COURSE: 
Biology

I. Grade Level/Unit Number:    9-12    Unit 2  

II. Unit Title:  Inheritance and Molecular Genetics


III. Unit Length:  3 weeks (on a 90-min. per day - 5 days per week block schedule.  Teachers will need to modify to the schedule used in their school.  Please note that this includes time to conduct the two wet labs listed in 3.04 Supplementary Notes)
IV. Major Learning Outcomes:
The student will gain an understanding of: 

· Mendelian genetics

· Complex inheritance patterns, including incomplete dominance, codominance, multiple alleles, polygenic traits, and sex-linked traits.

· How to interpret pedigrees and test crosses

· Uses of genomics including the Human Genome Project and applications of biotechnology.
V. Content Objectives Included (with RBT Tags):
	Objective Number
	Objective
	RBT Tag

	Goal 1
	Learner will develop abilities necessary to do and understand scientific inquiry.  Goal 1 addresses scientific investigation.  These objectives are an integral part of each of the other goals.  Students must be given the opportunity to design and conduct their own investigations in a safe laboratory.  The students should use questions and models to formulate the relationship identified in their investigations and then report and share those findings with others.
	

	1.01
	Identify biological problems and questions that can be answered through scientific investigations.
	B1

	1.02
	Design and conduct scientific investigations to answer biological questions:
· Create testable hypotheses.
· Identify variables.
· Use a control or comparison group when appropriate.
· Select and use appropriate measurement tools. 
· Collect and record data.
· Organize data into charts and graphs.
· Analyze and interpret data.
· Communicate findings
	B6

	1.03
	Formulate and revise scientific explanations and models of biological phenomena using logic and evidence to: 

· Explain observations.

· Make inferences and predictions.

· Explain the relationship between evidence and explanation.


	B6

	1.04
	Apply safety procedures in the laboratory and in field studies:

· Recognize and avoid potential hazards.
· Safely manipulate materials and equipment needed for scientific investigations.
	C3

	1.05
	Analyze reports of scientific investigations from an informed scientifically literate viewpoint including considerations of:

· Appropriate sample.

· Adequacy of experimental controls.
· Replication of findings. 
· Alternative interpretations of the data.
	B4

	3.03
	Interpret and predict patterns of inheritance.

· Dominant, recessive and intermediate traits.
· Multiple alleles.

· Polygenic traits.
· Sex-linked traits.

· Independent assortment.

· Test cross.

· Pedigrees.

· Punnett squares


	B2

C3

C4

	3.04
	Assess the impacts of genomics on individuals and society.
· Human genome project.

· Applications of biotechnology.


	B5


VI.  English Language Development Objectives (ELD) Included:

NC English Language Proficiency (ELP) Standard 4 (2008) for Limited English Proficiency Students (LEP)- English Language learners communicate information, ideas, and concepts necessary for academic success in the content area  of science.
Suggestions for modified instruction and scaffolding for LEP students and/or students who need additional support are embedded in the unit plan and/or are added at the end of the corresponding section of the lessons. The amount of scaffolding needed will depend on the level of English proficiency of each LEP student. Therefore, novice level students will need more support with the language needed to understand and demonstrate the acquisition of concepts than intermediate or advanced students.

VII. Materials/Equipment Needed:
	Activity
	Materials

	DNA From the Beginning Web Quest
	Computer with Internet access (Suggestion: 1 computer per 2 students)

	Blood Typing Activity


	Computer with Internet access (Suggestion: 1 computer per 2 students)

	The Royal Blight
	4-sided dice (2/group)

	Genetics of Parenthood


	2 coins (preferably different kinds to keep track of mother/father contribution)

drawing paper or white boards

pens/crayons (Crayola© has a “My World Colors” set for various skin/eye colors.)



	Genetic Detectives Web Quest
	Computer with Internet access (Suggestion: 1 computer per 2 students)

	Gel Electrophoresis:  Sort and See the DNA


	Computer with Internet access (Suggestion: 1 computer per 2 students)

Note:

It is highly recommended to extend this activity by having the students do a gel electrophoresis wet lab, such as:  Introductory Gel Electrophoresis Kit (using dyes), or Exploring Electrophoresis and Forensics Kit (using pre-digested DNA) available from Carolina Biological.  

	Simulation of Gene Splicing


	Paper of two colors onto which the DNA sequences have been copied 

Scissors 

Transparent tape 

Note:
It is highly recommended to extend this activity by having students do a transformation wet lab such as pGLO Bacterial Transformation Kit from www.bio-rad.com   




VIII. Detailed Content Description:
Please see the detailed content description for each objective in the Biology Support Document.  The link to this downloadable document is in the Biology Standard Course of Study at:

   http://www.ncpublicschools.org/curriculum/science/scos/2004/23biology
IX. Unit Notes:
This unit is focused on patterns of inheritance and genomics.  Students will learn how genes interact, how traits are expressed, how scientists study this inheritance, and current applications of this knowledge.  Specifically, students will gain an understanding of:

· Mendelian genetics

· Complex inheritance patterns including incomplete dominance, codominance, multiple alleles, polygenic traits, and sex-linked traits.

· How to interpret pedigrees and test crosses

· Uses of genomics including the Human Genome Project and applications of biotechnology.

In each unit, Goal 1 objectives which relate to the process of scientific investigation are included.   In each of the units, students will be practicing the processes of science: observing, hypothesizing, collecting data, analyzing, and concluding. 

The unit guide gives an overview of the activities that are suggested to meet the Standard Course of Study Goals for Unit One.  The guide includes activities, teacher notes on how to weave the activities into the content, and supplementary notes related to other issues such as preparation time and time to complete the activity.  If a teacher follows this unit (s)he will have addressed the goals and objectives of the SCOS. However, teachers may want to substitute other activities that teach the same concept.  

Teachers should also refer to the support document for Biology at http://www.ncpublicschools.org/curriculum/science/scos/2004/23biology for the detailed content description for each objective to be sure they are emphasizing the specified concepts for each objective.  

Essential Questions for Unit Two:

The following are the essential questions for this unit.   Essential questions are those questions that lead to enduring understanding.   These are the questions that students should be able to answer at some level years after the course.    These questions are designed to incorporate multiple concepts.   Students will work on answering these questions throughout the unit.   Teachers are advised to put these questions up in a prominent place in the classroom and refer to them during the teaching of the unit.

1. How do genes interact to produce the expression of traits?

2. How are Punnett squares and pedigrees used to make predictions about inheritance?

3. What impact has genomics had on individuals and society?

Modified Activities for LEP Students:

Those activities marked with a  ( have a modified version or notes designed to assist teachers in supporting students who are English language learners.   Teachers should also consult the Department of Public Instruction website for English as a Second Language at: http://www.ncpublicschools.org/curriculum/esl/  to find additional resources.  

Computer-Based Activities

Several of the recommended activities are computer based and require students to visit various internet sites and view animations of various biological processes.  These animations require various players and plug-ins which may or may not already be installed on your computers.  Additionally some districts have firewalls that block downloading these types of files.  Before assigning these activities to students it is essential for the teacher to try them on the computers that the students will use and to consult with the technology or media specialist if there are issues.  These animations also have sound.  Teachers may wish to provide headphones if possible.  

X.
Global Content:  Aligned with 21st Skills:
One of the goals of the unit plans is to provide strategies that will enable educators to develop the 21st Century skills for their students. As much as students need to master the NCSOS goals and objectives, they need to master the skills that develop problem solving strategies, as well as the creativity and innovative thinking skills that have become critical in today’s increasingly interconnected workforce and society.  The Partnership for 21st Century Skills website is provided below for more information about the skills and resources related to the 21st Century classroom. 

http://www.21stcenturyskills.org/index.php?option=com_content&task=view&id=27&Itemid=120
	NC SCS Biology
	21st Century Skills 
	Activity

	
	Communication Skills
	

	
	Conveying thought or opinions effectively
	

	1.05 & 3.03
	When presenting information, distinguishing between relevant and irrelevant information 
	· Genetics Facts & Fallacies

	1.02, 1.03, 3.03 & 3.04
	Explaining a concept to others
	· Genetics Vocabulary Review Game
· Genetic Detectives Webquest

	
	Interviewing others or being interviewed
	

	
	Computer Knowledge
	

	
	Using word-processing and database programs
	

	1.02 & 3.04
	Developing visual aides for presentations
	· Genetic Detectives Webquest
· Genomic Literature Review

	1.02 & 3.04
	Using a computer for communication
	· Genetic Detectives Webquest
· Advances Since Watson and Crick

· Biotechnology PowerPoint

	
	Learning new software programs
	

	
	Employability Skills
	

	1.02, 1.04, 3.03 & 3.04
	Assuming responsibility for own learning
	All activities

	1.02, 1.04, 3.03 & 3.04
	Persisting until job is completed
	All activities

	1.01-1.03, 3.03 & 3.04
	Working independently
	· Genetics Facts & Fallacies

	1.02 & 3.04
	Developing career interest/goals
	· Genetic Detectives Webquest

	1.02 & 3.04
	Responding to criticism or questions
	· Genetic Detectives Webquest

	
	Information-retrieval Skills
	

	1.01 & 1.05, 3.03 & 3.04
	Searching for information via the computer
	· DNA from the Beginning Webquest (Part 1 & 2)
· Genetic Detectives Webquest 

· Genomic Literature Review

· Gel Electrophoresis: Sort and See the DNA

	
	Searching for print information
	

	
	Searching for information using community members
	

	
	Language Skills - Reading
	

	Goal 1, 3.03 & 3.04
	Following written directions
	Most of the activities can be presented as opportunities for students to follow written directions.  The teacher will have to work with most students to develop this skill over time.  The following activities are well suited to developing skills in following directions:

· Blood Typing Activity
· The Royal Blight

· Genetics of Parenthood

· Genetic Detectives Webquest

· Genomic Literature Review

· Gel Electrophoresis: Sort and See the DNA

· Simulation of Gene Splicing

	3.04
	Identifying cause and effect relationships
	· Genetic Detectives Webquest

	
	Summarizing main points after reading
	

	
	Locating and choosing appropriate reference materials
	

	1.01, 1.05 & 3.04
	Reading for personal learning
	· Genomic Literature Review

	
	Language Skill - Writing
	

	1.02 & 1.03, 3.03 & 3.04
	Using language accurately
	All the activities

	1.02, 3.03 & 3.04
	Organizing and relating ideas when writing
	All the activities

	
	Proofing and editing
	

	
	Synthesizing information from several sources
	

	
	Documenting sources
	

	
	Developing an outline
	

	1.02 & 1.03 
	Writing to persuade or justify a position
	

	
	Creating memos, letters, other forms of correspondence
	

	
	Teamwork
	

	
	Taking initiative
	

	Goal 1, 3.03 & 3.04
	Working on a team
	Most of the activities are designed to be done and discussed in teams.  The following activities are well suited to developing team interdependence skills:

· Blood Typing Activity

· The Royal Blight
· Genetics of Parenthood

· Genetic Detectives Webquest

	
	Thinking/Problem-Solving Skills
	

	
	Identifying key problems or questions
	

	
	Evaluating results
	

	
	Developing strategies to address problems
	

	
	Developing an action plan or timeline
	


ENGAGE:
The purpose of this (Genetics Facts and Fallacies) activity is to engage students in thinking about genetics, while helping both teacher and students assess current student understanding of the topic.  This is a list of true/false statements encompassing common ideas about inheritance will be presented for student to evaluate.  
Guiding question:  What prior knowledge do individual students possess about genetics?
Before the activity: The teacher will explain that this activity is designed to determine prior knowledge. 

Focus:  Goal 3

Activity time: 30 minutes

Preparation: Teachers should copy a class set of the 20 true/false statements.

Genetic Facts and Fallacies

The purpose of this questionnaire is not to test you on what you know about genetics, but rather to point out what you don’t know and hopefully trigger your interest in finding out some of the “truths” in genetics.  It will be interesting to come back to this questionnaire after we have studied genetics and see how your new answers compare to those you made before our studies.   At that time, you should be able to explain why each of the incorrect statements is not true.

Below are 20 statements that relate to various genetic principles, some of which are true and some of which are false.  Mark your answers with a “T” or an “F.”
1. Certain acquired characteristics, such as mechanical or mathematical skill, may be inherited.

