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  Introduction
Course: 02.441 Plant Science Biotechnology

Unit 9: Plant Genetics
Unit Development Template Annotation 

(Briefly describe the topics, methods, technology integration, etc.)
In this unit students will describe Mendel’s experiments and describe the Law of Independent Assortment. Students will discuss the difference between heterozygous and homozygous and list the seven plant characteristics of the garden pea used extensively by Mendel. Students will discuss the two factors that influenced Mendel to use garden peas as his plant variety for studying in heritance of plants. Students will list the names of the two genetic laws recorded by Mendel and predict genetic outcome using a Punnett Square.
Grade(s)

· 9-Ninth

· 10-Tenth

· 11-Eleventh

· 12-Twelfth

Time:  (Enter time in number of 50 minute periods)
4
Author


Notes to the Teacher (optional)
Students with disabilities: For students with disabilities, each instructor should refer to the student's IEP to be sure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should also 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.

[image: image2.jpg]


  Standards
GPS Focus Standards:
AG-PSB-9-a: Describes Mendel’s experiments in plant breeding. 

AG-PSB-9-b: Describes Law of Independent Assortment. 

AG-PSB-9-c: Discusses the difference between heterozygous and homozygous. 

AG-PSB-9-d: Lists the seven plant characteristics of the garden pea used extensively by Mendel. 

AG-PSB-9-e: Discusses the two factors that influenced Mendel to use garden peas as his plant variety for studying inheritance of plants. 

AG-PSB-9-f: Predicts genetic outcome using a Punnett Square. 

GPS Academic Standards:
ELA10RC2 (c), Relates messages and themes from one subject area to those in another area
SCSh6, Students will communicate scientific investigations and information clearly. 
SCSh9, Students will enhance reading in all curriculum areas. 
SB2, Students will analyze how biological traits are passed on to successive generations.
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  Understanding and Goals
Unit Understandings, Themes, and Concepts:  Provide the deep understandings and concepts the student should retain as a result of this Unit. These are the enduring understandings.
Students will understand what genetic inheritance means to agriculture.
Primary Learning Goals:  Provide a list of the Essential Questions, Knowledge and Skills the student will know, understand, and be able to answer or demonstrate as a result of this Unit. All Primary Goals must be related to standards addressed in the Unit.
How does inheritance influence growth?
Why is Mendelian genetics important to understand?
What were the traits that Mendel used?
How can simple genetic outcomes be predicted?
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  Balanced Assessment 
Assessment Method/Type:  
	
	Constructed Response
	
	Peer Assessment

	x
	Combined Methods
	
	Selected Response

	
	Informal Checks
	
	Self Assessment


Assessment Title:  
Description/Directions:  Provide detailed description & directions so it will provide accurate results for any teacher wishing to replicate it.
Attachment – Supplemental Resource Title:  (Optional) List the title of any attachment associated with the assessment.
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:
Welsh, James R., Fundamentals of Plant Genetics and Breeding, Latest edition, John Wiley and Sons, New York, N.Y.

McNeil, N.A., and C.W. Magill, Genetics Lecture Notes and Exercises, Latest edition, Kendall/Hunt Publishing Company. 

Heath Biology Study Guide. D.C. Heath and Company.  Lexington, MA. ISBN: 0-669-23447-8.  1995.

Herren, Ray V. & Catherine Ketter. Lab Manual for The Science of Agriculture: A Biological Approach. Delmar Publishers, Inc.  Albany, NY.  1997.
Web Resources: (Optional) List the title of the web resource associated with this Unit Development Template Assessment.
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  Unit Performance Task(s) 
Performance Task Title:
Description/Directions:  Provide detailed description & directions so it will provide accurate results for any teacher wishing to replicate it.
Rubric for Performance Task:  Attach rubric used in the assessment of this Unit Performance Task or submit as separate file.
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  Sequence of Instruction and Learning
Sequence of Instruction and Learning:  List the sequence of instruction and learning for this Unit Development Template.
Materials and Equipment:

lab supplies, transparency 9.1.1
Introduction and Mental Set

Using a large world map, point out every body of water to the class that is considered salt water.  Explain that some plants can survive salt water while most cannot.  Easter lilies, for example are fairly salt tolerant.  Ask the students what benefit would it be if plants could be grown in salt water or by using salty irrigation water.  Ask students if plants could be produced that were not hurt by salt water, how would this effect world food production.  Explain that by understanding genetics, such breeding may be possible in the future.

