Unit II – Genetics Outline
I. Mendelian Genetics - Chapter 25

A. The Study of Heredity

                1. Zygote, a single cell formed by union of two gametes, one from each parent, develops into a new individual in sexual reproduction

            2. Offspring has all the common characteristics of its species, but it also has its own distinct, individual characteristics

            3. Genetics is the branch of biology that studies the ways in which hereditary information is passed on from parents to offspring

            4.  First scientific study of heredity was carried out by Gregor Mendel in the 1800s 

B.  Mendel's Principles of Heredity
1.  Mendel's Experiments

     a. Pea plants, easy to grow and quick to mature with sharply contrasting traits, that produce many offspring, were  used by Mendel in the study of the inheritance of seven traits

     b. Taking advantage of their normal self-pollination, and orchestrating specific crosses by removing stamens (male parts) before they were mature Mendel kept careful records of what he did to each generation of plants and used mathematics to understand the results of his experimentation with hundreds of plants
2. The Law of Dominance

     a. Certain traits come in two forms that are contrasting

     b. Some plants “breed true” for a certain form of the trait;    these are “pure” for that trait

     c.  Plants pure for contrasting plants (parent or P generation) were cross-pollinated to produce offspring termed hybrids in the first filial or F1 generation.  Hybrids showed only one of the two contrasting traits.

     d. Hybrid F1 generation plants were allowed to self-pollinate.  Three-fourths of these offspring, termed F2 or second filial generation, showed the trait of the F1 generation, but one fourth showed the trait that did not appear in the F1 generation.

     e.  The traits that were expressed in the F1 generation  were termed dominant, the traits that were hidden in the F1 generation were termed recessive.  Mendel’s conclusion: when an organism is hybrid for a pair of contrasting traits, only the dominant trait can be seen in the hybrid was termed the Law of Dominance.

                                 P                                           F1

            Pure Tall   X   Pure Short    (   All Tall (Hybrid)

                                F1​                                          ,F2
       Hybrid Tall   X   Hybrid Tall   (   3/4 Tall   1/4 Short

3. The Law of Segregation

    a. To explain why the recessive trait disappeared in one generation and appeared again in the next generation Mendel hypothesized that each trait was controlled by a pair of “factors”, each of which could be one of two kinds. In a cross, the offspring received one factor from each parent.

    b. Factors that occur in apris are separated from each other during gamete formation and recombined at fertilization is Mendel’s Law of Segregation.

4. The Gene Chromosome Theory

     a. In the mid-1800s little was known about chromosomes, meiosis and mitosis.  When Mendel’s work was rediscovered in 1900 much more was known about cytology.  Sutton proposed that Mendel’s “factors” might be carried by homologous chromosomes.

     b. Separation of homologous chromosome pairs during meiosis and their recombination during fertilization would account for the separation and recombination of the Mendelian factors.  Capital letters (for example, T represents the trait for tallness) were used to denote dominant traits and lower case letters (for example, t represents the trait for shortness) were used to represent recessive traits. 

                                   P                                              F1
                Pure Tall  X  Pure Short    (      All Hybrid Tall

                        TT                   tt                                 Tt

                                   F1                                              F2
           Hybrid Tall   X   Hybrid Tall   (   3/4  Tall    1/4  Short

                        Tt                       Tt                    TT  Tt            tt   

     c.  The term gene was used to replace Mendel’s “factor”.  Not only do chromosomes carry genes but also genes are in a definite order along each chromosome.  

C.  Fundamentals of Genetics
1.  Alleles

    a. different copies or forms of a gene controlling a certain trait are the alleles
     b. if the alleles for a certain trait in an organism are the same the organism is said to be homozygous (pure)

     c. if the alleles are different the organism is said to be heterozygous (hybrid).
2. Genotypes and Phenotypes

    a.  the genetic makeup of an organism is called its genotype
    b.  the physical trait that an organism develops as a result of its genotype is called its phenotype. 

     c.  It is possible to have two different genotypes that produce the same phenotype, for example a pure tall plant and a hybrid tall plant have the same phenotype but different genotypes (TT and Tt respectively).
3.  Probability 

    a.  explanation of Mendel’s experiments relies on an understanding of the  laws of chance or probability.

    b.  Assuming that there is nothing special about the factors with which one is working, there is an expectation of the outcome of events based on the number of possible combinations of those factors. The larger the number of trials the closer the ratio comes to the expected value. 
4. The Punnett Square

     a.  a diagrammatic technique that shows the results of any cross.

     b.  By convention (but not necessity) the alleles of the possible male gametes are written at the heads of the columns of boxes and the alleles of the possible female gametes are written at the sides of the rows of boxes. 

     c.  In each box appears the genotype of the zygote that would be formed if the allele at the top of the box is combined with the allele at the side of the box.

     d. Mechanics:  write all the information that appears on the left of a row of boxes in every box to the right and write all the information that appears at the top of the column of boxes in every box below.