2. Identical twins are always of the same gender.

3. Fraternal twins are more closely related to each other than to other 

     children in the family.

4. The father determines the gender of the child.

5. Each parent contributes half of a child’s genetic makeup.

6. Certain thoughts or experiences a mother has may mark or alter an 

unborn child.

7.  Color blindness is more common in males than in females.

8.  Parents may transmit to offspring characteristics that the parents 

 themselves do not show.

9.  Certain hereditary characteristics are influenced by the blood.

10.
 Identical twins are more closely related than fraternal twins.

11.  Certain inherited traits may be altered by the stars, moon or planets early in development.


12. Males are biologically stronger than females.

13. The tendency to produce twins may run in families.

14. A craving for food, such as strawberries, may cause a birthmark on an 
unborn child.

15. Many of a person’s inherited traits are not apparent.

16. The parent with the stronger will contributes more to a child’s inheritance than the other parent.

17.  If a person loses a limb in an accident, it is likely that he or she will have a child with a missing limb.

18.
 The attitude of parents towards each other influences the emotional

 makeup of an unborn child.

19.  Children born to older parents usually lack the vitality of those born to younger parents.

20.  The total number of male births exceeds female births each year. 
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(Introduction to Genetics Vocabulary Chart- LEP
Working with your classmates and teacher, define the following terms:

	VOCABULARY WORD
	DEFINITION
	DIAGRAM/EXAMPLE

	genetics
	
	

	heredity
	
	

	alleles
	
	

	genes
	
	

	chromosomes
	
	

	dominant
	
	

	recessive
	
	

	homozygous
	
	

	heterozygous
	
	

	genotype
	
	

	phenotype
	
	

	gametes
	
	

	fertilization
	
	

	zygote
	
	


REVIEW THESE TERMS EVERY NIGHT!!!

YOU MUST BE ABLE TO USE THESE WORDS IN ORDER TO UNDERSTAND GENETICS.

(Introduction to Genetics Vocabulary Worksheet- LEP
VOCABULARY PRACTICE

Circle the GENETIC traits for animals and plants:


brown hair

likes Chinese food

green eyes


red flowers

makes A’s in English

drives a Jeep


type O blood

has a tattoo


freckles

Use these words to complete the sentences:

nucleus

forms

pairs

generation

DNA

HEREDITY means characteristics are passed from one ____________________ to the next.

Genes have different ____________________ called ALLELES.
Segments of ____________ called GENES code for certain proteins.  These proteins determine an organism’s characteristics.  

The ____________________ contains the CHROMOSOMES, which are made of DNA.

GENES occur in ____________________, one from the male parent, one from the female parent.

Circle the DOMINANT ALLELE:

H
h

Circle the RECESSIVE ALLELE:

B
b

Circle the HOMOZYGOUS combination(s):
MM

Mm

mm


Circle the HETEROZYGOUS combination(s):
RR

Rr

rr

Circle the GENOTYPE(S):
YY
blue feathers

Ww
red seeds
pp


Circle the PHENOTYPE(S):
Tt
EE
striped fur
ii
long eyelashes

Label the following on the diagram below:

zygote          sperm          egg          fertilization          haploid          diploid


[image: image1]
After the activity:

The teacher will conduct a discussion of the statements without giving the answers, but will suggest to the students that the answers will come as they explore the unit.  The questionnaire should be referred to throughout the unit as students gain knowledge about genetics.

EXPLORE:
This webquest (DNA From the Beginning Webquest) will deepen students’ understanding of classical genetics.  They will explore the website www.dnalc.org.   This activity will also help them understand some of the history surrounding the discoveries associated with classical genetics.  
Teachers should feel comfortable to pick and choose from the sections of the webquest.  The webquest can be easily modified to focus on the specific concepts as determined by students’ prior knowledge as well as the outcome of class discussion on Mendelian Genetics
Guiding question: How has Gregor Mendel’s experimentation impacted our knowledge of genetics?
Before the activity: There should be a class discussion on chromosomes, genes and alleles.  In addition, students should be aware of Gregor Mendel and his general impact on genetics.
Focus: Goal 3

Activity time:  120 minutes

DNA From the Beginning Webquest
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NAME____________________________

Go to:   http://dnaftb.org and click on “Classical Genetics”.
You will answer the questions below by reading the concept and then clicking on the various topics at the bottom of the screen.  You can move through the animation and problems by clicking on the arrows at the lower right.  At the end of the animation you will see “Gene.”  She will give you a question.

Concept 1:  Children Resemble their Parents.
1.  Concept:   What are factors (a term that Mendel used)?
2.  Animation:  How did Mendel cross fertilize the pea plants?
3.  Gene questions:   Why aren’t there naturally occurring hybrid animals, such as a leopard camel cross?
4.  Gallery:  Look at the cartoon of the man with the wooden leg.   What is the cartoon trying to illustrate?
5.  Bio:   Explain each of Mendel’s three laws.
6.  Problem:  What are the answers to each of the two questions?
7.  Why do children resemble their parents?

Concept 2:  Genes Come in Pairs.
1.  Concept: Why did purebred plants only produce offspring like themselves?
2.  Animation:  What is a visible trait called?
3.  Animation:  What were the seven pea traits that Mendel studied?  What are the two phenotypes of each trait?
4.  Animation:  What are the various forms of a gene called?
5.  Animation:  What is a genotype?   What is the genotype of a purebred yellow pea?
6.  Gene’s questions:  What if Mendel used a plant that could not be self-fertilized?
7.  Bio:  How long did Mendel work on his pea experiments?
8.  How old was Mendel when he died?
9.  Problem:  Explain what you learned from the problem.

Concept 3:  Genes don’t blend.

1.  Concept:  Mendel did not see any intermediate phenotypes in the pea traits he chose.  Why not?
2.  Animation:  If Mendel crossed a tall pea plant with a short pea plant, what height were the offspring?
3.  Gene’s question:  If purebred snapdragon plants with white flowers are crossed to purebred snap dragon plants with red flowers, the offspring have pink flowers.  Since genes don’t blend, what do you think happened?
4.  Gallery:  What other organisms did Mendel use in experiments?
5.  Bio:  What other sciences was Mendel interested in?
6.  Problem:  What is the answer to the questions in the problem?
Concept 4:  Some Genes are Dominant.
1.  Concept:  How did Mendel explain “dominant” genes?
2.  Animation:  What does homozygous mean?   What does heterozygous mean?  
3.  Animation:  Show the cross between two heterozygous yellow seed pea plants.

       What fraction of the offspring will be yellow?   What fraction will be green?
4.  Gene’s question:  If the yellow pea color is dominant over the green pea color, then why haven’t all pea plants become yellow seeded?
5.  Bio:  Give a couple of reasons why Mendel’s ideas were not widely accepted.
6.  Problem:  What color is dominant in pea flowers?
Concept 5:  Genetic Inheritance Follows Rules.
1.  Concept:  How did Mendel solve the problem of offspring ending up with double sets of alleles – two from each parent?
2.  Animation:  What is Mendel’s law of segregation?  What is the cell division process that accomplishes this segregation?
3.  Animation:  Who invented the Punnett Squares? 
4.  Animation:  Show in a Punnett Square the famous 3:1 ratio that Mendel proposed.
5.  Gene’s Question:  The Manx breed of cats is known for being tailless, though some are born with tails.  A dominant gene shortens the spine and is the cause for no tail.  In a cross between two tailless Manx cats, you get a litter of kittens where for every 2 tailless kittens, there is 1 kitten with a tail.   What happened to Mendel’s 3:1 ratio?
6.  Bio:  How did Reginald Punnett and William Bateson help promote the work of Gregor Mendel?
7.  Problem:  What is the genotype of the parents in this problem?
8.  Problem:  What are the gametes of these parents?
9.  What is the phenotypic ratio of this cross?
10.  What is the law of independent assortment?

Concept 6:  Genes are Real Things.
1.  Concept:  What happened around 1900 to help promote Mendel’s ideas?
2.  Animation:  Who were the three scientists who “rediscovered” Mendel’s work?
3.  Animation:  What structures were thought to carry the “units of heredity?”
4.  Gene’s Question:  Did dinosaurs have cells that were the same size of ours?  Do we have cells that are the same size as an ant’s?
5.  Problem:   Where in the cell are the genes found?  How were scientists able to see these cell structures?
Concept 7:  All cells arise from preexisting cells.
1.  Concept:  What cell division process were scientists able to see with stains in the late 1800’s?

2.  Animation:  Carl Nageli saw cell division but he was not sure about what he was seeing.  Why?
3.  Animation:  What did Walther Flemming show and what kind of cells did he use?
4.  Animation:  What happens during interphase?
5.  Animation:  How do the daughter cells compare to the mother cell?
6.  Animation:  Virchow said “omnis cellula e cellula.”  What does this mean?
7.  Gene’s Questions:  Chromosome number is unrelated to size and the biological complexity of the species.  It can range from 2 in roundworms (Ascaris, sp) to 1,260 in Indian fern (Ophioglossum reticulatum).  Why is there such variation?
8.  Problem:  How many chromosomes to body cells of the fruit fly have?   How many chromatids are there at metaphase of mitosis?

After the activity:

Students should review the genetic principles determined by Gregor Mendel.
EXPLAIN:
Students cut apart blocks and match words to definitions/examples.  Each 
student/group will need one sheet of paper and one sheet of construction paper.  This activity can be used with LEP or non-LEP students. 
(GENETICS VOCABULARY REVIEW GAME- LEP
Directions:

· Cut apart each of the blocks below.

· Match each vocabulary word to its definition and/or example.  Some of the words will have more than one match.

· When you have made all of your matches, ask the teacher to check them.

· When they are all correctly matched, glue them onto a piece of construction paper.

· Keep the paper in your notebook.

	blue eyes
	shown with lowercase letters
	dominant
	curly fur = f

	haploid cells that contain 1 of each chromosome type
	genotype
	what are the organism’s letters?
	sex cells

	the two alleles for a trait are different
	contains genes from the mother
	zygote
	an organism’s physical appearance

	gametes


	what does the organism look like?
	heterozygous
	the study of how traits are passed to offspring

	an organism’s genetic makeup


	genetics
	sperm
	HH or hh

	contains genes from both parents
	the two alleles for a trait are the same
	the dog is Bb
	a fertilized egg

	homozygous


	shown with

capital letters
	egg
	phenotype

	tall height = T


	contains genes

from the father
	Gg
	recessive


ELABORATE:
A bonus assignment (DNA From the Beginning Part 2) has been included to be used for students who need an extra challenge.   
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DNA From the Beginning Part 2
NAME__________________________________
Go to:   http://dnaftb.org and click on “Classical Genetics”.    Start with concept #8 on the right.
You will answer the questions below by reading the concept and then clicking on the various topics at the bottom of the screen.  You can move through the animation and problems by clicking on the arrows at the lower right.  At the end of various sections, you will see “Gene.”  She will give you a question.

Concept 8:  Sex cells have one set of chromosomes; body cells have two.

1.  Concept:   Why is meiosis called “reduction-division?”

2.  Animation:  In meiosis, when does the cell duplicate its DNA?

3.  Animation:  One homologous pair of chromosomes consists of how many chromatids?

4.  Animation:  In anaphase one, do the chromatids separate?

5.  Animation:  In what phase do the chromatids separate?

6.  Animation:  What happened to the sea urchin eggs that had the triple set of chromosomes (polyploidy)?

6.  Gene’s Question:  Why is polyploidy possible and common in plants?

7.  Gallery:  (Click on the little “Gene” button at the end.)  What organism has really long sperm?

8.  Problem:   What is the diploid number of human chromosomes?

9.  Problem:   How many chromosomes will be in a human egg cell?    

Concept 9:  Specialized chromosomes determine gender.

1.  Concept: What chromosomes are found in a human male?    What chromosomes are found in a human female?

2.  Animation:  What organism did Dr. Nettie Stevens study?

3.  Animation:  Explain how gender is inherited in the organism that Dr. Nettie Stevens studied.

4.  Animation:  How is the answer to question #3 different from how gender is inherited in humans?

5.  Gene’s Question:  X and Y are mismatched chromosomes.  How does the cell segregate these chromosomes properly during meiosis?