Discussion

1. What does inheritance mean?


A. Inheritance is the transmission of genes from one generation to the next.  


B. Children inherit specific characteristics such as hair and eye color from their parents.  


C. Plants also inherit characteristics from parent plants.

2. How does inheritance influence growth?


The genetic makeup of a plant determines the expression of traits (e.g., yield potential, flower color, size of plant, etc.)

3. Define these terms:


-Genes: the parts of a chromosome that determine the individual plant characteristic.  They are the smallest unit of inheritance.


-Chromosomes: microscopic bodies in the nucleus of the cell which carries the genes.  The number in any species is usually constant, and it is the sole connecting link between generations.


-Allele: One of two or more alternative forms of a gene, such as white flowers and purple flowers.


-Locus: the position on a chromosome where a gene is located.


-Heterozygous: an animal or plant that carries genes for two different characters.  Ex. one red flower gene and one white flower gene.


-Homozygous: an animal or plant that possesses identical genes for a particular character.  Ex. both genes are for red flowers.


-Dominant: when one gene dominates another.  For example: if a cow has a polled gene and a horned gene, the cow will be polled because the polled gene is dominant.


-Recessive: when one gene is masked by another gene.  The horned gene is masked by the polled gene.

4. Who was Gregor Mendel?


A. An Austrian monk who discovered the basic laws of heredity.


B. He also laid the foundation for modern science of genetics, which is the study of heredity.  


C. Mendel received no credit or fame for his work until sixteen years after his death.  

5. Why is Mendelian genetics important to understand?


Mendelian genetics is important if a person is addressing plant breeding problems.

6. Why did Mendel finally decide to study garden peas?

Several different traits had repeatable variation between parents


Examples: 


Seed shape - round or wrinkled


Seed Color - yellow or green


Stem length - tall or short




7. Explanation of Mendel’s experiment with garden peas:

-Eight year experiments

-Used large number of plants but studied only one characteristic, or trait, at a time

-Kept each generation of pea plants separate from one another

-Began by planting the peas and letting them grow for two seasons

-Then Mendel chose the strongest, best-growing, and purest seeds to work with

-After he established true breeding parental lines, he made crosses between parents that differed in expression of one character.

Ex: SSCCFFPPGGHHLL x SSCCFFPPGGHHII = SSCCFFPPGGHHLI

Short stem length becomes recessive allele in the cross.

-Experiments were performed using each of the seven characters

-The resulting seeds were harvested to be first generations of the cross

-The first generation seeds were planted and resulting plants were the F1 generation (first filial generation)

-Seeds harvested from these F1 plants were crossed to develop the F2 generation

-Mendel carried the crosses through the F3 generation sometimes

-In each experiment Mendel kept seeds from each plant separate from others and maintained accurate records

8. What were the seven traits that Mendel used?



A. Seed shape


B. Seed color


C. Flower color


D. Pod shape


E. Pod color


F. Flower position


G. Stem length

9. Monohybrid Segregation


A. Mendel used the term dominant to describe the expression of the character that appeared in the F1 generation


B. Recessive is used for the expression of the character that disappeared in the F1 generation but reappeared in the F2 generation


C. The term Monohybrid commonly is used to refer to the cross between parents with different expressions of a character that result in a 3 : 1 ratio or some variation.


D. Geneticists now know that this ratio combination is controlled by one inheritance unit called a gene located on a chromosome


E. Mendel developed the concept of using capital and lowercase letters to designate dominant and recessive parental expressions


F. Multiple Alleles are variations of a single gene that occur in nature



G. Law of Segregation: each F1 parent produces offspring that may show either the dominant or recessive variation of the character, and of the total F2 population, 2 will breed true and the other 2 will again segregate exactly as the F1 generation did

10. How can simple genetic outcomes be predicted?


A. Through the use of a Punnett Square.


B. For example: suppose we wanted to cross a homozygous red flowered plant with a heterozygous red plant.  What would the outcome be?  Note: assume the red gene is dominant.  Display and discuss transparency 9.1.1.

