GENETICS
Handouts and Stuff for Mrs. Mikkelson’s Bio 2 Class
DIRECTIONS: Read the Chapter on Genetics.
1. State the two laws of heredity that resulted from Mendel’s work. 

2. What happens during meiosis that would allow genes located on the same chromosome to 
separate independently of one another? 

3. List the steps in Mendel’s experiments on pea plants. Include the P generation, F1 generation, and F2 generation. 

4. Write the equation for probability. 

5. Distinguish between codominance and incomplete dominance. Give an example of each type of inheritance. 

6. Define the terms, dominant and recessive. 

7. Relate the events of meiosis to the law of segregation. 

8. Explain the difference between a monohybrid cross and dihybrid cross. Give an example of each. 

9. Explain how you would use a Punnett square to predict the probable outcome of a monohybrid cross. 
Draw a Punnett square to demonstrate your monohybrid cross. 

10. Explain the terms genotype and phenotype. 

11. Explain the terms homozygous and heterozygous. 

GENETICS NOTES

Meiosis is a type of cell division which reduces the normal chromosome number to one half. Haploid gametes are made. Meiosis is considered a reduction division, in that the number of chromosomes in the resulting cells each has half the normal diploid chromosome number.

Steps:

a. Replication (doubles chromosome #) Humans: 46 to 92.
b. 1st division (chromosome # returns to normal. The homologous chromosomes separate.) Humans: 92 to 46.
c. 2nd division. Sister chromatids separate (Forms haploid cells of 1/2 chromosome #.). Humans: 46 to 23. 

Homologous chromosome: one of a pair of similar (size, shape, genes) chromosomes. Each pair of chromosomes contains the same genes, arranged in the same sequence. However, because each member of the pair has come from a different parent, they usually have different alleles of their genes (Ex.: one chromosome has a blue-eyed allele from mom, the other of the pair has a brown-eyed allele from dad, etc....).




Diploid: A cell that contains both chromosomes of a homologous pair. 

Haploid: A cell that has only one chromosome of each homologous pair. The fusion of 2 haploid cells creates a diploid cell (fertilized egg). 
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Gamete: Sex cell. Haploid. Egg & sperm. 

Nondisjunction: Mutation caused when a replicated chromosome pair fails to separate during cell division, causing changes in chromosome #. One gamete gets an extra chromosome, one gets one less! (Example: Down's Syndrome, Trisomy X)

Mendel's Law of Segregation: During formation of egg or sperm (meiosis), the 2 genes (alleles) for a trait separate (each goes to separate eggs or sperm).

Meiosis results in essentially an infinite genetic variety in the sex cells, partly by crossing over (where sister chromatids exchange chromosome pieces) or by randomly lining up along the equator (See diagram below.).
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The number of possible chromosome orientations is 2 raised to the power of the number of chromosome pairs. In the cells shown above, their are 2 to the 3rd power (8) possibilities of which 4 are shown above. With human cells there are 2 to the 23rd power possibilities, which is 8.4 million possible ways to mix the 23 chromosome pairs
http://ghs.gresham.k12.or.us/science/ps/sci/ibbio/genetics/notes/notes.htm 
Allele: One gene of a gene pair for a trait.  In the gene pair Bb for hair color, both B & b are alleles .

Genotype: The 2 alleles an organism possesses for a trait. (Its genetic makeup.)

Phenotype: The external appearance of the organism for a trait. (blue eyes, black hair, hitchhiker's thumb, etc...)

Dominant Allele: An allele that masks the presence of another allele for the same characteristic. Usually shown as a capital letter (Ex......A, B, G, T, etc....)

Recessive Allele: An allele that is hidden by the presence of a dominant allele for the same characteristic. Usually shown as a lower case letter (Ex......a, b, c, t, etc....)

Codominant Alleles: Pairs of alleles that both affect the phenotype (appearance) of the individual. Neither allele is completely dominant. 

Locus: The particular position on a chromosome where a gene is.

Homozygous: Having 2 identical alleles of a gene (Ex: AA, bb, DD.....)

Heterozygous: Having 2 different alleles of a gene (Ex: Aa, Bb, Dd.....)

Carrier: an individual that has a recessive allele of a gene that does not have an effect on their phenotype.

Test cross: Testing a suspected heterozygote by crossing it with a known homozygous recessive. 