6.  Gallery:  (Click on the little “Gene” button at the end.) It is possible to have XXX females or X females and XXY males.   But there is no case of a living Y male.  Why not?

7.  Problem:  Show the Punnett square for determining the probability of each gender when a couple has a child.

Concept 10:  Chromosomes carry genes.

1.  Concept:  Why did Thomas Hunt Morgan and his students conclude that eye color in fruit flies is sex-linked?

2.  Animation:  Show in a Punnett square the cross between the male white-eyed fly and the heterozygous female red-eyed fly.

3.  Gene’s question:  Although Mendel had no trouble finding pea plants with lots of different traits, it took a while for Morgan to find a fly with a different trait.  Why? 

4.  Gallery:  (Click on the little “Gene” button at the end.) Thomas Hunt Morgan is the grandson of what famous person?

5.  Problem:  Explain how the ebony body color is inherited in fruit flies.

Concept 11:  Genes get shuffled when chromosomes exchange pieces. 

1.  Concept:  What does it mean to say that some genes are linked?

2.  Animation:  Explain how Sturtevant showed that crossing over sometimes happen?  
3.  Gene’s question:  Based on his experimental results, Mendel derived the Law of Independent Assortment.   Genes are inherited separately from one another.  Why didn’t Mendel see evidence for “linked” genes?

4.  Bio:  Who found the white-eyed mutant?

5.  Problem:  Explain how to discover to which genes the ebony trait is linked.

Concept 12:  Evolution begins with the inheritance of gene variations.
1.  Concept:  Why did experimental evolutionists become the first generation of geneticists?

2.  Animation:  What happened to corn plants that were self-fertilized for generations?

3.  Animation:  What is “hybrid vigor?”

4.  Gene’s Question:   Charles Darwin’s theory of evolution caused a renewed interest in the question of heredity.  Why?

5:  Gallery:  (Click on the little “Gene” button at the end.)  Mendel knew about Darwin’s theory but there is no evidence that Darwin knew about Mendel’s theory.  What would have happened if these two had met and had a discussion about heredity?

6.  Problem:  How do farmers ensure that they are getting crops with hybrid vigor?

Concept 13:  Mendel’s laws apply to human beings.
1.  Concept:  What recessive human disorders were among the first to be discovered?   Dominant human traits?   Sex-linked traits?

2.  Animation:  What sex-linked trait was passed by Queen Victoria to her children and descendants?

3.  Animation:   Use a Punnett square to show how Queen Victoria passed on this trait.

4.  Gene’s Question:  Consanguinity refers to people who have a close genetic “blood” relationship.  In most states, consanguineous (for example, marriages between first cousins) are outlawed.   Why?

5.  Gallery:   (Click on the little “Gene” button at the end.)   What disorder did King George III have?      Also:  Many inherited diseases are more prevalent in certain populations.  For example, African-Americans are more likely to suffer from sickle-cell anemia, Askenazi Jews are more likely to have Tay-Sachs disease; why is this?

6.  Problem:   How is alkaptonuria inherited?

Concept 14:  Mendelian Genetics cannot fully explain human health and behavior.

1.  Concept:  What was the Eugenics Movement?

2.  Animation:  What trait did Davenport think was purely inherited AND only found in men?

3.  Gene’s Question:  How much of a person is determined from their genetic makeup?

4.  Bio:   Davenport thought knowledge of genetics should be used to improve human beings and that young people should “marry intelligently.”    What do you think of this?

5.  Problem:   What trait does the pedigree highlight?   Do we consider this trait a genetic one today?
EVALUATE:
Students can construct a foldable to illustrate the vocabulary discussed so far in the unit.  (Refer to the Genetics Vocabulary Review Game.)  
ENGAGE:
Using a deck of cards, ask for a volunteer to calculate the likelihood of pulling a red card from the deck and allow the student to attempt this.  Next, ask for a volunteer to calculate the likelihood of pulling a heart from the deck and allow the student to attempt this.  Next, ask for a volunteer to calculate the likelihood of pulling a 10 from the deck and allow the student to attempt this.  Finally, ask for a volunteer to calculate the likelihood of pulling a 10 of hearts from the deck.  (You may want to provide a prize for correctly calculating the probability and pulling the indicated card.  Bonus points work really well!)  

Instruct the students that probability is used in genetics to predict the likelihood of an organism possessing/not possessing a certain trait.  The teacher should then facilitate a discussion regarding traits (tongue-rolling, hitchhiker’s thumb, attached/free earlobes, etc.).  Record the number of students who possess/do not possess these traits.  Instruct the students to determine percentages given these numbers.   
EXPLORE:

The teacher should facilitate a discussion regarding the use of Punnett squares to calculate probability and guide the students through completing the Learning Guide for Punnett Squares.  This guide (Learning Guide for Punnett Squares) asks students questions to develop their understanding of Punnett Squares and solving genetic crosses.  Some of the knowledge needed was provided in the webquest.  Students will need further sources to complete the guide. Teachers may provide this with further readings from their text, web, or other source or provide a lecture /demonstration of Punnett Squares. 

Guiding question: What are the procedures involved in solving genetic crosses?

Before the activity: Students need to understand the concept of gene, allele, genotype and phenotype.  In addition, students should feel comfortable with determining frequencies. 
The amount of time may vary based on how the guide is used.  The teacher can present the guide to the class or students could be given time to work on the guide individually and then have a class discussion on the guide.  Because dihybrid crosses are no longer part of the SCOS, you may choose to omit that portion of the activity or use it for students who need an extra challenge. 
Focus: Objective 3.03

Activity Time: 45 minutes
Preparation:  Copies need to be prepared for the students
Learning Guide for 

Punnett Squares, Monohybrid and Dihybrid Crosses

Punnett Squares

What is the purpose of Punnett squares?

Draw a Punnett square.  Circle the area that contains the alleles donated by the parents. Shade in the area that would contain the expected progeny.

Monohybrid Cross

How many traits are involved in a monohybrid cross?

Given the following genotypes, what alleles could be donated or gametes formed?  What process produces the alleles donated by the parent?

GG-

Gg-

gg- 

The formation of the gametes is based on which of Mendel’s principles?
What process is modeled through the union of the alleles or gametes?

Complete the cross for a true-breeding green pod pea plant and a true-breeding yellow pod pea plant.  Green pod pea plant is dominant to the yellow pod pea plant.

[image: image31.wmf]
Complete the cross for the second generation if the previous offspring are allowed to self-pollinate.

[image: image32.wmf]
Test Cross

When a homozygous individual is crossed with an individual showing a dominant trait, it can be determined whether the individual with the dominant trait is homozygous dominant or heterozygous dominant.  

Cross a homozygous short pea plant with a homozygous tall pea plant.

[image: image33.wmf]
Cross a homozygous short pea plant with a heterozygous tall pea plant.

[image: image34.wmf]
Explain how the test cross can determine whether the dominant individual is heterozygous or homozygous.   Look at the ratios in the two problems above.

A test cross was done with an unknown plant.  523 seeds produced tall pea offspring and 536 seeds produced short pea offspring.  What is the genotype of the unknown parent plant?   Explain your answer.

Dihybrid Cross

How many traits are involved in a dihybrid cross?

Given the following genotypes, what alleles could be donated or gametes formed?


AABB


AaBb


aabb

The formation of the gametes from these two traits is based on which of Mendel’s principles?
Complete the cross for a true-breeding green and inflated pod pea plant and a true-breeding yellow and constricted pod pea plant. Green pod pea plant is dominant to the yellow pod pea plant.  Inflated pod shape pea plant is dominant to the constraint pod shape pea plant.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Complete the cross for the second generation if the previous offspring are allowed to self-pollinate.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


EXPLAIN:

Assign examples of the above mentioned monohybrid, test cross, and dihybrid crosses (if time permits) to groups of students.  Allow students to explain their answers to the class using a transparency and overhead projector.  
EVALUATE:

After the activity:  The teacher should make sure that each student has been successful with this learning guide to ensure preparation for future unit activities. A quiz on monohybrid crosses would allow the teacher to check learning.  
ELABORATE: 

This learning guide (Learning Guide for Complex Inheritance) will help extend students understanding of traits that express co-dominance and incomplete dominance.  The ability to work these problems will be of use in future activities for the unit.

Guiding question: How do the genes associated with codominance and incomplete dominance interact?
Before the activity: Students need to understand the concept of gene, allele, genotype and phenotype.  In addition, students should feel comfortable with determining frequencies.
Focus: Objective 3.03

Activity time: 45 minutes
Preparation: Teacher will need to make copies of the learning guide.
Notes: The amount of time may vary based on how the guide is used.  The teacher can present the guide to the class or students could be given time to work on the guide individually and then have a class discussion on the guide.  It may be necessary for the teacher to add to the provided learning guide based on student need.  
In addition, note that different resources use different symbols to denote codominance and incomplete dominance.  Teachers may need to change the symbols used on this worksheet to coincide with their resource.
Complex Inheritance Patterns …

do not follow simple Mendelian inheritance patterns

One example is Codominance …
[image: image35.wmf]which is the inheritance pattern where the alleles for a trait are equally expressed in the heterozygous condition.

A red cow and a white cow would produce a roan cow which includes the expression of red and white hairs. 

 a) Show the cross between a red cow and a white cow.  Use “R” and “W” for the alleles.
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b) What is the probability that the red and white cow will have roan offspring? red offspring? white offspring?

c) Show the cross between two roan cows.



d) What is the probability that the roan cows will have roan offspring? red offspring? white offspring?

Another example is Incomplete Dominance, which is the inheritance pattern where alleles blend together to produce a new phenotype in the heterozygous condition.


A red four o’clock flower and a white four o’clock flower will produce a pink four o’clock flower.

a) Show the cross between a red four o’clock and white four o’clock flower.  Use “r” and “w” for the alleles.


b) What the probability of a red four o’clock flower? white four o’clock flower? pink four o’clock flower?

c) Show the cross between two pink four o’clock flowers.



d) What the probability of a red four o’clock flower? white four o’clock flower? pink four o’clock flower?

After the activity: The teacher should make sure that each student has been successful with this learning guide to ensure preparation for future unit activities.  
For additional practice, students can complete the following activity:

More Practice with Multiple Allele Inheritance

Remember that even though there can be more than two alleles in a population that an individual can only have two alleles present for any trait.


In rabbits there are four different color alleles: C = wild type color, ch = chinchilla color, h = Himalayan color, a = albino.  The “C” allele is dominant over all of the others alleles.  The  “ch” allele is dominant to “h” allele and the “a” allele.  The “h” allele is dominant to “a” allele. 

1. A wild colored rabbit is crossed with an albino and in the offspring there is a Himalayan rabbit.  Show the cross.    

      a.   What are the genotypes of the parents?

      Parent one _____________     Parent two___________

      

      b.    What is the probability that they will have an offspring  

             that is Himalayan?

      c.     What is the probability that they will have an offspring 

              that is albino?

      d.    What is the probability that they will have an offspring that is wild colored?

2. In a cross between two Himalayan rabbits, some albino offspring appear. 

     Show this cross.

      a.   What is the probability that they will have an offspring  

            that is albino?

       b.   What percent of their offspring would be true breeding 

             Himalayans?

3. In a cross between a wild rabbit and a chinchilla rabbit, there are 

      some Himalayan rabbits.   Show this cross.


a. What is the probability that they will have a Himalayan 

offspring?


b. What is the probability that they will have a chinchilla 

offspring?


In pigeons, there are three different feather color alleles:    BA = ash-red colored feathers, B = wild-type blue, b = chocolate colored feathers.  The “BA”  allele is dominant over all the others.  The  “B” allele is dominant to “b” allele.  Each pigeon can only have two alleles.




4. Show the cross between a pigeon with blue feathers and pigeon with ash-red 

feathers.  Some of the offspring have chocolate colored feathers.

        a.   What is the probability that they will have an offspring with

              ash-red colored feathers?

        b.   What is the probability that they will have an offspring with 

              chocolate colored feathers.

ELABORATE:

Students will explore the need for blood typing (Blood Typing Activity) as it relates to performing blood transfusions.
Guiding question:  What factors need to be taken into consideration for blood transfusion? 
Before the activity: Students should understand the inheritance patterns responsible for blood types.

