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Course:      AG-PSB-02.441
Plant Science Biotechnology

Unit 5:
Biotechnology
Lesson 2:
Bioengineering

Georgia Performance Standards: AG-PSB-5-(d-e)

Academic Standards: SB2, SCSh6, ELA10RC3 (a), SCSh9
Objectives: 

1.
Define Biotechnology.
2.
Define Bioengineering.

3.
Compare traditional plant breeding and genetic engineering of plants.

Teaching Time:
Classroom: 90 minutes


Grades: 9-12

Essential Question: How do biotechnology and bioengineering impact agriculture and compare with traditional plant breeding methods?
Unit Understandings, Themes, and Concepts:  
Students will learn the definition, purposes, and processes of biotechnology and bioengineering. The class will discuss social issues and controversies with these methods and compare genetic engineering with traditional plant breeding.
Primary Learning Goals:  

Students will define biotechnology and define bioengineering. Students will compare traditional plant breeding and genetic engineering of plants.

Students with disabilities: For students with disabilities, the instructor should refer to the individual student's IEP to insure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.

Assessment Method/Type:

____ Constructed Response

____ Peer Assessment

_X__ Combined Methods


____ Selected Response

____ Informal Checks


____ Self Assessment

References:
Primary Student Texts:

Herren, Ray V.  The Science of Agriculture: A Biological Approach.  Delmar Publishers, Inc.  Albany, NY.  ISBN: 0-8273-5811-3.  1997.
Secondary Text for teacher planning and occasional student use:
Wisconsin Fast Plants Manual

Carolina Plant Tissue Culture Materials Catalog

Cabisco Biotechnology Products Catalog

Sigma Chemical Company Catalog

Video: The Science of Genetics: Feeding a Growing World.  Venard Films, Ltd.  Peoria, IL.

Materials and Equipment:

Overhead projector

Transparency 5.2.1
Powerpoints:

Georgia Performance Standards: 
AG-PSB-5-(d-e)
AG-PSB-5: The student explains technological advancements in plant development, reproduction and protection.

d. Explains the role of biotechnology and bioengineering in modern plant production.

e. Compares traditional plant breeding and genetic engineering of plants.

Academic Standards: 
SB2, SCSh6, ELA10RC3 (a), SCSh9
SB2 Students will analyze how biological traits are passed on to successive generations.

SCSh6 Students will communicate scientific investigations and information clearly. 

ELA10RC3 (a) Demonstrates an understanding of contextual vocabulary in various subjects.  

SCSh9 Students will enhance reading in all curriculum areas.
Teaching Procedure

Introduction and Mental Set

Ask students to think about yogurt, beer, wine, and cheese in the fridge; pickles, bread, and vinegar in the cupboard; and a compost bin in the yard.  What do all of these things have in common?  They are all products of biotechnology.
Discussion

1.
What are your first thoughts when you hear the word biotechnology?

A.
Test-tube babies; embryos, cloning, and the book Brave New World
B.
Some people don=t approve of it, mutilation, escaping virus, cancer, disease, Nazi/Hitler, mad scientist, mutants, monsters, DNA, crossbreeding, chromosomes, God, creation of  life, medical advances, progress, safe and natural
2.
What is biotechnology?

A.
bio = life, technology = the application of knowledge for practical use

B.
Other definitions:

· Application of molecular biology and genetic engineering to industrial, medical, and agricultural problems.

· Management of biological systems for the benefit of humanity.

· Using living organisms or their products for commercial purposes.

· Has been practiced by human society since the beginning of recorded history in such activities as baking bread, making wine, or breeding food crops or domestic animals.
3.
What is bioegineering?  The genetic engineering of plants.
A.
Relies on the manipulation of genes without depending on sexual reproduction for transferring genes and generating new genotypes.

B.
Advanced form of biotechnology, techniques involve gene splicing, replication, and transfer of genes to other organisms.

4.
Purposes of biotechnology:

 

Display and discuss transparency 5.2.1.



A.
Improve crop productivity

· Increase yield

B.
Improve plant quality

· Enhance nutritional quality

Ex: Change the amount and kind of amino acids in seed proteins

· Change plant products for new uses

Ex: Develop oil products that can be used for fuels or lubricants.

