Gabrielle Alberni & Lynn Peters

Title: Heterozygous and Homozygous Genes
List of Materials:

· Overhead demonstrating Mendel’s experiment and Punnett squares

· Pre-made cards with different traits

· Construction paper and markers

· Overhead of instructions and information for the activity

Curriculum Connections: 

· S1-1-12: Differentiate between dominant and recessive traits.

NOTE: We will review and discuss the terms: genotype, phenotype, dominant, and recessive. These terms are all related to each other and need to be talked about before the students begin their activity.

Introduction to Evidential:

· The students are going to have a very brief introduction about Gregor Mendel about his contribution to genetics. This will include a handout (see attached) that talks about who he is and what sparked his curiosity about inherited traits.  The students will learn that the traits that he studied are both related to plants and animals. The handout will have more information than the students need to know but there will be additional information included for the students who are interested in knowing more about Mendel. 
· Students already know what some of the above terms mean, but we will review their definitions and also put them into context for them. These definitions will also be included in their handout. (See attached)
· Once we have finished going through the definitions as a class, we will go into the evidential part of the lesson. Students are encouraged to ask questions at any time in the lesson.
Evidential:

· We are going to move into the evidential part of the lesson now and go over the actual experiment that Mendel did and demonstrate the use of the Punnett Square.  

· We will show that Mendel used the garden pea plant in his experiments. He used this plant because it’s easy to grow, has flowers and fruits in the same year, and has a large number of seeds. Mendel selected seven traits to study. Each trait had two very different phenotypes (physical appearances). He chose; flower color, seed color, seed shape, pod color, pod shape, stem length, and flower position.

· He used strains where the trait he was interested in remained the same from parent to offspring for many generations. These are known as true-breeding plants.

· We will have accompanying overheads for all the crosses which will help the students visualize what actually happened in his experiments.

· Now we will describe the actual crosses that allowed Mendel to make his conclusions about inherited traits. He took two true breeding plants of opposite phenotypes and found that the cross between these individuals produced the following: (ex. Flower color)

P1. (Parental generation) 
Purple flower 

X 
White flower








(
F 1 (Offspring generation)


All purple flowers

· With this information he was able to conclude that the purple flower color was dominant. He stated this because the purple allele masked the white one.  He then crossed two offspring form the F1 generation and found the following:

F1 (offspring generation 1)
Purple flower

X 
Purple flower








(





3 purple flowers and 1 white flower

· He examined all the trait pairs in alternate forms (alleles).  In order to visualize the crosses, Mendel used letter symbols to represent the alleles. He used a capital letter to represent dominant alleles and a lower case letter to represent the recessive alleles. 

· Mendel said that true breeding plants have two copies of the same allele.  He called these homozygous for the gene in question.  Thus, homozygous genes can be dominant (ex. BB) and recessive (ex. bb). Mendel stated that plants that have two different alleles of a particular gene are said to be heterozygous. (ex. Bb).

· Let’s take a closer look using Punnet squares.

· To make a Punnett square, you have to construct a box with nine squares in it.

· Next, you have to separate the alleles of one parent and put them along the top, and then do the same with the other parents along the side.

· Now you have to fill in the chart by combining one allele from each parent, like this. (We are filling in the chart as we are teaching it to show the students visually how this is done.)
	
	P
	P

	p
	Pp
	Pp

	p
	Pp
	Pp


F1
Purple flower plant x white flower plant ( all purple flowered plants


Plants crossed: 

PP (Purple, dominant, true breeding ( homozygous)


pp  (White, recessive, true breeding ( homozygous)

        Offspring: 
        Pp (Purple, dominant, heterozygous)

· Next, we will show what Mendel did for his second cross. He crossed two of the offspring from the first cross (F1) with each other. Notice his results this time.
· How do we know that purple is the dominant trait? What percent of the offspring will be white? Purple? 

