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Course:      AG-PSB-02.441
Plant Science Biotechnology

Unit 12:
Vegetative Plant Reproduction
Lesson 1:
Methods of Cloning Plants

Georgia Performance Standards:
AG-PSB-12-(a, b) 

Academic Standards: ELA10RC3 (a, c), SB2, SB2 (e)
Objectives: 

1.
Define cloning.

2.
Describe methods of cloning.

3.
List benefits of cloning.

4.
List plants that are commonly cloned.

5.
Define the difference between sexual and asexual reproduction.

Teaching Time:

Classroom: 30 minutes

Laboratory: 1-3 days
Grades: 9-12

Essential Question: How and why are plants cloned? 

Unit Understandings, Themes, and Concepts:  
Students will learn how and why plants are cloned, as well as plants that are commonly cloned. Students will learn the benefits of this type of reproduction and contrast cloning with sexual reproduction.
Primary Learning Goals:  
In this unit students will define cloning and describe methods of cloning. Students will list benefits of cloning and list plants that are commonly cloned. Students will define the difference between sexual and asexual reproduction. 

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.


Lee, Jasper S. & Diana L. Turner.  Introduction to World AgriScience & Technology.  Interstate Publishers, Inc. Danville, IL.  1997.
Secondary Text for teacher planning and occasional student use:

Instructional Materials Service, University of Missouri-Columbia.  Plant Science. Columbia, MO.  1991.  

Oakley, Pam. Teaching Tissue Culture Lab Activity.
Materials and Equipment:

Plants already prepared showing cloning methods, this needs to be done several weeks in advance for root growth to show

Plants to take cuttings from and to layer (enough for class)

Potting media and containers; plastic wrap; moss; string 
PowerPoints:
AG-PSB-02.441-12.1p Asexual_Propagation

AG-PSB-02.441-12.1p Grafting

AG-PSB-02.441-12.1p Plant Tissue Culture

AG-PSB-02.441-12.1p Plant_Propagation_by_Stem_Cuttings

Georgia Performance Standards:
AG-PSB-12-(a, b) 

AG-PSB-12: The student propagates plants using methods of vegetative cloning and sexual reproduction.

a. Defines cloning and describes the materials and methods of cloning.

b. Explains the benefits of cloning plants.

Academic Standards: ELA10RC3 (a, c), SB2, SB2 (e)
ELA10RC3 (a) Demonstrates an understanding of contextual vocabulary in various subjects; (c) Explores understanding of new words found in subject area texts.

SB2 Students will analyze how biological traits are passed on to successive generations. 

SB2 (e) Compare the advantages of sexual reproduction and asexual reproduction in different situations. 

Teaching Procedure

Introduction and Mental Set

Ask the students to share what they know about cloning.  What are your thoughts about the use of cloning in agriculture?  Answers will vary and a lively conversation should be generated.  Did you know cloning has been occurring in plants for hundreds of years?  Have plants that have been cloned using different methods on display, explain what each shows.
Discussion

1.
What is cloning?

· Asexual reproduction; exact duplicate of plants

· Propagating of plants from one of the plant=s parts (leaf, stem, root)

· An organism with the same genetic makeup of another

2.
What is meant by sexual and asexual reproduction in plants?

· Sexual Reproduction:  requires the uniting of the male genetic (sperm) and the female gamete (egg).  Usually occurs in the flower of a plant.

· Asexual Reproduction:  Growing a new plant from part of the old plant.

3.
What are the methods of cloning in plants?

· Grafting: uniting two different plants so they can grow as one

· Root cuttings: cuttings made from portions of roots that have adventitious buds rather than visible buds, cutting placed in water for root establishment

· T-budding: bud taken from one plant and placed in a T-cut made on a limb of another plant

· Layering: a plant twig or shoot tied down and partially covered with earth, so that it can root while remaining unsevered form the parent stock
· Air layering: method of propagation by rooting branches of woody plants where an incision is made in the stem to be rooted and sphagnum moss is wrapped around the wounded stem, wounded area is moistened and covered with a special cloth and left until roots develop, the branch is then cut away and transplanted

· Leaf cuttings: slits are made in the upper leaf surface, leaf is placed lower surface down on moist soil, and left for root establishment

· Tissue culture: emphasizes the development of a large number of clones from a single superior plant

4.
What are the advantages of cloning?

· Grow identical plants faster and more successfully than seed germination
· Seedless fruit can be produced and propagated via vegetative reproduction

· Asexual reproduction preserves the status quo in that the offspring are always exactly like the parent

