
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area: 
	Science  7th Grade                            

	Recommended  Days of Instruction:  1
	(one day equals 55 min)

	Standard(s) addressed:  7-2

	The student will demonstrate an understanding of the structure and function of the cells, cellular respiration and heredity.  (Life Science)

	 Heredity

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	7-2.6 Use Punnett squares to predict inherited monohybrid traits.


	SC Science Standards Support Document
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
“Working Out Punnett Square Examples”

http://www.athro.com/evo/gen/punexam.html
This site gives information about the “parents” and allows students to complete Punnett Squares

online.

“Basic Principles of Genetics”
http://anthro.palomar.edu/mendel/
This site provides information about Mendel, probability, Punnett Squares, (does not address

exceptions) and has links, and a puzzle.
	See Module 7-2.6.
Teaching the Lesson 7-2.6A
 Heredity –
 “Beans and Punnett Squares”


	From the SC Science Standards Support Document:
The objective of this indicator is to use Punnett squares to predict inherited monohybrid traits; therefore, the primary focus of assessment should be to apply procedural knowledge of a Punnett square to determine the possible inheritance of one trait.  However, appropriate assessments should also require students to interpret some basic information on a Punnett square; compare allele combinations that would relate to different genetic predictions; or predict the ratio or probability of traits.

	Module 7-2.6 Continued

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	7-2.6 Use Punnett squares to predict inherited monohybrid traits.


	Bikini Bottom Genetics http://sciencespot.net/Media/gen_spbobgenetics.pdf 

Bikini Bottom Genetics 2  http://sciencespot.net/Media/gen_spbobgenetics2.pdf    

OnePlaceSC: 
http://oneplacesc.org
DISCUS: SIRS Discoverer article on Heredity

Family Tapestry: An Examination of Family Histories, Immigration, Personal Choices & Heredity
Prufrock Press
1998, pp. 35-41
Copyright © 1998 Prufrock Press Inc.

Suggested Streamline Video:

http://etv.streamlinesc.org
“Genes, Genetics and DNA”

“Gregor Mendel’s Rules of Heredity: Using Punnett Squares”

This presents information about heredity including dominate and recessive traits.
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Seventh Grade
Science

Module 

7-2.6
 Heredity
Lesson

A

From the South Carolina Support Documents: 
Indicator 7-2.6: Use Punnett squares to predict inherited monohybrid traits.

Taxonomy level of indicator:

Apply Procedural Knowledge (3.2-C)
Previous/Future Knowledge:

Students have received no previous instruction in the use of Punnett squares.  Students should have a beginning level of understanding of genetics and dominant and recessive genes. 
It is essential for students to know that offspring inherit the genes for particular traits from their parents.  

· Genes for a particular trait normally come in pairs. 
· Since each parent normally has two alleles for a single trait, we use a Punnett square to determine the possibilities of the combinations of alleles that the offspring may receive. 
· A Punnett square is a tool used to predict the ratio or percentage of the possible genes that an offspring will have based on the genes of the parent.
In a Punnett square, the top of the table shows the alleles provided by one parent. 

· The alleles for the other parent are placed along the left side of the table. 

· One allele from each parent is placed in the individual squares, forming a new gene pair. 

· The individual squares show the possibilities of allele pairs in the offspring. 

· For example, the following table shows the cross Tt x tt: 

	
	t
	t

	T
	Tt
	Tt

	t
	tt
	tt


· In this example, tallness (T) is the dominant trait and shortness (t) is the recessive trait. 

· As the Punnett square shows, TT, Tt, and tt are all possible genotypes for the height of the offspring. 

· The offspring with the genotypes TT and Tt will have a phenotype of tall; the offspring with the genotype of tt will have a phenotype of short. 

· If the two alleles are the same (TT or tt), the genotype is considered purebred.  If the two alleles are different (Tt), the genotype is considered hybrid. 

· This example shows the inheritance of a single characteristic (height). A cross that shows the inheritance of a single characteristic is known as a monohybrid cross. 
· It is sometimes difficult to predict certain traits in humans (for example hair color or eye color) because there may be several different genes that control these traits. 
It is not essential for students to know how to use Punnett squares to show incomplete dominance or multiple traits.  Pedigree charts are also not essential.

Assessment Guidelines:

The objective of this indicator is to use Punnett squares to predict inherited monohybrid traits; therefore, the primary focus of assessment should be to apply procedural knowledge of a Punnett square to determine the possible inheritance of one trait.  However, appropriate assessments should also require students to interpret some basic information on a Punnett square; compare allele combinations that would relate to different genetic predictions; or predict the ratio or probability of traits.