Focus: Objective 3.03
Activity time: 30 minutes
Preparation:  Teacher should make copies of the activity and arrange for one computer with a projection device or a computer lab.

Note: Teachers can do these activities with one computer in front of the class or take students to a computer lab so they can work alone or in small groups.
Blood Typing Activity

Review Questions

What types of inheritance patterns control blood typing in humans?

What are the four types of blood types possible in humans?

Website http://learn.genetics.utah.edu/units/basics/blood
The most common system for identifying blood typing is the …

What substance is found on the surface of red blood cell that is responsible for identification?

What is the function of the agglutinins? 

Based on the reading from the above website, fill in the following chart to indicate whether the transfusion is a go (color the circle green) or a stop (color the circle red).

	
	Donor 
	A
	B
	AB
	O

	Recipient
	
	
	
	
	

	A


	
	

	
	
	

	B


	
	

	
	
	

	AB


	
	

	
	
	

	O


	
	

	
	
	


After the activity: Teachers should review the chart from the Blood Type Activity worksheet with the students.  After processing the results of the chart, the teacher may find it useful to visit: http://nobelprize.org/educational_games/medicine/landsteiner/index.html .  This site has an educational game that allows students to practice blood typing for the purpose of blood transfusions. 

ABO Blood Groups in Humans

Teacher Notes

***Use these notes BEFORE you do the Blood Type Role Play Activity
The basis of human blood types are proteins on the red blood cells called antigens and proteins in the blood plasma called antibodies
Red blood cells (RBC) = erythrocytes
Some proteins on the surface of cells serve as identifiers….cells use them to recognize one another

The ID proteins are called antigens;  their presence or absence, as well as their types are controlled by the cell’s genes (DNA)

In humans, RBC’s may or may not have certain antigens

There are 3 forms of the gene that controls this:  IA, IB, and i……..every person has some combination of two of these (one from mom, one from dad)

Explain that each form of the gene codes for a different kind of antigen, or none at all.  Give the following examples:


IA codes for triangle-shaped proteins on the surface of RBC’s


IB codes for square-shaped proteins on the surface of RBC’s


i codes for the absence of proteins on the surface of RBC”S

Draw circles with triangles, squares, or nothing.  Stress to students that you cannot actually see shapes under the microscope, this is just a way for them to imagine the antigens.

The 3 alleles, IA, AB, and i, behave in certain ways:

IA and IB are completely dominant to i
IA and IB are codominant to one another

Review and explain what each to these means

Remind students that every person has two of the alleles.  Ask students to list all the possible combinations (genotypes).

IAIA          IAi          IBIB          IBi          IAIB          ii
Using the rules above, ask students to list the phenotype for each genotype:

IAIA = triangles only        
 IAi = triangles only
IBIB = squares only
IBi = squares only
IAIB = triangles and squares       
ii = no surface antigens
(Blood Type Role Play- Great for visual and kinesthetic 

Learners.  This is an alternative to lab.  Students will get paper antigens and antibodies.  They will mix-n-match in various ways to understand transfusion reactions.  Students will complete a data sheet based on their interactions and observations.

Blood Types Role Play Question Sheet

Content Objective:

Through role play, we will simulate mixing human blood types through transfusion.  We will examine the reactions of antigens and antibodies to determine whether or not certain combinations are matches.  We will use our observations to determine the “universal donor” blood type as well as the “universal recipient” blood type.

Key Vocabulary:

antigen

antibody

erythrocyte

genotype

phenotype

transfusion

agglutination

donor

recipient

compatible

incompatible

Foundations---Answer in complete sentences:

1. What are antigens?

2. What are antibodies?

3. What molecule controls the production of antigens AND antibodies?

4. How do antibodies affect antigens?

5. What are erythrocytes?

6. What is a transfusion?

7. What happens if blood types are not compatible?
Instructions and Data

The teacher will show you the shapes for this lab and tell you what each one represents.  Draw each shape and note the color of each shape in the appropriate places in the table below.


	SHAPE (draw the shape)
	COLOR
	REPRESENTS

	square


	
	A antibodies

	U-shape


	
	A antigens

	triangle


	
	B antibodies

	V-shape


	
	B antigens


The teacher will select 8 students.  These students will wear certain antigens and antibodies.  Pay attention to the colors and the shapes each student receives.  Complete the chart below.

	STUDENT #
	ANTIGENS
	ANTIBODIES
	BLOOD TYPE
	POSSIBLE GENOTYPE(S)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	


The teacher will ask certain students to “mix” with one another.  This represents a blood transfusion.  The action of antibodies on antigens determines whether or not there is a reaction.  Play close attention to each trial and complete the table below.

	Trial
	Students


	Recipient’s Antibodies
	Donor’s Antigens
	Reaction?
	Recipient’s Blood Type
	Donor’s Blood Type

	1
	1(2 or 2(1
	
	
	
	
	

	2
	3(4 or 4(3
	
	
	
	
	

	3
	5(6 or 6(5
	
	
	
	
	

	4
	7(8 or 8(7
	
	
	
	
	

	5
	1(4
	
	
	
	
	

	6
	1(6
	
	
	
	
	

	7
	1(8
	
	
	
	
	

	8
	3(2
	
	
	
	
	

	9
	3(6
	
	
	
	
	

	10
	3(8
	
	
	
	
	

	11
	5(2
	
	
	
	
	

	12
	5(4
	
	
	
	
	

	13
	5(8
	
	
	
	
	

	14
	7(2
	
	
	
	
	

	15
	7(4
	
	
	
	
	

	16
	7(6
	
	
	
	
	


Conclusions---Answer in complete sentences on a separate sheet of paper:

1. Why did some of the blood types react?

2. Based on your observations, which blood type is the universal donor?  This means that anyone can receive this type of blood in an emergency.  Write a sentence to explain your answer.

3. Based on your observations, which blood type is the universal recipient?  This means that a person with this blood type can receive a blood transfusion from anyone in an emergency.  Write a sentence to explain your answer.

Teacher Guide- Blood Types Role Play Question Sheet

Content Objective:

Through role play, we will simulate mixing human blood types through transfusion.  We will examine the reactions of antigens and antibodies to determine whether or not certain combinations are matches.  We will use our observations to determine the “universal donor” blood type as well as the “universal recipient” blood type.

Key Vocabulary:

antigen

antibody

erythrocyte

genotype

phenotype

transfusion

agglutination

donor

recipient

compatible

incompatible

Foundations---Answer in complete sentences:

8. What are antigens?

9. What are antibodies?

10. What molecule controls the production of antigens AND antibodies?

11. What are erythrocytes?

12. What is a transfusion?

13. What happens if blood types are not compatible?

The teacher will show you the shapes for this lab and tell you what each one represents.  Draw each shape and note the color of each shape in the appropriate places in the table below.


	SHAPE (draw the shape)
	COLOR
	REPRESENTS

	square          students draw

              shape here
	red
	A antibodies

	U-shape


	yellow
	A antigens

	triangle


	pink
	B antibodies

	V-shape


	black
	B antigens


The teacher will select 8 students.  These students will wear certain antigens and antibodies.  Pay attention to the colors and the shapes each student receives.  Complete the chart below.

	STUDENT #
	ANTIGENS
	ANTIBODIES
	BLOOD TYPE
	POSSIBLE GENOTYPE(S)

	1
	A
	anti-B
	A
	IAIA  or  IAi

	2
	A
	anti-B
	A
	IAIA  or  IAi

	3
	B
	anti-A
	B
	IBIB  or  IBi

	4
	B
	anti-A
	B
	IBIB  or  IBi

	5
	A and B
	none
	AB
	IAIB 

	6
	A and B
	none
	AB
	IAIB

	7
	none
	anti-A, anti-B
	O
	ii

	8
	none
	anti-A, anti-B
	O
	ii


	Trial
	Students


	Recipeint’s Antibodies
	Donor’s Antigens
	Reaction?
	Recipeint’s Blood Type
	Donor’s Blood Type

	1
	1(2 or 2(1
	anti-B
	A
	no
	A
	A

	2
	3(4 or 4(3
	anti-A
	B
	no
	B
	B

	3
	5(6 or 6(5
	none
	A and B
	no
	AB
	AB

	4
	7(8 or 8(7
	anti-A

anti-B
	none
	no
	O
	O

	5
	1(4
	anti-B
	B
	yes
	A
	B

	6
	1(6
	anti-B
	A and B
	yes
	A
	AB

	7
	1(8
	anti-B
	none
	no
	A
	O

	8
	3(2
	anti-A
	A
	yes
	B
	A

	9
	3(6
	anti-A
	A and B
	yes
	B
	AB

	10
	3(8
	anti-A
	none
	no
	B
	O

	11
	5(2
	none
	A
	no
	AB
	A

	12
	5(4
	none
	B
	no
	AB
	B

	13
	5(8
	none
	none
	no
	AB
	O

	14
	7(2
	anti-a

anti-B
	A
	yes
	O
	A

	15
	7(4
	anti-a

anti-B
	B
	yes
	O
	B

	16
	7(6
	anti-a

anti-B
	A and B
	yes
	O
	AB


Conclusions---Answer in Complete Sentences on a separate sheet of paper:

1. Why did some of the blood types react?

Antigen and antibody complementarity

2. Based on your observations, which blood type is the universal donor?  

This means that anyone can receive this type of blood in an emergency.
Write a sentence to explain your answer.

O is the universal donor because there are no antigens to stimulate a reaction.  Refer to grey shaded boxes in chart.
3. Based on your observations, which blood type is the universal recipient?  This means that a person with this blood type can receive a blood transfusion from anyone in an emergency.  

Write a sentence to explain your answer.

AB is the universal recipient because there are no antibodies to react with other types’ antigens.  Refer to diagonally shaded boxes in chart.

(SIMULATED BLOOD TYPING

All materials used in this lab activity are SIMULATED.  No human or animal blood products are used.  These materials cannot be used to type actual human blood.

The ABO system is a means of classifying blood according to the antigens located on the surface of the erythrocytes.  There are four blood groups in humans.  The erythrocytes of a human may carry an A antigen, a B antigen, both A and B antigens, or no antigens.  

What are erythrocytes? ___________________________________________________

What are antigens? ______________________________________________________

In this activity, we will simulate the technique used to type blood from four different individuals whose blood type is unknown.  Based upon our results, we will make predictions about inheritance patterns of blood type groups.

First, we must review the genetics of human blood type: 

· There are _____ alleles for human blood type.

· They are:_______________________________________________.

· Every person has some combination of _____ of these alleles.

· The alleles are inherited, one from __________ and one from __________.

· _____ and _____ are codominant to one another.

· _____ and _____ are completely dominant to _____.

· The alleles for blood type actually code for the production of certain surface _______________ on the RBC.

· When foreign proteins are detected by the body, the _______________ system reacts.  In the case of incorrectly matched blood or blood products, the effect is _______________ of the blood.

Materials:

Anti-A solution

Anti-B solution

glass slides

toothpicks-yellow and blue

slide guides
unknowns from 4 individuals

Prodedure:

1. Place slide on slide guide.

2. Carefully place 2 drops of Anti-A serum on the A side, and 2 drops of Anti-B serum on the B side.  Be careful they DO NOT mix.

3. Place 2 drops of unknown blood type from one person into each of the Anti- solutions.

4. Use a blue toothpick to stir the Anti-A/unknown.  Use a yellow toothpick to stir the Anti-B/unknown.  Gently mix for 20-30 seconds.

5. Record your observations in the data table.

6. Repeat 1-5 for the other individuals whose blood type you need to determine.
7. Answer all conclusion questions.
Data Table:

Indicate clumping with +, no clumping with -

	Person to be typed
	Reactions with

Anti-A serum
	Reactions with Anti-B serum

	David Smith
	
	

	Jane Smith
	
	

	Wiley Smith
	
	

	John Smith
	
	


Conclusions:

Use your data to complete the following table and answer the questions that follow:

	Person
	Antigens on RBC
	Blood Type
	Possible Genotype(s)

	David Smith
	
	
	

	Jane Smith
	
	
	

	Wiley Smith
	
	
	

	John Smith
	
	
	


1. Jane Smith married a man with type B blood.  They had a child with type O blood.  Jane must have what genotype?  Explain.  Show a Punnett square to support your answer.