· Plant uniformity

· Fuse one plant on another to produce a desired crop from already established mature individual - perhaps even another species

· Control insect and disease problems

5.
What are some plants that are commonly cloned?

· Potato plant        

· Spider/airplane plant

· Rubber tree          

· Fruit trees

· Sugar cane          

· Strawberries

· African violet

6.
Laboratory



A.
Have students divide into groups of two or three, have one group clone stem cuttings, one air layer a rubber plant, one graft, etc.  Have students check projects regularly over a few weeks to watch root growth develop.
B.
Tissue Culture:  See attached handout 12.1.1: Lab developed by Pam Oakley, Agricultural Teacher at Monroe Area Comprehensive High School.

Summary

Review the methods of cloning.  What are the advantages of cloning?
Evaluation

The grade may be developed from the laboratory exercises.
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12.1.1

A.
Have students work in pairs or groups of up to five.

B.
Assemble stock tube culture, presterilized scalpel, and nutrient growth tube.

C.
Gather stock tube and nutrient tube in one hand, scalpel in the other hand.

D.
Quickly remove the tops from both test tubes and pass the open mouth of each tube and the scalpel through the flame.

E.
Just as quickly remove a section of callus from the stock tube.
F.
Pass the open mouths of each test tube once more through the flame and quickly replace their covers.
G.
Maintain the nutrient tubes under specific lighting for approximately six to eight weeks and maintain a growth temperature of around 75 degrees Fahrenheit.
Culturing tissue from the parent plant callus may be initiated in either petri dishes or test tubes.  Cloning of carrots for strictly experimental purposes usually occurs in petri dishes.  This procedure is very similar to the steps outlined above utilizing a separate kit.  A brief description of the activities follow:
12.1.1
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A.
Culture a piece of carrot root to develop a           growing mass of cells (callus).

B.
Transfer the carrot callus tissue to the growth media in petri dish.



C.

After about six weeks, transplant the tissue plantlets from the media to the soil.

The maintenance of cultured plant tissues is an extremely important step.  B one that, if not done in a careful manner, can result in the loss of your clones.  A continuing light cycle, with eight hours of darkness and sixteen hours of light, is extremely important, as is the maintenance of the cultures at room temperature.  This can be accomplished with the use of a commercial grow lighting stand.  The construction of this stand can serve as an additional practical lab.
Individual Learning Activity
Lesson:
Methods of Cloning Plants
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 cloning.

2.
Describe methods of cloning.

3.
List benefits of cloning.

4.
List plants that are commonly cloned.

5.
Define the difference between sexual and asexual reproduction.

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

1.
Define cloning.

2.
Describe methods of cloning.

3.
List benefits of cloning.

4.
List plants that are commonly cloned.

5.
Define the difference between sexual and asexual reproduction.

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:
Methods of Cloning Plants
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 cloning.

2.
Describe methods of cloning.

3.
List benefits of cloning.

4.
List plants that are commonly cloned.

5.
Define the difference between sexual and asexual reproduction.

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) What is the result of cloning?

2) Cloning is a form of sexual/asexual reproduction? (circle one)

List and briefly explain 4 methods of cloning.

3)

4)

5)

6)

What are 3 advantages of cloning?

7)

8)

9)

10) What is one plant that is commonly cloned?
Lesson Evaluation Key

1) A plant identical to the one that was cloned
2) asexual

3) Grafting: uniting two different plants so they can grow as one

Root cuttings: cuttings made from portions of roots that have adventitious buds rather than visible buds, cutting placed in water for root establishment

T-budding: bud taken from one plant and placed in a T-cut made on a limb of another plant

Layering: a plant twig or shoot tied down and partially covered with earth, so that it can root while remaining unsevered form the parent stock
Air layering: method of propagation by rooting branches of woody plants where an incision is made in the stem to be rooted and sphagnum moss is wrapped around the wounded stem, wounded area is moistened and covered with a special cloth and left until roots develop, the branch is then cut away and transplanted

Leaf cuttings: slits are made in the upper leaf surface, leaf is placed lower surface down on moist soil, and left for root establishment

Tissue culture: emphasizes the development of a large number of clones from a single superior plant
4)””

5)””

6)””

7) -9) any of the advantages discussed in the lesson

10) potato plant, spider/airplane plant, rubber tree, fruit tree, sugar cane, strawberries, African violet
Teacher Notes

Essential Question: 

How and why are plants cloned? 

Vocabulary

Cloning
Sexual reproduction
Asexual reproduction
Grafting
T-budding
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