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Unit VII Heredity Teaching Module B-4.5

Instructional Focus

Summarize the characteristics of the phases of Meiosis I and II.

Content Overview for Module B-4.5

Meiosis occurs in two steps:

· Meiosis I, in which the chromosome pairs replicate, results in two haploid daughter cells with duplicated chromosomes different from the sets in the original diploid cell.
· Meiosis II, in which the haploid daughter cells from Meiosis I divide, results in four haploid daughter cells called gametes, or sex cells (eggs and sperm), with undoubled chromosomes.                   
Meiosis I
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            prophase I    metaphase I     anaphase I      telophase I

Like in Mitosis (see B-2.6), Meiosis I begins with interphase in which cells: (1) increase in size, (2) produce RNA, (3) synthesize proteins, and (4) replicate DNA’
· Prophase I (see figure “A” above)
· The nuclear membrane breaks down; centrioles separate from each other and take up positions on the opposite sides of the nucleus and begin to produce spindle fibers.

· Chromosomes pair up and become visible as a cluster of four chromatids called a tetrad.
· A homologous chromosome pair consists of two chromosomes containing the same type of genes. 

· the paternal chromosome in the pair is contributed by the organism’s male parent
· the maternal chromosome in the pair is contributed by the organism’s female parent.
Content Overview for Module B-4.5 cont.

· Each chromosome consists of two sister chromatids attached at a point called the centromere. 
· Because the homologous chromosome pairs are in close proximity, an exchange of chromosome genetic material between pairs often occurs in a process called “Crossing over.”  (see also B-4.7)

· Metaphase I (see figure “B” above)
· The chromosomes are attached to the spindle fiber at the centromere and are pulled into the mid-line (or equator) of the cell in pairs.
· Anaphase I (see figure “C” above)
· The chromosome pairs separate, and move to opposite sides of the cell.

· Each daughter cell will receive only one chromosome from each homologous chromosome pair.

· Sister chromatids remain attached to each other.

· Telophase I & Cytokinesis  (see figure “D” above)
· Chromosomes gather at the poles, nuclear membrane may form, and the cytoplasm divides.

· Cytokinesis that occurs at the end of telophase I is the division of the cytoplasm into two individual daughter cells. 

· Each of the two daughter cells from Meiosis I contains only one chromosome (consisting of two sister chromatids) from each parental pair.  Each daughter cell from Meiosis I proceeds to undergo Meiosis II.
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Content Overview for Module B-4.5 cont.
Prophase II (see figure “E” above)

· Spindle fibers form in each of the daughter cells from Meiosis I and attaches to the centromeres of the sister chromatids

· The chromosomes progress towards the midline of each cell.

· The nuclear membrane breaks down.

· Metaphase II (see figure “F” above) 

· Chromosomes, made up of two sister chromatids, line up across the center of the cell.

· Spindle fibers from opposite poles of the cell attach to one of each pair of chromatids.

· Anaphase II (see figure “G” above)

· The chromosomes separate so that one chromatid from each chromosome goes to each pole.

· Telophase II & Cytokinesis (see figure “H” above)

· The nuclear membrane forms around each set of chromosomes. 

· The resulting daughter cells are haploid, each containing one single chromosome from each pair of chromatids, (either from the maternal or paternal contributor).  

Instructional Progression 

Previous and future knowledge

This concept has not been addressed in earlier grades.  Indicator B-2.6 addresses the concept of cell cycle and Mitosis.
Instructional Considerations

It is essential for students to understand the process of Meiosis and its importance to sexual reproduction just as Mitosis relates to asexual reproduction (see B-2.6).  In order for the offspring produced from sexual reproduction to have cells that are diploid (containing two sets of chromosomes, one set from each parent), the egg and sperm cells must be haploid (contain only one of each type of chromosome).  The division resulting in a reduction in chromosome number is called Meiosis.  

Instructional Considerations cont.

It is not essential for students to 

· recognize any structures other than those listed above;

· explain the process of gametogenesis, the maturing of gametes.

Key Vocabulary and Concepts

Daughter cells: diploid, haploid, gamete, zygote


Meiosis I:  interphase; prophase I, tetrad, crossing over; metaphase I; anaphase I; telophase I; cytokinesis

Meiosis II:  prophase II, metaphase II, anaphase II, telophase II

Materials Needed

See Instructional Planning Guide Activity and Appendix I.

Suggested Teaching Module B-4.5

Revised Taxonomy: B-2.4 Understand Conceptual Knowledge  
Introduction

Write 23 + 23 = 46 on the board.  Ask students how they got their traits, such as hair color, eye color, freckles, ability to roll their tongue, etc.  Ask them to determine how their observations relate to the equation on the board.  Begin the lesson with a chromosome count in the sperm and egg cells.  Relate this to the chromosome number of somatic cells discussed in Mitosis (B-2.6).

Begin discussion on the process and importance of Meiosis.  The activities listed in the Instructional Planning Activity Guide may be used as suggested.  Several of the web sites have video clips showing Meiosis and its individual phases.  The videos may be used as an introduction, along with the lesson, or as a review.  Suggestions have been made in the Instructional Planning Activity Guide.  In the “Comparison of Mitosis and Meiosis” (diffen.com), students can make comparisons of the two processes by creating a comparison chart at the web site.  This should be used after studying both processes.  
“Turkeys in the Cell – The Meiosis Square Dance” (accessexcellence.org) is an activity that allows the students to engage in role playing the phases of Meiosis.  This is a reinforcing activity that may help the students to understand the various stages of the process.  For students who have access to computers, the Meiosis Web Quest (biologycorner.com) (Activity B-4.5a, p XXX) is an interactive way of grasping the concept of Meiosis. This could be assigned as an outside activity.  The Meiosis Concentration Game (Activity B-4.5b, p XXX), Meiosis diagrams (biologycorner.com) (Activity B-4.5c, Activity p XXX), and Meiosis sketches (Activity B-4.5d, p XXX) are ways students can review and reinforce the stages of Meiosis, the crossing over that may happen,  and the chromosome number change that occurs in the process.

Extensions

Enrichment:  Describe spermatogenesis and oogenesis with its uneven cytoplasmic division.

Interventions:  Students are often confused by the terms of Mitosis and Meiosis.  Teachers must stress the chromosomal differences between the two terms.  Often allowing students to draw cells or use some sort of manipulation or simulation (such as pipe cleaners or pieces of yarn) of both processes will help avoid misconceptions of the terms.