Blood Typing/ Multiple Alleles
A number of human traits are the result of more than 2 types of alleles. Such traits are said to have multiple alleles for that trait.  Blood type is an example of a common multiple allele trait. There are 3 different alleles for blood type, (A, B, & O). A is dominant to O. B is also dominant to O. A and B are both codominant.
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Distribution and Characteristics of Human Blood Factors
	Blood Type
	Distribution in USA (%)
	Antigen on Red Blood Cell
	Antibody in Serum Plasma
	Will Clot with Blood From These Donors
	Can Receive From
	Can Give to:

	O
	48
	None
	Anti-A, Anti-B
	A, B, AB
	O
	All

	A
	42
	A
	Anti-B
	B, AB
	A & O
	A & AB

	B
	7
	B
	Anti-A
	A, AB
	B & O
	B & AB

	AB
	2
	A & B
	None
	None
	All
	AB


Type O Blood: Universal Donor as it contains no A or B antigens, so the receivers' blood will not clot when given the O blood. 
Type AB Blood: Universal Receiver, as it contains no Anti-A or Anti-B antibodies in its plasma. It can receive all blood types.
Antigen: Protein on the surface of the blood cell. (Allele A makes A antigen. Allele B makes B antigen. Allele O makes no antigens.)
Antibody: Protein in plasma that reacts with specific antigens that enter the blood (usually something that isn't supposed to be there!). (Ex.: Anti-A is an antibody that recognizes A-antigen, binds to it (lock & key), then causes clumping together or clotting of similar A-antigens.
Sample Blood Type Problems
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Codominant Traits
A number of human traits are the result of 2 types of alleles that are equally dominant. Such traits are said to be codominant for that trait. When an individual is heterozygous for such traits, the resulting phenotype or expression of these two traits is a blending, because both traits are expressed equally.

The alleles for curly hair and straight hair are examples of alleles for a trait that are codominant. Individuals with curly hair are homozygous for curly hair alleles. Individuals with straight hair are homozygous for straight hair alleles. Individuals who are heterozygous, with one of each allele have wavy hair, which is a blend of the expressions of the curly and straight hair alleles.

Sample Codominance Problems
In horses, chestnut and white coat colors are codominant. Heterozygous horses have a blend of both colors, which is a golden tan color. Such heterozygous horses are known as palominos (like Mr. Ed).
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Problems:
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Sex-linked Traits
[image: image11.png]The Y chromosome is missing this section
of the X chromosome. The lower sections
of both chromosomes contain the genes
for the same traits.





If a gene is found only on the X chromosome and not the Y chromosome, it is said to be a sex-linked trait. Because the gene controlling the trait is located on the sex chromosome, sex linkage is linked to the gender of the individual. Usually such genes are found on the X chromosome. The Y chromosome is thus missing such genes (See Diagram above.). The result is that females will have two copies of the sex-linked gene while males will only have one copy of this gene. If the gene is recessive, then males only need one such recessive gene to have a sex-linked trait rather than the customary two recessive genes for traits that are not sex-linked. This is why males exhibit some traits more frequently than females.

Examples of Sex-linked Traits: 
Red-green colorblindness
Male Pattern Baldness
Hemophilia
Duchenne Muscular Dystrophy
Sample Sex-linked Trait Problems
In humans, red-green colorblindness is a recessive sex-linked trait. It is found on the X chromosome, not the Y. Because, males only have one X chromosome, they have a much greater chance of having red-green colorblindness. Females would have to be homozygous recessive in order to have red-green colorblindness. 
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Pedigrees
Pedigrees are charts that are used to study the inheritance of a trait within a family, or on a larger scale, within a closely related population. Pedigrees have been commonly used when dealing with breeds of animals (cats, dogs, horses, and cattle), but are also increasingly useful for zoos to prevent inbreeding within the zoo populations of a species scattered about the world. In humans, pedigrees are especially useful in determining which members of a family may have a disease, and also in determining the odds that a couple will have a child with a birth defect.

Pedigrees are useful in showing the information known about individuals within a family, and with the collection of enough information, can help deduce the genotypes of each family member. As a standard, squares represents males and circles represent females. Squares and circles that are shaded in represent individuals affected by the studied condition. White or clear squares and circles represents unaffected individuals. Occasionally, you will find a chart with circles and squares that are filled with gray (or with a large central dot). These represent people who are unaffected by the condition but are still carriers of the allele (heterozygous). A straight horizontal line between a male and female represents a "marriage" or mating line. A vertical line descending from a marriage line represents the offspring of the parents.
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Sample Pedigree Problems
------------------ ------------------
1.The pedigree below is studying the incidence of blonde hair in a family. In humans, dark hair (B) is dominant to blonde hair (b). In this case, individuals who are shaded in are homozygous recessive. Individuals who have clear circles and squares have at least one dominant gene. 
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What are the genotypes of persons A through F above?

