to a cancer cell to create a hybrid cell (called a hybridoma)

b.
Screen the hybridomas for those that produce the desired antibodies

c.
Clone and culture selected cells to secrete large quantities of highly concentrated monoclonal antibodies

3.
Bio-processing

a.
A living cell is cultured in a vessel, then the desired protein is extracted

b.
Necessary to harvest the fruits of monoclonal antibody and genetic engineering technologies

c.
Raising bread; mass producing an animal protein from genetically engineered bacteria

II.
Current genetic research of major impact on agriculture  (Transparencies 1, 2)

A.
Plants  (Transparency 1)

1.
Higher protein-content seed (higher nutritional quality)

2.
Plants to withstand extreme heat and cold

3.
Improved milling and baking properties in wheat

4.
Plants to grow in over-irrigated, salty soil, or that can be irrigated with salt water

5.
Plants to tolerate too much or too little water

6.
Oil crops that produce less saturated, edible oils

7.
Plants immune to diseases

8.
Feed crops with higher nutritional quality and better digestive qualities

9.
Others??

B.
Animals  (Transparency 2)

1. Pregnancy testing kit for detection as early as 17th day of gestation (Bovine Pregnancy Specific Protein B)

2.
Natural growth hormones

a.
Regulate milk production

b.
Regulate muscle growth

3.
Embryo splitting and transfer

a.
Birth of identical twins

b.
Increase selection accuracy and intensity

4.
Preserve fish germ plasm (cryopreservation of embryos - freezing under special conditions)

5.
New vaccines

a.
Stimulate specific components of the immune system

b.
Composed of specific molecules from the pathogenic microbe

c.
No undesirable side effects

d.
Excellent protection

6.
Others??

III.
Biotechnology applications in food processing  (Transparency 3)

A.
Food additives

1.
Amino acids

2.
Natural forms of vitamins

B.
Fermentation processes

1. Add bacteria to meat to "outcompete" pathogens which may speed spoilage

2.
This technology already exists in the cheese-making industry

C.
Enzyme production

D.
Product transformation

1.
Low calorie foods

2.
Altered fatty acid structure (no-calorie ice cream!!)

E.
Others??

IV.
Areas of public concern about biotechnology

A.
Cloning

1. Not understood (public thinks that whole human beings can and will be cloned)

2.
Actually refers to gene cloning

B.
Playing `God'

1.
Many feel that man has no right to be involved with the hereditary materials of animals and humans

2.
Many question if we are responsible enough to use this technology without abusing it

C.
Environmental

1.
Many question whether or not we know what the long-term effects of biotechnology on the environment might be

2.
Many question whether or not there is even any way to predict long-term effects

D.
Overproduction

1.
Producers are concerned about overproduction, which will drive prices down

2.
Many are concerned that the new technology will only be available to the very large producers, which will force the smaller ones out of business

