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             Technology-Enhanced Lesson Plan
Lesson Title:  NonMendellian Genetics using Cat Coat Color

Created by: Joe Grigas


Lesson Abstract: Students access a web site and go read through information found on web pages with a question at the end of each page.  The questions range from multiple choice, matching, and true/false.
Subject Area: Biology-Genetics 

Grade Level:  9-12

Unit Title: Genetics

Michigan Educational Technology Standards Connection: 

Michigan Grade Level Content Expectations Connection:

B3.1B Explain that the information passed from parents to offspring is transmitted by means of genes which are coded in DNA molecules. These genes contain the information for the production of proteins.
Michigan Curriculum Framework Connection:

Estimated time required to complete lesson or unit: One or two class periods

Instructional resources: Web access to http://personalpages.tds.net/~grigas/nonmendel/
Prior required technology skills: Download and print a document, navigate the web.

Sequence of Activities:  Students should have an understanding of genetics, heredity, and gene expression before starting these questions.  This can be accomplished with assigned reading, lecture, or some other means of conveyance. 

1. Assign students questions and have them use the internet to access web pages with content.

Questions. *** these are available to download at the site in Word or PDF format.***

Page 1-Introduction- No questions

Page 2-Orange Cats

1.  What are the genotypes of the offspring from this cross?

A. YXo, XOXo
B. YXO, XOXO
C. YXo, XOXO
D. YXO, XoXo
Page 3 Tortoishell Cats-no questions

Page 4 Tortoishell Mom

2. What will be the predicted phenotypic ratio of the F2 generation? Make a four cell Punnett square to help answer this question. Remember that XOXo females will be tortoiseshell.

A. 1 tortoiseshell female : 1 tabby female : 1 orange male : 1 tabby male

B. 3 orange females : 1 tabby female : 3 orange males : 1 tabby male

C. 3 tortoiseshell females : 1 tabby male

D. 3 orange females : 1 tabby male

E. 1 tortoiseshell female: 1 orange male

Page 5 Results of tortoiseshell mom

3.  Which set of data best matches the predicted ratio of offspring for this cross? 

A. 9 tabby males, 2 orange males, 10 tortoiseshell females, 3 tabby females

B. 17 tabby females, 15 orange males

C. 17 tabby males, 15 tortoiseshell females

D. 11 tabby males, 14 orange males, 12 tabby females, 13 tortoiseshell females

Page 6 F2 of tortoiseshell mom

4. What is the predicted ratio of offspring from these four genotypes?

A. 1 tortoiseshell female : 1 orange male : 1 tabby female : 1 tabby male

B. 4 tortoiseshell females : 3 tabby females : 1 orange female : 6 tabby males : 2 orange males

C. 9 tortoiseshell females : 3 tabby females : 3 orange males : 1 tabby male

D. 3 tortoiseshell females : 1 tabby female : 3 orange males : 1 tabby male

page 7 Getting an Orange Cat

5. In its simplest form, black tabbies have the genotype A(A or a) - B(B or b) and a tabby background. How does the protein product of the O gene produce an orange tabby? -

A. The proteins coded for by the agouti locus are non-functional

B. The protein coded by the o allele changes pigment synthesis to produce orange instead of black pigment

C. The protein coded by the O allele changes pigment synthesis to produce orange instead of black pigment

Page 8 Spots

6.  Which statement(s) describe(s) this pattern of inheritance? Indicate whether each of the following statements is true or false 

A. True/False  The S allele is dominant

B. True/False The Ss genotype results in an intermediate phenotype

C. True/False The s allele is recessive

D. True/False Neither of the alleles at the S(s) locus is dominant

E. True/False One of the genotypes, SS or ss, produced the intermediate phenotype

"Recessive" and "dominant" are comparative terms, and thus if one of a pair of alleles is not dominant, then the other can't, by definition, be recessive. In an incomplete dominance situation, is either allele dominant?

Page 9 Spotting Patterns-no questions

Page 10 How Does Spotting Work?

7. Why is Sparty less spotted than Maya and Baby not spotted at all? Assume that the S allele codes for a protein that works very early in development to shut down pigment synthesis. Which statement below indicates how incomplete dominant could work in this case?

A. True/False  Doubling the dose of protein made by the S allele (SS) inactivates more melanin production than does a single dose (Ss).

B. True/False Two different proteins are coded at this locus: SS makes one kind and Ss makes another. Each acts differently.

