
Lesson A7–3

Recognizing the Agricultural

Applications of Biotechnology

Unit A. Agricultural Literacy

Problem Area 7. Recognizing the Impact of Technology on Agriculture

Lesson 3. Recognizing the Agricultural Applications of Biotechnology

New Mexico Content Standard:

Pathway Strand: Plant Systems

Standard: I: Apply principles of anatomy and physiology to produce and manage plants in

both a domesticated and natural environment.

Benchmark: I-C: Explain and use basic methods for reproducing and propagating plants.

Performance Standard: 1. Determine the role of genetics in plants. 2. Describe he com-

ponents and functions of plant reproductive parts. 3. Identify and practice methods of

asexual/sexual propagation. 4. Describe the principles of plant micro-propagation. 5.

Apply principles and practices of biotechnology to plant propagation.

Student Learning Objectives. Instruction in this lesson should result in students

achieving the following objectives:

1. Explain the latest applications of biotechnology in plant, animal, and food sci-

ence research.

2. Describe the basic processes of genetic engineering.

3. Explain the basic steps of recombinant DNA technology.

4. Define and describe DNA fingerprinting

5. Explain the steps in basic plant tissue culture.
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List of Resources. The following resources may be useful in teaching this lesson:

Recommended Resources. One of the following resources should be selected to accompany this

lesson:

Cooper, Elmer L. Agriscience Fundamentals and Applications. Albany, New York:

Delmar Publishers, 1997. (Textbook, Unit 3)

Morgan, Elizabeth M., et al. AgriScience Explorations, Second Edition. Danville, Illi-

nois: Interstate Publishers, Inc., 2000. (Textbook and Activity Manual, Chap-

ter 15)

Biondo, Ronald J. and Jasper S. Lee. Introduction to Plant and Soil Science and Tech-

nology, Second Edition. Danville, Illinois: Interstate Publishers, Inc., 2003.

(Textbook and Activity Manual, Chapter 4)

Other Resources. The following resources will be useful to students and teachers:

Circle of Life: Using Biotechnology to Improve Agriculture Worldwide. Indianapolis, In-

diana: The National FFA Organization.

Plant Tissue Culture: Sterile Technique. University of Illinois, Urbana, Illinois: Voca-

tional Agriculture Service.

List of Equipment, Tools, Supplies, and Facilities

Writing surface

Overhead projector

Transparencies from attached masters

Copies of Student Lab Sheets

Terms. The following terms are presented in this lesson (shown in bold italics):

Apomixis

Callous

Cloning

DNA fingerprinting

Electrophoresis

Embryo splitting

Embryo transfer

Explant

Gene mapping

Gene splicing

Genetic engineering

Genome

In vitro
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Ligation

Plant tissue culture

Plantlets

Plasmid

Recombinant DNA technology

Restriction enzyme

Southern blotting

Superovulation

Transgenic organisms

Transformation

Vector

Interest Approach. Use an interest approach that will prepare the students for the les-

son. Teachers often develop approaches for their unique class and student situations. A possible

approach is included here.

Bring a potted hosta or daylily plant to class. Ask the students how many plants could be obtained if the

plant were propagated by seed. Would all the seeded plants be the same? Ask how many could be pro-

duced by dividing the plant and growing the divided parts. How long would it take to produce a large

number of plants? Finally, ask how many plants could be produced through tissue culture. Use the discus-

sion to lead into the objectives for the lesson.

Summary of Content and Teaching Strategies

Objective 1: Explain the latest applications of biotechnology in plant, animal, and food sci-

ence research.

Anticipated Problem: What are the latest applications of biotechnology in plant, animal, and

food science research?

I. Developments in agriculture through scientific research has resulted in rapid changes.

A. Organisms have been improved trough organismic biotechnology.

1. Science has resulted in advanced methods of cloning or reproducing organisms ge-

netically identical to the parents.

a. Plant tissue culture is a cloning process in which single plant cells or groups of

cells are grown in an artificial medium under sterile conditions.

b. Embryo splitting involves removing an embryo from its mother, splitting the em-

bryo, and placing each half into a different animal’s uterus for development.

c. Asexual reproduction of plants by seed without fertilization that results in plants

identical to the female plant is known as apomixis.