2. John Smith has been taken to court for a paternity dispute.  He is accused of fathering a child out of wedlock.  The child in the case has type AB blood.  Is John the child’s father?  Explain.  Show a Punnett square to support your answer.

3. Suppose David, Jane, Wiley, and John were orphans who never knew each other.  They have recently found each other on the internet and exchanged their stories.  Due to several coincidences, they wonder whether or not they are long-lost brothers and sister who were separated when they were young.  John Smith has done research and knows his father was type B and his mother was type A.  Could he and the other 3 people be blood brothers and sisters?  Explain.  Show a Punnett square to support your answer.

EXPLAIN:
Assign example Punnett square problems of incomplete dominance, codominance and blood types to groups of students.  Allow students to explain their answers to the class using a transparency and overhead projector.  
EVALUATE:

After the activity:  The teacher should make sure that each student has been successful with these topics.  A mini quiz would allow the teacher to check learning.  
ENGAGE:
Show a variety of stuffed animals (preferably of the same “species”--- bears, dogs, cats, etc.) to the class.  (You can also ask students to bring in their own.)  Pick up two and ask the students, “What if these two fell in love, got married, and had a baby?  What would their children look like?”  This usually leads to a discussion in which the teacher could ask, “Why do children look like their parents?  What exactly do parents pass to their offspring?  How do parents pass traits to their children?”  Explain to students that they are about to embark on lessons that will help them answer the questions that were posed.
EXPLORE:
This learning guide (Learning Guide on Sex Chromosomes and Sex-Linked Traits) will help students understand sex-linked traits.

Guiding question: How are traits found on the sex chromosomes inherited differently from traits on the autosomes? 
Before the activity: Students should understand the difference between autosomes and sex chromosomes.

Activity Time: 30 minutes
Focus: Objective 3.03

Preparation time:  The teacher should make copies of the learning guide.
Note: The amount of time may vary based on how the guide is used.  The teacher can present the guide to the class or students could be given time to work on the guide individual and then have a class discussion on the guide.  It may be necessary for the teacher to add to the provided learning guide based on student need.   

Learning Guide for Sex Chromosomes and Sex-Linked Traits

Sex Chromosomes

The 23rd pair of chromosomes are called the sex chromosomes and contain the genetic material needed to determine sex in humans.  There are two types of sex chromosomes, the “X” and the “Y.” In humans, the presence of two X chromosomes indicates female while an X and Y indicates male.  Complete the Punnett square below to show sex determination in humans.

	
	X
	X

	X
	
	

	Y
	
	


1. What is the expected ratio of male to female?

2. Does the expected ratio match the actual ratio in the population for percentage of males to females?

3. If there is a difference, explain why the actual does not correspond to the predicted.

Sex-Linked Traits

The genes associated with sex determination are located on the Y chromosome, but the Y chromosome has very few other genes.  The X chromosome has many genes that do not have a homologous partner in the Y chromosome.  The traits associated with these genes are called sex-linked traits.  The alleles for these traits are written as a superscript on the X chromosome with no alleles attached to the Y chromosome. 
In humans, the trait for hemophilia is a sex-linked trait and normal blood clotting is dominant to the hemophilia trait.  Use “H” for normal blood clotting and “h” for hemophilia.  Remember, these alleles are placed on the X chromosome only.

1. Write out the genotypes associated with the following phenotypes…

a. a normal female

b. a female with hemophilia

c. a carrier female

d. a normal male

e. a male with hemophilia

2.   Is it possible for a male to be a carrier of hemophilia?  Explain.

3.   If a woman has hemophilia, what has to be true about her parents?

4. Show the Punnett square for the cross between a male with hemophilia and a woman who is a carrier for hemophilia.

	
	XH
	Xh

	Xh
	
	

	Y
	
	


In humans, the trait for color blindness is a sex-linked trait and normal vision is dominant to color blindness.  Use “B” normal vision and “b” for color blindness.

5. Write out the genotypes associated with the following phenotypes…

a. a normal female

b. a female with color blindness

c. a carrier female

d. a normal male

e. a male with color blindness

6.  Show the cross between a color-blind female and a normal vision male.

	
	
	

	
	
	

	
	
	


EXPLAIN:
The teacher should have the students share their responses to check for understanding.  This could be done using white boards or pieces of paper. 
EXPLORE:

This learning guide will help students understand pedigrees.

Guiding question: How can the inheritance pattern of a trait be determined by viewing a pedigree?
Before the activity: Students should understand all of the previously presented patterns of inheritance.

Activity time:  30 minutes
Preparation time:  The teacher should make copies of the learning guide.
Learning Guide:  Pedigrees

Name______________________________________  Date ________________ Per _______
1. Analyze the following pedigree and state the most likely inheritance pattern, your reason for the choice and an example of the disease/condition. 
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2. Analyze the following pedigree and state the most likely inheritance pattern, your reason for the choice and an example of the disease/condition. 
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3. Analyze the following pedigree and state the most likely inheritance pattern, your reason for the choice, and an example of the disease/condition. 
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EXPLAIN:
After the activity: The teacher should have students exchange papers and check each other’s work.  
EVALUATE:
This activity (The Royal Blight) is designed to reinforce students’ understanding of sex-linked traits and allow the teacher to assess understanding of the concepts taught through the previous learning guides.  It involves students in choosing “mates” for the royal families in their “country” from another country and then predicting the possible offspring.
Guiding question: How was hemophilia passed throughout the royal family of Europe?
Before the activity: Students need to use Punnett Squares and understand the basic principle behind the inheritance of sex-linked traits as well as organization of pedigrees (for the extension).
Focus: Objective 3.03

Activity time: 60 minutes (includes class discussion after the activity)
Preparation:  Teacher will need to copy the handout for the students as well as the cards and flags for the stations.  It is advisable to copy the cards and flags in color and laminate them for use in future years.

Note:  To further extend this activity have the class produce a pedigree that shows the inheritance of hemophilia in the royal family.  

The procedure sheets and cards follow the student information sheets.   
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Data Sheet

Name _______________________________  Date ________ Per ________

Country _______________ 
F1 Crosses:

Cross #1 Parents: 

Mother’s name:


Mother’s genotype:  


Mother’s country: 

Father’s name:


Father’s genotype:


Father’s country:
	134
	 123

	124
	234


Baby’s name:  


Baby’s genotype: 
Baby’s phenotype:


Baby’s sex:
Cross #2 Parents:

Mother’s name:


Mother’s genotype:  


Mother’s country: Father’s name:


Father’s genotype:


Father’s country:
	134
	 123

	124
	234


Baby’s name:  


Baby’s genotype: 
Baby’s phenotype:


Baby’s sex:
F2 Cross:

Mother’s name:



Father’s name:


Mother’s genotype:


Father’s genotype:


	134
	 123

	124
	234


Baby’s name:  


Baby’s genotype: 
Baby’s phenotype:


Baby’s sex:
Class data:

# of normal males in F1:



percent:

# of male hemophiliacs in F1:



percent:

# of male carriers in F1:



percent:

# of normal females in F1:



percent:

# of female hemophiliacs in F1:


percent:

# of female carriers in F1:



percent: 

# of normal males in F2:



percent:

# of male hemophiliacs in F2:



percent:

# of male carriers in F2:



percent:

# of normal females in F2:



percent:

# of female hemophiliacs in F2:


percent:

# of female carriers in F2:



percent:

Questions:
1)
How did the percentages of hemophiliacs, carriers, and non-carriers change after the second generation?

2)
Is it possible to have a male carrier of hemophilia?  Why or why not?

3)
Is it possible for a male hemophiliac to have a normal, non-carrier daughter?  Why or why not?

4)
When is it possible for a female carrier to have a female hemophiliac child?  When is it not possible?

5)
Give the phenotypes and genotypes for the rulers (king and queen) of your country.  (Hint:  Use the genotypes of their offspring.)
6)      
On a separate sheet of paper, make a pedigree for your country’s royal family. Include all of the marriages and offspring of individuals from your country.  Do not forget to show each individual’s name, gender and genotype.
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Purpose:

· To discover the nature of sex-linked inheritance and be able to apply that understanding to make predictions.

· To practice creating and interpreting pedigrees.

Background Information:

In the nineteenth century, Great Britain’s empire stretched across the globe, giving power and influence to its monarchy.  Queen Victoria herself was very successful, and the other royal families in Europe coveted marriages to her children.

Unfortunately, while Queen Victoria’s empire was sound, her genetic material was not.  She proved to be a carrier of hemophilia, which is a disease that prevents blood from clotting, resulting in massive bleeding when the person gets hurt.  Hemophilia is a recessive sex-linked trait, located on the X-chromosome.  Victoria’s genotype was XHXh, where Xh represents the allele for hemophilia and XH represents a normal allele.  She passed her Xh chromosome to three of her nine children.  These children married into the Spanish, German, and Russian royal families, passing along the Xh chromosome to their children.  
In this activity, you will simulate the inheritance of hemophilia using a set of ‘make-believe’ royal families.  Each lab table represents a country, and the rulers of each country are listed in the table entitled ‘The Royal Families’ on the back of this sheet.  You will work as a class to arrange marriages between the royals of different countries and then trace the inheritance of hemophilia through these lineages.  You will then create a pedigree to show the inheritance pattern of hemophilia within the royal lineage of your country.

Part I: F1 Crosses
1) Randomly choose one of four cards showing the royal heirs (children) and the corresponding genotypes.
2) Look at the card.  If you have a prince, choose another card showing a princess from another royal family.  If you have a princess, choose another card showing a prince from another royal family.

3) Fill out a Punnett square with your two royals, based on the genotypes shown on the cards. (An F1 cross)

4) Roll the 4-sided die to randomly choose one offspring. The chosen offspring is indicated by the numbers on the side of the die that lands face down. The new royal baby will have the genotype of the box your dice indicates.

5) You should be able to tell by the genotype whether the baby is male or female.  Give your new prince or princess a name.

6) Repeat steps 1-5 with new royals.

Part II: F2 Crosses
Since the royal families in Europe tended to marry for power, they often married their relatives who had married into power in earlier generations.  Marriages often occurred between cousins.  We are going to see what happens genetically when related individuals marry.
Part II:

1) Select one of your two children produced in Part One.  Find another lab group who has one child of the opposite sex to marry your prince or princess.

2) Create a Punnett square and roll the dice as in Part One to select one genotype (an F2 cross).

3) Select one person from your group to record your country’s data in the class data table on the board.
The Royal Families

Key: Phenotypes of Royals

(H) = non-hemophiliac

(h) = hemophiliac

	Great Britain

King Phillip I (h) and Queen Elizabeth (H)

   Their heirs:  Prince Phillip II

                  Princess Mary

                  Princess Anna

                  Prince Edward


	Spain

King Cristo (H) and Queen Isabella (H)

     Their heirs: Princess Teresa

                   Princess Nina

                   Prince Carlos

                   Prince Cesar

	France

King Louis (h) and Queen Marie (H)

      Their heirs:  Princess Juliette

                     Princess Adele

                     Prince Armand

                     Prince Bogart
	Germany

Konig Wilhelm (H) and Konigin Alice (H)

    Their heirs:  Princess Ava

                   Princess Caroline

                    Prince Bernard

                    Prince Garin



	Russia

Tsar Aleksander (H) and Tsarina Alix (h)

   Their heirs:  Princess Yelena

                  Prince Aleksi

                  Princess Aleksandra

                  Prince Yohan
	Denmark

King Christian (H) and Queen Anne (H)

    Their heirs:  Prince Eric

                   Prince Damon

                   Princess Marylyn

                  Princess Christina




	Prince Phillip II


Country:  Great Britain

Genotype:  XhY


	Princess Mary


Country:  Great Britain

Genotype: XhXh


	Princess Anna


Country:  Great Britain

Genotype: XHXh 


	Prince Edward


Country:  Great Britain

Genotype: XhY



	Princess Teresa


Country:  Spain

Genotype: XHXH

	Princess Nina

Country:  Spain

Genotype: XHXH

	Princess Juliette


Country:  France

Genotype: XHXh

	Princess Adele


Country:  France

Genotype: XHXh

	Prince Armand


Country:  France

Genotype: XHY


	Prince Bogart


Country:  France

Genotype: XHY

	Princess Ava

Country:  Germany

Genotype: XHXH

	Princess Caroline

Country:  Germany

Genotype: XHXh


	Prince Bernard


Country:  Germany

Genotype: XHY 


	Prince Garin

Country:  Germany

Genotype: XhY 


	Princess Yelena


Country:  Russia

Genotype: XHXh

	Prince Aleksi


Country:  Russia

Genotype: XhY

	Princess Aleksandra


Country:  Russia

Genotype: XHXh
	Prince Yohan

Country:  Russia

Genotype: XhY



	Prince Eric


Country:  Denmark

Genotype: XHY


	Prince Damon


Country:  Denmark

Genotype: XHY

	Princess Marylyn


Country:  Denmark

Genotype: XHXH
	Princess Christina


Country:  Denmark

Genotype: XHXH 
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Great Britain
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Spain
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France
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Germany
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Russia
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Denmark

After the activity:

Lead the students in a discussion about what they discovered about movement of hemophilia throughout royal populations. 
EVALUATE: 

This activity (Genetics of Parenthood) is designed to demonstrate that having the same parental genotype can produce multiple physical characteristics in the progeny.  Students will see how several genes interact to produce specific phenotypes while the teacher can assess student ability to apply concepts learned for objective 3.03.  

