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UNIT 3: Part A
Genetic Continuity

Classical (Mendelian) Genetics

Textbook Reference: Section 16.1

Genetics: This is the branch of biology that studies the ways in which hereditary information is passed on from parents to offspring.  It includes principles in variation and inheritance.

Heredity:  this is the passing on of trait from parents to offspring.

The Blend Theory of Inheritance

This is the early belief (before Mendel) that factors from the parents were blended in their offspring.  This theory was not able to explain the appearance or disappearance of distinct traits (dominant or recessive) from one generation to another.

Gregor Mendel and the Scientific Process

Gregor Mendel used the scientific process to lay the foundation for the science of genetics.  Mendel used garden peas.  They were a good choice because they were easy to grow, matured quickly and showed distinct traits.  

Mendel studied seven pairs of contrasting traits as follows:

	Trait
	Dominant
	Recessive

	Seed Shape
	Round
	Wrinkled

	Seed Color
	yellow
	Green

	Seed Coat Color
	Grayish brown
	White

	Pod Color
	Green
	Yellow

	Pod Shape
	Inflated
	Wrinkled

	Stem Length
	Long
	Short

	Flower Position
	Lateral
	Terminal


Pea plants normally self pollinated because they contain the stigma and anther enclosed in the petals.  Mendel could easily cross fertilize by removing the stamens before they cross fertilize and dust the pollen from another anther onto the stigma.

Mendel cross pollinated pure plants (purebreds) with contrasting traits.  These pure plants were called the parent or P generation.  In the offspring, Mendel observed that one trait would completely disappear.  For example, in a cross between tall and short plants, only tall plants would be present.

The offspring are considered to be the first filial or F1 generation.  The offspring of purebreds are known as are known as hybrids.

Mendel allowed the hybrids of the F1 generation to self pollinate.  This resulted in the F2 generation.  In this case, ¾ of the offspring were tall and ¼ were short.  This showed that the factor that contained the shortness had not disappeared.

The “factors” described by Mendel were later called genes.

The traits expressed in the F1 generation are considered to be dominant because they mask another trait.  The hidden traits that appeared in the F2 generation were considered to be recessive.

Unit Theory of Inheritance

Mendel reasoned that for every trait there must be two governing factors (unit characters).  One of these factors came from the mother and the other factor came form the father during zygote formation.  These factors are separated during gamete formation.  This lead to the following of Mendel’s Laws:

Law of Dominance:  When an organism is hybrid for a pair of contrasting traits, only the dominant trait can be seen in the hybrid.  A dominant trait is indicated by an upper case letter (ie. R) whereas a recessive trait is indicated by a lower case letter (ie. r)

Law of Segregation:  The idea that “factors” (genes) occur in pairs (alleles) and are separated from each other in gamete formation and recombined in fertilization.

Law of Independent Assortment:  genes for different trait are separated and distributed to gametes independently from each other.  This law is not considered true today because many genes are found on homologous chromosomes and can not be separated.  Genes found on the same chromosome are said to be linked.

Terms

Trait: a characteristic determined by a gene ie. eye color.

Gene: a distinct unit of hereditary material found in chromosomes.

Allele:  Two or more alternate forms of a gene for a trait.

Homozygous: A genotype in which both genes of a pair are identical.

Heterozygous:a genotype in which the gene pairs are different.

Genotype: The genetic make-up of an organism.

Phenotype:  The physical traits an organism develops as a result of its genotype.

Punnett Square:  a chart used by geneticists to show the possible combinations of alleles in an offspring.

Monohybrid Crosses

This is a chart to show the results of a cross between parents for a single trait.

Pure Dominant (tall) with Pure Recessive (short)

Male Parent (TT)

Female Parent (tt)
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Genotypic Ratio: 100% Tt

Phenotypic Ratio: 100% Tall

Recessive Male (wrinkled) and Heterozygous Female (round)

Wrinkled Male (rr)
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Round Female (Rr)
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Genotypic Ratio :

Phenotypic Ratio:

Questions from Textbook: p. 533 #’s 1, 2, &3
Probability and the Product Rule
Another method of determining the expected genotypic and phenotypic ratios is through the use of probability. Probability is the chance of some event occurring. The probability of flipping a coin and it landing on its head is ½. 
The Product Law states that the probability of two or more events occurring consecutively is equal to the product (multiplication) of the individual probabilities of each event occurring alone.