Punnett Square for Cross of Pure Dominant (Tall) with Pure Recessive (Short)

	
	T
	T

	t
	Tt


	Tt

	t
	Tt
	Tt




Expected phenotypes:  all tall               Expected genotypes: all hybrid

Punnett Square for Crossing Two Hybrids

	
	T
	t

	T
	TT
	Tt

	t
	Tt
	tt


Expected phenotypes: 3/4 tall
Expected genotypes: 1/4 pure tall

                                    1/4 short                                             1/2 hybrid 

                                                                                               1/4 short

5. The Test Cross 

     a. appearance alone cannot always distinguish between a pure dominant and the hybrid for a particular trait.

     b.  A test cross is done to determine the genotype. 

     c.  An individual of unknown genotype is mated with an individual showing the contrasting recessive trait.  The resulting types of offspring will indicate the genotype of the unknown parent.

Punnett Square for Test Cross

If the parent to be tested is homozygous dominant, then the offspring will all exhibit the dominant allele.
	
	T
	T

	t
	Tt
	Tt

	t
	Tt
	Tt


If the parent to be tested is heterozygous, then ½ of the offspring will exhibit the dominant allele, and ½ will exhibit the recessive allele.
	
	T
	t

	t
	Tt
	tt

	t
	Tt
	tt


D. Other Concepts in Genetics
                                1. The Law of Independent Assortment (dihybrid crosses) 

                                    a.  when one pair of contrasting traits is being studied as discussed heretofore, it is termed a monohybrid cross. 

                                    b.  Mendel started with these crosses but soon progressed to the studies of two pairs of traits at the same time – the dihybrid cross. Beginning with parents pure for both traits, Mendel found the same principles held true as had been derived before for each of the traits. 
                                     c. He was fortunate in that the traits he chose to study were on separate homologous chromosomes.

                                     d.  He then crossed two parents pure for both contrasting traits, producing F1s that were hybrid for both traits, and then crossed the F1s to produce an F2 generation.

                                     e.  From the data obtained, Mendel derived the law of independent assortment which stated that different traits were inherited independently of one another.  Today this would be expressed as genes for different traits are separated and distributed to gametes independently of one another provided they are on separate pairs of homologous chromosomes, control expression of a trait in a simple dominant-recessive fashion,  and no chromosomal alterations occur. 

                                    f.   The alignment of homologous chromosomes during metaphase I of meiosis determines the possible combinations of chromosomes in gametes.  In the Punnett Square all possible combinations of gametes must be shown.

The Dihybrid Cross (Parents have phenotypically Yellow, Round Seeds)

	
	YR
	Yr
	yR
	yr

	YR
	YYRR
	YYRr
	YyRR
	YyRr

	Yr
	YYRr
	YYrr
	YyRr
	Yyrr

	yR
	YyRR
	YyRr
	yyRR
	yyRr

	yr
	YyRr
	Yyrr
	yyRr
	yyrr


Phenotypes of Offspring:  9/16 Yellow Round

                                               3/16  Yellow Wrinkled

                                       3/16 Green Round

                                           1/16  Green Wrinkled

2.  Incomplete Dominance 

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

     b. Genotypes are written using the capital letter for each allele, since both alleles influence phenotype, neither one completely dominant.

     c.  Each allele always remains separate and distinct. 

     d.  Genotype is always evident from the phenotype.

Incomplete Dominance as Shown in Andalusian Fowl (Black Feathered Fowl crossed with White Feathered Fowl produce “Blue” Feathered Fowl)

	
	B
	B

	W
	BW
	BW

	W
	BW
	BW


F1 Offspring are all “Blue”

	
	B
	W

	B
	BB
	BW

	W
	BW
	WW


F2 Offspring are 1/4 Black, 1/2 “Blue”, and 1/4 White

3. Codominance 

    a.  two dominant alleles are expressed at the same time 

    b.  phenotype shows both traits 

    c.  Capital letters with superscripts are used to represent genotypes 

Codominance as Shown in Horses with Roan Coats (Red Coat Horses crossed with White Coat Horses produce Roan Coat Horses)

	
	CR
	CR

	Cw
	CRCw
	CRCW

	Cw
	CRCW
	CRCW


F1 Offspring are all Roan, white and red hair in coat

	
	CR
	CW

	CR
	CRCR
	CRCW

	CW
	CRCW
	CWCW


F2 Offspring are 1/4 Red, 1/2 Roan, and 1/4 White

4.  Multiple Alleles 

    a.  traits that exist with more than two alleles in the species

    b.  three or more different forms of the same gene, each producing a different phenotype 

    c. A single individual cannot have more than two alleles for each trait, but different individuals can have different pairs of alleles. 

    d.  Multiple alleles can be codominant, as in human ABO blood groups and as in Rh blood factors in humans. 

Human ABO Blood Group System

	Genotype
	Blood Type

	IAIA  or IAi
	A

	IBIB or IBi
	B

	IAIB
	AB

	Ii
	O


  -  End of Ch. 25