Teaching Lesson 7-2.6 A Heredity – “Beans and Punnett Squares”
Instructional Considerations:

It is not essential for students to know how to use Punnett squares to show incomplete dominance or multiple traits.  Pedigree charts are also not essential.
Students only need to use a Punnet Square to show a monohybrid cross, not a dihybrid cross.
In this lesson students will add each group’s trials for a class average. Explain that repeating an experiment increases the validity of the results. 
Misconceptions:
According to Benchmarks, when asked to explain how physical traits are passed from parents to offspring, elementary-, middle-, and some high-school students express various misconceptions. For example, some students believe that traits are inherited from only one of the parents (e.g., the traits are inherited from the mother, because she gives birth or has most contact as children grow up; or the same-sex parent will be the determiner). Other students believe that certain characteristics are always inherited from the mother and others come from the father. Additionally, some students believe in a "blending of characteristics."
Early middle-school students explain inheritance only in observable features, but upper middle-school and high-school students have some understanding that characteristics are determined by a particular genetic entity that carries information to be translated by the cell. (Benchmarks for Science Literacy,  p. 341)
Some students may also think that because they look similar to an aunt or uncle that they received those traits from them.
A dominant trait does not mean "more potent," and recessive does not mean "weaker." The terms simply refer to the visible trait, the phenotype.
Safety Note:

Students should follow all classroom safety procedures, specifically when handling food products. No food products should ever be tasted or eaten without permission from the teacher.

Lesson Time:

1 Day (55 minutes)
Materials Needed: 
· 2 paper bags per group – one labeled male, one labeled
· 100 red beans per group (divided 50 to each bag.)
· 100 white beans per group (divided 50 to each bag)
· "Punnett Square Lab"  (attached)
· Excel document with averages at the bottom  (sample attached)
Focus Question:

What is the purpose of a Punnett square and how is it used?

Engage:

1. Refer students back to Lesson 7-2.5 C with the pollywogs. Ask students again what patterns began to emerge after just 3 trials? What phenotypes were the most prevalent after only 3 trials? What are they thinking now about dominant and recessive traits? (Accept all answers, noting and addressing any misconceptions that may arise.)
2. Tell students that today they will be using a diagram/model called a Punnet Square. The Punnett square is a diagram that is used to predict an outcome of a particular cross or breeding experiment. It is named after Reginald C. Punnett, who devised the model, and is used by biologists to determine the probability of an offspring having a particular genotype. The Punnett square is a summary of every possible combination of one maternal allele with one paternal allele for each gene being studied in the cross.
3. Ask students where they have heard the prefix mono before? The prefix mono means one. Tell students that when using one trait only, that is called a monohybrid crossing or breeding. 
4. Tell students you will now model a monohybrid crossing using a Punnett Square and a trait from two pollywogs’ offspring.
5. Draw a Punnett Square on the board. Explain where each allele from the genotype is placed. Have students provide 2 Children from their pollywog mating from different parents. Ask students what trait they would like to use? (NOTE: This example uses color.)

	
	B
	b

	B
	1
BB
	2
Bb


	b
	3
Bb

	4
bb


Show students how to match alleles on a Punnet Square. Column 1 matches with Row 1, Column 2 matches with Row 1. Column 1 matches with Row 2, Column 2 matches with Row 2.

6. Ask what are the phenotypes of the offspring? Each square represents a possible allele combination. (Offspring 1 is Blue with both dominant alleles, Offspring 2 is Blue with one dominant and one recessive allele (yellow), Offspring 3 is Blue with one dominant and one recessive allele (yellow), Offspring 4 is Yellow with two recessive alleles for yellow.)
7. Ask which two Blue Offspring could possibly have Yellow Offspring? (2 and 3) Could Offspring 4 ever have a Blue Offspring? (yes, by mating with a Blue phenotype either with both dominant alleles or dominant and recessive yellow allele) Could Offspring 1 ever have Yellow Offspring? (No, but possibly the grand ”child” of one of its Offspring with a recessive allele for yellow.) 
8. Ask if a Punnett Square can accurately predict the true outcomes of a cross? (No. It shows possibilities for 4 offspring, but the combination of alleles is random during meiosis.)
9. Have student pairs practice a Punnett Square of their own using a different trait from their pollywogs. Monitor for understanding. 
10.  In groups of 2-3 (will need 10 groups) tell students they will now simulate a monohybrid crossing using red and white beans. Distribute the bags and the directions (attached.)  
11.  Prior to students beginning the procedure explain that Red will simulate a dominant allele and White will simulate a recessive allele.

12.  Students will use the genotypes RR, Rr, and rr.

13.  To begin the simulation, draw a new Punnet Square with RR as one parent and rr as another. Guide students through the monohybrid crossing.(You may want to create Punnett Squares for each combination.)
14.  Tell students that they must draw 100 times to simulate 100 matings.  Explain that repeating an experiment increases the validity of the results. 

