
Lesson B4–5

Understanding Molecular Biotechnology

Unit B. Animal Science and the Industry

Problem Area 4. Understanding Animal Reproduction and Biotechnology

Lesson 5. Understanding Molecular Biotechnology

New Mexico Content Standard:

Pathway Strand: Animal Systems

Standard: IV: Know the factors that influence an animal’s reproductive cycle to explain

species response.

Benchmark: IV-B. Discuss reproductive cycles to show how they differ from species to

species.

Performance Standard: 2. Discuss the implications of genetic variation.

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

achieving the following objectives:

1. Identify the major areas of biotechnology in animal science.

2. Explain various molecular biotechnology methods.

3. Discuss applications of molecular biotechnology.
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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 the

lesson:

Lee, J.S., Hutter, J., Rudd, R., Westrom, L., Bull, A.M., Embry Mohr, C. &

Pollock, J. (2000) Introduction to Livestock and Companion Animals (2nd Edition).

Danville, IL: Interstate Publishers, Inc. (Chapter 6)

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

Gillespie, J.R. (2002) Modern Livestock & Poultry Production (6th Edition). Albany,

NY: Delmar. (Unit 9)

Lee, S.J., Mecey-Smith, C., Morgan, E.M., Chelewski, R.E., Hunewill, R. & Lee,

J.S. (2001) Biotechnology. Danville, IL: Interstate Publishers, Inc. (Chapter 10)

List of Equipment, Tools, Supplies, and Facilities

Writing surface

Overhead projector

Transparencies from attached masters

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

Animal biotechnology

Biotechnology

Genetic engineering

Gene transfer

Microinjection

Molecular biotechnology

Organismic biotechnology

Particle injection

Plasmids

Recombinant DNA

Transgene

Transgenic animal

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.

Write the word “biotechnology” on the chalkboard. Ask students to write what they think of when they
hear the word “biotechnology.” Lead this discussion to the lesson.
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Summary of Content and Teaching Strategies

Objective 1: Identify the major areas of biotechnology in animal science.

Anticipated Problem: What are the major areas of biotechnology in animal science?

I. Biotechnology is the management of biological systems for the benefit of people and their

environment. It is also viewed as the application of science in food and fiber production.

Biotechnology has been used for hundreds of years. Using yeast to make bread and bacteria

to make cheese are everyday examples of biotechnology. Animal biotechnology is the appli-

cation of biotechnology methods to improve animals. There are two major areas of biotech-

nology in animal science. They are:

A. Molecular biotechnology—Molecular biotechnology is changing the structure and parts

of cells to change the organism. It begins with the atom. Molecular biotechnology often

changes the physical appearance of an organism. In some cases, undesirable traits may

develop along with those that are desired.

B. Organismic biotechnology—Organismic biotechnology deals with intact or complete or-

ganisms. The genetic makeup of the organism is not artificially changed. This is the most

widely used type of biotechnology.

There are many techniques that can be used to assist students in mastering this material. Students need
text material to aid in understanding the major areas of biotechnology in animal science. Chapter 6 in In-
troduction to Livestock and Companion Animals is recommended.

Objective 2: Explain various molecular biotechnology methods.

Anticipated Problem: What are some of the various molecular biotechnology methods?

II. The number of molecular biotechnological methods has increased. The result of this work

has been improved animal production. Three of the most common methods are:

A. Genetic Engineering—Genetic engineering is a form of biotechnology in which genetic

information is changed to make a new product. Through this process, sections of the

DNA strand are cut out and new sections are inserted. Gene transfer is the moving of a

gene from one organism to another. Genetic engineering is a means of complementing

traditional breeding programs.

B. Recombinant DNA—Recombinant DNA is gene slicing. Genes are cut out of a DNA

strand with a restriction enzyme that works like a scalpel. They are then inserted into

circular DNA molecules in bacteria plasmids. Plasmids are circular pieces of DNA found

outside the nucleus in bacteria. The plasmid is inserted into the cell that is to be altered.

This allows the DNA of two different organisms to be combined. This is a very compli-

cated and complex procedure. Most cells die in the process. Many surviving cells do not

have the new DNA present in the nucleus
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C. Transgenic Animals—A transgenic animal is an animal that has incorporated a foreign

gene into its cells. This animal can pass to its offspring this transgene, or altered gene.

All of the cells within the transgenic animal contain this transgene. Some common

transgenic methods are:

1. Microinjection—This is the most common method used. Injecting DNA into a cell

using a fine diameter glass needle and a microscope constitutes microinjection.

2. Particle injection—Particle injection is using a microprojectile unit to shoot tiny par-

ticles coated with DNA into cells. Microprojectile units are sometimes called particle

guns. Both methods have relatively low success rates.

There are many techniques that can be used to assist students in mastering this material. Students need
text material to aid in understanding the various molecular biotechnology methods. Chapter 6 in Introduc-
tion to Livestock and Companion Animals is recommended. Use TM: B4–5A and TM: B4–5B to aid in
the discussion.

Objective 3: Discuss applications of molecular biotechnology.