2. The reproductive capacities of animals have been improved through biotechnology.
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a. Superovulation is a practice in which animals are induced to produce many more

eggs than normal during their estrus cycle.

b. The method of removing embryos from a mother and placing them in other fe-

males for development is called embryo transfer.

B. At the molecular level, processes referred to as genetic engineering involve the manipu-

lation of genetic material within the cell.

Invite an animal or plant scientist employed by a biotech company to appear as a guest speaker for your

class. Prepare the students in advance for the speaker and encourage them to compose questions. Use text

material to strengthen student understanding of concepts. Recommended readings include Unit 3 and

Unit 28 in Agriscience Fundamentals and Applications, Chapter 15 in AgriScience, and Chapter 4 in In-

troduction to Plant and Soil Science and Technology.

Objective 2: Describe the basic processes of genetic engineering.

Anticipated Problem: What are the principles involved in genetic engineering?

II. Genetic engineering involves great potential in agriscience.

A. Recombinant DNA technology involves removing tiny amounts of DNA from one or-

ganism and inserting them into the DNA of another organism.

1. Recombinant DNA technology is also known as gene splicing.

2. The process of moving DNA fragments from one cell to another is transformation.

3. Transgenic organisms are those that have been altered through transformation.

Obtain a video explaining the application of recombinant DNA technology in agriculture and show it to

the class. Have students take notes and answer questions drawn from the video material. Assign readings

from Unit 3 and Unit 28 in Agriscience Fundamentals and Applications, Chapter 15 in AgriScience, and

Chapter 4 in Introduction to Plant and Soil Science and Technology. Assign LS: A7–3A, Biotechnology

Article Review, as a homework assignment. Expand on this assignment by requiring students to give an

oral report on their findings.

Objective 3: Explain the basic steps of recombinant DNA technology.

Anticipated Problem: What are the basic steps of recombinant DNA technology?

III. The basic challenges of recombinant DNA technology involve locating genetic material, re-

moving the material, and transferring the material into the DNA of another organism.

A. Gene coding for specific functions needs to be located on the DNA before recombinant

DNA technology is applied.

1. A complete complement of genetic material in an organism is the genome.

2. Locating and recording the site of specific genes within the chromosomes is gene

mapping.

B. Selected portions of DNA containing the desired gene are cut with a restriction enzyme.
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C. The DNA fragments are fused or attached through a ligation process to form a recombi-

nant molecule.

1. A vector is an agent, commonly bacteria or viruses, that transfers the DNA into a

cell.

2. Small pieces of DNA in bacteria known as plasmids are the principal vector used to

insert genetic material into cells.

Discuss with the students the sequence of steps involved in recombinant DNA technology. Use specific ex-

amples and TM: A7–3A to enhance the discussion. Assign readings from Unit 3 and Unit 28 in

Agriscience Fundamentals and Applications, Chapter 15 in AgriScience, and Chapter 4 in Introduction

to Plant and Soil Science and Technology.

Objective 4: Define and describe DNA fingerprinting.

Anticipated Problem: What is DNA fingerprinting?

IV. Organisms can be identified by their genetic makeup.

A. DNA fingerprinting is a genetic tool which identifies like a fingerprint because compari-

sons produce a unique pattern that can identify an individual.

1. Electrophoresis is the process by which DNA fragments are drawn through an

agarose gel from a negative to a positive charge due to the negative charge of the

phosphate group on the single strand DNA.

2. The technique used to transfer DNA patterns for reading is called Southern blotting.

Lead a class discussion on DNA fingerprinting. Use TM: A7–3A and TM: A7–3B as visual aids. Give

the students a copy of LS: A7–3B, How to Analyze DNA Fingerprints, for a supervised study assign-

ment. Circulate around the room to clarify questions and to check student understanding.

Objective 5: Explain the steps in basic plant tissue culture.

Anticipated Problem: What procedures are followed with basic plant tissue culture?

V. Tissue culture is a very technical form of asexual reproduction.

A. Steps in successful tissue culture require aseptic or sterile conditions.

1. Small pieces of plant material or individual cells, explants, are removed from the

mother plant.

2. Explants are cleaned and grown on an agar media in test tubes or other glass labora-

tory containers, a process known as in vitro.