Space for Notes
Non-disjunction
Non-disjunction occurs when chromosomes in the developing gamete (sex cell) fail to separate during one of the divisions of meiosis. The result is a sperm or egg cell with either an additional chromosome, or one that lacks one chromosome. When this sex cell combines with one from the opposite sex, the resulting fetus will have cells with an extra, or one chromosome that is lacking. Generally, such fetus' will not develop properly and we would say that the resulting baby would have a birth defect. However, be aware that not all birth defects are caused by non-disjunction.
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Examples of Nondisjunction:
A. Down's Syndrome: 47 chromosomes with 3 #21 chromosomes.

B. Triple-X Syndrome: 47 chromosomes caused by 3 X chromosomes.

C. Klinefelter's Syndrome: 47 chromosomes caused by 2 X chromosomes and 1 Y chromosomes. 

D. Turner's Syndrome: 45 chromosomes with 1 X chromosome (caused by the absence of one of the X chromosomes or a Y chromosome).

Genetic Screening 

Genetic screening is the testing of an individual for the presence or absence of a gene. This is especially useful for individuals which show the phenotype of a dominant trait. The genotypes of such individuals may either be homozygous dominant or heterozygous. 

1. Test Cross: A mating to determine the exact genotype of an individual who shows a dominant trait. Individuals are suspected of being heterozygous are mated with an individual who is homozygous recessive. If the individual of unknown genotype is indeed heterozygous, the offspring should be 50% dominant, 50% recessive. If the individual in question is really homozygous dominant, 100% of the offspring will show the dominant trait.

2. Karyotyping 
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Karyotypes refer to the number and appearance of the chromosomes in an organism. It shows the number, size and shape of each chromosome as seen during metaphase of mitosis. With adults, the karyotype is done by using the nuclei of cultured white blood cells. With infants, a procedure known as amniocentesis is performed. During this procedure, the physician withdraws some amniotic fluid from within the placenta which contain cells sluffed from the fetus. 

The white blood cells or fetal cells are incubated or cultured in chemicals which stimulate mitosis. A second chemical stops their growth at metaphase. The nuclear contents are photographed and the chromosome contents are paired up. Sexing the fetus and checking for "birth" defects are common goals for fetal karyotyping.

3. DNA Profiling (DNA fingerprinting): Humans have short base sequences that are repeated many times. Such sequences are known as satellite DNA. The satellite DNA varies greatly from person to person in the number of repeats. Such DNA can thus be useful for identifying individuals. 

DNA from an individual is extracted from their cells and the quantity of DNA is increased by a process known as PCR. The DNA is then cut by restriction enzymes (these enzymes only cut between certain base sequences). The cut DNA is then run through a process known as electrophoresis which uses current to separate the DNA fragments based on charge and size. The chance that 2 persons would have the same DNA fingerprints is less than a million, so this process is useful in identifying human remains as well as forensic (crime) investigations.  (Promega Field Trip)
Space for Genetics Problems notes

Problem Set - You need to create a Punnett Square for many of these.

    1.  Show all the different kinds of gametes which could be produced by the following individuals:

	a.  aa
	c.  AA
	e.  CcDd
	g.  Aabb
	i.  CCDdee

	b.  Bb
	d.  TTRR
	f.  AABb
	h.  aabb
	j.  AaBbCc


   

 2.  In dogs, wire hair is due to a dominant gene (W) and smooth hair is due to its recesive allele (w).

a.  If a homozygous wire-haired dog is mated with a smooth-haired dog, what type of offspring could be produced?
 b.  What type of offspring could be produced in the F2?
c.  Two wire-haired dogs are mated.  Among the offspring of their first litter is a smooth-haired pup. If these two wire-haired dogs mate again, what are the chances that they will produce another smooth-haired pup?  What are the chances that the pup will be wire-haired?
d.  A wire-haired male is mated with a smooth-haired female.  The mother of the wire-haired male was smooth-haired.  What are the phenotypes and genotypes of the pups they could produce?
3.  In snapdragons, red flower color is incompletely dominant over white flower color; the heterozygous plants have pink flowers.

a.  If a red-flowered plant is crossed with a white-flowered plant, what are the genotypes and phenotypes of the plants of the F1 generation?
        b.  What genotypes and phenotypes can be produced in the F2 generation?
 c.  What kinds of offspring can be produced if a red-flowered plant is crossed with a pink-flowered plant?
d.  What kinds of offspring can be produced if a pink-flowered plant is crossed with a white-flowered plant?
4.  In humans, the presence of freckles is due to a dominant gene (F) and the non-freckled condition is due to its recessive allele (f).   Dimpled cheeks (D) is dominant to non-dimpled cheeks (d).  Two persons with freckles and dimpled cheeks have two children.  One has freckles but no dimples and one has dimples but no freckles.

      
  a.  What are the genotypes of the parents?
b.  What are the possible phenotypes and genotypes of the children which they could produce?
c.  What are the chances that they would have a child which lacks both freckles and dimples?
d.  A person with freckles and dimples whose mother lacked both freckles and dimples marries a person with freckles but no dimples (whose father did not have freckles or dimples).  What arethe chances that they would have a child which lacks both freckles and dimples?