Suggested Resources

See Instructional Planning Guide Activity and Appendix I.
Assessing Module B-4.5

Formative and Summative assessments

The objective of this indicator is to summarize the phases of Meiosis I and Meiosis II, therefore, the primary focus of assessment should be to give major points about each step in the processes and the significance of each step toward the goal of producing haploid daughter cells.  

In addition to summarize, assessments may require students to:
· illustrate and interpret scientific diagrams of the phases of Meiosis;  

· compare Meiosis I to Meiosis II with regard to processes and outcomes;
· compare haploid cells to diploid cells;
· compare Mitosis and Meiosis with regard to processes and outcomes;
· explain the effect of crossing over on the genetic variation in daughter cells.
Unit VII Heredity Teaching Module B-4.6
Instructional Focus

Predict inherited traits by using the principles of Mendelian genetics (including segregation, independent assortment, and dominance)

Content Overview for Module B-4.6

· Since in all cells (except gametes) chromosomes are diploid (exist as a pair of chromosomes), each cell contains two genes for each trait, one on the maternal chromosome and one on the paternal chromosome. 

· The two genes may be of the same form or they may be of different forms.

· These forms produce the different characteristics of each trait. For example, a gene for plant height might occur in a tall form and a short form.

· The different forms of a gene are called alleles.
· The two alleles are segregated during the process of gamete formation (Meiosis II).

Law (Principle) of Dominance

The law (principle) of dominance states that some alleles are dominant whereas others are recessive. 

· An organism with a dominant allele for a particular trait will always have that trait expressed (seen) in the organism except in special cases (i.e. mutation). 

· An organism with a recessive allele for a particular trait will only have that trait expressed when the dominant allele is not present. 

Since organisms received one gene for a chromosome pair from each parent, organisms can be heterozygous or homozygous for each trait.

· When an organism has two identical alleles for a particular trait that organism is said to be homozygous for that trait.

· The paternal chromosome and the maternal chromosome have the same form of the gene; they are either both dominant or both recessive.  

· When an organism has two different alleles for a particular trait that organism is said to be heterozygous for that trait. 

· The paternal chromosome and the maternal chromosome have different forms of the gene; one is dominant and one is recessive. 

Content Overview for Module B-4.6 cont.

The genotype (genetic makeup) of an organism reveals the type of alleles that an organism has inherited for a particular trait.  The genotype for a particular trait is usually represented by a letter, the capital letter representing the dominant gene and the lower-case letter representing the recessive gene.

· TT represents a homozygous dominant genotype.

· tt represents a homozygous recessive genotype.

· Tt represents a heterozygous genotype.

The phenotype (physical characteristics) of an organism is a description of the way that a trait is expressed in the organism.

· If Tall (T) is dominant to short (t), then organisms with genotypes of TT or Tt would have a phenotype of tall.

· If Tall (T) is dominant to short (t), then organisms[image: image6.png]N
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 with a genotype of tt would have a phenotype of short.

Law (Principle) of Segregation

The law (principle) of segregation explains how alleles are separated during Meiosis.

· Each gamete receives one of the two alleles that the parent carries for each trait.  Each gamete has the same chance of receiving either one of the alleles for each trait. 
· During fertilization (when sperm and egg unite), each parent organism donates one copy of each gene to the offspring.   
Law (Principle) of Independent Assortment

The law (principle) of independent assortment states that the segregation of the alleles of one trait does not affect the segregation of the alleles of another trait.

· Genes on separate chromosomes separate independently during Meiosis. 

· This law holds true for all genes unless the genes are linked.  In this case, the genes do not independently segregate during gamete formation, usually because they are in close proximity on the same chromosome. 

The principles of Mendelian genetics can be used to predict the inherited traits of offspring.  A Punnett Square can be used to predict the probable genetic combinations in the offspring that result from different parental allele combinations that are independently assorted.  

· A monohybrid cross examines the inheritance of one trait.  The cross could be between two parents that are homozygous, or between two parents that are heterozygous or between one parent that is homozygous and one parent that is heterozygous.
Content Overview for Module B-4.6 cont.
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· The Punnett Square example below represents the probable outcome of two heterozygous parents with the trait for height: T = dominant tall, t = recessive short (Tt x Tt).  The parents are the F1 generation; the resulting offspring possibilities are the F2 generation.

The square shows the following genotypes are possible: 

· there is a 1:3 ratio (25%) that an offspring will carry two dominant alleles.

· there is a 1:3 ratio (25%) that an offspring will carry two recessive alleles.
· there is a 2:2 or 1:1 ratio (50%) that an offspring will carry one dominant allele and one recessive allele. 


The Punnett Square also shows the following phenotypes are possible:

· there is a 3:1 ratio (75%) that an offspring will express the tall trait.

· There is a 1:3 ratio (25%) that an offspring will express the short trait

TEACHER NOTE: It is important to stress the concept that there is only one possible genotype for the offspring as the process of making a Punnett Square sometimes overshadows this concept and students think that all offspring are always formed.

A dihybrid cross examines the inheritance of two different traits.

· The following Punnett Square example represents the probable outcome of two traits of homozygous parents with the traits for shape and color: R = dominant round, r = recessive wrinkled; Y = dominant for yellow, y = recessive green (rryy x RRYY).  The parents are the F1 generation; the resulting offspring possibilities are the F2 generation.
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· All of the offspring for this generation would predictably have the same genotype, heterozygous for both traits (RrYy). 

Content Overview for Module B-4.6 cont.

· All of the offspring for this generation would predictably have the same phenotype, round and yellow (16/16 will be round and yellow).

Instructional Progression 

Previous and future knowledge

In 7th grade, students summarized how genetic information is passed from parent to offspring by using the terms genes, chromosomes, inherited traits, genotype, phenotype, dominant traits, and recessive traits (7-2.5) and used Punnett Squares to predict inherited monohybrid traits (7-2.6).

Instructional Considerations

Misconceptions and Common Errors

Students may get the terminology confused because of the volume of new terms.  Word lists and matching type reviews work well to reinforce the vocabulary terms for this section.

It is essential for students to understand the principles of Mendelian genetics.  Genetics is the study of patterns of inheritance and variations in organisms.  Genes control each trait of a living thing by controlling the formation of an organism’s proteins. 