3. Callous or a group of undifferentiated cells form.

4. The cells are transferred to a media with appropriate hormones where they differen-

tiate and form plantlets.
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Have the students perform a plant tissue culture activity. The “Propagation of Venus Flytrap in Vitro” ac-

tivity in the Introduction to Plant and Soil Science Activity Manual would be appropriate. Assign readings

from Unit 3 and Unit 28 in Agriscience Fundamentals and Applications, Chapter 15 in AgriScience, and

Chapter 4 in Introduction to Plant and Soil Science and Technology.

Review/Summary. Focus the review and summary of the lesson around the student

learning objectives. Call on students to explain the content associated with each objective. Use

their responses as the basis for determining any areas that need reteaching. Questions at the end

of each chapter in the recommended textbooks may also be used in the review/summary. Use the

lab activities in reviewing and reinforcing student learning.

Application. Application can involve one or more of the following student activities using

attached lab sheets:

Biotechnology Article Review—LS: A7–3A

How to Analyze DNA Fingerprints—LS: A7–3B

Evaluation. Evaluation should focus on student achievement of the objectives for the les-

son. Various techniques can be used, such as student performance on the application activities. A

sample written test is attached.

Answers to Sample Test:

Part One: Matching

1=g, 2=e, 3=j, 4=b, 5=a, 6=c, 7=d, 8=i, 9=f, 10=h

Part Two: Completion

1=Recombinant DNA technology

2=Transgenic organisms

3=cloning

4=apomixis

5=explants

6=gene mapping

7=restriction enzyme

8=plasmids

9=genetic engineering

10=ligation

11=Electrophoresis

12=Southern blotting

13=DNA fingerprinting
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Part Three: Matching

1=C

2=D
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Sample Test Name_____________________________________

Test

Lesson A7–3: Recognizing the Agricultural

Applications of Biotechnology

Part One: Matching

Instructions. Match the term with the correct response. Write the letter of the term by the defini-
tion.

a. callous e. genome i. superovulation

b. embryo splitting f. in vitro j. transformation

c. embryo transfer g. vector

d. gene splicing h. plant tissue culture

_______ 1. An agent, commonly bacteria or viruses, that transfers the DNA into a cell.

_______ 2. A complete complement of genetic material in an organism.

_______ 3. The process of moving DNA fragments from one cell to another.

_______ 4. Involves removing an embryo from its mother, splitting the embryo, and placing

each half into a different animal’s uterus for development.

_______ 5. A group of undifferentiated cells.

_______ 6. The method of removing embryos from a mother and placing them in other fe-

males for development.

_______ 7. Another term for recombinant DNA technology.

_______ 8. A practice in which animals are induced to produce many more eggs during their

estrus cycle.

_______ 9. Explants are cleaned and grown on an agar media in test tubes or other glass labo-

ratory containers.

_______ 10. A cloning process in which single plant cells or groups of cells are grown on an arti-

ficial medium under sterile conditions.

Part Two: Completion

Instructions. Provide the word or words to complete the following statements.

1. _________________ ____________ _______________ involves removing tiny amounts of

DNA from one organism and inserting them into the DNA of another organism.
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2. ____________ ______________ __________ are those that have been altered through

transformation.

3. Science has resulted in advanced methods of _____________or reproducing organisms ge-

netically identical to the parents.

4. Asexual reproduction of plants by seed without fertilization that results in plants identical to

the female plant is known as _____________________.

5. Small pieces of plant material or individual cells, ___________, are removed from the

mother plant.

6. Locating and recording the site of specific genes within the chromosomes is

____________________ ___________________.

7. Selected portions of DNA containing the desired gene are cut with a _________________.

8. Small pieces of DNA in bacteria known as _______________ are the principal vector used

to insert genetic material into cells.

9. At the molecular level, processes referred to as ________________ __________________

involve the manipulation of genetic material within the cell.

10. The DNA fragments are fused or attached through a __________________ process.

11. ________________________ is the process by which DNA fragments are drawn through an

agarose gel from a negative to a positive charge due to the negative charge of the phosphate

group on the single strand DNA.

12. The technique used to transfer DNA patterns for reading is called

______________________ ______________________.

13. ________ _______________________ is a genetic tool which identifies like a fingerprint

because comparisons produce a unique pattern that can identify an individual.

Part Three: Matching

1. Circle the letter of the suspect which best matches the evidence.
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2. Circle the letter of the father of the child.
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TM: A7–3A

DNA Fingerprint Analysis

• DNA is the genetic code in each cell.