C. True/False The ss genotype has nothing to do with pigment production.

Page 11 How Does Spotting Work

8. What is true about about these two cats' coats? Indicate whether each statement below is true or false. 

A. If Cricket is a male, he has the genotype of XOY for orange color

B. Both cats have at least one "big S" allele

C. Bliss probably has one "s" allele

D. Bliss has the genotype of XoY for orange color

E. If Cricket is a female, she has the genotype of XOXO for orange color

Page 12 What Makes a Calico Cat?

9. Which combination of alleles at the orange and spot loci would produce a calico cat, like Lilly? 

A. XOXo-Ss 

B. XOXO-ss 

C. XoXo-Ss 

D. XOXo-ss 

E. XOXO-SS

Page 13 Aldo and Odin

10.  Which statements about genotypes are true about their coat color genotypes? Indicate whether each of the statements below is true or false. Note: each cat has one "correct" or true genotype. 

A. Aldo has a possible genotype of Aa - Bb - XOY -ss 

B. Aldo has a possible genotype of Aa - Bb - XoY - Ss 

C. Odin has a possible genotype of AA - BB - XoY - Ss 

D. Aldo has a possible genotype of aa - BB - XOY - ss 

E. Odin has a possible genotype of aa - BB - XOY - ss 

Page 14 Elliot and Daisy

11. Match the cats(Daisey,Elliot, or Daisey and Elliot) to the statements below. 

A. This cat has no spots, so is ss for the spotting locus. 

B. A possible genotype for this coat pattern is:
 Aa -BB - OO - dd - ss 

C. A possible genotype for this coat pattern is:
 aa - Bb-oY-dd - ss 

Page 15 How Does "dilute" work?

12.  We indicated earlier that the protein coded for by the D gene determines how much pigment is packed into each individual hair. What could be true of this type of protein? 

A. It regulates the rate at which the genes coding for pigmentation are expressed 

B. It regulates the type of pigment made 

C. It allows white hairs and fully pigmented hairs to intermingle in the coat 

Page 16 White Cats

13. match the phenotypes with the corresponding genotype. The genes to be considered are:  agouti - A,a    black pigment - B,b    spotting - S,s      orange O,o      white W,w

PHENOTYPES:

1. female calico cat 

2. female tortoiseshell cat 

3. male orange cat 

4. male tabby cat 

5. male white cat 

6. female black cat 

7. female white cat 

GENOTYPES: -

A. Aa-Bb-Oo-Ss-ww 

B. Aa-BB-OY-ss-Ww 

C. AA-Bb-oo-Ss-WW 

D. Aa-BB-OY-ss-ww 

E. Aa-BB-oY-ss-ww 

F. aa-BB-oo-ss-ww 

G. aa-Bb-Oo-ss-ww 

Page 17 How Do You Get White Cats?

14. What is the biochemical basis of "painting with invisible paint", which occurs when there is a dominant allele at the W locus? 

A. The W allele codes for a protein that prevents the synthesis of melanin. 

B. The W allele codes for a protein that has nothing to do with the synthesis of melanin. 

C. The W allele codes for a protein that doesn't do anything.

Page 18 White Cats with poor hearing I

15. It turns out that white cats are deaf in one or both ears. Why would white cats also be deaf? 

A. Indicate whether each of the following statements is true or false. 

B. The W gene locus affects more than one character

C. The W gene influences only one character

D. The W gene locus affects both coat color and the cat's auditory system 

E. One gene can influence more than one character 

Page 19 White cats with poor hearing –II

16. How does the white locus exhibit both epistasis and pleiotropy? 

A. The dominant form (W) influences the expression of genes for coat color and hearing. 

B. The recessive form (w) shuts down other coat color genes and affects more than one phenotypic trait (coat color and hearing). 

C. The heterozygote (Ww) affects the expression of coat color genes only. 

D. The dominant form (W) influences the expression of other genes for a single phenotypic trait, coat color. 

E. The recessive form (ww) produces white cats that are deaf. 

Page 20 A Pile of Siblings

What is a possible set of genotypes of the parents? 