It is not essential for students to understand 

· the scientific investigations carried out by Gregor Mendel or other pioneer geneticists; however, the study of the history of genetics adds to the significance of science in the lives of students;

· how to perform testcrosses to solve for unknown genotypes;

· second generation Punnett Squares.
Key Vocabulary and Concepts

Genetics: alleles

Law (Principle) of Dominance: dominant, recessive; homozygous, heterozygous, genotype, phenotype

Law (Principle) of Segregation 

Law (Principle) of Independent Assortment: linked genes

Punnett Squares: monohybrid cross, dihybrid cross, F1 generation, F2 generation

Materials Needed

See Instructional Planning Guide Activity and Appendix I.
Suggested Teaching Module B-4.6

Revised Taxonomy:  B-2.5 Understand Conceptual Knowledge  
Introduction

The process of Meiosis (B-4.5) can be used to explain how Punnett Squares, which are studied in the 7th grade, are set up like multiplication tables.  Hand the students a copy of the following multiplication table to complete or do it on the board:







    AB            CD             EF

	ST
	
	
	

	UX
	
	
	

	YZ
	
	
	


Once the students have completed the table, ask them how this is like the Punnett Squares they did in the 7th grade.  Review terms such as genes, traits, monohybrid traits, genotypes, phenotypes, dominant and recessive traits with the students.  Now that their memories have been stirred, introduce Mendel’s laws of heredity.  Relate the law of segregation to Meiosis (B-4.5).

Use the multiplication table the students completed as a way to introduce the concept of independent assortment and dihybrid crosses.

In the Instructional Planning Activity Guide there is a list of several web sites that have interactive activities that introduce Mendelian genetics to students, (i.e. websites such as www.biologyonline.com).  Mendel and Meiosis (Activity B-4.6a) helps students to simulate the law of segregation as well as practice determining genotypes and phenotypes.  The Bikini Bottom Genetics I and II, as well as Bikini Bottom Dihybrid (from the website www.sciencespot.net) (Activity B-4.6 b), give practice on genetic problems which make the student use the vocabulary terms and concepts of this indicator.  The Genetic Practice (www.sciencespot.net) (Activity B-4.6c)can be used for this also.  As a review of the terminology and concepts, students could use Genetic Review and Genetic Review Puzzle (www.sciencespot.net), Genetic Word Search, or Basic Genetic Review (www.biologycorner.com).  The students who have trouble learning the terms may be given several of these for more practice.  
After the students have a firm grasp on the terminology, they may be given the work from the Dominant and Recessive (www.biology.arizona). This may be used as a formative assessment.  A suggested culminating activity is Making a Face (www.woodrow.org).  It requires knowledge of the concepts and terminology to complete successfully. This is also true of Create a Species (www.biologycorner.com).  This activity could also be used at Indicator B-4.7.  A reinforcing activity for this indicator as well as B-4.7 from www.biologycorner.com is Chromosomal Traits or “Pipe Cleaner Babies”.  Teachers may use either of these before or after B-4.7 is completed.  

Suggested Resources

See Instructional Planning Guide Activity and Appendix I.

Extensions

Enrichments

Students may perform a tri-hybrid cross.

Interventions

For the students who are challenged by dihybrid crosses, use different colored paper disks to set up a dihybrid Punnett Square.  Materials needed for this remediation are: red, pink, blue and light blue sheets of construction paper, scissors, hole punch, Punnett Square grid copies. Punch holes out of each color of paper to use as the disks in the activity below. Use red construction paper disks as one dominant allele and pink construction paper disks as the recessive allele for the trait.  Use blue construction paper disks for the dominant allele of the other trait and light blue construction paper disks for the other recessive allele.  Punch out 22 of each of the four colors.  Pass out a dihybrid Punnett Square template that is empty.  Have students align disks at the top of the page in this order: red, pink, blue, light blue.  Have the students do the same on the side.  Next, have them  make pairs of disks from these four disk colors thus demonstrating the Law of Independent Assortment.   
Allow the students to decide the combinations that could be made from these four disks, without the red shades being together or the blue shades being together. When they decide, have them use the other disks to align the pairs on top of the Punnett Square and on the side of the Punnett Square.  Students should then complete the cross by putting the four disks inside each block in the Punnett Square that would represent the combinations if the disks from the side would combine with the disks across the top, (similar to the multiplication chart they completed earlier).  Complete the entire square and have the students determine the phenotypes and genotypes for each combination.  You may even have them write the two (capital-capital or capital-lower case) letters on the darker colored disks and the two lower case letters on the corresponding lighter colored disks.  Give the students a key to tell them what each letter represents so they will be able to give phenotypes and genotypes of each combination.  

Assessing Module B-4.6

Formative and Summative assessments

The objective of this indicator is to predict inherited traits by using the principles of Mendelian genetics. Therefore, the primary focus of the assessment should be to determine inherited traits of offspring using the principles of segregation, independent assortment, and dominance.
In addition to predict, assessments may require students to

· identify traits as homozygous or heterozygous, dominant or recessive;

· infer the possible genotypes and phenotypes of offspring;

· illustrate monohybrid and dihybrid crosses;

· summarize the Mendelian concepts of independent assortment, segregation and dominance;

· compare the genotypes and phenotypes of offspring to their parents.

Unit VII Heredity Teaching Module B-4.7
Instructional Focus

Summarize the chromosome theory of inheritance and relate that theory to Gregor Mendel’s principles of genetics.

Content Overview for Module B-4.7

The following are new developments since Mendel’s principles of genetics:

Gene Linkage and Crossing-over

· Gene linkage simply means that genes that are located on the same chromosome will be inherited together.  These genes travel together during gamete formation (see B-4.5).
· This is an exception to the Mendelian principle of independent assortment because linked genes do not segregate independently. 
· Crossing-over is a process in which alleles in close proximity to each other on homologous chromosomes are exchanged.  This results in new combinations of alleles.  
· When chromosomes pair up during Meiosis I, sometimes sections of the two chromosomes become crossed. The two crossed sections break off and usually reattach. 
· When the genes are rearranged, new combinations of alleles are formed (see B-4.5).
· Crossing-over explains how linked genes can be separated resulting in greater genetic diversity that could not be explained by Mendel’s principles of genetics.
Incomplete Dominance and Codominance
· Incomplete dominance is a condition in which one allele is not completely dominant over another. The phenotype expressed is somewhere between the two possible parent phenotypes.
· Codominance occurs when both alleles for a gene are expressed completely.  The phenotype expressed shows evidence of both alleles being present.
· These conditions go beyond Mendel’s principle of dominance.
Content Overview for Module B-4.7 cont.