Guiding question: How do the many genes associated with the expression of facial characteristics interact to produce the physical facial characteristics? 
Before the activity: Students should understand simple Mendelian inheritance pattern as well as complex inheritance patterns such as incomplete dominance, codominance, and sex-linked traits.  In addition, the teacher should briefly introduce polygenic traits and epistasis. 

Focus:  Objective 3.03 

Activity time: 90 minutes
Preparation: The teacher needs to obtain a collection of coins to be used during the activity.  Copies of the activity need to be made.  Colored pencils and crayons should also be provided.  Crayola makes multicultural crayons http://www.dickblick.com/zz201/03a/
Note: As an extension, some students may want to “mate” their offspring to see the possible “grandchildren.”
The Genetics of Parenthood

Standard Course of Study Goals and Objectives

Goal 1:  Learner will develop abilities necessary to do and understand scientific inquiry.

1.03:  Formulate and revise scientific explanations and models of biological phenomena using logic and evidence.

Goal 3:  Learner will develop an understanding of the continuity of life and the changes of organisms over time.


3.03:  Interpret and predict patterns of inheritance

Introduction to the Teacher
This is a simulation that easily captures student interest, and can be varied to meet different ability levels.  Making the assumption that the P (parental) generation is heterozygous at all loci and that independent assortment occurs (no linkages), students flip coins to determine which allele they will pass on to the F1 generation, and draw the resulting child's face.  Emphasize the variation that occurs, reminding the students that all of these children are genetic siblings since all parents have identical genotypes.

Several inheritance patterns are represented in this simulation, and it is important to review these with the students beforehand.  Inheritance of the traits used in this simulation has been simplified to serve as a model.  Actual inheritance is far more complex; students may need to be reminded about this in case they get overly concerned about their own traits.

•
Dominant:  allele which masks the expression of another; represented by capital letters (R, V)

•
Recessive:  allele which is expressed only if both parents contribute it; represented by small letters (r, v)

•
Incomplete dominance:  phenotype of the heterozygote is an intermediate form; represented by capital letters and subscripts (C1, C2); an example is red color tints in the hair

•
Polygenic:  several genes contribute to the overall phenotype; an example is skin color

•
Sex-linked:  commonly applied to genes on the X chromosome, the more current term is X-linked; genes on the Y chromosome are holandric genes; no examples in this activity

•
Epistasis:  one gene masking the effects of another; an example is hair color to red color tints 

After students have completed their individual data sheets, they need to collect class data for at least traits # 2 and trait # 8 in order to answer the analysis questions.  This is a good time for class discussion of the probability of individuals sharing multiple traits. 
Additional Activity Ideas 

1. Have each “parent” draw the child’s face.  Then compare the “mother’s” and the “father’s” perception of characteristics.

2. Do the lab twice, comparing the genotypes and phenotypes of the resulting siblings.

3. “Marry” the children off, to produce an F2 generation (grandchildren).

References
Prepared by Lenore Kop and Thomas Crowley (see original on www.accessexcellence.org)

Adapted from materials from Joan Carlson, Jack Doepke, Judy Jones and Randyll Warehime

Lewis, Rikki.  1994.  Human Genetics:  Concepts and Applications.  Wm. C. Brown Publishers.

Stine, Gerald J.  1989.  The New Human Genetics.  Wm. C. Brown Publishers.

The Genetics of Parenthood

Purpose

To model how different combinations of genes inherited by offspring can produce tremendous variations in appearance.

Materials  

· 2 coins (preferably different kinds to keep track of mother/father contribution)

· The Genetics of Parenthood Reference Sheets (attached)

· The Genetics of Parenthood Data Sheets (attached)

· drawing paper or white boards

· pens/crayons (Crayola has a “My World Colors” set for various skin/eye colors)

Introduction

Why do people, even closely related people, look slightly different from each other?  The reason for these differences in physical characteristics (called phenotype) is the different combination of genes possessed by each individual.  

To illustrate the tremendous variety possible when you begin to combine genes, you and a classmate will establish the genotypes for a potential offspring.  Your baby will receive a random combination of genes that each of you, as genetic parents, will contribute.  Each normal human being has 46 chromosomes (23 pairs—diploid) in each body cell.  In forming the gametes (egg or sperm), one of each chromosome pair will be given, so these cells have only 23 single chromosomes (haploid).  In this way, you contribute half of the genetic information (genotype) for the child; your partner will contribute the other half.  

Because we don’t know your real genotype, we’ll assume that you and your partner are heterozygous for every facial trait.  Which one of the two available alleles you contribute to your baby is random, like flipping a coin.  In this lab, there are 36 gene pairs and 30 traits, but in reality there are thousands of different gene pairs, and so there are billions of possible gene combinations!  

Procedure

Record all your work on the data sheet.

1. Determine your baby’s gender.  Remember, this is determined entirely by the father.  The mother always contributes an X chromosome to the child.

Heads = X chromosome, so the child is a girl

Tails = Y chromosome, so the child is a boy

2. Name the child.

3. Determine the child’s facial characteristics by having each parent flip a coin.

Heads = child will inherit the first allele (i.e., B or N1) in a pair

Tails = child will inherit the second allele (i.e., b or N2) in a pair

4. On the data sheet, circle the allele that the parent will pass on to the child and write the child’s genotype.

5. Using the information in the reference sheets, look up and record the child’s phenotype and draw that section of the face where indicated on the data sheet.

6. Some traits follow special conditions, which are explained in the reference sheets.

7. When the data sheet is completed, draw your child’s portrait as he/she would look as a teenager.  You must include the traits as determined by the coin tossing.  Write your child’s full name on the portrait.

The Genetics of Parenthood

Reference Sheets
1.  FACE SHAPE:



Round (AA, Aa)




Square (aa)


 EMBED Word.Picture.8  


2.  CHIN SIZE:  The results may affect the next two traits.



Very prominent (BB, Bb)


Less prominent (bb)

     
 EMBED Word.Picture.8  


 3.  CHIN SHAPE:  Only flip coins for this trait if chin size is very prominent.  The genotype bb prevents the expression of this trait.


 

Round (CC, Cc)




Square (cc)

   
 EMBED Word.Picture.8  


  4.  CLEFT CHIN:  Only flip coins for this trait if chin size is very prominent.  The genotype bb prevents the expression of this trait.




Present (DD, Dd)




Absent (dd)

  
 EMBED Word.Picture.8  


 5.  SKIN COLOR:  To determine the color of skin or any other trait controlled by more than 1 gene, you will need to flip the coin for each gene pair.  Dominant alleles represent color; recessive alleles represent little or no color.  For example, if there are 3 gene pairs...



a.  First coin toss determines whether the child inherits E or e.


b.  Second coin toss decides F or f inheritance.


c.  Third coin toss determines inheritance of G or g.



6 dominant alleles - black


2 dominant - light brown



5 dominant alleles - very dark brown

1 dominant - light tan



4 dominant alleles - dark brown

0 dominant - white 

            3 dominant alleles - medium brown

 6.  HAIR COLOR:  Determined by 4 gene pairs.


8 dominant - black


3 dominant - brown mixed w/blonde


7 dominant - very dark brown

2 dominant - blond


6 dominant - dark brown

1 dominant - very light blond


5 dominant - brown


0 dominant - silvery white


4 dominant - light brown

 7.  RED COLOR TINTS IN THE HAIR:  This trait is only visible if the hair color is light brown or lighter (4 or less dominant alleles for hair color).


Dark red tint (L1L1)
Light red tint (L1L2)
   No red tint (L2L2)

 8.  HAIR TYPE:

 
Curly (M1M1)

Wavy (M1M2)


Straight (M2M2)

       
 EMBED Word.Picture.8  

                 
 EMBED Word.Picture.8  

                                  
 EMBED Word.Picture.8  


 9.  WIDOW'S PEAK:



Present (OO, Oo)




Absent (oo)

               
 EMBED Word.Picture.8  

                                  
 EMBED Word.Picture.8  


10.  EYE COLOR:


PPQQ - black



PpQq - brown

ppQQ - green


PPQq - dark brown


PPqq- violet

ppQq - dark blue


PpQQ - brown with green tints
Ppqq - gray blue
ppqq - light blue

11.  EYE DISTANCE:


Close (R1R1)

           Average (R1R2)

Far apart (R2R2)

   
 EMBED Word.Picture.8  

      
 EMBED Word.Picture.8  

     
 EMBED Word.Picture.8  


12.  EYE SIZE:


Large (S1S1)


Medium (S1S2)


Small (S2S2)


 
 EMBED Word.Picture.8  

     
 EMBED Word.Picture.8  

            
 EMBED Word.Picture.8  


13.  EYE SHAPE:



Almond (TT, Tt)




Round (tt)

             
 EMBED Word.Picture.8  

                                   
 EMBED Word.Picture.8  


14.  EYE SLANTEDNESS:



Horizontal (UU, Uu)




Upward slant (uu)

                 
 EMBED Word.Picture.8  

                                       
 EMBED Word.Picture.8  


15.  EYELASHES:



Long (VV, Vv)




Short (vv)

            
 EMBED Word.Picture.8  

                            
 EMBED Word.Picture.8  


16.  EYEBROW COLOR:


Darker than hair

Same as hair


Lighter than hair


color (W1W1)


color (W1W2)


color (W2W2)

17.  EYEBROW THICKNESS:



Bushy (ZZ, Zz)




Fine (zz)

           
 EMBED Word.Picture.8  

                             
 EMBED Word.Picture.8  


18.  EYEBROW  LENGTH:


Not connected (AA, Aa)



Connected (aa)

  
 EMBED Word.Picture.8  


19.  MOUTH SIZE:  


Long (B1B1) 


Medium (B1B2)

Short (B2B2)

       
 EMBED Word.Picture.8  

                       
 EMBED Word.Picture.8  

                         
 EMBED Word.Picture.8  


20.  LIP THICKNESS:



Thick (CC, Cc)




Thin (cc)

                  
 EMBED Word.Picture.8  

                                          
 EMBED Word.Picture.8  


21.  DIMPLES:



Present (DD, Dd)




Absent (dd)

                  
 EMBED Word.Picture.8  

                                            
 EMBED Word.Picture.8  


22.  NOSE SIZE:


Large (E1E1)


Medium (E1E2)

Small (E2E2)

      
 EMBED Word.Picture.8  

                       
 EMBED Word.Picture.8  

                     
 EMBED Word.Picture.8  


23.  NOSE SHAPE:



Rounded (FF, Ff)




Pointed (ff)

                     
 EMBED Word.Picture.8  

                                       
 EMBED Word.Picture.8  


24.  NOSTRIL SHAPE:



Rounded (GG, Gg)




Pointed (gg)

                           
 EMBED Word.Picture.8  

                                                          
 EMBED Word.Picture.8  


25.  EARLOBE ATTACHMENT:



Free (HH, Hh)




Attached (hh)

    

       
 EMBED Word.Picture.8  

                          



    
 EMBED Word.Picture.8  




26.  DARWIN'S EARPOINT:



Present (II, Ii)




Absent (ii)

                              
 EMBED Word.Picture.8  







    
 EMBED Word.Picture.8  


27.  EAR PITS:



Present (JJ, Jj)




Absent (jj)



     
 EMBED Word.Picture.8  







   
 EMBED Word.Picture.8  


28.  HAIRY EARS:  



Present (KK, Kk)




Absent (kk)


         
     
 EMBED Word.Picture.8  

                                                                      
 EMBED Word.Picture.8  


29.  FRECKLES ON CHEEKS:



Present (LL, Ll)




Absent (ll)

          
 EMBED Word.Picture.8  





 EMBED Word.Picture.8  


30.  FRECKLES ON FOREHEAD:



Present (MM, Mm)




Absent (mm)

               
 EMBED Word.Picture.8  

             

         
 EMBED Word.Picture.8  


The Genetics of Parenthood 

Data Sheet

Parents ____________________ and _________________________

Child's gender _____
Child's name__________________________

Fill in the data table as you determine each trait described in the reference sheets.  Do not simply flip the coin for all traits before reading the guide, because some of the traits have special instructions.  In the last column, combine the information and draw what that section of the child's face would look like.