    5.  In humans, colorblindness is a recessive, sex-linked trait.

 a.  Two normal people have a coloblind son.  What are the genotypes of the parents and what genotypes and phenotypes are possible among their children?
b. A couple has a colorblind daughter.  What are the possible genotypes and phenotypes  of the parents and the daughter?
     

Circle the best answer.

1.  The genetic cross between a homozygous recessive individual and one of an unknown genotype is referred to as:  (a) a self-cross; (b) a test cross; (c) a hybrid cross; (d) an F1 cross; (e) a dihybrid cross.

2.  In crossing a homozygous recessive with a heterozygote, what is the chance of getting a homozygous recessive phenotype in the F1 generation?  (a) zero; (b) 25%; (c) 50%; (d) 75%;   (e) 100%

3.  In snapdragons, heterozygotes have pink flowers, whereas homozygotes have either red or whiteflowers.  When plants with red flowers are crossed with plants with white flowers, what proportions of the offspring will have pink flowers?   (a) zero; (b) 25%; (c) 50%; (d) 75%; (e) 100%

4.  Black fur in mice (B) is dominant to brown fur (b).  Short tails (T) is dominant to long tails (t). What proportion of the progeny of the cross BbTt x BBtt will have black fur and long tails? (a) 1/16; (b) 3/16; (c) 6/16; (d) 8/16; (e) 9/16.

5.  A couple has three children, all of whom have brown eyes and blond hair.  Both parents are
homozygous for brown eyes (BB), and one is blond (rr) while the other is a redhead (Rr).  What is the probability that the next child will be a brown-eyed redhead?  (a) 1/16; (b) 1/8; (c) 1/4; (d) 1/2; (e) 1.

6.  A 9:3:3:1 phenotypic ratio is characteristic of the:  (a) F2 generation of a monohybrid cross; (b) F2 generation of a monohybrid crossl (c) F1 generation of a dihybrid cross; (d) F2 generation of a dihybrid cross; (e) F2 generation of a trihybrid cross.

7.  How many unique gametes could be produced through independent assortment  by an  individualwith the genotype AaBbCCDdEE?  (a) 4; (b) 8; (c) 16; (d) 32; (e) 1/64.

8.  In cattle, roan coat color (mixed red and white hairs) occurs in the heterozygous (Rr) offspring of red (RR) and white (rr) homozygotes.   When two roan cattle are crossed, the phenotypes of the progeny are found to be in the ratio of 1 red : 2 roan : 1 white.  Which of the following crosses could produce the highest percentage of roan cattle?   (a) red x white; (b) roan x roan; (c) white x roan; (d) red x roan; (e) all of the above crosses would give the same percentage of roan.

9.  Roan color in cattle is the result of the absence of dominance between red and white color genes. How would one produce a herd of pure-breeding roan-colored cattle?  (a) cross roan with roan; (b) cross red with white; (c) cross roan with red; (d) cross roan with white; (e) it cannot be done.

    10. An animal has the genotype AaBbCcDd.   Relative to these four linked loci, how many unique kinds of gametes can be produced by this individual?  (a) 1; (b) 2; (c) 4; (d) 8; (e) 16.

11. In some cats, black color is due to a sex-linked (X-linked) recessive gene (b); the dominant allele (B) produces orange color.   The heterozygote (Bb) is calico.  What kinds of offspring would be expected from the cross of an orange male and a black female?  (a) black females and orangemales; (b) orange females and black males; (c) calico females and black males; (d) black females and calico males; (e) orange females and orange males.

12. People who have red hair usually have freckles.  This can best be explained by:  (a) linkage; (b) reciprocal translocation; (c) independent assortment; (d) sex-influenced inheritance; (e) nondisjunction.

Space for notes

Name _________________

Genetics Problems

1.
In elephants, brown hair is dominant to green hair.  If a green haired elephant and a brown haired elephant had an offspring that had green hair, then what is the genotype for each parent?

2.
One gene controls whether or not you will have square eyes.  Suppose two people with square eyes have 2 children.  One has square eyes, and one has oval eyes.  Write the genotypes of the parents and the offspring.  What are the chances of having 2 oval eyed children in a row?