Multiple Alleles and Polygenic Traits

· Multiple alleles can exist for a particular trait even though only two alleles are inherited.  For example, three alleles exist for blood type (A, B, and O), which result in four different blood groups.

· Polygenic traits are traits that are controlled by two or more genes.  These traits often show a great variety of phenotypes, e.g. skin color.

· Mendel’s principles of genetics does not explain that many traits are controlled by more than one gene.

Sex-Linked Traits

· Sex-linked traits are the result of genes that are carried on either the X or the Y chromosome. 
· This is an exception to Mendel’s principle of independent assortment which does not explain sex-linked traits.
· In most organisms that undergo sexual reproduction, one pair of chromosomes (the sex chromosomes) determines the sex of the organism.
· The gender of humans is determined by X and Y chromosomes.
· The pair of sex chromosomes in females consists of two X chromosomes, each carrying genes for the same traits; the pair of sex chromosomes in males consists of one X chromosome and one Y chromosome.
	
	X
	Y

	X
	XX
	XY

	X
	XX
	XY


·  During Meiosis I, when chromosome pairs separate, each gamete from the female parent receives an X chromosome, but the gametes from the male parent can either receive an X chromosome or a Y chromosome.
· A Punnett Square for the cross shows that there is an equal chance of offspring being male (XY) or female (XX).
Content Overview for Module B-4.7 cont.

· In humans, the Y chromosome carries very few genes whereas the X chromosome contains a number of genes that affect many traits.  Genes on sex chromosomes are called sex-linked genes. Sex-linked genes are expressed differently than an autosomal gene.

· If a gene is linked on the X chromosome (X-linked), 

· Female offspring will inherit a pair of genes with their sex chromosomes  as they do with all other chromosomes (X from the father and X from the mother).  The principles of dominance will apply.

· Male offspring will inherit the sex linked gene on their X chromosome, but not on the Y chromosome.  

· Since males have one X chromosome, they express the gene whether it is dominant or recessive because there is no corresponding gene to mask the effects of the other allele.

· For example, the trait for color blindness is located on the X chromosome:

	
	XC
	Y

	XC
	XC XC
	XCY

	Xc
	XC Xc
	Xc Y


· X chromosomes carrying a gene for normal vision can be coded XC
· X chromosomes carrying a gene for color-blindness can be coded Xc
· Y chromosomes that all lack this gene can be coded Y

· Only offspring that have the XC gene will have normal vision.

· Hemophilia is also a sex-linked trait. Inheritance of this trait can be shown using the same type Punnett Square.

· In rare cases, a female can express the sex-linked, recessive trait.

Content Overview for Module B-4.7 cont.

Pedigree

A pedigree is a chart constructed to show an inheritance pattern (trait, genetic disease or genetic  disorder) within a family through multiple generations.  Through the use of a pedigree chart and key, the genotype and phenotype of the family members and the genetic characteristics (dominant/recessive, sex-linked) of the trait can be tracked.


An example of a pedigree key:




Pedigree Example I

(Family with a dominant autosomal genetic trait)

The gene for this particular genetic trait does not occur on the sex chromosomes. It occurs on an autosomal chromosome because both males and females have the trait.  This information can be inferred from two facts: 

(1) Because the father has the trait, if the trait were sex-linked (on the father’s X chromosome), then all females would have the trait.  However, because some females do not have the trait, it is not a sex-linked trait.  

(2) Individual III-7 who is a male did not inherit the trait from his mother, who has the trait.  He received his only X chromosome from his mother.
· This particular gene is a dominant gene because 

· each of the people who have the trait has only one parent who has the trait.

· if only one parent has the trait and the trait is not sex-linked, then the individuals who have the trait must be heterozygous for the gene.

Content Overview for Module B-4.7 cont.

Pedigree Example II

(Family with a recessive sex-linked genetic trait)

The gene for this particular trait is sex-linked and recessive.  This information can be inferred because only males have the trait.

· This is common in X-linked, recessive traits because females who receive the gene for the trait on the X chromosome from their fathers also receive an X chromosome from their mothers which hides the expression of the trait.

· The trait skips a generation.

· In generation II, all of the offspring receive an X chromosome from their mother.

· Because the males only receive the X chromosome from their mother, they do not receive the gene carrying the trait.

· Because the females receive an X chromosome from their mother and father, they are heterozygous and do not express the recessive trait, but they are carriers.

· In generation III, the offspring of all of the females from generation II have a 50/50 chance of passing a trait-carrying gene to their children. 

· If the males receive the trait-carrying gene, they will express the trait.

· If the females receive the trait-carrying gene, they will again be carriers.  

Instructional Progression 

Previous and future knowledge

This concept has not been addressed in earlier grades.
Instructional Considerations

Misconceptions and Common Errors

Students often get the terms codominance and incomplete dominance confused, as well as multiple alleles and polygenic traits.  Teachers may need to spend extra time and give several examples to eliminate the confusion.
Instructional Considerations cont.

It is essential that students understand that the current chromosome theory of inheritance is a basic principle in biology that states genes are located on chromosomes and that the behavior of chromosomes during Meiosis accounts for inheritance patterns, which closely parallels predicted Mendelian patterns.  The principles of Mendelian genetics (segregation, independent assortment, and dominance) support the chromosome theory of inheritance (see B-4.6).  Due to advances in technology since Mendel, inheritance patterns and genetic variations that could not be explained by Mendelian genetics are now understood using the chromosome theory of inheritance.
It is not essential for students to understand X-chromosome inactivation (which occurs during embryonic development) or the Barr body.
Key Vocabulary and Concepts

Chromosome theory of inheritance

Gene linkage, crossing-over

Incomplete dominance, codominance

Multiple alleles, polygenic traits

Sex-linked traits, sex-linked genes

Pedigree
Materials Needed

See Instructional Planning Guide Activity and Appendix I.
Suggested Teaching Module B-4.7

Revised Taxonomy: B-2.4 Understand Conceptual Knowledge)   
Introduction

Have several students with similarly color shirts join arms and move around the room.  Introduce the term of gene linkage.  Now have those same students line up again.  Get another set of several students with similarly colored shirts that are a different color from the first group, to line up across from the first group.  Have half of the first group to switch places with half of the second group.  Explain the idea of crossing over.  Remind the students they had this concept in B-4.5.  Discuss the advantage of this for genetic variation. This point is easily explained if there are several athletic students or artistic students in one group and they get switched to the other group.