V.
History of genetic engineering

A.
1944 - DNA identified as genetic material

B.
1953 - Double strand DNA structure identified

C.
1973 - First transgenic bacteria prepared

D.
1976 - First genetic engineering company (Genetech) established

E.
1980 - First patent for genetically engineered microbe

F.
1982 - Approval of first genetically engineered drug

G.
1986 - First field test of genetically engineered plant

H.
1987 - Genetic engineering patent extended to higher life forms

VI.
Areas of career opportunities in biotechnology

A.
Scientists and engineers

B.
Business and finance (new business opportunities created)

C.
Producers

D.
Communication specialists (interpreting and transferring information)

E.
Natural resources (dealing with environmental concerns)

F.
Sales personnel

G.
Lawyers

H.
Professional managers

I.
Marketing personnel

J.
Regulatory specialists

K.
Financial analysts

L.
Others??

VII.
Specific occupational titles in agricultural biotechnology

A.
Scientific/Research Director

B.
Molecular Biologist

C.
Enzymologist

D.
Immunology Specialist

E.
Food Additive Biochemist

F.
Pesticide and Herbicide Researcher

G.
Statistician

H.
Genetics Engineer

I.
Soil Biologist

J.
Plant Breeding Specialist

K.
Plant Physiologist

L.
Bacterial Geneticist

M.
Microbial Biotechnician

N.
Fertilizer and Microbial Nitrogen Fixation Specialist

O.
Vaccine Biologist

P.
Soil Biochemist

Q.
Genetic Sequence Computer Analyst

R.
Cytobiologist

S.
Endocrinologist

T.
Bioproducts Developer

U.
Animal Cell Culture Biochemist

V.
Plant Tissue Culture Technician/Propagator

W.
Embryo Transplant Researcher

X.
Plant and Animal Disease Diagnostician

Y.
Others??
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PHOTOSYNTHESIS
a. Genetically changed photosynthetic enzymes will be more efficient.

b. Plant make-up will be genetically altered to cause it to put more
photosynthetic energy into grain, fruit, or vegetable production.

NITROGEN FIXATION IN NON-LEGUMINOUS PLANTS

a. 79% of the earth’s atmosphere is nitrogen

b. Transfer of nitrogen-fixing genes to non-leguminous plants such as corn
C. Reduced need for supplemental nitrogen
HERBICIDE RESISTANCE

a. Decrease plant stress from herbicide use or carryover

b. Build in a resistance in plant seeds

DISEASE RESISTANCE

a. Alter plant makeup so specific diseases have no effect
b. Cause plants to produce their own resistant chemicals
PEST RESISTANCE

a. Transfer resistance which is controlled by one gene

b. Cause plant to stop producing whatever attracts the pest
C. Reduced need for chemical pesticides

STRESS TOLERANCE

Genetically alter the plant so that it will automatically adjust to any weather

PRODUCT QUALITY

Eliminate negative side effects of product processing

UNIQUE HYBRIDS

Perennial grain or vegetable crops
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REPRODUCTION

a. Saving and storing of valuable embryos

b. Sexing of animals

C. Cloning of valuable animals (reproducing genetically identical copies)

ANIMAL HEALTH

a. Build in disease resistance

b. Eliminate harmful side effects of vaccines

ANIMAL NUTRITION

a. Implant bacteria for non-ruminants to fully utilize cellulose (allow
monogastric animals such as hogs to use more roughages)

b. Improve nutritional value of feeds

BY-PRODUCT UTILIZATION

Transfer livestock waste through bioprocessing into useful and beneficial
products such as vitamins

GROWTH/LEAN MEAT PRODUCTION/ MILK PRODUCTION

a. Growth hormones to speed weight gain and feeding efficiency
b. Develop vaccines to suppress growth-inhibiting hormones

C. Make animal products more nutritionally desirable (red meat, for example)
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PROCESSING
FOOD ADDITIVES
a. Amino acids
b. Natural forms of vitamins

FERMENTATION PROCESSES

a. Add bacteria to meat to "outcompete” pathogens which may speed spoilage
b. This technology already exists in the cheese-making industry
PRODUCTION OF ENZYMES

PRODUCT TRANSFORMATION

a. Low calorie foods

b. Altered fatty acid structure (no-calorie ice cream!)
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ASSIGNMENT SHEET #1--DETERMINING THE ETHICS

OF BIOTECHNOLOGY

Name

Score


Question:  Should biotechnology research be actively pursued?  Applied?

Activity:  Class discussion/debate/position paper

Value Assessment Criteria:
1.
Reciprocity--What choice would you support if you were a: (1) farmer, (2) seed dealer, (3) chemical dealer, (4) consumer.

2.
Consistency--Would your choice be different if addressing a group of: (1) farmers, (2) environmentalists, or (3) consumers.

3.
Coherence--How will the choice affect the relationship between farmers and agribusinessmen? Farmers and non-farmers?  U.S. and foreign agriculture? How will biotechnology applications affect government agricultural policy?

4.
Comprehensiveness--Where will biotechnology research lead?  Will all farmers adopt the technology?  What will happen if they do?

5.
Adequacy--Will biotechnology solve the farm economy problems?  The grain surpluses?  Will it lead to further problems?  How will it affect food prices?