	#
	TRAIT
	ALLELE FROM MOM
	ALLELE FROM DAD
	CHILD'S GENOTYPE 
	CHILD'S PHENOTYPE (written)
	CHILD'S PHENOTYPE (drawn)

	1
	Face Shape
	  A     a
	   A     a
	
	
	face & chin

	2
	Chin Size
	  B     b
	   B     b
	
	
	

	3
	Chin Shape
	  C     c
	   C     c
	
	
	

	4
	Cleft Chin
	  D     d
	   D     d
	
	
	

	5
	Skin Color
	E  e   F  f   G  g
	E  e   F  f  G  g
	
	
	

	6
	Hair Color
	H  h   I  i   J   j    K  k
	H  h   I  i   J   j    K  k
	
	
	

	7
	Red Tints
	  L1   L2
	  L1   L2
	
	
	hair

	8
	Hair Type
	 M1  M2
	 M1  M2
	
	
	

	9
	Widow's Peak
	   O     o
	   O     o
	
	
	

	10
	Eye Color
	 P  p   Q  q 
	 P  p   Q  q
	
	
	eye & eyelashes

	11
	Eye Distance
	  R1   R2
	  R1   R2
	
	
	

	12
	Eye Size
	  S1   S2
	  S1   S2
	
	
	

	13
	Eye Shape
	   T     t
	   T     t
	
	
	

	14
	Eye Slant-edness
	   U     u
	   U     u
	
	
	

	15
	Eyelashes
	   V     v
	   V     v
	
	
	


	#
	TRAIT
	ALLELE FROM MOM
	ALLELE FROM DAD
	CHILD'S GENOTYPE 
	CHILD'S PHENOTYPE (written)
	CHILD'S PHENOTYPE (drawn)

	16
	Eyebrow Color
	  W1   W2
	  W1   W2
	
	
	eyebrow

	17
	Eyebrow Thickness
	   Z     z
	   Z     z
	
	
	

	18
	Eyebrow Length
	   A     a
	   A     a
	
	
	

	19
	Mouth Size
	  B1   B2
	  B1   B2
	
	
	mouth



	20
	Lip Thickness
	   C     c
	   C     c
	
	
	

	21
	Dimples
	   D     d    
	   D     d
	
	
	

	22
	Nose Size
	  E1   E2
	  E1   E2
	
	
	nose

	23
	Nose Shape
	   F     f
	   F     f
	
	
	

	24
	Nostril Shape
	   G     g
	   G     g
	
	
	

	25
	Earlobe Attach-ment
	   H     h
	   H     h
	
	
	ear

	26
	Darwin's Earpoint
	   I      i
	   I      i
	
	
	

	27
	Ear Pits
	   J      j
	   J      j
	
	
	

	28
	Hairy Ears
	   K     k
	   K     k
	
	
	

	29
	Cheek Freckles
	   L     l
	   L     l
	
	
	

	30
	Forehead Freckles
	   M     m
	   M     m
	
	
	


Questions to Guide Analysis

1. What percentage does each parent contribute to a child’s genotype?

2. Explain how/what part of your procedures represents the process of meiosis.

3. Using examples from this activity, explain your understanding of the following inheritance patterns:

a. dominant




b. recessive


c. incomplete dominance



d. polygenic

e. epistasis

4. Compare the predicted phenotype ratio (Punnett squares) to the actual ratio (class data) for the following traits:

a. trait # 2 (chin size)





b. trait #8 (hair type)

5. All the children had two heterozygous parents.  Use the law of independent assortment to explain why there were no identical twins produced.

After the activity: Students should draw their babies and post them around the room.  Teachers will help students to understand that the original assumption is that all students (parents) had the same genotype for these traits and yet the resultant offspring show great variety. The teacher should connect the variety seen in the resulting offspring to the concept of independent assortment.  In addition, there should be discussion about specific examples of the complex inheritance patterns. 
ENGAGE:
Copy the following genetic disorders and descriptions on cardstock and distribute to groups of students.  Instruct them to match the description with the name of the disorder.  Let the students know that they may be able to match them correctly; however, the next activity (Genetic Detectives Webquest) will aid in their understanding of genetic disorders.  This activity will promote dialogue regarding genetic disorders.  Please note the following: 
Note: Some of these disorders might affect individuals in your classroom. Be sensitive and aware of individual feelings. When discussing human genetic disorders focus on new treatments, the inheritance, the diagnosis, their application to biology-- not life expectancy, symptoms, or complications. Use good common sense!

Genetic Disorders Match Game
	A degenerative disorder historically predominant in Ashkenazi Jewish populations. In this disorder, individuals are born normal and develop normally for about six months. Then they start to degenerate until death occurs (usually by age 4 or 5).



	Tay Sachs


	A growth defect causing short stature. Affected persons have short limbs but a relatively normal-sized torso.



	Achondroplasia


	Individuals lack the pigment melanin in hair, skin, and eyes.



	Albinism


	A disorder in chloride ion transport causing many digestive and respiratory problems. This is one of the first genetic diseases to have human clinical trials in gene therapy.



	Cystic Fibrosis


	The most common inherited cause of mental retardation. It is X-linked and occurs mostly in males.



	Fragile X


	A bleeding disorder caused by a deficiency in a blood clotting factor.



	Hemophilia


	A degenerative brain disease with primarily adult onset.



	Huntington disease


	A disorder in how fibrillin functions in the body.



	Marfan Syndrome


	A disorder where an element of diet can cause severe brain damage. This is one of the few genetic disorders that can be entirely controlled and eliminated

through diet.



	Phenylketonuria (PKU)



	An autosomal recessive disease that alters the shape of red blood cells.



	Sickle Cell Anemia


	Also known as Down Syndrome



	Trisomy 21



EXPLORE:

This webquest (Genetics Detectives Webquest) will focus on genetic disorders – the inheritance patterns and some of the symptoms and treatments.   It serves as a culminating activity for objective 3.03. 
Guiding question:  What are the characteristics of various human genetic disorders and how are they inherited?
Before the activity: Students need to have a general understanding developed from the previous activities of the following inheritance patterns:  autosomal dominant, autosomal recessive, codominance, and sex-linked.
Focus: Objective 3.03 

Activity time:  270 minutes 

Preparation: Make copies of needed materials and arrange for use of a computer lab.

Genetic Detectives Webquest
WEBQUEST:




GROUP LETTER____________

	Name of Group Member
	Role in Group
	 List of disorders that person is researching



	
	
	1.

2.

3.

	
	
	1.

2.

3.

	
	
	1.

2.

3.

	
	
	1.

2.

3.

	
	
	1.

2.

3.


RESEARCH GUIDE



NAME____________________








DATE______________PER___

Name of Disorder:  _________________________________

a. What are the symptoms of the disorder?  List all of the symptoms that you can find.

b. How is the disorder inherited?  What chromosome is the gene carried on?  Is the disorder a chromosome number disorder?  Is the disorder sex-linked?  Dominant?  Recessive?  

c. At what age does this disorder first become evident? (Is this disorder a late onset disorder?)

d. Is the disorder variably expressed?   Do the environment or other genes affect how this disorder is expressed?   What are the variables that affect how this disorder is expressed?

e. Can the disorder be detected before birth?  How can you detect the disorder before birth?

f. Can the parents be tested to see if they are carriers?  If so, how does the test work?

g. Can the environment be altered to affect the expression of the disorder?  If so, how would you change the environment so that the disorder is less severe?

     

h. What is the treatment for the disorder?

i. What are the costs for treating the disorder?

j. How does this disorder affect the rest of the family? 

 

Decision Rubric for Genetic Detectives Project



Group Letter_________Per______

Disease with most points_______________

CRITERIA with point totals

	DISEASE
	Points:
	Points:
	Points:
	Points:
	Points
	TOTAL POINTS

100 possible

	Cystic Fibrosis


	
	
	
	
	
	

	Duchenne Muscular Dystrophy
	
	
	
	
	
	

	Fragile X


	
	
	
	
	
	

	Hemophilia


	
	
	
	
	
	

	Huntington

Disease


	
	
	
	
	
	

	Marfan

Syndrome


	
	
	
	
	
	

	Neurofibro-matosis


	
	
	
	
	
	

	Niemann-Pick Disease


	
	
	
	
	
	

	PKU

Phenylketo-

nuria
	
	
	
	
	
	

	Sickle Cell Disease


	
	
	
	
	
	

	Tay Sachs Disease


	
	
	
	
	
	

	Werner Syndrome


	
	
	
	
	
	


Grading Rubric for Genetics Webquest






	Criteria
	Inadequate
	Adequate
	Competent
	Outstanding

	INTRODUCTION
The presenter "sets the stage" for the lesson.  The presenter engages the audience by connecting the coming presentation to the interests of the class.
	- no introduction
- introduction weak or uninteresting
	- introduction present
- introduction is not particularly inspiring
	- introduction is connected to the body of the presentation
- introduction is interesting
	- introduction is dynamic
- introduction leads directly to the body of the presentation

	BODY OF  PRESENTATION 
This is the most important part of the presentation.  This is where you explain what you have learned - the science facts and ideas.
	- Science concepts are not well developed, have errors, or are presented at an inappropriate level
- Very basic knowledge with few connections
	- Concepts are clear, generally connected, and presented at an appropriate level
- There are no errors in content
	- Concepts are clear and connected
- Presentation of concepts helps listener develop new insights
	- Concepts are presented very clearly and are carefully and creatively connected
- Listeners will be challenged to think

	ILLUSTRATIONS and/or GRAPHICS
A good presentation will have graphics that are interesting and very connected to the concepts and ideas that are being presented.
  
	- Graphics are limited or poorly done
- Graphics are not useful for illustrating the concepts
	- Graphics are accurate and clear
- Graphics are useful in supporting science concepts
	- Graphics are creative, accurate and clear
- Graphics support science concepts very well
	- Graphics are excellent and clever
- Graphics are inherent to the conceptual understanding

	APPEARANCE  
A good PowerPoint will have the following characteristics:
simple, clear 18-48 font
contrasting colors that are easy to read
standardized design from page to page
amount of information on each page is limited
	- Presentation is rather messy with grammatical errors
- Design is erratic, too complex, inconsistent
- Too much information on each page
- Font is hard to read
 
	- Presentation is mostly neat and is grammatically accurate
- Design is clear and consistent
- Font is fairly easy to read
- Amount of information on page is adequate
	- Presentation  is very neat and grammatically accurate
- Design is clear and consistent
- Font is very professional looking
- Amount of information is well thought-out
	- Book has “classy” appearance
- Design is very neat, clear, consistent, and eye-catching
- Font is very professional looking
- Amount of information is ideal for presenting the information

	CONCLUSION
This is where you summarize your report.  Go back to the introduction where you explained the disorder you chose and summarize your reasons for that decision based on the information that you have presented.
	- conclusion is missing
- conclusion is very weak and disconnected to presented information
	- conclusion is present 
- conclusion is only weakly connected to presented information
	- conclusion is present
- conclusion is connected to presented information
	- conclusion is present
-  conclusion is inherently connected to presented information


EXPLAIN:
As a group, students will design a PowerPoint presentation regarding 2-3 of the genetic disorders.  Teachers should make sure that each group presents a different disorder to avoid repetition.  Have each group choose two or three that they want to present and then do a “first come, first served” selection.
Teachers can modify this activity by varying the number of disorders that are researched or the number of students in each team.