Example: The chances of a coin landing on its head twice in a row is the product of the probability of each event: ½ x ½ = ¼ 

The probability of getting four heads in a row: ½ x ½ x ½ x ½ = 1/16 

We can use the law of probability to predict the probability of given genetic traits appearing in the offspring of particular parents. When gametes are formed, the pair of genes that determine a particular trait separate and one gene goes to each gamete.

Monohybrid Crosses and Probability
Example: In pea plants, tall (T) is dominant over short (t). What would be the genotypic and phenotypic ratios of a cross between two heterozygous plants?

1. Identify the trait: Stem length
2. Identify the alleles: Tall –T, short -t 

3. Identify parents: Tt xTt

4. Identify the probable distribution for each parent: (1/2T + 1/2t) x (1/2T + 1/2t) 

5. Determine the probable combination of alleles: 

1/4TT + 1/4 Tt + 1/4Tt + 1/4tt 

1/4TT + 1/2 Tt + 1/4tt 

6. State the genotypic and phenotypic ratios
Genotypic: 1TT: 2Tt: 1tt
Phenotypic: 3 tall; 1 short
Questions from Textbook: p. 531 #’s 1 & 2 (The Product Rule Practice Problems)




           p. 531 Mini Lab #’s 1, 2 &3




           p. 535 #’s 10, 11, 13, & 14
Dihybrid Crosses

This is a chart to show the results of a cross between parents for two traits.

Homozygous Dominant Male with Homozygous Recessive Female

Yellow- Round seed Male (YYRR)
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Seed Female
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Genotypic Ratio: 100% YyRr

Phenotypic Ratio: 100% yellow-round

Heterozygous for Yellow-Round Seed for both Parents

Yellow-Round Seed Male (YyRr)

Yellow-Round

Seed Female

(YyRr)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Phenotypic Ratios:

Questions from Textbook: p. 540 # 1



          p. 544 #’s 1 & 2
Dihybrid Crosses Practice
1. In humans, free earlobes (F) are dominant to attached earlobes (f) and widow’s peak (W) is dominant to no widow’s peak (w). A heterozygous man with free earlobes and a widow’s peak marries a woman with attached earlobes and does not have a widow’s peak. Calculate the genotypic and phenotypic ratios of their offspring.
2. In humans, tongue rolling (R) is dominant over nonrolling (r) and a clefted chin (C) is dominant over no clefted chin (c). A woman who is a homozygous tongue roller and does not have a clefted chin marries a man who is a non-tongue roller and who is heterozygous for clefted chin. What are the genotypic and phenotypic ratios for their expected offspring?
3. In humans, having midjoint finger hair (H) is dominant to not having finger joint hair (h) and having a straight thumb (S) is dominant over having a bent thumb (s). A woman who is heterozygous for midjoint finger hair and is homozygous for having straight thumb married a man who has no midjoint finger hair and has a bent thumb. What are the genotypic and phenotypic ratios for their expected offspring?

Test Cross

A test cross is used to determine an unknown genotype that may either be homozygous dominant or heterozygous for a trait.  A individual of the unknown genotype is mated with an individual showing the contrasting recessive trait.

Example:  A breeder wishes to know if a pea plant is TT or Tt.  He will cross the plant with a homozygous recessive plant (tt).  

If the results show all tall plants than the unknown plant must be TT.  If 50% are short, then the unknown plant must be Tt.  Why?  Attempt the crosses in the space below.

	
	

	
	


	
	

	
	


Co-dominance

The condition in which both alleles of a gene are expressed. (ie. AB blood type)

Example:  A cross between homozygous red shorthorn cattle and homozygous white shorthorn cattle result in heterozygous offspring with a roan coat.  Roan is a mixture of red and white hairs

CR CR x CW CW ( CR CW
Incomplete Dominance

Both alleles contribute to the phenotype of a heterozygous individual to produce a trait which is not exactly like either parent.

Example:  Red flowers (RR) combine with white flowers (R(R() to produce pink flowers (RR().

Polygenic Inheritance (Multiple Gene Inheritance)

The traits studied by Mendel are controlled by the alleles of a single gene.  Many traits of both plants and animals do not appear in just two contrasting forms.  Foe example, humans are not just tall or short.  Traits that vary between two extremes are controlled by the alleles of two or more different genes. 
When two or more independent genes affect a characteristic, it is called polygenic or multiple-gene inheritance.  Examples of traits controlled by polygenic inheritance include: eye color, skin color, height, facial features.
Multiple Alleles

In this case, there are more than two alleles for a particular trait.  In humans, there a three alleles that control blood type: A, B and O.  A and B are equally dominant. O is recessive.