6.
Duration--Will biotechnology solve world hunger?  What will the long-term effects be?  Will biotechnology benefit or hurt the environment?  Why must the research be carefully controlled?
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ASSIGNMENT SHEET #2--RESEARCH A CAREER IN BIOTECHNOLOGY

Name

Score


Choose one career in agricultural biotechnology that is of interest to you.  Research for information in the areas below and write a paper on your findings.

Career/Job Title

Responsibilities

Educational/Training/Background Needed

Location of Employment

(This may be general or specific, such as:  the Northwest, Chicago, Boise, a foreign country, etc.)

Salary Range

Why you would or would not be interested in pursuing this career.
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INSTRUCTOR NOTES FOR LABORATORY EXERCISE

Discuss with the students that the microscopic bacteria were at work for the 6 to 8 hours, multiplying and causing the mixture to thicken.  Explain that scientists use this process extensively in biotechnology when they multiply microorganisms using flasks and petri dishes in the laboratory.
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LABORATORY EXERCISE #1--MAKING YOUR OWN YOGURT

Name

Score


Introduction

An example of a microbial process similar to those used by the scientist working in the biotechnology field is the process using bacteria to make yogurt.  Yogurt is a form of sour milk.  Originally prepared from whole milk boiled down to half its volume, yogurt can also be made by adding dry-milk solids to boiled milk to achieve a custard-like consistency.  Two microscopic bacteria used as starter cultures are Streptococcus thermophilus and Lactobacillus bulgaricus.  Large amounts of these bacteria are inoculated into the milk, and lactic acid develops rapidly.  Evaporation thickens the yogurt and some proteins coagulate under the acidic conditions.  In a few hours the yogurt is ready for consumption.

Materials needed

1 quart milk

1 cup powdered milk

1/3 cup unflavored commercial yogurt

Fresh or frozen fruit (optional)

1 cooking thermometer

Small containers (styrofoam coffee cups) with lids (old cottage cheese or yogurt containers would also work)

Small cooler

Procedure

1.
Heat 1 quart of milk to about 170o F, stirring often and using a thermometer to check the temperature.

2.
Let the milk cool to about 130o F then add 1 cup of powdered milk and 1/3 cup of unflavored commercial yogurt.  This yogurt serves as the source of the bacteria necessary for the process to take place (fresh or frozen fruit may be added.)

3.
Mix thoroughly and pour into small containers with lids.  Be sure to observe the liquid at this stage.

4.
Use a small cooler for the incubation step.  Fill the cooler with several inches of water at 130o F.

5.
Place the containers of the mixture in the cooler, close the lid tightly, and let the containers stand for 6 to 8 hours.

6.
During this time bacteria will multiply and yogurt will thicken.  Refrigerate and enjoy.

7.
You may want to purchase some yogurt and compare tastes.
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UNIT TEST

Name

Score


1.
Define biotechnology.

2.
List four broad applications of biotechnology in agriculture.

a.


b.


c.


d.


3.
List four common uses of biotechnology in agricultural science that have been around for some time.

a.


b.


c.


d.


4.
List and explain the three major techniques of biotechnology.

a.


b.


c.


5.
Describe five current genetic research projects in plants of major impact on agriculture.

a.


b.


c.


d.


e.


6.
Describe five current genetic research projects in animals of major impact on agriculture.

a.


b.


c.


d.


e.


7.
List four areas of biotechnology applications in food processing.

a.


b.


c.


d.


8.
Describe four areas of public concern about biotechnology.

a.


b.


c.


d.


9.
Match the occurrence in the history of genetic engineering to the correct year of occurrence.

1.
1944
5.
1980

2.
1953
6.
1982

3.
1973
7.
1986

4.
1976
8.
1987

_____a.
Genetic engineering patent extended to higher life forms

_____b.
First transgenic bacteria prepared

_____c.
First patent for genetically engineered microbe

_____d.
DNA identified as genetic material

_____e.
Approval of first genetically engineered drug

_____f.
Double strand DNA structure identified

_____g.
First field test of genetically engineered plant

_____h.
First genetic engineering company (Genetech) established

10.
List eight areas of career opportunities in biotechnology.

a.


b.


c.


d.


e.


f.


g.


h.