11. Dihybrid Segregation


A. Evaluated two characters at a time


B. True breeding parents with differing expressions were crossed and F1, F2, and F3  generations were evaluated


C. F2 generation, all character combinations approached a ratio of 9 double  dominant: 3 recessive, dominant: 3 dominant, recessive: 1 double recessive


D. Based on these findings Mendel developed the Law of Independent Assortment which means that the inherited differences in one characteristic are not influenced by the inherited differences in another character


E. The term “dihybrid” describes those inheritance cases where a 9 : 3 : 3 : 1 F2 ratio of a variation of this ratio is produced

12. Backcrossing and Reciprocal Crossing


A. Backcrossing is the breeding of an F1 offspring to one of the parents.  


B. This demonstrates that F1 plants contained an equal combination of potential expressions for each character.  


C. This was proven when all expressions of the character appeared with equal frequency in the progeny of the F1 crossed with the recessive parent.


D. Example: the F1 with round yellow seed, when crossed to a true breeding double recessive wrinkled green parent, produced all four classes of progeny with approximately equal frequency.


E. In a reciprocal cross study, Mendel used the F1 female for one set of data and the male for the other.  The results were almost identical.

13. Random pairing of characters


To illustrate, consider the case of seed shape and incorporate the randomness and pairs concept into the system.  Round seed is dominant and designated as “A”  Wrinkled seed is recessive and identified as “a”  Two true breeding parents with contrasting expressions of the character are obtained by selection.  If units of inheritance occur in pairs, then each parent must have two identical units to be true breeding and in this case, “AA” or “aa.”  This identical pairing is termed homozygous.  All hybrid or F1 seeds are “Aa” and round because the dominant character is expressed.  Individuals possessing both gene forms are called heterozygous.

14. Independent Assortment of Characters


Characters segregate simultaneously and independently.   As an example, seed color and seed shape characters are combined.  Dominant yellow is “B,” recessive green is “b”  Individually, the inheritance pattern of each character is exactly the same and Monohybrid in nature.  To combine the two characteristics, homozygous parents of round yellow (AABB) and wrinkled green (aabb) is crossed to produce the F1.  Each parent transmits inheritance units at random.  This data can be expressed in a ratio of 9 round yellow: 3 round green: 3 wrinkled yellow: 1 wrinkled green. 

15. Genotypic Ratios, Phenotypic ratios, and Mathematical Shortcuts


A. The term’s genotype and phenotype refer to the genetic makeup and physical appearance of the individual.


B. Binomial expansion becomes very difficult to handle accurately when more than three characters are used.


C. Mendel proposed some shortcut methods to describe F2 populations.  If “n” = number of characters, then 2 n = number of true breeding individuals in the F2, 3 n = number of different genotypic combinations in the F2, and 4 n = total number of individuals in the F2 ratio.


D. To illustrate, consider two characters (n = 2) independently assorting themselves in the F2.  The number of true breeding individuals is 2 to the 2nd, or 4.  There are 3 to the 2nd or 9 different genotypic combinations.  The total number of individuals in the F2 ratio is 4 to the 2nd or 16.  

16. Mendel’s Conclusions


A. Discovered that each parent carries traits which combine two factors, dominant or recessive


B. Combinations of these traits are passed on to offspring


C. If either of the offspring’s two factors is dominant, the child will have that dominant trait


D. Mendel wrote a report explaining his findings in 1865, but most scientists ignored his work

17. Summary of Mendel’s contributions


Mendel was able to accurately describe inheritance mechanisms based on assumptions of paired units and random transmission of units from parent to progeny.  Although his system has been extensively refined through detailed study, Mendel’s laws of segregation and independent assortment remain valid today.

18. Laboratory




A. Complete the laboratory exercise, Genes: Patterns Inheritance from the Lab Manual.  The Science of Agriculture: A Biological Approach for reference.


B. Complete the laboratory exercises, Basis of Heredity from the Heath Biology reference

Summary                                                                                                        

What is the difference between homozygous and heterozygous?

Explain Mendel’s garden pea experiment.

What is meant by monohybrid and dihybrid segregation?

Define common genetic terms.

Evaluation
Written test

Sample genetic crosses

Laboratory activities
9.1.1

Monohybrid Segregation

	Female\ male
	R
	R

	R
	RR
	RR

	r
	Rr
	Rr


50% Homozygous and 50% Heterozygous Ratio

Dihybrid Segregation

	M/F
	RS
	Rs
	rS
	rs

	RS
	RRSS
	RRSS
	RrSS
	RrSs

	Rs
	RRSs
	RRss
	RrSs
	Rrss

	rs
	RrSS
	RrSs
	rrSS
	rrSs

	rs
	RrSs
	Rrss
	rrSs
	rrss







9:3:3:1  ratio
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