Unit 6 – Evolution II

Biology Lecture Notes

SECTION II - GENETICS AND HEREDITY 
A. The Biological Basis of Life
I. Genetics

a. Genetics is the study of how traits are transmitted from one generation to another.


b. It is crucial to our understanding of disease processes, as well as our understanding of the


process of evolution.

II. What is a Gene?


a. A gene is a sequence of DNA bases responsible for the synthesis of a protein.

b. Different expressions of a gene are called alleles


c. A change in the DNA sequence is called a mutation.

III. Mutations - When a Gene Changes


a. Mutations can occur in somatic and gamete cells



1) If they occur in somatic cells, they affect the individual



2) If they occur in gametes, they are passed on to offspring and have evolutionary 



consequences.
IV. Review: Chromosomes

a. Chromosomes are the structures that develop during cell division as DNA forms into tight 


coils.


b. Humans have 46 chromosomes (gorillas and chimps have 48)

c. Chromosomes generally occur in pairs

d. There are two basic types of chromosomes, autosomes and sex chromosomes


1) Sex chromosomes are designated X and Y, with females resulting from an XX pairing, 



and males from an XY paring



2) The X chromosome also functions as an autosome, but the Y appears to have no 



function other than the determination of sex (this may be incorrect)



3) Any abnormal pairing of autosomes usually results in death soon after conception, 



while abnormal pairing of sex chromosomes usually results in sterility or other 



non-fatal consequences
V. Review: Cell Division

a. Mitosis – cell division in somatic cells and unicellular life forms



1) Results in identical diploid daughter cells


b. Meiosis – or reduction division, is cell division that results in gametes



1) Results in haploid daughter cells (i.e., in humans, cells with 23 chromosomes)
VI. New Frontiers

a. PCR (polymer chase reaction) is a process which allows the rapid synthesis of large amounts 


of DNA from small samples



1) Useful in genetic typing for medical and criminal cases.


b. Recombinant DNA technology is used to insert genes from one species into another



2) Useful in the production of medicines, such as insulin


c. Genetically altered products such as plants that resist frost, and animals that grow larger and 


resist disease offer great promise, but also safety and ethical issues


d. Cloning - There are two types of cloning, reproductive and therapeutic 



1) Reproductive cloning involves the replacement of an egg cells nucleus with those from 



an adult donor, which is then induced to grow and develop, resulting in a 



genetically identical offspring.




i. The first animal ever cloned was an African toad, cloned in 1969




ii. The first mammal cloned was a mouse, cloned in 1981




iii. Dolly the Sheep was the first higher life form cloned, in 1997



2) Therapeutic cloning involves the manipulation of stem cells, which are then induced 



into developing into specific tissues, such as liver, heart, or nerve tissues. 




i. This offers great promise in disease control, and the possibility to replace 




almost any diseased organ, but also has a controversial side




ii. This is controversial because, at present, the best source of stem cells is from 




embryonic tissue, which can be cloned, or taken from fetuses (aborted or 




donated)

e. The Human Genome Project, started in 1990, with the goal of sequencing all 30,000 human 


genes, and completed in 2002. 


1) Still working on discovering the identity and functions of the proteins produced by 



these genes

B. Heredity
I. Introduction


a. The Genetic principles described by Mendel in the 1870s form the basis of modern genetics

b. Although farmers and herders recognized for thousands of years that they could manipulate 


the frequency and expression of traits in plants and animals, no one before Mendel could 


explain how these traits were modified through selective breeding.


c. The predominant erroneous belief was that physical traits were the result of the blending of 


traits from both parents. Even Darwin, unaware of Mendel’s work, believed this.


d. Mendel proved that many physical traits were inherited through the discrete transmission of 


information, from one parent or the other, not the result of blending.

II. Genetic Principles Discovered by Mendel


a. Gregor Mendel (1822-1884) developed his theory of heredity while working with garden peas.

b. Purebred strains were crossed to produce hybrids, and Mendel calculated the frequencies of 


traits in each generation, with the results being the empirical basis for his theory.

III. Segregation


a. The parental (P) generation was crossed to produce the first filial (F1) generation



1) The F1 generation did not have any intermediate traits (i.e., either tall or short)


2) The F1 generation was then crossed to produce the F2 generation


3) The expressions present in the F1 generation occurred in the F2 generation at a ratio of 



3:1


4) Mendel concluded that discrete units, occurring in pairs and separating into different 



sex cells, must control these traits.


5) This is called Mendel’s Principle of Segregation



6) The expressions can be represented in a diagram called a Punnett Square.

F1 Generation Gametes→

T
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	T
	TT (Tall)
	Tt (Tall)

	T
	Tt  (Tall)
	tt  (Short)


T = allele for tall
t = allele for short

IV. Dominance and Recessiveness

a. Mendel used these terms to describe the fact that one (recessive) trait in the F1 generation was 


masked by the expression of the other (dominant) trait.


b. Variations of genes at a locus are termed alleles

c. Various traits such as plant height, stem length, etc. are controlled by two alleles at one locus.



1) When two copies of the same allele occur at one locus, the individual is homozygous



2) When two different alleles are paired at the same locus, the individual is heterozygous


d. The actual genetic makeup is called the genotype

e. The observed manifestation of the genotype is called the phenotype


f. The Punnett Square can be used to predict the proportions of F2 genotypes and phenotypes.
V. Independent Assortment

a. Mendel also made crosses with two traits simultaneously, such as plant height and seed color.

b. The results indicated that the proportion of F2 traits did not affect each other.


c. Mendel called this relationship the Principle of Independent Assortment



1) The loci coding for height and seed color happened to be on different chromosomes 




that are sorted independently from each other during meiosis and are therefore not 




linked traits.

d. The genes that code for different traits assort independently of each other during gamete



formation

e. This occurs when genetic loci controlling two characters are located on separate chromosomes


f. If loci are on the same chromosome, they are linked traits and are not independently assorted
VI. Mendelian Inheritance in Humans


a. Mendelian traits are also called discrete traits or traits of simple inheritance.

b. There are over 9,600 discrete traits in humans



1) Most are biochemical in nature and the result of harmful alleles

c. The ABO blood groups are inherited in a Mendelian fashion, and others include Sickle-Cell



Anemia, Tay-Sacks Disease, and Albinism

d. Sex-linked traits are controlled by loci on sex chromosomes

VII. Misconceptions Regarding Dominance and Recessiveness


a. Dominance and recessiveness are not all or nothing situations.


b. Some characters can be co-dominant, like blood type, which includes A, B, O, and AB

c. Dominant alleles are not stronger or better than recessive alleles


d. Dominant alleles are not even necessarily more common than recessive alleles
VIII. Mitochondrial Inheritance 


a. mtDNA is transmitted to offspring only from the mother because sperm cells lose their



mitochondria prior to  the fertilization of the egg cell.

b. mtDNA mutation rates have been used to construct evolutionary relationships between



primate species and between living human populations

*** Punnett Square Clarification

1) Parent generation Mendell used were both pure breeding, with homozygous alleles


ex. TT and tt - for tall and short genotypes and phenotypes


2) F1 generation (First Filial) all have heterozygous alleles



ex. Tt – heterozygous tall genotypes and phenotypes

3) F2 generation (Second Filial) result in 3:1 ration of phenotypes



ex. TT, Tt, Tt, tt - for three phenotypically tall and one short plant
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