When teaching this section, students usually understand the concepts if they have an understanding of the previous indicator, B-4.6. They can usually relate to the types of variations of genetic traits because they have seen examples of these.  It is necessary to tie the different inheritance patterns back to Mendelian genetics and to the chromosome theory of inheritance.  

The suggested activities in the Instructional Planning Activity Guide are only a sample of the possible introductory lessons and review activities that are available for teachers and students.  The articles listed can be used to introduce the concepts of Sutton and the Chromosome Theory of Inheritance.  The Chromosomal Theory may be assigned as supplemental reading. Polygenic Traits with Pennies (www.learnnc.org) (Activity B-4.7a, p XXX) can be used to introduce the concept of polygenic traits by having students model the concept. Bikini Genetics – Incomplete Dominance (www.sciencespot.net) (CHECK BIKINI BOTTOM???), X Linked Genes (www.biologycorner.com), ( Activity B-4.7 c, p XXX) and the Pedigree Activity (Activity B-4.7d) may be used as possible practice on those concepts.  
The Pedigree Activity gives a practical application of developing a pedigree based on phenotypes of a given family. After an introductory lesson on sex linkage, students may find the tutorial Sex-Linked Inheritance Problem Set (www.biology.arizona) (Activity B-4.7e, p XXXX) valuable. 

Blood Types and Heredity (t4.jordan.k12.ut.us) is a useful laboratory activity that reinforces material covered in this indicator(i.e.,  multiple alleles, pedigrees), as well as terminology from the last indicator, B-4.6.  The Attack on the “Mend-aliens” (www.jcseagles.com) is a web site that allows students to perform genetic crosses while reviewing the terminology of this indicator.  Genetics: Multiple Allele Traits (www.biologycorner.com) gives more review of the concept of multiple alleles determining traits. 

Extensions

Enrichment

Have students to create a pedigree on some trait in their own family or some other family (this is more difficult with non-traditional families). Students could be given the English Royal Family’s Pedigree on hemophilia to interpret (on-line).

Differentiation

Bring in tulips or some other flower type that show incomplete dominance and other types that show codominance to give a concrete example of these inheritance patterns.  Doing a colorblind test with the students will help the students remember the sex-linkage traits.  Polygenic traits can be reinforced when students are asked to find a color match to their inner arm with another student’s inner arm The myriad of skin tones show the students the different combinations that can be obtained by polygenic inheritance.  Using a copy of an animal’s pedigree is another  way to introduce a pedigree. 
Materials Needed

See Instructional Planning Guide Activity and Appendix I.

Materials:  flowers with codominance and incomplete dominance, colorblind test cards (driver’s education instructors, optometrists, or on-line), copies of a pedigree of some animal (on-line, veterinarian).

Suggested Resources

See Instructional Planning Guide Activity and Appendix I.
Assessing Module B-4.7

Formative and Summative assessments

The objective of this indicator is to summarize the chromosome theory of inheritance and relate that theory to Gregor Mendel’s principles of genetics. The primary focus of the assessment should be to give major points about the modern chromosomal theory that relates to and expands upon Mendelian genetics. 

In addition to summarize, assessments may require students to

· explain the effect of gene linkage and crossing over on the genetic variety of offspring;

· compare incomplete dominance and codominance;

· compare multiple alleles and polygenic traits;

· exemplify the ways that sex-linked traits are passed to offspring;

· interpret a pedigree with regard to the nature of specific traits within a family.

Unit VII Heredity Teaching Module B-4.8

Instructional Focus

Compare the consequences of mutations in body cells with those in gametes.  

Teacher’s Note: This is where chromosomal mutations are taught. Gene mutations are discussed in Unit VI.
Content Overview for Module B-4.8

Most mutations are automatically repaired by the organism’s enzymes and therefore have no effect. However, when the mutation is not repaired, the resulting altered chromosome or gene structure is then passed to all subsequent daughter cells of the mutant cell, which may have adverse or beneficial effects on the cell, the organism, and future generations.
· If the mutant cell is a body cell (somatic cell), the daughter cells can be affected by the altered DNA, but the mutation will not be passed to the offspring of the organism.
· Body cell mutations can contribute to the aging process or the development of many types of cancer.

· If the mutant cell is a gamete (sex cell), the altered DNA will be transmitted to the embryo and may be passed to subsequent generations. Gamete cell mutations can result in genetic disorders.

· If the mutation affects a single gene, it is known as a gene mutation. This is covered in Unit VI at B-4.8.

· For example, the genetic basis of sickle-cell disease is the mutation of a single base pair in the gene that codes for one of the proteins of hemoglobin.

· Other examples of genetic disorders are Tay-Sachs disease, Huntington’s disease, cystic fibrosis, or albinism. 
· If the mutation affects a group of genes or an entire chromosome, it is known as a chromosomal mutation.
· Nondisjunction results in an abnormal number of chromosomes, usually occurring during Meiosis.  
· Examples of abnormalities in humans due to nondisjunction of sex chromosomes are Klinefelter’s syndrome (male) and Turner’s syndrome (female).

· Examples of abnormalities in humans due to nondisjunction of autosomal chromosomes include Down syndrome.

Content Overview for Module B-4.8

In some cases mutations are beneficial to organisms.  Beneficial mutations are changes that may be useful to organisms in different or changing environments.  These mutations result in phenotypes that are favored by natural selection and increase in a population.

Instructional Progression 

Previous and future knowledge

This concept has not been addressed in earlier grades.  
Instructional Considerations

Misconceptions and Common Errors

Teachers need to be sensitive to students having relatives or friends with cancer when it is discussed in this indicator.  There are many misconceptions as to how people get cancer and how cancer is treated.

It is essential that students understand that a mutation is the alteration of an organism’s DNA.  Mutations can range from a change in one base pair to the insertion or deletion of large segments of DNA.  Mutations can result from a malfunction during the process of Meiosis or from exposure to a physical or a chemical agent known as a mutagen.

It is not essential for students to understand

· the exact mechanism of the various mutations;

· the exact characteristics of the nondisjunction mutation abnormalities listed above;  

· the mechanism through which somatic mutations can cause various cancers.
Key Vocabulary and Concepts

Mutation:  mutagen, mutant cell, gene mutation (covered in Unit VI), 

chromosomal mutation, nondisjunction,

Beneficial mutations
Materials Needed

See Instructional Planning Guide Activity and Appendix I.

Suggested Teaching Module B-4.8

(Note: Only chromosomal mutations are addressed in this module.)