Anticipated Problem: What are some of the applications of molecular biotechnology?

III. There have been several major improvements discovered through the use of molecular bio-

technology. They can be broken down into several categories.

A. Human health—Animals are being used to study several different types of diseases

found in humans. Insulin was once extracted from the pancreas of slaughtered cattle and

hogs. This extraction process was very expensive. Sometime the insulin from the animals

caused allergic reactions to the diabetics who used it. Through molecular biotechnology,

insulin is now produced artificially in laboratories. This artificial insulin is of higher qual-

ity and less expensive to produce.

B. Food production—Increasing the levels of beta casein in milk decreases the time re-

quired for rennet coagulation and whey expulsion in making cheese. This lowers total

processing time and cost. Also through biotechnology, the fat content in milk can be re-

duced to make fat-free cheese and ice cream. If a substance known as kappa casein is in-

creased 5 percent in milk, it make it more stable and easier to ship.

C. Livestock production—The use of biotechnology has increased growth rate, efficiency,

and disease resistance in livestock. This has made livestock production cost decline and

aids in the supply of a low cost food supply.

There are many techniques that can be used to assist students in mastering this material. Students need
text material to aid in understanding the applications of molecular biotechnology. Chapter 6 in Introduc-
tion to Livestock and Companion Animals is recommended. Use TM: B4–5C to aid in the discussion on
this topic.

Review/Summary. Use the student learning objectives to summarize the lesson. Have

students explain the content associated with each objective. Student responses can be used in de-
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termining which objectives need to be reviewed or taught from a different angle. Questions at end

of chapters in the textbook may also be used in the review/summary.

Application. Have student complete the “DNA Isolation from Mammalian Tissue” activity

on pages 74–76 of the Activity Manual for Biotechnology.

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

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

written test is attached.

Answers to Sample Test:

Part One: Matching

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

Part Two: Completion

1. transgenic animal

2. Particle injection

3. physical

4. hundreds

5. increased

Part Three: Short Answer

See Objective 3 in lesson for scoring this question.
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Sample Test Name_____________________________________

Test

Lesson B4–5: Understanding Molecular

Biotechnology

Part One: Matching

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

a. Biotechnology e. Genetic Engineering

b. Microinjection f. Molecular biotechnology

c. Organismic biotechnology g. Transgene

d. Recombinant DNA h. Gene transfer

_______ 1. Changing the structure and parts of cells to change the organism

_______ 2. A form of biotechnology in which genetic information is changed to make a new

product.

_______ 3. Altered gene

_______ 4. Injecting DNA into a cell using a fine diameter glass needle and a microscope

_______ 5. The management of biological systems for the benefit of people and their environ-

ment.

_______ 6. The genetic makeup of the organism is not artificially changed.

_______ 7. Gene slicing

_______ 8. The moving of a gene from one organism to another.

Part Two: Completion

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

1. A ______________ ______________ is an animal that has incorporated a foreign gene into

its cells.

2. _______________ _______________ is using a microprojectile unit to shoot tiny particles

coated with DNA into cells.

3. Molecular biotechnology often changes the ________________ appearance of an organism.

4. Biotechnology has been used for _________________ of years.
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5. The use of biotechnology has __________________ growth rate, efficiency, and disease re-

sistance in livestock.

Part Three: Short Answer

Instructions. Provide information to answer the following question.

Discuss two applications of molecular biotechnology.
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TM: B4–5A

REMOVING PIECES OF DNA
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Plasmid isolated
from bacterium

Enzyme splits the
plasmid open, removing

a section of DNA

Recombinant plasmid
inserted back into bacterium

Section of donor DNA
inserted into bacterial plasmid

Enzyme splits the
donor plasmid

open, removing
a section of DNA

Strand of DNA
from donor cell

Plasmid

Bacterium



TM: B4–5B

GENETIC SPLICING USING

BACTERIA
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Foreign DNA to
be inserted

Antibiotic-resistance
marker

Joining

Plasmid Recombinant
DNA molecule

Introduction into
host cell

Selection for cells
containing recombinant DNA
molecules by growth in the

presence of antibiotic



TM: B4–5C

INSULIN PRODUCTION

USING MAMMAL CELLS
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Plasmid Insulin Gene
Cell DNA

Insulin GenePlasmid cut

Plasmid containing
the Insulin Gene

Bacterium Cell Mammalian Cell

Plasmid reintroduced
into bacterium

Insulin is produced
for medical use

Bacteria multiply in
fermentation tank

Insulin is injected
into human patients


	HOME
	Outline
	Previous Lesson
	Next Lesson
	Unit B.
	Problem Area 4.
	Lesson 5.
	New Mexico Content Standard:
	Student Learning Objectives.
	List of Resources.
	List of Equipment, Tools, Supplies, and Facilities
	Terms.
	Interest Approach.
	Objective 1:
	Objective 2:
	Objective 3:
	Review/Summary.
	Application.
	Evaluation.
	Answers to Sample Test:
	Sample Test
	TM: B4–5A
	TM: B4–5B
	TM: B4–5C
	Index/Glossary
	Matrixes
	Content Standards