	Genotype
	Blood Type

	IAIA  or IAi
	A

	IB IB  or IBi
	B

	IA IB
	AB

	ii
	O


Example:  A woman with type A blood marries a man who has type B blood.  They have five children, with type AB blood.  What are the most probable parental genotypes?

Solution:  
Genotype of offspring: IA IB


Possible genotypes for mother: IAIA  or IAi



Possible genotypes for father: IB IB  or IBi

Attempt possible solutions using monohybrid crosses and observe the phenotypes.

	
	

	
	


	
	

	
	

	
	

	
	


	
	

	
	


Questions from Textbook: p. 535 #’s 15, 16, & 17

           p. 542 # 1




           p. 544 #’s 4, 5, 6, 7, & 8
The Chromosome Theory of Inheritance

Textbook Reference: Section 16.3
Walter Sutton
Walter Sutton observed the formation of sperm in a grasshopper and observed homologous pairs of chromosomes in diploid cells.  He observed the separation of the homologous pairs of chromosomes during spermatogenesis.  He realized that the chromosomes that separated during meiosis were the same as the chromosomes that united in fertilization.  He hypothesized that the “factors” of Mendel’s Theory were carried on chromosomes.

Since human have only 46 chromosomes but thousands of different traits, Sutton hypothesized that each chromosome contains many genes. 

Chromosome Theory of Inheritance
· Chromosomes carry genes, the units of hereditary structure

· One allele of each gene is found on one chromosome of each homologous pair

· Paired chromosomes separate during meiosis (Law of Segregation)

· Chromosomes assort independently during meiosis (Law of Independent Assortment).  Homologous chromosomes line up independently of each other in Meiosis I and are distributed to gametes independently. This also means that one of chromosome has no influence on the movement of a member of another pair.

· Each chromosome contains many different genes (Gene-Chromosome Theory)

· Genes on the same chromosome are said to be “linked” and always remain together during segregation in meiosis.  They also do not change position of the chromosome from one generation to the next.

Gene-Linkage
Genes found on the same chromosome are said to be linked.  All of the genes on the same chromosome make up a linkage group.  Humans have 23 pairs of homologous chromosomes and have 23 linkage groups.  Genes found on the same chromosome can not be distributed independently during meiosis.  Therefore, they do not obey Mendel’s Law of Independent Assortment.

Crossing Over
In small numbers of offspring, linked genes are found to be separated.  Morgan concluded that pieces of homologous chromosomes were sometimes exchanged during meiosis in a process called crossing-over.  Scientists now know that this occurs during the first meiotic division during synapsis.

Morgan also observed that genes that are far apart on the same chromosome will cross over more frequently than genes that are close together.  This means that crossing-over occurs with non-sister chromatids of a homologous pair.  Morgan was able to use this to determine the order of genes on a chromosome.  The more often they became separated by crossing over, the farther they must be located from each other on the chromosome.  Morgan used this information to create gene maps in Drosophila.
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Thomas Hunt Morgan and the Chromosome Theory of Inheritance

Sex Determination
Around 1890, scientists observed that the chromosomes from males and females were  identical except for one pair.  The unmatched chromosomes became known as sex chromosomes and the homologous chromosomes became known as autosomes.
In the female Drosophila, the two sex chromosomes appear rod-shaped.  In the male Drosophila, one sex chromosome is rod-shaped and one is hooked-shaped.  Rod-shaped chromosomes are called X-chromosomes whereas hook-shaped are called Y-chromosomes.

	Draw the karyotypes for Drosphila below:

	Male (XY)


	Female (XX)




Question:  Why is there no YY chromosome?

Sex is determined by the presence of the X chromosome in Drosophila.  XX means female and X means male.  The Y chromosome is used for the production of sperm.  Like autosomes, sex chromosomes segregate during meiosis and give a 1:1 ratio for male or female.

Sex determination gave support to the chromosome theory of inheritance because it linked an inherited trait (male or female) to a particular pair of chromosomes.