Revised Taxonomy: B-2.6   Understand Conceptual Knowledge 

One way to get students interested in the topic of this indicator is to act out the game “Telephone” (a.k.a. “Gossip”).  Write down a sentence and then whisper it to one person. Ask that student to repeat, also whispering, the sentence to the person next to them.  Continue this until the message has been whispered to each person.  Ask the last student to say the sentence out loud and write it on the same paper as the original sentence.  Encourage students to hypothesize how, when and why the sentence changed form and/or meaning. Have students design a method to prevent such alterations. Test the hypothesis using a new sentence. Compare this exercise with genetic mutations as a lead-in for this indicator. 

Show students pictures of humans with chromosomal abnormalities, such as Klinefelter’s Syndrome, Down Syndrome, and various cancers.  Ask how these abnormalities happen.  When the term “mutation” is brought up , begin the lesson with the definition.  Make certain that the students know the difference between gene and chromosomal mutations.  

To demonstrate  nondisjunction, you may use pipe cleaners  for chromosomes to create a display.  Use two pipe cleaners of one color to represent a pair of chromatids and two of another color to represent another  pair of chromatids.  Show how the chromatids may not separate during Meiosis I and how this affects the resulting sex cell. Have the arrange the pipe cleaners to show how this may also occur in Meiosis II.   Explain this phenomena using the terms: monosomy, trisomy, and normal conditions in a zygote.  Ask the students if they know which condition produces Down Syndrome and then explain why it is also called Trisomy 21. 
For better understanding, the activity, Making Karyotypes (Activity B-4.8b) Activity p XXX) should be used.  Students should be able to make a karyotype of a normal person as well as find chromosomal mistakes and name the syndromes.  Ask students what they now know about Down Syndrome and discuss the characteristics of people with this disorder.  Briefly, tell them the characteristics of the other syndromes mentioned in Making Karyotypes (Activity B-4.8b) as well.  
Have the students develop a rationale as to why a deletion of a section of one of the X chromosomes in a female would be less severe than a male missing a similar section of the X chromosome.  (Since females have two X’s, the genes missing in one could be made up by the other.  Males have one X and one Y so that missing parts means missing genes.)  

Suggested Teaching Module B-4.8 cont.
Put several markers with interlocking caps together.  Have the students to list the order.  Now change the order of several of the markers.  Have the students list the order of the markers again and note how the order changed.
Encourage the students to predict what could have happened to an organism if this rearrangement had taken place in the genes of an organism.  Begin to explain chromosomal mutations at this point. When the topic of cancer is brought up as a form of mutation, many students will express that they know someone who has had cancer. 
Teacher’s Note: Because students may have questions about this topic, teachers need to be sensitive to students with family members who have cancer. Teachers need to stay abreast of new forms of cancer as well as new treatment options.
Tell students that some chromosomal disorders occur because something happens to the chromosome itself.  Show diagrams of duplication, deletion, inversion, and translocation.  Ask students why these mutations have these names.  Ask them why deletion may be the most harmful of the four. (A loss of a part of a chromosome means that the genes are also lost.  The proteins for which these genes code will not exist and their functions will not take place.) Either in groups or individually, have the students complete Chromosomal Mutations (Activity B-4.8c) (Activity p XXX).  
Remind students that mutations must occur in germ cells (gamete producing cells) in order to affect the offspring. (Explain the example of a body builder who works to increase muscle mass.  Only his or her somatic cells are affected.  His or her child will not be born with enormous muscles because the germ cell was not affected.)  
Errors in Meiosis lead to mutations in germ cells. Ask students which of the four chromosomal mutations would be difficult to determine from a karyotype.  (An inversion would be the most difficult because the length of the chromosome stays the same.  A translocation also may be difficult to determine if the segments exchanged were the same length.) Have the students offer explanations as to what may cause the effects of duplication, deletion, inversion, and translocation?  Students may infer that these can occur during Meiosis due to structural problems alone or from mutagens.  Have them list some examples of mutagens.

Stress that some mutations are beneficial and can lead to diversity.

Suggested Teaching Module B-4.8 cont.
In the Instructional Planning Activity Guide, the Genetic Mutation web site (www.concord.org) gives a concept map that could be used as an introductory lesson or as a review. (This also reviews gene mutations from Unit VI).  The Mutation Resource (www.accessexcellence.org) provides a reference sheet on the basic types of chromosomal mutations that can be used along with the lesson.  This is true for the Chromosomal Mutations (www.biology-online.org) reference sheet also.  The Mutation and Genetic Disorder Resource (www.highered.mcgraw-hill.com) gives a tutorial that could be used as part of the main lesson or as a review.  There are many opportunities for review after the main lesson with activities such as the Review Article (www.learn.genetics.utah.edu) and the slides of mutations (www.cancer.gov). Chromosome Study (www.biologycorner.com) is an activity where students prepare karyotypes of a normal individual and an individual with a chromosomal abnormality. This site allows students to use the terminology and the concepts in this indicator.  There is a Web Quest on bioethics and biotechnology at the Bioethics Resource (www.ncsu.edu) that could be used as an outside assignment or the main lesson on this topic.

Extensions

Enrichment

Students may do an informative reading-writing assignment on a form of cancer or other chromosomal abnormality.  There are many resources on the individual forms of these abnormalities and it could be assigned as a group project with the general level students as a consideration or as an individual project for the advanced students.  Be sure to create a rubric for the students to use in preparing their report/project.

Another enrichment assignment would be to have students research the three types of fetal tests (amniocentesis, chorionic villus sampling, and fetal blood sampling).  They should describe the positive and negative aspects of each.

If a graph of the maternal age vs. the incidence of Down syndrome is not in your book, obtain one from another biology book or online and discuss what the graph shows and discuss the relationship between age and incidence.
Interventions

If students are having a difficult time understanding nondisjunction, give them specific colors to use as chromatids and tell them to show separate diagrams of Meiosis which produce monosomy, trisomy, and normal cells.  Have them  exchange  their drawings with a partner to see if the partner can recognize which diagram represents each possible outcome.

Extensions cont.
Students can create hypothetical karyotypes in which the diploid number is small such as 8 or 10 and show monosomy and/or trisomy for any of the chromosome pairs then name the disorder such as trisomy 3, etc.

Differentiation

For kinesthetic learners, let them use the pipe cleaners.  As you describe nondisjunction, allow several students to demonstrate the process.  In small groups, they can also manipulate the pipe cleaners to understand what happens to the chromosomes.

For auditory learners, let them explain to groups of students the differences in the process of Meiosis that results in monosomy, trisomy, and a normal cell.