11.
List eight specific occupational titles in agricultural biotechnology.

a.


b.


c.


d.


e.


f.


g.


h.
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ANSWERS TO TEST

1.
The application of living organisms to improve, modify or produce industrial products or processes

2.
Plant and animal production; Food processing and manufacturing; Environmentally-secure animal waste disposal; Conversion of agricultural residues to new products

3.
Use of microorganisms to produce fermented food substances and antibiotics; Selection of animals to produce desired traits in offspring; Hybridization in plants; Artificial insemination

4.
a.
Genetic engineering--involves the division and recombination of cell DNA; DNA can be divided and restructured in combinations which would never occur in nature; Can reconstruct totally synthetic genes to cause organisms to perform desired functions or exhibit desired traits; Also called recombinant DNA technology

b.
Monoclonal antibody technology:  Scientists fuse an antibody-producing cell to a cancer cell to create a hybrid cell (called a hybridoma); Screen the hybridomas for those that produce the desired antibodies; Clone and culture selected cells to secrete large quantities of highly concentrated monoclonal antibodies

c.
Bio-processing:  A living cell is cultured in a vessel, then the desired protein is extracted; Necessary to harvest the fruits of monoclonal antibody and genetic engineering technologies; Raising bread; Mass producing an animal protein from genetically engineered bacteria

5.
Answer should include five of the following:

Higher protein content seed (higher nutritional quality); Plants to withstand extreme heat and cold; Improved milling and baking properties in wheat; Plants to grow in over-irrigated, salty soil, or that can be irrigated with salt water; Plants to tolerate too much or too little water; Oil crops that produce less saturated, edible oils; Plants immune to diseases; Feed crops with higher nutritional quality and better digestive qualities; Others??

6.
a.
Pregnancy testing kit for detection as early as 17th day of gestation (Bovine Pregnancy Specific Protein B)

b.
Natural growth hormones: Regulate milk production; Regulate muscle growth

c.
Embryo splitting and transfer:  Birth of identical twins; Increase selection accuracy and intensity

d.
Preserve fish germ plasm (cryopreservation of embryos - freezing under special conditions)

e.
New vaccines:  Stimulate specific components of the immune system; Composed of specific molecules from the pathogenic microbe; No undesirable side effects; Excellent protection

f.
Others??

7.
Food additives; Fermentation processes; Enzyme production; Product transformation; 
Others??

8.
a.
Cloning: Not understood (public thinks that whole human beings can and will be cloned); Actually refers to gene cloning

b.
Playing `God':  Many feel that man has no right to be involved with the hereditary materials of animals and humans; Many question if we are responsible enough to use this technology without abusing it

c.
Environmental:  Many question whether or not we know what the long-term effects of biotechnology on the environment might be; Many question whether or not there is even any way to predict long-term effects

d.
Over-production:  Producers are concerned about overproduction, which will drive prices down; Many are concerned that the new technology will only be available to the very large producers, which will force the smaller ones out of business

9.
a.
8
e.
6

b.
3
f.
2

c.
5
g.
7

d.
1
h.
4

10.
Answer should include eight of the following:

Scientists and engineers; Business and finance; Producers; Communication specialists; Natural resources; Sales personnel; Lawyers; Professional managers; Marketing personnel; Regulating specialists; Financial analysts; Others?

11.
Answer should include eight of the following:

Scientific/Research Director; Molecular Biologist; Enzymologist; Immunology Specialist; Food Additive Biochemist; Pesticide and Herbicide Researcher; Statistician; Genetics Engineer; Soil Biologist; Plant Breeding Specialist; Plant Physiologist; Bacterial Geneticist; Microbial Biotechnician; Fertilizer and Microbial Nitrogen Fixation Specialist; Vaccine Biologist; Soil Biochemist; Genetic Sequence Computer Analyst; Cytobiologist; Endocrinologist; Bioproducts Developer; Animal Cell Culture Biochemist; Plant Tissue Culture Technician/Propagator; Embryo Transplant Researcher; Plant and Animal Disease Diagnostician; Others?