After the activity: Review with students the list of disorders and their inheritance patterns.
EVALUATE:

Allow students the opportunity to demonstrate their knowledge of the disorders by using the Genetics Disorder Match Game.
ENGAGE:
Before the activity: Ask the students to create a KWL chart on a piece of paper (in landscape position).  Give them the following directions:  Create three equal columns.  Label the first column, “What I Know.”  Label the second column, “What I Want to Know,” and the third column, “What I Learned.”  Have the students then fill in the first two columns based on what they know and want to know about genomics topics.  The teacher can decide if he/she wants each individual student to create a KWL sheet, or if he/she wants one KWL sheet per group. After reading the article, the last column should be completed.
The teacher should make sure the students are provided with a list of topics from the articles to use with the KWL charts.

This activity is intended to engage students in their study of the impact of genomics on individuals and society.  This is the focus of the third essential question for this unit, so place it on the board at this time.  For the activity, the teacher will put students in groups.  Each group will read and process a different article involving genetics and biotechnology.   Then each group will present their “findings” to the whole class
Genomic Literature Review.
Guiding question:  What are some current topics in genomics?
Focus: Objective 3.04
Activity time:  90 minutes
Preparation: The amount of preparation time will vary. During this time, the teacher should make copies of the articles so he/she has a class set. He/she should also read each article and take notes on the important concepts discussed.  Articles on current events in genetics research can be found at:  
http://learn.genetics.utah.edu/units/stemcells/
www.stemcell.umn.edu/
http://www.genomenewsnetwork.org/
http://www.sciencemag.org/
After the activity:  As the students are presenting, the teacher will want to fill in any important concepts that the student may have missed.  He/she could also contribute additional points.  

The teacher may also want to explain that later in this unit, students will be learning about some of the technologies referred to in these articles.  The teacher may want to refer to these articles throughout the unit as examples of applications of biotechnology.

EXPLORE:
The purpose of this activity is to explore information on DNA applications in forensics and the Human Genome Project.  In the PowerPoint, the following website will be used http://www.pbs.org/wgbh/nova/sheppard/lab01.html.  It has a great simulation of how to prepare DNA for electrophoresis and how to interpret the results.  At the end of the PowerPoint are three discussion questions about the Human Genome Project.  During the discussion, it might be helpful to bring up the impact of the Human Genome Project on comparative studies with other organisms, the biotechnology industry, personalized health care, etc.  Try to dissuade the students from focusing on just one side (pro or con).  The teacher can shorten the discussion if time becomes an issue.  

Guiding question:   What have scientists discovered since Watson and Crick determined the structure of DNA? 
Before the activity: Review the structure/function of DNA (which relates back to a Unit 1 Essential Question).  This will help lead into a discussion of recent advances.

Focus: Objective 3.04

Activity Time: 90 minutes 
Preparation: The teacher should become familiar with the PowerPoint and go through the online activity.  Some precision is needed during the pipetting portion of the activity, so it is helpful to work through this before the students come to class.  The teacher needs to have a computer with internet access and a projection device.
Advances Since Watson and Crick    This is a PowerPoint (with embedded link to internet activity as well as questions for class discussion)

[image: image25.emf]Advances since 

Watson & Crick

http://www.chemheritage.org/classroom/chemach/pharmaceuticals/watson-crick.html


EXPLAIN:

After the activity: In order to prepare for the next activity, have the students put the process of DNA fingerprinting into their own words.  This will help the students as they move on to performing a paper electrophoresis activity. 
ELABORATE:
This activity (Gel Electrophoresis:  Sort and See the DNA (DNAI.ORG activity)  
is divided into two parts.  For the first part, students will go online to www.dnai.org to answer background questions about gel electrophoresis.  The second part involves the students using restriction maps to determine fragment size and then creating a diagram of what a gel of these fragments would look like.  This activity helps students understand “cutting” DNA and running gels at the molecular level.

Guiding question:  How can samples of DNA be analyzed?
Before the activity:  Discuss restriction enzymes and explain that they cut DNA at particular locations.  Model how they would determine fragment size from a restriction map (like the ones on page 3 of the activity).  To determine a fragment length, use subtraction.  For example, for EcoRI, the first fragment would be 21,226 (21,226 - 0).  The second would be 4,828 (26,104 - 21,226) and the last would be 3,530 (48,502 – 44,972).  Use leading questions to ask the students how restriction enzymes could be used.  “Why would you want to cut the DNA?”  “What if you knew the nucleotide sequence where a particular restriction enzyme would cut?”  “How could you tell how long the fragments would be if you cut DNA with a restriction enzyme?”  “How does using gel electrophoresis help determine fragment size?”  “If you cut DNA from two different samples (two different people’s DNA), would you expect to get identical fragments?”  “How could you tell?” 
Focus: Objective 3.04 

Activity time:  90 minutes
Preparation: Visit  http://www.dnai.org/teacherguide/guide.html  Scroll down to “Manipulation” and “Gel Electrophoresis- Sort and See the DNA.”  Print out Student Worksheets and Answer Sheets.  Make copies of student worksheets.  Arrange for a computer lab.

Gel Electrophoresis:  Sort and See the DNA (DNAI.ORG activity)  
This is an internet activity:  go to http://www.dnai.org/teacherguide/guide.html.  Scroll down to “Manipulation” and “Gel Electrophoresis- Sort and See the DNA.”
Note: It is highly recommended to extend this activity by having the students do a gel electrophoresis wet lab, such as:  Introductory Gel Electrophoresis Kit (using dyes), or Exploring Electrophoresis and Forensics Kit (using pre-digested DNA) available from Carolina Biological.  90 minutes activity time.
After the activity: Discuss why the larger fragments do not move as far on the gel.  Also ask how much DNA is in each band.  Many students have the misconception that there is just one fragment in each band, but there are actually many copies of the fragment, because the DNA sample was many copies of the organism’s DNA.  Why would we use many copies of the DNA instead of just one?  How would that contribute to the visibility of the bands?
ELABORATE:
This PowerPoint point will help students understand the process of bacterial transformation and how it produces products helpful to humans.
Before the activity: Discuss that, in order to create samples of DNA to run through a gel, the DNA needs to be cut by restriction enzymes.  This was discussed during previous activities.  Have the students consider how being able to cut DNA could be useful in other applications.
Guiding question:  What is the importance of bacterial transformation?
Focus: Objective 3.04

Preparation: Review the PowerPoint.  Arrange for a computer and a projection device.
Activity time:  60 minutes

Biotechnology PowerPoint

[image: image26.emf]Biotechnology


After the activity: Have the students summarize the steps in transformation.  Do this by questioning.  Some examples are:  What happens first?  Why is this important?  Could the process work if blunt ends were produced instead of sticky ends?  Explain.   Why did scientists start by transforming bacteria (instead of another organism)?  What products would you create through transformation?  How would you do it?

ELABORATE:
This is a paper activity that helps students extend their understanding of bacterial transformation to the molecular level.  It involves the process of inserting the gene for human growth hormone into E. coli.  It is a good follow-up to the PowerPoint on Biotechnology because the students can simulate how to transform bacteria that could then produce hormones for therapeutic use.  Recombinant bacteria are used for insulin production using these same methods. 
Guiding question:  How can bacterial transformation be used to produce human hormones?
Before the activity: Review the steps in transformation.  Go over the answers to the questions in the background section.  As a time saver, you may want to go over the “Setting the Stage” portion of the activity as a class.

Preparation:  Print out the seven page activity and answers from:  

Make copies of student pages (making sure to cut the “Teacher Materials” section from page 5).  Make copies of Human and Plasmid DNA sequences on different colored paper (enough for each student to have a copy of each).

Activity time:  60 minutes.  Students should read the background section and answer the first five questions for homework the night before the activity. 
Simulation of Gene Splicing

This activity is available online at: 
http://new.accessexcellence.org/AE/AEPC/WWC/1994/simulation_gene_splicing.html
Note:
It is highly recommended to extend this activity by having students do a transformation wet lab such as pGLO Bacterial Transformation Kit from www.bio-rad.com   
Activity time: 120 minutes 

EXPLAIN:
Instruct the students to revisit their KWL chart and make corrections as needed.  
EVALUATE:
Revisit the essential question, “What impact has genomics had on individuals and society?” in small group discussions.  Have each group summarize their discussion on a whiteboard or butcher paper and put up around the classroom.

Focus 3.04 

Activity time: 30 min

Summative Evaluation:  Sample Questions

Objective:  3.03

A



B



C

Use the above pedigree and answer the following questions…

1. What type of inheritance pattern is most likely exhibited by the above pedigree?

a. Autosomal dominant

b. Sex-linked recessive

c. Sex-linked dominant

d. This is not an inherited trait.

Answer: B

2. What genotype would best represent by Individual I for Generation C?

a. Hh

b. HH

c. XHY

d. XhY

Answer: D

3. In German Shepherd dogs, progressive blindness is an autosomal recessive trait.  Dog breeders are very concerned about dogs that are carriers of this trait being used to breed police dogs or dogs that work with visually impaired individuals.  Dog A, who is being considered for breeding, is mated with a dog that is known to have progressive blindness.  What kind of results would most likely indicate that Dog A could be used for breeding?

a. All of the offspring have progressive blindness.

b. None of the offspring show progressive blindness.

c. Half of the offspring show progressive blindness and half show normal vision.

d. There is not enough information to form a conclusion.

Answer: B

Objective:  3:04
1. 
In order for DNA to be transferred from one source to another, the DNA must be 
cut with restriction enzymes to allow for transfer.  The following is a segment of 
DNA that needs to be cut with the restriction enzyme EcoRI. 
ATGCTTAAGGCGTACACTGAATTCTAGTACCTA

TACGAATTCCGCATGTGACTTAAGATCATGGAT
The EcoRI  cuts at the following restriction site between the G and A…
5' G A A T T C 3'
  3' C T T A A G 5' .

How many fragments are produced by the digestion of the above DNA segment with EcoRI?

a. one

b. two

c. three

d. four

Answer: C

 2. 
Which of the following is an example of uses bacterial transformation technique?

a. To produce pure human insulin for use by people with diabetes

b. To identify a suspect based on evidence from a crime scene

c. To determine the nucleotide sequence of a desired gene

d. To identify a genetic disorder in preparation for potential treatment

Answer: A

(LEP Modifications:  For students with limited vocabulary, such as LEP students, teachers may want to do the following activities. 


� HYPERLINK "Intro%20Genetics%20Vocab%20Chart-LEP.doc" ��(Introduction to Genetics Vocabulary Chart�





� HYPERLINK "Intro%20Genetics%20Vocab%20Worksheet-LEP.doc" ��(Introduction to Genetics Vocabulary Worksheet�





Provide students with copies of the genetics vocabulary chart.  Make a transparency or project the blank chart.  Work with the students and fill in the cells on the overhead screen.  Be sure students complete all cells.  You may allow them to use their charts on the Introduction to Genetics Vocabulary Worksheet.








( LEP Modifications:


� HYPERLINK "ABO%20Blood%20Groups%20in%20Humans%20Teacher%20Notes%20LEP.doc" ��(ABO Blood Groups in Humans�


Students will take notes and hear a detailed explanation of ABO blood groups in humans.








(LEP Modifications:


� HYPERLINK "SIMULATED%20BLOOD%20TYPING-LEP.doc" ��(Simulated Blood Typing Lab� (from Carolina Biological)


Students will learn about the genetics of ABO blood typing and solve problems based upon their lab results.  Students will complete a data sheet based on their interactions and observations.








(LEP Modifications:


Work through sample problems on board/overhead.


Allow students to work in small groups, circulate to help and monitor performance.
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