C.
Improve plant performance

· Increase plant disease/insect resistance

· Extend range of climate that plants can tolerate

· Develop plants resistant to specific herbicides.
Ex: Roundup Ready Soybeans
5.
Purposes of Bioegineering

Display and discuss transparency 5.2.1.
A.
Engineering to increase the efficiency of nitrogen fixation

Ex: Transfer nitrogen-fixing genes from bacteria to plants

B.
Engineering organisms to combat plant diseases

Ex: Breeding resistant varieties to control diseases

C.
Engineering for insect control

Ex: Transfer genes for natural insect resistance from one plant to another

D.
Engineering to prevent forest damage

Ex: Add genes from frost-resistant to frost-susceptible plants

E.
Engineering plants to tolerate environmental stress

Ex: Add genes from desert plants to crop plants to increase their heat tolerance
6.
Engineering of plants is still new.  Scientists have been able to adjust the nutritional content of plants and produce disease-resistant and herbicide-resistant crops.  They hope to produce plants that withstand drought, extreme cold or hot or salty soils, enabling farmers to utilize land that is currently useless.
7.
One major effect of biotechnology today:

Roundup-Ready Soybeans are now available.  The new soybeans were created with biotechnology that allowed a glyphosate-resistant gene to be inserted into a soybean cell.  The result was a genetically altered crop that stands up to glyphosate.  The same biotechnology is being used to make corn and soybeans that resist glufosinate, another nonselective herbicide.
8.
What are some of the impacts of laboratory research on production agriculture today?

A.
Tobacco, tomatoes, and other plants have had genes introduced to make them immune to tobacco mosaic virus.

B.
A California biotechnology company is testing engineered bacteria that prevents ice formation and frost damage to plants.

C.
Potato producers in the Red River Valley are growing tubers in tissue culture systems to provide disease-free seed stock.

D.
Iowa scientists are developing soybean plants and bacteria that will fix nitrogen more efficiently.

E.
A virus diagnostic kit has been developed to monitor the spread of viral disease in corn fields.

Note to the teacher: You might want to contact the experiment station closest to you and find out some of the latest research that affects your area and some of your students who may be farmers.

9.
Now that you have heard some of the impacts that bioengineering has had on today=s society, do your think it would be better if we did not know how to do genetic engineering at all?  If you disagree with bioengineering, do you support genetically engineered products related to: human health and wealth, saving money and time, and the environment?  Some of the students may agree, disagree, or have no opinion at all.  Let the students discuss how they feel about this issue and why.
10.
Activity

Divide students into groups of three.
Give each group a plant and a card that tells characteristics of crop.  (Or you can give each group a crop and send them to the library to look up characteristics about the crop or have them use CD Rom.)
Ex. 
 
Corn





Zea mays

Annual

Low tillering capacity

200 days-reach harvestable stage

Fungal disease-southern corn leaf blight

Leading grain crop in acreage and total yields

Tell the students to make a perfect crop by bioengineering.  Examples of what the students should suggest to genetically engineer corn:
Have corn reach maturity at 100 days

Produce enough leaves to shade weeds

Straight stalks

Resistant to southern corn leaf blight

Increase yield per acre

Very little tillering

Resistant to insects

Frost resistant

Able to grow year-round

Examples of crops and plants that you can give the groups:

Potato


Tomato

Wheat


Tobacco

Rice


Rose

Tulip



Carrot

Alfalfa


Petunia
Cotton


Soybeans
Summary

Review important points of:

Definition and purpose of biotechnology

Definition and purpose of bioengineering

Evaluation

Written test

Activity evaluation

5.2.1

Purposes of Biotechnology
A.
Improve crop productivity

· Increase yield

B.
Improve plant quality

· Enhance nutritional quality

· Change plant products for new uses

C.
Improve plant performance

· Increase plant disease/insect resistance

· Extend range of climate that plants can tolerate

· Develop plants resistant to specific herbicides.

Ex. Roundup Ready Soybeans
Purposes of Bioengineering
A.
Engineering to increase the efficiency of nitrogen fixation

B.
Engineering organisms to combat plant diseases

C.
Engineering for insect control

D.
Engineering to prevent forest damage

E.
Engineering plants to tolerate environmental stress
Individual Learning Activity

Lesson:
Bioengineering
Assignment:
Choose one of the topics below and research it. Write a report on your findings that answers the question or explains the concept and shows why it is relevant to your life.

1.
Define Biotechnology.
2.
Define Bioengineering.

3.
Compare traditional plant breeding and genetic engineering of plants.

Minimum Requirements:

1. Paper must be typed in 12 point font and at least one page in length. The paper may be double-spaced. 

2. At least two credible references must be properly cited.

3. All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

4. Papers will be graded on content (amount of good information, accuracy, etc.) and mechanics (grammar, spelling, and punctuation.)

Due Date:

Points/Grade Available:

Individual Learning Activity Rubric

	Content - offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The paper should include information and issues of state and local importance.
	35 pts.



	Critical Analysis - logical process of analyzing and reporting information that examines and explains the topic selected. The paper should go beyond simply listing facts and must include why the concept is relevant to the student’s life. 
	25 pts.

	Organization- The paper should have an orderly structure that demonstrates a logical flow of ideas.
	15 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the paper should meet all specifications and be executed following rules of proper written English.
	15 pts.