For the visual learner, show many diagrams including nondisjunction, karyotypes, and the four types of chromosomal mutations.

Suggested Resources

See Instructional Planning Guide Activity and Appendix I.

Assessing Module B-4.8

Formative and Summative assessments

The objective of this indicator is to compare the consequences of mutations in body cells with those in gametes; therefore, the primary focus of assessment should be to detect similarities and differences between the mutations that occur in sex cells to those that occur in somatic cells. 

In addition to compare, assessments may require students to

· recall the causes of mutations;

· classify mutations as resulting from sex cell or somatic cell alterations;

· classify mutations as genetic (in Unit 6) or chromosomal;

· exemplify genetic or chromosomal disorders;

· explain the effect that various mutations have on the cell, the organism, and future generations.

Unit VII Heredity Teaching Module B-4.9
Instructional Focus

Exemplify ways that introduce new genetic characteristics into an organism or a population by applying the principles of modern genetics.

Content Overview for module

Genetic Engineering

Genetic engineering is the process of replacing specific genes in an organism in order to ensure that the organism expresses a desired trait.  Genetic engineering is accomplished by taking specific genes from one organism and placing them into another organism. 
· Genetic engineering can only occur when scientists know exactly where particular genes for particular traits occur on specific chromosomes.  
· A gene map shows the relative location of each known gene on a chromosome. 
· Genome refers to all the genetic material in an organism.  The Human Genome Project that mapped the DNA sequence of human genes is useful in identifying genes for specific traits. 

· In cloning, an identical copy of a gene or an entire organism is produced.  This may occur naturally (i.e., strawberry plants reproduce asexually to create cloned daughter plants) or may be engineered (i.e., transgenic mice that have bioluminescent genes inserted into their genome so that they actually glow). 
Cloning brings benefits such as organ transplants or saving endangered species, but it may also result in an organism with genetic disorders or health problems. 

· In gene therapy, scientists insert a normal gene into an absent or abnormal gene.  Once inserted the normal gene begins to produce the correct protein or enzyme, eliminating the cause of the disorder. However, gene therapy has had limited success because the host often rejects the injected genetic material.  
· Stem cells are undifferentiated cells that have the potential to become specialized in structure or function.  Although primarily found in embryos, they are also found all over the adult human body (for example bone marrow) but may be difficult to isolate.  Therapy using stem cells can replace tissue that is deficient due to disease or damage.    This type therapy is considered an ethical dilemma by some individuals. 
Content Overview for module cont.
· Results of genetic engineering may include:   
· The development of plants that manufacture natural insecticides, are higher in protein or spoil more slowly. 
· The development of animals that are bigger, are faster growing or are resistant to disease.
· The development of bacteria that produce hormones such as human insulin or human growth hormone.
· In humans, it is theoretically possible to transplant copies of normal genes into the cells of people suffering from genetically carried diseases such a Tay-Sachs disease, cystic fibrosis and sickle-cell anemia.
Selective Breeding
Selective breeding is the method of artificially selecting and breeding only those organisms that possess a trait desirable in the next generation.  Almost all domesticated animals and most crop plants are the result of selective breeding. 
· The process works because in order for the parents to show strong expression for the trait, they must carry at least one gene for the trait. 
· Once the breeder has successfully produced offspring with the desired set of characteristics, inbreeding (crossing individuals who are closely related) continues.
· Over several generations, the frequency for the gene will increase in the population.
· The drawback to this method is that recessive gene defects often show up more frequently after several generations of inbreeding.
Hybridization, another form of selective breeding, is the choosing and breeding of organisms that show strong expression for two different traits in order to produce offspring that express both traits.  This occurs often between two different (but similar) species.  The offspring are often hardier than either of the parents.
Instructional Progression 

Previous and future knowledge

This concept has not been addressed in earlier grades.
Instructional Considerations

It is essential for students to understand that the knowledge of genes and chromosomes enables the manipulation of the genotypes and phenotypes of organisms rather than allowing the expression of them being left to natural processes.   

It is not essential for students to understand the molecular processes of genetic engineering (recombinant DNA, gel electrophoresis), cell transformation or DNA fingerprinting. 
Key Vocabulary and Concepts

Genetic engineering: gene map, genome, cloning, gene therapy, stem cells

Selective breeding: inbreeding, hybridization
Materials Needed

See Instructional Planning Guide Activity and Appendix I.

Suggested Teaching Module B-4.9

Revised Taxonomy:   Understand Conceptual Knowledge (B-2.2)
Introduction

Show a picture of an oriental chimera and ask if any student can identify it. Then show pictures of “Dolly” (the cloned sheep), a homing pigeon, a mule and an exotic breed of dog. Have the students compare these specimens to the chimera.
Teacher’s Note:  Most students will not see any connection, but teachers can guide them to the point that all are examples of how man changes characteristics of organisms.  This can lead to an introduction of the terms of selective breeding, inbreeding, hybridization and cloning.  The average student has heard of most of the terms used in this indicator; however, they usually do not know exactly what the terms mean.  

Explain to the students that scientists must know exactly where genes are located before they can use or replace them. Show a genetic map from the textbook, an overhead transparency, or from the internet using a LCD projector.  Remind students  that chromosome maps were developed by using the knowledge of linked genes and crossover rate.  
Suggested Teaching Module B-4.9 cont.
Have the students read about the Human Genome Project or show the teacher’s domain video on this project and lead a class discussion concerning how  the Human Genome Project has affected genetic engineering.  (Ideas could include that the sequencing of an organism can help find ways to improve that organism, scientists can infer how a human gene works by studying similar genes in another organism or that Man has improved agricultural crops and products.)

Draw or show a picture of a bacterial cell with a plasmid.  Explain the use of the plasmid in bacteria and how it is used in making recombinant DNA.  Explain to the students that human insulin is made by inserting the gene for human insulin into the plasmid of bacteria.  (The original design for this medication called for the insulin used to come from pigs or cattle. This  method was dropped in favor of the plasmid because it was expensive and many humans experienced side effects including severe allergic reactions to the nonhuman insulin.)  
Teacher’s Note: You may wish to have the students define and give the positive and negative aspects of cloning and gene therapy as a reinforcement activity.