A. mother: Aa-Bb-oo-dd-ww-ss;  father: Aa-Bb-oY-Dd-ww-ss 

B. mother:aa-Bb-Oo-Dd-Ww-ss;  father: Aa-Bb-oY-Dd-ww-SS 

C. mother:AA-bb-oo-DD-ww-ss;  father: Aa-Bb-OY-dd-ww-ss 

D. mother: Aa-Bb-Oo-dd-ww-ss;  father:AA-Bb-oy-DD-Ww-ss 

Page 21 _no questions

Assessments:

· Pre-Assessment:

1.  A plant with the genotype AABbcc is _____. 

a. homozygous for two different genes

b. heterozygous for two different genes

c. recessive for three different genes

d. triploid

e. all of the above

2.  GgTt pea plants can produce _____________ type(s) of gametes, but a ggtt plant can produce _____________ type(s) of gametes. 

a. one ... two

b. two... one

c. four ... two

d. four ... one

e. one ... one

3.  The most common phenotype in a natural population is referred to as the _____. 

a. genotype

b. wild type

c. autosome

d. mutant phenotype

e. linked gene

4.  You cross a true-breeding red-flowered snapdragon with a true-breeding white-flowered one. All of the F1 are pink. What does this say about the alleles for the parental traits? 

a. Red and white are codominant.

b. Red is dominant.

c. Both red and white are recessive.

d. Red and white show incomplete dominance.

e. Pink is dominant, while red and white are recessive.

5.  Linked genes are genes that _____. 

a. have the same alleles residing on them

b. govern traits that have nothing to do with one another

c. govern traits (such as hair texture and hair color) that are functionally related

d. are on the same chromosome

e. determine sex

6.  In general, the frequency that crossing over occurs between two linked genes depends on _____. 

a. how far apart they are on the chromosome

b. the phase of meiosis in which the crossing over occurs

c. whether the genes are on the X or some other chromosome

d. whether the genes are dominant or recessive

e. the character the gene codes for

7.  In humans, the __________ determines the sex of the offspring because __________. 

a. male ... the male can contribute either an X or a Y chromosome

b. female ... only the female provides cytoplasm to the zygote

c. male ... the sperm can fertilize either a female egg or a male egg

d. female ... only the female has two functional sex chromosomes

e. chromosome contribution from both parents ... the offspring uses all the parents' chromosomes

8.  Human males are much more likely to have the recessive condition hemophilia (a failure of the blood to clot properly) than human females. This is the case because _____. 

a. hemophilia is a contagious disease to which males are more susceptible

b. the gene for hemophilia is carried on the Y chromosome

c. the gene for hemophilia is carried on an autosome

d. hemophilia is the wild type

e. the gene for hemophilia is sex-linked

· Scoring Criteria:

· Post-Assessment:  The questions themselves can serve as postassesment.

· Scoring Criteria:

Technology (hardware/software):Computer, access to internet, printer
Key Vocabulary:

Species, sexual reproduction, heredity, inheritance, trait (acquired/ inherited), gene, chromosome, heterozygous, homozygous, dominant, recessive, codominant, polygenic, sex-linked, segregation, independent assortment, genotype, phenotype, DNA sequence, Punnett square
Application Beyond School: Students will have an understanding of the inheritance of traits and will be able to recognize patterns in their pets and other animals.

Teacher Reflection and Notes:  

Students in general seemed to enjoy this lesson, because it uses an example of an organism (cat) that they are familiar with and many of them own.

Answers to questions:

1. YXo, XOXo

2. 1tortoiseshell female : 1 tabby female : 1 orange male : 1 tabby male

3. 11 tabby males, 14 orange males, 12 tabby females, 13 tortoiseshell females

4. 4 tortoiseshell females : 3 tabby females : 1 orange female : 6 tabby males : 2 orange males

5. the protein coded by the O allele changes pigment synthesis to produce orange instead of black pigment

6. False, True,False, True, False

7. Doubling the dose of protein made by the S allele (SS) inactivates more melanin production than does a single dose (Ss).

8. True, True, True, False, True

9. XOXo-Ss

10.  False, false, true, False, True

11. Elliot, Elliot and Daisy, Daisy

12. It regulates the rate at which the genes coding for pigmentation are expressed

13.  Male white cat, female calico, female tortioshell, female black, male tabby, female white, male orange.

14. The W allele codes for a protein that prevents the synthesis of melanin.  

15. True, True, False, True

16. The dominant form (W) influences the expression of genes for coat color and hearing.

17. mother: Aa-Bb-oo-dd-ww-ss;  father: Aa-Bb-oY-Dd-ww-ss
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