• A DNA fingerprint is the result of the
correct electrophoresis procedure.

• Each individual has a unique DNA
fingerprint.

• DNA fingerprints are more accurate
than blood tests.

• DNA that was not received from one
parent must have come from the
other parent.

• Closely related species have more
similar DNA fingerprints than
distantly related species.
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TM: A7–3B

How to Analyze

DNA Fingerprints

Matching fingerprints:

• Compare each line of the one that you know to
the lines in the same position on each of the
possible matching fingerprints.

• If there is one line that does not match in
location or size, that one is eliminated from the
process.

• A match must have all lines in the same position
and of the same size.

Parental disputes:

• Identify the bands of the known parent in the
offspring.

• Remaining bands in offspring must come from
the other parent.

• If remaining bands in offspring do not match,
paternity is disproved.
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LS: A7–3A Name_____________________________________

LAB SHEET

Biotechnology Article Review

Instructions: Read a major newspaper or magazine and find an article on a current development

involving biotechnology. Read the article. Answer the following questions in preparing a summary

and a short oral report:

1. What is the source of the article, the date, the title, and the author?

2. What is the nature of the research or procedure?

3. What is it that makes this research or procedure new or different from others?

4. Where is the research or procedure being applied?

5. Who is performing the research or procedure?

6. Are there any risks or concerns identified in the article?

7. In what ways is the research or procedure considered to be beneficial?

8. Is there any issue with the study cited in the article that is fueling debate?

9. Do you feel the material was presented as opinion or fact? Explain your choice.
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LS: A7–3B Name_____________________________________

LAB SHEET

How to Analyze DNA Fingerprints
Example #1: Which suspect matches the evidence?

Example #2: Which possible father is the true father?
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DNA FINGERPRINT ANALYSIS

PROBLEM —

EQUINE SCIENCE
Problem: The owner of a mare that has just conceived through artificial insemination is suspi-

cious that he may have not received the semen from the stallion he was told he was buying from

and that the developing embryo may not be the high quality he had expected. You are to use

DNA fingerprinting to determine if the semen was from the horse that the owner had paid for.

Circle the letter of the correct sire for the developing foal or write “none” if none of the stallions

are the sire.
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DNA FINGERPRINT ANALYSIS

PROBLEM —

SMALL ANIMAL SCIENCE
Problem: A local police officer was attacked recently by a man and a dog while investigating a

robbery. The officer was bitten by the dog during the incident and the only evidence the police

have is a few drops of blood left by the dog after being cut by the officer. There are now four dogs

in custody as suspects. Recent changes in the law do not allow traditional blood tests to be used as

evidence because they are not accurate enough. You must use DNA fingerprinting to determine

which, if any, of the dogs was the one to attack the police officer. Circle the letter of the correct

match for the evidence or write “none” if none of the samples match.
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DNA FINGERPRINT ANALYSIS

PROBLEM —

WILDLIFE MANAGEMENT
Problem: You are a fisheries biologist working on developing a superior variety of Muskie. You

have identified that there are actually two different sub-species in Minnesota, the Leech Lake

Muskie and the Mississippi Muskie. Your goal is to breed the most genetically different fish with-

out breeding fish of the different sub-species. This will avoid inbreeding, maximize hybrid vigor,

and preserve the identity of the sub-species. Your task is to use DNA fingerprinting to identify the

male from the Leech Lake group that is the most genetically different (has the least similarities)

from the female. Circle the letter of the male that is the least similar.
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DNA FINGERPRINT ANALYSIS

PROBLEM — FORESTRY
Problem: Ten acres of trees were recently harvested from a local state forest. Available clues

have not verified the culprit. The police have confiscated the logs from four area logging compa-

nies in hopes of identifying the logging company who harvested the trees. You have the opportu-

nity to crack the case using the technology of DNA fingerprinting. Your assistants have collected

cellular tissue from the cambium of the logs and the stumps in hopes of making the correct match.

You have it narrowed down to four possible logs that could match the stump in question. You are

to analyze the four samples of DNA fingerprints and find the one, if any, which matches the DNA

fingerprint of the stump. Circle the letter of the sample which is the match. If there is no match,

write “none” at the bottom.
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