F2
Two purple flowered plants (from F1) crossed with each-other( 3purple, 1 white
	
	P
	p

	P
	PP
	Pp

	p
	Pp
	pp



Plants crossed:

Pp (purple, dominant, heterozygous)

Offspring:



1 - PP (Purple, dominant, homozygous)



2 – Pp (Purple, dominant, heterozygous)



1 – pp (white, recessive, homozygous)
Psychological:
· This is going to start off by having the students do an activity.  They will be given clear instructions orally before they begin and there will also be a printed copy on their lesson handout.  

· The point of the activity is for the students to incorporate their knowledge of the genetic terms and use this to construct an organism with the information they will be given.  This class will draw different Sea-Monsters and will have ten different traits to work with.
· Instructions: 

· Students need to be in groups of 4 or 5 which will be assigned by the teacher.  Each group is to be given a set of ten different cards listing different traits.  The cards will either have the dominant homozygous (AA), heterozygous (Aa), or homozygous recessive (aa) trait listed.  With these different traits they will have to create a Sea-Monster.  There will be a list provided to them of all 10 traits along with their dominant and recessive phenotypes.  
· The students will have to fill out their table (see attached) with the phenotypes for their Sea-Monster. Once their list has been checked over by the teacher, they can begin drawing their Sea-Monster as a group.  If time allows, every group member can draw their own animal so they can all participate in the drawing.  

· This activity will allow the students to be active in their learning and to be interactive with their fellow students.  They will be able to use the ideas that we started the lesson off with and put them to use.  

· Group activity will enable the students that aren’t catching on as quick to learn from their fellow students. The students that are picking it up quick are getting good practice as well, because they will be verbally helping others.  

· When all the groups are finished their drawings, they will be able to see how the Sea-Monsters all differ. As a class, we can now talk about why they look different from another and discuss the traits.  
· For example: Our drawings both have large eyes and having large eyes is a dominant trait. What are the possible genotypes for this trait? Why are there two possibilities? Is EE homozygous? Why? Why does the genotype Ee give the dominant phenotype?
· We can also ask what the offspring of a Sea-Monster having Large eyes (Ee) and another Sea-Monster having small eyes (ee) will look like. What are all of the possibilities?

· So we can now use the Punnett square (from the evidential phase) to apply to different problem solving questions.

Theoretical:

· We will move to the theoretical aspect for the last few minutes of class to wrap things up.
· This will involve going over the definitions that we talked about at the beginning of class and talking about how these terms are related to each other. The students will have to write a brief entry in their journals and put the definitions in their own words so they can remember their meanings.  They will do this after all their books are put away so they don’t just recite the definitions from their handouts.  Along with their definitions, they will include an example of each term and a description of the activity they completed today.
Misconceptions:

· A common misconception is that a heterozygous individual might show half the characteristics of the dominant trait and half the characteristics of the recessive trait. In this early introduction to Mendelian genetics, we are dealing only with complete dominance. Incomplete dominance may be addressed at a later date, but it is beyond the scope of this lesson. (1)
· Students may also fail to separate the gene pairs (alleles) of the parents when constructing Punnett Squares. This may indicate that the students are confused as to how meiosis affects the distribution of chromosomes and genes. This mistake will make it impossible for the student to determine all the gene pairs for a given characteristic that could come from a set of parents. (2)
· The students may have difficulty describing how the genotype and phenotype are related and if given a specific phenotype, may have problems finding out what the correct genotype(s) are for a given trait. (2)
References:

1.) http://www.create.cett.msstate.edu/create/classroom/lplan_view.asp?articleID=214
2.) http://www.doe.k12.de.us/aab/an%20analysis%20of%20high%20school%20dstp%20data.pdf
3.) I-Genetics, by Peter Russell, 2002, Pearson Education Inc. San Francisco, USA.
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GREGOR JOHANN MENDEL (1822-1884)
In the mid-1800s, a monk named Gregor Mendel, working in Brno in the Czech Republic, carried out an amazing piece of scientific detective work. Mendel observed that the offspring of certain plants had physical characteristics similar to the physical characteristics of the plants' parents or ancestors. Gregor Mendel wondered why related organisms, both plant and animal, tended to resemble one another and how familial resemblances might be explained. Gregor Mendel reasoned that close observation of inheritance might provide him with the answer for which he searched. He therefore set out to examine and quantify the physical traits in pea plants (because of their speedy reproductive cycles) in an attempt to predict the traits that would occur in future generations. 
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During years of painstaking work, Mendel counted many thousands of instances of seven different traits, including plant height, flower color and position, seed color and shape, and pod color and shape. Mendel concluded that certain particles or "factors" were being transmitted from parent to offspring and so on, thus providing a connection from one generation to the next. Mendel suggested that these factors were directly responsible for physical traits. His interpretation of the experimental data further suggested that each individual had not one, but two factors for each trait, and that these factors interacted to produce the final physical characteristics of the individual. Both the location and the identity of Mendel's factors remained unknown for years. 

Mendel suspected that heredity depends on contributions from both parents, and that specific characteristics from each parent are passed on rather than being blended together in the offspring. The drawing illustrates his experiment with peas in which he demonstrated his concept. A parent homozygous for the allele for spherical seeds is crossed with a parent homozygous for the allele for wrinkled seeds. Each parent makes gametes of only one kind, either S or s, and these combine at fertilization to form plants that all have the genotype Ss and the spherical seed phenotype. When the F1 plants self-pollinate they produce two kinds of eggs, S and s, and the same two types of male sex cells. These combine randomly in four different ways to form F2 plants. Three of the four possible combinations produce genotypes that determine the spherical seed phenotype, and the fourth produces the genotype for the wrinkled seed phenotype, so that the observed ratio is 3:1. The illustration on the right, called a Punnett Square, is a handy device for keeping track of the ways gametes can combine at fertilization.
DEFINITIONS
Phenotype: The outward, physical manifestation of the organism. These are the physical parts and anything that is part of the observable structure, function or behavior of a living organism. 

Genotype: This is the “internally coded, inheritable information” carried by all living organisms. The set of instructions are found within almost all cells and are written in a coded language. 

Dominant: The allele that causes a phenotype that is seen in a heterozygous genotype.  If a genetic trait is dominant, a person only needs to inherit one copy of the gene for the trait to be expressed. When writing this out, the dominant gene is written as an uppercase letter (A).

Recessive: An allele that causes a phenotype that is only seen in a homozygous genotype and never in a heterozygous genotype. The recessive gene is written as a lowercase letter (a).

Homozygous: Having identical alleles for a single trait. AA and aa. 

Heterozygous: Having different allele for a single trait. Aa  
Sea-Monster Traits

	Trait
	Dominant
	Recessive

	Body Length
	Long (B)
	Short (b)

	Eye Size
	Large (E)
	Small (e)

	Eye Color
	Blue (C)
	Red (c)

	Body Color
	Green (G)
	Purple (g)

	Fin Size
	Large (F)
	Small (f)

	Teeth Size
	Small (T)
	Large (t)

	Head 
	Round (R)
	Square (r)

	Number of Gills
	3 (W)
	5 (w)

	Skin
	Scaly (S)
	Smooth (s)

	Tail
	Long (A)
	Short (a)


Instructions:

1.) Students will be formed into groups of 4 or 5 by teacher.

2.) Each group will be given ten different cards with different genotypes for each trait.

3.) The groups will determine the phenotype of their sea-monster for each trait and fill in the chart in the other side of this sheet.
4.) Get the teacher to look over list of traits before you start drawing sea-monster.

5.) Get a large piece of construction paper and start drawing!!!!
Name of Group Members:

Sea-Monster Chart

	Trait
	Genotype & Phenotype

	Body Length
	

	Eye Size
	

	Eye Color
	

	Body Color
	

	Fin Size
	

	Teeth Size
	

	Head
	

	Number of Gills
	

	Skin
	

	Tail
	