3.
Color blindness is X linked recessive, and brown hair is dominant to blond hair.  Cross a color blind male who is heterozygous for brown hair and a female who is homozygous for normal vision and has blond hair.  What is the phenotypic ratio of the offspring?  What is the chance of the sons having the same genotype as the father?

4.
If you cross a type A and type B person, what are the possible blood types of the offspring?

5.
The blue color in some flowers is dominant, but controlled by epistasis.  The recessive result is white flowers.  If a AaBB parent is crossed with a AaBb parent, what is the phenotypic ratio of the offspring?  What is the phenotype of the two parents?

6.
Platteville scientists recently discovered a rare breed of cat.  One has green fur, one has red fur, and one has purple fur.  The brilliant Platteville scientists discovered that this trait was due to only one gene with multiple alleles.  They did 3 crosses with different cats in each cross:




Cross



Result

1. Red and Green

50% red, 25% purple, 25% green

2.  Green and Purple

50% green and 50% purple

3. Red and Purple  

50% red and 50% green 

1.  Which color is recessive, which is somewhat dominant, and which is truly dominant?

2.  What are the genotypes of all the parent cats from the crosses? 


Name __________________

Pedigree Analysis

1. Complete the pedigree chart below.

a. Write the correct Roman numeral for each generation.

b. Write the correct number for each individual.

c. Assume the shaded symbols represent the recessive genotype.

d. In the spaces provided, write as much of the genotype for each individual.













        ______


______

















      ______
    ______
______
      ______
      ______
         ______

















      ______

      ______



        ______

2. The following pedigree chart looks at the recessive trait of albinism.  A=normal pigmentation and a=albino.  

a. Fill in as much of the genotypes as you can.

b. Explain specifically what you know about individuals I-5 and I-6




     ______         _____        ______   _____
     _____
  _____     _____
  _____


      _____
_____

_____
   _____      _____     ____  _____    _____


_____

     _____



     _____
    _____
_____

Quiz Ready Sheet Genetics and Molecular Heredity

Mikkelson Bio 2

Any of these questions will be on the Quiz.  You should answer all of them on this Quiz Ready Sheet and be able to answer them in detail on the Quiz Part 1.

I.
Define the following terms and their usage in genetics.


Gene________________________________________________________


Allele________________________________________________________


Locus________________________________________________________


Autosomal recessive________________________________________________


Autosomal dominant________________________________________________


Nondisjunction_____________________________________________________

Sex-linked_____________________________________________________

Epistasis_____________________________________________________

Pleiotropy_____________________________________________________

Polygenic inheritance_______________________________________________

Multiple alleles_____________________________________________________

Codominance_____________________________________________________

Incomplete dominance______________________________________________

Dihybrid Cross_____________________________________________________

Monohybrid Cross_________________________________________________

Test Cross_____________________________________________________

II. Given the Genetic disorder, discuss the inheritance pattern and give a  description of the disorder.
Bio 2 know this list


AP BIO Know these too!








for the AP Bio Exam not the Quiz
Tay Sachs disease

Huntington’s disease

Hemophilia

Klinefelter’s Syndrome


Cri du chat syndrome

Turner’s syndrome







Red-Green colorblindness

Down’s Syndrome







Duchenne’s Muscular dystrophy

Phenylketonuria

Sickle Cell Anemia

III.
Discuss Mendel’s Laws of segregation and independent assortment with respect to:

A. genes that are not linked

B. crossing over

C. sex-linkage

D. Down syndrome

E. Turner syndrome
IV. Know how to solve genetics problems.  
One factor, two factor, epistasis, co-dominance, incomplete dominance, blood typing, pedigrees, karyotyping, nondisjunction, pleiotropy, multiple alleles, test cross, sex-linked.
Quiz Ready Sheet Part 2

Mikkelson

ON TO THE QUIZ PART TWO-- WHICH IS BY YOURSELF!  Show me the GENETICS!

Mrs. Mikkelson is having a baby.  What is the chance that she will have a boy?__________

How about a boy first and then a girl?________________How about having a boy and a girl in any order?_______________

What does it mean to be X-linked recessive?_____________________________________

List all possible genotypes of females and males you might use in this type of problem and label if they are normal, carriers, affected

What are the blood types?______________________  How would you write them in genotypic form?(you should have six total)

What is epistasis?_____________________________________________________

Write out an example epistatic problem and solve it.

Be able to draw nondisjunction as it relates to cell drawings of chromosomes during meiosis.  In other words, draw one cell going through meiosis I.  Then draw those two cells going through meiosis 2.
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