Explore: 
1. Review the procedure on the attached lab sheet. Assistance may be needed to determine percentages. Ask for any questions.

2. Have students begin the simulation. You may want to model the first round.

3. As each group finishes, record results on the spreadsheet document (displayed on a SMART or Promethean Board) An alternative is to keep a record of group totals on the board. 
Explain:
1. After all groups have posted results, ask students what patterns are they now seeing? What is the prevalent phenotype? Using the average of 800-1000 offspring (10 groups, simulating 100 offspring) check the actuality of the original Punnett square. (It is often closer to the prediction than any of the individual group results. This can be used to show the benefit of repeating experiments to improve conclusions.)  
2. Have student groups answer the questions on the lab sheet. 
3. In whole class dialogue, have students share their answers to the questions on the lab sheet. Once again, ask for what patterns they are seeing? What surprises? What questions do they have?
Extend:

1. Students may wish to continue investigating the reliability of Punnett Squares with additional trials.
2. Additional research topics could include genetic engineering, cloning, DNA use in forensic science, the Human Genome Project, and careers that would require a background in genetic science.
Suggested Resources: 

Careers in Human Genetics, The American Society of Human Genetics, http://www.ashg.org/education/careers.shtml)

The University of Kansas Medical Center’s Genetics Education Center http://www.kumc.edu/gec/
Beans and Punnett Square Proof

Predicted Results and Actual Results
Question:  How do predicted offspring (Punnett square) compare with actual offspring?  (If a Punnett square is used to predict offspring, how will actual results compare with predicted results?)

Hypothesis:  Remember to use an If-Then statement in your Hypothesis. For example…Based on the predictions of a Punnett Square, if 100 trials are used to simulate a monohybrid crossing then ___% of the combinations will be ___ because…
Materials:

· Two paper bags, each one with 50 red beans and 50 white beans
Procedure:

1. Making observations of the Punnet Square on the board, record what percentage of the offspring could possibly be RR, Rr, or rr.
Predictions:  Record your predictions based on your observations of the sample Punnett square.
BB _______%

Bb _______%

bb_______%
2. Create a 3-column chart in your notebook like the one below.
	
	Data Table

	
	Red/Red
(RR)
	Red/White
(Rr)
	White/White

(rr)

	My Group Totals
	
	
	

	Class Totals
	
	
	


3. Now cross the two “paper bag” organisms by pulling an allele from each bag. 

4. Without looking inside the bag, remove one bean from each bag.  The two beans represent the alleles that combined when the sperm and egg combined.  The two beans represent the offspring’s allele combination.

5. Add a tally mark in the correct column of the Data Table.  

6. Return each bean to the correct bag and shake the bag
7. Draw again and record again.  Repeat until you have drawn and recorded 100 combinations.

8. Record your group’s results on the board or share with your teacher to record.  While waiting for all groups to post their data, begin answering questions 1- 4 below. 

9. When all groups have recorded their data, record the Class totals on your data table.  
Analyze:
1. What percent of your actual offspring did you get for each genotype?

2. Which genotype combination occurred most often?
3. If red is dominant and white is recessive, what was the probability that the offspring would have the white phenotype?
4. How did your predicted results compare with your actual results for all combinations? 

5. Compare the two sets of data (class and personal) to your prediction.  What do you observations can you make?  Explain.

Sample of the Excel file.  Use as many rows as you have groups.

	
	Teacher should clear data and add new each year.  Averages are at the bottom.

	Group
	RR
	Rr
	rr
	

	1
	21
	42
	37
	

	2
	21
	43
	36
	

	3
	19
	48
	33
	

	4
	24
	44
	32
	

	5
	16
	52
	32
	

	Avg
	
	
	
	


	
	Red/Red
	Red/White
	White/White

	Group Data
	
	
	

	Group Data
	
	
	

	Group Data
	
	
	

	Group Data
	
	
	

	Group Data
	
	
	

	Group Data
	
	
	

	Group Data
	
	
	

	Group Data
	
	
	

	Group Data
	
	
	

	Group Data
	
	
	

	Group Data
	
	
	

	Class Data
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Standard 7-2: The student will demonstrate an understanding of the structure and function of the cells, cellular respiration and heredity.  (Life Science)





Indicator 7-2.6: Use Punnett squares to predict inherited monohybrid traits.





Other indicators addressed:  


7-1.4 Explain the importance that repeated trials and a well-chosen sample size have with regard to the validity of a controlled scientific investigation.


7-2.5: Summarize how genetic information is passed from parent to offspring by using the terms genes, chromosomes, inherited traits, genotype, phenotype, dominant traits, and recessive traits.











Female Pollywog, phenotype Blue, genotype Bb





Male pollywog, phenotype Blue, Genotype Bb








Color:


BB = Blue


Bb = Blue


Bb = Yellow
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