Group Learning Activity

Lesson: 
Bioengineering
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.
Define Biotechnology.
2.
Define Bioengineering.

3.
Compare traditional plant breeding and genetic engineering of plants.




Your presentation should include the following:

1. A lesson plan outlining exactly what your group will teach and how the information will be taught

2. A Power Point of at least twelve slides

3. Notes containing the information the class will be responsible for (these can be printed and given to the class, written on the board, or part of the Power Point). A copy of the notes will be turned in to the instructor.

4. Some type of interactive activity for the class (game, problem solving activity, interactive model, etc.)

5. Your group must also prepare an assessment for the class. This assessment can be written or oral, but should show the instructor that the class understands and has retained the material being taught.

Due Date:

Points/Grade Available:

All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

                                                  Group Learning Activity Rubric

	Lesson Plan – The group submits a thorough, detailed lesson plan highlighting the content and organization of their lesson.
	10 pts.

	PowerPoint – The group presents a Power Point of at least twelve slides that contains information and pictures vital to the lesson with additional information or examples for enhancement.
	20 pts.

	Interactive Activity – Some type of interactive activity is used to help teach the lesson. The activity should contribute to the mastery of content and involve the entire class in some way.
	15 pts.

	Assessment – A fair, thorough assessment is prepared and administered based on the information presented to the class. Poor grades on the assessment by a few members of the class are excusable, but if the entire class has difficulty, the points awarded in this category may be lowered at the discretion of the instructor.
	   15 pts.

	Content – The group should cover the concept (within reason) in entirety. The group may study actual lesson plans to help decide what should be emphasized.
	    25 pts.

	Overall Effect – The group is prepared, enthusiastic, and interesting, and the lesson flows smoothly. 
	    15 pts.


Presentation Learning Activity
Lesson:
Bioengineering
Assignment:
Choose one of the topics below, research it, and prepare a presentation that answers the question or explains the concept and shows why it is relevant to your life.

1.
Define Biotechnology.
2.
Define Bioengineering.

3.
Compare traditional plant breeding and genetic engineering of plants.

Minimum Requirements:

Oral Report Option

1.   Write a paper on one of the topics and orally present your work to the class.

2.   Paper may be double-spaced and should be at least one page in length, resulting in a two to five minute presentation. 

3.   At least two references must be properly cited. 

4.   The presentation of the report will be graded secondary 

      to the content of the paper.

PowerPoint Option

1. Presentation should be at least ten slides in length

2. Presentation should include at least four photos.

3. Presentation should be two to five minutes in length.

4. Grammar and spelling will be graded by the same standards as any other written assignment.

5. At least two references must be properly cited.

Poster Option:

1. Prepare a poster that answers/explains one of the topics. You will present your poster to the class.

2. Your poster should include both text and graphics that help communicate your research.

3. At least two sources of information should be properly cited on the back of the poster.

4. Neatness and appearance of the poster will be graded.

5. Poster presentation should last two to five minutes.

Due Date:

Points/Grade Available:

For all presentations: All work must be original. No plagiarism! Any use of another’s work or ideas without giving proper credit will result in a zero.

Presentation Learning Activity Rubric

	Content- offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The presentation should include information and issues of state and local importance.
	40 pts.

	Critical Analysis/Organization – The presentation shows a logical process of analyzing and reporting information that examines and explains the topic selected. The presentation should go beyond simply listing facts and must include why the concept is relevant to the student’s life.
	20 pts.

	Presentation – The student makes a genuine effort to present, not just read the material. The student should present with confidence using techniques like eye contact and voice inflexion to make his or her point. Although content takes precedence over presentation, the experience of successfully presenting in front of a class is part of the basis of this assignment.
	25 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the presentation should meet all guidelines set forth and should be executed in proper written English. For the poster, this includes neatness and appearance.
	15 pts.


Lesson Evaluation

1) Biotechnology has been practiced since the beginning of recorded human history. True/False (circle one)

What are two purposes of biotechnology, in terms of plants?

2)

3)

What are three applications of bioengineering, with regard to plants?

4)

5)

6)

Identify and briefly discuss four developments or issues in biotechnology/bioengineering relating to modern production agriculture.

7)

8)

9)

10)

Lesson Evaluation Key

1) true
2) increase productivity, improve plant quality, improve plant performance

3) “”

4) Engineering to increase the efficiency of nitrogen fixation

Engineering organisms to combat plant diseases
Engineering for insect control

Engineering to prevent forest damage
Engineering plants to tolerate environmental stress
5) “”

6) “”

7) answers will vary based on emphasis and focus in class discussions

8)

9)

10)
Teacher Notes

Essential Question: 

How do biotechnology and bioengineering impact agriculture and compare with traditional plant breeding methods? 
Vocabulary

Bioengineering
Biotechnology
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