The activities and web sites in the Instructional Planning Activity Guide give many samples of how genetic engineering is used today.  The Selective Breeding activity (t4.jordan.k12.ut.us) (Activity p XXX) could be used as an introduction to this topic.  It gives several examples of the use of selective breeding as well as a performance test.  What Traits Have Been Engineered (www.geo-pie.cornell.edu) (Activity p XXX) provides a reference sheet for the terminology used in genetic engineering. This sheet may be useful as students learn about the processes.  Another reference sheet for the terminology and concepts of genetic engineering is found at Inserting a DNA Sample into a Plasmid (www.accessexcellence.org) (Activity p XXX). Gene and Inheritance (www.abpischools.org) (Activity p XXX); Click and Clone (learn.genetics.utah.edu), and Plasmid Cloning (www.sumanasinc.com) all provide students with tutorials that can be used as  introductory lessons or  review lessons to be used at home. To review and facilitate a discussion after the introduction of the lesson, students can view the videos at the Welcome to the Clone Age resource (videos.howstuffworks.com).  Genetically Modified Organisms resource (www.learner.org) will provide the same type of review and discussion activities. 

Suggested Teaching Module B-4.9 cont.
The Stem Cell Research Flier (Activity B-4.9b) can be used to introduce the topic or as a final project on the concept of stem cell research.  The concept map may be used from Genetic Engineering (www.biologycorner.com) as a review of genetic engineering.  Following the lesson, more discussion can be generated by completing  the activities listed on The Human Genome Project (www.teachersdomain.org).  Students may use any of the following sources as a discussion spring board, as well as a review, after having  knowledge of the concepts of this indicator: Bioengineered Foods (www.teachersdomain.org); Decisions, Decisions (www.accessexcellence.org); and Issues in Biotechnology (www.actionbioscience.org).   
Teacher’s Note: Since new information on genetic research is constantly being discovered, teachers should often update their personal knowledge as well as their printed materials such as hand-outs and displays.
Extensions

Enrichment
To show how the concepts of genetic engineering are used in today’s world, students may be assigned a culminating project dealing with factual and ethical issues that are presented to them at Bioengineered Foods (www.teachersdomain.org); Decisions, Decisions (www.accessexcellence.org); and at Issues in Biotechnology (www.actionbioscience.org).  Teachers should create rubrics to guide students with what is required for the research projects.

The entire process of engineering bacteria using the plasmid can be researched.  
Students can draw a poster of the steps with brief explanations.

Research into  genetic diseases testing can be conducted by having students identify three diseases that have genetic tests, what the tests are and some of the ethical issues associated with the results of these tests. Students should also address  who should be tested, the cost(s) of the test(s) and who should be allowed access to the results.
Differentiation

Assign students to work in groups in order to genetically engineer their own organism.  Explain that the gene for bioluminescence has been inserted into some organisms (such as the house fly) so that it can glow. Note that this process has allowed scientists to mark proteins and viruses to study how they produce disease.  Have the students describe a gene they would like to insert into an organism and have them explain why they feel the gene would be beneficial.  Each group should diagram their proposed transgenic organism and explain the gene used and results expected.  

Extensions cont.
Interventions
Using flowers, the teacher can demonstrate hybridization.  Using a cotton swab, take the pollen from one flower to another.  The best scenario is to use two flowers, one unopened, pointing out the desired traits in each flower.   Place the pollen on the pistil of the unopened flower then cover with aluminum foil or plastic wrap to ensure that no other pollen comes into contact with the flower.  Making s’mores or using peanut butter chocolate cups* is another way to demonstrate combining desired traits from two food items to make one food with all of the tastes is like producing an organism with the combination of certain desirable traits.

*Safety Note: Teachers should be aware of and remind students concerning food allergies, specifically allergies to peanuts.

Suggested Resources

See Instructional Planning Guide Activity and Appendix I.
Assessing the Module

Formative and Summative Assessments

The objective of this indicator is to exemplify ways that introduce new genetic characteristics into an organism or a population by applying the principles of modern genetics; therefore, the primary focus of assessment should be to give or use examples that show the ways the genetic makeup of an organism can be engineered or selected.  
In addition to exemplify, assessments may require students to

· recognize types of genetic engineering and selective breeding;

· summarize the purposes of the various types of genetic engineering and selective breeding;

· compare selective breeding and hybridization; 

· summarize the benefits and drawbacks of the various types of genetic engineering and selective breeding. 

Appendix I

Unit VII Material and Supply List

Materials List for B4.5 to B4.9

B-4.5

Turkeys in the Cell – Meiosis Square Dance

> Bandanas.  You will need 4 bandanas of the same color for each chromosome pair you want to use in the square dance.  (If you use 3 chromosomes, you need 4 red, 4 blue and 4 brown bandanas)

> A tape of square dance music.  Use only instrumental music (without singing or other voice performance).  “Turkey in the Straw” is nice, but not essential.

Activity 4.5a - Meiosis Concentration Game

Laminated copies of the Meiosis cards (use card stock)

Activity 4.5d- Meiosis Sketches

Run copies of activity

B-4.6

Activity 4.6b - Pipe Cleaner Babies

Pipe cleaners (various colors, some must be white)

Beads (red, ivory, purple, clear)

Plastic bags

Activity 4.6e - Mendel and Meiosis

Pink and blue card stock (or popsicle sticks and 2 different colored markers)

Provide copies of activity (use colored card stock for the chromosomes)

B-4.7
Blood Types and Heredity

Food color (red and green)
graduated cylinder

Water




beaker

4 test tubes



medicine dropper or pipette

Test tube rack

Activity 4.7d - Pedigrees

Copies of family phenotypes cut into strips

Large pieces of bulletin board paper (4)

Markers

Unit VII Material and Supply List

Materials List for B4.5 to B4.9 cont.

B -4.8

Activity 4.8a - Chromosome Study

Copies of karyotypes

Scissors

Transparent tape

Activity 4.8b - Making Karyotypes

Copies of activity and karyotypes

Scissors

Transparent tape

Activity 4.8c – Chromosomal Mutations

Provide copies of the activity

B -4.9

Heredity Unit by Jordan District Science:

Performance Test – Rabbit Breeding

List of desirable traits in rabbits

Copies of Rabbit Breeding Data and questions

Selective Breeding

Copies of handouts

White unlined paper

Colored pencils, crayons, or markers

Activity 4.9a - Genetic Engineering 

Copies of handouts

Unit VII Material  and Supply List

Materials List for B4.5 to B4.9 cont.

B -4.9 cont.

Activity 4.9b - Stem Cell Research Flier

Copies of articles and rubric

11” x 14” unlined white paper

Colored pencils, crayons, or markers

For all other resources and sources, a computer with a method of displaying the pages is recommended.
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