Morgan’s experiments

· Morgan studied the fruit fly (Drospophila melanogaster)

· The fruit fly was an ideal subject to study because of the following:

-reproduce rapidly

-female lay over 100 eggs after mating

-offspring can reproduce shortly after birth

-life cycle is 10-15 days

-many can be housed in a single test tube

-has only four pairs of chromosomes

· Normal eye color of Drosophila is red

· Morgan discovered a white-eyed male

· Morgan mated a white-eyed male with a red-eyed female

· Found all red-eyed offspring and determined that the allele for white eyes must be recessive

                    White-eyed male XrY





          Xr
          Y

	XR Xr
	XRY



	XR Xr
	XRY




Normal red-eyed 
female  XRXR
   
    XR 
    XR
The F1 generation show 100% red-eyes

· Morgan then mated males and females of the F1 generation and found the expected ratio of ¾ red eyes to ¼ white eyes.  However, all white-eyed flies were male
F1 red-eyed males   XRY

   XR
                   Y

	XRXR
	XRY

	XR Xr
	XrY


F1 red-eyed female  
      XR
XR Xr


 

      Xr





F2 generation shows:  

females (100% red-eyed

males (50% red-eyed  and 50% white-eyed.
· Morgan performed a test cross and mated the original white-eyed male with red-eyed females from the F1 generation (heterozygous, hopefully)

        White-eyed male  XrY
  Xr

 Y

	XR Xr
	XRY

	Xr Xr
	XrY 


 Red-eyed female 
      XR
 XR Xr


                    



  

      Xr
The phenotypes were: 

female ( 50% red-eyed and 50% white- eyed

Male (  50% red-eyed and 50% white-eyed

· Since the Y chromosome is also shorter than the X chromosome, Morgan hypothesized some genes on the X chromosome may be missing on the Y chromosome such as eye color.  He hypothesized that the gene for eye color is carried on the sex chromosome.
· Morgan also crossed a white-eyed female with a red-eyed male.  All females were red-eyed and all males were white-eyed
       Red-eyed male XR Y

XR

Y

	XR Xr
	XrY

	XR Xr
	XrY




                              White-eyed female
      Xr
Xr Xr





                                                                                                   

       Xr
The results show 100% red-eyed females and 100% white-eyed males.

Morgan’s experiments lead to the concept of sex-linked genes. These genes are found on the sex chromosomes and are normally linked to the X chromosome instead of the Y chromosome.

Sex-Linked Traits in Humans

The inheritance of sex linked traits in humans is the same as in fruit flies.  Females have two X chromosomes but males have one X and one Y chromosome.

Color-Blindness

In this case, the individual can not perceive certain colors, usually red and green.  The condition is usually more common in men and females are usually carriers.

The allele for color blindness can not be transmitted from father to son.  Why?  __________________ It can only be transmitted through the female in later generations. More males are color blind than females.  Why? (Males need only one allele where as females need two alleles).

   Color Blind Male X-Y





  
X-
      Y

Normal Female 
      X   

XX
    

      X

	XX-
	XY

	XX-
	XY


This cross shows female carriers.





                     Normal Male XY





                           X
         Y

Carrier  Female
       X 
XX-



       X-
	XX
	XY

	XX-
	X-Y


This cross shows that there is a 25% chance that there will be a color-blind male from a cross between a carrier female and a normal male and a 50% chance that any male will be color-blind.

Color-Blind Male X-Y
                    X-               Y

	XX-
	XY

	X-X-
	X-Y


 Carrier Female
     

 XX-


    X
                X-
This cross shows that there is 50% chance of having males and females that are color-blind.

Other sex-linked disorders include hemophilia and muscular dystrophy.  Hemophilia is a disorder of blood clotting.  Muscular dystrophy results in the gradual destruction of muscle cells.  Again, these disorders are more common in males than females.

Homework

Textbook p. 554 #8
1. What is the probability that two parents with normal color vision will have color blind sons and daughters if the mother’s father is color blind?
2. A recessive sex-linked gene (h) located on the X chromosome increases the blood clotting time.  This causes the disease hemophilia.

a. Explain how a hemophiliac offspring can be born to two normal parents.

b. Can any of the female offspring develop hemophilia?

Sex-Limited Traits

Sex-limited traits are determined by genes on the X chromosome and are expressed in individuals of one sex only.  For example, the gene that controls bearding in men is sex-limited.  A woman may be homozygous but will not express it because of body chemistry.

Sex-Influenced Traits

Sex-influenced traits are dominant in only one sex but recessive in the other.  Body chemistry influences the expression of the gene.  For example, the gene that controls baldness is dominant in men and recessive in women.  Hormones will influence the expression of the gene.  Males need only receive one allele to be bald because it is dominant.  Women must receive two alleles to be bald because it is recessive in women.
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