Mendelian Genetics
· Gene: a sequence of nucleotides in DNA or RNA that codes for a molecule that has a function (a segment of DNA containing instructions of a trait)
· Allele: Alternative forms of a single gene (one version of a gene that governs a trait i.e.. A or a)
· Trait: refers to any genetically determined characteristic (e.g. fur color, smooth, short etc.)
· Heterozygous: two alleles that are different at a specific locus ( A and a)
· Homozygous: two alleles that are the same at a specific locus (A and A)
· Genotype: actual pairs of alleles present
· Phenotype: an organism’s physical appearance or traits that is expressed (observable characteristics)
· Dominant: 
· Genotypically: Heterozygous Aa or homozygous dominant AA genotype
· Phenotypically : a dominant allele is expressed as a phenotype when one at least one allele is dominant
· Recessive:
· Genotypically: Homozygous recessive aa genotype
· Phenotypically:  a recessive allele is expressed as a phenotype only when two copies of the recessive allele are present 

Monohybrid Crosses
· The mating of hybrids for a single trait (P generation = YY x yy) 
· F1 generation is Yy and F2 generation gives phenotypic ratio and genotypic ratios
· Phenotypic Ratio = 3:1 
· Genotypic Ratio = 1:2:1 
· Proves Mendel’s Law of Segregation

Dihybrid Crosses
· The mating of hybrids for two traits (P generation = YYRR x yyrr)
· F1 generation is YyRr and F2 generations give phenotypic and genotypic ratios
· Phenotypic Ratio 9:3:3:1 (Dominant for 2 traits: Dominant for 1 trait: Dominant for other trait: Recessive for both traits) 
· Genotypic Ratio: 9 possible genotypes (1:2:1:2:4:2:1:2:1)
· Proves Mendel’s Law of Independent Assortment
Test Cross
· Purpose: To determine if an individual expressing a dominant phenotype is homozygous dominant or heterozygous (Monohybrid (A_ ), Dihybrid (A_B_))
· The mating of an individual expressing a dominant phenotype with a homozygous recessive individual (Monohybrid (aa), Dihybrid (aabb)
· If Genotypic and Phenotypic Ratio is 1 then the unknown is homozygous dominant
· If Genotypic and Phenotypic Ratio is 1:1  then the unknown is heterozygous
Law of Segregation – the two alleles for each trait separate during gamete formation, and then unite at random, one from each parent at fertilization
· Gametes are specialized cells that carry genes between generations (egg and sperm)
· During gamete formation, the two copies of each gene in the parent separate, each of the gamete only receives one copy of the gene for each trait
· At fertilization, a sperm and egg meet and form a zygote which now has two copies of the gene for each trait, one maternal and one paternal
Overall: Allele pairs separate (segregate) during gamete formation, and randomly unite at fertilization


Law of Independent Assortment – during gamete formation, different pairs of alleles segregate independently from each other
· the independence of their segregation and the subsequent random union of gametes at fertilization determine the phenotypes observed 
Overall: Alleles of two or more different genes get sorted into gametes independently of one another. (the allele a gamete receives for one gene does not influence the allele received for another gene) 


Objective 4: Know how to determine genotypic and phenotypic ratios using the Punnett Square and Product Rude
Punnett Square – provides a simple and constant method for tracking the kinds of gametes produced as week as all the possible combinations that might occur at fertilization
Product Rule = AND = multiply 
· if event A and event B are independent then the probability of both A and B occurring 
P(A+B) = P(A) x P(B)
Sum Rule = OR = add

Objective 5: Understand the following complications to simple Mendelian Genetics:
Different Kinds of Dominance
Autosomal Dominant Inheritance
· Affected individuals are found in multiple generations
· Both males and females are affected
· Most affected individuals are heterozygotes and have inherited a mutant allele from one parent and a recessive normal allele from the other parent
· The risk that the offspring of a heterozygote will inherit the dominant mutation is 50%


Autosomal Recessive Inheritance
· Disease shows up from unaffected parents
· Roughly equal proportions of male and females affected

Incomplete Dominance
· Form of intermediate inheritance in which one allele for a specific trait is not completely expressed over its paired allele. 
· Results in a third phenotype in which the expressed physical trait is a combination of the phenotypes of both alleles
· Genotypic and Phenotypic Ratios are 1:2:1
· Example:
· P Generation = White X Red 
· F1 Generation= All Pink
· F2 Generation = 1 Red : 2 Pink : 1 White

Co-Dominance
· Codominance occurs when two versions, or “alleles,” of the same gene are present in a living thing, and both are expressed
· Instead of one trait being dominant over the other, both traits appear
· Genotypic and Phenotypic Ratios are 1:2:1
· Example:
-  P Generation = Spot X Dots
-  F1 Generation = 1 Spot : 2 Spots and Dots : 1 Dots

Multiple Alleles
· When more than two alleles can code for a gene (example: Blood Type
· Any allele that is present in a population in a frequency of greater than 1% is called a Wildtype Allele
· A gene with only one wildtype allele is called Monomorphic (lacks genetics diversity)
· A gene with more than one wildtype allele is called Polymorphic (has genetics diversity)

Pleiotropy and Lethal Alleles
· Pleiotropy occurs when one gene influence’s two or more seemingly unrelated phenotypic traits
· Such a gene that exhibits multiple phenotypic expression is called a pleiotropic gene
· Lethal alleles are alleles that cause the death of the organism that carries them.
· Example:
· Allele y codes for both viability and recessive color
· Lethal Ratio is 2:1

Conditional Mutants
· Some mutations are only visible under specific conditions such as temperature, or exposure to specific chemicals or treatments
· Example 1: Siamese cats do not have melanin where their body is warm so on their midsection, they are white, while their extremities are black
· Example 2: Sickle Cell Anemias dominant relationship between alleles changes in different altitudes; at a non-sea level the normal gene is incomplete/codominant while at sea level normal is dominant

Objective 6: Understand multifactorial inheritance
Genes Acting Together to Control Traits
· Multifactorial Inheritance
· Most traits are controlled by many genes
· The type of hereditary pattern seen when there is more than one genetic factor involved and, sometimes, when there are also environmental factors participating in the causation of a condition
· Phenotypic Ratio is 9:3:31

· [bookmark: _GoBack]Genetic Heterogeneity
· When two or more different genes produce the same phenotype
· Complementary Gene = when both genes recessive and if one dominant allele of two genes is necessary for function
· Complementary Gene Phenotypic Ratio = 9:7


· Epistasis in Humans: The Bombay Phenotype
· Individuals with the rare Bombay phenotype (hh) do not express H antigen (also called substance H), the antigen which is present in blood group O. As a result, they cannot make A antigen (also called substance A) or B antigen (substance B)
· Recessive Epitasis Ratio = 9:3:4
· Occurs when the effects of an allele at one locus hides the effects of the alleles at the second locus

· Dominant Epistasis I Ratio = 12:3:1                             Dominant Epistasis 2 Ratio = 13:3                
· Redundancy
· Occurs when both genes must be homozygous recessive in order to see a phenotype
Objective 7: Understand incomplete penetrance or variable expressivity
· Not all individuals with a given genotype have the expected phenotype and phenotype displayed can be variable
· Penetrance: proportion of individuals with a genotype that have the expected phenotype
· # of occurrences
· Expressivity: the severity of the phenotype
· More expressive = More severe

